
World Journal of
Gastrointestinal Oncology

ISSN 1948-5204 (online)

World J Gastrointest Oncol  2020 August 15; 12(8): 791-941

Published by Baishideng Publishing Group Inc



WJGO https://www.wjgnet.com I August 15, 2020 Volume 12 Issue 8

World Journal of 

Gastrointestinal 
OncologyW J G O

Contents Monthly Volume 12 Number 8 August 15, 2020

REVIEW

Gastrointestinal neuroendocrine tumors in 2020791

Ahmed M

Early stage colon cancer: Current treatment standards, evolving paradigms, and future directions808

Chakrabarti S, Peterson CY, Sriram D, Mahipal A

One size does not fit all for pancreatic cancers: A review on rare histologies and therapeutic approaches833

Niger M, Prisciandaro M, Antista M, Monica MAT, Cattaneo L, Prinzi N, Manglaviti S, Nichetti F, Brambilla M, Torchio M, 
Corti F, Pusceddu S, Coppa J, Mazzaferro V, de Braud F, Di Bartolomeo M

MINIREVIEWS

Gastric neuroendocrine tumor: A practical literature review850

Roberto GA, Rodrigues CMB, Peixoto RD, Younes RN

ORIGINAL ARTICLE

Basic Study

Identification of an immune-related gene-based signature to predict prognosis of patients with gastric 
cancer

857

Qiu XT, Song YC, Liu J, Wang ZM, Niu X, He J

Interleukin-1 receptor antagonist enhances chemosensitivity to fluorouracil in treatment of Kras mutant 
colon cancer

877

Yan Y, Lin HW, Zhuang ZN, Li M, Guo S

Case Control Study

Clinical and pathological characteristics and prognosis of 132 cases of rectal neuroendocrine tumors893

Yu YJ, Li YW, Shi Y, Zhang Z, Zheng MY, Zhang SW

Retrospective Cohort Study

Comparison of hyperthermic intraperitoneal chemotherapy regimens for treatment of peritoneal-
metastasized colorectal cancer

903

Spiegelberg J, Neeff H, Holzner P, Runkel M, Fichtner-Feigl S, Glatz T

Retrospective Study

Endoscopic mucosal resection vs endoscopic submucosal dissection for superficial non-ampullary 
duodenal tumors

918

Esaki M, Haraguchi K, Akahoshi K, Tomoeda N, Aso A, Itaba S, Ogino H, Kitagawa Y, Fujii H, Nakamura K, Kubokawa M, 
Harada N, Minoda Y, Suzuki S, Ihara E, Ogawa Y



WJGO https://www.wjgnet.com II August 15, 2020 Volume 12 Issue 8

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 12 Number 8 August 15, 2020

Accurate ultrasonography-based portal pressure assessment in patients with hepatocellular carcinoma931

Zhang Y, Wang Z, Yue ZD, Zhao HW, Wang L, Fan ZH, Wu YF, He FL, Liu FQ



WJGO https://www.wjgnet.com III August 15, 2020 Volume 12 Issue 8

World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 12 Number 8 August 15, 2020

ABOUT COVER

Editorial board member of World Journal of Gastrointestinal Oncology, Dr. Cao is an Assistant Research Fellow at the 
Second Affiliated Hospital of Soochow University in Suzhou, China. Having received his Bachelor’s degree from 
Soochow University in 2006, Dr. Cao undertook his postgraduate training at Soochow University, receiving his 
Master’s degree in 2009 and his PhD in 2015. He works in the Department of Pathology, the Second Affiliated 
Hospital of Soochow University, Soochow University, where his ongoing research interests involve the molecular 
pathological mechanisms of malignant tumors, particularly in relation to oncogenesis, radiation resistance and 
cellular signal transduction involving tumors of the digestive system. To date, he has published 16 SCI papers as 
corresponding author or first author. (L-Editor: Filipodia)

AIMS AND SCOPE

The primary aim of World Journal of Gastrointestinal Oncology (WJGO, World J Gastrointest Oncol) is to provide 
scholars and readers from various fields of gastrointestinal oncology with a platform to publish high-quality basic 
and clinical research articles and communicate their research findings online. 
    WJGO mainly publishes articles reporting research results and findings obtained in the field of gastrointestinal 
oncology and covering a wide range of topics including liver cell adenoma, gastric neoplasms, appendiceal 
neoplasms, biliary tract neoplasms, hepatocellular carcinoma, pancreatic carcinoma, cecal neoplasms, colonic 
neoplasms, colorectal neoplasms, duodenal neoplasms, esophageal neoplasms, gallbladder neoplasms, etc.

