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Gastric cancer (GC) is a complex and heterogeneous disease, making it difficult to

ascertain the optimal therapeutic approach for individual GC patients. Stromal and

immune cell infiltration in GC has a strong correlation with clinical outcomes; however,

the underlying mechanisms that drive immunosuppression remain vastly undiscovered.

Recent studies validated that anthrax toxin receptor 1 (ANTXR1) is aberrantly expressed

in several cancers and holds promise as a new therapeutic target for cancer. However,

its immunological roles in GC are still unclear. Here, we show that we identify the distinct

stromal and immune cell infiltration in GC between the high and low ANTXR1 expression

group by analyzing genomic data. Clinically, ANTXR1 is highly expressed in GC and

correlates with adverse clinicopathological characteristics. Additionally, high ANTXR1

expression is linked to markedly poor clinical outcomes and resistance to chemotherapy,

whereas the low ANTXR1 expression group is correlated with better outcomes and

response to chemotherapy in GC patients. We further revealed the differential landscape

of somatic tumor mutation burden (TMB) between the two groups and observed that

patients with high ANTXR1 expression suffered from a lower TMB, potentially leading

to less sensitivity to checkpoint therapy. Molecularly, results displayed that ANTXR1

is an immunosuppressive element, which may perform its function via promoting

the secretion of immunosuppressive factors that play a significant role in modulating

tumor-associated fibroblast transformation, M2 macrophage polarization, and T cell

exhaustion. Gene set enrichment analysis revealed that cancer-related pathways

including epithelial-to-mesenchymal transition, focal adhesion, and transforming growth

factor-β (TGF-β) signaling pathways were enriched in high ANTXR1 expression tumors.

Our work suggests that ANTXR1 could not only serve as a valuable prognostic biomarker

in GC but also be deemed as a potential immunotherapeutic target and useful biomarker

of sensitivity to chemotherapy.
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INTRODUCTION

Gastric cancer (GC), imposing a considerable global health
burden, is the fifth most common tumor and the third leading
cause of cancer-associated death in the world (Bray et al., 2018).
Despite advances in screening strategies for early detection,
they are neither fulfilled nor feasible in many areas of the
world, leading to delayed diagnosis in most patients (Ajani
et al., 2017). Even with improvements in endoscopic, surgical,
and comprehensive treatments, however, the global 5-years
survival rates range from 25 to 30% (Ajani et al., 2017)
remain virtually unsatisfactory, with the exception of those in
Japan and South Korea (>50%) (Torre et al., 2016). Adequate
surgical resection followed by adjuvant chemoradiotherapy is the
common treatment for resectable GC at advanced stages (Van
Cutsem et al., 2016). Targeted therapies including monoclonal
antibodies against human epidermal growth factor receptor 2
(HER2) (Roviello and Generali, 2018), anti-epidermal growth
factor receptor (anti-EGFR) (Maron et al., 2018), and immune
checkpoint blocker such as programmed cell death protein-1
(PD-1) inhibition (Kim et al., 2018) may prolong survival in
selected patients. The majority of GC patients at advanced stages,
however, will suffer local recurrences and remote metastases
after initial surgery (Niccolai et al., 2015). Meanwhile, an
unavoidable issue is that resistance to chemotherapy and/or
radiotherapy, as a consequence of considerable clinicopathologic
and genomic heterogeneity, distinct molecular characteristics,
and the complex immunosuppressive microenvironment that
surrounds the tumor niche, has moderately emerged in GC
patients (Bijlsma et al., 2017; Roma-Rodrigues et al., 2019).
Growing evidences suggest that the immune system performs
its crucial function during tumorigenesis and progression
(Gentles et al., 2015), and much attention has been paid to
immunotherapy because of the attracting clinical outcomes.
Despite the unprecedented success of immunotherapy, the
majority of patients with carcinoma have little benefit from it,
highlighting the urgent need to identify new molecules that
could be developed in the next generation of immunotherapy.
Therefore, it is important to determine novel immunotherapeutic
targets and prognostic markers of GC to shed light on the
stratification of patients who may respond to immunotherapy.

