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INTRODUCTION
Skin fibrosis is a devastating pathology

that occurs during different human
pathologies, that is, systemic sclerosis
(SSc), an autoimmune disease of un-
known etiology characterized by pro-
gressive fibrosis of the skin and internal
organs (1), or wound-associated skin re-
pair (2). Injury of the skin can ultimately
lead to scar formation, like keloid and
hypertrophic scars (3). Although the clin-
ical appearance of the different skin dis-
orders might differ, the activation, prolif-

eration and migration of resident fibrob-
lasts at the site of trauma which induces
deposition of extracellular matrix (ECM)
proteins like fibronectin and collagen is a
common pathway in these disorders
(3–5). Targeting fibroblast activation
and/or function may thus provide new
therapeutic strategies in the treatment of
fibroproliferative skin disorders due to
its direct antifibrotic effect (4).

Protease activated receptor (PAR)-1 is
a G-coupled receptor belonging to the
protease activated receptor family that

consists of 4 members (PAR-1 to PAR-4).
PARs show a unique mechanism of acti-
vation, being proteolytically cleaved by
serine proteases (6). Removal of the 
N-terminal extracellular domain releases
a tethered ligand that binds to the body
of the receptor to induce transmembrane
signaling (7). Interestingly, PAR-1 in-
duces proliferation, migration and ECM
production of fibroblasts and PAR-1 defi-
ciency (either genetic or pharmacologic)
limits experimental fibrosis in lung (8,9)
and liver (10). In the skin, PAR-1 is ex-
pressed on keratinocytes, endothelial
cells and fibroblasts and the density of
PAR-1 positive fibroblasts is increased in
the skin of SSc patients compared with
that of healthy controls (11). Moreover,
PAR-1 is expressed in both the epidermis
and dermis of normal and hypertrophic
scars and in keloid lesions (12). The func-
tional consequence of PAR-1 expression
in the skin remains elusive however al-
though accelerated wound healing in

Protease Activated Receptor-1 Deficiency Diminishes
Bleomycin-Induced Skin Fibrosis

JanWillem Duitman,1 Roberta R Ruela-de-Sousa,1 Kun Shi,1 Onno J de Boer,2 Keren S Borensztajn,3

Sandrine Florquin,2 Maikel P Peppelenbosch,4 C Arnold Spek1

1Center for Experimental and Molecular Medicine (CEMM) and 2Department of Pathology, Academic Medical Center, University of
Amsterdam, Amsterdam, the Netherlands; 3Unité INSERM 700, Physiopathologie et Epidémiologie de L’Insuffisance Respiratoire,
Faculté de Médecine Xavier Bichat, Paris, France; and 4Department of Gastroenterology and Hepatology, Erasmus Medical Center,
Rotterdam, the Netherlands

Accumulating evidence shows that protease-activated receptor-1 (PAR-1) plays an important role in the development of fibro-
sis, including lung fibrosis. However, whether PAR-1 also plays a role in the development of skin fibrosis remains elusive. The aim of this
study was to determine the role of PAR-1 in the development of skin fibrosis. To explore possible mechanisms by which PAR-1 could
play a role, human dermal fibroblasts and keratinocytes were stimulated with specific PAR-1 agonists or antagonists. To investigate
the role of PAR-1 in skin fibrosis, we subjected wild-type and PAR-1-deficient mice to a model of bleomycin-induced skin fibrosis.
PAR-1 activation leads to increased proliferation and extra cellular matrix (ECM) production, but not migration of human dermal fi-
broblasts (HDF) in vitro. Moreover, transforming growth factor (TGF)-β production was increased in keratinocytes upon PAR-1 acti-
vation, but not in HDF. The loss of PAR-1 in vivo significantly attenuated bleomycin-induced skin fibrosis. The bleomycin-induced in-
crease in dermal thickness and ECM production was reduced significantly in PAR-1-deficient mice compared with wild-type mice.
Moreover, TGF-β expression and the number of proliferating fibroblasts were reduced in PAR-1-deficient mice although the differ-
ence did not reach statistical significance. This study demonstrates that PAR-1 contributes to the development of skin fibrosis and
we suggest that PAR-1 potentiates the fibrotic response mainly by inducing fibroblast proliferation and ECM production.
Online address: http://www.molmed.org
doi: 10.2119/molmed.2014.00027

