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Gliomas are the most aggressive primary intracranial malignancies with poor overall
survival. ITGA5 is one member of the integrin adhesion molecule family and is implicated in
cancer metastasis and oncogenesis. However, few studies have explored the association
between tumor immune microenvironment and ITGA5 expression level in gliomas. Firstly,
we analyzed 3,047 glioma patient samples collected from the TCGA, the CGGA, and the
GEO databases, proving that high ITGA5 expression positively related to aggressive
clinicopathological features and poor survival in glioma patients. Then, based on the
ITGA5 level, immunological characteristics and genomic alteration were explored through
multiple algorithms. We observed that ITGA5 was involved in pivotal oncological
pathways, immune-related processes, and distinct typical genomic alterations in
gliomas. Notably, ITGA5 was found to engage in remolding glioma immune infiltration
and immune microenvironment, manifested by higher immune cell infiltration when ITGA5
is highly expressed. We also demonstrated a strong correlation between ITGA5 and
immune checkpoint molecules that may be beneficial from immune checkpoint blockade
strategies. In addition, ITGA5 was found to be a robust and sensitive indicator for plenty of
chemotherapy drugs through drug sensitivity prediction. Altogether, our comprehensive
analyses deciphered the prognostic, immunological, and therapeutic value of ITGA5 in
glioma, thus improving individual and precise therapy for combating gliomas.
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INTRODUCTION

A glioma is the most frequent central nervous system malignancy
with an annual incidence of about 7 cases per 100,000 people (1).
Glioma patients usually present neurological symptoms such as
headache, pain, weakness, mood change, seizures, and loss of
physical function and cognitive function. Despite the vast
advancements of surgery, standard chemoradiotherapy, and
adjuvant therapies, glioma patients are still confronted with fatal
prognoses (2). It is intensively acknowledged that glioma is a highly
heterogeneous tumor entity accompanied by multiple molecule
characteristics, which could significantly impact clinical outcomes.
For example, the status of O-6-methylguanine-DNA
methyltransferase (MGMT) promoter methylation is a prognostic
biomarker in glioma patients treated by temozolomide, but showing
a minimal benefit for elderly patients (3). Nowadays, there is an
urgent need to identify novel and reliable prognostic biomarkers to
improve the clinical outcomes of glioma.

Glioma is an immunosuppressive tumor that encompasses a
complicated tumor microenvironment (TME) comprising various
cellular components, namely, glioma cells, stromal cells, and
immune cells. The most abundant immune cells are tumor-
associated macrophages (TAMs), which play an essential role in
helping glioma proliferation, invasion, chemoradiotherapy
resistance (4). Generally speaking, a glioma is a specific tumor
type in that the blood–brain barrier (BBB) establishes a naturally
occurring “immunologically privileged” site (5). Vaccine-based
immunotherapy and immune checkpoint targeted therapy may
only be effective for some subpopulations expressing specific genes
(6, 7). The immunosuppressive TME dramatically reduces the
effectiveness of immunotherapy (8). Thus, a thorough
understanding of the unique immunological status in
heterogeneous glioma TME will be essential for the clinical
application of glioma immunotherapy.

Integrin subunit alpha 5 (ITGA5) encodes a protein belonging to
the integrin alpha chain family, which plays a vital function in cell
surface adhesion and signaling. ITGA5 has a deep connection with
tumor invasion, tumor progression, and chemotherapy resistance (9,
10). ITGA5was shown to be of prognostic use in non-small cell lung
cancer (11) and breast cancer bone metastasis (12). The ITGA5
monoclonal antibodyM200 could effectively reduce bonemetastasis
and blunt cancer-associated bone destruction (12). ITGA5 was
regulated in glioma cells and mediated glioma cell dispersion and
invasion by cell–matrix and cell–cell interactions (13). Meanwhile,
ITGA5 orchestrated the process of proliferation inhibition induced
by tocopherols of glioma cells (14).Therefore, ITGA5 is an important
gene modifier in oncogenesis and tumor development. More
importantly, emerging evidence also certified that ITGA5 could
function as a determinant of immune cell infiltration and
promising prognostic biomarkers in gastrointestinal tumors (15).
Liu et al. also constructed an ITGA5-comprising riskmodel based on
eight genes, which was strongly related to the immune infiltration
patterns in breast cancer (16). These results supported the possibility
that ITGA5 modulated the immune infiltration characteristics and
showed great prognostic value in tumor patients.

