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Li et al.: Identification of Key Genes in Gastric Cancer

We identified genes that affect the prognosis of early-onset and conventional gastric cancer and established 
a clinical prognostic model in gastric cancer. Differentially expressed genes in gastric cancer were identified 
using Limma analysis from GSE84426 dataset. Weighted gene co-expression network analysis of age-related 
hub genes in GSE84426 dataset was performed. Venn diagram of the intersecting genes was identified between 
differentially expressed genes and hub genes. Expression and prognosis of intersection genes were analyzed in 
the GSE84426 and The Cancer Genome Atlas-gastric cancer datasets. Signaling pathways of the intersecting 
genes and their correlation with immune cells were analyzed using gene set enrichment analysis, estimating 
the proportions of immune and cancer cells and estimation of stromal and immune cells in malignant tumor 
tissues using expression data. Finally, a prognostic model was established using a nomogram in The Cancer 
Genome Atlas-gastric cancer dataset. Overall, 1021 differentially expressed genes in gastric cancer were 
identified from the GSE84426 dataset in patients with gastric cancer aged <45 and ≥45 y which were analyzed 
using weighted gene co-expression network analysis. Based on the correlation between gene significance 
and module membership where we screened purple and green modules. Regulator of G protein signaling 
4 and neuronal regeneration related protein were identified using Venn diagram as the intersection genes 
between differentially expressed genes and hub genes identified by weighted gene co-expression network 
analysis. Regulator of G protein signaling 4 and neuronal regeneration related protein were noted to be 
overexpressed in gastric cancer in patients aged <45 y in GSE84426 dataset compared with the normal tissue. 
Prognostic value of the overexpression of regulator of G protein signaling 4 and neuronal regeneration related 
protein were significantly better than that of the underexpression noted in the Cancer Genome Atlas gastric 
cancer dataset. Regulator of G protein signaling 4 and neuronal regeneration related protein has significant 
correlation with stromal score, immune score, estimation of stromal and immune cells in malignant tumor 
tissues using expression score among cells like cluster of differentiation 4 and 8, neutrophils, and macrophages. 
Both regulator of G protein signaling 4 and neuronal regeneration related protein were overexpressed in 
early-onset gastric carcinoma and impacted the prognosis of gastric cancer.
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Gastric Cancer (GC) is a common malignant tumor 
of the gastrointestinal tract and the 4th leading cause 
of cancer-associated deaths worldwide[1,2]. Notably, 
26 500 new cases of GC and 11 130 deaths from 
it were reported in the United States of America in 
2023[3]; >70 % of patients with early GC have no 
symptoms. However, patients with advanced stage 
of GC present pain, anemia and emaciation. Despite 
of high incidence of GC, most of the patients are 
unfortunately diagnosed at advanced stages with 
dismal prognosis due to the lack of distinguishing 

clinical indications[4]. The rate of median survival is 
<12 mo for patients with advanced-stage GC[5].
Surgery and chemotherapy play crucial roles in 
the treatment of GC[6]. However, surgery is limited 
by several factors, such as surgical approaches, 
tumor stage and extended lymph node dissection[7]. 
Systemic chemotherapy is the mainstay of treatment 
in metastatic (m) GC, with a median Overall Survival 
(OS) of approximately 12 mo in patients treated with 
conventional chemotherapy[8]. In addition, several 
therapeutic approaches have been established to 
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reduce the risk of recurrence and improve long term 
survival, including perioperative chemotherapy, 
adjuvant chemotherapy and chemoradiotherapy[9].
The risk factors for GC include many non-modifiable 
variables and other controllable risk factors such 
as age, gender, race/ethnicity, Helicobacter pylori 
infection, smoking and diet high in nitrates and 
nitrites[10]. Regarding the age at the time of GC 
diagnosis, the incidence rate of GC increases with 
age and the incidence rate in the population aged 
>50 y is >75 %[11]. Notably, GC is divided into Early 
Onset Gastric Carcinoma (EOGC) which arises 
among of patients age ≤45 y and conventional GC 
which affects the patients of age >45 y[6,12]. EOGC 
accounts for about 2.7 %-10 % of all types of GCs. 
EOGC possesses different clinicopathological 
and molecular genetic characteristics compared 
with conventional GC, including diffuse lesions, 
poorer differentiation grade and hereditary genetic 
alterations[13]. Therefore, in order to improve the 
prognosis of GC, most of the research on molecular 
characteristics and targeted drug development are 
focused on the precise treatment of GC.
Our study found that targeted treatment that 