Address correspondence to JanWillem Duitman, Center for Experimental and Molecular

Medicine, Academic Medical Center, Meibergdreef 9, NL-1105 AZ Amsterdam, the Nether-

lands. Phone: +31 20 56 66 034; Fax: +31 20 69 77 192; E-mail: J.W.Duitman@amc.uva.nl.

Submitted February 11, 2014; Accepted for publication May 14, 2014; Epub

(www.molmed.org) ahead of print May 15, 2014.



R E S E A R C H  A R T I C L E

M O L  M E D  2 0 : 4 1 0 - 4 1 6 ,  2 0 1 4  |  D U I T M A N  E T  A L .  |  4 1 1

mice after topical PAR-1 activation pin-
points PAR-1 as an important receptor in
the skin (13).

Here we show that PAR-1 drives profi-
brotic responses of human dermal fibrob-
lasts (HDF) and keratinocytes in vitro.
Furthermore, we show that PAR-1 plays
a pivotal role in the development of skin
fibrosis in a murine model of bleomycin-
induced skin fibrosis.

MATERIALS AND METHODS

Animals
Heterozygous PAR-1-deficient mice

on a C57Bl/6 background were pur-
chased from The Jackson Laboratory
(Bar Harbor, ME, USA) (14). Animals
were intercrossed to obtain homozygous
PAR-1 knockout (KO) mice as described
before (15). Wild-type C57BL/6 mice
were purchased from Charles River
(Maastricht, the Netherlands). All exper-
iments were approved by the Institu-
tional Animal Care and Use Committee
of the University of Amsterdam. All
mice were maintained according to in-
stitutional guidelines. Animal proce-
dures were carried out in compliance
with the Institutional Standards for Hu-
mane Care and Use of Laboratory Ani-
mals of the Academic Medical Center.
The Animal Care and Use Committee of
the Academic Medical Center approved
all experiments.

Induction of Skin Fibrosis
Eight- to ten-wk-old male mice (n = 8

per group) received daily intradermal in-
jections of bleomycin (100 μL containing
10 μg bleomycin sulphate in PBS) into
their shaved backs for 10 consecutive
days.

Histological Analysis of Skin
After euthanization, skin sections were

fixed in formalin, embedded in paraffin
and 4-μm-thick sections were subse-
quently deparaffinized, rehydrated and
washed in deionized water. Slides were
stained with hematoxylin and eosin
(H&E) and Masson trichrome according
to routine procedures. Dermal thickness

was measured on H&E stained slides
using pictures taken at 10× magnification.
The average of three measurements per
section was used for each skin section.

In Vivo Proliferation
Proliferative cells were detected using

a rabbit anti-Ki67 (#RM-9106; Thermo
Fisher Scientific Inc., Waltham, MA,
USA) antibody essentially as described
before (16). In short, after deparaffiniza-
tion and endogenous peroxidase inhibi-
tion, sections were boiled in citrate buffer
(pH 6.0) for 10 min, blocked with normal
goat serum for 30 min and incubated
overnight with the primary antibody
(1:500) at 4°C. Subsequently, slides were
incubated with Brightvision PolyHRP-
anti-rabbit IgG (DPVR-110HRP; Im-
munologic, Duiven, the Netherlands) for
30 min at room temperature and stained
using DAB (BS04-999; Immunologic). Per
section, proliferating cells of the dermis
were counted excluding cells of the epi-
dermis, hair follicles and sebaceous
glands from the analysis. Control experi-
ments leaving out the primary antibody
were performed as controls to exclude
nonspecific binding of the secondary
 antibody.

