O Infection Control 2025;2(4)

* Review

The main pathogenic structure and mechanism of Helicobacter
pylori

Yue Zhang', Yuxin Bai', Tongbing Chen?, Meihua Wang**

'Department of Pathology, Changzhou Tumor Hospital Affiliated to Soochow University, Changzhou 213032,
Jiangsu, China.

’Department of Pathology, Changzhou First People’s Hospital Affiliated to Soochow University, Changzhou
213004, Jiangsu, China.

*Department of Pathology, Changzhou Cancer Hospital, Changzhou 213032, Jiangsu, China.

Abstract

Helicobacter pylori (H. pylori), due to its particular bacterial structures, can colonize in the acidic stomach environment
and concomitantly resist to antimicrobial agents. Besides, the virulence factors secreted by the bacterium could induce a
series of signaling pathways, leading to the production of inflammation and modulation of gene expression, and ultimate-
ly contributing to digestive system and even systemic diseases. With the continuous increase in the incidence and mortal-
ity of gastric cancer , researches focusing on H. pylori, one of the key high-risk factors, has gained growing attention in
clinical and basic science fields. Once infection is confirmed, timely and standardized treatment, verification of antibiotic
susceptibility, and post-therapeutic testing constitute the main prevention and control strategies. Given the diversity and
complexity of the pathogenic mechanisms underlying H. pylori infection, this review aims to synthesize the latest advanc-

es in understanding its bacterial structure, as well as the pathogenic mechanisms mediated by virulence factors.
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H. pylori, is a microaerophilic, Gram-negative bacte-
rium that specifically colonizes the gastric epithelial
cells in the stomach causing a range of gastroin-
testinal diseases, including chronic gastritis, peptic
ulcer disease, mucosa-associated lymphoid tissue
(MALT) lymphoma, and gastric cancer (GC) [,
Hence, World Health Organization (WHO) and In-
ternational Agency for Research on Cancer (IARC)

classifies H. pylori as a class I carcinogen 2. Ac-

cording to Global cancer statistics 2022 data B!, GC
is the fifth most common tumor in the world, while
approximately 76% of GC patients are attributed to
H. pylori infection ™. Infection is generally occurred
during childhood, with a minority of cases being ac-
quired by adults, through the fecal-oral, gastro-oral
or oral-oral routes ). With the growing antibiotic
resistance it exhibits, H. pylori has become a global

health problem requires urgent solutions [,
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The main structure of H. pylori
Urease

During the initial stage of the infection, urease, which
is encoded by urease gene cluster A, B, E, F, G and
H U1, works by hydrolysing the toxic urea to generate
carbon dioxide and ammonia to neutralize the acidic
environment of the stomach ®!. This enables H. pylori
to survive and proliferate in a gastric environment with
a pH of 1-2 P!, Meanwhile, ammonia damages the host
cell by affecting its vesicular transport mechanism, ad-
enosine triphosphate (ATP) production and translation
machinery "%, Since the production of urease is unique
to H. pylori, the urea breath test (UBT) is widely used

in the diagnosis of the infection "!,
Flagella

Flagellar motility allows H. pylori to navigate through
the gastric mucous layer and reach the gastric epi-
thelium, thereby facilitating bacterial colonization
and pathogenesis ['?!. Experiments by Liu X et al. [3!
illustrated that flagellar rotation is a key signal regulat-
ing biofilm formation in H. pylori. They suggest that
flagellar counterclockwise rotation is a driver of bio-
film initiation, while clockwise rotation results in low
biofilm initiation.The formation of biofilm is related to

antimicrobial resistance and host immune responses.
LPS

Lipopolysaccharides (LPS) ,as the major component of
the outer membrane of H. pylori, can induce and promote
severe bacterial infections. It has been shown that the me-
tabolites of LPS activate immune cells to secrete pro-in-
flammatory cytokines such as interleukin-1 beta (IL-1p),
tumor necrosis factor- alpha (TNF-a), and interleukin-6

