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	 Background:	 Osteoarthritis (OA) is a common disorder in the elderly. OA influences the daily life of patients and has become 
a worldwide health problem. It is still unclear whether the pathogenesis mechanism is different between males 
and females. This study investigated the differentially expressed genes (DEGs) and explored the different sig-
naling pathways of OA between males and females.

	 Material/Methods:	 Data sets of GSE55457, GSE55584, and GSE12021 were retrieved from Gene Expression Omnibus to conduct 
DEGs analysis. Enrichment analysis of Kyoto Encyclopedia of Genes and Genomes pathway and Gene Ontology 
term was performed using the Database for Annotation, Visualization and Integrated Discovery (DAVID) bio-
informatics tool. The protein interaction network was constructed in Cytoscape 3.7.2. qRT-PCR was then per-
formed to validate the expression of hub genes in OA patients and healthy people.

	 Results:	 In total, 4 co-upregulated and 10 co-downregulated genes were identified. We found that enriched pathways 
were different between males and females. BCL2L1, EEF1A1, EEF2, HNRNPD, and PABPN1 were considered as 
hub genes in OA pathogenesis in males, while EEF2, EEF1A1, RPL37A, FN1 were considered as hub genes in OA 
pathogenesis in females. Consistent with the bioinformatics analysis, the qRT-PCR analysis also showed that 
the gene expression of BCL2L1, HNRNPD, and PABPN1 was significantly lower in male OA patients. In contrast, 
EEF2, EEF1A1, and RPL37A were significantly lower in female OA patients.

	 Conclusions:	 The DEGs identified may be involved in different OA disease progression mechanisms between males and fe-
males, and they are considered as treatment targets or prognosis markers for males and females. The patho-
genesis mechanism is sex-dependent.
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Background

The most common manifestation of joint degeneration is os-
teoarthritis (OA) [1,2]. Pain is the primary symptom of osteo-
arthritis, and limited joint mobility is seen in some severe cas-
es [3]. OA can cause not only pain but also disability, which is 
estimated to affect about 7–19% of adults [3]. OA, thus, has 
become a severe social health problem seriously affecting pa-
tients’ daily lives [4,5]. Currently, no drugs can completely cure 
osteoarthritis. Joint replacement is often given to patients with 
end-stage OA. The pathogenesis of osteoarthritis has not been 
well elucidated. Thus, a comprehensive understanding of OA 
pathogenesis is essential to improve OA treatment strategies.

Loss of cartilage and chondrocyte senescence are 2 significant 
features of OA [6]. Direct or indirect stress and friction dam-
age to articular cartilage and subchondral bone may be the 
main inducers of osteoarthritis. It is reported that direct stress 
can activate articular chondrocytes, causing the secretion of 
proteases and inflammatory cytokines, subsequently leading 
to the degradation of collagen in cartilage and surrounding 
tissues and increased levels of inflammatory mediators [7]. 
Ligaments become loosened, and nerve reflexion is slowed 
with age, resulting in joint instability and cartilage damage; 
these developments lead to pathological changes of osteoar-
thritis such as chondrocyte activation and increased secretion 
of proteases and inflammatory cytokines [6]. However, it is un-
clear whether the OA pathogenesis mechanism is sex-depen-
dent. Bioinformatics analysis technology allows a comprehen-
sive analysis by organizing and integrating data, in which the 
main research objective is genetic sequencing of data. It has 
been successfully applied in research on many diseases and 
has achieved some promising results [8,9]. Bioinformatics anal-
ysis also has provided some ideas and evidence regarding the 
pathogenesis and treatment of osteoarthritis [10].

In the present study, we hypothesized that OA pathogenesis is 
sex-dependent, and the objective was to compare sex-depen-
dent DEGs between osteoarthritis patients and healthy sub-
jects using bioinformatics tools. The hub genes of DEGs were 
identified through protein interaction analysis. qRT-PCR was 
performed to validate the distinct DEGs identified between 
males and females.

