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ITGAV as a promising diagnostic,
Immunological, and prognostic
biomarker in pan-cancer

Hanyang Su®’, Jie Wang?’, Xinyu Cao?’, Xianggian Zhang?, Huajun Zhang*>** &
Xiaojin Liu®*

Integrin aV (ITGAV) plays a key role in cell adhesion, migration, and immune regulation, and is
implicated in tumor progression. However, its comprehensive expression profile and functional
relevance across different cancers remain poorly understood. We conducted an integrative pan-

cancer analysis of ITGAV using data from TCGA, GTEx, CCLE, and other public databases. Expression,
diagnostic value (via ROC analysis), and prognostic significance (via Cox and Kaplan-Meier analyses

of OS, DSS, PFS, and DFS) were assessed. We further explored ITGAV'’s correlation with immune

cell infiltration and immune-related genes, its predictive role in immunotherapy response based

on immunophenoscore (IPS), and its drug-binding potential through molecular docking. (1) ITGAV

was significantly overexpressed in multiple cancer types including LIHC, COAD, and STAD. (2) ROC
analysis confirmed its strong diagnostic value, particularly in HNSC, UCEC, and ESCA. (3) High ITGAV
expression was associated with poorer survival outcomes in most cancers, while a protective role was
observed in KIRC. (4) ITGAV expression was positively correlated with immune cell infiltration and co-
expressed with immune-activating and immunosuppressive genes. (5) The expression level of ITGAV
correlates with the IPS score, suggesting its predictive value for the benefit of immunotherapy. (6)
Molecular docking identified strong binding affinities between ITGAV and six candidate compounds,
including gemcitabine and pioglitazone. Our findings demonstrate that ITGAV is a promising biomarker
for diagnosis, prognosis, and immunotherapy prediction across cancers. Its immunological associations
and druggability highlight its potential as a candidate therapeutic target.
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ACC Adrenocortical carcinoma
AUC Area Under the Curve

BLCA Bladder cancer
BRCA Breast cancer
CCLE The Broad Institute Cancer Cell Line Encyclopedia

CESC Cervical squamous cell carcinoma and endocervical adenocarcinoma
CHOL Cholangiocarcinoma

COAD Colon adenocarcinoma

DEGs Differentially expressed genes

DFI Disease-free interval

DFS Disease-free survival

DSS Disease-specific survival
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ECM Extracellular matrix

ESCA Esophageal carcinoma

ESCC Esophageal squamous cell carcinoma
GBM Glioblastoma multiforme

GEO Gene Expression Omnibus

GO Gene Ontology

GTEx Genotype-Tissue Expression

HNSC Head and neck squamous cell carcinoma (HNSC)
ICI Immune checkpoint inhibitor

IPS Immunophenotype Scores

KEGG Kyoto Encyclopedia of Genes and Genomes
KICH Kidney chromophobe

KIRC Kidney renal clear cell carcinoma
KIRP Kidney renal papillary cell carcinoma
LGG Lower-grade glioma

LIHC Liver hepatocellular carcinoma
LUAD Lung adenocarcinoma

LUSC Lung squamous cell carcinoma

MESO Mesothelioma
MHC Major histocompatibility complex

(O Overall survival

PAAD Pancreatic adenocarcinoma

PBS Phosphate buffered saline

PCA Principal component analysis
PFI Progression-free interval

PFS Progression-free survival

PPI Protein-protein interactions
PRAD Prostate adenocarcinoma

ROC Receiver operating characteristic
SCC Squamous cell carcinoma
SKCM Skin cutaneous melanoma
STAD Stomach adenocarcinoma
TCGA The Cancer Genome Atlas

TCIA The Cancer Immunome Database

THCA Thyroid carcinoma
THPA Human Protein Atlas
TIMER The Tumor Immune Estimation Resource

TME The tumor microenvironment
UCEC Uterine corpus endometrial carcinoma
UMIs Unique molecular identifiers

Immunotherapy, particularly immune checkpoint blockade with agents such as PD-1, PD-L1, and LAG-3
antagonists, has revolutionized cancer treatment and has shown remarkable clinical benefits in certain patients!.
However, the majority of cancer patients do not respond to these therapies, and the development of resistance is
common??. The tumor microenvironment (TME) and extracellular matrix (ECM) are key determinants of tumor
growth and can significantly impact the response to immunotherapy by modulating the behavior of immune
cells*®. Despite the promise of targeting the TME and ECM in cancer treatment, the complex mechanisms
regulating their formation and dynamics pose a challenge®’. Thus, to improve current immunotherapies,
comprehensively investigating the genes involved in the TME and ECM is essential.

Integrins are a group of heterodimeric transmembrane proteins composed of 18 alpha subunits and 8 beta
subunits that play crucial roles in cell adhesion and communication between cells®®. ITGAV, also known as
integrin alpha subunit V (CD51), is a member of the integrin alpha chain family. ITGAV binds to p1, B3, 5,
6, and B8 to form a heterodimer and is involved in the regulation of fibronectin, bilirubin, and fibrinogen
receptors'’. Linearly linked integrins can activate multiple kinase pathways and their respective effectors!!~13.
These pathways include numerous signaling pathways, such as the FAK/Src, PI3K/Akt, and MAPK/ERK
pathways, which are essential for tumor cell proliferation, migration, and invasion'*'6. Hence, increasing
evidence suggests that overexpression of ITGAV is associated with tumor progression and poor prognosis in
various malignancies, including glioblastomal?, hepatocellular carcinoma'?, breast cancer!?, colorectal cancer?,
and lung cancer?!; gastric cancer?’; prostate cancer?’; and head and neck squamous cell carcinoma®. ITGAV
expression is correlated with tumor immune cells, indicating its potential as an immunotherapeutic target?>2°.
However, ITGAV-targeted therapies have yielded limited clinical efficacy?”?%, and the precise immune-
modulatory mechanisms remain unclear. While ITGAV has been studied in specific cancers, existing literature
primarily focuses on individual tumor types and lacks integrative immune-genomic and therapeutic-level
evaluations. Importantly, prior failures in clinical trials may stem from the absence of mechanistic context and
patient stratification, rather than from the inadequacy of ITGAV as a therapeutic target.

