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Gastric cancer (GC) is a significant cause of cancer mortality which has led to focused ex-
ploration of the pathology of GC. The advent of genome-wide analysis methods has made 
it possible to uncover genetic and epigenetic fluctuation such as abnormal DNA methyla-
tion in gene promoter regions that is expected to play a key role in GC. The study of gastric 
malignancies requires an etiological perspective, and Helicobacter pylori (H. pylori) was 
identified to play a role in GC. H. pylori infection causes chronic inflammation of the gastric 
epithelium causing abnormal polyclonal methylation, which might raise the risk of GC. In 
the last two decades, various pathogenic factors by which H. pylori infection causes GC 
have been discovered. Abnormal DNA methylation is triggered in several genes, rendering 
them inactive. In GC, methylation patterns are linked to certain subtypes including micro-
satellite instability. Multiple cancer-related processes are more usually changed by abnor-
mal DNA methylation than through mutations, according to current general and combined 
investigations. Furthermore, the amount of acquired abnormal DNA methylation is heavily 
linked to the chances of developing GC. Therefore, we investigated abnormal DNA meth-
ylation in GC and the link between methylation and H. pylori infection.
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INTRODUCTION

Adenocarcinomas which originate from glandular tissue, 
are the most common form of gastric cancer (GC) affecting 
the cells of the innermost layer of the stomach wall or mucosal 
layer. GC has a high prevalence and mortality due to its rapid 
progression and that diagnosis of the disease is often late [1]. 
From an epidemiological perspective, GC diagnosis and treat-
ment differs significantly relative to geographical area. GC is a 

multifactorial disease caused by environmental and hereditary 
factors, which promote the development and progression of 
cancer. These include the genetic characteristics of the host, in-
fectious agents, diet, and smoking [2]. 

Helicobacter pylori (H. pylori) was discovered by Marshall 
and Warren in 1983 and is now recognized as the most com-
mon human acquired infection. Infection with this bacteria in 
developing countries often occurs before adolescence, but the 
probability of infection in developed countries increases with 
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age [3]. H. pylori can cause duodenal ulcers, gastric ulcers, GC, 
and mucosa-associated lymphoid tissue. Among the diseases 
caused by this bacterium, cancer is of special importance. If 
each of the pathogenic factors of H. pylori are examined in the 
laboratory, different perspectives on the effects and applications 
in the treatment of disease, vaccine production, and defense 
mechanisms against this microorganism can be elucidated [4]. 
The study of this bacterium can be performed in two ways; 
the first aspect related to the pathogenesis of H. pylori as a car-
cinogen in the stomach environment and secondly, a practical 
perspective in the field of medicine and pharmacy. Therefore, H. 
pylori has characteristics as a pathogen that can potentially be 
used to treat cancer, by applying genetic engineering and bio-
technology strategies and techniques.

More than 80% of people infected with H. pylori are asymp-
tomatic suggesting that it might play an important role in the 
natural ecology of the stomach further validated by the fact that 
more than 50% of the world’s population has H. pylori pres-
ent in their upper gastrointestinal system [5]. H. pylori and 
gastritis are two risk factors for GC. H. pylori causes chronic 
gastritis which can develop into atrophic gastritis and intestinal 
metaplasia resulting in the formation of adenocarcinoma [6]. 
H. pylori is an oxidase-positive and catalase-positive organism 
that is specially adapted for survival in acidic gut conditions, by 
producing high levels of urease enzyme to increase pH levels as 
well as having a unique morphology allowing for greater motil-
ity [7]. 

