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INTRODUCTION  
 

Gastric cancer is one of the most common human 

malignancies of the digestive system and ranks as the 

third leading cause of cancer-related death worldwide, 

particularly in East Asia [1, 2]. It is heterogeneous, and 

a recent study by The Cancer Genome Atlas (TCGA) 

developed a robust molecular classification system for 

gastric cancer [3]. Although the survival rate of early 

gastric cancer has continuously improved in recent 

years due to advancements in treatment techniques and 

regimens, the low rate of early diagnosis means that the 

best surgical window is missed in most patients [1]. For 

advanced-stage patients, immunotherapy is considered 

to be one of the most promising treatments. 

Unfortunately, immunotherapies based on dendritic 

cells (DCs), chimeric antigen receptor T cells (CAR-T 

cells) and immune checkpoints are not always effective 

due to tumor heterogeneity and the complicated tumor 

microenvironment (TME). Therefore, it is beneficial to 
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ABSTRACT 
 

The tumor microenvironment is closely related to the progression and immune escape of tumor cells. Tumor-
infiltrating immune cells (TIICs) and immune-related genes (IRGs) are indispensable components of the tumor 
microenvironment and have been demonstrated to be highly valuable in determining the prognosis of multiple 
cancers. To elucidate the prognostic value of TIICs and IRGs in gastric cancer, we conducted a comprehensive 
analysis focusing on the abundances of 22 types of TIICs and differentially expressed IRGs based on a dataset from 
The Cancer Genome Atlas (TCGA). The results showed that great composition differences in TIICs and immune cell 
subfractions were associated with survival outcomes in different stages. Additionally, 29 hub genes were 
characterized from 345 differentially expressed IRGs and found to be significantly associated with survival 
outcomes. Then, an independent prognostic indicator based on ten IRGs was successfully constructed after 
multivariate adjustment for some clinical parameters. Further validation revealed that these hub IRGs could reflect 
the infiltration  levels of immune cells. Thus, our results confirmed the clinical significance of TIICs and IRGs in 
gastric cancer and may establish a foundation for further exploring immune cell and gene targets for personalized 
treatment. 
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study the deviations in the immune cell landscape for 

designing personalized treatment regimens or exploring 

new drug targets for gastric cancer. 

 

Innate immunity is an important first line of defense 

against infectious agents and tumors and consists of the 

immunological barrier, immune cells, and immune 

molecules. Natural killer (NK) cells, macrophages, DCs, 

mast cells, eosinophils and neutrophils are the main innate 

immune cells. In cancer patients, tumor antigens can 

activate the bodyôs adaptive immune response as the 

primary and decisive force in the elimination of tumors. 

Adaptive immunity is composed of two important 

branches: T cell-mediated cellular immunity and 

antibody-mediated humoral immunity. Tumor-infiltrating 

immune cells (TIICs) are indispensable components of the 

TME and play important roles in tumorigenesis and 

progression. Thus, TIICs have been widely applied for the 

clinical prediction of cancer treatment [4ï7]. Previous 

studies concerning alterations in the composition of 

immune cells in gastric cancer mainly rely on 

immunohistochemistry or flow cytometry [8ï10], which 

only detect a few immune cell types at once and are 

limited by phenotypic markers and the number of 

samples. Moreover, TIICs may have diverse influences on 

tumor progression, invasion and metastasis in different 

cancer types or even in different patient subgroups. Thus, 

it is difficult to judge the clinical implications of TIICs 

based on limited detection data [11]. 

 

In recent years, large amounts of gene expression data 

for primary tumors from cancer patients have been 

collected. Newman et al. introduced CIBERSORT as an 

analytical method for characterizing the abundances of 

member cell types in a mixed cell population from their 

gene expression profiles [12]. Subsequently, this 

method has been further developed to estimate the 

composition of infiltrated immune cells in different 

types of cancer, such as breast cancer, lung cancer and 

renal cell carcinoma [4ï6, 13, 14]. In addition, recent 

studies revealed that immune-related genes (IRGs) are 

closely related to TIICs and exhibit considerable 

promise in survival prediction for multiple cancers [15ï

19]. However, the clinical relevance and prognostic 

significance of the immune cell composition and IRGs 

in gastric cancer remain under exploration. 

