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Objective: To explore the clinical value of the combined screening of the methylation statuses of the RPRM, SDC2, and TCF4 genes 
in plasma of gastric cancer patients.
Methods: Differential expressed genes (DEGs) were selected from the Gene Expression Omnibus database, Gene Ontology and 
Kyoto Encyclopedia of Genes and Genomes pathway enrichment analyses were performed using DAVID, and a protein-protein 
interaction network was constructed. Hub genes were obtained using Cytoscape. Screening results combined with literature reports 
identified three genes (RPRM, SDC2, and TCF4). Further analysis was done using biopsies collected through gastroscopy at Shanxi 
Cancer Hospital from January 8, 2020 to February 22, 2021. The patients were divided into two groups: gastric adenocarcinoma group, 
and control group which are not gastric adenocarcinoma according to pathological or gastroscopic results. The methylation statuses of 
the three genes in peripheral blood plasma were detected by fluorescence polymerase chain reaction, and the relationships between the 
positive rates of the three combined genes with pathology and/or gastroscopy results were analyzed. The clinical value of the 
combined detection of the three genes was evaluated according to these indicators. The diagnostic specificity and sensitivity of this 
detective method were analyzed.
Results: A total of 197 DEGs were identified and 12 hub genes were obtained. The enriched functions and pathways of DEGs include 
regulation of cell proliferation, extracellular space, cytokine activity, and pathways in cancer. The combination of RPRM, SDC2, and 
TCF4 gene methylation had a specificity of 93.39% and sensitivity of 80.33%. The combined positive rate of RPRM, SDC2, and TCF4 
gene methylation in patients with gastric adenocarcinoma was significantly higher compared with those without gastric adenocarci-
noma (χ2=151.179, P<0.05).
Conclusion: Combined detection of RPRM, SDC2, and TCF4 gene methylation in peripheral blood plasma maybe helpful in 
screening for gastric adenocarcinoma, and maybe a complementary method to gastroscopy and serum tumor markers.
Keywords: gastric cancer, RPRM, SDC2, TCF4, methylation

Introduction
Gastric adenocarcinoma (GAC) is the fourth most common cause of cancer-related mortality globally, leading more than 
750,000 deaths annually.1,2 GAC has become a major health problem in many countries. Early detection and intervention 
are important factors in the diagnosis and treatment of malignant gastric tumors. Gastroscopy and pathological biopsy are 
the main methods for GAC screen, but their limitations including invasiveness and high cost, are big challenges in 
population-based screening. The identification of painless and sensitive biomarkers for GAC screening has a potential 
role to reduce the pain of patients. It is reported that measuring serum pepsinogen (PG) levels can be a screening method 
for gastric cancer.3 The serum tumor markers comprising carbohydrate antigen 199 (CA199), carcinoembryonic antigen 
(CEA), and carbohydrate antigen 724 (CA724) are also helpful for the diagnosis of GAC. However, current methylation 
markers are few applied in GAC.
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Many studies have shown an important role for DNA methylation in carcinogenesis.4,5 DNA methylation can lead to 
abnormal expression of many tumor suppressor genes and may thus promote the occurrence and development of gastric 
cancer. Although methylated genes in gastric cancer have been reported in the literatures, few of them have been used 
clinically in terms of diagnosis, possibly because of low positive rates. The detection of multigene combinations may 
thus improve the detection rate. RPRM encodes the highly glycosylated protein Reprimo, which is mainly found in the 
cytoplasm. RPRM is the founding member of the RPRM gene family and has been found to be highly methylated in 
blood samples from patients with gastric cancer.6 RPRM has been explored as a noninvasive biomarker in gastric 
cancer.6–8 Syndecan-2 (SDC2), encoded by the SDC2 gene, is a transmembrane protein involved in cell proliferation, cell 
migration, angiogenesis, and cell-matrix interactions.9 SDC2 is hypermethylated in most patients with colorectal 
cancer.10 Recent studies also showed that SDC2 played a regulatory role in the migration and invasion of gastric cancer 
cells.11

Array technology, high-throughput sequencing, and bioinformatics analysis have recently been widely used to 
identify differentially expressed genes (DEGs) and to understand the functional pathways involved in GAC carcinogen-
esis. We therefore determined the methylation profiles in the GSE25869,12 GSE28094,13 and GSE3060114 array datasets 
from the Gene Expression Omnibus (GEO) database. We downloaded the three datasets and analyzed them using 
GEO2R to identify genes that were significantly different between gastric cancer and normal tissues (P<0.01). Finally, 
transcription factor 4 (TCF4) is selected. TCF4 is a member of the T cytokine/lymphoid enhancer factor (TCF4/LEF) 
family, and is also frequently methylated in gastric cancer.

