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Objective: Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by synovial inflammation and joint destruction.
Despite advances in treatment, reliable biomarkers for early diagnosis remain elusive. This study investigates the expression of
integrin alpha V (ITGAV) as a potential diagnostic biomarker in RA.

Methods: Peripheral blood samples were collected from patients with RA, osteoarthritis (OA), and healthy controls (HC). ITGAV
expression was quantified by ELISA, and its correlation with clinical parameters—including serological markers, musculoskeletal
ultrasound scores, and disease activity indices—was assessed. Transcriptomic datasets and single-cell RNA sequencing were analyzed
to explore /TGAV expression in immune cell subsets. ROC curve analyses were conducted to evaluate its diagnostic performance.
Results: /TGAV levels were significantly elevated in the peripheral blood of RA patients, particularly in those seropositive for both
rheumatoid factor (RF) and anti-cyclic citrullinated peptide (anti-CCP) antibodies. /ITGAV expression correlated positively with RF and
CCP titres but showed no significant association with erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), tender joint
count (TJC) or swollen joint count (SJC). Single-cell transcriptomic analyses revealed ITGAV enrichment in pro-inflammatory
macrophages and T cells. Moreover, ITGAV levels were positively associated with ultrasound-assessed synovial thickness. ROC
analyses demonstrated high diagnostic accuracy, with AUCs exceeding 0.96 after multivariate adjustment.

Conclusion: /TGAV is significantly upregulated in seropositive RA and exhibits potential as a non-invasive biomarker for disease
diagnosis and stratification. Its preferential expression in inflammatory immune cell subsets and association with subclinical synovial
inflammation highlight its promise as both a diagnostic and mechanistic target in RA. Future longitudinal and functional studies are
warranted to validate its role in personalized disease management.
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Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disorder primarily characterized by persistent synovitis, progressive
joint destruction, and systemic inflammation.'* Common clinical manifestations include joint swelling and tenderness,
prolonged morning stiffness, fatigue, and subcutaneous rheumatoid nodules.** The global prevalence of RA is estimated
at 0.5%—1%, with women being affected two to three times more frequently than men.”® The pathogenesis of RA
remains incompletely elucidated, characterized by a multifactorial interplay among genetic predisposition, environmental
stimuli, and immune system perturbation.”* These interactions culminate in the overproduction of pro-inflammatory
cytokines—including TNF-a, IL-6, and IL-17—the generation of autoantibodies such as rheumatoid factor (RF) and anti-
cyclic citrullinated peptide (anti-CCP) antibodies, and pathological activation of synovial fibroblasts.”'® Genetic
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predisposition is estimated to contribute approximately 50-60% to RA susceptibility, with specific HLA-DRBI1 alleles—
particularly the shared epitope (SE) haplotype—enhancing autoimmune reactivity via aberrant antigen presentation.''-'?
Among environmental risk factors, cigarette smoking has been shown to induce protein citrullination, thereby promoting
the generation of anti-CCP antibodies.'®> Obesity and gut dysbiosis are associated with increased pro-inflammatory
cytokine production, likely mediated by lipid metabolic disturbances and impaired mucosal immunity.'*

Integrins constitute a family of transmembrane receptor proteins, composed of heterodimeric o and p subunits.'> They
are capable of bidirectional transmembrane signal transduction, mediating adhesion-dependent signaling between cells
and the extracellular matrix (ECM), as well as between adjacent cells.'® Integrins orchestrate key cellular processes
including migration, proliferation, differentiation, and inflammatory signaling.'” Integrin alpha V (ITGAV), also referred
to as CD51, is a protein-coding gene mapped to chromosome 2q31, and is abundantly expressed in macrophages,
synovial fibroblasts, endothelial cells, and osteoclasts.'® 2 Emerging evidence highlights the critical role of integrins in
modulating inflammatory responses via the recruitment and retention of leukocytes.”' Elevated expression levels of
integrins and their ligands have been documented across various autoimmune diseases.”” In RA, integrin-associated
proteins engage with specific ligands to regulate immune processes such as neutrophil trafficking, macrophage phago-
cytosis, dendritic cell maturation, and T cell apoptosis, ultimately modulating immune responses and inflammation.** %>
By orchestrating interactions between the extracellular matrix and surface receptors, integrins regulate adhesion, motility,
and tissue remodeling, thereby facilitating inflammatory cell infiltration and joint repair in RA.***°

