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Abstract
Background As one of the most common causes of joint deformities, rheumatoid arthritis (RA) has
seriously affected human health. In this study, RA biomarkers related to immunity were identi�ed by
bioinformatics methods.

Methods RA synovial microarray data were obtained from GEO database and preprocessed, and then
differentially expressed genes(DEGs) were screened. Subsequently, the hub nodes were screened from the
PPI network of DEGs by STRING database and cytoscape software. The hub nodes were veri�ed in
independent dataset. The immune in�ltration in synovial tissue of RA was analyzed by CIBERSORT
algorithm. In addition, the correlation between differentially in�ltrated immune cells and key genes was
analyzed.

Results Intersected DEGs were signi�cantly enriched in biological processes, including immune response 
− activating signal transduction, B cell activation, T cell activation. Through PPI network and immune
in�ltration analysis, we �nally identi�ed 5 immune-related biomarkers including CCL5, CCR5, CD27,
CXCL9 and TLR8.

Conclusion CCL5, CCR5, CD27, CXCL9 and TLR8 may be potential diagnostic biomarkers for RA
treatment strategies.

Key Points
Enrichment analysis of DEGs using ClusterPro�ler package.

Pearson correlation was used to analyze the relationship between key genes and immune cells.

Immune in�ltration analysis of synovium in patients with RA based on CIBERSORT algorithm.

Introduction
RA is a chronic systemic autoimmune disease with synovial in�ammation and pannus formation as the
main pathological changes[1,2]. With the gradually increase of in�ammatory cell in�ltration and bone
tissue destruction, it eventually leads to joint deformity and dysfunction[3]. At present, limited by the
understanding of the pathogenesis of RA, clinical treatment of RA is di�cult to achieve complete or strict
remission of symptoms. More often than not, remission does not last after the interruption of
treatment[4]. In view of this, the research on the novel treatment scheme is the highlight of our efforts.
Previous studies have shown that the cascade of innate immunity and adaptive immunity is a crucial
immunopathogenic mechanism in the in�ammatory process of RA[5]. Immune complex-mediated
complement activation and cytokine disorder occupy a signi�cant position in the progression of RA [6,7].
A variety of immune cells, represented by T cells, B cells, macrophages and neutrophils, participate in and
modulate the autoimmune response of RA, speed up cartilage and bone erosion by disturbing the
immune balance [8,9].
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This study attempts to explore the pathogenesis of RA from the perspective of bioinformatics, analyze
step by step and �nd out new immune-related biomarkers in RA.

Materials And Methods
Microarray data acquisition and preprocessing

Three RA datasets (GSE55235, GSE55457, GSE77298) were selected from the GEO database, in which
the dataset GSE55235 and GSE55457 were based on the GPL570 platform, and the dataset GSE77298
was based on the GPL6947 platform. GSE55457 contains synovial tissue of rheumatoid arthritis (n = 13)
and normal control tissue (n = 10) GSE55235 contains synovial tissue of rheumatoid arthritis (n = 10)
and normal control tissue (n = 10), GSE77298 contains synovial tissue of rheumatoid arthritis (n = 16)
and normal control tissue (n = 7). After background correction, normalization and summarization, the
original expression data were annotated using their corresponding platform �les.

 

DEGs screening

The limma package in R software was used to screen the differentially expressed genes (DEGs) from the
data processed in GSE55235 and GSE55457. The Benjamini and Hochberg method were used to adjust
the P value. Meanwhile, The �lter criterias were set as follow: | log2 (Fold Change) | > 1 and the adjusted
P value < 0. 05. In addition, we further screened the overlapping genes of the DEGs in GSE55235 and
GSE55457, and the overlapping genes with consistent regulation (up regulated or down regulated)
between the 2 datasets were employed for subsequent analysis.

