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Integrins are heterodimeric transmembrane glycoproteins resulting from the non-covalent
association of an a and b chain. The major integrin receptor for collagen/laminin, a2b1 is
expressed on a wide variety of cell types and plays an essential role in the adhesion of normal
and tumor cells to the extracellular matrix. Integrin-triggered signaling pathways promote the
invasion and survival of glioma cells by modifying the brain microenvironment. In this study, we
investigated the association of a specific genetic polymorphism of integrin a2b1 with the
incidence of diffusely infiltrating astrocytoma and the progression of these tumors. Single-
nucleotide polymorphism in intron 7 of the integrin ITGA2 gene was examined in 158 patients
and 162 controls using polymerase chain reaction and restriction enzyme analysis. The ITGA2
genotype +/+ (with a BglII restriction site in both alleles) exhibited higher frequency in grade II
astrocytoma compared to control (P = 0.02) whereas the genotype -/- (lacking the BglII site)
correlated with the poorest survival rate (P = 0.04). In addition, in silico analyses of ITGA2
expression from low-grade gliomas (LGG, n = 515) and glioblastomas (GBM, n = 159)
indicated that the higher expression of ITGA2 in LGGwas associated with poor overall survival
(P < 0.0001). However, the distribution of integrin ITGA2 BglII genotypes (+/+, +/-, -/-) was not
significantly different between astrocytoma subgroups III and IV (P = 0.65, 0.24 and 0.33;
0.29, 0.48, 0.25, respectively) compared to control. These results suggest a narrow
association between the presence of this SNP and indicate that further studies with larger
samples are warranted to analyze the relation between tumor grade and overall survival,
highlighting the importance of determining these polymorphisms for prognosis
of astrocytomas.

Keywords: single nucleotide polymorphism, extracellular matrix, brain microenvironment, tumor progression, low
grade glioma, invasion, ITGA2
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INTRODUCTION

Gliomas constitute the most common primary brain tumors and
include several histologically subtypes, most of them malignant
and highly invasive (1). High-grade gliomas including
glioblastoma (GB) are considered among the most devastating
cancers due to their markedly short post-diagnosis survival time
(2), accounting for approximately 15% of all intracranial
neoplasms and 60%–75% of astrocytic tumors (3, 4).

A hallmark of the severity of astrocytomas is the ability of
tumor cells to invade and infiltrate the brain parenchyma (5).
Although the molecular mechanisms underlying these events
remain to be better elucidated, the first step encompasses the
adhesion of tumor cells to the host’s extracellular matrix (ECM),
which is mediated primarily by integrins on the tumor cell
surface (6). Aggregation of integrin receptors followed by
association of cytoskeletal proteins and tyrosine kinase-
mediated phosphorylation are key events responsible for
diverse cell responses such as cell migration and differentiation,
tissue remodeling, cell proliferation, angiogenesis, and tumor cell
invasion, metastasis, and survival (7–11).

Several integrin subunits are significantly upregulated in GB
compared to normal brain tissue (12) including a2, a3, a4, a5,
a6, and b1 integrins (11, 13–15). Integrin expression and ECM
production are directly correlated with the tumor grade and have
been found to promote human glioma progression and reduce
survival (15–17).

Integrins are transmembrane glycoproteins with non-
covalently associated and chains, which mediate the interaction
of tumor cells with their microenvironment (17–19). The
association of distinctive and subunits determines the
functional specificity of receptors (11). Eight different b chains
and 18 a chains have been described, whereas only 24 different
heterodimers have been observed (7, 19, 20). Among these, a2b1
integrin is a major collagen receptor that plays an essential role in
the adhesion of normal and tumor cells to the extracellular
matrix (20–23).