To address these limitations, we conducted the first comprehensive pan-cancer analysis of ITGAV by
integrating transcriptomic, immunological, and pharmacological data from 33 tumor types. This study
systematically investigates ITGAV’s differential expression, prognostic and diagnostic potential, associations
with immune cell infiltration and immune-related gene networks, predictive value for immunotherapy efficacy,
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and druggability based on molecular docking simulations. Unlike prior studies limited to expression profiling
in isolated cancer contexts, our multi-dimensional approach aims to provide an integrative understanding of
ITGAV’s biological and immunological roles across cancer types. These findings offer valuable insights into its
potential as a biomarker and therapeutic target for personalized immuno-oncology. This multi-dimensional
approach provides a more comprehensive view of ITGAV’s functional roles in cancer, particularly in relation to
the tumor immune microenvironment, and supports its reevaluation as a biomarker and potential therapeutic
target in precision oncology.

Methods

Analysis of ITGAV expression and localization

To comprehensively analyze the expression profile of ITGAV across human cancers, we integrated data from
several publicly available databases. First, we used TIMER (Tumor Immune Estimation Resource) to examine
ITGAV expression in tumor versus adjacent normal tissues across multiple cancer types. TIMER applies a
standardized analytical pipeline, including batch correction and immune deconvolution, to ensure uniform
cross-tissue comparisons based on TCGA data®. To complement these results, we also downloaded raw HTSeq-
FPKM expression data from the TCGA Genomic Data Commons (GDC). Independent preprocessing—
including normalization and log, transformation—was performed using R software (version 4.2.1) following
TCGA RNA-seq analysis standards®®. Additionally, we used the Broad Institute Cancer Cell Line Encyclopedia
(CCLE) to analyze ITGAV expression in multiple cancer cell lines>. For tissue-specific expression analysis, we
utilized the Genotype-Tissue Expression (GTEx) project dataset®’. To explore the localization of the ITGAV
protein, the Human Protein Atlas (THPA) database was used to provide information on RNA expression and
subcellular localization across different cell lines?.

Correlation analysis of ITGAV expression with diagnosis, clinical stage and prognosis in pan-
cancer

In this study, we systematically evaluated the diagnostic and prognostic significance of ITGAV expression across
various cancer types. To assess its diagnostic potential, receiver operating characteristic (ROC) curve analyses
were performed using TCGA datasets for multiple tumor types. The area under the curve (AUC) was calculated
to quantify diagnostic performance. To investigate the association between ITGAV expression and tumor
clinical stage, we applied the Kruskal-Wallis test to compare expression levels across different pathologic stage.
All statistical analyses and data visualizations were conducted using R software (version 4.2.1), with plotting
performed via the ggplot2 package (version 3.5.1)*%. For prognostic evaluation, we explored the association
of ITGAV expression with overall survival (OS), progression-free survival (PFS), disease-free survival (DFS),
and disease-specific survival (DSS) using univariate Cox proportional hazards regression models. The statistical
significance of survival differences was assessed using log-rank tests, and a p-value<0.05 was considered
statistically significant.

Functional enrichment and interaction network analysis of ITGAV

To explore the protein-protein interaction (PPI) network of ITGAV, we employed the GeneMANIA database,
which predicts functionally associated genes based on various data sources, including co-expression, co-
localization, and physical interactions®*. This analysis allowed us to identify potential interacting partners of
ITGAV and provided insights into its putative biological functions and roles in carcinogenesis. Based on the
ITGAV-centered gene interaction network, we further performed Gene Ontology (GO) enrichment analysis and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis to investigate the biological processes,
cellular components, molecular functions, and signaling pathways associated with ITGAV and its interacting
genes.

Correlation analysis of ITGAV expression with immune infiltration across cancers

To investigate the association between ITGAV expression and immune cell infiltration in pan-cancer, we utilized
the TIMER database to assess correlations between ITGAV expression and the estimated infiltration levels of six
major immune cell types: CD8" T cells, CD4* T cells, macrophages, dendritic cells, neutrophils, and B cells*®. Six
representative cancer types were selected for detailed visualization.

In addition, we explored the relationship between ITGAV expression and a broad panel of immune-related
genes, including genes encoding immune activators, immune suppressors, immune checkpoint molecules, major
histocompatibility complex (MHC) proteins, chemokines, and chemokine receptors. These analyses provide
insight into the immunological landscape associated with ITGAV expression across different tumor types. Data
visualization was performed using the R packages reshape2 (version 1.4.4) and RColorBrewer (version 1.1.3)%”
to generate correlation heatmaps.

Molecular docking of drugs with ITGAV

Drug-gene interaction data were obtained from the DSigDB database®®. Subsequently, drug enrichment analysis
was performed using the R packages enrichplot (version 1.24.4) and ggplot2 (version 3.5.1)*!for visualization.
The 2D and 3D chemical structures of candidate small-molecule drugs were retrieved from the PubChem
database?®, while the three-dimensional structure of the ITGAV protein was obtained from the Protein Data
Bank (PDB)*. For molecular docking analysis, the structural data of both the target protein and small-molecule
compounds were uploaded to the CB-DOCK2 platform. Among the predicted docking conformations, the
binding mode with the lowest binding free energy was selected and visualized to characterize potential binding
interactions between ITGAV and the candidate drugs*.
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Correlation analysis of ITGAV expression with sensitivity to immunotherapy across cancers
To evaluate the potential association between ITGAV expression and immunotherapy response across cancer
types, immunophenoscores (IPS) were obtained from The Cancer Immunome Atlas (TCIA) database. The
IPS represents a computationally derived metric that reflects tumor immunogenicity and predicts potential
responsiveness to immune checkpoint inhibitors (ICIs). IPS data were extracted for multiple TCGA cancer
types and stratified by high and low ITGAV expression groups based on median expression values. The analysis
focused on four ICI treatment scenarios: CTLA-4*/PD-1*, CTLA-47/PD-1*, CTLA-4*/PD-1", and CTLA-47/PD-
1-. All statistical tests were two-sided, and a p-value <0.05 was considered statistically significant.

Statistical methods

Statistical analyses were performed via R software (version 4.2.1). Spearman’s correlation and the Kruskal-Wallis
test were used to assess the relationships between ITGAV expression and clinicopathological features, as well
as immune infiltration across different cancer types. Survival analysis, including OS, PFS, DES, and DSS, was
conducted via Cox regression models and Kaplan-Meier curves, with the significance level set at p<0.05.
Diagnostic accuracy was evaluated via receiver operating characteristic (ROC) curves and the area under
the curve (AUC). Co-expression analysis of ITGAV with immune-related genes was performed. The IPS was
analyzed to assess immunotherapy sensitivity, with statistical significance determined by the Kruskal-Wallis test.
All tests were two-sided, with p <0.05 considered statistically significant.