ECM Immunohistochemistry
Collagen type I staining was per-

formed essentially as described before
(17). For fibronectin stainings, sections
were boiled in citrate buffer (pH 6.0) for
20 min, blocked with 5% normal rabbit
serum in PBS for 30 min and incubated
overnight with the primary antibody
(1:50; sc-6953, Santa Cruz Biotechnology
Inc., Dallas, TX, USA) at 4°C. Subse-
quently, slides were incubated with a rab-
bit-anti-goat-HRP antibody (1:100; P0160,
Dako Netherlands B.V., Heverlee, Bel-
gium) for 30 min at room temperature
and stained using DAB (BS04-999; Im-
munologic). Control experiments leaving
out the primary antibody were per-
formed as controls to exclude nonspecific
binding of the secondary antibody. The
percentage of ECM-positive area per high
power field (expressing the density of
ECM) and per skin section (indicating

total amount of ECM in the dermis) was
determined with ImageJ software (U.S.
National Institutes of Health, Bethesda,
MD, USA; http:// rsb.info.nih.gov/ij,
1997–2011).

Cell Culture
Human keratinocytes (HaCaT cells) (a

gift from Henri H Versteeg; passages
50–55) and human dermal fibroblasts
(HDFs) (American Type Culture Collec-
tion [ATCC], Manassas, VA, USA; pas-
sages 2–6) were maintained in Dul-
becco’s modified eagle medium (DMEM)
supplemented with 10% fetal calf serum
(FCS). Unless stated otherwise, cells were
serum-starved for 4 h and subsequently
stimulated as described. Cells were lysed
in Laemmli lysis buffer, incubated for 5
min at 95°C and stored at –20°C for fur-
ther analysis. Medium of the cells was
stored at –20°C for TGF-β detection.

Lentiviral Knockdown of PAR-1
For lentiviral PAR-1 silencing, PAR-1

and control shRNA in the pLKO.1-puro
backbone were purchased from Sigma-
Aldrich (St. Louis, MO, USA) (MISSION
shRNA library). We selected clones
TRCN0000003689 (CCGGCCCGGT
CATTTCTTCTCAGGACTCGA GTCCT
GAGAAGAAATGACCGG GTTTTT),
TRCN0000003691 (CCGGC CTACT
ACTTCTCAGCCTTCTCTCGAGAGAA
GGCTGAGAAGTAGTAGGTT TTT) and
SHC003 (CCGGCGTGAT CTTCACCGAC
AAGATCTCGAGATCTTGTCGGTGAA
GATCACGTTTTT; control; shTGFP).
Lentiviral production and cell transduc-
tion was performed using standard pro-
tocols (18) and shRNA transduced HDFs
were selected in the presence of 2 μg/mL
puromycin for 72 h. 

Cell Viability Assays
HDFs, seeded in 96-well plates at a con-

centration of 5000 cells/well, were stimu-
lated with thrombin (1 U/mL), PAR-1 ago-
nist peptide (H-SFLLRN-NH2; PAR-1-AP;
100 μmol/L) or human recombinant TGF-β
(5 ng/mL) after which cell viability was
determined using a 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium (MTT) assay
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according to routine procedures. When in-
dicated, cells were preincubated for 30 min
with P1pal-12 (palmitate-RCLSSSAVANRS-
NH2; 5 μmol/L).

