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Background: Integrin p superfamily members (ITGBs) are documented to play important
roles in various biological processes, and accumulating evidence suggests that ITGBs are
associated with carcinogenic effects in several malignancies. Gastric cancer (GC) is a
complicated and highly heterogeneous disease; however, the expression and prognostic
values of eight ITGBs and potential mechanism in GC remain largely unclear.

Methods: The expression and prognostic significance of ITGBs in GC were systematically
analyzed through Gene Expression Profiling Interactive Analysis, Human Protein Atlas,
Kaplan—-Meier Plotter, and cBioPortal databases. Then, the mRNA transcription data and
corresponding clinical data of GC were downloaded from the Gene Expression Omnibus
database as a testing cohort, and differentially expressed and prognostic genes were
identified. The correlation between ITGB5 expression and overall survival and various
clinical parameters were found by using univariate/multivariable Cox regression and
Kaplan-Meier survival analysis. Additionally, differential analysis of gene expression
profiles in low- and high-ITGB5 expression groups and pathway enrichment analysis
was performed. Finally, the correlation of ITGB5 expression with immune infiltrates in GC
was clarified.

Results: Compared with adjacent normal tissue, the results reveal that the mMRNA levels of
[TGB1-2 and ITGB4-8 are significantly higher in GC, and immunohistochemistry results
show the consistency between RNA and protein expression levels. Cox regression and
Kaplan—Meier survival analysis indicate that high ITGB5 expression contributes to a poor
prognosis and could be an independent prognostic factor in GC patients. Besides this,
gene functional enrichment analysis indicates that ITGB5 expression is significantly
associated with extracellular matrix organization, cell-substrate adhesion, and
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ossification. The KEGG pathway analysis of ITGB5 shows a close association between
ITGBS5 and focal adhesion, ECM-receptor interaction, phagosome, and PI3K-Akt signaling
pathway. Last, the infiltrating level of CD4* T cells, macrophages, and dendritic cells are
positively related to the expression of ITGB5, especially macrophages, and lower levels of
macrophages predict a better prognosis in GC in our study.
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Pathway-Based Biomarker for Gastric Cancer

Conclusion: Our findings investigate that ITGB5 may function as a valid biomarker of
prognosis, and high expression of ITGB5 predicts poor prognosis for patients with GC.
Besides this, it might be a potential target of precision therapy against GC.

Keywords: ITGBs, gastric cancer, ITGB5, prognosis, immune infiltrate

INTRODUCTION

Gastric cancer (GC) is the fifth most common cancer and the third
leading cause of cancer-related deaths globally (Ferlay et al., 2019).
Despite the improvement in radiological diagnosis and surgical
techniques, a low 5-year survival rate of patients with advanced
GC remains a challenge because of the late presentation, high
metastasis, and recurrence rate. The American Joint Committee
on Cancer (AJCC) TNM staging system, which is based on tumor
infiltration depth (pT), number of lymph node metastases (pN), and
the presence of distant metastasis are the main reference index for
predicting the prognosis of patients (Compton, 2007). The 8th
edition of the AJCC TNM staging system for GC was published
in October 2016 and officially implemented in January 1, 2018, in
which the N3a and N3b categories were separately introduced into
different TNM subgroups (Ilhan et al, 2016). However, due to
epigenetic changes, multiple genetic alterations, and the tumor
microenvironment, GC is a complicated and highly
heterogeneous disease and results in variable prognosis in
patients. In addition, there are still significant differences in the
survival outcomes of patients with the same clinicopathological
characteristics, which means that the current TNM staging
system cannot reflect the intrinsic tumor heterogeneity. Hence,
further exploration of a specific biomarker is an unmet medical
need for improving the diagnosis and prognosis of GC.

