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Abstract
An important feature of EBV-associated gastric cancer (EBVaGC) is extensive 
methylation of viral and host genomes. This study aims to analyze DNA methyl-
ation-driven genes (DMDG) in EBVaGC through bioinformatics methods, provid-
ing an important bioinformatics basis for the differential diagnosis and treatment of 
potential methylation biomarkers in EBVaGC. We downloaded the mRNA expres-
sion profiles and methylation datasets of EBVaGC and EBV-negative gastric can-
cer (EBVnGC) through the TCGA database to screen methylated-differentially 
expressed genes (MDEGs). DNA methylation-driver genes were identified based 
on MethylMix algorithm and key genes were further identified by LASSO regres-
sion and Random Forest algorithm. Then, we performed gene enrichment analysis 
for key genes and validated them by GEO database. Gene expression differences 
in EBVaGC and EBVnGC cell lines was determined by quantitative real-time 
PCR (qRT-PCR) and western blotting and in GT38 cell and SNU719 cell which 
all treated by 5-Aza-CdR. Finally, the effect of key gene on the migration and pro-
liferation capacity of EBVaGC cells was determined by Transwells assay and Cell 
counting Kit-8 (CCK-8) assay. We obtained a total of 687 hypermethylation-low 
expression genes (Hyper-LGs) and further obtained 53 DNA methylation-driver 
genes based on the MethylMix algorithm. A total of six key genes (SCIN, ETNK2, 
PCDH20, PPP1R3C, MATN2, and HOXA5) were identified by LASSO regression 
and Random Forest algorithm. Among them, SCIN expression was significantly 
lower in EBVaGC cell lines than in EBVnGC cell lines, and its expression was sig-
nificantly recovered in EBVaGC cell lines treated with 5-Aza-CdR. Overexpression 
of SCIN can promote the proliferation and migration capacity of EBVaGC cells. Our 
study will provide some bioinformatics basis for the study of EBVaGC-related meth-
ylation. SCIN may be used as potential methylation biomarkers for the diagnosis 
and treatment of EBVaGC.
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Introduction

Epstein-Barr Virus (EBV) is a human gammaherpes virus with lifelong latency 
in more than 95% of adults (Pagano et al. 2018). As the first human oncovirus to 
be discovered (Epstein 2015), EBV has been associated with the development of 
a variety of human malignancies, including Burkitt lymphoma (BL), Hodgkin ’s 
disease, T-cell lymphoma, nasopharyngeal carcinoma (NPC) and approximately 
5–10% Epstein-Barr virus-associated gastric cancer (EBVaGC) (Leong and Lung 
2021; Shannon-Lowe and Rickinson 2019).

In 2014, the Cancer Genome Atlas (TCGA) classified gastric cancer into four 
subtypes: EBV-positive, microsatellite unstable (MSI), genomic stable (GS), 
and chromosomal unstable (CIN) tumors (Bass et al. 2014). Among them, EBV-
positive tumors are EBVaGC, which mainly show recurrent PIK3CA mutations, 
DNA hypermethylation, amplification of JAK2, CD274, and PDCD1LG2 genes 
(Bass et al. 2014). Alterations in DNA methylation were frequently observed in 
tumor cells compared to corresponding normal cells (Nishiyama and Nakanishi 
2021). In gastric cancer, DNA hypermethylation is more prevalent in EBVaGC 
than in EBV-negative gastric cancer (EBVnGC) (Kang et  al. 2008). Character-
istic molecular abnormalities in EBVaGC are caused by global nonrandom CpG 
island methylation in promoter regions of many cancer-associated genes, which 
leads to their down-regulation (Chen et  al. 2012). It has been shown that EBV 
infection causes extensive methylation of EBVaGC, and its encoded latent mem-
brane proteins 1 and 2A (LMP1 and LMP2A) can induce the expression of DNA 
methyltransferases (including DNMT1, DNMT3a, and DNMT3b) and affect the 
methylation status of the viral and host genomes (Niller et al. 2016).

