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Abstract
Dupuytren’s disease (DD) is a fibromatosis characterized by non-malignant transformation
of palmar fascia leading to permanent contraction of one or more fingers. Despite the
extensive knowledge of its clinical pathogenesis, the aetiology of this disease remains
obscure. In the present paper, we report for the first time on the proteomic profiling
of diseased versus unaffected patient-matched palmar fasciae tissues from DD patients
using two-dimensional gel electrophoresis coupled with mass spectrometry analysis. The
herein identified proteins were then used to create the protein–protein interaction network
(interactome). Such an integrated approach revealed the involvement of several different
molecular processes related to DD progression, including extra- and intra-cellular signalling,
oxidative stress, cytoskeletal changes, and alterations in cellular metabolism. In particular,
autocrine regulation through ERBB-2 and IGF-1R receptors and the Akt signalling pathway
have emerged as novel components of pro-survival signalling in Dupuytren’s fibroblasts and
thus might provide a basis for a new therapeutic strategy in Dupuytren’s disease.
Copyright  2008 Pathological Society of Great Britain and Ireland. Published by John
Wiley & Sons, Ltd.
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Introduction

Dupuytren’s disease (DD) is characterized as a non-
malignant transformation of connective tissue beneath
the skin of the palm. It affects one or more digits,
leading to irreversible contracture and loss of hand
function [1]. A characteristic of DD is abnormal
proliferation of fibroblasts and their differentiation
into myofibroblasts. The latter generate a contractile
force as a consequence of smooth muscle α-actin
overexpression.

Recent research into fibrotic diseases highlighted the
importance of anomalous expression of growth factors,
eg tumour growth factors α and β (TGF-α, TGF-β),
found to be elevated in DD patients as well [1]. The
altered expression of growth factors is accompanied
by dense extracellular matrix production [2]. Reactive
oxygen species (ROS) may also play a role in DD [3].
Currently, the standard treatment for DD is surgical
therapy, which neither cures nor prevents frequent
recurrence [2].

In the present study, we performed protein expres-
sion profiling of diseased versus unaffected patient-
matched palmar fasciae tissues derived from DD

patients by means of two-dimensional gel elec-
trophoresis (2-DE) followed by mass spectrometry
(MS) identification of the selected protein spots,
as described previously [4]. Identified proteins were
assigned biological context by creating a protein–
protein interactions map (so-called ‘interactome’).
Such an integrated approach has disclosed possible
new players responsible for DD progression.

Materials and methods

Clinical specimens

Tissue samples from 12 patients (male Caucasians
of European ethnicity, aged 59–77 years, who under-
went partial fasciectomy as treatment of Dupuytren’s
disease, diagnosed the last residual disease phase)
were obtained from the Clinical Hospital ‘Dubrava’,
Zagreb, Croatia. Informed consent was obtained from
all patients. The tissues were immediately exhaustively
washed in ice-cold isotonic buffer, frozen in liquid
nitrogen, and stored at −80 ◦C. Clinical specimens
were collected in strict compliance with the clinic’s
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chief pathologist and the ethics committee for research
involving human subjects.

Two-dimensional gel electrophoresis (2-DE)

Diseased and unaffected patient-matched palmar fas-
ciae tissues from 12 Dupuytren’s disease patients were
divided into two groups (six patient-matched pairs
per group), ground under liquid nitrogen, and lysed
directly in 1 ml of either CHAPS-based [7 M urea, 2 M

