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Abstract
Background:Gastric cancer (GC) is rated as one of the most commonly diagnosed cancers and the
leading cause of cancer-related deaths in the world. Despite the emergence of a combination of surgery,
surveillance endoscopy, chemotherapy, radiotherapy, and various novel treatment strategies in recent
years, the prognosis for patients with gastric cancer is far from optimistic due to its predisposition to
invasion or metastasis and low rate of early diagnosis. GC exists in a complex tumor–immune
microenvironment. Immune cell in�ltration and tumor–immune molecules play a key role in tumor
development and are closely related to the prognosis of patients. Therefore, understanding the cellular
composition and function of TME is essential to grasp the tumor progression of GC, and is helpful to �nd
molecular markers with the prognostic value that affect the immune response of GC patients.

Methods:In this study, we performed multiple machine learning algorithms to identify immunophenotypes
and immunological characteristics in GC patient’s data from the TCGA database and identi�ed immune-
related genes involved in the GC-immune interaction. In addition, we used R software and online
databases to assess the status of lymphocytes and clari�ed the association between the hub gene and
GC immunity, as well as the signaling pathways that regulate the immune response mediated by the hub
gene.

Results:In this study, we found a close linkage between CXCR4 and the immunity of GC. The CXCR4 gene
expression was associated with immune cell in�ltration levels and immunomodulators. We established
an immune gene model for GC using CXCR4-associated immunomodulators. The risk scores derived
from the gene signatures were signi�cantly associated with survival in GC. And, our results demonstrated
that the risk scores derived from CXCR4-associated immunomodulators could distinguish risk groups
de�ned by differential expression of a set of signature genes.

Conclusions: Our �ndings provided evidence of CXCR4's implication in tumor immunity, suggesting that
CXCR4 may be a potential prognostic biomarker and immunotherapeutic target for GC. The prognostic
immune markers from CXCR4-associated immunomodulators could independently predict the overall
survival of GC. The prognostic immune model using CXCR4-associated immunomodulators contribute to
the individualization of the clinical treatment strategy to improve the survival chances of patients.

Introduction
Gastric cancer (GC) is rated as one of the most commonly diagnosed cancers and the leading cause of
cancer-related deaths in the world[1]. Despite the emergence of a combination of surgery, surveillance
endoscopy, chemotherapy, radiotherapy and various novel treatment strategies in recent years, the
prognosis for patients with gastric cancer is far from optimistic due to its predisposition to invasion or
metastasis and low rate of early diagnosis[2–4]. The tumor microenvironment (TME) is the environment
where tumor cells are located, which can promote tumor growth and metastasis and immune escape[5,
6]. In addition to tumor cells, TME also includes endothelial cells, immune cells, mesenchymal cells,
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extracellular matrix (ECM) molecules, and in�ammatory mediators[7, 8]. Studies have shown that
changes in the content of immune cells and stromal cells in TME play an important role in tumor
diagnosis and prognosis[9]. In the TME, tumor cells interact closely with stromal cells, immune cells and
ECM. Through complex mechanisms, these communications support tumor growth, metastatic spread,
and immune escape. Immunotherapy based on immunological checkpoint inhibitors or targeted drugs
has been emerging as a promising alternative treatment for some cancer patients[10, 11]. However, only a
small percentage of cancer patients bene�t from immunotherapy. Immune escape has been proven to be
a sign of cancers that rely on the immune microenvironment, and it is also one of the important reasons
for the failure of immunotherapy in tumor patients[12, 13]. The proportional imbalance between
regulatory cells and effector cells in tumor-related microenvironment is the main mechanism to
encourage immune escape. Some clinical trials have shown that tumor-in�ltrating leukocytes are
associated with clinical e�cacy and cancer prognosis[14–17]. Therefore, understanding the cellular
composition and function of TME is essential to grasp the tumor progression of GC, and is helpful to �nd
molecular markers with the prognostic value that affect the immune response of GC patients.

