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ABSTRACT

In the relentless pursuit of conquering gastric cancer, researchers have uncovered a promising avenue: CagA, the 
captivating oncoprotein encoded by Helicobacter pylori (H. pylori). This review delves deep into the multifaceted role of CagA 
in the pathogenesis of gastric cancer, shedding light on its remarkable ability to manipulate signaling pathways and trigger 
the epithelial-mesenchymal transition (EMT) phenomenon, which underlies cancer invasion. By unraveling the mysteries of H. 
pylori’s influence on signaling pathways within gastric cells, this review presents cutting-edge insights into the pathogenesis 
of this devastating malignancy. Moreover, it unveils the fascinating relationship between H. pylori infection and extra-gastric 
diseases, offering a panoramic view of the broader impact of this microbe on human health Beyond the realm of basic 
science, this exploration of H. pylori’s dark secrets holds the promise of revolutionizing the realm of gastric cancer 
prevention, diagnosis, and treatment. With CagA as the spotlight, the stage is set for a transformative journey towards 
conquering this devastating malignancy and embracing a brighter future in cancer therapeutics.
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INTRODUCTION

Gastric cancer, the fifth most common type of cancer, 
took the third place as the main reason for cancer-
related deaths in 2018, accounting for more than 
800,000 fatalities globally. Although developed nations 
are the ones where gastric cancer is diagnosed the most 
frequently, there are large geographic variations in the 
prevalence of gastric cancer. Eight times more cases of 
gastric cancer occur in East Asian nations than in North 
American ones, including Japan, China, and Korea. 
More than half of all cases of gastric cancer occur in 
these nations.[1] The incidence of gastric cancer is 2.2 
times higher in men than in women,[2] making it a cancer 
that disproportionately affects men.

With nearly 4.4 billion infected individuals, or more than 
half of the global population, Helicobacter pylori (H. pylori). 

infection is regarded as the most prevalent chronic 
bacterial infection in the world.[3,4] More than half of the 
world’s population has H. pylori colonized stomachs, and 
20% of those people develop gastric ulcers even though 
most people show no symptoms. H. pylori is the first and 
only bacterial agent for which a connection with a 
cancerous pathology has been recognized since H. pylori 
was classified as a type I carcinogen by the International 
Agency for Research on Cancer.[5] More seriously, the 
bacterium can cause adenocarcinomas or MALT-type 
lymphomas (mucosa-associated lymphoid tissue) in 3% 
of patients.

With four to unipolar flagella located in its distal part, 
this spiral-shaped Gram-negative bacterium is highly 
motile. The bacterium is between 0.5 and 1.0 m wide 
and 2.5 to 4.0 m long. It is a micro-aerophilic bacterium 
that two Australian researchers, Barry Marshall and J. 
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Robin Warren, isolated from human stomach extracts in 
1984. They identified it as the primary culprit behind the 
huge percentage of gastric ulcers and gastroduodenal 
affections. Their discovery earned them the 2005 Nobel 
Prize in Physiology or Medicine.

Helicobacter comes in many different varieties, and H. 
pylori is thought to be the type that only affects humans. 
As a result, it is believed that H. pylori only lives in the 
human stomach. Therefore, it spreads from person to 
person and mainly affects young children.[6] The 
estimated seroprevalence in kids rises with age, from 
20% in kids under 6 to 37% in kids between 6 and 11 to 
44% in kids between 12 and 18 years old.[7] H. pylori 
reduces gastric acidity through its ureasic activity. It is 
capable of nesting on epithelial cells thanks to its flagella 
and attachment proteins like adhesins.

Because it resists peristaltic emptying of the stomach 
contents, it stays in the gastric mucosa.[8] However, the 
ammonia that the bacteria produce damages the 
epithelial cells, leading to acute and then chronic gastritis 
(a condition in which the stomach lining is inflamed), 
which can result in burning feelings. It is important to 
keep in mind that the development of gastric 
oncogenesis requires the presence of H. pylori, but that it 
is not a requirement. Gastric adenocarcinoma develops 
slowly over many years. During organogenesis, tissue 
development, remodelling, and wound healing, the 
epithelial-mesenchymal transition (EMT) is seen 
physiologically; however, any deregulation could lead to 
carcinogenesis.[9]