Results

Altered expression of ITGAV across cancers and cell lines

ITGAV expression was analyzed across multiple cancer types via data from the TIMER, TCGA, GTEx, and
CCLE databases. The TIMER data revealed that ITGAV expression was significantly elevated in various cancer
tissues, including cholangiocarcinoma (CHOL), esophageal carcinoma (ESCA), head and neck squamous cell
carcinoma (HNSC), liver hepatocellular carcinoma (LIHC), lung adenocarcinoma (LUAD), lung squamous
cell carcinoma (LUSC), stomach adenocarcinoma (STAD) and thyroid carcinoma (THCA) (Fig. 1A). This
finding was further validated by TCGA data, which revealed significant overexpression of ITGAV in CHOL,
colorectal cancer (COAD), ESCA, glioblastoma multiforme (GBM), HNSC, LIHC, LUAD, LUSC, STAD, and
THCA (Fig. 1B). Tissue-specific expression analysis of the GTEx database revealed that ITGAV expression was
relatively high in skin, and vascular tissues, whereas its expression was relatively low in the spleen, pancreas,
liver, and blood (Fig. 1C). Similarly, analysis of CCLE data indicated that tumor cell lines derived from tissues
such as ovaries, livers, kidneys, and fibroblasts expressed relatively high levels of ITGAV, whereas those derived
from the small intestine and prostate expressed relatively low levels (Fig. 1D). Additionally, RNA expression
patterns revealed that ITGAV was notably expressed in the SuSa, RT-4, and hTRET-RPEI cell lines (Fig. 1E).
Immunofluorescence staining of A-431 and U251MG cells revealed that the ITGAV protein was predominantly
localized to the cytoplasm and cell membrane (Fig. 1F-G).

ITGAV Shows Strong Diagnostic Potential in Pan-Cancer

As illustrated in Fig. 2A-1, ITGAV showed strong diagnostic performance in CHOL (AUC=0.981, Fig. 2A),
HNSC (AUC=0.852, Fig. 2D), and UCEC (AUC=0.825, Fig. 2I). Moderate diagnostic ability was observed in
LIHC (AUC=0.762, Fig. 2F), LUAD (AUC=0.763, Fig. 2G), and STAD (AUC=0.764, Fig. 2H). In contrast,
ITGAV demonstrated relatively lower diagnostic performance in COAD (AUC=0.634, Fig. 2B), ESAD
(AUC=0.703, Fig. 2C), and KIRC (AUC=0.593, Fig. 2E). These results suggest that ITGAV holds potential as a
diagnostic biomarker in multiple cancers, particularly in CHOL, HNSC, and UCEC.

ITGAV expression is significantly associated with clinicopathological features across cancers
To explore the relationships between ITGAV expression and clinicopathological characteristics, we analyzed
data from various cancer types. ITGAV expression was significantly higher in stage IV and III bladder cancer
(BLCA) patients than in stage II bladder cancer patients (Fig. 3A). ITGAV expression was higher in stage I breast
cancer (BRCA) patients than in stage IV patients (Fig. 3B). In kidney renal papillary cell carcinoma (KIRP),
ITGAV expression was lower in stage I patients than in stage III and IV patients (Fig. 3C). ITGAV expression
was significantly higher in stage IT LIHC than in stage I LIHC (Fig. 3D). In STAD, ITGAV expression was
significantly higher in stage III patients than in stage I and II patients (Fig. 3E). Finally, in THCA, ITGAV
expression was lower in stage II patients than in stage I and III patients (Fig. 3F). These findings indicate that
ITGAV expression significantly varies across different cancer stages, highlighting its potential role in tumor
progression and clinical outcomes.

ITGAV expression is significantly associated with overall survival (OS) across cancers

We investigated the prognostic value of ITGAV expression in relation to OS across various cancers via data
from the TCGA. Univariate Cox regression analysis revealed that ITGAV expression was significantly associated
with poor OS in several cancer types, including KIRP, lower-grade glioma (LGG), LIHC, mesothelioma
(MESO), and pancreatic adenocarcinoma (PAAD). (Fig. 4A). Among these, LGG had the greatest effect on
the risk associated with ITGAV expression (p <0.05). Further survival analysis revealed that overexpression of
ITGAV was associated with shorter OS in most cancer types, except for KIRC, where higher ITGAV expression
was correlated with longer survival (Fig. 4B-G). These findings indicate that ITGAV may serve as a potential
prognostic biomarker because its expression influences survival outcomes in a tumor type-specific manner.
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Fig. 1. ITGAV expression and localization in pan-cancer. (A) Pan-cancer analysis of ITGAV expression
showing elevated levels in CHOL, ESCA, and HNSC. (B) Validation of ITGAV overexpression using TCGA
data, especially in CESC and GBM. (C) Tissue-specific expression of ITGAV based on GTEx data, with higher
expression in skin, and vascular tissues, and lower levels in spleen, pancreas, liver, and blood. (D) Expression
levels of ITGAV across cancer cell lines from the CCLE dataset, with prominent expression in ovarian, lung,
liver, and kidney cell lines. (E) RNA expression levels of ITGAV in different cell lines, with highest expression
observed in SuSa, RT-4, and hTRET-RPEI cells. (F-G) Immunofluorescence staining in A-431 and U-251MG
cells, demonstrating ITGAV protein localization in the cytoplasm and membrane. Nuclei were counterstained
with DAPI (blue), and ITGAV was visualized in green.
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Fig. 2. Diagnostic performance of ITGAV across cancers. (A-I) ROC curves assessing the diagnostic value
of ITGAYV in various tumor types, including CHOL, COAD, ESAD, HNSC, KIRC, LIHC, LUAD, STAD,
and UCEC. AUC values are provided for each cancer type, reflecting diagnostic accuracy based on TCGA
expression data.

ITGAV expression is significantly associated with progression-free survival (PFS) across
cancers

We examined the relationship between ITGAV expression and PFS across various cancer types through Cox
regression analysis. The analysis revealed significant correlations between ITGAV expression and PFS in several
cancers, including adrenocortical carcinoma (ACC), GBM, KIRC, KIRP, LGG, LIHC, PAAD, STAD, and UCEC
(Fig. 5A). In general, high ITGAV expression was associated with a shorter PFS, indicating a worse prognosis
for patients with high ITGAV expression. However, an exception was observed in KIRC, where higher ITGAV
expression was correlated with better PFS (Fig. 5B-G).