The family of integrin is a transmembrane glycoprotein widely
existing in the cell membrane, and it consists of a and B subunits
by noncovalent bonds. To date, eight members of the Integrin
(ITGB) family of proteins have been identified in organisms.
Integrin has a two-way signal transduction function due to its
particular transmembrane structure, which interacts with the
extracellular matrix (ECM) to activate related signaling
pathways and play a pivotal role in the regulation of various
biological behavior, including proliferation, adhesion, migration,
and differentiation (Chung and Kim, 2008; Ginsberg, 2014;
Bianconi et al, 2016). Deregulation of integrin signaling is
reported to associate with carcinogenic effects in several
malignancies (Shen et al., 2019; Song et al., 2020). Lin et al.
(2018) reports that ITGBS5 is highly expressed in hepatocellular
carcinoma (HCC), and miR-185 regulates the expression of p-
catenin through the ITGB5-dependent manner and affects the
proliferation and migration of HCC cells. In pancreatic cancer,
ITGB4 is demonstrated to be associated with epithelial-
mesenchymal transition. Overexpression of ITGB4 promotes
pancreatic carcinogenesis and regulates the MEKI-ERK1/2
signal pathway (An et al, 2016). Cui et al. (2018) found that
ITGB8 promotes ovarian carcinogenesis, and overexpression of
ITGBS8 was associated with drug resistance. Similar findings are
observed in other types of cancer (Laudato et al., 2017; Huang
etal., 2019; Shen et al., 2019). However, the prognostic value and

potential biological functions of the entire ITGBs in GC are still
largely elusive.

Herein, this study aimed to identify the expression and
prognostic values of the eight ITGBs and search for the
potential therapeutic biomarker of GC patient survival.
Furthermore, we explore the underlying mechanisms based on
ITGB5-related GC genes using a pathway enrichment analysis.
Finally, the correlation of ITGB5 expression with immune
infiltrates in GC is clarified by Tumor IMmune Estimation
Resource (TIMER).

MATERIALS AND METHODS

Data Download and Preprocessing

The expression and prognostic significance of ITGBs in GC were
systematically analyzed through Gene Expression Profiling
Interactive Analysis (GEPIA) (http://www.gepia.cancer-pku.cn/
http://www. gepia.cancer-pku.cn/) and cBioPortal databases
(https://cbioportal.org). The expression of ITGBs in GC was
displayed using boxplots with statistical significance evaluated
using the Wilcoxon test and marked with an asterisk. Correlation
between mRNA expression of ITGBs and tumor stages in patients
with GC was generated and displayed, and the Kaplan-Meier
curves were plotted to assess the survival and prognostic values of
ITGBs. Data from cBioPortal was selected to analyze genetic
changes of gastric cancer, and genetic alterations among diverse
types of GC were shown in different colors.

Immunohistochemical Staining Evaluation
The Human Protein Atlas (HPA) (https://www.proteinatlas.org/)
aimed to map all the human proteins in cells, tissues, and organs
using an integration of various -omics technologies, and consists
of six separate parts, each focusing on a particular aspect of the
genome-wide analysis of the human proteins. In this study,
immunohistochemistry (IHC) images of the ITGBs protein
expression in clinical samples of patients with normal and GC
tissues were searched in HPA.

Identification of Differentially Expressed

and Prognostic Genes

The mRNA transcription data and corresponding clinical data of GC
were downloaded from the GEO database as a testing cohort, and the
data set with fewer than 60 samples or with incomplete follow-up
information was excluded from our selection. Age, overall survival
(OS), gender, grade, and TNM stage were obtained. Subsequently,
the gene expression profile (GSE84437) was filtered from theGEO
database, which contained 357 GC tissues. We combined all this
information into a matrix file using Perl language (http://www.perl.
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FIGURE 1 | The expression of ITGBs in GC [(A) scatter diagram; (B) box plot] (GEPIA).
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org/). Transcriptome data were subjected to differential analysis, and
differentially expressed and prognostic genes were identified based
on the GEO database using the “survival package” and “limma
package” in R software.

Prognosis Analysis and the Association of
ITGB5 Expression with Clinical Features

in GC

Univariate/multivariable Cox regression and Kaplan-Meier
survival analysis were used to analyze the relationships

between low- and high-ITGB5 expression and OS rate and
various clinical features. The prognostic value of ITGB5
mRNA expression was verified using an online database,
Kaplan-Meier Plotter (www.kmplot.com), which contains
survival information and expression data of GC patients.

Functional Enrichment Analysis and

Immune Cell Infiltration
Functional enrichment analysis was conducted in R studio to
identify important key genes and significantly enriched

Frontiers in Cell and Developmental Biology | www.frontiersin.org

February 2022 | Volume 9 | Article 816230


http://www.perl.org/
http://www.kmplot.com
https://www.frontiersin.org/journals/cell-and-developmental-biology
www.frontiersin.org
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles

Liu et al.