Western Blot
Samples were subjected to sodium do-

decyl sulfate/polyacrylamide gel elec-
trophoresis (SDS-PAGE) (10% gel), after
which proteins were transferred onto 
Immobilon-P membranes (Merck Milli-
pore, Billerica, MA, USA) as described
before (19). Next, membranes were
blocked for 1 h at room temperature ei-
ther in Odyssey Blocking buffer (OBB)
(LI-COR Biosciences, Lincoln, NE, USA)
mixed with phosphate buffered saline
(PBS) in a 1:1 (vol/vol) ratio for p44/42
or in 5% bovine serum albumin in Tris-
buffered saline + 0.1% Tween-20 (TBS-T)
for fibronectin, collagen type I and 
α-tubulin. The membranes were incu-
bated overnight at 4°C with antibodies
against fibronectin (1:1000 in TBS-T;
sc-6953, Santa Cruz Biotechnology), 
α-tubulin (1:1000 in TBS-T; sc-23948,
Santa Cruz Biotechnology), collagen type
I (1:800 in TBS-T; #1310-01, Southern
Biotech, Birmingham, AL, USA) or 
phospho-p44/42 (1:1000 in OBB/PBS [1:1
{vol/vol} ratio]; #9106, Cell Signaling
Technology, Danvers, MA, USA). After
washing, the blots were incubated with
secondary antibodies (HRP- conjugated
for fibronectin, collagen type I and 
α-tubulin (1:1000 in TBS-T) or IRDye 
700-GAR for phospho-p44/42 (1:5000 in
OBB/PBS [1:1 {vol/vol} ratio] with 0.04%
SDS). Finally, membranes were imaged
using Lumi-Light (12015200001; Roche,
Basel, Switzerland) on an ImageQuant
LAS 4000 biomolecular imager (GE
Healthcare, Zeist, the Netherlands) or on
a LI-COR Odyssey IR Imager.

TGF-β Detection
Active TGF-β levels were measured by

enzyme-linked immunosorbent assay
(ELISA) (R&D Systems Inc., Minneapolis,
MN, USA) according to the manufac-
turer’s recommendations. For in vitro ex-
periments, total TGF-β levels were deter-
mined. Before start of the assay, samples

were incubated with 1 N HCl to cleave
all pro-TGF-β and subsequently with
1.2 N NaOH/0.5 mol/L HEPES to neu-
tralize the reaction.

Statistical Analysis
For the in vivo experiment, differences

between groups were analyzed by two-
tailed t test or two-tailed Mann-Whitney
U test for nonparametric values. For the
in vitro experiments, 1-way analysis of
variance (ANOVA) analysis or Kruksal-
Wallis test (for nonparametric values)
was performed, followed by the Bonfer-
roni and Dunn multiple comparison
tests, respectively. Analyses were per-

formed using GraphPad Prism version
4.0 (GraphPad Software, San Diego, CA,
USA).

RESULTS

PAR-1 Induces Fibrotic Responses in
Keratinocytes and Dermal Fibroblasts

To assess whether PAR-1 drives fi-
brotic responses in vitro, HDFs were cul-
tured in the presence or absence of
thrombin and/or TGF-β (positive con-
trol). As shown in Figure 1A, both
thrombin-dependent PAR-1 activation
and TGF-β stimulation increased prolif-
eration of HDFs, whereas the combina-

Figure 1. PAR-1 activation increases proliferation and ECM production in HDF and TGF-β
production in HaCaT cells. (A) MTT assay of HDFs stimulated for 24 h with thrombin (1 U/mL),
TGF-β (5 ng/mL) or the combination of both with or without pretreated for 30 min with
p1pal-12 (5 μmol/L) or saline. (B) Western blot analysis of phospho-p44/42 in cell lysates of
PAR-1 (or control) shRNA transduced HDF stimulated with PAR-1-AP (100 μmol/L) for 5 or 
10 min. (C) MTT assay of control shRNA or PAR-1 shRNA transduced HDF cultured for 24 h
under normal culture conditions. (D) Western blot analysis of fibronectin, collagen type I
and α-tubulin in HDF stimulated for 24 h with thrombin (1 U/mL), p1pal-12 (5 μmol/L) and
TGF-β (5 ng/mL) or combinations thereof. (E) Total TGF-β production of HaCaT cells upon
PAR-1 activation with thrombin (1 U/mL) or PAR-1-AP (100 μmol/L). Figures are representa-
tive of three independent experiments performed with n = 3–8. Data are means ± SEM. 
*p < 0.05 to control, ***p < 0.001 to control, ###p < 0.001 to thrombin stimulation, ψψp < 0,01
to TGF-β stimulation. 
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tion of thrombin and TGF-β further in-
creased proliferation. Thrombin did not
induce proliferation in the presence of a
specific PAR-1 antagonist (that is, 
P1pal-12) showing that thrombin indeed
acts via PAR-1 (see Figure 1A). Interest-
ingly, PAR-1 inhibition not only pre-
vented thrombin-induced proliferation of
HDFs but actually significantly de-
creased HDF proliferation, even in the
absence of endogenous thrombin. Over-
all, these data suggest that HDF prolifer-
ation is PAR-1 dependent.

