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Steroid atrophy was induced in 3 volunteers by the
continuous, occlusive application of clobetasol propionate to the forearms for 6 weeks. The changes were
followed sequentially by light, scanning, and transmission electron microscopy. A 59% decrease in viable epidermal thickness was noted after the sixth week of treatment, as well as a flattening of the dermal-epidermal
junction. The 3-dimensional architecture of the dermis
was strikingly reorganized. This was largely brought
about by resorption of the ground substance as revealed
by a progressive dimunition of Hale's stain for acid
mucopolysaccharides. Loss of ground substance resulted
in decreased spaces between collagen and elastic fibers
as shown by scanning and transmission electron microscopy. The fibrous network consequently collapsed, yielding a more compact papillary and reticular dermis. This
compression ·caused the reorientation of both collagen
and elastic fibers. However, no differences in collagen
and elastin fine structure were noted. Fibroblasts were
shrunken but not reduced in density. A marked decrease
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in number of mast cells was noted in 3-week specimens
and virtually no mast cells were observed after 6 weeks.
We found that the primary effect of short-term steroid
use was a rearrangement of the geometry of the dermal
fibrous network. This was not due to alterations in the
fibers themselves but a secondary consequence of the
loss of ground substance.
Clinicians are all too familiar with the atrophogenic effects of
potent topical steroids. The signs include telangiectasia, thinning (depression), increased transparency, shininess, with loss
of skin markings and sometimes striae [1-3]. There is little
understanding of the mechanisms of these changes. Histology
has routinely been used to confirm the production of atrophy
by corticosteroids; however, these studies have resulted in
divergent and even contradictory observations. Agreement exists only in relation to the epidermis, which is reduced to 3-4
cell layers of shrunken, pyknotic cells with loss of rete pegs [ 49]. Thinning of the dermis has been verified histometrically as
well as radiologically [10-13], yet different workers have been
unable to agree on the main alterations of the dermal matrix.
Wilson Jones [5] applied 2 potent steroids occlusively for 1
month to the forearms ·of 9 volunteers. By light microscopy,
epidermal atrophy was marked but dermal changes were not
noted. Conversely, in another study on corticosteroid atrophy,
Frosch et al [14] concluded that there was virtual ablation of
the papillary dermis.
Ultrastructural studies have also revealed that steroids cause
marked changes in the fibrous components of the dermis, but
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views on the nature of these changes are discordant. Stevanovic
[ 4] applied a potent steroid occlusively for 3-4 months to the
forearms of 3 volunteers. The most conspicuous change noted
was elastic fiber degeneration, whereas collagen was virtually
unaltered. Conversely, Groniowska et al [15] and Jablonska et
al [9] reported that a decrease in collagen fibril diameter and
collagen bundle disorganization were the most dramatic features of cutaneous atrophy after 4-5 weeks of steroid application. Jablonska et al [9] also observed a degeneration of elastic
fibers which resembled elastotic changes. They concluded that
the dermal changes resembled those in aged skin.
These divergent views on the effects of steroids on collagen
and elastin remain unsettled. Furthermore, due to limitations
in the methods, previous investigations provide little insight
into organizational changes that occur to the fibrous elements
of the dermis as a result of prolonged steroid usage. Conventional histologic techniques are unsuitable for visualizing the 3dimensional architecture of the fibrous network. Light microscopy permits no estimation of spatial relationships due to the
thinness of the sections. Similarly, transmission electron microscopy is of little or no help in these types of analyses. Studies
in our laboratory have shown that the geometry of the connective tissue is best displayed by the scanning electron microscope
using preparative methods that enable the collagen and elastin
networks to be viewed independently of each other by selective
dissolution of each component. Utilization of this approach in
correlation with light and transmission electron microscopy
enables one to best visualize connective tissue alterations.
In the present study we have investigated the sequential
changes in epidermal and dermal morphology as a result of
corticosteroid atrophy in humans, employing light, scanning,
and transmission electron microscopy.
MATERIALS AND METHODS
Experimental Design
Three healthy young-adult males (ages 20, 33, and 39) served as
volunteers. Informed c.onsent was obtained. Clobetasol-17-propionate
cream (0.2 ml) (Dermoxin, Glaxo) was applied occlusively 3 times
weekly (Monday, Wednesday, and Friday) for 6 weeks continuously to
4 areas of the ventral forearm. The cream was placed in 15-mm Duhring
Chambers which were then fastened to the skin with porous Scanpor
tape. At the end of each week, the sites were uncovered for 3 h for
examination under a Zeiss Oberkochen operating microscope. Clinical
signs of atrophy and telangiectasia were graded on a 5-point scale (0-4)
according to a published scheme [14]. One 3-mm punch and 1 excision
biopsy were obtained under local anesthesia after 3 weeks and 6 weeks.
Untreated control biopsies were secured at the end of 6 weeks.