Pathway-Based Biomarker for Gastric Cancer

F value = 3.57
F value = 1.59
Pr(>F) = 0.192 Pr(>F)=0.0143

HPOPP 10D

¢ 10 1

00819799

T T T T
T T T T
Stage | Stage Il Stage I Stage IV Stage | Stage Il Stage 1 Stage IV

F value = 0.866
Pr(>F) = 0.459 Toer - 0718

Stage | Stage Il Stage Il Stage IV

ITGBI ITGB2 ITGB3 ITGB4
” F(F) 70235 P( ) 01 e F'(F) 00375 © P(F) 0919
Stoge 1 e it o o movl  mwgell  mugen  swgenw  Sigei
ITGBS ITGB6 ITGB7 ITGBS

FIGURE 2 | Correlation between mRNA expression of ITGBs and tumor stages in patients with GC (GEPIA).

pathways involved in oncogenesis and tumor progression of
GC. The heatmap and volcano plot of the differentially
expressed genes were drawn using the “pheatmap package”
and “ggplot2 package.” Then, we transformed the gene
symbols into gene IDs via the “Biomanager” and “org.
Hs.eg.db” package. Pathway enrichment analysis based on
the Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway by using the “ggplot2,”
“cluster Profiler,” and “enrich plot” packages. Furthermore,
we explore the correlation between immune cell infiltration
and ITGB5 in GC by using the “gene” and “survival” modules
in TIMER.

Statistical Analysis

R version 4.0.5 and Perl version 5.28 were used to complete the
statistic work. The Kaplan-Meier method with the log-rank test
was used to analyze the survival rate. The univariate/multivariate
Cox proportional hazard regression model was used to analyze
the significant transcription factors affecting OS. p values <.05
indicate statistical significance.

RESULTS

Transcriptional Levels of ITGBs in Patients
with GC

The mRNA expression of ITGBs in normal and GC tissues was
analyzed using GEPIA. Based on a wide variety of data sets, the
results reveal that the mRNA levels of ITGB1, ITGB2, ITGB4,
ITGBS, ITGB6, ITGB7, and ITGB8 were significantly higher in
GC than in normal tissues. Besides this, ITGB3 was confirmed
with a similar expression in GC compared with normal tissues
(Figures 1A,B).

Correlation Between mRNA Expression of
ITGBs and Pathological Stages in Patients
with GC

The results indicate that significant statistical differences between
tumor stages I-IV were identified in the ITGB2 and ITGB7
groups. There was no association between the other ITGB
members and pathological stage (p > .05; Figure 2).

Survival Analysis and Prognostic Values of
ITGBs in Patients with GC

We investigated correlations between ITGB expression levels and
patient prognosis using GEPIA. The results reveal that the expression
levels of ITGA1, ITGA3, and ITGB5 were remarkably correlated with
OS in GC patients (Figure 3). However, no significant difference was
observed in DFS in most ITGB family members except ITGB6.

IHC Analysis of ITGBs in GC

THC was used to examine the protein expression of ITGBs in
normal and GC tissues. According to the degree of staining, we
found that ITGB1, ITGB2, ITGB4, ITGB5, ITGB6, and ITGB8
proteins were more highly expressed in the GC tissues than in the
normal tissues (Figure 4), and these findings were consistent with
the mRNA expression. Unfortunately, there is no available
protein expression of ITGB7.

Distinction of Prognostic and Differentially
Expressed Genes

A total of 172 genes were identified and analyzed for prognosis of
GC (Supplementary Table S1), and 334 differentially expressed
GC-related genes, which were analyzed from the GEO database,
are listed in Supplementary Table S2. ITGB5 exists in both
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Supplementary Tables S1, S2. Thus, we selected ITGB5 for
further analysis. The heatmap and volcano plot show that the
ITGBS5 interactive genes in GC between the low- and high-ITGB5
expression groups were mainly upregulated genes (Figures
5A,B). The expressions of ITGB5 among various cancer types
are shown in Figure 6A as determined by GEPIA. Subcellular
location and immunofluorescence images of ITGB5 expression in
GC cells were discovered from HPA (Figure 6B). We analyzed
the ITGB5 mutation by using the cBioPortal for GC, and the
detailed mutation information of ITGB5 in GC is described in
Figures 6C-E.