According to the World Health Organization, H. pylori is 
classified as a type 1 carcinogen. This gram-negative spiral 
bacterium has a diameter of 0.5 micrometers and contains a 
variety of genes responsible for its pathogenesis such as vacA, 
cagA, hpaA, babA, sabA, alpA, alpB, dupA, lbp and cagPAI that 
cause different immune patterns in the body, and increase the 
risk of developing GC. H. pylori is found in the mucous layer 
and produces significantly higher levels of urease compared to 
other bacteria. This enzyme breaks down urea into ammonia 
and bicarbonate, producing an alkaline atmosphere in an acidic 
stomach environment [8]. H. pylori appears to play a more im-
portant role as a gastric carcinogen however, not all people with 
the infection develop cancer. H. pylori is colonized in gastric 
mucus, where it causes inflammation and immune reactions 
that lead to mucus destruction such as atrophy and intestinal 
metaplasia and dysplasia [9]. Gastric adenocarcinoma is usu-
ally found in the distal region of the stomach and is associated 
with H. pylori. Proximal cancer has different pathological and 

epidemiological features and is usually seen in areas where H. 
pylori is not very common. The most common association of 
GC with H. pylori is seen in two intestinal subtypes. Intestinal 
GC is common in developing countries and results from the 
transformation of precancerous lesions such as chronic super-
ficial gastritis to atrophic gastritis, intestinal metaplasia, and 
dysplasia into cancer. Diffuse GC is a non-differentiated form 
in which the tumor cells are disorganized, have less glandular 
structure, and are not associated with precancerous lesions [10]. 
The pathogenicity of H. pylori is increased due to factors that 
induce apoptosis and cell proliferation. These factors that in-
duce apoptosis can directly drive cancer cell death or stimulate 
the immune system to attack cancer cells indirectly [11]. 

The interaction of H. pylori with the host is the most impor-
tant event leading to disease, which involves the initial binding 
of bacterial receptors to the surface of the host cell. The interac-
tion between the bacterium and the cell not only establishes the 
bacterium, but some of these targeted connections trigger the 
host cell’s internal signaling pathways, leading to damage to the 
cell and host tissue. H. pylori initially attach to collagen IV of 
the host cell, and this causes the invasion of bacteria through 
the lamina propria tissue [12]. Another important protein that 
bacteria can bind to is the host laminin which is the main pro-
tein of the basement membrane. H. pylori, after damaging the 
cell, is exposed to the basement membrane and binds to lam-
inin surface receptors that include 25 and 67 kDa lipopolysac-
charide (LPS) proteins. This interaction allows the bacteria to 
settle better in the affected areas and ulcers [13]. After the bac-
terium binds and settles on the cell surface, H. pylori can infect 
the host cell and is mediated by the bacterial secretory system 
that promotes pathogenesis.

MECHANISMS OF PATHOGENIC FACTORS  
IN H. PYLORI

Studies based on experimental infection of Mongolian ger-
bil with different strains of H. pylori, have shown that type 1 
strains in the genome containing the cag pathogenicity island 
(cagPAI) are more likely to lead to cancer. The cagPAI encodes 
elements that function to stimulate immune reactions, thereby 
leading to the activation of some transcription factors. These 
transcription factors promote the expression of several genes 
responsible for carcinogenesis, chemokine secretion, and 
activating anti-apoptotic cycles [14]. The type IV secretory 
system of H. pylori injects the CagA protein directly into the 
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host cell during infection [15]. Upon entering the cell, CagA is 
phosphorylated and increases cell proliferation as well as the 
destruction of adhesive connections between adjacent cells. The 
presence of CagA increases the risk of peptide ulcers or GC by 
50-70% [16]. The cagA gene is 40 kb in size and is located at the 
most downstream end of the pathogenicity islands, encoding 
the 140 kDa CagA protein that has high immunogenicity. Vari-
ous studies have shown that strains of H. pylori with the cagA 
gene have the potential to cause long-term ulcers. CagA is also 
a highly antigenic protein that is associated with prominent 
inflammatory reactions produced by the secretion of interleu-
kin-8 (IL-8). A study examining immune reagents for the diag-
nosis of CagA H. pylori, produced and identified the first set of 
monoclonal antibodies against CagA [17]. In addition, chronic 
infection with H. pylori was found to be a major risk factor for 
developing GC. The cagA gene has a key oncogenic role in the 
pathogenesis of H. pylori and some biological activity of the 
CagA protein requires tyrosine phosphorylation by host cell ki-
nases [18]. Recent studies have shown relatively high resistance 
of H. pylori to antibiotic treatments therefore, blocking CagA 
presents itself as a therapeutic target. Indeed, recent therapies to 
combat H. pylori infection now includes the use of specific an-
tibodies that block CagA protein. Studies have shown successful 
identification of a H. pylori CagA subunit that can be targeted 
with a recombinant protein [19].

