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Keratinocyte-Derived MIP-3a is an Essential Chemokine for Recruiting Immature
Dendritic Cells
M. Tohyama, Y. Shirakata, K. Yamasaki, Y. Hanakawa, K. Sayama, and K. Hashimoto
Department of Dermatology, Ehime University School of Medicine, Ehime, Japan
Recruitment of immature dendritic cells to the epidermis is the key step in cutaneous immunity.
However, its mechanism remains to be clari®ed. MIP-3a, a novel CC chemokine, is a chemotactic
factor speci®c for cells expressing CCR6. Since immature dendritic cells express CCR6, we
hypothesized that keratinocyte-derived MIP-3a is involved in the recruitment of immature
dendritic cells to the epidermis. RT-PCR detected the expression of MIP-3a mRNA in cultured
keratinocytes, but Northern blotting did not. Interestingly, stimulation with TNF-a markedly
increased the expression of MIP-3a mRNA, while stimulation with GM-CSF, IFN-g, and TGF-b
did not. The optimum enhancement was observed at 1 h in a dose-dependent manner up to a dose
of 100 ng per ml. However, MIP-3a mRNA expression was decreased at 3 h. Western blot
analysis revealed the presence of MIP-3 a protein equivalent to 3 ng of recombinant MIP-3a in
conditioned medium in which 3 3 106 cells were incubated for 24 h with 100 ng per ml TNF-a.
The TNF-a stimulated conditioned medium induced the migration of L1.2 cells expressing
CCR6. This migration was blocked by preincubating L1.2 cells expressing CCR6 with antiCCR6 antibody (50 mg per 2 3 106 cells). We also examined the expression of MIP-3a mRNA in
strati®ed epidermal sheets. In contrast to monolayered keratinocytes, marked expression of MIP3a mRNA was observed continuously for 24 h. These data indicate that MIP-3a produced by
keratinocytes is a key chemokine responsible for the recruitment of immature dendritic cells to the
epidermis.

Lymphatic Endothelial Cell Secretion of Secondary Lymphoid Tissue Chemokine (SLC)
Promotes Migration of Activated Skin Dendritic Cells
M. Wu, H. Saeki, and S. Hwang
Dermatology Branch, NCI, Bethesda, Maryland
Expressed by lymphatic endothelial cells and within lymph nodes (LN), SLC potently attracts
activated dendritic cells (DC) via CCR7. Anti-SLC antibodies (Ab) inhibit homing of skin-derived
DC to LN although the speci®c site of inhibition (afferent lymphatic versus draining LN) is unclear.
Herein, we ask whether lymphatic endothelium-derived SLC plays a direct role in the migration of
activated skin DC to afferent lymphatics. Lymphangiomas (LA) were induced in mice by IP
injection of incomplete Freund's adjuvant. Murine skin explants were placed into culture for 24 h
6 anti-SLC Ab. DC and lymphatic vessels were identi®ed by I-Ad and CD31 staining,
respectively, using two-color ¯uorescence microscopy. LA showed thin, channel-like lumens by
H&E and expressed CD31 and ¯t-4 receptor. By RT-PCR, LA strongly expressed SLC.
Conditioned medium (CM) from LA stimulated an 8-fold increase in chemotaxis of activated skinderived DC that was abrogated by pertussis toxin (PTX) and partially inhibited (40%, p < 0.01) by
anti-SLC, but not control, Ab. Murine skin explants treated with anti-SLC Ab showed a 70%
reduction (n = 9, p < 0.05) in aggregates of DC within dermal lymphatics compared with control
Ig treated skin. Anti-SLC Ab did not in¯uence the loss of DC from the epidermis after 24 h in
culture. We show that LA secrete soluble chemotactic factors (including SLC) that stimulate
chemotaxis of activated skin DC in a PTX-dependent fashion. Inhibition of SLC ex vivo reduces
the accumulation of aggregates of DC in dermal lymphatics. Thus, SLC appears to have a role in
DC migration from dermis to lymphatic but not from epidermis to dermis.

E-Selectin Binding by Dendritic Cells is Not Dependent on Expression of P-Selectin
Glycoprotein Ligand-1
R.C. Fuhlbrigge, K. Croce, C. Robert, S.L. King, G. Merrill-Skoloff, B. Furie, B. Furie, and T.S.
Kupper
Brigham and Women's Hospital and Beth Israel Hospital, Boston, Massachusetts
Adhesion of leukocytes and platelets to vessel walls is a central component of both normal cellular
traf®cking and pathologic in¯ammatory and thrombotic responses. Selectins have been shown to
play a crucial role, mediating the initial tethering of cells on vessel walls in shear ¯ow that precedes
transmigration into the underlying tissues. Memory T cells accumulate on dermal microvessels by
the interaction of cutaneous lymphocyte-associated antigen (CLA), a carbohydrate epitope
expressed on P-selectin glycoprotein ligand-1 (PSGL-1), with E-selectin on dermal endothelial
cells (EC). CLA/PSGL-1 is the sole E-selectin and P-selectin ligand on memory T cells. We have
shown previously that dendritic cells (DC) also express functional CLA/PSGL-1 and traf®c to
in¯amed dermal tissue in a selectin-dependent fashion. Western blots of DC lysates show that
PSGL-1 is the only HECA-reactive surface glycoprotein on human DC. To further assess the role
of CLA/PSGL-1 in DC homing, we studied E and P-selectin binding of DC from PSGL-1
de®cient and alpha (1,3) fucosyltransferase VII (FucTVII) de®cient mice both in vitro and in vivo.
Previous studies have shown that E- and P-selectin binding of T cells from both knockout strains
are substantially reduced or eliminated. Bone marrow derived DC were generated by culture of
marrow cells in media with GM-CSF and IL-4 for 8 d prior to assessment. These cells displayed the
appropriate morhpology and lineage-negative surface phenotype by FACS analysis. As expected,
P-selectin binding function was completely abrogated both in vitro, in a parallel plate ¯ow assay of
P-selectin function in physiologic shear ¯ow, and in vivo, in an intravital microscopy model of
trauma induced P-selectin expression in mouse cremaster muscle microvessels. Surprisingly, Eselectin binding was not signi®cantly diminished in vitro, using the same ¯ow assay with E-selectin,
or in vivo, in a similar intravital model employing TNF-stimulated E-selectin expression in mouse
cremaster muscle microvessels. Both E- and P-selectin binding function were substantially reduced,
but not eliminated, in DC derived from FucTVII de®cient mice. These data show that, unlike T
cells, DC can express abundant functional E-selectin ligands distinct from CLA/PSGL-1 and may
employ carbohydrate modi®cation pathways distinct from FucTVII. The further investigation and
identi®cation of these alternate ligand structures may provide new insights into the mechanisms
regulating DC migration to in¯ammatory tissues and suggest additional avenues for therapeutic
interventions.

CCL27 (CTACK), a Skin-Associated Chemokine that Preferentially Attracts SkinHoming T Cells
A. Zlotnik, A. Vicari,* J. Morales, S. Hudak, J. Hedrick,² R. Orozco,³ N.A. Jenkins,§ N. G.
Copeland,§ A. Wiesenborn,¶ P. Lehmann,¶ T. Ruzicka,¶ L.M. McEvoy, and B. Homey
DNAX Research Institute, Palo Alto, California; *Schering-Plough, Dardilly, France; ²Schering-Plough
Research Institute, Kenilworth, New Jersey; ³Instituto Nacional de la Nutricion, Mexico D.F., Mexico;
§NCI, Frederick, Maryland; ¶Department of Dermatology, University of Dusseldorf, Dusseldorf, Germany
In contrast to naive lymphocytes, memory/effector lymphocytes can access nonlymphoid effector
sites and display restricted, often tissue-selective migration behaviour. The cutaneous lymphocyteassociated antigen (CLA) de®nes a well described subset of circulating memory T cells that
selectively localize in cutaneous sites mediated in part by the interaction of CLA with its vascular
ligand E-selectin. E-selectin is broadly expressed in in¯amed endothelium; thus, speci®c in®ltration
of skin by CLA+ T cells must require additional cues. Here, we report the identi®cation and
characterization of a new C-C chemokine, CCL27 (previously known as CTACK). Both human
and mouse CCL27 are detected only in skin. Speci®cally, CCL27 is found in the mouse epidermis
and in human keratinocytes. Finally, CCL27 selectively attracts CLA+ memory T cells and is
expressed in psoriasis and atopic dermatitis. Taken together, these results suggest an important role
for CCL27 in recruitment of CLA+ T cells to cutaneous sites. CCL27 is the ®rst chemokine
described that is predominantly expressed in the skin and that selectively attracts a tissue-speci®c
subpopulation of memory lymphocytes.
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Expression of Chemokine Ligands for CLA+ T Cells in Skin: Differential Expression of
MDC and TARC by Human Skin Cells
K. Ferenczi, D. Jones, R. Fuhlbrigge, and T. S. Kupper
Harvard Skin Disease Research Center, Boston, Massachusetts
CLA/PSGL-1 is a cell surface molecule that initiates the tethering and rolling of skin homing T
cells in cutaneous postcapillary venules (Nature 389:978±981, 1997). It was proposed that
chemokine receptors speci®c for CLA+ T cells would further target T cells to skin. Very recently,
the chemokine receptor CCR4 was identi®ed as being preferentially expressed on CLA+ skin
homing memory T cells (Nature 400:776±780, 1999). E-selectin, the ligand for the CLA, is
expressed by cutaneous postcapillary venules in in¯amed skin. However, the cutaneous expression
of the two CCR4 ligands, TARC and MDC, has not been de®ned. To address this issue, we
analyzed the expression pattern of TARC and MDC using RT-PCR. Human keratinocytes, and
®broblasts, umbilical vein endothelial cells (HUVEC) and dermal microvascular endothelial cells
(HDMEC), were cultured either alone or in the presence of the primary cytokines TNFa and IL1b, as well as IFNg (product of Th1 cells) and IL-4 (product of Th2 cells). In addition, we studied
mature dendritic cells, Langerhans cells obtained from skin biopsies and peripheral blood T cells
activated in vitro by PHA or anti-CD3. Constitutive expression of both TARC and MDC was
detected in mature dendritic cells, and both chemokines were induced in T cells activated with
anti-CD3. MDC was expressed constitutively in Langerhans cells and HDMEC, and could be
induced in keratinocytes and HUVEC with primary cytokines and T cells with both anti-CD3 and
PHA. In contrast, TARC was not expressed by keratino-cytes, ®broblasts, HUVEC, or HDMEC,
regardless of cytokine stimulation. Only CD3-stimulated (but not PHA stimulated) T cells and
mature dendritic cells expressed TARC. We conclude that MDC is an innate immune chemokine
produced upon in¯ammation by many cells resident to skin, and may cooperate with E selectin to
recruit CLA+, CCR4+ T cells from peripheral blood. In contrast, TARC is produced by activated
T cells and dendritic cells, and its production in skin may serve to amplify a response that is already
underway.

Upregulation of Macrophage In¯ammatory Protein-3a/CCL20 and CCR6 in Psoriasis:
A Role in the Recruitment of Memory T Cells to Lesional Psoriatic Skin
B. Homey, M. Dieu-Nosjean,* A. Wiesenborn,² C. Massacrier,* J. Pin,* E. Oldham, D. Catron,
M.E. Buchanan, A. Muller, R. deWaal Malefyt, T. Ruzicka,² P. Lehmann,² S. Lebecque,* C.
Caux,* and A. Zlotnik
DNAX Research Institute, Palo Alto, California; *Schering-Phlough, Dardilly, France; ²Department of
Dermatology, University of Dusseldorf, Dusseldorf, Germany
Autoimmunity plays a key role in the immunopathogenesis of psoriasis, however, little is known
about the recruitment of pathogenic cells to skin lesions. We report here that the CC chemokine,
MIP-3a/CCL20 and its receptor CCR6 are markedly upregulated in psoriasis. MIP-3a/CCL20expressing keratinocytes colocalize with skin-in®ltrating T cells in lesional psoriatic skin. PBMCs
derived from psoriatic patients show signi®cantly increased CCR6 mRNA levels. Moreover, skinhoming CLA+ memory T cells express high levels of surface CCR6. Furthermore, the expression
of CCR6 mRNA is 100±1000-fold higher on sorted CLA+ memory T cells than other chemokine
receptors including CXCR1, CXCR2, CXCR3, CCR2, CCR3 and CCR5. Using ELISA as
well as real time quantitative PCR, we show that keratinocytes, ®broblasts, microvascular
endothelial and dendritic cells are major sources of MIP-3a/CCL20 and that the expression of this
chemokine can be induced by proin¯ammatory mediators like TNF-a/IL-1b, CD40L, IFN-g or
IL-17. Taken together, these ®ndings strongly suggest that MIP-3a/CCL20/CCR6 play an
important role in the recruitment of T cells that mediate the pathogenesis of psoriasis.
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Integrin aE(CD103)b7 is Selectively Induced on CD8+ T Cells and Role of aE(CD103)b7
in T Cell Localization in Psoriatic Epidermis
K. Pauls, M. SchoÈn, R. Kubitza, T. Ruzicka, C.M. Parker,* and M.P. SchoÈn
Department of Dermatology, Heinrich-Heine-University DuÈsseldorf, Germany; *Division of Rheumatology,
Immunology, and Allergy, Havard Medical School, Boston, Massachusetts
In psoriasis, a common human skin disorder, CD8+ T lymphocytes localize preferentially to the
epidermis, while CD4+ T cells reside within the dermis. However, molecular mechanisms guiding
the spatial distribution of T cells are not fully understood.
Immunohistochemical analysis of psoriatic skin (n = 12) revealed expression of the aE(CD103)b7
integrin on 53% (69.7) of epidermal, but only 5.7% (62.0) of dermal T lymphocytes (p < 0.0001).
Based upon two color immun¯uorescent staining, aE(CD103)b7 was primarily expressed by
epidermal CD8+ T cells. As demonstrated by two-color FACS analysis of human peripheral blood
T lymphocytes (n = 6 donors) aE(CD103)b7 was expressed by 30±80% of CD8+ T cells, but only
3±7% of CD4+ T cells cultured in the presence of TGFb1, suggesting a selective inducibility of
aE(CD103)b7 on CD8+ T cells. In static adhesion assays using radiolabeled TGFb1-stimulated T
lymphocytes, aE(CD103)b7 expressing CD8+ T cells adhered markedly stronger to cultured
human keratinocytes expressing E-cadherin, the ligand for aE(CD103)b7, as compared to CD4+ T
cells. Corresponding to the level of aE(CD103)b7 expression, T cell adhesion to the keratinocyte
monolayers could be blocked signi®cantly with aE(CD103)- or E-cadherin-speci®c monoclonal
antibodies. In addition, in modi®ed Stamper-Woodruff assays (adhesion to frozen tissue sections of
psoriatic skin, n = 6), epidermal adhesion of TGFb1-stimulated CD8+ T cells was blocked
signi®cantly by anti-aE(CD103)- or anti-E-cadherin antibodies, while adhesion of CD4+ T cells
was lower and was not affected by antibody treatment. Thus, the integrin aE(CD103)b7 is
expressed preferentially by epidermotropic T lymphocytes in psoriatic lesions and appears to be
involved in tissue-speci®c epidermal localization of CD8+ T cells.

Co-Expression of E-and P-Selectin Binding Function by Native T Cell Cutaneous
Lymphocyte Antigen Demonstrated in Two Novel Flow Assays
R. Fuhlbrigge, S. King, J. Kieffer, and T. Kupper
Brigham and Women's Hospital, Boston, Massachusetts
Targeting of memory T cells to skin is correlated with expression of the cutaneous lymphocyte
antigen (CLA). We have previously characterized CLA as an inducible carbohydrate expressed on
P-selectin glycoprotein ligand-1 (PSGL-1). Although correlation of CLA expression with the Eselectin binding properties of T cells is strong, only inferential data has been published regarding
the interaction of CLA with E- and/or P-selectin. We describe here the development of two novel
¯ow assays incorporating native CLA antigen and demonstrating direct interaction between CLA
and both E- and P-selectin. In the ®rst assay T cell lysates are adsorbed to plate immobilized mAb
and assessed for interaction with CHO cells transfected with E- or P-selectin. Lysates from CLA+,
but not CLA±, T cells adsorbed to anti-CLA, but not control, mAb supported selectin mediated
binding and rolling in physiologic shear ¯ow in vitro. The behavior of native CLA was similar to
recombinant PSGL-1 produced in CHO cells cotransfected with alpha(1,3)-fucosyltransferase VII.
In addition, both E-and P-selectin binding function, as well as reactivity with anti-CLA mAb,
were maintained in a PSGL-1 Fc chimera containing only the terminal 19aa of mature PSGL-1.
Chimeras with additional PSGL-1 sequence showed increased E-, but not increased P-, selectin
binding activity. The second method allows direct observation of adhesive interactions between
cells/particles in shear ¯ow with elements immobilized on standard blotting membranes rendered
transparent and incorporated into the parallel plate ¯ow chamber. This method allows for the
rapid, reproducible, real-time assessment of the speci®c adhesive properties of individual
components of complex mixtures without requiring isolation of constituent elements. On western
blots of human CLA+ T cell lysates, CHO-E and CHO-P cells were observed to bind speci®cally
and roll across bands at 140 kDa and 240 kDa only, corresponding to, and coincident with, the
monomer and dimer bands of native PSGL-1 stained with HECA-452. CHO-P, but not CHO-E,
bound and rolled on PSGL-1 from CLA-T cell lysates, consistent with functional studies of whole
cells. These data establish, for the ®rst time, that native T cell CLA is both an E- and a P-selectin
ligand, and strongly support the hypothesis that differential glycosylation of a single cell surface
glycoprotein can serve as a mechanism for regulating the tissue speci®c homing properties of
memory T cells by directing interaction with different endothelial receptors.

Thrombospondin-2 is a Novel Endogenous Inhibitor of Tumor Growth and
Angiogenesis
M.R.W. Streit, L. Riccardi, P. Velasco, L. F. Brown,* T. Hawighorst, P. Bornstein,² and M.
Detmar
Massachusetts General Hospital, Charlestown, Massachusetts; *Beth Israel Deaconess Medical Center,
Boston, Massachusetts; ²University of Washington, Seattle, Washington
Thrombospondin-2 (TSP-2) is a member of a family of ®ve secreted, glycoproteins involved in the
regulation of proliferation, adhesion and migration of normal and transformed cells. While TSP-1
has been demonstrated as an inhibitor of tumor growth and angiogenesis, the biological role of
TSP-2 has remained unclear. To characterize the function of TSP-2 in skin cancer, we investigated
tumor growth and angiogenesis of stably TSP-2 transfected A431 squamous cell carcinoma cells
and MeWo malignant melanomas growing as intradermal xenografts in nude mice. The biological
activity of secreted TSP-2 was demonstrated by the inhibition of human dermal microvascular
endothelial cell migration in vitro. TSP-2 expression potently inhibited in vivo tumor growth of
squamous cell carcinomas and melanomas, as compared to vector transfected controls. Inhibition of
tumor growth was stronger in TSP-2 overexpressing tumor xenografts as compared to TSP-1
overexpressing tumors and combined overexpression of TSP-1 and TSP-2 prevented tumor
formation. Moreover, injection of TSP-2 transfected A431 cells together with an equal number of
A431 control cells resulted in a marked inhibition of tumor growth as compared to A431 control
cells, demonstrating that TSP-2 can act to slow adjacent tumor cell growth. Extensive areas of
necrosis were observed in TSP-2 expressing tumors, and the density and the size of tumor vessels
were signi®cantly reduced, demonstrating a pronounced angiostatic effect. In conclusion, our
®ndings establish TSP-2 as a novel, potent endogenous inhibitor of tumor growth and
angiogenesis.
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Interleukin-8 is an Important Mediator for Migration of T-Cells in Urushiol Allergic
Contact Hypersensitivity in Humans
B. Bjarnason, H. Xu, and C.A. Elmets
University of Alabama School of Medicine, Birmingham, Alabama
Interleukin-8 (IL-8) has potent chemotactic activities for leukocytes. We investigated its role in
urushiol contact hypersensitivity in humans. Urushiol was applied to volunteers allergic to it.
Twenty-four or 48 h later, suction blisters were produced at the application sites and normal skin.
Elevated levels of IL-8 protein, as detected by ELISA, were only present in blister ¯uid obtained
from the test sites. The levels of IL-8 protein correlated with the level of in¯ammation present
when the blisters were taken. The blister ¯uid from urushiol test sites was also tested for
chemotactic activity for T-cells. Signi®cant chemotactic activity was present in patch test sites but
not in normal skin. In nonallergic subjects (i.e., individuals that had had repeated exposure to
urushiol and did not react to it), blister ¯uid did not contain chemotactic activity for T-cells. The
chemotactic activity in blister ¯uid could be completely neutralized by the addition of IL-8 speci®c
antibodies. When keratinocytes from urushiol allergic donors were cultured and treated with
nontoxic doses of urushiol, increased production of IL-8 mRNA and protein occurred. In contrast,
urushiol treatment of keratinocytes from nonallergic donors did not result in an increase in IL-8.
These ®ndings are consistent with the hypothesis that the capacity of contact allergens to stimulate
the production of IL-8 at sites of hapten application, is one determinant of the ability of an
individual to respond to potential contact allergens with an in¯ammatory response.

Impaired Wound Healing, Granulation Tissue Formation and Angiogenesis in
Transgenic Mice Overexpressing Thrombospondin-1 in the Skin
P. Velasco, M.R.W. Streit, L. Riccardi, L. Richard, L.F. Brown,* B. Lange-Asschenfeldt, K.
Yano, T. Hawighorst, L. Iruela-Arispe,² and M. Detmar
Massachusetts General Hospital, Charlestown, Massachusetts; *Beth Israel Deaconess Medical Center,
Boston, Massachusetts; ²University of California-Los Angeles, Los Angeles, California
The biological role of endogenous inhibitors of angiogenesis during tissue repair has remained
unknown. We established transgenic mice with targeted overexpression of the endogenous
angiogenesis inhibitor thrombospondin-1 (TSP-1) in the skin, using a keratin 14 expression
cassette. Transgenic TSP-1 potently impaired tissue repair, granulation tissue formation, and
wound angiogenesis in full-thickness wounds. In contrast, no major alterations of skin
morphogenesis, cutaneous vascular architecture, or microvascular permeability were observed in
unwounded normal skin, suggesting that angiogenic blood vessels rather than quiescent vessels are
the major targets of TSP-1. TSP-1 also inhibited ®broblast, but not keratinocyte migration in vitro.
The inhibitory effects of TSP-1 were independent of latent TGF-b activation, as shown by
systemic administration of the synthetic peptide LSKL which blocks TSP-1 mediated activation of
TGF-b. These data suggest that therapeutic application of angiogenesis inhibitors for the treatment
of neoplasias or in¯ammatory diseases might be associated with impaired wound vascularization
and tissue repair. The K14/TSP-1 transgenic mouse represents a new model of impaired wound
healing and may also provide a promising experimental system to study the biological role of TSP1 in carcinogenesis and chronic in¯ammation.

An Important Role of VEGF-C in the Regulation of Tumor Angiogenesis, Lymphatic
Function and Growth of Human Malignant Melanomas
M. Skobe, L. Hamberg, M. Streit, G. Wolf, K. Alitalo,* and M. Detmar
Massachusetts General Hospital, Charlestown, Massachusetts; *Haartman Institute, Helsinki, Finland
Interactions of tumor cells with the lymphatic vasculature are of paramount importance for tumor
progression. However, the molecular mechanisms regulating these interactions remain largely
unknown. The present study was designed to assess the biological effects of the recently identi®ed
lymphangiogenic factor VEGF-C on tumor growth and vascularization, using stably transfected
human MeWo melanoma cells in an intradermal xenograft mouse model. As shown by differential
immuno¯uorescent double stainings with antibodies to the endothelial cell marker CD31 and to
components of basement membranes (collagen type IV or laminin), VEGF-C secretion resulted in
enlargement of melanoma-associated lymphatic vessels (CD31+/laminin or collagen IV-). In
comparison to control tumors, lymphatic transport from VEGF-C overexpressing tumors to
regional lymph nodes was markedly retarded, as determined by measuring the clearance rate of a
contrast agent from the tumors by computed tomography. VEGF-C overexpressing tumors also
showed increased tumor vascularization. Despite increased angiogenesis, overexpression of VEGFC resulted in signi®cant impediment of tumor growth in vivo, whereas VEGF-C did not have any
impact on melanoma cell proliferation in vitro. These ®ndings suggest that, at least in some cases,
the extent of tumor angiogenesis is not a major determinant of the tumor growth rate. Taken
together, these results identify VEGF-C as an important mediator of tumor angiogenesis and
lymphangiogenesis and suggest that functional alterations of the tumor-associated lymphatic system
may be of paramount importance for tumor growth and/or progression.
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An Autocrine Loop Mediates Expression of Vascular Endothelial Growth Factor (VEGF)
in Human Dermal Microvascular Endothelial Cells
B. Vega Diaz, G. Herron,* and S. Michel
GALDERMA R&D, Sophia-Antipolis cedex, Valbonne, France, *Department of Dermatology, Stanford
University School of Medicine, California
Vascular endothelial growth factor (VEGF) was ®rst described as a tumor cell derived factor
inducing vascular hyperpermeability to plasma proteins. It was further characterized as an
endothelial cell speci®c mitogen that induces angiogenesis.
In this study we show that VEGF is able to increase its own level in cultured human dermal
microvascular endothelial cells (HDMEC). Accumulation of VEGF mRNA can be detected as
early as 4 h after addition of VEGF to the culture medium. VEGF also increases the production of
VEGF polypeptides HDMEC. The increase of its own message by VEGF is blocked by the
transcription inhibitor actinomycin D. Transient transfection experiments performed with
HDMEC and using a 3.2-kb human VEGF promoter fragment showed that VEGF autoinduction can be mimicked at the promoter level. This indicates that the observed VEGF mRNA
increase after VEGF treatment is occuring at the level of transcription. Furthermore, VEGF autoinduction is inhibited by PD 098059, showing that phosphorylation events, catalyzed by MAP
kinases, are a prerequisite for VEGF effect. Examination of ERK and JNK catalytic activities
showed that both enzymes have to be activated to mediate the VEGF signal.
Our data demonstrate for the ®rst time the existence of an autocrine loop for VEGF in endothelial
cells. Most probably this represents an ampli®cation mechanism for the action of VEGF.

Effects of Peptide 1 (ACT 1) Peptide 2 (ACT 2) on Endothelial Cell Migration and
Angiogenesis
C. Crandell, E. Yaping, W.L. Lee, and A.R. Shalita
State University of New York Health Science Center at Brooklyn, Brooklyn, New York
Angiogenesis, the growth of new blood vessels, represents a critical step in the wound healing
cascade. Cellular processes such as migration and proliferation represent integral components of
angiogenesis. ACT 2 is a polypeptic thought to facilitate these processes in normal human vascular
endothelial cells. ACT 1 is a similar, novel peptide also believed to promote cell migration and
proliferation. The purpose of our study is to determine the effects of ACT 1 and ACT 2 on
angiogenesis and ultimately wound healing. To investigate the possibility that ACT 1 and ACT 2
effect human microvascular endothelial cell (HMEC) migration in vitro, we employed a
combination of Boyden chamber and wound closure assays. To ascertain the effects these two
peptides have on cell proliferation, we utilized an MTT (terrazolium) assay. Our results
demonstrate that both ACT 1 and ACT 2 act as chemoattractants for endothelial cells, stimulating
the migration of HMECs in Boyden chambers. At concentrations of 100 ng per ml, both ACT 1
and ACT 2 signi®cantly enhanced cell migration over migration in the presence of media alone.
Notably, these two peptides also revealed heightened responses at this concentration (100 ng
per ml) when compared to our three positive controls ± vascular endothelial growth factor, platelet
derived growth factor, and ®broblast growth factor. In addition, endothelial cell migration revealed
a dose response to both peptides, as both ACT 1 and ACT 2 reached a maximal effect on
angiogenesis at concentrations of 100 ng per ml. To examine the effects of constant doses of ACT 1
and ACT 2 (10 ng per ml) on HMEC migration, we utilized a scratch wound closure assay. When
a con¯uent monolayer was scratched, migration of cells into the wounded area was signi®cantly
increased in the presence of ACT 1 and ACT 2 compared to migration with media alone.
Furthermore, at a concentration of 10 ng per ml, ACT 1 and ACT 2 maximally stimulated cell
proliferation, approximately 3-fold and 2-fold over that of the control, respectively. Our ®ndings
clearly demonstrate that both ACT 1 and ACT 2 signi®cantly enhance endothelial cell migration,
proliferation, and angiogenesis in vitro. Moreover, our results represent the initial evidence that
ACT 1 and ACT 2 may facilitate the wound healing process.

Regulated Expression of Endoglin in Human Dermal Microvascular Endothelial Cells
I. Spektor, K. Casper, M.R. Swift, and R.A. Swerlick
Department of Dermatology, Emory University, Atlanta, Georgia
Endoglin (EDG) is a homodimeric integral membrane protein expressed on the surface of human
endothelial cells (EC) that plays an important role in vascular development. Inherited EDG
haploinsuf®ciency is associated with hereditary hemorrhagic telangiectasia type 1 (HHT1), an
autosomal dominant disorder characterized by cutaneous telangiectasias and other vascular
abnormalities. We propose that EDG is constitutively expressed on human dermal microvascular
EC (HDMEC) and that acquired downregulation of EDG expression due to locally produced
angiogenic or pro-in¯ammatory factors in the appropriate host may lead to telangiectasia formation
in a manner similar to congenital haploinsuf®ciency. Immuno¯uorescent staining of HDMECs in
culture revealed heterogeneous expression at the cell surface with accentuation at cell-cell
junctions. Flow cytometric analysis con®rmed heterogeneous constitutive cell surface expression in
vitro. Treatment of HDMEC with basic ®broblast growth factor (bFGF) resulted in a
concentration-and time-dependent decrease in cell-surface EDG expression to levels approximately 50% of baseline as measured by FACs and ELISA. Real-time quantitative PCR of bFGFtreated cells also demonstrated a comparable decrease in EDG mRNA levels. bFGF-induced
decreases in EDG cell-surface expression in HDMEC were roughly equivalent to the differences
previously observed between the levels of EDG expression on umbilical vein EC from HHT1
patients and the levels of expression in wild-type controls. Acquired downregulation of EDG
expression on HDMEC in the appropriate host may lead to formation of local cutaneous vascular
malformations via a mechanism analogous to that observed in patients with congenitally low
endothelial EDG expression.

Neuropeptide Modulation of Human Microvascular Endothelial Cell Angiogenic
Responses
X. Feng, R. Clark, M.G. Tonnesen, P.I. Song,* B. Harten,* C.A. Armstrong,* and J. C. Ansel*
SUNY at Stony Brook, Stony Brook, New York; *Emory University, Atlanta, Georgia
Angiogenesis plays a critical role in cutaneous development, maintenance, and repair. This study
tests the hypothesis that the sensory nervous system, through the release of neuropeptides such as
substance P (SP) and calcitonin gene related peptide (CGRP) can directly modulate cutaneous
angiogenesis. To test this hypothesis, we use an in vitro sprout angiogenesis model in which human
dermal microvascular endothelial cells (HDMEC) are cultured on microcarrier beads and
embedded in a three dimensional human ®brin gel with or without the presence of VEGF (< 10 ng
per ml) and/or SP and CGRP (1±100 nM). This model mimics the environment of the wound clot
and tumor stroma, rich in ®brin. Angiogenesis responses were quantitated by digital photography.
Our results indicate that SP and CGRP alone had a modest angiogenic effect in this in vitro system,
but with the addition of subthreshold amounts of VEGF (< 10 ng per ml), a robust sprouting
response was observed. This angiogenic response could be blocked by speci®c neuropeptide
receptor antagonists. Thus, both SP and CGRP are capable of augmenting HDMEC angiogenesis
responses in this model system. These results support the capacity of the cutaneous sensory nervous
system to modulate HDMEC angiogenic responses.
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An Engineered Synthetic Human Vascular Bed for Use in Skin Equivalents In Vivo
J. Schechner, A. Nath, L. Zheng, M. Kluger, M. Lorber, G. Tellides, M. Kashgarian, A. Bothwell,
and J. Pober
Departments of Dermatology, Pathology, Immunobiology, and Surgery, Yale University School of Medicine,
New Haven, Conneticut
The absence of preformed microvessels in synthetic skin grafts may increase early ischemic injury,
limiting graft acceptance by the host. We report a method for forming genetically engineered
synthetic microvascular beds from cultured human umbilical vein endothelial cells (HUVEC)
suitable for transplantation. Retroviral transduction was utilized to overexpress a caspase-resistant
form of the survival protein Bcl-2, or enhanced green ¯uorescence protein (EGFP) as a control.
The transduced HUVEC were suspended in a collagen/®bronectin matrix, which induced
spontaneous formation of capillary-like cords and tubes. Overexpression of Bcl-2 prolonged the
survival of capillary-like structures from 36 h to over 7 d. At 18±24 h after formation, 11 of Bcl-2transduced, and 10 of the EGFP-transduced constructs were subcutaneously implanted into SCID/
beige mice. Both types of transduced HUVEC-lined microvessels became perfused within the gel
31 d post implantation into the mice, while maintaining expression of both transgenes. However,
there was a signi®cantly increased density of perfused human vascular pro®les in the constructs
containing Bcl-2-transduced HUVEC compared to controls. Remarkably, Bcl-2-, but not
control-, transduced HUVEC recruit ingrowth of perivascular smooth muscle a-actin positive
mouse cells, forming complex multilayered structures resembling true microvessels. Incorporation
of such human endothelial-lined microvessels into engineered synthetic skin may improve graft
viability, especially in recipients with impaired capacity for angiogenesis.

Cyclic Hair Growth in Mice is Associated with Growth and Regression of the Cutaneous
Microvasculature
L. Mecklenburg, D.J. Tobin,* S. Mueller-Roever,² B. Handjiski,³ G. Wendt, E.M.J. Peters, and
R. Paus
University Hospital Eppendorf, Hamburg, Germany; *Department of Biomedical Sciences, Bradford, U.K.;
²Centre for Cutaneous Research, Queen Mary College, London, U.K.; ³Department of Dermatology,
Charite, Berlin, Germany
Angiogenesis in the adult skin, i.e., the growth of new capillaries from pre-existing blood vessels, is
widely held to occur only under pathological conditions (e.g., wound healing, psoriasis, neoplasia).
However, hair cycle-dependent rearrangements in skin perfusion have long been noted. Here we
show by histomorphometry, immunohistology and electron microscopy that these rearrangements
in mouse skin are based on an anagen-associated angiogenesis and catagen-associated, apoptosisdriven regression of the cutaneous microvasculature. Per dc®ned reference area, the number of
microvessels and the number of perifollicular endothelial cell nuclei per reference area increases
during anagen development and decreases during hair follicle regression. The number of
proliferating endothelial cells increases between anagen IV and anagen VI, and decreases in late
anagen VI, suggesting that cessation of endothelial cell proliferation is an early marker of hair
follicle regression. The inhibition of angiogenesis in vivo by a fumagillin-derivative (i.p.) retards
experimentally induced anagen development in mice. During catagen/telogen development
perifollicular microvessels regress by apoptosis, as demonstrated by TUNEL-staining and electron
microscopy. This suggests that angiogenesis is a physiological event in normal postnatal murine
skin. Since dermal papilla ®broblasts can generate angiogenic factors (e.g., VEGF, HGF) the hair
follicle itself may dictate growth and regression of the cutaneous microvasculature. Anagenassociated angiogenesis offers an attractive model for dissecting the physiological controls of
cutaneous angiogenesis as well as an interesting system for screening the effects of potential
antiangiogenic drugs in vivo.
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Ectopic Expression of Desmoglein 3 in the Super®cial Epidermis of Mice Results in a
Scaly Phenotype with Increased Transepidermal Water Loss and Lethality
N. Matsuyoshi, H. Wu, Z.H. Wang, S. Fakharzadeh, H. Ishikawa,* J. Uitto,* and J.R. Stanley
University of Pennsylvania, Philadelphia, Pennsylvania; *Jefferson Medical College, Philadelphia,
Pennsylvania
Desmoglein (Dsg) 3 is expressed only in the deep neonatal mouse epidermis, but throughout all
layers of the mucous membranes. Dsg 1 is expressed throughout all layers of both skin and mucous
membranes. To determine whether the distribution of Dsg 3 affects the function of these strati®ed
squamous epithelia, we produced transgenic mice with the involucrin promoter controlling the
expression of mouse Dsg 3 with a FLAG epitope tag. Immuno¯uorescence with anti-FLAG
antibodies showed expression of the transgene in the super®cial neonatal epidermis. Anti-mouse
Dsg 3 antibodies showed Dsg 3 throughout the transgenic epidermis. Transgenic mice were
normal at birth but by 2±3 d developed plate-like scale, and most died at 5±7 d. This phenotype in
offspring of two founders correlated with amount of transgene expression. Western blotting with
antimouse Dsg 3 and Dsg 1 antibodies showed that the Dsg 3/Dsg 1 ratio in transgenic skin of
phenotypically positive mice was similar to that in normal mucous membrane. Transgenic
newborns (4±6-d-old) had a raised hematocrit, suggesting an increase in transepidermal water loss.
This was con®rmed by measuring water loss from whole neonates and from the surface of excised
skin over 6 h. Histology of transgenic epidermis showed a dramatic change in the stratum corneum
which was markedly thickened and compact (similar to oral mucous membrane) rather than
``basket-weave'' (as in normal epidermis). These data show that Dsg distribution has a major effect
on epidermal structure and function.

Environmentally Induced Production of Anti-Dsg1 Autoantibodies Precedes Onset of
Fogo Selvagem
S. Warren, M. Lin, G. Giudice, R. Hoffmann, G. Hans-Filho, V. Aoki, E. Rivitti, V. dos Santos,
and L. Diaz
Department of Dermatology, Medical College of Wisconsin and VA Medical Center, Milwaukee,Wiscosin;
Universidade Federal de Mato Grosso do Sul, Brazil; Universidade de Sao Paulo, Brazil
Fogo selvagem (FS) is the endemic form of pemphigus foliaceus seen in certain undeveloped
regions of Brazil. Based on previous immunological and epidemiological studies, we hypothesized
that an environmental stimulus triggers the production of antidesmoglein 1 (dsg1) autoantibodies,
which, in turn, cause the characteristic subcorneal acantholytic skin lesions. Our studies on the
etiology of FS have been greatly facilitated by the recent identi®cation of an Amerindian
settlement, Limao Verde (LV), with a 3.4% prevalence of FS. To investigate the early stages of the
FS autoimmune response, we developed a recombinant dsg1 ELISA (speci®city and
sensitivity = 97%) for use in a sero-epidemiological survey on FS patients (before and after disease
onset) and healthy controls (n:372) from LV and surrounding locations. 30 of the 31 FS patients
from LV were positive by this ELISA. Signi®cantly, antidsg1 autoantibodies were also detected in
many of the healthy controls living in and around the FS focus. Overall 55% of the healthy controls
from LV were ELISA positive (64% positive among the patients = relatives and 39% positive
among those not related to a patient). The autoantibody titers were highest among normal donors
from LV and decreased in locations distant from this region. In addition, all ®ve FS patients, for
whom predisease serum was available, were dsg1-ELISA-positive 1±4 y before the onset of clinical
disease. Disease onset was associated with a marked increase in anti-dsg1 titers. These data support
the hypothesis that exposure to an environmental antigen with a highly clustered geographic
distribution leads to anti-dsg1 autoantibody production, and that a small proportion of this
sensitized population will eventually convert to disease. These ®ndings also represent the ®rst
documentation of an incubation period for an environmentally induced autoimmune disease.

Evidence for Distinct Functions of Plakophilin 1 (PKP1) and Plakophilin 2 (PKP2) in
Desmosome Assembly
X. Chen, E.A. Bornslaeger, C.M. Corcoran, M. Hatzfeld,* and K.J. Green
North-western University Medical School, Chicago, Illinois; *University of Halle Molecular Biology Group,
Halle/Saale, Germany
PKP2 and PKP1 are Armadillo (Arm) family members localized both in the nucleus and
desmosomes. Mutations in PKP1 result in a skin fragility syndrome, highlighting its importance in
maintaining epidermal integrity. However, the speci®c roles played by PKP1 and 2 in desmosome
assembly are poorly understood. We demonstrated previously that the PKP1 N-terminus binds
directly to the N-terminus of the intermediate ®lament anchoring protein desmoplakin (DP) and
enhances DP's recruitment to cell-cell borders. Here we show that PKP2 exhibits a modest ability
to coimmunoprecipitate DP in cotransfection experiments. However, unlike PKP1, PKP2 very
ef®ciently coimmunoprecipitates the Arm protein plakoglobin (Pg), and thus its association with
DP may be through Pg. In COS cells coexpressing PKP1, Pg and DP, DP preferentially
coimmunoprecipitates PKP1 rather than Pg, although both PKP1 and Pg can form complexes with
DP individually, suggesting that PKP1 competes with Pg for binding to the N-terminus of DP.
Furthermore, whereas PKP2 coimmunoprecipitates desmoglein (Dsg) 2 and Dsg 3, PKP1 does not
associate with these desmosomal cadherins in yeast two hybrid assays. PKP2 is concentrated in the
basal layers of the epidermis, whereas PKP1 is concentrated in desmosomes of the suprabasal layers.
Together with our data, this suggests that PKP1 and PKP2 contribute to the assembly of
differentiation-speci®c desmosomes in different layers of the epidermis through distinct
interactions with desmosomal components.
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Conformational Epitope Mapping of Desmoglein 3 (Dsg3) in Pemphigus Vulgaris (PV)
and Paraneoplastic Pemphigus (PNP) using Domain-Swapped Molecules Between Dsg3
and Dsg1
Y. Futei, M. Sekiguchi, Y. Fujii, M. Amagai, and T. Nishikawa
Department of Dermatology, Keio University School of Medicine, Tokyo, Japan
Dsg3 is the cell surface target antigen of PV and PNP. De®ning epitopes is a critical step to
understand pathophysiological mechanism of blister formation in these diseases. Most of the
previous approaches for epitope mapping was performed by immunoblot assay using truncated
molecules expressed by bacteria. However, conformational epitopes which are important for the
binding of pemphigus autoantibodies are not well represented by these approaches. The purpose of
this study was to map conformational epitopes of Dsg3 in PV and PNP. We ®rst constructed a
truncated series of molecules of Dsg3 from the C-terminus of the extracellular domain by
baculovirus expression system. However, these truncated molecules failed to form the proper
conformation. Therefore, we made a series of domain-swapped molecules between Dsg3 and
Dsg1. Four different molecules were constructed by substituting a region of Dsg3 at the
corresponding position in the Dsg1 domain (1±161, 1±356, 161±519, 357±496, residue 1 is the
amino terminus of the mature form of Dsg3) and expressed by baculovirus for proper folding.
These proteins were used for competition ELISA against the entire extracellular domain of Dsg3 in
25 PV and six PNP sera. More than 50% competition was observed in 18 of 25 PV and two of six
PNP sera with 1±161a.a. of Dsg3, and 25 of 25 PV and ®ve of six PNP sera with 1±356a.a. of
Dsg3, respectively. None were competed with 357±519 a.a. of Dsg3 in PV, while one of six PNP
sera competed with 357±519 a.a. of Dsg3. There was no apparent change in competition pattern
by different molecules along the time course of 4 PV patients tested. These ®ndings indicate that
our approach using domain-swapped molecules is useful to map the conformational epitopes of
pemphigus antigens.

Pemphigus Vulgaris (PV) and Pemphigus Foliaceus (PF) IgGs Produce Distinct Disease
Phenotypes in Desmoglein 3 Knockout Mice
V. T. Nguyen, A. Ndoye, and S. A. Grando
University of California Davis, Sacramento, California
Experiments with Dsg3null (knockout) mice showed that desmoglein (DSG) 3 antibody alone is not
suf®cient at causing blisters. ``Desmoglein Compensation'' hypothesis suggested the role for DSG1
antibody and attempted to reconcile the discrepancy between the relation of DSG1 antibody to PF
and suprabasilar acantholysis of PV based on a report that both PV and PF IgGs produce identical
suprabasilar split in Dsg3null mice. However, insuf®cient thickness of the murine epidermis might
have hampered interpretation of the site of the split. Therefore, in this study we compared the
epidermal morphology at different anatomical regions of wild-type and Dsg3null mice injected with
normal, PV or PF IgGs. There were no difference between wild-type and Dsg3null mice in their
responses to each test IgG fraction. Neither before nor after normal IgG injection, we observed any
blistering or fragility of mouse skin or mucosa, or acantholysis. PV IgG with a high titer of DSG3
antibody without DSG1 antibody and PV IgG with high titers of both DSG1 and DSG3 antibodies
produced an identical PV-like phenotype with suprabasilar acantholysis. PF IgGs caused super®cial
skin peeling, or ``wrinkling,'' and a positive Nickolsky sign. The split was found within the stratum
granulosum, as in PF patients. However, in locations where the basal cell layer was the only
nucleated cell layer of the epidermis, the subcorneal split looked like a suprabasilar split. We
conclude that DSG1 antibody present in PV serum does not contribute to suprabasilar acantholysis.
A search for disease-causing factors of PV and PF should continue.

Keratinocyte Motility is Controlled Through Speci®c Intra and Extracellular Sequences
of the b4 Integrin Subunit
E. Fincher, A.J. Russell, R. Smith, and M.P. Marinkovich
Stanford University, Stanford, California
Integrin a6b4 is expressed in polarized epithelial tissues, functions in the formation of
hemidesmosomes (HD) and appears to have a dynamic role in the invasion of some carcinoma
cells. EGF stimulation causes tyrosine phosphorylation of the b4 subunit which has been linked to
induction of motility and HD dissassembly. We have made a number of point mutations of a b4
cDNA and retrovirally transduced these constructs into b4-de®cient keratinocytes isolated from a
patient with the de®ciency condition, junctional epidermolysis bullosa (JEB). JEB cells have a low
basal motility and do not respond to stimulation with EGF (2 ng per ml). Transduction of JEB cells
with wild type b4 restores HD formation, while stimulation with EGF increases migration 2±5fold from basal levels (comparable to normal keratinocytes). These increases in motility were
observed on all ECM matrices tested, including collagen IV and ®bronectin which are not ligands
for a6b4. Point mutations of three conserved residues responsible for a6b4 ligand binding
prevented b4 phosphorylation by EGF and transduced cells had a migration pro®le
indistinguishable from control JEB cells. Furthermore, point mutation of two tyrosine residues
of b4 at 1422 and 1440, with homology to the tyrosine activation motif (TAM) of immune
receptors, signi®cantly reduces responsiveness to EGF. Surprisingly, when extracellular mutations
were combined with TAM substitution, cells were able to recruit HD components normally but
were hypermotile on all substrates tested irrespective of MF stimulation. We conclude that
phosphorylation of b4 TAM residues is required for the ef®cient induction of motility by EGF as
this can be blocked by either removal of TAM tyrosines, or by inhibition of their phosphorylation.
Additionally, TAM residues appear to have a negative role in unstimulated keratinocyte motility,
independant of a6b4 ligand binding.
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Characterization of the Type VII Collagen De®cient Mice and Expression of a
Bioengineered Full-length Col7a1 cDNA
M. MaÈnnikkoÈ, B. Chung, M. Naso, D. Leperi, J. Uitto, and J. Klement
Thomas Jefferson University, Philadelphia, Pennsylvania
Recessive dystrophic epidermolysis bullosa (RDEB) is caused in humans by mutations in the type
VII collagen (Col7a1) gene, and Col7a1 de®cient mice were generated as a target to examine the
pathomechanisms of RDEB in further detail and to develop reliable therapies for the disease (J Cell
Science 112:3641±3648, 1999). In this study, Col7a1 null mice were analyzed to determine how
closely their disease parallels human RDEB. Using immuno¯uorescent techniques, type VII
collagen was detected in tongue, trachea and esophagus, but was not visualized in stomach,
duodenum, ileum or colon in normal mice. Oral blisters were observed in Col7a1 de®cient mice,
while erosions in tracheal epithelium and esophageal strictures, which are seen in human R-DEB
patients, were not evident in 3±6-d-old Col7a1 null mice. Gene expression in Col7a1 de®cient
mice was analyzed using Gene Arrays. Results indicated more than 20 genes to be upregulated in
Col7a1 null mice including genes involved in apoptosis, stress response, and oncogene/tumor
suppressor genes such as breast cancer type 2 protein. Downregulated genes included cell surface
antigens and DNA synthesis/repair genes. To initiate gene therapy studies for DEB, a full-length
mouse Col7a1 cDNA was constructed. The cDNA was introduced into an expression vector
under control of the cytomegalovirus promoter and electroporated into 293 cells. Col7a1
recombinant protein was detected in cell lysates using type VII collagen anti NC-1 domain
antibody. The results indicate that Col7a1 null mice recapitulate clinical and genetic features of
RDEB and provide a model to develop gene therapy for this devastating disease.

Fab Fragments Directed Against Laminin 5 Induce Subepidermal Blisters in Neonatal
BALB/C Mice
Z. Lazarova, R. Briggaman, and K. Yancey
Dermatology Branch, DCS, NCI, NIH, Bethesda, Maryland and Department of Dermatology, University
of North Carolina, Chapel Hill, North Carolina
Patients with one form of cicatricial pemphigoid have IgG autoantibodies directed against laminin
5 (a3b3g2) in epidermal basement membrane. The demonstration that experimental as well as
patient antilaminin 5 IgG induce subepidermal blisters in passive transfer animal models indicated
that such autoantibodies are central to the pathogenesis of this autoimmune bullous disease. To
investigate further the role of antibody valence and complement in triggering lesion formation in
vivo, Fab fragments of rabbit antilaminin 5 (or normal control) IgG were produced with agaroselinked papain, puri®ed to homogeneity, quantitated, and then passively transferred to neonatal
BALB/C mice. Mice receiving > 7 mg per g body weight antilaminin 5 Fab fragments (n = 8)
developed, in a dose-related fashion, circulating antibasement membrane antibodies, deposits of
rabbit IgG (but not murine C3) at the interface of the lamina lucida and lamina densa in epidermal
basement membranes, and nonin¯ammatory subepithelial blisters of skin and mucous membranes.
Such alterations were not observed in mice treated with equivalent concentrations of normal rabbit
Fab fragments (n = 3) or intact IgG (n = 5). These passive transfer studies demonstrate that neither
complement activation nor cross-linking of laminin 5 in epidermal basement membranes is
required for antibody-mediated subepidermal blister formation. These and prior studies indicate
that antilaminin 5 IgG is directly pathogenic in vivo.
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Induction of Membrane Type Metalloproteinase in Squamous Cell Carcinoma From
Recessive Dystrophic Epidermolysis Bullosa
U. Nagavarapu, D. Zhang, J. Starr, and J. Harvell
Herron, Stanford University, Stanford, California
Development of aggressive squamous cell carcinomas (SCC) in the chronic wounds of patients
with dystrophic Epidermolysis Bullosa (DEB) is the leading cause of death in this patient group.
Compared to the more frequently occuring SSC found in actinically damaged skin we hypothesize
that these ``scar carcinomas'' are more aggressive due to marked expression and activity of matrix
metalloproteinases (MMPs). To test this, we developed a cell line derived from DEB-SSC tumor
tissue and characterized its invasive potential and MMP pro®le in vitro. This tumor exhibited
marked perineural and perivascular invasion in situ and was HPV(±) for all serotypes tested. Isolated
cells grew rapidly in low serum media forming monolayers of nonuniform cells that
morphologically resembled SSC-25 after 20 passages in vitro. DEB-SSC were telomerase(+) and
type VII collagen(±). Compared to normal human keratinocytes (NHK), HPV E6/7 immortalized
keratinocytes (NIK), SSC-25 and HT1080 ®brosarcoma cells, DEB-SSC migrated faster in Boyden
chamber assays. Zymograms showed high levels of activated MMP-2 and MMP-3 but low levels of
MMP9 relative to HT1080s. Northern and Western blots showed marked elevation of MT-1
MMP levels and we found over 50-fold greater MMP activity versus NHK, NIK and SSC-25 as
con®rmed by ¯uorescent substrate assays. Our studies suggest that markedly increased expression of
MT-1 MMP may play a major role in DEB-SSC invasion in vivo. Modulation of this key MMP
thus represents an effective therapeutic strategy for combating this devastating tumor.

Noggin is Essential for Both Hair Follicle Development and Anagen Induction in
Postnatal Skin
V.A. Botchkarev,* N.V. Botchkareva,* M. Nakamura,² J. McMahon,¶ R. Lauster,§ A.
McMahon,¶ R. Paus,³ and B.A. Gilchrest*
Departments of Dermatology, *Boston University School of Medicine, ²Kyoto University, ³University of
Hamburg; §Deutsche Rheumaforschungzentrum; ¶Biolabs, Harvard University
The embryonic induction of structures derived from the ectoderm, such as the neural tube, tooth,
or feather, occurs through neutralization of the inhibitory activity of members of the bonemorphogenetic protein (BMP) family. During hair follicle (HF) development, the BMPneutralizing protein noggin is expressed in the follicular mesenchyme and induces HF through
antagonizing BMP-2/4, thus serving as an important component of the ``®rst dermal message''
(Nature Cell Biol 1:158±164, 1999). To determine whether noggin is essential for postnatal hair
follicle development, we transplanted dorsal skin of noggin null embryos onto SCID mice. The
development of so-called tylotrich HF that represent 5%±10% of all HF in dorsal skin was
signi®cantly retarded, while no non-tylotrich pelage HF were induced in noggin null skin up to 2
wk after grafting, i.e., during the time when all wild-type controls have completed their HF
development. To examine whether neutralization of BMP-4 by noggin is associated with
triggering of a new hair growth wave (i.e., anagen development) during subsequent HF cycling,
the steady-state mRNA levels of noggin, BMP-4, and its receptor BMPR-IA were studied by
semiquantitative RT-PCR in postnatal C57BL/6 mouse telogen skin. BMP-4 and BMPR-IA
transcripts were prominently expressed, while noggin mRNA was present in relatively low levels.
By in situ hybridization, noggin and BMP-4 mRNA were seen in the follicular epithelium and
mesenchyme, while by immunohistology BMPR-IA was prominently expressed in the
germinative compartment of the telogen HF. Depilation-induced hair growth was accompanied
by a substantial increase of noggin message in the dermal papilla and in HF epithelium. Intradermal
administration of BMP-4 selectively blocked anagen development of all non-tylotrich pelage HF
that are otherwise in late anagen by day 12 p.d. In contrast, tylotrich HF showed no retardation of
anagen development. Furthermore, administration of noggin-soaked agarose beads induced a new
anagen wave in all HF of telogen mouse skin. This indicates that (i) noggin is essential for the
induction of non-tylotrich HF, as well as for advanced stages of tylotrich HF development, and (ii)
induction of non-tylotrich HF in embryonic skin and initiation of new anagen in non-tylotrich HF

Characterization of WNT Signals Involved in Hair Follicle Morphogenesis
T. Andl and S.E. Millar
University of Pennsylvania, Philadelphia, Pennsylvania
WNT signaling proteins act in a paracrine fashion to control cell fate, proliferation and intercellular
adhesion in a wide variety of developmental systems. Multiple WNT proteins exist in mammals,
and direct at least two signaling pathways, including a ``classical'' pathway which involves
stabilization and nuclear localization of beta-catenin. Loss of function mutations in effectors of the
classical WNT pathway cause defects in hair follicle morphogenesis and follicular angling, while
gain of function mutations result in the formation of ectopic follicles and follicular tumors. These
observations suggest that signaling by WNT proteins plays important roles in directing the initial
stages of hair follicle morphogenesis and in establishing follicular polarity. To begin to identify
WNT proteins performing these functions we have used RT-PCR to determine the pro®le of
Wnt gene expression in mouse skin at embryonic day 14.5, when hair follicle placodes ®rst appear.
We ®nd that 13 Wnt genes are expressed in developing skin, including several Wnts capable of
directing the classical signaling pathway. We have also used RT-PCR experiments to show that
multiple Frizzled genes, which encode WNT receptors, and three members of the secreted
Frizzled related protein (sFRP) gene family, which encode endogenous inhibitors of WNT
signaling, are expressed in embryonic mouse skin at E14.5. These results are consistent with the
hypothesis that WNT proteins play multiple roles in the complex process of hair follicle
development.

Targeted Overexpression of Notch 1 in the Hair Follicle Leads to Defects in Inner Root
Sheath Differentiation and Dysregulation of Hair Cycling
H. Uyttendaele, V.M. Aita, J. Kitajewski, A.A. Panteleyev, and A.M. Christiano
Columbia University, New York, New York
Notch genes encode a family of highly conserved transmembrane receptor proteins that play a
pivotal role in cell fate decisions during development. Several Notch genes and their corresponding
ligands are expressed in the developing hair follicle. We have used a transgenic approach to
investigate the role of Notch1 on hair follicle development. A gain-of-function mutation was
engineered using the involucrin promoter to drive expression of Notch1 in the inner root sheath
(IRS). To facilitate analysis of transgene expression, beta-galactosidase expression was driven
concurrently by the involucrin promoter using an internal ribosomal entry site (IRES). Further,
the Notch1 transgene was epitope tagged in order to distinguish transgenic from endogenous
Notch1 protein expression in immunohistochemistry and western blotting. Several founder mice
were generated and stable transgenic lines were established that express the Notch 1 transgene at
different levels. Coats of transgenic animals display an overall disheveled appearance with wavy
hairs and short, curly vibrissae and a diffuse pattern of alopecia. Additionally, mice demonstrate
temporal abnormalities throughout the hair cycle, both within and between hair follicles.
Histological examination reveals a primary defect in differentiation of the IRS, persistence of IRS
remnants in later stages of the hair cycle, and loose contact between the ORS and hair shaft. These
®ndings provide evidence supporting a role for Notch1 in the regulation of cell fate decisions
during hair follicle development.
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Two Distinct Signaling for Anagen Induction of Hair Follicle
S. Sano, M. Kira, S. Takagi, K. Yoshikawa, J. Takeda, and S. Itami
Osaka University Medical School, Suita, Japan
The hair follicle is an epidermal derivative which undergoes cycles of growth, involution, and rest.
The hair cycle involves a well orchestrated kinetics regulated by a variety of growth factors from
mesenchymal components such as the dermal papilla, although the intracelluar signaling in follicles
remains unclear. We have previously demontrated that Stat3 is required for wound healing and
anagen entry of the second hair cycle by analyzing keratinocyte-speci®c Stat3 knockout(KO) mice
(EMBO J 18:4657, 1999). Growth factor-dependent migration of Stat3 KO keratinocytes were
severely impaired, suggesting that not only wound healing but also the second anagen require an
intracellular signaling via Stat3. Here we report that successful anagen induction was introduced in
Stat3 KO as well as control mice by treatment with phorbol 12-myristate 13-acetate (PMA) or hair
plucking. Furthermore, PMA promoted migration of Stat3 KO keratinocytes in vitro. Taken
together, we conclude that anagen entry is provoked through at least two distinct intracellular
signaling passways, i.e., via Stat3 and Stat3-independent one such as protein kinase C.
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A Lysosome Protease, Cathepsin L, is Important for Inner Root Sheath Differentiation
During Hair Follicle Morphogenesis and Cycling
D.J. Tobin, W. Roth,* V.A. Botchkarev,² K. Foitzik,³ L. Mecklenburg,³ T. Reinheckel,* C.
Peters,* and R. Paus³
University of Bradford, Bradford, U.K.; *Institute of Molecular Medicine, University of Freiburg, Freiburg,
Germany; ²Department of Dermatology, Boston University School of Medicine, Boston, Massachusetts;
³University Hospital Eppendorf, University of Hamburg, Hamburg, Germany
The ubiquitous lysosomal proteinase, cathepsin L (CTSL), has recently been implicated in skin and
hair follicle (HF) homeostasis. Mice de®cient in CTSL exhibit shedding of their ®rst hair coat,
followed by regrowth and renewed hair loss during subsequent cycles. Here we show that CTSL
knockout mice display delayed HF morphogenesis and entry into their ®rst HF catagen. They also
show formation of an abnormal club hair during the subsequent telogen, followed by premature
onset of the ®rst anagen. These traits are associated with defective inner root sheath (IRS)
differentiation and desquamation. IRS hardening occurs asymmetrically at the keratogenous zone.
Above this level, the IRS is commonly twisted, cell hardening remains incomplete, and defective
imbrication of IRS and hair cuticles correlates with structural defects in the hair shaft itself.
Abnormal IRS desquamation is associated with marked dilatation of the hair canal and disrupted
sebum secretion. Strikingly, IRS material detaches from the upper HF and adheres to, or encloses,
the entirety of the emerging hair shaft. Club hair formation in CTSL±/± occurs abruptly, prior to
signi®cant tissue regression in catagen HFs. The anchoring keratinized rootlets of club hairs are
incompletely formed, compromising their mooring in the skin. Anagen is remarkably advanced in
28-d-old CTSL±/± mice (a time when age-matched WT HF are still in telogen). Transient defects
in hair bulb melanocytes and cortical keratinocytes of CTSL±/± mice include vacuolation and the
increased formation of lysosomes, respectively. These observations imply that CSTL exerts
important in¯uence on hair growth and development.

TGF-b1 is a Regulator of Murine Hair Follicle Regression (Catagen) by Induction of
Apoptosis
K. Foitzik, G. Lindner,* S. Mueller-Roever,² V. Botchkarev,³ T. Hibino,§ T. Soma,§ P. G.
Dotto,¶ and R. Paus
Department of Dermatology, University of Hospital Eppendorf, Hamburg, Germany; *Department of
Dermatology, University of Hospital Charite, Berlin, Germany; ²Centre for Cutaneous Research, Queen
Mary College, University of London, U.K.; ³Department of Dermatology, BU, Boston, Massachusetts;
§Shiseido, Yokohama, Japan; ¶Cutaneous Biological Research Center, Charlestown, Massachusetts
TGF-b1 is an inhibitor of keratinocyte proliferation and inductor of apoptosis and has recently
been proposed to play an important role in the apoptosis-driven process of hair follicle regression
(catagen). In the current study, we demonstrated that there is maximal expression of TGF-b1 and
its receptors during late anagen and onset of catagen of the hair cycle. Comparing the ®rst
spontaneous catagen development between TGF-b1 null mice and age-matched wild type
littermates, we show that on day 18 post partum, hair follicles in TGF-b1±/± mice were still in
early catagen, while hair follicles of +/+ littermates had already entered the subsequent resting
phase (telogen). TGF-b1±/± mice displayed more Ki-67 positive cells than comparable catagen
follicles from +/+ mice. In contrast, injection of TGF-b1 into the back skin of mice induced dosedependent premature catagen development. In addition, the number of proliferating follicle
keratinocytes was reduced, the number of TUNEL+ cells was increased and the expression of
various catagen-associated markers (p75, NT-3, N-Cam, E- and P-cadherin) differed in TGF-b1treated mice and vehicle control. Double-visualization of TGF-b type II receptor (TGFRII) and
TUNEL reactivity revealed colocalization of apoptotic nuclei and TGFRII in catagen follicles.
These data strongly support that TGF-b1 ranks among the elusive endogenous inducers of catagen
in vivo, possibly via inhibition of keratinocyte proliferation, by induction of apoptosis and the
modulation of adhesion molecule and growth factor receptor expression.

Decreased Epidermal Differentiation and Hair Follicle Growth in the Vitamin D
Receptor Knock-Out Mouse
Z. Xie, L. Komuves, D.C. Ng, C. Leary, T. Yoshizawa,* S. Kato,* and D.D. Bikle
VA Medical Center, UCSF, San Francisco, California; *Institute of Molecular and Cellular Biosciences, The
Tokyo University, Tokyo, Japan
The vitamin D receptor (VDR) is activated by 1,25-dihydroxyvitamin D3, and regulates the
expression of genes in a variety of tissues including epidermis. To investigate the role of VDR in
mediating epidermal differentiation and hair follicle growth, we examined the tissue histology and
expression of differentiation markers in the epidermis of the VDR receptor knock-out mouse. The
homozygous knock-out mouse displayed a phenotype that closely resembles vitamin D-dependent
rickets type II in humans, including development of rickets and alopecia. The rickets can be
prevented with a high calcium diet but not the alopecia. Hair loss developed after weaning and
gradually led to nearly total hair loss by 8 mo. Histological analysis of the skin of the homozygous
knock-out mouse revealed dilation of the hair follicles with formation of dermal cysts starting at the
age of 3 wk. These cysts increased in size and number with age. The proliferating cell nuclear
antigen staining in aborted hair follicles and dermal cysts showed a marked increase in the
homozygous knock-out mouse. Epidermal differentiation markers including involucrin,
pro®laggrin and loricrin detected by immunostaining showed decreased expression levels in the
homozygous knock-out mouse from birth until 6 wk. However, these differences in
immunostaining became less apparent between the homozygous knock-out mouse and the wild
type mouse after 6 wk. The data indicate that VDR is required for epidermal differentiation in
neonates and the maintenance of hair follicle growth in adults.
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Murine Hair Follicle Growth is Angiogenesis-Dependent
K. Yano and M.J. Detmar
Massachusetts General Hospital, Charlestown, Massachusetts
The murine hair cycle is characterized by rapid changes of follicle size and shape. To evaluate
possible cyclic changes of the vasculature surrounding hair follicles, we quantitated the density and
size of blood vessels during hair cycle, using quantitative, computer-assisted image analysis of
perifollicular tissue stained for the endothelial junction molecule CD 31. In addition, we studied
the biological role of vascular endothelial growth factor (VEGF) for hair follicle growth in vivo.
Pronounced vascular remodeling was detected during both the ®rst postnatal hair cycle and the
induced hair cycle in adult mice. A more than ®ve-fold increase in perifollicular blood vessel size
was observed during the anagen growth phase, followed by a rapid decrease in vessel sizes during
catagen and telogen. These changes coincided with cyclic changes of follicle length and diameter,
and of dermal, but not of epidermal thickness. Marked upregulation of VEGF mRNA expression
was detected in follicular keratinocytes during the anagen phase with downregulation during
catagen and telogen. Follicular modulation of VEGF expression preceded changes in vascular size
by approximately 3±4 d. Targeted overexpression of VEGF in hair follicles of transgenic mice led
to accelerated hair regrowth after depilation, with a signi®cant increase in the size of hair bulbs, as
compared with wildtype mice. In contrast, systemic treatment with a neutralizing anti-VEGF
antibody resulted in delayed hair regrowth and diminished hair bulb size. These results suggest that
the cyclic growth of the hair follicle is dependent on VEGF-induced angiogenesis.

Induction of Hair Follicles by Dermal Sheath Micro Allograft Between Imunologically
Incompatible Human Donor and Recipient: Implications for Hair Restoration
P.B. Cserhalmi-Friedman, A.J. Reynolds,* C. Lawrence,² A.M. Christiano, and C.A.B. Jahoda*
Columbia University, New York, New York; *Durham University, Durham, U.K.; ²Royal Victoria
In®rmary, Newcastle, U.K.
Hair follicle morphogenesis and cycling is regulated by epithelial±mesenchymal signaling
interactions. The importance of the dermal sheath cells in this regulation has already been
established in rodents. We isolated dermal sheath tissue and dermal papillae from scalp punch
biopsy specimen of a human male donor (CABJ). Fragments of both tissues were implanted into
the forearm skin of a genetically unrelated and immunologically incompatible human female host
(AJR). In the implantation sites of the dermal sheath tissue allografts, new hair follicle formation
occurred 3±4 wk later. On histological examination, the newly formed hair follicles showed
normal hair follicle structure. To demonstrate the donor (male) origin of the newly formed dermal
papilla, and the host (female) origin of the surrounding hair follicle, we used laser-capture
microdissection to selectively remove dermal papilla cells and nondermal papilla cells from a biopsy
slide of the newly formed hair follicle. PCR based gender determination proved that while the
dermal cells had a male genotype, cells taken from the rest of the hair follicle had a female
genotype. In repeated experiments, we failed to detect any signs of rejection. We demonstrate that
adult human hair follicle dermal sheath cells have the capability to induce hair follicle formation
when implanted into host skin. These allografts show no sign of immunogenecity, most likely due
to the immune-privileged nature of the lower hair follicle region. Our results provide a foundation
for perfecting this technique for hair restoration applications, and also add to the understanding of
transplantation dynamics.
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The Single-Stranded Telomeric DNA Induces DNA Damage Responses
M.S. Eller, I.M. Hadshiew, N. Puri, C. Curiel-Lewandrowski, S. Venna, and B.A. Gilchrest
Boston University School of Medicine, Boston, Massachusetts
Replicative senescence of mammalian cells is controlled in large part by the length of telomeres,
tandem repeats of a DNA sequence (TTAGGG) that cap the ends of chromosomes. Each telomere
contains a 3¢ single-stranded G-rich overhang that has been proposed to stabilize a loop structure at
the chromosome ends. Disruption of the telomere structure by expression of a dominant negative
mutant telomere repeat factors TRF2, results in degradation of the 3¢ overhang and the induction
of p53 and p53-dependent apoptosis in certain cell types and senescence in others. We and others
have reported that the DNA oligonucleotide pTpT induces responses associated with DNA
damage, such as cell cycle arrest, and enhanced melanogenesis (tanning), at least in part through the
induction of p53. Because of the similarity between these responses and those resulting from
telomere disruption and because pTpT and several other oligonucleotides we have shown to be
effective share homology with the telomere overhang, we hypothesize that exposure of this singlestranded telomere DNA is a signal for p53 induction and that pTpT and the other oligonucleotides
mimic this response. To test this hypothesis, we designed three 11-base oligonucleotides, one
homologous to the telomere overhang (p11mer-1), one complementary (p11mer-2) and one
unrelated (p11mer-3) and examined their ability to induce p53, melanogenesis and apoptosis.
Cloudman S91 melanoma cells were treated with 10 mM of either pTpT or one of the p11mers for
6 d and then were collected for melanin analysis. Treatment with pTpT increased melanin content
to 3-times control levels (26 6 4 vs 8 6 3 pg per cell). Treatment with the p11mer-1 increased
melanin to 89 6 30 pg per cell, 10-times control levels. Neither the p11mer-2 nor ±3 affected
melanin content. Human T lymphocytes, known to undergo apoptosis in response to telomere
disruption, were treated with either of the p11mers and apoptosis was measured by FACS analysis.
Six hours after addition of the p11mer-1, the number of apoptotic cells increased from 10 to 15%
in diluent-treated cultures to 65±70%. No increase in apoptosis above background was detected
with the p11mer-2 or ±3. Furthermore, western blot analysis showed induction of p53 by the
p11mer-1. Confocal microscopy and FACS analysis with ¯uorescent 11mers showed identical
cellular uptake of these three oligonucleotides. These data demonstrate that telomeric DNA
sequences homologous to the 3¢ telomere overhang induce DNA damage responses. They suggest
that exposure of this telomeric DNA during aging or at times of cellular stress is the stimulus
leading to cell cycle arrest and the senescent phenotype or to DNA repair or apoptosis, depending
on cell type and stimulus intensity.

Human Microvascular Angiogenesis Requires 2 Novel Membrane-Bound SerineProteases
G. Ghersi, X. Feng, L.A. Goldstein, M. Salamone, Y. Yeh, M.G. Tonnesen, R.A.F. Clark,
S. Zucker, and W.T. Chen
Departments of Medicine and Dermatology, SUNY, Stony Brook, New York; Dermatology Section,
VAMC, Northport, New York; Department of Cellular and Developmental Biology, University of Palermo,
Palermo, Italy
Growth of new blood vessels (angiogenesis) plays a key role in tissue repair and cancer progression.
This process involves matrix degradation by endothelial cells at the invasion front of capillary
sprouts. Previously, matrix metalloproteases (MMPs) and plasminogen activators have been
associated with angiogenesis. Now we demonstrate that two novel membrane-bound proteases are
required for human microvascular angiogenesis. The serine integral membrane proteases, seprase
and dipeptidyl peptidase IV (DDP IV), have been associated with the invasive behavior of human
melanoma cells. In these studies reported here we show that seprase and DDP IV were transiently
expressed in endothelial cells at sites of sprouting vessels, but not in differentiated vessels, of human
breast cancer tissue. The two serine enzymes were expressed at the edge of wounded endothelial
cell cultures but not in con¯uent cultures. In contrast, b1 integrins, MT1-MMP and MMP-2 were
expressed in con¯uent endothelial cell cultures. Seprase and DDP IV were activated on specialized
protrusions (invadopodia) of migratory endothelial cells. Antibodies to DDP IV blocked tube-like
formations of human umbilical vein endothelial cells plated on Matrigel, but did not affect
preexisting tube-like structures. In contrast, blocking antibodies against b1 integrins or MMP
inhibitors strongly disturbed both processes. Furthermore, antibodies to DDP IV blocked invasive
sprout angiogenesis of human dermal microvascular endothelial cells in ®brin gel. Because seprase
and DDP IV are coexpressed at high levels in capillary sprouts, and at very low or zero levels in
differentiated blood vessels, they make attractive new therapeutic targets for cancer angiogenesis.
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Characterization of a Novel SNF1/AMPK-Related Kinase
D. Lefebvre, M. Sharma, Y. Bai, D. Drucker, and C. Rosen
Department of Medicine (Dermatology), Toronto Western Hospital, University of Toronto, Toronto,
Ontario, Canada
Subtraction hybridization identi®ed a novel cDNA induced by UVB irradiation, designated
SNF1/AMPK-Related Kinase (SNARK). The SNARK open-reading frame encodes a protein of
630 amino acids which has signi®cant homology to the catalytic domain of the SNF1/AMPK
family of serine/threonine protein kinases. Members of this family are highly conserved
components in kinase cascades that protect a cell from ATP depletion due to cellular stress.
Northern analysis revealed that SNARK mRNA was induced following irradiation with 9 mJ per
cm2 UVB. The human SNARK gene mapped to chromosome 1q32 by FISH. Northern analysis
revealed that SNARK is widely expressed in rat tissues. RT-PCR detected 2 SNARK mRNA
transcripts, similar to ®ndings for related kinsases. SNARK mRNA levels were induced by serum
and g-irradiation, but not by TPA, forskolin/IBMX, heat shock, 4NQO or MMS. SNARK was
transcribed and translated in rabbit reticulocyte lysate yielding a single protein band of »76 kDa.
BHK cells transfected with SNARK/pcDNA3.1 expressed high levels of SNARK mRNA and
protein under basal conditions. SNARK was immunoprecipitated and Western analysis detected
two protein bands existing as a doublet at »76±80 kDa in size. Kinase activity for SNARK was
assayed by measuring its ability to phosphorylate the SAMS peptide, a peptide based on the major
AMPK site in rat acetyl-CoA carboxylase, a relatively speci®c substrate for AMPK. Signi®cantly
increased phosphotransferase activity was detected with SNARK immunoprecipitated from stably
transformed BHK cells. These ®ndings identify a novel AMPK-related kinase that may mediate
key signaling functions in the cellular response to stress.

The Sonic Hedgehog Target Gene Gli2 Plays a Pivotal Role in Hair Follicle
Development
M. Grachtchouk, R. Mo,* C. Hui,* and A.A. Dlugosz
University of Michigan, Ann Arbor, Michigan; *Hospital for Sick Children/University of Toronto, Toronto,
Ontario, Canada
The secreted morphogen Sonic hedgehog (Shh) plays a central role in hair follicle development,
however, the identity of key downstream effectors transducing the Shh signal in skin has yet to be
established. Since the transcription factor Ci plays a pivotal role in Drosophila Hedgehog signaling,
we hypothesized that one or more vertebrate Ci homologs (Gli1, Gli2, or Gli3) mediate responses
to Shh in mammalian integument. Gli1±/± mice are reportedly normal and our analysis of Gli3±/±
mice failed to reveal major abnormalities in pellage hair follicles. In striking contrast, hair follicle
morphogenesis was severely impaired in Gli2±/± mice, with most follicles arrested at the hair peg
stage. To explore which cell population in follicles can respond to Shh (which is produced by
keratinocytes), control cultures of keratinocytes or dermal cells (containing ®broblasts and dermal
papilla cells) were treated with recombinant Shh. Shh treatment of control dermal cells, but not
keratinocytes, caused a dose-dependent induction of Gli1 and Ptch1, two genes whose expression
level is a reliable indicator of Shh pathway activity. Remarkably, Shh failed to stimulate Shh target
genes in Gli2±/± dermal cells, providing direct evidence that this factor plays a crucial role in Shh
signaling in cultured cutaneous mesenchymal cells. Taken together, our data support the concept
that Shh functions as an ``epidermal signal'' acting on dermal papilla cells and their precursors, and
provide compelling evidence that the transcription factor Gli2 plays a central role in mediating
biological responses to Shh in this setting.
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Recombinant Expression of Full-Length Type VII Collagen Alpha Chains: Structural
and Functional Characterization and Implications for Gene Therapy
M. Chen, S.H. Tahk, F.K. Costa, N. Kasahara, and D.T. Woodley
Division of Dermatology, Department of Pathology and Biochemistry, University of Southern California,
California
Type VII collagen (COLVII) is the major component of anchoring ®brils, structures which
mediate epidermal-dermal adherence. Dystrophic epidermolysis bullosa (DEB) is an inherited
mechano-bullous disorder caused by mutations in the COL VII gene and perturbations in
anchoring ®brils. The lack of therapy for DEB provides an impetus to develop gene therapy
strategies and construct a full-length COL VII expression vector. In this study, we made a cDNA
construct encoding the full-length type VII collagen alpha chain and inserted it into a plasmid with
a cytomegalovirus promoter and enhancer. We obtained stable clones by transfecting human 293
cells with this construct. The 293 cell clones secreted 2±5 mg per liter of the 290 kDa recombinant
full-length COL VII alpha chain. Characterization of puri®ed recombinant COL VII demonstrated
the following: recombinant COL VII bound to ®bronectin, laminin-5, type I collagen and type IV
collagen. In cell attachment assays, using both ®broblasts and keratinocytes, recombinant COL VII
supported cell-matrix adhesion. Biochemical studies showed that recombinant COL VII was
indistinguishable from authentic type VII collagen obtained from human WISH cells with respect
to N-linked glycosylation and electrophoretic mobility. Further, it is secreted as correctly folded,
disul®de-bonded trimers resistant to protease degradation. Moreover, like authentic type VII
collagen, recombinant COL VII undergoes conversion from procollagen to collagen. Finally,
transfection of the full-length COL VII cDNA construct into immortalized RDEB keratinocytes
(in which type VII collagen was absent) resulted in synthesis and secretion of the 290 kDa fulllength COL VII alpha chain. Full-length type VII collagen cDNA was also transferred into a
modi®ed HIV lentivirus delivery vehicle which allows inserts up to 9 kb and offers sustained gene
expression. We conclude that it is possible to generate milligram quantities of full-length
recombinant COL VII with structural and functional properties identical to the authentic COL
VII. This may provide a therapeutically active product to correct gene defects of DEB.

In Vivo Correction of Laminin 5 beta3 Expression and Function in Junctional
Epidermolysis Bullosa
P.B. Robbins, Q. Lin, H. Tian, and P.A. Khavari
VA Palo Alto and Stanford University, Stanford, California
Junctional epidermolysis bullosa (JEB) can result from LAMB3 mutations. Using durable 3¢ LTR
U3 region-modi®ed retroviral vectors, we transduced laminin 5 b3-de®cient primary keratinocytes
from six JEB patients and restored normal morphology, adhesion and survival. Using devitalized
dermis and bovine collagen substrates,these transduced cells were used to regenerate human skin on
a total of 70 SCID mice. LAMB3 gene transfer restored b3 protein to the BMZ in vivo through
multiple epidermal turnover cycles. Electron micrographs con®rmed hemidesmosome restoration
in b3[+] tissue as opposed to control JEB skin which lacked hemidesmosomes and displayed
separation through the lamina lucida. We also observed that a 6 integrin protein, which is diffusely
localized in the basal and spinous layers on confocal microscopy in JEB tissue, is normalized to a
linear BMZ pattern in b3[+] JEB skin. This suggested that b3 gene transfer achieves correction of
measurable JEB abnormalities. To test this more rigorously, we examined expression of 1760
human genes in b3[+] and uncorrected JEB cells grown on plastic or on laminin 5-containing
matrix. Surprisingly, neither 99% ef®ciency gene transfer with restoration of physiologic b3 levels
nor provision of extracellular laminin 5 fully restores JEB cell expression of genes such as those
encoding adhesion molecules and hemidesmosome components to normal, suggesting a persistent
subtle and perhaps developmentally encoded abnormality in JEB cells. These data con®rm durable
correction of hallmark JEB abnormalities but are the ®rst indication that such genetic correction
efforts do may return all gene expression features to normal.
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Sequence Determinants and SH3-Binding Motif in PR-39 Cathelicidin Controls
Antibacterial Activity and Binding to Mammalian Targets
Y. R. Chan, M. Zanetti,* R. Genarro,² and R. L. Gallo³
Harvard Medical School, Boston, Massachusetts; *CIB, Udine, Italy; ²University of Trieste, Trieste, Italy;
³University of California, San Diego, San Diego, California
Cathelicidins are antimicrobial peptides recently discovered in injured skin. The release of such
molecules provides early protection against microbial pathogens and represents an evolutionarily
ancient supplement to immune defense. The cathelicidin PR-39 has unique properties for this
family of peptides in that it affects a variety of mammalian cell responses in addition to killing
bacteria. To understand the mechanism by which PR-39 exerts its effects we altered the Nterminal charge of a class 1 SH3 binding motif, substituted Y for a conserved L, and made four
modi®cations of a central PR domain. Mutant and wild type peptides were tested for: (i) binding
to recombinant SH3 peptides in gel-shift, (ii) antimicrobial activity in radial diffusion assay against a
variety of bacteria, (iii) induction of syndecan-4 mRNA in NIH-3T3 ®broblasts, and (iv) af®nity
to bacterial and endothelial extracts by analysis of binding with biotin labeled peptides by nonlinear
regression. We ®nd N-terminal arginines are critical in all assays while central proline and arginine
domains are most important for antimicrobial action. These ®ndings show the integrity of class 1
SH3 binding motif is most important for all PR-39 activities. Action on mammalian cells such as
induction of proteoglycans, inhibition of neutrophil oxidase, and inhibition of neutrophil
chemoattraction may depend on distinct structural domains in this small(15 aa) peptide. This
information further de®nes the mechanism of action of cutaneous cathelicidins and suggests
strategies for design of novel therapeutic peptides useful in wound repair.

Increased and Persistent In¯ammation and Angiogenesis in Delayed-Type
Hypersensitivity Reactions Elicited in the Skin of Thrombospondin-2 De®cient Mice
B. Lange-Asschenfeldt, P. Velasco, P. Bornstein,* and M. Detmar
Massachusetts General Hospital, Charlestown, Massachusetts; *Department of Biochemistry, University of
Washington, Seattle, Washington
In addition to its prominent role in malignant tumor growth and tissue repair, angiogenesis is also a
hallmark of cutaneous in¯ammation. To evaluate the morphological changes of cutaneous blood
vessels during in¯ammation, we performed a quantitative, computer-assisted image analysis of CD
31-stained vessels during cutaneous delayed-type hypersensitivity (DTH) reactions elicited in
mouse ears by topical sensitization and challenge with oxazolone. Moreover, we studied the role of
the endogenous angiogenesis inhibitor thrombospondin-2 (TSP-2) in skin in¯ammation,
comparing oxazolone-induced DTH reactions in wildtype mice and in age-matched TSP-2
de®cient mice. DTH reactions in wildtype mice were characterized by pronounced increases in
dermal blood vessel size, most prominently after 24 h (more than two-fold). These changes
coincided with marked ear swelling. TSP-2 de®cient mice showed signi®cantly increased ear
thickness (+99.6%), as compared with wildtype controls. Histologically, blood vessels in TSP-2
de®cient mice were signi®cantly larger and also showed more pronounced in¯ammatory in®ltrate.
Importantly, ear swelling and in¯ammation persisted for more than 2 wk in TSP-2 de®cient mice,
as compared with 5±7 d in wildtype mice. These results demonstrate profound remodeling of
dermal blood vessels during cutaneous DTH reactions and suggest that TSP-2 plays an important
role in the normal downregulation of cutaneous in¯ammation.

Cell Cycle Analysis of Pure Epidermal Stem Cells: Evidence That They are Held in G1
M. Michel and J.R. Bickenbach
The University of Iowa, Iowa City, Iowa
Stem cells are responsible for the homeostasis of continously renewing epithelia and are present for
life. We previoulsy showed that they retained label for a longer period of time than their
neighboring cells, suggesting that they were cycling at a slower rate than other proliferative basal
cells. Therefore, it had always been assumed that these cells were held in G0/G1, but no data
existed until now, because isolating pure epidermal stem cells was problematic. We used our new
sorting method to separate stem cells from transient amplifying cells (TA). We obtained a pure
population of epidermal stem cells that showed lower RNA and protein content than the TA,
suggesting that these cells are small and undifferentiated. Cell cycle pro®le analysis showed that 90%
of the stem cells were in G0/G1, and only 10% dividing. The TA cells exhibited a more typical
neonate pro®le, with 80% of the cells in G0/G1, and 20% in S/G2/M. Western blot analysis of
cyclin-dependent kinase inhibitors (cdki) showed that expression of p21 and p27 was increased in
stem cell protein extracts as compared to TA. However, no difference was observed in the amount
of cyclin A. These data suggest that the vast majority of stem cells are not held out of the cell cycle,
but instead are kept in G1 because they express higher levels of cdki than do TA. Further analysis of
kinase activities should elucidate the differences in cell cycle regulatory mechanisms between stem
cells and TA.
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Directing Dendritic Cells from Blood to Lymph Nodes by Genetic Modi®cation: A New
Tool for Immunotherapy
C. Robert, C. Klein, G. Cheng, R. Mulligan, U. von Andrian, and T.S. Kupper
Harvard Skin Disease Research Center, and the Center for Blood Research, Harvard Medical School, Boston,
Massachusetts
Presentation of antigen by dendritic cells (DC) in peripheral lymph nodes (PLN) gives rise to AGspeci®c memory T cells that home to peripheral tissues. DC hold great promise for
immunotherapy; however, when injected intravenously, DC do not enter PLN from blood.
Even when injected intracutaneously, or directly into lymph nodes, only a limited number of
accessible, skin draining PLN are reached. We reasoned that by targeting intravenously
administered DC to all PLN from blood would be an effective means of inducing global
immunity. At least two DC cell surface molecules are required for migration of cells from blood
through high endothelial venules (HEV) into lymph nodes: L selectin (the receptor for peripheral
lymph node addressin, PNAd), and the chemokine receptor CCR7. We found that while cultured
DC did express CCR7, DC did not express L selectin regardless of progenitor cell or culture
conditions, and therefore could not gain access to PLN from blood. In order to endow DC with a
PNAd ligand, we retrovirally transduced murine bone marrow derived DC with a chimeric E/Lselectin. E/L-transduced DC (but not mock transduced DC) could ef®ciently tether and roll on
PNAd in a parallel plate ¯ow chamber assay and could roll in vivo on HEV using intravital
microscopy. Moreover, when injected intravenously, E/L-transduced DC accumulated selectively
in PLN by confocal microscopy analysis. In contrast, both E/L-selectin-and mock-transduced DC
could be found in equal numbers in the spleen or the lungs. Finally, in a murine model of
established melanoma (B16-MAGE-1), E/L-transduced DC increased the long-term tumor free
survival in treated mice. We believe that targeting DC to PLN from blood provides a rational and
highly effectively way of enhancing DC-based immunization protocols. In addition, by targeting
DC to lymph nodes that drain many distinct tissues via HEV, a wide variety of tissue homing
memory T cells can be generated. This may be essential for effective treatment of metastatic
disease.

Biological Characterisation of Human Keratinocyte Stem Cells: Capacity to Form
Epithelium in Organotypic Cultures, Telomerase Activity, K15 and PATCHED
Expression
A. Li and P. Kaur
Peter MacCallum Cancer Institute, Victoria, Australia
Like many other rapidly renewing tissues, the epidermis possesses a hierarchy of proliferative cells,
which are maintained by stem cells (SCs). Currently, it is thought that only keratinocyte stem cells
are capable of regenerating a fully differentiated normal epithelium. In this study we have analysed
the ability of the keratinocyte stem cells (KSC) to reconstitute a morphologically and biochemically
normal multilayered epithelium in an organotypic culture system. Using the methodology
described by us previously1, basal keratinocytes were obtained from neonatal foreskins and
separated according to their cell surface phenotype by FACS into KSC (a6briCD71dim), TA
(a6briCD71bri) and PMD (a6dim) fractions.1 These cells were placed directly onto collagen gels
containing dermal ®broblasts and maintained as submerged cultures for 4 d. These cultures were
then lifted to an air±liquid interface and were harvested at day 4, 14 and 21 for histological and
immunocytochemical analysis for a number of keratinocyte markers. Data obtained from several
replicate experiments using passage 2 ®broblasts indicate that: (i) at day 4, the TA population
appears to be hyperproliferative with respect to KSC and PMD fractions; (ii) at day 14, all three
fractions gave rise to a fully formed normal epithelium with a b1 integrin positive basal layer and
appropriate expression of K14, K10, involucrin and ®laggrin; (iii) at day 21, degeneration of these
cultures was apparent, i.e., fewer nucleated layers and disorganised b1 integrin expression.
Interestingly, when passage 7 ®broblasts were used, differences between the regenerative capacity
of PMD, TA and KSC were clearly demonstrated, i.e., PMD cells lost their ability to form a
multilayered epidermis whereas KSC cells regenerated a fully differentiated epidermis with a
polarised basal layer. These ®ndings suggest that dermal ®broblasts play an important role in
determining the proliferation/differentiation responses of various subpopulations of keratinocytes.
Elucidation of these dermal±epidermal interactions combined with our ability to isolate the stem
cells has direct applications in the generation of skin grafts as well as in gene therapy approaches. In
addition, we report on the telomerase activity and adhesive properties in our fractionated basal
keratinocytes, and the in vivo localisation of KSC in adult tissues using K15, and PATCHED.
1. Li, A. et al.: PNAS 95:3902±3907, 1998

Forced Expression of c-myc2 in Stem Cells Retards Wound Healing
R.L. Waikel, P.A. Waikel, X.J. Wang, and D.R. Roop
Baylor College of Medicine, Houston, Texas
To determine the role of c-myc2 in epidermal stem cells, in vivo, we have targeted c-myc2 to the
hair follicles and the basal layer of mouse epidermis using a keratin 14 expression vector,
K14.myc2. Adult K14.myc2 mice develop an ulcerating phenotype in areas of chronic mechanical
stress. Histological analysis of these lesions revealed both areas of hyperplasia and complete
epidermal loss. The presence of epidermal lesions in the K14.myc2 mice led us to suspect a defect
in wound healing. To assess the wound healing ability of the K14.myc2 epidermis in a controlled
fashion, we wounded the mice by punch biopsy. Normal wounds were completely reepithelialized by 3 d, whereas, the K14.myc2 wounds showed no evidence of re-epithelialization.
To determine the cause of this impairment, we analyzed proliferation, integrin expression and
migration. The K14.myc2 epidermis does not exhibit a proliferative defect in response to
wounding. The K14.myc2 wound edge did exhibit reduced staining for both a-6 and b-1
integrins. In vitro wound assays using K14.myc2 primary keratinocytes demonstrated a greatly
reduced rate of cell migration. Also of interest, a label retaining analysis revealed that the K14.myc2
adult epidermis exhibited a 2-fold reduction in the number of stem cells as compared to a control
littermate. Thus, the delayed renewal of K14.myc2 epidermis in response to injury may not only
be due to defects in migration but potentially to a depletion of stem cells.
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Apoptosis Signal-Regulating Kinase 1 (ASK1), a MAP Kinase Kinase Kinase, is an
Intracellular Inducer of Keratinocyte Differentiation
K. Sayama, Y. Hanakawa, Y. Shirakata, K. Yamasaki, K. Yamanishi, Y. Sawada, H. Ichijo, and K.
Hashimoto
Department of Dermatology, Ehime University School of Medicine, Ehime, Japan
The MAP kinase cascade is a core signal transduction pathway that determines the fates of many
kinds of cell, affecting cell growth, differentiation, and apoptosis. ASK1 was identi®ed as a MAP
kinase kinase kinase that regulates the apoptosis signal. We hypothesized that ASK1 is a
physiological intracellular inducer of keratinocyte differentiation. An adenovirus vector expressing
a constitutively active form of ASK1 (Ad-DN-ASK1) was introduced into cultured normal human
keratinocytes. Transfection of Ad-DN-ASK1 facilitated the induction of involucrin protein and
transglutaminase-1 mRNA, a transient increase in p21 protein, and reduced DNA synthesis. These
were accompanied with the morphological changes characteristic of keratinocyte differentiation.
The activities of both JNK and p38 MAP kinase increased after the transfection of Ad-DN-ASK1,
indicating that DN-ASK1 activates the SEK1-JNK and MKK3/MKK6-p38 MAP kinase cascades.
To further con®rm the involvement of p38 MAP kinase downstream from ASK1, the effect of the
p38 MAP kinase inhibitors was examined. They inhibited DN-ASK1-induced transglutaminase-1
mRNA expression. The addition of C2 ceramide induced differentiation and enhanced ASK1
mRNA expression and activity, indicating the involvement of the C2 ceramide pathway upstream
from ASK1. In vivo, normal human epidermis expressed ASK1 mRNA. In addition, an
immunohistochemical study revealed the expression of ASK1 in the upper epidermis, suggesting
the involvement of ASK1 in in vivo differentiation. We propose that the ASK1-p38 MAP kinase
cascade is a newly identi®ed regulator of keratinocyte differentiation.

Homeotic Conversion of Scales into Feathers with a Mutated b-Catenin
R.B. Widelitz, T. Jiang, and C. Chuong
University of Southern California, Los Angeles, California
We explored the role of b-catenin in epidermal morphogenesis and histogenesis. Chicken skin in
vivo was used as a model and b-catenin was misexpressed with retroviral vectors. Normally, bcatenin mRNA was initially expressed with homogenous levels in the epithelia over a skin
appendage tract ®eld which then became transformed into a periodic pattern corresponding to
individual primordia. The importance of periodic patterning was demonstrated in scaleless mutants,
where b-catenin was initially expressed normally, but failed to make a punctuated pattern. To test catenin function, a truncated armadillo fragment was expressed in developing chicken skin
(embryonic day 3) with the RCAS retrovirus. This produced a variety of phenotypic changes
during epithelial appendage morphogenesis. In apteric and scale producing regions, new feather
buds with normal appearing follicle sheaths, dermal papillae and barb ridges were induced. In
feather tracts, short, wide and curled feather buds with abnormal morphology and random
orientation formed. Epidermal invaginations and placode-like structures formed in the scale
epidermis. PCNA staining and the distribution of molecular markers (Shh, NCAM, tenascin-C)
were characteristic of feather buds. These results suggest that the b-catenin pathway is involved in
modulating epidermal morphogenesis and that increased -catenin pathway activity can increase the
complexity of skin appendages and alter skin appendage phenotypes.
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Formation of Partial Corni®ed Envelopes (CE) and Replete Corneocyte-Lipid Envelope
(CLE) in Patients with Lamellar Ichthyosis
P.M. Elias, Y. Uchida, R.H. Rice,* L. Komuves, and W.M. Holleran
Department Dermatology, UCSF & VA Medical Center, San Francisco, California; *Department
Environmental Toxicology, UC Davis
Mammalian epidermal corneoctes are encased by a lipid bilayer, the corneocyte lipid envelope
(CLE), which consists primarily of w-hydroxyceramides (w-OH Cer) covalently attached to the
corni®ed envelope (CE). The epidermal-speci®c enzyme, transglutaminase 1 (TG1), is not only
responsible for peptide cross-linking leading to CE formation, but it also recently was shown to
catalyze attachment of w-OH Cer to involucrin in vitro (Nemes et al.: PNAS 96:8402, 1999).
Whether TG1 and/or other processes are responsible for CLE formation in vivo remain unresolved.
Here, we investigated the requirement for TG1 for both CE and CLE formation in vivo, by
performing ultrastructural (ruthenium tetroxide post®xation and pyridine treatment), as well as
biochemical analyses of the CE and CLE in scale samples from three lamellar ichthyosis (LI)
patients with con®rmed absence of TG1. Although others have reported both that the CE is absent
in LI, and does not form in cultured human and murine TG1-de®cient keratinocytes, we found
abundant, irregular or focal CE-like structures (i.e., electron-dense regions) at the periphery of
corneocytes throughout the SC in all three LI patients. A prominent CLE was evident wherever
CE-replete regions were observed, even when the CE appeared to be abnormal or attenuated, and
lipid biochemical studies revealed abundant covalently bound w-OH Cer. Light microscopic
studies after disruption of LI versus control scale samples with SDS and DTT, revealed an absence of
normal CE, but the presence of shorter, CE-like fragments in LI scale. These results show: (i) that
an electron-dense, CE-like structure, although largely abnormal, forms in the SC of LI patients; (ii)
the existence of a CLE, and con®rmation of the presence of abundant, covalently bound w-OH
Cer (Paige et al., BJD 131:23, 1994), in LI scale. Together, these results suggest that alternate TG(s)
and/or other enzyme(s) could be involved in both CE and CLE formation in normal and TG1de®cient epidermis.

Activation of NF-kB is Involved in Human Keratinocyte Proliferation and May Play a
Role in Basal Cell Cancer Invasiveness
J. Takao, K. Ariizumi, I. Dougherty, and P. Cruz, Jr
Dept of Dermatology, University of Texas South-western Medical Center, Dallas, TX.
Recent studies involving transgenic mice have documented a role for NF-kB in keratinocyte (Kc)
growth and differentiation. To elucidate this role in humans, we examined expression of 5
members of the NF-kB family in normal foreskin, in nonlesional and lesional psoriatic skin, and in
1°-cultured Kc. In all substrates, we detected p50, p65, REL-B, and c-REL (but not p52) at
mRNA and protein levels, using RT-PCR and mAb staining, respectively. As in previous reports,
we found strong protein expression within the cytoplasm of basal Kc. However, unlike previous
reports, we did not detect nuclear translocation in suprabasal cells. We then examined basal cell
cancers, and found distinct nuclear translocation of p50 limited to portions of tumors invading the
dermis. Because nuclear translocation of NF-kB is a marker of activation, we performed gel-shift
assays on nuclear extracts from 1°-cultured Kc treated with: TNFa (activator of NF-kB), PMA or
1.5±2.0 mM Ca++ (inducer of Kc proliferation and differentiation), or IFNg (control). As expected,
TNFa produced nuclear translocation of NF-kB, whereas IFNg did not. Both PMA and Ca++ also
caused activation of NF-kB. Finally, we examined the effect of a DNA decoy (20 mer doublestranded oligonucleotide containing the NF-kB binding site) on Ca++-induced Kc proliferation,
by 3H incorporation. An irrelevant decoy of identical size and G:C content, but with scrambled
sequence, was used as control. The NFkB decoy almost completely abrogated Kc proliferation
(95%), whereas the irrelevant decoy had less effect (40%). Our results indicate that NF-kB
activation is required for Ca++-induced Kc proliferation. Further, the presence of activated NFkB
in the leading edge of basal cell cancers suggests a role for the transcription factor in this cancer's
invasiveness.

Gene Expression Pro®ling in Human Squamous Cell Carcinoma, Basal Cell Carcinoma
and Psoriasis Identi®es Speci®c and Universally Expressed Genes in Epidermal
Hyperplasia
H. Fan, G.R. Morrissey, Q. Lin, S. Tao, S. Baek, and P.A. Khavari
VA Palo Alto and Stanford University, Stanford, California
Abnormal epithelial proliferation is a hallmark of many common human skin diseases, among
which are invasive squamous cell carcinoma (SCC), nodular basal cell carcinoma (BCC) and
psoriasis. Each arise by distinct pathomechanisms but the basis for their different epidermal growth
features is not completely understood. To identify genes distinguishing between these disorders,
cDNA microarray gene expression pro®ling was performed. Initial studies of 8,500±12 000 genes
were extended to replicate hybridizations of 1200 gene arrays using freshly excised lesional and
site-matched normal control tissue in a series of 4 unrelated patients for each disorder. Cluster
analysis demonstrated the most homogenous gene expression patterns in psoriasis with SCC most
heterogeneous, consistent with psoriasis being a reactive process of previously normal tissue, SCC
arising via multiple different genetic pathways and BCC a more homogeneous neoplasia. In situ
protein expression were studied in normal and lesional skin in a series of 10 patients with each
disorder. Genes predicting disease class were identi®ed. Among these were (i) the transcription
factor Egr1 and the enzyme fatty acid synthase, expressed strongly in 10 of 10 psoriasis lesions and
in none of 20 cancers; (ii) RhoA, expressed in a patchy pattern within SCC tumor cells in 10 of 10
specimens and none of 10 BCC tumors and none of 10 psoriasis lesions; (iii) PDGF-A, expressed in
all 30 of 30 specimens within hyperplastic epidermis and tumor islands. These data point to distinct
differences in the extent of disease homogeneity and identify signature genes characteristic of these
common epidermal hyperplasias.

Discordant Expression of Notch-1 and ±2 Compared to Notch Ligands (Jagged, Delta)
in Psoriatic Epidermis
L. Miele, P.E. Bacon, V. Chaturvedi, J.-L. Qin and B.J. Nickoloff
Department of Pathology, Cardinal Bernardin Cancer Center Loyola University, Chicago, Illinois
Epidermal keratinocytes (KCs) in psoriatic epidermis possess a distinctive phenotype including
alterations in their growth, survival, differentiation and cytokine production. To investigate the
molecular basis for this distinctive phenotype, a regulatory pathway involving Notch±ligand
interactions known to impact cell fate in other organ systems was studied. Notch receptors and
ligands are cellular regulators in organisms from Drosophila to humans, and were previously
detected in human cervical epithelium. Notch and Notch ligand expression was explored in
human skin using speci®c antibodies/immunostaining. In normal skin (n = 3), Notch-1 was absent
from epidermis, but was present in inner root sheath follicular epithelium; whereas Notch-2 was
focally present in the epidermal granular cell layer. Notch ligand Jagged-1 was present as faint
cytoplasmic membrane pattern throughout normal epidermis, and also on follicular and eccrine
epithelium. Delta-1 was primarily con®ned to follicular and eccrine epithelium, with only weak
epidermal staining. In psoriatic plaques (n = 3), no epidermal staining for either Notch-1 or Notch2 was present, although occasional mononuclear cells were positive. By contrast, Jagged-1 was
strongly overexpressed with distinct membrane staining of lower and mid-level KCs producing a
``chicken wire'' appearance. Delta-1 expression was also increased in psoriatic plaques, although
not to the same extent as Jagged-1. To determine if Notch-1 could be expressed by epidermal cells,
normal KCs were cultured in a low-calcium, serum-free medium (KGM), and found to express
Notch-1 using the same ab that failed to detect Notch-1 in biopsy specimens. These results indicate
that signi®cant discordance is present in the expression of Notch versus Notch ligands in psoriatic
epidermis. Such abnormalities in key regulators of cell behavior may contribute to the pathogenesis
of psoriasis.
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Lectin Labeling of the Pemphigus Foliaceus Autoantigen Blocks Autoantibody Binding
and Prevents Blister Formation In Vitro and In Vivo
S. Ortiz-Urda, Y. Marquart, H. Elbe-BuÈrger, U. Mann, K. Wolff, and K. Rappersberger
University of Vienna, Vienna, Austria
Pemphigus foliaceus (pf) is an autoimmune bullous disease characterized by pathogenic
autoantibodies (aab) directed against desmoglein 1 (dg1). In previous studies we have shown
that pf-aab binding in vitro and in vivo depends on the presence of certain carbohydrate moieties on
the extracellular domain of dg1. Therefore we examined the possibility whether the glycosilation
of dg1 could be utilized to develop strategies to interfere with the pathobiology of pf. For our
investigations we used a established neonatal BALB/C mice pemphigus-model injected with
biochemicaly characterized pf-sera. Our observations in vitro were then tested in this in vivo model.
Concanavalin A (ConA) and wheat germ agglutinin (WGA) were diluted 1:1 in propylenglycol,
were painted to the back skin of several mice every 10 min for 2 h. 20 h later the mice were
injected, either intraperitonially or subcutaneously with pf sera, and normal human sera as control.
12±20 h later control animals had developed erosions and blisters, whereas none of the mice
topically treated with lectins displayed clinical abnormalities on their back skin.
Immunmorphological investigations of biopses showed in vivo bound pf-aabs in a intercellular
pattern, however, we consistently failed to the demonstrate any aab-binding in a lectin treated skin.
Our investigations strongly indicate that certain lectins may block pf-aab binding to their respective
antigen and subsequently prevent blister formation. Since our observations indicate therapeutic
ef®cacy in an animal model, one should consider lectins and chemical related substances in the
treatment of pf.

Aberrant p63 Expression Does Not Alter Normal Epidermal Proliferation Rate but
Reduces Apoptotic Response to UV-B
K.M. Liefer, M.I. Koster, X.J. Wang, A. Yang,* F. McKeon,* and D.R. Roop
Baylor College of Medicine, Houston, Texas; *Harvard Medical School, Boston, Massachusetts
The p63 gene is a homolog of the tumor suppressor p53 and is highly expressed in the basal cells of
regenerative epithelia including the epidermis. Disruption of the p63 gene via homologous
recombination yielded mice with limb, craniofacial and epithelial development defects which
resulted in death shortly after birth. Although this model highlighted the requirement for
functional p63 in epidermal development, neonatal lethality precluded further examination of the
role of p63 in the epidermis. We found that when normal keratinocytes are exposed to UV-B,
levels of one p63 isoform, DNp63a, decreased at the protein and RNA levels. The DNp63a
isoform is one of six transcriptional products from the p63 gene. Three of these isoforms lack a
transcriptional activation domain and the DNp63a antagonizes p63 and p53 transcriptional activity.
We generated transgenic mice which express DNp63a utilizing the loricrin promoter
(ML.DNp63a). The ML.DNp63a epidermis developed normally with an unaltered proliferation
rate, determined using 5-bromo-2¢-deoxyuridine (BrdU) incorporation. After UV-B exposure,
however, the ML.DNp63a mice exhibited a 40±45% decrease in the number of apoptotic cells in
the epidermis compared to nontransgenic littermates, measured by TdT-mediated dUTP nick end
labeling (TUNEL). This suggests that aberrant expression of DNp63a altered the UV-B induced
apoptotic pathway in the transgenic epidermis perhaps via a dominant negative effect on
endogenous p53 transcriptional activity. The ML.DNp63a transgenic mice provide an excellent
model for analyzing this p63 isoform in epidermal photocarcinogenesis.
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Downregulation of the CUSP Isoform of p63 is Required for Ultraviolet RadiationInduced Apoptosis
A. Marchbank, J. DeGregori, K. Penheiter, R. Dellavalle, P. Walsh, L-J. Su, and L. Lee
Department of Dermatology, Biochem & Mol Genetics, Pediatrics, & Medicine, University of Colorado
School of Medicine, Denver Health, and VA, Denver, Colorado
Damage to cells by ultraviolet radiation (UVR) causes activation of the p53 tumor suppressor,
resulting in apoptosis of severely damaged cells, protecting the organism from the propagation of
mutated cells. In normal keratinocytes, a p53-like protein, dNp63a, also known as CUSP, is
constitutively and abundantly expressed. The CUSP isoform of p63 lacks an obvious
transactivation domain and has been shown to inhibit p53-dependent transcription of a reporter
gene when overexpressed. We have shown previously, using cultured normal human keratinocytes
exposed to a solar simulator, that UVR markedly downregulates CUSP protein and mRNA
expression, to the extent that CUSP protein and mRNA are virtually undetectable at doses >150
mJ per cm2.
We now show that in mice exposed to 2 J per cm2 UVB on one ¯ank, CUSP protein expression is
markedly diminished to virtually undetectable in the epidermis and in upper dermal follicular
epithelium but well preserved in mid-dermal follicular epithelium, indicating that CUSP
downregulation by UVR occurs in vivo. To examine the signi®cance of CUSP downregulation to
apoptosis, CUSP expression was maintained in irradiated cultured cells by infecting keratinocytes
with adenovirus expressing CUSP. Control keratinocytes received either no adenovirus or
adenovirus expressing an irrelevant protein. Apoptosis following 0±200 mJ per cm2 UVR was
evaluated using propidium iodide and annexin staining quantitated in FACS. In irradiated
keratinocytes with CUSP expression maintained at physiologic levels, there were 3±4-fold fewer
apoptotic cells. Thus, downregulation of CUSP is important in permitting UVR-mediated
apoptosis.
It is likely that the high basal levels of CUSP protect keratinocytes from inappropriate induction of
apoptosis. Following UV damage, downregulation of CUSP is necessary for p53 activation and
consequent apoptosis. Through its regulation of apoptosis, CUSP is likely to assume an important
role in the cutaneous defense against cancer formation.

SEG10 is a Conserved ATPase-Motif Protein that Impacts Epithelial Growth
E. Alvarez-Saavedra, Q. Lin, and P. A. Khavari
VA Palo Alto and Stanford University, Stanford, California
Epidermal progenitors lack well characterized marker genes. Using cDNA microarrays, we
previously identi®ed genes with augmented expression in stem cell enriched populations. We have
designated these SEGs, for Stem cell Enriched Genes. Among these is SEG10, which encodes a 436
amino acid protein with homology to the AAA family of ATPases, which are implicated in cell
cycle regulation. SEG10 is a conserved member of an ancient gene family with 50% identity to an
A. thaliana gene of unknown function, 36% identity to a C. elegans gene and 24% identity to a S.
cerevisiae gene. Southern analysis indicates SEG10 is a member of a multigene family. In addition
to skin, SEG10 is expressed in tissues with high proliferative capacity including testis, bone
marrow, and fetal lung. If SEG10 is important to the stem cell state then disrupting its function
should alter a key feature of epithelial behavior, such as growth. To study this, we engineered a KR point mutation at position 185 in the SEG10 ATPase domain in a strategy that is known to
abolish ATPase activity and generate dominant-negative mutants. While wild-type SEG10 exerts
minimal proliferative effects after high ef®ciency retroviral gene transfer in short-term cultures,
mutant SEG10 profoundly inhibits epithelial growth; mSEG10 is not nonspeci®cally toxic as it
appears to exert no negative growth effects on other cell types, including primary human
endothelial cells and ®broblasts. These data identify SEG10 as a conserved epidermal progenitor
gene with a role in cell growth regulation.

CDK4 Transforms the Impact of Epidermal Ras Signaling from Cell Cycle Arrest to
Proliferation
Y. Kubo, Q. Lin, M. Dajee, and P. A. Khavari
VA Palo Alto and Stanford University, Stanford, California
Reversal of proto-oncogene function occurs in many cancers by mechanisms that are currently
unknown. Abnormal Ras function can promote epidermal neoplasia, however, in normal
epidermis Ras inhibits cell growth. To identify factors in¯uencing Ras growth regulation, we
activated Ras signaling while altering important growth regulators, including NF-kB, p53 and
CDK4. Using high ef®ciency triplicate retroviral transductions in primary keratinocytes, we
expressed active RasV12, the dominant negative p53W248, the IkBaM NF-kB repressor and wildtype CDK4 either singly or in combination multicistronic retrovectors. Ras activation alone leads
to complete cell cycle arrest within 48 h. Blockade of epidermal growth inhibitors p53 and NF-kB
failed to alter Ras-induced arrest and CDK4 expression alone also produced no effect. However,
CDK4 coexpression with active Ras produced hyperproliferation, with cell numbers 480 + 93%
over control 8 d after gene transfer. To determine the relevance of this ®nding in tissue, we
regenerated genetically engineered human epidermis on SCID mice and examined epidermal
morphology and proliferation. While the profound growth arrest induced by active Ras fails to
support epidermal regeneration, Ras activation with CDK4 produced clinical papillomas and
massive epidermal hyperplasia 4.8 + 0.17X the thickness of GFP control with 20-fold more Ki67[+] cells within 14 d in vivo. These data indicate that CDK4 activation, likely in concert with the
downstream Ras effector Cyclin D1, switches the impact of epidermal Ras signaling from growth
arrest to proliferation and provide a paradigm of subversion of proto-oncogene function in
neoplasia.

Scattered Suprabasilar Keratinocytes in Psoriatic Plaques Possess a Senescent-Like
Phenotype
B.J. Nickoloff, V. Chaturvedi, J.-Z. Qin, M. Diaz, M.F. Denning, and J. Robinson
Department of Pathology, Cardinal Bernardin Cancer Center, Loyola University, Chicago, Illinois
Unlike other chronic hyperproliferative disorders, keratinocytes (KCs) localized within a psoriatic
plaque are not prone to malignant transformation. Psoriatic KCs are also resistant to apoptosis. The
resistance to transformation and apoptosis resembles the phenotype of senescent cells. To
determine if psoriatic KCs possess a senescent-like phenotype, expression and regulation of p16
was investigated. p16 is distinguished from other CDKIs (p15, p21, p27) as cultured KCs
undergoing replicative senescence preferentially expressed high intranuclear levels of p16. Levels of
p16 were virtually undetectable in either normal or symptomless skin (n = 4), several (four of seven)
untreated psoriatic plaques contained suprabasilar KCs with nuclear p16 immunostaining. Elevated
p16 was con®rmed by Western blot analysis. Cultured KCs exposed to IFN-g plus TPA (48±72 h)
were induced to express p16. Since many KCs in psoriatic plaques were not expressing p16, we
sought to identify a mechanism that could antagonize p16 expression and/or the senescence
pathway. Recently Id-1 has been shown to immortalize human KCs in culture, thereby delaying
or preventing replicative senescence. We observed increased levels of Id-1 in the basal layer as well
as in suprabasilar KCs, suggesting a role for Id-1 as an antagonist of the senescent pathway in
psoriatic plaques. Moreover, IFN-g was a rapid (6 h) inducer of Id-1 in cultured KCs. These results
indicate that suprabasilar KCs in psoriatic plaques appear to be following a distinct biological
pathway resembling cellular senescence. Such a growth-arrested phenotype can explain the
previously overlooked resistance of psoriatic plaques to apoptosis and transformation, which may
involve complex and opposing cytokine mediated interactions involving p16 and Id-1.
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Gene Expression Pro®ling Reveals Distinct Patterns of Gene Expression in Normal,
Senescent, Terminally Differentiated and Immortalized Keratinocytes
S. Baek, H. Fan, Q. Lin, and P.A. Khavari
VA Palo Alto and Stanford University, Stanford, California
Characterizing keratinocyte gene expression programs in replicative senescence, terminal
differentiation and immortalization may increase understanding of epithelial growth regulation.
Toward this end, RNA was isolated from late-passage keratinocytes displaying senescenceassociated beta-galactosidase, primary keratinocytes terminally differentiated with 1.5 mM calcium
for 96 h after con¯uence and three immortalized cell lines; HPV18 E6/E7-transduced
keratinocytes, HaCaT and SCC25. cDNA microarray and cluster analysis pro®led differentially
expressed genes in each population compared with undifferentiated primary keratinocytes.
Replicative senescence and terminal differentiation induce globally similar gene expression
programs, although differentiated keratinocytes uniquely induce additional genes, such as
corneodesmosin and sky tyrosine kinase while senescent cells superinduce calcium binding
differentiation proteins MRP8 and MRP14. Immortalized keratinocyte gene expression is globally
similar between all three lines and differs dramatically from senescence and differentiation as well as
from highly proliferative primary keratinocytes. Cell cycle progression promoters are consistently
overexpressed in immortalized keratinocytes, including M phase inducer phosphatases CDC25B
and CDC25C, CDK regulatory subunits CDC28 protein kinase 1 & 2, cell division control
protein p55CDC and cell cycle regulators prothymosin and ubiquitin-conjugating enzyme E2H10.
Conversely, cell cycle inhibitors p21CIP1 and GADD45 as well as plakoglobin, MRP8, MRP14
and GLUT1 are repressed in immortalized keratinocytes. These data demonstrate global similarities
between replicative senescence and terminal differentiation while identifying speci®c differences in
gene expression between these two states. In addition, these data identify induction of speci®c cell
cycle promotion genes and repression of growth arrest and differentiation genes as distinguishing
immortalized cells from proliferating normal keratinocytes.

Activation through CD40 Ligation Induces Fas Ligand Expression by Langerhans Cells
A. Shibaki and S. Katz
Derm. Branch, NCI, Bethesda, Maryland
Following antigenic stimulation, Langerhans cells (LC) migrate to regional lymph nodes and
induce antigen speci®c activation of T cells. After primary expansion, the majority of T cells
undergoes Fas/Fas ligand (FasL) mediated apoptotic cell death-thereby suppressing their excessive
expansion. Since recent investigations have demonstrated an immunoregulatory function for
dendritic cells, we determined whether LC could be involved in Fas/FasL mediated suppression of
activated T cells. Epidermal cell suspensions were prepared from B6, BALB/C and C3H/HeN
mice, cultured for 2 d in complete RPMI, enriched for LC by metrizamide centrifugation, and
stimulated with agonistic anti CD40 monoclonal antibody (mAb). Flow cytometric analysis
revealed constitutive Fas expression by LC that were cultured for 2 d and were not stimulated with
anti CD40 mAb. In contrast, no signi®cant FasL expression was detected in either fresh or cultured
LC. Activation with anti CD40 mAb induced signi®cant FasL expression [FasL+ LC: 17.2% at 24 h
(n = 8) and 31.4% at 48 h (n = 3) vs 1.0% at 24 h (n = 8) and 0.9% at 48 h (n = 3) after stimulation
with either anti CD40 mAb or control, respectively]. No signi®cant differences were observed in
FasL expression among the different strains. FasL induction through CD40 activation was unique
to LC, because neither bone marrow derived DC, fetal skin derived DC nor a DC cell line, XS-52,
expressed FasL either constitutively or after activation with anti CD40 mAb. To investigate the
functional signi®cance of FasL expression by LC, 2 d-cultured LC that were puri®ed by CD11b
magnetic cell sorting after density gradient centrifugation (purity 86±96%), were stimulated with
anti CD40 mAb and assessed for cytolytic activity using a radiometric assay for DNA
fragmentation. Preliminary experiments demonstrated that CD40 activated LC induced FasL
mediated apoptosis in Jurkat cells (DNA fragmentation: 29% vs 8% in CD40 activated LC versus
control, respectively). This apoptosis was blocked with anti FasL blocking antibody. These data
indicate that LC are potentially involved in the suppression of activated T cells by inducing Fas/
FasL mediated apoptosis.

Transfected Migratory Langerhans Cells from In Vivo Transfected Skin are Responsible
for the Majority of the Cellular Immune Response Generated by Genetic Immunization
L. Timares, K. Safer,* B. Qu,* A. Takashima,² and S.A. Johnston*
University of Alabama at Birmingham, Birmingham, Alabama; *Center for Biomedical Inventions,
University of Texas South-western Medical Center, Dallas, Texas; ²University of Texas, South-western
Medical Center, Dallas, Texas
We examined the effects of gene gun treatment on primary Langerhans cells (LC) with respect to
their migration from skin, the expression of the transgene and their ability to initiate humoral and
cellular immune responses upon transfer to naive mice. An inducible genetic immunization vector
system tested transfected LCs' ability to respond to exogenous inducing agents. In vitro skin organ
cultures of ear skin from BALB/C mice transfected by gene gun were studied and used as a source
of transfected migratory LC. NaõÈve mice received a single dose of LCs and their immune responses
were measured. Gene gun treatment augmented LC migration from skin 3-fold. Detection of both
Green Fluorescent Protein positive cells and transgene RNA con®rmed LC transfection. A single
subcutaneous injection of 2 3 105 migratory cells per mouse was suf®cient for generating speci®c
humoral and cellular responses comparable to standard genetic immunization. Mice treated with
transcription inducing agents gave rise to signi®cant humoral responses, while mock treated mice
gave reduced responses. Thus, direct transfection plays a major role in LC antigen loading at the
site of genetic immunization. Further, exogenous control of LC transgene expression in vivo can be
achieved.

Labeling Mouse Bone Marrow-Derived Dendritic Cells with a Positron Emitting Isotope
F-18 for In Vivo Detection by High Resolution PET Projection Imaging
E. Olasz, L. Lang, M. Green, W. Eckelman, and S. Katz
Dermatology Branch, NCI, PET Department, CC, Department of Nuclear Medicine, CC, NIH, Bethesda,
Maryland
Immunization with ex vivo generated dendritic cells has become a focus for many clinical
applications. The optimal site of injection and the migration pattern of these cells remain to be
elucidated. We therefore developed a novel method for labeling mouse bone marrow-derived
dendritic cells (BMDC) with the positron emitting radioisotope F-18 using N-succinimidyl-4-[F18]¯uoro-benzoate which covalently binds to the lysine residues of surface proteins. We ®rst
determined stability and toxicity of F-18 in labeling BMDC. In vitro retention of the radionuclide
by BMDC was low; 65 6 10% of the initial cell-bound activity was released after 4 h at 37°C, but
was considerably less (22 6 3%) at 4°C. Labeled cells did not exhibit any signi®cant alteration in
cell viability or phenotype as determined by trypan blue exclusion and FACS analysis 24 h after
radiolabeling. Furthermore, F-18-labeled BMDC stimulated allogeneic T cells in a mixed
leukocyte reaction as potently as did nontreated BMDC. Migration of F-18-labeled BMDC was
studied after footpad injection by (i) ex vivo counting of dissected tissues using a gamma counter
and (ii) by imaging mice with PiPET, a 2-mm resolution positron projection imager/PET scanner.
After 4 h, the ratio between measured activity in draining versus contralateral (D/C) lymph nodes
(LN) was 166 6 96 (n = 7) in the case of live cell injections, whereas if we injected heat-killed F18-labeled BMDC the D/C ratio was 17 6 2 (n = 2). Injection of cell-free activity in the form of
F-18-labeled 4-¯uorobenzoic acid resulted in a D/C ratio of 7 6 2 (n = 3). When F-18-labeled
live cells were injected, 0.18 6 0.04% (n = 7) of footpad activity was found in the draining LN
within 4 h, whereas none was found in the contralateral LN. Quantitative assessment of cell
migration by PET projection imaging of mice con®rmed the ex-vivo counting results. PET
imaging offers a new approach for in vivo studies of dendritic cell biodistribution and migration.
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Proliferative Responses and Functional Characteristics of Different Dendritic Cell
Precursors
P. Stiff, B. Chen, G. Sloan, J. Kash, R. Majunath, K. Foreman, and B.J. Nickoloff
Depts. of Medicine and Pathology, Cardinal Bernardin Cancer Center Loyola University, Chicago, Illinois
The potent antigen presenting capacities of dendritic cells (DCs) provide an opportunity for tumor
immunotherapy. While DCs can be generated ex vivo from blood monocytes (PBMC) or CD34+
stem cells, the optimal cell source for DCs, based on expansion and functional abilities is unclear.
We compared phenotype and functional properties of DCs derived from different precursors to
determine an optimal culture system allowing large-scale generation of DCs for clinical trials in
eight separate individuals. PBMC derived DCs were expanded and differentiated in serum-free
medium (X Vivo 10) for 7 d with GM-CSF and IL-4. CD34-derived DCs were expanded for 14 d
in the presence of GM-CSF, IL-4 and Flt3L, with or without either 5% plasma or 2% albumin.
Expanded DCs from both cell sources were matured for 7 d with either CD40L or a combination
of IFN-a + TNF-a. FACS analysis was performed on days 0, 7, 14, and 21 for expression of
CD34, CD14, CD1a, CD80, CD83 and CD86. APC function was assessed using MLR assays. The
ability of DCs to phagocytose a melanoma line induced to undergo apoptosis pre and post
maturation was measured. Optimal PBMC DC generation occurred when expanded cells were
matured with CD40L; from 107 PBMCs, a mean of 2.3 3 106 mature, CD86+ DCs was
generated. Mean output of 1.2 3 106 CD86+ DCs was obtained from 105 CD34+ cells after 14 d
expansion plus 7 d maturation using CD40L. In MLR assays, CD40L matured DCs from PBMCs
and CD34+ cells showed higher activity than TNF-a/IFN-a DCs expanded from either PBMCs
or CD34+ cells; which were also capable of phagocytosing apoptotic tumor cells, with a declining
capability after maturation. We conclude that these culture conditions produce DCs from both
PBMCs and CD34+ cells that are functional, with maximal output generated using CD34+ cells
matured with CD40L.

Dendritic Cell Migratory Capacity is Modulated During Maturation and Correlates with
DC Osteopontin Secretion and avb3 Expression
J. M. Weiss, A.C. Renkl, M. Kimmig, C.M. Maier, S. Kon,² M. Maeda,² H. Hotta,* T. Uede,*
and J.C. Simon
Department of Dermatology, University of Freiburg, Germany; *Institute of Immunological Science,
Hokkaido University, Japan; ²Immuno-Biological Laboratory, Fujioka, Japan
A fundamental aspect of dendritic cell (DC) function is their migratory capacity. We recently
demonstrated that Osteopontin (OPN), a glycoprotein involved in cell adhesion and migration
containing an RGD integrin binding site, induces DC migration. Two putative receptors avb3 and
CD44, were described to mediate OPN induced migration. Having previously demonstrated
CD44 expression to be functionally modulated during DC migration, we now investigated the
expression of avb3 in murine DC by FACS. We found immature DC to express low levels of avb3
which is upregulated during day 1±6 of maturation. When terminal DC maturation is induced (by
i.g. LPS stimulation) av epitopes remained strongly expressed whereas b3 epitopes were
downmodulated. Speculating that OPN secretion and OPN receptor expression might correlate
with the migratory potential of DC, we investigated OPN secretion by RT-PCR and ELISA in
BM-DC cultures. From days 1±6 of culture OPN secretion gradually increased, followed by a
downmodulation in terminally mature DC (culture day 6±10). Modi®ed Boyden chamber
migration assays revealed that OPN secretion and avb3 expression correlated with a high migratory
potential of DC towards OPN. This could be blocked partially by mAbs against avb3 or CD44;
addition of both mAbs inhibited completely. Moreover, OPN mutant forms lacking the avb3
binding RGD-domain showed a reduced capacity to induce DC migration. While avb3 mediated
DC migration was dependent upon Ca++/Mg++, CD44 mediated OPN effects are Ca++/Mg++
independent. Furthermore, upon terminal DC maturation, accompanied by downmodulation of
OPN secretion and b3 expression migratory capacity to a variety of stimuli was lost. In summary,
the migratory capacity of DC is ®rst up and then downregulated during in vitro maturation. This
correlates with the differential expression of OPN and OPN receptors avb3 and CD44.
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Ligation of E-cadherin on In Vitro Generated Immature Langerhans-Type Dendritic
Cells Inhibits Their Maturation
E. Riedl, J. StoÈckl, O. Majdic, W. Knapp, and H. Strobl
University of Vienna, Vienna, Austria
Epithelial tissues of various organs contain immature Langerhans cell-type dendritic cells (LC)
which play key roles in immunity. LC reside for long time periods at an immature stage in epithelia
before migrating to T cell rich areas of regional lymph nodes to become mature interdigitating
dendritic cells (DC). LC express the epithelial adhesion molecule E-cadherin and undergo
homophilic E-cadherin adhesion with surrounding epithelial cells. Using a de®ned serum-free
differentiation model of human CD34+ hematopoietic progenitor cells we demonstrate here that
LC generated in vitro in the presence of TGF-b1 express high levels of E-cadherin and form large
homotypic cell clusters. Homotypic LC clustering can be inhibited by addition of anti-E-cadherin
mAb. Loss of E-cadherin adhesion of LC by mechanical cluster disaggregation correlates with the
rapid upregulation of CD86, neo-expression of CD83 and diminished CD1a cell surface expression
by LC, speci®c phenotypic features of mature DC. Antibody ligation of E-cadherin on the surface
of immature LC following mechanical cluster disruption strongly reduces percentages of mature
DC. Addition of mAbs to the adhesion molecules LFA-1 or CD31 to parallel cultures similarly
inhibits homotypic LC cluster formation but in contrast to anti-E-cadherin, these mAbs fail to
inhibit DC maturation. Thus, E-cadherin engagement on immature LC speci®cally inhibits the
acquisition of mature DC features. E-cadherin mediated LC maturation suppression may represent
a constitutive active epithelial mechanism, which prevents uncontrolled maturation of immature
LC.

Matrix Metalloproteinase Expression by Activated Skin Dendritic Cells (DC)
C. Cohen and M.C. Udey
Dermatology Branch, NIH, Bethesda, Maryland.
Matrix metalloproteinases (MMPs) play important roles in metastasis. By inference, MMPs may
also facilitate Langerhans cell (LC) migration from epidermis to draining lymph nodes by degrading
intervening matrix, or conceivably other substrates. To characterize the spectrum of MMPs that
can be produced by LC, we stimulated LC-like DC expanded from murine fetal skin in vitro with
E. Coli lipopolysaccharide (LPS; 100 ng per ml), harvested RNA after 4 and 24 h and quantitated
MMP mRNAs by RNAse protection. mRNAs encoding MMPs 2, 3, 12, 13 and 14 were detected
in unstimulated DC. LPS activated DC contained selectively increased amounts of MMP-3
(stromelysin 1) mRNA and also MMP-10 (stromelysin 2) mRNA. mRNAs encoding MMPs 7
and 11 were not detected in resting or activated DC. To determine if MMP-3 and MMP-10 were
produced by LC in situ, we assessed mRNA levels in epidermal RNA from untreated and 18 h 1%
TNCB-treated mouse skin using semiquantitative and real time PCR. MMP-3 and MMP-10
mRNA levels were very low in untreated epidermis, but were upregulated ~8-fold in contact
allergen-treated epidermis. An af®nity-puri®ed rabbit antibody speci®cally reactive with a mouse
MMP-10 peptide stained some MHC class II+ cells in the dermis of skin treated 8 h earlier with
TNCB and very rare MHC class II+ cells in the epidermis. MMP-10+ cells were not identi®ed in
normal mouse skin. We conclude that MMP-3 and MMP-10 mRNAs are selectively upregulated
by activated skin DC and suggest that stromelysins may play an important role in LC migration.

Role of Human Toll-Like Receptor 2 in Dendritic Cells
S. Thoma-Uszynski, S.M. Kiertscher,* M. Ochoa, P.J. Godowski,² M.D. Roth,* and R.L.
Modlin
Division of Dermatology/Department of Medicine, University of California, Los Angeles, California;
*Division of Pulmonary Medicine, University of California, Los Angeles, California; ²Genentech
Incorportated, San Francisco, California
Mammalian Toll like receptors (TLRs) have been recently identi®ed as homologues of Drosophila
Toll, a cell surface molecule involved in pathogen host defense. Stimulation of monocytes with
lipopolysaccaride (LPS) and bacterial lipoproteins (bLP) results in the TLR-dependent production
of cytokines inlcuding IL-12. Given that dendritic cells (DC) are potent producers of IL-12, we
investigated whether such cytokine response is a result of signaling via human TLRs. DC were
derived by culturing human monocytes in the presence of GM-CSF and IL-4. Flow cytometry
using a monoclonal antibody (mAb) against TLR2 revealed that both monocytes and monocytederived DC expressed TLR2. Four color ¯ow cytometry disclosed TLR2 expression on HLADR + CD11c + but CD3-CD4-CD16-CD20-CD56-cells, thus representing peripheral blood
DC. We further identi®ed by confocal laser microscopy DC coexpressing CD1a and TLR2 in
leprosy skin lesions. The ability of bLP and LPS to induce cytokine production in monocytes and
DC was determined by ELISA. Although monocytes produced both IL-12 and IL-10 after
stimulation with LPS or bLP, DC produced equal levels IL-12 but little IL-10. The anti-TLR2
mAb blocked by 80% LPS- and bLP-induced IL-12 production by monocyte-derived DC. In
summary, activation of DC via TLR2 provides a mechanism by which the innate immune system
can in¯uence the adaptive immune system towards a Th1 response and the generation of cellmediated immunity required to eliminate intracellular pathogens.
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Immature Dendritic Cells Induced by Flt3 Ligand Enhance Contact Sensitivity
S. Kobayashi, I.B. Kremer, T.S. McCormick, F.P. Heinzel, and K.D. Cooper
Case Western Reserve University, Cleveland, Ohio
Immature dendritic cells (DC) play a central role in antigen-presentation and may be useful as
immunotherapeutic agent. Flt3 ligand (Flt3-L) has been demonstrated to generate large numbers of
DC in murine lymph nodes, liver, spleen, bone marrow and skin. To investigate the effects of Flt3L on DC recruitment to skin in a mouse model for contact sensitivity (CS), we injected mice with
recombinant human Flt3-L (rFlt3-L, Immunex, Seattle) subcutaneously and quanti®ed dose-,
time- and distance-relevant effects of Flt3-L immunohistochemically. Ten mg of rFlt3-L injected
for 10 d generated remarkable CD11c+ and DEC205+ cell populations not only at back injection
site but also on abdominal side of the skin. In contrast, 1 mg of rFlt3-L injected for 10 d was only
effective at the local site of injection. At 5 d post injection, increased in®ltrating cells were
observed. By 10 d post injection, the cell number was increased greater than 2-fold compared to
untreated skin. We then applied a suboptimal dose of hapten (1:100 dilution of optimal dose)
epicutaneously on mice treated with 1 mg of rFlt3-L for 10 d. CS was signi®cantly enhanced
(increased ear thickness change by D 3.9 mm 6 1.2 SEM, p < 0.05) relative to the weak CS
reaction of mice receiving an intracutaneous injection of suboptimal dose of hapten. These studies
indicate that 1 mg rFlt3 L has the capacity to induce antigen presenting DC locally in the skin and
to enhance the skin's ability to support a primary immunization.

The Novel Transmembrane Protein, DC-B4, Promotes Adhesion of Dendritic Cells to
Endothelial Cells Through Lactose ± and Integrin-Dependent Mechanisms
S. Shikano, M. Bonkobara, P. Cruz, Jr, and K. Ariizumi
Department of Dermatology, University of Texas South-western Medical Center, Dallas, Texas
We have previously identi®ed a novel transmembrane protein (termed DC-B4) expressed
preferentially by dendritic cells (DC). DC-B4 is highly glycosylated and contains an RGD
sequence in its extracellular domain. It binds to endothelial cells (SVEC) and promotes adhesion of
XS52 DC to SVEC. To illuminate the molecular basis for binding, we conducted inhibition
studies using a fusion protein (DC-B4-Fc), in which the extracellular domain was fused to IgG-Fc.
FACS documented binding of DC-B4-Fc to SVEC. This binding was blocked completely by
lactose (10 mM), but not by other saccharides. On the other hand, DC-B4-Fc did not possess
lactose-binding activity. Thus, we hypothesized that lactose moieties on DC-B4 mediate binding
to ligands on SVEC. We then utilized radio-labeled SVEC to measure adhesion to DC-B4-Fccoated plates. Lactose again completely blocked this adhesion. In addition, the RGDS tetra-mer
(inhibitor of integrins) and EDTA each inhibited adhesion almost completely. Finally, we observed
that pretreatment of SVEC with the fusion protein (but not with an equivalent control) enhanced
adhesion of DC to SVEC. We propose that DC-B4 on DC activates integrins on SVEC through
lactose±dependent interactions with DC-B4 ligands.

Loss of CD4 and CD83 Expression, Increased IL-12 Production, and Stimulation of Th1
T Cells by HIV-Infected Dendritic Cells (DC)
T. Kawamura and A. Blauvelt
Dermatology Branch, NCI, Bethesda, Maryland
Despite many scienti®c advances relating to the pathogenesis of HIV disease, the mechanisms
involved in HIV-induced immunologic dysfunction are still poorly understood. DC, believed to
be the initial targets for HIV at mucosal surfaces, are also probably critical in directing the primary
immune response against HIV. Unfortunately, functional studies on HIV-infected DC have
demonstrated disparate and unclear results. Here, using novel methods, we infected monocytederived DC with HIV in vitro and were able to detect and quantify single HIV-infected DC by
intracellular HIV p24 staining and ¯ow cytometry. Double staining of HIV p24 + DC showed
marked down-regulation of cell surface CD4 and CD83 on DC, whereas HLA-DR, CD40,
CD54, CD80, and CD86 were unchanged. For further functional assays, HIV p24 + DC were
enriched to 60±80% purity by depletion of CD4+/p24-DC using immunomagnetic bead
separation. Upon maturation for 48 h with CD40L, HIV-infected DC produced higher amounts of
IL-12 and lower amounts of IL-10 (mean IL-12/IL-10 production ratio = 0.526) when compared
to uninfected DC (mean IL-12/IL-10 production ratio = 0.074). Furthermore, in allogeneic mixed
leukocyte reactions, HIV-infected DC preferentially stimulated CD4 + Th1 T cells (mean g-IFN/
IL-4 production ratio = 110) when compared to T cells stimulated by uninfected DC (mean gIFN/IL-4 production ratio = 30). This study is unique in that it is the ®rst to describe the detection
and enrichment of single HIV-infected DC; this advance subsequently allowed for the accurate
determination of phenotype and function of these cells. Importantly, we found that HIV-infected
DC functioned well, producing high amounts of IL-12 and preferentially stimulating
differentiation of Th1 T cells. Our data suggest that HIV-infected DC are important in the
generation of Th1 T cells during primary immune responses in recently exposed individuals.
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Identi®cation of Positive and Negative Regulatory Binding Sites within the
Fucosyltransferase VII (FucTVII) Promoter Sequence
A.M. Chapas, B.E. Rich, and T.S. Kupper
Harvard Skin Disease Research Center, Boston, Massachusetts
Cutaneous lymphocyte antigen (CLA), a surface glycoprotein, enables human T cells to
preferentially home to the skin. CLA is de®ned by the mAb HECA-452, which recognizes
oligosaccharides related to the sialyl Lewis 3 (sLex). Recent data indicate that CLA expression is
regulated by the differential glycosylation of an already existing surface protein P-selectin ligand
glycoprotein-1 (PSGL-1). The enzyme fucosyltransferase VII (FucTVII), has been shown to
provide a key step in the synthesis of sLex, and thus may be the rate determining factor in the
formation of CLA from PSGL-1. To understand how the human FucTVII gene is regulated, 1.1
kilobases of genetic sequence upstream of its translational start site were cloned, sequenced, and
inserted in front of a luciferase gene of a reporter plasmid. Site directed mutants were made by
restriction endonuclease digestion at unique sites within the upstream region. Reporter constructs
were transfected into U-937 cells, a histiocytic lymphoma cell line known to constituitively express
FucTVII and relative luciferase units (RLUs) were measured 24 h later. Sequences from ±79 to the
translational start site (0) were unable to drive transcription above background levels. Sequences
from ±279 to 0 produced 0.33 times expression of the full length promoter, while those from ±297
to 0 generated 0.86 times expression relative to full length promoter. Deleting sequences between
±725 and ±429 produced 1.6 times expression more than full length promoter. Sequences from ±
605 to 0 drove expression 3.8 times greater than the full length sequence. Reversing the promoter's
orientation failed to mediate expression over background levels. Analysis of the full length
sequence for transcription factor binding sites suggests that PU-1 binding to ±788 may be acting as
trans-repression element. Transcription factors binding closest to the translational start site, NFkB
and Sp1, likely cooperate with other factors binding upstream, such as AP-2, to mediate
transcription. The identi®cation of genomic sequences that positively and negatively regulate
FucTVII expression may reveal several targets for future therapy.

The Role of C5a in Mast Cell Activation during Subepidermal Blistering in
Experimental Bullous Pemphigoid
R. Chen, L. Diaz, G. Giudice, and Z. Liu
Department of Dermatology, Medical College of Wisconsin and VA Medical Center, Milwaukee, Wisconsin
Bullous pemphigoid (BP) is an autoimmune disease characterized by subepidermal blisters and
autoantibodies against two hemidesmosomal proteins ± BP230 and BP180. These autoantibodies
activate complement. The subepidermal blisters in BP are associated with an in¯ammatory cellular
in®ltrate. A variety of in¯ammatory cells, including eosinophils, neutrophils, lymphocytes, and
monocyte/macrophages, are present in the upper dermis of lesional areas in patients with BP.
Accumulation and morphological changes of mast cells (MCs) are found in the lesional skin of BP.
We previously showed that passive transfer of anti-BP180 IgG into neonatal mice induces a BPlike disease in the animals which depends on C activation and neutrophil in®ltration. Further, mast
cells, through degranulation, play a key role in recruiting neutrophils into the dermis. In this study
we investigated the relationship between the complement system and MCs, using the BP mouse
model. C5-suf®cient mice injected with pathogenic antimBP180 IgG developed subepidermal
blisters with neutrophil in®ltration. C5a was detected in the lesional skin of these mice. Extensive
MC degranulation was seen in the dermis. In contrast, C5-de®cient mice were resistant to
experimental BP. No C5a was found in the skin and MC degranulation and neutrophil in®ltration
were minimal. The identical phenotype was also seen in C5-suf®cient mice injected with
pathogenic IgG F(ab')2 fragments, or C5-suf®cient mice injected with pathogenic IgG plus
antimurine C5a IgG. However, C5-de®cient mice pretreated with compound 48/80, an MC
degranulation stimulant, became susceptible to experimental BP. In addition, MC-de®cient mice
injected with pathogenic IgG exhibited C5a in the skin but did not develop subepidermal
blistering. These results suggest that C5a directly activates MCs, which, in turn, promote
neutrophil recruitment and subsequent dermal-epidermal separation in experimental BP.

Microbial Lipoproteins Trigger Antimicrobial Host Defense Via Toll-Like Receptors
S. Thoma-Uszynski, H.D. Brightbill, S.R. Krutzik, R.B. Yang,* M.V. Norgard,* P.J.
Godowski,* and R. L. Modlin
University of California Los Angeles, Los Angeles, California; *Genentech Inc, South San Francisco,
California
In addition to their activation by LPS, we have shown that Toll-like receptors (TLRs) mediate
monocyte activation by microbial lipoproteins, including the M. tuberculosis 19 kDa, B. burgdorferi
OspA and T. pallidum 47 kDa lipoproteins. In monocytes, lipoproteins induced the TLRdependent gene transcription of inducible nitric oxide synthase (iNOS) and production of NO.
Given that iNOS and NO contribute to a direct microbicidal pathway, we investigated whether
signaling through human TLRs conferred antimicrobial activity against intracellular M. tuberculosis.
LPS or microbial lipoprotein activation of M. tb infected mouse monocytes cells (RAW) and
primary human monocytes reduced the number of colony forming units by 60±90%. Inhibition of
iNOS in RAW cells with L-NIL or L-NAME but not D-NAME blocked the generation of NO
the antimicrobial activity against intracellular M. tb. These ®ndings demonstrate that TLR
activation leads to a nitric oxide-dependent direct microbicidal pathways of host defense.

Mast Cell Derived TNF Regulates Neutrophil Recruitment During Contact
Hypersensitivity Reactions (CHSR)
L. HuÈltner, M. Kneilling,* T. Biedermann,* R. Mailhammer, H. Hinze,² C. Sander,* G.
Plewig,* K. Pfeffer,³ and M. RoÈcken*
GSF-Institute for Experimental Hematology, Munich, Germany; *Department of Dermatology, LundwigMaximilians-University, Munich, Germany; ²GSF-Institute for Inhalationbiology, Munich, Germany;
³Institute for Medical Microbiology and Hygiene, Technical University, Munich, Germany
TNF seems to be crucially involved in neutrophil recruitment during a number of T cell mediated
in¯ammatory diseases, such as CHSR, chronic in¯ammatory bowel disease and psoriasis. However
the cellular source of TNF in CHSR remains obscure. We investigated the role of MC derived
TNF in CHSR to trinitrochlorobenzene (TNCB). To determine the role of MC derived TNF in
CHSR, gene-targeted mutant mice lacking TNF (TNF±/±) or TNFR1 (TNFR1±/±) and MC
de®cient mutant mice (W/Wv) were locally reconstituted at one ear by intacutaneous injection of
0.5 3 106 bone marrow-derived MC either from wildtype or from TNF±/± mice. Animals were
sensitized and challenged with TNCB to induce and elicit CHSR. Ear swelling responses were
reduced by 80% in TNF±/±, TNFR1±/± and W/Wv mice. Reconstitution experiments showed
that MC from wild-type mice restored CHSR in TNF±/± mice and W/Wv mice but not in
TNFR1±/± mice. Moreover only MC from wild-type mice restored CHSR and neutrophil
recruitment in W/Wv mice while MC from TNF±/± mice did not. Since hapten speci®c T cell
responses were identical in all strains analyzed and since reconstitution experiments did not
in¯uence T cell responses our data clearly demonstrate that MC derived TNF and functional
expression of TNFR1 are both critically required for neutrophil recruitment during CHSR. These
data may help to elucidate the mode of neutrophil recruitment in other T cell dependend immune
responses such as rheumatoid arthritis or psoriasis.
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Augmented Allergic and Irritant Contact Dermatitis in gd+ T-Cell De®cient Mice is
Dependent on Genetic Background
M. Girardi, E. Glusac, C. Ferrari, R. Filler, A. C. Hayday,* and R. E. Tigelaar
Yale University School of Medicine, New Haven, Conneticut; *GKT Guy's Hospital, London, U.K.
Several reports suggest that gd+ T-cells may function in an anti-in¯ammatory capacity. We
backcrossed the T-cell receptor (TCR) delta knockout (DKO) mutation onto several murine
backgrounds, including C57BL/6 (B6), FVB, and nonobese diabetic (NOD). Initial studies of
allergic contact hypersensitivity (CHS) using dinitro¯uorobenzene (DNFB), and irritant contact
dermatitis using tetradecanoylphorbol acetate (TPA), showed no difference between B6-DKO and
B6 littermates. However, FVB-DKO mice challenged with 0.2% DNFB to ear skin, one week
after sensitization to abdominal skin, showed markedly enhanced ear swelling which peaked at 48 h
(19.3 6 1.5 in.x10±3 vs 7.3 6 0.7 in controls; p < 0.0001). FVB-DKO mice demonstrated similar
increased ear swelling to the structurally unrelated sensitizing agent dimethylbenzathracine
(DMBA; 5.8 6 0.7 vs 2.8 6 0.4 in controls; p < 0.0002). Furthermore, ear swelling response to a
40-nmol TPA irritant challenge to naive mice was greatly enhanced in FVB-DKO mice, peaking
at 48 h (21.5 6 1.2 vs 10.8 6 1.4 in controls; p = 0.0001). Histology from FVB-DKO mice 72 h
after challenge with DNFB, DMBA, or TPA revealed dense mixed in¯ammatory dermal and
epidermal in®ltrates; FVB controls showed mild dermal in¯ammation. While neither naive B6- or
FVB-DKO mice developed spontaneous cutaneous in¯ammation, unmanipulated NOD-DKO
mice developed spontaneous ear swelling measured at age 6 wk (10.4 6 0.8 vs 7.6 6 0.2 in
controls; p = 0.002), and 10±12 wk (20.0 6 0.4 vs 12.4 6 0.2; p < 0.0001). Thus, gd+ T-cells
function to down-regulate cutaneous in¯ammation to a varying degree depending on genetic
background.

Accelerated Skin Carcinogenesis in Mice De®cient in Thrombospondin-2
T. Hawighorst, P. Velasco, M. Streit, P. Bornstein,* and M. Detmar
Cutaneous Biology Research Center, Department of Dermatology, Massachusetts General Hospital and
Harvard Medical School, Charlestown, Massachusetts; *Department of Biochemistry, University of
Washington, Seattle, Washington
We have recently shown that thrombospondin-2 (TSP-2), a matricellular protein, is a potent
endogenous inhibitor of tumor growth and angiogenesis. Moreover, TSP-2 expression is
downregulated in cutaneous squamous cell carcinomas, as compared with its expression in normal
skin. To investigate whether TSP-2 might play a protective role in skin carcinogenesis, TSP-2de®cient mice and age-matched wildtype mice were subjected to a standard two-step skin
carcinogenesis protocol. For initiation, mice were treated topically with 25 mg DMBA, applied to
the dorsal skin, followed by 20 weekly topical applications of 5 mg of the tumor promoter PMA.
TSP-2-de®cient mice exhibited an accelerated formation of skin papillomas with a signi®cantly
shorter latency period of 9 weeks as compared to 14 wk in wildtype mice. At 14 weeks after PMA
promotion, the percentage of tumor-bearing mice was 100% in TSP-2 de®cient mice as compared
to only 57% in wildtype mice. Moreover, TSP-2 de®cient mice developed signi®cantly more
papillomas compared with the control group. After 20 wk of PMA promotion, TSP-2 de®cient
mice averaged 19 papillomas per mouse as compared to only four papillomas per wildtype mouse.
Furthermore, the size of papillomas was signi®cantly increased in TSP-2 de®cient mice. In
summary, these data demonstrate that loss of TSP-2 results in a signi®cantly enhanced susceptibility
to chemically induced skin carcinogenesis and suggest that TSP-2 expression in the skin plays a
protective role in skin carcinogenesis.
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Keratinocytes Transduced to Overexpress Either Bc1±2 or Bcl-xL Acquire Resistance to
UV-Light Induced Apoptosis but not TRAIL-Induced Apoptosis
P.E. Bacon, J. Panella, M. Denning, and B.J. Nickoloff
Department of Pathology, Cardinal Bernardin Cancer Center, Loyola University, Chicago, Illinois
Basal cell carcinoma and squamous cell carcinoma overexpress Bcl-2 and Bcl-xL, respectively.
Transgenic mice engineered with keratinocytes (KCs) that resist apoptosis have increased rates of
development of cancer, con®rming a link between apoptosis resistance and skin cancers. As a
prelude to devising novel treatments for skin cancer, we sought to elucidate mechanisms that
enhance apoptosis susceptibility. Thus, we explored the speci®c roles for Bcl-2 and Bcl-xL in
apoptosis mediated by either UV-light or TRAIL. Immortalized KCs (HaCaT cells) were
transduced with a retrovirus containing only linker (mock infected) or human Bcl-2 or Bcl-xL.
Both mock-infected or HaCaT cells overexpressing either Bcl-2 or Bcl-xL were irradiated with
UV-B (30mj); 18 h later KCs were stained with propidium iodide followed by FACS to measure
sub-GO DNA content as a marker for apoptosis. In some experiments, HaCaT cells were
pretreated with caspase inhibitor ± Z-VAD-FMK. After UV-B exposure, 65 6 8% of mock
infected HaCaT cells were apoptotic, whereas Bcl-2 overexpressing HaCaT cell had only 26 6 4%
and Bcl-xL overexpressing HaCaT cells had only 41 6 3% (p < 0.05) apoptotic cells. The extent of
apoptosis induced by TRAIL was approximately 40% of HaCaT cells with no difference amongst
the transduced cell lines. However, pretreatment with Z-VAD-FMK conferred resistance to
TRAIL -induced apoptosis for all types of HaCaT cells (< 3%). We conclude the death receptor
pathway mediated via TRAIL is not sensitive to cell survival pathway involving either Bcl-2/BclxL, but requires caspases; whereas UV light-induced apoptosis is partially regulated by the Bcl-2/
Bcl-xL pathway. These results suggest that TRAIL may induce apoptosis in skin cancers despite
high levels of Bcl-2/Bcl-xL.

CUSP Expression Supports Interaction Between Sonic Hedgehog and p53 Pathways in
Basal Cell Carcinogenesis
R. Dellavalle, P. Walsh, A. Marchbank, J. DeGregori, L.-J. Su, M. Aszterbaum, E. Epstein Jr, and
L. Lee
Departments of Dermatology, University of Colorado School of Medicine, Denver Health, and VA, Denver,
Colorado, and University of California, San Francisco, California
Abnormalities in genes of the Sonic hedgehog (Shh) pathway (i.e., PATCHED (PTC) and
SMOOTHENED (SMO)) and in p53 commonly occur in BCC, but additional factors are likely to
contribute to BCC development. We and others have described a new member of the p53 family,
a gene most commonly identi®ed as p63. CUSP, the most abundant p63 transcript in the skin, is
readily detected in the nuclei of normal basal keratinocytes and hair follicle epithelium. CUSP lacks
the N-terminal transactivation domain of full length p63 transcripts and has been shown to
dominantly block p53-dependent gene activation. By blocking p53 function, CUSP might play a
role in cutaneous carcinogenesis.
We previously reported a lack of CUSP immunostaining in a majority (12 of 16) of sporadic BCC.
Western and Northern analysis consistently revealed CUSP protein and mRNA in all samples
analyzed, leading us to speculate that molecular interactions mask the CUSP signal in BCC. We
have extended these studies to demonstrate normal CUSP staining in samples of normal skin
(N = 21), benign tumors (N = 3), and squamous cell carcinoma (N = 4). Thus, absence of CUSP
immunoreactivity is relatively speci®c for BCC. Complete sequencing of CUSP/p63 in three of
the BCCs revealed no mutation. Three of three patients with basal cell nevus syndrome (BCNS)
had absence of CUSP immunostaining in their BCC, and remarkably two had complete or focal
absence of immunostaining in the surrounding normal-appearing skin. Driven by the hypothesis
that Shh pathway activation may correlate with loss of CUSP immunoreactivity, we examined
BCC from the PTC heterozygote mouse model of BCNS and from two patients with nevus
sebaceous, a condition which has at least in some cases been associated with localized PTC
mutation. BCC from the PTC mouse displayed absence of CUSP immunoreactivity, as did one of
the nevus sebaceous specimens.
We speculate that CUSP immunostaining is absent in the majority of BCC as a result of an
interaction of CUSP with the SHH pathway. Because CUSP/p63 appears to play a role in the
regulation of p53 activity, this putative molecular interaction of CUSP with the SHH pathway
may provide a link between SHH activation and p53 function.

A Microarray Screen for BCC-Enriched Genes Reveals BEG4, a Gene That Encodes a
Novel Shh-Inducible, Proline-Rich Protein
L. Horng, H.H. Zhen, N. Patil,* and A.E. Oro
Stanford University, School of Medicine, Stanford, California; *Affymetrix Inc., Santa Clara, California
Sonic hedgehog (Shh) target gene activation plays a central role in the pathogenesis of Basal cell
carcinomas (BCCs). To identify Shh target genes involved in human BCCs, we have performed a
genomic wide screen for Shh target genes using DNA microarrays. Fluorescent probes were
generated from Shh-expressing, regenerated human skin that recapitulates many features of human
BCCs, and compared with probes from control regenerated skin. One of the genes identi®ed is
BCC-enriched gene 4 (BEG4). BEG4 is normally expressed in the skin in the outer root sheath of
the hair follicle near Shh-expressing cells. BEG4 is expressed at high levels in the epithelium of
nodular and in®ltrative BCCs, and not in cultured keratinocytes, interfollicular epidermis or in
other proliferative tumors such as squamous cell carcinomas. BEG4 is Shh-inducible, as ectopic
expression of Shh produces ectopic BEG4 expression either in K14-Shh transgenic animals or in
Shh-expressing human skin grafts. The BEG4 sequence predicts a conserved, novel proline-rich
protein. These data demonstrates the utility of our screen for identi®cation of novel BCC and hair
follicle-speci®c genes.

763

EP3-Dependent Signaling Inhibits Keratinocyte Growth: A Putative Mechanism for
Cancer Chemoprevention By Selective COX-2 Inhibitors
A.P. Pentland, R. Han, E. Shenkut, N. Khan, and R. Konger
University of Rochester, Rochester, New York, and Searle, Skokie, Illinois
Recent work has shown profound photocarcinogenesis protection by selective cyclooxygenase-2
(COX-2) inhibitors. Tumor bearing SKH hairless mice fed drug experienced 50% fewer new
tumors than untreated animals. The mechanism of this protection against tumor progression was
examined in two models: effects of PGE2 formation in treated animals and in human keratinocyte
cultures. In punch biopsies of UV irradiated Celecoxib-treated animals, PGE2 formation was
decreased 10 fold, but not eliminated. The low quantities of PGE2 produced in Celecoxib-treated
animals suggested signaling occurred mainly via the high af®nity EP3 receptor. Stimulation of EP3
signaling using the PGE2 analogue sulprostone increased ceramide synthesis and DAG release up to
100% over basal levels. In HACAT cells transfected with EP3 receptor in the sense orientation,
growth was profoundly inhibited and cAMP levels were decreased > 50%. These results suggest
that low (but not absent) levels of PGE2 stimulate keratinocyte differentiation via an EP3
dependent pathway. This effect may permit UV-initiated cells to enter terminal differentiation,
decreasing skin tumor numbers.

Multiple Levels of Stromal Regulation of Sonic Hedgehog Signaling During BCC
Formation
H.H. Zhen and A.E. Oro
Stanford University, School of Medicine, Stanford, California
Basal cell carcinomas (BCCs) are stromal-dependent tumors, an ideal model for the analysis of
tumor±stromal interactions. We have begun to analyze how the stroma modulates Sonic hedgehog
(Shh) target gene induction and subsequent BCC formation. We compare the gene expression of
human keratinocytes that express different members of the Shh signaling pathway in either (i)
isolated cells or (ii) cells grafted onto nude mice, a stromal environment previously shown to
induce BCC-like changes. In the absence of stroma, induction of Gli1, a transcription factor
thought to mediate many of the effects of Shh signaling, is blocked. Overexpression of Shh can
overcome this block when the cells are grafted onto nude mice. This ®nding suggests regulation of
Gli1 transcription is a major site of stromal regulation. To test whether expression of Gli1 is
suf®cient to induce BCC-like changes, gene expression in Gli1-expressing keratinocytes in culture
was examined. Gli1-expressing cells paradoxically grow slower than control cells. While Gli1expressing cells induce tumor markers ptc-1, Gli2 and repress the transcription of integrin alpha-6,
they fail to regulate transcription of Gli1 itself and BPAg2. These data demonstrate the multiple
levels of stromal regulation of Shh signaling and point out potential targets for novel antitumor
agents.

Induction of Apoptosis by CHOP/gadd153, a Transcription Factor Involved in
Carcinogenesis and Adaptation to Stress
E.V. Maytin, M. Ubeda,* J.C. Lin,* and J.F. Habener*
Deparments of Dermatology & Biomedical Engineering, Cleveland Clinic Foundation, Cleveland, Ohio;
*Howard Hughes Medical Institute, Massachusetts General Hospital, Boston, Massachusetts
CHOP/gadd153 is upregulated after exposure to UV light and other forms of cellular stress. It can
also direct oncogenic transformation when fused to TLS in myxoid liposarcoma. Despite the fact
that many agents induce CHOP expression and at the same time produce apoptosis, evidence that
CHOP actually mediates apoptosis has been circumstantial. Here, we directly examine the role of
CHOP in apoptosis. Microinjection of green ¯uorescent protein (GFP)-tagged CHOP into HeLa
cells or murine keratinocytes led to a progressive loss of cell viability over 72 h. Control plates
injected with GFP alone showed no loss of GFP-positive cells. To study larger cell populations,
GFP-CHOP was transiently transfected using a highly ef®cient method (30±50% transfection
ef®ciency), and apoptosis was measured via DNA laddering, FACS analysis, and by measuring
¯uorescence in the collected supernatants. Apoptosis after transfection with GFP-CHOP was
signi®cantly greater than after GFP alone. To rule out toxicity from driving GFP into the nucleus,
GFP was fused to a nuclear localization signal (NLS-GFP); no apoptosis was observed. When the
stress-dependent kinase (p38) was cotransfected together with GFP-CHOP, apoptosis was
increased several-fold over GFP-CHOP alone. To ask whether p38 augments CHOP-induced
apoptosis via direct phosphorylation of CHOP, critical targets in the CHOP molecule (serines 78
and 81) were mutated to alanines. Mutant CHOP produced apoptosis at a rate similar to wildtype
CHOP, but cotransfection with p38 failed to produce an additional increment in apoptosis. These
results show that CHOP mediates apoptosis via two separable pathway, i.e., one p38-dependent
and the other p38-independent. We are currently mapping the CHOP molecule in order to
determine the region(s) responsible for the protein's pro-apoptotic function.
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Regulated Expression and Association with Melanoma Progression of Newly De®ned
Metastasis-Associated Molecule C4.4
S. Seiter, K. Hilgert, U. Reinhold, S. Ugurel, and M. Zoeller*
University of Hombug/Saar, Homburg, Germany; *German Cancer Center, Heidelberg, Germany
We recently cloned a metastasis-associated molecule of the rat, C4.4A, which has a low degree of
homology to uPAR. C4.4A is GPI anchored and composed of three domains and there is evidence
that the molecule is involved in matrix degradation. Cloning of the human homologue and
screening at RNA level revealed expression only in skin, placenta and weakly in oesophagus and
peripheral blood leukocytes, but not in T cells. High level expression of human C4.4A (hC4.4A),
however, was detected on some tumor lines derived mainly from colon and pancreas.
Furthermore, it was detected on 20 of 20 melanoma lines. This prompted us to explore whether
expression may be associated with tumor progression. In fact, while ®ve of ®ve naevi were negative
for hC4.4A, eight of 16 primary melanomas were positive, ®ve of ®ve lymph node and seven of
seven cutaneous metastases strongly expressed hC4.4A indicating a correlation of hC4.4A
expression with tumor progression. Furthermore, we cultured human melanoma lines in the
presence of serum or IFNg and evluated expression of hC4.4A by quantitative PCR. In the
presence of human serum, expression of hC4.4 was increased in four of four melanoma lines,
however, no increase was observed using heat inactivated serum. This serum-mediated
upregulation was abolished or at least strongly counterregulated in the presence of plasminogen
inhibitors. These features suggest that hC4.4A may function as a receptor for a yet unde®ned
matrix degrading enzyme, which apparently displays functional activity mainly during placentation
and tumor progression.

Induction of Apoptosis in Melanoma Cell Lines by p53-family Members
T. Yamashita, T. Tokino, H. Jin, and K. Jimbow
Department of Dermatology and Department of Molecular Biology, Cancer Research Institute, Sapporo
Medical University School of Medicine, Chuo-ku, Sapporo, Japan
More than 50% of human cancers contain mutant p53, and re-introduction of wild-type p53 might
induce apoptosis in p53-de®cient cancer cells. Recently, p53-related proteins p51A, p51B, p73a
and p73b have been characterized. These p53 family members have been reported to be
infrequently involved in human cancers. Meanwhile, only less than 10% of melanomas contain
mutant p53 and little is known about the inducibility of apoptosis in melanoma cells by p53 and its
related proteins. We cloned cDNAs of p53, p51A, p51B, p73a and p73b from human RNA
library by RT-PCR, veri®ed their nucleotides and cloned them separately into adenovirus vector.
Inducibility of apoptosis was studied in six melanoma cell lines (SK-mel-23, SK-mel-24, SK-mel118, TXM18, 70W and G361) by using the recombinant adenoviruses. Among melanoma cell
lines tested, only one cell line 70W contained mutant p53 (115E to 115 L). Fas (CD95)-mediated
apoptosis was observed in SK-mel-118, TXM18 and G361, but not in SK-mel-23, SK-mel-24 and
70 W. SK-mel-23 and 70W showed apoptosis by infection of recombinant adenovirus expressing
p53, p51A and p73b, while SK-mel-118 by p51A but not by p53 and p73b. TXM18 and SK-mel24 were only slightly sensitive and resistant to apoptosis by p53 family members, respectively, while
G361 was sensitive even to the control vector Ad-LacZ. These suggest that (i) p53 family members
were able to induce apoptosis in melanoma cells expressing not only mutant p53 but also wild-type
p53, and in cells de®cient for Fas-mediated apoptotic pathway, and (ii) p51A can induce apoptosis
in melanoma cells which are resistant to p53- or p73b-mediated apoptosis. Thus, p51A was
considered to be an useful candidate for gene therapy against melanoma.

DNA Damage and Proliferating Cell Nuclear Antigen Expression in Hairless Mice
Simultaneously Exposed to Benzo(a)pyrene and UVA Radiation
R. Blum, Y. Lu, T. Shoji, M. Lebwohl, and H. Wei
Department of Dermatology, Mount Sinai Medical Center, New York, New York
Skin cancer has alarmingly increased in the past decades. We hypothesize that overexposure to
ultraviolet (UV) A and the environmental pollutant benzo(a)pyrene (BaP) may contribute to the
increased incidence of skin cancer. The objective of this study is to determine the synergistic effect
of BaP and UVA radiation on skin tumorigenesis and the underlying mechanisms.
Groups of hairless mice (20 per group) were treated with 20 ng of BaP, 20 kJ per m2 UVA, or BaP
plus UVA radiation twice weekly. Approximately 40% of mice treated with BaP-UVA developed
skin tumor over 25 wk, whereas neither BaP nor UVA alone produced skin tumors. Animal
studies indicated that simultaneous exposure to subcarcinogenic BaP and UVA substantially
increased the incidence of skin tumors. The immunohistochemical staining of BaP plus UVAtreated mouse skin has been performed using the antibodies against 8-hydroxy-2¢-deoxyguanosine
(8-OHdG), BaP diol epoxide DNA adducts (BPDE-DNA), and proliferating cell nuclear antigen
(PCNA). The results showed that BaP did not, and UVA slightly increased the level of 8-OHdG in
epidermis, while BaP-UVA radiation exhibited extensive staining of full epidermis, and partial
dermis. BaP per se increased the BPDE-DNA adducts in epidermis, and UVA radiation
substantially attenuated the DNA adduct staining. These studies indicated that BaP can serve as a
sensitizer to generate reactive oxygen species that enhance the oxidative modi®cation of DNA
bases by UVA radiation, and prolong the half life of BPDE-DNA adducts. PCNA staining showed
that BaP-UVA substantially induced PCNA expression in full epidermis compared to a mild to
moderate staining by BaP or UVA radiation alone. In conclusion, our study suggests that BaP and
UVA radiation synergistically enhance DNA damage and attenuate cell proliferation capacity,
which may account for the initiation and promotion of skin carcinogenesis.

Allelic Deletions at 9p21 in Pre-Existing Nevi of Malignant Melanoma
I. Bogdan, C. Zhang, J. Smolle,* H. Kerl,² G. Burg, and R. BoÈni
University Hospital ZuÈrich, Switzerland, Zurich, Switzerland; *University of Graz, Graz, Austria;
²University Graz, Graz, Austria
It has been shown that the co-occurence of melanoma and pre-existing nevus is not a random
event and that acquired nevi may be precursors of melanoma. Histologic studies show the
association of melanoma and pre-existing nevus within one biopsy in 10±30% of cases.
The critical area of chromosomal loss at 9p21 has been implicated in the genesis of malignant
melanoma, representing a site of frequent somatic chromosomal deletions in melanoma. Allelic
deletions within this chromosomal region most often include the tumor suppressor gene p16.
We therefore aimed to search for allelic deletions of pre-existing nevus cell clusters within primary
cutaneous melanoma. Using a microdissection based approach, we analyzed 30 archived primary
cutaneous melanoma and associated nevi for loss of heterozygosity (LOH) at 9p21 using the
polymorphic DNA markers D9S171 and IFNA. LOH was detected in 11 of 28 nevi (39%) at
D9S171 and in 10 of 28 (35%) at IFNA in the dissected nevus cell clusters, and in nine of 28 (32%)
at D9S171 and in eight of 28 (28%) at IFNA in the tumor. In eight of 28 (28%) cases, LOH was
detected simultaneously in nevi and in associated melanoma using both markers.
The lower frequency of allelic deletions in melanoma compared to the pre-existing nevi in our
study may be explained by the fact, that the nevus cell-nests are more homogenous compared to
melanoma samples, and therefore easier to dissect. A higher frequency of contamination with
normal somatic cells would thus be expected in the melanoma samples. Another explanation is the
previously described heterogeneity of allelic deletions within primary cutaneous melanoma.
Our results suggest a causal relationship in the development of melanoma within the pre-existent
associated nevus. These data con®rm the hypothesis, that deletions within 9p21 could play an
important role in the early event of melanoma development, since these genetic alterations are
found in histologically benign melanoma-associated nevi.

Oncogenic Ras Decreases Susceptibility to Fas-Mediated Apoptosis in Melanoma Cell
Lines
J.S.L. Urquhart, S. Meech, R. Duke, M. Fujita, Y. Shellman, and D.A. Norris
University of Colorado Health Sciences Center, Denver, Colorado
Oncogenic ras has been associated with tumor progression in melanoma. In other cell lines, ras
downregulates Fas expression, and in previous studies it has been proposed that Fas ligand (FasL)
expression by melanoma cells may kill in®ltrating T cells. We directly tested the effects of ras on
Fas-mediated apoptosis in melanoma cells, and whether these melanoma cells expressed functional
Fas or FasL. We analyzed Fas and FasL expression by FACS in WM35 radial growth phase
melanoma cells transfected with mutant N- or H-ras and in plasmid controls, and performed
cytotoxicity experiments with these cells as effectors or targets. We found no surface expression of
FasL in the ras transfectants or controls grown in in either monolayer or spheroid culture
conditions. These cells did not act as killers against Fas positive target cells, supporting a recent
report (Cancer Res 59:59±62). Surface expression of Fas was decreased in the ras transfectants in
both monolayer and spheroid culture conditions. All melanoma cell lines were less susceptible to
Fas mediated killing than were the positive control cell lines used. Ras transfectants grown in
spheroid cultures were signi®cantly less susceptible to Fas-mediated cell death than were the
plasmid control cells, associated with a decrease in expression of Fas and also with decreased Bcl-2
in the ras transfectants (previous studies). These experiments show that melanomas have resistance
to Fas-mediated apoptosis, and that oncogenic ras may downregulate susceptibility to apoptosis by
changing expression of both Fas and Bcl-2. They also support recent ®ndings questioning FasL
expression by melanoma. We are now studying whether there may be other inhibitors of Fasmediated apoptosis in melanoma including FLIP and IAPs.

Genetic and Functional Analysis of Immune Control of a Virally Induced Endothelial
Tumor
J. Arbiser, A. Bingaman, M. Durham, S. Cowan, E. Zarnegar, V. Varma, and C. Larsen
Departments of Dermatology and Surgery, Emory University School of Medicine, Department of Pathology,
Atlanta Veterans Administration Hospital
Virally induced tumors, such as Kaposi's sarcoma, non-Hodgkins lymphoma, and cervical cancer,
are a signi®cant cause of morbidity and mortality in immunocompromised patients.We describe a
novel model of immune rejection of virally transformed endothelial cells that can be used to study
the genetic and functional determinants of rejection of virally induced tumors. Introduction of
SV40 large T antigen to primary C57BL6 microvascular endothelial cells through a recombinant
retrovirus gave rise to MS1 cells, which are immortalized but not malignant. Introduction of
oncogenic H-ras into MS1 cells gave rise to SVR angiosarcoma cells (PNAS 94:861±866, 1997),
which grow in nude but not syngeneic C57BL6 mice. In order to determine whether rejection of
SVR tumor cells in syngeneic C57BL6 mice was immune mediated, we transferred of naõÈve
lymphocytes to SCID mice bearing subcutaneous SVR tumor. Reconstitution of C57BL6/SCID
mice bearing SVR tumor with immunocompetent naõÈve T cells on day 0 or 7 after inoculation of
mice with SVR tumor led to rejection of SVR tumor, demonstrating that rejection of SVR tumors
was immune mediated. Depletion of C57BL6 mice with anti CD4 or CD8 antibodies did not
permit growth of tumor in vivo. Tumors failed to grow in knockout mice for CD28, CD40, and
CD40L, but tumors could grow in these knockout mice if they were depleted of CD8 but not
CD4 lymphocytes, indicating that CD4 mediated rejection of SVR tumors is dependent on
costimulatory pathways. To determine whether we could induce speci®c tolerance to SVR cells,
we treated mice with combined blockade with CTLA4Ig and anti-CD40 antibodies and treatment
of mice with MS1 cells, human A431 cells as a nonspeci®c antigen. Treatment of mice with either
MS1 cells or nonspeci®c immune challenge with A431 cells led to long-lasting generalized
immunosuppression, resulting in rapid growth of SVR tumor, but not speci®c tolerance to tumor,
as SVR tumor grew in animals that were treated with combined blockade and A431 cells as well as
those treated with MS1 cells. Treatment with either CLTA4IG or anti-CD40 antibodies alone led
to rapid growth of SVR tumors in syngeneic C57BL6 mice. Thus, both CD4 and CD8 subsets are
capable of rejecting a virally induced endothelial tumor. Our results suggest that patients
immunosuppressed with CTLA4Ig or antiCD40 antibodies will be at increased risk of virally
induced malignancy.
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Sanguinarine is an Effective Inhibitor of Proliferation of Skin Cancer Cells: Involvement
of Nuclear Factor kappa B
N. Ahmad, S. Gupta, and H. Mukhtar
Department of Dermatology, Case Western Reserve University, Cleveland, Ohio
Sanguinarine, derived from the root of Sanguinaria canadendid, has been demonstrated to possess
antimicrobial, anti-in¯ammatory and antioxidant properties. In this study we identi®ed the
antiproliferative potential of sanguinarine against skin cancer cells. Sanguinarine treatment resulted
in a dose dependent decrease in the viability of human epidermoid carcinoma (A431) cells and
normal human epidermal keratinocytes (NHEK), albeit at different levels as sanguinarine-mediated
loss of viability occurred at lower doses and was much more pronounced in the A431 cells than in
the NHEK. DNA-ladder assay demonstrated that sanguinarine treatment of A431 cells resulted in
an induction of apoptosis at 1, 2 and 5 mM doses. Interestingly, apoptosis was not evident in NHEK
even at a dose of 10 mM. The induction of apoptosis by sanguinarine was also evident by confocal
microscopy after labeling the cells with Annexin V. This method also identi®ed necrotic cells, and
sanguinarine treatment was also found to result in necrosis of A431 cells. The NHEK exclusively
showed necrotic staining, but only at high doses (2 and 5 mM). Nuclear factor NF-kB, a pleiotropic
transcription factor has been shown to be associated with many physiological processes including
in¯ammation, cellular proliferation and cancer. NF-kB is increasingly being appreciated as a target
for drug development against cancer. We next evaluated the effect of sanguinarine on NF-kB in
A431 cells. Immunoblot analysis revealed that sanguinarine (1±5 mM) treatment to A431 cells
resulted in a dose dependent inhibition of tumor necrosis factor (TNF) a-mediated activation of
NF-kB/p65. This inhibition was mediated via the phosphorylative degradation of its inhibitory
protein IkB-a. We suggest that sanguinarine could be developed as a drug for skin cancer.

IL-1a Protects Against Carcinoma Generation in Skin by Blocking Papilloma
Formation and Exerts its Effects Independent of the Acquired Immune System
J.-E. Murphy, S Dayan, and T.S. Kupper
Harvard Skin Disease Research Center, Boston, Massachusetts
In the DMBA/PMA two stage carcinogenesis model, a single application of DMBA followed by
multiple applications of PMA induces papillomas and then carcinomas. We have previously
reported that mice expressing 17 kDa IL-1a under the control of the Keratin 14 promoter are
completely resistant to the generation of papillomas and carcinomas, a surprising result that is
highly reproducible. This protective effect was not due to a failure of the K14/IL-1a mice to
respond to PMA, as PMA-induced keratinocyte proliferation and in¯ammation were comparable
in transgenics and littermate controls. We report here that T and B cells are not required for this
protective effect. The K14/IL-1a transgene was bred onto a Rag-2 recombinase-de®cient
background. These IL-1a+/Rg-de®cient mice, which express neither T cell nor B cell antigen
receptors due to a lack of a critical recombinase gene, were completely protected from two-stage
carcinogenesis while the littermate controls developed papillomas (100%) and carcinomas (53%).
Oral cavity epithelium also expresses K14 and K14/IL-1a mice express high levels of IL-1a in these
tissues. Induction of oral cavity carcinomas was undertaken with multiple applications of 4nitroquinoline 1-oxide. Paradoxically, K14/Il-1a mice uniformly developed aggressive oral
squamous cell carcinomas at a higher rate than the nontransgenic littermates. To test this repetitive
initiation model on the skin, we used multiple applications of DMBA alone. While nontransgenics
developed papillomas and then carcinomas, K14/Il-1a mice developed carcinomas de novo on
treated skin, without the generation of pre-existing papillomas. We conclude that the protective
effect of IL-1a on carcinoma generation in these mice involves a block at the level of papilloma
formation, and that papillomas are an absolute requirement for carcinoma formation if only a single
initiation event occurs. However, multiple mutagenic insults to skin can generate carcinomas
without antecedent papilloma formation in these mice. The mechanism by which IL-1a blocks
papilloma formation is unknown, but may be related to NF-kB-related effects on keratinocyte
differentiation.

Expression of Intercellular Junction Proteins in Dermal Microvascular Endothelial Cells
Using a Replication De®cient Retroviral System
K. Venkiteswaran, S. Summers, C. Calkins, and A. Kowalczyk
Departments of Dermatology, Cell Biology, and the Emory Skin Diseases Research Center, Emory
University School of Medicine, Atlanta, Georgia
VE-cadherin plays a central role in endothelial adhesion and angiogenesis. VE-cadherin is coupled
to the cytoskeleton by plakoglobin and b-catenin, members of the armadillo (arm) gene family. In
epithelial cells, cadherins and arm family proteins participate in signaling pathways that regulate
tissue morphogenesis. To investigate the role of this adhesion and signaling complex in
microvascular endothelial cells, a retroviral system was used to transduce immortalized dermal
endothelial cells (HMEC-1). Stable cell lines expressing either myc epitope-tagged plakoglobin
(Pg.myc) or a mutant VE-cadherin comprising the interleukin 2 receptor extracellular domain and
the VE-cadherin cytoplasmic tail (IL2R-VE-cadcyto) were generated. Retrovirally expressed
Pg.myc colocalized with endogenous VE-cadherin at intercellular junctions and displaced
endogenous b-catenin from cell contacts. Immunoblot analysis indicated that total b-catenin levels
were reduced, whereas VE-cadherin levels were elevated. Initial growth curve studies indicated
that Pg.myc enhanced HMEC-1 growth. In contrast, the IL2R-VE-cadcyto mutant decreased
endogenous VE-cadherin levels and disrupted intercellular junctions. Both plakoglobin and bcatenin were distributed in a diffuse pattern and colocalized with IL2R-VE-cadcyto. Interestingly,
the IL2R-VE-cadcyto mutant decreased HMEC-1 growth rates. We are currently investigating the
mechanisms by which VE-cadherin and arm family proteins regulate dermal endothelial adhesion
and growth. The potential regulatory functions of VE-cadherin and arm family proteins in
endothelial adhesion and growth control may have important implications during cutaneous
diseases that exhibit angiogenic responses.
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Deregulation of Cyclin Kinase Inhibitor-Cyclin-Cyclin Dependent Kinase Machinery by
Green Tea Polyphenol (±)-Epigallocatechin-3-Gallate
H. Mukhtar, P. Cheng, and N. Ahmad
Department of Dermatology, Case Western Reserve University, Cleveland, Ohio
Green tea, especially the polyphenols present therein, has shown remarkable anti-in¯ammatory and
cancer chemopreventive effects in many mouse skin tumor models. At the present time green tea is
supplemented in many skin care products. One cup of brewed green tea contains up to 200 mg of
(±)-epigallocatechin-3-gallate (EGCG), the major polyphenol in green tea. Our earlier studies have
shown that EGCG treatment results in apoptosis and G0/G1-phase arrest of the cell cycle in
human epidermoid carcinoma (A431) cells. The regulation of cell cycle is mediated via a dynamic
interaction between the components of a network composed of cyclin kinase inhibitor (cki),
cyclins and its catalytic subunit, the cyclin dependant kinases (cdk). In this study, employing A431
cells, we investigated the effect of EGCG on the cki-cyclin-cdk network operative in G0/G1phase of the cell cycle. Immunoblot analysis revealed that EGCG treatment of cells resulted in a
time-and dose-dependent (i) induction of WAF1/p21, and (ii) down regulation of cyclin D1, and
cdk4 and cdk6 but not cdk2. Interestingly, the kinase activity assay revealed that EGCG treatment
of the cells also resulted in a dose-and time-dependent decrease in kinase activities associated with
cdk4 and cdk6 as well as cdk2. Based on this study, we suggest that EGCG-mediated induction of
the cyclin kinase inhibitor WAF1/p21 results in an imposition of arti®cial checkpoint at G1®S
transition, which through inhibition in the cdk2, cdk4, cdk6, and cyclin D1 causes a G0/G1 phase
cell cycle arrest. This cell cycle arrest is an irreversible process and the cells, unable to repair these
damages, ultimately follow an apoptotic cell death. This study provides a molecular basis for the
observed chemopreventive effects of green tea against skin cancer.

