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domain containing 7A (KLHDC7A). Our study indicates 
that these DEGs, including NTF3, FBN2, NR4A1, FGF22, 
BDNF, PRKCE, ZNF516, SLCO2A1, C10orf10 and KLH-
DC7A, may play important roles in DC development and 
serve as candidate molecular targets for treating DC.
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analysis · Expression correlation network

Introduction

Dupuytren’s contracture is the most common connective 
tissue disorder of humans [1]. It is a disabling fibroprolif-
erative condition in which an abnormal amount of normal 
collagen is produced [2]. The disease has a clear-cut family 
predisposition [3], but its exact etiology remains unclear. 
The mainstay of treatment for DC is surgery, and numer-
ous surgical techniques have been described. However, all 
of these surgical techniques have a high incidence of com-
plications and none has proven to be more effective than 
others [4]. Thus, exploring effective alternative therapies is 
urgent.

Although the pathogenesis of DC has not been fully 
investigated, various predisposing factors are being dis-
closed, such as smoking and diabetes mellitus, and are 
proved to contribute to DC development [5, 6]. Addition-
ally, one dominant factor is genetic susceptibility, which 
is shown to play an important role in DC progression 
[7]. One study of Bayat et al. [8] has identified a het-
eroplasmic mitochondrial mutation strongly associated 
with DC. Hu et al. [9] suggested that autosomal domi-
nant inheritance with incomplete penetrance of this dis-
ease was mapped to the long arm of chromosome 16. 
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Besides, several studies have dedicated to investigate 
the molecular pathogenesis of DC and have identified 
a large number of candidate molecules that may poten-
tially be involved in its pathogenesis via gene expression 
profiling, proteomic profiling and cytogenetic profiling 
[10–12]. For example, transforming growth factor β is 
thought to stimulate fibroblast proliferation and extracel-
lular matrix deposition and is found to be involved in DC 
[13]. Epidermal growth factor has been implicated in the 
pathogenesis of Dupuytren’s disease palmar contracture 
[14]. Moreover, Zf9 transcription factor which increases 
TGF-β1 expression is considered as a candidate suscepti-
bility gene for investigating hereditary predisposition to 
Dupuytren’s disease [13]. Although the expanded efforts 
have been made to explore the genetic basis of DC, our 
understanding of the molecular pathogenesis of this dis-
ease is still limited, as well as good diagnostic and prog-
nostic therapy.

Fibroblasts and myofibroblasts are considered to play 
an important role in the genesis of DC [15]. Previously, 
investigators have compared the gene expression profiles of 
fibroblasts derived from DC patients to identify key genes 
associated with the progression of DC [6] or to screen con-
trary genes in DC [16]. In contrast to these, bioinformatics 
approach was employed in the current study to identify the 
differentially expressed genes (DEGs) in DC-derived fibro-
blasts and subsequently perform functional analysis for 
DEGs. In addition, protein–protein interaction network and 
expression correlation network were constructed to identify 
crucial relationships between DEGs. Besides, candidate 
DC-associated genes were predicted. Our study aimed to 
provide insight into the pathogenesis of DC and discover 
candidate molecular targets for prevention or treatment of 
this disease.

Methods

Microarray data and preprocessing

The gene expression profile data GSE21221 deposited by 
Satish et al. [6] was downloaded from the Gene Expression 
Omnibus database (http://www.ncbi.nlm.nih.gov/geo/). A 
total of 12 samples consisting of six samples from carpal 
tunnel-derived fibroblasts and six samples from DC-derived 
fibroblasts were used for the development of array data.

The annotation information of chip was downloaded 
based on the platform of GPL2507 Sentrix Human-6 
Expression BeadChip (Illumina Inc., SanDiego, CA, USA) 
for further analysis. The ID number of original probe in 
CEL files was converted into Entrez gene symbol. If mul-
tiple probes mapped to the same gene symbol, the mean 
value was calculated as the expression value of this gene. 

Finally, the expression matrixes of total 16,642 genes were 
acquired.