VacA is aother factor that promotes pathogenesis of H. py-
lori. VacA is a pore-forming toxin that creates a hole in the host 
cell membrane leading to the formation of a vacuole in the cell, 
allowing H. pylori to damage the host cell. All H. pylori strains 
express the vacA gene of which only 50-60% show cytotoxic 
activity in vivo. VacA is a 95 kDa protein that consists of two 
distinct domains (37 and 58 kDa) that are actively secreted [20]. 
Outside of the bacterial cell, the subunits of VacA protein can 
form hexamers or dodecamers resembling flowers. Upon acid 
exposure, the vacuolating activity of VacA is greatly increased 
in H. pylori leading to host cell toxicity, inflammation, and 
apoptosis. The method by which VacA protein disrupts the 
intracellular membrane is by forming pores as the protein does 
not function enzymatically within the host cell. After binding to 
the host cell through receptor-dependent endocytosis, VacA in-
ternalizes and forms selective anion channels in the endosomal 
membrane [21]. This stimulates the production of vacuoles and 
eventually causes cell death through apoptosis. VacA channels 
also increases the permeability of epithelial cells, which allows 
for H. pylori to receive nutrients for bacterial growth. The toxin 

also causes epithelial cell erosion. The 34 kDa subunit has no 
toxic activity, while the 58 kDa subunit is involved in binding 
to the target cell. The vacA gene consists of two main coding 
regions (S and M) both of which are highly heterogeneous in 
different strains as well as in different parts of the world. The 
S region of the vacA gene is divided into two alleles, S1 and S2 
while the M region is split to form M1 and M2 alleles. S1/M1 
strains express high levels of toxin while S2/M2 strains do not 
produce any active toxin [22]. Studies suggest that the presence 
of a gene walk in the H. pylori genome increases the risk of GC 
by approximately 4% which is significantly higher than any 
other bacterium [23]. The outer membrane proteins of H. py-
lori are involved in its pathogenicity and are important for the 
density of H. pylori, gastric asymmetry, high levels of IL-8, and 
neutrophil secretion at the host site of inflammation. The oipA 
gene encodes an outer membrane protein that is an inflamma-
tion-related gene, located 100 kb from the cag and pathogenic-
ity island on the H. pylori chromosome. The cytotoxic function 
of this protein was linked to a phenotype with positively ex-
pressed CagA and VacA. It has been suggested that the function 
of oipA is related to the rate of cell death and that OipA also 
acts as an adhesive protein. Indeed, OipA protein is one of the 
Heliobacter outer membrane proteins, which is a first-class 
family of H. pylori outer membrane proteins. Expression of this 
protein is associated with duodenal ulcers, GC, and neutrophil 
accumulation. OipA protein plays a role in host adaptation and 
its expression is under the control of the slipped-strand repair 
mechanism. The N-terminal region of OipA contains a signal 
sequence that is particularly affected by the addition of CT and 
this is thought to deactivate expression in H. pylori after several 
passages in the laboratory environment. In relation to host cell 
effects, studies have demonstrated that H. pylori OipA pro-
motes apoptosis by modulating Bax and Bcl2 expression levels. 
The expression of this protein has also been reported to be re-
lated to CagA factor [13].

