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Abstract. Osteoarthritis (OA) is the most prevalent chronic 
degenerative disease that affects the health of the elderly. The 
present study aimed to identify significant genes involved in 
OA via bioinformatics analysis. A gene expression dataset 
(GSE104793) was downloaded from the Gene Expression 
Omnibus. Bioinformatics analysis was then performed in 
order to identify differentially expressed genes (DEGs) 
between untreated chondrocytes and chondrocytes cultured 
with interleukin‑1β (IL‑1β) for 24 h. Gene Ontology (GO) 
and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway enrichment analyses were performed using 
Metascape. A protein‑protein interaction network of DEGs 
was constructed using the Search Tool for the Retrieval of 
Interacting Genes. Gene set enrichment analysis (GSEA) was 
performed using GSEA software. Furthermore, chondrocytes 
were extracted and treated with IL‑1β (10 ng/ml) for 24 h, and 
reverse‑transcription quantitative PCR was used to confirm 
differential expression of hub genes. Patient samples were also 
collected to verify the bioinformatic analysis results. Based 
on the cut‑off criteria used for determination of the DEGs, a 
total of 844 DEGs, including 498 upregulated and 346 down‑
regulated DEGs, were identified. The DEGs were mainly 
enriched in the GO terms and KEGG pathways ‘inflammatory 
response’, ‘negative regulation of cell proliferation’, ‘ossifica‑
tion’, ‘taxis’, ‘blood vessel morphogenesis’, ‘extracellular 
structure organization’, ‘mitotic cell cycle process’ and ‘TNF 

signaling pathway’. The majority of the PCR results, namely 
the differential expression of kininogen 2, complement C3, 
cyclin B1, cell division cycle 20, cyclin A2, 1‑phosphatidylino‑
sitol 4‑kinase, BUB1 mitotic checkpoint serine/threonine 
kinase, kinesin family member 11, cyclin B2 and BUB1 mitotic 
checkpoint serine/threonine kinase B were consistent with the 
bioinformatics results. Collectively, the present observations 
provided a regulation network of IL‑1β‑stimulated chondro‑
cytes, which may provide potential targets of OA therapy.

Introduction

Osteoarthritis (OA) is the most common age‑associated 
degenerative disease, which causes pain, stiffness and 
decreased function of the joints  (1‑3). With the increasing 
aging of the population, the incidence of OA is on the rise 
and affects >250 million individuals worldwide (4,5). Thus 
far, there is no effective treatment available for OA  (6). 
Non‑steroidal anti‑inflammatory drugs are approved for the 
symptomatic treatment of OA only (7). These drugs are only 
symptomatic treatments and do not delay the progression of 
OA (8). Therefore, understanding the mechanisms underlying 
the promotion of OA is essential for developing effective 
therapies for OA. 

The onset of OA is dependent on TNF‑α, interleukin 
(IL)‑1β and IL‑12 (9). IL‑1β is considered the initiator of the 
acute inflammatory response in OA (10) and has been demon‑
strated to be implicated in inducing chondrocyte apoptosis 
and degradation; thus, it may be used to generate an in vitro 
cellular model of OA (11). 

Apoptosis is known to be important in the pathophysiolog‑
ical processes of OA and IL‑1β has been reported to accelerate 
aging and increase the apoptotic index of chondrocytes (12). It 
is known that loss of chondrocytes induced by IL‑1β decreases 
the production of the chondrocyte matrix and increases 
cartilage damage (13). However, the changes in genes and the 
specific regulatory network during IL‑1β‑treated chondrocytes 
remain poorly understood. 

It is therefore important to understand the gene changes 
in chondrocytes caused by IL‑1β. With the development of 
high‑throughput sequencing technology and bioinformatics, 
numerous mRNAs have been identified. Microarray 
techniques and bioinformatics analyses have been extensively 
used to screen for differences at the genomic level involved 
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in IL‑1β‑stimulated chondrocyte apoptosis, enabling the 
identification of differentially expressed genes (DEGs) and the 
potential biological processes associated with OA progression. 

In the present study, a microarray dataset was down‑
loaded from the Gene Expression Omnibus (GEO) database 
and analyzed. Furthermore, potential Gene Ontology (GO) 
functional terms and pathways of these DEGs were analyzed. 
A protein‑protein interaction (PPI) network was then estab‑
lished in order to elucidate the hub genes that are involved 
in OA.