thiourea, 4% (w/v) CHAPS, 1% (w/v) DTT] or ASB-
14-based [7 M urea, 2 M thiourea, 2% (w/v) ASB-14,
0.5% (w/v) Triton X-100, 1% (w/v) DTT] 2-DE buffer
supplemented with 0.2% (w/v) Bio-Lyte ampholyte,
pH 3–10 (Bio-Rad, USA), nuclease mix (Amersham
BioSciences), and protease inhibitor cocktail (Roche,
Switzerland). The insoluble pellet was removed by
centrifugation (13 200 rpm, 10 min at 4 ◦C). Protein
quantities were determined by the DC Protein Assay
Kit (Bio-Rad, USA). A total of 400 µg of proteins was
loaded onto 17 cm IPG strips, pH 3–10 NL (Bio-Rad,
USA), and subjected to isoelectric focusing on the
Protean IEF cell (Bio-Rad, USA) for approximately
90 000 V h. The proteins were resolved on the ver-
tical 12% polyacrylamide gels by the Protean II XL
cell (Bio-Rad, USA). The obtained gels were stained
with colloidal Coomassie Blue (Bio-Rad, USA) and
scanned by the VersaDoc Imaging System 4000 (Bio-
Rad, USA). Image analysis was carried out using
PDQuest SW, 7.0 (Bio-Rad, USA), whereby the total
density in the gel image was used as a normalization
method. The analysis sets were created to compare
the gels obtained from patient-matched sample pairs
across the same 2-DE buffer type and between the two
buffers. The criterion for image analysis was a five-
fold change in the spot intensity between diseased and
non-diseased samples in all 2-DE gels in the match set
[5].

In-gel digestion and mass spectrometry analysis

Differentially expressed protein spots were excised
from the gels, digested with trypsin, and spotted on
the MALDI plate using a TECAN Genesis ProTeam
150 robot (TECAN AG, Männedorf, Switzerland). Gel
plugs were briefly incubated in 50 mM ammonium
bicarbonate/30% acetonitrile for 300 s at 37 ◦C. After
buffer removal, wells were heated for 180 s at 60 ◦C
and the plugs incubated in 80% acetonitrile for 600 s.
After evaporation, 6.7 ng/µl trypsin in 5 mM Tris,
pH 8.3, was added per well followed by incubation
for 300 s. Subsequently, 5 µl of 5 mM Tris, pH 8.3,
was added and the wells were incubated for 3 h at
37 ◦C. Upon completion of digestion, 1% TFA was
added per well and left for 900 s. Peptides were
extracted through previously equilibrated reversed-
phase µ-C18 ZipTips (Millipore Corporation, Bedford,
MA, USA). MALDI matrix solution (4 mg of cyano-
4-hydroxycinnamic acid in 65% acetonitrile/35% H2O
containing 0.1% TFA) was aspirated and dispensed

through the ZipTip three times to elute peptides onto
the MALDI plate.

The samples were analysed on the 4700 Pro-
teomics Analyser MALDI-TOF/TOF system (Applied
Biosystems, Framingham, MA, USA) equipped with
a Nd : YAG laser operating at 200 Hz. All mass spec-
tra were recorded from 750 to 4000 Da in a positive
reflector mode. They were generated by accumulat-
ing data from 5000 laser pulses. First, the MS spectra
were acquired from the standard peptides on each of
the six calibration spots and then the default calibra-
tion parameters of the instrument were updated. The
MS spectra were recorded for all sample spots on
the plate and internally calibrated using signals from
autoproteolytic fragments of trypsin. Up to three spec-
tral peaks per spot that met the threshold criterion
(S/N > 60) were included in the acquisition list for the
MS/MS spectra analysis. Peptide fragmentation was
performed at a collision energy of 1 kV and a col-
lision gas pressure of approximately 2 × 10−7 Torr.
During MS/MS data acquisition, a minimum of 2500
shots (50 sub-spectra accumulated from 50 laser shots
each) and a maximum of 5000 shots (100 sub-spectra)
were allowed for each spectrum. The accumulation of
additional laser shots was halted whenever at least four
ions with a S/N of at least 50 were present in the accu-
mulated MS/MS spectrum in the region from m/z 200
to 90% of the precursor mass.

Protein identification by database searching

GPS (Global Proteome Server) Explorer software ver-
sion 3.6 (Applied Biosystems) was used for submitting
MS and MS/MS data for database searching, and Mas-
cot version 2.1.0 (Matrix Science, London, UK) was
utilized as a search engine [6]. Database searching of
MS and MS/MS spectra was performed using a human
protein sequence database downloaded from the EBI
(40 794 sequences; release date: 19 March 2005;
source: ftp://ftp.ebi.ac.uk/pub/databases/SPproteomes/
fasta/proteomes/25.H sapiens.fasta.gz). The following
search settings were applied: maximum number of
missed cleavages: 1; peptide tolerance: 35 ppm; MS/
MS tolerance: 0.2 Da. Carboxyamidomethylation of
cysteine was set as a fixed modification and oxidation
of methionine was selected as a variable modification.

