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Computing and Modelling, University of Rijeka, Rijeka, Catia, ® Centre for Advanced Computing and Modelling, University of
Rijeka, Rijeka, Croatia

Objectives: In ammation is an underlying mechanism behind brotic proesses and
differentiation of cells into myo broblasts. Presented sidy therefore provides new data
on activation of autoimmune and in ammatory immune respons genes that accompany
activation of p38 and cell differentiation in primary cellderived from Dupuytren's disease
(DD) patients.

Methods: Primary non-Dupuytren’s disease cells (ND) were isolated roim
macroscopically unaffected palmar fascia adjacent to diszsed tissue obtained
from patients diagnosed with the last stage of DD and culturé in vitro. Gene expression,
collagen gel contraction assay and analysis of secreted pteins were performed in ND
cells treated with TGFb1 and/or inhibitor of p38 phosphorylation.

Results: During differentiation of ND broblasts, increased expresion of immune
response genes PAI-1, TIMP-1, CCL11, and IL-6 was found. These changes were
accompanied by increased cell contractility and activatio of p38 and its target kinase
MK2. Inhibition of p38 phosphorylation reversed these proessesin vitro.

Conclusions: TGFH1l induced p38 phosphorylation in ND cells grown from
macroscopically unaffected palmar fascia adjacent to disgsed tissue from DD patients.
This was accompanied by activation of the cytokine genesCCL-11 and IL-6 and
secretion of extracellular matrix regulatory proteins PAI and TIMP-1. A combined
approach directed toward in ammation and p38 MAPK-mediatal processes in DD might
be considered for improving management of DD patients and mvention of recurrence.

Keywords: in ammatory genes, myo broblasts, p38 MAPK, MK2 kin ase, extracellular-matrix

