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Background. Dupuytren’s disease (DD) is a hand dis-
ease inherited as an autosomal dominant trait with
variable penetrance, especially among populations of
northern European ancestry. The etiology and patho-
physiology of DD are not clear. The purpose of this
study was to examine the gene expression profiles of
palmar fascia of DD and healthy patients using mi-
croarray analysis to highlight the genes that might
contribute to the pathogenesis of DD.

Materials and methods. Dupuytren contracture sam-
ples were taken from excised mature cords of DD pa-
tients during aponeurectomies. Control samples were
collected from healthy hand trauma patients. Micro-
array analysis was performed with the Affymetrix
HGU133A genome array (Affymetrix, Santa Clara, CA).
Expression changes of selected proteins were confirmed
at the protein level with Western and dot blotting or by
immunohistochemistry.

Results. At least an 8-fold change in gene expression
was found with 127 genes, including a 90-fold down-
regulation of myoglobin and a 14-fold up-regulation of
tyrosine kinase-like orphan receptor 2 (= ROR2) from
absent to present during the disease. The changes in
myoglobin and ROR2 expression were confirmed at the
protein level.

Conclusions. In this study, we showed for the first
time the connection of ROR2 in Dupuytren’s disease.
ROR2 and myoglobin may play an important role in the
pathophysiology of this disease. © 2008 Elsevier Inc. All rights
reserved.
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INTRODUCTION

Dupuytren’s contracture is a troublesome disease of
palmar fascia, contracting fingers permanently and
impairing normal hand function. It affects mainly pop-
ulations of northern European ancestry [1, 2], is male
dominant [3], and its prevalence increases with age [1].
Diabetes, smoking, and genetic susceptibility are gen-
erally accepted predisposing factors for Dupuytren’s
disease (DD) [4, 5]. Alcohol abuse, epilepsy and anti-
convulsants, microtraumas caused by manual work,
and HIV are somewhat controversial as predisposing
factors [3, 6—8]. The possible connection between can-
cer and DD has been under surveillance [9-12]. His-
tologically, DD resembles fibrosarcoma at the early
stages of the disease, while maturing it becomes
more like scar tissue [13]. Myofibroblasts, a charac-
teristic feature of DD, also participate in the normal
wound healing process and are involved in different
inflammatory conditions [14].

In our study, we wanted to examine the differences
between the DD tissue and healthy palmar fascia at
the mRNA level to identify any gene expression
changes associated with the disease and, thus, find
factors that could explain the etiology of the disease.
For this purpose, we performed a microarray analy-
sis. This allowed the simultaneous study of almost
the whole genome in one experiment. To verify the
microarray results at the protein level of myoglobin
and ROR2, which we assume to be important in the
development of DD, we performed Western blot or
immunohistochemical staining.

The tyrosine kinase-like orphan receptor 2 (ROR2)
belongs to the family of receptor tyrosine kinases. It
has an important role in tissue development and mor-
phogenesis through cell migration. Mutations in ROR2
cause brachydactyly and Robinow syndrome. In both
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diseases there is variability in phenotypic expression
from complete absence to hypoplasia of limbs and
spine [15].

MATERIALS AND METHODS

Twelve DD palmar fascia samples were recruited from April 2002
to August 2003 at the University Hospital by two hand surgeons. The
Dupuytren patients were male, and the average age was 59 y (range
31 to 78). One took medication for coronary disease and the other had
Type 1 diabetes mellitus. The patient with coronary disease had
recurrent DD and positive hereditary diathesis, having two uncles
with the disease. The patient with diabetes mellitus also had recur-
rent DD, but no diathesis. Nine of the patients had a recurrent
disease, and eight of them had a positive diathesis for Dupuytren’s
disease. One of the patients, a smoker, had recurrent DD as well as
plantar fibroproliferative lesions. In all of the patients the DD was
considered to be mature and in the residual, advanced stage by the
time of operation. The justification for the aponeurectomy was an
extension limitation of 30 degrees of metacarpal joint or more, or an
annoying midpalmar cord. Operations were performed under tour-
niquet and under general anesthesia. The samples were divided into
two halves to be used for immunohistochemical staining and RNA
and protein isolation. For the RNA and protein analysis, the DD
samples were divided into two randomized pools (D1 and D2) to
improve the reliability of the study. Both pools contained six pa-
tients.

The normal palmar fascia samples (control samples) were ob-
tained from three healthy, non-smoking male hand trauma patients,
aged 18,19, and 31 y. The study protocol was approved by the Ethical
Committee of the Faculty of Medicine, University Hospital, and all of
the patients gave their written consent for the study.

Isolation of Total RNA and Microarray Analysis

All fascia samples were cut into 15 um cryosections and pulver-
ized. Total RNA was isolated using the Trizol protocol (GIBCO-BRL,
Gaithersburg, MD) and further purified with the Qiagen RNeasy
Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer’s
instructions. For the microarray analysis the RNA was pooled from
three healthy (H) samples as well as from the six diseased samples
of both the D1 and D2 pools.

