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Dupuytren’s disease susceptibility gene, EPDR1, is involved in
myofibroblast contractility
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A B S T R A C T

Background: Dupuytren’s Disease is a common disorder of the connective tissue characterized by
progressive and irreversible fibroblastic proliferation affecting the palmar fascia. Progressive flexion
deformity appears over several months or years and although usually painless, it can result in a serious
handicap causing loss of manual dexterity. There is no cure for the disease and the etiology is largely
unknown. A genome-wide association study of Dupuytren’s Disease identified nine susceptibility loci
with the strongest genetic signal located in an intron of EPDR1, the gene encoding the Ependymin Related
1 protein.
Objective: Here, we investigate the role of EPDR1 in Dupuytren’s Disease.
Methods: We research the role of EPDR1 by assessing gene expression in patient tissue and by gene
silencing in fibroblast-populated collagen lattice (FPCL) assay, which is used as an in vitro model of
Dupuytren’s contractures.
Results: The three alternative transcripts produced by the EPDR1 gene are all detected in affected
Dupuytren’s tissue and control unaffected palmar fascia tissue. Dupuytren’s tissue also contracts more in
the FPCL paradigm. Dicer-substrate RNA-mediated knockdown of EPDR1 results in moderate late stage
attenuation of contraction rate in FPCL, implying a role in matrix contraction.
Conclusion: Our results suggest functional involvement of EPDR1 in the etiology of Dupuytren’s Disease.
ã 2016 Published by Elsevier Ireland Ltd on behalf of Japanese Society for Investigative Dermatology.

Contents lists available at ScienceDirect

Journal of Dermatological Science

journa l home page : www.jds journal .com
1. Introduction

Dupuytren’s Disease (Dupuytren) or Dupuytren’s Contracture
(OMIM: 126900) is a common disorder of the connective tissue
characterized by progressive and irreversible fibroblastic
proliferation affecting the palmar fascia. Shortening of the
thickened palmar fascia results in progressive digital flexion
deformity. The earliest sign of Dupuytren is the formation of
fibrous nodules in the palm. Progressive flexion deformity may
appear over several months or years, typically affecting the ring
finger and the little finger [1]. Dupuytren is often bilateral and,
although usually painless, it can result in a serious handicap
causing loss of manual dexterity and the inability to touch, stroke,
or shake hands in a normal manner. The average age of onset is 60
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years and the incidence increases with increasing years. Standard
treatment consists of surgical excision of pathologic nodules and
cords or percutaneous division but other treatment modalities are
emerging [2–4]. However, there is no cure for the disease, the
origin of the disease is largely unknown, and there is a high
recurrence rate after surgery [5,6].

The reported prevalence of Dupuytren varies between 0.2% and
56% depending on methods used [7,8]. A clinic-based study
highlighted the gender differences of the disease with a fourfold
male preponderance, especially for those with a relatively early
onset (age <45 years) or for patients treated surgically [9]. The sex
difference in prevalence diminishes with increasing age. In the UK,
the incidence of new consultations with a family physician for
Dupuytren is 34/100,000 men annually [10].

The histological and biochemical alterations in Dupuytren-
affected tissue are similar to those in the active stages of
connective tissue wound repair; high numbers of fibroblasts,
increased deposition of extracellular matrix proteins (especially
collagen) and the presence of contractile myofibroblasts. The latter
Investigative Dermatology.
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is a population of cells involved in the granulation stage of wound
healing responsible for wound contraction [11], and are recognized
by a-smooth muscle actin (a-SMA) expression. The expression of
a-SMA can be increased by Transforming Growth Factor, Beta 1
(TGFb1), by stimulating the conversion of fibroblasts to
myofibroblasts [12–14]. Histological analysis of disease tissue
shows a corresponding decrease in the amount of type III collagen
as a percentage of the total collagen with disease progression [15].
To measure the contractility of (myo)fibroblasts, fibroblast-
populated collagen lattice (FPCL) contraction assays are used in
functional Dupuytren research [16–19] to assess the contractility of
fibroblasts to particular stimuli, including inflammatory cues [20].
Despite these efforts, the pathophysiological basis of Dupuytren is
incompletely understood.

