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Abstract

Background: Integrin, beta-like 1 (ITGBL1) is involved in a variety of human malignan-
cies. However, the information on the involvement of I[TGBL1 in gastric carcinoma (GC)
is limited. Hence, this study aimed further to explore the functions and mechanisms of
ITGBLT in GC.

Methods: First, multiple bioinformatics databases, including Oncomine, Tumor
Immune Estimation Resource, UALCAN, and Kaplan—Meier Plotter, were used to predict
the expression level and prognostic value of ITGBL1, as well as its association with
immune infiltration and epithelial-mesenchymal transition (EMT) in GC. Quantitative
reverse transcription—polymerase chain reaction and immunohistochemical analy-

sis were used to detect the expression of ITGBL1 in both GC tissues and cells. Then,
targeted silencing of ITGBL1 in GC cells was further used to examine the biological
functions of ITGBL1.

Results: These databases revealed that ITGBL1T was overexpressed and affected the
overall survival in GC. Besides, the expression of ITGBL1 positively correlated with
immune-infiltrating cells and EMT-related markers. Subsequently, molecular biology
experiments verified these predictions. In GC tissues and cells, ITGBL1 was notably
overexpressed. Loss-of-function studies showed that the knockdown of ITGBL1 signifi-
cantly suppressed migration and invasion but promoted apoptosis in MGC803 GC cells.
Furthermore, the inhibition of ITGBL1 resulted in remarkably increased protein expres-
sion levels of cadherin 1, while the expression of Vimentin, Snail, and transforming
growth factor-B1 was downregulated, indicating the initiation and progression of GC
caused by ITGBL1 partly via inducing EMT.

Conclusions: To sum up, the findings indicated that ITGBL1 acted as a valuable onco-
genic factor in GC.

Keywords: Bioinformatics, Biomarker, Epithelial-mesenchymal transition, Gastric

cancer, Immune infiltration, ITGBL1

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original
author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third
party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the mate-
rial. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdo-
main/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12938-022-00998-5&domain=pdf

Wang et al. BioMedical Engineering OnLine (2022) 21:30 Page 2 of 17

Introduction

According to Global Cancer Statistics 2020, gastric carcinoma (GC) is the fifth most
common malignant tumor and fourth in terms of cancer-related mortality in the world
[1]. Although substantial progress has been made on the pathogenesis and molecular
biology of GC, approximately 80% of patients with GC do not receive the best treat-
ments owing to locally advanced disease and metastasis at diagnosis [2]. In addition, the
traditional therapeutic methods, such as surgery and chemotherapy, have limited value
in advanced disease [3]. The occurrence and development of tumors are not only related
to the pathological type and clinical stage but also closely interrelated to the abnormal
expression of genes, which may serve as a biomarker for diagnosis and treatment [4].
Targeted therapy provides a new direction for the clinical treatment of tumors. There-
fore, further exploration of GC is needed, including more potential biomarkers for early
diagnosis and therapy.

Integrins are an important type of cell surface receptor via mediating the adhesion
between cells and extracellular matrixes (ECM) to receive and conduct cascade signals
and hence regulate cell survival, proliferation, movement, and other biological behaviors
[5]. Increasing evidence indicates that numerous integrins are involved in the initiation
and progression of tumors. For example, in esophageal squamous cell carcinoma, integ-
rin 6 was observed in 41.6% of tumors compared with normal tissues, associated with
histological differentiation, lymph node metastasis and Tumor Node Metastasis (TNM)
stage [6]. Integrin ITGB3 interacted with heparan sulfate proteoglycans (HSPGs) and
assisted in integrin endocytosis, promoting the metastasis of breast cancer [7]. In GC,
integrin subunit alpha 11 promoted gastric cancer cell proliferation and invasion and
inhibited apoptosis through the phosphatidylinositol 3-kinase/Akt pathway [8]. Integ-
rin, beta-like 1 (ITGBL1), also called ten p Integrin EGF-like repeat domains (TIED),
encodes beta integrin-related extracellular matrix protein, which is highly similar to
integrin B subunits. ITGBL1 was first discovered from overlapping cDNA clones in 1999
[9]. Previous studies showed that ITGBL1 was dysregulated in several tumors and acted
as either carcinogenic or tumor suppressor. For instance, the ITGBL1 level was elevated
in colorectal carcinoma (CRC) and accelerated cell proliferation and migration [10].
Similarly, in hepatocellular cancer, high ITGBL1 expression was associated with a poor
prognosis [11]. In contrast, ITGBL1 expression was downregulated in non-small cell
lung cancer (NSCLC) and inhibited migration and invasion via binding to miR-576-5p
[12]. Li et al. reported that ITGBL1 expression was upregulated and had a high positive
correlation with distant metastasis and TNM stage in GC [13]. These studies suggested
that ITGBL1 might be closely related to the development of tumors and played a guid-
ing role in the diagnosis and prognosis of tumors. However, the functions and molecu-
lar mechanisms of ITGBL1 are still incompletely investigated in GC. Whether it can be
used as a new target still needs to be explored.