Characterization of the HECA-452 Immunoreactive Epitope of Cutaneous Lymphocyte
Antigen (CLA): Evidence that The Sialyl Lewis X-related Carbohydrate is Necessary but
Not Suf®cient
J. Kieffer, R. Fuhlbrigge, S. King, and T. Kupper
Harvard Skin Disease Research Center, Boston, Massachusetts
We and others have shown that the CLA epitope, de®ned by immunoreactivity with the mAb
HECA-452, and expressed by skin homing memory T cells, dendritic cells, and nearly all
monocytes and neutrophils, resides on the protein backbone of PSGL-1. Expression of the CLA
isoform of PSGL-1 enables leukocytes to tether and roll on both E- and P selectin, while PSGL-1
isoforms lacking this epitope either cannot bind selectins or can interact with P-selectin alone.
However, the biochemistry of the CLA epitope remains obscure. Using conventional SDS-PAGE
and immunoblot, we found that N-glycanase treatment of lysates of CLA-expressing T cells did
not reduce the intensity of HECA immunoreactivity, although the reactive band migrated with
slightly lower apparent MW than control. This suggests that, like the well-studied P-selectin
binding moieties of PSGL-1, the CLA epitope involves an O-glycan. Using novel modi®ed PAGE
methods capable of resolving free carbohydrates and very small glycopeptides, we noted that
puri®ed sialyl Lewis 3 showed no HECA immunoreactivity, suggesting that additional structures
were required. We next employed a chimeric molecule consisting of the distal 19 AA's of PSGL-1
linked to the Fc portion of IgG (19Fc PSGL-1). This chimeric molecule, which contains a single
O-linked carbohydrate on threonine 16 of PSGL-1, is HECA-452 reactive and mediates tethering
under ¯ow to both E and P selectin. We treated 19Fc PSGL-1 with an endoproteinase which
cleaves only at the carboxylic side of glutamic acid. Based on the known structure of PSGL-1, this
enzyme is predicted to liberate a sialyated carbohydrate attached to a dipeptide consisting of
threonine 16 and glutamic acid 17 of PSGL-1. Endoproteinase treatment resulted in complete
abrogation of HECA immunoreactivity. Surprisingly, no low MW HECA-452 immunoreactive
species consistent with a glycosylated dipeptide was seen. Our ®ndings suggest that HECA
immunoreactivity requires a sialyated carbohydrate bound to a peptide of more than two amino
acids.

Superior Survival of Telomerase Transduced Human Blood Vessels In Vivo
J. Yang, U. Nagavarapu, and G. Herron*
Stanford University, Stanford, California; *Stanford University/The Molecular Medicine Research Institute,
Stanford/Mtn View, California, California
Ectopic expression of the human telomerase reverse transcriptase (hTERT) gene in dermal
microvascular endothelial cells (DMEC) causes life extension beyond replicative senescence and
resistance to programmed cell death in vitro. To test the durability of hTERT(+)DMEC in an in
vivo setting we developed a novel SCID mouse-human chimeric microvascular remodeling system.
Fluorescent microvessels were clearly identi®ed in tissue sections one week after subcutaneous
implantation of hTERT(+)/eGFP(+) DMEC in SCIDs, whereas implantation of HT1080, 293
cells or dermal ®broblasts showed no vessels. Human vessels were quanti®ed by species-speci®c
immunohistochemical micromorphometry and the presence of red blood cells indicated host
anastomosis. While parental DMEC formed vessels within SCIDs, their number was less than
hTERT(+)DMEC. Parental vessels did not survive beyond 2 wk whereas hTERT(+) vessels were
maintained at 4 wk. To clarify molecular mechanisms, we found hTERT(+)DMEC expressed
lower baseline levels of P53 isoforms but higher levels of CDK inhibitors p21 and p16 versus
parental cells under identical conditions. Since caspase-3 activation patterns were similar in the two
cell types, we speculate that telomerase may modulate death pathway signaling somewhere
between caspase activation a P53-dependent DNA damage checkpoint arrest system. This survival
advantage in vivo is in agreement with our previous in vitro observations and demonstrates superior
durability of hTERT(+) DMEC versus primary cells.
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Nuclear Export Plays a Key Role in Regulating the Subcellular Localisation Of Gli1
J. Green, G. Neil, and A.G. Quinn
St Bartholomew's & The Royal London School of Medicine & Dentistry, London, U.K.
Activation of Hedgehog (Hh) signalling in basal cell is accompanied by increased expression of
Gli1. Immunostaining with antibodies to the N and C termini of Gli1 has shown that the protein is
localised to the cytoplasm in both BCCs and outer root sheath keratinocytes and we have evidence
that nuclear localisation is not dependent on proteolytic cleavage of Gli1. As Gli1 is
transcriptionally active in BCCs we hypothesised that nuclear exclusion of Gli1 by active nuclear
export may play an important role in regulating its subcellular localisation. An EGFP-Gli1 fusion
protein was used to investigate factors affecting nuclear localisation in transfected cell lines.
Treatment of cells with leptomycin B led to the rapid accumulation of Gli1 in the nucleus. Analysis
of Gli1 identi®ed a putative nuclear export sequence (NES) which is highly conserved in other
members of this family. Mutation of three leucine residues to valines in this putative NES led to the
nuclear accumulation of the EGFP-Gli1 fusion protein. Western blot analysis con®rmed that fulllength Gli1 does enter the nucleus, and that proteolytic cleavage is not required for nuclear
localisation. Gli1 also contains a putative nuclear localisation sequence. We are currently
performing further site directed mutagenesis on the Gli1 gene to establish whether its subcellular
localisation is dependent on a balance between the activity of nuclear export and import sequences
within the protein. Our results suggest that control of the nuclear export of Gli1 plays a role in
regulating the effects of Hedghog signalling in keratinocytes

Tyrosine Kinases Target Desmosomal Proteins and Inhibit Desmoplakin:Plakoglobin
Interactions
C.A. Gaudry, M.F. Denning,* H.L. Palka, J.K. Park, L.G. Hudson,² and K.J. Green
North-western University Medical School, Chicago, Illinois; *Loyola University Medical School,
Chicago, Illinois; ²University of New Mexico, Albuquerque, New Mexico
Modulation of cell-cell adhesion is critical for keratinocyte cell migration during wound healing
and tumor metastasis. EGF or Src dependent post-translational modi®cation of junctional
components has been reported to negatively regulate the association of adherens junctions with the
actin cytoskeleton; however, the possible role of tyrosine kinases in modulating desmosomes is
unknown. Here, we demonstrate that plakoglobin (Pg), which is common to adherens junctions
and desmosomes, is rapidly phosphorylated on one or all residues Y693, Y724 and Y729, in
response to EGFR activation. In A431 epithelial cells treated with EGF, phosphorylated Pg and
desmoglein 2 were immunoprecipitated from the Triton soluble pool of proteins, which is
commonly regarded as noncytoskeleton associated. This indicates that EGFR activation can target
a nonjunctional pool of desmosomal proteins. The effect of tyrosine kinase activation on the
association between Pg and desmoplakin (DP), which provides a link between the desmosomal
plaque and the intermediate ®lament network, was investigated. Following EGFR activation,
tyrosine phosphorylated Pg was detected in association with phosphorylated desmoglein 2, but not
in association with DP. Activation of Src, which also phosphorylates Pg, or EGFR, decreases the
ratio of Pg associated with DP in transiently transfected COS-7 cells. These results suggest that
tyrosine phosphorylation of Pg inbibits its association with DP, which in turn could contribute to
modulation of desmosomes during the onset of keratinocyte migration necessary to epidermal
wound healing.

Noncollagenous (NC2) Domain of Type VII Collagen Mediates the Antiparallel-Dimer
Formation of Type VII Collagen and Constitutes a New Antigenic Epitope for EBA and
BSLE Autoantibodies
M. Chen, J. Wang, S.H. Tahk, F.K. Costa, and D.T. Woodley
Division of Dermatology, University of Southern California, California
Type VII collagen (COLVII), the major component of anchoring ®brils, consists of a central
collagenous triple helical domain (TH) ¯anked by a 145-kDa N-terminal noncollagenous (NC1)
domain and a small 34 kDa C-terminal noncollagenous (NC2) domain. cDNA sequence analysis of
NC2 reveals a highly conserved subdomain of eight cysteine residues which may play a role in
disul®de bond formation and the stabilization of COL VII dimers. We previously reported the
recombinant expression of the entire NC2 domain (161 amino acids) plus adjacent 173 amino acids
of the triple-helical domain (NC2/TH) in human cells. In this study, we show that this
recombinant NC2/TH readily forms disul®de-bonded hexameric aggregates, representing one
antiparallel dimer of COL VII. Removal of TH domain by collagenase digestion abolishes the
dimer formation, suggesting that the adjacent TH domain is essential for the formation of
antiparallel-dimers. To further identify the critical cysteine residues involved in the formation of
the disul®de linkages stabilizing the antiparallel dimers, we analyzed the effects of substituting
serine for the conserved cysteine residues within TH and NC2 domains. Double substitution
C2802S and C2804S mutant within NC2 reduced antiparallel dimer formation, while substitution
of a single cysteine residue C2634S within the TH domain had minimal effect. We conclude that
the NC2 domain mediates antiparallel-dimer formation of type VII procollagen and cysteine
residues are vital for stabilizing the dimers. Further, using both ELISA and immunoblot analysis
with this recombinant protein, we tested sera from patients with EBA (n = 25), bullous systemic
lupus erythematosus (BSLE) (n = 5), bullous pemphigoid (n = 10), and normal humans (n = 12).
Four of 25 EBA sera and four of ®ve BSLE sera reacted with the recombinant protein in both
assays, while none of the normal sera or sera from other bullous disease patients demonstrated
reactivity. This suggest that binding of EBA autoantibodies may destabilize the anchoring ®brils by
interfering with the antiparallel assembly of procollagen dimers leading to epidermal-dermal
disadherence.

Molecular Cloning and Characterization of Novel Isoforms of Human Caspase-8
M.R. Henry, L. Eckhart, H. Fischer, J. Bach, J. Ban, and E. Tschachler
DIAID, Department of Dermatology, Medical School Vienna, Vienna, Austria
Caspase-8, also known as FLICE, is essential for the initiation of apoptosis via CD95 (Fas) and is
also involved in the signalling of other death receptors. When we investigated caspase-8 expression
in skin by reverse-transcription polymerase chain reaction (RT-PCR), RNA from total epidermis
yielded PCR products of unexpected size. Cloning and sequencing of these ampli®cation products
revealed that they had originated from two premRNA splice variants that utilize a previously
undescribed facultative splice site. Both new variants encode proteins that encompass the death
effector domains of the caspase-8 prodomain but lack catalytically active regions. RT-PCR
screening revealed that the novel caspase-8 isoforms predominated over previously described ones
in peripheral blood mononuclear cells whereas their abundance was low in several other cell types
including primary keratinocytes. Our ®ndings indicate that alternative splicing of human caspase-8
might modulate the propensity of cells to undergo apoptosis in response to death receptor
stimulation in vivo.

Differential Expression of Laminin a Chains During Proliferative and Differentiation
Stages of Skin Morphogenesis
R. Fleischmajer, K. Kuroda, A. Utani,* E. MacDonald II, J. Perlish, E. Arikawa-Hirasawa,* K.
Sekiguchi,² Y. Kikkawa,² R. Timpl,³ and Y. Yamada*
Department of Dermatology, Mt. Sinai School of Medicine, New York, New York; *National Institute of
Dental and Craniofacial Research, NIH, Bethesda, Maryland; ²Research Institute, Osaka Medical Center
for Maternal and Child Health, Osaka, Japan; ³Max Planck Institut fuÈr Biochemie, Martinsried, Germany
The purpose of this study was to determine laminin a chains mRNAs and protein expression at
various stages of in vitro skin morphogenesis. Fibroblasts in mono-cultures did not express the
mRNA of laminin a1, a2, a3 and a4 chains. However, when cocultured with keratinocytes for
28 d, they expressed all the above chains mRNAs. Kera tinocytes in mono-cultures expressed the
laminin a3 chain mRNA, however, when recom-bined with ®broblasts they also expressed
laminin a1 and a2 mRNAs, but not the laminin a4 mRNA. Immunocytochemistry of cocultures
showed that laminin a1, a3 and a5 chains were expressed in the epidermis while the laminin a2,
b1, g1 chains were noted in the dermis and at the epidermo±dermal interface. Non 3 strati®ed
epidermis (7 d) only ex-pressed the laminin a3 chain, in a segmented fashion. The laminin a1 was
®rst expressed during the proliferative stage (14±21 d) while the laminin a2 and a5 chains appeared
later, during the differentiation stage (28±42 d). The above results suggest that epithelial±
mesenchymal interactions are involved in the expression of laminin a chain mRNAs during in vitro
skin morphogenesis. In addition, there is temporal and spatial expression of these chains during
proliferative and differentiation stages suggesting different functions.

Hypoxia Increases Type I Procollagen Transcription Through TGF-b1 action and Sp1
Binding
V. Falanga and T. Yu®t
Boston University School of Medicine, Department of Dermatology and Skin Surgery, Roger Williams
Medical Center, Providence, Rhode Island
Low oxygen tension has been shown to increase growth and clonal expansion of ®broblasts. Our
results indicate that exposure (hours to days) of ®broblast cultures to hypoxia (2% O2) compared to
standard (20% O2) conditions leads to TGF-b1 dependent increases in collagen synthesis and
mRNA levels of a1(I) procollagen (COL1A1). TGF-b1 synthesis and trascription are also
enhanced in hypoxic ®broblasts, with most of the activity residing in a TGF-b1 promoter-CAT
construct (±453 to +11 bp) with a high af®nity AP-1 sequence. Maximal increases in COL1A1
transcriptional activity in hypoxia were observed with promoter-luciferase constructs having 5¢
endpoints between ±804 bp and ±265 bp (but not ±174 bp). Using electrophoretic mobility gel
shift assays (EMSA), we have focused on the region spanning from ±227 to ±200 bp of the
COL1A1 promoter, in which we have identi®ed an Sp1-like sequence with tandemly duplicated
repeats overlapping with a ±224 to ±199 bp region binding to cKrox, a repressive control element
of COL1A1 transcription. This region of interest is ¯anked by Smad-like (CAGA) sequences.
DNA-protein complexes were found in both standard and hypoxic conditions and were
speci®cally abrogated by antibodies to Sp-1, but not in DNA oligonucleotides with two base
substitutions in the Sp-1 tandem repeats. Nuclear extracts from hypoxic cells showed unique bands
on EMSA as well as a decrease in the intensity of the cKrox bands. We found that cotransfection
with Smad7, a negative effector of TGF-b signaling, speci®cally inhibits the hypoxic responsive
regions of the COL1A1 promoter activity. We conclude that hypoxia stimulates COL1A1
synthesis and transcription, that this action is mediated by TGF-b1 and signaling pathway, and that
it may involve a decrease in the binding to cKrox in favor of Sp1 binding, thus lifting repression
and accounting for increased COL1A1 synthesis. These ®ndings point to mechanisms by which
hypoxia may play an important role in collagen deposition and the development of ®brosis.
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Reduced Collagen Production by Fibroblasts in Photodamaged Skin is Normalized in
Culture
J. Varani, S.C. Datta, Z. Wang, Y. Shao, G.J. Fisher, and J.J. Voorhees
University of Michigan, Ann Arbor, Michigan
Immunohistology and in situ hybridization reveal that synthesis of type I procollagen is substantially
reduced in the dermis of photodamaged skin. We have investigated the cellular and molecular basis
for this loss of procollagen synthesis. Fibroblast cultures were established from explants of paired
biopsies from severely photodamaged forearm and sun-protected hip skin. Surprisingly, there were
no signi®cant differences in outgrowth, growth rate, type I procollagen synthesis, or collagenase
expression between ®broblasts from severely photodamaged and sun-protected skin (n = 9). These
data indicate that reduced procollagen synthesis in photodamaged skin results from contextual
in¯uences that down regulate ®broblast procollagen synthesis, rather than from reduced number or
irreversible damage to ®broblasts. Since ®broblast±extracellular matrix interactions regulate
procollagen synthesis, we determined the relative level of partially degraded collagen in
photodamaged skin, and the effect of partially degraded collagen on ®broblast function.
Photodamaged forearm skin contained 2.3-fold more partially degraded collagen than sunprotected hip skin (p < 0.05, n = 6). Fibroblasts cultured in the presence of type I collagen, which
was partially degraded in vitro by collagenolytic enzymes, displayed slower growth, decreased
procollagen production, and increased collagenase expression, compared to ®broblasts cultured in
the presence of intact type I collagen. Thus, reduced procollagen synthesis in photodamaged skin
results from contextual in¯uences, including, effects of partially degraded type I collagen.

Differential Expression of Transcripts in Keratinocytes Following Contact with Type I
Collagen: A Model of Keratinocyte Activation Post-Injury
T.J. Burke and B.K. Pilcher*
Washington University School of Medicine, St. Louis, Missouri; *UT South-western Medical Center,
Dallas, Texas
Keratinocytes from intact, uninjured skin express a speci®c pattern of genes that promotes
proliferation and differentiation. However, in injuries that disrupt the basement membrane, wound
edge keratinocytes contact dermal extracellular matrix (ECM) and are activated to undergo global
changes in gene expression, switching from a proliferation/differentiation program to one that
supports repair of the tissue defect. The factors that induce keratinocyte activation following injury,
whether soluble or matrix, remain to be fully elucidated. Type I collagen, an abundant dermal
ECM protein, may play an important role in keratinocyte activation following wounding. Indeed,
when keratinocytes from intact skin are plated onto ®brillar type I collagen in vitro they are
stimulated to express collagenase-1, a metalloproteinase expressed invariantly by activated
keratinocytes at the wound edge. In the present study we have used differential display reverse
transcription PCR to identify other activation-speci®c genes that are modulated in keratinocytes
following contact with collagen. We have identi®ed three distinct classes of transcripts that are upor down-regulated following contact with collagen: (i) known genes associated with keratinocyte
differentiation (e.g., small proline rich protein (SPRR1), involucrin, and alpha 6 integrin) (ii)
known genes that have not been previously described in keratinocytes (e.g., ApM2, calumenin,
ATP/ADP carrier protein, MAD immediate early gene and Lzip transcription factor), and (iii) new
transcripts that have not been previously described. These data indicate that activated keratinocytes
produce a variety of proteins following contact with type I collagen, some heretofore not
recognized to be keratinocyte products, and that this cell:ECM interaction plays a profound role in
keratinocyte activation following injury.

BMP-1 Processing of Laminin-5 Contols Migration of Human Epithelial Cells
K. McGowan, D. Veitch, P. Findell,* A. Russell, G. Martin,* and P. Marinkovich
Stanford University, Stanford, California; *Fibrogen, S. San Francisco, California
This study sought to chartacterize the enzyme(s) which process laminin 5 and their role in cell
migration. In a survey of proteases, only bone morphogenetic protein 1 (BMP-1) ef®ciently
cleaved both the g and a3 chains of human laminin-5 to sizes identical to endogenously processed
laminin 5, shown by iimunoblot analysis. The putative BMP-1 g2 and a3 cleavage sites were
identi®ed and g2 site was con®rmed by sequencing. In contrast, MMP-2 readilly cleaved cgnXVII
and cgnIV, but failed to cleave human laminin-5 even at six times the enzyme to substrate ratio
used for BMP-1 cleavage studies. Two hydroxamic acid peptide inhibitors of BMP-1, 1731 and
1226, were developed which were highly selective, being 500±1000 times more potent in inibiting
BMP-1 compared to MMPs 1, 2 and 9. and nontoxic to cultured cells even at 100 times inhibitory
levels. Keratinocyte (KC) cultures containing 1 mM of either inhibitor showed a complete absence
of laminin-5 processing by immunoblot. 1731 and 1226 each inhibited KC migration in a dose
dependant manner, shown in Boyden and scratch assays and removal of the inhibitors restored
normal migration. 1 mM of either inhibitor completely halted migration of KC and SCC cells but
not EB KC lacking laminin-5, suggesting the inhibitors' effect on migration is speci®c to laminin-5
processing. Antibody blocking experiments showed increased binding of unprocessed laminin-5
with a3b1 integrin and processed laminin-5 with a6b4 integrin. These results demonstrate that
BMP-1 processes both the laminin-5 g2 and a3 chains and that this processing is crucial in
controlling cell migration. This study also introduces two BMP-1 inhibitors that hold promise as
nontoxic and highly speci®c anticancer agents.
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Analyses of Strength of Attachment of Keratinocytes to Laminin-5 Matrix: Role of
a6b4and a3b1 Integrin
G.W. deHart and J.C.R. Jones
North-western University Medical School, Chicago, Illinois
Basal keratinotcytes adhere to connective tissue via macromolecular structures called hemidesmosomes. In some blistering skin diseases, such as bullous pemphigoid and junctional epidermolysis
bullosa, hemidesmosome disruption correlates with a loss of epidermal cell adhesion to the
basement membrane. This has led to the notion that hemidesmosomes are involved in stable/
strong adhesion. To test this, we quanti®ed the strength of epidermal attachment to laminin-5,
which nucleates hemidesmosome assembly. We used a Radial Flow Apparatus in which cells are
subjected to shear stress. Keratinocytes were plated onto surfaces coated with laminin-5 (0.02, 0.1,
0.2 and 1.0 mg per ml) and their strength of adhesion was assayed at 0.25 and 1 h after plating.
Keratinocytes were detached by a force of less than 20 dyn per cm2 at 0.25 h after plating, regardless
of the coating concentration. However, the cells did not detach under a force of 90 dyn per cm2 at
1 h after plating onto surfaces coated with as little as 0.2 mg per ml laminin-5. At this time, a6b4
integrin codistributed with laminin-5 on the substrate. An a6b4 integrin function-perturbing
antibody did not impact the adhesion strength to laminin-5 at 1 h after plating. Under these
circumstances, a3b1 integrin colocalized with laminin-5 while a6b4 integrin, BP230 and BP180
did not. These data suggest that: (i) hemidesmosome formation is not necessary for strong
attachment of keratinocytes to laminin-5, (ii) strong keratinocyte adhesion to laminin-5 requires
neither functional a6b4 integrin nor BP180 and BP230 and (iii) a3b1 integrin can functionally
substitute for a6b4 integrin in mediating strong attachment to laminin-5 matrix.

Replicative Senescence in Human Keratinocytes is Enforced by Two Growth Arrest
Mechanisms, One Having p53 and the Other Having p16INK4a as Essential Components
J.G. Rheinwald, J. Wu, K. O'Toole, W.C. Hahn,* Z. Guo, A. Tulloch, and J. Benwood
Brigham and Women's Hospital/Harvard Medical School, Boston, Massachusetts; *Whitehead Institute/
Massachusetts Institute of Technology, Cambridge, Massachusetts
Human keratinocytes in which hTERT, the catalytic subunit of telomerase, is expressed maintain
their telomeres but are not immortalized unless they acquire a lesion in the p16INK4a/pRB pathway.
In contrast, hTERT expression is suf®cient to immortalize human ®broblasts. Several studies
suggest that normal ®broblast lifespan is limited by a p53-dependent senescence mechanism. We
have sought to elucidate the mechanism of keratinocyte replicative senescence. Normal human
keratinocytes (strain N) and ®broblasts (strain R2F) were transduced to stably express either a
dominant-negative mutant p53 (p53 DD) or the HPV16 E6 oncoprotein to abolish p53 function,
or either a p16-insensitive mutant cdk4 (cdk4R24C) or the HPV16 E7 oncoprotein to abrogate p16/
pRB control. Expression of either p53 DD or cdk4R24C alone in strain N keratinocytes had no
effect on lifespan, but N cells expressing both bypassed their normal limit of 50 population
doublings (PD) and divided for an additional ~25 PD. N cells expressing either E6 or E7 alone
exhibited a ~25 PD lifespan extension. In contrast, R2F ®broblasts expressing p53 DD alone
bypassed their normal limit of 80 PD, dividing for an additional ~35 PD. Expression of cdk4R24C
did not affect R2F lifespan. These results suggest that normal keratinocytes and ®broblasts share a
p53-dependent senescence mechanism. Keratinocytes possess, in addition, a p16INK4a-dependent
mechanism that also enforces senescence independent of p53 status. The HPV16 E6 and E7 viral
oncoproteins apparently have activities other than p53 and pRB abrogation, respectively, such that
expression of either E6 or E7 alone bypasses both keratinocyte senescence mechanisms.

Laminin 8 is a Dual Ligand for both aV and b1 Integrins in Endothelial Cells and
Promotes Cell Attachment, Spreading, Migration and Tubule Formation
J. Li, H.H. Tran, L. Zhou, Y. Chen, M.A. Karasek, and M.P. Marinkovich
Stanford University School of Medicine, Stanford, California
As laminins mediate important cell±substratum interactions in many tissues, the goal of this study
was to determine the role of laminin 8 (a4b1g1), which we have identi®ed as a major blood vessel
laminin, in endothelial cell functions involved in angiogenesis. Recombinant human laminin a4 G
domain (A4G) was produced in a mammalian expression system and was used to study the
attachment and migration of primary cultures of human dermal microvascular endothelial cells
(EC). A4G was found to signi®cantly support attachment and spreading of EC as well as HT1080
cells. EC attachment to A4G could be blocked by antibodies against integrin b1 and aV subunits
which have both been shown to be involved in angiogenesis. This indicates that EC attach to
laminin 8 via two integrins, analogous to the way epithelilal cells attach to laminin 5. To determine
the effects of laminin 8 over and under expression, full length human laminin a4 cDNA was
retrovirally transferred to EC in sense and antisense orientations. Immunoblot studies with laminin
a4 pAb clearly demonstrated increased laminin 8 expression in sense transduced cells and decreased
laminin 8 production in antisense transduced cells, while synthesis of other control proteins
remained unaffected. Laminin 8 overexpression greatly promoted EC spreading and EC migration
in scratch assays and speeded up the process of angiogenetic tubule formation with the collagen gel
overlay assays. In contrast, laminin 8 underexpression inhibited EC spreading, EC migration and
EC tubule formation. These studies suggest that laminin 8 may perform an important role in
mediating EC spreading, migration and tubule formation during angiogenesis. In addition, as
laminin 8 supports attachment of tumor cells such as HT1080, it is possible that laminin 8 could
serve as a metastatic tumor ligand. Extension of these studies to animal model systems is underway.
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Capture of Prefoldin, a Cytoplasmic Chaperone, by Tropoelastin in Yeast Two-Hybrid
System
K. Chung, S. Aho, J. Rosebloom, and J. Uitto
Thomas Jefferson University, Philadelphia, Pennsylvania; University of Pennsylvania, Philadelphia,
Pennsylvania
Elastic ®bers form a network responsible for the elasticity and resilience of a number of tissues,
including dermis. The principal component of elastic ®bers is elastin, which is initially synthesized
as a 72-kDa polypeptide, tropoelastin (TE). Upon translation, TE polypeptides are translocated
from rough endoplasmic reticulum (RER) to the extracellular milieu by mechanisms involving
microtubules. However, the mechanistic details of this translocation and possible intracellular
protein±protein interactions of TE are currently unknown. In this study, we have identi®ed
intracellular proteins which interact with TE by utilizing the yeast two-hybrid genetic system.
Full-length (~2.2 kb) human TE cDNA was cloned into the binding domain of the two-hybrid
construct and then used as a bait to screen a placental cDNA library cloned into the activation
domain linked to LacZ reporter gene. Selection in the Trp/Leu/His-de®cient medium permitted
identi®cation of a number of interacting clones. Assay for b-galactosidase activity allowed isolation
of 16 cDNA clones, which showed early reaction with high intensity, suggesting speci®city of the
protein±protein interaction; these cDNA clones were then puri®ed and sequenced. Seven clones,
®ve of them being independent, corresponded to the coding sequence of prefoldin, a
heterohexameric chaperone protein with ability to capture unfolded cytosolic proteins. In
addition, four cDNA clones corresponded to hnRNP F sequences, an intranuclear/cytoplasmic
protein. Although the cytosolic functions of hnRNP F are currently unknown, prefoldin delivers
proteins to cytosolic chaperonin c-cpn. It is conceivable therefore that intracellular transport of TE
from RER to the extracellular space is mediated by prefoldin, providing novel insight into the
secretion mechanisms of extracellular matrix proteins.

Genomic Structure, Regulation of Expression and Function of a Murine Cathelicidin
V.K. Pestonjamasp, R.A. Dorschner, K. Huttner,* and R.L. Gallo
University of California, San Diego, San Diego, California; *Massachusetts General Hospital, Boston,
Massachusetts
Antimicrobial peptides recognize a range of microorganisms and eliminate them before the
adaptive immune response. Cathelicidins are a prominent group of antimicrobial peptides. To
understand their function, the murine cathelicidin CRAMP was studied. CRAMP's genomic
structure was determined to consist of four exons and three introns spanning 4 kB and is
homologous to the gene structure reported for human cathelicidin LL-37. The 5¢ UTR of
CRAMP and LL-37 showed many regions of identity, including transcription factor binding sites
such as for NF-kB. Only trace amounts of CRAMP mRNA were detected in Balb MK
keratinocytes or normal skin. After injury or differentiation of skin constructs (Apligraf,
Organogenesis) cathelicidin protein was induced in keratinocytes. Truncations of the 5¢ UTR
of CRAMP show sites at the ±1911 to ±1503 bp region in¯uence promoter activity. By western
blot both the precursor and 5 kDa mature peptide were detected in granulocyes. The peptide was
puri®ed by RP-HPLC and the N-terminus sequenced. Sequence matched predicted cDNA and
de®ned the native mature bioactive peptide. This mature peptide was active against Gm-organisms
with MIC values of 0.5 mM against E. coli D21, 4 mM against Pseudomonas aeruginosa, but not
Staphylococcus aureus (MIC > 64 mM). Thus CRAMP is an important component of innate
immunity in the mouse, is induced as a normal response to injury, and closely resembles the human
cathelicidin LL-37. These observations show CRAMP to be a useful model for the study of
regulation and function of cathelicidins.
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Human b Defensin-1 and ±2 Expression in Human Hair Follicles and Acne Vulgaris
Lesions
S. Mueller-Roever, R. Ali, A.G. Quinn, L. Ghali, V.A. Bataille, J.J. Bull, T. Ganz,* I.A. McKay,
M.P. Philpott, and C.M.T. Chronnell
St. Bartholomew's and the Royal London School of Medicine and Dentistry, Queen Mary and West®eld
College, London, U.K.; *Department of Medicine, University of California, Los Angeles, California
The basic mechanisms involved in the development of in¯ammation during acne vulgaris remain
unclear although microbial agents might play an important role in this process. A rich residential
micro¯ora is harboured by the distal outer root sheath (ORS) of the hair follicle (HF) and the hair
canal ± normally without causing skin diseases. In this study we have analysed by in situ
hybridisation and immunohistochemistry the expression patterns of two antimicrobial peptides,
human b defensin-1 (HBD1) and ±2 (HBD2) in healthy human hair follicles as well as in peri-and
intralesional skin of acne vulgaris patients. Strong HBD1 and HBD2 expression was found on all
suprabasal layers of the epidermis and all layers of the ORS of the hair follicle as well as in
sebaceous and sweat glands. Immunoreactivity (IR) for HBD1 was con®ned to the suprabasal
layers of the epidermis and the entire distal ORS. In contrast, HBD2 IR was most pronounced in
the transitional zone between epidermis and distal ORS. Peri-and intralesional skin of a subset of
acne vulgaris patients showed a marked increase in IR for both b defensins on suprabasal epidermal
keratinocytes, the ORS, sebaceous glands, sweat glands and the outer layers of comedones.
Substantial variations in follicular HBD1 and HBD2 IR between biopsies indicate interindividual
differences in the expression of both b-defensins in healthy follicles which suggests that alterations
in the level of cutaneous b-defensins may in¯uence the virulence of residential skin ¯ora during
acne vulgaris.

Expression Pro®les of Signal Transducers and Activators of Transcription (STATs) in
Human Skin Cells
O.B. Jackson, S.M. Naik, P. Kowalczyk, and S.W. Caughman
Emory, Atlanta, Georgia
STATs are preformed cytosolic transcription factors that upon activation by extracellular cytokine
stimulation rapidly migrate to the nucleus and induce expression of a variety of genes involved in
immunologic and in¯ammatory responses. Each of the six described STATs selectively activates
transcription of a variety of genes, such as speci®c cell adhesion molecules, cytokines and growth
factors. Thus the spectrum of genes activated by cytokines in the skin is likely dependent upon the
tissue- and cell-speci®c expression, activation and function of various STATs. Though the six
STATs and their various isoforms were ®rst described in hematopoietic cells, little is known about
the expression and function of these STATs within the major cellular components of the skin.
Thus we examined by western blot analysis the constitutive and cytokine-activated expression
pro®les of STAT transcription factors in a variety of primary human cell cultures, including human
keratinocytes (HK), dermal microvascular endothelial cells (HDMEC), dermal ®broblasts (HDF)
and melanocytes (HM). Our studies reveal that HK, HDMEC, HDF and HM constitutively
express STAT1, STAT2, and STAT3, though the expression levels vary widely across these cell
types, suggesting that differential expression levels may be important in differential cytokine
signaling among these cells. We found that the expression of STAT1 is much more abundant in
HK than in HDMEC, HDF or HM; however, the expression of STAT3 is much greater in HDF.
To date, we have been unable to detect expression of STAT4, STAT5, or STAT6 in these cells.
Delineation and characterization of the expression and activation of STATs in various cellular
components of the skin will provide critical insights into our understanding of the molecular events
involved in cutaneous in¯ammatory and immunologic processes.

Antimicrobial Cathelicidin Peptides CRAMP and LL-37 Are Induced During Wound
Repair
R.A. Dorschner, V. Pestonjamasp, and R.L. Gallo
University of California, San Diego, San Diego, California
The cathelicidin family of antimicrobial peptides are de®ned by a conserved prepro ``cathelin''
domain and represented by CRAMP in mice and LL-37 in humans. To examine their expression
during wound healing, where the potential for microbial invasion is high, we immunostained
sections of mouse and human wounds with af®nity puri®ed rabbit polyclonal antibodies against
either CRAMP or LL-37. Speci®city was con®rmed by western blot and parallel stainings with
preimmune sera. Adult mouse or human subjects received 1 cm incisional injuries and tissues were
harvested from 6 h to 7 d post wounding. At the earliest time points (6 h in mice, 24 h in human)
the respective peptides were induced in the wounds and localized in granulocytes, in granulation
tissue, and in keratinocytes. Expression increased through 48 h. By 5 d, CRAMP and LL-37 were
abundant in the scab, but not elsewhere. Expression of cathelicidins in keratinocytes was veri®ed in
arti®cial skin (Apligraft, Organogenisis), lacking granulocytes. LL-37 was abundant in the stratum
granulosum and the stratum corneum. Due to their antimicrobial action, expression of CRAMP or
LL-37 at the site of injury can protect the wound from invading microbes and present a barrier
against infection. The ability of these peptides to induce apoptosis also suggests a role in the
differentiation of keratinocytes. Expression of antimicrobial peptides in wound repair represents an
innate immune defense mechanism and may play an important role in proper wound healing.

Signal Transducers and Activators of Transcription 6 (STAT6) is Essential in the
Induction of Contact Hypersensitivity
H. Yokozeki, I. Katayama, K. Takeda, S. Akira, and K. Nishioka
Department of Dermatology, Tokyo Medical and Dental University, Tokyo, Department of Dermatology,
Nagasaki University, Nagasaki, Department of Host Defense, Research Institute for Microbial Disease,
Osaka University, Osaka, Japan
Contact hypersensitivity (CHS) is thought to be mainly associated with the activation of T-helper
(Th) 1 cells. However, there is also evidence that Th2 cells or Th2 cytokines play a role in the
development of CHS. In order to analyze the functional contribution of Th2 cytokines, IL-4 and
IL-13, STAT6 de®cient (STAT6±/±) and wild-type control (wt) mice (C57BL/6) were contact
sensitized with 5% TNCB, 0.5% DNFB or 5% Oxa, and then any skin reactions were examined.
Ear swelling was signi®cantly reduced with a delayed peak response in STAT6±/± mice as
compared with wt mice. A histological analysis revealed that the in®ltration of both eosinophils and
neutrophils in the skin challenged after 24 h in STAT6±/± mice decreased substantially in
comparison with that in wt mice. The expression of Th2 cytokines (IL-4, IL-5) in TNCBchallenged skin tissues and the culture supernatants from T cells stimulated by TNBS-modi®ed
spleen cells as well as the IgE and IgG1 response after challenge were also profoundly reduced in
STAT6±/± mice, whereas the expression of IFN g was the same in STAT6±/± mice and wt mice
after challenge. Furthermore, Adoptive transfer experiments revealed that STAT6±/± mice
induced the contact hypersensitivity after injection of lymph node cells obtained from sensitized wt
mice. Our data suggest that the STAT6 signal plays a critical role in the induction phase of CHS.
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Small Fragments of Hyaluronan (HA) Activate in Dendritic Cellsp38 and p42/44 MAPKinase and NF-kB Dependent Signalling Pathways Leading to Terminal Maturation
C.C. Termeer, U. Voith, C. Fieber,² P. Prehm,* and J.C. Simon
Department of Dermatology University of Freiburg, *Department of Biochemistry University of Muenster,
²Institute of Genetics, Karlsruhe, Germany
Low molecular weight fragments of hyaluronan (sHA) have been shown to occur exclusively at
sites of cutaneous in¯ammation and to possess immunomodulatory functions. By comparative
analysis of different sized HA-fragments we found only fragments of 4±10 oligosaccharide length to
induce terminal phenotypic and functional DC maturation, similar to that seen after LPS, MCM or
TNFa-treatment. Importantly, this was HA speci®c, since other glycosaminoglycans present in the
cutaneous ECM, like chondroitinsulfate, heparansulfate or dermatansulfate did not induce DCmaturation. SHA stimulated DC-maturation was not mediated by the known cellular HAreceptors CD44 or RHAMM/IHABP as shown by mAb blocking. In addition, DC generated
from the bone marrow of HAR de®cient mice, responded similarly to sHA as DC from wildtype
mice. To examine whether sHA exerts its effects on DC via pinozytosis or glucose-transporter
uptake, blocking studies with cytochalasin B,D and E were performed. However, none of these
agents blocked the internalisation of FITC-labelled sHA by DC or sHA-induced DC-maturation.
Interestingly, Western Blot and EMSA-analysis revealed that sHA rapidly activated p38, p42/44
and NF-kB-dependent signalling pathways in DC. Speci®c inhibitors of these signalling molecules
completely prevented sHA-induced DC maturation. We conclude, that sHA fragments occurring
exclusively at sites of cutaneous in¯ammation speci®cally induce DC maturation via a MAPK-and
NF-kB dependent pathway. This maturation does not require known HA-receptors, glucose
transporters or pinocytosis.
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Gamma Interferon Induces Transcriptional Repressor Bcl-6 and Prevents IL-4/IL-13
Mediated Induction of Keratinocyte CDw60 Expression
B. Huang, B. Bonish, and B.J. Nickoloff
Department of Pathology, Cardinal Bernardin Cancer Center, Loyola Unversity, Chicago, Illinois
In psoriatic plaques, there is variable expression amongst different patients of CDw60 by
keratinocytes (KCs), suggesting the possible positive and negative interplay of various cytokines. As
CDw60 is mitogenic for resting T cells in the presence of IL-2, or directly mitogenic for
preactivated T cells, the expression of CDw60 by KCs may contribute to local activation of T cells
in psoriasis. To investigate the regulation of CDw60 expression, multipassaged human foreskin
derived normal Kcs and immortalized Kcs (i.e., HaCaT cells) were grown in a serum-free, low
calcium medium and examined before and after exposure to various cytokines. By FACS analysis,
proliferating KCs had low to absent constitutive CDw60 expression, but 48 h following exposure
to either IL-4 or IL-13, strong and diffuse cell surface CDw60 expression was induced. In contrast,
exposure of KCs to either TNF-a, phorbol ester, or IFN-g did not induce CDw60. When KCs
were pretreated with IFN-g for either 1 h before, simultaneously, or 6 h after addition of IL-4 or
IL-13, no induction of CDw60 occurred. Since mice with disrupted Bcl-6 gene have enhanced
Th-2 cytokines, and Bcl-6 can suppress the genes activated by IL-4 ± responsive transcription
factor Stat6, we examined whether IFN-g could induce Bc-16 expression to explain the
aforementioned results. Indeed, treatment of KCs with IFN-g induced enhanced intranuclear
levels of Bcl-6 within 4 h by Western blot analysis of nuclear extracts. These results indicate that
epidermal KC Cdw60 expression can be modulated by Th-2 type cytokines such as IL-4/IL-13, as
well as by the Th-1 type cytokine IFN-g. Not only can IFN-g induce many KC genes such as
ICAM-1 and HLA-DR, but can also inhibit via Bcl-6 other genes such as CDw60.

Thalidomide Inhibits Tumor Necrosis Factor-a (TNF-a) Production by the Dendritic
Cell Line XS106A
L. Deng, W. Ding, and R. D. Granstein
Department of Dermatology, Weill Medical College of Cornell University, New York, New York
Thalidomide has been found to be effective in several in¯ammatory and autoimmune disorders
including dermatological conditions such as erythema nodosum leprosum, prurigo nodularis,
BehcËet's syndrome, and discoid lupus erythematosus. Thalidomide inhibits TNF-a production by
lipopolysaccharide (LPS)-stimulated human peripheral monocytes. However, the effects of
thalidomide on skin immune cells remain unknown. Langerhans cells (LC) are antigen presenting
cells that play important roles in skin immune responses. In this study, we utilized the murine (A/J)
epidermis-derived dendritic cell line XS106A as a surrogate for LC to investigate the effects of
thalidomide on epidermal antigen presenting cells. Using ELISA, we found that thalidomide
inhibited TNF-a production in LPS-stimulated XS106A cells in a dose-dependent manner. The
level of TNF-a production was reduced by 29.3% at a thalidomide concentration of 100 mg per ml,
and 45.7% at 200 mg per ml. In a preliminary experiment examining fresh LC enriched to ~98%
using separation of I-A+ cells with antibodies conjugated to magnetic microspheres, similar results
were obtained with a 23.7% reduction of TNF-a production at 100 mg per ml of thalidomide.
Other preliminary results indicate that IL-1b production in XS106A cells was increased 1±2.5 fold
in the presence of thalidomide. The production of other cytokines, such as IL-10, IL-12, IL-6 was
not signi®cantly affected. In summary, our study demonstrated that thalidomide inhibits TNFa
production in XS106A cells. Alterations in cytokine expression, particularly TNFa, induced in LC
by thalidomide may play a role in the therapeutic effects observed with this agent.

Strongly Reduced In¯ammation Despite Normal T Cell Functions in TNF Receptor 1
De®cient (TNFR1±/±) Mice
M. Kneilling, T. Biedermann, H. Hinze,* C. Sander, G. Plewig, K. Pfeffer,² and M. RoÈcken
Department of Dermatology, Lundwig-Maximilians-University, Munich, Germany; *GSF-Institute for
Inhalationbiology, Munich, Germany; ²Institute for Medical Biol. and Hygiene, Technical-University,
Munich, Germany
TNF is a central mediator of in¯ammatory immune responses and is critically involved in
protective and harmful delayed-type hypersensitivity reactions (DTHR). However the role of
TNFR1 and TNF receptor 2 in the induction and effector phase of DTHR is controversial. To
determine the role of TNFR1 we sensitized and challenged gene-targeted mutant TNFR1±/±
mice with trinitrochlorbenzene (TNCB) to induce and elicit DTHR. As recently reported, we
found at all times up to 60% lower ear swelling responses to TNCB than in wild-type mice. H&E
stained sections as well as quanti®ing of myeloperoxidase activity revealed that TNFR1±/± mice
had strongly reduced accumulation of neutrophils and tissue destruction. To distinguish between
effects of the TNFR1±/± phenotype on the induction and effector phase of DTHR, hapten
speci®c T cell responses were examined. Analyzing T cell proliferation and IFN-gamma producing
T cell precursor frequency directly ex vivo, no differences were found between CD4+ T cells from
TNFR1±/± and wild-type mice. We next analyzed whether reduced ear swelling was secondary to
impaired T cell functions or due to impaired local in¯ammation. Adoptive transfer of hapten
speci®c Th1 cells and Tc1 cells from TNFR1±/± or wild-type mice induced strong DTHR in ears
from wild-type mice but not in ears from TNFR1±/± mice. These data directly demonstrate that
reduced in¯ammation in TNFR1±/± mice is due to a defect in the ampli®cation of the local
in¯ammation and not secondary to impaired T cell functions.
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Development of Chronic Autoimmune Skin In¯ammation in Transgenic Mice
Overexpressing CD40L in the Skin
A. Mehling, B. Pers, M. Voskort, D. Metze, T. Luger, T. Schwarz, S. Grabbe, and S. Beissert
Ludwig Boltzmann Institute for Cell Biology, Department of Dermatology, University of MuÈnster, MuÈnster,
Germany
CD40/CD40L interactions play a pivotal role in immune-mediated in¯ammatory responses.
CD40L, upon ligation with its receptor CD40, exerts its effects on various cell types, such as B
cells, dendritic cells and keratinocytes. To investigate the role of CD40/CD40L interaction in
cutaneous immunity CD40L expression was targeted to the epidermis using a keratin-14 promoter.
Transgenic (Tg) mice have strongly retarded growth. Furthermore, appr. 80% of the Tg mice
spontaneously developed in¯ammatory skin lesions on the ears, face, tail and/or feet at an average
age of 53 d. Histological analyses of the skin of Tg mice revealed an extensive in®ltrate of
in¯ammatory cells, a thickened epidermis with sporadic single cell keratinocyte necroses and a
®brotic dermis suggestive of scar tissue. Immunohistological analyses revealed a uniformly strong
expression of CD40L in the epidermis of ears of these mice. As CD40L is a potent activator of
dendritic cells, ear sheets were stained for I-A to identify Langerhans cells (LC). In comparison to
their littermates, transgenics had an appr. 90% decrease in LC and exhibited a ``cobblestone''
pattern of I-A positive keratinocytes. Tg mice also display massive regional lymph node (LN)
hyperplasia. Flow cytometric analyses of the regional LN revealed a relative increase in the
percentage of I-A, NLDC or CD19 antigens and a relative decrease in CD4, CD8 and CD62L
antigens in Tg mice in contrast to littermates. Serum analyses showed changes in immunoglobulin
(Ig) levels, the most distinctive being a decrease in IgM and an increase in IgG1/IgG2b. Screening
for autoantibodies revealed heterogeneous patterns of ANAs and antidsDNA antibodies. Tg mice
displayed Ig deposits on the renal glomeruli of the kidneys connected with proteinuria. These
results point to an in situ activation of LC in the skin by CD40L and indicate that CD40/CD40L
interactions lead to chronic in¯ammation and autoimmunity possibly by breaking immune
tolerance against the skin.

Tumor Necrosis Factor and TNF Receptor-1, but Not TNF Receptor-2-De®cient Mice
are Resistant to Experimental Bullous Pemphigoid
D. Gleason, R. Chen, J. Fairley, and Z. Liu
Department of Dermatology, Medical College of Wisconsin, Milwaukee, Wisconsin
Bullous pemphigoid (BP) is an autoimmune disease characterized by subepidermal blistering
associated with the deposition of complement-®xing IgG at the basement membrane zone and
in¯ammatory in®ltration of the lesional site. Using a passive transfer mouse model, we have shown
that subepidermal blistering in experimental BP is triggered by anti-BP180 antibodies and depends
on complement activation, mast cell degranulation, and neutrophil in®ltration. Proin¯ammatory
cytokines, including tumor necrosis factor a (TNF-a), have been implicated in the disease
development in both human and experimental BP. TNF-(elicits its effects through two structurally
related, but functionally distinct, receptors, TNFR-1 and ±2. In this study we investigated the role
of TNF-a and TNF receptors in experimental BP using mice lacking these molecules. Pathogenic
anti-BP180 IgG induced subepidermal blisters in wild-type mice and a high level of TNF-a
protein was detected in the lesional skin of these animals by ELISA. In contrast, TNF-a-de®cient
mice injected with pathogenic anti-BP180 antibodies failed to develop skin lesions. No TNF-a
protein was detected and neutrophil in®ltration was minimal in the skin. Further, intradermal
injection of the TNF-a neutralizing antibodies abolished neutrophil recruitment and subsequent
blistering in wild-type mice triggered by pathogenic IgG. In addition, pathogenic IgG induced
subepidermal blisters in mice lacking TNFR-2, but not in mice lacking TNFR-1. These results
suggest that TNF-a is required for recruiting neutrophils in subepidermal blistering in
experimental BP and its function is mediated through TNFR-1 but not TNFR-2.
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Topical Imiquimod Immunotherapy Inhibits Tumor Growth in a Mouse Model of
Infantile Vascular Tumors
R. Sidbury, E. Puscasiu, R. Miller, M. Tomei, S. Gugneja, D. Guo, C. Wang, and A.S. Paller
Departments of Pediatrics and Dermatology, North-western University Medical School, Chicago, Illinois
Therapy for vascular tumors in infants largely includes systemic corticosteroids and/or interferon-a
(IFN-a). Both of these medications cause side-effects and may be ineffective. Using a mouse
model of Kasabach±Merritt syndrome, a life-threatening complication of infantile vascular tumors,
we evaluated the ef®cacy of imiquimod, a topical immunomodulatory agent that stimulates the
local production of cytokines, including the antiangiogenic agents IL-12 and IFN-a. To assess the
ability of this topical agent to prevent tumor formation, imiquimod or vehicle was applied 3 times
weekly to the ¯ank of immunocompetent 129 J mice on the day of injection of 1 3 106 EOMA
(hemangioendothelioma) cells. To assess the ability of imiquimod to promote involution or slow
growth of an already established tumor, an additional group of mice were treated beginning 5 d
after cell inoculation. The mechanism of tumor prevention and regression was analyzed using
immunohistochemical techniques, ELISA, and bioassays on lesional tissue samples and serum. Mice
treated with topical imiquimod displayed a marked decrease in total tumor volume, as well as an
increase in overall survival. The group treated on the day of injection had a 10-fold smaller average
tumor volume at 2 wk, comparable with inhibition caused by either systemically administered
angiostatin or gene gun introduction of interleukin-12 cDNA. Mice treated at day 5 following cell
inoculation showed marked ¯attening of the tumor growth curve after initiation of therapy. At 2
wk these mice had tumors one half the size of controls. The only observable side-effect was local
irritation, which resolved spontaneously despite continued treatment. Cytokine analysis of tissue
overlying the vascular tumors revealed elevated levels of TNF-a in treated mice as compared to
controls. Vehicle-treated controls showed evidence of increased proliferation relative to
imiquimod-treated mice, while imiquimod-treated mice showed increased numbers of
intratumoral mast cells, elevated TIMP-1 levels, and evidence of increased apoptosis. The ef®cacy
of imiquimod in this syngeneic mice model suggests the need for trials in infants with vascular
tumors.

A Th1-Potentiating Role for Skin Dendritic Cell (DC)-Derived IL-1a in Murine
Cutaneous Leishmaniasis
E. von Stebut and M.C. Udey
Dermatology Branch, NCI, NIH, Bethesda, Maryland
Epidermal Langerhans cells (LC) are located near sites of Leishmania inoculation by sand ¯ies, and
may initiate protective immune responses. To characterize differences in LC in mice that are
susceptible (BALB/C) or resistant (C57BL/6) to leishmaniasis, we analyzed effects of L. major on
LC-like fetal skin-derived DC. Infected DC from both strains expressed increased levels of MHC
and costimulatory molecules and released IL-12 p70. Thus, the Th2 response-associated genetic
susceptibility of BALB/C mice to leishmaniasis does not re¯ect a failure of DC to ingest, or be
activated by, parasites. Interestingly, LPS (or LPS/IFNg) led to cell-associated IL-1a (pg per 106
cells per 18 h) that was substantially lower in BALB/C-than C57BL/6-DC (91 + 52 vs 357 + 175
and 114 + 57 vs 795 + 305, n > 5). Addition of IL-1a to cocultures of BALB/C or C57BL/6 naive
CD4+ T cells and DC with anti-CD3 had no effect on IFNg production by T cells after
restimulation with immobilized anti-CD3, but markedly inhibited IL-4 release, even if T cells
were subjected to Th2-skewing conditions. Injection of IL-1a into L. major-infected BALB/C
skin within 4 d after infection led to IFNg-predominant (Th1) L. major lysate-spec®c cytokine
production by draining lymph node T cells ± a ®nding that is predictive of protection from disease.
Decreased production of IL-1a by BALB/C-LC in response to in¯ammatory stimuli in
leishmaniasis may facilitate the early burst of IL-4 production and development of Th2 immunity
that is characteristic of this susceptible strain.

123

124

Disparate Cytotoxic Activity of Nickel-Speci®c CD8+ and CD4+ T Cell Subsets Against
Keratinocytes
C. Traidl,*² S. Sebastiani,* F. Nasorri,* C. Albanesi,* H.F. Merk,² G. Girolomoni,* and A.
Cavani*
*Laboratory of Immunology, IDI-IRCCS, Rome, Italy; ²Department of Dermatology, University of
Aachen, Germany
To elucidate the mechanisms of tissue damage occurring in allergic contact dermatitis (ACD), we
examined the capacity of different subsets of skin-in®ltrating T cells to exert cytotoxic activity
against keratinocytes. Nickel (Ni)-speci®c CD4+ Th1 and Th2 clones, as well as CD8+ Tc1 and
Tc2 clones derived from patch test reactions to Ni exhibited signi®cant MHC-restricted
cytotoxicity against Ni-coupled B-lymphoblasts, as detected by both the JAM test and annexin V
binding. In contrast, Tc1, Tc2 and Th1 clones but not Th2 cells induced apoptosis in autologous
keratinocytes, albeit at lower levels than in B-lymphobasts. More interestingly, only IFN-gpretreated, MHC class II+ keratinocytes were killed by CD4+ Th1 cells in the presence of Ni,
whereas Tc1 and Tc2 cell cytotoxicity was not dependent on IFN-g-pretreatment. Both CD4+ and
CD8+ T cell clones uniformly upregulated FasL upon activation, but blocking FasL/Fas inhibited
exclusively Th2 cytotoxicity against B-lymphoblasts. On the other hand, perforin was expressed in
all the CD8+ and CD4+ Th1 clones but not in Th2 clones, and Th1, Tc1 and Tc2 cytotoxicity
against B-lymphoblasts and keratinocytes was inhibited in most cases by EGTA and concanamycin
A, suggesting that it was preferentially induced by perforin. Immunohistochemical analysis of 48-h
patch test reactions to Ni showed the presence of apoptotic (TUNEL+) keratinocytes in proximity
to in®ltrating T cells. As a whole, our results indicate that keratinocytes are target of T-cell
mediated cytotoxicity during ACD, and that both Tc1/Tc2 and Th1 cell subsets are effectively
involved in this phenomenon, primarily through a perforin-dependent mechanism. In contrast,
keratinocytes appear to be resistant to Th2-mediated cytotoxicity.

Role of a Promoter Polymorphism of Tumor Necrosis factor-a (TNF-a) in a
Photosensitive Form of Lupus Erythematosus (LE): Clinical Association and Distinct
Photoregulation of Transcription
V.P. Werth, W. Zhang, and K. Sullivan
The University of Pennsylvania, Philadelphia V.A. Hospital; Children's Hospital of Philadelphia,
Philadelphia, Pennsylvania
We recently showed that TNFa is secreted by ®broblasts and keratinocytes (KCs) speci®cally in
response to ultraviolet (UV)-B in combination with exogenous or paracrine IL-1a (Werth et al.: J
Invest Derm 113:196, 1999). TNF polymorphisms have been associated with systemic LE in African
Americans (Sullivan et al.: Arth Rheum 40:2207, 1997), and we recently reported that the TNFa ±
308A promoter polymorphism is speci®cally associated in Caucasians with subacute cutaneous LE
(SCLE), a particularly photosensitive form of cutaneous LE (Werth et al.: Arthr Rheum 42:S105,
1999).
To explore the molecular basis of the link between this polymorphism and SCLE, we transiently
transfected ®broblast-like NIH 3T3 cells with CAT reporter constructs under the control of the
TNF ±308A or the wild-type ±308G promoter. Transfected ®broblasts were UV-irradiated,
without or with exogenous IL-1a, and CAT expression normalized to a marker of transfection
ef®ciency (b-gal) was determined. The two constructs produced similar CAT activity in the
absence of UV or added IL-1a (baseline) and similar responses to UV (UVB: 4-fold increase over
baseline; UVA: no change). The responses to IL-1a, however, were markedly different: IL-1a
without UV doubled CAT activity from the ±308A construct without affecting the wild-type ±
308G. IL-1a plus UVB caused a remarkable 26-fold increase in ±308A CAT transcription over
baseline, while increasing the wild-type by only ®ve fold. These results indicate a clear difference
between the two promoters, including a striking synergy between UVB and added IL-1a in the
induction of transcription by the TNFa 308A promoter polymorphism. Because IL-1a secretion
from KCs is normally induced by UVB, this synergy is likely to occur in skin in vivo and may
contribute to the photosensitivity of SCLE.
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In Vivo Blockade of the LTB4 Receptor with CP-195 543 (oral LTB4 ±Receptor
Antagonist): Assessment of In Vivo Activity in Patients with Psoriasis Vulgaris
I.B. Walters, P. Gilleaudeau, T. Kikuchi, M. Ozawa, T. Woodworth, S. Silberman, and J. Krueger
Laboratory for Investigative Dermatology, The Rockefeller University Hospital, New York, New York;
Experimental Medicine, P®zer Central Research, Groton, Conneticut
LTB4 is greatly over-expressed in active psoriasis vulgaris and thus has been proposed as a potential
pathogenic molecule. To date, it has been dif®cult to evaluate the function of LTB4 in vivo, as
previously available antagonists only partly decreased LTB4 production. New evidence suggests
that LTB4 receptor blockade is more effective in abrogating LTB4-evoked biologic responses. To
test the role of LTB4 in disease pathogensis, we administered a potent speci®c LTB4-receptor
antagonist (CP-195 543) to 12 patients with psoriasis vulgaris for 6 wk and monitored disease
activity by clinical and pathological criteria. To determine whether the LTB4 receptor was
functionally inhibited by CP-195 543 in vivo, (i) LTB4-induced up-regulation of CD11b on
neutrophils was measured by ¯ow-cytometry and (ii) cutaneous in¯ammation in response to
topical LTB4 was measured in skin biopsies obtained before and after administration of CP-195
543. In vivo administration of CP-195 543 blocked three LTB4-evoked responses: (i) CD11b upregulation on neutrophils ex vivo, (ii) neutrophil accumulation in human skin in response to topical
LTB4, and (iii) keratinocyte hyperplasia at sites of LTB4 administration. The effect of LTB4receptor blockade on psoriasis disease activity was assessed by administration of CP-195,543±12
patients with psoriasis vulgaris at doses of 50 mg or 100 mg p.o. qid for 6 wk. Two of 12 patients
had near full remission of disease based on clinical and histological parameters, while the remainder
had statistically signi®cant improvement in at least two histological parameters. We conclude that
LTB4 may contribute signi®cantly to disease activity in psoriasis, but blockade of this pathway is
not suf®cient to fully abrogate psoriasis in most patients.

Temporally Distinct Programs of Gene Expression Characterize the Transition from
Epithelial Stem Progenitor to Terminally Differentiated Cell
M. Dajee, R.A. Freiberg, E. Alvarez-Saavedra, G.R. Morrissey, and P.A. Khavari
VA Palo Alto and Stanford University, Stanford, California
Epidermal homeostasis requires precise regulation of growth and differentiation, however, the
genetic programs orchestrating the transition from progenitor to terminally differentiated
keratinocyte are incompletely understood. To begin to address this, we used gene expression
pro®ling to characterize gene expression patterns in keratinocytes undergoing the transition from
progenitor through terminal differentiation. Progenitor populations were enriched from the 10%
of primary human keratinocytes rapidly adhering to Type IV collagen; these cells preferentially
displayed key stem cell characteristics of high proliferative and epidermal regenerative ability in vivo
on SCID mice. Non-adherent cells were either analyzed immediately or differentiated
postcon¯uence in 1.5 mM calcium media and analyzed early (3 h, 6 h), midway (24 h, 48 h) or
late (72 h, 96 h) in differentiation. Analysis of 1200 genes using cDNA microarrays with focus on
reproducible 2.5 fold changes during keratinocyte differentiation identi®ed temporal waves of gene
expression reminiscent of those seen in early, mid and late T cell activation. Progenitor-enriched
genes included alpha6 integrin, an ALK kinase homolog and the growth factors GMFbeta and
GDNPF. Genes previously uncharacterized in differentiation included histone deacetylase, GRB2
[early]; the tumor suppressor transcription factor FEZ1 [mid]; and NGAL along with the
in¯ammatory mediators MIC1 and IFI56 [late]. In addition, a cluster of genes displayed a biphasic
induction early and again in late differentiation, including the cell cycle inhibitor CHK1 and the
protease cathepsinD. These data distinguish temporally coordinated programs of sequential gene
expression during keratinocyte differentiation and identify markers associated with progenitor
populations and early, mid and late differentiation.
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Ubinuclein, a Novel Nuclear Protein Interacting with Cellular and Viral Transcription
Factors
T. Pajunen, M. Buisson, H. Gruffat, A. Sergeant, J. Uitto, and S. Aho
Thomas Jefferson University, Philadelphia, Pennsylvania; U412 INSERM, Lyon, France
The major target tissues for Epstein-Barr virus (EBV) infection are B lymphocytes and epithelial
cells of the oropharyngeal zone. The product of the EBV BZLF1 early gene, EB1, is a transcription
factor belonging to the bZIP family of nuclear proteins, interacting with both viral and cellular
promoters and transcription factors, and is thought to be directly involved in the regulation of EBV
latency. Speci®c transcription factors and transcriptional regulators play an important role in the
terminal differentiation of epithelial cells. Here we describe characterization of a novel cellular
protein, ubinuclein capable of interacting with the basic domains of EB1 and c-Jun, and competing
with binding to AP1 consensus site. The cDNA cloning revealed an open reading frame of 3402
bp predicting a 121 529 kDa protein, which is basic (pI 9.34) and serine rich (12.79%) overall. By
Western blot analysis a 150-kDa band was detected from keratinocyte lysates. The transcript is
present in a wide variety of human adult, fetal and tumor tissues. Indirect immuno¯uorescence
showed uniform nuclear staining throughout the human epidermis, and either grainy or dotty
nuclear staining in the cultured keratinocytes. Tagged expression constructs revealed that the
immediate amino terminus containing eight potential nuclear localization signals is essential for the
nuclear localization of the protein. The corresponding gene, UBN1, was identi®ed, in tail-to-tail
orientation, in a close proximity with the periplakin gene (PPL) in human chromosome 16p13.3
and in a synthenic region in mouse chromosome 16. Thus, we have characterized a novel
ubiquitously expressed nuclear protein and designated it as ubinuclein and the corresponding gene
as UBN1.

NF-kB Regulates Epithelial Proliferation and Cell Death along with the Effector Genes
Mediating these Processes
K. Hinata and P. A. Khavari
VA Palo Alto and Stanford University, Stanford, California
NF-kB proteins are highly conserved cell fate regulators. In epidermis, NF-kB-directed
transcription, as seen in NF-kB-lacZ reporter gene transgenic mice, occurs in basal cells
undergoing cell cycle arrest and in outer epidermis in association with prevention of premature
apoptosis. The genes mediating these effects, however, are unknown. To characterize NF-kB
targets in keratinocytes, we initially examined 16 300 arrayed genes. NF-kB induces genes
preventing apoptosis, including TRAF1 and cIAP1, as well as genes promoting growth arrest,
including p21CIP1 GADD45 and GIF. Antibody staining in transgenic mice engineered for either
gain or loss of epidermal NF-kB function was used to con®rm identi®ed genes as true NF-kB
targets. By such combined mRNA and protein analysis, additional NF-kB target genes associated
with cutaneous in¯ammation were veri®ed in vivo, including TNFa, PAI-1, PAI-2, K6 and MCP1.
Although NF-kB causes epidermal growth arrest, it stimulates proliferation in other tissues and fails
to inhibit ®broblast logarithmic proliferation. To study the basis for this discrepancy, we performed
gene expression pro®ling on primary keratinocytes and ®broblasts, examining a total of over 1800
genes. NF-kB induction of growth inhibitors p21CIP1, GADD45 and GIF in keratinocytes fails to
occur in ®broblasts, instead NF-kB activates expression of growth promoting genes FGF-2, FGF-5
and cyclin B1. These data identify NF-kB targets of potential importance in epidermal growth
control, apoptosis and in¯ammation and provide an explanation for epidermal speci®c NF-kB
growth inhibition.
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Regulation of the Putative Transcription Factor Slug by Epidermal Growth Factor in
Human Keratinocytes
A. Davis, J. Halbleib, J. Parkhani, D.F. Kusewitt, and L.G. Hudson
University of New Mexico, Albuquerque, New Mexico
Expression of Slug, a putative transcription factor, is implicated in the regulation of epithelialmesenchymal transformation (EMT). EMT occurs during fetal development, wound repair and
tumor progression. Slug is highly expressed during neural crest cell migration and elevated Slug
expression has been reported to be associated with loss of desmosomal junctions. Because activation
of the epidermal growth factor (EGF) receptor induces desmosomal disruption in keratinocytes, we
investigated modulation of Slug expression in response to EGF in the human keratinocyte line
SCC 12F. Induction of Slug mRNA was detected by RT-PCR and normalized to GAPDH
loading control. Concentration-dependent induction of Slug mRNA was detected in response to
EGF (maximal induction evident 1 nM ligand). EGF-dependent stimulation of Slug expression was
apparent within 1 h treatment with 20 nM EGF, and maximal induction was detected between 3
and 4 h. Elevation of Slug mRNA was persistent with increased expression evident 24 h after EGF
addition. We have reported previously that scatter factor/hepatocyte growth factor (SF/HGF)
promotes EMT-associated responses in SCC 12F cells and in this study we found that SF/HGF
induced Slug expression. In contrast, keratinocyte growth factor (KGF) does not promote EMTlike responses in SCC 12F cells and Slug mRNA levels were unaltered after treatment with KGF.
These results indicate that Slug is modulated by speci®c growth factors in keratinocytes and suggest
that Slug may play a role in modulating EMT in keratinocytes during wound repair or
tumorigenesis.

A Serum Response-Like Element is Important in the Upregulation of the CD80
Promoter in Keratinocytes, HACAT and HELA Cells Exposed to Allergens and Irritants
P. Wakem, D. Zlotnick, and A.A. Gaspari
University of Rochester School of Medicine & Dentistry, Rochester, New York
We have previously shown that the human CD80 promoter is active at a basal level in
keratinocytes (KC), HaCaT and HeLa cells, and that this activity is increased several fold in cells
exposed to certain allergens and irritants. Fine mapping of the CD80 promoter in KC indicated
that a 231-bp fragment immediately upstream of the transcription start site contains a sequence
responsible for this promoter upregulation. Electromobility shift assays (EMSA) with oligonucleotides spanning our 231 bp sequence identi®ed a 30-bp fragment which was shifted when incubated
with nuclear extracts isolated from control cells (basal expression). Increased amounts of the 30 bp
fragment were shifted when incubated with nuclear extracts from cells exposed to certain allergens
or irritants, compared to nuclear extracts from control cells. Further dissection of this sequence
using smaller oligonucleotides and EMSA inhibition studies indicated that a 16-bp sequence
containing a serum response-like element (SRE) causes this shift, while excluding seven other
possible transcription factor binding sites. We are currently using EMSA supershift assays for SREspeci®c transcription factors to identify those factors involved in the control of CD80 promoter
expression. We conclude that a SRE-like sequence in the CD80 promoter causes an increased
EMSA shift when incubated with nuclear extracts from exposed versus unexposed cells, and is
important in the upregulation of this promoter in KC, HaCaT and HeLa cells exposed to allergens
and irritants.
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Targeted DNA Damage and Repair in the Human Collagenase Gene
D.H. Oh and P.C. Hanawalt
Stanford University, Stanford, California
Triple helix-forming oligonucleotides (TFOs) are novel reagents capable of damaging DNA at
speci®c chromosomal sites inside cells. This capability can be exploited to analyze the detailed
mechanism of repair inside intact cells, induce mutations, and can potentially modulate gene
expression for investigative and therapeutic purposes in dermatology. After transfection into cells,
TFOs linked to psoralen have been used to introduce covalent photochemical adducts to speci®c
target sequences in the human collagenase gene. Single-strand ligation PCR is able to quantitate
the location and level of TFO-targeted adduct formation over time in repair-pro®cient and de®cient ®broblast-derived cell lines, whereas random-sequence oligonucleotides do not produce
detectable damage at the target sites. Phorbol ester, a potent enhancer of transcriptional activity in
the collagenase gene, does not alter the initial amount of TFO-targeted damage, suggesting that
structural or metabolic changes associated with enhanced transcription do not alter accessibilty of
the TFO targets. In repair-pro®cient HT1080 ®brosarcoma cells, the repair kinetics of one TFOtargeted lesion show that it persists for at least 8 h. These intracellular results are consistent with a
model in which the structure and orientation of the oligonucleotide-mediated damage are capable
of inhibiting nucleotide excision repair. Since the collagenase gene is over-expressed in a number
of degenerative and in¯ammatory skin diseases, TFOs may also be useful in studying and
therapeutically modulating collagenase activity.

nPKC Isoforms Regulate Human Involucrin Promotor Activity Via a Novel C/EBP
Alpha-Dependent Mechanism
T. E®mova and R. L. Eckert
Case Western Reserve University, Cleveland, Ohio
Involucrin is an important marker of keratinocyte differentiation. Activation is hINV gene
expression is mediated via a signaling pathway that includes the novel PKC isoforms (nPKC d, e,
h), Ras, MEKK1, MEK3 and p38. This cascade, in turn, targets activator protein 1 transcription
factors (AP1) to regulate promoter activity. Recent studies suggest that C/EBP transcription factors
are also required for hINV promoter activation. The present studies were designed to determine
whether the nPKC-initiated cascade also controls C/EBP transcription factor-dependent promoter
activation. A CCAAT/enhancer-binding protein (C/EBP) site, located in the proximal regulatory
region of the hINV promoter, is essential for both basal and regulated hINV promoter activity. C/
EBPa binds to this site to ef®ciently activate transcription. Overexpression of a dominant
inhibitory C/EBP family member, GADD153, to create C/EBP-null conditions, results in a
potent suppression of nPKC isoform-dependent hINV promoter activation. Inhibitory C/EBP
transcription factors, C/EBPd and C/EBPb, also inhibit activation by the nPKC isoforms.
Moreover, cotransfection of C/EBPa with nPKC isoforms d, e or h produces synergistic promoter
activation. In contrast, atypical and classical PKC isoforms do not produce this response. These
results suggest that nPKC isoforms regulate hINV transcription via a mechanism that involves C/
EBPa transcription factor activation. Finally, these results provide strong evidence that a
multiprotein complex, consisting of C/EBP, AP1 and possibly other factors, is required for optimal
nPKC-dependent promoter activation.
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Activator Protein-1 (AP-1) is Required for Surface Epithelial Expression of Human
Involucrin
J.F. Crish, F. Bone, E.B. Banks, and R.L. Eckert
Case Western Reserve University School of Medicine, Cleveland, Ohio
Human involucrin (hINV) is a corni®ed envelope precursor that is expressed in the suprabasal
compartment in stratifying squamous epithelial cells that line external body surfaces. The distal
regulatory region (DRR) is a segment of the hINV promoter that is absolutely required for hINV
expression in cultured keratinocytes (Welter et al.: J Biol Chem 270:12614±12622, 1995; Banks
et al.: Biochem J 331:61±68, 1998). Moreover, transgenic mouse studies show that the isolated DRR
is suf®cient to direct tissue-speci®c and differentiation-appropriate expression in surface epithelia
(Crish et al.: J Biol Chem 273:30460±30465, 1998). However, the speci®c transcription factor
binding sites within the DRR that are required for appropriate in vivo regulation have not been
identi®ed. We now show that mutation of the DRR activator protein-1 binding site, AP1±5,
reduces hINV expression to barely detectable levels in surface epithelial tissues in transgenic mice.
This mutation reduces expression whether the AP1±5 site mutation is tested in the context of the
full-length promoter or the isolated distal regulatory region. This mutation does not reduce
expression in a control tissue, the kidney proximal convoluted tubule. Our results provide direct in
vivo evidence that AP1 factor signaling is required to maintain surface epithelial-speci®c hINV gene
expression.

Transcriptional Cooperation but Lack of Direct Protein±Protein Interaction between
Smad and AP-1 Family Members in TGF-b Activation of Human Type VII Collagen
Gene (COL7A1) Expression
F. Verrecchia, L. Vindevoghel,* R.J. Lechleider,² M.P. de Caestecker,² J. Uitto,* A.B. Roberts,²
and A. Mauviel
INSERM U312, Paris, France; *Thomas Jefferson University, Philadelphia, Pennsylvania; ²NCI,
Bethesda, Maryland
Crosstalks between the TGF-b speci®c Smad signaling pathway and other transduction/
transcription systems have been described recently. In particular, it has been suggested that
Smad proteins may interact with Fos and Jun family members via direct protein/protein
interactions to regulate transcription of AP-1-driven gene promoters. Using a genuine TGF-b
response element found in the human type VII collagen promoter, known to bind Smad3 in vivo
and containing a central consensus AP-1 binding site, we have investigated the functional
interactions of Smad and AP-1 in the context of COL7A1 gene transcription. We demonstrate that
(i) both pathways activate transcription from the COL7A1 TbRE, (ii) the AP-1 site is not required
for binding of Smad complexes to the TbRE in response to TGF-b and for Smad-mediated
transactivation, (iii) the Smad site does not bind AP-1 members and does not allow AP-1-mediated
transactivation, (iv) the TGF-b-induced Smad complex does not contain any members of the Fos
and Jun families, and (v) AP-1 and Smad complexes do not bind simultaneously to the TbRE.
Together, our data indicate an absence of protein±protein interactions between Smad and AP-1
members, as Smads and AP-1 activate the COL7A1 promoter independently through their cognate
elements. It is likely that the two transcription factors participate in COL7A1 promoter acitvation
in a sequential manner, the AP-1 components being overexpressed as a result of the primary
activation of Smads by TGF-b.

Directed Expression of LacZ to the Hair Follicle Bulge of Transgenic Mice Using the
Keratin 15 Promoter
Y. Liu, S. Lyle, B. Solky, P. Pyo, and G. Cotsarelis
University of Pennsylvania Medical Center, Philadelphia, Pennsylvania
We previously demonstrated that cytokeratin 15 (K15) is preferentially expressed by human hair
follicle bulge cells, and we showed that these cells possess properties of epithelial stem cells. The
goals of this work were to clarify K15 expression patterns in skin, and to develop a transgenic
system for targeting hair follicle bulge cells. Using in situ hybridization and immunostaining, we
detected K15 in bulge cells at all ages. Although K15 was also present in epidermis of young
animals, this expression decreased with age, suggesting that the bulge may serve as a repository of
epithelial stem cells in adult skin. To study whether the K15 promoter region could direct
expression of transgenes to the stem cell-rich bulge area, we cloned a 5¢ upstream region of the K15
gene into a luciferase reporter construct. In vitro transfections of PAM 212 keratinocytes with the
K15/luciferase construct demonstrated a 66-fold increase in luciferase activity over baseline. To
de®ne the activity of the K15 promoter in vivo, we generated transgenic mice carrying a K15/lacZ
construct. Our results paralleled our data from in situ hybridization and immunostaining. Selective
beta-galactosidase activity was present in hair follicle bulge cells of adult transgenic mice, while
epidermal expression was con®ned to young mice. The ability to direct expression of transgenes to
the hair follicle bulge will allow us to further address the role of this area in hair follicle cycling,
carcinogenesis and alopecia.

The Transcription Regulation of Human Loricrin Gene by Sp1, CREB-1 and AP1
S.-I. Jang and P. Steinert
Laboratory of Skin Biology, NIAMS, NIH, Bethesda, Maryland
The expression of loricrin is tightly controlled during the terminal differentiation in keratinocytes.
Previously we have reported that three positive motifs of Sp1(±125), CRE-like(±100) and AP1(±
60) and a keratinocyte-speci®c negative element with sequences of CAGCCAC, named R1(±110)
were interspersed in the proximal region of the human loricrin promoter. We have identi®ed that
Sp1 and Sp3, and CREB-1, or cJun and cFos bind to these respective motifs. In this study, we have
explored the transactivation interplay between the neighboring SP1, R1, CRE-like and AP1 sites.
First, the constructs in which the Sp1 and R1 sites were replaced with Gal4 binding sequences
were cotransfected with Gal4-Sp1 expression plasmids. The results showed that the Sp1
transactivation domains A, B, C were suf®cient for 10-fold increase in CAT activity in normal
human epidermal keratinocytes (NHEK). Second, in other construct of the Gal4 plasmid carried
CRE site mutation in the presence of SP1 transactivation domains C and D, the promoter activity
was 60% lower than wild type in NHEK, suggesting that domains C and D might be important for
the interaction between Sp1 and CREB-1. Third, forced expression of cJun, but not Sp1 or cFos,
overcame the R1 repression and led to an 8-fold increase expression in NHEK cells. However, in
the presence of forced expression of cJun, cFos, and Sp1, CAT activity increased more than 12fold, indicating a synergistic effect between Sp1 and the AP1 on the loricrin promoter. Together,
these data show that the R1 motif and an interplay between Sp1, CREB-1 and AP1 are critical for
the cell-type speci®c expression of loricrin in epidermal keratinocytes.

Regulation of Vascular Endothelial Growth Factor Receptor 1 in Human Dermal
Microvascular Endothelial Cells
M.R. Swift, K. Casper, and R.A. Swerlick
Emory University School of Medicine, Atlanta, Georgia
Vascular endothelial growth factor (VEGF) is a critical angiogenic mediator in skin. The effects of
VEGF may be mediated via tyrosine kinase receptors on the surface of endothelial cells (EC), one
of which is VEGFR1, also known as Flt-1. The purpose of this study was to examine the
expression of VEGFR1 in human dermal EC (HDMEC) after stimulation with pro-angiogenic
stimuli. The expression of VEGFR1 mRNA was measured using real-time quantitative PCR.
Consistent with previous studies, the expression of VEGFR1 was increased in HDMEC by
exposure to hypoxia or treatment with PMA. In addition, we observed that increases in VEGFR1
mRNA were induced by basic ®broblast growth factor (bFGF) in a time-and concentrationdependent fashion. Stimulation of HDMEC with 10 ng per ml of bFGF resulted in minimal
increased mRNA expression after 4 h and 5±20 fold increases after 16 h. Increased expression was
induced at concentrations of bFGF as low as 2 ng per ml, and 20±40 fold increases were seen at
doses of 100 ng per ml. Increased VEGFR1 mRNA expression was inhibited by pretreatment with
actinomycin D suggesting bFGF affects transcriptional regulation of VEGFR1. In addition,
pretreatment of HDMEC with cyclohexamide prior to bFGF stimulation inhibited increases in
VEGFR1 steady state mRNA levels by bFGF, consistent with a requirement for new protein
synthesis and the delayed increases in VEGFR1 mRNA levels after bFGF stimulation. These data
suggest that bFGF may stimulate angiogenesis by increasing expression of VEGF receptors on
dermal endothelial cells.

Localization of the Myc Transcription Factor Superfamily in the Human Hair Follicle
J.J. Bull, S. Mueller-Roever, S. Patel, C.M.T. Chronnell, M.P. Philpott, and I.A. McKay
St Bartholomew's and the Royal London School of Medicine and Dentistry, Queen Mary and West®eld
College, London, U.K.
Hair follicles undergo tightly choreographed cycles of proliferation, differentiation and apoptosisdriven regression. The Myc superfamily of transcription factors are key regulators of proliferation,
differentiation and apoptosis in many tissues, including the skin. The aim of this study was to
determine their distribution in human hair follicles. Indirect immunohistochemistry was performed
using the avidin-biotin complex (ABC) method. Sections of human hair-bearing skin were stained
using antibodies raised against individual members of the Myc superfamily. Intense nuclear c-Myc
immunoreactivity (IR) was con®ned to the basal layer of the hair follicle bulge, irrespective of the
hair cycle stage. Staining of serial sections revealed that c-Myc IR was restricted to a subpopulation
of cells immunoreactive to the bulge marker C8/144B. c-Myc could also be detected in the matrix
and inner root sheath of the follicle bulb, while weaker staining was present in the basal cell layers
of the interfollicular epidermis and infundibulum. In contrast, IR for N-Myc, Mad1, Mad3 and
Max was observed throughout the follicle epithelia and within a small number cells of the dermal
papilla and connective tissue sheath. Mad3 and Max were also detectable in the nuclei of sebocytes,
in the sebaceous gland. The bulge of the hair follicle is believed to contain hair follicle stem cells.
Our data suggests that intense c-Myc staining represents a key characteristic of the hair follicle stem
cell compartment.
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Transcriptional Alterations Induced by Papillomavirus E2 Protein: cDNA Microarray
Analysis
E.C. Goodwin, J.W. Zimmermann,* D.A. Jones,* D. DiMaio, and S.A. Leachman*
Yale University School of Medicine, New Haven, Conneticut; *University of Utah Health Sciences Center,
Salt Lake City, Utah
The human papillomavirus (HPV) oncogenes, E6 and E7, are known to cause cellular growth
dysregulation via disruption of p53- and retinoblastoma (Rb)-mediated pathways, respectively. E6
and E7 expression are regulated by papillomavirus E2 protein. HeLa cells, an HPV 18-positive cell
line, express no detectable E2 protein, but express high levels of E6 and E7. Expression of
papillomavirus E2 protein in HeLa cells results in reversion of the malignant phenotype as
measured by (i) inhibition of E6 and E7 expression, (ii) re-activation of dormant p53 and Rb
pathways, and (iii) imposition of growth arrest. We have identi®ed E2-mediated transcriptional
changes by utilizing cDNA microarray technology. mRNA was prepared from HeLa cells
expressing E2 and from control HeLa cells. Each mRNA template was reverse-transcribed,
¯uorescently labeled, and hybridized to a total of 19 000 arrayed genes in quadruplicate.
Fluorescent signals were quanti®ed, and an Excel spreadsheet was developed to analyze the
numeric data. Clones that were positive in at least two of four of the quadruplicates and had at least
a 2-fold change in expression were identi®ed. Twenty-three genes ful®lled this criteria. Many of
the differentially expressed genes (including p21, MDM2, and HPV E6/E7) were expected based
on previous biochemical data. Other p53-inducible genes, not previously known to be involved in
this system (e.g., COUP transcription factor), were also identi®ed. Several of the differentially
regulated genes have no known function and may represent new members of the p53 or Rb
molecular pathways.

Identi®cation of Psoriasis Disease-Related Genes By Pharmacogenomic Pro®ling
J. Oestreicher, I. Walters, P. Gilleaudeau,* A. Dorner, J. Krueger,* and W. Trepicchio
Department of Molecular Medicine, Genetics Institute, Cambridge, Massachusetts; *Department of
Investigative Dermatology, Rockefeller University, New York, New York
Psoriasis is a multigenic chronic in¯ammatory skin disease affecting 2% of the population. Genetic
linkage to as many as four distinct disease loci has been established but the speci®c affected genes
remain unknown. To begin to identify psoriasis disease-related genes we have undertaken a
genome wide screen of psoriasis lesions from multiple affected patients before and following drug
therapy using oligonucleotide arrays. RNA prepared from biopsy samples from nonlesional and
lesional skin from four patients was analyzed on Affymetrix oligonucleotide arrays containing 6800
human genes. Over 2000 genes were expressed in human skin. Cluster algorithms indicated a
pattern of gene expression distinct for psoriatic lesions versus nonlesional or normal skin. Over one
hundred genes were differentially regulated in lesional skin versus nonlesional skin. Several genes
previously identi®ed as playing a role in psoriasis, such as keratin 16, psoriasin and fatty acid
binding protein were overexpressed in the psoriatic lesions thus validating the analysis method. In
addition, over 100 genes were identi®ed with no previous link to disease. Interestingly, expression
levels of several novel genes were ablated in psoriatic lesions and these genes mapped to known
psoriasis disease loci. A comparison of expression patterns of psoriasis lesions to cutaneous lesions
obtained after a delayed-type-hypersensitivity reaction or tape stripping indicated a psoriasisspeci®c and/or in¯ammatory-speci®c role for a subset of the differentially regulated genes.
Following treatment of patients with phototherapy or immunomodulatory drugs such as
cyclosporin or recombinant human Interleukin-11, the expression levels of a number of these
genes returned to normal. Changes in gene expression levels for several genes proceeded clinical
improvement suggesting a causative role for these genes in disease initiation or progression.

Patient Based Outcome Measures for Atopic Dermatitis
C.R. Charman, A.J. Venn,* and H.C. Williams
Queen's Medical Centre, Nottingham, U.K.; *City Hospital, Nottingham, U.K.
The aim of this study was to develop a list of symptoms that best predict patient morbidity in atopic
dermatitis (AD). Interviews carried out with 36 patients with AD produced a list of 10 important
symptoms; itch, soreness/pain, sleep disturbance, weeping, ¯aking, dryness, bleeding, cracking,
redness and skin tightness. These were then incorporated into a questionnaire designed to explore
the frequency and self-rated morbidity caused by each symptom in 200 AD patients over a one
month period. The ``bother'' caused by each symptom was highly correlated with its frequency.
Redness and skin tightness were found to be dif®cult for patients to assess, and were removed.
Using multiple linear regression the eight remaining symptoms were able to predict 80% of the
variance in patient self-rated morbidity (adjusted R square = 0.79, SE = 3.79). A second
questionnaire examining these symptoms over a one week recall period was administered to a
further 100 AD patients. Multiple linear regression showed that these eight symptoms were able to
predict 82% of the variance in patient self-rated morbidity (adjusted R square = 0.80, SE = 1.40).
The frequencies of four symptoms (itch, soreness/pain, sleep disturbance and weeping of the skin)
were the best predictors of patient self-rated morbidity, with inclusion of the remaining four
symptoms providing no signi®cant additional information. These results suggest that assessments of
the frequency of itching, soreness, sleep disturbance and weeping over the preceding week may
provide a useful patient-based outcome measure for AD.
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HHV-8 Lytic Cycle Replication is Induced by Cytokines Produced by HIV-1 Infected
T-Cells
K.E. Foreman, M. Mercader, B. Taddeo, J. Panella, and B. Nickoloff
Loyola University Medical Center, Maywood, Illinois
HHV-8 is a recently described herpesvirus which is closely associated with Kaposi's sarcoma (KS).
While HHV-8 infection appears to be necessary, it may not be suf®cient for development of KS.
One potentially important cofactor is HIV-1. HIV-1 infected cells produce HIV-1 related proteins
and cytokines, which have both been shown to promote growth of KS cells in vitro. While HIV is
not absolutely necessary for KS development, KS is the most frequent neoplasm in AIDS patients,
and AIDS-KS is recognized as a particularly aggressive form of the disease. To determine if HIV-1
could participate in the pathogenesis of KS by modulating HHV-8 replication (rather than by
inducing immunode®ciency), HIV-1 infected T-cells were cocultured with the HHV-8 infected
cell line, BCBL-1. The results demonstrate soluble factors produced by HIV-1 infected T-cells
induced HHV-8 replication, as determined by production of lytic phase mRNA transcripts, viral
proteins, and progeny virions. By focusing on cytokines produced in the coculture system, several
cytokines known to be important in KS (Oncostatin M, scatter factor, and IFN-gamma) were
found to induce HHV-8 replication when added individually to BCBL-1 cells. These results
suggest cytokines may play an important role in the initiation and progression of KS through
reactivation of HHV-8 replication. Thus, HIV-1 may participate more directly than previously.

How Easy is it to Find Randomised Controlled Trials in the Dermatology Literature and
How Well are they Reported?
H.C. Williams and K. Adetugbo
University of Nottingham, Nottingham, U.K.
To be useful, randomised controlled trials (RCTs) need to be accessible and assessable. This study
aimed to determine how easy it was to ®nd relevant RCTs published in a dermatology journal by
Medline searching, and then to assess the quality of reporting of such RCTs. All hard copy issues of
Clinical and Experimental Dermatology from its inception in 1976 through 1997 were manually
searched. Retrieved RCTs were then assessed for quality of reporting by (i) method and
concealment of allocation to the randomisation schedule, (ii) blinding of participants and/or
observers and (iii) whether an ``intention to treat'' analysis was performed. The handsearching
exercise identi®ed 73 reports with allocation described as randomised. Only 31 (43%) of these were
found by searching Medline by ``clinical trials'' publication type. Of the 68 fully evaluable trials,
only one reported method of random sequence generation and only ®ve reported adequate
allocation concealment. Among 38 trials that used simple randomisation, sample sizes in
comparison groups were identical on 22 occasions, making it unlikely that randomisation was
adequately generated or concealed. Most of the trial analyses (88%) excluded some of the originally
randomised participants. Only one trial reported sample size calculations with an a priori main
hypothesis. This study suggests that simple Medline searching by publication type is an unreliable
method of locating RCTs. There is need for higher methodological quality in clinical trial
reporting in dermatology journals. The adoption of the CONSORT standard by all dermatology
journals should safeguard against such problems.

Randomised Controlled Trials in Atopic Eczema ± How Many? What Do They Address?
and What Do They Not Address?
C.A. Hoare, H.C. Williams, and A. LiWanPo*
University of Nottingham, Nottingham, U.K.; *Aston University, Birmingham, U.K.
This team has been commissioned to conduct a scoping review of randomised clinical trials
(RCTs) in atopic eczema (AE) with the aim of resolving some areas of con¯ict and to identify
research gaps. Using electronic searching techniques, Medline, Embase and The Cochrane
Controlled Trials Register were searched to identify all possible RCTs of AE. Additional citations
were identi®ed by chasing references, writing to authors and to drug companies. Of the 4000
studies found, 350 were RCTs of AE and covered the following areas; systemic immunomodulators, topical corticosteroids, complementary therapies, antihistamines and mast cell stabilisers,
nonpharmacological interventions, antimicrobials and antiseptics, dietary supplementation,
adrenergic receptor agents, opiates and their derivatives, other topicals, UV light and a
miscellaneous group. No trials had been published on other treatments in use such as salt baths,
water softeners, avoidance of enzyme containing detergents, climate therapy, allergen desensitisation, methotrexate, azathioprine, acupuncture, hypnotherapy, and wet wraps. Very few trials were
of long duration or have compared commonly used treatments simultaneously. This is a problem
considering the long-term nature of the disease and the fact that most doctors wish to know the
answer to the question ``Which is the best treatment?'' The current RCT literature has failed to
answer important questions to eczema sufferers such as the optimal approach to management.
Scoping reviews of this nature are helpful in providing a perspective of which questions regarding
AE management have been answered and which still need to be answered.
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Variation in Performance Rates of Therapies for Nonmelanoma Skin Cancers
M. Chren, A Sahay, and L. Sands
San Francisco Veterans Affairs Medical Center, San Francisco, California
To compare treatments for nonmelanoma skin cancer (NMSC) that were used in different settings,
we studied all patients seen over 10 mo who were newly diagnosed with non-recurrent NMSC at a
departmental private practice (PRIVATE) and its af®liated Veterans Affairs Medical Center (VA).
Overall, 404 patients (mean age 67 y, 75% male) were diagnosed with 580 NMSCs [76% basal cell
carcinomas (BCC), 24% squamous cell carcinomas (SCC)]. Compared with patients in the
PRIVATE setting, the 168 VA patients (42%) were older (73 vs. 63 y, p<0.001), and their tumors
were less likely to be described as having histological features associated with tumor recurrence (9%
vs. 17%, p<0.01). Tumors of VA patients were similar to those of PRIVATE patients, however, in
size and location on the body. Treatments varied widely (p = 0.001) between the VA and
PRIVATE sites. The proportions of tumors treated in the PRIVATE and VA sites were 34% and
22%, respectively, for electrodessication and curettage; 22% and 52%, respectively, for excisional
surgery; and 44% and 26%, respectively, for Mohs surgery. In multivariable analyses controlling for
tumor type, size, location on the body, and histological features associated with risk for recurrence,
tumors treated in the PRIVATE site were signi®cantly more likely to be treated with Mohs
surgery (OR 3.7 [2.3±6.2], p = 0.0001). We conclude that wide variation exists in the treatment
for NMSC that cannot be explained by features of the tumors.

Adult Height and Risk of Melanoma
A.R. Shors, C. Solomon, and E. White
University of Washington School of Medicine, Seattle, Washington; Fred Hutchinson Cancer Research
Center, Seattle, Washington; University of Washington School of Public Health, Seattle, Washington
Adult body height has been associated with overall cancer incidence, as well as several site-speci®c
cancers. While several authors have reported an increased risk of melanoma in taller adults, the
association has not been fully explored. New cases of primary cutaneous melanoma in 1997 were
identi®ed in the thirteen county region that comprises the Seattle-Puget Sound Surveillance,
Epidemiology, and End Results (SEER) registry. Controls were selected by random digit dialing.
Each study participant completed a telephone survey, and data was collected on demographic
characteristics, sun exposure history, ability to tan, number of moles, places of residence, as well as
personal habits such as diet and exercise. 416 cases and 830 controls were included in the study.
Quartiles of height were assigned individually by sex after examination of the distribution of height
in controls. Risk of melanoma was calculated, with adjustments analyzed by logistic regression. An
excess risk of melanoma was demonstrated by increasing quartile of height. Compared with adults
in the shortest category (for men <68 inches, for women <62 inches), odds ratios and 95 percent
con®dence intervals (Cl) for melanoma in adults whose height placed them in the 2nd quartile (for
men 69±70 inches, for women 63-64 inches), 3rd quartile (for men 71±72 inches, for women 6566 inches), and 4th quartile (for men >73 inches, for women >67 inches) were, respectively: 1.22
(Cl: 0.83±1.81), 1.05 (Cl: 0.73±1.52), and 1.56 (Cl: 1.08±2.27) adjusted for age, sex, and body
mass index (kg per m2) (p=0.043 for trend across categories). These data indicate that height is
associated with an increased risk of developing melanoma. While not a modi®able risk factor,
height is an easily obtained measure and may be useful to stratify patients by risk.

A Survey of Skin Cancer Screening in the Primary Care Setting: A Comparison with
Other Cancer Screening
J.F. Altman, S.A. Oliveria, P.J. Christos, and A.C. Halpern
Memorial Sloan-Kettering Cancer Center: New York, New York
Studies suggest that primary care physicians infrequently perform skin cancer screening. A potential
mechanism to increase skin cancer screening in the primary care setting is to utilize nurse
practitioners (NPs) and physician assistants (PAs). We conducted a population-based survey of
1363 family practitioners and internal medicine specialists to determine: (i) the performance and
perceived importance of skin cancer screening in comparison to other cancer screening and (ii)
physician use and amenability to use of NPs and PAs to perform skin cancer screening. Skin cancer
screening was performed less frequently and rated less important than other cancer screening (64%
performed skin cancer screening compared to 91±93% for other cancer screenings, p < 0.0001;
52% rated skin cancer screening as ``extremely'' important compared to 79±88% for other cancer
screenings, p < 0.0001). Twenty-nine percent and 22% of physicians reported NPs and PAs
performing skin cancer screening, respectively. Family practitioners were more likely to have NPs
and PAs perform skin cancer screening than internists (OR = 2.04, 95% CI = 1.28±3.27;
OR = 2.96, 95% CI = 1.69±5.19, respectively, for NPs and PAs). Seventy-nine percent of family
practitioners and 70% of internists were amenable to NPs/PAs performing skin cancer screening
(OR = 1.65, 95% CI = 1.28±2.14, family practitioners versus internists). These ®ndings indicate that
primary care physicians place less emphasis on skin cancer screening but are amenable to the use of
NPs and PAs to perform these exams. New strategies should be explored to increase skin cancer
screening among primary care physicians and nonphysician health care providers.

Stevens±Johnson Syndrome and Toxic Epidermal Necrolysis in Patients with
Antiepileptic Therapy
M. Mockenhaupt, J. Schlingmann, W. SchroÈder, and E. SchoÈpf
Dokumentationszentrum schwerer Hautreaktionen (dZh), Department of Dermatology, University of
Freiburg, Germany.
Stevens±Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are rare but lifethreatening severe cutaneous adverse reactions (SCAR) to various drugs. Since 1990 all
hospitalized patients with SJS, TEN as well as SJS/TEN-overlap are ascertained by a
population-based registry in Germany. The following analysis was undertaken in order to provide
a risk pro®le for various antiepileptics according to their indication of use. In addition, mortality is
calculated for the different groups, and the time latency between introduction of the drug and
onset of SCAR is evaluated.
214/885 (24%) patients with SJS, TEN and SJS/TEN-overlap had received an anticonvulsive drug
within two weeks before the onset of SCAR between 1990 and 1998. Concerning the indication
of use, phenytoin was mainly taken for prophylaxis of convulsion (50%) and for treatment of acute
convulsion (39%), whereas carbamazepine was used for other indications in 32%. Lamotrigine and
valproic acid were administered in 38% and 35%, respectively, for treatment of acute convulsion,
but especially for changes in the therapy (54% lamotrigine, 35% valproic acid). The mortality of
SCAR-patients after the use of antiepileptic drugs did not differ from the overall mortality for SJS,
TEN and their overlap of 19%. However, more severe reactions were observed when
anticonvulsants were used as prophylaxis (55% SJS/TEN-overlap and TEN) than in the other
indication groups: 85% SJS when therapy was changed, 58% SJS after use for other indications, and
48% SJS in acute treatment. The median of difference between introduction of the antiepileptic
drug and the day of onset of SCAR is 27 (20±34) days for phenytoin, 16.5 (12.5±27) for
carbamazepine, 18 (14±22) for lamotrigine, but more than 365 (276 ± > 365) for valproic acid.
Speci®c indication of drug use is needed to evaluate the risk pro®le of a certain antiepileptic drug,
like in phenytoin, which is mainly used for prophylaxis of convulsion, re¯ecting brain tumors or
cerebral metastases. The latency between the introduction of the drug and the onset of SCAR is
important to differentiate between comedications, like lamotrigine and valproic acid. In addition,
this induction period is longer for anticonvulsants than for other drugs inducing SCAR. Therefore,
patients starting to take an antiepileptic drug should be carefully monitored for several weeks.

A Spectrum of Novel Mutations in the Protoporphyrinogen Oxidase Gene in 12
Variegate Porphyria Families from the United States of America and its Future
Implications
J. Frank,*³ D.R. Bickers,* M.B. Poh-Fitzpatrick,* and A.M. Christiano*²
Department of *Dermatology and ²Genetics and Development, Columbia University, New York, New
York; ³Department of Dermatology, University Clinic of the RWTH Aachen, Germany
Variegate porphyria (VP) (OMIM 176200) results from a partial de®ciency in the activity of
protoporphyrinogen oxidase (PPO), the penultimate enzyme of the porphyrin-heme biosynthetic
pathway. The disorder is usually inherited as an autosomal dominant trait, displaying incomplete
penetrance. Clinically, VP is characterized by cutaneous symptoms on the sun exposed areas of the
skin and by acute neurovisceral attacks which can lead to coma and death. In an effort to
characterize the molecular basis of VP in the United States of America (USA), we studied 12 VP
families by PCR, heteroduplex analysis, automated sequencing, allele speci®c oligonucleotide
hybridization, and restriction enzyme digestion. We detected 10 different novel mutations,
consisting of one missense mutation (G11S), three nonsense mutations (Q189X, E191X, Q435X),
four frameshift mutations (915delTG, 1083delT, 1091insA, 1144delGT), and two splice site
mutations (1290+1G®C, 1291±2A®G). Interestingly, Q189X and 1144delGT, which both
result in premature termination codons and nonsense-mediated mRNA decay, were found
recurrently in four unrelated VP families from different backgrounds living in different parts of the
USA. Since both mutations were previously also detected in European VP families, the question
raises if Q189X and 1144delGT re¯ect a novel founder effect in VP or represent mutational
hotspots within the PPO gene. These ®ndings comprise the ®rst broad genetic study on VP in the
USA and will expand, streamline, and facilitate the elucidation of the molecular basis of VP in the
USA and its neighboring countries by ®rst searching for recurrent mutations in the PPO gene.

Allergic Sensitization and Socioeconomic Status in Adults
T. SchaÈfer, H. Wichmann,* B. Filipiak,* and J. Ring
Department of Dermatology, Technical University, Munich, Germany; *Department of Epidemiology, GSF
Institute, Munich, Germany
There is evidence that socioeconomic status (SES) is positively associated with allergies. Here we
tested the association between allergic sensitization and different proxies of SES in a general adult
population setting. Skin prick tests (SPT) with nine aeroallergens were performed in 1526 adults
(25±75-y-old, 50.4% female, response 60.5%) and further information was obtained by structured
interview. At least one positive reaction in SPT showed 37.3% of the subjects and the prevalence of
positive reactions to the single allergens was as follows: birch 25.0%, grass 19.9%, rye 22.5%, and
mugwort pollen 10.1%, cat 16.2%, dog 13.5%, hdm 13.5%, alternaria 8.7%, and cladosporium
6.8%. Women were sensitized more often than men (39.7% vs 34.9%; OR 1.23, 0.99±1.52) and
subjects with a positive parental history of atopic diseases also exhibited positive reactions more
often (44.8% vs 35.3%; OR 1.49, 1.09±2.04). The prevalence of positive SPT reactions increased
linearly over ®ve categories of length of school education (20.5, 31.3, 44.0, 44.2, 48.1%, p < 0.001
trend test) and four categories of degree of occupational training (26.7, 36.6, 37.5, 48.6%, p = 0.04
trend test). These associations remained statistically signi®cant in logistic regression models
controlling for gender and parental predisposition.Report or observation bias may not have
in¯uenced the results. The underlying mechanisms, however, remain to be elucidated.
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Comparison of Melanoma Diagnosis and Management Decisions Between
Dermatologists and Primary Care Physicians
S.C. Chen, E. Weil,* D.M. Bravata, and I. Olkin
Stanford University, Stanford, California; *University of Toronto: Toronto, Ontario, Canada
Dermatologists have argued for direct access, especially for patients with dif®cult diagnostic and
management problems such as melanoma. To clearly demonstrate that dermatologists are better
melanoma caregivers than primary care physicians (PCPs), both sensitivity and speci®city must be
examined in an receiver operating characteristic (ROC) curve. We performed a systematic
literature review evaluating dermatologists and PCPs for accuracy of melanoma diagnosis and
biopsy/referral decisions. We evaluated the relative ef®cacy of the two types of physicians using
ROC curves. Nine of the 605 potentially relevant articles met our inclusion criteria: they reported
sensitivity and/or speci®city, identi®ed physician type, and presented at least one melanoma. For
diagnostic accuracy, the summary sensitivity (95% C.I.) was 0.91 (0.81±1.0) for dermatologists and
0.71 (0.54±0.87) for PCPs. For management decisions, the summary sensitivity was 0.91 (0.85±
0.97) and 0.91 (0.86±0.97) whereas speci®city was 0.88 (0.81±0.96) and 0.82 (0.81±0.83),
respectively. Only six diagnostic accuracy studies directly compared dermatologists and PCPs;
none reported dermatologist speci®city, thus ROC curves could not be calculated. Of the ®ve
management decision studies that examined both physician types, three reported both sensitivity
and speci®city. The ROC curves from these data are equivocal in demonstrating the relative
accuracy of dermatologists to PCPs. Future studies should report both sensitivity and speci®city of
dermatologists and PCPs as melanoma diagnosticians and management decision-makers in order
calculate robust ROC curves that can be used to inform the national debate over direct access of
patients to dermatologists.

Impact of Basic Skin Cancer Triage (BSCT) Training on Providers' Attitudes Towards
Skin Cancer Control
R. Mikkilineni, M.A. Weinstock, M.G. Goldstein, C.E. Dube, and J.S. Rossi
Departments of Dermatology, Psychiatry and Community Health, Brown University; Department of
Psychology, University of Rhode Island; Providence and Kingston, Rhode Island
We evaluated the impact of a 2-h BSCT curriculum on the attitudes of primary care providers
(PCPs) towards total body skin examination (TBSE), skin cancer prevention counseling (SCPC),
and their knowledge of skin cancer. Providers (n = 28), recruited from an HMO, completed
surveys before and 1 mo after the intervention. PCP attitudes were measured by level of
disagreement or agreement with statements about TBSE and SCPC, on a 5-point Likert scale.
Knowledge was assessed by a 19-item quiz. Analysis used 2-tailed, paired t-tests. After training,
PCPs were more apt to agree that TBSE is effective in detecting skin cancer (p = 0.002), improves
skin cancer morbidity and mortality (p = 0.016), and that patients appreciate efforts to detect skin
cancer through TBSE (p = 0.009) (Overall increase, 4.2±4.6, p < 0.0001). PCPs were more apt to
disagree with statements that TBSE is not a priority for them (p = 0.0001), that there is no
evidence it saves lives (p = 0.004), and that patients are embarrassed by efforts at TBSE (p = 0.038)
(Overall decrease, 2.4±1.8, p < 0.0001). There were positive, nonsigni®cant changes in attitude
towards SCPC. Knowledge of skin cancer risk factors, prevention and treatment increased (68% to
74%, p = 0.026). Linear regression revealed no effect modi®cation by provider specialty, sex, age,
time spent in primary care or practice. BSCT training was associated with improved PCP attitudes
towards TBSE and increased skin cancer knowledge. This nonrandomized trial suggests BSCT is a
promising approach for increasing PCP skin cancer control activities.
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Skin Cancer Prevention in the Primary Care Setting: Assessment Using Standardized
Patients
R.L. Hornung, L.K. Sharp, L.A. Hansen, and M.S. Lipsky
Department of Pediatrics, University of Washington School of Medicine, Seattle, Washington; Department of
Family Medicine, North-western University Medical School, Chicago, Illinois
The aim of this pilot study was to utilize the standardized patient (SP) technique in assessing the
ability of primary care physicians (MDs) to identify and counsel primary prevention for patients at
high risk for skin cancer. A secondary goal was to test the feasibility of this new SP technique.
We used a convenience sample of 15 primary care MDs (12 family practitioners and three general
internists). These MDs consented to the study prior to the SP visit with full understanding that an
SP would evaluate their ``prevention counseling skills'' during a regular clinic visit. The SP was an
18-y-old woman with skin phototype I. She received 20 h of training on a standard clinical/
historical presentation. She presented to MDs needing a general physical examination for a summer
lifeguard job at a beach. Her standard history included a family history of skin cancer. MD
performances were rated using a standard checklist completed following each visit.
Results revealed that none of the MDs asked questions speci®cally related to skin phototype or sun
exposure habits such as childhood sunburns. Only 13% asked about atypical moles or mole
changes. Forty percent performed a skin exam, but only 7% performed a total body skin exam. For
counseling, 67% of MDs recommended sunscreen use; however, only 7% discussed sunscreen
types, frequency, or procedure for effective use. Only 13% of MDs counseled for protective
clothing, and similarly, 13% counseled other protective behaviors (e.g., avoiding midday sun).
There were no signi®cant differences by MD gender in these areas, however, female MDs
counseled more global health behaviors (e.g., drug use prevention) than male MDs (p < 0.01).
Overall, the SP technique worked well in obtaining outcome data for MDs' preventive practices.
Our pilot data suggest that there is little skin cancer primary prevention counseling occurring for
high risk patients, but further studies will need to explore this ®nding.

A Population-Based Genetic Epidemiologic Survey of Alopecia Areata (AA)
A.A. Sinha, M.G. Barsasteanu, D. Papadopoulos, J. Fasolo, K. Ronningen,* and S. Iyengar²
Weill Medical College of Cornell University, New York, New York; *National Institute of Public Health,
Oslo, Norway; ²Case Western Reserve University, Cleveland, Ohio
The cloning of the recessive gene for alopecia universalis (AU) on human 8p12 leads us to
hypothesize that genes for AA are segregating in smaller families with at least two affecteds. We are
examining a broader AA phenotype by collecting such families and genotyping candidate genes.
Epidemiologic surveys were conducted in two clinics in the New York Metropolitan area to
recruit patients with a family history of AA. Of the 120 AA patients, 69 (57.5%) AA patients
consented to participate. The racial composition is 15% African-American, 46% Caucasian, 30%
Hispanic and 9% Asian and is not signi®cantly different between index cases with and without
family history. Age-at-onset of the probands ranged from 7 to 66 y, and sibship size ranged from 0
to 9. Of 69 probands, 22 (32%) have a ®rst, second or third degree relative with AA. DNA from
blood samples of probands with (N = 12) and without (N = 20) a family history of AA and ®rst
degree family members with and without AA (N = 13) was typed for polymorphisms at the HLAD locus. Of the 37 patients, 29.7% were DR4 positive. Five of 37 patients who were typed for
HLA markers carried the DQA1*0501-DQB1*0301 haplotype. These interim data from a
multicenter study demonstrate that AA aggregates in families. Additional candidate gene analysis
(e.g., AU locus) and genome scan of AA multiplex families from this cohort should facilitate
identi®cation of genes controlling pathogenesis.
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Physician Attitudes to Eczema and its Management: an International Survey
R.A.C. Graham-Brown and C. Parker*
The Leicester Royal In®rmary, Leicester, U.K.; *GlaxoWellcome, Uxbridge, U.K.
The eczemas represent an important burden of morbidity and the prevalence of atopic dermatitis is
rising in western societies. There has been some work on the effects of eczema on quality of life
and on patients' attitudes to their problems, but little has been published on physicians' attitudes.
This study was undertaken in an effort to gain some understanding of the views on eczema and its
management of doctors treating eczema patients, and to compare attitudes between different
countries. Face-to-face interviews using semistructured questionnaires were conducted with
physicians managing eczema as part of their normal case-load. 340 physicians agreed to be
interviewed. The sample included dermatologists, pediatric dermatologists, pediatricians and family
practitioners in France, Germany, Brazil, Mexico, India, Korea, Japan and the USA. The range of
estimated severity of disease was broadly similar regardless of specialty and nationality: 40±60%
mild; 35±40% moderate; 10±20% severe. Most cases were said to be either ``atopic'' or ``contact''.
Physicians recognised that eczema had signi®cant effects on quality of life but a number disagreed
with the view that eczema was ``chronic and debilitating''. The majority of physicians aimed to
achieve short-term relief, with only a minority seeking longer-term solutions. Most were satis®ed
with the treatments available, although in Germany France and the USA, physicians recognised
that patients often sought new ways of managing their condition. With emollients, topical
corticosteroids were the most used therapies, but there were differences in the level of con®dence
in these drugs: corticosteroids were generally viewed favourably in France and the USA but a
signi®cant degree of ``corticophobia'' was evident in some countries, especially Germany and
Mexico.

Epidermal Permeability Barrier Homeostasis: Implications for the Pathogenesis of
Stress-Associated Skin Disorders
A. Garg, M.-M. Chren, LP. Sands, M.S. Matsui, K.D. Marenus, K.R. Feingold, and P.M. Elias
Departments of Dermatology & Medicine, VAMC & UCSF, San Francisco, California; Estee Lauder, Inc.,
Melville, New York
Several skin diseases, including atopic dermatitis and psoriasis, appear to be precipitated or
exacerbated by psychological stress (PS). Yet, the pathologenic role of PS remains unknown. In
three different murine models, PS negatively impacted cutaneous permeability barrier function and
co-administered tranquilizers blocked the PS-induced deterioration in barrier function. Here, we
investigated the relationship between PS and barrier function in 27 medical, dental, and pharmacy
students without co-existent skin disease. Psychological status was assessed with two well-validated
measures: Perceived Stress Scale (PSS) and Pro®le of Mood States (POMS). Barrier function and
stress measures were assessed at periods of presumed higher stress (during exams) and at two
presumed, lower stress occasions (after Christmas and Spring vacations ± 4 wk before and after
exams, respectively). The subjects demonstrated a signi®cant delay in barrier recovery kinetics after
acute barrier disruption by tape stripping, in association with increased PS during the higher versus
both lower stress occasions. Moreover, the greatest barrier abnormalities occurred in those subjects
who demonstrated the largest increases in PS. These studies provide the ®rst link between
psychological status and cutaneous function in humans, and suggest a pathophysiological pathway
involving PS-induced derangements in epidermal barrier function as a precipitator of in¯ammatory
dermatoses.
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A Remarkable Incidence of Solid Tumors in 35 Patients with Anti-Epiligrin Cicatricial
Pemphigoid (AECP)
C. Egan, Z. Lazarova, T. Darling, C. Yee, and K. Yancey
Dermatology Branch, DCS, NCI, NIH, Bethesda, Maryland
AECP is a unique subepithelial blistering disease characterized by IgG antibasement membrane
(BM) autoantibodies against laminin 5 (a3b3g2). During the past 8 y, our laboratory, in
collaboration with other investigators, has compiled summary data regarding the clinical and
immunopathological features of this disease in 35 patients and identi®ed an association with
underlying solid tumors in nine of these cases (26%). In this series, all patients were adults (mean
age = 62.5 y); the ratio of females to males was 1.4. Oral mucosal disease predominated in these
patients (100%); other common sites of involvement included the skin (~70%), conjunctiva
(~60%), nasal mucosa (~45%), larynx (~45%), and genital mucosa (~35%). All patients had in situ
deposits of IgG (6C3) in epidermal BMs, and circulating IgG autoantibodies that: (i) bound the
dermal side of 1 M NaCl split skin (titers = 2.5±640); (ii) immunoprecipitated keratinocyte-derived
laminin 5; and (iii) immunoblotted the a3 (n = 24), a3 and g2 (n = 3), a3 and b3 (n = 1), b3
(n = 2), b3 and g2 (n = 1), or no (n = 3) subunits of this autoantigen. The mean age of patients with
solid tumors was 61.5 y; the ratio of females to males in this subset was 2.0. Solid tumors in these
patients involved the lung (n = 3), colon (n = 2), stomach (n = 2), endometrium (n = 1), and cervix
(n = 1). These malignancies (known to be fatal in six instances) were typically identi®ed within + 8
mo of the diagnosis of AECP. Interestingly, antilaminin 5 IgG was not identi®ed in the sera of 50
anonymous controls with various solid tumors (lung, colon, oral, kidney, and urinary bladder, 10
each; mean age of subjects 60.1 y, female to male ratio 0.5). AECP is a recently identi®ed, mucosal
predominant subepithelial blistering disease. The 26% incidence of solid tumors in this series of 35
patients indicates that it is important to distinguish AECP from other autoimmune blistering
diseases so that such patients can be followed closely for this potential association.
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The Response of Chronic Plaque Psoriasis to AmeviveTM (LFA3TIP) and the Selective
Suppression of Peripheral Memory/Effector T Cells (CD45RO+) Verses NaõÈve T Cells
(CD45RA+) Is Linked to Serum Levels of LFA3TIP
D. Magilavey and G.G. Krueger*
Amevive Study Group, Biogen Inc, Cambridge, Massachusetts; *University of Utah, Salt Lake City, Utah
LFA3TIP is a fusion protein of LFA-3 fused to the Fc sequences of human IgG1 that downmodulates costimulatory signaling of CD2/LFA3. In vitro effects of LFA3TIP on T cell function,
resulted in a placebo-controlled, randomized double-blind multiple dose study in patients with
chronic plaque psoriasis. Subjects in three dose and placebo cohorts received 12 weekly IV doses of
study drug and were followed an additional 12 wk. Signi®cant clinical improvement occurred in
56% with 23% of subjects being * 90% improved 12 wk after the last dose; the response correlated
directly with serum levels of LFA3TIP. A reduction during the dosing period in absolute number
of peripheral NK cells and lymphocytes was observed in subjects receiving LFA3TIP. This
reduction was noted in total, CD2+ , CD4+ , and CD8+ T lymphocytes but not in CD19+ B
lymphocytes. The degree and duration of T cell reduction correlated directly with the dose of
LFA3TIP. A selective decrease of high intensity expressing CD2+ cells in both the CD4+ and
CD8+ subpopulations was observed by ¯ow cytometric analysis. Although there was a dosedependent reduction in CD2+ cells with memory/effector phenotypes (CD4+±CD45RO+ and
CD8+±CD45RO+), minimal reduction in the naive T cell phenotypes (CD4+±CD45RA+ and
CD8+±CD45RA+) was observed. Selectivity for CD45RO+ cells over CD45RA+ cells may be
related to increased expression of CD2 on CD45RO+ cells. Because of its unique selectivity for
memory/effector T cells, LFA3TIP has therapeutic potential in T-cell mediated diseases.
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Oral SDZ ASM 981: Safety, Pharmacokinetics and Ef®cacy in Patients With Moderate
To Severe Chronic Plaque Psoriasis
K. Rappersberger, M. Komar, M.E. Ebelin,* G. Scott,* M. Bueche,* P. Burtin,* and K. Wolff
Department of Dermatology, University of Vienna, Austria; *Novartis Pharma AG, Clinical Pharmacology,
Basel, Switzerland
SDZ ASM 981 is an ascomycin macrolactam derivative developed speci®cally for the treatment of
in¯ammatory skin diseases. A randomized, double-blind, placebo-controlled study was designed to
evaluate the safety and ef®cacy pro®le of oral SDZ ASM 981 in patients with moderate to severe
chronic plaque psoriasis. Fifty patients were enrolled into ®ve cohorts of 10 subjects each (eight on
SDZ ASM 981, two on placebo) and treated for 4 wk. Dose escalation began at 5 mg o.d. SDZ
ASM 981 with subsequent increases to 10 o.d., 20 o.d., 20 b.i.d., and 30 b.i.d. mg. Vital signs,
ECG, and laboratory parameters were assessed at screening, baseline, during the study and at study
completion. Serial blood samples were collected for determination of SDZ ASM 981
concentrations. Ef®cacy was assessed by the Psoriasis Area and Severity Index (PASI).
The study is still blinded (60 mg dose cohort in progress). The tolerability of the 5, 10, 20 and 40
mg daily doses of SDZ ASM 981 was very good. No serious adverse events occurred. No clinically
signi®cant change was observed in laboratory parameters, physical examination, ECG, and vital
signs. Both mean Cmax and AUC rose in a dose-proportional manner. For the 20 mg b.i.d. dose,
mean Cmax and AUC(0±24 h) at steady-state were 54.7 ng per ml and 519.9 ngh per ml, respectively.
The reduction of the PASI (change from baseline) at day 28 in the 20 mg b.i.d. dose cohort ranged
from ±15 to ±91% clearly indicating clinical ef®cacy despite the fact that the study is still blinded.
In conclusion, preliminary results from repeated oral administrations of daily doses up to 40 mg
SDZ ASM 981 in patients with moderate to severe psoriasis showed a good safety pro®le, doseproportional pharmacokinetics and ef®cacy at the 40 mg dose.

A Multicentre Phase II Clinical and Immunohistochemical Trial of Systemic Bexarotene
(Targretin) in Psoriasis
J. Smit, E. de Jong, C. van Hooijdonk, M. Kooijmans-Otero, G. de Jongh, J. Lambert,* D.
Roseeuw,² J. de Weert,³ V. Stevens,§ and P. van de Kerkhof
University Hospital Nijmegen, Nijmegen, Netherlands; *University Hospital Antwerp, Antwerp, Belgium;
²University Hospital Brussels, Brussels, Belgium; ³University Hospital Gent, Gent, Belgium; §Ligand
Pharmaceuticals, San Diego, California
A dose escalation study of a new systemic retinoid X receptor (RXR) selective compound,
bexarotene, was conducted in patients with moderate to severe plaque psoriasis. Therapy was
initiated at doses of 0.5 (13 pts.), 1 (12 pts.) and 2 (12 pts.) mg per kg per d. For these doses the
percentages of patients showing at least 50% improvement in clinical parameters after 12 wk
treatment were: plaque elevation (PEL) 38%, 25%, 50%; physicians global assessment (PGA) 46%,
42%, 50%; psoriasis area and severity index score (PASI) 31%, 25%, 25%. Adverse events (AEs)
with an overall incidence >10% were: hyperlipaemia (57%), pharyngitis (19%), asthenia (11%), and
pruritus (11%). There were no serious AEs. In a subset of 21 patients attending the University
Hospital Nijmegen, biopsies were taken before and after 12 wk treatment. Immunohistochemical
analysis showed a signi®cant reduction of MIB-1 positive nuclei (proliferating epidermal cells), a
signi®cant increase of keratin 10 (DE-K10 positive cells) and a signi®cant decrease of keratin 16
(KS8.12 positive cells) and transglutaminase (BT 621 positive cells). Keratin 13 (1C7 positive cells)
was absent both before and after treatment. The total dermal in®ltrate and the number of CD4
positive T-cells were signi®cantly decreased. However, the percentages of CD4 and CD8 positive
T cells in the in®ltrate areas remained unchanged both in epidermis and dermis. This study shows
that bexarotene improves moderate to severe plaque psoriasis both clinically and immunohistochemically. Additional dose levels are being explored to determine the utility of bexarotene
therapy for psoriasis.

Oral Bexarotene Capsules as Treatment for All Stages of Refractory or Persistent CTCL
M. Duvic, A. Martin, K. Hymes, K. Washenik, P. Heald, G. Wood, P. Myskowski, C. Crowley,
and R. Yocum
MD Anderson, Washington University, New York University, Yale University, University Hospital of
Cleveland, Memorial Sloan-Kettering, and Ligand Pharmaceuticals Inc, San Diego, Calif
Bexarotene (Targretinq) capsules were evaluated for safety and ef®cacy in two international,
multicenter, open-label Phase II±III trials of patients with refractory or persistent CTCL of TNM
Stages I±IIA or TNM Stages IIB±IV. Patients had failed at least two CTCL therapies (for Stages I±
IIA) or were refractory to at least one systemic anticancer therapy (IIB±IV). Data were analyzed for
response and safety at 6.5, 300, and >300 mg per m2 per d initial doses. Response was determined
using standard oncologic criteria for monthly evaluations by a Physician's Global Assessment (PGA)
of disease and a Composite Assessment (CA) of the sum of scores of ®ve clinical signs of
representative index lesions. 152 of 167 patients screened at 32 study centers were enrolled.
Patients began treatment at 6.5 (n = 15), 300 (n = 84) or >300 (n = 53) mg per m2 per d. Overall
49% of patients (74 of 152) achieved response by PGA or CA: CCR = 9% (13 of 152), PR = 40%
(61 of 152). The 6.5 mg per m2 per d initial dose was relatively ineffective. For the optimal initial
dose of 300 mg per m2 per d (n = 84), the overall response rate was 48% (40 pts) with 4% CCR (3
pts, Stages IB, IIA, and III). At >300 mg per m2 per d, 59% of the patients responded, with 17%
CCR (9 pts, Stages IA-3, IB-1, IIA-1, and IIB-4). Using Kaplan-Meier statistics, the projected
time to response at 300 mg per m2 per d for Stages I±IIA was a median 57 d (range 27±114) and for
Stages IIB±IV was 180 d (range 14±197); median duration of disease control, from ®rst day of
therapy, was 299 d (range 57±299 d) for 300 mg per m2 per day and 385 d (range 92±516) d for
>300 mg per m2 per d; and the median time to progressive disease was 147 d (range 1±210 d) for
300 mg per m2 per d and 413 d (range 8±516 d) for >300 mg per m2 per d. The most common
(>20%) adverse events (AEs) at least possibly related to treatment increased in frequency in direct
relation to initial dose and were similar in nature in both studies: hyperlipemia (primarily
hypertriglyceridemia), hypercholesteremia, central hypothyroidism, headache, asthenia, and
leukopenia. AEs were generally easily managed, often required concomitant therapy for elevated
triglycerides and hypothyroidism, and were reversible upon discontinuing treatment. Bexarotene,
the ®rst RXR-selective retinoid (rexinoid), was well-tolerated and effective in patients with
previously treated CTCL of all stages.

Clinical and Immunopathological Effects of Intra-Lesional GM-CSF in Nodular Basal
Cell Carcinoma
J.K. Robinson and B.J. Nickoloff
Departments of Pathology and Medicine, Cardinal Bernardin Cancer Center, Loyola University, Chicago,
Illinois
Basal cell carcinomas (BCC) are usually treated with a surgical method that results in a visible scar.
In the past, BCC have responded to injection of biological response modi®ers that could eradicate
tumors without residual scar formation. We previously observed in BCC that intratumoral and
peritumoral dendritic antigen presenting cells (DCs) lack important costimulatory molecules ±
CD80 and CD86. In vitro these APCs were induced to express CD80 and CD86 after exposure to
GM-CSF. Since prior case reports documented clinical responses after injection of GM-CSF in
melanoma and Kaposi's sarcoma, we sought to determine if GM-CSF could be used to treat BCCs.
After obtaining informed consent, 20 patients with nodular BCC (0.5±1.5 cm in diameter) were
injected weekly 3 4 with 250 mg of recombinant human GM-CSF. Patients injected with GMCSF intralesionally demonstrated clinical regression of tumors in almost 50% of cases. Subjects who
responded experienced transient fatigue and ¯u-like symptoms. Following an additional 4 weeks of
observation, the injection site was surgically excised and immunostained. After GM-CSF
injections, DCs in and around the tumor cells expressed both CD80 and CD86, which was
accompanied by prominent activated CD4+ and CD8+ T cell in®ltration, including GMP-17+
cells indicating a cytotoxic phenotype. Accumulation of T cells in the skin was accompanied by
induction of apoptosis in adjacent tumor cells. In one patient, other BCCs not injected with GMCSF underwent partial regression suggesting a systemic vaccine-like effect. We conclude that
intralesional injection of GM-CSF can locally activate DCs, that in-turn present tumor associated
antigens to in®ltrating cytotoxic T cells triggering apoptosis in the BCC.
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Iso¯avone Genistein Blocks Ultraviolet Irradiation-Induced Epidermal Growth FactorReceptor Activation, Mitogen-Activated Protein Kinase Activity and Matrix
Metalloproteinase Gene Expression in Human Skin In Vivo
S. Kang, Y. Wan, J. Lee, J. Chung, H.S. Talwar, H.C. Choi, G.J. Fisher, and J.J. Voorhees
University of Michigan, Ann Arbor, Michigan
Activation of cell surface receptor tyrosine kinases and generation of reactive oxygen species
(ROS) are two of the earliest effects of ultraviolet (UV) radiation on human skin in vivo. Receptor
activation and ROS then stimulate MAP kinase signal transduction pathways that upregulate
activator protein-1 (AP-1) and induce AP-1-regulated matrix metalloproteinase (MMP) genes.
MMP-mediated dermal matrix degradation is a major contributor to premature skin aging
(photoaging). We investigated the ability of topical genistein (GEN, 5%), which possesses both
tyrosine kinase inhibitory and antioxidant activities, to affect responses to UV (2MED) that
eventuate in photoaging in human skin in vivo. Pretreatment of human skin with GEN inhibited
UV-induced epidermal growth factor receptor (EGF-R) tyrosine kinase activity 75% (western
blot; p < 0.05, n = 4). GEN pretreatment inhibited UV induction of ERK and JNK activities by
60% and 50%, respectively (p < 0.05; n = 8±9). GEN prevented UV-induction of cJun protein by
70% (p < 0.05; n = 5). Consistent with this, MMP-1 mRNA (RT-PCR) induction by UV was
inhibited 72% by GEN (p < 0.05%; n = 5). GEN did not act as a sunscreen as it had no effect on
UV-induced erythema. Thus, in human skin in vivo, GEN blocks early UV response of cell surface
receptor activation and inhibits distal signaling events that ultimately lead to MMP gene expression.
These data indicate that compounds like GEN, which possess both tyrosine kinase inhibitory and
antioxidant activities, may prevent photoaging.
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Identi®cation of a Monoclonal T Cell Population in the Blood of Patients with Systemic
Sclerosis: Correlation with Responsiveness to Photopheresis
L.E. French, A.H. Rook, B. Benoit, and S.R. Lessin
University of Pennsylvania, Philadelphia, Pennsylvania
Systemic sclerosis (SSc) is a disease of unknown origin. It is considered to be an autoimmune
disease, but recent studies have shown that cellular microchimerism resulting from the persistence
of fetal cells from prior pregnancies may be involved in its pathogenesis. Since treatment by
photopheresis can induce anticlonotypic immunity and be effective in both advanced cutaneous T
cell lymphomas and SSc, we have searched for clonal T cell populations in patients with SSc. Blood
from 12 SSc patients was screened for clonal T-cell receptor g (TCRg) gene rearrangements using
polymerase chain reaction (PCR) and standard denaturing gradient gel electrophoresis (DGGE).
All patients were treated by photopheresis, and clinical response to treatment was evaluated in a
blinded manner using a skin severity score (thickness). Clinical outcome and the presence or
absence of T cell clonality were then compared. TCRg PCR-DGGE detected a monoclonal T cell
population in the blood of ®ve of 12 (42%) SSc patients. When clonality status was compared to
clinical outcome, T cell clonality was found to be predictive of response to photopheresis, as ®ve of
®ve (100%) clone positive versus one of seven (14%) clone negative patients experienced a clinically
signi®cant response to photopheresis. These results show that a high proportion of patients with
SSc have an expanded circulating monoclonal T cell population, and such patients are more likely
to respond to photopheresis. This data suggests that screening SSc patients for T cell clonality by
TCRg PCR-DGGE may help predict their chances of responding to photopheresis.
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Addition of a Poly Arginine Linker to Cyclosporin A Facilitates Transcutaneous
Delivery and Topical Inhibition of Cutaneous In¯ammation
Q. Lin, J.B. Rothbard,* S. Garlington,* P. McGrane,* P. Wender, and P.A. Khavari
VA Palo Alto and Stanford University, Stanford, California; *Cellgate, Sunnyvale, California
Arginine rich sequences in HIV1 tat and Drosophila antennapedia can facilitate tissue transport
through a conserved, energy-dependent process. A number of systemically active drugs are
ineffective topically due to poor penetration, including the immunosuppressant cyclosporin A
(CsA). To address this problem, we coupled CsA to a hepta-arginine through nonreleasable and
pH releasable linkers to produce R7-L-CsA conjugates. Penetration into intact skin tissue was
determined by streptavidin-FITC staining to detect biotinylated CsA and R7-L-CsA. In contrast
to unmodi®ed CsA which completely fails to penetrate the cutaneous barrier, topically applied R7L-CsA is ef®ciently transported into cells throughout the entire epidermis and dermis of murine
and human skin. This uptake is rapid; R7-L-CsA in PBS rapidly traversed the epidermal
permeability barrier and was observed within cells throughout the epidermis and upper dermis
within 20 min. We con®rmed that absorbed R7-L-CsA reaches its cellular targets within in¯amed
skin by double staining with anti-CD3 antibodies and streptavidin-FITC to identify T
lymphocytes that had taken up the drug. This uptake produces biologic effects in cutaneous
in¯ammation as demonstrated using an oxazalone contact sensitization model in mice. R7-L-CsA
inhibits mouse ear swelling by 72% compared to vehicle, surpassing the ef®cacy of the
betamethasone valerate positive control [n = 10 mice per group]. These data establish a general
strategy for enhancing the transdermal delivery of poorly absorbed drugs and provide a new topical
therapeutic approach to the treatment of in¯ammatory skin disorders.

Signal Transduction Pathways Involved in Reactivation of Kaposi's Sarcoma-Associated
Herpesvirus (KSHV) in Latently Infected Cells: Calcium Mobilization Reactivates Virus
through a Calcineurin-Dependent Pathway Distinct from Protein Kinase C-mediated
Reactivation by Phorbol Esters
J. Zoeteweij and A. Blauvelt
Dermatology Branch, NCI, Bethesda, Maryland
KSHV, also known as human herpesvirus-8, is associated with KS, primary effusion lymphoma
(PEL), and some forms of multicentric Castleman's disease. There is good evidence that
reactivation of KSHV occurs in latently infected blood cells prior to initial infection of dermal
lymphatic endothelial cells and subsequent development of KS. The mechanisms by which KSHV
is reactivated, however, are poorly understood. Here, we studied intracellular signaling pathways
involved in reactivation of KSHV using latently infected PEL cell lines. As we recently reported
(Zoeteweij et al.: J Virol 73:5894±5902, 1999), KSHV reactivation in single cells was quanti®ed by
mAb staining and ¯ow cytometry. Agents that mobilized intracellular calcium (1 mM ionomycin or
5 nM thapsigargin) induced expression of KSHV lytic cycle-associated proteins (PF-8 and gpK8.1).
Virus reactivation by these agents was speci®cally blocked by the calcium chelator EGTA, as well
as by inhibitors of the calcineurin/NF-AT signal transduction pathway (0.5 mM cyclosporine or
0.1 mM FK506). The phorbol ester PMA is known to induce KSHV reactivation. In contrast to
intracellular calcium mobilization, reactivation by 3 nM PMA was speci®cally blocked by protein
kinase C inhibitors (1 mM bisindolylmaleimide or 10 nM staurosporine). In summary, these results
indicate that KSHV can be reactivated by at least two distinct intracellular signal transduction
pathways. Further characterization of host cellular events involved in triggering active KSHV
replication should lead to better understanding of KS pathogenesis and possibly to the design of
new antiherpesvirus agents.
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WNT Signaling Maintains the Hair Inductive Activity of Anagen Dermal Papilla
J. Kishimoto, R. Burgeson, and B. Morgan
Cutaneous Biology Research Center, Massachusetts General Hospital, Harvard, Boston, Massachusetts
We have previously established a transgenic line which exhibits anagen hair dermal papilla (DP)
speci®c GFP reporter gene expression under versican promoter control so that millions of pelage
DP cells could be puri®ed by cell sorting. (Kishimoto et al.: PNAS, 1999). While freshly isolated
DP cells can induce hair growth in a skin reconstitution assay, this ability and GFP expression are
rapidly lost during repeated passage in culture. This observation suggested that a factor required for
DP maintenance was absent form our culture conditions. Recent work has implicated sonic
hedgehog (Shh) in the initiation of the anagen phase of the hair cycle and we investigated whether
coculture with feeder cells supplying Shh was suf®cient to maintain either hair inductive ability or
GFP expression. Although induction of ptc RNA demonstrated that the DP cells received the Shh
signal, neither GFP expression or hair inductive ability was maintained. However, the transgene
contains a LEF-1 binding motif which is required for DP speci®c reporter gene expression in vivo,
suggesting that WNT-b-catenin-LEF-1 signaling could be involved in the tissue speci®city of the
versican promoter activity, and possibly in maintaining DP cells in the active (anagen) signaling
mode. Wnt3 are expressed in the epidermal components of the hair follicle, and RT-PCR analysis
showed that mRNAs for known components of the Wnt signal transduction cascade such as
Frizzled7, Dishevelled2, GSK-3, b-catenin, and LEF-1, were detectable in sorted DP cells. When
cocultured with Wnt3a expressing cells, DP cells can maintain initial GFP expression over multiple
rounds of passage in vitro. These cocultured cells also maintain hair inductivity in the reconstitution
assay on nude mouse skin when grafted with keratinocytes. These results demonstrate that WNT
signaling is suf®cient to maintain DP cells in anagen phase in culture and suggest that WNT
signaling plays an essential role in signaling between the epidermis and dermal papilla during the
hair cycle in vivo.

Arsenic Ingestion Alters Basal Cell Carcinoma Tumorigenesis in PATCHED
Heterozygote Knock-out Mice
J. Beech, M. Aszterbaum, and E.H. Epstein, Jr
University of California, San Francisco, San Francisco, California
Arsenic (As) ingestion is epidemiologically linked with basal cell carcinomas (BCCs) in humans. In
vitro studies suggest that As acts as a cocarcinogen with DNA damaging agents. Recently
PATCHED heterozygote (ptc 6) knock-out mice exposed to ionizing (IR) or ultraviolet (UVR)
radiation have been described to develop BCCs. We have employed this model to evaluate the role
of As in tumorigenesis in vivo. Ptc 6 mice and wild-type (WT) controls consumed either sodium
arsenite or tap water and were exposed to either a single 5 Gy dose of IR or 240 mJ per cm2 of
UVB 3x per week. Biopsies were taken 8 mo after As administration. No WT mice developed
tumors. Unirradiated ptc 6 mice consuming As developed tumors equivalent in number and size
to untreated controls. IR plus As treated mice had a 7-fold increase in the tumor incidence with an
average 9-fold decrease in cross-sectional area compared to IR alone. By contrast, mice treated
with UVR and As developed one third fewer tumors but a 1.75-fold increase in size compared to
UVR alone. The observation that UVR increases tumor size is consistent with reports that UVR
acts as a tumor promoter. In conclusion, we have con®rmed reports that As is not a complete
carcinogen. Our results imply that As plus IR may increase tumor initiation while As and UV may
function as a tumor promoter. The As exposed ptc 6 mouse is the ®rst animal model implicating
As as a cocarcinogen in BCC tumorigenesis.
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Plasminogen/Plasmin System in Experimental Bullous Pemphigoid
Z. Liu, R. Chen, L. Diaz, R. Senior, and Z. Werb
Department of Dermatology, Medical College of Wisconsin; VA Medical Center, Milwaukee, Wisconsin;
Department of Internal Medicine, Washington University, St. Louis, Missouri; and Department of Anatomy,
University of California at San Francisco, California
Bullous pemphigoid (BP) is an autoimmune disease characterized by subepidermal blisters and
autoantibodies against two hemidesmosomal proteins ± BP230 and BP180. Further, the
subepidermal blisters in BP are associated with an in¯ammatory cellular in®ltrate. Proteinases,
including neutrophil elastase, gelatinase A and B (GB), plasminogen activators, and plasmin, are
found in the BP lesional skin and have been implicated in the immunopathogenesis of BP. We
previously showed that passive transfer of anti-BP180 IgG into neonatal mice induces a BP-like
disease in the animals which dependents on complement activation and neutrophil in®ltration.
Gelatinase B knockout (GB±/±) and neutrophil elastase knockout mice are resistant to the
pathogenic effects of anti-BP180 IgG, indicating that these enzymes play crucial roles in this disease
process. In this study we investigated the role of plasminogen/plasmin system in subepidermal
blister formation, using the BP mouse model. A high level of plasmin activity was detected in the
lesional skin of mice injected with pathogenic antimBP180 IgG. Plasminogen knock out (Pln±/±)
mice were resistant to experimental BP. Plasmin inhibitor a2-antiplasmin blocked the
subepidermal blistering in C57BL mice injected with pathogenic IgG. By gelatin gel zymography
the lesional skin of mice showed both pro-and active forms of GB. In contrast, the skin of the
injected Pln±/± mice had only pro-GB. Furthermore, Pln±/±, but not GB±/± mice, reconstituted
with puri®ed plasminogen became susceptible to experimental BP. In vitro, plasmin activates the
recombinant mouse GB and GB in mouse neutrophil extracts. These results suggest that
plasminogen/plasmin system plays a major role in activation of gelatinase B in subepidermal
blistering in experimental BP.

Expression of Desmoglein 3 in the Super®cial Epidermis of Neonatal Mice Protects
against Blisters Induced by Pemphigus Foliaceus Antibodies
H. Wu, Z.H. Wang, S. Fakharzadeh, M. Amagai,* H. Ishikawa,² J. Uitto,² and J.R. Stanley
University of Pennsylvania, Philadelphia, Pennsylvania; *Keio University of Tokyo, Japan; ²Jefferson
Medical College, Philadelphia, Pennsylvania
In pemphigus foliaceus (PF), antidesmoglein (Dsg) 1 antibodies cause blisters due to loss of
keratinocyte cell adhesion in the super®cial epidermis of humans and neonatal mice. The blisters
do not usually involve the deep epidermis even though the anti-Dsg 1 antibody binds throughout
the entire epidermis. The ``desmoglein compensation'' hypothesis that has been put forth to
explain this pathology is that Dsg 3, which is only present in the deep epidermis, can compensate
for antibody-induced loss of function of Dsg 1 in that area, but because there is no Dsg 3 to
compensate super®cially blisters occur there. To directly prove this hypothesis, we produced
transgenic mice that express Dsg 3 (with a FLAG epitope tag) driven by the involucrin promoter.
Immuno¯uorescence of neonatal transgenic epidermis shows that the FLAG epitope is expressed
super®cially and that Dsg 3 is present throughout the epidermis, as opposed to control littermates
with Dsg 3 only in the deep epidermis. Eleven neonatal transgenic mice and 21 nontransgenic
littermates were injected with 1 mg of PF IgG, shown by ELISA to bind Dsg 1 but not Dsg 3. All
nontransgenic neonates showed extensive blistering grossly and histologically, whereas only one
transgenic showed minor gross blistering, and six showed minor histologic blistering. These data
directly validate the desmoglein compensation hypothesis and suggest that an innovative therapy
for PF could be to screen compounds that induce transcription of Dsg 1 in the super®cial
epidermis.

Propionibacterium Acnes Induction of IL-12 and IL-8 Occurs Through Toll-like
Receptor 2: Implications for In¯ammatory Immune Response in In¯ammatory Acne
J. Kim, S.R. Krutzik, H.D. Brightbill, and R. L. Modlin
Division of Dermatology, Department of Microbiology and Immunology U.C.L.A. Los Angeles, California
Proin¯ammatory cytokines appear to play a critical role in the development and maintenance of
chronic in¯ammatory acne. Although Propionibacterium acnes has been implicated in this
in¯ammatory immune response, the mechanism of which P. acnes induces cytokine production
in human macrophages is not known. Recent studies have demonstrated that the Toll-like
receptor (TLR) family plays a central role in mediating monocyte cytokine response to a variety of
microbial ligands. We investigated whether P. acnes-induced cytokine production is mediated by
TLRs. We found that P. acnes induces the production of proin¯ammatory cytokines IL-12 and IL8 from human PBMCs. This cytokine production was inhibited by 50% by addition of an antiTLR2 blocking antibody but not by anti-TLR4 antibody. P. acnes induced IL-12 p40 promoter
activity by 20-fold in Raw 264.7 cells and this activity was inhibited by a TLR2 dominant negative
construct. Furthermore, transfection of both TLR2 and CD14 but not TLR4 and MD-2 into
unresponsive cells was suf®cient to confer NF-kB activation by P. acnes. These data provide
evidence that TLR2 is an important mediator of signaling by P. acnes and may initiate the immune
response in the pathogenesis of in¯ammatory acne.

Loss of Tolerance Against Desmoglein 3 in B Cells as well as T Cells is Required for
Development of Experimental Mouse Pemphigus Model
M. Amagai, K. Tsunoda, T. Ota, H. Suzuki,* T. Nishikawa, and S. Koyasu*
Department of Dermatology, Keio University School of Medicine, Tokyo, Japan; *Department of
Immunology, Keio University School of Medicine, Tokyo, Japan
Patients with pemphigus vulgaris (PV) produce pathogenic antidesmoglein 3 (Dsg3) IgG
autoantibodies. The mechanism of tolerance break against Dsg3 in these patients is unclear.
Recently, we have generated a novel active disease mouse model for PV by using autoantigen
knockout mice, which should not acquire tolerance against the defective gene product. The
purpose of this study was to investigate the cellular mechanism of tolerance loss against Dsg3 in this
experimental pemphigus model. When splenocytes from Dsg3±/± mice immunized with
recombinant mouse Dsg3 were transferred to Rag-2±/± recipient mice that express Dsg3, the
recipient mice stably produced anti-Dsg3 IgG and developed phenotypes of PV including oral
erosions with suprabasilar acantholysis in histology. In contrast, when splenocytes from immunized
Dsg3+/± littermates were transferred, none of recipient mice showed these PV phenotypes. To
determine roles of T cells and B cells from Dsg3±/± mice in the antibody production, we puri®ed
T cells and B cells from Dsg3±/±, Dsg3+/± or Dsg3+/+ mice and mixed them with various
combinations to transfer to recipient mice. The pathogenic anti-Dsg3 IgG production was
observed only with the combination of Dsg3±/± T cells and Dsg3±/± B cells but not with the
other combinations including Dsg3±/± T cells and Dsg3+/+ B cells. Although antibody responses
against protein are generally thought to be T-cell dependent, our ®ndings suggested that B cells are
equally important to T cells in the loss of tolerance against Dsg3 for the development of the
autoimmune state of PV in this model.

Leukocyte Rolling in Non-In¯amed Skin Venules: Role of Selectins and Alpha(1,3)Fucosyltransferase-IV and -VII in Cutaneous Immune Surveillance
W. Weninger, L.H. Ulfman, G. Cheng, J.B. Lowe,* and U.H. von Andrian
The Center for Blood Research, Department of Pathology, Harvard Medical School, Boston, Massachusetts;
*Howard Hughes Medical Institute, University of Michigan, Ann Arbor, Michigan
In venules of most tissues, expression of selectins must be induced by in¯ammation to permit
leukocyte rolling. The skin is one exception to this rule as nonin¯amed dermal venules support
frequent rolling interactions. We report that this interaction is almost entirely mediated by
constitutively expressed P-and E-selectin. Intravital microscopy of ear venules in wildtype mice
revealed that P-selectin controls the overall frequency of rolling, whereas E-selectin dictates the
rolling velocity (Vroll). Rolling in ears of P-selectin±/± mice was reduced in frequency, but
occurred at normal Vroll and was abolished by anti-E-selectin. Thus, although either vascular
selectin alone can support rolling in normal skin, P-and E-selectin synergize for optimal mediation
of this earliest event required for cutaneous immune surveillance. We also investigated the role of
selectin ligands generated by alpha(1,3)-fucosyltransferase (FT)-IV and FT-VII. Rolling was absent
in ears of mice doubly de®cient in these enzymes. The rolling fraction was markedly reduced in
FT-VII±/± animals, but was normal in FT-IV±/± mice, whereas Vroll was increased in both
strains. Treatment of FT-de®cient strains with mAbs to P- or E-selectin showed that (i) both E-and
P-selectin can initiate rolling in FT-IV±/± mice; (ii) only P-selectin can initiate and sustain
occasional rolling in FT-VII±/± mice; and (iii) E-selectin ligands generated by both FT-IV and
FT-VII must be present simultaneously for maximum slowing of rolling cells.

The Effectiveness of Platelet Releasate for the Treatment of Neuropathic Diabetic Foot
Ulcer
D. Margolis, J. Kantor, J. Santanna, B. Strom, and J. Berlin
Department of Biostatistics and Epidemiology; University of Pennsylvania School of Medicine; Philadelphia
Pennsylvania
Lower extremity amputation, which is usually preceded by a foot ulcer, is a serious complication of
diabetes. Recombinant platelet derived growth factor (rPDGF) was recently shown to be an
effective therapy in several randomized clinical trails (RCT). A similar autologous product, platelet
releasate (PR) has never been evaluated in a RCT. Our object was to estimate the effectiveness of
PR. We used data from a database, with records of over 100 000 patients seen in the Curative
Health Services clinical centers. 27 606 of these patients had diabetic neuropathic foot ulcers. PR
was used to treat about 20% of these patients. We evaluated the effect of PR within 20 weeks of its
administration using a 36-variable logistic regression model and propensity scores.
Based on their propensity for treatment with PR, patients were placed into one of ®ve groups.
Those in 5 were most likely to be treated with PR and also had the most severe wounds. In all
groups, the relative risk (RR) for a healed wound favored treatment with PR. The effect of PR
varied by group. In group order the RR were: 1.14[1.03,1.27]; 1.24 [1.16,1.34]; 1.29[1.20,1.38];
1.43[1.33,1.52]; and 1.59 [1.49, 1.70].
We used two analytic strategies to control for measured risk factors associated with the selection of
a patient for treatment with PR. Both analyses showed that PR was superior to routine CHS
therapy and had its greatest effect on the most severe wounds. The effect noted is similar to that
reported from RCT's for rPDGF (RR = 1.30). PR is effective for the treatment of diabetic
neuropathic foot ulcers.
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Expression of Interleukin-4 in the Epidermis of Transgenic Mice Results in an Atopic
Dermatitis Phenotype and Severe Bacterial Infection
L.S. Chan, N. Robinson, and L. Xu
Department of Dermatology, North-western University Medical School, Chicago, Illinois
Atopic dermatitis is a common, chronic, in¯ammatory, pruritic skin disease, with a 20% lifetime
prevalence in children between ages 3 and 11. Atopic dermatitis has occurred at increased
frequency over the last four decades. Suspected pathogenic factors included hyper-activated Th2
immune response, genetics, infection, allergens, and autoallergens. Studies of atopic dermatitis have
been hampered by lack of a suitable experimental animal model. We created a transgenic (Tg)
mouse line carrying a Th2 cytokine interleuin-4 (IL-4) at the epidermis. Here we show that IL-4Tg mice developed a chronic, in¯ammatory, pruritic skin disease identical to atopic dermatitis in
humans on all key features and associated with severe Staphylococcus aureus infection. The mouse
skin disease initiated at 4 mo of age, and affected 43% of the 40 Tg mice within 1 y. The lesions
initiated in the ears and primarily affected the poorly haired skin: ear (100%), neck (65%), eye
(53%), face (29%), tail (12%), leg (12%), and torso (6%). Histologic examination of skin lesions
revealed acanthosis, hyperkeratosis, parakeratosis, spongiosis, and a dermal in®ltration of
mononuclear cells and numerous degranulating mast cells. The total serum IgG1 and IgE (not
IgG2a) of affected Tg mice were elevated at the onset and persisted at high levels during disease
progression. Thus, Th2 has a de®nite role in the initiation of atopic dermatitis. This mouse model
may facilitate studies in the pathogenesis, therapy, and prevention of atopic dermatitis and in the
relationship between Th2 cytokines and cutaneous immune defense against infection.

Atomic Structure of the Consensus Motif of the 2B Rod Domain Segment of the
Intermediate Filament Chain Vimentin
S. Strelkov, H. Herrmann,* D. Parry,² P. Steinert,³ and U. Aebi
ME Muller Institute, Biozentrum, University of Basel, Basel, Switzerland; *German Cancer Research
Center, Heidelberg, Germany; ²Institute of Fundamental Sciences, Massey University, Palmerston North,
New Zealand; and ³Laboratory of Skin Biology, NIAMS, NIH, Bethesda, Maryland
Intermediate ®lament (IF) chains possess a conserved rod domain which participates with a
compatible chain in the formation of a segmented two-chain coiled-coil molecule. The beginning
of the 1A segment and the end of the 2B segments have been especially highly conserved across the
entire family of IF chains. Current models suggest that these portions of the 1A and 2B domains
overlap when molecules assemble into IF. Further, in genetic diseases of keratin genes in which the
mutations cause inappropriate amino acid substitutions, most are clustered in these conserved
sequence regions. In order to better understand the particular importance of these 1A and 2B
regions in IF structure, we have initiated atomic resolution structural studies by X-ray
crystallography. Initially, we have chosen to study the protein vimentin since it is homopolymeric.
We made synthetic chimeric peptides of the ®rst 28 residues of 1A and the last 28 residues of 2B
sequences coupled to the GCN4 leucine zipper motif, which includes an essential coiled-coil
trigger motif. While both form stable oligomers in solution, so far only the 2B peptide formed
crystals suitable for study, which have been solved by isomorphic displacement analyses to 1.9A
resolution. The data reveal that the ®rst 16 residues form a coiled-coil stabilized by an e-g' ionic salt
bond. However, from the tyr residue of the IATYRKLLEGEESRI motif, the two chains slowly
separate and become uncoiled, so that past the gly residue, the structure becomes partly disordered
and the last few residues fold away from the axis of the coiled-coil. These data are the ®rst atomic
level structural information on any IF chain, and offer encouragement for further detailed studies.
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A Trigger Motif is Present in and Required to Form a Stable Two-Chain Coiled-Coil
Molecule in Keratin Intermediate Filaments
P. Steinert, K. Wu, and L. Marekov
Laboratory of Skin Biology, NIAMS, NIH, Bethesda, Maryland
All intermediate ®laments (IF) are built from a basic two-chain coiled-coil molecule, in which the
two chains are aligned in parallel and axial register. In the special case of keratins, this molecule is a
heterodimer. Four conserved sections (1A, 1B, 2A and 2B) along the rod domains entwine to form
a segmented coiled-coil. To date, there are few data on how the coiled-coils assemble. Recent
studies of other ®brous protein systems which form two-chained coiled-coils have revealed the
presence of a 13-residue trigger consensus sequence motif that is thought to be required to initiate
and stabilize the coiled-coil. The common motif is: x-x-L-E-x-c-h-x-c-x-c-c-x, where x is any
residue, c is charged, and h is hydrophobic, but examination of IF chains does not show this exact
motif. However, we have noted the presence of regions near the ends of the 1A, 1B and 2B
segments which display one-three changes from the motif. To investigate these, we used the K5/
K14 system and made point mutations in up to four positions, and the proteins were expressed in
and puri®ed from bacteria. Equimolar mixtures of wildtype or mutant chains were prepared and
the stabilities of two-chain molecules were assessed in concentrated urea solutions followed by
crosslinking. We found that wildtype molecules were dissociated by > 9 M urea. However, when
either the K5 or K14 chain was mutated in any position tested, the stabilities were variably
reduced. Notably, all changes in the region in the 2B domain resulted in molecules that were
unstable in <1 M urea, but similar changes in the 1A or 1B segments resulted in molecules that
were unstable in 2±4 M urea instead. These results suggest that: (i) a stabilizing trigger motif does
exist in KIF toward the end of the 2B rod domain segment; (ii) potential motifs in the other
domain segments may serve in ancillary roles to maintain stability rather than initiate coiled-coil
formation; and (iii) the 13-residue trigger sequence motif as currently de®ned may need to be
rede®ned, or possibly, coiled-coils in IF are less stable than those of other proteins.

In Vivo Assessment of the Role of Keratin 10 End Domains in Intermediate Filament
Function
P.J. Koch, M. Blount, T. Cao, and D.R. Roop
Baylor College of Medicine, Houston, Texas
The epidermal keratins show a cell type- and differentiation-speci®c expression pattern. Keratins
1/10 are expressed in postmitotic keratinocytes and the expression is thought to be incompatible
with sustained cell proliferation. The goal of our study was to determine the speci®c contributions
of the K10 head and tail domains to the biological properties of keratinocytes in vivo. Our strategy
was to replace the mouse K14 gene, through embryonic stem cell technology, with a gene
encoding a chimeric keratin (K10/14chim) consisting of the K14 rod domain fused to the K10
head and tail domains. The chimeric gene was tested in cell transfection assays and shown to
encode a protein that coassembles with the endogenous K8/18 intermediate ®lament network of
Ptk2 cells. Homozygous mutant mice (K10/14chim+/+) were viable and indistinguishable from
wild type littermates. As expected, these mice did not express wild type K14. K10/14chim,
however, was expressed in basal keratinocytes of the epidermis, the outer root sheath of hair
follicles and in mucous membranes. A preliminary histological analysis of 1-wk-old mice indicated
that mutant mice develop normal skin, hair and mucous membranes. It remains to be seen whether
these mice will show defects in wound healing or in subsequent phases of the hair growth cycle.
However, so far, our analysis indicates that the K10 head and tail domains do not block the
appropriate intermediate ®lament±desmosome interactions and proliferation in basal keratinocytes.

169

170

Desmoglein 3 are Directly or Indirectly Bound to Desmocollin 3 and Form their Lateral
Aggregations on the Plasma Membrane Before Integrated into Desmosomes
Y. Aoyama, M. Sato, and Y. Kitajima
Department of Dermatology, Gifu University of School of Med., Gifu, Japan
The core adhesive region of desmosome (DS) consists of DS cadherins, desmogleins (Dsg) and
desmocollins (Dsc), both of which include three isoforms (i.e., Dsg1±3 and Dsc1±3). Although
Dsg3 and Dsc3 are known to colocalize at desmosomes, it is not yet known whether they are
associated before integrated into desmosomes on the plasma membrane. To address this question,
we carried out immunoprecipitation and immunoelectron microscopy using af®nity-puri®ed
polyclonal anti-Dsg3 (AHP319), monoclonal anti-Dsc3 (Dsc3-U114) and antiplakoglobin (PG)
(PG5.1) antibodies in human squamous cell carcinoma cell line (DJM-1). Cell extracts in a 20-mM
Tris buffer at pH 7.4 containing 1% Triton X-100 were immunoprecipitated with anti-Dsc3
monoclonal antibody, which is con®rmed to contain no anti-Dsg3 activity using recombinant
Dsg3 expressed by baculovirus, and subjected to immunoblotting with anti-Dsg3, anti-Dsc3 and
anti-PG antibodies. Dsc3-immunoprecipitates contained Dsg3 and PG, suggesting that Dsg3, Dsc3
and PG form stable complexes. However, anti-Dsg3 antibody, AHP319, did not coimmunoprecipitate Dsc3, whereas it did PG. This may be due to that epitopes of Dsg3 to the antibody may be
masked by forming complexes with Dsc3. In order to test whether these complexes are from DS or
from those before integrated into DS, we performed double-staining immunoelectron microscopy
using pemphigus vulgaris IgG (which is con®rmed to react to only Dsg3 by immunoblotting) and
anti-Dsc3 antibodies. As well as on the core regions of DS, they colocalized as small clusters
consisting of 10±30 gold particles on the non-DS plasma membrane without attachment of keratin
intermediate ®laments. These data indicate that Dsg3 and Dsc3 are directly or indirectly associated
and colocalize as small clusters on the plasma membrane before bound to keratin intermediate
®laments and integrated into DS.

Interconnections Between Tyrosine Kinases and Rho-Dependent Pathways in the
Control of Keratinocytes Cell-Cell Adhesion
E. Calautti, M. Grossi, and P. Dotto
Massachusetts General Hospital/Harvard Medical School, Charlestown, Massachusetts
In keratinocytes cadherins adhesion molecules play a key role in establishment and mantainence of
cell-cell adhesion, a crucial function of differentiated epithelia. The molecular mechanisms
underlying this process are now starting to be elucidated. At least two major classes of signaling
molecules have been implicated as positive regulators of this process: small GTPases of the Rho
family, and Src-related tyrosine kinases. An important and still unanswered question is whether
these two classes of signaling proteins act through distinct pathways, or if they are somehow
interdependent. Overexpression of a constitutively active Rho mutant via an adenoviral vector, is
suf®cient to induce tyrosine phosphorylation of cadherin-associated beta and gamma catenin, an
important event for the connection of cadherin-catenin complexes to the underlying actin
cytoskeleton. Viceversa, inhibition of endogenous Rho with C3 exotoxin, abolishes calciuminduced tyrosine phosphorylation of beta and gamma catenin. The molecular mechanisms by
which Rho induces downstream tyrosine phosphorylation of b- and g-catenin and establishment of
cell-cell adhesion are under investigation.
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Ganglioside Modulates Epidermal Growth Factor Receptor Action by Decreasing
Ligand Binding
X.Q. Wang, Z. Rahman, P. Sun, E. Meuillet, D. George, E.G. Bremer, and A.S. Paller
Departments of Pediatrics, Dermatology and Neurosurgery, North-western University Medical School,
Chicago, Illinois
Previous investigations have suggested that gangliosides play a key role in regulating keratinocyte
proliferation, a process that requires epidermal growth factor receptor (EGFR) phosphorylation.
The biochemical basis for altered proliferation by gangliosides and its physiologic relevance are
unknown. To examine the role of gangliosides in inhibiting the binding of EGFR to its ligand, we
examined 125I-labelled epidermal growth factor binding to its receptor. The results show for the
®rst time that gangliosides GM3, GD3 and GT1b decrease the binding of EGF to intact SCC12
cells. This observation is consistent with our previous demonstration that pharmacologic addition
of these gangliosides to keratinocytes and to keratinocyte-derived SCC12 cells inhibits
proliferation and EGFR autophosphorylation. To further verify these observations, we have
endogenously depleted the gangliosides of SCC12 cells by stably transfecting a sialidase cDNA that
metabolizes gangliosides. Clones that overexpressed sialidase showed increased proliferation in
response to epidermal growth factor. Increased phosphorylation of EGFR and downstream signal
transduction pathway components was also observed. Increased sialidase activity did not decrease
EGFR phosphatase activity or alter the sialylation of membrane proteins, including immunoprecipitated EGFR. Most importantly and as predicted, the depletion of gangliosides resulted in
increased binding of EGFR to EGF. These studies provide evidence that gangliosides can modulate
the EGFR/ligand interaction, and suggest that manipulation of membrane ganglioside content may
be a powerful new means to alter EGFR-dependent cell proliferation.

Epithelial Sodium Channels are Involved in Epidermal Differentiation and Barrier
Formation
Y. Oda, L. Komuves, M. Guitard,* C. Largman, E. Hummler,* and T. Mauro
Department of Dermatology, University of California San Francisco, VA Medical Center, San Francisco,
California; *Institut de Pharmacologie et de Toxicologie de l'Universite, Switzerland
The epidermal differentiation and barrier formation are linked to transmembrane ion ¯ux.
Previously, we have identi®ed subunits of amiloride sensitive sodium channel (ENaC) expressed in
human epidermis. Here, we present the evidence to show their roles in keratinocyte differentiation
as well as cutaneous barrier development. The mRNAs of both a and b subunit were induced by
glucocorticoid, mineralocorticoid, and estrogen which are known to accelerate neonatal cutaneous
barrier formation as well as epidermal differentiation. However, their expressions were not affected
by testosterone which inhibit epidermal barrier development. In addition, these hormonal
inductions by glucocorticoid and mineralocorticoid preceded epidermal differentiation and barrier
formation, strongly suggesting their roles in these procedures. We also examined effects of targeted
disruption of ENaC gene on skin morphogenesis. ENaCa de®cient mice demonstrated abnormal
epidermal differentiation with hyperplasia, and vacuolization of the epidermis accompanied with
premature lipid secretion in new born mice. These results indicate that ENaCs are essential for
normal epidermal differentiation and barrier formation presumably by adjusting ion transport
required for normal epidermal development.
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LXR Activation Stimulates Epidermal Keratinocyte Differentiation
L. KoÈmuÈves, K. Hanley, M. Man, J. Lobaccaro, M. Williams, P. Elias, D. Mangelsdorf, and K.
Feingold
Departments of Dermatology, Medicine, and Pediatrics, University of California San Francisco; Veterans
Affairs Medical Center, San Francisco, California; Howard Hughes Medical Institute, University of Texas
South-western Medical Center, Dallas, Texas
LXRa and LXRb members of the nuclear hormone receptor superfamily that heterodimerize
with RXR, are activated by oxysterols. In recent studies we found that treatment of cultured
keratinocytes with oxysterols stimulated differentiation as demonstrated by increased expression of
involucrin and transglutaminase and increased corni®ed envelope formation. The aim of the
present study was to determine if LXR activators regulate keratinocyte differentiation in vivo.
Topical treatment with 22r-cholesterol or 24,25r-cholesterol, ligands for LXRS, resulted in
increased expression of involucrin, pro®laggrin/®laggrin, and loricrin (as detected by in situ
hybridization and immunohistochemistry) in adult male hairless mice. However, epidermal
thickness, cell proliferation (as assayed by PCNA detection), and keratin 5 staining did not change
following this treatment. Furthermore, topical oxysterol treatment did not disturb either the
baseline epidermal permeability barrier or its recovery following acute barrier abrogation. We next
analyzed keratinocyte gene expression in LXR double knockout (LXR±/±) mice which lack both
functional LXRa and LXRb. Compared with the wild-type epidermis, a slight decrease in cell
proliferation was seen in LXR±/± epidermis. Moreover, a reduction in involucrin, pro®laggrin/
®laggrin, and loricrin expression was found in LXR±/± epidermis. Lastly, in contrast to wild-type
mice, topical oxysterol treatment did not increase epidermal differentiation in LXR±/± mice.
Therefore, LXRS play a role in the regulation of normal keratinocyte differentiation; and
oxysterol-induced activation of LXRS stimulates keratinocyte gene expression in the epidermis.

The TOM1-Like Gene: a Molecule Which Interacts with the Fyn Tyrosine Kinase
J.T. Seykora and P.L. Stein*
University of Pennsylvania, Philadelphia, Pennsylvania; *Wistar Institute, Philadelphia, Pennsylvania
The Fyn tyrosine kinase is a member of the src family of nonreceptor protein tyrosine kinases, and
plays a speci®c role in the terminal differentiation of murine keratinocytes. To further understand
Fyn signal transduction pathways in keratinocytes, we used the yeast two-hybrid technique to
isolate molecules from a murine keratinocyte library that interact with Fyn. We identi®ed a novel
protein that contains a proline-rich sequence predicted to interact with an SH3 domain, and a
tyrosine motif predicted to interact with an SH2 domain; these domains are important for
intermolecular interactions and are present in Fyn. We have termed this molecule TOM1-like
(TM1L) because it has greatest homology (22%) and similarity (37%) to a molecule called TOM1.
Data using the yeast two-hybrid system indicates that TM1L interacts with wild-type and kinaseinactive Fyn. Western blot anyalysis for phosphotyrosine from cell transfection experiments
demonstrated that TM1L is phosphorylated in the presence of Fyn. Preliminary data suggests
coimmunoprecitation of TM1L with Fyn from cell lysates. In situ hybridization revealed that the
expression patterns of TM1L and fyn mRNA are coexpressed in the suprabasilar region of the
epidermis and within the precortical zone of the follicular matrix. These data and the structure of
TM1L suggest that it is an adaptor molecule which can interact with numerous tyrosine
phosphorylated molecules, and may play a role in yn tyrosine kinase signal transduction pathways.

Protein Kinase C Activation Regulates p21 Levels and Irreversible Cell Cycle
Withdrawal During Keratinocyte Terminal Differentiation
M. Denning, Y. Wang, B. Nickoloff, and V. Chaturvedi
Department of Pathology, Loyola University Medical Center, Maywood, Illinois
Permanent cell cycle withdrawal occurs as keratinocytes detach from the basement membrane and
initiate their terminal differentiation program. A defect in this irreversible cell cycle withdrawal is a
hallmark of neoplastic keratinocytes in vivo, and is re¯ected in vitro by the ability of squamous cell
carcinoma cell lines placed into suspension culture to maintain their proliferative capacity, while
normal keratinocytes rapidly become postmitotic. To investigate which signaling pathways regulate
permanent cell cycle withdrawal, inhibitors of kinases implicated in integrin signaling and
keratinocyte differentiation [PI3 kinase, Src, and protein kinase C (PKC)] were added to normal
keratinocytes cultured in methylcellulose for 24 h, and the growth capacity of the recovered cells
was assayed. Keratinocytes grown in methylcellulose alone underwent ~3 orders of magnitude loss
of proliferative capacity. Of the kinase inhibitors tested, only the PKC inhibitor
Bisindolylmaleimide I (GF109203X) caused a dramatic (~100-fold) protection from loss of
growth potential. Inhibition of PKC also blocked differentiation of suspended cells, as assayed by
cross-linked protein formation. Using PKC isoform selective inhibitors, only an inhibitor of
calcium dependent PKC isoforms could protect from cell cycle withdrawal. Consistent with this
®nding, we measured a speci®c induction of calcium-dependent PKC activity 2±3 h after
keratinocytes were placed into suspension. Furthermore, both the early induction (4±8 h) and later
down-regulation (24 h) of the cyclin-dependent kinase inhibitor p21 were blocked by PKC
inhibition. These results indicate that the loss of cell-matrix adhesion triggers PKC activation,
which in turn is required for cell cycle withdrawal of terminally differentiating normal human
keratinocytes.

Increased Fyn Kinase Activity is Suf®cient to Trigger Keratinocyte Growth Arrest and
Differentiation
S. Cabodi,*² E. Calautti,*² and P. Dotto*²
*Massachusetts General Hospital, Charlestown, Massachusetts; ²Harvard Medical School, Charlestown,
Massachusetts
Primary mouse keratinocytes provide an attractive system to elucidate the switch between
epithelial cell growth and differentiation. Fyn, a tyrosine kinase of the Src family, is activated at
early times of keratinocyte differentiation, and is required for this process. Using an adenoviral
vector approach, we show that increased Fyn activity is by itself suf®cient to suppress keratinocyte
growth, and to induce epidermal transglutaminase, a key marker of differentiation. Increased Fyn
activity causes a G1 block of the cell cycle, with inhibition of CDK4 and CDK2 activities
speci®cally in keratinocytes, and not dermal ®broblasts. Increased Fyn activity causes a number of
cell cycle regulatory changes in keratinocytes, consistent with an upstream mechanism for CDK
inhibition. In fact, Fyn blocks the mitogenic response of serum-starved keratinocytes to EGF, and
suppresses the autophosphorylation of the EGF receptor in response to its ligand. Thus, a direct
connection exists between Fyn tyrosine kinase activation and keratinocyte growth/differentiation
control.
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Stat3 De®ciency Leads to Focal Contact Abnormalities in Keratinocytes
M. Kira, S. Sano, S. Itami, S. Takagi, M. Tarutani, J. Takeda, and K. Yoshikawa
Osaka University Medical School, Suita, Japan
Many growth factors regulate biological activities of keratinocytes. It remains, however, still
unclear as to what signaling molecules are involved in speci®c cellular events. We focused on Stat3,
since EGF, HGF, and IL-6 are ligands for Stat3 and involved in keratinocyte activation. Because
germline Stat3 deletion leads to embryonic lethality, to elucidate the biological roles of Stat3 in the
skin we have generated keratinocyte-speci®c Stat3 de®cient mice by conditional gene targeting
using a Cre-loxP strategy. The wound healing was markedly retarded in keratinocyte-speci®c Stat3
gene knockout mice. In vitro study with cultured keratinocytes revealed that this phenotype was
attributed to the impaired migration because of failure in Stat3 activation. Cell adhesion to the
substratum by integrins and subsequent intracellular signaling is required for keratinocyte
migration. It was found that Stat3-de®cient keratinocytes demonstrated strong adhesiveness and
fast spreading on the collagen matrix compared with control keratinocytes. Furthermore, the
staining with antiphosphotyrosine antibody revealed that Stat3-de®cient keratinocytes had an
increased number of hyperphosphorylated focal contacts. By using immunoprecipitation, we have
discovered that p130cas was constitutively hyperphosphorylated on tyrosine residues. These results
strongly suggest that increased tyrosine phosphorylation of focal contact-associated proteins alters
cell adhesiveness to the substratum and/or intracellular signaling, leading to the impaired
migration.

Differential Cell-Type Speci®c Regulation of NF-kB by the NF-kB Inducing Kinase
(NIK) Within Human Skin Keratinocytes and Fibroblasts
D. Kouba, H. Nakano, T. Nishiyama, J. Uitto, and A. Mauviel
Thomas Jefferson University, Philadelphia, Pennsylvania; Yokohama City University, School of Medicine,
Kangawa, Japan
The TNF-a receptor-associated factor (TRAF2) and its downstream mediator, the NF-kB
Inducing Kinase (NIK), have been shown to induce NF-kB activation in vitro. We have
investigated the role these mediators play in activation of NF-kB within the two principal cell types
of the human skin, i.e., human epidermal keratinocytes and human dermal ®broblasts. We show
that NIK, but not TRAF2, is able to initiate NF-kB nuclear translocation as well as transcription
from NF-kB-dependent promoters in keratinocyte cultures, whereas, TRAF2 and NIK both failed
to elicit transcription from the same reporters in ®broblasts. Further, NF-kB activation by TNF-a
is abrogated by overexpression of a dominant negative mutant NIK in keratinocyte cultures, an
effect not seen in ®broblasts. Additional studies with the calcium chelator, TMB-8, and calpain
inhibitor I indicated the involvement of calcium-dependent calpain proteolysis in NF-kB
activation by TNF-a in ®broblasts. Also, TNFR1 mutants lacking the acidic sphingomyelinaseassociated death domain failed to stimulate NF-kB in ®broblast cultures while phosphatidyl choline
speci®c phospholipase C (PC-PLC) inhibition with D609 or alkalinization of endolysosomal
compartments with monesin both blocked NF-kB activation by TNF-a. Collectively, these data
indicate that, following TNF-a receptor activation in keratinocytes, NF-kB activation is NIKdependent, but dissociated from TRAF2, whereas in ®broblasts, signaling is independent of both
enzymes, relying instead on ceramide signaling and calpain-dependent proteolysis to induce IkB
degradation and subsequent NF-kB nuclear translocation.

Developmental Expression of Parathyroid Hormone Related-Protein is Responsible for
the Morphogenesis of Nipple Skin
J.G. Foley, J. Cosgrove, J. Hong, M. Dunbar,* and J.J. Wysolmerski*
Indiana University School of Medicine, Blomington, Inndianapolis; *Yale University Medical School, New
Haven, Conneticut
Parathyroid hormone related-protein (PTHrP) serves as a developmental signaling molecule that
regulates long bone growth, tooth eruption and mammary gland formation. We have investigated
PTHrP's in¯uence on skin morphogenesis by overexpressing this molecule in basal keratinocytes
using the keratin14 promoter in transgenic mice. We have studied both standard and tetracyclineregulated K14-PTHrP transgenic mice, giving us both temporal and spatial control of PTHrP
overexpression. During development at E11-E15, PTHrP mRNA is highly expressed in the
mammary epithelial buds, but is not expressed in the epidermis, and its receptor is expressed within
the mesenchyme. This focal expression of PTHrP is necessary for the differentiation of the
specialized mammary mesenchyme. Ectopic expression of PTHrP in basal keratinocytes in K14PTHrP embryos leads to the transformation of the dermis into mammary mesenchyme, but only
on the ventral surface. Examination of the ventral changes in K14-PTHrP mice revealed many
similarities with normal nipple skin. Both contain beds of smooth muscle and abundant elastic
®bers. In both K14-PTHrP mice and in normal nipples, the epidermis is thickened and expresses
an altered pattern of K14 protein as well as dramatically increased levels of ®laggrin protein. By
altering transgene timing using the tetracycline system, we have also demonstrated that these
changes require embryonic expression of PTHrP as overexpression of PTHrP in the skin of adult
mice had little impact. In conclusion, overexpression of PTHrP in the embryonic skin of mice
leads to cell fate changes in the dermis that, in turn, appear to alter keratinocyte differentiation,
creating the unique morphology of the nipple.
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EGFR Ligand/EGFR-Induced Keratinocyte Migration Requires Activation of Stat3, but
not Stat1
S. Tokumaru, Y. Hanakawa, K. Yamasaki, Y. Shirakata, K. Sayama, and K. Hashimoto
Department of Dermatology, Ehime University School of Medicine, Ehime, Japan
It is well known that EGFR ligands play a central role in keratinocyte migration. We demonstrated
that the conversion of HB-EGF, an autocrine EGFR ligand of human keratinocytes, from a
membrane-anchored form to a soluble form is essential for keratinocyte migration in wound
healing. Our previous data also indicated the involvement of the STAT signaling pathway in this
step. However, which STAT family subtype functions in wound healing remained unresolved.
First, we analyzed the wound-induced expression of STAT family members. Stat1, Stat2, Stat3,
Stat5a, and Stat6 were detected in wounded keratinocytes by RT-PCR, and of these Stat1 and
Stat3 were dominantly expressed. The phosphorylated forms of Stat1 and Stat3 in wounded
keratinocytes were quanti®ed by Western blot using a FluoroImager, with antiphospho-Stat1 and
antiphospho-Stat3. Maximal levels of the phosphorylated forms of Stat1 and Stat3 were seen at 150
min, with respective increases of 3.3 fold and 3.9 fold. To con®rm which of these is required in
keratinocyte migration, we constructed adenovirus vectors expressing dominant-negative mutants
of Stat1 (Adex-dn Stat1) and Stat3 (Adex-dn Stat3), which speci®cally block phosphorylation of
Stat1 and Stat3, respectively. Human keratinocytes were transfected with Adex-dn Stat1 and Adexdn Stat3 at a M.O.I. of 5. At this concentration, Adex-dn Stat1 and Adex-dn Stat3 completely
blocked the nuclear translocation of Stat 1 and Stat 3, respectively. Wounds were created in
keratinocyte cultures by scraping. Keratinocytes migrated and covered the wounded area in 24 h.
Adex-dn Stat3 blocked keratinocyte migration markedly, but Adex-dn Stat1 had no effect.
Furthermore, Adex-dn Stat3 also blocked keratinocyte migration enhanced by the addition of
exogenous EGFR ligands. These data indicate that EGFR ligand/EGFR-induced keratinocyte
migration requires Stat3 activation.

Helix-Loop-Helix Proteins are Expressed in a Developmentally Regulated Pattern in the
Epidermis
K. Langlands, G.A. Down, and T. Kealey
Cambridge University, Cambridge, U.K.
The Id family of helix-loop-helix (HLH) proteins are expressed in a range of tissues and act to
inhibit differentiation via the inactivation of E-proteins, and we sought to evaluate their role in
epidermal maturation. HLH expression was studied in primary human keratinocytes and squamous
cell carcinoma (SCC) and HaCaT cell lines by Northern blotting. Spatial expression patterns were
determined in human and rat skin sections (including a living skin equivalent model) by
immunocytochemistry (ICC). Id1, Id2 and Id3 and the E-protein E47 were detected in primary
cultures and elevated Id levels were detected in epidermal cell lines. Id levels fell whilst E-protein
levels were maintained in primary cultures induced to differentiate in response to raised calcium or
con¯uence. Conversely, Id expression persisted in con¯uent cultures of transformed cells. ICC
localized Id proteins to the basal and spinous layers of the epidermis, although columns of Id3
staining cells persisted throughout the epidermis. E-protein expression was apparent in all layers. In
order to evaluate the in¯uence of cytokines, serum deprived HaCaTs were stimulated to re-enter
the cell cycle with EGF or insulin. Both cytokines stimulated a peak of Id expression, indicating
that their mitogenic effect was exerted, at least in part, through Id activation. The expression
pro®le of Id and E-proteins indicates a role for an HLH pathway in epidermal speci®cation. Tumor
cell lines with aberrant proliferation showed dysregulated Id expression, providing further evidence
for the involvement of Id proteins in keratinocyte physiology.

Transient Increases in Fos Transcription Factor (TF) Expression in Endotoxin (LPS)activated Murine Langerhans Cell (LC)-like Dendritic Cells (DC)
N. Shibagaki and M. Udey
Dermatology Branch, NIH, Bethesda, Maryland
Like other cellular components of the innate immune system, epidermal LC exhibit rapid antigen
nonspeci®c responses to noxious stimuli including pathogens and contact allergens. We have
begun to characterize changes in gene expression during LC activation using LC-like DC
propagated from murine fetal skin as responding cells and E. coli LPS (100 ng per ml) as a
physiologic stimulus. Transient increases in Fos expression are among the most dramatic early
changes observed in activated DC thus far. cDNA array and RNAse protection analyses indicated
that c-Fos mRNA levels increased within 15 min after LPS treatment and were maximally elevated
(5±7 fold) at 60 min. While FosB mRNA was undetectable in resting DC, like c-fos, it was
maximally expressed at 60 min. Western blotting revealed that c-Fos and FosB protein levels also
increased in DC nuclei in response to LPS. mRNA and protein levels returned to baseline by 2 h
and 8 h, respectively. Similar changes in Fos mRNA or protein expression resulted from physical
manipulation of resting DC. Levels of other AP-1 family members including Fra1, Fra2, c-jun,
JunB and JunD did not change with activation. High levels of c-Fos and FosB in normal murine
epidermis hampered studies of these TF in activated LC in situ. These preliminary results suggest
that among AP-1 family members, c-Fos and FosB are selectively upregulated during DC
activation. We suggest that c-Fos and/or FosB TFs are important early regulators of gene
expression in activated and differentiating DC.
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Antigen Presenting Cells in Human Skin Express CD1d Molecules
G. Gerlini, H.P. Hefti, B.J. Nickoloff,* G. Burg, and F.O. Nestle
University of Zurich, Medical School, Zurich, Switzerland; *Department of Pathology, Loyola University of
Chicago, Chicago, Illinois; University of Florence Medical School, Florence, Italy
This study investigated skin dendritic cells and monocyte-derived dendritic cells (mo-DCs) for
expression of CD1 molecules using a panel of nine different monoclonal antibodies. CD1 proteins
are a family of cell surface molecules that present lipid antigens to T cells. Epidermal/dermal cell
suspensions analysed by ¯ow cytometry showed different cells subsets: CD1a/HLA-DR
coexpression was observed in epidermal Langerhans cells, whereas subpopulations of HLA-DR
positive dermal dendritic cells (DDCs) were found to express CD1a, -b and -c. The recently
discovered molecule CD1d was also expressed on HLA DR positive DDCs. This ®nding was
con®rmed by immunohistochemistry on skin frozen sections. CD1d positive DDCs were mainly
located in the papillary dermis in a perivascular localization. Both immature and mature mo-DCs
expressed CD1d molecules. Western blot analysis on microdissected skin sections revealed the
presence of a 50±55 kDa CD1d molecule in dermis, suggesting that CD1d is highly glycosylated in
skin, in contrast to the ®ndings in intestinal epithelial cells (37 kDa). In in¯ammatory skin
conditions (psoriasis n = 5, atopic dermatitis n = 5) an important increase in CD1d positive DDCs
was observed. In conclusion, antigen presenting cells in skin express different sets of CD1
molecules and might play a role in lipid antigen presentation in in¯ammatory skin disease.

