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Abstract
Background:  Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by synovitis and
subsequent destruction of cartilage and bone. This study aimed to explore RA-related gene markers and
the underlying molecular mechanism.

Material and Methods:  The expression pro�les of GSE77298, GSE55235 and GSE12021 were obtained
from the Gene Expression Omnibus database. Then, the differential gene expression analysis was
conducted between GSE77298 and GSE55235 datasets. Limma package and a Venn diagram were
utilized to screen the overlapping differentially expressed genes (DEGs), and Functional enrichment and
pathway analysis were performed by using DAVID database. Subsequently, a protein-protein interaction
(PPI) network was established, and candidate hub genes were recognized by using STRING and
Cytoscape software. Finally, another dataset (GSE12021) was used for the validation of diagnostic value
of the candidate hub genes and to identify real hub genes by using receiver operating characteristic
(ROC) curves.

Results:  A total of 385 DEGs were detected, which include 19 downregulated genes and 366 upregulated
genes. GO and KEGG pathway analysis showed that DEGs was mainly enriched in various immune and
in�ammatory response-related functions and pathways. The PPI network was composed of 374 nodes
and 767 edges. A total of 8 real hub genes (HLA-DRA, HLA-DRB1, LCK, VAV1, HLA-DPA1, HLA-DPB1,
C3AR1 and CD3D) which displayed an excellent diagnostic value for RA were identi�ed.

Conclusion:  these �ndings may provide novel and reliable biomarkers for RA, which have some
interesting implications for early diagnosis, prognosis and targeted therapy.

Background
Rheumatoid arthritis (RA) is a chronic autoimmune disease with unspeci�ed origin, which is
characterized by synovitis, synovial hyperplasia and subsequent destruction of cartilage and bone.
Environmental and genetic components have been recognized to play a vital role in the pathogenesis of
RA[1, 2]. The clinical manifestations of RA are peripheral multi-joint in�ammatory lesions. As the disease
progresses, other organs such as lung and kidney are affected as well[3]. Based on the epidemiological
survey, the estimated prevalence rate of RA is approximately 0.3–1.1% in North America and Europe[4].
Moreover, RA also brings heavy burden to personal health and socioeconomic costs. Despite
considerable progress in early diagnosis and therapy, RA remains incurable[5]. So, it is very necessary to
�nd out mechanisms underlying RA and developing treatment methods for RA. Accelerating studies have
con�rmed that synovitis is involved in the pathogenesis of RA[6]. Fibroblast-like synoviocytes (FLS) is
one of the major components of synovium, which may contribute to synovitis directly via producing
proin�ammatory cytokines, or indirectly by recruiting and activating other immune cells[7]. The inhibition
of FLS may decrease degradation of cartilage or in�ammation in RA[8, 9]. A better understanding of the
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cellular and molecular mechanisms related to RA will lead us to discover more effective therapeutic
strategies and potential biomarkers of the disease.

Microarray analyses is a powerful discovery tool to better identify biological pathways and candidate
genes which are correlated with multiple diseases[10, 11]. Recently, several studies on data analysis of
gene expression pro�les in RA have been carried out, and many important differentially expressed genes
(DEGs) relevant to RA have been identi�ed[12, 13]. However, the exact origin and pathogenesis of RA has
been still incompletely understood.

In this study, we downlinked and analyzed two original microarray datasets (GSE77298 and GSE55235)
in Gene Expression Omnibus (GEO) database to gain overlapping DEGs between synovial tissues of RA
and healthy controls. By doing so, data of the overlapping DEGs derived from distinct microarrays were
more representative. Subsequently, functional enrichment analyses and the protein-protein interaction
(PPI) network analyses for overlapping DEGs were conducted. Subsequently, ten candidate hub genes
were recognized in the PPI network. The dataset of GSE12021 were used to evaluate diagnostic value of
the candidate hub genes for RA patients. In this work, we aimed to explore disease-related gene
biomarkers and the underlying molecular mechanism of RA.