Anthrax toxin receptor 1 (ANTXR1), otherwise known as
tumor endothelial marker 8 (TEM8), is a highly conserved
transmembrane glycoprotein overexpressed on tumor
vasculature (Chaudhary et al., 2012). ANTXR1 can facilitate the
entrance of anthrax toxin into cells and has been demonstrated
to be overexpressed in several cancer types including gastric,
breast, colon, and pancreatic tumors (Rmali et al., 2004; Davies
et al., 2006; Szot et al., 2018; Alcala et al., 2019). Previous
research also revealed that anti-TEM8 antibody–drug conjugate
is promising in augmenting therapies in diverse cancer types
based on preclinical study (Szot et al., 2018). Moreover, Byrd
TT and colleagues developed anti-ANTXR1 chimeric antigen
receptor T cell for targeted therapy of triple-negative breast
cancer and successfully induced regression of established
patient-derived xenograft tumors (Byrd et al., 2018). Recently,
Sotoudeh et al. reported that ANTXR1 was overexpressed in GC

and a promising molecular target for both clinical and preclinical
assessment for immunotherapy of stomach cancer (Sotoudeh
et al., 2019). The above findings implicate that ANTXR1 plays
a vital role in tumor angiogenesis, progression, invasion and
metastasis, thus making it a potential immunotherapeutic target.
However, the potential mechanisms of ANTXR1 in gastric
tumor progression and cancer immunology have not been
extensively studied.

In the current study, we comprehensively investigated
associations between ANTXR1 expression and clinical outcomes
of GC patients based on two independent datasets. It is widely
accepted that the stroma of tumor microenvironment (TME)
is correlated with the resistance of chemotherapy of cancer;
thereby, we evaluated whether ANTXR1 is a predictor for GC
patients’ response to chemotherapy. We further assessed the
differential landscape of somatic tumor mutation burden (TMB)
between the two groups (high vs. low ANTXR1 expression).
Importantly, we analyzed the correlation of ANTXR1 with
infiltration level of stromal and immune cells in the TME. The
findings in the present research not only shed light on the crucial
role that ANTXR1 plays in TME of GC but also afford potential
molecular functions and mechanisms of ANTXR1 in stromal or
immune cell infiltration.

MATERIALS AND METHODS

Acquisition of Datasets
Two cohorts of GC patients from two independent databases
were included in this study. Level 3 gene expression RNA-
sequencing data [log2(normal_count+1)] of The Cancer
Genome Atlas (TCGA) stomach adenocarcinoma (STAD)
patients, including 415 tumor tissues and 35 adjacent normal
controls, were collected from the UCSC Xena browser (https://
xena.ucsc.edu/). Clinical information, such as age, gender,
histological grade, disease stage, Lauren classification, and
clinical outcomes of TCGA-STAD samples, was obtained from
the Genomic Data Commons (https://gdc.cancer.gov/). For
Gene Expression Omnibus (GEO) data, gene expression data
of 300 GC patients in Asian Cancer Research Group (ACRG)
cohort (GSE62254) were downloaded from the GEO database
using GEOquery (V2.54.1) R package. The annotation platform
GPL570 (Affymetrix Human Genome U133 Plus 2.0 Array) was
utilized to annotate gene names. Clinical data of 300 patients
with GC in the ACRG cohort were acquired from a previous
study (Cristescu et al., 2015).

Differentially Expressed Genes Analysis
According to the median of ANTXR1 expression, GC patients
were divided into two groups (high and low). The R
package limma (V3.42.0), which performs an empirical Bayesian
approach to evaluate gene expression changes using the
moderated t-test (Ritchie et al., 2015), was applied to identify
differentially expressed genes (DEGs) in ANTXR1 expression
subgroups. The adjusted P < 0.05 and |log2(fold change)| > 1
were deemed to be the cutoff criteria to screen for DEGs.
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Gene Ontology and Pathway Enrichment
Analysis
By applying clusterprofiler (V3.14.0) R package (Yu et al.,
2012), we conducted gene ontology (GO) functional analysis.
Enriched GO terms with P < 0.05 and false discovery rate
(FDR) < 0.05 were considered as statistical significance. To
further explore the underlying pathway of the DEGs in GC,
we performed gene set enrichment analysis (GSEA) of the
upregulated genes. Gene sets “c2.cp.kegg.v7.1.entrez.gmt” and
“h.all.v7.1.entrez.gmt,” which summarize and represent well-
defined biological states and pathway processes, were obtained
from the Molecular Signatures Database (MSigDB) of Broad
Institute (https://www.gsea-msigdb.org/gsea/msigdb). Enriched
P values were based on 10,000 permutations and then multiple
tests were adjusted using the Benjamini–Hochberg program to
control the FDR. Enriched signaling pathways with P < 0.05 and
FDR < 0.05 were defined as statistical significance.

