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Unique microRNA profile in Dupuytren’s
contracture supports deregulation
of b-catenin pathway
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Dupuytren’s contracture, a proliferative disease of unknown origin, is characterized by an abnormal fibroblast
proliferation process. Evidence from numerous microRNA (miRNA) studies shows that miRNAs have a vital
function in many biological processes, for instance, in cellular signaling networks, cell growth, tissue
differentiation, and cell proliferation. Our aim was to characterize, to our knowledge for the first time, the
miRNA-expression profile of Dupuytren’s contracture. The miRNAs identified may have a function in the
pathogenesis of Dupuytren’s contracture by targeting and regulating important pathways. We compared
the miRNA-expression profile of 29 Dupuytren’s contracture patients with that of control samples (fibroblast
cells and palmar fascia). Some of the miRNAs identified in our Dupuytren’s contracture samples, including
miR-29c, miR-130b, miR-101, miR-30b, and miR-140-3p, were found to regulate important genes related to the
b-catenin pathway: WNT5A, ZIC1, and TGFB1. Expression profiles of these genes reanalyzed from published
gene-expression data from similar patient material correlated with our miRNA results. Analysis was also
performed for groups of patients with recurrent/non-recurrent and patients with hereditary/non-hereditary
Dupuytren’s contracture, but no significant differences appeared in miRNA-expression profiles of these groups.
Identification of unique miRNA expression in Dupuytren’s contracture may lead to the development of novel
molecular therapy for its treatment.
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Dupuytren’s contracture is a benign disease with an
abnormal fibroblast proliferation process and unclear pathogenesis.1
Epidemiological reports show that this condition
predominantly affects older men of northern
European descent, but it is also common in the
Taiwanese population and in some areas of Japan,
although deformity is less severe in the latter two
areas.2 Prevalence between genders, however, tends
to equalize toward the ninth decade of life.3
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Dupuytren’s contracture is associated with smoking and diabetes mellitus,2 with the mechanisms
behind these associations still unknown. It is,
however, likely that smoking causes microvascular
changes in the hand, and in diabetes patients,
microangiopathy and increased collagen production
may contribute to its development.4
One predisposing factor is genetic susceptibility.5
One study has suggested an associated heteroplasmic mitochondrial mutation.6 Another report shows
autosomal dominant inheritance with incomplete
penetrance at 16q.7
Several studies have investigated the molecular
pathogenesis of Dupuytren’s contracture. These
include gene-expression profiling,5,8–12 cytogenetic
profiling,13–16 and proteomic profiling.17 These studies have identified genes that may potentially be
involved in its pathogenesis.
www.modernpathology.org
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MicroRNAs (miRNAs) are small, single-stranded
non-coding endogenous RNAs consisting of 20–23
nucleotides.18,19 They have been implicated in
470 diseases20 including diabetes mellitus, asthma,
hepatitis, and a variety of cancers (http://cmbi.bjmu.
edu.cn/hmdd).
This study investigates differences in miRNA
expression between Dupuytren’s contracture patient
samples and normal controls, including cultured
fibroblast cells and palmar fascia. Differentially
expressed miRNAs could potentially have a function
in the underlying mechanisms of its pathogenesis
by dysregulating Dupuytren’s contracture-associated
genes. The mRNA-expression profiles of Dupuytren’s
contracture-associated genes, which are among the
target genes of differentially expressed miRNAs found
in this study, were reanalyzed to confirm whether
there exists any correlation between miRNA and their
target gene expression.

