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Abstract

Objective: Osteoarthritis (OA) is a prevalent degenerative joint disease, especially occur in the elderly. This study
aimed to uncover a novel biomarker for early diagnosis and treatment of OA. Methods: WGCNA, differential expression
analysis and PPl network were used for screening hub genes-related to OA, utilizing the GSE55235 and GSE57218
datasets from GEO database. Results: Based on the data in the GEO datasets, compared to normal tissues, ITGB5
was obviously elevated in OA cartilage and synovial samples. Additionally, ROC curve results validated the diagnostic
value of ITGB5 in OA. Mechanistically, transcription factors KLF4 and KLF 1 1 could modulate ITGB5 gene transcription
via binding to its promoter region, thereby affecting ITGB5 gene expression in OA tissues. GSEA results showed
that ITGB5 gene was closely related to p53, wnt, TNF and T cell receptor signaling pathways, suggesting that ITGB5
may play potential roles in affecting cell apoptosis and inflammation in OA. Moreover, ITGB5 levels in OA samples
was positively correlated to T helper type 1 cells, natural killer T cells, macrophages, memory CD8 T cells, activated
dendritic cells. Conclusion: In this study, we found that ITGB5 was obviously elevated in OA samples. Moreover, ITGB5

may function as a diagnostic biomarker in OA.

Keywords: Biomarker, Diagnosis, ITGB5, Osteoarthritis

Introduction

Osteoarthritis (OA) is a prevalent degenerative joint
disease'. OA is more likely to occur in men and women
over the age of 60, and it is one of the primary causes of
disability in the elderly?. Overweight, obesity, overuse of
joints, mechanical joint injuries and old age are key risk
factors in OA development3“. The joints of knee, hip, hand,
foot and spine can be affected by OAS. Seriously, OA impairs
peoples’ physical function and reduces patients’ quality of
life®. Currently, both surgical therapy and non-operative
treatments (e.g. weight management, exercise therapy,
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physical therapy and oral analgesics) have been found
to attenuate the symptoms of OA™®. Nevertheless, the
clinical outcomes remain unsatisfactory. Thus, uncovering
effective biomarkers may be helpful for early diagnosis and
treatment of OA.

OA is characterized by cartilage degradation, synovial
inflammation, and osteophyte formation®. Joint cartilage and
synovium play crucial roles in maintaining skeletal function
andprotectingthe joints from damage'. Ilthasbeenshownthat
multiple factors (e.g. damage-associated molecular patterns,
metabolites, cytokines, and mitochondrial dysfunction)
in the synovium can induce synovial inflammation'.
Meanwhile, synovial inflammation and mechanical stress
can contribute to extracellular matrix (ECM) destruction in
cartilage, ultimately resulting in cartilage degradation'.
In this study, using the datasets from GEO database, we
screened differential expressed genes (DEGs) between
normal and OA (OA cartilage and OA synovial) samples. The
identified DEGs may be related to cartilage degradation and
synovial inflammation in OA. These DEGs might be potential
therapeutic targets for OA.

Integrin beta 5 (ITGB5), a member of integrins, plays
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important role invarious diseases including cancer, polycystic
ovary syndrome, psoriatic arthritis'>'®, Shi et al. reported
that ITGB5 could accelerate colorectal cancer progression
through activating TGF-B signaling'¢. Moreover, ITGB5 could
promote the proliferation of fibroblasts in keloids'". However,
the role of ITGB5 in OA remains unclear. In the current
research, utilizing weighted gene co-expression network
analysis (WGCNA) and differential expression analysis,
we observed dysrequlation of ITGB5 in OA samples in the
datasets from Gene Expression Omnibus (GEO) database.
Compared to normal samples, ITGB5 was obviously elevated
in OA (OA cartilage and OA synovial) samples. Moreover,
receiver operating characteristic (ROC) curve analysis
confirmed the potential diagnostic value of ITGB5 in OA.
These results indicated that ITGB5 may serve as a diagnostic
marker for OA.

