Microb Health Dis 2024; 6: e1046 ( European

HELICOBACTER PYLORI.
PATHOGENESIS

Group

P. Sahanas, L. Jonaitis

Department of Gastroenterology, Lithuanian University of Health Sciences, Kaunas, Lithuania

Corresponding Author: Povilas Sabanas, MD; email: povilas.sabanas@kaunoklinikos.It; povilas.sabanas@Ismu.lt

Abstract — In this review, we analyze the research articles and findings related to the pathogenesis of Heli-
cobacter pylori infection, which were published between April 2023 and March 2024. H. pylori is the most
common infectious disease worldwide. The clinical consequences of H. pylori infection are closely linked with
the expression of virulence factors produced by the bacterium. To improve diagnostic tools and optimize the
treatment outcomes of H. pylori infection it is essential to understand its pathogenesis. The latest mechanisms of
how H. pylori interact with host tissue and microbiome, induces and modulates its pathogenicity, and influences
the development of malignant disease as well as extragastric pathologies are represented in our review article.
Treatment success rates by the current guidelines-based regimens remain suboptimal due to the increasing anti-
microbial resistance of H. pylori. The mechanisms of resistance are still in the scope of research. We also describe
the studies related to the possible mechanisms of resistance of H. pylori to antibacterial drugs.
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BACKGROUND AND METHODS

In this review, we will focus on the research articles and findings related to the pathogenesis
of Helicobacter pylori infection, which were published between April 2023 and March 2024. By
using the keywords listed further, we have conducted a comprehensive literature search in the
PubMed database and a thorough revision of filtered abstracts. In this review article, we used
published manuscripts deemed to be most relevant for this special issue in accordance with the
selected date. H. pylori is the most common infectious disease worldwide. The clinical conse-
quences of H. pyloriinfection are closely linked with the expression of virulence factors produced
by the bacterium. To improve diagnostic tools and optimize the treatment outcomes of H. pylori
infection, it is essential to understand its pathogenesis. The latest mechanisms of how H. pylori
interacts with host tissue and microbiome, induces and modulates its pathogenicity, and influ-
ences the development of malignant disease as well as extra gastric pathologies are represented
in our review article. Treatment success rates by the current guidelines-based regimens remain
suboptimal due to the increasing antimicrobial resistance of H. pylori. The mechanisms of re-
sistance are still in the scope of research. We also describe the studies related to the possible
mechanisms of resistance of H. pylori to antibacterial drugs.

INTERACTION OF HELICOBACTER PYLORI AND GASTRIC CELLS OF THE HOST

Helicobacter pylori (H. pylori) colonizes gastric mucosa by many mechanisms, including spiral
shape, multiple unipolar flagella, and the secretion of urease that protects bacteria from the
acidity of the stomach. Mostly studied and relevant virulence factors are cytotoxin-associated
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gene A (CagA), its pathogenicity island (cagPAl), vacuolating cytotoxin (VacA), bacterial flagel-
lum and H. pylori Type-4 secretion system (T4SS) that secretes 18 different proteins into host
tissue's.

The translocation of H. pylori oncogenic factors to the host cells is a relevant mechanism
initiating inflammation and interaction of immune cells with pathogen and gastric cells. CagA is
an oncoprotein injected by T4SS into the gastric cells. Blanc et al*analyzed Cagl protein, which
is a compound of T4SS. Authors revealed that Cagl has a unique dimeric structure in which
the C terminal of the domain interacts with gastric cells. The study found that designed ankyrin
repeat proteins (DARPIns) interacted with Cagl by inhibiting T4SS and translocation of CagA
into gastric cells. This study has been the first to describe DARPIn inhibition of cagT4SS and
pave the way for strategies targeting H. pylori-specific extracellular determinants of the CagA
translocation*. Lépez-Luis et al® focused on Cagy, the largest and most essential component
of the T4SS of H. pylori. By studying its sequence and structure, the authors built the structural
model of CagY. It has been revealed that this protein takes a central role by forming a tunnel
from the inner membrane of H. pylori to the gastric cells of the host through which CagA is
transported. A better understanding of the structure and functions of CagY may suggest pos-
sible ways to prevent or modulate the pro-inflammatory activity of the T4SS, for example, by
designing the molecules that may block the binding of CagY?. The findings of these studies are
beneficial in identifying novel and effective treatment targets by inhibiting the translocation of
oncogenic factors to the host cells*®.