Overall, given the pivotal role of ITGA5 in malignancies, we
hypothesized that a comprehensive elucidation of the ITGA5-
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related multi-omics landscape, especially TME contexture, may
favor the deeper understanding of the gliomas pathogenesis and
progression. In this study, we comprehensively investigated the
ITGA5 expression patterns in gliomas based on genomic and
transcriptional profiles with complete clinical annotations. To
get more insights, immunological characteristics, functional
annotation, chemotherapeutic response prediction, and overall
survival (OS) were analyzed to interpret the correlation between
ITGA5 and glioma tumor immune microenvironment.
Collectively, our comprehensive analyses deciphered the
prognostic, immunological, and therapeutic value of ITGA5 in
glioma management, thus providing a target for individual and
precise therapy for combating gliomas.
MATERIALS AND METHODS

Glioma Datasets and Preprocessing
The pan-cancer related data and the corresponding clinical
information were downloaded and collected from The Cancer
Genome Atlas (TCGA; https://xenabrowser.net/). Normal sample
data were collected from the Genotype-Tissue Expression Project
(GTEx; https://www.gtexportal.org). The glioma genomic
information together with complete clinicopathological
annotations was obtained from the TCGA, the Chinese Glioma
Genome Atlas (CGGA; http://www.cgga.org.cn/), and the Gene
Expression Omnibus (GEO; https://www.ncbi.nlm.nih.gov/geo/).
In total, 9,807 pan-cancer patients containing 33 cancer types, and
8,295 normal samples containing 31 kinds of normal tissues, were
involved. In addition, the transcriptional profiles of 3,047 glioma
patients were acquired from 11 cohorts containing greater than 50
patients and samples with inadequate OS information were
excluded. Specific information of the patients and the
corresponding platforms are presented in Table S1.

Affymetrix and Agilent platforms were utilized for generating
the raw data derived from the GEO database. The robust
multichip average (RMA) algorithm was utilized to achieve
background correction and normalization. The TCGA and the
CGGA data portals provided the RNA-sequencing data. The
fragments per kilobase million (FPKM) values were transformed
into transcripts per kilobase million (TPM) values that possessed
similar signal intensity with the RMA-processed values (17).

Genomic Alteration
The somaticmutations and somatic copy number variation (CNV)
profiles were gathered from the TCGA datasets. The Genomic
Identification of Significant Targets in Cancer (GISTIC) analysis
was performed to evaluate the genomic features. The CNV
landscape based on ITGA5 levels and the copy number gains or
losses at the amplified or deleted peaks were assessed byGISTIC 2.0
analysis (https://gatk.broadinstitute.org) (18).

Evaluation of the Immunological
Characteristics of the TME
The intratumoral immune cell abundance, stromal cell infiltration
levels, and tumor purity were estimated by The Estimation of
March 2022 | Volume 12 | Article 844144
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Stromal and Immune cells in Malignant Tumor tissues using
Expression (ESTIMATE) algorithm, and reflected by immune
score, stromal score, and estimate score separately (19). The
Tumor Immune Estimation Resource2.0 (TIMER2.0; http://
timer.cistrome.org/) web server (20) was utilized for
comprehensively analyzing the level of immune infiltrating cells
in gliomas. The relative fraction of 10 types of immune cells in
the tumor was estimated using the MCPcounter algorithm (21).
The infiltration levels of 28 immune cells were presented by the
enrichment scores based on corresponding signatures. The
enrichment scores were calculated by the single sample gene
set enrichment analysis (ssGSEA) implemented using the R gene
set variation analysis (GSVA) package (22). The cancer immunity
cycle reflected the anticancer immune response and comprises
seven steps. The activities of these steps determined the fate of the
tumor cells, which were evaluated the activities of these steps using
the ssGSEA (23). The immune checkpoints, related to seven
different immune processes, were retrieved from two prior
literature (24, 25). The responses to immune checkpoint
blockade immunotherapy in gliomas were extrapolated by the
Tumor Immune Dysfunction and Exclusion (TIDE) algorithm
(26). The responses to anti-PD1 and anti-CTLA4 therapies in
gliomas were evaluated by the submap algorithm.

Functional Annotation
All gene sets derived from the Gene Ontology (GO) and the
Kyoto Encyclopedia of Genes and Genomes (KEGG) were
downloaded from the MSigDB database (27). Metabolism-
relevant gene signatures were introduced previous study (28).
Gene set enrichment analysis (GSEA) and GSVA based on
ITGA5 transcriptional abundance were implemented by the
clusterProfiler R package and GSVA R package (29).

Drug Response Prediction
The pharmacogenomic data sourced from the Genomics of Drug
Sensitivity in Cancer (GDSC, https://www.cancerrxgene.org/)
was used from predicting the drug susceptibility of included
cases. The drug responses were performed as half-maximal
inhibitory concentration (IC50) calculated by the pRRophetic
R package.