distinguishes age is helpful in precise clinical treatment 
of GC. We identified Differentially Expressed Genes 
(DEGs) and age related clinical characteristic 
module genes in GC from the GSE84426 dataset. 
We identified Regulator of G protein Signaling 4 
(RGS4) and Neuronal Regeneration Related Protein 
(NREP) as the key genes by the Venn diagram. 
The expression and prognostic value of RGS4 and 
NREP were analyzed using the GSE84426 and The 
Cancer Genome Atlas (TCGA) GC dataset. Finally, a 
nomogram was used to establish a clinical prognostic 
model in the TCGA-GC dataset. 

MATERIALS AND METHODS
Data collection:

Transcriptome data and the corresponding clinical 
data of GC was collected using the GSE84426 
dataset from the Gene Expression Omnibus (GEO) 
(https:/http://ww.ncbinlm.nih.gov/geo/) and TCGA-
GC (https://www.cancer.gov/ccg/research/genome-
sequencing/tcga) databases. The GSE84426 dataset 
included 76 GC samples with 69 samples of patients 
aged ≥45 y and 7 samples of patients aged <45 y. 
(fig. 1).

Fig. 1: Illustrated workflow of the study
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Screening for DEGs:

GC Ribonucleic Acid Sequencing (RNA Seq) data 
was downloaded from the GSE84426 dataset. DEGs 
were identified using the Limma package of R version 
3.6.3 (http://www.rproject.org/). The threshold for 
identifying significant DEGs was a False Discovery 
Rate (FDR) <0.01 and|log2 (fold change)|≥1.5.

Weighted Gene Co-expression Network Analysis 
(WGCNA): 

WGCNA is a systematic approach to biology which 
is often applied to characterize the patterns of genetic 
association between different samples. In this study, 
we constructed a gene co-expression network for 
age ranging from <45 and ≥45 y in the GSE84426 
dataset using the “WGCNA” R package. Finally, we 
evaluated the correlation of different modules with 
age and selected the most relevant module as the 
central gene derived from WGCNA. In addition, we 
calculated the correlation with gene expression to 
obtain the Gene Significance (GS) and calculated the 
correlation between module feature vectors and gene 
expression to obtain the Module Membership (MM) 
based on the cutoff criteria |MM|>0.8 and |GS|>0.1. 
A correlation heatmap was used between GS and 
MM to select the genes contained in modules that 
significantly correlate with age and to identify them 
as hub genes (p<0.05). 

Survival and Receiver Operating Characteristic 
(ROC) curve:

Venn diagram was used to intersect the DEGs and 
hub genes in the GSE84426 dataset. Based on the 
risk score, patients were divided into high- and 
low-risk groups. A survival curve was plotted using 
survminer R package to analyze the survival time and 
status of the high- and low-risk groups in the TCGA-
GC dataset. ROC curve was plotted using time-ROC 
R package to analyze the predictive ability of its 
characteristic gene prognostic model.

Nomogram:

The hub genes were determined using multiple 
regression analysis through independent prognostic 
factors to construct a nomogram. Survival- and 
time-related genes were used to construct a specific 
predictive model, which was linked to ROC curve 
to determine its accuracy for 1st, 2nd and 3rd y. The 
calibration chart and Consistency (C) index were 
used to correct the nomogram through the guidance 
method of 1000 resampling.