At present, there are few bioinformatics studies on DNA methylation in 
EBVaGC, and there is no study on EBVaGC related DNA methylation based on 
TCGA database. To better understand the role DNA methylation plays in the 
development of EBVaGC, we screened methylated-differentially expressed genes 
(MDEGs) in EBVaGC based on the TCGA database to identify DNA methyla-
tion-driven genes of EBVaGC, and selected key genes by LASSO regression 
and Random Forest algorithm. Finally, through experimental verification, Scin-
derin (SCIN) was identified as a key DNA methylation-driver gene in EBVaGC 
(Fig. 1). This study will reveal new directions for studying DNA methylation in 
EBVaGC and provide bioinformatics basis for identifying potential methylation 
biomarkers for the diagnosis and treatment of EBVaGC.

Materials and Methods

Data sources

We used the TCGA database (https:// portal. gdc. cancer. gov/), RNA-seq data sets 
(normalized counts) with DNA methylation data sets from gastric cancer patients 

https://portal.gdc.cancer.gov/
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were downloaded. After excluding cases with missing clinical information and 
gene expression data, a total of 258 gastric cancer patients (including 23 EBVaGC 
tissue samples and 235 EBVnGC tissue samples) with complete EBV information 
were obtained by intersection with EBV information provided in published arti-
cles (Rooney et al. 2015). All data used in the study came from the TCGA data-
base and therefore did not involve ethical approval or informed consent.

Data Processing and Screening of MDEGs

DESeq and limma packages of R software were used to identify differentially 
expressed genes (DEGs) and differentially methylated genes (DMGs) of EBVaGC 
and EBVnGC. |log2FC|> 1.5 and FDR < 0.05 were used as DEGs threshold, |β|> 0.2 
and FDR < 0.05 were used as DMGs threshold.

Functional and Pathway Enrichment Analysis

Based on the DAVID database (Huang et al. 2009), functional enrichment analysis 
of Hyper-LGs was performed by Gene Ontology (GO) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway analysis (P < 0.05 was considered statisti-
cally significant).

Identification of DNA Methylation‑Driver Genes

MethylMix is an R package for identifying DNA methylation-driver genes (Gevaert 
2015), and based on the MethylMix algorithm, the correlation between DNA meth-
ylation levels and gene expression is calculated, and genes with significant negative 
correlations are DNA methylation-driver genes. Hypermethylation-low expression 

Fig. 1  The technical flow chart of this study
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genes (Hyper-LGs) were analyzed using the MethylMix package of R software to 
identify methylation-driver genes of EBVaGC (|logFC|> 0, P < 0.05, Cor < − 0.3).

LASSO Regression

LASSO algorithm is an estimation method that can realize the reduction of index 
set. By constructing a penalty function, LASSO regression obtains a more refined 
model, compresses some regression coefficients, the sum of absolute values of 
forced coefficients is smaller than a fixed value, and some regression coefficients 
are reduced to zero, and only variables with non-zero regression coefficients can be 
retained as part of the model. We performed LASSO regression of 53 methylation-
driver genes to select key genes using the glmnet package of R software (McEligot 
et al. 2020).

Random Forest Algorithm

Build training sample set and prediction sample set. A random forest model was 
constructed to rank the importance of feature variables using the Random Forest 
package of R software.

GEO Database Identification

Gene mRNA expression data (GSE51575, including 12 EBVaGC tissue samples 
versus 14 EBVnGC tissue samples) and gene methylation data (GSE31788, includ-
ing 11 EBVaGC tissue samples and 43 EBVnGC tissue samples) were obtained 
from the GEO database (www. ncbi. nlm. nih. gov/ geo/). Visualization of the expres-
sion and methylation levels of the key gene was performed by Xiantao Academic 
(https:// www. xiant ao. love/).

Cell Lines

In this study, we chose EBV-positive gastric cancer cell lines: GT38, GT39, and 
SNU719, and EBV-negtive gastric cancer cell lines: HGC27 and MGC803. The 
GT38 and GT39 cell lines was gifted by Prof. Takeshi Sairenji (Tottori University, 
Japan). SNU719 cell lines were provided by Professor Qian Tao (University of Hong 
Kong, China). All cell lines were cultured in DMEM (Gibco, USA) with 10% fetal 
bovine serum (Biological Industries, Israel) and 2% penicillin–streptomycin (Initro-
gen, USA), 37 °C with 5%  CO2.

