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Abstract. Osteoarthritis (OA) is the most common motor 
system disease in the elderly, with a high incidence and a 
huge social and economic burden. Therefore, it is urgent to 
study its potential pathogenesis to improve the therapeutic 
effect of the disease. In this study, we constructed a number 
of regulator‑mediated OA dysfunction modules, and carried 
out in‑depth analysis in order to examine the disease develop-
ment process. Differential expression analysis, co‑expression 
analysis and enrichment analysis were combined to screen 
genes related to disease progression. Subsequently, key regula-
tory factors in the process of OA were identified based on the 
pivotal regulators that may manipulate important parts of the 
module subnetwork. A total of 16 OA dysfunction modules 
were obtained, involving the aggregation of 3,239 module 
genes. Then, enrichment analysis showed that module genes 
were significantly involved in apoptosis, inflammation‑related 
functions and signaling pathways. Finally, we revealed a series 
of regulators, including 842 ncRNA (miR‑132‑3p, miR‑130a‑3p 
and miR‑590‑3p), 59 transcription factors (NFKB1, RELA 
and STAT3). We consider that STAT3 is the core transcrip-
tion factor and promotes the development of OA through the 
signal of NF‑κB. Overall, our results provide biologists and 
pharmacists with a new way of thinking to reveal the disease 
process of OA, and provide a wider range of candidate targets 
for follow‑up research.

Introduction

Osteoarthritis (OA) is a degenerative joint disease involving 
cartilage and surrounding tissues. The disease usually 
progresses slowly, but may eventually result in joint failure, 
degeneration, pain and even disability (1). It is characterised 

by the focal area of articular cartilage loss in synovial joints 
and its related symptoms such as osteophyte formation, 
subchondral bone changes and synovitis (2). The risk of knee 
and hip diseases is high, followed by widespread lower limb, 
hand OA and hip diseases (3). The main symptoms are pain, 
stiffness, joint deformity and cracking (4). Women are more 
affected by OA than men, and the incidence of OA increases 
with age (5). So it is considered the most frequent chronic joint 
disease (6). In addition, OA is the leading cause of disability, 
and its incidence is increasing (7). In most cases, joint degen-
eration occurs, but the risk of OA increases with age, joint 
overload, joint abnormalities and collisions (8). In addition, 
risk factors for the disease include bone marrow edema, 
synovitis and joint effusion (9). Therefore, OA, as a common 
complex disease, is a prominent public health burden (10). 
Studies have shown that exercise therapy can effectively 
relieve pain in patients with OA of the hip or knee joint, but 
the cost is high (11). Non‑surgical treatment is usually the best 
choice, mainly based on everyday life adaptation, weight loss 
and exercise, combined with drug therapy (12). In addition, 
conservative OA‑specific therapy can also improve pain and 
function, and reduce the risks of surgery in patients with hip or 
knee OA (13). In addition to surgical treatment of severe OA, 
traditional treatments include non‑steroidal anti‑inflammatory 
drugs to relieve pain symptoms, anesthetic and non‑anesthetic 
(limp) analgesics and physiotherapy (14). Viscoelastic supple-
mentation with hypertonic acid (HA) injection is often used 
for local treatment of OA (15). OA has a potential inflamma-
tory phenomenon which causes loss of chondrocytes, thus 
reducing the cartilage layer at the joint. Compounds with 
anti‑inflammatory properties are potential therapeutic agents 
for OA (16). Some studies have shown that etoxib has a posi-
tive effect on OA inflammation, and shows good tolerance 
and low incidence of side effects (17). Collagen hydrolysate 
is a potential therapeutic agent for OA and osteoporosis (18). 
However, these drugs can only improve mild OA and have no 
good effect on serious diseases requiring surgical treatment. 
Therefore, how to reduce the clinical symptoms of severe OA 
patients by non‑surgical methods is of particular importance.

Herein, we propose a comprehensive strategy for exploring 
the probable pathogenic process of OA based on functional 
dysfunction module. In this study, we identified that STAT3 
may take part in these dysfunction modules and play an 
important role in mediating the NF‑κB signaling pathway, 
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thereby promoting OA. In conclusion, our integrated strategy 
based on functional modules not only helps to explore the 
hypothetical molecular mechanism of OA, but also provides 
rich resources and guidance for biologists to further design 
experiments.