Materials and methods

Data collection

The GSE57218 (mRNA expression profiles of 7 normal
cartilage tissues and 33 osteoarthritic cartilage tissues),
GSE114007 (mRNA expression profiles of 18 normal
cartilage tissues and 20 osteoarthritic cartilage tissues),
GSE55235 (mMRNA expression profiles of 7 normal synovial
tissues and 33 osteoarthritic synovial tissue), GSE32317
(mRNA expression profiles of 19 osteoarthritic synovial
tissue) and GSE143514 (mRNA and miRNA expression
profiles of 3 normal synovial tissues and 5 osteoarthritic
synovial tissue) datasets were acquired from GEO
(https://www.ncbi.nlm.nih.gov/geo/) database.

Identification of OA-related genes by WGCNA

The R package “WGCNA” (version1.72-1) was utilized to
screen OA-related gene modules in GSE57218 dataset'®.
Top 25% genes screened by analysis of variance were used
for WGCNA. Pearson’s correlation analysis was used for
determining the correlation coefficient between each gene.
The soft-threshold  was then determined, which is important
for constructing the standard of scale-free network.
Next, adjacency matrix was transformed into topological
overlapping matrix (TOM). Based on the TOM, hierarchical
clustering was performed, and a hierarchical clustering tree
was generated. The significance of gene and modules was
calculated to evaluate the significance of gene and clinical
information and to analyze the correlations between modules
and clinical traits. Finally, key modules related to OA was
obtained.

Identification of DEGs

The DEGs between normal and OA samples in the
GSE55235 and GSE57218 datasets were screened by using
R package “limma” (version 3.56.2) (Thresholds: |log2 FC| >
0.5 and FDR < 0.05)".
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Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analyses

To identify signaling pathways related to OA-related
genes and DEGs, GO [including Biological Process (BP),
Molecular Function (MF), Cellular Component (CC) terms]
and KEGG analyses were conducted using the R package
“clusterProfiler” (version 4.8.3) (Threshold: Pvalue < 0.05)%°.

Protein-protein interaction (PPI) networks

The STRING (https://string-db.org/, version 11.0) database
was used for analyzing the interaction between each
protein?'. The PPl network was constructed by the STRING
and visualized by the Cytoscape (version 3.7.2)?2. Meanwhile,
based on the Maximum neighborhood component (MNC)
algorithm, the hub genes in the PPl networks were further
screened by using the cytoHubba plug-in from the Cytoscape
software.

The GeneMANIA (http://www.genemania.org) database
was also used for assessing the interaction between each
protein and exploring potential pathways involvement of
proteins.

Prediction of the binding sites of transcription factor (TF) on
the promoter region of ITGB5

The file of 1000-bp promoter sequence upstream
of the start site of ITGB5 gene was obtained from UCSC
(http://genome.ucsc.edu/). The transcription factor
motif file was acquired from the JASPAR database
(https://jaspar.genereg.net/). Subsequently, the online
tool FIMO (https://meme-suite.org/meme/tools/fimo)
was used for predicting the presence of transcription
factor binding motifs in the region upstream of the gene
promoter.

Gene set enrichment analysis (GSEA) and disease ontology
(DO) analyses

Based on the median value of ITGB5 level, OA samples in
the GSE114007 dataset were divided into two groups: high
ITGBS5 level (H-ITGB5) and low ITGB5 level (L-ITGB5) groups.
DEGs between two groups were identified using R package
“limma” (version 3.56.2). Meanwhile, GSEA and DO analyses
were then performed on these DEGs.

Construction a miRNAs/TFs-mRNA network

A Venn diagram was used to identify differential
expressed TFs (DE-TFs) between DEGs in GSE55235
dataset and 1639 TFs. Next, Pearson’s correlation analysis
(p<0.05 and correlation>0.6) was conducted to analyze the
correlation between each DE-TF and ITGB gene. The DE-TFs
found to be correlated with the ITGB5 gene was then used
to build the TFs-mRNA network. Additionally, TargetScan
(https://www.targetscan.org/vert_80/) and miRTarBase
(https://mirtarbase.cuhk.edu.cn/~miRTarBase/) databases
were used to predict potential common miRNAs that might
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target to the ITGB5 gene. Subsequently, the miRNAs/TFs-
ITGB5 network was constructed by the Cytoscape (version
3.7.2).