Cells lose their epithelial characteristics and acquire 
mesenchymal properties during the dynamic and 
reversible epithelial-mesenchymal transition. Complex 
architectural and functional changes are necessary for 
process. EMT may not always be a full cell lineage 
change because the change from one phenotype to 
another encompasses a wide range of intracellular and 
intercellular changes that are infrequently observed in 
their entirety. EMT-affected cells develop new plastic 
abilities, such as motility and an apolar fibroblastoid 
phenotype resembling mesenchymal cells; they also 
become resistant to apoptosis. They exhibit distinctive 
features such as the absence of epithelial elements like 
cell-cell junctions, organization of the actin cytoskeleton, 
polarized distribution of intracellular organelles, 
expression of mesenchymal markers, and production of 
invasive factors. A change in the cell phenotype 
enhances the migratory abilities, invasiveness, and 
apoptosis resistance of the cells. Additionally, H. pylori 
has been shown by Bessede to cause changes in gastric 
epithelial cells that resemble EMT and cancer stem 
cells.[10] Therefore, in order to create fresh approaches to 
combat gastric cancer, it is crucial to comprehend the 
molecular mechanisms of H. pylori-induced EMT. 

Additionally, EMT is linked to the induction of cancer 
stem cell traits that result in chemoresistance and 
tumour dormancy. By infiltrating macrophages, 
neutrophils, regulatory T cells, and natural killer cells, H. 
pylori infection significantly alters the gastric microenvir-
onment and causes several inflammatory responses.[11]

EMT in gastric cells is facilitated by inflammatory 
mediators released by gastric and infiltrating cells, 
i n c l u d i n g  c y t o k i n e s ,  c h e m o k i n e s ,  a n d  
metalloproteinases.[12] Hydrochloric acid (HCl) in the 
stomach promotes further digestion to assist in 
removing nutrients farther into the gastrointestinal tract. 
Hyperchlorhydria causes antral gastritis to form more 
frequently, duodenal ulcer risk to rise, and cancer risk to 
decrease or disappear. Contrarily, a low acid secretion 
encourages the growth of pangastritis and raises the 
danger of gastric cancer. The most active urease known 
to date is the H. pylori urease. Its capacity to produce 
ammonia is much greater than that needed to keep the 
bacterium’s cytoplasmic pH at or near 7.

Due to the urease activity of H. pylori, gastric acid is 
neutralized. It can nest on epithelial cells because of 
flagella and proteins that fix other proteins, such as 
adhesins. Because it resists peristaltic emptying of the 
stomach contents, it stays in the gastric mucosa8. 
However, the ammonia that the bacteria produce 
damages the epithelial cells, leading to acute and then 
chronic gastritis (inflammation of the stomach lining), 
which may cause burning feelings. The likelihood of 
contracting H. pylori varies with age, ethnicity, and living 
circumstances,[13–15] and most cases happen in children.[16]

What about inherited gastric cancer, though? The 
discovery of germline mutations in the CDH1/E-
cadherin gene in three families in 1998, mutations that 
were later described in families of various ethnic 
backgrounds,[17] marked the first molecular manifestation 
of the idea of hereditary gastric cancer.

In subjects with (69%) compared to subjects without 
(44%) a family history of gastric cancer, H. pylori 
prevalence is higher, according to serology estimates.[18] 
Based on host gene polymorphism, the E.M. El-Omar 
team examined gastric cancer risk. Gastric atrophy and 
hypochlorhydria were more prevalent (27%) in first-
degree relatives of gastric cancer patients than in 
controls (3%), despite a similar incidence of H. pylori 
infection (63% vs. 64%) in three different populations: 
English, Americans, and Poles.[19]

It follows that the role of H. pylori may also be 
augmented by a genetic propensity for cancer. E.M. El-
Omar et al.[20,21] first hypothesized and subsequent 
research has confirmed an association between 
polymorphism of the interleukin-1 (IL-1) gene and the 
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risk of gastric atrophy and cancer. One of the bacteria 
with the highest genetic polymorphism is the H. pylori 
species. The efforts of Dr Venter’s team[22] made it 
possible to sequence the genome of H. pylori, one of the 

first bacteria. Small size (about 1.6 Mb. 1.7 × 106 bp, 
1590 coding sequences).[23]

The H. pylori genome analysis reveals significant 
differences between strains of H. pylori as well as other 
Gram-negative bacteria. These differences are a result of 
H. pylori’s long isolation from other bacterial species[24] 
and adaptation to the stomach. Geographical regions 
have a different impact on the genomic sequence of 
various strains of H. pylori.[21,25] The genes necessary for 
the synthesis of urease, the cytotoxin VacA, the antigen 
CagA, and flagellins are found in the essential 
chromosomal regions. Only about 50% of the strains 
isolated in Europe or the USA have the CagA 
pathogenicity island and toxigenic alleles of the VacA 
gene, in contrast to the majority of the strains isolated in 
East Asia.