Bioinformatics

The interactome map was constructed from interac-
tions obtained from two free on-line sources: Human
Interactome Map (HiMAP [7], http://www.himap.
org/) and Search Tool for the Retrieval of Interacting
Proteins (STRING [8], http://string.embl.de/). How-
ever, it was not possible to design an interactome so
as to encompass the entire range of experimentally
obtained proteins just by using those proteins alone.
Therefore, with the help of these sources, several pro-
teins were added to the experimental set to bring that
set together in a single network and complete the map.
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Only proteins at most two interaction nodes removed
from the empirical set of proteins were used for the
interactome (threshold level set at 1X). As a rule,
the interactions among these added proteins were not
explored in further detail, but rather only their links
with the empirically obtained proteins were incorpo-
rated in the map design. To facilitate the interpretation
of the pictogram, the proteins were categorized by their
cellular function and encoded as gene names in the
interactome.

Western blot analysis

Tissues were lysed in buffer containing 50 mM HEPES
(pH 7.5), 150 mM NaCl, 1 mM EDTA, 0.2 mM EGTA,
10% glycerol, 1% Triton X-100, and protease inhibitor
cocktail (Roche, Switzerland). A total of 45 µg of
proteins per run were resolved on 9% or 12% SDS-
polyacrylamide gels at 100 V and transferred to
nitrocellulose membrane at 200 mA using the Mini-
PROTEAN Cell (Bio-Rad, USA). Membranes were
blocked with 4% non-fat dry milk in TBST (50 mM

Tris base, 150 mM NaCl, 0.1% Tween 20, pH 7.5).
The membranes were incubated with primary anti-
bodies raised against Akt1/2/3 (Santa Cruz Biotech-
nology, USA; diluted 1 : 200), p-Akt (New England
Biolabs, UK; diluted 1 : 1000), p21waf1/cip1 (Santa
Cruz Biotechnology, USA; diluted 1 : 250), p53 (Cal-
biochem, Germany; diluted 1 : 100), IGF-1R (R&D
Systems, USA; diluted 1 : 250), ERBB-2 (Oncogene
Science, USA; diluted 1 : 1000), and IGF-1 (R&D Sys-
tems, USA; diluted 1 : 250). A secondary antibody
linked to anti-mouse (Amersham Biosciences, UK;
diluted 1 : 1000) or anti-goat (Sigma, USA; diluted
1 : 3000) horseradish peroxidase was used. The signal
was visualized by a Western Lightening Chemilumi-
nescence Reagent Plus kit (Perkin Elmer, USA) on the
VersaDoc Imaging System 4000 (Bio-Rad, USA). Sig-
nal intensities of the particular bands were compared
by Quantity One software (Bio-Rad, USA). Tubulin
content varied across samples and was not suitable as
a loading control. Amido-black staining (Sigma, USA)
was used instead [9].

Immunohistochemistry

Immunohistochemical analysis of ERBB-2, p53, p-
JNK, and IGF-1R protein was performed on formalin-
fixed, paraffin-embedded tissue of four randomly cho-
sen patients suffering from DD in triplicate. Pro-
tein expression was analysed using mouse monoclonal
antibodies for ERBB-2 (c-neu/Ab-3) (Calbiochem,
USA), p53 (Ab-6) (Calbiochem, USA), and p-JNK (G-
7) (Santa Cruz Biotechnology, USA). Expression of
IGF-1R protein was analysed using goat monoclonal
antibody (AF-305-NA) (R&D Systems, USA).