INTRODUCTION

Fibrotic and broproliferative disorders may a ect all tisea causing loss of tissue structure
and function (Vynn, 2009. This process involves di erentiation of cells into myo britsts
accompanied by extracellular matrix deposition. Benign antignant broproliferative disorders
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include idiopathic pulmonary brosis, hepatic cirrhosis, experiments to assure uniformity and prevent loss of original
myelo brosis, systemic sclerosis, Dupuytren's diseaseell phenotype. ND cells were cultured as monolayers and
(DD), hypertrophic scars, and keloidsH(ang and Ogawa, maintained in Dulbecco's modied Eagle medium (DMEM,
2012. Common mechanisms occur in these brotic Gibco, Invitrogen, USA) supplemented with 10% fetal bovine
processes that include persistent in ammation and locakerum (FBS, Gibco, Invitrogen, USA), 2 mM L-glutamine (Gibco
overproduction/activation of dierent cytokines@hosh and Invitrogen, USA), 100 U/mL penicillin (Gibco, Invitrogen, USA)
Vaughan, 2012; Huang and Ogawa, 201For example, and 100mg/mL streptomycin (Gibco, Invitrogen, USA) in a
in Itrating immune cells in DD excrete large amount of dierg  humidi ed atmosphere with 5% CO2 at 3C until they reached
cytokines, chemokines and growth factors, especially BGF- 80% con uence.
(Baird et al., 1993 cytokine that induces typical phenotypic .
changes and in ammation Harsonage et al., 2005; LupherWWestern Blotting
and Gallatin, 2006 Under such conditions, cells may acquire ND cells were treated with TGB1 or SB203580 inhibitor and
myo broblast phenotype. Myo broblasts are active componentsTGFb1 for 16h. Cells were lysed in the buer containing
of innate immune system and may regulate switches fron0mM Tris HCI (pH 8), 150mM NaCl, 1% NP-40, 0.5%
acute to chronic in ammation Kalluri and Zeisberg, 2006In  sodium deoxycolate, 0.1% SDS, protease inhibitor cocktail
particular, activated myo broblasts express MHC | and MHC Il (Roche, Basel, Switzerland) and phosphatase inhibitor cdcktai
antigens Brennan et al., 1990; Knittel et al., 19%d respond (Thermo Scienti ¢, Waltham, Massachusetts, USA). Protein
to pro-in ammatory cytokines TNFa and IFNg by releasing concentration was determined with DC Protein Assay Kit
chemokine CCL2Nlarra et al., 1998 in ammatory mediators (BIO-RAD, USA) and a total of 40g of proteins were
IL-1, IL-6, IL-8, prostaglandins and hyaluronat&elin et al., resolved on 9% polyacrylamide gels using the Mini-protean
1995; Sempowski et al., 1997; Schwabe et al.).2Moteover, cell (Bio-Rad, Foster City, CA, USA), and analysis was
during wound healing, phagocyte apoptotic cells and activatgerformed by previously established proceduraelic et al.,
TGFb1, a central mediator of brosisGanbay et al., 2003 2009. The membranes were incubated with primary antibodies
Molecular mechanisms underlying broproliferative disorde raised against phosphorylated MAPKAPK-2 (MK2; 1:1000,
have been studied for years by di erent approaches includinghospho-MAPKAPK-2, Cell Signaling technology, Danvers,
modern large-scale methodologies but e ective treatments f Massachusetts, USA) at @ overnight. Secondary antibody
this group of disease are still missing. For example, surgefinked to anti-rabbit (1:1300, Dako, Denmark) horseradish
is still the only available option for DD patients even thoughperoxidase was used. The signal was visualized by Western
high recurrence rates are usually observed. Novel potentidightening Chemiluminescence Reagent Plus Kit (Perkin Elmer,
therapeutic targets for DD and broses have therefore, beeMValtham, Massachusetts, USA) on the VersaDoc Imaging System
studied, including reactive oxygen species-dependant BGF4000 (Bio-Rad, Foster City, CA, USA):tubulin was used as
signaling Gamarakoon et al., 20)3focal adhesion kinases a loading control (1:1000, Sigma-Aldrich, St. Louis, Misgou
(Lagares and Kapoor, 20)12and in ammatory cytokine TNF  USA).
(Verjee et al., 2033 In the present paper, we analyzed the . . .
expression of pro-inammatory cytokine genes in primary EXpression Analysis of Cytokines and
cells grown from DD patients and found that TG induced Cytokine Receptors by PCR Array
p38 phosphorylation in ND cells grown from macroscopicallyFor detection of gene expression involved in cytokine
una ected palmar fascia adjacent to diseased tissue fromm ammatory and autoimmune response pathway-focused
DD patients is accompanied by activation of the cytokineRT2 Pro ler PCR Array: Human In ammatory Response and
genes CCL-11 and IL-6 and secretion of extracellular matriAutoimmunity (PAHS-077A, SABiosciences, Valencia, CA, YSA
regulatory proteins PAI-1 and TIMP-1, which casts new light onwas used. Analysis was conducted according to manufacturer
pathogenesis of DD. recommendations. con uent ND cells (80%) were deprived of
serum for 2 h prior to treatment with TGI1 (3 ng/mL in serum
free medium, R&D Systems, McKinley Place, MN, USA) and

MATERIALS AND METHODS TGF-b1 together with the inhibitor of p38 phosphorylation
_ SB203580 (1®M, Calbiochem, Darmstadt, Germany). In dual
Primary Cell Cultures treatment, cells were rst incubated with inhibitor SB2@85for

Clinical specimens were collected in strict compliance wittB0 min and then stimulated with TGB4. After 16 h total RNA

the clinic's chief pathologist and the ethics committee forwas isolated using RNAeasy spin columns (Qiagen, Valencia, CA
research involving human subject at Clinical Hospital “Unisity ~ USA). First strand cDNA synthesis reaction mix containing RT
Hospital Centre Rijeka” in Croatia. Informed consent was sijn cocktail was incubated with genomic DNA elimination mixé&ur

