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CCL5 and related genes might be the potential diagnostic biomarkers
for the therapeutic strategies of rheumatoid arthritis
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Abstract
Objective Rheumatoid arthritis (RA) is a common disease of rheumatic diseases. The aim of this study was to identify gene
signatures in RA and uncover their potential mechanisms.
Method Gene expression profiles of GSE1919, GSE55235, GSE55457, and GSE77928 were downloaded from GEO database.
The above four series contained 76 samples, including 44 RA patients and 32 normal controls. The gene ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses were performed, and protein–protein
interaction (PPI) network of the differentially expressed genes (DEGs) was constructed by Cytoscape software.
Results Up-regulated DEGs were significantly enriched in biological processes, including immune response, positive regulation
of immune system process and regulation of immune system process, while down-regulated DEGs were significantly enriched in
biological processes, including response to oxygen-containing compound, cellular lipid metabolic process, and lipid metabolic
process. KEGG pathway analysis showed the up-regulated DEGs were enriched in cytokine–cytokine receptor interaction,
chemokine signaling pathway, and primary immunodeficiency. The 104 hub genes, which were significantly differently
expressed between patients and normal controls in at least two datasets, were identified from the PPI network, and subnetworks
revealed that these genes were involved in significant pathways, including cytokine–cytokine receptor interaction, chemokine
signaling pathway, and primary immunodeficiency.
Conclusion The present study indicated that the identified DEGs and hub genes promote our understanding of molecular
mechanisms underlying the development of RA, such as C-C motif chemokine 5 (CCL5), might have a negative impact in the
development of RA. CCL5 and its related genes might be the potential diagnostic biomarkers for the therapeutic strategies of RA.
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Introduction

Rheumatoid arthritis (RA) is one of the commonest rheumatic
diseases with many cases recorded [1]. RA is considered as a
gene-related disease [2–6] with articular disorders.
Accumulating evidence also has demonstrated that multiple
genes and cellular pathways participate in the occurrence and

development of RA [3, 7, 8]. To date, a lack of understanding
the precise molecular mechanisms underlying RA progression
limits the ability to treat advanced disease. In recent years,
gene sequencing technology is now undergoing a revolution,
which could be used on tissue or blood samples to identify
biomarkers in individual person [9, 10]. Therefore, further
knowledge of molecular mechanism involved in genetic ex-
pression disorder of RAwhich is extremely important for the
future development of diagnosis and treatment could be
learned through this up-to-date technology. Bioinformatics
analysis [11] now is a popular approach to analyze the expres-
sion changes of gene in the development and progression of
RA, comprehensively. In this present study, we downloaded
the original data (GSE1919, GSE55235, GSE55457,
GSE77298) from the Gene Expression Omnibus (GEO),
which is repository leads to the archiving as a hub for micro-
array data deposit and retrieval. Gene expression profiles of
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synovial tissue in patients with RAwere compared with those
in normal controls to identify the differentially expressed
genes (DEGs). Subsequently, the selected DEGs were
screened by gene ontology (GO) and pathway enrichment
analysis. By way of analyzing their biological functions and
pathways, we may take a further insight of RA at molecular
level and explore the potential diagnostic biomarkers for the
therapeutic strategies of RA.

Materials and methods

Data source

In GEO data, we selected synovial tissues from human
sources to compare the expression differences of synovial tis-
sues between rheumatoid patients and healthy people.