Statistical Analysis
The survival of different groups was ascertained by Kaplan–Meier
curves (KM curves) and compared using the log-rank test. We
used the uni-Cox and multi-Cox regression analyses to test the
independence of the prognostic factors and evaluate the hazard
ratio. Pearson correlation and distance correlation analyses were
used to calculate correlation coefficients. Contingency tables were
analyzed by Fisher test. Based on the ITGA5 expression, patients
were grouped as a high- or low-group. Most data visualizations
were completed with the R ggplot2. OncoPrint delineating the
mutation landscape was generated by the R maftools (30). All KM
curves were implemented using the R survminer. Heatmaps were
visualized based on complexHeatmap (31). All statistical analyses
were conducted with R sv3.6.3 (https://www.r-project.org).
P <0.05 was considered statistically significant.
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Multiple Immunofluorescence (IF)
The gliomas chipwas baked at 60°C for 60min for deparaffinization,
then the antigen was retrieved by EDTA retrieval buffer and blocked
in 3% BSA. Next, the samples were permeabilized with 0.1% Triton
X-100.Thegliomas tissuemicroarraywas incubatedwith theprimary
antibodies of ITGA5 (10569-1-AP, Rabbit, 1:200, Proteintech,
China), CD68 (GB113150, Rabbit, 1:3,000, Servicebio, China), and
CD163 (16646-1-AP, Rabbit, 1:3,000, Proteintech, China) separately,
then followed by the incubation with secondary antibodies
(GB23301, GB23303, Servicebio, China) and tyramide signal
amplification (TSA) [FITC-TSA, CY3-TSA, and CY5-TSA
(Servicebio, China)]. The antigen repair was applied repeatedly
between the intervals of each dye. Subsequently, the microarray
was incubated with 4’,6-Diamidino2-phenylindole dihydrochloride
(DAPI). Microscopy detection was performed by the Pannoramic
Scanner (3D HISTECH, Hungary).
RESULTS

ITGA5 Expression Was Positively Related
to Aggressive Clinicopathological and
Molecular Features in Gliomas
Based on the TCGA and the GTEx, we firstly examined the ITGA5
transcriptional abundance in 33 tumor types. The malignancy-
related overexpressed patterns of ITGA5 were identified in
cholangiocarcinoma (CHOL), head and neck squamous cell
carcinoma (HNSC), kidney renal clear cell carcinoma (KIRC),
acute myeloid leukemia (LAML), liver hepatocellular carcinoma
(LIHC), pancreatic adenocarcinoma (PAAD), testicular germ cell
tumors (TGCT), especially, brain lower-grade glioma (LGG) and
glioblastoma multiforme (GBM) (Figure 1A). In gliomas, the
ITGA5 transcriptional levels increased with more adverse
clinicopathological characteristics, namely, greater age at
diagnosis, 1p/19q non-codeletion, higher grade, wild-type
isocitrate dehydrogenase (IDH) status, unmethylated MGMT
status, and mesenchymal subtype (Figure 1B). Moreover, the
ITGA5 amplification in gliomas with high-grade or invasive
molecular signatures was validated both in the TCGA and the
CGGA cohorts (Figure 1C). These results prompted that the
ITGA5 expression was enhanced with the progression of glioma.

Elevated ITGA5 Levels Were Associated
With Poor Survival of Glioma Patients
Next, we focused on the prognostic value of ITGA5 in a pan-cancer
setting. The result of the Kaplan–Meier analysis demonstrated that
ITGA5 was confirmed as a significant protective factor only in
adrenocortical carcinoma (ACC). However, ITGA5 was identified
as amortality risk factor in awide spectrumof cancer types, namely,
bladder urothelial carcinoma (BLCA), breast invasive carcinoma
(BRCA), cervical squamous cell carcinoma and endocervical
adenocarcinoma (CESC), colon adenocarcinoma (COAD),
HNSC, KIRC, kidney renal papillary cell carcinoma (KIRP),
LIHC, lung adenocarcinoma (LUAD), lung squamous cell
carcinoma (LUSC), mesothelioma (MESO), ovarian serous
cystadenocarcinoma (OV), stomach adenocarcinoma (STAD),
thyroid carcinoma (THCA), uterine corpus endometrial
March 2022 | Volume 12 | Article 844144
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carcinoma (UCEC), uveal melanoma (UVM), notably, LGG and
GBM (Figure 2A). As expected, the adverse prognostic impacts of
ITGA5 were obtained from 7 independent glioma sets from the
GEO database (Figure 2B). Additionally, the uni-Cox and multi-
Cox analyses indicated that ITGA5 was the independent indicator
for the mortality in glioma patients (Figure 2C). Subsequently, the
Frontiers in Oncology | www.frontiersin.org 4
TCGA-based and the CGGA-based KM curves more firmly
demonstrate the severe survival detriment in glioma patients with
high ITGA5 expression (Figures 2D, E). The conspicuously
impaired survival in high-ITGA5 groups was observed in 7
independent glioma sets from the GEO database as well (Figure
S1). Moreover, the time-dependent receiver operating
A