In this study, we systematically explored the GC immune interaction associated molecular characteristics,
which preliminarily revealed the complicated biological functions and immunological processes involved
and the regulatory networks of these molecules. C-X-C motif chemokine receptor 4 (CXCR4), is a member
of the C-X-C chemokine receptor family, which is associated with multiple types of cancer. CXCR4 gene is
a promising therapeutic target in cancers, including hepatocellular carcinoma[18], gastrointestinal
cancer[19], small cell lung cancer[20],breast cancer[21], and ovarian cancer[22]. Here we systematically
evaluated the status of lymphocytes and clari�ed the association between CXCR4 and GC immunity, as
well as the signaling pathways regulating the CXCR4-mediated immune response. Moreover, we
constructed the prognostic immune model using CXCR4-associated immunomodulators to help the
individualization of the clinical treatment strategy to improve the survival chances of patients.

Methods

1. Data Collection
Transcriptome data and clinical data were downloaded from The Cancer Genome Atlas (TCGA,
https://portal.gdc. cancer.gov/) database. The collation and extraction of data information used Perl
scripts.

2. Survival analysis and related clinical parameters analysis of the tumor microenvironment

The R package " ESTIMATE " was used to score stromal cells and immune cells in TME. Use the R
packages "survival" and "survminer" to combine the TME scores (Stromal score, Immune score, ESTIMATE
score) with the survival data of the samples and analyze them. The samples with different immune
activity were clustered according to immune score. Based on the median value of the TME scores, the
samples were divided into high- and low-score groups,and the survival differences between the two
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groups were analyzed. The R package "ggpubr" was used to analyze the difference between TME scores
and clinical parameters and different immune activity groups.

3. Screening of differentially expressed genes and the hub gene

The differentially expressed genes (DEGs) between high- and low- score groups of the stromal score and
immune score were analyzed respectively. The �lter condition was |log2 (fold change, FC) > 1| and false
discovery rate (FDR) < 0.05. The DEGs in stromal cells were intersected with those in immune cells, and
the intersecting DEGs were enriched and analyzed. The protein-protein interaction (PPI) network of the
intersecting DEGs was constructed via the STRING database (https://string-db.org/) and Cytoscape
software version 3.7.1(https://cytoscape.org/). The number of adjacent nodes of each gene in PPI was
analyzed and the hub gene was obtained. Univariate Cox regression analysis was performed to screen
prognostic-related genes. The prognosis-related hub gene (PRHG)was obtained by the intersection of the
prognosis-related genes and hub genes.

4. Analysis Of The Prognostic-related Hub Gene
The differences and pairing differences of PRHG between the normal group and tumor group were
analyzed by using R packages "beeswarm" and "ggpubr" respectively. To further verify the expression of
PRHG, the mRNA level was validated by the Gene Expression Pro�ling Interactive Analysis database
(GEPIA, http://gepia.cancer-pku.cn/) and the TIMER database (https:// cistrome.shinyapps.io/timer/). R
packages "survival", "survminer" and "ggpubr" were used to analyze the overall survival time and clinical
correlation of PRHG with different expression levels. Gene Set Enrichment Analysis (GSEA) v4.0.1
software (https://www.gsea-msigdb.org/gsea/login.jsp) was performed to reveal PRHG related biological
pathways and mechanisms. P < 0.05 was considered statistically signi�cant.

5. The correlation analysis between PRHG and immune cells in TME

The relative content of immune cells in each sample was calculated by the CIBERSORT algorithm (R
Script v1.03), and the correlation between different immune cells was analyzed by R package "corrplot".
Next, we analyzed the correlation between PRHG expression and immune cell in�ltration in GC. The
CIBERSORT R script obtained from the CIBERSORT website (https://cibersort.stanford.edu/) was used to
analyze the relationship between the hub gene and immune grouping and different immune cells.

6. Construction of the immune prognosis model based on PRHG-related immunomodulators

We searched the TISIDB database (http://cis.hku.hk/TISIDB/) for immunomodulators related to PRHG,
including immunoinhibitor, immunostimulator, and major histocompatibility complex (MHC) molecule
(Spearman correlation test, P < 0.05).