The gene profiles were downloaded from GEO database
(https://www.ncbi.nlm.nih.gov/gds) according to the following
keywords: (1) rheumatoid arthritis, (2) Homo sapiens, (3) syno-
vial tissue, and (4) absence of drug intervention. Finally, we
confirmed these four datasets: GSE1919, GSE55235,
GSE55457, and GSE77298, which were based on the platform
of GPL91 Affymetrix Human Genome U95A Array,
GPL96[HG-U133A] Affymetrix Human Genome U133A
Array, GPL96[HG-U133A] Affymetrix Human Genome
U133A Array, and GPL570 Affymetrix Human Genome U133
Plus 2.0 Array, respectively. These four datasets were all derived
from human synovial membrane, and GSE1919 contained 5 RA
patients and 5 normal controls, GSE55235 contained 10 RA
patients and 10 normal controls, GSE55457 contained 13 RA
patients and 10 normal controls, and GSE77298 contained 16
RApatients and 7 normal controls. A total of 4 datasets including
44 RA samples and 32 normal controls were used for the

Fig. 1 The distribution of differential genes between GSE1919,
GSE55235, GSE55457, and GSE77298

Table 1 The enriched GO terms
of up-regulated and down-
regulated expressed genes

Ontology ID Description adjusted P value Counts

The enriched GO terms of up-regulated genes
BP GO:0006955 Immune response 1.24E−22 35
BP GO:0002684 Positive regulation of immune system process 2.01E−16 25
BP GO:0002682 Regulation of immune system process 5.13E−16 28
BP GO:0007166 Cell surface receptor signaling pathway 3.52E−14 34
BP GO:0046649 Lymphocyte activation 3.77E−14 20
CC GO:0009897 External side of plasma membrane 4.83E−09 11
CC GO:0019814 Immunoglobulin complex 1.78E−08 6
CC GO:0098552 Side of membrane 1.24E−07 12
CC GO:0042571 Immunoglobulin complex, circulating 8.14E−07 5
CC GO:0009986 Cell surface 2.45E−05 12
MF GO:0003823 Antigen binding 1.27E−09 10
MF GO:0005102 Receptor binding 4.32E−07 19
MF GO:0008009 Chemokine activity 5.43E−07 6
MF GO:0034987 Immunoglobulin receptor binding 1.73E−06 5
MF GO:0042379 Chemokine receptor binding 1.93E−06 6

The enriched GO terms of down-regulated genes
BP GO:1901700 Response to oxygen-containing compound 2.60E−04 9
BP GO:0044255 Cellular lipid metabolic process 3.13E−04 8
BP GO:0006629 Lipid metabolic process 3.63E−04 9
BP GO:0032787 Monocarboxylic acid metabolic process 6.38E−04 6
BP GO:0006631 Fatty acid metabolic process 9.60E−04 5
CC GO:0070062 Extracellular exosome 0.001755123 14
CC GO:1903561 Extracellular vesicle 0.001859901 14
CC GO:0043230 Extracellular organelle 0.001868868 14
CC GO:0031988 Membrane-bounded vesicle 0.007192761 14
CC GO:0044421 Extracellular region part 0.019276594 14
MF GO:0031406 Carboxylic acid binding 0.014891981 3
MF GO:0004806 Triglyceride lipase activity 0.032440976 2
MF GO:0043168 Anion binding 0.05612219 3

GO gene ontology, BP biological process, CC cell component, MF molecular function
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following analysis. All sample profiles of these four datasets
were homogenized according to the statistics condition and re-
quirement since all data were from Affymetrix Human Genome
Array (a platform where data is preprocessed and normalized
using the RMA method). Ethical approval was not necessary in
our study because all data is from a public database and do not
perform any experiments in patients or animals.

Identification of DEGs

DEGs in RA samples compared with normal controls
were screened using t test method with the GEO2R online
analysis tool (https://www.ncbi.nlm.nih.gov/geo/geo2r).
The adjusted P value < 0.05 and |logFC| ≥ 2 were set as
cutoff criteria. The coexpressed up-regulated and down-
regulated DEGs of the two gene expression profiles were
identified with a Venn diagram (http://bioinfogp.cnb.csic.
es/tools/venny/index.html; Venny 2.1.0).