ITGAV expression is significantly associated with disease-specific survival (DSS) in pan-
cancer

We conducted Cox regression analysis to assess the relationship between ITGAV expression and DSS across
various cancer types. Significant associations (p <0.05) were observed in KIRC, KIRP, LGG, LIHC, MESO,
PAAD, STAD, and UCEC (Fig. 6A). Subsequent survival analysis revealed that, except for KIRC, cancers with
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Fig. 3. Association between ITGAV expression and clinical stage. (A-F) Correlation of ITGAV expression
with tumor stage in BLCA, BRCA, KIRP, LIHC, STAD, and THCA.

high ITGAV expression were associated with lower DSS than those with low expression, suggesting that higher
ITGAV levels may be indicative of worse disease-specific survival in most cancer types (Fig. 6B-G).

ITGAV expression is significantly associated with disease-free survival (DFS) across cancers

To explore the relationship between ITGAV expression and DFS across various cancer types, we performed Cox
regression analysis. Notably, ITGAV expression was found to significantly affect DFS in patients with PAAD
(p<0.05) (Fig. 7A). Survival analysis revealed that patients with high ITGAV expression had a worse DES than
those with low ITGAV expression did, indicating that ITGAV may serve as a negative prognostic factor in PAAD

(Fig. 7B-D).

PPl Network and enrichment analysis for pan-cancer

PPI network analysis via GeneMANIA revealed that ITGAV interacts with several key proteins, including
ITGB6, TNC, ITGB8, ANGPTL3, DSPP, ITGB3, DMP1, ITGBI1, IBSP, ITGB5, and SPP1 (Fig. 8A). These
findings suggest that ITGAYV is involved in multiple molecular and cellular processes. The functional enrichment
analysis revealed several enriched pathways and biological functions associated with ITGAV and its interacting
partners. These pathways primarily included integrin cell surface interactions, the integrin3 pathway, osteoblast
signaling, extracellular matrix organization, and epithelial cell differentiation (Figs. 8B-C). Gene Ontology
analysis revealed enriched molecular functions related to integrin binding, extracellular matrix binding,
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Fig. 4. Correlation between ITGAV expression and overall survival (OS). (A) Univariate Cox regression
analysis of ITGAV expression across cancers, showing HRs. (B-G) Kaplan-Meier survival curves comparing
OS in high vs. low ITGAV expression groups for CESC, KIRC, LGG, LIHC, MESO, and STAD.

chemokine binding, and coreceptor activity. The enriched cellular components were linked to focal adhesion,
cell-substrate junctions, and extracellular matrix-related structures (Fig. 8D). The enriched biological processes
were associated with cell-matrix adhesion, integrin-mediated signaling, tissue homeostasis, and viral entry into
host cells. Further analysis via KEGG pathway analysis revealed significant enrichment of pathways related to
proteoglycans in cancer, ECM-receptor interaction, focal adhesion, and the PI3K-Akt signaling pathway, as well
as pathways linked to human papillomavirus infection and heart-related conditions such as arrhythmogenic
right ventricular cardiomyopathy (Fig. 8E). These results suggest that ITGAV may play crucial roles in cancer
progression through interactions that affect cell adhesion, signaling, and extracellular matrix remodeling.

ITGAV expression is significantly associated with a wide range of immune cells in pan-cancer

Our analysis revealed significant correlations between ITGAV expression and immune cell infiltration across
various cancer types. Figures 9A-E show that in COAD, KIRC, LIHC, prostate adenocarcinoma (PRAD), and
STAD, ITGAYV expression levels were negatively correlated with tumor purity. These findings suggest that ITGAV
expression is closely linked to immune cell infiltration in most cancers, particularly in COAD, KIRC, LIHC,
PRAD, and STAD, where higher ITGAV expression is correlated with greater immune cell infiltration. Overall,
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Fig. 5. Correlation between ITGAV expression and progression-free survival (PFS). (A) Cox regression
analysis across cancers demonstrating significant associations between ITGAV expression and PFS. (B-G)

Kaplan-Meier survival curves for GBM, KIRC, KIRP, LGG, SARC, and STAD, comparing PFS between high

and low ITGAV expression groups.

these results highlight the potential of ITGAV as an important factor influencing the immune microenvironment

and its role in cancer progression.

Significant correlation between ITGAV expression and immune-related genes in pan-cancer

Furthermore, we performed co-expression analysis across 33 cancer types to explore the relationships between
ITGAV expression and immune-related genes. Figures 10A-B show the correlations between ITGAV and
immune activation genes and immunosuppressive genes. Supplementary Material Figure S1 provides further
insights into the relationships between ITGAV and immune checkpoint genes as well as MHC genes, while
Supplementary Material Figure S2 highlights the associations between ITGAV and chemokines along with
their receptors. The heatmap shows that most immune-related genes are significantly co-expressed with ITGAV
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Fig. 6. Correlation between ITGAV expression and disease-specific survival (DSS). (A) Cox regression
analysis revealing associations between ITGAV expression and DSS in multiple cancers. (B-G) Kaplan-Meier
curves comparing DSS between high and low ITGAV expression groups in KIRC, KIRP, LGG, LIHC, STAD,
and MESO.

across various cancer types. These findings suggest that ITGAV may play a crucial role in regulating immune cell
infiltration, thereby influencing the therapeutic efficacy of ICIs and serving as a key immune modulator.

Molecular docking analysis of ITGAV with six potential therapeutic drugs

The molecular docking results revealed interactions between ITGAV and six different drugs: atovaquone
(Fig. 11A), epinephrine (Fig. 11B), gemcitabine (Fig. 11C), metolazone (Fig. 11D), pioglitazone (Fig. 11E), and
quinpirole (Fig. 11F). Each panel displays the three-dimensional surface of ITGAV with the corresponding drug
molecule accurately docked into its binding pocket. An analysis of the positions of key residues and binding
affinities revealed how these drugs bind to ITGAV and potentially modulate its function. These findings suggest
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Fig. 7. Correlation between ITGAV expression and disease-free survival (DFS). (A): Cox regression analysis
showing significant associations in PAAD. (B-D) Kaplan-Meier analysis showing differences in DFS between
high and low ITGAV expression in KIRP, LUAD, and PAAD.

that ITGAV could serve as a promising therapeutic target, with the identified drugs potentially offering new
avenues for modulating ITGAV-related pathways in cancer treatment.

ITGAV expression is associated with immunotherapy response potential in multiple cancer
types

To further assess the predictive value of ITGAV in immunotherapy, we analyzed immunophenoscores (IPS) from
the TCIA database. In BRCA, COAD, and KIRC, tumors with low ITGAV expression exhibited significantly
higher IPS across all four immune checkpoint blockade scenarios (Fig. 12A-C), indicating a potentially stronger
responsiveness to immunotherapy. In contrast, no significant differences were observed in LIHC between high
and low ITGAV expression groups (Fig. 12D). These findings suggest that ITGAV may serve as a context-
dependent biomarker for predicting immunotherapy efficacy in selected cancer types.