ITGB5 Expression Predicted Survival and
Could Be Used as an Independent

Prognostic Biomarker in GC Patients
To explore the relationship between ITGB5 expression and
prognosis, the expression levels of ITGB5 in patients were

divided into low- and high-expression groups according to the
median value of ITGB5 expression levels in the GEO database.
We found that high ITGB5 expression was significantly
associated with shorter survival time than those with low
ITGB5 expression in GC (Figure 7A). To explore the
independence of ITGBS5, univariate and multivariate Cox
analyses were performed using the entire GEO cohort. The
univariate analysis demonstrated that age, stage, and ITGB5
level were independently associated with OS in GC (p < .001)
(Figure 7B), and the results show that ITGB5 level could be an
independent survival predictor of OS in multivariate analyses (p <
.001) (Figure 7C). Thus, ITGB5 level may serve as an
independent predictive and prognostic factor. Conversely,
there were significant correlations between the ITGB5 level
and T/N stage (Figures 7D-G). The prognostic value of
ITGB5 mRNA expression was further verified by using an
online database, Kaplan-Meier Plotter (Figure 8). The
correlation between ITGB5 expression and various clinical
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FIGURE 4 | IHC analysis of ITGBs in GC (the HPA database).

parameters was found by using univariate and multivariable Cox
regression. As shown in Figures 7B,C, ITGB5 expression, age, T
stage, and N stage are all significantly correlated with OS and are
independent prognostic factors. Therefore, ITGB5 could be used
as an independent prognostic biomarker in GC patients. Besides
this, we performed a nomogram on the foundation of the GEO
data set to anticipate the 1-, 2-, and 3-year OS of each GC patient
(Supplementary Figure S1A), and the calibration curve of the 3-
year OS was obtained, which compared well with the ideal model
(Supplementary Figure S1B).

Pathway-Based Biomarker for Gastric Cancer

Functional Enrichment Analysis of the
Differentially Expressed Genes in GC

Patients

The functions of ITGB5 and the differentially expressed genes
significantly associated with GC were predicted by analyzing the
GO and KEGG pathway. GO enrichment analysis predicted the
functional effect of target genes on account of three aspects,
including molecular functions (MF), biological processes (BP),
and cellular components (CC). We found that GO:0030198
(extracellular matrix organization), GO:0043062 (extracellular
structure organization), GO:0031589 (cell-substrate adhesion),
GO0:0001503 (ossification), and GO:0007178 (transmembrane
receptor protein serine/threonine kinase signaling pathway)
were significantly regulated in GC (Figures 9A, 10). In the
KEGG pathway analysis, 16 pathways related to the functions
of ITGB5 interactive genes were discovered, and the top five
pathways identified were focal adhesion, protein digestion and
absorption, ECM-receptor interaction, phagosome, and PI3K-
Akt signaling pathway (Figure 9B). The PI3K-Akt signaling
pathway was involved in the development of GC (Figures
11A,B). These findings indicate that ITGB5 has potential
value in the development and metastasis of GC.

RELATIONSHIP BETWEEN THE ITGB5
EXPRESSION AND THE
TUMOR-INFILTRATING IMMUNE CELLS

We used the TIMER algorithm to investigate whether ITGB5
expression is associated with immune infiltration in GC and the
abundance of six tumor-infiltrating immune cells (B cells, CD4"
T cells, CD8" T cells, macrophages, neutrophils, and dendritic
cells). The results shown in Figure 12A indicate that the
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expression of ITGB5 is positively correlated with CD4" T cells  negatively correlated with B cells (cor = —0.109, p = 3.71e-02). The
(cor = 0.155, p = 2.91e-03), macrophages (cor = 0.314, p = 6.5le-  macrophage infiltration significantly correlated with the
10), and dendritic cells (cor = 0.132, p = 1.06e-02), whereas it was ~ prognosis of GC patients in KM survival analysis
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(Figure 12B). Moreover, we plotted the correlation between  markers, including M1 macrophages markers (NOS2, IL1B,
ITGB5 expression and gene markers of macrophage, and the = CD86), M2 macrophages markers (CSFIR, MRC1, CD163),
ITGB5 expression was significantly correlated with macrophage  and tumor-associated macrophage markers (MARCO, CSFIR,
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CD40) (Figures 13A-C). The upper findings imply that ITGB5
might involve in infiltration of macrophages and affect patient
prognosis via regulating immune infiltrates in GC (Figure 14).