Materials and methods

Differential expression analysis. We collected expression 
microarray data sets of OA‑related disease samples from 
NCBI Gene Expression Omnibus (GEO) database  (19), 
number GSE55235. Difference analysis was performed on the 
collected disease samples (patients with normal‑OA) using the 
R language limma package (20). 

The study was approved by the Ethics Committee of Second 
Hospital of Shanxi Medical University (Taiyuan, China).

Co‑expression analysis. In order to study the co‑expression 
of OA‑related genes, we used weighted gene co‑expression 
network analysis (WGCNA) (21) to analyze the RNA expres-
sion matrix of OA‑related genes and to find the co‑expression 
gene module. The weighted value of correlation coefficient, 
i.e., the N power of gene correlation coefficient, was utilized 
to calculate the correlation coefficient (Person coefficient) 
between any two genes. The connection between genes in the 
network obeys scale‑free networks, which make the algorithm 
more biologically meaningful. Then, a hierarchical clustering 
tree was built by the correlation coefficient between genes. 
Different branches of the clustering tree represent separate 
gene modules, and different colors represent different modules. 
Finally, 16 significant OA‑related gene co‑expression modules 
were extracted.

Functional pathway enrichment analysis and identifica‑
tion of dysfunctional modules. Exploring the function and 
signaling pathway of genes is often an effective wany to study 
the molecular mechanism of diseases. R  language Cluster 
Profiler package (22) was used to analyze gene enrichment in 
16 modules (P‑value cutoff = 0.01, q‑value cutoff = 0.01) and 
KEGG pathway (P‑value cutoff = 0.05, q value Cutoff = 0.2). 
Then, the functions and pathways related to the process of OA 
were screened and bubble maps were drawn.

Regulator analysis. Pivot regulator is defined as a regulator, 
which substantially regulates the dysfunction module of 
arthritis. Gene transcription and post‑transcriptional regu-
lation are often driven by non‑coding genes (ncRNA) and 
transcription factors  (TF). The transcription factor target 
data was downloaded from TRRUST V2 database (23), and 
71 interaction pairs of 59 transcription factors were obtained. 
Then, ncRNA‑RNA (protein) data were downloaded from 
RAID 2.0 database (24), and 1,661 interaction pairs involving 
842 ncRNAs were obtained. Pivot analysis based on the inter-
action data was carried out to identify the regulatory effects 
of these transcription factors and ncRNA on the modules. 
Pivot analysis refers to search for at  least  two interacting 
drivers with the module in the target pair and calculating 
the significance of the interaction between the driver and the 
module according to the hypergeometric test. TF and ncRNA 
with P<0.01 are the pivots of the significant regulatory 

module. Finally, the core pivots were recognized by statis-
tical analysis.

Results

Identification of time‑series expression disorders in OA. In 
order to further explore the occurrence and progress of OA, 
data sets of gene expression profiles related to OA we down-
loaded from GEO database. Built on the differential analysis 
of genes, 3,239 differential genes were obtained to identify the 
key genes that play a continuous role in the regulation of OA 
in the disease process (Table SI).

Identification of staging related modules for functional 
OA. Based on WGCNA network, 16 co‑expression modules 
(Fig. 1A and B) were generated for the analysis of persis-
tent dysfunction genes. The key genes of each module were 

Figure 1. Clustering module of co‑expression relations of OA‑related genes. 
(A) According to the synergistic expression relationship of altered genes, 
16 modules were clustered. A color represents a module. (B) Thermogram 
of modular gene expression in samples. In the OA disease sample, the phe-
nomenon of grouping expression is intuitively presented. OA, osteoarthritis.
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identified based on functional impairment modules, which 
showed significant clustering phenomena in the samples. These 
functional modules may participate in different functions and 
pathways, thus representing diverse regulatory mechanisms to 
mediate the occurrence and development of OA dysfunction.

Functions and pathways of genes of interest. Studying the func-
tion and pathway of gene involvement is an essential means to 
identify the mediating pathogenesis. In order to study possible 
dysfunction caused by module gene disorder, the enrichment 
was analyzed of function and pathway of each module. The 
results showed that most of the functional modules added 
value in OA‑related functions and pathways. GO function and 
KEGG pathway enrichment analysis on 16 functional modules 
were performed. A total of 10,759 functions and 263 KEGG 
pathway enrichment results were obtained. These include 

1,576 molecular functions (MF), 852 cell components (CC) 
and 8,331 biological processes (BP) involving genes (Fig. 2 
and Table SII).

