Gastroenterology and Hepatology From Bed to Bench. ORIGINAL ARTICLE
2024 RIGLD, Research Institute for Gastroenterology and Liver Diseases

p-ISSN: 2008-2258 e-ISSN: 2008-4234

Network analysis of H. pylori effect on AGS human gastric
adenocarcinoma cells gene expression profile

Fatemeh Bandarian®, Farideh Razi?, Zahra Razzaghi®, Mohammad Rostami Nejad*, Babak Arjmand®®, Alireza
Ahmadzadeh’?®

!Endocrinology and Metabolism Research Center, Endocrinology and Metabolism Clinical Sciences Institute, Tehran
University of Medical Sciences, Tehran, Iran

ZDiabetes Research Center, Endocrinology and Metabolism Clinical Sciences Institute, Tehran University of Medical
Sciences, Tehran, Iran

3Laser application in medical sciences research center, Shahid Beheshti University of medical sciences, Tehran, Iran
4Celiac Disease and Gluten Related Disorders Research Center, Research Institute for Gastroenterology and Liver
Diseases, Shahid Beheshti University of Medical Sciences, Tehran, Iran

5Cell Therapy and Regenerative Medicine Research Center, Endocrinology and Metabolism Molecular-Cellular
Sciences Institute, Tehran University of Medical Sciences, Tehran, Iran

®Iranian Cancer Control Center (MACSA), Tehran, Iran

"Proteomics Research Center, System Biology Institute, Faculty of Paramedical Sciences, Shahid Beheshti University of
Medical Sciences, Tehran, Iran

8Department of lab sciences, Faculty of Paramedical Sciences, Shahid Beheshti University of Medical Sciences, Tehran, Iran

ABSTRACT

Aim: To better understand the molecular mechanism of Helicobacter pylori (H. pylori) in adenocarcinoma, the gene expression profile of
AGS cells was analyzed by complementary study.

Background: Gastric cancer, as one of the most lethal malignancies in the world, is important to be studied in terms of biomarkers.
On the other hand, Helicobacter pylori is one of the key risk factors in this type of disease.

Methods: In this cross-sectional study, we evaluated the seroprevalence of total and IgM anti-HAV antibodies of 254 institutionalized
people with intellectual disabilities. Total and IgM anti-HAV antibodies of the blood samples of these people were determined by
ELISA method. Protein-protein interaction (PPI) network analysis is a bioinformatic study with validation values for biomarker
identification and clarification of molecular mechanisms. Cytoscape V 3.10.2 and its application identified potential central elements
of the PPI network and its corresponding roles.

Results: GAPDH and P53 are the most promising candidates in this study. In addition, the microRNA signatures assessment provided
more information about these biomarkers and added more value.

Conclusion: Consequently, a new outlook for the relationship between gastric cancer and H. pylori was explored based on the new
key biomarkers.
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Introduction
Helicobacter pylori is a cause of many gastric gastric cancer (GC) (2). An infection with this gram-
diseases, including peptic ulcer (1), chronic gastritis, and negative bacterium is a prevalent stomach disease

worldwide (3, 4). As mentioned, one of the diseases is
gastric cancer, and gastric adenocarcinoma H. pylori plays
arole in its pathogenicity and shows a strong relationship;
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known as the major cause of cancer death in the world and
is rated for high prevalence in Eastern Asia (5, 6). The
number of young patients with gastric cancer has
increased in recent years (5). Treatment approaches for
gastric cancer include endoscopy, chemotherapy, and
surgery, which are the standards (7). Early detection,
eradication of H. pylori, quitting smoking, and
consumption of alcohol could be beneficial for decreasing
the probability of getting cancer (5, 6). The effort to
reduce the prevalence of H. pylori should be considered as
it is an essential factor in gastric cancer development (8).
The risk of carcinogenesis varies depending on the strain
of the bacteria and host response and interactions (3).

The previous studies highlighted the complexity of
interaction between the host and bacteria (9).
Adenocarcinoma classification depends on different factors,
including the tumor's location and the lesion's shape (9).
Therefore, as Adenocarcinomas are the most common type
of gastric cancer, it has been chosen for more evaluation in
terms of complementary study. Gene expression profiles of
AGS Cells uninfected and infected with H. pylori were
compared to evaluate the differential regulation profile. The
physical interaction analysis can assist in finding the
fundamental genes in terms of the network structure's
stability by applying centrality analysis. These key genes
are vital for determining the molecular mechanism of the
related gene profile in the state of health condition (10). By
the application of these findings, early detection and
therapeutic approaches facilities. In this view, it is valuable
to better understand the nature of H. pylori's effects on gene
expression profiles to reveal information related to the
underlying mechanism of this association and ultimately for
clinical goals. This study aims to decipher the underlying
mechanism of H. pylori carcinogenesis by studying AGS
gene expression changes.