DISCUSSION

Although the past 20 years have been characterized by the
expansion of clarifying the molecular mechanism of GC and
an advance in diagnostic and therapeutic methods for managing
GC patients, the survival outcomes remained poor (Liu et al.,
2020; Sugawara et al, 2021). Hence, searching for specific
molecular biomarkers for the tumorigenesis and pathogenesis
of GC had important significance in the diagnosis and treatment
of patients. Since their discovery in the late 1980s, the ITGB
superfamily members are demonstrated to be involved in the
regulation of cancer development and progression (Cooper and

Giancotti, 2019). The role of ITGBs in the tumorigenesis and
pathogenesis of various cancer types has increasingly received
attention (Sharma et al., 2020; Fujita et al., 2021; Nurzat et al,
2021; Paindelli et al., 2021). Here, in this paper, we evaluate the
utility of ITGBs as biomarkers in GC, and we utilize
bioinformatics tools for investigating the underlying
mechanisms by ITGB5 affected GC.

We explored the mRNA levels of ITGB superfamily members
in GC, and all ITGBs except ITGB3 were significantly higher in
primary tumors compared with normal tissues in GC. The IHC
results show the consistency between RNA and protein
expression levels. Furthermore, we investigated correlations
between ITGB expression levels and patient prognosis using
GEPIA. The results reveal that the expression levels of ITGA1
and ITGB5 were remarkably associated with OS in GC patients.
Similar findings were reported in other types of cancers (Yang
et al., 2014; Laudato et al., 2017). Xu et al. (2010) established a

=
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model that can measure the ITGB5 and ITGB1 expression to
predict the survival of GC patients. Taken together, ITGA1 and
ITGB5 could be utilized as promising prognostic biomarkers in
GC patients. The GEO data set is used as the training and test sets,

and we further identified prognosis-related genes. Classified
according to GC and normal tissues, we screened differentially
expressed GC driver genes. ITGB5 exists in both prognosis-
related and differentially expressed genes. Thus, we selected
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ITGB5 for further analysis. Hirano et al. conducted an in silico
analysis and found that a high integrin p5 mRNA expression level
was correlated with a poor prognosis of patients with GC (Hirano
et al., 2020). Similarly, Wang et al. (2020) also suggests that

increased ITGB5 level in clinical specimens predicts poor
prognosis in GC. We discovered ITGB5 expression
upregulated in GC tissues, and the high ITGB5 expression
group was positively correlated with advanced tumor stage
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and positive lymph nodes, which caused a worse prognosis in GC.
Our study confirms a high ITGB5 expression level could act as a
good predictor of poor prognosis for patients with GC.
However, few studies focus on ITGB5 in GC, and its role in the
development and metastasis of GC is not yet fully elucidated
(Kawahar et al., 1995; Boger et al, 2015; Lv et al., 2021). ITGBS5,
encoding integrin-p5, was localized to the plasma membrane and
mitochondria, which was supposed to be associated with the
initiation and progression of the tumor by mediating links
between the ECM and cells (Zhang et al, 2019). According to
the enrichment of GO collection, we found that ITGB5 expression is
significantly associated with ECM organization, extracellular
structure organization, cell-substrate adhesion, and ossification.
Exploring the molecular mechanisms of ITGB5 in GC
contributed to investigating the novel targeted therapy approach.
The KEGG pathway analysis of ITGB5 shows a close association
between ITGB5 and focal adhesion, protein digestion and
absorption, ECM-receptor interaction, phagosome, and PI3K-Akt
signaling pathway. Several studies already report that ITGBs mediate
the interaction between ECM and cells and are involved in cell
adhesion and migration (Wilisch-Neumann et al., 2013; Lian et al,,
2016). Cell adhesion molecules act as one of the main mediators
between the ECM and cell. Changes in cell adhesion molecules may
affect a variety of signaling pathways, leading to the occurrence and
development of tumors (Deville and Cordes, 2019). Previous
findings indicate that the focal adhesion signaling pathway plays
an important role in the process of epithelial to mesenchymal
transition in pancreatic cancer (Ning et al, 2014). Wang et al.
(2016a) reports that the focal adhesion signaling pathway activated