Materials and methods

Gene expression microarray data. Datasets comparing chon‑
drocytes that had been treated with either IL‑1β or placebo 
were selected. Search terms were as follows: Chondrocytes 
and IL‑1β. The gene expression profile from the dataset 
GSE104793 was downloaded from GEO (www.ncbi.nlm.nih.
gov/geo/). GSE104793 was based on the Affymetrix Mouse 
Gene 2.0 ST Array [transcript (gene) version] platform. The 
GSE104793 dataset contained six samples, including three 
untreated mouse articular chondrocyte samples and three 
IL‑1β‑treated primary mouse articular chondrocyte samples. 
The dataset GSE74220 was also downloaded from GEO. 
The GSE74220 dataset contained six samples, including 
three untreated human articular chondrocytes samples and 
three IL‑1β‑treated primary human articular chondrocyte 
samples. 

Differential expression analyses. Before the data analysis, 
normalization was performed to eliminate any discrepancies 
based on non‑conforming units. Raw data were processed via 
robust multi‑array average algorithm methods, as previously 
described (14). The Limma package in R software was used 
to select DEGs (14). To screen for DEGs, the cut‑off criteria 
were set as fold change (FC) >2 (|Log FC| >1) and P<0.05. 
Volcano plots were generated using the R package ggplot (15). 
A heatmap was drawn using the heatmap package of the R 
software (version 3.5.0).

GO and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
analysis of DEGs. Metascape is an online gene enrichment tool 
used to extract comprehensive biological information associ‑
ated with gene lists. GO and KEGG enrichment analyses were 
performed with the Metascape online tool (http://metascape.
org/gp/index.html#/main/step1)  (16). GO terms, including 
those in the categories biological process, cellular component 
and molecular function, were determined. Furthermore, Gene 
Set Enrichment Analysis (GSEA) (http://software.broadinsti‑
tute.org/gsea) was performed. 

PPI. Numerous DEGs are involved in the progress of 
IL‑1β‑induced chondrocytes and the association between these 
DEGs was determined using the Search Tool for the Retrieval 
of Interacting Genes (STRING) database (https://string‑db.
org/). A minimum required interaction score >0.9 was set 
as the criterion. Networks were visualized using Cytoscape 
(version 3.7.1) (17). Subsequently, a module analysis of the 
network was performed using the plugin Molecular Complex 
Detection (MCODE). The MCODE criteria for selection 

were as follows: Degree cut‑off ≥10, node score cut‑off ≥0.4, 
K‑core ≥4 and max depth=100.

Cell culture. Primary chondrocytes were isolated from mouse 
femoral condyles and tibial plateau cartilage tissue as previ‑
ously described (18). A total of 10 C57BL/6J male mouse pups 
(Beijing Vital Laboratory Animal Technology Co., Ltd; body 
weight, 2.5‑3.0 g; age, 5‑7 days) were housed under standard 
laboratory conditions (22±2˚C, 12‑h light/dark cycle) with food 
and water available ad libitum. Cervical dislocation euthanasia 
of all mouse pups was performed after pentobarbital sodium 
anesthesia (40 mg/kg; I.V.). In brief, the obtained cartilage 
fragments were cut into small pieces and washed with PBS. 
Subsequently, cartilage pieces were digested with 0.2% (w/v) 
collagenase type II (Sigma Aldrich; Merck KGaA) for 4 h 
at 37˚C. Next, 200 mesh‑filtrating screens were used to remove 
large fragments. Collected chondrocytes were cultured with 
Dulbecco's modified Eagle's medium (Gibco; Thermo Fisher 
Scientific, Inc.) supplemented with 25% fetal bovine serum 
(BD Biosciences). Cells at the second passage were used for 
the subsequent experiments. Chondrocytes were stimulated 
with IL‑1β (10 ng/ml) for 24 h as previously described (19). 
The present study was approved by The Ethics Committee 
of Renmin Hospital of Wuhan University (approval no. 
2019‑YLS‑0125, Wuhan, China).

Apoptosis assay. The apoptotic chondrocytes in the IL‑1β‑treated 
group were identified using an Annexin  V‑FITC/prop‑
idium iodide (PI) double staining kit (cat. no. 556547; BD 
Biosciences) according to the manufacturer's protocol. In brief, 
IL‑1β‑treated chondrocytes (5x106 cells/tube) were collected 
in a centrifuge tube. Subsequently, working solution (5 µl of 
FITC Annexin V and 1 µl of 50 µg/ml PI) was added, followed 
by incubation at room temperature in the dark for 15 min. 
Analysis of apoptosis was performed using flow cytometry 
(BD Biosciences).

Human cartilage. Human cartilage samples were collected 
from the Orthopedics Department of Renmin Hospital of 
Wuhan University (Wuhan, China). The present study was 
approved by the Ethics Committee of Renmin Hospital of 
Wuhan University (Wuhan, China). Written informed consent 
was obtained from all subjects. 