Material and Methods

Microarray data search and election

RNA sequencing data comparing OA patients and healthy sub-
jects were searched from the NCBI Gene Expression Omnibus 
(GEO) database [11]. The sequencing results supported by the 
same platform were downloaded and analyzed.

Identification of DEGs and co-upregulated genes and co-
downregulated genes in males and females

Morpheus (Morpheus, https://software.broadinstitute.org/
morpheus) was used to analyze DEGs. Morpheus is an on-
line versatile matrix visualization and analysis software that 
can analyze the re-organized sequencing data. The heatmap 
was obtained with Morpheus. Signal-to-noise ratios >2 or <–2 
were defined as DEGs. Venny 2.1.0 (http://bioinfogp.cnb.csic.
es/tools/venny/index.html) was used to identify the common 
DEGs in males and females.

Analysis of Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway and Gene Ontology (GO) term enrichment

Analyses of the KEGG pathway and GO term enrichment of 
DEGs were performed using the Database for Annotation, 
Visualization and Integrated Discovery (DAVID) Bioinformatics 
Resources to interpret biological processes of DEGs between 
males and females [12,13].

Protein–protein interaction (PPI) network analysis

DEGs of males and females were imported into the Search Tool 
for the Retrieval of Interacting Genes (STRING, www.string-db.
org) to establish a PPI network. A combined score >0.5 was 
defined as identification. The PPI network was imported into 
Cytoscape software 3.7.2 for protein interaction analysis. With 
the plugin software Centiscape 2.2, the gene lists of the top 20 
ranked in Degree, Betweenness, Closeness, Stress, Radiality, 
Eccentricity, and EigenVector were obtained. Genes that ap-
peared on every list were considered hub genes.

Synovial fluid collection

From July 2016 to August 2018, synovial fluid samples from 
non-OA patients (undergoing amputation due to severe trauma) 
and OA patients in Shanghai Tongji Hospital (6 male non-OA, 
6 male OA, 6 female non-OA, and 6 female OA patients) were 
collected to determine mRNA levels. The study protocol was 
reviewed and approved by the Committees of Clinical Ethics 
of Tongji Hospital, Tongji University School of Medicine. Each 
participant signed the informed consent documents.

qRT-PCR analysis

Total RNA from synovial fluids samples was isolated with 
TRIzol. The protocol for cDNA synthesis was reverse transcrip-
tion at 42°C for 75 min and at 98°C for 5 min. The qPCR pro-
tocol was 1. 95°C for 30 s, 40 cycles at 95˚C for 5 s, and 60°C 
for 30 s. The relative expression level was determined as tar-
geting genes divided by GAPDH. Relative miRNA expression 
was generated with 2–DDCq method. Primers used in this study 
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are shown in Table 1. All experiments were performed inde-
pendently in triplicate.

Statistical analysis

GraphPad 8.0 was used to perform statistical analysis. The re-
sults are presented as mean±standard deviation (mean±SD). 
The t test was performed to compare expression levels. P<0.05 
was regarded as statistical significance. All experiments were 
performed in triplicate.

Results

Identification of DEGs

Datasets of GSE55457, GSE55584, and GSE12021 supported 
by platform GPL96 were obtained from GEO. There were 22 
osteoarthritis cases and 4 normal cases in the female group 
and 4 OA cases and 15 normal cases in the male group after 
screening and organizing. We identified 128 downregulated 
DEGs and 54 upregulated DEGs in females, and 336 down-
regulated DEGs and 220 upregulated DEGs were identified in 
males. The top 50 upregulated and downregulated genes of 
females and males are shown in Figure 1.

Identification of common DEGs in males and females

The DEGs lists of males and females were imported into the 
Venn Diagram online tool. The intersection of upregulated 

DEGs in OA of females and males was obtained as co-upreg-
ulated DEGs (SNX2, HMGN4, TMED10, HDHD1). The intersec-
tion of downregulated DEGs in OA of female and male was 
obtained as co-downregulated DEGs (TNPO1, KRTAP5-8, FN1, 
RBBP6, TOB2, CAPN2, LPP, EEF1A1, EEF2, EPAS1) (Figure 2).