Multiple genetic association studies have indicated a potential correlation between ITGAV polymorphisms and
susceptibility to RA, particularly among individuals of Caucasian ancestry.””*® Emerging evidence suggests that single-
nucleotide polymorphisms (SNPs) in /TGAV may correlate with disease severity and specific serological markers in
patients with RA. Specifically, the rs3911238 G/C polymorphism has been shown to significantly affect anti-CCP
antibody titers, levels of C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), and overall disease activity
in RA patients.'” While ITGAV expression is relatively low in most healthy tissues, it is markedly upregulated in
osteoclasts, neutrophils, macrophages, and endothelial cells. These cell types are critically involved in bone resorption,
inflammatory cascades, and angiogenesis—hallmark pathological features of RA.>"*° Elevated ITGAV expression has
also been documented in inflamed synovial tissues from RA patients as well as in experimental arthritis models.?
Additionally, ITGAV ligand levels are upregulated in the synovial fluid of individuals with RA.*>° The administration of
ITGAV antagonists has been shown to suppress pathological angiogenesis and mitigate joint inflammation in preclinical
models of arthritis.*

This study is the first to characterize the peripheral blood expression profile of ITGAV in RA patients and explore its
association with clinical parameters. Quantitative assessment of plasma /7GAV concentrations was performed via ELISA
in cohorts of RA patients, osteoarthritis patients, and healthy controls. Correlations between ITGAV levels and clinical
indicators—such as RF, anti-CCP, ESR, CRP, and ultrasonographic scores—were analyzed, and receiver operating
characteristic (ROC) curve analysis was employed to assess its diagnostic potential. This research aims to provide
novel insights and potential therapeutic targets for early diagnosis, disease stratification, and personalized treatment of
RA, from both molecular and immuno-pathological perspectives.

Materials and Methods

Participants and Information Collection

Participants were recruited from the Guanghua Hospital Precision Medicine Research Cohort (PMRC) at Shanghai
University of Traditional Chinese Medicine, with clinical trial number ChiCTR2400083234. The participants in this
study mainly comprised RA patients, osteoarthritis (OA) patients, and healthy controls (HC), with the healthy individuals
being selected from those undergoing health examinations. The inclusion criteria for the diseases were based on the
following standards: the 2010 American College of Rheumatology/European League Against Rheumatism (ACR/
EULAR) criteria for RA diagnosis and the 1986 ACR criteria for knee OA diagnosis. Exclusion criteria included
patients with two or more concurrent rheumatic diseases, cardiovascular diseases, severe liver or kidney impairment, or
a history of malignant tumors. Whole blood samples were collected for subsequent ELISA detection and the basic
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information and clinical data of all participants were recorded, organized, and analyzed. The study was conducted over
a period of 6 months, from May to November 2024, to ensure adequate recruitment and data collection. In addition, we
also recorded detailed clinical data for all patients, including gender, age, laboratory test results and disease activity
scores. All participants provided informed consent, and the study was approved by the Ethics Committee of Guanghua
Hospital (approval number: 2018-K-12). This study adhered to the Declaration of Helsinki.