A prognostic multiple immune gene model was constructed based on PRHG-related immunomodulators.
We used univariate Cox analysis to initially identify potential immune genes. The expression values of
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immune genes were weighted by the regression coe�cient of the Cox regression model to calculate the
risk score of every patient. Risk score= (Coe�cientmRNA1×mRNA1 expression) +
(Coe�cientmRNA2×mRNA2 expression) +⋯+ (Coe�cientmRNAn× mRNAn expression). Kaplan-Meier
survival curve was used to evaluate the association between the immune prognosis model and overall
survival.

7. Independence Of The Immune Prognosis Model
Univariate and multivariate Cox regression analysis were performed to analyze the independent
prognosis of GC patients with forwarding stepwise procedure, P < 0.05 indicated statistical signi�cance.
The time-dependent receiver operating characteristic (ROC) curves were utilized to study the prognostic
value of the risk score using the "SurvivalROC"[23] of R package. Nomogram[24] was constructed by
including all independent prognostic factors to predict the survival of GC patients at 1 year, 3 years, and 5
years.

8. Statistical Analysis
R software (version 3.6.1, https://cran.r-project.org/bin/windows/base/) was applied to perform all
statistical analyses. Wilcoxon test was suitable for comparison of data between two groups and Kruskal-
Wallis test was performed for three or more groups. The survival data were analyzed by Kaplan-Meier
curves and log-rank tests. Qualitative variables were compared by Pearson χ2 test or Fisher's exact test.
Spearman correlation test was used to analyze the correlation between immune cells. All comparisons in
this study, a two-tailed p-value < 0.05 was considered statistically signi�cant.