 

In this study, the aim was to estimate the clinical 

implications of the TIIC composition and IRGs in 

gastric cancer. The transcriptomic RNA-seq data were 

downloaded from the TCGA database [20, 21] and the 

immune cell composition and its prognostic value in 

gastric cancer were investigated. Subsequently, the 

expression and prognostic landscape of survival-

associated IRGs were comprehensively analyzed and a 

prognostic signature was successfully constructed as an 

independent predictor for gastric cancer patients. The 

results of this study could provide promising insight for 

further exploiting biomarkers for the diagnosis and 

individualized treatment of gastric cancer based on 

TIICs and IRGs. 

 

RESULTS 
 

Differences in adaptive immune cells 

 

The fraction of plasma cells was lower in gastric cancer 

than in normal tissue (P< 0.001, Figure 1D), but there 

were no significant differences in the fractions of total 

B cells, naive and memory B cells (Figure 1Aï1C). 

These results suggest that the ability of B cells to 

differentiate into plasma cells is inhibited in gastric 

cancer, which may affect antitumor immunity. For T 

cell subpopulations, the fractions of activated memory 

CD4
+
 T cells and Tregs increased in gastric cancer 

compared with normal tissue (P<0.01, Figure 2D, 2F), 

while the resting memory CD4
+
 T cell fraction 

decreased in gastric cancer tissue (P<0.05, Figure 2C). 

However, the proportions of total T cells, CD4
+
 T cells, 

CD8
+
 T cells, ŭɔ T cells and follicular helper T (Tfh) 

cells showed no great changes (Figure 2A, 2B, 2E, 2G, 

2H). Thus, it is unlikely that a T cell-mediated 

antitumor immune response occurs in gastric cancer 

patients. 

 

Differences in innate immune cells 

 

The fractions of total DCs, resting DCs and monocytes 

were lower in gastric cancer than in normal tissue 

(P<0.05 or P<0.001, Figure 3B, 3C, 3G). The fractions 

of total and resting mast cells were strongly decreased 

in gastric cancer compared to normal tissue(P<0.001, 

Figure 4B, 4C), whereas the activated mast cell fraction 

increased slightly (P<0.05, Figure 4D). The total 

macrophage fraction increased significantly in gastric 

cancer compared with normal tissue (P<0.001, Figure 

4A), which contributed to the incremental increases in 

the M0 and M1 macrophage fractions (P<0.001, Figure 

4E, 4F). The M2 fraction decreased in cancer tissue 

(P<0.001, Figure 4G). Correspondingly, the ratio of 

M2/M1 was lower in gastric cancer than that in normal 

tissue (Figure 4H). In addition, resting NK cells, 

activated NK cells, activated DCs, eosinophils and 

neutrophils did not differ between tumor and normal 

tissues. 

 

Immune cell composition and its prognostic 

significance in different stages of gastric cancer 

 

The composition of TIICs in different stages of gastric 

cancer was analyzed and is shown in Figure 5A and 

Supplementary Table 2. The results illustrated that 
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TAMs (31.94%), resting memory CD4
+
 T cells 

(16.49%), CD8
+
 T cells (13.45%) and Treg cells 

(6.81%) were abundant in gastric cancer, whereas naive 

CD4
+
 T cells (0.01%), eosinophils (0.43%), ŭɔ T cells 

(0.34%), monocytes (0.77%) and memory B cells 

(1.18%) were sparse. From stage I to IV, the fraction of 

ŭɔ T cells continuously increased, whereas the 

proportions of activated NK cells and M0 macrophages 

 

 
 

Figure 1. Fractions of B cells and plasma cells in gastric cancer and normal tissue. CIBERSORT was applied to analyze the fractions 

of TIICs, and each dot represents one sample. The mean±SD for each cell subtype including total B cells (A), naive B cells (B), memory B cells 
(C) and plasma cells (D) was calculated and compared using one-way ANOVA. ***P<0.001. 