In the present study, we first used bioinformatics repositories including Tumor
Immune Estimation Resource (TIMER) (http://timer.cistrome.org/) [14], Oncomine
(https://www.oncomine.org/) [15] and UALCAN (http://ualcan.path.uab.edu) [16]
databases to predict the expression level of ITGBL1 and found that it was upregu-
lated in GC tissues compared with normal tissues. Subsequently, the finding was veri-
fied by quantitative reverse transcription—polymerase chain reaction (QRT-PCR) and
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immunohistochemical (IHC) analysis with fresh clinical samples collected. Next, we
performed a comprehensive analysis including the overall survival (OS) of ITGBL1 and
the association between ITGBL1 expression and immune infiltration and epithelial—
mesenchymal transition (EMT) using diverse public databases Kaplan—Meier Plotter
(http://www.kmplot.com/) [17], Tumor, Immune System Interaction DataBase (TISIDB)
(http://cis.hku.hk/TISIDB/) [18] and Starbase online server (http://www.sysu.edu.cn/)
[19]. Finally, functional and mechanical assays were conducted to further investigate the
biological behavior of ITGBL1 and confirm the correlation between ITGBL1 and EMT.
It was concluded that ITGBL1 might play a major role in the carcinogenicity of GC and
serve as a potential marker in targeted therapy.

Results

ITGBL1 high expression detected GC tissues by bioinformatics analysis

First, we analyzed ITGBL1 expression in various tumors using the TIMER database,
which revealed the dysregulation of ITGBLI in different tumors (Fig. 1A). Subsequently,
a public database Oncomine was used to investigate the levels of ITGBL1 mRNA in
GC tissues. The world’s largest oncogene chip database was used to analyze the data
uploaded from DErrico and Cho gastric data set samples. DErrico data set has 31 gas-
tric mucosa samples and 26 gastric intestinal-type adenocarcinoma samples, and Cho
gastric data set contains 19 gastric tissues and 31 diffuse gastric adenocarcinoma tis-
sues. These unpaired data showed that mRNAs of ITGBL1 were overexpressed in both
gastric intestinal-type adenocarcinoma (P=0.004, fold change: 2.659) and diffuse gas-
tric adenocarcinoma (P=4.94e—7, fold change: 1.781) than those in normal tissues by
comparing the mean value of log2 median-centered ratio (Fig. 1B). Consistent with this,
The Cancer Genome Atlas (TCGA) gene expression data available in an online web tool
UALCAN were used for analyzing cancer omics data. The change in unpaired data in
the ITGBLI transcription level in stomach adenocarcinoma tissues was 3.5-fold rela-
tive to that in unpaired normal tissues (P=3.14e—11, Fig. 1C). In addition, in the public
UALCAN website, various clinicopathological characteristics, including cancer stages,
patient’s sex, patient’s age, tumor grade, Helicobacter pylori infection status, and nodal
metastasis status of GC samples in the TCGA were further analyzed. The results con-
sistently showed that the mRNA expression level of ITGBL1 was significantly higher in
patients than in healthy individuals based on subgroups, including cancer stages 2—4,
sex, age 41-80 years, tumor grades 2—3, H. pylori infection status, and nodal metastasis
status with statistical significance (Fig. 1D-I). Thus, it was concluded that ITGBL1 was
abnormally expressed in various tumors including GC.

Upregulated ITGBL1 in GC tissues with experimental verification

Based on bioinformatics findings, we conducted experimental confirmation subse-
quently. A total of 13 paired GC tissues were collected for qRT-PCR to verify the
expression level of ITGBL1. The results indicated that ITGBL1 was often overex-
pressed in GC tissues compared with matched adjacent normal tissues. In eight pairs
of matched samples, the expression of ITGBL1 increased in tumor tissues relative
to adjacent nontumor tissues, accounting for 61.5% (8/13 patients); however, only
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Fig. 1 ITGBL1 levels and clinical factors associated with ITGBL1 expression in GC tissues via bioinformatics
analysis. A mMRNA expression of [TGBL1 of different tumors in the Timer database. B mRNA levels of [TGBL1
significantly increased in GC tissues compared with normal tissues based on the Oncomine database. C In
UALCAN, ITGBLT mRNA expression was upregulated in stomach adenocarcinoma tissues compared with
normal tissues. D-1 ITGBL1 expression in subgroups of patients with GC based on cancer stage, sex, age,