Materials and methods
Patients

We used 29 fresh frozen samples of removed cords
from patients (see Table 1) diagnosed with Dupuytren’s contracture. No patient had knuckle pads,
Peyronie’s, or Ledderhose’s diseases. Patients were
preselected before undergoing aponeurectomy to
remove the extension limitation of 30 degrees in
the metacarpophalangeal joint or to heal the midpalmar cord interfering with normal functions of the
palm. Only the disabling cords (which develop from
the matured nodules organized in parallel lines), not
the individual nodules, were operated on. Fasciectomy was performed for these patients, removing the
entire affected palmar fascia. The skin was opened
with Z plastia to allow sufficient skin for closure,
but no skin was removed. Two patients needed skin
grafts for the closure.17,18
According to the standard surgical procedure,
two-hand surgeons clinically estimated and evaluated each patient. Clinically, all the excised samples
were in the mature phase of the Dupuytren’s
contracture, and no histological evaluation was
performed pre-operatively. Six cases were recurrent
among our patients. The definition for recurrence is
still entirely a clinical diagnosis. After aponeurectomy (excision of the Dupuytren cord), within a few
years, a new palpable nodule or cord gradually
appears, which causes limitation of finger extension. The time of the recurrence for our samples was
at least 2–5 years. After surgery, the samples were
maintained in N2 until RNA extraction. Of the 29
samples, we studied 17 for gene copy number
changes using an oligonucleotide-array CGH method as previously described.16
We used standard cell cultured fibroblasts (ATCC
cell line: CRL-2088) and normal palmar fascia as
control samples from which we extracted total RNA.
Although it is not easy to acquire normal healthy

palmar fascia, considering availability and ethical
issues, a small number of control palmar fascias
were obtainable from two healthy, non-smoking
males with hand trauma (age 25 and 46 years) and
two females with median nerveneurolysis in the
carpal tunnel, the carpal tunnel fascia being the
transverse ligament beneath the actual palmar
fascia. One woman was a non-smoker with cardiac
inefficiency and bronchial asthma, age 85 years,
and the other a smoker with a healthy status, age
37 years.
RNA Extraction

Qiagen’s miRNeasy Mini kit (Qiagen, Valencia, CA,
USA) was used to extract total RNA, including
miRNA, according to manufacturer’s instructions.
We used Agilent’s miRNA Microarray system (V2),
containing 723 human and 76 human viral miRNAs
catalogued in the Sanger miRNA database v 10
(Agilent Technologies, Santa Clara, CA, USA). The
NanoDrop-1000 Spectrophotometer (Thermo Fisher
Scientific, Wilmington, DE, USA) was used for
quantification of RNA and Agilent Bioanalyzer for
a quality check of both RNA and miRNA.
Labeling, Hybridization, Scanning, and Data
Processing

Agilent’s miRNA microarray platform has been
shown by Wang et al21 to produce precise and
accurate measurements of miRNA expression.
Labeling and hybridization of RNA samples were
performed with the Agilent’s miRNA Complete
Labeling and Hybridization kit. Accordingly,
100 ng of total RNA was treated with calf intestine
phosphatase for 30 min at 371C; 100% DMSO was
used for denaturation at 1001C for 5 min, after which
the samples were immediately transferred into an
ice water bath to prevent re-annealing. Samples
were then labeled with cyanine 3-pCp by incubation
with T4 RNA ligase for 2 h at 161C. After the labeling
reaction, the samples were vacuum dried at medium
heat and resuspended in nuclease-free water. Next,
the samples were hybridized to the microarrays in
the Agilent SureHyb Chambers (Agilent Technologies) for 20 h at 551C. The microarrays were then
washed with the manufacturer’s washing buffers.
Arrays were scanned with the Agilent’s Scanner,
and the raw data was reprocessed with the Agilent’s
Feature Extraction Software with default parameters. Details of the miRNA preprocessing protocol
are provided in the manufacturer’s reference guide
for the Agilent Feature Extraction tool.
The statistical analysis was carried out with the
GeneSpring GX Analysis Software v 10, (Agilent
Technologies) and the R statistical programming
language (http://www.r-project.org). The expression
values were log2 transformed before the analysis.
The miRNAs that were not detected in any of the
Modern Pathology (2010) 23, 1544–1552
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Table 1 Clinical features of Dupuytren’s contracture patients
Sample

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Sex

Smoking

Recurrence

Hereditary

F
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M

No
No
No
No
No
No
No
No
No
No
No
No
Yes
No
Yes
No
No
No
Yes
Yes
No
No
No
Yes
No
No
No
No
No

No
No
No
No
Yes
No
No
yes
No
No
No
No
No
Yes
No
No
No
Yes
No
No
No
No
No
No
No
No
No
Yes
Yes

No
No
No
Yes
No
No
No
No
No
No
No
No
No
No
No
Yes
Yes
Yes
No
Yes
Yes
No
Yes
No
No
No
No
Yes
No