It is noteworthy that the AMPK/NF‑κB signaling pathway 
in which they are substantially involved may be identified as 
the core signaling pathway to accelerate the disease progres-
sion of OA. As noted above, we found that the NF‑κB signaling 
pathway may be closely related to the acceleration of OA.

TF and ncRNA driving OA. Although the regulation of 
single or several transcription factors and ncRNA on OA 
have been studied by biologists, few studies have focused on 
their comprehensive regulation of dysfunctional modules. 
According to the number of regulatory module genes 
and the significance, the potential regulatory effect of 
901 pivot regulators on the module were determined. These 

Figure 2. Modular genes participate in function and pathway identification of OA dysfunction module. (A) GO functional enrichment analysis involving 
module genes. The darker the color, the stronger the significance of enrichment. The larger the circle, the larger the proportion of module genes in GO 
functional entry genes. (B) Enrichment analysis of KEGG pathway involving modular genes. The darker the color, the stronger the significance of enrichment. 
The larger the circle, the larger the proportion of module genes to KEGG pathway entry genes. OA, osteoarthritis.
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include 842 ncRNA and 59 transcription factors, involving 
1,661 ncRNA‑module interaction pairs and 71 TF‑module 
target pairs. Statistical analysis of the predicted results 
showed that miR‑132‑3p targeted as many as 11 dysfunction 
modules, respectively, and had a significant regulatory effect 
on OA (Fig. 3). In addition, miR‑130a‑3p and miR‑590‑3p 

regulated 10 dysfunction modules, respectively, and were 
identified as pivot regulators. Other ncRNAs also regulate 
multiple dysfunction modules to various degrees, and have 
potential effects on OA. The regulatory effect of transcrip-
tion factors on diseases could be overlooked. Depending on 
statistics, NFKB1 and RELA have significant regulatory 

Figure 3. ncRNA regulatory network map of OA. Purple triangle represents a module, and blue box represents the ncRNA corresponding to the module. OA, 
osteoarthritis.

Figure 4. The regulatory network of transcription factors in OA includes dark green quadrilateral module and light green rectangle module. OA, osteoarthritis.
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effects on four dysfunction modules, while STAT3 plays a 
role on three modules (Fig. 4). These transcription factors 
may mediate dysfunction modules to regulate the occurrence 
and progress of OA, and play a key role in the pathogenesis of 
OA. Other TFs also have a definite regulatory effect on func-
tional modules, which may affect the progress of the disease. 
A thorough study of the regulatory role of pivot regulators on 
dysfunction modules will allow us to understand the under-
lying mechanisms of diseases. These pivot regulators can be 
used as candidates for further experimental studies.

Discussion

OA is one of the most frequent chronic diseases. With the 
increase in life expectancy, the incidence of OA will continue 
to rise (25). The pathogenesis of OA involves many factors, 
including mechanics, effects of aging on the composition and 
structure of the cartilage matrix, and genetic factors  (26). 
Among them, serum microRNA level has an important 
regulatory relationship with the development of severe OA of 
the knee joint and hip joint (27). Rousseau et al (28) found 
that serum periosteal protein was involved in the prevalence 
and development risk of knee OA in women. In order to 
fully explore the core pathways and regulators of OA, we 
first integrated related differential genes for differential 
analysis, and finally obtained 3,239 differential genes. The 
key gene statistics found that proteins play an important role 
in promoting the operative mechanism of OA. In view of the 
early stage of OA, including the effects of cell proliferation 
and chondrocytes in the synthesis of inflammatory media-
tors such as matrix proteins, proteases, growth factors and 
cytokines (26). Studies have revealed that in the late stage of 
OA, bone tissue blood flow and oxygen content significantly 
decreased. It also has a negative effect on bone cells, induces 
them to release protein (cytokines), promotes bone remodeling 
and cartilage destruction (29). We observed the co‑expression 
behavior of the differentially expressed genes in the disease 
samples. From this, we obtained 16 co‑expression modules. 
The genes contained in the modules were reckoned to have 
co‑expression. Subsequently, in view of the consequences 
of enrichment analysis, we found that genes in 11 functional 
modules of OA mainly participate in the functional pathways 
of NF‑κB signaling pathway. These include maintenance of 
protein localization in organelle, epidermal growth factor‑acti-
vated receptor trans activation by G‑protein coupled receptor 
signaling pathway and chondrocyte proliferation. The NF‑κB 
signaling pathway is thought to be the core signaling pathway 
to promote the progression of OA. Through the review of 
Saito and Tanaka (30) we found two kinds of multifunctional 
signaling pathways in the development of OA: Notch and 
NF‑κB in activated B cells, and determined that articular 
chondrocytes regulate the progress of OA through these path-
ways. miR‑146 promotes the proliferation and inhibit apoptosis 
of OA chondrocytes by inhibiting the expression of TRAF6 
and the inhibition of NF‑κB signaling pathway (31). In addi-
tion, high expression of Sam68 can promote the activation of 
TNF‑α‑induced chondrocyte NF‑κB signaling, the expression 
of decomposition genes and cell apoptosis, which provides a 
possible target for the pathophysiological study and treatment 
of OA (32).