Immunomodulatory Effects of TGF-b on Mouse Langerhans Cells: Regulation of IL-12
Synthesis by TGF-b
Y. Tada, A. Asahina, K. Nakamura, K. Miyazono,* H. Fujiwara,² and K. Tamaki
Department of Dermatology, University of Tokyo, Japan; *The Cancer Institute, Department of
Biochemistry, Japan; ²Biomedical Research Center, Osaka University Medical School, Japan
Transforming growth factor (TGF)-b is an immunosuppressive agent that is ef®cacious in
suppressing a wide variety of cell-dependent immune responses. However, the direct effect of this
cytokine on Langerhans cells (LC) has not been clari®ed. In this study, we examined its modulatory
effects on the expression of costimulatory molecules and on cytokine production by LC. We
prepared puri®ed LC (>95%) from BALB/C mouse skin by the panning method using anti-I-Ad
mAb and cultured those cells for an ELISA and ¯ow cytometric analysis. Semi-quantitative RTPCR analysis showed that LC express TGF-b receptor II mRNA. TGF-b secretion by LC itself
was found minimal. Exogenous TGF-b1 downregulated cell surface expression of CD54 (ICAM1) and CD40 without in¯uencing that of B7±1 and B7±2 on cultured LC, and it impaired the
capacity of LC to secrete IL-1b. TGF-b1 failed to alter LC IL-10 secretion, indicating that these
changes were not caused by IL-10 induction. We also measured LC IL-12 p40 secretion.
Interestingly, TGF-b1 (1 ng per ml) enhanced IL-12 p40 production of anti-CD40/IFN-gstimulated LC (773 6 306 pg per ml vs 2029 6 114 pg per ml: 1.5 3 106 cells per ml per 200 mL
LC), while it had no effect on unstimulated LC. A bioassay using an IL-12-dependent T cell line
demonstrated the correlation of the IL-12 p40 level with the bioactivity of IL-12. Our data thus
demonstrate direct immunomodulatory activities of TGF-b on LC. We have previously shown
that granulocyte/macrophage colony stimulating factor (GM-CSF), a cytokine known to
potentiate LC maturation, strikingly inhibits IL-12 p40 production by anti-CD40/IFN-gstimulated LC (%inhibition = 97.0 6 0.9% at 1 ng per ml GM-CSF). Taken together, these results
suggest that two cytokines (TGF-b and GM-CSF) produced in the skin microenviroment exert
their important effects on LC function by regulating the secretion of IL-12, a cytokine in¯uencing
the Th1-Th2 balance.
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Regulation and Function of Prostanoid Production by Human Blood-Derived Dendritic
Cells: Involvement of Cyclooxygenases and Cytokines
M. Klammer, J. Krutmann, T. Ruzicka, and M. Grewe
Department of Dermatology, Heinrich-Heine-University, DuÈsseldorf, Germany
Human blood-derived dendritic cells (DC) have been shown to produce prostaglandin E2 (PGE2)
and thromboxane B2 (TxB2). Time dependency of endotoxin (LPS)-induced prostanoid (PG)
production showed, especially for TxB2, a rapid production within 6 h, followed by a second
production phase between 16 and 48 h. This latter period was preceded by cyclooxygenase (Cox) 2
mRNA and protein expression, while constitutive Cox 1 expression remained unaltered.
Inhibition of Cox 1 or Cox 2 with speci®c inhibitors lead to partial, and inhibition of both Cox's
to total inhibition of PG synthesis. Overall production of PGs after LPS-stimulation did not
involve TNFa or IL-1b: TNFa and/or IL-1b neither induced PG synthesis or Cox 2, nor was PG
syn-thesis inhibited by TNFa and/or IL-1b antibodies (Ab). However, presence of TNFa-Ab
increased TxB2 synthesis at the expense of PGE2, while an opposite, mirror-like behaviour
occured after neutralization of IL-1b. Differential regulation of PGE2 and TxB2 synthesis in DC
was also suggested by the observation, that cell death of DC, as induced by ethanol, selectively
resulted in a burst production of PGE2, but totally failed to induce TxB2 synthesis. Production of
PGE2 was of functional importance for DC: Addition of 1 mM PGE2 inhibited LPS-induced
release of IL-10 by 30±50% and that of IL-12 by 100%, whereas blocking of PGE2 synthesis
resulted in superinduction of both cytokines. Our studies demonstrate that PG production of DC
depends on both cyclo-oxygenase types and that it is modulated by TNFa and IL-1b. Synthesis of
PGE2 plays a potent autocrine, regulatory role in DC limiting the production of IL-10 and IL-12.

Identi®cation of a New Lectin-Type Inhibitory Receptor Expressd in Murine Dendritic
Cells
N. Kanazawa,*² K. Tashiro,³ K. Inaba,§ Y. Miyachi,* and T. Honjo²
Departments of *Dermatology and ²Medical Chemistry, Graduate School of Medicine, ³Center for Molecular
Biology and Genetics, §Graduate School of Biostudies, Kyoto University, Kyoto, Japan
Dendritic cells (DC) can not only prime naive T cells but some of them present autoantigen and
induce tolerance, thus they play a central role in the antigen-speci®c immune response. In order to
isolate cDNA of surface marker molecules and molecules that transduce intercellular signals related
to DC, we used the signal sequence trap method and isolated many known and novel clones,
including new chemokines fractalkine and MDC. Among them we report here a new type II
transmembrane protein considered as a lectin-type inhibitory receptor. This receptor consists of
238 amino acids containing the ®rst methionine. Its putative intracellular domain is homologous to
that of Ly-49G, a member of inhibitory NK cell receptors, having one immunoreceptor tyrosinebased inhibitory motif (ITIM). On the other hand, its extracellular portion is homologous to that
of macrophage lectin or asialoglycoprotein receptor, having one C-type lectin domain. Expression
of its mRNA was strongly detected in spleen and lymph node and increased with maturation of
DC during in vitro culture of bone marrow cells. In contrast, little or no expression was observed in
murine macrophage, B, T cell line cells, or IL-15 responsive bone marrow-derived NK cells.
Current experiments are directed toward the functional characterization of this new receptor.

The Expression of mRNA for EDA-Fibronectin by Cells of Monocyte/Macrophage and
Dendritic Cell Phenotype can be Regulated by Psoriasis-Relevant Cytokines
T.S. McCormick, D.B. Rothaupt, K. Kang, J. Xiong, S.R. Stevens, and K.D. Cooper
CWRU, Cleveland, Ohio
Psoriatic keratinocyte proliferation has been previously demonstrated to be regulated by T cell
cytokines and autocine/paracrine growth factors. Recently, we have recognized that the EDA
splice variant of ®bronectin (EDA-FN) is a crucial part of the immunocyte/extracellular matrix
interaction in psoriasis. Our results also indicate that EDA-FN is expressed on CD11c+ monocytic
DEJ lining cells in lesional psoriasis skin. However, EDA-FN regulation in relation to
macrophage/dendritic cell differentiation under Type I lymphokine conditions of psoriasis is
unexplored. Monocytes of psoriatic and nonpsoriatic donors were isolated from peripheral blood
by negative selection and driven in vitro to differentiate to monocyte/macrophages (Mo/Mph) by
adhesion and serum (82.1% CD14high, 0% CD1+, 0% CD86+), or to a dendritic cell phenotype by
incubation with IL-4, GM-CSF and TNFa (38% CD14low, 85% CD86+, 40% CD1c+). After
addition of either IFNg alone or a psoriatic T cell lymphokine cocktail of IL-3, GM-CSF and IFNg
to either the Mo/Mph or dendritic cell populations, the EDA-FN levels were assessed. IFNg
inhibited the expression of EDA-FN mRNA in Mo/Mph (p < 0.004) and their cellular FN
protein (p < 0.03). However, in contrast to the inhibitory effect on Mo/Mph, IFNg potentiated
the EDA-FN mRNA production by the dendritic cell cultures following differentiation (p < 0.05).
In conclusion, we demonstrate an opposite effect of IFNg on the EDA-FN mRNA production of
monocytes/macrophages and dendritic cells and hypothesize that these cells may play a
differentially responsive and regulatory role in psoriasis.

The Timing of Restraint Stress Produces Different Immunologic Consequences in the
Development of Allergic Contact Dermatitis
M.S. Flint and S.S. Tinkle
CDC/NIOSH, Morgantown, West Virginia
Previous studies have shown that restraint stress modi®es the development of allergic contact
dermatitis (ACD). We hypothesized that the timing of restraint with respect to the chemical
application in¯uences restraint-induced modulation of ACD. Male BALB/C and C57BL/6 mice
were sensitized on the ¯ank on days 1 and 2 with 0.5% di-nitro¯uorobenzene (DNFB) and
challenged on the ear on day 6 with 0.25% DNFB. Mice were restrained for 2 h prior to chemical
application on day 1 only, on days 1 and 2, or on day 6 only. We assessed serum corticosterone to
verify activation of the hypothalamic-pituitary-adrenal axis and ear swelling as a measure of the
in¯ammatory/immune response. Restraint increased serum corticosterone 10±16 fold in both
strains of mice. DNFB stimulated signi®cant ear swelling in nonrestrained mice. The ear swelling
response was suppressed, to approximately 20% in DNFB-treated mice restrained for 2 h on day 1
only, but was unchanged in DNFB-treated mice restrained on days 1 and 2. In contrast, mice
restrained only on day 6 displayed signi®cantly enhanced ear swelling, than levels measured in
DNFB-treated, nonrestrained mice. Administration of the glucocorticoid receptor antagonist,
RU486, had little effect on the suppressed ear swelling response but did block the day 6 restraintinduced increase. These data demonstrate that timing of restraint affects the type and degree of
modulation of chemical-induced ear swelling and that corticosterone may be more important in
the enhanced ear swelling response than in the suppression of ear swelling.
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The Potential Role of IL-15 in Pathogenesis of Systemic Sclerosis
U. Nowicka, I. Uhrynowska, E. Szymanska, W. Maslinski, J. Uitto, and L. Rudnicka
Thomas Jefferson University, Philadelphia, Pennsylvania; CSK MSWIA, Warsaw, Poland
Systemic sclerosis (SSc) is an autoimmune disease characterized by cytokine-mediated ®brosis of
the skin and organs. IL-2 is believed to play a major role in stimulating autoimmune phenomena
and excessive extracellular matrix production. IL-15 is an immunostimulating cytokine which
shares biological activities with IL-2. Speci®cally, IL-15 interacts with a heterotrimeric receptor
that consists of the beta and gamma subunits of the IL-2 receptor (IL-2R) and a high-af®nity IL15-binding subunit, IL-1SRalpha. IL-15 is a stimulatory cytokine and it activates a number of
critical intracellular signaling molecules, including the Janus kinases and signal transducers and
activators of transcription. In this study we evaluated the potential costimulatory role of IL-15 in
the pathogenesis of SSc. Serum samples from 21 patients were evaluated for the level of IL-15 by
means of electro-immunosorbent assay. In seven patients the level of IL-15 was also evaluated
before and after 6 mo of immunosuppression with prednisone and cyclophosphamide. Our results
show that the level of IL-15 is signi®cantly increased in patients with SSc with no major difference
between patients with the diffuse and limited subtype of the disease. However, patients with severe
active SSc showed very high levels of IL-15, with a 12-fold increase above mean control level in a
patient with multiorgan involvement and severe skin ®brosis. Immunosuppressive therapy
signi®cantly down regulated the serum levels of IL-15, along with clinical improvement. These
results suggest that IL-15, along with IL-2, may play a role in stimulating immunologically induces
tissue ®brosis in the course of SSc.

Human Beta Defensin 1 And Human Beta Defensin 2 Peptides are Expressed in Normal
Human Skin and Upregulated Following Wounding
R. Ali, A. Falconer, L. Ghali, H.A. Navsaria, and A.G. Quinn
St Bartholomew's & The Royal London School of Medicine & Dentistry, London, U.K.
Antimicrobial peptides are evolutionarily conserved elements of the innate immune system. The
identi®cation of Beta-defensins in epithelial cells and their known antimicrobial activity has led to
speculation that these peptides are an important ®rst line of defense against infection. In order to
further characterise the role of b-defensins in human skin we have investigated human Beta 1
(hBD1) and human Beta defensin 2 (hBD2) mRNA and peptide expression in normal and
wounded skin. Samples of normal skin were examined for hBD1 and hBD2 expression using RTPCR, in situ hybridisation and immunohistochemistry (IHC) using polyclonal antibodies. hBD1
transcripts were detected in all but one of the normal skin samples studied. hBD2 was detected in
18 of the 25 normal skin samples with evidence of regional differences in expression. In situ
hybridisation and IHC showed localisation of the beta defensin mRNA and peptides to the
malpighian layer and sweat glands. Defensin peptides were also detectable in the stratum corneum.
Cutaneous wounding resulted in upregulation of hBD1 and hBD2 peptide expression in all 13
cases examined. Our results show for the ®rst time that hBD-1 and hBD-2 peptides are present in
normal skin. The localisation of the peptides to the outer malpighian layer of the skin and the
stratum corneum and the marked upregulation in hBD1 and hBD2 in cutaneous wounds is
compatible with the hypothesis that these molecules may contribute to the innate resistance of
normal skin to infection.
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A Slective Upregulation of Fibroblast Fas Ligand Expression by Retinoic Acids: Can skin
be an immune privilege site?
T. Kawanabe, A. Saitoh, H. Weidong, N. Kayagaki,* T. Kawamura, H. Yagita,* K. Okumura,*
and S. Shimada
Department of Dermatology, Yamanashi Medical University, Yamanashi; *Department of Immunology,
Juntendo University, Tokyo
Fas/Fas ligand-mediated lymphocyte apoptosis has been implicated in the suppression of immune
responses and may cause immune privilege. The expression of Fas Ag and Fas ligand in skin has not
been well characterized. In this study, we examined the expression and modulation of Fas Ag and
Fas ligand in skin using retinoic acids (RA), various cytokines, Vitamine D3 and dexamethasone.
Our results revealed that the expression of Fas ligand on dermal ®broblast (DFB) but not
keratinocytes, melanocytes, Langerhans cells (including XS 106), HUVEC or T cells was
upregulated by only RA treatment (10±6M) in mRNA level using RT-PCR and RNase protection
assay and in surface expression using FACS analysis. Surprisingly, RA treated DFB were able to kill
Fas+target cells and this cytotoxicity was blocked by anti-Fas ligand Ab. The function of Fas L on
DFB in vivo was tested in a cutaneous allograft system. Histoincompatible BALB/C mouse donor
skin was grafted onto allogeneic C57BL/6 mice. Daily local injection of RA blocked in¯ammation
and extended graft survival for more than 10 d. This effect was partially blocked by anti Fas L
antibody treatment. Injection of RA into Fas L mutated gld/gld donor skin did not prevent
leukocytes in®ltration into allo-graft or prolong graft survival. In allergic contact dermatitis system,
RA also abrogated the ear swelling in effector phase and this effect was not seen in gld/gld mice.
These experiments indicate that, in skin, RA selectively increases Fas L expression by ®broblasts
and that RA has potent Fas-Fas L-dependent immunosuppressive activity. Our ®ndings will
indicate a one of the new mechanism of RA for skin diseases through apoptosis and suggest that
skin can be an immune privilege site by RA.

Interleukin 1 Enhances UV-Induced Apoptosis Via Activation of NFkB
G. Kothny-Wilkes, D. Kulms, and T. Schwarz
Department of Dermatol., University of MuÈnster, MuÈnster, Germany
Interleukin 1 (IL-1) recently was found to protect transformed keratinocytes from CD95- or
TRAIL-induced apoptosis via activation of the transcription factor NFkB. In contrast, apoptosis
induced by UV radiation was not only not prevented by IL-1 but even enhanced. Since this for the
®rst time indicated that the antiapoptotic acitivity of a signal, in this case IL-1, does not only
depend on its nature but also on the stimulus causing apoptosis, we studied the mechanism by
which IL-1 enhances UV-induced apoptosis. Enhancement of UV-mediated cell death by IL-1 in
KB cells was reduced by an antibody blocking the tumor necrosis factor (TNF) receptor-1,
indicating that enhanced apoptosis is due to autocrine release of TNF. Accordingly, TNF release
was dramatically increased upon UV exposure in the presence of IL-1. Enhancement of UVinduced apoptosis by IL-1 is due to activation of NFkB since the proteasome inhibitor MG132,
which blocks NFkB, signi®cantly reduced enhanced apoptosis. In addition, phorbol myristate
acetate (PMA), a NFkB inducer, enhanced UV-induced apoptosis as observed with IL-1. To
con®rm these data, we cloned a stable cell line overexpressing a superrepressor form of the NFkB
inhibitor IkB. In this mutant form, 2 point mutations prevent proteasomal degradation of IkB and
thus NFkB is not released. Only cells carrying the empty vector released TNF excessively after
treatment of UV plus IL-1 or UV plus PMA. In contrast, TNF secretion was signi®cantly reduced
in cells overexpressing mutated IkB, implying that enhancement of UV-induced apoptosis by IL-1
is due to activation of NFkB. Together, the data show that NFkB does not prevent apoptosis in
general but can even promote programmed cell death. Whether NFkB affects apoptosis in a
positive or negative way seems to be critically dependent on the stimulus inducing cell death.
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Expression of a Natural Killer Cell Marker, DX5, on Cutaneous Mast Cells: Ontogenic
Implications for Connective Tissue Mast Cells
N. Yamada, Y. Tagaya, and S. Katz
Dermatology and Metabolism Branch, National Cancer Institute, Bethesda, Maryland
Mast cells (MC) in rodents are classi®ed as connective tissue MC (CTMC) or as mucosal MC
(MMC). To promote in vitro studies of CTMC, we have established a method to generate skinassociated murine MC by culturing day 16 fetal skin cell suspensions in the presence of stem cell
factor (SCF) and IL-3 for 14 d. These fetal skin-derived MC (FSMC) were characterized as MC by
their expression of FceRI and their release of histamine after FceRI crosslinking, and were similar
to CTMC by their much greater histamine content than that of bone marrow-derived cultured
MC (BMMC) (which share many characteristics of MMC) and by their positive staining for
heparin with berberine sulfate. These FSMC expressed MC markers, CD13, CD117, and gp49B1,
and surprisingly, DX5. DX5 expression has only been reported on NK cells and a subset of T cells
and therefore DX5 has been widely used as an NK marker. Freshly isolated adult dermal MC and
peritoneal MC also expressed DX5, but the majority (>90%) of BMMC did not express DX5.
Thus DX5 positivity is associated with the CTMC subtype. The dependency of DX5+ but not
DX5-MC growth on SCF, and the more prominent growth-promoting effect of eotaxin on
DX5+ MC than on DX5-MC, again suggested the relationship between DX5+ MC and CTMC.
Furthermore, coculture of mixed populations of DX5+ and DX5± MC with NIH3T3 ®broblasts
resulted in the preferential enrichment of DX5+ MC. Interestingly, the majority (>90%) of day 14
fetal liver-derived MC (FLMC) also expressed DX5. DX5 expression in both FSMC and FLMC
preceded their expression of FceRI. Finally, coculture of CD45-disparate BMMC with FLMC did
not induce DX5 expression on BMMC, suggesting that DX5 expression is not dependent on the
microenvironment but is intrinsic to MC precursors. Thus DX5 expression on a subset of MC
provides an ontogenic basis for a concept that fetal hematopoiesis preferentially generates DX5+
CTMC and that adult hematopoiesis preferentially generates DX5± MMC.

Thymidine Dinucleotides Induce Expression of IL-10 in Primary Human Keratinocytes
C. Curiel-Lewandrowski, S. Venna, M.S. Eller, and B.A. Gilchrest
Boston University School of Medicine, Boston, Massachusetts
We and others have shown that thymidine dinucleotides (pTpT) stimulate responses also induced
by UVB irradiation, such as p53 activation and induction of p53-regulated genes in many cell
types, and increased tyrosinase expression and melanin content in cultured human melanocytes and
intact guinea pig skin. More recently, inhibition of the inductive phase of contact hypersensitivity
(CHS) by pTpT was demonstrated in mice, mimicking the immunosuppressive effect of UVB
irradiation. Moreover, pTpT increased the expression of TNFa in a human keratinocyte cell line
and activated the TNFa promoter in intact mouse skin, suggesting that the effect is mediated at
least in part through TNFa. In human skin, IL-10 as well as TNFa induces speci®c tolerance for
CHS and delayed-type hypersensitivity (DTH) reactions; and UVB is a potent inducer of both IL10 and TNFa, at the transcriptional and post-transcriptional levels. In order to investigate the
possible role of IL-10 in pTpT-mediated inhibition of CHS, duplicate cultures of primary human
keratinocytes were treated with pTpT, diluent, UVB irradiation (200 J per m2) or sham irradiation.
Cells were collected at 6 h, 24 h, 48 h and 72 h after treatment and analyzed for IL-10 protein by
ELISA and for mRNA by RT-PCR. An increase in IL-10 protein from undetectable levels to 15
6 2 pg per ml was found 72 h after keratinocytes were incubated, with pTpT, and to 18 pg per ml
24 h after UVB irradiation. After irradiation, RT-PCR detected an increase in IL-10 mRNA as
early as 6 h that returned to baseline levels by 24 h. In pTpT-treated keratinocytes, an increase in
IL-10 mRNA was ®rst detected after 48 h. In the allogeneic mixed lymphocyte reaction (MLR)
assay, T cell activation is assessed as lymphocyte proliferation, measured by 3H-thymidine
incorporation. Previous work has demonstrated functional inhibition of the allogeneic MLR assay
by IL-10. Therefore, IL-10 activity in culture medium was measured by addition of the > 10 kDa
components (containing the 18 kDa IL-10 protein) of conditioned medium from keratinocytes
treated with pTpT for 72 h. Reduction in T cell proliferation by 80 6 5% was demonstrated in the
pTpT group, compared to 8% 6 3 inhibition from diluent-treated control cultures. Together,
these data demonstrate that, like UVB irradiation, pTpT induces IL-10 in human keratinocytes and
suggest that IL-10 and TNF alpha cooperate to inhibit CHS in pTpT-treated mouse skin.
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Expression of Transglutaminase 2 is Increased by TNF-a and IFN-g in Human Cultured
Myoblasts
Y. Choi, P. Steinert, and S. Kim
Laboratory of Skin Biology, NIAMS, NIH, Bethesda, Maryland
Sporadic inclusion body myositis (SIBM) is a degenerative muscle disease with characteristic
amyloid deposition. Pathogenesis of SIBM is not clear yet. Recently we discovered that abnormal
increase of transglutaminase (TGase) 1 and 2 expression in SIBM was observed along with increase
of rimmed vacuoles as a pathologic marker of SIBM. Interestingly increase of TGase 1 expression is
responsible for hyperkeratosis in psoriatic lesions and squamous differentiation in squamous cell
carcinomas. TGase 2 is determined as an autoimmune antigen in the dermatitis herpetiformis. To
better understand those pathogeneses, common affectors of TGase expression should be examined.
Since CD8+ T cells were found in the lesion of SIBM, local production of cytokines could affect
expression of TGases. To explore effects of in¯ammatory cytokines on the TGase expression, we
employed treatment of tumor necrosis factor-a (TNF-a) and interferon-g (INF-g) on cultured
normal human myoblasts. Although TGase 1 expression in the cultured myoblasts was detected, its
level was not changed after TNF-a or INF-g treatment. However, the mRNA level of TGase 2
was increased about 3 and 5 fold, and total TGase activity was increased about 8 and 7 fold within
24 h by 8 ng per ml TNF-a and 100 unit per ml IFN-g treatment, respectively. Interestingly
continuous treatment of the cytokines increased TGase activity up to 12 fold by day 5. This
suggests one possible pathogenesis that long-term in¯ammation could generate high expression of
TGase 2 by TNF-a and IFN-g, which contributes to the progressive muscle destruction.

An Active Experimental Mouse Model of Alopecia Areata, an Autoimmune Hair Loss
Disorder, by Subcutaneous Immunization of Hair Follicle Basement Membrane
Antigens
L.S. Chan and L. Xu
Department of Dermatology, North-western University of Medicine School, Chicago, Illinois
Alopecia areata (AA) is an organ-speci®c autoimmune hair loss disease. While the etiology of AA is
unde®ned, cellular immunity has been the recent focus of investigation (J Invest Dermatol 112:822,
1999). Although the target antigens of the autoreactive T cells in AA are not known, skin basement
membrane (BMZ) antigens, being structural components of hair follicle and target antigens of
several autoimmune blistering skin diseases, are good candidates. Because of the need for a suitable
experimental animal model, we explored whether subcutaneous exposure of skin BMZ antigens
may induce a clinical phenotype of AA. Towards that end, BMZ antigens were injected
subcutaneously to inbred mice on a 3-wk interval. After 20 wk of immunization, 75% of the mice
immunized with BMZ antigens developed a patchy, progressive, and nonscarring hair loss, with
exclamation point-type club hair. None of mice immunized with PBS control developed hair loss.
The hair loss ranges from 5% to 45% total body surface. The histology of the hair loss skin is
characterized by signi®cant miniaturization and number reduction of hair follicles, and peri-and
intrafollicular mononuclear cell in®ltration. Circulating IgG1 (but not IgG2a) subclass
autoantibodies, with titer-dependent speci®c reactivity to BMZ immunogens, were detected in
the 67% affected mice by ELISA. Intra-lesional corticosteroid reversed the hair loss process. We
conclude that this mouse disease model represents an active experimental animal model of AA and
that this model may facilitate investigations in the pathogenesis and therapy of AA.

Pityriasis Rosea (PR) is Associated with Reactivation of Both Human Herpesvirus
(HHV)-7 and -6 in Blood
T. Watanabe, T. Kawamura, S. Eyes, A. Boer, J. Black, J. Orenstein, and A. Blauvelt
Dermatology Branch & Division of Cancer Treatment and Diagnosis, NCI, Bethesda, Maryland; George
Washington University, Washington, D.C.
Several clinical and epidemiologic features suggest a viral etiology for PR, including occasional
constitutional symptoms, clustering of cases, and increased incidence in spring and autumn.
Previously, HHV-7 DNA was detected in plasma, peripheral blood mononuclear cells (PBMC),
and lesional skin in 12 PR patients (Drago et al.: Lancet 1997); however, an association between
HHV-7 and PR was recently refuted (Kempf et al.: Arch Dermatol 1999). Here, we examined
freshly biopsied, non®xed, lesional and nonlesional skin, saliva, PBMC, and cell-free plasma and
serum from 14 PR patients for the presence of HHV-7 DNA by nested PCR. Because HHV-7
reactivation is associated with concomitant HHV-6 reactivation, we examined tissues for HHV-6
DNA as well. Lesional skin was also studied by electron microscopy (EM). HHV-7 DNA was
readily detected in most tissues: 13 of 14 (93%) lesional skin, 12 of 14 (86%) nonlesional skin, nine
of 10 (90%) saliva, 11 of 13 (85%) PBMC, three of six (50%) plasma, and seven of eight (88%)
serum. Interestingly, HHV-6 DNA was also detected in most tissues: 11 of 14 (79%) lesional skin,
11 of 14 (79%) nonlesional skin, nine of 10 (90%) saliva, nine of 13 (69%) PBMC, three of six
(50%) plasma, and seven of eight (88%) serum. Control tissues from healthy volunteers and patients
with psoriasis demonstrated infrequent and variable positivity for both HHV-7 and ±6 DNA. By
EM, herpesviral virions were not observed in keratinocytes or in®ltrating lymphocytes within
lesional skin, indicating no active viral replication within skin. In summary, reactivation of two
related b-herpesviruses, HHV-7 and ±6, was detected in blood of PR patients, as demonstrated
clearly by the presence of herpesviral DNA in cell-free plasma and serum. However, our data
suggest that the rash of PR is not caused by direct herpesviral infection within skin, but possibly by
cutaneous in®ltration of latently infected lymphocytes.

An In Vivo Model for Topical Selection of Keratinocytes Transduced with the MDR
Selectable Marker Gene
W. Pfutzner, M. Joari, T. Kolodka, R. Foster, and J. Vogel
Dermatology Branch, NCI, NIH, Bethesda, Maryland
Achieving persistent expression of a desired gene in a signi®cant percentage of keratinocytes (KC)
remains an important goal of skin gene therapy. One solution would be topical selection for KC
expressing both a desired gene and a linked selectable marker gene, such as the multidrug resistance
(MDR) gene. We have demonstrated that colchicine treatment of KC transduced with MDR
retroviral vectors can increase the percentage of KC expressing MDR in an in vitro raft culture
model but does not impede proliferation or differentiation and strati®cation of KC expressing
MDR. The purpose of this study was to develop an in vivo selection model utilizing topical
colchicine treatment of KC expressing MDR. MDR-transduced KC (transduction ef®ciency of
49% by ¯ow cytometry) were grafted as raft cultures onto nude mice. At different time points, the
grafts were assessed for the presence of human KC expressing MDR by immunohistochemistry and
¯ow cytometry. Without colchicine treatment, 33 6 5% and 24 6 14% of the engrafted human
KC expressed MDR at 2 and 4 weeks, respectively, demonstrating a decline in MDR-expressing
KC over time. The optimal colchicine dose range for topical treatment was determined by titrating
different doses onto nude mouse skin and assessing the mitotic index (re¯ecting blocked mitoses)
and the structural integrity of the epidermis. Colchicine doses below 100 mg per g were generally
ineffective while doses of 500 mg per g disrupted epidermal architecture and induced ulcers.
Colchicine treatment of grafts containing MDR-transduced KC for up to 4 wk demonstrated a
robust, well differentiated human epidermis (human involucrin positive) with MDR expression,
while adjacent mouse epidermis showed abundant mitotic ®gures demonstrating effectiveness of
the colchicine treatment. This model provides an strategy to determine if topical selection can
maintain or increase the percentage of KC expressing a desired gene linked to selectable marker
gene.
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Dominant Connexin-26 Mutations Underlying Palmoplantar Keratoderma Elicit a
Trans-Dominant Inhibitory Effect on Connexin-43 Channel Function
F. Rouan, T.W. White, D.L. Paul, J. Uitto, and G. Richard
Thomas Jefferson University, Philadelphia, Pennsylvania; Harvard Medical School, Boston, Massachusetts
Dominant mutations of GJB2 encoding Cx26 may have a pleiotropic effect on skin and ear. While
W44C results in nonsyndromic hearing loss, R75W, D66H and DE42 cause hearing loss associated
with palmoplantar keratoderma (PPK). Because human epidermis expresses several connexins,
including Cx26, Cx43 and Cx37, we compared the consequences of these four Cx26 mutants on
the function of connexin channels composed of coexpressed wildtype (wt) Cx26, Cx37 and Cx43
in the paired Xenopus oocyte system using dual voltage-clamp. Homotypic expression of wtCx26,
wtCx37, or wtCx43 yielded robust levels of channel activity. Co-expression of wtCx26/wtCx43
resulted in an additive effect, while coexpression of wtCx26/wtCx37 decreased the homotypic
wtCx37 channel conductance by about 50%. All four mutant alleles were unable to form
functional Cx channels. When coexpressed with wtCx26, each mutant completely suppressed the
wtCx26 channel activity consistent with a dominant inhibitory effect, which could explain the
resulting hearing loss. More signi®cantly, Cx26 mutants with a skin phenotype almost entirely
inhibited intercellular conductance of coexpressed wtCx43 and wtCx37, demonstrating a transdominant negative effect, and suggesting that mutations of GJB2 can abolish the function of other
Cx in vitro. In contrast, Cx26W44C (without a skin phenotype) reduced gap junctional coupling of
coexpressed wtCx43 or wtCx37 only to 28% or 48% of wild-type coupling, a considerable residual
activity. Our results suggest that Cx26 mutants with a cutaneous phenotype exert their effect in
skin by inhibiting not only the function of wtCx26, but also other Cx, most importantly Cx43.

Subcellular Localization of hPMR1 Protein in Cultured Human Keratinocytes
M. Behne, Z. Hu,* E. Epstein,* and T.M. Mauro
Department of Dermatology, U.C. San Francisco & V.A. Med. Center, *Department of Dermatology, San
Francisco General Hospital, San Francisco, California
We recently reported mutations in the human ATP2C1 gene, a human homolog of a yeast Golgi
Ca++ pump, as the underlying alteration in Hailey-Hailey-Disease (HHD).
To help elucidate the pathogenetic pathway leading from gene defect to disease phenotype, we
investigated the localization of the hPMR1 Ca++ ATP'ase pump, which is encoded by the
ATP2C1 gene, on a cellular and subcellular level.
Functional studies using the Ca++-sensitive dye Fura-2 revealed that HHD keratinocytes in vitro
contain less Ca++ stored in organelles than do normal cells. This difference persisted in vivo, as
HHD epidermis was found to contain less total Ca++ than normal epidermis. These ®ndings
suggested that the hPMR1 pump was localized at intracellular organelle(s) rather than at the plasma
membrane. This localization was con®rmed using confocal microscopy. For these studies, cultured
human keratinocytes were transiently transfected with constructs encoding ATP2C1, tagged with
the FLAG epitope. Cells were ®xed and the FLAG epitope detected via a Texas Red-labelled
secondary antibody. For comparison, cells were cotransfected with a construct encoding ATP2A2,
the SERCA pump, whose mutations underlie Darier disease, tagged with the c-Myc epitope, and
detected by a FITC-labelled secondary antibody.
Confocal microscopy revealed a perinuclear distribution for the ATP2C1 protein, consistent with
the typical Golgi-pattern. The SERCA protein had a more widespread distribution within the cell,
consistent with a localization in the endoplasmatic reticulum.
Immunoelectron microscopic studies are under way to identify more precisely the subcellular
organelles where these pumps reside.
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Phenotypic Heterogeneity Associated with Haploinsuf®ciency Mutations in the
Desmosomal Plaque Protein, Desmoplakin
N.V. Whittock, D.P. Kelsell,* S.M. Morley,² A.M. Christiano,³ F.M. Keane, H.P. Stephens,* L.
Pulkkinen,§ J. Uitto,§ I.M. Leigh,* R.A.J. Eady, and J.A. McGrath
Department of Cell and Molecular Pathology, St John's Institute of Dermatology, St Thomas' Hospital,
London, U.K.; *Centre for Cutaneous Biology, St Bartholomew's and The Royal London Hospital,
London, U.K.; ²Department of Dermatology, Ninewells Hospital, Dundee, U.K.; ³Department of
Dermatology, Genetics and Development, Columbia University, New York, New York; §Department of
Dermatology, Jefferson Medical College, Philadelphia
Desmoplakin plays a vital role in bridging the transmembranous desmosomal cadherins and the
cytoplasmic keratin ®lament network: its gene comprises 24 exons and spans approximately 45 kb
of 6p21. Recently, a heterozygous nonsense mutation in exon 8 has been described (Armstrong
et al.: Hum Mol Genet 8:143±148, 1999). All individuals haploinsuf®cient for desmoplakin had the
autosomal dominant disorder, striate palmoplantar keratoderma (SPPK). The aim of our study was
to identify further cases of desmoplakin mutations to learn more about the biological signi®cance of
desmoplakin gene pathology. By direct sequencing of genomic DNA, we have identi®ed four
other desmoplakin haploinsuf®ciency mutations. In one family with classical SPPK, we detected a
heterozygous splice site mutation, IVS 7+1 G>A. Intriguingly, this mutation was also detected in
some clinically unaffected family members (but not in 100 controls), emphasising the importance
of trauma and/or genetic background in eliciting the phenotype. In three other unrelated
individuals, we have elucidated heterozygous nonsense mutations in exons 15 (Q664X), 17
(C809X) and 20 (Q948X) (GenBank M77830). These patients have a more severe phenotype
comprising focal and diffuse palmoplantar keratoderma, hyperkeratotic plaques on the trunk and
limbs, and varying degrees of alopecia. Collectively, these ®ndings highlight the dif®culties in
providing accurate genetic counselling for patients with desmoplakin haploinsuf®ciency and reveal
the need for further molecular and cell biological studies to demonstrate the precise role of this
desmosomal plaque protein in both health and disease.

Transduction of Human Keratinocytes with a Lentiviral Vector
U. Kuhn, and J.C. Vogel
Dermatology Branch, NCI, NIH, Bethesda, Maryland
Achieving persistent gene expression has frequently been a problem in gene therapy. Lentiviral
vectors may be superior at introducing genes into slow-dividing stem cells because of accessory
factors that mediate the active transport of the viral preintegration complex through the
nucleopores, while traditional retroviral vectors require cell division and dissolution of the nuclear
membrane for successful gene introduction. The purpose of this study was to determine if lentiviral
vectors are able to transduce nondividing keratinocytes (KC) both in vitro and in vivo. Lentiviral
vectors (replication defective) were produced by cotransfecting three separate plasmids into 293T
human kidney cells: a packaging plasmid (either pCMV8.2 or pCMV8.9) that contains all
structural and transactivating viral factors except envelope; an envelop plasmid providing either an
amphotropic or the vesicular stomatitis virus G-glycoprotein (VSV-G) envelope; and a transfer
vector (pHR'GFP) that packages a green ¯uorescent protein indicator gene into the lentiviral
vector and allows quantitative assessment of KC transduction by ¯ow cytometry. Lentiviral vectors
with titers of 10Ã9 or higher were generated and transduced human KC with greater than 90%
transduction (¯ow cytometry) when the lentiviral vectors were coated with either VSV-G or
amphotropic envelope proteins. A comparison between GFP-expressing lentiviral and retroviral
vectors shows equivalent transduction ef®ciency of proliferating human KC, regardless of envelope
protein. However, irradiated nondividing KC are only successfully transduced by lentiviral vectors.
A comparison of lentiviral vectors that contain different accessory genes (pCMV8.2 versus
pCMV8.9) indicates that most accessory factors are not required for keratinocyte transduction.
Direct in vivo injection of lentiviral vectors into murine skin demonstrated transduction of KC at
different epidermal layers (subcorneal), consistent with lentiviral transduction of nondividing cells.
These results demonstrate that lentiviral vectors can transduce nondividing KC and suggest that
introducing genes into stem cells for long-term expression should be feasible.
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Development of a Mouse Model that Mimics Epidermolysis Bullosa Simplex at the
Genetic Level
T. Cao, M.A. Longley, and D.R. Roop
Baylor College of Medicine, Houston, Texas
The Dowling-Meara variant of epidermolysis bullosa simplex (EBS-DM) is a blistering disease
inherited in an autosomal dominant mode. An Arg®Cys mutation at codon 125 in keratin 14
(K14) has been identi®ed in the majority of patients, leading to cytolysis in the basal keratinocytes
and generalized blisters at multiple sites. Using homologous recombination and mouse embryonic
stem (ES) cell techniques, we introduced this mutation into the mouse germline. In the presence of
a neomycin-resistance (neo) selection cassette in the ®rst intron, heterozygous mice carrying this
mutation were healthy and fertile. RT-PCR analysis revealed lower expression from the mutant
K14 allele than from the wild type allele. However, homozygous pups developed extensive blisters
due to cytolysis of basal cells, and died within 48 h after birth. We anticipated that the presence of
the neo cassette might interfere with the expression of the mutant allele. When the neo cassette
¯anked by loxP sites was deleted from the mutant allele by Cre recombinase, a heterozygous pup
developed large blisters, as was expected for this dominant-negative mutation. To our knowledge,
this is the ®rst mouse model that mimics EBS-DM at both the genetic and phenotypic level. This
mouse model will be used to test gene therapy approaches for EBS-DM.

Digenic Junctional Epidermolysis Bullosa: Mutations in COL17A1 and LAMB3 Genes
M. Floeth and L. Bruckner-Tuderman
Department of Dermatology, University of MuÈnster, MuÈnster, Germany
Junctional epidermolysis bullosa (JEB), a genetically heterogeneous group of blistering skin
diseases, can be caused by mutations in the genes encoding laminin 5 or collagen XVII,
components of the hemidesmosome-anchoring ®lament complex in the skin. Here a family with
severe nonlethal JEB and with mutations in genes for both proteins was identi®ed. The index
patient was compound heterozygous for the COL17A1 mutations L855X and R1226X, and
heterozygous for the LAMB3 mutation R635X. As a consequence, two functionally related
proteins were affected. Absence of collagen XVII and attenuated laminin 5 expression resulted in
rudimentary hemidesmosome structure and separation of the epidermis from the basement
membrane, with severe skin blistering as clinical manifestation. In contrast, single heterozygotes
carrying one or the other of the COL17A1 null alleles, or a double heterozygote for a COL17A1
and a LAMB3 null allele, did not have a pathologic skin phenotype. These observations indicate
that the known allelic heterogeneity in JEB is further complicated by interactions between
unlinked mutations. They also demonstrate that identi®cation of one mutation in one gene is not
suf®cient for determining of the genetic basis of JEB in a given family.

Mutations in Any of the Three Laminin 5 Subunit Genes (LAMA3, LAMB3 and LAMC2)
Can Result in Non-Herlitz Junctional Epidermolysis Bullosa Phenotype
S. Chao, L. Pulkkinen, A. Klausegger, A. Nakano, E. Pfendner, J. Bauer, D. Murrell, V. Sybert, H.
Hintner, and J. Uitto
Thomas Jefferson University, Philadelphia, Pennsylvania; General Hospital of Salzburg, Austria; University
of South Wales, Sydney, Australia; University of Washington, Seattle, Washington
Laminin 5 is the candidate protein/gene system at fault in JEB and the corresponding genes,
LAMA3, LAMB3 and LAMC2, could harbor mutations. In this study, we have examined a cohort
of four families with non-Herlitz (nonlethal) variants of JEB (nH-JEB) for mutations in the laminin
5 genes. The mutation detection strategy consisted, ®rst, assay for the recurrent ``hotspot''
mutation R635X in LAMB3, followed by heteroduplex scanning of LAMB3, LAMC2 and
LAMA3 and automated nucleotide sequencing. The results revealed the presence of seven distinct
mutations in the three genes, six of them being novel (R1331C in LAMA3; C355R, Q868X, and
3228+1G to A in LAMB3; Q864X and 521+3del4 in LAMC2). In addition, one allele showed the
presence of R635X in combination with a cysteine substitution mutation (C355R). Interestingly,
two cases, one with LAMB3 and one with LAMC2 mutations, were compound heterozygotes for
nonsense and splicing mutations (LAMB3, Q868X/3228+1G to A; LAMC2, Q864X/
521+3del4), the latter ones affecting exons 21 and 3, respectively. In the ®rst case, two splicing
products were characterized, the major one resulting in in-frame deletion of exon 21. In the
second case, the splicing mutation is predicted to retain reading frame, at least in part, by creating
cryptic splice site(s). The results of this study indicate that any of the three laminin 5 genes can
harbor mutations in nH-JEB. In fact, this is the ®rst demonstration of a LAMA3 mutation in nHJEB. Collectively, the data will help us to re®ne the genotype/phenotype correlations between
laminin 5 mutations and different variants of JEB.

Heterozygosity of Neuro®bromin Regulates Multiple Mast Cell Functions In Vitro and In
Vivo
D.A. Ingram, K. Hiatt, M.J. Wenning, C. Derstine, A.F. Hood, J.B. Travers, and D.W. Clapp
Indiana University, Indianapolis, Indiana
Neuro®bromin, the protein encoded by NF1, functions by negatively regulating Ras activity in
mammalian cells. Mutations of NF1 cause neuro®bromatosis type I, a disorder characterized by the
development of cafe au lait macules, malignant neoplasms, and neuro®bromas which contain large
numbers of mast cells. Analysis of tumors from NF1 patients and Nf1 knockout mice have shown
that this gene functions as a tumor suppressor. However, the biochemical consequences of
heterozygous inactivation are unknown. Recently, we utilized a genetic intercross to show that
neuro®bromin negatively modulates signaling through the c-kit receptor tyrosine kinase (W locus)
in murine mast and melanocyte lineages in vivo in a heterozygous state (Ingram: J Exp Med, in
press). To further investigate the role of Nf1 in regulating mast cell function, we compared the
proliferation, survival, and degranulation of Nf1+/± primary murine bone marrow derived mast
cells (BMMCs) to wildtype BMMCs in response to stem cell factor (SCF), the ligand for c-kit. Ckit activation of the PI-3 kinase pathway (PI3K) has been shown to be an important signaling
pathway for each of these mast cell functions. Nf1+/± mast cells demonstrated greater proliferation,
survival and degranulation in response to SCF as compared to wildtype cells in vitro. Biochemically,
Nf1+/± mast cells had higher basal and cytokine stimulated Akt kinase activity, a major
downstream effector of PI3K, as compared to +/+ cells. Consistent with the in vitro studies, in vivo
contact sensitivity studies using DNFB revealed increased cutaneous in¯ammation and mast cell
degranulation in Nf1+/± versus +/+ littermates. These data demonstrate that heterozygosity of Nf1
affects multiple mast cell functions in vitro and in vivo associated with the PI3K pathway.
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Tumor Necrosis Factor Receptor Associated Periodic Fever Syndromes: A Novel Entity
with Cutaneous Manifestations
J. Toro, I. Aksentijevich, J. Dean, and D. Kastner
National Institute of Arthritis and Musculoskeletal and Skin diseases, NIH, Bethesda, Maryland
Tumor necrosis factor receptor associated periodic fever syndromes (TRAPS) consist of
in¯ammatory disorders characterized by autosomal dominant inheritance, prolonged periodic
fever and local in¯ammation. The impaired cytokine receptor clearance and ectodomain shedding
in TRAPS represent a novel mechanism of human disease. The cutaneous pathology of TRAPS
has not been previously described. The purpose of this study was to characterize TRAPS by
clinical, microscopic and molecular methods. Patients were evaluated clinically and biopsy
specimens of lesional skin were obtained and examined by light microscopy. Patients were
screened for mutations in the TNFR1, the p55 TNF receptor. Sequencing revealed missence
mutation in the extracellular domains of TNFR1 in all 15 patients examined. Ninety percent of
patients presented with tender migratory erythematous patches, while 10% had edematous dermal
plaques. The skin eruption usually lasted 4±21 d and an average of 13 d. Fifty-®ve percent of
patients stated that lesions resolved with a bruise-like appearance. Most patients had their ®rst skin
eruption during their ®rst two years of life. All patients had a skin eruption associated with fever.
Most patients had myalgia and/or abdominal pain associated with their skin eruption. Microscopic
examination of lesional skin showed a super®cial and deep perivascular, and interstitial lymphocytic
in®ltrate. In addition, there were neutrophils and histiocytes scattered in the dermal in®ltrate.
There were no eosinophils or mast cells present. Patients with TRAPS present with a distinctive
eruption characterized by migratory patches and edematous plaques associated with prolonged
periodic fever, myalgia and/or abdominal pain.

Skin-Targeted Noninvasive Vaccine Patches
Z. Shi, M. Zeng,* D. Chen, F. Siegel, and D. Tang*
Vaxin, Inc., Birmingham, Alabama; *University of Alabama at Birmingham, Birmingham, Alabama
We are developing a novel approach for the delivery of vaccines by incubating expression vectors
with the outer layer of skin in a noninvasive mode. Noninvasive vaccination onto the skin (NIVS)
requires no needle injections and specially trained personnel. We have demonstrated that
application of adenovirus vectors encoding a variety of antigens (e.g., in¯uenza antigens; tetanus
toxin C-fragment; human carcinoembryonic antigen) onto restricted subsets of skin could elicit
systemic immune responses against the exogenous antigens in rodents and nonhuman primates.
Subfragments of the recombinant adenovirus DNA could be found in other areas of the skin and in
deep tissues after localized gene delivery by a noninvasive patch. Results imply that a transient but
productive wave of antigen expression within the outer layer of skin may be able to broadcast
signals for activating the immune system. In addition, we have evidence that animals with preexposure to adenovirus could still be vaccinated by adenovirus-mediated NIVS. It is conceivable
that antiadenovirus immunologic components may not be able to reach the surface of the skin in
suf®cient quantities for counteracting vectors. These studies suggest that vaccines may be
inoculated by simply applying a ``vaccine patch'' containing concentrated adenovirus recombinants
encoding speci®c antigens onto the outer layer of skin, which is both a convenient target site and
an immunocompetent area for the delivery of vaccines. The demonstration of eliciting immune
responses after topical application of noninvasive vaccine patches provides the impetus for
translating NIVS into vaccination programs in a wide variety of clinical settings.

Tissue-Speci®c Expression and Long-Term Deposition of Human Collagen VII in the
Skin of Transgenic Mice: Implications for Gene Therapy
E. Sat, K.K.H. Leung, L. Bruckner-Tuderman, and K.S.E. Cheah
Department of Biochemistry, University of Hong Kong, China, and Department of Dermatology, University
of MuÈnster, Germany
Successful gene therapy for dystrophic epidermolysis bullosa (DEB) will depend on the restoration
of collagen VII in the anchoring ®brils of the skin by sustained synthesis. Central to any approach
to treat DEB by gene therapy is the availability of clones containing the complete COL7A1 gene as
one transcriptional unit. The size of the gene (30 kb) and its transcript (9 kb) and the achieving
tissue-speci®city of gene expression therefore pose additional technical challenges for the
development of in vivo approaches for stable gene transfer of COL7A1 in the epidermis. Here we
report the isolation of a cosmid clone containing the entire human COL7A1 gene in one piece.
The ability of the genomic sequences within this clone to direct tissue-speci®c expression of
human collagen VII in transgenic mice was tested. The data show that the gene construct is capable
of directing expression of collagen VII in the skin of fetal and neonatal transgenic mice. Expression
of COL7A1 in the transgenic mice was in a pattern consistent with that found in human tissues and
paralleled that of the endogenous mouse gene. IF staining, using human-speci®c antibodies,
showed that human collagen VII protein was present in the skin basement membrane zone of the
transgenic mice. Dermal extracts from 19-mo-old transgenic mice contained mature human
collagen VII protein, and ®broblasts derived from skin biopsies of these mice actively synthesized
human collagen VII. The demonstration of successful and stable expression of human collagen VII
in in vivo gene transfer is the ®rst step towards the future development of therapeutic protocols for
the rescue of keratinocyte function in severe blistering diseases such as DEB.

Maturity of Extracellular Matrix (ECM) Does Affect Survival of and Expression by
Genetically Modi®ed Human Fibroblasts In Vivo
G.G. Krueger, C.M. Jorgensen, J.R. Morgan,* and M.J. Petersen
Department of Dermatology University of Utah, Salt Lake City, Utah; *Massachusetts General Hospital
and Shriner's Burns Institute, Harvard Medical School, Boston, Massachusetts
Reasons for loss of transgene expression in vivo by cells carrying stably integrated retroviral vectors
are not understood. To determine if it is the ECM that regulates transgene expression in vivo or
other factors we turned to an approach that generates an ECM in vivo. The thesis was simple: if
ECM is key to prolonged retrovirally encoded transgene expression in vivo, an ECM generated in
vivo would be more optimal for expression and survival than one generated in vitro. Blank nylon
matrixes were transplanted to nude mice. Later, 4 and 8 wk, these were harvested and resident
murine cells were killed in one-half of the matrixes via three rapid freeze-thaw cycles. These in vivo
generated matrixes were seeded with GMFb cloned for lacZ expression and held in tissue culture
favorable to human ®broblasts for 4 wk before transplantation to athymic mice. Controls were
GMFb seeded matrixes without the in vivo generated ECM The matrixes were harvested and
analyzed for transgene expression. Both the 4 and 8 wk in vivo generated ECM-matrix seeded with
GMFb had robust transgene expression at 4 wk. Surprisingly, transgene expression was not
diminished at 8 wk. GMFb in matrixes that did not contain in vivo generated ECM had a 50%
reduction in 4 wk and * 75% reduction after 8 wk in vivo. These results clearly demonstrate that
ECM regulates transgene expression by and survival of GMFb in vivo, and provides pivotal
direction to experimental as well as clinical approaches to gene therapy.
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Systemic Erythropoietin Delivery via Injection of an HIV-1 Lentiviral Vector into
Human Skin Tissue
S. Baek, H. Fan, Q. Lin, and P.A. Khavari
VA Palo Alto and Stanford University, Stanford, California
Widespread application of cutaneous gene transfer requires new approaches. The optimal gene
transfer system would include capability for ef®cient and sustained direct gene delivery to skin.
HIV-1 lentiviral vectors are attractive candidates in this regard by virtue of their ability to
ef®ciently initiate and sustain gene delivery in both dividing and nondividing cells after injection
into intact nerve and muscle tissue. Such vectors hold potential for delivery of therapeutic proteins
to the bloodstream via skin as genetically modi®ed ®broblasts are capable of secreting physiological
levels of recombinant proteins into the circulation. To develop this capability, we generated a
VSV-G pseudotyped HIV-1 based vector encoding human erythropoietin (hEPO), a polypeptide
widely used in the treatment of anemia. First we con®rmed the effectiveness of this lentivector in
human ®broblasts grown in vitro. After infection of primary human ®broblasts with vector
preparations containing either 200, 650, or 1000 mg per ml concentration of HIV p24, hEpo
concentrations in media increased from zero to 3.8, 12.8 and 14.6 IU per ml, respectively. In vivo, 1
mg of HIV p24 viral equivalent was administered by intradermal injection into full thickness
human skin grafted on SCID mice. One week after injection, 5.5 mIU per ml of hEpo was readily
detected in serum. Thus, pseudotyped lentiviral vectors are capable of effective systemic delivery of
therapeutic polypeptides via skin after simple intradermal injection and provide a promising
approach for future development.

Restoration of Hair Pigment Production in Albino Mouse Hair Follicles With a
Streptomyces Tyrosinase Gene
M. Zhao, N. Saito, L. Li, E. Baranov, Y. Mishima,* H. Kondoh,* M. Sugiyama,² K. Katsuoka,³
and R.M. Hoffman
AntiCancer, Inc. San Diego, California; *Mishima Institute for Dermatological Research, Kobe, Japan;
²Hiroshima University, Hiroshima, Japan; ³Kitasato University, Kanagawa, Japan
A novel gene therapy approach, using a small and simple tyrosinase operon in a high-expression
vector has been developed for pigment disorders. A recombinant retrovirus containing the mel
locus of Streptomyces antibioticus was constructed. The S. antibioticus mel locus, consists of the ORF438 and tyrosinase genes. An internal ribosome entry site (IRES) suitable for mammalian cell
expression was also inserted to obtain the tyrosinase-expression retroviral vector pLmelSN. Albinomouse skin was histocultured and then infected with the pLmelSN retrovirus with resulting
melanin production in the hair follicles. The ef®ciency of pLmelSN transduction of the
histocultured skin was signi®cantly increased by coculture with packaging cells producing the
pLmelSN retrovirus. At 12 h of coculture, 15% the follicles were producing melanin; at 24 h 35%;
and by 72 h 53% were producing melanin. These results demonstrated that the S. antibioticus mel
operon could ef®ciently express an active tyrosinase and produce melanin in albino-mouse hair
follicles. Future experiments will focus on ef®cient in vivo tyrosinase gene transfer with high and
stable expression.
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Localized In Vivo Genotypic and Phenotypic Correction of the Albino Mutation in Skin
Using an RNA-DNA Oligonucleotide
V. Alexeev, O. Igoucheva, A. Domashenko,* G. Cotsarelis,* and K. Yoon
Thomas Jefferson University, Philadelphia, Pennsylvania; *University of Pennsylvania, School of Medicine,
Philadelphia, Pennsylvania
Chimeric RNA-DNA oligonucleotide (RDO) have formed the basis of genetic strategies for
correcting mutations, while maintaining genomic organization important for the appropriate
expression and regulation of genes. Visualization of pigmentation in a live animal and easy
accessibility of skin makes an attractive system for testing chimeric oligonucleotides as novel skin
gene therapeutics in vivo. We recently demonstrated that RDO corrected a point mutation in the
mouse tyrosinase gene, resulting in permanent and inheritable restoration of tyrosinase enzymatic
activity, melanin synthesis, and pigmentation changes in cultured melanocytes. Here, we extended
gene correction of melanocytes in tissue culture to in vivo. Both topical application and intradermal
injection of this oligonucleotide to albino BALB/C mouse skin resulted in dark pigmentation of
several hairs in localized area. The restored tyrosinase enzymatic activity was detected by DOPA
staining of hair follicles in the treated skin. Tyrosinase gene correction was also con®rmed by
RFLP analysis and DNA sequencing from the skin which was positive in DOPA staining and
melanin synthesis. In contrast to a transient gene expression shown by other in vivo gene delivery
methods, we demonstrated a prolonged gene correction by RDO in the localized area of skin. We
plan to further develop in vivo application of RDO in skin by generating a dominant mutation in
the murine keratin 14 and collagen VII gene. This proof of principle experiment may lead to a
potential clinical application of RDO to severely affected areas of epidermolysis bullosa patients for
treatment.
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Stimulation of Melanogenesis by Oligonucleotides In Vitro and In Vivo is p53 Dependent
I.M. Hadshiew, M.S. Eller, and B.A. Gilchrest
Boston University School of Medicine, Boston, Massachusetts
We have shown previously that thymidine dinucleotide (pTpT) and a 9-base oligonucleotide
(p9mer) can induce cellular responses similar to those elicited by exposure to UVB light, such as
enhanced pigmentation in cultured melanocytes and intact guinea pig skin. These oligonucleotides
also activate p53 with subsequent induction of p53-regulated genes such as p21, proliferating-cell
nuclear antigen (PCNA) and other DNA repair enzymes. Our recent work strongly suggests that
tyrosinase, the rate-limiting enzyme in melanogenesis, is also up-regulated by oligonucleotides via
p53 activation. Melanoma cells expressing a dominant negative p53, do not up-regulate tyrosinase
mRNA after UV irradiation or pTpT stimulation, while paired wild-type p53-expressing cells
show a 2±3 fold up-regulation of tyrosinase transcripts within 48 h and similarly increased melanin
content after 5±7 d. In cultured murine melanoma cells, the p9mer is a much more potent
stimulator of pigmentation than pTpT, increasing melanin content to 10-times diluent-treated
control levels, compared to a 4±7-fold increase with pTpT. In order to explore whether
stimulation of melanogenesis in vitro is predictive of the response in vivo and to determine the role
of p53 in oligonucleotide-stimulated melanogenesis in vivo, pigmentation in mouse ear skin,
known to tan in response to UV irradiation, was examined. First, mouse ears were treated with
¯uorescently-labelled pTpT or p9mer in propylene glycol for 4 h, then were sectioned and
examined by confocal microscopy. Both oligonucleotides brightly stained the epidermis and hair
follicles, suggesting that pTpT and p9mer comparably penetrate the skin barrier. Mice were then
treated once daily with either 100 mM pTpT or p9mer in propylene glycol on one ear or vehicle
alone on the other ear. After 15 d, the ears were removed, sectioned and stained with Fontana
Masson to detect melanin. Compared to vehicle controls, there was a 70% increase in pigmentation
in pTpT-treated ears and a 250% increase with the p9mer, as determined by image analysis. In
order to determine whether oligonucleotide-induced pigmentation in vivo is dependent on p53,
p53(±/±) knock-out and p53-pro®cient mice were similarly treated with either pTpT, p9mer or
propylene glycol alone for 10 d and then the ears were analyzed for melanin content. In the p53pro®cient animals, ears treated with pTpT showed a 50% increase above control and p9mer-treated
skin an 80% increase. p53-knockout mouse ears did not pigment in response to either pTpT or
p9mer. These data demonstrate that the induction of pigmentation by oligonucleotides in vitro is
predictive of tanning activity in vivo and that melanogenesis in vivo, as in vitro, is mediated by p53
and evolves gradually over many days, as does UVB-induced tanning. Understanding the features
of these oligonucleotides that in¯uence the activation of p53 will allow design of more effective
oligonucleotides to stimulate photoprotective responses in human skin.

VIT1, a Gene Downregulated in Vitiligo Melanocytes, may Regulate Expression of a G/
T Mismatch Repair Protein
I.C. Le Poole, L.S. Stennett, R. Sarangarajan,* T. Miki,² T.L. Brown,³ and R. E. Boissy*
Loyola University Medical Center, Maywood, Illinois; *University of Cincinnati, Cincinnati, Ohio; ²NIH,
Bethesda, Maryland; ³Wright State University, Dayton, Ohio
By differential display, six gene fragments differentially expressed in vitiligo melanocytes compared
to control melanocytes were detected, reampli®ed, cloned and sequenced. A BLAST search was
performed to identify individual fragments. Although one fragment was homologous to an
expressed sequence tag, none were identical to previously known genes. A fragment con®rmed for
differential expression by reverse dot-blotting was used to screen a melanocyte cDNA library, and
3 clones identi®ed by the probe were sequenced. The partially overlapping clones spanned a 4-kB
cDNA sequence containing a 423-bp open reading frame. This open reading frame is transcribed
in melanocytes, keratinocytes and ®broblasts, as demonstrated by RT-PCR. Interestingly,
downstream from the ORF, the message is partially complementary to the coding region of
hMSH6 (a G/T mismatch repair gene) over 450 bp. This maps the VIT1 gene to 2p16. As both
messages are transcribed in opposing directions, it is possible that the VIT1 message stably
hybridizes to the hMSH6 message, thus obstructing translation of the transcript. In this respect,
relative expression levels of VIT1 and hMSH6 were investigated in vitiligo and control
melanocytes by semiquantitative RT-PCR. Apart from supporting reduced expression of VIT1 in
vitiligo melanocytes, results demonstrate an inverse relationship among the expression levels of
VIT1 and hMSH6. A possible function of the VIT1 gene may thus lie in regulating expression of a
G/T mismatch repair gene. In vitiligo, altered expression of the latter may signify increased
sensitivity to mutagenic conditions.

PKC-b is Associated with its Receptor RACK-I at the Melanosomal Surface in Human
Melanocytes
H.Y. Park, H.W. Wu, D. Young, and B.A. Gilchrest
Boston University School of Medicine, Boston, Massachusetts
Protein kinase C-b (PKC-b) is known to activate tyrosinase, a transmembrane melanosomal
enzyme, by phosphorylating its cytoplasmic domain. The unique ability of PKC-b among all
isoforms of PKC to activate tyrosinase has been demonstrated by repigmentation of amelanotic
melanoma cells after transfection of PKC-b and by other multiple criteria including the speci®c
association PKC-b with melanosomes. To elucidate the mechanism through which PKC-b is
speci®cally associated with melanosomes, human melanocytes were analyzed for the presence of
Receptor for Activated C-Kinase-I (RACK-I), a receptor with a >100-fold af®nity for activated
PKC-b versus other PKC isoforms. When the whole lysate from a subcon¯uent culture of human
melanocytes was subjected to the immunoblot analysis using monoclonal antibody speci®cally
against RACK-I, there was a readily detectable level of RACK-I protein. Subsequently
melanosomes were puri®ed from intact melanocyte cultures, and proteins extracted in presence of
1% Triton-X100 were immunoblotted for RACK-I. Similar to the whole cell lysate, readily
detectable level of RACK-I co-puri®ed with melanosomes. Comparing the distribution of
RACK-I and tyrosinase within intact melanocytes, immunostaining indicated RACK-I was
similarly distributed to tyrosinase and hence probably associated with melanosomes. To determine
if RACK-I is complexed with PKC-b in human melanocytes, subcon¯uent cultures of
melanocytes was subjected to immunoprecipitation using a monoclonal antibody against
RACK-I followed by immunoblot analysis using RACK-I and PKC-b antibodies. Complexes
immunoprecipitated using RACK-I antibody had detectable levels of both PKC-b and RACK-I.
In the reverse experiments, when melanocyte lysate was subjected to the immunoprecipitation
using a monoclonal antibody against PKC-b followed by immunoblot analysis, both PKC-b and
RACK-I were again detected. Together, these data suggest that localization of activated PKC-b on
melanosomes is determined by RACK-I and that binding of PKC-b to RACK-I to the outer
surface of the melanosome allows the phosphorylation of tyrosinase by PKC-b.
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Tyr-Negative Albinism as a Genetic Storage Diseases with a Common Defect in
Intracellular Protein Traf®cking
R. Halaban, S. Svedine, E. Cheng, Y. Smicun, and D. Hebert
Department of Dermatology, Yale University of School of Medicine, New Haven, Conneticut; Department of
Biochemistry & Molecular Biology, University of Massachusetts, Amherst, Massachusetts
Tyrosinase, a key enzyme in melanin synthesis, is normally folded and processed in the
endoplasmic reticulum (ER), matures in the Golgi apparatus and then sorted to the melanosomes,
the site of melanin biosynthesis. Dysfunctional mutations in tyrosinase are a cause for tyrosinasenegative albinism (TYR-negative albinism, OCA1). Because several of the mutant tyrosinase
proteins appear as low molecular weight variants sensitive to degradation, we examined whether
the retention of the protein in the ER participates in the pathogenesis of albinism. We employed
albino melanocytes from mouse or human origin encoding tyrosinase mutants (C85S, H402A
A482T, T373K), and wild type (wt) mouse or human melanocytes as the normal controls.
Furthermore, we constructed mammalian expression vectors encoding wt or mutant (C89R,
R402Q, P406L, R422Q) tyrosinase-EGFP (enhanced green ¯uorescent protein) chimeras and
transfected the plasmids into mouse melanocytes. Digestion with endoglycosidase H that
recognizes early, high mannose glycoforms characteristic to the ER but not Golgi processed
complex carbohydrates indicated that several of the mutations blocked maturation of the enzyme at
the ER/Golgi junction. Confocal immuno¯uorescence microscopy and colocalization of
tyrosinase-GFP with known ER resident proteins con®rmed that certain mutations caused ER
retention. Treatments with protease inhibitors speci®c to various degradation pathways identi®ed
the cytosolic proteasome as the site of degradation of the ER-retained mutant tyrosinase proteins.
Taken together, our studies demonstrate that processing and membrane traf®cking of albinomutant tyrosinase proteins are impaired, in agreement with the hypothesis that TYR-negative
albinism can be added to the class of genetic storage diseases with a common defect in intracellular
protein traf®cking in response to protein misfolding.

Cytotoxic Response Of Melanocytes to 4-Tertiary Butyl Phenol: A Model for Contact/
Occupational Vitiligo
R.E. Boissy, F. Yang, I.C. Le Poole, and R. Sarangarajan
Department of Dermatology, University of Cincinnati College of Medicine, Cincinnati, Ohio
Contact/Occupational vitiligo occurs relatively frequently in people exposed to various phenolic
or catecholic derivatives in the work place or at home. One of the most potent cytotoxic
derivatives is 4-tertiary butyl phenol (4-TBP). We investigated the mechanism of cytotoxicity on
4-TBP in cultured human melanocytes. Melanocytes derived from individuals with a wide range
of skin color type demonstrated a dose dependent cell death in response to 4-TBP treatment.
Autologous dermal ®broblasts and epidermal keratinocytes exhibited similar and reduced sensitivity
to 4-TBP, respectively. Demonstration of plasma membrane blebbing, phosphatidylserine
relocalization, DNA fragmentation and adenosine receptor upregulation (shown by differential
display analysis) con®rmed that 4-TBP induced cell death occurred via apoptosis. It has been
hypothesized that tyrosinase mediates the cytotoxicity of 4-TBP. The activation of either cAMP
via melanocyte stimulating hormone (MSH) or tyrosine kinase via basic ®broblast growth factor
(bFGF), both potent mitogenic/melanogenic mediators of melanocytes, increased the susceptibility
of melanocytes to the cytotoxic effects of 4-TBP. 4-TBP can competitively inhibit both tyrosine
hydroxylase and DOPA oxidase activities of tyrosinase in vivo and in vitro supporting the hypothesis.
However, two melanoma cell lines, one of which lacks endogenous expression of tyrosinase,
transfected with the tyrosinase cDNA exhibited no alteration in their sensitivity to 4-TBP.
Therefore, although 4-TBP is selectively cytotoxic to the melanocyte in the epidermis, its
mechanism does not involve tyrosinase. Initial analysis demonstrated that melanocytes derived
from a patient with vitiligo were more sensitive to the cytotoxic effects of 4-TBP. Sensitivity to
phenols may underlie the mechanism of contact/occupational vitiligo.
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Reconstructed Pigmented Epidermis as a Model for Pigmentation and Wound Healing
Studies
S. Gibbs, M. Mommaas,* and M. Ponec
Department of Dermatology and *Electron Microscopy, Leiden University Medical Centre, Leiden, The
Netherlands
Reconstructed pigmented epidermis has been established by coseeding melanocytes with
keratinocytes on a dermal substrate and culturing up to 2 mo at the air±liquid interface.
Electron microscopic evaluation revealed homogenous distribution of melanocytes within the basal
cell layer where the melanocytes were in close contact with surrounding keratinocytes.
Melanosomes were transported to the suprabasal epidermal layers. In the lower layers the
melanosomes were distributed evenly within the keratinocyte cytoplasm and in the upper layers
the melanosomes were capping the keratinocyte nuclei. Modulation of melanogeneic activity was
induced by administration of growth factors (KGF), hormones, IBMX or UV irradiation, as judged
from enhanced dendrite formation, melanosome transfer and induction of pigmentation. After
wounding, repigmentation of regenerated epidermis was retarded even in the presence of growth
factors stimulating re-epithelization, indicating that migration and proliferation of keratinocytes
and melanocytes are regulated differently.

Differential Regulation of the Human Melanocortin-1 Receptor in Melanocytes from
Different Pigmentary Phenotypes
M. Scott, I. Suzuki, and Z. Abdel-Malek
Department of Dermatology, University of Cincinnati, Cincinnati, Ohio; POLA Laboratories, Japan
Normal human melanocytes (MC) express the melanocortin-1 receptor (MC1R), a G proteincoupled receptor that binds a-melanocyte stimulating hormone (a-MSH) and ACTH with the
same af®nity, as well as agouti signaling protein (ASP), the physiological antagonist of a-MSH. By
Northern Blotting, we found that pretreatment of cultured MC with either a-MSH or ACTH up
regulated the expression of the MC1R mRNA, and prolonged treatment with these ligands did
not cause receptor desensitization. In contrast, treatment of MC with ASP decreased the levels of
MC1R mRNA. Pretreatment of MC with endothelin-1, a paracrine regulator of MC, resulted in a
marked increase in MC1R mRNA levels. These results led us to compare the regulation of the
MC1R mRNA expression in MC with different constitutive melanin content. We found that the
increase in the MC1R mRNA levels in response to a-MSH was more pronounced in MC with a
low melanin content than in dark MC. Basic FGF, a keratinocyte-derived mitogen for MC, up
regulated the MC1R mRNA in dark MC but reduced its levels in MC with a low melanin
content. TPA, a commonly used mitogen for MC, signi®cantly increased the MC1R mRNA
levels in light MC, but caused a minimal increase in dark MC. These differences suggest differential
regulation of the MC1R gene expression, and possible differences in the promoter region of this
gene in MC from different pigmentary phenotypes.
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SCF/c-kit Signaling is Required for Cyclic Regeneration of Hair Pigmentation Unit(s)
N.V. Botchkareva, V.A. Botchkarev, and B.A. Gilchrest
Boston University School of Medicine, Boston, Massachusetts
Stem cell factor (SCF) and its receptor c-kit are important for melanocyte survival during
development, and mutations of these genes result in unpigmented hairs in mice and humans. To
determine whether SCF/c-kit are involved in pigmentation of cycling hair follicles (HF) during
postnatal life, back skin from C57BL/6 mice was studied by double/triple immuno¯uorescence
and confocal microscopy during de®ned stages of depilation-induced hair cycle. Melanocyte (MC)
were identi®ed by tyrosinase related protein (TRP) 2; more differentiated MC also expressed
TRP1, and MC containing melanin were also tyrosinase-positive. MC proliferation was identi®ed
by Ki-67 expression. In telogen MF, MC expressed only TRP2. During early anagen, MC in the
HF germinative compartment were proliferative and expressed TRP2 and TRP1. By mid anagen,
non-proliferating HF bulge MC, presumptive stem cells, could be identi®ed by TRP2 expression,
while MC located in the elongating outer root sheath were Ki-67-, TRP1-, and TRP2-positive.
MC located in the hair bulb above the dermal papilla (DP) of mid anagen HF also expressed
tyrosinase. In late anagen HF, non-proliferating pigmented hair bulb MC expressed tyrosinase,
TRP1, and TRP2. From the HF telogen-anagen transition and throughout anagen, all MC
expressed c-kit. Using highly sensitive tyramide ampli®ed immuno¯uorescence, c-kit ligand SCF
was prominently expressed throughout the hair cycle in the ®broblasts of the HF connective tissue
sheath and in the dermal ®broblasts, while dermal papilla ®broblasts expressed SCF from mid
anagen to early catagen. To de®ne SCF/c-kit function during cyclic regeneration of the hair
pigmentation unit, a c-kit blocking antibody or vehicle alone was administered intradermally 1, 3,
and 5 d post depilation. Blockage of c-kit resulted in grey, hypopigmented hairs over the entire
back. These HF had signi®cantly (p < 0.05) fewer proliferative and TRP1+/TRP2+/
tyrosinase + hair bulb MC than controls. All hair bulb MC were TUNEL-negative, suggesting
SCF/c-kit blockade affects predominantly MC proliferation and/or differentiation, and does not
cause MC apoptosis. Taken together, our data suggest that SCF/c-kit signaling is critical for MC
proliferation, differentiation, and/or migration during the hair cycle, and hence required for hair
pigmentation postnatally.

Inhibition of KIT in Human Nevus Xenografts
J.M. Grichnik, J.A. Burch, and S. Singer*
Duke University Medical Center, Durham, North Carolina; *GlaxoWellcome, Research Triangle Park,
North Carolina
Injection of KIT inhibitory monoclonal antibody, K44.2, into human cutaneous xenografts results
in melanocyte loss. We were interested in determining the effects of K44.2 on human nevus cells.
With IRB and IACUC approval, 10 nevi (unchanged for > 1 y) were excised from a single patient.
The tissue was trisected, central portion for histological evaluation and lateral portions for grafting
onto NIH-3 mice. A total of eight matched pairs were available for study. Four pairs were injected
daily with either K44.2 or SCF for 4 d and harvested on day 5; three pairs with SCF or no
treatment for 2 d and harvested 7 h after last injection, and one pair injected daily for 8 d with
K44.2 or no treatment and harvested on day 18. Overall, the epidermal melanocytes appeared to be
more sensitive to treatment. All K44.2 treated nevi were noted to have decreased nevus cells with
near total clearing in some areas. However, residual foci of nevus cells were present in all the
specimens. SCF treated cells tended to be larger and more epitheliod and the K44.2 treated cells
tended to be fewer, smaller, with condensed chromatin. Interestingly, both SCF and K44.2 caused
upward melanocyte migration in the epidermis. These data suggest that human nevus cells may be
susceptible to KIT inhibition but K44.2 alone was not suf®cient to deplete all the dermal nevus
cells. Modulation of pathways that increase KIT expression and/or dependence of nevus cells may
be required.
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Induction of Stellate Lentigines and Melanocyte Nests in Human Skin by Basic
Fibroblast Growth Factor and UVB Irradiation
C. Berking, R. Takemoto, M. Nesbit, K. Satyamoorthy, and M. Herlyn
The Wistar Institute, Philadelphia, Pennsylvania
Basic ®broblast growth factor (bFGF) is mitogenic for melanocytes and plays an important role in
melanoma progression. Our laboratory has recently demonstrated that bFGF-transduced
melanocytes displayed a transformed phenotype in vitro and a survival advantage in human dermis
in vivo. In this study, we induced a transient overexpression of bFGF in human skin grafted to
SCID mice by intradermal injections of adenoviral vectors for bFGF. Concomitantly, the grafts
were irradiated with UVB three times weekly over a period of 3 mo. Neonatal foreskin grafts
turned from a pink to black pigmentation and adult skin grafts developed stellate lentigines-like
lesions. There was substantial skin thickening and in some cases hypervascularization. Histological
analysis demonstrated hyperpigmentation, prominent and strongly dendritic melanocytes and an
increase of stromal cells in the dermis. Detection of melanocytes by immunohistochemistry (TRP1 and S-100) revealed a striking augmentation of the number of melanocytes and melanocytic nest
formation along the basal layer of the epidermis. Proliferation of melanocytes was con®rmed by
double immuno¯uorescence stain for TRP-1 and Ki-67 and activation of melanocytes was shown
by positivity for HMB-45. Staining for bFGF suggested that bFGF-transduced ®broblasts in the
dermis produced high levels of bFGF which exerted strong mitogenic effects on the melanocytes in
the epidermis. Our results demonstrate a new model of human melanocyte transformation in vivo.

Inhibition of Growth of Melanoma Cells by Gene Transfer of CD95 (FAS/APO-1) In
Vivo
Y. Aragane, A. Maeda, A. Kawada, T. Tezuka, and T. Schwarz*
Department of Dermatology, Kinki University, Osaka, Japan; *Department of Dermatology, University of
MuÈnster, MuÈnster, Germany
Interaction of CD95 ligand (CD95L) with its cognate receptor CD95 induces apoptotic cell death.
Alterations in this pathway within tumor cells can result in escape from apoptosis and from
immune surveillance. Melanoma cells recently were found to escape an immune attack via
expression of high amounts of CD95L, thereby inducing apoptosis of activated T lymphocytes.
When screening four human melanoma cell lines for expression of CD95 and CD95L,
respectively, an inverse correlation of these two molecules was found, i.e., cells expressing high
levels for CD95L (CD95Lhigh) were almost negative for CD95 and vice versa. Since coexpression
of CD95 and CD95L may lead to apoptosis by autocrine suicide or fratricide, it was tested whether
overexpression of CD95 in CD95Lhigh melanoma cells results in apoptotic cell death. Upon
transfection with a cytomegalovirus promoter driven expression vector encoding the CD95 gene,
CD95Lhigh melanoma cells underwent apoptosis at a much higher level than CD95Llow melanoma
cells. Apoptosis appeared to be due to the activation of CD95 since cell death was inhibited by
cotransfection with a dominant negative mutant for the CD95 signaling protein FADD. Tumor
progression of CD95Lhigh melanoma cells transplanted into nude mice was signi®cantly reduced
when recipient animals were injected with liposomes containing the CD95 expression vector. As
demonstrated by immunohistochemistry and TUNEL staining, in vivo transfected tumor cells
expressed CD95 and underwent apoptotic cell death. Hence, this study indicates that delivery of
the CD95 gene inhibits tumor growth in vivo and thus might be a therapeutic strategy to treat
tumor cells which express high levels of CD95L.
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Modeling Malignant Melanoma in Mice: Pathogenesis and Maintenance
A. Wong, M. Tietz, Q. Shen, and L. Chin
Dana-Farber Cancer Institute, Harvard Medical School, Boston, Massachusetts
Advanced malignancy represents the phenotypic end-point of successive genetic lesions that impact
on the function and regulation of oncogenes and tumor suppressor genes. The established tumor is
maintained through complex and poorly understood host±tumor interactions guiding processes
such as angiogenesis and immune sequestration. The numerous and diverse genetic alterations that
accompany tumor genesis raises questions as to whether experimental cancer-promoting mutations
remain relevant to tumor maintenance. We have previously shown that activated RAS can
cooperate with INK4a de®ciency to promote melanoma genesis in the mouse. Utilizing a new
doxycycline-inducible H-RASV12G INK4a null mouse melanoma model, we have recently shown
that melanoma genesis and maintenance are strictly dependent upon H-RASV12G expression.
Withdrawal of doxycycline and H-RASV12G down-regulation resulted in clinical and histological
regression of primary and explanted tumors. The initial stages of regression were highlighted by
dramatic activation of apoptosis in the tumor cell and host-derived endothelial cells. Although the
regulation of VEGF was found to be RAS-dependent in vitro, the failure of persistent endogenous
and enforced VEGF expression to sustain tumor viability indicated that the tumor maintenance
actions of activated RAS extend beyond the regulation of VEGF gene expression in vivo. Together
these data provide genetic evidence that H-RASV12G plays a critical role in both the genesis and
maintenance of solid tumors. This in vivo model will serve to uncover additional aspects of the
complex heterotypic interactions between host and tumor cells. Furthermore, it will provide a
system for identi®cation of genes and pathways critical for maintenance of solid tumors.

Role for Macrophage Migration Inhibitory Factor in Angiogenesis and the Cell Growth
of Melanoma
T. Shimizu, R. Abe, H. Nakamura, M. Suzuki,* A. Ohkawara, and J. Nishihira*
Departments of Dermatology and *Central Research Institute, Hokkaido University School of Medicine,
Sapporo, Japan
Macrophage migration inhibitory factor (MIF) is known to function as a cytokine, hormone, and
glucocorticoid-induced immunoregulator. We previously reported that human melanocytes and
melanoma cells express MIF mRNA and produce MIF protein. Expression of MIF mRNA and
production of MIF protein were much higher in human melanoma cells such as G361, A375, and
C32 than in normal cultured melanocytes. To assess the role of MIF overexpression in melanoma
cells, G361 cells were transfected with an antisense human MIF plasmid. The results demonstrated
that the cell growth rate of the transfected cells was markedly suppressed, suggesting that MIF
participates in the mechanism of proliferation of melanoma cells. To further evaluate the function
of MIF, we employed the Boyden chamber method to examine the effect on tumor cell migration
and found that MIF enhanced the migration of G361 cells in a dose-dependent manner.
Furthermore, we administered anti-MIF antibody into tumor (G361 cells in a Millipore chamber)bearing mice to assess the effect on tumor-associated angiogenesis. The anti-MIF antibody
signi®cantly suppressed tumor-induced angiogenesis. Taken together, these results indicated that it
is likely that MIF may function as a novel growth factor that stimulates incessant growth and
invasion of melanoma concomitant with neovascularization.

Secretion of Soluble CD44 Inhibits Melanoma Proliferation
T. Ahrens, J. Sleeman, C. Schempp, N. Howells, M. Hofmann, H. Ponta, P. Herrlich, and J.
Simon
Department of Dermatology, University of Freiburg, and FZ Karlsruhe, Institute of Genetics, Karlsruhe,
Germany
Proteolytic cleavage of CD44 from the cell surface has recently been observed in different cell
types. In 48 h cell culture supernatants of some human melanoma cell lines (MM) we detected
soluble CD44 (solCD44) at concentrations of 250±300 ng per ml. Protease inhibitor studies
revealed that serine proteases and metalloproteinases are involved in the cleavage of CD44 from the
cell membrane of MM. To analyze the function of solCD44 in the process of MM cell
proliferation and tumor growth, human solCD44-positive malignant melanoma cell line (1F6),
which does not secrete solCD44 constitutively, was stably transfected with cDNAs either encoding
for soluble CD44 containing no variably spliced exons (CD44s), soluble CD44sR41A or
solCD44sR150A/R154A. These amino acid exchanges resulted in an impaired hyaluronic acid
(HA) binding function of the mutant proteins. Puri®ed solCD44s inhibited binding of MM cells to
immobilized HA to almost 100%. In contrast, puri®ed mutated soluble CD44s had no effect on
HA binding of the MM cells. When cultivated on immobilized HA, a dramatic induction of MM
cell proliferation was observed for the parental and the control transfected cell lines in vitro. This
HA induced increase of proliferation was blocked completely in solCD44s expressing transfectants.
However, mutated solCD44sR41A and solCD44sR150A/R154A did not interfere with the HA
induced increase of MM cell proliferation. After subcutaneous injection of parental, control
transfected and solCD44s releasing MM cells into MF1 nm/nu mice in vivo we observed a dramatic
(90%) reduction of primary tumor growth in animals injected with MM cells releasing solCD44s.
Importantly, transfectants expressing solCD44s mutated in the HA binding domains developed fast
growing primary tumors like control transfectants and the parental cells. These results demonstrate
direct interactions of solCD44 with HA which interferes competitively with the enhanced tumor
growth induced by the binding of HA to CD44 on the cell surface of MM. Autocrine, or druginduced secretion of solCD44 by human melanoma cells may thus exert potent antitumoral effects
in vivo.
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Anti-Apoptotic Defenses in Melanoma are Regulated through Multiple Signaling
Pathways Including Ras, PI3K, MEK and NF-kB
Y. Shellman, J. Gendall, W. Weston, D. Marr, I. Maxwell, and D.A. Norris
Department of Dermatology, University of Colorado Health Science Center, Denver, Colorado
One of the most dangerous aspects of malignant melanoma is its resistance to therapy using single
drugs or radiotherapy. We propose that melanoma resists therapeutic attempts to induce tumor cell
death because of well developed antiapoptotic defenses in melanomas. We have previously shown
that these defenses include high expression of the antiapoptotic proteins Bcl-2, Bcl-xL and Mcl-1,
and that activating ras mutations (associated with the transition to vertical growth phase melanoma)
maintain high levels of Bcl-2, low levels of Fas and high resistance to Fas mediated cyotoxicity.
The purpose of this project is to determine whether inhibition of signaling pathways distal or
proximal to Ras may enhance the susceptibility of melanoma to chemotherapy induced apoptosis.
Apoptosis of cultured melanoma cells was measured using Annexin V/propidium iodide double
labeling and veri®ed by MTT viability assay or ethidium bromide/acridine orange staining. We
found that multiple inhibitors (ras farnysylation inhibitor FTI-277, PI3K inhibitor LY-294002,
MEK inhibitor U0126, and NF-kB inhibitor PDTC) used alone either directly induced cell death
or potentiated cisplatin-induced apoptosis to different degrees. However, combinations of these
inhibitor produced signi®cant increases in spontaneous apoptosis or cisplatin induced apoptosis.
Combination of inhibotors of MEK and PI3K induced 80% spontaneous apoptosis in cultured
melanoma targets. Less lethal combinations of multiple inhibitors greatly potentiated the levels of
apoptosis induced by suboptimal doses of cisplatin. These experiments raise the possibility that
sublethal combinations of signaling inhibitors will make melanomas susceptible to nontoxic doses
of chemo-therapeutic or immuno-therapeutic agents.

Molecular Biological Approaches to the Staging of Melanoma Patients and Analysis of
Melanoma Pathogenesis
J. Siddiqui, N. Horvath, A.C. Gilliam, J. Goldstein, R. Shenk, T.P. Spiro, K.D. Cooper, and G.S.
Wood
Dermatology, Pathology, Medicine, Surgery; University Hospitals/Ireland Cancer Center, Case Western
Reserve University and Louis Stokes VA Medical Center, Cleveland, Ohio
Histopathological examination of sentinel lymph node (SLN) biopsies provides important staging
and prognostic information for patients with clinical stage I±II cutaneous melanoma. Because of its
relative insensitivity, however, alternatives to routine histopathology have been sought for
evaluation of SLNs. We have adapted RT/PCR methods to amplify melanoma-related transcripts
from fresh-frozen SLNs from patients with clinical stage I±II disease referred to our
Multidisciplinary Melanoma Program. Because of variable expression by tumor cells, a panel of
5 transcripts is being studied concurrently: Tyrosinase, GP-100, MAGE-3, MART-1 and
MUC18. Beta-actin serves as a positive control for RNA integrity. Positive controls for melanoma
transcripts include melanoma lines and known metastases. Negative controls include reactive
tonsils, carry-over controls (all reagents except RNA) and blank lanes. Titration experiments
involving melanoma RNA diluted in reactive tonsil RNA (to mimic SLN metastasis)
demonstrated that the detection threshold of our assays is approximately one melanoma cell per
500,000±1000,000 lymphoid cells. These RT/PCR assays are also suitable for other patient
samples such as blood. Melanoma pathogenesis is being studied at the transcript level using
differential tyrosine kinase display and microarrays. Preliminary results suggest that the DDR2
tyrosine kinase is overexpressed in at least some melanoma lines relative to normal melanocytes.
Because DDR2 is capable of up-regulating certain metalloproteinases, these ®ndings may have
relevance to mechanisms of melanoma invasion and metastasis.

Ultraviolet Irradiation Alters Gene Expression via NF-kB and its Downstream Target
p21CIP1
K. Hinata, S. Tao, and P.A. Khavari
VA Palo Alto and Stanford University, Stanford, California
Ultraviolet (UV) irradiation activates NF-kB and other gene regulators that control in¯ammation,
growth arrest and cell death, however, speci®c individual contributions to UV effects are
unknown. To identify NF-kB-dependent UV-induced genes, we blocked NF-kB function in
primary keratinocytes using IkBaM superepressor retroviral gene transfer and pro®led UVB gene
induction using cDNA microarrays. Induction of subset of genes by UVB in control keratinocytes
was abolished by NF-kB blockade, including GIF (growth inhibitory factor/MTIII), p21CIP1,
Nucleotide Diphosphate Kinase A (NDKA) BAK (Bcl-2 homologous antagonist/killer) and
Caspase4. p50/p65 NF-kB subunits induced these genes without UVB, indicating they represent
true NF-kB targets. We previously identi®ed the cell cycle inhibitor p21CIP1 as an NF-kB target
independent of UV. To de®ne the relative contribution of p21CIP1 to NF-kB gene induction
after UV, we expressed p21CIP1 alone and found it activated a subset of NF-kB-dependent UVinduced genes, including GIF and BAK suggesting these genes are modulated through NF-kB
acting upstream of p21CIP1. p21CIP1 failure to induce NDKA and Caspase4 indicates that these
genes may be induced by a separate p21CIP1-independent NF-kB pathway. Additional UV
regulated genes were not induced by either NF-kB or p21CIP1 and likely represent targets of
other regulatory pathways such as the JNK cascade. These data indicate that the epithelial gene
regulatory response to UV partially involves NF-kB, and that NF-kB effects can be partially
mediated by its downstream target p21CIP1.
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Analysis of Ultraviolet A Radiation (UVAR) and UVBR-Induced Ceramide Release in
Human Keratinocytes (KC) and Fibroblasts (FB)
A. Timmer, S. Grether-Beck, I. Felsner, H. Schmitt-Brenden, and J. Krutmann
Clinical & Experimental Photodermatology, Department of Dermatology, University of Duesseldorf,
Germany
UVAR is a potent regulator of gene expression in human KC. Analysis of the underlying signaling
pathway has revealed that UVAR has the capacity to induce the release of ceramides from cell
membrane sphingomyelin in KC and that these ceramides serve as second messengers, leading to
activation of transcription factor AP2 and, subsequently, to increased ICAM-1 transcription. In the
present study we have further analyzed the kinetic as well as the wavelength dependency of
ceramide generation in irradiated KC in comparison with dermal ®broblasts (FB). Longterm
cultured, normal human KC were exposed to either UVAR (340±400 nm) from a Sellamed UVA1 device or to UVBR (290±320 nm) from FS20 sunlamps. Lipid extracts were prepared and
analyzed for ceramide generation by sequential high performance thin layer chromatography
employing a CAMAG AMD2 device, which allows separation of lipids by polarity through a
solvent gradient and subsequently their quanti®cation. Exposure of KC to UVAR caused ceramide
release in a biphasic manner. Signi®cant ceramide generation (5-fold increase) was already observed
after 30 min, reaching a maximum (17-fold increase) after 1 h, and was then decreased overtime to
background levels (after 16 h). This early and strong peak was followed by a second, smaller
increase in ceramide generation between 24 and 48 h (maximal increase: 4-fold). This biphasic
pattern of ceramide generation was speci®c for UVAR, because it was not observed in KC that had
been exposed to UVBR at doses capable of inducing ICAM-1 expression. In particular, UVBR
caused a monophasic ceramide release 24±48 h after exposure (2-fold). Ceramide generation in FB
differed from that observed in KC, because it was inducible by UVA, but not by UVBR. Thus,
UVAR and UVBR can both induce ceramide generation in KC, but to a different extent and
through distinct mechanisms. In addition, the ceramide response is cell type speci®c.

Analysis of Infrared Radiation (IFR)-Induced Intracellular Signaling in Human Dermal
Fibroblasts (FB)
H. Stege, V. KuÈrten, S. Schieke, J. Thiele, H. Sies, and J. Krutmann
Clinical & Experimental Photodermatology, Department of Dermatology and Institute of Physiological
Chemistry I, University of Duesseldorf, Germany
Longwave ultraviolet A radiation (UVA1R; 340±400 nm) is increasingly used for therapeutic and
cosmetic purposes. The UVA1 irradiation devices employed emit signi®cant quantities of
contaminating IFR (680±7000 nm). IFR affects gene expression in human skin cells, because IFR,
similar to UVA1R, induced Matrix Metalloproteinase (MMP)-1 expression in dermal ®broblasts in
vitro and in vivo. In the present study the intracellular signaling pathway relevant for IFR-induced
MMP-1 expression was analyzed by exposing cultured human dermal FB to sublethal, MMP-1inducing doses of near IFR (700±1000 nm). Increased MMP-1 expression in IFR-exposed cells did
not result from a heatshock response, because (i) IFR did not increase the temperature of the
culture medium (ii) IFR, in contrast to heat treatment, did not upregulate HSP-70 expression
(mRNA, protein), and (iii) exposure of FB to a heatshock, in contrast to IFR, failed to induce
MMP-1 expression (mRNA, protein). Induction of MMP-1 expression by UVA1R is mediated
through the generation of singlet oxygen (1O2) and associated with the activation of a distinct
mitogen activated kinases (MAPK) pathway, i.e., activation of c-jun terminal kinases (JNK),
whereas the extracellular receptor kinases (ERK) 1/2 are not activated. IFR differed from
UVA1R, because it could not be inhibited with 1O2 quenchers (vitamin E, sodium azide). Even
more important, IFR strongly activated ERK1/2, but not JNK (Western blot analysis of dual
phosphorylation employing polyclonal phosphospeci®c antibodies). The 3rd MAPK pathway, i.e.,
activation of p38, was induced by both stimuli. These studies for the ®rst time demonstrate that
IFR can activate the MAPK pathway. This newly described property may be of central importance
for IFR-induced gene expression.
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Ultraviolet Irradiation Alters Transforming Growth Factor-b and Smad7 Expression in
Human Skin In Vivo
T.H. Quan, T.Y. He, B. Voorhees, and G.J. Fisher
Department of Dermatology, University of Michigan, Ann Arbor, Michigan
Transforming growth factor-bs (TGF-bI, b2, and b3) are multi-functional cytokines that are the
major regulators of procollagen production. Actions of TGF-bs are antagonized by Smad7, which
blocks signaling through the TGF-b receptor. A single exposure to ultraviolet (UV) irradiation
(2MED) causes near complete loss of procollagen synthesis, that persists for 24 h, followed by
recovery 48±72 h post UV. We have investigated the role of TGF-b and Smad7 in this modulation
of procollagen synthesis by UV irradiation in human skin in vivo. Northern analysis revealed that
UV irradiation induces Smad7 mRNA (2.5-fold, n = 6) within 8 h. Smad7 mRNA remains
elevated for 16 h, then returns to baseline by 24 h. In situ hybridization demonstrated that UV
induced Smad7 in keratinocytes throughout the epidermis and in dermal cells. In contrast, TGF-b1
and TGF-b3 mRNA were unchanged at 16 h, gradually increasing 24±72 h post UV. However,
TGF-b2 mRNA was reduced within 4 h after UV exposure, and remained reduced (70%, n = 6)
for at least 72 h. In situ hybridization indicated that all three TGF-b family members were expressed
in keratinocytes throughout the epidermis and in dermal cells. TGF-b I protein, measured by
ELISA, was elevated 3-fold (n = 6) 72 h post UV. At this time, TGF-b protein was primarily
localized in the dennis, as revealed by immunohistology. In summary, in human skin, loss of
procollagen synthesis during the ®rst 24 h following UV irradiation coincides with induction of
Smad7, and reduction of TGF-b2, while recovery of procollagen synthesis 48±72 h post UV
coincides with return to baseline of Smad7 and induction of TGF-b1 and TGF-b3.

UVB-Irradiated Dendritic Cells (DC) are Impaired in their APC Function and Tolerize
Primed but not Naive Th1-Cells
R.W. Denfeld, J.P. Tesmann, H. Hara, M. FroÈhling, and J.C. Simon
Department of Dermatology, University of Freiburg, Freiburg, Germany
Recently, we have shown low-dose UVB-radiation (UVBR) to perturb the expression of CD80
and CD86 on Langerhans cells (LC), thereby inhibiting their capacity to induce primary and
secondary T cell responses. Furthermore, we have demonstrated UVBR to convert LC from
immunogenic to tolerogenic APC for secondary T cell responses. Dendritic cells (DC) have
attained special interest for immunotherapeutic applications, i.e., autoimmunity, since they can be
generated in large numbers and have similar effector functions compared to LC.
Therefore, we questioned whether low-dose UVBR of DC alters their APC function, thereby
inducing tolerance in T cells. To address this issue, cocultures of bone-marrow derived DC and
naive allogeneic T cells, TCR-transgenic Th1 cells (for OVA323±339-peptide) from DO11.10 mice
or primed antigen-speci®c T cells using the Th1 clone AE7 were analyzed. First, we found lowdose UVB-DC to dose-dependently (50±200 J per m2) inhibit T cell proliferation of both naive
and primed T cells. In addition, supernatants harvested from cocultures of UVB-DC and naive
allogeneic T cells showed reduced levels of Th1 cytokines, IL-2 and IFN-g, compared to shamirradiated DC while IL-4 and IL-10 levels remained unaffected suggesting a preferential
downregulation of Th1 responses by UVB-DC. FACS-analysis of UVB-DC revealed no changes
in surface expression of MHC class II, CD40, CD80, CD86, CD11c and CD54. To test tolerance
induction, alloreactive T cells or antigen-speci®c Th1 cells harvested from cocultures with
unirradiated and UVB-irradiated DC were restimulated with either unirradiated DC of the same
haplotype, third-party DC or IL-2 (100 U per ml). Interestingly, UVB-DC induced antigenspeci®c tolerance in the Th1 clone AE7. In contrast, UVB-DC induced a partial inhibition of
allogeneic T cell proliferation, but no tolerance, with similar unresponsiveness to restimulation
with IL-2 and unirradiated DC irrespective of their haplotype. Similar observations were made
when naive TCR-transgenic Th1 cells from DO11.10 mice were used.
In conclusion, we show that low-dose UVB-DC are impaired in their APC function and tolerize a
primed antigen-speci®c Th1 clone but not naive alloreactive T cells or OVA-speci®c Th1 cells.
These results suggest that UVB-DC have differential effects on primary and secondary T cell
responses.
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Ultraviolet Radiation (UV) Induced Tolerance is Mediated by T Cells which Express
CTLA-4 and Secrete a Tr1 Cytokine Pattern
A. Schwarz, S. Beissert, K. Groûe-Heitmeyer, M. Gunzer, J. Bluestone, S. Grabbe, and T.
Schwarz
Department of Dermatology, University of MuÈnster, MuÈnster, Germany; Ben May Institute of Cancer
Research, University of Chicago, Chicago, Illinois
Hapten sensitization through UV-exposed skin induces hapten speci®c tolerance which can be
adoptively transferred by injecting T lymphocytes into naive recipients. The mechanism and which
type of T cells are responsible for inhibiting the immune response still remains unclear. Evidence
exists that cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) may negatively regulate T cell
activation. Hence we addressed whether CTLA-4 is involved in UV-induced tolerance. Injection
of lymph node cells obtained from mice which were tolerized by painting dinitro¯uorobencene
(DNFB) onto UV-irradiated skin inhibited induction of contact hypersensitivity against DNFB in
the recipient animals. When CTLA-4+ cells were depleted, transfer of suppression was completely
lost. Likewise, a signi®cantly lower number of cells suf®ced for transferring suppression when cells
were enriched for CTLA-4+ cells. Expression of CTLA-4 appears to be of functional relevance,
since DNFB-tolerized mice could be sensitized against DNFB when they were injected with an
antibody which blocks CTLA-4. Upon coincubation with dendritic cells in the presence of the
water soluble DNFB analogue DNBS, CTLA-4+ T cells obtained from DNFB-tolerized mice
secreted high levels of IL-10 and IFNg, low levels of IL-2 but no IL-4, resembling a T regulatory 1
(Tr1) cytokine pattern. Antibody blocking of CTLA-4 resulted in pronounced inhibition of IL-10
release. Hence we propose that T cells of the Tr1 type mediate UV-induced tolerance and transfer
suppression, possibly through the release of IL-10. Activation of CTLA-4 appears to play an
important role in this process.

Ultraviolet Irradiation Reduces Glucocorticoid Receptors in Human Skin In Vivo
M. Boudjelal, K. Bucknell, G.J. Fisher, and J.J. Voorhees
University of Michigan, Ann Arbor, Michigan
Synthetic glucocorticoids (GC) are commonly utilized to treat a variety of in¯ammatory skin
conditions. The actions of GC are mediated by two speci®c GC receptors (GR). GRa binds GC
and controls transcription of genes that contain GC response elements in their promoters. GRb
neither binds GC nor activates transcription, and may antagonize GRa activity. We have
investigated expression of GRa and GRb in untreated, GC-treated, and UV-irradiated human
skin in vivo. Immunohistology revealed that GRa was localized in the cytoplasm and nuclei of
keratinocytes throughout the epidermis (n = 10). GRb was localized primarily in the cytoplasm of
suprabasal keratinocytes. Treatment of human skin with GC (0.05% clobetasol) resulted in
increased nuclear localization of GRa, within 4 h, determined by Western analysis and
immunohistology (n = 4). GC treatment did not alter expression of GRb. UV-irradiation (2MED)
substantially reduced both GRa and GRb proteins, determined by Western analyses. Both GRa
and GRb proteins were decreased 20% 8 h and 85% 24 h post UV (n = 4). Northern blot analysis
revealed that UV rapidly decreased the level of unprocessed GR mRNA that encodes for both
GRa and GRb (n = 3). GR mRNA was reduced 90% within 4 h post UV, and recovered to near
its initial level within 24 h post UV (n = 3). RT-PCR revealed that changes in GRa mRNA
paralleled those of unprocessed GR transcript, whereas GRb mRNA levels were more slowly
reduced. Since GR antagonizes proin¯ammatory pathways, GR loss following UV irradiation
would be expected to enhance UV-induced skin in¯ammation.
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iC3b Inhibits Monocytic Cell Differentiation into CD1c+ Dendritic Cells and Promotes
CD14 Expression; a Mechanism for Transient Loss of CD1c+ Cells In Vivo After
Ultraviolet B Exposure
M. Takahara, K. Kang, Y. Yoshida, T.S. McCormick, and K.D. Cooper
Case Western Reserve University, Cleveland, Ohio
Our previous data indicated that iC3b is deposited in UV-exposed skin, and binding of iC3b to b 2
integrin on monocytes induces increased IL-10 production, but down-regulated IL-12 production
that is characteristic of macrophages in UV-exposed human skin. We address here whether or not
iC3b can block monocytic cells migrating into UV-exposed skin from differentiating into dendritic
cells (DC). A time course showed that iC3b deposits were increased in human skin on day 3, and
faded to normal by day 7 following UV exposure. In parallel, ¯ow cytometry analysis of keratome
skin samples showed that dermal CD1c+ cells (Langerhans cell-like dendritic APC) were depleted
on day 3 (p < 0.05), and recovered to normal levels by day 7 following UV exposure. In vitro,
puri®ed monocytes were induced to a precursor state of expression of both CD1c and CD14 with
GMCSF. Solid phase iC3b markedly decreased CD1c+ cells from 67% to 10% (p < 0.05 relative to
controls). CD40 expression also decreased. By contrast, CD14 expression was increased in ®ve of
®ve subjects (p < 0.01). Taken together with our data on the criticality of iC3b for UV induced
immunosuppression, current data suggests that deposition of iC3b may be a critical element in the
transient down-regulation of dendritic cell differentiation and promotion toward macrophage
phenotype expression that occurs in UV-exposed skin in vivo.
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Bcl-2 and NGF Levels are Modulated by Ultraviolet Irradiation in Melanocytes in
Human Skin
C.M. Stefanato, D. LoPiccolo, M. Yaar, T. Phillips, J. Bhawan, and B.A. Gilchrest
Boston University School of Medicine, Boston, Massachusetts
Ultraviolet radiation (UVR) is the best-characterized environmental genotoxic agent. It induces
DNA damage that may lead to cellular apoptosis. Interestingly, melanocytes (Mc) in vivo are more
resistant to UVR-induced apoptosis than neighboring keratinocytes, in part because of increased
levels of anti apoptotic proteins of the Bcl-2 family. In vitro, nerve growth factor (NGF), a
keratinocyte-derived cytokine whose synthesis and release is increased after UVR, upregulates Bcl2 levels in Mc. To determine the effect of UVR on Bcl-2 and NGF in vivo, 15 volunteers were
exposed to 3 minimal erythema doses on the buttock area using a solar simulator. Adjacent control
sites were not irradiated. Biopsies obtained 72 h after irradiation and processed immunohistochemically to identify Bcl-2, NGF and tyrosinase related protein-1 (TRP-1) revealed TRP-1 and
Bcl-2 strong expression in Mc in non-irradiated skin as expected. Bcl-2 was weakly expressed or
undetectable in basal layer keratinocytes. Surprisingly, NGF expression was stronger in Mc than in
keratinocytes. Image analysis showed that in UV irradiated skin the number of Bcl-2 positive Mc
decreased by 55% but the number of NGF positive Mc signi®cantly increased (p < 0.04) by 50%
compared to non irradiated skin. There was no difference in total number of Mc, identi®ed by
TRP-1 positivity, between UV-irradiated and control skin. To determine if Mc as well as
keratinocytes produce NGF, northern and western analyses were performed using pure Mc
cultures. In vitro, Mc expressed abundant NGF protein but undetectable NGF mRNA, suggesting
that NGF protein in Mc is stable but its level of transcription is low. Recently, we have shown that
in vivo Mc connect to intraepidermal nerve terminals via synapse-like structures. Our current study
suggests that Mc are the target cell for these axons as a result of their high NGF content and that
increased NGF levels after UVR may explain, at least in part, the prominent increase in cutaneous
sensory nerve ®bers reported to follow UVR. Also, the results show that despite a prominent
decline in the number of Bcl-2 positive Mc in UV-irradiated skin, the number of functional TRP1 positive Mc remains the same. This suggests that in vivo Bcl-2 levels in Mc are suf®cient to
protect them from apoptosis encountered by mild to moderate sunburn. The current study suggests
that NGF plays an important role in cutaneous responses to UVR.
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Modulation of Base Excision Repair Alters UVA1-Sensitivity
G.Z. Li, S. GroÈsch,* B. Kaina,* and T.M. RuÈnger
Department of Dermatology, Boston University, Boston, Massachusetts; *Institute of Toxicology, University
of Mainz, Mainz, Germany
Several pieces of evidence suggest that UVA might contribute to development of cutaneous
squamous cell carcinoma and melanoma. In contrast to UVC or UVB, UVA produces very few
pyrimidine dimers. Oxidative DNA damage, generated indirectly through excitation of
photosensitizers, is thought to mediate mutagenesis and carcinogenesis of UVA. Unlike UVBinduced pyrimidine dimers, this DNA damage is not processed by nucleotide excision repair, but
by base excision repair (BER). In BER, a DNA-glycosylase with substrate speci®city for a
particular kind of base modi®cation removes the damaged DNA base and leaves an AP-site
(apyrimidinic/apurinic) for further processing. The next step of BER involves cleavage of the
sugar-phosphate backbone at the AP-site by the AP-endonuclease (APE) which is considered ratelimiting in BER. Repair is completed by formation of a single nucleotide gap and a ®lling-in by
DNA polymerase and DNA ligase. In order to further characterize the role of base excision repair
in the biological response to UVA, we studied UVA-induced cytotoxicity in cells with upregulated
or functionally blocked APE by observing cell proliferation up to 2 d after UVA1 (340±400 mn)
exposure. We used CHO cells stably transfected with an ecdysone-promoter-APE-cDNA
construct that can be stimulated by muristerone A. Only upon Muristerone A-stimulation,
plasmid-encoded APE was detectable by Western blot analysis. Stimulated cells were completely
protected against the cytotoxic effects of 5 J per cm2 UVA1 (e.g., 100% survival versus 55% at 24 h)
and partially protected against 10 J per cm2 (e.g., 76% survival versus 44% at 24 h), as compared to
unstimulated CHO cells. As expected, UVC-treated cells were not protected by APEupregulation. In addition, we treated primary skin ®broblasts with methoxyamine, a substance
that stabilizes AP-sites and prevents repair incisions at these AP-sites by APE. Preincubation with
methoxyamine increased UVA1-induced cytotoxicity in the ®broblasts (e.g., 48% survival versus
100%, 24 h after 15 J per cm2). The decrease of UVA1-induced cytotoxicity with upregulation of
BER and the increase of UVA1-cytotoxicity upon blockage of BER clearly points to a pivotal role
of BER in the cellular response to UVA and further supports the relevance of ``non-dimer''-DNA
damage induced by UVA.
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Malignant T-Cells are Exquisitely Sensitive to Ultraviolet A-1 (UVA-1) Radiationinduced Apoptosis
A. Morita, R. Yamauchi, Y. Yasuda, T. Tsuji, and J. Krutmann*
Department of Dermatology, Nagoya City University Medical School, Nagoya, Japan; *Department of
Dermatology, University of DuÈsseldorf, DuÈsseldorf, Germany
We have previously shown that UVA1 radiation phototherapy induces clinical improvement in
patients with atopic dermatitis (AD) through induction of apoptosis in skin-in®ltrating T-cells.
This indicated the possibility that UVA-1 might be bene®cial for the treatment of other T-cellmediated skin diseases as well. Accordingly, UVA-1 phototherapy was recently found to be highly
effective for cutaneous T-cell lymphoma (CTCL). In this study, equivalent clinical responses could
be achieved regardless of whether 130 J per cm2, which is the dose routinely used to treat AD, or
60 J per cm2 UVA-1 were given. We therefore speculated that malignant T-cells might be more
sensitive to UVA-1 phototherapy as compared with normal T-cells. CD4+ T-cells were isolated
using magnetic cell sorting either from a patient with Adult T-cell leukemia (ATL) or from normal
healthy individuals and UVA-1 radiation-induced apoptosis was analyzed in these cells 24 h after
in-vitro UVA-1 irradiation by the FITC-Annexin V method (FACS). In comparison with normal
CD4+ T-cells, malignant T-cells showed a higher susceptibility towards UVA-1 radiation-induced
apoptosis. At a dose of 20 J per cm2 UVA-1, 35% of malignant, but only 16% of normal T-cells
were apoptotic. Similarly, cells from a panel of malignant T-cell lines (Jurkat, MOLT4, ATL102,
HPB-ALL) showed a signi®cantly greater rate of UVA-1-induced apoptosis (40±60%) as compared
with normal T-cells. The susceptibility of T-cells towards UVA-1 radiation-induced apoptosis
correlated with their FAS surface expression. Jurkat cell lines, which had been treated with FAS
antibody or FASL-transfectant to downregulate FAS expression and were resistant to FAS
antibody-or FASL-induced apoptosis, had a lower UVA-1-induced apoptosis rate (20%) when
compared with wild type Jurkat cells (40%). These data indicate that malignant T-cells are
characterized by an exquisite sensitivity to UVA-1 radiation-induced apoptosis which appears to
depend on FAS surface expression.
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Treatment with Small DNA Fragments Compensates for the Age-Related Decline in
DNA Repair Capacity
D.A. Goukassian, S. Bagheri, L. El-Keeb, M.S. Eller, and B.A. Gilchrest
Boston University School of Medicine, Boston, Massachusetts
Ultraviolet (UV) irradiation produces DNA photoproducts that, when not promptly removed, can
cause mutations and skin cancer. Repair of UV-induced DNA damage requires ef®cient removal
of the photoproducts to avoid incorporation of mutations during DNA replication. We have
previously shown that age-associated decrease in DNA repair capacity is associated with decreased
constitutive levels of p53 and other nucleotide excision repair (NER) proteins, required for
removing UV-induced photoproducts. We have also shown that small DNA oligonucleotides,
particularly thymidine dinucleotide (pTpT) can mimic many effects induced by UV irradiation,
like increased melanogenesis, activation of p53 and induction of p53-regulated NER proteins.
Therefore, we wished to examine the effect of pTpT and other small DNA fragments treatment on
the regulation of NER proteins and subsequently on up-regulation of decreased with age DNA
repair capacity. Human dermal ®broblasts (fb) derived from newborn, young adult (25±35 y) and
old adult (65±90 y) donors were treated with 10 mM pTpT or a 5¢ phosphorylated 9 base
oligonucleotide (p9mer) or diluent (DME) as control. Total proteins were collected 6 and 24 h
after treatment, analyzed by western blotting and band intensity was determined by densitometric
analysis. In all age groups, by 24 h, both pTpT and p9mer comparably up-regulated the levels of
p53, p21 and a subset of NER proteins: RPA (34 kDa subunit), XPA and ERCC1/XPF. Levels of
ERCC3, ERCC5/XPG and RPA (72 kDa subunit) were not changed by oligonucleotides
treatment. To determine if pre-treatment of cells with oligonucleotides can enhance cellular DNA
repair capacity through up-regulation of NER proteins, we pre-treated fb from donors of different
ages with pTpT or p9mer for 24 h, then UV irradiated with 5-, 10- and 30 mJ per cm2. DNA and
proteins were collected at time 0 and up to 24 h post-UV. As previously reported there were ageassociated decreases in the constitutive and UV-induced protein levels of p53, p21, XPA, RPA,
ERCC1/XPF and PCNA. In all age groups pre-treatment with oligonucleotides up-regulated
constitutive and UV-induced levels of these proteins by 200±400%, depending on age group and
protein examined. Slot blot analysis using antibodies, speci®c for thymine dimers and (6±4)
photoproducts showed a signi®cant decrease with aging in the DNA repair rates in the ®rst 16 h
post-UV. However, cells that were pre-treated with oligonucleotides then UV irradiated removed
photoproducts 30±60% more ef®ciently, depending on time point and age group examined. Our
data demonstrate that treatment of cells with small DNA oligonucleotides partially compensates for
age-associated decreases in DNA repair capacity. Further, our studies suggest that treatment of
human skin with oligonucleotides may enhance endogenous DNA repair capacity and thus reduce
the carcinogenic risk from solar UV irradiation.
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Role of Bcl 2 in Photodynamic Therapy-Mediated Apoptosis of Skin Cancer Cells
M. Srivastava, N. Ahmad, and H. Mukhtar
Department of Dermatology, Case Western Reserve University, Cleveland, Ohio
Photodynamic therapy (PDT) is a promising investigational treatment modality for a variety of
cutaneous neoplasms and other skin disorders. Earlier reports from our laboratory have shown that
apoptosis is an early event in PDT-mediated skin cancer cell-kill in vitro and during the ablation of
mouse skin tumors in vivo. Bcl 2 family of proteins, known to possess both antiand pro-apoptotic
functions, have been shown to play an important role in apoptosis. This study was designed to
investigate the precise role of bcl 2 in PDT-mediated apoptosis. Immunoblot analysis revealed that
Pc4-PDT of apoptosis-sensitive human epidermoid carcinoma (A431) cells resulted in a
downregulation of bcl 2 at 1, 3 and 6 h post-PDT, whereas its level remained unaltered in
PDT-apoptosis-resistant radiation induced ®brosarcome (RIF-1) cells. Treatment of RIF-1 cells
with antisense nucleotide against the coding region of bcl 2 followed by PDT resulted in (i) a down
regulation of bcl 2 protein at 1, 3 and 6 h post-PDT, and (ii) an induction of apoptosis as evident
from the cleavage of poly ADP ribose polymerase (PARP), DNA ladder formation and TUNEL
assay by ¯ow cytometry, suggesting a role of bcl 2 in PDT mediated apoptosis. Interestingly, Pc4PDT of the A431 cells, where bcl 2 was overexpressed by transient transfection, resulted in an
enhanced apoptosis as shown by TUNEL assay. Immunoblot analysis revealed that Pc4-PDT
resulted in an increase in Bax (a proapoptotic member of bcl 2 family) in the A431 cells
overexpressing bcl 2 as compared to normal cells, suggesting that the higher levels of Bax protein
might be responsible for the enhanced apoptosis in these cells. Taken together, our study suggests
that bcl 2 family of proteins play important role in PDT-mediated apoptosis and that the bcl 2
functions differently in different cell lines.
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Narrow Band UVB (312 nm) Suppresses g-IFN and IL-12 and Increases IL-4 Production:
In Vivo Evidence of Immune Deviation in Psoriatic Patients
I. Walters, M. Ozawa, W. Trepicchio, T. Kikuchi, P. Gilleaudeau, I. Cardinale, A. Dorner, and J.
Krueger
Laboratory for Investigative Dermatology, Rockefeller University, New York, New York, Genetics Institute,
Andover, Massachusetts
Type 1 T-cells (TH1 & TC1) are the main pathogenic cells in psoriatic skin lesions and produce gIFN, TNF-a, and other in¯ammatory cytokines. A relative de®cit of type 2 (IL-4 producing) Tcells exists in skin lesions and peripheral blood of psoriasis. In this study we measured effects of 312
nm UVB on production of effector & regulatory cytokines by viable T-cells that remain in
psoriatic skin lesions during UVB therapy. The production of mRNA for IL-12, g-IFN, TNF-a,
IL-4, and IL-10 was measured by quantitative RT-PCR with TaqMan chemistry. The ability of
individual intraepidermal T-cells to synthesize these cytokines was also examined by intracellular
cytokine staining using ¯ow cytometry. UVB treatment eliminated production of IL-12 mRNA (p
< 0.03) and decreased production of g-IFN mRNA by > 240% (p < 0.005) in irradiated psoriasis
lesions. Within 1±2 weeks of starting UVB treatment, the frequency of viable T-cells producing gIFN decreased by 40±65%. In contrast, mRNA for IL-4 increased by 240% (p = 0.05) during UVB
treatment and the number of IL-4 producing cells increased by 228% after only 1 wk of treatment.
It is likely that UVB directly modulates type 1 versus type 2 cytokine synthesis by T-cells, as
peripheral T-cells irradiated ex vivo with 312 nm UVB had a marked reduction in the frequency of
g-IFN-producing cells and a major increase in the number of IL-4 producing cells, as assessed by
single cell intracellular staining for cytokines. As we measured no increase in IL-10 production in
vivo or in vitro following UVB exposure, it appears that human T-cells have a novel response to
UVB that is characterized by immune-deviation towards type 2 cells which is related to decreased
IL-12, but not to increased IL-10 production.

Mitochondrial DNA Deletions: Functional Relevance For Photoaging and Experimental
Induction in vivo in Human Skin
H. Plettenberg, M. Berneburg, V. KuÈrten, S. Grether-Beck, and J. Krutmann
Clinical & Experimental Photoderma-tology, Department of Dermatology, University of Duesseldorf,
Germany.
It is now well established that mt DNA deletions in the human dermis re¯ect photoaging. We have
previously demonstrated that the most frequent deletion of mtDNA (4977 bp length), i.e., the
common deletion (CD), can be induced in cultured human dermal ®broblasts (FB) through
repetitive ultraviolet A radiation (UVAR) exposure by a singlet oxygen dependent mechanism.
We now report that the generation of the CD in this system affects the function of mitochondria.
Measurement of oxygen consumption by standard Clark type electrode and of mt membrane
potential with the ¯uorescent dye JC-1 revealed a close, time-and dose-dependent correlation
between the generation of the CD and (i) a decrease in oxygen consumption and (ii) a decrease in
the mt membrane potential. In addition, attenuation of the generation of the CD through addition
of the singlet oxygen quencher vitamin E prevented these two effects. Interestingly, FB bearing the
CD also overexpressed collagenase-1 (RT-PCR), but not TIMP, suggesting a functional link with
collagen degradation in photoaging. In the face of these in vitro ®ndings we next thought to
develop a corresponding in vivo model. Normal human individuals were repetitively exposed to
UVAR at doses extrapolated from in vitro experiments. Semiquantitative PCR demonstrated a 3to 4-fold increase of the CD in eight of 10 individuals in irradiated skin, as compared with
unirradiated skin, after a minimum of 28 exposures. We have thus developed a novel human in vivo
model of photoaging, which can be used to assess the pathogenesis of photoaging and the ef®cacy
of photoprotective agents.

The p38 MAPK Signaling Pathway is Required for Keratinocyte Migration
C. Nadelman, M. Muellenhoff, E. Medina, W. Li, and D.T. Woodley
Division of Dermatology, University of Southern California, Los Angeles, California
Human keratinocyte motility is a critical early event in wound repair. Extracellular matrix proteins,
such a ®bronectin and collagens, bind to integrin receptors at the cell surface and initiate a cascade
of intracellular signaling events that regulate cell migration. We utilized pharmacologic and
molecular biology approaches to identify the signal transduction events leading to enhanced
motility of normal human keratinocytes (NHK) in response to a collagen matrix. By screening
speci®c inhibitors of signal transduction pathways, we found that SB20290, an inhibitor of p38
alpha and beta mitogen activated protein kinases (MAPKs) potently blocked collagen-stimulated
cell migration at micromolar concentrations. Plating NHK on a collagen matrix rapidly activated
p38-MAPKs as determined by antiactivated p38 antibodies. Transfection of keratinocytes with a
kinase-negative mutant p38-beta MAPK, which speci®cally inhibits the native activated p38-beta,
markedly inhibited collagen-driven cell migration. This study provides evidence for the ®rst time
that the p38-MAPK subfamily, speci®cally p38-beta, plays an important role in mediating
collagen-stimulated human keratinocyte migration

Lack of AP2B Expression in Lesional Skin of Patients with Polymorphous Light
Eruption (PLE)
S. Grether-Beck, M. Budde, H. Schmidt-Brenden, and J. Krutmann
Department of Dermatology, Heinrich-Heine-University, Duesseldorf, Germany
Ultraviolet A radiation (UVAR)-induced expression of the ICAM-1 gene in human keratinocytes
is mediated through activation of transcription factor AP-2. We have shown that the balance
between AP-2 and its alternative splice product AP2B, which serves as a dominant negative
regulator of AP2-mediated gene expression, controls UVAR-induced gene expression. Cells that
had been stably transfected to overexpress AP2 showed a 1000-fold increased UVAR-induced
ICAM-1 expression, whereas overexpression of AP2B prevented ICAM-1 upregulation. Increased
and sustained expression of proin¯ammatory genes such as ICAM-1 has been observed
immunohistochemically in photoprovocation-induced PLE lesions. In the present in-vivo study,
PLE patients and healthy controls were subjected to a standard photoprovocation protocol. Total
RNA was extracted from biopsies that had been obtained from test sites before and 24, 48 and 72 h
after exposure and gene expression was analyzed at the mRNA level by differential RT-PCR. In
all PLE patients (n = 6), photoprovocation caused the generation of skin lesions, whereas in normal
skin (n = 7), only pigmentation was observed. The development of skin lesions was associated with
a sustained (> 3 days) and dramatically increased upregulation of ICAM-1 mRNA (up to 43-fold),
as compared to normal skin (maximum: 3-fold, downregulated after 1 day). Transient ICAM-1
induction in normal skin was accompanied by a transient increase in both AP-2 and AP-2B
expression. In striking contrast, in PLE skin, AP2B expression was completely absent from
unirradiated as well as UVA-irradiated skin areas, whereas AP2 was present constitutively and
increased after UVAR. We propose that an imbalance in the AP2/AP2B system is responsible for
overshooting gene expression in UVA-irradiated PLE skin and thereby forms the pathogenetic
basis of PLE.

SOCS1/JAB and SOCS3/CIS3 are Major Negative Regulators in the STAT-Signaling
Pathway of Normal Human Keratinocytes
K. Yamasaki, Y. Hanakawa, S. Tokumaru, N. Toriu, M. Tohyama, Y. Shirakata, K. Sayama, and
K. Hashimoto
Department of Dermatology, Ehime University School of Medicine, Ehime, Japan
The SOCS/CIS family, CIS1, SOCS1/JAB, SOCS2/CIS2, and SOCS3/CIS3, forms a negativefeedback mechanism for the STAT-signaling pathway by inhibiting STAT phosphorylation or JAK
(Janus kinase). CIS1 binds to phosphorylated IL-2 receptor or Epo receptor and inhibits the
activation of Stat5. In contrast, SOCS1/JAB and SOCS3/CIS3 bind to phosphrylated JAKs and
inhibit downstream of JAKs. The SOCS/CIS family is upregulated by the STATs activation. First,
we studied the expression of the SOCS/CIS family members in normal human keratinocytes
(NHK). All the members of the SOCS/CIS family were detected by a ribonuclease protection
assay, and of these SOCS1/JAB and SOCS3/CIS3 were dominantly expressed. IFNg (50 IU
per ml), a Stat 1 activator and an inhibitor of keratinocyte proliferation, upregulated SOCS3/CIS3
mRNA in NHK up to 5-fold at 1 h and 10-fold at 6 h, and this increase continued for 48 h. The
enhanced expression of SOCS1/JAB mRNA is detected at 6 h and reached maximal level at 48 h.
SOCS2/CIS2 was downregulated by IFNg stimulation. Interestingly, IFNg increased the mRNA
expression of Stat1 and Stat2 from 1 h and up to 48 h. IL-6 (30 ng per ml), a Stat3 activator,
upregulated only SOCS3/CIS3 mRNA up to 5-fold at 1 h and the induction was reduced to 2fold at 3 h. In contrast to IFNg, IL-6 did not affect the mRNA expression of STATs. To further
examine the regulatory mechanism of the SOCS/CIS family, we constructed adenovirus vectors
expressing dominant-negative mutants of Stat1 (Adex-dn Stat1) and Stat3 (Adex-dn Stat3), which
speci®cally block phosphorylation of Stat1 and Stat3, respectively. Adex-dn Stat1 at a M.O.I. of 5
suppressed the antiproliferating effect of IFNg on NHK and inhibited the induction of SOCS3/
CIS3 mRNA by IFNg, while Adex-dn Stat3 at a M.O.I. of 5 had no effect. In contrast, Adex-dn
Stat3 inhibited the induction of SOCS3/CIS3 mRNA induced by IL-6 stimulation, while Adexdn Stat1 had no effect. These data indicate that SOCS1/JAB and SOCS3/CIS3 are major negative
regulators in the STAT-signaling pathway of normal human keratinocytes.

Protein Kinase C Activation: A Divergence Point in the Signaling of Insulin and Insulin
Like Growth Factor-1 Induced Proliferation of Skin Keratinocytes
S. Shen, A. Alt, E. Wertheimer,* M. Gartsbein, T. Kuroki,² M. Ohba,² L. Braiman, S.R.
Sampson, and T. Tennenbaum
Bar Ilan University, Ramat Gan, Israel; *Tel Aviv University, Tel Aviv, Israel; ²Showa University,
Tokyo, Japan
Insulin and Insulin-Like Growth Factor-I (IGF-I) are part of the family of insulin associated
proteins which activate similar downstream pathways. We have studied the effects of insulin and
IGF-1 on the proliferation of murine skin keratinocytes. Increasing doses of both insulin and IGF-I
promote keratinocyte proliferation in an additive manner. We identi®ed down stream pathways
known to be important to skin physiology that are speci®cally involved in insulin signaling; these
include activation of the Na+/K+ pump and Protein Kinase C (PKC). Insulin but not IGF-1
stimulated Na+/K+ pump activity. Furthermore, ouabain, a speci®c Na+/K+ pump inhibitor
abolished the proliferative effect of insulin but not that of IGF-1. Insulin and IGF-1 also
differentially regulated the activation of PKC isoforms. Insulin, but not IGF-I, speci®cally activated
and translocated the PKC isoform to the membranal fraction. There was no effect on other PKC
isoforms expressed in skin, including PKCs, and. Overexpression of PKC increased proliferation
and Na+/K+ pump activity to a similar extent as that induced by insulin but did not affect IGF-1
induced keratinocyte proliferation. Furthermore, a dominant negative form of PKC abolished the
effects of insulin on both proliferation and Na+/K+ pump activity, but did not abrogate induction
of keratinocyte proliferation induced by EGF, KGF, PDGF, ECGF or IGF-1. In conclusion: while
both insulin and IGF-1 induce keratinocyte proliferation, only insulin action is speci®cally
mediated via PKC and involves activation of the Na+/K+ pump.
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Differential Roles of Insulin and IGF-1 in Murine Keratinocyte Differentiation
E. Wertheimer,* N. Spravchikov,* G. Isakov,* Y Terauchi,² T. Kadowaki,² D. Accili,³ S.
Nofech-Mozes,*§ and T. Tennenbaum¶
*Department of Pathology, Sackler School of Medicine, Tel Aviv University, Tel Aviv, Israel; ²Third
Department of Internal Medicine, Faculty of Medicine, University of Tokyo, Tokyo, Japan; ³Columbia
University/Berrie Research Pavilion, New York, New York; §Institute of Pathology, E. Wolfson Medical
Center, Holon, Israel; ¶Faculty of Life Sciences, Bar Ilan University, Ramat Gan, Isarel
The insulin receptor (IR) is a ubiquitously expressed tyrosine kinase, known to mediate insulin
effects on glucose metabolism. The role of IR in skin is not known, and insulin effects on skin
keratinocytes are mainly contributed to the cross activation of the IGF-1 receptor (IGFR). We are
presently demonstrating that insulin and its receptor have a unique role in skin keratinocytes,
which is distinct of the role of IGF-1 and the IGFR. We have studied the role of the IR in primary
keratinocytes isolated from wild type (WT), IR knockout (IR-KO) and insulin receptor substrate
1 knockout (IRS1-KO) mice. We have found that while both insulin and IGF-1 induced
keratinocyte proliferation, these hormones had contrasting effects on keratinocyte differentiation.
Chronic insulin stimulation facilitated the Ca2+-induced keratinocyte differentiation while, IGF-1
inhibited this process. Accordingly, in differentiating keratinocytes, insulin induced IR autophosphorylation was sustained while autophosphorylation of IGFR by IGF-1 was abrogated. These
results were further con®rmed in IR-KO keratinocytes where lack of IR expression was associated
with induction of keratinocyte proliferation and abnormal spinous differentiation. Furthermore,
IRS1-KO keratinocytes exhibited abnormal keratinocyte differentiation in vitro and abnormal skin
development in vivo. Finally, the importance of glucose metabolism to keratinocyte growth and
differentiation was shown when incubation of keratinocytes in high glucose had no effects on IR
activity, while it markedly inhibited the IGFR activity. Our results demonstrate that IR and IGFR
are distinctly regulated, and differentially affect keratinocyte differentiation suggesting an active
role for these hormones in normal skin physiology as well as pathological conditions such as
Diabetes Mellitus.
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Ras Signaling Promotes the Undifferentiated Epidermal Gene Expression Program and
Inhibits Cell Growth
M. Dajee, H. Deng, G.R. Morrissey, and P.A. Khavari
VA Palo Alto and Stanford University, Stanford, California
Ras is associated with epidermal cancer, however, the role of Ras in normal epidermis is unknown.
We generated mice transgenic for Ras activation [RasV12] and Ras blockade [RasN17] using
promoters targeting either differentiating [K1] or undifferentiated [K14] cells. Multiple
independent founders were generated. Antibodies to activated p42/p44 MAPK con®rmed
expected localized changes in Ras function. Interestingly, in normal epidermis active MAPK exists
predominantly within in a subset of basal cells, suggesting these cells are the primary site of Ras/
Raf/MEK/MAPK action. K14-directed Ras inhibition produced massive epidermal hyperplasia
without dysplasia with 5 fold increase in Ki-67 and BrdU[+] cells, indicating that Ras blockade in
basal epidermis leads to hyperproliferation. In contrast, K1-driven Ras blockade produced minimal
growth effects. These data suggest that Ras signaling is necessary for normal epithelial growth
arrest. Consistent with this, Ras activation in primary keratinocytes rapidly causes cell cycle arrest.
Ras inhibition in all cases failed to block differentiation genes. Ras activation in basal and suprabasal
epidermis, in contrast, blocked normal granular layer formation and differentiation; ®laggrin and
loricrin are entirely undetectable and K1/K10 are expressed in only scattered outer epidermal cells.
Gene expression pro®ling on 1760 genes demonstrated that Ras promotes expression of
undifferentiated basal layer genes such as a6 and b4 integrin, activates growth inhibitory molecules
such as p53 and p21CIP1 and inhibits differentiation genes. These data indicate that Ras promotes
epidermal cell cycle arrest and inhibits differentiation, performing similar functions to those
recently described for p21CIP1.

Gamma Interferon Enhances Tumor Necrosis Factor-Alpha Mediated Apoptosis in
Keratinocytes With Defective NF-kB Signaling
J.-Z. Qin, V. Chaturvedi, and B.J. Nickoloff
Department of Pathology, Cardinal Bernardin Cancer Center, Loyola University, Chicago, Illinois
Local immune responses to various neoplasms includes production of various cytokines including
IFN-g plus TNF-a. A mechanism by which tumor cells evade immune-mediated destruction is by
acquiring an apoptotic-resistant phenotype. Since we previously established that NF-kB dependent
signaling is critically important for acquisition of a death-defying phenotype in normal
keratinocytes (KCs), in this study we attempt to exploit this pathway to render cells susceptible
to apoptosis. Normal KCs respond to IFN-g plus TNF-a with a rapid and sustained activation of
NF-kB, which imbues them with resistance to apoptosis. However, if normal KCs are infected
with a retroviral construct containing a dominant negative inhibitor of NF-kB activation (but not
mock infected), not only do these KCs fail to upregulate NF-kB, but they also undergo apoptosis
(20±40% of cells after 24 h) upon exposure to combination of IFN-g plus TNF-a (exposure to
either cytokine alone does not induce apoptosis). Similarly, using immortalized KCs -HaCaT cells,
that have dysfunctional NF-kB signaling, exposure to the combination of IFN-g plus TNF-a also
triggers apoptosis. The mechanism by which IFN-g can sensitize cells with defective NF-kB
signaling to TNF-a mediated (but not Fas mediated) apoptosis involves enhanced expression of
Type I TNF-a receptors mediating caspase activation, an inability to induce Type II TNF-a
receptors that lack death effector components, and a failure to induce TRAF-1 (a cell survival
factor). Moreover addition of low dose cycloheximide, which decreases TRAF-2, induces most
KCs with defective NF-kB signaling to undergo apoptosis after IFN-g plus TNF-a exposure.
These ®ndings suggest that it may be possible to more effectively induce immune-mediated
destruction of cutaneous malignancies by also interfering with the NF-kB-mediated signaling
pathway linked to cell survival.

Uncovering NF-kB -Signaling Defects Contributing to the Enhanced Apoptosis
Susceptibility of Immortalized Keratinocytes
V. Chaturvedi, J. Qin, M. Diaz, M.F. Denning, and B.J. Nickoloff
Department of Pathology, Cardinal Bernardin Cancer Center, Loyola University, Chicago, Illinois
NF-kB activity contributes to epidermal thickness and pathogenesis of squamous cell carcinoma
(SCC). We previously observed that normal keratinocytes (NNKCs) respond to IFN-g plus TPA
by acquiring a resistance to apoptosis, whereas treated HaCaT cells grown in a serum free medium
(KGM) remain susceptible to apoptosis. This death defying phenotype in NNKCs was attributed
to NF-kB activation. To identify potential targets for intervention in SCC, we examined the
cascade of molecular events beginning with activation of receptors using IFN-g plus TPA,
culminating in DNA binding of p50/p65 subunits of NF-kB. HaCaT cells constitutively possess
high intranuclear levels of p50/p65, but there is no signi®cant transcriptional activation as
measured using a luciferase-based reporter assay, nor is there enhancement of these subunits or
functional activity following exposure to IFN-g plus TPA. While MEKK1 is rapidly
phosphorylated after exposure to IFN-g plus TPA in both NNKCs and HaCaT cells, subsequent
induction of IKK-b does not occur in HaCaT cells, but is upregulated in NNKCs. Besides these
proximal signaling differences, HaCaT cells also fail to express NF-kB coactivator CBP. In
proliferating NNKCs by immunoprecipitation/Western blot analysis, CDK2 is bound by p300,
but after exposure to IFN-g + TPA, CDK2 becomes associated with p21, thereby facilitating
interaction of p300 with the p65 subunit of NF-kB. No such interaction of either p21 with CDK2
or between p300 and p65 is present in HaCaT cells. Changing HaCaT cells from KGM to10%
FCS partially restored appearance of IKK-b in the signalosome complex, and was associated with
slight reduction in UV-induced apoptosis. We conclude that multiple molecular targets within the
NF-kB signaling pathway are logical candidates for therapeutic intervention in SCC.
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Activating Mutations of Fibroblast Growth Factor Receptor 3 That Cause Acanthosis
Nigricans Increase Resistance to Induced Apoptosis in Keratinocytes
G.A. Bellus, D.P. Kelly, and D.A. Norris
University of Colorado Health Sciences Center, Denver, Colorado
Acanthosis nigricans (AN) is a benign skin disorder usually associated with systemic disorders that
ultimately lead to inappropriate stimulation of various growth factor receptors expressed in
keratinocytes and/or dermal ®broblasts (e.g., EGFR, IGF-1R & FGFR3). Two FGFR3 mutations
(A391E & K650M) are associated with severe progressive AN and cause different intensities of
ligand-independent constitutive activation of the FGFR3 tyrosine kinase. The K650M mutation
(stronger activation) causes SADDAN syndrome (Severe Achondroplasia with Developmental
Delay and Acanthosis Nigricans) and the A391E mutation (weaker activation) causes Crouzon
syndrome with acanthosis nigricans (CAN). Immnuohistochemical staining of AN skin samples
from patients with SADDAN and CAN revealed increased expression of Bcl-2 in all cellular layers
of the epidermis suggesting that these mutations may interfere with the normal progression of
programmed cell death in keratinocytes. To test this hypothesis, we measured apoptosis (ethidium
bromide/acridine orange staining) and survival (MTT assay) of growth factor deprived cultured
keratinocytes from SADDAN and CAN patients in response to beauvericin or cisplatinum. At
200 mM cisplatinum, SADDAN and CAN keratinocytes showed a 10-fold increase in survival and
3±5-fold decrease in the number of apoptotic cells compared with control foreskin keratinocytes.
Less apoptosis was induced by 60 mM beauvericin in FGFR3 mutant cells than controls
(CAN = 29%, SADDAN = 35%, control = 71%). These results suggest that AN associated with
FGFR3 mutations may result from failure of keratinocytes to undergo appropriate programmed
cell death.

Signal Transduction Pathways that Contribute to Bcl-xL Expression and Survival of
Human Keratinocytes
M. Jost, T.M. Huggett, and U. Rodeck
Thomas Jefferson University, Philadelphia, Pennsylvania
Previous work has shown that activation of the epidermal growth factor receptor (EGFR) supports
survival of human keratinocytes in part by upregulating the antiapoptotic protein Bcl-xL). The goal
of the present study was to determine the relative contribution of different tyrosine kinasedependent signal transduction pathways to survival and Bcl-xL) expression in these cells. Neither
the PI3-Kinase inhibitory LY 294002 nor the p38 inhibitor SB 203580 did signi®cantly alter BclxL) protein expression in keratinocytes. Similarly, PD 98059 and U 0126, which inhibit MAPKK/
MEK1 and 2, downregulated Bcl-xL) only marginally. By contrast, PP2, an inhibitor of c-src
signaling, reproducibly downregulated Bcl-xL) expression albeit not to the same extent as blockade
of the EGFR. In addition, PP2 was the only agent that reproducibly enhanced apoptosis in
immortalized keratinocytes (HaCaT), whereas the other inhibitors reduced viability only
marginally. These data suggest that the PI3K and the Ras/Raf/MAPK pathways are not essential
for keratinocyte Bcl-xL) expression and survival under the experimental conditions chosen. The
contribution of alternative EGFR dependent pathways to these phenomena is currently under
investigation. The requirement of c-src activation for keratinocyte survival underscores that EGFR
and adhesion-dependent signals are likely to synergize in maintaining keratinocyte viability in part
by regulating expression of Bcl-xL).
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The DNA-Dependent Protein Kinase FRAP Mediates a Late Signal Transduced from
UV-DNA Damage
D.B. Yarosh, P.D. Cruz,* I. Dougherty,* K. Goodtzova, N. Bizios, D. Both, and D. Brown
AGI Dermatics, Freeport, New York, New York; *U.T. South-western Medical Center, Dallas, Texas
UV radiation (UVR) induces signal transduction at both early (less than 6 h) and late (greater than
6 h) times after exposure. The cytokine TNF-alpha is induced at late times, and is induced by UVDNA damage, since defects in DNA repair increase, and enhanced photoproduct repair reduces,
TNF-alpha expression. We now show that late TNF-alpha gene expression is sensitive to
rapamycin, implicating FRAP (FKBP12-rapamycin-associated protein), a member of the DNAprotein kinase family, as a signal transducer of UV-DNA damage. FRAP was localized in the
nucleus of keratinocytes and its level was increased following UV irradiation. Immunoprecipitated
FRAP was stimulated by UV-DNA to phosphorylate p53 in vitro, and in vivo rapamycin reduced
UVR induction of p53 by 20%. This suggests that p53 may be a substrate for FRAP-directed
phosphorylation following UVR. Rapamycin further inhibited the UV-induced phosphorylation
of the FRAP downstream target kinase p70S6K, a member of the Rsk family of signal transduction
kinases. In mice, topical application of rapamycin before UVR exposure protected against
suppression of systemic contact hypersensitivity that is a hallmark of UV-induced cytokine gene
expression. These results demonstrate that the FRAP DNA-protein kinase transduces the signal of
UV-induced DNA damage into production of cytokines such as TNF-alpha at late times after
UVR, with physiological consequences such as systemic immunosuppression.

Ultraviolet Irradiation Activates the PI 3-Kinase/AKT(PKB) Survival Pathway in
Human Skin In Vivo
Y. Wan, Z. Wang,* Y. Shao,* J.J. Voorhees,* and G.J. Fisher*
Providence College, Providence, Rhode Island; *University of Michigan, Ann Arbor, Michigan
Growth factors, acting through their cell surface receptors, activate the enzyme PI-3-kinase (PI3K),
forming 3-phosphorylated phosphatidylinositols, which in turn activate the serine/threonine
kinase AKT. AKT functions, in part, to promote cell survival by phosphorylating the BCL-2
family member BAD and the cell death pathway enzyme caspase-9. Although induction of
apoptosis by ultraviolet (UV) irradiation is well documented, little is known regarding UV
activation of cell survival pathways. Therefore, we have investigated whether UV activates the
PI3K/AKT pathway in human skin in vivo. UV irradiation (2MED from UVB source) stimulated
PI3K activity within 15 min. PI3K activity was maximal (2.5-fold, n = 6) 30 min post UV and
remained elevated for 4 h. UV stimulated AKT activity within 30 min. Maximal activity (4-fold,
n = 6) was observed 1 h post UV. UV also stimulated phosphorylation of the downstream AKT
effectors S6 kinase and BAD. S6 kinase was maximally stimulated 15-fold 4 h post UV. Increased
BAD phosphorylation was observed 1 h post UV and remained elevated for 4 h. Western blot
analysis revealed that UV induced phosphorylation of BAD on serine 112, a site known to be
phosphorylated by AKT. Both bene®cial and detrimental roles for UV activation of the PI3K/
AKT pathway in human skin can be envisioned. The PI3K/AKT pathway likely plays a critical
role in balancing UV-induced apoptotic signals, thereby preventing widespread skin cell death.
Conversely UV activation of the PI3K/AKT pathway may enhance survival of mutated cells,
thereby promoting skin cancer, as has been found in several other types of cancer.
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Activation of Epidermal Growth Factor Receptor by Ultraviolet Irradiation Occurs Via
Inhibition of Membrane Protein Tyrosine Phosphatases by Reactive Oxygen Species
Y. Xu, Y. Wan, J.J. Voorhees, and G.J. Fisher
University of Michigan, Ann Arbor, Michigan
Ultraviolet (UV) irradiation rapidly activates multiple growth factor and cytokine cell surface
receptors in human skin in vivo and cultured human keratinocytes (KC). Inhibition of the
epidermal growth factor receptor (EGF-R) intrinsic tyrosine kinase activity blocks many critical
UV-induced cellular responses, including MAP kinase activation, and induction of transcription
factor AP-1. Thus, EGF-R activation by UV irradiation appears to play a central role in initiating
cellular responses to UV. We have investigated the mechanism of UV activation of EGF-R. Plasma
membranes were isolated from human KC, and EGF-R tyrosine phosphorylation (a marker of
activation) was measured by Western analysis. EGF-R in isolated membranes, unlike intact cells,
was not activated by UV irradiation (10±40 mJ per cm2 UVB source), indicating that UV does not
act directly on EGF-R. However, addition of reactive oxygen species (ROS), hydrogen peroxide
or singlet oxygen, activated EGF-R greater that 10-fold within 5 min (n = 6). Coincident with
activation of EGF-R, ROS caused signi®cant inhibition of membrane-associated protein tyrosine
phosphatase (PTP) activity. Addition of the PTP inhibitor vanadate mimicked activation of EGFR by ROS. Stimulation of EGF-R phosphorylation by ROS or vanadate was blocked by speci®c
EGF-R kinase inhibitor PD169540. These data indicate that EGF-R tyrosine kinase is
constititutively active, and that EGF-R is maintained in an inactive unphosphorylated state by
PTP-catalyzed dephosphorylation, in isolated KC membranes. ROS inhibits membrane-associated
PTP activity thereby promoting accumulation of active phosphorylated EGF-R and concomitant
signal transduction, which drives UV responses in skin.
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Activation of Extracellular Signal-Regulated Kinase 1,2 Pathway Inhibits Type I
Collagen Expression in Human Dermal Fibroblasts
N.K. Reunanen, M. Foschi,* J. Han,² and V.M. KaÈhaÈri
University of Turku, Turku, Finland; *University of Florence, Florence, Italy; ²Scripps Research Institute,
La Jolla, California
The purpose was to study the role of mitogen activated protein kinase (MAPK) pathways in the
expression of type I collagen, the major extracellular matrix protein in dermis. Treatment of human
skin ®broblasts with epidermal growth factor (EGF) activated extracellular signal-regulated kinase
1,2 (ERK1,2) and p38 MAPK, and reduced type I and III collagen mRNA. Blocking the ERK1,2
pathway (Raf/MEK/ERK1,2) with MEK1,2 inhibitor PD98059 prevented the down-regulation
by EGF, whereas p38-inhibitor SB203580 further increased the down-regulatory effect of EGF.
Treatment with ceramide activated ERK, JNK (c-Jun N-terminal kinase), and p38, and potently
inhibited type I and III collagen expression. This was in part inhibited by PD98059, but not by
SB203580. Infection of ®broblasts with recombinant adenovirus for constitutively active MEK1
activated ERK1,2 and markedly (by 90%) down-regulated the mRNA levels and production of
type I collagen. These effects were inhibited by PD98059. Constitutively active MKK6b activated
p38, and slightly up-regulated type I collagen. These results identify ERK1,2 cascade as a negative
regulator of type I collagen expression, whereas p38 is a weak positive regulator.

Role of Smads in the Epidermis and Skin Carcinogenesis
T. Cao, D.A. Smith, T. Myers, P. Li, and X. Wang
Baylor College of Medicine, Houston, Texas
The Smads are the major mediators of transforming growth factor b (TGFb) signaling, and may
also function as tumor suppressors. To determine which Smad members mediate TGFb functions
in the epidermis and skin carcinogenesis, we examined Smad expression in the epidermis and
chemically induced skin tumors, using transgenic mice which either overexpress TGFb1 or a
dominant negative TGFb receptor (DbRII) in the epidermis. Transcripts of Smad1 through Smad5
were detected in normal epidermis. However, expression levels of the Smads in either the TGFb1
or the DbRII epidermis, as well as in different stages of skin tumors were not altered compared to
normal epidermis. Expression of Smad2, 3, and 4 at the protein level were further examined. All of
these Smad isoforms were expressed at greater levels in suprabasal layers of the epidermis. TGFb1
transgenic epidermis exhibited elevated levels and nuclear localization of Smads. In contrast, the
DbRII epidermis exhibited lower expression levels and decreased nuclear localization of Smads. In
cultured keratinocytes, Smads were expressed in both proliferative and differentiated cells and
underwent nuclear translocation upon TGFb1 treatment. In carcinomas, Smad proteins were lost.
In addition, point mutations in the Smad4 gene were detected in papillomas. These data document
that Smads are expressed at high levels in the epidermis and regulated by TGFb signaling at the
post-transcriptional level. These data also suggest that Smads may play an important role in
epidermal proliferation and differentiation, and that loss of Smad functions may play a role in both
early and late stages of skin carcinogenesis.
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Ligand-Independent Activation of Endogenous Smad Signal Transduction Pathway in
Scleroderma Fibroblasts Implicated in Development of Fibrosis
Y. Mori and J. Varga
University of Illinois at Chicago College of Medicine, Chicago, Illinois
Scleroderma (SSc) is characterized by excessive synthesis and accumulation of collagen in the
dermis. Transforming growth factor-b (TGF-b) is a positive regulator of collagen synthesis
implicated in the pathogenesis of SSc. We recently showed that Smad3, a ligand-regulated
downstream signaling molecule, mimicked the effects of TGF-b on COL1A2 promoter activity.
Furthermore, TGF-b regulated both the expression and the subcellular localization of endogenous
Smads in normal ®broblasts. In the present study, we compared four pairs of unaffected versus
affected skin-derived ®broblast lines, and matched healthy control versus SSc-derived ®broblast
lines (n = 3). In order to investigate alteration of Smads expression, Northern and Western analysis
were performed. Endogenous Smad3 expression was elevated (~160%) and correlated with
COL1A2, in SSc ®broblasts, whereas Smad4 and Smad7 expression showed no signi®cant
difference between SSc and control ®broblasts. Both Smad3 and Smad4 showed striking nuclear
localization in affected skin ®broblasts in the absence of TGF-b compared with unaffected skin
®broblasts. Transient transfections with pSBE4-luc driven by four tandem copies of the Smad
Binding Element (SBE) showed increased activity in SSc affected skin ®broblasts (~2.0 fold). These
results indicate that intracellular Smad signaling is activated at several levels in SSc ®broblasts,
suggesting either up-regulation of autocrine TGF-b signaling, or ligand-independent activation of
endogenous Smad in these cells. Activation of Smad signaling may account for constitutive upregulation of collagen transcription, and thus may play a role in the pathogenesis of ®brosis in SSc.
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Hair Cycle-Dependent Expression Patterns of the Transcription Factor AP-2a in Mouse
Skin
A.A. Panteleyev, M. Tadin, R. Paus,* and A.M. Christiano
Columbia University, New York, New York; *Univeristy Hospital Eppendorf, Hamburg, Germany
AP-2a belongs to a family of transcription factors expressed in cells of the epithelial and neural crest
lineage. We have assessed its expression in the back skin of C57BL/6 mice during de®ned stages of
HF morphogenesis and cycling. During early HF morphogenesis, AP-2a was expressed in the basal
keratinocytes of the HF bud. Dermal papilla (DP) cells were highly AP-2a positive only during
initiation of hair shaft growth (stages 4±5 of morphogenesis), while the hair matrix displays stable
AP-2a expression. In adolescent mouse skin, permanently strong AP-2a expression was found in
the basal keratinocytes of the epidermis, in the HF infundibulum, and in the sebocytes. In the DP,
AP-2a was highly expressed in telogen and early anagen, then gradually disappeared and reappeared
again in middle catagen. In the outer and inner root sheaths, AP-2a expression was detected only
during an active anagen stage, while in the bulge region it was stable. In catagen, prominent AP-2a
expression was seen in the zone of club hair formation. Thus, AP-2a upregulation in epithelial and
mesenchymal HF compartments was found to be coordinated with initiation of the main
remodeling processes during HF cycling. These ®ndings are consistent with a role for the AP-2a in
regulating transcription of genes involved in HF remodeling, supporting the use of the HF as a
model to explore the role of AP-2 in epithelial-mesenchymal signaling system.

Increased GlucosylCeramide Production Attenuates Ceramide-Mediated Events in
Cultured Human Keratinocytes
Y. Uchida, S. Murata, M. Schmuth, S. Ichikawa,* Y. Hirabayashi,* and W.M. Holleran
Department of Dermatology, University of California, San Francisco; *Laboratory for Cellular Glycobiology
(RIKEN), Wako, Japan
Recent studies implicate ceramide (Cer) as an inducer of keratinocyte differentiation and apoptosis,
while glucosylceramide (GlcCer) appears to have a pro-mitogenic effects, suggesting that the
relative levels of these two lipids are tightly regulated in the epidermis. Interestingly, increased
cellular Cer inhibits proliferation in GlcCer synthase-de®cient, but not GlcCer synthase-replete
melanocytes (Komori et al.: JBC 274:8981, 1999), further evidence that alterations of Cer-toGlcCer ratios can have signi®cant consequences. Therefore, we investigated the mechanism by
which cultured human keratinocytes (CHK) respond to Cer-induced stress. After treatment with
exogenous sphingomyelinase (SMase; recombinant bacterial), CHK showed both a marked
decrease in cellular SM (50±63% decrease; p < 0.005), and increased Cer levels (6.1±6.8-fold; p <
0.001) at 3 h. Concurrently, proliferation decreased signi®cantly, but recovered thereafter, reaching
normal rates by 24 h, in parallel with increased GlcCer levels. Moreover, exogenous cell-permeant
GlcCer signi®cantly attenuated the SMase-induced inhibition of CHK proliferation, while the
coincubation of SMase and the GlcCer synthase inhibitor, PDMP, further inhibited CHK
proliferation. We next addressed whether increased GlcCer production accounted for the
normalization of CHK proliferation following SMase treatment. Both GlcCer synthesis ([3H]-Lserine incorporation), and GlcCer synthase activity increased signi®cantly at 8 h (8.2-fold and 2.4fold, respectively; p < 0.01 each versus control). These increases were due, at least in part, to
changes in GlcCer synthase mRNA expression (both RT-PCR and Northern blotting revealed
increased GlcCer synthase mRNA), and CHK transfected with a GlcCer synthase promoterluciferase construct display increased luciferase activity following SMase treatment. These results
demonstrate that SMase-induced cell stress initiates a cascade of events, which includes the
upregulation of GlcCer synthesis, possibly as a compensatory/protective mechanism against the
effects of increased cellular Cer levels.
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A Stimulator of Ceramide Production Eucalyptus Extract Improves Cutaneous Barrier
and Water Holding Functions
Y. Takagi, K. Ohkubo, K. Hori, Y. Takema, and G. Imokawa
Kao Biological Science Laboratories, Tochigi, Japan
Ceramides play a critical role in the barrier and water holding functions in the stratum corneum
(SC). In atopic dermatitis and xerosis, there is a signi®cant decrease in ceramides in the SC,
resulting in the dry and/or barrier-disrupted skin. It is therapeutically intriguing to establish
regulatory substances capable of recovering the ceramide de®ciency in the atopic or xerotic SC by
stimulating the production of endogenous ceramides. In the present study, we have found that an
eucalyptus extract can stimulate the production of ceramides in cultured human keratinocytes and
organ cultured murine epidermis. Metabolic studies using partially puri®ed extract in cultured
human keratinocytes revealed that it has both capacities to decrease ceramidase activity with
decreased release of sphingosine and to increase glucosyltransferase activity with increased synthesis
of glucosylceramide. There is neither effect on the production of sphingomyelin nor on the activity
of serine palmitoyltransferase, thus indicating that the increase in ceramides is associated with
perturbation of ceramide degradation and stimulation of glucosylceramide synthesis. The daily
topical applications of eucalyptus extract on barrier-disrupted human skin induced by acetone/
ether treatment enhanced the barrier recovery and improved the water holding function,
accompanied by increased ceramides in the SC. Taken together, these ®ndings suggest that
stimulators of ceramide production are a useful tool in improving dry skin symptoms with
ceramide de®ciency.
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Cholesterol Sulfate Stimulates Involucrin Transcription and Expression of the AP-1
Proteins Fra-1, Fra-2, and Jun D in Human Keratinocytes
K. Hanley, D. Ng, S. He, P. Lau, P. Elias, D. Bikle, M. Williams, and K. Feingold
Departments of Dermatology, Medicine, Pediatrics, University of California San Francisco, and the
Dermatology and Medical Services, Department of Veterans Affairs Medical Center, San Francisco, California
Lipids which are synthesized de novo in the epidermis can regulate the differentiation of normal
human keratinocytes (NHK). Cholesterol sulfate (CS), an important lipid constituent of the
stratum corneum which is produced in the upper nucleated layers of the epidermis, has recently
been shown to play a role in the regulation of keratinocyte transglutaminase and the terminal
differentiation of NHK. In the present study, we determined whether (i) CS also regulates of
involucrin (INV), a precursor protein of the corni®ed envelope, and (ii) the mechanism by which
CS regulates differentiation. mRNA and protein levels of involucrin (INV) increased 2- to 3-fold
in NHK incubated in the presence of CS compared with vehicle-treated controls. In contrast,
cholesterol had no effect on INV protein or mRNA levels. Transcriptional regulation was assessed
in NHK transfected with INV promoter-luciferase constructs. CS increased luciferase reporter
activity approximately 2- to 3-fold in NHK transfected with a 3.7 Kb INV promoter construct.
Deletional analysis revealed a responsive region of the INV promoter located between ±2452 bp
and ±1880 bp. A single base pair mutation of the AP-1 site (±2117 to ±2111 bp) within the
responsive region abolished CS-responsiveness, suggesting a role for the AP-1 complex in CSregulated transcription. Gel shift analysis demonstrated increased AP-1-DNA binding to nuclear
extracts isolated from CS-treated NHK as compared to controls. Finally, the protein expression of
the AP-1 family members, Fra-1, Fra-2, and Jun-D, were elevated in CS-treated NHK by Western
analysis, and these members comprised the AP-1-DNA binding complex in CS-treated NHK
examined by supershift analysis. These data indicate that the endogenous epidermal lipid, CS,
stimulates INV transcription, and may do so through its ability to increase levels of speci®c AP-1
proteins.

Regulation of Glucosylceramide Synthase Expression in Cultured Human Keratinocytes
S. Murata, Y. Uchida, S. Ichikawa, Y. Hirabayashi, and W.M. Holleran
Departments of Dermatology & Pharmaceutical Chemistry, UCSF & Dermatol Service, VA Medical Center,
San Francisco, California; & Laboratory for Cellular Glycobiology (RIKEN), Wako, Japan
Glucosylceramides (GlcCer) are precursors for the generation of stratum corneum (SC) ceramides,
key lipids in epidermal permeability barrier homeostasis. The enzyme GlcCer synthase is
responsible for generating GlcCer from UDP-glucose and ceramide in the epidermis; its expression
is differentiation-dependent (Sando et al.: JBC 271:22044, 1996); and inhibition of its activity alters
permeability barrier responses (Chujor: JLR 39:277, 1998). Yet, little is known about the
molecular regulation of its expression. Here, we used phorbol ester (PMA) and exogenous
sphingomyelinase (SMase), each known to induce GlcCer synthase activity and to increase GlcCer
content, to investigate the molecular regulation of enzyme expression in cultured human foreskin
keratinocytes. Northern analysis showed that both SMase (recombinant bacterial; 0.05 U per ml)
and PMA (10 nM) signi®cantly increased GlcCer synthase mRNA levels in cells maintained in
serum-free, low calcium (0.03 mM)-containing keratinocyte growth medium. Increased
extracellular calcium (1.2 mM, 48 h) also increased GlcCer synthase mRNA levels over lowcalcium controls, and further enhanced the SMase-induced mRNA increases. The PMA-induced,
but not the SMase-induced, increase was inhibited by the PKC inhibitor, BIS-IM, highlighting the
distinct mechanisms by which each of these agents promotes enhanced GlcCer synthase expression.
Transfection of keratinocytes with luciferase-promoter constructs, containing 0.73 kb of the
murine 5¢-upstream GlcCer synthase promoter region, demonstrated consistent increases in
promoter activity following either SMase or PMA treatment. Finally, promoter-deletion constructs
revealed a region ±473 to ±537, including a putative SP1 site, to be critical for the induction of
promoter activity in transfected keratinocytes, while more distal elements, including putative NFkB and AP2 sites, did not contribute to promoter activation. In summary, these results
demonstrate: (i) distinct factors that regulate GlcCer synthase expression in CHK; and (ii) that
although occurring through distinct mechanisms, both SMase and PMA stimulate GlcCer synthase
via a common SP1-mediated promoter mechanism.

266

Physiological Levels of Testosterone Perturb Epidermal Permeability Barrier
Homeostasis
A. Garg, J.S. Kao, M. Mao-Qiang, M.-M. Chren, D. Crumrine, R. Ghadially, K.R. Feingold, and
P.M. Elias
Dermatology & Medical Services, VAMC; Departments of Dermatology and Medicine, UCSF, San
Francisco, California
Although there are no known gender-related differences in permeability barrier function in adults,
estrogens accelerate, while testosterone (T) retards barrier development in fetal skin, and male
fetuses demonstrate slower barrier development than female littermates. Moreover, antenatal
administration of the androgen receptor antagonist, ¯utamide, equalizes developmental rates in
male and female fetuses. Therefore, we evaluated the effects of changes in T on barrier homeostasis
in adult murine and human skin. We found that physiologic T levels negatively in¯uence the
kinetics of barrier recovery after acute insults. Both hypogonadal mice (castration or treatment with
¯utamide) and humans have accelerated barrier repair (25±35% increase at 3 h). Moreover, T
replacement slowed barrier repair in both hypogonadal mice and humans. Lastly, prepubertal male
mice (age 4 wk) had accelerated barrier repair compared to adult males. Mechanistic studies have
shown that differences in epidermal lipid synthesis do not account for these functional alterations,
but both lamellar body secretion and extracellular processing of secreted lamellar body contents
appear reduced in T-replete animals. These studies demonstrate that testosterone impairs
permeability barrier homeostasis.
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Secretion of Humectant Precursors During the Granular Cell-Corneocyte Transition:
Novel Form of Keratinocyte Apoptosis
A. Ndoye, V.T. Nguyen, L.L. Hall, and S.A. Grando
University of California Davis, Sacramento, California
We investigated how terminally differentiated keratinocytes (KC) rid of most of their cell volume
during corni®cation. Electron microscopy revealed that granular KC extrude cytoplasmic buds
containing keratohyaline masses. Similar buds were extruded in vitro by aged KC. Filaggrin and
loricrin were visualized within extruded buds. To distinguish cytoplasmic buds, the skin was
sectioned horizontally to split the granular layer. The secretion of keratohyaline material was
reproduced in vitro by acting upon the keratinocyte cholinergic system. A combination of a
nicotinic agonist with a muscarinic antagonist was required to trigger secretion. An upward
concentration gradient of free ACh was found in human epidermis, which may provide for its
unopposed secretagouge action in the stratum granulosum. The presence of ®laggrin within the
secretory product was demonstrated by immunoblotting. Scanning electron microscopy showed
that the discharge is reminiscent of both holocrine secretion and apoptotic budding, suggesting the
term ``apoptotic secretion'' for this novel step in the process of corni®cation. We conclude: (i)
dramatic volume loss associated with corni®cation of KC represents apoptotic secretion
characterized by discharge of keratohyaline masses into intercellular space of epidermis; and (ii)
apoptotic secretion of KC is triggered by an unopposed stimulation of the nicotinic pathway of the
keratinocyte cholinergic system with an autocrine and paracrine ACh which may use Ca2+ as a
second messenger. The secretory product may become a part of glycocalyx and serve as a
humectant that counterbalances the osmotic pressure imposed upon the living epidermis by the
natural moisturizing factor located in the stratum corneum.

Allocated Activity of Androgen-Metabolizing Enzymes in Human Sebocytes and
Keratinocytes In Vitro
C. Zouboulis, M. Fritsch, H. Seltmann, and C. Orfanos
Department of Dermatology, University Medical Center Benjamin Franklin, The Free University of Berlin,
Berlin, Germany
Human skin is actively involved in androgen metabolism. Dehydroepiandrosterone (DHEA) and
androstenedione, the main circulating androgens, are metabolized to the more potent ones,
testosterone and 5a-dihydrotestosterone (5a-DHT), and are ®nally catabolized to inactive
compounds. To identify the cells which execute the steps of this metabolic pathway, we examined
the pattern of enzymes inducing androgen metabolism in immortalized human sebocytes (SZ95
cell line) and keratinocytes (HaCaT cell line) in vitro. Using RT-PCR we detected in sebocytes
presence of 17b-hydroxysteroid dehydrogenase (HSD) isotypes 2 and 3, which reversibly convert
testosterone to androstenedione; 5a-reductase isotype 1, which irreversibly converts testosterone
to 5a-DHT and androstenedione to 5a-androstanedione; and 3a-HSD isotypes 1 and 2, which
reduce 5a-DHT to androstanediol and 5a-androstanedione to androsterone. In keratinocytes, the
expression of 17b-HSD isotype 2, 5a-reductase isotype 1 and 3a-HSD isotypes 1 and 2 could be
demonstrated. Furthermore, 3b-HSD/D5±4-isomerase isotype 1, which irreversibly converts
DHEA to androstenedione, could be detected in sebocytes only. In a second group of experiments,
enzyme activity was investigated by determining the 3H-DHEA and 3H-testosterone metabolites
produced by sebocytes and keratinocytes using thin layer chromatography. In both cell types, 17bHSD, 5a-reductase and 3a-HSD activity could be demonstrated via the metabolic products of 3Htestosterone, while conversion of 3H-DHEA to 3H-androstenedione only occurred in sebocytes.
In conclusion, there is an allocation of duties in skin epithelial cells concerning the activity of
androgen-metabolizing enzymes. Human sebocytes seem to be programmed to produce active
compounds from both gonadal and adrenal androgens, while keratinocytes can metabolize gonadal
androgens only.

Selective Unilateral Inhibition of Hamster Flank Sebaceous Gland Organ by Topical
Liposome Application of the 5-a-Reductase Inhibitor 4-MA
L. Li, L. Tang, E. Baranov, J. Geller, and R. Hoffman
AntiCancer, Inc., San Diego, California
5-a-reductase plays an important role in the development of androgenetic alopecia. Finasteride is
currently used as an oral treatment for speci®c inhibition of type II 5-a-reductase for androgenetic
alopecia. However, the potential for systemic side-effects from ®nasteride is dose limiting and
therefore decreases ef®cacy. Thus, there is a need for developing a selective, effective, topically
applied 5-a-reductase inhibitor. Toward this goal, we have developed a selective liposome hair
follicle targeting system. We have demonstrated that the 5-a-reductase inhibitor N,N-diethyl-4methyl-3-oxo-4-aza-5±2-androstane-17B-carboxamide (4-MA) is effectively incorporated into
liposomes. In order to determine the ef®cacy of topical application of liposome 4-MA, we have
used the dihydrotestosterone (DHT)-dependent bilateral hamster ¯ank organ as a model. We have
compared topical application of liposome 4-MA and solvent-formulated 4-MA to selectively
inhibit only the organ to which the drug was directly applied. The selective ef®cacy of topical
application of liposome 4-MA was demonstrated by the reduction of size and induction of
apoptosis only in the treated hamster ¯ank organ. In contrast, when 4-MA was dissolved in ethanol
and glycerol without liposomes, the selective inhibition was lost in that both the treated ipsilateral
and untreated contralateral organ were inhibited indicating systemic entry of 4-MA. Selectivity is
important for clinical application of liposome 4-MA to target hair follicles to reverse androgenetic
alopecia with minimal systemic entry.

Barrier Function and Moisturization in Asebia Mice: Function of Cutaneous Sebaceous
Glands
M. Mao-Qiang, P.W. Wertz, K.R. Feingold, and P.M. Elias
Dermatology & Medical Servs., VAMC; Departments of Dermatology & Medicine, University of California,
San Francisco; and Dow Institute, University of Iowa School of Dentistry, Iowa City, Iowa
Although sebum has several proposed functions, the predominant view holds that its sole function
in humans is to provoke acne. We assessed whether sebum in¯uences the key stratum corneum
(SC) functions of permeability barrier homeostasis or moisturization in mutant mice with profound
sebaceous gland hypoplasia (abj/abj) [asebia J1 strain] versus heterozygote/wild-type littermates.
Barrier homeostasis was normal in asebia mice. Moreover, both SC polar lipids and SC
extracellular lamellar bilayers were normal in asebia SC, consistent with intact barrier function. In
contrast, asebia mice displayed profoundly abnormal SC moisturization. Although abnormal SC
moisturization was associated with a marked reduction in sebaceous gland-derived lipids (1°
triglycerides), topical replacement with sebum-like lipids did not restore normal moisturization.
Instead, topical glycerol, the major catabolic product of triglycerides, restored normal moisture
content to asebia SC. These results suggest ®rst, that the xerosis from decreased sebum production
in asebia mice is due to a failure to generate glycerol from triglycerides by endogenous, follicular (?
microbial) lipases; second, the importance of sebum for normal SC moisturization; third, that
glycerol generation from sebaceous gland-derived glycerolipids is responsible for this moisturizing
function. Finally, our ®ndings may explain the increased propensity for sebaceous gland-depleted
skin sites to develop eczematous dermatoses.

Is there a Role for PPARs (Peroxisome Proliferator Activated Receptors) in the Human
Sebaceous Gland?
T. Street, D. Holland,² N. Meyers,* W. Cunliffe,² and V. Randall
Department of Biomedical Sciences, Bradford University, U.K.; *SmithKline Beecham, Harlow, U.K.;
²Department of Dermatology, Leeds General In®rmary, U.K.
The mechanisms of human sebum production and acne are not fully understood. PPARs, which
are known to be important in fatty acid metabolism and adipocyte differentiation, were recently
demonstrated in rat preputial glands. This study was designed to determine whether there could be
a role for PPARs in the normal human sebaceous gland and/or acne by localising PPARg1 in
frozen facial skin sections from normal and acne patients and in sebocytes cultured from human
facial skin using a monoclonal antibody.
Facial skin cryosections from ®ve normal women and seven acne patients were stained with a
mouse monoclonal antibody to PPARg1. Positive staining occurred in basal and early differentiated
sebaceous gland cells (but not within fully mature sebocytes) and the sebokeratinocytes of the
pilosebaceous duct (but not in the epidermis). In acne skin, both sebaceous glands and comedones
exhibited staining. Primary cell lines of facial sebocytes, but not epidermal keratinocytes, also
exhibited nuclear staining of PPARg1.
Thus, PPARg1 is present in sebaceous glands of both normal and acne skin and in cultured
sebocytes, but not in epidermal keratinocytes. This strongly suggests a role for PPARs in
lipogenesis in the human sebaceous gland; understanding this may be very important in developing
new therapeutic regimes for the treatment of seborrhoea and acne vulgaris.

Vehicle-Dependent Distribution of the Photosensitizer Pc4 After Topical
Administration
S. Agarwal, K. Kalka, A. Nieminen, D. Feyes, N. Oleinick, H. Mukhtar, A.C. Gilliam, and S.R.
Stevens
Case Western Reserve University School of Medicine, Cleveland, Ohio
Photodynamic therapy is an emerging therapeutic technology which couples photosensitizing
compounds and speci®c light wavelengths. Our group has demonstrated Pc4, a novel
photosensitizer, to have ef®cacy in eliminating cutaneous tumors after systemic administration
following by 675 nm irradiation. We hypothesized that topical administration of Pc4 could be
accomplished and that delivery of the compound to various locations in the skin would vary
depending on the vehicle. Pc4 compounded in four different vehicles: Aquaphor, ethanol, canola
oil and DMSO, was applied to both normal C3H and chemically induced squamous papillomas of
Sencar mouse skin. After 4 h, the animals were sacri®ced and the treated areas were excised.
Because Pc4 ¯uoresces, we could directly view its localization under confocal microscopy. We saw
that Pc4 localized to normal epidermis and hair follicles when dissolved in DMSO or ethanol. Pc4
localized to follicles only when in oil. Pc4 in Aquaphor did not appear to penetrate normal
epidermis. The only vehicle that appeared to be effective in delivering Pc4 to tumor stroma was
DMSO. Topically applied Pc4 in DMSO to chemically induced squamous papillomas of mouse
skin with subsequent light therapy of 672 nm showed visible tumor regression after 48 h. These
data demonstrate Pc4 can be delivered topically and that speci®c structures in skin can be targeted
using different vehicles.
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Upregulation of the C-C Chemokine MIP3-a (LARC) in Human Epidermis with
Impaired Permeability Barrier Function
M. Schmuth, S. Neyer, P. Fritsch, N. Romani, and C. Heu¯er
Department of Dermatology, University of Innsbruck, Innsbruck, Austria
Permeability barrier disruption is followed by a restorative epidermal response including synthesis
of lipids, DNA, cytokines and migration of antigen presenting cells. MIP3-a (LARC) is a recently
described C-C chemokine, predominantly expressed in extralymphoid tissue, which is known to
direct migration of immature dendritic cells to sites of antigen invasion. We assessed expression and
regulation of MIP3-a in human skin using semiquantitative polymerase chain reaction. MIP3-a is
constitutively expressed at low levels in untreated human epidermis. Skin samples obtained from
plastic surgical procedures 4 h following acute disruption of the epidermal permeabiltiy barrier by
tape stripping showed upregulation of MIP3-a mRNA in the epidermal fraction separated by
dispase treatment. Dermal MIP3-a mRNA levels remained unchanged. Psoriatic skin, known to
exhibit impaired permeability barrier function, also revealed increased levels of MIP3-a. LPS and
IL1-a, but not TNF-a induced upregulation of MIP3-a in cultured human keratinocytes. We
conclude that regulation of MIP3-a is part of the restorative response following disruption of the
epidermal barrier. MIP3 3 a might act as a danger signal for the recruitment of Langerhans cells to
the epidermis in conditions with impaired barrier function.

Evidence for the Involvement of the Epidermal Platelet-Activating Factor Receptor in
Ultraviolet B Radiation-Induced Interleukin-8 Production
N. Countryman, Q. Yi, Y. Pei, and J. B. Travers
Indiana University, Indianapolis, Indiana
Ultraviolet B radiation (UVB) has been shown to generate cutaneous in¯ammation in part through
inducing oxidative stress and cytokine production in human keratinocytes. Amongst the proin¯ammatory cytokines synthesized in response to UVB is the potent chemoattractant interleukin
8 (IL-8). Though the lipid mediator platelet-activating factor (1-alkyl-2-acetyl-glycerophosphocholine; PAF) is synthesized in response to oxidative stress, and keratinocytes express PAF
receptors linked to cytokine biosynthesis, it is not known whether the PAF system is involved in
UVB-induced epidermal cell cytokine production. These studies examined the role of the PAF
system in UVB-induced epidermal cell IL-8 biosynthesis using a novel model system created by
retroviral-mediated transduction of the PAF receptor-negative human epidermal cell line KB with
the human PAF receptor (PAF-R). Treatment of PAF-R-expressing KB cells with the PAF-R
agonist CPAF resulted in increased IL-8 mRNA and protein. UVB irradiation of PAF-Rexpressing KB cells resulted in signi®cant increases in both IL-8 mRNA and protein in comparison
to UVB-treated control KB cells. Pretreatment with PAF-R antagonists inhibited both CPAF-and
UVB-induced IL-8 production in the PAF-R-positive, but not control KB cells. Similarly,
treatment of the PAF-R-expressing human epidermal cell line A-431 with CPAF or UVB resulted
in IL-8 production which was inhibited by PAF-R antagonists. However, phorbol ester-induced
IL-8 production was not affected by PAF antagonists. These studies suggest that the epidermal PAF
system may be a pharmacological target for UVB in skin.

Functional Role of the Sodium-Hydrogen Antiporter, NHE1, in the Epidermis:
Pharmacologic and NHE1 Null-Allele Mouse Studies
M. Behne, Y. Oda, S. Murata, W.M. Holleran, and T.M. Mauro
Department of Dermatology, U.C. San Francisco & V.A. Medical Center, San Francisco, California
The external layer of the epidermis, the stratum corneum (SC), shows an outward-directed,
increasingly acidic pH, the origin or the function of which in normal cutaneous function and/or
disease are not understood. We reported previously, (i) that permeability barrier recovery in tapestripped hairless mouse proceeds normally at an acidic pH, but is delayed at neutral pH (i.e., pH 7),
due to disturbed postsecretory, extracellular lipid processing (ADR, 290:215, 1998); (ii) that
sodium-hydrogen exchanger protein (NHE1) is present in cultured human keratinocytes (CHK)
and human epidermis; and (iii) that CHK recovery from an acid load (i.e., export H+) is impeded
by low-dose (10±6 M) amiloride, suggesting that NHE1 functions to regulate both intra-and
extracellular pH (pHi, pHe). To more precisely determine the role of the NHE1 antiporter in pH
regulation and subsequent SC acidi®cation, we used the more speci®c NHE1 inhibitor, HOE694,
and the null-allele, NHE1-de®cient mouse model. First, HOE694 blocked recovery of CHK pHi
similar to that observed with amiloride. Topical administration of HOE694 to hairless mice skin
immediately following tape-stripping also produced a pronounced delay in barrier recovery (by
transepidermal water loss). In parallel experiments of inhibitor, applied in buffers adjusted to pH
5.5 and 7.4 using hilltop chambers, the pH 5.5 buffer reversed the deleterious effect of HOE694 on
barrier recovery. Finally, adult NHE1 null (±/±) mice, displaying a pronounced scaliness 5 d after
birth, also showed an altered SC ultrastructure, reminiscent of that observed with elevated pH
exposure, and indicative of altered lipid processing. In summary, the pharmacologic inhibition of
NHE1 revealed the importance of this antiporter for pHi, and barrier recovery, while alterations of
SC structure in NHE1 null mice reveal its necessity for normal lipid processing in vivo. These
results demonstrate that the speci®c H+ transporter, NHE1, is important for both SC acidi®cation
and epidermal permeability barrier homoeostasis.

797

Augmentation of Staphylococcal Alpha Toxin-Mediated Signaling by the Epidermal
Platelet-Activating Factor Receptor
J.B. Travers, D.Y.M. Leung,* M. Marques, J. Cosgrove, C. Johnson,* and K. Clay*
Indiana University, Indianapolis, Indiana; *National Jewish Medical and Research Center, Denver,
Colorado
Increasing evidence suggests that the phospholipid platelet-activating factor (PAF) is involved in
keratinocyte biology and cutaneous in¯ammation. Our previous studies have demonstrated that
human keratinocytes express PAF receptors (PAF-R), and synthesize PAF in response to numerous
stimuli, most of which trigger an intracellular calcium mobilization response. Staphylococcal alpha
toxin is a pore-forming cytolytic toxin which not only has cytotoxic effects, but has also been
shown to induce the production and release of both cytokines and eicosanoids from human
keratinocytes. Since membrane perturbation is a potent stimulus for PAF biosynthesis, these studies
examined the role of the PAF system in alpha toxin-mediated effects. Gas chromatography/mass
spectrometry studies revealed that alpha toxin can trigger PAF biosynthesis and arachidonic acid
release in epidermal cell lines, including HaCaT. Staphylococcal Protein A had no effect on lipid
mediator production in these cell types. Addition of alpha toxin to PAF-R-negative KB cells
transduced with the PAF-R resulted in exaggerated calcium mobilization responses as well as
arachidonic acid release in comparison to KB cells transduced with blank retrovirus. In addition,
treatment of cells with PAF-R antagonists inhibited alpha toxin-mediated calcium signaling and
arachidonic acid release. Retroviral-mediated overexpression of the PAF metabolizing enzyme
PAF-acetylhydrolase II in HaCaT cells also inhibited alpha toxin-induced signaling in HaCaT
cells. These studies suggest that the PAF system may be involved in the pro-in¯ammatory effects of
alpha toxin on keratinocytes.