Eventually, through screening and review of the literature, three genes (RPRM, SDC2, and TCF4) were identified. 
Then we designed this trial to explore the consistency of combined detection of RPRM, SDC2, and TCF4 methylation 
with pathological biopsy (gold standard). Our study may provide a potential diagnostic strategy for early gastric cancer.

Materials and Methods
Data Screening
GEO (https://www.ncbi.nlm.nih.gov/geo) is a comprehensive public functional genomics data repository, including chips, 
arrays, and high-throughput sequencing gene expression data. We downloaded three methylation datasets (GSE25869, 
GSE28094, and GSE30601) from GEO (GPL8490 platform, Illumina HumanMethylation27 BeadChip and GPL9183 
platform, Illumina GoldenGate Methylation Cancer Panel I). The selected conditions were series (Entry type) and 
methylation profiling by array (Study type). GSE25869 contained 11 gastric cancer cell lines and 32 pairs of gastric 
cancer and normal samples, GSE28094 contained 1628 human samples (we selected 16 stomach cancer and 418 healthy 
samples), and GSE30601 contained 203 gastric tumor tissues and 94 matched non-malignant gastric tissues.

Identification of DEGs
DEGs between gastric cancer and non-cancerous tissues were screened using GEO2R (http://www.ncbi.nlm.nih.gov/geo/ 
geo2r), which is an online analysis tool for GEO that can be used to compare two or more datasets in GEO sample data to 
identify DEGs under different experimental conditions. Notably, the tumor group must be defined preferentially when defining 
the grouping with GEO2R analysis. DEGs were considered significant if the adjusted P-value was <0.01. Overlapping genes 
among the three datasets were then obtained by the website tool (http://bioinformatics.psb.ugent.be/webtools/Venn).

GO and KEGG Enrichment Analyses of DEGs
The Database for Annotation, Visualization and Integrated Discovery (DAVID; http://david.ncifcrf.gov/) is currently used 
mainly for functional and pathway enrichment analyses of DEGs. In this study, we analyzed the biological functions of 
the DEGs using the DAVID online database as follows: on the DAVID home page, click “start analysis” and paste the 
selected DEGs into the gene list; select identifier (official gene symbol) and select species (Homo sapiens); choose the 
gene list; and then click “Submit List”. In the new screen, select “Functional Annotation Chart”, the BP (biological 
process), CC (cell component), and MF (molecular function) charts in GO and KEGG pathways can then be obtained.
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PPI Network Construction and Hub Gene Selection
The PPI network was calculated using the Search Tool for the Retrieval of Interacting Genes (http://string-db.org) online 
database. Functional interactions between proteins were analyzed. It was helpful for us to understand the mechanisms of 
disease generation. “String_interactions_short.tsv” was downloaded and analyzed using Cytoscape (version 3.10.0), 
which is an open software platform for visualizing complex networks and integrating these with any type of attribute 
data. Molecular Complex Detection (MCODE) in Cytoscape is a plug-in app for clustering a given network based on 
topology, to find densely connected regions.15 In this study, the DEG PPI network was constructed using Cytoscape and 
the most significant module in the PPI network was identified by MCODE. The criteria for selection were: find clusters = 
in whole network; degree cutoff = 2; cluster finding = hairout (yes); node density cutoff = 0.1; node score cutoff = 0.2; 
k-core = 2; and max depth = 100. The hub genes were then selected using the plug-in cytoHubba.

Gene Analysis
Genes screened in the literature and bioinformatics databases were analyzed using gene expression profiling interactive 
analysis (GEPIA; http://gepia.cancer-pku.cn). We selected single gene analysis: click on “GoPIA”; expression DIY select 
boxplot, and enter the screened genes separately into the gene name; |Log2FC| cutoff = 1, p-value cutoff = 0.01; for 
cancer name, select STAD (stomach adenocarcinoma); click “Add”; for log scale, select yes; Jitter Size=0.4; for matched 
normal data select match TCGA normal and GTEx data; and click “Plot”.

Patient Samples
Biopsy tissues were collected in patients undergoing gastroscopy at Shanxi Cancer Hospital from January 8, 2020 to 
February 22, 2021. Patients were divided into two groups: an experimental group with GAC confirmed by pathological 
examination, and a control group excluded GAC confirmed by pathological and/or gastroscopic examination. All 
participants were over 18 years old. Patients with the following conditions should be excluded: 1) underwent gastrectomy 
within 1 year, 2) were cured of gastric cancer, 3) pregnant, 4) had a history of blood transfusion within the last month.

