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Objective: Rheumatoid arthritis (RA) is a nonspecific, chronic, systemic autoimmune disease characterized by symmetric poly-
articular synovitis. Bioinformatics analysis of potential biomarkers, mRNA-miRNA-IncRNA axes, and signaling pathways in the
pathogenesis of RA provides potential targets and theoretical basis for further research on RA.

Methods: The GSE1919 and GSE77298 datasets were downloaded from the Gene Expression Omnibus database (http://www.ncbi.
nlm.nih.gov/geo). Perl was used to perform data merging, and R was used to perform batch correction. The “limma” package of R was
used to screen differentially expressed genes, and the “clusterProfiler” package was used to perform enrichment analysis of the Gene
Ontology and Kyoto Encyclopedia of Genes and Genomes. Search Tool for the Retrieval of Interacting Genes/Proteins was used to
construct the protein—protein interaction network, Cytoscape was used for module analysis, and R was used to screen for hub genes.
GraphPad Prism was used to plot the receiver operating characteristic curve of the hub genes. Gene set enrichment analysis and
competitive endogenous RNA network analysis were performed on hub genes with the greatest diagnostic values. The hub gene with
the greatest diagnostic value was verified using immunohistochemical staining.

Results: We obtained nine hub genes (ITGB2, VAMPS, HLA-A, PTAFR, SYK, FCERIG, HLA-DPBI1, LCP2, and ACTR2) and four
mMRNA-miRNA-IncRNA axes (ITGB2-hsa-miR-486-3p-SNHG3, ITGB2-hsa-miR-338-5p-XIST, ITGB2-hsa-miR-5581-3p-XIST, and
ITGB2-hsa-miR-1226-5p-XIST) related to the pathogenesis of RA. The nine hub genes were highly expressed, and /TGB2 had the
highest diagnostic value for RA. We also identified signaling pathways related to the pathogenesis of RA: Fc epsilon Rl and chemokine
signaling pathways. The immunohistochemical results showed that ITGB2 expression was significantly upregulated in RA.
Conclusion: The hub genes, mRNA-miRNA-IncRNA axes, and signaling pathways related to RA pathogenesis identified in this
study provide a new research direction for the mechanism, diagnosis, and treatment of RA.
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Introduction

Rheumatoid arthritis (RA) is a chronic systemic immune inflammatory disease that involves joint swelling, stiffness, and
pain, and is characterized by persistent synovitis, systemic inflammation, and autoantibodies. Although RA affects many
tissues and organs, it primarily affects the synovium and joints. Synovitis can erode the joint surface and lead to deformity
and loss of function, ultimately resulting in chronic disability and reduced life expectancy. Immune system abnormalities are
also involved in RA pathogenesis. Multiple branches of the immune system, including T cells, B cells, antigen-presenting
cells, and various cytokines, have been shown to participate in the autoimmune process of RA.'* RA affects approximately
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1% of the population and is most common among women and the elderly. RA can occur at any age, but is most common in
people 40-70 years of age, and its incidence increases with age.3 Approximately 40% of RA patients become disabled after
10 years.® Currently, no drugs can cure RA.* When RA develops to a late stage, surgical treatment of large joints, such as
total knee and total hip arthroplasty, must be performed. Uncontrolled active RA can cause joint damage, disability,
cardiovascular disease, and other comorbidities, and seriously affect the quality of life of patients. It not only imposes
heavy economic and psychological burdens on patients but also has a significant influence on social stability.

RA causes persistent synovial inflammation and associated damage to the articular cartilage and underlying bones.?
Interactions between T and B lymphocytes, fibroblast-like synoviocytes (FLS), and macrophages lead to overproduction
and overexpression of tumor necrosis factor (TNF). This causes excessive production of cytokines, such as interleukin-6
(IL-6), which in turn leads to persistent synovial inflammation and joint destruction.’ Joint swelling in RA results from
inflammation of the synovium caused by the invasion of leukocytes into the normally sparse synovial compartment.® The
inflammatory environment of the synovial compartment is regulated by a complex network of cytokines and chemokines,
in which TNF, IL-6, and granulocyte-monocyte colony-stimulating factor play important roles.” Cytokines and chemo-
kines aggravate the inflammatory response by activating endothelial cells and attracting immune cells to aggregate in the
synovial cavity, and chondrocytes are damaged after stimulation with cytokines.® At present, the pathogenesis of RA is
not fully understood and may be related to genomic variation, gene expression, protein translation, and post-translational
modification.® Further research on the pathogenesis of RA is of great significance for patients with RA and for society.