Treatment of Cell Lines with Decitabine

Decitabine (5-Aza-CdR) is a DNA methyltransferase inhibitor, which can replace 
DNA incorporation into cytosine allows covalent capture of a DNA methyltrans-
ferase into DNA, resulting in irreversible inhibition of the enzyme. When cells were 

http://www.ncbi.nlm.nih.gov/geo/
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cultivated to 70%-80% confluency, GT38 and SNU719 cells were treated daily with 
7.5 μmol/L or 15 μmol/L Decitabine (ApexBio, USA) for three days. Cells treated 
with the same concentration of DMSO (Solarbio, China) were used as a control.

RNA Extraction and Quantitative Real‑Time PCR (qRT‑PCR)

Total RNA was extracted from cells using TransZol Up Plus RNA Kit (TransGen, 
China). The extracted RNA was reverse transcribed to cDNA by Evo M-MLV RT 
Mix Kit (Accurate Biology, China). Using cDNA as a template, the transcription 
level of mRNA was detected by a LightCycler 96 System with a FastStart DNA 
Master SYBR Green Kit (Roche, Germany). The relationship between target genes 
expression and internal reference gene expression β-actin was analyzed by a com-
parative Ct method based on SYBR Green (relative fold-change =  2 − ΔΔCt). The 
sequences of the specific forward and reverse primers: SCIN-F (TCT ACA CGT GGC 
AAG GAG CAA), SCIN-R(TCT TTG CCT TGG GAG ACT CGG); β-actin-F (TCC 
TGT GGC ATC CAC GAA ACT), β-actin-R (GAA GCA TTT GCG GTG GAC GAT).

Protein Extraction and Western Blotting Assay

All cells were washed by cold phosphate-buffered saline (PBS) and lysed with RIPA 
buffer mixture (RIPA: PMSF: phosphatase inhibitors, 100:1:1) on ice for 20 min. 
Then, the cell lysate was centrifuged at 12,000  rpm at 4  °C for 20 min. The cen-
trifuged supernatant was mixed with 5 × loading buffer and boiled for 5  min to 
denature the proteins. The proteins were run on 10% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS–PAGE) gels and were transferred onto PVDF 
membranes (Millipore, USA). After transfer, the PVDF membranes were blocked 
in 5% non-fat milk for 2  h at room temperature. Next, the primary antibody was 
incubated overnight at 4 °C, and the second antibody was incubated for 2 h at room 
temperature the next day. The protein expression level was detected by enhanced 
chemiluminescence detection system (Fusion Fx, VILBER LOURMAT). Primary 
antibody: Anti-DNMT1 antibody (abcam, UK, ab188453, 1:1000 dilution), Anti-
SCIN antibody (abcam, ab191396, 1:1000 dilution) Anti-N-cadherin (abcam, 
ab76011, 1:1000 dilution), E-cadherin (abmart, PA6382, 1:1000 dilution), Anti-β-
catenin (abmart, PK02151, 1:1000 dilution), Anti-Vimentin (abmart, T55134, 1000 
dilution), and Anti-β-actin antibody (ABclonal, China, AC006, 1:5000 dilution). 
Second antibody: Goat Anti-Rabbit IgG H&L (HRP) (abcam, ab205718, 1:2000 
dilution) and Goat Anti-Mouse IgG H&L (HRP) (Abcam, ab205719, 1:5000 dilu-
tion). All antibodies were diluted using the Western-specific primary and secondary 
antibody dilution (Boster, China, AR1017).

Plasmid Transfection

The pCMV-EGFP-SCIN (human)-Puro plasmid was purchased from Miaoling Biol-
ogy (China), and the SCIN plasmid and its negative control were transfected into 
GT38 and SNU719 cells using Lipofectamine 2000 reagent (Invitrogen, USA).
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Transwell Migration Assay

The migration ability of the GC cells was measured using the transwell inserts with 
8  μm pores (Corning, New York, USA). 8 ×  104 cells were seeded into the upper 
chamber with a serum-free medium and the medium was supplemented with 20% 
FBS in the lower chamber. Cells transfected with plasmid were incubated for 48 h. 
Then the cells in the upper compartment were wiped off, and the cells attached to 
the bottom of the compartment membrane were fixed and stained for observation 
under a microscope.