(IL-6) 41, which regulate multiple signaling cascades that

inducing chronic inflammation of the gastric mucosa.
OMPs

The outer membrane proteins (OMPs) serve as criti-
cal mediators of bacterial adhesion, immune evasion,
and interactions with the host, playing a key role in
H. pylori pathogenesis ', Main OMPs with adhesive
properties, including blood-antigen binding protein A
(BabA) and sialic acid-binding adhesin (SabA), enable
H. pylori to attach to specific receptors on the gastric
epithelium to avoid displacement by forces such as those
generated by peristalsis and gastric emptying '®!. Studies
demonstrated that some adherence act as porins, such as
HopA. HomB, which involved in the transport of mol-
ecules across the bacterial outer membrane, promoting
biofilm formation to resist antibiotics '”). Besides, some
OMPs like the outer inflammatory protein A (OipA), can
activate the PI3K/Akt signaling pathway lead to promote
interleukin-8 (IL-8 ) release in gastric epithelial cells to
trigger chronic inflammations . Moreover, adhesion
factors like BabA/B/C, SabA/B, AlpA/B, HomA/B/C/
D and others, enhance the transport of Cytotoxin-as-
sociated gene A (CagA) through the type IV secretion
system (T4SS) 1,

The main virulence factor of H. pylori
CagA

CagA and T4SS, coded by a 40-kb chromosomal region
known as the cytotoxin-associated gene pathogenicity
island (cag PAI), play a central role in the pathogenesis
of diseases associated with H. pylori . When T4SS
adheres to gastric epithelial cells, it’1l act as a molecular
syringe that injects the bacterial protein CagA into the
cytoplasm of the host gastric cell, with the assistance of
adhesins Y. The H. pylori CagA protein is comprised

of five amino acids, EPIYA (glutamic acid-proline-iso-
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leucine-tyrosine-alanine) which functions as a mem-
brane association and tyrosine phosphorylation site 221,
According to the adjacent sequences ¥, four different
types of EPIYA regions have been figured: EPIYA-A,
-B, -C, and -D. Depend on geographic, genotypic, and
virulence characteristics of strains, EPIYA-C has been
reported to be associated with increased level of viru-
lence 4. CagA alters host cell signaling factors through
its EPIYA Tyr Phosphorylation Motifs in a phosphory-
lation dependent or -independent manner, resulting in
anomalous cytoskeletal changes, cellular proliferation,
polarity, apoptosis, and differentiation as well as induc-

tion of inflammatory cytokines.

NF-kB signaling pathway

Phosphorylated CagA (p-CagA) binds to the Src ho-
mology 2 (SH2) domains of host signalling factors and
activates the tyrosine phosphatase SHP-2, promoting
cell motility and disrupting intercellular junctions in
gastric cells, resulting in increasing permeability 2%,
Additionally, SHP-2 pathway also induces sustained
signal transducer and activator of transcription-3
(STAT3) activation, thereby activating a number of
downstream target genes !, Bronte-Tinkew DM and
his co-workers have demonstrated that H. pylori infec-
tion upregulates MYBL2 expression via STAT3-depen-
dent transcriptional activation, leading to trigger NF-
kB pathway activation to enhances the proliferative
and migratory capacities of GC cells 2. The MYBL2
gene, also known as B-MYB, is a crucial transcription
factor that affects cell proliferation, differentiation,
progression through the cell cycle, and the response to

treatments in cancerous cells 7],

Non-phosphorylated CagA activates the PI3K-AKT
signaling pathway, causing activation of NF-kB path-
way and subsequent promoting expression of pro-in-
flammatory factors such as IL-8 %, As a key nuclear

transcription factor in gastric carcinogenesis initiated

by H. pylori *®, NF-kB mediates the transcription of
genes that enhance cell cycle progression, inhibit apop-
tosis, and promote angiogenesis, thereby fostering a tu-
mor-supportive environment 3%, Experiment in vitro
by Li et al. illustrated that H. pylori-mediated delivery
of CagA into cultured gastric epithelial cells activates
YAP pathway P, leading to down-regulate E-cadher-
in and promote the epithelial mesenchymal transition
(EMT) program, thereby resulting in gastric carcino-
genesis 24, Additionally, a study % uncovered that H.
pylori induces NF-kB pathway to upregulate PIEZO1
expression, which further activating YAP1 signaling
to drive GC progression. As the downstream effec-
tor of YAP1, YAP1-connective tissue growth factor
(CTGF) triggers the proliferation of cancer-associated
fibroblasts, fostering a mechanically tumourmicroenvi-
ronment, which results in a self-perpetuating loop that
fuels GC progression. Notably, the study demonstrate
that targeting CTGF could present novel therapeutic

opportunities to inhibit GC progression and metastasis.