After deparaffinization in xylene, slides were rehy-
drated in ethanol and washed in phosphate-buffered
saline (PBS) (3 × 3 min). Endogenous peroxidase
activity was quenched by 15-min incubation in

methanol with 3% hydrogen peroxide (Sigma Chem-
ical Co, Germany). The Target retrieval procedure
involved immersion of tissue sections on slides in
DAKO Target Retrieval Solution (DAKO Corpora-
tion, USA) and heating in a microwave oven (600 W,
3 × 5 min). Slides were then allowed to cool for
30 min at room temperature. This step was omitted
for immunohistochemical detection of ERBB2 pro-
tein. In all cases, non-specific binding was blocked by
applying DAKO Protein Block Serum-Free (DAKO
Corporation, USA) in a humidity chamber for 10 min
at room temperature. Slides were blotted and the pri-
mary antibodies at concentrations 1 : 10 (for IGF-1R),
1 : 20 (for ERBB-2, p53), and 1 : 50 (for p-JNK) were
applied overnight at 4 ◦C. Slides were then washed
three times in PBS.

In immunohistochemical detection of ERBB2, p53,
and p-JNK, secondary antibody (rabbit antibody to
mouse immunoglobulins; DAKO Corporation, USA),
diluted with PBS and normal human serum [40 µl of
rabbit anti-(mouse IgG) Ab, 100 µl of normal human
serum, and 860 µl of PBS] was applied for 1 h at
room temperature. Finally, peroxidase/anti-peroxidase
(DAKO Corporation, USA) conjugate diluted 1 : 100
in PBS was applied for 45 min at room temperature.
DAKO EnVision + System, HRP (DAB) (DAKO
Corporation, USA) was used for visualization of a pos-
itive reaction according to the manufacturer’s instruc-
tions. In immunohistochemical detection of IGF-1R,
the HRP–DAB goat cell and tissue staining kit (R&D
Systems, USA) was used according to the manufac-
turer’s instructions. The slides were counterstained
with haematoxylin for 30 s, dehydrated, and mounted
in Canada balsam. Each slide was evaluated in the
entire area. Results were expressed as negative or pos-
itive staining.

Results

Diseased and their corresponding unaffected palmar
fasciae tissues were lysed in either CHAPS or ASB-
14-based buffers differing in the solubilization proper-
ties. ASB-14-based buffer proved to be more efficient
in solubilizing proteins than CHAPS-based buffer (800
versus 473 valid protein spots). CHAPS produced
higher quality gels with better resolution (Figure 1).
We managed to detect 28 overexpressed proteins in
the gels obtained by CHAPS, in comparison with 20
obtained by ASB-14 in diseased tissues (Figure 2).
Only adenylate kinase isoenzyme 4 (AK3L1) was
diminished in level in the diseased palmar fasciae
(Table 1).

Based on the proteomic data obtained, we created
a protein–protein interactions map (interactome), as
described in the Materials and methods section, which
depicts the cellular processes associated with DD
progression (Figure 3). The proteins involved therein
fall into four discrete functional and structural classes
described as follows (Table 1).
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Figure 1. Typical 2-DE gels of diseased palmar fascia derived from Dupuytren’s disease patients. Two common detergents,
CHAPS and ASB-14, were used for sample preparation

Figure 2. Representative 2-DE gels obtained from unaffected and patient-matched diseased palmar fasciae. Panels A and B
represent the gels obtained by ASB-14- and CHAPS-based 2-DE buffers, respectively. The gels were stained by colloidal Coomassie
blue and analysed by PDQuest software. Proteins that were differentially expressed (five-fold change) between unaffected and
diseased samples in these respective gels for a given detergent are marked as red squares
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Table 1. Differentially expressed proteins between diseased and unaffected patient-matched palmar fasciae obtained from patients
suffering from Dupuytren’s disease. In order to monitor abundant cellular changes which might account for the disease symptoms,
only proteins with five-fold changes in all gels from diseased tissues relative to unaffected ones were identified. Overexpressed
proteins are presented here

2-DE detergent
Primary accession number Theoretical Protein Protein Peptide

Protein name (Uniprotkb/Swiss-prot) pI/MW CHAPS ASB-14 score score (CI %) count

Extra- and intra-cellular signalling proteins

Collagen alpha-3(VI) chain
(COL6A3)

P12111 6.4/34 5050.6 • • 220 100 13

Microfibril-associated glycoprotein
4 (MFAP4)

P55083 5.4/28 972 • 184 100 10

Transforming growth
factor-beta-induced protein
ig-h3 (TGFBI)

Q15582 7.6/75 261.2 • • 474 100 26

Rho GDP-dissociation inhibitor 1
(ARHGDIA)