The gene encoding integrin a2 chain (ITGA2) is described in
the occurrence and progression of multiple cancers, including
colorectal cancer, lung cancer, and breast cancer (24, 25). ITGA2
mediated adhesion to type I collagen and are expressed on cancer
cells, immune cells, stroma cells, and endothelial cells (9, 21, 26).
The high expression in tumor tissue identified ITGA2 as a
potential therapeutic target to treatment of cancer. In addition,
ITGA2 have been used as a novel molecular target to treat GBM;
nevertheless, its role in diffuse glioma still remains to be
elucidated (27). However, changes in ITGA2 expression may
affect therapeutic targets, immune microenvironment, and the
immunogenicity of glioma tumors (27, 28).

ITGA2 has several single-nucleotide polymorphisms (SNPs)
including the BglII polymorphism (29, 30). A/G SNP in intron 7
creates a restriction site for the enzyme BglII (sequence
AGATCT, BglII +/-) (31). This polymorphism is in linkage
disequilibrium, and the BglII (+) allele is linked to the 807T/
873A allele. BglII (-) is linked to the 807C/873G allele. The BglII
(+) allele has been associated with a high level of ITGA2, and
BglII (-) was associated with a low level (29–31). Additionally, the
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ITGA2 BglII polymorphism has been associated with increased
risk for higher disease stages of breast cancer (32), positive
history for oral cancer (33), and prevalence of diabetic
retinopathy, myocardial infarction, and stroke (34–36).

Here, we hypothesize that the functional ITGA2 BglII
polymorphism of integrin a2b1 can also correlate with the
incidence or progression of glioma tumors. To test this
hypothesis, the prevalence of this polymorphism was evaluated
in patients with diffuse infiltrating astrocytomas (malignant
grades II to IV) compared to a healthy control group. Our
results indicate that BglII polymorphisms of ITGA2 have
increased frequency in grade II astrocytoma cases and suggests
a protective effect on the risk to LGG; however, more studies are
necessary to correlate the polymorphism with tumor progression
and overall survival.
MATERIALS AND METHODS

Subject́ Recruitment
The study involved 320 unrelated individuals with similar ethnic
backgrounds, 158 patients with astrocytomas, and 162 age- and
sex-matched controls without histories of cancer or other major
disease. Individuals were recruited at the Clinical Hospital of
Ribeirão Preto Medical School, University of São Paulo (HC-
FMRPUSP), Clinical Hospital of the Medical School, University
of São Paulo (HC-FMUSP), and São Paulo Hospital, Federal
University of São Paulo (UNIFESP) during the Cancer Clinical
Genome Project (FAPESP 01/13716-7, 03/00960-2, 04/12133-6).

Tumor cases and controls were distributed as 97 men/61
women and 97 men/65 women, respectively. The distribution of
the 158 patients with astrocytoma was as follows: 28 with grade
II, 26 with grade III, and 104 grade with IV astrocytoma (WHO
2016). The control group consisted of individuals who lived in
the study areas for at least 1 year with any known history of
cancer or chronic disease in a self-reported questionnaire. On the
basis of phenotype characteristics and family history, 120
patients and 113 controls were identified as white (European
descendants); 27 patients and 27 controls as mulatto, and 8
patients and 13 control as black (African descendants); 2 and 8
were oriental descendants; and 1 and 1 were classified as others.
Epidemiological data from the study population were obtained
by a standard interviewer-administered questionnaire, including
data on social habits, health problems, and ancestry. The human
subject protocol was approved by the local Institutional Review
Boards of the participating institutions; written informed
consent was obtained from all subjects or their parents.
Genotyping
Genomic DNA was extracted from peripheral blood
lymphocytes by the conventional phenol-chloroform method.
Isolated DNA was resuspended in Tris–EDTA buffer (pH 8.0)
and stored at -20°C until use. Polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) to
determine the ITGA2 genotype using BglII (New England
Biolabs, Beverly, MA) was carried out as previously described
July 2022 | Volume 12 | Article 914156
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[26]. The PCR primers used were as follows (5′–3′): forward,
GATTTAACTTTCCCGACTGCCTTC (nucleotide number
2789-2812); reverse, CATAGGTTTTTGGGGAACAGGTGG
(nucleotide number 3346-3369, GenBank accession number
AF035968). Restriction fragments were separated by
electrophoresis using 2% agarose gels. The PCR products
containing a BglII (+) site yielded fragments of 200 and 400 bp
upon enzymatic digestion, as shown in Figure 1.