Patient
observation

HTA, MC
Healthy
HTA
HC, HTA
Healthy
Healthy
Healthy
Healthy
AB, HC, DM
Healthy
Healthy
CMTD, MBM
CD, HC
Healthy
RS
Healthy
Healthy
Healthy
HTA
Arrhythmia
Arrhythmia
CV, CP
Arrhythmia
CD
Healthy
RS
CP
Healthy
Healthy

Age at
surgery

Bilateral
involvment

67
61
65
70
70
72
56
64
71
77
80
61
50
57
67
51
66
67
80
59
71
70
68
62
51
67
67
66
60

+

Radial ray
involvment
(first or second)

Little finger
surgery

Score of
Abe et al46

+
+
+

+
+
+

+
+
+
+
+
+
+
+
+
+

+
+
+
+
+

+
+

+
+
+
+
+

+
+
+

+

+

+

3
1
0
2
3
1
1
1
1
0
1
1
1
2
2
2
4
4
0
0
0
0
0
3
3
1
1
0
3

M, male; F, female; HTA, hypertension; CD, coronary disease; HC, hypercholesterolemia; AB, bronchial asthma; DM, diabetes mellitus; CMTD,
Charcot–Marie–Tooth–disease; MBM, Mb menier; RS, rheumatoid spondylitis; CV, ventricular carcinoma; CP, prostate cancer.

samples were excluded from the comparisons. We
divided Dupuytren’s contracture-specific miRNAs
into two categories based on detection calls in these
patients’ samples and the controls. In the first
category, exclusively detected miRNAs were present
only in Dupuytren’s contracture patients and were
absent from all controls. In the second category,
preferentially expressed miRNAs were also detected
in some controls, but were significantly overrepresented in Dupuytren’s contracture patients
(qo0.05; Fisher’s exact test), and detected in at
most 25% of the control samples. Detection calls
were provided by the Agilent’s Feature Extraction
Software. In addition, significance of differential
expression between the detected signals in two
groups of samples was calculated by t-test; q-values
provide an estimate of the false discovery rate
among the most significant findings and were used
to correct for multiple testing.22 Those miRNAs with
qo0.05 in pairwise comparisons are considered
differentially expressed.
None of the miRNAs were exclusively detected in
control samples. To detect miRNAs with reduced
expression levels in Dupuytren’s contracture, we
selected the miRNAs that had at least a twofold
reduced mean expression level between the patient
groups. For these miRNAs, significance of differential expression was estimated by t-test.
Modern Pathology (2010) 23, 1544–1552

mRNA Gene-Expression Profiling

The mRNA-expression data we used was analyzed
by Forsman et al10 with patients similar to ours.
They had 12 male Dupuytren’s contracture patients,
average age 59 (range 31–78 years). In all of these
patients, the Dupuytren’s contracture was considered to be mature and in the residual, advanced
stage by the time of the operation.
The available data was reanalyzed with the
GeneSpring (v.10) Software (Agilent Technologies).
Fold changes and t-test were calculated for each of
the over 20 000 transcripts in Dupuytren’s contracture patient samples and control samples following
data filtration by expression.

miRNA Target Prediction and Correlation with
Gene-Expression Profile

Target prediction was performed with TargetScan
(http://www.targetscan.org/). Other web-based computational approaches including, miRanda (http://
www.microRNA.org) and Sanger miRBase (http://
www.microrna.sanger.ac.uk/targets/v5) also served
for confirmation. With the use of GeneSpring (v.10)
tools, the target gene list was translated to a geneexpression experiment, creating a new list from
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which the gene-expression levels of the deregulated
miRNA target genes could be determined.

Results

ture and fascia (Figure 1); 68 miRNAs were expressed
in 480% of Dupuytren’s contracture samples and
were completely absent from fibroblasts.
Relationship between miRNA and mRNA Expression

Identification of Dupuytren’s Contracture-Specific
microRNAs

Our analysis revealed 45 Dupuytren’s contracturespecific miRNAs detectable in 450% of the
Dupuytren’s contracture patients, but in none of
the fibroblast or fascia control samples. Two of the
Dupuytren’s contracture-specific miRNAs (miR-373
and miR-648) were detected exclusively in 480% of
the Dupuytren’s contracture samples, and six additional miRNAs (miR-let-7d*, miR-205, miR-200a*,
miR-34c-3p, miR-423-3p, and miR-551b*) were
detected exclusively in 470% of the Dupuytren’s
contracture samples (qo0.05). We also identified 11
miRNAs, which were preferentially but not exclusively expressed in Dupuytren’s contracture. These
miRNAs were enriched in the patients, with a
detection frequency of 480% in Dupuytren’s contracture, and of o25% in the controls (qo0.05;
Table 2).
In Dupuytren’s contracture samples compared
with control samples, 65 miRNAs were significantly
downregulated (qo0.05; fold change42.0) (Table 3).
In general, the differences in miRNA expression
were greater between Dupuytren’s contracture and
fibroblast controls than between Dupuytren’s contrac-