 

Enrichment and PPI network analysis

ClusterPro�ler[10] performed gene ontology (GO) and KEGG pathway analysis on the overlapping DEGs.
With P<0.05 as the threshold,GO items and signal pathways with signi�cant enrichment were screened
out. Besides, We used the online search for interacting genes/proteins (STRING) tool (http://www.string-
db.org) to create an overlapping DEGs protein interaction network. Subsequently, in the Cytoscape
software, the cytohubba plug-in was hired to analyze the PPI network. After the calculation, top 9 hub
nodes ranked by MCC scores were identi�ed.

 

Identi�cation of hub genes

To evaluate the reliability of the top 9 hub nodes, we veri�ed their expression levels in GSE77298, In which
genes with signi�cant differences and regulation direction consistent with overlapping DEGs were
regarded as hub genes in RA.
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Immune in�ltration analysis

CIBERSORT algorithm is a reliable machine learning method based on linear support vector regression
(SVR). It is widely used to evaluate the relative content and dynamic regulation process of 22 kinds of
immune cells [23-24]. Based on GSE77298 dataset and linked CIBERSORT deconvolution method, the
transcriptional characteristic matrix including 22 kinds of immune cells was simulated. The calculation
times were set at 500 times. Kruskal-Wallis rank sum test was used to analyze the data with P<0.05.
Immune cells with signi�cant difference in in�ltration scores between RA group and control group were
found by immune in�ltration analysis, and then the correlation between immune cells and hub genes
were analyzed by pearson to reveal the immune-related biomarkers in RA.

Results
Identi�cation of DEGs

First, we used Limma package to screen a total of 1185, 371 DEGs from GSE55235 and GSE55457,
respectively. Subsequently, a total of 200 overlapping DEGs were selected from the DEGs of the two
datasets (Fig. 1A, Fig. 1B). Finally, by comparing the logFC, of the overlapping DEGs in the two datasets,
we found that the regulation direction of all the overlapping DEGs in the two datasets were surprisingly
consistent.

 

Enrichment analyses of overlapping DEGs and PPI network construction

The results of GO enrichment analysis showed that the main biological processes(BP) of overlapping
DEGs were immune response−activating signal transduction, B cell activation, T cell activation,
lymphocyte mediated immunity, positive regulation of lymphocyte activation (Fig. 1C). The KEGG
pathway analysis results demonstrated that overlapping DEGs were particularly enriched in cytokine-
cytokine receptor interaction, chemokine signaling pathway, Th17 cell differentiation, B cell receptor
signaling pathway (Fig. 1D). With the help of STRING database and cytoscape software, the PPI network
containing 100 nodes and 200 edges of overlapping DEGs was constructed (Fig. 2A). Furthermore, we
obtained 9 hub nodes from the PPI network through the cytohubba plug-in (Fig. 2B).

 

Validation of hub nodes

In order to further verify the expression level of 9 hub nodes in synovium of other RA patients, we selected
GSE77298 as the test dataset. The results showed that among the 9 genes, the expression level of CCL5,
CCR5, CD27, CXCL9 and TLR8 in RA group were signi�cantly higher than that in control group, but there
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was no signi�cant difference in rest of the genes (Fig. 2C). We consider these 5 genes as the hub genes in
RA.

 

Results of immune in�ltration analysis

The CIBERSORT deconvolution method screened the synovial samples in GSE77298 with P<0.05, and
�nally obtained 21 credible samples (Fig. 3A). The difference of immune in�ltrating cells in synovium
between RA and healthy control was analyzed by violin graph. The results showed that the plasma cells
and M0 macrophages were signi�cantly increased in RA group. In addition, NK cells activated,
Monocytes, Dendritic cells resting and Mast cells resting were signi�cantly decreased in RA synovium
(Fig. 3B). By analyzing the correlation between the in�ltration scores of the above 6 cells and the
expression level of each key gene, we found that CCL5, CCR5,CD27 and CXCL9 were positively correlated
with plasma cells; CCL5, CD27 and CXCL9 were negatively correlated with NK cells activated; CCR5 and
TLR8 were negatively correlated with Dendritic cells resting; CCL5, CCR5 and CXCL9 were positively
correlated with Mast cells resting.