by all patients. The cells were isolated according to estadadi at 42 C for 15 min and afterwards immediately heated at©5
protocols {Ise et al., 2004; Pavelic et al., 200%imary ND cells for 5min. To each of cDNA synthesis reactions, the RNase-free
were obtained from macroscopically una ected palmar fasciavater was added up to 16@ and the samples were stored
adjacent to the disease tissue. Tissue samples were colleatedrnight at 20 C. A total of 257 of prepared experimental
from six patients (age range 54-75 years, males) diagnosedcktail was added to each well of PCR array. Thermal cycling
with the last stage of DD. Second passages were used for @hditions consisted of initial denaturation step, 1 cycle o
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95 C for 10 min, 40 cycles of 98 for 15s and annealing and fragments of trypsin. Up to three spectral peaks per spot that met
extension at 60C for 1 min. For data analysis, free PCR arraythreshold criterion were included in the acquisition ligtrfthe
data analysis web portal was used (http://www.SABiosciencédS/MS spectra analysis. Peptide fragmentation was performed at

com/pcrarraydataanalysis.php). collision energy of 1kV and collision gas pressure & 10 '

Torr. MS and MS/MS spectra generated were searched against the
Protein Fractionation by Sodium Dodecyl Swiss-Prot and NCBI databases, respectively, using the Masco
Sulfate Polyacrylamide Gel Electrophoresis software (Matrix Science, Boston, MA, USA). Monoisotopic
(SDS-PAG E) peptide masses were used for combined MS and MS/MS database

-» . . search in order to obtain protein identities. Following sémarc
After 16 h, conditioned media (20 ml) where ND cells treated i criteria were applied: maximum allowed peptide mass error

the same manner as cell used for expression analysis were growq ppm; fragment mass tolerance0.3 Da; minimum 5 S/N;

was collected on ice, centrifuged aCGtby 1500 rpm for 15 min and a maximum of one incomplete cleavage per peptide. Only

e o s e e St P A S e e by he Masco scong and proaty
The samples were concentrated by ultra- Itration (Millipore, nalysisf D 0.05) were accepted as signi cant results.
Billerica, MA, USA, Centricon, 3kDa cut-o0) at € by RT-PCR
12,000 rpm. Concentrated samples were dissolved in a bu e tested expression &Al-1 and TIMP-1 genes using SYBR
containing 7 M urea, 2M thiourea, 4% CHAPS, 0.2% Bio'I‘ytPGreen-based gPCR. Total RNA was isolated from ND cells
ampholyte pH 3-10 (Bio-Rad), 1% DTT and 1X protease '

. . B . 2
inhibitor cocktail (Roche, Basel, Schwitzerland). The pgrote a(é:srirnrg p;ﬁ\élc\),\lj:;yrgve;ég?e?rai);iﬁgr;;?:]t;OEDF'Q\IHXOblerHi h
concentration was determined by Bradford Assay (Bio-Ra Y y y Hig

- . . 4 apacity cDNA Reverse Transcription Kit (Applied Biosystems)
gg;ger City, CA, USA) as described previousiaelic et al, on GenAmp PCR System 2400 (Applied Biosystems). Primer

pairs were designed by the software “Real Time PCR Tool” from
. . . Integrated DNA Technologies (http://eu.idtdna.com/scitsf
One-Dlmen5|o_naI Polyacrylamide Gel Applications/RealTimePCR/). Designed primers were tested
Electrophoresis for specicity to give only one band (conrmed by gel
One-dimensional polyacrylamide gel electrophoresis (SD&lectrophoresis and melting curve analysis) and conditiohs
PAGE) was performed on a Bio-Rad mini-Protean system. A totaleactions were optimized so that e ciency of PCR reaction was
of 40mg of proteins were resolved on the 12% one-dimensionad5—100% Table 1). Relative quanti cation values were obtained
polyacrylamide gel. Gels were stained with Coomassiedilli from the threshold cycle number of analyzed genes measured i
Blue G-250 (Bio-Rad, Foster City, CA, USA) and scanned byiplicate and normalized with one most stable control gen@gsi
VersaDoc Imaging System 4000 (Bio-Rad, Foster City, CA, USAgeNorm program. As control gene sI&NA was employed.
Qualitative image analysis was carried out using PDQuest SWesults were processed with REST 2008 V2.0.7.

