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Background: The role of N7-methyladenosine (m7G)-related genes in the progression and prognosis of 
gastric cancer (GC) remains unclear. This study aimed to explore prognostic biomarkers for GC based on 
m7G methylation regulators and to construct a prognostic risk model.
Methods: RNA sequencing profiles with corresponding clinicopathological information associated with 
GC of which the histological type was stomach adenocarcinoma (STAD) were obtained from The Cancer 
Genome Atlas (TCGA) and Gene Expression Omnibus (GEO), respectively. A total of 29 m7G regulators 
were extracted from previous studies. According to the expression similarity of m7G regulators, the GC 
samples obtained from TCGA were further classified into 2 clusters demonstrating different overall survival 
(OS) rates and genetic heterogeneity, and the differentially expressed genes (DEGs) between these 2 clusters 
were defined as m7G-related genes. Univariate regression analysis and regression analysis were then used to 
obtain the prognostic m7G-related genes. The samples in TCGA and Genotype-Tissue Expression (GTEx) 
were used to verify the differential expression and prognostic value of these m7G-related genes contained in 
the prognostic model. Subsequently, the risk score was combined with other prognostic factors to develop 
a nomogram. The predictive ability of the nomogram was evaluated by the standard receiver operating 
characteristic (ROC) curve. Gene set enrichment analysis (GSEA) was used to identify activation pathways 
in both groups. Finally, the association between the prognostic model and the immune characteristics of GC 
were appraised.
Results: A prognostic model consisting of 11 m7G-related genes was constructed. GC patients in the high-
risk group were shown to have a poor prognosis and this result was further demonstrated in each group. 
The risk model can be applied for patients with different clinical features. The results of GSEA showed that 
cell adhesion, cell junction, and focal adhesion were highly enriched in the high-risk group. In addition, we 
found that the expression of programmed cell death ligand 1 (PD-L1) was significantly elevated in the low-
risk group, whereas programmed cell death ligand 2 (PD-L2) and tumor necrosis factor receptor superfamily 
member 4 (TNFRSF4) were overexpressed in the high-risk group.
Conclusions: We successfully built and verified a m7G relevant prognostic model for predicting prognosis 
and providing a new train of thought for improving the treatment of GC.
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Introduction

Gastric cancer (GC) is one of the most common malignant 
tumors of the digestive system. According to the latest 
data, GC ranks fifth in incidence and fourth in mortality 
worldwide (1). Various risk factors exist for the development 
of GC, including Helicobacter pylori infection, smoking, 
obesity, high salt intake, and low consumption of fruits and 
vegetables (2,3). Currently, the treatment of GC comprises 
a comprehensive treatment model based on surgical 
resection combined with chemotherapy, immunotherapy, 
and targeted therapy (4,5). However, the 5-year survival rate 
for progressive GC remains below 30% after treatment (6).  
Thus, there is an urgent need to identify novel and precise 
biomarkers to improve the prognosis and treatment of 
patients with GC.

RNA methylation refers to post-transcriptional 
modification on the substrate or the replacement of the 
original alkylation form of atoms or groups (7). Various 
forms of RNA methylation exist, depending on the 
methylation site, including N7-methyladenosine (m7G), 
N6-methyladenosine (m6A), N1-methyladenosine (m1A), 
5-methylcytosine (m5C), and 2-O-dimethyladenosine 
(m6Am) (8). The dysregulation of RNA methylation is tied 
to the occurrence and progression of human cancer (9). 
However, relatively little research has been conducted on 
m7G in GC. In m7G RNA methylation, a methyl group is 
added to the 7th N of RNA guanine (G) in the presence of 
methyltransferase (10). Various studies have identified m7G-
related genes in nasopharyngeal carcinoma (11), squamous 
cell carcinoma (12), and lung adenocarcinoma (13).  
However, no studies have reported the role of m7G-related 

genes in GC. Thus, elucidating the role of m7G-related 
genes in GC and their prognostic value may provide a new 
strategy for the therapy of GC.