Discussion
In this study, we �rst screened DEGs in synovium between RA and normal patients from 2 datasets
(GSE55235, GSE55457). In order to optimize the reliability of the results, the DEGs, which exists in both
datasets and regulates consistently were retained for follow-up analysis. Based on the previous step, we
have got 30 intersecting DEGs. Interestingly, all of these genes are up-regulated. Then, with the help of GO
enrichment analysis, we found that the BP signi�cantly enriched by DEGs contained immune
response−activating signal transduction, B cell activation, T cell activation, lymphocyte mediated
immunity, etc. Meanwhile, KEGG enrichment analysis showed that DEGs were mainly associated with
immune-related pathways containing Th17 cell differentiation and B cell receptor signaling pathway.

To uncover the vital members of these DEGs, we built the PPI network. 9 hub nodes in the PPI network
have been found using cytohubba plug-in. In the GSE77298 dataset, we veri�ed the expression of hub
nodes in the synovium of RA patients, and found that the expression of CCL5,CCR5,CD27,CXCL9 and
TLR8 was consistent with the previous. We regarded these 5 genes as key genes in RA. Previous studies
have shown that CCL5 and CXCL9 are up-regulated in the synovium of RA patients, which is of great
signi�cance for synovial growth and in�ammation[11,12]. CCR5, a G protein‐coupled receptor, Silencing
CCR5 can inhibit in�ammation, synovial activity and promote apoptosis in RA rats by inhibiting MAPK
pathway[13]. CD27 is a member of the tumor necrosis factor receptor superfamily. Recent studies have
shown that CD19+CD24hiCD27+B cells accumulate excessively in the synovium and might be involved in
joint destruction in RA[14]. As a member of the Toll-like receptor family, TLR8 inhibitors can reduce the
production of TNF in human rheumatic joint synovial culture[15].
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Next, we used CIBERSORT deconvolution method to analyze the immune in�ltration of the samples in
GSE77298. The results showed that there were signi�cant differences in the proportion of plasma cells,
M0 macrophages, NK cells activated, Monocytes, Dendritic cells resting and Mast cells resting in RA
group compared with the control group. Finally, we studied the correlation between each key gene and all
differentiated in�ltrating cells. The results of correlation analysis provide us with a number of
information, and here we suggest interpreting it from a global perspective. As shown in �gure 4, Plasma
cells are the solely immune cells that are positively related to nearly all key genes, but there is no
signi�cant correlation between key genes and M0 macrophages. Meanwhile, the rest of the immune cells
were negatively correlated with key genes or had no signi�cant negative correlation trend. There are a
large number of lymphocytes, plasma cells and monocytes in the synovium of chronic RA with diffuse
and localized in�ltration. If the inhibitor is developed with the key genes as the target, we speculate that
its greatest effect is to limit or reduce the in�ltration of plasma cells in the synovium, so as to improve the
progression of the disease.

Abbreviations
RA: Rheumatoid arthritis; GEO: Gene Expression Omnibus; DEGs: Differentially expressed genes; GO: Gene
ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; PPI: Protein–protein interaction; BP:
Biological process; STRING: Search Tool for the Retrieval of Interacting Genes; MCC: Matthews
correlation coe�cient
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Figure 1

(a) Heatmap of DEGs in GSE55235. (b) Heatmap of DEGs in GSE55457. (c) GO (BP) enrichment analysis
of intersection DEGs. (d) KEGG enrichment analysis of intersection DEGs.
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Figure 2

(a) PPI network of intersection DEGs. (b) 9 hub nodes in the PPI network. (c) Veri�cation of hub node
expression in GSE77298
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Figure 3

(a-b) Analysis of immune in�ltration in synovial tissues of RA patients.

Figure 4
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(a-e) Pearson correlation analysis of key genes and immune cells.