Tumor microenvironment construction and Tumor 
Immune Estimation Resource (TIMER): 

We used the Estimation of STromal and Immune cells 
in MAlignant Tumor tissues using Expression data 
(ESTIMATE) package loaded in R language, version 
4.0.3 to calculate stromal and immune scores, and 
characterize the Tumor Microenvironment (TME). 
The stromal and immune scores represent the 
infiltration levels of stromal cells and immune cells in 
the tumor tissue, respectively. The ESTIMATE score 
is the combination of the stromal and immune scores 
and it represents the measurement of tumor purity. 
Lower ESTIMATE and immune scores represent 
high tumor purity and low degree of infiltration of 
stromal cells and immune cells in the tumor tissue, 
respectively[14]. 
TIMER (cistrome.shinyapps.io/timer) is a 
comprehensive database that systematically analyzes 
six types of tumors infiltrating immune cells such as 
B cells, T cells (Cluster of Differentiation 4 (CD4+) 
and CD8+), neutrophils, macrophages and dendritic 
cells in different types of cancer using the TIMER 
algorithm.

Statistical analysis: 

Student’s t-test (R function t-test) was performed 
to determine the significant differences between 
the two groups, where p<0.05 was considered to be 
significant; grammar of graphics plot 2 (ggplot2) 
package was used for plotting the graphs.

RESULTS AND DISCUSSION
Primarily DEGs in GC were identified. Based on the 
set criteria, we identified 1021 DEGs, including 674 
upregulated and 348 downregulated genes while we 
identified 2883 DEGs in GSE84426 dataset (fig. 2).
Next, WGCNA construction and identification of 
intersection genes was carried out. To identify the 
potential gene modules that were associated with 
GC in patients aged between the range ≥45 and 
<45 y, we performed WGCNA analysis of all genes 
from the GSE84426 dataset (fig. 3A-fig. 3C). We 
identified different modules (fig. 3D) after analyzing 
the positive correlation coefficients. Based on the 
correlation between GS and MM, purple and green 
modules in GSE84426 were screened (fig. 3E and 
fig. 3F). Venn diagram was used to identify DEGs 
and WGCNA hub genes in the GSE84426 dataset 
where RGS4 and NREP genes were identified as the 
intersection genes (fig. 3G).
Further, the expression and prognostic value of 
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Significant differences in OS were observed related to 
NREP and pTNM stage where univariate Cox analysis 
of NREP depicted p=0.00437 and HR=1.47638 (95 
% CI: 1.1294-1.92997); analysis of age showed 
p=0.00928, HR=1.02183 (95 % CI: 1.00534-1.0386); 
pTNM stage denoted p=0.00862 and HR=1.27432 
(95 % CI: 1.06347-1.52698) (fig. 5C); where 
as multivariate Cox analysis of NREP depicted 
p=0.03989 and HR=1.6034 (95 % CI: 1.02206-
2.51618); analysis of age showed p=0.00493 and 
HR=1.04635 (95 % CI: 1.01382-1.07992) (fig. 5D). 
Accordingly, NREP and age (p<0.05) were selected 
as factors to establish a prognostic nomogram for the 
TCGA-GC dataset. The total points ranged from 0 
to 180 and the C-index value was 0.607 (95 % CI: 
0.528-1.0 and p=0.008) (fig. 5E).
Subsequently, TME and immune status of RGS4 
and NREP were analyzed where RGS4 and NREP 
showed significant correlation with the stromal score 
p=3.7e-50 and r=0.66, and p=2.6e-45 and r=0.64, 
respectively. Immune score denoted p=9.3e-5 
and r=0.2, and p=5.4e-4 and r=0.17, respectively. 
Similarly, ESTIMATE score showed p=3.0e-22 and 
r=0.47, and p=1.0e-19 and r=0.44, respectively (fig. 
6A and fig. 6B). In addition, the correlations of B and 
T cells (CD4+, CD8+, neutrophil and macrophages) 
of RGS4 and NREP were analyzed, except for B cell; 
all others were found to be significantly correlated 
with RGS4 and NREP (p<0.001) (fig. 6C and fig. 
6D).