The Charles River ``Hairless'' Rat is Not Hairless
A.A. Panteleyev, G. Marcovici, and A.M. Christiano
Columbia University, New York, New York
Despite the widespread use of the Charles River (CR) hairless rats, the molecular basis of this
mutation remains unknown and the skin histology has never been described. However, the
designation hr/hr hairless has been used as an extension of the hairless mouse (hr) nomenclature,
based on the clinical absence of hairs in both phenotypes. Here, we present a description of the skin
histopathology in CR hairless rat mutants during the ®rst month of life. The postnatal ±/± rat skin
is characterized by abnormal keratinization of the hair shaft and the formation of a thick and dense
layer of corneocytes in the lower portion of the epidermal stratum corneum. Starting from the
latest stages of hair follicle (HF) development, obvious signs of HF degeneration are seen in ±/±
skin. By day 12, mainly atrophic HFs with abnormal or broken hairs are present in the skin. By day
21, a complete atrophy of most HF was observed. Therefore, the mutation in the putative CR
hairless gene abrogates cell proliferation in the hair matrix and affects keratinocyte differentiation, a
phenotype which is completely distinct from hr/hr. To test whether the CR rat harbored a
mutation in the hairless (hr) gene, we sequenced the hr gene in mutant rats and found no mutation,
con®rming that the hairless phenotype in CR rats is not allelic with hairless. De®nitive molecular
studies together with morphological analysis of phenotype development in CR hairless rat reveal
that this mutation is unique among the other hypotrichotic rat mutations.

Reach in and Touch a Gene: The Use of Antisense Reagents in Culture, Skin Explants
and by Topical Application Targets Transcription Factors, Signaling Molecules and
Structural Proteins
M. Tomic-Canic, M. Im, W. Long, A. Schuck, N. Hosein, N. Radoja, Y.B. Delgado, I.M.
Freedberg, and M. Blumenberg
NYU School of Medicine, New York, New York
Epidermis is the most accessible target for gene therapy. Antisense oligonucleotides allow precise
targeting of speci®c proteins to inhibit their synthesis. To establish the value of antisense
approaches in epidermis we have targeted transcription factor NFkB and its inhibitor IkB. In
cultures of epidermal keratinocytes, the antisense oligonucleotide targeting NFkB prevented the
induction of NFkB-dependent genes, e.g., K6 keratin, by TNFa. Conversely, an oligonucleotide
targeting IkB induced K6 even in the absence of TNFa. In organ culture explants of human skin
the NFkB oligonucleotide eliminated NFkB, while the IkB oligonucleotide activated it.
Furthermore, topical application of the IkB oligonucleotide directly onto the skin activated
NFkB in all underlying epidermal layers. These results demonstrate the feasibility of topical use of
antisense oligonucleotides to regulate gene expression in skin. We have also targeted JNKK1
(SEK1/MKK4) in explants and cultured cells. JNKK1 is a member of the signal transduction
cascade that activates JNK in response to UV In control experiments UV light caused activation
and nuclear translocation of JNK, while in the antisense-treated explants and cultures this response
was abolished. Transcription factors and signal transducing kinases turn over rapidly. To examine
the ef®ciency of antisense oligonucleotides targeted against long-lived proteins we chose b4
integrin. In preliminary experiments, targeting b4 in skin explants was without effect for the ®rst 5
d. Subsequently we saw blistering at the epidermal-dermal junction, similar to the blistering in
Epidermolysis bullosa. Therefore, long-lived proteins can be also effectively removed using
antisense oligonucleotides.
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Targeting of the Apoptosis Inhibitor Survivin Prevents Tumor Formation in a Mouse
Melanoma Model
D. Grossman, J. Schechner, and D. Altieri*
Departments. of Dermatology and Pathology*, Yale University School of Medicine, New Haven, Conneticut
Resistance to apoptosis is a common feature of malignant melanoma (MM) and represents a
signi®cant obstacle to therapy. We have recently demonstrated (Grossman et al.: J Invest Dermatol,
1999) that survivin, a newly recognized member of the inhibitor of apoptosis (IAP) gene family, is
broadly expressed in human MM lesions and that survivin inhibition using various antagonists
triggers spontaneous apoptosis in melanoma cell lines. To investigate further the role of survivin in
melanoma, we have generated subclones of YUSAC-2 cells stably transfected with survivin
antisense or a dominant negative Thr34Ala mutant under the control of a tetracycline (tet)regulated (``tet-off'') promoter. Upon removal of tet from the culture medium, survivin antisense
was detected at 5 h by RT-PCR and survivin Thr34Ala mutant was detected at 12 h by Western
blotting. Over a period of 2±3 d, both transfectants became nonadherent and underwent apoptosis
characterized by positive TUNEL staining and increased sub-G1 DNA content that was partially
blocked by the addition of ZVAD-fmk to the culture medium. Two subclones expressing the
Thr34Ala survivin mutant were cloned by limiting dilution and characterized in vivo. Upon
subcutaneous injection in SCID/beige immunode®cient mice, these subclones produced localized
tumors (23 of 24 animals) comparable to untransfected YUSAC-2 cells when tet was added to the
drinking water. Conversely, when tet was withheld from the drinking water, tumors did not form
in 13 of 15 animals. These studies demonstrate that apoptosis inhibition by survivin is required for
melanoma tumor formation in this in vivo model, and suggest that survivin may be a potential
therapeutic target in MM.

Overexpression of the Oncogene Ski in Malignant Melanomas: A Mechanism to Repress
the Response to TGF-b
W. Xu, J. Reed, E. Bales, J. Campisi,* E. Stavnezer,² and E.E. Medrano
Baylor College of Medicine, Houston, Texas; *Lawrence Berkeley Natl. Laboratory, Berkeley, California;
²Case Western Reserve University, Cleveland, Ohio
The cellular and retroviral ski genes encode nuclear proteins that either activate or repress
transcription, depending on the cellular and promoter context. Although they do not bind DNA
on their own, Ski proteins repress transcription by associating with a multiprotein complex that
binds the consensus element GTCTAGAC. The protein associations that mediate repression by Ski
via this element are tightly linked to its transforming activity and are likely driven by its
overexpression, which is the only requirement for activating its transforming potential. We have
found that Ski is overexpressed in human metastatic melanomas in vivo and in tissue culture. In
contrast, normal human melanocytes express very low levels of the Ski protein. To understand the
biological signi®cance of Ski activity we performed a yeast two-hybrid screen and found Smad2
and Smad3, two transcriptional activators, as Ski-interacting proteins. These results were con®rmed
by coimmunoprecipitation analysis. Ski repressed expression of several constructed and natural
TGF-b-responsive promoters and counteracted their activation by Smad and TGF-b. Importantly,
overexpression of Ski abolished the TGF-b-mediated growth inhibition in normal melanocytes.
These results may explain why melanoma cells are unresponsive to TGF-b even though most
melanoma cell lines have adequate and active TGF-b receptors and Smad proteins. Our results
provide a model for the action of Ski as a potent oncogene by showing that it counteracts the effect
of a pathway that usually functions to suppress cellular transformation.
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Immunotherapy with Newcastle Disease Virus Oncolysate Effectively Inhibits
Cutaneous and Metastatic Melanoma in Preclinical Studies
P. Bonaccorsi, H. Yang, J. Grayson,* A.W. Adams, R. Ahmed,* S. Calvieri,² J.C. Ansel, and C.A.
Armstrong
Emory University, Atlanta, Georgia; *Emory vaccine center, Atlanta, Georgia; ²Department of
Dermatology-University of Rome ``La Sapienza'', Rome, Italy
Newcastle disease virus (NDV) oncolysate has been successfully used as an adjuvant
immunotherapeutic agent in a phase II study on AJCC stage III melanoma patients with a 15-y
survival rate of 55%. With the long-term goal of reinitiating human clinical studies, we are
investigating the ef®cacy of NDV73T oncolysate in the treatment of melanoma in a syngeneic
mouse model. Vaccination of C3H mice with allogeneic, autologous or mixed NDV73T
oncolysate by i.p. injection effectively inhibited the growth of subcutaneous melanoma. In studies
to test the ability of NDV73T oncoloysate to treat established tumors, C57BL/6 mice were ®rst
inoculated subcutaneously with melanoma cells and then treated with NDV oncolysate. There was
a signi®cant reduction in tumor volume in all NDV treatment groups with the most reduction in
the mice treated with allogeneic oncolysate. An even greater therapeutic effect was observed in
mice with established metastatic melanoma treated with allogeneic, autologous or mixed
oncolysate. NDV treatment lead to a striking reduction of lung metastasis with the greatest
inhibition in mice treated with the allogeneic oncolysate. Histologic examination of the lungs of
NDV-treated mice only showed a dense lymphocytic in®ltrate invading the tumor masses.
Moreover, NDV73T oncolysate was effective as a postsurgical adjuvant treatment, signi®cantly
reducing the volume of subcutaneous tumor recurrence after excision. Thus, NDV oncolysate has
a signi®cant inhibitory effect on cutaneous and metastatic melanoma in our murine model. These
results support the role of NDV oncolysate as an immunotherapeutic agent in the treatment of
melanoma.

Characterization of Natural Killer T-Cell Line Capable of Interacting with Keratinocytes
Inducing Psoriasis
B. Bonish, B. Huang, S. Porcelli, and B.J. Nickoloff
Department of Pathology, Loyola University, Chicago, Illinois, Department of Medicine, Brigham and
Women's Hospital, Boston, Massachusetts
Acute and chronic psoriatic lesions contain T-cells bearing natural killer receptors (NKRs) such as
CD94 and CD161. This subset of immunocytes posses receptors capable of interacting with both
classical and nonclassical class I MHC molecules such as CD1d, and are implicated in regulating
diverse immune responses. It is unclear in psoriasis whether these cells play a direct pathogenic role
or an indirect immunoregulatory role, or are bystanders. To address this issue, a CD94/CD161/
CD4+ T cell line was established from a psoriatic patient using IL-2 and superantigens. When these
NK-T cells were cultured with CD1d+ keratinocytes (KCs), they responded rapidly (48 h) by
producing high levels of IFN-g (1.4 ng per ml) and IL-13 (4.5 ng per ml), without signi®cant
proliferation, which was inhibited by mAb against CD1d. When this NK-T cell line was injected
into prepsoriatic skin engrafted onto SCID mice, a lesion was created after 2 wk with salient
features of psoriasis including scale, acanthosis, absent granular cells, and angiogenesis. KCs
diffusely expressed CD1d, with an epidermal in®ltrate of CD161+ T cells. RNase protection assays
revealed predominantly IFN-g and IL-15 transcripts, with little IL-13 in this acute lesion. These
results support a direct pathologic role for interaction between T cells with NKRs and CD1d
positive KCs producing IFN-g and IL-13. In vivo, a polarization of this cytokine pro®le towards
Th1was observed. These results indicate that T cells bearing NKRs directly provoke a Th1 diseasepsoriasis by triggering a functional switch in prepsoriatic skin rapidly culminating in a plaque.

Cloning Desmoglein-1-Epitope-Speci®c T Lymphocytes from Patients with Fogo
Selvagem
M. Lin and L. Diaz
Department of Dermatology, Medical College of Wisconsin, Milwaukee, Wisconsin
Fogo selvagem (FS), the endemic form of pemphigus foliaceus (PF), is a cutaneous autoimmune
disease characterized by subcorneal blisters and autoantibodies against desmoglein-1 (Dsg1). The
patients share unique HLA-DR alleles and appear to become sensitized in certain endemic regions
of Brazil. We have clearly demonstrated by passive transfer experiments that anti-Dsg1
autoantibodies are pathogenic, i.e., FS IgG induces skin lesions in neonatal mice. We have
focused our studies on FS patients and normal individuals of the Amerindian reservation of Limao
Verde, Brazil in which the disease has a 3.8% prevalence. T cells from 17 patients and ®ve
unrelated controls were tested by proliferation assays with Dsg1 and unrelated antigens. We found
that T cells from 15 of 17 patients proliferate when exposed to the Dsg1 ectodomain. Controls and
two patients in clinical remission were unresponsive to Dsg1. T cell clones developed from 5
patients (n = 58) speci®cally respond to Dsg1, but not to other skin antigens such as desmoglein-3
and BP180. These T cell clones express CD4 and CD45RO and secrete IL-4, IL-5, and IL-6, but
not IFN-g and TGF-b, indicating that they are CD4+ memory Th2-like T cells. This subset of T
cells is known to support the production of IgG4 antibodies, the main isotype of anti-Dsg1
autoantibodies in FS. Interestingly, only the anti-HLA-DR, but not anti-DQ and anti-DP
antibodies blocked the responses of these FS T cell clones to Dsg1. These ®ndings suggest that the
HLA-DR molecules play an important role in the Dsg1-speci®c immune response of FS T cells. A
detailed epitope mapping study revealed that the majority of these T cells respond to a 15 amino
acid peptide located at the C-terminus of the Dsg1 ectodomain. Further analysis of these T cell
clones and the antigenic Dsg1 epitopes may help to elucidate the autoimmune nature of FS.

Immunostimulatory DNA is a Potent Agonist of IL-12, IFNg and Nitric Oxide
Production by Skin Macrophages from Leishmania-Susceptible Mice
E. von Stebut and M. Udey
Dermatology Branch, NCI, Bethesda, Maryland
CpG-containing immunostimulatory oligodeoxynucleotides (CpG-ODN) abort fatal L. major
infection in susceptible BALB/C mice. Protection is dependent on IL-12 and IFNg production,
but the source of these cytokines in infected mice is unknown. While studying interactions of
various accessory cells (APC) with Leishmania, we determined that in¯ammatory (polyacrylamide
bead-induced) skin macrophages (Mù) from BALB/C mice released less IL-12 in response to LPS
(100 ng per ml), or LPS + IFNg (1000 U per ml), than Mù from Leishmania-resistant C57BL/6
mice after 18 h. Interestingly, within 18 h, CpG-ODN selectively induced BALB/C skin-Mù
(infected or uninfected) to produce substantial quantities of IL-12 while C57BL/6 cells produced
less. Augmentation of skin-Mù IL-12 release by CpG-ODN was accompanied by only modest
changes in surface antigen expression. CpG-ODN also induced IFNg and nitric oxide (NO)
production by BALB/C skin-Mù within 72 h. NO release was only partially inhibited by anti-IL12 or anti-IFNg antibodies, and modestly attenuated in BALB/C IL-12 and IFNg knockout mice.
Mù IFNg production was IL-12-dependent, however. These results highlight strain differences in
APC in Leishmania susceptible and resistant mice, indicate that parasite-containing skin-Mù in
infected susceptible animals can produce Th1-promoting cytokines in response to CpG-ODN, and
suggest that CpG-ODN may also act directly on skin-Mù to facilitate parasite clearance by
inducing NO production.

VOL. 114, NO. 4 APRIL 2000

285

ABSTRACTS

799

286

Surface-Display of Peptides by Chimeric Papillomavirus-Like Particles: Structural and
Immunological Characteristics
K. Slupetzky, P. Lenz, S. Brandt,* A. Grassauer,* M. Sara,² and R. Kirnbauer
Laboratory of Viral Oncology, Department of Dermatology, University of Vienna Medical School, Vienna,
Austria; *Division of General Dermatology, University of Vienna Medical School, Vienna, Austria;
²University of Agriculture, Vienna, Austria
Papillomavirus-like particles (VLP) are symmetrical and repetitive structures that induce high-titer
neutralizing antibodies against capsid surface epitopes. The exact location of these conformationdependent epitopes is still unknown, as there is no crystal structure of a papillomavirus (PV). We
previously generated chimeric L1 proteins by inserting an 8 amino-acid (aa) peptide LELDKWAS
of the HIV1 gp41 into hypervariable regions of the L1 major capsid protein of human PV (HPV)16
or bovine PV (BPV). We now extend these studies by inserting the epitope into additional putative
surface ``loops'' of BPV-L1. By EM we observed highly ef®cient self-assembly into particles that
are morphologically indistinguishable from wt L1 VLP when inserting the peptide at residues 133/
134. Immunization of mice generated antisera that neutralized BPV in vitro and speci®cally bound
the LELDKWAS-peptide by ELISA. Chimeric L1 with the peptide inserted at aa 351/355 selfassembled into pentamers, but not into VLP and lost the ability to bind BPV-neutralizing mAb
5B6. Induced antisera were devoid of BPV-neutralizing activity, while demonstrating high-af®nity
anti-LELDKWAS antibodies, indicating that aa around 351/355 are part of a major immunogenic
epitope. These studies identify regions of L1 that allow the display of foreign epitopes in the
context of self-assembled VLP or pentamers and support the potential of self-assembled L1 proteins
as a general immunogenic vaccine carrier.

Dendritic Cells Express a Novel Isoform of Vacuolar Atpase Subunit-D that may
Contribute to Potent Antigen Presenting Function
K. Ariizumi, X.-S. Xie, S. Shikano, M. Bonkobara, and P. Cruz, Jr
Departments of Dermatology and Internal Medicine, University of Texas South-western Medical Center,
Dallas, Texas
Among antigen presenting cells (APC), Langerhans cells (LC) and dendritic cells (DC) possess
unequaled potency in their ability to process and present antigens especially for 1° T-cell responses.
To better understand these properties, we performed subtractive cDNA cloning, and identi®ed a
gene in mice (termed 3C5) that was expressed by DC but not by macrophages. At the mRNA
level, 3C5 was expressed as two transcripts (2.8 and 1.6 Kb) with an identical open reading frame,
but differed in length of the 3¢-untranslated region. Both transcripts were expressed abundantly in
DC, but not in other cell lines. 3C5 encodes a glycoprotein of 350 aa with 67.4% homology to
subunit-d of vacuolar ATPase; it contains dileucine and tyrosine-polar-polar-hydrophobic motifs
that can interact with the AP2 adaptor complex of clathrin-coated vesicles. To test the hypothesis
that 3C5 can regulate V-ATPase, COS-1 and NIH-3T3 ®broblasts were transiently and stably
transfected with 3C5, respectively, and then examined for H+ pump activity of V-ATPase by
measuring ATP-generated quenching of acridine orange ¯uorescence. Both transfectants displayed
increased activity (30±300%) that was blocked completely by a speci®c inhibitor of V-ATPase
(ba®lomycin). In conclusion, we have identi®ed a novel isoform of the subunit-d of V-ATPase that
is expressed selectively by DC. Because V-ATPase plays a crucial role in acidifying endosomes and
processing antigens, selective expression of 3C5 by DC may help explain the unsurpassed APC
capacity of these cells. Finally, 3C5 and V-ATPase may serve as loci for modulating the APC
function of DC.
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Adrenergic Agents Inhibit Epidermal Cell (EC) Antigen Presenting Capability
K. Seiffert, J. Hosoi, H. Torii, H. Ozawa, and R.D. Granstein
Department of Dermatology, Weill Medical College of Cornell University, New York, New York
Adrenergic factors are present in the skin and may play a role in regulating cutaneous immune
function. We have previously shown that the murine skin-derived dendritic cell line XS52 and
~98% enriched Langerhans cells (LC) from CAF1 (H-2a/d) mice express mRNA for a1a- and b2adrenergic receptors. Furthermore, we showed that epinephrine (EPI) inhibits antigen presentation
by murine EC enriched for LC content (eEC) to an I-Ad-restricted TH1 clone in vitro. We now
report that norepinephrine (NE) as well as EPI signi®cantly inhibits antigen-presentation by
BALB/C (H-2d) eEC in several assays. First, eEC were cultured for 14 h in graded concentrations
of NE (10±7±10±9 M) and then pulsed with keyhole limpet hemocyanin (KLH). They were then
irradiated, washed and cocultured with the KLH-responsive T cell clone HDK-1. HDK-1
proliferation and pro-duction of IFNg (by ELISA) were then assessed. EPI and NE both inhibited
presentation to HDK-1 cells in a dose-dependent manner by both criteria. Secondly, we examined
the ability of NE to regulate eEC presentation of tumor-associated antigens (TAA) for delay-edtype hypersensitivity (DTH) in previously immunized CAF1-mice. eEC were pulsed with TAA
and either treated with 10±7 M NE or medium alone for 14 h prior to injection of 7.5 3 105 cells
into a hind footpad of each of several immune mice and 24 h footpad swelling was assessed. NE
signi®cantly inhibited the DTH response observed. The inhibitory action of NE in this assay
appeared to be a b-receptor mediated process as the effect was inhibited by coculture with the b2antagonist ICI 118 551 but not by the aa-antagonist phentolamine. Thirdly, we injected CAF1
mice intradermally with 1 mg EPI or saline alone 15 min prior to sensitization by topical application
of 5 ml 1% DNFB in acetone at the injected site. Upon challenge on the ears with 0.2% DNFB 10 d
later, ear swelling was signi®cantly reduced in the EPI-treated group. These ®ndings support the
hypothesis that adrenergic agents are involved in regulation of skin immune function.

Modulation of Cutaneous In¯ammation by Angioten Converting Enzyme and Neutral
Endopeptidase
T.E. Scholzen, D.-H. Kalden, T. Brzoska, C. A. Armstrong,* J.C. Ansel,* and T.A. Luger
Department of Dermatology and Ludwig-Boltzmann Institute, University of MuÈnster, Germany;
*Department of Dermatology, Emory University Atlanta, Georgia
Cutaneous neurogenic in¯ammation is an early, rapid, complex and interdependent biological
response of a host immune system to exogenous noxious stimuli. By releasing neuropeptides such
as substance (SP) or neurokinin A, cutaneous sensory nerves can initiate or amplify an
in¯ammatory response by inducing cytokines or cellular adhesion molecules. Present evidence
suggests that the zinc metallo-proteases angiotensin converting enzyme (ACE) and neutral
endopeptidase (NEP) may play an important role in the control of neurogenic in¯ammation by
limiting the availability of neuropeptides to trigger cellular responses via proteolytic degradative
cleavage. In this study we address the hypothesis that ACE and NEP are capable of modulating
cutaneous in¯ammatory responses. Thus, we have analyzed a murine model for allergic contact
dermatitis (ACD) utilizing normal wild type C57BL/6 J mice (+/+) or genetically engineered
mice with a homologous deletion of the NEP gene (NEP±/±). Systemic treatment of normal mice
with the ACE inhibitor captopril before sensitization or elicitation signi®cantly augmented the
allergic ear swelling response to dinitro¯uorobenzene (DNFB) (+50±90%). In addition, an
augmented cutaneous in¯ammatory response to DNFB was observed in NEP(±/±) mice compared
to (+/+) animals as determined by ear swelling response and histologic examination. These effects
could be inhibited by local treatment with capsaicin resulting in depletion of sensory nerves from
neuropeptides or by injection of an antagonist against the SP-speci®c neurokinin-1 receptor. In
contrast, neither normal mice treated with captopril or NEP-de®cient mice had a signi®cantly
altered response to the irritant croton oil in comparison to untreated (++) animals. These data
indicate that ACE and NEP by degrading neuropeptides such as SP have a signi®cant role in
controlling cutaneous in¯ammatory responses to allergens but not to irritants.

New Role for Mast Cell Tryptase in Neurogenic In¯ammation: Protease-Activated
Receptor 2 (PAR2) Mediates Neuropeptide Release in Sensory Neurons
M. Steinhoff,*² N. Vergnolle,³ S. Young,§ M. Tognetto,¶ S. Amadesi,¶ M.D. Hollenberg,³ J.
Wallace,³ G. Caughey,** P. Geppetti,¶ E.A. Mayer,§ and N.W. Bunnett*
²Department of Dermatology, University of Muenster, Germany; Departments of *Surgery, Physiology, and
**Medicine, University of California, San Francisco, California; §Department of Medicine, University of
California, Los Angeles, California; ³Department of Pharmacology, University of Calgary, Canada;
¶Institute of Pharmacology, University of Ferrara, Italy
Protease-activated receptor 2 (PAR2) belongs to a new subfamily of G protein-coupled receptors
for proteases. Here we show for the ®rst time that mast cell tryptase regulates neurogenic
in¯ammation in the skin via receptor-mediated activation of neuropeptide release from sensory
neurons in vitro and in vivo. Mast cell tryptase cleaves PAR2 and thereby induces widespread
in¯ammation characterized by vasodilatation, extravasation of plasma proteins and in®ltration of
neutrophils. Therefore we tested the hypothesis that tryptase cleaves PAR2 on rat sensory neurons
to stimulate release of CGRP and SP, which mediate in¯ammation. PAR2 protein and mRNA
were detected in > 60% of rat sensory neurons, and 39% and 29% of PAR2-expressing neurons
contained CGRP or SP, respectively, as shown by immunohistochemistry and in situ
hybridization. Tryptase and peptide agonists for PAR2 increased [Ca]i in sensory neurons in
culture, and stimulated CGRP and SP release from capsaicin-sensitive C-®bres in different
peripheral tissues and the spinal cord. Intracutaneous injection of a PAR2 agonist caused marked
oedema and recruitment of neutrophils in vivo. Oedema, but not neutrophil in®ltration, was
abrogated by antagonists of CGRP type1 and neurokinin 1 receptors and by sensory denervation
with capsaicin. In conclusion, PAR2 agonists induce in¯ammation by a neurogenic mechanism
that is mediated by CGRP and SP released from sensory neurons indicating that PAR2 plays an
important regulatory role in cutaneous neurogenic in¯ammation.

Human Skin is Both a Site of Production and a Target for CRH-Related Peptides
A. Slominski, J. Wortsman, B. Roloff, J. Curry, M. Dahiya, A. Szczesniewski, M. Quevedo, and
E. Wei
Department of Pathology, Loyola University Medical Center, Maywood, Illinois; Hitachi Instruments, Inc.,
Naperville, Illinois; Department of Internal Medicine, Southern Illinois University, Spring®eld, Illinois;
University of California, School of Public Health, Berkeley, California
Since the skin produces corticotropin releasing hormone (CRH), we investigated local production
of the related peptide urocortin and the phenotypic effect of the CRH peptides family. Urocortin
gene expression was detected by RT-PCR ampli®cation of RNA from human skin, from cultured
keratinocytes and from melanoma cells that showed a 145-kb fragment from the coding region of
the exon 2 of urocortin gene with 100% homology with the known sequence of the urocortin
gene. Urocortin immunoreactivity was detected by RP-HPLC followed by speci®c RIA in
extracts from HaCaT keratinocytes and mouse skin. Urocortin peptide was identi®ed in human
skin extracts with the tandem technique of LC-MS, that showed a peptide with the same mass and
retention time as the urocortin standard. Urocortin antigen was immunolocalized to normal
keratinocytes of the epidermis and hair follicle, epithelium of sweat and sebaceus glands and dermal
smooth muscle; it was also present in melanoma and basal cell carcinoma cells. We than tested the
phenotypic effects of CRH and related peptides sauvagine and urocortin. All peptides inhibit
proliferation of human HaCaT keratinocytes in a dose-dependent fashion with CRH having the
highest potency. CRH, sauvagine or urocortin were equipotent at inhibiting the binding of 125ICRH to intact keratinocytes. Immunocytochemistry identi®ed the CRH-Receptor type 1 in
HaCaT keratinocytes. Thus, human and mouse skin exhibit expression of the urocortin gene with
actual production of urocortin peptide. Moreover, CRH (exogenous or produced locally), and the
related urocortin and sauvagine peptides can modify human keratinocyte phenotype through a
receptor mediated pathway.
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The Expression and Regulation of Keratinocyte Nerve Growth Factor during Cutaneous
Wound Healing
G.J. Burbach, K. Kim,* A.S. Zivony, A. Kim, J.E. Olerud,² S.W. Caughman, C.A. Armstrong,
and J.C. Ansel
Department of Dermatology, Emory University, Atlanta, Georgia; *Department of Dermatology, Seoul
National University, Seoul, Republic of Korea; ²Department of Dermatology, University of Washington,
Seattle, Washington
Nerve growth factor (NGF) is an essential neurotrophic factor required for both growth and
maintenance of cutaneous sensory nerves. Although it has been reported that keratinocytes are
capable of producing NGF, little is known regarding regulation of NGF in the skin. We have
recently shown that the neuropeptides substance P and neurokinin A upregulate NGF mRNA and
protein expression in murine PAM 212 keratinocytes. We have now found that both substance P
and neurokinin A are capable of directly inducing increased human keratinocyte NGF mRNA,
released NGF, and NGF bioactivity. Since neuropeptides are known to be released in the skin
during in¯ammation and wound healing, we examined keratinocyte NGF expression in a murine
cutaneous wound healing model. Experimental incisional wounds on normal mouse skin were
generated, then biopsied at 0, 2, 6 h and 1, 3, 5, and 7 d. Expression of NGF protein in the
regenerating epidermis was signi®cantly upregulated over time predominantly at the wound edges.
Although the speci®c factor inducing NGF in the regenerating epidermis still remains to be
determined, neuropeptides may play a particular role in wound healing through regulation of
NGF. Our results indicate for the ®rst time that keratinocyte NGF expression rapidly increases in
the epidermis at the wound edges, which then may trigger neurogenesis in the healing wound.

Evidence that Neurotrophins and Their Receptors are Involved in Hair Loss in the C3h
Mouse Model for Alopecia Areata
V.A. Botchkarev, P. Freyschmidt-Paul,* A. Bajoghli, N.V. Botchkareva, R. Hoffmann,* J.P.
Sundberg,² and B.A. Gilchrest
Departments of Dermatology, Boston University School of Medicine, Boston, Massachusetts;
*Phillips University Marburg, Marburg; ²Jackson Laboratory, Bar-Harbor, Maine
Neurotrophins (NT) are upregulated in the cells and tissues of patients affected by autoimmune
disorders, and also stimulate apoptosis-driven hair follicle (HF) regression (catagen). To determine
if NT play a role in the pathogenesis of alopecia areata (AA), the expression of NGF, BDNF, NT3, NT-4, and their receptors (TrkA, TrkB, TrkC, p75NTR) was examined by immunohistology
in the C3H mouse model for AA. In C3H mouse back skin, anagen HF not affected by AA
showed moderate expression of NGF, absence of BDNF, and co-expression of Trk and p75NTR
in the outer root sheath (ORS). In the AA-affected anagen HF, the levels of NGF and BDNF were
elevated in the outer and inner root sheath, respectively, and all Trk-receptors were downregulated
in the ORS. In contrast, the apoptotic receptor p75NTR was upregulated in the ORS, and was
ectopically expressed in the dermal papilla. NGF and NT-3 were strongly expressed in a subset of
macrophages in the in¯ammatory cell in®ltrates around the HF, and BDNF and NT-4 were
detected in CD4+ cells. Double immunolabeling showed that CD8+ cells in the in¯ammatory
in®ltrates also expressed p75NTR. In the AA-affected skin, CD4+ cells expressed TrkB and TrkC
In the in¯ammatory in®ltrates, numerous macrophages, identi®ed by MOMA-2 immunoreactivity, co-expressed TrkB, while dermal dendritic NLDC145-immunoreactive cells were also
p75NTR+. Taken together, these data suggest involvement of neurotrophins in the control of
premature HF catagen development, keratinocyte apoptosis, and cell interactions in the
in¯ammatory in®ltrates in the AA-affected skin, and raise a possibility that antagonists of Trk
and p75NTR may provide a novel treatment for this disorder.
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Indications for a Role of Selected Neuropeptides in Hair Cycle Control
E.M.J. Peters, V.A. Botchkarev,* N. V. Botchkareva,* K. Fechner,² D.J. Tobin,³ and R. Paus
Department of Dermatology, University Hospital Eppendorf, Hamburg, Germany; *Department of
Dermatology, Boston University School of Medicine, Boston, Massachusetts; ²Research Institute for Molecular
Pharmacology, Berlin, Germany; ³Department of Biomedical Sciences, University of Bradford, Bradford,
U.K.
In order to further explore the hypothesis that selected neuropeptides are involved in the control of
hair follicle cycling, we determined the distribution and hair cycle-dependent remodeling of
sensory nerve ®bers immunoreactive (IR) for calcitonin gene-related peptide (CGRP), substance P
(SP), and peptide histidine methionin (PHM, = vasoactive intestinal peptide [VIP] precursor) in
C57BL/6 mouse back skin. Synchronized active hair growth (anagen) was associated with a
substantial increase in the sensory innervation of murine skin: Compared to skin with all HF in the
resting phase (telogen), the number of single, CGRP-, SP-, and/or PHM-IR ®bers in both the
dermis and the subcutis increased signi®cantly (p < 0.01), inclusive the number of CGRP-IR
®bers at the level of the hair follicle isthmus and bulge region (follicular network B). To probe the
functional signi®cance of these ®ndings, neuropeptides where administered in murine skin organ
culture. SP signi®cantly accelerated anagen progression, while CGRP inhibited it (p < 0.05), while
PHM and VIP had no signi®cant affect. The anagen-inhibitory effect of CGRP could be
antagonized by the coadministration of SP. In contrast to SP, CGRP was not able to induce anagen
when released continuously from subcutaneous implants in telogen mice. This might re¯ect an
antagonistic functional assignment of the sensory neuropeptides CGRP and SP in hair-cycle
associated tissue remodeling, and further encourages one to systematically explore the use of
neuropeptide receptor agonists and antagonists as novel pharmacological tools for therapeutic hair
growth manipulation.

a-MSH Opposes Proin¯ammatory Cytokine Action in Pigmentary and NonPigmentary Skin Cells
J.W. Haycock
University of Shef®eld, Shef®eld, U.K.
a-MSH has a role in cutaneous pigmentation, but also has potent anti-in¯ammatory potential in
vivo, including the skin. Previous work from our group has demonstrated a-MSH inhibiting TNFa stimulated ICAM-1 upregulation and NF-kB activation in human pigmentary melanocytes and
melanoma cells. We therefore investigated whether a-MSH has a more conserved ability to signal
events in pigmentary and nonpigmentary cutaneous cells. We report that TNF-a (200 units
per ml) activated NF-kB after 30 min (by immunolabeling for cellular localisation of p65) in an
HBL melanoma cell line and a HaCaT keratinocyte cell line. a-MSH preincubation (10±11±10±8
M) inhibited NF-kB activation. Inhibition was cAMP dependent as forskolin or isobutyl
methylxanthine were also effective. We also investigated a-MSH action on intracellular calcium
release (using Fura-2). a-MSH alone was not effective in either cell type. However, if cells were
costimulated with PIA (an adenosine agonist which reduces cAMP accumulation) and a-MSH
(10±10±10±6 M) intracellular calcium elevation was observed in both cell types. We conclude that a
-MSH opposes TNF-a action on NF-kB p65 in cutaneous cells, irrespective of pigmentary
potential. a-MSH also triggered intracellular calcium release in both cell types, but only if the
cAMP pathway was inhibited. The present work supports a conserved anti-in¯ammatory role for
a-MSH in different cutaneous cell types.
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Nerve Growth Factor Induces Melanocyte Proliferation at Low Doses and Apoptosis at
High Doses, Both Through the 75 kDa Neurotrophin Receptor
S. Zhai, M. Yaar, I.M. Hadshiew, and B.A. Gilchrest
Boston University School of Medicine, Boston, Massachusetts
Nerve growth factor (NGF) is a soluble polypeptide synthesized and secreted by keratinocytes.
Neural crest derived melanocytes (Mc) express NGF receptors: a 75-kDa pan-neurotrophin
receptor (p75) and, after PKC activation, also trk A. Coordinate binding of NGF to both receptors
is known to induce signaling through trk A. However, it is not known if NGF can signal through
p75 alone in Mc. To investigate p75 signaling after NGF stimulation, Mc and NIH 3T3 cells
engineered to stably express p75 (p75 3T3) were maintained in serum free medium and stimulated
with increasing NGF concentrations. Interestingly, doses of < 5 nM signi®cantly increased yields
Mc (p < 0.008) and p75 3T3 (p < 0.02) by 26 6 3% and 41 6 19%, respectively. Conversely,
doses of > 50 nM decreased Mc and p75 3T3 yields by 16 6 8% and 28 6 10%, respectively. NGF
did not affect NIH 3T3 cells transfected with the pCMV plasmid vector alone, and preincubation
of Mc with K252a or K252b, kinase inhibitors that block the action of NGF on trkA, had no effect
on these NGF actions in Mc. To further elucidate the nature of NGF effects, cells were pulsed with
3H-thymidine for 24 h after NGF (< 5 nM). Compared to diluent, NGF increased 3H-thymidine
uptake by > 48% in p75 3T3 and by > 80% in Mc. To determine if at high doses (> 50 nM) NGF
activates p75 to induce apoptosis, cell lysates were subject to ELISA assay and the level of
cytoplasmic DNA-histone complexes were determined. DNA-Histone levels were > 3 fold
and > 2 fold increased in NGF treated p75 3T3 and Mc, respectively, and cell viability (measured
by MTT assay) was > 30% decreased after 72 h. To verify that these NGF effects are mediated
through p75, Mc and p75 3T3 were preincubated with a cyclic peptide CATDIKGKEC, that is
identical to the p75 binding loop of NGF and known to competitively block NGF binding to p75.
The peptide abrogated all the NGF effects. To elucidate the post-p75 signaling pathways, total
cellular RNA of cells stimulated with 5 or 60 nM NGF was processed for northern blotting and
hybridized with c-jun and c-myc cDNAs. While c-jun was rapidly and transiently induced in cells
stimulated with either low or high dose NGF, c-myc was transiently induced by 5 nM NGF but
remained elevated for 24 h in cells stimulated with 60 nM NGF. Furthermore, NFkB was
activated, as determined by its translocation from the cytoplasm to the nucleus, only in cells
stimulated with 60 nM NGF. Our data show that NGF signals through p75 alone in melanocytes
and that different NGF concentrations induce opposing effects by activating distinct post-receptor
signaling pathways. We speculate that after UV irradiation, low versus high levels of keratinocytederived NGF may determine Mc fate in the epidermis.

Interleukin-12 Promotes Dendropoiesis In Vivo: Implications for Tumor
Immunotherapy
C. Esche, V. Subbotin,* M. Lotze, and M. Shurin
Biological Therapeutics Program, University of Pittsburgh Cancer Institute; *Thomas E. Starzl
Transplantation Institute, Pittsburgh, Pennsylvania
Interleukin-12 (IL-12) and Flt3 ligand (FL) regulate hematopoiesis by stimulating proliferation,
differentiation and migration of progenitor and/or stem cells. We and others have recently shown
that FL administration induced the generation of functionally active dendritic cells (DC) in vivo.
Here, we evaluated the in vivo effect of IL-12 alone or in combination with FL on DC generation
and accumulation in murine spleen, lymph node, thymus, liver, and tumor tissues.
We found that both cytokines induced accumulation of functional DC in lymphoid and
nonlymphoid tissues. IL-12 stimulated predominantly myeloid dendropoiesis while FL induced
both myeloid and lymphoid dendropoiesis. Combination treatment resulted in a dramatic increase
in CD86+, and particularly, NLDC-145+ cells within the liver, which was largely due to cell
proliferation. Combination therapy also revealed the ability of FL to protect bone marrow cell
populations from IL-12-induced depletion in vivo. In vitro, we found a signi®cant FL-induced upregulation of IL-12 production of cultured DC at both mRNA and protein levels. This
phenomenon might be responsible, at least in part, for the synergy between FL and IL-12 in
mediating antitumor immune responses. IL-12 also induced accumulation of intratumoral DC
within C3 sarcoma. This effect might contribute to the survival advantage of IL-12 treated tumorbearers.
Thus, our study suggests that (i) the antitumor activity of IL-12 may, at least in part, be mediated
by the stimulation of dendropoiesis and (ii) IL-12 might contribute to the antitumor activity of FL.
Furthermore, induction of DC generation by a combination of FL and IL-12 represents a
promising approach for the immunotherapy of cancer including melanoma.
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Tumor Immunotherapy Using a Combination of Tumor Antigen-Pulsed Dendritic
Cells and Systemic Cytokines
M. Steinert, C. SunderkoÈtter, S. Beissert, T. Schwarz, and S. Grabbe
University of MuÈnster, MuÈnster, Germany
Due to their potent antigen presenting capacity, dendritic cells (DC) are currently under
investigation as immunotherapeutic agents for the induction of antigen-speci®c, T cell-mediated
immune responses. However, the effectiveness of this therapeutic approach for cancer treatment
depends upon the tumor model used and the tumor size upon onset of therapy. Therefore, we
tested whether DC-mediated tumor immunotherapy could be improved by concomitant systemic
application of GM-CSF, IL-2 and/or CD40L. Murine bone marrow-derived DC were generated
by culture in GM-CSF and IL-4 and subsequent activation with CD40L. DC were pulsed with
tumor antigen (TA) from the poorly immunogenic murine squamous cell carcinoma, KLN205,
and injected subcutaneously 2±3 times at weekly intervals into tumor-bearing mice. In addition,
following DC-vaccination mice were also s.c. injected with either GM-CSF (5 mg per mouse), IL2 (10.000 U per mouse), or CD40L (5 mg per mouse), or with a combination of these factors. A
combination of DC-immunotherapy and systemic administration of either CD40L or GM-CSF
plus IL-2 augmented the therapeutic ef®cacy, whereas addition of GM-CSF alone had no
bene®cial effect. Interestingly, regressing tumors exhibited a pronounced in®ltration with
granulocytes, macrophages and DC, and only scattered T cells. These data suggest that, in addition
to tumor-speci®c T cells, elements of the innate immune system are crucial for the actual
destruction of tumor cells. These preclinical studies may help to improve DC-immunotherapy
protocols for the treatment of human malignancies.
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Eradication of Established Lymphoma with Tumor-Speci®c Th1 Cells Depends on
CD40L and Interferon g
O. Egeter, R. Mocikat,* K. Ghoreschi, A. Dieckmann,* and M. RoÈcken
Department of Dermatology, Ludwig-Maximilians-University, Munich, Germany; *GSF-Institut fuÈr
Molekulare Immunologie, Munich, Germany
Adoptive transfer of allogeneic, T cell-containing bone marrow dramatically improved the cure
rate of certain leukemias, but frequently induces life-threatening graft versus host reactions. This
complication should be avoided by transferring autologous tumor-speci®c T cells. As adoptive
transfer of syngeneic, antigen-speci®c IFN-g producing CD4+ T cells (Th1) is highly tissue-speci®c
and most ef®cient in destroying the targeted tissue, we analyzed ef®cacy and safety of syngeneic,
tumor-reactive Th1 cells in the therapy of established, nonimmunogenic A20 lymphomas. Using
immunostimulatory CpG oligonucleotides, we ®rst established a system that allows to generate in
vitro large amounts of strongly polarized A20-speci®c Th1 cells within 3 wk of culture, even when
these CD4+ T cells were derived from tumor-bearing mice. To test the therapeutic capacity of
these tumor-speci®c Th1 cells, mice received a 100% lethal dose of A20 lymphoma and 7 d later
one single injection of 0.5 3 106 A20-speci®c Th1 cells. This therapy eradicated the tumor and
provided life-long protection in about 70% of the animals without inducing autoimmune disease.
The therapy was not impaired by depletion of CD8+ T cells, but critically required IFN-g and
CD40±CD40L interactions, suggesting a crucial role for proin¯ammatory macrophages in
eliminating established tumors. As therapeutically effective Th1 cells could also be generated from
tumor-bearing animals, transfer of tumor-speci®c Th1 cells provides a new approach to tumor
therapy that is safe and effective.

Optimal Anti-Tumor Immunity to Murine Squamous Cell Carcinoma is Dependent on
Both CD4+ and CD8+ T Cell Responses
M. Girardi, R.E. Tigelaar, R. Filler, and A.C. Hayday*
Yale University School of Medicine, New Haven, Conneticut; *GKT Guy's Hospital, London, U.K.
Utilizing the murine PDV keratinocyte tumor cell line and T cell receptor-b knockout (BKO)
mice, we have established a model system to characterize the adaptive immune response to SCC.
PDV cells (106 cells per site) injected intradermally into the bilateral ¯anks of BKO mice resulted in
a markedly increased tumor incidence and decreased tumor latency period, relative to syngeneic
C57BL/6 (B6) controls. Intravenous injection of 106 peripheral cells from previously PDVchallenged, but not from naive, B6 mice adoptively transferred tumor protection to BKO mice.
Peripheral cells from immunoprotected mice were depleted of CD4+ and/or CD8+ T-cells prior to
transfer into groups of BKO mice. All of the naive mice, as well as mice receiving CD4±CD8±
(double-depleted) transfers, rapidly developed SCC tumors postchallenge; mice receiving either
CD4± or CD8± (single-depleted) transfers were partially protected; and mice receiving nondepleted
transfers were completely protected. Enzyme-linked immunospot assay con®rmed the ability of
CD4+ (255 6 15 spots per well), but not CD8+ (4.5 6 3 spots per well; p < 0.005), T-cells to
recognize/respond to PDV tumor cells via the secretion of interferon (IFN)g. When CD4-KO,
IFNg-KO, b2microglobulin (b2m)-KO, and syngeneic B6 mice were challenged with PDV cells,
tumor site incidence was observed at three weeks to be markedly increased in all mutants (50%
CD4-KO, 94% IFNg-KO, 88% b2m-KO) versus B6 controls (10%). These results indicate that in
addition to an adequate CD8+ T cell response, antigen-speci®c, IFNg-secreting, CD4+ T-cells are
required for an optimal antitumor immunity to SCC.

Intracutaneous Application of a pDNA Encoding the Autologous Melanoma
Differentiation Antigen Pme117/gp100 Induces a Speci®c and Protective Antitumor
Immune Response
S.N. Wagner, C. Wagner, P. Luehrs,* T.K. Weimann, R. Kutil,* M. Goos, G. Stingl,* and A.
Schneeberger*
Department of Dermatology, University School of Medicine, Essen, Germany; *Department of Dermatology,
University School of Medicine, Vienna, Austria
We and others have demonstrated recently that genetic immunization against the melanoma
associated antigen (MAA) Pmel17/gp100 can lead to a protective in vivo antitumor immune
response (IR) in the experimental B16/C57BL/6 (H2-b) melanoma model. However, in this
model protective IRs were generated only after vaccination with the xenogeneic human Pmel17/
gp100 homologue as the result of a fortuitous heteroclitic response against the corresponding
murine epitope. Thus, this vaccination model is in no way predictive for the human system and
needs reevaluation in experimental tumor models with different genetic background. Therefore,
we used DBA/2 (H2-d) mice that were genetically immunized by direct i.c. injection of
autologous H2-d-derived Pmel17/gp100 pDNA and scored for protection against subsequent
challenge with syngeneic Cloudman M3 melanoma cells. Immunized mice showed signi®cant
protection against subsequent melanoma challenge with Pmel17/gp100 high expressing M3
melanoma cells as compared to control mice immunized with vector pDNA alone (p < 0.001 at
day 15), but not against challenge with Pmel17/gp100-low expressing M3 variants or Pmel17/
gp100-negative unrelated syngeneic tumor cells. Relevant immunological mechanisms underlying
this protection were analyzed as follows: (i) in vivo CD4+/CD8+ T cell depletion experiments
resulted in loss of this protection; (ii) CTL assays with splenocytes from immunized mice
demonstrated induction of a Pmel17/gp100-speci®c T cell response; and (iii) immunohistochemical analysis of tumor escape variants in immunized mice consistently demonstrated loss of Pmel17/
gp100 expression. These results demonstrate for the ®rst time that i.c. genetic immunization with
autologous Pmel17/gp100 pDNA can break autoimmune tolerance and lead to protection against
melanoma cells as the result of the induction of a MAA-speci®c T cell IR.
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Adenovirus-Mediated Gene Delivery of Tissue Inhibitor of Metalloproteinases-3 Inhibits
Melanoma Growth
M. Ahonen, A.H. Baker,* and V.M. KaÈhaÈri
University of Turku, Turku, Finland; *University of Glasgow, Glasgow, U.K.
We have recently shown that adenovirus-mediated expression of tissue inhibitor metalloproteinases-3 (TIMP-3) inhibits invasion and induces apoptosis in melanoma cells in culture. We have
now examined the effect of adenovirus-mediated gene delivery of TIMP-3 on growth of human
melanomas in vivo. Human A2058 melanoma cells (1 3 106) were injected s.c. in the back of SCID
mice and tumors were allowed to grow to size of 50±100 mm3. Single injection of tumors with bgalactosidase coding adenovirus RAdlacZ (1.4 3 109 pfu) followed by X-gal staining 24 h later
showed lacZ expression in melanoma cells. Tumors were then injected three times every 24 h with
adenoviruses coding for TIMP-3 (RAdTIMP-3), TIMP-1 (RAdTIMP-1) null adenovirus
(RAd66) (1.4 3 109 pfu each), or with PBS. TIMP-3 expression inhibited tumor growth for a 2wk follow-up. Repeating the set of three daily RAdTIMP-3 injections three times at 1 wk
intervals inhibited growth of injected tumors for the follow-up period of 3 wk. Injection with
RAdTIMP-1 or RAd66 had no marked effect on tumor growth. These observations show that
adenovirus-mediated delivery of TIMP-3 inhibits growth of human melanoma in vivo in SCID
mice, validating further exploration of its feasibility in cancer gene therapy.

Oral Administration of Noscapine Inhibits Cutaneous Melanoma Growth in a Murine
Model
A.W. Adams, S. Dithmar,* P. Bonaccorsi, H. Yang, H.E. Grossniklaus,* J.C. Ansel, J.A. Kapp,*
and C.A. Armstrong
Department of Dermatology, Emory University, Atlanta, Georgia; *Department of Ophthalmology, Emory
University, Atlanta, Georgia
Malignant melanoma has been largely resistant to standard chemotherapy and radiation regimens.
Noscapine is a non-narcotic antitussive drug which has been shown to have signi®cant in vitro and
in vivo antitumor activity against murine thymoma and human breast and bladder tumors. We have
tested the ability of orally administered noscapine to inhibit murine melanoma growth. We ®rst
determined that noscapine inhibits in vitro growth of B16LS9 murine melanoma cells. To test in
vivo tumor inhibition, syngeneic C57BL/6 mice were injected with 1 3 106 B16LS9 melanoma
cells sc and treated from day 4 after injection with noscapine in drinking water or acidi®ed water as
a control until euthanasia or death. There was a dose-dependent delay and inhibition of tumor
growth in noscapine treated mice. At day 20, there was 64%-69% (1.5 mg per ml, low-dose) and
84% (3.0 mg per ml, high-dose) reduction of average tumor volume. Average survival time in
noscapine-treated groups was increased with survival times of 18.4 d (control), 22 d (low-dose),
and greater than 28 d (high-dose). Additionally, noscapine inhibited the rate of spontaneous
pulmonary metastases observed at the time of euthanasia. These ®ndings are the ®rst demonstration
of an antitumor effect of oral noscapine against melanoma. This agent is particularly attractive given
its ease of administration and low toxicity. Studies of the mechanisms of action and ef®cacy in
other tumor models and in combination with other therapeutic agents are warranted.
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BCL-XL Antisense Oligonucleotides (ISIS 16009) Chemosensitize Human Melanoma
Cells
E. Heere-Ress, C. Thallinger, T. Lucas, H. Schlagbauer-Wadl, C. Marsik, H. Eichler, K. Wolff,
B.P. Monia,* H. Pehamberger, and B. Jansen
University of Vienna, Vienna, Austria; *Isis Pharmaceuticals, Carlsbad, California
Malignant melanoma is a well known example of cancer that responds poorly to a variety of
treatment modalities including chemotherapy. It has been suggested that genes regulating apoptotic
cell death may play an important role in determining the sensitivity of tumor cells to
chemotherapy. Bcl-xL, a well-described cell survival protein, is highly expressed in up to 100% of
human melanomas. It is thus reasonable to speculate that high levels of Bcl-xL are capable of
blocking chemotherapy induced apoptosis. The aim of the present study was to elucidate the effect
of Bcl-xL downregulation on chemoresistance of human JUSO melanoma cells. Using cisplatin as
the chemotherapeutic agent, we could demonstrate that a reduction of Bcl-xL protein by Bcl-xL
antisense oligonucleotides (ISIS 16009) at 200 nM in the presence of uptake enhancing lipids
increased chemotherapy induced apoptosis and improved the chemosensitivity of human
melanoma cells by 62 6 SD 4.6% when compared to cells treated with mismatch control
oligonucleotides (ISIS 16967). The results could be con®rmed by Bcl-xL transfection studies with
the same melanoma cell line. Overexpression of Bcl-xL in stably transfected melanoma cells
signi®cantly reduced their sensitivity against cisplatin treatment. This study demonstrates that BclxL is an important factor contributing to the chemoresistance of human melanoma. The reduction
of Bcl-xL by antisense oligonucleotides provides a rational and promising approach that may help
overcome chemoresistance in this malignancy.

Anti-Metastatic Activity of Hammerhead Ribozymes Targeting Adhesion Molecules in
Melanoma
M. Kashani-Sabet, G. Tu, Y. Liu, and R. Debs
Department of Dermatology, University of California, San Francisco, California; California Paci®c Medical
Research Institute, San Francisco, California
Hammerhead ribozymes have been investigated as anti-neoplastic agents in a number of preclinical model systems. In this study, we examined the systemic delivery of ribozymes targeting
adhesion molecules using cationic liposome: DNA complexes (CLDC) in a murine model of
melanoma metastasis. Ribozymes were designed to target the murine PECAM and integrin b3
genes. The ribozymes were cloned into a novel HCMV plasmid containing the CMV promoter as
well as EBV-based sequences enabling prolonged in vivo gene expression. Ribozyme expression
was demonstrated by RT-PCR analysis following transfection into B16 murine melanoma cells. In
vivo studies in syngeneic C57bL/6 mice revealed that a single intravenous injection of several
ribozyme-containing CLDC 7 d following tail vein injection of B16-F10 cells resulted in
signi®cant inhibition of lung metastasis when compared to control vectors expressing lucifersase.
These results demonstrate the anti-tumor activity of ribozymes targeting adhesion molecules in a
systemic model of melanoma metastasis.
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Identi®cation of Nicotinic Receptors in Human Skin Fibroblasts and Study of Their
Role in Mediating Tobacco-related Skin Disease
L.L. Hall, R. Buchli, A. Ndoye, R.J. Webber,* and S.A. Grando
University of California Davis, Sacramento, California; *Research & Diagnostic Antibodies, Richmond,
California
Increased skin wrinkling in smokers suggested that tobacco products alter synthesis and/or
degradation of dermal matrix proteins by acting on ®broblasts (FB). Anti-oxidants only partially
prevented tobacco effects, suggesting that nicotine rather than free radicals played an important
role. Nicotine acts on cutaneous cholinergic systems displacing acetylcholine from its nicotinictype cholinergic receptors (nAChRs). We have previously characterized nAChRs in keratinocytes
and melanocytes. In this study, we demonstrate that human skin FB express nAChRs. Screening of
total ®broblast RNA with speci®c primers revealed sequences which are unique for classic a1, a2,
a3, a5, a6, a7, b1, and b2 nAChR subunits. To con®rm the synthesis of nAChR subunit
proteins, we raised subunit-speci®c polyclonal antibodies and used them in immuno¯uorescence
assays. Speci®c staining of the cell membrane of FB was achieved with antibody to each nAChR
subunit used. Human FB may therefore have three types of acetylcholine-gated ion channels: the
muscle-type and two neuronal-type channels. To determine if ®broblast nAChRs can mediate the
effects of tobacco products on maintenance of dermal matrix, we performed semiquantitative PCR
analysis of nicotine effects on the expression of the collagen type 1 aI, elastin, and MMP13
(collagenase 3) in cultured FB. All studied genes were expressed above their basal levels after 24 h
of incubation with 10 mM nicotine, and the levels of their expression normalized on the third day.
These results indicate that human FB express functional nAChRs that can mediate tobacco-related
disease of human skin, including premature aging and delayed wound healing.

Coenzyme Q10 Protects Mitochondrial Membrane Potential in Human Skin Cells
Against Oxidative Stress
T. Blatt, C. Mundt, C. Mummert, D.O. Schachtschabel,* K.-P. Wittern, and F. StaÈb
*Clinical Department of Physiological Chemistry, University of Marburg, Germany; PGU R&D Center,
Beiersdorf AG, Hamburg, Germany
Exogenous noxes, especially UV-irradiation, contribute to photoaging of human skin. Reactive
oxygen species (ROS) induced by UV-light can impair the function of mitochondria and the
energy state of skin cells involved in the complex process of skin aging.
Our in vitro experiments using primary dermal ®broblasts demonstrate that the constitutive levels of
intracellular peroxides are signi®cantly enhanced and the mitochondrial membrane potential
(MMP) is signi®cantly reduced in primary skin cells from old compared with young human
donors. Coenzyme Q10, applied in vitro as well as applied topically in vivo can signi®cantly protect
primary human skin cells against UVA-induced depletion of MMP and enhanced phosphorylation
of tyrosine residues. The selective depletion of MMP using the K+ ± Ionophor valinomycin resulted
also in an enhancement of tyrosine phosphorylation in primary skin cells, but cannot be
counteracted by Coenzyme Q10. Additionally, our ®ndings indicate a close relationship of
mitochondrial processes and the modulation of intracellular signal transduction in aging of skin
cells.

Bulbar, but not Outer Root Sheath, Melanocyte Populations Are Altered During
Whitening of Hair Due to Aging
T.J. Jenner and V.A. Randall
Department of Biomedical Sciences, University of Bradford, Bradford, U.K.
Hair follicle pigmentation is not well understood, though bcl-2 (an antiapoptotic factor) is required
for a second pigmented coat in mice. Our previous studies have shown that pigmented
melanocytes in the bulb exhibit melanocyte antigens and bcl-2; the outer root sheath contains
smaller numbers of inactive cells expressing these factors plus immature melanocyte-lineage cells
staining only with NKI Beteb. This study investigated the characteristics of melanocytes in greying
and white hair follicles. Human scalp skin cryosections from ®ve people (45±60 y) with grey and
white hair due to aging and eight (38±52 y) with pigmented hair were stained with monoclonal
antibodies to melanocyte-lineage markers (NKI-Beteb, HMB-45 and Mel-2) and bcl-2. Antigen
expression in the epidermis, infundibulum and the lower follicle outer root sheath was unchanged.
In the hair bulb, the number of cells expressing all antigens was signi®cantly reduced in greying hair
follicles (p < 0.01±0.001); no staining occurred in follicles with white hairs. These results suggest
that the only changes in greying and unpigmented hair follicles occur within the hair bulb itself,
with signi®cantly fewer melanocytes or none present. No differences were seen in the putative
reservoir melanocytes of the outer root sheath implying that these cells may possibly be able to be
reactivated to repigment the follicle. Since the proportion of bulbar melanocytes expressing bcl-2
remained unchanged, the aging mechanisms do not appear to involve premature apoptosis via
alterations in the bcl-2 pathway.

Cigarette Smoke Induces Oxidative Stress in Cultured Normal Human Dermal
Fibroblasts and Epidermal Keratinocytes
L. Bernhofer, D. Sher, S. Shapiro, and K. Martin
Skin Research Center, Johnson & Johnson Consumer Products Worldwide, Skillman, New Jersey
Skin is constantly exposed to various forms of oxidative stress including ultraviolet light, chemicals
and environmental pollutants such as cigarette smoke. Cigarette smoke is a complex mixture of
thousands of different chemicals and is a concentrated source of a variety of reactive oxygen species
(ROS). We show that exposure of monolayers of normal human dermal ®broblasts, epidermal
keratinocytes or human epidermal equivalents to gas phase cigarette smoke results in oxidative
DNA damage (caspase-3), increased lipid peroxidation (Malondialdehyde, Isoprostane) and a
depletion of part of the natural cellular defense, intracellular thiol. We demonstrate that
antioxidants are able to provide protection against the cigarette smoke induced oxidative stress.
Using this model we are able to screen for natural antioxidants and synergistic cocktails of actives
that may be useful in protecting the skin from environmental oxidative stress.

VOL. 114, NO. 4 APRIL 2000

ABSTRACTS

309

310

311

312

Inhibition of UV Induced MMP-1 in Epidermal Equivalents by Antioxidants
K.M. Martin, P. Lyte, K. Mazuruk, and S. Shapiro
Skin Research Center, Johnson & Johnson Consumer Products Worldwide, Skillman, New Jersey
Chronic exposure to sunlight has been shown to induce matrix metalloproteinase (MMP) synthesis
in human skin, resulting in elevated levels of MMPs and contributing towards photoaging.
Reactive oxygen species (ROS) are believed to be important second messengers in this process
resulting in an up-regulation of c-fos and c-jun which bind to form the transcription factor AP-1.
Using human epidermal equivalents, we demonstrate in vitro an up-regulation of MMP-1 mRNA
and secreted protein following irradiation with solar spectrum light. We also demonstrate that
antioxidants such as ascorbic acid, a-tocopherol or green tea polyphenols are able to provide doserelated protection against this UV induced MMP synthesis. Using this model we are able to screen
for natural antioxidants and synergistic cocktails of actives that may be useful to protect against UV
induced matrix degradation and photoaging.
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Epidemiological and Molecular Study on the Premature Skin Aging Induced by
Environmental Factors: Ultraviolet Exposure and Tobacco Smoking
L. Yin, A. Morita, and T. Tsuji
Department of Dermatology, Nagoya City University Medical School, Nagoya, Japan
Previous studies have provided evidence that photoaging caused by ultraviolet (UV) exposure and
the premature skin aging are potentially related to another environmental factor: tobacco smoking.
However, their relationship and the underlying pathogenic mechanisms still remain unclear. We
here conducted a cross section study of 83 subjects (48 male, 35 female, age range: 23±95). Sun
exposure, packyear of smoking history and potential confounding variables were assessed by
questionnaire. Facial wrinkles were quanti®ed as Daniell score. The stepwise regression analysis of
Daniell score showed that age, packyear and sun exposure were signi®cantly associated with facial
wrinkles with the following formula: Daniell score = ±1.24 + 0.05 3 age + 0.015 3 packyear + 0.158 3 sun exposure. With the logistic statistic analysis model, we found that age (odd ratio
[OR] = 3.4, 95% con®dence interval [CI] = 1.2±9.8), packyear (OR = 6.8, 95%CI = 2.1±25.7),
and sun exposure (OR = 3.3, 95%CI = 1.2±10.6) were independently contribute to the facial
wrinkles. The results suggested that a subject with high packyear (>30 packyears) and sun exposure
(>2 h per day) had a 22 times higher risk to develop severe skin wrinkling than a subject who never
smoked and had less sun exposure (<2 h per day) at the same age. In vitro studies, we also
investigated the alteration of matrix metalloproteinases-1 (MMP-1) mRNA expression in human
®broblasts stimulated with UVA, UVB, or/and tobacco smoke extract. MMP-1 expression
signi®cantly increased upon all these stimulations. In particular, maximum induction was observed
after treatment with UVA plus tobacco smoke extract as compared with either UVA or tobacco
smoke extract alone. We also investigated the role of reactive oxygen species (ROS) by employing
®broblast lines with various GSH contents. MMP-1 induction was signi®cantly higher in low GSH
®broblasts compared to that in high GSH ®broblasts. Taken together, we provide evidence for
synergistic effects of ultraviolet exposure plus tobacco smoke extract on skin ®broblast, which
could con®rm the results of in vivo study. We propose that UV and tobacco smoking, which are
environmental threat to skin, increase its risk of premature skin aging through the induction of
MMP-1 via ROS production.

Paraneoplastic Pemphigus Sera React with Multiple Epitopes on the Entire Molecules of
Envoplakin and Periplakin, Except for C-Terminal Domain of Periplakin
Y. Nagata, W. Salmhofer, C. Ruhrberg,* F. Watt,* and T. Hashimoto
Department of Dermatology, Kurume University School of Medicine, Fukuoka, Japan; *Keratinocyte
Laboratory, Imperial Cancer Research Fund, London, U.K.
Envoplakin and periplakin, members of plakin family, have been identi®ed as major autoantigens
in paraneoplastic pemphigus (PNP). In order to characterize the immunopathologic mechanism in
PNP, we prepared recombinant proteins for envoplakin and periplakin, and examined the
reactivity of PNP sera. Using pGEX bacterial expression vectors, we prepared truncated
recombinant proteins, covering N-terminal domains (907aa ENV-N, 944aa PPK-N), central rod
domains (766aa ENV-M, 611aa PPK-M) and C-terminal domain (360aa ENV-C) each for
envoplakin and periplakin, as well as recombinant proteins for C-terminal homologous domains
(111aa ENV-H, 111aa PPK-H). PPK-H covers entire C-terminal domain of periplakin. We
examined 26 sera from clinially and immunologically typical PNP patients and 10 control sera for
the reactivity with these recombinant proteins. Out of 26 PNP sera, 23 sera reacted with ENV-N,
16 sera with ENV-M, and 15 sera with ENV-C, whereas 16 PNP sera reacted with PPK-N and 15
sera with PPK-M. Surprisingly, while as many as 18 PNP sera reacted strongly with ENV-H, only
three sera reacted with PPK-H. None of the 10 normal sera reacted with any recombinant
proteins. These results suggest that the multiple epitopes for the PNP sera are present on the entire
molecules of envoplakin and periplakin, probably via epitope-spreading phenomenon. Like
BP230, the C-terminal homologous domain of envoplakin harbors major epitopes. However, that
very few PNP sera reacted with the corresponding region of small C-terminal domain of periplakin
might indicate that the mechanism of autoantibody production in periplakin is different from those
in other plakin family autoantigens.

Hemizygosity for a Glycine Substitution in Collagen XVII: Unfolding and Degradation
of the Ectodomain
K. Tasanen, M. Floeth, H. Schumann, and L. Bruckner-Tuderman
Department of Dermatology, University of Oulu, Oulu, Finland; Department of Dermatology, University of
MuÈnster, MuÈnster, Germany
Collagen XVII links basal keratinocytes to the basement membrane. Subsequently, mutations in its
gene, COL17A1, are associated with epidermal dysadhesion in junctional epidermolysis bullosa
(JEB). Although a number of COL17A1 mutations have been described, the molecular
mechanisms leading to disease have remained elusive. Here we assessed the biological
consequences of a missense mutation by studying the folding and stability of wildtype and
mutated recombinant collagen XVII domains. The mutation occurred in a JEB patient who was
compound heterozygous for the novel glycine substitution mutation G633D and the novel
nonsense mutation R145X. Collagen XVII mRNA was reduced to 41%, indicating nonsensemediated mRNA degradation and hemizygosity of the patient for the G633D substitution. Since
glycine residues within the collagen triple-helices are important for a stable conformation, the
mutation was generated into eukaryotic recombinant Col-15 domain of collagen XVII. Analysis of
the thermal stability of wildtype and mutated recombinant fragments revealed a 7°C lower melting
temperature of the mutated fragment, indicating abnormal triple-helix folding and susceptibility of
the inadequately folded sequences to proteolysis. Consistently, immunoassays demonstrated
reduced expression of the full-length collagen XVII and absence of the soluble ectodomain in
keratinocyte cultures, and absense of the ectodomain from the JEB skin. These observations show
that the glycine substitution G633D in collagen XVII causes abnormal folding and susceptibility to
degradation, and thus perturbs the physiological adhesive functions of collagen XVII in the skin.
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Mapping of the Major Conformational Epitopes of Desmoglein 1, Pemphigus Foliaceus
Antigen, by Domain-Swapped Molecules
M. Sekiguchi, Y. Futei, Y. Fujii, T. Iwasaki, M. Amagai, and T. Nishikawa
Department of Dermatology, Keio University School of Medicine, Department of Internal Medicine, Faculty
of Veterinary Medicine, Tokyo University of Agriculture & Technology, Tokyo, Japan
Desmoglein 1 (Dsg1) is the cell surface target antigen of pemphigus foliaceus (PF). IgG
autoantibodies in PF sera recognize mostly conformation-dependent epitopes of Dsg1 with no
apparent cross-reactivity to Dsg3. The purpose of this study is to map the major conformational
epitopes on the extracellular domain of Dsg1 (amino acid residues 1±496, residue 1 is the amino
terminus of the mature form of Dsg1) in PF. To maintain the proper conformation, we have
produced a series of domain-swapped molecules between Dsg1 and Dsg3 by baculovirus
expression system. Initially four different molecules were constructed by substituting a region of
Dsg1 at the corresponding position in the Dsg3 domain (1±161, 1±401, 162±496, 402±496). The
interaction of the domain-swapped molecules and PF sera (n = 31) was accessed by competition
enzyme-linked immunosorbent assay (ELISA) against Dsg1 as well as direct ELISA. The molecule
containing residue 1±161 (corresponding to EC1 and a part of EC2) showed strong competition
activity in the majority of PF sera accounting for 50±100% of the autoantibody reactivity toward
Dsg1. Based on this result, another six domain-swapped molecules were constructed (1±24, 1±64,
1±87, 25±496, 65±496, 88±496) to further map within the EC1 domain. The competition ELISA
demonstrated that the amino acid sequences 25±87 in EC1 domain contain the critical residues of
the conformational epitopes of Dsg1 in PF. Further pinpoint mapping is under way by changing a
single amino acid of Dsg3 to the corresponding amino acid of Dsg1 by site-directed mutagenesis.

Mucous Membrane Pemphigoid: Anti-laminin-5 Antibodies are Primarily Directed
Against the G-domain of Laminin a3 Subunit and Induce Sub-epidermal Blisters in
Human Skin Grafted on SCID Mouse
R. Ghohestani and J. Uitto
Thomas Jefferson University, Philadelphia, Pennsylvania
Laminin a3, b3 and g2 chains, the constitutive subunits of laminin 5, are recognized by IgG
antibodies in sera from patients with mucous membrane pemphigoid (MMP). We have developed
an ELISA assay for detection of antilaminin-5 antibodies and identi®ed 11 MMP cases which
reacted with puri®ed laminin-5. Western blot analysis on native laminin 5 revealed speci®c
reactivity of the sera against the a3 (seven cases), b3 (three cases), or g2 (one case) subunits. Six of
the seven anti-a3 MMP sera reacted speci®cally with a fusion protein corresponding to G2-G3
domain of the a3 laminin. No sera reacted with fusion proteins corresponding to other segments of
the a3 chain. The immunoreactivity of G2-G3 domain was con®rmed by raising high titer
polyclonal antibodies in rabbits. The pathogenic effect of puri®ed IgG antibodies recognizing the
G2-G3 domain was determined in SCID mice grafted with normal human skin. The IgG
antibodies, administered subcutaneously, disrupted the dermal-epidermal junction at the level of
lamina lucida as visualized by transmission electron microscopy. The IgG deposits were found
along the dermal side of split skin in a pattern similar to mAb to laminin-a3. Control groups
receiving normal IgG did not show any subepidermal split. This study demonstrates the presence of
a pathogenic epitope along the G-domain of the a3 subunit and provides evidence for the key role
of G domain of laminin 5 in cell/matrix adhesion.
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Detection of IgG4 Deposits Using a Single-Step Direct Immuno¯uorescence on
Natrium Chloride-Separated Skin and Elevated Levels of Serum Total IgE in Active
Bullous Pemphigoid
M. Bowszyc-Dmochowska, W. Silny, and M. Dmochowski
Department of Dermatology, University School Medicine, Poznan, Poland
The results of studies on the involvement of subclasses of IgG antibodies in pathogenesis of bullous
pemphigoid (BP), particularly in relation to the activity and remission of the disease, are
inconsistent.
We examined seven elderly women with con®rmed BP for the presence of IgG4 deposits using
direct immuno¯uorescence (DIF) on salt-split skin from the area immediately adjacent to fresh (less
then 24-h-old) blisters. In each case, the level of separation was examined using immunoperoxidase
(ABC) technique with monoclonal antibodies to alpha6 integrin and type IV collagen. The singlestep DIF was performed with FITC-coniugated mouse antihuman IgG4 monoclonal antibody, and
photographic documentation was done using digital photomicrography system. Moreover, the
levels of serum total IgE were examined using standard ELISA in seven studied BP cases and in
eight control cases: four pemphigus vulgaris (PV) cases, one epidermolysis bullosa acquisita (EBA)
case, one porphyria cutanea tarda (PCT) case, and two oral lichen planus (LP) cases.
The linear IgG4 deposits were detected on epidermal side of the split in four BP cases and on both
epidermal and dermal side of the split in two BP cases. Elevated levels of serum total IgE were
detected in ®ve BP cases. In two of control PV cases, the IgE levels were elevated, whereas in all
other control cases (an EBA case, a PCT case, and two LP cases) IgE levels were normal.
Our results suggest that IgG4 antibodies might be involved in early pathogenesis of BP in situ.
Moreover, our results are in agreement with the data suggesting that BP might be Th2-mediated
disease.

Desmoglein-1 Epitopes Recognized by Autoantibodies from Patients with Fogo
Selvagem
L. Arteaga, S. Warren, Z. Liu, M. Lin, and L. Diaz
Department of Dermatology, Medical College of Wisconsin, Milwaukee, Wisconsin; Department of
Physiology, Faculty of Medicine, UNT, Trujillo, Peru
Fogo Salvagem (FS) is a cutaneous autoimmune disease characterized by subcorneal blistering and
pathogenic autoantibodies against desmoglein-1 (Dsg1). FS is endemic in certain regions of Brazil
and thought to be triggered by exposure to an environmental antigen(s). From the passive transfer
animal model experiments, it was shown that neonatal BALB/C mice that receive anti-Dsg1
autoantibodies develop clinical, histological, and immunological features similar to those of FS,
indicating that autoantibodies play a major role in the development of this disease. At present, the
epitope(s) recognized by anti-Dsg1 autoantibodies is still unknown. The objective of this study was
to perform an epitope mapping analysis using recombinant fusion proteins (rFPs) encompassing the
full length of the Dsg1 ectodomain. For this purpose, 11 continuous overlapping Dsg1 peptides
were constructed as glutathione-s-transferase (GST)-linked proteins and expressed in the bacterial
hosts. The autoantibody reactivity of well characterized sera from 12 FS patients in Limao Verde,
Brazil to these Dsg1 rFPs was analyzed by immunoblotting (IB) procedures. From these results, we
found a shared epitope located on the carboxy-terminus of Dsg1 (nucleotides#1365±1553) that
was recognized by all FS sera tested (12 of 12). Sera from other patient groups such as herpes
gestationis (n = 4) and bullous pemphigoid (n = 4), as well as normal donors (n = 4) failed to
recognize this epitope, indicating that the autoantibody reaction to this Dsg1 epitope is speci®c to
FS. In addition, two common epitopes recognized by 11 FS sera were found to be located on the
nucleotides#861±1055 region and the N-terminus of the Dsg1 (nucleotides#225±481). The
pathogenic relevance of these three epitopes in the development of FS lesions is currently under
investigation.

Bullous Pemphigoid Sera Preferentially and Speci®cally React with the Epitopes on CTerminal Domain of BP230
T. Hamada, Y. Nagata, M. Tomita,* W. Salmhofer, and T. Hashimoto
Departments of Dermatology, Kurume University School of Medicine, Fukuoka; *Kitasato University School
of Medicine, Kanagawa, Japan
BP230 is the major bullous pemphigoid (BP) antigen, although its role on the pathogenesis of BP
has not been fully characterized. Furthermore, BP230 has been reported to be reacted by some
non-BP sera, including paraneoplastic pemphigus (PNP) sera. In order to understand further the
immunopathologic mechanism in BP, we prepared two recombinant BP230 proteins, and
examined the reactivity of sera from BP and other autoimmune bullous skin diseases with them.
We prepared two GST-fusion proteins, designated BP230-N and BP230-C, by PCR ampli®cation
with appropriate primers followed by insertion into either pGEX-4T-1 or pGEX-2T, bacterial
expression vectors. BP230-N (979 aa) covers entire N-terminal domain (871 aa) followed by 108
aa segment of central rod domain. BP230-C covers entire C-terminal domain (781 aa). First, we
examined 70 sera from typical patients with BP and 20 control sera for the reactivity with the two
recombinant proteins. Out of 70 BP sera, 18 sera (26%) reacted with BP230-N, while 41 (59%) sera
reacted with BP230-C. None of the 20 normal sera reacted with either recombinant proteins.
Next, we examined non-BP sera (four herpes gestationis sera, ®ve cicatricial pemphigoid sera, ®ve
epidermolysis bullosa acquisita sera, 38 sera of various types of pemphigus including four PNP, and
15 SLE sera) for the reactivity with the highly immunogenic BP230-C. Some of these sera showed
BP230-like protein band in immunoblotting of epidermal extracts. However, none of these sera
reacted with BP230-C. These results suggest that the C-terminal domain of BP230 harbors major
epitopes for BP sera, which are highly speci®c to BP sera. In addition, fewer BP sera also reacted
with other epitopes on N-terminal domain of BP230, probably via epitope-spreading
phenomenon.

Autoantibodies Binding to the BP180 NC16A Domain as a Possible Mechanism of
Epidermal Hyper-proliferation in Pemphigoid Nodularis
M. Schachter, J.C. Brieva, J.C.R. Jones, D. Zillikens, D. Kienle, and L.S. Chan
Departments of Dermatology and Cell and Molecular Biology, North-western University Medical School,
Chicago, Illinois; Department of Dermatology, University of Wuerzburg, Wuerzburg, Germany
Bullous pemphigoid (BP) is mediated by IgG autoantibodies targeting basement membrane (BMZ)
components BP230 and BP180. Besides the common phenotype of tense bullae with an
intertriginous predilection, BP may present as minor clinical variants: urticarial, vegetative,
erythrodermic, vesicular, and nodular. Although BP230 was identi®ed as a target antigen in the
nodular BP variant, the mechanism of hyper-proliferation accounting for the nodular phenotype is
not known. Here we show that the autoantibodies targeting BP180 may be responsible. A patient
had nodular plaques and occasional bullae on dorsal hands and feet. Histology showed eosinophil®lled subepidermal blister in a bulla and epidermal hyper-proliferation in a nodular plaque. Direct
and indirect immuno¯uorescence revealed in-situ and circulating IgG (IgG1, IgG2, IgG4, k, and l
light chains) binding to the skin BMZ and labeling the epidermal side of salt-split skin. By
Immunoblotting, the patient's IgG autoantibodies recognized epidermal BP230 and BP180 and a
recombinant form of the immunodominant NC16A domain of BP180. By immunostaining, the
patient's nodular plaque skin showed expression of a-6 integrin, a mediator of matrix-cell
signaling, not only at the basal, but also the suprabasal epidermis, a pattern also found in psoriasisprototype of hyper-proliferative dermatosis (J Clin Invest 89:1892, 1992). Through binding of
NC16A, which interacts with a-6 integrin (J Invest Dermatol 111:1015, 1998), the autoantibodies
in this patient may have induced keratinocyte hyper-proliferation (EMBO J 16:2365, 1997).
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Differential Immunoreactivity of Human and Mouse Recombinant Desmoglein-3:
Implications for Induction of Blisters in Adult Mice
O. Memar, S. Kaithamana, J.-L. Fan, K. Li, J. Uitto, V. Fiedler, and B.S. Prabhakar
Departments of Microbiology and Immunology, and Dermatology, University of Illinois at Chicago, Chicago,
Illinois; Department of Dermatology, Thomas Jefferson University, Philadelphia, Pennsylvania
Pemphigus vulgaris (PV) is an antibody mediated autoimmune disease. A autoantigen in PV is
desmoglein 3 (Dsg3) which is expressed in human and murine skin. Passive transfer of PV patient
sera into neonatal mice results in blister formation, which suggests that there is signi®cant cross
reactivity between the Dsg3 from both species. However, efforts to induce active disease in adult
mice, using human Dsg3, have not been successful suggesting that the epitopes required for the
induction of pathogenic antibodies in adult mice might be different. Therefore, we initiated studies
to understand the nature of immunoreactivity of human and mouse Dsg3.
For these studies, we expressed full-length human and mouse Dsg3 in insect cells, and generated a
panel of monoclonal antibodies against the human Dsg3. We characterized both proteins for their
immunoreactivity with various polyclonal and monoclonal anti-Dsg3 antibodies. Moreover, we
immunized adult mice with each protein and observed for blister formation. Sera from immunized
mice were tested for their ability to react with recombinant Dsg3 from both species and native
mouse Dsg3, and to cause blisters in neonatal mice. Our studies indicate that although human and
mouse Dsg3 are structurally very similar, they exhibit considerable differences in their reactivity
with various antibodies and immunogenic potential.

Oxidative Stress Induces Nuclear-to-Cytoplasmic Translocation of S100A2 in Human
Keratinocytes
T. Zhang, T. Woods, and J.T. Elder
University of Michigan Medical School, Ann Arbor, Michigan
S100A2 is the product of a p53-inducible gene residing in the epidermal differentiation complex.
Of the 19 known S100 genes, only S100A2 is down-regulated in human cancer. It is unclear
whether this property relates primarily to the biological behavior of cancer cells, or to the
carcinogenic processes by which they are created. We have shown that S100A2 is homodimeric
and undergoes intermolecular oxidative crosslinking (OC) at cysteine residues in response to H2O2
treatment of normal human keratinocytes (NHK). Moreover, immunostaining revealed strong
expression of S100A2 in the nucleus of proliferating NHK. These observations suggest the
hypothesis that S100A2 might function to protect nuclear targets from oxidative stress. Exposure of
exponentially growing NHK to 1 mM H2O2 for 2 h caused nuclear-to-cytoplasmic translocation
(NCT) of S100A2 in 90% of cells. Concomitant treatment with 3 mM dithiothreitol or 10 mM Nacetyl cysteine abolished both NCT and OC; however, NCT and OC did not show strict
temporal correlation. Thus, S100A2 remained in the nucleus after 30 min of H2O2 treatment,
despite near-maximal OC. Moreover, exposure to H2O2 for 45 min led to irreversible NCT and
eventual cell death, whereas OC was fully reversible within 4 h. p53-defective A431 cells expressed
S100A2 (albeit at one-half the level of NHK) but were resistant to NCT and to H2O2-induced cell
death. These results support the hypothesis that S100A2 functions as a redox buffer to protect
nuclear targets from oxidative attack. They also suggest involvement of S00A2 in a p53-dependent
cellular proofreading mechanism that triggers apoptosis as soon as the redox buffering capacity of
the cell is exceeded.
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Human Papillomavirus as Co-Factor in the Development of Actinic Keratoses and
Non-Melanoma Skin Cancer in the Immunocompetent Population
A. Rust, R. McGovern, B. Gostout, D. Persing, and M. Pittelkow
Departments of Dermatology, Obstetrics/Gynecology, Laboratory Medicine and Pathology, Mayo Clinic,
Rochester, Minnesota
Human papillomaviruses (HPV) have been strongly associated with cervical intraepithelial
neoplasia and cancer and have also been found in dysplasia and carcinoma of skin and oral tissues.
HPV DNA has been detected frequently in nonmelanoma skin cancer (NMSC) of
immunosuppressed organ transplant patients. HPV may be a cofactor in development of
NMSC in addition to ultraviolet radiation (UVR). We investigated a series of 180 skin samples
from 127 immunocompetent patients for HPV-DNA, including 52 squamous cell carcinomas
(SCC), 32 basal cell carcinomas (BCC), 19 actinic keratoses (AK), eight tissue samples adjacent to
SCC, nine adjacent to BCC, and 60 normal skin samples both of sun-exposed and nonexposed
body sites. Degenerate PCRs with two different L1-open reading frame consensus primer sets
were used, followed by a nested PCR with two different nested L1-primer sets. PCR products of
HPV positive samples were sequenced. Using combined primer sets, we found HPV in 86.5% of
52 SCC and in 56.3% of 32 BCC. We also found HPV DNA in 78.9% of actinic keratoses (AK).
Normal skin harbored HPV in 38.3% of samples. Prevalence of HPV in SCC compared to
normal skin was markedly increased (p < 0.001). In normal skin samples, HPV was found in
26.1% of 23 nonsun-exposed normal tissue samples, and in 45.9% of sun-exposed samples. The
prevalence of HPV in sun-exposed SCC (86%) was statistically highly signi®cant (p < 0.001)
when compared to HPV-positive sun-exposed normal samples (45.9%). HPV types 12, 15b, 16,
17, 22, 25, and 37 as well as eight putatively new types were identi®ed. HPV may play a role as
cofactor in the development of NMSC, especially SCC. Further analysis of HPV-and tumorspeci®c gene expression should reveal an etiologic role for HPV in NMSC.
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Chromosomal Abnormalities in Basal Cell Carcinoma Detected by FISH (Fluorescent in
situ Hybridization)
J. Hand,*² M. Pittelkow,* M. Law,³ and S. Jalal³
*Department of Dermatology, ²Department of Medical Genetics, ³Department of Pathology and Laboratory
Medicine, Mayo Foundation, Rochester, Minnesota
Cytogenetic study of basal cell carcinoma has been complicated in the past by the dif®culty with
tissue culture of basal cell carcinoma. Non-random chromosome abnormalities have been reported.
In addition, studies suggest the presence of a tumor suppressor locus, PTCH, on chromosome
9q22.3 contributing to both human basal cell nevus syndrome and sporadic basal cell carcinoma.
We have examined sporadic, paraf®n-embedded basal cell carcinoma tumors for the presence of
chromosome abnormalities using interphase ¯uorescent in situ hybridization (FISH). FISH allows
direct, rapid assessment of numeric chromosomal and locus-speci®c anomalies of interphase tumor
cells. Speci®c chromosomal regions examined by locus-speci®c probes include 5q31, 9q34,
20q13.2 and 22q11.2. Centromere speci®c probes were used for chromosomes 7, 9 and 18. Nonrandom abnormalities were found in the majority (95%) of tumor cells. Aneusomy of multiple
chromosomes was present in 15 of 20 tumor specimens (75% of cases). Deletion of terminal 9q was
found in 8 of 20 specimens (40% of cases). Trisomy of chromosomes 7 and extra copies off 5q31
were associated with deletion of 9q in two cases. No chromosomal abnormalities were detected in
epithelium of sun-damaged (solar elastosis) skin used as control. The highest proportion of
abnormal nuclei was present in one of two metastatic tumors. These data suggest that cytogenetic
abnormalities may be rapidly detected by interphase FISH in basal cell carcinoma. This
methodology for genetic analysis may have use as a diagnostic tool in the future.

Failure to Demonstrate Loss of Heterozygosity at the 9p21 Locus in Melanocytic Lesions
in Individuals from Melanoma Kindreds with CDKN2A Mutations. The Implication of
Mechanisms Other than Loss of the Wild Type Allele in Familial Melanoma
V. Swale, M. Harland,* D. Bishop,* J. Newton-Bishop,* and V. Bataille
Centre for Cutaneous Research and ICRF Skin Tumor Laboratory, St Bartholomew's and Royal London
School of Medicine and Dentistry, London, U.K.; *ICRF Genetic Epidemiology Department, St, James
Hospital, Leeds, U.K.
The CDKN2A gene on 9p21 encodes a CDK4 inhibitor p16INK4A. Germline CDKN2A
mutations have been shown in melanoma kindreds worldwide but not all 9p21 linked melanoma
families have CDKN2A mutations. This may be due to the presence of another tumor suppressor
gene close to CDKN2A or to mutation of CDKN2A control sequences. Patients with CDKN2A
germline mutations often develop many melanocytic naevi and a proportion develop melanoma. If
CDKN2A functions as a classical tumor suppressor gene, tumors would be expected to lose the
wild type allele. The aim of this study was to investigate whether the normal CDKN2A allele was
lost in melanocytic lesions in individuals belonging to CDKN2A linked melanoma families.
20 melanocytic lesions (two benign, three dysplastic or atypical naevi and ®ve melanomas) from 10
individuals belonging to UK families with CDKN2A mutations were investigated for loss of
heterozygosity (LOH) at the 9p21 locus (Harland et al 1997). Four primer pairs were chosen for
their proximity to the CDKN2A locus or were intragenic. Tumor and control DNA was obtained
by microdissection of archival material. Radio-labelled PCR products were resolved using gel
electrophoresis. Positive controls consisted of sporadic melanomas and other skin lesions which
showed LOH at 9p using identical primers.
None of the 20 melanocytic lesions from the CDKN2A linked melanoma families showed loss at
the 9p 21 locus. In 79 PCR reactions, 70 tumor PCR products were identical to the control, one
sample showed an extra band 2 base pairs larger than the upper allele and the remaining eight failed.
Two benign melanocytic lesions were uninformative at two loci. All lesions which failed to show
LOH belonged to ®ve subjects with CKN2A missense mutations and one with a truncating
mutation.
We have been unable to show loss of the normal CDKN2A allele in benign or atypical naevi or
melanomas in individuals belonging to CDKN2A linked families. This suggests other mechanisms
of inactivation of the wild type allele such as methylation. Alternatively, carriers of germline
CDKN2A mutations may develop increased numbers of melanocytic naevi simply as a result of a
gene dosage effect which has also been suggested for bowel polyps in Familial Adenomatosis
Polyposis (FAP). More work is underway to investigate p16 gene expression and function in
melanocytic lesions within these families to unravel mechanisms of p16 inactivation.
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Genomic Changes in Human Melanocytic Skin Lesions
M.R. Hussein, E. Roggero, E.C. Sudilovsky, R. Tuthill, T. Zaim, G.S. Wood, and O. Sudilovsky
Case Western Reserve University, Cleveland, Ohio
Previous studies have reported karyotypic abnormalities on chromosome regions 1p and 9p as
potential mechanisms in melanoma tumorigenesis. However, little is known about their role in
putative melanoma precursor lesions, such as Benign Nevi (BN) and Melanocytic Dysplastic Nevi
(MDN). A PCR-based microsatellite assay was performed in 30 BN, 56 MDN and 22 vertical
growth phase cutaneous malignant melanomas (CMM), to investigate loss of heterozygosity
(LOH) and microsatellite instability (MSI) at these chromosomal regions. At the 1p36 region,
LOH was found in six CMM and 13 MDN but none in BN. In CMM, LOH was frequently
detected at D1S246 (10.0%) and D1S214 (23%). In MDN, LOH was also encountered at D1S243
(14.7%) and D1S214 (8.8%). At the 9p22±21 region, LOH was detected in four CMM and three
MDN, but none was seen in BN. Allelic loss was most often observed at loci D9S171 (16%) and
D9S126 (16%) in CMM; LOH was also found in MDN at the same loci, i.e., in D9S171 (12.5%)
and D9S126 (20%). These data suggest that tumor suppressor genes at these regions could be
involved in melanoma tumorigenesis. Furthermore, the same specimens revealed low level MSI at
1p34, 1p36 and 9p22 regions in CMM and MDN but not in BN. MSI was observed at two loci in
four CMM and 15 MDN. The level of MSI ranged from 7.4% (two of 27 loci) to 11.0% (three of
27 loci) and was most commonly seen at D1S243, D1S489, D1S2734, and D9S162. Future studies
should determine whether these alterations are due to underlying defects in mismatch repair genes.
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Values of Cathepsin D Proteinase in Serum and Cytosol of Malignant Melanoma
I. Bartenjev, A. Kansky, Z. Rudolf,* and B. SÏtabuc*
Department of Dermatology, University Medical Center and *Institute of Oncology, Ljubljana, Slovenia
Aspartatic proteinase cathepsin D is believed to be associated with proteolytic processes leading to
invasion and seeding of tumor cells. Association between the cathepsin D serum and tissue
concentration and the aggressivity of the tumor have been clearly detected in different carcinomas.
To estimate serum and tissue concentrations of cathepsin D in early cutaneous melanoma (CM), its
concentration was measured immunoradiometrically (ELSA-CATH-D kit, Cis bio international)
in serum of patients and in cytosols of tumor as well as in serum of healthy volunteers and in
normal skin. 57 melanoma patients have been included. A signi®cantly elevated concentration of
cathepsin D was detected in tumor cytosols (44.2 pmol per mgp) as compered to normal tissue
cytosols (14.7 pmol per mgp). Statistically signi®cant was also the difference of serum cathepsin D
concentrations between CM patients (4.6 pmol per ml) and healthy persons (3.5 pmol per ml). The
results indicate that cathepsin D is expressed at high level by CM cells. Its expression in serum of
patients show that even early CM expresses certain systemic parameters. The extremely elevated
values of cathepsin D in two of our patients with progression of the disease (106 pmol per mgp and
95 pmol per mgp) during the 48 mo observation period suggest a correlation between the
cathepsin D tissue concentration and the prognosis of early CM, thus it might be included among
prognostic markers.

Modulation of Ultraviolet Radiation-Activated Signal transduction Cascades by a
Herbal Flavonoid Baicalein
H. Wei, Y. Lu, R. Blum, and M. Lebwohl
Department of Dermatology, Mount Sinai Medical Center, New York, New York
Baicalein is an active ingredient from Chinese herbal medicine Huang Qin (Scatellaria Baicalensis)
that has been used in treatment of chronic in¯ammatory diseases for over thousand years. The
previous study showed that baicalein effectively inhibited ultraviolet (UV)B-induced skin
carcinogenesis. The objective of this study is to determine if baicalein modulates the UV radiation
activated signal transduction cascades.
Substantial phosphorylation of tyrosine protein kinase-mediated epidermal growth factor receptor
(EGF-R) and activation of mitogen-activated protein (MAP) kinases were observed in UVA-and
UVB-irradiated human keratinocytes. Incubation of cells with baicalein showed a biphasic effect
on the intrinsic phosphorylation of EGF-R. Baicalein inhibited, at concentrations (1±25 mM), but
substantially stimulated, at the high concentrations (50±200 mM), the intrinsic phosphorylation of
EGF-R in keratinocytes. Preincubation of cells with baicalein blocked UV-induced EGF-R
phosphorylation in a dose-dependent manner with more inhibitory effects on EGF-R
phosphorylation by UVB than that by UVA. In addition, baicalein exhibited a moderate
inhibition of UVA-activated MAP kinases, but had no effect on UVB-activated MAP kinases.
Further investigation revealed that baicalein substantially block EGF, but not bovine serum,
induced phosphorylation of EGF-R. The results suggest that baicalein blocks signal transduction
cascades primarily via downregulating tyrosine protein kinase mediated EGF-R phosphorylation,
and this may account for the antipromotional effect of baicalein in UV-induced skin
carcinogenesis.
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T Cell Receptor Gene Rearrangement Analysis in Mycosis Fungoides: Long-term
Follow-Up
J. Guitart, C. Camisa, M. Ehrlich, W. Bergfeld, Y. Hsieh, T. Kuzel, and S. Rosen
Department of Dermatology and Oncology North-western University, Chicago, Illinois; Cleveland Clinic
Foundation, Cleveland, Ohio
The Southern blot technique for the analysis of the T cell receptor (TCRSB) in skin biopsies
suspicious for mycosis fungoides (MF) has been routinely used since the late 80's. The purpose of
the study is to correlate TCRSB results with the long-term follow-up of patients with MF.
We reviewed the records from our institutions for cases of biopsy-proven MF with results available
for skin biopsy TCRSB gene rearrangement from 1987 until 1990. The data was analyzed using
standard statistical methods.
The cohort includes 36 patients with an average age of 59 y (range 17±82 y). The stage distribution
was: Ia nine patients; Ib 10 patients; IIa four patients; IIb seven patients; III six patients. Disease
progression was noted on 18 patients (50%), 17 of which eventually died from the disease. Nine
patients were alive with stable disease. Nine patients were alive without disease. Patients with
disease progression had an average age at presentation of 65.5 y, signi®cantly older than 52.5 y, the
average age of patients without disease progression (p = 0.007). Clonality by TCRSB was detected
on 15 patients. Fifteen patients showed (±) TCRSB. In six cases, there was insuf®cient DNA
extracted from the skin biopsy. Among the 18 patients with disease progression, nine (50%)
showed (+) TCRSB analysis and nine were (±) or there was insuf®cient DNA extracted from their
skin biopsy. Among the 18 patients without disease progression (complete remission or stable
disease) six (33%) had (+) TCRSB analysis and 12 (67%) showed negative results or insuf®cient
DNA (p = 0.68). Among the patients who died from the disease, the survival time was shorter for
patients who had a (+) TCRSB (3.2 y) vs 6.0 y for the patients with (±) TCRSB (p = 0.02).
Although the overall survival with 10 y follow-up was not signi®cant between the TCRSB (+) and
(±) groups (Log-Rank test p = 0.47), patients with (+) TCRSB died earlier on with a 67% 5 y
survival vs 87% for the patients with (±) TCRSB. Long-term follow-up of patients with MF shows
a lack of correlation between TCRSB results and overall survival. However, patients with (+)
TCRSB tend to be older with a worse short-term survival.

CDKN2A and P14 Mutations in Multiple Malignant Melanoma Patients. First Exon 1beta
Mutation Associated with Melanoma Susceptibility
S. Puig, J. Malvehy, A. Ruiz, T. Campoi, R. Marti, C. Badenas, X. Estivill, M. Lecha, M. MilaÁ,
and T. Castel
Grupo Melanoma, Hospital ClõÂnic, IDIBAPS, Universitat de Barcelona, IRO, Barcelona, Spain
Multiple malignant melanoma (MM) patiens were studied looking for germinal mutations in
CDKN2A, CDK4 and p14 (p16ARF) genes responsible for melanoma susceptibility. Twenty-nine
multiple MM patients were analized (25 patients had developed two primary MM, three patients
had developed three and one patient had developed ®ve). Clinically atypical nevi (NCA) were
present in some patients. SSCA and sequencing of exon 1alfa, 1beta, 2 and 3 of CDKN2A and
exon 2 of CDK4 were performed. Twenty-one percent of patients studied were carriers of
mutations. Five mutations were identify in CDKN2A exon 2 gene and one in exon 1beta affecting
only p14 (p16ARF). No mutations were identify in exon 2 of CDK4. Melanoma history exists
previously in one case, and was developed afterwards in two cases. NCA were present in all
CDKN2A mutations carriers. G101W is a recurrent mutation identi®ed in melanoma families. The
other misense mutations were located in ankirin repeats previously associated with pathology. The
deletion mutations create a premature stop codon in exon 2 of p16 (358delG) and exon 1 beta
(60ins16) of p14. In conclusion, melanoma susceptibility genes should be sutied in multiple MM
patients looking due to high frequency of mutations detected. Thus, the possibility to identify
presymptomatic carriers will allow the early diagnosis of melanoma in family carriers. The exon 1
beta mutation identi®ed is the ®rst p14 mutation described associated with melanoma being p16
unaffected. P14 (p16ARF) could be the thirth melanoma susceptibility gene.
CDKN2A
mutations

Exon 1 beta
mutations

N° primary MM

NCA

358delG
L67P
V59G
G101W
R87W
Normal

Normal
Normal
Normal
Normal
Normal
60ins16

2
2
2
2
2
2

Yes
Yes
Yes
Yes
Yes
No
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Anti-Angiogenic and Anti-Invasive Effects of Selective RAR and RXR Agonists and
Antagonists
S. Majewski, M. Marczak, W. Bollag, and S. Jablonska
Department of Dermatology, Warsaw School of Medicine, warsaw, Poland; F. Hoffmann-La Roche, Basel,
Switzerland
Invasion of tumor cells and angiogenesis are critical steps in the process of tumor spread and
formation of metastases. They depend on integrin expression and production of tissue
metalloproteinases by tumor cells. In our previous studies we found that all-trans retinoic acid
decreased angiogenesis induced by tumorigenic Skv-keratinocyte line harboring HPV16 DNA.
The aim of the present study was to compare the effects of selective RAR and RXR agonists and
antagonists on the invasive and angiogenic potential of two cell lines, i.e., Skv cells and HaCat cells
(harboring no HPV DNA). Angiogenesis was studied with the use of mouse model in which
human tumor cells were intradermally injected into X-ray irradiated BALB/C murine recipients.
Tumor cell invasiveness was assessed by means of the Matrigel Invasion Chambers (BectonDickinson), and cell adhesiveness by measurement of color reaction of cristal violet-stained cells
incubated for 30±60 min on culture dishes coated with laminin, ®bronectin, collagen type I and
type IV. The retinoids were used at ®nal concentrations ranging from 10±5 M to 10±8 M. The results
showed that agonists of both RAR and RXR were capable of inhibiting tumor-cell induced
angiogenesis, and Skv cells were found to be more susceptible to the retinoids than HaCat cells.
The antiangiogenic effects of selective agonists could be decreased to a great extent by
simultaneous application of appropriate antagonists of the nuclear receptors. The retinoids
decreased also tumor cell invasiveness through the matrigel and modulated cell adhesivenes to the
components of the extracellular matrix (ECM). The later effects, depending on the type of ECM
substrate used, could be blocked by speci®c monoclonal antibodies against various alpha chains of
the beta-1 integrin family. The results suggest that antitumor effects of retinoids could be related to
both inhibition of tumor cell angiogenesis and tumor invasiveness, and these effects are mediated
by speci®c nuclear receptors.

Follistatin is Involved in Hair Cycle Regulation
S. Denda, T. Soma, M. Ogo, and T. Hibino
Shiseido Life Science Research Center, Yokohama, Japan
Cyclosporin A (CysA) is known to modulate human and murine hair cycle: it induces anagen and
inhibits catagen progression. We focused on CysA-induced changes in order to reveal molecular
targets for hair growth-modulators. Using mRNA differential display, we have identi®ed follistatin
as a gene down-regulated by CysA in keratinocytes. Recent studies have shown that follistatin
antagonizes bone morphogenetic protein (BMP)-2 and BMP-4 as well as activin. To address the
role of follistatin in the hair cycle, we analyzed its gene expression in vitro and expression patterns in
human and mouse skin. RT-PCR analysis showed that CysA (0.3±10 micrograms per ml)
inhibited follistatin expression in keratinocytes and outer root sheath cells in a dose-dependent
manner, but not in dermal papilla cells or ®broblasts. In these epithelial cells, the inhibition was
seen as early as 6 h after addition of CysA, and the expression was almost completely blocked after
24 h. Expression of BMP-2, BMP-4, and activin-betaA was not signi®cantly changed by CysA. In
situ hybridization analysis demonstrated that follistatin is expressed in the inner and outer root
sheath and cortex of hair at late anagen and early catagen, and hair germ of telogen hair. Taken
together, follistatin may regulate the hair cycle, acting through the TGF-beta superfamily such as
BMPs and activin. The effects of CysA on the hair cycle could be mediated at least in part by
activation of these morphogens, which was caused by suppression of follistatin.
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Differentiation of Fibrocytes from CD14+ Peripheral Blood Cells and Their
Recruitment to Sites of Skin Injury
R. Abe, S. Donnelly,* I. Hartlapp, T. Peng, R. Bucala,* and C. Metz
The Laboratory of Vascular Biology and *Medical Biochemistry, The Picower Institute for Medical Research,
Manhasset, New York, New York
Fibrocytes are a recently characterized population of blood-borne cells that display a spindle-shaped
morphology and a unique pro®le of cell surface markers that include CD34, CD45, CD83, CD86,
MHC-Class II, and collagen I. Cultured ®brocytes do not express CD1a, CD14, CD25, or CD68.
Blood-borne ®brocytes play an important role in wound healing (Mol Med 1:71±81, 1994), and
they have the functional capacity to present antigen to naõÈve T cells (PNAS 94:6307±6312, 1997).
We have investigated further the blood-borne origin of these cells by studying the differentiation of
®brocytes from CD14-and CD14+ human peripheral blood cell populations. While ®brocytes
were readily detectable by ¯ow cytometry (CD34+ , collagen I+) in 7 d cultures of CD14+ cells,
no ®brocytes could be detected in the cultures of CD14-cells. The addition of TGFb1 (1 ng per ml,
7 d) increased the overall yield of ®brocytes in CD14+ cell cultures by 6.8 fold when compared to
untreated controls. Co-culture of CD14-and CD14+ cells in a Transwell chamber (®lter size:
0.4 mm) also led to the appearance of ®brocytes only in the chamber containing the CD14+
positive cells. To assess the speci®c recruitment of blood-borne ®brocytes into sites of tissue injury,
we prepared ®brocytes from a 14-d culture of mouse adherent spleen cells and labeled them with
the ¯uorescent dye PKH-26. Labeled ®brocytes (5 3 106 cells) then were injected i.v. into mice
bearing a 5-mm skin incision. After four days, biopsy analysis of the wound site showed a
signi®cant increase (6.5 fold) in labeled ®brocytes when compared to normal skin.
Ongoing studies are aimed at elucidating the molecular signals that induce ®brocyte differentiation
from CD14+ progenitors and at identifying the mediators which initiate the recruitment of
®brocytes from the circulation.
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Effective use of a Signal-Sequence-Trap Method to Identify Novel Proteins Secreted by
Keratinocytes
M. Bonkobara, A. Das, S. Shikano, P. Cruz, Jr, and K. Ariizumi
Department of Dermatology, University of Texas South-western Medical Center, Dallas, Texas
Most secreted and transmembrane proteins are characterized by N-terminal signal sequences (SS)
responsible for their transport from the endoplasmic reticulum to the cell membrane. We
employed a method of trapping SS to systematically identify novel proteins secreted by skin cells.
5¢-end sequences (400 bp) of cDNA prepared from 1°-cultured human keratinocytes were inserted
upstream of a cDNA encoding for an SSde®cient mutant of the IL-2 receptor a (IL-2Ra). The
resulting recombinant clones were transfected into COS-1 cells, which were subsequently
examined for surface expression of IL2Ra by staining with mAb. cDNAs encoding SS will allow
surface expression of IL2Ra, whereas cDNAs that do not encode SS produce intracellular
accumulation of IL-2Ra. An initial screen of 1300 clones from a keratinocyte cDNA library
yielded 21 clones (1.6%) producing surface IL-2Ra expression. These clones were DNAsequenced and matched to known genes in GenBank. Among the secreted or transmembrane
proteins that we identi®ed by this method are: (i) those known to be expressed by keratinocytes
(Pcadherin; laminin g2; gp96, a tumor antigen; and bikunin, a serine proteinase inhibitor) (ii) those
not previously associated with keratinocytes (cathepsin D, a proteinase; cystatin M, a cysteine
proteinase inhibitor; and Fn 14, a mitogen-inducible gene). In addition, ®ve clones were found in
the EST database (undetermined open reading frames and functions), some of which may encode
for truly novel proteins. Our ®ndings validate the effective use of this SS-trap method for
identifying proteins secreted by keratinocytes.
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Sebaceous Glands in Novel Whole Skin Cultures Actively Metabolise Testosterone to
Dihydrotestosterone
T. Street, N. Meyers,* and V. Randall
Department of Biomedical Sciences, Bradford University, U.K.; *SmithKline Beecham, Harlow, U.K.
Androgens play a regulatory role in human sebaceous secretion; however, whether testosterone (T)
or its metabolite 5a-dihydrotestosterone (DHT) is the active androgen within the sebaceous gland
is unknown. Therefore, a novel culture system of whole facial skin biopsies has been designed to
study androgen action in human sebaceous glands in as near in vivo conditions as possible.
Biopsies were cultured in keratinocyte media for 11 d. Structure, lipid production, cell
proliferation and androgen receptor content were assessed using immunohistological methods.
Uptake of 3H-T was studied for 72 h, then facial skin biopsies (50 per person) from healthy
women, were incubated with 10 nM 3H-T for 48 h (n = 5). They were digested at 4°C for 18 h in
0.5 Bm U per ml of dispase then dissected. Radioactive content was identi®ed by thin layer
chromatography (TLC).
Biopsies retained structure, lipid production, cell division and androgen receptors for 3±5 d of
culture. 3H-T uptake was maximal by 48 h and was higher in sebaceous glands than the epidermis
(36.8, p < 0.01). TLC pro®les indicated that very little of the steroid recovered was T; signi®cant
amounts of DHT and other 5a-reduced metabolites were found. Thus, sebaceous glands in whole
tissue culture actively metabolise T to 5a-reduced steroids. This supports the role of intracellular
DHT in their androgen action and has important implications for the treatment of acne vulgaris.
This novel culture system should prove useful in further studies of androgen action in human
sebaceous glands.

Peroxiredoxin, a Novel Peroxidase, is Expressed Ubiquitously in the Skin
S.-C. Lee, J. Lee, J.-B. Lee, Y. Kim, and Y. Won
Department of Dermatology, Chonnam University Medical School, Kwangju, Korea
Peroxiredoxin (Prx) is a family of peroxidases including thioredoxin peroxidase, but very little is
known on their expression in the skin. In this study, we examined the expression of four isotypes
of Prx (I-IV) in rat skin. Western blot analysis of rat skin showed the strong expression of Prx I-III
in the epidermis and dermis. The expression of three isotypes was identi®ed in the cell extracts of
rat keratinocytes and ®broblasts. Immunohistochemical staining showed that Prx expression was
mainly localized to the epidermis, hair follicles, and sebaceous glands. In the epidermis, the
expression of Prx I and III was more prominent in the basal cell layer, while Prx II was stronger in
the granular layer. Confocal microscopy showed that Prx was expressed in the cytoplasm of
keratinocytes and ®broblasts as a diffuse, reticulated pattern. In situ hybridization showed that Prx
mRNA expression was commensurate with the level of Prx protein expressed. Ultraviolet B ray
increased Prx II expression of rat skin at the early stage after irradiation. Our study shows that Prx is
ubiquitously expressed in rat skin with differential expression among isotypes in the epidermis,
which might function as an important antioxidant to remove hydrogen peroxide originated from
endogenous and exogenous sources in the skin.

Laser Biostimulation of Neonatal Fibroblasts in Culture
A. Tien, M. Tsoukas, N. Kouttab, T. Yu®t, and V. Falanga
Boston University School of Medicine, Department of Dermatology and Skin Surgery, Roger Williams
Medical Center, Providence, Rhode Island
There has been some interest in laser biostimulation, because of the potential clinical implications
for wound healing. The purpose of our study was to determine whether low energy laser
irradiation stimulates neonatal ®broblasts in culture to enter the cell cycle. Basic cell culture
techniques were used. Neonatal ®broblasts from human foreskin were grown in DMEM and FBS
and maintained in a 37°C, 5% CO2 incubator. Media was aspirated and PBS addad prior to
irradiation. Cells were irradiated in 35 mm dishes with a 755-nm Alexandrite laser. The laser was
®tted with a 15-mm tip, and it was programmed to emit ¯uences of 1.8 J per cm2 and 4.6 J per
cm2. The laser was held a ®xed distance from the dishes with a mechanical arm. Each irradiated
sample had a corresponding control. Experiments were done using quadruplicate cultures. After
irradiation, PBS was aspirated and media was re-added. Fresh media was also given to controls.
24 h later, cells were harvested for ¯ow cytometry. Our results show stimulation (entry into the S
phase) in the irradiated samples. This stimulation decreases dramatically at 5 d, and is not detectable
at 20 d postirradiation.
Percentage of cells in S phase 24 h postirradiation
Passage #

Controls

1.8 J per cm2

4.6 J per cm2

8
12
16
20

21.22%
17.51%
12.51%
17.96%

37.54%
19.95%
30.37%
23.14%

36.15%
20.05%
19.45%
24.31%

Overall, laser irradiation stimulated neonatal fibroblasts to enter the S phase of the cell cycle by 45±
60%, regardless of passage number. These results point to a mechanism for laser stimulation of
wound healing.
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Vascular Endothelial Growth Factor Production of Neuro®broma-Derived Cultured
Cells from Patients of Neuro®bromatosis Type 1
T. Kotsuji, S. Imakado, Y. Kawachi, E. Ichikawa, and F. Otsuka
Department of Dermatology, University of Tsukuba, Tsukuba, Ibaraki, Japan
Neuro®bromatosis type 1 (NF-1) is an autosomal-dominant inherited disorder, characterized by
the presence of six or more cafe au lait spots, axillary freckles, multiple neuro®bromas and Lisch
nodules. Because diffuse plexiform neuro®broma (DPN), one of the two major subtypes of
neuro®broma, is known to develop a large number of dilated capillaries and vessels, we ®rst
examined whether the number of microvessels in DPN really differed from that in control dermis.
Immunohistochemical staining of DPN and conventional cutaneous neuro®broma (CN), using an
antifactor VIII antibody, revealed that the microvessel density in DPN as well as CN was
signi®cantly higher than that in control dermis. We next examined amounts of vascular endothelial
growth factor (VEGF) in the culture supernatant of neuro®broma-derived cultured cells and
control ®broblasts, using the ELISA method. Neuro®broma-derived cells proved to produce a
larger amount of VEGF than control ®broblasts. VEGF production of neuro®broma-derived cells
also increased, when IGF-I, PDGF-BB or TGF-b1 was added to the medium. These results
suggest that VEGF may contribute to angiogenesis and hypervascularity of DPN and CN.

Lipid Analysis of Peripheral Blood Monocytes in Psoriatic Patients Using FourierTransform Infrared Microsectroscopy
H. Tamai, Y. Okubo, M. Koga, and K. Aizawa*
Department of Dermatology, Tokyo Medical University, Tokyo, Japan; *Department of Physiology, Tokyo
Medical University, Tokyo, Japan
In psoriasis vulgaris, immunological abnormalities of T cells and monocytes are seen. We
previously demonstrated that monocytes in the peripheral blood of patients with this illness are
activated and produce an excess of in¯ammatory cytokines. It has long been suggested that fat
metabolism is impaired in patients with this illness. Hence, we hypothesized that the monocytes of
psoriatic patients are activated by engul®ng lipids, and thus measured both the serum and
monocyte levels of lipids in the peripheral blood of patients with psoriasis. At the same time, we
calculated PASI, and analyzed its correlation to lipid kinetics. The results showed that the serum
cholesterol ester level of psoriaic patients was higher than that of healthy individuals, and that the
cholesterol ester level in monocytes of psoriatic patients was signi®cantly higher than that of
healthy individuals. On the other hand, the cholesterol ester level in monocytes of hyperlipidemia
patients with hypercholesterol ester level without psoriatic was also high. A positive correlation was
observed between PASI and serum level of b-lipoprotein. Therefore, lipid metabolism and
psoriasis may be correlated, but it is dif®cult to assume that the production of in¯ammatory
cytokines from monocytes is elevated simply by engul®ng lipids.

Expression of Bcl-2 and p53 Proteins in Cultured Kaposi's Sarcoma Cells
J.-L. Huang, B. Brosnan, and B. Safai
Department of Dermatology, New York Medical College, Valhalla, New York, New York
Kaposi's sarcoma (KS), the most common malignancy associated with human immunode®ciency
virus type 1, is a vascular tumor characterized by spindle cell proliferation, the presence of human
herpesvirus 8, and resistance to apoptosis. The aims of this study were to establish cell cultures from
classical KS tumors and to examine the expression of Bcl-2 and p53 proteins in cultured KS cells.
KS tumor specimens were surgically removed from two classical KS patients and the spindle cells
were cultured and characterized with different cell markers. Bcl-2 and p53 expressions were
detected by immunoperoxidase assay and Western blot utilizing Bcl-2, PAb240 and DO-1
antibodies.
Two KS cell cultures (KSC1 and KSC6) were established and both cells expressed endothelial cell
markers. The results of immunohistochemistry demonstrated positive Bcl-2 and p53 immunostaining. In Western blot, a major protein (28 kDa) from the extract of KS spindle cells exhibited
cross-reaction with Bcl-2 antibody. P53 protein (53 kDa) was also detected with Pab240 and DO1 antibodies on Western blot.
These observations suggest there is abnormal expression of Bcl-2 and p53 proteins, which may be
involved in the tumor proliferation of classical KS. Furthermore, these results indicate a possible
involvement of apoptosis in the pathogenesis of KS.

808

ABSTRACTS

THE JOURNAL OF INVESTIGATIVE DERMTOLOGY

339

340

341

342

343

344

Retinoid Metabolism in the HaCaT-Keratinocytes: Strong inducibility of RALDH and
CYP26, but not of ROLDH
F. Jugert, T. Oepen, J. Frank, H. Mukthar, H. Merk, and T. Roos
Department of Dermatology, University Clinic of the RWTH, Aachen, Germany
Retinoids are effective in the treatment of hyperproliferative, premalignant and in¯ammative skin
diseases including psoriasis, Darier's disease, actinic keratoses and acne. Eventhough much progress
has been achieved with regard to the action of retinoids on the molecular level, the metabolic
pathways of retinoids in normal and transformed skin cells are largely unclear. Since stable
intracellular retinoid-levels appear to be essential for optimal retinoid receptor function,
abnormalities in metabolic pathways of retinoids may have profound in¯uences in its effectiveness.
The cascade of retinoid activation is driven by enzymes of the alcohol dehydrogenase family
(RolDH), aldehyde dehydrogenases (RalDH), and several enzymes of the P450 isoenzyme
superfamily (CYP). The catabolism of the hormonally active all-trans-retinoic acid is mediated by
the CYP26. We investigated the pathways of retinoid metabolism and isomerization on the
biochemical level by reverse phase-high performance liquid chromatography (RP-HPLC), and on
the molecular level by RT-PCR to estimate the expression levels of several retinoid-related
RNAs, such as RolDH, RalDH, cellular retinoic acid binding protein-II (CRABP-II), and
CYP26 (internal control: b-actin). HaCaT cells were incubated with either 10±5 M all-trans-retinol
(ROL), all-trans-retinal (RAL), all-trans-retinoic acid (atRA), 9-cis-retinoic acid (9RA), or 13-cisretinoic acid (13RA). Specimens for RP-HPLC and RT-PCR were obtained after 0, 24, 48, 72,
96, and 120 h of incubation. As observed by semiquantitative RT-PCR and RP-HPLC analysis,
HaCaT cells exhibit RALDH, CYP2J4, CYP1A1, and CYP26 mRNA-inducibility after
incubation with different retinoid derivatives. Furthermore, CRBP-I (ROL) and CRABP-II
(RA) mRNA were inducible. No Ral-and RA-isomers were generated with ROL incubation.
After RAL incubation, high levels of ROL, RA-isomers, and polar RA-metabolites were found.
After stimulation with either RA-isomer, very high levels of CYP26 activity were detectable on
the catalytic (RP-HPLC) and mRNA (RT-PCR) level, while the expresion of RolDH and
RalDH was suppressed. We conclude that HaCaT keratinocytes are able to interconvert RAL
exhibiting inducible RalDH and CYP26 activity while RolDH has a weak basal expression
without inducibility. These results suggest that, in contrast to normal human epidermal
keratinocytes, the pathways of retinoid metabolism and the activity and inducibility of the
enzymes involved here, appear to be strongly altered in the HaCaT cell line.

Effect of Epinephrine on Heat Toxicity and Tolerance in Human SCC cells ± study in
vitro
K. Mashiba, M. Hatoko, A. Tanaka, S. Yurugi, M. Kuwahara, H. Tada, and T. Muramatsu*
Division of Plastic Surgery, *Dermatology, Nara Medical University, Nara, Japan
To augment the effect of hyperthermia, many investigators have studied on various chemicals,
drugs, and conditions which enhanced heat toxicity and inhibited heat tolerance. This study was
undertaken to elucidate the effect of epinephrine on heat toxicity and tolerance. A431 human SCC
cell line was used in this study. Heat treatment was done at 44°C for 20 min. When cells were
incubated with various concentrations of epinephrine at 37°C for 20 min, cell survival rate did not
decrease. When cells were heated with epinephrine, cell survival rate decreased in a concentration
of epinephrine dependent manner. When two times of heat treatment were done at intervals of 10
h, a strong tolerance to the second heating was observed. When cells were heated with a low
concentration of epinephrine in the ®rst treatment, the tolerance was not observed. These results
suggest that epinephrine enhances a heat toxicity in SCC cells, and that a low concentration of
epinephrine inhibits heat tolerance.

Activities of Porcine and Human Catabolic Enzymes Involved in Stratum Corneum
Barrier Formation
A. Schepky, R. Siegner, U. Holtzmann, M. Behtash, K. Wittern, and F. Wolf
Paul Gerson Unna Skin Research Center, Beiersdorf AG, Hamburg, Germany
The epidermal permeability barrier is maintained by a rigid combination of dead corneocytes
embedded in an intercellular lipid phase. The generation of this complex structure is achieved by a
range of enzymes which degrade cellular protein remnants and release lipid barrier components
from related precursor molecules.
Published work of our group already demonstrated that all catabolic enzymes (b-hexosaminidases
(A + B), b-glucosylceramidase, acid phosphatase, lipases/esterases and stratum corneum chymotryptic enzyme) tested in optimized human epidermal keratinocyte cultures (HEK) and in
ammonium chloride extracts of excised porcine epidermis are still active. Moreover, the activities
of the investigated enzymes in human keratinocyte cultures and in porcine epidermis are
comparable.
Normal stratum corneum (SC) of in vivo human skin (forearm) or of excised porcine skin was
removed by a single stripping with cyanoacrylate resin. Extraction and measurement of the
following enzymes in human stratum corneum aliquots was performed: acid phosphatase, lipases/
esterases, sulfatases, and stratum corneum chymotryptic enzyme (SCCE). The kinetics of the
enzymes show that the activity data obtained from human and pig stratum corneum are
comparable. Results of these studies should give additional guidance for the design of appropriate
cosmetic products intended to trigger de®ned skin enzymes' activities.

Cooperative Induction of Sebocyte Differentiation by Peroxisome ProliferatorActivated Receptors and Retinoid X Receptors
M. Kim, N. Ciletti, S. Michel, U. Reichert, and R. Rosen®eld
Pediatrics and Medicine, University of Chicago, Chicago, Illinois; Galderma R&D, Sophia Antipolis, France
In gene reporter systems, ligands of peroxisome proliferator-activated receptor (PPAR) and
retinoid X receptor (RXR) have been shown to exert cooperative effects through PPAR-RXR
heterodimerization. In sebocytes, we have found that differentiation is induced by activation of
either PPAR or RXR by their speci®c ligands. We tested the hypothesis that PPAR-RXR
cooperation is utilized in sebocyte differentiation by testing whether RXR activation enhances this
PPAR effect on sebocytes in an in vitro bioassay.
Rat preputial sebocytes were grown in an epithelial cell culture system. Treatments were added in
triplicate in serum-free medium from days 3±9 with speci®c PPAR ligands at maximum effective
concentrations (WY-14643 10±5 M = WY, PPARa; troglitazone 10±6 M = TRO, PPARg;
carbaprostacyclin 10±6 M = cPGI2, PPARd + a) alone and in combination with an RXR agonist
(CD2809) at concentrations between 10±8 M and 10±6 M (n = 4, at each concentration). Cell
differentiation was determined by analysis of lipid-forming colonies (LFCs) de®ned as those
colonies with greater than ®ve Oil Red O-staining cells.
Mid-dose RXR agonist (10±7 M) induced approximately 50% LFCs, while WY, TRO, and cPGI2
induced 37.4 6 3.4%, 51.0 6 4.4%, and 59.3 6 11.6% LFCs (mean 6 SEM), respectively. This
dose of RXR agonist 10±7 M in combination with WY or cPGI2 exerted a clearly additive effect
(70.6 6 4.3% and 83.1 6 5.4% LFCs, respectively, p < 0.01), but the effect of its combination with
TRO was equivocal (63.8 6 9.2% LFCs, p > 0.05). In no case was the degree of sebocyte
differentiation greater than that induced by a high dose of RXR agonist (10±6 M) alone.
These ®ndings suggest that submaximal stimulation of the RXR ampli®es the effect of PPARa
and/or PPARd. The data are compatible with the concept that PPARs and RXR cooperate in
inducing sebocyte differentiation.

DNA Protective Effect of Diguanosine Tetraphosphate
C.D. Farra, K. Cucumel, D. Peyronel, and N. Domloge
Dermatological Research Department, Chemistry and Biochemistry labs. Seporga, Sophia Antipolis, France
Diguanosine Tetraphosphate (DT) or the GP4G, a protein G activator that is extracted from
Artemia Salina and is rich in phosphorylated nucleotides. The DT is involved in the mRNA post
transcription process by capping enzyme activity and in other cellular process through its role as a
reservoir of GTP molecule. Our previous studies have shown that the DT has many different
actions in cell biology as stimulating protein synthesis such as keratin in keratinocytes, ®bronectin,
col I and col III in ®broblasts. As we focused on DT interaction in GTP, GMP synthesis, mRNA
capping and in DNA replication, we investigated its role in DNA protection. Studies on apoptosis
induced by DNA insult or blockage of transcription in human keratinocytes and ®broblasts, were
performed using three different apoptosis induction methods: UVB, actinomycin D and DNA
fragmentation by DNAse. Apoptosis was detected using Tunel-based assay or Annexin V binding
method. Results were analyzed and quanti®ed using image processing software. Our results
demonstrate that the addition of 1% DT after UVB insult reduced UVB-induced DNA damage
and apoptosis by 35% which suggests that DT helped DNA repair in the cells. This protection was
greater and reached 45% when the DT was added before and after UVB irradiation, indicating that
DT may have a role in DNA protection as well. Moreover, our results showed that prior treatment
of the cells with 1% DT has reduced by 25±35% actinomycin-induced apoptosis, according to 0.5±
0.25 mg per ml actinomycin, respectively. Interestingly, the DT was able to reduce by 25% the
apoptosis induced after DNA fragmentation by DNAse, when added after DNAse treatment,
indicating its role in helping DNA repair. This effect was greater and reached 45% when DT was
added at the same time as DNAse and after, con®rming DT protective role. These studies show
that in addition to Diguanosine Tetraphosphate role in DNA synthesis, it has an interesting effect
on DNA repair and protection when cells are exposed to insulting agents. these results suggest that
Diguanosine Tetraphosphate application in topical formulae would be of interest for skin
protection and repair.

Evidence for Expression of POMC-Derived Peptides and Prohormone Convertases in
Human Dermal Fibroblasts
M. Schiller, M. Raghunath, U. Kubitscheck,* T. Luger, and M. BoÈhm
Department of Dermatology and Ludwig Boltzmann Institute for Cell Biology and Immunobiology of the
Skin and *Institute for Biophysics and Physiology, University of MuÈnster, Germany
In the last years it has become apparent that the skin is a locoregional source for a number of
proopiomelanocortin (POMC)-derived neuropeptides including a-melanocyte-stimulating hormorne (a-MSH), adrenocorticotropin (ACTH), and b-endorphin (b-ED). The enzymes that
regulate expression of these neuropeptides are the prohormone convertases PC1 and PC2. We
show here, as demonstrated by RT-PCR, that human dermal ®broblasts in vitro express PC1 and
7B2, a maturation factor and chaperone of for PC2. Expression of PC1 and PC2 was con®rmed by
immuno¯uorescence studies with speci®c antibodies and confocal laser-scanning microscopy. PC1
was diffusely distributed in the cytoplasm, whereas PC2 was expressed mainly in the perinuclear
region in vesicular structures resembling the endoplasmic reticulum. To assess the relevance of
PC1/2 expression in human dermal ®broblasts, we next examined expression and secretion of aMSH, ACTH and b-ED. The precursor prohormone POMC in ®broblasts was detected by RTPCR as well as by Western immunoblotting using an antibody directed against an epitope
common to ACTH and POMC. Expression of a-MSH, ACTH and b-ED was found in
intracellular extracts as well as in culture supernatants. However, treatment of human ®broblasts
with UVA, interleukin-1 and PMA indicated that only a-MSH appears to be regulated by such
stimuli. Taken together, our data support the concept that a-MSH which previously has been
shown to alter collagen synthesis by ®broblasts my function as a mediator regulating ®brosis and
wound healing.
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A New Three Dimensional Angiogenesis In Vitro System Established by Coculture of
Mast Cells (HMC-1) with Vascular Endothelial Cells(EC) I: Activation of EC
Tubulogenesis and Cell Adhesion Molecular Expression by Mast Cells
S.-G. Lee, K.-I. Toda, K. Shirogane, K. Takahashi, and Y. Miyachi
Department of Dermatology, Graduate School of Medicine, Kyoto University, Kyoto, Japan
Mast cells (MC) are topographically associated with small vessels and accumulated in many
angiogenic biological situations. It has been recently reported that the coculture system of some
human tumor cells and a murine EC clone (F-2) is useful for the analysis of tumor cells'
adhesiveness to EC and in vivo metastatic activities. In this context, we started to coculture HMC-1
with F-2 on plastic or on Matrigel (MG). The tubular network formations induced by F-2 under
the coculture with HMC-1 were activated resulting in the signi®cant increase in both tube length
measured by Mapmeter and the duration of the network morphology, compared with those
without HMC-1. Although the network structure without HMC-1 was destroyed within 96 h,
that with HMC-1 was maintained for at least 7 d. Further, semiquantitative RT-PCR and
Northern blot analysis of PECAM-1, ELAM-1, VCAM-1 and ICAM-1 on F-2 revealed that the
expressions of those molecules were markedly enhanced, while the expression of VE-cadherin was
not altered. From these ®ndings, we propose that the present three dimensional coculture system is
easily handled and useful for studying some aspects of the interaction with MC and EC.
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Global Methylation Analysis in CPG Island of Genomic DNA of Peripheral Blood
Mononuclear Cells in Lupus Erythematosus Patients; Development of Nonisotopic
Cytosine Extension Assay
H. Fujiwara and M. Ito
Department of Dermatology, Niigata University School of Medicine, Niigata, Japan
Alteration in epigenetic regulation of DNA expression may play an important role in developing
systemic lupus erythematosus (SLE), as suggested in animal model as well as in drug-induced LE.
We have modi®ed cytosine extension assay for nonisotopic detection in order to analyze global
methylation of CpG islands, and applied to peripheral blood mononuclear cells (PBMC) of LE
patients.
Genomic DNA was extracted from PBMC of SLE (n = 7), discoid LE (n = 6), and normal subject
(n = 5). The extracted DNA was digested with methylation sensitive restriction enzymes HpaII and
BssHII, then biotinylated dCTP was incorporated with Taq polymerase. The assay solution was
®xed onto nylon membrane, and visualized with streptavidin-alkaline phosphatase method. The
signal was digitized and subjected for densitometry.
The density of three groups did not revealed signi®cant difference in HpaII digestion or BssHII.
Our data did not suggest the association of the global methylation in CpG islands of PBMC with
the development of LE.

Vitamin C Promotes Expression of Basement Membrane Antigens and Histiotypic
Epithelium in Cultured Skin Substitutes
A. Supp,* V. Swope,² and S. Boyce*²
*Shriners Hospital for Children, and ²Department of Surgery, University of Cincinnati, Cincinnati, Ohio
Cultured skin substitutes (CSS) have become adjunctive treatments for excised burns and chronic
skin wounds, but de®ciencies in epithelial attachment contribute to mechanical fragility and graft
failure. Hypothetically, these anatomic de®ciencies may result from nutritional de®ciencies during
maturation of CSS in vitro. To address this hypothesis, CSS consisting of cultured human
keratinocytes and ®broblasts attached to collagen-based substrates were incubated for 3 wk in
media containing a stable analogue of Vitamin C at a concentration of 0.0 mM or 0.1 mM. Media
were changed daily, and after 11 and 18 days incubation with air exposure (37°C, 5% CO2),
samples were analyzed for the presence of human collagens IV and VII, kalinin (laminin 5) and
laminin by immunohistochemistry (IHC). IHC showed strong linear staining for all four antigens
in the basement membrane (BM), and diffuse staining for collagen IV and laminin in the dermal
component of the samples incubated in media containing 0.1 mM Vitamin C. In contrast, the BM
of samples incubated in 0.0 mM Vitamin C exhibited discontinuous staining for collagen VII and
laminin and diffuse staining in the dermal component for collagen IV was only observed at the later
time point. In addition, the epithelial organization of keratinocytes in CSS incubated in 0.1 mM
Vitamin C resembled closely the anatomy of epidermis, and the collagen-GAG substrate was
almost completely remodeled at the later time point. In 0.0 mM Vitamin C, a distinct basal layer of
keratinocytes was present but epithelial organization was poor and substrate remodeling was
minimal. These results suggest that cultured human keratinocytes and ®broblasts in CSS organize
and synthesize anatomic structures as a function of Vitamin C. Although the mechanisms for these
responses were not addressed, the results demonstrate that Vitamin C stimulates histiotypic
expression of basement membrane antigens in CSS in vitro. Improvement of basement membrane
expression in CSS by incubation in media containing Vitamin C may improve clinical ef®cacy of
CSS for wound treatment.

Endothelial Cells Form Multicellular Structures in Cultured Skin Substitutes In Vitro
S. Boyce,*² K. Wilson,² and G. Warden*²
*Shriners Burns Hospital, and ²Department of Surgery, University of Cincinnati, Cincinnati, Ohio
Ef®cacious healing after transplantation of cultured skin substitutes (CSS) is limited by slow
vascularization due, in part, to lack of a vascular plexus in the graft. To address this limitation,
cultured human microvascular endothelial cells (HMVEC) were inoculated at a ratio of 1:3
together with human ®broblasts (total density, 5 3 105 cells per cm2) on to collagen-based
substrates, followed by inoculation of human keratinocytes. After 10, 14 or 21 d incubation
including air exposure, CSS were labeled by immunohistochemistry (IHC) for CD31/Platelet
Endothelial Cell Adhesion Molecule-1 (PECAM-1), an endothelial cell marker. IHC showed
strong focal staining in multicellular clusters of endothelial cells. Individual cells stained for
PECAM-1 were rare. Branched, linear structures were formed by HMVEC within the dermal
component of the CSS. Multiple small groups of HMVEC were observed adjacent to the
®broblast±keratinocyte interface that suggested a trophic activity of keratinocytes. No HMVEC
were found in the keratinocyte compartment of the CSS.
These results demonstrate that HMVEC respond to coculture with ®broblasts and keratinocytes by
organizing into multicellular clusters and linear structures in vitro. Asymmetric distribution of
HMVEC toward the keratinocyte compartment of CSS suggests that keratinocytes release a
trophic factor. Cultured cells in this CSS model have been shown to secrete angiogenic factors
including Vascular Endothelial Growth Factor and basic Fibroblast Growth Factor. These results
suggest that paracrine and/or juxtacrine activities among cells in coculture contribute to
morphogenesis of tissue structures from individual cell populations. Future studies will investigate
whether HMVEC structures form tubular networks, and whether HMVEC stimulate earlier
perfusion of CSS after grafting.
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A Comparison of P2X5 and P2X7 Receptor Expression in Normal Skin and in Basal Cell
Carcinoma: These Receptors are Part of a Signalling System Reported for the First
Time in the Skin ± can they be Manipulated to Treat Skin Disease?
A. Greig, M. Rustin, D.A. McGrouther, and G. Burnstock
Autonomic Neuroscience Institute and Department of Dermatology, Royal Free and University College
Medical School, Rowland Hill Street, London, and Division of Plastic and Reconstructive Surgery, University
College London, U.K.
Purinergic receptors, which bind ATP, can now be identi®ed in human skin. The distribution of
P2X5 and P2X7 nucleotide receptors in normal human skin is described immunohistochemically,
and compared with that in basal cell carcinoma. P2X5 was found in the stratum basalis, the stratum
spinosum and the stratum granulosum, where cells are undergoing proliferation and differentiation
(con®rmed with proliferating cell nuclear antigen (PCNA), a marker for cell proliferation). P2X7
expression was found in the stratum corneum and the uppermost layer of the stratum granulosum,
where cells prepare to undergo apoptosis (con®rmed with TdT-mediated dUTP nick end labelling
(TUNEL) and Annexin V, markers for apoptosis). In basal cell carcinoma there was up-regulation
of the expression of P2X5 receptors within the tumour cells. The P2X7 receptor was expressed in
the necrotic centre of tumours, in mast cells and macrophages. It is suggested that P2X5 and P2X7
receptors could be used as a tool for examining and perhaps treating diseased skin where there are
abnormalities in cell proliferation and cell death in the epidermis, for example basal cell carcinoma.

Preclinical Data Indicate Role of Isotretinoin Metabolites for Anti-Acne Effects of
Isotretinoin
U.-W. Wiegand, W. Pirson, and F. Bauer
F. Hoffmann-La Roche Ltd, Basel, Switzerland
Isotretinoin (13-cis retinoic acid, Accutane) is an endogenous compound and a physiological
metabolite of vitamin A. The metabolism of isotretinoin in acne patients is fairly complex because
of several reversible and irreversible metabolic steps. lsotretinoin is metabolized to endogenous alltrans retinoic acid and 9-cis retinoic acid and irreversibly oxidized to 4-oxo 13-cis-retinoic acid,
which is also reversibly transformed to 4-oxo retinoic acid. All these compounds also form
glucuronides, which are excreted in urine and feces.
Using the currently available isotretinoin formulation only the overall effect regarding ef®cacy and
safety has been determined for isotretinoin and its metabolites in clinical trials. The individual
contribution of parent compound and each of its metabolites to these effects is, however, not
known. We therefore initiated their preclinical characterization with respect to activity most likely
relevant for clinical ef®cacy.
The following experimental models were used: minipig sebaceous glands, pig and human
sebocytes, the limb bud test, hypervitaminosis A effect in mice as well as receptor binding and
activation assays.
The results of these experiments show that isotretinoin metabolites were found in the minipig acne
model. Furthermore they were active in all experimental models, which are relevant for the
antiacne effect as well as for general retinoid activity. The results in these tests demonstrate that 4oxo 13-cis retinoic acid may be as active as 13 ci-retinoic acid and that 4-oxo all trans-retinoic acid
has a similar activity than all trans-retinoic acid. Receptor binding and activation experiments
support these ®ndings.
We therefore conclude that isotretinoin metabolites may contribute considerably to the therapeutic
effect of isotretinoin. Studies in humans have been initiated which will give additional information
on the importance of isotretinoin metabolites for the clinical effects and safety aspects of
isotretinoin.
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Estrogen Receptor Beta is Present in the Hair Follicle and Sebaceous Gland in Male
Human Skin
M. Thornton, A.H. Taylor,* K. Mulligan,* and F. Al-Azzawi
University of Bradford, Bradford, U.K.; *Leicester Royal In®rmary, Leicester, U.K.
The recent identi®cation of a second estrogen receptor (ERbeta) in nonclassical estrogen targettissues has led to a review of the signalling mechanisms of steroid hormones. Since steroid
hormones may regulate human hair growth, we have investigated the distribution of ERbeta in
human skin by immunocytochemistry using a polyclonal antibody directed against the N-terminal
region of human ERbeta. As expected, prostate and ovary, ERbeta positive controls, showed
nuclear and cytoplasmic staining. In male occipital scalp and scrotal skin, nuclear staining was
present in all layers of the epidermis. In the hair follicle ERbeta was most strongly expressed in
outer root sheath cells. Approximately, 50% of the dermal papilla cells expressed ERbeta in all the
dermal papillae observed. The majority of epithelial matrix cells showed nuclear staining, but a
distinct population were also unstained. Immunoreactivity was most prominent in cells directly
surrounding the dermal papilla, and cells that eventually form the outer root sheath. In the
sebaceous gland, staining was restricted to the partially differentiated sebocytes, and was absent
from mature differentiated sebocytes or periperhal undifferentiated cells. In the epidermis and hair
follicle, staining was con®ned to the nucleus. However, in the sebaceous gland, equivalent
amounts of ERbeta immunoreactivity was also found on the plasma membrane. The presence of
ERbeta in the hair follicle and sebaceous gland of male skin suggests that estrogens may be
important in regulating the pilosebaceous unit, and provides further evidence for estrogen action in
nonclassical target-tissues.

Steroid Sulfatase Activity in the Human Hair Follicle Concentrates in the Dermal
Papilla-Possible Involvement in Local Androgen Metabolism
R. Hoffmann, A. Rot,* S. Niiyama, and A. Billich*
Philipp University, Marburg, Germany; *Novartis Research Institute, Vienna, Vienna, Austria
DHT is known to play a crucial role in the regulation of hair growth in androgenetic alopecia
(AGA). DHT can be formed locally within the hair follicle (HF) from testosterone by 5a-reductase
(5aR). Ddehydroepiandrosterone (DHEA), can be converted to DHT by isolated HF as well.
Sulfated DHEA (DHEAS) is the most abundant circulating steroid and elevated urinary DHEA and
serum DHEAS has been reported in balding men, which suggest that DHEAS may act as an
important factor in AGA. The question arises whether the DHEAS can be cleaved within the HF
to yield DHEA by steroid sulfatase (STS) and where STS is localized within the HF. Therefore we
performed immunohistochemistry for STS on human scalp biopsies as well as analysis of STS
enzyme activity in de®ned parts of occipital human anagen HF ex vivo by HPLC. With both
methods STS was mainly detected in the dermal papilla (DP). STS activity was inhibited by
estrone-3-O-sulfamate, a speci®c STS-inhibitor, in a concentration dependent manner (80% of
inhibition at 1 nM). We describe for the ®rst time that the DP of the HF appears to be a major site
of STS expression in occipital human HF, the site where type 2 5aR activity and androgen
receptors are found. It is therefore conceivable that DHEAS can be utilized by the HF to produce
DHT which lends further justi®cation to the concept that DHEAS contributes to AGA and that
STS inhibitors could be new drugs to treat AGA.
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The Feasibility of Quantitative Analysis of the Androgen Metabolism by the Use of
Single Dermal Papillae from Human Hair Follicles
S. Niiyama, R. Happle, and R. Hoffmann
Philipp University, Marburg, Germany
Androgenetic alopecia is a dihydrotestosterone-mediated process characterized by continuous
miniaturization of hair follicles and their dermal papillae, thus making it dif®cult to analyze the
metabolic activity of these structures. However, dermal papillae express high levels of 5a-reductase
activity and it is unknown whether intact dermal papillae in vivo express in androgenetic alopecia
even more 5a-reductase activity. Therefore there is a rational need for a reliable and sensitive
method to measure 5a-reductase activity in fresh tissues. In order to ®nd a novel approach to this
issue we used freshly isolated, intact dermal papillae and a highly sensitive HPLC-radiomatic ¯ow
scintillation system to measure 5a-reductase activity ex vivo. Our results show that 5a-reductase
activity can be measured in single dermal papillae, but measurable 5a-reductase activity differs
greatly between different dermal papillae, even in dermal papillae from the same donor. Therefore,
in contrast to our previous reports where we have measured 5a-reductase activity in up to 12
dermal papillae, the use of only 1±3 dermal papillae is at present not a reliable tool to analyze 5areductase activity ex vivo.

Are there ``Tight-Junctions'' in Human Epidermis?
J.M. Brandner, P. Houdek, S. Kief, C. Grund,* W.W. Franke,* and I. Moll
Department of Dermatology, University Hospital Eppendorf, Hamburg, Germany; *Division of Cell
Biology, German Cancer Research Center, Heidelberg, Germany
Endothelia and simple epithelia build barriers between different compartments of the body. Their
barrier function is maintained by structures called ``Tight-Junctions''. The epidermis has an
important barrier function, too, protecting the body from enviromental in¯uences. To ®nd out,
whether Tight-Junctions also exist in human epidermis and to get some hint for their possible
function we investigated Tight-Junction-associated proteins in normal and ``barrier-failing'' skin,
e.g., during wound-healing, and in cultured keratinocytes. We used various methods, including
immunohistochemistry as well as electronmicroscopy, RT-PCR and western-blotting. We could
locate the Tight-Junction-associated proteins occludin, ZO-1 and claudin-1 in the stratum
granulosum and the upper layer(s) of the stratum spinosum. The proteins do not colocalize with
desmosomal proteins. Using RT-PCR-techniques we could identify at least four more TightJunction-associated proteins in human skin. During wound-healing, occludin and ZO-1 are
expressed early in regenerating epidermis much before differentiation of the epidermal cells takes
place. Cultivated human keratinocytes, which were transplanted to the wounds for an acceleration
of wound-healing show a connection to each other and to the keratinocytes at the wound-edges
via Tight-Junction-associated proteins already 19 h after transplantation. These results show the
existence of structures containing various Tight-Junction-associated proteins in human epidermis.
Their localisation in the upper living layers of the epidermis and their early expression during
wound-healing make a possible function in the construction of skin barrier likely.

Peroxisome Proliferator-Activated Receptor (PPAR) Expression in Human Sebaceous
Glands
D.M. Thiboutot, K.L. Gilliland, S. Sivarajah, and Z. Cong
Penn State University, Hershey, Pennsylvania
Each of the PPAR receptor subtypes (alpha, delta and gamma) have been identi®ed in rat preputial
sebocytes. Ligands for each PPAR induce lipogenesis in these cells. The goal of this study is to
determine if PPARs are expressed in human sebaceous glands and if linoleic acid, a PPAR agonist,
increases the growth and differentiation of human sebocytes in a manner analogous to that
described in the rat preputial system. Using RT-PCR, mRNA for the PPAR beta (delta) receptor
was identi®ed in isolated human sebaceous glands. Using antibodies to each PPAR receptor
subtype, immunolocalization was noted in sections of human facial skin, cultured human sebocytes
and rat preputial sebocytes. Reactivity was most intense with the PPAR gamma antibody in all
sections. Antibodies localized to sebaceous glands, hair follicles, epidermis and eccrine glands in
human skin. Expression of PPAR gamma protein was con®rmed in extracts of human sebaceous
glands and rat preputial glands as evidenced by detection of a 55-kDa band in Western blotting.
Treatment of cultured human sebocytes with linoleic acid (25 microM-100 microM) increased cell
number and markedly increased lipogenesis as detected by oil red O staining. These data are in
good agreement with ®ndings in the rat preputial system and indicate that PPARs may play an
important role in human sebum production and hence the development of acne.

Gangliosides Downregulate the Expression and Activity of MMP-2
A.S. Paller, X.Q. Wang, A. Al-Qamari, and P. Sun
Departments of Pediatrics and Dermatology, North-western University Medical School, Chicago, Illinois
The malignant potential of several tumors has been correlated with alterations in ganglioside
content. In view of the association between production of matrix metalloproteinase 2 (MMP-2)
and the spread of epithelial malignancy, we explored the effects of gangliosides on expression and
activity of MMP-2. Keratinocyte-derived SCC12 cells were incubated with gangliosides for 48 h,
and the expression and activity of MMP-2, MT1-MMP, an activator of pro-MMP2, and TIMP-2,
an inhibitor of MMP-2 activity, were assessed. As demonstrated by both Northern-ELISA assays
and Western blotting, the expression of MMP-2 was markedly decreased by incubation of cells
with the more sialylated keratinocyte gangliosides of the ``b'' pathway, GT1b and GD3, and
slightly inhibited by ganglioside GM3. GM2, a ganglioside of the ``a'' synthetic pathway, had no
effect on expression. Decreased activity of MMP-2 induced by each ganglioside correlated with the
decreased expression. In contrast, the expression of TIMP-2 was only slightly decreased by
incubation with the more highly sialylated gangliosides and MT1-MMP expression was not
affected. In contrast, activators of protein kinase C (PKC) activity, concanavalin A and PIP3,
increased MMP-2 activity and expression by SCC12 cells, and only slightly increased TIMP-2
expression. When both activators of PKC and gangliosides GT1b or GD3 were incubated together
with the SCC12 cells, no change in the expression or activity of MMP-2 was noted. These studies
provide evidence that more highly sialylated gangliosides modulate MMP-2 expression and activity
in keratinocytes through a mechanism that involves suppression of the PKC signaling pathway.
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IEX-1 Induces Cell Proliferation or Apoptosis: Growth- and Stress-Mediated Events in
Keratinocytes
D. Schilling, K. Feldmann, R. Kumar, K. Squillace, and M. Pittelkow
Departments of Dermatology, Medicine and Biochemistry and Molecular Biology, Mayo Clinic
The expression of IEX-1, an immediate-early gene, is induced in keratinocytes by growth factors,
phorbol ester, and X-ray and ultraviolet radiation (UVR). We have shown that overexpression of
IEX-1 using the pcDNA3.1/zeo(±) vector in the keratinocyte cell line, HaCaT enhances cell
proliferation and cell cycle turnover. To examine the effect of IEX-1 on apoptosis induced by
various agents, HaCaT that constitutively overexpressed IEX-1 were challenged with UVR, the
DNA-damaging agent, camptothecin or serum deprival, and cell survival, caspase 3 activation and
nucleosome formation were measured to assess apoptosis. Compared to HaCaT/zeo control,
HaCaT/IEX-1-zeo cells expressed signi®cantly greater IEX-1 levels following serum removal.
Like UVB, camptothecin (5 mM) strongly induced IEX-1 expression within 30 min of exposure.
Within 3 h of exposure to UVB or camptothecin, caspase 3 activity was markedly increased, and
nucleosome levels increased signi®cantly by 6 h in IEX-1-over-expressing versus control HaCaT
cells. Serum withdrawal over several days also signi®cantly enhanced caspase 3 activity and
apoptosis in IEX-1 versus control HaCaT cells. Detached cells in IEX-1 versus control HaCaT
cultures also showed enhanced caspase 3 activation. These ®ndings implicate IEX-1 in the control
of apoptosis upon cell stress as well as in promoting cell replication under favorable growth
conditions. As an immediate-early gene product, IEX-1 may be a novel regulator of keratinocyte
growth and survival, similar to p53, c-myc and related cell-cycle control proteins.
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Periplakin Tail Domain Interacts with Intermediate Filament Proteins
S. Kazerounian, J. Uitto, and S. Aho
Thomas Jefferson University, Philadelphia, Pennsylvania
Plakins consist of a family of proteins, including plectin, desmoplakin, the 230-kDa bullous
pemphigoid antigen (BPAG1), envoplakin and periplakin, which are characterized by a central
coiled-coil rod domain ¯anked by amino-and carboxy-terminal globular domains. The carboxyterminal tail domain of plectin has been shown to contain both an intermediate ®lament binding
region as well as nuclear localization signal. Since the tail domains of other plakins have a high
degree of sequence homology with plectin, we explored their functionality by green ¯uorescent
protein (GFP) tagged fusion proteins consisting of the homologous linker region of each plakin.
Transient transfection of primary keratinocytes or HaCaT cells with GFP constructs revealed
speci®c localization along the intermediate ®laments when plectin and periplakin constructs were
tested, while desmoplakin and BPAG1 showed diffuse localization throughout the entire cell.
Yeast two-hybrid analyses revealed that the periplakin tail region is able to interact with both
vimentin and cytokeratin 8. RT-PCR analysis of the multiple tissue cDNA panels with speci®c
sets of primers revealed wide tissue distribution for desmoplakin, plectin, periplakin and
envoplakin, the expression pattern of periplakin resembling closely that of plectin. These data
suggest that periplakin is functionally related to plectin, including its ability to interact with
intermediate ®lament proteins.

Laminin 5 is Required for Proliferation and Directed Migration Keratinocytes
M.C. Ryan, D.E. Frank, P. Fleckman,* B. Hager,* and W.G. Carter
Fred Hutchinson Cancer Research Center, Seattle, Washington; *University of Washington, Seattle,
Washington
Repair and regeneration of the epidermis requires migration and proliferation of basal
keratinocytes. To distinguish between endogenous and exogenous laminin-5 in these processes,
we developed an animal model for laminin-5 de®ciency by targeting the disruption of the LAMA3
gene in mice. Our system offers two important advantages: (i) It relies on primary keratinocytes
rather than on ``immortalized'' cells from patients; (ii) It allows us to detect adhesion events that
can be obscured by the deposition of endogenous laminin-5. Time-lapse microscopy and cell
growth assays were done to evaluate the response of wild type and mutant cells on exogenous
laminin-5. We found that endogenous laminin-5 is required for long-term but not short-term
migration. In short-term assays, exogenous laminin-5 is suf®cient to promote migration of wild
type and mutant keratinocytes. However, in long-term cultures, directed migration (i.e.,
movement toward a polarized leading edge) of mutant cells is impaired as they no longer respond
to exogenous laminin-5 and appear to utilize an alternative±receptor ligand interaction for
movement. Consistently, the initial migratory response could be blocked with inhibitory
antibodies against laminin-5 but the long-term migration could not. Analysis of cell growth
reproducibly showed that proliferation was compromised in mutant cells compared to wild type.
Furthermore, exogenous laminin-5 was unable to rescue the mutant keratinocytes, indicating that
endogenous laminin-5 is required for sustained growth. Therefore, endogenous laminin-5 is
required for repair and regeneration of the epidermis.

Interactions Between a6b4 Integrin and Plectin Mediate Localization with Laminin-5
and Control BP180 Processing
A.J. Russell, D. Reddy, and M.P. Marinkovich
Stanford Mediacl Center, Palo Alto, California
The goal of these studies was to determine extracellular events associated with hemidesmosome
(HD) formation. This was accomplished through the identi®cation and substitution of residues
within the integrin b4 subunit important for laminin 5 binding. Retroviral delivery of attachment
de®cient b4 into b4 de®cient epidermolysis bullosa (EB) keratinocytes produced cells which
expressed a6b4 heterodimers but failed to bind to laminin-5. However, assosciation of laminin 5
with other HD components was indistinguishable from normal keratinocytes or WT b4 transduced
EB cells. Overexpression of attachment de®cient b4 subunits in EB keratinocytes de®cient in
plectin eliminated a6b4/laminin±5 association, while overexpression of attachment de®cient b4 in
BP180 de®cient keratinocytes did not alter colocalization of a6b4 and laminin 5. We conclude
that HD recruitment is driven through a cytoplasmic interaction between plectin and b4, while
BP180 is not essential to this process. Further studies demonstrate that recruitment of plectin and
BP180 by a 6b4 is needed for ef®cient processing of the BP180 exodomain. Transduction of EBPA keratinocytes with WT b4 or attachment de®cient b4 increased processing at least 20 fold over
control transduced EB-PA cells or cells transduced with a b4 subunit truncated at aa1328. This was
veri®ed by immuno¯uorescence using antibodies speci®c to cleaved BP180 and by Western blot of
cell lysates and keratinocyte media. We conclude that HD localization with laminin-5 is driven
through interaction of plectin and the b4 cytoplasmic domain, and is required for the ef®cient
recruitment of BP180 and subsequent cleavage of its extracellular domain.
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Protein Kinase C Alpha Expression is Required for Calcium Dependent Keratinocyte
Differentiation
L.C. Yang, D.C. Ng, and D.D. Bikle
University of California, VA Medical Center, San Francisco, California
Calcium induces both involucrin and transglutaminase-K in normal keratinocytes (NHK) but not
in squamous carcinoma cell lines (SCC). The protein kinase C (PKC) agonist phorbol myristoyl
acetate potentiates and the PKC antagonist Ro31±8220 blocks the ability of calcium to stimulate
the involucrin promoter in normal human keratinocytes but not in SCC4. We thus examined the
ability of calcium to regulate the levels of ®ve PKC isozymes in NHK and SCC4. In the normal
keratinocytes, the levels of PKCa, PKCd, PKCh and PKCz increased over the ®rst one to two
weeks in a calcium-and time-dependent manner. PKCe decreased in a time-and calciumdependent fashion over the three-week period. All ®ve isozymes showed little change during
culture in SCC4 at any calcium concentration. Since PKCa is the only calcium responsive PKC
isozyme in keratinocytes and most likely to be directly involved in calcium induced differentiation,
we evaluated the effect of inhibiting its production with antisense oligonucleotides on calcium
regulated markers of differentiation. We found that the PKCa speci®c antisense oligonucleotide
blocked calcium stimulated involucrin promoter activity as well as PKCa, involucrin and
transglutaminase protein production, whereas the sense oligonucleotide control did not. We
conclude that although a number of PKC isozymes are regulated during calcium induced
differentiation, PKCa plays a necessary role in mediating calcium-induced differentiation. Failure
to regulate PKCa in SCC4 may underlie at least part of the failure of calcium to promote
differentiation in these cells.

Inhibition of 5a-Reductase Activity in Immortalized Human Sebocytes and
Keratinocytes In Vitro
K. Seiffert, M. Fritsch, H. Seltmann, C. Orfanos, and C. Zouboulis
Department of Dermatology, University Medical Center Benjamin Franklin, The Free University of Berlin,
Berlin, Germany
5a-Dihydrotestosterone (5a-DHT) is the most potent androgen in human skin. It is involved in
the development of acne, seborrhea, androgenetic alopecia and female hirsutism. 5a-DHT is a
product of intracellular testosterone conversion by the enzyme 5a-reductase. We and others have
shown that the 5a-reductase type 1 isoform occurs predominantly in sebocytes and follicular
keratinocytes. In the present study, we investigated the in¯uence of selective inhibitors of 5areductase on 3H-testosterone metabolism by immortalized human sebocytes (SZ95 cell line) and
keratinocytes (HaCaT cells) in vitro using high performance thin layer chromatography. We
showed that the isotype 1 inhibitor MK386 completely inhibited conversion of testosterone to 5aDHT in concentrations higher than 10±9 M in both cell types. Inhibitors of the isotype 2, namely
®nasteride, dihydro®nasteride, and turosteride, were over a 100-fold less active in inhibiting
testosterone metabolism, while androgen receptor blocking agents (cyproterone acetate,
spironolactone, inocoterone acetate, and RU 58841), used as controls, did not inhibit 5areductase activity at all. Inhibition of 5a-reductase activity was followed by an increased 17b-HSD
reduction activity. Treatment with 10±6 M 5a-DHT or testosterone for 3 d nearly doubled the
protein content of sebocyte cultures. Furthermore, MK386, but not ®nasteride, reduced the
testosterone-mediated increase in sebocyte proteins, albeit slightly (±8.5% vs ±2.1%). Our results
suggest that 5a-reductase type 1 inhibitors are potentially interesting candidates for the selective
treatment of seborrhea and acne, however, 5a-reduction alone may not be suf®cient to markedly
reduce the activity of human sebocytes.
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Genetic Control of Keratinocyte Colony Number in Mice
N.V. Popova, K.A. Tryson, K.Q. Wu, and R.J. Morris
Lankenau Medical Research Center, Wynnewood, Pennsylvania
We tested seven different strains of mice in a sensitive quantitative assay for keratinocyte colony
forming cells (kCFC) from the epidermis and hair follicles. At baseline (7 wk of age) mice from all
strains showed similar numbers of hair follicles, basal cells, and mitotic indices per square
centimeter of skin. Cutaneous keratinocytes were harvested from groups of three mice from each
strain by trypsinization under conditions favoring the development of a single cell suspension.
Keratinocyte colonies re¯ecting stem cell number were grown from single cells on irradiated 3T3
in a ``high'' calcium medium for intervals of 2 and 4 wk. A balanced incomplete block design was
used to obtain 12 replicates from each strain. For colony counts, we found three subsets: C57Bl/6
>> SENCAR = DBA/2 = C3H = BALB/C > CD-1 = FVB. Average counts per 1000 viable cells
ranged from 81.5 6 9.44 for C57Bl/6±29 6 4.24 for BALB/C to 13.8 6 2.19 for CD-1 (n = 12 6
S.E.M.). The differences between C57Bl/6 and BALB/C were statistically signi®cant (p < 0.01).
The F1 generation of C57Bl/63BALB/C had an intermediate number of colonies (53.0 6 6.98;
n = 10 6 S.E.M.). Average colony numbers from the C57Bl/63CB6F1 backcross was 65.52 6
28.6 (n = 50 6 S.D.), from the BALB/C3CB6F1 backcross was 32.15 6 19.21 (n = 50 6 S.D). A
genome wide scan of the two backcrosses maps the number of keratinocyte colonies to the
proximal region chromosome 1, the central region of chromosomes 2 and 3, and the distal regions
of chromosomes 11, 14 and 15. The genome scan of the F2 intercross generation is still in progress.
This appears to be an attractive model to investigate the intrinsic and extrinsic control of stem cells
in the cutaneous epithelium.

Characterization of Caspase-14 Expression in Human Epidermis and in Keratinocytes
Cultured In Vitro
L. Eckhart, J. Ban, H. Fischer, and E. Tschachler
DIAID, Department of Dermatology, Medical School Vienna, Vienna, Austria
Caspases are the central enzymes in apoptotic cell degradation. Recently, murine caspase-14 has
been identi®ed as a novel member of this enzyme family and was found to be highly expressed in
mouse skin. In the present study, we determined the genomic organization and the sequence of the
human caspase-14 gene by extending partially homologous sequences from the GenBank with
PCR and RACE (rapid ampli®cation of cDNA ends). Using primers and probes speci®c for
human caspase-14 transcripts in RT-PCR, Northern blot, and in situ-hybridization (ISH), we
analyzed the expression of caspase-14 both in vivo and in vitro. ISH revealed that the abundance of
caspase-14 mRNA was low in the basal layer of human epidermis, but increased strongly with
terminal differentiation of keratinocytes. Essentially the same expression pattern was found in
hyperproliferative skin diseases such as psoriasis and lichen ruber planus, whereas basal cell
carcinoma was negative for caspase-14 expression. In vitro, primary keratinocytes expressed little
caspase-14 mRNA in subcon¯uent cultures but high amounts thereof when they were maintained
at con¯uency for 4 d or longer. In contrast, in immortalized cell lines caspase-14 was not expressed
at signi®cant levels. Our results suggest that caspase-14 plays an important role in terminal
differentiation of epidermal keratinocytes.
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JAM: a Novel Human Matrix Metalloproteinase (MMP-25) Expressed by Keratinocytes
and Induced during Cutaneous Wound Healing
J.L. Lohi, C.L. Wilson,* J.K. Keski-Oja, J.D. Roby,* and W.C. Parks*
University of Helsinki, Helsinki, Finland; *Washington University, St. Louis, Missouri
We have cloned a new human matrix metalloproteinase (MMP-25) from human keratinocyte and
testis cDNA libraries. We call this new MMP JAM (junction-associated MMP). Like most MMPs,
JAM contains a signal sequence, a prodomain with a PRCGVTD sequence, a zinc-binding
catalytic domain with an HEIGHTLGLTH sequence, and a hemopexin-like domain. In addition,
JAM has a furin activation sequence (RRKKR) but it has no transmembrane sequence. In contrast,
the exon-intron organization differs from other MMPs. The MMP-25 gene has only eight exons,
and only three splice sites are at conserved positions. Another novel feature of MMP-25 is that
exon 3 is alternatively spliced leading to a transcript that does not encode the N-terminal half of the
catalytic domain. RNAse protection assay of various cultured cell lines revealed selective
expression of MMP-25 mRNA in HaCaT keratinocyte cell line and in primary keratinocytes. In
situ hybridization and immunohistochemical staining showed expression in the basal and suprabasal
layers of epidermis in intact skin. Staining for JAM was markedly increased in basal keratinocytes at
the edge of cutaneous wounds, while dermis was negative. Keratinocytes in specimens of pyogenic
granulomas had exceptionally high expression for JAM. These ®ndings suggest that this new MMP
functions in both epidermal homeostasis and tissue repair.

Ultraviolet B-Dependent Inhibition of ERK1/2 Signaling is Necessary for the Induction
of Apoptosis in Proliferating Keratinocytes
S.A. Hurwitz and D.F. Spandau
Indiana University School of Medicine, Indianapolis, Indiana
The induction of apoptosis by UVB is linked not only to the direct damage caused to chromosomal
DNA by UVB but also to the response of cell surface receptors to UVB irradiation. We have
previously demonstrated that UVB irradiation causes a sustained activation of the EGF receptor
following a single UVB exposure. Furthermore, this sustained activation of the EGF receptor was
necessary for the UVB-dependent induction of apoptosis in proliferating keratinocytes.
Paradoxically, in proliferating keratinocytes the signal transduction pathway for mitotic growth
involves the activation of the EGF receptor and the subsequent activation of speci®c nuclear
transcription factors by the MAP kinases ERK1/2. We now show that the irradiation of
proliferating human keratinocytes to apoptotic doses of UVB results in the rapid elimination of
ERK1/2 activities as measured by monoclonal phosphoantibody analyses and speci®c kinase assays.
Inhibition of ERK1/2 activity (through the use of EGF receptor inhibitors) prior to UVB
exposure can prevent the induction of apoptosis by UVB. The inhibition of EGF receptor activity
does not effect the induction of other MAP kinases (p38 or JNK) following UVB irradiation. The
mechanism of UVB-induced inhibition of ERK1/2 and its role in the induction of apoptosis are
currently under investigation.

Gangliosides Modulate the Expression of MMP-9 and TIMP-1
A. Al-Qamari, X.Q. Wang, P. Sun, and A.S. Paller
Departments of Pediatrics and Dermatology, North-western University Medical School, Chicago, Illinois
Gangliosides, glycosphingolipids with one or more sialic acid moiety, are thought to be involved in
the regulation of keratinocyte proliferation, differentiation and migration. In addition, the
malignant potential of several tumors has been correlated with alterations in ganglioside content. In
order to explore the effects of gangliosides on expression and activity of matrix metalloproteinases
and of MMP inhibitors, we depleted gangliosides by stably transfecting a sialidase cDNA that
metabolizes gangliosides into the keratinocyte-derived SCC12 cell line to compare with
pharmacologic addition of ganglioside to parental cells. TIMP-1 expression was assayed by
Northern analysis, RT-PCR, and Western blotting, and MMP-9 expression by Northern analysis
and Western blotting. MMP-9 activity was assessed by zymography with gelatin. Transfection
increased expression of the sialidase and activity at neutral pH, resulting in morphologic alterations
and total depletion of gangliosides. These sialidase overexpressors showed markedly increased levels
of TIMP-1, with slightly increased levels of MMP-9 but signi®cantly decreased activity of the
MMP-9. In contrast, pharmacologic addition to normal SCC12 cells of GM3 50 mM or GT1b
10 mM, two gangliosides of keratinocytes and SCC12 cells, resulted in a marked suppression of
expression of both TIMP-1 and MMP-9 without affecting the activity of MMP-9. We and others
have previously shown that gangliosides may affect both EGF receptor/MAP kinase and PKCmediated signal transduction pathways. Addition of 10 nM EGF increases further the expression of
MMP-9 and increases its activity in the SCC12 cells, but does not affect the expression of TIMP-1.
In contrast, inhibitors of PKC decrease the expression of TIMP-1 in SCC12 cells without altering
MMP-9 expression. We propose that gangliosides modulate the expression of MMP-9 and TIMP1 through their effects on epidermal growth factor receptor function and protein kinase C
function, respectively.

Human Macrophage Metalloelastase (MMP-12), Stromelysin-2 (MMP-10), and MT1MMP are Expressed by Transformed Keratinocytes in Skin Cancer
E. KerkelaÈ, R. Ala-aho, L. Jeskanen, V-M. KaÈhaÈri, and U. Saarialho-Kere
Department of Dermatology, University of Helsinki; and Department of Medical Biochemistry and MediCity
Research Laboratory, University of Turku, Finland
Matrix metalloproteinases (MMPs) play an important role in tumor progression by enhancing
angiogenesis and degrading basement membranes and surrounding matrix. Interestingly, at least
metalloelastase (MMP-12) cleaves plasminogen into angiostatin and thus may prevent tumor
growth by inhibiting angiogenesis. To investigate the role of MMP-12, MMP-10 and MT1-MMP
in epithelial cancers, we studied Bowen's disease, squamous cell (SCC) and basal cell (BCC)
carcinomas using in situ hybridization and immunohistochemistry. Most MMP-12-positive cells
were detected in SCCs, in which its expression was higher in less differentiated and aggressive
tumor subtypes. In addition to macrophages, transformed epithelial cells expressed MMP-12 in
SCCs and ®brosing BCCs, but not in premalignant tumors. Using Northern blot hybridization
MMP-12 mRNA was detected in three cell lines derived from SCCs of the head and neck and in
transformed HaCaT cells, whereas normal keratinocytes were negative for MMP-12 mRNA.
Western blot analysis con®rmed production of MMP-12 by SCC cells in culture. In SCCs, MT1MMP was detected both in cancer cells and stromal ®broblasts. In BCCs, MT1-MMP was
expressed only by stromal ®broblasts. MMP-10 was expressed in 13 of 22 SCC samples by cancer
cells in the vicinity of areas with in¯ammation; in BCCs it was expressed occasionally near necrotic
areas at the tumor surface. These results show for the ®rst time that MMP-12 can be expressed in
vivo and in vitro by transformed epithelial cells and indicate that the level of MMP-12 expression
correlates with epithelial dedifferentiation and histological aggressiveness. The expression of MT1MMP in cancer cells might relate to invasive growth, while lack of expression in epithelial cells in
BCCs may contribute to their less invasive behavior as compared with that of SCCs.
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Hyaluronan Synthase 2 (HAS2) Regulates Migration of Epidermal Keratinocytes
K. Rilla, M. Lammi, R. Sironen, V.C. Hascall, R. Midura, M. Tammi, and R. Tammi
Department of Anatomy, University of Kuopio, Kuopio, Finland; and Connective Tissue Biology Section,
Cleveland Clinic Research Institute, Cleveland, Ohio
Hyaluronan (HA) is a negatively charged glycosaminoglycan abundant in the extracellular space
between epidermal keratinocytes. It is synthesized at the inner face of the plasma membrane by
hyaluronan synthases (HASs). We manipulated HA synthesis by stable transfection of full length rat
HAS2 sense and antisense cDNA into rat epidermal keratinocytes. Southern analysis indicated that
the transfected gene constructs were present in various copy numbers in all cell lines established
from the G418 resistant clones. Plating ef®ciency of the HAS2 transfected cell lines was similar to
controls (parental cells and those with pClneo without insert), and cell size, as analyzed by FACS,
was not changed.
The cell lines with the sense HAS2 cDNA showed increased HA synthesis, while most cell lines
with HAS2 antisense cDNA contained less HA. HAS2 antisense cells differed from control cell
lines; they spread at a slower rate and retained a rounded morphology for a longer time. Further,
during the ®rst 24 h after plating, proliferation was delayed in the antisense cell lines, and only
reached the cell number of control cells after 3±5 d at con¯uence. In a wound assay (scraping
con¯uent cultures with a pipette tip), the antisense cells showed a signi®cantly decreased migration
rate to ®ll the wound as compared to controls. Cell lines with the HAS2 sense cDNA were similar
to the control cell lines in spreading and proliferation rates. However, in the wound assay they
showed a signi®cantly higher migration rate than control cell lines.
The results suggest that HAS2 expression level may control the migratory activity of keratinocytes
thereby having important roles in epidermal physiology and pathology, including successful wound
healing.

Hyaluronan Exists in the Normal Stratum Corneum
S. Sakai, T. Sayo, Y. Takahashi, and S. Inoue
Basic Research Laboratory, Kanebo, Ltd, Kanagawa, Japan
It has been considered that hyaluronan (HA) is localized between the basal and the middle spinous
layer but not in the stratum corneum (SC) of the epidermis. However, we detected strong mRNA
signals of hyaluronan synthase genes (Has1,2 and 3) in the stratum granulosum using in situ mRNA
hybridization in hairless mouse skin. To con®rm whether HA exists in the SC, we examined [3H]glucosamine incorporation into HA in skin organ cultures. After the 3-d culture, the SC had about
30% of the total radioactivity of the HA fraction in the epidermis. HA in the SC had lower
molecular mass than that of epidermis. Moreover, we assayed HA content in SC by highperformance liquid chromatography and clari®ed that 22.3 mg/d.w.g. of HA existed in the SC
which corresponded to about 40% of total HA content of the epidermis (per disk). Retinoic acid,
which is known to stimulate the synthesis of HA in keratinocytes, stimulated the accumulation of
HA in the SC. We ®rstly con®rmed that HA exists in the normal SC. HA in the SC may play a
role as a natural moisturizing factor or a component related to the physical strength of the SC.
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A Continuous Rat Keratinocyte Cell Line Produces Epidermal Equivalent Cultures for
Transepidermal Penetration Studies
S. Pasonen, R. Tammi, M. Suhonen, M. Kirjavainen, E. Suihko, A. Urtti, and M. Tammi
Department of Anatomy and Pharmaceutical Technology, University of Kuopio, Kuopio, Finland
There is a great need for alternative test systems for percutaneous drug penetration studies. We
have developed an organotypic skin equivalent model utilizing a continuous rat keratinocyte cell
line (REK) which undergoes strati®cation and terminal differentiation without feeder cells, and
characterized its barrier function. The REK cultures show several markers of epidermal
differentiation including keratin 10, involucrin and ®laggrin in suprabasal layers, granular cells
with keratohyalin granules and lamellar bodies, and corneocytes with corni®ed envelopes and
tightly packed keratin macro®brils. The intercorneocyte spaces were ®lled with lipid lamellae.
Differential scanning calorimetry showed that the stratum corneum lipid composition in REK
cultures resembled those in rat and human skin, with minor differences. However, the permeability
of the REK cultures measured by the penetration of 3H-mannitol in a side-by-side-diffusion cell
was higher than that in normal human skin. REKs cultured in medium supplemented with a
combination of fatty acids showed hyperproliferation and aberrant expression of differentiation
markers, while the structure of stratum corneum and the permeability were not affected. REKs
cultured in the presence of vitamin C exhibited more keratohyalin granules, and their stratum
corneum displayed a loose, wavy structure like that in normal skin, in contrast to a rigid, plate-like
stratum corneum in control cultures. These histological characteristics of vitamin C supplemented
cultures were accompanied by signi®cantly improved barrier function, as indicated by a low
penetration of 3H-mannitol, comparable to that in human skin. Taken together, the present data
show that the REK organotypic culture model offers great potential as a test model for
transepidermal penetration studies.

Intracellular Hyaluronan in Keratinocytes
R. Tammi, K. Rilla, J.-P. PienimaÈki, D. MacCallum,* V. Hascall,² and M. Tammi
Department of Anatomy, University of Kuopio, Kuopio, Finland; *Department of Anatomy, University of
Michigan, Ann Arbor, Michigan; ²Department of Biomedical Engineering, Cleveland Clinic Foundation,
Cleveland, Ohio
Cultured rat epidermal keratinocytes (REKs) actively synthesize hyaluronan (HA) into culture
medium and cell surface, but a small proportion of HA also resides in an intracellular compartment
(IC-HA). We characterized IC-HA localization and processing in REKs using a speci®c staining,
and size by gel ®ltration of metabolically labeled HA.
About 3% of REKs exhibited abundant IC-HA, while half of the cells lacked any demonstrable
IC-HA. IC-HA was localized in 200±600 nm cytoplasmic vesicles. Dual stainings of IC-HA with
markers for lysosomes (cathepsin D), acidic compartments (DAMP), and endosomes (transferrin
receptor) showed no colocalization. When REKs were treated with HA10 (10 monosaccharide
fragment of HA), all IC-HA disappeared, while HA6, HA4, and sulfated glycosaminoglycans had
no effect. All IC-HA was cleared 10 min after addition of HA10, and a 50%-reduction was reached
in 5 min. An anti-CD44 mab, which increases HA on cell surface, also increased IC-HA. Inhibiton
of endocytosis through coated pits (using high osmolality or chlorpromatsin), and caveolae (using
®lippin or nystatin) did not reduce the amount of IC-HA. Perturbation of lysosomal activity (using
ammonium chloride or chloroquine) caused accumulation of IC-HA. Most of the IC-HA had low
MW (<40 kDa) compared to the HA in the medium and on cell surface (>2 milj. Da).
The data demonstrate a rapid uptake and lysosomal degradation of IC-HA in REKs via a receptor
dependent route separate from coated pits and caveolae, involving a receptor with HA10
speci®city, identi®ed as CD44 or functionally dependent on CD44. Most of the IC-HA constitutes
small HA fragments which may have a speci®c role in cellular homeostasis.

Expression of Hyaluronan Synthase3 mRNA in Cultured Human Keratinocytes
T. Sayo, Y. Sugiyama, Y. Takahashi, S. Sakai, and S. Inoue
Basic Research Laboratory, Kanebo Ltd, Kanagawa, Japan
Hyaluronan (HA), which is known to be a major constituent of the skin, is believed to play a
critical role in wound healing and in¯ammation. However, factors controlling the HA production
by keratinocytes has not been adequately investigated. In this study, we investigated whether
in¯ammatory cytokines affect the HA synthesis, and which of the known members of HA synthase
(HAS1, HAS2, or HAS3) was regulated by cytokines in cultured human keratinocytes. HA
production in keratinocyte was estimated by the incorporation of [3H] glucosamine into HA.
In this report we observed that interferon-gamma (IFN-g) is a potent stimulator of HA production
in human keratinocytes. In contrast with IFN-g, transforming growth factor-beta (TGF-b) reduced
the HA production.
To investigate which of human HA synthase genes was regulated by IFN-g and TGF-b, total
RNA extracted from cells treated with these cytokines were subject to northern blot analyses. We
observed that IFN-g markedly induced the expression of HAS3 mRNA. Conversely, the addition
of TGF-b did result in downregulation of HAS3 transcript levels. The expression of HAS1
mRNA was not affected by IFN-g, and was slightly upregulated by TGF-b. We were unable to
demonstrate HAS2 mRNA expression either under basal or cytokines-stimulated conditions.
These ®ndings suggested that the effects of both cytokines on keratinocyte HA synthesis were
mainly due to changes in the expression of HAS3 mRNA. In the epidermis, HAS3 gene
expression may regulate the HA synthesis and modulate wound repair and immune processes.
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Effects and Interactions of UVB and Arsenic on Beta2-Adrenergic Receptors and Cyclic
AMP in Cultured Keratinocytes
H.-S. Yu, H.-R. Chang, and T.-W. Hsieh
Department of Dermatology, Kaohsiung Medical University, Kaohsiung, Taiwan
Immunohistochemical study revealed that UVB irradiation exerted an inhibitory effect on the
proliferation of arsenic-induced Bowen's disease. The purpose of this study is to evaluate the effect
of UVB on the proliferation of arsenic treated cultured keratinocytes. Group A was the control
group. Group B was arsenic (As) treated. Group C was irradiated with UVB. Group D was treated
with As, then irradiated with UVB. Group E was irradiated with UVB, then treated with As.
Group F was irradiated with small dose of UVB, then treated with As, ®nally irradiated with UVB.
A radioligand-binding assay and radioimmunoassay were used for b2-adrenoceptors and c-AMP
measurements, respectively. Results of this study revealed: (i) groups B, C, D show a b2adrenoceptor decrease of one half; (ii) group E shows a return to the level of the control; and (iii)
group F shows a partial recovery when compared to group D. Since augmentation of b2adrenoceptor and c-AMP caused a decrease in proliferation of keratinocytes. This study suggests
that pretreated UVB shows an inhibitory effect on arsenic-induced proliferation.

Upregulation of Inducible Nitric Oxide Synthase and Nitric Oxide in Several
Keratinocyte Cell Lines After Ultraviolet B and Lipopolysaccharide
S.J. Seo, S.W. Ahn, H.G. Choi, and C.K. Hong
Department of Dermatology, Chung Ang University School of Medicine, Seoul, Korea
The purpose of this study is to determine the amount of nitric oxide (NO) production by
ultraviolet irradiation and lipopolysaccharide (LPS) stimulation and to elucidate the time course
expression of inducible NO synthase (iNOS) in several keratinocyte cell lines. Normal human
keratinocyte (NHK), HaCaT, and PAM212 cells were irradiated ultraviolet B (UVB) at dose of 50
mJ per cm2 and 100 mJ per cm2 and stimulated by 20 mg of LPS separately. NO was measured by
Griess assay and iNOS mRNA was isolated by RT-PCR at 12, 24, 48, and 72 h after stimulation.
Generation of NO and expression of iNOS mRNA was increased by UVB irradiation and LPS
stimulation, and the induction of mRNA of iNOS peaked at 48 h when treated with UVB. The
time course production of NO was approximately correlated with the induction of iNOS mRNA.
These results suggest that the expression of iNOS mRNA is upregulated by UVB and LPS, and the
NO produced by this inducible enzyme is postulated to act as an early mediator in erythema
formation and pigmentation by ultraviolet and as an immunomodulator in response to endotoxin
producing bacteria. Moreover, results of this study will contribute as a basic data when studying the
time of induction of iNOS in photosensitive or ultraviolet induced skin disease.

Expression of Cathepsin B, H, L in Cultured Human Keratinocytes Cultured in the
Medium with High Ca2+ Concentration
T. Ohno, Y. Chinuki, D. Ueda, and S. Dekio
Department of Dermatology, Shimane Medical University, Izumo, Japan
In the previous SID meeting in Chicago, we presented that cathepsin B (CB) activity had been
concentrated in the cell membranes of human normal keratinocytes cultured in the medium with
high Ca2+ concentration (no. 589). However, when the keratinocytes cultured in the medium
with low Ca2+ concentration, CB activity was diffusely in the cytoplasm. We thus studied
biochemically the activities of the other cathepsins, cathepsins H and L (CH, CL), of the human
keratinocytes cultured in the media with high and low Ca2+ concentrations were investigated. As
the results, the activities of CH and CL were both seen diffusely in the cytoplasm in the
keratinocytes cultured in the medium with low Ca2+ concentration. On the other hand, CH and
CL activities had been concentrated in the cell membranes cultured in the medium with high Ca2+
concentration. These results have shown that the not only CB, but also CH and CL activities had
been seen very strongly in the cell membranes. Thus, they suggest the CB, CH, CL may play some
roles in the differentiation of normal human keratinocytes.