Although P1pal-12 is used frequently
as a specific PAR-1 inhibitor (8) and no
toxicity has been described, we next
aimed to confirm that PAR-1 drives HDF
proliferation. To this end, HDFs were
lentivirally transduced with two differ-
ent PAR-1 shRNA constructs (designated
3689 and 3691) and a control shRNA con-
struct (003). As shown in Figure 1B, 
PAR-1 activation by PAR-1-AP rapidly
induces phosphorylation of the well-
known PAR-1 target p44/42 in shRNA
003-transduced cells. Importantly, PAR-1
signaling was effectively reduced in
HDFs transduced with shRNA 3691 as
evident from the absence of p44/42
phosphorylation upon stimulation with
PAR-1-AP. shRNA 3689 was less effective
in reducing PAR-1 signaling as evident
from residual p44/42 phosphorylation
after PAR-1 activation.

As expected, effective inhibition of
PAR-1 signaling (that is, shRNA 3691)
significantly inhibited HDF proliferation
(even more effective than observed for
P1pal-12 treatment), whereas noneffec-
tive PAR-1 inhibition (that is, shRNA
3689) only showed a 15% reduction in
proliferation as compared with control
HDFs (Figure 1C). Taken together, these
data show that HDF proliferate (in part)
in a PAR-1-dependent manner. As op-
posed to proliferation, PAR-1 stimulation
did not influence HDF migration (data
not shown).

Next we assessed whether PAR-1
would modify ECM production by
HDFs. Indeed, thrombin stimulation of
HDFs slightly increased the production
of collagen type I, but it did not modify

fibronectin levels (Figure 1D). PAR-1 in-
hibition by P1pal-12 pretreatment abol-
ished thrombin-induced collagen pro-
duction but also diminished baseline
collagen levels, showing that PAR-1 in-
duces ECM synthesis. As expected, TGF-β
stimulation also induced collagen and fi-
bronectin production. Interestingly, the
combination of thrombin and TGF-β fur-
ther induced fibronectin levels without
significantly affecting collagen levels.

PAR-1 deficiency reduces TGF-β levels
during pulmonary fibrosis (9) and TGF-β
is important in the pathogenesis of skin
fibrosis (20). Consequently, we wondered
whether PAR-1 could also potentiate skin
fibrosis by inducing TGF-β production.
As shown in Figure 1E, both thrombin
and PAR-1-AP stimulation of HaCaT
cells indeed induced TGF-β production
(as measured by total TGF-β production
in the supernatant of the cells). In con-
trast, TGF-β levels produced by HDFs
were low and did not change upon PAR-1
activation (data not shown). Overall,
these data suggest that PAR-1 plays an
important role during dermal fibrosis by
modifying HDF proliferation and ECM
production and potentially by enhancing
TGF-β production by keratinocytes.

Reduction of Bleomycin-Induced Skin
Fibrosis by Loss of PAR-1

To determine whether PAR-1 is critical
for skin fibrosis, we subjected PAR-1-
 deficient and wild-type mice to a
bleomycin-induced skin fibrosis model.
As shown in Figures 2A–C, dermal thick-
ness was increased significantly due to
bleomycin treatment and this increase
was significantly diminished in PAR-1-
deficient mice as compared with wild-
type mice. In line, the accumulation of
ECM also was reduced in PAR-1-
 deficient mice as compared to wild-type
mice, as evident from reduced collagen
content in Masson trichrome–stained
skin sections (Figure 2D). To discriminate
between different collagen types, we next
performed specific immunohistochemical
stainings for collagen type I and III. In-
terestingly, the density of collagen type I
did not differ between bleomycin-treated

wild-type and PAR-1-deficient mice (Fig-
ures 2E, F), whereas the total amount of
collagen type I was increased in the der-
mis of wild-type versus PAR-1-deficient
mice (Figures 2E, G). Collagen type III
expression was rather low in both wild-
type and PAR-1-deficient mice (data not
shown). Together, these data show that
PAR-1 deficiency limits bleomycin-
 induced skin fibrosis.

