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TO THE EDITOR
Cutaneous lupus erythematosus (CLE) is
an autoimmune disease that can occur
as an isolated skin condition or as a skin
manifestation secondary to systemic
autoimmune diseases such as systemic
lupus erythematosus and primary Sjögren’s syndrome (Kuhn and Landmann,
2014; Wenzel, 2019). CLE is
commonly associated with IFN-1e and
IFN-3edriven
inflammation,
with
chronic discoid lupus erythematosus
(CDLE) and subacute CLE (SCLE) as
frequent subtypes (Wenzel, 2019). Both
types of CLE lesions contain infiltrating
lymphoid cells in the epithelium, in the
dermis, and in particular, at the dermo‒
epidermal junction (DEJ), albeit CDLE
lesions comprise more infiltrating cells
than SCLE lesions (Supplementary
Figure S1a). In addition, scarring
frequently occurs after CDLE lesion but
not after SCLE lesion, causing aesthetic
and
psychosocial
discomfort
(McDaniel et al., 2021). Skin homeostasis and wound healing are normally
maintained by the epithelial progenitor
cell self-renewal and differentiation,
facilitated by transient amplifying (TA)
cells (Krafts, 2010).
Senescence is an irreversible state of
cell cycle arrest, where a lack of proliferation ability is accompanied by
apoptosis resistance (Gorgoulis et al.,
2019). Senescent cells secrete a panel
of proinflammatory cytokines and chemokines, termed the senescenceassociated secretory phenotype, factors mitigating the spread of senescence
to adjacent cells and potentially augmenting
general
inflammation
(Hernandez-Segura et al., 2018). p16
and p21 are commonly used as senescence markers (Bernardes de Jesus and
Blasco, 2012). We recently showed

increased p16þ cells in a progenitor
cell niche in the salivary gland of patients with the autoimmune disease
primary Sjögren’s syndrome, the extent
of which correlated with hyposalivation
and increased salivary gland lymphocytic infiltration (Wang et al., 2020).
We hypothesized that skin progenitor
cells of patients with the autoimmune
disease CLE may be senescent. Using
immunohistochemistry, we first examined the expression of p16 and p21 in
age-matched skin biopsies of patients
with CLE lesions (n ¼ 20, comprising 8
CDLE and 12 SCLE) compared with the
expression in unaffected skin of patients
with CLE as controls (n ¼ 3)
(Supplementary Figure S1b and c). Skin
biopsies were taken during a routine
biopsy for diagnosis and during the
establishment of a local pathology
database (METc201800245). According
to national regulations in the
Netherlands (Overheid.nl, 2018), this
type of retrospective noninterventional
study with leftover materials for diagnostic purposes does not require
approval from the local medical ethical
committee. For the analysis of p16þ and
p21þ cells, the epidermis was divided
into three areas: the basal layer (the
progenitor cell niche), the suprabasal
layer (the TA cell niche), and the further
differentiated (FD) area (terminally
differentiated keratinocytes) (Figure 1a).
In unaffected skin, small numbers of
scattered p16þ or p21þ cells were
detected
throughout
the
whole
epidermis (Figure 1b, d, e, and g). In
CLE lesions, significantly more p16þ
cells per mm2 were detected in all the
three layers, whereas for p21þ cells,
this was only significant for the basal
and suprabasal layer and as a trend for
the FD area (Figure 1b‒g). Within CLE