The Protease Activated Receptor-2 Upregulates Keratinocyte Phagocytosis
E.R. Sharlow, C.S. Paine, L. Babiarz, M. Eisinger, S. Shapiro, and M. Seiberg
Skin Research Center, Johnson & Johnson Consumer Products Worldwide, Skillman, New Jersey
The protease-activated receptor-2 (PAR-2) is a seven transmembrane domain receptor, which is
activated by a speci®c enzymatic cleavage of its extracellular amino termini. Synthetic peptides
corresponding to the tethered ligand domain (SLIGRL in mouse, SLIGKV in human) can activate
PAR-2 without the need for receptor cleavage. PAR-2 activation is involved in cell growth,
differentiation and in¯ammatory processes. We showed that PAR-2 is involved in the regulation of
pigmentation by affecting melanin and melanosome ingestion by human keratinocytes. Data
presented here suggests that PAR-2 activation may regulate human keratinocyte phagocytosis.
PAR-2 activation by trypsin, SLIGRL or SLIGKV increased the ability of keratinocytes to ingest
¯uorescent-labeled microspheres or E. coli K-12 bioparticles. This PAR-2 mediated increase in
keratinocyte phagocytosis correlated with an increase in actin polymerization and a-actinin
reorganization, cell surface morphological changes and increased soluble protease activity.
Moreover, serine protease inhibitors reduce both constitutive and PAR-2 mediated increases in
keratinocyte phagocytosis suggesting that serine proteases mediate this functional activity in
keratinocytes. PAR-2 involvement in keratinocyte phagocytosis represents a novel function for
this receptor.
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IEX-1 Expression and Protein Localization in Normal and Pathologic Skin
K. Feldmann, J. Grande, R. Kumar, A. Sekulic, M. Pittelkow
Departments of Dermatology, Medicine and Laboratory Medicine and Pathology, Mayo Clinic, Rochester,
Minnesota
IEX-1 is an immediate-early gene product that is expressed in growth factor-stimulated
keratinocytes, and expression is down-regulated by vitamin D treatment. IEX-1 transiently
decreases with early growth arrest of keratinocytes at con¯uence and subsequently increases with
differentiation in culture. Using an af®nity-puri®ed IgG antibody to IEX-1, we examined
expression in normal skin, nonmelanoma skin cancers and psoriasis. IEX-1 was strongly expressed
in both basal and suprabasal keratinocytes of normal epidermis, as well as within cutaneous
epithelial appendages. Distinct cytoplasmic and nuclear staining within cell populations was
observed. Dermal vascular endothelial cells also showed strong immunoreactivity. Low-grade SCC
tumors usually demonstrated similar expression as normal skin, whereas more variable expression
was seen in high-grade lesions. By contrast, BCC showed markedly reduced and irregular
expression within the tumor nests and restricted immunoreactivity at the tumor margins. Psoriasis
showed enhanced expression of IEX-1 within the hyperplastic epidermis and prominent staining of
nuclei within the upper granular layers. These studies demonstrate that IEX-1 protein is
constitutively expressed in normal epithelium and vascular endothelium. Discrete localization of
IEX-1 within keratinocytes was observed, both in the nucleus and cytoplasm of normal and
psoriatic epidermis. Based on these and other in vitro studies, we suggest IEX-1 functions as a major
regulator of both cell proliferation and survival/apoptosis in normal and pathologic skin.

Inhibition of Histone Deacetylase Activity Promotes Differentiation but Downregulates
the Expression of the Late Differentiation Marker Pro®llagrin in Normal Human
Epidermal Keratinocytes
N.G. Markova, N. Juurukovska, and M. Simon
The Living Skin Bank, SUNY Stony Brook, Stony Brook, New York, New York
The progressive differentiation of keratinocytes in the epidermis is a tightly regulated process
involving transcriptional activation and repression. The control of these events is achieved not only
through speci®c DNA/protein interactions between regulatory gene regions and cognate
transcription factors but also by maintaining and altering the speci®c chromatin structure at these
regions. In the present work we have investigated what consequences alterations in the status of
histone acetylation may have on the ability of normal human epidermal keratinocytes to proliferate
and differentiate. Keratinocytes in skin organ cultures treated with the histone deacetylase inhibitor
trichostatin A ceased to proliferate and underwent an accelerated differentiation which resulted in
thinning of the epidermis and thickening of the corni®ed layers. These morphological changes
correlated with increased acetylation of the core histones and decreased expression of the
proliferation marker c-myc but were accompanied by slight alterations in the level of expression of
the basal cell speci®c markers keratins K5 and K14. Much more pronounced and differentiationspeci®c was the observed increase in the expression of the spinous markers K1, K10, involucrin and
TGM1. Most surprisingly, inhibition of deacetylase activity resulted in a pronounced
downregulation of pro®laggrin gene transcription and protein production. TSA exerted this
effect on both pro®laggrin gene and on transiently transfected reporter constructs under the contol
of the pro®laggrin promoter. Our data suggest that inhibition of the deacetylase activity
downregulates pro®laggrin transcription by (i) affecting the level of expression and the binding
activity of known transcriptional regulators of the pro®laggrin promoter and (ii) by inducing the
synthesis of a so-far unidenti®ed repressor and altering the chromatin structure of the promoter.
Our studies provide a rare example where inhibition of histone deacetylation, while promoting
differentiation in keratinocytes, downregulates the transcription of a marker of this differentiation.
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Establishment and Characterization of an Immortalized Human Sebaceous Gland Cell
Line (SZ95)
C. Zouboulis, H. Seltmann, H. Neitzel,* and C. Orfanos
Department of Dermatology, University Medical Center Benjamin Franklin, The Free University of Berlin,
Berlin, Germany; *Institute of Human Genetics, Virchow Clinic, Humboldt University of Berlin, Berlin,
Germany
Human facial sebaceous gland cells were transfected with a PBR-322-based plasmid containing
the coding region for the Simian virus-40 large T antigen. The resulting proliferating cell cultures
have been passaged over 50 times to date, have been cloned, and show no signs of senescence
after 4 y in vitro, whereas normal human sebocytes can only be grown for three to six passages.
The immortalized transfected cells, termed SZ95, expressed the Simian virus-40 large T antigen
and presented an hyperdiploid-aneuploid karyotype with a modal chromosome number of 64.5.
The SZ95 cell line exhibited epithelial, polymorphous characteristics with different cell sizes of up
to 3.25-fold during proliferation and 6-fold at con¯uence, showing numerous cytoplasmic lipid
droplets. The cells showed large cytoplasm pro®les with abundant organelles, including vacuoles
and myelin ®gures which indicated lipid synthesis. Lack of or only few desmosomal areas were
observed. SZ95 cells expressed molecules typically associated with human sebocytes, such as
keratins 7, 13, 19, and several proteins of the polymorphous epithelial mucin family. Functional
studies revealed synthesis of the sebaceous lipids squalene and wax esters as well as of triglycerides
and free fatty acids, even after 25±40 passages; active lipid secretion; population doubling times of
52.4 6 1.6 h; reduced growth but maintenance of lipid synthesis under serum-free conditions;
and retrieval of cell proliferation after addition of 5a-dihydrotestosterone. Retinoids signi®cantly
inhibited proliferation of certain SZ95 cell clones in the expected magnitude 13-cis retinoic
acid > all-trans retinoic acid >> acitretin. Thus SZ95 is an immortalized human sebaceous gland
cell line that shows the morphologic, phenotypic and functional characteristics of normal human
sebocytes.
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13-cis Retinoic Acid Inhibits Sebocyte Proliferation Through Intracellular Isomerization
into All-Trans Retinoic Acid and Binding to Retinoic Acid Receptor
M. Tsukada, R. Chandraratna,* U. Reichert,² C. Orfanos, and C. Zouboulis
Department of Dermatology, University Medical Center Benjamin Franklin, The Free University of Berlin,
Berlin, Germany; *Department of Chemistry, Allergan Inc, Irvine, California; ²Galderma Research and
Development, Sophia Antipolis, France
Despite its potent biological effect on human sebocytes, 13-cis retinoic acid (13cRA) does not bind
to cellular retinoic acid binding proteins and has a low af®nity for nuclear retinoid receptors;
therefore, 13cRA may represent a pro-drug, possibly acting through all-trans isomerization. In this
study, isomerization of 13cRA in immortalized human sebocytes (SZ95 cell line) in vitro has been
con®rmed showing 2- to 15-fold higher levels of all-trans retinoic acid (atRA) at 12±72 h, as
measured by high performance liquid chromatography. In contrast, only low amounts of atRA
were converted intracellularly to its 13-cis isoform and 9-cis retinoic acid was not detected after
either 13cRA or atRA treatment. Co-incubation of sebocytes with 13cRA and AGN 193109, a
potent pan-antagonist of the retinoic acid receptors, did not alter the intracellular concentration of
13cRA and its isomerization pro®l. In parallel experiments, 13cRA signi®cantly reduced sebocyte
proliferation at 10±7 M, showing 30±40% inhibition after 6 d and 50% after 9 d. atRA exhibited
similar antiproliferative effects. AGN 193109 antagonized the antiproliferative activities of both
13cRA and atRA in a dose-dependent manner with complete abolishment at 1:10 and 1:1
concentration ratios, respectively. In contrast, the retinoid X receptor antagonists LG 100754 and
CD3507 did not affect the inhibition of sebocyte proliferation induced by 13cRA. Our ®ndings of
rapid 13cRA isomerization to atRA in the intracellular compartment and of mediation of the
retinoid-induced inhibition of sebocyte proliferation by the retinoic acid receptors support a prodrug/drug relation between the two compounds.

Expression of Cytochrome P450 Enzymes and Cellular Retinoic Acid-Binding Protein II
in Immortalized Human Sebocytes In Vitro and their Regulation by Retinoic Acids
T. Roos, M. Tsukada,* F. Jugert, T. Oepen, H. Merk, C. Orfanos,* and C. Zouboulis*
Departments of Dermatology, University Medical Center, Technical University of Aachen, Aachen,
Germany; *Department of Dermatology, University Medical Center Benjamin Franklin, The Free
University of Berlin, Berlin, Germany
Cytochrome P450 (CYP) enzymes and cellular retinoic acid-binding protein II (CRABP II) have
been associated with metabolism and activity of retinoids in skin cells. We have previously shown
that 13-cis (13cRA) and all-trans retinoic acid (atRA) inhibit human sebocyte proliferation in vitro
with 13cRA being markedly converted to atRA intracellularly. To elucidate the involvement of
CYP enzymes and CRABP II in these events, immortalized human sebocytes (SZ95 cell line) were
maintained for 0±72 h in vitro under serum-free conditions with/without 13cRA and atRA (10±10
and 10±7 M). Reverse transcription polymerase chain reaction of total RNA was performed using
primer pairs speci®c for CYP26 (1065 bp cDNA fragment), CYP1A1 (310 bp), CYP1A2 (243 bp),
CYP3A4 (780 bp), CRABP II (413 bp), and b-actin as control. CYP26 and CYP3A were neither
expressed in sebocytes nor inducible by the retinoids tested. CYP1A1 was induced by atRA (10±7
M) but not by 13cRA. In contrast, CYP1A2 was expressed in sebocytes and suppressed by 13cRA
and atRA treatment. CRABP II was expressed in untreated sebocytes; atRA led to its rapid
induction (in 20±30 min) whereas induction by 13cRA (10±7 M) was comparably delayed (in 1±2
h). In conclu-sion, the suppression of CYP1A2, which was reported to be involved in the
metabolism of retinal to retinoic acids, may re¯ect a feedback inhibition of this metabolic step by
13cRA and atRA. The delayed induction of CRABP II by 13cRA may be due to the
isomerization of 13cRA to atRA followed by induction of CRABP II by atRA. The selective
induction of CYP1A1, which indicates catabolism of active drugs, by atRA suggests that this
enzyme may be involved in the catabolism of atRA in sebocytes. Our ®ndings support the
hypothesis of a pro-drug/drug relationship between 13cRA and atRA.

UV-B Light Suppresses, and All-Trans-Retinoic Acid Induces Apoptosis in Human
Squamous Cell Carcinoma Cell Line SCC-12
T.C. Roos, T. Oepen, I. RoÈsener, J. Frank, H.F. Merk, and F.K. Jugert
Department of Dermatology RWTH Aachen, Germany
The effects of UV-B light and retinoids on the induction of programmed cell death (apoptosis) in
epidermal malignancies are not well understood. Therefore we adressed the question whether alltrans-retinoic acid (atRA) in¯uences the UV-B induced apoptosis in the transformed epidermal
SCC-12 cell line (SCC-12), and whether UV-irradiation has any in¯uence on the metabolism and
isomerization of retinoids in these cells.
Con¯uent SCC-12 were irradiated with UV-B light (0.05±20 mJ per cm2), consecutively treated
with all-trans retioic acid (atRA) 10±5 M and incubated for 96 h in the dark. Total-DNA was
extracted, and apoptosis was determined by apoptotic-ladder-PCR. In addition, apoptosis was
determined by immuno¯uorescence staining of annexin. Simultaneously, the metabolism and
isomerization of retinoids was determined from cell extracts by RP-HPLC.
UV-B light (20 mJ per cm2) led to a signi®cant decrease of the apoptosis rate as compared to
nonirradiated SCC-12. The addition of atRA after UV-B radiation signi®cantly induced apoptosis
as compared to atRA treatment of nonradiated cells, and UV-B exposed cells without atRAtreatment. Simultaneously, increased levels of 9,13-dicis-RA and a decrease of atRA were
measured by RP-HPLC in UV-B irradiated cells.
The maximal induction of apoptosis in atRA-treated SCC-12 after UV-B radiation suggests that
atRA may restore the ability of SCC-12 to react to UV-B by inducing apoptosis. This is
unexpected since UV-B alone suppresses apoptosis in this cell line, which suggests that SCC-12 are
not able to react adequately to UV-B-stress and related cell damage. UV-B enhanced synthesis of
9,13-dicis-RA, the storage-isomer of atRA, suggests that environmental exposures can alter
retinoid metabolism in the skin. Whether the expression of retinoid receptors is of relevance here,
is a current topic of investigation in our laboratory.
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Expression of Multiple MDR-Associated Transport Proteins and Cytochrome P450
Isoenzymes in Keratinocytes from Human Skin
J. Baron, F.K. Jugert, S. Frankenberg, and H. Merk
Department of Dermatology, University Hospital RWTH Aachen, Aachen, Germany
Transport-associated proteins like P-gp, MRP and LRP are over-expressed in many drug resistant
cell lines, as well as in human tumours from various histological origins, including malignant
melanoma. Little is known about the expression and function of CYP-isoenzymes and MDRassociated transport proteins in human skin and the role of their interaction in resorption and
metabolism of xenobiotics. Therefore the aim of this study was to analyse the complete expression
pattern of CYP-isoenzymes and MDR-associated transport proteins in human epidermal
keratinocytes under constitutive conditions and induction with various inducers. Expression of
CYP1±4 gene families was studied by RT-PCR in keratinocytes derived from the human
epidermis. Keratinocytes revealed a constitutive expression of CYP1A1, 1B1, 2B6, 2E1 and 3A5
and showed an expression of CYP3A4 after incubation with dexamethasone. The expression of
CYP1A1 was enhanced on the m-RNA level after induction with benzanthracene. RT-PCR
analysis of the MDR-associated transport proteins MDR1, MRP 1±6 and LRP revealed a
constitutive expression of MRP1, MRP3, MRP4, MRP5, MRP6 and LRP in human epithelial
keratinocytes and was negative for MDR1 and MRP2. Expression of MDR1 was seen after
induction with dexamethasone. The level of con¯uency of those keratinocytes had no in¯uence on
the expression level of the transport proteins. RT-PCR results were con®rmed by immunoblots
and immunostaining with speci®c antibodies against cytochrome P450 subfamilies and MDRassociated transport proteins. Constitutive activity of several CYP isoenzymes was measured by
catalytic assays. These results show that cells of the human skin express various transport associatedand detoxifying metabolic enzymes. This is extremely interesting because previous studies have
revealed, that CYP isoenzymes like CYP3A and transport-associated proteins like P-gp play
complementary roles in drug disposition by biotransformation (phase1) and antitransport (phase III)
and act synergistically as a drug bioavailability barrier.

Induction of Apoptosis in Immortalized Human Sebocytes In Vitro
A. WroÂbel,*² S. Fimmel,* H. Seltmann,* M. Tsukada,* N. Mandt,* U. Blume-Peytavi,* C.
Orfanos,* and C. Zouboulis*
*Department of Dermatology, University Medical Center Benjamin Franklin, The Free University of Berlin,
Berlin, Germany; ²Department of Dermatology and Venereology, Warsaw School of Medicine, Warsaw,
Poland
Human sebocytes in vivo and in vitro differentiate by accumulating neutral lipids and increase their
volume until they burst and die. The purpose of this study was to investigate whether this type of
cell death represents apoptosis or necrosis. Immortalized human sebocytes (SZ95 cell line) were
shown to accumulate neutral lipids and increase their volume, however, no spontaneous apoptosis
or necrosis could be detected by apoptosis ELISA and LDH assay, respectively. Under treatment
with acitretin and 5a-dihydrotestosterone no DNA fragmentation was found, while 13-cis retinoic
acid induced a low grade of dose-dependent apoptosis but not necrosis. Apoptosis was also detected
in SZ95 sebocytes under treatment with staurosporine, a potent inhibitor of phospholipid/Ca2+dependent protein kinase, in a dose-dependent and time-related manner. Staurosporine-induced
apoptosis is suggested to be based on the disruption of mitochondrial Ca2+ homeostasis.
Interestingly, Bcl-2, an antiapoptotic protein, prevents apoptosis-associated decrease of
mitochondrial Ca2+. An early decrease of Bcl-2 mRNA expression was found in staurosporinetreated SZ95 sebocytes by reverse transcription polymerase chain reaction in comparison to
untreated cells. Reduction of Bcl-2 mRNA levels correlated to the staurosporine-induced
apoptosis. In addition, mRNA expression of Bax, a pro-apoptotic gene, increased in staurosporinetreated SZ95 sebocytes. In conclusion, spontaneous cell death of human sebocytes represents
neither apoptosis nor necrosis, but apoptosis can be induced by a Bcl-2-and/or Bax-related
pathway.
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Propionibacterium Acnes does not In¯uence the Interleukin-1a/Interleukin-8 Cascade
in Immortalized Human Sebocytes in Vitro
H. Seltmann, I. Rudawski, K. Holland,* C. Orfanos, and C. Zouboulis
Department of Dermatology, University Medical Center Benjamin Franklin, The Free University of Berlin,
Berlin, Germany; *Department of Microbiology, University of Leeds, Leeds, U.K.
Abundant levels of interleukin 1a (IL-1a), a pro-in¯ammatory cytokine, have been found in
comedone extracts in vivo. On the other hand, IL-1a has been shown to induce hyperkeratotic
changes in human hair follicles maintained in vitro. Although a bacterial induction of IL-1a
synthesis in the follicular channel has been suggested, no modulation of IL-1a production in
keratinocytes in the presence of skin microorganisms could be identi®ed. The present study was
conducted to investigate the biological signi®cance of IL-1a and its involvement in the initiation
of in¯ammation in the sebaceous gland. Treatment of immortalized human sebocytes (SZ95 cell
line) with IL-1a (10±13±10±9 M) for 4 h caused a marked, early, dose-dependent induction of
interleukin-8 (IL-8) synthesis, which is a chemokine able to attract in¯ammatory cells. Neither
Propionibacterium acnes (P. acnes; ~106 cells), nor P. acnes culture supernatants or lipopolysaccharides
(LPS; 10 and 100 ng per ml) were able to induce IL-1a synthesis in SZ95 sebocytes. On the other
hand, P. acnes only caused a late induction of IL-8 synthesis. Our results suggest that IL-1a is
biologically signi®cant for the induction of the in¯ammatory cascade in disorders involving human
sebocytes. Moreover, P. acnes and LPS are not responsible for IL-1a synthesis in human sebocytes
and only induce a late, probably indirect, synthesis of IL-8. While the factor causing IL-1a
synthesis in human sebocytes remains unknown, it is likely that P. acnes is not involved in the
initiation of the IL-1a/IL-8 cascade which may be responsible for comedogenesis and the
in¯ammation observed in the disorders of the sebaceous gland.

UV-B light Suppresses the Basal Expression and Inducibility of the All-Trans-Retinoic
Acid-4-Hydroxylase in HaCaT Keratinocytes
T.C. Roos, I. RoÈsener, T. Oepen, J. Frank, H.F. Merk, and F.K. Jugert
Department of Dermatology, RWTH Aachen, Germany
The cytochrome P450 multigene family of heme proteins catalyze the oxydation of various
xenobiotics and endogenous molecules. One member of this family is the all-trans-retinoic acid-4hydroxylase (Cytochrome 26, CYP26) which catalyzes the 4-hydroxylation of all-trans retinoic
acid. The expression of the CYP26 in human skin is essential for the inactivation of the hormone
active retinoid all-trans-retinoic acid. In previous studies we have shown that this enzyme is
inducible in human dermal ®broblasts and the human epidermal squamous cell carcinoma cell line
SCC-12. In the present study, the effect of UV-B exposure on the CYP26 activity in human
epidermal HaCaT keratinocytes was determined on the mRNA-level by semiquantitative reverse
transcriptase polymerase chain reaction (RT-PCR), and on the biochemical level by reverse phase
high performance liquid chromatography (RP-HPLC).
RP-HPLC analysis of UV-B-irradiated cells (0,1, 1, 6, 12, and 20 mJ per cm2, respectively)
revealed a dose dependent decrease of 4-hydroxy metabolites of retinoic acid while the intracellular
levels of all-trans retinoic acid remained stable. Semiquantitative RT-PCR revealed an abolished
basal expression, and a decreased inducibility of the CYP26 mRNA expression, while the betaactin expression (internal control) remained unchanged.
These results demonstrate that UV-B radiation of skin cells can alter the metabolism of retinoids in
a dose dependent fashion. To what extent this modulation affects cell proliferation, differentiation,
and the regulation of apoptotic processes in other epidermal and dermal cells is currently under
investigation in our laboratory.
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Retinoid Metabolism in Cultured Normal Fibroblasts and Keratinocytes
T.C. Roos, T. Oepen, J. Frank, D.R. Bickers,* H.F. Merk, and F.K. Jugert
Department of Dermatology, University Clinic of the RWTH Aachen, Aachen, Germany; *Department of
Dermatology, Columbia University, College of Physicians and Surgeons, New York, New York
The intracellular processing of retinol (ROL) via retinaldehyde (RAL) to its hormonally active
metabolite retinoic acid (RA) depends upon retinoid dependent signaling pathways. The enzymes
involved in this two-step cascade of retinoid activation and the extent to which ROL and RAL are
metabolized in the skin have not been clari®ed. In this study we investigated the metabolism of alltrans-retinol and all-trans-retinaldehyde in human dermal ®broblasts and human epidermal
keratinocytes and evaluated the expression of several enzymes involved in the activation of ROL
and RAL to RA in other organ systems. Substantial differences were observed in the metabolism of
ROL in ®broblasts and keratinocytes. In ®broblasts very little ROL was metabolized to RAL or
RA, whereas in keratinocytes retinoic acid was rapidly formed after addition of ROL via RAL.
When RAL was added to ®broblasts high amounts of RA and ROL were formed, while
keratinocytes generated only RA. Addition of RAL to ®broblasts induced the alcohol
dehydrogenase 7 (ADH 7), a constitutively unexpressed member of the ADH-IV family, and a
RAL speci®c short chain dehydrogenase, the SDH1, whereas both enzymes were induced after
either ROL or RAL were added to epidermal keratinocytes.
These results support the concept that dermal ®broblasts may serve as a retinoid delivery system for
the epidermis since they do not metabolize ROL, and that speci®c enzymes of the alcohol and
aldehyde dehydrogenase families regulate the transformation of ROL and RAL in the skin.
This type of cross-talk between the dermis and the epidermis may provide a uniquely effective
system for regulation of retinoid dependent signaling mechanisms in the skin.

Overnight Differentiation of Human Dendritic Cells from Monocytes, without
Exogenous Cytokines or Cell Isolation
C. Berger, A. Xu, D. Hanlon, C. Lee, J. Schechner, E. Glusac, I. Christensen, E. Snyder, V.
Holloway, R. Tigelaar, and R. Edelson
Yale University, Department of Dermatology & Laboratory Medicine, New Haven, Conneticut
Dendritic cell (DC) ingestion of apoptotic tumor cells promotes antitumor immunity through
presentation of tumor-derived peptides in class I to CD8 T-cells. We have demonstrated overnight
development of large numbers of DC from monocytes, without isolation or cytokines, with
simultaneous loading of apoptotic tumor promoting DC maturation into antigen-presenting cells
capable of eliciting a CD8 response.
Our method is a modi®cation of standard extracoporeal photopheresis (ECP) using blood storage
bags to culture ECP cells overnight. Immature DC identi®ed in morphologic and phenotypic
studies, were endocytic, phagocytosed apoptotic cutaneous T-cell lymphoma (CTCL) cells,
stimulated in mixed leukocyte culture, and presented CTCL-derived peptides to CD8 cells.
After overnight cultivation of the ECP cells, 108 cells assumed a veiled cell morphology, 40 3 106
cells developed an immature DC phenotype, and 30% of the DC ingested apoptotic CTCL cells.
Leukapheresis and passage through the ECP ¯ow system triggered DC differentiation, while
exposure to UVA and 8-Methoxypsoralen caused CTCL cell apoptosis driving DC maturation.
The induced DC were allostimulatory and presented CTCL peptides to CD8 T-cells.
This approach allowed construction of patient-speci®c DC vaccines in a safe, clinically practical
fashion that exposed the immune system to an array of tumor antigens without the necessity for
identi®cation and isolation of tumor peptides. The procedure may be generalized for use in other
malignancies and T-cell disorders.

CLED: A Novel Ca2+-Binding Protein Associated with Early Keratinocyte
Differentiation
L. Sun, T.-T. Sun,* and R.M. Lavker
Departments of Dermatology, University of Pennsylvania, Philadelphia, Pennsylvania; *New York
University, New York, New York
Despite extensive studies that have addressed epithelial differentiation and the role of Ca2+ in this
process, much remains to be learned about the cytoplasmic factors that mediate the Ca2+ signals.
We have identi®ed a gene, that we named CLED (calcium-linked epithelial differentiation), by
constructing and analyzing a bovine keratinocyte subtraction cDNA library. CLED gene encodes a
messenger RNA that is epithelium-speci®c as it is produced by all strati®ed squamous epithelia,
hair follicle, bladder transitional epithelium, and small intestinal epithelium. The deduced partial
amino acid sequence of bovine CLED, and its full-length, 22.5 kDa human and mouse
homologues that have been described only as ESTs, contains two Ca2+-binding EF hands, an Nterminal, myristoylation motif, and several potential casein kinase I and PKC phosphorylation sites.
In the epidermis, CLED message was associated with keratinocytes immediately above the
proliferative compartment but absent in the super®cially located, terminally differentiated
compartment. In anagen follicles, CLED expression was restricted to the precursor cells of
Henle's layer. CLED expression in the outer root sheath coincided with the appearance of a
strati®ed structure and was strongest in the more differentiated suprabasal cells. These results
suggest that CLED, via Ca2+-related mechanisms, plays a role in the epithelial cell's early
commitment to differentiate, and that its down regulation is required before the cells can undergo
the ®nal stages of terminal differentiation.

Effect of Known Allergens and UV Irradiation on In Vitro Generated Dendritic Human
Cells Alone, in Co-culture with Keratinocytes, and Langerhans Cells in Reconstructed
Epidermis
M. ReÂgnier, V. Facy, and R. Schmidt
L'OreÂal, Life Sciences Research, Clichy, France
Epidermal Langerhans cells (LC) play a critical role in the induction of contact allergy and
immuno-suppression after UV irradiation. After exposure to exogenous allergens, LC emigrate
from the epidermis to the regional lymph nodes where they present the allergen to naive T
lymphocytes. LC are bone marrow derived cells which circulate in the peripheral blood as
progenitors, characterized by the expression of the CD34 antigen. Culture of CD34+ progenitors
give rise to a cell population containing CD1a+ dendritic cells. The objective of this study was to
evaluate the effects of sensitizers on: (i) generated dendritic cells (DC) derived from CD34+
progenitors, (ii) cocultures of these dendritic cells with keratinocytes (DC-K), and (iii) LC
integrated into reconstructed human epidermis (LC-RE). All sensitizers caused an increase in
HLA-DR and CD86 and decreased CD1a and E-cadherin expression on DC whereas only the
moderate to strong haptens caused an increase in CCR6 receptors and a reduction in E-cadherin
positive cells. In DC-K, DNFB induced HLA-DR and CD86 antigen expression by a factor 3 and
7, respectively. On LC-RE, topically applied DNFB caused dose dependent morphological
changes of the LC. UV irradiation of LC-RE resulted in a considerable reduction of LC and
induced a loss of dendricity in the remaining cells. These effects were completely abolished when
MEXORYLq SX was applied before irradiation. These models, in particular the LC-RE, will be
further investigated for their use to predict the sensitizing potential of new chemicals and the
protective effect of sunscreens on UV-induced immuno-suppression.

VOL. 114, NO. 4 APRIL 2000

ABSTRACTS

393

394

395

396

397

398

Depletion and Functional Perturbation of Human Epidermal Langerhans Cells by
Topical Application of Magnesium Ions and Low-Dose UVB Radiation
C.M. Schempp, H.C. Dittmar, D. Hummler, B. Simon-Haarhaus, J. Schulte-MoÈnting,* E.
SchoÈpf, and J.C. Simon
Department of Dermatology and *Institute of Medical Biometry and Statistics, University of Freiburg,
Germany
The combination of sea water baths and solar radiation at the Dead Sea is known as an effective
treatment for patients with psoriasis and atopic dermatitis. Dead Sea water is particularly rich in
magnesium ions. In the present study we wished to determine the effects of magnesium ions and
low-dose UVB on the number of human epidermal Langerhans cells (LC) and their capacity to
stimulate the proliferation of alloreactive T cells (TC).
Twelve subjects were exposed on four subsequent days on the volar aspects of their forearms to 5%
MgCl2, 5% NaCl, UVB (1 MED), MgCl2 + UVB and NaCl + UVB. Epidermal sheets were
prepared from punch biopsies and were stained for ATPase and HLA-DR. Compared to untreated
skin, the number of ATPase+/HLA-DR+ LC was signi®cantly reduced after treatment with MgCl2
(p = 0.0063) or UVB (p = 0.0005), but not after NaCl (p = 0.7744). We next questioned whether
the depletion of LC from skin by MgCl2 bears a functional relevance. Six subjects were treated on
four subsequent days with 5% MgCl2, UVB (1 MED) and MgCl2 + UVB. Epidermal cell (EC)
suspensions were prepared from suction blisters raised on treated and untreated skin and their
antigen presenting capacity was assessed in a mixed epidermal lymphocyte reaction (MECLR) with
allogeneic naive resting T cells (TC) as responder cells. Treatment with MgCl2, similarly to UVB,
signi®cantly reduced the capacity of EC to activate allogeneic TC (p = 0.0356).
These ®ndings demonstrate that the topical application of MgCl2 affects the number and
allostimulatory capacity of LC and may thus contribute to the ef®cacy of Dead Sea water in the
treatment of in¯ammatory skin diseases.

Effect of Insulin-like Growth Factor 1 on the Proliferation of Cultured Normal Human
Melanocytes
Y.-H. Cho,* J.-Y. Park, and M.-H. Lee
*Department of Dermatology, Dongsuwon Hospital, Suwon, Korea; Department of Dermatology, College of
Medicine, Kyunghee University, Seoul, Korea
Human growth hormone (GH) plays a central role in linear bone growth and body metabolism. As
purposed by the ``somatomedin hypothesis'', many circulating GH-mediated effects are excreted
indirectly and systemically via stimulation of hepatic synthesis of insulin-like growth factor 1 (IGF1) Given additional evidences for the expression of growth hormone receptor (GH-R) and IGF-1
receptor (IGF-1R) on many target tissues including keratinocytes, melanocytes, and ®broblasts, it is
now evident that the GH can act via systemic IGF-1 secreted by the liver and locally produced
IGF-1, as well as directly through the GH receptor. The purpose of this study was to investigate
not only the effects of IGF-1 on the morphologic changes, proliferation, and melanization of
cultured human melanocytes but also on its signal transduction pathway through the IGF-1R.
Melanocytes were exposed to IGF-1 at 10, 25, 50, 75, 100 ng per ml and we examined the changes
of cell morphology, number of cells, [3H]-thymidine incorporation, MTS assay, and melanization
according to the concentrations and exposure times of IGF-1. The activity of p44/42 MAPK/
ERK according to the various exposure times of IGF-1 (25 ng per ml) was examined using the
Western blotting method to ®nd out about the signal transduction pathway of IGF-1. This study
demonstrates that IGF-1 has no effect on the morphology, but it does increase the proliferation and
slightly decrease the melanization of cultured human melanocytes. We ®nd that IGF-1 plays a role
in regulation of proliferation of melanocytes via the receptor PTK pathway with activation of p44/
42 MAPK/ERK.

Blockage of Paracrine Endothelin Linkage by Topical Applications of S. Of®cinalis
Extract or M. Chamomilla Extract Suppresses UVB-Induced Pigmentation
A. Ohuchi, A. Kobayashi, A. Hachiya, T. Kitahara, Y. Takema, and G. Imokawa
Kao Biological Science Laboratories, Tochigi, Japan
Our previous study on the paracrine linkage of endothelins (ET) between keratinocytes and
melanocytes demonstrated that ETs are an intrinsic melanogenic stimulator for human melanocytes
in UVB-induced pigmentation. In order to elucidate the melanogenic role of endothelins in vivo,
we determined whether UVB-induced pigmentation could be suppressed by plant extracts which
speci®cally inhibit ET-converting enzyme (ECE) or act as an antagonist for ET-receptor bindingmediated signaling pathway. Sanguisorba of®cinalis extract (170 mg per ml) signi®cantly inhibited the
activity of ECE-1 by 90%. The addition of the extract (17 mg per ml) to cultured human
keratinocytes reduced by 65% the secretion of ET in the medium, accompanied by an increase in
remaining Big-ET. Topical applications (twice daily) for successive 6 d of S. of®cinalis extract (5%)
to UVB-irradiated hairless mouse skin signi®cantly reduced ET production in the exposedepidermis compared to nonexposed-control. Consistently, a similar topical application of S.
of®cinalis extract signi®cantly diminished the UVB-induced pigmentation in brownish guinea pig
skin. Similarly, when Matricaria chamomilla extract capable of antagonizing ET-induced intracellular
calcium mobilization and proliferation of human melanocytes was topically applied at 0.5%
concentration following single exposure to human forearm skin at 2 minimal erythema dose of
UVB light, the treated skin showed a signi®cantly reduced pigmentation. These results indicated
that the paracrine linkage of ET between keratinocytes and melanocytes is strongly associated with
UVB-induced pigmentation and that antagonists for ET lineage are potentially useful for
hyperpigmentary disorders.
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Cutaneous Lymphoid Hyperplasia (CLH): A Lymphoproliferative Continuum with
Malignant Potential
M. Nihal, D. Mikkola, N. Horvath, A.C. Gilliam, S.R. Stevens, T.P. Spiro, K.D. Cooper, and
G.S. Wood
Dermatology, Pathology, Medicine; University Hospitals of Cleveland, Ireland Comprehensive Cancer
Center, Case Western Reserve University and Louis Stokes VA Medical Center, Cleveland, Ohio
CLH has been proposed to be the benign end of a continuum of lymphoproliferative disorders
with cutaneous lymphoma at its malignant extreme. An intermediate condition known as ``clonal
CLH'' was ®rst recognized by us and shown to be a transitional state capable of eventuating in
overt lymphoma. To better determine the prevalence of dominant clonality and risk of lymphoma
among CLH cases, we studied the immunohistology and clonality of fresh-frozen samples from 44
CLH patients referred to our Multidisciplinary Cutaneous Lymphoma Program. Using a large
panel of lymphoid markers, the cases were divided into 38 typical mixed B-cell/T-cell type (BTCLH) and six T-cell type (T-CLH), the latter containing > 90% T cells. 38 patients had solitary/
localized lesions (four T-CLH) and six had regional/generalized lesions (two T-CLH). 40 cases
were idiopathic. Suspected etiologies among four others included mercuric tattoo pigment,
doxepin, clozapine and bacterial infection. IgH and TCR-gamma gene rearrangements (GR) were
studied using PCR assays that are about 80% sensitive. Overall, 27 cases (61%) showed clonal CLH
including 12 IgH+ (27%; three T-CLH), 13 TCR+ (30%; one T-CLH) and two IgH+/TCR+
(4%; both BT-CLH). Two cases (4%; one BT-CLH and one T-CLH) progressed to cutaneous Bcell lymphoma. Both presented with regional lesions. Our ®ndings indicate that clonal overgrowth
is common in CLH, links CLH to lymphoma, and probably involves both B- and T-cell lineages
(although TCR GR by B cells and vice versa could not be ruled out). The high prevalence of
dominant clonality in our series may be due to the sensitivity of our PCR assays as well as patient
selection.

DNA Sequence Analysis of Cathepsin B Enzyme from Mouse Malignant Melanoma, B16
D. Ueda, T. Ohno, Y. Chinuki, and S. Dekio
Department of Dermatology, Shimane Medical University, Izumo, Japan
Cathepsin B (CB), which is a member of the cystein proteinase family, is known to be present
widely in lysosomes of mammalian cells, and the metastatic potential of some tumor cells has been
suspected to be associated with the activity of this enzyme. Malignant melanoma is known as a
tumor which has high metastatic potential. This high metastatic potential of malignant melanoma
has also been suspected to be associated with the activity of CB. In this study, we thus tried DNA
sequence analysis of the mouse malignant melanoma, B16. The cultured B16-F0 cells were
transplanted subcutaneously to the SPF/VAF nude mice. Two weeks after that, the primary and
metastasized organs of the tumor were separated surgically, and the B16-F0 cells were isolated by
enzymatic digestion. The cells isolated were cultured up to subcon¯uency, and prepared for the
CB activity assay and the RT-PCR of the CB mRNA. The CB activities were clearly detected in
both the cells from primary and metastatic foci. The results of CB cDNA sequence analysis
revealed the mutation of CB gene followed by the critical deletion of a guanine nucleotide, and the
cDNA sequences of the B16 cells from the primary and metastatic tissues were the same as each
other. These ®ndings indicate that the DNA sequence of CB is highly conserved in the B16-F0
cells, and that the metastatic potential of the malignant melanoma may be also conserved.

Using MITF to Identify Modulators of Pigmentation
B. Lin, C. Paine, F. Liebel, J. Mezick, G. Gendimenico, and M. Seiberg
Skin Research Center, Johnson & Johnson Consumer Products Worldwide, Skillman, New Jersey
The microphthalmia-associated transcription factor (MITF) transactivates tyrosinase, TRP-1 and
TRP-2, the genes that enzymatically convert tyrosine to the pigment melanin. Using a luciferase
reporter construct driven by the MITF minimal promoter we searched for MITF expression
modulators in B16 and Melan-A cells. Northern blots and tyrosinase activity assays con®rmed the
pigmentation modulating ability of the actives identi®ed as MITF affectors. Treated normal human
melanocyte cultures were DOPA-stained to further assess their effect on pigmentation, and
computerized image analysis was used to quantify the changes in pigmentation.
Using the MITF-luciferase system we showed a direct effect of UVB on MITF expression. Our
data suggest that UVB induced MITF expression is mediated via the cAMP pathway. A screen of
antioxidants for MITF expression modulation identi®ed lipoic acid as an inhibitor of MITF
transcription, while most antioxidants tested had no effect in this system. Lipoic acid reduced
MITF, tyrosinase and TRP-1 mRNAs. It also reduced tyrosinase activity in culture and was able to
inhibit UVB and forskolin-induced pigmentation. Dark skinned Yucatan swine treated with lipoic
acid for eight weeks showed visible skin lightening, which was con®rmed histologically. These data
suggest that the MITF-luciferase system could be used to identify pigmentation modulators and to
study their mechanism of action.
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Testosterone in African Lion Hair
D.-T. Tran, P. West,* M. Ericson, J. Wheaton,² C. Packer,* and M. Hordinsky
Departments of Dermatology, *Ecology, Evolution, and Behavior, and ²Animal Science, University of
Minnesota, Minneapolis and St. Paul, Minnesota
The mane of the African lion varies in length, color, and overall body coverage but little is known
about the physiological factors affecting this variation. Testosterone is postulated to affect lion
mane hair growth and color. In this study, we investigated whether testosterone could be extracted
from lion hair using a radioimmunoassay technique. In separate experiments, we evaluated the
correlation between melanin content and testosterone levels in the same hair samples.
Cut hair samples were collected from 12 male and three female lions residing at the Serengeti
National Park, Tanzania. Samples were collected from the androgen-dependent sites of the mane:
chest (11), forehead (10), cheek (two), and shoulder (one), and androgen-independent sites: neck
(one), arm (two), paw (one), withers (one), and tail (three) of the male lions as well as from paw
(three) and tail (three) of female lions
Hair samples were solubilized in 1 M NaOH. Testosterone was extracted with ether and
dichloromethane and measured by radioimmunoassay (Coat-a-Count, Sigma). We were able to
extract testosterone from all hair samples. The highest levels were found in hair ®bers of the male
lion chest. Melanin levels in the same hair samples were measured using a colorimetric assay. Our
preliminary results show a signi®cant correlation between testosterone levels and melanin content
(r = 0.6, p < 0.005).
We conclude a radioimmunoassay technique can be successfully used to measure testosterone in
hair samples. The correlation between testosterone levels and melanin content in lion hair suggests
melanin may affect the incorporation of this hormone into the hair ®ber.

Mutation in Human Tyrosinase Related Protein-1 is Associated with Abnormal
Melanosome Structure
R. Sarangarajan, Y. Zhao, and R.E. Boissy
Department of Dermatology, University of Cincinnati College of Medicine, Cincinnati, Ohio
In addition to its role in melanization, evidence suggests that tyrosinase related protein-1 (TRP-1)
is involved in maintenance of melanosome structure. To study the role of TRP-1 in melanocyte
structure and function, human tyrosinase and TRP-1 cDNA inserted in pcDNA3.1 expression
vector was stably expressed into a IIB-MEL-J (IIB) melanoma cell line that express tyrosinase but
lack TRP-1. A point mutation (C110Y) in the EGF domain of human TRP-1, identical to the
mutation identi®ed in murine TRP-1 responsible for brown pelage (i.e., b/b), was introduced
using site-directed mutagenesis. Transfection of tyrosinase resulted in increased tyrosine
hydroxylase (TH) activity in IIB (IIB-Tyr) cells. Transfection of TRP-1 into IIB cells (IIBTRP1) induced a signi®cant increase in TH activity compared to untransfected IIB cells. TH
activity of TRP-1 was comparable to that of tyrosinase in cell lysates of IIB-Tyr and IIB-TRP1 as
assessed in a 19-h incubation assay with low 0.1 mCi 3H-tyrosine. IIB cells transfected with
modi®ed TRP-1 (IIB-mutTRP-1) abolished the increase in TH activity of tyrosinase observed in
IIB-TRP1 cells. TH activity associated with normal TRP-1 at low substrate concentration was
absent in IIB-mutTRP1 cells. Electron microscopic (EM) analysis showed no signi®cant
differences in the cellular ultrastructure of IIB, IIB-Tyr and IIB-TRP1 cells. In contrast, IIBmutTRP1 cells exhibited elongated dopa positive melanosome like structures distributed
throughout the cytoplasm. We conclude that normal human TRP-1 enhances tyrosinase activity
under routine assay conditions. Furthermore, the C110Y mutation in the EGF domain of human
TRP-1 alters melanosomal structure in IIB cells.

Difference of Stress Response to Hyperthermic Treatment Among Malignant Cells ±
Study of 72-kDa Stress Protein Induction
A. Tanaka, M. Hatoko, K. Mashiba, S. Yurugi, M. Kuwahara, H. Tada, and T. Muramatsu*
Division of Plastic Surgery, *Dermatology, Nara Medical University, Nara, Japan
To compare the stress response to hyperthermic treatment among malignant cells, we investigate
the HSP72 induction after hyperthermic treatment using 4 malignant cell lines.
Two kinds of human cutaneous malignant melanoma cell lines (HMV-1 HM6KO), SCC cell line
(A431) and glioblastoma cell line (A172) were used. Heat treatment was performed at 44°C.
HSP72 induction was detected using Western blot analysis.
In all cell lines studied, cell survival rate decreased gradually in a heating time-dependent manner.
The cell survival rate in A431 and A172 decreased more than that in HMV-1 and HM6KO. When
cells were heated for the time at which surviving rate were given 50%, the level of HSP72
increased in all cell lines. The level of HSP72 was higher in HMV-1 and HM6KO than that in
A431 and A172. These results may suggest that HSP72 induction was higher in melanoma cells
than in SCC and glioblastoma cells and that a high inducibility of HSP72 in melanoma cells cause a
low sensitivity to hyperthermic treatment.

Role of Pigment and Reproductive Status on C3H/HeJ Alopecia Areata
K. McElwee, K. Silva, L. King Jr,* and J. Sundberg
The Jackson Laboratory, Bar Harbor, Maine; *Vanderbilt University, Nashville, Tennessee
Alopecia areata (AA)-like hair loss can be induced in all normal haired C3H/HeJ mice 8±10 wk
after skin graft transfer from AA-affected mice. We examined pigment, age at AA onset, and
gonadal hormones as disease severity modi®ers. Ten females and nine males were neutered at 10
wk of age. At 20 wk of age, mice were grafted with skin from AA-affected mice. White hair
regrew in the grafts of nine females and six males. All of these mice had at least 2±4 wk delay in the
onset of overt hair loss relative to intact controls. Two females and four males failed to develop any
AA, and 13 mice had limited patchy AA by 20 wk after grafting. Eight mice at 4 wk, and six mice
at 8 wk of age were freeze branded producing multiple foci of white haired posterior dorsum skin.
Mice were grafted 10 wk later. Mice showed no apparent distinction of hair loss between
pigmented or nonpigmented hair with one exception. One of eight younger age group mice
developed diffuse universal hair loss with apparent resistance of white hair to AA persisting 24 wk
after grafting. By 16 wk after skin grafting, limited patchy alopecia was observed in eight of eight
mice, age 14 wk at time of grafting. In contrast, six of six mice age 18 wk at time of grafting had
extensive, near universal hair loss. By 24 wk after grafting the extent of hair loss in the two age
groups was indistinguishable. All mice from both age groups had developed near universal alopecia.
Results suggest gonadal hormones play a signi®cant role in determining C3H/HeJ mouse
susceptibility to AA. Non-pigmented hair of C3H/HeJ mice is generally susceptible to AA. Age at
AA onset may contribute to the initial hair loss pattern but not the end stage extent of alopecia in
mice. This AA induction technique is a suitable model to de®ne the dynamics of AA.
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Identi®cation of Melanocyte Speci®c T-Cells from Vitiligo Patients by Flow Cytometry
R.N. Tackey, C.S. Walters, and R.M. Halder
Howard University College of Medicine, Washington, DC
Antibodies which speci®cally destroy melanocytes are common in vitiligo patients, but the role of
T cells have not been well investigated. The purpose of this study was to identify and characterize
melanocyte speci®c T cells in vitiligo. Whole blood and isolated peripheral blood mononuclear
cells (PBMC) from vitiligo patients were exposed to human melanocyte antigen in vitro. After 18±
96 h activation, cells were stained with ¯uorescein labeled anti-CD3, CD4, CD8, CD69, HLADR, CD71, CD45RO, CD45RA, Annexin V, and Propidium Iodide (PI), and analyzed using
¯ow cytometry. It was observed that 13 of 18 patients (72%) showed increased expression of CD69
which ranged from 0.0 to 2.7% over control. Of these, 85% of patients showed higher number of
activated CD8+ cells than CD4+ cells. For the late activation markers, 100% and 78% of patients
showed increased expression of HLA-DR and CD71, respectively, compared to control. There
was an increase in the number of melanocyte speci®c CD45RO+ (memory) with corresponding
decrease in CD45RA+ (naive) cells in 85% of patients tested compared to control. Staining with
Annexin V and PI showed 0.5±2.7% increase in early apoptotic cells from 80% of patients over
control. These results suggest involvement of melanocyte speci®c T-cells in the pathogenesis of
vitiligo.
Supported by the Vitiligo Foundation and NTH-2G12-RR-03048-HU RCMI.

Pigmentation of Cultured Skin Substitutes In Vitro by Addition of Cultured Melanocytes
V. Swope,² A. Supp,* and S. Boyce*²
*Shriners Hospital for Children, and ²Department of Surgery, University of Cincinnati, Cincinnati, Ohio
Hypopigmentation in cultured skin substitutes (CSS) is a physiologic de®ciency that causes clinical
morbidity. Hypothetically, addition of melanocytes to CSS could correct hypopigmentation. To
address this hypothesis, CSS consisting of cultured human ®broblasts and keratinocytes attached to
collagen-based substrates were prepared with normal human melanocytes added to the epidermal
suspension at 0.0%(control), 0.1% and 1.0% relative to the keratinocyte inoculum (1 3 106 cells
per cm2). The degree of pigmentation was assessed by DOPA staining of epidermal sheets and
chromameter measurements of CSS after 1, 2 and 3 wk of incubation. DOPA-positive cells were
score in 46.73 microscope ®elds (12 ®elds per group at each time point). The 1.0% MC group
contained a signi®cantly greater number of DOPA-positive cells per ®eld compared to the control
and 0.1% MC groups at all time points. Minimal differences in DOPA-positive cells were observed
within the groups. A Minolta Chromameter was used to measure color density and hue of the CSS
in situ (n = 4 per group). The L* value correlates with ranges of perceived lightness from absolute
black (0) to absolute white (+100). The 1.0% MC group had signi®cantly lower (darker) L* values
than the other two groups at all time points, and the L* value of the 1.0% MC group was
signi®cantly higher (lighter) at week 1 compared to weeks 2 or 3. These results suggest that
controlled addition of MC to CSS produces increased pigmentation in vitro as a function of MC
density, and that pigment develops as a function time. These ®ndings may facilitate development of
uniform pigmentation during healing of CSS, and thereby reduce the clinical morbidity associated
with hypopigmentation.
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Effect of Stress on Ultraviolet Irradiation-Induced Pigmentation
K. Inoue, J. Hosoi, T. Tsuchiya, R. Ideta,* H. Ichikawa, K. Sayama, O. Ifuku,* and N. Ota*
Shiseido Life Science Research Center, Yokohama, Japan; *Shiseido Basic Research Center, Yokohama,
Japan
It was reported that ACTH stimulates melanogenesis in cultured melanocytes. The aim of this
work was to examine whether ACTH released into the circulation under stressful conditions is
associated with the regulation of ultraviolet-induced pigmentation. HR-1XHR/De female mice
(6±7-wk-old) divided into four groups were housed for 17 d and were subjected to the following
conditions: one mouse per cage (group 1); ®ve mice per cage (group 2); 10 mice per cage (group
3); group 4 mice were subjected to restraint stress (6 h per day, three times per week). The animals
were exposed to UVB irradiation (72 mJ per cm2, three times per week). After UVB-irradiation,
dorsal skin color was measured by mexameter. Delayed tanning was marked in group 3, group 4.
The number of DOPA-positive melanocytes also increased in group 3. The serum obtained from
animals subjected to stress showed signi®cantly increased tyrosinase activity in human melanocytes
compared to nonstressed animals. This effect mimicked that of authentic ACTH. We sought to
determine whether interview stress would affect the plasma level of ACTH in a group of healthy
young females. The plasma ACTH levels were raised signi®cantly immediately after interview
stress. Blood samples obtained from immediately after stress showed signi®cantly increased
tyrosinase activity in human melanocytes compared to those obtained from before stress. These
results suggest that ACTH may be at least partly responsible for the pigmentary response after
ultraviolet irradiation under stressful conditions.
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Expression of Melanocyte Antigens in Vitiligo Lesions Treated by Grafting of Cultured
Epidermal Cells
L. Andreassi, A. Andreassi, E. Pianigiani, P. Taddeucci, C. Alessandrini
Department of Dermatology, Department of Histology, University of Siena, Siena, Italy
Vitiligo is a relatively common disease occurring in 1% of the world population. It is controversial
whether melanocytes are totally lacking in long-standing vitiligo lesions or just inactivated. It is
possible that inactive or silent melanocytes in the follicles or epidermis maintain the capacity to
return to the cell cycle for some years. Re-pigmentation of achromatic areas in long-standing
disease unresponsive to medical therapy can be obtained by surgical treatment such as grafting of
cultured melanocytes or epidermal cells. In the last 4 y we treated 41 patients with long-standing,
stable vitiligo by surgical procedure consisting of autologous cultured epidermal grafts. In order to
evaluate re-pigmentation modalities and melanocyte antigen expression in achromatic vitiligo
lesions treated with cultured epidermal grafts, we performed an immunohistochemical and electron
microscopy (EM) study in preand post-treatment lesional skin. A panel of antibodies reactive to
melanocytes (HMB-45, S-100, NKI-C3 and Melan A) was used. The study involved 10 patients
(after informed consent was obtained) suffering from vitiligo for the past 2±12 y (md 5.6) who
underwent cultured epidermal grafts. Results showed rare melanocytes reacting with HMB-45 and
NKI-C3 antibodies in three of 10 lesional skin samples from patients with early onset disease. Postgrafting skin specimens revealed HMB-45, S-100 and NKI-C3 positive cells mostly localised in the
basal layer. EM did not reveal melanocytes in achromatic skin samples. Melanocytes were detected
in all postgrafting skin samples. Our results suggest that melanocytes are almost absent in lesional
skin of patients with long-standing vitiligo, but can still be found in early onset disease. Grafting of
melanocytes from normal sites can determine re-pigmentation of achromatic areas by repopulation of lesional skin.

Selective Incorporation and Cytostastic and Cytocidal Effect of Cysteaminylphenol as
the Basis for Development of Targeted Antimelanoma Agents
K. Jimbow, H. Cao, P.D. Thomas,* and Y. Minamistuji
Department of Dermatology, Sapporo Medical University School of Medicine, Sapporo, Japan; *Division of
Dermatology & Cutaneous Sciences, University of Alberta, Edmonton, Canada
Tyrosine analogues may be good candidates for developing targeted antimelanoma agents because
melanogenesis is inherently toxic and uniquely expressed in melanocytic cells. We have previously
shown that sulphur containing tyrosinase-substrate (tyrosine) analogues, N-acetyl-4-S-cysteaminylphenol (NAcCAP) and Npropionyl-4-S-cysteaminylphenol (NPrCAP), cause complete
depigmentation of black follicles and have potent antimelanoma activity in mice bearing
melanoma. But the mechanism leading to the selectivity of antimelanoma effect is not clear as these
drugs are also toxic in vitro to other cell lines to a lesser extent. Here we show that these drugs are
selectively incorporated into melanocytic cells and have both cytostatic and cytocidal effects, which
could account for this. There was a highly speci®c uptake of [14C]NAcCAP, that was dosedependent and inhibited competitively by NPr-CAP, indicating that both NAcCAP and NPrCAP
take the same cellular incorporation process. Among other sulphur-amine compounds tested, only
cystamine inhibited competitively the drug incorporation. An irreversible damage to DNA
synthesis machinery was seen in highly melanotic cell lines of melan a2, and SKMEL-23 cells, but
not in normal ®broblasts, HeLa cells and other nonmelanocytic cells. Colony formation assay
indicated melanotic line-speci®c cytocidal effect as well. Trypan blue exclusion study and
competitive inhibition assay indicated that visible cytocidal effect occurs slowly and oxidative stress
resulting from tyrosinase-mediated oxidation of the drug appears to be the underlying mechanism.
This was further con®rmed by treating melanocytic and nonmelanocytic cells with the drugs for 3±
5 consecutive days and then incubating these cells in drug-free fresh media. Only melanocytic cells
showed continuous cell death even after incubating them in fresh medium. Thus the primary
melanocytotoxic effect of cysteaminylphenols derives from a selective cytostatic action, but is
followed by a speci®c cytocidal one.

Exogenous Contrast Agents for Confocal Imaging of Skin In Vivo
M. Rajadhyaksha,*² M. Henrichs,³ K. Ananth,§ H.-T. Chang,§ and S. GonzaÂlez²
*Lucid, Henrietta, New York, New York; ²Wellman Laboratories of Photomedicine, MGH, Boston,
Massachusetts; ³Nycomed-Amersham Inc., Wayne, Pennsylvania; §Unilever Inc., Edgewater, New Jersey
Confocal re¯ectance and ¯uorescence microscopes can noninvasively image thin sections within
living tissue with high resolution and contrast; this is known as optical sectioning. Nuclear, cellular,
and structural morphology can be imaged without having to perform a biopsy or physical
sectioning and staining. We have built confocal scanning laser microscopes (CSLMs) that image in
real-time, at rates of 10±30 frames per s. With visible (488±700 nm) and near-infrared (800±1064
nm) wavelengths and water immersion objective lenses of numerical aperture 0.7±1.2, skin and
oral mucosa in vivo have been imaged. The resolution is 0.5±1.0 mm (lateral) and 3±5 mm (axial).
This resolution allows us to visualize nuclei and cells in epidermal layers, and collagen, connective
tissue, circulating blood cells and blood ¯ow in the dermis. Imaging is possible to maximum depths
of 100±500 mm depending on the wavelength and tissue type.
In ¯uorescence, we have imaged ¯uorescein-and rhodamine-labelled probes within the epidermis
or dermis that were delivered by either intravenous administration or transcutaneous (stratum
corneum) diffusion. In re¯ectance, we have imaged polymeric and metallic microparticles in hair
follicles, sweat ducts, dermis and blood vessels. The ability to visualize the diffusion of probes and
pathways within tissue depends on optimum optical properties of the ¯uorophores and re¯ectance
microparticles and also on the confocal imaging parameters.
These results test the capabilities of video-rate CSLMs, optimum properties of the probes, and
confocal imaging parameters. Confocal ¯uorescence and re¯ectance images of probes within
human and animal skin in vivo will be shown.
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Decreased Histamine Content Demonstrated by Immunohistochemistry in Systemic
Sclerosis Skin Tissue
T. Ohtsuka, H. Ohtake,* K. Fujiwara,² S. Matsuzaki,³ K. Ichimura,³ A. Yamakage, and S.
Yamazaki
Departments of Dermatology, *Physiology and ³Biochemistry, Dokkyo University School of Medicine, Mibu,
Tochigi, Japan; ²Faculty of Pharmaceutical Sciences, Nagasaki University, Nagasaki, Japan
Mast cells (MC) have been implicated in the pathogenesis of a number of chronic in¯ammatory
conditions that result in vascular injury and ®brosis including systemic sclerosis (SSc). Histamine is a
substance that is found in the granules of MC and other in¯ammatory cells. In the present study,
histamine involvement in SSc was studied using concentration measurements in serum and skin
tissue, immunohistochemical staining of histamine in SSc skin tissue. Histamine content in serum
and tissue in normal controls and patients with SSc were measured with the method described by
Shore et al. Immunohistochemincal detection of histamine was performed as follows:
Depara®nized sections were treated with protease, treated with NaBH4 and exposed to speci®c
antibody to histamine diluted 1:100. After brief rinsing, the site of the antigen-antibody reaction
was revealed by the method using catalyzed signal ampli®cation system with goat antimouse IgG
diluted 1:500. Serum histamine concentrations of SSc (1.41 6 0.87 nmol per liter, mean 6 SD)
showed no signi®cant difference from those of normal controls (1.68 6 1.02 nmol per liter). Tissue
histamine concentrations of SSc (0.67 6 0.24 mmol per liter) showed signi®cant difference from
those of normal controls (1.48 6 0.52 mmol per liter) (p < 0.03). Immunohistochemical staining of
histamine showed moderate to intensive staining in normal controls, but weak to moderate in SSc.
These results showed decreased histamine content in SSc skin tissue.

Microphthalmia Protein: New Diagnostic Tool in the Diagnosis and Classi®cation of
Cutaneous, Uveal and Central Nervous System Melanocytic Neoplasms
F. O'Reilly, D. Brat,* B. McAlpine, H. Grossniklaus,² and J. Arbiser
Departments of Dermatology, *Neuropathology and ²Ophthalmology, Emory University, Atlanta, Georgia
Microphthalmia transcription factor (Mitf) is a melanocytic nuclear protein critical for melanocytic
development and survival. Its potential use as a histological marker for cutaneous melanoma has
been of recent interest. We employed Mitf to demonstrate that cutaneous, uveal and central
nervous system (CNS) melanocytic lesions of leptomeningeal derivation share molecular
similarities. Mitf expression was examined in histologically con®rmed cutaneous, CNS and uveal
melanomas using a monoclonal antibody generated against human Mitf. Strong nuclear staining
was demonstrated within normal skin melanocytes (interfollicular growth pattern), lentigo maligna
(follicular growth pattern) and all super®cial spreading, desmoplastic, amelanotic and spindle cell
melanomas which are often negative for HMB-45. CNS tumors, including melanocytomas,
primary melanomas and intermediate grade melanocytic neoplasms exhibited strong nuclear
staining in contrast to meningiomas and schwannomas which may be diagnostically confusing.
Spindle, epithelioid and mixed cell uveal melanomas demonstrated strong nuclear staining in
contrast to choroidal neuro®bromas which may be similar histologically. In all neoplasms, nuclear
staining allowed clear distinction from pigmented cytoplasm which may be of value in Mohs'
surgery where such distinction is critical. Thus, microphthalmia appears to be a sensitive and
speci®c marker for melanoma diagnosis not only in cutaneous lesions but in a wide variety of tissue
types. Mitf expression may allow for a new classi®cation of melanocytic neoplasms into those of
interfollicular, follicular, uveal and leptomeningeal derivation.
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Histological Response to Bioengineered Skin in Human Wounds
E. Badiavas, D. Paquette, and V. Falanga
Boston University School of Medicine, Department of Dermatology and Skin Surgery, Roger Williams
Medical Center, Providence, Rhode Island
Bioengineered skin is being used to successfully treat a variety of wounds, both acute and chronic.
A randomized controlled clinical trial of 293 patients (Falanga et al, 1998) showed that a living
bilayered skin construct (BSC or Graftkin), consisting of human neonatal keratinocytes and
®broblasts in a collagen matrix, was able to accelerate complete closure of venous ulcers by 3-fold.
BSC was particularly effective in dif®cult to heal wounds of long duration (Falanga and Sabolinski,
1999). In the patients treated with BSC, no obvious signs of clinical rejection were observed, and
there was no increase in the frequency or titer of antibodies to bovine collagen. In vitro tests
showed no BSC-speci®c immune responses to bovine collagen or to alloantigens expressed on
keratinocytes or ®broblasts. However, there have been very limited data on histological ®ndings
after the use of BSC in human wounds. Here we report our preliminary histological observations
in a cohort of nine patients with 13 wounds treated with BSC in whom biopsies of the grafted site
were taken 2 wk after application of BSC. The etiology of these ulcers varied from arterial and/or
venous disease to an extensive and poorly healing burn wound. Histologically, thickening of the
grafted bioengineered skin was seen in all samples. Mucin deposition was noted in the dermal layer
of both the wounds and BSC in most of the specimens examined. Histological ®ndings of complete
take were observed in wounds which were extensively debrided surgically prior to BSC
application. Unexpectedly, and in spite of good clinical outcome, three of the 13 specimens
exhibited a foreign body like granulomatous response. These early histological observations suggest
that stimulatory interactions develop between BSC and the wound. The consistently found
deposition of mucin may be pointing to a fetal pattern of wound repair associated with the neonatal
cells in BSC.

Rapid Confocal Detection of Non-Melanoma Skin Cancers During Mohs Micrographic
Surgery Using Acetic Acid and Crossed Polarization
S. GonzaÂlez,* G.M. Menaker,² and M. Rajadhyaksha*³
*Wellman Laboratories of Photomedicine, ²Dermatology Surgery Unit, Dermatology Department, MGH,
Boston, Massachusetts; ³Lucid, Henrietta, New York, New York
Mohs micrographic surgery (MMS) is a surgical procedure based on microscopically controlled
excision of cutaneous neoplasms. Microscopic control has, for years, been based on standard
histopathologic sections stained with reagents such as hematoxylin and eosin or toluidine blue.
Mohs surgery is thus technically demanding and time consuming. Confocal Microscopy (CM) is a
noninvasive imaging technique that has been used for the past 25 y. It offers resolution comparable
to routine histology which is far better than any other noninvasive imaging technique. Confocal
detection of basal and squamous cell carcinomas is possible after staining the nuclei in the excised
skin with 5% acetic acid, and imaging in crossed polarization. The cancerous nuclei appear bright
against the dark surrounding extracellular matrix of the dermis. The contrast is due to increased
back-scattering as well as increased depolarization from the nuclei relative to that from surrounding
structures. This optical change may be due to chromatin compaction, which may cause multiple
scattering of the linearly polarized illumination light. We have determined that after crosspolarization the ratio of the brightness of the extracellular dermis versus nuclei drops by a factor of
approximately 1.5. Tumors are ®rst detected at low resolution (axial resolution, 20 mm) in a wide
®led (1±2 mm); nuclear morphology may be then viewed at high resolution (axial resolution,
2 mm) in a small ®eld (< 0.5 mm). Mosaics of images are assembled to produce confocal maps of
Mohs samples containing remnant of BCCs and SCCs. Confocal crossed-polarized imaging to
rapidly detect NMSC (within minutes) during MMS is possible.
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A Polyclonal Antibody Speci®cally Stains the Companion Layer of Human Hair
Follicles
L. Tang, H. Lui, D.I. McLean, and J. Shapiro
Division of Dermatology, The University of British Columbia, Vancouver, BC, Canada
A number of studies have shown that the outer root sheath (ORS) of the hair follicles (HF) does
not contain a homogeneous cell population. ORS cells that arise from progenitor cells adjacent to
the follicular dermal papilla (FDP) form a single cell layer of elongated cells that are closely
associated with cells of the peripheral Henle's layer of the inner root sheath (IRS). This ¯attened
layer of cells have been termed ``companion layer'' to distinguish them from other cell types in the
ORS. One of the ultrastructural features of the companion layer is the distinctive clustering of
keratin ®laments which might be composed of keratin 6 and 16. Other studies have suggested that
the disturbances of this ®lament system of the companion cells can result in the destruction of this
layer and ultimately to the loss of the hair follicle. The function of the companion layer has yet to
be elucidated and no molecular marker has been identi®ed for this distinct components of the HF.
During unrelated experiments, we surprisingly discovered that a polyclonal antibody originally
raised against the carboxy-terminal peptide of the integrin-linked kinase (ILK), selectively
immunostains the companion layer of the human hair follicles. This positive staining occurs in a
single cell layer of the entire lower portion of the HF up to the isthmus area in which the signals
disappear, and become strongly positive again in the central portion of the ORS in the
infundibulum. In the epidermis, the stratum granulosum and upper stratum spinosum of the
epidermis. Western blotting analysis shows that it recognizes a 45-kDa protein from follicular
keratinocytes and epidermal keratinocytes, and it is induced by calcium in vitro. The staining
pattern of this antibody in the infundibulum and epidermis is similar to that of anti-involucrin
antibody. But the involucrin antibody stains much wider area in the lower HF and also weakly
stains the IRS cells. These results further support that the companion layer is not only a
morphologically distinct structure, but also biochemically distinguishable from other ORS cells.

Cutaneous Neurologic Factors are Involved in the Pathogenesis of Acne
M. Morohashi, M. Toyoda, Y. Luo, and S. Higaki
Department of Dermatology, Toyama Medical and Pharmaceutical University, Toyama, Japan
The pathogenesis of acne vulgaris has been known to be multifactorial, and there is ample clinical
evidence suggesting that the nervous system such as emotional stress can in¯uence the course of
acne. We examined possible participation of cutaneous neurologic factors including neuropeptides,
neuropeptide-degrading enzymes and neurotrophic factors, in association with in¯ammation in the
pathogenesis of acne. Immunohistochemical studies revealed that substance P (SP)-immunoreactive nerve ®bers were in close apposition to sebaceous glands, and that neutral endopeptidase
(NEP) was expressed in germinative cells of sebaceous glands in the skin from patients with acne.
In addition, an increase in the number of mast cells and a strong expression of endothelial leukocyte
adhesion molecule-1 in postcapillary venules were observed in adjacent areas to sebaceous glands.
When organ-cultured skin specimens were exposed to SP, we observed signi®cant increases in the
sizes of sebaceous glands and of individual sebaceous cells, and in the numbers of sebum vacuoles
per one sebaceous cell and of geminative cells. Ultra-structural observations also supported the
concept that SP promotes proliferation as well as differentiation of sebaceous cells. Furthermore,
supplementation of SP to the organ-cultured facial skin induced expression of NEP, and we
demonstrated the subcellular localization of NEP in the endoplasmic reticulum and Golgi's
apparatus within sebaceous germinative cells using preembedding immunoelectron microscopy.
These ®ndings suggest that SP may stimulate lipogenesis of sebaceous glands which may be
followed by proliferation of Propionibacterium acnes, and may yield a potent in¯uence on sebaceous
glands by provocation of in¯ammatory reactions via mast cells. Thus cutaneous neurologic factors
seem to contribute to onset and/or exacerbation of acne.

Peach Fuzz: A New Mouse Mutation Caused by In Vitro Mutagenesis with Skin and Hair
Abnormalities
E. Levin, N. Goodwin, J. Schimenti, and J. Sundberg
The Jackson Laboratory, Bar Harbor, Maine
Using ethylmethanesulfonate (EMS), in vitro mutagenesis was performed on 129/SvJ+p+c
embryonic stem cells. Chimeras derived from these cells were mated to C57BL/6 J (B6) mice
to initiate families that were screened for recessive mutant phenotypes. Hairless mice were
identi®ed in the third generation progeny of families initiated from one founder chimera,
appearing in ratios indicative of a recessive mutation. Hair loss in homozygotes proceeded in a
cranio-caudal pattern after completion of the ®rst hair cycle. Some abnormal pelage hairs remained
around the eyes and nose but subsequently disappeared. By scanning electron microscopy, 5-moold mice had scant, abnormal, often broken hair ®bers covering their body, hence the mutation
was named peach fuzz (B6129 Pfz). Heterozygotes presented with a range of mild hair
abnormalities, presumably re¯ecting the segregating background of the crosses. Microscopically the
infundibulum was mildly dilated with laminated corni®ed material. The follicle contained twisted
hair ®bers that distorted the affected follicles and resulted in localized root sheath hyperplasia or
rupture with foreign body granuloma formation. Ultrastructural studies revealed that sebaceous
gland vacuoles contained electron dense instead of being electron lucent material, as seen in normal
mice. This electron dense material formed ®brillar-like structures as it was extruded through the
sebaceous duct into the follicular lumen. Genetic mapping of the mutation is proceeding via a
genome wide scan with polymorphic microsatellite markers. This mutation may prove to be useful
for studying the role of the sebaceous gland and hair follicle/®ber development.

The Origin of Benign Sweat Gland Neoplasms Histopathological Differences between
Follicular-Associated and Interfollicular Epidermal-Associated Benign Sweat Gland
Neoplasms
K. Uede and F. Furukawa
Department of Dermatology, Wakayama Medical College, Wakayama, Japan
Most of the reported articles concerning histogenesis of sweat gland neoplasms have investigated
whether the tumor is differentiated to eccrine or apocrine, or the speci®c site in the sweat
apparatus. However, very few reports have discussed the origin of these tumors. We prepared the
sweat gland neoplasms-associated specimens by the step sections and investigated their derivation
histopathologically and immunohistologically. Based on the investigation, we divided those tumors
into two groups. The ®rst was associated with the follicles which re¯ected tumors of the folliculosebaceous-apocrine unit and the second was associated with the interfollicular epithelium which
re¯ected tumors of the epidermal-eccrine unit. Thereby, we report here on the histopathological
differences between those two groups of tumors. Many of the interfollicular epidermal-associated
sweat gland neoplasms were found to be eccrine poroma displaying a comparatively uniform
cellular morphology and histopathological architecture. To a great extent the follicular-associated
sweat gland neoplasms exhibited a diverse cellular morphology, histological architecture, and
differentiation. Most of those tumor nests had been originated around the sebaceous gland
apertures, and the morphology of their nests indicated a number of histopathological diagnoses,
including poroma, hidracanthoma simplex, clear cell hidradenoma, cylindroma, and solid-cystic
hidradenoma.

VOL. 114, NO. 4 APRIL 2000

417

Eosin Fluorescence Microscopy of Hematoxylin-Eosin Stained Histopathologic
Specimens
H. Song and C. Kim
Department of Dermatology, College of Medicine, Korea University, Seoul, Republic of Korea
While eosin is a pink to red colored dye under the conventional light microscopy, it is also a good
¯uorescent dye. But ¯uorescent property of eosin has been seldom used to delineate the
histopathologic features. To test the usefulness of eosin ¯uorescence in dermatopathology, around
1500 hematoxylin-eosin (H-E) stained specimens were reviewed under the ¯uorescent
microscope. Results are as follows. (i) Unique polychromatic ¯uorescent images were seen. (ii)
Images were sharper, bright enough, and gave ®ner ®brous details of the tissue. (iii) Spatial
distribution of tissue components through the section was easy to recognize. (iv) Elastic ®bers
could be differentiated from collagen ®bers. (v) Easy to ®nd materials dif®cult to distinguish by
conventional method (glycogen, certain fungal components, wooden splinter, parasites, and
¯uorescent foreign bodies). (vi) Visualization of images that nuclei of cells are masked in the ®eld.
(vii) Simultaneous overlapping of both bright ®eld and ¯uorescent images was possible to localize
speci®c objects. (viii) Images are advantageous for image analysis and confocal microscopy. In
conclusion, eosin ¯uorescence microscopy of H-E stained specimen is a useful tool to uncover
valuable ®ndings hidden inside of the specimens and to provide easy connection with new
technology.

ABSTRACTS

821

418

Depletion of Cutaneous Innervation Adjacent to Venous Ulcers
A. Rowe, M. Guest,* A. Allerston, A.H. Davies,* and C.B. Bunker
Division of Medicine (Skin Treatment and Research Trust), Imperial College School of Medicine, London,
U.K.; *Division of Surgery, Imperial College School of Medicine, London, U.K.
Peripheral neuropathy and impairment of C-®bre function have been found in venous leg ulcer
patients and may affect the development and/or healing of venous ulcers. We have studied the
cutaneous innervation in biopsies of skin adjacent to venous ulcers in patients with ulcers which
healed within 3 mo (n = 14) and with nonhealing ulcers (n = 15). Patients undergoing varicose vein
surgery (n = 12) supplied control biopsies. Image analysis quanti®cation of total cutaneous
innervation (protein gene product 9.5: PGP) and calcitonin gene-related peptide (CGRP)
immunoreactive (IR) ®bres was undertaken using standard immunohistochemical techniques.
PGP-IR dermal innervation was decreased in the healing group (controls, median 2242 mm (IQR
1565 mm-3579 mm); healers 827 (286±2087), p = 0.04, Mann±Whitney U-test), but not in
nonhealers. Dermal CGRP-IR innervation was decreased in both patient groups (controls 1198
(1121±1417); healers 431 (195±660), p = 0.002; nonhealers 686 (332±889), p = 0.04). Epidermal
PGP-IR ®bres were depleted in nonhealers (227 (87±421) vs 102 (10±139), p = 0.047). Epidermal
CGRP-IR ®bres were decreased in healers (41 (0±351) vs 0 (0±0), p < 0.001), but not in
nonhealers. However, both dermal PGP (28 (19±42) vs 17 (15±20), p = 0.002) and epidermal
CGRP (19 (15±20) vs 0 (0±15), p = 0.043)-IR structures were shorter in nonhealers than in
controls. Further experiments have shown PGP and CGRP-IR ®broblasts and Langerhans cells in
nonhealers, which may account for some of the IR measured in this group. We propose that
depletion of the cutaneous innervation impacts on tissue integrity and wound healing.

421±431

Withdrawn or renumbered

432

Role of the a4 Laminin Subunit in Endothelial Cell-Matrix Adhesions and Angiogenesis
M. Gonzales and J.C.R. Jones
North-western University Medical School, Chicago, Illinois
Endothelial cells in blood vessels lie on a basement membrane composed of matrix proteins.
Endothelial cells express the a4 laminin subunit in vivo. In this study we investigated how
transformed human endothelial cells (TRHBMEC) and human microvascular endothelial cells
(HMVECs) interact with the a4 laminin subunit. Both cell types rapidly adhere to recombinant
human a4 laminin G domain in a avb3 integrin-dependent manner. To further this observation,
we generated a monoclonal antibody 2A3 against the G domain of the a4 laminin subunit.
Antibody 2A3 antibody stains focal contacts of both TRHBMECs and HMVECs, provided the
latter are activated with growth factors. Antibody 2A3 staining colocalizes with that generated by
avb3 integrin, vinculin and plectin antibodies. The focal contacts recognized by these antibodies
associate not only with the micro®lament but also with the vimentin intermediate ®lament
cytoskeleton systems in endothelial cells. Remarkably, antibody 2A3 inhibits the ability of
TRHBMECs and HMVECs to undergo branching morphogenesis in vitro as well as repopulate in
vitro wounds. Thus, we have characterized a novel endothelial cell matrix junction, which shows
complex cytoskeletal interactions and whose assembly can be regulated by growth factors. In
addition, we have identifed the laminin a4 subunit as a new ligand for the avb3 integrin
heterodimer and our data also indicate that the a4 laminin subunit plays a role in angiogenesis.
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UV Irradiation Blocks Cellular Responses to Transforming Growth Factor-b Through
Downregulation of its Type-II Receptor and Induction of Smad7
T. He, T. Quan, J.J. Voorhees, and G.J. Fisher
University of Michigan, Ann Arbor, Michigan
Transforming growth factor-b (TGF-b) is a major regulator of collagen production. The actions of
TGF-b are mediated through its cell surface receptors (Tb RI and TRb II). TRb RII binds TGFb and activates TRb RI, which phosphorylates transcription factors Smad2/3. Smad2/3 combine
with Smad4 to regulate TGF-b responsive genes. Phosphorylation of Smad2/3 by TRb I is
antagonized by Smad7. Since collagen synthesis is reduced in photodamaged skin, we investigated
the effects of ultraviolet (UV) irradiation on TGF-b/Smad signaling. Pretreatment of mink lung
epithelial cells, stably expressing a TGF-b/luciferace reporter gene, with UV irradiation (20 mJ per
cm2 UVB source) inhibited TFG-b-induced luciferse activity 70% (n = 3). UV irradiation caused
near complete loss of TRb II, but not TRb I, within 8 h, as determined by Western analysis
(n = 3). Consistent with this loss of TRb II, UV irradiation inhibited TRb I-mediated
phosphorylation and subsequent nuclear translocation of Smad2, as determined by Western
analysis and immuno¯uorescence confocal microscopy (n = 3). In addition, Western analysis
revealed that UV induced inhibitory Smad7 3-fold within 8 h (n = 3). TGF-b treatment resulted in
formation of speci®c Smad/DNA complexes, as determined by electrophoretic mobility shift assay
(n = 4). Treatment of cells with UV irradiation prior to addition of TGF-b abrogated formation of
these complexes. These data indicate UV irradiation impairs TGF-b responsiveness. This
impairment results from downregulation of TRb II and induction of Smad7. Loss of TFG-b
responsiveness may play a key role in reduced collagen synthesis observed in photodamaged human
skin.
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In Situ Zymographic Localization of Gelatinase Activity in UVB-Irradiated Skin
S. Inomata, R. Nemori,* S. Amano, Y. Kohno, K. Kitamura, T. Nishiyama, and M. Fukuda
Shiseido Research Center, Japan; *Ashigara Research Laboratories, Fuji Photo Film Co. Ltd, Japan
Gelatinases are matrix metalloproteinases (MMPs) and can degrade a wide range of substrates
including gelatin, type IV collagen, elastin, laminin, ®bronectin and so on. Recently, they have
been suggested to play a role in photoaging. However, no study about the distribution of these
enzymes has been reported in skin of UVB-irradiated hairless mouse. We have studied the
localization and the change of gelatinase activity in skin of UVB-irradiated hairless mouse by in situ
zymography. Hairless mice (Hos:HR-1) were irradiated three times a week for 10 wk with
gradually increasing doses of UVB (up to 4 MED per exposure). FIZ-GN ®lms (polyester ®lms
coated with a 7-mm-thick layer of gelatin, Fuji Photo Film Co. Ltd, Japan) were used for in situ
zymography. Five-mm-thick cryosections were mounted on the ®lms and the preparations were
incubated in a moist chamber at 37°C for 18±24 h. After incubation, they were stained with 0.8%
Ponceau 3R solution. By in situ zymography using FIZ-GN ®lms, considerable gelatinolytic
activity of UVB-exposed photoaged skin in mice was detected throughout the epidermis, while no
gelatinolysis was observed on that of nonirradiated normal skin. This activity was con®ned to the
basal layer of the epidermis in UVB-irradiated mouse skin exposed to 1 MED of UVB ®ve times
every other day. The gelatinolysis on the epidermis of photoaged skin was blocked by TIMP-2.
These results show that gelatinase activity in the epidermis is readily induced by low-dose UVB
exposure. The activated gelatinases may be involved in the photoaging process through destruction
of the basement membrane.

MMP Inhibitors Markedly Enhance Basement Membrane Formation in Skin-Equivalent
Model
S. Amano, Y. Matsunaga, S. Inomata,* Y. Kohno,* K. Kobayashi,* E. Adachi,² and T. Nishiyama
Shiseido Life Science Research Center, Yokohama, Japan; *Shiseido Basic Research Center, Yokohama,
Japan; ²Department of Molecular Morphology, Kitasato University School of Medicine, Sagamihara, Japan
The basement membrane, located at the dermal-epidermal junction, is known to play important
roles in the adhesion between epidermis and dermis, and in controlling epidermal differentiation.
We have recently demonstrated that puri®ed human laminin 5 enhances basement membrane
formation in a skin-equivalent model by increasing hemidesmosome formation. However, the
formed basement membrane is discontinuous. To improve the skin-equivalent model, we analyze
factors which inhibit basement membrane assembly. We found that MMP-2 and MMP-9 were
present in culture medium of the skin equivalent model and some of them were active forms as
judged from the results of gelatin zymography. Thus, the formation of basement membrane in the
skin equivalent model was examined in the present of MMP inhibitors, CGS23027A and MMP
Inhibitor I, which inhibit MMPs 1, 2, 3 and 9. Both inhibitors suppressed the activation of MMP9 and only CGS23027A partially suppressed the activation of MMP-2. Deposition of basement
membrane components, especially type VII collagen, and continuity of laminae densae in the
basement membrane at the dermal-epidermal junction were markedly increased by adding each of
the inhibitors. These results suggest that MMPs may inhibit the assembly of basement membrane
by degrading its components and that MMP inhibitors would be useful tool to improve skinequivalent models.
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Reduced Responsiveness to Interferon-g by Fibroblasts Grown in Scaffold-Based ThreeDimensional Culture
J. Mansbridge and A. Kern
Advanced Tissue Sciences Inc., La Jolla, California
Allogeneic cells in scaffold-based three-dimensional cultures, grafted into chronic wounds,
colonize the wound bed without overt rejection by the host. This paper investigates a mechanism
that may contribute to this lack of immunological reaction. Allograft rejection is thought to be
initiated by interactions involving antigens of the major histocompatability complex (MHC),
particularly class II, such as HLA-DR, and CD40. Although unstimulated monolayer ®broblast
cultures do not express HLA-DR, MHC markers are easily induced by g-interferon, which would
be expected to contribute to activation of the host immune response. In a comparison by ¯ow
cytometry of the induction of HLA-DR and CD40 in 7 d by 500 U per ml g-interferon,
monolayer and anchored collagen gel cultures showed marked induction throughout the
population, whereas about 50% of the cells in scaffold-based three-dimensional cultures were
unresponsive. The nonresponsive cells were shown to be viable by propidium iodide exclusion.
Fibroblasts from the three-dimensional cultures recovered their g-interferon responsiveness when
re-isolated and cultured in monolayer. The inhibition of HLA-DR and CD40 induction by ginterferon appeared not to be a function of three-dimensional culture per se, since ®broblasts in
collagen gel cultures responded uniformly. Rather, we conclude that inhibition of g-interferon
responsiveness arose from interaction of the cells with ®broblast-derived extracellular matrix. This
phenomenon may be important both in preventing the rejection of allograft and in modulating the
immunological role of ®broblasts in the dermis.

Molecular Modeling of the NC-1 Domain of Human Collagen VII
N.D. Lazo and D.T. Downing
Department of Dermatology, University of Iowa, Iowa City, Iowa
The noncollagenous domain of human collagen VII, containing the N-terminal 1253 amino acids,
was modeled in an attempt to predict its conformation. The graphical method employed was used
previously for modeling the conformation of several ®brous proteins, including intermediate
®laments, amyloids, prions, and silk. It was found that the entire NC1 collagen domain, comprising
48% hydrophobic residues, could be modeled as a series of 7-residue b strands, separated from each
other by short loops. The proposed structure can be predicted to fold into a single continuous b
helix, impelled by the burial of 42% of the total hydrophobic residues in the central lumen, which
contained 253 hydrophobic and 34 uncharged hydrophilic residues. The conformation is viewed as
having 6 internalized residues per turn of the helix, providing 93 turns. Given an axial rise of 0.48
nm per turn, the entire structure would form a ®brous strand about 46 nm long, approximating the
length of the NC-1 domain as visualized in electron micrographs. The proposed bhelical
conformation for NC-1 is consistent with published CD spectra, which can be interpreted as
showing about two thirds bconformation, compared with a calculated 60% b conformation in the
central helix, and some additional b conformation in the loops. Speci®c sequences of the protein
that should form b helices include SLRVQWTAASGPVTGYKVQYT and
TVHVTQASSSSVTITWT. The residues expected to be internalized in the b helix lumen are
shown in bold type. These sequences will be modeled by computer, and corresponding synthetic
peptides will be examined by circular dichroism spectroscopy to indicate the content of b
conformation and by electron microscopy to detect the formation of ®brous strands.
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A Marked and Prolonged Increase in Skin Collagen Synthesis in Breast Cancer Patients
after Radiotherapy
R. Riekki, A. Jukkola,* M.-L. Sassi,² J. Risteli,² M. Kallioinen,³ and A. Oikarinen
Departments of Dermatology, *Oncology, ²Clinical Chemistry and ³Pathology, University of Oulu, Oulu,
Finland
In order to study the mechanisms of connective tissue damage produced by radiotherapy, collagen
synthesis was studied in irradiation-treated human skin. Suction blister ¯uid (SBF) and skin biopsies
were obtained from both radiotherapy-treated and corresponding healthy breast skin area of 20
randomly chosen women treated for breast cancer. Type I and III procollagen propeptide (PINP
and PIIINP) levels in suction blister ¯uid, the amount PINP and the number of collagen producing
®broblasts and type I collagen cross-linking in skin biopsies together with skin thickness were
analyzed.
In irradiated skin, PINP and PIIINP levels in SBF, the amount of PINP and the number of active
®broblasts in skin biopsies and skin thickness were markedly increased. In treated skin, the mean
level of PINP in SBF was about 3.5 fold, the level of PIIINP about 3.4 fold, and the number of
PINP-positive ®broblasts about two-fold in comparison with nontreated skin. The thickness of
irradiated skin was increased by 14% compared to healthy skin. Also type I collagen cross-linking
via trivalent histidinohydroxylysinorleucine-cross-link was increased in irradiated skin.
In conclusion, collagen synthesis in human skin was found to be increased as a result of
radiotherapy. This gives information on the molecular mechanisms of skin ®brosis. Furthermore,
these results offer basis for ®nding possible treatment for this condition.

Evidence of Disturbed Collagen Metabolism in Smokers ± a Possible Etiologic Factor for
Accelerated Skin Aging
A. Raitio, J. Risteli,* K. VaÈhaÈkangas,² and A. Oikarinen
Departments of Dermatology, *Clinical Chemistry and ²Pharmacology and Toxicology, University of Oulu,
Finland
Due to the lack of published data of tobacco's effects on skin histology and metabolism, we wished
to enlighten the pathogenesis of premature wrinkling and impaired wound healing reported in
smokers.
The study population consisted of 98 men, of whom 47 were current smokers and 51 were
nonsmokers. The rate of skin collagen synthesis was assessed in vivo by inducing suction blisters on
the skin of upper ventral forearm, and measuring concentrations of procollagen propeptides PINP
and PIIINP from the suction blister ¯uid, with a Radioimmunoassay method (RIA). Skin
thickness was measured from the upper ventral forearm with an ultrasound device and skin biopsy
specimens were obtained from the same area for histologic and immunohistologic evaluation.
From the biopsy specimens, epidermal thickness was measured, and after staining with an antiPINP antibody, the number of PINP-positive ®broblasts was counted from ®ve ®elds chosen from
the papillary dermis.
Synthesis of type III collagen was 22% lower (35 mg per liter) in smokers than in nonsmokers (45 mg
per liter), the difference being statistically signi®cant. Synthesis of type I collagen was 17% lower
(96 mg per liter) in smokers than in nonsmokers (116 mg per liter). The mean number of PINPpositive ®broblasts in the papillary dermis was 40 in smokers and 46 in nonsmokers, indicating
decreased synthesis of type I collagen and being in concordance with the results of RIA analyses.
Skin collagen synthesis was decreased in smokers compared with nonsmokers but skin thickness did
not differ between the two groups. Our results may partially explain the wrinkled appearance and
impaired wound healing previously reported in smokers.
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Fibroblasts Cultured In Vitro Produce an Organized Extracellular Matrix
T. Pouyani, V. Ronfard, R. Stock, P. Scott, C. Dodd, R. Gallo, and N. Parenteau
Department of Matrix Engineering, Organogenesis Inc., Canton, Massachusetts; Department of
Biochemistry, University of Alberta, Edmonton, Alberta, Canada; VA Medical Center, University of
California at San Diego, La Jolla
We aimed to de®ne a speci®c culture method that would allow human dermal ®broblasts to
produce a well de®ned and organized extracellular matrix (ECM) in vitro. Speci®cally, we aimed to
induce the production of a three dimensional extracellular matrix under both serum and serum free
conditions. Culturing of human dermal ®broblasts under speci®c conditions resulted in the
production of a dense extracellular matrix. Scanning electron micrographs of cross-sections of the
matrix produced under both serum and serum-free conditions demonstrated the presence of
®broblasts serially aligned in a dense collagenous matrix. Comparison of matrix produced under
serum and serum free culture conditions highlight differences in production of speci®c matrix
components. For example, matrix produced under serum-free conditions has a signi®cantly higher
content of hyaluronic acid (27 mg per cm2) as compared to matrix produced in the presence of
serum (2.7 mg per cm2). A similar increase in sulfated GAG content was observed in the serum-free
derived matrix. We also examined the effects of epidermal coverage on matrix composition.
Combined together, these data support the production of an extracellular matrix with strong
resemblance to the human dermis.
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Regulation of Matrix Metalloproteinase-1 Expression in Fibroblasts by Calcitonin GeneRelated Peptide
W. Ding, I. Friedman, L. Deng, S. Amin, and R.D. Granstein
Department of Dermatology, Weill Medical College of Cornell University, New York, New York
Neuropeptides have been implicated as having roles in many aspects of cutaneous function. In
order to examine the possibility that nerves in¯uence macromolecular turnover in the dermis, we
asked whether the neuropeptide calcitonin gene-related peptide (CGRP) in¯uences the expression
of matrix metalloproteinase-1 (MMP-1, interstitial collagenase) by the nontransformed human
dermal ®broblast line CCL110. MMP-1 plays a major role in degradation of collagen types I, II and
III. CCL110 cells were maintained in tissue culture and exposed for 24 h to medium alone, 0.1 nM
CGRP, 1 nM CGRP, 10 nM CGRP, or 100 nM CGRP. After 24 h, total cellular RNA was
harvested and expression of mRNA for MMP-1 examined by semiquantitative RT-TCR.
Expression of MMP-1 was increased by CGRP in a dose-dependent manner. A preliminary
experiment examining MMP-1 expression in these cells by Northern analysis con®rmed a CGRPinduced increase in MMP-1 mRNA expression. Cell lysates were analyzed by Western blotting
and, in a preliminary experiment, supernatants were conditioned by exposure to CCL110 cells in
culture for 24 h with or without the presence of CGRP and examined by ELISA for MMP-1
content. A dose-dependent increase in the MMP content of the supernatants with CGRP
exposure was observed in both assays. These data suggest the possibility that dermal matrix
homeostasis is regulated in part by nerves and that photoaging might be mediated in part by release
of CGRP from damaged cutaneous nerves after exposure to ultraviolet radiation.

Somatostatin Increases Collagenase-1 (MMP-1) Expression in Cultured Human
Keratinocytes
I.S. Friedman, W. Ding, E. Miranda, S. Amin, and R.D. Granstein
Department of Dermatology, Weill Medical College of Cornell University, New York, New York
Several neuropeptides play an active role in tissue response to injury and in¯ammation and are
known to mediate important aspects of skin cell physiology. Of interest, somatostatin (SOM) has
been implicated in synovial extracellular matrix (ECM) turnover via regulation of collagenase-1
(MMP-1) in the setting of rheumatoid arthritis. Our laboratory previously demonstrated expression
of SOM receptor (SSTR) subtypes 1, 2 and 5 in normal human epidermal keratinocytes (NHEK).
We therefore addressed whether SOM, known to be present in the skin, might also play a role in
dermal tissue degradation; a process responsible for numerous cutaneous pathophysiological
processes including photoaging. HaCaT cells, spontaneously transformed human keratinocytes
with similar differentiation and response behavior as NHEK, were utilized as surrogates for NHEK.
These cells were exposed to varying concentrations of SOM (0, 1 nM, 10 nM and 100 nM) for
24 h and were subsequently analyzed for MMP-1 mRNA by semiquantitative RT-PCR. Total
RNA was isolated from these cells and reverse transcribed. A cDNA fragment of the expected size
was ampli®ed by PCR using primers designed from published sequences. SOM increased
expression of MMP-1 mRNA 24 h after exposure in a dose-dependent fashion. Similarly, ELISA
revealed a dose-dependent increase in MMP-1 content of supernatants conditioned by 24 h culture
in medium containing SOM. In a preliminary experiment, we demonstrated a similar dosedependent increase in gelatinase A (MMP-2) mRNA upon stimulation with SOM using the same
RT-PCR methods. These data suggest that the SOM may play a role in cutaneous macromolecule
homeostasis.

Interaction of the Hairless Protein with the Thyroid Hormone Receptors
K. Djabali, V.M. Aita, H. Uyttendaele, A.A. Panteleyev, and A.M. Christiano
Columbia University, New York, New York
The hairless gene encodes a putative transcription factor with a single zinc-®nger domain of the
type found in the GATA family of transcription factors. The attenuation of hairless gene activity
results in the progressive shedding of hair subsequent to the initiation of the ®rst adult hair cycle.
Mutations in this gene lead to the hairless and rhino phenotypes in mice and the autosomal
recessive disorder papular atrichia in humans. Here, we demonstrate the hairless protein is localized
in the nucleus, as evidenced by immunocytochemical analysis of ®broblast cells (NIH 3T3)
transiently transfected with a FLAG epitope-tagged form of the hairless gene. To characterize the
DNA binding capabilities and consensus DNA binding site of hairless protein, we performed the
Cyclic Ampli®cation and Selection of Targets (CASTing) assay. Furthermore, we provide
evidence for an interaction between hairless, which contains three LXXLL nuclear receptor
interaction motifs, and both thyroid hormone receptors (TRa1, TRb1) by coimmunoprecipitation experiments. To investigate the involvement of the LXXLL motifs in mediating this
interaction, we have created serial and compound mutations in the LXXLL motifs of hairless by
site-directed mutagenesis and are assaying interactions between hairless and TR by coimmunoprecipitation. Additionally, we are investigating possible interactions between hairless and
additional members of the nuclear receptor superfamily. Collectively, these studies begin to unravel
the physiological function(s) of the hairless gene product.
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Study of Keratinocyte Responsive Element 3 Function In Vitro and In Vivo: Tissue
Speci®c Regulation of 230 kDa Bullous Pemphigoid Antigen Gene Promoter
J. Matsuzaki, K. Tamai, A. Kon, D. Sawamura, and I. Hashimoto
Department of Dermatology, Hirosaki University School of Medicine, Hirosaki, Japan
We investigated the function of keratinocyte responsive element 3 (KRE3), cis-regulatory element
for tissue speci®c expression of 230 kDa bullous pemphigoid antigen gene (BPAG1) in vitro and in
vivo. A BPAG1 core promoter/luciferase plasmid construct pBPL were modi®ed to develop
pKBPL, p2KBPL, p3KBPL, p4KBPL, which have insertion of one to four tandem repeats of
KRE3, and these plasmids were subjected to transient transfection study in cultured normal human
keratinocyte (NHK), normal human ®broblast (NHF), lung carcinoma cell line (A549),
osteosarcoma cell line (OST) and gastric cancer cell line (GT3TKB). Those plasmid constructs
were also introduced into rat epidermal keratinocytes in vivo by the naked DNA injection method.
Relative promoter activity of pKBPL, p2KBPL, p3KBPL, and p4KBPL to pBPL in NHK were
7.6, 15.5, 4.6 and 2.7, respectively. prKBPL, a plasmid constructed with a reverse KRE3 insertion,
showed almost no promoter activity in NHK. No up-regulatory effect by KRE3 insertion was
observed in other cell lines. Furthermore, not one or two, but three repeats of KRE3 inserted in
front of a thymidin kinase (TK) promoter completely abolished the promoter activity. Those
KRE3 function in keratinocytes were con®rmed in vivo by naked DNA injection method. These
data suggested that KRE3 might function as location-, number-, and direction-speci®c cis-element
suitable for tissue-speci®c regulation of epidermal genes such as BPAG1.

Cytochrome P450 (CYP) 2E1 Genotype in Patients with Psoriasis
Y. Kawakubo, A. Yuyama, Y. Sasao, K. Iwashita, M. Iizuka, A. Ozawa, H.F. Merk,* and B.
Bloemeke*
Tokai University School of Medicine, Isehara, Kanagawa, Japan; *Universitaets-Hautklinik, RheinischWestfaelische Technische Hochschule Aachen, Aachen, Germany
Cytoochrome P450 2E1 (CYP2E1) is responsible for alcohol metabolism. The CYP2E1dependent oxidation of ethanol can initiate lipid peroxidation. The lipid peroxides thereby
generated could then be further converted through CYP2E1-catalyzed reactions to alcohols and
aldehydes including 4-hydroxy-2-noneal, which is reported as potent inhibitor of all-trans-retinoic
acid. It is widely known that alcohol intake often worsens psoriasis, therefore the CYP2E1 activity
is supposed to play a key role in the individual susceptibility to psoriasis. To clarify the relationship,
we studied genetic polymorphism of CYP2E1 among patients with psoriasis. Nineteen patients
agreed to participate in the study. The mutations in 5¢-transcription regulatory region and in exon
2 which causes decrease in activity were examined using PCR-RFLP with the Rsa I and Hha I
restriction enzymes. As for Rsa I polymorphism (in 5¢-transcription regulatory region), 14 c1/c1
(73.6%) and four c1/c2 subjects (21%) out of 19 were seen. In the population studies by other
groups, frequencies of c1/c1 and c1/c2 among japanese population are estimated as 59±65% and
32±34%, respectively. Samples from newly registered 20 patients are now going to be analyzed. As
for Hha I restriction site (exon 2), no subject with the mutation was found in the patient group,
indicating that no poor metabolizer in regard of the mutation. The results imply that the CYP2E1
genotype might be one of factors to determinate individual susuceptibility to alcohol in patients
with psoriasis.
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Tetracycline Controlled Transgene Expression in Melanoma Cell Line, WM35
J.S.L. Urquhart, D.A. Norris, W. Weston, Y. Shellman, and I.H. Maxwell
University of Colorado Health Sciences Center, Denver, Colorado
The human melanoma cell line, WM35, provides a useful model for radial growth phase
melanoma. Stable transfection with activated ras confers a vertical growth phase-like phenotype on
these cells. To analyze downstream events contributing to this phenotypic change, we undertook
to express candidate effectors inducibly, using positive control by the tetracycline (TET) system.
Because transfectant clones of WM35 proved dif®cult to isolate, we sought to improve stable
transfection ef®ciency using an adeno-associated virus (AAV) vector. A recombinant AAV
expressing the TET transactivator, rtTA, was constructed and used to transduce WM35 cells which
were subsequently propagated as a pool. Experiments with a TET controlled luciferase reporter
virus suggested that approximately 1% of the cells expressed rtTA. We are attempting to isolate
these expressers by FACS after transient transfection with a plasmid expressing enhanced green
¯uorescent protein (EGFP) under TET control. The resulting cell population will be transduced
with viral vectors encoding known downstream effectors in pathways activated by ras, in order to
analyze the effects of inducing expression of these effectors on the phenotype of the melanoma
cells.

Expression of Anti- and Pro-apoptotic Genes in Cutaneous T Cell Lymphoma
C. Zhang, J. Qin, R. Dummer, G. Burg, and U. DoÈbbeling
Department of Dermatology, University Hospital Zurich, Zurich, Switzerland
Mycosis fungoides and its leukemic variant SeÂzary syndrome are the most frequent types of
cutaneous T cell lymphomas (CTCL). Since CTCL lesions show only low mitotic activities during
the course of the disease, it has been supposed, that most of the increase of the tumor mass is due to
diminished apoptosis. To test this hypothesis, we determined the levels of expression of the
antiapoptotic genes Bcl-2, Bcl-xL, Mcl-1, and of the pro-apoptotic genes Bad, Bax, and Bcl-xS in
CTCL cell lines by Western blotting and in CTCL lesions by immunohistochemistry. Western
Blot analysis revealed that Bcl-2, Bcl-xL, Mcl-1, Bad, and Bax were present in all four tested
CTCL cell lines. The level of Bcl-xS was barely detectable. Surprisingly the amount of the proapoptotic Bad and Bax proteins was higher than that of the three antiapoptotic Bcl-2, Bcl-xL, and
Mcl-1 proteins. The same result was found when we tested tumor lesions by immunohistochemical staining with the corresponding antibodies. Although the pro-apoptotic proteins were
prevalent, the culture and tumor cells showed no signs of apoptosis. Test of the CTCL cell lines
with antibody against phosphorylated Bad showed that only little Bad was inactivated by
phosphorylation. Therefore we conclude that Bad and Bax may be inactivated or mutated, or that
CTCL cells are resistant to Bad and Bax mediated apoptosis. The presence of high amounts of
recently detected antiapoptotic proteins cannot be excluded.

Genetically Modi®ed Human Langerhans Cells (GMLC) in an Ex Vivo Model of
Epidermis
P. Tristani-Firouzi, K.P. Meadows, G.J. Spangrude, and G.G. Krueger
University of Utah, Salt Lake City, Utah
Langerhans cells (LC) are bone marrow-derived dendritic cells that migrate to and occupy speci®c
positions in the epidermis. They can be experimentally generated from CD34+ cells in the bone
marrow and cord blood. We hypothesize that LC, if they could be successfully transduced to carry
and express transgene, would be an effective way of treating many skin diseases. To assess the
feasibility of this approach, questions need to be answered. These include the following: (i) Is it
possible to expand and genetically modify LC in vitro? (ii) Will genetically modi®ed LC (GMLC)
survive and express the transgene? (iii) Can the GMLC move to appropriate positions in the
epidermis? (iv) Can the GMLC generate a demonstrable biologic effect? We have initiated
experimental approaches to answer these critical questions. We have isolated CD34+ cells from
human bone marrow (BM) and cord blood (CB) and have transduced them with retroviral vectors
expressing marker transgenes for green ¯uorescent protein (GFP) and b-galactosidase. Following
genetic modi®cation these cells were expanded and differentiated into CD1a positive cells. An ex
vivo model of human epidermis was generated by seeding cultured keratinocytes on a polyethylene
terephthalate (PET) membrane of a transwell along with control and genetically modi®ed CD1a
positive cells. Control LC and genetically modi®ed LC remained viable and moved into the basal
and suprabasal layer of the epidermis. These ®ndings indicate that LC can be genetically modi®ed,
will undergo proliferation and take up their appropriate anatomical positions in this ex vivo
construct.

Engrailed-1 in Postnatal Skin Homeostasis and Hair Cycling
M.B. Birge, C. Tong, P. Kraus, and C.A. Loomis
NYU School of Medicine, New York, New York
The purpose of these studies was to de®ne the roles of the homeo-domain transcription factor
Engrailed-1 (En1) in postnatal skin homeostasis and regenerative processes, such as hair cycling.
Over the last several years many genes have been identi®ed which are essential for normal
embryonic skin and skin appendage development. More recent studies indicate that many of these
gene families are also involved in postnatal skin function. Our laboratory has previously
demonstrated that expression of En1 in the presumptive palmar-plantar ectoderm is required for
normal eccrine gland development and that expression of En1 in the interfollicular mesenchyme is
essential for follicle polarity and normal dermal differentiation. Here we show that postnatal
expression of En1 is further critical for hair cycling. Our expression analyses have demonstrated
that En1 is expressed in the dermal papillae of actively growing pelage hairs. As hairs move from
anagen into catagen/telogen, however, this expression is downregulated. Phenotype analyses of
En1 mutant mice demonstrate that in the absence of a functional En1 gene, hair cycling is aberrant.
Furthermore, we demonstrate that in addition to its expression in the dermal papillae, En1 is
expressed in the mesenchymal cells that differentiate to form the arrector pili muscle. Arrector pili
muscle cells form in close apposition to the follicular bulge, the likely location of follicular stem
cells. These En1-positive smooth muscle cells may act as another critical mesenchymal signaling
center that directs follicle function and cycling.

Changes in Cancer-Related Gene Expression in an In Vitro Human Skin Model
Following UVB-Irradiation
P.J. Hayden, M. Klausner, and J. Kubilus
MatTek Corporation, Ashland, Massachusetts
UV-irradiation causes initiation and promotion of skin cancers, photoaging and immunosuppression. To further our understanding of these processes at the molecular level, we utilized cDNA
array technology to examine changes in gene expression in the EpiDermTM in vitro human skin
model following irradiation with UVB (175 mJ per cm2). Viability of irradiated EpiDerm tissue, as
determined by formazan dye reduction, was reduced by only 20% at 24 h postirradiation. At 1, 6
and 24 h postirradiation, total RNA was isolated from irradiated or control EpiDerm tissues.
Radio-labeled cDNA probes were prepared and hybridized with an AtlasTM Human Cancer
cDNA Expression Array of 588 cancer-related cDNAs. Resultant autoradiographs were analyzed
by AtlasImageTM software. A variety of cytokeratins, caspases, transcription factors, and GSH
transferase homolog were upregulated within 1 h postirradiation. At 6 h, p21, ERKs, JNK3, p38,
caspases, DAP kinase, p53-induced protein, GADD, DNA repair proteins, VEGF, TIMP-1 and
others were also increased. IL-6, IFN-g-inducible peptide, pre-B cell stimulating factor and 23 kDa
highly basic protein were downregulated at 6 h. At 24 h, MMP-1, caspase 10, cytokeratin 6B were
still upregulated while endothelin ET2, transcription factor ETR103, IL-6, IL-13, IFN-ginducible peptide and TGF-b were all down-regulated. The data reveal a cascade of gene
expression changes, many of which have not previously been reported, occurring within 24 h
following exposure of human skin cells to a relatively nonlethal dose of UVB. These results may
help to identify new targets for intervention of UVB-mediated pathologies.

Studies on Mechanisms of Selective Repression of Tyrosinase Related Protein-1 Gene in
Human Melanoma
D. Fang and V. Setaluri
Wake Forest University School of Medicine, Winston-Salem, North Carolina
Human melanoma cells exhibit heterogeneous expression of melanocyte differentiation genes. For
example, whereas mRNA for tyrosinase, the key melanogenic enzyme, can be detected in 70%
melanoma, only 20±30% melanomas express tyrosinase related protein-1 (TRP-1). Analysis of a
panel of cell lines representing different stages of melanoma suggests selective repression of TRP-1
during tumor progression. This selective repression of TRP-1 gene is of interest in view of the fact
that both tyrosinase and TRP-1 share a regulatory element M box to which the melanocytespeci®c transcription factor MITF binds and activates transcription. We described an in vitro system
in which TRP-1 gene is selectively down-regulated independently of tyrosinase and MITF by the
pharmacological agent hexamethylene bisacetamide. We investigated the mechanisms for selective
TRP-1 down-regulation by analyzing (i) binding of MITF to TRP-1 M box, and (ii) the role of
histone acetylation/deacetylation in TRP-1 regulation. We show, using mobility shift assays, that
MITF in TRP-1 repressed cells is able to bind both tyrosinase and TRP-1 M box sequences
suggesting that MITF-dependent activation mechanisms are intact in TRP-1(±) cells. We also
show that histone deacetylase inhibitor, trichostatin A, fails to release the repression of TRP-1
suggesting that histone acetylation does not play a role in regulation of TRP-1 gene. Together
with our earlier observation, these data suggest that during human melanoma progression
mechanisms for repression of selected melanocyte differentiation genes are activated.
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Investigation of OTF3 and TCF19 as Candidate Genes for Psoriasis Susceptibility
R.P. Nair, N.V.C. Chia, P.E. Stuart, T. Henseler,* S. Jenisch,* E. Westphal,* J.L. Arndt, J.
Epperson, E. Christophers,* J. Voorhees, and J. Elder
University of Michigan, Ann Arbor, Michigan; *University of Kiel, Kiel, Germany
Genetic linkage analysis has identi®ed multiple susceptibility loci for psoriasis. MHC Class I and II
genes have long been known to be associated with psoriasis by case±control association analysis.
Linkage to the MHC on chromosome 6p21.3 has been replicated in several data sets. Using the
transmission/disequilibrium test, we narrowed the susceptibility region to ~350 kb in the
centromeric HLA Class I region encompassing HLA-B and -C. Linkage disequilibrium analysis
using HLA haplotypes showed that the haplotypes are in stronger linkage disequilibrium than the
individual HLA genes, suggesting that the causative gene is not HLA-B or HLA-C. Transcription
factor genes OTF3 and TCF19 map to this interval and are therefore candidates for psoriasis
susceptibility. We investigated polymorphisms in the exons of these genes in four heterozygous
psoriasis patients carrying the two most common HLA susceptibility haplotypes (B57-Cw6 and
B13-Cw6). One homozygous B7-Cw7 individual served as a control, as this haplotype has not
been associated with psoriasis susceptibility. Based on the seven distinct chromosomes examined,
no variations could be attributed to a psoriasis susceptibility locus. Moreover, OTF3 and TCF19
did not appear to be highly polymorphic. Previously known variations were found in both genes,
but they were not speci®c for psoriasis susceptibility. When compared to the published sequence,
the TCF19 gene contained two single base insertions in all chromosomes examined. These would
alter the predicted protein sequence and shorten it by 14 aminoacids. We conclude that OTF3 and
TCF19 genes are unlikely to be causal in psoriasis.

Transgene Expression by and Survival of Genetically Modi®ed Human Fibroblasts
(GMFb) in an Encapsulated Cell Delivery Device in the Subcutaneous Space of Athymic
Mice
P. Tresco, D. Messina, C.M. Jorgensen,* and G.G. Krueger*
The Keck Center for Tissue Engineering Department of Bioengineering, University of Utah, Salt Lake City,
Utah; *Department of Dermatology University of Utah, Salt Lake City, Utah
We have developed an easily retrieved, encapsulated cell delivery device for studying mechanisms
of loss of gene expression following the transplantation of genetically modi®ed ®broblasts (GMFb).
Following transplantation of GMFb in an open nylon matrix to athymic mice there is loss of
expression and cells; 50% in 4 wk and * 75% in 8 wk. In this study GMFb cloned for lacZ and wild
type controls were mixed with type I collagen and infused into hollow ®ber devices containing a
nylon scaffold to simulate the conditions of our previous studies. The cell containing capsules were
implanted subcutaneously along the back of a cohort of athymic mice for 4 wk. Two hours before
sacri®ce, the implanted mice received BrDU. At retrieval; 95% of the cells in th edevice were
viable and all expressed the transgene, lacZ. Cell survival was similar in both groups. The retrieved
cells exhibited a bipolar morphology and were suspended in the stretched collagen gel that was
attached under tension to the scaffold. Cells labeled for BrDU were found in areas where the
collagen gel was not in a state of tension, immediately adjacent to the scaffold material. The results
suggest that ®broblast survival is enhanced by maintaining the transplanted cells under tension, by
physically isolating them from host factors or by preventing cell migration from the transplantation
site. The ®ndings indicate that cell encapsulation has signi®cant potential as a research tool, and
possibly, as a therapeutic approach for ex vivo gene therapy.

Rapid and Highly Sensitive Mutation Screening using the Transgenomic Wave Analyzer
P. Wood, F.J.D. Smith, and W.H.I. McLean
University of Dundee, Dundee, U.K.
Recently, many genes have been shown to be involved in human skin disorders and there is an
increasing demand for mutation analysis. Here, we have developed novel mutation detection
methods employing the Transgenomic Wave Analyzer, allowing rapid mutation screening for 8
keratin genes involved in genodermatoses. The Wave system is a high-temperature HPLC method
which detects shifts in chromatographic retention time due to DNA heteroduplex formation.
Mutation ``hotspot'' regions of keratins K1, K2e, K6a, K6b, K9, K10, K16 and K17 were ampli®ed
from genomic DNA by PCR. Small aliquots (5 ml) of unpuri®ed, unlabeled PCR products were
analyzed using HPLC temperatures selected using the Wavemaker analysis software and further
experimental calibration. Samples were robotically injected from 96-well plates and results
obtained in 7 min. The detection rate was 100% based on a sample of 30 known mutations in these
eight genes. Polymorphisms gave recognizable HPLC patterns which did not interfere with
mutation detection. DNA fragments analyzed were in the size range of 250±650 bp. However,
mutations were successfully identi®ed in PCR products > 1 kb in size. A novel heterozygous point
mutation 538G>A, was detected in the K1 gene in a BCIE patient using the Wave system. This
mutation predicts the amino acid transition E180K in the helix initiation motif of the K1
polypeptide. The mutation was con®rmed both by direct sequencing and restriction enzyme
analysis. Overall, the Wave Analyzer represents a rapid, low cost and highly sensitive method for
high-throughput mutation screening.
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Genetic Modi®cation of a Murine Dendritic Cell Line (XS106) and Movement of These
Cells into an Ex Vivo Model of Epidermis
K.P. Meadows, C.M. Jorgensen, A. Takashima,* and G.G. Krueger
University of Utah, Salt Lake City, Utah; *University of Texas, South-western, Dallas, Texas
Langerhans cells (LC) are bone marrow-derived dendritic cells that migrate to and occupy speci®c
positions in the epidermis. We hypothesize that LC, if they could be successfully transduced to
carry and express transgene, would be an effective way of treating many skin diseases. The stable
cell line, XS106, generated from the epidermis of newborn A/J mice, exhibits a mature dendritic
cell phenotype. We transduced these cells in the quest of assessing feasibility of using genetically
modi®ed LC for gene therapy. The XS106 cells were transduced with the reporter gene, green
¯uorescent protein (GFP), expanded and cloned by limiting dilution. We also transduced the
XS106 cells with b-galactosidase (b-gal) and/or with keratinocyte growth factor (KGF). We
seeded control XS106 cells and genetically modi®ed XS106 cells (GFP, b-gal) along with human
keratinocytes onto a polyethylene terephthalate (PET) membrane of a transwell. Control XS106
cells and genetically modi®ed XS106 cells remained viable and moved into appropriate positions in
the epidermis. These ®ndings demonstrate that the stable dendritic cell line (XS106) can be
genetically modi®ed, cloned, and will move to the appropriate anatomical site in the epidermis.
Our cloning process generates daughter cells that are phenotypically and genotypically identical.
This brings a powerful tool to the assessment of expression of selected transgenes by genetically
modi®ed LC on murine models of skin disease. The outcome of these experiments will direct
human studies.

Complete Paternal Uniparental Isodisomy of Chromosome 1: A Novel Mechanism for
Herlitz Junctional Epidermolysis Bullosa
L. Pulkkinen, Y. Takizawa, S. Chao, H. Nakajima, Y. Nakano, H. Shimizu, and J. Uitto
Thomas Jefferson University, Philadelphia, Pennsylvania; Keio University, Tokyo, Japan; Funabashi
Municipal Medical Center, Funabashi, Japan; Hokkaido University School of Medicine, Japan
Uniparental disomy (UPD) denotes a situation when an individual has inherited two copies of a
speci®c chromosome from a single parent. UPD has been demonstrated to be involved in the
pathogenesis of recessively inherited diseases in rare cases. Here we report a patient with H-JEB of
Japanese origin, who died at the age of 8 mo from complications of the disease. The mutation
analysis revealed that the proband was homozygous for a nonsense mutation C553X in the
LAMC2 gene encoding the gamma 2 chain of laminin 5. The father was a heterozygous carrier of
the mutation while the mother had two normal copies of this gene. Furthermore, the patient
showed homozygosity for 15 known intragenic polymorphisms in the LAMC2 gene. Genotype
analysis, performed from the parents and the proband using 16 microsatellite markers spanning the
entire chromosome 1, revealed that the patient was homozygous for all markers tested, and that
these alleles originated from the father. Eight out of the 16 markers were fully informative for the
absence of the maternal chromosome 1 in the proband, suggesting that the patient has complete
paternal isodisomy of this chromosome. Thus, the H-JEB phenotype is caused by the paternal
LAMC2 mutation C553X, which is reduced to homozygosity through UPD in the patient.
Because of the homozygosity of the entire chromosome, the mechanism is suggested to be
monosomy rescue, rather than trisomy rescue as suggested in previously reported cases. This is a
novel mechanism resulting in H-JEB and has implications for assessment of the risk in subsequent
pregnancies.

Correlation of the Phenotype and Genotype of Three Xeroderma Pigmentosum Group
G Patients
S.G. Emmert, H. Slor,* D.B. Busch,² R.B. Albert,² M. Hedayati,³ S.G. Khan, and K.H. Kraemer
National Cancer Institute, Bethesda, Maryland; *Tel Aviv University School of Medicine, Tel Aviv , Israel;
²Armed Forces Institute of Pathology, Washington, DC; ³Johns Hopkins School of Public Health,
Baltimore, Maryland
We are examining clinical, molecular, and genetic features of three newly diagnosed xeroderma
pigmentosum group G (XPG) patients. XP65BE, a mildly affected 14 y Caucasian female, had sun
sensitivity but no other XP symptoms. In contrast, XP96TA, an Israeli Palestinian boy had severe
features suggestive of the XP/Cockayne syndrome complex including mental and developmental
impairment and death by age 6 y. XP82DC, a Caucasian girl, also had neurological and
developmental impairment and died at 6 y. Host cell reactivation of a UV treated reporter plasmid
simultaneously cotransfected with a vector expressing wild type XPG cDNA assigned all three
®broblast strains to the rare XP complementation group G. XP65BE, XP96TA, and XP82DC
®broblasts showed reductions in post-UV cell survival, unscheduled DNA synthesis, or host cell
reactivation with UV-treated reporter gene plasmids. However, XP65BE ®broblasts had high
XPG mRNA expression levels (90% of normal) while XP96TA ®broblasts had 30% of normal
XPG mRNA levels as assessed by Northern blot analysis. We are currently identifying the genetic
alterations within the XPG gene in these patients. We have found new mutations that result in
abnormal or truncated proteins including stop codons, 1 or 2 base frameshifts, and splice mutations.
Further, several single base substitutions have been identi®ed that lead to amino acid changes. We
will test these for their ability to complement XPG cells using host cell reactivation. When
completed these studies should provide insights into the link between speci®c mutations and
clinical features in XPG.
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Xeroderma Pigmentosum Complementation Group C (XPC): Splice Lariat
Branchpoint and Initiation Codon Mutations and Single Nucleotide Polymorphisms
(SNP)
S.G. Khan, E. Gozukara,* S.G. Emmert, N. Chinsomboon,² A. Metin,³ T.D. Schneider, and
K.H. Kraemer
National Cancer Institute, Bethesda, Maryland; *Inonu University, Malatya, Turkey; ²Mahidol University,
Bangkok, Thailand; ³Yuzuncu Yl University, Van, Turkey
We found unusual mutations in three XPC patients and detected SNP in the XPC gene. We
sequenced the entire 3.5 kb XPC cDNA. XP14BE, a 72-y man, had many melanomas and died of
a malignant schwannoma. XP14BE cDNA has a 90-bp deletion of exon 7. Genomic DNA showed
a homozygous 9 bp deletion in intron 6 from ±10 to ±18. XP72MA a 16-y Turkish female had
mild clinical symptoms. XP72MA cells have a homozygous point mutation in intron 3 (±24 A to
G) and express XPC mRNA deleting exon 4. These splice mutations were not at the usual site at
the extreme 3¢ end of the intron. Surprisingly, they are located at the lariat branchpoints which are
crucial for processing the message. XP21BE a 19-y female with multiple SCC has neurological
abnormalities rarely seen in XPC. XP21BE cells have a homozygous T107G mutation that
abolishes the initiation codon. We previously found a common (40% frequency) polymorphism
(PAT) in intron 9 of the XPC gene associated with resistance to prostate and skin cancer. We are
screening 6 SNP in the XPC cDNA in exons 2, 8, 10 and 15. We found that the exon 15 2920C
allele is linked to the XPC intron 9 PAT+ allele and the 2920 A allele is linked to the XPC intron
9 PAT± allele. Thus XPC lariat branchpoint mutations can cause abnormal splicing; an initiation
codon mutation may result in neurological disease; and SNP can be linked to intron alterations.

DNA-Based Prenatal Diagnosis of Epidermolytic Palmoplantar Keratoderma in Two
Pregnancies at Risk in One Large Pedigree
J.-M. Yang,*³ K. Nam,³ M.-O. Cho,³ D.-S. Bae,² S. Yang,² J.-H. Chung,² and E.-S. Lee*
*Department of Dermatology, ²Department of Obstetrics & Gynecology, Sungkyunkwan University School
of Medicine, ³Clinical Research Center, Samsung Biomedical Research Institute, Seoul, Korea
Epidermolytic palmoplantar keratoderma (EPPK) is an autosomal dominant disease of corni®cation
which presents as severe thickening of the palms and soles with prominent epidermolytic
hyperkeratosis histopathologically. We already have reported that patients in large pedigree of
EPPK have an R162W substitution in the K9 protein. In this pedigree, two women whose
husbands are both EPPK patients had become pregnant. Chorionic villi biopsies were performed at
12 wk gestation. Polymerase chain reaction ampli®cation of speci®c allele (PASA) assay and direct
DNA sequencing analyses showed that one fetus was normal, but the other fetus carried the
abnormal allele. Subsequently, the mother of the unaffected fetus delivered a normal child, but the
mother of the affected fetus want to terminate the pregnancy. We believe that this is the ®rst report
of prenatal diagnosis for EPPK.

A Novel Asparagine®Aspartic Acid Mutation in the Rod 1A Domain in Keratin 2e
Leads to Ichthyosis Bullosa of Siemens Phenotype
Y. Takizawa, M. Akiyama, M. Nagashima,* and H. Shimizu²
Department of Dermatology, Keio University School of Medicine, Tokyo; Department of Dermatology,
Teikyo University School of Medicine, Ichihara Hospital, Ichihara, Japan; *Department of Dermatology,
Kyorin University School of Medicine, Tokyo, Japan; ²Department of Dermatology, Hokkaido University
School of Medicine, Sapporo, Japan
Ichthyosis bullosa of Siemens (IBS) is a unique subtype of congenital ichthyosis characterized by
mild hyperkeratosis over the ¯exural areas and blister formation after mechanical trauma and
super®cial denuded areas in the hyperkeratotic skin. Recently, keratin 2e gene (KRT2E) mutations
have been found as a causative gene defect in IBS patients. In this study, we examined a Japanese
patient with IBS for mutations in the KRT2E. Using PCR ampli®cation of genomic DNA
followed by direct nucleotide sequencing, we identi®ed a novel amino acid substitution mutation
(asparagine®aspartic acid) in codon 192 at the conserved 1A helix initiation site of the rod domain
of KRT2E. While majority of the KRT2E mutations were previously reported to be located in the
helix termination motif of the 2B helix segment, our data further support that a missense mutation
in the highly conserved 1A helix initiation site also has a deleterious effect on keratin ®lament
network integrity and leads to IBS phenotype.

A Novel Desmoglein 1 Mutation in Striate Palmoplamtar Keratoderma
D. Armstrong, A. Hughes, D. Hunt,* L. Rickman,* D. Simrak,* K. McKenna, R. Eady,² and R.
Buxton*
Department of Medical Genetics, The Queen's University of Belfast, Northern Ireland; *Division of
Membrane Biology, National Institute for Medical Research, London, U.K.; ²Department of Cell and
Molecular Pathology, St John's Institute of Dermatology, London, U.K.
Striate palmoplantar keratoderma (PPK) is a rare, autosomal dominant, nonepidermolytic subtype
of PPK. Genetic heterogeneity has recently been con®rmed in this disorder with the
demonstration of mutations in two desmosomal proteins, desmoplakin and desmoglein 1.
We report a Northern Irish kindred with striate PPK in which ultrastructural assessment of affected
palmar skin showed moderate cell-cell separation and abnormalities of desmosomal structure.
Direct sequencing of desmoplakin failed to demonstrate a causative mutation. Subsequently, a
novel mutation of desmoglein 1 (DSG1) was con®rmed. This was a heterozygous T to A change in
exon 9 that resulted in a premature stop codon within the third extracellular domain. Desmoglein
1 is a member of the transmembranous desmosomal cadherin proteins that function as adhesion
molecules within the epidermis. It is possible that the mutation leads to increased nonsensemediated mRNA decay resulting in a haploinsuf®ciency phenotype as has been implicated in the
previous desmoplakin mutation.

Novel Mutations in Transglutaminase 1 Gene in Lamellar Ichthyosis
K.-B. Park,* J.-M. Yang,*² K. Nam,² M.-O. Cho,² K. Yoneda,³ and E.-S. Lee*
*Department of Dermatology, Sungkyunkwan University School of Medicine, Samsung Medical Center,
²Clinical Research Center, Samsung Biomedical Research Institute, Seoul, Korea; ³Department of
Dermatology, Akita university School of Medicine, Akita, Japan
Autosomal recessive lamellar ichthyosis is a severe congenital disorder of keratinization,
characterized by variable erythema of the whole body surface and by different scaling pattern.
Recently, about half of the patients have mutations in the TGM 1 gene, which encodes the
keratinocyte transglutaminase(TGase). Linkage analyses have shown that at least two further loci
for lamellar ichthyosis must exist. TGase 1 is a complex enzyme existing as both cytosolic and
membrane-bound forms, and is proteolytically processed. We present here a patient with lamellar
ichthyosis caused by mutations in TGM 1 gene. This patient is compound heterozygous for the
novel missense mutations N288T (exon 5) from mother and R306W (exon 6) from father. This is
the ®rst report of mutations at that position which affects the region of the keratinocyte
transglutaminase.

Compound Heterozygosity of TGM1 Mutations Leads to Non-Bullous Congenital
Ichthyosiform Erythroderma (NBCIE) with Reduced Transglutaminase (TGase)
Activity
M. Akiyama, Y. Takizawa,* T. Kokaji,² I. Matsuo, and H. Shimizu³
Department of Dermatology, Teikyo University School of Medicine, Ichihara Hospital, Chiba, Japan;
*Department of Dermatology, Keio University School of Medicine, Tokyo, Japan; ²Department of
Dermatology, Kyorin University School of Medicine, Tokyo, Japan; §Department of Dermatology, Hokkaido
University School of Medicine, Sapporo, Japan
NBCIE and lamellar ichthyosis (LI) belong to a group of severe autosomal recessive congenital
ichthyoses. Malformation of the corni®ed cell envelope (CCE) arising from mutations of the
TGase 1 gene is reported to be the cause of some cases of LI. We studied a Japanese boy with the
typical clinical and histopathological phenotype of NBCIE. In situ TGase activity assay detected
positive though markedly reduced TGase activity in the patient's epidermis. Electron microscopy
revealed incomplete thickening of CCE during keratinization in the epidermis. Sequencing of the
entire exons and exon-intron borders of TGase 1 gene (TGM1) revealed that the proband is a
compound heterozygote for two novel mutations, 9008delA and R388H. Most previously
reported TGM1 mutations in LI were located in the central core domain of TGase 1 molecule. In
contrast, 9008delA mutation in the present case is in the b-barrel 2 domain (c-terminal end), far
from the active sites of TGase 1 molecule. These ®ndings indicate that the compound heterozygote
for missense mutation (R388H) in the core domain and the frameshift mutation (9008delA)
resulting in a premature termination codon at the tail of the TGase 1 peptide leads to the NBCIE
phenotype with incomplete loss of keratinocyte TGase activity.

VOL. 114, NO. 4 APRIL 2000

ABSTRACTS

464

465

466

467

468

469

Linkage of the Naegeli-Franceschetti±Jadassohn Syndrome Locus to 17q
N. Whittock, C. Coleman,* W. McLean,* K. Acland,² R. Eady, and J. McGrath
Department of Cell and Molecular Pathology, and ²Department of Dermatological Surgery, St John's
Institute of Dermatology, St Thomas' Hospital, London, U.K.; *Epithelial Genetics Group, University of
Dundee, Ninewells Hospital and Medical School, Dundee, U.K.
The Naegeli-Franceschetti-Jadassohn (NFJ) syndrome (MIM 161 000) is a rare autosomal
dominant form of ectodermal dysplasia affecting sweat glands, skin, nails, and teeth. Affected
individuals present with a brown reticulate pigmentation of the neck, chest and abdomen
beginning in early childhood (3 mo to 6 y) which decreases after puberty and may disappear later in
adult life. In addition, individuals suffer heat intolerance caused by reduced sweating, mild
palmoplantar keratosis, lack of dermatoglyphics, brittle ®nger nails and defective dentition with
yellow spots on the enamel. We have studied a four generation family of British descent using
microsatellite markers to screen candidate loci, including the epidermal differentiation complex on
1q, the keratin type I and type II gene clusters on 12q and 17q and the desmosomal cadherin gene
cluster on 18q. Linkage was observed to marker D17S1787, with a maximum two-point lod score
of 3.0 at a recombination fraction of q = 0. Recombination within the family places the gene in a
33-cM interval between markers D17S1824 and D17S957. As candidate genes within this interval,
the coding regions and splice sites of keratin 15, keratin 19, keratin 20, plakoglobin and MOX-1
have been screened by direct sequencing of genomic DNA and excluded as the NFJ gene,
although all polymorphisms have con®rmed linkage. We are now screening single nucleotide
polymorphisms (SNPs) to reduce the genetic interval. Identi®cation of the NFJ gene is expected to
provide further insights into mechanisms controlling epithelial development and differentiation.

Structure and Polymorphism of the Human Gene for the Interferon-Induced p78
Protein (MX1): Alopecia Areata Association with the Down Syndrome Region
R. Tazi-Ahnini, A. McDonagh, F. di Giovine, A. Messenger, C. Amadou,* A. Cox, G. Duff, and
M. Cork
Division of Molecular and Genetic Medicine, University of Shef®eld, U.K.; *Howard Hughes Medical
Institute, University of Texas South-western Medical Center, Dallas, Texas
Alopecia areata (AA) occurs in ~0.1% of the general population but this is increased to 9% in Down
syndrome (DS). DS is associated with an extra copy of chromosome 21 and the DS region may
include genes involved in the pathogenesis of AA. MX1 encodes the p78 protein conferring
resistance to in¯uenza viruses (MxA). MxA is strongly expressed in lesional anagen hair bulbs in
AA but not normal follicles. We therefore studied the role of MX1 in the pathogenesis of AA.
To establish markers which could be screened by PCR, we de®ned the human MX1 exon/intron
organisation, and screened the exons and introns by conformation sensitive gel electrophoresis
(CSGE). MX1 gene contains 17 exons extending over 33 kb. The region from exon 6 to exon 16
is highly conserved between human and mouse. Screening of 4747 bp in the MX1 gene revealed
four single nucleotide polymorphisms (SNPs) in strong linkage disequilibrium within 576 bp in
intron 6.
In a case-control study for MX1 (+9959) polymorphism in 165 AA patients and 510 controls, we
found signi®cant association of this marker with AA [Odds ratio (OR) 1.79 (95% ci 1.21, 2.66), p
= 0.0036]. The risk of disease was greater for patchy AA and with early onset [OR = 2.34, p =
0.0072], new evidence for genetic heterogeneity in AA. The clinical association with DS, aberrant
expression of MxA in AA and the localization of MX1 in the DS region suggest this could be a
candidate gene in AA.

Birt-Hogg-Dube Syndrome: Fibrofolliculomas as a Marker of a Familial Multisystem
Syndrome
M.L. Turner, J. Toro, G. Glenn, S. Hewitt, P. Duray, P. Choyke, G. Weirich, M. Walther, B.
Zbar, and W. Linehan
Dermatology Br, Genetic Epidemiology Br, Laboratory of Path Diagnostic Radiology Department, NIH,
Genetics Studies Section, NIAMS, Urologic Oncology Br, NCI, Bethesda, Maryland, Laboratory of
Immunology, FCRDC, Frederick, Maryland
Birt-Hogg-Dube syndrome (BHDS) is a dominantly inherited predisposition for the development
of ®brofolliculomas, trichodiscomas, and acrochordons. It was ®rst described in 1977 by Birt et al.
In the course of studying families with hereditary renal carcinoma, we encountered three extended
kindreds where renal neoplasms and BHDS appeared to segregate together. As we investigated
more patients, it became obvious that there was a notable incidence of spontaneous pneumothrax
in the group. Case reports alerted us to the possible association of colon cancer.
We have now recruited 23 families based on whether one or several members have histologically
con®rmed ®brofolliculomas. Of the family members screened, 79 individuals have ®brofolliculomas, 20 have renal epithelial neoplasms, 19 have a history of spontaneous pneumothorax, and 12
have had colon polyps and/or colon carcinoma. In almost all cases renal tumors occurred in
individuals who had ®brofolliculomas.
We are now evaluating these family members with abdominal and pelvic CT scans with contrast,
with high resolution chest CT's, renal sonograms and colonoscopies to improve ascertainment of
cases in families for linkage analysis. It is becoming clear that the BHDS, is a consistent and reliable
marker of a new familial multisystem syndrome that includes renal carcinoma among its
components.
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Linkage Studies in Netherton Syndrome Exclude Three Prominent Candidate Gene
Regions
E. Sprecher, S. Bale, J. DiGiovanna, J. Uitto, and G. Richard
Department of Dermatology and Cutaneous Biology, Jefferson Medical College, Philadelphia, Pennsylvania;
Department of Dermology, Brown University/Rhode Island Hospital, Providence, Rhode Island; Genetic
Studies Section, NIAMS, NIH, Bethesda, Maryland
Netherton syndrome (NTS), an autosomal recessive congenital ichthyosis, is de®ned by a triad of
generalized erythrodermic ichthyosis or ichthyosis linearis circum¯exa, hair shaft anomalies, and
immunological abnormalities. Although the pathogenesis of this disorder remains elusive, it has
been suggested that a novel mouse mutant termed Lanceolate Hair (lah) could represent an animal
model for NTS (Montagutelli et al, 1996). Lah is clinically characterized by thin, scaling skin, and
sparse, short hair, which resemble lance heads, and maps to the centromeric end of murine 18q.
This region harbors several desmosomal genes and is homologous to human 18q12. To identify the
genetic basis of NTS, we examined linkage of NTS to 18q12 and two additional candidate gene
loci in ®ve unrelated, nonconsanguineous NTS families with 28 individuals (11 affected). Using
automated genotyping, we analyzed 4±7 polymorphic DNA markers covering each region,
including 18q12, 20q13 harboring the genes encoding transglutaminase±2, and ±3, and 19p, a
region to which another recessive ichthyosis has previously been mapped. Pairwise linkage analysis
revealed obligate recombinations between the NTS locus and each of the 17 marker loci tested.
For 18q12, strongly negative lod scores between ±2.8 and ±7.0 at 0.01 recombination distance (Q)
were observed for each marker, giving odds greater than 100:1±10000000:1 against linkage.
Multipoint lod scores < ±2 across the entire region completely excluded NTS from about 20 cM in
18q12 harboring the desmosomal gene cluster and presumably the human homologue of lah.
Similarly, pairwise lod scores < ±2 at Q = 0.01 for each of six markers distributed over 38 cM in
20q12, and four markers covering 6 cM in 19p13 did not provide any evidence for linkage of NTS
to the genes in these regions. In conclusion, our data strongly suggest that the lah mouse is not a
model for NTS. Therefore, we embarked on a genome-wide marker screen to identify the
chromosomal location of the NTS gene.

An a(± 4)-to-g Acceptor Splice Site Mutation Leads to Three Bases Insertion in
Ferrochelatase mRNA in a Patient with Erythropoietic Protoporphyria
S. Yotsumoto, S. Shimada, S. Taketani,² K. Kobayashi,* T. Saheki,* and T. Kanzaki
Departments of Dermatology and *Biochemistry, Faculty of Medicine, Kagoshima University, Kagoshima,
Japan; ²Department of Hygiene, Kansai Medical University, Moriguchi, Osaka, Japan
Erythropoietic protoporphyria (EPP; MIM 177000) is an inherited disorder caused by partial
de®ciency of ferrochelatase (FECH), the last enzyme in the heme biosynthetic pathway. In EPP
patients, accumulated protoporphyrin develops photosensitivity and occasionally life-threatening
liver failure. Characteristic mutation of the FECH gene seems to be abnormal splicing due to single
base-pair substitutions in mRNA splice junctions that causes exon skipping and cryptic forms,
although various types of mutations in the FECH gene have been reported. Here we show a novel
and unusual mutation that occurs in exon±intron boundary in a sporadic case of EPP whose FECH
activity decreased to 39.4% of normal control. Sequence of the cDNA revealed the three bases (tag)
insertion at the exon 4±5 junction that did not affect the reading frame. Therefore we examined
the genomic DNA and found an a(±4)-to-g transition mutation at the 3¢ acceptor site of intron 4 as
we expected. Segregation by BfaI restriction enzyme revealed that the patient had this mutation as
a heterozygote. Misreading of the 3¢ acceptor splice site consensus sequence, i.e., a(±2)g(±1), leads
to three bases insertion in FECH mRNA. To our knowledge, this phenotype of aberrant splicing
mutation is rare.

High Ef®ciency Gene Transduction and Expression of Hair Follicles In Vivo by Ex-Vivo
Adenovirus Treatment of Histocultured Skin
N. Saito,*² M. Zhao,* L. Li,* E. Baranov,* K. Katsuoka,² and R. Hoffman*
*AntiCancer, Inc., San Diego, California; ²Department of Dermatology, Kitasato University School of
Medicine, Sagamihara, Japan
We have developed a new, effective, and ef®cient approach of ex-vivo gene therapy of hair follicles
that allows high transgene expression after in vivo transplantation. C57BL/6 and albino mice fullthickness anagen skins were histocultured and brie¯y treated with collagenase to allow access of
genes to the hair follicles. The histocultured skins were then treated with adenoviral green
¯uorescent protein (GFP) at 1.0 3 108 plaque forming units (pfu) per ml of culture medium for
90 min. On day-1 after gene transduction, GFP was expressed in 70% of hair follicles in the
collagenase-treated histocultured skin. The percentage of hair follicles expressing GFP in
collagenase-treated skin histocultures was 2.5 times higher than in hair follicles of nontreated
histocultures. High GFP expression was maintained for at least 18 d in histoculture. GFP
expression was visualized in the hair bulbs and dermal papillas isolated from the histocultured skin.
To study the expression of the transgene in vivo, the ex-vivo gene-treated histocultured skin was
transplanted to nude mice after viral transduction. GFP was expressed in hair follicles of the grafted
skin for more than 2 wk. Much higher GFP expression was visualized in the collagenase-treated
histocultured skin after in vivo transplantation than in noncollagenase-treated skin. Hair-follicle
gene targeting ex-vivo has important advantages with respect to high expression in vivo, stability,
and safety.
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Polygenic Nature of the C3H/HeJ Mouse Alopecia Areata-Like Disease
J. Sundberg, K. McElwee, E. Levin, K. Silva, D. Boggess, B. Sundberg, G. Churchill, and L.
King*
The Jackson Laboratory, Bar Harbor, Maine; *Vanderbilt University, Nashville, Tennessee
C3H/HeJ inbred laboratory mice develop a low incidence (approaching 20%) of a spontaneous
alopecia areata-like disease as they age. Intercrosses with CAST/EiJ mice failed to yield any affected
F2 mice. Both intercross and backcross strategies with C57BL/6 J mice yielded 3±5% affected
mice. A locus on mouse Chromosome 6 was identi®ed in the initial backcross study. In the
intercross, suggestive C3H codominant loci were identi®ed on mouse Chromosomes 17, 7, 6, 15,
12, and 8 in decreasing order of signi®cance. One locus on chromosome 18 was codominant for
B6. As these loci are resolved by saturation mapping a number of interesting candidate genes
associated with T-cell activation, cytokine expression, and antigen presentation, as well as genes
associated with hair growth and follicle integrity are appearing.

The Vascular Endothelial Growth Factor (VEGF) 189 Isoform is Overexpressed in
Psoriatic Plaques
I. Uhoda, C. Deroanne, A. Colige, B.A. Haidar, B. Nusgens, C.M. LapieÁre, and M. de la
Brassinne
Department of Dermatology and Laboratory of Connective Tissues Biology, University of LieÁge, Belgium
Psoriasis is characterized by a high angiogenic activity. An enhanced expression of VEGF-A
mRNA was previously reported in psoriatic patients. The aim of the present work is to study in
psoriatic skin the expression of the various isoforms of the VEGF-A family (189, 165, 145, 121 AA)
which are known to arise from a single gene by alternative mRNA splicing. Total RNA was
puri®ed from punch biopsies taken from active plaques and uninvolved skin in six patients suffering
from untreated psoriasis vulgaris. An assay for simultaneous quanti®cation of the four VEGF-A
mRNA isoforms was developed. The mRNAs, and a synthetic RNA used as control of the
reaction, were coampli®ed by RT-PCR by using two primers complementary to sequences
located on the 3d and the 8th exons of the VEGF-A gene. The ampli®cation products of the
mRNAs isoforms and of the synthetic RNA were electrophoretically separated and quanti®ed
using a FluroSImager. The 28S rRNA was similarly ampli®ed with a speci®c internal standard and
quanti®ed. The overall expression of VEGF-A, expressed as arbitrary units per unit of 28S rRNA,
was increased in the psoriatic (P) lesions as compared to uninvolved (N) skin (N: 521 6 145; P:
712 6 214, p < 0.06). The two major spliced variants in N skin were the 121 and 165 isoforms
representing, respectively, 66 6 8% and 30 6 5%, the 189 isoform representing only 3.4 6 3.5%.
In psoriatic lesions, the 189 isoform was signi®cantly increased to 9.5 6 3.0% (p < 0.005). The 145
isoform was nearly undedectable in both samples. Our results suggest that the 189 variant which
contains FGF-2 binding sequences may play a role in angiogenesis of the psoriatic skin.
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Inhibition of UVB-Induced Oxidative Stress-Mediated Phosphorylation of EGFR and
ERK1/2 Cell Signaling Pathways in Cultured Human Epidermal Keratinocytes by Green
Tea Constituent (±)-Epigallocatechin-3-gallate
S. Katiyar, A. Perez, F. Afaq, and H. Mukhtar
Department of Dermatology, Case Western Reserve University, Cleveland, Ohio
Ultraviolet (UV) radiation is a potent producer of reactive oxygen species (ROS), which by
affecting signaling pathways mediates tumor promotion and progression. The molecular
mechanisms involved in UV induced ROS-mediated cell signaling, however, are unclear. In
this study using dihydrorhodamine 123 as a speci®c ¯uorescent dye probe and Western blot
analysis, we found that UVB exposure to normal human epidermal keratinocytes (NHEK) dose
(10±60 mJ per cm2)- and time (10±120 min)±dependently induces H2O2 production, and
stimulates phosphorylation of the epidermal growth factor receptor (EGFR) and mitogen-activated
protein kinases (MAPK), particularly ERK1/2 signal transduction pathways. To establish whether
these UVB caused effects are mediated through oxidant pathways we treated the cells with (±)epigallocatechin-3-gallate (EGCG), the most effective and potent antioxidant from green tea.
EGCG was earlier shown to afford protection against UVB-induced oxidative stress and
in¯ammatory responses in various in vitro and in vivo models. We found that treatment with EGCG
(5±20 mg) to NHEK inhibits (30±90%) UVB (30 mJ per cm2)-induced intracellular production of
H2O2 with concomitant inhibition of UVB-induced phosphorylation of EGFR (25±70%) and
ERK1/2 (35±75%). These data indicate that generation of H2O2 by UVB radiation participates in
the phosphorylation of EGFR and ERK1/2. The inhibition of UVB-induced H2O2 production,
and EGFR and ERK1/2 phosphorylation by EGCG demonstrate the preventive potential of
EGCG against UVB-induced oxidative stress-mediated cellular signaling pathways. Taken
together, our data demonstrate that EGCG could play an important role in the attenuation of
oxidative stress-mediated cellular signaling responses. This could be a mechanism by which
antioxidants, particularly EGCG from green tea may inhibit UVB-induced ROS-mediated skin
disorders.

Withdrawn

Wound Healing Potential of Dermagraftq Conditioned Medium
E. Pinney, F. Zeigler, J. Mansbridge, and G. Naughton
Advanced Tissue Sciences, Inc., La Jolla, California
Medium conditioned by cultured cells contains secreted growth factors and cytokines that
stimulate cell adhesion, proliferation and differentiation. We have characterized and quanti®ed
activity present in medium conditioned by a three-dimensional scaffold based ®broblast culture
system, Dermagraft (DGCM), compared with the same cells cultured in monolayer (MLCM).
Vascular endothelial growth factor (VEGF), hepatocyte growth factor (HGF), keratinocyte growth
factor (KGF), granulocyte colony stimulating factor (G-CSF) as well as interleukins (IL-) 6, 8 levels
were elevated in DGCM relative to MLCM. In addition, there was signi®cant activity seen in
various in vitro functional assays. Determined by ¯ow cytometry, DGCM reduced ICAM
expression 66% on murine macrophages (RAW), relative to MLCM, indicating potential antiin¯ammatory activity. DGCM stimulated endothelial, ®broblastic, and epidermal cell proliferation
to a much greater degree than MLCM, in some cases as much as 100%. Endothelial cell migration
was increased ®ve-fold in DGCM treated samples consistent with the previously published
angiogenic activity. As a measure of potential antioxidant activity DGCM signi®cantly inhibited (p
< 0.05) keratinocyte reduction of dihydrorhodamine 123 as determined by ¯ow cytometry. These
data taken together indicate the wound healing potential of this 3d culture conditioned medium.

VOL. 114, NO. 4 APRIL 2000

ABSTRACTS

476

477

478

479

Placenta Growth Factor in Cutaneous Wound Healing
C. Failla, T. Odorisio, F. Cianfarani, C. Schietroma, and G. Zambruno
Molecular and Cell Biology Laboratory, IDI-IRCCS, Rome, Italy
Placenta growth factor (PlGF) is a dimeric glycoprotein, structurally and functionally related to the
vascular endothelial growth factor (VEGF), a potent angiogenic/permeability factor known to play
a role in the neoangiogenesis during wound healing. We decided to evaluate the expression of
PlGF in human keratinocytes and to investigate its possible role in skin angiogenesis during wound
repair. Northern blot analysis on total RNA extracted by cultured keratinocytes revealed a
transcript of 1.7 kb and RT-PCR allowed the detection of two different forms of PlGF (PlGF-1
and PlGF-2), generated by alternative mRNA splicing. Homodimeric PlGF and VEGF proteins as
well as VEGF/PlGF heterodimers could be detected in culture medium conditioned by
keratinocytes. Increased levels of both PlGF mRNA and protein were observed upon treatment of
keratinocytes with epidermal growth factor, transforming growth factor-a, transforming growth
factor-b, and interleukin-6, all cytochines present at the wound site during the early phase of
healing. To further test the involvement of PlGF in wound healing we analyzed its expression in
human full-thickness wounds in vivo, at different times after injury. Immunohistochemical data
evidentiated that keratinocytes at the wound edge express PlGF, starting from day 3 after
wounding with a gradual increase in staining up to day 7. These data indicate a role for PlGF in the
neoangiogenesis process associated with cutaneous wound repair. The relative contribution of
PlGF and VEGF in the angiogenesis of wounded skin requires further investigations.
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b-1 Integrins Mediate Stretch-Induced Activation of MAP Kinase ERK1/2
S. Kippenberger, Y. Knies, M. Guschel, J. MuÈller, R. Kaufmann, and A. Bernd
Department of Dermatology, JW Goethe University, Medical School, Frankfurt/M., Germany
Human skin responds to mechanical stretching by enhanced proliferation, and this effect is used
medically by application of skin expanders. The mechanisms by which skin cells percept
mechanical forces and transduce them into physiological events are still enigmatic. In an in vitro
attempt the stretching stimulus was mimicked by seeding human keratinocytes onto ¯exible silicon
supports which were expanded up to 10% of the initial length. Activation of the MAP kinase
ERK1/2 was detected by immunoprecipitation and consecutive in vitro phosphorylation of
transcription factor Elk1. The phosphorylated Elk1 was detected by western blotting using a
phospho-Elk1 antibody. b-1 integrins were functionally blocked by adding b-1-speci®c antibodies
(clone P4C10) to the cultures. Super®cial distribution of b-1 and b-4 integrins was traced by laser
scanning microscopy. Immediately after a single stretch of 5min, ERK1/2 was maximally activated.
This activation was markedly attenuated in the presence of antibodies directed towards b-1
integrins. Concomitantly, a clustering of b-1 integrins at the basal layer and at cell-cell contacts was
found. b-4 integrins formed prominent clusters at the basal layer after stretch application. Our
®ndings give evidence of a cell-shape dependent activation of ERK1/2 in human keratinocytes
disclosing b-1-integrins as putative mechanotransducers. Further studies will reveal whether this
signaling pathway is involved in the stretching induced elevation of cell proliferation and whether
b-4 integrins also take part in these cellular responses after stretching.

Multiplicity of the Stress-Induced Pathways in Epidermal Cells
E. Pereira, K. Dixon, V. Swope, S. Boyce, and Z. Abdel-Malek
Department of Dermatology, Department of Environmental Health, Department of Surgery, University of
Cincinnati, and Shriner's Burns Institute, Cincinnati, Ohio
We have compared the signaling pathways that mediate the responses of cultured normal human
melanocytes (MC) and keratinocytes (KC) to two environmental agents, ultraviolet B radiation
(UVBR) and sodium arsenite (Asn). Both agents resulted in a dose-dependent growth arrest and
cytotoxicity. Keratinocytes were more sensitive than MC to UVBR, and proliferating MC and KC
were more sensitive than their quiescent counterparts to Asn. Both KC and MC responded to
UVBR with prolonged and dose-dependent accumulation of p53 and induction of p21. Treatment
of either cell type with Asn resulted in only a trivial increase in p53 but a profound induction of
p21. Irradiation of either MC or KC with UVBR inhibited the activation of the MAP kinases
ERK1/2, but induced rapid and prolonged phosphorylation of p38. Irradiation of MC with
UVBR induced the phosphorylation of the transcription factor CREB by a mechanism
independent of ERK1/2 activation. Treatment of either MC or KC with Asn induced delayed
phosphorylation of p38. These results indicate that various environmental stress stimuli activate
different stress pathways in epidermal cells. The increased sensitivity of KC, compared to MC, to
UVBR and Asn offers an explanation for the higher incidence of basal and squamous cell
carcinoma than melanoma.

The Expression of Heparin-Binding Autocrine Growth Factors and their Cognate
Receptors is Modulated in Psoriatic Epidermis
M. Piepkorn, R. Underwood, H. Predd, and P. Cook
Division of Dermatology, University of Washington, Seattle, Washington; Department of Dermatology,
Oregon Health Sciences University, Portland, Oregon
The keratinocyte autocrine growth factor, amphiregulin, is up-regulated in psoriatic epidermis,
suggesting that its over-expression mediates the hyperproliferative phenotype of psoriasis.
Amphiregulin, however, is a member of a heparin-binding growth factor family consisting of
HB-EGF, betacellulin, and heregulin-a and -b each of which signals through EGFR-like
receptors (HER 1±4). Because the role of these other factors in psoriasis is unclear, we evaluated
growth factor and receptor expression and colocalization in normal and psoriatic epidermis.
Histologic sections were immunostained for the growth factors and receptors in a pair-wise
fashion, using primary antibodies of different species origin for colocalization with differentially
tagged secondaries. Visualization was by epi-¯uorescence and confocal microscopy, enhanced with
deconvolution software. Keratinocytes labeled in a mixed cytoplasmic and membrane pattern for
the four factors, most intensely for HB-EGF and weakly for betacellulin and heregulin-a, with
minimal labeling for the b isoform. Receptor expression was restricted to HER 1 (EGFR) and to a
lesser degree HER 3, with no apparent labeling for HER 2 and 4. Increased expression of HBEGF and heregulin-b, as well as both HER 1 and 3, was found in psoriasis, and there was
augmented plasma membrane colocalization of growth factors with the receptors. These data
indicate restricted expression of autocrine factors and their receptors in human epidermis. The upregulation and increased colocalization of growth factor and receptor in psoriasis suggest that these
signaling pathways contribute to the psoriatic phenotype.
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FK506 Enhances the Maturation of Human Skin Mast Cells In Vitro
I. Chan and M. Tharp
Department of Dermatology, Rush-Presbyterian-St. Luke's Medical Center, Chicago, Illinois
FK506 has been shown to inhibit the release of histamine from activated mast cells; however, its
effect on the maturation of human skin mast cells (HSMCs) has not been studied. Previous studies
in our laboratory have shown that IL-3 (50 ng per ml), stem cell factor (30 ng per ml) and
erythropoietin (1 unit per ml) increase the maturation of isolated neonatal HSMCs in culture to
151%, 163% and 170% at day 3, respectively, when compared to cells cultured in medium alone.
Different concentrations of FK506 (5, 10 and 50 ng per ml) were found unexpectedly to increase
the number of mature HSMCs to 158%, 200% and 218% of medium controls, respectively, at day
3. The addition of FK506 (5, 10 and 50 ng per ml) to cultures containing SCF (30 ng per ml) also
increased the number of HSMCs above controls to 175%, 223% and 249% at day 3. When HSMCs
were cultured with SCF (30 ng per ml) or FK506 (50 ng per ml) for 14 d, FK506 increased HSMC
number above controls to 163%; whereas SCF increased HSMCs above controls to 191%. FK506
is known to interact with the calcium-dependent transcription factor, calcinerin, and thereby
inhibit T-cell activation; however, its effect on HSMC is not known. The addition of CaCl2 (4
mM) and CaCl2 (4 mM) plus FK506 (50 ng per ml) increased HSMCs to 213% and 265%,
respectively, at day 3 when compared with medium controls. This study demonstrates that FK506
can induce HSMC maturation in vitro and SCF augments this effect. The stimulation effect of
FK506 on HSMC maturation may be associated with a calcium-dependent pathway.

HB-EGF and Epiregulin are Overexpressed in Psoriatic Epidermis
N. Toriu, Y. Shirakata, S. Tokumaru, K. Yamasaki, Y. Hanakawa, and K. Hashimoto
Department of Dermatology, Ehime University School of Medicine, Ehime, Japan
Psoriasis is characterized by hyperproliferation of keratinocytes and a dense lesional in®ltrate in the
dermal and the epidermal component. Previous investigations indicate that TGF-a and
amphiregulin (AR), EGF-related ligands, are upregulated in psoriatic epidermis. However, the
expression of other EGF-related ligands such as HB-EGF and epiregulin (ER) has not been tested.
Therefore, we investigated the mRNA expression of HB-EGF and ER as well as TGF-a and AR
in psoriatic and normal epidermis. Total RNA was extracted from 13 psoriatic lesional and 10
normal epidermis, and northern blot was performed. Their expression levels were quantitated by
NIH image. The mRNA expression of TGF-a and AR were elevated in psoriatic epidermis
compared to controls by 1.8 and 1.5 fold, respectively. The mRNA expression of HB-EGF and
ER were also increased by 3.4 and 1.4 fold, respectively. To identify the localization of HB-EGF
mRNA, we performed in situ hybridization. HB-EGF mRNA was overexpressed in spinous layer,
but not in the basal layer of the psoriatic lesional epidermis. We here demonstrated for the ®rst time
the overexpression of HB-EGF and ER in psoriatic epidermis. These results indicate that these
autocrine EGF-related growth factors play a central role in the pathogenesis of psoriasis.
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Differential Expression of Smad6 and Smad7 Induced by TGF-b, Activin, and BMP in
Human Keratinocytes
Y. Shirakata, K. Yamasaki, S. Tokumaru, Y. Hanakawa, and K. Hashimoto
Department of Dermatology, Ehime University School of Medicine, Ehime, Japan
The effects of the TGF-b superfamily, TGF-b, activin, and bone morphogenetic protein (BMP),
are initiated by binding to their serine-threonine kinase receptors, which is followed by the Smad
protein cascade. Smads are classi®ed into three groups, pathway-restricted Smads (Smad1, 2, 3, 5,
and 8), common mediator Smad (Smad4), and inhibitory Smads (Smad6 and 7). TGF-b and activin
activate Smad2/3, whereas BMP activates Smad1, 5, and 8. However, inhibitory Smads expression
has not been fully explored in human keratinocytes. Therefore, we investigated their expression
using an RNase protection assay. Keratinocytes were cultured in serum-free conditions; the
maximal effective doses of recombinant TGF-b1 (0.04 nM), activin (8 nM), and BMP2 (1 nM)
were added, and total RNA harvested. TGF-b1 upregulated only Smad7 mRNA expression
optimally 6.6 fold at 1 h, and its prolonged expression was observed until 24 h. Activin also
enhanced Smad7 mRNA expression optimally 1. fold at 1 h, but its expression declined to the
steady state level at 6 h. BMP2 induced Smad7 expression continuously from 1 h to 48 h. The
optimal enhancement was noticed at 6 h. BMP2 also increased Smad6 mRNA at 3 h, and the
optimal enhancement was observed at 6 h. Interestingly, BMP2 upregulated Smad8, one of the
pathway-restricted Smads, from 3 h to 48 h. These differential induction pro®les of inhibitory
Smads regulate the unique effects of the TGF-b superfamily in normal human keratinocytes.

Altered Expression of Angiopoietins and Tie2 Receptor in Psoriasis
K. Kuroda, A. Sapadin, T. Shoji, R. Fleischmajer, and M. Lebwohl
Department of Dermatology, Mount Sinai School of Medicine, New York, New York
It is well-known that the microvascular proliferation is highly associated with the pathogenesis of
psoriasis. Angiopoietin 1 (Ang1) and Angiopoietin 2 (Ang2) have been recently identi®ed as the
major ligands for Tie2, an endothelial speci®c receptor, and are implicated in the control of blood
vessel formation. Ang1-Tie2 signalling is reported to maintain the vessels by regulating the
interaction between the endothelial cells and their supporting cells. However, Ang2 destabilizes the
vessels as an antagonist of Ang1 and promotes angiogenesis in the presence of VEGF. In this study
we examined the expression of angiopoietins and Tie2 in the involved skin and uninvolved skin of
psoriasis and in the healthy skin. Ang1, Ang2, and Tie2 expressions in the involved skin of psoriasis
were signi®cantly higher than those of the uninvolved skin or of the healthy skin. VEGF
expression was also increased in the psoriasis involved skin. These ®ndings suggest that
angiopoietins and Tie2 have an important implication in vascular change of psoriasis.

Roles for Spingomyelinase in Epidermal and Dermal Effects After UV-Irradiation
J.-M. Jensen,*² M. FoÈrl,² S. SchuÈtze,³ S. Seite,§ T.S. Kupper,* and E. Proksch²
*Harvard Skin Disease Research Center, Brigham & Women's Hospital, Boston Massachusetts; Department
of ²Dermatology and ³Immunology, University of Kiel, Germany; §L'Oreal Recherche, Clichy Cedex,
France
UV-light stimulates the expression of TNF and its 55 kDa receptor (TNF-R55) in keratinocytes
and ®broblasts. The signal transduction pathway of TNF-R55 includes the activation of two
different sphingomyelinases (SMases). An at the cell membrane localized neutral SMase (N-SMase)
and an endosomal acid SMase (A-SMase). Both generate ceramide as second messenger. We
previously found that N-SMase is involved in cell signaling (possibly for proliferation), whereas
ceramide generated by A-SMase has a structural function in the permeability barrier of the skin.
We here determined epidermal and dermal N- and A-SMase activity after acute and chronic UVirradiation in vivo. Single dose (2MED) or repeated doses (30 times in 10 wk) of 280±370 nm UVlight was applied to hairless mouse skin. Epidermal and dermal samples were obtained at 24 h after
the last treatment and SMase activity measured. Dermal A-SMase activity was only 50% of
epidermal activity. However, after acute irradiation both epidermal and dermal A-SMase was
increased. Only a small increase in N-SMase activity in the dermis after single UV-treatment was
noted. After chronic UV irradiation we found an increase of activity in epidermis only, whereas
the activity was reduced in the dermis. The increase in epidermal A-SMase activity is related to the
known increase in lipid content (increase of ceramide) and epidermal hyperplasia after acute and
chronic UV-treatment. In the dermis A-SMase activation by acute UV-treatment leads to a
transient stimulation of ®broblast activity, whereas the reduced A-SMase activity after chronic
treatment is related to the reduced metabolic activity in elastosis. The results indicate the epidermal
and dermal effects of UV-light are most probably mediated by SMase activation during TNFsignaling.

Loss of Melanocytes from Active Vitiligo Lesions is Accompanied by Increased
Keratinocyte HLA-DR Expression and Reduced Expression of CDw60
I.C. Le Poole, L. Dee, B. Bonish, S.K. Hann,* J.K. Robinson, and B.J. Nickoloff
Cardinal Bernardin Cancer Center, Loyola University Chicago, Maywood, Illinois; *Yonsei University,
Seoul, Republic of Korea
There are many immunopathological similarities between vitiligo and psoriasis, including
interaction between activated T cells and epidermal cells. We previously demonstrated that
IFN-gamma generated by in®ltrating T cells can induce HLA-DR expression and suppress
CDw60 expression by cultured keratinocytes. In the present study, frozen sections from ®ve
generalized vitiligo patients and three normal controls were immunohistochemically investigated
for expression of TRP-1 (loss of melanocytes), CD3 (in®ltrating T cells), and epidermal HLA-DR
and CDw60 expression. Skin biopsies spanning the depigmenting border exhibited partial loss of
melanocytes. Three of ®ve vitiligo patients showed focal in®ltrates of activated T cells restricted to
the advancing margin of the lesion, supporting the progressive nature of these lesions.
Keratinocytes overlying these in®ltrates showed marked HLA-DR expression accompanied by
reduced expression of CDw60. Interestingly, reduced keratinocyte expression of CDw60 was
maintained in lesional vitiligo skin. Moreover, both in vivo and in vitro, expression of CDw60
appeared elevated in keratinocytes by being juxtaposed to melanocytes. In contrast to cultured
keratinocytes, the majority of cultured melanocytes are CDw60+, and this constitutive expression
is insensitive to IFN-gamma exposure. It is postulated that melanocytes generate an autocrine as
well as paracrine CDw60-inducing factor. Thus, reduced keratinocyte expression of CDw60 in
vitiligo lesions may re¯ect both loss of melanocytes, and presence of T-cell derived IFN-gamma. In
conclusion, T cell in®ltration and altered expression of HLA-DR and CDw60 by keratinocytes in
actively diseased skin support an immunopathological link between vitiligo and psoriasis.
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Formation of Antigenic Quinolone-Photoadducts on Langerhans Cells Initiates
Photoallergy to Systemically Administered Quinolone in Mice
A. Ohshima, N. Seo, M. Takigawa, and Y. Tokura
Department of Dermatology, Hamamatsu University School of Medicine, Hamamatsu, Japan
Quinolone, antibacterial agents, are well known to cause photoallergy as a side-effect. Murine
photoallergy to ¯uoroquinolones (FQs) is a T cell-mediated immune response, evoked either by
systemic FQ and subsequent exposure of skin to ultraviolet A light (UVA) or by subcutaneous
injection of FQ-photomodi®ed epidermal cells. In this photosensitivity, epidermal Langerhans cells
(LC) may be photomodi®ed initially with the drug and thus present photohaptenic moieties to
sensitize and restimulate T cells. Although we have shown that LC photocoupled in vitro with FQ
are capable of stimulating sensitized T cells, it remains unelucidated whether systemically given FQ
photomodi®es LC upon UVA irradiation of the skin and the LC become photohapten-bearing, T
cell-stimulatory cells. In a murine model of ¯eroxacin (FLRX) photoallergy induced by
intraperitoneal injection of the drugs plus UVA irradiation of skin, we found that LC as well as
keratinocytes are photoderivatized with FLRX as demonstrated with an FQ-speci®c monoclonal
antibody. LC-enriched epidermal cells prepared from FLRX/UVA-treated mice induced the
proliferation of sensitized T cells, indicating that photomodi®ed LC are functional. There was the
optimal range of UVA dose to quantitatively and qualitatively form FLRX-photomodi®ed LC,
since excess UVA rather reduced the photoantigen-presenting capacity of LC presumably because
of drug phototoxicity. Our study suggests that LC serve as photoantigen-presenting cells in drug
photoallergy.

Enhanced Allergic Dermatitis in Mice Lacking the Thromboxane A2 Receptor
K. Kabashima, H. Nagai, S. Narumiya, and Y. Miyachi
Department of Dermatology, Kyoto University, Kyoto, Japan; Department of Pharmacology, Kyoto
University, Kyoto, Japan; Department of Pharmacology, Gifu Pharmaceutical University, Gifu, Japan
Thromboxane A2 (TXA2) is a potent stimulator of platelets and constriction of vascular smooth
muscle. However, the TXA2 receptor (TP) mRNA is abundant also in thymus and spleen in mice
and the TX synthase is especially abundant in cells of macrophage lineage. These ®ndings suggest
that TXA2 may play an important role in immune system. To evaluate this issue, we generated the
TP-de®cient mice by gene targeting. The TP(±/±) mice showed defects in hemostasis and
thrombosis as expected. The allergic dermatitis model was then used to evaluate the immune
reactions evoked by exogenous antigens. The ears of mice were painted with DNFB once a week
for 5 wk and the ear thickness was determined. The increase in ear thickness of the TP(±/±) mice
was more pronounced than that of TP(+/+) mice. Both the early and delayed reactions that are
mediated by Th2 and Th1 lymphocytes, respectively, were enhanced in TP(±/±) mice.
Histological examinations of the ear revealed augmented in®ltration of in¯ammatory cells in
TP(±/±) mice. Moreover, with aging, the TP(±/±) mice showed high titers of antibodies to DNA.
These results suggest that TP(±/±) mice exhibit exaggerated immune responses to antigen
challenge.
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Identi®cation and Characterization of the Low Af®nity Receptor for Immunogloblin E
(FceRII/CD23) on Murine Langerhans Cells
Y. Nagaoka, K. Nakamura, N. Yasaka,* T. Watanabe, and K. Tamaki
Department of Dermatology, Faculty of Medicine, University of Tokyo, Tokyo, Japan; *Department of
Dermatology, Faculty of Medicine, University of Teikyo, Tokyo, Japan
CD23 is a low af®nity receptor for immunoglobulin E and expressed on a large number of
hemopoietic cells. Although CD23 expression on human epidermal Langerhans cells (LC) was
reported, the study for identi®cation of CD23 on murine LC has failed. We investigated whether
murine LC express CD23 using highly puri®ed (>95%) LC from murine epidermis by panning
method. As the result of a series of experiments, we revealed CD23 is expressed on cultured LC
(cLC), but not on freshly isolated LC (fLC) by FACS analysis and PCR method. Comparison of
the DNA sequence of PCR products of CD23 from cLC with that from spleen leukocytes
demonstrated that there were the same sequences between the two PCR products. CD23
expression on cLC was downregulated when LC were cultured for 24 h with keratinocyte (KC)derived cytokines at the concentration of 1.0 ng per ml: IL-1a, IL-18, M-CSF, or GM-CSF
(percent inhibition: IL-1a 28.3 6 0.1%, IL-18 10.2 6 4.2%, M-CSF 18.3 6 0.6%, or GM-CSF
25.6 6 3.9%, respectively). Moreover it was shown that murine cLC bind IgE and this binding was
partially inhibited when LC were cultured with mAb against CD23 (percent inhibition: 39.2 6
1.2%). When LC were cultured with mAb against CD23, IL-6 production from LC was inhibited
up to 67.6 6 8.3% but not IL-10 or TNF-a. Thus, the present study showed murine LC do
express CD23 and the discrepancy from previous study may be due to the in¯uence of cytokines
produced by KC. Furthermore, the ®nding that murine cLC bind IgE through CD23 suggests that
CD23 on murine LC may be involved in IgE-mediated immune responses.

Chemokine Receptor Expression and Function in T Regulatory Cells 1
S. Sebastiani, P. Allavena,* F. Nasorri, C. Traidl, S. Sozzani,* G. Girolomoni, and A. Cavani
IDI-IRCCS, Roma, Italy; *Istituto di Ricerche Farmacologiche ``Mario Negri'', Milano, Italy
Chemokine receptors are crucial in the positioning of T lymphocytes within tissues and in the
regulation of immune responses, being differently expressed depending on the state of activation
and the Th1 or Th2 type of polarization. We previously showed that nickel-speci®c T regulatory
cells 1 (Tr1) inhibit in a IL-10-dependent manner the antigen-presenting function of monocytes
and dendritic cells, thus having an important role in the regulation of Th1-mediated allergies. Here
we analyzed the chemokine receptor pro®le of nickel-speci®c Tr1 clones isolated from the skin or
blood. As detected by RNA protection assay, resting Tr1 cells expressed mRNA for CCR1,
CCR2, CCR3, CCR4, CCR5, CCR8, CXCR1, CXCR3, CXCR4, thus showing markers of
both Th1 and Th2 subsets. Upon activation, mRNA levels of CCR3, CXCR1 were strongly
down-regulated, whereas expression of CCR1, CCR4 and CCR8 were signi®cantly increased.
CCR8 mRNA, a typical Th2-associated chemokine receptor, was higher in Tr1 than in Th2
clones. In contrast, CCR3 and CCR5 expression was lower compared to Th2 and Th1 clones,
respectively. The functional relevance of these data was con®rmed by measuring intracellular
calcium mobilization and cell migration after treatment with agonistic chemokines. Resting Tr1
cells responded to I-309, IL-8, MIP1a, MIP1b, MCP1, IP-10, MDC and eotaxin (CCR8,
CXCR1, CCR1/CCR5, CCR5, CCR2, CXCR3, CCR4, CCR3 ligands, respectively),
whereas, upon activation, only I-309, MCP1 and MDC, but not other chemokines, induced
signi®cant calcium in¯ux. Tr1 cells migrated towards MIP1a, MCP1, MDC, MIP-1b, I-309, IL-8
and IP-10 when in the resting phase, and only to I-309, MDC and MCP1 after activation. In
conclusion, Tr1 cells express a broad array of chemokine receptors, allowing their active
intervention in both Th1 and Th2-mediated immune responses.

Differential Expression of Cell Adhesion Molecules from Endothelial Cells Harvested
from Skin, Umbilical Veins, Coronary Arteries, Myocardium, Aorta and Vasovasorum
B. McAlpine, L. Xin, E. Chaikof, S. Summers, and T. Lawley
Departments of Dermatology and Surgery, Emory University, Atlanta, Georgia
Human endothelial cells have been used in vitro to study in¯ammation, wound healing, tumor
metastasis and other biological processes. The purpose of this study was to test for regional
variations in speci®c cell surface molecules on endothelial cells harvested from different body sites
that may serve to regulate the attachment of cells to endothelium in vivo. Endothelial cells were
harvested from the dermal microvasculature (MEC), umbilical veins (HUVEC), coronary arteries
(CAEC), myocardium (MYEC), aorta (AEC) and vasovasorum (VVEC). There was no qualitative
difference among endothelial cells harvested from the variuos sites in cobblestone morphology
when grown in monolayer, tube formation when grown on matrigel, expression and secretion of
vWF or uptake of acetylated low density lipoprotein. Endothelial cells were tested for the
production of VCAM-1, ICAM-1, E-selectin and Class II molecules after stimulation with IL-1a,
TNF-a, and IFNg. AEC expressed high levels of ICAM-1 which were signi®cantly increased after
stimulation with IL-1a or TNF-a. CAEC expressed the highest baseline values for VCAM-1
which remained high after stimulation with IL-1a or TNF-a. Large vessel endothelial cells
(CAEC, HAEC, HUVEC) expressed the highest levels of E-selectin in a dose dependent manner
after stimulation with IL-1a or TNF-a. Conversely, microvascular endothelial cells (MEC,
MYEC, VVEC) expressed the highest levels of Class II after stimulation with INFg. The ®nding of
increased expression of pro-in¯ammatory molecules in CAEC and AEC may refect similar ®ndings
in vivo and contribute to in¯ammatory changes in atherosclerosis. The high level of expression of
Class II molecules in MEC and MYEC after stimulation with INFg may contribute to
autoimmune disease in skin and myocardium. Regional differences in expression of cell adhesion
molecules from EC may facilitate multiple biological processes and are important to appreciate
when analyzing in vitro assays utilizing these cells.
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The Function of CD40 Ligand expressed on Murine Langerhans Cells
M. Sugaya, K. Nakamura, Y. Tada, A. Asahina, H. Torii, and K. Tamaki
Department of Dermatology, University of Tokyo, Tokyo, Japan
CD40 ligation is one of the most important signals for the maturation of dendritic cells. In a
previous paper, we have shown that murine Langerhans cells (LC) express CD40 ligand (CD40L)
as well as CD40, and that exogenous addition of monoclonal antibody (mAb) against CD40L
(MR1) to the culture media downregulate the expression of B7±1 and B7±2 on LC. In this study,
we further investigated the function of CD40L expressed on LC by examining the antigen
presenting capacity (APC) and cytokine production. Puri®ed (>95%) LC were obtained from
BALB/C mouse epidermis by panning method using anti-I-Ad mAb. LC were cultured with MR1
(10 mg per ml) or isotype matched antibody for 24 h, and after three washes, they were cultured
with T cell hybridoma (DO11.1). APC was examined by IL-2 production from DO11.1. IL-2
production by DO11.1 cultured with MR1-treated LC was signi®cantly inhibited. Culture media
from 48 h-cultured LC with MR1 or isotype matched antibody were examined for the production
of IL-1b and IL-12 p40. The production of both IL-1b and IL-12 p40 from LC was signi®cantly
inhibited by MR1. Taken together, CD40L expressed on LC may be important for regulating the
maturation of LC.

CD4+ Th1 and CD8+ Tc1 Cells both Play a Crucial Role in the Full Development of
Contact Hypersensitivity
B. Wang, H. Fujisawa,* B. Howell, G. Shivji, T.W. Mak,² and D.N. Sauder
Division of Dermatology, ²Department of Immunology, University of Toronto; *Department of Dermatology,
University of Tsukuba, Japan
Traditionally, contact hypersensitivity (CHS) represents the prototype of delayed-type
hypersensitivity (DTH), which is mediated by CD4+ T cells. However, some recent studies
suggest that CD8+ T cells, rather than CD4+ T cells, are the effector cells for CHS. In this study,
we utilized gene knockout (KO) mice de®cient in CD4+ or CD8+ T cells to directly examine the
requirement for and role of the two T cell subsets in CHS. Both CD4 KO mice and CD8 KO
mice demonstrated a signi®cantly depressed CHS response, with a more greatly decreased CHS
response in CD8 KO mice. In vivo depletion of CD8+ T cells in CD4 KO mice, or depletion of
CD4+ T cells in CD8 KO mice (using antibodies), resulted in almost complete abolishment of
CHS responses. Lymph node cells (LNCs) from sensitized CD8 KO mice (CD8+ T cell-de®cient
LNCs), and from CD4 KO mice (CD4+ T cell-de®cient LNCs), showed a decreased capacity for
transferring CHS. In vitro depletion of CD4+ T cells in CD8+ T cell-de®cient LNCs, or depletion of
CD8+ T cells in CD4+ T cell-de®cient LNCs, resulted in a loss of CHS transfer. LNCs from either
CD4 or CD8 KO mice were able to produce signi®cant amounts of IFN-g, indicating that both
CD4+ T cells and CD8+ T cells secrete IFN-g. LNCs from CD8, but not CD4, KO mice
produced signi®cant amounts of IL-4and IL-10, suggesting that IL-4 and IL-10 are mainly derived
from CD4+ T cells. Intracellular cytokine staining on LNCs from DNFB-sensitized wild-type mice
con®rmed that IFN-g-positive cells consisted of CD4+ (Th1) and CD8+ (Tc1) T cells, whereas IL10-positive cells were exclusively CD4+ (Th2) T cells. Taken together, these data demonstrate that
the effector cells for CHS consist of both CD4+ T cells and CD8+ T cells.

Identi®cation of Novel Proteins Bearing Cutaneous Lymphocyte Antigen on Human
Leukemias
C.J. Dimitroff and R. Sackstein
Brigham and Women's and Massachusetts General Hospitals, Harvard Skin Disease Research Center,
Harvard Medical School, Boston, Massachusetts
In®ltration of memory T-cells to the skin is central to the pathogenesis of dermatological disorders
including psoriasis, graft-versus-host disease and cutaneous T-cell lymphoma. These skin-homing
T-cells express a specialized glycoform of PSGL-1, otherwise known as cutaneous lymphocyte
antigen (CLA), which contains carbohydrate epitope(s) recognized by the monoclonal antibody
HECA-452. CLA-bearing protein/PSGL-1 on T-cells has been shown to interact with vascular
endothelial E- and P-selectins, thereby mediating intravascular tethering and rolling that precedes
tissue in®ltration. Cutaneous in®ltrates can also occur in both myeloid and lymphocytic leukemias.
In this study, we analyzed the expression of CLA-bearing protein/PSGL-1 on human leukemia cell
lines to better understand the molecular constituents capable of mediating leukemia cutis. By
electrophoretically separating membrane preparations of these cells on 7±9% SDS-PAGE gels
under reducing conditions and immunoblotting with HECA-452, we observed numerous distinct
proteins from 100 to 220 kDa that were stained by HECA-452. Immunoprecipitation of PSGL-1
with anti-PSGL-1 monoclonal antibody 4H10 from these membrane preparations, which was
immunoblotted with HECA-452, revealed only the monomer and dimer forms of PSGL-1 (140
and 220 kDa). These data suggest that additional non-PSGL-1, CLA-bearing membrane proteins
exist on leukemic cells, which may mediate the skin tropism of subsets of leukemias.
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Enhanced Ability of Monocytes to Produce Multinucleated Giant Cells In Vitro by
Muramyl Dipeptide and the Supernatant of Concanavalin A-Stimulated Mononuclear
Cells in Sarcoidosis Patients
K. Mizuno, H. Okamoto, and T. Horio
Department of Dermatology, Kansai Medical University, Moriguchi, Osaka, Japan
Muramyl dipeptide (MDP, N-acetylmuramyl-L-alanyl-D-isoglutamine), is a part of the
peptidoglycan of M. tuberculosis and P. acnes, genomes of which have been recently found in
lymph nodes of sarcoidosis patients. MDP is known to produce epithelioid cell granulomas when
injected into animals. Our previous study showed that the supernatant of concanavalin Astimulated human peripheral blood mononuclear cells (conditioned medium) produced multinucleated giant cells (MGC) from monocytes and that addition of MDP dominantly induced
Langhans type-MGC (LGC). To understand the association of MDP with sarcoidosis, we
compared the effects of MDP on MGC formation in sarcoidosis patients and healthy control
subjects. MDP plus conditioned medium from either group produced LGC and foreign body typeMGC (FGC) from normal monocytes on day 3. Average fusion indexes of MGC and LGC
induced by MDP plus either conditioned medium were higher in monocytes from sarcoidosis
patients than in those from healthy control subjects. MGC formation from macrophages induced
by M-CSF-treated monocytes was also enhanced in sarcoidosis patients. Addition of oxidized ATP
inhibited MGC formation, indicating that purinergic receptors on monocytes play an important
role in MGC formation. LDH production by 5 mM ATP from monocytes of sarcoidosis patients
was higher than that of normal subjects with less MGC formation by MDP and conditioned
medium, suggesting that purinergic receptors were highly expressed on monocytes of sarcoidosis
patients. Immunohistochemical studies using a polyclonal antibody against MDP showed that
epithelioid cells and MGC in cutaneous lesions of sarcoidosis expressed MDP in their cytoplasm.
These ®ndings suggest that the ability of monocytes to produce MGC was enhanced in sarcoidosis
patients and that MDP plays a role in the pathogenesis of sarcoidosis.