Table I. General characteristics of the patients of the present 
study.

Parameter	 OA (n=20)	 Control (n=20)	 P‑value

Age (years)	 67.56±5.69	 65.19±6.53	 0.518
BMI (kg/m2)	 24.53±4.78	 22.64±3.36	 0.049
Body height (m)	 162.45±7.31	 161.86±6.47	 0.502
Body weight (kg)	 64.29±10.91	 59.44±10.24	 0.731
Sex			   0.429
  Male 	 5	 3	
  Female	 15	 17	

OA, osteoarthritis; BMI, body mass index.
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Table II. Top 20 upregulated differentially expressed genes in interleukin‑1β‑treated chondrocytes compared with those of the 
control group.

Gene	 logFC	 AveExpr	 t	 P‑value	 adj.P.Val	 B

Serum amyloid A2	 5.9163 	 6.5406 	 73.1477 	 2.46x10‑13	 6.06E‑09	 18.6193 
C‑X‑C motif chemokine ligand 5	 6.5031 	 8.6703 	 64.0081 	 7.74x10‑13	 9.54E‑09	 18.1034 
Matrix metallopeptidase 3	 7.2795 	 8.1056 	 59.9409 	 1.36x10‑12	 1.12E‑08	 17.8193 
C‑X‑C motif chemokine ligand 1	 5.6297 	 8.4909 	 56.7565 	 2.18x10‑12	 1.13E‑08	 17.5675 
C‑C motif chemokine ligand 7	 5.1185 	 7.8909 	 56.4355 	 2.29x10‑12	 1.13E‑08	 17.5405 
Nitric oxide synthase 2	 6.2695 	 7.4200 	 54.3523 	 3.16x10‑12	 1.30E‑08	 17.3578 
Matrix metallopeptidase 13 	 4.4475 	 10.2420 	 53.0409 	 3.89x10‑12	 1.37E‑08	 17.2355 
Vanin 1	 5.9276 	 8.1563 	 48.6124 	 8.23x10‑12	 2.54E‑08	 16.7762 
C‑C motif chemokine ligand 2	 5.9043 	 7.8825 	 45.4236 	 1.47x10‑11	 4.03E‑08	 16.3943 
Haptoglobin	 6.0710 	 8.0656 	 44.0942 	 1.90x10‑11	 4.69E‑08	 16.2205 
Serum amyloid A1	 5.6294 	 5.3605 	 41.9865 	 2.89x10‑11	 6.48E‑08	 15.9255 
Vanin 3 	 4.2944 	 6.2530 	 41.0399 	 3.52x10‑11	 7.23E‑08	 15.7845 
Serpin family G member 1	 4.9816 	 6.8803 	 37.9014 	 6.96x10‑11	 1.32E‑07	 15.2758 
SLIT and NTRK like family member 6	 3.8563 	 6.9691 	 37.0835 	 8.39x10‑11	 1.48E‑07	 15.1317 
C‑X‑C motif chemokine ligand 3	 7.9719 	 6.9130 	 35.7119 	 1.16x10‑10	 1.90E‑07	 14.8786 
Serum amyloid A4, constitutive	 4.2909 	 5.7558 	 34.6319 	 1.51x10‑10	 2.17E‑07	 14.6682 
NFKB inhibitor zeta 	 3.2694 	 7.6966 	 34.6222 	 1.51x10‑10	 2.17E‑07	 14.6663 
Cholesterol 25‑hydroxylase	 3.0854 	 5.8962 	 34.4341 	 1.58x10‑10	 2.17E‑07	 14.6286 
Adrenomedullin	 3.7689 	 8.3151 	 32.1049 	 2.88x10‑10	 3.73E‑07	 14.1347 
Solute carrier family 39 member 8	 3.4395 	 8.4606 	 31.7193 	 3.19x10‑10	 3.93E‑07	 14.0478

FC, fold change; AveExpr, average expression; adj.P.Val, adjusted P‑value. 

Figure 1. DEG analysis between IL‑1β‑treated chondrocytes and normal chondrocytes. (A) Data prior to and after normalization. (B) Volcano plot of 844 
DEGs. Red dots indicate upregulated genes and green dots represent downregulated genes, while black dots indicate genes that were not significantly changed. 
(C) Heatmap of the top 100 DEGs with a fold change of >2. Green indicates high expression and red indicates low expression. DEGs, differentially expressed 
genes; IL, interleukin; con, control; FC, fold change.
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Control cartilage was harvested from patients with femoral 
neck fractures without any history of OA at the time‑point 
of total hip arthroplasty (n=20), whereas the pathological 
cartilage was acquired from patients with end‑stage symp‑
tomatic hip‑OA at the time‑point of total hip replacement 
surgery (n=20). The clinical characteristics of the patients are 
presented in Table I.