B

C

FIGURE 1 | The clinical and molecular characteristics in associations with ITGA5 expression. (A) ITGA5 levels among pan-cancer samples grouped by cancer and
normal status from TCGA and GTEx. (B) An overview of the association between known clinical and molecular features in TCGA, namely, status, age, gender, grade,
IDH mutation, 1p/19q codeletion, MGMT methylation, and TP subtype. (C) The expression levels of ITGA5 in different WHO grades, IDH states and MGMT
methylational states from the TCGA and the CGGA datasets. NS, not statistically significant, *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.
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characteristic (ROC) curvesof ITGA5exhibitedhigh sensitivity and
specificity, which were demonstrated by the 1-, 2-, and 3-year all
area under the curves (AUC) were greater than 0.842 in the TCGA
gliomas dataset, and greater than 0.726 in the CGGA gliomas
dataset, respectively (Figures 2F, G). In conclusion, the higher
ITGA5 abundance was closely associated with a higher mortality
hazard in gliomapatients. Therefore, ITGA5 could be exploited as a
powerful indicator of clinical outcomes in gliomas.
Frontiers in Oncology | www.frontiersin.org 5
ITGA5 Was Involved in the
Oncogenic Process and Immune
Regulation in Gliomas
To explore the potential pathological function of ITGA5, the GSVA
analysis was performed in the TCGA gliomas cohort. The results
revealed that ITGA5 contributed to the aberrant activities of several
pivotal pro-oncogenic behaviors, such as focal adhesion, glycolysis
gluconeogenesis, Janus kinase (JAK)/signal transducer, and activator
A B

D E
F

G

C

FIGURE 2 | The prognostic potential of ITGA5. (A) Univariate cox analysis of ITGA5 for overall survival of patients in the TCGA pan-cancer cohorts. (B) Univariate
Cox analysis for overall survival of patients with gliomas based on the GEO datasets. (C) The forest plot of univariate and multivariate cox proportional hazard ratios
for ITGA5 based on the TCGA dataset. (D) Kaplan–Meier curves for high and low ITGA5 level groups in the TCGA. (E) Kaplan–Meier curves for high and low ITGA5
level groups in the CGGA. (F) The time-dependent receiver operating characteristic curve of ITGA5 from the TCGA. (G) The time-dependent receiver operating
characteristic curve of ITGA5 from the CGGA.
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of transcription (STAT) signaling pathway, P53 signaling pathway,
and the proteasome. Besides, the amplification of ITGA5 also
potentiated a plethora of immune-related processes, namely,
interleukin-4-(IL-4) mediated signaling pathway, macrophage
fusion, negative regulation of macrophage apoptotic process,
positive regulation of macrophage differentiation, and positive
regulation of regulatory T cell differentiation (Figure 3A). It was
worth emphasizing that the modulation of ITGA5 of these
pathophysiological activities, especially focal adhesion, was highly
Frontiers in Oncology | www.frontiersin.org 6
prevalent across multiple cancers (Figure 3B). The GSEA analysis
reaffirmed the crucial role of ITGA5 in carcinogenesis and shaping
tumor immune microenvironment, nicely exemplified by priming
the regulation of T cell proliferation, regulation of macrophage
chemotaxis, response to interferon-beta, apoptosis, antigen
processing and presentation, natural killer cell-mediated
cytotoxicity (Figure 3C). Overall, the high expression of ITGA5
supplied a fertile niche favoring glioma progression by activating
oncological signaling pathways and immune reprogramming.
A

B

C

FIGURE 3 | The functional annotation based on ITGA5 expression. (A) The heatmap for gene set variation analysis of the ITGA5 from the TCGA. *P < 0.05, **P < 0.01,
***P < 0.001, ****P < 0.0001. (B) The heatmap showing the relationship between the above pathways and ITGA5 in the TCGA pan-cancer cohorts. (C) GSEA plots
for several signaling pathways positively regulated by ITGA5.
March 2022 | Volume 12 | Article 844144
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ITGA5 Expression Was Relevant to
Distinct Genomic Alterations
Genomic instability contributes to multiple steps of the gliomas
progressive trajectory. To explore the underlying genetic
regulation role of ITAG5, the CNV and somatic mutation
analyses were taken in the TCGA glioma dataset to present the
ITGA5-based genomic landscapes. The global CNV profile
revealed that the amplification in the high-ITGA5 group was
concentrated on chr 7 and chr 12, specifically, 7p11.2 and
12q14.1, and the deletion concentrated on chr9, specifically,
9p21.2 and 9p21.3. In the low-ITGA5 group, it was indicated
that chr 12 gain, chr 2 loss, chr 10 loss, and chr 11 loss, and the
amplification was mainly found on 12p13.32, the deletion was
Frontiers in Oncology | www.frontiersin.org 7
mainly focused on 2q37.1, 2q37.3,10q26.3, and 11p15.5
(Figure 4A, Figure S2A). The detailed amplificated or deleted
CNV oncoplots are presented in Figure S2B. The global views of
mutational distribution showed that cellular tumor antigen p53
(TP53) mutation was enriched in both the high-ITGA5 group
and the low-ITGA5 group (38 and 47%, respectively)
(Figure 4B). Besides, isocitrate dehydrogenase [NADP]
cytoplasmic (IDH1) mutation was generally presented in the
low-ITGA5 group as 88% and was partially observed in the high-
ITGA5 groups as 32%. The three followed most frequently
mutated genes were titin (TTN) (22%), epidermal growth
factor receptor (EGFR) (20%), and phosphatase and tensin
homolog (PTEN) (20%) in the high-ITGA5 group, and was
A

B

FIGURE 4 | ITGA5-associated genomic alterations in gliomas samples. (A) Main copy-number changes in gliomas with high and low ITGA5 expression. (B) Somatic
mutations detected in gliomas with high and low ITGA5 expression.
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https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Li et al. ITGA5 in Micronenvironment of Glioma
alpha-thalassemia/mental retardation syndrome x-linked
chromatin remodeler (ATRX) (33%), capicua transcriptional
repressor (CIC) (26%) and far upstream element binding
protein (FUBP1) (10%) in the low-ITGA5 group (Figure 4B).