Cell Counting Kit‑8 (CCK‑8) Assay

The Cell proliferation was detected using CCK-8 kits (CCK-8, Boster Biological 
Technology, China). The inoculation amount of GT38 and SNU719 was  104 cells 
per well, and six repeat wells were set for each sample. 10 μL CCK-8 (by 1:9 in 
CCK-8 to medium) were added to each well within the specified time period (24 h, 
48 h, 72 h, 96 h). The cells were then incubated for an additional 1 h at 37 °C, and 
the absorbance was measured using Soft-Max apparatus (Bio-Tek ELx808, USA) at 
a wavelength of 450 nm.

Statistical Analysis

Data were analyzed with using Students t-test. Analyses were performed using 
GraphPad Prism 8.0.2 (GraphPad Software, USA. All data were expressed as the 
mean ± standard error of the mean (SEM)), and all experiments were repeated at 
least three times.

Results

Identification of MDEGs in EBVaGC

Based on the DESeq2 algorithm, 1031 genes were found to be down-regulated and 
118 genes were up-regulated in the expression profiling dataset (Fig. 2A, ). In addi-
tion, we found that 7404 genes were hypermethylated and 10 were hypomethylated 
in the methylation dataset (Fig. 2A). Hypermethylated genes overlapped with down-
regulated genes, resulting in 687 Hyper-LGs (Fig. 2C).While upregulated genes did 
not intersect with hypomethylated genes (Fig. 2D).

Functional Enrichment and Pathway Analysis of Hyper‑LGs

To further investigate the molecular role of MDEGs in the development of 
EBVaGC, GO enrichment analysis of these genes was performed and classified 
according to their function (Fig.  3). The results were divided into three cate-
gories: Hyper-LGs were mainly enriched in hormone transport and secretion, 
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potassium ion migration and transmembrane transport, and embryonic organ 
morphogenesis. For molecular function, these genes are particularly abundant 
in ion channel activity and ion transmembrane transporters. In the cellular com-
ponent module, these genes are involved in the assembly of voltage-gated potas-
sium channel complexes, potassium channel complexes, ion channel complexes 
and transmembrane transport complexes.

Pathway analysis of genes with low expression and hypermethylation in 
EBVaGC based on the KEGG database revealed that (Fig.  4) the above genes 
were closely related to neuroactive ligand-receptor interaction, Wnt signaling 
pathway, Hippo signaling pathway, insulin secretion, fat digestion and absorp-
tion, and signaling pathways that regulate stem cell pluripotent.

Identification of DNA Methylation‑Driver Genes

Hyper-LGs in EBVaGC were analyzed based on MethylMix algorithm to further 
identify DNA methylation-driver genes in EBVaGC. Screening criteria for DNA 
methylation-driver genes were |logFC|> 0, FDR < 0.05, and Cor < -0.3. Eventu-
ally, a total of 53 DNA methylation-driver genes were screened (Table 1).

Fig. 2  Identification of MDEGs in EBVaGC. AHistograms of up-regulated genes, down-regulated genes, 
hypermethylated genes, and hypomethylated genes. B Volcano plot of DMGs in EBVaGC and EBVnGC. 
C Venn diagram of down-regulated genes and hypermethylated genes. D Venn diagram of up-regulated 
genes and hypomethylated genes
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Fig. 3  A GO enrichment results for Hyper-LGs

Fig. 4  KEGG pathway enrichment results for Hyper-LGs
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Table 1  Detailed information of 53 DNA methylation-driver genes in EBVaGC