Enzyme-Linked Immunosorbent Assay (ELISA) Quantitative Detection

Peripheral blood was collected from RA patients, OA patients, and healthy individuals, followed by centrifugation at
3000 rpm for 10 minutes to obtain the upper plasma. The samples were categorized into different groups based on disease
status and control groups, and the expression level of /TGAV was subsequently measured using ELISA. The ELISA kit
was purchased from Shanghai Lian Biological Technology (catalog number: ml038435), and standard wells and sample
wells were set up according to the experimental objectives. In an Excel spreadsheet, the standard concentrations were
plotted on the x-axis and the corresponding optical density (OD) values on the y-axis, using the blank wells as the zero
point. A linear regression curve for the standards was drawn, and the concentrations of each sample were calculated
based on the curve equation.

Single Cell Data Analysis

This study performed single-cell RNA sequencing analysis on synovial tissue samples from 9 knee replacement patients,
including 3 osteoarthritis (OA) cases, 3 RA cases double-positive for RF/CCP (RA-P: RF-IgM >20 IU/mL and ACCP
>1600 RU/mL), and 3 RA cases double-negative for RF/CCP (RA-N: RF-IgM <20 IU/mL and ACCP <1600 RU/mL).
Tissue samples were digested with collagenase, filtered, and processed using the 10x Genomics Chromium platform to
construct single-cell libraries, capturing approximately 8,000 cells per library. Paired-end sequencing was conducted on
the Illumina platform. Data analysis followed the Seurat pipeline, employing principal component analysis (PCA) and
UMAP dimensionality reduction. Cells were clustered into 18 subpopulations using the first 20 principal components
(resolution=0.1), annotated with canonical marker genes. Sertoli cell subpopulations were further subdivided into 8
clusters for deeper analysis. The study protocol was approved by the Ethics Committee of Shanghai Guanghua Hospital,
with written informed consent from all participants (approval number: 2018-K-12). This work specifically highlighted the
expression pattern of ITGAV across cell subpopulations (as illustrated in the Figure 1E).

GEO Dataset Analysis

Transcriptomic datasets (GSE93272, GSE223325, GSE221012) were downloaded from the Gene Expression Omnibus
(GEO) using the GEOquery R package. Raw expression data underwent preprocessing as follows: Missing values were
imputed via the impute package (k-nearest neighbors algorithm); Batch normalization was performed using the
normalizeBetweenArrays function from the limma package to correct technical variability; Probe annotation refinement
included removing probes mapping to multiple genes and retaining the probe with the highest signal intensity for genes
with multiple probes (collapsed using the aggregate function). Visualize ITGAV gene expression using bar charts.

Statistical Analysis

The raw data was organized to correct any inconsistencies in data entry and formatted for analysis. Before performing
statistical analyses, outliers were identified and removed to ensure the robustness of statistical inference. Outliers were
defined as ELISA values that exceeded 1.5 times the interquartile range (IQR) above the third quartile or below the first
quartile. Data following a normal distribution were expressed as meantstandard deviation and analyzed using Analysis
of Variance (ANOVA) for group comparisons. Data not following a normal distribution were presented as medians (Q1,
Q3) and compared using the Kruskal-Wallis rank-sum test, with Dunn’s testing for multiple comparisons. The correlation
between the levels of /TGAV in peripheral blood and common clinical indicators of RA was assessed using Pearson’s
correlation method. The clinical relevance of the levels of /ITGAV in peripheral blood was analyzed using Receiver
Operating Characteristic (ROC) curves. Statistical significance was defined as P<0.05 or adjusted P<0.05, and results
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Figure | Elevated ITGAV expression in patients with RA (A) ITGAV concentrations in peripheral blood were significantly higher in RA patients compared to those with
osteoarthritis (OA) and healthy controls (HC), with no significant difference between the OA and HC groups. (B) DP-RA exhibited markedly higher ITGAV levels than DN-
RA, OA, and HC groups. (C and D) ITGAV levels were significantly elevated in both ACT and REM RA groups, stratified by DAS28-ESR/CRP, compared to OA and HC
groups, with no significant differences observed between ACT and REM groups. (E) Single-cell RNA sequencing revealed higher ITGAV expression in synovial macrophages
and T cells from RA patients compared to those from OA patients. (ns:p=0.05, *p<0.05, **p<0.01, **p<0.001).

were visualized appropriately. All statistical analyses were conducted using IBM SPSS version 26.0, GraphPad Prism

version 10.0, and Sangerbox tools.