 

 
 

Figure 2. Fractions of T cells in gastric cancer and normal tissue. CIBERSORT was applied to determine the fractions of TIICs, 
and each dot represents one sample. The mean±SD for each cell subtype including total T cells (A), total CD4+ T cells (B), resting memory 

CD4+ T cells (C), activated memory CD4+ T cells (D), CD8+ T cells (E), Tregs (FύΣ ʵʴ ¢ ŎŜƭƭǎ όG) and Tfh cells (H) was calculated and compared 
using one-way ANOVA. *P<0.05; **P<0.01. 
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Figure 3. Fractions of NK cells, DCs, eosinophils, neutrophils and monocytes in gastric cancer and normal tissue. CIBERSORT 

was applied to analyze the fractions of TIICs, and each dot represents one sample. The mean±SD for each cell subtype including total NK cells 
(A), total DCs (B), resting DCs (C), activated DCs (D), eosinophils (E), neutrophils (F), and monocytes (G) was calculated and compared using 
one-way ANOVA. *P<0.05; ***P<0.001. 

 

 
 

Figure 4. Fractions of macrophages and mast cells in gastric cancer and normal tissue. CIBERSORT was applied to analyze the 
fractions of TIICs, and each dot represents one sample. The mean±SD for each cell subtype including total macrophages (A), 
total mast cells (B), resting mast cells (C), activated mast cells (D), M0 macrophages (E), M1 macrophages (F), M2 macrophages 
(G) and for the M2/M1 ratio (H) was calculated and compared using one-way ANOVA. *P<0.05; ***P<0.001. 
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continuously declined. In addition, the fractions of Tfh 

cells, Treg cells, resting DCs and resting mast cells 

increased in stage II and then decreased as the stage 

advanced. The proportions of naive CD4
+
 T cells and 

eosinophils suddenly increased in stage IV disease. 

 

To further investigate the prognostic value of TIICs, 

Cox regression analysis was applied to analyze the 

associations between overall survival (OS) and immune 

cell subfractions in different stages of gastric cancer. As 

shown in Figure 5B, a higher proportion of Tfh cells 

indicated prolonged OS (hazard ratio (HR)=0.61, 95% 

confidence interval (CI) 0.42~0.90, P<0.05), especially 

in stages III and IV, whereas worse OS was associated 

with relatively high fractions of M2 macrophages 

(HR=1.47, 95% CI 1.12~1.94, P<0.05), resting DCs 

(HR=1.40, 95% CI 1.06~1.84, P<0.05) and monocytes 

(HR=1.42, 95% CI 1.07~1.87, P<0.05). In stage I 

tumors, immune cells had little influence on the OS. In 

stage II tumors, relatively poor OS was correlated with 

an increased fraction of M0 macrophages (HR=2.05, 

95% CI 1.12~3.78, P<0.05). In stage III tumors, 

prolonged OS was associated with a relatively high 

proportion of Tfh cells (HR=0.62, 95% CI 0.41~0.94, 

P<0.05). In stage IV tumors, an increased number of 

CD8
+
 T cells was significantly associated with 

prolonged OS (HR=0.20, 95% CI 0.09~0.46, P<0.01). 

Therefore, the correlation between TIICs and OS 

displayed great diversity among different stages. 

 

Identification of differentially expressed IRGs 

 

As IRGs can reflect the immune status of cancer 

patients, we extracted IRGs with differential expression 

in gastric cancer patients from transcriptomic RNA-seq 

data for further analyses. First, Wilcoxon signed-rank 

test was applied to identify differentially expressed 

genes (DEGs) between gastric cancer and normal tissue. 

