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Abstract. – OBJECTIVE: Osteoarthritis (OA)
is a most common chronic degenerative joint le-
sion, which affects both cartilage and bone. A
better understanding of the gene expression
profiling of OA may help understanding the
pathogenesis of OA and finding the therapy tar-
gets for OA treatment.

MATERIALS AND METHODS: GSE8077 was
downloaded from Gene Expression Omnibus
(GEO) including 5 OA rats induced by anterior
cruciate ligament transection and partial medial
meniscectomy and 5 rats that were performed
sham surgery as control. Differentially ex-
pressed genes (DEGs) between OA group and
control group were identified by t-test with p <
0.05 and the coding genes that transcription fac-
tors corresponded were screened by TRANS-
FAC. Then Gene ontology (GO) and Kyoto Ency-
clopedia of Genes and Genomes (KEGG) path-
way enrichment analysis for DEGs and tran-
scription factors were performed. The DEGs and
transcription factors were integrated with infor-
mation from STRING database to construct PPI
network.

RESULTS:: A total of 119 up-regulated genes,
39 down-regulated genes and 9 transcription
factors were identified in OA sample. The GO en-
richment analysis showed that 119 up-regulated
genes were significantly enriched in blood ves-
sel development and KEGG pathway enrichment
showed that genes were involved in circadian
rhythm pathway. In the PPI network, Cd44,
Mmp13, Timp1 and Igf1 showed higher degrees.

CONCLUSIONS: The screened genes could
provide a new and comprehensive view for treat-
ment of OA.

Key Words:
Osteoarthritis, Differentially expressed genes, Mi-

croarray, PPI network.

Introduction

Osteoarthritis (OA), also called degenerative
joint disease, causes inflammation of one or
more joints in the body and is the most com-
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mon form of arthritis. OA is a serious threat to
human health and quality of life, which affects
more than 270 million people, making it a lead-
ing cause of disability in adults1. Pain and stiff-
ness in the joints are the most common symp-
toms, and joints of patients may become stiffer
and harder to move over time2. Thus, it is nec-
essary to elucidate the pathogenesis of OA for
treatments.
The etiology and pathogenesis of OA have not

been elucidated. It has been reported that articu-
lar cartilage and cytokines played important roles
in occurrence and development of OA3. Recent
studies indicated that degeneration of articular
cartilage was the root cause of OA4. Ma et al5

demonstrated that B3GNT9, MAN2A1, ALG8,
SERP1, a cluster of genes related with protein
glycosylation, were down-regulated in end-stage
OA, contributing to the degradation of cartilage.
The severity of OA was closely related to the
synthesis and secretion of matrix degradation en-
zymes6. Ehrlich and his colleagues confirmed
that collagenase of cartilage with OA was signifi-
cantly increased, indicating that this enzyme was
the major factor in disease progression7. The In-
terleukin 1 (IL1) is the main driving factor of car-
tilage matrix degradation, which promotes syn-
thesis and secretion of other degrading enzymes,
including collagenase, stromelysin, gelatinase
and tissue-type plasminogen activator8. The bal-
ance of matrix degradation enzymes relies on
two enzymes inhibitors, matrix metalloproteinase
(MMP) and tissue inhibitor of metalloproteinase
(TIMP), which can limit the activity of neutral
metalloprotease and plasminogen activator9. Luo
et al10 indicated that RARA (retinoic acid recep-
tor, alpha) which plays an important role in regu-
lation of cytokine and MMP production could be
a potential target of therapeutic intervention in
OA and rheumatoid arthritis. Additionally, Zhang
et al11 reported that PPARG (peroxisome prolifer-
ator-activated receptor gamma) may increase the
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(BH) method15. Further, the microarray probes
were annotated according to the information pro-
vided by Brain array lab. Finally, the probe signal
of each gene was analyzed using Median Polish
method16 to obtain the expression level of each
gene. t-test was performed for identifying DEGs
between OA group and control group17 with p <
0.05. In addition, the fold change of DEGs was
required to be not less than 2. TRANSFAC18 was
used to identify the coding genes which TFs cor-
responding to.

