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Abstract
Background and objectives: Gastric cancer (GC) is a prevalent gastrointestinal malignancy, yet its early detection remains 
hindered due to the lack of available genetic markers. This study aimed to identify alternative genetic markers for the early 
prognosis and prevention of GC.

Methods: This objective was achieved through the analysis of differentially expressed genes (DEGs) from three datasets ob-
tained from the Gene Expression Omnibus (GEO). By doing so, our goal was to identify hub genes associated with gastric 
adenocarcinoma that could serve as potential biomarkers for the early detection and management of GC. Three GEO datasets 
(GSE172032, GSE179581, and GSE181492), consisting of 10 normal and 10 GC samples were analyzed using the Galaxy web 
server. The visualizations of DEGs, including heatmaps, volcano plots, and MD plots, were generated via the same tool. Shiny-
GO performed Gene Ontology and KEGG enrichment analysis, while NetworkAnalyst identified a protein-protein interaction 
(PPI) network and screened 10 potential hub genes. Kaplan Meier plotter was used to analyze overall survival analysis for key 
hub genes, and NetworkAnalyst was used to assess protein-drug interactions for the top 10 hub genes.

Results: A total of 1,079 common DEGs emerged across datasets, concentrating on significant GC-related pathways. Ten hub 
genes (H2BC21, H3C12, H2BC17, H3C2, H3C10, ERBB4, H2AC8, H3C8, H2BC14, and MAPT) were found to be linked to GC via 
PPI analysis. Survival analysis revealed that higher expression levels of ERBB4 and MAPT were associated with poor overall 
survival in GC patients. Furthermore, protein-drug interaction analysis revealed that the protein product of the MAPT gene 
exhibited a robust connection with drug compounds, specifically docetaxel and paclitaxel. These findings suggested that these 
drugs have the potential to inhibit the function of MAPT.

Conclusions: In summary, our findings provide putative candidate biomarkers, provide insights into GC treatment strategies, 
and highlight avenues for further research, contributing to a better understanding of the pathogenesis of GC.
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Introduction
Cancer initiation occurs when cells in the body undergo unregu-
lated growth. Gastric cancer (GC), commonly termed stomach 
cancer, originates from the uncontrolled growth of cells within 
the stomach. Approximately 95% of cases involve the stomach 
lining and exhibit a gradual progression of cell mass. If left un-
treated, it can progress into a tumor, infiltrating deeper layers of 
the stomach wall. This tumor has the potential to metastasize to 
adjacent organs, including the liver and pancreas.1,2 GC is a ma-
jor contributor to global cancer-related fatalities. Functionally, 
the stomach aids digestion by secreting enzymes, gastric acid, 
and the intrinsic factor essential for vitamin B12 absorption. Its 
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lining comprises mucous membrane housing columnar epithelial 
cells and glands. Unfortunately, these cells are susceptible to 
inflammation, known as gastritis, which can progress to peptic 
ulcers and, ultimately, culminate in GC.3 In recent years, stom-
ach cancer has become a prevalent malignancy with significant 
morbidity and mortality rates making it a pressing concern in 
global medical research.4

GC is estimated to rank as the fifth most common cancer 
and the third leading cause of cancer-related deaths worldwide. 
Each year GC accounts for approximately 783,000 deaths, con-
stituting about 8% of all cancer-related deaths.3,5,6 The notable 
frequency of late-stage diagnosis, resistance to treatment, and 
the tendency to metastasize in GC significantly contribute to the 
low survival rate, with less than 20% achieving 5-year survival, 
and elevated recurrence rates in GC patients. Current treatment 
relies primarily on surgical interventions complemented by con-
ventional chemotherapy, yet the outlook for GC patients remains 
discouraging.7–9 Consequently, there is an urgent need to deter-
mine the molecular intricacies and potential biomarkers associ-
ated with GC. This approach is crucial not only for diagnosing 
GC but also for inhibiting metastasis and advancing effective 
treatment strategies, addressing a substantial and urgent demand 
in this field.10

Genetic factors, such as polymorphisms, can serve as promis-
ing biomarker candidates due to their potential contribution to GC 
risk. For instance, a study by Jing He et al. revealed that individu-
als with the rs873601A variant genotype in the nucleotide exci-
sion repair gene XPG are at an elevated risk of developing gastric 
adenocarcinoma.11 Another study investigated the association of 
eight SNPs in the mammalian target of rapamycin complex 1 gene 
with GC in a cancer-control study and revealed that one of them 
(rs1883965A) had a significant correlation.12 Similarly, a study in a 
Chinese population revealed an association between the rs2298881 
CA variant in the nucleotide excision repair pathway gene ERCC1 
and an elevated risk of GC.13 However, it is important to note that 
these studies had limitations, such as a hospital-based case-con-
trol design and limited investigation of gene variants. Therefore, 
further studies are needed to confirm these findings and explore 
other genetic variants and risk factors. Additionally, the provided 
sources do not specifically mention the use of these genetic varia-
tions as candidate biomarkers.