OipA has a synergistic effect with CagE in the production 
of IL-8. The functional or activated mode of oipA in H. pylori 
induces the secretion of IL-8 however, the secretion of the 
cytokine is not only dependent on the cagPAI as most strains 
lacking this genetic locus also induce low levels of interleu-
kin expression which suggests that there are likely to be other 
mechanisms by which interleukins secretion is induced. Isolates 
that have a cagPAI also contain oipA, which is associated with 
duodenal ulcers, GC, and in particular the induction of IL-8 se-
cretion. Negative cagA strains are almost all negative for babA2, 
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oipA inactive, and have both S2 and M2 vacA alleles. In con-
trast, cagA positive were babA2 positive, oipA active and also 
have both S2 and M2 vacA alleles. The mechanism of intracel-
lular signaling of IL-8 production by oipA protein has been 
investigated in recent years. The OipA protein is involved in 
the activation of IRF-1 to the interferon-stimulated responsive 
element (ISRE), at the IL-8 promoter which results in STAT-1 
phosphorylation. Activated oipA promotes STAT-1 expression 
which subsequently activates IRF-1, which results in ISRE acti-
vation. Several transcriptional factors such as ISRE, AP-1, CRE, 
and NF-κB are activated by oipA. In addition, oipA and the 
associated p38 pathway are involved in the induction of IL-8 in 
the gastric mucosa of hosts infected with H. pylori, resulting in 
promoted gastric ulcers. OipA is one of the outer membrane 
proteins that has been shown to be important in inducing in-
flammation and increasing the production of IL-8 however, 
there are many uncertain aspects of the mechanisms by which 
OipA interacts with the host cell. 

The outer membrane of H. pylori, like other gram-negative 
bacteria, contains endotoxin or LPS which is important for 
maintaining bacterial structure as well as the interaction of 

bacteria with the environment [24]. Compared to other gram-
negative bacterial LPS, the immunogenic activity of H. pylori 
LPS is lower. H. pylori has an abnormal LPS that is related to 
the fatty acid composition that forms the hydrophobic part of 
lipid A in the presence of 3-hydroxy octadecanoic acid. The 
LPS of this bacterium is important in reducing the thickness of 
the gastric mucosal layer which is to prevent the glycosylation 
of gastric mucosa, further converting high molecular weight 
structures into structures with lower molecular weight. Also, 
the secretion of pepsinogen is stimulated, which is unique to 
this bacterium, inhibiting parietal cells and reducing gastric 
acid secretion [25]. The LPS of H. pylori stimulates the release 
of IL-8, IL-6, IL-10, IL-12, and also induces the production 
of TNF-α and PGE2. H. pylori has several virulence factors 
that play a role in pathogenicity [26]. Factors including BABA, 
HOPP, adherence lipoprotein, HspA, HspB, disulfide reductase, 
purines, alcohol dehydrogenase, PPK, RO53, FLdA, and amma-
glutamyl transpeptidase promote carcinogenesis by increasing 
pathogenicity of H. pylori [27].
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Figure 1. The explanation of H. pylori infection, DNA methylation, and GC in patients infected with H.
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THE FUNCTION OF DNA METHYLATION IN 
CARCINOGENESIS

Cancer formation and development have been associated 
with hypermethylation of tumor suppressor genes. Cytosine-
guanine dinucleotides (CpG) are found at the promoter site 
of DNA repair genes and multiple tumor suppressors. The 
hypermethylation of gene promoter areas prevents transcrip-
tion mediators from binding, resulting in the repression of gene 
expression. Tumor suppressor gene inhibition interrupts the 
normal cell cycle equilibrium, potentially leading to increased 
cell reproduction and cancer. Hypermethylation of unmethyl-
ated tumor suppressor gene promoter areas, interrupts the gene 
by inhibiting transcription and the capacity to control aberrant 
cell reproduction, therefore driving cancerous transformation 
[28, 29].