Results
1. Association with stromal score and immune score with survival analysis and clinical
parameters 
375 samples with GC and 32 normal samples were downloaded from the TCGA
database.  The stromal scores and immune scores of all samples were obtained by the
ESTIMATE algorithm. And the score ranges were -1859.703 to 2072.280 and -1056.272 to
3124.198, respectively. What’s more, the ESTIMATE score was -2471.016 to 4868.812.
To analyze the correlation between the stromal/immune/estimate scores and the overall
survival of the samples, all samples were divided into high and low score groups. The
Kaplan–Meier survival curve showed that the low score group of the stromal score has a
higher 5-year survival rate than the high score group of the stromal score (Figure 1A). It
suggested that the content of stromal cells in the GC microenvironment was related to the
survival of patients. Survival rates were not significantly different in the high and low score
groups of the immune/estimate scores (Figure 1B, C).
By exploring the potential relationship between the stromal/immune/estimate scores and
the and clinical parameters, we observed that grade, stage, and tumor infiltration depth (T)
had significant differences in scores (Figure 1D, E). In terms of the median value of stage,
stage II, III, IV in the stromal and estimate median scores were higher than stage I,  with
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statistical significance. From the aspect of the median value of grade, grade 3 was higher
than grade 2 in the stromal score, grade 3 was higher than grade 2 and grade1 in the
immune score, and grade 3 was higher than grade 1 in the estimate score, all with
statistical significance. For the median value of tumor infiltration depth (T), T2, T3, and T4
were higher than T1 in the stromal/immune/estimate scores, with statistical significance.
Taken together, the correlation analyses of stromal and immune scores with clinical
parameters of GC revealed that both high stromal and immune scores were related to poor
tumor differentiation and severe local invasion and that neither was significantly related to
lymph nodes and distant metastasis, indicative of the greater influence of TME on primary
tumor cells than metastasis.
2. The characteristics of the tumor microenvironment and immunophenotypes 
375 samples were analyzed using 29 immune gene sets according to the ssGSEA algorithm
to evaluate the immune characteristics of GC patients. Based on the hierarchical clustering
algorithm, the samples were clustered into three categories: 32 samples were clustered into
cluster 1, 213 samples were clustered into cluster 2, and 128 samples were clustered into
Cluster 3 (Figure 2A). As shown in Figure 2B, the immune characteristics of Cluster 1,
Cluster 2 and Cluster 3 were compared the immune characteristics of the three groups
from high level to low level were: cluster1 characteristics (Immunity High group)> cluster
2 characteristics (Immunity Medium group)> cluster 3 (Immunity Low group).
Next, according to the scores of the tumor microenvironment (TME) of each sample, the
TME characteristics in the Immunity High/ Medium /Low groups were analyzed (Figure
2C). For the Immunity High group, StromalScore, ImmuneScore, EstimateScore, and
TumorPurity were 717.300±601.444, 2543.920±287.686, 3261.219±784.388, and
0.465±0.101, respectively. The Immunity Low group had the opposite trend: StromalScore,
ImmuneScore, EstimateScore, and TumorPurity were-478.587±674.297, 251.226±426.450,
-227.361±969.231, and 0.833±0.076, respectively. The Immunity Medium group was
somewhere between Immunity High group and Immunity Low group: StromalScore,
ImmuneScore, EstimateScore, and TumorPurity were 388.558±722.886,
1425.995±500.151, 1814.553±1072.298, 0.636±0.119, respectively.
The characteristics of the TME in the three groups were statistically significant differences
(Figure 2E–G). In terms of tumor purity, the Immunity Low group had the highest level,
while the Immunity High group had the lowest. Correspondingly, the Immunity High group
had the highest infiltration degree of stromal cells and immune cells, and the lowest
infiltration degree of stromal cells and immune cells in the Immunity Low group. All in all,
with the decrease of tumor cell activity, the immune cell activity increased.
3. Identification and functional enrichment analysis of differentially expressed genes
between high- and low-score groups
To disclose the potential relationship between the stromal/immune scores and the gene
expression profile of the GC samples,we exploredthe differential analysis of transcriptome
data of GC patients (Figure 3A, B). As can be seen from the Venn diagram, there were 640
identical up-regulated genes and 120 identical down-regulated genes (Figure 3C, D). The
volcano plot revealed the top10 up-regulated genes and    the top 10 down-
regulatedgenes (Figure 3E).
We performed functional enrichment analysis on the obtained 760 differentially expressed
genes(640 up-regulated genes and 120 down-regulated genes). Gene Ontology
(GO)functions were mainly enriched in leukocyte proliferation lymphocyte proliferation
mononuclear cell proliferation regulation of lymphocyte activation T cell activation and
lymphocyte differentiation (Figure 3F, G), while  Kyoto Encyclopedia of Genes and
Genomes(KEGG) pathways were mainly enriched in viral protein interaction with cytokine
and cytokine receptor, staphylococcus aureus infection, hematopoietic cell lineage,
chemokine signaling pathway, cytokine-cytokine receptor interaction, cell adhesion