In the modern landscape of biology, high-throughput data, 
including gene expression information obtained from RNA se-
quencing or microarrays, have gained broad utility in decipher-
ing the underlying molecular dynamics driving tumor progres-
sion. Among these tools, mRNA expression microarray platforms 
stand out for their capacity to identify aberrant mRNA expression 
patterns and uncover differential expression genes (DEGs).14 Re-
cently, many researchers have utilized gene expression microarray 
platforms to explore the gene expression profiles characterizing 
various grades of GC tissues, aiming to identify genes intricately 
linked to the oncogenic processes underlying GC.15 With these 
platforms, the Gene Expression Omnibus (GEO) database offers 
methods for the bioinformatics mining of gene expression profiles 
in a variety of tumors.16 In this study, we identified DEGs be-
tween GC tissues and adjacent normal tissues by integrating three 
microarray datasets from the GEO database to find promising 
novel biomarkers. These biomarkers may provide new insights 
into the underlying molecular mechanisms and help understand 
the occurrence, progression, and pathogenesis of GC. The com-
plete workflow followed to identify DEGs and perform in silico 
analysis is depicted in Figure 1.

Materials and methods

Retrieval of microarray data
RNA-Seq data from three datasets—GSE172032, GSE179581, 
and GSE181492—comprising human GC and corresponding ad-
jacent normal tissue specimens, were included in our analysis. 
The datasets included 20 tissue samples, including 10 gastric car-
cinoma tissues and 10 adjacent non-tumorous tissues explored in 
our in-silico analysis. All gene expression profiles were pair-ended 
secondary data downloaded from the GEO database (http://www.
ncbi.nlm.nih.gov/geo/) of the National Center for Biotechnology 
Information.17,18

Expression analysis of DEGs
Galaxy (https://usegalaxy.org/) online analysis software was used 
to analyze the DEGs in the two concerned conditions: human GC 
and matched adjacent normal tissue specimens.19 Three datasets 
were uploaded to the Galaxy web server to identify the DEGs. 
The count table generated in Galaxy after the limma command 
was subsequently converted into an Excel file and used to identify 
DEGs between tumor tissues and adjacent non-tumorous tissue 
samples. A p-value of 0.05 or lower was considered to indicate 
statistical significance. Genes with log fold change (log2FC) > 1 
and log2FC < −1 and a p-value of 0.05 or lower were considered 
upregulated and downregulated, respectively.

Construction of heatmap, volcano plot, and MD plot of DEGs
Galaxy, a web-based platform, provides tools for researchers, even 
those lacking informatics expertise, to conduct computational 
analyses on extensive biomedical datasets.20 In this study, the Gal-
axy web server’s limma package was used for visualizing heat-
maps, volcano plots, and MD plots.21,22

Gene ontology (GO) and KEGG enrichment analysis of DEGs
ShinyGO (http://bioinformatics.sdstate.edu/go/) served as a web-
based tool for exploring GO term enrichment in genomic datasets. 
It enables the comparison of uploaded data to reference sets of 
gene or protein annotations. The tool visualizes the results of the 
enrichment analysis in an interactive and user-friendly way, mak-
ing it easy for researchers to identify overrepresented functional 
categories in their data. ShinyGO is built on the R programming 
language and can be run locally or accessed through a web in-
terface. ShinyGO online software was used for GO and KEGG 
enrichment analysis of DEGs.23

Protein-protein interaction (PPI) network construction and 
module analysis
NetworkAnalyst (https://www.networkanalyst.ca) is a user-friendly 
online tool that interprets gene expression data in the context of PPI 
networks. NetworkAnalyst 3.0 includes features for meta-analysis, 
allowing users to visually compare multiple gene lists through inter-
active heatmaps, enrichment networks, and Venn diagrams.24,25 It is 
a powerful internet tool with a natural online interface that enables 
researchers to perform PPIs easily.25,26 This online tool was used to 
construct the PPI network in our analysis.24,26

Prediction of the hub genes
PPIs play a crucial role in biological processes including gene 
expression, cell growth, proliferation, and apoptosis.27,28 Under-
standing protein interactions provides an efficient approach for 
screening hub genes. Hub genes pinpointed through a PPI net-
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work-based approach have been documented in various cancers, 
including breast cancer29 liver cancer30 and GC.31 Hub genes ob-
tained from the PPI subnet were more meaningful than individual 
genes screened without network information.32 Therefore, poten-
tial hub genes of GC were identified using PPI networks. Accord-
ing to the degree levels of PPIs, the top hub nodes were selected 
as hub genes.