Gene EBVnGC Mean EBVaGC Mean LogFC P-Value Adjusted-P-Value Cor Cor-
P-Value

SCIN 0.04 0.48 3.59 6.38E-14 3.44E-12 -0.65 9.44E-04
ECHDC2 0.04 0.51 3.67 2.47E-13 1.33E-11 -0.73 1.17E-04
CRAT 0.06 0.43 2.74 3.24E-13 1.75E-11 -0.66 7.98E-04
ETNK2 0.10 0.57 2.58 4.14E-13 2.24E-11 -0.66 9.07E-04
IGFALS 0.61 0.95 0.64 4.35E-13 2.35E-11 -0.71 2.39E-04
BMP8B 0.06 0.54 3.12 4.92E-13 2.66E-11 -0.76 3.67E-05
ISYNA1 0.02 0.29 3.75 6.59E-13 3.56E-11 -0.70 2.58E-04
RTN4RL1 0.06 0.50 3.01 6.75E-13 3.65E-11 -0.84 1.11E-06
MFAP3L 0.08 0.51 2.60 9.72E-13 5.25E-11 -0.71 1.97E-04
RHOD 0.05 0.50 3.33 1.21E-12 6.52E-11 -0.77 2.99E-05
RIMKLA 0.05 0.42 3.05 1.30E-12 7.01E-11 -0.83 1.69E-06
IRS2 0.09 0.53 2.61 1.43E-12 7.71E-11 -0.69 4.20E-04
PAK6 0.03 0.51 3.97 1.77E-12 9.57E-11 -0.74 7.58E-05
ME1 0.06 0.51 3.11 2.53E-12 1.37E-10 -0.67 6.83E-04
FAM174B 0.07 0.54 2.94 2.59E-12 1.40E-10 -0.68 5.21E-04
ADM2 0.03 0.47 3.83 3.36E-12 1.82E-10 -0.75 6.01E-05
FNDC4 0.05 0.55 3.40 4.79E-12 2.58E-10 -0.89 2.35E-08
BEGAIN 0.14 0.57 2.07 5.64E-12 3.04E-10 -0.72 1.61E-04
MATN2 0.08 0.48 2.59 5.91E-12 3.19E-10 -0.71 2.04E-04
YBX2 0.03 0.52 4.09 7.29E-12 3.93E-10 -0.72 1.67E-04
PHGDH 0.09 0.45 2.32 7.63E-12 4.12E-10 -0.67 7.06E-04
DSC2 0.05 0.37 2.83 1.03E-11 5.57E-10 -0.68 4.39E-04
SPEF2 0.08 0.44 2.46 1.06E-11 5.70E-10 -0.72 1.49E-04
SPDYC 0.57 0.83 0.56 1.11E-11 5.97E-10 -0.69 3.37E-04
LYNX1 0.13 0.55 2.06 1.27E-11 6.85E-10 -0.66 7.85E-04
SCNN1A 0.54 0.83 0.63 1.52E-11 8.23E-10 -0.88 9.21E-08
CLGN 0.12 0.54 2.22 2.57E-11 1.39E-09 -0.73 1.05E-04
PKN3 0.03 0.31 3.59 3.86E-11 2.09E-09 -0.77 3.03E-05
HOXA5 0.24 0.70 1.52 3.95E-11 2.13E-09 -0.72 1.76E-04
CASKIN1 0.08 0.46 2.61 4.72E-11 2.55E-09 -0.66 8.70E-04
VANGL2 0.18 0.55 1.61 5.40E-11 2.92E-09 -0.74 9.07E-05
HOXB7 0.05 0.46 3.31 6.45E-11 3.48E-09 -0.77 3.36E-05
CCDC110 0.14 0.58 2.02 9.19E-11 4.96E-09 -0.81 5.43E-06
DNALI1 0.33 0.56 0.76 1.05E-10 5.66E-09 -0.65 9.72E-04
EDN3 0.07 0.39 2.54 1.33E-10 7.21E-09 -0.70 3.28E-04
GGT6 0.52 0.80 0.62 1.62E-10 8.77E-09 -0.69 4.09E-04
TTC22 0.03 0.25 3.15 1.97E-10 1.07E-08 -0.71 1.94E-04
CARD14 0.55 0.86 0.64 6.66E-10 3.60E-08 -0.79 1.21E-05
SEMA6A 0.06 0.39 2.81 6.95E-10 3.75E-08 -0.72 1.74E-04
LARP6 0.21 0.66 1.62 6.95E-10 3.75E-08 -0.67 6.09E-04
MOGAT2 0.66 0.93 0.49 1.06E-09 5.70E-08 -0.76 4.76E-05
C4BPB 0.35 0.67 0.95 1.50E-09 8.11E-08 -0.72 1.42E-04
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Screening Key Genes