Analysis of Stromal and Immune Infiltration
Stromal, immune, and ESTIMATE scores were obtained by
applying the ESTIMATE (Estimation of STromal and Immune
cells in MAlignant Tumors using Expression data) algorithm
(Yoshihara et al., 2013). In addition, TIMER (Tumor Immune
Estimation Resource) (http://cistrome.org/TIMER/) was used to
carry out comprehensive correlation analysis between tumor-
infiltrating immune cell signatures and ANTXR1 expression.
In addition, another approach to evaluate infiltration levels of
stromal and immune cells adopted in the present study was xCell,
which infers the fraction of 64 immune and stromal cell types
in tumor samples based on gene signatures (Aran et al., 2017).
Correlation between ANTXR1 expression and the infiltration
levels of 64 immune and stromal cell types in each tumor sample
was computed.

Estimates of Somatic Mutations
We obtained all mutation data from 395 patients in the
TCGA-STAD cohort consisting of deletions, insertions, and
substitutions across bases and divided the data into two groups
according to the ANTXR1 expression. Mutation profiling of
the two groups by waterfall plot was conducted by using R
Bioconductor package Maftools (V2.2.10) (Mayakonda et al.,
2018). Moreover, the following formula: TMB = (total count of
variants)/(the whole length of exons) was employed to calculate
TMB for each GC patients.

Statistical Analysis
Unpaired two-samples t-test and paired-samples t-test were,
respectively, adopted to compare the expression level of ANTXR1
in unpaired samples and paired samples. The unpairedWilcoxon
test was employed to compare ranked data with two categories,
and the Kruskal–Wallis test was used for comparisons among
three or more groups. Kaplan–Meier survival analysis was
performed to evaluate the prognostic value of ANTXR1 based on
the TCGA-STAD cohort or ACRG cohort using survival (V3.1-
8) R package. In addition, Cox proportional hazards models
were generated to reveal the independent indicators associated
with overall survival (OS) or disease-free survival (DFS) using

survminer (V0.4.6) R package. Log-rank test was used to test the
association. Patients from the ACRG cohort were separated into
two groups according to the optimal cutoff value of ANTXR1
expression level based on survival analysis. By applying data from
patients in the ACRG cohort, a Cox proportional hazards model
was generated to evaluate the intensity of the interaction between
the two groups and adjuvant chemotherapy. The interaction test
was implemented by likelihood ratio test. All statistical analyses
were conducted in R, Version 3.6.1 (http://www.r-project.org),
and P < 0.05 was declared as statistically significant.

RESULTS

Overexpression of ANTXR1 Correlated
With Tumor Aggravation in GC
To assess the expression level of ANTXR1 in patients with
GC, we compared the expression level of ANTXR1 in
non-paired tumor and adjacent tissues and paired samples,
and the MET was considered as positive control while
ACTB was considered as negative control. Results showed
that there was a significant difference in the expression
of ANTXR1 between non-paired/paired gastric tumors and
adjacent samples (Figures 1A,B). Using Wilcoxon test, we
further investigated the expression level of ANTXR1 in different
clinicopathological features of GC patients and found that
its level significantly correlated with T stage (P < 0.0001),
AJCC stage (P < 0.001), Lauren classification (P < 0.0001),
WHO grade (P < 0.05), tumor size (P < 0.05), and race
(P < 0.05) based on the TCGA dataset (Figures 1C–H).
The above results implicated that ANTXR1 is significantly
overexpressed in stomach cancer and may be associated with
tumor progression.