Furthermore, the ratio of mutation frequencies between high-
ITGA5 and low-ITGA5 groups was performed by Fisher’s exact
test and ranked by increasing p-value. The high-ITGA5 group
beard extremely lower IDH1 and CIC mutation load, higher
PTEN, EGFR, and NF1 mutation load than the low-ITGA5
group (Figure S3A). Additionally, the co-concurrent or
mutually exclusive mutations of the 25 most frequently mutated
genes are shown in Figure S3B. The high-ITGA5 groups showed
markedly more numerous co-concurrent genetic alterations than
the low-ITGA5 group. The EGFR mutation frequently cooccurred
with collagen type VI alpha 3 chain (COL6A3) mutation in the
high-ITGA5 group. Other intimate mutation sites included
obscurin (OBSCN) and COL6A3, IDH1 and TP53, ATRX, and
TP53. In the low-ITGA5 group, the common co-mutation
included NOTCH1 and CIC, IDH1 and ATRX, and so on.
Meanwhile, some intensive mutually exclusive pairs of gene
alteration were identified, such as IDH1-PTEN and TP53-EGFR
in the high-ITGA5 group, and IDH1-EGFR and IDH1-IDH2 in
the low-ITGA5 group (Figure S3B).
ITGA5 Was Correlated With Tumor
Immune Microenvironment in Gliomas
Metabolism has been well-established as a determinant in the
viability and efficacy of immune cells (32). Then, the
physiopathological impact of ITGA5 in the metabolic
programming and cancer immunity cycle progressions was
evaluated by GSVA analysis. Based on the TCGA dataset, ITGA5
was positively correlated with glycogen biosynthesis, cyclooxygenase
arachidonic acid metabolism, and drug metabolism by other
enzymes (Figure 5A). Another noteworthy observation was that
ITGA5 exerted a pleiotropic effect in most steps of the immune
cascade (Figure 5A). Considering that immune cells were the
essential constituents of the TME, the immune infiltration
characteristics were identified by the ESTIMATE, the MCP
counter, the ssGSEA, and the TIMER algorithms of the TCGA
datasets (Figure 5B). Notably, the ITGA5 expression showed a
particularly positive correlation with the stromal score, immune
score, ESTIMATE score, and tumor purity. Besides, ITGA5
expression was associated with the high intratumoral infiltration
of various immune cells, namely, macrophages, natural killer cells,
CD8+ T cells, and regulatory T cells (Tregs). Then, we further
explored the relationship between macrophage infiltration and
ITGA5 from the ssGSEA and the TIMER (Figures 5C, D).

High-ITGA5 Group in Gliomas Exhibited
Greater M2 Macrophage Infiltration
To confirm the positive correlations between ITGA5 and
macrophages identified from transcriptomic analyses, the
multiple IF was performed on the human glioma tissue
microassay. Staining for CD68 (the pan-macrophage marker)
revealed that there was more diffuse intra-tumoral macrophage
infiltration in the high-ITGA5 group than in the low-ITGA5
Frontiers in Oncology | www.frontiersin.org 8
group (Figure 6). Of more concern was that the high-ITGA5
group displayed a higher M2-macrophage abundance, which was
prompted by CD163 (the M2-macrophage marker) fluorescence
distribution (Figure 6).

The Potential Immunotherapeutic and
Chemotherapeutic Targets in Glioma
Patients With High ITGA5 Expression
Given that immune checkpoints are the underpinnings of immune
therapy, the global views of immune-checkpoints expressions
would be of great clinical interest. Then the correlation analysis
was performed between ITGA5 and multiple putative immune
checkpoint molecules involving antigen presentation, cell
adhesion, co-inhibition or co-stimulation, and ligand-receptor
interaction. The results exhibited an intimate connection
between ITGA5 and most immune checkpoint molecules in
gliomas, especially in programmed cell death 1 (PD-1),
programmed cell death 1 ligand 1 (PD-L1), and cytotoxic T-
lymphocyte associated protein 4 (CTLA-4) (Figure 7A). Besides,
additional validation of the intimate connection of ITGA5 and
immune checkpoints was performed in the pan-cancer set (Figure
S4). These data collectively suggested that ITGA5 inhibition may
work synergistically with existing immunotherapy strategies and
enhance anti-glioma activity. We further explored the relationship
between ITGA5 and some immune checkpoints, such as PDCD1
(PD-1), CD274 (PD-L1), and PDCD1LG2 (PD-L2) in gliomas
based on the TCGA dataset (Figure S5C).

