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Evaluation of ITGB1 expression as a predictor «=

of the therapeutic effects of immune checkpoint
inhibitors in gastric cancer

Chao Xu'?", Xiao-Li Xie'", Ning Kang' and Hui-Qing Jiang""

Abstract

Background Gastric cancer (CC) is a disease with high incidence and mortality rate. Immunotherapy is an important
method for gastric cancer while lack of effective predictor. Integrins play an important role in the development. We
aimed to explore the predictive value of 31 integrin (ITGB1) as a predictor of immunnotherapy in gastric cancer.

Methods Differential expression analysis was conducted using the Gene Expression Profiling Interactive Analysis
(GEPIA) 2.0 and GEO databases. GEPIA data were used to evaluate the prognostic value of ITGB1 in gastric cancer (GC).
Transcriptomic and clinical data of GC and normal tissues were downloaded from The Cancer Genome Atlas database,
and the TIMER database was used to evaluate the association between ITGB1 and immune infiltration. Time-depend-
ent receiver operating characteristic (ROC) curve analysis was used to determine the prognostic value of I[TGB1.To
verify ITGB1 expression at the protein level, immunohistochemical staining was conducted. In addition, to analyze

the correlation of ITGB1 with PD-1 and PD-L1, we examined levels of PD-1 and PD-L1 by IHC and determined the pre-
dictive value of ITGB1 for anti-PD-1 therapy in GC by ROC curve analysis.

Results Compared with normal tissues, analysis of GEPIA and data at protein levels showed significantly higher
expression of [TGB1 in GC. In addition, higher expression of ITGB1 was associated with worse pathological G-staging
and tumor T-staging, which suggested that ITGB1 is a risk factor for poor prognosis in GC. The level of ITGB1 expres-
sion was positively correlated with CD8+T cells, neutrophils, macrophages, and dendritic cells. ITGB1 expression

was also correlated with PD-L1 expression, and this was further verified at the protein level by immunohistochemical
analysis. The area under the ROC curve was 0.808.

Conclusion ITGB1 may be a promising prognostic biomarker and effective predictor for anti-PD-1 therapy in GC.
Trial registration Retrospectively registered.
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Introduction

Gastric cancer (GC) is one of the most common malig-
nant diseases and the fourth leading cause of can-
cer-related deaths worldwide [1]. A large majority of
tumors are detected at an advanced stage, which means
that the opportunity for surgery may be lost. Despite
the use of fluoropyrimidine combined with platinum
as first-line therapy, and taxane agents as second-line
therapy for advanced GC, with trastuzumab for HER2-
positive cases, the prognosis of the disease remains
unsatisfactory, with median survival less than 1 year
[2-5]. Recently, treatment with immune checkpoint
inhibitors (ICIs) has become a promising choice in sev-
eral malignancies [6-10]. PD-1, a 288-amino acid pro-
tein, is a negative costimulatory receptor that belongs
to the CD28 family of immunoglobulins and expresses
on the surface of activated T cells. When PD-1 binds
to its receptor on tumor or immune cells, immune
responses are suppressed. This can inhibit the function
of cytotoxic T cells, which lead to immune escape [11].
Based on several clinical trials, ICIs are now approved
for second-/third-line or late-line therapy for advanced
GC [12]. Although ICIs have been considered as a
breakthrough in cancer treatment, low response rate
and therapeutic resistance remain significant chal-
lenges. In total, the average response rate is 20%—30%,
while the lack of effective biomarkers is one of the most
urgent issues [13].