Abbreviations: CDLE, chronic discoid lupus erythematosus; CLE, cutaneous lupus erythematosus; DEJ,
dermo‒epidermal junction; FD, further differentiated; SCLE, subacute cutaneous lupus erythematosus;
TA, transient amplifying
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subtypes, there was a trend for more
p16þ cells per mm2 in CDLE than in
SCLE lesions in all the three layers of
epidermis examined; however, this
trend was seen for p21þ cells per mm2
only in the basal and suprabasal layers
(Supplementary Figure S1d‒i).
Next, to explore the possible influence of inflammation on skin stem cell
senescence, we compared (i) CLE with
16 other dermatoses, with varying
amounts and distribution of infiltrating
cells in the skin. These dermatoses were
split into four groups categorized into
(ii) other dermatoses with DEJ infiltrates
(non-CLE lichenoid dermatoses, n ¼
22) and dermatoses without DEJ infiltrates, including (iii) non-CLE sunlight
induced, n ¼ 7; (iv) spongiotic and
psoriasiform, n ¼ 6; and (v) superficial
and deep, n ¼ 14. The 18 individual
dermatoses comprising a total of five
pathological groups are listed in
Supplementary Table S1.
Skin lesions of non-CLE lichenoid
dermatoses contained similar numbers
of p16þ and p21þ cells per mm2 as the
CLE group in all epidermal layers
(Figure 2i and j). The p16þ and p21þ
cells per mm2 were higher in CLE and
non-CLE lichenoid groups than in all
other dermatoses in the basal and
suprabasal layers (Figure 2a‒j). In the
FD area, CLE and non-CLE lichenoid
groups also contain higher numbers of
p16þ cells per mm2 than other groups,
whereas the spongiotic and psoriasiform group contained the most p21þ
cells per mm2 than all other groups
(Figure 2i and j).
When dermatoses were grouped according to the presence or absence of
DEJ infiltration (see Supplementary
Table S1), significantly more p16þ and
p21þ cells per mm2 in the basal and
suprabasal layers were found in dermatoses with DEJ infiltration than in
those without DEJ infiltration and in the
unaffected skin (Figure 2k and l). In the
FD area, more p16þ cells per mm2
were observed in dermatoses with DEJ
infiltration than in those without DEJ
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Figure 1. Presence of p16D and p21D cells in the basal and suprabasal layers and the further differentiated area in the skin lesions of patients with CLE. (a)
Graphic illustration for the basal layer (the progenitor cell niche), the suprabasal layer (the TA cell niche), and the further differentiated area. (b, c, e, f)
Representative staining of p16 or p21 (blue) and EGFR (brown, an epithelial cell marker) in the unaffected skin and CLE lesions. The dashed line indicates the
DEJ; the black arrowheads point to p16þ basal epidermal cells. (d, g) The quantification of p16þ or p21þ cells per mm2 area in the epidermis of unaffected skin
(n ¼ 3) and that of patients with CLE (n ¼ 20). The red line indicates the median. *P < 0.05, **P < 0.01. CDLE, chronic discoid lupus erythematosus; CLE,
cutaneous lupus erythematosus; DEJ, dermo‒epidermal junction; TA, transient amplifying.

infiltration and in unaffected skin
(Figure 2k and l). p21þ cells per mm2 in
the FD area were similar with and
without DEJ infiltration, both were
higher than in unaffected skin
(Figure 2k and l). p16þ and p21þ cells
per mm2 in different epidermal layers in
individual dermatosis are shown in
Supplementary Figure S1d‒i.
Across all dermatoses, p16þ and
p21þ cells per mm2 were significantly
positively correlated in both basal
(R ¼ 0.45, P < 0.0001) and suprabasal

(R ¼ 0.47, P < 0.0001) layers
(Figure 2m). This was not the case in the
FD area (R ¼ 0.04, P ¼ 0.76;
Supplementary Figure S1j) and in total
epidermis (R ¼ 0.21, P ¼ 0.07;
Supplementary Figure S1k). Further
probing revealed that p16þ cells were
more likely in basal layer than in
suprabasal layer (P < 0.0001), whereas
p21 was conversely enriched in the
suprabasal layer compared with that in
the basal layer (P < 0.0001) (Figure 2n
and o). Interestingly, the amount of