P52565 5.0/23 118.7 • 193 100 10

Poly(rC)-binding protein 1
(PCBP1)

Q15365 6.7/37 987.1 • 169 100 7

Lung cancer oncogene 7 (RACK1) Q5VLR4 8.5/38 378.2 • 294 100 16
Pigment epithelium-derived factor

(SERPINF1)
P36955 5.9/46 484.4 • 321 100 16

Transitional endoplasmic reticulum
ATPase (valosin-containing
protein) (VCP)

P55072 5.1/89 818.9 • 353 100 28

Oxidative stress proteins
Isocitrate dehydrogenase (NADP)

cytoplasmic (IDH1)
O75874 6.5/46 914.6 • 303 100 21

Alpha-crystallin B chain (CRYAB) P02511 6.7/20 146.4 • 276 100 13
Calreticulin (CALR) P27797 4.3/48 282.9 • 514 100 22
Peroxiredoxin-1 (PRDX1) Q06830 8.3/22 324.4 • 366 100 17
Oncogene DJ1 (PARK7) Q99497 6.3/20 049.6 • 148 100 12
Heterogeneous nuclear ribo-

nucleoprotein H3 (HNRPH3)
P31942 5.4/36 960.1 • • 100 100 10

Heat-shock cognate 71 kD
protein (HSPA8)

P11142 5.4/71 082.3 • 157 100 11

Heat-shock 70 kD protein 1
(HSPA1A)

P08107 5.5/70 294.1 • 261 100 12

Stress-induced-phosphoprotein 1
(STIP1)

P31948 6.4/63 226.6 • 350 100 25

Cytoskeleton proteins
Cytokeratin-9 (KRT9) P35527 5.2/62 320 • 59 95.5 11
Keratin 10 (KRT10) Q8N175 5.1/59 019.7 • 148 100 15
Actin, cytoplasmic 2 (ACTG1) P63261 5.3/42 107.9 • 151 100 15
Plastin 3 (PLS3) Q5JRN9 5.5/70 904.3 • 460 100 27
T-complex protein 1 subunit beta

(CCT2)
P78371 6.0/57 663.2 • 287 100 17

Vimentin (VIM) P08670 5.2/49 680.1 • 475 100 21
Galectin-1 (LGALS1) P09382 5.3/14 917.3 • 269 100 9
Transgelin (TAGLN) Q01995 8.9/22 522.4 • 346 100 17
Tropomyosin 2 (beta) (TPM2) Q5TCU3 4.6/32 908.6 • 158 100 14
Tropomyosin 4 (TPM4) Q5U0D9 4.7/28 618.5 • 536 100 21
Tropomyosin alpha-4 chain

(TPM4)
P67936 4.7/28 487.5 • 68 99.4 11

Myosin light polypeptide 3 (MYL3) P08590 5.0/21 957.9 • 264 100 11
Myosin light polypeptide 6 (MYL6) P60660 4.5/17 121.2 • 252 100 8
Gelsolin (GSN) P06396 5.9/86 043.3 • 411 100 24

Cellular metabolism proteins
Triosephosphate isomerase (TPI1) Q6FHP9 6.4/26 937.8 • 374 100 15
Glyceraldehyde-3-phosphate

dehydrogenase (GAPDH)
P04406 8.6/36 070.4 • • 339 100 11

Pyruvate kinase isoenzymes
M1/M2 (PKM2)

P14618 7.9/58 339.2 • 100 90 12

L-lactate dehydrogenase B chain
(LDHB)

P07195 5.7/36 769.2 • 266 100 13

Glycyl-tRNA synthetase (GARS) P41250 6.6/83 827.9 • 88 99.9 17
Phosphoglycerate kinase 1 (PGK1) P00558 8.3/44 854.2 • 361 100 18
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Table 1. Continued

2-DE detergent
Primary accession number Theoretical Protein Protein Peptide

Protein name (Uniprotkb/Swiss-prot) pI/MW CHAPS ASB-14 score score (CI %) count

Adenylate kinase isoenzyme 4,
mitochondrial (AK3L1)

P27144 8.5/25 268 • 324 100 27

Fatty acid-binding protein,
adipocyte (FABP4)