7.0 (Bio-Rad, Foster City, CA, USA). After initial denaturation at 95C for 3min, 40 cycles of
S ] PCR were performed in AB 7300 Real-Time PCR System
Trypsin Digestion and Mass Spectrometry (Applied Biosystems, Foster City, CA, USA). Each cycle included

The lanes were manually excised into 24 bands (eight bandenaturation at 95C for 1 min, annealing at 6 (seeTable 1)
per lane) which were processed for tryptic digestion accordingpr 30 s, and extension at 7@ for 10 s, followed by melting curve
to standard protocol $hevchenko et al., 2006Briey, after  program.

destaining step with 40% methanol/10% acetic acid, gel plugs

were incubated with 50 mM ammonium bicarbonate for 10 minCollagen Gel Contraction Assay

at 37 C and then subsequently incubated with 50% ammoniunCollagen gels were prepared as described Nmyo et al.
bicarbonate/50% acetonitrile (ACN) at 3Z. After incubation (2006) Briey, broblasts were re-suspended in 460 DMEM
with 50% acetonitrile for 5min at 3T the proteins were supplemented with 0.2% FCS and added to i@2D@ollagen
digested with 10ngf of trypsin in ammonium bicarbonate
overnight at 37C. Upon completion and digestion, 0.1%
TFA was added per well. Each tryptic peptide mixture thuUSTABLE 1 | Primers used for the gRT-PCR analysis.
generated was concentrated, desalted withZpTip (Millipore,
Billerica, MA, USA), and subsequently eluted with 4mg of°®"®
cyano-4-hydroxycinnamic acid in 60% acetonitrile and 0.1%gq.rna  For
tri uoroacetic acid onto MALDI sample plate. The samples
were analyzed on the 4800 Plus MALDI TOF/TOF analyzer
(Applied Biosystems Inc., Foster City, CA, USA) equippecbal-1 For TGGAACAAGGATGAGATCAG  262bp 6@, 3mM
with Nd:YAG laser operating at 200 Hz. All mass spectra were Rev CCGTTGAAGTAGAGGGCATT MgCl,
recorded from 750 to 4000 Da in positive re ectron mode.
MS spectra were recorded for all sample spots on the plafgMP-1 ~ For AGGCTCTGAAAAGGGCTTCCA 150bp 6C,3mM
and internally calibrated using signals from auto-proteimlyt Rev GAGTGGGAACAGGGTGGACA MaCh

Sequence 5 30 Size  Conditions

GTAACCCGTTGAACCCCATT  151bp 6@, 3.5mM
Rev CCATCCAATCGGTAGTAGCG MgCl,
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suspension (3 mg/ml) yielding the nal concentration of 15000 was previously implicated in myo broblast di erentiation and
cells/ml and 1 mg/ml collagen. Cell suspension containingri0  brotic processes other than DD L{u et al., 200y. We
collagen was cast into each well of 24-well tissue cultute plad  detected stable endogenous expression of phosphorylated MK2
incubated at 37C for 1 h in order to facilitate polymerization. form in cells grown from macroscopically una ected palmar
After gelation, the gels were released from the surface dscia adjacent to diseased tissue (ND cells) prior and upon
the culture well using a sterile tip. Gels were pre-incubatetreatment with TGFbl (Figure 1A). However, in cells co-
with synthetic p38 phosphorylation inhibitor SB203580 forincubated with TGHs1 and p38 phosphorylation inhibitor, the
1h. After stimulation with TGFel (3ng/mL) for 24, 48, and levels of phosphorylated MK2 diminished. Interestingly, aetiv
72h in the presence or absence of SB203580, contraction wiasm of MK2 was detected in untreated ND broblasts as well,
digitally photo-documented at 24, 48, and 72h. Contractiorwhich could be attributed to the well-known role of p38 MAPK
quanti cation was performed using NIH image software (htip:/ signaling in homeostasis of palmar fascia broblasts or ie th

rsb.info.nih.gov/nih-image/). intrinsic predisposition of normal palmar broblasts in DD
patients for disease development. Since MK2 is involved in the

RESULTS regulation of in ammatory response within p38-MAPK signaling
pathway (Gaestel, 20)3we analyzed changes in the expression