Gene ontology and pathway enrichment analysis
of DEGs

GO analysis (http://www.geneontology.org/) is increasingly
applied for functional studies of large-scale genomic or
transcriptomic data, which comprises three independent ontol-
ogies, including biological process (BP), molecular function
(MF), and cellular component (CC). The Kyoto Encyclopedia
of Genes and Genomes (KEGG: https://www.kegg.jp/) is a
major public database containing the information of
biochemistry pathways. The common up-regulated and down-
regulated DEGs were analyzed using Database for Annotation,
Visualization and Integrated Discovery version 6.7 (DAVID:
https://david.ncifcrf.gov/), an online program that provides a
comprehensive set of function annotation tools for researchers
to understand the biological meaning lists of genes. GO
enrichment and KEGG pathway analyses were performed
using DAVID. P < 0.05 was considered to indicate statistically
significant difference.

Integration of PPI network

The functional interactions between proteins can provide context
in molecular mechanism of cellular processing. In present study,
protein–protein interaction (PPI) network of DEGs was con-
structed using the Search Tool for the Retrieval of Interacting
Genes (STRING, https://string-db.org/) database and
subsequently was visualized using Cytoscape. And confidence
score ≥ 0.4 was set as the cutoff criterion. Then, the molecular
complex detection (MCODE) was performed to screen modules
of PPI network with degree cutoff = 2, node score cutoff = 0.2, k-
core = 2, and max depth = 100. The functional enrichment anal-
ysis of genes in each module was performed by STRING.

Results

Identification of DEGs

Forty-four cases of RA samples were compared with 32 cases
of normal controls in GSE1919, GSE55235, GSE55457, and

Table 2 The top five enriched
KEGG pathways of up-regulated
expressed genes

ID Description Adjusted P value Counts

The top 5 enriched KEGG pathway of up-regulated genes

hsa04060 Cytokine–cytokine receptor interaction 4.14E−06 9

hsa04062 Chemokine signaling pathway 1.22E−04 7

hsa05340 Primary immunodeficiency 4.04E−04 4

hsa04640 Hematopoietic cell lineage 0.005739321 4

hsa05323 Rheumatoid arthritis 0.006321026 4

hsa Homo sapiens

Fig. 2 The top 30 degree hub genes
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GSE77298 [12–14] by using the GEO2R online analysis tool.
Based on GEO2R analysis, we have used an adjusted P < 0.05
and log (fold change) (logFC) ≥ 2.0 criteria. In order to further
confirm significant genes of similar tendency in expression in
those four profiles, DEGs of the up-regulated and down-
regulated gene expression profiles were identified with a
Venn diagram, and the results are shown in Fig. 1. In total,
there are 104 hub overlap genes (including 77 up-regulated
and 27 down-regulated genes) which were significantly dif-
ferently expressed between patients and normal controls in at
least two datasets. Among the hub overlap genes, the top three
hub genes were C-X-C motif chemokine 13 (CXCL13), im-
munoglobulin lambda-like polypeptide 5 (also called IGLC1),
and immunoglobulin kappa (IGKC).

GO enrichment analysis

Among the 104 hub overlap genes (including 77 up-regulated
and 27 down-regulated genes), we used the DAVID online
analysis tool to identify statistically significantly enriched
GO terms and KEGG pathways after uploading all up-
regulated and down-regulated genes, respectively. GO analy-
sis results showed that up-regulated DEGs were mainly in-
volved regulation of immune system process in BP, external
side of plasma membrane in CC, antigen binding in MF, and
down-regulated DEGs were mainly involved response to

oxygen-containing compound in BP, extracellular exosome
in CC, and carboxylic acid binding in MF (Table 1).

KEGG pathway analysis

The significant enriched pathways of the 77 up-regulated
DEGs, analyzed by KEGG analysis, are shown in Table 2.
Up-regulated genes were enriched in the cytokine–cytokine
receptor interaction, chemokine signaling pathway, primary
immunodeficiency, hematopoietic cell lineage, and rheuma-
toid arthritis.