The pathogenicity island of H. pylori is a collection of 32 
genes whose expression mitigates the harmful effects of 
allelic variability and serves as a gauge of the bacterium’s 
virulence. Among the most investigated genes in the 
bacterial genome are the VacA, pathogenicity island, and 
CagA (cytotoxin-associated gene A) genes.

In conjunction with host factors affecting the inflam-
matory response, such as pro-inflammatory cytokines, 
H. pylori secretes the oncoprotein CagA, allowing the 
lesion to develop.[26] Type IV “TFSS” secretion systems 
are used by H. pylori strains that are CagA-positive to 
begin delivering oncoproteins into the cytoplasm of host 
cells. This secretion system functions as a true syringe, 
allowing the bacterial CagA protein and peptidoglycan to 
enter the target gastric epithelial cell.[27,28] The interaction 

of CagL, a component protein of SST4, with integrin 5ß
1 is crucial for the translocation of CagA,[29] which 
initiates the formation of a conduit connecting the 
bacterium and the host cytoplasm to deliver CagA.

A double membrane spanning channel, an outer pilus, 
and a cytoplasmic/intracellular complex are the three 
interconnected subparts of the device, which is made up 
of twelve proteins (VirB 1-11 and VirD4). The only 
T4SS protein substrate known to date that is 
translocated into host cells during infection is the CagA 
cytotoxin.[30–32] Up to 20 host-binding partners for CagA 
have been discovered, and host cell kinases are located 
very close to CagA phosphorylation sites.[33] Studies have 
shown that translocated CagA can activate complex host 
signaling pathways by using both dependent and 
independen t  mechan i sms  o f  CagA EPIYA 
phosphorylation.[34] When CagA is introduced into 
gastric epithelial cells, it attaches to the inner leaflet of 

the plasma membrane using one of two different 
mechanisms, depending on the cell’s polarity state.

It is crucial for CagA to interact with the membrane in 
polarized epithelial cells because this region of CagA 
contains several basic amino acids, including those that 
make up the PS-binding K-Xn-RXR motif.[34] However, 
in unpolarized cells, the C-terminal portion of CagA is 
primarily in charge of membrane binding.[35]

Only patients with H. pylori infection (2.9% vs. 0%) 
developed CG during an endoscopic follow-up of 1,526 

patients over an 8-year period in 2001, according to 

Uemura et al.[36] Except for those who had a duodenal 
ulcer, patients who tested positive for H. pylori had a 

higher risk of developing cancer. This study provides 

concrete evidence of the actual risk of “positive H. pylori” 

gastritis for the first time. Another Japanese study 

demonstrates the significant increase in the risk of cancer 
recurrence in patients who received conservative 

treatment after being diagnosed with their first superficial 
cancer. Patients who underwent H. pylori eradication had 

a 0% four-year incidence of recurrence of superficial 
gastric cancer compared to a 9% incidence in those who 

did not.[37]

But how does H. pylori affect the gastric epithelium if it’s 
a major contributor to the occurrence of gastric cancer?

H. PYLORI IS A CARCINOGEN

A number of factors can contribute to gastric cancer. 
The type of bacterial strain, diet, and particularly the 
genetic specificity of the host are all factors that affect 
the development of this cancer if the bacterium 
represents an important link in its genesis. The 
bacterium H. pylori was identified by Krienitz in 1907. 
There are numerous Helicobacter species, some of 
which are gastric and others which are enterohepatic. H. 
pylori is the only pathogenic member of the Helicobacter 
family for humans. In developed nations, the 
colonization rate is lower (20 to 25% in France). This 
high prevalence reflects both the poor level of hygiene 
and the potential involvement of contamination by 
water, food, and human-to-human contamination linked 
to childhood promiscuity.[38] The transmission has a very 
strong familial component. Additionally important are 
e lements  connected to  poor  soc ioeconomic  
conditions.[39]

It is possible that this bacterium, which is only present in 
the human stomach or on gastric metaplasia of the 
duodenum, is the root cause or a contributing factor in 
the development of inflammatory diseases of the 
stomach. However, it could also just be an opportunistic 
commensal that thrives preferentially on a damaged 
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mucosa. In any case, it serves as a superb indicator of 
the gastric diseases it is linked to. More than 50% of 
people worldwide have H. pylori infection. Age, 
socioeconomic status, and geographic location all affect 
its prevalence. Even though H. pylori is immunogenic, 
the immune response does not offer protection from the 
diseases it causes.