The integrity of epithelium is maintained by various
inter-cellular connections and cell polarity is also impor-
tant. Epithelial-mesenchymal transition (EMT), the
process by which epithelial cells obtain a mesenchymal
phenotype, plays an important role in tumor immuno-
suppression and immune evasion. For example, EMT-
induced immune escape causes cancer progression [14].
GC cells are stimulated by different signaling molecules
such as growth factors, hypoxia, inflammatory factors,
and metabolites in the tumor micro-environment, while
stress also activates related signaling pathways. These
signals stimulate downstream transcription factors to
participate in the EMT process, thus affecting cell prolif-
eration, migration, invasion, and other biological process.
At present, various signaling pathways (including the
WNT/B-catenin [15], TGF-B/SMAD [16], MAPK, Notch
[17, 18], and PISK/AKT pathways [19]) are known to pro-
mote the development of EMT and ultimately stimulate
migration and invasion of GC cells. Previous studies have
revealed that [20], EMT is associated with the activa-
tion of several immune checkpoint molecules, including
PD-L1. Accordingly, by identifying genes related to both
EMT and immune infiltration, we hope to find effective
genes for therapeutic responses prediction to checkpoint
inhibitors.
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In this study, to find markers capable of predicting
responses to immunotherapy, we searched public data
sets and selected genes related to EMT and immune
infiltration. After removing known genes, we found
that B1 integrin (ITGB1) appears to be an effective bio-
marker for GC immunotherapy. As the main receptor
of fibronectin (FN), ITGB1 is one of the most impor-
tant cell adhesion molecules. When FN combines with
its receptor, increased expression of ITGB1 induces a
decrease in FN levels, degradation of extracellular matrix
(ECM), acceleration of EMT, and finally culminating in
cancer or metastasis. Studies have confirmed that [21],
high levels of ITGB1 are found during the development
of various tumors and are also associated with immune
cell infiltration. In addition, researchers found that [22]
ropivacaine regulates the function of colon cancer cells
by targeting the expression of the ITGB1 protein and
affecting the activation of its downstream signaling path-
ways. The study of Zhuang et al. demonstrated that [23],
ITGB1 overexpression was significantly associated with
advanced American Joint Committee on Cancer (AJCC)
stage and histologic grade as well as worse prognosis in
pancreatic cancer. Moreover, ITGB1 enhanced the radio-
therapy resistance of human non-small cell lung cancer
[24], while tumor progression was particularly noted in
ITGB1-positive GC [25].

Despite these findings, the role of ITGB1 expression
in GC remains unclear. Therefore, ITGB1 expression in
GC and its effect on immune cell infiltration as well as
its influence on patient prognosis were discussed in this
study. Correlations of ITGB1 with immune infiltration
and immune checkpoints were also determined, while
gene expression of immune checkpoint was verified by
analysis of pathological sections. Thus, this study pro-
vides a foundation for further research into immune
checkpoint regulation and corresponding therapy.

Methods

Identifying the EMT-immune-related differential
expression genes

Datasets of GSE118916 and GSE79973 in the GEO
database  (https://www.ncbi.nlm.nih.gov/geo/)  con-
tain 15 and 10 gastric cancer and matched normal tis-
sues respectively. Differentially expressed genes (DEGs)
between normal and GC samples were calculated by
GEO2R, with |logFC|>1 and adjust P value<0.05 were
the screening criteria. InnateDB (https://www.innatedb.
com/) database and Immport (https://immport.org/
shared/home) database were used for detection of DEGs
related with immune infiltration. EMT-related genes
were defined by EMTome (www.emtome.org). DEGs
between normal (GTEx) and GC (TCGA-COAD) were
calculated by GEPIA 2.0 (http://gepia2.cancer-pku.cn/
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index.html). K-M survival curves were plotted. Moreo-
ver, Pubmed literature searching was conducted to iden-
tify the target genes with research meaning and fewer
studies in gastric cancer.

Expression validation of ITGB1 in gastric cancer

The dataset GSE79973 in the GEO database (https://
www.ncbi.nlm.nih.gov/geo/) contain 10 cases of GC and
matched normal tissues. Expression data for gene name
transformation were downloaded on the GPL570 chip
platform and utilized to analyze the expression of IGTB1
in GC and matched normal tissues. Normal (GTEx) and
GC (The Cancer Genome Atlas stomach adenocarcinoma
[TGCA-STAD]) samples were analyzed using the GEPIA
2.0 online tool (http://gepia2.cancer-pku.cn/index.html)
to further validate ITGB1 expression.

Prognostic value and clinicopathological features of ITGB1
in gastric cancer

RNA-seq RPKM data and clinical data of gastric adenocar-
cinoma were downloaded from the TCGA database (https://
portal.gdc.cancer.gov/). In total, 375 GC samples were
included in the following analyses. By using the GEPIA, cor-
relation of ITGB1 expression with pathological grade and
clinical stage (T, N, and M stages) were analyzed, then prog-
nostic value of ITGB1 in GC is determined through receiver
operating characteristic (ROC) curves. Kaplan—Meier plot-
ter (https://kmplot.com/analysis/) were used to confirm the
results of the prognostic value of ITGB1.