Natural killer and cytotoxic T cells play an essential role in mucosal immunity and tumor
immunosurveillance. Interesting findings were made by Anthofer et al®, who have investigated
the effect of H. pylori on the natural killer group, member 2 (NKG2D) system, to the immune re-
sponse, which is important for the elimination of infected and transformed cells. It was identified
that H. pylori toxin vacA induces NKG2D-L gene expression, which could activate an immune
response against infected gastric epithelial cells. CagA in this case appeared to trigger the shed-
ding of NKG2D, resulting in reduced immunogenic visibility of the cells. These findings contribute
to the knowledge of the carcinogenesis mechanism in the development of gastric cancer and
may fuel the development of immunotherapy approaches®.

Liu et al” investigated flagella and type 1V pili (TFP) appendages that form the flagellar motor
of H. pylori. The authors are the first to discover that these two appendages shared proteins
PilM, PilN, and PilO, and these coopted proteins, despite the motility of flagella, give the ability to
adhere to microcolony and biofilm formation’. H. pylori adhesin A (HpaA) is an outer membrane
protein that is an essential virulence factor for the colonization of gastric cells of the host and
leading to the damage of gastric mucosa. Based on this knowledge, Gao et al® performed an
experimental study and isolated the variable domain of immunoglobulin new antigen receptor
(VNAR). VNARs showed high binding capability to H. pylori and were characterized by stability in
the acidic environment of the stomach, ease of modification, and production. These recombinant
antibodies could recognize and bind to HpaA and interrupt attachment to HpA receptors and, in
such a way, may serve as potential therapeutic agents®.

H. pylori Infection in Relation to Microbiota and Extraintestinal Diseases

Studies have demonstrated that H. pylori affects the diversity of gastric microbiota and thus may
contribute to the development of gastric diseases such as gastric cancer or even contribute to the
pathogenesis of extraintestinal diseases®'. Last year, Yu et al®investigated the composition of
gastric microbiota in H. pylori-infected symptomatic, asymptomatic, and uninfected groups. They
found that bacterial diversity among H. pylori-positive symptomatic and asymptomatic groups
did not differ significantly, with Epsilonbacteraeota being the dominant phylum for both groups.
In the H. pylori-negative group, the abundance of Firmicutes, Bacteroidetes, Proteobacteria, and
Actinobacteria was higher compared to H. pylori-positive groups consistent with previous stud-
ies’™. These findings indicated that H. pyloriinfection causes gastric dysbacteriosis regardless of
whether digestive symptoms developed®.

To evaluate the relationship between Parkinson’s disease and gut microbiota and pathogens,
Zhou et al'' conducted a meta-analysis of 11 studies examining the association between H. pylori
and Parkinsonism. They found that the prevalence of H. pylori infection was significantly higher
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in the Parkinson’s group compared with controls. It has been suggested that H. pylori contributes
to Parkinson’s disease by secreting endotoxins, which cause microglia to produce inflammatory
markers that lead to microglia-mediated neuroinflammation.

Candelli et al?reviewed the topic of gastric microbiota and H. pyloriin relation to extra gastric
diseases focusing on atherosclerosis. The authors highlighted the importance of CagA-positive
H. pylori strains, which induce reactive oxygen species (ROS) that affect the endothelium and
are more likely to lead to atherosclerosis. An important finding is that epithelial cells injected with
CagA via the T4SS release exosomes containing this protein in systemic circulation and deposit
it into endothelial cells. Additionally, CagA induces IL-6 production and macrophage cell forma-
tion, which contributes to the development of atherosclerotic plaque formation'.