Material And Methods

Microarray data
Three Datasets of GSE55235, GSE77298 and GSE12021 were downlinked from the GEO database
(http://www.ncbi.nlm.nih.gov/geo/). All datasets used were collected in synovial tissues from RA patients
and healthy controls. The microarray data of GSE55235 and GSE12021 were based on GPL96 Platforms
(Affymetrix Human Genome U133A Array). GSE77298 was based on GPL570 Platforms (Affymetrix
Human Genome U133 Plus 2.0 Array). The dataset of GSE55235 comprised 10 normal synovial tisssues
from healthy controls and 10 synovial tissues from RA patients. The dataset of GSE77298 included 7
normal synovial tisssues from healthy controls and 16 synovial tissues from RA patients. The dataset of
GSE12021 were used to evaluate diagnostic value of the candidate hub genes which were screened out
from the �rst two datasets for RA patients.

Identi�cation of DEGs
All microarray datasets processing and analyses were carried out in R software (version 4.0.2;
https://www.r-project.org/). A robust multi-array average (RMA) algorithm using the Affy packages were
employed to normalize the data[14]. Synovial membrane differential gene expression analysis between
RA patients and healthy controls was calculated through the R package LIMMA
(http://www.bioconductor.org/packages/release/bioc/html/limma.html)[15]. The following is the
screening criteria: |log2FC| ≥ 1, P-value < 0.05 and adjust P-value < 0.05 were statistically signi�cant for
the DEGs. To make the DEGs between the two groups be more intuitive, the volcano plots and heatmaps
were generated from R software(version 4.0.2). And Venn diagrams (Venn 2.1;
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http://bioinfogp.cnb.csic.es/tools/venny/index.html) were applied to search for the overlapping DEGs
between GSE55235 dataset and GSE77298 dataset to enhance the credibility of the subsequent results.

Functional enrichment analysis of DEGs
Gene Ontology (GO) enrichment analysis (http://www.geneontology.org/) is a powerful bioinformatics
search tool for the biological function annotation and biological process analysis of the target genes. The
Kyoto Encyclopedia of Genes and Genomes ( KEGG) database (KEGG; https://www .kegg.jp/) is the
resource for understanding advanced functions and effects of biological systems from large-scale
molecular data which were produced by high-throughput experimental techniques. The Database for
Annotation, Visualization and Integrated Discovery (DAVID; david.abcc.ncifcrf.gov/) online tool was
utilized for GO and KEGG pathway enrichment analysis, P values of less than 0.05 was regarded as
statistically signi�cant.

PPI network construction and real hub genes screening
STRING (https://string-db.org) was applied for predicting the protein-protein interaction network of
overlapping DEGs. Con�dence score ≥ 0.9 was �t as the threshold value. PPI network of overlapping
DEGs was visualized and analyzed by Cytoscape 3.8.0. And Cytoscape plugin cytohubba was utilized to
screen top 10 candidate hub genes in the network. ROC curves were used for evaluation of diagnostic
accuracy of candidate hub genes in RA patients. Then we calculated the area under curve (AUC) and
distinguished for real hub genes with an AUC > 0.8 and P < 0.05. Finally, GO and KEGG pathway
enrichment analysis was used to explore the potential biological functions of real hub genes.

Results

Identi�cation of differentially expressed genes in RA
In search of the DEGs between RA and healthy controls, we download two transcription pro�le data from
NCBI GEO datasets, including GSE77298 and GSE55235. A total of 26 RA and 17 healthy control synovial
tissue samples of the two datasets were included in the study. After analyzing by R package Limma, we
identi�ed 2177 and 884 DEGs from GSE77298 and GSE55235 (Fig. 2C). Among them, 1965 and 655
genes were identi�ed as the upregulated DEGs from GSE77298 and GSE55235 datasets, respectively
(Fig. 1A-B). Furthermore, 212 and 229 genes were identi�ed as the downregulated DEGs from GSE77298
and GSE55235 datasets, respectively. (Fig. 1A-B) Remarkably, 366 upregulated (Fig. 2A) and 19
downregulated DEGs (Fig. 2B) in RA patients were identi�ed as co-expression genes in both datasets. So
the 385 overlapping DEGs were put into follow-up study.