Analysis of immune infiltration and correlations of immune
checkpoints with ITGB1

R language was used to analyze immune infiltration sta-
tus in TCGA gastric cancer data by CIBERSORT. In
addition, the “Gene” module of TIMER 2.0 (http://timer.
comp-genomics.org/) was used to evaluate the correla-
tion of ITGB1 expression and immune infiltration. Then,
we utilized the “Gene_corr” module to calculate the cor-
relation coefficients of ITGB1 and classical immune cell
markers by Spearman. Correlation of ITGB1 and immune
checkpoints were also analyzed using the same method.

Co-expression and pathway enrichment analysis of ITGB1
By using STRING database (https://string-db.org/), we
regulated the “max number of interactors to show” to
“Ist shell no more than 50” in order to carry out the
co-expressional analysis of the hub genes. Interac-
tions of the genes were displayed by GeneMANIA
(http:// www.genemania.org). Moreover, we conducted
the pathway enrichment analysis of the genes by the
Metascape database (http://metascape.org) and showed
the top 20 items.
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Expression validation of ITGB1 by immunohistochemistry
To verify the expression of ITGB1 at the protein level,
we obtained 27 paraffin-embedded tissues of GC from
the pathology department. All patients in our study were
primary GC cases with no prior treatment. For immu-
nohistochemical (IHC) staining, we used anti-PD-1
mouse monoclonal antibody, integrin beta 1 rabbit pol-
yclonal Ab (from Chengdu Zhengneng Biotechnology
Co., Ltd.), and anti-PD-L1 monoclonal antibody (from
Wuhan Sanying Biotechnology Co., Ltd.). All sections
were deparaffinized in xylene and rehydrated in etha-
nol. Next, we used sodium citrate antigen retrieval solu-
tion (Solarbio) for heat-mediated antigen retrieval. After
treating with 3% H,0O, (30 min) and blocking in normal
goat serum (1 h), the tissue sections were incubated with
ITGB1 (concentration 1:50), PD-1 (concentration 1:200),
and PD-L1 (concentration 1:200) antibodies overnight
(4°C). Then, we stained the tissue sections with secondary
antibody (OriGene SP-9001) for 20 min at room temper-
ature, followed by horseradish-labeled streptavidin (Ori-
Gene SP-9001) for 15 min. Diaminobenzidine (OriGene
Z1I1-9018) was used as a substrate for the peroxidase
reaction, and the sections were then stained with hema-
toxylin (Leagene). ITGB1 was mainly expressed on the
cell membrane and in cytoplasm, while PD-1 and PD-L1
were detected on the cell membrane. For all tissues, inte-
grated optical density was calculated using Image-Pro
Plus 6.0 software. Subsequently, correlations of ITGB1
and PD-1 or PD-L1 were determined and ROC curves for
predicting the therapeutic effect of immunotherapy were
mapped using SPSS 22.0. The involvement of human par-
ticipants in the study was approved by the Ethics Com-
mittee of the Handan Central Hospital. Patients provided
their written informed consent to participate in this
study.

Expression correlation of ITGB1 and PD-L1 in gastric cancer
by in vitro cell experiments

In order to further verify the expression correlation
of ITGB1 and PD-L1 in gastric cancer, we carried out
in vitro cell experiments including cell culture and trans-
fection, western blotting. The gastric carcinoma cell line
HGC-27 was cultured in Mccoy’s 5A medium contain-
ing 10% fetal bovine serum (FBS) in a humidified incu-
bator with 5% CO, at 37 °C. RNA oligo (siRNA-ITGB1/
siRNA-control) (from Suzhou Jima Biotechnology Co.,
Ltd.) was used for knockdown experiment. Proteins
from cell pelleta were extracted using RIPA lysate (RIPA:
PMSF =100: 1). Cell lysates were eliminated by centrifu-
gation at 4 °C for 10 min at 8,000 rpm. Five microgram
aliquots of protein was separated electrophoretically on
12.5% SDS-PAGE gels and transferred to a nitrocellulose
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membrane. Nonspecific binding sites were blocked using
a buffer with 5% nonfat dry milk in TBST for 1 h at
37 °C. The membranes were then incubated with appro-
priate antibodies overnight at 4 °C, washed 3 times with
TBST, and incubated with horseradish peroxidase-con-
jugated anti-rabbit secondary antibody, for 1 h at 37 °C.
According to the manufacturer’s protocol, bands were
visualized and scanned with enhanced chemilumines-
cence regents. The following antibodies were used for
western blot analysis: anti-PD-L1 monoclonal antibody
(Proteintech Co., USA), integrin beta 1 polyclonal Ab
(Proteintech Co., USA).