To elucidate the transcriptional regulatory factors of OA, 
pivot regulators were analyzed based on transcriptional and 
post‑transcriptional regulatory relationships. The results 
showed that microRNAs mainly composed of microRNAs 
such as miR‑132‑3p, miR‑130a‑3p and miR‑590‑3p played a 
major role in the regulation of OA. The results showed that 
miR‑132‑3p promoted cartilage formation and differentiation 
of rMSCs, possibly through targeting ADAMTS‑5, which 
provided a new perspective for cartilage differentiation and 
pathology of OA (33). In addition, miR‑130a plays an impor-
tant role in regulating the expression of TNF‑alpha in human 
chondrocytes, and it will be a novel therapeutic target for 
OA (34). Relevant studies have shown that elevated concentra-
tion of melatonin may lead to the inhibition of the expression 
of microRNA‑590‑3p and upregulation of the target gene 
of human osteoblast apoptosis (35). Building on our obser-
vations, we found that microRNAs that regulate multiple 
modules target genes and pathways related to OA, thus 
providing a comprehensive understanding of the molecular 
network underlying the pathogenesis of OA. Transcription 
factors such as NFKB1, RELA and STAT3 are key mediators 
in the process of OA‑related potential diseases. Their interac-
tions can regulate inflammation and metabolism in cells, and 
drive inflammatory cytokines and immune responses in OA 
microenvironment. In the process of OA, these three tran-
scription factors mediate four and three dysfunction modules 
respectively, and play an important role in the pathogenesis 
of OA. Recent studies have demonstrated that upregulation 
of microRNA‑9 or downregulation of NF‑κB1 can promote 
cell proliferation and inhibit cell apoptosis, and downregula-
tion of microRNA‑9 can directly bind to NF‑κB1, promote 
the proliferation and anti‑apoptosis of knee OA chondro-
cytes (36). In addition, in vitro studies have shown that Rela 
is a fundamental subunit mediating the signal transduction of 
NF‑κB, involved in cartilage formation and differentiation, 
cell survival and production of catabolic enzymes (37). These 
pivot regulators together mediate functional dysfunction 
modules, play an overall supervisory role, and represent the 
accelerating process of OA disease.

In conclusion, the study of gene involvement in signaling 
pathways will allow us to analyze the progress of disease. 
In view of the differential genes, we obtained, STAT3 
speeds up the progression of OA through the NF‑κB 
signaling pathway. Activation of nuclear factor NF‑κB 
protein triggers the expression of a series of genes, leading 
to joint destruction and the occurrence and development 
of OA (OA) (38). ACY‑1215, an inhibitor, mainly induces 
STAT3 in OA chondrocytes to downregulate the expression 
of matrix‑degrading proteinase through NF‑κB signaling 
pathway, thus improving cartilage degradation and exerting 
effective cartilage protection (39). In addition, chondroitin 
sulfate (CS) is a slow‑acting disease regulator in the treat-
ment of OA. Its beneficial effect is the anti‑inflammatory 
properties caused by the inhibition of the signal transduction 
pathway of NF‑κB or STAT3 (40). In general, functional 
module‑based approaches cannot only explore the patho-
genesis and development of diseases comprehensively and 
deeply, but also provide abundant resources for potential 
candidates of TF and pivot ncRNAs, and predict their poten-
tial therapeutic methods and mechanisms.
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