Table 2 Exclusively and preferentially expressed miRNAs
(q-value o0.05) in Dupuytren’s contracture samples

MiRNAs are believed to regulate gene expression
negatively at the level of mRNA transcription.23
We, therefore, examined whether any correlation
existed between the expression profiles of miRNAs
and their Dupuytren’s contracture-associated target
genes. After acquiring the differentially expressed
miRNAs, we searched for their target genes using the
web-based computational approaches, mainly the
TargetScan. Those genes targeted by upregulated
miRNAs in Dupuytren’s contracture samples are
expected to show under-expression compared with
that of control samples and vice versa.
The data generally was in accordance with the
hypothesis. Most Dupuytren’s contracture-associated genes reported, including WNT5A, collagen
synthesis-related genes, TGFB1, and ADAM12, are
over-expressed in patient samples, and our findings
indicate that these are indeed mostly targeted by
downregulated miRNAs (Table 4).
Hereditary Trait, Recurrence Condition, and miRNA
Expression

Genetic susceptibility is an accepted factor that could
lead to increased Dupuytren’s contracture prevalence, but no statistically significant differences in
miRNA expression were detectable between heredity/non-heredity or recurrent/non-recurrent groups
(q40.05).

Control
miRNA

DC (%)

(Fib/Fac) (%)

Fib (%)

Exclusively expressed
hsa-mir-648
hsa-mir-373*
hsa-let-7d
hsa-mir-205
hsa-mir-200a*
hsa-mir-34c-3p
hsa-mir-423-3p
hsa-mir-551b*

86
82
75
75
72
72
72
72

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

Preferentially expressed
hsa-mir-934
hsa-mir-23a*
hsa-mir-617
hsa-mir-382
hsa-mir-498
hsa-mir-519e
hsa-mir-584
hsa-mir-631
hsa-mir-181d
hsa-mir-30b*
hsa-mir-936

93
86
86
89
86
86
86
86
82
82
82

12.5
12.5
12.5
25
25
25
25
25
25
25
25

25
25
25
0
0
0
25
25
0
0
25

*Indicates the mature miRNA is from the opposite arm of the
precursor. DC, Dupuytren’s contracture; Fib/Fac, fibroblast/fascia.

Discussion
MiRNAs are known as gene-expression regulators
involved in many essential pathways. Our study of
miRNA expression in 29 Dupuytren’s contracture
patients is, to our knowledge, the first report of its
kind. Comparison was between miRNA-expression
patterns of Dupuytren’s contracture samples and of
control samples represented by normal fascia and
cultured fibroblast cells. An altered miRNA pattern
could suggest involvement of miRNAs in the
pathogenesis of Dupuytren’s contracture.
Dupuytren’s contracture has a characteristic miRNA
pattern that distinguishes it from the control
samples. This is evident in hierarchical clustering
of the samples based on the miRNA detection calls
(Figure 1). No specific or unique feature emerged
among the patients to distinguish the minority of
samples that closely resembled the control specimens from the majority of Dupuytren’s contracture
patients. However, 22 miRNAs were exclusively
detected in the 470% of the majority group
of Dupuytren’s contracture patients (group 1)
Modern Pathology (2010) 23, 1544–1552
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Table 3 The 65 downregulated miRNAs in Dupuytren’s contracture compared with controls
miRNA
hsa-miR-133b
hsa-miR-129-3p
hsa-miR-563
hsa-miR-654-5p
hsa-miR-129*
hsa-miR-92b
hsa-miR-923
hsa-miR-345
hsa-miR-133a
hsa-miR-630
hsa-miR-22
hsa-miR-222
hsa-miR-339-3p
hsa-miR-494
hsa-miR-140-3p
hsa-miR-135a
hsa-miR-223
hsa-miR-1227
hsa-miR-634
hsa-miR-149
hsa-miR-422a
hsa-let-7f-1*
hsa-let-7b*
hsa-miR-149
hsa-miR-425*
hsa-miR-625*
hsa-miR-197
hsa-miR-766
hsa-miR-204
hsa-miR-1237
hsa-miR-191*
hsa-miR-1228
hsa-miR-296-5p
hsa-miR-101

q-value (o0.02)