GO Terms and KEGG Pathways Analysis
The DEGs were performed for GO19 and

KEGG pathway enrichment analysis20 by
DAVID21 with p-value < 0.05 and gene number ≥
2. The FDR value was required to be 0.01.

Construction of PPI Network
STRING22 was applied to construct PPI net-

work according to significantly up-regulated
DEGs and down-regulated DEGs. The credible
protein interaction information from Text Min-
ing, Database or Experiment was extracted for
PPI network construction.

Results

DEGs Identification by Microarray 
Expression Profiling
Basing on microarray expression profiling of

OA samples and control samples, the expression
difference between these two groups was
screened out. The results showed that 119 genes
were up-regulated and 39 genes were down-reg-
ulated in OA samples. The ratio of the number
of up-regulated genes to number of down-regu-
lated genes was about 3.05:1, which indicated
that the expression of genes was aberrant in OA
samples (Table I). Further analysis showed that
a total of nine TFs were selected from 158
DEGs related to OA, in which Arntl, Hey2, Lbp,
Npas2, Pbx3, Prrx2 and other TFs were up-reg-
ulated, whereas Dbp, Id4 and Nr1d1 were
down-regulated in OA group.
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Gene Counts TF Counts TF genes

Down-regulated genes in OA 39 3 Dbp, Id4, Nr1d1
Up-regulated genes in OA 119 6 Arntl, Hey2, Lbp, Npas2, Pbx3, Prrx2

Table I. Statistic information of differentially expressed genes. TF: transcription factor.

expression of inflammatory and catabolic factors
in OA, thus inhibition of PPARG expression in
chondrocytes by pro-inflammatory cytokines
may be an important process in OA pathophysi-
ology.
To explore the key genes in the pathogenesis

of OA, animal model was used to mimic the gene
expression in human OA and the bioinformatics
has been applied to analyze the expression profil-
ing of OA samples12. In this study, the microarray
data in sham control and OA model rats were se-
lected for differential expression analysis. In ad-
dition, Gene ontology (GO) and Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) pathway
enrichment analysis were performed for differen-
tially expressed genes (DEGs) and transcription
factors (TFs) screening. Finally, to further ex-
plore the interaction of DEGs and TFs in OA,
they were integrated with information from
Search Tool for the Retrieval of Interacting
Genes (STRING) database to construct protein-
protein interaction (PPI) network, aiming to ex-
plore their roles in the occurrence and develop-
ment of OA.

Materials and Methods

Data Resource
The gene expression of GSE807713 was down-

loaded from Gene Expression Omnibus (GEO,
http://www.ncbi.nlm.nih.gov/geo/) of NCBI,
which was performed on Affymetrix Rat Genome
230 2.0 Array platform. In the expression profile,
5 rats were induced to OA through anterior cruci-
ate ligament transection and partial medial
meniscectomy and 5 rats were performed with
sham surgery as control. Gene expression profile
in the articular chondrocytes of 10 rats was ob-
tained for further analysis. 

Identification of DEGs
Initially, the original data were performed for

normalization using Affy package in R lan-
guage14, and false discovery rate (FDR) correc-
tion was performed by Benjamini & Hochberg
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Figure 1. The expression level of osteoarthritis (OA)-related genes based on microarray. The blank columns represent the ex-
pression of genes in the sham group. The grey columns represent the expression of genes in the OA group.