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7390926/figure/F5/
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molecules (CAMs),and phagosome (Figure 3H, I). These results suggest that differentially
expressed genes are associated with immune function.
4. Identification and verification of the prognostic-related hub gene
We constructed a PPI network of genes with prognostic values using the STRING network
to analyze the interrelationship between genes with prognostic values. In this PPI network,
there were 188 nodes and 372 edges, with red nodes representing up-regulated genes and
purple nodes representing down-regulated genes  (Figure 4A). The hub genes in the PPI
network were identified by analyzing the number of adjacent nodes of each gene. Figure 4B
showed the top 30 hub genes from the PPI network. To obtain the prognostic-related genes,
we performed a univariate COX analysis of 760 differentially expressed genes (Figure 4C).
The result showed that the 26 genes related to prognosis were high-risk genes (hazard
ratio, HR>1), unfortunately, indicating poor prognosis. 
The intersection of PPI hub genes and prognostic-related genes was taken to obtain the hub
prognostic gene (Figure 4D). Analyzing the expression of the CXCR4 gene in the samples,
we found that CXCR4 was significantly different between the normal and tumor groups
(P<0.05), it was down-regulated in the normal group and up-regulated in the tumor group
(Figure 4E). At the same time, we conducted a paired difference analysis on the samples of
CXCR4 and found that the level of CXCR4 expression was significantly different in the
paracancer group and the tumor group (P<0.05, Figure 4F). Finally, we further verified the
CXCR4 expression in the Gene Expression Profiling Interactive Analysis (GEPIA,
http://gepia.cancer-pku.cn/) database, and the results were consistent with the above
results (Figure 4G). 
5. Analysis of CXCR4 gene
According to the median value of CXCR4 gene expression level, GC patients were divided
into high expression group and low expression group. The study found that the 5-year
survival rate of the low expression group was higher than that of the high expression
group  (Figure 5A). Clinical studies of the    CXCR4 gene showed that the expression of
CXCR4 in GC patients is significantly different in age, grade, stage, T, and N(Figure 5B-H). 
Furthermore, CXCR4-related KEGG pathways were analyzed by GSEA software. GSEA
analysis demonstrated that the CXCR4 gene was associated with several immune-associated
signaling pathways, including intestinal immune network for IgAproduction (NES = 2.119,
P < 0.001), leukocyte transendothelial migration(NES = 2.188, P < 0.001), natural killer
cell mediated cytotoxicity(NES = 2.120, P < 0.001), and  T cell receptor signaling pathway
(NES = 2.113, P < 0.001) (Figure 5I, J).
6. Correlation Between CXCR4 and Tumor Immune Cell Infiltration
The CIBERSORT algorithm was employed to determine the degree of infiltration of immune
cells in GC samples (Figure 6A). Moreover, different correlation patterns among the
immune cells were found in TCGA cohorts (Figure 6B). AS a result, T cells CD4 memory
activated was negatively correlated with B cells naïve, T cells regulatory (Tregs), and T
cells CD4+ (CD4+ T) memory resting, but positively correlated with Macrophages M1 and
T cells CD8+ (CD8+ T). Also, the contents of immune cells varied among different immune
groups (Figure 6C).
The expression level of CXCR4 was positively correlated with the infiltration degree of
immune cells (Figure 6D). By analyzing the differences of 22 immune cells in the high
expression group and low expression group of CXCR4, we found that CXCR4 gene
expression was significantly correlated with B cells naïve, B cells memory, T cells gamma
delta, Monocytes, and Macrophages M0(Figure 6E). As shown in Figure F, B cells naïve B
cells memory CD8+ T T cells gamma delta  Mast cells activated and Eosinophils infiltration
were positively correlated with the high expression group of CXCR4, while Neutrophils
Macrophages M0 Mast cells activated and Dendritic cells (DC) activated infiltration
reached an inverse outcome.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7390926/figure/F5/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7390926/figure/F5/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7390926/figure/F5/
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7. The Prognostic Implication of CXCR4-related Immunomodulator in gastric Cancer
We identified 20 immunoinhibitors (ADORA2A, BTLA, CD160, CD244, CD274, CD96,
CSFIR, CTLA4, HAVCR2, IDO1, IL10, KDR, LAG3, LGALS9, PDCD1, PDCD1LG2, PVRL2,
TGFB1, TGFBR1, and TIGIT), 37 immunostimulators (CXCR4, ENTPDI, HHLA2, ICOS,
ICOSLG, IL2RA, IL6, lL6R, KLRCI, KLRKI, LTA, PVR, TMEM173, TMlGD2, TNFRSF13B,
TNFRSF13C, TNFRSF17, TNFRSF18, TNFRSF25, TNFRSF4, TNFRSF8, TNFRSF9,
TNFSF13B, TNFSF14, TNFSF18, TNFSF4, and  ULBP1) and 16 MHC molecules(MHC
molecule B2M, HLA-A, HLA-B, HLA-C, HLA-DMA, HLA-DMB, HLA-DOA, HLA-DOB, HLA-
DPA1, HLA-DPB1, HLA-DQAI, HLA-DQA2, HLA-DQBI, HLA-DRA, HLA-DRB1, and HLA-E)
significantly associated with CXCR4 in GC(Figure 7A). The volcano plot showed the 10 top
genes that were tightly correlated to these immunomodulators (Figure 7B).
To investigate the prognostic values of CXCR4-associated immunomodulators in GC, we
entered these variables into univariate and multivariate Cox regression analysis. This
method led to an optimal 2-gene prognostic signature in GC. And we constructed a 2-gene
prognostic model. The Cox regression analysis and the biological functions of the genes are
presented in Table 1. The risk scores were calculated by adding up the product of
expression value and coefficient of each gene. The Kaplan–Meier survival curve elucidated
that patients with low-risk scores had a higher 5-year survival rate than those with high
risk (log-rank test, P < 0.001) (Figure 7C). The area under the curve (AUC) value of the
risk score was 0.598(Figure 7D). The distribution of risk scores, survival statuses, and the
risk genes expression profiles for GC was visualized in Figure 7E.Figure 7F, G showed the
correlation between the risk score and the survival rate in TCGA-STAD in univariate and
multivariate COX regression models. Moreover, univariate Cox regression demonstrated
that the risk score was an independent predictor of prognosis in GC after adjusting for age,
gender, stage, T, M, and N (HR = 2.119, 95% CI = 1.196–3.755, P =0.010).
 