Blood Samples
Peripheral blood (5 mL) was collected from each enrolled patient into EDTA anticoagulant tubes and delivered to the 
laboratory within 2 h. Plasma was centrifuged immediately for 12 min at 1600 × g. If the plasma could not be separated 
immediately, it was stored at 2–8°C for no more than 4 h, without freezing. Blood sample with severe hemolysis or with 
extracted plasma less than 2 mL was removed. Samples that were not collected, stored, and/or transported as required, 
and samples with incomplete information were also removed.

DNA Extraction and Bisulfite Conversion
DNA was extracted from each sample using a nucleic acid extraction kit (lot. no. 21NAE001; Beijing Akron Medical 
Technology Co, Ltd, China.), according to the manufacturer’s instructions. DNA was quantified using a NanoDrop One 
ultrafine ultraviolet spectrophotometer (Applied Biosystems, USA) and diluted to 0.8–1.2 ng/µL. Plasma (2 mL, 2 mL 
quality control substance) free DNA was treated with sodium bisulfite to obtain sulfite-transformed DNA (BisDNA). 
Samples with low content of DNA (<0.8 ng/µL) were removed.

Polymerase Chain Reaction (PCR)
Real-time PCR was carried out using a diagnostic kit (Beijing Akron Medical Technology Co, Ltd, China.) for 
methylated genes in gastric cancer, according to the instructions. The parameters of the cycling thermal profile were 
98°C for 5min and 95°C for 10s, followed by 45 cycles of 63°C for 5 s and 58°C for 30s, annealing/elongation by 25°C 
for 10s with acquisition of fluorescent data. The positive maximum cutoff values for RPRM, SDC2, and TCF4 were 
38.81, 41.1, and 43.19. ACTB was used as an internal reference; if the amount of DNA was sufficient (ACTB Ct ≤ 35), 
the PCR results were considered reliable, but if the ACTB Ct was > 35.0, the PCR reaction was considered invalid.
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Statistical Analysis
The collected data were analyzed using the SPSS 18.0 program. Differences in pathological features and gene methyla-
tion statuses between the two groups were analyzed using χ2 tests. Youden’s index = (Sensitivity+ Specificity-1). All 
P values were 2-sided and P<0.05 was considered statistically significant.

Results
Identification of DEGs in Gastric Cancer
After standardization of the screening conditions, DEGs (3920 in GSE25869, 458 in GSE28094, and 10,623 in 
GSE30601) were identified using GEO2R, including 197 overlapping genes among the three datasets (Figure 1A).

GO and KEGG Enrichment Analyses of DEGs
BP, CC, MF, and KEGG pathway enrichment analyses were performed using DAVID to clarify the biological classifica-
tion of the DEGs (Table 1). GO analysis revealed that in terms of biological process, DEGs were mainly enriched in the 
regulation of cell proliferation, mitogen-activated protein kinase (MAPK) cascade, kinase activity, transmembrane 
receptor protein tyrosine kinase signaling pathway, and peptide-tyrosine phosphorylation. As to cellular components, 
DEGs were mainly enriched in extracellular region, receptor complex, extracellular space, plasma membrane, and 
integral component of plasma membrane, and in the field of molecular function, DEGs were significantly enriched in 
transmembrane receptor protein tyrosine kinase activity, protein tyrosine kinase activity, cytokine activity, growth factor 
activity, and receptor binding. KEGG pathway enrichment analysis showed that the DEGs were significantly enriched in 
pathways in cancer, Akt signaling pathway, proteoglycans in cancer, and MAPK signaling pathway.

PPI Network Construction, Hub Gene Selection, and Analysis
A PPI network of DEGs was constructed using an online analysis tool and the hub genes were identified using 
Cytoscape. Every hub gene was analyzed with GEPIA. Finally, TCF4 was selected as an important hub gene. 
(Figure 1B).

Clinicopathological Information
61 samples of GACs and 227 of non-GACs were collected, which are confirmed according to gastroscopic examination 
and/or pathological examination. The microscopic morphology of GAC showed irregular glandular atypical dysplasia, 

Figure 1 Hub gene screening and analysis. (A) Venn diagram (The 3 datasets showed an overlap of 197 genes). (B) *TCF4 were statistically significant.
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angulation, polar disorder, fusion into pieces, and nuclear enlargement (Figure 2A). Non-GAC patients mostly had 
gastritis, with inflammatory cell infiltration in the gastric mucosa, erosion on the surface, infiltration of numerous plasma 
cells in some areas, and some glandular hyperplasia (Figure 2B).