P15090 6.8/14 692.5 • 253 100 8

Fatty acid-binding protein,
epidermal (FABP5)

Q01469 6.8/15 365.6 • 282 100 12

Galactokinase (GALK1) P51570 6.0/42 701.7 • 83 99.9 12
Histidine triad nucleotide-binding

protein 1 (HINT1)
P49773 6.5/13 776.1 • 87 99.9 5

Ubiquitin B (UBB) Q5U5U6 6.9/25 802.9 • 325 100 6
Nicotinamide N-methyltransferase

(NNMT)
P40261 5.6/30 011.2 • 232 100 7

Figure 3. Interactome map of the proteins involved in the pathogenesis of DD. Several partial interactomes obtained from
HiMAP and STRING were combined to obtain a single graphical representation. Proteins are depicted as beads marked with
their respective gene names. Names of the proteins obtained by our proteomics analyses are highlighted in yellow. The beads
are coloured in accordance with the protein function: extracellular matrix proteins — brown; receptors and ligands — green;
cell signalling molecules — purple; tumour-suppressors — magenta; oxidative stress — blue; cytoskeleton components — orange;
glycolysis — yellow; other — white. Gene names added to the original set and used to complete the interactome are listed in the
Supporting information, Supplementary Table 1

The levels of two extracellular matrix (ECM) pro-
teins, collagen alpha-3(VI) chain (COL6A3), and
microfibril-associated glycoprotein 4 (MFAP4), were
elevated in affected tissues. COL6A3 is often co-
expressed with collagen type III, which is a histolog-
ical marker in DD known to inhibit apoptosis during
fibrosis [10] and facilitate differentiation of cardiac
fibroblasts into myofibroblasts [11]. We also found
transforming growth factor beta-induced protein ig-h3
(TGFBI), Rho GDP-dissociation inhibitor 1 (ARHG-
DIA), and poly(rC)-binding protein 1 (PCBP1) to

be overexpressed in diseased tissues, which supports
the previously established role of TGF-β signalling
in DD.

The interactome map (Figure 3) suggested a role
for other growth factors and their respective recep-
tors in DD, eg v-erb-b2 erythroblastic leukaemia
viral oncogene homologue 2 (ERBB-2) receptor and
insulin-like growth factor receptor 1 (IGF-1R). West-
ern blot analysis and immunohistochemistry results
confirmed increased expression of ERBB-2 and IGF-
1R receptors in diseased tissues (Figures 4 and 5). In

J Pathol 2009; 217: 524–533 DOI: 10.1002/path
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Figure 4. Representative western blots obtained from diseased (D) and patient-matched unaffected (ND) palmar fasciae. Tubulin
content varied across the samples and therefore amido-black staining (Sigma, USA) was used as a loading control

Figure 5. p-JNK, IGF-1R, ERBB-2, and p53 protein expression in diseased palmar fasciae of patients suffering from DD.
Immunohistochemical staining patterns of p-JNK, IGF-1R, ERBB-2, and p53 proteins were obtained by using original magnification
× 400. The control slides were counterstained with haematoxylin and eosin (HE)

addition, the interactome indicated the involvement
of the phosphatidylinositol-3 kinase (PI-3K)/Akt sig-
nalling pathway in DD progression. This possibility
was further corroborated by western blot revealing up-
regulated levels of total Akt (Akt1/2/3) and phospho-
rylated Akt at serine site 473 (pAkt), as well as of two
known Akt targets, p53 and p21waf1/cip1, in diseased
palmar fasciae. Interestingly, the immunohistochem-
istry results revealed moderately increased levels of
the p53 protein as well as high levels of another protein
known to be activated by phosphorylation, namely the
pJNK protein, in diseased palmar fasciae (Figure 5).
Furthermore, proteomic analysis revealed elevated lev-
els of lung cancer oncogene 7 (RACK1), an important
mediator of IGF-1-induced Akt phosphorylation [12],

and valosin-containing protein (VCP), a down-stream
target of the (PI-3K)/Akt cascade required for cell sur-
vival [13].