In ammatory and Autoimmune Gene pro le of genes involved in in ammation and autoimmune

. . i . response during the dierentiation process. Obtained results
Expression in Dlﬁerentlatmg Primary DD showed that activation of p38 MAPK signaling by T®E-in

Cells is Linked with the Activation of p38 ND cells directly in uences expression of a number of tested

MAPK Signaling genes Figure 1B) including genes encoding for chemokine (C-
We previously reported on the involvement of p38 MAPKC motif) ligand 11 CCL1), interleukin 6 (L-6), chemokine
signaling pathway in primary cells grown from DD patients (C-C motif) ligand 2 CCL2), and interleukin 1 receptor
(Ratkaj et al., 20)2 In the present paper, we studied p38accessory proteinl{1RAP that were found to be over-expressed.
MAPK downstream target, specically MK2 kinase, duringInhibition of p38 phosphorylation partially reversed this prese
di erentiation of primary ND cells into myo broblasts. This and signi cantly down-regulated geneSCL11and ILIRAR
kinase is exclusively phosphorylated by activated p38 an@imilar down-regulation was also observed fot6. A number

A 1 2 3 1 2 3 1 2 3

p-MK2 ‘ T —— - — —

CBUIN oy S— — — —— A — C——

25
20

15

10
) P TGF-B1
O TGF-B1+SB
iﬂ IL6R TLR3 TLR5 FLT3LG C3 TIRAP LY9 HDAC4 CSF1
0

o e et v FFFEEEEQ

Fold change
o

-10
-15

FIGURE 1 | Phosphorylation status of MAPKAPK-2 kinase and ex  pression of cytokine and cytokine receptors in ND cells trea ted with TGF- bl or
TGF-b1 and inhibitor of p38 phosphorylation.  Panel(A) representative western blots showing phosphorylated MAPKPK-2 in untreated ND cells (1), ND cells
treated with TGFb1 (2) and ND cells incubated with TGF1 and p38 phosphorylation inhibitor SB203580 (3), expressn of a-tubulin in ND cells was used as loading
control; Panel(B) changes in gene expression observed in ND broblasts treatedvith TGF-b1 (black columns) or treated with TGFs1 and p38 phosphorylation
inhibitor SB203580 (gray columns). The results are preseatl as gene expression fold change between treated cells andantrol. *Statistically relevant changes

(p < 0.05) in comparison to control.

Frontiers in Molecular Biosciences | www.frontiersin.org 4 December 2015 | Volume 2 | Article 68


http://rsb.info.nih.gov/nih-image/
http://rsb.info.nih.gov/nih-image/
http://www.frontiersin.org/Molecular_Biosciences
http://www.frontiersin.org
http://www.frontiersin.org/Molecular_Biosciences/archive

Bujak et al. In ammatory Genes in Dupuytren's Disease

of genes had lower expression levels in ND cells activated yollagen Gel Contraction Assay

TGF- bl including those coding for complement componentOur previous results Havelic et al., 2009; Ratkaj et al,
(C3), fms-related tyrosine kinase 3 liganBl(T3LQ, interleukin 2012 showed a connection between p38 MAPK activation
6 receptor [L6R), lymphocyte antigen 96.f96), toll-interleukin ~ and di erentiation of broblasts into myo broblasts and

1 receptor TIR) domain containing adaptor proteinTIRAP),  acquirement of their contractive phenotype. In the absence of
toll-like receptor TLR3, toll like receptor 5 TLRH, and an animal model to study the e ect of p38 phosphorylation
histone deacetylase HDAC4). Majority of the genes whose inhibition in DD cells during di erentiation process, we used
expression levels were altered by TRIF-showed reversed three-dimensional collagen lattice where the cells weravgro
expression pattern upon treatment with the inhibitor of p38 on the mouse collagen type | layer. Type | collagen is
phosphorylation. Obtained results thus support previous steidieabundantly present in healthy palmar fascia and therefore
reporting on p38 MAPK pathway involvement in in ammation suitable to study broblast contraction during di erentiain into
processes during broblast di erentiation. Since myo brast- myo broblasts. Obtained results are presented-igures 4A,B

like phenotype includes initiation of extensive extracelula
matrix deposition driven by in ammatory factors such as for
example TGH1 and TNFa (Reeves and Friedman, 2Q0p%e
pro led secretome of ND cells.