H. pylori first establishes itself in the stomach after being 
ingested, leading to a variety of gastritis conditions that 
do not all progress to cancer. The condition known as 
antral gastritis results from H. pylori remaining confined 
to the antrum as the stomach’s acid secretion increases. 
The duodenum is exposed to a significant acid load and 
experiences significant inflammation as a result of the 
abnormally high acid secretion, which frequently leads to 
a duodenal ulcer. In contrast, H. pylori will colonize the 
entire stomach if the stomach’s acid secretion decreases, 
leading to pangastritis, which is an inflammation of the 
body and the antrum. Afterward, gastric ulceration 
occurs in the stomach itself. Inflammation has a 
significant impact on the architecture of the stomach, 
which in some cases exhibits atrophy. Installation of gut-
l ike  metap las i a  may  resu l t  f rom pers i s tent  
inflammation.[12,40] The presence of H. pylori infection can 
be identified through various methods. These include 
conducting a histological examination of the gastric 
mucosa, culturing endoscopic biopsy samples, or 
utilizing less invasive techniques such as the urea breath 
test (Clotest). The urea breath test involves ingesting 
urea labeled with Carbon C13, which is then hydrolyzed 
by the urease enzyme produced by H. pylori. This 
process leads to the formation of 13CO2. The test 
involves analyzing the expiratory content to measure the 
presence of 13CO2. Additionally, serological tests can be 
used to detect specific circulating IgG antibodies, 
indicating the presence of H. pylori infection. More 
frequently, serodiagnostic tests are used to assess the 
prevalence of infection in various populations. Three 
independent epidemiological studies that were all 
published in 1991 provided the first substantial evidence 
for the link between H. pylori infection and gastric 
cancer. In comparison to subjects without H. pylori 
infection, all three studies found that subjects who tested 
positive for H. pylori more than two decades before 
being diagnosed with gastric cancer had higher odds of 
developing the disease.[41–43] Repeated studies of this 
nature have established the importance of H. pylori as the 
most important risk factor for the emergence of gastric 
cancer.[44] Animal models provided the second piece of 
evidence implicating H. pylori as a risk factor for gastric 
pathology. Rodents have been used to model and study 
how H. pylori infection leads to the development of 
gastritis and gastric cancer. Following H. pylori infection, 
which is similar to the infection that affects humans, 
Mongolian gerbils experience duodenitis, ulcers, and 

gastric cancer.[45,46] In response to infection by H. pylori 
(strain SS1) and H. felis, atrophic gastritis and metaplasia 
are seen in mice. Contrarily, during an H. felis infection, 
progression to dysplasia and gastric cancer has been 
shown.[47–49] Although the molecular mechanisms are 
partially understood, several pathways connect inflam-
mation to cancer. Cells and their ability to proliferate can 
be severely harmed by the oxidative stress that 
macrophages and leukocytes produce during inflam-
mation. Apoptosis and the prodigious release of 
cytokines are important contributors to the emergence 
of cancer.[50]

Although infection is difficult to acquire and H. pylori-
induced gastritis in mice is less severe than in humans, 
infection of conventional mice with H. pylori overcomes 
many issues.[51] The Mongolian gerbil is an animal in 
which different gastrointestinal disorders can 
appropriately manifest, including gastritis, ulcers, 
intestinal metaplasia, and gastric cancer. The Mongolian 
gerbil model[52–53] was used in the first animal report of 
H. pylori causing progression from intestinal metaplasia 
(pre-malignant lesion) to superficial gastritis.

It was established a few years later, using the same 
animal model, that H. pylori colonization can result in the 
growth of gastric cancer.[54] In a report published more 
recently, H. pylori challenges were linked to the 
development of gastric cancer in a mouse model of the 
disease that several researchers had created.[55] The 
understanding of H. pylori and its connection to gastric 
cancer has significantly advanced thanks to this model. 
An in vivo experiment using a transgenic mouse model 
showed that epithelial hyperplasia, gastric polyps, and 
adenocarcinoma were all associated with CagA 
expression, which is expressed primarily in the stomach. 
Leukocytosis, leukemia, and B-cell lymphomas have all 
been linked to systemic CagA expression.[56]

IN VITRO

The development of gastric cancer and the gastric 
microbiome may be related, according to a growing 
body of research. Different stages of the disease have 
been described as causing changes in the gastric 
microbiome. The interactions between the host immune 
system, the environment, and the gastric microbiota are 
probably to blame for this. The homB gene was 
discovered to be responsible in 2021 by Keikha and 
Karbalaei for the progression from primary infection to 
serious complications, particularly peptic ulcer in 
Western countries and gastric cancer in Asian countries.