The role of ROS in DD pathogenesis has already
been suggested [14,15]. We detected increased lev-
els of isocytrate dehydrogenase 1 (IDH1), directly
involved in the maintenance of the cellular redox state
[16]; alpha-crystalin B chain (CRYAB), important
in the cellular adaptation to environmental stress
[17]; and calreticulin (CALR), an endoplasmic retic-
ulum stress protein with the ability to block oxida-
tive stress. Besides, identified anti-oxidant proteins
peroxiredoxin-1 (PRDX1) and oncogene DJ1 (PARK7)
are known to be involved in apoptosis inhibition, fibro-
sis development, and tumour cell growth as well.

J Pathol 2009; 217: 524–533 DOI: 10.1002/path
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Finally, we identified heterogeneous nuclear ribonu-
cleoprotein H3 (HNRPH3), indispensable for the early
heat-shock-induced splicing arrest [18].

Several heat-shock proteins (HSPs) were also
detected in this study. Heat-shock cognate 71 kD
protein (HSPA8) and heat-shock 70 kD protein
1 (HSPA1A) are, for example, produced by the
cells in response to oxidative stress. Finally, we
identified stress-induced phosphoprotein 1 (STIP1),
which serves as an adaptor molecule for HSPA8.

We observed cytoskeletal changes not previously
described in DD. Some of the identified proteins par-
ticipate in cellular reshaping and cell growth con-
trol, eg cytoplasmic actin 2 (ACTG1) and plastin
3 (PLS3). Furthermore, T-complex protein 1 sub-
unit beta (CCT2) is responsible for actin and tubulin
folding during cell proliferation, and vimentin (VIM)
provides structural stability. In addition, we detected
elevated levels of galectin 1 (LGALS1), suggested
to drive fibroblast differentiation into myogenic cells
[19], and of the smooth muscle cell (SMC) marker
transgelin (TAGLN), found in both fibroblasts and
smooth muscles. Several proteins whose levels were
increased in diseased tissues, including tropomyosin
2 (TPM2), tropomyosin alpha-4 chain (TPM4), and
myosin light polypeptides 3 and 6 (MYL3 and MYL6),
might actively participate in generation of the contrac-
tile force by myofibroblasts, which gives rise to the
permanent finger contracture. Finally, increased lev-
els of gelsolin (GSN) pointed to the deregulation of
apoptosis in DD, as this physiological regulator of the
actin cytoskeleton was found to prevent apoptosis in
senescent human diploid fibroblasts.

Previous studies reported on alterations in the
metabolic activity of the DD tissues [20]. We iden-
tified the following glycolytic proteins: triosephos-
phate isomerase (TPI1), glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), pyruvate kinase isoenzymes
M1/M2 (PKM2), and L-lactate dehydrogenase B chain
(LDHB). The remaining metabolic enzymes with
raised levels were glycyl-tRNA synthetase (GARS)
and phosphoglycerate kinase 1 (PGK1).

Discussion

Although Dupuytren’s disease was first reported more
than 175 years ago, the root causes still remain
unknown. Recently, oxidative stress has been proposed
to be a mechanism driving the onset of this disease
[21,22]. Several proteins with increased levels in the
affected palmar fasciae identified in this study play a
role in the cellular protection against oxidative stress,
eg CRYAB and PRDX1, known as negative regulators
of apoptosis during the cellular response to oxidative
stress. CRYAB is believed to exert its anti-apoptotic
action through interaction with p53 protein, which
prevents p53 translocation from the cytoplasm to mito-
chondria after oxidative stress [23]. The elevated p53
level in DD confirmed by western blotting could thus

result from an oxidative insult. Additionally, the up-
regulation of two HSP70 family members, HSPA8 and
HSPA1A, highlights the role of oxidative stress in DD.
The HSP70s are known to rescue cells from apop-
totic/necrotic death after oxidative stress [24,25].