by ITGB5 can alter cell glycolysis and induce cisplatin resistance in
cervical and breast cancer. Meanwhile, for the first time, we
demonstrate that ITGB5 overexpression was significantly
associated with upregulation of the focal adhesion signaling
pathway, indicating the potential role of ITGB5 in the focal
adhesion signaling pathway in GC. We also found that the PI3K-
Akt signaling pathway is upregulated. The anomalous activation of
the PI3K/AKkt signal pathway presents in variable tumors, and plenty
of studies verify that the PI3K-Akt signal pathway is involved in
regulating GC cell growth, proliferation, migration, differentiation,
apoptosis, and energy metabolism (Lin et al., 2019; Rong et al., 2020;
Xu et al,, 2020). However, the research about its mechanism through
ITGB5 in GC is insufficient, and there is no direct evidence to
confirm that the upregulation of this pathway affiliates with the
prognosis of GC. Indeed, the results suggest that we need further
work on the relationship between the ITGB5 and PI3K-Akt in GC.

Cellular immunity plays a considerable role in the antitumor
process. B cells, T cells, macrophages, neutrophils, and dendritic cells
are the main effector cells of the immune system. The infiltrating
condition of these immune cells and their differences in forecasting
the prognosis of GC has not been discussed yet. To further study the
function of ITGB5 in GC, we analyzed whether ITGB5 expression is
associated with immune infiltration by using the TIMER algorithm,
and the results show that the content of these special immune cells
activated was statistically different. In our paper, we find the
infiltrating level of CD4" T cells, macrophages, and dendritic cells
were positively related to the expression of ITGBS5, especially
macrophages, and a low level of macrophages predicts a better
prognosis in GC in our study. Besides this, we explored the
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correlation between ITGB5 expression and gene markers of
macrophage, and the ITGB5 expression was significantly
correlated with macrophage markers, including M1 macrophage
markers (NOS2, IL1B, CD86), M2 macrophage markers (CSFIR,
MRC1, CD163), and tumor-associated macrophage markers
(MARCO, CSFIR, CD40). Macrophages as a fundamental innate
immune population perform various supportive functions
specialized to different tissue components, and aberrance in
macrophage functions leads substantially to the development and
progression of several diseases, including cancer (Ngambenjawong
et al, 2017). Tumor-associated macrophages, M1 and M2
macrophage phenotypes, are generally considered to directly or
indirectly promote tumor proliferation and metastasis in GC and
are positively correlated with invasion depth and tumor stage
(Ishigami et al, 2003). The M1 macrophages can stimulate
apoptosis, suppress proliferation and the development of
neovascularization, whereas M2 macrophages can accelerate both
cancer growth and metastasis (Wu et al., 2015; Wang et al.,, 2016b).
In recent years, researchers have expanded their studies to figure out
both M1 and M2 phenotypes within microenvironments. High
levels of M1 macrophages predict better prognosis, whereas
increasing levels of M2 macrophages indicate poor outcomes (Ma
et al., 2010; Yuan et al., 2014; Mei et al,, 2016). Liu et al. (2020)
summarize that the high infiltrating levels of M2 macrophages and
total tumor-associated macrophages might be negative prognostic
factors for patients with GC. In our present study, M2 macrophages
were positively and M1 macrophages negatively related to the
expression of ITGB5. The total tumor-associated macrophages
were positively correlated with the level of ITGB5, which
indicates higher M2 macrophage infiltration, thus supporting the
view that ITGB5 may play a vital role in the progression of GC via
promoting M2 macrophage polarization and inhibiting antitumor
immunity. This might explain, to a certain degree, why GC patients
with high expression of ITGB5 had poor prognoses. Along with the
existing evidence, the results of our study confirm that ITGB5 might
act a critical role in the immune mechanism of cancer.

To the best of our knowledge, this is the first study to
comprehensively identify the oncologic and prognostic values of
the eight ITGBs. The upper results demonstrate that ITGB5 has
potential value in the tumorigenesis and pathogenesis of GC, which
might involve infiltration of macrophages and affect patient
prognosis via regulating immune infiltrates in GC. However, this
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