DEGs screening

The DEGs in DC-derived fibroblasts compared with carpal 
tunnel-derived fibroblasts were analyzed using linear mod-
els for microarray data (limma, available at http://www.bio-
conductor.org/packages/release/bioc/html/limma.html) [17] 
package in Bioconductor in R. The |log2 fold change| > 1 
and P value <0.05 were defined as the cutoff value.

Functional enrichment analyses for DEGs

Gene ontology (http://www.geneontology.org) [18] is used 
for the unification of biology according to a large scale of 
gene annotation information, which is mainly classified 
into biological process, molecular function and cellular 
component. Kyoto encyclopedia of genes and genomes 
(available at http://www.genome.ad.jp/kegg/) [19] data-
base is used for enriching pathways based on predicted and 
known information of molecular interaction networks.

In our study, GO BP annotation and KEGG pathway 
analysis for DEGs were performed by Database for anno-
tation, visualization and integrated discovery (http://david.
abcc.ncifcrf.gov/) [20] online tool. A P value <0.05 was 
considered significant.

PPI network construction and module selection

The search tool for the retrieval of interacting genes 
(STRING, http://www.bork.embl-heidelberg.de/STRING/) 
[21] is an effective database for annotating functional inter-
actions between screened DEGs and other genes via calcu-
lating their combined score. In this study, PPI relationships 
with a combined score >0.4 were considered significant. 
PPI network was then constructed using Cytoscape (avail-
able at http://cytoscapeweb.cytoscape.org/) [22] software 
[28] for visualization. In order to identify crucial relation-
ships in the PPI network, the densely connected or possibly 
overlapping modules were subsequently identified using 
the ClusterONE [23] package in the Cytoscape software. A 
P value <4E−5 was defined as the significant threshold.

Expression correlation network construction

The genes with similar expression pattern in samples are 
considered as co-expressed genes, which always have the 
common regulatory function and high degree of correla-
tion [24]. In our study, we performed correlation analysis 
for DEGs expression using Pearson correlation in CoEx-
press software (http://www.bioinformatics.lu/CoExpress/). 
Pearson correlation coefficient >0.9 of the expression value 
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indicated strongly positive correlation between genes, 
while correlation coefficient less than −0.9 indicated nega-
tive correlation between genes. The gene pairs with Pearson 
correlation coefficient >0.9 were regarded as co-expressed 
gene pairs. All the gene pairs with |Pearson correlation 
coefficient| >0.9 were considered significant. Then correla-
tion network with all significant gene pairs was visualized 
using Cytoscape software. Then the overrepresented GO 
BP functional annotation for genes in the network was per-
formed using biological networks gene ontology (BiNGO) 
tool [25]. A P value was calculated by hypergeometric test 
in BiNGO, then the false discovery rate (FDR) was carried 
out with the application of Benjamini–Hochberg method. 
FDR < 0.05 was set as the cutoff value.

Prediction of candidate DC‑associated genes

The comparative toxicogenomics database (CTD, freely 
available at http://ctdbase.org/) is a public resource that 
provides the gene–disease relationships from the literature 
and is widely used to predict possible relationships using 

different types of associated data [26]. Thus, we predicted 
candidate DC-associated genes by mapping DEGs into 
CTD database.

Results

DEGs screening

A total of 529 DEGs in DC-derived fibroblasts compared 
with carpal tunnel-derived fibroblasts were screened using 
limma package, including 138 up-regulated and 391 down-
regulated DEGs. The results showed that the number of 
down-regulated genes was more than up-regulated ones.

Functional enrichment analysis of DEGs

We performed GO BP enrichment analysis for up- and 
down-regulated DEGs to annotate their functions (Table 1). 
The overrepresented GO BP terms of up-regulated genes 
mainly included heterophilic cell–cell adhesion, neuron 

Table 1  Significantly enriched GO BP terms and KEGG pathways (P < 0.05)

GO ID or KEGG ID represents the identification number of enriched GO terms or KEGG pathways. BP is the abbreviation of biological process. 
Description represents the name of GO terms or KEGG pathways; counts represent the number of up- or down-regulated genes enriched in GO 
terms or KEGG pathway. The smaller the P value is, the more significant GO terms or KEGG pathways are