DD is similar to other fibroses and is defined as the
pathological process encompassing the wound heal-
ing response [1], which elicits an overproduction of
ECM via growth factor stimulation. The results of the
present study similarly suggest that aberrant growth
factor secretion represents a crucial step in the devel-
opment of DD symptoms. For example, several of
the proteins identified, including TGFBI, PCBP-1, and
ARHGDIA, belong to the TGF-β signalling path-
way. TGF-β was previously found to be the most
abundant growth factor in DD [26]. The major roles
of TGF-β in the differentiation of fibroblasts into
myofibroblasts are activation of platelets and increased
production of ECM [26]. Indeed, we identified two
ECM proteins, MFAP4 and COL6A3, to be over-
expressed in the affected tissues. COL6A3 partially
constitutes collagen type VI. TGF-β can either up-
or down-regulate the mRNA levels of COL6A3, and
could therefore augment the specific role of collagen
type VI in DD [27, 28]. Moreover, COL6A3 might
play a role in cardiac myofibroblast differentiation
[11].

The proposed interactome map revealed the recep-
tors IGF-1R and ERBB2 as new molecular candi-
dates that might be involved in autocrine regulation
of cellular proliferation in DD. This result was con-
firmed by immunohistochemistry as well. ERBB-2
can assume a proliferative role through activation of
the PI-3K/Akt pathway [29], while activation of IGF-
1R through its specific ligand IGF-1 causes activa-
tion of the Ras/Raf/mitogen-activated protein kinase
(MAPK) cascade and the PI-3K/Akt pathway with
diverse physiological outcomes, including prolifera-
tion, differentiation, and inhibition of apoptosis [30].
RACK1, an important mediator of the IGF-1-induced
Akt phosphorylation [31] that was detected in dis-
eased fascia, might figure as a positive mediator of
the ECM production. Further on, we detected up-
regulated levels of total Akt (Akt1/2/3) in diseased
tissues and phosphorylated Akt (pAkt) both in dis-
eased and in patient-matched unaffected fascia, which
again brings attention to the role of Akt in DD pro-
gression. Once activated, Akt promotes cell survival
by phosphorylating substrates that decrease the activ-
ity of pro-apoptotic or increase the activity of anti-
apoptotic proteins. Its activation was found to be
a critical component of anti-apoptotic signalling in
fibroblasts [32]. Our proteomic study is in line with
western blotting findings unveiling overexpression of
down-stream targets of PI-3K/Akt signalling, includ-
ing VCP, p21waf1/cip1, and p53 in diseased tissues.
However, our results confirming increased levels of
p53 protein in diseased fascia both by western blot-
ting and by immunohistochemistry, contrast those of
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Muller et al, who did not detect this protein in DD tis-
sues by immunohistochemistry [33]. Increased expres-
sion of the p21waf1/cip1 protein might account for the
pronounced proliferation of fibroblasts in DD tissues
upon stimulation with growth factors, as Quasnichka
et al found that vascular smooth muscle cells were
stimulated by growth factors to proliferate via reg-
ulation of the p21 waf 1/cip1 gene [34]. Finally, the
up-regulation of PARK7 augments the possibility of
the involvement of PI-3K/Akt signalling in DD pro-
gression, as it suppresses the function of PTEN, a
tumour suppressor that inhibits Akt-mediated cell sur-
vival [35].

This signalling pathway is also potentially respon-
sible for the dynamic re-organization of the actin
cytoskeleton known to occur during DD progression.
In addition to ACTG1, several other proteins that are
known to contribute to the formation of the pheno-
type characteristic for DD, eg PLS3, CCT2, VIM, and
GSN, were identified in our study. We also found two
cytoskeleton proteins novel to DD that might under-
lie the aberrant discontinuous proliferation resulting in
myofibroblast differentiation: LGALS1, a regulator of
fibroblast differentiation into myogenic cells [19], and
TAGLN, an SMC differentiation marker induced upon
TGF-β stimulation [36]. They could serve as novel dif-
ferentiation markers for DD. The expression of several
protein constituents of the smooth muscle contraction
revealed in our study (eg TPM2, TPM4, MYL3, and
MYL6) substantiates the formation of contractile force
and permanent contracture present in the final stage of
the disease.

In conclusion, combining proteomics data with
bioinformatics processing provided a comprehensive
insight into the molecular processes underlying DD
progression. Our results turn the spotlight on the role
of oxidative stress, autocrine deregulation, and activa-
tion of Akt in DD progression. Additional studies on
a larger patient population are already under way in
our laboratory.
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