 

Table 1

Gene Full name
of gene

Functions Coe�cient Univariate analysis

        HR (95% CI) p-
value

CD86 CD86
molecule

coreceptor activity; protein
binding; signaling receptor
activity; virus receptor activity

0.0437 1.06(1.00-
1.12)

0.044

TNFSF18 TNF
superfamily
member 18

cytokine activity; identical
protein binding; protein binding;
signaling receptor binding;
tumor necrosis factor receptor
superfamily binding; tumor
necrosis factor receptor
superfamily binding

0.1559 1.22(1.02-.47) 0.033

Lasso Cox analysis

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7390926/figure/F5/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7390926/figure/F5/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7390926/table/T1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7390926/figure/F6/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7390926/figure/F6/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7390926/figure/F7/
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Finally, we constructed a prognostic nomogram in GC to anticipate the individuals' survival probability by
weighing risk score, stage, grade,T, N, M, age, and gender (Fig. 7H). We also used time-dependent ROC to
evaluate the predictive discrimination of the nomogram.(Fig. 7I). The AUC values of the 1-year, 3-year, and
5-year were 0.59,0.58 and 0.54, respectively.

Discussion
TME is a complex system involving multiple cells and cytokines, which has been reported to play an
essential role in the treatment and prognosis of tumors and has become a research hotspot in
immunotherapy and precision treatment of malignant tumors[25, 26].Our results obtained by the
ESTIMATE algorithm showed that the low score group of the stromal score has a higher 5-year survival
rate than the high score group of the stromal score, which was consistent with a previous study of Zhou
et al.[27],supporting the conclusions that the content of stromal cells in the GC microenvironment was
related to the survival of patients. The correlation analyses of stromal and immune scores with clinical
parameters of GC revealed that both high stromal and immune scores were related to poor tumor
differentiation and severe local invasion and that neither was signi�cantly related to lymph nodes and
distant metastasis, indicative of the greater in�uence of TME on primary tumor cells than metastasis.
Based on the hierarchical clustering algorithm, the samples were clustered into the Immunity High/
Medium /Low groups. The results indicated that the Immunity High group had the highest in�ltration
degree of stromal and immune cells, and the lowest level of tumor purity. This �nding was consistent
with those of previous studies in which patients with higher immunological responses usually showed
enrichment of stromal cells and immune cells in the TME[23].Through functional enrichment analysis of
760 DEGs, we found that the DEGs were associated with immune function. In our study, all of the 26
genes related to prognosis were high-risk genes in GC, unfortunately, indicating poor prognosis.