Enrichment analysis of KEGG pathway and GO terms

Analysis of GO term enrichment showed that female-specific DEGs 
were significantly enriched in protein targeting to ER, cotransla-
tional protein targeting to membrane, and SRP-dependent co-
translational protein targeting to membrane of biological pre-
cess; in structural constituent of ribosome, RNA binding, and 
Poly(A) RNA binding of molecular functions; and in cytosolic ri-
bosome, ribosomal subunit, adherens junction of cellular com-
ponent (Table 2). The male-specific DEGs were significantly en-
riched in response to endogenous stimulus, cellular response to 
endogenous stimulus, gene expression of biological process; and 
in organic cyclic compound binding, Poly(A) RNA binding, RNA 
binding of molecular functions; in nucleoplasm, cytosol, nucleo-
plasm part of cellular component (Table 3). The 5 KEGG path-
ways with smallest p values in females were ribosome pathway, 
RNA transport pathway, shigellosis pathway, ECM-receptor in-
teraction pathway, and amoebiasis pathway. The 5 KEGG path-
ways with smallest p values in males were Alzheimer’s disease 
pathway, vibrio cholerae infection pathway, RNA transport path-
way, epithelial cell signaling in Helicobacter pylori infection, and 
synaptic vesicle cycle pathway (Table 4, Figure 3).

Construction of PPI network and identification of hub 
genes

The PPI network was constructed by STRING (Figure 4). The net-
work file was imported into Cytoscape 3.7.2. The genes were 
ranked by Degree, Betweenness, Closeness, Stress, Radiality, 
Eccentricity, and EigenVector. EEF2, EEF1A1, RPL37A, and FN1 
were considered as hub genes in females. BCL2L1, EEF1A1, 
EEF2, HNRNPD, and PABPN1 were considered as hub genes in 
males. The degree, betweenness, and closeness information 
of hub genes is listed in Figure 5. The top 50 genes of degree 
in the PPI network are shown in Figure 6 with information on 
gene position and signal-to-noise ratios.

Validation of the hub genes in OA patients

Six male non-OA patients, 6 male OA patients, 6 female non-
OA patients, and 6 female OA patients were collected for deter-
mination of mRNA levels. Patient characteristics are shown in 
Table 5. It was found that the expression of BCL2L1, HNRNPD, 
and PABPN1 in OA patients was lower than in healthy peo-
ple in males, and the expression of EEF2, EEF1A1, and RPL37A 
in OA patients was lower than in healthy people in females 
(p<0.001) (Figure 7).

hsa-BCL2L1 – Forward GAGCTGGTGGTTGACTTTCTC

hsa-BCL2L1 – Reverse TCCATCTCCGATTCAGTCCCT

hsa-HNRNPD – Forward GCGTGGGTTCTGCTTTATTACC

hsa-HNRNPD – Reverse TTGCTGATATTGTTCCTTCGACA

hsa-PABPN1 – Forward GCTGGAAGCTATCAAAGCTCG

hsa-PABPN1 – Reverse CCTGGAGGTGGACTCATATTCA

hsa-EEF2 – Forward AACTTCACGGTAGACCAGATCC

hsa-EEF2 – Reverse TCGTCCTTCCGGGTATCAGTG

hsa-EEF1A1 – Forward TGTCGTCATTGGACACGTAGA

hsa-EEF1A1 – Reverse ACGCTCAGCTTTCAGTTTATCC

hsa-RPL37A – Forward CCAAACGTACCAAGAAAGTCGG

hsa-RPL37A – Reverse GCGTGCTGGCTGATTTCAA

hsa-GAPDH – Forward CCGTTGAATTTGCCGTGA

hsa-GAPDH – Reverse TGATGACCCTTTTGGCTCCC

Table 1. The information of the primers’ sequencing.
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Figure 1. �Heat map of the top 100 DEGs of GSE55457, GSE55584, and GSE12021. Red represents upregulation and blue represents 
downregulation. (A) Females. (B) Males.
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Discussion