Prediction the relationship between ITGB5 and drugs

The Drug Gene Interaction Database (DGIldb, version
4.2.0-shal afd9f30b, https://dgidb.genome.wust-l.edu) was
conducted to predict potential drugs related to ITGB5.

Analysis of tumor-infiltrating immune cells

The CIBERSORT software was used for analyzing the
relative proportions of 22 immune cells?3. The abundance of
28 specificimmune cells was determined using the sSsGSEA
algorithm between H- and L-ITGB5 groups. The abundance
of 64 specific immune cells was also analyzed using the
R package “Xcell” (https://github.com/dviraran/xCell)
between H- and L-ITGB5 groups. The correlation between
ITGB5 gene expression and the level of immune cells was
determined by Pearson’s correlation analysis.

Statistical analysis

Wilcoxon rank sum test was used to compare the difference
of gene expression and immune cell infiltration between two
groups. A value of p < 0.05 was considered statistically
significant.

Results
Identification of OA-related genes in GSE57218 dataset

To screen gene modules-related to OA, WGCNA was
performed based on the data in GSE57218 dataset. The
soft threshold power was set as five to construct the gene
network (Figure 1A), and 11 gene modules were then
identified eventually (Figure 1B). Thereafter, normal and
OA samples in the GSE57218 dataset were used as the
data of clinical traits. The correlation between each gene
module and each sample (normal or OA sample) was then
calculated (Figure 1C and 1D). Five gene modules (pink,
brown, yellow, blue, red modules) were identified as OA-
related gene modules (Figure 1D), there were 3436 genes
in these modules.

GO and KEGG analyses were then performed on these OA-
related genes. The results of KEGG analysis revealed that
these genes were found to be participated in 98 pathways
(e.g. oxidative phosphorylation), top 10 pathways were
shown in Figure 1E. The results of GO analysis revealed that
these genes were found to be related to 1267 GO-BP terms
(e.g. Golgi vesicle transport and requlation of autophagy),
188 GO-MF terms (e.g. cadherin binding and electron
transfer activity), 25 GO-CC terms (e.g. focal adhesion and
cell-substrate junction), and top 10 pathways in GO-BP, GO-
MF and GO-CC respectively were listed in Figure 1F.
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Identification of hub genes-related to OA

Next, to screen DEGs between normal and OA samples,
GSE55235 and GSE57218 datasets were used. A total
of 1539 DEGs, including 916 upregulated genes and 623
downreqgulated genes, were identified in normal synovial
tissues and osteoarthritic synovial tissues in GSE55235
dataset (Figure 2A). Additionally, a total of 1390 DEGs,
including 572 upregulated genes and 818 downrequlated
genes, were identified in normal cartilage tissues and
osteoarthritic cartilage tissues in GSE57218 dataset (Figure
2B). Next, 176 common genes were identified by Venn
diagram from three categories: (I) 3436 OA-related genes
by WGCNA, (II) 1539 DEGs in the GSE55235 dataset (liD,
1390 DEGs in the GSE57218 dataset, these 176 common
genes were considered as candidate OA-related hub genes
(Figure 2C).

Then, GO and KEGG analyses were then performedon these
176 candidate genes. The results of KEGG analysis showed
that these genes were related to 29 signaling pathways
(e.g. FoxO signaling pathway, ECM-receptor interaction and
TGF-beta signaling pathway) (Figure 2D). Meanwhile, GO
analysis results showed that these genes were enriched in
456 GO-BP terms (e.g. bone development), 50 GO-MF terms
(e.g. collagen-containing extracellular matrix) and 39 GO-
CC terms (e.g. extracellular matrix structural constituent)
(Figure 2E).