Results

Screening of EMT-immune-related differential expression
genes

EMT and tumor immunity are considered to be impor-
tant drivers of tumor progression, and the literature
shows that EMT is also associated with the activation
of some ICIs [26]. Genes involved in both biological
process maybe important. 1817 differential expression
genes were selected by the GSE118916 dataset, and
1406 differential expression genes were selected by the
GSE79973 dataset. We obtained 2660 immune-related
genes from InnateDB and Immport database, while
2975 EMT-related genes from EMTome database.
Next, we obtained 40 EMT-immune-related DEGs
after intersection of DEGs from GSE118916 dataset
and GSE79973 dataset. Then, single gene prognostic
analysis using GEPIA2.0 and literature search of Pub-
med were undertook. Finally, ITGB1 was found to have
important prognostic value in GC and was defined as
the target gene for further research (Fig. 1A).

ITGB1 is up-regulated in gastric cancer

Analysis of GTEx and TCGA data using GEPIA 2.0 con-
firmed that, comparing with normal tissues, ITGB1 levels
were significantly up-regulated in GC tissues (*, P<0.05)
(Fig. 1B). Analysis of RNA-seq dataset GSE79973 of GC
showed that ITGB1 expression levels were up-regulated
in GC samples; a boxplot of the results indicated signifi-
cantly higher levels of ITGB1 in tumors (Fig. 1C). The
results above suggested that up-regulation of ITGB1 in
GC may be a carcinogenic factor.

Expression density of ITGB1 is higher in malignant cells

Furthermore, as the traditional bulk profiles represent
the average expression levels of the constituent cells, it
could not reflect the specific expression of different cell
types. So, we evaluate the expression of ITGB1 at the
single-cell level. We used the corresponding markers to
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do cluster defining and showed the different cell types
in Fig. 1D, E. The expression density of ITGB1 was
relatively higher in myofibroblasts and malignant cells,
which could confirm the results above (Fig. 1F, G).

ITGB1 is correlated with poor prognosis and tumor
progression

To further analyze the prognostic value of ITGB1, we
conducted correlation analysis with some clinical indi-
cators using the TCGA dataset. The results showed that
ITGB1 expression was positively associated with pathol-
ogy G-stage and tumor T-stage, which indicating that
ITGB1 may promote GC progression (Fig. 2A, B). Fur-
thermore, to analyze the effect of ITGB1 on overall sur-
vival in GC, a Kaplan—Meier plot was constructed using
the GEPIA 2.0 database. The Kaplan—Meier plot showed
that high levels of ITGB1 expression resulted in relatively
low overall survival (OS) (Fig. 2C). Similarly, the results
of the Kaplan—Meier plotter verified that ITGB1 was a
promising biomarker in gastric cancer (Fig. 2D). This
result also indicated that high levels of ITGB1 resulted in
poor prognosis. Time-dependent ROC analysis showed
that the area under the curve for ITGB1 was relatively
low. Accordingly, based on the results above, ITGB1 may
be a promising biomarker for prognosis in GC (Fig. 2E).

ITGB1 is correlated with immune infiltration

Next, we analyzed the influence of ITGB1 on the
immune microenvironment. Immune infiltration for
each TCGA-STAD sample and the correlations of
immune cells with different types are shown in Fig. 3A,
B. Differential immune infiltration in GC and normal
samples are displayed in Fig. 3C, D. Subsequently, to
explore the immune regulatory mechanism of ITGBI,
the TIMER 2.0 database was used for correlation
analysis of immune infiltration and immune markers.
ITGBI expression was positively correlated with infil-
tration of CD8+ T cells, neutrophils, dendritic cells
and macrophages, while negatively correlated with B
cells and no correlation with CD4+T cells (Fig. 4A-
F). Meanwhile, ITGB1 expression was positively with
immune markers (Table 1). These findings were con-
sistent with the TCGA-STAD results, which illustrated
a strong correlation between ITGB1 and immune
infiltration.