Functional enrichment analysis of the hub genes
ExpressAnalyst is a web-based platform that focuses on gene 
expression profiling and meta-analysis. Functional enrichment 
analysis is a commonly used approach to identify the biological 
functions or pathways associated with a set of genes of interest. 
In this case, we were interested in performing functional enrich-
ment analysis of the hub genes on https://www.expressanalyst.ca, 

Fig. 1. The complete workflow followed to identify DEGs and to perform their in-silico analysis. DEG, differentially expressed gene; GO, Gene Ontology; 
KEGG, Kyoto Encyclopedia of Genes and Genomes; PPI, protein-protein interaction.
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an online tool for analyzing gene expression and gene network 
data. ExpressAnalyst visualizes enriched functional categories in 
a particular network.33

Overall survival (OS) analysis of key Hub genes
The Kaplan Meier Plotter serves as a robust tool for evaluating the 
association between gene expression (mRNA, miRNA, protein) 
and survival across a vast dataset encompassing over 30,000 sam-
ples derived from 21 distinct tumor types, such as breast, ovarian, 
lung, and GCs. The information is curated from diverse sources 
including GEO, the European Genome-phenome Archive, and The 
Cancer Genome Atlas (TCGA) databases. Its primary utility lies 
in conducting meta-analysis-driven identification and validation of 
survival-related biomarkers in cancer research. Utilizing this tool, 
we conducted an OS analysis of genes linked to these hub genes 
through the Kaplan–Meier Plotter online database.34

Identification of drug candidates based on hub genes
Understanding drug-protein binding is an essential step and is 
routinely investigated in the pre-clinical stages of drug discov-
ery for determining the activity and consequences of the drug.35 
NetworkAnalysit, a powerful internet tool with a natural online 
interface, enables researchers to perform protein-drug interactions 
with ease.24 This online tool was used to construct the protein-drug 
interactions in our analysis.24

Results

Exploring DEGs in GC: heatmap, volcano plot, and MD plot 
analysis
Galaxy web analysis identified a total of 1,079 DEGs, including 
638 upregulated genes and 441 downregulated genes (Table 1). 
An expression heatmap, volcano plot, and MD plot (Fig. 2) were 
constructed to visualize the identified DEGs.

The heatmap, volcano plot, and MD plot show the expression 
profiles of the GSE172032, GSE179581, and GSE181492 data-
sets. A heatmap of DEGs is a useful visualization tool for analyz-
ing gene expression data. The heatmap displays gene expression 
values as a color-coded matrix, with each row representing a gene 
and each column representing a sample or experimental condition. 

The color of each cell in the matrix corresponds to the expression 
level of a gene in a particular sample or condition, with higher ex-
pression levels represented by warmer colors (e.g., red) and lower 
expression levels by cooler colors (e.g., blue).36 Figure 2a shows 
the heatmap of the top 10 DEGs in the three datasets. Gene ex-
pression levels are indicated by colors, as shown by the red arrow 
representing a high expression level and blue representing a low 
expression level. The top 10 DEGs based on log2FC and p-value 
obtained from the heatmap are presented in Table 2.

The ENSG00000077684 gene, also known as JADE1, was ex-
cluded from the table due to no statistical significance, as indicated 
by a log2FC of 0.862011258 and a p-value of 2.06E-05.

A volcano plot is a graphical representation commonly used to 
visualize the results of differential expression analysis. The x-axis 
of the volcano plot represents the log2FC in expression levels be-
tween two groups (such as treatment vs. control). The y-axis repre-
sents the negative logarithm of the p-value or the adjusted p-value, 
reflecting the statistical significance of the differential expression.

Figure 2b presents the volcano plot for the three aforementioned 
datasets. Each dot within the plot corresponds to a gene. Dots situ-
ated towards the positive end of the log2FC spectrum denote genes 
exhibiting elevated expression levels, while those positioned to-
wards the negative end signify genes with reduced expression lev-
els. Dots situated precisely at a log2FC score of zero indicate genes 
that, based on the criteria of a p-value < 0.05 and |log2 FC| > 1, 
show no significant differential expression.