PPI network was then constructed using STRING database
(minimum required interaction score>0.6) to uncover the
interactionbetween each gene at the protein level. There were
80 nodes and 98 edges in the network (Figure 2F). Next, the
Maximum neighborhood component (MNC) algorithm was
used to evaluate the importance of nodes in the PPl network.
The 15 most important genes were COL3A1, COL1A2,
ITGB5, VCAN, COL5A2, SDC1, COL5A1, CCND1, SPARC,
BCL6, FOX03, SNRPA1, TNC, PRPF3 and TGFB3 (Figure 2G).
Meanwhile, GeneMANIA (http://genemania.org/search/)
website was used for constructing a composite gene-gene
functional interaction network on these 15 genes (Figure S1).
There were 486 co-expression sites, 33 co-localization sites,
46 genetic interaction sites, 209 physical interaction sites,
62 shared protein domains, 113 pathways and 19 predicted
sites in the network.

Previous studies have demonstrated a correlation
between dysregulated ITGB5 and inflammatory diseases
(e.g. psoriatic arthritis)'>. However, the role of ITGB5 in OA
remains elusive. Thus, we explored the role ITGB5 in OA in
the following analysis.

ITGB5 was obviously elevated in OA tissues

To analyze ITGB5 level in normal and OA tissues,
GSE55235, GSE57218, GSE114007 and GSE143514
datasets were used. The results showed that compared
to normal tissues, ITGB5 level was notably elevated in OA
tissues in these four datasets (Figure 3A-D).
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Figure 2. Identification of hub genes-related to OA. (A, B) Volcano plots of DEGs between normal and OA samples in GSE55235 and
GSE57218 datasets. (C) Venn diagram identify 176 common genes from three categories: (I) OA-related genes by WGCNA, (I1) DEGs in
the GSE55235 dataset, (lll) DEGs in the GSE57218 dataset. (D) Top 10 pathways by KEGG enrichment analysis. (E) Top 10 GO-BP, top
10 GO-MF and top 10 GO-CC terms. (F) PPI network. (G) PPI network of 15 hub genes.
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Table 1. The correlation results of ITGB5 and TF.

TF | rho | P value
TGIF1 0.841057028 0.002294091
KLF4 0.8169419 0.003913812
YBX3 0.77968905 0.00782419

ZFHX3 -0.778381973 0.00799788
ZNF528 0.756565737 0.011315272
RELA -0.723659051 0.017988238
VDR -0.697243086 0.025015444
NCOA3 -0.690646711 0.027026272
ZNF668 0.683246472 0.029410688
SOX13 -0.682679568 0.029599058
MYC 0.668736715 0.034494531
KLF2 0.662986063 0.036664112
KLF11 0.658857017 0.038277551
PURA -0.643415996 0.044734494
TSC22D1 0.632194169 0.049859159

ITGBS5 could be regulated by TFs and miRNAs

To analyze the reason why ITGB5 was increased in OA
tissues, we explored the TFs that bind to the promoter region
upstream of ITGB5 gene firstly. In the GSE55235 dataset,
there were 105 DE-TFs between normal and OA samples
(Figure 4A). Thereafter, we analyzed the correlation between
eachDE-TFandITGB5 geneinthe GSE55235 datasetusingthe
Pearson’s correlation analysis (p<0.05 and correlation>0.6).
A total of 15 TFs, including TGIF1, KLF4, YBX3, ZFHX3,
ZNF528, RELA, VDR, NCOA3, ZNF668, SOX13, MYC, KLF2,
KLF11, PURA and TSC22D1, were significantly correlated
to the expression level of ITGB5 in OA (Table 1, Figure 4B-
D, Figure S2A-L). Meanwhile, the network of 15 TFs and
ITGB5 gene was shown in Figure 4E. We then searched TF
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binding sequences on the 1000-bp promoter sequence of
ITGB5 gene, and uncovered that KLF2 (MA1515.1.meme)
may bind to the upstream promoter region (approximately
511 bp) of ITGB5 gene, KLF11 (MA1512.1.meme) may bind
to the upstream promoter region (approximately 510 bp) of
ITGB5 gene, and KLF4 (MAO039.3.meme) may bind to the
upstream promoter region (approximately 509 bp) of ITGB5
gene, suggesting that KLF2, KLF11 and KLF4 might bind to
the promoters of ITGB5. Furthermore, analysis of KLF11
Chip-seq data in Adipose GSM1443814 dataset acquired
from the Cistrome (http:/cistrome.org/db/#/) database
indicated a prominent binding peak on ITGB5 gene?* (Figure
4F). Meanwhile, analysis of KLF4 Chip-seq data in Breast
ENCSR265WJC_1 dataset revealed a notable binding peak
on ITGB5 gene®® (Figure 4G). These data further validated
that KLF4 and KLF11 may be involved in regulating ITGB5
gene expression through binding to its promoters.