The intersection of 30 PPI hub genes and 26 prognostic-related genes was taken to obtain the CXCR4
gene. CXCR4 can promote tumor cell growth, migration, and invasiveness[29, 30]. CXCR4 expression in
various cancer was signi�cantly correlated with lymph node and distant metastasis and worse overall
survival[31–34], building a therapeutic rationale for CXCR4 targeting. CXCR4, has been experimentally
con�rmed to be associated with the pathogenesis or prognosis of GC or other malignancies [19, 35, 36].
Generally, high CXCR4 expression of solid tumors is related to poor prognosis. Our study reached the
same conclusion and found that patients with low expression of CXCR4 had a better prognosis. CXCR4-
related KEGG pathways included intestinal immune network for IgA production, leukocyte
transendothelial migration, natural killer cell mediated, and T cell receptor signaling pathway. The results
of the CIBERSORT algorithm in our study showed B cells naïve,B cells memory CD8 + T T cells gamma
delta  Mast cells activated and Eosinophils in�ltration were positively correlated with the high expression
group of CXCR4, while Neutrophils Macrophages M0 Mast cells activated and Dendritic cells (DCs)
activated in�ltration reached an inverse outcome. CD8 + T, also known as cytotoxic T cell (CTL), has the
anti-tumor immune function and promotes tumor cell apoptosis, and has good clinical effects on various
malignant tumors, including GC[37–39] .B cells are able to promote immune response and anti-tumor
immune responses [40, 41], and are associated with a favorable prognosis for several cancer types [42,



Page 11/25

43]. Tumor-associated macrophages (TAMs) promote tumor angiogenesis, maintain stem cells, and
suppress immune responses [44].The high in�ltration of TAM promotes tumorigenesis and is correlated
with poor overall survival in breast, gastric, oral, ovarian, bladder, and thyroid cancers [45]. DCs are the
most potent APCs able to activate naive T cells and can induce immune memory responses in cancer[46,
47].

In vitro experiments con�rmed that tyrosine kinase inhibitors imatinib and nilotinib could selectively
increase the cell surface of CXCR4 on Natural killer (NK) cells and monocytes [48].On a preclinical level,
TN14003 and AMD3100, two anti-CXCR4 inhibitors, have anti-tumor activity against HER2 subtype of
breast cancer[49].In the test of the murine model of human pancreatic cancer, AMD3100 could not only
successfully block CXCR4 signaling and promote T cell mobilization in vivo, but also showed higher anti-
cancer activity when combined with an anti-PD-L1 monoclonal antibody [50–52], exhibiting similar
promising preclinical results. It has been found that the introduction of oncolytic viruses equipped with
CXCR4 antagonists can restore pathological signaling in a murine model of ovarian cancer, diminish
metastatic spread and decrease regulatory T cell recruitment [53]. Moreover, NK cells co-expressed with a
chimeric antigen receptor and chemokine receptor CXCR4 increased NK cell in�ltration and enhanced
tumor cell killing effect[54]. In particular, studies have found that the CXCR4-CXCL12 axis is involved in
the development of B, T, and NK cells[55, 56]. In vitro, CXCL12-KDEL retention protein was used to block
colon cancer cells, resulting in inhibition of CXCR4-mediated signaling and a signi�cant reduction in the
growth of metastatic cancer [57]. GC can also bene�t from the inhibition of the CXCR4-CXCL12 axis[58].

Conclusion
In this study, we found a close linkage between CXCR4 and the immunity of GC. The CXCR4 gene
expression was associated with immune cell in�ltration levels and immunomodulators. We established
an immune gene model for GC using CXCR4-associated immunomodulators. The risk scores derived
from the gene signatures were signi�cantly associated with survival in GC. Subsequently, we constructed
a nomogram for personalized prognosis prediction. And, we used time-dependent ROC to evaluate the
predictive discrimination of the nomogram. Our results demonstrated that the risk scores derived from
CXCR4-associated immunomodulators could distinguish risk groups de�ned by differential expression of
a set of signature genes. Our �ndings may accelerate the development of veri�cation signatures for the
prognosis of GC.