Modification of Profibrotic Responses
in PAR-1-deficient mice

In our in vitro experiments (Figure 1),
we showed that PAR-1 drives fibroblast
proliferation and, consequently, we next
determined the number of proliferating
cells in the dermis of bleomycin-treated
wild-type and PAR-1-deficient mice. As
shown in Figures 3A and B, the number
of proliferating cells, as analyzed by the
number of Ki67 positive cells per skin
section, was reduced in PAR-1-deficient
mice as compared to wild-type mice, 
although the difference did not reach
statistical significance. As already 
indicated, TGF-β production by ker-
atinocytes was induced by PAR-1 activa-
tion in vitro, and TGF-β is important in
the pathogenesis of skin fibrosis (20). As
shown in Figure 3C, however, active
TGF-β levels were not significantly dif-
ferent in skin homogenates of wild-type
and PAR-1-deficient mice upon
bleomycin treatment. Finally, we deter-
mined fibronectin expression in the skin
of wild-type and PAR-1-deficient ani-
mals and, in line with our in vitro experi-
ments, fibronectin levels per skin section
were reduced in PAR-1-deficient mice
as compared with wild-type mice (Fig-
ures 3D, F) whereas the density of fi-
bronectin did not differ between
bleomycin-treated wild-type and PAR-1-
deficient mice (Figures 3D, E).

DISCUSSION
PAR-1 plays an important role during

the initiation and progression of both
lung and liver fibrosis (8–10). Here, we
determined whether PAR-1 also would
drive skin fibrosis. Indeed, PAR-1 activa-
tion leads to increased proliferation and
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ECM production in HDFs, whereas it
also potentiates TGF-β production of ker-
atinocytes. In line with these in vitro
data, we also show reductions in dermal
thickening and collagen/fibronectin dep-
osition in PAR-1-deficient mice during
experimental skin fibrosis. Overall, our
data thus pinpoint PAR-1 as a novel me-
diator of skin fibrosis.

Our in vitro data suggest that PAR-1
modifies skin fibrosis by acting as a
pleiotropic mediator affecting multiple
profibrotic responses (that is, prolifera-
tion, TGF-β production and ECM deposi-
tion). However, during experimental skin
fibrosis, PAR-1 deficiency only showed
significant effects on ECM deposition,
whereas the differences in fibroblast pro-
liferation did not reach statistical signifi-
cance. It may thus be that PAR-1 mainly
affects ECM deposition during
bleomycin-induced skin fibrosis, al-
though the observed variability in fibrob-
last proliferation in vivo may explain the
lack of significance. TGF-β production
also was not significantly reduced in
PAR-1-deficient mice, which may be due
to the fact that PAR-1 only contributes to
TGF-β production in keratinocytes and
not in dermal fibroblasts. As PAR-1 mod-
ifies inflammation during pulmonary fi-
brosis (9), it may be tempting to specu-
late that PAR-1-dependent inflammation
may potentiate skin fibrosis. Importantly
however, inflammatory cell influx (neu-
trophils and macrophages) and cytokine
production were similar in bleomycin-
treated wild-type and PAR-1-deficient
mice (data not shown).