Next, to predict the potential miRNAs targeting the ITGB5
gene, TargetScan and miRTarBase databases were used.
In these two databases, our analysis revealed 6 common
miRNAs (hsa-let-7b-5p, hsa-miR-155-5p, hsa-miR-5688,
hsa-miR-335-5p, hsa-miR-421, hsa-miR-495-3p) that may
target the ITGB5 gene (Figure 4H). Additionally, the miRNAs/
TFs-mRNA network of 15 TFs, 6 miRNAs and ITGB5 gene
was shown in Figure 4H.

GSEA analysis of DEGs between H- and L-ITGB5 groups

Based on the median value of ITGB5 level, OA samples in
the GSE114007 dataset were divided into H- and L-ITGB5
groups. The DEGs between two groups were identified, and
the signaling pathways associated with these DEGs were
analyzed by GSEA and DO analyses. The results of GSEA
showed that compared to the L-ITGB5 group, DEGs in the
H-ITGB5 group were notably enriched in 111 pathways,
such as ECM-receptor interaction, apoptosis, T cell receptor
signaling pathway, TNF signaling pathway, Wnt signaling
pathway, p53 signaling pathway (Figure 5A-5E). The results
of DO analysis revealed that compared to the L-ITGB5 group,



S. Hu et al.: ITGB5 as a potential diagnostic biomarker for OA

b A3 B0, et B T b AEED AR e B T Wl B, pad e T )
A l:l_.pw O] a_=12 ': nl_.nunu a0 CLJ0 30 06 n_ =80
e
0 oo
380
& 1 00 1 2500.
RETh -y 1000 : e & 2000
5 _ o gl 3
A 800, o * - 150 . -
1534 500 : 100 . s W
BO0 1200 1500 2000 SOOOS 800 1200 1600 2000 CLSe BOD 1300 1600 2000 e
mGes ITGas TGS
LT SR —— ot LT ] I . Bt TR0 O Y e . ST TSR M B, Ay
E
F
chr3 (g21.2) :
Scale 100 kv | hg3a
chwd: 124,700,000l 124,750,000| 124,800,000 124,850,000] 124,600,000 124,950,000]
347883 _ S0413_jreat bw
KLF11
o
G
efeein] | HE::1 | B BRE W E B N EER) T ek BEAR B W REe
Scaky 100 kb} { hg3s
ek 124700000 124,750.0000 124,800.000] 124 850,000] 124 900,000] 124 950,000
3.47803 _ B0413_treat bw
KLF4
o_
Figure 4. ITGB5 could be regulated by TFs and miRNAs. (A) Venn diagram identify 105 differential TFs (DE_TFs) between 1539 DEGs
in the GSE55235 dataset and 1639 TFs. (B-D) Positive correlations between ITGB5 expression and TFs (KLF2, KLF11 and KLF4). (E)
The network of ITGB5 and 15 TFs. (F) The KLF11 Chip-seq data in the Adipose GSM1443814 dataset. (G) The KLF4 Chip-seq data in the
Breast ENCSR265WJC_1 dataset. (H) The network of ITGB5, 6 miRNAs and 15 TFs.
N J

www.ismni.org



S. Hu et al.: ITGB5 as a potential diagnostic biomarker for OA

0.4
ECM-recapior inleraction

I
L

02

o

Rankad st matric
Rankond kst mabric

pad signadng patheay

call receptor signaling pathwary

" L0 1 AL

5000 10000 15000 20000

Rank in ordered dataset

02
THF signaling pathway

0.1

;
i

2

ha

Rankied Rt mslbnic
=1
Ranked lst metric

fa

2

LU0 MLERY L ||

00 002 0.0 Qo G0
Gt i

5000 10000 15000 20000

Rank in ordaned datasat

Figure 5. GSEA analysis of DEGs between H- and L-ITGB5 groups. (A, B, C, D, E) GSEA showed the enhanced activity of ECM-receptor
interaction, apoptosis, T cell receptor signaling, TNF signaling, Wnt signaling, p53 signaling pathways in the H-ITGB5 group. (F) Top 30

DO analysis.

o

DEGs in the H-ITGB5 group were significantly enriched in 89
pathways (Figure 5F).

