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Abstract. The aim of the present study was to identify potential 
key candidate genes and mechanisms associated with rheu‑
matoid arthritis (RA). Gene expression data from GSE55235, 
GSE55457 and GSE1919 datasets were downloaded from the 
Gene Expression Omnibus database. These datasets comprised 
78 tissue samples collectively, including 25 healthy synovial 
membrane samples and 28 RA synovial membrane samples, 
whilst the 25 osteoarthritis (OA) samples were not included 
in the analysis. The differentially expressed genes (DEGs) 
between the two types of samples were identified with the 
Linear Models for Microarray Analysis package in R. Gene 
Ontology (GO) functional term and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) signaling pathway enrichment 
analyses were also performed. In addition, Protein‑Protein 
Interaction (PPI) network and module analyses were visual‑
ized using Cytoscape, and subsequent hub gene identification 
as well as GO and KEGG enrichment analyses of the modules 
was performed. Finally, reverse transcription‑quantitative 
PCR (RT‑qPCR) was used to validate the expression of the 
DEGs identified by GO and KEGG analysis in vitro. The 
analysis identified 491 DEGs, including 289 upregulated and 
202 downregulated genes, which were mainly enriched in 
the following pathways: ‘Cytokine‑cytokine receptor interac‑
tion’, ‘Rheumatoid arthritis’, ‘Chemokine signaling pathway’, 
‘Intestinal immune network for IgA production’ and ‘Primary 
immunodeficiency’. The top 10 hub genes identified from the 
PPI network were IL‑6, protein tyrosine phosphatase receptor 
type C, VEGFA, CD86, EGFR, C‑X‑C chemokine receptor 
type 4, matrix metalloproteinase 9, CC‑chemokine receptor 
type (CCR)7, CCR5 and selectin L. KEGG signaling pathway 
enrichment analysis of the top two modules identified from the 
PPI network revealed that the genes in Module 1 were mainly 

enriched in the ‘Cytokine‑cytokine receptor interaction’ and 
‘Chemokine signaling pathway’, whereas analysis of Module 
2 revealed that the genes were mainly enriched in ‘Primary 
immunodeficiency’ and ‘Cytokine‑cytokine receptor interac‑
tion’. Finally, the results of the RT‑qPCR and western blot 
analysis demonstrated that the expression levels of inflam‑
mation and NF‑κB signaling pathway‑related mRNAs were 
significantly upregulated following lipopolysaccharide stimu‑
lation. In conclusion, the findings of the present study identified 
key genes and signaling pathways associated with RA, which 
may improve the current understanding of the molecular 
mechanisms underlying its development and progression. The 
identified hub genes may also be used as potential targets for 
RA diagnosis and treatment.

Introduction

Rheumatoid arthritis (RA) is the most common type of 
chronic and systemic autoimmune joint disease, and is charac‑
terized by the proliferation of synoviocytes, cells that produce 
inflammatory cytokines and chemokines (1). As the disease 
progresses, the joints begin to swell, which causes pain, 
cartilage destruction, bone erosion and eventually, permanent 
disability of the bones through the progressive destruction of 
the cartilage and bone (2). According to data from the World 
Health Organization, 0.3‑1% of the world’s population is 
affected by RA, and amongst those affected, women are three 
times more likely to develop RA compared with men (3). 
Mechanistically, RA can often be triggered by infections, 
as the immune defense mechanism triggers the migration 
of neutrophils to the site of the attack, where they begin to 
degrade the matrix components (4). A previous study reported 
that leukocyte infiltration into the synovium and the expansion 
of fibroblast‑like synoviocytes (FLS) served an important role 
in the pathogenesis of RA. FLS have since been demonstrated 
to serve a crucial role in the pathological progression in RA; 
thus, investigating the role of FLS in RA has become a topic 
of increased interest (5,6).

Inhibitors of inflammation, such as the TNF‑α inhibitor 
infliximab, have been shown to significantly decrease the levels 
of inflammation and improve tender‑joint count, swollen‑joint 
count, the level of pain and the erythrocyte sedimentation rate 
in patients with RA (7). However, significant pain relief and 
effective control of joint destruction is still not achieved in a 
large number of patients (8). Therefore, further research into 
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the potential molecular mechanisms of FLS in patients with 
RA may help identify reliable molecular markers for the early 
diagnosis and the prognostic evaluation of the disease, in addi‑
tion to providing novel targets for the treatment of RA.