PCR. Total RNA from the chondrocytes was extracted using 
TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc.) and was 

preserved at ‑80˚C. The concentration of total RNA was 
quantified using a NanoDrop Lite spectrophotometer (Thermo 
Fisher Scientific, Inc.). Complementary (c)DNA was synthe‑
sized from 1 µg total RNA using a BeyoRT First‑Strand cDNA 
synthesis kit (Beyotime Institute of Biotechnology). Reverse 
transcription‑quantitative PCR (RT‑qPCR) was performed 
using a BeyoFast Probe One‑Step RT‑qPCR kit (Beyotime 
Institute of Biotechnology). In the detection system (LineGene 
9600 Plus; SIA Biosan) the following thermocycling condi‑
tions were used: 95˚C for 10 min, followed by 45 cycles of 

Table III. Top 20 downregulated differentially expressed genes in interleukin‑1β‑treated chondrocytes compared with that of the 
control group.

Gene	 logFC	 AveExpr	 t	 P‑value	 adj.P.Val	 B

C1q and TNF related 3 	 ‑3.6690 	 8.3401 	 ‑31.0716 	 3.81x10‑10	 4.27E‑07	 13.8982 
Collagen type X alpha 1 chain	 ‑2.5009 	 9.1546 	 ‑25.2285 	 2.25x10‑9	 1.34E‑06	 12.3160 
Sphingomyelin phosphodiesterase 3	 ‑2.6276 	 8.1092 	 ‑23.7519 	 3.76x10‑9	 1.68E‑06	 11.8366 
Fibroblast growth factor receptor 3	 ‑2.4767 	 7.6773 	 ‑23.2467 	 4.51x10‑9	 1.92E‑06	 11.6638 
E2F transcription factor 8	 ‑2.6635 	 6.4849 	 ‑21.2008 	 9.85x10‑9	 3.39E‑06	 10.9127 
Solute carrier family 35 member G1	 ‑2.0720 	 6.8393 	 ‑21.1527 	 1.00x10‑8	 3.39E‑06	 10.8940 
MAP7 domain containing 3	 ‑1.8313 	 7.6434 	 ‑20.4788 	 1.32x10‑8	 4.07E‑06	 10.6263 
Fibroblast growth factor 21	 ‑2.9702 	 7.3424 	 ‑20.1300 	 1.53x10‑8	 4.37E‑06	 10.4835 
Melanoma inhibitory activity 1	 ‑1.6634 	 8.1435 	 ‑19.5582 	 1.95x10‑8	 5.11E‑06	 10.2431 
Matrilin 3	 ‑2.8530 	 9.1627 	 ‑19.5269 	 1.97x10‑8	 5.12E‑06	 10.2296 
mir1983	 ‑1.7090 	 5.4264 	 ‑19.1513 	 2.33x10‑8	 5.94E‑06	 10.0668 
Noncompact myelin associated protein	 ‑1.6768 	 6.6249 	 ‑19.1406 	 2.34x10‑8	 5.94E‑06	 10.0621 
C‑type lectin domain family 3 member A	 ‑2.2555 	 9.0487 	 ‑19.0299 	 2.45x10‑8	 6.17E‑06	 10.0134 
SHC binding and spindle associated 1	 ‑1.6970 	 5.4181 	 ‑18.8890 	 2.61x10‑8	 6.50E‑06	 9.9509 
Cytochrome b5 reductase 2	 ‑1.8194 	 6.9376 	 ‑18.7210 	 2.82x10‑8	 6.80E‑06	 9.8757 
Solute carrier family 38 member 3	 ‑2.1951 	 8.1691 	 ‑18.4921 	 3.12x10‑8	 7.33E‑06	 9.7720 
Kinesin family member 11	 ‑1.6817 	 6.2994 	 ‑18.0989 	 3.74x10‑8	 8.70E‑06	 9.5903 
Family with sequence similarity 180	 ‑1.8312 	 6.7883 	 ‑17.6541 	 4.61x10‑8	 1.05E‑05	 9.3793
member A 
Myelin protein zero like 2	 ‑1.7372 	 6.1523 	 ‑17.4783 	 5.02x10‑8	 1.10E‑05	 9.2942 
mir323 	 ‑1.4407 	 5.4136 	 ‑17.4224 	 5.16x10‑8	 1.12E‑05	 9.2670

FC, fold change; AveExpr, average expression; adj.P.Val, adjusted P‑value. miR‑, microRNA.

