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Localized scleroderma is a rare autoimmune disease
characterized by progressive fibrosis of the skin and
its underlying structures, causing loss of normal tis-
sue structure and function. Myofibroblasts, differentia-
ted from fibroblasts by high expression of a-smooth
muscle actin, play a key role in the pathogenesis with
continuous production of collagen and other extracel-
lular matrix components. Transforming growth factor
B promotes myofibroblast transformation and is cen-
tral to the pathogenesis of fibrotic diseases. Targe-
ted therapies for skin fibrosis are lacking, and current
treatment consisting of topical steroids and immunos-
uppressive drugs often has limited efficacy. In this
study, testing was performed with 78 drugs on lesional
localized scleroderma fibroblasts to find potential new
therapies, with a-smooth muscle actin and collagen-1
expression as markers for antifibrotic effect. Seve-
ral drugs belonging to inhibitors of tyrosine kinase,
phosphoinositide-3 kinase, and transforming growth
factor B receptor were found to have an antifibrotic
effect in localized scleroderma fibroblasts. Along with
increased expression of transforming growth factor
B1, Smad3, and AKT found in lesional localized sclero-
derma skin, these results confirm transforming growth
factor B pathway as a treatment target. Additionally,
androgen receptor antagonists showed potential anti-
fibrotic effects, co-aligning with an increased expres-
sion of androgen receptor in localized scleroderma
skin.
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ocalized scleroderma (LS) is a rare autoimmune
disease characterized by fibrosis of the skin and
its underlying tissues (1). The pathogenesis of LS has
similarities to systemic sclerosis (SSc), but the diseases
are separate entities, and LS does not progress to syste-

SIGNIFICANCE

Localized scleroderma is an autoimmune connective tissue
disease, where chronic inflammation and abnormal acti-
vation of myofibroblasts leads to permanent skin fibrosis.
Currently there are no specific therapies targeting fibrosis.
In this study, we aimed to find potential new antifibrotic
treatments for localized scleroderma, using image-based
drug screening assay for fibroblasts isolated from the skin
of localized scleroderma patients. We found several drug
groups with antifibrotic effects, among them inhibitors of
tyrosine kinase, transforming growth factor B receptor, and
phosphoinositide-3 kinase, as well as androgen receptor
antagonists. Our study suggests new treatment options for
localized scleroderma.

mic disease (2, 3). Although LS is not life-threatening,
in deep subtypes it can lead to disfigurement and joint
contractures and cause ophthalmological and neurologi-
cal problems when located in the head (1, 2).

The fibroblast plays a key role in the pathogenesis
of LS. In genetically predisposed persons, an initiating
factor (i.e., trauma, radiation, infections) leads to vas-
cular injury, starting an inflammatory process (1, 3, 4).
Several cytokines and growth factors promote fibroblast
transformation into active myofibroblasts, characterized
by the expression of a-smooth muscle actin (a-SMA)
(5, 6). Myofibroblasts are contractile cells able to
secrete large amounts of extracellular matrix (ECM)
components including collagen-1 and accumulate at the
site of tissue injury in wound-healing response (6, 7).
Myofibroblasts normally undergo apoptosis after they
are no longer needed, but in pathological fibrotic condi-
tions they remain active at the site (5-7). Myofibroblasts
produce profibrotic cytokines such as interleukin -1, -6
and -8, and growth factors, such as vascular endothelial
growth factor (VEGF) and transforming growth factor
B (TGF-B) (7). TGF-p stimulates further myofibroblast
formation leading to a self-perpetuating cycle, promotes
fibrinogenic phenotype of immune and vascular cells, and
through SMAD-signalling induces the synthesis of ECM
components (8, 9). Continuous myofibroblast activation
and TGF-B signalling leads to accumulation of ECM
components, fibrosis, and loss of normal tissue structure.
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LS is currently treated with topical steroids and UVA
phototherapy (10). In the case of widespread disease
or deep tissue involvement, methotrexate and systemic
glucocorticoids are the first-line systemic treatments
(2, 10). Methotrexate has a wide immunosuppressive
effect, but it does not specifically target fibrosis (11).
Nintedanib, a tyrosine-kinase (TK) inhibitor, and tocili-
zumab, an interleukin-6 monoclonal antibody, both with
antifibrotic properties and FDA approved for treatment of
SSc interstitial lung disease, did not have a statistically
significant effect on skin fibrosis (12). New treatment
options for skin fibrosis are warranted (13).