INDEXING/ABSTRACTING

The WJGO is now indexed in Science Citation Index Expanded (also known as SciSearch®), PubMed, and PubMed 
Central. The 2020 edition of Journal Citation Reports® cites the 2019 impact factor (IF) for WJGO as 2.898; IF without 
journal self cites: 2.880; 5-year IF: 3.316; Ranking: 143 among 244 journals in oncology; Quartile category: Q3; 
Ranking: 55 among 88 journals in gastroenterology and hepatology; and Quartile category: Q3.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Li-Li Wang; Production Department Director: Xiang Li; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastrointestinal Oncology https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1948-5204 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

February 15, 2009 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Rosa M Jimenez Rodriguez, Pashtoon Kasi, Monjur Ahmed https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/1948-5204/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

August 15, 2020 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2020 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2020 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-5204/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJGO https://www.wjgnet.com 857 August 15, 2020 Volume 12 Issue 8

World Journal of 

Gastrointestinal 
OncologyW J G O

Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Oncol 2020 August 15; 12(8): 857-876

DOI: 10.4251/wjgo.v12.i8.857 ISSN 1948-5204 (online)

ORIGINAL ARTICLE

Basic Study

Identification of an immune-related gene-based signature to predict 
prognosis of patients with gastric cancer

Xiang-Ting Qiu, Yu-Cui Song, Jian Liu, Zhen-Min Wang, Xing Niu, Jing He

ORCID number: Xiang-Ting Qiu 
0000-0002-5229-7438; Yu-Cui Song 
0000-0002-1506-5224; Jian Liu 0000-
0003-1228-8219; Zhen-Min Wang 
0000-0002-1506-4109; Xing Niu 
0000-0001-8834-792X; Jing He 0000-
0002-1954-2892.

Author contributions: He J and Niu 
X conceived and designed the 
study; Qiu XT and Song YC 
conducted most of the experiments 
and data analyses, and wrote the 
manuscript; Liu J and Wang ZM 
participated in collecting the data 
and helped to draft the manuscript; 
all authors reviewed and approved 
the manuscript.

Conflict-of-interest statement: The 
authors declare that they no 
conicts of interest.

Open-Access: This article is an 
open-access article that was 
selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (CC BY-NC 4.0) 
license, which permits others to 
distribute, remix, adapt, build 
upon this work non-commercially, 
and license their derivative works 
on different terms, provided the 
original work is properly cited and 
the use is non-commercial. See: htt
p://creativecommons.org/licenses

Xiang-Ting Qiu, Jian Liu, Zhen-Min Wang, Department of Clinical Laboratory, Linyi Central 
Hospital, Linyi 276400, Shandong Province, China

Yu-Cui Song, Department of Operating Room, Linyi Central Hospital, Linyi 276400, Shandong 
Province, China

Xing Niu, Second Clinical College, Shengjing Hospital Affiliated to China Medical University, 
Shenyang 110004, Liaoning Province, China

Jing He, Department of Pediatric Surgery, Guangzhou Women and Children's Medical Center, 
Guangzhou Medical University, Guangzhou 510623, Guangdong Province, China

Corresponding author: Jing He, MD, PhD, Professor, Department of Pediatric Surgery, 
Guangzhou Women and Children's Medical Center, Guangzhou Medical University, No. 9, 
Jinsui Road, Guangzhou 510623, Guangdong Province, China. hejing198374@gmail.com

Abstract
BACKGROUND 
Gastric cancer (GC) is the most commonly diagnosed malignancy worldwide. 
Increasing evidence suggests that it is necessary to further explore genetic and 
immunological characteristics of GC.

AIM 
To construct an immune-related gene (IRG) signature for accurately predicting the 
prognosis of patients with GC.