Figure 2. Bar graph of enriched terms across input gene lists, colored by P‑values; a darker color indicates a greater‑log10 (P‑value). GO, Gene Ontology. 
mmu, mus musculus.
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95˚C for 30 sec, 60˚C for 30 sec and 72˚C for 30 min (20). 
The primers for each gene were as follows: Kininogen 2 
(KNG2) forward, 5'‑TGG​CCT​CGA​GAT​GTG​CTT​CAG‑3' 
and reverse, 5'‑TCT​CCT​TGG​CGG​CCG​CAC​TTC​CTT​C‑3'; 
cyclin B1 (CCNB1) forward, 5'‑AAC​ACG​CTG​CCT​GTC​TAC​
ACT‑3' and reverse, 5'‑CAG​TGC​AGG​GTC​CGA​GGT‑3'; cell 
division cycle 20 (CDC20) forward, 5'‑ACA​CCC​GTG​AGA​
GAG​ACTTG‑3' and reverse, 5'‑AAG​TCA​GTC​GGG​AAG​
GAA​GG‑3'; cyclin A2 (CCNA2) forward, 5'‑GAC​CCC​TTT​
ACT​CTG​ACC​CC‑3' and reverse, 5'‑AGG​CTC​CAG​TGA​
ATT​CGG​AA‑3'; 1‑phosphatidylinositol 4‑kinase (PIK1) 
forward, 5'‑ACA​GAT​GAA​GTG​CTC​CTT​CCA‑3' and reverse, 
5'‑GTCGGAGATTCGTAGCTGGA‑3'; BUB1 mitotic check‑
point serine/threonine kinase (BUB1) forward, 5'‑TGT​CTT​
CCT​CAC​CGA​TTC​CT‑3' and reverse, 5'‑ACC​ACC​CGA​GCT​
CTG​TCT​TAC​TC‑3'; GAPDH forward, 5'‑AGG​TCG​GTG​
TGA​ACG​GAT​TTG‑3' and reverse, 5'‑TGT​AGA​CCA​TGT​
AGT​TGA​GGT​CA‑3'; complement C3 (C3) forward, 5'‑CTC​
GCT​TCG​GCA​GCA​CA‑3' and reverse, 5'‑AAC​GCT​TCA​CGA​
ATT​TGC​GT‑3'; kinesin family member 11 (KIF11) forward, 
5'‑TCC​CTG​AGA​CCC​TAA​CTT​GTG​A‑3' and reverse, 5'‑AGT​
CTC​AGG​GTC​CGA​GGT​ATT​C‑3'; cyclin B2 (CCNB2) 
forward, 5'‑GCA​CCG​ACC​TCT​TCA​AGC‑3' and reverse, 
5'‑CCA​TGA​ACT​CCA​GTC​CTT​CA3'; BUB1 mitotic check‑
point serine/threonine kinase B (Bub1b) forward, 5'‑AAC​CAG​
GAT​GGG​TCA​CCA​TA‑3' and reverse, 5'‑ACT​GAA​ACC​CAA​
TGC​ACT​CC‑3'. GAPDH was used as the internal control. 
Relative gene expression levels were quantified using the 2‑ΔΔCq 
method (21).

Venn diagram. A Venn diagram was drawn using 
jvenn (http://www.bioinformatics.com.cn/static/others/
jvenn/example.html) to determine the common DEGs between 
the datasets.

Statistical analysis. Values are expressed as the mean ± stan‑
dard deviation. Statistical analyses were performed using 
the Student's t‑test using IBM SPSS version 21.0, software 
(IBM Corp.). P<0.05 was considered to indicate a statistically 
significant difference.

Results

Identification of DEGs. The box plot of the log expression 
values for all genes in each group (control vs. IL‑1β‑treated 
chondrocytes) prior to and after normalization were mapped 
(Fig. 1A). The median values of each sample were almost at 
a consistent level, suggesting that the data were eligible for 
further analysis. 

The heatmap (Fig. 1B) and volcano plot (Fig. 1C) display 
the DEGs in IL‑1β‑treated chondrocytes. Based on the cut‑off 
criteria used for determination of the DEGs, a total of 844 
DEGs, including 498 upregulated and 346 downregulated 
DEGs, were identified. The top 20 up‑ and downregulated 
DEGs are presented in Tables II and III, respectively. 