High throughput (HT) screening allows a multitude
of drugs to be tested simultaneously on target cells to
search for potential new treatments (14). Cancer cell
lines and patient-derived cancer cells are commonly used
for HT drug screening, which may lead to new targeted
treatment options and clinical trials. In the context of
SSc, it has been proposed that organoid models and
patient-derived cells could be utilized for drug screen-
ing, and a personalized in vitro drug testing model using
real-time quantitative PCR has been suggested (15, 16).
One HT-drug screening study has been conducted using
fibroblasts, which were differentiated from induced plu-
ripotent stem cells generated from SSc patient peripheral
blood mononuclear cells, finding that raloxifene reduced
fibroblast proliferation and ECM production (17).

In this study, we used to our knowledge for the first
time lesional LS skin fibroblasts to perform drug scre-
ening to find potential new drugs to target fibrosis. We
cultured fibroblasts isolated from lesional skin of 3 LS
patients and performed drug screening with 78 drugs,
including 15 investigational agents. We used high content
(HC) confocal imaging to assess the antifibrotic effect of
the drugs as determined by the reduction in expression
of a-SMA, a marker for myofibroblasts, and collagen-1.

MATERIALS AND METHODS
Study participants and sample collection

LS patients were recruited from the Skin and Allergy
Hospital’s dermatological outpatient clinic. Inclusion

Table I. Characteristics of the study participants

criteria were age > 18 years, diagnosis of LS, and active
disease (new or growing lesions within the last year).
A surgical excision was performed on lesional LS skin.
From 3 female patients with plaque morphea, part of the
biopsy was processed for fibroblast culture and another
part formalin-fixed and paraffin-embedded (FFPE) for
immunohistochemistry (IHC). One of the patients had
undergone UVA phototherapy (3 years prior) and used
methotrexate (2 years prior to participation). For IHC,
an additional 7 LS patient skin samples were included
(Table I). Participation was voluntary, and all partici-
pants signed an informed consent. Control skin samples
were obtained from the department’s dermatosurgical
unit from patients undergoing skin graft procedures.
Control individuals were not diagnosed with LS or SSc.

Fibroblast isolation and culture

Biopsies were washed with phosphate-buffered saline
(PBS) and subcutaneous adipose tissue was mechani-
cally removed. Fibroblasts were isolated with a human
whole skin dissociation kit (Miltenyi Biotec, Bergisch
Gladbach, Germany) according to the manufacturer’s
instructions, using gentle MACS dissociator (Miltenyi
Biotec). After the dissociation protocol, the centrifuged
fibroblasts were resuspended with culture medium and
seeded on non-coated plastic cell culture flasks. Cells
were maintained in high glucose-DMEM (Gibco, Thermo
Fisher Scientific, MA, USA) supplemented with heat-
inactivated 10% fetal bovine serum (Gibco, Thermo
Fisher Scientific), 1% glutamax (Gibco, Thermo Fisher
Scientific), and 1% penicillin-streptomycin (Gibco,
Thermo Fisher Scientific). After reaching 70% con-
fluency, cells were trypsinized with 1x trypsin EDTA
(Gibco, Thermo Fisher Scientific), and centrifuged at
1,000 rpm. The pellet was resuspended in culture medium
and seeded on culture flasks at 1:3 ratio. Fibroblasts
were cultured until passage 2 or 3, to avoid changes in
cell phenotype.