In Silico Analysis of ITGA2 Expression in
TCGA Dataset
There were obtained normalized RNASeq and clinicopathological
data from The Cancer Genome Atlas (TCGA) from low-grade
gliomas (LGG, n = 515) and glioblastomas (GBM, n = 1) using the
RTCGAToolbox package (37) on R. The number of reads of ITGA2
was log10-transformed. Then, patients were distributed into two
groups according to the median. Those with the number of reads
equal or higher to the median were considered with a high
expression. Otherwise, the patients were considered with a
low expression.

In LGG, the expression of ITGA2 was associated with histology
(astrocytoma, oligoastrocytoma, or oligodendroglioma), grade (2 or
3), IDH, TERT, ATRX mutation status, MGMT promoter
methylation status, and subtype. Moreover, in GBM, the
expression of ITGA2 was associated with IDH, TERT, ATRX
mutation status, MGMT promoter methylation status, and
subtype. The expression of ITGA2 was analyzed according to
Noushmehr et al. and Cecarelli et al. (38, 39). Additionally,
overall survival was analyzed through Kaplan–Meier curves, using
the log-rank test to compare the groups based on ITGA2
expression. Finally, hazard ratio and 95% confidence interval were
determined using Cox proportional hazards in LGG and GBM
using ITGA2 expression as contrast groups and death as endpoint.

Statistical Analysis
Differences between groups were compared by chi-square
test or Fisher´s exact test. The 95% confidence intervals (95%
CI) of the percentage were calculated by assuming a binomial
Frontiers in Oncology | www.frontiersin.org 3
distribution. Sex-age-adjusted odds ratio (ORs) and 95%
confidence interval (95% CI) were calculated according to an
unconditional logistic model. Goodness of fit of genotype
distribution was analyzed by the Hardy–Weinberg equilibrium.
Values of P < 0.05 were considered statistically significant. All
statistical analyses were performed using the statistical
package SPSS.
RESULTS

The genotype and allele frequency for ITGA2 BglII
polymorphism in the tumor and control groups are shown in
Table 1. The frequencies for the three possible genotype
frequencies (+/+, +/-, and -/-) were in agreement with those
predicted by the Hardy–Weinberg equilibrium. Genotype and
allelic frequency were compared between tumor cases and
controls as well as within the subgroups of astrocytomas
(WHO grade II, III, and IV) (Table 2 and Supplementary
Tables S1, S2).

The frequencies of ITGA2 BglII polymorphism observed in
control subjects were in agreement with those reported for other
populations (Table 1) (36, 40). Multivariate analysis did not
reveal an association of this polymorphism with age, race, or
gender as co-variable (Supplementary Tables S3, S4). In
contrast, male patients with astrocytoma showed higher
frequencies than women for the ITGA2 BglII +/+ and +/-
genotypes;however, thesedifferenceswerenot statistically significant.

Based on TCGA database, we analyzed the expression of
ITGA2 on gliomas. The analyses demonstrated that, in LGG,
oligodendrogliomas were associated with low ITGA2 expression
as well as lower-grade tumors (Grade 2). Additionally, low
ITGA2 expression was associated with mutation in IDH,
methylation in MGMT and subtype IDHmut-codel or codel,
and mesenchymal-like tumors (Supplementary Table S5).
Similarly, in GBM, low ITGA2 expression was associated with
mutation in IDH. Moreover, low ITGA2 expression was
associated with absence of mutation in TERT and G-CIMP
FIGURE 1 | ITGA2 polymorphism genotyping by PCR-RFLP assay. This panel shows the BglII digestion of ITGA2 gene PCR products. Lane M: 100-bp molecular
marker. Lanes 2, 3, 7, and 9 are representative of a homozygote -/- (absence of BglII site); lanes 1, 4, 5, 6, 8, 10, and 11 of a heterozygote -/+; and lane 12 of a
homozygote polymorphic +/+ (presence of BglII site).
July 2022 | Volume 12 | Article 914156