METHODS 
Differentially expressed genes (DEGs) between 375 gastric cancer tissues and 32 
normal adjacent tissues were obtained from The Cancer Genome Atlas (TCGA) 
GDC data portal. Then, differentially expressed IRGs from the ImmPort database 
were identified for GC. Cox univariate survival analysis was used to screen 
survival-related IRGs. Differentially expressed survival-related IRGs were 
considered as hub IRGs. Genetic mutations of hub IRGs were analyzed. Then, hub 
IRGs were selected to conduct a prognostic signature. Receiver operating 
characteristic (ROC) curve analysis was used to evaluate the prognostic 
performance of the signature. The correlation of the signature with clinical 
features and tumor-infiltrating immune cells was analyzed.

RESULTS
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Among all DEGs, 70 hub IRGs were obtained for GC. The deletions and 
amplifications were the two most common types of genetic mutations of hub 
IRGs. A prognostic signature was identified, consisting of ten hub IRGs (including 
S100A12, DEFB126, KAL1, APOH, CGB5, GRP, GLP2R, LGR6, PTGER3, and 
CTLA4). This prognostic signature could accurately distinguish patients into high- 
and low- risk groups, and overall survival analysis showed that high risk patients 
had shortened survival time than low risk patients (P < 0.0001). The area under 
curve of the ROC of the signature was 0.761, suggesting that the prognostic 
signature had a high sensitivity and accuracy. Multivariate regression analysis 
demonstrated that the prognostic signature could become an independent 
prognostic predictor for GC after adjustment for other clinical features. 
Furthermore, we found that the prognostic signature was significantly correlated 
with macrophage infiltration.

CONCLUSION 
Our study proposed an immune-related prognostic signature for GC, which could 
help develop treatment strategies for patients with GC in the future.

Key words: Gastric cancer; Immune-related genes; Tumor microenvironment; Immune 
infiltration; Prognosis; Signature

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Gastric cancer (GC) is the most commonly diagnosed malignancy worldwide. 
Increasing evidence suggests that it is necessary to further explore genetic and 
immunological characteristics of GC. Our study identified an immune-related prognostic 
signature for GC, which could accurately distinguish patients into high- and low- risk 
groups. High risk patients had a poorer prognosis. Multivariate Cox regression analysis 
demonstrated that the prognostic signature could independently predict GC prognosis. 
Furthermore, it was significantly associated with immune cell infiltration (especially 
macrophages). Therefore, the signature may possess prognostic value as a prediction tool 
for identification of patients who will benefit from immunotherapy.

Citation: Qiu XT, Song YC, Liu J, Wang ZM, Niu X, He J. Identification of an immune-related 
gene-based signature to predict prognosis of patients with gastric cancer. World J Gastrointest 
Oncol 2020; 12(8): 857-876
URL: https://www.wjgnet.com/1948-5204/full/v12/i8/857.htm
DOI: https://dx.doi.org/10.4251/wjgo.v12.i8.857

INTRODUCTION
Gastric cancer (GC) is the fourth most commonly diagnosed malignancy and the 
second leading cause of cancer-related death worldwide[1]. Although the incidence of 
GC has decreased year by year, the prognosis of GC patients is still not optimistic, 
especially in China[2]. Yet, its pathogenesis remains unclear, therefore, identification of 
effective biomarkers and therapeutic targets needs to be addressed.

The tumor microenvironment (TME), especially the immune system, plays a pivotal 
role in the occurrence and development of GC[3]. Dysfunction of the immune system 
assists tumor cells to avoid immune surveillance. Immunotherapy such as 
programmed death-1 (PD-1) blockade has become a promising strategy for GC 
treatment[4]. However, the clinical outcomes of GC patients are still unsatisfactory, and 
most of novel immunotherapies are still in the early stages of clinical research[5,6]. The 
underlying mechanisms of the immune checkpoint blockade response are complex. 
Thus, deeper genetic and immunological characterization of GC is required to guide 
clinicians in selecting and determining the best treatment options. The prognosis of 
GC is closely related to crosstalk between immune cells and tumor cells[7]. 
Nevertheless, the role of immune-related genes (IRGs) in predicting GC patients’ 
prognosis has not yet been elucidated.