basal p16þ cells per mm2 and suprabasal p21þ cells per mm2 were also
significantly correlated (R ¼ 0.46, P <
0.0001; Supplementary Figure S1l).
Our findings reveal that dermatoses,
including the autoimmune disease CLE,
with infiltration spatially close to progenitor/TA niches (the DEJ) contain
higher numbers of p16þ and p21þ
progenitor/TA cells than dermatoses
without these infiltrates. In line with
this difference, within the CLE group,
CDLE lesions, containing denser DEJ
www.jidonline.org
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infiltration than SCLE lesions, contain
more p16þ and p21þ cells. These
findings suggest that inflammation and
senescence (and senescence-associated
secretory phenotype) are at least associated with each other, as has also been
shown for other epithelial organs (e.g.,
salivary gland and intestine) (Coppé
et al., 2010; Freund et al., 2010;
Parrinello et al., 2005; Pringle et al.,
2018; Wang et al., 2020). Considering
the proinflammatory nature of the
components of the senescenceassociated secretory phenotype, it is
also possible that inflammation and
senescence may augment each other’s
presence, also an interesting phenomenon to be explored in future studies.
The nature of the infiltration in different
dermatoses, in terms of immune cell
types and their respective secretomes,
may also play a significant role in
the sum effect of the inflammation on
progenitor and TA compartments.
Inflammation has also been associated
with impaired clearance of apoptotic
epithelial cells in CLE and likely contributes significantly to CLE disease
development (Kuhn and Bijl, 2008).
Furthermore, the extent of inflammatory infiltration is also associated with
the likelihood of scarring (Marshall
et al., 2018; Wilgus, 2020). Whether
DEJ infiltration, progenitor cell senescence, or epithelial cell apoptosis contributes equally or not to scar formation
in CDLE lesions remains to be established and may dictate the most appropriate treatment regime. In particular,
timely removal of senescent cells using
senolytics, paired with blockade of
chronic inflammation, may promote
optimal CDLE lesion resolution.
The preferable expression of p16 in
the progenitor niche and p21 in the TA
niche were also observed in another fastturnover organ in an autoimmune disease context, namely intestines, from
patients with Crohn disease (Wang et al.,
2019). In our study of the salivary gland

(a slow turnover organ) in primary
Sjögren’s syndrome, only p16 was
observed (Wang et al., 2020). We hypothesize that p21-induced senescence
is more likely to occur in epithelial organs containing TA cells, usually fastturnover tissues, whereas p16 drives a
more general epithelial senescence. The
different p16/p21 expression profiles in
the FD area (this study) among dermatoses may also underpin the differences
in p16- or p21-mediated senescence
pathway activation, of which the mechanisms remain to be investigated.
In conclusion, we propose that
dysfunctional epidermal progenitor and
TA cells in CLE and other dermatoses
with DEJ infiltration may be senescent
as a result of close proximity to inflammatory infiltrate and may be hindered in their ability to repair
epidermal damage.

AUTHOR CONTRIBUTIONS
Conceptualization: SP, XW, GD, KDL; Data
Curation: XW; Formal analysis: XW, SP, GD, KDL,
FGMK; Methodology: SP, XW, GD, KDL; Writing Original Draft Preparation: XW, GD, WML, JW,
HB, FGMK, KDL, SP; Writing - Review and Editing: XW, GD, WML, JW, HB, FGMK, KDL, SP

Xiaoyan Wang1,3,*, Gilles Diercks2,
Wietske M. Lambers1,
Johanna Westra1, Hendrika Bootsma1,
Frans G.M. Kroese1, Karina de Leeuw1
and Sarah Pringle1
1
Department of Rheumatology and Clinical
Immunology, University Medical Center
Groningen, University of Groningen,
Groningen, The Netherlands; and 2Department
of Pathology, University Medical Center
Groningen, University Hospital Groningen,
Groningen, The Netherlands
3

Current address: Department of Stomatology,
Beijing Tiantan Hospital, Capital Medical
University, Beijing, China

*

Corresponding author e-mail: wangxy_tth@
163.com

Data availability statement

No datasets were generated
analyzed during this study.

or

ORCIDs
Xiaoyan
Wang:
http://orcid.org/0000-00026778-727X
Gilles Diercks: http://orcid.org/0000-0001-8053216X
Wietske M. Lambers: http://orcid.org/00000002-2026-5191
Johanna Westra: http://orcid.org/0000-00026581-6508
Hendrika Bootsma: http://orcid.org/0000-00017126-9785
Frans G.M. Kroese: http://orcid.org/0000-00033660-0617
Karina de Leeuw http://orcid.org/0000-00030218-9364
Sarah Pringle: http://orcid.org/0000-0002-07791680

CONFLICT OF INTEREST
The authors state no conflict of interest.