A microarray is a high-throughput genomics technology that is used to understand complex interactions and networks
in the development of diseases. Significant progress has been made in the field of medicine that has greatly promoted
research on the pathogenic processes of diseases.” In recent years, microarray technology, based on high-throughput
platforms, has been widely used for gene expression profiling. Bioinformatics is an emerging discipline that combines
molecular biology and information technology, and has great potential to reveal the molecular mechanisms of diseases. '’
Specific proteins and compounds involved in RA have been detected using microarray technology, including fulvic acid,
histone acetyltransferase, nuclear factor kappa B (NF-kB), and prostaglandin D2 synthase.''"'* In this study, bioinfor-
matics technology was used to analyze the gene expression profile chip in RA synovial tissue to identify potential
biomarkers and molecular pathways related to the pathogenesis of RA. This provides a theoretical basis and direction for
mechanism-related research of RA and a potential target for the diagnosis and treatment of RA.

Materials and Methods

Microarray Data
The Gene Expression Omnibus (GEO) database (http://www.ncbi.nlm.nih.gov/geo) is a public functional genome

database that stores high-throughput gene expression data, chips, and microarrays.'® Previous studies have obtained
potential biomarkers in RA pathogenesis from the GSE1919 and GSE77298 datasets through bioinformatics analysis,'*'?
so we combined these two datasets for our analysis."* The GSE1919 and GSE77298 gene expression datasets were
downloaded from the GEO database. GSE1919 contained five RA and five normal synovial tissue samples, and
GSE77298 contained 16 RA and seven normal synovial tissue samples. The GSE128813 dataset, which contains three
samples of RA synovial tissue and three samples of normal synovial tissue, was downloaded from GEO. The GSE128813
dataset used Arraystar Human LncRNA Microarray v4.0 (Arraystar Inc., Rockville, MD) to analyze the expression of
long noncoding RNA (IncRNA) and messenger RNA (mRNA) in normal synovial tissue and RA synovial tissue. The

differentially expressed IncRNAs and mRNAs between the two groups were further analyzed.'®

|dentification of Differentially Expressed Genes(DEGs)

R is a complete operating software for data processing, statistics, and graphics.!” The “limma” package of R provides
a complete solution for analyzing experimental gene expression data by handling complex experimental designs and
borrowing of information, thereby overcoming the problem of small sample sizes.'® Limma has become a popular choice
for obtaining key genes through differential expression analysis of microarray and high-throughput data, and contains
powerful tools for reading, normalizing, and exploring such data.'® Limma can also analyze expression profiles based on
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co-regulated gene sets or higher-order expression signatures, offering greater possibilities for the biological interpretation
of gene expression differences.'® In the present study, the limma package of R was used to identify differentially
expressed genes in RA synovial tissue and normal synovial tissue in GSE1919 and GSE77298 datasets.'® Screening
conditions were [log(FC)| > 1 and adj. p val < 0.05.

Enrichment Analysis

The Gene Ontology (GO) database is used to annotate genes and analyze their biological processes.”’ The Kyoto
Encyclopedia of Genes and Genomes (KEGG) database integrates information on genomes, chemistry, and system
functions.”' The “clusterProfiler” package of R for gene cluster comparison can be applied to gene clusters obtained from
gene expression data and from other pathways such as protein—protein interaction (PPI) modules and micro RNA
(miRNA) target genes.”” The “clusterProfiler” package of R is used to analyze high-throughput data obtained via
transcriptomics or proteomics, apply biological term classification and enrichment analysis to gene clustering compar-
isons, and contribute to a better understanding of higher-order functions of biological systems.>* The “clusterProfiler”
package was used to perform GO enrichment analysis of DEGs, and the screening conditions were set as p value < 0.01
and q value < 0.01.>* The package was also used to perform KEGG enrichment analysis of DEGs, and the filtering
conditions were set as p value < 0.001 and q value < 0.001.%*