With the development of high‑throughput sequencing 
and bioinformatics analytical methods, DNA microarrays 
(also known as gene chips) have become an important means 
to obtain gene expression data of multiple diseases on a 
large‑scale and in an efficient manner (9). The Gene Expression 
Omnibus (GEO) database is currently the world's largest and 
most comprehensive publicly accessible gene expression 
data resource, which contains gene expression data on a 
variety of diseases, such as several types of cancer, metabolic 
diseases and immune diseases. The database contains data 
for differentially expressed DNAs, mRNAs, single nucleotide 
polymorphisms and genome methylation patterns in various 
types of disease, in addition to data on the chemical structure 
of molecules (10). To date, through the integrated analysis of 
multiple datasets from the GEO database, several studies have 
identified genes and pathways that influence the occurrence 
and progression of RA, such as STAT1, the primary immu‑
nodeficiency pathway (9), MAPK signaling pathway (11) and 
lipopolysaccharide biosynthesis (12). However, the results 
obtained in these aforementioned studies are conflicting and 
demonstrate little overlap in terms of the genes and pathways 
identified. Therefore, further studies are required to determine 
and verify the key genes involved in the pathogenesis of RA.

In the present study, three original Gene Chip expres‑
sion profile datasets from the GEO database were analyzed: 
GSE55235, GSE55457 and GSE1919 (13,14). Subsequently, 
the Gene Ontology (GO) functional term enrichment, Kyoto 
Encyclopedia of Genes and Genomes (KEGG) signaling 
pathway enrichment analysis and protein‑protein interaction 
(PPI) network analysis revealed that TNF and NF‑κB signaling 
pathways may play an important role in the pathogenesis of 
RA. Furthermore, the expression levels of component of the 
inflammation and NF‑κB signaling pathways in FLS were 
analyzed to provide a relevant basis for further exploration of 
reliable molecular markers and effective therapeutic targets 
for RA.

Materials and methods

Microarray data information and identification of DEGs. 
The GEO database (https://www.ncbi.nlm.nih.gov/geo/) was 
searched using the keywords rheumatoid arthritis and Homo 
sapiens. A total of 7,343 datasets were obtained. Other inclu‑
sion criteria included the following: i) The dataset was a 
genome‑wide mRNA transcriptome data matrix; ii) samples 
were from synovial tissue from patients with RA and syno‑
vial tissue from normal patients; and iii) both the original 
and normalized datasets were acceptable. Exclusion criteria 
were as follows: i) Samples were from patients' blood; and 
ii) datasets were from other species and not humans, such 
as rats and rabbits. Ultimately, three microarray datasets, 
GSE55235, GSE55457 and GSE1919 were selected, which 
used synovial tissues from patients with RA and normal 
healthy individuals for comparison. Based on the inclusion 
criteria described above, in the GSE55235 dataset [submis‑
sion date, February 21, 2014; platform, GPL96 (HG‑U133A) 

Affymetrix human genome U133A array], 10 synovial tissue 
from joints with RA and 10 synovial tissues from healthy 
joints were selected. In the GSE55457 dataset [submis‑
sion date, respectively, February 28, 2014; platform, GPL96 
(HG‑U133A) Affymetrix Human Genome U133A array] (13), 
10 normal synovial membranes from patients and 13 synovial 
membrane samples from patients with RA were selected. In 
the GSE1919 dataset, [submission date, November 2, 2004; 
platform, GPL91 (HG_U95A) Affymetrix Human Genome 
U95A array] (14), five normal donors (ND) samples and five 
RA samples were selected. All of the data are freely available 
online and the present study did not perform any experiments 
on humans or animals. The details of the datasets are shown in 
Table I. The series matrix and platform TXT files were down‑
loaded from the GEO database. Perl language commands 
(https://github.com/Yufengxinkf/perl.git) were used to convert 
the gene probe IDs in the matrix files to gene symbols in the 
platform files to obtain the international standard gene name, 
which was performed based on the strawberry‑perl software 
(strawberry‑perl‑5.32.1.1‑64bit.msi). To focus on the pathogen‑
esis of RA, the data of OA samples were omitted from analysis 
whilst only RA and healthy samples were used.