The top 20 upregulated DEGs were as follows: Serum 
amyloid A2, C‑X‑C motif chemokine ligand 5, matrix metal‑
lopeptidase 3, C‑X‑C motif chemokine ligand 1, C‑C motif 
chemokine ligand 7, nitric oxide synthase 2, matrix metallopep‑
tidase 13, vanin 1, C‑C motif chemokine ligand 2, haptoglobin, 

serum amyloid A1, vanin 3, serpin family G member 1, SLIT 
and NTRK like family member 6, C‑X‑C motif chemokine 
ligand 3, serum amyloid A4, constitutive, NFKB inhibitor zeta, 
cholesterol 25‑hydroxylase, adrenomedullin and solute carrier 
family 39 member 8. The top 20 downregulated DEGs were 
C1q and TNF related 3, collagen type X alpha 1 chain, sphingo‑
myelin phosphodiesterase 3, fibroblast growth factor receptor 3, 
E2F transcription factor 8, solute carrier family 35 member G1, 
MAP7 domain containing 3, fibroblast growth factor 21, mela‑
noma inhibitory activity 1, matrilin 3, microRNA (miR)‑1983, 
noncompact myelin associated protein, C‑type lectin domain 
family 3 member A, SHC binding and spindle associated 1, 
cytochrome b5 reductase 2, solute carrier family 38 member 3, 
kinesin family member 11, family with sequence similarity 
180 member A, myelin protein zero like 2 and miRNA 323.

GO term and KEGG pathway enrichment analysis of DEGs. 
GO enrichment analysis of DEGs using the Metascape online 
tool identified the enriched GO and KEGG terms, of which 
the top 20 were as follows: ‘Inflammatory response’, ‘negative 
regulation of cell proliferation’, ‘ossification’, ‘taxis’, ‘blood 
vessel morphogenesis’, ‘extracellular structure organization’, 
‘mitotic cell cycle process’, ‘TNF‑α signaling pathway’, ‘muscle 
cell proliferation’, ‘positive regulation of cellular component 
movement’, ‘signal transduction by protein phosphorylation’, 
‘leukocyte migration’, ‘epithelial cell proliferation’, ‘skeletal 
system development’, ‘cellular response to growth factor stim‑
ulus’, ‘negative regulation of cell differentiation’, ‘apoptotic 
signaling pathway’, ‘development of primary female sexual 
characteristics’ and ‘development growth and cell‑cell adhe‑
sion’ (Fig. 2). Detailed information about the GO and KEGG 
terms is presented in Table SI. GSEA was performed using the 
data profile of differentially expressed mRNAs and the most 

Figure 3. GSEA results presenting ‘TNF signaling pathway’ signatures 
enriched in IL‑1β‑treated chondrocytes. GSEA, Gene Set Enrichment 
Analysis; ES, enrichment score; NES, normalized ES; NOM p‑val, normal‑
ized P‑value; KEGG, Kyoto Encyclopedia of Genes and Genomes; IL, 
interleukin. 
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significantly enriched KEGG pathway was the TNF signaling 
pathway (Fig. 3).

PPI network and MCODE model in the interaction network. 
DEGs were entered into the STRING database to obtain the 
gene connection network, which contained 778  nodes and 
1,641 edges. The average node degree was 4.22 and the average 
local clustering coefficient was 0.353. The PPI enrichment 
P‑value was <1.0x10‑16 and was thus identified as statistically 
significant (Fig. 4). The remaining modules are shown in Fig. S1.

In order to improve the analysis of the PPI network, 
14 modules were detected using the MCODE plugin. The top 
five modules are presented in Fig. 5. 

Apoptosis and RT‑qPCR results. To confirm that the cell model 
of OA was successfully established, the Annexin V‑FITC/PI 
assay was performed. The results of the Annexin V‑FITC/PI 
assay indicated that after treatment with IL‑1β, the apoptotic 
cells were significantly increased ~3‑fold compared with those 
in the control group (7.5 vs. 23.5; P<0.05; Fig. 6A). To verify 
the bioinformatics results, RT‑qPCR was used to assess the 
top 10 hub genes in chondrocytes treated with IL‑1b, including 
three upregulated genes (KNG2, C3 and BUB1B) and seven 
downregulated genes (CCNB1, CDC20, CCNA2, PIK1, BUB1, 
KIF11 and CCNB2). All of the results in the present study were 
consistent with the bioinformatics results (P<0.05; Fig. 6B). 

The top 10 hub genes were also measured in cartilage 
samples from patients with OA and patients with normal 
cartilage. The in vivo PCR results were in accordance with the 
in vitro results, as the three upregulated genes (KNG2, C3 and 

Figure 4. (A) Protein‑protein interaction network of the DEGs. (B) Identification of a sub‑network using Molecular Complex Detection in Cytoscape software. 
P<0.05. DEGs, differentially expressed genes.