In this study, the gene expression data and related clinical 
information of GC patients were analyzed through online 
databases including The Cancer Genome Atlas (TCGA) 
and Gene Expression Omnibus (GEO). The m7G-related 
genes were obtained from the differentially expressed 
genes (DEGs) between 2 clusters which were classified 
according to the expression level of 29 m7G regulators 
in GC samples. A prognostic model based on 11 m7G-
related genes was constructed and verified. Finally, we 
analyzed the differences between subgroups based on the 
risk model in terms of immune cell infiltration, immune 
function, and immune checkpoints. This study provides 
great insight for predicting the prognosis and treatment of 
GC patients. We present this article in accordance with the 
Transparent Reporting of a multivariable prediction model 
for Individual Prognosis Or Diagnosis (TRIPOD) reporting 
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-22-2614/rc).

Methods

Data collection and collation

Transcriptome profiling of gene expression (with 375 tumor 
samples and 32 normal samples) and clinical data (N=439) 
for GC specimens were downloaded from TCGA, of 
which the histological type was stomach adenocarcinoma 
(STAD). Samples without complete survival information 
were excluded, and 371 tumor samples with complete 
survival information were included for subsequent analysis. 
Moreover, the RNA-sequencing profile data and parallel 
clinical information of 357 GC samples were extracted from 
GEO (GSE84433) database to act as an external test cohort. 
The detailed clinicopathological information of the GC 
patients in each cohort is displayed in Table 1. A total of 29 
m7G regulators were collected from previously published 
studies (Table S1) (14,15). The study was conducted in 
accordance with the Declaration of Helsinki (as revised  
in 2013).

Cluster analysis according to m7G regulators

The “limma” package in R software (R Foundation for 
Statistical Computing, Vienna, Austria) was used to obtain 
the expression of m7G regulators in GC specimens (16). 

Highlight box

Key findings
• The established prognostic model consisting of 11 genes has 

superior efficacy for predicting the prognosis of GC patients.

What is known and what is new? 
• The m7G-related genes are known to play important roles in the 

occurrence and development of GC.
• This study revealed the prognostic value of m7G-related genes in 

GC, established a prognostic model, and found that the risk model 
correlated with prognosis and immunotherapy in GC patients. 

What is the implication, and what should change now?
• This study highlights the importance of m7G-related genes in 

clinical practice and implies that m7G-related genes may be a 
therapeutic priority for GC patients.

https://tcr.amegroups.com/article/view/10.21037/tcr-22-2614/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-22-2614/rc
https://cdn.amegroups.cn/static/public/TCR-22-2614-Supplementary.pdf
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Table 1 Clinical features of the patients with GC in each cohort

Variables
Training group (n=371),  

n (%)
Testing group A (n=185),  

n (%)
Testing group B (n=186),  

n (%)
P value

GEO group 
(n=357)

Age (years) 0.973

≤65 163 (43.94) 81 (43.78) 82 (44.09) 241

>65 205 (55.26) 103 (55.68) 102 (54.84) 116

Unknown 3 (0.81) 1 (0.54) 2 (1.08) 0

Gender 0.969

Female 133 (35.85) 67 (36.22) 66 (35.48) 114

Male 238 (64.15) 118 (63.78) 120 (64.52) 243

Grade 0.097

G1 10 (2.7) 6 (3.24) 4 (2.15)

G2 134 (36.12) 76 (41.08) 58 (31.18)

G3 218 (58.76) 99 (53.51) 119 (63.98)