Screening for DEGs and integration of microarray data. To 
minimize the heterogeneity between each dataset used in the 
integrated analysis, normalization was performed for the raw 
data using the function of ‘removeBatchEffect’ of ‘limma’ 
package (15). The GSE55235, GSE55457 and GSE1919 data‑
sets were subjected to log2 transformation. Subsequently, the 
DEGs were identified using the multiple linear regression 
limma package in R (16), and the ComBat function of the sva 
package was used to remove known batch effects from the 
microarray data (17). The number of gene symbols between 
each dataset was visualized using a Venn diagram using the 
VennDiagram package in R. The cut‑off values for DEG selec‑
tion were an adjusted P‑value <0.05 and a |log2 fold change 
(log2 FC)|>1. The DEGs were sorted by logFC for subsequent 
integration analysis. The DEGs were then displayed by log2 

FC and adjusted P‑values in a volcano plot using the ggplot2 
package in R. For the hierarchical clustering analysis, the 
ggplots package in R was used to construct a bidirectional 
hierarchical clustering heatmap.

GO functional term and KEGG signaling pathway enrich‑
ment analyses. Database for Annotation, Visualization and 
Integrated Discovery (DAVID) version 6.8 (david.ncifcrf.
gov) (11,18), a commonly used database for gene enrichment 
and functional annotation analyses, was used to subject DEGs 
to GO functional term and KEGG signaling pathway enrich‑
ment analyses (11,19). In addition, Cytoscape version 3.6.1 
software (cytoscape.org) was used to visualize the results of 
the KEGG analysis (20). P<0.05 was considered to indicate a 
statistically significant difference.

Construction of the PPI network and analysis of modules. A 
PPI network of the DEGs was constructed using Search Tool 
for the Retrieval of Interacting Genes/Proteins version 11.0 
(STRING; https://string‑db.org) (21). Cytoscape software 
version 3.7.1 (https://cytoscape.org/) was used to visualize the 
hub genes using the Molecular Complex Detection (MCODE) 
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plug‑in with the following parameters: Degree Cutoff = 2; Node 
Score Cutoff = 0.2; K‑Core = 2; and Max. Depth = 100 (22,23).

In vitro experiments. Human rheumatoid arthritis synovial 
fibroblasts (cat. no. YS010RA) were obtained from Shanghai 
Yaji Biological Technology Co., Ltd. They were cultured in 
DMEM with 10% FBS and 1% penicillin/streptomycin. The 
cells were maintained in a humidified incubator with 5% CO2 
at 37˚C, and the medium was changed every 3 days. After cell 
density reached 80%, the cells were seeded at a density of 
3x105/ml in 6‑well plates and treated with 1 µg/ml lipopolysac‑
charide (LPS; Sigma‑Aldrich; Merck KGaA) for 24 or 48 h.

Reverse transcription‑quantitative PCR (RT‑qPCR). 
Fibroblasts (1x106) were cultured in six‑well plates. Total RNA 
was extracted from the fibroblasts using an OMEGA® Total 
RNA kit, and the 260/280 absorbance ratio was calculated to 
assess the RNA purity using a NanoDrop spectrophotometer 
(Thermo Fisher Scientific, Inc.). RNA (1 µg) was reverse tran‑
scribed into cDNA using a cDNA synthesis kit (Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. 
Primers (Sangon Biotech Co. Ltd.) for TNF‑α, IL‑1β, IL‑6, 

NLR family pyrin domain containing 3 (NLRP3) and IκBα 
are listed in Table II. A total reaction volume of 15 µl was 
prepared before amplification, which included 1 µl cDNA, 
7.5 µl 2X SYBR® Premix Ex Taq™ II (Takara Biotechnology 
Co., Ltd.), 0.5 µM of each primer and sterile distilled water. 
GAPDH was used as the loading control. The thermocycling 
conditions were as follows: Initial denaturation at 95˚C for 
20 sec, followed by 40 cycles at 95˚C for 5 sec and 60˚C 
for 20 sec. Relative mRNA expression of selected genes 
was normalized to GAPDH and quantified using the 2‑ΔΔCq 
method (24).

Western blot analysis. Fibroblasts (5x106) were cultured in 
60‑mm dishes and lysed using RIPA lysis buffer with protease 
and phosphatase inhibitors (ComWin Biotech). Protein lysates 
were centrifuged at 14,000 x g/min at 4˚C for 30 min, and 
a Bradford Protein Assay kit (ComWin Biotech) was used 
to determine the concentration of proteins. A total of 20 µg 
protein was separated using 12% SDS‑PAGE and transferred to 
PVDF membranes using a Bio‑Rad transfer system (Bio‑Rad 
Laboratories, Inc.). Subsequently, the PVDF membranes were 
blocked in 5% fat‑free milk for 2 h at room temperature and 

Table II. Primer sequences used for reverse transcription‑quantitative PCR.