Experimental procedures for microarray (Affymetrix, Santa
Clara, CA) were performed according to the Affymetrix GeneChip
Expression Analysis Technical Manual. Affymetrix HGU133A array
containing over 22,000 probe sets for over 14,500 genes was used.
The samples were hybridized once.

Analysis of Protein Expression with Western Blot and Dot Blot

Proteins were isolated from the same samples as total RNA ac-
cording to the Trizol reagent protocol. The pooled samples (pooling as
above) were run on a 10% sodium dodecyl sulfate-polyacrylamide gel
and transferred to an Immobilon P filter (Millipore Corp., Bedford,
MA). Non-specific binding was blocked by incubation with
phosphate-buffered saline supplemented with 5% nonfat dry milk
(Valio, Helsinki, Finland) for 60 min. The filter was first incubated
overnight at room temperature with primary antibodies against
myoglobin (1:3000 dilution) (Novocastra Laboratoires Ltd., New-
castle upon Tyne, United Kingdom). Then the filter was treated with
peroxidase-conjugated secondary antibody (DAKO A/S, Glostrup, Den-
mark) (1:500), followed by incubation with ABComplex solution
(DAKO), including avidin and biotinylated horseradish peroxidase. For
detection, ECL. Western blotting reagents (Amersham Pharmacia Bio-
tech, Buckinghmashire, United Kingdom) were used as described in
the product protocol.
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For myoglobin protein expression analysis from individual sam-
ples, dot blot was performed using two healthy and ten DD samples.
One of the healthy samples used for Western blot and one DD sample
in both the D1 and D2 pools were excluded from the dot blot analysis
because of their low protein content. Proteins (18 ug) were trans-
ferred onto Protran filters (Schleicher and Schuell GmbH, Dassel,
Germany) with suction, and the membranes were handled similar to
the Western filters above. Intensities of the dots were measured
using Scion Image software (Scion Corporation, Frederick, MA).

Immunohistochemical Analysis

Immunohistochemical staining was performed on 3 um-thick
formalin-fixed paraffin sections. The samples were prepared by
deparaffination and rehydration. The sections were then microwaved
for 15 min (300 W) in 10 mM Tris/EDTA (pH 9) for epitope retrieval.
Endogenous peroxidase activity was inhibited by incubation with per-
oxidase blocking solution (ChemMate; DakoCytomation, Glostrup, Den-
mark) for 5 min. The primary antibodies ROR2 (1:100) were incubated
for 30 min at room temperature. For detection, the ChemMate Dako
EnVision Detection Kit (ChemMate) and Labvision Autostainer (Lab-
vision Corp., Fremont, CA) were used, and the sections were counter-
stained with Mayer’s hematoxylin. A section incubated with a non-
immune primary antibody was used as a negative control.

RESULTS

Microarray

Microarray analysis was performed to screen for
gene expression changes between healthy palmar fas-
cia and DD samples on a large scale. The analysis
revealed 127 genes whose expression was altered at
least 8-fold, when comparing the healthy samples and
one of the pooled diseased (D1 and D2) samples, and at
least 4-fold, when comparing the healthy sample with
other diseased sample (D1 or D2). These genes can be
divided into the following categories: immune re-
sponse, angiogenesis, apoptosis, carbohydrate metabo-
lism, cell adhesion and cell-matrix adhesion, cell cycle
and proliferation, cell differentiation, transcription, de-
velopment, signaling and signal transduction, protein
synthesis and folding, oxygen transport, muscle-
specific genes, and other genes.

Of the genes displaying varying expression levels, 27
of the total 127 were present in both healthy and DD
samples. Four belonged to the immune response cate-
gory, two from each of the cell adhesion, others, and
development categories (e.g., ROR2), three from each
of the signaling and oxygen transport categories, and
eleven from the muscle category.

The genes, which were absent from diseased sam-
ples, belonged mostly to the muscle category (e.g., myo-
globin belonged to this category, although it was
present in healthy and diseased samples), the immune
response category, and the others category. Genes in-
volved in carbohydrate metabolism exhibited the
greatest changes in expression levels.
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FIG. 1. (A) Myoglobin Western blot showing expected 17 kDa

band in healthy (H) but not in either of the pooled diseased samples
(D1 and D2). (B) Dot blot analysis was performed with each of the
individual samples. (C) Mean values and standard deviations of H,
D1, and D2.

Confirmation of Microarray Results at the Protein Level

To confirm the microarray results at the protein
level, Western blot and immunohistochemistry were
used. Using the Western blot technique, myoglobin
protein was detected from the pooled healthy sample,
but not in either of the pooled diseased samples (Fig.
1A). To examine the individual samples, dot blot anal-
ysis of myoglobin expression was performed using two
healthy samples, five of the D1 samples, and five of the
D2 samples. The strongest expression level was ob-
served in healthy samples, whereas diseased samples
showed varying but lower expression (Fig. 1B and C).
The dot blot result confirmed the findings of the West-
ern blot.