Drug screening

Seventy-eight drugs were included for screening, each
in 5 different concentrations (Table SI). The compounds

Systemic treatment at

Disease duration,

Patient Sex Age, years Clinical phenotype  the time of sampling Previous treatment years Biopsy site

1 Female 33 Plague - - 19 Left arm

2 Female 65 Plaque - - 5 Abdomen

3 Female 35 Plaque - Phototherapy (UVA), MTX 7 Abdomen

4 Male 58 Plaque - Phototherapy (UVA) 3 Left flank

5 Female 66 Plague - Phototherapy (UVA), 5 Abdomen
cyclosporine

6 Female 38 Plaque - Phototherapy (UVA) 12 Left flank

7 Male 38 Generalized - Phototherapy (UVA) 4 Upper back

8 Female 27 Plaque MTX - 0 Right thigh

9 Female 32 Linear MTX - 16 Left shoulder

10 Female 69 Plague - Phototherapy (UVA) 1 Right armpit

Fibroblasts were isolated from the lesional skin of patients 1-3. MTX: methotrexate.
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were dispensed to tissue-culture treated 384-well assay
plates (Cell Carrier ultra, PerkinElmer, Waltham, MA,
USA) using acoustic dispensing (Echo 650, Beckman-
Coulter, Brea, CA, USA). 0.1% DMSO was used as
negative and 100 000 nM benzethonium chloride as
positive control. After trypsinization and cell counting,
500 cells/well were seeded on drug plates using BioTek
Multiflo FX RAD dispenser (Agilent, Santa Clara, CA,
USA) in 25 pl of culture medium and incubated for 72 h
at 5% CO2 at 37°C, after which fixed for 15 min at room
temperature (RT) in 4% formaldehyde (Sigma-Aldrich,
St Louis, MO, USA). Following fixation, cells were
washed and stored in PBS. Washing, liquid dispensing,
and aspiration were performed using the BioTek EL.406
Washer Dispenser (Agilent).

Cells were permeabilized in 0.3% Triton X-100 in
PBS for 10 min at RT and blocked in PBS containing
3% bovine serum albumin (BSA, Biowest, Nuaillé,
France) for 60 min at RT. After washing, the primary
antibodies (anti-collagen-1, AB745, 1:100, Millipore,
Bedford, MA, USA and anti-a-SMA, ab7817, 1:200,
Abcam, Cambridge,UK) were added using Certus FLEX
0.3 liquid handling system (Gyger, Gwatt, Switzerland)
and cells incubated for 1 h at 37°C. After washing with
PBS, Alexa Fluor-conjugated secondary antibodies (goat
anti-mouse 488, A11001, 1:1000, Invitrogen, Waltham,
MA, USA and goat anti-rabbit 568, A11011, 1:1000,
Invitrogen), along with Hoechst 33242 (H1399, 1:10000,
Life Technologies, Carlsbad, CA, USA) and HCS Cell
Mask Far Red (32721, 1:40000, Thermo Fisher Scienti-
fic) were added. Collagen-1 was stained green (AF488)
and a-SMA orange (AF568). Fibroblasts from patient 3
and control 3 were stained in an inverted manner (col-
lagen-1 in orange and a-SMA in green) but displayed
similar patterns of expression (Fig. S1). The cells were
incubated for 1 h at RT, after which they were washed
and stored at +4°C.