Unknown 9 (2.43) 4 (2.16) 5 (2.69) 357

Tumor invasion (T) 0.865

T1 18 (4.85) 10 (5.41) 8 (4.3) 11

T2 78 (21.02) 41 (22.16) 37 (19.89) 35

T3 167 (45.01) 80 (43.24) 87 (46.77) 67

T4 100 (26.95) 49 (26.49) 51 (27.42) 244

Unknown 8 (2.16) 5 (2.7) 3 (1.61) 0

Lymph node (N) 0.759

N0 108 (29.11) 54 (29.19) 54 (29.03) 72

N1 97 (26.15) 46 (24.86) 51 (27.42) 154

N2 74 (19.95) 41 (22.16) 33 (17.74) 99

N3 74 (19.95) 36 (19.46) 38 (20.43) 32

Unknown 18 (4.85) 8 (4.32) 10 (5.38) 0

Metastasis (M) 0.987

M0 328 (88.41) 164 (88.65) 164 (88.17)

M1 25 (6.74) 13 (7.03) 12 (6.45)

Unknown 18 (4.85) 8 (4.32) 10 (5.38) 357

Tumor stage 0.569

Stage I 50 (13.48) 23 (12.43) 27 (14.52)

Stage II 111 (29.92) 61 (32.97) 50 (26.88)

Stage III 149 (40.16) 70 (37.84) 79 (42.47)

Stage IV 38 (10.24) 18 (9.73) 20 (10.75)

Unknown 23 (6.2) 13 (7.03) 10 (5.38) 357

GEO, gene expression omnibus; GC, gastric cancer.
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Based on the expression of m7G regulators, consensus 
analysis was performed using the “ConsensusClusterPlus” 
package in R. Patients with GC were divided into k (k=2–9) 
clusters, and then these k clusters were subjected to survival 
analysis to determine the most appropriate K-value. After 
determining the most reasonable clustering method, the 
DEGs between the various aforementioned clusters were 
retained for the next analysis.

Development and internal validation of the prognostic 
model

Univariate Cox regression analysis was used to obtain 
prognostic DEGs. Among them, genes with P<0.05 were 
included in least absolute shrinkage and selection operator 
(LASSO) regression analysis. Genes selected by LASSO 
Cox regression analysis were used to construct a prognostic 
model and a risk score was calculated for each GC patient.

Risk score = Ʃ (β i × EXP i), and in the formula, β i 
represented the weight of the corresponding genes and 
EXPi represented their expression level.

Based on the median risk score of the training cohort, 
GC patients were assigned to 2 groups, a high-risk group 
and a low-risk group. Patients in the training cohort were 
randomly divided into 2 internal test cohorts randomly, 
at a ratio of 1:1. The GC patients were also divided into 
high- and low-risk groups. To evaluate whether risk score 
can independently predict the prognosis of GC patients, 
multivariate Cox analysis of the risk score was performed 
with multitudinous clinicopathological features. Kaplan-
Meier (KM) analysis was also performed in different 
clinicopathological subgroups grounded on risk score.

Differential expression and prognostic value of m7G-
related genes in the risk model

To verify the differential expression and prognosis of genes 
used to construct the risk model which had already been 
screened by LASSO Cox regression, these genes were 
further analyzed using the Gene Expression Profiling 
Interactive Analysis (GEPIA) database (17).

External validation of the risk model

To assess whether the prognostic model had similar 
predictive power in different populations, we subjected it to 
external validation. The risk score for each GC patient in 
the external testing cohort was calculated using the above 

formula, which was also used in training cohort. Similarly, 
the external queue was divided into high- and low-risk 
groups which were subjected to KM, scatter plot analyses, 
ROC curve, and independent prognostic analysis (18,19).

Development of a nomogram

To compare the advantage of risk score and other 
clinicopathological features in evaluating the prognosis of 
GC, nomogram was constructed. A calibration chart was 
developed to appraise the difference between the actual 
survival probability and the predicted value.

Gene set enrichment analysis of DEGs between high- and 
low-risk groups

To elucidate biological progresses of the DEGs between the 
high- and low-risk groups, which were named risk group 
DEGs (RDEGs), GSEA was performed for each group 
separately using the “enrichplot” package.