Figure 2c shows the MD plot of DEGs in the three datasets. A 
red dot indicates genes with high levels of expression, a blue dot 
indicates genes with low levels of expression, and a black dot indi-
cates genes with no differential expression based on the criteria of 
p-value < 0.05 and |log2 FC| > 1.

Functional enrichment analysis reveals diverse biological sig-
natures of DEGs in GC
To identify the pathways that had the most significant involvement 
in the genes identified, the top 100 upregulated and top 100 down-
regulated DEGs were submitted to ShinyGO for GO and KEGG 
pathway analysis. GO analysis revealed that in biological process 
terms, the DEGs were mainly enriched in the interleukin-7-medi-
ated signaling pathway, innate immune response in the mucosa, 
DNA replication-dependent nucleosome assembly, presynaptic 

Table 1.  Top 100 upregulated and top 100 downregulated gene identified in GC

DEGs Genes

Upregulated 
Top 100 genes

CXCL8, CXCL1, CCL20, ELF3, FCGR1A, LOC100128770, LGR5, SBSN, H2BC6, SLC26A3, GJB4, H2BC14, ZSCAN10, OVOL1, 
CFAP276, FUT3, SGK2, NECTIN4, TNFRSF9, TTC24, H2AC18, SLC7A4, QPCT, IL13, H3C2, OR2B6, CXCL2, LRRC25, SLC7A9, 
IL24, PI3, ALDOB, CILP2, CXCL3, LOC101928844, SOX30, DSG3, SP6, RAB33A, GPR25, GUCY1B2, H2AC13, H2BC7, SLC17A4, 
SLC43A2, VPREB3, ARMH1, ABCG8, XIRP1, SI, LAG3, PATL2, ADAMTS18, H2BU1, EREG, ZFP42, LINC00528, LUCAT1, 
HAPLN4, H2BC8, CYP27A1, GJB5, KRT4, TINAG, MAJIN, ASIC4, OR13H1, H2AC19, H2BC17, LINC00520, LHFPL3, H3C10, 
BCAR4, H3C8, MEFV, H2BC21, H2BC18, GPR84, C6orf52, FUT5, LOC105372412, PAGE2B, TULP2, H2AC17, PKP1, H2AC8, 
SLC3A1, LINC00628, TRIM54, BAAT, H1-6, ARL14, SLC5A2, PRKCG, H3C12, INHBA, CCL25, CST6, TNNC2, DNAJB5-DT

Downregulated 
Top 100 genes

KANK4, CHRNA4, ADCYAP1R1, LMO1, MRO, SYT10, CCKAR, GRIA2, DAND5, DPP10, DPP6, PRRT4, ASB11, SLITRK4, 
AQP4, RIMS1, ANKRD63, REEP1, CACNA2D3, CLCNKB, EPHA6, ACADL, PDILT, TAFA4, TUBB4A, CTB-178M22.2, OLFML1, 
RBPMS2, SLITRK3, FOXN4, PRIMA1, LRRTM1, LINC01018, DIRAS1, C2CD4C, OLFM3, CTNNA2, FAXC, LINC00908, LGI1, 
FUT1, MRGPRF, ERBB4, GABRA5, PTH1R, PTGER2, LGI3, SORCS3, GNAZ, SERTM1, FGFBP2, MGAT4C, SYT4, SLITRK5, 
MAPT, SMIM1, ENTPD8, EPHA5-AS1, LUZP2, LOC349160, TLR3, TMOD1, GABRG2, MTUS2, TSPAN18, ADCY8, NT5C1A, 
HMGCLL1, SACS-AS1, KCNIP3, HPN-AS1, HSPB7, HCN1, ONECUT1, LRP1B, PTENP1-AS, PKD1L2, PHLDB2, VLDLR, NPPC, 
AK4, RGMB-AS1, SEPTIN3, SNTB1, CPB1, PDGFD, LINC01625, NPAP1, WFDC1, NCAM1-AS1, NWD2, SLC16A7, SHISAL1, 
SLC38A3, LINC02060, WHAMMP2, MASP1, PITPNM3, FGF14-AS1, SPART

DEG, differentially expressed gene; GC, gastric cancer.
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organization, antimicrobial humoral immune response mediated 
by an antimicrobial peptide, nucleosome assembly, chromatin as-
sembly, nucleosome organization, chemokine-mediated signaling 
pathway, chromatin assembly or disassembly, antimicrobial hu-
moral response, DNA packaging, negative regulation of inflam-
matory response to an antigenic stimulus, chromatin remodeling, 
protein–DNA complex assembly, DNA conformation change, and 
protein–DNA complex subunit organization (Fig. 3a).