DNA METHYLATION CAUSED  
BY H. PYLORI IN GC

Previous research has found a link between aberrant DNA 
methylation of H. pylori and the progression of GC. As H. pylo-
ri infection is eradicated from the host, it was shown that DNA 
methylation levels decreased and high methylation levels were 
maintained in the majority of cases despite H. pylori free status 
[30]. Immunosuppressive drug therapy prevents hypermethyl-
ation which demonstrates that H. pylori mediated inflamma-
tion plays a role in DNA methylation initiation [31]. Infection 
with H. pylori causes a strong inflammatory response in the 
stomach mucosa, resulting in the overexpression of various 
inflammatory cytokines such as IL-1β and creating abnormal 
DNA methylation patterns (Fig. 1). Macrophages infected with 
H. pylori induces the production of nitric oxide which causes 
hypermethylation of RUNX3 in epithelial cells [32]. In vivo 
investigations have also revealed that H. pylori related inflam-
matory responses are active during DNA methylation, which 
drives GC. Furthermore, elevated levels of DNA methylation 
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were discovered in specific gene promoters, and these methyla-
tion levels were linked to the intensity of stomach inflamma-
tion. Gastric biopsies with abnormal DNA methylation were 
linked to a higher chance of developing GC, implying that per-
sistent inflammation due to by H. pylori can cause gastric tissue 
hypermethylation [33].

Some bacterial virulence factors have been linked to dys-
regulation of intracellular signaling pathways and gastritis, 
which can contribute to cancer progression. The cagPAI has 
been linked to increased DNA methylation [34]. Type IV se-
cretion systems encoded by cagPAI that allow for bacteria to 
transfer CagA protein, bacteria DNA, and macromolecules 
like peptidoglycans to the host cells (Fig. 2). CagA positive H. 
pylori infection results in greater methylation levels of some 
genes compared to CagA negative H. pylori infection infection 

[35]. CagA is intimately linked to cytotoxic activities of VacA 
inducing several cellular processes that disturb endosomal cells 
to drive epithelial cell vacuolation. The most virulent strains of 
H. pylori in conjunction with vacA and cagA expression, are 
thought to cause serious epithelial damage which correlates 
with GC progression. However, it is unknown whether these 
agents contribute to epigenetic modifications in GC [36].

DNA methylation is the most prevalent epigenetic fluctua-
tion. The methylation of cytosine bases in the 5-position at CpG 
dinucleotides such as 5-methylcytosine, is widely documented. 
Histone modification regulates gene expression while CpG is-
lands in promoter regions are largely unmethylated. Transcrip-
tional silence is caused by erroneous methylation of promoter 
CpG islands, which leads to the production of downstream 
genes. One of the key causes of malignancy is the methylation-
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induced suppression of tumor suppressor genes [37]. Environ-
mental influences have an impact on DNA methylation levels 
with aging and smoking contributing to abnormal methylation 
in CpG islands. Chronic inflammation has also been shown 
to promote abnormal methylation in non-malignant tissues. 
Inflammation is caused by reflux esophagitis, chronic hepatitis, 
and ulcerative colitis for instance, resulting in abnormal CpG 
island methylation. Nevertheless, DNA methylation of the CpG 
island was found in the colonic mucosa of mice with colitis, 
caused by dextran sodium sulfate. Infection with H. pylori 
results in abnormal promoter methylation, which inhibits the 
production of tumor-suppressor genes including CDH1, LOXa 
and RUNX3. Chronic inflammation produced by H. pylori 
infection as opposed to other cellular changes mediated by H. 
pylori, may also lead to abnormal DNA methylation [38]. 

REGULATION OF RELATED GENES THROUGH  
H. PYLORI-INDUCED DNA METHYLATION

The activation and deactivation genes applies epigenetic 
mechanisms like DNA methylation which is a crucial and ef-
fective regulator of intracellular signaling systems (Fig. 3). Epi-
genetic fluctuations are well studied and can be used to explain 
the effects of environmental agents on the genome, which may 
promote tumor development. Some of the genes and their roles 
associated with H. pylori-induced DNA methylation of GC are 
shown in Table 1 [39-58].