“Our work offers the first proof that the epithelial-
mesenchymal transition induced by the bacterium results 
in the emergence of cancer stem cells that may cause 
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gastric cancers. And even though it is undoubtedly not 
the only mechanism responsible for the development of 
these cancers, it demonstrates how crucial the 

eradication of this bacterium” according to Emilie Bessè
de. She claims that not all H. pylori strains produce the 
CagA protein: “In Asia, where the incidence of gastric 
cancer is very high, this protein is present in more than 

90% of strains. However, CaA is only present in 50%–
60% of the strains in France, where the prevalence of 
these cancers is more moderate. In vitro, using cellular 
models, the researchers investigated this lead. With or 
without the gene encoding the CagA protein, they 
infected gastric epithelial cells with H. pylori strains. After 
that, they looked at the expression of markers unique to 
cancer stem cells, mesenchymal cells, and epithelial cells. 
The scientists also investigated the functional character-
istics of cells infected with bacteria carrying the cagA 
gene. In comparison to uninfected cells, it then seemed 
that these cells have greater invasive and migratory 
properties. Moreover, when transplanted into mice with 
impaired immunity, infected cells have the capacity to 
grow tumors. These traits describe cancer stem cells in 
general. H. pylori’s CagA gene may be oncogenic.

The chronic infection of the gastric mucosa caused by 
H. pylori results in a long-lasting inflammatory condition. 
T4SS is necessary for the induction of early and severe 
inflammation of the corpus, which is characterized by an 
increase in the expression of pro-inflammatory cytokines 
as well as histological changes with the occurrence of 
gastric atrophy and intestinal metaplasia. Cag PAI 
induces the synthesis by gastric epithelial cells of IL8, a 
potent pro-inflammatory cytokine. Numerous studies 
conducted in the West have linked bacterial infections 
with functional cag PAIs to peptic ulcers or CG.[44]

The frequency of mutations in gastric epithelial cells 
increases with chronic H. pylori infection. Uncertainty 
surrounds the mechanism by which H. pylori infection 
causes gastric epithelial cells to mutate. 30 clinical 
isolates of H. pylori from 15 patients with gastric cancer 
and 15 patients with other gastroduodenal diseases were 
investigated by Kaneko et al.[56] Using Salmonella 
typhimurium TA100, the Ames test was performed on 
30 H. pylori strains to determine which ones were 
mutagenic. The findings show that none of the H. pylori 
strains tested were mutagenic, but the variation in Ames 
ratios between strains could be an indication of 
genotoxicity.[57]

Arimoto-Kobayashi[57] hypothesized in 20015 that H. 
pylori components might be connected to the mutagenic 
response brought on by DNA alkylation and could be 
identified using the Ames test using a more sensitive 
strain to alkylating agents. Their research showed that an 
extract of H. pylori was mutagenic in the Ames test with 

Salmonella typhimurium YG7108, which has a defect in 
O 6-methylguanine DNA repair. They proposed that the 
mutagenic element is a small molecule that is absorbed 
into dialysis-resistant proteins in the H. pylori extract. 
The alkylative mutagenic component of chronically 
infected H. pylori in the stomach may be the cause of H. 
pylori-associated gastric carcinogenesis when it is 
continuously and chronically exposed to gastric epithelial 
cells.[58]

In 1997, Hagman et al. investigated the mutagenicity of 
neutrophils exposed to two different strains of H. pylori 
for at least two hours, as well as the mutagenicity of 
sterile human gallbladder bile added alone to neutrophils 
or in combination with neutrophils and H. pylori. They 
discovered that the H. pylori and bile challenge to 
neutrophils causes mutagenicity. Reactive oxygen 
metabolites alone don’t seem to be the cause. According 
to reports, inflammation brought on by Helicobacter 
infection has a significant capacity to trigger DNA 
methylation. The presence of oxidatively damaged DNA 
in the gastric mucosa suggests an association with gastric 
carcinogenesis, and inflammation-related host factors 
linked to H. pylori infection have been reported to 
increase production of reactive oxygen species. [59,26]