Functional enrichment analysis
To obtain further insight into the biological functions of the co-expression genes, they were submitted
into DAVID database for GO and KEGG enrichment analyses. The analysis results of these differentially
expressed overlapping genes are summarized in Fig. 3. The results of the biological process (BP) term
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showed that the DEGs mainly clustered in the regulation of both adaptive immune response and innate
immune response, and the positive modulation of tumor necrosis factor production (Table 1). The results
of the cellular component (CC) term demonstrated that the DEGs were mainly related to the extracellular
exosome, external side of plasma membrane, extracellular space, integral component of plasma
membrane and plasma membrane (Table 1). At the same time, the results of the molecular function (MF)
term illustrated the DEGs were mainly involved in the activity of serine-type endopeptidase,
transmembrane signaling receptor, MHC class II receptor and chemokine (Table 1). In addition, the KEGG
enrichment analysis suggested that the DEGs were primarily enriched in leishmaniasis, staphylococcus
aureus infection, tuberculosis, phagosome, rheumatoid arthritis, chemokine signaling pathway, cytokine-
cytokine receptor interaction, osteoclast differentiation, in�ammatory bowel disease, graft-versus-host
disease (Table 2).
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Table 1
GO analysis for overlapping DEGs between rheumatoid arthritis and healthy controls was performed

using DAVID database. (The top 5 GO terms are shown based on the P value)
Category ID Description Gene

count
P value

BP GO:0006955 immune response 62 1.04E-
33

  GO:0006954 in�ammatory response 47 3.36E-
22

  GO:0002250 adaptive immune response 22 5.11E-
12

  GO:0045087 innate immune response 36 8.02E-
12

  GO:0032760 positive regulation of tumor necrosis factor
production

13 1.72E-
10

CC GO:0070062 extracellular exosome 119 6.12E-
16

  GO:0009897 external side of plasma membrane 27 2.02E-
13

  GO:0005615 extracellular space 70 4.89E-
13

  GO:0005887 integral component of plasma membrane 68 3.90E-
11

  GO:0005886 plasma membrane 139 5.40E-
11

MF GO:0004252 serine-type endopeptidase activity 23 1.42E-
08

  GO:0004888 transmembrane signaling receptor activity 19 4.36E-
07

  GO:0008009 chemokine activity 9 6.09E-
06

  GO:0032395 MHC class II receptor activity 6 8.79E-
06

  GO:0004872 receptor activity 17 1.04E-
05

GO, gene ontology; BP, biological process; CC, cellular component; MF, molecular function; DEG,
differentially expressed gene.
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Table 2
KEGG pathway enrichment analysis for overlapping DEGs between rheumatoid arthritis
and healthy controls was performed using DAVID database (top 10 KEGG pathways are

shown based on the P value)
ID Description Gene count P value

hsa05140 Leishmaniasis 18 1.49E-11

hsa05150 Staphylococcus aureus infection 16 2.42E-11

hsa05152 Tuberculosis 25 3.32E-10

hsa04145 Phagosome 23 4.12E-10

hsa05323 Rheumatoid arthritis 18 5.65E-10

hsa04062 Chemokine signaling pathway 23 2.52E-08

hsa04060 Cytokine-cytokine receptor interaction 26 4.56E-08

hsa04380 Osteoclast differentiation 17 1.45E-06

hsa05321 In�ammatory bowel disease (IBD) 12 2.34E-06

hsa05332: Graft-versus-host disease 9 3.97E-06

KEGG, Kyoto Encyclopedia of Genes and Genome; DEG, differentially expressed gene.