Methods

Data collection

Differentially expressed genes (DEGs) from the
microarray study were derived from a series of
GSE264263 using the platform GPL6244 in the GEO
database  (https://www.ncbi.nlm.nih.gov/geo/).  This
study was “Expression data from AGS cells with
Helicobacter pylori infection”. It should be mentioned
that there is another gene series about the relationship
between H. pylori and gastric cancer in different
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conditions. Here, GSE264263 is selected to avoid
possible mistakes due to variable conditions.
Pre-evaluation analysis

GEO2R was applied as an online analyzer, available
in GEO, for this purpose. A comparison of DEGs in
uninfected and infected samples of n=3 for each was
conducted, and statistically significant genes were
identified for further analysis. For data visualization,
different sets of plots, including the volcano, Uniform
Manifold Approximation and Projection (UMAP), and
Moderated t Statistics, are provided in this study.

PPI network analysis

Genes with significant differences were then chosen
based on adjusted p-value < 0.05 and fold change > 2. In
the network analysis, the role of these significant genes
and the potential contribution of neighbor genes could be
considered. Cytoscape version 3.10.2 detected these
genes' interaction network using the STRING database
(https:/istring-db.org/). The protein query extracts data
by considering a confidence score off= 0.5. The network
was further analyzed for centrality features, and two
popular parameters were chosen. Degree and
betweenness centrality were the important keys for the
network topological analysis. Nodes with high values of
these two elements are called hub bottlenecks. For this
network, hub-bottlenecks, non-hub-bottlenecks, and hub-
non-bottlenecks (11) were measured. In a way,10% of
the queried DEGs with the highest values of degree and
betweenness centrality can be identified as hubs and
bottlenecks, respectively (12). In the next step, by
application of AutoAnnotate Plug-in (13), the network
can undergo further analysis in terms of clustering
measurements. To interpret more information from our
network, the miRDB Tool (https://mirdb.org/cgi-
bin/mining.cgi) was applied to annotate target miRNAs.

Results

Infected and uninfected cells with helicobacter pylori
were compared regarding gene expression profile with
the GEOZ2R analyzer. The data obtained from GEO2R
was visualized using different data visualization
methods, including Boxplot, Venn diagram, UMAP,
moderated t statistic, and Volcano plot obtained from the
GEO Database. Box plot visualization can help
determine whether the samples are comparable in terms
of differential expressions (see Figure 1). As sample



groups are comparable when median-centered, this
analysis can confirm that they follow this rule.
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Figure 1. Boxplot view of sample values distribution.
Each group is colored differently.
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Figure 2. In this volcano plot, the Y axis shows (-log10 P value)
while the X axis indicates (log2 fold change). Differential
expressions of genes are shown here as blue and red dots.
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In groups of samples, overlap between groups in
terms of significant DEGs can be visualized by Venn
Diagram (See supplementary Figure S1).

UMAP is used for visualization of sample
relationships or, in other words, dimension reduction.
Grouping of samples before the study is not required
(See supplementary Figure S2). As depicted in Figure
S2, each sample is compared with three neighbors to
find similarities between them. The samples are divided
into two groups of cells, including infected and
uninfected individuals.

Assessing the quality of limma test results,
alignment of points with the straight line could indicate
the correct prediction (See supplementary Figure S3)

The volcano plot showed many significant DEGs
(see Figure 2). The expressed genes are marked with
different colors indicating expressional differentiation
at a significant level. Upregulation is shown with red
dots, while down-regulation is with blue dots.

The GEO2R data analysis identified 250 IDs that
were then searched against Cytoscape via STRING
Plug-in. Among 250 IDs for significant DEGs, there
were repeated genes with individual IDs; therefore,
only 212 genes resulted in this query. In the first
network query, 212 genes with 225 connections with a
confidence score cut off= 0.5 were determined. By
adding 50 neighbor genes, several 262 genes and 1696
links were obtained. The next step was to analyze
network centrality regarding degree and betweenness
parameters. The second network was used for this
purpose. This network then underwent further
processing, extracting a subnetwork of 197 nodes and
1693 connections. The distribution of centrality
parameters (degree and betweenness centrality) is
analyzed and viewed in Figure 3. Color tone increases
with relation to degree value increment in the scatter
plot. In other words, the higher the degree value, the
node is darker. As depicted in Figure 3, there are
limited genes with higher values of the described
centrality parameters. These genes can be considered as
the central genes of the PPI network.