To further evaluate the sensitivity of ITGA5 to immunotherapy,
we applied the TIDE and the submap algorithms to glioma patients
in the TCGA. By TIDE, we found that patients with high ITGA5
showed better immunotherapy response compared to patients with
low ITGA5 (Figure S5A). The results of the submap showed that
the high- and low-ITGA5 groups had different responses to
immunotherapy in that the high-ITGA5 group had a significant
response to anti-PD-1 immunotherapy in gliomas based on the
TCGA (Figure S5B).

There has been a regrettable case that conventional
chemotherapy with temozolomide provides modest benefit for
the survival of gliomas patients, which may impute to the impaired
drug permeability owing to the BBB, the particular immune
contexture in the central nervous system, or the extreme
heterogeneity of gliomas. Thus, the GDSC database was adopted
to assess the drug response of high-ITGA5 and low-ITGA5 glioma
groups, and the predictive accuracy was measured by 10-fold
cross-validation. The results demonstrated that high-ITGA5
groups exhibited significantly lower IC50 of Bexarotene,
Bicalutamide, Bortezomib, Bryostatin-1, Cytarabine, Luminespib,
Midostaurin, Selumetinib than the low-ITGA5 group (Figure 7B).
The therapeutic efficacy of the above-nominated pharmacological
methods deserved further investigation.
DISCUSSION

Glioma has a lethal ending with limited treatment methods, the
highest grade of which has an OS of about 15 months (33). The
March 2022 | Volume 12 | Article 844144
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heterogeneity and complicated immunosuppressive TME are
the main obstacles for glioma patients with optimal outcomes.
The systematical application of novel excavated biomarkers will
be conductive to glioma management in combination with
conventional diagnostic and therapeutic strategies. In the
present study, by comprehensive bioinformatic analysis, we
identified that ITGA5 was positively related to aggressive
clinicopathological and molecular features in gliomas. Elevated
ITGA5 level was tightly linked to the survival detriment of
Frontiers in Oncology | www.frontiersin.org 9
gliomas patients. Moreover, ITGA5 was relevant to distinct
genomic alterations and tumor immune microenvironment in
gliomas. ITGA5 could be a therapeutic indicator of checkpoint
inhibitors as well. Finally, the glioma patients with higher
expression of ITGA5 may present better outcomes of
chemotherapy treatment, namely, bexarotene, bicalutamide, and
bortezomib, which provided more therapeutic choices in the future.

ITGA5 is also known as interferon a5 belonging to the
integrin alpha chain family, which plays a pivotal role in cell
A

B

D

C

FIGURE 5 | Roles of ITGA5 in immune and metabolism phenotypes in the TCGA cohort. (A) Correlations between ITGA5 and enrichment scores of metabolism-
relevant pathways together with the steps of the cancer immune cascades. (B) Heatmap visualized the abundance of infiltrating immune cell populations with
different ITGA5 levels, based on the ESTIMATE, the MCPcounter, the ssGSEA, and the TIMER algorithms. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.
(C) The corrplot of the correlation between ITGA5 expression and macrophage cell level of the ssGSEA. (D) The corrplot of the correlation between ITGA5
expression and macrophage cell level of the TIMER.
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surface adhesion. Biologically, interferon a subunits have a small
cytoplasmic tail, a relatively large extracellular domain, and a
transmembrane domain. In pathological settings, integrin
demonstrated a remarkable oncogenic potency in tumor
progression. The extracellular domain acts as the cell receptor
for growth factors and adhesion proteins from the TME (34).
The cytoplasmic tail is a link to the cell cytoskeleton and cellular
signaling cascade like focal adhesion kinase (FAK)-Src signaling
(34). The FAK-Src signaling regulated by integrin allows
downstream activation of several signaling pathways, namely,
the Mitogen-Activated Protein Kinase (MAPK)/Extracellular
Regulated Kinase (Erk) signaling pathway, phosphatidylinositol
3-kinase (PI3-K)/Protein kinase B (Akt) signaling pathway,
Stress-Activated MAP Kinases (SAPKs) signaling, and c-Jun
N-terminal kinase (JNK) activation (35). The activation of
PI3K/Akt is the key regulator of induction of tumor metastasis
through the engagement of extracellular matrix ligand (36).
MAPK/Erk pathways are highly related to tumor progression,
survival, and proliferation (37). In our results, ITGA5 was found
to mediate lots of different oncological and immune pathways
such as glycolysis gluconeogenesis, JAK/STAT signaling
pathway, P53 signaling pathway, antigen processing pathway,
and immune cell activation pathway. The dysregulated
metabolism of the tumor and immune cells in TME is
recognized as a key contributor to tumor progression. Our
results prompted that ITGA5 may perturb the biochemical
homeostasis in TME by not only oncogenic pathway but also
immune and metabolic reprogramming, which was partially
consistent with the previous oncological studies.