DNA methylation-driver genes were screened by machine learning algorithm 
LASSO regression (Fig. 5A, B). Subsequently, we construct training and prediction 
sample sets and do feature importance ranking of methylation-driver genes by Ran-
dom Forest algorithm (Fig. 5C). A total of 6 key genes were obtained by intersecting 
genes with importance greater than 0.5 with the screening results of LASSO regres-
sion: SCIN, ETNK2, PCDH20, PPP1R3C, MATN2, and HOXA5 (Fig. 5D).

GEO Database Verification

To confirm our results, we further validated key genes by GEO database (GSE51575 
and GSE31788). As verified by dataset GSE51575, the mRNA expression levels 
of genes ETNK2 and HOXA5 in EBVaGC were significantly higher than those in 
EBVnGC (Fig. 6A). Because of the GSE31788 dataset is based on the early plat-
form GPL8490 Illumina Human Methylation 27 Bead Chip, probes do not cover 
genes SCIN, ETNK2, and PCDH20, so only the remaining key genes were identi-
fied. It was verified that the methylation levels of genes PPP1R3C, MATN2, and 
HOXA5 in EBVaGC were significantly higher than those in EBVnGC (Fig. 6B).

Gene Expression Verification

To further validate the analysis results, we designed primers for six key genes 
to verify gene expression differences in EBVaGC and EBVnGC cell lines and 
examined the changes in gene expression levels in EBVaGC cell lines treated 
with 5-Aza-CdR by qRT-PCR. After excluding genes that were inconsistent with 
the analysis of the database and had low expression levels in cells, we found that 

Table 1  (continued)

Gene EBVnGC Mean EBVaGC Mean LogFC P-Value Adjusted-P-Value Cor Cor-
P-Value

PPIC 0.07 0.29 2.02 1.66E-09 8.98E-08 -0.75 5.10E-05
AQP5 0.19 0.47 1.34 3.83E-09 2.07E-07 -0.65 9.49E-04
SLC44A4 0.38 0.64 0.77 4.23E-09 2.29E-07 -0.76 4.74E-05
CCNI2 0.05 0.50 3.39 4.78E-09 2.58E-07 -0.77 2.53E-05
PCDH20 0.20 0.44 1.13 4.97E-09 2.68E-07 -0.72 1.71E-04
PPP1R3C 0.20 0.54 1.44 8.66E-09 4.68E-07 -0.67 6.45E-04
NR0B2 0.49 0.78 0.66 4.52E-08 2.44E-06 -0.89 2.18E-08
KCNK3 0.42 0.70 0.73 2.56E-07 1.38E-05 -0.68 5.29E-04
PROM1 0.06 0.33 2.41 5.62E-07 3.03E-05 -0.69 3.77E-04
DNAH14 0.27 0.51 0.90 6.07E-05 3.28E-03 -0.70 3.26E-04
PRDM5 0.35 0.58 0.71 2.23E-04 1.21E-02 -0.80 6.31E-06
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SCIN expression was significantly different in EBVaGC and EBVnGC gastric 
cancer cell lines and significantly higher in EBVaGC gastric cancer cell lines 
treated with 5-Aza-CdR (Fig. 7A, B). Subsequently, we further verified that the 
expression of SCIN in EBVaGC cell lines was significantly lower by Western 
blotting than in EBVnGC cell lines. SCIN expression was significantly recov-
ered in EBVaGC cell lines treated with 5-Aza-CdR at 7.5 μmol/L or 15 μmol/L 
for 3 days (Fig. 7C–F).