GO ID or KEGG ID Name Counts P values

A: The enriched GO BP terms

Up-regulated GO:0007157 Heterophilic cell–cell adhesion 5 3.46E−06

GO:0031102 Neuron projection regeneration 4 6.67E−05

GO:0045165 Cell fate commitment 9 8.20E−05

GO:0007389 Pattern specification process 12 8.77E−05

GO:0098609 Cell–cell adhesion 8 9.22E−05

GO:0007267 Cell–cell signaling 55 2.20E−08

Down-regulated GO:0033993 Response to lipid 38 3.58E−08

GO:0009605 Response to external stimulus 76 5.75E−08

GO:0023052 Signaling 168 7.00E−08

GO:0044700 Single organism signaling 168 7.00E−08

B: The enriched KEGG pathways

Up-regulated 04514 Cell adhesion molecules (CAMs) 7 4.28E−05

04730 Long-term depression 3 1.43E−02

04310 Wnt signaling pathway 4 2.37E−02

05143 African trypanosomiasis 2 2.68E−02

04916 Melanogenesis 3 3.73E−02

04940 Type I diabetes mellitus 2 3.92E−02

04010 MAPK signaling pathway 5 4.47E−02

00071 Fatty acid metabolism 7 9.22E−05

Down-regulated 00980 Metabolism of xenobiotics by cytochrome P450 8 4.11E−04

00350 Tyrosine metabolism 6 5.41E−04

04730 Long-term depression 7 1.93E−03

00140 Steroid hormone biosynthesis 6 2.85E−03

http://ctdbase.org/
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projection regeneration and cell fate commitment. The 
enriched BP GO terms of down-regulated genes were 
mainly related to cell–cell signaling, response to lipid and 
response to external stimulus. Notably, the results showed 
that as many as 168 down-regulated genes were signifi-
cantly enriched in signaling and single organism signaling.

In addition, the significantly enriched pathways of up- 
and down-regulated DEGs are shown in Table 1. Results 
showed that the up-regulated genes were significantly 
enriched in cell adhesion molecules, long-term depression, 
Wnt signaling pathway, type I diabetes mellitus and MAPK 
signaling pathway. Down-regulated genes were mainly 
enriched in fatty acid metabolism, metabolism of xenobi-
otics by cytochrome P450, tyrosine metabolism, long-term 
depression and steroid hormone biosynthesis.

PPI network analysis and module selection

Based on the information of STRING database and a com-
bined score of PPI relationships >0.4, totally 281 nodes 
and 526 relationships were identified. The PPI network 
was then constructed (Fig. 1a). The top five nodes with 
the higher degrees were prostaglandin-endoperoxide syn-
thase 2 (PTGS2, degree = 21), insulin-like growth factor 
1 (IGF1, degree = 21), glucagon (GCG, degree = 20), 
phospholipase C, beta 1 (PLCB1, degree = 19) and brain-
derived neurotrophic factor (BDNF, degree = 17).

In addition, functional module analysis was performed 
to analyze the functions of DEGs in DC-derived fibro-
blasts. Only one module was significantly screened in the 
PPI network, which contained 216 nodes and 63 relation-
ships (Fig. 1b). Moreover, this module was significantly 
associated with cytokine–cytokine receptor interaction, 

chemokine signaling pathway, rheumatoid arthritis and 
Toll-like receptor signaling pathway.

Expression correlation network analysis

As shown in Fig. 2, correlation network of DEGs expres-
sion was constructed. A total of 222 co-expressed gene 
pairs (Pearson correlation coefficient >0.9) and 120 gene 
pairs (Pearson correlation coefficient less than −0.9) were 
identified. These gene pairs with Pearson correlation coef-
ficient less than −0.9 were up-regulated gene–down-reg-
ulated gene pairs. The overrepresented GO BP functional 
correlation network of these DEGs with strong correlation 
is shown in Fig. 3. The results showed that these DEGs 
in the correlation network were significantly enriched in 
digestive system process, regulation of systemic arterial 
blood pressure and acute inflammatory response.