Immunological analysis

To explore the correlation between the risk score and 
tumor-infiltrating immune cells (TIICs) characteristics, 
various deconvolution algorithms, including xCell (20), 
Tumor Immune Estimation Resource (TIMER) (21), 
quanTIseq (22), MCPcounter (23), Estimating the 
Proportions of Immune and cancer cells (EPIC) (24), Cell-
type Identification by Estimating Relative Subsets of RNA 
Transcripts (CIBERSORT), and CIBERSORT-ABS (25) 
were used to calculate the abundances of TIICs in each 
sample in the training group. A bubble diagram was plotted 
to demonstrate the association between the risk score and 
the abundance of TIICs.

Statistical analysis

The software R 4.0.1 used to perform all statistical analyses. 
Survival data were evaluated using Cox regression, the KM 
curve, and logarithmic rank test. Statistical significance was 
considered when P<0.05.

Results

The m7G regulator of tumor classification

The overall work process of the whole study is shown 
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Figure 1 The general flow chart of this study. DEGs, differentially expressed genes; TCGA-GC, The Cancer Genome Atlas-gastric cancer; 
GEO, Gene Expression Omnibus; ROC, receiver operating characteristic; GSEA, gene set enrichment analysis.
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in Figure 1. According to the expression parallelism of 
the 29 m7G regulators, the consensus clustering method 
was applied to cluster the STAD samples of the TCGA, 
with k=2 regarded as a suitable selection with clustering 
firmness increasing from k=2 to k=9 in the TCGA cohorts, 
named Cluster 1 and Cluster 2 (Figure 2A-2C). Significant 
differences in overall survival (OS) were observed between 
these 2 clusters (P=0.004) (Figure 2D). Thus, we inferred 
that these results may reveal the potential relevance of m7G 
regulators to GC patients and subjected them to further 
exploration.

Construction of the prognostic model

Firstly, 928 DEGs (|log2FC| ≥ 0.585 and P<0.05, Table S2)  
were shown to be linked with the 2 clusters (Figure 3A). 
Subsequently, 52 genes with significant prognostic value 

for GC patients were acquired by univariate Cox regression 
analysis (P<0.01, Figure 3B). Finally, 11 genes (MATN3, 
GAD1, CYTL1, CD36, SLC7A2, PLCL1, GUCY1A2, 
GPR173 ,  PCDHB5 ,  GRP ,  and ST6GALNAC3)  were 
authenticated as independent prognostic elements and 
selected for the establishment of the prognostic model by 
LASSO Cox regression (Figure 3C,3D). The formula of the 
risk score was as follows: risk score = (0.14972*ExpMATN3) 
+  ( − 0 . 0 1 2 3 5 * E x p G A D 1 )  +  ( 0 . 2 4 8 3 6 * E x p C Y T L 1 )  + 
(0.00992*ExpCD36) + (0.11964*ExpSLC7A2) + (0.00436*ExpPLCL1) 
+  ( 0 . 0 5 2 4 6 * E x p G U C Y 1 A 2 )  +  ( 0 . 1 2 3 5 6 * E x p G P R 1 7 3 ) 
+  ( 0 . 0 1 9 7 6 * E x p P C D H B 5 )  +  ( 0 . 0 7 6 1 8 * E x p G R P )  + 
(0.00524*ExpST6GALNAC3). The results of TCGA combined 
with Genotype-Tissue Expression (GTEx) database analysis 
are shown in the Figure 4. A total of 11 m7G-related genes of 
the prognostic model were differentially expressed between 
normal and cancerous tissues, and these genes could predict 

https://cdn.amegroups.cn/static/public/TCR-22-2614-Supplementary.pdf
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Figure 2 Clustering of gastric cancer patients and OS of the two clusters. (A) Consensus clustering CDF for k=2–9. (B) Area under the CDF 
curve for k=2–9. (C) Consensus score matrix for TCGA cohort when k=2. (D) Kaplan-Meier curve for gastric cancer patients between two 
clusters. OS, overall survival; CDF, cumulative distributive function; TCGA, The Cancer Genome Atlas.

the prognosis of GC patients independently.