Discussion

In this study, we conducted the first comprehensive pan-cancer analysis of ITGAV expression and its
significance via data from the TCGA, GTEX, CCLE, and THPA databases. Our findings offer a systematic and
in-depth exploration of ITGAV expression at multiple tissue and cellular levels, shedding light on its correlation
with tumor diagnosis, prognosis, clinicopathological characteristics, cancer-related pathways, immune cell
infiltration, immune-related genes, and immunotherapy responses. This analysis has significantly advanced
our understanding of the ITGAV signature across various cancers, suggesting promising prospects for the
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Fig. 8. PPI network and enrichment analysis of ITGAV. (A) GeneMANIA-derived PPI network illustrating
interactions between ITGAV and proteins such as ITGB6, TNC, and SPP1.(B-E) GO and KEGG enrichment
analyses revealing ITGAV involvement in integrin signaling, ECM-receptor interaction, and PI3K-Akt
pathways.

development of targeted inhibitors and immunotherapeutic strategies against ITGAV. Furthermore, these
findings provide a robust foundation for future research into the role of ITGAV in cancer pathogenesis, paving
the way for more effective therapeutic interventions.

At the tissue level, analyses from the TIMER and TCGA databases revealed that ITGAV was significantly
upregulated in a range of cancers, including CHOL, ESCA, HNSC, LIHC, LUAD, LUSC, STAD and THCA.
Notably, ITGAV overexpression has been prominently observed in LIHC and BRCA*!#2, Additionally, ITGAV
was found to be upregulated in PAAD, COAD, and STAD, where its elevated expression is closely associated with
poor prognosis®. Our findings further underscore that ITGAV expression is notably increased in COAD,
LIHC, and PAAD, whereas it is significantly downregulated in kidney cancer tissues. These findings suggest

Scientific Reports|  (2025) 15:28942 | https://doi.org/10.1038/s41598-025-11836-8 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

>

O

ITGAV Expression O
TifC

Purity B cell CD8+T cell Macrophage  CD4+T cell Neutrophil Dendritic cell
. r=-0291 ¢ tial 0.282 rtigh 526 rtial.cog= 0.436 partial cor = 0.596 artial.cor = 0.615 partial cor = 0 618

6 OO Ay L ‘apcf.%w -9 iy oéle-go e 252048 ¢ T T T N
PR 2o F T 3 5 s

ITGAV Expression
~

2 i
4 At
025050075 00 0.1 02 0.3 0400 02 04 060 0.1 02030400 0.1 02 03 01 02 03 03 06 09
Infiltration Level
5 Purity B cell CD8+T cell Macrophage  CD4+T cell Neutrophil Dendritic cell
'510 cot = -0.105 partidl.cor = 0.351 partial.cor = 0.193 partiakcor = 0.236 partial.cor = 0,46 partial.cor = 0.45° partial.cor = 0.34
%] p = 2.34e-02 p=908e-15 p=4.73e-05 p=317e-07 p=7.72e-25 p=3.27e-24 p=283%-14

oy

o
N

0.250.500.751.0 0 0.10.20.30.40.50 0.2 0.4 0.6 00010203040500102030400 0.1 0.2 03 OO 04 08 1.2

Infiltration Level

Purity B cell CD8+T cell Macrophage  CD4+T cell Neutrophil Dendritic cell

cor=-0.194 ¢ artial.cor = 0.217 rtial.cor = 0,231 namal cor = 0.39 pamas oqg = 0,497 pattigl.car = 0.557 uafx I.cor = 0.377

8 LB 2.1Qe%02 .‘ s f‘ ,y 4403¢-05 _.i‘d 155& 05 |~‘,N.igge 14 .{) 1'40'9722 . te ,15.;15.15729 . .&- 60e-13
..'i}f‘ "'- o 1 &' . Ny . ’

N

(=}

0.250500.751.00 0.1 0.2 03 04 02 04 06 00 0.1 02 03 040 01 02 03 0.050.100.150.200.25  0.50 0.75 1.00
Infiltration Level

Purity B cell CD8+T cell Macrophage  CD4+T cell Neutrophil Dendritic cell

cor =0, 143 ~_ partial.cor.= 0.45 paru cor = 0.64 @artial.cor=0.102 e ial.cor = 0.431 pamjal.cor = 0.42 paréal.cor = 0.503
.| Ly pse2 32* . .-13.43‘912 02 SEIS X P D28
B

§e200 o 374070

,.

A gt
omisy

LA DN L sree o .
0.250.500.751.00 01020304 000102030405 01020304 06001020304 01 02 03 03 06 09
Infiltration Level

ITGAV Expression

Purity B cell CD8+T cell  Macrophage  CD4+T cell Neutrophil Dendritic cell
=] i = tial.cor = 0,273
'&Parphe-—ll;’?%gegdy . iama\ cor = 0.116 p%:lléi\‘.ézj)é_o%w?i . partla.\jcg}eg 366 : Dar‘la\ cc1r 792 1092 Lpartia c(:))q %

ITGAV Expression

025050075100 01020304 00 02 04 06 00010203 0400 0.1 02 03 01 02 03 04060810
Infiltration Level

Fig. 9. Correlation between ITGAV expression and immune infiltration. (A-E) Correlation analysis between
ITGAV expression and infiltration of immune cells in COAD, KIRC, LIHC, PRAD, and STAD. Both positive
and negative correlations are shown, highlighting the potential immunological role of ITGAV.

that ITGAV may play a critical role in the progression of certain cancers, whereas its lower expression in kidney
cancer highlights potential differences in its functional significance across tumor types.

Through Cox regression and Kaplan-Meier analyses, we found that ITGAV expression is closelylinked to tumor
progression and poor prognosis in various malignant solid tumors. For example, elevated ITGAV expression was
associated with decreased OS in patients with CESC, LGG, LIHC, MESO, and STAD. Furthermore, it influenced
PES in GBM, KIRP, LGG, SARC, and STAD patients. ITGAV expression was also correlated with poorer DSS in
LGG, LIHC, STAD, and MESO patients. Notably, the expression of ITGAV was significantly associated with only
DFS in PAAD patients. Interestingly, in KIRC patients, higher ITGAV expression was linked to better OS, PFS,
and DSS, although the underlying mechanisms remain unclear and warrant further exploration in future studies.
These findings underscore the critical role of ITGAV as a potential prognostic biomarker, highlighting its diverse
impact on survival outcomes across various cancer types and emphasizing the need for further research to fully
elucidate its mechanisms and therapeutic implications.
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Fig. 10. Correlation between ITGAV and immune regulatory genes. (A) Heatmap showing correlation
between ITGAV and immune stimulatory genes across cancers. (B) Heatmap showing correlation between
ITGAV and immune suppressive genes. Statistically significant results are marked with asterisks.