Prediction of candidate genes associated with DC

Based on the information of CTD database, only ten DC-
associated genes were screened from 529 DEGs. Among 
them, neurotrophin 3 (NTF3) and purinergic receptor 
P2Y, G-protein coupled, 12 (P2RY12) were up-regulated 
genes, while others, such as androgen receptor (AR) and 
protein kinase C, epsilon (PRKCE), were down-regulated 
genes. The mean values of expression of ten DC-associ-
ated genes in DC-derived fibroblasts group and control 
group are shown in Fig. 4. In addition, NTF3 was signifi-
cantly enriched in MAPK signaling pathway, in which 
other DEGs, such as nuclear receptor subfamily 4, group A, 
member 1 (NR4A1), fibroblast growth factor 22 (FGF22) 
and BDNF, were enriched. Besides, eight co-expressed 

Fig. 1  Protein–protein network of differentially expressed genes (DEGs) (a) and significant module (b). White nodes represent up-regulated 
genes, and gray nodes represent down-regulated genes
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genes with these ten DC-associated genes were identified 
(Table 2). Thereinto, NTF3 could co-express with fibrillin 
2 (FBN2), and PRKCE could co-express with zinc finger 
protein 516 (ZNF516), solute carrier organic anion trans-
porter family, member 2A1 (SLCO2A1), chromosome 10 
open reading frame 10 (C10orf10) and Kelch domain con-
taining 7A (KLHDC7A).

Discussion

In the present study, bioinformatic methods were employed 
to identify candidate DC-associated genes that may be dif-
ferentially expressed in DC. A total of 138 up- and 391 
down-regulated DEGs in DC-derived fibroblasts com-
pared with carpal tunnel-derived fibroblasts were screened. 
Additionally, only ten DC-associated genes were screened 
from 529 DEGs. Among them, NTF3 and P2RY12 were 
up-regulated genes, while other genes, such as AR and 
PRKCE, were down-regulated. Notably, NTF3 could 
co-express with FBN2 and was significantly enriched in 
MAPK signaling pathway, in which other DEGs, such as 
NR4A1, FGF22 and BDNF, were also enriched in. PRKCE 
could co-express with ZNF516, SLCO2A1, C10orf10 and 

KLHDC7A. Therefore, these DEGs are more likely to con-
tribute to the development of DC.

DC is shown to be characterized by myofibroblast devel-
opment and increased cytokines, such as TGF-β1 [27, 28]. 
TGF-β1 is identified to stimulate the collagen production 
during differentiation of cardiac fibroblasts to myofibro-
blasts [29], and its function blocking prevents myocardial 
fibrosis in rats [30]. A work of Horiguchi et al. indicated 
that negative regulation of TGF-β1 could be mediated by 
FBN2 [31]. FBN2 is a component of connective tissue 
microfibrils and is shown to be involved in elastic fiber 
assembly [32]. FBN2 is identified as potential predictors 
for radiation-induced fibrosis [33] and is strongly associ-
ated with congenital contractural arachnodactyly [34]. 
Thus, FBN2 may play an important role in DC via regu-
lating TGF-β1. In addition, NTF3 is a member of the neu-
rotrophin family, which controls survival and differen-
tiation of mammalian neurons [35]. The promoter regions 
of NTF3 contain a number of predicted nuclear factor-κB 
(NF-κB) binding sites, and up-regulated NTF3 may acti-
vate the transcriptional activity of NF-κB [36]. The activa-
tion of NF-κB was found to be required for transformation 
of fibroblasts [37], and fibroblasts are considered to play 
an important role in the genesis of DC. In our study, NTF3 

Fig. 2  Correlation network of DEGs expression. White nodes rep-
resent up-regulated genes, and gray nodes represent down-regulated 
genes. The solid line represents correlation coefficient between genes 

>0.9, while the dotted line represents correlation coefficient between 
genes less than −0.9
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could co-express with FBN2 directly. Therefore, our results 
suggest that NTF3 and FBN2 may play an important role 
in promoting development of DC via interaction between 
them.