The GO analysis further unveiled that, with regard to cellular 
components, the DEGs exhibited prominent enrichment in vari-
ous categories. These included Nucleosome, DNA packaging com-
plex, Protein-DNA complex, Cornified envelope, Brush border 

membrane, GABA-ergic synapse, Integral component of postsyn-
aptic specialization membrane, Postsynaptic specialization mem-
brane, Ion channel complex, Receptor complex, Transmembrane 
transporter complex, Synaptic membrane, Transporter complex, 
Integral component of the plasma membrane, Plasma membrane 
protein complex, Chromatin, Plasma membrane region, Synapse 
(Fig. 3b).

The molecular functions of DEGs included l-cystine transmem-
brane transporter activity, 4-galactosyl-N-acetylglucosaminide 
3-alpha-L-fucosyltransferase activity, fucosyltransferase activity, 
CXCR chemokine receptor binding, basic amino acid transmem-
brane transporter activity, chemokine activity, peptide hormone 

Fig. 2. Differential gene expression in GC. (a) Heatmap of the top 10 differentially expressed genes. (b) Volcano plot of Treated-Control. (c) MD plot of 
Treated-Control. MD, Mean-Difference; LogFC, Log Fold Change.
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binding, potassium channel regulator activity, chemokine recep-
tor binding, protein heterodimerization activity, ligand-gated ion 
channel activity, cytokine activity, receptor ligand activity, signal-
ing receptor activator activity, channel activity, passive transmem-
brane transporter activity, protein dimerization activity, transmem-
brane transporter activity, and transporter activity (Fig. 3c).

KEGG pathway analysis demonstrated that DEGs were sig-
nificantly enriched in systemic lupus erythematosus, glycosphin-
golipid biosynthesis, neutrophil extracellular trap formation, alco-
holism, nicotine addiction, viral protein interaction with cytokine 
and cytokine receptor, legionellosis, IL-17 signaling pathway, epi-
thelial cell signaling in Helicobacter pylori infection, GABAergic 
synapse, rheumatoid arthritis, pancreatic secretion, amoebiasis, 

insulin secretion, retrograde endocannabinoid signaling, necropto-
sis, chemokine signaling pathway, viral carcinogenesis, cytokine–
cytokine receptor interaction, transcriptional misregulation in can-
cer (Fig. 3d).

PPI network construction and module analysis unveil molecu-
lar insights into DEGs
By evaluating the relationships between various DEGs, a PPI net-
work was constructed to assess the significance of these DEGs. 
This strategy enables researchers to concentrate on the most per-
tinent interactions and pinpoint crucial functional DEG modules, 
illuminating the molecular mechanisms underlying the studied ill-
ness or disease. Interactions between the identified DEGs revealed 
a total of 664 nodes and 1,892 edges in 29 subnetworks (Fig. 4).

Prediction of top hub genes through PPI network analysis
Hub gene prediction aimed to identify the hub genes based on the 
PPI network and uncover their clinical value. Hub genes were iden-
tified using PPI networks. According to the degree levels of PPIs, 
the top hub nodes were selected as hub genes. Our study identified 
a total of 30 hub nodes and among them, the top 10 hub nodes were 
predicted as hub genes for further analysis as shown in Table 3.

Functional enrichment analysis of predicted hub genes unveils 
insights into molecular mechanisms
Subsequent functional enrichment analysis, visualizing functional 
categories enriched in a network, revealed that the genes in this 
module were mainly enriched in systemic lupus erythematosus, 
alcoholism, viral carcinogenesis, necroptosis, transcriptional 
misregulation in cancer, gastric acid secretion, thyroid hormone 
synthesis, calcium signaling pathway, ERBB4 signaling pathway, 
insulin, and salivary secretion, etc. (Fig. 5)

Fig. 3. Functional enrichment analysis of DEGs in GC. GO analysis revealed that DEGs were significantly enriched in (a) biological process terms (b) cellular 
component terms (c) molecular function terms (d) significantly enriched KEGG terms obtained from KEGG analysis. DEG, differentially expressed gene; 
KEGG, Kyoto Encyclopedia of Genes and Genomes; GO, Gene Ontology.