This study establishes a robust connection between ITGAV expression and immune cell infiltration across
cancers such as COAD, LIHC, PRAD, and STAD, underscoring its pivotal role in modulating the TME.
This finding aligns with a growing body of evidence highlighting the critical role of integrin-mediated cell
adhesion and signaling in immune cell recruitment and activation, ultimately shaping the immune landscape
of tumors*®¥’. The negative correlation between ITGAV expression and tumor purity further suggests that
elevated ITGAV levels may foster a more immune-enriched microenvironment, potentially improving patient
prognosis and increasing the efficacy of immunotherapy, especially in COAD and PRAD. This finding is in
agreement with prior research emphasizing the central role of immune infiltration in determining the success
of immunotherapy*®%°.

Moreover, ITGAV expression is intricately linked to a variety of immune-related genes, including those
governing immune activation and immune checkpoint regulation. The positive correlation between ITGAV
and immune checkpoint genes indicates its potential involvement in immune evasion, thereby influencing the
effectiveness of ICIs. These findings are consistent with those of previous studies that highlighted the importance
of integrins and ECM components in immune regulation, suggesting that these molecules are promising targets
for enhancing immunotherapy outcomes®*>!. These findings position ITGAV as a promising biomarker for
predicting immunotherapy efficacy and offer valuable insights into advancing immune-based cancer treatments.
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Pioglitazone Quinpirole

Fig. 11. Molecular docking of ITGAV with selected drugs. (A-F). Docking of six candidate drugs
(Atovaquone, Epinephrine, Gemcitabine, Metolazone, Pioglitazone, Quinpirole) with ITGAV. Binding sites and
key interacting residues are visualized for each compound.

Further research into the molecular mechanisms of ITGAV could pave the way for the development of more
effective, targeted, and personalized immunotherapies.

To further explore the potential of ITGAV in pan-cancer therapy, we evaluated its ability to bind several
drugs via databases such as DSigDB, PubChem, and PDB. The results revealed that ITGAV strongly binds
several small-molecule drugs, including atovaquone, epinephrine, gemcitabine, metolazone, pioglitazone,
and quinpirole, suggesting that ITGAV may serve as a promising target to modulate the therapeutic efficacy
of these drugs. Of particular interest is gemcitabine, a well-established chemotherapeutic agent widely used to
treat pancreatic cancer, lung cancer, breast cancer, and other malignant tumors®2-°. Its interaction with ITGAV
further underscores the potential of ITGAV in cancer therapy, highlighting that by targeting the molecules it
interacts with, drug efficacy could be enhanced or new therapeutic pathways may be explored. These findings
provide a solid foundation for the future development of personalized targeted therapies based on ITGAV and
offer new possibilities for precision medicine in cancer treatment.

Immunotherapy has emerged as a highly promising treatment strategy, harnessing the body’s immune system
to combat cancer cells®®>”. Among ICIs, those that target PD-1 and CTLA-4 have been widely adopted in clinical
practice, offering significant therapeutic benefits for many cancer patients®®*°. Our analysis of IPS from the
TCIA database revealed that patients with low ITGAV expression in several common malignancies, including
BRCA, COAD, and KIRC, demonstrated significantly higher IPS under multiple ICI conditions, suggesting a
stronger potential response to immune checkpoint blockade. However, this trend was not observed in LIHC,
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Fig. 12. Correlation of ITGAV expression with immunotherapy efficacy across cancer types. (A) In BRCA,
low ITGAV expression is associated with significantly higher IPS across all four immune checkpoint inhibitor
(ICI) conditions, indicating greater predicted sensitivity to immunotherapy. (B) In COAD, low ITGAV
expression also correlates with improved immunotherapy response across all IPS categories.(C) In KIRC, lower
ITGAV expression is significantly associated with higher IPS in most ICI settings. (D) In LIHC, no significant
difference in IPS is observed between high and low ITGAV expression groups under any ICI condition.
where ITGAV expression did not significantly stratify IPS scores, indicating its context-dependent predictive
value. These findings highlight the utility of ITGAV as a predictive biomarker for immunotherapy response,
rather than a universal enhancer of immune efficacy. Further mechanistic studies are warranted to explore
the biological basis underlying these associations and to validate ITGAV’s role in clinical immunotherapy
stratification.

In conclusion, our findings suggest that ITGAV can be utilized as an independent prognostic factor for a
number of cancers and that its expression level predicts similar results across malignant tumors. In addition,
additional research into the special role of ITGAV in each type of cancer is needed. These results may help clarify
the role of ITGAV in intercellular delivery and tumor promotion and provide a foundation for more targeted and
personalized ICIs in the future.

Scientific Reports|  (2025) 15:28942 | https://doi.org/10.1038/s41598-025-11836-8 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Data availability
The data and R scripts used in this study are available upon request from the corresponding author.

Received: 7 February 2025; Accepted: 14 July 2025
Published online: 07 August 2025

References

1.

Emens, L. A. et al. Cancer immunotherapy: Opportunities and challenges in the rapidly evolving clinical landscape. Eur. J. Cancer.
81, 116-129 (2017).