Gene Primer sequences (5'‑3') Product  size, bp

TNF‑α F: CCTCTCTCTAATCAGCCCTCTG 22
 R: GAGGACCTGGGAGTAGATGAG 21
IL‑1β F: ATGATGGCTTATTACAGTGGCAA 23
 R: GTCGGAGATTCGTAGCTGGA 20
IL‑6 F: CTGCAAGAGACTTCCATCCAG 21
 R: AGTGGTATAGACAGGTCTGTTGG 23
NLR family pyrin F: GATCTTCGCTGCGATCAACAG 21
domain‑containing 3 R: CGTGCATTATCTGAACCCCAC  21

IκBα F: CACTCCATCCTGAAGGCTACCAACTAC 27
 R: ATCAGCACCCAAGGACACCAAA 22
GAPDH F: GGTGAAGGTCGGAGTCAAC 19
 R: CCATGGGTGGAATCATATTG 20

F, forward; R, reverse.

Table I. Details of the GEO rheumatoid arthritis data.

    Healthy synovial  
  GEO accession  membrane Rheumatoid
First author, year Sample nos. Platform  (No Disease) arthritis (Refs.)

Woetzel et al, 2014 Synovial GSE55235 and GPL96 20 23 (13)
 tissue GSE55457
Ungethuem et al, 2010 Synovial 
 tissue GSE1919 GPL91 5 5 (14)

GEO, Gene Expression Omnibus.
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then incubated with primary antibodies at 4˚C overnight. After 
incubation with the HRP‑linked secondary antibody (1:2,000; 
cat. no. ab97051l; Abcam) at room temperature for 1 h, the 
membranes were washed with 0.5% TBST and the BeyoECL 
Plus solution (Beyotime Institute of Biotechnology) was used 
to visualize the bands. For signal detection, Quantity One 
software (version 4.6.7; Bio‑Rad Laboratories, Inc.) was used 
for semi quantitative analysis. The primary antibodies used 
are as follows: TNF‑α (1:10,000; cat. no. ab109322; Abcam), 
IL‑1β (1:1,000; cat. no. ab234437; Abcam), Nlrp3 (1:1,000; 
cat. no. ab263899; Abcam), IκBα (1:1,000; cat. no. ab32518; 
Abcam) and anti‑β‑actin (cat. no. 4970; 1:1,000; Cell Signaling 
Technology, Inc.).

Statistical analysis. Calculations were performed using 
SPSS version 22.0 (IBM Corp.). The experimental data are 
presented as the mean ± SD (n=3). Statistical comparisons 
were performed using a one‑way ANOVA followed by a 
Tukey's post hoc test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Microarray data normalization and identification of DEGs in 
RA. The GEO datasets, GSE55235, GSE55457 and GSE1919, 
were normalized using the sva package to remove the possible 
differences in backgrounds of each dataset (Fig. 1A). A total of 
4790 DEGs were shared by all three datasets (Fig. 1B), which 
were used for further analysis. The DEGs were screened using 
the limma R package (adjusted P<0.05 and |log2 FC|>1), and 
a total of 491 DEGs were identified from the three datasets, 
including 289 upregulated and 202 downregulated genes, in 
the RA samples compared with the normal samples (Table SI), 
as shown in the volcano plot in Fig. 2A, and the cluster heatmap 
of the top 100 genes is shown in Fig. 2B.

GO functional term and KEGG signaling pathway enrichment 
analyses of DEGs. GO functional annotation of the identified 
DEGs was performed using the online analysis tool, DAVID, 
which comprised three independent categories: Biological 
process (BP), cellular component (CC) and molecular function 

Figure 1. Normalization of gene expression. (A) Normalization of the GSE55235, GSE55457 and GSE1919 datasets. (B) Overlapping genes amongst the three 
datasets are displayed in a Venn diagram. 
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(MF). The results were considered statistically significant if 
P<0.05. The top 15 results obtained from the GO functional 
term enrichment analysis of the upregulated and downregu‑
lated genes are presented in Tables III and SII. As shown in 
Fig. 3A and C, the upregulated genes were mainly enriched 
in ‘Immune response’ (ontology, BP), ‘Plasma membrane’ 
(ontology, CC) and ‘Protein binding’ (ontology, MF). The 
downregulated genes were mainly enriched in ‘RNA poly‑
merase II promoter’ (ontology, BP), ‘Nucleus’ (ontology, CC) 
and ‘Growth factor activity’ (ontology, MF; Fig. 3B and D).