The results showed that a total of 6749 DEGs were 

screened, including 5601 upregulated and 1148 

downregulated genes (Figure 6A, 6C). Among these 

DEGs, we further identified 345 differentially expressed 

IRGs, including 198 upregulated and 147 

downregulated IRGs (Figure 6B, 6D). 

 

Characterization of hub IRGs 

 

To create a valuable prognostic signature, univariate 

Cox analysis was conducted to screen IRGs associated 

with the OS of gastric cancer patients. In total, 100 

genes were found to be significantly associated with 

clinical outcomes (P<0.05). Then, Gene Ontology (GO) 

enrichment analysis of these survival-associated IRGs 

showed that ñpositive regulation of ERK1 and ERK2 

cascadeò, ñpositive regulation of cytosolic calcium ion 

concentrationò and the ñinflammatory responseò were 

the three most significant biological process terms; the 

ñextracellular regionò, the ñextracellular spaceò and 

ñintegral component of plasma membraneò were the 

three most significant cellular component terms; and 

ñgrowth factor bindingò, ñgrowth factor activityò, and 

ñpeptide hormone bindingò were the three most 

significant molecular function terms (Table 1). 

Cytokine-cytokine receptor interaction was found to be 

the most frequently enriched Kyoto Encyclopedia of 

Genes and Genomes (KEGG) pathway (Figure 7). 

Furthermore, 29 hub IRGs were ascertained to be 

differentially expressed in gastric cancer and closely 

related to the OS (Figure 8A). A forest plot of hazard 

ratios indicated that most of these hub IRGs were high-

 

 
 

Figure 5. Composition of TIICs (A) and a bubble heat map showing the associations between OS and immune cell subfractions (B) in different 

stages of gastric cancer. The red and blue colours in the heatmap represent negative and positive correlations, respectively, between TIICs 
and OS, while bubble size indicates the level of statistical significance. 
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risk factors (Figure 8B). Owing to the potential 

prognostic significance of these hub IRGs, their 

molecular characteristics related to genomic alterations 

were further analyzed. The results showed that these 

hub IRGs were unstable in gastric cancer and missense 

mutations were the most commonly occurring type 

(Figure 9). 

 

Prognostic signature for gastric cancer patients 

 

To develop a prognostic indicator for the prediction of 

survival outcomes, LASSO Cox regression analysis 

was carried out, and ten hub IRGs were screened to 

construct a prognostic signature (Figure 10). Kaplan-

Meier plots indicated that the prognostic signature 

could predict the survival probability of gastric cancer 

patients (Figure 11A). The area under the receiver 

operating characteristic (ROC) curve was 0.786, 

indicating the moderate potential for survival 

prediction (Figure 11B). Further validation illustrated 

that the constructed prognostic model could separate 

the survival status of gastric cancer patients into high- 

and low-risk groups (Figure 12). The formula was as 

follows: [Expression level of CXCL3 * (-0.0067)] + 

[Expression level of NOX4 * 0.5146] + [Expression 

level of AEN * (-0.0610)] + [Expression level of 

CCL15 * 0.0420] + [Expression level of CCL21 * 

0.0012] + [Expression level of FAM19A4 * 0.1248] + 

[Expression level of RNASE2 * 0.0183] + [Expression 

level of IGHD2.15 * 0.0956] + [Expression level of 

NMB * 0.0432] + [Expression level of TRAJ19 * (-

0.1860)]. 

 

 
 

Figure 6. Differentially expressed IRGs in the gastric cancer cohort. Heatmap of DEGs (A) and differentially expressed IRGs (B). 

Volcano plot of DEGs (C) and differentially expressed IRGs (D). Blue and red dots represent DEGs, and black dots represent genes that were 
not differentially expressed. 