2. Schoenfeld, A. J. & Hellmann, M. D. Acquired resistance to immune checkpoint inhibitors. Cancer Cell 37(4), 443-455 (2020).
3. Syn, N. L., Teng, M. W. L., Mok, T. S. K. & Soo, R. A. De-novo and acquired resistance to immune checkpoint targeting. Lancet.
Oncol. 18(12), e731-e741 (2017).
4. Pitt, J. M. et al. Targeting the tumor microenvironment: Removing obstruction to anticancer immune responses and
immunotherapy. Ann. Oncol. 27(8), 1482-1492 (2016).
5. Huang, J. et al. Extracellular matrix and its therapeutic potential for cancer treatment. Signal. Transduct. Targ. Ther. 6(1), 153
(2021).
6. Karamanos, N. K. et al. Extracellular matrix-based cancer targeting. Trend. Mol. Med. 27(10), 1000-1013 (2021).
7. Wu, E et al. Signaling pathways in cancer-associated fibroblasts and targeted therapy for cancer. Signal Transduct Targ. Ther. 6(1),
218 (2021).
8. Hynes, R. O. Integrins: Bidirectional, allosteric signaling machines. Cell 110(6), 673-687 (2002).
9. Humpbhries, M. J. Integrin structure. Biochem. Soc. Trans. 28(4), 311-339 (2000).
10. Takada, Y., Ye, X. & Simon, S. The integrins. Genome. Biol. 8(5), 215 (2007).
11. Bouvard, D., Pouwels, J., De Franceschi, N. & Ivaska, J. Integrin inactivators: Balancing cellular functions in vitro and in vivo. Nat.
Rev. Mol. Cell Biol. 14(7), 430-442 (2013).
12. Liu, Y. et al. MBG-Modified beta-TCP scaffold promotes mesenchymal stem cells adhesion and osteogenic differentiation via a
FAK/MAPK signaling pathway. ACS Appl. Mater. Interface. 9(36), 30283-30296 (2017).
13. Lamb, L. E,, Zarif, J. C. & Miranti, C. K. The androgen receptor induces integrin alpha6betal to promote prostate tumor cell
survival via NF-kappaB and Bcl-xL Independently of PI3K signaling. Cancer Res. 71(7), 2739-2749 (2011).
14. Li, J. et al. Talinl regulates the endometrial epithelial cell adhesive capacity by interacting with LASP1 and Vitronectin. Reprod.
Biol. 20(2), 229-236 (2020).
15. Guan, X. et al. 3D pancreatic ductal adenocarcinoma desmoplastic model: Glycolysis facilitating stemness via ITGAV-PI3K-AKT-
YAP1. Biomater. Adv. 170, 214215 (2025).
16. Rubio, K. et al. Non-canonical integrin signaling activates EGFR and RAS-MAPK-ERK signaling in small cell lung cancer.
Theranostics. 13(8), 2384-2407 (2023).
17. Ha, C. P. et al. Humanin activates integrin alphaV-TGFbeta axis and leads to glioblastoma progression. Cell Death Dis. 15(6), 464
(2024).
18. Weiler, S. M. E. et al. TAZ target gene ITGAV regulates invasion and feeds back positively on YAP and TAZ in liver cancer cells.
Cancer Lett. 473, 164-175 (2020).
19. Cheuk, I. W. et al. ITGAYV targeting as a therapeutic approach for treatment of metastatic breast cancer. Am. J. Cancer Res. 10(1),
211-223 (2020).
20. Sato, N., Sakai, N., Furukawa, K., Takayashiki, T., Kuboki, S., Takano, S., et al. Yin Yang 1 regulates ITGAV and ITGBI1, contributing
to improved prognosis of colorectal cancer Oncol. Rep. 47(5) (2022).
21. Taheri Baghmisheh, S. et al. CASZ1 promotes migration, invasion, and metastasis of lung cancer cells by controlling expression of
ITGAV. Am. J. Cancer Res. 13(1), 176-189 (2023).
22. Zhang, W,, Chen, Y., Qiao, Z. & Liu, Y. Overexpression of Integrin alpha V (ITGAV) in gastric cancer and its prognostic significance.
Asian J. Surg. 46(12), 5863-5864 (2023).
23. Mu, Y. et al. The TbetaRI promotes migration and metastasis through thrombospondin 1 and ITGAV in prostate cancer cells.
Oncogene 43(45), 3321-3334 (2024).
24. Xu, L. et al. ITGAV promotes the progression of head and neck squamous cell carcinoma. Curr. Oncol. 31(3), 1311-1322 (2024).
25. Muir, V. et al. Transcriptomic analysis of pathways associated with ITGAV/alpha(v) integrin-dependent autophagy in human B
cells. Autophagy 19(3), 926-942 (2023).
26. Zhang, C. et al. The scaffold of neutrophil extracellular traps promotes CCA progression and modulates angiogenesis via ITGAV/
NFkappaB. Cell Commun. Signal. 22(1), 103 (2024).
27. Rinaldetti, S., Zhou, Q., Abbott, JM., de Jong, FC., Esquer, H., Costello, JC., et al. High-Content Drug Discovery Targeting
Molecular Bladder Cancer Subtypes. Int. J. Mol. Sci. 23(18) (2022).
28. Pei, Y. et al. Ilex hainanensis Merr targets ITGAV to suppress the proliferation and metastasis of osteosarcoma cells. Onco. Targ.
Ther. 12, 4499-4507 (2019).
29. Li, T. et al. TIMER: A web server for comprehensive analysis of tumor-infiltrating immune cells. Can. Res. 77(21), e108-e110
(2017).
30. Tomczak, K., Czerwinska, P. & Wiznerowicz, M. Review the cancer genome atlas (TCGA): An immeasurable source of knowledge.
Contemp. Oncol. /Wspélcz. Onkol. 2015(1), 68-77 (2015).
31. Barretina, J. et al. The cancer cell line encyclopedia project: From integrative cancer genomics to personalized cancer therapy.
Cancer Res. 70(8_Supplement), 2620 (2010).
32. Lonsdale, J. et al. The genotype-tissue expression (GTEx) project. Nat. Genet. 45(6), 580-585 (2013).
33. Thul, P. . & Lindskog, C. The human protein atlas: A spatial map of the human proteome. Protein Sci. 27(1), 233-244 (2018).
34. Wickham, H. ggplot2. Wiley Interdiscip. Rev.: Comput. stat. 3(2), 180-185 (2011).
35. Montojo, | , Zuberi, K., Rodriguez, H., Bader, GD., Morris, Q. GeneMANIA: Fast gene network construction and function
prediction for Cytoscape. F1000Research 3(153) (2014).
36. Li, T. et al. TIMER2. 0 for analysis of tumor-infiltrating immune cells. Nucl. acid. res. 48(W1), W509-W514 (2020).
37. Neuwirth, E. & Neuwirth, M. E. Package ‘rcolorbrewer’. ColorBrew. palette. 991, 1296 (2014).
38. Wang, Y. et al. PubChem: A public information system for analyzing bioactivities of small molecules. Nucl. Acid. Res. 37(suppl_2),
W623-W633 (2009).
39. Burley, SK., Berman, HM., Kleywegt, GJ., Markley, JL., Nakamura, H., Velankar, S. Protein Data Bank (PDB): The single global
macromolecular structure archive. Protein crystallogr.: Method. protocol. 627 41 (2017).
40. Liu, Y. etal. CB-Dock2: Improved protein-ligand blind docking by integrating cavity detection, docking and homologous template
fitting. Nucl. Acid. Res. 50(W1), W159-W164 (2022).
41. Piroozkhah, M., Zabihi, M., Jalali, P. & Salehi, Z. Comprehensive multi-omics analysis reveals NPC2 and ITGAV genes as potential
prognostic biomarkers in gastrointestinal cancers. Cancer Rep. (Hoboken). 7(12), €70087 (2024).
42. Girnius, N. et al. Cilengitide sensitivity is predicted by overall integrin expression in breast cancer. Breast Cancer Res. 26(1), 187
(2024).
Scientific Reports|  (2025) 15:28942 | https://doi.org/10.1038/s41598-025-11836-8 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

43. Iwatate, Y., Yokota, H., Hoshino, I, Ishige, F, Kuwayama, N., Itami, M., et al. Machine learning with imaging features to predict
the expression of ITGAV, which is a poor prognostic factor derived from transcriptome analysis in pancreatic cancer. Int. J. Oncol.
60(5) (2022).