Osteoarthritis (OA) is a common disorder in the elderly. Pain 
is the main symptom, and in some severe cases, joint mobil-
ity is limited [3]. Osteoarthritis influences the daily life of pa-
tients and has become a worldwide health problem, affect-
ing 7–19% of adults [14–18]. It is a major source of pain and 
disability in the elderly. There are no currently available drugs 
that can completely cure OA, and it is often hard to avoid joint 
replacement in patients with end-stage OA. Osteoarthritis is 

age-related, and the pathological basis is cartilage degenera-
tion [19]. However, the mechanism underlying the pathogenesis 
of osteoarthritis has not been fully elucidated, and it is also un-
clear whether the pathogenesis mechanism is sex-dependent.

In this study, after data extraction and collation of GSE55457, 
GSE55584, and GSE12021, we compared 22 females with 
OA and 4 normal females and 4 males with OA and 15 nor-
mal males. In total, 128 downregulated DEGs and 54 upreg-
ulated DEGs were identified in females, and 220 upregulated 
and 336 downregulated DEGs were identified in males. SNX2, 
HMGN4, TMED10, and HDHD1 were considered as co-upregu-
lated DEGs, and TNPO1, KRTAP5-8, FN1, RBBP6, TOB2, CAPN2, 
LPP, EEF1A1, EEF2, and EPAS1 were considered as co-down-
regulated DEGs between males and females. These genes may 
potentially participate in the onset and progression of osteo-
arthritis in both males and females. In this study, the 5 KEGG 
pathways with smallest p values enriched in females were ri-
bosome pathway, RNA transport pathway, shigellosis pathway, 
ECM-receptor interaction pathway, and amoebiasis pathway. 
The 5 KEGG pathways with smallest p values enriched in males 
were vibrio cholerae infection pathway, RNA transport path-
way, Alzheimer’s disease pathway, synaptic vesicle cycle path-
way, and epithelial cell signaling in Helicobacter pylori infection. 
The ribosome and RNA transport KEGG pathway have been 
previously shown to participate in the pathogenesis of osteo-
arthritis [20,21]. Many studies also showed that ECM-receptor 
interaction is involved in osteoarthritis development [22–35]. 
However, the association of sex on these pathways involved in 
OA has not been studied. Interestingly, the ribosome pathway 
has also been found to play a dominant role in rheumatoid 
arthritis [36]. Although there are few reports on the relation-
ship between the KEGG pathway in Alzheimer’s disease and 
osteoarthritis, it was found that osteoarthritis can accelerate 

Term Name Count P-value

A, Biological Processes

GO: 0006614 SRP-dependent cotranslational protein targeting to membrane 19 7.2E-17

GO: 0006613 Cotranslational protein targeting to membrane 19 2.7E-16

GO: 0045047 Protein targeting to ER 19 3.2E-16

B, Molecular Functions

GO: 0044822 Poly(A) RNA binding 48 8.2E-13

GO: 0003723 RNA binding 56 5.0E-12

GO: 0003735 Structural constituent of ribosome 19 3.4E-10

C, Cellular component

GO: 0022626 Cytosolic ribosome 20 2.4E-15

GO: 0044391 Ribosomal subunit 20 5.0E-12

GO: 0005912 Adherens junction 35 1.8E-11

Table 2. GO analysis of DEGs of female in biological process, molecular function and cellular component.
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Figure 2. �Co-upregulated and downregulated DEGs were 
calculated by Venn diagram. The intersection of purple 
(upregulated DEGs in females) and green (upregulated 
DEGs in males) represents co-upregulated DEGs. 
The intersection of yellow (downregulated DEGs in 
females) and pink (downregulated DEGs in males) 
represents co-downregulated DEGs.
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and exacerbate Alzheimer’s disease pathology in mice [37]. 
For the other KEGG pathways DEGs enriched in males, there 
are few reports regarding their relationship with osteoarthri-
tis. Therefore, it is possible that the results from most of the 
previous studies might be neutralized or biased as they did 
not consider sex differences in OA progression. Although the 

clinical manifestations of osteoarthritis in women and men are 
similar, our results show that the pathogenesis may not be 
the same. Further research is necessary to focus on the mech-
anism based on sex differences.