Mast Cells Express the Receptor for Fractalkine, a CX3C Chemokine Expressed
Constitutively in Diverse Cells of Skin
E. Papadopoulos, D. Fitzhugh, A. Gil®llan, D. Metcalfe, and S. Hwang
Dermatology Branch, NCI and NIAID, Bethesda, Maryland
Mast cells (MC) are anatomically associated with nerves and blood vessels in skin and GI tract and
accumulate within certain cutaneous tumors such as neuro®bromas. We address the question of
whether the CX3C chemokine, fractalkine (FK), and its receptor, CX3CR1, might play a role in
localizing MC to these structures. Normal human skin and neuro®bromas were stained with a
polyclonal rabbit anti-FK antibody. CX3CR1 expression was measured by RT-PCR. Chemotaxis
(CTX) assays were performed using cultured murine bone marrow-derived mast cells (BMMC).
To assess MC preformed mediator release, an enzymatic assay for N-acetyl-b- hexosaminidase was
performed using BMMC. We observed staining for FK in blood vessel endothelium and cells with
dendritic morphology in the dermis of normal human skin as well as in solitary neuro®bromas. By
RT-PCR, we detected CX3CR1 in cultured murine BMMC of both mucosal and connective
tissue phenotypes. Non-activated human dermal MC isolated from neonatal foreskins also
expressed CX3CR1. In CTX assays, FK attracted BMMC in a dose-dependent manner with
maximal migration occurring at 125 ng per ml. BMMC were not stimulated to release bhexosaminidase in the presence of FK (50±625 ng per ml). In conclusion, CX3CR1 is expressed by
MC and effectively mediates CTX without inducing degranulation. We propose that the
constitutive expression of FK by certain cells in the skin may be a factor in the homing of MC
under nonin¯ammatory conditions to those sites.
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A Migratory Subpopulation of Skin-derived Dendritic Cells Express CXC Chemokine
Receptor 5 and Can Migrate to B Cell Zones In Vivo
H. Saeki and S. Hwang
Dermatology Branch, NCI, Bethesda, Maryland
Recent evidence indicates that dendritic cells (DC) can accumulate in B cell zones in peripheral
lymph nodes (LN) and may directly affect B cell function during immune responses. B lymphocyte
chemoattractant (BLC), a CXC chemokine, is expressed within B cell follicles in secondary
lymphoid organs and directs B cell homing via CXC chemokine receptor 5 (CXCR5). Thus, we
hypothesized that BLC and CXCR5 may participate in the migration of DC to B cell areas.
Migratory DC (migDC) were obtained from DC that emigrated from murine skin explants into
culture medium after 3 d. Cultured Langerhans cells (cLC) were recovered from epidermal
suspensions after 3 d in culture. Quantitative RT-PCR was used for CXCR5 expression analysis.
Two-color ¯uor. microscopy was used to identify B and T cell areas LN sections. In contrast to
cLC, migDC expressed CXCR5 and migrated to recombinant BLC (4.5 fold max. response, p <
0.01) in standard chemotaxis assays. Bone marrow-derived DC expressed 16-fold less CXCR5
than migDC and did not respond to BLC in vitro. When injected into the footpad of mice,
PKH67-labeled migDC emigrated from the footpad to draining LN where more migDC were
found in B cell compared to T cell zones. In vitro, migDC enhanced the survival of cultured splenic
B cells. Of note, I-Ad+ DC were rare in resting dermis but were abundant in 2 d skin explants
suggesting that (in murine skin) migDC consisted mainly of LC that had migrated into and through
dermis. Thus, migDC express CXCR5, respond in vitro to BLC, and can migrate to B cell areas in
vivo. We propose that acquisition of CXCR5 may be important for the migration of DC to B cell
zones in LN during immune responses.

Phytosterol Sulfate, the New Homologue to Cholesterol Sulfate, and its Role in the
Modulation of UV-Induced Immuno-Suppression of Langerhans Cells and of Cytokines
Expression
K. Cucumel, C.D. Farra, D. Peyronel, and N. Domloge
Dermatological Research Department, Chemistry and Biochemistry labs. Seporga, Sophia Antipolis, France
Our prior studies have demonstrated that the new molecule Phytosterol sulfate (PS), enhances cell
differentiation and cell protection from harmful conditions such as SDS-induced cell membrane
destabilization and from UV-induced apoptosis. In these studies we focused on investigating PS
effect on UV-induced immuno-suppression of langerhans cells, and on cytokines expression.
Studies of CD1a expression on langerhans cells in ex-vivo skin model, exposed to a single dose of
UVB of 100 mJ per cm2, showed that CD1a positive cells number and intensity remained the same
after UVB irradiation when the skin was treated with PS for 24 h priory to UVB exposure.
Moreover, CD1a positive cells location and distribution in the epidermis in PS treated skin samples
remained similar to the nonirradiated skin showing no deletion of langerhans cells from the
epidermis after UVB exposure. Parallel studies have demonstrated that PS treated skin samples
show similar expression of p53 to the nonirradiated samples con®rming PS role in UVB
protection. Studies on cytokines expression in cultured human keratinocytes exposed to LPS 10 mg
per ml for 16 h, demonstrated that LPS induced IL-1a, IL-1r, and IL-8r expression while PS
addition into the cells have reduced IL-8r expression by 20% and slightly IL-1a and IL-1r. Similar
results were obtained from TPH1 cells and demonstrated that PS reduced the level of IL-1a, IL-1r,
and of IL-8r expression by 10% in TPH1 exposed to LPS-treated keratinocytes media.
Interestingly, these PS treated sample values remained above the basic levels indicating a moderate
modulation of the in¯ammatory response but without suppression of the process. These results
suggest that PS helps cell defense and protection by different mechanisms including cell membrane
protection, protection from UVB-induced DNA damage; and from UVB-induced suppression of
langerhans cells and of in¯ammatory cytokines.
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SDZ ASM 981, in Contrast to CyA and FK 506, does not Suppress the Primary Immune
Response in Murine Allergic Contact Dermatitis
J. Meingassner, H. Fahrngruber, and A. Bavandi
Novartis Research Institute, Vienna, Austria
The ascomycin macrolactam SDZ ASM 981 is a selective in¯ammatory cytokine inhibitor
developed speci®cally for the treatment of in¯ammatory skin diseases. The effect of SDZ ASM 981
on elicitation-and sensitization phase of oxazolone-induced allergic contact dermatitis (ACD) was
evaluated in comparison with CyA and FK 506 in BALB/C mice using the ear swelling assay. The
compounds were administered orally in doses up to 90 mg per kg, either 2 h before and 4 h after
challenge for inhibition of elicitation, or 2 h before, 4, 24 and 48 h after ®rst allergen exposure for
inhibition of sensitization. Effect on elicitation was tested in actively sensitized mice, effect on
sensitization was examined by transfer of lymphocytes from allergen-exposed mice w/wo
treatment to naive mice challenged thereafter. Elicitation was dose-dependently inhibited by all
three compounds. At 2 3 30 mg per kg, inhibition was by 47% (SDZ ASM 981 and FK 506) and
9% (CyA), respectively. Sensitization was not impaired by SDZ ASM 981 mp to 4 3 90 mg per kg.
In contrast, CyA inhibited sensitization by 60% at 4 3 60 mg per kg and FK 506 by 71% at 4 3 30
mg per kg. These effects were associated with decreased weight and cellularity of the draining
lymph nodes in the sensitized mice.
Thus, in contrast to the immunosuppressants CyA and FK 506, SDZ ASM 981 exerts a more
selective immunomodulatory effect. It effectively inhibits the elicitation phase, the clinical
manifestation of ACD, but does not impair the primary immune response.

Demonstration of DNA Strand Breaking Activity in Blood Samples of Psoriatic Patients
S. Peker, I. Moll, and D. Pollet*
Department of Dermatology, University Hospital Hamburg-Eppendorf; *Paul Gerson Unna-Research
Center, Beiersdorf AG, Hamburg, Germany
A recent study published by Filipe et al. (1997) demonstrated the formation of chromosomal
aberrations in target cells, which had been incubated with sera from psoriatic patients for 72 h. The
aim of our study was to investigate early molecular events that preceed the observed chromosomal
damage. The comet assay was used to detect the formation of DNA strand breaks upon incubation
of target cells (lymphocytes from healthy blood donors) with test sera.
Sera of psoriatic patients led to a signi®cant increase of DNA strand breaks compared to sera of
healthy volunteers (10 persons in each group). A similar activity was found after ultra®ltration (cut
off < 30 kDa) of the sera of psoriatic patients suggesting that DNA lesions were induced by factors
of lower molecular weight. This excludes the involvement of components of the complement
system. Furthermore, preincubation of the target cells with antioxidants such as alpha-tocopherol
or the ¯avonoid hesperidine resulted in a substantial decrease in DNA strand breaks. Strand
breakage levels were maximal within an incubation period of only 5 min and subsequently
decreased exponentially.
Taken together, these results indicate that reactive oxygen species are responsible for the observed
DNA damaging activity in sera of psoriatic patients. These DNA strand breaks appear to be rapidly
repaired. However, incomplete repair may be the cause for the chromosomal aberrations reported
by other authors.
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Lack of M-CSF in Experimental Leishmaniasis
C. Schlesiger,* F. SchoÈnlau,* S. Grabbe,² E. Nattkemper,* S. Merfeld,* K. Fischer,* C. Sorg,*
and C. SunderkoÈtter*²
*Institute of Experimental Dermatology, ²Department of Dermatology, University of MuÈnster
In experimental leishmaniasis macrophages (Mé) present both the host, but also the eliminator of
L. major and they are able to in¯uence the decisive Th1/Th2 cell differentiation. To analyse which
Mé functions are dependent on presence of macrophage colony stimulating factor (M-CSF) we
examined leishmaniasis and macrophage interactions using M-CSF-de®cient Csfmop/Csfmop mice.
We succeeded in culturing M-CSF-independent Mé by substituting WEHI conditioned media
with GM-CSF. These Mé did not gain the large morphology or the longevity of M-CSFdependent Mé but survived for at least 6 d. In vitro, M-CSF-independent Mé phagocytosed less
L.major than WT Mé (56,6% vs 77%). This was not related to a reduction in Mac-1, the major
receptor for L.major. Surprisingly, killing activity, NO and IL-12 release, which are usually related
to Mé maturity, were all similar between M-CSF-dependent and M-CSF-independent Mé.
Correspondingly, Csfmop/Csfmop mice mounted a complete immune response to L.major in vivo,
i.e., their containment of parasite dissemination, DTH reaction, and Th1 cytokine response were
similar to M-CSF producing WT mice. M-CSF-de®cient mice showed reduced numbers of class
ical blood monocytes compared to WT mice before or during infection, but a similar number of
Mé in the in®ltrate. Thus, (i) in contrast to growth certain other Mé functions are not dependent
on M-CSF, (ii) M-CSF-de®cient mice mount a complete immune response towards L.major and
(iii) other blood cells than the morphologically mature monocyte act as precursors of in®ltrating
Mé.

Accumulation of T Cell Clonotypes in the Skin Lesions of Patients with Psoriasis
Vulgaris
H. Takahama, K. Masuko-Hongo, T. Kato, Y. Kawa, K. Nishioka,* K. Yamamoto,* and M.
Mizoguchi
Department of Dermatology and *Institute of Medical Science, St. Marianna University, Kanagawa, Japan
T cells may play an important role in developing psoriasis vulgaris (PV) lesions. We investigated
whether T cells clonally expand in the lesion of PV, using a novel system, RT-PCR/SSCP, which
allows us to detect clonal accumulation of T cells.
We examined 10 patients with PV and obtained two different biopsy specimens from dermatitis
lesions of each patient. After isolating total RNA and converting it to cDNA, we performed PCR
using a set of BV family speci®c primers and a BC primer. Thereafter we denatured the ampli®ed
DNA and analyzed it in nondenaturing polyacrylamide gel electrophoresis (SSCP) to discriminate
the differences of the junctional region of T cell receptor b chain, which is supposed to be crucial
for antigen recognition. In all samples of PV lesions, we found several bands by SSCP analysis,
indicating that distinct T cell clonotypes were oligoclonally accumulated in those lesions. In
addition, by the simultaneous electrophoresis of two samples obtained from the different PV lesions
of the same patient, we also noticed the identical T cell clonotypes, which may recognize the same
antigens. Therefore, we speculate that oligoclonally accumulated T cell clonotypes, which might
be antigen speci®c, exist in the PV lesions.
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Differentiation and Clonality of Lesional Lymphocytes in Pityriasis Lichenoides
Chronica
S. Shieh, D. Mikkola, and G. Wood
Department of Dermatology and Pathology, Case Western Reserve University, University Hospitals of
Cleveland, Louis Stokes VAMC, Cleveland, Ohio
Pityriasis lichenoides chronica (PLC) is a benign, idiopathic dermatosis which shares many
clinicopathologic features with pityriasis lichenoides et varioliformis acuta (PLEVA) and
lymphomatoid papulosis (LyP). Previous molecular studies have shown that PLEVA and LyP
are clonal T-cell disorders. In order to further characterize the immunohistologic features of PLC
and to determine whether PLC demonstrates clonality, we analyzed six cases of PLC using a frozen
section-immunoperoxidase technique and PCR-denaturing gradient gel electrophoresis. All cases
showed a mild to moderate super®cial and deep perivascular in®ltrate composed predominantly of
a CD4+ T-cell in®ltrate, admixed with Langerhans cells and macrophages; most were associated
with an HLA-DR+ epidermis. Three of six cases demonstrated monoclonal T-cell receptor gamma
gene rearrangements detected by Vg1±8 and Vg9 primers. These immunohistologic and molecular
biologic features are reminiscent of those reported previously by ourselves and others for PLEVA
and LyP. Our current ®ndings indicate that PLC is frequently a clonal T-cell disease, and reinforce
the idea that PLC, PLEVA and LyP may be interrelated processes within the larger group of T-cell
lymphoproliferative disorders.

Transgenic Mice to Probe the Biology of Dendritic Cells
B.E. Rich, J. Stathopoulos-Connell, L. Liu,* and T.S. Kupper
Harvard Skin Disease Research Center and *Center for Neurological Diseases, Brigham and Women's
Hospital, Boston, Massachusetts
Dendritic cells have a critical role in the immune system involving the uptake, processing and
presentation of antigens to T cells. The gene encoding the integrin CD11c (also known as
p150,95) is predominantly expressed by dendritic cells and the promoter region of the CD11c gene
has been used to direct expression of transgenes to dendritic cells. We have generated transgenic
mice by pronuclear injection in which transcriptional control elements of the human CD11c gene
direct expression of foreign genes to dendritic cells. Transgenic mice expressing green ¯uorescent
protein (GFP) under the control of the CD11c promoter accumulate GFP in the cytoplasm of their
dendritic cells and they are inherently ¯uorescent. These cells can be detected by ¯ow cytometry
and ¯uorescent microscopy without any manipulation. Transgenic mice expressing a model
antigen, chicken egg ovalbumin, under the control of the CD11c promoter were developed to
study the antigen presentation properties of dendritic cells in vivo. Dendritic cells prepared from the
spleens of CD11c-ovalbumin transgenic mice stimulate proliferation of ovalbumin-speci®c T cells
in the absence of exogeneous antigen. Studies are underway to examine the ability of these cells to
stimulate immune responses in vivo as well as in vitro. These models provide unique tools for the
study of dendritic cell biology. We are continuing to further characterize these mice and to utilize
them for studies of dendritic cell biology.

Studies of Interleukin-12 Receptors on Normal and Sezary T-Cells Suggest
Dysregulation in Advanced Cutaneous T-Cell Lymphoma
Y. Geng, R. Shane, M. Zaki, L. Showe, J. Moore, and A.H. Rook
Departments of Dermatology and Pathology, University of Pennsylvania and Wistar Institute, Philadelphia,
Pennsylvania
Initial phase I and II clinical trials with recombinant IL-12 have demonstrated the therapeutic
ef®cacy of this cytokine in early stage (CTCL) as compared to the Sezary syndrome. Moreover,
patients treated chronically with IL-12 frequently become refractory to its biologic effects. In an
effort to optimize the use of IL-12, we studied by ¯ow cytometry the regulation of the IL-12
receptor B1 (high af®nity chain) and B2 (chain necessary for IL-12 signal transduction) on normal
volunteer CD4+ and CD8+ (NL) T-cells and CD4+ malignant Sezary T-cells (SC) and patient
CD8+ cells. The B1 chain was readily detectable on resting NI-and SC and expression was
enhanced following T-cell activation. In contrast, the B2 chain was not detectable on resting Tcells but could be detected upon activation of NL cells but not on activated SC. Culture with
interferon gamma or IL-12 markedly upregulated B2 expression on NL T-cells but SC were
refractory to this effect. Culture with anti-IL-10 also markedly increased B2 expression on NL Tcells but failed to induce expression on SC. CD8+ peripheral blood T-cells from Sezary patients
with a modest tumor cell burden (<15% SC) were induced to express the B2 chain following
culture with interferon gamma, IL-12, or anti-IL-10 whereas CD8+ T-cells from patients with a
large tumor burden (>50% SC) failed to express B2 under any culture conditions. In as much as the
B2 is present on normal Th1 T-cells but not Th2 cells, these results indicate that Sezary T-cells
which are derived from Th2 cells are (i) likely to be refractory to IL-12 (ii) B2 is suppressed on
CD8+ cells from Sezary patients and (iii) IL-12 is likely to be most effective for early stage CTCL
due to a greater display of B2 receptors on responding CD8+ antitumor cytotoxic T-cells.

In Vitro Generation of Cytotoxic T Cells against Human Basal Cell Carcinoma
C. Tock and J. Deng
Department of Dermatology, University of Pittsburgh School of Medicine and VAPHS, Pittsburgh,
Pennsylvania
Previous studies indicate that there is a host immune response against human basal cell carcinoma
(BCC). Most of the immune associated cells in BCC belong to T cells, especially CD4+ cells.
Perforin positive cytotoxic T cells have also been detected by immunohistochemistry. This present
study was designed to evaluate the feasibility of generating cytotoxic T cells against BCC in vitro.
Human BCCs were excised and bisected into two parts. One part was processed for routine
histopathology and the other part was digested in vitro with DNase, hyalouronidase and
collagenase. Single cell suspensions thus obtained were subjected to in vitro cell culture in (i)
keratinocyte culture medium and (ii) RPMI1640 with fetal bovine serum and 10 units per ml of
IL-2 for 2±4 wk. Cells were harvested 1,2 and 4 wk thereafter, and then used for identi®cation of
CD3, CD4, CD8 and perforin positive cells by immunohistochemistry and ¯owcytometry. Totally
six specimens from different patients were included in this study. All six specimens showed the
predominant T cells, especially CD4 cells of the in®ltrating mononuclear cells before culturing.
Very few perforin positive cells were detected. However, 1 wk after culturing, less CD4, but more
CD8 and perforin positive cells were identi®ed. By end of the 2nd week in vitro culture, majority
of cells belonged to CD8 cells and many of them were perforin positive. There was no CD4 cells
detected at the end of 4th week. This study suggests BCC is immunogenic and capable of inducing
cytotoxic T cells in the presence of BCC tumor cells in vitro.
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Is Microchimerism Disease Speci®c or Nonspeci®c?
Y. Endo, I. Negishi, and O. Ishikawa
Gunma University School of Medicine, Maebashi, Japan
Microchimerism of fetal cells occurs during most pregnancies, and fetal progenitor cells have been
reported to persist in the maternal circulation. Recent studies showed a greater number of nonself
circulating fetal cells in the women with systemic sclerosis (SSc). Anti-maternal graft versus host
reaction by fetal cells may be implicated in the pathogenesis of certain autoimmune diseases. To
explore this hypothesis, we carried out a polymerase chain reaction (PCR) analysis to identify Ychromosome sequence (Ys) in DNA extracted from affected tissues or peripheral blood cells (PBC)
of the women with Sjogren's syndrome (SjS), SSc, or some in¯ammatory skin diseases. Ys should
be derived from male fetuses since we chose female patients or healthy women who had delivered
at least one son. First, Ys was ampli®ed in nine out of 12 samples of affected minor salivary glands
of women with SjS, in three of which we detected Y-chromosome bearing mononuclear cell
in®ltrates in the tissue with in situ hybridization assay. Second, we detected Ys in PBC in four of 22
female patients with SSc and unexpectedly in 10 out of 20 healthy women. Finally, we examined
some in¯ammatory skin diseases such as lichen planus (LP), discoid lupus erythematosus (DLE) and
drug eruption (DE). We detected Ys in skin lesions in one out of three LP patients, in one out of
three DLE, and none of four DE. It is of great importance to further elucidate whether
microchimerism is disease speci®c or ubiquitous phenomenon in certain diseases.
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Level of Cryoglobulins and Leucocytoclastic Vasculitis
N.A. Konstantinova, N.A. Matveeva, E.N. Semenova, and N.V. Konstantinova
Moscow Medical University, Moscow, Russia
Leucocytoclastic Vasculitis (LV) is a skin disease, clinically characterized by presence of palpable
purpuric lesion most often localized in lower extremities. Pathogenesis of LV is unclear, most
evidence supports the role of ``essential'' mixed cryoglobulinemia (EMC) during/after hepatitis C
viral (HCV) infections. We used spectrophotometer to quantify the level of cryoglobulines (CG) in
serum of 50 patients suffer with EMC. To assess the severity of vasculitis we used a scoring system
(from 0 to the absence of skin lesion to 4 ± skin ulcer/gangrene). PCR method has been used for
detection of HCV RNA in serum and in cryoprecipitates. HCV markers were detected by ELISA.
Result: All 50 pt had level of CG in serum in range 0.075±6.0 mg per ml. 76% of pt had anti-HCV
Ab. 62% had serum HCV RNA and 36% had HCV in cryoprecipitates. According to the level of
CG we divided all pt into two groups: low level of CG (mean 0.298 mg per ml + 0.070) ± 32 pt,
and high level of CG (mean 1.879 + 0.91) ± 18 pt. 72% of patients with high level of CG had
palpable pruritic lesion. Only 22% of pt from low group had skin lesions. The high group had more
severe vasculitis (mean score 3.0 + 0.15) compare to low CG group (mean score 2.1 + 0.48). p <
0.05. In conclusion we show the correlation between the presence of HCV and cryoglobulins in
serum with appearance of LV.
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Evaluation of Immunomodulator in the Japanese-Chinese Herbal Medicine, Sairei-to,
to the MRL/Mp-lpr/lpr and MRL/Mp-+/+ mice
T. Ito, N. Seo, H. Yagi, H. Wakita, Y. Tokura, M. Takigawa, and F. Furukawa
Department of Dermatology, Hamamatsu University School of Medicine, Hamamatsu, Japan; Department of
Dermatology, Wakayama Medical College, Wakayama, Japan
Purpose: Japanese Chinese herbal medicine, Sairei-to, is effective for collagen diseases. We have
investigated the mechanisms of its immunosuppressive effects on MRL/Mp-lpr/lpr (MRL/lpr)
mice which is good model for human systemic lupus erythematosus (SLE), and MRL/Mp-+/+
(MRL/n) mice which has genetical background for mild.
Design: Each mice were divided into two groups. One group was received 7.2 g per kg of Saireito blended in standard chow and another group was received standard chow, and we investigated
the therapeutic effects of Sairei-to as immunomodulator by immunohistochemical studies, spleen
index, protein urea, blood urea nitrogen, surface markers on spleen cells, cytokines in spleen cells,
and serum immunoglobulines.
Results: Spleen index, blood urea nitrogen, CD4/CD8 ratio, CD19, and serum IgG1 in MRL/lpr
mice is reduced by Sairei-to-treatment, and the numbers of IL-4 secreting spleen cells were
increased by the treatment. However, these effects were not observed In MRL/n and C57BL/6slc
mice.
Conclusions: The immunomodulatory effects of Sairei-to is from suppression of CD4 positive T
cells which are more important in the development and progression of the autoimmune disease,
reduction of CD19 posotive B cells, and decreasing of serum IgG1 which is associated with
immunoglobulin deposition at dermoepidermal junction in MRL/lpr mice.

Normal Human Skin Fibroblasts Expose Membrane-Bound Interleukin-15 (IL-15) on
the Cell Surface after Long-Term Stimulation with TNF-a
G. Rappl, C. Heuser, A. Kapsokefalou, S. Ugurel, W. Tilgen, H. Abken, and U. Reinhold
Homburg and Sarr, Germany. The Saarland University Hospital, Homburg/Saar, Germany
A variety of cells of different tissue origins express interleukin-15 (IL-15) speci®c mRNA; none of
these cells, including ®broblasts, were found to secrete detectable amounts of IL-15 into the culture
supernatant. Here we report that normal human skin ®broblasts in vitro constitutively accumulate
IL-15 in the cytoplasm; stimulation with TNF-a, however, induces dermal ®broblasts to expose
IL-15 in a membrane-bound form on the cell surface. The initiation of this process requires
continuous, long-term TNF-a stimulation for at least 72 h as short-term stimulation is ineffective.
In contrast to stimulation with TNF-a, incubation with IFN-g does not induce translocation of
intracellular IL-15 to the cell surface. Whereas a substantial amount of IL-15 protein in ®broblasts is
bound in a protein complex with an apparent molecular mass of 85 kDa, after prolonged TNF-a
stimulation, however, the complex desaggregates implying that IL-15 is translocated from
chaperone-mediated cytoplasmic stores to the cell surface after stimulation. TNF-a induced
expression of membrane-IL-15 is not accompanied by secretion of IL-15 into the culture
supernatant nor associated with major alterations in the expression of the two IL-15 mRNA
isoforms differing in their leader peptides. The requirement of long-term TNF-a stimulation to
initiate membrane translocation suggests a functional role of membrane-bound IL-15 on dermal
®broblasts in chronic in¯ammatory skin diseases.
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Adenosine 5¢Triphosphate is a Potent Activator of Human Eosinophils
S. Dichmann, U. Zimpfer, M. Idzko, D. Ferrari,* F. Di Vigilio,* and J. Norgauer
University of Freiburg, Freiburg, Germany; *University of Ferrara, Ferrara, Italy
Eosinophils play a central role in the pathogenesis of parasitic infections, atopic diseases and bullous
dermatoses. Presumably, the recruitment of eosinophils into in¯ammatory tissue is caused by
chemotactic agents as complement fragment C5a (C5a), platelet-activating factor (PAF), eotaxin
and RANTES. In this study, biological activities of adenosine triphosphate (ATP) were
characterized in human eosinophils and compared with these well known chemotaxins. Adenosine
triphosphate induced Ca2+-mobilization, production of reactive oxygen metabolites and caused
up-regulation of the integrin CD11b. In addition, ¯ow cytometric studies showed transient actin
polymerization upon stimulation with ATP and its stable analogues ATPgS and met-ATP. The
activation induced by ATP was comparable to the reactions obtained by C5a, PAF, eotaxin, and
RANTES. Production of reactive oxygen metabolites and actin polymerization after stimulation
with ATP were inhibited by pertussis toxin indicating involvement of receptor-coupled Giproteins. The results show that ATP is a strong activator of eosinophils with biological activity
comparable to those of the eosinophil chemotaxins C5a, PAF, eotaxin, and RANTES. The
®ndings strongly suggest a role of ATP in the pathogenesis of eosinophilic in¯ammation as an
activator of proin¯ammatory effector functions.

Adenosine 5¢Triphosphate Induced Ca2+-Mobilization, Actin Reorganization and
Chemotaxis in Human Dendritic Cells
U. Zimpfer, S. Dichmann, D. Purlis, D. Ferrari,* F. Di Virgilio,* and J. Norgauer
University of Freiburg, Freiburg, Germany; *University of Ferrara, Ferrara, Italy
Dendritic cells are known as important initiators of immune responses. They are able to migrate
into target sites, process antigens and activate naive T cells. Here we studied chemotaxis after
stimulation with adenosine 5¢triphosphate (ATP) as well as the mRNA-expression and the
function of different purinoreceptor-subtypes in immature human dendritic cells (DCs). Using
RT-PCR analyses, mRNA-expression of P2Y2, P2Y4, P2Y5, P2Y7, P2Y11 and P2X1, P2X4,
P2X7 in DCs was revealed. To differentiate between activation of G protein-coupled P2Y
receptors and the ion channel gated P2X receptors, experiments with ATP, the P2Y-selective
agonist uridine 5¢triphosphate (UTP) and the P2X7 receptor agonist 2¢,3¢-(4-benzoyl)benzoylATP (BzATP) were performed. The nucleotides ATP, UTP and BzATP stimulated intracellular
Ca2+-transients in DCs. Adenosine 5¢triphosphate and UTP induced this Ca2+ mobilization
mainly from intracellular stores, whereas BzATP only provoked transmembranous calcium in¯ux.
The P2X7 antagonist KN-62 reduced the ATP and BzATP triggered calcium-transients, in
contrast, the UTP response was not in¯uenced. Both, ATP and UTP elicited actin polymerization
and chemotaxis in a dose-dependent manner and these reactions could not be in¯uenced by the
P2X7 antagonist KN-62. In addition BzATP failed to stimulate actin polymerization and
chemotaxis. These results show that ATP stimulates DCs by activating different P2 receptor
subtypes, but chemotaxis and migration-associated responses such as actin polymerization are only
mediated by P2Y receptors.
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High Serum Levels of sHLA-G in Melanoma Patients Induced by Interferon-alpha
Therapy
S. Ugurel, V. Rebmann,* W. Tilgen, H. Grosse-Wilde,* and U. Reinhold
Department of Dermatology, The Saarland University Hospital, Homburg/Saar, Germany; *Institute of
Immunology, University Hospital of Essen, Essen, Germany
The nonclassical HLA class I molecule HLA-G is known for inhibiting CTL and NK-cell lysis in
human placenta, hereby protecting the fetus against the maternal immune response. Accordingly,
the expression of HLA-G is suggested to enable tumor cells to escape from immunosurveillance. As
the expression level of soluble molecules (sHLA-G) indicates the translational level of HLA-G, we
determined sHLA-G1 in sera of melanoma patients using a two step assay. Serum samples were ®rst
depleted of classical sHLA-I antigens with mAb TP25.99. Thereafter, HLA-G1 antigens were
captured with mAb W6/32 and detected with antibeta2-m mAb using ELISA. sHLA-G1 serum
levels were signi®cantly (p < 0.001) elevated in melanoma patients (mean = 41.91 6 2.13 ng
per ml, n = 193) compared to healthy controls (mean = 22.92 6 1.50 ng per ml, n = 126).
Univariate analysis revealed a correlation of serum sHLA-G1 with the clinical stage of disease.
Furthermore, we found a strong association of elevated serum sHLA-G with immunotherapy using
IFN-alpha, whereas cytostatic therapy showed no in¯uence on serum sHLA-G. Multivariate
analysis (ANOVA) revealed IFN-alpha treatment as the major impact factor for increased sHLA-G in
melanoma patients' sera. Regarding progression and outcome of the disease, Kaplan-Meier analysis
revealed no change in overall survival and time to progression in melanoma patients with elevated
sHLA-G serum levels. Our data suggest that the increase in serum sHLA-G in melanoma patients is
related to IFN-alpha therapy.

Repeated General Anaesthesia with Pentobarbitone Decreases Substance P Content in
Rat Skin
F.J. Legat, W. Sametz, P. Wolf, and T. Griesbacher
Karl-Franzens-University Graz, Graz, Austria
In experimental studies with repeated therapeutic interventions under general anaesthesia it is
critical to know whether anaesthesia per se does affect parameters of interest, such as neuropeptides.
Many laboratories performing research on neuropeptides of the skin of rats are using
pentobarbitone for induction and maintenance of general anaesthesia. The purpose of the present
study was to determine wether repeated general anaesthesia affects the neuropeptide content of rat
skin. In female Sprague-Dawley rats short general anaesthesia lasting about 10±20 min was induced
by intraperitoneal (i.p.) injections of pentobarbitone (20 mg per kg) or propofol (75 mg per kg)
thrice a week for 4 wk. Three days after the last general anaesthesia rats were sacri®zed by a blow
on the neck. The content of substance P in rat ears and dorsal hind paw skin was determined by
radioimmunoassay (RIA). After 4 wk of repeated short-lasting general anaesthesia with
pentobarbitone substance P (SP) content of rat ears and dorsal hind paw skin was signi®cantly
decreased by more than 50% compared to nontreated control rats. However SP content of the skin
at those sites did not signi®cantly decrease in rats repeatedly anaesthethized with propofol
compared to nontreated control rats. Our results highlight that it is important to control for
potential effects of narcotics in laboratory animal studies on neuropeptides. Ongoing investigations
shall clarify the mechanism(s) by which repeated application of pentobarbitone reduces SP content
of rat skin.
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Cytokines Alteration with Ultraviolet Radiation (UVR) Expression
L. Loo and S.B. Tucker
The University of Texas Medical School, Houston, Texas
Purpose: Ultraviolet Radiation (UVR) is a carcinogen, which causes development of skin cancers
and premature skin aging. It also affects immunosuppression and immune stimulation. Epidermal
cells secrete various cytokines, but the pathway regulating this production is poorly understood.
We have examined the serum cytokines production under the combined UV-A/UV-B radiation
by using the in vivo mouse model.
Methods and Materials: Eight ®ve to six weeks old female Sencar mice dorsal hairs were shaved
every two weeks. Four were used as a non-UVR group, and the other four mice, as a UVR group,
were radiated under the UVA/UVB three times per week for 25 min per exposure (7.0 3 105 J per
m2 per wk). 300 ml of blood was drawn from the occipital vein from each group in 1 mo intervals
from 0 to 9 mo. The serum was stored at ±70°C, and cytokines were analyzed by using enzymelinked immunosorbent assays and read by the Spectra Max 340 ELISA Reader. The results were
expressed as pg per ml.
Results: Cytokine levels of the UVR group showed marked ¯uctuation compared to the nonUVR group with a most commonly observed bimodal pattern. Except IL-2 and IL-4 production,
an initial lowering of cytokines was noted followed by a marked increase peaking at 3±4 mo. Then,
a decrease was followed by another peak of all cytokines at 9 mo.
Conclusion: Cytokines alternation with UVR increase host immune stimulation and
immunosuppression.

Effects of Proin¯ammatory Cytokines on the Follicular Keratinocytes In Vitro:
Implication in the Pathogenesis of Alopecia Areata
L. Tang, H. Lui, D.I. McLean, and J. Shapiro
The University of British Columbia, Vancouver, BC Canada
We have previously observed that apoptosis in follicular keratinocytes (FKC) is heavily involved in
lesional alopecia areata (AA) follicles. At this time, there is no direct evidence to indicate what
triggers the initiation of apoptosis in AA. Cytokines like IL-1a/b, TNF-a, IFN-g and IL-2 have
been linked to AA. However, neither the mechanisms nor the target HF cells for these cytokines
are clear. We tested the effects of IL-1b, TNF-a, and IFN-g on the viability of different follicular
cells in vitro by MTT assay. When FKC cells were treated alone with all these cytokines, cell
viability was not much affected, except for the high doses of IFN-g. Pretreatment with IFN-g or
IL-1b increased the FKC's susceptibility to the cytotoxic effects of TNF-a. Neither the single
treatment nor the combined cytokine treatment had any effects on surviving rates of the follicular
dermal papilla (FDP) or follicular dermal sheath (FDS) cells. The decreased cell viability in the
FKC was due to apoptotic cell death which was determined by TUNEL assay. These observations
clearly demonstrate that the FKC cells are the targets for these proin¯ammatory cytokines and they
may play an important role in the pathogenesis of AA. In addition, using Western blotting and
immunohistochemistry, we observed that Bcl-2 is expressed in the FDP and FDS, but hardly
detected in the FKC. In contrast, Bcl-X was prominently expressed in the FKC cells. These
apoptosis regulators might be correlated with the apoptosis in the different components of AAaffected HF.
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Cytokine and Ultraviolet-Regulation of Human Hyaluronan Synthase-2 Expression
W. Zhang and V.P. Werth*
University of Pennsylvania, Philadelphia, Pennsylvania; *University of Pennsylvania and Philadelphia V.A.
Hospital, Philadelphia, Pennsylvania
After irradiation, human skin increases its content of hyaluronic acid, a matrix component
produced by the recently cloned hyaluronan synthase (HAS) enzymes. We reported that the major
HAS of human skin is HAS-2, and we now sought to determine the effects of UV and UVinduced cytokines on HAS-2 message. Human skin ®broblasts were irradiated with UVA (5 J per
cm2), UVB (30 mJ per cm2), or sham, in the absence or presence of added IL-1a (5 ng per ml), a
cytokine induced in skin by UVA or UVB, and HAS-2 mRNA normalized to 18 s was measured
24 h later. IL-1a added to sham-irradiated ®broblasts tripled HAS-2 mRNA levels, from 0.187 6
0.005±0.613 6 0.068 (mean 6 SEM, n = 3, p = 0.003). UVA did not increase HAS-2 message
(0.088 6 0.002 without added IL1a; 0.638 6 0.077 with IL1a). In contrast, UVB substantially
stimulated HAS-2 message (0.32 6 0.02 without IL1a; 1.147 6 0.072 with IL1a), indicating a
wavelength-speci®c effect. We previously found that IL1a in combination with UVB, but not
UVA, induces TNFa secretion from ®broblasts (Werth et al.: J Invest Dermatol 113:196±201, 1999).
Addition of anti-TNFa antibodies to cells exposed to IL1a plus UVB reduced the normalized
level of HAS-2 mRNA to 0.671 6 0.021, a value indistinguishable from the effect of IL1a alone.
Conversely, addition of TNFa to unirradiated cells nearly tripled HAS-2 mRNA/18s. In
summary, HAS-2 mRNA is stimulated by IL1a, a UV-dependent cytokine, and by UVB but not
UVA. Moreover, when given together, IL1a and UVB show substantial synergy, owing to
autocrine effects of TNFa. These actions likely contribute to the increase in cutaneous hyaluronan
after irradiation in vivo.

An Open Study of the use of Adjunctive High-Dose Intravenous Immunoglobulin
(Hdivig) Treatment in Resistant Atopic Dermatitis (AD) and Effects on Intracellular
Cytokine Levels
S. Jolles, C. Sewell, D. Webster, A. Waite, and M. Rustin
National Institute for Medical Research, London, U.K.
High-dose Intravenous Immunoglobulin (HdIVIg) has been suggested to be of bene®t to patients
with severe resistant AD despite second line therapies. A number of immunomodulatory
mechanisms of HdIVIg have been suggested: (i) Functional blockade of Fc receptors on splenic
macrophages, (ii) Inhibition of complement mediated damage, (iii) Modulation of the production
of cytokines and cytokine antagonists. (iv) Neutralisation of circulating autoantibodies by
antidiotypic antibodies in IVIg. (v) Neutralisation of pathogens involved in the aetiology of the
autoimmune disease. (vi) Blockade of Fas receptors by anti-Fas antibodies present in IVIg. The
study aimed to assess ef®cacy and tolerability of hdIVIg in addition to observing effects on
intracellular Interferon g (IFN-g) and Tumour necrosis factor a (TNF-a) levels and the activation
marker CD69. Six patients with severe AD entered an open study of adjunctive hdIVIg,
Alphaglobinq treatment at 2 g per kg per month for six cycles followed by a 3 mo washout period.
Patients were maintained on second line agents. Skin scores and lymphocyte phenotypes were
analysed before and after hdIVIg, and sequential intracellular cytokine analysis was perfomed in
four patients. Four of six patients had signi®cant improvements in skin scores. Side-effects were
generally mild. CD69 expression in T-cells decreased during the 6 mo of hdIVIg therapy to
approximately 60% of baseline values. There was also a smaller reduction in the proin¯ammatory
cytokines IFN-g and TNF-a. Adjunctive hdIVIg may offer a useful therapeutic approach in
selected patients with treatment resistant AD. Steroid side-effects are avoided and there is reduced
activation of both CD4 and CD8 cells.
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Nitric Oxide and Cutaneous Graft Versus Host Disease
L.H. Lerner, A. Roselino, A.A. Qureshi, and E.A. Lerner
Massachusetts General Hospital, Charlestown, Massachusetts
Nitric oxide is a potent biological mediator that can induce apoptosis and cause necrosis. Skin
conditions that manifest apoptosis and necrosis histopathologically include toxic epidermal
necrolysis and graft versus host disease. It has been demonstrated recently that the inducible form of
nitric oxide synthase, the enzyme responsible for generating large quantities of NO, is present in
the skin of patients suffering from TEN. The purpose of this study was to examine the role of NO
in GVHD. Skin biopsies were obtained from transplant patients with GVHD. The
immunoperoxidase technique was used to demonstrate strong expression of iNOS in in¯ammatory
cells in the epidermis and papillary dermis. These results are consistent with the hypothesis that NO
contributes to the pathophysiology of GVHD and may help to explain the satellite cell necrosis
characteristic of this condition. These data also suggest that NOS is a potential target for
therapeutic intervention in the treatment of GVHD.
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Use of Differentiated Epidermal Cultures for the Examination of Infant-Feces-Induced
Skin Irritation
S.W. Hendrix
Procter and Gamble, Cincinnati, Ohio
Infant feces (BM) is known to possess a multitude of skin irritants. The aim of this study was to
examine an in vitro model for BM-induced skin irritation, and determine if BM-induced skin
irritation can be patterned in the laboratory. Infant BM was examined by diluting in water as
individual samples or by pooling samples for topical application to MatTek EPI-200
hydrocortisone free, human epidermal cultures. Over a series of experiments IL-1a, IL-8, and
PGE2 were examined as pro-in¯ammatory endpoints, and the reduction of MTT was employed as
a cytotoxicity endpoint. Infant BM is not cytotoxic to the in vitro model and infant BM causes the
production and release of pro-in¯ammatory mediators. Infant BM-induced skin irritation is varied
between individual samples of BM, and skin culture responses to infant BM diminish with
lowering the concentration of infant BM topically applied.
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Impaired Cutaneous Wound Healing in Interleukin-6 De®cient Mice
R.M. Gallucci, P.P. Simeonova, J.M. Matheson, V. Kommineni, J. Guriel, and M.I. Luster
CDC/NIOSH, Morgantown, West Virginia
It is well known that the in¯ammatory response following cutaneous wounding is necessary for
healing, and it has been postulated that in¯ammatory cytokines, such as IL-6, might be intimately
involved in the healing process. In this study, we investigate the role of endogenous IL-6 in skin
wound healing. Wild type or IL-6 de®cient mice approximately 8±12-wk-old, were administered
4 mm punch biopsies on the left ¯ank. At various time points, wound tissue was collected, and
assessed for progression of healing. IL-6 de®cient mice displayed signi®cantly delayed healing
compared to control animals, based on wound area, requiring over double the normal healing time
compared to wild type controls. Histology of wounds from IL-6 de®cient mice displayed no
epithelial bridge formation, and decreased granulation tissue formation. IL-6 mRNA, as assessed by
in situ hybridization, was expressed in the epidermis at the leading edge of the wound, in dermal
®broblasts, and macrophages in wild type mice, but not in IL6 de®cient mice. Mobility shift assays
of skin samples from normal and IL-6 KO mice showed decreased AP-1 induction 16 h post
wounding. When IL-6 de®cient mice were treated with a single dose of recombinant IL-6 they
displayed healing virtually indistinguishable from normal C57 control mice. Gene replacement
treatment, utilizing a plasmid construct containing the murine IL-6 gene, produced results similar
to treatment with recombinant IL-6 in wounded IL-6 de®cient mice. This study indicates that IL6 is intimately involved in cutaneous wound healing, and demonstrates the possible utility of IL-6
replacement as therapy for healing de®ciencies.

Ultraviolet Light Induces HIV Activation in Skin and the Mechanism may be Through
Tat and G2M Arrest as Found in Jurkat T-cells
J.N. Breuer-McHam, J. Actor,* D.E. Lewis,² and M. Duvic
M.D. Anderson Cancer Center, Houston, Texas; *University of Texas Medical School, Houston, Texas;
*Baylor College of Medicine, Houston, Texas
Phototherapy with UVB is associated with an increase in the number of mRNA transcripts for
HIV-gag in lymphocytes within skin lesions of psoriasis and eosinophilic folliculitis patients after 2
wk. To further investigate the mechanisms leading to upregulation of HIV, we studied Jurkat T
cells stably transfected with an HIV-promoter luciferase construct with (DC10) or without (1G5) a
second plasmid expressing Tat. These cell lines were treated with 0±200 J per m2 of UVB and the
effects on HIV transcription, cell cycle characteristics, and apoptosis were measured at various times
post-treatment. 1G5 cells showed minimal HIV-LTR activation, whereas DC10 cells expressing
Tat showed dose dependent HIV-LTR activation induced by UVB that was maximal with 50 J per
m2 after 24 and 48 h. In addition, low UV dosage caused G2M arrest in DC10 cells expressing Tat,
but not in 1G5 cells. By contrast, apoptosis was increased in DC10 cells, but not 1G5 cells, at
higher doses of UVL (150 and 200 J per m2), also associated with less HIV-LTR activation. This
study con®rms that activation of the HIV promoter by UVB is dependent on Tat. Because G2M
arrest occurs at low dose UVB, this may allow accumulation of HIV in activated lymphocytes,
whereas apoptosis occurs at high dose which could serve to reduce HIV transcription but allow
release of particles. These results suggest that the amount of UV light regulates levels of HIV
transcription by altering cell cycle characteristics.

Mixed Cryoglobulinemia Secondary to Interferon-a Therapy for Hepatitis C: Case
Report and Review of the Literature
K. Gohar, A. Usman,* A. Kimyai-Asadi, R O. Perelman
Department of Dermatology, New York University School of Medicine, New York, New York; *Columbia
University College of Physicians & Surgeons, New York, New York
Mixed cryoglobulinemia (MC) is a systemic vasculitic disorder usually associated with hepatitis C
infection that is characterized by palpable purpura, arthralgias, glomerulonephritis, and peripheral
neuropathy. Currently, the standard of care for chronic active hepatitis C includes interferon-a and
ribavarin, and there is evidence that this combination may also be effective for patients with MC as
well. However, interferon-a has been known to induce or exacerbate a number of autoimmune
diseases, and therefore can theoretically worsen MC. We present a case of MC induced by
combination therapy with interferon-a and ribavirin in a patient with hepatitis C. Moreover, we
review the literature pertaining to MC exacerbations caused by interferon-a.

Lyme Disease: Human T-Cell Response to OspA and OspC Borrelia Lipoproteins
Includes both CD8+ and CD4+ T-Cells
R.S. Kalish, P.K. Coyle, J.A. Wood, W. Golde,* and B.J. Luft
State University of New York at Stony Brook, Stony Brook, New York, New York; *Plum Island Animal
Diseases Research Center; Agricultural Research Service, Greenport, New York, New York
OspA and OspC are 2 major outer surface lipoproteins of Borrelia burgdorferi. OspA is expressed
primarily in the tick, and is down-regulated in mammalian hosts. OspA forms the basis for the
currently approved Lyme vaccine, but is also suspected in the induction of autoimmune arthritis.
OspC is the primary outer surface protein of Borrelia in mammalian hosts. Contrary to current
expectation, patients with Lyme disease may exhibit a T-cell response to OspA as well as OspC.
We have previously reported that the coef®cient of correlation between these two responses is
(R = 0.55). The nature of the OspC and OspA T-cell response was studied in a subset of these
patients presenting with Erythema migrans, and as well as healthy donors from an endemic area
who responded to Borrelia antigens, and presumably had subclinical infection. The OspA response
in 18 responding patients was CD4+ (7pts), CD8+ (2pts), or CD4+ & CD8+ (9pts). The OspC
response in 11 responding patients was CD4+ (4pts), CD8+ (3pts), or CD4+ & CD8+ (4pts). All
four healthy donors with an OspC response gave a CD8+ response. Both CD4+ and CD8+
responses were found to OspA and OspC in subjects with Erythema migrans. This is of interest
because it demonstrates the ability of an exogenous lipoprotein to enter the endogenous antigen
processing pathway. The role of CD8+ T-cell responses in either protection, or induction of
chronic sequela is under investigation.
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Molecular Requirements for Clinical Responses to an Immune Response Modi®er
(Imiquimod) in Genital Warts
S.K. Tyring, M.A. Stanley,* M.A. Tomai,² R.L. Miller,² M.H. Smith,² D.J. McDermott,² H.B.
Slade,² and I. Arany
University of Texas Medical Branch, Galveston, Texas; *University of Cambridge UK, Cambridge, U.K.;
²3M Pharmaceuticals, St. Paul, Minnesota
Imiquimod (IQ) is an immune response modi®er that is capable of inducing endogenous cytokines
in various cell types. Its activity against human papillomavirus (HPV)-associated genital warts
requires induction of the endogenous IFN system. Clinical studies revealed that although almost
every patient responded to IQ, the rate of wart reduction was different. Studies demonstrated that
induction of the IFN system requires threshold levels of IFN genes. Thus, the observed differential
IQ responses might depend on the distinct constitutive levels of those IFN genes. Accordingly, we
analyzed genital wart biopsies from our IQ study for pretreatment levels of various IFNs and IFNresponse genes using a semiquantitative RT-PCR method. Based on the rate of wart reduction, we
grouped patients into complete (99±100%) or incomplete (75±91%) responders. High ratios of
IRF1:IRF2 as well as STAT1:PIAS1 were essential for complete responses. We also determined
that constitutive (pretreatment) levels of these genes might be regulated by cellular differentiation.
These ®ndings are in agreement with other data that show requirements for STAT1 expression in
IQ responses and for the presence of a differentiated phenotype in cytokine responses. These data
might be useful in prediction of responsiveness to IQ therapy.
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Localization of Sphingomyelin during Development of Mouse Epidermis
Y. Yoshida, K. Yoneda, M. Umeda, C. Ide, Y. Miyachi, and K. Fujimoto
Departments of Dermatology and Anatomy, Kyoto University, Kyoto, Japan; Department of Dermatology,
Akita University, Akita, Japan; Department of Molecular Biodynamics, Tokyo Metropolitan Institute of
Medical Science, Tokyo, Japan; Section of Physiological Anatomy, Fukui Pref. University, Fukui, Japan
Lipid synthesis is important for the development of the epidermis. We investigated the expression
and localization of sphingomyelin (SM) in mouse skin by cytochemical detection methods. Using
anti-SM antibody and a speci®c binding protein to SM, lysenin, we observed that SM was widely
distributed from the basal layer to the granular layer of the adult mouse skin. An intense
cytochemical reaction for SM was observed on the embryonic day 15 of gestation (E15) just before
the differentiation to granular and squamous cells. SM was detected in two regions, i.e., the most
super®cial zone of the granular layers and the upper spinous layer at the late gestational age.
Immunoelectron microscopy revealed that SM was mainly localized in the intercellular spaces of
the adult and in the intracellular vesicles without complete lamellar structure in the cytoplasm of
E15. In addition, we measured transepidermal water loss. E17 fetuses showed a de®nite barrier
function. These ®ndings suggest that SM dynamics is related to the cell differentiation and
epidermal barrier function during development.
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Ultrastructural Basis of Permeabilization of Human Skin by Photomechanical Waves
G.K. Menon,* S. Lee, D.J. McAuliffe, N. Kollias, and A.G. Doukas
*Avon Products, Inc., Suffern, New York, New York; Department of Dermatology, Harvard Medical School,
Boston, Massachusetts
A single pulse of photomechanical waves (PW), generated by Q-switched or mode-locked lasers
transiently increase the permeability of stratum corneum in vivo and transport macromolecules into
the viable epidermis and dermis. PWs do not cause any pain or discomfort, and the barrier recovers
within minutes. Presently we examined the ultrastructural correlates of permeabilization of SC in
human volunteers. The study was approved by the Massachusetts General Hospital Subcommittee
on Human Studies, and informed consent of the panelists was obtained. Electron microscopy of
skin biopsies from the volar forearm following exposure to PWs show an expansion of the lacunar
domains within the SC extracellular lamellae, but no changes in the organization of secreted
Lamellar body contents at the SG±SC interface. The combination of PW and sodium lauryl sulfate
increases the ef®ciency of transdermal delivery and delays the recovery of the barrier function.
Under the latter protocol, the lacunae were expanded signi®cantly more, and the secreted LB
contents also appeared to be altered. In either case, there were no changes in the nucleated layers of
epidermis, the basement membrane zone or the collagen ®bers of the papillary dermis. These
observations suggest that PWs induce the expansion of the lacunar spaces within the SC, leading to
formation of transient pore pathways.

Disturbed Epidermal Calcium Gradient and Permeability Barrier Function in Hairless
Mouse by Oleic Acid
S. Jiang, E.H. Choi, S.K. Ahn, and S. Hun Lee*
Department of Dermatology, Yonsei University Wonju College of Medicine, Wonju, Korea; *Department of
Dermatology, Yonsei University College of Medicine, Seoul, Korea
Oleic acid is known to be a penetration enhancer, appears to act on the intercorneocyte lipids,
which increases epidermal permeability, representing the principal regulatory channel for the
penetration of small molecules. In the present study, we applied 0.3 M oleic acid (OA) in a vehicle
of propylene glycol (PG) in vivo to hairless mouse skin for 2 h, ruthenium tetroxide ®xation,
calcium ion-capture cytochemical procedure, and lanthanum tracer method were used to assess the
mode of action of OA in mammalian skin. Immediately after treatment of OA, the intercellular
domains of the stratum corneum (SC) reveal an absence of normal intercorneocyte lipid lamellar
structures; instead, fragments of lamellae and lacunae of various sizes were localized within the
intercellular spaces. Moreover, the normal epidermal calcium gradient is obliterated and the tracer
was seen within the intercellular spaces of SC, indicating that the epidermal permeability is
increased. However, the epidermal calcium gradient is normalized nearly to normal and the tracer
is extruded from the SC after 24 h treatment. Whereas, the completely reappearing intercorneocyte
lipid lamellar multilayer of the SC are seen after 48 h. These results demonstrate that ®rst,
application of OA disrupting the epidermal permeability barrier; enhancing the water soluble
molecules penetrate through the SC, and second, the restoration of the epidermal calcium gradient
is in advance of the normalization of lipid multilayer structures of the SC.
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The Ontogeny of the Epidermal Barrier in Human Fetus
D.-K. Kim, S. Lee, E. Lee, and S. Lee
Department of Dermatology, Yonsei University College of Medicine, Seoul, Korea
The epidermis functions as the most important protective barrier against various microorganisms
and exogenous toxic agents. The permeability barrier is known to be localized to the stratum
corneum. Although barrier function depends on both corni®ed protein materials of keratinocytes
and intercellular lamellar bilayer of hydrophobic lipid, the latter is more important. Intercellular
bilayer is composed of the product of lamellar bodies, which identify in upper spinous layers.
Lamellar bodies contain lipids (phospholipid, free sterol, glycosyl ceramides) and hydrolytic
enzymes (lipase, glycosidase, protease). The enzymes convert polar lipid and glycosphingolipid to
neutral lipid and ceramide.
The epidermis of preterm infant impairs the function of normal protective barrier. Therefore,
preterm infants often show ¯uid-electrolyte imbalance and sepsis due to normal micro¯ora of the
skin. Although it is believed that intact epidermal barrier is not formed until 34th week of
gestation, the research performed in human fetal skin is hardly observed. In mouse (normal
gestational period-22 d) skin, mature epidermal barrier with normal function was formed in 19±21
d of gestation showing the increase of lipid in intercellular spaces of corneocytes and mature
structure of membranous lipid bilayer. This study was performed to observe the development of
epidermal permeability barrier ultrastructurally in human tissues.
We obtained newborn and fetal skin during pediatric surgery and from therapeutically aborted
fetuses, respectively. The structure of membranous lipid bilayer and the water absorption pathway
were observed under electron microscopy using RuO4 post®xation method and lanthanum tracing
technique, respectively. Intraepidermal distribution of calcium was also observed.
Intact structure of epidermal barrier was not observed until the late trimester of gestation in human
epidermis.

Confocal Laser Scanning Microscopic Study about Epidermal Calcium Distribution in
Acute Barrier Perturbation Model with Tape Stripping
S.M. Hwang, S.K. Ahn, and S.H. Lee*
Department of Dermatology, Yonsei University, Wonju College of Medicine and College of Medicine*
Calcium plays an important role in the regulation of cellular differentiation and desquamation of
epidermal keratinocytes. Ion capture cytochemistry (the potassium oxalate-pyroantimonate
method), semiquantitatively, and proton probe X-ray microanalysis, quantitatively, have been
applied to investigate the epidermal calcium distribution. In this study, we examined the epidermal
calcium distribution with confocal laser scanning microscopy (CLSM) in an attempt to evaluate the
possibility of another quantitative method in epidermal calcium study. The calcium distribution
pattern in normal murine epidermis demonstrated by CLSM show a normal calcium gradient, from
a low level of calcium ions in the basal [relative intensity of calcium ¯uorescence: 30±50; relative
intensity scale range from 0 (absence of calcium ¯uorescence) to 255 (maximum calcium
¯uorescence)] and spinous layer (relative intensity of calcium ¯uorescence: 50±80), followed by a
progressive increase with a level of calcium ions reaching its maximal density (relative intensity of
calcium ¯uorescence: 150±180) within the outer stratum granulosum. Disruption of the epidermal
barrier with tape stripping induced an immediate loss of the calcium gradient and the calcium
gradient after 36 h was almost normalized, in parallel with the recovery of barrier function. These
results show that calcium gradient in murine epidermis after tape-stripping is restored by 36 h and
CLSM study can be used as a quantitative method in epidermal calcium study.
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Calcium Gradient and Skin Barrier Changes after Sonophoresis
N.J. Cho, S. Jiang, E.H. Choi,* S.K. Ahn,* and S.H. Lee*
Department of Dermatology, Yonsei University College of Medicine, Seoul, Korea; *Department of
Dermatology, Yonsei University Wonju College of Medicine, Wonju, Korea
It is well known that high-frequency ultrasound (sonophoresis) can signi®cantly enhance the
transdermal delivery of a topical applied drug and that the augmentation of transport was caused by
the action of the ultrasound on the skin. We performed this study to show the skin barrier changes
after sonophoresis by electron microscopic studies using calcium staining and RuO4 post®xation
method.
We used adult hairless mice were 8±12-wk-old at the time of study. We treated with 5, 15 and 30
Mhz ultrasounds for 5 min at the ¯ank of the hairless mice. We measured transepidermal water loss
(TEWL) before, immediate after sonophoresis, for 30 min, 60 min and 90 min after sonophoresis.
After 5 min with sonophoresis the mice were sacri®ced and biopsy for calcium stain and RuO4
post®xation method were performed.
There are no signi®cant differences TEWL levels between control and ultrasound treated mice.
Ultrasound treated skin showed decreased calcium content in the upper epidermis. Lacuna
dilatation, partial distention of the intercellular layer, loss of multiple lamellar structures of the
stratum corneum and increased lamellar body secretion were observed in ultrasound treated skin.
In conclusion, sonophoresis on the skin of hairless mice may induce changes of normal calcium
gradients, lacuna dilatation, distention of the intercellular layer and loss of multiple lamellar
structures of the stratum corneum without changes of TEWL levels. And these changes may related
enhance the transdermal delivery of a topical applied drug.

The Different Effects of Single and Repeated UVB Irradiation on Epidermal Lipid
Metabolism
C. Katagiri-Hasegawa, Y. Masuda-Itoh, Y. Moriya, T. Hirao, and M. Takahashi
Shiseido Life Science Research Center, Yokohama, Japan
Ultraviolet (UV) irradiation induces a variety of cutaneous responses, including disruption of the
epidermal permeability barrier function. The responsible alterations in the stratum corneum (SC)
lipid pro®les in single and repeated UVB irradiation are not known. The present study was
undertaken to examine the different effects of single UVB irradiation (100 mJ per cm2) and
repeated UVB irradiation (three times weekly for 11 wk, total of 5.0 J per cm2) on SC lipids and
epidermal lipid synthesis in hairless mice. Single UVB exposure signi®cantly increased both
ceramide and cholesterol contents in the SC. Syntheses of ceramide and cholesterol were also
signi®cantly increased, as evaluated by the activities of glucocerebrosidase (GCase) and HMG-CoA
reductase. On the other hand, repeated UVB irradiation resulted in reduction in both cholesterol
content and HMG-CoA reductase activity, whereas ceramide and GCase were unchanged, as
compared with age-matched unirradiated control mice. Thus, alterations in lipid metabolism
induced by repeated UVB irradiation is different from those by single irradiation, and a de®ciency
in cholesterol synthesis accounts for the barrier abnormality in the epidermis subjected to repeated
UVB irradiation.

Studies of Drug Metabolism in Rat Skin through Analysis of Cytochrome P450
Expression between Skin and Liver using Semi-Quantitative RT-PCR
A.-Y. Lee, K.-H. Lee,* and D.-S. Ko²
Department of Dermatology and ²Medical Science Institute, Eulji Hospital College of Medicine, Seoul,
Korea; *Department of Pharmacology & Toxicology, College of Medicine, Inha University, Inchon, Korea
Many drugs are primarily metabolized by the cytochrome P450s(CYPs). The study of CYPs at the
skin is necessary to understand the metabolic processes of certain drugs at the skin and their
important metabolites which retain pharmacological actions or cause adverse reactions such as drug
eruptions. The aim of this study is to compare the expression of CYP isoenzymes between the skin
and the liver of the rat, and the induction of CYPs at the skin after topical application of
chlormezanone, which was the most frequent cause of ®xed drug eruption in Korea and always
developed positive reactions to patch tests on prelesional skin. Eight Sprague-Dawley rats between
the ages of 6 and 8 wk were used for this study. Total RNA from the skin and liver was extracted
and converted to cDNA. The primers of eight CYP isoenzymes (1A1, 1A2, 2B1/2, 2C11, 2E1,
3A1, 3A2, 4A1) and CYC, as a house keeping gene, were synthesized. PCRs were carried out in a
Perkin-Elmer 9600 thermal cycler. The electrophorezed bands were photographed and calculated
as each CYP isoenzyme: CYC ratio after quantitating the bands by a densitometry. CYP3A2 was
not detected at both sites. The ratios of expression of CYP1A2, 2B1/2, 2E1, 3A1, and 4A1 at the
liver (59.08 6 41.15, 48.64 6 43.21, 90.65 6 52.37, 58.18 6 43.42, and 48.85 6 30.13,
respectively) were signi®cantly higher than those at the skin (p-value: 0.001, 0.01, 0.003, 0.008,
and 0.001, respectively). In case of CYP1A1 and 2C11, the ratios at both sites were not consistent;
some were higher at the skin and the others were at the liver (p-value: 0.34 and 0.79, respectively).
All four rats who were applied chlormezanone patches on their skin, induced invariably CYP1A1
isoenzyme (p vlaue: 0.009) not the others. These results showed that the expression of CYP
isoenzymes between the skin and liver had fairly regular patterns in different rats, although the
levels of expression in each rat were quite variable. The interesting ®nding was chlormezanone
induced one isoenzyme, CYP1A1. The results suggest that the rat skin retains certain kinds of CYP
isoenzymes and certain drugs could induce certain kinds of isoenzymes. These studies will help us
to understand not only the drug metabolism but also adverse drug reactions at a frequent target,
skin.

Modeling the Topology of the Corneocyte Lipid Envelope
M.E. Stewart, N.D. Lazo, and D.T. Downing
Department of Dermatology, University of Iowa, Iowa City, Iowa
Molecular modeling was carried out to determine what provisions must exist in the corneocyte
protein envelope to allow suf®cient chemical attachment sites for the ceramide molecules that
constitute the lipid envelope. As seen in electron micrographs, the lipid envelope is a 4-nm thick
layer overlying the 15-nm thick protein envelope, so that the lipids constitute about 20% by
weight of the compound envelope. The lipids are viewed as forming a tightly packed palisade, with
their chains normal to the plane of the lipid monolayer. The lipids consist predominantly of
ceramides in which the amide-linked whydroxyacid has 30 or more carbon atoms, enabling its 4nm length to span the lipid envelope. Acetone derivatization showed previously that about half of
the ceramide molecules are attached to protein through their sphingosine head group and half by
their whydroxyl. Additional experiments in the present study, using triisopropylsilyl derivatization,
con®rmed this result. Crystalline lipid chains are known to have an average diameter of 4.25 AÊ,
Ê 2. Therefore, the two parallel chains of a ceramide
resulting in a cross sectional area of about 18 A
Ê 2. However, lipid chains are often inclined at 22 AÊ from
molecule will have a cross section of 36 A
the normal, so that the ceramide molecules could occupy a surface area close to 40 AÊ2. Therefore,
chemical attachment of the ceramide palisade requires a protein surface having one attachment site
Ê 2. Recent computer modeling (Lazo and Downing, J Biol Chem, in press), showed that
per 40 A
involucrin, the predominant corneoyte surface protein, contains approximately one glutamate
residue per turn of a helix, and that in a raft of tightly packed helices, the lateral distance between
Ê . Therefore, it can be calculated that a planar
glutamates in adjacent helices would be about 8 A
surface of involucrin helices would contain one glutamate per 40 AÊ2, as required for attachment of
a lipid palisade.

Treatment of Rosacea with Topical Alpha Lipoic Acid
N. Perricone
Department of Dermatology, Yale University School of Medicine, New Haven, Conneticut
Alpha lipoic acid, a powerful antioxidant and anti-in¯ammatory was applied topically to rosacea to
assess possible therapeutic bene®t. Twelve patients with rosacea were asked to apply twice daily a
5% lipoic acid lecithin-based lotion to half of the face while applying the same base without active
to the opposite side of the face in a double-blinded manner. Photographs were taken at the
beginning of the study and at two and four weeks. All of the subjects showed a marked reduction
of erythema, pustules and papules at two weeks when compared with the opposite side of the face.
This improvement continued to the four week point and conclusion of the study. Improvement
was seen on the side containing lipoic acid as opposed to the base alone. Rosacea is an
in¯ammatory disease and lipoic acid acts as an anti-in¯ammatory both by its powerful antioxidant
capability as well as the inhibition of transcription factor nuclear factor kappa B. Lipoic acid appears
to be an effective therapeutic agent, when used topically, for the treatment of rosacea.

Derm-CareTM Skin Barrier Protective Lotion: Results of Prospectively Randomized
ClinicalTrial
J. Burdge, S. Schaefer, R. Rau,* B. Abbruzzese,² F. Cope,² and J. Wille²
Wound Care Clinic, Curative Corporation, Columbus, Ohio; *Grant-Riverside Hospital, Columbus,
Ohio; ²Hy-Gene, Inc, Ventura, California
Many chronic skin ulcer patients present adverse skin reactions due to the irritating constituents of
peri-wound lotions and bandages. Derm-CareTM is a novel nonseparable hydrocolloid ± oil
emulsion formed without the use of surfactants or chemical stabilizers. Previous skin moisture
studies using the Corneometer 825 instrument (C & K, Cologne, Germany) showed that DermCareTM lotion protects skin from the hydrating effects of wet dressings that have been applied under
an occlusive dressing. A prospective randomized study was conducted to determine the safety and
ef®cacy of Derm±CareTM skin barrier lotion in preventing irritation due to occlusive treatment of
normal skin with sodium lauryl sulfate (SLS). All subjects (N = 22) received a total of 16 back skin
occlusive dressings; each subject served as his own positive and negative control. The test skin sites
had a predetermined amount of Derm-CareTM lotion (2 mg per cm 2) applied in duplicate. Fifteen
minutes later, Hilltop chambers (18 mm), containing ®lter pad soaked with SLS (1 or 2%, w/v)
were secured over the same test skin sites with occlusive tape (Scanpor, Allerderm, Pelaluma, CA)
for 24 h. Positive control sites received only SLS-soaked pads, and negative control sites received
only water-soaked pads. At the end of the treatments, the exposed and coded skin areas were
examined for clinical evidence of irritation by a blinded expert and assigned a corresponding
irritation score (1 = none; 2 = mild, 3 = mild to severe, 4 = severe). In addition, affected skin areas
were assessed for changes in skin moisture using the Corneometer instrument. The results showed
that Derm-CareTM signi®cantly reduced both clinical irritation and moisture loss (p < 0.05) induced
by SLS. Derm-CareTM skin protectant lotion is likely to reduce adverse reactions now encountered
with current wound and peri-wound materials.
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Phase I-II Trial of Targretinq Gel in the Topical Treatment of Patients with Cutaneous
T-Cell Lymphoma
T. Kuzel, D. Breneman,* M. Duvic,² J. Truglia,³ R. Yocum,³ and V. Stevens³
North-western University, Chicago, Illinois; *University of Cincinnati, Cincinnati, Ohio; ²M.D. Anderson
Cancer Center, Houston, Texas; ³Ligand Pharmaceuticals Inc., San Diego, California
Targretinq (LGD1069, bexarotene) topical gel was clinically evaluated in patients with early stage
(TNM IA ± IIA) cutaneous T-cell lymphoma (CTCL) in an open-label Phase I-II clinical trial
program. Three study centers enrolled 67 patients. Patients applied Targretin gel to all lesion areas
and doses were to be escalated every two weeks from 0.1% gel QD to 0.1% BID, 0.5% QD, 0.5%
BID, 1.0% QD, and 1.0% BID, as tolerated. Signs and symptoms and a physician's global
assessment of therapy (PGA) were evaluated monthly.
Forty-two of 67 patients (63%) responded to treatment (>50% improvement in clinical signs by
PGA) for at least 4 wk duration. Fourteen patients (21%) had clinical complete clearing. Mean
grades of clinical signs of all patients' CTCL index lesions improved during the initial 24 wk of
treatment for erythema (41%), plaque elevation (74%), scaling (73%), and pruritus (33%). The
median time to response was 20 weeks (range 4±86 wk). The mean duration of therapy was 315 d
and the longest treated patient is ongoing at 4.25 y. Responses were durable with a Kaplan-Meier
projected median duration of response of 428 d (14 mo) or at minimum 2 mo in duration (range
57±428 d). Fifty-eight patients (87%) reached the 1% gel treatment level indicating good topical
tolerance.
Adverse events at least possibly related to treatment were mild to moderate in severity and mainly
occurred at the application site. These included the most frequent adverse events of rash (erythema)
(73% of patients), pruritus (33%), and pain (burning, stinging) (24%). There were no serious
adverse events related to study treatment. Treatment-limiting toxicities (rash, pain) occurred in 16
patients, 14 of whom continued treatment at a lower dose frequency.
Targretin gel appears to be safe, effective, convenient and well-tolerated for long-term therapy of
patients with early stage CTCL.

A Prospective, Open-Label Study to Evaluate the Safety and Ef®cacy of Graftskin in the
Treatment of Venous Leg Ulcers
V. Falanga, D. Paquette, and P. Carson
Boston University School of Medicine and Roger Williams Medical Center, Department of Dermatology,
Providence, Rhode Island
Graftskin (ApligrafR, Organogenesis, Canton, MA, and Novartis Pharmaceuticals, East Hanover,
NJ) is a living bilayered skin construct consisting of neonatal human ®broblasts and keratinocytes. It
is approved for use in the treatment of venous ulcers. In this 18 center postmarketing study, we
prospectively evaluated certain parameters of safety and application of Graftskin to venous ulcers. A
total of 68 patients have been enrolled and a maximum of three applications of Graftskin were
allowed in the study. The treatment protocol consisted of applying Graftskin directly to the ulcer
bed, followed by petrolatum gauze, a bolster, and an outer elastic compression bandage. Treatment
with a mean of 1.3 applications of Graftskin was associated with up to 66.7% complete wound
closure over 18 wk. These results were comparable to those obtained in the pivotal randomized
trial of Graftskin (Falanga et al.: Arch Dermatol 134:293±300, 1998). Optimal outcomes were
observed with proper wound bed preparation consisting of eliminating wound bacterial
colonization by surgical debridement or topical agents. There were no serious adverse events,
including cellulitis or hospitalizations. We conclude that Graftskin, a living bilayered skin
construct, is capable of healing venous ulcers and in most cases with a one-time application.

Meshing of Bioengineered Skin Increases Entry of its Cells into the S phase of the Cell
Cycle
D. Paquette, N. Kouttab, E. Badiavas, and V. Falanga
Boston University School of Medicine and Roger Williams Medical Center, Department of Dermatology,
Providence, Rhode Island
Bioengineered skin (BGS) is increasingly being used for the treatment of wounds. It is generally
fenestrated or meshed to allow expansion of the construct and escape of wound ¯uid. Yet, little is
known about the effects of meshing or injury on BGS. Using a bilayered BGS product (Graftskin
or Apligraf), we have determined by ¯ow cytometry and immunohistochemical staining for the
Ki67 proliferative marker how it responds to injury. BGS was either left undisturbed (control),
fenestrated by multiple slits with a scalpel, or meshed at a ratio of 1.5±1. The following day, ¯ow
cytometry of the keratinocyte component showed that meshing and fenestration was associated
with a 33% and 13% increase in the number of cells entering the S phase of the cell cycle,
respectively. This increase was observed in three out of three experiments. Approximately a twofold increase in staining for Ki67 was observed with meshing of BGS. We conclude that meshing
injury to bioengineered skin is capable of stimulating replication of its cellular components. This
stimulation could lead to further activation of the construct.
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Techniques and Procedures for Optimal Use of Bioengineered Skin in Human Wounds
G. de Imus and V. Falanga
Boston University School of Medicine, Department of Dermatology and Skin Surgery, Roger Williams
Medical Center, Providence, Rhode Island
Bioengineered skin has been shown to accelerate the healing of both acute and chronic wounds. As
use of these constructs in a variety of wounds increases, so does the need for standardization and for
optimizing preparation of the wound bed, for choosing the right dressing material, and for
developing guidelines for follow up and dressing changes. Here we report our clinical experience
with a prototypic living bilayered skin construct (BSC or Graftskin), composed of human neonatal
keratinocytes and ®broblasts in a type I bovine collagen matrix. We applied BSC to 54 wounds in
44 consecutive nonselected patients. The wounds had failed conventional therapy and included the
following etiologies: arterial and venous insuf®ciency, pressure, diabetes, burn and radiation injury,
pyoderma gangrenosum, scleroderma, and bullous disorders. In all, 32 (60%) of these dif®cult
wounds went on to heal after treatment with BSC. Pain relief was dramatic, usually occurring
within minutes to hours. No infection or complications attributable to BSC occurred. We found
that suturing of BSC was not necessary and that optimal results were associated with the following
technical parameters and procedures: (i) wound bed preparation by surgical debridement and,
commonly, with slow-release antiseptics such as cadexomer iodine; (ii) meshing of BSC (usually
1.5±1) to allow escape of wound ¯uid; (iii) A wound dressing capable of immobilizing the graft
while allowing both absorption and drainage, and consisting of foam strips between two layers of
nonadherent petrolatum-based gauze material; (iv) when required, leg compression with
multilayered elastic bandaging; (v) initial follow up within 1 wk to change outer dressings and
foam strips and to evaluate for signs of infection; and (vi) removal of primary wound contact layer
and exposure and inspection of BSC usually 2 wk after BSC application. These techniques and
procedures appear to be promising as initial steps for developing and testing guidelines for the
optimal use of bioengineered skin in wounds.

A Classi®cation System for Evaluating Graft Appearance and Early Clinical Outcome of
Bioengineered Skin in Human Wounds
V. Falanga
Boston University School of Medicine, Department of Dermatology, Roger Williams Medical Center,
Providence, Rhode Island
Bioengineered skin has been shown to accelerate the healing of both acute and chronic wounds. As
clinical use of these living and nonliving constructs in a variety of wounds increases, so does the
need for a common terminology for both describing graft take and appearance and for correlating
these ®ndings with clinical outcome. In this report, we have focused on a prototypic living
bilayered skin construct (BSC or Graftskin), composed of human neonatal keratinocytes and
®broblasts in a type I bovine collagen matrix. BSC was applied to 54 wounds in 44 consecutive
nonselected patients with dif®cult to heal wounds. We developed and used the following
classi®cation for assessing and scoring BSC graft appearance and early clinical outcome at 1 and 2
wk after BSC application:
Early clinical appearance

Early clinical outcome

1.
2.
3.
4.

A. Full effect ± widespread epithelization
B. Edge effect ± epidermal edge stimulation
C. Wound bed effect ± dermal stimulation
D. No bene®cial effect

Autograft-like full clinical take
Edamatous clinical take ± yellow, swollen
Dermal take ± loss of epidermis
No take

In all, 32 (60%) of the wounds healed. Scoring was almost identical at weeks 1 and 2. Ultimate
complete wound closure was most commonly associated with an initial score of 1A (n = 21; 90%
healed) and 2B (n = 8; 88% healed). Poor outcome was observed with scores below 2B. We
conclude that the clinical appearance of BSC 1 wk after application to wounds can predict clinical
outcome. It would appear that complete take may be needed for optimal results.
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Iodinated ERC9, Promising New Imaging Radiopharmaceutical for the Detection of
Melanoma Metastasis, Appears to be Selectively Retained by Melanoma Cells Due to its
Af®nity for Melanin
R. Jasinsk, T. Salopek, E. Chum, J. Scott,* and A. McEwan²
Division of Dermatology, University of Alberta; *Edmonton Radiopharmaceutical Centre, ²Department of
Oncologic Imaging, Cross Cancer Institute, Edmonton, Canada
In recent years, there has been a renewed interest in the role of nuclear medicine in the staging and
follow-up of melanoma patients. We have found SPECT imaging with radioiodinated ERC9
(N[3-(4-morpholino)-propyl]-N-methyl-2-hydroxyl-3-methyl-5 iodobenzylamine) to be a reliable and sensitive means of detecting asymptomatic metastasis in melanoma patients. The
mechanism of uptake and selective retention of ERC9 by melanoma tissues in vivo is unknown and
is the basis for this study. Cell fractionation experiments have shown an accumulation of ERC9
within melanosomes, presumably due to its interaction with melanin. The af®nity of ERC9 to
melanin was determined using a pigment-binding assay in which resultant drug-melanin complexes
are separated from unbound drug by ultracentrifugation. The interaction of melanin with ERC9
was contrasted with compounds known to have a high and low af®nity for melanin, i.e.,
chloroquine and tryptophan, respectively. The degree of binding was determined spectrophotometrically, and the mechanism of binding to melanin was examined by altering the pH, ionic
strength and solvents used. ERC9 demonstrated a strong af®nity for sepia melanin. At a
physiological pH of the melanosome (4±6), approximately 90% of the compound was ®rmly
bound to melanin. Chloroquine similarly exhibited a high af®nity for melanin (99% binding),
whereas tryptophan demonstrated minimal binding (4%). The degree of binding of ERC9 with
melanin could be reduced by increasing the pH and ionic strength of the buffer solution suggesting
that the interaction was dependent on H+ bonding and electrostatic forces. In summary, ERC9
demonstrates a strong af®nity for melanin, and it is presumed that this accounts in part for the
accumulation of the compound in melanoma tissues in vivo.

A Composite Assessment Method for Evaluating CTCL
P. Myskowski, K. Washenik, V. Stevens, and R. Yocum
Memorial Sloan-Kettering, NYC, New York; N.Y.U., New York; Ligand Pharmaceuticals, San Diego,
California
Cutaneous T-cell lymphoma (CTCL) does not have a widely used instrument to measure disease
severity or responsiveness to therapy. CTCL has a very heterogeneous clinical spectrum with a
great variety of cutaneous and internal manifestations. A new objective method to assess a
composite of clinical signs of CTCL was developed to evaluate CTCL disease during clinical trials.
Composite evaluations have been used successfully in other diseases with heterogeneous
presentations, such as ACTG in Kaposi's sarcoma and PASI scores in psoriasis.
The composite assessment (CA) of CTCL was developed based on a summation of scores of body
surface area (BSA) involvement and individual signs of disease (erythema, scaling, plaque elevation,
hypo/hyperpigmentation) from ®ve representative index lesions. The index lesionsm changes were
combined with a consideration of cutaneous tumor and all extra-cutaneous systemic involvement
(lymph nodes and visceral tumors) when present. Research of other evaluation methods did not
identify a convincing rationale for weighting any cutaneous sign but BSA has a larger range (19points) than the scales for signs of disease (9-points).
The CA endpoint was used effectvely in parallel with a physician's global assessment (PGA)
endpoint in two Phase II-III pivotal trials of Targretinq capsules in early and advanced stage
CTCL. The PGA is a useful evaluation of a therapy but may be criticized because of its subjective
nature. CA was a more stringent evaluation for response than PGA in both studies but the two
methods correlated very well in many patients. For the optimal starting Targretin dose (300 mg per
m2 per day), the CA response rate was 36% and PGA was 50% in the early stage trial and CA was
27% and PGA was 48% in the advanced stage trial. The CA can be used as an objective primary
endpoint or in conjunction with the PGA and can be developed for use with instruments (e.g.,
topography, colorimetry, ultrasound, etc.) to quantitate clinical signs.

Results of a Single-Dose, Dose-Escalating Trial of an Anti-B7.1 Monoclonal Antibody
(IDEC-114) in Patients with Psoriasis
A. Gottlieb, A. Abdulghani, M. Totoritis, R. Lizambri, S. Shuey, P. Romano, C. Oh, U.
Chaudhari, and M. Lebwohl
UMDNJ-RWJMS, New Brunswick, New Jersey; IDEC Pharmaceuticals Corporation, San Diego
California; Mt. Sinai Hospital Medical Center, New York, New York
IDEC-114 is a PRIMATIZEDq anti-B7.1 monoclonal antibody that binds speci®cally and with
high af®nity to B7.1 (CD80), a membrane protein expressed primarily on activated antigen
presenting cells (APCs) and on certain activated T cells in psoriasis. The interaction of CD28 with
CD80 delivers a ``second signal'' leading to T cell activation. After T cell activation, CTLA-4 is
upregulated on the T cell surface. The interaction of CTLA-4 with CD80 leads to deactivation of
the T cell and suppression of the immune response. Signi®cantly, IDEC-114 blocks the interaction
of CD80 with CD28 without affecting the interaction of CD80 and CTLA-4. Twenty-four
patients received single intravenous infusions of IDEC 114 ranging from 0.05 to 15.0 mg per kg.
An overall favorable safety pro®le was observed. Most adverse events were mild or moderate in
severity and included events such as headache, asthenia, dizziness, and nausea. Flow cytometric
analysis revealed no evidence of treatment-related T cell depletion. There were no clinical features
indicative of a cytokine±mediated infusion syndrome. One patient had a transient anti-IDEC-114
antibody response noted. The Cmax and AUC were proportional to the dose administered and the
serum half-life was approximately 13 d in the higher dosage groups. Evidence of clinical and
histologic activity was also noted in the higher dosage groups. IDEC-114 was well tolerated in this
single-dose study and has preliminary evidence for clinical activity in the treatment of psoriasis and
the potential for treatment of a variety of autoimmune/in¯ammatory diseases.

I123 ERC9 ± A Potential Diagnostic Radiopharmaceutical in Patients with Melanoma
T. Salopek, J. Scott,* M. Smylie,² C. Morin,³ W. Logus,³ and A. McEwan³
Division of Dermatology & Cutaneous Sciences, University of Alberta; *Edmonton Radiopharmaceutical
Centre; ²Department of Medicine, Cross Cancer Institute; ³Nuclear Medicine, Department of Oncologic
Imaging, Cross Cancer Institute, Edmonton, Canada
We report a Phase II imaging study using I123 ERC9 (N[3-(4-morpholino)-propyl]-N-methyl-2hydroxyl-3-methyl-5 iodobenzylamine) in patients with a clinical suspicion of recurrence of
melanoma. Iodinated ERC9 demonstrates selective uptake and retention by melanoma cells both
in vivo and in vitro presumably due to binding to sigma receptors and its af®nity for melanin. A total
of 113 patients have been imaged to date, 95 of which have had adequate follow-up (> 3 mo) for
thorough evaluation. There were 53 males and 42 females enrolled in the study. Patients were
administered with approximately 180 MBq I123 ERC9 by slow intravenous injection into the
antecubital vein. Anterior and posterior whole body images were obtained immediately after
injection, and at 1, 3±4 and 18±24 h with SPECT imaging performed at 4 h. Images were reviewed
by a single observer with access to a brief clinical history. Except for transient burning sensation at
the site of injection, no signi®cant adverse effects have been noted. 47 patients showed true
positive uptake, and 34 true negative ®ndings as correlated with conventional imaging, clinical or
surgical ®ndings, or clinical follow-up. There were nine false positives and ®ve false negatives;
three of the nine false positive studies were at the sites of recent surgery. The sensitivity of I123
ERC9 imaging was 90% with a speci®city of 79%. The positive predictive value was 84% and
negative predictive value was 87%. Although most lesions detected by I123 ERC9 have been > 1 cm
in diameter, lesions as small as 0.8 cm have been detected by this imaging modality. These data
support the development of a Phase III trial to con®rm the role of I123 ERC9 in the management of
melanoma patients.

The Bene®ts of Topical Bexarotene (Targretinq) in Patients with Refractory or
Persistent Early Stage CTCL
P. Heald, M. Mehlmauer,* A. Martin,² E. Olsen,³ Worldwide Bexarotene Study Group, C.
Crowley,§ R. Yocum§
Yale University, New Haven, Conneticut; *Pasadena, California; ²Washington University, St. Louis,
Missouri; ³Duke University, Durham, North Carolina; §Ligand Pharmaceuticals Inc., San Diego,
California
Patients with early stage cutaneous T-cell lymphoma (CTCL) are frequently treated with
mutagenic therapies such as ultraviolet light, ionizing radiation, photochemotherapy, and topical
chemotherapy. In addition to the inconvenience of patients travelling to special centers for many of
these therapies, cutaneous damage and skin carcinogenesis are limiting features of skin-directed
treatments that are often used over long periods of time in managing this low grade lymphoma.
Oral retinoid therapy with an RXR-selective retinoid bexarotene (Targretinq) has previously been
shown to be effective in the management of CTCL. Thus, a multicenter, international (N.A., Eur.,
Aus.) open-label, historically controlled Phase III trial of bexarotene (Targretinq) topical gel was
conducted in patients with Stage IA-IIA CTCL who were intolerant to, refractory to, or had
persistent disease with at least two prior treatments for CTCL. All patients were treated with
bexarotene gel 1% applied topically every other day, escalated to once daily, twice daily, three
times daily, and four times daily, as tolerated. Fifty patients were enrolled who had been treated
with multiple prior therapies (range of 2±7) for their CTCL.
Twenty-two of the 50 patients (44%) achieved response (CCR+PR) to treatment. The CCR rate
was 8% (four of 50) in this refractory or persistent disease population. The durability of response,
calculated from Day 1 of treatment, was relatively long; over a median duration of treatment of 165
d (range 3±687 d), the rate of relapse was 32% and generally occurred late in the study (KaplanMeier projected 25th percentile time to relapse was 294 d). Responses to a CTCL-speci®c quality
of life questionnaire showed improvement in general CTCL status during treatment.
Adverse events (>10%) at least possibly related to treatment were rash (skin irritation, redness,
scaling, 72%), pruritus (32%), pain (primarily burning at the application site, 22%), skin disorder
(skin in¯ammation, excoriation, raw plaques, new lesions, 16%), and irritant contact dermatitis
(12%). Most were mild to moderate and occurred at the site of application. Relatively few events
led to treatment discontinuation. There were no treatment-related serious AEs or deaths.
The data support the ef®cacy and safety of bexarotene gel 1% as a desirable novel therapy for
patients with early stage CTCL who had failed prior therapies.

Clinical and Histologic Effects of Subcutaneously Administered anti-CD11a (hu1124) in
Patients with Psoriasis
A. Gottlieb, B. Miller, U. Chaudhari, C. Oh, A. Sherr, G. Solodkina, W. Shapiro, C. Hudson, N.
Lowe, R. Bright, M. Ling, A. Magee, C. McCall, T. Rist, J. Krueger, and M. Garovoy
UMDNJ-RWJMS, New Brunswick, New Jersey; Oregon Medical Research Center, Portland, Oregon;
VRG, San Diego, California; Hill Top Res., Evansville, Indiana, Santa Monica, California; CGA CRC,
Charlottesville, Virginia; Emory University School of Medicine, Atlanta, Georgia; Dermatological
Association, Knoxville, Tennessee; Rockefeller University, New York, New York; Genentech, South San
Francisco, California; Xoma, Berkeley, California
Psoriasis is a T cell mediated disease. CD11a is a leucocyte integrin, which plays a major role in T
cell activation and emigration into skin. In order to test the ef®cacy and safety of subcutaneously
administered anti-CD11a (hu1124), 55 patients were treated with 8 weekly doses of hu1124 at 0.5,
0.5±1.0, 0.7±1.5, or 1.0±2.0 mg per kg. Reductions in psoriasis severity as measured by PASI
(Psoriasis Area and Severity Index) scores were noted. In the highest dose group, the proportion of
patients who achieved 75% or more reduction in PASI by the end of the dosing period was seven
of 24 (29.2%). Target lesion assessment (scaled 0±4) also showed similar reductions in erythema,
thickness and scaling (mean = ±1.2, ±1.7 and ±1.3, respectively). Adverse events were mainly mild
to moderate in severity and were similar among the different dose groups. Acute adverse events
occurring within 48 h of drug administration (fever, headache, nausea, chills, myalgia) were mild
and were experienced by 37% of patients. These occurred most frequently after the ®rst dose and
decreased in incidence, even as the dosage was being escalated within each patient. Overall, antiCD11a was safe, well tolerated and produced clinical improvement in subjects with moderate to
severe psoriasis.
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In Vivo Surface Electron Paramagnetic Resonance Spectroscopy (SEPRS) on Human
Skin
J. Fuchs,* T. Herrlin, and N. Groth
*Department of Dermatology, Medical School, J.W.Goethe University, Frankfurt; Center of Scienti®c
Instruments, Laboratory for EPR Tomography, Berlin, Germany
We have designed a technique that allows EPR spectroscopic investigations of biological samples
which have a greater extension than the inner dimension of the EPR cavity. The method is based
on the idea of Ikeya, who used microwave cavities with a small hole from which the microwave
magnetic ®eld is leaking for EPR measurements. The application of different microwave
frequencies from 3 GHz (S-band) up to 9.5 GHz (X-band) modulates the penetration depth from
0.5 to 5 mm for lossy biology samples, such as the skin. The transversal extension is determined by
the diameter of the cavity hole (X-band), or the surface coil (S-band). This dimension also
determines the spatial resolution of a 2D mapping method, which results in a 2D image of the skin
surface. We have applied the SEPRS technique for in vivo studies in human measuring the
penetration pro®le of different nitroxide spin probes. Using nitroxide free radicals or spin traps, the
surface of the human skin can be investigated for localised redox status as well as penetration and
diffusion properties.
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Mapping 8-Methoxypsoralen DNA Photoadducts in Human Fibroblasts using Single
Strand Ligation Mediated PCR. A Possible Etiological Link Between PUVA and
Squamous Cell Carcinoma
A. Peritz, J. Uitto, and F. Gasparro
Department of Dermatology, Thomas Jefferson University, Philadelphia, Pennsylvania
Although an effective treatment for psoriasis, 8-methoxypsoralen (8-MOP) and ultraviolet A
(UVA) radiation (PUVA), is associated with an increased risk of squamous cell carcinoma (SCC).
Analysis of mutations in the p53 gene revealed a prevalence of non-PUVA type mutations at nonPUVA sequences in these SCCs. To determine an etiological link between PUVA and SCC, 8MOP photoadducts were mapped at nucleotide resolution using single strand ligation mediated
PCR (SSLM-PCR). Primary human ®broblasts were treated with 10 mM 8-MOP and either 1 J
per cm2 UVA radiation or visible light. Genomic DNA was isolated and exon 6 of the p53 gene
was mapped. The major photoadducts with both UVA and visible radiation were detected at 5¢
TpT 3¢ sequences. A major adduct was also detected at a 5¢ ApT 3¢ with UVA radiation. Minor
photoadducts were detected with visible light at 5¢ TpA 3¢, 5¢ GpC 3¢, and 5¢ CpT 3¢. These results
are in contrast to previous observations that 5¢ TpA 3¢ was the preferential site for photoadduct
formation in DNA fragments. A possible etiological link between PUVA and SCC may exist based
on the observations that mutations in p53 gene of SCCs from PUVA treated psoriasis patients
occur frequently at or near 5¢ TpT 3¢ sites. Although no mutations at 5¢ TpT 3¢ sites were detected
in p53 exon 6, additional mapping studies in other exons may reveal adduct formation at 5¢ TpT 3¢
sequences which correspond to observed mutation sites. It is interesting to note that the one
mutation found in a series of PUVA melanomas did occur at a 5¢ TpT 3¢ site in exon 5.
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Exposure to Psoralen and UVA (PUVA) Leads to Induction of Freckles but Does not
Increase the Number of Common and Dysplastic Melanocytic Nevi in Patients with
Psoriasis
P. Wolf, F. Quehenberger,* R. SchoÈllnast, and H. Kerl
Department of Dermatology and *Department of Medical Informatics and Statistics, Karl Franzens
University, Graz, Austria
Stern et al. recently reported from their follow-up of the 16 center U.S. cooperative study that
psoralen and ultraviolet A (PUVA)-treated psoriasis patients have an increased melanoma risk. In
sporadic cases the association of melanoma with nevi (Wolf et al.: Br J Dermatol 138, 1998) and the
transformation of a nevus into melanoma (Legat et al., unpublished observation) has been
previously documented in PUVA-treated subjects. In the general population exposure to sunlight
increases the total number of melanocytic nevi, and, thus, might consecutively increase melanoma
risk. In the present study, we addressed the question whether exposure to PUVA may lead to
increased formation of melanocytic nevi. In a clinical PUVA follow-up study at the Department of
Dermatology, University of Graz, Austria, questionnaires on phenotypic risk factors and sunlight
behavior were obtained from 156 psoriasis patients (median number of PUVA treatments 39, range
4±786; median total UVA dose 115 J per cm2, range 1±5560 J per cm2). The presence of acquired
melanocytic nevi per patient was determined on a scale from 1 to 5; i.e., 1, 0±10; 2, 11±30; 3, 31±
50; 4, 51±100; and 5 more than 100 common melanocytic nevi; and 1, 0; 2, 1±4; 3, 5±10; 4, 11±
20; and 5, more than 20 dysplastic melanocytic nevi, de®ned by a size greater than 5 mm and
clinical signs of atypia. PUVA freckles were visually counted in a 10 3 10 cm area covered by a
Mylar 25/100-point double-square test grid on the upper thigh of both legs. Risk analysis revealed
that there was a statistically signi®cant direct correlation between the number of PUVA treatments
and UVA dose and the presence and density of PUVA freckles (Spearman test, p < 0.001).
However, the number of common nevi as well as dysplastic nevi did correlate to the number of
natural sunbathes per year (p < 0.05) but not to the number of PUVA treatments or total UVA
dose. Our data clearly indicate that although PUVA exposure leads to an increase in the number of
freckles (i.e., PUVA freckles), it does not increase the number of melanocytic nevi. These results
also highlight how important it might be to consider other risk factors beside PUVA (i.e., natural
sunlight exposure), when doing skin cancer risk analysis in patients with psoriasis.

Upregulation of Clusterin During Photodynamic Therapy-Mediated Apoptosis of Skin
Cancer Cells and Ablation of Mouse Skin Tumors
K. Kalka, N. Ahmad, and H. Mukhtar
Department of Dermatology, Case Western Reserve University, Cleveland, Ohio
Photodynamic therapy (PDT) is a promising treatment modality for skin cancer and other skin
diseases. The mechanisms of PDT-induced tumor cell killing are incompletely understood.
Previous studies from this laboratory have demonstrated that the induction of apoptosis is an early
event during PDT of skin cancer cells in vitro and during the ablation of mouse skin tumors in vivo.
Clusterin, a widely expressed glycoprotein with multiple functions, is shown to be upregulated in
regressing tissues responding to injury, oxidative stress, cytotoxic chemicals, or developmental
stimuli. Moreover, clusterin has also been found to be upregulated in tissues regressing as a
consequence of apoptotic cell death. We investigated the effect of silicon phthalocyanine (Pc 4)PDT on the levels of clusterin protein in in vitro and in vivo situations. Pc 4-PDT of apoptosissensitive human epidermoid carcinoma cells (A431) resulted in a time-dependent upregulation of
clusterin starting as early as 1 h post-PDT with a maximum expression at 12 h post-PDT. In sharp
contrast, clusterin levels in Pc 4-PDT-treated apoptosis-resistant radiation-induced ®brosarcoma
(RIF-1) cells remained unchanged. To con®rm the validity of the in vitro data to in vivo situation,
we investigated the effect of Pc 4-PDT on clusterin protein during the regression of chemically and
ultraviolet B (UVB) radiation-induced mouse skin tumors. Pc 4-PDT of the mice bearing
chemically and UVB-induced squamous papilloma resulted in an increased clusterin protein, with a
maximum expression at 48 h following the treatment, when tumor regression was greater than
90%. In both tumor models, the increase in clusterin levels was evident as early as 1 h post PDT.
These data, for the ®rst time, demonstrate the induction of clusterin as an early event during PDTmediated cancer cell death and tumor ablation.
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Carotenoid and Pycnogenol Supplementation Reduce Erythema in Human Skin after
Simulated Solar Radiation
R. Watson, J. Lee, S. Jiang, N. Levine, L. McLaughlin, C. Saliou, and L. Packer
Arizona Prevention Center and Department of Dermatology, University of Arizona, Tucson, Arizona;
Department of Molecular Cell Biology, University of California, Berkeley, California
Excessive exposure to solar radiation may induce UV-carcinogenesis and erythema in the skin.
Carotenoids and a procyanidin mixture were assessed for the magnitude of protective effects on
UVA and UVB-induced erythema in humans. Subjects, 21, were supplemented with 30, then 60
and ®nally 90 mg per d of Beta-tene, primarily 90% beta and 8% alpha-carotene, in vegetable oil
for 60 d with each dose. Small areas (1 cm2) of the skin were exposed to increasing doses of UV
light (16±42 mJ per cm2) to determine the MED before and after each dose. Another group of 20
subjects were supplemented with Pycnogenol, French Maritime Pine bark extract, with 3.3 mg per
kg per day followed by 4.4 mg per kg per day for 30 d with each dose. During natural carotenoid
and procyanidin supplementation the MED of solar simulator radiation signi®cantly increased (p
0.05). Serum Beta-carotene levels similarly increased in a dose dependent manner, while serum
lipid peroxidation was inhibited. Pycnogenol modulated UV induced NF-kB dependent gene
expression in human keratinocytes in vitro. The present data suggest that oral supplementation with
natural carotenoids as well as procyanidins partially protect human skin from UVA and UVBinduced erythema.

Narrowband Ultaviolet B Phototherapy for the Treatment of Vitiligo
L. Scherschun, J. Kim, and H. Lim
Department of Dermatology, Henry Ford Health System, Detroit, Michigan
Narrowband ultraviolet B (NB-UVB) phototherapy is a relatively new treatment in the United
States. Although many studies have been published reporting the ef®cacy of NB-UVB treatment
for psoriasis and atopic dermatitis, there is little research on NB-UVB phototherapy for viltiligo.
This study was designed to evaluate the ef®cacy of NB-UVB for vitiligo. Seven patients were
enrolled: three patients were women and four were men; mean age was 40 y. They had
Fitzpatrick's skin phototypes II, III, IV and V. NB-UVB (TL-01 bulb) was used as monotherapy
and treatment was done three times a week on nonconsecutive days. Phototesting was bypassed as
all patients were assumed to have skin phototype I. Initial exposure dose was 70% of the minimal
erythema dose for skin phototype I (280 mJ per cm2). The dose was increased by 15% increments if
no erythema was present and 0% if erythema was present. Patients were assessed every 2±4 wk to
determine the percentage of repigmentation. All patients experienced some repigmentation: ®ve of
seven patients repigmented markedly (>70%), which was seen after 19 treatments (6±7 wk).
Disease duration was inversely related to the extent of repigmentation. Those patients who
repigmented >70% (n = 5) had a 13-mo disease duration, while those patients who
repigmented < 70% (n = 2) had a 132-mo disease duration. Side-effects consisted of mild erythema
and pruritus. Therefore, this study con®rms that NB-UVB is an effective therapy for vitiligo.
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The Effect of Long-Term Ultraviolet (UV) Irradiation to the Epidermis in Hairless
Mouse
H. Kambayashi, Y. Odake, H. Tamai, and M. Masuda
Life Science Research Center, Lion Co., Kanagawa, Japan
Chronic exposure to UV irradiation induces damages of the skin components, and these damages
lead to alterations in the appearance of the skin, such as wrinkles. Many studies of the photoaged
skin have shown the changes of the dermal matrix. However, the epidermal changes in the
photoaged skin are still unclear. Hence, we investigated the epidermal alterations of long-term UV
irradiation by using animal models. Hairless mice were irradiated with UV (UVA: 14 J per cm2,
UVB: 20 mJ per cm2) three times a week for 10 wk. After the irradiation period, and 24 wk after
the last irradiation, the epidermal changes were investigated histologically and immunohistochemically: a proliferation marker (PCNA), keratins (K1, 5, 6) and epidermal differentiation
markers (loricrin, involcrin and ®laggrin). Wrinkles were observed in the irradiation period and
they continued to worsen over the 24 wk. The PCNA positive cells were found to be increasing in
the irradiation period, but the hyperproliferation had recovered by the end of 24 wk. The
expression patterns of keratins and differentiation markers were changed in the irradiation period
and continued to change for the 24 wk. These results suggest that long-term UV irradiation
damaged the epidermal differentiation and these damages in the epidermis would be one of the
important factors on the skin appearance.

Alpha-Glucosylrutin ± an Antioxidative Modulator of the UVA-induced ERK1/2 MAP
Kinase Activation in Normal and Atopic Skin
C. Mundt, T. Blatt, C. Mummert, R. FoÈlster-Holst,* G. Gercken,² K.P. Wittern, and F. StaÈb
*Clinical Department of Dermatology, University Kiel; ²Dept. of Biochemistry, University Hamburg; PGU
Skin Research Center, Beiersdorf AG, Hamburg, Germany
Oxidative stress (OS) plays a critical role in some pathological conditions in skin. It is known that
UVA irradiation generates reactive oxygen species, depletes endogenous antioxidants and causes
oxidative damage in skin. This oxidative damage can be associated with a modulation of structure
and function of skin cells or with changes in intracellular signalling and in gene expression. In our
in vitro studies we found some signi®cant differences in the UVA ± induced oxidative stress
response of primary human ®broblasts from biopsies of volunteers with normal, healthy skin
compared with ®broblasts from noninvolved atopic dermatitic skin. In general, primary ®broblasts
appear to be more sensitive against UVA-induced OS than keratinocytes. After UVA irradiation
(20 J per cm2), the up-regulation of the activity of phosphotyrosine kinases, especially the MAP
kinases ERK1/2, and the down-regulation of phosphotyrosine phosphatases are signi®cantly
enhanced in atopic skin ®broblasts. However, a pretreatment of primary human skin cells with the
antioxidant alpha-glucosylrutin results in a signi®cant protection against UVA-induced tyrosine
phosphorylation and UVA-induced depletion of the mitochondrial membrane potential, even in
the very UVA-sensitive atopic skin ®broblasts.
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Morphological and Biological Effects of Neuropeptides on Ultraviolet-Irradiated
Human Skin
M. Toyoda, Y. Luo, T. Makino, T. Kitagawa, and M. Morohashi
Department of Dermatology, Toyama Medical and Pharmaceutical University, Toyama, Japan
We examined morphological and biological effects of neuropeptides known to be present in
human skin on experimentally ultraviolet (UV)-irradiated skin using organ cultured skin as well as
pure cultured skin cells, such as keratinocytes and melanocytes. Ultrastructural study revealed that
the number of melanosomes after irradiation of UVB decreased by addition of substance P (SP) to
organ cultured skin in a dose-dependent manner. Tyrosinase activity and melanin assay using
cultured melanocytes con®rmed this ®nding, indicating that SP inhibits delayed tanning by UVB.
The number of photodamaged degenerate Langerhans cells induced by UVB irradiation was
reduced by calcitonin gene-related peptide. Furthermore, supplementation of SP to organ cultured
skin reduced the number of sunburn cells after UVB irradiation. When cultured keratinocytes
were exposed to UVB, we ultrastructurally observed many apoptotic cells which were
characterized by condensation of chromatin, clumping of tono®laments and budding of
membrane-bound cell fragments. Flow cytometrical analysis using Annexin V revealed that SP
inhibited UVB-induced apoptosis of keratinocytes in a dose dependent manner. In addition,
TUNEL-positive keratinocytes also decreased by relatively high concentrations of SP after UVB
irradiation. Taken together, there is possibility that SP may prevent apoptosis of keratinocytes.
Immunoelectron microscopic study demonstrated that the number of SP-containing mast cells, as
well as the amount of SP within mast cells, increased after exposure to UVA. These data suggest
that neuropeptides exert a various and great in¯uence on ultraviolet-irradiated human skin.

Unlike UVB, UVA-1 Radiation does not Activate HIV in Human Skin
P. Cruz, Jr, I. Dougherty, H. Plettenberg, B. Dawson, and J. Krutmann
Departments of Dermatology and Pathology, University of Texas South-western Medical Center, Dallas,
Texas; Department of Dermatology, University of DuÈsseldorf, DuÈsseldorf, Germany
The safety of UVB or PUVA in the treatment of HIV+ patients with skin diseases remains
controversial. On the one hand, clinical studies have not shown dramatic adverse effects on
immune status or plasma viral load. On the other hand, laboratory studies have shown that UVB or
PUVA can activate HIV in cultured cells and transgenic mice. Indeed, using a quantitative PCRbased assay for measuring HIV-1 (gag) in skin, we have shown that UVB administered in vivo or in
vitro in suberythemogenic doses can activate the virus in lesional or nonlesional skin of seropositive
patients with psoriasis or eosinophilic folliculitis. The increasing use of high-dose UVA-1
phototherapy in general and its documented ef®cacy in treating HIV-related psoriasis and
eosinophilic folliculitis led us to evaluate its effect on our HIV skin assay. Paired lesional and
nonlesional skin specimens (3 mm) were procured from HIV+ patients with psoriasis or
eosinophilic folliculitis who were treated locally with a single dose of UVB (150 mJ per cm2),
UVA-1 (150 J per cm2), or sham radiation. RNA was extracted and HIV measured. Consistent
with previous studies, UVB-treated skin showed 6- to 15-fold rises in HIV count compared to
unirradiated skin. By contrast, there were no differences in the HIV counts of UVA-1-treated
versus unirradiated skin. Moreover, there were no increments in the skin viral counts of HIV+
patients with psoriasis who were treated with total-body UVA-1 radiation (up to 41 exposures).
We conclude that, unlike UVB, UVA-1 does not activate HIV in human skin. From the
perspective of safety, UVA-1 may be the phototherapy of choice in HIV+ patients.
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Inhibition of Epidermal Growth Factor Receptor-Tyrosine Kinase Pathway During
Photodynamic Therapy-Mediated Apoptosis of Skin Cancer Cells and Ablation of
Mouse Skin Tumors
N. Ahmad, K. Kalka, and H. Mukhtar
Department of Dermatology, Case Western Reserve University, Cleveland, Ohio
PDT, a new therapeutic procedure for the management of skin cancer and many other skin
diseases, involves the administration of a photosensitizing compound followed by irradiation of the
lesion with visible light. We have earlier shown an involvement of WAF1/p21-cyclins (D1 and E)cdk (2 and 6) network, and ii) Rb/E2F-DP machinery during silicon phthalocyanine (Pc4)-PDTmediated cell cycle deregulation and apoptosis of human epidermoid carcinoma (A431) cells. The
defects in epidermal growth factor receptor (EGFR) tyrosine kinase-pathway have been implicated
in many cancers including skin cancer and the inhibition of EGFR has been shown to result in
tumor cell death via apoptosis, we investigated the involvement EGFR-pathway during apoptotic
responses of Pc4-PDT in A431 cells. Immunoprecipitation and/or Western blot analysis revealed
that PDT of cells resulted in a time-dependent inhibition of the protein expression and tyrosine
phosphorylation of EGFR at 0.25, 0.5, 1, 3 and 6 h following the treatment. PDT also resulted in a
signi®cant inhibition of the protein expression of Shc, which is an immediate downstream
molecule in EGFR-pathway. To establish the relevance of these in vitro ®ndings to in vivo situation,
we subjected chemically established skin tumors in SENCAR mouse to Pc4-PDT, and assessed its
effect on EGFR-pathway. PDT resulted in a time-dependent (i) inhibition of EGFR and Sch
protein expressions, (ii) EGFR-phosphorylation, and (iii) induction of apoptosis, during the
regression of these tumors. These data provide an evidence for the involvement of EGFR-pathway
during the apoptotic response of PDT both under in vitro as well as in vivo situations. We suggest
that inhibitors of EGFR-pathway could be used to enhance the therapeutic ef®cacy of PDT.

Inhibitory Effects of Melanin in UVB-Induced Immunotolerance of Contact
Hypersensitivity Through Suppression of Keratinocyte Damage
H. Okamoto, K. Mizuno, K. Mitsuya, T. Kunisada,* and T. Horio
Department of Dermatology, Kansai Medical University, Moriguchi, Japan; *Department of Immunology,
Tottori University, Yonago, Japan
Low or high doses of UVB radiation suppress contact hypersensitivity to antigens applied to
irradiated or unirradiated skin, respectively. Possible mechanisms of the suppression include
impaired epidermal antigen-presenting cells and production of immunosuppressive mediators by
irradiated keratinocytes such as IL-10 and TNFa. Protection of keratinocyte DNA against UVB
radiation is mainly performed by melanin located over the keratinocyte nuclei in human epidermis.
However, since murine epidermis does not express stem cell factor (SCF), the ligand for c-kit,
melanocytes are not present in murine epidermis. Therefore, the role of melanin in UVB-induced
immunosuppression has not been elucidated in mice. To determine the role of melanin in UVBinduced immunosuppression, we examined UVB effects on contact hypersensitivity in SCFtransgenic mice that possess epidermal melanocytes. Ear swelling and sunburn cell formation
induced by 500 mJ per cm2 of UVB radiation were signi®cantly suppressed in SCF transgenic mice
compared to those in C57BL/6 mice. The frequency of apoptotic epidermal cells by UVB
radiation estimated by the TUNEL method was also suppressed in SCF transgenic mice. TNFa
production in vitro was suppressed in UVB-irradiated epidermal cells isolated from SCF transgenic
mice compared to those from C57BL/6 mice. On the other hand, there was no signi®cant
difference in the decreased number of Langerhans cells and dendritic epidermal T cells after UVB
radiation between these mice, indicating that melanin selectively protects keratinocytes in the
epidermis from UVB-induced cell damage. Low doses of UVB radiation suppressed contact
hypersensitivity to FITC applied to irradiated skin, but did not induce immunotolerance in SCFtransgenic mice. These ®ndings suggest that melanin plays a role of inhibition of immunosuppression induced by UVB radiation through protection of DNA damage in keratinocytes.
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UVB-Induced Interleukin 6 Release in HeLa cells is Mediated Via Membrane Events in a
DNA Damage Independent Way
D. Kulms, B. PoÈppelmann, and T. Schwarz
Department of Dermatology, University of MuÈnster, MuÈnster, Germany
There is increasing evidence that UVB light affects molecular targets in the nucleus or at the cell
membrane. Recently, it was shown that UVB-induced apoptosis is mediated via nuclear DNA
damage and activation of death cell surface receptors, suggesting that nuclear and membrane effects
are not mutually exclusive and that both contribute independently to a complete apoptotic
response to UVB. We studied whether the participation of both nuclear and membrane
components is speci®c for UVB-induced apoptosis or also essential for other UVB-responses. UVB
induces the release of interleukin (IL)-6. Exposing HeLa cells to UVB at 4°C which inhibits the
activation of surface receptors almost completely prevented UVB-induced IL-6 release. In contrast,
enhance-ment of DNA repair by adding the DNA-repair enzyme photolyase did not affect UVBinduced IL-6 production, suggesting that in this case membrane events are predominant over
nuclear effects. Similarly, induction of IL-6 by osmotic shock which exclusively acts at the
membrane was completely blocked at 4°C. UVB-and osmosis-induced IL-6 release is mediated via
NFkB since the NFkB inhibitor MG132 or transfection of cells with a superrepressor form of the
NFkB inhibitor IkB reduced IL-6 release. Since the tumor necrosis factor receptor 1 (TNFR1) is
triggered both by UVB and osmotic shock and activates NFkB, we tested whether UVB induces
IL-6 via TNFR1. Cells transfected with a dominant negative mutant of the signaling protein
TRAF2 released signi®cantly less IL-6 upon exposure to UVB or osmotic shock, implying that
UVB induces IL-6 via direct activation of TNFR1. The data show that UVB can exert biological
effects mainly through affecting the cell membrane independently from its ability to damage DNA.

Aberrant mRNA Transcripts of DNA Polymerase h in Xeroderma Pigmentosum
Variant
T. Murakami, M. Ohtsuki, and H. Nakagawa
Department of Dermatology, Jichi Medical School, Tochigi, Japan
Xeroderma pigmentosum variant (XP-V) is an inherited disorder characterized by increased
incidence of sunlight-induced skin cancers. The human DNA polymerase h has been recently
identi®ed as the XP-V gene product, which is a homologue of the yeast Rad30 protein. We found
three aberrant mRNA transcripts in the coding region of the DNA polymerase h in a patient with
XP-V. The larger two transcripts were inserted by the common unknown nucleotides of 161 bp,
leading to premature termination of the protein, whereas the smallest transcript was a deletion
mutant, resulting in inframe deletion between amino acids 135±169. Those deleted residues were
involved in conserved amino acids of both the human and the yeast DNA polymerase h. Taking
clinical and phenotypical manifestations together, this novel mutation is likely to contribute to
dysfunction of the polymerase in XP-V.
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Low Dose of UVB Alters on the mRNA Expression of the Circadian Clock Genes in
Cultured Human Keratinocytes
S. Kawara, R. Mydlarski, G.M. Shivji, B. Wang, S. Tavadia, H. Suzuki, G. Bjarnason, R. Jordan,
and D.N. Sauder
Division of Dermatology, University of Toronto, Canada; and Division of Medical Oncology, University of
Toronto, Canada; Department of Dermatology, Kanazawa University, Japan
Most organisms manifest circadian rhythms, a periodic oscillation in biochemical and physiological
process. Circadian rhythms are modulated by circadian clock genes and are traditionally thought to
be regulated by light targeting signalling pathways in the hypothalamic suprachiasmatic nuclei.
Recently, the existence of extraretinal photoreceptors has been hypothesized that may involve the
skin. We demonstrated that mRNAs of the circadian clock genes (Per1, Clock and bmal1/mop3) are
expressed in normal human cultured keratinocytes. Low dose (10mJ per cm2) of ultraviolet-B
(UVB) rays initially down-regulated all circadian clock genes in cultured keratinocytes. After the
recovery, Per1 mRNA expression showed an increased expression peaking at 40 h, and Clock
mRNA expression showed an increase with a peak at 36 h and a trough at 48 h. These ®ndings
strongly suggest that low dose of UVB induce a partial cycling in clock genes expression. Thus, UV
light targeting super®cial layers of skin (keratinocytes) may represent an alternate pathway to
circadian rhythm modulation.

Molecular p53 Mutation Analysis Discloses UV(B) Exposure as the Main Causative
Factor of Basal Cell Carcinoma (BCC) Formation in Psoralen and UVA (PUVA)Treated Patients with Psoriasis
H. Seidl, H. Erlacher, B. BaÈck, H. Soyer, and P. Wolf
Department of Dermatology, University of Graz, Graz, Austria
Basal cell carcinoma (BCC) represents the most frequent malignant skin cancer in man and
epidemiologic studies have clearly revealed that in the general population BCCs are often linked to
chronic sun exposure. In psoralen and UVA (PUVA)-treated psoriatic patients BCCs also occur at
an increased incidence but the exact etiology and pathogenesis is unclear at present in those
subjects. Photochemical reactions of psoralen with DNA are well characterized and particularly the
TpA (and TpG) sequence is the common cross-linking binding site of psoralen at the DNA level;
consecutively, as shown in in vitro and animal studies mutations at TpA (and TpG) sites are of
PUVA origin. In this study, we performed a molecular mutation analysis of the p53 tumor
suppressor gene to determine the cause of BCC in PUVA-treated patients. We analyzed 13 BCCs
from ®ve psoriatic patients treated with 8- and/or 5-methoxypsoralen (8/5-MOP) and UVA (60±
813 exposures; total UVA dose 310±4351.5 J per cm2). DNA was extracted from paraf®nembedded sections. Polymerase chain reaction (PCR) was used to amplify DNA of exon 4±9 of
the p53 gene. Single strand conformation polymorphism (SSCP) analysis as well as direct
automated multicolor ¯uorescent labeling capillary electrophoresis sequencing was employed to
detect mutations in the PCR products. Of the 13 BCCs, 7 (54%) cases showed a total of 13
mutations in exon 4±9 of the p53 gene. Of these 13 mutations, 10 (77%) were at pyrimidine or
dipyrimidine sites and of UV ®ngerprint type (C>T and CC>TT transitions), one at a TpG site
and one at a TpA site (15%) (i.e., suggestive for PUVA induction), and one (8%) could not be
classi®ed. Based on our molecular epidemiologic analysis, we conclude that environmental and/or
therapeutic exposure to UV(B) radiation seems to be the main causative factor in the formation of
BCCs in PUVA-treated psoriatic patients but PUVA itself seems to play a direct role only in a
minor portion of the cases.
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High Mutation Frequency at the c-Ha-ras Oncogene (Exon 1±4) in Squamous Cell
Carcinomas of PUVA-Treated Psoriasis Patients
H. Erlacher, H. Seidl, B. BaÈck, and P. Wolf
Department of Dermatology, University of Graz, Graz, Austria
PUVA (psoralen and UVA) is an effective treatment of psoriasis. However, clinical follow-up
studies revealed that PUVA-treated patients are at increased risk for squamous cell carcinoma
(SCC). Interestingly, previous mutation analysis studies at p53 revealed that SCCs in PUVAtreated patients had at high percentages mutations of UV type. Thus, those p53 results suggested
that UV(B) but not PUVA may play a direct role in the formation of the majority of SCCs in
psoriatic patients. In order to further identify the molecular causes of PUVA carcinogenesis, we
investigated in the present study the Ha-ras oncogene, being beside p53 one of the most common
mutated genes in human cancers. We analyzed DNA extracted from paraf®n-embedded tissue
sections of 17 SCCs from 11 PUVA-treated psoriasis patients for Ha-ras mutations at exon 1±4
using PCR-SSCP and direct sequencing. A total of 18 Ha-ras missense mutations were found in
eight (73%) of 11 patients in 13 (77%) of 17 tumors. Four (22%) of 18 changes were of UV type
(C-T transitions), one (6%) at a 5¢TpG site (suggestive for PUVA origin), six (33%) G-T
transversions (hotspot codon 12) and ®ve G-A and two A-G transitions. In addition, 14 of 17
tumors showed a T-C base change at codon 27, previously reported to be a possible Ha-ras
polymorphism. In conclusion, our molecular epidemiologic studies indicate that Ha-ras oncogene
mutations are present in a large portion of PUVA-associated SCCs but rather UV(B) exposure than
PUVA itself seems to play a direct role in their initiation

Photoprotective Value of Topical Vitamin E: A Human Clinical Study
T. Polefka, Z. Nabi, M. Caswell, S. Cardona, A. Tavakkol, N. Soliman, and R. Rizer
Colgate-Palmolive Company, Piscataway, New Jersey; Stephens & Associates, Inc., Carrollton, Texas
Numerous investigators have used animal models to establish the ef®cacy of vitamin E as a topical
photoprotectant. Surprisingly, human clinical studies are scarce. The objective of the present study
was to evaluate the photoprotective value of topical vitamin E in an IRB approved, randomized,
double-blind, vehicle-controlled human clinical study.
After a seven-day washout period, nine adult, Caucasian, female subjects entered the study. Two
baseline parameters were measured; speci®cally, the unprotected Minimum Erythemal Dose
(MED) to solar simulated radiation (SSR) and stratum corneum (SC) vitamin E. The latter was
measured by extracting a site on the volar forearm with ethanol and analyzing by HPLC with UV
detection. Upon completing these procedures, the forearms were randomly assigned either the
vehicle or the experimental vitamin E cleanser (tocopherol + tocopherol acetate). Each morning
for four days, forearms were washed for 1 minute with the respective cleanser. Two hours after the
last wash, one site on the forearm was extracted for vitamin E analysis, another exposed to 2.5
MED SSR, and six others received graded (12.5%) doses of SSR bracketing the previously
measured MED. 24-Hrs later the MED was visually assessed and a 3-mm punch biopsy was taken
from the 2.5 MED site. These biopsies were analyzed histologically for sunburn cells (H&E stain)
and CD1a+ cells (immunostaining).
Not surprisingly, only the skin washed with the vitamin E cleanser exhibited detectable (sensitivity
~10 pMoles per cm2) levels of vitamin E and E acetate (means = 95.3 and 151.0 pMoles per cm2,
respectively). However, despite this quantity of vitamin E, none of the measured parameters were
signi®cantly different (vehicle versus test): MED (23.3 vs 23.3 s.), sunburn cells (34.9 vs 39.2 per
®eld), and epidermal CD1a+ cells (7.0 vs 7.4 per ®eld), respectively.
In contrast to the animal studies, the results of this study suggests that topical vitamin E does not
mitigate the effects of SSR. Explanations for the lack of ef®cacy will be reviewed.
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Topical Vitamins C and E Prevent Protein Oxidation but not Loss of Antioxidant
Enzyme Activities Caused by Repeated Exposures to Ultraviolet Irradiation
E.A. Duell, V. Roxas, S. Kang, and J.J. Voorhees
University of Michigan, Ann Arbor, Michigan
Repeated exposure of human skin to ultraviolet A & B (UVA+UVB) irradiation results in
increased reactive oxygen species (ROS) and loss of antioxidant enzyme activities. We studied the
protective effect of a mixture of two antioxidants, 3% vitamin C and 5% vitamin E (VIT C+E) in
human skin in vivo. Vehicle or VIT C+E were applied topically 24 h prior to each of four
successive 1 MED UVA+UVB exposures. Exposures were given at 24 h intervals, and skin samples
were obtained 20 min after the ®nal UV exposure. Activities of the antioxidant enzymes catalase,
glutathione peroxidase, and glutathione reductase were assayed spectrophotometrically, and
enzyme protein content and carbonyl formation (an indicator of protein oxidation) were analyzed
by Western blot. UV irradiation caused signi®cant reductions in all three antioxidant enzyme
activities (p < 0.05, n = 6). This loss of enzyme activities occurred in the absence of any alteration
of enzyme protein content. Although application of VIT C+E raised their content (150±200%,
n = 4) in viable layers of epidermis, as measured by HPLC, applications of VIT C+E did not
prevent decreases in any of the three antioxidant enzyme activities. Four 1 MED doses of
UVA+UVB increased protein carbonyl content in a 16-kDa band on Western blot. VIT C+E
application prevented formation of protein carbonyls in the 16 kDa band. These data indicate that
topical application of 3% vitamin C and 5% vitamin E raise vitamin C and vitamin E content in
human skin in vivo and protect against UVA+UVB-induced oxidation of certain proteins. In spite
of this, VIT C+E does not protect against loss of antioxidant enzyme activities in human skin
in vivo.

Tropospheric Ozone Induces Lipid Hydroperoxides and Depletes Vitamin E in Human
Skin In Vivo with no Detectable Clinical or Biophysical Changes
A. Tavakkol, Z. Nabi, S. Cardona, N. Soliman, and T. Polefka
Colgate-Palmolive Co., Piscataway, New Jersey
The impact of tropospheric ozone (O3), the major oxidant of photochemical smog, on the overall
well-being of skin is of considerable interest. To date, no information is available on the potential
damaging effects of ozone on human skin. Thus, the objective of this study was (i) to develop a
human skin exposure system for in vivo studies, and (ii) to determine if exposure to low levels of O3
will induce oxidative changes in skin.
A 36''-wide stainless steel exposure chamber with windows similar to a double face glove box was
constructed. The chamber contained two forearm entry ports on either side for simultaneous
exposure of two subjects. Pure oxygen was passed through an electric discharge to generate O3,
which after mixing with ®ltered air, entered the chamber. O3 concentration was monitored
continuously by UV detection. Panelists (female, n = 10, age 18±55, with normal skin & no
preexisting skin conditions) had their left or right forearms exposed for 1 h on four consecutive
days to either 0.8ppm O3 or to air alone. The O3 levels used were similar to those encountered in
urban air pollution. Prior to O3 exposure, randomly determined sites on the forearm were washed
with a skin cleanser containing vitamin E (Vit. E), or its vehicle, or left untreated. Skin was
evaluated clinically and instrumentally. Skin's lipid hydroperoxides (LPOs) and Vit. E were
determined using sequential tape stripping and solvent extraction, respectively.
The results indicate that exposure of human skin to O3 induces LPOs, as indicative of oxidative
stress, and depletes supplemented Vit. E. Interestingly, O3-induced LPOs were reduced in skin
pretreated with Vit. E cleanser, as compared to its vehicle-treated control. Little or no changes
were detected instrumentally in the transepidermal water loss (TEWL) or clinically by erythema
and dryness scores.
We provide the ®rst evidence that exposure of human skin to O3 (0.7±0.8ppm, 4-h time-weighted
average) similar to that found in highly polluted cities induces oxidative stress in skin, and that these
deleterious effects are partially mitigated by topically delivered Vit. E.

A Novel Digital Imaging Technique to Analyze Skin Surface Replicas
J.K. Wong, D. Col¯esh,* C.O. Oresajo,² and J.M. Wilmott
The Collaborative Group, Ltd. Stony Brook, New York, New York; *BCC Microimaging, Inc. Stony
Brook, New York, New York; ²CDO Enterprises, Nanuet, New York, New York
An eight-week clinical study was conducted to investigate the ef®cacy of a topical formulation to
improve the appearance of aged/photoaged skin. Skin surface replicas of the targeted test sites were
collected from subjects prior to, four and eight weeks after treatment. Trained evaluator and
subject self-assessments were also conducted. Visual results indicated that there was a reduction of
®ne lines and wrinkles in the periorbital and malar regions. Subjects also perceived similar
reductions. Observations obtained from 218 mm square digital images of the replicas, acquired at
256 gray levels at an 8 bit analog-to-digital converter were consistent with the visual and subjectassessed results. A strategy was devised by which data from digital images was used to quantify the
extent of wrinkles and express results as percent area under evaluation. This novel strategy should
provide a more objective assessment of skin surface topography compared to current routine
methods.

Glycation of the Collagen of the Dermal Equivalent Made of a Fibroblast-Contracted
Collagen Lattice in a Skin Equivalent Model: an In Vitro Approach to Chronologic Aging
of Skin
H. Pageon, H. Bakala, B. Friguet, V. Monnier, and D. Asselineau
L'OreÂal, Life Sciences Research, Clichy, France; Laboratoire de Biologie et Biochimie Cellulaire du
Vieillissement, UniversiteÂ Denis Diderot, Paris, France; and Institute of Pathology, Case Western Reserve
University, Cleveland, Ohio
Glycation is a slow nonenzymatic reaction which takes place between amino residues in proteins,
i.e., primarily lysine and a reducing sugar such as glucose or ribose. In skin this reaction creates new
residues and formation of cross-links (AGE Products) in long-lived proteins of the extracellular
matrix. Chronologic aging is a complex phenomenon taking place in all organs and tissues of the
body and slowly affecting their biological properties. In skin formation of bridges between
molecules could be responsible for loss of elasticity or other properties of the dermis observed
during aging. Glycation may therefore play an important role in chronologic aging. In order to
examine this hypothesis we have developed a reconstructed skin model made of a modi®ed dermal
compartment which is a ®broblast-contracted collagen lattice prepared with preglycated collagen.
The presence and the distribution of AGE-products in the skin equivalents was studied using
speci®c antibodies against pentosidine, carboxymethyllysine, or total AGE-products. In addition,
in order to describe the model immunostaining experiments were performed using antibodies
directed against markers of skin like vimentin, procollagen I, collagen IV, b1 and a6 integrins to
characterize the different cellular or molecular compartments. We observed that ®broblast shape
and distribution could be modi®ed by the presence of glycated collagen. We also found that
extracellular matrix molecules especially those of the dermal-epidermal junction zone seemed to be
enhanced in the presence of glycated collagen. Even more interestingly stainings for certain
integrins like b1 and a6 integrins were also increased in epidermal cells. These in vitro ®ndings
could be at least in part related to aging in vivo. Finally, by preparing complex dermal equivalents in
which the upper layer was made of nonglycated collagen, we found that the effect of collagen
glycation was not abolished in the skin equivalent suggesting that diffusible factor(s) could be
involved in the cellular response to glycation of extracellular matrix molecules.

UVB Increases Tropoelastin mRNA and Protein Expression in the Epidermis of Human
Skin In Vivo
J. Chung, S. Lee, H. Choi, K. Cho, K. Kim, and H. Eun
Seoul National University College of Medicine, Seoul, Republic of Korea
Photoaged skin contains elastotic materials in the upper reticular dermis, which its phenomenon
well known as solar elastosis. However, little is known about the mechanisms leading to elastin
accumulation in photoaged skin. In this study, we demonstrated, by in situ hybridization and
immunohistochemical stain, that UVB (2MED) irradiation increased the tropoelastin mRNA
levels and protein expression in the keratinocytes of human skin in vivo (n = 5). The amount of
oxytalan ®bers measured by image analyzer was increased signi®cantly after 48 h post-UVB
irradiation (n = 5). After separating epidermal sheet of UVB irradiated human skin from the dermis,
increased production of tropoelastin in the epidermis was demonstrated by Western blot. We also
demonstrated increased tropoelastin mRNA levels in the forearm skins of elderly persons,
compared with upper inner arm skin of the identical individual by Northern blot analysis (n = 5).
By in situ hybridization, expression of tropoelastin mRNA was increased in the both ®broblasts and
keratinocytes in the photoaged skin, compared with sun-protected skin (upper inner arm) (n = 3).
Therefore, we suggest that tropoelastin produced by keratinocytes after UVB irradiation may
contribute to the accumulation of elastotic materials in photoaged skins.

Ascorbic Acid and Sodium Ascorbyl Cholesteryl Phosphate Afford Protection Against
Ultraviolet Radiation in a Fibroblast Model of Cutaneous Photoaging
E.F. Bernstein, C.A. Bosko,* S. Kong, D.B. Brown, T. Tsunemichi, D. Martin,* J. Teal,* and J.
Uitto
Thomas Jefferson University, Philadelphia, Pennsylvania; *Avon Products, Inc, Suffern, New York, New
York
We used a transgenic ®broblast line expressing the human elastin gene promoter linked to a
chloramphenicol acetyltransferase (CAT) reporter gene to evaluate the effects of the antioxidants,
ascorbic acid (AA) and sodium ascorbyl cholesteryl phosphate (AVC10), on UV-induced elastin
gene expression. These ®broblasts respond to UVB and methoxypsoralen + UVA (PUVA) in
culture with a dose-dependent increase in elastin promoter activity. Cells were treated with test
agents (100 mm) in culture medium for 6 h prior to UV, transferred into PBS with and without test
agent during UV, and returned to medium for an additional 24 h prior to CAT determination.
UVB increased CAT activity 17.6 6 1.7-fold that of controls. AA or AVC10 decreased the UVBinduced CAT activity by 32% and 62%, respectively. PUVA increased CAT activity 9.3 6 1.1-fold
while AA and AVC10 reduced this increase by 44% and 76%, respectively. Separate experiments
demonstrated that this protective effect was not due to the UV absorbance of the test agents. In this
system, ascorbic acid and AVC10 reduced the UV-induced increase in elastin gene promoter
activity presumably via their ability to scavenge free radicals. AVC10 provided greater protection as
compared to ascorbic acid, which may re¯ect its ability to associate with and protect cell
membranes.
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The Inhibitory Effects of Coenzyme Q10 on Melanogenesis of Cultured Human
Melanocytes and In Vivo Guinea Pig Model
S. Ahn, W. Park, J. Hwang, J. Lee, B. Kang, B. Lee, and Y. Sim
Paci®c R&D center, Kyounggi-do, Republic of Korea
Coenzyme Q10 has been studied as a potent antioxidant molecule in the skin. Recent studies have
shown that coenzyme Q10 is one of the ®rst antioxidants to be depleted when skin is UVRirradiated. This indicates that coenzyme Q10 is primarily involved in defense mechanisms of the
skin. Therefore, we questioned whether coenzyme Q10 shows regulatory effect of melanogenesis.
Here we report that coenzyme Q10 inhibits melanin neosynthesis of normal human melanocytes
grown in culture, and lightens UVB-induced hyperpigmentation of the guinea pig skin in vivo. We
treated human melanocytes with 0.0025% to 0.02% of coenzyme Q10 for a total of four days. This
inhibited melanin neosynthesis of cultured human melanocytes dose-dependently. In comparison
with well-known compounds, coenzyme Q10 was nearly as effective as kojic acid or vitamin C on
cultured human melanocytes. To further clarify the effect of coenzyme Q10 on the melanogenesis,
we established UVB-induced hyperpigmentation on the shaved backs of brownish guinea pigs.
Coenzyme Q10, kojic acid, vitamin C (1% in vehicle), or vehicle alone as a control were then
topically applied daily to the hyperpigmented areas six times per week for six successive weeks.
The lightening ef®cacy was evaluated by visual scoring. Indeed, it was found that coenzyme Q10
had lightening effect on the UVB-induced hyperpigmentation without any other side-effects,
whereas another compounds showed weak lightening ef®cacies. Therefore, these results suggest
that coenzyme Q10 may be useful for solving physiological hyperpigmenting problems for
cosmetic purposes.
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Identi®cation of Autoantigenic Peptides in Pemphigus Vulgaris by Expression Cloning
C.A. Willis, A.K. Moesta, and A.A. Sinha
Weill Medical College of Cornell University, New York, New York
Pemphigus vulgaris (PV) is an autoimmune blistering skin disease mediated by autoantibodies
directed against desmoglein3 (Dsg3), a transmembrane protein involved in keratinocyte adhesion.
Although tissue damage is ultimately mediated by anti-Dsg3 antibodies, an initial T-cell response is
presumably required for autoantibody generation. The strong HLA association of PV to
DRB1*0402 and DQB1*0503 reinforces the hypothesis that T-cell recognition of self and/or
foreign peptides presented by self HLA molecules is a crucial initial step in disease development. A
major focus of autoimmune research has been the precise identi®cation of disease related T-cell
epitopes. To de®ne these epitopes in PV, we have designed a novel strategy which takes advantage
of intracellular processing and presentation events to better capitulate natural ligands. Dsg3 will be
targeted to the class II pathway of homozygous HLA-type speci®c B-cell lines by chimeric vectors
using directional tails encoding intracellular traf®cking signals. We have constructed unique Dsg3targeting tail vectors: (i) Dsg3-LAMP1 (lysosomal compartment targeting), (ii) Dsg3-LSYTRF
(early endosome targeting), (iii) Dsg3-Mb (MIIC/late endosomal compartment targeting), and (iv)
Dsg3-MSSSD (mutagenized-Mb tail targeting to the cell surface). The ability of transfected B-cells
to select antigenic epitopes for presentation to Dsg3 speci®c T-cells derived from PV patients, is
being evaluated. Surface MHC-II molecules will be immunoaf®nity puri®ed to facilitate
biochemical and functional characterization of associated peptides. This strategy closely re¯ects in
vivo mechanisms of epitope selection and should reveal the pool of naturally processed peptides
from which disease relevant epitopes are derived.
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Molecular Analysis of Human T Cell Receptors in Pemphigus Foliaceus
M.G. Barsasteanu, A.K. Moesta, C.A. Willis, M.S. Lin,* and A.A. Sinha
Weill Medical College of Cornell University, New York, New York; *Medical College of Wisconsin,
Milwaukee, Wisconsin
The trimolecular complex comprised of the Major Histocompatibility Complex (MHC), peptide
antigen, and the T-cell receptor (TCR) is a requisite for T-cell activation in normal and
autoimmune responses. Characterization of TCR is critical to understanding mechanisms of T-cell
epitope selection and may help to identify targets for immunotherapy. Pemhigus foliaceus (PF) is
an autoimmune skin. PF is mediated by circulating antibodies directed against desmoglein 1
(Dsg1). Although tissue damage is accomplished directly or indirectly by anti-Dsg1 antibodies, it is
likely that an initial T-cell response is required for autoantibody generation. To further elucidate
the role of pathogenic T-cells in autoimmunity, we have characterized the TCR of T-cells derived
from PF patients. Forty T-cell clones speci®c for Dsg1 were derived from PF patients by clonal
expansion in vitro, and cDNA was derived from each clone. To characterize the T-cell repertoire,
26 primers were designed, one for each TCR beta variable (V) region family. A second primer was
designed to amplify from the constant (C) region on the antisense strand. We have undertaken a
systematic ampli®cation of each of the 40 T-cell clone cDNAs. As expected, one distinct Vb allele
has been ampli®ed for each T-cell clone thus far. These PCR products have been subcloned, and
sequencing to determine the exact V, D and J usage on the b chain is underway. Thus far, no
apparent preference for V region usage has emerged. Detailed analysis of TCR-a chain usage is
being investigated currently.

Transplacental Passage of Maternal Pemphigus Foliaceus Autoantibodies Induces
Neonatal Pemphigus
E. Avalos-Diaz, M. Olague-Marchan,* A. Lopez-Swiderski,* R. Herrera-Esparza, and L. A. Diaz²
Universidad Autonoma de Zacatecas, Zacatecas, Zac, Mexico; *Medical College of Wisconsin, Milwaukee,
Wisconsin; ²Medical College of Wisconsin and the VA Medical Center, Milwaukee, Wisconsin
Pemphigus foliaceus (PF) is a disease characterized by mucocutaneous blisters and pathogenic
antidesmosomal autoantibodies as demonstrated by immuno¯uorescence (IF) techniques. Transient
disease in newborn babies of patients with pemphigus vulgaris (PV) is triggered by transplacental
passage of pathogenic autoantibodies. Neonatal PF has been occasionally reported in nonendemic
PF, but not in 19 babies born to mothers with endemic PF (Fogo Selvagem) nor in other cases of
nonendemic PF. Here, we report a mother with classic PF who had two full-term pregnancies in
the course of her disease. The ®rst baby was born with neonatal PF during a phase of active
maternal PF. The second baby was normal, and delivered when the mother's disease was in partial
remission, under treatment with prednisone. Serum from the umbilical cord of the baby with
neonatal PF had high titers of antidsg1 autoantibodies, which were also found in lesional epidermis.
Moreover, IgG isolated from the blood of the baby's umbilical cord induced epidermal blisters
when passively transferred to neonatal. This study further documents the pathogenic role of
antidesmosomal autoantibodies in the blistering disease seen in neonates of mothers suffering from
PV or PF.
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IgA Auto-antibodies in Linear IgA Bullous Dermatosis are Primarily Directed Against a
120-kDa Epidermal Antigen and Induce Sub-epidermal Blisters: Evidence Using Skin
Explant Culture and SCID Mouse Grafted with Human Skin
G. Zhang, J. McGrath, J. Uitto, and R. Ghohestani
Thomas Jefferson University, Philadelphia, Pennsylvania; St. Thomas's Hospital, London, U.K.
Linear IgA bullous dermatosis (LABD) is a group of subepidermal blistering skin diseases, and IgA
autoantibodies recognizing basement membrane zone (BMZ) antigens have been suggested to play
a key role in blister formation. In this study, we sought to determine the antigenic speci®city and
the pathogenic role of IgA autoantibodies present in serum from patients with LABD. Twenty-two
of the 36 LABD sera analyzed contained IgA autoantibodies to a 120-kDa epidermal antigen.
Other BMZ antigens recognized by the LABD sera included the 180-kDa bullous pemphigoid
antigen (six cases), type VII collagen (®ve cases), and the 230-kDa bullous pemphigoid antigen
(three cases). We here provide further evidence that IgA autoantibodies to the 120-kDa LABD
antigen are pathogenic and induce subepidermal splits both in vitro in a skin explant culture system,
as well as in vivo in SCID mouse grafted with normal human skin. IgA deposits were found along
the dermal-epidermal junction and localized to the epidermal side of the lesional skin. C3 deposits
along the BMZ were insigni®cant and no major PMN/eosinophilic in®ltrates were found in the
split area. The level of split was shown to be within the lamina lucida by transmission electron
microscopy. Furthermore, IgA antibodies were immunolocalized by immunogold electron
microscopy along the lamina lucida, adjacent to hemidesmosomes. This study demonstrates, for the
®rst time, the direct pathogenic role of IgA autoantibodies in LABD.

Absorption of Non-Desmoglein Antibodies with rDsg-Ig-His Helps Explain the
Controversy about Immunopathogenesis of Pemphigus
V.T. Nguyen, A. Ndoye, S.A. Grando
University of California Davis, Sacramento, California
The mechanism of pemphigus acantholysis is unknown. Some desmoglein 1 (DSG1) and 3 (DSG3)
constructs can preabsorb disease-causing antibodies, but the pro®le of absorbed IgGs was not
characterized. Addition of the constant region of IgG1 to the DSG domains was required to make
the chimeras active, suggesting that antibodies were removed nonspeci®cally. Lack of innate
pemphigus phenotype in DSG3-knockout mice and ability of pemphigus vulgaris (PV) IgG to
induce skin blisters in these mice without a need for DSG1 antibody indicated that non-DSG
antibodies cause acantholysis. To clarify the controversy about DSG antibodies, we characterized
antigens targeted by the PV IgGs eluted from DSG1 and DSG3 constructs used in the original
passive transfer experiments. We produced recombinant baculoproteins rDsg1-Ig-His and rDsg3-IgHis, preincubated them with PV sera, and removed unbound IgGs through thorough washes. The
antigenic pro®les of preabsorbed IgGs was examined by immunoblotting with keratinocyte
proteins from normal BALB/C mice, and DSG3-knockout mice. In addition to DSG, the eluted
IgGs stained strongly the 190, 140, 120, 110, 65, and 38 kDa proteins and stained weakly at least
®ve more bands. The DSG3 eluant also reacted speci®cally with a 130-kDa keratinocyte protein
from the DSG3-lacking Dsg3±/± mice. Therefore, disease-causing antibodies preabsorbed on DSG
constructs are directed against multiple targets, including an unknown 130 kDa non-DSG3
protein. These results indicate that non-DSG antibodies can be eliminated due to cross reaction
with the IgG1 portion of both rDsg1-Ig-His and rDsg3-Ig-His chimeras used to preabsorb diseasecausing antibodies from pemphigus sera.
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An HLA Class II Peptide Binding Motif-Based Approach to Identify T Cell Epitopes in
Pemphigus Vulgaris
A.K. Moesta, H.G. Rammensee,* M.S. Lin,² and A.A. Sinha
Weill Medical College of Cornell University, New York, New York; *University of Tubingen, Tubingen,
Germany; ²Medical College of Wisconsin, Milwaukee, Wisconsin
Pemphigus vulgaris (PV) is an autoimmune skin disease in which susceptibility is strongly
correlated with the Human Leukocyte Antigen (HLA) alleles DRB1*0402 and DQB1*0503. The
target of autoantibodies in patients has been identi®ed as desmoglein 3 (Dsg3). While the disease is
ultimately mediated by anti-Dsg3 antibodies, presumably, an initial T-cell response is required to
provide help for the generation of these autoantibodies. Clearly, a major focus of autoimmune
research is the identi®cation of functionally relevant T-cell epitopes. The features common to HLA
allele-speci®c ligands are known as a motif, de®ned by preferences in size, structure and charge for
that antigen binding pocket. Motifs have been used to de®ne T-cell epitopes in several systems. A
previous attempt to apply a rudimentary DRB1*0402 motif to Dsg3 produced two putative
epitopes (Dsg3±190; Dsg3±206). Using data from peptide elution studies of DRB1*0402 and the
crystal structure of the closely related DRB1*0401, we have developed a more precisely de®ned
motif for DRB1*0402. Based on this updated motif, several candidate peptides contained in Dsg3
were identi®ed. The top scoring peptides were subsequently synthesized. Synthetic peptides were
screened for functional activity by proliferation assays with Dsg3 speci®c T-cell clones derived
from PV patients against Dsg3. For one T-cell clone, four peptides elicited a response. Surprisingly,
three of these were contained within the cytoplasmic region of Dsg3; one mapped to the
extracellular domain (Dsg3±96). Screening with additional clones and peptides is currently
underway.

Production of Anti-Desmoglein3 Mouse Monoclonal Antibodies Using Active Disease
Mouse Model for Pemphigus
K. Tsunoda, T. Ota, T. Nagai, S. Koyasu, T. Nishikawa, and M. Amagai
Keio University School of Medicine, Tokyo, Japan
Pemphigus vulgaris (PV) is an autoimmune blistering disease caused by antidesmoglein 3 (Dsg3)
IgG autoantibodies. Obtaining pathogenic monoclonal antibodies is a crucial step to understand
the exact pathophysiological mechanism of blister formation by autoantibody binding in PV. The
purpose of this study was to develop pathogenic anti-Dsg3 mouse monoclonal IgG antibodies. It
has been dif®cult to obtain function-inhibiting monoclonal antibodies by immunization of wild
type mice with autoantigen probably due to self tolerance. Recently, we have developed an active
disease mouse model for PV by adoptive transfer of splenocytes from Dsg3±/± mice to Rag-2±/±
immunode®cient mice that express Dsg3. We took advantage of this mouse model to obtain
pathogenic anti-Dsg3 monoclonal IgG. We prepared splenocytes from the recipient mice with
active phenotypes of pemphigus and obtained mouse-mouse hybridoma cells. One of the
monoclonal antibodies, AK2(IgG1), reacted with both mouse and human recombinant Dsg3
expressed by baculovirus by ELISA. AK2 stained keratinocyte cell surfaces of mouse and human
skin by indirect immuno¯uorescence. AK2 could bind native Dsg3 on living cultured
keratinocyte, PAM212, when it was added to culture media. Furthermore, when the hybridoma
cells were inoculated in the peritoneum of Rag-2±/± mouse, AK2 was able to bind native Dsg3 in
vivo with positive direct immuno¯uorescence. However, there was no apparent acantholysis in the
mice, probably due to insuf®cient amount of AK2 produced. These ®ndings indicate that our
experimental model for pemphigus provides a superior source for production of pathogenic
monoclonal antibodies against Dsg3.
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IgA Auto-Antibodies, in Linear IgA Bullous Dermatosis, are Directly Pathogenic in
Human Skin and Induce Sub-epidermal Blisters: Evidence Using Skin Explant Culture
and SCID Mouse Grafted with Human Skin
G. Zhang, J. McGrath, J. Uitto, and R.F. Ghohestani
Immunodermatology Unit, Department of Dermatology and Cutaneous Biology, Jefferson Medical College,
Philadelphia, Pennsylvania; Department of Cell Pathology, St. John's Institute of Dermatology, St. Thomas
Hospital, London, U.K.
We sought to determine the pathogenic role of IgA autoantibodies present in serum and lesional
skin from patients with linear IgA bullous dermatosis (LABD). We here provide evidence that IgA
autoantibodies to the 120 kDa LAD antigen are pathogenic and induce sub-epidermal splits both in
vitro, in an skin explant culture system and in vivo, in SCID mouse grafted with normal human skin.
IgA deposits were found along the dermal-epidermal junction and localized to the epidermal side
of the lesional skin. C3 deposits along the basement membrane zone were insigni®cant and no
major PMN/eosinophilic in®ltrates were found in the split area. The level of split was shown to be
within the lamina lucida by transmission electron microscopy. Furthermore, IgA antibodies were
immunolocalized along the lamina lucida, adjacent to hemidesmosomes, by immunogold electron
microscopy. This study demonstrates, for the ®rst time, the direct pathogenic role of IgA
autoantibodies in a human pathology.

Is a-MSH Relevant to Metastatic Success of Melanoma?
P.C. Eves
University of Shef®eld, Shef®eld, U.K.
a-melanocyte stimulating hormone (a-MSH) is involved in melanogenesis but it also has
antipyretic and anti-in¯ammatory activities. Many melanoma cells (including the HBL human
melanoma cell line) produce and respond to a-MSH. Does autocrine production of MSH
contribute to metastatic success? We have previously reported that addition of a-MSH reduces
TNF-a stimulated upregulation of the transcription factor NFkB and upregulation of the adhesion
molecule ICAM-1 in HBL cells. The purpose of this study was to investigate the physiological
consequences of a -MSH downregulating cytokine induced ICAM-1 expression. Accordingly, we
investigated the effect of a-MSH on (i) invasion of melanoma cells in vitro and (ii) on the ability of
melanoma cells to stimulate T lymphocyte proliferation. Invasion of cells through a layer of
®bronectin was examined in serum free medium over 20 h. 10±9 M a-MSH reduced invasion to 69
6 2% (n = 13) and 10±8 M a-MSH to 44 6 3% (n = 3) of control invasion. The effects of a-MSH
could also be mimicked by agents elevating cyclic AMP (IBMX and forskolin). Preincubation of
HBL cells with TNF-a and IFN-g enhanced their ability to stimulate T lymphocyte proliferation
and addition of a-MSH (10±9 M) reduced this melanoma T cell interaction by 16±80% In
summary, our data suggests that a-MSH reduces some aspects of melanoma cell invasion but it also
reduces interaction of T lymphocytes with these cells. An attenuation in the immune system
response might facilitate melanoma metastasis

Pemphigus Abreu-Manu. A Lost Link in Skin Autoimmunity in Endemic Fashion
A.M. Abreu,* M.M. Yepes, and W. LeoÂn*
University of Antioquia, Hospital Universitario San Vicente de PauÂl, Medellin Medellin
Human autoantibodies in bullous skin diseases such as pemphigus and pemphigoid have been
instrumental in the identi®cation of important structural proteins of the skin and mucosa.
Previously, a peculiar focus of ``endemic pemphigus foliaceus were reported'' (EPF-L) in El Bagre,
Colombia. The aim of this study was to try to identify the immunoreactivity in 30 patients with
EPF-L that have typical acantholysis detected by H&E stain. We used indirect immuno¯uorescence (IIF) using human skin, tongue, bladder, cardiac, gastric, liver, kidney, brain, pancreas,
intestine rat tissue as antigen sources. An immunoblotting (IB) with ECL, I 125 and phosphatase
using human skin as well as a MCF-12 mammary epithelial cell line and cow snouts were used as
substrate. All cases showed a presence of positive intercellular stain between keratynocites by IIF
with presence of mainly mAb IgG4 on foreskin, and rat tongue. An intracitoplasmic IgG3 stain was
also prevalent in same tissues. When using anti-IgG, M and A, a basal stain was detected in most
cases with reinforcement of the basal membrane zone, resembling the one observed in LES. A few
cases also showed autoantibodies against keratins 5 and 14 with mainly IgG2 mAb. Most of the
Basal ¯uorescence was due to IgA and IgM mAb. Using IgA mAb alone, a unique round pattern
was observed in the outer surface of all layers of the keratinocytes. An important stain was observed
in smooth muscle nonactin type in many organs and in the papillary dermal tissue. Basal epithelial
stain was observed in bladder when using IgA, IgM, IgA mAbs, differing from that observed in
PNP. Presence of intercalate stain in cardiac tissue was also evident, as well as in smooth gastric and
hepatic rat tissue. The IB revealed presence of autoantibodies against Desmoplakins (mainly 1),
envoplakin, periplakin, desmogleins 1, 3, a 117, 97, 55, 45, 34, and in two cases 300 Kda
molecules. The presence of possible isoforms of DP1, envoplakin, periplakin and in Dsg1 was
evident by comigration of double bands when using mAb against Kappa and lambda. A few cases
revealed presence of F-12 autoantibodies demonstrating that this mAb is different than envoplakin
and periplakin. Immunoprecipitation con®rmed the IB results. This study demonstrates that this
complex syndrome is a new and unique autoimmune disease with a prominent component against
plectin, desmogleins and other molecules which nature remains unknown. The immune response
against other tissue different than skin needs to be test for pathogenicity. Evidence of possible
isoforms in some of the antigens open new possibilities for understanding why some people
develop endemic pemphigus in a speci®c geographic environment.

Identi®cation of PTEN Mutations in Metastatic Melanoma Specimens
J.T. Celebi, X.L. Ping, I. Shendrik, D.N. Silvers, and M. Peacocke
Columbia University, New York, New York
PTEN, a tumor suppressor gene located on chromosome 10q23, develops somatic mutations in
various tumors and tumor cell lines including brain, endometrium, prostate, breast, kidney,
thyroid, liver, and melanoma. Among all these tumors, PTEN is mutated with a high frequency in
advanced stages of gliomas and prostate cancers, and in all stages of endometrial cancers. To further
investigate the mutational pro®le of this gene as well as its role in tumor progression in melanoma,
we examined 21 metastatic melanoma samples for 10q23 allelic losses and PTEN sequence
alterations. Additionally, we screened these samples for mutations in CDKN2A, a gene in which
alterations are well documented in primary melanoma as well as in the germline of familial
melanoma. Loss of heterozygosity (LOH) at 10q23 was observed in 33% (7/21) of the samples
tested. We identi®ed four sequence alterations in PTEN (19%) and two in CDKN2A (9.5%). Of
interest, only one case demonstrated mutations in both genes. These data support the notion that
PTEN alterations occur in some metastatic melanomas, and that mutation of this gene plays a role
in the progression of some forms of melanoma.
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Intermolecular Disul®de Crosslinking of S100A2 is Induced by Oxidative Stress in
Normal Human Keratinocytes
T.L. Woods, J. Fu, R. Deshpande, T. Zhang, S.W. Stoll, and J.T. Elder*
University of Michigan, Ann Arbor, Michigan; *University of Michigan and Ann Arbor VA Hospital, Ann
Arbor, Michigan
S100A2 is a p53-inducible gene (FEBS Letters 445:265, 1999) whose product is markedly downregulated in many carcinoma-derived cell lines. In contrast, it is strongly up-regulated during
regenerative epidermal differentiation (Cancer Res 57:3055, 1997). In search of a connection
between these two phenomena, we characterized the oxidation state of S100A2 in normal human
keratinocytes (NHK). Western blotting of hypotonic NHK lysates revealed a single band
partitioned entirely into the 100,000xg supernatant, indicating that S100A2 is largely free in the
cytoplasm. Digitonin permeabilization experiments con®rmed the lack of membrane association
and also revealed a digitonin-insoluble fraction of S100A2 in the cell nucleus. IP/Western blot
assays of epitope-tagged S100A2 and yeast two-hybrid screening showed that native S100A2 has a
strong propensity to homodimerize. Omitting reducing agents in SDS-PAGE, we found that
S100A2 dimers readily underwent intermolecular disul®de crosslinking during cell lysis unless an
ionic detergent was present. Treatment of intact NHK with hydrogen peroxide strongly promoted
crosslinking of the intracellular S100A2 dimer. Addition of millimolar concentrations of calcium to
preoxidized S100A2 dimers promoted further disul®de crosslinking. These results demonstrate that
native S100A2 is a homodimer that does not depend on disul®de crosslinking for stability, but
readily undergoes crosslinking in response to oxidative stress and cell lysis. Further crosslinking is
promoted by calcium concentrations characteristic of the extracellular space. Loss of S100A2 in
cancer cells might provide them with a selective advantage in the context of oxidative stress and/or
immunologic attack. Conversely, S100A2 may be up-regulated during regenerative hyperplasia to
protect cells against reactive oxygen species generated in the course of rapid keratinocyte
proliferation.

The Tumorigenecity of IL-6 in Human Basal Cell Carcinoma Cells
S. Jee, S. Shen, and M. Kuo
College of Medicine, National Taiwan University, Taipei, Taiwan Republic of China
Much recent public and scienti®c interest has been focused on high serum levels of IL-6 have been
found in some cancer patients, which seem to correlate with progression of the tumor. The aim of
our study is to elucidate the relevance and the molecular mechanism of IL-6 in the tumor
progression of human basal cell carcinoma cells (BCC). An IL-6-BCC cell line was established by
transfection of the IL-6 gene containing plasmid into a BCC cell line. The in vitro study
demonstrated anchorage independent growth and anti-UVB induced apoptosis function of this cell
line. Subcutaneous injection of IL-6-BCC cells into nude mice induce skin tumor. Using RTPCR and Western blotting method we detect the increment of tumor progression related
molecules such as vascular endothelial growth factor (VEGF), cyclooxygenase-2 (COX-2) and
antiapoptotic protein Mcl-1 in IL-6-BCC cells. This study provide the ®rst direct evidence to
demonstrate that IL-6 may potentiate the tumorigenecity of BCC cells by enhancing cellular
antiapoptotic activity and angiogenesis activity mediated by induction of Mcl-1, VEGF and COX2.
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The Tyrosine Kinases c-Src, Fyn, and c-Yes may be Responsible for Constitutive NFkB
Factor Activities in Cutaneous T-Cell Lymphoma
U.M.G. Dobbeling, C. Zhang, J. Qin, R. Dummer, and G. Burg
University Hospital Zurich, Zurich, Switzerland
Mycosis fungoides and its leukemic variant SeÂzary syndrome are the most frequent types of
cutaneous T cell lymphomas (CTCL). We recently found that CTCL cells contain constitutively
active NFkB transcription factors which may activate the expression of further oncogenes. To ®nd
the molecules responsible for NFkB activation we determined the levels of the NFkB antagonists
IkB alpha and IkB beta and src tyrosine kinases by Western blotting and immunohistochemistry.
The in¯uence of IkB kinases (IKK) and tyrosine kinase inhibitors on NFkB DNA-binding
activities in CTCL cell lines was studied by electrophoretic mobility shift assays (EMSAs) using an
oligonucleotide harbouring a NFkB binding sequence and nuclear extracts from CTCL cells. We
found that the IkB alpha and IkB beta levels were decreased in the CTCL cell lines and that the
constitutive NFkB DNA-binding activities could be repressed by the IKK inhibitor sodium
salicylate and the tyrosine kinase inhibitors herbimycin A and PP1. Since herbimycin A and PP1
are speci®c for the c-Src kinase family, we tested for the presence of these proteins. We found that
c-Src, c-Yes and Fyn were present in the CTCL cell lines and in tumor lesions, whereas with one
exception Lck and cFgr were absent. These results show that NFkB in CTCL cells is constitutively
activated by an IKK, src kinase pathway. The oncogenes c-src and c-yes are normally not expressed
in T cells, thus their activation and subsequent NFkB induction may be an important step in
CTCL cancerogenesis.

Association of DNA Damage/Repair De®ciency with Melanoma
M. Berwick, Y. Song, P. Roy, S. Mahabir, A. Elahi, D. Coit, J. Lewis, A. Halpern, P. Myskowski,
M. Brady, W. Hwu, P. Chapman, P. Livingston, and D. Polsky
Memorial Sloan-Kettering Cancer Center, New York, New York
In a pilot study for a study of gene±environment interaction in melanoma, we have measured
DNA damage/repair using the mutagen sensitivity assay among 40 subjects with multiple primary
melanoma, 67 subjects with single primary melanoma, and 25 controls from the general
population. We designed a case control study to determine whether de®cient DNA damage/repair
increased the risk for melanoma. To date we have preliminary data that suggests that subjects with
multiple primary melanoma and single primary melanoma have less ability to repair bleomycininduced DNA damage than general population controls. Subjects with multiple primary melanoma
were 4.3 times (95% Con®dence Limits, 0.9±18.9) as likely to be ``mutagen sensitive'' as controls;
subjects with single primary melanoma were 2.4 times (95% Con®dence Limits, 0.8±6.8) as likely
to be ``mutagen sensitive''. These data support other observations that melanoma may be related to
DNA repair de®ciency. Wide con®dence limits limit the strength of these associations.

Unique Control of VEGF Release from Human Melanoma Cells
Y. Park, Y. Shellman,* R. Swerlick,² J.P. Gendall,* D. Marr,* and D.A. Norris*
Soonchunhyang University Hospital, Seoul, Republic of Korea; *University of Colorado Health Sciences
Center, Denver, Colorado; ²Emory University, Atlanta, Georgia
Vascular Endothelial Growth Factor (VEGF) is an angiogenic factor which promotes tumor
growth. In systems previously studied, VEGF release was enhanced by hypoxia, primary cytokines,
growth factor withdrawal, irradiation or oncogenic ras. The purpose of this project was to
determine whether VEGF release from human melanoma cell lines was increased by activating ras
mutations or by ultraviolet radiation. VEGF release from cultured human melanoma cell lines was
measured by ELISA (R&D Systems) in media removed from cultures. VEGF RNA was
quantitated using PCR in cellular RNA extracted from cells in culture. We used WM35 radial
growth phase melanoma cells transfected with mutant H-ras or with and appropriate plasmid
controls as our model system. Cells were grown in monolayer culture mimicking anchoragedependent growth on the dermal basement membrane zone, and in spheroid culture mimicking
anchorage-independent, tumor growth in the dermis. Ultraviolet light caused a signi®cant decrease
in VEGF release at 24, 48 and 72 h from all melanoma cell lines tested. Decrease in VEGF m RNA
was observed 4 h after UVR radiation. Another apoptosis-inducing agent (cisplatin) also produced
a dose-dependent decrease in VEGF release. Activating ras mutations did not increase baseline
VEGF release in these melanoma lines or protect against UVR-induced decreases in VEGF. VEGF
is expressed and released from RGP melanoma cells in high levels whether the cells are grown in
anchorage dependent or independent conditions. UVR at cytotoxic doses decreases VEGF release,
and ras appears to have little effect on the high VEGF release by melanoma cells. In these respects,
VEGF control is different in melanoma cells compared to carcinomas.

Investigating Chemotherapeutic Potential of Resveratrol Against Melanoma
T. Davis, S. Arumugam, D. Darbonne, M. Menchaca, and R. Kumar
University of Illinois at Chicago, Chicago, Illinois
Resveratrol is a phytoalexin found in grapes and other foods. It inhibits cyclooxygenase, prevents
the initiation and promotion of melanoma in mice, inhibits proliferation and induces apoptosis and
differentiation in HL-60 leukemia cells. We investigated effects of resveratrol (RES) on B16F1 and
B16F10 melanoma cells. RES, in vitro, exhibited a dose and time dependent inhibition (1±94%) of
3H-thymidine between 5 mM and 100 mM with maximal effect at 24 h. The cells began to recover
on day six, but were maximally re-inhibited 24 h after a fresh dose of the drug. Reversibility was
shown in another experiment in which nearly 80% of the inhibition was lost when the drug
(100 mM) was washed out with the media at the end of 24 h. In-Vivo studies were equivocal.
C57BL mice were inoculated with B16F1 (100K) intraperitoneally and gavaged with low (0.5 mg
QOD) and high dose (1.0 mg QOD) RES. Both low and high groups had smaller primary lesions
than control as well as fewer abdominal lesions than control. In another study, both pretreated (1.0
mg Res QOD) for 1 wk and untreated mice were inoculated in the ¯ank with 100K cells.
Although pretreated mice had considerably smaller lesions than controls, continuation of treatment
with RES produced larger lesions. This anomaly is under investigation, as is the role of apoptosis.
RES appears to have a role in the treatment of melanoma, possibly as an adjunct therapy.
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Deer Antler Velvet Offers a Novel Model for the Comparison of Embryonic Follicular
Development with Cycling Adult Follicles in the Same Animal
N.J. Croft and V.A. Randall
Department of Biomedical Sciences, University of Bradford, Bradford, U.K.
The red deer (Cervus elaphus) offers a model for the study of hair follicle neogenesis in the adult, in
the velvet covering the annually regenerating antlers. This study was designed to examine deer
antler velvet as a new model of hair follicle development; the longterm aims are to compare the
molecular signals involved in development with mature adult hair follicle cycling. To characterize
the antler for hair follicle neogenesis we have studied frozen sections (5±7 mm) of antler
histochemically using SACPIC (Nixon AJ: Biotech Histochem 68:316±325, 1993) and immunohistochemistry using antibodies for Ki67, vimentin and keratins 6, 10 and 19. SACPIC stained
clearly de®ned stages of hair follicle development from epidermal thickening through hair pegs to
hair production. The antibody to Ki67 located cell division initially in the epidermal basal layer,
and later the outer edges of the epithelial downgrowths, and the hair matrix of the newly formed
bulbs. Expression of hair keratins (K6 and K19) and the primarily epidermal keratin, K10, together
with vimentin as a marker of mesenchymal ®broblast cells in dermal papilla formation, supported
these results, illustrating spatially the progression and differentiation of developing hair pegs to fully
formed follicles. In conclusion, these results demonstrate antler velvet to be a suitable model of
embryonic hair follicle development. Since the male adult deer also has mature coat follicles, it
offers an exciting model with the potential to realize true comparisons between developing follicles
and mature hair follicle cycling in the same individual.

The Melanocortin Receptors 2, 3 and 5 are Expressed in Human Sebaceous Glands
D.M. Thiboutot, A. Sivarajah, K. Gilliland, Z. Cong, and G. Clawson
Penn State University, Hershey, Pennsylvania
Lipid metabolism in sebaceous glands and preputial glands of rodents is regulated by alphamelanocortin stimulating hormone (alpha-MSH), the major agonist for melanocortin receptors.
Five melanocortin receptor subtypes have been identi®ed that differ in their tissue localization and
af®nities for melanocortin ligands. Targeted disruption of the melanocortin 5 receptor in transgenic
mice results in widespread dysfunction of exocrine glands, including a marked decrease in sebum
production. The goal of this study is to determine which melanocortin receptors are expressed in
human sebaceous glands (hSG). Messenger RNA was isolated from hSG and RT-PCR was
performed using primers speci®c for each of the melanocortin receptor subtypes. Transcripts for
the melanocortin 2 receptor (ACTH receptor), melanocortin 3 receptor and melanocortin 5
receptor were detected. A polyclonal antibody to the melanocortin 5 receptor was raised in
chickens. Antibody localized to sebaceous glands, eccrine glands, hair follicles and epidermis in
human skin, rat skin, cultured human sebocytes and rat preputial cells. Presence of the
melanocortin 5 receptor protein in human sebaceous glands and rat preputial glands was con®rmed
by Western blotting. These data support further investigation of the role of melanocortins in the
regulation of human sebum production.
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Evaluation of Putative Immunohistochemical Markers in Transforming and NonTransforming Mycosis Fungoides
C. Ahnhudt, C. Wesendahl, H. Audring, A. Lukowsky, W. Sterry, and J. Muche
ChariteÂ Berlin, Berlin, Germany
Long-term observation of Mycosis fungoides (MF) patients identi®es two different courses of the
disease: At least 80% of the patients show a slowly progressing MF, whereas the remaining cases
rapidly transform into large cell lymphoma which is associated with an unfavourable prognosis.
The aim of the present study was the immunohistochemical investigation of transformed and
nontransformed MF to identify prognostic markers and early parameters indicating transformation
in MF.Thirty skin biopsies taken from 21 MF patients (nine cases before and after histological
con®rmed transformation into large cell or pleomorphic lymphoma, 12 cases with absent
transformation for at least 6 y) were stained with antibodies to CD1a, CD7, CD13(My7),
CD44v7±8, CD44v10, E-Cadherin, p15, p16 using the alkaline phosphatase monoclonal
antialkaline phosphatase method and with antibodies to CD3, CD30, CD79a, Ki-67, CD68,
CD20, CD45RO and CD56 by the avidin-biotin peroxidase technique. In contrast to
nontransforming MF, transforming cases showed an increased expression of CD44v7±8,
CD44v10, E-Cadherin, p15, CD1a and CD3 before the transformation. The staining of the
remaining markers revealed no differences between transforming and nontransforming lymphomas.
With regard to the alterations during transformation, a decrease in the CD44v10, E-Cadherin, p16
and CD1a expression was observed. We conclude that CD44v10, CD44v7±8, CD1a and ECadherin might be useful markers to predict transformation in MF. An extended prospective study
will ensure the statistical signi®cance of these ®ndings.

Antithrombin III Releases Prostacyclin in Human Dermal Microvascular Endothelial
Cells (HDMEC)
N.T. Sepp, A. Lercher,* J. Kountchev,* C. FuÈrhapter, J. RoÈmisch,² J. Margreiter,³ and W.
Schobersberger³
Department of Dermatology, University of Innsbruck, Innsbruck, Austria; *Institute for Medical
Biochemistry, Innsbruck, Austria; ²Centeon Pharma, Marburg, Germany; ³Clinic for Anesthesia and
Intensive Care Medicine, University of Innsbruck, Innsbruck, Austria
Introduction: Antithrombin III (ATIII) is an important inhibitor in the coagulatory system.
Recently, anti-in¯ammatory properties were reported in cell culture and animal models which
were mainly contributed to an ATIII-induced release of prostacyclin by the vasculature. It is
unclear whether human endothelial cells have similar properties to the animal species.
Methods: We evaluated the possible release of PGI2 by ATIII in human dermal microvascular
cells (HDMEC). HDMEC were incubated with ATIII (0.1, 1, 5 and 25 U per ml) for 30, 60, 90,
180, 240 and 480 min. PGI2 release was estimated by measuring its stable analog 6-ketoprostaglandin F1-alpha (6-keto-PGF1-alpha) with an enzymimmunoassay (EIA) system (Biotrac,
Amersham).
Results: Incubation of HDMEC with low concentrations of ATIII did not result in signi®cant
changes of 6-keto-PGF1-alpha in the culture supernatant. In contrast, by using 25 U per ml ATIII
a signi®cant increase in 6-keto-PGF1-alpha was measured after 180 min (mean values: ATIII group
23.1 pg per ml vs 14.1 pg per ml for the controls; p < 0.05; n = 5), after 240 min (34.8 pg per ml vs
21.5 pg per ml; p < 0.05) and after 480 min (116.8 pg per ml vs 31.5 pg per ml; p < 0.05).
Conclusion: High concentrations of ATIII promote the release of PGI2 by human dermal
microvascular cells and may be responsible for the bene®cial effects of high dose ATIII therapy in
severe in¯ammatory diseases preventing microvascular occlusive disorders.

Dermal Sheath Cells Cultured from Beard Hair Follicles Contain Speci®c Androgen
Receptors
A.E. Merrick, J. Thornton, A.G. Messenger,* and V.A. Randall
Department of Biomedical Sciences, University of Bradford, Bradford, U.K.; *Department of Dermatology,
Royal Hallamshire Hospital, Shef®eld, U.K.
Cells from the dermal sheath have recently been shown to stimulate human hair growth by
forming a new dermal papilla. Since androgens are important regulators of human hair growth
which probably act via the dermal papilla, the presence of androgen receptors in cultured dermal
sheath cells from androgen-sensitive beard follicles has been investigated. Androgen receptors were
measured in 5 primary lines of beard dermal sheath cells by saturation analysis using the
nonmetabolisable androgen, mibolerone, as described previously (Randall, Thornton &
Messenger: J Endocrinol 133:141±147, 1992). Competition studies were also carried out with a
range of androgenic and other steroids to analyse steroid speci®city. Speci®c, high af®nity, low
capacity androgen receptors were present in all dermal sheath cell lines with a mean Kd 0.24 6
0.032 nmol per liter and Bmax 0.033 6 0.0015 fmol per 104 cells (6 SEM). Since the levels and
speci®city of these androgen receptors are very similar to those in beard dermal papilla cells, this
supports the concept that dermal sheath cells could replace dermal papilla cells even in androgendependent follicles. The speci®c roles of this capacity in the normal hair cycle are unclear, but the
®brous sheath must enlarge to accomodate the growth of beard follicles after puberty; these results
suggest the sheath cells may be able to do this under direct androgen stimulation.

Niacin Status of Human Skin Fibroblasts and Keratinocytes and Cellular Responses to
Genotoxic Stress
M.J. Roberts, M.V. Wilson, M.K. Jacobson, and E.L. Jacobson
University of Kentucky and Niadyne, Inc. Lexington, Kentucky
NAD is required for cellular responses to genotoxic stress as a substrate for cellular poly(ADPribose) polymerases (PARPs) involved in DNA damage response signaling pathways leading to
DNA repair, apoptosis, and necrosis. The purpose of this study was to examine cellular responses to
genotoxic stress in human skin cells as a function of niacin status measured by cellular NAD
content. Fibroblasts and keratinocytes cultured in medium without added pyridine precursors for
NAD continue to proliferate but become progressively NAD depleted. We have assessed, as a
function of NAD content, the response of both cell types to a variety of genotoxic stresses
including oxidative (staurosporin), alkylating (N-methyl-N'-nitro-N-nitrosoguanidine), and
simulated solar radiation. Proliferation potential, DNA repair, and cell death pathways were
examined. Both ®broblasts and keratinocytes with decreased NAD content showed altered
responses to each of the genotoxic stresses examined. A normal genotoxic stress response was reestablished by restoration of normal NAD content by adding precursors of either the nicotinamide
and nicotinate biosynthetic pathways when the precursors were added to the medium at
concentrations of 50 micromolar or less. At higher concentrations (e.g., 500 micromolar), normal
responses could be restored with precursors of the nicotinate pathway, but not by nicotinamide,
probably because nicotinamide at higher concentrations inhibits cellular PARPs. The results
indicate that an optimal content of NAD is required for normal responses of skin cells to genotoxic
stress and that the nicotinate pathway is the preferred pathway for optimizing NAD content.

VOL. 114, NO. 4 APRIL 2000

ABSTRACTS

596

597

598

599

600

601

Elevation of Skin Cell NAD Content by Topical Application of Pro-NAD Compounds
M.K. Jacobson, B. Tashtoush, D.L. Coyle, M. Kim, H. Kim, and E.L. Jacobson
University of Kentucky and Niadyne, Inc. Lexington, Kentucky
Skin cells are exposed to numerous genotoxic stresses and an optimal NAD content is required for
normal cellular responses to these stresses as NAD is consumed by cellular poly(ADP-ribose)
polymerases (PARPs) involved in DNA damage response signaling pathways. The purpose of the
study was to examine the feasibility of optimizing the NAD content of skin cells by topical
application. A series of nicotinate derivatives that could serve as precursors to NAD (pro-NAD
compounds) with octanol/water partition coef®cients (P) with log p-values ranging from 1 to 14
was examined for their effect on skin cell NAD content following topical application. Pro-NAD
compounds in a cream formulation were applied to the backs of hairless mice while compounds
were not applied to the abdomen. Following daily application protocols, the NAD content of skin
from back and abdomen was determined relative to total protein. Applications of Pro-NAD
compounds resulted in time and dose dependent increases in skin NAD content from the back of
the animal, while the NAD content of the abdomen of the same animals was unaffected,
demonstrating that the increased NAD content was due to topical application. The more lipophilic
pro-NAD compounds were more ef®cacious in elevation of NAD content, due to prolonged
residence in the stratum corneum leading to a slower rate of bioconversion to nicotinate with
increased utilization by skin cells. This study indicates that the topical application of pro-NAD
compounds may enhance protective responses of skin cells to genotoxic stress.

Development and Microdomain Speci®city of Human Dermal Fibroblasts Determined
by Cell Surface Antigens
J.M. Sorrell, M.B. Seavolt, M.A. Baber, D.A. Asselineau,* and A.I. Caplan
Case Western Reserve Univesity, Cleveland, Ohio; *L'Oreal, Life Sciences Research, Clichy, France
Skin, like other organs, contains a heterogeneous population of ®broblasts. Immunocytochemical
and ¯ow cytometric studies were used to characterize the developmental expression of three cell
surface antigens, CD13, CD26, and CD90, that occur of surfaces of dermal ®broblasts. Fibroblasts
in fetal and 1 day-old skin do not express the CD26 antigen (dipeptidyl peptidase IV), although
®broblasts from adult skin are positive for this marker. Cultured fetal ®broblasts at low passage also
do not express this antigen. In contrast, CD13 (aminopeptidase N) and CD90 (Thy-1) antigens are
expressed on fetal ®broblasts except for dermal papilla cells of fully formed fetal hair follicles, which
express only the CD13 antigen. All three antigens appear on surfaces of adult ®broblasts: however,
immunocytochemical studies indicate that ®broblasts in the immediate supepidermal region differ
from other ®broblasts in that these cells express CD13, but not the CD26 or CD90 antigens. These
results suggest that dermal ®broblast subpopulations can be identi®ed using speci®c cell surface
antigens and distinguishing markers. Additional monoclonal antibodies have been developed
which recognize ®broblasts in the immediate subepidermal region and these antibodies are being
evaluated for use in separating subpopulations of dermal ®broblasts.

Pantophysin De®nes Constitutive Transport Vesicles in Human Skin, Hair Follicles and
Skin Tumors
N.K. Haass, S. Jung, and I. Moll
Department of Dermatology, University Hospital Eppendorf, Hamburg, Germany
Pantophysin, a homologue of the major synaptic vesicle protein synaptophysin, is expressed in
various cell types in electron-translucent smooth-surfaced microvesicles which also contain other
constitutive secretory and endocytotic vesicle proteins such as the vSNARE cellubrevin or the
secretory carrier associated membrane proteins SCAMPs. To date, it is unknown which type of
constitutive transport in skin is supported by pantophysin and whether pantophysin plays a role in
neurobiology of the skin. Investigations were performed by RT-PCR, Northern and Western blot
analysis and immunolocalization by ¯uorescence-and electronmicroscopy. We now show on
molecular biological and on biochemical level that pantophysin is expressed ubiquitously in all cell
types of normal skin, hair follicles, and various skin tumors such as basal cell and squamous cell
carcinoma, malignant melanoma and Merkel cell carcinoma. In the epidermis the strongest
immunoreactivity was found in suprabasal keratinocytes with slightly lower levels in the basal layer.
Immunoreactivity in dermal ®broblasts was comparable to suprabasal epidermal expression, while
expression in epithelial tumors and melanomas was comparable to the basal epidermis. Interestingly
in the neuroendocrine Merkel cell carcinoma pantophysin and synaptophysin are colocalized. Also,
in cultured melanocytes pantophysin is expressed in microvesicles but not in melanosomes. We
propose that pantophysin is a constitutive component of microvesicles that mediates exo-and
endocytosis in all cell types of skin, hair follicles and skin tumors. Especially in melanocytes
pantophysin is present exclusively in microvesicles arguing that it is not involved in melanin
transport. Ongoing investigations will elucidate pathobiological functions of pantophysin.
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Expression of Melanocortin Receptors in Human Sebocytes in Vitro and in Situ
M. BoÈhm, M. Schiller, J. Bichel, S. Reimann, D. Metze, M. Raghunath, H. Seltmann,* H.
SchioÈth,² A. Skottner,³ C.C. Zouboulis,* and T.A. Luger
University of MuÈnster, MuÈnster, Germany; *Free University of Berlin, Berlin, Germany; ²Uppsala
University, Uppsala, Sweden; ³Melacure Therapeutics AB, Uppsala, Sweden
There is clear evidence that the functional state of sebaceous glands in rodents is tightly regulated
by alpha-melanocyte-stimulating hormone (alpha-MSH). In order to elucidate the potential role of
alpha-MSH in human sebocytes, we examined the expression of melanocortin receptors (MC-R)
in the newly established human sebocyte line SZ95 in vitro as well as in situ in normal human skin.
RT-PCR of RNA from SZ95 cells using speci®c primers against MC-1±5R revealed exclusive
expression of MC-1R and MC-5R. Expression of MC-1R on these cells was con®rmed by
immuno¯uorescence analysis using an anti-MC-1R antibody directed against the N-terminal
extracellular domain of the MC-1R. Accordingly, MC-1R expression was found in sebaceous
glands of normal adult skin. Interestingly, as demonstrated by immunoelectron microscopy of
normal adult human skin, MC-1R was mainly con®ned to intracellular vesicular structures
suggesting internal binding sites for alpha-MSH in human sebocytes. In contrast, expression of
MC-5R (using prostate gland as a positive control) could not be detected in sebocytes in vitro or in
situ by either immuno¯uoresence, immunohistochemistry or immunelectron microscopy studies.
Our ®ndings show for the ®rst time MC-R expression in human sebocytes and suggest a
physiological role of alpha-MSH in man.