KEGG signaling pathway enrichment analysis of DEGs. 
KEGG signaling pathway enrichment analysis of the integrated 
DEGs was also performed using DAVID, and the results of the 
analysis are shown in Table IV and Fig. 4. The DEGs were 
mainly enriched in five pathways: ‘Cytokine‑cytokine receptor 
interaction’, ‘Rheumatoid arthritis’, ‘Chemokine signaling 
pathway’, ‘Intestinal immune network for IgA production’ and 
‘Primary immunodeficiency’. In addition, the ‘PPAR signaling 
pathway’ and ‘NF‑kappa B signaling pathway’ were also 
found to serve a possible role in RA. Next, the PPI network 
was visualized using Cytoscape (Fig. 5). The results showed 
that HLA genes were associated with 21 pathways, including 
the PPAR signaling pathway (hsa03320) and the Rheumatoid 
arthritis signaling pathway (hsa05323). In addition, the NF‑κB 
signaling pathway (hsa04064) was associated with genes, such 
as CCL13, CCL19 and TNFSF11.

PPI network and modules analyses. The STRING database 
was used to construct a PPI network of the 491 identified 
DEGs, which consisted of 845 nodes interacting with each 
other via 253 edges (Fig. S1). The results were visualized using 
Cytoscape, based on how closely the genes were linked to 
other genes in the network, with the degree values calculated 
and ranked in descending order. The top 10 hub genes identi‑
fied were IL‑6, protein tyrosine phosphatase receptor type C 
(PTPRC), VEGFA, CD86, EGFR, C‑X‑C chemokine receptor 
type 4 (CXCR4), matrix metalloproteinase 9 (MMP9), 
CC‑chemokine receptor type (CCR)7, CCR5 and selectin L 
(SELL) (Fig. 6A).

In addition, 15 functional cluster modules were screened 
from the PPI network using the MCODE plugin in Cytoscape 
and the two most crucial modules were used for further KEGG 

Table III. Top 15 enriched GO terms associated with the 
upregulated and downregulated genes.

A, Top 15 enriched GO terms amongst the upregulated genes

Category Term Count P‑value

BP Immune response 60 2.78x10‑38

BP Signal transduction 47 1.72x10‑8

BP Inflammatory response 40 2.23x10‑20

BP Cell adhesion 29 2.15x10‑9

BP G‑protein coupled receptor  28 0.001681
 signaling pathway
CC Plasma membrane 124 6.70x10‑16

CC Integral component 116 1.81x10‑6

 of membrane
CC Cytoplasm 94 0.044545
CC Membrane 68 1.66x10‑8

CC Extracellular exosome 66 2.98x10‑4

MF Protein binding 167 9.53x10‑5

MF Protein homodimerization 24 9.99x10‑4

 activity
MF Receptor activity 21 1.74x10‑10

MF Transmembrane signaling 17 2.29x10‑7

 receptor activity
MF Receptor binding 17 1.27x10‑4

B, Top 15 enriched GO terms amongst the downregulated 
genes

Category Term Count P‑value

BP Positive regulation of 20 8.78x10‑5

 transcription from RNA
 polymerase II promoter
BP Negative regulation of 17 5.74x10‑5

 transcription from RNA
 polymerase II promoter
BP Negative regulation of 12 2.21x10‑4

 apoptotic process
BP Negative regulation of 11 0.001209477
 transcription, DNA‑
 templated
BP Positive regulation of  10 0.004388
 cell proliferation 
CC Nucleus 43 0.036153
CC Extracellular space 41 1.79x10‑13

CC Extracellular exosome 40 0.001481
CC Cytosol 22 0.005256
CC Cell surface 16 4.95x10‑6

MF Growth factor activity 12 1.16 x10‑9

MF Transcriptional activator 12 2.06x10‑5

 activity
MF RNA polymerase II core 11 0.002113
 promoter proximal region 
 sequence‑specific 

Table III. Continued.