A genome-wide association study (GWAS) for Dupuytren
identified nine susceptibility loci, showing robust genetic evidence
with relatively high odds ratios (ranging from 0.72–1.98) compared
to other complex human traits [21]. The results further implicated
a potential involvement of Wnt signalling in disease and
demonstrate that genetic variants play an important role in the
etiology of Dupuytren in patients with European ancestry [22]. The
most significant finding was at single nucleotide polymorphism
(SNP) rs16879765, located in an intron of EPDR1, the Ependymin
Related 1 gene, with p = 5.6 � 10�39 and an odds ratio of 1.98 (CI
1.78–2.18). This finding was confirmed in an independent study
[23].

Little is known about EPDR1. The gene encodes the Ependymin
Related 1 protein, and is additionally known as MERP1, mammalian
ependymin related protein 1, and as UCC1, upregulated in
colorectal cancer 1. Ependymins were first described as the
predominant constituent of the cerebrospinal fluid of teleost fish,
such as gold fish and rainbow trout (reviewed in [24]), produced by
leptomeningeal fibroblasts (reviewed in [24]). It is reported that a
calcium-induced conformational change in ependymin is impor-
tant for its interaction with the extracellular matrix [25],
particularly by association with collagen [26,27]. It was therefore
subsequently hypothesized that ependymin is essential for cell-to-
cell contact as a (anti) cell adhesion molecule [25]. In humans
EPDR1 gene expression is broadly expressed throughout tissues,
with a particular high expression in brain, in addition to contractile
tissues, such as muscle tissue and the heart [28–30].

2. Materials and methods

2.1. Cell line collection

Primary fibroblasts derived from Dupuytren’s tissue (D),
normal palmar fascia tissue (PF) and control tissue (CT) were
obtained at the Lawson Health Research Institute, London, Ontario
Canada. We collected 4 allogeneic isolates from unrelated
individuals per group. All tissues were surgically resected from
patients who were undergoing primary surgery at St. Joseph’s
Hospital, London, Ontario, as described previously [31]. Dupuyt-
ren’s cells were derived from fibrotic palmar fascia, whereas PF and
CT fibroblasts were both derived from visibly unaffected, palmar
fascia. PF fibroblasts are derived from the palmar fascia of an
individual with Dupuytren’s in an adjacent digit, whereas CT
fibroblasts are from the palmar fascia of an individual with Carpal
Tunnel syndrome. All of these fibroblasts are derived from the
same tissue source, palmar fascia. Patient-derived tissues were
cultured up to a maximum of 8 passages in all protocols. Primary
human neonatal foreskin fibroblasts (PCS-201-010) were pur-
chased from ATCC (Manassas, VA, USA) and were cultured up to 9
passages. All cells were grown in Fibroblast Basal Medium (FBM,
PCS-201-030; ATCC, Manassas, VA, USA) supplemented with
Fibroblast Growth kit-Low Serum (PCS-201-041; ATCC, Manassas,
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VA, USA) and 10 units/mL penicillin-streptomycin (15140-122; Life
Technologies, Carlsbad, CA, USA) at 37 �C and 5% (vol/vol) CO2 in a
humidified incubator.

2.2. Gene expression results from Genevar database

In order to consider genetic effects of the disease locus (SNP
rs16879765) on local (cis) gene expression levels we used the
available Genevar database version 3.3.0 [32] with the GenCord
dataset [33], in which gene expression was determined by Illumina
HumanWG-6 v3. We restricted our analyses to the expression data
of fibroblasts (GenCord-F) as being the most-related cell type to
Dupuytren affected tissue.