Considering the prognostic potential of IRGs in GC, in this study, we studied 

http://creativecommons.org/licenses/by-nc/4.0/
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immune-related molecular features. We analyzed IRGs using a large amount of 
transcription data of GC and explored their potential molecular mechanisms. Based on 
differentially expressed IRGs, we developed an immune-related prognostic model. 
Our results will help develop treatment strategies for patients with GC.

MATERIALS AND METHODS
GC datasets
Transcriptome RNA-seq data and corresponding clinical information of GC were 
retrieved from the Genomic Data Commons (GDC) data portal (https://gdc.
xenahubs.net), including 375 GC tissues and 32 normal adjacent tissues[8]. A list of 
IRGs were downloaded from the Immunology Database and Analysis Portal 
(ImmPort) database[9]. Furthermore, we derived a list of transcription factors (TFs) 
from Cistrome database (http://cistrome.org/CistromeCancer/)[10]. Mutation data 
were obtained from the Broad GDAC Firehose.

Differential expression analysis
Differential expression analysis was performed using the edgeR package (
http://bioconductor.org/packages/edgeR/) in R[11]. The raw data were normalized by 
Trimmed mean of M values (TMM). The genes with |log fold change (FC)| > 1 and 
false discovery rate (FDR) < 0.01 were considered as differentially expressed genes 
(DEGs). Differentially expressed IRGs and TFs were extracted from these DEGs.

Functional enrichment analysis
The clusterProfiler package was used to annotate DEGs, including gene ontology (GO) 
and Kyoto Encyclopedia of Genes and Genomes (KEGG)[12]. GO terms include 
biological process, molecular function, and cellular component. P < 0.05 was 
considered to be significantly enriched.

Cox univariate survival analysis
Cox univariate survival analysis of IRGs was performed using the survival package in 
R. P < 0.05 was set as the screening criterion. Survival-related IRGs were identified. 
Furthermore, differentially expressed survival-related IRGs were considered as hub 
IRGs.

Protein-protein interaction network
Hub IRGs were analyzed based on the STRING database (https://string-db.org/). 
Protein-protein interaction (PPI) network was analyzed using Cytoscape. The 
interactions among proteins could be involved in the progression of diseases. The 
nodes with high degree could possess potential as hub genes/proteins.

Molecular characteristics
Mutation data of GC samples from Broad GDAC Firehose website were used to 
analyze genetic alterations of hub IRGs. The results were visualized into waterfall 
maps using maftools[13].

Construction of an immune-related prognostic signature
Hub IRGs were analyzed by multivariate regression analysis. Then, hub IRGs were 
selected to conduct a prognostic signature. The risk score was calculated by the 
expression levels of hub IRGs and Cox regression coefficient. All patients with GC 
were divided into a high risk group and low risk group according to the median value 
of risk score. To verify the prognostic potential, the area under the time-dependent 
receiver operating characteristic (ROC) curve (AUC) was calculated with the survival 
ROC package[14]. The correlation between clinical features and the prognostic signature 
was evaluated. Immune infiltrate levels of GC were obtained from the TIMER 
database[15]. The tumor-infiltrating immune cells included macrophages, B cells, CD4+ 
T cells, CD8+ T cells, dendritic cells, and neutrophils. The relationships between 
immune cells and the prognostic signature were calculated.

https://gdc.
xenahubs.net
http://cistrome.org/CistromeCancer/
http://bioconductor.org/packages/edgeR/
https://string-db.org/
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RESULTS
Identification of DEGs for GC
Four thousand two hundred and fifty-nine DEGs with |logFC| > 1 and FDR < 0.01 
were identified in 375 GC tissues compared to 32 normal adjacent tissues, including 
1951 up-regulated and 2356 down-regulated genes, as depicted in volcano plot 
(Figure 1A). Hierarchical clustering analysis showed that these DEGs can obviously 
distinguish GC tissue samples from normal adjacent tissue samples (Figure 1B). These 
DEGs were significantly associated with immune-related biological processes like 
humoral immune response and acute inflammatory response (Figure 1C). The top ten 
cellular components and molecular functions enriched by DEGs are depicted in 
Figure 1D and 1E, respectively. As shown in Figure 1F, the DEGs were mainly 
enriched in several pathways related with GC, such as neuroactive ligand-receptor 
interaction, cytokine-cytokine receptor interaction, chemical carcinogenesis and so on. 
These results suggested that these DEGs might be involved in the pathogenesis of GC.