ANTXR1 Expression Is Involved in
Outcomes of GC
Since we found that ANTXR1 was aberrantly expressed in GC
and correlated with tumor progression, its prognostic value
was further investigated. We divided the patients into two
groups according to the optimal cutoff, and the prognostic
significance of this gene was estimated by applying Kaplan–
Meier survival analysis utilizing data from both TCGA and
ACRG cohorts. The results suggested that high ANTXR1
expression is significantly correlated with not only poor
OS but also DFS in GC patients based on TCGA cohort
(Figures 2A,B), which was consistent with results obtained from
the ACRG cohort (Figures 2C,D). In addition, by utilizing
the TCGA dataset, univariate and multivariate Cox regression
analyses were conducted to assess the independent prognostic
value of ANTXR1 in GC. Results showed that ANTXR1 is
an independent indicator associated with poor OS [hazard
ratio (HR):1.461; 95% confidence interval (CI):1.024, 2.084;
P = 0.036] as well as DFS (HR = 1.622; 95% CI: 1.105,
2.380; P = 0.013) in GC patients from the TCGA database
(Figures 2E,F). Taken together, these findings demonstrated
that ANTXR1 is an independent prognostic indicator, and
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FIGURE 1 | Elevated expression level of ANTXR1 correlated with aggravation of gastric cancer. (A) Expression level of ANTXR1 in unpaired tumor and adjacent

tissues. (B) Expression level of ANTXR1 in unpaired tumor and adjacent tissues. MET and ACTB gene expression were considered as positive and negative control,

respectively. (C–H) Comparisons of ANTXR1 expression levels in different clinical features in GC. (C) T stage, (D) AJCC stage, (E) Lauren classification, (F) histological

grade, (G) tumor size, and (H) race. Box plots elements (center line, median; box boundaries, upper and lower quartiles; whiskers, maximum and minimum).

*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.

overexpression of ANTXR1 predicts unfavorable prognosis for
GC patients.

Identification of DEGs and Functional
Annotation
To explore DEG profiles from the TCGA cohort with high and/or
low ANTXR1 expression, we performed expression profiles
analysis of 415 GC cases. In total, 2,630 genes were upregulated
and 130 genes were downregulated in high ANTXR1 expression

than the low ANTXR1 expression group using the R package
limma. The representatives of the upregulated genes are shown as
heatmap (Supplementary Figure 1 and Supplementary Table 1)
and volcano plot (Figure 3A). The identified 2,635 upregulated
genes were subjected to GO enrichment analysis utilizing
clusterProfiler R package. The top 10 terms of enriched biological
processes (BP), molecular function (MF), and cell component
(CC) are shown in Figure 3B. We found that the upregulated
genes were mostly related to extracellular matrix, which
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FIGURE 2 | High expression of ANTXR1 predicts adverse clinical outcomes of gastric cancer patients by applying Kaplan–Meier survival analysis. (A,B) Based on

TCGA datasets. (C,D) Based on GSE62254 cohort. Univariate and multivariate analysis of clinical parameters associated with overall survival (E) and disease-free

survival (F).

FIGURE 3 | ANTXR1 involved in definite gene ontology (GO) terms in gastric cancer. (A) Volcano plot of the differentially expressed genes. (B) Results of BF (biological

function), CC (cellular component), and MF (molecular function) terms analyzed.
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implicated that these genes might function as key regulators in
the stroma of GC.

To explore the potential pathways of the upregulated
genes in GC, we further conducted GSEA using the MSigDB
hallmark gene sets and KEGG pathway gene sets. Interestingly,
among the most significantly enriched KEGG pathway gene
sets, two groups of cancer-associated gene sets including
focal adhesion and TGF-beta signaling pathway were highly
enriched in patients harboring high ANTXR1 expression
level (Supplementary Figure 2A). For the hallmark gene
sets, epithelial mesenchymal transition (EMT) gene set was
significantly enriched in the high ANTXR1 expression group
(Supplementary Figure 2B). Collectively, these findings
indicated that ANTXR1 may participate in regulating the tumor
stromal environment and promotes tumor metastasis.