MW,kD K TGF-B1 TGF-1+SB

Analysis of Proteins Secreted by ND Cells

We analyzed all secreted proteins (the secretome) from atdre 150-
(control), TGFbl-activated ND cells and ND cells treated with

TGFH1l and inhibitor of p38 phosphorylation Higure 2). 100-
Di erentially expressed proteins are presented Trable 2 75-

Extracellular matrix proteins were expectedly identied ag
a major group of secreted proteins. Incubation with TGF-
bl alone or in combination with the p38 phosphorylation 50-
inhibitor induced expression of matrix metalloproteinase-2
(MMP-2), collagen alpha-5(VI) chain (COL4A5), plasminogen
activator inhibitor 1 (PAI-1), and tissue inhibitor of max 25-
metalloproteinases 1 (TIMP-1), in comparison with control
cells Table 2. TIMPs and indirectly PAI-1 are key inhibitors
of MMPs and other enzymes that degrade ECM proteins. The
expression was validated at the gene level as Wwajlie 3). 15-
Addition of p38 phosphorylation inhibitor signi cantly
decreased changes induced by TkdFtreatment (diminished
expression ofTIMPs and PAl-1genes).Ulrich et al. (2009) FIGURE 2 | Representative SDS-PAGE gels (12% bis-Tris gel) w ith
showed thatTIMP-1 is the only TIMP whose expression is| proteins secreted into the cell growth medium by ND cells trea ted with
increased signi cantly in the DD nodule in comparison with | TGF-b1 or with a combination of TGF- b1 and p38 phosphorylation
normal palmar fascia. Surprisingly, until now there was na inhibitor S.BZOSSlSO under serum—fre.e conditions. Numbers denote bands
evidence onPAI-1 gene expression in broblasts activated by with proteins which were excised, digested, and analyzed bynass

=

X spectrometry.

TGFb1 from palmar fascia.
TABLE 2 | Proteins expressed in the cell growth medium of ND cel Is.
Position on Protein name Accession number/ncbi MW Treatment Protein score (Cl %)
the gel
12,3 Fibronectin 1/FN1 0i|119590953 137,642 Control, TGB, TGFbC SB 100
5 Pro alpha 1(l) collagen COL1A2 0i|186893270 138826.6 TGF 100
8,9 Collagen, type Il, alpha 1/COL2A1 0i|119578373 131077.4 TGH; TGRC SB 100
11,12 Matrix metalloproteinase-2/MMP-2 gi|5822007 70872.2 TGF, TGFC SB 100
14,15 Collagen alpha-5(VI) chain COL4A5 0i|183583553 27975% TGP, TGFC SB 100
16,17 Matrix metalloproteinase 1/MMP1 gi|54697154 53947.7 ©ntrol, TGF 100
20,21 Plasminogen activator inhibitor 1/PAI-1 gi|755747 143389.2 TGH, TGFHC SB 100
23 Tissue inhibitor of matrix metalloproteinases gi|57210052 12526.5 TG 100

1/TIMP-1

(1) Control ND cells (untreated cells), (2) ND cells treated with TGR- (3 ng/ml), and (3) ND cells treated with TGF-1 (3 ng/mL) and p38 phosphorylation inhibitor SB203580 (10 M).
Proteins were resolved on SDS-PAGE, cut from the gel, digested, and idéi ed by mass spectrometry.
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FIGURE 3 | Changes of PAI-1 and TIMP-1 gene expression in ND ce lIs treated with TGF- b1l (black columns) or with TGF- bl and p38 phosphorylation
inhibitor SB203580 (gray columns). “Statistically relevant changesg(< 0.05) in comparison to control.