PPl Network Construction and Module Analysis
Search Tool for the Retrieval of Interacting Genes/Proteins (STRING) (http://string-db.org) is a public online database of
gene and protein interactions that helps users easily access unique and wide-ranging experiments and predict interaction

relationship information.?* In the present study, STRING was used to construct a PPI network of DEGs, and interactions
with a comprehensive score > 0.4 was considered to be statistically significant.'® Cytoscape is a software that focuses on
open-source network visualization and analysis, and it provides a basic functional layout and query network that are
combined into a visual network based on basic data.® Cytoscape visualizes PPI networks.'” Molecular complex
detection (MCODE), a plugin for Cytoscape, detects densely connected regions in large PPI networks representing
molecular complexes.?” The method employs vertex weighting based on local neighborhood densities, which allows for
fine-tuning of clusters of interest without considering the rest of the network, and examines cluster interconnections
associated with protein networks.?” Cytoscape’s MCODE plug-in analyzes the top-level modules.'’

Hub Gene Screening and Receiver Operating Characteristic (ROC) Curve Drawing

Degree centrality is the number of interactions connecting a protein to its neighbors, and is a fundamental parameter in
PPI networks used to evaluate nodes in the network.”® R screens the top ten genes with the highest degree of network
connection in PPI as hub genes and visualizes them.?” The hub genes, obtained using the intersection of the hub gene and
the genes contained in the top module, may play important roles in RA pathogenesis. To identify hub genes with high

diagnostic value for RA, we plotted receiver operating characteristic curves using GraphPad Prism.**>?

Gene Set Enrichment Analysis (GSEA)

After the ROC curves of the hub genes were drawn, the hub gene with the largest area under the curve was determined to
have the highest diagnostic value for RA. To explore the specific roles of the most valuable hub genes in the diagnosis and
pathogenesis of RA, we used the GSEA method to identify the biological processes and signaling pathways related to RA.*

Construction of a Competitive Endogenous RNA (ceRNA) Network and Prediction
of MRNA-miRNA-IncRNA Axis

To further study the regulatory network of the hub gene with the greatest diagnostic value for RA, we constructed
a ceRNA network by mining miRNAs and IncRNAs. TargetScan, miRDB, and miRWalk databases were used to predict
the target miRNA of the hub gene, and the prediction results of the three databases intersected.>* The starBase database
was used to predict the target IncRNA of miRNAs,*> and Cytoscape was used to construct the ceRNA network.*® The
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“limma” package of R was used to perform differential analysis of the GSE128813 dataset to obtain DEGs and
differentially expressed IncRNAs (DEIncRNAs) of RA synovial tissue and normal synovial tissue.'” The DEGs and
DEIncRNAs obtained from GSE128813 intersected with the target IncRNA predicted by starBase. The mRNA-miRNA—
IncRNA axis related to RA pathogenesis was determined based on the intersection of IncRNAs and their corresponding
miRNAs and mRNAs."”

Immunohistochemical (IHC) and Hematoxylin—Eosin (HE) Staining
The hub gene with the greatest diagnostic value was experimentally verified using IHC staining. Human knee synovial
tissues from patients with RA (n = 11) and osteoarthritis (OA) (n = 10) (Supplementary Table 1) were collected from the

Department of Joint Surgery, Honghui Hospital, Xi’an Jiaotong University. Since normal synovial tissue could not be
collected in the Honghui Hospital, so we used OA synovial tissue as the control group. Patients with previous synovitis
were excluded from the collection of OA synovial tissue to ensure that it approximation to normal synovial tissue. All
enrolled subjects met the 2010 American College of Rheumatology diagnostic criteria for RA and OA with radiographic
evidence and clinical history.?” All patients signed an informed consent form and the study was approved by the hospital
ethics committee.

The fresh synovial tissue samples were fixed overnight in 10% buffered formalin (pH 7.0) and embedded in paraffin.
All tissue blocks were serially sectioned (5 pm) for IHC and HE staining.*®

All operations were performed in accordance with the procedures of the SABC (rabbit IgG) kit (SA1022; Wuhan
Boster Biological Technology, Ltd., Wuhan, China). The samples were deparaffinized with xylene, dehydrated with
ethanol, and heated to retrieve antigens in 0.01 M citrate buffer (pH 6.0). Sections were treated with 3% H202 for 10 min
at room temperature to inactivate endogenous peroxidase, and then incubated with 5% BSA blocking solution for 1 h at
room temperature. To detect ITGB2 protein expression levels, sections were incubated with rabbit anti-ITGB2 antibody
(anti-ITGB2, 1:200, Proteintech, Rosemont, IL, USA) overnight at 4 °C, followed by incubation with biotinylated goat
anti-rabbit secondary antibody at 37 °C for 30 min. After treatment with Strept Avidin Biotin-peroxidase Complex
(SABC) for 30 min, freshly prepared DAB reagent was used for color development (Boster, Wuhan, China). Slides were
washed for 10 min in tap water after 10s on slides with hematoxylin (AR1180-1; Boster, Wuhan, China). After viewing
and photographing these sections with a microscope, image processing software (Image-Pro Plus, Media Cybernetics,
Inc., Silver Spring, MD, USA) was used to analyze the percentage of IHC signals in each photographed field. IHC
staining of each tissue section was performed by two independent pathologists.