Module analysis and hub gene selection in the PPI
network

Based on the information in the STRING database, the
highest module was shown by using the MCODE plug-
in, and the functional annotation of the genes involved in
the module was analyzed. PPI network with DEGs (Fig.
3) and list the top ten degree hub genes: transcription
factor AP-1 (JUN), B cell antigen receptor complex-
associated protein alpha chain (CD79A), CCL5,
tyrosine-protein kinase Lck (LCK), CD27 antigen
(CD27), CXCL13, C-X-C motif chemokine 9 (CXCL9),
interleukin-7 receptor subunit alpha (IL7R), T cell surface
glycoprotein CD3 delta chain (CD3D), and C-X-C motif
chemokine 10 (CXCL10) (Fig . 2) . Four ac t ive

Module

Submodules

a

b c d e

Fig. 3 Module (a) and 4 active submodules (b–e) of PPI network
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submodules were required: (1) adenylate cyclase type 2
(ADCY2), CCL5, C-X-C motif chemokine 6 (CXCL6),
CXCL9, CXCL10, and CXCL13; (2) CD27 antigen (CD27),
integrin alpha-4 (ITGA4), IL7R, CD3D, and T cell surface gly-
coprotein CD3 zeta chain (CD247); (3) dual specificity protein
phosphatase 1 (DUSP1), early growth response protein 1
(EGR1), and Fos-related antigen 2 (FOSL2); and (4) tumor
necrosis factor receptor superfamily member 17 (TNFRSF17),
immunoglobulin J chain (IGJ), POU domain class 2-associating
factor 1 (POU2AF1) (Fig. 3b–e). Characteristics of active mod-
ules and submodules of PPI network are detailed in Table 3.
Functional enrichment results of the first submodule revealed
that the development of RA is associated with chemokine-
mediated signaling pathway in biological process, chemokine
activity in molecular function, and extracellular space in cellular
component. Other submodules are detailed in Table 3.

Discussion

RA is an autoimmune disease which has brought a heavy finan-
cial burden to China [15]. According to previous studies, the
inherited genetic architecture (that is, genomic DNA) significant-
ly contributes to the etiology of RA [16–18]. Understanding the
molecular mechanism of RA is of crucial importance for diag-
nosis and treatment. It has beenwidely used to predict therapeutic
targets for RA since high-throughput sequencing can provide
expression levels of genes in human genome simultaneously
[19]. The aim of this study was to identify several hub genes
with similar function highly expressed in RA compared to nor-
mal controls and uncover their potential mechanisms. In the
present study, we extract the gene expression profiles of
GSE1919, GSE55235, GSE55457, and GSE77928 downloaded
from GEO database and identify 77 up-regulated and 27 down-
regulated overlap DEGs between RA and normal control using
bioinformatics analysis. Cumulative evidence has demonstrated
that coexpression gene normally consists of a group of genes
with similar expression profiles, which frequently participate in
parallel biological process as well. In order to better understand
the interactions of DEGs, we further performed GO and KEGG
pathway analysis.

The GO term analysis showed that up-regulated DEGs
were mainly involved regulation of immune system process
in biological process, external side of plasma membrane in
cell component, and antigen binding in molecular function.
Since RA is a disease associated with immune dysfunction,
genes are always involved in immune system process and
antigen binding [20]. Previous studies have shown that immu-
noregulatory factors, CD28, CTLA-4, and CCL5 and their
gene polymorphisms play a crucial role in the process of RA
patients [21]. In addition, down-regulated DEGs were mainly
involved response to oxygen-containing compound in biolog-
ical process, extracellular exosome in cell component, andTa
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carboxylic acid binding in molecular function. Recent evi-
dences indicate that extracellular vehicles, including
exosomes, are now recognized to play important roles in
cell-to-cell communication, which are likely to play a promi-
nent role in the pathophysiology of RA [22–25]. In the near
future, genes related to extracellular exosomes might be ther-
apeutic targets for modulation of RA.