Correlation Between ANTXR1 and Immune
and Stromal Cell Infiltration in GC
In order to assess the immunological role of ANTXR1 play
in GC, we further investigated its association with immune
and stromal cell infiltration in GC. Firstly, we compared the
differences of immune score, stromal score, and ESTIMATE
score between high ANTXR1 expression group and low.
The findings showed that stromal score, immune score, and
ESTIMATE score are significantly higher in patients with high
ANTXR1 expression than those with low ANTXR1 expression
(Figure 4A). Additional linear regression analyses also indicated
that ANTXR1 expression has positive correlations with immune
score, stromal score, and ESTIMATE score (Figures 4B–D),
which implied that it has a notable impact on infiltration
levels of stromal and immune cells. To better understand
the relationship between ANTXR1 expression and the TME,
TIMER algorithm was employed to analyze the correlation of
ANTXR1 expression with tumor purity and six kinds of tumor-
infiltrating immune subsets in STAD samples. The results of the
correlation analyses showed that CD8+ T cells, CD4+ T cells,
macrophages, neutrophils, and dendritic cells were positively
correlated with the expression of ANTXR1, while they were
negatively correlated with tumor purity (Figure 5A). Moreover,
another algorithm (xCell) was also performed to investigate the
predominant cell types that function in this process. Correlations
between ANTXR1 expression and 64 non-cancerous cell types
were investigated based on GC patients in TCGA cohort.
The results indicated that a total of 49 cell types significantly
correlated with ANTXR1 expression (Figure 5B), among them
30 types were positively correlated while 19 types were negatively
correlated. The 49 cells types consist of 12 lymphoid cells, 11
myeloid cells, 14 stromal cells, six stem cells, and six other
cell types. Intriguingly, we acquired that the expression profiles
of the majority of stromal cells and myeloid cells have robust
correlations with ANTXR1 expression in STAD patients, whereas
the bulk of lymphoid cells have negative correlations. These
results powerfully suggested that ANTXR1 plays a crucial role in
infiltration levels of immune and stromal cells in GC.

Correlation Analysis Between ANTXR1 and
Immunosuppressive Properties
Since primary analyses indicated that ANTXR1 was
predominantly positively correlated with immunosuppressive
cells, such as fibroblasts and M2 macrophages, we hypothesized
that ANTXR1 could participate in regulation of the
immunosuppressive factors of GC. For the sake of validating
this, we conducted a correlation analysis of ANTXR1 expression
and pivotal factors that drive the recruitment of myeloid-
derived suppressor cells, cancer-associated fibroblasts (CAFs),
and tumor-associated macrophages (TAMs), as well as the
immunosuppressive factors these cells secreted. As shown in
Figure 6A, ANTXR1 was significantly positively associated
with the majority of immunosuppressive factors. CAFs are
involved in tumor initiation and progression by promoting
angiogenesis, survival of malignant tumor cells, EMT, as well
as cell proliferation via secretion of soluble factors (Huang
et al., 2014). In this study, CAF-associated factors were
found to be significantly correlated with ANTXR1 expression
(Figure 6B). TAMs are composed of M1 and M2 TAMs, and it
is M2 that plays a vital role in tumor progression, promoting
immunosuppressive signal in the TME (Gambardella et al.,
2020). Indeed, we found that critical factors driving M2
phenotype differentiation were strongly or moderately related to
ANTXR1 expression (Figure 6C).

It is well-established that T cell exhaustion has crucial
implications for the success of immune checkpoint blockade and
adoptive T cell transfer treatments (Blank et al., 2019). To further
analyze relationships between marker genes of T cell exhaustion
and ANTXR1 expression, results of correlation analyses revealed
that TIM-3, TIGIT, and BTLA have significant correlations with
ANTXR1 expression (Figure 6D). Intriguingly, TIM-3, as an
important gene that modulates T cell exhaustion, is moderately
positively correlated with ANTXR1 expression, manifesting
that ANTXR1 plays a pivotal role in TIM-3 mediating T
cell exhaustion.

EMT was well-known for the critical role it plays in
embryogenesis and some other pathophysiological processes,
especially tumor metastasis (Huang et al., 2015). Since primary
analyses indicated that the EMT gene set was significantly
enriched in the high ANTXR1 expression group, we therefore
analyzed whether ANTXR1 expression has correlations with
common EMT biomarkers. The correlation analysis showed that
EMT biomarkers, except CDH1, were dramatically positively
correlated with ANTXR1 expression (Figure 6E). Specifically,
ANTXR1 has a positive relation to mesenchymal cell and a
negative correlation with epithelial cell markers. Besides, analysis
of ANTXR1 expression level in patients with different ACRG
molecular subtypes also revealed that ANTXR1 expression was
notably higher in patients with EMT signature than those
with other subtypes (Figure 6F). Taken together, these results
further confirmed the findings that ANTXR1 plays a crucial
role in regulation of TME in GC, which functions by driving
the recruitment of immunosuppressive cells to secrete soluble
factors, modulating M2 and CAF transformation, mediating
T cell exhaustion, and prompting EMT; this can ultimately
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FIGURE 4 | Association between ANTXR1 expression and ESTIMATE score in gastric cancer. (A) High ANTXR1 expression associated with high immune score,