ACKNOWLEDGMENTS
The authors gratefully acknowledge the patients
who took part in this research and agreed to
provide their skin biopsies for this study. This
research was funded by a China Scholarship
Council grant (201606220074), a Dutch Arthritis
Foundation Translational Research Grant (T015052), and a Dutch Arthritis Foundation Long Term
Project Grant (LLP-29).

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online
version of the paper at www.jidonline.org, and at
https://doi.org/10.1016/j.jid.2021.06.022.

REFERENCES
Bernardes de Jesus B, Blasco MA. Assessing cell
and organ senescence biomarkers. Circ Res
2012;111:97e109.
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TO THE EDITOR
Autoimmune
blistering
diseases
(AIBDs) are severe human autoimmune
diseases affecting the skin and mucous
membranes (Witte et al., 2018). Patients
with AIBDs develop pathogenic autoantibodies targeting structural skin
proteins and causing intraepidermal
blisters to form as in pemphigus vulgaris or at the basement membrane zone
(BMZ) as in pemphigoid diseases
(Schmidt and Zillikens, 2011). For
many AIBDs, the events after autoantibody binding have been elucidated.
However, early events in the pathogenic cascade leading to autoantibody
production are still not fully understood. In patients with epidermolysis
bullosa acquisita (EBA), a rare AIBD,
autoreactive T cells recognizing the
immunodominant region of the respective autoantigen type VII collagen (COL7)
have been previously identified (Müller
et al., 2010). Further evidence showing
that autoreactive CD4þ T cells play an
important role in the initiation of autoantibody production results from animal

models. Expansion of autoreactive CD4þ
T cells is normally controlled by regulatory T cells. Loss of regulatory T-cell
function has been linked to the development of various autoimmune diseases
(Dejaco et al., 2006). By generating hybridomas of spontaneously activated
splenocytes from sick scurfy mice having
a missense mutation in the transcription
factor Foxp3, we as well as others have
shown that deficiency of regulatory T
cells leads to the development of AIBD in
these mice caused by the production of
pathogenic autoantibodies targeting
bullous pemphigoid antigen 230
(Haeberle et al., 2018; Muramatsu et al.,
2018). Furthermore, we identified a murine IgG1 autoantibody (H510) with
autoreactivity to COL7 inducing subepidermal blisters in neonatal wild-type
(WT) mice, thus serving as an experimental mouse model for EBA on the
basis of the transfer of antibodies rather
than on the basis of xenogeneic
autoantibodies.
Initially, we tested the murine mAb
H510 for skin reactivity and found