Prognostic assessment and internal validation of the 
prognostic model

In the training cohort, GC patients were divided into the 
low- (n=186) and high-risk (n=185) groups based on the 
mid-value of risk score (mid-value =3.04224). The KM 
analysis showed that patients in the high-risk group had a 
worse prognosis than those in the low-risk group (Figure 5A,  
P<0.001). The risk plot revealed that as the risk score value 
increased, there was a gradual increase in mortality in GC 
patients (Figure 5B). The ROC curve indicated that the 
areas under the curve (AUCs) of 1-, 3-, and 5-year survival 

were 0.643, 0.680, and 0.733, respectively (Figure 5C). 
Multivariate Cox analysis revealed that the risk score was 
an independent parameter of GC patients’ prognosis in the 
training cohort (Figure 5D, P<0.001). Next, GC patients 
from the training cohort were randomly allocated to testing 
cohort A (n=185) and testing cohort B (n=186) to further 
validate the risk model. GC patients were also divided into 
high- and low-risk groups in both test groups. In testing 
cohort A, the prognosis of GC patients in the high-risk 
group involved poorer OS than that in the low-risk group 
(Figure 5E, P=0.001). As the risk score value increased, 
so did the mortality rate of GC patients (Figure 5F). The 
AUC values of 1-, 3-, and 5-year survival of GC patients 
were 0.665, 0.691, and 0.780, respectively (Figure 5G). 
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Figure 3 Gene screening for participation in the construction of prognostic model. (A) DEGs between 2 m7G-related clusters in the TCGA 
cohort. *, P<0.05; **, P<0.01. (B) Hazard ratio of univariate Cox analysis for m7G-related DEGs. (C,D) LASSO Cox regression algorithm 
shown eleven prognostic genes to construct prognostic model. DEGs, differentially expressed genes; TCGA, The Cancer Genome Atlas; 
LASSO, least absolute shrinkage and selection operator.

The risk score was an independent predictor of prognosis 
in GC patients (Figure 5H, P<0.001). The conclusions 
obtained in testing cohort B were similar to those in testing 
cohort A and the training cohort. The prognosis of GC 
patients in the low-risk group involved better OS than that 
in the high-risk group (Figure 5I, P=0.017). Additionally, 
the mortality rate of GC patients increased alongside the 
increase of risk score value (Figure 5J). The AUC values of 
1-, 3-, and 5-year survival of GC patients were 0.626, 0.670, 
and 0.627, respectively (Figure 5K) and the risk score was 
also an independent predictor of prognosis in GC patients  

(Figure 5L, P=0.002). All of the above results suggested that 
the risk score has good efficacy in predicting the prognosis 
of human GC.

External validation of the prognostic model

Through an independent GEO cohort, we further 
verified the prognostic ability of the risk model. Similarly, 
OS analysis in 357 GC patients indicated that patients 
with high-risk score would have poor survival outcomes  
(Figure 6A,6B, P=0.003). Correspondingly, the 1-, 3-, and 
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Figure 4 Differential expression analysis and survival analysis combining the databases of TCGA and GTEx. The boxplot shows the 
expression of each m7G related gene in normal tissue and tumor tissue, red represents tumor tissue, and black represents normal tissue. 
TCGA, The Cancer Genome Atlas; GTEx, genotype-tissue expression; STAD, stomach adenocarcinoma; num, number; T, tumor; N, 
normal; TPM, transcripts per million; HR, hazard ratio.

5-year AUCs were 0.594, 0.603, and 0.617, respectively 
(Figure 6C). As shown in Figure 6D, the risk score (P=0.024) 
was an independent predictor of OS for GC patients.