Identification of differentially expressed IRGs for GC
A list of IRGs were downloaded from the ImmPort database. Differentially expressed 
IRGs were screened from all DEGs, including 181 up-regulated and 354 down-
regulated IRGs. The results are visualized into volcano plot (Figure 2A) and heatmap 
(Figure 2B). In the biological process results, the differentially expressed IRGs were 
mainly enriched in immune-related processes such as humoral immune response, 
phagocytosis, and B cell mediated immunity (Figure 2C). As for CC, the genes were in 
association with immunoglobulin complex, receptor binding, and circulating 
immunoglobulin complex (Figure 2D). Intriguingly, these IRGs have the molecular 
immune-related functions like receptor ligand activity, antigen binding, and cytokine 
activity (Figure 2E). As expected, these differentially expressed IRGs were mainly 
enriched in immune-related pathways such as cytokine-cytokine receptor interaction, 
neuroactive ligand-receptor interaction, and viral protein interaction with cytokine 
and cytokine receptor (Figure 2F).

Identification of differentially expressed TFs for GC
Sixty-seven TFs were differentially expressed between GC tissues and normal tissues, 
including 37 up-regulated and 30 down-regulated TFs, as shown in volcano plot and 
heatmap (Figure 3A and B). We further explored their potential functions. The results 
showed that these TFs are mainly involved in regionalization, pattern specification 
process, and gland development (Figure 3C). As expected, these TFs could regulate TF 
complex, nuclear TF complex, and nuclear chromatin (Figure 3D). Similarly, they have 
the function of TF activity (Figure 3E). According to KEGG pathway enrichment 
results, these TFs are involved in several cancers (Figure 3F).

Identification of survival-related IRGs for GC
Cox univariate survival analysis of all IRGs was performed using the survival package 
in R. The results showed that 183 IRGs were significantly related to overall survival of 
patients with GC (P < 0.05).

Identification of hub IRGs for GC
By intersection of differentially expressed IRGs and survival-related IRGs, 70 hub IRGs 
were obtained for GC (Figure 4A). The forest plot of hazard ratios (HRs) suggested 
that except CTLA4, LGR6, and KIR2DS4, other hub IRGs were risk factors for GC 
(Figure 4B). As shown in PPI network, IL6, F2R, and AGT were the top three hub genes 
(Figure 4C). GO enrichment analysis results showed that these hub IRGs were 
enriched in many biological processes like positive regulation of response to external 
stimulus, muscle cell proliferation, and peptidyl-tyrosine phosphorylation (Figure 4D). 
In the cellular component results, receptor complex, vacuolar lumen, and secretory 
granule lumen were mainly enriched (Figure 4E). As for molecular function, the hub 
IRGs were significantly associated with receptor ligand activity, growth factor activity, 
and peptide hormone binding (Figure 4F). As shown in Figure 4G, hub IGRs are 
mainly involved in GC-related pathways such as neuroactive ligand-receptor 
interaction, Rap1 signaling pathway, PI3K-Akt signaling pathway, and cytokine-
cytokine receptor interaction.

Genetic mutations of hub IRGs for GC
We further analyzed the molecular features of hub IRGs for GC. Their genetic 
alterations were detected. Among 438 samples, 323 had genetic alterations. The results 
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Figure 1  Identification of differentially expressed genes for gastric cancer. A and B: Volcano plot (A) and heatmap (B) showing differentially 
expressed genes (DEGs) between gastric cancer tissues and normal tissues. Blue represents down-regulation and red represents up-regulation; C-E: Gene Ontology 
enrichment results of the top ten DEGs including biological processes (C), cellular component (D), and molecular function (E); F: Kyoto Encyclopedia of Genes and 
Genomes enrichment results of the top ten DEGs.

showed that deletions and amplifications were the two most common types of genetic 
mutations (Figure 5).