Results

|dentification of DEGs

Perl was used to merge the same genes in the GSE1919 and GSE77298 datasets. The batch effect is a variable introduced
by technical factors in sample processing.’® Usually, it is impossible to sequence all samples simultaneously by the same
person or sequencer.”’ Large technical differences may exist between samples from different batches, constituting batch
effects.’® The “sva” package of R supports surrogate variable estimation with the sva function, direct adjustment for
known batch effects with the ComBat function, and adjustment for batch and latent variables in prediction problems with
the fsva function.’® The “sva” package of R performed batch correction on the merged data of the two data sets, thereby
reducing batch effects. The “limma” package of R was used to screen for DEGs. There were 415 DEGs at a cut-off value
of Jlog(FC)| > 1 and adj. p val < 0.05, including 250 upregulated and 165 downregulated DEGs.** R visualized the
volcano plot (Figure 1A) and heatmap (Figure 1B) of the DEGs.

Enrichment Analysis

R was used to perform GO and KEGG enrichment analyses of the DEGs. GO enrichment results showed that DEGs were
mainly enriched in the actin filament binding, actin binding, amide binding, MHC protein complex binding, cell adhesion
molecule binding, MHC class II protein complex binding, phosphotyrosine residue binding, peptide binding, protein
tyrosine kinase activity, peptide antigen binding, non-membrane spanning protein tyrosine kinase activity,
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Figure | Differentially expressed genes identified in the two datasets GSEI919 and GSE77298. (A) Volcanomap of differentially expressed genes. Grey is a gene with no
difference, red is an up-regulated gene, and blue is a down-regulated gene. The figure shows the names of the top three up-regulated genes and down-regulated genes. (B)
Heatmap of differentially expressed genes. The abscissa is the samples of the two datasets, the ordinate is the differentially expressed genes, red is high expression, and green
is low expression.

phosphoprotein binding, protein phosphorylated amino acid binding and antigen binding (Figure 2A). KEGG analysis
showed that DEGs were primarily enriched in antigen processing and presentation, viral myocarditis, Yersinia infection,
FcyR-mediated phagocytosis, natural killer cell-mediated cytotoxicity, cell adhesion molecules, Th17 cell differentiation,
platelet activation, allograft rejection, chemokine signaling pathway, graft-versus-host disease, Thl and Th2 cell
differentiation, phagosomes, type I diabetes, and FceRI signaling pathway (Figure 2B).

PPl Network Construction and Module Analysis

STRING was used to perform PPI network analysis of DEGs, with a total of 266 nodes and 939 edges. Cytoscape was
used to visualize the PPI network (Figure 3). Cytoscape’s MCODE plug-in was used for module analysis. The analysis
standards were: MCODE cutoff > 5, degree cutoff = 2, node score cutoff = 0.2, maximum depth = 100, and k-core = 2.
Fourteen top-level modules were displayed, and the first four top-level modules interacted most closely (Figure 4A).
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Figure 2 Enrichment analysis of differentially expressed genes. (A) GO enrichment, the abscissa is the number of enriched differential genes, and the ordinate is the result of
GO enrichment. (B) KEGG enrichment, the abscissa is the ratio of the number of enriched differential genes in the total differential genes, and the ordinate is the result of
KEGG enrichment.
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Figure 3 The protein interaction network of differentially expressed genes. The darker the color, the more significant the difference. The top 5 genes with the most
significant differences were: leukocyte associated immunoglobulin like receptor I (LAIRI), platelet activating factor receptor (PTAFR), integrin subunit beta 2(ITGB2), integrin

subunit alpha X (ITGAX), cytochrome b-245 alpha chain (CYBA).