Survival analysis of subgroups of GC patients

To evaluate whether the prognostic model can access the 
prognosis of GC patients under different clinicopathological 
variables, GC patients were stratified into 8 subgroups 
according to different clinicopathological features in the 
training cohort, including age (>65 and ≤65 years old), 
gender (female and male), tumor grade (G1–G2 and 
G3), and tumor-node-metastasis (TNM) stage (stage I–
II and III–IV). The results showed that the OS rate of the 
subdivisions, including age >65 (P=0.036) and age ≤65 years 
(P<0.001), female (P=0.003) and male (P=0.009), Grade 
1–2 (P=0.015), Grade 3 (P=0.003), Stage I–II (P=0.025), 
and Stage III–IV (P=0.005), were significantly different  
(Figure 7).

Construction of a nomogram which incorporated clinical 
features

We integrated age, gender, tumor grade, T stage, N 
stage, M stage, TNM stage, and risk score to construct a 
nomogram to predict the OS rate of GC patients at 1-, 3-, 
and 5-year (Figure 8A). The standard ROC curve revealed 
that the AUC values corresponding to the nomogram, 
namely, risk score, age, gender, grade, TNM stage, T stage, 
M stage, and N stage were 0.733, 0.729, 0.602, 0.579, 0.535, 
0.617, 0.538, 0.511, and 0.560, respectively (Figure 8B). 
The calibration chart demonstrated that the nomogram 
has good predictive power compared with the ideal model  
(Figure 8C-8E). The above results revealed that the 
nomogram has satisfactory accuracy in predicting the 
outcome of GC patients.

GSEA based on the prognostic model

GSEA of RDEGs (P<0.05 and |log2| ≥1, Table S3) between 

https://cdn.amegroups.cn/static/public/TCR-22-2614-Supplementary.pdf
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Figure 5 Prognostic assessment and internal validation of risk model. (A) Kaplan-Meier analysis, (B) risk plot, (C) ROC curve and (D) 
independent prognostic analysis in the training cohort. (E) Kaplan-Meier analysis, (F) risk plot, (G) ROC curve and (H) independent 
prognostic analysis in the testing cohort A. (I) Kaplan-Meier analysis, (J) risk plot, (K) ROC curve and (L) independent prognostic analysis 
in the testing cohort B. ROC, receiver operating characteristic curve; AUC, area under the curve. 

the high- and low-risk groups was used to determine the 
difference of biological function. As shown in Figure 9A,9B, 
these RDEGs in the high-risk group were mainly enriched 
in “cell adhesion”, “cell junction”, “axon development”, 
“focal adhesion”, “calcium signaling pathway”, and “muscle 
contraction”. However, in the low-risk group, these RDEGs 
were mainly enriched in “cornification”, “keratinization”, 
“homologous recombination”, and “DNA replication” 
(Figure 9C,9D).

Analysis of immune infiltration and immune checkpoints

To assess the difference in immune cell infiltration 
between high- and low-risk groups, 7 algorithms were 
utilized to score the abundance of TIICs. As shown in 
Figure 10A, Spearman correlation analysis showed that the 
risk score was positively associated with the infiltration 
levels of numerous TIICs, including B cell, macrophage, 

CD8+ T cell, and monocyte. Immune cell subsets and 
related functions of single sample gene set enrichment 
analysis (ssGSEA) showed that T cell functions, involving 
coordination of type I interferon (IFN) response, type II 
IFN response, MHC class I, and APC-co-inhibition, were 
distinctively different between low- and high-risk groups 
(Figure 10B). Furthermore, we explored the expression of 
immunotherapy markers in low- and high-risk populations. 
As depicted in Figure 10C-10E, GC patients in the low-
risk group expressed higher levels of programmed cell 
death ligand 1 (PD-L1) compared to the high-risk group. 
However, the expression levels of programmed cell death 
ligand 2 (PD-L2) and tumor necrosis factor receptor 
superfamily member 4 (TNFRSF4) were higher in the 
high-risk group. Figure 10F shows that the expression 
of PD-L1 was negatively correlated with risk score, 
whereas the opposite was true for PD-L2 and TNFRSF4  
(Figure 10G,10H). All of the above results indicated that 
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Figure 7 Predictability of prognostic model in different clinicopathological conditions. 