Composition of immune infiltrating cells between H- and
L-ITGB5 groups

The correlation between ITGB5 and different cell types
were then evaluated by Xcell algorithm and TISIDB database
in the GSE32317 dataset. As shown in Figure 6A, ITGB5
was positively correlated to Neutrophils, Chondrocytes,
Myocytes, MSC, and Thi.cells, and was negatively correlated
to Endothelial cells, ly Endothelial cells, mv Endothelial cells,
Adipocytes, HSC, Mesangial cells in the GSE32317 dataset
using Xcell algorithm. Additionally, the data in the TISIDB
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database showed that ITGB5 was positively correlated to
Myeloid derived suppressor cells, Type 1 T helper cells,
Regulatory T cells, Natural killer T cells, Macrophages,
Central memory CD8 T cells, Activated dendritic cells, and
was negatively correlated to CD56bright natural killer cells
and Activated CD8 T cells (Figure 6B).

Furthermore, CIBERSORT algorithm was applied to
calculate the relative level of 22 immune cells in the
GSE32317 dataset between H- and L-ITGB5 groups.
As shown in Figure 6C, the level of follicular helper T
cells was obviously reduced and M2 Macrophages level
was obviously elevated in H-ITGB5 group, compared to
L-ITGB5 group.
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The potential diagnostic value of ITGB5 in OA

Next, to evaluate the diagnostic value of ITGB5 in OA, the
ROC curve was generated. The area under the curve (AUC)
value of the ROC curve was 0.918 in GSE57218 dataset, and
was 0.778 in GSE114007 dataset (Figure 7A, B) These data
indicated that ITGB5 had a potential diagnostic value in OA.
Furthermore, the correlations between ITGB5 and different
drugs were investigated using the data from DGIdb database.
Figure 7C showed that ITGB5 might related to 4 drugs (e. g.
cilengitide, intetumumab, abituzumab, GLPG-0187).
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Discussion

Integrin beta (ITGB), a superfamily of integrins, has been
found to play a role in OA2%27, Sun et al. found that ITGB4
level obviously reduced in OA tissues and in LPS-treated
chondrocyte cells; overexpression of ITGB4 could increase
cell viability and reduced cell apoptosis in LPS-treated
chondrocyte cells, suggesting that ITGB4 might exert a
protective role in OA?". Conversely, Qian et al. reported that
ITGB2 was notably elevated in synovial fluid of OA patients,
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and might be an independent risk factor for OA26, These
findings showed that ITGB superfamily proteins might display
either anti-osteoarthritic or pro-osteoarthritic effects. In this
study, according to the data in the GSE57218, GSE114007,
GSE55235, and GSE143514 datasets, compared to
normal tissues, ITGB5 level was remarkably elevated in
osteoarthritic cartilage tissues and osteoarthritic synovial
tissues. These data showed that ITGB5 might be a biomarker
for OA development.