ITGB1 is positively correlated with immune checkpoints,
especially PD-L1 and TIM

To further analyze the immune regulatory mecha-
nism of ITGBI1, we investigated potential correla-
tions of ITGB1 expression and immune checkpoints.
The results demonstrated that ITGB1 was positively
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correlation between ITGB1 expression levels and infiltration of CD4 +T cells

correlated with the expression of TIGIT, CTLA4,
PD-L1, and TIM. The highest correlation coefficients
were obtained for PD-L1 and TIM (>0.2) (Table 2).
Thus, rather than decreasing immune infiltration,
ITGB1 may up-regulate immune checkpoints to influ-
ence immune function and ultimately promote the
progression of GC.

ITGB1 regulates the development of gastric cancer
through various signaling pathways

To further understand the mechanism of ITGB1 in gas-
tric cancer, co-expression and pathway enrichment

analyses were carried out. 50 co-expressed genes of
ITGB1 were obtained by the STRING database, and co-
expression interactions was displayed by GeneMANIA
(Fig. 5A). Then pathway enrichment analysis of all the
co-expressed genes was done using Metscape. Figure 5B,
C showed that, ITGB1 was enriched in pathways related
to cell adhesion, tumor metastasis, cellular response to
growth factor stimulus, leukocyte migration and so on.
The above results indicate that ITGB1 may regulate the
prognosis of gastric cancer through various signaling
pathways.
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Table 1 Correlation of ITGB1 and Immune Cells

Cell Type Gene Markers COR Pvalue
CD8+T cell CD8A 0.119 2.09e-2*
CD8B 0.066 2.03e-1
Th1 cells TBX21 0.075 1.45e-1
Th2 cells GATA3 0.202 7.32e-5%
Treg FOXP3 0.069 1.81e-1
CCR8 0.263 2e-7%
B cells FCRL2 0.039 4.5e-1
MS4A1 0.027 5.96e-1
Ccb70 0.02 7.01e-1
Neutrophils FPR1 0.279 3.23e-8%
CSF3R 0.162 1.59e-03*
SIGLECS 0.297 3.76e-9%
Marcrophages CcDes 0.163 1.42e-03*
CD84 0.292 6.93e-9%
cD163 0417 227e-17*

*P<0.05

Table 2 Correlation between I[TGB1 and Immune Checkpoints

COR Pvalue
TIGIT 0.127 1.34e-2%
CTLA4 0.103 445e-2%
CD274 (PD-L1) 0.221 1.4e-5*
PDCD1 (PD-1) 0.007 8.85-1
LAG3 0.042 4.18e-1
HAVCR2 (TIM) 0.29 8.97e-9*%
*P<0.05

Validation of ITGB1 expression and correlation with PD-1
and PD-L1 by immunohistochemistry

To further verify the expression of ITGB1 at the protein
level and its correlation with PD-1 and PD-L1, we per-
formed IHC on GC samples. Representative images rep-
resenting positive expression are showed in Fig. 6. Similar
to the results of the transcriptomic data, ITGB1 was up-
regulated in gastric tissues. Correlation analysis indicated
that levels of PD-1 and PD-L1 was positively correlated
with ITGB1, with correlation coefficients 0.560 and
0.594, respectively (P<0.01, Fig. 7A, B).

ITGB1 could be used to predict the efficacy of PD-1
inhibitors

We collected clinical datas of 27 patients who had under-
gone immunotherapy with a PD-1 inhibitor. Patients were
divided into two groups, effective with 14 cases, while
non-effective with 13 cases. The two groups were com-
parable in terms of age, sex, tumor stage, ECOG (Eastern
Cooperative Oncology Group) value, and adverse reac-
tions (P>0.05) (Table 3). To evaluate the ability of ITGB1
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in predicting the efficacy of PD-1 inhibitor we performed
ROC curve analysis. The area under the ROC curve was
0.808, which indicated that ITGB1 was an effective pre-
dictor for anti-PD-1 therapy (Fig. 8).

Expression of PD-L1 is correlated with ITGB1 in gastric
cancer in vitro

To clarify the correlation of ITGB1 and PD-L1 in gas-
tric cancer cells, ITGB1 was knocked down and PD-L1
expression was observed in gastric carcinoma cell line
HGC-27. The results indicated that, expression of PD-L1
decreased by knock down of ITGB1, which suggest that
ITGB1 may affect immunotherapy by promoting the
expression of PD-L1 (**P<0.01, Figs. 9 and 10).