FC42.0

miRNA

q-value (o0.02)

FC42.0

1.78E-07
2.35E-07
7.63E-07
1.62E-06
2.90E-06
2.90E-06
2.90E-06
4.18E-06
7.18E-06
2.54E-05
3.62E-05
7.60E-05
7.60E-05
0.000104812
0.000104812
0.000104812
0.000160157
0.000160157
0.000194577
0.000265155
0.000265155
0.000265155
0.000265155
0.000265155
0.000297306
0.000366974
0.000502419
0.000578821
0.001211563
0.002025998
0.002298991
0.002457232
0.002834966
0.002891372

31.94
18.9
20.03
2.66
19.48
4.14
6.87
3.1
7.44
6.01
3.04
2.78
3.56
6.43
4.7
4.43
4.14
7.26
6.7
4.28
2.4
3.93
3.92
4.28
3.94
5.57
2.34
2.59
4
2.69
3.19
2.66
2.74
6.57

hsa-miR-365
hsa-miR-21*
hsa-miR-933
hsa-miR-539
hsa-miR-1229
hsa-miR-1238
hsa-miR-301a
hsa-miR-130b
hsa-miR-10b
hsa-miR-206
hsa-miR-363
hsa-miR-513b
hsa-miR-140-5p
hsa-miR-126
hsa-miR-451
hsa-miR-100
hsa-miR-1
hsa-miR-1234
hsa-miR-1236
hsa-miR-106b
hsa-miR-143
hsa-miR-26a
hsa-miR-26b
hsa-miR-29c
hsa-miR-30b
hsa-miR-33b*
hsa-miR-338-3p
hsa-miR-520b
hsa-miR-505
hsa-miR-1225-3p
hsa-miR-550

0.002891372
0.002891372
0.00450724
0.004734765
0.004738592
0.004972111
0.004972111
0.004972111
0.00503656
0.005616286
0.006404865
0.006404865
0.006732195
0.0073314
0.009336395
0.009742879
0.011527502
0.011841197
0.012188798
0.01391061
0.01560635
0.015660453
0.016075024
0.016440081
0.017071422
0.017312469
0.017312469
0.017923984
0.017923984
0.019555786
0.019567539

3.52
3.79
2.61
4.03
2.40
2.43
3.58
2.19
4.72
3.11
3.44
2.24
6.13
4.78
6.08
2.53
60.43
2.06
3.63
2.20
4.36
4.10
5.28
2.25
3.90
2.17
4.18
2.23
2.50
2.06
2.52

*Indicates the mature miRNA is from the opposite arm of the precursor.

Table 4 Target genes of downregulated miRNAs
Gene symbol

miRNA

References

ADAM12

miR-1, miR-101, miR-130b, miR-204,
miR-206, miR-29c, miR-30b
miR-29c
miR-130b, miR-29c, miR-296-5p,
miR-301b, miR-654-5p
miR-130b, miR-29c, miR-301b
miR-140-5p
miR-1229, miR-1238, miR-494
miR-22, miR-30b, miR-494
miR-101

12

COL5A2
TGFBI
MAFB
POSTN
TNC
WNT5A
ZIC1

Figure 1 Hierarchical clustering of the samples based on miRNA
detection calls. Note that the Dupuytren’s contracture patients
have a distinct expression profile that separates them from the
fibroblast and fascia control samples.

compared with the minority group (group 2)
(Table 5), whereas no exclusively detected miRNAs
appeared in group 2 vs group 1.
Modern Pathology (2010) 23, 1544–1552