It has been shown that TFs could requlate gene expression
through activating or repressing their transcription?®2°, To
better understanding the reason of abnormal expression
of ITGB5 in OA, we focused on the TFs that may bind to
the promoter region upstream of ITGB5 gene. Our results
showed that KLF11 and KLF4 may bind to the promoters of
ITGB5. KLF4 and KLF11, the members of Kriippel-like factor
family, have been reported to be involved in the pathogenesis
of OA3°3! Kawata et al. found that KLF4 could attenuate
the injury of cartilage and synovium in OA mice®. Han et al.
reported that KLF11 could attenuate oxidative stress and
inhibit cell apoptosis in LPS-stimulated chondrocytes through
inactivating MAPK signaling®'. These studies showed that
both KLF4 and KLF11 were reduced cartilage tissues of OA
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patients and could protect against OA3°3', Additionally, KLF4
could repress MSI2 gene transcription through targeting
the promoter region of MSI232, In the current research, we
found that KLF4 and KLF11 could directly regulate ITGB5
gene transcription through binding to the TF binding site in
the promoter of ITGB5. Given that ITGB5 level was elevated
in OA tissues (Figure 3A-D), but KLF4 and KLF11 levels were
reduced in OA tissues3®3!, high level of ITGB5 in OA tissues
might be related to low expression levels of KLF4 or KLF11
in OA. We suspected that low expression of KLF4 or KLF11
in OA may reduce or lose the ability to suppress ITGB5 gene
transcription, leading to the increased expression of ITGB5 in
OA. Nonetheless, further validation is required to explore the
relationship between ITGB5 and KLF4 or KLF11 in OA, which
could shed more light on the crucial role of ITGB5 in OA.
Furthermore, the results of GSEA results showed that
H-ITGB5 group was related to TNF, Wnt, p53 and T cell
receptor signaling pathways. These pathways basically
included two parts: apoptosis-related pathways (p53, wnt
signaling pathways) and inflammation-related pathways (TNF
and T cell receptor signaling pathways). It has been shown that
chondrocyte apoptosis is a main initiator of OA, which could
result in cartilage damage and ECM depletion in OA joint33,
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P53-mediated cell apoptosis plays a pathological role in OA
progression3435, Meanwhile, the activation of Wnt signaling
could lead to chondrocyte apoptosis and extracellular matrix
destruction in OA3®. Significantly, inhibition of p53 or Wnt/B-
catenin signaling could inhibit LPS-induced cell apoptosis and
ECM degradation in chondrocytes3+372°, Furthermore, yang
et al. indicated that ITGB1 overexpression could activate the
Wnt signaling in breast cancer®®, revealing a relationship
between ITGB1 and Wnt signaling. Moreover, Jin et al. also
found a potential relationship between p53 signaling and
ITGB14'. Thus, we suspected that ITGB5 may be involved in
OA progression by affecting chondrocyte apoptosis via p53
or Wnt/B-catenin signaling.

Furthermore, inflammation is also a major cause of
OA*2, TNF-a could induce the inflammatory response in
chondrocytes and could lead to cartilage degradation in
OA rats**. TNF-a could activate the NF-kB signaling, a
crucial signaling participated in inflammation and innate
immunity*4. The inhibition of TNF-a/NF-kB signaling pathway
could attenuate OA symptoms via controlling inflammatory
responses#>4¢, Evidence have been shown that ITGB
proteins might be involved in NF-kB-mediated inflammation
response“”48, However, the relationship between ITGB5
and TNF-a signaling in OA remains elusive. We suspected
that ITGB5 may be involved in OA progression via affecting
inflammation via TNF-a signaling, which needed to be further
explored.

Compared to the healthy controls, the synovium of OA
patients shows an abundance population of pro-inflammatory
cells such as macrophages, natural killer cells, dendritic
cells, T cells, B cells, and so on**°, Our results indicated
that ITGB5 level in OA samples was positively correlated to
T helper (Th) type 1 cells, natural killer T cells, macrophages,
memory CD8 T cells, activated dendritic cells, suggested that
ITGB5 may contribute to OA progression through affecting
these immune cells. Previous studies have demonstrated
the differentiation of CD4+ T cells into different subtypes,
including pro-inflammatory Th cells (Th1, Th2, Th17) and
anti-inflammatory requlatory T cells®'. Studies have reported
that Th1 cells were enriched in synovial fluid and synovial
membranes of OA patients, suggesting that Th1 cells play
crucial roles in OA pathogenesis®®52, In this study, we found
that ITGB5 level in OA samples was positively correlated to
Th1 cells. Thus, we suspected that ITGB5 may play a role in
OA pathogenesis through elevating Th1 cells; however, future
studies are needed to validate the relationship between
ITGB5 and Th1 cells in OA.

Conclusion

In this study, we found that ITGB5 was obviously elevated
in OA samples. Additionally, ITGB5 may potentially play a
role in the progression of OA through influencing immune cell
infiltration. These findings suggested that ITGB5 may serve
as a diagnostic marker for OA.
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