The expressions of matrix metalloproteinase
(Mmp3, Mmp13), particular cytokines [(Il1b
(Interleukin-1 beta), Il10, Igf1 (Insulin-like
growth factor 1)] and osteoprotegerin [(Tn-
frsf11b (tumor necrosis factor receptor super-
family member 11b)] between OA samples and
control samples were analyzed. The results
showed that Igf1 was significantly up-regulated
in OA group, while the expression of Igf1r (Igf1
receptor) did not change significantly between
OA and control groups. In addition, the expres-
sions of Mmp13 and Timp1 in OA group were
both up-regulated. However, the fold change of
Timp1 between OA samples and control sam-
ples was 2.04 times while that of Mmp13 was
2.60 times, indicating that the homeostasis be-
tween Mmp13 and Timp1 was broken in OA tis-
sue. The expression levels of Mmp3, Tnfrsf11b,
Il1b and Il10 between OA and control groups
were basically the same, suggesting that roles of
these genes in OA were limited (Figure 1).

Function Enrichment Analysis of 
DEGs Related to OA
The GO enrichment analysis showed that 119

up-regulated genes were mainly enriched in
blood vessel development, cell migration, in-

flammatory response and other biological
processes (Table II). However the significant
functional enrichment was not found in down-
regulated genes, which indicated that molecular
mechanisms of OA were associated with up-
regulated genes.
KEGG pathway enrichment analysis showed

that Npas2 and Artl (up-regulated genes) in OA
group were involved in circadian rhythm path-
way.

Construction of PPI Network
To explore the interaction between OA-related

genes, DEGs and TFs screened to be related with
OA were integrated with information from
STRING database to construct PPI network
(Table II). Three separate interaction networks
were identified (Figure 2). Figure 2A showed
that the node degrees of Cd44, Il1b, Mmp13 and
Timp1 were the largest, suggesting that these
genes may play central roles in the network.
However, the node degree of Tnfrsf11b was only
three, indicating the role of the gene was limited.
Figure 2B showed a network constituted by Dbp,
Nr1d1, Arntl, Hey2, Id4 and Figure 2C demon-
strated a network consisting of Mme, Anpep, Cth,
Bcat2, Tst, Eltd1 and Tnn.
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Discussion

OA is one of the most common forms of
arthritis, which results into more dependency in
walking, stair climbing, and other lower extremi-
ty tasks than any other disease, especially in the
elderly. In our study, a total of 158 DGEs (in-

cluding 9 TFs) were identified in OA samples, in
which 119 genes were up-regulated and 39 genes
were down-regulated. These 119 up-regulated
genes were primarily enriched in blood vessel
development, cell migration and inflammatory
response with GO enrichment, and only Npas2
and Artnl that were up-regulated genes were in-

Term Count FDR Genes

GO:0001568~blood 14 3.35E-05 EMCN, ANPEP, PRRX2, MMP14, KDR, CDH13, 
vessel development S1PR1, CD44, CXCR4, HMOX1, HEY2,

TGFA, COL1A1, ANGPT2
GO:0001525~angiogenesis 10 6.65E-04 CDH13, EMCN, S1PR1, CXCR4, HMOX1, TGFA,

ANPEP, MMP14, ANGPT2, KDR
GO:0016477~cell migration 13 0.001054329 CTHRC1, CCL2, TNFRSF12A, MMP14, KDR, 

CDH13, CD44, CXCR4, FCER1G, HBEGF, 
TNN, LBP, DCLK1

GO:0006954~inflammatory 11 0.010128467 CCL2, CD44, C4B, HMOX1, F3, SERPINA1,
response SERPING1, C1S, C2, LBP, CCL7
GO:0006952~defense 14 0.01744045 CCL2, C4B, SERPING1, C1S, CD1D1, CD74,
response CCL7, CD44, HMOX1, F3, FCER1G, 

SERPINA1, C2, LBP
GO:0048584~positive 11 0.018232417 CDH13, GIMAP5, S1PR1, C4B, FCER1G,
regulation of response SERPING1, C1S, C2, LBP, CD1D1, KDR
to stimulus

Table II. Gene ontology (GO) function enrichment analysis of up-regulated differentially expressed genes in osteoarthritis
group.

Figure 2. Protein-protein interaction network constituted by differentially expressed genes identified in this study and known
osteoarthritis (OA)-related genes in the Text Mining, Database or Experiment databases. Red nodes represent the up-regulated
genes in OA group, and green nodes represent the down-regulated genes in OA group.
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volved in circadian rhythm pathway with KEGG
pathway enrichment, which were consistent with
previous reports23,24. The PPI network showed
that Cd44, Mmp13, Timp1 and Il1b had higher
degrees in the network.