THE ROLE OF MICRORNAS AND  
H. PYLORI IN GC

miRNAs are single-stranded, non-coding RNAs that play 
a pivotal role in regulating cellular and developmental pro-
cesses. miRNAs are responsible for the expression of various 

Table 1. Classification of the genes associated with H. pylori-induced DNA methylation in GC

Genes Roles Refs

PTEN Tumor suppressor, AKT/PKB signaling pathway regulator [39]

p41ARC Actin polymerization is controlled by the p41 subunit of the Arp2/3 complex [40]

THBD Calcium ion binding and activation of transmembrane signaling receptors [41]

MAP1LC3A Linked to the autophagosomes accumulation [41]

USF1, USF2 Transcriptional agent [42]

CX32, CX43 Gap junction channels are formed, allowing ions and tiny molecules to flow freely across cells [43]

TFF2 Regulates the mucus layer in the stomach and influences epithelial repair [44]

HAND1 A transcription factor that has a role in the formation and differentiation of cells [45]

RUNX3 Tumor suppressor and transcription factor [46]

FLN The cytoskeleton remodels, altering cell shape and movement [47]

WWOX Tumor suppressor and apoptosis [48]

CDH1 Versatility, epithelial cell generation and regulation of cell-cell adhesions [49]

HRASLS Calcium-independent phospholipase activity [50]

CDKN2A Tumor suppressor and cell cycle regulators [49]

CYLD Cell survival regulator by NF-κB activation [51]

LOX Tumor suppressor which links to collagen and elastin [52]

MGMT Related to the protection of the cell against mutation and alkylating factors [53]

COX-2 Prostaglandin biosynthesis's essential enzyme [54]

GATA4, GATA5 Transcription factor activity that binds to DNA and chromatin [55]

FOXD3 Transcriptional inhibitor and transcriptional activator [56]

ATG16L1 Section of a large protein complex that is required for autophagy [57]

MHL1 DNA mismatch repair and tumor suppressor [49]

VEZT Adherens junctions in the epithelial establishment, maintenance, and remodeling [58]
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target genes at the post-transcriptional level. miRNAs can act 
as inducer or suppressor genes by regulating programmed cell 
growth and death. miRNAs are used to treat various diseases 
however, little is known about the role of miRNAs in H. pylori-
induced GC [59]. One of the components that change in H. py-
lori infected hosts are miRNAs. miRNAs were first discovered 
in 2000 and have attracted the attention of many researchers. 
miRNAs are the most well-known class of regulatory RNAs in 
terms of production and function. miRNAs are expressed in 
various tissue types and uniquely in different diseases, which 
has led researchers to use miRNAs as a diagnostic marker. Nu-
merous studies have shown that in patients infected with H. py-
lori, the expression of several specific miRNAs increases [60]. H. 
pylori infection of a host results in the production of miR-155 
via the NF-κB pathway which subsequently inhibits IL-8. Fur-
thermore, studies have shown that miR-146a has a regulatory 
role in H. pylori-associated GC [61]. It has also been reported 
that polymorphisms of miR-146a is associated with GC [62]. 
Increased expression of miR-584, miR-187, miR-22, miR-17, 
miR-21a, and miR-233 are also reportedly induced in H. pylori-
associated GC [63]. The expression levels of miR-204 which 
is a tumour suppressor and the miRNA precursor let-7 are 
increased after hosts become H. pylori-free. miRNAs that are 
associated with H. pylori are listed in Table 2. After eradication 
of H. pylori using antibiotic therapy for seven days, the levels of 
miR-93, miR-25, and miR-21 did not show significant changes. 
Increased expression of miR-155 by induction of autophagy in-
dicates anti-H. pyloric activity [60].