Disscussion
Immunotherapy had been approved in many kinds of
advanced malignancies, such as lung cancer, melanoma,
renal cancer, pancreatic cancer, colorectal cancer, as well
as gastric cancer [27]. Despite the effectiveness of tar-
geted therapy, the overall survival is still poor due to lack
of efficacy predictors. Researchers found that, MX2 may
be effective for sunitinib in therapy of renal carcinoma
[28]. Stemness-related gene AC01097.3 is considered to
be a novel potential therapeutic target for renal clear cell
carcinoma and RNA-binding proteins for renal papillary
cell carcinoma [29, 30]. IncRNAs were found to be signif-
cantly associated with the survival of patients with colon
adenocarcinoma [31]. So far, there is no efficacy markers
for immunotherapy of gastric cancer have been explored.
As mentioned above, immune infiltration may play an
important role in the development of GC. Immune cells
have been studied for biomarkers and evaluated for anti-
PD1/PD-L1 efficacy, including tumor-infiltrating T cells
(TILs) and macrophages [32]. Over-expression of EMT-
related proteins has been observed in up to 63% of GC
cases [33], while over-expression and amplification of
EMT markers are significant prognostic indicators of
poor survival outcomes in GC patients [34]. Several
studies have confirmed some links between EMT and
immune infiltration. SNAI1, an EMT-related gene, is
associated with immune infiltration and can be used as
a prognostic biomarker in gastrointestinal cancers [35].
Some studies also found that, tumor cells and immune
cells could respond to similar stimuli by activating alike
programs, leading to the occurrence of EMT and the
infiltration of immunosuppressive cells. One of the
most studied stimuli is TGF-f, which is a potent inducer
of EMT [36]. Kang et al. found that [37], CDKN2A,
CMTMS8 and ILK which related with EMT and immune
infiltration are promising prognostic biomarkers and may
be potential therapeutic targets in colon cancer by par-
ticipating in the TGF-B pathway. In addition, it inhibits
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the infiltration of immune cells and promotes the dif-
ferentiation of suppressed or exhausted immune cells
[38]. However, due to the complexity of human immune
mechanisms, there are still many problems that need to
be further addressed in GC immunotherapy, particularly
in terms of immunotherapeutic biomarkers predicting
and new effective therapeutic targets identifying.

Based on the studies above, we searched for genes
associated with both immune infiltration and EMT
as potentially effective markers for immunotherapy
in GC. The integrin family is a class of heterodimeric
trans-membrane mucins formed of two subunits in
a 1:1 ratio, bound by non-covalent bonds. Integrins
can remodel ECM structure, and play an important
role in tumor formation and metastasis. In addition,
over-expression of integrins lead to a decline in homo-
geneous adhesion and an increase in heterogeneous
adhesion in GC. Within the integrin family, ITGB1 is
the member most closely associated with GC metasta-
sis [25]. ITGB1 is highly expressed in many malignant
tumors, while studies have confirmed [39] correlations
between the level of ITGB1 expression and the degree
of differentiation, invasion, and lymphatic metastasis
in GC. ITGB1 expression was shown to be significantly
stronger in tumor tissue than in adjacent normal gastric
mucosa, while stronger expression was also observed in
poorly differentiated tumor tissue that had penetrated
the serosa layer [40].

Previous studies have indicated the mechanisms of
ITGB1 in gastric cancer progression. The Wnt/p-catenin

signaling pathway has been identified to be a core medi-
ator of signaling downstream of the oncogenic func-
tions of integrin family members. ITGB1 is one of the
upstream molecules of the Wnt/B-catenin signaling
pathway and is correlated with tumor immune suppres-
sion. Researchers found that, expression of [-catenin
in nucleus and cytoplasm was upregulated in ITGB1-
positive group compared with the negative group [41].
Served as fundamental component in extracellular
matrix, Type I collagen could upregulate the expres-
sion of BCLIL through ITGBI, resulting in the activa-
tion B-catenin signaling pathway, thereby contributing to
the gastric cancer development [42]. At the same time,
as a cytokine receptor, integrins and their kinases were
also necessary for the activation of TGF-f and its induc-
tion of cellular EMT. During EMT in cells, TGF-p can
enhanced the expression of integrins and made them
more exposed on the cell membrane surface, thereby
regulating cell-matrix interactions [43].