Term Name Count P-value

A, Biological Processes

GO: 0009719 Response to endogenous stimulus 82 5.1E-8

GO: 0071495 Cellular response to endogenous stimulus 68 5.1E-8

GO: 0010467 Gene expression 207 6.5E-8

B, Molecular Functions

GO: 0003723 RNA binding 79 8.5E-6

GO: 0044822 Poly(A) RNA binding 62 9.1E-6

GO: 0097159 Organic cyclic compound binding 219 1.6E-5

C, Cellular component

GO: 0005654 Nucleoplasm 150 6.3E-11

GO: 0005829 Cytosol 152 1.5E-7

GO: 0044451 Nucleoplasm part 49 6.4E-7

Table 3. GO analysis of DEGs of male in biological process, molecular function and cellular component.

Term Count P-value

Female

hsa03010 Ribosome 19 4.0E-12
RPL19, RPL14, RPL27A, RPLP2, RPL23A, RPS4X, RPS2, RPS18, 
RPS28, RPS17, RPS3A, RPL13A, RPL22, RPLP1, RPL3, RPL37A, 
RPS10, RPS23, RPS24 

hsa03013 RNA transport 9 6.9E-3
SUMO3, SUMO2, EEF1A1, RAE1, NUP50, LOC101929087, 
PABPC1, FXR2, NMD3

hsa05131 Shigellosis 5 2.0E-2 ACTB, ACTG1, CTTN, CD44, RELA

hsa04512 ECM-receptor interaction 5 5.3E-2 VWF, LAMA3, COL4A1, CD44, FN1

hsa05146 Amoebiasis 5 9.4E-2 LAMA3, COL4A1, RELA, GNAS, FN1

Male

hsa05110 Vibrio cholerae infection 10 3.1E-5
ACTB, ATP6V1C1, ACTG1, PLCG1, PRKACA, ATP6V1G1, 
ATP6V0D1, ATP6V1D, ATP6V0A2, ATP6V0B

hsa03013 RNA transport 15 1.0E-3
EEF1A1, RGPD5, RGPD8, RGPD4, DDX39B, RGPD3, NXF2B, 
NXF2, UBE2I, NXF1, RPP30, POP4, RANBP2, THOC2,  THOC1

hsa04712 Synaptic vesicle cycle 8 3.6E-3
ATP6V1C1, CPLX2, AP2S1, ATP6V1G1, ATP6V0D1, ATP6V1D, 
ATP6V0A2, ATP6V0B

hsa05120
Epithelial cell signaling 
in Helicobacter pylori 
infection

8 5.2E-2
ATP6V1C1, PLCG1, ATP6V1G1, IKBKB, ATP6V0D1, ATP6V1D, 
ATP6V0A2, ATP6V0B

hsa05010 Alzheimer’s disease 13 6.9E-3
APP, NDUFB6, ATP2A2, PSEN1, NDUFB8, NDUFV2, PPP3R1, 
FADD, ATP5G1, CAPN2, NDUFA1, APBB1, GAPDH

Table 4. KEGG pathway analysis of DEGs in females and males. Top 5 terms were selected according to P-value.

KEGG – Kyoto Encyclopedia Genes and Genomes.
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Figure 3. �(A) Enrichment analysis results of DEGs in females. (B) Enrichment analysis results of DEGs in males.
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Figure 4. �PPI network of DEGs in females and males constructed by STRING. (A) Females. (B) Males.
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Number Sex Age OA (Yes/No) Ethnic BMI, kg/m2 Concomitant with severe 
trauma (Yes/No)