Screening of Hub Genes and Drawing of ROC Curves

R analyzed ten hub genes: integrin subunit beta 2 (/TGB2), vesicle-associated membrane protein 8 (VAMPS), major
histocompatibility complex, class I, A (HLA-A), platelet activating factor receptor (PTAFR), spleen-associated tyrosine
kinase (SYK), Fc epsilon receptor Ig (FCERIG), major histocompatibility complex, class II, DP beta 1 (HLA-DPBI),
lymphocyte cytosolic protein 2 (LCP2), vav guanine nucleotide exchange factor 1 (VAV1), and actin-related protein 2
(ACTR?2) (Figure 4B). We found that nine of the ten hub genes (ITGB2, VAMPS, HLA-A, PTAFR, SYK, FCERIG, HLA-
DPBI, LCP2, and ACTR?2) overlapped with the DEGs in the first four top-level modules. These nine hub genes are highly
expressed in RA synovial tissue. ROC curves for the nine hub genes showed that ITGB2, VAMPS, HLA-A, PTAFR, SYK,
FCERIG, HLA-DPBI, LCP2, and ACTR?2 have diagnostic value for RA. Among the nine hub genes, /TGB2 (area under

the curve = 0.972) had the highest diagnostic value for RA (Figure 5).

GSEA

GSEA of ITGB2 showed that the biological process was mainly enriched in adaptive immune response and interleukin 12
production. /TGB2 was primarily enriched in the Toll like receptor signaling pathway, B cell receptor signaling pathway,
T cell receptor signaling pathway, Fc epsilon Rl signaling pathway, chemokine signaling pathway and RIG I like receptor

signaling pathway (Figure 6).

International Journal of General Medicine 2022:15

3884

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Yang et al

ACTR2 | 25|
TRIM2%, .ppB1
HLAF
FCGR2A P00 VAVA | 26|
cvea TRIM14  SYK LN
o SRS V.
ADAMS ARPCIB NCKAP!IRlMZ LCP2 | zs|
LART IRFS
AT HCK  WAS
17682 co247 HLA-DPB1 27|
TRIM26
coxacL ok 16LLS
e HLAG HLAA ARPC2 FCER1G 27|
ARPC3
ADCYs
AVPH
\ ¢ ARRB2 SYK | 28‘
R HMHAt ACTR2
A" FNBPIL PTAFR | zs‘
ceLs o p'
CCRI
CLTA HLA-A | 30|
ITGAX HER o/ LAT
NPYIR MAN2B1 Y —
31
p TMCE  HCRT GNATS CcAP1
TNFRSF18 P
VAMPS PLCB1 GNA11 ITGB2 38|
PTPRB  sTK10
P2RY6 GRKS T T T T T T T 1
0 5 10 15 20 25 30 35

Figure 4 Analysis of protein interaction network. (A) Cytoscape’s MCODE plug-in obtains the top four closely interacting top-level modules. (B) R gets the top ten Hub
genes with the highest network connectivity. The abscissa is the connectivity score, and the ordinate is the Hub gene.

1.0 1.0 ] ]
0.8 0.8 4
3 0.6 3 0.6 4
o [
L= e
2 2
= =
= =
2 2
o} i o} 4
& 04 & 04
0.2 4 024
ITGB2 (AUC =0.972)
— VAMPS (AUC =0.873) FCER1G (AUC = 0.877)
— HLA-A (AUC = 0.845) — HLA-DPB1 (AUC = 0.873)
— PTAFR (AUC = 0.837) — LCP2 (AUC = 0.889)
SYK (AUC = 0.885) — ACTR2 (AUC = 0.889)
0.0 -t T T T T 0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 08 1.0

1-Specificity (FPR)