2.3. RNA isolation and cDNA conversion

Adherent fibroblast cultures were trypsinized, re-suspended in
FBM and pelleted prior to cell lysis with buffer RLT from the RNeasy
Mini Kit (74104; Qiagen, Venlo, The Netherlands). Lysed samples
were homogenized with QIAshredder columns (79654; Qiagen,
Venlo, The Netherlands) and stored at �80 �C or processed
immediately per manufacturer’s protocol. Purified RNA was
quantified using the Quant-iT Ribogreen assay (R11490; Life
Technologies, Carlsbad, CA, USA) and RIN values were assessed
using the Agilent Bioanalyzer 2100 (G2940CA; Agilent Technolo-
gies, Santa Clara, CA, USA). Collagen gels from select FPCL
experiments were suspended directly in TRIzol (15596-026; Life
Technologies, Carlsbad, CA, USA) and incubated at room tempera-
ture until completely dissociated. Samples were stored at �80 �C
until ready for extraction. After thawing, extraction occurred by
adding 0.2x volume of chloroform to the TRIzol suspension.
Samples were mixed and centrifuged at 12,000g for 15 min at 4 �C.
The top aqueous phase was combined with 1 vol of 70% ethanol
and loaded onto RNeasy spin columns. RNA purification with
RNeasy was performed as described above. 100–250 ng of RNA for
each sample was used in cDNA synthesis with the High-Capacity
RNA-to-cDNA Kit (4387406; Life Technologies, Carlsbad, CA, USA)
per manufacturer’s protocol.

2.4. RT-PCR gene expression

EPDR1 transcript presence was assessed via RT-PCR. Custom
cDNA primers were generated using the NCBI primer blast tool and
subsequently synthesized by IDT DNA, (Coralville, Iowa, CA USA).
The GAPDH positive control primer pair was obtained from Walker
et al. [34] (forward: 50-AATCCCATCACCATCTTCCA-30, reverse:
50-TGGACTCCACGACGTACTCA-30). Three EPDR1 mRNA variants
were detected by two primer pairs: pair 1 (forward:
50-TCAGATTGACCAAGCCACCAA-30, reverse: 50-ACGTGCTTG-
GAGGGGTAAAC-30) detects mRNA variant 1 and 3, and pair 2
(forward: 50- GATCTCAAAAGCGGCAGAGG-30, reverse:
50- CGTGCTTGGAGGGG TAAACA-30) detects mRNA variant 1 and
2. Synthesized cDNA was used in conventional touchdown PCR
with 1uM of the above primers for gene expression analysis. The
PCR occurred with 1x MyFi PCR Master Mix (BIO-25049, Bio Line,
London UK) and the BioRad C1000 thermocycler (185-1048,
BioRad, Hercules, CA USA). Select PCR templates were treated
with Exo-Sap-IT (78200, Affymetrix, Santa Clara, CA USA) and were
subsequently Sanger sequenced to ensure that the proper product
was detected.

2.5. Quantitative real time-PCR

Relative EPDR1 gene expression was assessed with Primetime
qPCR Assay Hs.PT.58.38898209 and Hs.PT.58.20021550 (IDT DNA,
Coralville, Iowa, USA), IDT DNA Primetime qPCR assays for GAPDH
pa Integrated Health - JCon July 14, 2016.
 Copyright ©2016. Elsevier Inc. All rights reserved.



Fig. 1. The Dupuytren-associated SNP rs16879765 influences EPDR1. EPDR1 gene
expression of fibroblasts from individuals from the GenCord dataset [33]
heterozygous for the minor allele (A/G) compared to those homozygous for the
major allele (G/G; linear regression correlation coefficient after 10,000 permuta-
tions by Genevar). The used software GeneVar does not assess strandedness of
variants and therefore the alleles G and A described here correspond to C and T,
respectively.
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(Hs.PT.39a.22214836), ACTB (Hs.PT.39a.22214847), and HPRT1 (Hs.
PT.58.20881146) were used to normalize expression data. 2.5 ng of
cDNA per sample were combined with 2x Taqman Gene Expression
Master Mix (4369016; Life Technologies, Carlsbad, CA, USA), 10x
Primetime qPCR assay (IDT DNA, Coralville, Iowa, USA). Samples
were run in triplicate on the ABI PRISM 7900HT for 60 cycles.
Cycling conditions were set as recommended by the Taqman
master mix protocol. Relative gene expression was calculated with
the DDCT method and the data presented is the average when
normalizing against 3 housekeeping genes (ACTB, GAPDH and
HPRT1).