In the Table 1, GAPDH, RPS27A, TP53,
POLR1B, and ACTB are Hub-Bottlenecks whereas
RPS9, RPS2, RPS6, and PDCD11 are hub-non-
bottlenecks. GAPDH has the highest degree and
betweenness centrality value and represents the most
potential hub-bottleneck of the network.
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Figure 3. In the distribution of degree versus betweenness centrality, nodes are differentiated based on color
changes, and the x-axis is degree while the y-axis is betweenness centrality.

Table 1. List of top hub-bottlenecks and hub-non-bottlenecks of the AGS network. Genes with stars are the DEGs.

Row Degree Display name Normalized betweenness centrality
1 58 GAPDH 1.00
2 57 RPS27A 0.42
3 53 TP53* 0.67
4 52 RPS6 0.08
5 51 RPS9 0.00
6 50 RPS2* 0.00
7 49 PDCD11 0.08
9 48 POLR1B 0.42
10 44 ACTB 0.33

The network in Figure 4, is derived from the
second network with consideration of clustering based
on the description of sets of genes. These descriptions
involve RNA polymerase ribosomal, cell eco,
cholesterol coa fatty, ubiquitin linked lys, max
recognizes ahr, rejecting amino trna, chloride enac,
monophosphate dctp triphosphates, valyl tRNA seryl,
and dendric immature c1q. As depicted in Table 1 and
Figure 4, ribosome is a critical targeted organelle by
H. pylori. miRNA annotation with miRDB for the key
genes introduced some microRNAs. Several 57
targeting microRNAs were identified.
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Discussion

The underlying mechanism and effects of H. pylori
on gastric cancer have not yet been fully understood. In
this regard, previous studies suggested that viral factors,
cytotoxin-associated gene A (CagA), and abnormal
DNA methylation have to do with gastric cancer risk
(14). The process by which Cag A introduces its
pathogenicity is by activation of NLRP3 inflammasome
(15). In addition, based on other studies, H. pylori can
dysregulate apoptosis in gastric cells (16). The
association between gastric cancer and infection with
helicobacter pylori as a spiral-shaped bacteria was
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Figure 4. Graphical representation of subnetwork clustering annotated with gene description. “Cell eco PubMed”
and “RNA polymerase ribosomal” appeared as the critical clusters related to the studied genes.

studied by expression profiling by the array in the main
study. In a way, samples of AGS cells with and without
Helicobacter pylori (H. pylori) infection were compared
by microarray. Comparison of sample groups handled by
data visualization analysis implies that samples are
comparable in terms of expressional profile.

In the original study and a proteomics approach of
gastric cancer with H. pylori, the interest genes were
highly overexpressed by the verification methods (14).
Differentially expressed genes were then considered for
protein-protein interaction network analysis by
Cytoscape. The PPI network analysis indicated that this
network is scale-free and central nodes are present, so
more evaluation is worthy of our biomarker study.
Centrality analysis suggested that several 10 genes that
were characterized with distinct degree values from
others could be potential key genes, namely hub-
bottlenecks and hub-non-bottlenecks. These genes
include GAPDH, RPS27A, TP53, RPS6, RPS9, RPS2,
PDCD11, POLR1B, and ACTB. Among these
identified genes, TP53 and RPS2 are from the queried
DEGs. The role of these genes in gastric cancer can be
better understood by literature surveys.

The first gene is GAPDH, glyceraldehyde-3-
phosphate dehydrogenase, which is known as a
housekeeping gene and is popular in tumorigenesis.
Many cancers, including gastric cancer, have been
reported for dysregulation of this gene. Overexpression

of GAPDH in most cancers has been identified (17). It
is important in cellular metabolism as a catalyst in the
glycolysis process. Other processes that GAPDH
participates in include RNA transport, DNA
replication, cytoskeleton organization, and more (17).
The next gene is ribosomal protein S27a (RPS27A). Its
linkage with gastric cancer is not yet recognized; other
cancers of cervical and lung adenocarcinoma
demonstrated associations (18, 19). The next one is the
p53 tumor suppressor, also determined by proteomics
study (14). H. pylori is revealed to play a role in
degrading p53 as a tumor suppressor by a series of
processes (20). It is also downregulated in infected
AGS cells with the bacteria in the main microarray
study. Tumorigenesis of ribosomal protein S6 (RPS6)
is the next gene its dysregulation has been referred for
gastric cancer in other studies (21). Tumorigenesis of
Ribosomal protein S9 (RPS9), Ribosomal protein S2
(RPS2), programmed cell death 11 (PDCD11), and
RNA polymerase | subunit B (POLR1B) as the next
central genes did not provide any correlation with
gastric cancer based on previous studies. The last gene
is beta (p)-actin (ACTB), and its correlation with
gastric cancer has been proven. Its structural instability
in this type of cancer is determined (22). Overall,
GAPDH and P53 were the only genes previously
identified as target genes of H. pylori in gastric cancer
pathogenicity. RPS6 was also recognized as a gastric
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cancer-related gene while not any evidence of the
bacteria effects on this gene yet. There was no report of
RPS2 role in gastric cancer development before while
in the original study this gene was identified as a
dysregulated gene.