Figure 6 External validation of the prognostic model. (A) Kaplan-Meier analysis, (B) risk plot, (C) ROC curve and (D) independent 
prognostic analysis of the prognostic model in the GEO cohort. ROC, receiver operating characteristic; GEO, gene expression omnibus.
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Figure 8 Development of the nomogram. (A) The nomogram of 1-, 3-, and 5-year OS based on risk score and clinicopathological features 
in gastric cancer patients. (B) The standard ROC curves showed the advantage of risk score. (C-E) Calibration chart of the nomogram for 
predicting power of 1-, 3-, and 5-year survival of GC patients. OS, overall survival; ROC curve, receiver operating characteristic curve; GC, 
gastric cancer; AUC, area under the curve.

GC is a highly heterogeneous kind of tumor with different 
responses to different immunosuppressants. As our study 
showed, the low-risk group was more sensitive to PD-L1 
inhibitors, whereas the high-risk group was more sensitive 
to PD-L2 and TNFRSF4 inhibitors.

Discussion

GC remains one of the most highly invasive types of 
malignant tumor with high morbidity and mortality. 
It is necessary to find reliable biomarkers for novel 
diagnosis, treatment, and prevention methods of GC. 

M7G modification is one of the most common base 
modification forms in post-transcriptional regulation. 
It is widely distributed in tRNA, rRNA, and the 5 'cap 
region of eukaryotic mRNA and plays an important role 
in maintaining RNA processing and metabolism, stability, 
nucleation, and protein translation (26). Recently, some 
studies have reported the prognostic value of m7G-related 
genes in hepatocellular carcinoma (27), prostate cancer (28), 
and glioma (29), but the roles of m7G-related genes in GC 
have never been reported.

Our study comprehensively analyzed the clustering 
effect of m7G-related genes in GC patients according to 
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Figure 9 Gene-set enrichment analysis. GO enrichment analyses in the high-risk group (A) and low-risk group (C). KEGG enrichment 
analyses in the high-risk group (B) and low-risk group (D). GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.

the expression levels of 29 m7G regulators. The prognosis 
of GC patients in the 2 groups differed significantly. A risk 
model consisting of 11 m7G-related genes was established 
by univariate and LASSO Cox regression analysis based on 
the differences between the 2 groups and validated in an 
independent GEO dataset for its accuracy in predicting OS. 
We utilized the risk model to classify patients in the TCGA 
and GEO into low- and high-risk groups. The high-risk 
group had a poorer prognosis in all cohorts. Transient 
ROC curve analysis confirmed the accuracy and robustness 
of the prognostic model in TCGA and GEO data sets. 
Multivariate Cox regression analysis further confirmed that 
risk score could be used as an independent predictor for the 