Furthermore, the enriched KEGG pathways of up-
regulated DEGs included cytokine–cytokine receptor interac-
tion and chemokine signaling pathway. Abnormal levels of
cytokines and chemokines often exist in patients with rheu-
matoid arthritis and other systemic autoimmune diseases;
therefore, evaluating cytokine and chemokine profiles can be
a useful method to diagnose RA [26]. At the same time, drugs
for abnormal expression of cytokines or chemokines associat-
ed with RA are being developed.

We also constructed the PPI network with DEGs and list
the top ten degree hub genes: JUN, CD79A, CCL5, LCK,
CD27, CXCL13, CXCL9, IL7R, CD3D, and CXCL10. The
CD79A gene encodes CD79A protein, which is known as B
cell antigen receptor complex-associated protein alpha chain.
It is reported that synovial infiltration with CD79a-positive B
cells correlates with joint destruction in rheumatoid arthritis
[27]. LCK, as a tyrosine kinase, is involved in inflammatory
disorders. Selective LCK inhibitor might be the potential ap-
plication in inflammatory disorders including RA [28]. CD27,
a member of the tumor necrosis factor receptor superfamily, is
a costimulatory immune checkpoint molecule. Current evi-
dence suggests that CD27–CD70 pathway contributes to the
pathophysiology of autoimmunity [29]. The use of TNF-
inhibitor treatment affects B cell phenotype and IgD-CD27-
memory B cells in circulation in RA patients [30]. As to IL7R
(interleukin-7 receptor), it is a biomarker with potential appli-
cations in RA diagnosis and therapy [31]. The relationship
between JUN, CD3D, and RA needs further clarification.

Four active submodules were required: (1) CCL5 CXCL6
CXCL9 CXCL10 CXCL13 ADCY2; (2) CD27 ITGA4 IL7R
CD3D CD247; (3) DUSP1 EGR1 FOSL2; (4) TNFRSF17 IGJ
POU2AF1. Among these four submodules above, CCL5 group
reaches the highest degree. In this module, ADCY2was a down-
regulated gene, while other genes were up-regulated genes.
Functional enrichment of this submodule revealed that the devel-
opment of RA is associated with chemokine-mediated signaling
pathway in biological process, chemokine activity in molecular
function, and extracellular space in cellular component.
Chemokines and chemokine receptors are involved in leukocyte
recruitment and angiogenesis underlying the pathogenesis of RA
and other inflammatory rheumatic diseases. Numerous
chemokines, along with both conventional and atypical cell sur-
face chemokine receptors, are found in inflamed synovia [32].
Previous study reported that strong expression of CCL5 and
CXCL9/10 was observed in the RA synovial lining cells at
mRNA and protein levels [33]. Yarilina et al. [34] reported that

in RA patients, tumor necrosis factor (TNF) initiated a type I
interferon β-mediated autocrine loop and that expression of
CCL5, CXCL9, and CXCL10 was sustained and amplified by
the sequential induction of IFNβ. Also, the levels of chemokines
related to Th1 (CXCL9, CXCL10), T follicular helper, and B
cells (CXCL13) were significantly higher in RA patients,
pointing to the role of these chemokines and immune cells in
early RA pathogenesis [35]. All these results suggest that CCL5
and its related genes contribute to the pathogenesis of RA. The
relationship between CXCL6, ADCY2, and RA needs more
study to clarify.

Nevertheless, there are several limitations to this study.
First, the sample size in the current study was limited.
Additionally, experiments such as quantitative real-time poly-
merase chain reaction and Western blot analysis were not per-
formed to determine the expression levels of these hub genes.
Therefore, further studies with more experimental validation
need to verify our observation.

In summary, the present study reveals that some certain key
molecules such as CCL5, CCL6, CCL9, CCL10, CCL13, and
ADCY2 as well as their associated pathways may play key
roles in the development and progression of RA. Findings in
this study provided a new molecular understanding of RA and
could pave the road for the discovery of new diagnostic bio-
markers in the treatment of RA.

Compliance with ethical standards
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Human participants and animal rights The article does not contain any
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