stromal score, and ESTIMATE score in gastric cancer patients. Box plot elements (center line, median; box boundaries, upper and lower quartiles; whiskers,

maximum and minimum). ANTXR1 expression was positively correlated with stromal score (B), immune score (C), and ESTIMATE score (D) in gastric cancer

patients. ****P < 0.0001.

motivate tumor immune evasion, leading to adverse clinical
outcomes for GC patients.

High ANTXR1 Expression Contributes to
Chemotherapy Resistance
Considering that the adjuvant chemotherapy information was
available for patients from the ACRG cohort, we further sought
to explore whether ANTXR1 expression level was correlated with
different clinical outcomes for adjuvant chemotherapy. These
patients were divided into a high and low ANTXR1 expression
group, and the difference in recurrence-free survival (RFS)
rates was independently compared. Adjuvant chemotherapy was
found to prolong the RFS time in patients with low ANTXR1
expression (P < 0.0001 by log-rank test; Figure 7B). Compared

to those who did not receive adjuvant chemotherapy, the HR
for recurrence among those who received was 0.33 (95% CI:
0.18–0.62, P < 0.001 by likelihood ratio test). However, patients
with high ANTXR1 expression did not benefit or only benefitted
a little from adjuvant chemotherapy (P = 0.27 by likelihood
ratio test; Figure 7A). Additionally, we conducted an interaction
test to evaluate the real difference between the two groups
in the light of the influence of adjuvant chemotherapy. We
performed the Cox proportional hazard regression model, and
the interaction of the high and low ANTXR1 expression groups
with adjuvant chemotherapy achieved statistical significance
(P = 0.02 by likelihood ratio test; Figure 7C), suggesting that
patients with highANTXR1 expression benefit less from adjuvant
chemotherapy than patients with low ANTXR1 expression.
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FIGURE 5 | Correlation between ANTXR1 expression and immune and stromal cell infiltration in gastric cancer. (A) Relationship between ANTXR1 expression and

six immune cells conducted by TIMER. (B). Corrplot of ANTXR1 expression and 49 cell types calculated by xCell in gastric cancer. *P < 0.05, **P < 0.01,

***P < 0.001, ****P < 0.0001.

Somatic Mutation Analysis of the Two
Groups
We next investigated mutational variants of patients from the
TCGA-STAD cohort. The somatic mutation landscape of the
two groups is shown in Figure 8A. The evaluation of the TMB
of the two groups revealed that TMB in patients with high
ANTXR1 expression were significantly lower than those with
low ANTXR1 expression (P < 0.001; Figure 8B). In addition,
we assessed the association between ANTXR1 expression and
known TCGA molecular subtypes (CIN, EBV, GS, HM-SNV,
and MSI subtype) (Liu et al., 2018). Among the five subtypes,
the average ANTXR1 expression of the GS subtype was the
highest (P < 0.0001; Figure 8C). Previous studies reported

that high TMB and MSI, leading to generation of neoantigens,
are typical indicators predicting the sensitivity to immune
checkpoint inhibitor treatment (Chan et al., 2019; Samstein et al.,
2019). Taken together, these results suggest that patients with
low ANTXR1 expression may be more sensitive to immune
checkpoint inhibitor therapy.

DISCUSSION

GC is a heterogeneous disease with multitudinous
clinicopathologies and genotypes (Ajani et al., 2017), thereby
making it arduous to ascertain the optimum approach for
an individual GC patient. Even with surgery in combination
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FIGURE 6 | ANTXR1 contributes to immunosuppression and prompt EMT. (A) Corrplot between ANTXR1 and immunosuppressive cell recruitment factors.