2.6. Fibroblast-populated collagen lattice (FPCL)

Contractile activity was measured with fibroblasts cultured in
2 mg/ml of rat tail collagen I (A1048301; Life Technologies,
Carlsbad, CA, USA) at a density of 1.5 �105 cells/mL. Fibroblasts
were cultured in a monolayer to approximately 80% confluency,
trypsin-released and re-suspended in fibroblast basal medium
(FBM). Rat tail collagen was combined with cold 10x PBS and
neutralizing 1 M NaOH. Combination of the collagen and cell
suspension yielded a final concentration of 2 mg/ml collagen,
1.5 �105 cells/mL, 3.5% (vol/vol) 1 M NaOH and PBS for isotonicity.
The collagen-cell suspension was immediately aliquoted into 24-
well tissue culture plates and allowed to polymerize at 37 �C for
20 min. An equivalent volume of culture media was then added on
each lattice. Treatment in all experiments occurred 24 post seeding
at the earliest. Tension was allowed to build in the collagen lattices
for 48 h prior to release by running a pipette tip along the well
edges. Lattice release is t = 0. Recombinant human TGFb1 (GF111,
Millipore, Billerica, MA, USA) was applied 1 h before lattice release
(47 h post seeding). Lyophilized TGFb1 was re-suspended in
Hyclone water to make a 0.5 mg/ml stock and subsequently diluted
in FBM to generate a 10 ng/ml working stock. Media was aspirated
prior to applying the TGFb1 solution. Plates were imaged at a fixed
distance using the BioRad Gel Doc XR+ System (170-8195, BioRad,
Hercules, CA, USA) with white light at various time points. Gel
areas were calculated using the ImageJ measuring tool, v1.47, and
measured in a single-blinded fashion.

2.7. Cell counts

Cell counts were performed with adherent cultures to assess
proliferation in different conditions. Adherent cultures in 24 well
plates were re-suspended in FBM as described above at various
time points. Aliquots of re-suspended cells were combined with
Trypan Blue (145-0003; BioRad, Hercules, CA, USA) in a 1:1 ratio
and loaded onto a standard hemocytometer. Cells were counted
manually using a conventional inverted microscope and only live
cells were counted on tissue culture plastic.

2.8. RNA interference (RNAi)

Custom IDT DNA dicer-substrate RNA (DsiRNA) oligos were
used for gene silencing. Per targeted sequence prediction HSC.
RNAI.N017549.12.2 targets all three mRNA transcripts of EPDR1. DS
NC1 (IDT DNA, Coralville, Iowa, USA) was used as a universal
scrambled control in all RNAi experiments. DsiRNA ligated with
TYE-563 was used to optimize transfection efficiency; transfected
cells were visualized with a Texas-Red filter using fluorescent
microscopy. Percent transfection was approximated by assessing
the percentage of fluorescent cells in the total cell population, and
found to equal or exceed 90% in all experiments. DsiRNA oligos and
Lipofectamine 3000 (L3000-008; Life Technologies, Carlsbad, CA,
USA) were mixed in Opti-MEM reduced serum medium
(31985062; Life Technologies, Carlsbad, CA, USA) and combined
Downloaded from ClinicalKey.com at Maricopa I
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in 24-well tissue culture plates to yield a concentration of 10 nM
DsiRNA per well at a volume of 1.5 ml Lipofectamine 3000 per well.
Knockdown efficiency was initially evaluated using monolayer
cultures in 24-well plates. Cells were seeded at 2 � 104 cells/mL and
treated with DsiRNAs per above protocol at 24 h post seeding. In
FPCL experiments, DsiRNAs were applied at 24 and 47 h post
seeding. The above concentrations of DsiRNA and Lipofectamine
3000 were maintained throughout the experiments. Half volume
of reagents was applied at 24 h post seeding while an equimolar
half was applied at 47 h post seeding; rhTGFb1 was applied along
the second half in applicable conditions.

2.9. Statistics

Analysis was performed with the statistical software package
Prism Origin 6.0c (GraphPad Software, La Jolla, USA). A two-way
ANOVA for repeated measures was used for assessing the
contraction over time with a Sidak posthoc analysis restricted to
the differences a time point across groups. Significance threshold
was set at p < 0.05. In graphs means are depicted and error bars
represent the standard deviation.