Table 2.  The top 10 DEGs based on log2FC and p-value obtained from 
the heatmap

Gene ID Gene Name log2FC p-value

ENSG00000132854 KANK4 −5.629 6.41E-08

ENSG00000166948 TGM6 1.209 0.012455544

ENSG00000144824 PHLDB2 −2.193 4.75E-06

ENSG00000130182 ZSCAN10 3.635 6.05E-06

ENSG00000089692 LAG3 3.021 6.55E-06

ENSG00000115850 LCT 1.572 0.034674889

ENSG00000188373 C10orf99 1.363 0.034141968

ENSG00000169429 CXCL8 6.689 2.66E-05

ENSG00000132000 PODNL1 1.828 0.027691668

DEG, differentially expressed gene.
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OS analysis reveals prognostic significance of hub genes in GC 
patients
The outcomes from Kaplan–Meier plotting underscored the impact 
of two central genes (ERBB4 and MAPT) on GC prognosis. This 
analysis included 875 patients. Our findings indicate that ERBB4 
and MAPT exhibit favorable associations with the overall survival 
of GC patients. Conversely, the remaining hub genes (H2BC21, 
H3C12, H2BC17, H3C2, H3C10, H2AC8, H3C8, H2BC14) were 
not present in the Kaplan-Meier Plotter database (Fig. 6).

Prediction of drug candidates for the top 10 hub genes
The NetworkAnalyst tool (www.networkanalyst.ca/) was em-
ployed to scrutinize potential drug candidates for the top 10 hub 
genes through protein-drug interaction analysis. This analysis lev-
eraged the DrugBank database (version 5.0), which is exclusively 
personalized for human data. (25). The analysis concluded that 
only two drugs interact with the protein product of the MAPT hub 
gene. In contrast, other hub genes did not show any interaction 
with the enlisted drugs in the database. Figure 7 shows the protein-
drug interaction network between the hub proteins of MAPT, and 
the proposed drugs were obtained with the help of the Network-
Analyst tool, where the degree of interaction is represented by the 
area of the nodes. The tool suggested that docetaxel and paclitaxel 
from the DrugBank database (version 5.0) play a role in the treat-
ment of many cancers, including GC, and are associated with the 
regulation of MAPT expression. Docetaxel is a taxoid antineoplas-
tic agent used to treat various cancers, such as locally advanced or 
metastatic breast cancer, metastatic prostate cancer, gastric adeno-

carcinoma, and head and neck cancer.37,38 Similarly, paclitaxel is a 
taxoid chemotherapeutic agent used as a first-line and subsequent 
therapy for the treatment of advanced carcinoma of the ovary, and 
other various cancers, including breast and lung cancer.39

Discussion
The TCGA research network has devised a genetic classification 
system for GC, encompassing four distinct subtypes: Epstein Barr 
virus positive, microsatellite instability (MSI), genomically stable, 
and chromosomally unstable (CIN). This classification is rooted 
in the analysis of genetic alterations within GC samples, offering 
valuable insights into the molecular basis of the malignancy. The 
TCGA classification has been popularly utilized in both preclinical 
and clinical studies to settle on treatment approaches and patient 
prognosis. For example, it aids in identifying specific therapeutic 
targets for different GC subtypes. A case in point would opt for 
immune checkpoint inhibitors for MSI-high tumors. Furthermore, 
it has proven to be instrumental in creating prognostic models for 
patient survival and guiding personalized treatment methods.40

The PD1/PDL1 pathway plays a critical role in the immune 
checkpoint system in GC. The PD1 receptors on immune cells in-
teract with PDL1 ligands, which are expressed in both tumor cells 
and immune cells. This interaction curbs immune activity causing 
subsequent immune suppression and evasion of tumor. High PDL1 
expression is usually connected to poor prognosis in GC patients, 
indicating its potential as a prognostic factor. Moreover, the PD1/
PDL1 pathway has already been a target for immunotherapy in 

Fig. 4. PPI network of the top 100 upregulated and top 100 downregulated genes identified in GC. PPI, protein-protein interaction; GC, gastric cancer.
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Table 3.  The top 20 hub nodes according to degree levels