Results

The Basic Information of Participants

In this study, a total of 84 participants were included, comprising 60 patients with RA, 12 patients with osteoarthritis
(OA), and 12 healthy controls (Table 1). Among the RA patients, there were 4 males and 56 females; among the OA
patients, 3 males and 9 females; and among the healthy controls, there were 6 males and 6 females. Since epidemio-
logical studies indicate that the prevalence of RA is significantly higher in females than in males, it is acceptable that the
study included more female RA patients than male patients, resulting in differences in the gender ratio among the three
groups. Additionally, we collected data on participants’ age, height, weight, erythrocyte sedimentation rate (ESR), and
C-reactive protein (CRP). For the primary subjects of the study, the RA patients, we also collected clinical information
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Table | Basic Clinical Information

Variables Total (n=84) HC (n=12) OA (n=12) RA (n=12) Statistic P
Gender, n(%) * <0.001
Female 71 (84.52) 6 (50.00) 9 (75.00) 56 (93.33)

Male 13 (15.48) 6 (50.00) 3 (25.00) 4 (6.67)

Age, M (Q, Q3) 60.50 (54.00, 68.25) 67.00 (62.50,76.00) 70.00 (64.25,73.00) 58.50 (49.75,64.00) Y=17.46# | <0.001
Height, M (Q), Q3) 160.00 (156.00, 165.00) 166.00 (162.50,170.25) 161.50 (155.75,168.25) 160.00 (155.00,163.00) $=10.16# | 0.006
Weight, M (Q,, Q3) 60.00 (55.00, 67.00) 65.00 (58.00,67.00) 68.50 (63.25,71.25) 60.00 (54.00,65.00) $*=10.15%# | 0.006
ESR, M (Q,, Q3) 14.00 (7.00, 23.00) 9.00 (6.25,16.25) 15.00 (8.75,18.50) 15.00 (7.00,29.50) 1=2.63# 0.269
CRP. M (Q), Q3) 1.66 (0.83, 5.83) 0.80 (0.50,3.77) 1.54 (1.06,1.90) 2.01 (1.00,9.84) $=3.29# 0.193
RFE M (Q,, Q;) 52.70 (11.60,173.00)

CCR M (Q1, Qy) 316.60 (20.00,725.60)

TJIC, M (Q1, Q3) 1.00 (0.00,3.00)

SIC, M (Q), Q3) 0.00 (0.00,2.00)

DAS28-ESR, M (Q), Q3) 3.05 (1.854.11)

DAS28-CRP M (Q), Q3) 227 (1.35,3.21)

Note: #: Kruskal-waills test, *: Fisher exact.
Abbreviations: M, Median, Q,, Ist Quartile, Q3, 3st Quartile, ESR, erythrocyte sedimentation rate, CRP, C-reactive protein, RF, rheumatoid factor, CCP, anti-cyclic
citrullinated peptide antibody, TJC, tender joint count, SJC, swollen joint count.

such as rheumatoid factor (RF), anti-cyclic citrullinated peptide (CCP), tender joint count (TJC), swollen joint count
(SJC), disease activity score 28 based on ESR (DAS28-ESR), and disease activity score 28 based on CRP (DAS28-CRP).