Fig. 5  LASSO regression and Random Forest algorithm screen for key genes. A LASSO regression 
cross validation curve. The parameter corresponding to the dashed line on the left (lambda, min) has the 
smallest error and determines the number of genes finally screened. B LASSO coefficient path diagram. 
53 curves of different colors represent 53 genes, each curve represents the change trajectory of each inde-
pendent variable coefficient, and the end of each curve points to the respective coefficient. C Random 
Forest algorithm for feature importance ranking of methylation-driver genes (based on Gini coefficients). 
D Venn diagram of intersection of LASSO regression and Random Forest algorithm
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SCIN Promotes the Proliferation and Migration Ability of EBVaGC Cells

To further explore the role of SCIN on the development of EBVaGC, we transfected 
a plasmid for SCIN in GT38 and SNU719, two EBV positive gastric cancer cell 
lines (Fig. 8A). The results of the CCK-8 assay found that SCIN promotes the pro-
liferative capacity of GT38 and SNU719 cell lines (Fig. 8B). The results in Fig. 8C, 
D indicated that the overexpression of SCIN was able to promote the expression of 
N-cadherin, Vimentin, and β-catentin, and to inhibit the expression of E-cadherin. 
Meanwhile, we also found that the overexpression of SCIN promoted the invasive 
ability of GT38 and SNU719 cells by transwell assay (Fig. 8E, F).

Discussion

In this study, we identified a total of 687 Hyper-LGs and no Hypo-HGs. It is again 
strongly demonstrated that DNA hypermethylation is more prevalent in EBVaGC 
than EBVnGC.

GO functional analysis of Hyper-LGs showed that these genes mainly involved 
ion channels and ion transport across membranes, and the results of KEGG path-
way enrichment also confirmed this analysis again. Transporters and ion channels 
play important roles in regulating ion transport, mucus barrier function, signaling 
pathways, and gastric acid secretion in the stomach (Yuan et al. 2020). The dysfunc-
tion of ion transport mechanism (ITM), such as ion channels and transporters, can 
participate in cancer cell proliferation, apoptosis, differentiation and other processes 
through their different signaling pathways (Xie et al. 2018).In addition to this, the 
KEGG enrichment results also suggested that these genes involved the Wnt signaling 
pathway and the Hippo signaling pathway. As three repressors in the Wnt signaling 
pathway, WIF (Hsieh et al. 1999), NLK (Ishitani et al. 1999), and APC (Aoki and 
Taketo 2007) are all hypermethylated in EBV-positive nasopharyngeal carcinoma 

Fig. 6  In GEO database, the differences in mRNA expression level and DNA methylation level between 
key genes in EBVaGC and EBVnGC. A Box plots of mRNA expression level differences between SCIN, 
ETNK2, PCDH20, HOXA5, MATN2, and PPP1R3C in EBVaGC and EBVnGC. B Box plots of DNA 
methylation level differences between HOXA5, MATN2, and PPP1R3C in EBVaGC and EBVnGC. 
(**P < 0.01, ***, P < 0.001)



1 3

Biochemical Genetics 

and gastric cancer cell lines (Zhao et al. 2017), EBV encoded miR-BART-9-3p may 
be involved in the Wnt signaling pathway by targeting WIF, NLK, and APC (Zhao 
et al. 2017). Genomic stable (GS) gastric cancer, on the other hand, has the potential 
to have unique features in the DNA hypomethylation profile of the Wnt signaling 

Fig. 7  A SCIN expression in EBVaGC and EBVnGC cell lines was determined by qRT-PCR. B SCIN 
expression in GT38 and SNU719 which all treated with 5-Aza-CdR at 7.5  μmol/L or 15  μmol/L was 
determined by qRT-PCR. C, D SCIN expression in EBVaGC and EBVnGC cell lines was determined 
by western blotting. (E–F) SCIN expression in GT38 and SNU719 which all treated with 5-Aza-
CdR at 7.5  μmol/L or 15  μmol/L was determined by western blotting. (**P < 0.01, ***P < 0.001, 
****P < 0.0001)
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pathway (Toshima et al. 2023). The Hippo signaling effectors YAP and TAZ induce 
EBV lytic reactivation via TEAD in epithelial cells (Sciver et al. 2021). However, 
the effect of EBV on the methylation status of genes involved in the Hippo signaling 
pathway remains unknown and warrants further in-depth study.