PPI network construction and analysis
To further explore the potential interactions among the DEGs,protein–protein interaction (PPI) network
analysis was conducted using the STRING online database and Cytoscape software. Based on the
overlapping genes, the PPI network was established which consisted of 374 nodes and 767 edges. The
results were shown in Fig. 5A. Subsequently, the top 10 candidate hub genes were screened from the PPI
network by utilizing the Degree method in plugin Cytohubba. These 10 genes are HLA-DRA, HLA-DRB1,
LCK, GNAI2, CXCL1, VAV1, HLA-DPA1, HLA-DPB1, C3AR1 and CD3D (Fig. 5B). The top 10 candidate hub
genes which were selected by cytoHubba plugin could be used to distinguish RA from healthy controls.
To further verify whether our selected top 10 candidate hub genes have reliable diagnostic value for
distinguishing RA and healthy controls, we applied ROC curve analysis based on the GSE12021 dataset
to assess the diagnostic value of the 10 candidate hub genes. The results of the ROC curve analysis were
shown in Fig. 6. The AUC of eight candidate hub genes (HLA-DRA, HLA-DRB1, LCK, VAV1, HLA-DPA1, HLA-
DPB1, C3AR1 and CD3D) were shown with greater than 0.8 and P < 0.05. But, other two candidate hub
genes including the GNAI2 and CXCL1 were showed as AUC less than 0.8 and P > 0.05, suggesting that
there were no signi�cant differences. Therefore, the eight genes would be considered to be real hub genes
for discerning RA patients from healthy controls. Subsequently, GO and KEGG enrichment analyses of
these hub genes were then performed (Fig. 4). GO enrichment analysis showed that the hub genes were
mainly accumulated in T cell costimulation, T cell receptor signaling and MHC class II receptor activity
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(Table 3). Meanwhile, results of the KEGG pathway enrichment analysis presented that the hub genes
mainly gathered in staphylococcus aureus infection, HTLV-I infection and Asthma (Table 4).

Table 3
GO enrichment analysis for hub genes (top 3 according to P value).

Category ID Description Gene
count

P
value

BP GO:0031295 T cell costimulation 7 5.75E-
14

  GO:0050852 T cell receptor signaling pathway 6 1.03E-
09

  GO:0002504 antigen processing and presentation of peptide or
polysaccharide antigen via MHC class II

4 3.01E-
08

CC GO:0042613 MHC class II protein complex 4 5.33E-
08

  GO:0071556 integral component of lumenal side of endoplasmic
reticulum membrane

4 1.26E-
07

  GO:0030658 transport vesicle membrane 4 2.91E-
07

MF GO:0032395 MHC class II receptor activity 4 1.98E-
08

  GO:0042605 peptide antigen binding 4 1.42E-
07

  GO:0023026 MHC class II protein complex binding 2 0.0067

GO, gene ontology; BP, biological process; CC, cellular component; MF, molecular function.

Table 4
Result of KEGG pathway analysis for hub genes (top 3 according to P value).

ID Description Gene count P value

hsa05150 Staphylococcus aureus infection 5 1.17E-07

hsa05166 HTLV-I infection 6 1.30E-06

hsa05310 Asthma 4 2.59E-06

KEGG, Kyoto Encyclopedia of Genes and Genome.

Discussion
RA) is a chronic in�ammatory autoimmune disease, which can result in irreversible cartilage and bone
damage and disability. The activation of synovial �broblasts and the overproduction of several cytokines
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and chemokines are key players in the pathogenesis and progression of RA[16, 17]. However, the exact
origin and pathogenesis of RA still incompletely understood. An improved understanding of the molecular
mechanisms underlying RA will lead us to discover more effective therapeutic strategies for RA patients.