FIGURE 4 | TGF-bl-mediated contraction of ND broblast-populated collagen lattices is p38-dependent. ND cells were seeded in neutralized collagen
solution and treated with TGFb1 or with a combination of TGFb1 and p38 phosphorylation inhibitor SB203580 for 24, 48, and72 h. Gels were detached, the gel
contraction was digitally photo-documented(A) and measured as a reduction of gel surface 24 (black columns¥®#8 (gray columns), and 72 h (white columns) after
detachment (B). *Statistically signi cant changes (ANOVAp > 0.05).

TGF1 treatment signi cantly increased the contractility oflse  of broblasts and their di erentiation into myo broblasts irthe
after 24-h treatment reducing the gel size to 34% of itsahiti palmar region of DD patients.

size compared with reduction of 42% in the control group.

After 48-h incubation with TGHs1, gel size was reduced to DISCUSSION

29% of the initial surface in comparison with control reduced

to 39%. Incubation of cells with TGBE1 for 72 h decreased the Phenotypic changes during di erentiation of broblasts into
surface of the gel to 25% of the initial surface in contrast tanyo broblasts are promoted by cytokines/chemokines anceoth
the control with observed 37% initial area decrease. Additi immunomodulators (upher and Gallatin, 2006This process is
of p38 phosphorylation inhibitor before TGl stimulation a persistent, yet localized in ammation that causes depwsiti
blocked observed cell contraction. Thus, after 24-h tremattngel of ECM components. Same processes are driven by BIGF-
surface was reduced to 38% of the initial surface area,48ter in DD (Krause et al., 20)1TGFb1 protein family members
to 36% and after 72 h reduction was 34% of the initial surfacdransmit signals through type | and type Il serine/threonine
These results support the role of p38 activation in contrdgtili kinase receptors that further transduce the signal into the
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cytoplasm through phosphorylation of receptor-regulated Smadhclude matrix metalloproteinase 2 (MMP-2), tissue inhibitafr
proteins. Activated R-Smads then regulate gene expresséon, i matrix metalloproteinase 1 (TIMP-1), and plasminogen actvat
expression of plasminogen activator inhibitor 1 gemAl-1), inhibitor 1 (PAI-1) proteins. Overexpression dPAl-1 and
observed in the presented study as wellfle 2 (Krause et al., TIMP-1 was validated on the gene level as wéliggre 3.
2011)) and/or mitogen-activated protein (MAP) kinase signaling Their transcripts levels diminished upon p38 phosphorylation
pathway genesHgure 1, Moustakas and Heldin, 2005; Ratkajinhibition. Similar results were reported bieivonen et al.
et al.,, 2012 A number of papers describe the role of TGF-(2013) who identied p38 and ERK 1/2 as the key signal
bl in increased contractive properties of Dupuytren-derivedransducers of TGF-R/Smad 3-induced overexpression of TIMP-
cells {Vong and Mudera, 2006; Bisson et al., 2000 has 3. They also found an overexpression of TIMP1 and PAI-1
a role in induction of genes coding for ECM components asafter treatment with TGF-R, whose in uence was attenuated
well, such as for example elastin, myelin basic protein andith p38 inhibitor. Increased amounts of PAI-1 have also been
thrombospondin-1 Ratkaj et al., 20)2In the presented study described in other broproliferative diseases as w8lsgon and
we analyzed cytokines and chemokines induced by BGF- Simon, 2007; Wang et al., 2Q0Moreover, Tuan et al. (2008)
in primary derived broblast from unaected palmar tissue showed that treatment of keloid broblasts with PAI-1 speci
of DD patients. Upon treatment, the most prominently over- polyclonal antibody or siRNA leads to decreased synthesis and
expressed inammatory gene was chemokine 1aCI1). deposition of the ECM. To our knowledge, the relationship
Expression levels o€CL11 diminished upon inhibition of between TGH1 and PAI-1 has not yet been described in DD
p38 kinase phosphorylatiorF{gure 1B). Even though the role tissues and we hypothesize that PAI-1 expression is probably
of chemokine CCL11 (eotaxin-1) was already described imcreased in patients' palmar tissue as well. Furthermore, its
proliferation of lung and bronchial broblastsRokudai et al., role may include inhibition of metalloproteinases (MMP). The
2009, angiogenesis, expression of MMP-2, and the synthesis MMP expression is indeed usually low in homeostasisa(k