New Insights in Gastric Cancer Pathogenesis in Helicobacter pylori Infection

The World Health Organization has classified H. pylori infection as a class | carcinogen, thereby
establishing it as the foremost risk factor in the development of gastric cancer. A comprehensive
understanding of the molecular mechanisms by which H. pylori affects tumorigenesis is required
to improve current diagnostic, prognostic, and therapeutic approaches.

Liang et al'* discovered that H. pylori triggers the cGAS/STING/IRF-3 mediated kynurenine
pathway of tryptophan metabolism stimulating xanthurenic acid (XA) production, which contrib-
utes to intestinal metaplasia (IM)'. Li et al'® found that in 20% of cases with H. pylori infection
patients, precancerous conditions develop, among which metaplasia is the most critical. Authors
highlighted the interest in spasmolytic polypeptide-expressing metaplasia (SPEM), which is de-
rived from H. pylori infection and may be more linked to gastric adenocarcinoma than intestinal
metaplasia’®.

H. pylori infection causes aberrant DNA methylation and contributes significantly to gastric
cancer pathogenesis'®'®. Liu et al'® investigated the nucleotide-binding protein subunit beta-4
(GNB4) involved in tumorigenic processes. Authors found that H. pylori induces GNB4 mRNA
and protein expression, reduces the methylation level of GNB4 promoter region, and upregulates
ten-eleven translocation 1 (TET1) methylcytosine dioxygenases expression through NF-kB acti-
vation. The study demonstrated that increased GNB4 expression is associated with aggressive
clinical characteristics and poor survival outcomes™.

Li et al'” conducted a study on H. pylori and gastric fibroblast (GFs), confirming enhanced
a-smooth muscle actin (a-SMA+) and fibroblast activation protein (FAP) in GFs cocultured with
H. pyloriindicating GFs activation and transformation into cancer-associated fibroblasts (CAFs)".
Chen et al'® elucidated that H. pylori NF-kB subsequently triggered the PIEZO1-YAP1-CTGF axis,
leading to the accumulation of a-SMA+ CAFs. Enhanced microenvironment stiffness perpetuates
PIEZO1 activation in a positive feedback loop associated with poor clinical outcomes in H. pylo-
ri-positive gastric cancer tissue'®.

Chen et al'® investigated how H. pylori virulence factor CagA triggers the development of can-
cer stem cells (CSCs). Study findings demonstrate that infection with CagA-positive H. pylori ac-
tivates the PIBK/AKT pathway, leading to the transcriptional inactivation of intracellular FOXO3a
phosphorylation and induction of features resembling gastric cancer stem cells (GCSCs)™®.

PD-L1 is an immune checkpoint associated with malignancies, including gastroesophageal
junction carcinoma, cervical carcinoma, and non-small cell lung cancer?’. Wang et al?' investigat-
ed the impact of CagA on PD-L1 antibodies and found that the PD-L1 protein levels in exosomes
derived from plasma of CagA-positive gastric cancer were generally higher than those in Ca-
gA-negative cases. CagA may promote PD-L1 expression through regulating signaling pathways
mediated by p53 and miR-34a. It seems that CagA might upregulate the protein level of exo-
somal PD-L1 in H. pylori infected GC. According to recent findings?', the positive rate of PD-L1
expressions ranges from 25% to 65% and is associated with the poor prognosis of GC.