Papa and his team demonstrated in 2002[60] that H. pylori 
infection caused by a CagA+ strain is connected to the 
highest production of reactive oxygen species, which 
equates to severe oxidative DNA damage. This series of 
events might lend credence to the idea that gastric 
carcinoma develops from chronic gastritis as a result of 
oxygen free radical-mediated damage caused by 
cytotoxic strains of the H. pylori bacteria. In 2015, 
Arimoto-Kobayashi and his team reported that an H. 
pylori extract was mutagenic in the Ames test with 
Salmonella typhimurium YG7108, which is deficient in 
DNA repair of O 6 -methylguanine. It’s possible that the 
H. pylori extract contains methylating or alkylating agents 
that could cause DNA to become 6-alkylguanine. 
According to their hypothesis, the mutagenic substance 
is a small molecule that is absorbed by dialysis-resistant 
H. pylori extract proteins. A contributing factor to the 
development of H. pylori-associated gastric cancer may 
be the ongoing and chronic exposure of gastric epithelial 
cells to the alkylative mutagenic component of 
chronically infected H. pylori in the stomach.

The CagA oncoprotein and gastric cancer share an 
extensive and complex panel of virulence factors and 
effectors that are connected to the bacterium’s capacity 
to colonize and survive in its host while also causing 
harm to the gastric mucosa. The lesion can develop 
when H. pylori secretes the oncoprotein CagA, which, in 
combination with host factors such as pro-inflammatory 
cytokines, controls the inflammatory response.[61] TFSS 
is used by H. pylori cagA-positive strains to start CagA 
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delivery into the cytoplasm of the host cells. The 
interaction of CagL, a component protein of SST4, with 

integrin 5ß1 is crucial for the translocation of CagA,[29] 
which initiates the formation of a conduit connecting 
the bacterium and the host cytoplasm to deliver CagA.

A significant mucosal and systemic immune response 
brought on by H. pylori infection results in the 
production of antibodies.[61] But neither the humoral nor 
the oxidative response can put an end to the infection; 
instead, severe inflammation causes damage to the 
stomach’s lining and may result in atrophic gastritis. The 
beginning of an inflammatory response in the gastric 
mucosa is the primary physiological event in H. pylori 
infection. The inflammatory cytokines IL-1 and TNF- 
are especially stimulated by H. pylori, its products, and 
many non-microbial agents. Inflammatory cytokines are 
soluble peptide molecules that mediate communication 
between immune and neuroendocrine systems as well as 
between immunocompetent and hematopoietic cells. 
Once H. pylori has infected the gastric mucosa, it 
activates neutrophils and mononuclear cells, which then 
infiltrate the mucosa and release a number of inflam-
matory cytokines.[62] By attaching to particular receptors 
on target cells,[63] these cytokines produce their biological 
effects.

By avoiding lysosomal fusion, H. pylori can also evade 
bacterial phagocytosis, in which PNNs and macrophages 
take part.[64] As a result, it has been demonstrated that H. 
pylori bacteria can survive intracellularly in macrophages 
by interfering with lysosomal proteins.[65] In one study, 
Allen and his team demonstrated delayed bacterial 
uptake into macrophages, followed by the formation of 
megasomes as a result of phagosome fusion. These 
megasomes shield intracellular bacteria from effective 
eradication and may even help an infection persist.[64,66] 
Finally, more recently, the Zhao team showed that 
activated myeloid suppressor cells and IL-17-producing 

γδ T cells were present in the gastric tumor tissue, 
suggesting a role for these two cell populations in the 
development of LGM,[67] both in patients with LGM and 
in a mouse model of LGM induced by H. felis infection.

Activated cancer-associated fibroblasts (CAF), the 
majority of the cells surrounding the gastric cancer that 
are influenced by CagA, produce a molecular microen-
vironment that encourages tumorigenesis and cancer 
invasion.[68,69] H. pylori CagA-positif can induce activation 
and differentiation of gastric fibroblasts, mediated by the 

transcription factors NFκB and STAT3 signaling leading 
to rapid expression of the Snail1 protein, which can 
finally activate the secretome responsible for the inflam-
matory and fibroblast-inducing microenvironment that 
serves in gastric cancer development.[70]

Bacterial strains that are positive for both proteins 

(CagA and VacA), which have complementary functions, 
have higher virulence and are more capable of 
determining the histopathological actions that take place 
in the oncogenesis pathway. As a result, VacA and CagA 
alter adhesion, cytoskeletal organization, cell mobility 
and permeability, as well as mitochondrial and lysosomal 
activitie.[71]