pre

tumor grade, H. pylori infection status, and nodal metastasis status. P<0.05, "P<0.01,""P<0.0001

two patients had low expression in GC tissues (Fig. 2A-C, P<0.05). In addition, the
translational level of ITGBL1 was measured by IHC staining in 30 paired GC tissues.
Representative images are displayed in Fig. 2D. The results revealed that the ITGBL1
protein level remarkably increased in GC tumors with 19 out of 33 patients exhibiting
higher ITGBL1 protein levels relative to the adjacent nontumor tissues (Fig. 2D, E).
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Fig. 2 Experimental verification of ITGBL1 expression level. A-C gRT-PCR was conducted to detect ITGBL1
MRNA expression in 13 GC samples as fold change (A) and normalized to GAPDH expression (B). Results
showed that 61.5% (8/13) of patients with GC had high expression of ITGBL1 (C). D, F Immunohistochemical
staining of ITGBL1 for 30 paired patients with GC. Representative images of normal and tumor tissues are
shown; scale bar: 10 um (D); 63.3% of patients with ITGBL1-positive expression in GC tissues (E). Results of
ITGBL1 IHC scores in GC compared with paired nontumor tissues (F). ‘P<0.05, “P<0.01
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IHC analysis performed with these paired tissues showed more ITGBL1-positive tis-
sues in tumor tissues than in nontumor tissues (Fig. 2F, P<0.01). In summary, these
results indicated that both the mRNA and protein levels of ITGBL1 were highly
expressed in GC.
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Higher expression of ITGBL1 with poorer prognosis in GC

For predicting the clinical prognosis of ITGBL1, the Kaplan—Meier Plotter was used to
analyze the OS in different microarray chips and RNA-seq data. Four microarray chips
commonly indicated that high ITGBL1 was closely related to poor OS (Fig. 3A-D).
Consistent with this, RNA-seq results showed that upregulated ITGBL1 was signifi-
cantly associated with the poor OS of patients with GC (Fig. 3E). Overall, these findings
revealed that ITGBL1 might serve as a potential diagnostic and prognostic indicator of
GC.

ITGBL1 level was associated with the number of immune-infiltrating cells in GC

The TIMER database was used to predict the relationship of the ITGBL1 level with the
number of immune-infiltrating cells in GC. The results showed that ITGBL1 was signifi-
cantly positively associated with the number of CD4+T cells (r=0.277, P=4.30e—08),
CD8+T cells (r=0.438, P=3.41e—19), neutrophils (r=0.27, P=9.15e—08), mac-
rophages (r=0.685, P=8.23e—54), and myeloid dendritic cells (r=0.402, P=3.72e—16).
However, no obvious correlation was found between the ITGBL1 level and the num-
ber of B cells (r=0.044, P=3.95e—01) (Fig. 4A). In addition, we performed the TISIDB
database analysis to explore the association between the ITGBL1 level and number of
tumor-infiltrating lymphocytes (TILs). In GC, the number of 19 immune-infiltrating
cells positively correlated with the expression of ITGBL1 (Fig. 4B). Notably, the top six
cells were natural killer cells (r=0.553, P<2.2e—16), mast cells (r=0.54, P<2.2e—16),
macrophages (r=0.536, P<2.2e—16), Type 1 T helper cells (r=0.472, P<2.2e—16), nat-
ural killer T cells (r=0.463, P<2.2e—16), and regulatory T cells (r=0.458, P<2.2e—16),
which displayed a moderate relationship (Fig. 4C). Subsequently, we explored the impact
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of immune cells on the prognosis of ITGBL1 using the Kaplan—Meier Plotter. We found
that for natural killer T cells (P=0.037), regulatory T cells (P=0.0042), CD4+ mem-
ory T cells (P=0.0025), Type 1 T helper cells (P=0.031), and Type 2 T helper cells
(P=0.0062), higher ITGBL1 expression predicted poor OS. However, no significant
correlations were found with abundant CD8+T cells (P=0.084), mesenchymal stem
cells (P=0.09), and macrophages (?=0.074) (Fig. 5). Thus, our findings suggested that
ITGBL1 might be involved in regulating immune infiltration and influenced the progno-
sis of GC partly through immune infiltration.