Changes of miRNAs in H. Pylori Infection

MicroRNAs (miRNAs) and circular RNAs (circRNAs) are non-coding types of RNA that contribute
to various carcinogenic pathways by downregulating or upregulating their target gene??-25.
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For instance, Malespin-Bendafa et al?® observed a significant downregulation of miR-203a
in human gastric carcinoma cell line AGS in response to H. pylori infection. This downregulation
promotes angiogenesis in the gastric mucosa by enhancing pro-angiogenic gene (ANGTPT2)
expression and favoring the process of chronic inflammation that contributes to the etiology of
gastric cancer independently of virulence factors CagA or T4SS2. In another study, Zhao et al??
found increased circPGD expression in H. pylori-infected human cells. The increased circPGD
expression contributed to gastric cancer development by facilitating cell migration, proliferation,
and epithelial-mesenchymal transition (EMT) while attenuating apoptosis?2. Huang et al?®® identi-
fied miR-21 as the most upregulated miRNA in gastric cancer cells. The upregulation of miR-21
is mediated by NF-kB activation. Their study showed that miR-21 targets the apoptosis-stimulat-
ing of the P53 Protein 2 (ASPP2) gene, whose expression was lower in H. pylori gastric cancer
tissues. Silencing of ASPP2 reduced CHOP-mediated apoptotic signaling in gastric cancer cells
following H. pylori infection?>.

Qi et al** analyzed the relationship between Forkhead box protein O1 (FOXO1), which in-
hibits the growth of gastric cancer, and miR-183 expression in gastric cancer patients with H.
pyloriinfection. They found that FOXO1 and mRNA from gastric tissues and serum were mark-
edly reduced compared with the control group. In vitro experiments confirmed that inhibition
of miR-183 expression in gastric cancer AGS cells led to upregulation of FOXO1 expression.
These findings highlight the biological pathway of the miR-183/FOXO1 in gastric cancer cells?.
Significant findings were made by Karimi et al?®. They evaluated the relationship between
miR-146a and miR-155 in patients with gastric cancer infected with H. pylori, compared to H.
pylori-infected patients without malignancies and healthy individuals. These miRs have been
identified recently, and they seem to target multiple genes associated with carcinogenesis. The
study showed that in both the H. pylori and gastric cancer-positive group and the H. pylori-pos-
itive group without cancer, the expression of miR-146a and miR-155 increased significantly?2®.
The findings of these studies provide a theoretical basis for the prevention, diagnosis, and
treatment of gastric cancer?*2.

Impact of New Pathogenetic Findings for New Treatment Options in the Eradication of
Helicobacter pylori

Antibiotics such as amoxicillin, clarithromycin, levofloxacin, metronidazole, tetracycline, and ri-
fampicin are being used in the treatment of H. pylori infection?”. However, existing combination
therapies fail to eradicate the infection in 10-30% of cases, primarily due to antimicrobial re-
sistance. Biofilm formation in vivo contributes to the development of multidrug resistance in H.
pylor?’. Despite a decreasing number of studies in the field of H. pylori pathogenesis, genetic
analysis and the search for new mutations remain crucial for understanding the mechanisms of
antimicrobial resistance and developing new therapeutic approaches?.

Lyu et al®*® conducted a study based on whole-genome sequencing of H. pylori. They
found that missense mutations in the fliJ and cheA genes, which are mainly involved in
chemotaxis and flagellar motility, help the bacteria evade antibiotics®®. a Samanic et al®
investigated clarithromycin (CAM) and levofloxacin (LVX) resistance genes in H. pylori in
Croatia. Three genes from nine H. pylori isolates were selected for the study: 23S rRNA,
gyrA, and gyrB. The mutations they found coincide with global findings, indicating that
these mutations are not restricted to a specific population or strain of H. pylori 272°. Ad-
ditionally, they identified H. pylori strains that were dual resistant to CAM and LVX, high-
lighting the bacteria’s successful evolution and its increased risk to human health due to
resistance to antibiotics?®®.

CONCLUSIONS

H. pylori plays a pivotal role in the development of precancerous and cancerous conditions in
the stomach. The mentioned studies highlight the importance of studying the molecular mech-
anism of how H. pylori interacts with host cells and where new diagnostic approaches and
therapeutic options could be implied. A good understanding of the pathogenic pathways and
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mechanisms associated with virulence factors is essential to identify new potential drug targets
and develop new therapeutic strategies by inhibiting the biological axis of virulence factors
and, in such a way, preventing the development of H. pylori-associated conditions.
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