THE ROLE OF H. PYLORI IN THE TREATMENT 
OF CANCER

Despite various treatments, surgery is considered to be pre-
ferred cancer treatment for GC. Although common treatments 
are able to successfully reduce the size of the tumor, these treat-
ments do not have a positive overall effect on patient survival 
and there is the possibility of tumor recurrence. Conventional 
therapies target rapidly proliferating and differentiating cells 

however, established solid tumors may contain a population of 
slow proliferating cells as well as highly resistant cancer stem 
cells that evade both chemo and radiotherapies. Cancer cells 
often develop resistance to common therapies and the tumor 
tissue contains various cell populations that are responsible for 
tumor growth, metastasis, disease recurrence, and are more 
capable than other cells of inducing a tumor or immune system 
defect [64]. Due to the aggressive nature of certain cancers as 
well as the complex mechanisms involved in tumor develop-
ment, common treatments such as surgery, chemotherapies, 
and radiotherapies are ineffective in many cases due to the 
high frequency of side effects, low specificity, and the possibil-
ity of disease recurrence. For this reason, alternative types of 
therapies targeting proteins and bacterial toxins have also been 
considered. Research on several pathogens of H. pylori, each 
separately, shows their cytotoxic or immunomodulatory effects 
directly on cancer cells and immunity. Factors such as urease, 
HP-NAP, and flagella activate the immune system, which in 
turn triggers internal cell signaling to produce cytotoxins lead-
ing to activation the immune system, thus causing the death 
of cancer cells indirectly [65]. These peptides, proteins, or im-
munomodulatory properties can increase the activity of cellular 
endoplasmic reticulum systems to activate macrophages and 
dendritic cells. Activated macrophages and dendritic cells swal-
low and process factors that may promote cellular changes, as 
these bacteria-associated proteins can increase immunity as 
well as to guide the system towards a specific type of response 
[66]. This strategy potentially enhances the effectiveness of 
treatments by stimulating an immune response against the tu-
mor, which is important in advancing practical goals on top of 
treating cancer. VacA, OipA and LPS factors also have cytotoxic 
effects on cancer cells. The LPS proteins of H. pylori that can 
bind to laminin, also causes acute gastritis and induces gastric 
epithelial cell apoptosis, of which caspase-8 and mitochondria 
play an important role in induced apoptosis. There are several 
mechanisms involved in interfering with the cell cycle and 
causing apoptosis or proliferation of H. pylori. Intracellular fac-
tors that are altered by this bacterium and disrupt the normal 

Table 2. Some of the microRNAs involved in Helicobacter pylori-associated GC

microRNAs regulation in H. pylori positive GC

Up-regulation miR-99b, miR-223, miR-222, miR-146a, miR-584, miR-22, miR-187, miR-21a, 135b-5p, miR-21-5p, miR-18a-5p, 
   miR-196a-5p, miR-146b-5p, miR-142-3p, miR-233, miR-17, miR-22

Down-regulation miR-204, miR-375, miR-31-5p, miR-125a-5p, miR-145-5p
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process of the cell cycle include mutations in the p53 protein, 
increased telomerase activity, increased Fas receptor expression, 
an effect on BCL2 proteins, and increased NF-κB activity [67].

H. pylori is a cause of cancer and due to its pathogenicity, it 
induces and multiplies. H. pylori also has factors that induce 
cell apoptosis. In these cases, the factors that induce apoptosis 
can be used directly to kill cancer cells as they are able stimulate 
an immune response. Consequently, some of these pathogenic 
proteins of H. pylori could be used as a new tool for cancer 
treatment strategies.