Increased Levels of ITGAV in Peripheral Blood of RA Patients

Analysis of ITGAV levels in peripheral blood revealed that RA patients exhibited significantly elevated I7GAV expression
compared to both OA patients and healthy controls (P=0.006 and P=0.019, respectively), while no significant differences
were observed between OA patients and healthy controls (P>0.05) (Figure 1A). Given that both OA and HC served as
non-RA controls, they were combined into NC control group (n=24). Comparison with the RA group (n=60) revealed
that ITGAV expression levels were significantly higher in the RA group (P=0.008). RA patients were subsequently
stratified based on RF and CCP serostatus: double-positive RA (DP-RA) was defined by concurrent positivity for both
RF and CCP, whereas double-negative RA (DN-RA) referred to patients negative for both markers. Notably, /TGAV
expression in peripheral blood was significantly elevated in the DP-RA subgroup compared to DN-RA patients
(P=0.026), and also significantly higher than that in both OA and HC groups (P=0.003 and P<0.001, respectively).
No significant differences in ITGAV expression were observed among DN-RA, OA, and HC groups (P>0.05)
(Figure 1B). These findings imply a potential association between elevated peripheral /7GAV levels and seropositivity
for RF and CCP in RA patients.

To further explore the clinical relevance of ITGAV expression, RA patients were categorized into active (ACT;
DAS28>2.6) and remission (REM; DAS28<2.6) groups according to DAS28-ESR or DAS28-CRP scores. In the DAS28-
ESR-based subgroup analysis, both ACT and REM groups exhibited significantly higher /TGAV expression compared to
OA and HC groups (P<0.05); however, no significant difference was observed between ACT and REM groups (P>0.05)
(Figure 1C). A similar trend was observed in the DAS28-CRP-based subgroup analysis, corroborating the consistency of
these findings (Figure 1D).

Increased Levels of ITGAV in Macrophages of RA Patients

Preliminary single-cell RNA sequencing of synovial tissue from RA patients conducted by our group revealed sig-
nificantly elevated /TGAV expression in macrophages and T cells compared to those from OA patients. Both DP-RA and
DN-RA subgroups also exhibited higher /TGAV levels relative to OA patients (Figure 1E). Subsequently, we examined
publicly available RA-related datasets from the R4RA (https://r4ra.hpc.gmul.ac.uk/) and PEAC (https://peac.hpc.qmul.
ac.uk/) databases. In RA patients, /TGAV expression was positively correlated with CD3 (r=0.24, P=0.006) (Figure 2A)
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and CD68 expression (r=0.19, P=0.033) (Figure 2B). Furthermore, peripheral blood ITGAV levels were positively
associated with US ST 12max (a musculoskeletal ultrasound index reflecting synovial thickness or inflammatory activity)
in RA patients (r=0.37, P=0.021) (Figure 2C).

We further interrogated the GEO database (https://www.ncbi.nlm.nih.gov/geo/) and identified four datasets-
GSE93272, GSE223325, GSE221012, and GSE56649-that are associated with /7TGAV mRNA expression in patients
with RA. Raw data were extracted from these datasets and subjected to differential expression analysis. In GSE93272,

ITGAV mRNA expression in the peripheral blood of RA patients was significantly elevated compared with healthy
controls (P<0.001), consistent with our prior findings (Figure 2D). GSE223325, which profiles M1 and M2 macrophages
isolated from RA patients, revealed significantly higher /TGAV mRNA expression in M1 macrophages compared with
M2 counterparts (P=0.009) (Figure 2E). GSE221012, derived from in vitro cell culture experiments, similarly demon-
strated elevated /TGAV mRNA levels in M1 macrophages (P<0.001) (Figure 2F). Additionally, GSE56649, which
investigates /TGAV expression in CD4+ T cells, showed significantly increased /7GAV mRNA levels in RA patients
compared to healthy controls (P=0.029) (Figure 2G).