High content imaging and analysis

HC imaging was performed with PerkinElmer Opera
Phenix spinning disk confocal microscope (High Content
Imaging and Analysis Unit, FIMM, HiLIFE, University
of Helsinki, Finland) using a 20x water immersion objec-
tive (NA 1.0, working distance 1.7 mm, depth of focus
1.8 um) with 4 excitation lasers (405 nm with emission
band-pass filter 435/480; ex 488, em 500/550; ex 561, em
570/630, and ex 640, em 650/760). Nine fields of view
with 5% overlap were imaged per well using 3 prede-
termined Z focus planes with laser-based autofocusing.
The images were captured with 2 Andor Zyla sCMOS
cameras (16-bit, field of view 650 x 650 um?2, effective
xy resolution 0.66 pm). Z-stacks were analysed from a
maximum projection using the Biology Image Analysis
Software (BIAS) (Single-Cell Technologies, Szeged,
Hungary) for primary image processing, segmentation,
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and extraction of intensity value features from collagen-1
and a-SMA channels. Image stacks were projected to
2D images using maximum intensity projection. Non-
uniform illumination was corrected using the CIDRE
method. Intensity features for collagen-1 and a-SMA
were exported into .csv files and quantified using Python
v3 (https://www.python.org/download/releases/3.0/).
Drug hits were identified based on negative Spearman
correlation, which measures the strength and direction of
the association between drug concentration and normali-
zed intensity values. The number of a-SMA positive cells
was annotated using a BIAS software machine-learning
based module by 1 expert. Spearman correlations,
a-SMA positive cell ratio, and total cell number were
normalized with DMSO controls. Cell viability was
measured by the number of total segmented cells detec-
ted with BIAS segmentation. Statistical significance of
Spearman correlation coefficients was determined across
all compounds, and Benjamini-Hochberg correction was
applied to adjust for multiple testing.

Immunohistochemistry

IHC was performed at FIMM Digital Microscopy and
Molecular Pathology Unit supported by HiLIFE and
Biocenter Finland on FFPE tissue sections. After depa-
raffinization, antigen retrieval was performed using a PT
Module (Thermo Fisher Scientific) with Tris-EDTA buf-
fer (pH 9.0) for 20 min. Endogenous peroxidase activity
was blocked by 0.9% hydrogen peroxide incubation for
15 min at RT, after which the sections were blocked with
10% goat serum for 15 min at RT. The primary antibodies
were diluted in the blocking solution as follows: mouse
anti-androgen receptor (AR, 441) antibody (1:100,
Ab9474, Abcam), rabbit anti-phosphorylated AKT
antibody (1:100, CST4060, Cell Signaling Technology,
Danvers, MA, USA), rabbit anti-Smad3 (Ser 213) anti-
body (1:200, Orb34522, Biorbyt, Cambridge, UK) and
rabbit anti-TGF-B1 antibody (1:200, LS-B1004, LSBio,
Seattle WA, USA). Antibodies against AKT and AR were
incubated overnight at 4°C, and against Smad3 and TGF-
B1 for 1 h at RT. After washing with Tris-buffered saline
containing 0.05% Tween-20, the sections were incubated
with species-specific secondary antibody conjugates
for 30 min at RT (BrightVision HRP-Rabbit and HRP-
Mouse, Immunologica, Arnhem, The Netherlands). The
bound antibodies were visualized 3,3'-diaminobenzidine
(DAB). The sections were counterstained with haema-
toxylin, dehydrated, and mounted with a coverslip.
Microscopy was performed using a 3D HISTECH
Pannoramic 250 Flash III digital slide scanner (https://
www.3dhistech.com/scanners/pannoramic-250-flash-
iii-dx/) with a 20x objective (NA 0.8). Image analysis
was conducted using QuPath version 0.50 (https://
github.com/qupath/qupath/releases), employing the
Positive Cell Detection module to quantify marker
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expression. User-defined thresholds were applied to
classify cells as negative, weakly positive, moderately
positive, or strongly positive. The percentage of positive
cells and Histoscores (H-scores), which combines stain-
ing intensity and the positive cell percentage into a single
quantitative value, were extracted for further analysis
from epidermis and upper dermis. The exported data from
QuPath annotation areas were further analysed in Jupy-
ter Lab (https://jupyter.org/) using Python. Group-wise
comparisons of H-scores and positive cell percentage
were visualized using box plots, which included p-values
derived from the Mann—Whitney U tests.