Construction of a prognostic signature for GC
Multivariate Cox regression analysis was performed based on the hub IRGs using the 
survival package in R. Ten hub IRGs were selected to construct a prognostic signature 
for GC. As depicted in the forest plot, each hub IRG in the prognostic signature can 
accurately predict GC patients’ prognosis (Figure 6A). Among them, S100A12 (HR = 
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Figure 2  Identification of differentially expressed immune-related genes for gastric cancer. A and B: Volcano plot (A) and heatmap (B) showing 
differentially expressed immune-related gene (IRGs) between gastric cancer tissues and normal tissues. Blue represents down-regulation and red represents up-
regulation; C-E: Gene Ontology enrichment results of the top ten differentially expressed IRGs including biological processes (C), cellular component (D), and 
molecular function (E); F: Kyoto Encyclopedia of Genes and Genomes enrichment results of the top ten differentially expressed IRGs.

1.28; 95% confidence interval [CI]: 1.1-1.48; P = 0.001), DEFB126 (HR = 1.79; 95%CI: 
1.01-3.17; P = 0.045), KAL1 (HR = 1.36; 95%CI: 1.13-1.63; P = 0.001), APOH (HR = 1.13; 
95%CI: 1.01-1.28; P = 0.034), CGB5 (HR = 1.2; 95%CI: 1.04-1.39; P = 0.015), GRP (HR = 
1.33; 95%CI: 1.06-1.67; P = 0.014), and GLP2R (HR = 1.45; 95%CI: 1.17-1.79; P = 0.001) 
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Figure 3  Identification of differentially expressed transcription factors for gastric cancer. A and B: Volcano plot (A) and heatmap (B) showing 
differentially expressed transcription factors (TFs) between gastric cancer tissues and normal tissues. Blue represents down-regulation and red represents up-
regulation; C-E: Gene Ontology enrichment results of the top ten differentially expressed TFs including biological processes (C), cellular component (D), and 
molecular function (E); F: Kyoto Encyclopedia of Genes and Genomes enrichment results of the top ten differentially expressed TFs.

were risk factors for GC, while LGR6 (HR = 0.86; 95%CI: 0.78-0.95; P = 0.002), PTGER3 
(HR = 0.79; 95%CI: 0.64-0.99; P = 0.037), and CTLA4 (HR = 0.8; 95%CI: 0.66-0.97; P = 
0.021) were protective factors for GC. Risk score was calculated and the patients were 
divided into a high risk group and low risk group based on the median value of risk 
score (Figure 6B, C). Heatmap depicts the expression patterns of the ten hub IRGs 
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Figure 4  Identification of hub immune-related genes for gastric cancer. A: The intersection of differentially expressed immune-related gene (IRGs) and 
survival-related IRGs; B: Forest plot showing prognostic value of hub IRGs. The X-axis represents hazard ratio, and the Y-axis represents the differentially expressed 
hub IRG; C: Protein-protein interaction network of hub IRGs; D-F: Gene Ontology enrichment results of the top ten differentially expressed transcription factors (TFs) 
including biological processes (D), cellular component (E), and molecular function (F); G: Kyoto Encyclopedia of Genes and Genomes enrichment results of the top 
ten differentially expressed TFs.

between the high risk group and low risk group (Figure 6D). Overall survival analysis 
showed that high risk patients had shortened survival time than t low risk patients 
(Figure 6E; P < 0.0001). The AUC was 0.761, suggesting that the prognostic signature 
had a high sensitivity and accuracy (Figure 6F). Correlation analysis showed that the 
prognostic signature was not significantly associated with clinical features including 
age (Figure 7A), gender (Figure 7B), pathologic T (Figure 7C), pathologic N 
(Figure 7D), pathologic M (Figure 7E), and pathologic stage (Figure 7F). As shown in 
multivariate regression analysis results, the prognostic signature could become an 
independent prognostic predictor after adjustment for other factors including age, 
gender, pathologic T, pathologic N, pathologic M, and pathologic stage (Table 1). 
Furthermore, we also found a difference in expression patterns of the ten hub IRGs in 
the prognostic signature between GC tissues and normal tissues, including APOH 
(Figure 8A; P = 0.006), CGB5 (Figure 8B; P = 0.00097), CTLA4 (Figure 8C; P = 0.00021), 
DEFB126 (Figure 8D; P = 0.096), GLP2R (Figure 8E; P = 2e-13), GRP (Figure 8F; P = 
6.4e-09), KAL1 (Figure 8G; P = 8.3e-12), LGR6 (Figure 8H; P = 2.9e-06), PTGER3 
(Figure 8I; P = 3.7e-10), and S100A12 (Figure 8J; P = 0.0003).