44. Waisberg, J. et al. Overexpression of the ITGAV gene is associated with progression and spread of colorectal cancer. Anticancer Res.
34(10), 5599-5607 (2014).

45. Cui, K. et al. Comprehensive characterization of integrin subunit genes in human cancers. Front. Oncol. 11, 704067 (2021).

46. Zhang, Q, Zhang, S., Chen, ].& Xie, Z. The Interplay between Integrins and Immune Cells as a Regulator in Cancer Immunology.
Int ] Mol Sci. 24(7) (2023).

47. Zou, C,, Zhu, J., Xiong, ], Tian, Y., Peng, Y., Cheung, E., et al. Comprehensive characterization of the integrin family across 32
cancer types. Genom. Proteom. Bioinform. 22(4) (2024).

48. Xu, L. et al. Reshaping the systemic tumor immune environment (STIE) and tumor immune microenvironment (TIME) to
enhance immunotherapy efficacy in solid tumors. J. Hematol. Oncol. 15(1), 87 (2022).

49. Kim, S. L, Cassella, C. R. & Byrne, K. T. Tumor burden and immunotherapy: Impact on immune infiltration and therapeutic
Qutcomes. Front. Immunol. 11, 629722 (2020).

50. Du, W, Xia, X., Hu, E & Yu, J. Extracellular matrix remodeling in the tumor immunity. Front. Immunol. 14, 1340634 (2023).

51. Slack, R. J., Macdonald, S. J. E, Roper, J. A, Jenkins, R. G. & Hatley, R. J. D. Emerging therapeutic opportunities for integrin
inhibitors. Nat. Rev. Drug Discov. 21(1), 60-78 (2022).

52. Jiang, X. et al. Targeting UBE2T potentiates gemcitabine efficacy in pancreatic cancer by regulating pyrimidine metabolism and
replication stress. Gastroenterology 164(7), 12321247 (2023).

53. Zhong, W. Z. et al. Erlotinib versus gemcitabine plus cisplatin as neoadjuvant treatment of stage IIIA-N2 EGFR-mutant non-small-
cell lung cancer: Final overall survival analysis of the EMERGING-CTONG 1103 randomised phase II trial. Signal. Transduct.
Targ. Ther. 8(1), 76 (2023).

54. Behl, A. et al. Codelivery of gemcitabine and MUCI Inhibitor Using PEG-PCL nanoparticles for breast cancer therapy. Mol.
Pharm. 19(7), 2429-2440 (2022).

55. Kelley, R. K. et al. Pembrolizumab in combination with gemcitabine and cisplatin compared with gemcitabine and cisplatin alone
for patients with advanced biliary tract cancer (KEYNOTE-966): A randomised, double-blind, placebo-controlled, phase 3 trial.
Lancet 401(10391), 1853-1865 (2023).

56. Li, Y. et al. Targeting lymph node delivery with nanovaccines for cancer immunotherapy: Recent advances and future directions. J.
Nanobiotechnol. 21(1), 212 (2023).

57. Li, T, Sun, S,, Li, Y., Zhang, Y. & Wei, L. Inmunotherapy revolutionizing brain metastatic cancer treatment: Personalized strategies
for transformative outcomes. Front. Immunol. 15, 1418580 (2024).

58. Su, X. et al. Strategies to enhance the therapeutic efficacy of anti-PD-1 antibody, anti-PD-L1 antibody and anti-CTLA-4 antibody
in cancer therapy. J. Transl. Med. 22(1), 751 (2024).

59. Dall’'Olio, E G. et al. Tumour burden and efficacy of immune-checkpoint inhibitors. Nat. Rev. Clin. Oncol. 19(2), 75-90 (2022).

Author contributions

H.S. performed the data analysis and visualization, J.W. and X.C. cowrote the first draft, and X.Z. conducted the
molecular docking. H.Z. and X.L. conceived the study and reviewed the manuscript. All the authors reviewed
and approved the final manuscript.

Funding
This study was supported by the Natural Science Foundation of Hunan Province (No. 2023]J41020) and the
National Natural Science Foundation of China (No. 81501676).

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/1
0.1038/s41598-025-11836-8.

Correspondence and requests for materials should be addressed to H.Z. or X.L.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

Scientific Reports |

(2025) 15:28942 | https://doi.org/10.1038/s41598-025-11836-8 nature portfolio


https://doi.org/10.1038/s41598-025-11836-8
https://doi.org/10.1038/s41598-025-11836-8
http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	﻿ITGAV as a promising diagnostic, immunological, and prognostic biomarker in pan-cancer
	﻿Methods
	﻿Analysis of ITGAV expression and localization
	﻿Correlation analysis of ITGAV expression with diagnosis, clinical stage and prognosis in pan-cancer
	﻿Functional enrichment and interaction network analysis of ITGAV
	﻿Correlation analysis of ITGAV expression with immune infiltration across cancers
	﻿Molecular docking of drugs with ITGAV
	﻿Correlation analysis of ITGAV expression with sensitivity to immunotherapy across cancers
	﻿Statistical methods

	﻿Results
	﻿Altered expression of ITGAV across cancers and cell lines
	﻿ITGAV Shows Strong Diagnostic Potential in Pan-Cancer
	﻿ITGAV expression is significantly associated with clinicopathological features across cancers
	﻿ITGAV expression is significantly associated with overall survival (OS) across cancers
	﻿ITGAV expression is significantly associated with progression-free survival (PFS) across cancers
	﻿ITGAV expression is significantly associated with disease-specific survival (DSS) in pan-cancer
	﻿ITGAV expression is significantly associated with disease-free survival (DFS) across cancers
	﻿PPI Network and enrichment analysis for pan-cancer
	﻿ITGAV expression is significantly associated with a wide range of immune cells in pan-cancer
	﻿Significant correlation between ITGAV expression and immune-related genes in pan-cancer
	﻿Molecular docking analysis of ITGAV with six potential therapeutic drugs
	﻿ITGAV expression is associated with immunotherapy response potential in multiple cancer types

	﻿Discussion
	﻿References