Genomic alteration is one of the fundamental factors for
diagnosis, classification, treatment, and prognosis in gliomas.
Frontiers in Oncology | www.frontiersin.org 10
The typical biomarkers of genomic alteration are routinely tested
in clinical practice, namely, IDH mutant, MGMT promoter
methylation, PTEN mutation, ATRX mutation, and TERT
promoter mutation (38). Surprisingly, although patients
underwent the systematic diagnosis and treatment depending on
the WHO classification, the prognosis varies differently, strongly
implying that the current diagnosis system is not fully appropriate
for the survival predictionsor the reflectionof gliomaheterogeneity.
Chen reported a phenomenon that the ITGA5 downregulation
could inhibit the glioma proliferation, which could be rescued by
circPTN (39). Moreover, Kita also confirmed that ITGA5, which
was upregulated by Ets-1, could be secreted by glioma cells to boost
tumor migration and invasion, finally contributing to glioma
malignancy (40). Consistently, our results also revealed that
ITGA5 might be an oncogenic factor, presuming that the high
ITGA5 expression possibly indicated a low survival rate in glioma
patients. In theother aspect, our genomic alterations analysis results
showed that ITGA5 was associated with poor mutation, namely,
P53 mutation, ATRX mutation, and PTEN mutation. Especially,
the high expression of ITGA5 had relatively lower IDHmutations.
IDH mutation is a classic prognostic indicator in judging glioma,
and there is a certain negative correlation between ITGA5
expression level and IDH mutation level.

A glioma has a different immunosuppressive “cold” tumor
environment affecting the effectiveness of immunotherapy (41).
TAMs are the most abundant infiltration immune cells in brain
cancer validated from high-dimensional single-cell profiling
and other methods (42). TAMs contribute to tumor
immunosuppressive environments and potentially mediate tumor-
induced polarization states, promoting tumor malignancy, and
therapeutic resistance to irradiation (43). In our results, from the
ssGSEA and the TIMER analyses, ITGA5 was positively correlated
with TAMs, possibly resulting in a worse survival rate. Furthermore,
it also found that upregulated ITGA5 significantly increased the
quantities of multiple immune cells, namely, dendritic cells, natural
killer cells, CD8+ T cells, neutrophils, activated CD4+ T cells, central
memoryT cells, Tregs, andmyeloid-derived suppressor cells.Among
these cells, immunosuppressive cells such as Tregs and myeloid-
derived suppressor cells were increased more significantly with the
increase of ITGA5expression, suggesting that ITGA5was essential in
the formation of glioma immunosuppressive microenvironment
(44). It is well-documented that the immune checkpoint targeted
therapy in glioma patients remains challenging because of the
immunosuppressive state (6). Besides, we also proved that
high-ITGA5 gliomas were accompanied by high immunotherapy
biomarker expression, namely, PD-1, PD-L1, CTLA-4, and
VEGF, thus showing an ITGA5-targeted therapeutic potential to
be synergistic with immunotherapy. Therefore, our results
presented that the high ITGA5 expression patients seem to have a
relative “hot” immune environment that might be beneficial to
immune therapy.

Up to now, there are emerging studies devoted to developing
novel and effective strategies to address the deficiencies of anti-
glioma treatment. EGFR has been the target of treatment in glioma
patients (45) both in a highly selective pan-human EGFR inhibitor
or immunotherapies (46). Interestingly, ITGA5 depletion delayed
gefitinib-mediated EGFR endocytosis, which makes EGFR target
FIGURE 6 | The multiple immunofluorescence staining of ITGA5, CD68, and
CD163 in gliomas.
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therapy more sensitive (47). In addition, the inhibitor of ITGA5
attenuates glioma growth (48) and cell dispersion (13). In our
results, we found that patients with high expression of ITGA5 had
low IC50 of Bexarotene, Bicalutamide, Bortezomib, Bryostatin-1,
Cytarabine, Luminespib, Midostaurin, and Selumetinib. This
result emphasized that the high ITGA5 expression was a robust
Frontiers in Oncology | www.frontiersin.org 11
and reliable indicator for the therapeutic sensitivity of these
potential molecular drugs. The biosafety and biocompatibility of
these drugs in clinical trials have been successfully experimentally
validated. Among them, it was noted that some drugs, represented
by Bexarotene, Bryostatin-1, Cytarabine, and Pazopanib, possess
the excellent capability of crossing BBB to locally exert a targeted
A

B

FIGURE 7 | The potential ITGA5-involved immune checkpoints treatment and chemotherapeutic targets in gliomas. (A) Correlations between ITGA5 and seven
types of immune checkpoints levels in gliomas. *P <0.05, **P <0.01, ***P <0.001, ****P <0.0001. (B) The box plots of the estimated IC50 for several
chemotherapeutic drugs among high-ITGA5 and low-ITGA5 groups.
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effect. This might provide a pivotal clue for guiding glioma
drug treatment.