9
35,37–39

9
8,12,40,41
12
29,30
32,33

It is also clear from these results that fibroblasts
have a distinctly different miRNA-expression profile from those of from Dupuytren’s contracture and
fascia, one that can be attributed to the in vitro
protocol and to the adaptation of such a growth
environment. It is also becoming more evident that
fibroblasts have an important part in the development of Dupuytren’s contracture.24,25 All the main
characteristics of Dupuytren’s contracture, such
as fibroproliferation and impaired wound-healing
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Table 5 The 22 miRNA exclusively detected in the majority of
patients (group 1) compared with the minority (group 2)
resembling the controls
q-value (o0.05)
miRNA
hsa-miR-181d
hsa-miR-30b*
hsa-miR-194*
hsa-miR-490-5p
hsa-miR-493
hsa-miR-34c-3p
hsa-miR-423-3p
hsa-miR-583
hsa-miR-138-2*
hsa-miR-200b*
hsa-miR-298
hsa-miR-302c*
hsa-miR-501-3p
hsa-miR-516b
hsa-miR-616
hsa-miR-500*
hsa-miR-615-3p
hsa-miR-10a*
hsa-miR-299-3p
hsa-miR-421
hsa-miR-424*
hsa-miR-518e*

Group 1 (%)

Group 2 (%)

100
100
91
91
91
87
87
87
79
79
79
79
79
79
79
75
75
70
70
70
70
70

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

*Indicates the mature miRNA is from the opposite arm of the
precursor.

response, can be explained directly or indirectly by
alterations of fibroblasts.26
Eight miRNAs were exclusively expressed
(470%) in Dupuytren’s contracture patient samples, but absent from all control samples, and 11
miRNAs were preferentially expressed (480%) in
Dupuytren’s contracture samples (qo0.05; Table 2);
65 miRNAs were downregulated in Dupuytren’s
contracture against all controls (qo0.05, FC42).
These miRNAs may have a function in regulating
the function of genes implicated in the pathogenesis
of Dupuytren’s contracture.
It is now clear that aberrant b-catenin signaling
and its cellular accumulation can lead to various
diseases including cancer and fibroproliferative
diseases such as Dupuytren’s contracture.26 Elevated
levels of b-catenin have been reported in Dupuytren’s contracture without involvement of b-catenin
mutations.27 Possible mechanisms explaining
b-catenin accumulation include alterations in the
Wnt/b-catenin signaling pathway, which makes it
potentially the most important pathway involved in
Dupuytren’s contracture pathogenesis. This pathway is activated in the wound-healing process,
recruiting proliferating fibroblasts to form a collagen
matrix,28 and it has an important function in
regulating fibroblast proliferation and cell fate in
various fibrous tumors.29 The Dupuytren’s contracture-associated miRNAs identified here contribute
to regulation of some of the genes related to this
pathway, namely WNT5A (GeneID: 7474), ZIC1

(GeneID: 7554), and TGFB1 (GeneID: 7040). As can
be seen in Table 4 and Figure 2, in Dupuytren’s
contracture, all of these genes are targeted by
downregulated miRNAs, and their expression at
mRNA level corresponds to negative regulation by
these miRNAs.
O’Gorman et al 30 noted non-involvement of the
Wnt pathway in the activation of fibroblast and
b-catenin accumulation in Dupuytren’s contracture.
Histologically, however, expression of cytoplasmic
and nuclear b-catenin and Wnt5a, a member of the
Wnt gene family, was observed by Degreef et al,29
suggesting an upstream regulatory function for the
Wnt pathway. WNT5A is among the target genes of
miR-22, miR-30b, and miR-494. Furthermore, this
protein has been shown to induce homodimerization and activation of the ROR2-receptor tyrosine
kinase,31 which is involved in signal transduction
between cells and in the development of chondrocytes and cartilage. Forsman et al10 associated the
upregulation of ROR2 with Dupuytren’s contracture
pathogenesis for the first time, using the geneexpression data reanalyzed in this study. The
catenin (cadherin-associated protein) b-1 (CTNNB1
GeneID: 1499), which has been implicated in
Dupuytren’s contracture,27 is the target gene of
several miRNAs, but its mRNA-expression level is
not altered compared with that of control samples.
ZIC1, the target of miR-101, has been suggested to
be an upstream regulator of several Wnt pathway
genes including WNT1, WNT4, and WNT8B,32 and
its expression has been described in fibroproliferative diseases including Dupuytren’s contracture.33
Furthermore, Degreef et al 34 reported on coexpression of ZIC1 and b-catenin in Dupuytren’s contracture samples.
Several growth factors have been implicated in
Dupuytren’s development.35 TGF-b (TGFB1) is
thought to have a fundamental function in comparison with other growth factors, as it is the most
abundant growth factor in Dupuytren’s contracture,
and also because of its central function in regulating
cellular proliferation and differentiation and specifically in inducing fibroblast proliferation and
extracellular matrix production.36 TGF-b stimulation also induces elevation of b-catenin protein
levels.37 In wound healing, TGF-b is thought to
function as a positive regulator of Wnt signaling in
human dermal fibroblasts.38 Furthermore, in cultured fibroblasts from Dupuytren’s contracture and
patient-matched control samples, TGF-b was noticed to stimulate collagen production.39 TGFB1 is
the target of several downregulated miRNAs. Tenascin C (TNC, GeneID: 3371) and ADAM metallopeptidase domain 12 (ADAM12 GeneID: 8038) are
involved in the TGF-b pathway.12 Both were also
over-expressed in our gene-expression analysis,
which is consistent with the expression of the
miRNAs that regulate these genes (Table 4). TNC is
a Dupuytren’s contracture-associated gene that is
thought to be involved in the process of wound
Modern Pathology (2010) 23, 1544–1552
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Figure 2 Downregulated miRNAs in Dupuytren’s contracture and their over-expressed target genes, value ¼ fold change.