Abbreviations: AIBD, autoimmune blistering disease; BMZ, basement membrane zone; COL7, type VII
collagen; EBA, epidermolysis bullosa acquisita; IIF, indirect immunofluorescence; mvWFA2, murine
vWFA2; NC, noncollagenous; WT, wild-type
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specific binding of H510 to the blister
floor in indirect immunofluorescence
(IIF) on murine salt-split skin
(Figure 1a). Performing IIF microscopy
on WT organs, H510 showed a linear
staining pattern along the BMZ on the
palate,
skin,
and
esophagus
(Supplementary Figure S1a and
Supplementary Table S1). Furthermore,
primary murine keratinocytes contrary
to murine fibroblasts express the autoantigen by IIF staining with H510
(Supplementary Figure S1b). To test
whether or not the specific binding of
H510 to its autoantigen induces pathology, we subcutaneously injected
neonatal WT mice with 1.5 mg of purified H510 antibody. After 48‒55
hours, the majority of mice injected
with H510 showed microscopic subepidermal blisters in the skin (extremities and back skin), whereas mice
injected with control IgG1 did not
(Figure 1b and c). Specific binding of
H510 was confirmed by direct immunofluorescence microscopy of the skin,
showing a linear deposition of H510
along the BMZ (Figure 1d and e).
Regarding the fact that H510 induces
subepidermal blisters in WT skin
in vivo and that the corresponding
autoantigen is mapped to the blister
floor on salt-split skin, we first tested
laminin 332 as one potential antigen by
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Supplementary Figure S1. Presence and association of p16D and p21D cells in different epidermal layers of skin lesions from individual dermatosis. (a) CD45
immunostaining reveals denser DEJ infiltration in skin lesions from CDLE than SCLE. The red dotted line and red arrow indicate the DEJ area. The right image is
the magnification of the black square in the left image. Bar ¼ 100 mm. (b, c) The age of patients in different groups. Unaffected skin, n ¼ 3; CLE, n ¼ 20; nonCLE lichenoid, n ¼ 22; non-CLE sunlight induced, n ¼ 7; superficial and deep, n ¼ 14; spongiotic and psoriasiform, n ¼ 6; dermatoses with DEJ infiltration, n ¼
42; dermatoses without DEJ infiltration, n ¼ 27. (d‒
‒i) The quantification of p16þ or p21þ cells (the amount of p16þ or p21þ cells per mm2 area) in the B, SB,
and the FD area in groups of unaffected skin (n ¼ 3) and lesions from dermatoses (CDLE, n ¼ 8; SCLE, n ¼ 12; benign lichenoid keratosis, n ¼ 3; EEM, n ¼ 3;
lichen planus, n ¼ 3; lichenoid drug eruption, n ¼ 4; GVHD, n ¼ 5; fixed drug reaction, n ¼ 2; PLEVA, n ¼2; rosacea, n ¼ 5; porphyria, n ¼ 2; eczema, n ¼ 3;
psoriasis, n ¼ 3; PMLE, n ¼ 5; urticaria, n ¼ 3; insect bite, n ¼ 2; perniosis, n ¼ 2; EAC, n ¼ 2). ⅰ, ii, iii, iv, and v indicate CLE, lichenoid (non-CLE), sunlight
induced (non-CLE), spongiotic and psoriasiform, and superficial and deep, respectively. Each dot represents a patient. The red line indicates the median. (j‒
‒l)
The correlation analysis between p16þ cells per mm2 and p21þ cells per mm2 in different epidermal areas (n ¼ 69). B, basal layer; CDLE, chronic discoid lupus
erythematosus; CLE, cutaneous lupus erythematosus; DEJ, dermo‒epidermal junction; EAC, erythema annulare centrifugum; EEM, erythema multiforme; FD,
further differentiated; GVHD, graft-versus-host disease; Haem, hematoxylin; PLEVA, pityriasis lichenoides et varioliformis acuta; PMLE, polymorphous light
eruption; SB, suprabasal layer; SCLE, subacute cutaneous lupus erythematosus.
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Supplementary Table S1. Grouping of Dermatoses
Dermatoses
CDLE
SCLE
Benign lichenoid keratosis
EEM
Lichen planus
Lichenoid drug eruption
GVHD
Fixed drug reaction
PLEVA
Rosacea
Porphyria
PMLE
Urticaria
Insect bite
Perniosis
EAC
Eczema
Psoriasis

Groups

Main Infiltration in the DEJ Area

CLE

Yes

Non-CLE lichenoid

Non-CLE sunlight induced

No

Superficial and deep

Spongiotic and psoriasiform

Abbreviations: CDLE, chronic discoid lupus erythematosus; CLE, cutaneous lupus erythematosus;
DEJ, dermo‒epidermal junction; EAC, erythema annulare centrifugum; EEM, erythema multiforme;
GVHD, graft-versus-host disease; PLEVA, pityriasis lichenoides et varioliformis acuta; PMLE,
polymorphous light eruption; SCLE, subacute cutaneous lupus erythematosus.
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