Figure 5. Top 30 core proteins of the protein‑protein interaction network. The 
names of the genes are presented on the ordinate and the abscissa represents 
the number of gene connections. Tpx2, TPX2 microtubule nucleation factor; 
Racgap1, Rac GTPase activating protein 1; Cxcl, platelet factor 4; Birc5, bacu‑
loviral IAP repeat containing 5; Ube2c, ubiquitin conjugating enzyme E2 C; 
Lamb1, laminin subunit beta 1; Kif, kinesin family member; Dlgap5, DLG 
associated protein 5; Gas6, growth arrest specific 6; Ppbp, pro‑platelet basic 
protein; Mad2l1, mitotic arrest deficient 2 like 1; F5, coagulation factor V; 
Aurka, aurora kinase A; Ndc80, NDC80 kinetochore complex component; 
Cenpe, centromere protein E; Bub1b, BUB1 mitotic checkpoint serine/
threonine kinase B; Ccnb2, cyclin B2; C3, complement C3; Bub1, BUB1 
mitotic checkpoint serine/threonine kinase; Plk1, polo like kinase 1; Ccna2, 
cyclin A2; Cdc20, cell division cycle 20; Ccnb1, cyclin B1; Kng2, kininogen 2. 
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BUB1B) and seven downregulated genes (CCNB1, CDC20, 
CCNA2, PIK1, BUB1, KIF11 and CCNB2) were identified 
from OA cartilage and normal cartilage (Fig. 7).

A Venn diagram was then created to identify the overlap‑
ping genes between the GSE104793 and GSE74200 datasets. 
The 10 hub genes from the dataset GSE104793 were all identi‑
fied from the dataset GSE74200 also (Fig. 8).

Discussion

OA is a disease with a high incidence rate worldwide, which even‑
tually leads to joint dysfunction. Inflammatory factor‑induced 
chondrocyte apoptosis leads to cartilage degradation and is 
considered to be key in the pathological development of OA. 
Among these inflammatory factors, cells challenged with IL‑1β 
have been widely used to mimic arthritis in in vitro studies. 
Previous studies have indicated that apoptosis is significantly 
increased in IL‑1β (10 ng/ml)‑induced chondrocytes (22,23). 
Bai et al (22) used different concentrations of IL‑1β (0.5, 1.0, 
2.5, 5.0, 10.0 and 20.0 ng/ml) to injure chondrocytes and their 
results suggested that the optimal dose of IL‑1β was 10 ng/ml. 
Therefore, in the present study, an IL‑1β concentration of 
(10 ng/ml) was selected for subsequent experiments.

Of note, the downstream genes induced following IL‑1β 
stimulation to promote chondrocyte apoptosis have remained 
largely elusive, and their investigation was the purpose of the 
present study. 

First, the mRNA expression profile data for IL‑1β‑treated 
chondrocytes were obtained. By using the Limma package, a 
total of 844 DEGs were identified and the function of these 
DEGs was further analyzed. A major result was that DEGs 
following stimulation with IL‑1β were mainly enriched in 
‘inflammatory response’ (GO:0006954) and ‘negative regula‑
tion of cell proliferation’ (GO:0008285). IL‑1β, a member of 
the IL‑1 family of cytokines, has a vital role in modulating the 
inflammatory response and is also involved in the proliferation, 
differentiation and apoptosis of multiple cell types, including 
chondrocytes (11), macrophages (24) and neuronal cells (25). 

Another important finding was that IL‑1β‑stimulated 
DEGs in chondrocytes were enriched in ‘ossification’. It is 
already well known that endochondral ossification and OA are 
closely associated (26). Furthermore, anti‑osteogenic reagents 
decrease the cartilage degeneration rate (27). Considering the 
GO functions of IL‑1β‑stimulated DEGs in chondrocytes, 
further studies should focus on the association between ossifi‑
cation and chondrocyte apoptosis.

Considering the results of the KEGG pathway analysis, 
the present study linked the DEGs mainly with the TNF 
signaling pathway. Hamasaki et al (28) performed a study that 
focused on macrophages and cartilage fragments. The most 
significantly enriched terms were ‘scavenger receptor activity’ 
and ‘TNF signaling’. TNF‑α is a member of TNF signaling 
and is able to activate NF‑κB signaling to induce cartilage 
damage  (29). Ren  et  al  (30) performed a bioinformatics 

Figure. 6 (A) Effects of IL‑1β on the induction of early apoptosis (AV‑FITC staining) and late apoptosis (PI staining) as measured by flow cytometry. 
(B) Reverse transcription PCR analysis of the expression of the top 10 hub genes in IL‑1β‑treated chondrocytes. *P<0.05. PI, propidium iodide; IL, interleukin; 
AV, Annexin V; Q, quadrant. Kng2, kininogen 2, Ccnb2, cyclin B2; Cdc20, cell division cycle 20; Ccna2, cyclin A2; Plk1, polo like kinase 1; Bub, BUB mitotic 
checkpoint serine/threonine kinase; C3, complement C3; Kif11, kinesin family member 11.

https://www.spandidos-publications.com/10.3892/etm.2021.10928
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analysis that focused on the DEGs in knee OA in a rat model. 
The TNF signaling pathway was also investigated in an in vivo 
model. Thus, the detailed mechanisms underlying how the 
TNF signaling pathway induces OA progression are worthy of 
in‑depth investigation. 