Correlation of Levels of ITGAV in Peripheral Blood with RA Clinical Indices

To further investigate the association between peripheral blood /TGAV levels and clinical parameters in patients with RA,
we collected demographic characteristics (including sex, age, height, and weight) along with other clinical indicators, and
conducted correlation analyses (Figure 3A). The results demonstrated that /TGAV levels were positively correlated with
sex and age in RA patients (r=0.26, P<0.05; r=0.41, P<0.001, respectively) (Figure 3D). Furthermore, ITGAV levels were
significantly positively associated with anti-CCP antibodies and RF (r=0.29, P<0.05; r=0.32, P<0.05, respectively), in
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Figure 2 Expression characteristics of ITGAV in RA-related immune cell subsets (A and B) In peripheral blood of RA patients, ITGAV levels correlated positively with
CD3+ T cells and CD68+ macrophage markers. (C) ITGAV concentration was positively associated with ultrasound-assessed synovial thickness (US ST I2max). (D-G)
Public dataset analyses showed consistently elevated ITGAV mRNA expression: GSE93272 revealed higher ITGAV levels in peripheral blood of RA patients compared to
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agreement with our initial hypothesis (Figure 3B and 3C). However, no significant correlations were observed between
ITGAV levels and ESR, CRP, TJC or SJIC. Moreover, comorbidity data on interstitial lung disease (ILD) and osteoporosis
were collected, yet no significant associations were observed between /7GAV expression and these clinical complications.

The Levels of ITGAV in Peripheral Blood Aids in RA Diagnosis

Univariate and multivariate logistic regression analyses were conducted to assess the diagnostic specificity and accuracy
of ITGAV levels in RA. In the univariate analysis comparing RA patients with HC, the area under the curve (AUC) was
0.801 (95% CI: 0.701-0.901). In the subsequent multivariate analysis, after adjusting for covariates such as sex, age,
height, weight, ESR, CRP, RF, and CCP, the AUC for the RA group increased to 0.968 (95% CI: 0.931-1.000)
(Figure 3E). When comparing RA patients with those diagnosed with OA, the univariate analysis yielded an AUC of
0.749 (95% CI: 0.628-0.869). In the multivariate model, the AUC further increased markedly to 0.972 (95% CI:
0.936-1.000) (Figure 3F).

Discussion

Integrins mediate key processes such as leukocyte adhesion and migration, fibroblast activation, and angiogenesis, all of
which are crucial for the progression of rheumatoid arthritis. For example, al1B1 integrin has been shown to mediate the
adhesion and migration of synovial fibroblasts under inflammatory conditions.>*** Previous studies have reported that
integrin expression is upregulated in RA synovium, promoting immune cell infiltration, destructive signaling, and
cytokine secretion.”*** Our study presents compelling evidence that the expression of ITGAV (also known as CD51)
in peripheral blood is markedly elevated in patients with RA, relative to individuals with OA or HCs. Notably, the
upregulation of ITGAV is particularly pronounced in rheumatoid arthritis patients who are double-positive for both RF
and anti-CCP antibodies. Since RF and anti-CCP are specific markers of RA and are commonly used as diagnostic
indicators, this observation is significant. Moreover, patients with double-positive serology tend to exhibit higher disease
activity and greater severity.’> This suggests that /TGAV may play an important role in the autoantibody-driven
pathogenesis of RA and that its marked upregulation could represent a potential risk factor for the disease. Our data
further substantiate this association by demonstrating a positive correlation between peripheral /TGAV expression and
serum RF and CCP titres. The elevation of /TGAV in DP-RA patients, relative to DN-RA and OA cohorts, further
underscores its potential specificity to the seropositive RA phenotype. This finding is in line with the prevailing notion
that RF+/CCP+ RA represents a more aggressive disease phenotype characterized by heightened inflammatory burden
and increased risk of joint destruction.*®*” However, no statistically significant associations were observed between
ITGAV levels and markers such as ESR, CRP, TJ or SJC, indicating that /TGAV may serve as a surrogate for immune
activation rather than a direct measure of inflammatory burden.