1 Male 47 No Han 28 Yes

2 Male 54 No Han 24 Yes

3 Male 57 No Han 27 Yes

4 Male 46 No Han 26 Yes

5 Male 52 No Han 32 Yes

6 Male 55 No Han 25 Yes

7 Male 56 Yes Han 26 No

8 Male 54 Yes Han 24 No

9 Male 51 Yes Han 31 No

10 Male 59 Yes Han 29 No

11 Male 51 Yes Han 31 No

12 Male 47 Yes Han 27 No

13 Female 49 No Han 27 Yes

14 Female 54 No Han 25 Yes

15 Female 54 No Han 24 Yes

16 Female 46 No Han 26 Yes

17 Female 57 No Han 31 Yes

18 Female 59 No Han 29 Yes

Table 5. Characteristics of the included cases.
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Figure 5. �Information on hub genes in females and males. The length of the column represents the value of degree, the size of the 
bubble represents the value of betweenness, and the color of the bubble represents the value of closeness. (A) Females. 
(B) Males. Degree represents the association degree of one node and all the other nodes in the network. Closeness is the 
close degree of a node and other nodes in the network. Betweenness is the number of times that a node acts as the shortest 
bridge between the other 2 nodes.
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Table 5 continued. Characteristics of the included cases.

OA – osteoarthritis; BMI – body mass index

Number Sex Age OA (Yes/No) Ethnic BMI, kg/m2 Concomitant with severe 
trauma (Yes/No)

19 Female 56 Yes Han 27 No

20 Female 54 Yes Han 27 No

21 Female 54 Yes Han 31 No

22 Female 59 Yes Han 29 No

23 Female 51 Yes Han 31 No

24 Female 57 Yes Han 27 No

Signal to noise
1.0
0.5
0.0

–0.5
–1.0

A B

Figure 6. �Top 50 genes of degree in the PPI network of females and males. The color of the sectors represents the signal-to-noise 
value. The labels of hub genes are in blue. (A) Females. (B) Males.
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Figure 7. �Expression of hub genes in men and women. (A) The expression of BCL2L1, HNRNPD, and PABPN1 in OA patients was lower 
than in normal people in males. (B) The expression of EEF2, EEF1A1, and RPL37A in OA patients was lower than in normal 
people in females. *** p<0.001.
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In the analysis of PPI network construction, EEF2, EEF1A1, 
RPL37A, and FN1 were identified as hub genes in females, 
BCL2L1, EEF1A1, EEF2, HNRNPD, and PABPN1 were identified 
in males, and EEF2 and EEF1A1 were identified as hub genes 
both in females and males. However, other hub genes are to-
tally different between different males and females. By sy-
novial fluid test, it was found that the expression of BCL2L1, 
HNRNPD, and PABPN1 in OA patients was lower than in healthy 
people in males and the expression of EEF2, EEF1A1, RPL37A 
in OA patients was lower than in healthy people in females 
(p<0.001). Mi et al. identified RPL37A as the hub gene of os-
teoarthritis in women, which is consistent with our results [21]. 
FN1 is an osteoarthritis regulator [38] and BCL2L1 is a prosur-
vival gene related to OA [39]. From the top 50 genes of the 
degree in the PPI network of females, HUWE1 and RPS4X are 
located on chromosome X, while there are no genes on X chro-
mosome in males (Figure 6). RPS4X was also considered as an 
important gene in osteoarthritis in another study [21]. It ap-
pears that osteoarthritis in men and women may have differ-
ent pathogenesis mechanisms.

There are some limitations of this study. First, the sample size 
was small, as we included only 22 osteoarthritis patients and 
4 normal individuals among females and 4 OA patients and 15 

normal individuals among males. Second, we did not perform 
a subgroup analysis based on the causes of osteoarthritis, so 
our results might have been affected by confounding factors. 
However, our bioinformatics analysis results are consistent 
with qRT-PCR results, indicating that our results are reliable.

Conclusions

We obtained different hub genes of osteoarthritis for females 
and males by identifying DEGs and performing enrichment 
analysis for females and males separately. We concluded that 
the development of osteoarthritis in women and men is dif-
ferent. Our results provide some preliminary data for further 
mechanism investigation and “precision treatment”.
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