ENTREZ ID ENSEMBL ID GENE Symbol Degree Betweenness
8349 ENSG00000184678 H2BC21 116 46,206.28
8356 ENSG00000197153 H3C12 74 8,226.37
8348 ENSG00000274641 H2BC17 71 8,981.81
8358 ENSG00000286522 H3C2 62 2,602.36
8357 ENSG00000278828 H3C10 55 1,211.2
2066 ENSG00000178568 ERBB4 53 23,502.95
3012 ENSG00000277075 H2AC8 53 4,246.52
8355 ENSG00000273983 H3C8 52 1,163.28
4137 ENSG00000186868 MAPT 47 28,396.16
8342 ENSG00000273703 H2BC14 47 4,428.13
2781 ENSG00000128266 GNAZ 41 28,934.41
8343 ENSG00000277224 H2BC7 41 415.45
8344 ENSG00000274290 H2BC6 41 415.45
8339 ENSG00000273802 H2BC8 41 410.57
2891 ENSG00000120251 GRIA2 38 42,220.87
8337 ENSG00000203812 H2AC18 38 1,288.19
8329 ENSG00000196747 H2AC13 37 1,468.81
723790 ENSG00000272196 H2AC19 34 795.73
440689 ENSG00000203814 H2BC18 33 4,941.79
128312 ENSG00000196890 H2BU1 25 157.58

Fig. 5. Functional enrichment analysis of predicted hub genes. 
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GC, with promising results from clinical trials using the PD1/
PDL1 inhibitors—pembrolizumab and nivolumab for advanced 
cancer patients. This pathway is important because it regulates the 
immune response and serves as a target for personalized treatment 
options. However, further research is required to identify addi-
tional predictive markers, as not all patients with increased PDL1 
expression respond to its inhibitors.40

The present study employed a comprehensive bioinformatics 
approach to identify key candidate genes and pathways associated 
with human GC. Through the integration of gene expression pro-
filing, PPI analysis, pathway enrichment, and functional annota-
tion analysis, the study identified 10 hub genes that may serve as 
potential biomarkers for GC. The identified hub genes included 
H2BC21, H3C12, H2BC17, H3C2, H3C10, ERBB4, H2AC8, 
H3C8, H2BC14, and MAPT.

One of the important hub genes, ERBB4 (also known as HER4) 
is a member of the epidermal growth factor receptor family of re-
ceptor tyrosine kinases (RTKs). This receptor has been implicated 
in the development and progression of various cancers, including 
GC.40 Several studies have shown that ERBB4 can promote the 
proliferation of GC cells through the PI3K/Akt signaling path-
way.41–43 This pathway is a key regulator of cell growth, survival, 
and metabolism, and is frequently dysregulated in cancer. Upon 
ligand binding, ERBB4 undergoes activation, subsequently re-

cruiting and activating PI3K, which, in turn, triggers Akt activa-
tion. The activated Akt pathway fosters cell survival and growth 
by phosphorylating downstream targets involved in essential pro-
cesses such as cell cycle regulation, protein synthesis, and metabo-
lism. In GC cells, ERBB4 has been found to promote proliferation 
by activating the PI3K/Akt pathway. Inhibition of ERBB4 or its 
downstream effectors, such as PI3K or Akt, can significantly re-
duce cell proliferation and induce apoptosis in GC cells. Therefore, 
targeting the ERBB4/PI3K/Akt pathway may represent a promis-
ing strategy for the treatment of GC.41–43

Another pivotal hub gene, known as the clustered histone gene 
group H3 (H3C2, H3C8, H3C10, H3C12), plays a crucial role in 
chromatin remodeling and is intricately associated with gastric 
adenocarcinoma.44 Numerous investigations have indicated that 
modifications in the expression of H3 cluster histone genes could 
play a pivotal role in the initiation and advancement of GC. For 
instance, Mitani et al.45 found that the tumor suppressor gene P21 
WAP1/CIP1, which has a low level of H3 acetylation on promoter, 
resulted in its down-regulation in GC. Additionally, a study re-
vealed a significant upregulation of the H3 cluster of histone genes 
in GC tissues.46 Furthermore, alterations in the post-translational 
modifications of histone proteins have also been implicated in GC. 
As an illustration, the dysregulation of histone H3 acetylation on 
lysine residues has been demonstrated in GC. Elevated levels of 
histone H3 acetylation have been connected to tumor progression 
and an unfavorable prognosis.45,47 In addition, alterations in the 
post-translational modifications of histone proteins have also been 
implicated in GC. For example, the acetylation of lysine residues 
on histone H3 has been shown to be dysregulated in GC, and in-
creased levels of histone H3 acetylation are associated with tumor 
progression and poor prognosis.

Collectively, these studies suggest that alterations in the expres-
sion and modification of H3 cluster histone genes may play a role 
in the development and progression of GC. Further extensive in-
vestigations are needed to gain deeper insights into the intricate 
molecular mechanisms that underlie these findings and to pave the 
way for innovative therapeutic approaches aimed at both prevent-

Fig. 6. Overall survival analysis of GC patients. Here, (a) ERBB4 and (b) MAPT expression data-based (microarray) association study in the survival rate of 
patients with gastric cancer. A log-rank test was performed to evaluate the survival differences between the two curves. HR, Hazard Ratio; ERBB4, erythro-
blastic oncogene B; MAPT, microtubule-associated protein Tau.