1-Specificity (FPR)
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Construction of ceRNA Network and Prediction of mMRNA-miRNA-IncRNA Axis
ITGB2 predicted the target miRNAs in the TargetScan, miRDB, and miRWalk databases, and the intersection of the three
databases yielded a total of 13 miRNAs (Figure 7A and B). Among the 13 miRNAs, five miRNAs (hsa-miR-486-3p, hsa-
miR-338-5p, hsa-miR-29b-1-5p, hsa-miR-5581-3p, and hsa-miR-1226- 5p) targeting IncRNAs were predicted using the
starBase database. After removing duplicate IncRNAs, five miRNAs predicted a total of 262 target IncRNAs. Cytoscape
was used to construct the ceRNA network based on /TGB2, five miRNAs that could target IncRNAs in the starBase
database, and 262 targeted IncRNAs predicted by five miRNAs (Figure 8). GSE128813 obtained 262 DEGs and
DEIncRNAs through difference analysis and R visualization of the volcano plot (Figure 9A) and heatmap (Figure 9B).
The intersection of the DEGs and DEIncRNAs obtained from GSE128813 and the targeted IncRNAs of /TGB?2 resulted
in two IncRNAs: small nucleolar RNA host gene 3 (SNHG3) and X inactive specific transcript (XIST) (Figure 10A).
Based on the ceRNA network, we determined the miRNAs and mRNAs corresponding to SNHG3 and XIST, and obtained
four mMRNA-miRNA-IncRNA axes related to RA pathogenesis (Figure 10B).
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Figure 6 GSEA enrichment analysis was performed on the Hub gene (ITGB2) with the highest diagnostic value for rheumatoid arthritis. In terms of biological processes,
ITGB2 was significantly enriched in adaptive immune response and interleukin 12 production. In terms of signaling pathways, ITGB2 was significantly enriched in Toll like
receptor signaling pathway, B cell receptor signaling pathway, T cell receptor signaling pathway, Fc epsilon Rl signaling pathway pathway, chemokine signaling pathway and RIG

| like receptor signaling pathway.
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Figure 7 Target miRNAs prediction of ITGB2. (A) ITGB2 predicted a total of 13 common miRNAs in the three databases TargetScan, miRDB and miRWalk. (B) I3 miRNAs

targeted by ITGB2.

IHC and HE Staining

The expression levels of ITGB2 protein in the synovial tissue of patients with RA and OA were detected using IHC with

ITGB2 antibody and rabbit IgG (isotype). Compared with OA, we found more severe synovitis, including synovial

hyperplasia, lymphocyte infiltration, and vascular hyperplasia, in the synovial tissue of patients with RA. The relative

expression of ITGB2 was significantly up-regulated in the RA synovium (Figure 11).
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Figure 8 ITGB2 predicted a total of |3 targeted miRNA:s in the TargetScan, miRDB and miRWalk databases, of which 5 miRNAs obtained a total of 262 targeted IncRNAs in
the starBase database. Cytoscape construct the ceRNA network. Yellow is the hub gene ITGB2 with the greatest diagnostic value for RA. Green are the five miRNAs that
can predict IncRNAs in the starBase database. Pink is the 262 IncRNAs predicted by 5 miRNAs in the starBase database.

Discussion

The synovium is the primary site of the RA pathological process, and as key pro-inflammatory factors, FLS are the most
important target cells that participate in the occurrence and development of RA.*'*** FLS ensure the integrity of joint
structure and dynamics by controlling the composition of joint synovial fluid and the extracellular matrix of the joint
lining,** but can also promote the occurrence and development of RA by producing pathogenic mediators such as
cytokines and proteases.** Studies have shown that in the peri-synovial microenvironment, RA-FLS are more invasive
and specific, with aggressive inflammation, matrix regulation, and invasion. They can also enhance chondrocyte
catabolism and synovial osteoclast cell generation to promote joint destruction.*>*® RA-FLS exhibit an aggressive
phenotype that is hyperproliferative, anti-apoptotic, and enhances migration and invasion abilities, and the aggressive
phenotype of FLS is a key factor in tissue damage.*> An increase in FLS in RA is associated with disease duration,
macrophage infiltration in the synovium, and severity of cartilage erosion.*” FLS and their key signaling molecules are
considered important for therapeutic strategies in RA.*® Understanding the mechanisms underlying the aggressive
features of FLS provides the potential to identify novel targets for the treatment of RA, thereby reducing inflammation
and bone erosion to alleviate RA progression.

We identified nine hub genes (ITGB2, VAMPS, HLA-A, PTAFR, SYK, FCERIG, HLA-DPBI, LCP2, and ACTR?2) that may
be potential biomarkers involved in RA pathogenesis using a series of bioinformatics analyses. These nine hub genes are
highly expressed in RA synovial tissue. ROC curve analysis showed that among the nine hub genes, /7GB2 had the highest
diagnostic value for RA. We then constructed a ceRNA network based on /7GB2 and combined it with the GSE128813 dataset
to obtain four mnRNA-miRNA-IncRNA axes (ITGB2-hsa-miR-486-3p-SNHG3, ITGB2-hsa- miR-338-5p-XIST, ITGB2-hsa
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regulated, and green is the genes and IncRNAs that are down-regulated. (B) Heatmap, the abscissa is the sample, the ordinate is the differentially expressed genes and
differentially expressed IncRNAs, red is high expression, and green is low expression.
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Figure 10 mMRNA-miRNA-IncRNA axes. (A) The intersection of differentially expressed genes and differentially expressed IncRNAs obtained by GSE128813 and targeted
IncRNAs in ceRNA network was obtained to obtain two IncRNAs. (B) According to two IncRNAs and their corresponding miRNAs and mRNAs, 4 mRNA-miRNA-
IncRNA axes are obtained.