Silencing of ITGBL1 expression promoted GC cell MGC803 apoptosis and suppressed
MGC803 cell migration and invasion in vitro

The ITGBL1 expression levels in an immortalized normal gastric epithelial cell line
GES-1 and three GC cell lines (BGC823, SGC7901, and MGC803) were compared.
The results showed that ITGBL1 had relatively increased expression in all GC cell lines,
especially in MGC803, with a fold change of up to 12 relative to that in GES-1 (Fig. 6A).
Therefore, MGC803 was chosen for investigating the knockdown of ITGBL1. Next,
three specific shRNAs targeting ITGBL1 were designed and transfected into MGC803
cells. The qRT-PCR analysis revealed that ITGBL1-Sh3 mRNA levels were success-
fully and effectively knocked down compared with mock (without shRNA transfection)
and NC (with negative control shRNA transfection), from a baseline of 1.00 to 0.38 in
MGC803 cells (P=0.0026, Fig. 6B). Subsequently, the ITGBL1 protein level was effec-
tively downregulated compared with that in mock and NC cells (?=0.0059 and 0.0083,
respectively) in MGC803 cells (Fig. 6C). Thus, ITGBL1-Sh3 cells were remarkably con-
structed and used in all subsequent experiments. Flow cytometry assay was conducted
to examine whether the knockdown of ITGBL1 expression caused programmed cell
death. Relative to transfection with or without NC (4.37 £0.48 and 3.63+0.38) %, the
inhibition of ITGBL1 expression remarkably increased cell apoptosis in MGC803 cells
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migration and invasion of MGC803 cells. A Results of gRT-PCR for ITGBL1 mRNA expression in GC cell lines
relative to GES-1. B, C Results of gRT-PCR and Western blot for the silencing of ITGBL1. GAPDH was used

as an internal control. D, E Representative images and quantification results for flow cytometry to evaluate
apoptosis induction by ITGBL1T in MGC803 cells transfected with or without ITGBL1-Sh3. F Representative
images for Transwell assay and quantification results of Transwell migration. Migrated cells were analyzed
using ImageJ. G Representative images of Transwell invasion assay and quantitative analysis of invasive cells
using Image J. The results showed that the knockdown of ITGBL1 suppressed cell migration and invasion.
"P<0.05,"P<001

(8.57£0.83) % (P=0.0118 and 0.0056, respectively; Fig. 6D, E). Next, the involvement
of ITGBL1 in the migration and invasion of GC cells was further characterized using
Transwell assay, revealing that ITGBL1 silencing resulted in a significant decrease in the
number of migrating MGC803 cells versus mock and NC cells (P=0.002 and 0.0021,
respectively; Fig. 6F). Similarly, the invasion ability was inhibited by transfection with
ITGBL1-Sh3 compared with transfection with NC or mock (P=0.0046 and 0.0107,
respectively; Fig. 6G).

ITGBL1 involvement in EMT in GC cells

The TIMER database was used to explore the correlations between ITGBL1 and EMT-
related factors including CDH1, CDH2, Vimentin (VIM), SNAI1, TWIST1, and TGF-
B1. The predicted results showed that ITGBL1 expression was negatively associated
with CDH1 mRNA expression (R= —0.17, P=9.22e—04) but had a positive associa-
tion with the transcript levels of CDH2 (R=0.579, P=2.92e—35), Vimentin (R=0.692,
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Fig. 7 ITGBL1 was involved in the EMT process in MGC803 cells. A Online TIMER database was used to
explore the correlation between the expression of ITGBLT and EMT-related factors. B Starbase further
predicted the relationship of between ITGBL1 and CDH1, CDH2, Vim, Snail, Twist1, and TGF-31. C
Representative images and quantitative Western blot analysis of the expression of CDH1, Vimentin, Snail, and
TGF-B1 proteins in MGC803 cells treated with mock or NC or silencing of ITGBL1. "P<0.05, “P<0.01

P=3.11e—55), Snail (R=0.308, P=8.52e—10), TWIST1 (R=0.611, P=3.1e—40), and
TGF-B1 (R=0.545, P=1.09e—30) (Fig. 7A). Besides, another database, Starbase online
server, was used, and the trend of relevance was consistent. The ITGBL1 level strongly
positively correlated with mRNAs of CDH2 (R=0.481, P=4.04e—23), VIM (R=0.587,
P=3.98e—36), SNAI1 (R=0.342, P=1.0le—11), TWIST1 (R=0.547, P=1.08e-30),
and TGF-p1 (R=0.542, P=5.27e-30), but significantly negatively correlated with CDH1
(R= —0.215, P=2.65e—05) (Fig. 7B). After predicting, the expression of EMT biomark-
ers and transcription factors was investigated using the Western blot analysis to fur-
ther identify the relationship between ITGBL1 and EMT in MGC803 cells. The results
showed that the inhibition of ITGBL1 led to a distinct enhancement in the protein
expression of epithelial biomarker CDH1. In contrast, the expression of mesenchymal
biomarker Vimentin and main transcription factors Snail and TGF-B1 was remarkably
downregulated in ITGBL1-Sh3 cells compared with mock and NC cells (Fig. 7C). The
results elucidated that the inhibition of ITGBL1 in part suppressed the process of EMT.