The basic characteristics of the 288 cases are summarized in Table 2. Age and sex differed significantly between the 
two groups (P<0.01).

Table 1 GO and KEGG Pathway Enrichment Analysis of DEGs in Stomach Cancer

Term Description Count FDR

GO:0008284 Positive regulation of cell proliferation 39 4.25E-19

GO:0043410 Positive regulation of MAPK cascade 25 4.25E-19

GO:0007169 Transmembrane receptor protein tyrosine kinase signaling pathway 22 3.56E-17

GO:0033674 Positive regulation of kinase activity 17 3.91E-15

GO:0018108 Peptidyl-tyrosine phosphorylation 20 2.60E-14

GO:0005576 Extracellular region 68 8.70E-19

GO:0043235 Receptor complex 21 1.20E-12

GO:0005615 Extracellular space 52 9.99E-11

GO:0005886 Plasma membrane 89 6.51E-10

GO:0005887 Integral component of plasma membrane 41 2.53E-08

GO:0004714 Transmembrane receptor protein tyrosine kinase activity 22 1.50E-18

GO:0004713 Protein tyrosine kinase activity 15 6.73E-10

GO:0005125 Cytokine activity 18 6.73E-10

GO:0008083 Growth factor activity 16 7.17E-09

GO:0005102 Receptor binding 20 7.81E-07

hsa05200 Pathways in cancer 46 2.08E-18

hsa04151 PI3K-Akt signaling pathway 27 1.53E-08

hsa05205 Proteoglycans in cancer 17 1.57E-05

hsa04010 MAPK signaling pathway 20 1.78E-05

Abbreviations: GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; DEGs, differentially expressed genes; FDR, 
false discovery rate; MAPK, mitogen-activated protein kinase.

Figure 2 Pathological morphology. (A) gastric adenocarcinoma HE X200 (B) gastritis HE X200.
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Methylation of RPRM, SDC2, and TCF4 in Plasma
With collected 288 plasma samples, the methylation statuses of RPRM, SDC2, and TCF4 were detected using 
fluorescence PCR analysis (Figure 3). The groupings based on methylation levels of RPRM, SDC2, TCF4, and the 
three genes combined were significantly related to those based on gastroscopy/tissue biopsy results (P<0.01). We also 
compared the results for each of the three genes alone and combined, based on the sensitivity, specificity, Youden’s index, 
positive predictive value, negative predictive value, and kappa score (Table 3). Methylation status of RPRM, SDC2, 

Table 2 Basic Characteristics of Patients and Controls

GAC, N(%) N=61 Control, N(%) n=227 P value Χ2 test

Sex <0.001*
Male 52(85.2%) 114(50.2%)

Female 9(14.8%) 113(49.8%)

Age, years <0.001*
≤60 24(39.3%) 174(76.7%)

>60 37(60.7%) 53(23.3%)

Note: *P<0.01. 
Abbreviation: GAC, gastric adenocarcinoma.

Figure 3 (A) methylation of RPRM, SDC2 and TCF4 were positive in GAC. (B) Internal reference ACTB express in gastritis.
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TCF42 alone picked 37.37, and 41 patients correctly in 61 patients who are diagnosed as gastric cancer by pathologist 
(sensitivities are 60.66%, 60.66%, and 67.21 respectively). Combined detection could rise the number to 49 patients and 
80.33%. Specificity of RPRM, SDC2, TCF42 alone are 98.24%, 98.24%, 95.59% and combined detection is 93.39%. 
Youden’s index, an indicator for evaluating the authenticity of screening tests, is much higher in the combined detection 
method, which is 73.72% compared to detection alone methods which are 58.89%, 58.89 and 62.81%. RPRM, SDC2 
alone could get the highest ration of positive prediction (both PPV are 0.902). However, when considering ruling out the 
negative patients, the combined method is better (NPV is 0.946).

Discussion
Bioinformatics analysis has recently become increasingly important in cancer research. In this study, KEGG pathway 
enrichment analysis revealed that DEGs between GAC and non-GAC patients were significantly enriched in pathways in 
cancer. TCF4 was one of the identified DEGs, and GEPIA showed that TCF4 expression was significantly increased in 
gastric tumors compared with normal tissues. Tumor suppressor genes are crucial negative regulatory factors affecting 
cell proliferation, differentiation, and apoptosis in vivo. This was consistent with the analyses using DAVID and GEPIA. 
Gene inactivation caused by hypermethylation of tumor suppressor gene promoters contributes to unlimited cell growth, 
increased differentiation, and promotion of tumor formation. RPRM, SDC2, and TCF4 are tumor suppressor genes that 
can be hypermethylated in patients with gastric cancer.6,10,16

The occurrence and development of gastric cancer is closely related to many factors, including the environment, 
genes, living habits, and Helicobacter pylori infection. In the present study, we found significant differences in sex and 
age between the two groups (P<0.05). Most of the patients with GAC were male, which may be related to the higher 
proportion of drinking and smoking in males. The proportion of patients aged over 60 years was also higher in the GAC 
group, in accordance with age being a risk factor for GAC.