Our study indicated that ITGBL1 is a carcinogenic fac-
tor expressed more highly in tumors with poor prog-
nosis. High levels of ITGB1 resulted in reduced OS
rates, worse pathology G-staging and tumor T-staging
which is indicative of clinical progression and con-
sistent with previous reports. Previous studies have
reported that high density of TIL and increased num-
bers of CD3+or CD8+T cells are associated with
favorable prognoses in GC patients [44, 45]. Based on
the status of TIL distribution in tumors or peritumoral
stroma, several studies have suggested the concept of
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different immune phenotypes: inflamed (TILs located both tumor nests and stroma) [46—48]. Tumors with an
intratumorally), excluded (TILs retained in the peri- inflamed phenotype showed increased PD-L1 expres-
tumoral stroma), and immune deserts (sparse TILs in  sion and immune cell numbers and better response to
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Table 3 Basic information of two groups

Efficacy PValue
Effective Non-Effective
Sex Male 10 10 0.851
Female 4 3
Age 65.21+1148 62.54+781 0.345
ECOG Score 0 3 3 0534
1 11 10
Side Effect Grade 1 2 2 0.187
Grade 2 12 11

ICI treatment [47, 48]. Recently, the study of Kim et al.
showed a significant association between TIL numbers
and OS in GC [48]. In our study, we found that expres-
sion of ITGB1 was positively correlated with CD8+T
cells, macrophages, and dendritic cells, while nega-
tively correlated with B cells; there was no significant
association with CD4+T cells. These findings indi-
cate that GC samples with ITGB1 overexpression also
showed elevated immune cell infiltration. This was also
partially consistent with the study of Wang et al. [49],
which demonstrated activation of CD4+ memory T
cells and high levels of infiltration of monocytes, MO
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macrophages, MO macrophages, and M2 macrophages
in gastric tumor samples. These results may explain
why better clinical efficacy is achieved in patients with
higher ITGB1 expression.

In the phase I KEYNOTE-59 trial [50], PD-L1 + patients
with advanced or metastatic GC showed durable
responses to pembrolizumab treatment. The recent phase
III CheckMate 649 study [51] also showed that nivolumab
plus chemotherapy demonstrated statistically signifi-
cant improvements in both median OS and progression-
free survival (PFS) in patients with a PD-L1 CPS>5 (OS,
hazard ratio [HR] 0.71, 98.4% confidence interval [CI]
0.59-0.86, P<0.0001; and PFS, HR 0.68, 98% CI 0.56—0.81,
P<0.0001). Additionally, patients with a PD-L1 CPS>1
showed a significant increase in OS (HR 0.77, 99.3% CI
0.6—-0.92; P=0.0001). Based on these results, the Food
and Drug Administration has approved the use of PD-L1
inhibitors for anti-tumor therapy.

Bioinfamatics studies found that [52], EMT-immune-
related genes (EIRG) score can be used as a biomarker
to identify and screen patients for immunotherapy. And
patients with lower EIRG_score responded better to
immunotherapy. However, there is no relevant study on
whether ITGBI is suitable for an indicator of immuno-
therapy. In this study, we found that ITGB1 was posi-
tively correlated with the expression of PD-L1. This was

ROC curve for predictive efficacy of ITGB1
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Fig. 8 ROC curve indicate ITGB1 as an effective predictor for anti-PD-1 therapy
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confirmed by correlation analysis of the clinical data,
which produced correlation coefficients of 0.594. Mean-
while, in vitro cell experiment further verified this point.
ITGB1 expression was also analyzed in the effective and
non-effective PD-1 treatment groups. The area under
the ROC curve was 0.808, which indicated ITGB1 as an
effective predictor for anti-PD-1 therapy. And it is the
first time that ITGB1 considered as an efficacious indica-
tor for immunotherapy.
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Conclusion

This study found that higher expression of ITGB1 was
correlated with poor prognosis of GC and ITGB1 may
promote GC by regulation of immune checkpoints.
PD-L1 expression was positively correlated with ITGBI,
which indicate that ITGB1 may be an effective predictor
for GC immunotherapy.
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