Sebaceous Gland Androgen Receptors Quanti®ed: A Measure of Target Organ
Sensitivity to Hormonal Determinants in Acne Vulgaris?
D. Woseth, R. Hiipakka,* and J. Shaw
Section of Dermatology, The University of Chicago Hospitals, Chicago, Illinois; *University of Chicago Ben
May Cancer Institute, Chicago, Illinois
While a few studies have demonstrated immunohistochemical localization of androgen receptors
on sebocytes, none have described the role of sebaceous gland androgen receptor density as a
determinant of increased sensitivity to androgens. This study aims to quantify sebaceous gland
androgen receptors to better elucidate the role of target organ androgen sensitivity in the
pathophysiology of acne. Tissue samples were obtained from clinic patients via punch biopsy or
dissection of clinically normal surgical specimens located on the face and back. Sebaceous glands
were isolated, homogenized and subjected to gel electrophoresis along with a cell line known to
contain high levels of androgen receptors and a molecular marker. Western blot was performed
with antiandrogen antibodies. Incubation with a secondary antibody and chemiluminescence
detection system followed. Chemi¯uorescence was measured by a STORM scanner and analyzed
with appropriate software. Results yielded nine sets of sebaceous glands dissected from the face and
back of seven individuals. Androgen receptor density was successfully quanti®ed, with the highest
levels present in the control cell line. No signi®cant differences in receptor density were noted
between age, sex, or biopsy location. In conclusion, this technique provides a powerful tool for
androgen receptor quanti®cation in small tissue samples of sebaceous glands. Utilization of this
method may permit easy, standardized comparisons of androgen receptor density across sebaceous
gland tissue samples. Application of this technique may better elucidate the role of androgen
receptors in sebaceous gland sensitivity to serum androgens.

Growth-Dependent Regulation of Annexin I in Cultured Human Endothelial Cells
K.C. Sato-Matsumura, H. Koizumi, and T. Matsumura
Hokkaido University School of Medicine, Sapporo, Japan
Annexin I, also known as lipocortin I or p35, is a member of the annexin family, which are
structurally related proteins that inhibit phospholipase A2 activity and play an important role in the
regulation of in¯ammation. Annexin I also binds to phospholipids in a calcium dependent manner,
and are involved in regulation of membrane traf®c and exocytosis, mediation of cytoskeletal±
membrne interactions, and mitogenic signal transduction. Recently, we have reported that annexin
I shift to the membrane in cultured keratinocytes is closely related to the process of keratinization.
In the present study, to investigate whether annexin I is also involved in proliferation and
differentiation of other cell types, we examined protein and mRNA expression of annexin I in
cultured human endothelial cells. Human umbilical vein endothelial cells were examined before
reaching con¯uence or after being totally con¯uent. Confocal laser scan microscopy revealed
diffuse faint expression of annexin I in the cytoplasm of noncon¯uent cells, however, in con¯uent
cells, annexin I expression was observed mainly near the cell membrane. Protein expression of
annexin I was examined with Western blotting, which showed upregulated annexin I in totally
con¯uent cells compared to noncon¯uent cells. Expression of annexin I mRNA was also
upregulated in con¯uent cells, which were proven by Northern blotting. In conclusion, differences
between noncon¯uent cells (growing cells) and totally con¯uent cells (growth-depleted cells) in
the expression of annexin I in both protein and mRNA level indicated growth-dependent
regulation of annexin I in cultured human endothelial cells.
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Mimotopes for the Induction of a Humoral Immune Response to the High Molecular
Weight-Melanoma Associated Antigen. Application of Phage Display Peptide Libraries
B. Sponer, E. Jensen-Jarolim, O. Scheiner, H. Breiteneder, K. Wolff, H. Pehamberger, and C.
Hafner
University of Vienna Medical School, Vienna, Austria
The induction of antibodies capable of targeting tumor speci®c antigens represents an alternative
concept for melanoma therapy. The high molecular weight ± melanoma associated antigen
(HMW-MAA) represents a structure quali®ed as a target for this therapy: (i) it is expressed on 90%
of primary metastatic melanoma lesions with highly restricted normal tissue distribution and (ii) it
owns an extracellular domain. The high-af®nity murine IgG2 monoclonal antibody 225.28S
recognizes a domain of HMW-MAA with high speci®city. We aimed to characterize this epitope
by biopannings of phage displayed peptide libraries, and to generate mimotopes useful for
immunizations in mice. Mimotopes for antibody 225.28S were characterized by biopannings of
linear and circular nonapeptide phage libraries. The identi®ed nonapeptide ligands showed
consensus sequences of three amino acids, but no homology with the amino acid sequence of the
natural antigen, indicating that this HMW-MAA epitope is of the conformational type. Phages
displaying the mimotopes were recognized speci®cally by 225.28S in immunoblotting
experiments. Immunizing BALB/C mice intraperitoneally with phages displaying the selected
mimotopes they were able to induce a speci®c anti-HMW-MAA humoral immune response by
formation of antibodies directed against the respective antigen.

Functional Pathways of NAD Biosynthesis in Human Skin Fibroblasts and Keratinocytes
E.L. Jacobson, M.V. Wilson, M.J. Roberts, and M.K. Jacobson*
University of Kentucky and Niadyne, Inc, Lexington, Kentucky; *University of Kentucky, Lexington,
Kentucky
NAD is used as a hydride carrier in cell energy metabolism and as a substrate for ADP-ribose
transfer reactions catalyzed by poly(ADP-ribose) polymerases involved in cellular responses to
genotoxic stress and telomere maintenance mechanisms. The purpose of the study was to
determine the functional pathways of NAD biosynthesis in human skin cells. Normal human skin
®broblasts and keratinocytes were cultured in a medium without preformed pyridine compounds
and the NAD content was examined as a function of growth and following addition of precursors
for different pathways of NAD biosynthesis. Both ®broblasts and keratinocytes continue to
proliferate following culture in medium without preformed pyridine compounds, but become
progressively depleted of NAD, demonstrating that de novo biosynthetic pathways of NAD
biosynthesis from tryptophan are not functional in these cell types. Addition of nicotinamide
resulted in a time and dose dependent restoration of NAD content, indicating the presence of a
functional NAD biosynthetic pathway from nicotinamide with nicotinamide mononucleotide as a
biosynthetic intermediate. Addition of nicotinic acid and a series of esters of nicotinic acid to the
culture medium resulted in a time and dose dependent restoration of NAD content in both cell
types, demonstrating the presence of a functional NAD biosynthetic pathway involving nicotinate,
nicotinate mononucleotide, and nicotinate adenine dinucleotide as biosynthetic intermediates. The
results of this study demonstrate that two different pathways could be used to optimize the NAD
content of human skin ®broblasts and keratinocytes to optimize cellular responses to genotoxic
stress and promote telomere maintenance.

Expression Pro®les of the Basic Helix-Loop-Helix Transcription Factors Id1, Id2 and
Id3 and Class A Factors in Human Skin Appendages
G.A. Down, T. Kealey, and K. Langlands
Cambridge University, Cambridge, U.K.
The basic helix-loop-helix (bHLH) transcription factors are implicated in the development of a
range of tissue speci®c phenotypes. Widely expressed Class A factors (E-proteins) heterodimerise
with the tissue restricted Class B factors to drive the expression of bHLH regulated genes.
Expressed in more immature, proliferative tissue compartments, Id proteins sequester Class A
proteins to inhibit transcriptional activation. In this study we used RT-PCR, Northern blot
analysis and immunohistochemistry to characterise the expression pro®les of Id1, Id2 and Id3 and
the Class A proteins, HEB, E2±2 and E2A in human skin appendages. RT-PCR analysis of human
anagen hair follicle, sebaceous gland, and apocrine and eccrine sweat gland RNA demonstrated the
expression of Id1, Id2 and Id3 and the Class A proteins, HEB, E2±2 and E2A. Id1 Northern blot
analysis con®rmed expression in human hair follicle and sebaceous gland only. Id1, Id2 and Id3
proteins were localised to the proliferative, immature tissue compartments of the matrix cells of the
mature anagen hair follicle and the peripheral sebocytes of the sebaceous gland with a reduction
upon differentiation. All three cell types of the eccrine sweat gland demonstrated strong expression
of Id1, Id2 and Id3 proteins. Furthermore, in all skin appendages investigated the subcellular
localisation of Id1 was predominantly cytoplasmic whereas that of Id2 and Id3 was predominantly
nuclear. Such compartmentalised protein expression is consistent with other tissue systems and thus
implicates a regulatory role for bHLH factors in the development and maintenance of skin
appendages.

Hair Cycle-Associated Traf®cking within the Hair Follicle Mesenchyme
M. Magerl, D.J. Tobin,* A. Guinin, and R. Paus
Department of Dermatology, University of Hospital Eppendorf, University of Hamburg, Hamburg,
Germany; *Department of Biomedical Sciences, University of Bradford, Bradford, U.K.
Hair follicles (HF) are prototypical mesenchymal -neuro/ectodermal tissue interaction systems.
Fibroblasts of the dermal papilla (DP) and proximal connective tissue sheath (CTS) are crucial
elements in HF morphogenesis and cycling. Here, we studied their proliferation, ultrastructure and
apoptosis during the adult murine hair cycle. Early induced anagen in C57BL/6 mice was
associated with an increase of DP nuclei before intra-DP cell division, yet coincided with CTS
mitosis, suggesting that CTS ®broblasts proliferate and migrate into the DP. DP and CTS cell
activity and organization also modulated during the hair cycle: telogen DP consisted of packed,
inactive, cells with heterochromatic nuclei and limited cytoplasm while anagen onset correlated
with increasing DP nuclear euchromatism. Early anagen (I-III) DP contained increasing numbers
of randomly distributed cells of variable activity. While DP mitosis was very rare (anagen I/II),
most cells were highly active by anagen IV, aligning perpendicular to hair growth direction. As the
DP fully extended in anagen VI and reached maximal volume, cells oriented parallel to growth
axis. DP extracellular matrix and cytoplasmic volume were reduced in early catagen, while nuclear
heterochromatism increased. Late catagen DP contained fewer cells with increasingly pleomorphic
nuclei. Since DP volume and cell numbers were reduced in catagen in the absence of apoptosis,
®broblasts likely migrate out of late anagen DP back into CTS. Reduced cell activity and
occasional apoptosis were seen in telogen CTS. This study suggests a previously unrecognized,
dynamic, hair cycle-associated exchange of HF ®broblasts (DP and CTS).

Structure and Activity of RNA-DNA Oligonucleotide in Gene Correction and Strand
Pairing
O.A. Igoucheva, V.Y. Alexeev, and K. Yoon
Thomas Jefferson University, Philadelphia, Pennsylvania
The RNA-DNA oligonucleotide (RDO) was shown to either correct or cause a speci®c point
mutation in episomal and genomic DNA. However, general application of RDO technology has
been hampered by a lack of standardized system to measure gene conversion in particular cell type
in a rapid and reproducible manner. A shuttle vector was constructed to measure the targeted gene
correction by RDO of LacZ gene containing a single point mutation. An RDO corrected the
point mutation and restored the enzymatic activity in mammalian cells with correction frequency
2%. Here, we compared several designs of RDO in their gene correction activities, using an in vitro
reaction with nuclear extracts. The length and the complete homology of RNA to the target
sequence and chemical modi®cation of the hairpin loop are shown to be important to improve the
gene correction activity of RDO. Moreover, the placement of a single mismatch in the DNA
containing strand of RDO is important to induce a preferential DNA mismatch repair.
Modi®cations of RDO resulted in approximately a 10-fold higher gene correction activity than the
original design. Gel retardation assay indicated that a group of nuclear proteins could bind to both
RNA-DNA and DNA-DNA duplex but with a higher af®nity to the RNA-DNA hybrid. Using
the same nuclear extracts competent in gene correction, we have also identi®ed several nuclear
proteins, which catalyze the DNA strand pairing between a double-stranded circular DNA and
homologous RDO in a sequence-speci®c manner.

Repigmentation of Vitiligo Requires Epidermal H2O2 Removal
K.U. Schallreuter, J. Moore, J.M. Wood, W.D. Beazley, E.M.J. Peters, L.K. Marles, S.C. BehrensWilliams, R. Dummer,* N. Blau,* and B. Thony*
Clinical and Experimental Dermatology,University of Bradford, Bradford, U.K.; *University of Zurich,
Zurich, Switzerland
Patients with vitiligo accumulate mM levels of hydrogen peroxide (H2O2) in their epidermis
accompanied with low catalase levels and high levels of 6- and 7-biopterin leading to ¯uorescence
of the depigmented skin upon Wood's light examination. It was demonstrated that 4a-OHtetrahydrobiopterin dehydratase (DH), an important enzyme in the recycling process of 6(R)-Lerythro 5,6,7,8 tetrahydrobiopterin (6BH4) expresses extremely low activities in untreated vitiligo
leading to the accumulation of the abiogenic 7-isomer. Topical substitution for the impaired
epidermal catalase with a UVB activated pseudocatalase is effective in the removal of H2O2,
yielding in 60% of the patients a successful repigmentation. H2O2 removal was con®rmed in vivo
using FT-Raman spectroscopy. The aim of this study was to follow the possible consequences of
this treatment on 6BH4 synthesis/recycling. The results showed a recovery of DH activities
together with normal 7BH4 levels. We demonstrated that DH activity is decreased by H2O2.
Furthermore, decreased DH protein expression was con®rmed with the polyclonal antibody
F3862. Upon removal of H2O2 the expression of this protein returned to normal. Examination of
genomic DNA of these patients only revealed wild type sequences for DH ruling out a mutation of
this enzyme. Our results show for the ®rst time that epidermal H2O2 removal coincides with
repigmentation and recovery of the 6BH4 recycling process.
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Androgen Receptors were only Detected in the Nuclei of Dermal Papilla Cells and
Sebocytes in Balding Hair Follicles
I.O. de Oliveira and V.A. Randall*
Department of Physiology & Pharmacology, University of Pelotas, Pelotas, Brazil; *Department of
Biomedical Sciences, University of Bradford, Bradford, U.K.
Androgens are key regulators of human hair growth transforming vellus follicles to terminal ones in
many regions after puberty, and causing minaturisation on the scalp during androgenetic alopecia.
Thus, they in¯uence many follicular cells including melanocytes. Only cells containing intracellular
androgen receptors can respond to androgens, but the location of these receptors in the hair follicle
is currently controversial. This study was designed to determine which cells expressed androgen
receptors in androgen-sensitive balding scalp follicles. Frozen sections of balding human scalp from
adult men were stained with a mouse monoclonal antibody to the human androgen receptor
(Novocastra); staining was visualised with Vector red to enable the detection of any staining among
the melanin. Prostate sections were used as a positive control. Strong staining occurred in sebocyte
nuclei in the sebaceous glands. Androgen receptors were also localised to the nuclei of the cells of
the dermal papilla; they were not seen in the outer root sheath, or any other epithelial cells, nor in
the follicular melanocytes. These results concur with the biochemical measurement of androgen
receptors in cultured dermal papilla cells from balding follicles (Hibberts et al.: J Endocrinol 156:59±
65, 1998) and support the earliest report of androgen receptor localisation in the follicle (Choudhry
et al.: J Endocrinol 133:467±475, 1992); the later discrepancies may have arisen due to the use of
polyclonal antibodies. These results support the hypothesis that androgens act on the cells of the
follicle, including the melanocytes, via the dermal papilla.
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Tissue-Speci®c Expression of p120ctn Catenin Isoforms
S. Aho, M. Aho, U. Rodeck, A. Reynolds, and J. Uitto
Thomas Jefferson University, Philadelphia, Pennsylvania; Vanderbilt University, Nashville, Tennessee
P120ctn is one of three well characterized members of the ARM catenin family of intracellular
mediators, which have been implicated in two distinct but interconnected processes, i.e.
modulation of cell-cell adhesion and regulation of transcription. All members of the ARM catenin
family, including p120ctn, share so-called armadillo (ARM) repeats which, in the case of betacatenin, enable both physical interactions with cell adhesion molecules of the cadherin class and
transcription in concert with transcription factors of the LEF/TCF family. Perturbations of betacatenin processing and/or distribution, either by overexpression or mutational events affecting
primarily the N-terminus, can contribute to the development of epithelial cancers. P120ctn contains
a unique N-terminus subject to extensive alternative splicing which enables protein/protein
interactions different from those encountered by beta-catenin. We used indirect immuno¯uorescence to show that the long isoform is expressed in tissues with low turnover, such as brain and
serosal epithelia, while strong expression of the short isoform was detected in epidermis and
throughout the mucosal epithelia. In contrast to beta-catenin, little is known about cell biological
aspects of p120ctn. In this study we have shown that calcium treatment alters the expression and
distribution of E-cadherin, beta-catenin and p120ctn molecules in HaCaT keratinocytes. In low
calcium (30 microM) medium beta-catenin and p120ctn are detected intracellularly in the lamellar
structures and E-cadherin is hardly detectable, while in high calcium (1 mM) medium all three
molecules are located along the cell-cell adhesion junctions. These studies suggest a tissue-speci®c
function for various isoforms of p120ctn in cell-cell adhesion.

Haired Human Skin Has the Full Capacity to Process Pro-opiomelanocortin
S. Kauser, E.M.J. Peters,* D.J. Tobin, N.G. Seidah,² A.J. Thody, and K.U. Schallreuter
Department Biomedical Sciences, University of Bradford, Bradford, U.K.; *Department Dermatology,
University Hospital Eppendorf, Hamburg, Germany; ²Clinical Research Institute Montreal, Montreal, PQ
Canada
Adrenocorticotropic hormone (ACTH) and a-melanocyte stimulating hormone (a-MSH) are
present in skin, and may act on melanogenesis via the MC1 receptor. Recently, a-MSH was shown
to remove 6BH4, the essential cofactor for noradrenaline and melanin biosynthesis, from its site of
action. Variable levels of 6BH4, noradrenaline and melanin have been demonstrated in human hair
follicle cells and during the murine hair cycle. These data suggest that a-MSH may also regulate
catecholamine biosynthesis and pigmentation in the hair follicle directly. We employed
immunohistochemistry for a-MSH, ACTH 17±39, ACTH 11±24, prohormone convertases 1
and 2 (PC1 and PC2) and 7B2 to determine the site of action within human scalp skin. PC1, PC2,
7B2 and a-MSH were expressed in the epidermis and in identical hair follicle locations, most
intensely in the distal outer root sheath and precortex. Strikingly, these markers were absent from
the hair matrix immediatly adjacent to the dermal papilla, the site of active hair bulb melanocytes,
while some epidermal melanocytes exhibited a prominent a-MSH and PC2 staining. By contrast,
ACTH 17±39 but not ACTH 11±24 was expressed by a small subgroup of melanocytes in this
otherwise negative region of the precortex, but did not highlight melanocytes in the epidermis.
The POMC processing aparatus is thus present in the hair follicle and epidermis. The localized
production of related peptides is in agreement with autocrine as well as paracrine mechanism for
the regulation of catecholamine and/or pigment synthesis.
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VE-Cadherin, a Type II Cadherin, but not Cadherin-4, a Type I Cadherin, Confers a
Functional Barrier when Expressed in ECV304 Cells
P.K. Russ, C.G. Radel, F.R. Haselton, G.G. Glick, and M.K. Davidson
Vanderbilt University, Nashville, Tennessee
One important function of endothelial cells in the microvasculature is maintenance of a barrier to
the transport of ¯uid, solutes and cells. VE-cadherin is an endothelial speci®c protein thought to be
critical to the formation of normal endothelial barrier. To investigate the effect of the Type II VEcadherin on endothelial barrier formation and maintenance, we utilized ECV304 cells, a
spontaneously transformed HUVEC cell line lacking VE-cadherin. While ECV304 cells express
tight junction proteins and catenins, cadherin regulatory proteins, they fail to form a functional
barrier. We transfected these cells with the Type I cadherin, cadherin-4, and the Type II cadherins,
VE-cadherin and cadherin-8, and examined the effect of the different cadherins' expression on
barrier function and tube formation. We performed Western blot analysis and immunohistochemistry to demonstrate that the proteins are expressed and are localized to cell junctions. Barrier
function was assessed by measuring monolayer permeability of the ECV304 cells and the
transfectants using a modi®ed transwell permeability assay. Tube formation was assessed using the
Matrigel assay. We found that the Type I-cadherin-4 expressing transfectants were highly
permeable when grown as a monolayer, but did form tubes when grown on Matrigel. Both Type
II cadherin expressing transfectants formed a functional barrier. Interestingly, the VE-cadherin, but
not the cadherin-8 expressing transfectants were able to ef®ciently form tubes when grown on
Matrigel. These studies suggest that VE-cadherin provides unique characteristics that support both
the formation and maintenance of the endothelial barrier.

Selective Overexpression of Angiopoietin-2 and its Receptor Tie2 in Angiogenic Blood
Vessels of Lesional Psoriatic Skin
L. Riccardi, B. Lange-Asschenfeldt, L.F. Brown,* G. Yancopoulos,² and M. Detmar
Massachusetts General Hospital, Charlestown, Massachusetts; *Beth Israel Medical Center, Boston,
Massachusetts; ²Regeneron Pharmaceuticals Inc, Tarrytown, New York, New York
The psoriatic lesion is characterized by enlarged, tortuous and hyperpermeable blood vessels in the
papillary dermis. Previously, we have demonstrated that the angiogenic factor, vascular endothelial
growth factor (VEGF), is overexpressed in lesional psoriatic epidermis and that its receptors are
upregulated on lesional dermal blood vessels. Recent evidence suggests an important role of the
angiopoietin family of growth factors in vessel remodeling and tumor angiogenesis, possibly in
cooperation with VEGF. Angiopoietin-1 (Ang1) activates the endothelial-speci®c receptor tie2,
whereas Ang2 acts as a competitive inhibitor of Ang1. We studied the expression of angiopoietins
and their Tie2 receptor in lesional psoriatic and in healthy normal skin by in situ hybridization, and
investigated the possible regulation of endothelial cell gene expression by VEGF. Whereas little
expression of Ang1 or Ang2 was found in normal skin, a strong upregulation of Ang2, but not
Ang1, was detected selectively on papillary psoriatic dermal microvessels. Moreover, the expression
of tie2 was upregulated in psoriatic vessels which also overexpressed the VEGF receptors KDR and
Flt-1. In vitro, VEGF potently induced expression of Ang2 but not Ang1 or tie2 in human dermal
microvascular endothelial cells. These results suggest that VEGF and Ang2, speci®cally targeting
dermal endothelial cells, act in cooperation to induce the characteristic angiogenic phenotype in
psoriasis.
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The Bulge is the Source of Sebocyte Renewal in Mouse Skin
A.A. Panteleyev, T. Rosenbach,* R. Paus,² and A.M. Christiano
Columbia University, New York, New York; *Humboldt-University, Berlin, Germany; ²University
Hospital Eppendorf, Hamburg, Germany
The source of stem cells which provide a permanent source of sebocytes remains obscure, but it is
likely that the hair follicle (HF) epithelium and SG have the same cellular source for renewal.
Currently, the bulge area of the HF is considered the site of pluripotent epithelial stem cells, which
may also give rise to sebocytes. The cells of the SG duct communicate directly with the HF outer
root sheath, thus providing the remote possibility of passage for replenishment of proliferating cells
in the SG. However, the compelling question is not the pathway, but the immediate source of
sebocyte precursors. Recently, we described a population of undifferentiated epithelial cells in the
skin of hairless mice, which correspond to the bulge cells of the normal HF. Topical application of
dioxin resulted in rapid and complete involution of SGs and remnants of the HF epithelium.
Interestingly, the putative bulge-derived cells in hairless mouse skin are not altered by dioxin, and
remained as an isolated epithelial structure in treated skin. The cessation of dioxin treatment
resulted in sebocyte renewal in close proximity to the bulge-derived cells. Since the developing
sebocytes had no contact with epithelial structures except for the bulge-derived cells, we conclude
that these cells were a source of de novo sebocytes in hairless mouse skin. Our data support the
concept that the cytokinetics of the bulge and SG are integrated and that under normal conditions,
bulge-derived cells have the capacity to differentiate into sebocytes.

Podocalyxin Expression in Human Dermal Microvascular Endothelial Cells
P. Yang, D. Zhang, U. Nagavarapu, J. Yang, D. Lao, K. Relloma, D. Kershaw,* R. Atkins,² and
G.S. Herron
Stanford University, Stanford, California; *University of Michigan, Ann Arbor, Michigan; ²Monash
University, Clayton, Australia
The sialoglycoprotein podocalyxin is expressed on the luminal surface of vascular endothelium in a
variety of different tissues, but its expression in the skin has not been characterized. Here we
demonstrate its expression in human skin and on human dermal microvascular endothelial cells
(HDMEC) in vitro. An ectodomain-speci®c antibody, 3D3, was localized to dermal
microvasculature by immuno¯uorescence microscopy. 3D3 showed a unique network of
perinuclear and intracytoplasmic ®lamentous structures in HDMEC in vitro, whereas another
ectodomain antibody, PHM5, showed a diffuse cell surface pattern. FACS analysis showed 80% of
HDMEC express surface podocalyxin which was inducible by phorbol treatment. Unlike its
homolog cell surface mucin, CD34, surface podocalyxin expression was maintained despite
continuous passaging in vitro, and telomerase-immortalized HDMEC lines express 90%
podocalyxin at high passage. Northern analysis showed podocalyxin mRNA as a single transcript
at 5.9kb. The major molecular form of podocalyxin recognized by 3D3 and 2A4, an intracellular
domain-speci®c antibody, was 170±180 kDa. This species was speci®cally converted to several 50±
70 kDa proteins upon digestion with O-sialglycoprotein endopeptidase. Endogenous processing to
a 90-kDa form was evident in phorbol-treated cells and was increased in HDMEC isolated from
lesional psoriatic skin versus nonlesional skin (n = 2). Our studies demonstrate podocalyxin is an
inducible cell surface sialomucin expressed by HDMEC, and its proteolytic processing may be
involved in cutaneous microvascular remodeling and in¯ammatory events in vivo.
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Protein Kinase C-delta is Required for Collagen-Induced Keratinocyte Migration
W. Li, C. Nadelman, and D.T. Woodley
Division of Dermatology, University of Southern California, Los Angeles, California
Protein kinase C (PKC) represents a supergene family of more than 13 members and plays an
important role in control of cell growth and differentiation. PKCd belongs to a subfamily of PKCs
whose activation requires diacylglycerol but not calcium. In addition, PKCd is regulated by
tyrosine phosphorylation in response to a variety of extracellular signals. In this study, we examined
the signal transduction pathways involved in the promotion of keratinocyte migration by a collagen
matrix. We found that rottlerin, a speci®c inhibitor of PKCd, dramatically inhibited collageninduced human keratinocyte migration in a dose-dependent manner. Transfection of human
keratinocytes with a kinase-negative mutant of PKCd (K317F), which speci®cally inhibits native
PKCd, also inhibited collagen-induced migration. Apposition of keratinocytes to a collagen matrix
stimulated translocation of PKCd from the cytoplasm to the plasma membrane within 15 min,
indicating that activation of PKCd is an important signaling mechanism in collagen-driven
motility. In addition, pretreatment of keratinocytes with cyclohexamide, a protein synthesis
inhibitor, completely blocked collagen stimulation of migration. This study suggests both PKCd
signaling and de novo protein synthesis are required for keratinocyte migration on collagen.

Co-Localization of Thymidine Phosphorylase/Platelet-Derived Endothelial Cell
Growth Factor with Cytoskeletal Elements of Human Keratinocytes In Vitro
J.G. Haggerty, S.M. Sheu, R.L. Russell, and P.M. Schwartz
Department of Dermatology and Section of Medical Oncology, Yale University, and VA Connecticut
Healthcare System, West Haven, Conneticut
Thymidine phosphorylase (TPase)/platelet-derived endothelial cell growth factor is very active in
human keratinocytes but its role in the epidermis remains unclear. We reported that
immunocytochemical localization of TPase changed from predominantly nuclear to cytoplasmic
as keratinocytes differentiated (J Cut Path 26:287, 1999). To characterize this change more carefully
we have investigated the intracellular localization of TPase activity by enzyme assay and by
immuno¯uorescence. Cells maintained in low Ca++ displayed predominantly nuclear staining
with a polyclonal antibody against TPase but when cells were extracted by methods which
discriminated between the cytoplasmic and nuclear fractions, > 98% of TPase activity was found in
the cytoplasmic fraction. This suggested that TPase was associated with the perinuclear membrane.
The level of TPase activity in soluble extracts was signi®cantly different in the presence or absence
of Triton-X100, which can dissociate cytoskeletal and membrane-associated proteins. The
presence of Triton-X100 (0.1%) during solubilization resulted in a 1.5±2.5-fold increase in
extraction of TPase activity from cells in low Ca++ cultures. Added detergent produced only a
small increase (1.1±1.2-fold) in activity extracted from cultures under high Ca++ (differentiated)
conditions. Data suggested that during differentiation, total TPase activity increased and there was a
marked change in its association with a Triton-X extractable fraction. We also observed by
immuno¯uorescence that TPase colocalized with cytokeratins and vimentin, again showing a shift
in localization from more highly ®lamentous to more diffuse as cells differentiate in vitro. These
studies suggest that localization of TPase activity may be regulated by association with cytoskeletal
elements in keratinocytes.

The Effect of Intermittent Pressure on In Vitro Human keratinocytes
M.R. Nasca, A.T. Shih,* D.P. West,² G. Micali, and A.S. Landsman*
Dermatology Clinic, University of Catania, Catania, Italy; *Scholl College of Podiatric Medicine, Chicago,
Illinois; ²Department of Dermatology, North-western University, Chicago, Illinois
The purpose of this study was to determine if keratinocyte cultures raised under quasi-static
conditions would proliferate at different rates as compared to identical cells exposed to
continuously altering mechanical pressures.
Cloned keratinocytes were divided into two groups, with half raised in the normal method, in
¯asks placed in a 5% CO2 incubator. The remaining cells were placed in identical ¯asks with special
caps connected to an alternating pressure source. Pressure ¯uctuated from 0 to 7 psi at either 0.04
or 0.09 Hz over an 8-h period. Changes in hydrostatic pressure followed a sine wave pattern, and
was regulated by a computer-controlled solenoid valve. Other then the alterations in hydrostatic
pressure, all other parameters remained the same in both groups. Cellular proliferation was
monitored using a thymidine incorporation assay over at least 18 h.
Test results indicate that there was a statistically signi®cant (p < 0.05) decrease in the proliferation
rate of the intermittently pressurized cells, as compared to the quasi-static cells, suggesting that
alterations in mechanical environment can have an adverse effect on skin growth and healing.
Although keratinocytes are typically raised in culture under quasi-static conditions, it has been
shown previously that mechanical stimulation may alter cellular function and morphology. Our
data supports the contention that mechanical pressure may hinder healing of wounds. Furthermore,
it implies that there may be a threshold, above which pressure begins to have a detrimental effect
on wound healing. Finally, we have demonstrated the use of a model whereby the cellular effects
resulting from mechanical pressures can be studied. Future studies will be conducted to help us gain
a better understanding of the role that mechanical forces play in injury and in the wound healing
process.

The Protein Kinase C Inhibitor, GoÈ 6976, Inhibits Proliferation and Induces
Differentiation in Primary Mouse Epidermal Keratinocytes
S. Ray, B. Shapiro, and W. Bollag
Institute of Molecular Medicine and Genetics, Department of Medicine (Dermatology), Medical College of
Georgia, Augusta, Georgia
Much data in the literature suggest a role for protein kinase C in regulating keratinocyte
proliferation and differentiation. Nevertheless, the exact role of this family of isoenzymes is unclear,
since protein kinase C agonists (e.g., phorbol esters) are known to stimulate expression of both
proliferative and differentiative markers in keratinocytes. Similarly, protein kinase C inhibitors
have been demonstrated both to inhibit (Ro 31±7549 and Ro 31±8220) and to induce
(staurosporine) keratinocyte differentiation. In this study we wished to use a selective protein
kinase C inhibitor to examine the role of conventional protein kinase C isoforms in keratinocyte
proliferation and differentiation. We used the protein kinase C inhibitor, GoÈ 6976, reported to be
selective for the conventional protein kinase C isoforms, of which keratinocytes express only
protein kinase C-a. Surprisingly, we found that GoÈ 6976 stimulated transglutaminase activity, as
measured by the incorporation of [3H]putrescine into casein, with a half-maximal stimulatory
concentration of approximately 0.1 mM. Consistent with this effect, GoÈ 6976 also potently
inhibited [3H]thymidine incorporation into DNA (a half-maximal-inhibitory concentration of less
than 0.25 mM). In addition, GoÈ 6976 (1 mM) was able to enhance the effect of 1,25dihydroxyvitamin D3 (D3; 250 nM) on transglutaminase activity (Con: 219 6 110; D3 alone:
599 6 199; GoÈ 6976 alone: 549 6 171; D3 + GoÈ 6976: 1224 6 456 cpm per mg protein, p < 0.05).
On the other hand, GoÈ 6983, a similar compound that also selectively inhibits protein kinase C-a,
had little or no effect on DNA synthesis or transglutaminase activity up to a concentration of 1 mM.
GoÈ 6976, but not GoÈ 6983, is reported to inhibit also protein kinase D (protein kinase C-m).
Therefore, our results suggest a role for protein kinase D in keratinocyte proliferation.
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The Free-Radical Scavengers Carboxyfullerenes Protect Human Keratinocytes from
UVB-Induced Apoptosis
C. Fumelli, A. Marconi, A. Giannetti, and C. Pincelli
Department of Neuropsychosensorial Pathology, Section of Dermatology, University of Modena and Reggio
Emilia, Modena, Italy
Carboxyfullerene (CF), a water-soluble carboxylic acid derivative of a fullerene, that acts as a freeradical scavenger, was investigated as a protective agent against ultraviolet light (UV)-induced
damage in human keratinocytes. First, CF is not cytotoxic for these cells. In addition, this
compound signi®cantly reduces the UV-B-induced inhibition of keratinocyte proliferation, as
shown by 3H-thymidine incorporation (p < 0.01). CF also protects keratinocytes from apoptosis
caused by UVB irradiation in a time and dose-dependent fashion, as demonstrated by TUNEL
staining (p < 0.01) and ¯ow cytometry. In order to evaluate alterations in mitochondrial membrane
potential related to apoptosis, ¯ow cytometry analysis using JC-1 probe was performed. UVB
irradiation increases the number of cells with depolarized mitochondria as compared to sham
irradiated cells. The addition of CF reduces the percentage of depolarized mitochondria induced
by UVB irradiation. Furthermore, the percentage of cells with depolarized mitochondria is
signi®cantly lower in sham-irradiated keratinocytes pretreated with CF than in cells provided with
diluent. CF also protects human keratinocytes from apoptosis induced by deoxy-D-ribose
exposure, a sugar that causes cell death through a pathway involving oxidative stress. On the other
hand, while UVB down-regulates bcl-2 levels in human keratinocytes, CF fails to prevent this
effect. These results suggest that CF protects human keratinocytes from UVB damage possibly via a
mechanism interfering with the generation of reactive oxygen species from depolarized
mitochondria, without the involvement of bcl-2.

The Cytoprotective Effects of Exogenous DNA Fragments
T. Mammone, M. Ingrassia, D. Gan, P. Giacomoni, K. Marenus, and D. Maes
Estee Lauder Research Laboratories, Melville, New York, New York
We have observed that fragmented calf thymus DNA that has been irradiated and damaged with a
UVC light can induce a protective effect in cultured human keratinocytes. Keratinocytes treated
with UVC damaged DNA fragments are less susceptible to UVB irradiation induced cell death as
measured by neutral red uptake. Unirradiated exogenous DNA did not induce this protective
effect. Similar protective effects can be seen with irradiated salmon sperm DNA.
UVC damaged DNA fragments induced 60% increase in protection in human HaCaT keratinocyte
in culture to the cell death induced by UVB. Similar protect was observed with UVC irradiated
Oligothymidylic acid (dT3-dT5) which increased the survival of human HaCaT keratinocytes after
UVB irradiation by 50%. Isolated mononucluotides, irradiated or not, do not increase UVB
survivability.
UVC irradiated DNA fragments caused a notable increase protein synthesis in a dose dependent
manner. UVB exposed keratinocytes have reduced total protein synthesis. The UVC irradiated
DNA fragments reduced this effect of UVB on protein synthesis.
Cellular DNA synthesis was also greatly inhibited by UVB, becoming undetectable at 40 mJ per
cm2. Interestingly, at 5 mJ per cm2, there appears an increase in cellular DNA synthesis. This may
represent repair of endogenous DNA. However, exogenous treatment with damaged DNA
fragments cause immediate and signi®cant inhibition of total cellular DNA synthesis. This
inhibition was dose dependent.
Cells that undergo damage to their DNA are known to inhibit endogenous DNA via p53
suppressor gene activation. This is believed to allow them suf®cient time to repair the host DNA.
The cellular response to exogenous damaged DNA may be a similar mechanism.
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Histamine Induces IL-6 and IL-8 Production by Human Keratinocyte HaCat Cell Line
F. Kohda, T. Koga, H. Uchi, S. Imafuku, and M. Furue
Department of Dermatology, Kyushu University, Fukuoka, Japan
Histamine is one of the major mediators implicated in the pathophysiology of allergy. But, the
effect of histamine by keratinocytes is not completely understood.In this study, the effects of
histamine on Interleukin-6 (IL-6) and Interleukin-8 (IL-8) production by human keratinocyte
HaCat cell line were evaluated using an enzyme-linked immunosorbent assay and mRNA
expression. HaCat cells were incubated with various doses of histamine and the IL-6 and IL-8
production were measured in the supernatants. Histamine increased the IL-6 and IL-8 synthesis in
a dose-and time-dependent fashion. The intracellular production of IL-6 and IL-8 was con®rmed
by confocal laser microscopy and ¯owcytometry. The increase of IL-6 and IL-8 production
induced by histamine was signi®cantly inhibited in a dose-dependent manner by H1 receptor
antagonist, pyrilamine, and to a less extent by H2 receptor antagonist, cimetidine. Thus, histemine
may be actively participetes in the epidermal in¯ammation by augmenting the synthesis of
cytokines by keratinocytes.
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N-Acetylcysteine Increase Intracellular Glutathione and Promotes Photoprotective
Response in HaCaT Epidermal Cells
T. Mammone, M. Ingrassia, K. Marenus, and D. Maes
Estee Lauder, Melville, New York, New York
Glutathione is a tripeptide thiol (L-g-glutamyl-L-cysteinyl-glycine) which is found in all cells. It
participates in the reduction of disul®de linkages of proteins, in protection against the effects of free
radicals, in the detoxication of drugs, in the formation of prostaglandins and leukotrienes.
It is well known that N-acetyl-cysteine can increase intracellular levels of glutathione. We evaluted
the ability of N-acetyl-cysteine to increase intracellular glutathione in a keratinocyte cell line,
HaCaT cells. Signi®cant increases in total gluthione were observed with in minutes of treating
keratinocytes with N-acetyl-cysteine. This increase in cellular glutathione correlated with a
marked increase UVB photo-resistance. The viability of HaCaT cells was measured using the
neutral red viability assay after UVB treatment. These treatments with N-acetyl-cysteine caused a
increase in cell viability as compared to untreated controls. We also observed a reduction in the
UVB induced release of the pro-in¯ammatory lipid, PGE2.
These results suggest that topical N-acetyl-cysteine may protect against UVB damage and inhibit
UVB induced in¯ammation.

Biochemical Evidence of Dynamic Remodeling of Desmosomes During Lateral
Migration of Keratinocytes in a Cell-Culture Wound Healing System
T. Yamada, Y. Aoyama, and Y. Kitajima
Department of Dermatology, Gifu University School of Medicine, Gifu, Japan
The desmosome (DS) is composed of transmembrane desmosomal cadherins, i.e., desmogleins
(Dsg) and desmocollins, and intracellular plaque proteins, i.e., plakins and catenins (plakophilin and
plakoglobin: PG). During wound healing, it is speculated that keratinocytes must generate dynamic
DS remodeling so that they can migrate laterally and cover the wound surface. However, no
evidence of the dynamic remodeling of DS during keratinocyte migration has been presented so
far. To address this question, we produced an active cell-migration condition by cutting cultured
cell colonies to form many ditches with a pipette chip and examined time-dependent alterations of
quantities of individual desmosomal components during resurfacing the wound ditchies. After
wound ditches were made on the colonies of DJM-1 cells (a human squamous cell carcinoma cell
line) at con¯uency, cells were incubated for 0.5, 1, 4, 24, and 48 h. The wound ditches were ®lled
with migrated cells at 48 h after wounding. Harvested cells were homogenated in a buffer (Tris
buffered saline with protease inhibitors) and fractionated into TBS soluble (cytosol), Triton X-100
(TX) soluble (roughly membrane) and TX insoluble (cytoskeletons) fractions, and subjected to
immunoblotting using monoclonal or af®nity puri®ed polyclonal antibodies to Dsg1, Dsg3,
desmoplakin (DPK) and PG. The quantities of TX soluble Dsg1 and Dsg3 decreased dramatically
already at 30 min and until 24 h, and were recovered at 48 h, whereas those in cytoskeleton
fractions were principally constant. More dramatically, cytosol DPK and TX soluble PG decreased,
and those in cytoskeletons slightly decreased. These results clearly indicate that the pools of DS
components before integrated into DS rapidly and transiently decreased during cell-migration,
although those in cytoskeleton fractions are rather constant, suggesting that DS are subjected to a
dynamic remodeling during keratinocyte migration on wound healing.
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The Interactions of Tail Domain of Type I Keratin with the Elongation Factor Suggest
an Additional Role of the Intermediate Filaments
T. Idei, K. Takahashi, Y. Yoshida, T. Noda, and Y. Miyachi
Departments of Dermatology and Anatomy, Graduate School of Medicine, Kyoto University, Kyoto, Japan
A human skin cDNA library was screened to identify keratin-binding proteins using the yeast twohybrid system. Employing the tail domain of type I keratin as a bait, elongation factor-1g (EF-1g)
was isolated repetitively. The EF-1g a component of the ribosomal proteins, interacted strongly
with the tail domains of type I keratin K14, K16 and K18 in the yeast nuclei, which, however,
showed no interaction with the head domain of type I or type II keratins. Forced expression of the
EF-1g fused with green ¯uorescence protein (GFP) into cultured keratinocyte resulted in the
granular localization of GFP proteins along with ®lamentous structures. Immunostained EF-1g
proteins were partly colocalized with keratin ®laments. EF-1g and keratin proteins are successfully
coimmunoprecipitated with antikeratin or EF-1g antibody, respectively. However, EF-1g might
interact with the soluble fraction of cytokeratins, since we could not detect the obvious
colocalization of keratin with EF-1g by immunoelectron microscopy. These data suggest that
keratins might provide a framework for the cytoplasmic machinery of the protein synthesis.
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Cytotoxicity of Metallic Dental Materials in Mucosal Cell Culture Model
E. Pianigiani, A. Andreassi, G. Lorenzini, C. Alessandrini, and M. Fimiani
Department of Dermatology, Department of Dentistry, Department of Histology, University of Siena, Siena,
Italy
Metallic materials may cause toxic irritation and contact reaction of the mucous membranes.
Although orthodontic wires are sophisticated alloys with proven biocompatibility, the irritative
capacity of metals used for soldering is often overlooked. Various in vitro systems (monolayer
cultures of ®broblasts or special cell lines) have been used to test biocompatibility of materials for
dental use, by studying parameters such as cell morphology, cell growth rate and the ability of cells
to grow and remain con¯uent. In order to determine the cytotoxicity of orthodontic wires, we
used a three-dimensional in vitro model consisting of oral mucosal keratinocytes cultured on deepidermised human dermis (DED) obtained from the oral palate. This cell culture model has
similar morpho-functional properties to oral mucosa in vivo, where saliva continuously extracts
water-soluble substances from metallic dental materials, and can provide morpho-structural and
functional information. The model was evaluated by classic histology and electron microscopy.
The effect of metallic materials (alloy and soldering) was also evaluated in ®broblast monolayers
stained with toluidine blue. Our results con®rmed the biocompatibility of the orthodontic wire
because the keratinocytes regularly layered and differentiated, colonising the wire inserted onto the
DED. They also showed that the soldering had a direct cytotoxic effect on the keratinocytes,
preventing regular growth and layering in its vicinity. All the soldering showed signs of surface
oxidation, suggesting release of metal ions. This method turned out to be more sensitive than other
methods, because it enabled observation of cell changes, such as irregular epithelial growth and
layering, that conventional methods do not detect.

Expression of Calcium-Binding S100 Proteins A4 and A6 in Regions of the Epithelial Sac
Associated with the Onset of Hair Follicle Regeneration
M. Ito and K. Kizawa
Basic Research Laboratory, Kanebo Ltd. Odawara, Japan
To elucidate the onset mechanism of hair re-growth, we characterized the follicular epithelium
through an examination of mRNA and protein levels of presumed metastasis-and cell growthrelated calcium-binding S100 genes. Hair cycle dependent expressions of the S100A4 and S100A6
proteins were found in regions of the epithelial sac (bulge area and hair germ) in mouse pelage
follicles. In the bulge area of residing follicular stem cells, S100A4 was transiently transcribed
during the catagen-telogen and telogen-anagen transitional periods. S100A6 mRNA levels were
increased in bulge cells that were likely to be incorporated into the hair germ, but the translation
product was eliminated in the proliferating hair germ. Even after most cells in the bulge region
were forced to massive death by plucking, a new hair cycle was initiated following the induction of
S100A6 expression in the hair germ. Upon wounding stimuli, the basal layer of the epidermis and
the outer root sheath both induced S100A6 expression and then provoked hyper-proliferation.
Consequently, once the epithelial sac was activated to express both S100 genes, the resting follicles
were rejuvenated. These results suggest vital roles for S100A4 and S100A6 in the migration and
transformation of follicular stem cell daughters into pluripotent transit amplifying cells during
follicle tissue re-formation. The principal expression of these S100 genes implicates an initiative
role of bulge cells in follicle inductive processes. However, the hair germ is able to conceive the
transit amplifying cells without incorporation of the bulge cell daughters.

Acadesine (AICAR), an Indirect Activator of Adenosine-Activated Protein Kinase
(AMPK), Mimics the Antiproliferative and Cytokine Suppressing Effects of Adenosine
and Adenine Nucleotides on Human Keratinocytes
P.W. Cook and J.R. Brown
The Oregon Health Sciences University, Portland, Oregon
We have previously demonstrated that adenosine (ADO), AMP, ADP and ATP inhibit both the
proliferation and the phorbol-ester-induced cytokine expression of human keratinocytes, and that
these effects are dependent upon transport of adenosine into the keratinocyte. In an attempt to
identify an intracellular mechanism by which these compounds inhibit these processes, we tested
the AMPK-activating drug, Acadesine, for its ability to inhibit keratinocyte proliferation and
cytokine production. Acadesine dose-dependently inhibited both keratinocyte proliferation and
phorbol-ester-induced IL-8 mRNA expression over a concentration range similar to that reported
for activation of AMPK in rat hepatocytes. Interestingly, the antiproliferative activity of Acadesine
on human keratinocytes was reversed by dipyridamole, a speci®c and competitive inhibitor of the
hENT1 nucleoside transporter. It was also determined that 24 h treatment of human keratinocytes
with ADO resulted in a dramatic down regulation of mRNA corresponding to the alpha-1
catalytic subunit of human AMPK. Collectively, these preliminary results suggest that ADO and
adenine nucleotides might suppress keratinocyte proliferation and cytokine production through a
novel mechanism involving elevation of intracellular AMP and subsequent activation of AMPK.

Demonstration of Adherens Junctions at Non-Desmosomal Plasma Membrane in the
Normal Human Epidermal Keratinocytes
A. Ishiko, H. Shimizu,* Y. Matsunaga, T. Masunaga, S. Aiso,² and T. Nishikawa
Department of Dermatology, Keio University School of Medicine, Tokyo, Japan; *Department of
Dermatology, Hokkaido University School of Medicine, Sapporo, Japan; ²Department of Anatomy, Keio
University School of Medicine, Tokyo, Japan
Although adherens junction (AJ) is well-established cell adhesion component occurring in various
cells including keratinocytes, it is not regularly observed morphologically in the normal human
epidermis by conventional transmission electron microscopy (EM). In addition, ultrastructural
localization of E-cadherin, a major component of AJ, has been controversial. The purpose of this
study is to elucidate the native structure of AJ and the molecular relationship between AJ and
desmosomes in the normal human epidermis. EM of normal human epidermis prepared by
cryo®xation using liquid helium and cryosubstitution by osmium tetroxide demonstrated regular
occurrence of the structure corresponding to AJ at nondesmosomal keratinocyte cell surface.
Quantitative analysis revealed the mean ratio of AJ to desmosomes was 1:1.85. Immuno-EM
showed desmosomal proteins (plakoglobin and band 6 protein) were localized only to the
attachment plaque of desmosomes, while AJ related molecules (b-catenin and E-cadherin) were
localized constantly to the nondesmosomal plasma membrane but not to the desmosome. These
results further support that AJ indeed occurs regularly in the normal human epidermis at
nondesmosomal plasma membrane as a fundamental component of cell adhesion.
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Phosphorylation Regulates Human Keratinocyte Desmosomes
P. Hu, E.J. O'Keefe, and D.S. Rubenstein
University of North Carolina-School of Medicine, Chapel Hill, North Carolina
Human keratinocytes treated with peroxivanadate, a potent inhibitor of tyrosine phosphatases,
demonstrate increased protein tyrosine phosphorylation and a marked decrease in cell-cell
adhesion; the membranes of adjacent cells retract and the cells assume a more rounded shape. We
have previously shown that the peroxivanadate-mediated decrease in keratinocyte cell-cell
adhesion was in part due to the reversible effect of tyrosine phosphorylation of b-catenin and
plakoglobin on their association with the adherens junction proteins E-cadherin and a-catenin.
Tyrosine phosphorylation of b-catenin or plakoglobin decreased their association with the
adherens junction proteins E-cadherin and a-catenin. Dephosphorylation of b-catenin or
plakoglobin caused them to re-associate with E-cadherin and a-catenin. Because of the
pronounced effect of peroxivanadate on cell-cell adhesion, we sought to investigate the effects of
peroxivanadate mediated tyrosine phosphorylation on the desmosomes. In response to
peroxivanadate, we observed increased phosphorylation of desmoglein 3 and plakoglobin;
however, desmoglein 3 and plakoglobin still coimmunoprecipitated suggesting that the binding of
plakoglobin to desmoglein 3 was not disrupted. In contrast, the amount of desmoglein 3 and
plakoglobin that we could immunoprecipitate from peroxivanadate treated cells was reduced. The
decrease in desmoglein 3 and plakoglobin may be due to a reduced rate of assembly of desmosomes
or to an increased rate of desmosomal protein degradation. This suggests that tyrosine
phosphorylation decreases desmosome mediated keratinocyte cell-cell adhesion by decreasing
the number of functioning membrane associated desmosomal constituents.

p33ING1 Involvement in Cellular Stress Response and its In Vivo Relationship with p53
K.J. Cheung, V. Ho, and G. Li
Department of Medicine, Division of Dermatology, Vancouver Hospital and Health Sciences Centre,
University of British Columbia, Vancouver, BC Canada
A recently identi®ed tumor suppressor candidate, p33ING1, has been shown to participate in the
negative control of cell cycle in the G0/G1 phase, mediate anchorage-dependent growth, induce
apoptosis in the absence of survival factors, and extend the cell's replicative life span. It is found that
growth inhibition of ING1 is dependent on the activity of p53 and that the transcription of the
cyclin-dependent kinase (CDK) inhibitor, p21WAF1, requires the participation of both ING1 and
p53. Furthermore, immunoprecipitation studies demonstrate that there is a physical association
between p33ING1 and p53. To further investigate the relationship between ING1 and p53, we
compared the expression level of ING1 in various murine organs differing in p53 status: p53+/+ and
p53±/±. We demonstrated that, at both the protein and RNA levels, p33ING1 was expressed
independent of p53. In the course of studying the possible role of ING1 in cellular stress response,
we found that p33ING1 was elevated, in a dose-dependent manner, in both normal human
keratinocytes and a keratinocyte cell line, HaCaT, after UV irradiation. This UV-induced
elevation, according to our data, appeared to be involved in the repair of damaged DNA. These
results, taken together, indicate that p33ING1 in vivo expression is independent of p53 and that
p33ING1 may have a role in UV-induced stress response.

VOL. 114, NO. 4 APRIL 2000

ABSTRACTS

632

633

634

635

636

637

Telomerase Activity in Psoriatic Skin and Suppression of Telomerase Activity by AllTrans Retinoic Acid
H. Jang, C. Oh, and K. Kwon
Pusan National University, Pusan, Republic of Korea
Telomerase activity is usually detected in most tumor tissues and regenerative cells, such as stem
cells of skin, intestine, and blood, but most normal somatic tissues contain minimal or no detectable
telomerase activity. Psoriasis is a disorder of hyperproliferation of keratinocytes with an increase in
stem cells and transient amplifying cells. In this study, we have investigated the telomerase activity
in psoriatic lesions and nonlesions, as well as the effect of all-trans retinoic acid (RA) on the
expression of telomerase activity in HaCaT cells which were commonly used for the study of
hyperproliferative skin disorders. By using the PCR-based TRAP (telomeric repeat and
ampli®cation protocol) assay, telomerase activity was detected in psoriatic lesional skin and not
in nonlesional skin. By dissecting psoriatic skin into the epidermis and dermis and cultured
themselves separately, only epidermal cells exhibited telomerase activity. Labelling indices of Ki-67
expression were signi®cantly higher in telomerase-positive skin than in telomerase-negative skin (p
< 0.05). When HaCaT cells were treated with RA (10±6, 10±8, 10±10 M) for 5 d, there was a dosedependent decrease in proliferation and telomerase activity, relative to vehicle-treated cells (p <
0.05). These results show that there is signi®cant association between telomerase activity and cell
proliferation, and that telomerase activity may contribute to the development of psoriasis. Also, the
data suggest that therapeutic effect of RA on psoriasis may, in part, result from suppression of
telomerase activity.

Differential Regulation of Galectin and Lysosome-Associated Membrane Protein
(LAMP) Expression During Human Epidermal Keratinocyte Differentiation In Vitro
R. Jans, M. Jadot, F. Van Den BruÃle,* and Y. Poumay
FUNDP, Namur, Belgium; *ULG, LieÁge, Belgium
Galectins are soluble animal lectins that have been demonstrated to modulate cell adhesion,
migration, proliferation and differentiation. They show a particular af®nity for polylactosamine
chains, carried by several glycoconjugates including the heavily glycosylated lysosome-associated
membrane proteins (LAMPs) 1 and 2. Under certain circumstances, LAMPs may mediate cell
adhesion and migration. Using autocrine culture conditions, we analyzed galectin-1, ±3 and ±7 and
LAMP-1 and ±2 expression in proliferating and differentiating human keratinocytes. Additional
studies were performed on normal human epidermis in vivo. In vitro, we show that proliferating
keratinocytes express mainly galectin-1 mRNA. Upon commitment to differentiation, galectin-1
mRNA expression is strongly downregulated. However, galectin-3 mRNA and protein and
galectin-7 mRNA expressions are progressively upregulated by keratinocyte differentiation.
Correspondingly, we observe a more pronounced galectin-3 immunostaining in the suprabasal
layers in vivo. At the protein level only, a transient upregulation of LAMP-1 and ±2 expression in
keratinocytes committed to differentiation is observed, possibly followed by protein degradation.
Concurrently, immunolabelling studies show a decreasing LAMP-1 and ±2 staining in
differentiating keratinocytes. In normal epidermis, LAMP-1 and ±2 immunolabelling is stronger
in the basal than in the suprabasal layers. We conclude that galectin-1, ±3 and ±7 and LAMP-1 and
±2 expression levels are differentially regulated during keratinocyte proliferation and differentiation
in vitro. Future studies will be performed to identify the possible functions and/or interactions of
galectins and LAMPs during epidermal keratinocyte differentiation.

Wounding Upregulates Vascular Endothelial Growth Factor Production by
Keratinocytes of In Vitro Reconstructed Human Epidermis
M. Rendl, C. Mayer, H. Fischer, J. Pammer,* W. Weninger, and E. Tschachler
DIAID, Department of Dermatology, University of Vienna Medical School, Vienna, Austria; *Institute of
Clinical Pathology, University of Vienna Medical School, Vienna, Austria
Vascular endothelial growth factor (VEGF) is produced by keratinocytes and has been implicated
in the past in animal models as the major factor involved in wound healing associated angiogenesis.
In the present study we investigated the effects of wounding on the VEGF production by human
keratinocytes of in vitro reconstructed epidermis (EpiDermTM). For this purpose these epidermal
equivalents, consisting of differentiated epidermis without dermal and epidermal symbionts, were
wounded by a 2-mm biopsy punch. After 4, 8 and 24 h culture supernatants and epidermal lysates
were analysed for VEGF by ELISA. At all three time points levels of secreted VEGF were
signi®cantly increased after wounding compared to control. Moreover, the rate of VEGF secretion
was signi®cantly increased which might be due to increased production of VEGF. Indeed, when
transcriptional or translational activity was blocked by addition of actinomycin D or
cycloheximide, respectively, VEGF secretion 24 h after wounding was inhibited up to 70%,
indicating de novo synthesis rather than release of preformed VEGF after wounding. In addition, as
compared to secreted VEGF only low levels of stored VEGF were detectable in lysates of wounded
and control epidermal equivalents indicating that upon production most of VEGF is secreted. Our
data demonstrate that VEGF production by human keratinocytes of epidermal equivalents is
increased after wounding and that this regulation is independent of an interaction with dermal and
epidermal symbionts.
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Negative Feedback Regulation by TR4 Orphan Nuclear Receptor in Peroxisome
Proliferator-Activated Receptor Alpha Signal in Human HaCaT Keratinocytes
S. Itami, S. Inui, K. Yoshikawa, and C. Chang*
Department of Dermatology, Osaka University School of Medicine, Osaka, Japan; *Department of
Pathology, University of Rochester, Rochester, New York
We have reported that human TR4 orphan nuclear receptor (TR4) can function as a negative
feedback regulator in retinoic acid signal in human HaCaT keratinocytes. Here we further studied
the potential role and regulation of TR4 in peroxisome proliferator-activated receptor alpha
(PPARa) signal. Using a chloramphenicol acetyltransferase reporter gene assay, our data
demonstrated that TR4 can suppress the Wy-14643 (a ligand for PPARa)-mediated PPARa
transactivation by 95%. Western blot analysis revealed that, following treatment with Wy-14643,
TR4 protein expression increased approximately 4.58-, 5.80-, and 6.56-fold at 24, 48, and 72 h,
respectively, suggesting that TR4 can act as a strong negative feedback modulator for PPARa in
human HaCaT keratinocytes. Electrophoretic mobility shift assay analysis showed that in vitro
translated TR4 can speci®cally bind to peroxisome proliferator-response element. Together, our
data suggests the existence of negative feedback regulation TR4 may play some important roles in
the PPARa signaling pathway in human keratinocytes.

Structure and Intracellular Localization of the Mouse and Human Pro®laggrin NTerminus
R.B. Presland, D.J. Pearton, and B.A. Dale
University of Washington, Seattle, Washington
Pro®laggrin, a protein expressed in granular cells of epidermis, consists of multiple ®laggrin units
and N-and C-terminal domains that differ from ®laggrin. Previously, we have shown that the
human pro®laggrin N-terminus (292 amino acids) consists of two distinct segments, an acidic A
domain that binds calcium, and a basic B domain that contains a putative cleavage site for the
endoprotease furin. In this study, we report the isolation of the mouse pro®laggrin gene and
comparison of mouse and human N-termini. The mouse pro®laggrin N-terminus is similar in
length to human (284 residues). The S-100 calcium-binding region is highly conserved between
mouse and human, whereas the basic B domain is less similar although the basic character of the
domains is maintained. The B domains of both mouse and human pro®laggrin both contain a
putative furin cleavage site and one or more nuclear localization signals (NLSs). We have shown
that the human N-terminal domain localizes to the nucleus in normal and pathologic conditions
that exhibit parakeratosis (Lab Invest 78:1245, 1998). In addition, both the human and mouse Nterminal domains, fused to GFP, localize predominantly to the nuclei of transfected cells. These
results demonstrate that the pro®laggrin N-terminus contains conserved NLSs that can facilitate
localization of this peptide to the nucleus both in vivo and in vitro. The speci®c localization and
cleavage of the N-terminal domains suggest a speci®c role for these domains in terminal
differentiation.

Inhibition of Wound Healing by Corticosteroids ± The Molecular Basis
M.J. Im, S.H. Jho, and M. Tomic-Canic
NYU School of Medicine, New York, New York
Corticosteroids (GCs), used in the treatment of skin diseases, are known to inhibit wound healing
by as yet unknown mechanism. We hypothesized that GCs inhibit keratinocyte migration, leading
to the delayed closing of the wound. To test this hypothesis we used an in vitro wound healing
model with three different cell types: primary human keratinocytes (strati®ed epithelia), HeLa cells
(simple epithelia) and primary dermal ®broblasts (nonepithelia). When cells grown in a tissue
culture dish are ``wounded'' by a scratch, they migrate over the scratch to close the gap. We
incubated cells in the presence and absence of dexamethasone (DEX) and observed their migration.
DEX strongly inhibited cell migration. After 48 h cells in the control plate were actively migrating
and had almost closed the gap. The keratinocytes incubated in the presence of DEX remained
``frozen in time'', they simply did not migrate at all. In contrast, EGF and TNFa were strong
stimulators of keratinocyte migration. Cell-cell contact was required for the inhibitory effect.
Importantly, the inhibitory effect was observed only on keratinocytes. HeLa cells and ®broblasts
were unaffected. This means that DEX inhibits migration only of those cells that express the two
``migratory'' keratins K6/K16 whose expression is suppressed by DEX. The suppression of K6/
K16 expression occurs through a novel mechanism that involves binding of four monomers of
glucocorticoid receptor to the response elements in their promoters. We conclude that GCs inhibit
wound healing by inhibiting keratinocyte migration partly by shutting down the ``migratory''
keratins K6/K16.
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Caspase 14, a Skin Speci®c Caspase, Participates in Epidermal Differentiation
M.K. Kuechle, P. Fleckman, B. Hager, and B.A. Dale
University of Washington, Seattle, Washington
Caspases are evolutionarily conserved cysteinyl aspartate-speci®c proteases that are responsible for
degrading cellular components during apoptosis. Generation of the active enzyme requires
processing of the inactive zymogen at internal Asp residues to release the prodomain plus large and
small catalytic subunits. Caspase is found in skin, only. We detected two transcripts of caspase 14
(C14) in both mouse epidermis and cultured keratinocytes, indicating variable splicing. By
northern blot analysis, both transcripts are present in keratinocytes grown in low calcium (basal
phenotype). The C14 long transcript becomes more abundant in the ®rst 24 h, then recedes over
the ensuing 48 h when the keratinocytes are induced to differentiate by raising the calcium
concentration of the media. The short transcript becomes undetectable within 16 h after raising
calcium concentration. We have generated an antibody to C14 that is speci®c for the protein
product of the long transcript. This antibody recognizes both the inactive (uncleaved) enzyme, and
the large subunit of the active (cleaved) enzyme. Both the inactive and active forms of C14 are
detected in protein extracts of mouse skin. Inactive C14 is detected in mouse keratinocytes grown
in low calcium, while both active and inactive forms are detected in keratinocytes switched to high
calcium. We predict that the short transcript of C14 serves as an inhibitor to the long transcript of
C14, as the short transcript disappears when cells are switched to high calcium. Further, we
conclude that the skin-speci®c caspase 14 is actively involved in epidermal differentiation, as the
active form is found in skin, and in cultured cells only after switch to high calcium.

Expression Patterns of S100A2 Protein in Normal and Psoriatic Human Skin
T. Zhang and J.T. Elder
University of Michigan Medical School, Ann Arbor, Michigan
S100A2 is a member of S100 family of calmodulin-like proteins, many of which are clustered in
the epidermal differentiation complex (EDC). Previous in situ hybridization studies have suggested
a role for S100A2 in regenerative epidermal hyperplasia (Cancer Res 57:3055, 1997). To further
evaluate this hypothesis, we have localized S100A2 protein in normal versus psoriatic human skin
by immuno¯uorescence microscopy. S100A2 immunoreactivity was abolished in formalin-®xed,
paraf®n-embedded tissue, and could not be recovered by microwave retrieval. In contrast, frozen
sections yielded strong and reproducible staining. In normal skin, S100A2 localized to the nucleus
and cytoplasm of basal KC, with fainter and variable suprabasal staining in acanthotic areas. Five
anti-S100A2 antibodies (3 mAb, 2 pAb) yielded identical results. Hair follicles, sebaceous glands,
and eccrine glands were strongly stained. Dermal ®broblasts, dermal and epidermal dendritic cells,
melanocytes, and capillaries were nonreactive. In psoriatic epidermis, strong basal and suprabasal
staining was observed. However, the uppermost spinous layers were usually nonreactive. In
previous studies, S100A2 mRNA was expressed throughout all the living layers of both normal and
psoriatic epidermis. These differences between mRNA and protein patterns could re¯ect variable
translation ef®ciency, stability, and/or immunoreactivity of S100A2. KC display strong
transcriptional up-regulation S100A2 in response to ErbB activation (JID 111:1092, 1998).
Consistent with this observation, S100A2 staining patterns in normal and psoriatic human skin
parallel those of the EGF receptor. Taken together, these results support the hypothesis that
S100A2 is a component of the regenerative epidermal differentiation pathway, driven in large
measure by ErbB signaling.

Repetin is a Novel Cytosolic Protein of the ``Fused'' Gene Family and is Expressed in the
Granular Layer of Epidermis, Foreskin and Tongue
M. Huber, D. Breitkreutz,* G. Siegenthaler,² and D.M. Hohl
DHURDV ± CHUV, Lausanne, Switzerland; *Differentiation and Carcinogenesis ± DKFZ, Heidelberg,
Germany; ²DHURDV ± HUG, Geneva, Switzerland
Epidermal differentiation is a multistage process characterized by sequential expression of structural
proteins. During the late stages, a set of ``fused'' genes is expressed containing both calcium binding
EF-hands and a repetitive internal domain composed of reiterated peptide motifs similar to the
ones of CE precursor proteins. The human repetin gene is located on chromosome 1q21 between
the trichohyalin and pro®laggrin genes. Like the latter two genes, it has a genomic organisation
with three exons and a translation start site in the second exon. The protein contains 28 glutaminerich repeats of 12 amino acids (QXXXQGQSSHYG) in the central portion. The N-terminal
region binds calcium in overlay assays and shows high homology to the S100 proteins. Thus,
repetin belongs to the ``fused'' subgroup of S100 proteins like pro®laggrin and trichohyalin.
Repetin mRNA is strongly expressed in methylcellulose suspension cultures but only at low levels
in submerged high calcium cultures of normal human keratinocytes. We now have produced and
analyzed speci®c af®nity-puri®ed polyclonal peptide antirepetin antibodies. They recognize a
protein of 100 kDa by immunoblotting in human foreskin epidermis and cultured keratinocytes
induced to differentiate in methylcellulose suspension with the presence of a doublet band which
may indicate post-translational modi®cations. Repetin is expressed by immunohistochemistry in
the granular layer in tongue, foreskin and trunk epidermis. Immunoelectron microscopy reveals
abundant cytoplasmic staining in the granular layer partly associated with keratohyalin granules.
The different expression patterns of repetin, pro®laggrin and trichohyalin indicate that they have
diverse functions.

Cytoplasmic Dynein Expression in Human Keratinocytes: Role in Perinuclear
Aggregation of Phagocytosed Melanosomes
H.R. Byers and S. Maheshwary
Boston University School of Medicine, Boston, Massachusetts
Cytoplasmic dynein is a microtubule-associated retrograde-directed motor molecule for transport
of membrane-bound organelles. To determine if cytoplasmic dynein is expressed in keratinocytes,
we performed western blotting of total keratinocyte proteins reacted with an anti-intermediate
chain cytoplasmic dynein antibody. Furthermore, to determine the distribution of cytoplasmic
dynein relative to phagocytosed melanosomes, microtubules and the microtubule organizing
center in keratinocytes, we performed double ¯uorescent immuno-labeling of cytoplasmic dynein
intermediate chain and microtubules using confocal scanning microscopy and bright ®eld
microscopy on cocultured keratinocytes and melanocytes. Western blotting of pure, passaged
keratinocyte cultures identi®ed the appropriate 74 kDa intermediate chain of cytoplasmic dynein.
Confocal scanning microscopy on cocultures revealed that cytoplasmic dynein colocalized with
phagocytosed melanosome aggregates at highest concentration adjacent to the nucleus near the
microtubule organizing center in keratinocytes. These ®ndings provide evidence that cytoplasmic
dynein in human keratinocytes participates in retrograde transport of phagocytosed melanosomes
to the perinuclear region for the protection of the nucleus from ultra-violet irradiation.

Uptake of Non-Transferrin Bound Iron in Human Keratinocytes Exposed to
Photodegraded Nifedipine
A.B. Gruen, J. Zhou, K. Morton,* and L. M. Milstone
Yale and Veterans Administration, West Haven, Conneticut; *University of Oregon and Veterans
Administration, Portland, Oregon
Photodegraded nifedipine (PDN) has been shown to increase uptake of nontransferrin bound iron
in erythroid cells. We investigated the ability of photodegraded nifedipine to mediate iron
transport in human keratinocytes with the underlying goal of exploiting the process of epidermal
desquamation for the purpose of eliminating toxic chemicals such as iron. Nifedipine was exposed
to direct outdoor daylight for 1 h to allow for the formation of the active nitroso metabolite. The
adequacy of photo-degradation was con®rmed by thin-layer chromatography on silica gel.
Keratinocytes were incubated at 37°C with 15 mM 59FeCl3 and either 25 mM PDN or ethanol. The
monolayer was trypsinized and centrifuged through a dibutylphthalate: paraf®n oil column. Cell
pellets were collected for gamma counting and protein assay. PDN stimulated a 20-fold increase in
iron uptake in 30 min relative to controls. The keratinoctye's ability to accumulate and retain iron
was tested by pulsing cells for 1 h in 25 mM PDN and 20 mM FeCl3 on four successive days. After a
four day washout, the total iron content of keratinocytes ± measured by inductively coupled plasma
emission spectroscopy ± was 3-fold greater in PDN-treated dishes than in controls. PDN provides
an effective method for loading iron into keratinocytes.

52 kDa Ro/SS-A Protein Resides Along Cytokeratin Filaments in Epithelial Cells
A.L. Sweeney and D.P. McCauliffe
University of North Carolina, Chapel Hill, North Carolina
In an effort to better de®ne the cellular location and function of the 52 kDa Ro/SS-A (52Ro)
autoantigen, immuno¯uorescence microscopy was performed on cultured epithelial cells, and
52Ro was over-expressed as a myc/his fusion protein. By immuno¯uorescence microscopy
anti52Ro antibodies produced mostly cytoplasmic ¯uorescence in cultured normal human
keratinocytes, A431 cells (a human keratinocyte cell line) and in HepG2 cells (a human hepatocyte
cell line). In all three cell types the anti52Ro antibodies revealed predominantly diffuse and
®lamentous cytoplasmic staining that colocalized with anticytokeratin antibodies, while anti-La/
SS-B and anti-RNP control autoantibodies produced nuclear ¯uorescence. The 52Ro-myc/his
fusion protein expression construct was transfected into HepG2 cells where it produced
cytoplasmic ®lamentous structures. The ®lamentous patterns produced with antimyc and antihis
antibodies matched the patterns produced by both anti52Ro and anticytokeratin antibodies. To
determine if agents that are known to induce rearrangement of cytokeratin ®laments in cells might
have a similar effect on 52 Ro, A431 cells were cultured in the presence of paclitaxel and
demecolcine. With these treatments both anticytokeratin and anti52Ro antibodies revealed a
similar rearrangement of ¯uorescence patterns. These data suggest that 52Ro may associate with
cytokeratins and have a cytoskeletal-related function.
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Activation of the Platelet-Activating Factor Receptor Induces Cell Scattering in the
Human Epidermal Cell Line KB
Y. Pei, L. Tulley, and J.B. Travers
Indiana University, Indianapolis, Indiana
Increasing evidence suggests that the phospholipid platelet-activating factor (1-alkyl-2-acetylglycerophosphocholine; PAF) is involved in keratinocyte biology and cutaneous in¯ammation.
Our previous studies have demonstrated that epidermal cells synthesize PAF in response to
cytokines, growth factors, ultraviolet radiation as well as tissue damage. Keratinocytes also express a
functional PAF receptor. Activation of this G protein-linked receptor results the biosynthesis of
cytokines, eicosanoids, as well as PAF. Though thought to be involved in cutaneous in¯ammation,
it is not known whether the PAF system is involved in epidermal cell migration seen in wound
healing. Using a model system our laboratory has developed by retroviral-mediated gene transfer of
the PAF receptor in the PAF receptor-negative epidermal cell KB, we assessed whether PAF
receptor activation can induce cell scattering. Addition of the PAF agonist CPAF resulted in cell
scattering in PAF receptor-positive, but not control KB cells. This cell scattering response was
inhibited by preincubation with several distinct speci®c PAF receptor antagonists, which did not
effect scattering induced by phorbol ester or epidermal growth factor. Preincubation with pertussis
toxin, an inhibitor of Gs proteins, also inhibited CPAF-mediated cell scattering. These studies
suggest that the epidermal PAF receptor can trigger cell scattering, a process involved in epithelial
cell migration and wound healing.

Wax Esters are Synthesized by Cultured Keratinocytes
J. Tafrova, R.K. Randolph, N.K. Jurukovska, D.A. Craft,* G. Hatch, W.B. Rizzo,* and
M. Simon²
SUNY at Stony Brook, Department of Oral Biology & Pathology, Stony Brook, New York; *Medical
College of Virginia, Department of Pediatrics, Richmond, Virginia; ²SUNY at Stony Brook, Department of
Dermatology, Department of Oral Biology & Pathology, Stony Brook, New York, New York
The ability of nonsebaceous keratinocytes to synthesize wax esters (WE) was evaluated in cultures
isolated from normal donors and from patients with Sjogren±Larsson syndrome (SLS) who are
genetically defective in fatty alcohol oxidation. Keratinocyte lipids were extracted, separated by
thin-layer chromatography, and WE were identi®ed following saponi®cation or acidic methylation
using gas chromatography. The WE content of the SLS keratinocytes was 10-fold more than the
normal keratinocytes and correlated with the difference in substrate fatty alcohol content. Addition
of octadecanol to normal and SLS keratinocytes also resulted in an increase in WE accumulation.
Upon growth with human serum (2±10%), in either the presence or absence of fetal bovine serum,
the WE content of normal and SLS keratinocytes increased four-fold. This change was
accompanied by a similar increase in the incorporation of tracer 3H-octadecanol into WE. As there
was no effect of human serum on the fatty alcohol content of cells, the increased WE accumulation
suggests an increase in WE synthesis. Similar results were obtained with keratinocytes isolated from
the palmar surface. Taken together, the data indicate that keratinocytes have the capacity to
synthesize and accumulate WE, the content of which is regulated both by fatty alcohol substrate
availability and by factors present in human serum.
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Biologically Active Lipid Mediators are Generated from Endogenous Arachidonic Acid
by P450 Epoxygenases in Differentiating Keratinocytes
D.S. Keeney, P.A. Ladd, S. Wei, and J.H. Capdevila
Vanderbilt University School of Medicine, Nashville, Tennessee
Differentiated keratinocytes in rodent skin express unique cytochromes P450 (CYP genes),
including CYP2B19, CYP2B12, and CYP2B15. Most P450 enzymes are mixed function
oxygenases. By addition of molecular oxygen, they activate or inactivate the biologic activities of
their substrates. Recombinant murine CYP2B19 and rat CYP2B12 are active with arachidonic
acid, a normal constituent of cellular membranes and precursor to biologically active lipid
mediators. Keratinocyte-speci®c P450s generate epoxyeicosatrienoic (EET) and hydroxyeicosatetraenoic (HETE) acids from arachidonate, including 12R-HETE associated with hyperproliferative, human skin phenotypes. We used primary murine epidermal keratinocytes to prove that
keratinocyte-speci®c P450 epoxygenases utilize endogenous arachidonic acid to generate EETs
intracellularly. CYP2B19 mRNAs are up-regulated, coordinately with pro®laggrin mRNAs,
within 48 h after inducing differentiation with calcium. Immunoreactive CYP2B19 levels are also
increased in the differentiating keratinocytes. Intracellular EET concentrations were measured by
mass spectroscopy. The CYP2B19 metabolite 11,12-EET increased to a maximum at 96 h,
consistent with CYP2B19 being its enzymatic source. This eicosanoid was generated from
endogenous arachidonic acid in differentiating keratinocytes, proving that arachidonic acid is a
physiological substrate for P450 epoxygenases in the granular cell layer of the epidermis.

The Epithelial Cells in Wound Margins of Diabetic Ulcers are Highly Proliferative
J.E. Olerud, M.L. Usui, N.S. Gibran, L.A. Muf¯ey, J.N. Mansbridge,* and W.G. Carter²
University of Washington, Seattle, Washington; *Advanced Tissue Sciences, Inc. LaJolla, California; ²Fred
Hutchinson Cancer Research Center, Seattle, Washington
Clinicians have long observed that the callus at the edge of chronic diabetic ulcers grows back
rapidly when debrided. This suggests that the keratinocytes at the wound margins proliferate
despite the fact that they do not migrate across the wound bed. The cell-cycle proliferation marker,
Ki67, was used to compare keratinocyte proliferation in chronic diabetic ulcers with acute
incisional wounds from normal age-matched volunteers. Tissue samples were taken from seven
diabetic patients undergoing lower extremity amputation for nonhealing ulcers. The normal
wounds were created on 15 volunteers with Simplate-II bleeding time devices at 1, 6, and 24 h, 3,
7, 14 and 28 d prior to biopsy. Standard immunohistochemistry was used to identify keratinocytes
expressing Ki67. In all seven diabetic patients, Ki67 was strongly expressed (4+) in the
keratinocytes at the wound margin throughout the hypertrophic epithelium. In normal acute
wounds the predominant proliferative burst occurred 20±50 cells back from the wound margin.
Cell proliferation and migration are usually thought to be tightly coordinated in wound healing.
The paradox of marked proliferation by keratinocytes at diabetic ulcer margins without migration
is evidence that these processes are separate and that separate signaling pathways should be further
clari®ed. We have previously observed that a migration-associated component of laminin 5 is also
de®cient in the diabetic ulcer margin. These observations suggest that strategies to stimulate
keratinocyte migration may be a key to improved healing in diabetic ulcers.

Epidermal Growth Factor-Regulated Expression of the Metastasis-Associated Protein 1
in Cutaneous Squamous Cell Carcinoma
M. Mahoney, A. Simpson, M. Jost, J. Uitto, and U. Rodeck
Thomas Jefferson University, Philadelphia, Pennsylvania
Invasive and metastatic epithelial neoplasms, including human breast and esophageal squamous cell
carcinomas (SCCs), frequently express high mRNA levels for the metastasis-associated protein 1
(MTA1), a member of the nucleosome remodeling complex. Little is known about expression
patterns of MTA1 protein in normal and transformed cells or about the molecular mechanisms that
contribute to MTA1 expression in epithelial neoplasms. We produced an MTA1-speci®c antibody
to probe expression patterns of MTA1 in normal and immortalized keratinocytes (HaCaT) as well
as in several SCC cell lines. Using this antibody we found MTA1 to be a nuclear protein, which
was overexpressed by the majority of SCC cell lines relative to normal neonatal keratinocytes or
HaCaT cells. Similarly, moderate nuclear MTA1 staining was observed throughout the normal
epidermis whereas SCCs stained strongly with the MTA1 antibody. Because epithelial-derived
malignancies are often characterized by aberrant epidermal growth factor receptor (EGF-R)
dependent autocrine loop, we examined whether EGF-R activation contributed to MTA1
expression in SCCs. We demonstrate that blocking EGF-R activation by either a monoclonal antiEGF-R antibody (425) or an EGF-R-selective tyrphostin (AG1478) is associated with markedly
reduced MTA1 expression in several SCC cell lines. These results demonstrate that increased
MTA1 protein expression is common in SCC and, at least in part, depends on EGF-R activation.

Characterization of a Tissue-Engineered Model for Cutaneous Wound Healing
A.F. Laplante, L. Germain, F.A. Auger, and V. Moulin
LOEX, CHA-pavillon St-Sacrement, UniversiteÂ Laval, QueÂbec, PQ Canada
In order to simplify the study of wound healing, a tissue-engineered model was developed from
human cells. A skin equivalent was built from superposed ®broblast sheets over which
keratinocytes differentiate to form epidermal layers similar to human skin (Michel et al.: In Vitro
Cell Dev Biol 35:318±326, 1999). It was wounded with a punch biopsy and then placed on a third
®broblast sheet to allow re-epithelialization by keratinocytes. In order to validate this model for
studying wound healing, the effect of several products on the re-epithelialized area was evaluated
three days after wounding. Fibrin and platelet-rich plasma signi®cantly accelerated the reepithelialization as compared to control (dried wounds), saline and culture medium. These
expected results show the interest of this model made of human cells for studying wound healing.
This model was further characterized by immunohistochemistry. The progressive expression of
laminin 5 and collagen IV indicated the reconstitution of a basement membrane. The expression of
loricrin and keratin 10 paralleled the state of histological differentiation of the regenerated
epidermis. The expression of these proteins during the healing process indicates the regeneration of
a functional epidermis. These macroscopic and immunohistochemical observations demonstrate
the similarity with in vivo wound healing and justify the use of this tissue-engineered model for
investigating the healing of cutaneous wounds.
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Pro®laggrin and K1 are Expressed Independent of Con¯uence in Subcultured Murine
Epidermal Keratinocytes
C. Hull and P. Fleckman
University of Washington, Seattle, Washington
As subcon¯uent epidermal keratinocytes approach con¯uence, they undergo irreversible and
spontaneous differentiation with expression of biochemical markers of differentiation. A recently
developed culture system that allows long-term culture of murine epidermal keratinocytes (MEK)
was utilized to study pro®laggrin (ProFG) and keratin 1 (K1) expression in subcultured MEK
during the transition from subcon¯uence to con¯uence. Unexpectedly, in contrast to cultured
human and rat keratinocytes, the commitment to terminal differentiation and expression of ProFG
and K1 were not mediated by con¯uence. In all but one of the media tested, we found similar
ProFG and K1 protein levels in subcon¯uent and con¯uent cultures. The one exception was in Nmedium-with ®broblast conditioned medium, growth factors, and a calcium concentration of 0.06
mM, although ProFG and K1 protein levels were signi®cantly less than in other conditions tested.
In N-medium, K1 was only present in subcon¯uent cultures and absent at the time of con¯uence,
whereas ProFG was present at all time points at low levels but maximally expressed 48 h after
con¯uence. K1 and ProFG expression were increased by both purging the cells of ®broblast
conditioned medium and growth factors for 24 h and by raising the calcium concentration, but
little difference in ProFG or K1 levels in subcon¯uent versus con¯uent cultures was seen. These
results emphasize the differences between cultured MEK and other mammalian keratinocytes and
suggest that ®broblast conditioned medium maintains MEK in a proliferative state, much like basal
keratinocytes, and removal of this medium allows differentiation.

Ornithine Decarboxylase Transgenic Mice as a Model for Human Atrichia with Papular
Lesions
A.A. Panteleyev, A.M. Mir, T.G. O'Brien,* A.M. Christiano, and J.P. Sundberg²
Columbia University, New York, New York; *Lankanau Medical Research Center, Wynnewood,
Pennsylvania; ²The Jackson Laboratory, Bar Harbor, Maine
The hair follicle (HF) is characterized by cyclic transformations from active growth (anagen)
through regression (catagen) into a resting phase (telogen). Variations in the rate of DNA synthesis
in mouse skin throughout the hair cycle are accompanied by changes in the activity of ornithine
decarboxylase (ODC), a key enzyme in the synthesis of polyamines, which are involved into
regulation of normal cell division, differentiation, and growth. In normal mouse skin, ODC
expression can be detected in the HF depending upon the stage of the cycle, implying that ODC is
involved in regulation of the HF itself. Previously, a transgenic mouse was created that
overexpressed ODC in the skin using a K6 promoter. The ®rst hair cycle in transgenic mice was
normal, but at 12 d of age, along with a marked increase in ODC expression in the HF epithelia,
they begin to progressively lose hair. With age, dilatation of the HF infundibulum and
disintegration of the lower portion of the HF resulted in formation of comedo-like structures. The
lower portion of the HF was replaced with cystic structures, and the mice exhibited an excessive
increase in skin mass. These ®ndings bore striking resemblance to the rhino mouse phenotype and
to human patients with papular atrichia, and therefore, ODC transgenic mice may represent a
useful model for studying this disorder. It appears that ODC plays an important, yet still obscure
role in a complex metabolic pathway that is critical in HF function in mice and in humans.

Very Late Antigen-5 Co-Stimulation and Focal Adhesion Kinase Induction in CD4+ TCells
T.L. Bon®eld and S.R. Stevens
Case Western Reserve University, Cleveland, Ohio
We have shown that tolerance-associated macrophages in®ltrating UV-exposed skin (UV-Mph),
express less B7.1, B7.2 and CD40. Diminished CD40 was associated with distinct T-cell (TC)
activation by UV-Mph. We hypothesize alternative costimulatory molecules, such as Very Late
Antigen-5 (VLA-5), might contribute to TC activation by UV-Mph. Antibodies (Ab) against the
a-chain of VLA-5 (anti-CD49e) or control Ab were used in epidermal-lymphocyte reactions using
epidermal cells from UV-exposed (UV-EC) or control (CEC) skin and peripheral blood CD4 +
TC. Anti-VLA-5 had no effect on TC growth by CEC (110 6 15%) but reduced UV-EC
stimulated TC growth to 50 6 23% (n = 4, p = 0.004). Can VLA-5 activate and independently
signal TC? TC proliferation was evaluated in response to CD3 and/or VLA-5 Ab and lysates were
examined for FAK-related phosphotyrosine proteins. We had two TC preparations: > 5% (HDR)
and < 5% (LDR) of the CD4+ TC also coexpressing HLADR. LDR cells proliferated more to
PMA than did the HDR cells (n = 3, 2.5 6 0.4 vs 1.5 6 0.12 fold, respectively). LDR cells
responded more to CD3/VLA-Ab than HDR, as compared to PMA alone (2.8 6 0.1 vs 1.5 6
0.15 fold, respectively) and proliferated to CD3 and VLA-5 individually (2.36 6 0.81 and 1.4 6
0.21 fold responses, respectively). In LDR subjects, VLA-5 Ab increased tyrosine phosphorylated
FAK relative to unstimulated TC, and enhanced by CD3 Ab. These data show VLA-5 can activate
TC through FAK-related pathways and that VLA-5 can act as an alternative costimulatory
molecule for TC by UV-Mph.

Double-Stranded RNA Induces Maturation of Murine Langerhans Cell-Like XS-52 Cells
B.G. Howell, B. Wang, L. Cao,* and D.N. Sauder
Division of Dermatology, Sunnybrook & Women's College Health Science Centre, University of Toronto,
Toronto, Ontario, Canada; *Trauma Research Laboratory, Sunnybrook & Women's College Health Science
Centre, University of Toronto, Toronto, Ontario, Canada
Epidermal Langerhans cells (LC), of the dendritic cell (DC) family, play a critical role in the
initiation and regulation of cutaneous immune responses. LCs function as the major antigen
presenting cells in skin. Once LCs take up antigens, they migrate into regional lymph nodes to
present processed antigens to T cells. During antigen processing and migration, LCs are converted
from an immature state (with strong antigen processing and weak antigen presenting abilities) to a
mature functional state (with strong antigen presenting ability). Studies have shown that TNF-a,
IL-1b, LPS and agonistic anti-CD40 monoclonal antibody are capable of stimulating LC
maturation. In the present study, we utilized a LC-like cell line, XS-52 cells (generously provided
by Dr A. Takashima), to investigate the role of double-stranded (ds) RNA in the activation and
maturation of LCs. XS-52 cells were cultured for 24 h in the presence or absence of poly I:C, a
synthetic source of dsRNA, and then subjected to FACS analysis. As previously reported, when
cultured in medium alone, XS-52 cells express low levels of costimulatory molecules B7±1/CD80
and B7±2/CD86. However, after stimulation with poly I:C, expression of CD80 and CD86 was
signi®cantly up-regulated in XS-52 cells, indicating activation and maturation. Recently, it was
reported that in¯uenza virus infection of DCs promotes DC maturation and that this effect is
mimicked by poly I:C. This indicates that DCs are involved in immune responses against in¯uenza.
Likewise, our observations that dsRNA can stimulate LC-like immature DCs to mature, suggest
that LCs may be involved in immune responses against skin viral infections.
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Selective Requirement of ICAM-1 for the Migration of Langerhans Cells into Regional
Lymph Nodes in Allergic Contact Hypersensitivity
H. Xu, M. Slater, J. Hanson, D. Bullard, and C.A. Elmets
University of Alabama at Birmingham, Birmingham, Alabama
The purpose of this study was to investigate the hypothesis that the adhesion molecule ICAM-1 is
necessary for Langerhans cell (LC) migration in naõÈve and hapten sensitized mice. The number of
LC was not signi®cantly different in the epidermis and lymph nodes of naõÈve ICAM-1 gene
knockout (KO) and wild type (WT) C57BL/6 mice. In both WT and KO mice, the number of
epidermal LC was declined 4 h after hapten sensitization and largely recovered by 24 h. However,
the migration of haptenized LC into the regional lymph nodes was signi®cantly reduced in the KO
mice compared to WT mice. To determine whether a de®ciency of ICAM-1 on LC or in lymph
nodes was responsible for the impaired migration of haptenized LC into regional lymph nodes,
adoptive transfer studies were performed with 51Cr-labeled dendritic cells. When ICAM-1
de®cient LC were given subcutaneously to WT recipients, their migration into regional lymph
nodes was normal. In contrast, the migration of wild type dendritic cells into lymph nodes of KO
mice was signi®cantly lower than in the WT recipients. We conclude that the expression of
ICAM-1 in lymph nodes rather than on LC is necessary for optimal migration of LC into regional
lymph nodes following hapten sensitization. The results are consistent with the hypothesis that the
mechanism for migration of LC through blood vessels into tissues is different from that of antigen
activated LC through lymphatic vessels into lymph nodes.

Increased Expression of HLA-DM in the Cytoplasm but not on the Surface of Blood
Monocyte-Derived Dendritic Cells During Maturation
J. Kang, H. Chung, S. Oh, S. Song, and M. Lee
Department of Dermatology, Yonsei University College of Medicine, Seoul, Republic of Korea
Dendritic cells (DC) are present in an ``immature state'' in most tissues. Maturation of DC is crucial
for the initiation of immunity. Since HLA-DM has an important role for antigen presentation, we
expected an increase of HLA-DM according to the maturation of blood monocyte-derived DC
(MoDC). Therefore we investigated whether the expression of HLA-DM of MoDC may be
related to the maturation at each culture day (from day 0 to day 13) by ¯ow cytometry, and it was
compared with functional changes related to the maturation of MoDC. MoDC were generated by
culturing human peripheral blood monocytes in the presence of GM-CSF and IL-4 for 7 d, which
was followed by subsequent treatment with a cytokine cocktail (GM-CSF, IL-4, IL-1b, TNF-a,
and PGE2). HLA-DM was expressed on the surface and in the cytoplasm of MoDC. A sudden
increase of cytoplasmic HLA-DM expression was observed after treatment with a cytokine cocktail
by 3±8 times. HLA-DM was weakly expressed on the surface of MoDC, but it was unchanged
with maturation. In mixed lymphocyte reactions, stimulatory activities of MoDC at culture day 9
were slightly increased compared to those at culture day 6. Endocytic capacity of MoDC using
FITC-dextran reached a peak at culture day 7, then it rapidly decreased after treatment with a
cytokine cocktail. This study indicated that the expression of HLA-DM increased in the cytoplasm,
but not on the surface of MoDC during maturation even though the expression of HLA-DM was
noted not only on the surface but also in the cytoplasm of MoDC.
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Detection of Occult Tumor Cells with Gene Ampli®cations in the Epidermis
Surrounding Acral Melanoma
B. Bastan, M. Kashani-Sabet, H. Ham, D. Moore, T. Godfrey, E.-B. Brocker, P. Leboit, and D.
Pinkel
University of California, San Francisco, California
Near infra-red Confocal Re¯ectance Microscopy (CM) is a new vital tool that provides us with an
opportunity to view skin histology in vivo, with high resolution and a good contrast to a controlled
depth. This study was designed to evaluate the morphometric variations in various topographic
sites, in live skin.
In vivo, re¯ectance CM was performed in seven subjects (two females and ®ve males) of different
skin phototypes. Six different topographic sites were imaged in each subject. Morphometric
parameters evaluated were the epidermal thickness at both, suprapapillary epidermal plate and rete
peges, during real time imaging while the number and diameter of keratinocytes in each epidermal
layer, and characteristics of dermal papillae were de®ned from grabbed images.
Our results showed that stratum corneum is brighter in sun exposed areas and pigmented skin
individuals. The thickness of the epidermis at rete pege was found to be greater in sun exposed
areas. The thickness of suprapapillary epidermal plate was apparantly similar in both. The enface
numerical density of granular cells was greater on the face as compared to other sites while the
surface density of spinous cells was greater on protected sites. Interestingly, the dermal papillae size
and number, at a speci®c depth below stratum corneum varied from sun exposed to protected sites.
In summary, we demonstrate the feasibility of noninvasive CM for evaluating skin morphometry in
vivo. Signi®cant morphological variations are found to be related to various topographic sites.

SCF Induced Proliferation of Human Melanocytes is Masked In Vitro by bFGF
F. Lin, J.A. Burch, S. Singer,* and J.M. Grichnik
Duke University Medical Center, Durham, North Carolina; *GlaxoWellcome, Research Triangle Park,
North Carolina
Stem cell factor (SCF) can drive human melanocytic proliferation in vivo. However, the
proliferative effect in vitro is often marginal. In order to allow for studies of SCF induced
proliferation of melanocytes, we set out to optimize culture conditions. Melanocyte growth
medium (MGM, no serum, Clonetics) was used as a standard and modi®ed as follows. MGM
includes bFGF at 1 ng per ml (MGM-F1.0). MGM without TPA and BPE will be referred to as
MBM-F1.0. The additives ET-1 (10 nM), a-MSH (10 nM) and SCF (40 ng per ml) will be
indicated by E, M, and S, respectively. Brie¯y, the addition of SCF to MGM-F1.0 increased
melanocyte counts up to 80% over controls after 6±10 d. For melanocytes maintained in MBMEMF1.0, SCF induced proliferation was less (0±40%). Reduction of bFGF to 0.1 ng per ml, MBMEMF0.1, reduced overall melanocytic proliferation but unmasked a 300±500% greater cell number
in SCF treated melanocytes compared to controls. Complete removal of bFGF (MBM-EM)
resulted in slow growth in the presence of SCF and the loss of cells in the controls. Interestingly,
melanocytes pretreated with TPA and transferred to MBM-EMF0.1 media revealed the most
marked SCF effect with up to a 1100% increase in cell number compared to the controls. These
results suggest that bFGF at levels of 1 ng per ml drives signi®cant melanocytic proliferation and
masks the effect of SCF. Reduction of bFGF concentration to 0.1 ng per ml allows for a
pronounced proliferative effect of SCF to be detected.

Cholinergic Control of Melanogenesis
R. Buchli, A. Ndoye, A. Slominski,* S.A. Grando
University of California Davis, Sacramento, California; *Loyola University Medical Center, Maywood,
Illinois
The effects of cholinergic agents on melanogenesis were studied using normal human melanocytes
(MC) and SK188 melanoma cells. Carbachol reduced melanin synthesis in a dose dependent
manner by 16 and 22% in SK188 at 10 and 100 mM, respectively. We sough to identify the
receptor-mediated pathway involved. The PCR experiments demonstrated the presence of
mRNAs for m1, m2, m3, m4, and m5 in MC and immuno¯uorescence revealed these muscarinic
receptors on the cell surfaces of MC and SK188 cells. The m4 mRNA was also detectable by
Northern blotting using a speci®c probe. Double labeling showed that MC express m1-m5
receptor subtypes in normal human skin. The ligand-binding abilities of melanocyte muscarinic
receptors were examined using [3H]N-methylscopolamine. We found a Kd of 85.9 pM and a Bmax
of 66.2 fmol per mg protein, constituting approximately 190 000 receptors per a SK188 cell,
whereas the number of receptors in MC was approximately eight times lesser. Intracellular calcium
([Ca2+]i) measurement was used to characterize a second messenger pathway of melanocyte
muscarinic receptors. Micromolar concentrations of carbachol or muscarine induced a peak of
[Ca2+]i in MC, reaching approximately 10 times over the baseline at 100 mM muscarine. The rise
of [Ca2+]i can be blocked with the muscarinic antagonist atropine but not with the nicotinic
antagonist mecamylamine, indicating that melanocyte nicotinic receptors were not involved. We
conclude that pharmacological control of melanogenesis can be achieved via activation of
melanocyte cholinergic receptors, and that muscarinic receptors may mediate these effects through
changes in [Ca2+]i.
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Nonsegmental Vitiligo: Evidence for a Link with the Activity of Monoaminergic
Systems
G.E. Orecchia, L. Cucchi, P. Frattini, and G. Santagostino
University of Pavia, Pavia, Italy
In order to search for a link between vitiligo and the activity of monoaminergic systems, we used
high-pressure liquid chromatography and electrochemical detector (HPLC-ED) methods to
measure the plasma levels of the following substances in 35 healthy subjects and in 70 patients
suffering from nonsegmental vitiligo at the different stages of the disease: catecholamines
[norepinephrine (NE), epinephrine (E) and dopamine (DA)], their precursor 3,4-dihydroxyphenylalanine (DOPA), their metabolites [3-methoxy-4-hydroxyphenylglycol (MHPG), normetanephrine (NMN), metanephrine (MN) and homovanillic acid (HVA)] and 5-hydroxyindolacetic
acid (5-HIAA) as the major metabolite of serotonin.
We found that the levels of NE, E, NMN, MN, HVA and 5-HIAA were signi®cantly higher in
patients compared to controls. The patients at an active phase of the disease (n = 49/70) showed
signi®cantly higher levels of NE, NMN, MHPG and HVA than ones at a stable phase. The patients
with progressive vitiligo and at its more recent onset (< 1 years) showed signi®cantly increased
levels of E, NE and MN in comparison with longer-term sufferers.
The higher catecholamine and metabolite levels in the early phase of the disease may re¯ect
increased activity by monoaminergic systems.

Curcumin Induces p53-Independent Apoptosis in Human Melanoma Cell Lines
J.A. Bush
University of British Columbia, Vancouver, BC Canada
Malignant melanoma is a severe and life-threatening disease. Chemotherapeutic treatments are
generally ineffective because these tumour cells often exhibit strong chemoresistance. Current
drugs used in melanoma treatment kill the cells by means of programmed cell death ± this has
become a key mechanism for the study of anticancer agents. We are interested in the dietary
polyphenol curcumin, a plant extract commonly used as a colouring agent in foods. Ample
evidence exists to support curcumin use in cancer prevention or as an adjunct in an overall cancer
treatment plan. We have found that curcumin causes cell death in eight different melanoma cell
lines. Four of these cell lines are wild-type for p53 while the other four have a mutant p53 gene.
Our data shows that cell death is due to apoptosis and not necrosis as detected by SRB assay, DNA
fragmentation and ¯uorescence microscopy. We have established the effective dose and show that
curcumin-induced apoptosis in these melanoma cell lines is both dose-and time-dependent with
maximum apoptosis occurring within 48 h. We ®nd that the apoptotic ef®ciency approximates
many anticancer drugs used in clinical melanoma treatment. However, contrary to some reports,
we ®nd that the cell death does not induce p53 expression and therefore appears to be a p53independent mechanism, suggesting that curcumin activates other routes of apoptosis. Since
melanoma cells with mutant p53 are resistant to conventional chemotherapy, curcumin may
overcome the chemoresistance of these cells and provide potential new avenues to destroy
melanoma cells.

Use of MelanoDermTM, an Epidermal Model Containing Functional Melanocytes, for
Skin Lightening Studies
M. Klausner, B. Breyfogle, P. Neal, and J. Kubilus
MatTek Corporation, Ashland, Massachusetts
There is considerable interest in developing both cosmetic and/or skin care pharmaceutical
formulations which cause lightening of the skin. These products are utilized to cosmetically alter
one's natural skin color or to combat skin pigmentation disorders such as melasma,
postin¯ammatory hyperpigmentation, and other hyperpigmentation lesions. In order to aid in
the development and testing of such products, we have produced MelanoDerm, a highly
differentiated, three-dimensional tissue culture model of human epidermis that contains normal
human melanocytes (NHM) and keratinocytes (NHK). Using cultures containing NHM from
black donors, the ability of ascorbic acid (AA) to effect skin pigmentation was investigated. Over a
three-week period, control cultures become increasingly pigmented with retention of normal
epithelial morphology. On the other hand, tissues cultured in medium containing 50 mg per ml of
AA or tissues treated topically with 50 mg per ml AA remained distinctly lighter than control
cultures. A newly developed, quantitative melanin assay showed that melanin content for the
control tissues was 2.0 and 2.1 fold higher for tissues originally seeded at NHK/NHM ratios of
10:1 and 30:1, respectively. AA did not completely inhibit melanin synthesis, however, as melanin
levels increased 3.2 fold over the 21-d culture period. These results suggest that this model will be
useful to study melanogenesis, skin lightening, and other pigmentation phenomena of skin in vitro.
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Aberrant Activation of AP-1 and NFkB by Reactive Oxygen Species in Human
Metastatic Melanoma Cells Compared to Normal Human Melanocytes
F.L. Meyskens, J.A. Buckmeier, and N.B. Tohidian
University of California-Irvine, Orange, California
We have shown previously that the transcription factors, NFkB and AP-1, are endogenously
activated in metastatic melanoma cells (MM) as compared to normal human melanocytes (NHM).
These transcription factors and certain reactive oxygen species (ROS) have been implicated in
diverse roles in the growth as well as in the multistep process of carcinogenesis. Utilizing ¯ow
cytometry, we determined intracellular levels of hydrogen peroxide (HP) were almost 3 fold higher
in MM, while superoxide anion (SA) was 1.5 fold higher than in NHM. We perturbed MM with
exogenous ferrous/ferric iron, various iron chelators and antioxidants. Following treatment with
the antioxidants, DNA binding activity of NFkB and AP-1 decreased 90%. Treatments with metal
chelators and ferrous/ferric iron resulted in intracellular HP levels correlating positively with NFkB
binding (p < 0.035); no correlation with AP-1 binding activity was evident. Intracellular SA levels
correlated with AP-1 binding (p < 0.04); no correlation with NFkB binding activity was evident.
Further comparisons of NFkB, AP-1, HP or SA to the induction of apoptosis in MM showed no
signi®cant correlation, although there was a less convincing association (p < 0.10) between
elevated AP-1 binding and increased apoptosis. The intracellular redox state seems to play a
decisive role in mediating the activation of NFkB and AP-1 in MM, while unexpectedly having no
in¯uence on apoptosis. From these observations, new approaches to the prevention and treatment
of MM can be developed.

Human SCF Neutralizing Antibodies 2±10 and 2±18
J.A. Burch, K. Kilpatrick,* S. Singer,* J.M. Obadiah, and J.M. Grichnik
Duke University Medical Center, Durham, North Carolina; *GlaxoWellcome, Research Triangle Park,
North Carolina
Stem cell factor (SCF) has the capacity to regulate proliferation/apoptosis of melanocytes. In order
to further study this pathway, we strived to develop a reagent against SCF that would inhibit its
ability to bind to its receptor, KIT. Brie¯y, we engineered a SCF (soluble fragment) GST
expression construct and used the expressed protein as an immunogen to produce hybridomas.
Clones were screened for binding to SCF, GST, GST-SCF, and N-or C-terminal deletions
utilizing ELISA and immunoprecipitation. The 2±18 clone exhibited strong binding only to SCF
constructs that included the 50 C-terminal residues. The 2±10 clone bound strongly to SCF but
poorly to any of the deletions. Weak binding was noted for the 50 C-terminal residues, but
binding was reduced as more N-terminal residues were included. Pretreatment of SCF with DTT
(1 mM) inhibited binding of 2±10 to a greater extent than 2±18. Pretreatment of SCF in an ELISA
based assay with supernatant from the 2±10 and 2±18 inhibited the binding of soluble KIT by 75%
and 50%, respectively, compared with controls. We have developed two monoclonal antibodies to
SCF that inhibit binding with KIT. The 2±18 clone appears to bind speci®cally to the region 50 Cterminal SCF residues of soluble SCF. The 2±10 clone also demonstrates a weak preference for this
area but prefers the full-length construct and demonstrates decreased activity in situations in which
in disul®de bonds may be oxidized/reduced suggesting a requirement for intact secondary
structure.

The High Expression of Human Epidermal Fatty Acid-Binding Protein in Melanocytic
Tumor Might be a Phenotypic Marker of In Vivo Malignancy
M.C.V. Brouard, I. MasouyeÂ, E. Augsburger, M. ReÂgnier,* J. Saurat, G. Hagens, and G.
Siegenthaler
Department of Dermatology, University Hospital, Geneva, Switzerland; *L'OreÂal, Paris, France
Epidermal fatty-acid binding protein (E-FABP), a 15-kDa cytosolic protein, is expressed in
granular layer of human epidermis. Its function is thought to be involved in the transport/
metabolism of fatty acids (FA). Since FA are important in proliferation of melanoma cell lines and
in melanocytic tumors, E-FABP was analyzed in benign and malignant human melanocytic tumors
because its expression is a good indicator of FA activity in cells. E-FABP was detected by SDSPAGE immunoblotting in various melanoma (n = 8), in nevocyte (1) and in melanocyte (2)
cultured cell lines. By molecular cloning, we showed that E-FABP from keratinocyte and
melanocyte was identical. Immunohistochemistry analysis showed that E-FABP was expressed in in
situ (two of two), super®cial spreading (16 of 20) and nodular (®ve of ®ve) melanoma, in contrast
to the absence of labeling in melanocytes of normal skin and reconstructed epidermis with
integrated melanocytes. A strong cytoplasmic staining was observed in more than 70% of the tumor
cells in 15 melanoma. Metastasis (three of ®ve) were also stained. A faint staining was only focally
observed in the super®cial components of common (four of 10) and dysplastic (four of 15)
melanocytic nevi. These data show that FA transport/metabolism might play a determinant and an
early role in the pathogenesis of the melanoma in vivo, and suggest that E-FABP might be used as a
phenotypic marker for the study of malignancy.

Detection of Viral Sequences and Virus-Like Particles in Human Melanoma
T. Muster, A. Grassauer, A. Waltenberger, S. Brandt, S. Hirschl, K. Rappersberger, B. Jansen, H.
Pehamberger, and K. Wolff
University of Vienna Medical School, Department of Dermatology, Vienna, Austria
We addressed the question whether viruses might be associated with human melanoma. Methods
used included reverse transcriptase (RT) assays, reverse transcription (RT)-PCR, in situ
hybridization, and electron microscopy. Human melanoma cell lines SK-Mel-28, Mel-Juso,
518A2, cultured human melanocytes, and tissues from normal skin, nevi, and melanomas were
analyzed. Retrovirus-like particles approximately 100 nm in width were detected in pellets from
supernatants of melanoma cells. Particle preparations were found to contain RT-activity, while
supernatants of untreated and UVB-treated cultured melanocytes did not. When melanoma cells
were treated with UVB, RT-activity in the supernatants was increased up to ®ve times.
Ampli®cation of DNAse-treated, particle-derived RNA with degenerate retroviral pol primers
revealed a sequence related to the RT gene of known endogenous retroviruses. This sequence was
used as a probe for virus-speci®c sequences by in situ hybridization, which showed high levels of
viral RNA in the cytoplasm of melanoma cells but not of melanocytes. Moreover, probe-speci®c
viral sequences were expressed in high numbers in primary melanomas and metastases but not in
normal skin and nevi. The results indicate that expression of retroviral genes is activated during the
development of melanoma.

Melanocytic Nevi in Recessive Epidermolysis Bullosa
J.W. Bauer, A. Klausegger, R. Hametner, H. Schaeppi, G. Richard,* J. Uitto,* and H. Hintner
Department of Dermatology General Hospital, Salzburg, Austria; *Department of Dermatology and
Cutaneous Biology, Thomas Jefferson University, Philadelphia, Pennsylvania
Epidermolysis bullosa simplex (EBS) is an usually autosomal dominant inherited disease. In the
recessive forms of EBS the complete loss of keratin 14 molecule leads to a severe clinical course
which is demonstrated by a lethal course in the mouse knock-out model. We describe a pedigree
with no apparent consanguinity. The patient has a homocygous two base-pair insertion in exon 3
of the keratin 14 gene. The resulting stop codon leads to complete loss of the keratin 14 protein in
the skin. Clinically, the boy suffered from generalized blistering after birth, but is gradually
improving regarding his skin condition over the years. Interestingly, this patient features large,
eruptive melanocytic nevi, which so far have been described mainly in the junctional and
dystrophic forms. When applying the ABCD rule and histological criteria one has to suspect
malignant melanoma. Moreover, within the last year a 3-cm long protrusion of an initially already
3 3 3 nevus has occured. However, our clinical experience suggests that those nevi can be kept
under regular clinical control without complete excision. Further studies into the molecular
mechanisms underlying these ``EB-nevi'' will provide insights into the differentation of ``classical''
malignant melnoma and ``EB-nevi''.

Melanocyte-Conditioned Medium Stimulates while Melanocyte/Keratinocyte Contact
Inhibits Keratinocyte Proliferation
M. Deveci, R. Gilmont, H. Terashi, A. Ahmed, D. Smith, and C.L. Marcelo
University of Michigan, Ann Arbor, Michigan
The interaction between melanocytes and keratinocytes suggest a bi-directional interaction
between these cells. Although keratinocytes appear to affect melanocyte function, there are no
reported effects of melanocytes on keratinocytes. Using cell strains, the effect of melanocytes on
keratinocyte proliferation was examined. Two conditioned medium techniques were used: one
was a coculture system, where both cell types grow on separate surfaces, sharing common medium.
The second was feeding keratinocytes with 48-h-melanocyte-conditioned medium. Mixed
cultures (melanocytes/keratinocytes together in monolayer with the ratio of 1:5) were also studied.
In all experiments, serum free MCDB 153 medium with hydrocortisone and insulin was used. The
basal proliferating rate of keratinocytes alone was 8.16 6 3.7%. The growth rate of keratinocytes
alone, plus keratinocyte conditioned medium, or in mixed culture was 9.66 6 7.1, 14.83 6 2 and
9.09 6 2.47%, respectively (p > 0.1). The proliferative rate of keratinocytes was 34.57 6 6.1% 48h after incubation with melanocytes in coculture system and 33.66 6 22.78 following 48-h
incubation with melanocyte conditioned medium. The difference between control and
experimental groups was signi®cant (p < 0.001). Our study showed that cultured melanocytes
produce one or more soluble factors that stimulate the proliferation of keratinocytes. Since the
proliferation of keratinocytes was not stimulated in the mixed keratinocyte/melanocyte culture, a
localized inhibition of keratinocyte proliferation when melanocytes are in proximity is suggested.
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Distribution of Follicular Melanocytes During the Human Hair Growth Cycle
J.R. O'Sullivan, A. Williams, C. Gummer,* and D. J. Tobin
Department Biomedical Sciences, University of Bradford, Bradford, U.K.; *Proctor & Gamble Ltd. Surrey,
U.K.
The fate of the follicular pigmentary unit during the human hair growth cycle is enigmatic. Some
bulbar melanocytes (MC) are lost, via apoptosis, during murine catagen regression [Tobin et al.:
JID 111:941±947, 1998]. The rarity in human scalp of HFs in catagen and telogen complicates this
analysis. Here we examine the modulation of MC subpopulations in HFs using MC-speci®c
antibodies; NKI/beteb, HMB45, Mel-5 and antityrosinase and antibodies to bcl-2 and c-kit on
normal scalp frozen sections. Full anagen: many melanotic and dendritic MC are detectable in the
infundibulum and supra-Auber's hair bulb. Non-dendritic, amelanotic, MC are also present in the
most proximal hair bulb and its outer root sheath (ORS). Catagen: MC are detected in the
developing club HF epithelium, regressing bulb and mid epithelial strand, where some retain a
dendritic phenotype. Telogen: Amelanotic and nondendritic MC are detectable in the ORS and
less often in the secondary germ. Early Anagen: Non-dendritic MC distribute sparsely in the upper
ORS, while dendritic MC are frequently found in both the mid ORS and throughout the bulb,
including the most proximal regions. This study suggests that follicular MC dendricity and
melanogenesis are controlled in a microenvironmentally regulated manner and that some bulbar
MC may survive catagen-induced regression and re-locate to the proximal telogen HF. Here these
MC may resplenish the hair shaft-pigmenting MC pool during one or more subsequent growth
cycles.

Topographic Variations in Normal Skin Histology, as Viewed by In Vivo Confocal
Microscopy
M. Huzaira, M. Rajadhayaksha, R.R Anderson, S. Gonzalez, and D. Wellman
Boston, Massachusetts. Harvard Medical School, Boston, Massachusetts
Near infra-red Confocal Re¯ectance Microscopy (CM) is a new vital tool that provides us with an
opportunity to view skin histology in vivo, with high resolution and good contrast to a controlled
depth. This study was designed to evaluate the morphometric variations in various topographic
sites, in live skin. In vivo, re¯ectance CM was performed in seven subjects (two females and ®ve
males) of different skin phototypes. Six different topographic sites were imaged in each subject.
Morphometric parameters evaluated were the epidermal thickness at both, suprapapillary epidermal
plate and rete peges, during real time imaging while the number and diameter of keratinocytes in
each epidermal layer, and characteristics of dermal papillae were de®ned from grabbed images. Our
results showed that stratum corneum is brighter in sun exposed areas and pigmented skin
individuals. The thickness of the epidermis at rete pege was found to be greater in sun exposed
areas. The thickness of suprapapillary epidermal plate was apparently similar in both. The enface
numerical density of granular cells was greater on the face as compared to other sites while the
surface density of spinous cells was greater on protected sites. Interestingly, the dermal papillae size
and number at a speci®c depth below stratum corneum varied from sun exposed to protected sites.
In summary, we demonstrate the feasibility of noninvasive CM for evaluating skin morphometry in
vivo. Signi®cant morphological variations are found to be related to various topographic sites.
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Non-Invasive Diagnosis of Skin Tumors by Near Infrared Spectroscopy
L.M. McIntosh, R. Summers, M. Jackson, H.H. Mantsch, J.R. Mans®eld, M. Howlett,
A. Crowson,* and J.W.P. Toole²
Institute for Biodiagnostics, Winnipeg, Manitoba, Canada; *Regional Medical Laboratory, Tulsa,
Oklahoma; ²University of Manitoba, Winnipeg, Manitoba, Canada
A rapid, noninvasive diagnostic tool for skin cancer would be useful. The purpose of this study was
to determine whether near infrared (NIR) spectroscopy could be used to differentiate skin tumors.
In vivo visible and NIR spectra (400±2500 nm) of 195 skin tumors (actinic keratoses (AK), basal cell
carcinomata (BCC), dysplastic and banal common acquired nevi, actinic lentigines (AL), and
seborrheic keratoses (SK)) and normal skin were collected by placing a ®ber optic probe on the
skin. Paired t-tests, repeated measures analysis of variance (ANOVA) and linear discriminant analysis
(LDA) was used to determine signi®cant spectral differences and to classify spectra. Paired t-tests
differentiated normal skin from tumors in several areas of the NIR spectrum. Various signi®cant
differences were found between the tumor groups by ANOVA. In particular: (i) dysplastic nevi were
different from almost all other tumor groups, (ii) AK were different from BCC, and (iii) SK were
different from BCC and AL. By LDA, we differentiated dysplastic from banal nevi with 91.5%
accuracy, dysplastic nevi from AL with 100% accuracy, and AK from AL with 84.5% accuracy.
NIR spectroscopy has promise as a noninvasive technique for skin tumor diagnosis.

Is the Reversal of Licheni®cation in Patients with Atopic Dermatitis Always a Longterm Process?
E.J. Glazenburg
GlaxoWellcome The Netherlands, Zeist, Netherlands
It is generally accepted that acute symptoms of atopic dermatitis (AD) respond quickly to
corticosteroid treatment, especially when severity of disease and potency of steroid are well
matched to each other. These symptoms pertain to objective parameters erythema, oedema/
papulations, excoriations and oozing/crusts and subjective parameters itch and sleeplessness. This
belief is supported by many studies, most of which were designed to achieve short-term relief in
this chronic and debilitating disease. It is also believed that licheni®cation is a troublesome
nonacute symptom of chronic AD which can take months of treatment before any improvement is
seen. However, very little data support this opinion. Therefore we undertook an analysis of
licheni®cation scores in 2 multicenter, short-term (4 wk) studies of identical design, during acute
treatment with either ¯uticasone propionate (FP) cream or ointment, administered once or twice
daily. Baseline characteristics of study populations were comparable and 505 patients (adults and
children) with moderate to severe AD were included. Licheni®cation was scored from 0 to 3
(intervals of 0.5, 0 = absent, 1 = mild, 2 = moderate, 3 = very severe). Up to 85% of these patients
had a score of > 2 at study start. In all treatments licheni®cation signi®cantly improved (p < 0.005)
within 1 wk. Improvement continued afterwards, with > 80% of patients scoring < 1 after 4 wk. In
conclusion, when treated appropriately, licheni®cation can be improved in the relative short-term.
Whether this quick improvement in licheni®cation will reduce exacerbations in long-term AD
management warrants further investigations.

The Effect of Electrical Stimulation (RPES) on Wound Healing and Angiogenesis in
Second-Degree Burns
J.E. Greenberg, A.J. Hanly,* S.C. Davis, A.L. Cazzaniga, and P.M. Mertz
University of Miami/Department of Dermatology & Cutaneous Surgery, Miami, Florida; *University of
Miami/Department of Pathology, Miami, Florida
The purpose of this study is to evaluate the effect of pulsed electrical stimulation on
epithelialization and angiogenesis in second degree burn wounds in vivo. Multiple second-degree
burn wounds were created on three pigs and each animal was assigned to one treatment group: (i)
positive polarity pulsed electrical stimulation (PES), (ii) negative polarity PES or (iii) electrode (no
PES). Using these electrical parameters (pulse direct rectangular current at 35 mA, 140 ms pulsed
width, and 128 pulses per second), animals were treated with electrical stimulation for 30 min daily
for 5 d. The current density was 0.513mA per cm2 and the duty cycle was 1.79%. Wound biopsies
were subsequently taken on days 1, 2, 3, 6, 8,10 and 14. H & E and immunoperoxidase with Ulex
europaeus lectin stains were used to evaluate the outcome of epithelialization and angiogenesis. Reepithelialization began two days earlier in the wounds treated with positive polarity versus negative
polarity and control. Prominent neovascularity was seen on Day 10 of the negative polarity treated
wounds versus positive. Return towards morphologically normal epidermis was observed in
wounds treated with both polarities (Day 14). In conclusion, burn wounds treated with PES appear
to epithelialize faster than wounds treated with no PES. Additional animals are needed to
substantiate these ®ndings.

Frequency and Characteristics of Changing Melanocytic Skin Lesions in Patients with
Multiple Atypical Nevi
H. Kittler, H. Pehamberger, K. Wolff, and M. Binder
Department of Dermatology, University of Vienna Medical School, Vienna, Austria
The aim of this study was to report on the frequency and characteristics of changing melanocytic
skin lesions in patients with multiple atypical nevi. We used digital epiluminescence microscopy
(DELM) for the follow up of patients with multiple atypical nevi. Melanocytic lesions with
substantial modi®cations over time (enlargement, changes in shape, regression, color changes or
appearance of ELM structures known to be associated with melanoma) were excised and referred
to histopathologic examination. A total of 1862 melanocytic skin lesions from 202 patients with
multiple atypical nevi were included in the analysis. The mean follow up interval was 14 6 8 mo.
Seventy-®ve (4.0%) melanocytic skin lesions showed substantial modi®cations over time and were
excised and referred to histopathologic examination. Eight changing lesions were histologically
diagnosed as early melanomas. These lesions frequently showed focal enlargement associated with a
change in shape as well as appearance of ELM structures that are known to be associated with
melanoma. In contrast, the majority of benign changing lesions (common nevi and atypical nevi)
showed symmetric enlargement without substantial structural ELM changes. Six of the eight
patients who developed melanoma were unaware of the fact that the lesion had changed over time.
The frequency of signi®cant modi®cations of melanocytic skin lesions in patients with multiple
atypical nevi is smaller than expected. Focal enlargement and structural ELM changes are typical for
melanoma. Symmetric enlargement is more frequently found in benign melanocytic skin lesions.
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Effects of Injecting Cultured Human Dermal Papilla Cells into Nude Mice
S. Shahid, G.M. Shivji, W.P. Unger,* and D. N. Sauder
Sunnybrook & Women's College Health Science Ctr. Toronto, Ontario, Canada; *University of Toronto,
Toronto, Ontario, Canada
Alopecia involves the loss, miniaturization, involution, or incresed fragility of the hair at the hair
bearing sites such as the scalp, face, eyebrows, eyelashes, and body. The most common form of
alopecia is androgenic alopecia. Several studies have focused on the potential role in the growth
and maintenance of the hair follicle. Thus, this study was designed to propose a treatment for
androgenic alopecia by culturing and expanding human dermal papilla cells in vitro and
investigating a method to utilize these cells in vivo. Cultured human dermal papilla cells and a
mixture of cultured human dermal papilla cells, ®broblasts, and keratinocytes were separately
injected into athymic nude mice. Mice were monitored and sacri®ced at several time points (1, 2,
3, 5, 9,and 12 wk). Skin samples at the injected site were harvested and prepared for
immunohistochemistry, whereby samples were stained with speci®c human cell markers:
monoclonal mouse antihuman smooth muscle actin, rabbit polyclonal antikeratin antibody, and
monoclonal human vimentin. Our preliminary results show the growth of hair localized to the area
of injection as early as 1 wk after injection. Our ®ndings further indicate that the injected human
dermal papilla cells are being incorporated into the mouse hair follicle, especially in the region of
the dermal papilla.

Minimum Inhibitory Concentrations of Dapsone and Other Antibiotics for Clinical
Isolates of Propionibacterium Acnes
K.C. Godowski and M. Franklin
Atrix Laboratories, Inc. Fort Collins, Colorado
There are many current treatments of acne including antibiotics and antimicrobials. We have
developed a topical gel containing 5% dapsone. Dapsone has well documented anti-in¯ammatory
properties and in this study we have investigated its antibacterial properties by determining the
minimum inhibitory concentrations (MIC) of dapsone and other antibiotics to clinical isolates of P.
acnes. Different broth media were tested for suitability in the MIC assay with Mueller Hinton II
determined to be the most appropriate for growth of P. acnes. Dapsone was dissolved in several
solvents with diethylene glycol monoethyl ether (DGME) determined to be the best solvent for
this lipophilic drug. Swab samples were collected from 51 human volunteers by rubbing swabs on
both cheeks and near the nose. Samples were transported in 0.5 ml of enriched thioglycollate broth
and then plated onto anaerobic blood plates enriched with hemin and vitamin K. After anaerobic
incubation at 35°C for 3±4 d suspect colonies were identi®ed by MicroLog AN biochemical
identi®cation system. Approximately 43% (22 of 51) of the human clinical volunteers had
Propionibacterium species on their facial skin with most all of the Propionibacterium isolated being
P. acnes (20 of 22). The dapsone MIC90 against P. acnes was 1 mg per ml, similar to the MIC90
values of penicillin, erythromycin, doxycycline, and clindamycin. Gentamicin was much less
effective against P. acnes with an MIC90 of 16 mg per ml. Metronidazole and sulfasoxazole were
totally ineffective against P. acnes. In the MIC assay, dapsone was very effective against clinical
isolates of P. acnes.
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Digital Photography for Time-Lapse Monitoring of Skin Lesions
C. Harman, K. Kutulakos, and B.C. Madden
University of Rochester, Rochester, New York, New York
We have developed a computer-based system that employs image analysis software to monitor
changes in a population of lesions on a patient's body surface. Time-lapse monitoring of the skin
brings forth a new class of diagnostic imaging tools in which a time-lapse digital video of an
evolving lesion or of a lesion population, rather than just a single photograph, is used for
quantitative treatment assesment and diagnosis. Time-lapse skin monitoring is performed by ®rst
acquiring over a period of days, weeks, or months multiple digital photographs of the same,
physician-designated skin region on a patient. To handle differences in the patient's pose or the
camera's position during each photography session, our computer system automatically registers
the acquired photographs so that identical locations in the photographs correspond to identical
locations on the patient's skin. The system consists of a PC and a digital camera and is packaged in a
Windows interface. This interface guides the clinician in the acquisition of the digital photographs,
provides support for the identi®cation of skin landmarks such as moles to aid registration of
acquired images, and for their storage and archiving. Our monitoring system currently supports the
automatic detection of changes in a monitored lesion population, i.e. identifying lesions that
appeared or disappeared between two consecutive photography sessions. Functionalities that are
being developed include: (i) automatically detecting changes in coloration and size of a single lesion
that appears in a sequence of time-lapse photographs (ii) construction of ``digital skin maps'' that
allow monitoring of extended regions of a patient's body by stitching together multiple digital
photographs, and (iii) skin map comparison software for automatically registering and monitoring
changes in these maps.

Effects of VAS972 Therapy on Allergic Contact Hypersensitivity
G.M. Shivji, A.S.H. Mandel,* A.E. Bolton,* and D.N. Sauder
Sunnybrook & Women's College Health Science Ctr. Toronto, Ontario, Canada; *Vasogen Inc.
Mississauga, Ontario, Canada
Contact hypersensitivity (CHS) is a Th1 mediated response that can be down-regulated by
immunosuppressive agents such as cyclosporin and environmental stimuli such as ultraviolet light.
VAS972 is an immune modulation therapy that involves the modi®cation of autologous blood by
controlled ex vivo exposure to an oxidizing agent and UVC light at an elevated temperature. The
processed blood is then administered by intramuscular injection. The objective of this study was to
evaluate the effect of VAS972 on contact hypersensitivity (CHS). The effect of serial injections of
VAS972-processed blood, untreated blood and saline was investigated on the CHS response to
DNFB in BALB/C mice, assessed by net ear swelling. A preliminary study was also conducted to
evaluate the effect of plasma and cellular fractions of processed blood. Mice injected with VAS972processed blood showed signi®cantly lower (46%, p < 0.05) net ear swelling than controls.
Histological examination of challenged ear skin from control mice displayed edema with a
signi®cant lymphocytic in®ltration, while in animals administered processed blood, this was
reduced. Mice injected with either plasma or cellular fraction from VAS972-treated blood also
demonstrated signi®cant (p < 0.05) suppression (49% and 41%, respectively) of ear swelling
compared to control. The results of this study demonstrated that VAS972 suppresses CHS.
Furthermore, the plasma and cellular components of VAS972-treated blood were also able to
induce suppression. This supports the hypothesis that VAS972 down-regulates the Th1 arm of the
immune response.

Family Histories in Female Pattern Balding: What to Measure
P. Birch and A. Messenger
Royal Hallamshire Hospital, Shef®eld, U.K.
Women with female pattern balding (FPB) frequently give a family history of balding but little is
known about its presumed genetic basis or the mode of inheritance. In this study we have
examined the relationship between the history of parental hair status and the clinical expression of
FPB and hair density in 424 women with and without hair loss. Hair density was measured using a
macrophotographic method. Hair density showed a normal distribution in the sample population.
Mean hair densities were lower in women classi®ed clinically as having FPB than in those classi®ed
as having normal hair but the distributions showed considerable overlap. The results of the family
history analyses were as follows:
Hair loss in:
Hair density in subject:
FPB in subjects:

Father
Mother
Mean
SD
%

No
No
245.9
60.9
15.4

Yes
No
245.4
62.9
29.7

No
Yes
233.5
50.5
41.2

Yes
Yes
208.8
58.4
58

Women with a maternal history of hair loss had lower hair densities and an increased frequency of
clinical FPB compared to subjects where both parents were nonbalding. This effect was magnified
when the father was also bald. Paternal hair status alone had no effect on subject hair density but
there was an increased frequency of clinical FPB when the father was bald. These results illustrate
the unreliability of using clinical and historical assessments to study the genetics of pattern balding.
Future studies should include objective measurements of hair status in probands and in family
members.
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Comparison of Melanoma Diagnosis and Management Decisions Between
Dermatologists and Primary Care Physicians
S.C. Chen, E. Weil,* D.M. Bravata, and I. Olkin
Stanford University, Stanford, California; *University of Toronto, Toronto, Ontario, Canada
Dermatologists have argued for direct access, especially for patients with dif®cult diagnostic and
management problems such as melanoma. To clearly demonstrate that dermatologists are better
melanoma caregivers than primary care physicians (PCPs), both sensitivity and speci®city must be
examined in an receiver operating characteristic (ROC) curve. We performed a systematic
literature review evaluating dermatologists and PCPs for accuracy of melanoma diagnosis and
biopsy/referral decisions. We evaluated the relative ef®cacy of the two types of physicians using
ROC curves. Nine of the 605 potentially relevant articles met our inclusion criteria: they reported
sensitivity and/or speci®city, identi®ed physician type, and presented at least one melanoma. For
diagnostic accuracy, the summary sensitivity (95% C.I.) was 0.91 (0.81±1.0) for dermatologists and
0.71 (0.54±0.87) for PCPs. For management decisions, the summary sensitivity was 0.91 (0.85±
0.97) and 0.91 (0.86±0.97) whereas speci®city was 0.88 (0.81±0.96) and 0.82 (0.81±0.83),
respectively. Only six diagnostic accuracy studies directly compared dermatologists and PCPs;
none reported dermatologist speci®city, thus ROC curves could not be calculated. Of the ®ve
management decision studies that examined both physician types, three reported both sensitivity
and speci®city. The ROC curves from these data are equivocal in demonstrating the relative
accuracy of dermatologists to PCPs. Future studies should report both sensitivity and speci®city of
dermatologists and PCPs as melanoma diagnosticians and management decision-makers in order
calculate robust ROC curves that can be used to inform the national debate over direct access of
patients to dermatologists.
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Complex Reconstructed Skin Equivalents Made with Papillary and Reticular Fibroblast
Populations Incorporated in Distinct Layers: Re-expression of Papillary and Reticular
Fibroblast Characteristics after Grafting onto Nude Mice
D. Asselineau, M. TeÂcher, A. Caplan, J. Sorrell, M. DeÂmarchez, A. Jomard, P. Rossio, and P.
Reiniche
L'OreÂal, Life Sciences Research, Clichy, France; Skeletal Research Center, Case Western Reserve
University, Cleveland, Ohio; Galderma R & D, Sophia Antipolis, Valbonne, France
Classical histology of human skin indicates that the upper papillary dermis differs from the
underlying reticular dermis in the organization of extracellular matrix material. We and others have
suggested that papillary ®broblasts differ physiologically from reticular cells. A simpli®ed skin
model can be constructed by culturing human epidermal cells in a collagen gel that has been
contracted by imbedded human ®broblasts. To improve this model, we have manufactured
constructs containing papillary or reticular cells alone, or together in separate layers. These
constructs were grafted onto nude mice and harvested for histology four weeks after grafting. Only
those constructs containing papillary ®broblasts formed dermal papillae at the dermal/epidermal
interface; constructs containing reticular cells usually maintained a ¯at junction. Human vimentin
positive ®broblasts were more numerous in constructs containing only reticular cells. Constructs
containing only papillary cells, but not constructs containing reticular cells, were preferentially
labeled by antibodies that detect ®broblasts in the papillary region of skin. Interestingly, ungrafted
control samples corresponding to the different types of constructs did not show such differences
suggesting that grafting onto the nude mouse was necessary to induce the re-expression of the
speci®c phenotypes of these cells and to recreate the in vivo morphology of skin.

Expression of TGF-b and PDGF in a Mouse Model of Bleomycin-Induced Scleroderma
S. Takagawa, T. Yamamoto, T. Satoh, H. Yokozeki, and K. Nishioka
Department of Dermatology, Tokyo Medical & Dental University, Tokyo, Japan
We previously established a mouse model of scleroderma by repeated injections of bleomycin
(BLM) (T.Yamamoto et al.). Dermal sclerosis was induced by subcutaneous BLM (100 mg per ml)
injections into the back of BALB/C mice daily for 4 wk. In this study, we examined the effect of
®brogenic cytokines after single injection of BLM. A single injection of BLM induced elevated
mRNA level and increased number of positive cells with TGF-b1 and PDGF-A. To determine the
direct effect of the BLM, both macrophages and ®broblasts were cultured with 0±10 mg per ml of
BLM for 18 h. Results of RT-PCR showed elevated level of TGF-b1 mRNA expression in both
macrophage and ®broblast, whereas PDGF-A was only detected in ®broblast. These results
suggested that ®brogenic cytokines such as PDGF-A and TGF-b1 produced by macrophages and
®broblasts may play an important role in the induction of sclerosis in this model.
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Effects of plant extract on human ®broblasts
A. Brockman, E. Yaping, W.L. Lee, and A.R. Shalita
State University of New York Health Science Center at Brooklyn, Brooklyn, New York, New York
Botanical derivatives are commonly used around the world in a host of products for skin care/
therapy. The mechanisms are not always clear but their effects on a variety of pathways including
in¯ammation and synthesis of extracellular matrix proteins, have been implicated as the reason for
their success. The extract being tested has been used for many years in Asian populations as a
treatment for striae. The purpose of our study is to test the in vitro effects of a plant extract on
collagen synthesis utilizing normal human dermal ®broblasts (NHDF) as our model system. NHDF
were grown to con¯uence in a 96 well plate, and were treated for 24 and 48 h with our extract at
1.75.5 and.25% concentrations. Appropriate controls were included. Cell supernatant was
collected and enzyme immunoassay for procollagen type 1-C-peptide (PIP) was preformed on
samples and PIP standards. Absorbance was read at 450 nm for each well on a ELISA reader. Cell
viablility for each concentration on extract was assessed using MTT: 3-(4,5-dimethylthiazol-2-yl)2,5-diphenyl tetrazolium bromide. When compared to untreated cells, there appeared to be a slight
decrease, though insigni®cant, in PIP production for the plant extract treated samples at
concentrations of 1, 0.75, 0.5 and .025%.While there was greater than 50% cytotoxicity observed
at concentrations above 1%, no noticable cytotoxicity was observed at other tested concentrations.
Using this study as a model system, we intend to continue studying the effects of our extract on
other markers of matrix synthesis, including elastin and ®bronectin.

Dermal Organization in Scleroderma Quanti®ed with Fast Fourier Transform
H.J.C. de Vries, D.N.H. Enomoto, J. van Marle, P.P.M. van Zuylen, J.R. Mekkes, and J.D. Bos
ShalitaDepartment of Dermatology, Academic Medical Center, University of Amsterdam, Amsterdam, The
Netherlands
Scleroderma is characterized by dermal ®brosis with collagen bundles orientated parallel to the
epidermis. Simple objective parameters to evaluate progression and therapies are needed. We
describe a method, the Fast Fourier Transform (FFT), to measure collagen bundle orientation and spacing.
FFT describes repetitive structures in a power plot. With digital image analysis spacing and
orientation is averaged in a frequency domain. The FFT was used to calculate orientation ratio, variation and spacing of collagen bundles in lesional scleroderma skin (LS), nonlesional scleroderma
skin (non-LS), and control skin (CS). Parameters were correlated with Skin Score measurements
ranging from 0 (normal) to 3 (very sclerotic). Orientation ratio of LS (1.83 6 0.62) was
signi®cantly higher than CS (1.38 6 0.15). Non-LS ratios (1.48 6 0.44) were between LS and CS
ratios. Orientation variation and bundle spacing of LS (resp. 57.3° 6 19.4°, 15.7 mm 6 5.6 mm)
were signi®cantly reduced compared to CS (resp. 73.8° 6 15.0°, 18.9 mm 6 1.9 mm). Non-LS
values (resp. 57.2° 6 29.0°, 15.6 mm 6 6.1 mm) were similar as LS. Correlated to Skin Score,
orientation ratio in group 0 differed signi®cantly from groups 1±3.
Bundles in LS are more parallel orientated, show less variation in orientation, and are denser
packed than in CS. Our ®ndings suggest for the ®rst time that non-LS dermis without clinical
sclerosis already shows ®brotic characteristics. The FFT technique proved easy to use, suitable to
objectify dermal ®brosis in scleroderma lesions, and allows simultaneous pathological evaluation of
the analyzed location in tissue sections.
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Fibroblast Migration on Fibronectin Requires 3 Distinct Molecular Domains and
Multiple Integrin and Proteoglycan Receptors
R.A.F. Clark, D. Greiling, A. Khan, G. An, and J.E. Schwarzbauer*
Department of Dermatol, SUNY at Stony Brook, Stony Brook, New York, New York; *Department of
Molecular Biology, Princeton University, Princeton, New Jersey
Epithelial and endothelial cell movement is normally constrained by architectural basement
membrane barriers. In contrast, it is not clear how mesenchymal cell movement is constrained in
the normal adult animal. However, it has been clearly demonstrated that ®bronectin can provide a
pathway for stromal cell migration during embryogenesis, morphogenesis and wound healing.
Cells can adhere to ®bronectin via integrin and nonintegrin receptors, which bind multiple unique
peptide sequences. In this study synthetic and recombinant peptides were used to delineate the
molecular domains needed for adult dermal human ®broblast migration over ®bronectin. The 9th
and 10th ®bronectin type III repeats, which contain RGD and PHSRN cell adhesion sequences,
support almost maximal ®broblast adhesion, but not migration. Speci®c sequences within both the
heparin domain II (Hep II) and the variably spliced IIICS region are also required for ®broblast
migration. These ®ndings predict, and our additional data con®rm, the necessity for cooperation of
the integrins, a4b1, a5b1, avb3, and the transmembrane proteoglycan receptors, dermatan
sulfate-CD44 (a novel CD44 moiety) and syndecan 4, for ®broblast migration on ®bronectin. Such
stringency of migration most likely imposes an immense constraint on normal mesenchymal cell
mobility in unperturbed tissue. Loss of such restraint is clearly critical for migration of ®broblasts to
heal cutaneous wounds and for the extreme invasiveness of ®brosarcoma cells.

Decrease in Epidermal CD44 Expression as a Potential Mechanism for Abnormal
Hyaluronate Accumulation in Super®cial Dermis in Lichen Sclerosus and Atrophicus
G. Kaya, E. Augsburger, I. Stamenkovic,* and J.H. Saurat
Department of Dermatology, DHURDV, University Hospital of Geneva, Geneva, Switzerland;
*Department of Pathology, Harvard Medical School and Pathology Research, Massachusetts General
Hospital, Boston, Massachusetts
CD44 is a membrane glycoprotein which serves as the principal cell surface receptor for
hyaluronate (HA). In a recent study we observed a massive dermal accumulation of HA as a result
of the in vivo selective suppression of CD44 in keratinocytes of mice using a keratin-5 (K5)-CD44
antisense transgene. Since the histological features of the dorsal skin of these transgenic mice display
many similarities to those of the patients with lichen sclerosus et atrophicus (LSA), we explored the
epidermal CD44 expression in the genital and extragenital skin of 14 LSA patients by
immunohistochemistry and in situ hybridization. The nature of the accumulated material was
analyzed by alcian blue and human CD44 receptor globulin (hCD44Rg) stainings. We also studied
the genital skin of the transgenic mice and the skin from patients with lupus erythematosus,
scleroderma and reticular erythematous mucinosis (REM). Here we show that the protein and
mRNA expression of CD44 in the epidermis of the involved LSA skin from genital and
extragenital areas is signi®cantly decreased, and in some cases completely lost. Furthermore we
demonstrate that HA is accumulated in the super®cial dermis of LSA lesions. The genital skin of
the transgenic mice displays the same phenotype as their dorsal skin and skin from LSA patients.
Keratinocyte CD44 expression was unaltered in lupus erythematosus, scleroderma and REM,
despite the presence of a mucinous material in the dermis. These results indicate that the decrease
of CD44 in the keratinocytes is the central defect for abnormal HA accumulation in the LSA skin.
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Human Collagenase-3 (MMP-13) Expression in Fetal Skin Fibroblasts is Induced by
Transforming Growth Factor-b via p38 Mitogen-activated Protein Kinase
L.S. Ravanti, R. Penttinen, M. Foschi,* J. Han,² and V.M. KaÈhaÈri
University of Turku, Turku, Finland; *University of Florence, Florence, Italy; ²Scripps Research Institute,
La Jolla, California
We have examined MMP-13 expression in fetal skin ®broblasts. MMP-13 was expressed by fetal
skin ®broblasts in monolayer culture enhanced by TGF-b1, but not by neonatal human skin
®broblasts. In fetal skin ®broblasts TGF-b1 activates p38 mitogen-activated protein kinase
(MAPK), whereas in neonatal skin ®broblasts TGF-b1 activates extracellular signal-regulated
kinase (ERK)1, 2, and less potently p38. In fetal skin ®broblasts, induction of MMP-13 expression
by TGF-b1 was blocked by SB203580, a speci®c p38 inhibitor, and by adenovirus for dominant
negative p38a. Infection of fetal skin ®broblasts with adenovirus for constitutively active MEK1
activated ERK1, 2 and JNK1, and induced MMP-1, but not MMP-13 production. Activation of
p38 by constitutively active MKK6b did not induce MMP-13 production. These results show that
TGF-b induces MMP-13 expression by fetal skin ®broblasts via p38, suggesting a role for MMP13 in rapid turnover of collagenous matrix during repair of fetal dermal wounds, which heal with
minimal scarring.

Thrombin Receptor Activation: A Novel Method for the Regulation of MMPs
S.L. Raza, L.C. Nehring, and L.A. Cornelius
Washington University School of Medicine, Saint Louis, Missouri
Serine proteases, such as plasmin, activate, and have recently been shown to induce, matrix
metalloproteases (MMPs). We studied the effect of another serine protease, thrombin, on
regulation of MMPs produced by murine macrophages. Following thrombin stimulation of
macrophages, increased amounts of activated forms of macrophage metalloelastase (MMP-12) and
92-gelatinase (MMP-9) were produced as demonstrated by western analysis and zymography.
Secreted MME protein increased 5-fold over control levels by thrombin stimulation, coincident
with 2±2. 5 fold increases in MME mRNA levels. MMP induction was inhibited when cell
cultures were pretreated with hirudin, a thrombin inhibitor. Further examination of control and
thrombin stimulated macrophages by confocal immuno¯ourescence microscopy demonstrated
constitutive MME expression and decreased cell-associated protein following thrombin treatment.
We then examined whether thrombin was acting via its prototypic G-protein linked receptor,
proteinase activated receptor-1 (PAR-1). Macrophages stimulated with PAR-1 speci®c peptide
agonists induced active MME. Pretreatment of macrophages with pertussis toxin, a G-protein
inhibitor, prior to thrombin stimulation, abrogated MME induction. Finally, employing inhibitors
of known mediators of G-protein coupled receptor signaling pathways, we show that thrombin
stimulated MME induction occurs via a protein kinase C (PKC) mediated pathway. These ®ndings
demonstrate that serine proteases play an important role in regulating MMPs through proenzyme
activation, and also through activation of PAR-1, inducing the release of constitutive enzyme, and
stimulating protein production and secretion. Furthermore, we show this occurs via a speci®c
PKC-mediated G-protein linked receptor response.
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Matrix Metalloproteinase Release from Cultured Melanoma Cells is Enhanced by
Extracellular Matrix but Not by Activating Ras Mutations
M. Makela, Y. Shellman, and D. Norris
University of Colorado Health Sciences Center, Denver, Colorado
Invasion of melanomas into the dermis requires several characteristics: migration, survival away
from the basement membrane zone, and protease secretion to facilitate movement through the
basement membrane. Previous work has suggested that activating ras mutations activate secretion
of MMPs. Our purpose was to determine whether transfection of mutant H-ras or N-ras into
melanoma cells induced invasion associated with increased MMP release. In our previous studies,
ras-transfected melanoma cells showed enhanced invasion through Matrigel coated ®lters, and ras
was a direct stimulant of melanoma migration in systems without protein barriers. We studied
radial growth phase melanoma cells (WM35) transfected with mutant N-ras or H-ras, and
appropriate plasmid controls. Cells were grown in either monolayers (anchorage-dependent) on
different matrix proteins or in spheroid (anchorage independent) culture. Media was harvested
from the cultures and the functional levels of MMP-2 and ±9 were measured using zymography.
Neither H-ras nor N-ras increased MMP-2 or ±9 release from these cell lines in either monolayer
or spheroid culture. However, culture on collagen types I or IV, or on gelatin increased both
MMP-2 and ±9. Matrigel produced substantially greater release than any single matrix molecule.
These results suggest that the increased invasion of ras -transfected melanoma cells through
Matrigel coated ®lters is due to increased migration stimulated by ras and increased MMP-2 and ±9
release stimulated by Matrigel. Transfected ras alone was not suf®cient to induce increased
proteinase release from melanoma cells.

EDA-Fibronectin is Co-Localized with CD11c+ Cells at the Dermal-Epidermal Junction
in Psoriatic Tissue
D.B. Rothaupt, T.S. McCormick, S.R. Stevens, and K.D. Cooper
CWRU, Cleveland, Ohio
Different splice variants of ®bronectin (FN) play functional roles in speci®c tissue types. In
uninvolved psoriatic tissue, we have previously shown that FN and T cell cytokines participate in
activating focal adhesion kinase and inducing proliferation of keratinocytes. We have identi®ed
EDA splice-in variant FN deposition at the dermal-epidermal junction in psoriasis. Staining cells
for EDA-FN and CD45RO, CD45RB, CD3, CD11c or CD11b indicated double-positive
staining in psoriatic involved and to a lesser extent in psoriatic uninvolved skin. At the DEJ in
psoriatic involved tissue, EDA-FN colocalized most frequently with CD45RO+ and CD11c+ cells,
bone-marrow derived immunocytes. The CD11c+ cells (interstitial and lining macrophages,
dendritic cells) represent a subset of the CD45RO+ population (90% of CD11c+ cells were
CD45RO+ by double staining), while CD3+ memory T cells comprise another subset. There were
16.7 6 3.7 CD45RO+EDA+ cells per 3.3 mm DEJ, 14.3 6 2.6 CD11c+ EDA+ cells along the
DEJ, but only 3.3 6 0.7 CD3+ EDA+ cells across the same distance. 20.1% of CD11c+ cells
coexpressed EDA-FN in lesional skin versus 0.05% in nonlesional skin (p = 0.044). By contrast,
only 0.07% of CD3+ T cells coexpress EDA-FN. The bone marrow derivation demonstrated by
CD45RO staining and the colocalization of EDA-FN with either CD11c+ lining macrophages at
the DEJ in involved psoriatic skin or CD45RO+ cells in uninvolved skin emphasizes an active role
of EDA±FN in association with these immunocytes in potentially regulating the keratinocyte
hyperproliferation process.

Effect of Agents Used in the Treatment of Lipodermatosclerosis on Fibroblast Matrix
Metalloproteinase-1 Activity
S. Arumugam, I. Aronson, and R. Kumar
University of Illinois College of Medicine, Chicago, Illinois
Lipodermatosclerosis (LDS) is a disease characterized by in¯ammation and ®brosis in areas of
venous insuf®ciency. LDS lesional tissue reveals in¯ammation, perivascular ®brin, active collagen I
synthesis, and increased levels of matrix metalloproteinase-1 (MMP-1). These increased levels of
MMP-1 have been found to be complexed with its inhibitor (tissue inhibitor of metalloproteinases-1, TIMP-1) rendering inactive any characteristic collagenase activity. There are a number of
medications being used to treat LDS in combination with compression. They include stanazolol,
pentoxifylline and colchicine. We studied the effects of varying concentrations of stanazolol,
pentoxifylline and colchicine on MMP-1 production by subcon¯uent murine ®broblast cell
cultures. We have found that all these medications induce MMP-1 production, and this induction
may play a role in the clinical response of LDS with these agents.

Production and Characterization of Tissue-Engineered Human Collagens
F.C. Zeigler
Advanced Tissue Sciences, Inc. La Jolla, California
Puri®ed collagens have been produced on an industrial scale from animal sources, and have been
widely used clinically for a number of dermatological applications, including treatment for rhytides.
Due to the xenogeneic nature of these animal collagens, their use in approximately 3% of the
population is contra-indicated due to hypersensitivity, and persistence in vivo has been less than
desirable. We have utilized primary neonatal human foreskin ®broblasts as a source of human skin
collagens and tissue-engineering technology, thus providing a normal human source and at an
industrial scale. The tissue-engineered human collagens have been puri®ed to 90% by SDS-PAGE,
and are composed primarily of type I collagen, with much lower amounts of type III by western
blotting. We show that they maintain physiologically relevant properties after isolation, including a
high melting temperature (60°C), the ability to form ®brils at neutral pH, and the capacity to
support epidermal keratinocyte binding and differentiation. We conclude that puri®ed, tissueengineered human collagens, which can be produced on an industrial scale, offer an effective
alternative to animal derived collagens.
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Identi®cation of Ets Binding Sequence in the Proximal Promoter of the Human
Transglutaminase 3 Gene
J. Lee, E. Seo, Y. Sung, K. Suhr, and J. Park
Department of Dermatology, School of Medicine, Chungnam National University, Taejon, Korea
It has previously been shown that interactions between Sp-1 and Ets-like regulatory sequences
with their cognate binding proteins could cause epithelial-speci®c expression to the human
transglutaminase 3 (TGM3) gene in vitro. The Ets-recognition sequence was reported to be
ACAGGAAT (±118 to ±111) by gel mobility shift assay (GMSA). However, the expression level of
the deletion construct extending from ±120 to +10 coupled to a CAT reporter was much lower
than expression of the construct from ±126 to +10. These data indicate the presence of an element
between ±126 and ±120 which affects TGM3 gene expression. There is probably an element
which affects Ets binding between ±26 and ±120 because GMSA did not identify another binding
protein in nuclear extracts from normal human epidermal keratinocytes. We have demonstrated by
GMSA that mutation of A located at ±125 locating at the proximal promoter of TGM3 gene
interferes with binding of Ets to its recognition sequence. Mutations of other intervening or more
upstream nucleotides do not interfere. Transient transfection experiments with mutation of this
nucleotide destroyed a high level of CAT activity. From these data the Ets binding sequence in the
proximal promoter of the human TGM3 gene is identi®ed as ANNNNNNACAGGAAT.

Comparative Analysis of Genes Expressed in Keratinocytes from Patients with
Generalized Atrophic Benign Epidermolysis Bullosa (GABEB) and Normal Controls
A. Huber, C. Yee, and K. Yancey
Dermatology Branch, DCS, NCI, NIH, Bethesda, Maryland
GABEB (OMIM #226650) is an inherited subepidermal blistering disease typically caused by null
mutations in COL17A1, the gene encoding collagen XVII. GABEB keratinocytes, homozygous
for a 2-bp deletion resulting in PTC-induced, nonsense mediated mRNA decay, were found to
exhibit impaired cell-matrix and cell-cell adhesion in vitro. To explore further these ®ndings as well
as the consequences of a COL17A1 null genotype, RNA from GABEB and normal keratinocytes
was assessed in comparative screens of microarrays of known cDNAs (n = 6180) and ESTs (n = 15
294). All comparative experiments were performed in parallel at least twice; corresponding
microarray data were quantitated by densitometry and analyzed by specialized ``P-scan'' software
that identi®ed differentially expressed genes in scatter and consistency plots. Representative genes
thought to be differentially expressed in these two keratinocyte populations were selected and
further investigated using real-time PCR (ABI Prismq 7700). Interestingly, the microarray data
were veri®ed by real-time PCR in a minority of instances (i.e., ~25%). Nonetheless, these
throughput experiments determined that expression of RENT 1 (regulator of nonsense transcripts
or the human Upf1 protein) was upregulated in GABEB keratinocytes. RENT 1 was subsequently
found to be upregulated (~2±4 fold) in keratinocytes from siblings with the same COL17A1 null
genotype. These studies suggest that a gene likely responsible for nonsense-mediated mRNA decay
is upregulated in keratinocytes from patients with GABEB.

Analysis by High Density Arrays (HDA) of Gene Expression in Psoriatic Skin
P. Ancian, V. Quekenborn, C. Grif®ths,* and S. Michel
GALDERMA R&D, Sophia-Antipolis cedex, Valbonne, France; *Clinical Science Building, Hope
Hospital, Manchester, U.K.
The knowledge of the gene expression pro®le of the skin from psoriatic patients is an important
step for the basic understanding of this pathology and for the identi®cation of new targets necessary
for the development of novel therapeutic approaches.
We have analyzed and compared the gene expression pro®le of involved and uninvolved skin from
six psoriatic patients by using commercial HDA membranes (Reseach Genetics) consisting of 4500
spotted knowned cDNAs. Total RNA was prepared from small biopsies and retrotranscribed into
33P labeled cDNA. Hybridization on HDA membranes was performed with cDNA probes
prepared from as little as 1 mg of total RNA, thus allowing analysis of gene expression from
individual patients.
Around 1100 genes were detected in both uninvolved and involved psoriatic skin corresponding to
25% of the 4500 genes spotted onto the HDA membranes. Only a few subset representing close to
2% of the detected genes were shown to be modulated in involved as compared to uninvolved
psoriatic skin. These included calgranulin A or MRP8, squamous cell carcinoma antigen 1, small
prolin rich protein 1B or corni®n, which were up-regulated in most of the patients. Other genes
were found to be up or down-regulated in only a substet of patients.
The present study shows that the expression of a great number of genes can be determined from a
small quantity of total RNA thus allowing a detailed analysis from the skin of individual patient.
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CTLA-4 is expressed differentially in human CD45RO+ and CD45RA+ CD4+ T cells
V. Warke, K. Sandeep, D.L. Farber, M. Nambier, G.C. Tsokos, and H.K. Wong
Department of Cellular Injury, Walter Reed Army Institute of Research, Washington, D.C., and
Department of Cell Biology and Molecular Genetics, University of Maryland College Park, Maryland
During the development of immunologic memory, cells of the immune system undergo
biochemical and genetic changes that permits these cells to respond qualitatively and quantitatively
more robustly to an antigenic stimulus. Phenotypic markers CD45RA and CD45RO, respectively,
de®ne naõÈve and memory CD4+ T lymphocytes. To identify the basis for the molecular differences
between these two subpopulations, we isolated genes that are expressed preferentially in
CD45RO+ CD4 T cells by a PCR based suppressive subtraction approach. One gene identi®ed
from this method is the CTLA-4 (CD152) gene product, which is similar to CD28, binds to B7±1
and B7±2 ligands and modulate antigen receptor signaling. By RT-PCR, the level of CTLA-4
expression was con®rmed to be greater in CD45RO+ cells. In addition, the protein level for
CTLA4 as measured by immunoblots was higher in the CD45RO population. This suggests a role
for the differential expression of CTLA4 in regulating antigen signaling in naõÈve and memory
CD4+ T cells. Understanding regulation of CTLA4 may provide insight into immune mediated
diseases of the skin.

The Extracellular Calcium-Sensing Receptor is Required for Calcium-Induced
Differentiation in Human Keratinocytes
C.-L. Tu and D. Bikle
Endocrine Unit, VA Medical Center and University of California-San Francisco, San Francisco, California
We recently cloned the extracellular calcium-sensing receptor (CaR) from keratinocytes and
discovered that human and mouse keratinocytes express two forms of CaR: a full-length CaR and
an alternatively spliced form lacking a segment of the extracellular domain encoded by exon 5
(AltCaR). Unlike the full-length CaR, the AltCaR fails to mediate the acute responses to
extracellular calcium ([Ca]o). Immunostaining of keratinocyte cultures using an anti-CaR antibody
which recognizes both forms of receptor showed decreased expression of CaR proteins during
differentiation. Western analysis of keratinocyte membrane proteins using an antibody against an
intracellular epitope speci®cally detected several bands with molecular weights between 120 and
250 kDa. The level of the 220, 200 and 150 kDa bands decreased as keratinocytes differentiate,
while the level of the 175 and 130 kDa bands increased in the presence of calcium. An antibody
raised against an epitope encompassing the splice junction of exons 4 and 6 speci®cally reacted with
the 175 and 130 kDa bands, which indicated that these two bands are derived from AltCaR.
Western analysis with this antibody con®rmed the observation that AltCaR was not decreased
during calcium induced differentiation. To understand the role of the CaR during keratinocyte
differentiation we used an antisense construct to alter CaR expression levels in keratinocytes, then
examined the impact on calcium signaling and calcium induced differentiation. Subcon¯uent
keratinocytes were transfected with a CaR antisense cDNA construct, or with a control vector,
pcDNA3.1, and then selected by the neomycin analog G418 in 0.03 mM calcium for 48 h.
Western analysis revealed that the keratinocytes transfected with the CaR antisense cDNA
construct had a lower CaR protein level as compared to the cells transfected with control vector.
When [Ca]o was raised from 0.03 to 5 mM, the intracellular free calcium concentration ([Ca]i) in
the keratinocytes transfected with control vector increased 10-fold above the basal level, whereas
the cells transfected with the anti-CaR construct displayed a markedly reduced rise in [Ca]i. To
investigate if CaR regulates the expression of differentiation marker genes, involucrin and
transglutaminase, we transiently cotransfected an involucrin promoter/luciferase reporter construct
with the CaR antisense cDNA construct or pcDNA3.1 into subcon¯uent keratinocytes. Raising
[Ca]o from 0.03 to 1.2 mM induced a 5-fold increase in involucrin promoter activity in the cells
cotransfected with control vector. However cotransfection of the anti-CaR construct reduced the
calcium-stimulated involucrin promoter activity to 2-fold. Similar results were seen with the
transglutaminase/luciferase reporter construct. The inhibitory effect of the CaR antisense construct
on the expression of involucrin and transglutaminase genes was further con®rmed by Northern
analyses in that transfection of the anti-CaR construct blocked the calcium-stimulated increase in
the message levels of involucrin and transglutaminase. These data indicate that the CaR is essential
for calcium induced keratinocyte differentiation presumably by mediating intracellular calcium
mobilization required for triggering the differentiation events.

Isolation of a Novel cDNA Clone that is Upregulated by Short Time Exposure to PMA
M. Pourmojib, F. Trautinger, R. Knobler, and P. Neuner
Department of Dermatology, Division of Special and Environmental Dermatology, University of Vienna,
Austria
Phorbol-12-myristate-13 acetate (PMA) is a well known tumor promotor used in studies of skin
tumor promotion. However, the functional mechanisms in tumor promotion have still to be
clari®ed. In order to gain further insight into the mechanisms underlying PMA regulation, gene
expressions in human keratinocytes were studied by the use of mRNA differential display
(DDRT-PCR). A human keratinocyte cell line (KB) was treated with PMA (50 ng per ml) for 15
min, 30 min, 60 min, 1 h, 3 h and 18 h, respectively. mRNA was extracted and ampli®ed by
reverse transcriptase ± polymerase chain reaction (RT-PCR) using one-base anchored oligo-dT
and random arbitrary primers. Polyacrylamid gel electrophoresis revealed several differentially
expressed genes in untreated and PMA treated cells, respectively. cDNA fragments were either
upregulated or downregulated in a time dependent manner upon PMA treatment. Three clones
upregulated after PMA treatment were con®rmed by Northern blot analysis. These clones, which
were 130±200 bp, were sequenced. One of them showed 96% homology to the gene H-Nuc-2,
which binds to retinoblastoma protein. The other two fragments showed no homology to known
gene.
A cDNA library was constructed to screen for full length cDNAs. Clones of 1.0±1.5 kb were
screened from the library. Sequence analysis was performed to get the complete sequences of these
clones and for one of them a full length cDNA was found.
Characterization of this full length cDNA and of its expression in human keratinocytes might help
to gain further insight into the functional role of this gene, involved in PMA induced tumor
promotion and carcinogenesis.
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HSP70 Prevents Ultraviolet B-Induced Apoptosis of Human Melanoma Cells
K.C. Park, D.S. Kim, H.O. Choi, J.H. Chung, H.J. Kim, K.H. Choi, and J.S. Seo
Seoul National University Medical College, Seoul, Republic of Korea
Heat shock response is a highly conserved reaction common to all cells and organisms. It is
reported that hyperthermic treatment can induce expression of heat shock proteins and protect the
cells from ultraviolet B irradiation. In this study, we evaluated the effects of induced HPS 70.1 on
resistance to UV light. G361 amelanotic human melanoma cells were irradiated with increasing
doses of UVB. By UVB irradiation, they underwent apoptotic cell death which is shown by
propidium iodide staining and ¯ow cytometric analysis. After transfection with MFG.HSP70.puro
plasmids, expressions of HSP 70 were analyzed by western blotting and confocal microscopic
examination. Compared to control cells, HSP 70.1 transfected cells showed signi®cantly elevated
levels of HSP 70 and were highly resistant to UVB irradiation. In addition, expression of HSP 70
increased more dramatically by increasing doses of UVB irradiation. In order to analyze the effects
of HSP 70 on apoptotic pathway, the levels of caspase-3 and PARP were analyzed. After UVB
irradiation. activation of caspase-3 and cleavage of PARP were observed in control cells but not in
HSP 70.1 transfected cells. These results suggested that UVB-induced apoptosis of melanoma cells
is mediated by PARP cleavage and caspase 3 activation which can be prevented by induced
expression of HSP 70.

Expression of the CCAAT/Enhancer-Binding Protein Transcription Factor Family
through the Hair Growth Cycle
M.P. Philpott, S. Mueller-Roever, C.M.T. Chronnell, R. Paus, I.A. McKay, and J.J. Bull
St Bartholomew's and the Royal London School of Medicine and Dentistry, Queen Mary and West®eld
College, London, U.K.
Hair follicles undergo tightly choreographed cycles of proliferation, differentiation and apoptosisdriven regression. The CCAAT/Enhancer-Binding Proteins (C/EBPs) are a family of transcription
factors that play a crucial role in differentiation in a variety of tissues. The aim of this study was to
determine C/EBP expression patterns through the hair growth cycle. Indirect immuno¯uorescence-based histochemistry was performed on cryo sections of human hair bearing skin and dorsal
skin from the C57/BL6 mouse model. In human anagen follicles, C/EBPb and C/EBPd
immunoreactivity (IR) was con®ned to the nuclei of the outer root sheath (ORS), sebaceous
glands (SG) and dermal papilla (DP). Unlike C/EBPb, CEBPd was also detected in connective
tissue sheath. C/EBPa was con®ned to the ORS. In murine follicles, C/EBPa was localized to the
ORS, SG and DP. Unlike human anagen follicles, C/EBPb was not detectable in the DP.
However, epidermal, matrix, ORS and SG cells were positive. Both C/EBPa and C/EBPb IR
increased through anagen, but declined, when the hair follicles entered catagen and telogen.
CEBPd was found in the DP, SG and all hair follicle epithelia. IR also increased during anagen, but
in contrast to C/EBPa and C/EBPb, CEBPd IR did not decline in catagen. Our results show
C/EBPs are expressed in speci®c cell populations and at speci®c stages of the hair growth cycle,
which suggests C/EBPs may be important modulators of gene expression in the hair follicle.
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S100A2 Sequence Polymorphism is Not Associated with Psoriasis
N.V.C. Chia, S.W. Stoll, T.L. Woods, R.P. Nair, P. Stuart, and J.T. Elder
University of Michigan, Ann Arbor, Michigan
S100A2, a member of the S100 family of calmodulin-like proteins, has been mapped to human
chromosomal band 1q21. In the course of cloning and sequencing several S100A2 cDNAs, we
identi®ed an A>G (62Asn>Ser) polymorphism at nucleotide 185. Recently, a psoriasis
susceptibility locus has been reported to exist on 1q21 (JID 112:32, 1999). S100A2 is
overexpressed in psoriatic skin (JID 106:753, 1996). The objective of this study was to determine
whether the 185G/A polymorphism is associated with psoriasis. Genomic DNAs from 38
unrelated normal and 38 unrelated psoriatic individuals were ampli®ed using the primers 5¢TGTGTGAGGGTCTGGGTGTTTG-3¢ and 5¢-AAGAGTTCTGCTTCAGGGTCGG-3¢.
After heat inactivation, the PCR product was used as a template for a one-step single base
extension procedure. A primer (5¢-GAGGGGCTGAAGAAGCTGATGGGCA-3¢) complementary to nucleotides 160±184 of the S100A2 cDNA was added to a PCR cocktail containing either
a-32P ATP or a-32P GTP, and asymmetrically ampli®ed. Samples were analyzed by electrophoresis
on 6% polyacrylamide-urea gels followed by autoradiography. The 185G allele was present in 140
of the 152 chromosomes analyzed, yielding an allele frequency of 92%. All the remaining
chromosomes carried 185 A. There was no signi®cant difference in the allele distribution between
the normal and psoriatic groups (normals, 69 G and 7 A; psoriatics, 71 G and 5 A; c2 = 0.36, p =
0.55). To date, linkage studies in our lab have not provided signi®cant evidence for a psoriasis
susceptibility locus on 1q21. The present results conclusively demonstrate the 185G/A
polymorphism in S100A2. They also indicate that if a 1q21 psoriasis susceptibility locus exists, it
will map to a gene other than S100A2.

Epidermal Expression of Tissue-Speci®c Promoters In Vivo and In Vitro: Delivery of
Constructs by ``Gene Gun''
M. Lin, J. Uitto, and K. Yoon
Thomas Jefferson University, Philadelphia, Pennsylvania
The effect of tissue-speci®c promoters on gene expression was investigated in murine skin in vivo
and in speci®c cell types in vitro. b-Galactosidase expression as a reporter gene was compared
among three speci®c promoters: cytomegalovirus (CMV), involucrin and keratin 14. Using the
Heliosq gene gun, plasmid DNA was introduced to murine skin in vivo. The involucrin and
keratin 14 promoters restricted b-galactosidase expression to the epidermis, while the CMV
promoter demonstrated expression in both the dermis and epidermis. In vitro, transfections of three
different cell types showed, 293, NIH 3T3, and human keratinocytes, the involucrin and keratin
14 promoters to restrict b-galactosidase expression to human keratinocytes. Interestingly, the
involucrin promoter exhibited greater b-galactosidase expression than the CMV promoter in vivo,
while the CMV promoter exhibited greater b-galactosidase expression in vitro. These results
indicate that in cutaneous gene delivery, endogenous promoters, as well as viral promoters, may be
utilized to control the strength and speci®city of gene expression.
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Two Novel Missense Mutations in the Helix Initiation and Termination Peptides of
Keratin 9 in Japanese Families with Epidermolytic Palmoplantar Keratoderma
A. Kon, K. Nomura,* M. Mizuki, K. Itagaki,² K. Tamai, D. Sawamura, and I. Hashimoto
Department of Dermatology, Hirosaki University School of Medicine, Hirosaki, Japan; *Department of
Dermatology, Aomori Prefectural Hospital, Aomori, Japan; ²Itagaki Clinic, Tokyo, Japan
Epidermolytic palmoplantar keratoderma (EPPK) is an autosomal dominant inherited skin disorder
characterized by hyperkeratosis of the skin over the palms and soles. Mutations in keratin 9
(KRT9) gene have been demonstrated in EPPK. In this study, we screened two Japanese families
with EPPK for mutations in KRT9 gene. Mutations in the KRT9 gene were searched by PCR
ampli®cation of exons from genomic DNA, followed by heteroduplex analysis and direct
nucleotide sequencing. In the ®rst family, the mutation was a C-to-T transition at codon 457 in
exon 6. This mutation resulted in the substitution of leucine by phenylalanine (L457F) in the 2B
region of the rod domain. In the second family, the mutation consisted of a G-to-C transversion at
codon 162 in exon 1, which was located in one of the hot spot of the mutations published (R162Q
and R162W). However, the amino acid substitution was arginine by proline (R162P) in the 1A
region of the rod domain. In summary, we identi®ed two novel mutations in the highly conserved
helix initiation and termination peptides of KRT9. These results illustrate the repertoire of KRT9
gene mutation underlying Japanese cases with EPPK and will be the critical step toward
investigating genotype/phenotype correlation.

Study on Inducible Promoter for Epidermal Keratinocyte Gene Therapy
K. Itai, D. Sawamura, X. Meng, A. Kon, K. Tamai, and I. Hashimoto
Hirosaki University, School of Medicine, Aomori, Japan
In this study, we ®rst cloned promoters of mouse metallothionein and rat calcitriol-24-hydroxylase
genes, and constructed their b-galactosidase expression plasmids, pMTZ and pVDHZ,
respectively. Next,we cultured rat keratinocytes cells, to which several doses of Cd and calcitriol
were added after transfection of pMTZ and pVDHZ, respectively. The result showed that these
inducible agents induced b-galactosidase gene expression in a dose-dependent manner.
Furthermore, we introduced pMTZ and pVDHZ into rat keratinocytes in vivo using the naked
DNA method and tried to induce b-galactosidase gene expression by topical and systemic
application of Zn and calcitriol, respectively. The result demonstrated that topical and systemic
applications of inducible agents induced transgene expression. This study suggests that expression
of transgene can be modulated in keratinocytes in vivo.
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Infection of Human Tumor Cells by a Capsid-Modi®ed Feline Parvovirus
I.H. Maxwell, S. Leptihn, I. Gantz,* and J. Corsini
University of Colorado Health Sciences Center, Denver, Colorado; *University of Michigan Medical School,
Ann Arbor, Michigan
The objective is to modify the host range of a feline parvovirus so as to enable infection of human
tumor cells, especially melanoma, for the purpose of speci®c therapeutic gene delivery and/or
cytotoxicity. Candidate receptors expressed by advanced melanoma include the MC1 receptor for
aMSH, as well as avb3 integrin. We have generated recombinants of feline panleukopenia virus
with peptide insertions in the capsid proteins at an exposed position on the virion surface.
Successful transduction of recipient cells is assayed by expression of a luciferase reporter encoded in
the packaged genome. We inserted linear or cyclically constrained versions of aMSH or of a
``tumor-homing'' peptide (Arap et al.: Science 279:277, 1998), alone or in combination with an av
integrin-binding peptide. The latter was found suf®cient to enable transduction of a
rhabdomyosarcoma cell line, providing proof-of-principle for targeting the feline capsid to infect
human tumor cells. However, this cell line so far remains unique in this regard since we observed
no transduction of eight human melanoma lines, nor of human embryonic kidney (293) cells
overexpressing MC1 receptor, with any combination of peptide inserts tested. Identi®cation of the
additional factor(s) responsible for permissiveness of the rhabdomyosarcoma line should aid in
targeting melanoma or other human tumor cells.

Re®ned Genetic Mapping of the Lanceolate Hair (lah) Gene on Mouse Chromosome 18
V.M. Aita, A.A. Panteleyev, J.P. Sundberg,* X. Montagutelli,² and A.M. Christiano
Columbia University; New York, New York; *The Jackson Laboratory, Bar Harbor, Maine; ²Institut
Pasteur, Paris, France
Lanceolate hair (lah) is an autosomal recessive mouse mutation characterized by generalized
alopecia associated with the breakage of abnormal hair shafts. The hair shafts are short but retain a
pronounced enlargement at their tips resembling a lance head. Histological examination of anagenstage hair follicles revealed abnormal corni®cation of the hair matrix, which results in the focal hair
shaft abnormality. Initial genetic linkage and segregation analyses mapped the lah gene to a 6-cM
region near the centromere of mouse chromosome 18. Here, we report a re®nement of the
localization of the lah gene to an interval of 2 cM, between the microsatellite markers D18MIT21
and D18MIT223. Mice harboring the lah mutation, on a Pas strain background, were utilized in an
intersubspecies backcross onto the BALB/CByJ genetic background for 12 generations.
Genotyping of the N12 generation identi®ed two mice homozygous for the BALB/C allele at
D18MIT223, thus rede®ning the distal boundary of the lah critical region. Allelism testing with the
balding (bal) mutation, an allele of desmoglein 3 (dsg3) which also maps to this region of
chromosome 18, demonstrated lah is not an allele of dsg3. In addition, there are currently 12 genes
reported in the literature that map into the lah critical region, including cadherin 2 (NCAD),
desmoglein1, desmoglein 2, desmocollin 1, desmocollin 2 and desmocollin 3.

Mutation Analysis and Prenatal Diagnosis for Pachyonychia Congenita Type 1
F.J.D. Smith, A. Terrinoni,* G. Melino,* and W.H.I. McLean
University of Dundee, Dundee, U.K.; *University of Rome ``Tor Vergata'', Rome, Italy
Pachyonychia congenita type 1 (PC-1), is an autosomal dominant ectodermal dysplasia
characterized by hypertrophic nail dystrophy, focal keratoderma and/or oral leukokeratosis. PC1 is caused by mutations in the K6a or K16 genes. Here, we report 6 novel mutations and
development of prenatal genetic testing for PC-1. The genes encoding K6a and K16 were PCRampli®ed using genomic DNA derived from six unrelated PC-1 patients. A speci®c long-range
PCR strategy was used to avoid coampli®cation of the multiple functional genes and/or
pseudogenes for these keratins. Four novel heterozygous missense mutations were detected in K16:
M121T, Q122P, L128D and R127P. The remaining two cases were found to carry novel
mutations L469R and E472K in K6a. All mutations were excluded from 50 normal, unrelated
individuals. A 3-bp in-frame deletion, 388del3, leading to deletion of serine 130 in K16 was
previously reported in a sporadic case of PC-1. This patient presented with particularly severe nail
dystrophy and debilitating keratoderma. Prenatal diagnosis was performed for this family by direct
sequencing of speci®c PCR products derived from a chorionic villus sample (CVS) and an
unaffected fetus was predicted. Subsequently, a healthy baby was born, who at the time of writing
is 16 mo of age with no clinical signs of PC-1. Overall, these results indicate that our long-range
PCR strategy is a robust method for both mutation detection and prenatal testing for PC-1.
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Generation of a Mouse Model that Mimics Epidermolytic Hyperkeratosis at the Genetic
Level
M.J. Arin, M. Longley, and D.R. Roop
Baylor College of Medicine, Houston, Texas
Epidermolytic Hyperkeratosis (EHK) is an autosomal dominant disorder of corni®cation
characterized by erythema, blister formation and hyperkeratosis. Point mutations in the genes
encoding the suprabasal-speci®c keratins, K1 and K10 have been identi®ed in EHK patients. To
date, no mouse model exists that mimics this disorder on the molecular level and existing models
are therefore not suitable to test gene therapy approaches. To generate a mouse model that is
genetically identical to the most frequently occuring mutations in EHK, we used a knock-in/
replacement strategy in mouse embryonic stem cells (ES), in which one keratin 10 allele is replaced
with an allele containing a single point mutation at codon 156, a previously identi®ed mutational
``hot spot'' in humans. Through transient transfection of positive ES clones with an expression
vector encoding Cre recombinase, the selection cassette has been removed, thus leaving only the
point mutation and one loxP site in the genome. Chimeric mice will be generated by injection of
targeted ES clones into blastocysts and by crossing chimeras to wildtype mice, heterozygous mice
will be obtained, that carry the point mutation on one allele. These mice will be used as a model to
assess different gene therapy approaches.

Combing the Human Genome for a Hair Disorder Gene
W.H.I. McLean, C.M. Coleman, F.J.D. Smith, M.A.M. van Steensel,* H.P. Stevens,² A.
Messenger,³ R. Ekong,§ M.S. Povey,§ and P.M. Steijlen*
University of Dundee, Dundee, U.K.; *University of Nijmegen, Nijmegen, Netherlands; ²Royal London
Hospital, London, U.K.; ³Royal Hallamshire Hospital, Shef®eld, U.K.; §MRC Human Biochemical
Genetics Unit, London, U.K.
Hypotrichosis of Marie Unna (MU) is an autosomal dominant form of alopecia. Here, we have
mapped the MU gene to a small chromosomal locus. Genomewide linkage analysis was performed
using 400 ¯uorescent microsatellite markers on two extensive Dutch and British kindreds. A highly
signi®cant maximum combined 2-point lod score of 13.42 at q = 0 was obtained with marker
D8S560 on chromosome 8p. Informative recombinants placed the gene between markers D8S258
and D8S298, representing about 2 Mbp of genomic DNA. The human hairless gene (hr) had
previously been mapped to this vicinity. Recessive mutations in h cause congenital atrichia with
papular lesions. Radiation hybrid mapping placed this candidate gene close to D8S298 but was
unable to resolve the order of the markers. No mutations were identi®ed in h using cDNA or
genomic DNA strategies. However, there remained the possibility of unknown alternate exons or
transcription initiation sites. Genome combing is a ¯uorescent in situ hybridization (FISH)
technique which allows physical ordering of closely linked DNA markers. BAC clones were
isolated corresponding to D8S560, h and D8S298. FISH analysis on combed genomic DNA using
these BAC clones placed the h gene 124±146 kb outside the interval between D8S560 and
D8S298, excluding its involvement in MU. Six additional MU kindreds were also analyzed by
linkage analysis, all of which showed complete linkage with markers between D8S258 and
D8S298. Thus, MU appears genetically homogeneous. Currently, we are constructing a BAC
contig of the locus and are examining further candidate genes.

Keratinocyte Gene Regulation upon Contact with Oligodeoxynucleotides
A. Mirmohammadsadegh, E. Tschakarjan, A. Ljoljic, K. Bohner, M. Goos, and U.R. Hengge
University of Essen, Essen, Germany
Since epidermal keratinocytes possess the ability to internalize oligodeoxynucleotides (ODN), we
analyzed the gene regulation after contact to ODN in vitro and ex vivo. Therefore, primary human
keratinocytes and skin explants were exposed to various amounts of a mixture of ODN
(phosphodiester) in culture. At 3 h, the expression of about 380 different genes was analyzed using
the expression membrane arrays (R & D) and radioactively labeled cDNA obtained from the
isolated RNA specimens. Using the membrane array as a screening method, several induced genes
were identi®ed at 1 mM ODN. Among the induced genes, integrin-b1, follistatin, a-tubulin and
IL-1a and b were detected. When dose±response (100 fM to 1 mM) and time-response (time 0±24
h) assays were performed by Northern blotting, a bell-shaped induction was seen for follistatin.
Optimal induction occurred at 100 fM and 3 h with background levels being reached at 24 h. For
integrin-b1, the dose±response curve was somewhat broader peaking between 100 fM and 10 nM.
A similar induction was seen with a-tubulin, a cytoskeletal and locomotor protein. Currently, the
protein products induced by ODN are being investigated to determine the biological role of
integrin-b1 upregulation, that is known as an important receptor involved in cell±matrix
interactions, migration, uptake, and cell signaling.
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Splicing Defects in the PTEN Gene Leading to Exon Skipping or Intron Inclusion
J.T. Celebi, M. Wanner, X.L. Ping, and M. Peacocke
Columbia University, New York, New York
PTEN is the susceptibility gene for two autosomal dominantly inherited hamartoma syndromes,
Cowden syndrome (CS) and Bannayan±Zonana syndrome (BZS). PTEN tumor suppressor gene
encodes a dual-speci®city phosphatase. It contains nine exons, in which the core phosphatase
domain resides in exon 5. A variety of germline mutations have been identi®ed in PTEN including
missense, nonsense, frameshift, and splice-site mutations.To date, 11 splice site mutations in PTEN
have been reported, however, in general, the splicing defects in PTEN have not been studied in
detail. In this study, we identi®ed three novel splice site mutations in PTEN, in two kindreds with
CS and one individual with BZS phenotype. Additionally, we analyzed the transcripts by RTPCR using RNA obtained from EBV-transformed lymphoblastoid cell lines. The 1.2 kb PTEN cDNA was subcloned into a pCR 2.1 plasmid vector and sequenced. The IVS3, 3¢ splice acceptor
site mutation (210±1 GA), resulted in out-of-frame skipping of entire exon 4 (44 nucleotides) and
led to a premature termination codon. The IVS4 and IVS7, 5¢ splice donor site mutations (253+2
TC and 801+1 GA), resulted in partial inclusion of the intronic sequences by using cryptic donor
sites in the downstream intron (4 and 75 nucleotides, respectively). Both resulted in premature stop
codon signals. Thus, these products would be subject to nonsense mediated decay. These results
provide further evidence of splicing defects in PTEN in individuals with CS and BZS.