An interesting finding of our manu-
script is the fact that PAR-1 inhibition
(both pharmacologically and genetically)
reduces proliferation and ECM produc-
tion of HDFs. These data strongly sug-
gest that HDFs secrete an endogenous
PAR-1 agonist that drives proliferation
and ECM production under normal cul-
ture conditions in an autocrine manner.
Expression levels of the endogenous
PAR-1 ligand seem to be rate limiting for
these profibrotic processes as exogenous
PAR-1 activation still further increases
both proliferation and ECM production.

Figure 2. PAR-1 contributes to skin fibrosis in a model of bleomycin-induced skin fibrosis.
(A–B) H&E staining of skin sections of wild-type (A) and PAR-1-deficient (B) mice upon
bleomycin treatment (10× magnification). The dermis is indicated with a black vertical
line. (C) Quantification of the dermal thickness upon bleomycin treatment in wild-type
and PAR-1-deficient mice (n = 7–8). (D) Representative pictures of Masson trichrome
staining of skin sections from wild-type and PAR-1-deficient mice upon bleomycin treat-
ment (10× magnification). (E) Representative pictures of collagen type I expression in
skin sections from wild-type and PAR-1-deficient mice upon bleomycin treatment (10×
magnification). (F) Density of collagen type I in the dermis of bleomycin-treated wild-
type and PAR-1-deficient mice. (G) Total amount of collagen type I per dermal section
of bleomycin-treated wild-type and PAR-1-deficient mice. Data are means ± SEM. *p <
0.05, **p < 0.01 and ***p < 0.001. n.s., Not significant.
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We used a bleomycin-induced model
of skin fibrosis that largely mimics
human scleroderma (23). Indeed, der-
mal thickening is accompanied by depo-
sition of dense packed collagen fibrils
that are extensively cross linked in both
murine and human scleroderma. The
fact that we show that PAR-1 deficiency
limits skin fibrosis in this model, to-
gether with the fact that PAR-1 expres-
sion is increased in the skin during
human Ssc (11) and that PAR-1 activa-
tion on human cell types potentiates key
profibrotic processes, suggests that
PAR-1 may have clinical relevance for
human scleroderma. Besides increased
PAR-1 expression in scleroderma, PAR-1
also is expressed in other skin disorders
such as normal and hypertrophic scars
and keloid lesions (12), and PAR-1
might, consequently, also play a role in
the development of these disorders. Be-
fore targeting PAR-1 in patients, one
should realize, however, that PAR-1 also
mediates platelet activation and target-
ing PAR-1 could lead to bleeding com-
plications. It may consequently be better
to target the still elusive endogenous
PAR-1 agonist.

CONCLUSION
In conclusion, we identify PAR-1 as a

novel potential mediator of skin fibrosis
which may open novel therapeutic treat-
ment strategies for limiting skin fibrosis
(or other cutaneous fibrotic disorders) for
which no effective treatment strategies
are available at this time.
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Figure 3. Modification of profibrotic processes by PAR-1 in vivo. (A) Immunohistochemical
staining of Ki67-positive cells in skin sections of wild-type and PAR-1-deficient mice upon
bleomycin treatment (10× magnification). (B) Quantification of Ki67 positive cells in the
dermis (excluding cells of hair follicles and sebaceous glands [arrow heads in panel A]) 
of wild-type and PAR-1-deficient mice upon bleomycin treatment (n = 4–7). (C) Active
TGF-β levels in skin homogenates of wild-type and PAR-1-deficient mice upon bleomycin
treatment (n = 7–8). (D) Representative pictures of fibronectin expression in skin sections
from wild-type and PAR-1-deficient mice upon bleomycin treatment (10× magnification).
(E) Density of fibronectin in the dermis of bleomycin-treated wild-type and PAR-1-deficient
mice (n = 5–6). (F) Total amount of fibronectin per dermal section of bleomycin-treated
wild-type and PAR-1-deficient mice. Data are means ± SEM. *p < 0.05. n.s., Not significant.

Although several PAR-1 agonists (such
as MMP13 [21] and kallikreins [22]) have
been described to be produced in skin fi-

broblasts, the exact nature of the endoge-
nous PAR-1 agonist remains elusive and
is currently under investigation.
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