-miR-5581-3p-XIST, and ITGB2-hsa-miR-1226-5p-XIST) that may be related to RA pathogenesis. We verified via IHC that
ITGB2 was highly expressed in RA synovial tissue, which was consistent with our bioinformatics analysis results. Differential
analysis of the GSE128813 dataset revealed that SNHG3 and XIST were DEIncRNAs in RA synovial tissue. Among the four
mRNA-miRNA-IncRNA axes, both mRNA and IncRNA were differentially expressed in RA synovial tissue. Therefore,
these mMRNA-miRNA—-IncRNA axes may be involved in the regulation of RA pathogenesis, and their potential roles in RA
pathogenesis need to be studied further. The enrichment results of DEGs and GSEA results of /7GB?2 indicated that the Fc
epsilon Rl and chemokine signaling pathways may be related to the pathogenesis of RA.

ITGB?2 encodes an integrin chain that binds to multiple others to form different integrin heterodimers. Integrins are
integral cell surface proteins that are involved in cell adhesion and cell surface-mediated signaling. /TGB2 plays an
important role in immune responses, and deletion of this gene results in defective leukocyte adhesion.*” Mutations in
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Figure |1 Immunohistochemistry (IHC) staining using anti-ITGB2 antibodies and hematoxylin and eosin (HE) staining of OA and RA synovial tissues. (A) OA synovial
tissues, HE, 10x. (B) OA synovial tissues, HE, 20x. (C) RA synovial tissues, HE, 10x. (D) RA synovial tissues, HE, 20x. (E) OA synovial tissues, IHC (anti-ITGB2), 10x. (F) OA
synovial tissues, IHC (anti-ITGB2), 20x. (G) RA synovial tissues, IHC (anti-ITGB2), 10x. (H) RA synovial tissues, IHC (anti-ITGB2), 20x. (I) IHC statistics. N(OA)=10, N(RA)
=11. Data were shown as the mean % standard deviation (SD), **p <0.01.

ITGB2 cause type I leukocyte adhesion defects characterized by recurrent bacterial infections, pus formation, poor
wound healing, and persistent neutropenia.’® Defects in ITGB2 also affect leukocyte transport mediated by the adhesion
between myeloid leukocytes and inflammatory endothelial cells, which is essential for bacterial defense and wound
healing.*® In this study, we found that /TGB2 is highly expressed in RA, is a potential biomarker in RA pathogenesis,
and has a high diagnostic value for RA. Studies have found a bidirectional relationship between RA and depression; RA
is an autoimmune disorder associated with fatigue, pain, and sleep disturbance symptoms, which are also present in
depression.”! ITGB2 is highly expressed in the RA pathway in unidirectional depression,* which is consistent with our
finding that /TGB?2 is highly expressed in RA. Furthermore, inflammatory pathways are the main links between RA and
depression, and cytokines are the main triggers.”® Therefore, we speculate that the potential role of ITGB2 in RA
pathogenesis may be related to cytokines and inflammatory pathways; however, further studies are needed to verify
this.