Light Microscopy

One-half of each 3-mm punch biopsy was fixed in 10% formalin and
processed for light microscopy. Paraffin sections were stained with
hematoxylin and eosin for histologic and histogeometric analysis; with
Luna's stain for elastin [16]; and Hale's colloidal iron, periodic-acid
Shiff (PAS), PAS-Alcian blue (pH 2.4) for acid mucopolysaccharides
[17].
One-micron plastic sections were stained with 1% toluidine blue and
counterstained with 2% basic fuchsin.
Transmission Electron Microscopy

One-half of each 3-mm biopsy was fixed by immersion in Karnovsky's
fixative [18] and processed for transmission electron microscopy [19].
Thin sections were cut with a diamond knife on a Porter-Blum MT-2
microtome. Thin (500 A) sections were stained with a 7% saturated
alcoholic solution of uranyl acetate for 30 min in the dark and counterstained in a 0.02% solution of bismuth subnitrate diluted 1:50 for 30
min. The sections were then examined in a Hitachi 12B electronmicroscope.
Scanning Electron Microscopy
Elimination of elastin to visualize the collagen networh.· One portion of the biopsy was placed in 2 N NaBr at 37°C for 30 min. The
epidermis was then peeled off. The dermis was digested with elastase

E (3.2 units/mg) at 37°C for 2 h. This resulted in a pure collagen
preparation as confirmed by orcein-stained paraffin sections. The samples were fixed in 10% formalin for 3 h and dehydrated in a graded
series of cold (5°C) ethanol baths. Dehydrated specimens were placed
in 100% acetone and critical point-dried to preserve structural integrity.
Dried samples were mounted on aluminum stubs using silver paint,
coated with a thin layer of gold palladium in an lSI sp utter coater, and
viewed in a Philips 500 scanning electron microscope.
Elimination of collagen to visualize the elastin network: A portion
of the dermis was cut into 1 mm-thick sections, placed in distilled water,
and autoclaved at 121 oc at 1 atm for 12 h. This yielded a pure
preparation of elastic fibers as judged by histochemical and electron
microscopic analysis [20]. After autoclaving, the specimens were immediately placed in Karnovsky's fixative [18] for 1 h at room temperature. After fixation, samples were rinsed in 0.1 M cacodylate-HCl
buffer (pH 7.4) for 1 h and serially dehydrated in cold (5°C) ethanol
baths. The tissues were placed in 100% xylol for 2 h and then air-dried.
This procedure results in less than 5% shrinkage in volume [20].
The samples were prepared for scanning electron microscopy as
above.
Histometric Analysis

For estimation of epidermal thickness, care was taken to cut the
sections perpendicularly to the surface. Histometric measurements of
the viable epidermis were made on hematoxylin and eosin stained
sections using a Magiscan image analyzing computer as previously
described [21).
Nuclear cytoplasmic ratios, basal cell size, and lamina densa thickness were measured directly on transmission electron micrographs
using a Zeiss MOP-3 image analyzer.
Collagen fibril diameters were measured directly on transmission
electron microscopic negatives with a graded eye piece. At least 1000
fibrils per area were measured.
RESULTS

Clinical Observations
In 1 subject slight changes were already evident in 1 week,
consisting of diminution of surface markings, increased transparency, and dilatation of vessels which is best judged by a
stereomicroscope. By 2 weeks, all 3 subjects showed beginning
atrophy, which deepened to the unmistakable signs of steroid
atrophy by the end of 3 weeks. All showed clear-cut telangiectasia, effacement of skin markings, profound increase in transparency, cigarette paper-like consistency, accompanied by loss
of capillary loops under the stereomicroscope. By the end of 6
weeks, these signs were severe and the surface was slightly
depressed.
Upon removal of the full-thickness biopsies, the width of the
skin down to the subcutis was noticeably less than in the
control. However, we did not actually measure dermal thickness.