In this study, we identified DNA methylation-driver genes based on transcrip-
tome profiling and DNA methylation sequencing data in gastric cancer tissue sam-
ples in the TCGA database and screened out six potential key genes by Random 
Forest algorithm and LASSO regression. We subsequently performed qRT-PCR and 
western blotting experiments in three EBVaGC cell lines, GT38, GT39, SNU719 
and two EBVnGC gastric cancer cell lines, HGC27 and MGC803. Due to the inher-
ent differences in cellular and tissue levels, we only identified SCIN from six key 
genes as the key DNA methylation-driver gene in EBVaGC. However, this does not 
negate the potential of other selected genes as key DNA methylation-driver genes 
for EBVaGC, and relevant experiments should be verified in gastric cancer tissues in 
the future.

SCIN encodes scinderin, which is a major member of the actin-binding family 
of proteins that can affect cell migration by regulating actin function (Marcu et al. 
1994; Zhang et al. 1996). Recently, SCIN has been identified as a new oncogene, 
associated with malignant phenotypes of various tumors such as hepatocellular car-
cinoma, lung cancer, prostate cancer and glioma, and high levels of SCIN expression 
in tumors often predict the poor prognosis of patients (Zhou et al. 2020; Wang et al. 
2014, 2022; Liu et al. 2015). In gastric cancer, some studies have found that scind-
erin can promote the proliferation, migration and metastasis of gastric cancer cells, 
and can be used as an indicator to predict the prognosis of gastric cancer patients. 
Our results of Transwell and CCK-8 experiments in EBVaGC cell lines also con-
firm the previous studies. SCIN may be a novel prognostic marker and a potential 

Fig. 8  A CCK-8 assays were performed to determine GT38 and SNU719 cell proliferation ability after 
transfection with SCIN plasmids. B, C The expression of EMT-related markers was detected by Western 
blot in GT38 and SNU719 cell line. D Transwell migration assays were performed to determine GT38 
and SNU719 cell migration ability after transfection with SCIN plasmids. (**P < 0.01, ***P < 0.001, 
****P < 0.0001)
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therapeutic target in gastric cancer (Liu et al. 2016; Huang et al. 2021; Chen et al. 
2014). Here, we discover that EBVaGC has a lower level of SCIN expression in 
EBVaGC compared to EBVnGC, and find that this may be correlated with the epige-
netic feature of hypermethylation in EBVaGC. It is worth mentioning that, EBVaGC 
is a unique subtype of gastric cancer, a series of clinical studies show that EBVaGC 
lymph node metastasis has lower rates and longer survival. Compared with other 
types of gastric cancer, EBVaGC patients often have a better prognosis (Camargo 
et al. 2011, 2014). Our results may provide new ideas for explaining this view, and 
the better prognosis of EBVaGC may be associated with the methylation status of a 
range of oncogenes such as SCIN.

Epigenetic abnormalities are an important mechanism driving tumorigenesis and 
affect the expression of numerous genes (Lee and Kim 2022) Aberrant methylation 
of CpG islands in gene promoter regions is an important mechanism. Methylation 
of the promoter region of a gene usually suppresses gene expression and plays a 
role in driving tumorigenesis (Nishiyama and Nakanishi 2021). Compared to other 
gastric cancer subtypes, EBVaGC has molecular signatures of hypermethylation sta-
tus. The EBV encoding product can regulate the expression of DNMTs (Niller et al. 
2016). Song et al. (Song et al. 2022) and Wang et al. (Wang et al. 2019) respectively 
reported that Epstein-Barr virus nuclear antigen 1 (EBNA1) and LMP2A could 
upregulate the expression of DNMT3a in EBVaGC. In the following study, we will 
focus on how the SCIN methylation sites change and how EBV factors indirectly 
contribute to abnormal SCIN expression by affecting methyltransferase expression, 
and to deeply confirm SCIN expression in animal experiments and clinical samples.

Conclusion

In this study, we identify DNA methylation-driver genes by bioinformatics analysis 
of MDEGs in EBVaGC based on the TCGA database. After experimental verifi-
cation, SCIN was identified as a key DNA methylation-driver genes in EBVaGC, 
which may be used as potential methylation biomarkers for the diagnosis and treat-
ment of EBVaGC. This study will reveal new directions for studying DNA methyla-
tion in EBVaGC, providing some bioinformatics basis for EBVaGC-related methyla-
tion research.
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