B, Top 15 enriched GO terms amongst the downregulated 
genes

Category Term Count P‑value

 DNA binding 
MF Protein homodimerization 9 0.006911
 activity 
MF Heparin binding 8 3.40x10‑4

BP, biological process; CC, Cellular component; GO, Gene Ontology; 
MF, molecular function.
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signaling pathway enrichment analysis using the STRING 
database (Figs. 6B and S1). As shown in Fig. 6B, the results 
revealed that the genes in Module 1 were mainly enriched 
in ‘Cytokine‑cytokine receptor interaction’, ‘Chemokine 
signaling pathway’ and ‘Rheumatoid arthritis’, whereas the 
genes in Module 2 were mainly enriched in the ‘Primary 
immunodeficiency’ and ‘Cytokine‑cytokine receptor interac‑
tion’. Generally, Module 1 is associated with chemokine and 
Module 2 is associated with immunodeficiency.

In vitro analysis of candidate genes. Through the analysis 
of the DEGs, the cytokine‑cytokine receptor interaction 
signaling pathway was indicated to serve a potential role in 
the pathogenesis of RA. In particular, a role for TNF‑α and 
IL‑6 was previously, such that TNF‑α and IL‑6 are closely 
associated with joint destruction during the pathogenesis of 
RA (25,26). In addition, previous studies have also shown that 

NLRP3 serves an important role in autoimmune conditions, 
such as systemic lupus erythematosus, RA, systemic sclerosis 
and inflammatory bowel disease (27). Therefore, mouse 
synovial fibroblasts were treated with LPS in vitro to simu‑
late the process of RA, and the expression levels of related 
genes, including TNF‑α, IL‑1β, IL‑6, NLRP3 and IκBα, were 
analyzed using RT‑qPCR and western blotting. As shown 
in Fig. 7A, the results of RT‑qPCR revealed that following 
LPS stimulation for 24 and 48 h, the expression levels of the 
inflammatory factors, TNF‑α, IL‑1β and IL‑6, in fibroblasts 
were significantly upregulated. In addition, the expression 
levels of NLRP3, which has been shown to be associated with 
inflammatory diseases, were also significantly upregulated. 
Moreover, as the expression levels of the inflammatory factors 
increased, IκBα expression was upregulated. Similarly, the 
results of western blotting also showed that the protein expres‑
sion levels of TNF‑α, IL‑1β and NLRP3 were increased after 

Figure 2. DEGs between the RA and ND groups of samples amongst the three datasets. (A) Volcano plot of DEGs identified amongst the GSE55235, GSE55457 
and GSE1919 datasets. Red, gray, and blue colors represent relatively high, equal and low expression of genes, respectively, based on a |log2 fold change|>1 
and adjusted P‑value <0.05. (B) Cluster heat map of the top 100 DEGs. Red indicates relative upregulation of gene expression; blue indicates the relative 
downregulation of gene expression; white indicates no significant change in gene expression. DEG, differentially expressed gene; log2 FC, log2 fold change; 
adj.P.Val, adjusted P Value; ND, No Disease; RA, Rheumatoid Arthritis. 
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Figure 3. Distribution of the top 15 enriched GO terms and integrated DEGs in rheumatoid arthritis. (A) Upregulated DEGs with the top 15 enriched GO 
terms. (B) Downregulated DEGs with the top 15 enriched GO terms. (C) Upregulated DEGs. (D) Downregulated DEGs. DEG, differentially expressed gene; 
GO, Gene Ontology. 

Figure 4. Kyoto Encyclopedia of Genes and Genomes pathway enrichment analysis of the integrated differentially expressed genes in rheumatoid arthritis. 
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treatment with LPS (Fig. 7B and C). However, not identical 
to the results of KEGG, with the induction of inflammation, 
the expression of IκBα also increased significantly, suggesting 
that the NF‑κB signaling pathway may be inhibited. These 
findings indicated that during the pathogenesis of RA, the 
production of inflammatory factors may serve an important 
role and may affect the expression levels of members of the 
NF‑κB signaling pathway in synovial fibroblasts.

Discussion

RA is one of the most common types of inflammatory 
arthritis; it causes both cartilage and bone damage, in addition 
to disability (2). RA reportedly affects ~1% of the population 
and occurs in women three times more frequently than men. 
In addition, RA can occur at any age, but it is most common 
amongst those aged 40‑70 years old, with its incidence rate 
increasing with age (28). Similar to most other autoimmune 
diseases, both environmental and genetic factors contribute to 
the development of the disease, including viral infections and 
the use of drugs, such as isoniazid, hydrazine, procainamide 
and anticonvulsants (29). Although significant insight into the 

cellular and molecular mechanisms involved in RA has been 
gained in the past decade, the pathogenesis of RA remains 
incompletely understood, at least to the best of our knowl‑
edge (30). Therefore, researching the mechanisms underlying 
RA development remains a priority.