Epidermis
The epidermis was appreciably thinned by 3 weeks and
markedly so by 6, resulting in a flat dermal-epidermal interface
(Figs. lA,B,C, 2A,B). The stratum corneum was also dramatically thinned, appearing as a wispy layer of horny cells as
opposed to the normal "basket-weave" configuration. With the
microspectrophotometer, viable epidermal thickness at 3 and 6
weeks was reduced from 70 1-Lm in the control to 40 and 29 llm
respectively, decreases of 42% and 59%.
Cytologic changes were mainly restricted to the basal layer.
Basal cell polarity shifted from columnar to round or cuboidal;
overall, there were no significant differences from the controls
in either cell size or in nuclear cytoplasmic ratios (Fig 2A,B).
However, there were focal areas of densely stained atypical
cells, noted at 3 weeks. Ultrastructurally, these dark cells were
necrobiotic, showing an irregular shape, pyknotic nucleus,
clumped filaments, and an electron-dense cytoplasm filled with
electron-lucent vesicles. The basal membrane complex consisting of the lamina densa and anchoring fibrils was reduplicated,
forming multilayered remnants.
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FIG 1. Histologic overview of control
(A), 3-week (B) , and 6-week (C) specimens after occl usive treatment with Dermoxin, show ing sequential cha nges in
the ep idermis (E) a nd dermis (D) . Progressive th inning of the epidermis is seen
at 3 a nd 6 weeks. The stratum corneum
(SC ) is similarly reduced from a
"basketweave" ap pearance (A) to a few
wispy layers (B,C ). Bars= 0.1 mm.

FIG 2. One-micron plastic sections of
co ntrol (A) and 6-week (B) treated specimens. A, Basal keratinocytes (K) with
prominent co lu mnru· orientation a nd
well-developed rete ridges (RR) ch ru·acterize the basal region of the untreated
e pidermis (E). Note prominent stratum
corneu m (SC) . Papillary dermis (PD)
consists of "lacy-li ke" arrangement of fi bers wit h prominent electron-luce nt
s paces (arrows). Bar= 20 p.m. B, Basal
region of t reated epidermis (E ) shows
focal ru·eas of atypia (arrows) as well as
c uboidal basal keratinocytes. Stratum
corneum (SC) is mru·kedly t hinned. Papillary dermis (PD) a pperu·s compressed
a nd overall fibrous bundles (F) ru·e aggregated into lru·ge masses. Bar= 20 p.m.

While the numbers of malpighian and granular cells were
reduced, resulting in thinning, the remaining cells were surprisingly unaffected as regards their fine structw-e. Membran ecoating granules, keratohyalin-granules, and keratin filaments
were typical in both amount and appearance. Likewise the
horny cells contained the characteristic filament/ matrix complex enveloped by a t hickened membrane.
Thus the main morphologic featw-es of the keratinization
process were largely preserved in the atrophic epidermis.

Dermis
Fibrous network in intact skin (n either collagen nor elastin
removed): In normal skin the papillary dermis is made up of
thin bundles of collagen with clear spaces between the fibrils
and the bundles (Fig 2A). The ground substance occupies these
spaces. In steroid-treated skin, t he spaces narrowed considera bly, resulting in compaction and crowding together of the
fibrils and bundles (Fig 2B). This resulted in thinning of t he
papillary dermis, which was very marked after 6 weeks. Hale's
colloidal iron stain for acid mucopolysaccharides revealed a
great decrease in the ground substance. The deeper, reticular
dermis was less markedly affected. However, here too, the
spaces between bundles and fibrils were greatly diminished,
resulting in fib ers becoming closely packed into large aggregates
with indistinct borders. Thus, the overall change was one of
compression of collagen units, resulting in a denser fibrou s
network.
Evaluation of collagen after removal of elastin : Collagen in
the normal papillary dermis appeared as a feltwork of randomly
oriented fine fibers and small bundles (Fig 3A). By 3 weeks, the
interbundle and interfibrillar spaces had considerably diminished. This resulted in tighter packing of the fib ers which
became realigned parallel to the skin surface. This compression
and parallelization was very marked. Individual bundles were