RGS4 and NREP in GC was studied. Both RGS4 and 
NREP were overexpressed in GC in patients who 
were aged <45 y in the GSE84426 dataset with the 
values p=0.0031 and p=0.0093, respectively (fig. 
4A and fig. 4B). Moreover, RGS4 and NREP were 
overexpressed in GC than in the normal tissue in 
the TCGA-GC dataset with p=0.022 and p=2.9e-46, 
respectively (fig. 4C and fig. 4D). The prognostic 
value of the overexpression of RGS4 and NREP 
was significantly better than low expression in the 
TCGA-GC dataset with p=0.002 and Hazard Ratio 
(HR)=1.7 (95 % Confidence Interval (CI): 1.22-2.37) 
and p=0.033, HR=1.43 (95 % CI: 1.03-2) (fig. 4E 
and fig. 4F). Area Under Curve (AUC) of the ROC 
analysis for 1st 2nd and 3rd y were 0.617 (95 % CI: 
0.557-0.677), 0.646 (95 % CI: 0.572-0.72) and 0.569 
(95 % CI: 0.425-0.714) respectively for RGS4 and 
0.551 (95 % CI: 0.49-0.613), 0.643 (95 % CI: 0.564-
0.722) and 0.712 (95 % CI: 0.602-0.822) for NREP 
(fig. 4G and fig. 4H).
Clinical prediction of the established model using 
nomogram was assessed. Univariate and multivariate 
Cox regression analysis of OS in TCGA-GC dataset 
were performed with RGS4, NREP, age, gender, 
pathological Tumor Node Metastasis (pTNM) stage, 
tumor grade and new tumor as variables. Univariate 
analysis revealed significant differences in OS related 
to RGS4 (p=0.0123, HR=1.23235 (95 % CI: 1.08567-
1.39884) (fig. 5A). However, the multivariate 
analysis revealed no significant differences in OS 
related to RGS4 (p=0.07515) (fig. 5B). 

Fig. 2: Identified DEGs in GSE84426 dataset, (A): Volcano map and (B): Heat map 
Note: ( ): Up and ( ): Down-regulated genes
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Fig. 3: WGCNA analysis in GSE84426 dataset between the patients of age ≥45 y and <45 y, (A): Gene clustering diagram; 
(B): Cluster analysis of samples; (C): Module feature vector clustering; (D): Module and age phenotype correlation heatmap;  
(E and F): Purple and green modules in GSE84426 (p=2.1e-25, r=0.65 and p=8.9e-17, r=0.73) and (G): DEGs and module genes 
analyzed by Venn diagram

Fig. 4: Expression and prognosis of intersecting genes in GSE84426 and TCGA-GC dataset, (A-D): Expression of RGS4, NREP 
(p=0.0031 and p=0.0093 and TCGA-GC (p=0.022 and p=2.9e-46); (E and F): Prognosis of RGS4 and NREP and (G and H): AUC 
of ROC analysis for 1st, 2nd and 3rd y 
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Fig. 5: Clinical prediction model and RGS4 and NREP established using nomogram, (A): Univariate and multivariate Cox  
regression analysis of OS in the TCGA-GC dataset; (B): Multivariate analysis of RGS4; (C): Univariate Cox analysis of NREP and 
pTNM stage; (D): Multivariate Cox analysis of NREP and (E): Prognostic nomogram of NREP and age

Fig. 6: Analysis of RGS4 and NREP with regard to TME and immune status, (A and B): Stromal and immune score of RGS4 and 
NREP and (C and D): Correlation of RGS4 and NREP T-cells (CD4+ and CD8+), neutrophil and macrophage, except for B cell

rate is higher than that noted in elderly patients[17,18]. 
Notably, TNM results have revealed EOGC to be 
more advanced and to have low resectability, thereby 
possessing a short median OS time of around 11.7 
mo[19].
Compared with conventional GC, EOGC exhibits 
high incidence of multifocal, poorly differentiated 
histology, signet ring cell carcinoma, local or distant 
metastasis, diffuse histological types, and high 

EOGC has been rising in the recent years and differs 
slightly in its pathology from traditional GC. The 
global age-standardized incidence and mortality 
rates for GC in 2020 were 11.1/100 000 and 7.7/100 
000, respectively, according to the geographical 
variations[15]. There are various high-risk factors 
for GC, among which age has been one of them[16]. 
Many studies have revealed that the incidence rate 
of GC shows a younger age trend and its mortality 
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This study found RGS4 and NREP to be the key genes 
among the DEGs and age related hub genes identified 
using WGCNA. Notably, both RGS4 and NREP were 
associated with GC prognosis. Therefore, we suggest 
that RGS4 and NREP can be considered as novel 
biomarkers in predicting GC. 
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