(B) Corrplot between ANTXR1 and cancer-associated fibroblast (CAF)-related factors. (C) Corrplot between ANTXR1 and M2 phenotype-driving factors. (D) Corrplot

between ANTXR1 and exhausted T cell receptors. (E) Corrplot between ANTXR1 and common biomarkers of EMT. (F) Box plot of ANTXR1 expression levels in

different ACRG molecular subtypes. Box plot elements (center line, median; box boundaries, upper and lower quartiles; whiskers, maximum and minimum). EMT,

epithelial–mesenchymal transition; ACRG, Asian Cancer Research Group. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, ns P > 0.05.
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FIGURE 7 | Kaplan–Meier plots of recurrence-free survival (RFS) analysis. (A,B) Kaplan–Meier plots of RFS among patients who received CTX and those who did

not for high and low ANTXR1 expression group. Log-rank test was utilized to determine the P-values. (C) Interaction of ANTXR1 expression with CTX in patients

with gastric cancer. The Cox proportional hazards regression model was employed to analyze the interaction between ANTXR1 expression and CTX. CTX,

adjuvant chemotherapy.

with adjuvant chemotherapy, however, numerous advanced
GC patients will suffer a rapid relapse due to the extremely
invasive feature of this illness. Cancer immunotherapy, which
can modulate the immune system to struggle against cancer, has
recently emerged as a revolutionary and promising therapeutic
strategy of multiple tumor types including GC. Several
immunotherapeutic drugs have been applied for the clinical
treatment of GC; however, unpredictable patient response rates
and underlying immune-related adverse effects remain two
outstanding questions. One feasible therapeutic methodology is
to exploit cancer immunotherapy for GC by targeting molecules
that overexpressed in cancer cells, which plays a pivotal role in
immunosuppressive microenvironment.

ANTXR1 has been reported to participate in tumor
progression in numerous kinds of carcinomas, and its
overexpression in tumor cells makes it a promising prognostic

biomarker and therapeutic target accordingly (Chaudhary
et al., 2012). In the current study, we found that ANTXR1
was not only aberrantly upregulated in GC tissues but also
significantly correlated with depth of tumor invasion and disease
stage, Lauren classification, histological grade, tumor size, and
race, indicating that tumors with high expression of ANTXR1
are malignant and aggressive. Consistent with a previous
study (Sotoudeh et al., 2019), our research also revealed that
ANTXR1 is an independent prognostic indicator for GC patients
and overexpression of ANTXR1 was significantly associated
with poor clinical outcomes. Taken together, ANTXR1 is an
outstanding candidate for prognostic biomarker and therapeutic
target of GC patients.

Immunotherapy, emerging as one of the most promising
methods for cancer therapy, has been applied to clinical
treatment of several cancer types, and its efficacy is closely related
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FIGURE 8 | ANTXR1 expression is correlated with TMB in gastric cancer. (A) Distribution of the top 20 variant mutated genes between high ANTXR1 expression and

low was shown in the waterfall plot. (B) Association between TMB and ANTXR1 expression. (C) Distribution of ANTXR1 expression levels of TCGA molecular subtypes.

Box plot elements (center line, median; box boundaries, upper and lower quartiles; whiskers, maximum and minimum). TMB, tumor mutation burden. ****P < 0.0001.

to the TME. Increasing attention has recently been paid into the
TME, which is composed of immune cells, stromal cells, and
extracellular components (cytokines, chemokines, extracellular
matrix, etc.) (Wu and Dai, 2017). Tumor cells are capable of
interacting with immune cells and stromal cells in the TME
by direct contact or through chemokine and cytokine signal