The IncRNA SNHG3 not only regulates the proliferation and migration of laryngeal cancer by regulating the miR-384/WEE1
axis,”* but also promotes the proliferation and migration of bladder cancer through the miR-515-5p/GINS2 axis.>> Furthermore,
SNHG?3 acts as a ceRNA of miR-485 to upregulate autophagy related 7 (47G7) expression to promote autophagy-induced
neuronal apoptosis,”® and also acts as a ceRNA to promote the malignant development of colorectal cancer.’ It can be seen that
IncRNA SNHG3 not only functions as a ceRNA but is also involved in proliferation and migration. In addition, RA-FLS have the
potential to proliferate and migrate,® and the role of IncRNA SNHG3 in RA may also be related to proliferation and migration. In
this study, we found that SNHG3 may be involved in the pathogenesis of RA through the ITGB2-hsa-miR-486-3p-SNHG3 axis,
and that miR-486-3p may also be involved in RA pathogenesis. Previous studies have found a correlation between miR-486-3p
and RA; miR-486-3p is differentially expressed in RA, and when high-risk individuals progress to RA, the expression of miR-
486-3p in serum decreases.”” This demonstrates the reliability of the results of this study to a certain extent. In summary, we
speculate that SNHG3 may act as a ceRNA to regulate the proliferation and migration of RA-FLS through the ITGB2-hsa-miR
-486-3p-SNHQG3 axis. Further studies are needed to demonstrate its specific mechanism in the pathogenesis of RA.
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The IncRNA XIST affects the proliferation and differentiation of osteoblasts by binding let-7¢c-5p to regulate signal
transducer and activator of transcription 3 (S7AT3), thereby promoting the occurrence of RA.%° Quercetin can inhibit
TNF-a-induced inflammatory cytokine production and XIST expression in RA-FLS, and silencing XIST can inhibit the
inflammatory response of TNF-a-treated cells through miR-485.* The interaction between IncRNA XIST and miR-126-3p
regulates the NF-xB signaling pathway in RA-FLS; downregulation of XIST can inhibit the proliferation of FLS by
increasing the expression of miR-126-3p/NF-kB, thereby inhibiting the occurrence and development of RA.®! A study
found that in RA, miR-338-5p was significantly downregulated and ADAM metallopeptidase with thrombospondin type
1 motif 9 (ADAMTS9) was significantly overexpressed, and miR-338-5p inhibited the proliferation and invasion of RA-
FLS by inhibiting ADAMTS9, suggesting that supplementing miR-338-5p may be a potential clinical treatment for RA.%*
Studies have also found that miR-338-5p is highly expressed in RA. miR-338-5p can promote the proliferation, invasion,
and inflammatory response of RA-FLS by directly downregulating the expression of sprouty RTK signaling antagonist 1
(SPRYI),” and also promotes the proliferation and migration of RA-FLS by targeting nuclear factor of activated T cells 5
(NFAT5).%* Although the current findings on the expression of miR-338-5p in RA are contrary, they also illustrate the
potential role of miR-338-5p in RA pathogenesis. Although there are no reports related to miR-5581-3p and RA, one
study found that miR-5581-3p promotes hemophilia A by targeting the F§ mRNA of hemophilia A without F§ mutation
and inhibiting the expression of FVIII protein.®> However, related research on miR-1226-5p has not yet been reported.
The results of this study suggest that the ITGB2-hsa-miR-338-5p/hsa-miR-5581-3p/hsa-miR-1226-5p-XIST axis plays
a role in the pathogenesis of RA. In summary, we speculate that the regulatory role of the ITGB2-hsa-miR-338-5p/hsa-
miR-5581-3p/hsa-miR-1226-5p-XIST axis in RA pathogenesis may be related to the proliferation and differentiation of
osteoblasts, the inflammatory response, the NF-kB signaling pathway, and the proliferation, migration, invasion, and
inflammatory response of RA-FLS.

However, this study has certain limitations. First, the sample size of this study was relatively small, and the sampling
method did not eliminate the effects of sex and other diseases of the patients. Second, other potential biomarkers, apart
from ITGB2, the mRNA-miRNA-IncRNA axis, and signaling pathways identified in this study, have not yet been
verified experimentally; however, this will be the focus of our next study.

Conclusion

In this study, nine hub genes that may be related to RA pathogenesis were identified through microarray gene expression
data and bioinformatics analysis. Nine hub genes were highly expressed in RA synovial tissue. Through ROC curve
analysis, we found that among the nine hub genes, /TGB2 had the highest diagnostic value for RA. Subsequently, we
analyzed ITGB2 and obtained four mRNA-miRNA-IncRNA axes that may have regulatory roles in RA pathogenesis. In
addition, we identified signaling pathways that may be related to RA pathogenesis: Fc epsilon Rl and chemokine
signaling pathways. Finally, we carried out experimental verification of /TGB2 via IHC, and the verification results were
consistent with the results of the bioinformatics analysis. Since the results of this study have not been verified by further
experiments, they can only provide direction for RA further research. We plan to further study their potential value in the
mechanism, diagnosis, and treatment of RA.
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