MAPK/ERK signaling pathway

In addition, p-CagA activates the MAPK/ERK path-
way, thereby broadly leading to cytoskeletal rearrange-
ment, inflammatory responses, apoptosis, disruption
of intercellular junctions, and phenotypes associated
with EMT 31, Extracellular regulated protein kinase
(ERK) is a key kinase that transmits signals from cell
surface receptors to the nucleus. During the occurrence
and development of GC, the ERK signaling pathway is
abnormally activated P4, A research demonstrated that
transcription factor SP1 directly influence the transcrip-
tional regulation of nuclear factor interleukin 3 (NFIL3)
by activating the CagA/ERK pathway ®°. Here, NFIL3
is a biorhythm protein, its dysregulation disrupts stom-
ach rhythms, triggering onset of various gastrointesti-
nal disorders, such as gastric dyspepsia, gastric ulcers,
and cancer B¢, Besides, they also found that NFIL3 can

regulate the NF-xB pathway to mediate inflammation
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by the RNA-seq and Gene set enrichment analysis.

Whnt/p-catenin signaling pathway

Besides, non-phosphorylated CagA also can compet-
itively combine with E-cadherin, discouraging the
E-cadheriN -B-catenin complex and causing cytoplas-
mic and nuclear accumulation of B-catenin, contributing
to trigger Wnt/B-catenin signalling pathway B7. These
efforts account for promoting the transcription of genes
linked to carcinogenesis ¥ and accelerating EMT 24,
Low-density lipoproteinreceptor-relatedprotein8 (LRPS)
recently has been identified its function in prolifera-
tion, migration, and chemosensitivity in various types
of cancer ¥, Notably, Bin Liu et al., found that LRP8
interacts with CagA and excessive B-catenin to form the
CagA/LRP8/b-catenin complex, which enables f-catenin
to translocate from nuclear, leading to increased tran-
scription of inflammatory factors and cancer stem cell
markers B%. Secondly, it has been reported that surplus
LRP8 might continue to increase b-catenin transcrip-
tion even after eradicating H. pylori infection, offering
a possible explanation for the progression to GC in
some patients despite successful H. pylori eradication
therapy . Moreover, they noticed that LRP8 overex-
pression is able to reduce 5-FU-induced apoptosis and
resist to it, which meaning that targeting LRP8 may be
a promising strategy to overcome GC by addressing the

root causes of chemoresistance 1.

CagA/SQLE/PD-L1I axis

As a crucial enzyme in cholesterol metabolism 2,
squalene epoxidase (SQLE) involves in various tu-
mors, including colorectal cancer, pancreatic cancer,
hepatocellular carcinoma, prostate cancer, and glio-
blastoma [*-**1, One study revealed that SQLE, induced
by CagA, can promote PD-L1 palmitoylation while
decrease its ubiquitination, which could maintain PD-
L1 stability, thereby suppressing T cell activity and

facilitating immune evasion in GC 491,

CagA/reg3/CDK4/cyclinD1 axis

A research 7! discovered that the expression of regen-
eration gene 3 (reg3) and CagA in cancerous tissues
was higher than that in adjacent tissues. Then, they
uncovered that CagA promotes reg3 expression, which
jointly activate the formation of the cell cycle-depen-
dent complex CDK4/CyclinD1, and subsequent lead-
ing to regulate G1/S phase transition of the cell cycle.
This effort could accelerate cell proliferation, and has

been verified in mice models.

VacA

Another major virulence factor of H. pylori known as
vacuum-activated cytotoxin A (VacA ), is a multifunc-
tional toxin, responsible for pleiotropic effects on host
cells. including vacuolization, necrosis, and apoptosis.
First of all, serving as a channel, VacA could form an-
ionic selection channels in the cell membrane which
compromise the integrity of the gastric epithelial bar-
rier, leading to intracellular disturbances and bacterial
colonization ™. Secondly, VacA can also be incor-
porated into the mitochondrial membrane, releasing
cytochrome C and causing apoptosis ™. Furthermore,
it could modulate the function of T cells and other
immune cells in order to interfere with and evade the
immune responses, which may indirectly influence the

STATS3 signaling pathway %511,

NAP

Neutrophil-activating protein (NAP), encoded by the
napA gene, is the main pro-inflammatory factor of H.
pylori B2 Tt has been reported to activate neutrophils to
generate reactive oxygen species (ROS) and to adhere
to gastric epithelial cells 3. In addition, NAP induces
monocytes and mast cells to produce various pro-in-
flammatory chemokines such as IL-8, IL-6, TNF-a,

MIP-1a, MIP-1b and so on B, resulting in chronic in-
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flammation of the gastric mucosa.
Inflammation and inflammatory factors