transduction, which can result in the TME remodeling (Wu and
Dai, 2017). The TME plays a crucial role not only in regulating
the proliferation, apoptosis, and metastasis of malignant cells
but also in impacting cancer (immuno-)therapeutic efficacy (Wu
and Dai, 2017; Maman and Witz, 2018). It is thus of great value
to identify promising biomarkers and therapeutic target that
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play an important role in TME. To some extent, immune score
and stromal score represent the infiltration levels of immune
and stromal cells within the TME in GC. Here, our results
suggested that high ANTXR1 expression was strongly correlated
with stromal and immune infiltration in GC. Furthermore, we
found that ANTXR1 expression significantly correlates with
stromal and immune cell infiltration in GC via TIMER and
xCell. Interestingly, these infiltrating cells are mainly composed
of stromal cells (such as CAFs) and myeloid cells (such as M2
macrophages). In line with that, with few exceptions, the majority
of immunosuppressive factors are strongly positively correlated
with ANTXR1 expression in GC patients. Additionally, we
found that ANTXR1 can induce T cell exhaustion, which can
lead to poor clinical outcomes and failure of immunotherapy
of cancer. Recently, increasing evidence has confirmed that
crosstalk between EMT-related determinants and the TMEmight
prompt tumor invasion and immune evasion (Terry et al.,
2017). Indeed, Cai et al. found that ANTXR1 was able to
promote EMT in GC (Cai et al., 2020). Consistent with it,
our results also revealed that patients with high ANTXR1
expression tumors harbor more mesenchymal characteristics
and less epithelial features in GC. Therefore, comprehensively
learning the relationship between ANTXR1 and TME might
contribute to a deeper understanding of the intricate interaction
between malignant cells and the immune system, thus facilitating
the progression of individualized immunotherapeutic drugs and
enhancing the efficiency of immunotherapy in GC patients.

Metastasis is the predominant cause of death in cancer
patients. It is well-known that abnormal EMT activation could
prompt tumor cell invasion, metastasis, and chemoresistance
with cellular adhesion molecules especially E-cadherin
concomitantly hindered, leading to dissemination of cancer
cells to other organs of the body (Huang et al., 2015). The
transforming growth factor-β (TGF-β) signaling pathway
is a major driver of EMT (Hua et al., 2020). Of note, we
also found that high expression of ANTXR1 in GC was
significantly correlated with EMT and TGF-β signaling pathway
via GSEA. These results indicate that ANTXR1 may promote
immune evasion through EMT and TGF-β signaling pathway.
Nevertheless, these analyses were conducted only based on
genomic data and additional experiments are needed to further
elucidate the specific mechanism of how ANTXR1 impact the
TME in GC.

Chemotherapy resistance is also an important element that
impacts outcomes of GC patients. Tumor cells that interact
with immune or stromal cells can induce TME remodeling and
function as a key player in promoting chemotherapy resistance
(Russi et al., 2019). Our study revealed that ANTXR1 played
a crucial role in TME remodeling. Thus, we conducted an
analysis of whether the expression level of ANTXR1 can serve
as an indicator of the sensitivity of GC patients to adjuvant
chemotherapy. Results suggested that high ANTXR1 expression
tumors are less sensitive to adjuvant chemotherapy. This further
demonstrated that ANTXR1 might promote TME remodeling,
especially affecting the elements of tumor stroma, which can
lead to chemoresistance. TMB represents the total index of

mutations in tumor samples and serves as a promising biomarker
in immunotherapy (Chalmers et al., 2017). It was confirmed to
be related to the sensitivity to immune checkpoint inhibitors in
multiple tumors (Chalmers et al., 2017). In the current study,
we found that GC patients with high ANTXR1 expression
tumors have lower TMB, which indicated that patients with
low ANTXR1 expression may be more sensitive to immune
checkpoint inhibitor therapy. Overall, ANTXR1 could be an
indicator not only of sensitivity to adjuvant chemotherapy but
also of immunotherapy in GC patients.

CONCLUSIONS

In summary, we comprehensively investigated the correlation
between ANTXR1 and clinicopathological characteristics, and
prognosis of GC. Importantly, our research investigated the
immunological role that ANTXR1 plays in the TME of GC.
Meanwhile, the relationship between ANTXR1 and TMB or
chemotherapy was also studied. Our study described the crucial
role that ANTXR1 plays in the TME of GC, highlighting how
ANTXR1 interact with the immune microenvironment and may
guide a more precise and individualized immunotherapeutic
strategy for GC patients. However, further in-depth experimental
validations are indispensable to elucidate the specific mechanism
of how ANTXR1 affects the TME in GC. Based on the expression
level of ANTXR1 in GC, clinicians could select currently available
standard medicine or potential monoclonal antibodies that
target ANTXR1 proteins to maximize the benefits to patients,
if confirmed in prospective studies, which would improve the
clinical outcomes of GC patients.
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