Discussion

Integrin is one of the important members of the cell adhesion molecule family, com-
prising a heterodimer formed by a and B subunits. It is a group of transmembrane gly-
coprotein receptors widely distributed on the cell surface, not only adjusting cellular
morphology, polarization, and motility but also regulating disease progression through
adhesion to cells and ECM and signal transduction functions [20]. ECM provides a suit-
able microenvironment for tumor survival and activity and is involved in tumor barrier
function. Previous studies showed that ECM molecules such as periostin and dermato-
pontin were important in tumor initiation and progression [21, 22]. Recently, ITGBL1,
as an ECM-related protein, has been found to be dysregulated in malignant tumors;
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however, the function and biological mechanism of ITGBL1 still remains unclear. In
the present study, ITGBL1 expression was upregulated in both GC tissues and GC cells.
Hence, ITGBL1 might serve as an innovative prognostic biomarker and therapeutic tar-
get for patients with GC.

The ITGBL1 gene is located at 33.1 on the long arm of human chromosome 13, with
a total length of 26 kb; it can encode an osteoblast-specific cysteine-rich protein with a
length of 494 amino acids. Accumulating evidence indicated that ITGBL1 was crucial
in carcinogenesis and cancer progression. Multiple studies showed that ITGBL1 func-
tioned as an oncogene [23, 24]. For example, in acute myeloid leukemia (AML), ITGBL1
methylation was reported to impact prognosis, and patients with hypermethylation
of ITGBL1 tended to have leukemia-free survival and shorter OS [25]. Similarly, high
expression of ITGBL1 facilitated cell migration and adhesion in ovarian cancer through
Whnt/planar cell polarity (PCP) and focal adhesion kinase (FAK) /SRC signaling pathways
[26]. Moreover, higher expression of ITGBL1 was more likely to cause tumorigenesis
via Akt signaling in GC [27]. In contrast, ITGBLI functioned as a tumor suppressor in
NSCLC, inhibiting cell migration and invasion [12]. A previous study reported based on
integrated bioinformatics analysis that ITGBL1 was a prognostic factor [28]. However,
the biological mechanism of the dysfunction of ITGBL1 has not been fully understood.
The present study showed using public databases TIMER, Oncomine and UALCAN
that ITGBL1 was highly expressed in GC tissues compared with adjacent normal tis-
sues. Subsequently, the high expression of ITGBL1 in GC tissues compared with normal
tissues was confirmed in 43 pairs of GC tissues using IHC staining. Besides, ITGBL1 in
GC tissues derived from TCGA samples was significantly highly expressed in subgroups
including cancer stage, tumor grade, and lymph node metastasis compared with nor-
mal gastric tissues. In addition, higher ITGBL1 expression was closely associated with
poorer OS in patients with GC using Kaplan—Meier statistical analysis, which indicated
that ITGBL1 might serve as an independent prognostic factor in GC. The expression
of ITGBL1 in GC cells and normal gastric mucosa epithelial cells was detected at the
mRNA and protein levels using qRT-PCR and Western blot, respectively. The results
showed that the mRNA and encoded protein expression of the ITGBL1 gene signifi-
cantly increased in GC cells, especially in MGC803 cells, which was consistent with its
expression in tissues. Furthermore, the cell apoptosis assay and Transwell migration/
invasion assay results indicated that silencing ITGBL1 suppressed MGC803 cell migra-
tion and invasion but promoted apoptosis. In summary, the high expression of ITGBL1
significantly correlated with the survival and prognosis of patients with GC, and played
an important role in the migration and invasion of GC cells.