3. Results

To understand the role of the Dupuytren-associated SNP
rs16879765, we first confirmed that the associated haplotype is
restricted to the EDPR1 gene and does not include other protein
coding genes [21]. Since the disease locus may represent a
regulatory element of a distant protein coding gene, we first
examined the available gene expression data with Genevar [32]
from cells derived from umbilical cords of 75 Geneva GenCord
individuals [33], which is a publicly available dataset. We
specifically focused on the analysis of gene expression of
fibroblasts, as this cell type is involved in fibrosis observed in
Dupuytren and as regulation of gene expression may be cell type
specific [33]. This analysis shows that carriers of the minor allele
(A/G) have an increased expression of EPDR1 compared to
individuals carrying the major allele only (G/G; empirical
p = 0.03, Fig. 1). There were no individuals available within this
dataset homozygous for the minor allele. Additionally, rs16879765
is not correlated with an altered gene expression of the
neighboring gene SPFR4 in this dataset.

To confirm that EPDR1 may contribute to Dupuytren patho-
physiology, we tested whether EPDR1 mRNA transcripts are
detected in affected Dupuytren and control tissue. Each mRNA
transcript of EPDR1 (Fig. 2A) was successfully amplified in affected
ntegrated Health - JCon July 14, 2016.
pyright ©2016. Elsevier Inc. All rights reserved.



Fig. 2. Dupuytren’s affected tissue expresses EPDR1 and models Dupuytren’s contraction in vitro. A. PCR approach to detect each of three EPDR1 transcripts. The primer set
depicted in red amplifies transcript 1 and 3. The purple primer set amplifies transcript 1 and 2. B. PCR product of EPDR1 transcripts 1 and 3 (amplicon 317 bp) in different
control palmar fascia fibroblast cell lines (PF1-3) and fibroblasts cell lines from affected Dupuytren’s tissue (D1-3). Negative controls are negative reverse transcriptase PCR
(-RT) and non template control (H20). Positive control is a GAPDH amplicon included in the reaction (amplicon 81 bp). Full image in Fig. S1A. C. PCR product of EPDR1
transcripts 1 (amplicon 791 bp) and 2 (amplicon 582 bp) in different control palmar fascia fibroblast cell lines (PF1-3) and fibroblasts cell lines from affected Dupuytren’s
tissue (D1-3). Negative controls are negative reverse transcriptase PCR (-RT) and non template control (H20). Transcript 2 was only obtainable when removing the positive
control (GAPDH) from the reaction. Full image in Fig. S1B. D. FPCL images after 48 h without TGFb1 stimulation from fibroblasts from palmar fascia from affected Dupuytren’s
tissue (D1), from control palmar fascia from the same individual as the Dupuytren’s tissue (PF1) and palmar fascia from an individual with Carpal Tunnel syndrome (CT1). Full
image in Fig. S2A. E. Contraction rate of fibroblast lines from carpal tunnel (n = 4), palmar fascia (n = 4) and Dupuytren’s tissue (n = 4; 2-way anova with repeated measures,
Sidak post hoc analysis). F. Contraction rate of fibroblast lines from carpal tunnel (n = 4), palmar fascia (n = 4) and Dupuytren’s tissue (n = 4) upon TGFb1 (10 ng/ml) stimulation
(2-way anova with repeated measures, Sidak post hoc analysis). G. Cell proliferation rate of fibroblasts from carpal tunnel (n = 4), palmar fascia (n = 4) and Dupuytren’s tissue
on tissue culture plastic (n = 4; 2-way anova with repeated measures, Sidak post hoc analysis of means per treatment per time point). Mean � standard deviation. *p < 0.05,
**p < 0.01. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Dupuytren tissue, control palmar fascia and control carpal tunnel
fibroblasts (Fig. 2B and C, full image in Fig. S1A and B). A sample
from each transcript was subsequently Sanger sequenced con-
firming the accurately sized amplicon was indeed from EPDR1
(data not shown). To assess whether the fibroblast-populated
collagen lattice (FPCL) assay would be a suitable model in our
hands and to subsequently compare with a commercially available
cell-line, we tested the rate of contraction of fibroblasts obtained
Fig. 3. Neonatal fibroblast cell line is a similarly suitable model. A. PCR product of EPDR1 t
and TGFb1 (10 ng/ml). Negative controls are negative reverse transcriptase PCR (-RT) an
reaction (amplicon 81 bp). Full image in Fig. S1A. B. PCR product of EPDR1 transcripts 1 (a
(veh) and TGFb1 (10 ng/ml). Negative controls are negative reverse transcriptase PCR (-R
the positive control (GAPDH) from the reaction. Full image in Fig. S1B. C. Contraction rat
with repeated measures, Sidak post hoc analysis of means per treatment per time point)
the lattices over time, but were not included in the analysis. Mean � standard deviatio
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from affected Dupuytren tissue, control palmar fascia and control
carpal tunnel in FPCL. With this approach we measure the
contractility of fibroblasts residing in a collagen lattice, as
determined by the area of the lattice (Fig. 2D, full image in
Fig. S2A and B). Fibroblasts obtained from affected Dupuytren
tissue contracted faster than fibroblasts from control palmar fascia
tissue (from the same individual) or from unaffected tissue from
patients with carpal tunnel syndrome (different individual;
ranscripts 1 and 3 (amplicon 317 bp) in cell line PCS-201-010 treated by vehicle (veh)
d non template control (H20). Positive control is a GAPDH amplicon included in the
mplicon 791 bp) and 2 (amplicon 582 bp) in cell line PCS-201-010 treated by vehicle
T) and non template control (H20). Transcript 2 was only obtainable when removing
e of PCS-201-010 treated with vehicle (n = 3) or 10 ng/ml TGFb1 (n = 3; 2-way anova
. Lattices without cells were assessed to illustrate possible effects of dehydration on
n. *p < 0.05, **p < 0.01, ****p < 0.0001.