Gastric cancer is a malignant tumor originating from the epithelial cells of the gastric mucosa. Although healthy 
awareness has increased and regular physical examinations have become relatively common, the morbidity and mortality 
of gastric cancer in China remain only second to lung cancer.17 The diagnosis of GAC in China currently depends mainly 
on endoscopy, pathological examination, and the detection of serum tumor markers. However, gastroscopy and patho-
logical examination are invasive, and the sensitivity of serum tumor markers also needs to be improved. In this study, we 

Table 3 Results of Gastroscopy/Tissue Biopsy and Methylation of RPRM, SDC2, and TCF4 in Plasma

Gastroscopy/tissue biopsy N RPRM SDC2 TCF4 Combined

+ – + – + – + –

+ 61 37 24 37 24 41 20 49 12

– 227 4 223 4 223 10 217 15 212

Total 288 41 247 41 247 51 237 64 224

χ2 136.585 136.585 130.154 151.179

P value <0.001* <0.001* <0.001* <0.001*

Sensitivity 60.66% 60.66% 67.21% 80.33%

Specificity 98.24% 98.24% 95.59% 93.39%

Youden’s index (%) 58.89% 58.89% 62.81% 73.72%

PPV 0.902 0.902 0.804 0.766

NPV 0.903 0.903 0.916 0.946

Kappa score 0.669 0.669 0.668 0.724

Note: *P<0.01. 
Abbreviations: RPRM, Reprimo; SDC2, Syndecan-2; TCF4, Transcription factor 4; PPV, positive predictive value; NPV, negative predictive value.
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tested the methylation statuses of RPRM, SDC2, and TCF4 genes in plasma from 288 patients in China (61 GAC, 227 
non-GAC controls), and showed that the methylation levels of all three genes were significantly higher in patients with 
GAC compared with the control group. When the methylation levels of the three genes were tested separately, RPRM and 
SDC2 had similar specificities of 98.24%, compared with 95.59% for TCF4; and all three genes were satisfactory (over 
90%). The sensitivities of RPRM and SDC2 were also similar (but only 60.66%), while that of TCF4 was slightly higher 
(67.21%). This low sensitivity meant that methylation of any one of these tumor suppressor genes alone was not 
a credible alternative to gastroscopy for gastric cancer screening. This finding was consistent with clinical practice. 
However, the combination of RPRM, SDC2, and TCF4 gene methylation had a satisfactory specificity and sensitivity. 
Youden’s index is a common measure of the veracity of screening tests. In our study, Youden’s index for the combined 
detection of RPRM, SDC2, and TCF4 methylation was significantly superior to that for methylation of any single gene. 
The kappa score is an ideal indicator to describe the consistency of diagnosis and is widely used in clinical trials. In this 
study, the kappa score for the combined detection of triple-gene methylation suggested that the consistency of the 
combined detection of RPRM, SDC2, and TCF4 methylation and gastroscopy/tissue biopsy was satisfactory.

However, the current study also has some potential limitations. Although the combined detection of RPRM, SDC2, 
and TCF4 methylation in plasma achieved a satisfactory diagnostic ability in GAC diagnosis, more clinical trials are still 
needed. More population-based research will be conducted in the future to confirm the value of combined detection of 
RPRM, SDC2, and TCF4 methylation in the diagnosis of GAC.

In conclusion, the combined detection of RPRM, SDC2, and TCF4 methylation in plasma may helpful in the 
screening for gastric adenocarcinoma, and maybe a complementary method to gastroscopy and serum tumor markers.

Abbreviations
GAC, Gastric adenocarcinoma; RPRM, Reprimo; SDC2, Syndecan-2; TCF4, Transcription factor 4; GEO, Gene 
Expression Omnibus; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; DEGs, 
Differential expressed genes; PPI, protein–protein interaction; DAVID, Visualization and Integrated Discovery; 
GEPIA, gene expression profiling interactive analysis; BP, biological process; CC, cell component; MF, molecular 
function.
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