However, there are still some limitations. In the first place,
since this study data analysis are mainly from the open-access
online databases, additional external verification of clinical
datasets would be beneficial. Secondly, because this is a
retrospective study, and prospective clinical studies in large-
cohorts should be applied to verify in the future. Thirdly, there is
a relatively poor investigation of the mechanism of ITGA5 and
its role in interfering with the immune system. Thus more
comprehensive studies are needed to further interpret the role
of ITGA5 in gliomas immunology.
CONCLUSION

In summary, our findings demonstrated that ITGA5 is
upregulated in glioma and differs in multiple molecular
phenotypic gliomas, acting as a potential biomarker for
predicting glioma prognosis. It is particularly noteworthy that
ITGA5 is involved in remolding glioma immune infiltration and
TME that is closely related to immunotherapy. High expression of
ITGA5 may benefit immune checkpoint targeted therapy and
chemotherapy. Further studies exploring the role and mechanism
of ITGA5 will endow great potential for the development of
diagnostic and anti-glioma therapeutic strategies.
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GLOSSARY

MGMT O-6-methylguanine-DNA methyltransferase
TME tumor microenvironment
TAMs tumor-associated macrophages
BBB blood–brain barrier
ITGA5 integrin subunit alpha 5
TCGA The Cancer Genome Atlas
GTEx Genotype-Tissue Expression Project
CGGA Chinese Glioma Genome Atlas
GEO Gene Expression Omnibus
RMA robust multichip average
FPKM fragments per kilobase million
TPM transcripts per kilobase million
OS Overall survival
IF Immunofluorescence
DAPI 4’,6-Diamidino2-phenylindole dihydrochloride
CNV copy number variation
GISTIC Genomic Identification of Significant Targets in Cance
ESTIMATE Estimation of Stromal and Immune cells in Malignant Tumor tissues

using Expression
TIMER Tumor Immune Estimation Resource
GSVA gene set variation analysis
ssGSEA single sample gene set enrichment analysis
GO Gene Ontology
KEGG Kyoto Encyclopedia of Genes and Genomes
GSEA Gene set enrichment analysis
GDSC Genomics of Drug Sensitivity in Cancer
IC50 half-maximal inhibitory concentration
CHOL cholangiocarcinoma
HNSC head and neck squamous cell carcinoma
KIRC kidney renal clear cell carcinoma
LAML acute myeloid leukemia
LIHC liver hepatocellular carcinoma
PAAD pancreatic adenocarcinoma
TGCT testicular germ cell tumors
LGG lower-grade glioma
GBM glioblastoma multiforme
IDH isocitrate dehydrogenase
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ACC adrenocortical carcinoma
BLCA bladder urothelial carcinoma
BRCA breast invasive carcinoma
CESC cervical squamous cell carcinoma and endocervical adenocarcinoma
COAD colon adenocarcinoma
KIRP kidney renal papillary cell carcinoma
LUAD lung adenocarcinoma
LUSC lung squamous cell carcinoma
MESO mesothelioma
OV ovarian serous cystadenocarcinoma
STAD stomach adenocarcinoma
THCA thyroid carcinoma
UCEC uterine corpus endometrial carcinoma
UVM uveal melanoma
JAK Janus kinase
STAT signal transducer and activator of transcription
IL-4 interleukin-4
TTN titin
EGFR epidermal growth factor receptor
PTEN phosphatase and tensin homolog
ATRX alpha-thalassemia/mental retardation syndrome x-linked chromatin

remodeler
CIC capicua transcriptional repressor
FUBP1 far upstream element binding protein 1
COL6A3 collagen type VI alpha 3 chain
PD-1 programmed cell death 1
PD-L1 Programmed cell death 1 ligand 1
CTLA-4 cytotoxic T-lymphocyte associated protein 4
FAK focal adhesion kinase
MAPK Mitogen-Activated Protein Kinase
Erk Extracellular Regulated Kinase
PI3-K phosphatidylinositol 3-kinase
Akt protein kinase B
SAPK stress-activated MAP kinases
JNK c-Jun N-terminal kinase
ROC receiver operating characteristic
AUC area under the curves
IDH1 isocitrate dehydrogenase [NADP] cytoplasmic
OBSCN obscurin
Tregs regulatory T cells
TIDE Tumor Immune Dysfunction and Exclusion
March 2022 | Volume 12 | Article 844144

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	ITGA5 Is a Novel Oncogenic Biomarker and Correlates With Tumor Immune Microenvironment in Gliomas
	Introduction
	Materials and Methods
	Glioma Datasets and Preprocessing
	Genomic Alteration
	Evaluation of the Immunological Characteristics of the TME
	Functional Annotation
	Drug Response Prediction
	Statistical Analysis
	Multiple Immunofluorescence (IF)

	Results
	ITGA5 Expression Was Positively Related to Aggressive Clinicopathological and Molecular Features in Gliomas
	Elevated ITGA5 Levels Were Associated With Poor Survival of Glioma Patients
	ITGA5 Was Involved in the Oncogenic Process and Immune Regulation in Gliomas
	ITGA5 Expression Was Relevant to Distinct Genomic Alterations
	ITGA5 Was Correlated With Tumor Immune Microenvironment in Gliomas
	High-ITGA5 Group in Gliomas Exhibited Greater M2 Macrophage Infiltration
	The Potential Immunotherapeutic and Chemotherapeutic Targets in Glioma Patients With High ITGA5 Expression

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References
	Glossary



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