In the present study, 491 DEGs (289 upregulated and 202 
downregulated genes) were screened from the GEO datasets, 
GSE55235, GSE55457 and GSE1919, using a multiple linear 
regression limma package. The integrated DEGs were subse‑
quently subjected to BP, CC and MF GO functional term 
enrichment analysis. The upregulated DEGs were mainly 
enriched in ‘Immune response’ (ontology, BP), ‘Plasma 
membrane’ (ontology, CC) and ‘Protein binding’ (ontology, 
MF). The downregulated genes were mainly enriched in 
‘RNA polymerase II promoter’ (ontology, BP), ‘Nucleus’ 
(ontology, CC) and ‘Growth factor activity’ (ontology. MF). 
These results suggest that in synovial fibroblasts in RA, 
abnormalities in immune response and growth factor activa‑
tion lead to an upregulated level of inflammatory response. 
In addition, KEGG signaling pathway enrichment analysis 
revealed that these integrated DEGs were mainly enriched in 
the following top five pathways: ‘Cytokine‑cytokine receptor 

Figure 5. Network map of enriched pathways from Kyoto Encyclopedia of Genes and Genomes by Cytoscape. Blue represents the pathways; red represents 
upregulated DEGs; and green represents downregulated DEGs. DEG, differentially expressed genes. 
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interaction’, ‘Rheumatoid arthritis’, ‘Chemokine signaling 
pathway’, ‘Intestinal immune network for IgA production’ 
and ‘Primary immunodeficiency’. These data indicated that 
the cytokine‑cytokine receptor interaction pathway may be 
significantly activated in fibroblasts during RA.

As important contributors to the innate immune defense, 
cytokines serve as crucial mediators in the immune response, 
where they participate in immunoregulatory and inflammatory 
processes (31). Interestingly, KEGG signaling pathway enrich‑
ment analysis also revealed that the DEGs were enriched in 
‘Primary immunodeficiency’, which suggested the important 
role of the breakdown in immune pathways in fibroblasts 
during RA. The NF‑κB and TNF signaling pathways have 
been reported to serve a crucial role in the occurrence and 
development of RA, potentially through regulating the levels 
of inflammation (32). Peroxisome Proliferator‑Activated 
Receptors (PPARs), including PPARα, PPARγ and PPARβ/δ, 
are ligand‑activated transcription factors that belong to 
the nuclear hormone receptor family. The findings of the 
present study revealed that the ‘PPAR signaling pathway’ 
may participate in metabolic regulation in RA. A previous 
study demonstrated that PPARγ exhibited anti‑inflammatory 
and anti‑fibrotic effects in a number of disease models (33). 
Therefore, the relationship between the signaling pathways 
aforementioned, particularly the NF‑κB signaling pathway 
and the inflammatory response may help to elucidate the 

mechanism of RA. The construction of PPI networks with 
the integrated DEGs identified 10 hub genes, namely IL‑6, 
PTPRC, VEGFA, CD86, EGFR, CXCR4, MMP9, CCR7, 
CCR5 and SELL. These results are consistent with a previous 
study, which reported that the expression levels of IL‑6 were 
strongly associated with the development of RA (34). The 
levels of serum VEGFA have also been found to be directly 
associated with RA disease activity, particularly joint 
swelling (35). In particular, in elderly patients, the VEGFA 
rs699947 C/A functional polymorphism has been reported to 
be associated with RA risk (36). In the present study, module 
analysis was also performed on the constructed PPI network 
and the two most important modules were selected. Subsequent 
KEGG signaling pathway enrichment analysis of these DEGs 
revealed that the genes in Module 1 were mainly enriched 
in ‘Cytokine‑cytokine receptor interaction’, ‘Chemokine 
signaling pathway’ and ‘Rheumatoid arthritis’. The genes in 
Module 2 were mainly enriched in ‘Primary immunodefi‑
ciency’ and ‘Cytokine‑cytokine receptor interaction’. These 
results further indicated that the inflammatory pathway may 
be closely related to RA.