CagA and VacA have an antagonistic effect on one 
another: By simulating Bcl2’s antiapoptotic properties, 
CagA prevents VacA from exerting its toxic effects. 
CagA’s phosphorylated form prevents VacA from 
moving into intracellular compartments, while its non-
phosphorylated form blocks VacA from doing so. This 
antagonistic relationship is also seen in the morpho-
logical changes that H. pylori causes in epithelial cells: 
VacA+/CagA- mutant strains worsen the vacuolation of 
host cells, while CagA+/VacA- mutants increase the 
length of the cells. The ERK pathway is not activated by 
CagA when VacA is present.[72]

Individual clinical outcomes are clearly influenced by 
host genetic polymorphisms, which have a direct impact 
on inter-individual variations in cytokine production 
rates that are both anti- and pro-inflammatory. Humans 
develop a potent cellular and humoral immune response 
to H. pylori. The humoral reaction does not appear to be 
capable of curing the infection.[73] By infiltrating 
macrophages, neutrophils, regulatory T cells, and natural 
killer cells, H. pylori infection has a significant impact on 
the  gastr ic  microenvironment.[11,74] Inf lammatory  
mediators such as cytokines, chemokines, and metallo-
proteinases that are released by gastric and infiltrating 
cells promote the EMT process in gastric cells; 

transforming growth factor-β (TGF-β) is probably one 
of the most relevant EMT inducers.[12]

Therefore, chronic inflammation may play a significant 
role in the development of EMT and carcinogenesis.[75]

Small, secreted proteins called cytokines are linked to the 
preservation of immune homeostasis and have also been 
linked to the pathogenesis of a number of autoimmune 
and inflammatory diseases. The treatment of such 
pathologies has been transformed by biological agents 
that block cytokines or their receptors. To treat inflam-
matory bowel disease that targets cytokines, cytokine 
receptors, and adhesion molecules, many difficulties 
have recently been identified.[76]

The immune response, though, might not be sufficient 
to get rid of the infection. In fact, a study done on mice 
lacking the anti-inflammatory cytokine IL-10 showed 
that the innate immune system can stop H. pylori 
infection.[77] Therefore, the long-term persistence of this 
infection is actually caused by the immune system being 
modulated by H. pylori. The immune response to H. 



Boudouaia-Ouali and Dali-Sahi • Volume 1 • Number 5 • 2023 https://www.hksmp.com/journals/gfm

7

pylori, which involves a delicate balance between innate 
immunity actors and dependent adaptive responses TH1 
and TH17, significantly affects how the infection 
develops.

Numerous immunomodulation techniques are used by 
H. pylori. On the other hand, excessively intense inflam-
mation must be avoided by the host as it can help 
control infection but is harmful to the gastric mucosa. 
For H. pylori, the secret to an infection that has persisted 
for years without treatment is its capacity to trigger an 
anti-inflammatory response in order to avoid being 
eliminated by its host. Everything is therefore a matter 
of balance, and the relatively harmonious coexistence 
between H. pylori and its host is disrupted when one of 
the responses takes over.

A study was conducted to determine how the CagA gene 
affects the expression of the cytokine messenger RNA 
(mRNA gastroduodenal diseases associated with H. pylori 
infection) in the gastric mucosa. Inducing IL-8 mRNA 
expression by CagA-positive strains suggests that IL-8 
may be crucial in the pathogenesis of gastroduodenal 
disease brought on by H. pylori infection.[78] It has a type 
IV secretion system that can introduce molecules into 
the epithelial cell, including the CagA protein. This 
protein will interfere with actin polymerization, 
reorganize the cytoskeleton, and undoubtedly promote 
apoptosis.

Gastric adenocarcinomas are caused by chronic atrophic 
gastritis, autoimmune atrophic gastritis (Biermer’s 
disease), and inflammation of the gastric mucosa 
followed by destruction of the superficial layer by 
Helicobacter pylori. one percent of H. pylori patients 
develop adenocarcinoma. Silently, it has evolved.

TUMOR NECROSIS FACTOR

TNF-α inducing protein (Tip protein α), which binds to 

cell surface nucleolin and triggers carcinogenic changes, 
is produced in large quantities by H. pylori strains.[79,80] It 
is one of the potential indicators of H. pylori’s virulence. 