Igf-1 initiates intracellular signaling by bind-
ing to its specific receptor, the Igf-1 receptor25,
which can increase proteoglycan synthesis of
chondrocyte to reduce cartilage degradation26.
In our study, Igf1 was up-regulated, indicating
that Igf1 in OA tissue might be likely to attempt
to repair the injury cartilage. The OA is closely
associated with synthesis and secretion of ma-
trix degradation enzymes in chondrocytes, and
the dynamic imbalance between Mmp13 and
Timp1 is an important mechanism for the degra-
dation of cartilage27. The Mmp13 can degrade
cartilage collagen, leading to fibrosis of carti-
lage and disintegration of matrix, however the
Timp1 can limit the activity of neutral metallo-
proteinase and plasminogen activator. Our re-
sults showed that the fold change of Timp1 be-
tween OA samples and control samples was
2.04 times while that of Mmp13 was 2.60 times,
indicating that the homeostasis between Mmp13
and Timp1 was broken in OA tissue. The DEGs
were enriched in many GO terms, in which the
blood vessel development was discovered to be
closely related to OA. The blood vessel devel-
opment is a normal and vital process in growth
and development, which required distinct genet-
ic interactions between multiple vascular en-
dothelial growth factor (VEGF) receptors in the
zebrafish28. VEGF has been demonstrated to be
a major contributor to the generation of articular
cartilage matrix29. Thus, blood vessel develop-
ment may be related with OA. 
The PPI network analysis showed that the net-

work among Cd44, Mmp13, Timp1 and Il1b had
the largest degree. The Mmp13 and Timp1 have

been reported to be related with OA in the above,
but Cd44 and Il1b were newly discovered in this
study. Cd44 is a receptor for hyaluronic acid and
can interact with other ligands, such as osteopon-
tin, collagens, and MMPs30. Hence, Cd44 may
affect the occurrence of OA by regulating the ex-
pression of genes associated with OA. Il1b is in-
volved in the inflammatory response, and is re-
ported to stimulate the release of collagenase
from synovial cells31. The node degree of Tn-
frsf11b was only three, but its protein-osteoprote-
gerin has been reported to play an important role
in bone remodeling. Osteoprotegerin encoded by
Tnfrsf11b is a specific protein which could in-
crease bone mineral density and bone volume by
binding to receptor activator of nuclear factor
kappa B ligand on osteoblast cells32. Our results
showed that the expression of Tnfrsf11b was
down-regulated. But above all, Tnfrsf11b may be
associated with OA. 

Conclusions

Our results confirmed that Igf1, Mmp13,
Timp1 and Tnfrsf11b play important roles in
pathogenesis of OA and the up-regulated genes
were mainly enriched in blood vessel develop-
ment. The OA-related network showed that
Cd44, Mmp13, Timp1 and Igf1 can be selected as
therapeutic targets for OA. The regulatory mech-
anism was newly discovered to be relevant to the
occurrence of OA, which could provide a new
and comprehensive view for OA treatment. How-
ever, experiments are needed to validate these re-
sults in our study.
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Gene Degree Gene Degree Gene Degree

Cd44 13 Adamts4 6 Col4a1 3
Il1b 12 Arntl 5 Cth 3
Timp1 11 Ccl7 5 Hlf 3
Mmp13 9 F3 5 Hmox1 3
Mmp3 9 Dbp 4 Nr1d1 3
Ccl2 8 Npas2 4 Nrp1 3
Cxcr4 8 Serping1 4 Serpina1 3
Col1a1 7 Angpt2 3 Tnfrsf11b 3
Igf1 7 C4b 3 Tst 3
Mmp14 7 Cd74 3 Anpep 2

Table III. Degree of differentially expressed genes in the protein-protein network.
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