RESULTS

Patient-derived fibroblasts were obtained from 3 LS
patients with active plaque morphea, the most common
LS subtype. The characteristics of the study patients
are presented in Table I and study pipeline in Fig. 1A
(discussed in detail in Methods). LS fibroblasts, as well
as control fibroblasts, were exposed to 78 drugs in 5 dif-
ferent concentrations for 72 h (Table SI). The antifibrotic
effects of the drugs were studied by an HC imaging-
based readout, i.e., fluorescence staining of a-SMA
and collagen-1. The expression patterns of collagen-1
and a-SMA were analysed from HC confocal images
(Fig. 1B). In LS fibroblasts, a decrease in a-SMA and
collagen-1 expression was found to occur with 58 and
28 drugs, respectively (Fig. 2A). The antifibrotic drugs
were defined by a decrease in the mean intensity of both
a-SMA and collagen-1 with increasing drug concen-
trations calculated as Spearman correlation, negative
correlation meaning a decrease in marker expression
(Fig. 2A and Fig. 2B). Importantly, cell viability deter-
mined by the total number of nuclei in the drug-treated
vs control (DMSO) cells was found to remain constant in
the increasing concentrations of the top hit drugs, i.e., the
drugs were not cytotoxic. In the LS fibroblasts, 20 drugs
showed an antifibrotic effect (Table IT). We also analysed
the ratio of a-SMA positive cells (myofibroblasts) to
total cell number, and most of the drugs with negative
Spearman correlations also showed a decrease in the
a-SMA/total cell ratio, indicating that the drug effect was
specific to myofibroblast and resulted in myofibroblasts
deactivating into fibroblasts (Fig. 3).

Of the drugs with antifibrotic effect, 50% belonged
to TK, phosphoinositide-3 kinase (PI3K), or TGF-
receptor inhibitors. Among the other drug groups with
the effect were Rho-kinase inhibitors, androgen receptor
(AR) antagonists, retinoids (acitretin), thalidomide, and
Janus kinase (JAK)-inhibitors (filgotinib, decernotinib).
Of note is that methotrexate, which is currently used
to treat severe LS, did not show significant effect on
a-SMA or collagen-1 expression in either LS or control
fibroblasts. Among glucocorticoids, methylpredniso-
lone showed an antifibrotic effect in the fibroblasts of 1
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scleroderma patient, while prednisolone or dexametha-
sone did not have an antifibrotic effect (see Fig. S1). In
control fibroblasts, antifibrotic effect was found in only
9 drugs, 6 of them the same as in LS fibroblasts (see Fig.
2A, Table II).

To further investigate the activation of signalling
pathways affected by drugs with antifibrotic effects, we
performed immunohistochemistry with FFPE LS skin
samples and control skin. We performed staining for
phosphorylated AKT (a serine/threonine kinase, also
known as protein kinase B), which is a downstream pro-
tein activated by PI3K (18). AKT was expressed in the
keratinocytes in the basal epidermis in 6/10 scleroderma
skin samples, with weak positivity found in only 1 control
sample (Fig. 4). TGF-B1 was expressed in keratinocy-
tes, especially in the basal layer, with mild to moderate
expression in all scleroderma samples. TGF-B1 was
expressed weakly also in control samples, but expression
was stronger in LS samples, with a statistically signifi-
cant difference in both percentage of positive cells and
H-score (p=0.04) (Fig.4). We also performed IHC with
SMAD3, which is a downstream protein of TGF-1 and
phosphorylated by type I receptor kinases upon activation
of the TGF-P receptor mediating the fibrinogenic actions
of TGF-B (9). Moderate to strong SMAD3 expression
was found in all LS samples in keratinocytes (especially
basal layer) and inflammatory cells. Among the control
samples, mild to moderate positivity was found in 3/4
samples, but the percentage of positive cells was signi-
ficantly lower as compared with scleroderma samples
(»=0.03). AR was found to be expressed in all LS samp-
les (moderate to strong expression) in keratinocytes and
inflammatory cells. Among the control skin samples, 3
samples showed mild expression and 1 moderate, but the
percentage of positive cells was significantly lower than
in LS samples (»p=0.02) (Fig. 4).