Relationship between immune infiltration and the prognostic signature
To explore whether the hub IRGs in the prognostic signature are involved in the tumor 
immune microenvironment, the correlation between immune cell infiltration and 
prognostic signature was analyzed. We found that the prognostic signature was 
significantly correlated with macrophage infiltration (Figure 9A). However, there was 
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Table 1 Univariate and multivariate Cox regression analyses of clinical features and risk score for gastric cancer

Univariate analysis Multivariate analysis
Variable

Hazard ratio (95%CI) P value Hazard ratio (95%CI) P value

Age 1.554 (1.064- 2.268) 0.022424 2 (1.36-2.95) 4.15E-04

Gender 1.274 (0.896- 1.812) 0.177496 1.12 (0.78-1.6) 0.537783

Pathologic T 1.753 (1.156- 2.659) 0.00829 1.39 (0.87-2.21) 0.170758

Pathologic N 1.877 (1.242- 2.835) 0.002784 1.15 (0.66-2.01) 0.625769

Pathologic M 1.939 (1.208- 3.112) 0.006063 1.61 (0.99-2.61) 0.054747

Pathologic stage 1.988 (1.398- 2.827) 1.30E-04 1.49 (0.89-2.47) 0.126572

Risk score 2.718 (2.13-3.47) < 0.0001 2.74 (2.13-3.52) < 0.0001

no significant correlation between the prognostic signature and infiltration of other 
immune cells including B cells (Figure 9B), CD4+ T cells (Figure 9C), CD8+ T cells 
(Figure 9D), dendritic cells (Figure 9E), and neutrophils (Figure 9F).

DISCUSSION
In this study, we comprehensively analyzed the transcriptome RNA-seq data of GC 
and identified 4259 DEGs. Among all DEGs, 181 up-regulated and 354 down-regulated 
DEGs were IRGs. These differentially expressed IRGs were mainly enriched in 
immune-related processes and pathways such as humoral immune response, 
phagocytosis, B cell mediated immunity, and cytokine-cytokine receptor interaction. 
Humoral immune response is in association with the progression of GC[16]. B cells play 
a role in regulating the immune response in GC. B cell depletion may be a useful 
strategy to enhance anti-tumor immune response[17,18]. To explore the potential 
molecular mechanisms of GC, we also analyzed TFs among all DEGs. The results 
showed that 67 TFs were differentially expressed in GC. Functional enrichment 
analysis confirmed that these TFs have the function of TF activity. Thus, it is necessary 
to further explore the potential mechanisms of TFs we identified in the pathogenesis of 
GC.

One hundred and eighty-three survival-related IRGs were identified for GC by Cox 
univariate survival analysis. Among them, 70 hub IRGs were differentially expressed 
and associated with overall survival of GC. PPI network analysis indicated that IL6, 
F2R, and AGT were the top three hub genes. For example, a previous study has found 
that IL-6 could become a target to overcome chemotherapy resistance in GC[19]. These 
hub IGRs are mainly involved in GC-related pathways such as Rap1 signaling 
pathway[20], PI3K-Akt signaling pathway[21], and cytokine-cytokine receptor 
interaction[22]. Among 438 samples, 323 had genetic alterations. Deletions and 
amplifications frequently occurred for all hub IRGs. Genetic alteration could become a 
promising target for the therapy of GC[23]. In this study, we constructed an immune-
related prognostic signature consisting of ten hub IRGs. Each hub IRG could 
separately predict the overall survival of patients with GC. Among them, a member of 
the S100 family, S100A12, as a component of ubiquitinylation complex, could be 
involved in β-catenin degradation[24]. A previous study found that S100A12 could be 
significantly associated with invasion and metastasis of GC. It has been considered as 
an independent prognostic factor for GC, which is consistent with our results[25]. 
Furthermore, CGB5 is correlated with a poor prognosis in patients with advanced 
GC[26,27]. It has been reported that LGR6 might be involved in the development of GC 
via the PI3K/AKT/mTOR axis[28]. However, the functions of other hub IRGs in GC 
remain unclear.