prognosis of GC patients.
It has previously been reported that some of the m7G-

related genes contained in this signature play important 
roles in the carcinogenesis of various cancer types. CD36 is 
a highly glycosylated 88-kD class B clearance receptor, and 
it is expressed on the surface of various innate and adaptive 
immune cells, including monocytes, macrophages, and 
dendritic cells (DCs). Furthermore, it is also expressed in 
kinds of tumor cells, such as breast cancer, kidney cancer, 
glioma, and melanoma and is enriched in the stem cells 
of these cancers (30). In GC, CD36 can provide a critical 
source of energy for membrane biosynthesis during rapid 
proliferation of GC cells by regulating fatty acid uptake (31).  
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Figure 10 Analysis of immune cell infiltration and immune checkpoints based on the prognostic model. (A) Bubble diagram showing the 
correlations between the abundance of different TIIC, and risk score. (B) ssGSEA for the relationship between immune cell subpopulations 
and corresponding functions. *, P<0.05; ***, P<0.001. (C-H) The difference in expression levels of immune checkpoint biomarkers between 
the low- and high-risk groups. TIIC, tumor-infiltrating immune cells; ssGSEA, single sample gene set enrichment analysis. 
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GPR173 is a member of the super-conserved receptors 
expressed in the brain (SREB), which is closely related to 
schizophrenia and autism (32). A previous study showed that 
the promoter-associated CpG island of ST6GALNAC3 is 
significantly hypermethylated in prostate cancer and may act 
as a relevant biomarker for prostate cancer prognosis (33).  
MATN3 was shown to be involved in the development of 
GC by regulating epithelial-mesenchymal transition (EMT), 
suggesting the important role of MATN3 in GC (34). Wu 
et al. also demonstrated by immunohistochemistry that 
compared to normal tissues, MATN3 was overexpressed in 
GC tissues and that it can accurately predict the prognosis 
of GC patients (35). A previous study showed that CYTL1 
is a cytokine with tumor suppressor properties that inhibits 
tumor metastasis in multiple tumor types such as lung 
cancer and breast cancer (36).

On the basis of the prognostic model we constructed, the 
GC cohort was divided into 2 groups called the high- and 
low- risk group, and the RDEGs between these groups were 
identified. GSEA was used to demonstrate the reasons for 
the significant prognostic differences between the 2 groups. 
Recent studies have shown that focal adhesion is a complex 
biological process regulated by focal adhesion kinase 
(FAK) and that it is involved in the regulation of the tumor 
microenvironment and immune response affecting tumor 
progression (37,38). FAK is overexpressed in many cancers 
and promotes cancer progression by regulating cellular 
processes such as cell survival, proliferation, apoptosis, and 
migration (39). The results of the GSEA in our study also 
showed that RDEGs were predominantly enriched in “cell 
adhesion”, “cell junction”, and “focal adhesion” in the high-
risk group.

Immunotherapy occupies the most important position 
in the treatment of various cancers, and research on 
immunotherapy has been ongoing (40,41). However, 
immunotherapy is only recommended as a second- or third-
line treatment option for GC in various clinical guidelines. 
For example, the 2019 European Society for Medical 
Oncology (ESMO) guidelines recommend programmed 
cell death protein 1 (PD-1)/PD-L1 antibody therapy 
as a third-line treatment option for advanced GC (42). 
The 2018 Japanese Gastric Cancer Association (JGCA) 
guidelines recommend PD-1 monotherapy as third-line 
treatment for advanced GC (43). This may be due to the 
high heterogeneity of stomach cancer, which complicates 
its immunotherapy mechanisms (44). In addition, there 
are numerous factors that can affect the effectiveness of 
immunotherapy for GC. Published studies have shown 

that Helicobacter pylori infection reduces the susceptibility 
of PD-1/PD-L1 blockade therapies for GC (45). In 
conclusion, the effect of PD-1/PD-L1 blockade therapies 
for GC is influenced by many factors of the tumor itself and 
external factors. We analyzed the expression of 3 immune 
checkpoints in high- and low-risk groups, the findings of 
which may provide some new methods for immunotherapy 
of GC.

To date, studies of m7G-related genes in GC are still 
quite insufficient. The advantage of this study is that 11 
m7G-related genes in GC prognosis were identified. 
Subsequently, a prognostic model was constructed and 
validated. In addition, together with the TCGA and GTEx 
databases, we once again verified the differential expression 
and prognosis of these 11 m7G-related genes in normal 
tissues and tumor tissues. However, our study still had 
some limitations. All the data in this study were obtained 
from online public databases. We did not further examine 
the underlying mechanism of these genes through basic 
experiments, which may be conducted in future studies.

Conclusions

A prognostic model involving 11 m7G-related genes was 
constructed which could accurately predict the prognosis of 
GC patients. This study also disclosed associations between 
immune function and m7G-related genes.
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