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


Teixeira et al. Alpha2beta1 Integrin Polymorphism in Astrocytoma
and proneural tumors (Supplementary Table S6). Finally, a
poor overall survival was found in LGG patients with high
expression of ITGA2 (Figure 2, P < 0.0001 in log rank test),
presenting a hazard ratio of 2.361 (95CI 1.633–3.412, P < 0.001 in
Cox proportional hazards test, Supplementary Table S7). No
difference was found regarding the overall survival of GBM
patients considering ITGA2 expression (Figure 2 and
Supplementary Table S7).

Our results revealed that the ITGA2 BglII +/+ genotype was
significantly overexpressed in patients with grade II astrocytoma
compared to controls, OR (95% CI) 4.38 (1.31–14.72) and P =
0.02 (Table 2). However, the overrepresentation of this genotype
did not extend to the astrocytoma subgroups III and IV (P = 0.65,
0.24, and 0.53; 0.29, 0.48, 0.25, respectively), suggesting a narrow
association between the presence of this SNP and tumor grade
(Table 1 and Supplementary Table S1). Also, there were no
significant differences in the frequencies of these genotypes when
comparing each tumor grade against the other grades
(Supplementary Table S2). Although the ITGA2 BglII +/+
polymorphism was overrepresented in grade II astrocytomas, it
was associated with increased survival profile in this group.
Survival curves for the three ITGA2 genotypes were
significantly different for ITGA2 BglII +/+ and +/+,+/-
genotypes (P = 0.04 and P = 0.01, respectively) (Figures 3A,
B). However, the ITGA2 BglII polymorphism did not show a
statistically significant correlation with survival of higher-grade
astrocytomas (P > 0.05).
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DISCUSSION

Adhesive molecules of the integrin family, including integrin
a2b1, integrin a2b3, and GP Iba (specially integrins), are critical
for adhesion of tumor cells and participate in the cellular
mechanisms of tumoral progression (41–44). The subunit of
integrin ITGA2 was found to be upregulated in several types of
cancer and has been associated with tumor cell proliferation,
migration, invasion, and angiogenesis (45–47). In breast cancer,
ITGA2 has been linked to tumor aggressiveness, cancer
progression (via EMT—epithelial–mesenchymal transition),
and metastatic ability (47). Interestingly, Guo et al. described
that in human GBM cells, ITGA2 expression is higher than
epidermal growth factor receptor (EGFR), an important target in
GBM. In addition, they described that ITGA2 was less expressed
on normal glial cells, then they suggested ITGA2 as a novel
GBM-specific target (27). Nonetheless, the role of ITGA2 in
glioma tumor is still not well understood. Furthermore, the high
expression in several carcinoma cells of epithelial origin indicates
that ITGA2 is an important key pathway in cancer pathogenesis
(48–50). The abnormal expression of ITGA2 has been correlated
with unfavorable prognoses in multiple types of cancer. The
nucleotide polymorphisms affecting adhesive molecules have
been associated with the risk and prognosis of astrocytoma
tumors (51).

In this study, we have found that a specific polymorphism in
the gene coding for a chain of integrin a2b1 (corresponding to
TABLE 2 | Distribution of allele and genotype frequencies of polymorphisms and statistical data obtained from the analysis of integrin a2 BglII polymorphisms in the
astrocytoma grade II and control.

Number (%)

Grade II astrocytoma Controls OR (95% CI) P

Integrin a2b1 BglII
–/– 8/28 (28.6) 76/162 (46.9) 1.0 (ref.) 0.25
+/– 14/28 (50.0) 73/162 (45.1) 1.82 (0.72–4.60) 0.02a

+/+ 6/28 (21.4) 13/162 (8.0) 4.38 (1.31–14.72) 0.09
+/– + +/+ 20/28 (71.4) 86/162 (53.1) 2.21 (0.91–5.31) 0.47
Alleles 0.54 0.69 –

– 0.46 0.31 –

+

July 2022 | Volume 12 | Article 91
-/-, homozygous for the wild-type allele; -/+, heterozygous; +/+ homozygous for the polymorphism allele.
a The homozygous integrin a2b1 BglII +/+ variant was significantly more prevalent in grade II astrocytoma patients than in control subjects (P = 0.02). Bold values are statistically significant.
TABLE 1 | Distribution of allele and genotype frequencies of polymorphisms and statistical data obtained from the analysis of integrin a2 BglII polymorphisms in
astrocytoma grades II, III, and IV and control.