In this study, we sought to identify the target genes which were related to synovitis by comparing synovial
tissue gene expression pro�les between RA patients and healthy control groups. Through bioinformatics
analysis, a total of 385 overlapping genes were identi�ed, including 366 upregulated and 19
downregulated genes. Subsequently, GO and KEGG enrichment analyses of overlapping genes were
carried out. With respect to GO analysis, the DEGs was mainly enriched in various immune and
in�ammatory response-related functions and pathways. These results were consistent with previous
works demonstrated that immune and in�ammation response played an important role in pathogenic
process underlying RA[18, 19]. KEGG pathway analysis showed that the DEGs of our results were
primarily enriched in cytokine-cytokine receptor interaction, tuberculosis and chemokine signaling
pathway. The cytokine-cytokine receptor interaction and chemokine signaling pathway has been regarded
as

to be relevant to multiple autoimmune diseases[20, 21]. Consistent with our results, these pathway was
also found to be of great signi�cance in other related RA studies[22]. Furthermore, it’s widely accepted
that RA may be manifested with an increased risk of tuberculosis[23]. Previous studies by Loreto et al.
also demonstrated that the risk of subsequent tuberculosis infections increased approximately four fold
in RA patients[24]. Therefore, prevention of tuberculosis should be considered during the routine
management and treatment of patients with RA.

Based on PPI network construction and hub gene screening, ten candidate hub genes were obtained.
Additionally, the top 10 candidate hub genes have been validated through area of the ROC curve based on
the GSE12021 dataset. Eight of these 10 genes had favourable diagnostic effect and were accredited as
hub genes. They are HLA-DRA, HLA-DRB1, LCK, VAV1, HLA-DPA1, HLA-DPB1, C3AR1 and CD3D.
Functional enrichment analysis revealed that all of these hub genes were important immune-related
genes. The HLA-DRA, HLA-DRB1, HLA-DPA1 and HLA-DPB1 belong to MHC class II molecules. MHC class
II molecules are heterodimeric glycoproteins on the cell surface which are mapped on human
chromosome 6 and are encoded by MHC gene locus.

Moreover, the MHC class II molecules play an essential role in various immune response[25, 26]. Research
has shown that HLA-DRA expression can accurately re�ect immune status of patients and were
associated with abnormal T cell differentiation[27]. Moreover, HLA-DRA was reported as a DEG and its
level was upregulated in primary Sjögren's syndrome[28]. HLA-DRA was also shown to be one of the hub
genes associated gene module in peripheral blood mononuclear cells of RA [29]. In the present study
HLA-DRA was screened out as one of hub genes in RA synovial tissue. Accumulating studies have
revealed that HLA-DRB1 is closely associated with RA. A previous study from Biljana et al. demonstrated
the presence of HLA-DRB1 gene-speci�c variation possibly contribute to the increased risk of RA[30].
Jamil et al. had similar results in their study of RA patients[31]. In addition, one study also showed that
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HLA-DRB1 may be associated with drug resistance and drug e�cacy in RA patients treated with
adalimumab[32]. HLA-DP was also reported to be strongly associated with several autoimmune diseases,
including ankylosing spondylitis and systemic lupus erythematosus[33, 34]. It was also demonstrated
that HLA-DPB1 might be an related factor of susceptibility to RA and there were association between
HLA-DPB1 and serum anti-CCP antibodies levels [35]. Moreover, there were also other studies suggesting
that the polymorphisms of HLA-DPB1 may be as a protective factor for RA[36]. The present study
identi�ed HLA-DPA1 as a key gene correlated with RA, which are similar to the �ndings of Li et al[37].
However, another study showed that HLA-DPB1 or HLA-DPA1 had no correlation with the disease severity
or susceptibility in RA patients[38]. Therefore, additional studies will be needed to clarify the role of HLA-
DPB1 and HLA-DPA1 in RA and the underlying mechanisms. The lymphocyte-speci�c protein tyrosine
kinase (LCK) is a member of the Src family, which was shown to participated in the pathogenesis of
multiple autoimmune diseases through TCR signaling pathway[39]. It has been reported that LCK-
de�cient mice appeared severe de�ciency of T cell development in the thymus[40]. Remarkably, LCK play
a critical role in T lymphocytes hyporesponsiveness present in the synovial �uid of RA patients[41]. VAV1
is a GDP/GTP nucleotide exchange factor (GEF) speci�c to the hematopoietic system, the function of
which was regulated by tyrosine phosphorylation after the end of T cell antigen receptor (TCR)
stimulation[42]. And some scholars showed that VAV1 gene Polymorphisms were directly linked with RA,
especially in anti-CCP negative rheumatoid arthritis[43]. As a member of G-protein coupled receptor
family, the complement component 3a receptor 1 (C3aR1) was con�rmed to be involved in the regulation
of both innate and adaptive immune responses[44]. Previous study has shown that C3aR-knock out
MRL/lpr lupus mice suffered faster renal injury, suggesting a protective role of C3aR in lupus
nephritis[45]. In contrast, other studies showed that C3aR expression strongly associated with disease
activity in patients with lupus nephritis[46]. CD3D mainly functions by forming T cell receptor (TCR) -CD3
complex, which could affect the outcome of T cell response[47]. It was reported that CD3D was mainly
involved in immune activation, particularly being strongly linked with CD8+T cell activation in colon
cancer [48]. However, there are few studies about the role of C3aR1 and CD3D in RA. Thus, these will be
studied in our future works.