The results obtained through bioinformatics analysis were 
validated using RT‑qPCR and western blot analysis in vitro. 
According to the results obtained from the KEGG signaling 
pathway enrichment analysis and the construction of PPI 
networks of the integrated DEGs, it was hypothesized that 

Figure 6. The top 10 hub genes and the top two functional modules in the PPI network from Search Tool for the Retrieval of Interacting Genes/Proteins. (A) The 
top 10 hub genes with high degrees of connectivity in the PPI network. (B) Top two most important clusters of gene hubs. Module 1 (left) and Module 2 (right), 
the cell signaling pathways were derived based on the Kyoto Encyclopedia of Genes and Genomes database. CCR, CC chemokine receptor type; CXCR4, 
C‑X‑C chemokine receptor type 4; MMP9, matrix metalloproteinase 9; PPI, Protein‑Protein Interaction; PTPRC, protein tyrosine phosphatase receptor type C; 
SELL, selectin L.
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the expression levels of inflammation and NF‑κB signaling 
pathway‑related genes may serve important roles in RA. In 
synovial fibroblasts, the mRNA expression levels of inflam‑
mation‑related genes, TNF‑α, IL‑1β, IL‑6 and NLRP3, were 
significantly upregulated following LPS stimulation. In addi‑
tion, mRNAs involved in the NF‑κB signaling pathway were 
also significantly upregulated. Piao et al (37) reported that 
the anti‑inflammatory effect of propylene glycol methyl ether 
acetate was achieved through the NF‑κB signaling pathway.

Lu and Li (38) previously studied the pathogenesis of RA. 
This previous study revealed that ‘immune response’, ‘inflam‑
matory response’, ‘chemokine‑mediated signalling pathways’, 
‘response to lipopolysaccharide’ and ‘cellular response to 
tumour necrosis factor’ served key roles in the pathogenesis 
of RA. These findings are similar to those in the present study. 
However, in the present study, it was also found that IL‑6, 
NF‑κB signaling pathway and the PPAR signaling pathway 
also serve an important role in the pathogenesis of RA. 
Furthermore, to further validate the results of the bioinfor‑
matics analysis, mouse synovial fibroblasts were treated with 
LPS in vitro to mimic the onset of RA before determining 
the elevated expression levels of inflammatory factors, such 

as TNF‑α, IL‑1β and NLRP3. However, in contrast with 
the KEGG results, the increased expression levels of IκBα 
implied that the NF‑κB signaling pathway may be inhibited. 
Tang et al (39) previously reported that in LPS‑treated fetal 
lung endothelial cells, the expression of IκBα was suppressed 
at 5‑8 h. However, after 8 h LPS treatment, the difference was 
significantly reduced compared with that in the control group. 
These results may suggest that the NF‑κB signaling pathway 
may be activated during the early phase of LPS treatment, 
whilst in the late phase, possibly accompanied by the onset 
of apoptosis, the NF‑κB signaling pathway is inhibited (39). 
Nevertheless, similar to the majority of bioinformatics 
network analysis studies of human diseases, the present study 
also has several limitations. For example, the sample size 
of this study was relatively small, and the sampling method 
did not eliminate the effect of sex, co‑morbidity or the use 
of certain medicines that could alter gene expression in the 
rheumatoid synovium, including methotrexate or non‑steroidal 
anti‑inflammatory drugs.

The findings of the present study identified 491 DEGs 
between RA and healthy joints from 3 gene chip expression 
datasets, which were significantly enriched in several signaling 

Figure 7. Expression levels of components of the inflammatory response and the NF‑κB pathway in mouse synovial fibroblasts were verified using reverse 
transcription‑quantitative PCR and western blotting. (A) mRNA expression levels of TNF‑α, IL‑1β, NLRP3 and IκBα after treatment with LPS for 24 and 
48 h. (B) Representative western blotting images and (C) semi‑quantification of the protein expression levels of TNF‑α, IL‑1β, NLRP3 and IκBα. Data are 
presented as the mean ± SD; *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001 vs. Control. LPS, lipopolysaccharide; NLRP3, NLR family pyrin domain containing 3.
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pathways, such as the ‘Cytokine‑cytokine receptor interac‑
tion’, ‘Chemokine signaling pathway’ and ‘NF‑κB signaling 
pathway’. These results may improve the current understanding 
of the mechanism of RA. Furthermore, these candidate genes 
and pathways could represent potential therapeutic targets 
for RA. However, further molecular biology experiments are 
required to validate the findings of the present study.
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