DNA METHYLATION AS A BIOMARKER IN THE 
DIAGNOSIS AND DEVELOPMENT OF GC

Recent research is looking into the methylation of key gene 
promoters, can be used as biomarkers for GC and disease stage 
prediction. Gastric lavage, plasma, and serum were among the 
substances examined in a study that identified LINC00643, 
GUSBP5, JAM2, FLT3, ELMO1, ZNF3, RPRM, RIMS1, and 
BHLHE22 as epigenetic markers for classifying the risk of GC, 
after H. pylori elimination. The methylation status of the BAR-
HL2 gene was evaluated using gastric lavage DNA or gastric 
juice exosomal DNA, to determine if is a suitable marker for 
early GC identification. BARHL2 methylation was discovered 
at significant raised levels in gastric lavage generated DNA from 
early GC in one research study. Additional research is needed to 
determine if gastric wash-derived DNA or gastric juice-derived 
exo-DNA can be used in clinical settings for early cancer detec-
tion [68]. The expansion of histopathologic lesions marks the 
establishment of the intestinal subtype of GC. In another study, 
it was found that ZNF610, PCDH10, SORCS3, MPH, RSPO2, 
and SORCS3 gene methylation levels were able to promote 
development of gastric lesions regardless of the duration of H. 
pylori infection, baseline diagnostics, gender, mononuclear 
leukocytes, polymorphonuclear leukocytes, or intraepithelial 
lymphocytes [69]. Following endoscopic tumor removal, meta-
chronous GC (MGC) can arise. It has also been reported that 
patients with enhanced miR-34b/c, SFRP2, and DKK2 methyla-
tion in the stomach, had a significantly greater prevalence of 
MGC. MiR-34b/c was found to have the strongest link to MGC 
development. Similarly, miR-124a-3 has been proposed as a 
strong indicator of probable MGC development [70].

DNA METHYLATION AND  
POLYMORPHISMS OF GC

GC formation is linked to gene polymorphisms. The ex-
istence of host gene polymorphisms and H. pylori cagA/va-
cAs1m1 strains appear to alter DNA methylation in GC. Inter-
leukin polymorphisms in GC tissues during H. pylori infection 
were examined. Methylation of the COX-2 promoter has been 
linked to the IL-1RA Allele 2 genotype in cardia tumors, and 
the associated genotypes IL1B511T + IL-1RA Allele 2 appear 
to be crucial in the methylation of the COX-2 gene, notably in 
H. pylori strains carrying cagA and vacAs1. Along with cagA-
positive H. pylori, the related genotypes appear to be involved 
in CDKN2A unmethylation. The consequences of the NF-κB1 
polymorphisms -94 insertion and deletion, and -449 C > G 
on altering methylation during H. pylori infection have been 
extensively reviewed [71]. In the stomach mucosa, the meth-
ylation position of the CDH1, p16INK4a, p14ARF, and DAPK 
gene promoters was examined and it was discovered that -94 
deletion/deletion homozygosity polymorphism was related to 
the frequency of CpG island methylation. Furthermore, the 
frequency of methylated genes in deletion/deletion polymor-
phisms was greater than in insertion/deletion polymorphisms, 
in elderly H. pylori-infected patients compared to those who 
had a much-increased inflammation level. As a result, the NF-
κB1 -94 insertion/deletion ATTG polymorphism is linked to 
a higher likelihood of age-related gene methylation in non-
cancerous stomach mucosa through H. pylori [72].

CONCLUSION

Abnormal promoter methylation in GC acts a significant 
performance through tumor-suppressor genes inactivation. 
While more research is needed to clarify the specific molecular 
pathways behind the development of aberrant promoter meth-
ylation in response to infection with these pathogens, H. pylori 
may contribute to malignancy by inducing abnormal methyla-
tion in gastric epithelial cells. Identifying these systems could 
shed light on how stomach carcinogenesis occurs, and applying 
this data to therapeutic use could further help with diagnosis, 
risk assessment, and treatment. Abnormal DNA methylation is 
therefore an effective and useful marker for the early diagnosis 
of malignant tumors. Epigenetic irregularities can be acquired 
during the early stages of malignancy, leading to genomic 
mutations in polyclonal tissues and as a result, unusual DNA 
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methylation is an efficacious biomarker for the early discovery 
of malignant tumors. Furthermore, because of its reversible na-
ture, abnormal DNA methylation could be an appealing target 
from a preventive or therapeutic standpoint. Multiple genetic 
abnormalities, in contrast to DNA methylation, have a role in 
GC. The prevalence and targets of genetic abnormalities dif-
fer based on the epigenotype. The genome and epigenome are 
believed to connect and assist in GC in a synergistic manner, 
and extensive analysis of those in GC may aid in elucidating the 
process of carcinogenesis.
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