The description clustering analysis shows that most
network genes are involved in these three categories:
RNA polymerase ribosomal, cell eco, and cholesterol
coa fatty. Furthermore, microRNA targets central genes
and identifies elements corresponding to these sets.
Target microRNAs were assessed as a validation test to
better understand the role of the most promising central
genes, which are GAPDH and p53, which are also
confirmed as correlative markers with H. pylori in
gastric cancer based on previous studies and network
analysis. MicroRNAs have a fundamental role in tumor
development (23). On the other hand, the bacteria and
host relationship can be regulated by microRNA
changes (24). Thus, microRNAs of these two genes are
selected for more evaluations and possible background
in H. pylori-positive gastric cancer. For the GAPDH:
hsa-miR-942-3p and hsa-miR-3175 and for p53: hsa-
miR-491-5p, hsa-miR-223-3p, hsa-miR-622, hsa-miR-
504-5p, hsa-miR-4677-3p, hsa-miR-330-3p, hsa-miR-
374a-3p, hsa-miR-1285-3p, hsa-miR-1972, hsa-let-7f-
5p, hsa-let-7e-5p, hsa-miR-98-5p, hsa-let-7¢-5p, hsa-
miR-421, hsa-let-7i-5p, hsa-miR-320e, hsa-let-7a-5p,
hsa-let-7b-5p, hsa-miR-608, and hsa-let-7g-5p are the
related microRNAs. The first GAPDH microRNA,
hsa-miR-942-3p, is a gastric cancer prognostic
biomarker that regulates GAPDH by influencing
MAPK/ERK signaling (23). hsa-miR-3175 is another
important element; its down-regulation is reported in
gastric cancer (25). For p53, hsa-miR-491-5p is related
to resistance against Cisplatin in gastric cancer (26). H.
pylori increases the level of hsa-miR-223-3p in gastric
cancer; moreover, it is known as a diagnostic biomarker
of gastric cancer (27, 28). hsa-miR-622, as a tumor
advancing in gastric cancer, can be related to
inflammatory response initiated by H. Pylori infection
(24). hsa-miR-504-5p, the next microRNA, is also
essential in gastric cancer based on previous genomic
studies (29), while hsa-miR-4677-3p, hsa-miR-374a-3p
,hsa-miR-330-3p,hsa-miR-374a-3p, hsa-miR-1285-3p,
hsa-miR-1972, hsa-let-7f-5, hsa-let-7e-5p, hsa-let-7i-
5p, hsa-miR-320e, and hsa-let-7g-5p have not yet
determined as a correlating element in gastric cancer.
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The other microRNA, hsa-miR-98-5p by regulating
other genes, shows anticancer properties in gastric
cancer (30). hsa-let-7c-5p is also another reported
microRNA in gastric cancer (31). One of the promising
biomarkers for gastric cancer is hsa-miR-421 which
indicates diagnostic values (28), its up-regulation has
been identified in gastric cancer (32). The next one,
hsa-let-7b-5p which has high prognostic value in
gastric cancer (33). The next one is a cancer inhibitor,
hsa-miR-608, through MAPK signaling activation (34).
Finally, as depicted in Table 1, GAPDH, TP53,
RPS27A, and POLR1B, and ACTB where appeared as
the potent hub bottlenecks.

Conclusion

It can be concluded that H. pylori targets many genes
in AGS human gastric adenocarcinoma cells, including
crucial individuals like GAPDH, TP53, RPS27A,
POLR1B, and ACTB. The studied microRNA showed a
correlation between H.pylori infection and gastric cancer
incident. However, here the role of the critical genes was
highlighted. It can be suggested that the mentioned
critical genes are suitable candidate genes for drug
targeting to prevent the associated possible gastric
cancer. The present study's role of hubs was valid via a
literature survey. Experimental validation in future
complementary studies is suggested.
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