Our findings suggested that high risk patients had shortened overall survival time 
than low risk patients based on the median value of risk score. ROC curve analysis 
confirmed that the prognostic signature had an excellent performance. Our further 
analysis showed that the prognostic signature could become an independent 
prognostic factor after adjusting for other prognostic factors including age, gender, 
pathologic T, pathologic N, pathologic M, and pathologic stage. Moreover, we found 
that the prognostic signature was positively correlated with the level of macrophage 
infiltration. M2 macrophages have been shown to be associated with a poor prognosis 
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Figure 5  Mutation landscape of hub immune-related genes for gastric cancer. The horizontal axis represents different samples, and the vertical axis 
represents immune-related gene. Different colors represent different types of variation.

in a variety of cancers, including GC[29-31].
Our research has the following limitations. On the one hand, our prognostic 

markers were based on gene expression profiles. Due to their shortcomings such as 
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Figure 6  Construction of a prognostic signature for gastric cancer. A: Forest plot showing the prognostic values of ten hub immune-related gene (IRGs) 
in the prognostic signature; B: Prognostic index rank; C: Survival status of patients in the two groups; D: Heatmap showing the expression patterns of ten hub IRGs; 
E: Overall survival analysis results; F: The area under the receiver operating characteristic curve.

high price, long translation cycle, and high requirements for bioinformatics, it is 
difficult to popularize them in routine clinical applications. However, some alternative 
methods may be worthy of further exploration, such as screening for optimized 
signatures from prognostic characteristics through immunohistochemistry. On the 
other hand, the training cohort of the immune signature model we constructed was 
from retrospective studies. Therefore, the model requires to be validated by more 
datasets.

In summary, we have identified differentially expressed IRGs in this study, which 
may provide a promising perspective for the treatment of GC. We also found that the 
signature is positively correlated with immune cell infiltration (especially 
macrophages) and inflammatory responses. The immune gene signature could 
effectively predict GC patients’ survival, which may be a useful prediction tool to 
identify patients who will benefit from immunotherapy.
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Figure 7  Correlation between clinical features and the prognostic signature for gastric cancer. The clinical features included age (A), gender (B), 
pathologic T (C), pathologic N (D), pathologic M (E), and pathologic stage (F).
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Figure 8  Expression patterns of the ten hub immune-related genes in the prognostic signature between gastric cancer tissues and 
normal tissues. A: APOH; B: CGB5; C: CTLA4; D: DEFB126; E: GLP2R; F: GRP; G: KAL1; H: LGR6; I: PTGER3; J: S100A12.
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Figure 9  Correlation between the prognostic signature and immune cells including macrophages (A), B cells (B), CD4+ T cells (C), CD8+ T 
cells (D), dendritic cells (E), and neutrophils (F).

ARTICLE HIGHLIGHTS
Research background
Gastric cancer (GC) is the most commonly diagnosed malignancy worldwide. 
Increasing evidence suggests that it is necessary to further explore genetic and 
immunological characteristics of GC.

Research motivation
The prognosis of GC is closely related to the crosstalk between immune cells and 
tumor cells. Nevertheless, the role of immune-related genes in predicting GC patients’ 
prognosis has not yet been elucidated.

Research objectives
In this study, we aimed to construct an immune-related gene signature for accurately 
predicting the prognosis of patients with GC.

Research methods
Cox univariate survival analysis was performed to screen survival-related immune-
related genes (IRGs). Differentially expressed survival-related IRGs were considered 
as hub IRGs. Hub IRGs were selected to conduct a prognostic signature. Receiver 
operating characteristic (ROC) curve analysis was performed to evaluate its prognostic 
performance. The correlation of the signature with clinical features and tumor-
infiltrating immune cells was analyzed.

Research results
Our study constructed a prognostic signature consisting of ten hub IRGs (including 
S100A12, DEFB126, KAL1, APOH, CGB5, GRP, GLP2R, LGR6, PTGER3, and CTLA4), 
and it could be an independent prognostic predictor for GC. Furthermore, it was 
significantly associated with immune cell infiltration (especially macrophages).

Research conclusions
We have proposed an immune-related prognostic signature for GC, which may 
possess prognostic value as a prediction tool for identification of patients who will 
benefit from immunotherapy.
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Research perspectives
The prognostic signature could help develop treatment strategies for patients with GC 
in the future.
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