Controls Grade II astrocytoma Grade III astrocytoma Grade IV astrocytoma Astrocytomas total
N=162 N=28 N=26 N=104 N=158

Integrin a2 BglII
–/– 76 (46.9) 8 (28.6) 10 (38.5) 41 (39.4) 59 (37.5)
–/+ 73 (45.1) 14 (50.0) 12 (46.2) 53 (50.9) 79 (50)
+/+ 13 (8.0) 6(21.4) 4 (15.4) 10 (9.6) 20 (12.7)
+/– + +/+ 86 (53.1) 20(71.4) 16 (61.5) 63 (60.6) 99 (62.7)
Allele frequency 0.69 0.54 0.62 0.65 0.62
– 0.31 0.46 0.38 0.35 0.38
+

-/-, homozygous for the wild-type allele; -/+ heterozygous; +/+, homozygous for the polymorphic allele.
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the ITGA2 BglII site) was associated with differences in survival
of patients with low-grade astrocytoma, with one specific variant
(ITGA2 BglII +/+) being overrepresented in grade II astrocytoma
cases compared to control individuals. To our knowledge, this is
the first study investigating the possible involvement of the
integrin a2b1 genomic variant in the prevalence and overall
survival of gliomas. Integrin a2 has been investigated in platelets,
where it mediates the adhesion of these cells to collagen and
regulates platelet function (11, 52, 53). To other solid tumors,
alpha chain integrins are sufficient to mediate adhesion to the
luminal side of blood vessels and promote extravasation and
angiogenesis (54, 55). In pancreatic cancer, the integrin b1
subunit mediates the tumor cell interaction with the tumor
microenvironment and ECM proteins, such as types I and IV
collagen, laminin, and fibronectin (56); in breast cancer,
colorectal cancer, and lung and hepatocellular carcinoma,
integrin has been linked to tumor evolution and aggressiveness
(24, 25, 28, 57). The aggressiveness with enhancement of
metastasis and stemness of colorectal cancer cells have been
associated with the interaction of a2b1 that activates the PI3K/
Akt/Snail signaling pathway (19). In addition, the expression
levels of integrin a2b1, a2b3, and glycoprotein Iba are
associated with invasiveness of tumor cells (58, 59) and could
be relevant to explain the correlation between integrin a2b1
polymorphism and glioma grade (60).

Histological analysis of high-grade glioma indicates that
integrins a2b1, a5b1, and a6b1 are strongly expressed
compared to normal brain tissue (16, 61). All these integrins
share the b1 subunit, which is involved in the adhesion, motility,
and invasion of glioma cells in vitro (62) as well as tumor
dispersion in the brain (63). These data suggest that b1
subunit expression might be related to the clinically invasive
phenotype of gliomas. Therefore, the polymorphic genetic
variation affecting the expression or function of these adhesive
receptors could modify the risk of development and the
biological aggressiveness of astrocytomas.
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We found that the genotypes of ITGA2 BglII for gliomas and
control individuals were distributed in accordance with the
Hardy–Weinberg equilibrium and in agreement with those
previously published to Caucasian subjects. In control subjects,
the frequencies of ITGA2 BglII polymorphisms for genotypes -/-,
-/+, and +/+ were, respectively, 46.9, 45.1, and 8.0 matching prior
reports (36) in diabetic retinopathy and in diabetic patients (40).