Immune infiltration plays a decisive role in tumorigenesis and is one of the critical
mechanisms for tumor initiation and progression. Immune-infiltrating CD4+ T cells
are involved in anti-tumor function, which not only contributes to the activation of
CD8+T cells but also helps in the generation and preservation of memory cytotoxic T
lymphocyte responses [29]. Neutrophils promote gastric cancer progression by reducing
T-cell immunity [30]. Cheli et al. [31] reported that ITGBLI, as a novel immunomodu-
lator, promoted melanoma development by inhibiting the cytotoxicity of natural killer
cells both in vitro and in vivo. However, the relationship between ITGBL1 and immune
infiltration in GC remains unclear. Therefore, this study further used the TIMER and
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TISIDB databases to analyze the correlation between ITGBL1 expression and immune
infiltration in GC tissues. We found that ITGBL1 had a close relationship with CD4+T
cells, CD8+T cells, neutrophils, macrophages, myeloid dendritic cells, natural killer
cells, mast cells, Type 1 T helper cells, natural killer T cells, and regulatory T cells. In
addition, the Kaplan—Meier Plotter website predicted that higher ITGBL1 expression
predicted poor OS in enriched natural killer T cells, regulatory T cells, CD4 + memory
T cells, Type 1 T helper cells, and Type 2 T helper cells. These findings revealed that
ITGBL1 might regulate the progression of GC by affecting the interaction between
immune cells and malignant tumor cells. ITGBL1 reflected the immune status of GC
in part and provided notable insights into GC immunotherapy. Based on this, further
experimental studies will be carried out to clarify the specific mechanism of action.
EMT phenotype is a transient and reversible procedure by which a polarized, epithelial
phenotype switches to an elongated mesenchymal phenotype, including the downregu-
lation of E-cadherin expression and the upregulation of N-cadherin expression, result-
ing in increased migration and invasion [32]. A substantial body of evidence implied
that EMT was significantly associated with metastasis and prognosis of various cancers,
including GC [33]. Previous studies confirmed that the regulation of EMT was a complex
network including multiple signaling pathways, such as Wnt/B-catenin, Notch, hepato-
cyte growth factor, and TGF-P [34—36]. Among these, the TGF-f signaling pathway was
the major contributor, regulating a series of cellular processes including intercellular
substance production, differentiation, apoptosis, immune reaction, and inflammatory
response [37]. Studies found that during EMT in cells, TGF-} can enhanced the expres-
sion of integrins and made them more exposed on the cell membrane surface, thereby
regulating cell-matrix interactions. As a cytokine receptor, integrins and their kinases
were also necessary for the activation of TGF-f and its induction of cellular EMT [38].
The occurrence of EMT was closely related to multiple members of the integrin fam-
ily. For example, the TGF-P signaling pathway functioned as a key regulator of fibro-
genesis, and elevated expression of ITGBL1 promoted HBV-related liver fibrogenesis
by interacting with TGF-B1 [39]. In CRC, ITGBLI levels strongly correlated with EMT-
associated genes, serving as a crucial indicator of an EMT phenotype [40]. High expres-
sion of ITGBLI1 facilitated bone metastasis via inducing the TGF-p signaling pathway in
breast cancer [41]. Li et al. found that high expression of ITGBL1 promoted invasion and
migration and activated EMT in prostate cancer [42]. The present study found that the
expression levels of EMT-related biomarker CDHI1 increased, while the expression of
biomarker Vimentin and EMT transcription factor Snail decreased after the downregu-
lation of ITGBL1. In addition, the protein expression level of EMT-stimulating factor
TGEF-B decreased after the silencing of ITGBL1, suggesting that ITGBL1 could promote
EMT in part by activating the TGF-f signaling pathway in GC. In addition, the online
TIMER and Starbase analyses yielded consistent results that ITGBL1 expression cor-
related negatively with CDH1 expression, but correlated positively with VIM, SNAII,
TWIST1 and TGF-B1 expression. These results further demonstrated that ITGBL1 reg-
ulated the biological functions of GC partly via inducing EMT signaling pathways.
However, this study had certain limitations. First, the patient samples were insuf-
ficient for IHC analysis of GC tissues. Besides, we analyzed the relationship between
ITGBL1 and immune infiltration through bioinformatics, which still required follow-up
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experimental validation. Although we found that ITGBL1 induced EMT via the TGF-p
signaling pathway, whether the ITGBL1 directly acted on the TGF- receptor or regu-
lated the TGF-J signaling pathway through other molecules was not determined. There-
fore, a follow-up study will be devoted to expanding the number of GC samples and
exploring the specific mechanism of the TGF-f signaling pathway regulated by ITGBL1,
and the effect of ITGBL1 on immune infiltration in promoting the development of GC.

Conclusions

Based on public bioinformatics analysis and biological experiments, ITGBL1 was pre-
dicted and found to be highly expressed in GC and associated with immune infiltra-
tion and EMT. Moreover, one of the biological functions of ITGBL1 was to enhance the
migration and invasion capabilities of MGC803 cells. In summary, these findings pro-
vided an insight that ITGBL1 served as an important diagnostic and prognostic tumor
biomarker and a potential therapeutic target for GC, and hence was worth exploration.