difficult to resolve. This compaction was evident in the reticular
dermis by 6 weeks (Fig 3B). Instead of t h e normal, loosely
interwoven , large, wavy, randomly oriented collagen bundles,
the bundles were straigh ter, more or less parallel to t he surface,
and so tightly packed t hat th e outlines of th e bundles were
blw-red.
This rearrangement was also evident in transmission electron
micrographs (Fig 4A,B). Electron-lucent spaces were markedly
reduced. The single collagen fibers became tightly crowded
together a nd the resultant m ass of collagen was primarily
aligned parallel to the skin sw-face.
No change was observed in the fine structw-e of individual
collagen fibers. We never saw unravelling of bundles, fragmentation, fraying, loss of density or periodicity, or other ch anges
that might signify deterioration. Measurement of collagen diameters showed no significant difference between control and
treated specimens.
Evaluation of elastin after removal of collagen: The 3dimensional organization of elastic fibers seen in t he scanning
electron microscope resembled that in paraffin sections stained
by the Luna method (Fig 5A ). The subepidermal elastic fibers
of untreated skin were arranged perpendicularly in a branching
or candelabra type pattern with their tips almost touching the
basement membrane. The fibers were predominantly cylindrical in shape (0.5-2.5 iJ.IIl in diameter). In the reticular dermis,
the elastic fibers were highly branched, rath er thick and coarse,
with the largest fib ers te nding toward a horizontal distribution
(Fig 5A).
Three weeks of steroid treatment resulted in a loss of the
perpendicular, verticallate arrangement of elastic fibers in t h e
subepidermal papillary zone. The fibers reoriented in a mostly
horizontal random arrangement paralleling the sw-face. This
reorientation was intensified in the 6-week specimen (Fig 5B}.
As a result, the fine fibers clumped into a sharply demarcated
band. We never saw fragmentation or elastotic alterations.
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FIG 3. Scanning electron micrographs
of control (A), and 6-week (B) specimens showing sequential changes in collagen organization as a result of steroid.
All specimens were treated with elastase
to remove elastin. A, In the papillary
dermis (PD) , collagen (C) appears as
small, randomly oriented bundles separated by voids ( V) . Bundles become progressively larger in the reticular dermis
(RD) . J = dermal-epidermal junction.
Bar= 5JLm. Inset, High magnification of
papillary dermis showing random organization of collagen Bar = 1 fLm. B , Reduction of voids ( V) results in a compressed papillary (PD) and reticular
(RD) dermis 6 weeks after steroid treatment. Large masses of collagen (C) bundles oriented parallel to the skin swface
are seen. Papillary dermis appears as an
indistinct band. J .; dermal-epidermal
junction. Bar = 5 fLm. Inset, High magnification showing compressed appearance of papillary dermis. Bar = 1 fLm .

No n:agmentation or splitting of elastic fibers was seen in any
of the scanning electron microscopic preparations (Figs 5B, 6);
the elastic fibers throughout the dermis were normal in appearance. The normally grooved and pitted surface of the
individual elastic fibers was not altered (Fig 6). Similarly, no
differences could be detected in the fine structural organization
of the elastic microfibrils or amorphous material. No evidence
of elastin degradation such as a decrease or clumping of microfibrils or a "moth-eaten" visage, as in actinically damaged skin,
was noted after 6 weeks of treatment (Fig 6).

Dermal Cells
Fibroblasts: By both light and electron microscopy, the
density of fibroblasts was apparently not affected by 6 weeks of
steroid treatment. There were, however, prominent changes in
fine structural appearance. Normally fibroblasts are elongate
cells with abundant cytoplasm containing prominent cisternae
of rough endoplasmic reticulum filled with a flocculent material
(Fig 7A). After 6 weeks, the cytoplasm was markedly reduced
so that the nucleus made up most of the cell mass; the cells
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FIG 4. Transmission electron micrographs of control (A) and 6-week (B)
specimens showing sequential changes in
the organization of the dermis. A, Randomly oriented small bundles of collagen
(C) separated by electron-lucent spaces
(S) is routinely noted in untreated specimens. Bundles of fine elastin microfibrils are seen inserted into the basal lamina (BL ). EF = elastic fiber. Bar= 1 Jlm.
B, Collagen (C) is organized into densely
packed masses primarily oriented parallel to the surface of the skin. Note dramatic reduction in electron-lucent spaces
as well as an absence of bundles of elastin
micro fibrils at the basal lamina (BL)
region. Bar = 1 Jlm .