ITGAV expression positively correlates with both age and sex, consistent with prior studies identifying age and sex as
established non-modifiable risk factors for rheumatoid arthritis. This further suggests that demographic factors may
modulate integrin-associated immune pathways in rheumatoid arthritis.*® This observation warrants further mechanistic
investigation to elucidate how hormonal milieu and age-associated immune remodeling may influence /7GAV expression
and function. At the single-cell level, integrative analysis of RA-related transcriptomic datasets revealed that /TGAV is
predominantly expressed in macrophages and T cells—two pivotal effector cell types orchestrating synovial inflamma-
tion. This observation is consistent with previous transcriptomic analyses, which revealed elevated ITGAV expression in
synovial tissues and immune cells of patients with rheumatoid arthritis. In RA, integrins such as 04p1 and a5p1 mediate
the recruitment of macrophages to the synovium by binding to ECM ligands like fibronectin and VCAM-1.>* This
interaction enables macrophages to adhere to endothelial cells and migrate into inflamed tissues. Integrins further activate
macrophages, promoting the release of inflammatory cytokines such as TNF-a.*° Studies have shown that in RA synovial
fluid, DCs exhibit significantly reduced expression of CD11a (af, integrin subunit), while CD11b expression is markedly
increased. This altered integrin expression pattern may affect DC clustering, adhesion, and T cell-activating functions,
thereby promoting the inflammatory process.*' Further analyses of macrophage subsets have revealed that ITGAV is
preferentially expressed in proinflammatory M1 macrophages. Notably, studies have shown that integrin aDf3, expression
is markedly upregulated on M1 macrophages, enhancing their adhesion to the three-dimensional extracellular matrix
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while simultaneously reducing migratory capacity.*” These cells also secrete elevated levels of proinflammatory
cytokines such as TNF-a, IL-1, and IL-6. Together, integrin-mediated adhesion and cytokine release contribute to
sustained synovial inflammation and promote the progression of rheumatoid arthritis.**

In addition, the correlation between peripheral ITGAV levels and ultrasound-assessed synovial thickness (US ST
12max) further confirms its translational medical significance. Musculoskeletal ultrasound has gained increasing promi-
nence as a non-invasive modality for monitoring disease activity and assessing therapeutic efficacy in RA.** Studies have
shown a significant correlation between ultrasound-assessed synovial thickening, pro-angiogenic gene expression, and
vascular density, suggesting that ultrasound can reflect synovial tissue remodeling and immune cell infiltration.*>*® The
positive association between /7GAV expression and ultrasound-detected synovial hypertrophy may reflect underlying
tissue remodeling and immune cell infiltration, suggesting that /TGAV could serve as a non-invasive biomarker for
identifying subclinical disease progression and joint damage risk in seropositive RA. In terms of diagnostic potential,
ROC curve analysis demonstrated that /T7GAV levels possess substantial discriminative power in distinguishing RA
patients from HCs and individuals with OA. The AUC values from univariate analyses were 0.801 and 0.749,
respectively, which improved markedly to 0.968 and 0.972 following multivariate adjustment—highlighting the excellent
diagnostic performance of ITGAV. These findings underscore the potential of /TGAV as a biomarker, capable of
complementing existing serological tests, particularly in the early diagnosis of rheumatoid arthritis or in cases where
conventional markers yield negative results. However, several limitations should be noted. Firstly, the relatively small
sample size, particularly in the osteoarthritis and healthy control groups, may limit the statistical power of the analysis.
Additionally, the cross-sectional study design precludes the assessment of dynamic changes in /7GAV expression over
time, as well as its predictive value in disease progression and treatment response. Finally, while a strong correlation with
serological markers has been observed, the precise role of /TGAV in immune regulation and rheumatoid arthritis-related
joint pathology warrants further elucidation through both in vivo and in vitro studies.

Conclusion

In summary, our findings reveal that /TGAV expression is significantly upregulated in RA patients, particularly within
seropositive subgroups, and may serve as a clinically relevant biomarker for disease diagnosis and stratification. Its
preferential expression in pro-inflammatory immune cell populations, alongside its correlation with key indicators of
synovial inflammation, provides a mechanistic foundation for exploring /TGAV as a potential therapeutic target. Future
longitudinal studies and mechanistic investigations are warranted to validate its utility in personalized disease monitoring
and therapeutic decision-making in RA.
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