Tip α promotes EMT progression by interacting with the 

nucleolin receptor to cause mesenchymal changes in 

cells.[81] H. pylori isolated from gastric cancer patients can 

secrete significant amounts of Tip. TGF-α, hepatocyte 

growth factor (HGF α), tumor necrosis factor α (TNF-α
), and hypoxia-inducible factor 1-α (HIF1α) all support 

EMT. Tip α, CagA, and VacA all contribute to mucosal 
damage ,  which  i s  a  major  factor  in  gastr ic  

carcinogenesis.[82]

According to research, Tip α promotes the formation of 
filopodia in gastric cancer cell lines, indicating invasive 
morphological changes and decreased Young’s modulus 

of gastric cancer cells, which indicates that cell stiffness 
is reduced and cel l  moti l i ty is increased and 
phosphorylates various oncoproteins; it also enhances 
the formation of filopodia, morphological and conform-
ational changes within cells, and vimentin expression via 
MEK-ERK phosphorylation, confirming its role in these 
processes.[83,84]

PROGRAMMED CELL DEATH PROTEIN

Apoptosis, also known as programmed cell death, which 
literally translates to “falling off” like leaves, is a cellular 
process that gets rid of unhealthy, unwanted, or 
dangerous cells. Rarely, if ever, does H. pylori invade the 
stomach lining. Although H. pylori can colonize stomach 
crypts, it never spreads. The primary cause of the host 
response is bacterial attachment to epithelial cells. Class 
II MHC is found on the surface of gastric epithelial cells, 
and H. pylori can bind it to cause their apoptosis.[85]

A tumor suppressor called programmed cell death 
protein 4 (PDCD4) prevents tumor invasion, metastasis, 
or the induction of apoptosis in cells. It binds to 
eukaryotic initiation factor 4A (eIF4A) or eukaryotic 
translation initiation factor 4G (eIF4G), which prevents 
translation, and is found in the nucleus of proliferating 
cells. By controlling the expression of mitogen-activated 
protein 4 kinase 1 or urokinase plasminogen activator 
receptor, PDCD4 regulates the inhibition of cancer 
invasion. Along with connecting with the DNA binding 
domain of the TWIST1 gene, it is also in charge of 
suppressing the expression of the Y-box binding 
protein.[86]

One of the elements contributing to the induction of 
carcinogenesis is PDCD4.[87] Yu and his team[88] 
demonstrated that in gastric cancer tissue, downregu-
lating PDCD4 expression results in lower levels of E-
cadherin, higher levels of TWIST1, and lower levels of 
vimentin. CagA-positive H. pylori strain infection caused 
the downregulation of PDCD4 and subsequent 
alterations in mesenchymal epithelial markers. EMT was 
reduced by overexpression of PDCD4. In gastric cancer, 
overexpression of microRNA-21 affects the expression 
of the tumor suppressors phosphatase and tensin 
homolog (PTEN) and PDCD4, changing the molecular 
pathways involved in cell growth, invasion, migration, 
and apoptosis.[89]

CONCLUSION

It is still debatable whether H. pylori infection causes 
gastric carcinogenesis. The advancement of sequencing 
technology has increased our understanding of the 
human gastric microbiome, which is now known to be 
essential for preserving homeostasis while modifications 
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to the make-up of the microbial community may 
encourage the emergence of gastric diseases. The gastric 
microbiome’s carcinogenic effects have drawn more 
attention recently.

The development of gastric cancer is also aided by 
bacteria other than H. pylori. In a high-risk area of China, 
a prospective randomized controlled trial showed that 
over the course of 7.5 years, patients receiving H. pylori 
eradication therapy compared to placebo experienced a 
similar incidence of gastric cancer.[90] According to a 
recent case-control study on the microbiome profiles of 
the stomach conducted in Korea, patients with gastric 
cancer had higher concentrations of P. acnes and P. 
copri than control subjects, indicating that the presence 
of these species raises the risk of gastric cancer.[91]

There is mounting evidence linking the development of 
gastric cancer and the gastric microbiome. At various 
disease stages, the gastric microbiome has undergone 
described changes. This is probably brought on by 
interactions between the host immune system, the 
environment, and the gastric microbiota. Despite 
numerous studies on the H. pylori’s carcinogenic 
mechanisms in recent decades regarding the precise part 
of non-H. pylori in the emergence of gastric cancer. 
Currently, only a few studies have concentrated on the 
potential carcinogenic roles of non-H. pylori and their 
metabolites, including induction of inflammatory 
response, modulation of immune response, induction of 
DNA damage, and promotion of EMT. As a result, 
more research is needed to elucidate the detailed 
carcinogenic mechanisms of the gastric microbiome and 
provide new insights for the diagnosis, prevention, and 
treatment of gastric cancer.

However, it is difficult to propose eradicating this 
bacterium on a population scale in the hope of curing 
this cancer. More research is needed to identify infected 
individuals at risk (characterization of the bacterial 
strains involved in gastric cancer and predictive suscept-
ibility markers) who should benefit from an eradication 
cure to prevent the occurrence of gastric cancer.
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