Since ROR2 is linked to other hand deformities [16],
it was selected for further study at the protein level.
Immunohistochemical staining revealed ROR2 expres-
sion in diseased but not in healthy samples, thus con-
firming the microarray results (Fig. 2).
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DISCUSSION

Although much of the pathogenesis and nature of DD
has been revealed, its etiology is still unclear. In our
study, the expression of over 20,000 transcripts was
analyzed with microarray. A microarray technique is a
powerful tool for studying the gene expression patterns
of tissues. The technique has been used previously to
compare palmar fascia of healthy controls and DD pa-
tients [17], as well as those with Peyronie’s disease and
Dupuytren’s contracture [18]. In our study, the expres-
sion of more than 2000 genes was altered between the
samples, and at least an 8-fold expression difference
was detected in 127 genes. The relationship between
the quantity of mRNA and its protein are not directly
proportional, so these results must be interpreted with
caution. A few select genes considered to be of interest
in Dupuytren’s disease were selected for analysis also
at the protein level to verify changes in expression
detected at the mRNA level. Because of the vulnera-
bility of Western blot, immunohistochemical staining
was also used to detect the protein and to confirm the
results.

Myoglobin, which belongs to the muscle gene cate-
gory, demonstrated a 52.0-fold to 90.5-fold reduction in
DD samples. Muscle-related genes were the largest
category with the greatest changes among differen-
tially expressed genes, and myoglobin expression was
detected both in healthy and DD samples. The differ-
ential protein expression was confirmed using Western
blot, which showed expression in healthy tissue but did
not show any expression in diseased samples. Myoglo-
bin is a hemoprotein that transports, stores, and re-
leases oxygen to muscle tissues during hypoxia or an-
oxia [19]. The marked decrease in expression is probably
due to the late stage of DD, which is hypocellular, and
therefore the main cells, myofibroblasts, decrease in
number and are substituted by non-muscle-consisting
fibroblasts. Local tissue ischemia is supposed to be one of
the underlying factors of DD [5]. Usually, myoglobin is
considered to exist only in striated muscle, yet according
to some studies it has also been found in smooth muscle
tissue [20]. Myofibroblasts are known to have features of
both smooth muscle tissue and fibroblasts [21].

Immunohistochemical analysis of ROR2 protein expres-
sion showed expression in diseased tissue (A) but not in healthy
control tissue (B). 300 X magnification was used.

FIG. 2.
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Dot blot analysis of myoglobin expression in individ-
ual samples confirmed higher expression in healthy
tissue, but also showed varying expression in diseased
tissue. The result supports the ischemia theory. The
tissue in Dupuytren’s disease is probably avascular
because the expression of genes from the oxygen
transport group is also decreased in DD tissue. In
addition, there were differences in myoglobin protein
expression between D1 and D2 pools in dot blot.
Interestingly, the pool containing samples from pa-
tients who had recurrent disease seemed to have a
stronger expression.

ROR2 protein expression was confirmed immunohis-
tochemically. This gene was considered to be of interest
due to its role in development and association with
certain hand deformities [16]. ROR2 is a member of the
ROR subfamily. Microarray analysis revealed a sur-
prising up-regulation of this gene, from an absence of
expression in healthy samples to its expression in dis-
eased tissue. ROR2 is responsible for chondrocyte and
cartilage development, amino acid phosphorylation,
and signal transduction between cells. This protein af-
fects the process of differentiation and has a significant
role in cell apoptosis, which is a typical feature of DD at
the residual stage [22]. The protein has not been studied
before in DD, although it is involved in some hand disor-
ders. Brachydactyly, an autosomal dominant hand defi-
ciency, has been recently shown to be caused by muta-
tions in ROR2 [16]. Drosophila tyrosine kinase from
the ROR-family plays an important role in neural de-
velopment [23]. Tyrosine kinase like-proteins might
have an important role in the etiology of DD, affecting
either the developmental or differentiation stage of
cells. Furthermore, ROR2 also controls skeletal devel-
opment. Chondrocytes can display contractile behavior
[24], and DD is characterized as a contractile disease.
Peyronie’s disease is considered to simulate DD, and
cartilage and bone tissue have been found in diseased
samples [25]. The protein has never before been linked
to DD and was therefore a new discovery.

The main interest in DD research has been on genes
and proteins with a known role in the tissue develop-
ment and differentiation. One of the proteins (MafB) of
this group was recently found in DD tissue samples in
a study of Lee et al. [26]. However, only 50% of the
samples were positively stained in immunohistochem-
istry. The reason for this may be the maturation stage
of the DD. This may also explain the variability of
myoglobin expression in our study between groups D1
and D2, and in group D2 (Fig. 1B).

We found a number of genes with striking changes in
their mRNA expression levels between controls and
DD samples. The expression of ROR2 and myoglobin
was also detected at the protein level. The most inter-
esting of the genes with altered expression was ROR2
that may have an important role in the development of
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DD and which has not been reported earlier to be
connected with DD. Since the sample material used in
this study consisted only of residual cases, the possi-
bility remains that the gene expression profiles are
different during the proliferative and involutional dis-
ease stages.
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