thus became smaller and more ovoid in shape (Fig 7B). The
scanty cytoplasm that remained contained less rough endoplasmic reticulum and more vesicular profiles. This atretic appearance suggests hypoactive cells that are not synthesizing their
specific cell products.
Another cell type was sometimes observed which contained
membrane-bound aggregates of banded collagen fibrils (Fig 8).
These cells had well-developed rough endoplasmic reticulum
and appeared fibroblastic. However, they might also be a type
of macrophage.
Mast Cells: In untreated skin, mast cells were easily identified both in 1-f.Lm sections and transmission electron micrographs. After 3 weeks of treatment, it was difficult to find
mature mast cells. By 6 weeks, the mast cell population had
virtually disappeared.
DISCUSSION
The atrophogenicity of clobetasol propionate exceeds that of
all corticosteroids [14,22]. Consequently, we were able to induce
profound clinical atrophy by occlusive treatment for 6 weeks.
The structural alterations of the dermis were unexpected and
they have not been previously described.
The outstanding finding was the compaction of fibers and
their reorientation parallel to the surface. It is important to
note that the elastic and collagen fibers were not altered. They
were simply crowded together in a compressed band. By scanning and transmission electron microscopy, the spaces between
fibers were eliminated, resulting in compaction so severe that
the outlines of collagen bundles were obscw·ed. The fibers
straightened and became parallel to each other, completely
altering the 3-dimensional architectw·e. The loss of Hale staining material bespeaks elimination of the ground substance.
Normally, these gel-like substances occupy the voids between
fibers and separate them into an expanded network. Their
removal must necessarily result in a spatial contraction with
compression of the fibers. This would adequately account for
the decreased thickness of the dermis observed in histometric
measurements.

It is well recognized that fibroblasts are responsible for the
synthesis of the fibrous elements and the ground substance [2325]. Thus it appears that the target cell of the steroid is the
fibroblast. In the present study, fibroblasts, for the most part,
had a condensed cytoplasm devoid of the prominent, flocculentfilled cisternae of rough endoplasmic reticulum. This is the
appearance of a generally less active fibroblast, and is consistent
with reports demonstrating that glucocorticoids inhibit the
synthesis of collagen and glycosaminoglycans (the ground substance) [26-34].
We have witnessed the early changes of steroid atrophy in
which the elimination of ground substance is the principal
event. Dermal cells containing sacs with banded aggregates of
collagen were observed, which suggests phagocytosis of collagen
[35-38]. However, we did not see any alterations in the elastic
or collagen fibers themselves. Perhaps the degradation of collagen and elastin comes much later. The apparent resistance of
dermal fibers to short-term steroids probably reflects the longer
half-life of these components. In rats, the half-life of collagen is
1000 days [39]. Elastin, too, is slowly metabolized [ 40]. By
contrast, the turnover of acid mucopolysaccharides is only 2-14
days [24].
Both Jablonska et al [9] and Stevanovic [ 4] reported marked
degenerative changes in the elastic fibers . The former workers
also observed marked disorganization of collagen bundles.
These differences are inexplicable. Jablonska et al [9] used a
less potent steroid for a shorter period of time. They also
proposed that these steroid effects could serve as a model for
aging. Except for thinning of the epidermis, there is little
resemblance to aging changes whether in exposed or protected
skin.
Stevanovic's study [ 4] lasted 4 months and may help explain
the degenerated elastin he observed. We are at a loss to explain
why Alcian-hlue staining was not reduced but he did correctly
sense that there was regression of the ground substance because
of closer spacing of collagen fibrils.
It is worth noting that the parallel reanangement of elastic
and collagen fibers of the papillary dermis was reflected in loss
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FIG 5. Scanning electron micrographs
of control (A) and 6-week (B) specimens
showing sequential changes in elastin architecture. All specimens were autoclaved to remove collagen and gro und
substance. A, The cylindrical elastic fibers (F) of the papillary dermis (PD)
are primarily arranged perpendicular to
the dermal-epidermal junction (J). In
the reticular dermis (RD) elastic fibers
are broad, ribbon-like structmes with a
predominantly horizontal organization.
All fibers are separated by prominent
voids (V). Bar = 10 f.Lm. Inset, Luna
stained paraffin section showing candelabra-like arrangement of elastic fibers
(F) in the papillary dermis. E = epidermis. Bar= 20 f.Lm. B, Overall decrease in
voids results in a collapse of the vertical
arrangement of elastic fibers (F) in the
papillary dermis (PD) after steroid treatment. No clumping or splitting of elastic
fibers is noted in either papillary or reticular (RD) dermis. J = dermal-epidermal junction. Bar = 10 f.Lm. Inset, Luna
stained paraffin section showing collapsed band of elastic fibers (F) in papillary dermis. E = epidermis. Bar = 20
f.Lm.