Individuals with Genetic Predisposition to Uveal Melanoma do not Harbor Mutations in
the Coding Regions of either P16INKA, P14ARF or CDK4 Genes
N. Sou®r, L. Desjardins, C. Levy, P. Schlienger, J. Bombled, B. Bressac-Paillerets, and D. StoppaLyonnet
Inst. Recherche Sur le Peau. Pavillion Bazin; Paris, France
In familial cutaneous malignant melanoma (CMM), disruption of the retinoblastoma (Rb) pathway
frequently occurs through inactivating mutations in the p16Inka/Cdkn2/Mts1 gene or activating
mutations in the G1-speci®c cyclin dependent kinase 4 gene (Cdk4). Uveal malignant melanoma
(UMM) also occurs in a familial setting, or sometimes in association with familial and sporadic
CMM. Molecular studies of sporadic UMM have revealed deletions covering the INKA-ARF
locus (encoding p16INKA and p14ARF) in a large proportion of tumours. We hypothesised that
germ-line mutations in the p16Ink4a, p14arf, or Cdk4 genes might contribute to some cases of
familial UMM, or to some cases of UMM associated with another melanoma. Out of 155 patients
treated at the Institut Curie for UMM between 1994 and 1997, and interviewed about their
personal and familial history of melanoma, we identi®ed seven patients with a relative affected with
UMM (n = 6) or CMM (n = 1), and two patients who have had, in addition to UMM, a personal
history of second melanoma, UMM (n = 1), or CMM (n = 1). We screened by PCR-SSCP the
entire coding sequence of the INKA-ARF locus (exon 1afrom p16inka, exon 1b from p14arf, and
exons 2 and 3, common to both genes), as well as the exons 2, 5, and 8 of the Cdk4 gene, coding
for the functional domains involved in p16 and/or cyclin D1 binding. A previously reported
polymorphism in exon 3 of the INKA-ARF locus was found in one patient affected with bilateral
UMM, but no germ-line mutations were detected, either in p16Inka, p14arf or Cdk4 genes. Our
data support the involvement of other genes in predisposition to uveal melanoma.

Corrective Gene Transfer of Non-Herlitz Junctional Epidermolysis Bullosa
Keratinocytes
F.M. Keane, J.A. McGrath, R.A.J. Eady, O. Pommeret,* J.P. Ortonne,* G. Meneguzzi,* and J.
Vailly*
St John's Institute of Dermatology, London, U.K.; *U385 Inserm, Faculte de Medecine, Nice, France
The junctional types of epidermolysis bullosa (JEB) are characterised by skin fragility and blistering.
In Herlitz JEB, there is absent laminin 5 consequent to homozygous premature termination codon
mutations in one of the three laminin 5 genes. In contrast, non-Herlitz JEB (NHJEB) results from
less disruptive mutations of the laminin 5 or collagen XVII genes causing reduced levels of the
affected protein. Patients have signi®cant disability but a normal life expectancy. Somatic gene
therapy therefore, is a worthwhile goal. Our aim was to induce the phenotypic reversion of
NHJEB keratinocytes de®cient in the b3 chain of laminin 5 by transfer of a myc-tagged laminin b3
transgene.
NHJEB keratinocytes were cultured by standard methods from a shave biopsy of the right upper
arm of a patient with known compound heterozygous mutations in the LAMB3 gene
(R42X,E210K). Keratinocytes were incubated with a pLXSN retroviral construct carrying a
myc-tagged laminin b3 transgene or with the retroviral vector alone to act as control.
Immuno¯uorescence using mAb GB3 which binds native laminin 5, and a polyclonal antibody
to b3B which is speci®c for b3 chain of laminin 5 showed increased positivity in transduced versus
control keratinocytes. Immunoprecipitation studies con®rmed increased production of b3 chain of
laminin 5 in reverted keratinocytes compared to controls as well as evidence of assembly of trimeric
laminin 5. Preliminary adhesion assays showed increased adhesive ability of transduced compared
to control keratinocytes.
This initial data showing phenotypic reversion of NHJEB keratinocytes has encouraged us to
undertake a more comprehensive assessment of the genetically manipulated cells.

Cutaneous Granuloma Formation in a Murine Model of X-Linked Chronic
Granulomatous Disease
J. Petersen, T.S. Hiran, A.F. Hood, J.B. Travers, and M.C. Dinauer
Indiana University, Indianapolis, Indiana
As a result of the inability of their phagocytes to undergo a respiratory burst, patients with the
genetic condition chronic granulomatous disease (CGD) develop recurrent infections with
catalase-positive bacterial and fungal pathogens, and are predisposed to chronic in¯ammatory
granulomatous lesions in many organs including the skin. Previously, our laboratory has generated
a murine model of X-linked CGD by homologous recombinant deletion of the gp91phox
component of the NADPH oxidase. Functional studies with these X-CGD mice demonstrated
increased numbers of alveolar exudate neutrophils in response to intratracheal administration of
sterile Aspergillus fumigatus (AF) hyphae, in comparison to wild-type mice (J Exp Med 185:207,
1997). In our present study, sterile AF hyphae or PBS vehicle were injected into the ears of XCGD and wild-type control mice. In¯ammation was assessed by obtaining 5 mm punch biopsies of
the injection sites at various times (1±30 d) following injection for weighing and measurement of
ear thickness, as well as histologic evaluation. Intradermal injection of AF (but not PBS alone)
resulted in a signi®cant (p < 0.05, ANOVA) in¯ammatory response in X-CGD mice by 24 h, with
formation of neutrophil-rich granulomas within one week. However, wild-type mice did not
exhibit in¯ammation or granuloma formation over a 30 d period in response to intradermal AF.
These studies describe a model system for cutaneous granuloma formation, as well as a clinical
functional test for CGD in this murine model system, which is currently being used in developing
CGD gene therapy protocols.
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The Expression and Distribution of Major Desmosome Components is Altered in Striate
Palmoplantar Keratoderma
H. Wan, J.R. McMillan, F. Keane, N.V. Whittock, R.S. Buxton,* D.K.B. Armstrong,² J.A.
McGrath, and R.A. Eady
St John's Institute of Dermatology, GKT School of Medicine, St Thomas' Hospital, London, U.K.;
*NIMR, Mill Hill, London, U.K.; ²Department of Medical Genetics, Queens University of Belfast,
Belfast, U.K.
Striate palmoplantar keratoderma (SPPK), an autosomal dominant disorder, may be associated with
haploinsuf®ciency of desmoplakin I (DpI) or desmoglein 1 (Dsg1). This study aimed to analyze the
expression and distribution patterns of major desmosome (DM) proteins in palm skin from normal
individuals and from two patients affected with SPPK. Dual labeling on skin sections was carried
out using antibodies to DpI/II, the Dsg isoforms, plakoglobin (Pg) and plakophilin 1 (Pkp1) and
examined by laser scanning confocal microscopy. In normal palm epidermis, Dp and Dsg were the
most abundant DM antigens, being colocalized to the periphery of the lower and mid-spinous
cells. However, in the upper spinous layer the localization of these proteins was partly disassociated
with Dsg expression occurring intracellularly. Dp expression was consistently higher than that of
Dsg in the basal and granular layers but was almost absent in the corni®ed layer. The expression of
Pg and Pkp1 was much lower than that of Dp. In the patient with a Dsg 1 mutation, staining for
Dsg, Pg and Pkp1 was generally very weak, although Dp staining was normal. The peripheral
linear staining for Pkp1 and Pg was disrupted. EM showed small DMs and attenuation of midline
structures. In the patient with a Dp mutation Dp and Dsg staining was disrupted, and the DMs
were ultrastructurally small. The preferential involvement of the palms and soles in SPPK should be
considered in the light of the complex organization of DMs occurring in different layers of normal
ridged epidermis.

Mutation Detection in Epidermolysis Bullosa in a Global Population by the DebRA
Molecular Diagnostics Laboratory at Jefferson
E. Pfendner, A. Nakano, K. Nielsen, L. Pulkkinen, and J. Uitto
Thomas Jefferson University, Philadelphia, Pennsylvania
Epidermolysis Bullosa (EB) is a group of heritable blistering disorders marked by separation of
layers within the cutaneous basement membrane zone either below the lamina densa (dystrophic
EB, DEB), within the lamina lucida (junctional EB, JEB) or within the basal keratinocytes (EB
simplex). Molecular diagnosis for DEB and JEB has been performed for an International referral
base. As of today, 150 DEB and 130 JEB samples have been submitted which meet the diagnostic
criteria for analysis. Using heteroduplex scanning of PCR products, followed by nucleotide
sequencing, the overall mutation detection rate was 54% for DEB and 85% for JEB. DEB
mutations have been detected in the COL7A1 gene in ®ve categories: splice junctions (20.8%),
missense (4.8%), nonsense (15.2%), insertion/deletion (33.6%), and glycine substitutions (25.6%).
JEB mutations have been identi®ed in six different genes: LAMA3, LAMB3, and LAMC2 of
laminin 5; ITGA6 and ITGB4 of alpha 6/beta 4 integrin; and BPAG2 for the 180-kDa bullous
pemphigoid antigen. JEB mutations were identi®ed in splice junction (12.5%), missense (20.8%),
nonsense (33.3%), and insertion/deletion (33.3%) categories. R635X in LAMB3 was the
predominant JEB mutation comprising 45.8% of all LAMB3 mutations and 25% of all JEB
mutations. These molecular analyses lead to prenatal diagnosis for 61 pregnancies, 40 DEB and 21
JEB. Linkage analysis was used for prenatal diagnosis in another 10 DEB families. In 65 pregnancies
genotype was correctly predicted while six pregnancies are ongoing. These results indicate that
DNA based prenatal testing for recurrence of EB is accurate, expedient and reliable.
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Novel Mutations and a Silent Polymorphism in ATP2A2 in Darier Disease
F. Ringpfeil, A. Raus, J. Uitto, J.J. DiGiovanna, S.J. Bale, and G. Richard
Thomas Jefferson University, Philadelphia, Pennsylvania; Brown University of Rhode Island Hospital,
Providence, Rhode Island; NIAMS, NIH, Bethesda, Maryland
Darier disease (DD) is a progressive, autosomal dominant genodermatosis with variable but often
debilitating skin manifestations. Recently, mutations in the ATP2A2 gene encoding a calcium
pump of the endo/sacrcoplasmic reticulum (SERCA2) have been discovered in DD patients. By
controlling cytosolic calcium levels, it may confer a direct effect on the calcium-dependent
assembly of desmosomes. Using CSGE followed by direct automated sequencing, we screened
ATP2A2 in 24 families and identi®ed 14 distinct mutations. These include one nonsense and nine
missense mutations, three small in-frame deletions, and a 19-basepair insertion, nine of which are
novel. Four families also carry a silent polymorphism (2172 G/A) in exon 15 with an allele
frequency of 13.2% in Caucasian controls. Two different missense mutations affect codon K683
changing this residue to arginine or glutamic acid in the corresponding hinge domain. K683E has
been reported twice before (Ruiz-Perez et al. 1999), implying that this highly conserved residue is
functionally critical for SERCA2. We compared molecular data with phenotypic features,
including severity and type of disease, occurrence of mucosal involvement, superinfections, or
association with various neuropsychiatric disorders but found no obvious genotype-phenotype
correlation. Mutations in families with severe skin disease af¯ict the cytoplasmic stalk, transduction
and phosphorylation domains, and the transmembrane regions M6/M7, respectively. Two patients
with severe DD and depression carry a distinct in-frame deletion each eliminating a single residue
in the ®rst stalk of SERCA2 (DL41, DP42). In contrast, omission of E11 results in a mild
phenotype. However, additional data are needed to draw de®nitive conclusions.

Novel ITGB4 Mutations in Junctional Epidermolysis Bullosa with Pyloric Atresia:
Genotype/Phenotype Correlations
A. Nakano, L. Pulkkinen, D. Murrell, J. Rico, A. Lucky, S. Robertson, E. Pfendner, and J. Uitto
Thomas Jefferson University, Philadelphia, Pennsylvania; University of New South Wales, Sydney,
Australia; NYU Medical Center, New York, New York; Children's Hospital Medical Center, Cincinnati,
Ohio; Royal Children's Hospital Genetics Clinic, Melbourne, Australia
Junctional epidermolysis bullosa with pyloric atresia (EB-PA) is an autosomal recessive disease
manifesting with cutaneous blistering, usually noted at the neonatal period, associated with
congenital pyloric atresia. This constellation is frequently lethal during the early postnatal period,
but nonlethal variants with diminishing blistering tendency with aging has also been noted.
Immunohistochemistry has revealed that these patients demonstrate abnormal expression of the
alpha 6/beta 4 integrin, a component of hemidesmosomes. In this study, we have examined seven
unrelated families, four Americans, two Australians, and one Canadian, four of them with
nonlethal and three with lethal EB-PA phenotype. Mutation analysis using PCR ampli®cation,
heteroduplex scanning and direct nucleotide sequencing disclosed 12 distinct mutations, 11 of
them previously unpublished, in the beta 4 integrin gene (ITGB4). One of the lethal cases was
homozygous for a nonsense mutation (Q1767X), two were compound heterozygotes for a
missense and a stop-codon mutation (658delC/R252C and 1874delTCTinsC/V325D), and one
was a compound heterozygote for missense mutations (D131Y/G273D). In two of the nonlethal
cases, three missense mutations were discovered (L336P, R1225H, and R283C), while one case
was homozygous for 4790delTC resulting in frameshift and premature termination codon for
translation at the 3¢ end of the mRNA. These results allow the following conclusions: (i) the
majority of the mutations in EB-PA reside in the ITGB4 gene; (ii) although the majority of the
nonlethal cases are associated with missense mutations, the genotype/phenotype correlations for
lethal versus nonlethal variants is not entirely clear; (iii) these mutations provide the basis for DNAbased prenatal testing in future pregnancies.

The National Registry for Ichthyosis and Related Disorders ± The First 5 Years
P. Fleckman and G. Hamill
University of Washington, Seattle, Washington
The National Registry for Ichthyosis and Related Disorders was funded 9.30.94 to improve the
diagnosis, understanding of the pathophysiology, and treatment of individuals with the ichthyoses.
Individuals are enrolled after examination by a physician. When available, skin biopsies are
reviewed. Where appropriate, testing for serum cholesterol sulfate is performed. An extensive
enrollment Tel.: interview is completed with the Registry RN and the information entered into a
database. Data are gathered regarding family and medical history, the history and nature of the
disorder, involvement, treatment and response. A quality of life survey is included. Enrollees are
asked if they wish to be noti®ed of appropriate studies. Investigators wishing to identify enrollees
appropriate for study submit a request to the Registry after obtaining local informed consent. After
review and approval, appropriate individuals are identi®ed from the Registry database, noti®ed of
the study, and asked to contact the investigator directly if interested. Of the 538 individuals who
have initiated enrollment, enrollment is complete in 357, in progress in 115, and has been
discontinued in 66. All diagnoses are represented. Six research applications have been approved,
and another three are in the process. The Registry is applying for renewed funding with the
intention to add molecular diagnosis. Speci®c mutations will be determined in individuals with
disorders where mutations limited to (a) particular gene(s) have been identi®ed. The National
Registry for Ichthyosis and Related Disorders is a valuable resource for investigators interested in
the diagnosis, pathophysiology and treatment of included disorders.
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Functional Mechanisms of Dominant Connexin Mutations in Human Skin Disorders
G. Richard, F. Rouan, S. Diestel, O. Traub, T.W. White, C.W. Lo, and J. Uitto
Thomas Jefferson University, Philadelphia, Pennsylvania; Harvard Medical School, Boston, Massachusetts;
Institute for Genetics, Bonn, Germany; University of Pennsylvania, Philadelphia, Pennsylvania
Dominant connexin mutations in Cx26 and Cx31 may affect skin and hearing probably due to
perturbed gap junctional intercellular communication (GJIC), although the exact pathomechanisms are not fully understood. Functional in vitro studies of three Cx26 variants causing
palmoplantar keratoderma and hearing loss, R75W, delE42 and D66H, demonstrated impaired
intercellular coupling and a dominant inhibitory effect. Our results of cotransfection with the
compatible, epidermally expressed Cx43 and Cx37 in the paired Xenopus oocyte system further
revealed a suppression of the function of heterotypic/heteromeric connexin channels formed with
mutant Cx26, consistent with a trans-dominant negative mechanism. Point mutations of Cx31
may result in either erythrokeratodermia variabilis (EKV) or progressive hearing impairment. We
identi®ed EKV patients with three distinct mutations affecting the same conserved codon in the
amino-terminal domain of Cx31, G12R, G12D and G12S. To characterize the functional
consequences of these mutants on GJIC we transfected HeLa cells with G12R and G12D. All
clones initially positive by immunostaining consistently died about 6 days after transfection,
suggesting that mutant Cx31 inhibit cell survival. Therefore, we studied cultured keratinocytes
from skin biopsies of two EKV patients carrying G12R, and performed dye coupling analysis with.
Amicroelectrode impalements and intracellular injection of carboxy¯uorescein. Compared to
normal controls, keratinocytes from EKV patients showed a signi®cant increase in intercellular
coupling. In contrast to the investigated Cx26 defects, these preliminary studies point to a gain-offunction mechanism. Collectively, our functional analyses of Cx26 and Cx31 mutants suggest that
any deviation, up or down, of the normal level of connexin function can perturb keratinocyte
differentiation and result in a skin phenotype.

Evolutionary Aspects of the Hairless Phenotype in a Rhesus Macaque (Macaca mulatta)
A.A. Panteleyev, W. Ahmad, M.S. Ratterree,* V.M. Aita, J.P. Sundberg,² and A. M. Christiano
Columbia University, New York, New York; *Tulane Regional Primate Research Center, Covington, Los
Angeles; ²The Jackson Laboratory, Bar Harbor, Maine
The uniqueness of humans as the most hairless of primates represents one of the classic puzzles in
evolutionary biology. In an effort to gain insight into the evolutionary conservation of hair growth
and cycling, we have studied the phenotype known as congenital atrichia in a nonhuman primate,
the rhesus macaque (Macaca mulatta). Congenital atrichia is a rare form of inherited hair loss that is
characterized by the absence of normal hair follicle structures. Previously, mutations in the hairless
gene (hr) in mice and humans have been implicated in the development of this phenotype. The
hairless gene is a putative transcription factor containing a single zinc-®nger DNA binding domain.
In addition to the human and mouse, hairless-like phenotypes have also been reported in a number
of mammalian species, including the chinese crested dog, hairless cats, rats, guinea pigs, a
chimpanzee, and recently, reported a hairless-like phenotype in a rhesus macaque. Cutaneous
biopsy samples revealed speci®c abnormalities including the absence of normal hair follicles that
were replaced by dermal cysts and comedones, reminiscent of the skin phenotype observed in
hairless mice and humans with congenital atrichia. Here, we describe the complete h gene
sequence from this primate species and report the identi®cation of compound heterozygous
mutations. Cloning of the hairless gene in a nonhuman primate has allowed us to analyze the
relatively rapid rate of divergence of this gene through mammalian evolution, and perhaps to gain
insight into the evolution of human hairlessness.

Loss of Transgene Expression by Fibroblasts in Vivo is Partially Recoverable in Vitro ± a
Role for g-IFN?
C.M. Jorgensen, M.J. Petersen, J.R. Morgan,* and G.G. Krueger
Department of Dermatology University of Utah, Salt Lake City, Utah; *Massachusetts General Hospital
and Shriner's Burns Institute, Boston, Massachusetts
Reasons for loss of transgene expression in vivo by cells carrying stably integrated transgenes are not
understood. Etiologies include death of the cell or down-regulation of the transgene. To gain
insight nylon matrixes were seeded with genetically modi®ed (lacZ) ®broblasts (GMFb), cloned for
expression and held in vitro for 2 or 4 wk before transplantation to athymic mice. These were
harvested at 4 and 8 wk, assessed for lacZ expression, and placed in Fb culture conditions. Very
little lacZ expression was present in either the 4 or 8 wk GMFb matrixes held in vitro for 2 wk. Ten
days in cell culture resulted in dramatic recovery of lacZ expression in both; this was not due
selective proliferation. In matrixes matured for 4 wk before transplantation, lacZ expression was
present in diminished amounts in both sets and there was no recovery in vitro. Reports of ginterferon (g-IFN) repressing transgene expression in vitro led to dose response study of the effect of
g-IFN on the growth of and lacZ expression by immortalized and nonimmortalized clones of
GMFb in vitro. Results demonstrate that both types of GMFb grow well at all doses of g-IFN,
however, lacZ expression was down-regulated as a function of the dose. Immortalized GMFb were
less susceptible than were nonimmortalized GMFb. Loss of transgene expression in vivo in an
immature ECM is down regulated by factor(s) endogenous to the athymic mouse. A candidate
factor is g-IFN.
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EGF±Dependent Cytoskeletal Association of Activated MAP Kinase and Other Tyrosine
Phosphoproteins in Human Keratinocytes
S. Kansra, S.W. Stoll, and J.T. Elder*
University of Michigan Department of Dermatology, Ann Arbor, Michigan; *University of Michigan
Department of Dermatology and Ann Arbor VA Hospital, Ann Arbor, Michigan
We have observed time-dependent loss of EGF receptor (EGFR) and MAP kinase (MAPK)
dependent gene responses within 12 h of skin injury (JCI 100:1271, 1997). The actin cytoskeleton
undergoes extensive remodeling during this period. Previous studies have identi®ed a subset (~5%)
of EGFR associated with the actin cytoskeleton (CSK) in A431 cells (JCB 119:349, 1992; Exp Cell
Res 199:90, 1992). Thus, CSK reorganization might be responsible for altered EGFR and MAP
kinase signaling after tissue injury. As a ®rst test of this hypothesis, normal human keratinocytes
(NHK) were rendered quiescent by growth factor deprivation, stimulated with EGF (100 ng
per ml) or diluent for 10 min, then extracted with CSK buffer (3 mM MgCl2, 150 mM KCl, 10
mM PIPES 6.8, 5 mM EGTA, 100 mM NaF, 250 mM sucrose, 10% glycerol, 1% Triton X-100,
plus protease and phosphatase inhibitors) for 2±5 min at 4°C with gentle rocking. Detection was by
Western blotting. IkB-a served as a cytoplasmic control. More than 95% of total EGFR and IkBa eluted from the CSK under these conditions, with no detectable difference between EGFtreated and control cells. EGF markedly stimulated tyrosine phosphorylation of one or more 170±
190 kDa protein(s) and increased levels of activated MAPK by ~2-fold. Unlike bulk EGFR, nearly
half of the tyrosine phosphoprotein(s) and activated MAPK remained CSK-associated after EGF
stimulation. With repeated washings, EGF-stimulated phosphoprotein(s) eluted signi®cantly more
slowly than did bulk EGFR. Based upon these results, we conclude that activated MAPK and one
or more tyrosine phosphoprotein(s) undergo strong CSK association after EGF treatment. The
identity of these tyrosine phosphoproteins and the mechanism of their CSK association are under
investigation.

Differential Activation of PKCa, PKCd and PKCe by TPA and Calcium Correlates with
Induction of P21WAF1 in Human Keratinocytes
A. Graham, C. Todd, and N.J. Reynolds
University of Newcastle upon Tyne, Newcastle upon Tyne, U.K.
12-O-tetradecanoylphorbol-13-acetate (TPA) and increased extracellular calcium ([Ca2+]o) induce
the cyclin-dependent kinase inhibitor p21WAF1 in cultured human keratinocytes, prior to onset of
differentiation, through a protein kinase C (PKC)-dependent mechanism. TPA induces a rapid and
relatively transient increase of p21WAF1 protein whereas upregulation of p21WAF1 in response to
increased [Ca2+]o occurs with a slower time but more sustained time course. In this study we
investigated whether TPA and increased [Ca2+]o differentially activated PKC isozymes and the
temporal relationship between PKC activation and p21WAF1 induction. Immunoblotting showed
that TPA induced translocation of PKCa, PKCd and PKCe from the cytosolic to the particulate
fractions by 15 min and this was followed by PKC down-regulation by 18 h. In contrast, increased
[Ca2+]o induced a later translocation of PKCa, PKCd and PKC-e which was not followed by
down-regulation (n = 3). In response to both TPA and increased [Ca2+]o, translocation of PKCh
was observed by 15 min but no down-regulation had occurred by 18 h (n = 4). PKCz intracellular
distribution was unaffected by TPA or increased [Ca2+]o. Flow cytometric analysis showed that
TPA signi®cantly decreased the proportion of cells in S phase by 18 h whereas increased [Ca2+]o
did not signi®cantly affect the proportion of cycling keratinocytes at this time point. These results
suggest that the induction of p21WAF1 by TPA and increased [Ca2+]o may be regulated by PKCa, d
and e, but not PKCh or z. Activation of PKC isozymes and induction of p21WAF1 by TPA and
increased [Ca2+]o preceded the onset of cell cycle arrest by several hours.

Transactivation of the Epidermal Growth Factor Receptor by the Epidermal PlateletActivating Factor Receptor is Required for Augmentation of Ultraviolet B RadiationInduced Apoptosis
L.C. Dy, S.a. Marques, J.B. Travers, and D. Spandau
Indiana University, Indianapolis, Indiana
Platelet-activating factor (PAF) is a lipid mediator which has been implicated in keratinocyte
function as well as cutaneous in¯ammation. Keratinocytes both synthesize PAF, as well as express
functional PAF receptors (PAF-R), which are linked to numerous signal transduction pathways.
Ligands for the epidermal PAF-R include PAF, as well as lipids produced in response to oxidative
stressors, including ultraviolet B radiation (UVB). Using a model system created by retroviralmediated transduction of the PAF-R into the PAF-R-negative human epithelioid cell line KB, we
have previously demonstrated that the presence of the PAF-R enhances UVB-induced apoptosis
(Barber et al.: J Biol Chem 273:18891, 1998). The present studies sought to de®ne the mechanism
by which the PAF-R augments UVB-induced apoptosis. Activation of the KBPAF-R resulted in
the tyrosine phosphorylation of the epidermal growth factor receptor (EGF-R). In addition, UVB
irradiation of PAF-R-expressing KB cells resulted in an exaggerated and sustained EGF-R tyrosine
phosphorylation, whereas EGF-induced EGF-R activation was similar to PAF-R-negative KB
cells. Though activation of the EGF-R characteristically results in a trophic response, recent
evidence using both primary cultures of human keratinocytes as well as epidermal cell lines suggest
that a sustained activation of the EGF-R has cytotoxic effects. Preincubation of KB cells with
selective EGF-R tyrosine kinase inhibitors inhibited the augmentation of UVB-induced apoptosis
in PAF-R-positive KB cells. These studies indicate that the epidermal PAF-R augments UVBinduced apoptosis through its ability to induce an exaggerated EGF-R activation response.

In Epidermal Keratinocytes TNFa and UV Light Activate the Same Transcription
Factor, NFkB, through Two Different Mechanisms
M. Adachi, M. Komine, L. Rao,* I.M. Freedberg,* K. Tamaki, and M. Blumenberg*
Tokyo University Medical School, Tokyo, Japan; *NYU School of Medicine, New York, New York
UV light and proin¯ammatory cytokines cause similar molecular effects in epidermis. This is
caused, in part, by activation of overlapping sets of transcription factors. NFkB is one of the
transcription factors known to be activated by UV light or TNFa, a proin¯ammatory cytokine.
Both UV and TNFa cause phosphorylation and consequently degradation of IkB, the inhibitory
subunit that retains NFkB inactive in the cytoplasm. While the TNFa-responsive signal
transduction pathway that activates NFkB has been well characterized, it was expected that UV
light uses at least parts of the same pathway. We have used a battery of inhibitors of this pathway, as
well as antisense oligonucleotide approaches to compare the UV-responsive and TNFa-responsive
elements of the pathway. To our surprise, we found that UV light works via a completely
independent pathway. Speci®cally, parthenolide inhibited both the TNFa and the UV-responsive
activation of NFkB; in contrast, salicylates, which are speci®c inhibitors of IKKb, and BAY11±
7085 inhibited only the TNFa, but not the UV-responsive activation. This means that IKKa and
IKKb, the two kinases known to target IkB in response to TNFa, are not activated by UV light.
Antisense oligonucleotides con®rmed these results. Oligonucleotides targeted against known
members of the TNFa signaling pathway inhibited the activation of NFkB by TNFa. The same
oligonucleotides did not inhibit the UV-responsive activation. We conclude that there is an
independent UV-responsive signal transduction pathways resulting in a thus far unidenti®ed kinase
that phosphorylates IkB.

Differential Roles of Neuregulins Alpha and Beta on Migration and Adhesion of Human
Epidermal Keratinocytes
I.Y. De Potter and Y. Poumay
University of Namur, Namur, Belgium
In autocrine culture conditions, subcon¯uent keratinocytes proliferate rapidly until con¯uence. At
this culture step, epidermal differentiation is initiated. Neuregulins (NRG) and Human EGF
Receptors (HER)2 and 3 are expressed by keratinocytes. NRG expression is maximal in
subcon¯uent keratinocytes but decreases after culture con¯uence, while simultaneously HER2 and
3 expressions are increased. In the present study, putative roles of alpha and beta NRG isoforms in
regulating migration and adhesion of human epidermal keratinocytes have been investigated. In
subcon¯uent cultures, increasing concentrations of NRGbeta1 (1±100 ng per ml) enhance
keratinocyte migration up to 2.5 fold, and cells are more ¯attened and develop ®lopodia and
lamellipodia. In the same assay, no effect on cell migration is observed when keratinocytes are
treated with NRGalpha (1±100 ng per ml). Moreover, cells treated with NRGalpha detach from
the substratum during washes, suggesting weakened cell adhesion. The effect of both NRGalpha
and beta1 on the migrating ability of cells embedded in con¯uent monolayers has also been
investigated. For this purpose, cells were plated at high density (30.10 3 cells per mm2) in a small
area limited by a glass cylinder and cultured until con¯uence was reached. Removal of the cylinder
then allows cell migration in culture periphery. In this 48 h assay, NRGbeta1 (100 ng per ml)
increases the area covered by keratinocytes, while NRGalpha (100 ng per ml) decreases this area in
comparison with the control. Altogether, these results suggest that NRG may play roles in
keratinocytes by regulating cell migration and/or adhesion.

The Epidermal Platelet-Activating Factor Receptor Stimulates Multiple MitogenActivated Protein Kinase Pathways
Q. Yi, S.A. Marques, L.C. Dy, E. Smietana, R. Kapur, D.F. Spandau, and J.B. Travers
Indiana University, Indianapolis, Indiana
Platelet-activating factor (PAF) is a lipid mediator which has been implicated in cutaneous
in¯ammation and keratinocyte function. Keratinocytes both synthesize PAF, as well as express
functional PAF receptors. The epidermal PAF receptor is a G protein-linked membrane protein
which has been shown to modulate epidermal functions, including cellular proliferation, apotosis,
as well as cytokine production. The objective of these studies is to assess whether the epidermal
PAF receptor can signal through mitogen activated protein kinase (MAPK) pathways. Using a
model system our laboratory has developed by retroviral-mediated gene transfer of the PAF
receptor in the PAF receptor-negative epidermal cell KB, we assessed whether PAF receptor
activation can induce MAP-K by western blotting. Extracts from PAF-R-positive KB cells treated
with the PAF agonist CPAF contained increased levels of phospho P42/44 (ERK), P38, but not
SAPK/JNK. CPAF did not affect MAPK in PAF-R-negative KB cells. Preincubation of KB cells
with two separate PAF-R antagonists inhibited CPAF-mediated MAPK activation. These studies
demonstrate that the epidermal PAF receptor can signal through through both ERKs and P38
MAPK pathways.
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The Ca2+ Channel Blocker, Ni2+, Inhibits Directed Migration of Keratinocytes in a
Physiological Electric Field
D.R. Trollinger, R.R. Isseroff, and R. Nuccitelli*
University of California, Davis, Department of Dermatology, Davis, California; *University of California,
Davis, Department of Molecular and Cell Biology, Davis, California
Directed migration of keratinocytes is essential for wound healing. Previously we showed that
human keratinocytes in vitro migrate to the cathode in direct current electric ®elds, a process
termed galvanotaxis. Here we investigated the role of calcium in¯ux on the directionality and
migration speed of keratinocytes during galvanotaxis. Cultured human keratinocytes were plated
on collagen-coated glass bottoms of plexiglass chambers and allowed to adhere for 2 h at 37°C in
keratinocyte growth medium (1.8 mM Ca2+). Cells were exposed to a constant physiological
electric ®eld strength of 100 mV per mm for 1±2 h. Calcium channel inhibitors, verapamil (10
mM), amiloride (10 mM) and nickel (5 mM) were used to block Ca2+ entry. Migration paths,
speeds and directionality of travel were determine by computer assisted image analysis. After 1 h of
galvanotaxis, nickel, but not verapamil and amiloride inhibited keratinocyte migration speed (1.10
6 0.28 mm per min vs 0.4 6 0.05 mm per min) and directionality, indicated as cosine (0.73 6 0.09
vs 0.28 6 0.18), as compared to controls. Nickel's inhibition of directed migration but not speed of
movement was reversible. These results suggest that calcium in¯ux is required for directed
migration of keratinocytes during galvanotaxis. However, directionality of migration and
migratory speed are controlled by separate mechanisms.

Transforming Growth Factor-b Abrogates IL-1b-induced Collagenase Transcription in
Skin Fibroblasts Through Smad Intracellular Signaling
W. Yuan and J. Varga
University of Illinois at Chicago, Chicago, Illinois
The expression of matrix-degrading enzymes such as collagenase-1 (c'gse-1) must be tightly
regulated. Marked induction of c'gse-1 gene expression by IL-1b is implicated in the pathogenesis
of in¯ammatory diseases. Transforming growth factor-b (TGF-b) abrogates IL-1b-induced
stimulation of c'gse-1 in ®broblasts. Here we investigated the mechanisms underlying antagonistic
regulation of gene expression by these two cytokines. IL-1b caused 2-fold increase in the activity
of a 3.8-kb c'gse-1 promoter-CAT construct in transiently transfected human skin ®broblasts.
TGF-b1 completely abrogated stimulation of both CAT activity and endogenous c'gse-1 gene
expression by IL-1b. Overexpression of Smad3, but not other pathway-restricted Smads such as
Smad1 and Smad2, down-regulated c'gse-1 promoter activity, and mimicked the inhibitory effect
of TGF-b in the ®broblasts. A dominant negative mutant form of Smad3 blocked TGF-b
inhibition of promoter activity. The antagonistic Smad7 stimulated the expression of c'gse-1 in
untreated ®broblasts, enhanced stimulation induced by IL-1b, and rescued IL-1b stimulation in the
presence of TGF-b. The locus of integration between the intracellular IL-1b and TGF-b signal
transduction pathways, and the precise DNA sequences mediating this cross-talk, are currently
being identi®ed. Our results indicate that Smad3 plays key role for the inhibitory effect of TGF-b
on IL-1b-stimulated c'gse-1 gene expression in ®broblasts. These ®ndings enhance understanding
of the antagonistic regulation of collagenase synthesis by in¯ammatory cytokines.

Induction of Hair Regrowth in C3H/HeJ Alopecia Areata by Treatment with the
Topical Immunosuppressant FK506
P. Freyschmidt-Paul, S. Metz, J. P. Sundberg,* R. Happle, and R. Hoffmann
Philipp University, Marburg, Germany; *The Jackson Laboratory, Bar Harbor, Maine
FK506 has been shown to suppress T-cell mediated autoimmune diseases and can be applied
topically to the skin. Alopecia areata (AA) is generally considered to represent a T-cell mediated
autoimmune disorder of the hair follicle and the C3H/HeJ mouse has been established recently as
an improved animal model for AA. Therefore, we examined the ef®cacy of topical treatment of
AA with FK506 in C3H/HeJ mice in a double blind, placebo controlled study. Six C3H/HeJ mice
with AA were treated topically with 0.1% FK506 for 7 wk, four mice received vehicle only. At the
end of the study immunohistochemical stainings for CD4, CD8, MHC I, MHC II and ICAM-1
were performed on skin sections. Three of six FK506-treated mice showed subtotal and one of six
complete hair regrowth, while only one of four of the vehicle treated mice regrew hair. Mice
treated successfully with FK506 had reduced peri-and intrafollicular in®ltrates of CD4+ and CD8+
T-cells and a decreased aberrant expression of MHC I, MHC II and ICAM-1 on hair follicle
epithelium. We conclude that topical treatment with FK506 is able to induce hair regrowth in AA
of C3H/HeJ mice by suppressing the T-cell mediated immune response.
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Arsenite Induces HSP27 Phosphorylation in Human Epidermal Keratinocytes and
Protects them from UVB-Induced Death
B. Shi and R.R. Isseroff
University of California, Davis, Department of Dermatology, Davis, California
The increase in the expression and phosphorylation of the 27 kDa heat shock protein (HSP27) has
been associated with an increase in cell tolerance to stress. In nonstressed keratinocytes, HSP27
exists predominantly as the nonphosphorylated isoform. Treatment with the stress agent, sodium
arsenite (As), induces phosphorylation of HSP27, resulting in the formation of multiphosphorylated isoforms, identi®ed by isoelectric focusing. The As-induced HSP27 phosphorylation is
inhibited by the p38 inhibitor SB 203580 and by the antioxidant n-acetyl cystein and the reducing
agent dithiothreitol (DTT), indicating oxidative stress-mediated activation of the p38 kinase
pathway. UVB irradiation at high ¯uence (50 mJ per cm2) is lethal to keratinocytes, killing 90% of
exposed cells within 24 h of irradiation. However, pretreatment of cells with nonlethal doses of As
(100 mM for 2 h) which induces phosphorylation of HSP27, rescues 30±40% of cells from UVBinduced death. Shorter (<30 min) As treatment, which does not induce HSP27 phosphorylation,
provides little cross-tolerance to keratinocytes from UVB-induced death. The As-induced
protection of keratinocytes is attenuated by DTT and partially inhibited by SB 203580, suggesting
that HSP27 phosphorylation is required for this cross-protection. However, since cells which have
recovered from As-treatment for 4±6 h and no longer exhibit phosporylated HSP27 isoforms are
similarly protected from UVB, it appears that an event downstream of HSP27 phosphorylation in
the MAP kinase p38 pathway provides a mechanism for protection of keratinocytes from UVB
insult.

Expression of Multiple Members of the ErbB Receptor Family in Human Skin Organ
Culture
S.W. Stoll, S. Kansra, and J.T. Elder*
University of Michigan Department of Dermatology, Ann Arbor, Michigan; *University of Michigan
Department of Dermatology and Ann Arbor VA Hospital, Ann Arbor, Michigan
The ErbB family comprises four closely related receptors (ErbB-1, ±2, ±3 and ±4). Using tyrosine
kinase inhibitors that speci®cally target members of this family, we have shown that ErbB signaling
is an important signal for gene expression and keratinocyte proliferation in response to wounding.
However, we have also shown that injury-induced gene expression was not abrogated in organ
cultures of skin isolated from EGFR (±/±) mice, indicating that other receptors of this family are
likely to be involved in wound healing. To address this question, we have used speci®c antibodies
to detect ErbB1, ±2, ±3, and ±4 in human skin organ cultures by Western blotting. Keratome
fragments were cultured in basal MCDB153 medium for various times (0 h ± 24 h) at 37°C (JCI
100, 1997). Tissue fragments were homogenized in 50 mM Hepes 7.4, 150 mM NaCl, 5 mM
EGTA, 1.5 mM MgCl2, 100 mM NaF, 10 mM Na pyrophosphate, 5 mM Na3VO4, containing
protease inhibitors. After centrifugation at 2000 3 g, pellets were boiled in Laemmli sample buffer
followed by Western blotting (2.5 mg wet weight tissue equivalent per lane). Under these
conditions, discrete bands of immunoreactivity were detectable in the 150±190 kDa range for
ErbB-1, ErbB-2, ErbB-3, and ErbB-4. Surprisingly, ErbB-3 was quite prominent, and ErbB-2 and
ErbB-4 were readily detectable, whereas expression of ErbB-1 was relatively low. ErbB-1, ErbB-3,
and ErbB-4 were also readily detectable in cultured normal human keratinocytes, with relatively
low expression of ErbB-2. Taken together, our results demonstrate that ErbB family members
other than ErbB1 are likely to be involved in the keratinocyte response to wounding.

Association of Y-chromosome Microchimerism in Asian-Japanese Female Patients with
Systemic Sclerosis but not in Systemic Lupus Erythematosus and Sjogren's Syndrome
Y. Miyashita, M. Ono, M. Ono, and H. Ueki
Kawasaki Medical School, Kurashiki, Okayama, Japan
It is well known that some features of chronic graft-versus-host disease resemble those of other
rheumatic autoimmune diseases (RAD), such as Systemic Sclerosis (SSc), Sjogren's syndrome (Sjs),
and Systemic Lupus Erythematosus (SLE). The pathogenesis of RAD is still unknown. Recent
studies have shown that male DNA was frequently detected in peripheral blood cell (PBC) from
female patients with SSc. This observation has led a hypothesis that persistent fetal cells in the
maternal circulation (fetal microchimerism) could mediate a graft-versus-host reaction, resulting in
autoimmune disease. Recently, we have examined the fetal microchimerism in Asian-Japanese
female patients with RAD by the detection of the speci®c Y-chromosome sequence (DZY1) in
PBC. In result, DZY1 was detected in eight of 17 SSc patients (47.1%), and in two of 20 healthy
volunteers (10.0%, p = 0.031). No DZY1 was detected in nine SLE or four Sjs patients.
Additionally, HLA analysis have shown that a half of DYZ1 positive patients (four of eight) carried
at least one allele of HLA-DRB1*0901/DQA1*0302/DQB1*03032. These data suggest that fetal
microchimerism might be a phenomenon, which is associated with the pathogenicity of SSc and
not with it of SLE and Sjs.
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CD4+ Th1 and CD8+ Tc1 Cells Both Play a Crutial Role in the Full Development of
Contact Hypersensitivity
B. Wang, H. Fujisawa,* B. Howell, G.M. Shivji,* T.W. Mak,² and D.N. Sauder
Division of Dermatology, Sunnybrook Health Science Centre, University of Toronto, Toronto, Ontario,
Canada; *Department of Dermatology, University of Tsukuba, Tsukuba, Japan; ²Department of Medical
Biophysics and Immunology, University of Toronto, Toronto, Ontario, Canada
Traditionally, contact hypersensitivity (CHS) is thought to be mediated by CD4+ T cells.
However, some recent studies suggest that CD8+ T cells are effector cells for CHS. In this study,
we utilized gene knockout (KO) mice de®cient in CD4+ or CD8+ cells to directly examine the
role of two T cell subsets in CHS. Both CD4 KO mice and CD8 KO mice demonstrated a
depressed CHS, with a more greatly decreased CHS in CD8 KO mice. In vivo depletion of CD8+
cells in CD4 KO mice, or depletion of CD4+ cells in CD8 KO mice, resulted in almost complete
abolishment of CHS responses. Lymph node cells (LNCs) from sensitized CD8 KO mice, and
from CD4 KO mice, showed a decreased capacity for transferring CHS. In vitro depletion of CD4+
cells in CD8 KO LNCs, or depletion of CD8+ cells in CD4 KO LNCs, resulted in a loss of CHS
transfer. LNCs from either CD4 or CD8 KO mice were able to produce signi®cant amounts of
IFN-g, indicating that both CD4+ cells and CD8+ cells secrete IFN-g. LNCs from CD8, but not
CD4, KO mice produced signi®cant amounts of IL-4/IL-10, suggesting that IL-4/IL-10 are
mainly derived from CD4+ cells. Intracellular cytokine staining on LNCs con®rmed that IFN-g (+)
cells consisted of CD4+ (Th1) and CD8+ (Tc1) cells, whereas IL-10 (+) cells were exclusively
CD4+ (Th2) cells. Collectively, these data demonstrate that effector cells for CHS consist of both
CD4+ T cells and CD8+ T cells.

Cyclooxygenase-2 is Expressed in Signi®cantly Lower Levels in the Hyperproliferative
Epidermis Of Psoriasis than in Lichen Planus and Actinic Keratoses
K.B. Gordon, E.Z. Schoor, J. Guitart, M. Woerner,* D.P. West, and A.T. Koki*
1North-western University Medical School, Chicago, Illinois; 2Monsanto Corporation, St. Louis, Missouri
Nonsteroidal anti-in¯ammatory drugs (NSAIDS) are among the most commonly used
medications, and block both isoforms of cyclooxygenase (COX), COX-1 and COX-2.
Although NSAIDS are commonly used to treat psoriatic arthritis, these mixed COX inhibitors
are believed to be associated with exacerbations of cutaneous psoriasis. COX-1 is constitutively
expressed in skin, and may play an important role in normal epidermal physiological function.
Recently, new small molecule enzyme inhibitors which inhibit COX-2 have been designed. To
determine whether these drugs could be utilized to treat psoriatic arthritis without the
accompanying psoriatic ¯are, we investigated the relative levels of COX-1 and COX-2 in
psoriatic skin. Patients with psoriasis had 4 mm punch biopsies taken from both uninvolved skin
and from untreated psoriatic plaques. Also, biopsies from other hyperproliferative conditions of the
epidermis, lichen planus and actinic keratoses were examined. These biopsies were prepared by
standard immunohistological methods and analyzed for COX-1 and COX-2 with isoform speci®c
antisera. COX-1 was constitutively expressed in both noninvolved and involved psoriatic skin as
has been described previously. Interestingly, COX-2 was expressed in signi®cantly higher (p <
0.05) levels lichen planus and actinic keratoses than either lesional or nonlesional skin from patients
with psoriasis. These data suggest that psoriasis may be unique among hyperproliferative skin
conditions in lacking expression of COX-2. Moreover, these data imply that COX-2 inhibitors
may be utilized in patients with psoriatic arthritis, without affecting the production of COX-1
derived metabolites necessary for epidermal homeostatis.

Up- and Down-Regulation of Cutaneous Immune Reaction by Olfactory Stimuli
J. Hosoi, M. Tanida, and T. Tsuchiya
Shiseido Research Center, Yokohama, Japan
Effects of olfactory stimulation on cutaneous immune reaction were examined. C57BL/6 mice
were exposed to odorants, including 3,7-dimethyl-2±6-octadienenitrile (citralva), a mixture of 4(4-hydroxy-4-methylpentyl)-3-cyclohexene-1-carboxyaldehyde and 4-(1,1-dimethylethyl)-amethylbenzenepropanal (L & L), 1,3-dimethoxy-5-methylbenzene (DMMB) or terpinyl acetate
(TA), for 2 d at the induction or the elicitation phase of contact hypersensitivity (CH) to picryl
chloride. Citralva and L & L suppressed the CH reaction. The number of epidermal Langerhans
cells was decreased after exposure to these odorants. Painting of citralva at the site of sensitization
did not affect the CH reaction. Neither DMMB or PA affected the CH reaction. However,
DMMB exposure prevented the suppression of CH reaction induced by immobilization stress.
These results suggest that olfactory stimuli regulate cutaneous immune reaction.

Rejection and Strongly Enhanced Immunogenicity of Murine A20 Lymphoma
Following Suppression of Major Histocompatibility Complex (MHC) Class I
O. Egeter, H. Ziegler,* U. Koszinowski,* M. RoÈcken, and R. Mocikat²
Department of Dermatology, Ludwig-Maximilians-University, Munich, Germany; *Max von Pettenkofer
Institute of Virology, Ludwig-Maximilians University, Munich, Germany; ²GSF Institut fuÈr Molekulare
Immunologie, Munich, Germany
The effects of MHC class I suppression on tumor cells have intensively been studied in vitro. Based
on these results, downregulation of MHC class I is considered as an important mechanism of tumor
evasion. To study the effects of MHC class I downregulation in vivo, we transfected the
nonimmunogenic A20 B cell lymphoma with the cytomegalovirus derived m152 gene encoding a
40-kDa glycoprotein which has been shown to arrest the export of MHC class I complexes to cell
surface and to inhibit lysis by cytotoxic T cells. As expected, transfection of A20 B cell lymphoma
with m152 (A20m152/pcDNA1) reduced expression of MHC class I to 20%-30%. Moreover,
peptide-loaded A20m152/pcDNA1 had a strongly reduced capacity to stimulate peptide-speci®c
CD8+ T cells for proliferation or interferon g production. Surprisingly, BALB/C mice that had
received A20m152/pcDNA1 cells did not suffer from enhanced tumor growth. In contrast, 60% of
the animals remained free of tumor and developed long lasting protective tumor immunity while
100% of the mice that had received parental A20 cells died within 40 days. This was not due to
growth inhibition by m152, as A20m152/pcDNA1 grew as rapidly in nude mice as normal A20
cells. Depletion experiments with monoclonal antibodies showed that protection against
A20m152/pcDNA1 was independent of CD4+ T cells but strictly dependent on CD8+ T cells
and NK cells. Thus, suppression of MHC class I is not necessarily an effective evasion mechanism
in this tumor model.
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Sensitization Potential of Enzyme-Treated Natural Rubber Latex
A.A. Gaspari, B. Ferbel, C. Tanck, G.S. Bedi, and F.W. Perrella*
University of Rochester, Rochester, New York; *Tillotson Healthcare Corporation, Bedford, New Hampshire
Polypeptides associated with the latex of the rubber tree Hevea Brasiliensis are implicated in IgEmediated allergy to natural rubber latex (NRL). A mouse animal model was utilized to determine
whether it is possible to alter the immunogenicity of NRL by degrading polypeptides in
ammoniated NRL with bacterial proteases. SDS-PAGE and rp-HPLC analysis of the ``serum''
fraction (nonlatex, aqueous phase) of ammoniated (sNRL) and enzyme-treated (sET-NRL)
demonstrated that the major component of sNRL was approximately 10±20 kDa. In contrast, sETNRL consisted predominantly of degraded polypeptides of 10 kDa or less. BALB/C mice (N = 6
per group) were immunized with either sNRL, sET-NRL (with or without adjuvant) by repeated
subcutaneous injections. Immunogen-speci®c IgG2a, IgG1, IgE were studied by ELISA after serial
immunizations with sNRL and sET-NRL. From these immunizations, we conclude: (i) sNRL is
an adjuvant-independent antigen that induces strong antigen-speci®c IgG1 responses and moderate
IgE responses, but weak IgG2a responses; (ii) sNRL sensitized mice reacted strongly with sNRL,
but weakly with sET-NRL on ELISA, suggesting the sET-NRL is indeed less immunogenic; (iii)
sET-NRL (with or without adjuvant) immunized mice did not develop antibodies against either
sET-NRL or sNRL antigens, further con®rming the reduced immunogenicity of sET-NRL.
These data suggest that proteolytic degradation of polypeptides associated with NRL may be a
useful strategy for processing NRL, potentially resulting in less immunogenic medical devices.

Cholera Toxin Enhances Transcutaneous T Cell Priming to Protein Antigen but
Maintains TH2 Predominance of the Immune Response
Y. Hu, B. Kang, and J.P. Dutz
University of British Columbia, Vancouver, BC Canada
Epicutaneous application of cholera toxin for as little as 2 h has been shown to permit the
generation of signi®cant IgG responses to coadministered proteins. Repeated epicutaneous
administration of protein using a patch protocol has been shown to induce both antibody and T
cell responses. The purpose of this study was to compare immune responses to epicutaneous
protein elicited using a patch protocol with responses elicited using cholera toxin as epicutaneous
adjuvant. We immunized BALB/C mice to the model antigen ovalbumin (OVA) epicutaneously.
OVA (100 mg) 6 cholera toxin (100 mg) was applied to mice using an occlusive patch for 4 d and
reapplied 2 wk later. Alternatively, OVA 6 cholera toxin was applied for 2 h only and reapplied 2
wk later. Immune responses were evaluated at 3 wk. We evaluated OVA-speci®c T cell
proliferation as an indicator of T cell priming and OVA-speci®c IgE, IgG1, and IgG2a responses as
indicators of humoral immunity and T helper (TH) response subtype. Patch application 6 cholera
toxin for 4 d resulted in OVA-speci®c T cell proliferative responses and in the production of
OVA-speci®c IgE, IgG1, and IgG2a suggestive of a TH2 predominant response. Application of
OVA with cholera toxin but not OVA alone for 2 h allowed the generation of OVA-speci®c T cell
proliferative responses and OVA-speci®c IgE and IgG1 but not IgG2a. Thus epicutaneous
administration of cholera toxin with protein can enhance transcutaneous T cell priming to
coadministered protein but maintains the TH2 predominance of immune responses elicited.
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Organized Expression of Lipopolysaccharide Receptors in Human and Murine Skin and
in Squamous Cell and Basal Cell Carcinomas
E. Parker, M. Padilha, and C.L. Reardon
University of Colorado Health Sciences Center, Denver, Colorado
We have shown previously that the receptors for bacterial lipopolysaccharide (LPS), CD14,
CD11a/CD18, CD11b/CD18, and CD11c/CD18 are present on normal primary human and
mouse keratinocytes and keratinocyte cell lines by ¯ow cytometry. We recently evaluated how
LPS receptor expression in cultured keratinocytes compared to the expression in normal human
and mouse skin and in basal cell and squamous cell carcinomas. Frozen sections of normal human
and mouse skin and skin-associated tumors were examined using various anti-LPS receptor
antibodies and immunoperoxidase staining. LPS receptor expression was found to be distributed in
a highly organized fashion in normal hair-bearing skin. CD14 expression was primarily restricted to
keratinocytes of the hair follicle and the follicular ori®ce in nonin¯amed skin. The CD11a/CD18
and CD11c/CD18 molecules showed an identical pattern of distribution involving only the outer
portions of the hair follicles. In contrast, CD11b/CD18 molecules were distributed throughout the
epidermis with prominent staining of the basal keratinocytes which extended throughout the hair
follicles. LPS receptor distribution on nonhair-bearing foreskin was very different with all of the
LPS receptors showing somewhat equal expression throughout the epidermis. Basal and squamous
cell carcinomas also expressed these receptors in patterns that were similar to hair-bearing skin.
Although CD11a/CD18 and CD11c/CD18 molecules were less frequently found, CD14 and
CD11b/CD18 molecules were expressed strongly by the basal and squamous cell carcinoma cells.
The LPS receptors may have potential importance as speci®c markers to localize invasive squamous
cell and basal cell carcinomas. The patterned expression of the LPS receptors in the skin indicates
that the cutaneous innate immune system is highly organized for providing a rapid and protective
in¯ammatory response against microbial pathogens.

Enhanced Sensitivity for Detecting Fas-Mediated Cellular Cytotoxicity with the
Europium-Chelate Release Assay
C.L. Reardon, T. Mason, R. Bickel, and S. Meech
University of Colorado Health Sciences Center, Denver, Colorado
Standard methods for assessing killing of Fas-bearing cells through Fas ligand interactions include
the 51Cr-release assay. We assessed the induction of cytotoxicity in this system using a
nonradioactive ¯uorometric method. This method is based on the release of an europium (Eu3+)
chelate from the target cells. Fas-bearing Jurkat cells or Fas-transfected L1210 target cells were
incubated with either 51Cr or the BATDA Eu3+ chelate. Culture supernatants were collected from
these cells mixed with Fas-ligand-transfected G10 killer cells after various time points. Eu3+ chelate
release was detected following the addition of an Eu3+ solution to the culture supernatants which
binds the chelate. The high level of ¯uorescence that is produced from this combination was
assessed with a time-resolved ¯uorometer. With the 51Cr release assay, high levels of Fas ligandmediated killing of the Fas-transfected L1210 cells was seen relative to the Jurkat cells. 51Cr release
from the target cells began after 8 h following incubation of the killer and target cells which peaked
between 12 and 18 h after cell incubation. In contrast, complete Jurkat cell killing at very low G10
killer to target ratios was observed by measuring Eu3+-chelate release. With this assay, Fastransfected L1210 cell killing also was seen but at higher killer to target cell ratios. Cellular
cytotoxicity measured by Eu3+-chelate release was seen as early as 2 h after incubation of the killer
and target cells. Higher levels of cytotoxicity were seen after 4 h. These kinetics more closely
mirror target cell apoptosis as measured by vital dyes. The Eu3+-chelate release assay is a more
sensitive method than the 51Cr release assay for early detection of cellular cytotoxicity mediated by
Fas ligand and Fas interactions.
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Lesional Th1 Cells in Psoriatic Skin Express a Functional Chemokine Receptor CXCR3
and Demonstrate Immunodeviation in Regressing Psoriatic Plaques
M. Kleinhans,*² G. Gerlini,* G. Burg,* and F. Nestle*
*Department of Dermatology, University School of Medicine, Zurich, Swtizerland; ²Department of
Dermatology, University of Frankfurt Medical School, Frankfurt/Main, Germany
Chemokines and chemokine receptors are known to play a central role in recruitment and
activation of leukocytes during in¯ammation of the skin. Chemokine receptors have been shown
to be related to polarized T cell subsets. Psoriasis is a chronic in¯ammatory disease where
in®ltrating T cells of the Th1 type are believed to be of central importance for the induction and
maintenance of the psoriatic phenotype. We investigated tissue samples for the in situ expression of
various CXC and CC chemokine receptors. Immunohistochemical staining showed expression of
CXCR3 in lesional skin, no expression of CCR5 and CCR3 was detectable. Additionally we
found an expression of the CXCR3 ligands IP-10 and Mig in the dermis of lesional skin.
Flowcytometry analysis of cell suspensions of lesional skin showed an expression of CXCR3 on
lesional T cells. Receptor internalization experiments with corresponding ligands of CXCR3
demonstrated functionality of the receptor on lesional T cells. Intracellular cytokine staining of
lesional T cells in untreated patients showed that all IFN-g positive T cells express CXCR3.
Contrary to these ®ndings investigation of spontaneous regressing plaques as well as of skin of
treated patients demonstrated that CXCR3 positive T cells produced IL-4 and switched their
cytokine pattern from Th1 to Th2. We propose that one mechanism involved in the
pathophysiology of psoriasis may be chemoattraction of IFN-g producing CXCR3 positive T
cells into lesional skin.

Expression of Melanoma-Associated Antigens and HLA Class I in Primary Melanoma:
Frequency and Correlation with Clinical Outcome
G.F.L. Hofbauer, A. Burkhart, G. SchuÈler, R. Dummer, G. Burg, and F.O. Nestle
University Hospital Zurich, Zurich, Switzerland
Melanoma-associated antigens are being used to generate an antimelanoma immune response.
However, little is known about their expression in primary melanoma and correlation with the
natural course of disease. 91 formalin-®xed and paraf®n-embedded melanoma specimens with
known follow-up for at least 10 y were stained for MAGE-3, MelanA/MART-1, gp100,
tyrosinase and HLA class I using monoclonal antibodies 57B, A103, HMB45, T311 and vf135±
1D6, respectively (age range 22±89, median age 59.9; men 58%, women 42%). Staining was
arbitrarily rated for intensity and distribution. Primary end-point for clinical outcome was death.
Data was analysed by Kaplan-Meier method using logrank test and Cox regression with forward
log ratio. Antigen loss for MelanA was found in 58% of primary tumors, for MAGE-3 in 27%, for
gp100 in 72% and for tyrosinase in 59%. HLA class I showed a loss in 73% of primary melanomas.
Breslow thickness was indicative of cumulative survival (p = 0.0384). However, no signi®cant
statistical correlation could be found between loss of antigens MAGE-3, MelanA, gp100, or
tyrosinase and cumulative survival (p = 0.07 or higher); or HLA class I status, antigen expression
and cumulative survival; or between antigen expression, Breslow thickness and cumulative
survival. In our study of 91 patients with primary melanoma, only Breslow thickness signi®cantly
correlated with survival. Loss of melanoma-associated antigen expression alone is not a useful
parameter for prognosis in primary melanoma.

Stress-Induced Changes in Perifollicular Mast Cell and Macrophage Activities: A Role in
``Stress-induced'' Hair Loss
P. Arck, B. Handjiski, R. Plieth, B. Klapp, and R. Paus*
Department of Psychosomatic Medicine, University of Hospital ChariteÂ, Berlin, Germany; *Department of
Dermatology, University Hospital Eppendorf, Hamburg, Germany
``Stress'' may be a possible cause of hair loss, even though convincing experimental evidence is still
missing. Here, we report novel observations made during studies on the effects of stress on
pregnancy in a murine stress model. Pregnant female mice with all back skin hair follicles in the
resting phase of the hair cycle (telogen) were exposed to sonic stress. Subsequently, skin sections
were quantitatively assessed for mast cells, and MHC class II + perifollicular cell clusters at the level
of the epithelial stem cell region (bulge/isthmus) that largely represent activated macrophages.
Compared to nonstressed controls, stressed mice showed a signi®cant increase in perifollicular
MHC II + clusters (6.4 vs 12.6 per mm2). This was associated with a signi®cant increase in
degranulated mast cells in stressed mice compared to nonstressed controls. This is intriguing since
mast cells and macrophages have been implicated in hair growth control under physiological and
pathological conditions (e.g., Dev Biol 163:230; Exp Dermatol 4:266; Lab Invest 77:319; JID
97:417 + 111:7), and since perifollicular macrophages Clusters may induce ``programmed organ
deletion'' of hair follicles (J Histochem Cytochem 46:361). The current observations offer the ®rst
direct evidence that stress can induce speci®c neuro-immunological changes in murine skin with
relevance to hair growth control. While it remains to be probed whether these changes alter hair
growth, and lead to hair loss, this mouse model offers an attractive tool for dissecting the elusive
effects of stress on hair growth.

Perforin+ Proportion of CD3+/CD4+/CD8+/CD56+ and CLA+ Peripheral
Lymphocytes in GvHD Treated with PUVA and ECP
C. Behrendt and M. Goos
University of Essen, Essen, Germany
Clinical ef®ciency of 8-MOP in conjunction with UVA has been documented in the treatment of
a number of dermatoses, such as psoriasis. In the recently developed ECP, lymphocytes, are
exposed to 8-MOP-administered and irradiated extracorporally with UVA are then returned to the
patients. Various mechanisms have been proposed to explain the mode of action by which PUVA
and ECP exert their actions. There is no information available about the perforin + proportion of
CD3+/CD4+/CD8+/CD56+ and CLA+ cells in peripheral blood lymphocytes in GvHD under
these therapeutic interventions. Therefore, the objektive of the present study was to analyze these
peripheral T-lymphocytes for the expression of perforin, a key effector molecule in the CTLdependent target cell lysis. Mononuclear cells were separated from peripheral blood and
permeabilized by saponin. The coexpression of cytoplasmic perforin and the cell surface marker
was determined in lymphocytes by immuno¯ow cytometry. A total of ®ve patients with GvHD
was studied as compared to 15 control individuals not suffering from any systemic in¯ammatory
disease. Under these conditions, the perforin+ proportion of CD3+/CD4+/CD8+/CD56+ and
CLA+ peripheral lymphocytes was found to be increased in patients with GvHD before therapy as
compared to the controls and was found to decrease under PUVA and ECP wich correlates with
the clinical conditions of the skin. Thus, our ®ndings indicate that perforin-mediated cytotoxicity
appears to play an important role in the kinetics of GvHD and under therapeutic interventions such
as PUVA and ECP.
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Macrophage In¯ammatory Protein-2 (MIP-2) Controls Allergen-Speci®c Neutrophil
Recruitment During T Cell Mediated Immune Responses
T.M. Biedermann, M. Kneilling, R. Mailhammer,* H. Hinze,² S. Kunkel,³ L. HuÈltner,* and M.
Rocken
LMU University of Munich, Munich, Germany; *Institute of Experimental Hematology, GSF, Munich,
Germany; ²Institute of Inhalation Biology, GSF, Munich, Germany; ³Department of Pathology, Ann
Arbor, Michigan
Neutrophils (PMN) are predominant effector cells during some important T cell mediated delayed
type hypersensitivity reactions (DTHR), such as rheumatoid arthritis, in¯ammatory bowel disease,
psoriasis or contact hypersensitivity reactions (CHSR), while PMN are absent in others. Factors
distinguishing between these two types of T cell immune responses are still obscure. Using
trinitrochorobenzene (TNCB) induced CHSR, we found that MIP-2, the functional homologue
of human interleukin 8 (IL-8), was selectively induced during hapten-speci®c CHSR associated
with strong PMN recruitment. In contrast to MIP-2 tumor necrosis factor (TNF) and other CXC
chemokines were already strongly upregulated during irritant reactions devoid of PMN. Free MIP2 protein was exclusively detected in CHRS, but not in irritant reactions. Immunohistochemistry
localized MIP-2 in keratinocytes and mast cells (MC). Blocking MIP-2 in vivo with antibodies
reduced PMN recruitment by 60%, as determined by histology and quanti®cation of
myeloperoxidase activity. This phenotype was indistinguishable of CHSR found in MC de®cient
WWv mice, which also had 60% reduced tissue swelling and PMN recruitment. Protein extracts
from ears of MC de®cient WWv mice were devoid of free MIP-2 protein. Reconstitution of
WWv mice with MIP-2 producing MC restored PMN recruitment and CHSR entirely and was
again blocked by MIP-2 antibodies. MC may therefore regulate T cell dependent PMN
recruitment through MIP-2/IL-8, and play a hereto underestimated role in regulating PMN
recruitment during T cell mediated immune responses such as in¯ammatory bowel disease,
rheumatoid arthritis, psoriais or CHSR.

Immunotolerizing Non-Classical MHC Molecule HLA-G is Expressed on Primary
Melanomas with Subsequent Metastasis
V. Rebmann, J. Moers,* M. Goos,* H. Grosse-Wilde, and S.N. Wagner*
Department of Immunology, University School of Medicine Essen, Essen, Germany; *Department of
Dermatology, University School of Medicine Essen, Essen, Germany
Loss of classical MHC class Ia molecules is one of the most important immune escape mechanisms
of tumor cells. However, by loosing classical MHC tumor cells should render susceptible to NK
cell lysis and thus not be able to further progress. HLA-G is a nonclassical MHC class Ib molecule
that plays a key role in induction of tolerance at classical MHC class Ia-negative ``immune
privileged'' sites such as placental tissue during pregnancy. Ectopic expression on melanoma cells
has been shown to result in protection from NK cell lysis in vitro by interacting with inhibitory
surface receptors (IR). We have used an Immunoprecipitation/SDS-PAGE/Western blot
technique to analyze cytosolic and cell surface tissue extraction phases and an immunohistochemical technique speci®cally optimized for MHC antigen retrieval by signal ampli®cation to analyze
metastatic and their corresponding primary melanoma specimens for HLA-G antigen expression.
HLA-G antigen could be detected in 25 of 32 (78%) metastatic melanomas from 17 of 23 patients
as b2m-associated 39 kDa membrane-associated (47%) or cytosolic (56%) G1 isoform. From 15 of
17 melanoma patients exhibiting HLA-G positive melanoma metastases, the primary melanoma
was available. In 14 of 15 available primary tumors, HLA-G antigen could also be detected on
melanoma cells with a remarkably heterogeneous immunoreactivity of distinct tumor areas.
Stromal vascular endothelial cells, some tumor-in®ltrating lymphocytes, and tissue macrophages
also expressed HLA-G antigen. This is the ®rst description on immunotolerizing HLA-G antigen
expression on melanoma cells most probably representing an early event in the progression of the
majority of melanoma tumors. Whereas expression of HLA-G on melanoma cells is of importance
for designing future immunomodulatory therapeutic strategies, the functional consequences of
HLA-G expression on immune effector cells are still enigmatic.

Development of Skin Lesions Having Features of Lupus Erythematosus (LE) in Mice
Undergoing Human DNA Antibody Idiotype-Induced Autoimmunity
D.M. Racila and R.D. Sontheimer
University of Iowa, Iowa City, Iowa
We have begun to explore murine anti-idiotypic autoimmunity induced by human DNA
autoantibody immunization as a model for LE speci®c skin disease. Methods: A panel of ®ve 6 wkold BALB/C female mice was immunized against puri®ed human native DNA autoantibodies by
footpad injection using complete Freund's adjuvant. A control panel of ®ve mice was injected with
phosphate buffered saline (PBS). Results: Two of ®ve DNA antibody-injected mice (but not the
PBS-injected mice) were found to be producing high titers of anti-DNA antibodies by ELISA 3
mo after the original immunization and were subsequently shown to develop proteinuria and an
immune complex-related glomerulonephritis. Interestingly, one of these two mice spontaneously
developed a 5 3 5 mm cutaneous ulcerative lesion on its back 3 mo after immunization. The other
mouse also developed a 6 3 6 mm ulcerative lesion on its back 6 mo after immunization.
Histopathological examination of a biopsy from the edge of this ulcer revealed acanthosis, vacuolar
degeneration of the epidermal basal cells, and perivascular and peri-appendageal mononuclear cell
in®ltrates suggestive of LE-speci®c skin disease. A lesional biopsy also demonstrated mouse
immunoglobulin deposition at the dermal-epidermal junction. Conclusions: The results of this
pilot experiment suggest that DNA antibody-induced anti-idiotypic model of autoimmunity might
be useful in examining the pathogenetic basis and optimal management of LE-speci®c skin disease.

Identi®cation of a Novel Marker for Human Basophils in Tissues
D.A. Plager, E. Weiss, V. Van Keulen, G. Kephart, J. Checkel, G. Gleich, and K. Leiferman
Rochester, Minnesota. Mayo Clinic, Rochester, Minnesota
Although basophils are easily identi®able in the peripheral blood, it is dif®cult to identify basophils
in tissue. A unique marker for human basophils (J Immunol 154:6548±6555, 1995) has been
reported, but its molecular identity is unknown. Like mast cells, basophils possess surface IgE and
contain cytoplasmic granules with vasoactive substances that are released in allergic reactions. Also
like mast cells, basophils stain metachromatically with histologic tissue stains; they are dif®cult to
identify in tissues. Basophils, however, contain proteins found in eosinophils, and colony growth
studies indicate that eosinophils and basophils share a common committed hemopoietic progenitor
cell. A proform of eosinophil granule major basic protein (pro-MBP) has been identi®ed,
characterized and puri®ed. Pro-MBP is present in immature eosinophils but not in fully
differentiated eosinophils. A monoclonal antibody, J175±7D4, generated to pro-MBP reacts with
both glycosylated puri®ed pro-MBP, 33 kDa, as well as a processed form of pro-MBP, 18 kDa, by
Western blotting. Furthermore, Chinese hamster ovary cells transfected with the pro-MBP gene
show positive immunostaining with J175±7D4. Comparable proportions of peripheral blood cells
are stained by J175±7D4, anti-IgE and metachromatically with Wright Giemsa. J175±7D4 also
appears to speci®cally stain basophils in formaldehyde-®xed, paraf®n-embedded tissue from various
in¯ammatory dermatoses including atopic dermatitis and delayed pressure urticaria by indirect
immuno¯uorescence. In summary, we report the identi®cation of a novel marker for basophils in
human tissues, which will be useful for the characterization of basophil involvement in cutaneous
diseases.

Induction of Speci®c T Cell Responses by Antigen/Poly Cation Complexes
P. LuÈhrs, R. Kutil, W. Schmidt,* M. Buschle,* G. Stingl, and A. Schneeberger
Universitiy of Vienna Medical School, Vienna, Austria; *Intercell, Vienna, Austria
Injection of complexes consisting of positively charged polyaminoacids and tumor antigens has
been shown to protect animals against tumor challenge. The goal of this study was to unravel the
mechanisms underlying this phenomenon. Therefore, DBA/2 mice received two injections of
betaGalactosidase/polyarginine complexes in a one week interval. Seven days later, they were
inoculated with betaGalexpressing Eb lymphoma cells at a distant site. All naive animals developed
tumors. By contrast, injection of betaGal-containing complexes protected approx. 50% of the
animals. Similar results were obtained with animals that had been immunized with betaGalexpressing P13.1 cells. The protective effect of the ``complex treatment'' was mediated by T
lymphocytes as evidenced by cell depletion experiments. These results were supported by
ELISPOT assays demonstrating that the injection of betaGal/polyarginine complexes activates a
betaGal-speci®c T cell response similar in magnitude to the one induced by P13.1 cells. Animals
that had been injected with polyarginine alone had a signal comparable to background. To test
whether polyarginine functions by ef®ciently transferring the antigen to APCs, various cell types
were loaded with titrated doses of antigen (protein/peptide) complexed or not to polyarginine.
These were then incubated with MHC class I/II-restricted T cell clones. Using their cytokine
production as a measure for antigen loading ef®cacy, we found neither a qualitative nor a
quantitative difference between loading of APCs with antigen complexed to polyarginine and
antigen pulsing. We currently explore the possibility that polyarginine acts by attracting and
activating APCs.

Chemical and Restraint-Induced Modulation of Pro-opiomelanocortin in the Skin
J. Morgan, M.S. Flint, and S.S. Tinkle
CDC/NIOSH, Morgantown, West Virginia
The interaction between stress-induced activation of the hypothalamic-pituitary-adrenal axis
(HPAA) and the immune system is well established. Several researchers have localized many
components of the HPAA in the skin, including corticotropin releasing hormone receptor, proopiomelanocortin (POMC), adrenocorticotropic hormone and alpha-melanocorticotropin, and
have postulated the existence of a cutaneous HPAA. To determine if the cutaneous HPAA is
activated in development of contact dermatitis, epidermal sheets from C57BL/6 mice were
incubated for 20 min in 1X PBS alone or 1X PBS containing 10 mg per ml phorbol myristyl acetate
(PMA) or 0.25% dinitrochlorobenzene (DNCB) dissolved (4:1) in acetone/olive oil, and POMC
expression was evaluated by RT-PCR. Low constitutive expression of POMC in unstimulated
epidermal sheets was signi®cantly increased by PMA and DNCB. Dexamethasone (1 3 10±8 M), a
negative regulator of POMC expression, blocked constitutive expression and chemical-induced
expression of POMC. To determine if restraint stress alters cutaneous expression of POMC in vivo,
mice were restrained for two hours prior to application of vehicle, PMA, or DNCB to the ear, and
expression of POMC was visualized by in situ hybridization. Restraint increased serum
corticosterone from 30.9 6 15 pg per ml to 582.4 6 16 pg per ml, indirect veri®cation of
activation of the HPAA. Minimal expression of POMC was visualized in vehicle-treated skin for
both nonrestrained and restrained mice. A signi®cant increase in the number of POMC-positive
epidermal cells was observed for PMA and DNCB, and, restraint stress further increased the
number of positively stained cells. These data demonstrate increased expression of cutaneous
POMC in response to chemical and to restraint which can be downregulated by synthetic
glucocorticoids.
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Neutrophil Adhesion to Dermal Microvascular Endothelial Cells Does Not Utilize the
Novel Adhesion Pathway Used by Umbilical Vein Endothelial Cells
D.A. Jones and T.S. Kupper
Harvard Skin Disease Research Center, Harvard Medical School, Boston, Massachusetts
Leukocyte recruitment to in¯ammed skin occurs through a series of steps in which the leukocyte
tethers to the endothelial bed via selectins and rolls slowly, followed by activation by chemokines,
®rm adhesion via integrins, and transmigration into the extravascular space. We have previously
used a parallel-plate ¯ow chamber to analyze leukocyte adhesion and identi®ed conditions in
which human umbilical vein endothelial cells (HUVECs) express adhesive activity which appears
to represent a novel selectin. This activity is present after a long period of stimulation (24 h) as
compared with the more acute activities of P-selectin (1±30 min) and E-selectin (4±8 h). The
parallel-plate ¯ow chamber has not been used to study adhesion to human dermal microvascular
endothelial cells (HDMECs), and in this study we use this system to examine if the adhesive
activity seen with HUVECs is present on HDMECs and might therefore contribute to leukocyte
recruitment to skin in chronic in¯ammatory skin diseases. We ®nd that neutrophils bind in high
numbers to HDMECs after 24 h of stimulation with IL-1, similar to the adhesion seen to
HUVECs. In contrast, with HDMECs the adhesion can be largely inhibited with anti-E-selectin
antibody whereas with HUVECs the adhesion is not inhibited. These studies support the
prominent role of E-selectin in skin seen with in vivo studies and validate its use as a powerful
model system to study other aspects of leukocyte binding to HDMECs, including involvement of
chemokines and binding of T cells and T cell subsets.

Expression of Transglutaminase 2 is Affected by IFN-g and TGF-b in Small Intestinal
Epithelial Cells
S. Kim, P. Steinert, and Y. Choi
Laboratory of Skin Biology, NIAMS, NIH, Bethesda, Maryland
Transglutaminase 2 (TGase 2) was recently identi®ed as an endomysial autoantigen in celiac disease
(CD) as well as dermatitis herpetiformis (DH). Interestingly CD and DH diseases have a gluten
sensitive enteropathy with villus atrophy. The source of increased TGase 2 expression in both
autoimmune diseases may be the queue to solve pathogenesis. Transforming growth factor-b
(TGF-b) or tumor necrosis factor-a (TNF-a) were reported as positive affectors for TGase 2
expression in various cell lines. Thus, TGF-b and TNF-a were selected to test the effect on TGase
2 expression in normal rat small intestinal epithelial cells (IEC-6). After treatment with 20 ng
per ml TGF-b1 or TNF-a for 24 h, the mRNA level of TGase 2 was not changed by TNF-a
treatment, but was suppressed 3-fold by TGF-b1 treatment. Our results showed that both TNF-a
and TGF-b are not positive affectors of TGase 2 expression in IEC-6 cells. Therefore we selected
interferon-g (INF-g) since it is known as an abundant cytokine in in¯ammatory lesions.
Interestingly mRNA level of TGase 2 was increased about 2 fold within 24 h after 100 unit per ml
IFN-g treatment. Furthermore, continuous treatment of IFN-g of IEC-6 cells increased TGase
activity up to 5 fold by day 5. IFN-g and TNF-a are involved in the destruction of the epithelial
barrier synergistically, which have pathogenic relevance in intestinal in¯ammation. Immunetolerance was mediated through suppression of TNF-a and interferon-g by secreting TGF-b.
Therefore we propose that increased TGase 2 expression in celiac disease may be due either or
both to increase of IFN-g expression or loss of TGF-b signaling in the upper small intestine.
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Intracellular Adenosine 3¢, 5¢-cyclic Monophosphate Level Regulates Interleukin-13
Production by T Cells from Patients with Atopic Dermatitis
N. Kanda and S. Watanabe
Department of Dermatology, Teikyo University School of Medicine, Tokyo, Japan
We studied the relationship between cellular cAMP level and mite allergen-induced IL-13
production in T cells from patients with atopic dermatitis (AD) and nonatopic controls. Miteinduced IL-13 secretion by T cells was markedly elevated in AD patients as compared with
controls, and the IL-13 amount correlated with the mite-speci®c IgE value. The mite-induced IL13 secretion was completely blocked by adenylate cyclase (AC) inhibitor or cyclic nucleotide
phosphodiesterase (PDE) IV inhibitor. In AD patients, the cAMP level of mite-stimulated T cells
rose at 1 min after the stimulus, then fell down to the basal level at 30 min. AC inhibitor blocked
the mite-induced cAMP elevation while PDE IV inhibitor blocked the reduction after the
elevation. In AD patients, AC activity of T cells was elevated at 1 min after the mite stimulus, and
at 5 min PDE activity was elevated, while such AC or PDE induction was not detected in controls.
In AD patients, mite-induced IL-13 secretion correlated with both the mite-induced AC and PDE
activities. These suggest that mite allergen may early elevate the cAMP level of T cells from AD
patients by activating AC, and secondly reverse the elevation by activating PDE. Both of these
events may be required for IL-13 induction.

Prednisolone and Cyclosporin A Decrease Interferon-b Production from Human
Keratinocytes and Fibroblasts
H. Fujisawa, H. Satomi, B. Wang,* and F. Otsuka
Department of Dermatology, Institute of Clinical Medicine University of Tsukuba, Tsukuba, Ibaraki, Japan;
*Division of Dermatology, Sunnybrook Health Science Centre, University of Toronto, Toronto, Canada
It is well known that patients who take immunosuppressive medicines such as prednisolone (PSL)
and cyclosporin A (CyA) are at increased risk of developing viral warts. Interferon (IFN)-b was
originally reported to be an antiviral cytokine. In the skin, virus infected-keratinocytes and
®broblasts produce IFN-b to prevent the spreading of virus infection. We hypothesized that
immunosuppressive drugs inhibited IFN-b production from kerationocytes and ®broblasts in the
skin. In order to prove this hypothesis, we examined the effects of PSL (500 mg-10 mg per ml),
CyA (5±100 mg per ml) on the production of IFN-b from keratinocytes and ®broblasts treated with
polyinosinic: polycytidylic acid (poly I:C) which is strong IFN inducer. PSL decreased the
production of IFN-b from poly I:C stimulated keratinocytes and ®broblasts signi®cantly. CyA at
the highest concentration decreased the production of IFN-b from poly I:C stimulated
keratinocytes and ®broblasts. Both PSL and CyA decreased the levels of IFN-b mRNA in poly
I:C treated keratinocytes and ®broblasts. These results seem to partially explain why viral warts are
common complications of patients taking immunosuppressive medicine.

Is the Antibody Response to Melanoma Vaccine Immunization Helpful in Predicting a
Patient's Outcome?
M. Brunner, Z. Xie, S. Reynolds, and J-C. Bystryn
The Ronald O. Perelman Department of Dermatology, NYU School of Medicine, New York, New York
As antitumor IgM and IgG antibodies may be important in mediating tumor-protective immunity,
the following study was conducted to examine whether vaccine-induced, antimelanoma IgM and/
or IgG antibody responses are predictive of improved clinical outcome in patients immunized to a
melanoma vaccine. The study was conducted in 33 patients with resected AJCC stage III
melanoma who were immunized to a polyvalent, shed antigen, melanoma vaccine. The patients
were randomly selected based on having either early (within 1 y) or delayed (after 3 y) disease
recurrence. IgM and IgG antibodies to antigens in fresh melanoma tissue were measured by
immunoblotting at baseline and following the third or fourth and the last vaccine immunization.
Seventy percent of patients (n = 23) developed a vaccine-induced antimelanoma IgM response and
61% (n = 20) an IgG response. The median recurrence-free survival of the IgM responders was
41.6 mo vs 4.5 mo for nonresponders, p = 0.03 by Kaplan-Meier analysis. In contrast, the median
recurrence-free survival of patients with an IgG response was 22.0 mo compared to 42.6 mo for
nonresponders. Patients who had only an IgM response but no IgG response (n = 8) had a median
recurrence-free survival of 46.0 mo while those with only an IgG response (n = 5) had a median
recurrence-free period of 4.83 mo.
These results suggest that an IgM antimelanoma antibody response to melanoma vaccine therapy
immunization provides an early marker of the clinical effectiveness of the therapy.

IL-4 Enhances IFN-g- and TNF-a-Induced Keratinocyte Expression of IP-10, Mig and ITAC Chemokines Targeting CXCR3+ T Cells to the Skin
C. Albanesi, C. Scarponi, S. Sebastiani, M. Federici, A. Cavani, O. De PitaÁ, P. Puddu, and G.
Girolomoni
Istituto Dermopatico dell'Immacolata, IRCCS, Rome, Italy
IP-10, Mig and I-TAC belong to the non-ELR CXC chemokine family and act solely through the
CXCR3 receptor for potent attraction of activated T lymphocytes. Keratinocytes treated with
IFN-g or with IFN-g plus TNF-a secrete high levels of IP-10 in vitro and appear to be the major
source of IP-10 in various skin disorders, including allergic contact dermatitis (ACD). In this study,
we examined the capacity of the T cell derived cytokines IL-17, IL-4 and IL-10 to modulate IFNg-and TNF-a-induced IP-10, Mig and I-TAC in cultured human keratinocytes, and CXCR3
expression in skin affected by ACD as well as in skin-derived nickel-speci®c CD4+ and CD8+ T
cell lines. The ability of keratinocyte-derived supernatants to induce intracellular calcium
mobilization in CD4+ T cell lines was also tested. We found that IL-4, but not IL-10 or IL-17,
signi®cantly up-regulated IFN-g-and IFN-g/TNF-a-induced IP-10, I-TAC and Mig mRNA
accumulation in keratinocytes, with a maximal effect at 12±24 h. IL-4 also increased the levels of
IP-10 and Mig in keratinocyte culture supernatants. Immunohistochemical analysis of ACD skin
revealed that > 70% of in®ltrating cells were reactive for CXCR3, and that CXCR3 expression
colocalized with CD3-, CD4-, CD8-, but not CD1a-positive cells. CD4+ and CD8+ nickelspeci®c T cell lines established from ACD skin produced both IFN-g and IL-4, and expressed high
levels of CXCR3 that decreased at 6±24 h after activation, and then returned high at day 2±5.
Finally, recombinant IP-10 or keratinocyte-produced IP-10 triggered mobilization of intracellular
calcium in skin-derived nickel-speci®c CD4+ T cells. In conclusion, IL-4 exerts a proin¯ammatory function by potentiating IFN-g and TNF-a induction of IP-10, Mig and I-TAC in
keratinocytes which in turn may determine a prominent recruitment of CXCR3+ T lymphocytes
at in¯ammatory reaction sites.
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TNP Preferentially Induces CD8+ T Cells in Murine Contact Hypersensitivity
S. Martin and J.C. Simon
Clinical Research Group, Department of Dermatology, University of Freiburg, Germany
Recent data suggest that CD8+ rather than CD4+ T cells are the main effector cells in murine
contact hypersensitivity (CHS) to haptens like DNFB or oxazolone. In our studies of CHS induced
by the hapten trinitrophenyl (TNP) C57BL/6 mice were sensitized by TNCB painting or i.c.
injection of bone marrow-derived TNP-modi®ed dendritic cells (DC) and challenged 5 d later by
TNCB painting on the ears. We also found that draining auricular, axillary and maxillary lymph
nodes of TNCB- or TNP-DC-immunized mice analysed 72 h after ear challenge contained TNPspeci®c, IFN-g producing CD8+ effector cells as shown by ELISA and ELISPOT assays. No
signi®cant TNP-speci®c IL-4 production was detected and no CD4+ effector cells were found.
After in vitro restimulation for 72 h, the CD8+ effector cells were clearly cytolytic towards TNPmodi®ed target cells and also lysed target cells pulsed with various synthetic, H-2Kb-binding TNPpeptides. Similar results were found when we analysed the T cells primed in the sensitization phase.
Interestingly, ¯ow cytometry revealed downregulation of the activation marker CD62L selectively
in the CD8+ T cell population. Despite the presence of MHC class II associated TNP determinants
no signi®cant activation of TNP-speci®c CD4+ T cells was detectable. In vitro experiments also
support the notion that TNP sensitization results in a preferential activation of TNP-speci®c CD8+
Tc1 cells. The mechanisms of this selectivity are currently under investigation.

Phenotype and Cytokine Production Characteristics of T Cells from Scalp Skin Using
Flow Cytometry
M. Deeths, M. Ericson, and M. Hordinsky
Department of Dermatology, University of Minnesota, Minneapolis, Minnesota
Using ¯ow cytometric analysis it is possible to characterize the functional status of individual T cells
immediately ex vivo, and thus estimate their function in vivo. Evolving methods in ¯ow cytometry
allow the precise characterization of not only surface phenotype but also cytokine production
potential of individual cells. Here, these methods are applied for the purpose of studying
lymphocytes present in scalp skin. Results from ®ve normal control patients demonstrate that the
results are reproducible within this group, and that approximately 80% of T cells present in normal
scalp are resting CD4+ cells, few of which produce IFN-gamma, and then only at low levels.
Using this system, one patient with long standing alopecia universalis (AU) and a history of
anaphylactic reaction to intralesional injections of Aristocort, has been compared to control
subjects. A 20-fold increase in the absolute number of T cells present in the affected skin is
observed. The results also show that there is a preferential enrichment of CD8+ T cells in this
patient's scalp. Both CD4+ and CD8+ T cells from affected skin produce increased levels of TNFalpha and IL-2 compared to control cells, but this increase is more substantial in the CD8+ subset.
Finally, IFN-gamma production is more equally increased in both subsets of T cells from the AA
patient. However, even here CD8+ cells are more active when absolute cell numbers are
considered. In summary, the results demonstrate the usefulness of these methods in studying
immune mediated diseases of the scalp. As these methods are applied to additional AA patients the
signi®cance of our ®ndings with respect to CD8+ T cells in mediating this disease will be better
established.

Inhibition of ProstaglandinE2 Synthesis in Cultured Human Keratinocytes by PeroxideInduced Soluble Factors from Saccharomyces cerevisiae
D. Scholz, L. Lods, C. Dres, and C. Johnson
Brooks Industries Inc., South Plain®eld, New Jersey
It is well established that Saccharomyces cerevisiae exposed to ultraviolet radiation (~286 nm) produces
factors capable of increasing cellular respiration and wound healing. Most notably, this technology
was applied by Whitehall Laboratories for antihemorrhoidal preparations. As technology has
advanced it has become apparent that all cells produce defensive factors when exposed to stress.
Based on this concept we began to explore the response of Saccharomyces cerevisiae to oxidative stress
as introduced by hydrogen peroxide.
Normally, the extract isolated from UV exposed yeast gives a negative when assayed by the Biuret
method. Peroxide treated yeast, extracted in a manner identical to the UV exposed yeast, returns a
positive response when tested by the Biuret method. Both extracts show similar absorbance at 256
nm. Absorbance at 256 nm is directly correlated to the ability of yeast extracts to increase cellular
respiration. Gel electrophoresis of peroxide treated yeast shows conservation of the proteins
expressed by UV treated yeast as well as the presence of novel proteins occurring at approximately
15±25 kDa.
Using human skin equivalents exposed to 31.5 mJ per cm2 UVA/B, Prostaglandin E2 (PGE2)
synthesis was measured. Unprotected irradiated tissue generated approximately 90 000 pg per ml of
PGE2. By way of comparison, tissue treated with UV-stressed yeast extract (0.7% w/w active) and
irradiated produced an average of 79139 pg per ml PGE2. The extract (0.7% w/w active) from
yeast treated with both UV radiation and oxidative stress reduces PGE2 production to an average of
54490 pg per ml.

Dimethylfumarate Suppresses CXC Chemokine Production in Keratinocytes and
PBMC
T. Stoof, J. Flier, S. Sampat, C. Tensen, C. Nieboer, and D. Boorsma
Department of Dermatology, University Hospital, Vrije Universiteit. Amsterdam, The Netherlands
The chemo(tactic cyto)kines IL-8 en GROa which attract neutrophils, and IP-10 and Mig, which
attract activated T-cells, play an important role in in¯ammatory dermatoses, including psoriasis.
Dimethylfumarate (DMF) is an effective antipsoriatic drug. In this study we investigated the
in¯uence of DMF on chemokine expression in vivo on biopsies of psoriasis patients and in vitro on
cultured keratinocytes and peripheral blood mononuclear cells (PBMC) from healthy volunteers.
Chemokine expression in vivo was monitored by RNA in situ hybridization (RISH) of sections of
psoriatic skin before and after treatment with DMF. Chemokine expression in vitro was determined
in keratinocytes and PBMC stimulated with IFN-g, phorbol ester (PMA) or lipopolysaccharide
(LPS) with or without DMF using Northern blot, RNase protection analysis (mRNA) and ELISA
(protein).
Using RISH we found that chemokine mRNA expression in psoriasis had disappeared after
treatment with DMF. In keratinocytes and PBMC the expression of IFNg-induced IP-10 en Mig
was dose dependently inhibited by DMF both on the mRNA and protein level. Similarly the IL-8
en GROa expression in PMA stimulated keratinocytes and LPS stimulated PBMC was dose
dependently inhibited.
This study suggests a new mechanism of action of DMF, apart from its known inhibition of cell
growth. In vitro administration of DMF results in a decrease of the induced chemokine production
both in keratinocytes and PBMC. Experiments with PBMC strongly suggest that monocytes are
the main producers of IP-10, Mig, IL-8 and GROa, indicating a prominent role of monocytes/
macrophages in the pathogenesis of psoriasis. Clinical improvement of psoriasis after treatment
with DMF might be due to the suppression of chemokine expression, resulting in a decrease of
in®ltrating leukocytes and downregulation of the in¯ammatory process.
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Response to Interferon-g of Normal and Psoriatic Keratinocytes Differs in the
Expression of Enzymes Associated with Epidermal Desquamation and Apoptosis and
of Regulatory Genes
M.M. Brysk, I. Arany, S.-H. Chen, N. He, and S.K. Tyring
Departments of Dermatology and of Microbiology & Immunology, University of Texas Medical Branch,
Galveston, Texas
Psoriasis is a T-cell mediated in¯ammatory disease characterized by hyperproliferation and by
aberrant differentiation. We found cathepsin D and zinc-a2-glycoprotein, two catalytic enzymes
associated with apoptosis and desquamation, to be present in the stratum corneum of the normal
epidermis but absent from the psoriatic plaque. Psoriasis is characterized by an altered response to
interferon-g (IFN-g), including often opposite effects on gene expression of suprabasal proteins;
apoptosis is induced by IFN-g in normal but not in psoriatic keratinocytes. Epidermal keratinocytes
(from biopsies of normal and lesional psoriatic epidermis) were cultured for 3 d in KGM medium
supplemented with 2 mM Ca2+ and 10% FBS, with and without IFN-g (1000 U per ml). Gene
expression was measured by RT-PCR. We found that IFN-g binding and signaling were
attenuated in psoriasis: the IFN-g receptor, the signal transducer and activator of transcription
STAT-1, and the interferon regulatory factor IRF-1 were strongly upregulated by IFN-g in
normal keratinocytes, but not in psoriatic ones. IFN-g strongly upregulated the expression of the
catalytic enzymes cathepsin D and zinc-a2-glycoprotein in normal keratinocytes but downregulated them in psoriatic ones; the reverse was true of the apoptotic suppressor bcl-2. We believe
that the aberrant response to IFN-g plays a central role in the pathophysiology of psoriasis,
particularly in the disruption of apoptosis and desquamation.

Role of IL-1b in Psoriasiform Skin Lesions of Flaky Skin Mice
M. SchoÈn, C. Behmenburg,* T. Ruzicka, D. Denzer,* and M.P. SchoÈn
Department of Dermatology, Heinrich-Heine-University DuÈsseldorf; *Division of Central Nervous Research,
Bayer AG, Wuppertal
Interleukin-(IL)-1 acts on many immune and other cells as an in¯ammatory mediator. Its two
forms, IL-1a and IL-1b, are regulated differentially in some hyperproliferative in¯ammatory skin
disorders. While IL-1a is downregulated within psoriatic lesions, IL1b is increased. However,
some investigators have described an inactive form of IL-1b in psoriasis, while others have detected
increased IL-1b activity within these lesions. Thus, the in vivo role of IL-1b in hyperproliferative
in¯ammatory skin disorders still remains unclear.
We have assessed expression and function of IL-1b within psoriasiform skin lesions of the
spontaneous mouse mutation Flaky Skin (fsn/fsn). It was found that IL-1b was increased by 357%
within the hyperproliferative in¯ammatory lesions of fsn/fsn mice as compared to their FSN/?
littermates (p < 0.00001). When the IL-1b-function was inhibited by intraperitoneal injection
with a neutralizing monoclonal antibody, no effects were seen in FSN/? mice. In contrast,
psoriasiform features in fsn/fsn mice were alleviated dramatically, as demonstrated by a 40%decrease of the epidermal thickness and a diminished number of intraepidermal microabscesses. In
addition, in®ltrating epidermal CD4+- and CD8+-T cells were decreased by 68% and 81%,
respectively (p < 0.05), and epidermal Langerhans cells also were reduced by 36% (p < 0.005). In
contrast, mast cells were not affected signi®cantly, suggesting differential responses of various
cutaneous cell types. Our results demonstrate an important role of IL-1b for the generation of
hyperproliferative in¯ammatory skin lesions in the fsn/fsn model. In addition, they suggest that IL1b may have a similar function in human hyperpoliferative in¯ammatory conditions, and that
targeting IL-1b functions can alleviate such disorders.
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A Novel Neuropeptide, Pituitary Adenylate Cyclase Activating Peptide (PACAP) in
Human Skin: Tissue Distribution and Induced Degranulation of Mast Cells Via Direct
Activation of Heterotrimeric G Proteins
W.E. Schmidt, A. Schmidt-Choudhury,* J. Seebeck,² M. Kruse, A. Steinhoff,³ and M.
Steinhoff³§
Departments of Internal Medicine, *Paediatrics, ²Pharmacology, University of Kiel, Germany;
³Departments. of Physiology & Surgery, University of California, San Francisco; §Department of
Dermatology, Muenster, Germany
Pituitary adenylate cyclase activating polypeptide (PACAP) is a recently cloned neuropeptide
which is involved in neurogenic in¯ammation, probably through interaction with mast cells. The
aim of the study was to determine the localization of PACAP in normal and in¯amed human skin
(psoriasis) and to investigate the signal transduction pathway underlying the PACAP response in rat
peritoneal mast cells. PACAP-immunoreactivity (IR) was present in dermal nerve ®bers close to
the dermal-epidermal border, hair follicles, blood vessels and sweat glands. Radioimmunoassay,
reverse HPLC and Western blotting revealed this PACAP-IR to be PACAP-38 and that PACAP27 is absent. In psoriasis patients signi®cantly more PACAP-38 protein was detected as compared
to normal skin. Preincubation of RPMC with pertussis toxin reduced the PACAP-response
signi®cantly. PACAP-induced secretion could be dose-dependently reduced with a phospholipaseinhibitor. The exocytotic effect of PACAP was not effected by preincubation with with the cAMP
antagonist Rp-cAMP. Coincubation of the peptide with LaCl3, a blocker of Ca-release, or DIDS,
a blocker of mast cell chloride channels, were also ineffective. In summary, the neuropeptide
PACAP-38 is present in human skin and may play a role in psoriasis. Our functional studies suggest
that (i) PACAP may activate heterotrimeric G-proteins in RPMCs like other positively charged
peptides. (ii) PACAP-induced degranulation may be mediated by the PLC-mediated signal
transduction pathway.

Mitogenic Effect of Nerve Growth Factor on Human Dermal Microvascular Endothelial
Cells
S.K. Raychaudhuri, H. Weltman, S.P. Raychaudhuri, and E.M. Farber
Psoriasis Research Institute, Palo Alto, California
Nerve growth factor (NGF) in¯uences several biological functions of various components of
cutaneous tissue. A marked upregulation of NGF in the keratinocytes is observed in conditions
characterized by angiogenesis such as psoriasis and wound healing. We have investigated the effect
of NGF on endothelial cell proliferation. In a 24-well plate, 2 3 10*4 human dermal
microvascular endothelial cells (HDMEC) per well were incubated with NGF (10±1000 ng per ml)
with or without NGF-neutralizing antibody (50±5000 ng per ml) for 2±5 d. HDMEC proliferation
was measured by hexosaminidase assay. There was a signi®cant increase in HDMEC proliferation
by NGF as compared to EGM-MV medium only (p < 0.001) on day 2 and day 5. NGFneutralizing antibody decreased the mitogenic effect of NGF signi®cantly (p < 0.05). Thus a novel
function of NGF is mitogenicity to endothelial cells. NGF plays a key role in regeneration and
proliferation of terminal cutaneous nerves. In wound healing NGF is required for the
reestablishment of neural components, whereas in psoriasis NGF contributes to the neurogenic
in¯ammatory processes. As in both of psoriasis and wound healing there is a marked proliferation
and formation of new blood vessels; it is likely that NGF has a role in angiogenesis.

Level of Cryoglobulins in Serum of Patient with Atopic Dermatitis
N.A. Konstantinova, U.V. Sergeev, V. Grabovskay, and N.V. Konstantinova
Moscow, Medical University, Moscow, Russia
We studied cryoglobulins (CG) level in serum of 85 patients with atopic dermatitis (AD) and 20
healthy donors. We were interested in whether (i) level of CG in serum of AD patients compare
with serum level of control group; (ii) level of CG correlates with severity of AD; (iii) levels of CG
are different before and after standard therapy.
Level of cryoglobulins (g per liter)

Types of atopic
dermatitis

Patients

Before treatment

After treatment

Local
Disseminated
Erythroderma
Total
Control

8
34
21
65
20

0.155
0.186
0.195
0.182
0.082

0.143
0.143
0.191
0.153

6
6
6
6
6

0.07*
0.03*
0.04*
0.011
0.011

6
6
6
6

0.08*
0.02**
0.005*
0.012**

The average level of CG in serum of AD patients was 182.0 + 11.0 mg per liter compared with
donor group 82.2 + 3.1 mg per liter. Level of CG in serum in pt with erythroderma before
treatment was highest. The level of CG after standard therapy decreased in all cases. We suggest
that the level of CG can be one of the parameters in diagnosis and prognosis of atopic
dermatitis.
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Induction of Adherence Molecule Expression on Human Dermal Microvascular
Endothelial Cells by Human Recombinant Nerve Growth Factor
S.P. Raychaudhuri, S.K. Raychaudhuri, H. Weltman, and E.M. Farber
Psoriasis Research Institute, Palo Alto, California
NGF plays a key role in the initiation and maintenance of an in¯ammation. Series of studies have
reported that NGF degranulates mast cells, recruits in¯ammatory cellular in®ltrates and activates T
cells. Extravascular migration of leukocytes is initially controlled by the interaction of cell surface
adhesion molecules of leukocytes and endothelial cells. We have investigated the effect of NGF on
intracellular adhesion molecule (ICAM) expression by human dermal microvascular endothelial
cells (HDMEC) and attachment of peripheral blood mononuclear cells (PBMC) to the ICAM
expressing HDMEC. In a 24-well plate, 2 3 10*4 HDMEC were treated with recombinant
human NGF (10±1000 ng per ml) with and without NGF-neutralizing antibody (50±5000 ng
per ml) and only EGM-MV medium for 24 h. ICAM expression by HDMEC was assessed by
ELISA. 51-Chromium labeled PBMC (5 3 10*5) were added to 1 3 10*5 HDMEC for 30 min.
Non-adherent cells and supernatants (A) were collected. HDMEC and attached PBMC were lysed
by Triton-X (B). Both (A) and (B) were counted for radioactivity to calculate the percentage of
adherent cells. NGF increased ICAM expression signi®cantly as compared to medium only (p <
0.001). NGF-neutralizing antibody decreased the ICAM expression (p < 0.05). Percentage of
adherent PBMC were higher in NGF treated HDMEC (p < 0.05). Anti-ICAM antibody
decreased the percentage of adherent PBMC (p < 0.001). NGF induces ICAM expression on
HDMEC and causes adherence of PBMC to HDMEC. This could be a mechanism by which
NGF recruits lymphomononuclear cells to the site of in¯ammation. NGF has been considered to
play a critical role in the in¯ammatory processes of various diseases such as psoriasis, asthma,
rheumatoid arthritis and allergic rhinitis.

The Inhibition of Cutaneous T Cell Apoptosis may Prevent Resolution of In¯ammation
in Atopic Eczema
C. Orteu, M. Rustin, E. O'Toole, M. Salmon, L. Poulter, and A. Akbar
Departments of Dermatology and Clinical Immunology, The Royal Free and University College Medical
School, Pond Street, London, U.K.; Centre for Immune Regulation, University Medical School,
Birmingham, U.K.
Atopic eczema (AE) is characterized by the presence of in®ltrating T lymphocytes in the dermis.
To test the hypothesis that dysregulation of normal T cell apoptosis may contribute to the
pathogenesis and chronicity of AE we compared a resolving immune response (Mantoux reaction;
MR) induced in healthy volunteers by cutaneous PPD injection with lesional AE skin.
Signi®cantly less T cell apoptosis was observed in lesional skin of AE patients compared with either
the peak or the resolution phase of the MR (p < 0.0001). The low incidence of T cell apoptosis in
AE was associated with signi®cantly increased levels of Bcl-2 relative to Bax (p < 0.0001) and
signi®cantly decreased CD95-L expression (p < 0.002) compared to the resolving MR. The IL-2R
g-chain family of cytokines IL-2, IL-15 and IL-7, which promote T cell survival and also
proliferation were expressed maximally on day 7 of the MR. In contrast, IFN-b which also inhibits
T cell apoptosis but without inducing proliferation, was expressed maximally at day 14. This
indicates that two main groups of antiapoptotic cytokines for T cells are secreted at different times
during the MR. In contrast, AE patients expressed high levels of both IL-15 and IFN-b in
cutaneous lesions at the same time.
These results suggest that the coexpression of two antiapoptotic cytokines, which are not found
together during resolving cutaneous responses, may induce excessive T cell survival and contribute
to the persistence of in¯ammation in AE.

Cutaneous Herpes Simplex Virus Type 1 Infection in Mice with Chronic Contact
Hypersensitivity
S. Yasumoto, M. Inoue, F. Kohda, S. Imafuku, and T. Hashimoto
Department of Dermatology, Kurume University School of Medicine, Fukuoka, Japan; and Department of
Dermatology, Faculty of Medicine, Kyushu University, Fukuoka, Japan
It has recently been reported that repeated epicutaneous application of conntact sensitizing agent to
the mice lead to the shift of local in¯ammatory response to Th2 type from Th1 type, the conditon
similar to that seen in the patients with atopic dermatitis. In order to elucidate the possible
immunological deviation(s) to HSV under the presence of chronic contact hypersensitivity(CH)
reponses, 5 3 104 pfu of HSV-1, 7401H strain, was inoculated to the skin applied repeatedly with
0.15% DNFB in female BALB/C mice. All the mice inoculated HSV at the site with chronic CH
developed severe zosteriform lesions, wheras the control mice and the mice with acute CH never
developed these lesions. Serum IgE level was elevated in chronic CH mice, but it may not be
essential for developement of severe skin disease, because the mice with chronic CH inoculated
HSV to the site other than CH did not show increased susceptibility. Proliferative responses to
HSV antigen in lymphocytes from draining lymph nodes were not suppressed in the chronic CH
mice, however, increased production of IL-10 in the culture supernatants was observed. Antigen
presentation assay using epidermal suspension from chronic CH mice revealed normal presentation
capacity for HSV antigen. These results may suggest that the chronic CH mice may serve as a
useful model for investigating pathomechanisms of cutaneous HSV infection, and local alterations,
but not systemic alterations, induced by the chronic CH response may provide HSV the conditions
to develope severe skin disease.
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Borrelia burgdorferi is not Involved in the Etiology of Granulomatous Cheilitis
R. Muellegger, W. Weger, N. Zoechling, S. Kaddu, H. Soyer, and H. Kerl
Department of Dermatology, Karl-Franzens University School of Medicine, Graz, Austria
Granulomatous cheilitis (CG) is a chronic granulomatous in¯ammation of the lips of unknown
etiology, which may be associated with peripheral facial nerve paralysis and/or lingua plicata
(Melkersson±Rosenthal syndrome, MRS). Borrelia burgdorferi (Bb) is a spirochete that causes Lyme
borreliosis (LB), a multisystemic infectious disease with frequent occurrence of facial nerve
paralysis. An etiologic role of Bb in various granulomatous diseases has been suggested, and Bb has
been detected in lesions of CG by dark-®eld microscopy and culture. The purpose of the present
study was to investigate a possible etiologic role of Bb in a retrospective case series of 10 CG/MRS
patients with a median disease duration of 5 mo (range 3±348 mo). All patients have resided in an
area endemic for LB. Polymerase chain reaction (PCR) was performed to analyze formalin-®xed,
paraf®n-embedded biopsy specimens from affected lip tissue for the presence of Bb-speci®c DNA
in all patients. IgG and IgM serum antibodies to Bb were determined in seven of 10 patients by
ELISA and immunoblot tests. Otorhinolaryngologic, dental, ophthalmologic, and neurologic
examination as well as routine laboratory studies were performed in all patients. Bb speci®c gene
segments could not be ampli®ed by PCR from any of the 10 biopsy specimens. Two of seven
patients tested had a positive serum ELISA Bb IgM antibody result and one patient had an IgG
response, but immunoblot testing yielded negative results in all 7 patients. Other etiologic factors
could not be identi®ed in any of the 10 patients. The results of the present study do not indicate an
etiologic role of Bb in CG.

Epidermal Sphingomyelins are Precursors for Speci®c Ceramides in the Stratum
Corneum
Y. Uchida, M. Hara,* H. Nishio,* S. Inoue,* F. Ohtuka,² P.M. Elias, W.M. Holleran, and S.
Hamanaka³
Department of Dermatology, UCSF, & VAMC, San Francisco, California; *Kanebo Basic Research &
Cosmetics Laboratory, Odawara, Japan; ²Department of Dermatology, Tsukuba University, Tsukuba,
Japan; ³RIKEN Frontier Research, Sphingolipid Expression Laboratory,Wako, Japan
Epidermal ceramides (Cer) comprise a heterogeneous family of lipids that are key components of
the stratum corneum (SC) intercellular lamellar membranes responsible for the permeability barrier.
Although both glucosylCer (GlcCer) and sphingomyelin (SM) are potential precursors of SC Cer,
the relative contribution of each to both total Cer and individual SC Cer species remains
unresolved. Based on reported chemical structures of epidermal GlcCer and SC Cer, as well as the
broad decrease in SC Cer that occurs in glucocerebrosidase de®ciency (Gaucher disease), all major
subfractions of SC Cer can be generated, at least in part, from GlcCer. Yet, we and others have
shown that SM-derived Cer also are required for normal barrier homeostasis. To clarify the role of
SM as a potential precursor of bulk or speci®c SC Cer, we analyzed the Cer moieties within human
and murine epidermal SM, and compared these with SC Cer. Using HPLC for separation,
followed by GC-MS, FAB-MS and NMR for Cer characterization, epidermal SM comprise 3
major subfractions with distinctive amide-linked (N-acyl) fatty acid (FA) compositions: i.e. either
long-chain FA (SM-1; C22±26), short-chain FA (SM-2; primarily C16) and short chain a-OH FA
(SM-3; C16±18). Moreover, only trace quantities of any of these Cer moieties are w-hydroxylated.
For each subfraction, the sphingoid base was either sphingosine or sphinganine, but phytosphingosine was not detected. Comparison of these SM with SC Cer revealed that the Cer moieties
of SM-1 and SM-3 are equivalent with Cer 2 and Cer 5, respectively. Finally, both Cers 2 and 5
were observed in Gaucher epidermis, while other Cer subfractions did not occur. These results
indicate that: (i) two epidermal SM; i.e. SM-1 and SM-3, are important precursors of Cer 2 and 5
in the SC; and (ii) w-OH Cer species in mammalian SC do not derive from SM, indicating that
these unique species derive solely from GlcCer precursors.

Latic Acid Induced Changes in Skin Studied by Bio-Engineering Techniques
I. Sadiq, N. Onumah, T. Stoudemayer, and A.M. Kligman
S.K.I.N., Incorporated, Conshohocken, Pennsylvania
The neuro-sensory effect of Lactic Acid on the naso-labial cheek is well known. Single application
of Lactic Acid 10% (aqueous) is used to screen human subjects for sensitivity on the basis of their
stinging/burning pro®le. We present here a myriad of other changes in skin produced by single
application of various concentrations of lactic acid which can only be measured by bioengineering
methodologies. Using Confocal Scanning Laser Microscope (CSLM), we found dramatic increases
in thickness of stratum corneum, which persists for several hours. The stratum corneum swelling
also results in effacement of glyphics pattern. We have shown dose dependent changes in skin
surface line pattern by replica analysis. Blood ¯ow changes were recorded by Laser Doppler
Imager, even in the absence of visually observed erythema. The electrical impedance device
showed increased hydration lasting several hours. Lactic Acid in the concentration range of 10±
20% produces important physical changes in skin besides the neuro-sensory effect.

Pathogenesis of Staphylococcus aureus in Cutaneous Disease
G. Murakawa
Division of Dermatology, Albany Medical College, Albany, New York, New York
Staphylococcus aureus is the most common cause of cutaneous infection. However, relatively little
is understood regarding its pathogenesis. To characterize the interactions with skin and its cellular
components, puri®ed cell types (keratinocytes, macrophages, melanocytes, and ®broblasts) were
infected with bacteria. Plating assays were utilized to assess the ability of the bacteria to adhere to,
invade into, and grow on the mammalian cells. S. aureus ef®ciently and immediately adheres to all
cell types. In contrast, S. aureus invades macrophages ef®ciently and immediately, but invades
nonprofessional phagocytic cells poorly and slowly. Once the bacteria enter the mammalian cells,
they are able to replicate intracellularly. Light, immuno-, and electron microscopy were used to
con®rm these results, and also revealed that the bacteria enter via endocytosis and are present
within membrane-bound vacuoles. Using arti®cial skin equivalents (SEs), S. aureus adheres
ef®ciently to and grows on the SEs, but is unable to penetrate deeply into the epidermis or dermis.
Characterizing the bacteria±mammalian cell interactions is the primary step in delineating the
mechanisms that S. aureus employs during skin infections, as well as study the host-cell response.

Imaging Protein and Lipid Distribution in Skin using an Infrared Spectroscopic Imaging
Microscope
D. Moore and R. Mendelsohn
ISP, Wayne, New Jersey and Rutgers University, Newark, New Jersey
The current study was designed to investigate the utility of a new infrared imaging technology to
the ®elds of research dermatology and cutaneous biology. Using a cryostat, skin samples of 5±8 mm
thickness, were prepared parallel to the skin's surface. These tissue slices were then analyzed with a
Bio-Rad ``Sting-Ray'' infrared imaging spectrometer. This new technology consists of a 64 3 64
focal plane array detector coupled to an infrared microscope and a step-scan interferometer. Each
data set collected consists of a matrix of 4096 individual infrared spectra, one from each detector
element in the 64 3 64 array, collected in approximately 4 min. The protein distribution in a skin
sample was determined by mapping the intensity of the protein amide I mode across all 4096
spectra, thereby generating an image of protein distribution. This protein image was compared to
an image of lipid speci®c bands in the spectra. The images were complimentary for samples of skin
taken at the very outer epidermal layers, i.e., the highest concentrations of protein occurred at the
regions with the lowest lipid concentration. Our initial experiments indicate that infrared imaging
spectroscopy will be of great utility in research dermatology for imaging the distribution of
endogenous molecules within different layers of the skin. Ongoing experiments with topically
applied molecules indicate that imaging the distribution of exogenous molecules in the skin may be
an even more powerful use for this new imaging technology. This presentation will describe our
initial skin experiments with infrared imaging technology and its potential applications in diverse
aspects of investigative dermatology.

The Lactic Acid Stinging Test Revisited
F. Andersen, L. DeShields, T. Stoudemayer, and A.M. Kligman
S.K.I.N., Incorporated, Conshohocken, Pennsylvania
Frosch and Kligman developed the lactic acid stinging test in 1977, as a means of identifying
women with ``sensitive'' skin of the face. These are normal persons who experience neurosensory
discomforts such as stinging, burning or itching after using cosmetic skin care products, often
without any clinical signs of irritation. This study was performed to improve the accuracy and
reliability of the lactic acid stinging test. The stinging test was performed as previously described.
The original test utilized a 0±3 scale, ranging from no stinging to stinging so severe that the test had
to be stopped. We replaced this scale with a Visual Analog Scale, which is better suited for
describing subjective perceptions. The person subjected to the stinging test was told to immediately
mark down changes in the sensation on a Visual Analog Scale, while the person performing the test
notes the time point. In stead of classifying subjects into nonstingers and mild to strong stingers we
were able to more accurately describe the degree of stinging by calculating the area under stinging
curve (AUC), depicting intensity of stinging as a function of time. In cases where we had stop the
test prematurely because of severe reactions we assumed that the ®nal degree of stinging would
remain unchanged for the rest of the 10 minute study period. By reporting the degree of stinging as
an AUC-value it is possible to more accurately describe changes in stinging sensation induced by a
treatment or barrier perturbation.
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The Chloroform:Methanol Burning Assay for Assessing Changes in the Barrier Function
of the Stratum Corneum Following Moisturizer Treatment
F. Andersen, T. Stoudemayer, and A. M. Kligman
S.K.I.N., Incorporated, Conshohocken, Pennsylvania
Chloroform:methanol (20:80) provokes a sharp burning sensation within minutes after application.
An impaired barrier results in a rapid perception of burning, reaching peak intensity in a short time.
Fifteen ml of chloroform:methanol (20:80) was pipetted into an 10-mm-circular well of stopcock
grease previously applied to the area to be tested. The area was then sealed by a plastic cover slip.
The endpoints were time to ®rst perceive a burning sensation (TO), time to peak burning sensation
(TP), and the intensity of burning on a scale from 0 to 3 (none, mild, moderate or strong), at onset
(IO) and peak (IP). The assay was used for evaluating the effects of moisturizers on the barrier's
integrity using white petrolatum as a benchmark, by treating one dorsal forearm with white
petrolatum and the other with the test-moisturizer. To make the outcome of this more easily
grasped, the Burning Index (BI) was developed. The intensity grades were multiplied by a factor
100, to sharpen the readings. BI = [(TO(post) ± TO(pre)) + (IO(pre) ± IO(post)) 3 100] + [(TP(post)
± TP(pre)) + (IP(pre) ± IP(post)) 3 100] A good moisturizer typically yielded a BI between + 200
and + 400 after 3 wk of b.i.d. treatment, indicating improvement in the barrier function. A
negative BI, indicating barrier damage, was seen after treatment with a moisturizer containing 15%
glycolic acid.

Protease Inhibitors can Modulate the Differentiation Process in Human Skin
L.A.G. Declercq, T. Mammone,* L. Van Overloop, N. Muizzuddin,* P. Giacomoni,* K.
Marenus,* and D. Maes*
Estee Lauder BCC, Oevel, Belgium; *Estee Lauder Companies, Melville, New York, New York
Stratum corneum chymotryptic enzyme (SCCE) and stratum corneum tryptic enzyme (SCTE)
both play a major role in the regulation of the desquamation process of the stratum corneum. We
have developed an assay to measure SCCE and SCTE activity directly on tape strippings from the
upper stratum corneum, using an HPLC method with ¯uorescence detection. The speci®city of
the enzymatic activity was con®rmed with known protease inhibitors. Barrier disruption by tape
stripping leads to a decrease in activity of both of these proteases, suggesting that reducing the
degradation rate of intercellular cohesive structures is part of the recovery response in the skin that
leads to normalization of barrier function. Previously we have observed that various protease
inhibitors induce differentiation in normal human keratinocytes in culture. E64 and the Complete
protease inhibitor mix (Boehringer Mannheim) both increased keratin K10, involucrin and
®laggrin protein levels in cultures of normal human keratinocytes. These same protease inhibitors,
when applied topically on to a epidermal skin model, induced a thickening of the corni®ed layers.
The topical use of protease inhibitors increased the barrier of skin as measured by tape stripping.
After 2 and 4 wk we observed that a crude mix of protease inhibitors increased by 13 and 33% the
number of tape strips needed to increase the transepidermal water loss to a ®xed value of 18 g per
m2 per h. Our results suggest that a topical treatment with protease inhibitors may improve the
barrier function of the skin.

The Novel Triterpenoids, Type 2 5a-Reductase Speci®c Inhibitor
Y. Nakazawa, M. Makino, Y. Fujimoto, and M. Tajima
Shiseido Research Center, Kanagawa; and Collage of Pharmacy, Nihon University, Chiba, Japan
The metabolisms of androgen in human scalp hair follicle have in¯uence on the development of
androgenetic alopecia. The conversion of testosterone to dihydrotestosterone that is most effective
androgen has been demonstrated to be catalyzed by steroid 5a-reductase (5aR). There are at least
two isozymes of human 5aR, designated type 1 and 2 (5aR1 and 5aR2). However, the detail
roles and distribution of 5aR1 and 5aR2 in hair follicle have not clearly. In this study, we
investigated the localization of 5aR1 and 5aR2 in micro dissected intact subunits of human scalp
hair follicle, respectively. The results reveal that distribution of both 5aR1 and 5aR2 activity
detect in mesenchymal tissues, e.g. dermal papillae (DP) and dermal connective tissue sheath of
female scalp hair follicle, while recent data indicate 5aR2 is absent in cultured DP cell. Therefore
we conclude that not only 5aR1 but also 5aR2 play an important role for androgen action in
human scalp hair follicle.
We found the alcoholic extract of Juliania adstringens exhibited strong speci®c inhibitory against
5aR2, but not 5aR1. We studied on the active components of this extract and isolated 13
triterpenoids include four novel compounds. Our results suggest that inhibitory abilities for 5aR2
of the triterpenoids due to the structure of 3-OH and 26-carboxyl group. We concluded that
triterpenoids were the new type 5aR inhibitor because the most of published 5aR inhibitors were
have 3-keto, but not 3-OH. We expect that alcoholic extract of this plant and isolated novel
triterpenoids are used for treatment of male pattern baldness.
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The Effect of Topical Alpha Hydroxy Acids on the Skin Barrier of Hairless Mice
E.H. Choi, T.H. Kim, and S.K. Ahn
Yonsei University Wonju College of Medicine, Wonju, Republic of Korea
Alpha hydroxy acids (AHA) such as glycolic acid and lactic acid have recently been used
extensively in cosmetic and dermatological formulas. However, the action mechanisms of these
substances on the skin barrier have not been well documented. The purpose of this study was to
investigate the effect of AHA on the skin barrier of hairless mice and to clarify the contribution of
AHA to the formation and secretion of lamellar bodies (LB), and to the change of calcium gradient
in the epidermis. The normal skin of hairless mice were applied with lactic acid and glycolic acid
(5%, pH 3.8) daily for 14 days, and then the TEWL, capacitance and electron microscopic ®ndings
of AHA applied epidermis were compared with vehicle (water:ethanol:propylene glycol = 2:2:1)
applied epidermis. There were no signi®cant differences in TEWL, capacitance, and epidermal
thickness between AHA and vehicle applied epidermis of hairless mice. AHA applied epidermis
showed increased number and secretion of LB and decreased number of stratum corneum (SC)
layers in comparison with vehicle in electron micrographs. The intercelluar spaces of SC and
calcium gradient in AHA applied epidermis were normal as like vehicle. These results suggest that
AHA may improve skin barrier of hairless mice by inducing the enhanced desquamation, and by
increasing the number and secretion of LB without altered function of skin barrier in low
concentration (5%).

Enhanced Human Nail Drug Delivery: Nail Inner Drug Content Assayed by New
Unique Method
X. Hui, Z. Shainhouse,* H. Tanojo, A. Anigbogu, G.E. Markus,* H.I. Maibach, and R.C. Wester
University of California San Francisco, San Francisco, California; *Dimethaid Research Inc. Markham,
Ontario, Canada
Topical treatments of nail diseases such as onychomycosis currently are marginal, likely because
they minimally penetrate the nail plate to eradicate the infection. A new topical delivery
formulation, enhanced nail delivery formulation (END formulation) has been tested with
radiolabeled chemicals, urea, ketoconazole, and salicylic acid in a new assay system. After 5 liters
per dose, twice daily for 7 d on human health nail plates, radioactivity of top nail center (dosed
area), intermediate nail center (beneath the top center), remainder nail, and daily surface washing,
and nail supporting bed samples were measured. Total radioactivity recovery and mass balance of
dosed [14C]-salicylic acid found 87 6 6% in END formulation and 83 6 2% in saline formulation.
Weight-normalized radioactivity contents of these chemicals in the intermediate nail plate center
in END formulation was 50% higher than those of from control saline formulation (p < 0.05). The
data demonstrated the ef®cacy of END formulation on enhancement of the permeability into the
human nail. The assay system shows unique characteristics. The incubation simulates the in vivo
situation with nonocclusive nail surface and humidity controlled nail supporting bed. The sampling
instrument shows the accuracy of the sampling process. The average depth of nail sampling from
the inner center surface was well controlled at 0.25 6 0.05 mm.

Interleukin 12 Therapy in Early Mycosis Fungoides is Associated with Reduced
Expression of Lesional Cytokines
R. Phillips, L. Yoon, A. Rook,* J. Breuer-McHam, J. Medeiros, A. Sarris, and M. Duvic
M.D. Anderson Cancer Center, Houston, Texas; *University of Pennsylvania, Philadelphia, Pennsylvania
Mycosis Fungoides is an indolent T cell lymphoma starting with skin lesions and shifting towards
Th2 cytokine expression in later stages. Interleukin 12 (rIL-2) reverses Th2 cytokine expression in
Sezary cell lines in vitro and was active in Phase I. 12 patients with early patch stage MF Stage IA
enrolled at MDACC or University of Penn in a Phase II study received 300 ng per kg of human
rIL-12 SC over 6 mo. Weighted body surface extent scores were done monthly for response. Eight
patients (66%) achieved PRs, one had minimal response, and two had stable disease. Early
withdrawals were progressive disease after intial PR (4 pts), pneumonia (1 pt), thrombocytopenia
(1 pt) and death from autoimmune hemolytic anemia (1 pt). Diarrhea, anxiety, and fatigue were
reported. Eight patients had serial skin biopsies including normal and lesion skin at baseline, lesions
at week 13 and termination. Immunohistochemistry for interferon gamma, interferon inducible
protein (IP-10), interleukin 10, IL-12, and TNF-a was performed. From week 0±13 there were
signi®cant decreases in dermal lymphocytes (p = 0.66), and in epidermal IP-10 (p = 0.042), IFNgamma (p = 0.027), TNF-a (p = 0.027). Decreases in epidermal lymphocytes, IL-10 and IL-12
were also seen at 13 wk but were not signi®cant. Interleukin 12 therapy improves early MF lesions,
in association with reduced epidermal expression of cytokines TNF-a, IFN-g and IP-10.
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Interferons for Melanoma: The Need for Placebo-Controlled Trials
A. Usman and A. Kimyai-Asadi*
Columbia University College of Physicians & Surgeons, New York, New York; *Ronald O. Perelman
Department of Dermatology, New York University School of Medicine, New York, New York
Interferon alpha is rapidly gaining acceptance as the standard of care for patients with advanced but
nonmetastatic cutaneous malignant melanoma. The randomized trials of interferons for melanoma
are reviewed and a meta-analysis of their results is performed which fails to reveal any overall
survival bene®t. As none of these studies are placebo-controlled, questions regarding the placebo
effects interferons may possess are addressed, as is an analogous clinical scenario in which
interferons appeared to be bene®cial in nonplacebo controlled trials but were shown to be
ineffective in placebo-controlled trials. Moreover, given the signi®cant toxicities and ®nancial costs
of interferons, the argument is advanced that interferon a should not become the standard of care
for melanomas until the results of randomized, placebo-controlled trials evaluating the survival
advantages of interferon alpha for melanoma become available.

Effectiveness of Topical Tazarotene 0.1% Gel for Treatment of Basal Cell Carcinoma
K. Peris, M. Fargnoli, D. Piccolo, and S. Chimenti*
Department of Dermatology, University of L¢Aquila, L'Aquila, Italy; *Department of Dermatology,
University ``Tor Vergata'', Rome, Italy
Tazarotene is a novel acetylenic retinoid originally developed for the topical treatment of mild
psoriasis. Based on the recently hypothesized effects of this agent on the differentiation and
proliferation of keratinocytes, we performed an open clinical trial on 20 patients (11 men, nine
women; age range, 37±85 y; mean age, 66.6 y) with basal-cell carcinoma (BCC) to evaluate the
ef®cacy and tolerability of tazarotene 0.1% gel for the treatment of this tumor. 30 lesions (17
nodular, 13 super®cial), four of which were recurrent, were treated once-daily for a maximum
period of eight months. The clinical diagnosis of BCC was con®rmed by digital epiluminescence
microscopy and by histopathological examination of 10 lesions. A complete response
(disappearance of BCC) was achieved after ®ve to eight months of treatment in 16 of 30 lesions
(53%) (11 super®cial, ®ve nodular), three of which were recurrent. Post-treatment histopathological examination of ®ve of 16 lesions with complete response revealed slight ®brosis of the
super®cial dermis with no residual neoplastic cells. No recurrence was observed after 4±16 wk of
follow-up (mean, 9.6 wk). A partial response (40% reduction of tumor size) was achieved in 14
lesions (47%). Remarkably, there was neither a lack of response nor a worsening during treatment
in any patient. Adverse events were limited to mild local irritation. The effectiveness of topical
tazarotene in the treatment of super®cial and nodular BCC could change completely the
management strategy of this common malignant cutaneous tumor. Longer-term follow-up and
treatment of larger numbers of patients will be necessary to further evaluate this new therapeutic
approach.

Antiin¯ammatory and Immunoregulatory Properties of Green Tea Extract
G.J. Gendimenico, P. Dusman, F.T. Liebel, J.A. Mezick, S.S. Shapiro, and K.M. Martin
Johnson & Johnson Consumer Products Worldwide, Skillman, New Jersey
Our previous data indicated that iC3b is deposited in UV-exposed skin, and binding of iC3b to b 2
integrin on monocytes induces increased IL-10 production, but down-regulated IL-12 production
that is characteristic of macrophages in UV-exposed human skin. We address here whether or not
iC3b can block monocytic cells migrating into UV-exposed skin from differentiating into dendritic
cells (DC). A time course showed that iC3b deposits were increased in human skin on day 3, and
faded to normal by day 7 following UV exposure. In parallel, ¯ow cytometry analysis of keratome
skin samples showed that dermal CD1c+ cells (Langerhans cell-like dendritic APC) were depleted
on day 3 (p < 0.05), and recovered to normal levels by day 7 following UV exposure. In vitro,
puri®ed monocytes were induced to a precursor state of expression of both CD1c and CD14 with
GMCSF. Solid phase iC3b markedly decreased CD1c+ cells from 67% to 10% (p < 0.05 relative to
controls). CD40 expression also decreased. By contrast, CD14 expression was increased in ®ve of
®ve subjects (p < 0.01). Taken together with our data on the criticality of iC3b for UV induced
immunosuppression, current data suggests that deposition of iC3b may be a critical element in the
transient down-regulation of dendritic cell differentiation and promotion toward macrophage
phenotype expression that occurs in UV-exposed skin in vivo.

A Phase 2 Open-Label Study Reveals that Recombinant Human Interleukin-12 (rhIL12) is Ef®cacious in Patients with Early Stage Cutaneous T-Cell Lymphoma (CTCL)
A.H. Rook, F. Foss,* G. Wood,² T. Kuzel,³ E. Olsen,§ K. Dillman,¶ R. Laliberte,¶ M.
Sherman,¶ K. Conlon,¶ and M. Duvic**
University of Pennsylvania, Philadelphia, Pennsylvania; *New England Medical Center, Boston,
Massachusetts; ²Case Western Reserve, Cleveland, Ohio; ³North-western University Medical School,
Chicago, Illinois; §Duke University, Durham, North Carolina; ¶Genetics Institute, Cambridge,
Massachusetts; **UT MD Anderson Center, Houston, Texas
A previously completed phase I dose-escalation study of rhIL-12 in patients with CTCL
demonstrated a high response rate (®ve of nine responders with two CRs) and few adverse effects.
Regressing skin lesions contained high numbers of cytotoxic T-cells. Based on those results, an
open label, single agent, Phase 2 trial was initiated. Eligible patients included those with stages IA,
IB or IIA CTCL, life expectancy 6 mo, and Karnofsky score 70. rhIL-12 was administered at 100
ng per kg SC twice weekly for 2 wk, and escalated to 300 ng per kg for the remainder of the 24 wk
dosing period. A total of 23 previously treated patients were enrolled, including 14 (61%) with
three or more prior therapies. Best response to study treatment, as evaluated using the Severity
Weighting of Extent Index, is summarized as follows:
Best response to study treatment
n (%)

CR
0 (±)

PR
10 (43)

MR
2 (9)

NR
7 (30)

PD
4 (17)

Study treatment was discontinued early due to disease progression (four patients), adverse events
(three patients), or other reasons (three patients). Treatment was generally well tolerated with the
most frequently reported treatment-related adverse events being headaches, fatigue, fever, chills,
myalgias, and injection site reaction. One patient died due to an autoimmune hemolytic anemia
which was possibly related to study treatment. This study further confirms the therapeutic activity
of rhIL-12 for CTCL.
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Skin Therapy: Identifying A Compatible Cleansing System
R. Maas-Irslinger, M. Stoudemayer,* T. Stoudemayer,* and O.H. Mills*
Beiersdorf, Inc. Norwalk, Conneticut; *S.K.I.N., Incorporated, Conshohocken, Pennsylvania
A signi®cant challenge in skin pharmacology remains the therapy of common chronic disease.
During protracted periods of treatment, issues like compliance and effects of extrinsic factors
become important. Key to the success of treatment in this area is the identi®cation of a cleansing
system that is compatible with the disease state. In order to evaluate cleansing mildness, we selected
atopic dermatitis and rosacea populations for study. Both of these have been reported to have
sensitive skin. Twenty subjects in each group washed their faces twice daily with a cleanser
formulated to be gentle and hydrating. Clinical, instrumental (Corneometer), and perception
evaluations were done for 2 wk. Excellent compatibility, lack of uncomfortable symptoms, and
instrumental measurement characterized this cleanser. These results point to a cleansing system that
can be used in the unique area of dermatopharmacology.
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A Multicenter Dose-Escalation Trial with Denileukin Diftitox in Patients with Severe
Psoriasis
A. Martin, E. Gutierrez, C. McDonald,* J. Muglia,* C. Guzzo,² A.B. Gottlieb,³ A. Pappert,³
W.T. Garland,§ J. Bagel,¶ and P. Bacha**
Washington University, St. Louis, Missouri; *Brown University, Providence, Rhode Island; ²University of
Penn, Philadelphia, Pennsylvania; ³UMDNJ, New Brunswick, New Jersey; §Lawrence Research Center,
Lawrenceville, New Jersey; ¶Psoriasis Treatment Center of Central New Jersey, East Windsor, New Jersey;
**Seragen, Inc., a subsidiary of Ligand Pharmaceuticals, Inc. Hopkinton, Massachusetts
Denileukin diftitox (ONTAK, DAB389IL-2), a fusion protein targeting malignant and normal
activated lymphocytes, has previously been shown to have antipsoriatic activity, but the optimal
dosing regimen was not established. Currently, 35 heavily pretreated patients with severe psoriasis
were administered 0.5, 1.5, or 5 mcg per kg per d of denileukin diftitox on 3 d every other week
for 8 wk. Patients were evaluated for toxicity and improvement in psoriasis. Eight patients had a
greater than or equal to 50% decrease in Psoriasis Area and Severity Index from baseline (none of
10 at 0.5 mcg per kg per d, one of 10 at 1.5 mcg per kg per d, and seven of 15 at 5 mcg per kg per
d). Four patients, all on 5 mcg per kg per d, had a 2-grade improvement on the 5-grade Physician's
Global Assessment scale. Adverse events primarily consisted of constitutional symptoms (asthenia,
fever/chills, nausea, and headache), skin reactions (generalized pruritus and rash) and increases in
transaminase levels with the highest frequency and severity at 5 mcg per kg per d. There was one
report of mild vascular leak and three of hypersensitivity reactions, one resulting in exfoliative
dermatitis. Grade 3/4 toxicities considered drug-related were limited to one patient with transient
transaminase elevations and one with transient leukopenia. All toxicities were self-limited or
manageable with supportive measures. This study has identi®ed 5 mcg per kg per d as dose with
antipsoriatic activity that is generally tolerated when administered on this schedule.
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Utility of Routine Laboratory Testing During Systemic Isotretinoin Therapy for Acne
Vulgaris in a Suburban Of®ce Based Dermatology Practice ± A Retrospective Review
R.S. Altman, L.J. Altman,* and J.S. Altman²
UMDNJ ± New Jersey Medical School, Newark, New Jersey; *Independent Investigator, Cherry Hill, New
Jersey; ²Altman Dermatology Associates, Arlington Heights, Illinois
This investigation was initiated to understand the value of continued routine laboratory testing
during oral isotretinoin (Accutane/Roche Pharmaceuticals, Nutley, NJ) therapy for severe or
recalcitrant acne vulgaris. Previous reviews have con®rmed the clinical effectiveness and safety of
this medication. Side-effects are generally mild and predictable. Systemic side-effects outside of
potential teratogenicity are rarely problematic. Despite this, routine laboratory testing among
clinicians varies. We present a retrospective statistical review of laboratory parameters measured in
over 100 otherwise healthy patients treated over a 4 y period with conventional doses of Accutane
(0.5±1.0 mg per kg) for severe or unresponsive acne vulgaris. Laboratory tests included complete
blood counts and multipanel chemistry panel testing measured at various intervals over the course
of therapy up to 18 wk. Statistically signi®cant increases in serum cholesterol, triglyceride, and
transaminase levels rarely reached clinically signi®cant levels or altered clinical therapy. We suggest
that for a majority of patients, blood testing beyond 4 wk of therapy is unlikely to be of clinical
utility or to be cost effective. Patients with abnormal baseline or clinically signi®cant abnormalities
are likely to be identi®ed by the fourth week of therapy.

The Longevity of Graftskin (Apligraf) Cells for the Treatment of Acute and Chronic
Wounds
M.L. Sabolinski, J. Young, K. Giovino, P. Bilbo, and C. Isaacs
Organogenesis Inc. Canton, Massachusetts
The purpose of this study was to determine the persistence of human allogeneic keratinocytes and
®broblasts at the site of acute and chronic wounds treated with Graftskin, a living bi-layered skin
alternative. Over 540 patients have been grafted with Graftskin to date in burn surgery, donor sites,
surgical excision wounds, epidermolysis bullosa, venous leg ulcers, and diabetic foot ulcers. While
clinical observations of graft-take have been reported, there is no de®nitive evidence of Apligraf
persistence. Three clinical indications, treatment of donor sites (n = 11), blisters due to
epidermolysis bullosa (n = 12), and venous leg ulcers (n = 5), were studied in prospective clinical
trials for three to six month duration. Endpoints in the study included clinical assessment of
complete wound closure, safety, and laboratory assessment of persistence of Graftskin DNA by
polyermase chain reaction (PCR). PCR analysis was performed on 3 mm punch biopsy specimens
taken at baseline and various timepoints after Graftskin treatment. The PCR primer used in these
studies is speci®c for the HLA class II gene DQB10201. Both Graftskin keratinocytes and
®broblasts carry this HLA gene. Results of this study showed that Graftskin DNA persisted at 4 wk
in 27% (three of 11) of the donor site patients, 33% (four of 12) of the epidermolysis bullosa
patients, and none (noneof ®ve) of the venous leg ulcer patients. We conclude that allogeneic
keratinocytes and ®broblasts are able to persist at the site of treated wounds for at least one month.
Further research is needed to determine longer term persistence and the relative contribution of
various factors such as wound type, size, and depth, and age of the graft recipient.

Arsenic Trioxide Induces Apoptosis of Sezary Cells In Vitro
P. Dupuy, L. Michel, L. Dubertret, and H. Bachelez
Institut de Recherche sur la Peau, Pavillon Bazin, Hopital Saint-Louis, Paris cedex 10, France
Arsenic trioxyde (As2O3) has recently shown potent antineoplastic properties against myeloid and
lymphoid malignancies. In the present study, we investigated the effects of As2O3 on the viability
of the Sezary cell line HUT-78 and of peripheral blood mononuclear cells (PBMCs) derived from
three patients with Sezary syndrome (SS). The double staining analysis of patients' PBMCs with
anti-TCRBV and anti-CD3 monoclonal antibodies showed that the proportion of tumoral cells
exceeded 80% of circulating T cells. Viability/apoptosis were assessed by using ¯ow cytometric
analysis after propidium iodide and annexin-V staining, terminal d-UTP nick end labelling
(TUNEL), and cell cycle analysis. The proportion of apoptotic cells was 50% when the HUT-78
cell line was incubated for 48 h with As2O3 5 mM. PBMCs derived from three patients with SS
exhibited a sensitivity to As2O3 greater than the one of HUT-78. Thus, the proportion of
apoptotic cells among PBMCs from SS patients incubated during 48 h with As2O3 5 mM and 2
mM was 90% and near 50%, respectively. We did not observe signi®cant changes in the ratio of
tumoral cells, suggesting that Sezary cells and normal CD4 cells are equally sensitive to As2O3induced apoptosis. Finally, in vitro expansion of tumoral cells in the presence of IL-2 and IL-7 did
not alter the sensitivity of Sezary cells derived from the patients. To our knowledge, the results
from these preclinical studies are the ®rst demonstration of the proapoptotic properties of As2O3 on
Sezary cells.
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Skin Anti-In¯ammatory Activity of Hydroxytyrosol and its Acid Form 3,4
Dihydroxyphenylacetic Acid
A. Despotopoulos, M. Rallis, P. Marakos, P. Rodis,* N. Proxenia,* C. Demetzos, K. Xenos,² A.
Katsarou,² I. Tsaldaris, and G. Papaioannou
University of Athens, Athens, Greece; *Agricultural University of Athens, Athens, Greece; ²University
Hospital A. Syngros, Athens, Greece
The olives are well protected from oxidative stress by different antioxidant substances. Among
them it is contained in very small amounts the hydroxytyrosol which at least in vitro, according to
the literature, seems to have potential antioxidant properties. The hydroxytyrosol was prepared by
hydrolysis of oleuropein, substance abundantly found in the green olives, as well as from the
reduction of the acid form of hydroxytyrosol (3,4 dihydroxyphenylacetic acid). The
hydroxytyrosol and the 3,4 dihydroxyphenylacetic acid were tested for their anti-in¯ammatory
activity in vivo in hairless mice (n = 7). The mice were irradiated by UVB light (3 MED). The
clinical aspect was assessed and measured the transepidermal water loss and the skin redness. The
above mentioned biophysical parameters were measured by appropriate instruments. As
biochemical parameters they will be assessed the lipid peroxidation, the a-tocopherol content,
the interleukin 1b and the TNFa. They will be assessed correspondingly by ¯uorescence, HPLCelectrochemical detection and elisa. For the biophysical parameters, even though non statistically
signi®cant differences between the treated and non treated areas were obtained, it seems that the
in¯ammatory phenomena can be enhanced up to the 5th day and decreased after the 7th or 10th
day. Future studies must be taken using a bigger sample of animals examining notably the
hydroxytyrosol's preventive action.

Phase I Clinical Trial of O6-Benzylguanine (BG) and BCNU in Cutaneous T Cell
Lymphoma (CTCL)
S.K. Szabo, T.P. Spiro, S.R. Stevens, N. Horvath, L. Liu, K.D. Cooper, S.L. Gerson, and G.S.
Wood
Case Western Reserve University and University Hospitals of Cleveland, Cleveland, Ohio
BCNU has proven ef®cacy in CTCL. BCNY forms DNA alkyl adducts that ultimately induces
cytotoxic crosslinks in tumor cells. AGT(alkylguanine DNA alkyltransferase), removes these
adducts, and is the main mechanism of tumor cell resistance. BG depletes AGT in tumor tissue.
AGT activity in HUT-78 cell line and PBMC of leukemic CTCL was 7.2 and 5.2, respectively, vs
3.0 fmol/microgramDNA in normal PBMC. AGT activity is readily detectable in CTCL, but not
in normal skin. This provided a rationale to a Phase I clinical trial with BG/BCNU, to assess the
toxicity of biweekly administered low dose topical BCNU following 120 mg per m2 intravenous
BG, and to determine the kinetics of AGT depletion in CTCL skin lesions. Besides a transient
SGOT increase in one patient, there have not been adverse events noted. Baseline AGT activity
(2.4 fmol per microgram DNA), determined from CTCL lesional biopsies, was diminished by
74.3% 6 h following the ®rst BG administration. At 24 h, it was 0.2 fmol per microgram DNA
(89% inhibition). At 8 days AGT was 2.1 fmol per microgramDNA, indicating that the depletion
of AGT is reversible. In conclusion, combination of BG/BCNU is safe at these dose levels. 120 mg
per m2 BG appears to be suf®cient to deplete AGT in the skin lesions of CTCL, which is central to
enhancing the antitumor effect of BCNU in CTCL. These results suggest that BG/BCNU therapy
may represent a potent, well tolerated, novel treatment for CTCL.

Transcriptional Activation of the Human Metallothionein IIA Gene by BetaThujaplicin: Evidence of the Role as a Protein Kinase Activator
H. Nakano, D. Kouba, K. Hanada, Y. Arima, and J. Uitto
Thomas Jefferson University, Philadelphia, Pennsylvania; National Hirosaki Hospital, Hirosaki, Japan;
Kyoto University, Koto, Japan
Beta-thujaplicin (BT), a steam wood extract from Thuja plicata, has a wide variety of biological
activities, including antimicrobial effect, anticancer activity and induction of differentiation.
Recently, we discovered that BT induces the expression of metallothionein in the mouse
keratinocyte in vivo and in vitro, resulting in reduction of UVB-induced apoptosis. Thus far,
however, the molecular mechanisms by which BT exerts its biological effects have not been
elucidated. We have now identi®ed BT as a novel activator of the human metallothionein IIA
(hMTIIA) gene transcription and its possible role as a protein kinase activator. Northern analysis
showed that BT increased the hMTIIA gene transcript in a dose-dependent fashion in the HaCaT
keratinocyte cell line. The induction was observed as early as 1 h after BT application and maximal
induction was seen within 8 h, indicating a rapid kinetic of the mRNA induction by BT. CAT
assay using the reporter construct bearing the promoter region of the hMTIIA gene demonstrated
that BT increased CAT activity in a dose-dependent manner, indicating that BT can transactivate
the hMTIIA gene promoter. To explore the signal transduction pathway involved in the molecular
action of BT, we examined the effect of the protein kinase inhibitor H7 on BT-inducible
expression of the hMTIIA gene. In HaCaT cells, the increases in the hMTIIA mRNA were not
suppressed by H7, whereas the induction was totally inhibited in HeLa cells, implying that BT may
utilize different signal transduction pathways to exert its action in the two cell lines examined.
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Sebaceous Glands are not the Primary Targets of Dioxin-Induced Chloracne-Like
Lesions in the Skin of Hairless Mice
A.A. Panteleyev, H.M. Lam, V.M. Aita, R. Thiel,* R. Paus,² T. Rosenbach,³ and A.M.
Christiano
Columbia University, New York, New York; *Free University, Berlin, Germany; ²University Hospital
Eppendorf, Hamburg, Germany; ³Humboldt-University, Berlin, Germany
Dioxin is the most toxic environmental pollutant, which evokes a wide range of adverse effects in
humans and animals. The cardinal clinical sign of dioxin-intoxication in humans is the occurence
of chloracne, an acneiform skin disease with unclear etiology characterzed by the formation of
keratinized cysts. Similar to common acne forms, chloracne is thought to originate from squamous
metaplasia of sebaceous glands (SG) and keratinization of the hair follicle (HF) infundibulum.
Hairless (hr/hr) mouse mutants respond to dioxin treatment with symptoms that strikingly
resemble chloracne in humans. We studied the sequence of histopathological events leading to the
formation of the chloracne-like cysts and the expression of keratin 17 mRNA, a marker of specifc
HF cell populations, in dioxin-treated h skin. Dioxin treatment evoked a complete involution of
SG and adjacent utriculi without signs of squamous metaplasia or hyperkeratinization. In contrast,
the dermal cyst epithelium underwent dramatic hyperkeratinization, forming chloracne-like cystic
structures. MK17 expression patterns con®rmed that dermal cysts originate from the proximal,
cycling portion of the HF, but not from the SG, or the utriculi that correspond solely to the
infundibulum of the normal HF. We conclude that chloracne most likely re¯ects the impairment
of the keratinocyte differentiation program in the proximal HF, which corresponds to the dermal
cysts in hairless mouse skin, rather than a primary event in the SG or HF infundibulum. Neither
the SG nor the upper portion of the HF epithelium, from which the utriculi arise, appear to be
involved.

Therapeutic Effects of the Antibacterial Treatment on Intractable Skin Diseases in
Helicobacter pylori-Positive Japanese Patients
M. Sakurane, F. Furukawa, A. Shiotani,* and S. Nishioka*
Department of Dermatology and *Second Department of Internal Medicine, Wakayama Medical College,
Japan
Helicobacter pylori (H. pylori) was ®rst isolated from gastric mucosa in 1983, and has been implicated
as an etiological factor in gastritis, gastric and duodenal ulcers and gastric cancer.
In the dermatological ®eld,marked ef®cacy in chronic urticaria after eradication of H. pylori has
been reported indicating a possible association of H. pylori to allergic diseases. In addition, there are
reports which suggest the involvement of H. pylori in rosacea, Sjogren syndrome, SchonleinHenoch purpura and Sweet's syndrome. In order to understand the pathogenesis of the relation
between H. pylori and skin diseases, we examined the level of IgG antibody against H. pylori and
then performed gastroscopic examination in Japanese patients with chronic skin diseases.These H.
pylori-positive patients were treated with antibacterial eradication, and then therapeutic ef®cacy
was evaluated. 117 patients who were resistant to standard therapies were randomly selected. They
included 31 cases with chronic urticaria (mean age 42.3), 23 cases with pruritus cutaneous (mean
age 55.3), 18 cases with atopic dermatitis (mean age 26.3), nine cases with chronic eczema (mean
age 49.0), seven cases with prurigo chronica multifomis and so on.
Anti-H. pylori antibody was demonstrated in 65 out of 117 patients. More than half of these
patients with urticaria, pruritus, eczema and prurigo showed the positive antibody. Gastroscopy
was carried out in 45 cases with positive antibody and 41 had H. pylori in the gastric mucosa. On
eradication therapy, marked ef®cacy was observed in patients with chronic urticaria, pruritus
cutaneous and prurigo chronica multiformis, in whom 50±70% showed complete or partial
remission. Ef®cacy was also observed in patients on maintenance therapy with oral corticosteroids.
We assumed the possibility that, in chronic skin diseases, persistent infection with H. pylori may be
a cause of eruption and attributable to the deterioration of the diseases into intractable and chronic
forms.
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Thymidine Dinucleotide (pTpT) Protects Cells Against Oxidative Damage
M.S. Lee, G.Z. Li, M. Yaar, T.M. RuÈnger, and B.A. Gilchrest
Department of Dermatology, Boston University School of Medicine, Boston, Massachusetts
We have shown that small DNA oligonucleotides, particularly pTpT, protect skin-derived cells
from ultraviolet (UV)-induced death and that this effect is mediated in part by activating p53 and
increasing the levels of nucleotide excision repair proteins, thereby enhancing the repair of UVBinduced DNA damage. To determine if pTpT also plays a protective role in UVA-induced
oxidative damage to the cell, primary newborn ®broblasts were treated for 3 d with 10 mM pTpT
or diluent as control and then were stimulated with 5 3 10±5 or 5 3 10±4 M hydrogen peroxide
(H2O2). Within 72 h of H2O2 exposure cell yields in pTpT pre-treated cultures were 45 6 1% and
139 6 5% higher as compared to diluent treated control for the low and high H2O2 concentration,
respectively. In diluent pretreated cultures, 72 h after the low H2O2 dose, only 9.6 6 2.4% of the
cells survived. In contrast, pTpT pretreatment enhanced cell survival 2±9 fold and conferred
complete protection when 2.5 3 10±5 M H2O2 was used. To elucidate the mechanism(s) of this
pTpT effect we examined the transcript and protein levels of Cu/Zn superoxide dismutase (SOD1)
and catalase, enzymes that participate in the process of oxygen radical quenching. Within 24 h
pTpT induced the 0.7 kb SOD1 transcript ~2 fold. Consistent with the mRNA upregulation,
SOD1 protein level was induced > 3 fold 48 and 72 h after pTpT stimulation and remained
elevated at least 24 h after pTpT withdrawal, when the experiment was terminated. pTpT did not
affect catalase mRNA or protein levels. To determine if pTpT-induced protection against
oxidative damage is mediated also by enhanced repair of oxidative DNA damage, we studied base
excision repair in pTpT-and diluent-treated ®broblasts using a host cell reactivation assay with the
plasmid pZ189 that carries oxidative DNA base modi®cations. No differences in repair ef®ciency
or repair ®delity were detected between pTpT and diluent treated ®broblasts in this functional
DNA repair assay. Furthermore, no induction of the protein levels of AP-endonuclease, the key
and rate-limiting enzyme of base excision repair, was detected. Our data show that pTpT protects
against oxidative damage and suggests that this protective effect is mediated, at least in part, through
upregulation of antioxidant enzyme(s), in particular SOD1. Our data imply that topical application
of pTpT could protect skin against UVA and other forms of oxidative damage.

Molecular p53 Mutation Analysis Discloses UV(B) Exposure as the Main Causative
Factor of Basal Cell Carcinoma (BCC) Formation in Psoralen and UVA (PUVA)Treated Patients with Psoriasis
H. Seidl, H. Erlacher, B. BaÈck, H.P. Soyer, and P. Wolf
Department of Dermatology, University of Graz, Graz, Austria
In the general population BCCs are most often linked to chronic sun exposure, however, in
PUVA-treated psoriatic patients their exact etiology and pathogenesis remains at present unclear.
Photochemical reactions of psolaren with DNA are well characterized and particularly the TpA
(and TpG) sequence is the common cross-linking binding site of psoralen at the DNA level;
consecutively, as shown in in vitro and animal studies mutations at TpA (and TpG) sites are of
PUVA origin. We performed a molecular mutation analysis of the p53 gene to determine the
possible causes of BCC in PUVA-treated patents. We analyzed 13 BCCs from ®ve PUVA treated
psoriatic patients. Polymerase chain reaction (PCR) was used to amplify paraf®n-extracted DNA of
exon 4±9 of the p53 gene. Single strand conformation polymorphism (SSCP) analysis as well as
direct sequencing was employed to detect mutations of the 13 BCCs, seven (54%) cases showed a
total of 13 mutations in exon 4±9 of the p53 gene. Of these 13 mutations, 10 (77%) were at
pyrimidine or dipyrimidine sites and of UV ®ngerprint type (C>T and CC>TT transitions), one at
a TpG site and one at a TpA site (15%) (i.e., suggestive for PUVA induction), and one (8%) could
not be classi®ed. We conclude that environmental and/or therapeutic exposure to UV(B) radiation
seems to be the main causative factor in the formation of BCCs in PUVA-treated psoriatic patients
but PUVA itself seems to play a direct role only in a minor portion of the cases.

UV Irradiation Increases the Expression of PKC-b
H.Y. Park, N.Y. Block, and B.A. Gilchrest
Boston University School of Medicine, Boston, Massachusetts
Ultraviolet light (UV) stimulates human pigmentation, a photoprotective process termed tanning.
Recent reports have demonstrated that UV irradiation ®rst decreases transcription of tyrosinase, the
rate limiting enzyme in melanogenesis, in the ®rst 24 h after irradiation, followed by increases in
tyrosinase mRNA and protein levels 48 and 72 h after irradiation. PKC-b is known to activate
tyrosinase by phosphorylating serine residues near its C-terminus. To determine whether PKC-b
plays a role in tanning speci®cally, the effect of UV on the expression of PKC-b in cultured human
melanocytes was investigated. Paired subcon¯uent cultures of human melanocytes were irradiated
with single well-tolerated exposure of solar simulated light (12 mJ per cm2 as metered with a UVB
detection probe) or sham-irradiated and the cultures were harvested at 1, 2, 4, and 24 h after
irradiation. Immunoblot analysis was performed using a speci®c monoclonal antibody against
PKC-b. Within 1 h of UV-irradiation, the level of PKC-b mRNA doubled and within 2 h the
level of protein also doubled as determined by densitometric analysis when compared to controls.
The increased levels of PKC-b in UV-irradiated samples returned to the basal level 2 and 4 h,
respectively, after irradiation. The level of tyrosinase protein determined in parallel cultures
remained unchanged after UV-irradiation through 24 h but tyrosinase activity, measured in parallel
by Pomerantz assay, also doubled after 2 h compared to that of the paired sham-controls (1808 6
156 vs 1042 6 300 cpm per ug per h). Together, these data suggest that the UV-induced increase
in the PKC-b level allows for more extensive phosphorylation of tyrosinase and hence increased
tyrosinase activity in the hours immediately following sun exposure, prior to the delayed increase
in tyrosinase enzyme level.

Overexpression of Cellular Retinol-Binding Protein I Does Not Protect Epidermal
Retinol from UVB-Induced Depletion
C. Tran, O. Sorg, L. Didierjean, P. Carraux, G. Siegenthaler, and J.H. Saurat
University Hospital, Geneva, Switzerland
UVB exposure was shown to deplete epidermal vitamin A in hairless mice. We recently found that
retinol (ROL) and retinyl esters (RE) are not similarly sensitive to UVB-induced depletion.
Furthermore, the UVB dose±response curve suggests two endogenous pools of ROL in the
epidermis: a UVB-resistant, and a UVB-sensitive. Cellular ROL-binding protein I (CRBP-I) may
account for this phenomenon, by protecting some of the epidermal ROL. Retinoid content and
retinoid-binding protein expression were determined in the epidermis of hairless mice by HPLC
and radioligand binding PAGE, respectively, before and 10 min after 1 J per cm2 UVB irradiation.
Constitutive epidermal CRBP-I levels were not modi®ed by UVB exposure, and its ROL binding
properties were not altered, whereas epidermal ROL content decreased by 70%. Epidermis was
loaded with ROL by treating the mice with topical retinaldehyde (RAL). Indeed, a 20-fold
increase of epidermal ROL was observed; RAL treatment parallely induced a 10-fold increase of
epidermal CRBP-I. UVB exposure of these RAL pretreated mice having high ROL and high
CRBP-I levels, induced a decrease of epidermal ROL to levels similar to those of untreated and
irradiated controls; CRBP-I levels and binding properties were not affected. Therefore, the
presence of 10-fold more of functional CRBP-I did not maintain more ROL in the epidermis after
UVB. These ®ndings indicate that, in the acute response of the epidermis to UVB, ROL depletion
is marginally prevented by CRBP-I.
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UVB-Induced Depletion of Epidermal Vitamin A and its Prevention by Retinoids and
Antioxidants
O. Sorg, C. Tran, L. Didierjean, P. Carraux, and J. H. Saurat
University Hospital, Geneva, Switzerland
UVB was shown to deplete epidermal vitamin A in hairless mice. The aim of this study was (i) to
determine the vulnerability to UVB of both free and esteri®ed epidermal retinol (ROL); and (ii) to
analyse the potential preventive effect of a topical treatment with retinoids or antioxidants. ROL
and retinyl esters (RE) contents were quanti®ed by HPLC in hairless mouse epidermis. The UVB
dose±response curve showed that ROL decrease levelled off at 200 mJ per cm2, whereas that of RE
was dose-dependent up to 1 J per cm2, corresponding to 70%-and 90%-decreases, respectively.
When, before UVB exposure, mice were pretreated with topical retinoic acid (RA), ROL, or
retinaldehyde (RAL), post-UVB RE contents were higher than in nonirradiated controls, whereas
ROL decreased to levels of untreated-irradiated mice. A 3-d topical treatment with a-tocopherol
did not prevent UVB-induced depletion of ROL and RE, but accelerated their reconstitution
(91% vs 28% for both ROL and RE 8 h after UVB). A topical mixture containing a-tocopherol,
ascorbic acid and melatonin protected ROL depletion, but not that of RE (ROL was decreased by
11%, RE by 55% after antioxidants + UVB). These data indicate that (i) there are two endogenous
pools of ROL in the epidermis: a UVB-resistant and a UVB-sensitive; (ii): ROL depletion, unlike
that of RE, is related to the oxidative stress induced by UVB (iii) topical retinoids prevent UVBinduced depletion of RE, the predominant form of epidermal vitamin A.

Role of Reactive Oxygen Species Released by In¯ammatory Cells in Photoaging
J. Stengem, S. Kossodo, M.C. Dinauer,* B. Starcher,² T.J. Flotte, and I.E. Kochevar
Department of Dermatology, Massachusetts General Hospital, Boston, Massachusetts; *Indiana University
Medical Center, Indianapolis, Indiana; ²Department of Biochemistry, University of Texas Health Center,
Tyler, Texas
Reactive oxygen species (ROS) induced by ultraviolet B (UVB) radiation have been implicated in
the skin changes associated with photoaging including solar elastosis, in¯ammatory in®ltrate, and
increased epidermal and dermal thickness. We investigated whether the source of these ROS may
be in®ltrating neutrophils and macrophages by utilizing a murine model of X-linked Chronic
Granulomatous Disease (X-CGD). The phagocytic cells of these mice are unable to produce ROS
while emmigration, chemotaxis and degranulation are unimpaired. If ROS are required for
photoaging, the X-CGD mice should be less affected by chronic UVB exposure than their wildtype controls (C57Bl/6 J). Mice received UVB radiation or sham treatments three times weekly
over 12 wk with gradually increasing doses (4.75 J per cm2 total). At 12 wk, mice were sacri®ced
and dorsal skin biopsies analyzed for epidermal and dermal thickness, numbers of sunburn cells,
mast cells, macrophages on H&E-stained sections. Neutrophils were detected using an antibody
against leukocyte elastase. Elastosis was evaluated qualitatively using an aldehyde fuchsin stain and
elastin content was quanti®ed by desmosine radioimmunoassay. There were no statistically
signi®cant differences between numbers of neutrophils or macrophages between irradiated XCGD and wild-type mice. The X-CGD mice showed lower UVB-induced changes in skin
thickness, sunburn cell formation, solar elastosis and elastin content compared to the wild-type
mice. These differences reached statistical signi®cance for elastin content. These results suggest a
role of in¯ammatory cell-derived ROS in the development of solar elastosis.

UV Radiation from ``Sunlamps'' must be Filtered for Biological Relevance
D.B. Brown, A.E. Peritz, F.P. Gasparro, and D.L. Mitchell*
Thomas Jefferson University, Philadelphia, Pennsylvania; *MD Anderson Cancer Center, University of
Texas, Smithville, Texas
``Sunlamps'' are commonly employed in dermatology even though they poorly represent the solar
UV spectrum. 45% of the total energy is in the UVA (320±400 nm) region; 52% in the UVB (280±
320 nm) and 3% in the UVC (250±280 nm). The shortest solar wavelengths reaching the earth's
surface are ~295 nm and only 5% fall in the UVB. The shorter, more energetic UVB wavelengths
and highly potent UVC wavelengths present in ``sunlamps'' leads to incorrect conclusions about
UV effects. Therefore, when these lamps are used, the irrelevant wavelengths must be removed. In
this study, the effectiveness of the most common ®lter, Kodacel, was compared to commercial
plastic tissue culture lids. In comparative analyses of emission spectra of the ``sunlamps'', the plastic
lids were more effective ®lters than Kodacel. In biological studies, rat smooth muscle cells
(containing the human elastin promoter/chloramphenicol acetyltransferase reporter) were exposed
to ``sunlamp'' radiation through the ®lters (0±120 mJ per cm2). Un®ltered ``sunlamps'' caused a 17fold increase in promoter activity for 30 mJ per cm2, while Kodacel ®ltering reduced the level of
promoter activity to 8.4-fold. Three different plastic lids reduced the promoter activity to similar
levels. Because radiometers cannot detect all photons emitted by ``sunlamps'', effective doses
delivered using each ®lter were determined by measuring dimer formation (451 un®ltered vs 240
®ltered). Filtering removes some irrelevant wavelengths thereby improving the validity of
experiments using ``sunlamps''. Further improvements in convenient ¯uorescent sources are
needed so that future research can be conducted in a more biologically and physiologically relevant
manner.
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ATM Gene Expression in the Skin and its Modulation by UVB and Retinoids
L. Didierjean, G. Vaudan, D. Grand, A.P. Sappino, and J.H. Saurat
University Hospital, Geneva, Switzerland
ATM the gene mutated in Ataxia Telangiectasia (AT), encodes a 370 kd nucleophosphoprotein,
which is thought to be involved in cell cycle control and in DNA repair. Since AT patients exhibit
marked photodamage in sun-exposed skin, we studied constitutive ATM gene expression in
hairless murine skin and its modulation by UV and retinoids. To explore ATM gene expression,
we used RNAse protection assay with an ATM antisense riboprobe. GAPDH mRNA expression
was used as internal control. Total RNA was extracted from C57BL/6 mouse tail and hairless mice
back skin previously submitted to the following protocols: 1 joule UVB irradiation; topical
retinoids (0.05% retinol, retinaldehyde and retinoic acid for 7 d); topical retinoids then 1 Joule
UVB; topical 5% coaltar for 14 d. A speci®c 256 bp protected signal was detected in all skin samples
from untreated animals (GAPDH normalised ratio 0.054) indicating signi®cant and identical
constitutive ATM gene expression in normal skin of two murine strains. Despite this high dose, no
modi®cation in ATM mRNA levels were observed 10 min, 2, 8 and 24 h after UVB irradiation.
Topical retinoids neither altered constitutive ATM gene expression, nor modi®ed the lack of ATM
modulation by UVB. Finally topical coaltar did not alter ATM gene expression. Our results
indicate that in murine skin ATM gene expression is constitutive and is not modulated by agents
inducing p53 and hyperproliferation. Since ATM is known to be preferentially modulated by
ionising radiations, its role in the skin remains to be delineated.

Hepatocyte Growth Factor/Scatter Factor Inhibits UVB Induced Apoptosis of Human
Keratinocytes Via the PI-3-Kinase Pathway
M. Mildner, L. Eckhart, B. Lengauer, and E. Tschachler*
Division of Immunology, Allergy and Infectious Diseases, Vienna, Austria; *Division of Immunology,
Allergy and Infectious Diseases and Centre de Recherche et d'Investigation Epidermique et Sensorielle
(CE.R.I.E.S.), Neuilly, France, Vienna, Austria
Here we report on the inhibition of UVB induced KC-apoptosis by hepatocyte growth factor/
scatter factor (HGF/SF). The protective effect of HGF/SF for UVB-irradiated primary KC
con®rmed by demonstration of the inhibition of nucleosome-release and the activation of caspase3 was observed at concentrations as low as 1 ng per ml HGF/SF. When blocking signalling
pathways initiated by c-met, we found that the inhibition of the phosphatidylinositol-3-OH (PI-3)
kinase by wortmannin or LY294002 led to a total inhibition of the antiapoptotic effect of HGF/SF,
whereas the blockade of the MAP-kinase pathway by PD90859 had no effect. This represents the
®rst demonstration of the involvement of the PI-3 kinase pathway in the antiapoptotic effect of
HGF/SF-signalling in KC. In contrast to the observation with primary KC, HGF/SF had no effect
on the survival of A431 and HaCaT cells after UVB-irradiation, despite the fact that we could
demonstrate that these cells functionally express the HGF/SF receptor c-met. Our data
demonstrate that HGF/SF is able to rescue KC but not autonomously growing KC cell lines
from apoptosis induced by UVB. Since in vivo HGF/SF is produced by mesenchymal cells, this
mechanism may represent an important paracrine loop in the skin supporting the survival of KC
after UV-injury.

The Human Stratum Corneum Layer is an Effective Barrier Against Dermal Uptake of
Different Forms of Topically Applied Micronised Titanium Dioxide
F. P¯uÈcker, V. Wendel,* H. Hohenberg,² E. GaÈrtner,* T. Will,* S. Pfeiffer,* R. Wepf,* and H.
Gers-Barlag*
Merck KGaA, Research & Development, Darmstadt, Germany; *Beiersdorf AG, Research & Development,
Hamburg, Germany; ²Heinrich-Pette-Institute for Experimental Virology and Immunology, Department of
Electron Microscopy, Hamburg, Germany
Micronised titanium dioxide is widely used in cosmetic sunscreens because of its broadspectrum
UV-absorption and its high aesthetical acceptance. Our investigation was set up to further evaluate
the penetration potential of different variants of micro®ne titanium dioxide. In the study presented
here, human epidermis was examined under in-vivo conditions, therefore punch biopsies were
taken from the forearm of a human volunteer after a 6-h application period of four sunscreen
emulsions containing different types of micronised titanium dioxide. The surface of the micronised
titanium dioxide was hydrophobic, amphiphilic or hydrophilic. Consequently the particles differ
signi®cantly with respect to the behaviour in emulsions and therefore may be also on human skin.
The morphological analysis by light and electron microscopy revealed that the titanium dioxide
pigments were exclusively located on the outermost layer of the human stratum corneum.
Transmission electron microscopy (TEM) also allowed morphological characterisation of the
different titanium dioxide crystals as well as an unequivocal discrimination of titanium dioxide
pigments from light microscopically similarly dense melanosomes that were located deeper layers of
the epidermis. TEM visualisation of the different application forms of titanium dioxide proved that
neither surface characteristics, particle size nor shape of the micronised titanium dioxide change the
nonpenetrating behavior of this substance. These ®ndings underscore the safety of micro®ne
titanium dioxide for topical use in human beings.
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Differential Effects of UVA1 and UVB on Skin Lesions of MRL/lpr Lupus Mice
W. Cai, M. Maldonado, and V.P. Werth*
University of Pennsylvania, Philadelphia, Pennsylvania; *University of Pennsylvania and Philadelphia V.A.
Hospital, Philadelphia, Pennsylvania
Studies in the NZB/NZW mouse model of systemic lupus erythematosus (SLE) suggested that
UVA1 prolongs survival and decreases anti-DNA antibody titers relative to UVB, and we
previously showed that UVB, but not UVA1, stimulates human keratinocytes and ®broblasts to
secrete TNFa, a cytokine implicated in SLE. We now examined the fas-de®cient MRL/lpr
mouse, which, unlike NZB/NZW, exhibits a form of SLE that includes cutaneous lesions. Mice
were irradiated 5 d per wk for 19 wk with UVB (30 mJ per cm2, n = 10), UVA1 (5 J per cm2,
n = 15), or sham irradiation (controls, n = 13). Irradiation affected survival: 77% of unirradiated
control mice were alive at 19 wk, vs 40% of UVA1-and 50% of UVB-irradiated mice.
Development of proteinuria exhibited a similar pattern: 40% of control mice achieved 3±4+
proteinuria during the 19 wk, vs 93% of UVA1-and 80% of UVB-treated mice. Skin lesions
developed in 8% of the controls, but 44% of surviving UVA1-treated mice, and 0% of the UVBtreated mice(p = 0.013 by chi-square analysis). 10 days after initiation of irradiation, UVB-treated
mice had signi®cantly lower peripheral blood lymphocyte (PBL) counts (1967 6 141) relative to
UVA1-treated (3398 6 148), p < 0.0005. These results suggest that both UVA1-and UVBirradiation are associated with increased renal disease and death in MRL/lpr mice. Although serum
autoantibodies were lower in UVB-than UVA1-treated mice, there was no correlation of antibody
levels with longevity. The signi®cant increase in skin disease in UVA1-treated mice suggests that
fas may play a role in the clearance of UVA1-induced antigens that could trigger immunologic
reactions and cutaneous lesions.

Transcriptional Regulation of Tropoelastin: The Effects of Wavelength, Dose, and
Frequency of Ultraviolet Radiation
D. Brown, A. Peritz, J. Uitto, and F. Gasparro
Thomas Jefferson University, Philadelphia, Pennsylvania
Chronic solar exposure alters the expression of various extracellular matrix components. A
hallmark sign of damage induced by solar radiation is solar elastosis, an abnormal accumulation of
nonfunctional elastic material throughout the papillary and upper reticular dermis. It has been
suggested that this may be a result of post-translational modi®cations of newly synthesized elastin,
not transcriptional regulation. Rat smooth muscle cells (containing the human elastin promoter/
chloramphenicol acetyl transferase reporter gene construct; HEP/CAT) were exposed to multiple
suberythemal doses of ultraviolet radiation (UVR) and near-UVR visible using various lamps with
peak emission at 313, 340, 360, and 419 nm. Relative CAT activity revealed a dose-dependent
increase, greater than 3-fold at shorter wavelengths (340 nm) and modest 1.5-fold increase with
longer wavelengths (419 nm). Initially, a single dose of UVR demonstrated a slightly higher level
of relative promoter activation compared to the comparable cumulative amount of UVR, ~10%.
However, at higher UVR doses, cumulative fractionated treatments exceeded the respective single
UVR dose by 125%. Using RT-PCR followed by densitometry for semiquantitation, the soluble
precursor tropoelastin RNA intensity for shorter wavelengths (313 & 340 nm) did not appear
signi®cantly altered. However, after exposure to 360 nm, the RNA intensity revealed a signi®cant
dose-dependence increase. Therefore, the transcriptional activation of the HEP/CAT construct
and the relative tropoelastin RNA appear to be dependent on the wavelength, dose, and frequency
of exposure.

Elevated p53 Expression in Patients with Vitiligo
S.C. Behrens-Williams, T.P. Khaliq, E.M.J. Peters, S.M. Picksley, and K.U. Schallreuter
Clinical and Experimental Dermatology,University of Bradford, Bradford, U.K.
Despite the lack of melanin and high hydrogen peroxide levels in the epidermis of patients with the
acquired depigmentation disorder vitiligo, no increased risk of chronic actinic damage including
basal cell and squamous cell carcinoma has been observed in this group. Therefore we wanted to
investigate, whether p53 expression is altered in the epidermis of these patients as a consequence of
oxidative stress and/or exposure to narrowband UVB irradiation plus topical application of
pseudocatalase. For this purpose a punch biopsy was obtained from depigmented and normal
pigmented skin of 12 untreated and 19 treated (narrowband UVB plus pseudocatalase) vitiligo
patients and UV-unexposed skin of 15 healthy volunteers. Standard immunohistochemistry on
routinely processed formalin-®xed, paraf®n-embedded skin sections was performed using
monoclonal mouse IgG antibodies speci®c for p53. The results revealed that there is a signi®cant
increase of p53 expression in depigmented epidermis from both untreated (p = 0.0026) and treated
(p = 0.0012) vitiligo patients compared to healthy controls. The mean difference between normal
pigmented epidermis of vitiligo patients and healthy controls is lower, but still statistically
signi®cant (p = 0.0117). Exposure to long-term treatment with low single doses of UVB 311 nm
in combination with pseudocatalase did not signi®cantly alter the expression of p53. Based on our
current immunohistochemical ®ndings, we would like to propose that the elevated p53 expression
in the epidermis of these patients might be induced by pre-existing oxidative stress and could be
one protective mechanism against chronic actinic damage in vitiligo.
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MIA Release by Human Melanoma is Stimulated by UVR at the Transcriptional Level
and is Post-Transcriptionally Dependent Upon p53
D. Marr, D.A. Norris, M. Fujita, R. Buettner,* and A.K. Bosserhoff*
University of Colorado Health Sciences Center, Denver, Colorado; *Institute of Pathology, Aachen,
Germany
Melanoma Inhibitory Activity (MIA) is a unique protein that is secreted by melanoma cells. It was
originally isolated from cell culture supernatant of a metastatic melanoma cell line. MIA acts as a
detachment factor for melanoma cells in vitro by binding directly to laminin, ®bronectin, and
tenascin. We have previously shown that secretion of MIA by radial growth phase melanoma into
growth medium is increased by ultraviolet light. In addition, baseline levels of secreted MIA
protein are greatly reduced in the context of dominant negative p53 (DNp53). Therefore, we
hypothesized that MIA is a melanoma progression factor which contributes to melanoma migration
through binding to basement membrane proteins following UVR and requires wild-type p53. The
purpose of this study was to investigate the role of p53 in the secretion of MIA from melanoma and
whether UVR activates MIA transcription. Melanoma cell lines established in culture for two days
were irradiated with UVR from a solar simulator. Following a 6-h incubation, total cellular
mRNA was extracted from the cells and analyzed for MIA message using quantitative MIA RTPCR. MIA message level was normalized for B-Actin. The level of MIA mRNA in the radial
growth phase melanoma cell line WM35 transfected with a control plasmid was compared to the
same cell line transfected with mutated activating H-Ras, N-Ras, or DNp53. All cell lines showed
increased MIA mRNA following treatment with UVR. However, MIA mRNA was not reduced
with DNp53 compared to control, as we have seen with secreted MIA protein levels. These results
indicate that UVR activates transcription of MIA in melanoma. Furthermore, p53 regulates
production of MIA in a post-transcriptional manner.

Pharmacokinetics of Topical L-Ascorbic Acid in Skin
S.R. Pinnell, H. Yang, M. Omar,* N. Montiero-Riviere,² and M. Levine³
Duke University Medical Center, Durham, North Carolina; *Phytoceuticals, Elmwood Park, New Jersey;
²North Carolina State University, Raleigh, North Carolina; ³NIDDK-National Institutes of Health,
Bethesda, Maryland
We have previously reported that topical formulations of L-ascorbic acid can be delivered into skin
to provide broad-spectrum photoprotection (Darr et al.: Br J Dermatol 127:247±253, 1992). Since
L-ascorbic acid does not absorb UVB or UVA radiation, its broad-spectrum photoprotection effect
appears to be related to its antioxidant action. Because L-ascorbic acid exerts its effects in skin, it has
an advantage over sunscreens that can be removed easily by washing, sweating, or rubbing. In an
attempt to maximize the effectiveness of L-ascorbic acid formulations, we have tested stability and
behavior on skin. Color stability is improved at high concentrations and at pH greater than 3. We
have tested percutaneous absorption characteristics in Yorkshire pigs. 200 ml of formulation were
applied to shaved skin under a Hill Top chamber for 24 h or longer. Tape-stripped skin was
analyzed for L-ascorbic acid using high pressure liquid chromatography. Percutaneous absorption
was maximal at low pH and high concentrations. Skin was saturated after 72 h application of 15%
L-ascorbic acid formulation. Skin levels under these conditions were 20 times baseline. Once
saturated, half-life for removal was about 4 d. In contrast, 10% commercial formulations of two
derivatives of L-ascorbic acid, magnesium ascorbyl phosphate and ascorbyl-6 palmitate, failed to
appreciably increase skin levels of L-ascorbic acid. These new studies show that L-ascorbic acid (but
not the more commonly used derivatives) can be ef®ciently delivered into skin at high
concentrations and, once in skin, a reservoir is established that remains for three or more days. Its
presence in skin provides antioxidant protection that is useful as a supplement to sunscreens.
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Identifying the Missing Link Between UV and p53: The Role of PIK-Related Kinases
P. Nghiem, P. Park, B. Desai, and S. Schreiber
Harvard University, Cambridge, Massachusetts
The response of cells to DNA damage by UV involves cell cycle arrest and induction of repair
enzymes in a p53-dependent mechanism. Despite the importance of this pathway, the protein
which senses UV-induced DNA damage and activates p53 is unknown. Responses to DNA
damage in yeast and mammals are mediated by members of the phosphatidyl inositol kinase (PIK)related kinase family. Of the four known PIK-related kinases in humans, ATM and DNA-PK have
been shown to be unnecessary for the UV-p53 response. The two remaining candidates are FRAP
and ATR. We investigated the role of these proteins in the UV response. Using rapamycin (10
nM) to block FRAP function, we found that UV-induction of p53 and p21 protein proceed
normally in primary human ®broblasts, strongly suggesting that FRAP is not necessary for the UV
response. Study of ATR's role in the activation of p53 has been hampered by the lack of a means to
alter ATR in cells with an intact p53 pathway. We addressed this problem by optimizing
cotransfection of GFP and various ATR alleles then sorting for GFP positive cells. The UV
response was assessed by RNAse protection assays and cell cycle analysis. In ongoing studies,
compared to vector-transfected cells, cells with altered ATR expression have shown defects in p21
upregulation and cell cycle arrest following UVB. These data suggest a role for ATR in the UVp53 response in humans.
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