healing and fibrosis, specifically in fibroblast and
myofibroblast migration.12 In the study by Shih et al,
TNC expression was associated with the proliferative nodules in Dupuytren’s contracture.
Another over-expressed gene in Dupuytren’s contracture targeted by downregulated miRNAs is
Periostin osteoblast-specific factor (POSTN GeneID:
10631). Over-expression of this gene is associated
with abnormal cell growth and with various cancers such as melanoma and oral and pancreatic
cancers.8,12,40,41
In addition to abnormal proliferation of fibroblasts, Dupuytren’s contracture is characterized by
overproduction of collagen and extracellular matrix.
Genes related to collagen synthesis (COL13A1,
COL5A2), associated with Dupuytren’s contracture
in several studies,9,42 are targets of miR-29c.
Genes that have a function in cellular differentiation, development, and the ability to transform
fibroblasts are regarded as the most important in
the pathogenesis of Dupuytren’s contracture. Our
analysis recognized miR-130b, miR-29c, and
miR-301b as regulating one such gene: MAFB
(GeneID: 9935).9 These miRNAs may contribute to
the proper regulation and function of this important
gene.
A huge variation exists in rate of recurrence of
Dupuytren’s contracture after surgery (2–63%).43
The only usable method for predicting the rate of
recurrence involves clinical staging methods based
on epidemiological studies. Scoring systems are
based on the personal history of the patient and
severity of the contracture.44 Surveys suggest underlying molecular activity as responsible for recurrent
Dupuytren’s contracture.29 In our analysis, we
compared patients with non-recurrent and recurrent
Dupuytren’s contracture, but detected no miRNAs
with significant differential expression between the
two patient groups (q40.05). This is in accordance
with previous reports; Wilbrand et al45 observed that
Modern Pathology (2010) 23, 1544–1552

the presence of activation markers in connective
tissue of Dupuytren’s contracture was unrelated to
disease recurrence, and Degreef et al29 observed no
difference in b-catenin expression between Dupuytren’s contracture that was recurrent or non-recurrent. It should be noted that larger and well-selected
sets of patient samples might be needed to determine the differences. As Dupuytren’s contracture is
the most common heritable disorder of connective
tissue,7 we analyzed patients with and without
a history of familial Dupuytren’s contracture, to
elucidate possible differing patterns in miRNA
expression between these two groups. No differentially expressed (q40.05) miRNAs between the two
groups were, however, detectable. As in recurrency,
larger samples might be necessary.
In summary, our findings suggest that miRNAs
have a function in the pathogenesis of Dupuytren’s
contracture by regulating important genes of the
b-catenin pathway. Identification of altered miRNA
expression and targeted genes may thus provide the
opportunity to develop molecular therapy strategies
for treatment of Dupuytren’s contracture. It should,
however, be noticed that the data presented here is
based on a relatively small number of samples and
controls, and so further experiments are necessary.
Further experiments could also look into whether
similar miRNA-expression patterns exist in Dupuytren’s contracture-related diseases such as plantar
fibromatosis and Peyronie’s disease.
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