of the skin markings. The interesting furrows which create the
characteristic geometric patterns were completely obliterated
by 6 weeks. Loss of skin markings have been seen in aging skin,
especially in exposed areas such as the h ands and face [41]. The
papillary dermis from actinically damaged skin shows parallel
arrangement of packed collagen fibrils along with retraction of
the fine vertical subepidermal elastic network [19]. Evidently,
the dermis determines the surface markings, but how this
happens is unknown.
While the effects of steroids on the epidermis are numerous
and well documented, one aspect that deserves some mention

is the changes that occur to the horny layer. In the present
study, the horny layer was severely reduced to a few wispy
layers. This change impairs the banier function of the horny
layer and is responsible for the increase in transepidermal water
loss that has been noted after steroid treatment [22]. Effects of
steroids on the banier have not received a great amount of
attention. Dehydration of the tissue underlying a functionally
defective barrier probably contributes to the rebound dermatitis and epidermal thickening that occurs after steroid occlusion
is terminated (personal observations). Similar epidermal hyperplasia accompanied by inflammation has also been observed
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FIG 6. High-magnification scanning electron micrograph of elastic
fibers (F) after 6 weeks of steroid treatment showing characteristic
grooved and pitted surface structure. Bar = 1 JLm. Inset, Transmission
electron micrograph showing elastic fiber composed of microfibrils
(MF) and amorphous material (AM) after 6 weeks of steroid treatment.
Bar = 0.5 Jlm.
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FIG 8. Dermal cell seen after 6 weeks of steroid treatment with
cytoplasm ftlled with membrane-bound proftles containing banded collagen fibrils (arrows) . ER =endoplasmic reticulum. Bar= 11m1.

We would like to thank Dora Dogadkin and Deborah A. Ricketts for
their excellent technical assistance.
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Natural cell-mediated cytotoxicity was studied in 24
patients with cutaneous T -cell lymphomas and in 18 ageand sex-matched controls studied concomitantly. Percent cytotoxicity was determined by 4-h 5 1 Cr release
assay using K562 targets at effector to target ratios of
100:1, 50:1, and 25:1. Mean percent cytotoxicity was
significantly lower in patients than in controls at an
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Abbreviations:
ADCC: antibody-dependent cellular cytotoxicity
CTCL: cutaneous T-celllymphoma(s)
MEM: minimum essential medium
MEM-FCS: MEM with fetal calf serum
NCMC: natural cell-mediated cytotoxicity
NK: natural killer
TNM: tumor size, node, metastasis

effector to target cell ratio of 100:1. Likewise, decreased
cytotoxicity was found at effector to target ratios of 50:1
and 25:1, although this difference was not significant.
When natural killer activity was analyzed separately for
males and females, cytotoxicity was lower in both, although the decrease was significant only for male patients. Impairment of natural killer activity ~d not correlate with blood zinc levels, but appeared to correlate
with stage of disease.
Immune disturbances have been associated with cutaneous
T-cell lymphomas (CTCL). Several studies have reported alterations in cellular [1-5] a nd humoral [6-8] immunity, although some of the data are inconclusive. Recently, cells mediating antibody-dependent cellular cytotoxicity (ADCC) and
natural killer (NK) cells have been gaining attention because of
their role in natural host defense mechanisms. Investigation of
ADCC in patients with CTCL showed that ADCC was decreased in Sezary syndrome, but normal in mycosis fungoides,
suggesting impairment may correlate with severity of disease
[9]. In the present study we determined NK activity in patients