In summary, our results suggest that CXCR4 may also play a role in the regulation of tumor immune
microenvironment. The prognostic immune markers from CXCR4-associated immunomodulators can
independently predict the overall survival of GC. Prospective studies are needed to verify the clinical
application of biomarkers in personalized management of GC.
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Figure 1

The potential relationship between the stromal/immune/estimate scores and the overall survival and
clinical parameters of the samples. (A, B, C)The Kaplan–Meier survival curve showed that the correlation
between the high and low score groups and 5-year survival rate. (D, E, F) The box plot indicated that
correlation between the clinical parameters and the score levels.
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Figure 2

The tumor microenvironment and immunophenotypes of GC patients. (A) The samples were clustered
into three categories by the hierarchical clustering algorithm. (B) The immune characteristics of Cluster 1,
Cluster 2 and Cluster 3 were compared. (C) Landscape of the tumor microenvironment and
immunophenotypes in the Immunity High/Medium/ Low groups by the tSNE algorithm and hierarchical
clustering analysis. (D) Distribution of StromalScore in the Immunity High/Medium/ Low groups. (E)
Distribution of ImmuneScore in the Immunity High/Medium/ Low groups. (F) Distribution of
EstimateScore in the Immunity High/Medium/ Low groups. (G) Distribution of TumorPurity in the
Immunity High/Medium/ Low groups.
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Figure 3

Identi�cation and functional enrichment analysis of differentially expressed genes in GC patients. (A) The
heat map of the differential genes with stromal scores of high score group and low score group
(|logFC>1|, FDR<0.05). (B) The heat map of the differential genes with immune scores of high score
group and low score group (|logFC>1|, FDR<0.05). (C) Venn diagram revealed the identical up-regulated
differentially expressed genes between the stromal and immune cell groups. (D) Venn diagram revealed
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the identical down-regulated differentially expressed genes between the stromal and immune cell groups.
(E) The volcano plot showed the top 10 up-regulated genes and the top 10 down-regulated genes. (F, G)
Top 10 GO terms from functional enrichment analysis of differentially expressed genes. (H, I) Top 30
KEGG pathway analysis of differentially expressed genes.

Figure 4
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Identi�cation and veri�cation of CXCR4 gene. (A) The PPI network of genes with prognostic value. (B)
The top 30 hub genes extracted from the PPI network. (C) The univariate COX analysis of 760
differentially expressed genes. (D) Identi�cation of the hub prognostic gene. (E-G)veri�cation of the hub
prognostic gene.

Figure 5

Clinical analysis of CXCR4 gene. (A)Survival analysis of CXCR4 gene at different expression levels. (B-
H)The expression level of CXCR4 gene in different clinical parameters. (I-J)Dissection of CXCR4-
associated KEGG pathways by Gene Set Enrichment Analysis
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Figure 6

Relationship between CXCR4 and tumor immune cell in�ltration. (A)Landscape of immune cell in�ltration
in TCGA-STAD samples determined by the CIBERSORT algorithm. (B)Different correlation patterns among
26 immune cell subsets in TCGA-STAD cohorts. (C)The content of immune cells was signi�cantly
different among different immunity groups. (D)The boxplot showed that the expression level of CXCR4
was positively correlated with the in�ltration degree of immune cells. (E)Violin plots showed the
differences in the immune cell distribution between high expression group (red) and low expression group
(green) of CXCR4. (F)Correlation analysis of CXCR4 and immune cell in�ltration
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Figure 7

Identi�cation and prognostic value of immunomodulators associated with the CXCR4 gene in GC. (A) The
heatmaps of correlation between the immunomodulators and the CXCR4 gene in GC. (B) The volcano
plot shows the genes that were tightly correlated to these immunomodulators. Red represents the top 10
up-regulated genes, blue represents the top 10 down-regulated genes. (C)Kaplan–Meier curves for GC
regarding the risk scores. (D)ROC curves (receiver operating characteristics) of the risk score and other
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clinical indices. (E) Distribution of risk scores, along with survival statuses, and gene expression pro�les
for GC. (F, G) Univariate and multivariate Cox regression analyses of the risk score in GC regarding overall
survival. (H) Nomogram constructed in conjunction with the risk genes and clinical characterization. (I)
Time-dependent ROC curve of the nomogram shows the ROC curve and AUC for 1-, 3-, and 5-year survival,
respectively.