Materials and methods

ITGBL1 expression in multiple databases

To evaluate the expression level of ITGBL1 in somatic tumors, Oncomine TIMER, and
UALCAN public databases were used first. The Oncomine database is an online web-
site containing Gene Expression Omnibus (GEO) and TCGA integration for endog-
enous mRNA levels. The TIMER server is an integrated resource mainly used to
analyze immune-infiltrating cells, but it also allows researchers to estimate the differen-
tial expression for genes of interest between tumors and adjacent normal tissues across
diverse cancer types. The UALCAN database was used to compare the expression level
of ITGBL1 not only in stomach adenocarcinoma and normal tissues but also in different
clinical classification subgroups including cancer stages, sex, age, tumor grade, HP infec-
tion status, and nodal metastasis status. The distributions of gene expression levels are
displayed using box plots.

Survival analysis

Kaplan—Meier Plotter is a website for online survival analysis involving a variety of
tumors for GEO, European genome—phenome archive, and TCGA databases, which was
used to evaluate the OS rate of gastric cancer tissues based on high-throughput sequenc-
ing data or gene chips.

Prediction of association between ITGBL1 and tumor-infiltrating immune cells

The relationship between six immune infiltrates (B cells, CD4+T cells, CD8+T cells,
neutrophils, macrophages, and dendritic cells) and ITGBL1 was estimated using the
TIMER public website. Besides, another immune-related web server, TISIDB, was used
to analyze the association between the abundance of TILs and expression of ITGBL1 by
comparing the Spearman correlation between ITGBL1 expression and TILs in human

cancers.
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Prediction of correlation between ITGBL1 and EMT-related factors

TIMER and Starbase web servers were used to assess the correlation between EMT-
related factors and ITGBL1 expression levels in gastric cancer tissues. The two data-
bases contained the routine data analysis of the mRNA of any gene of interest in the
TCGA, including differential expression, survival analysis, and co-expression. The
degree of correlation was computed using purity-adjusted partial Spearman’s rho
value. The correlations of ITGBL1 with these factors were finally shown with scatter
plots.

Tissue specimens

The study included 43 matched tumor samples from patients with surgically resected
GC from the First Affiliated Hospital of Bengbu Medical College in 2017 for clini-
cal indications. This study was authorized by the research medical ethics committee
of the First Affiliated Hospital, Bengbu Medical College and Tongji Hospital, Tongji
University. Each patient signed an informed consent form. All tissue specimens were
pathologically confirmed as GC.

Reverse transcription and quantitative real-time polymerase chain reaction

Total RNA was extracted with TRIzol reagent (Life Technologies, CA, USA). Sub-
sequently, cDNA was synthesized by reverse transcription with PrimeScript RT
kits (Takara Biotechnology Co., Japan) following the manufacturer’s protocol. Sub-
sequently, generated cDNA was amplified with an SYBR PrimeScript RT-PCR kit
(Takara Biotechnology Co.) on an ABI 7900 Real-Time PCR system. The primers used
in the study were as follows: ITGBL1, (sense) 5'-AGACCTACGACGGGAGCAC-3'
and (antisense) 5-ACCTGCATTAGAGCAGATGATGT-3’; GAPDH, (sense) 5/-ATC
ACCATTGGCAATGAG-3' and (antisense) 5-AAGGTAGTTTCGTGGATG-3'.
Three-step cycling was adopted, and the reaction conditions were as follows: 95 °C
for 30 s, 60 °C for 30 s, and 72 °C for 1 min; the number of cycles was 30. After the
reaction, the PCR products were placed in a =20 °C refrigerator for subsequent exper-
iments. The 2~ comparative Ct (9=AACH) f4rmyla was used to calculate the relative expres-

sion levels of ITGBL1, and GAPDH was normalized as an internal control.

IHC staining

Tissues from patients with GC were fixed with 10% formalin for 48 h and then
embedded with paraffin. Followed by deparaffinization and rehydration, the tissues
were treated with 3% H,O, for 10 min prior to blocking in goat serum for 1 h. Sub-
sequently, a specific primary antibody ITGBL1 (1:100, Proteintech, China) was used
to incubate the sections at 4 °C overnight. Next, horseradish peroxidase-labeled sec-
ondary antibodies were used to incubate tissue sections for 1 h at 37 °C and analyzed
by the streptavidin —biotin complex method. The staining intensity was arranged
as follows: 0, negative; 1, weak; 2, strong. IHC scoring was based on the percentage
of positive cells multiplied by staining intensity. The formula was as follows: THC
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score =1 x (percent weakly stained cells) 42 x (percentage of strongly stained cells).
The evaluation of color development results was performed as previously described
[43].