Apart from the bacterial-specific virulence factors,
the other pivotal contributor to the development of H.
pylori-related diseases is inflammation. As mentioned
above, neutrophils play a critical role in the innate
immune response, which produce substances with an-
timicrobial activity, such as ROS and reactive nitrogen
species (RNS) 1. Nevertheless, neither ROS or RNS
eliminate the bacterium, owing to H. pylori defense
mechanisms which can release antioxidant enzymes.
Indeed, induced oxidative stress could dysregulate
DNA repair mechanisms of the gastric epithelial cells,
causing microsatellite instability and effecting mitotic
checkpoints, thus giving rise to cancer ¢, Recently,
there was a study B7 revealed that ROS could mediate
the H. pylori-induced upregulation of SAE1 (SUMO
activating enzyme subunit 1), SUMOI1, and SUMO2/3
protein by the cell and animal models. Here, SAE1
involved in cell proliferation, migration, invasion and
metastasis in GC. Thus, they suggested that targeting
SAE1 might be a potential strategy for GC therapy.

Among the inflammatory factors that secreted by
multiple immune cells, pro-inflammatory cytokine
interleukin-6 (IL-6) is a crucial factor in gastric car-
cinogenesis %%, Tt is reported that IL-6 signaling also
can phosphorylated STAT3, stimulating the transcrip-
tion of downstream STAT3 target genes. Notably, the
IL-6/STAT?3 axis is also involved in the polarization
of macrophages, mediating a cross-talk involving
macrophages and tumor cells in the tumor microen-
vironment, causing a positive feed-back loop in both
autocrine and paracrine fashion . Moreover, as the
downstream gene of STAT3, DAB2 was promoted to
transcript, which further activated YAP1 and upregu-

lated the transcription of the downstream target genes,

and therefore accelerates GC progression [¢!1, Based
on this, targeting DAB2 is suggested to be a effective
therapeutic strategy.

Other mechanisms

However, some researchers believe that hypergas-
trinemia may increase the risk of GC 62641, A prospective
study T uncovered that H. pylori alone was not directly
linked to GC, but indirectly via induction of oxyntic at-
rophy which induce hypergastrinemia. Secondly, the risk
of GC after H. pylori eradication depends on the degree
of oxyntic atrophy. Thus, they advocate that patients
with long-term hypergastrinemia secondary to oxyntic
atrophy whether due to autoimmune gastritis or H. pylo-
ri should choose a gastrin antagonist like netazepide but

not the inhibitors of acid secretion.

Treatment

According to the recommendations in the latest pub-
lished ACG Clinical Guideline ¥ Treatment of Helico-
bacter pylori Infection, for treatment-naive patients with
H. pylori infection, bismuth quadruple therapy (BQT)
for 14days is the preferred regimen. Here, BQT typical-
ly comprises a bismuth salt (e.g., bismuth subcitrate or
subsalicylate), a nitroimidazole (metronidazole or betin-

idazole), tetracycline (e.g., doxycycline), and a PPI.

In conclusion, H. pylori can mediate cellular coloniza-
tion through its unique structures and OMPs, and also
promotes various diseases by directly secreting virulence
factors as well as indirectly triggering inflammation or
hypergastrinemia. In addition, accumulating research
has demonstrated that H. pylori elicits robust immune
and inflammatory responses which not only exacerbate
gastric mucosal injury but also drive abnormal prolif-
eration and genetic mutations in gastric epithelial cells,

disrupt DNA repair machinery, induce microsatellite in-
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stability (MSI), and impair mitotic checkpoints, thereby
predisposing to carcinogenesis 1. Notably, persistent
DNA damage elevates the risk of gastric cancer recur-

rence even after successful H. pylori eradication %,

Furthermore, H. pylori modulates both the host’s in-
nate and adaptive immune responses, thereby shaping
an immunosuppressive tumor microenvironment. This
immunomodulatory effect not only directly promotes
gastric carcinogenesis but also compromises the effica-
cy of immunotherapies . Clinical trials indicate that a
subset of gastric cancer patients remains unresponsive
to or develops resistance against immune checkpoint
inhibitors (ICIs) such as programmed cell death pro-
tein 1 (PD-1) and programmed death-ligand 1 (PD-L1)
inhibitors Y. Despite the increasing number of studies
on H. pylori at present, the incidence and mortality
rates of peptic ulcers and GC remain high, requiring

more efforts to explore further.
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