DISCUSSION

Tyrosine-kinase -, epidermal growth factor - and PI3K
inhibitors have antifibrotic properties according to the
literature (19-22). The PI3K/AKT pathway is recog-
nized as important for normal skin homeostasis and
its pathological activation has been linked to several
chronic inflammatory skin diseases and systemic scle-
rosis (18). In our study, AKT was expressed in the basal
keratinocytes of the majority of LS samples, and less in
control samples. AKT has previously been shown to be
overexpressed in SSc fibroblasts and can also be activa-
ted by TGF-B and SMAD3 (23, 24), both of which were
overexpressed in LS skin samples in our study. PI3K/
AKT pathway thereby could be a promising treatment
target in skin fibrosis.

Vactosertib and galunisertib, TGF-f receptor type I
inhibitors, showed a strong decreasing trend in a-SMA
and collagen-1 expression in LS fibroblasts in our
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Fig. 1. (A) Study pipeline. Lesional skin biopsies were obtained from 10 localized scleroderma (LS) patients. Fibroblasts isolated from 3 biopsies were
incubated with 78 drugs and stained with a-smooth muscle actin (a-SMA) and collagen-1. High content images were captured and analysed for antifibrotic
effect. Immunohistochemistry was performed with FFPE skin biopsies using antibodies against phosphorylated AKT, transforming growth factor 1 (TGF-$1),
SMAD3, and androgen receptor (AR). (B) Representative fluorescence microscopy images of drug-treated and untreated LS fibroblasts (LS patient 2).
Fluorescence images showing expression of collagen-1 (green, 488 channel) and a-SMA (orange, 568 channel). Nuclei stained with Hoechst (blue, 408
channel). Images display LS fibroblasts for selected drugs and 0.1% DMSO (untreated), highlighting changes in marker expression and cell morphology.
Expression of collagen-1 and a-SMA diminishes with increasing drug concentration. In untreated LS fibroblasts expression is abundant. Scale bar 50 pm.
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Table II. Drugs with a significant (p <0.05) antifibrotic effect by Spearman correlation test in scleroderma and control fibroblasts

Drug class Scleroderma fibroblasts

p-value (a-SMA, collagen-1)  Control fibroblasts

p-value (a-SMA, collagen-1)

TGF-B receptor blockers

Rho kinase inhibitors

Tyrosine kinase inhibitors

PI3k inhibitors

Androgen receptor blockers

JAK inhibitors

Statins
Antimetabolites

Vactosertib*
Galunisertib
Ripasudil

Pazopanib
Bosutinib
Erlotinib
Afatinib
Vatalanib*
Idelalisib
Serabelisib*
Umbralisib
Bicalutamide
Enzalutamide
Filgotinib (JAK1)
Decernotinib* (JAK3)
Pravastatin
Thioguanine
Fluorouracil

1.45e-282, 0.00
0.00, 0.00
7.37e-30, 1.01e-23

3.35e-210, 3.25e-23
5.88e-29, 1.68e-303
1.28e-39, 7.81e-68
3.95e-160, 1.37e-23
3.25e-5, 1.65e-14
1.05e-34, 6.95e-3
5.49e-72, 1.42e-10
6.12e-16, 4.27e-49
1.49e-19, 2.21e-62
1.61e-76, 3.98e-47
1.91e-89, 0.00
9.00e-6, 7.61e-41
2.15e-35, 4.14e-58
1.21e-46, 1.64e-14
2.02e-28, 9.85e-114

Vactosertib*

Ripasudil
Hydroxyfasudil
Pazopanib
Bosutinib

Bicalutamide

3.04e-20, 6.82e-7

9.84e-06, 1.44e-83
1.15e-92, 4.04e-157
5.88e-38, 8.10e-5
3.46e-15, 1.52e-18

1.55e-3, 1.47e-4

Pyrimidine nucleoside analogues

Toll-like receptor blockers

Retinoids Acitretin
Other immunomodulatory drugs Thalidomide

Azacitidine
Resatorvid*

5.01e-31, 1.91e-2
5.97e-26, 7.93e-84

1.58e-125, 2.53e-25
7.95e-62, 8.70e-39

Thalidomide 4.23e-2, 4.45e-192

*Investigational agent. TGF-B: transforming growth factor 3; a-SMA: a-smooth muscle actin.