The total distribution of ITGA2 BglII genotypes was not
significantly different between astrocytomas and controls.
Similar results have been described to other tumors and
population and failed to find or increased the risk for tumor
progression with BglII (+) polymorphism (64–67). However,
future investigation in larger cohorts of patients, and among
various racial groups, will be necessary to further define the role
of the BglII genotype in the pathogenesis of GBM. Regarding
grade II astrocytoma, the ITGA2 genotype (+/+ and +/-)
exhibited higher frequency and, in contrast, increased median
survival compared to the homozygous -/- genotype. These results
suggest that the BglII polymorphism in the gene which codes for
the a2 chain of integrin a2b1may have a protective effect on the
risk to low-grade astrocytomas. Furthermore, we analyzed the
potential impact of ITGA2 on the overall survival of glioma grade
II, III, and IV patients using the same database (TCGA). The
correlation between overall survival and ITGA2 expression was
not statistically significant to grade III and IV of astrocytomas. In
contrast, in a recent study the ITGA2 expression was
significantly associated with decreased GBM patient survival
(27). The difference in the results may be due to the number of
patients analyzed in the two studies and highlight the relevance
of future investigation in a large cohort of patients.

The poor prognosis for patients with LGG shows the diversity
of this malignant glioma; therefore, new treatment strategies are
needed to continuously improve the prognosis of LGG patients.
Similar results to LGG have been described in a series of
systematic analysis (68). In another study, the high expression
of ITGA2 was associated with reduced survival rate of solid
BA

FIGURE 2 | Kaplan–Meier curves of survival related to ITGA2 in (A) 515 patients LGG. LGG patients with high expression of ITGA2 had a poorer overall survival
compared with patients with low expression and (B) 159 patients with GBM. The expression of ITGA2 in GBM was not statistically significant when compared with
patients with low and high expressions and overall survival.
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cancer (28). The high expression of ITGA2has been associatedwith
worse prognosis (68), and studies have shown that multiple
epigenetic mechanisms regulate ITGA2 expression in solid
tumors including altered promoter methylation (50, 69, 70). In
our results, low ITGA2 expression indicates an association with
mutation in IDH, methylation in MGMT in mesenchymal-like
tumors, and absence of mutation in TERT and G-CIMP and
proneural tumors. Tumor ITGA2 expressions have been
correlated with hypermethylation in prostate cancer and
hypomethylation in breast cancer (71). In the breast cancer
subtype, the high expression of ITGA2 was variable and was
associated with metastases and poor survival (71). In addition, the
high expression of ITGA2 in tumor tissue indicates ITGA2 as an
important clinical biomarker of poor prognosis in patients (19).

ITGA2 has been targeted by small molecules and antibodies as
potential cancer therapies and is in clinical trials (27, 45). Recently, it
has been reported that the ITGA-2 antibody inhibits cell migration,
impede actin organization, and mediate cell apoptosis (27, 45). The
anti-integrin therapeutics for GBM has been described as
antiangiogenic, anti-invasion, and antitumor strategies (72). In
Frontiers in Oncology | www.frontiersin.org 6
immune therapy, the inhibition of ITGA2 increased the ratio of
tumor-killing lymphocytes and decreased the proportion of
immunosuppression-related cells in tumors (28). In another study,
the authors reported that ITGA2 increased the PD-L1 expression in
multiple types of cancer cells and improved the antitumor efficacy of
immune therapy (27). Furthermore, immune checkpoint treatment
has become a newmethod to treat cancer and ITGA2 can bring new
insights into targeted immunotherapy and, for patient with LGG,
may represent apotentialmolecularmarker for targeted therapy (68).
Therefore, it is very pivotal to find a new prognostic biomarker to
enhance the treatment of glioma and increase the understanding of
glioma treatment.