The apoptotic signaling pathway was enriched by the 
DEGs. Tew et al (31) revealed that apoptosis and proliferation 
were two common biological processes during OA progres‑
sion. Treatment with IL‑1β also activated the apoptotic 
signaling pathway and thus, the inhibition of IL‑1β‑induced 
chondrocyte apoptosis may delay OA progression.

In the present study, RT‑qPCR analysis was performed 
in order to validate the results of the bioinformatics analysis. 
Treatment with IL‑1β at 10 ng/ml for 24 h was used to induce 
an OA‑like cell model. Apoptosis analysis was used to validate 
the effects of IL‑1β on chondrocyte apoptosis. The top 10 hub 
genes were selected for further analysis. It was revealed that 
BUB1 was significantly downregulated in IL‑1β‑treated chon‑
drocytes. BUB1, BUB1B, CCNB1, CCNB2 and CCNA2 are 
known to participate in the mitotic cell cycle process (32). The 
most significant hub gene was KNG2, which is preferentially 
expressed in brown adipose tissue (33). Furthermore, KNG2 
was regulated by cold stress, which suggested a role in ther‑
moregulation (34). KNG2 mainly participates in the negative 
regulation of endopeptidase activity, signaling binding and 
positive regulation of cytosolic calcium ion concentration. 
These biological processes are all associated with cell apop‑
tosis and signaling transduction (35). Another upregulated 
gene among the hub genes was C3. C3 was reported to inhibit 
RhoA GTPase activity and finally regulate Yes1‑associated 
transcriptional regulator protein expression and its downstream 
target gene connective tissue growth factor to downregulate 
chondrocyte migration (36). Cyclin‑dependent kinase (CDK)1 
and BUB1B are two inflammation‑associated critical signaling 
molecules. A previous study indicated that CDK1 and BUB1B 
were mainly involved in cell cycle regulation and cell move‑
ment (37). CCNB1 and CDC20 were identified as crucial genes 
associated with the pathogenesis and prognosis of pancreatic 

adenocarcinoma (38) and hepatocellular carcinoma (39,40). 
CCNB1 and CDC20 were indicated to be associated with cell 
cycle and cell proliferation and thus have an important role 
in tumor progression (41). However, the effects of these genes 
on OA progression have remained elusive. In future studies, 
small interfering RNAs for KNG2 should be designed in order 
to investigate the role of the KNG2 gene in OA development.

The integrated bioinformatics analysis and experimental 
validation of the present study had several limitations that 
are worth mentioning. First, the results of the bioinformatics 
analysis were based on pre‑set criteria; changing the cut‑off 
criteria would ultimately affect the final results. Furthermore, 
the protein expression levels of these hub genes in each group 
were not assessed. Future studies should consider performing 
gene‑modification‑based therapy to treat OA in vivo and inves‑
tigate the specific mechanisms of action.

In conclusion, in the present study, microarray data analysis 
for OA was first performed and 844 DEGs were identified, 
among which 498 DEGs were upregulated and 346 DEGs 
were downregulated. The identified DEGs may be involved 

Figure 7. Reverse transcription PCR analysis of the expression of the top 10 hub genes in OA cartilage than normal cartilage. *P<0.05. OA, osteoarthritis. Kng2, 
kininogen 2; Ccnb2, cyclin B2; Cdc20, cell division cycle 20; Ccna2, cyclin A2; Plk1, polo like kinase 1; Bub, BUB mitotic checkpoint serine/threonine kinase; 
C3, complement C3; Kif11, kinesin family member 11.

Figure 8. Common differentially expressed genes obtained from the 
GSE104793 and GSE74220 datasets using the Venn diagram web tool (http://
www.bioinformatics.com.cn/static/others/jvenn/example.html).
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in the inflammatory response, negative regulation of cell 
proliferation, ossification and TNF signaling. BUB1, BUB1B, 
CCNB1, CCNB2 andCCNA2 were hub genes, which were 
further validated by RT‑qPCR. The functions of these DEGs 
require further verification using more in vivo and in vitro 
experiments.
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