pa Integrated Health - JCon July 14, 2016.
 Copyright ©2016. Elsevier Inc. All rights reserved.



K.A. Staats et al. / Journal of Dermatological Science 83 (2016) 131–137 135
Fig. 2E), consistent with previous studies. Stimulation of fibroblasts
with TGFb1 allows for increased conversion to myofibroblasts and
contraction [12–14]. As expected, upon TGFb1 application all
samples contracted faster, with the carpal tunnel fibroblasts
contracting less at early time points (Fig. 2F). As differences in cell
proliferation rates between the fibroblast cell lines may affect the
contraction rate measured by FPCL, we assessed the cell
proliferation rate of the cell lines with no differences observed
(Fig. 2G).

To facilitate the standardization of future experiments, we
assessed the usage of a commercially available neonatal fibroblast
cell line in our in vitro study of EPDR1 in Dupuytren. All three mRNA
transcripts of EPDR1 are expressed in the obtained neonatal
fibroblast line PCS-201-010 (Fig. 3A and B). This cell line does not
carry the susceptibility allele of rs16879765. In addition, these cells
behave as expected in FPCL, as they contract the lattice without
stimulation and contract faster upon TGFb1 application (Fig. 3C).
These results show that this commercially purchased fibroblast
cell line derived from neonatal foreskin is suitable for in vitro
analysis of EPDR1 in on contractility.

To investigate the potential contribution of EPDR1 to in
myofibroblast contraction, we performed DsiRNA-mediated
knockdown of EPDR1 in PCS-201-010 fibroblasts. This approach
resulted in a sustained and pronounced knockdown of EPDR1 up to
Fig. 4. EPDR1 knockdown attenuates FPCL contractility. A. DsiRNA-mediated EPDR1 k
scrambled dsiRNA (n = 3) or dsiRNA targeting EPDR1 (n = 3; 2-way anova with repeated m
effect p = 0.0008). Lattices with untreated cells were assessed to illustrate possible eff
Contraction rate of PCS-201-010 treated with 10 ng/ml TGFb1 and with a scrambled dsiR
Sidak post hoc analysis of means per treatment per time point, interaction effect p =
transfection reagents upon FPCL, but were not included in the analysis. D. Cell prolifera
EPDR1 (n = 3; 2-way anova with repeated measures, no significant effect). Untreated c
proliferation, but were not included in the analysis. Mean � standard deviation. *p < 0.
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at least 5 days post transfection, as determined by qPCR (Fig. 4A).
Knockdown of EPDR1 slowed the contraction rate in unstimulated
FPCL conditions compared to controls (Fig. 4B), as well as upon
TGFb1 stimulation (Fig. 4C), although to a lesser extent. These
results replicated. Cell proliferation was not significantly altered by
EPDR1 knockdown (Fig. 4D). These data imply a protective role of
EPDR1 knockdown in Dupuytren in vitro.