study. Vactosertib has been shown to have antifibrotic
properties in hepatic, renal, pulmonary, and ulcerative
colitis associated fibrosis in rat and mouse models by
inhibiting the TGF-B/SMAD signalling pathway (25-27).
Vactosertib has also been shown to inhibit fibrosis and
increase lymphangiogenesis in a mouse tail model of
acquired lymphoedema, and to reduce formation on
post-surgical adhesion bands by inhibition of inflamma-
tion and fibrosis in mice (28, 29). The antifibrotic effect
of vactosertib was seen here both in LS and control
fibroblasts, whereas galunisertib affected specifically
scleroderma fibroblasts. Galunisertib has been studied
in TGF-B induced dermal fibroblasts, with decreasing
effects on fibroblast proliferation and attenuation of
fibrotic gene expression (30).

Rho-kinase has been linked to the pathogenesis of SSc
and contributes to fibrosis through promoting myofibro-
blast differentiation and TGF-f signalling (31). Ripasudil
and hydroxyfasudil had an antifibrotic effect in our study,
confirming Rho-kinase inhibitors as potential antifibrotic
treatments.

A novel finding in our study was the antifibrotic effect
of AR antagonists bicalutamide and enzalutamide. The
role of ARs in skin fibrosis is not well studied, and AR
antagonists have not been investigated as potential tre-
atments for either SSc or LS. Androgen receptors have,
however, been linked to cardiac and ovarian fibrosis.
The overexpression of ARs has been shown to increase
TGF-p induced cardiac fibroblast proliferation and col-
lagen production in mice, and a degradation enhancer
of ARs attenuated cardiac fibrosis (32). In polycystic
ovary syndrome transcriptional activation of androgen
receptors via TGF-f signalling promoted ovarian fibrosis
(33). Under normal conditions, ARs are expressed in the
keratinocytes and dermal fibroblasts (34). In our study,

Acta Derm Venereol 2025

AR expression was stronger in the keratinocytes of LS
samples compared with controls, and it was also found
in inflammatory cells. In mice, AR deficiency has been
shown to significantly decrease the amount of collagen
in tissues, indicating that blocking the receptor would
lead to diminished collagen production (35).

In our study, significant antifibrotic effects were
seen with filgotinib and decernotinib, but not with
other tested JAK inhibitors. A JAK/STAT signalling
cascade has been shown to be activated by TGF-p in
dermal fibroblasts and JAK inhibition has been shown
to diminish dermal fibrosis in SSc mouse models (36).
Case reports of treatment of SSc and LS patients with
JAK inhibitors (mostly tofacinitib and baricitinib)
have been promising, with favourable effects on skin
thickness (36).

There is evidence from past decades that retinoids
affect the production of collagen from SSc fibroblasts,
but clinical studies are few and they have scarcely been
used in clinical practice in recent years (37). Retinoids
have been more actively studied in renal, cardiac, and
pulmonary fibrosis with positive effects (38—40). In our
study, acitretin had a significant antifibrotic effect. As
retinoids are commonly used by dermatologists to treat
other conditions and have a favourable side effect profile
compared with anti-cancer drugs, they could provide a
possible treatment option for LS.

In conclusion, our study shows how LS patient fibro-
blasts can be utilized to screen shared and personalized
drug responses. Our results indicate that PI3K/AKT and
TGF-p pathway drugs have antifibrotic effects in LS
fibroblasts, with AR blockers rising as potential novel
therapies. As our patient cohort was small, further studies
on the mechanisms and effects of these drugs in skin
fibrosis and localized scleroderma are needed.
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