Cell culture

Human normal gastric epithelial cell line GES-1 and GC cell lines SGC7901, BGC823,
and MGC803 were provided by the Cell Division Center in Tongji Hospital of Tongji
University, Shanghai, China. They were cultured in 90% Dulbecco’s Modified Eagle
medium (DMEM, Gibco) with 10% fetal bovine serum (FBS, Gibco) at 37 °C and incu-
bated in a humidified 5% CO, atmosphere.

Oligonucleotide transfection

Furthermore, 2.0 x 10° cells/well of MGC803 cell lines were seeded in a six-well plate
prior to transfection. After reaching 50% fusion density, the cells were transfected with
an ultimate concentration of 50 nM of either negative control (NC) or ITGBL1-sh (tar-
geted to interfere with ITGBL1) using Lipofectamine 2000 Reagent (Thermo Fisher Sci-
entific, MA, USA). Three different oligonucleotide chains specifically targeting ITGBL1
were designed by Asia-Vector Biotechnology (Shanghai, China). The sequences were as
follows: (sense) ITGBL1-sh1:5-TGGGAAGTGTTACTGTGGA-3/, (antisense) 5-TCC
ACAGTAACACTTCCCA-3/, (sense) ITGBL1-sh2: 5-ACGATGAAACAGAAGAAA
T-3/, (antisense) 5'-ATTTCTTCTGTTTCATCGT-3/, ITGBL1-sh3: (sense) 5'-GTGGAC
TTGTGTATGGTAA-3', (antisense) 5-TTACCATACACAAGTCCAC-3'. After 6 h of
transfection, the culture medium was aspirated, a fresh medium containing 10% serum
was added, and the culture was continued for 24 or 48 h, following which the cells were
collected for subsequent cell function experiments.

Cell apoptosis assay

An Annexin V-PE/7-aminoactinomycin D (7-AAD) apoptosis detection kit (Yeasen,
China) was used for measuring cell apoptosis. Transfected cells were reseeded at a den-
sity of 5 x 10° cells/well onto six-well plates and collected with 0.25% trypsin without
EDTA. Next, the collected cells were washed twice with cold phosphate buffer saline
(PBS) prior to resuspending with 1x binding buffer. After that, 5 uL of Annexin V-PE
and 10 pL of 7-AAD (Yeasen, China) were added to each cell suspension to stain cells
and incubated for 30 min. After adding 385 pL of 1x Annexin-binding buffer, the cell
apoptosis was assessed by flow cytometry.

Transwell migration/invasion assay

For assessing migration, the cells were cultured in the upper compartment of a Transwell
chamber of an 8-um pore size insert (Corning, NY, USA) at a density of 1.5 x 10* cells/
well in serum-free culture medium. For evaluating invasion, the cells were incubated in
the upper chamber of the insert coated with Matrigel (Corning, NY, USA). The lower
chambers of both experiments were treated with DMEM containing 20% FBS. Follow-
ing 48 h incubation, the cells remaining on the upper compartment were wiped off with
cotton swabs. The cells that migrated and invaded the bottom chamber were stained
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with crystal violet for 30 min. The results of the quantitative analysis were assessed using
Image] software.

Western blot analysis

Bicinchoninic acid (BCA) protein assay was performed to determine protein concentra-
tions. Equal amounts of protein lysates were segregated with 10% polyacrylamide gels
(Bio-Rad, CA. USA) and transferred to 0.45 pum nitrocellulose membranes (Bio-Rad).
Then, 5% BSA was used to block membranes for 1 h prior to incubation with primary
antibodies: ITGBL1 (1:1000, Proteintech, China), Vimentin (1:1000, Cell Signaling, MA,
USA), E-cadherin (1:1000, Proteintech, China), Snail (1:1000, Cell Signaling), TGF-p1
(1:2000, Abcam, China), and glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
(1:2000, Proteintech, China) at 4 °C overnight. Next, Tris-buffered saline containing
0.5% (w/v) Tween 20 buffer was used to wash membranes three times, and the mem-
branes were incubated with the sheep anti-rabbit or sheep anti-mouse IgG secondary
antibodies (1:10,000, LK, China) for 1 h. Subsequently, the protein bands were detected
using an efficient chemiluminescence (ECL) kit (Thermo Scientific) following the manu-
facturer’s protocol. The GAPDH antibody served as a control. The results of the quanti-
tative analysis were assessed using Image] software.

Statistical analysis

Each experiment was performed at least in triplicate. Data were expressed as
means £ SEM. The discrepancies in grouping variables were analyzed using the Student
t test. All statistical analyses were performed using SPSS 20.0, and P<0.05 indicated a
statistically significant difference.
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