type | collagen, its role was not described in cell contractio et al., 2008but high during extracellular matrix deposition. For
and di erentiation processesHuaux et al., 2005; Puxeddu example, it was recently found that MMP-14 silencing inhibits
et al.,, 2006 Therefore, CCL11 might be involved in the activation of proMMP-2 in broblasts isolated from a ected
early phases of broblast di erentiation when it induces up- DD tissues and that silencing of MMP-14 and MMP-2 genes
regulation of several brogenic factors or chemokingsinasek may inhibit cell-mediated contractiong/\(ilkinson et al., 201p
et al.,, 200 where other factors, i.e., TA® are required Similarly, we observed elevated levels of TIMP-1 in T&F-
for further progression of this process. Furthermore, a roldreated ND cells as well, which probably play a role in the
for CCL11 may be in triggering migration of progenitor mast inhibition of MMPs (Tuan et al., 2008 The balance between
cells toward the inamed area and their activation during MMPs and TIMPs is critical for changes in the ECM and
brotic changes Price et al., 2003 Indeed, increased amount increased amounts of TIMPs have been previously observed in
of mast cells was already observed in DD where they mighdther brotic diseaseshirco et al., 2006 For example, cords
actively participate in DD pathogenesis with CCLHcliubert and nodules in DD have signi cantly increased levels of TIMP-
et al., 200p Additionally, it has been found that broblasts 1, TIMP-2, and MMP-2 gene expression of in comparison with
express CCRS3 receptor that speci cally binds the CCL11 ligand@ontrol samplesIrich et al., 200R Our results are consistent
Activated CCR3 probably induces broblasts proliferation andwith these data as TGBt increased the expression of TIMP-
di erentiation during brosis in an autocrine manneriuaux 1 and MMP-2 both at the gene and protein levels which
et al., 200r However, we were unable to deteCCR3gene was visible as increased contractile force in the gel-cotdrac
transcripts, meaning that it is either not expressed in palmaassay. This process was again reversed by inhibition of p38
broblasts or its expression occurs later on during diseas@hosphorylation.
progression logaboam et al., 1998; Huber et al., 20®&ltered In conclusion, our study provides additional evidence on
gene expression level in ND cells treated with TFwas the p38 MAPK signaling events in primary cells derived from
observed forlL-6 gene as well. IL-6 is cytokine produced byDD patients' palmar fascia. In particular, TGH-induced
broblasts where it contributes to the development of braesi p38 phosphorylation in ND cells grown from macroscopically
and inhibition of broblasts' apoptosis§unker et al., 2000; Liu una ected palmar fascia adjacent to the disease tissue of DD
et al., 2007 Genotyping results fotL-6 gene are presented in patients occurs with the activation of cytokine ger@€L-11
Supplementary Material). IL-6 is a pro brogenic cytokine andandIL-6 and secretion of extracellular matrix regulatory proteins
its expression was already well-documented in di erent boot PAI-1 and TIMP-1. Dual targeting of in ammation and p38
diseasesqeong et al., 20)9Interestingly, primary broblasts MAPK signaling in DD should be considered as a novel strategy
grown from una ected palmar fascia of DD patients expresdor advancing the management of DD patients and prevention of
theIL-6R gene as well. Therefore, IL-6 trans-signaling promoteslisease recurrence.
release of IL-6 from broblasts and endothelial cells in aipos
autocrine feedback system, which is probably the case in o THICAL APPROVAL
model as well.

Alteration in in ammatory genes observed in this study All procedures performed in studies involving human
was accompanied by a number of proteins secreted in the cqlarticipants were in accordance with ethical standards of
growth media with a known role in ECM remodeling. Thesethe institutional and/or national research committee andhw
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the 1964 Helsinki declaration and its later amendments oEmployment and Development Agency grant “Development of
comparable ethical standards. a drug intended for treating the Dupuytren's disease patients”
(14v09809).
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