In addition, NTF3 was significantly enriched in MAPK 
signaling pathway, in which other DEGs, such as NR4A1, 
FGF22 and BDNF, were also enriched in. MAPK signaling 

Fig. 3  GO BP branch network of DEGs with strong correlation. The arrow points to branch. White nodes represent GO BP terms, and gray 
nodes represent significantly enriched GO BP terms

Fig. 4  Mean values of ten DC-associated genes expression in DC-
derived fibroblasts group and control group. White histograms rep-
resent DC-derived fibroblasts group, and gray histograms represent 
control group

Table 2  Co-expressed gene pairs of disease-associated genes

Disease-associated  
genes

Co-expressed  
genes

Co-expressed 
coefficient

AR ZNF354B 0.95327

PRKCE ZNF516 0.9449

PRKCE SLCO2A1 0.9417

ABCG2 CDH15 0.92363

PRKCE C10orf10 0.9228

NTF3 FBN2 0.91843

ABCG2 ZNF701 0.9052

PRKCE KLHDC7A 0.9013
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pathway is shown to mediate growth factor-dependent cell 
survival [38]. MAPK signaling pathway is also involved in 
fibroblast-mediated wound contraction which is regulated 
by heat shock protein 27 [39], and has been shown to be 
strongly linked with DC [40]. Moreover, the constitutively 
active MAPK signaling could increase NR4A1 expression 
via direct modulation of the immediate promoter regions 
[41]. NR4A1 can regulate TGF-β signaling and promote 
the growth of fibrous [42]. FGF22 belongs to fibroblast 
growth factor family which has a role in the fibrotic pro-
cess leading to the development of myofibroblast in Peyro-
nie’s disease, and this disease is related to DC [43]. BDNF 
is a potential marker and may react positively on hepatic 
myofibroblasts [44]. MAPK signaling pathway is proved 
to be the major intracellular signaling network activated 
by BDNF [45]. Considering the important roles of MAPK 
signaling pathway, we speculate that our results are in line 
with previous findings and suggest that NTF3, NR4A1, 
FGF22 and BDNF may promote myofibroblast develop-
ment in DC via involving in this pathway.

Besides, our study also found that PRKCE was the pre-
dicted DC-associated genes and could co-express with 
several DEGs, such as ZNF516, SLCO2A1, C10orf10 and 
KLHDC7A. PRKCE belongs to protein kinase C (PKC) 
family members and can mediate β1-integrins activation in 
cardiac fibroblasts [46] or cell growth in thrombin-induced 
myofibroblasts [47]. ZNF516 play important roles in vari-
ous cellular functions and its promoters frequently methyl-
ated in cervical neoplasia [48]. SLCO2A1 encodes a pros-
taglandin transporter and a novel mutation in the SLCO2A1 
gene may cause pachydermoperiostosis with myelofibrosis 
in primary hypertrophic osteoarthropathy [49]. C10orf10 is 
identified to be differentially expressed in Hutchinson–Gil-
ford progeria syndrome fibroblasts [50]. KLHDC7A can 
mediates cell–cell adhesion and is a key molecule for pro-
moting diabetic retinopathy [51] and diabetes is proved to 
be a predisposing factor which may contribute to the devel-
opment of DC [52]. Thus, KLHDC7A may be involved 
in DC due to the association between DC and diabetes. 
Although the roles of these DEGs in myofibroblast devel-
opment in DC have not been fully discussed, we speculate 
that they may function as important molecules involved in 
the progression of this disease.

In conclusion, our study has shed new light on the 
mechanism and treatment of DC. As a result of this pre-
liminary study, we confirm that these DEGs, including 
NTF3, FBN2, NR4A1, FGF22, BDNF, PRKCE, ZNF516, 
SLCO2A1, C10orf10 and KLHDC7A, may play a role in 
the DC development and could be candidate molecular tar-
gets for the treatment of DC. In addition, MAPK signaling 
pathway may play important roles in promoting develop-
ment of DC. Further investigation in these genes and path-
ways may aid in better elucidation of mechanisms of DC 

pathogenesis and provide a new strategy in the therapy of 
this disease. However, no experimental validations are per-
formed in our study, and more studies are still needed to 
confirm our hypothesis.
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