However, there are some limitations in our study. Firstly, our results are required to further validate by
more studies with larger sample size. Additionally, to better comprehend the roles of DEGs reported by us
in RA pathogenesis, molecular experiments are imperative. In all, integrated bioinformatics analysis of
multiple gene expression datasets obtained from GEO database identi�ed a total number of eight hub
genes which might be associated with the pathogenesis of RA. Our results also revealed that the eight
hub genes may be applied in the diagnosis of RA. Furthermore, our �ndings may contribute to increase
the understanding of the underlying mechanisms of RA.

Conclusion
As a result, these �ndings may provide novel and reliable biomarkers for RA, which might have some
interesting implications for early diagnosis, prognosis and targeted therapy.
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Figure 1

Volcano plot of differentially expressed genes between RA and healthy controls (P <0.05 and |log FC| > 1).
(A) The volcano plot for DEGs of GSE55235. The red points represent up-regulation genes, the blue points
represent down-regulation genes, and the grey points represent the no signi�cant genes. (B) The volcano
plot for DEGs of GSE77298. Colors represent have the same meaning as above. DEGs, differentially
expressed genes; RA, rheumatoid arthritis.
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Figure 2

Venn diagram for overlap of upregulated or downregulated genes between GSE55235 and GSE77298. (A)
A Venn-diagram of up-regulated DEGs between GSE55235 and GSE77298. (B) A Venn-diagram of down-
regulated DEGs between GSE55235 and GSE77298. DEGs, differentially expressed genes. (C) Heat map
of the differentially expressed genes.
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Figure 3

GO and KEGG enrichment analysis for the overlapping DEGs. (A) GO enrichment of the 385 overlapped
DEGs. Red, blue and green boxes represent GO BP, CC and MF, respectively. (B) KEGG pathway analysis of
the 385 overlapped DEGs. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; BP,
biological process; CC, cellular component; MF, molecular function; DEGs, differentially expressed genes.

Figure 4

GO and KEGG enrichment analysis for the real hub genes. (A) GO enrichment of the 8 real hub genes. Red,
blue and green boxes represent GO BP, CC and MF, respectively. (B) KEGG pathway analysis of the 8 real
hub genes. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; BP, biological process;
CC, cellular component; MF, molecular function.
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Figure 5

The protein-protein interaction (PPI) network of the overlapping DEGs and top 10 candidate hub genes
analysis. (A) The PPI network was constructed by STRING database containing 385 overlapping DEGs
(upregulated DEGs labeled in red and downregulated DEGs labeled in blue). (B) The top 10 candidate hub
genes obtained by cytoHubba. DEGs, differentially expressed genes; PPI, protein–protein interaction.
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Figure 6

Receiver operating characteristic curves of the top 10 candidate hub genes to investigate the diagnostic
value of the candidate hub genes using the GSE12021 dataset. Among the 10 genes screened out by
cytoHubba plug-in, eight genes with AUC more than 0.80 and P<0.05 were considered as hub genes of
RA.