4. Discussion

With this work we identify a functional role of EPDR1, located
within a recently discovered Dupuytren disease susceptibility
locus [22,23]. The associated allele of SNP rs16879765, is more
common in patients with Dupuytren disease than in controls [22].
Interestingly, the presence of this allele correlates with increased
EPDR1 expression in fibroblasts. Our results suggest that decreas-
ing EPDR1 expression in Dupuytren disease cells results in
decreased collagen contraction, implying that EPDR1 expression
contributes to the well-established excessive collagen contractility
of Dupuytren disease cells. This effect of EPDR1 is not limited to
Dupuytren disease cells, as it likely also affects contraction in
healthy fibroblasts, such as the neonatal fibroblasts used in this
study. Dupuytren disease is a contractile disease, so identifying
novel genes that regulate collagen contraction may lead to novel
nockdown assessed by qPCR. B. Contraction rate of PCS-201-010 treated with a
easures, Sidak post hoc analysis of means per treatment per time point, interaction
ects of transfection reagents upon FPCL, but were not included in the analysis. C.
NA (n = 3) or dsiRNA targeting EPDR1 (n = 3; 2-way anova with repeated measures,

 0.03). Lattices with untreated cells were assessed to illustrate possible effects of
tion rate of fibroblasts treated with a scrambled dsiRNA (n = 3) or dsiRNA targeting
ells were assessed to illustrate possible effects of transfection reagents upon cell
05, **p < 0.01, ****p < 0.0001.
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treatment approaches. Increase of EPDR1 levels is predicted to be
one of many factors that enhance contractility in Dupuytren
disease, but understanding the individual contributions of each
potentially predisposing gene helps us to understand the
pathogenesis of this disease.

The model employed to mimic Dupuytren in vitro, FPCL, has
been used by others in the past. The validity of this model is based
on the observation, from others and by us reported here, that
fibroblasts from affected Dupuytren tissue contract faster than
control tissue [16,19,35,36]. Here, we offer support that this model
may be used for assessing the genetic contribution to Dupuytren
pathophysiology by targeting gene expression of genes identified
by genome-wide genetic studies. Despite this model’s potential
use in pharmacological screening, FPCL is naturally limited to
mimicking Dupuytren in vitro and only in one cell type, hereby
potentially excluding the effects of other non fibroblast-derived
cells on Dupuytren onset and progression.

A contributing role of EPDR1 in Dupuytren is not surprising, as
extracellular matrix components are important in the fibromatosis
[15,37,38] and ependymins have been previously associated with
collagen [26,27]. The EPDR1 gene produces 3 different transcripts
all present in the fibroblasts we tested here. These transcripts
translate to proteins harboring a transmembrane domain and/or
ependymin domain. The association of ependymins to collagen
was demonstrated in teleost fish where these secreted proteins
bind to collagen [26,27]. In teleost fish their function was predicted
to be anti-adhering and promoted learning and memory by
(reviewed in [26]). Here, we propose a hypothesis that EPDR1
proteins containing a transmembrane domain and ependymin
domain promote collagen adherence by binding collagen (with the
ependymin domain) while remaining anchored to the cell (with
the transmembrane domain). This hypothesis is supported by our
data in which a knockdown of EPDR1 results in a late and
moderately attenuated contractility in FPCL [12]. This could
explain the contraction conveyed by myofibroblasts in nodes on
the cords leading to contractures in Dupuytren patients, although
additional research is needed to understand the biomolecular
intricacies of EPDR1 proteins in fibromatosis observed in
Dupuytren.

In conclusion, here we show both genetic and biological
evidence for a role of EPDR1 in Dupuytren’s contracture.
Additionally, we demonstrate the applicability of the FPCL model
to investigate genetic candidates in the disease. Future work may
benefit incorporation a functional role for EPDR1 in the develop-
ment of therapeutic strategies for Dupuytren, as well as for other
fibromatoses.
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