Fig. 7. Protein-drug Interactions analysis with the products of MAPT hub 
genes. MAPT, microtubule-associated protein Tau.
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ing and treating GC.
Another pivotal hub gene, MAPT, is closely linked to GC due to 

its expression pattern. Tau actively contributes to the stabilization 
and assembly of microtubules. Its primary expression is observed in 
neurons, where it crucially maintains axonal structure and function. 
However, recent studies have suggested that tau expression may also 
be involved in the development and progression of certain types of 
cancer, including GC. In one study, it was reported that there was 
a notable upregulation of tau expression in GC tissues when com-
pared to adjacent noncancerous tissues.48 Furthermore, elevated 
tau expression was associated with advanced tumor stage, lymph 
node metastasis, and an unfavorable patient prognosis.49 The pre-
cise mechanisms that underlie the link between tau expression and 
GC remain partly elusive. However, it is plausible that these mecha-
nisms encompass interactions with other proteins or modulation of 
signaling pathways that oversee critical cellular processes such as 
proliferation, survival, and migration. Overall, these studies suggest 
that the expression of MAPT may be associated with GC. However, 
further research is needed to better understand the role of tau in GC 
pathogenesis and to develop novel therapeutic strategies targeting 
tau for the prevention and treatment of this disease.

The hub mentioned above genes have previously been reported 
to be involved in various cellular processes, including nucleo-
some and chromatin assembly, ligand-gated ion channel activity, 
CXCR signaling receptor activity, systemic lupus erythematous, 
glycosphingolipid biosynthesis, IL-17 signaling pathway, pancre-
atic secretion, and viral carcinogenesis, which are recognized to be 
crucial in the emergence and progression of stomach cancer.50–52 
The investigation additionally identified several novel genes, in-
cluding H2BC21, H2BC17, H3BC14, and H2AC8 which have not 
previously been implicated in GC.

Through pathway enrichment analysis, a cluster of pivotal path-
ways correlated with GC emerged. These include gastric acid se-
cretion, alcoholism, salivary secretion, ErbB4 signaling pathway, 
viral carcinogenesis, and retrograde endocannabinoid signaling 
pathways. These pathways, which are dysregulated across diverse 
cancers, including GC, play a significant role in crucial processes, 
such as cell proliferation and survival.

The findings of this study provide valuable insights into the 
molecular mechanisms underlying GC development and progres-
sion. The identified hub genes and pathways may serve as poten-
tial therapeutic targets for the development of novel therapies for 
GC treatment. Furthermore, the identified hub genes may serve 
as potential biomarkers for the early detection of GC. This study 
has several limitations. Limitations and potential directions for fu-
ture research are that the stomach region from which the tumor 
samples were taken was not specified before collecting the pair-
ended microarray datasets used in this analysis, and samples taken 
from the same disease stage are preferable for a better study of 
each form of cancer. However, the source of the microarray data 
was not mentioned, and all the linear correlations between gene 
expression levels that were known to exist were used in this in-
vestigation. Future research that incorporates nonlinear relation-
ships more thoroughly may produce more accurate information 
about the interactions between proteins and possibly recommend 
new medicines. To quantify gene expression, RNA-Seq technol-
ogy may provide more accurate data. However, paired RNA-Seq 
data were not available for this study, paired microarray data were 
used instead, which matched better and might yield more reliable 
results. In addition, the study did not investigate the regulatory 
mechanisms of the identified hub genes in GC, which warrants 
further investigation.

Conclusions
This study identified 1079 DEGs, with 638 upregulated and 441 
downregulated, between human GC tissues and matched adjacent 
normal tissue specimens based on the GSE172032, GSE179581, 
and GSE181492 datasets. Further analysis of DEGs suggested 
that three types of hub genes namely, H3 Clustered Histone genes 
(H3C2, H3C8, H3C10, H3C12), HER4, and MAPT, could play 
critical roles in the progression of GC. The strong association of 
these predicted hub genes with the progression of GC has been 
identified in many studies by researchers. In summary, the present 
study provides a comprehensive analysis of key candidate genes 
and pathways in human GC using a bioinformatics approach. The 
identified hub genes and pathways provide valuable insights into 
the molecular mechanisms underlying GC development and pro-
gression and may serve as potential therapeutic targets and bio-
markers for the early detection of GC.
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