Our data revealed that theBglII polymorphismwas significantly
associated with better overall survival of LGG patient. The
overrepresentation of the ITGA2 +/+ polymorphism in grade II,
but not in higher-grade astrocytomas, could be explained by the
hypothesis that this polymorphism could have a lower tendency to
evolve to higher grades or due to the lower percentage of secondary
glioblastoma cases (5%) (1), hampering the identification of genetic
abnormalities. Hence, a longer and larger follow-up study would be
A

B

FIGURE 3 | Kaplan–Meier curves of survival related to ITGA2 polymorphisms in 28 patients with astrocytoma grade II. Patients with ITGA2 -/- had a poorer
prognosis than patients with (A) ITGA2 +/+ or (B) ITGA2 +/+,+/-.
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necessary. Additionally, it remains unclear whether this
polymorphism affects the synthesis or function of the integrin a2
chain andhow these changeswould be involved in the development
or progression of low-grade astrocytomas. This correlation will be
tested in future gene functional experiments.

In conclusion, our findings suggest that theBglII polymorphism
in thegenewhichcodes for thea2chainof integrina2b1mayhavea
role in the pathogenesis of low-grade astrocytomas and could help
the molecular prognosis of these tumors. In addition, the increased
frequency of the ITGA2 BglII polymorphism in grade II
astrocytoma suggests a protective effect on the risk factor to LGG;
however, more studies are necessary to correlate the polymorphism
with tumor progression and overall survival. We expect that these
results will provide a foundation for future research into the
association between integrin a2b1 and low-grade glioma and
astrocytoma progression in other populations.
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Two Functional Active Conformations of the Integrin a2b1, Depending on
Activation Condition and Cell Type. J Biol Chem (2005) 280:36873–82.
doi: 10.1074/jbc.M508148200

24. Wang L, Gao Y, Zhao X, Guo C, Wang X, Yang Y, et al. HOXD3 was
Negatively Regulated by YY1 Recruiting HDAC1 to Suppress Progression of
Hepatocellular Carcinoma Cells via ITGA2 Pathway. Cell Prolif (2020) 53(8):
e12835. doi: 10.1111/cpr.12835

25. Ding W, Fan XL, Xu X, Huang JZ, Xu SH, Geng Q, et al. Epigenetic Silencing
of ITGA2 by MiR–373 Promotes Cell Migration in Breast Cancer. PLoS One
(2015) 10(8):e0135128. doi: 10.1371/journal.pone.0135128

26. Lei X, Lei Y, Li JK, DuWX, Li RG, Yang J, et al. Immune CellsWithin the Tumor
Microenvironment: Biological Functions and Roles in Cancer Immunotherapy.
Cancer Lett (2020) 470:126–33. doi: 10.1016/j.canlet.2019.11.009

27. Guo P, Moses–Gardner A, Huang J, Smith ER, Moses MA. ITGA2 as a
Potential Nanotherapeutic Target for Glioblastoma. Sci Rep (2019) 9(1):6195.
doi: 10.1038/s41598–019–42643–7

28. Ren D, Zhao J, Sun Y, Li D, Meng Z, Wang B, et al. Overexpressed ITGA2
Promotes Malignant Tumor Aggression by Up–Regulating PD–L1 Expression
Through the Activation of the STAT3 Signaling Pathway. J Exp Clin Cancer
Res (2019) 38(1):485. doi: 10.1186/s13046–019–1496–1

29. Kamata T, PuzonW, Takada Y. Identification of Putative Ligand Binding Sites
Within I Domain of Integrin Alpha 2 Beta 1 (VLA–2, CD49b/Cd29). J Biol
Chem (1994) 269:9659–63. doi: 10.1016/S0021–9258(17)36932–6

30. Takada Y, Elices MJ, Crouse C, Hemler ME. The Primary Structure of the
Alpha 4 Subunit of VLA–4: Homology to Other Integrins and a Possible Cell–
Cell Adhesion Function. EMBO J (1989) 8:1361–8. doi: 10.1002/j.1460–
2075.1989.tb03516.x

31. Kritzik M, Savage B, Nugent DJ, Santoso S, Ruggeri ZM, Kunicki TJ.
Nucleotide Polymorphisms in the a2 Gene Define Multiple Alleles That are
Associated With Differences in Platelet a2b1 Density. Blood (1998) 92:2382–
8. doi: 10.1182/blood.V92.7.2382
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