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HIGHLIGHTS

e The interaction between innate and adaptive immune responses against H. pylori.

e The virulence factors of H. pylori to evaluate the susceptibility of the infection.

¢ New treatment and vaccination approaches for H. pylori relating possible mechanisms.

¢ Mechanisms shaping innate and adaptive immune responses considering genetics.

Abstract: Helicobacter pylori (H. pylori) is a gram-negative bacterium, considered one of the significant
discoveries about 40 years ago, and was isolated and cultured from the human stomach. H. pylori has
infected more than half of the human population, making it one of the most well-known human pathogens.
The front line of immune response starts with innate recognition of H. pylori and its mediators and intracellular
signaling by gastric epithelial cells in which they recognize and respond to bacterial products such as flagella,
lipopolysaccharides, and peptidoglycan. The inflammatory response is followed by the recruitment of various
cells of the innate and adaptive immune system. Cytokines including IL-12, IL-23, and TGF-B direct the
polarization of CD4+ T helper cells to Thl, Thl7, and Treg, respectively. The clinical symptoms that may
occur as a result of H. pylori infection linked to the virulence factors of the bacteria, the genetic factors of the
host, and the immune responses. Specific antigens have been found as part of these crucial virulence factors.
The specific antigens may play a role in the development of an effective vaccine to eradicate H. pylori
infection. Innate and adaptive immunity and genetic factors have an important place in understanding the
host response mechanisms, elucidating the pathogenesis of the disease, and developing new targeted
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therapy approaches. Thus, the aim of this study is to understand immune responses and investigate the
potential therapeutic vaccination against H. pylori.

Keywords: Adaptive immunity, Helicobacter pylori, immune response, innate immunity, vaccine, virulence
factors.

INTRODUCTION

H. pylori, a spiral-shaped bacterium strain, was successfully isolated and cultured from a human stomach
by Barry Marshall and Robin Warren in 1982 [1]. Experiments with volunteers followed by self-ingestion of
bacterial suspension experiments by Marshall and Morris showed that these bacteria were able to colonize
the human stomach, thereby inducing inflammation of the gastric mucosa [2]. H. pylori was originally named
Campylobacter pyloridis. After sequencing the gene in 1989, it was revealed that it does not belong to the
Campylobacter class. For this reason, it has been classified into a new class as H. pylori. The Greek word
"Helico" means "spiral" or "coil" [3]. H. pylori is a spiral-shaped, coiled gram-negative bacterium. It forms 1
mm diameter non-pigmented colonies on chocolate agar and blood agar in three days at 37 °C in
microaerophilic environment. H. pylori is very mobile and produces copious amounts of urease. Due to these
features, they can survive in the acidic and mucous environment of the stomach [4]. H. pylori enters the
human body through the mouth and moves through the digestive tract. It activates the immune system by
infecting the first line of the stomach or small intestine. This review focuses on the interaction of H. pylori with
the innate immune system, adaptive immune response mechanisms, and a range of virulence factors with
genotype. In addition, understanding the immune response mechanisms is important both for elucidating the
pathogenesis of the disease and for the development of new treatment approaches.

Innate immunity in H. pylori

The discovery of H. pylori by Barry Marshall and Robin Warren in 1982 marked the beginning of a new
era. Despite human immune responses to this pathogen, it can survive for a long time in the gastric mucosa.
Since the inflammatory response (inflammation) decreases in its favor, it forms the basis of the persistence
of the infection in humans. Microorganisms attach to specific receptors on the surface of cells with the help
of adhesion molecules in them. They protect themselves against mechanical attacks due to their acid
tolerance ability. Thus, the host and pathogen bind adhesins to specific carbohydrate portions of the gastric
epithelium. With the attachment that takes place, and inflammatory processes in the gastrointestinal tract
begin [5]. Inflammation is the process by which leukocytes and plasma proteins accumulate in tissues and
destroy the microorganism. Inflammation begins with the recognition of the microorganism. It can start with
innate immune response and continue with an adaptive immune response. Inflammation is divided into acute
and chronic. Acute inflammation can take time a few minutes or several hours. Chronic inflammation can
vary in ability of body to repair and overcome damage. Complementary system, cytokines, acute phase
proteins, and phagocytic cells play a crucial role in inflammation process. The acute inflammatory response
is initiated by detecting the presence of the pathogen with pattern recognition receptors, which play an
essential role in activating innate immune responses that fight infection [6].

Gastric epithelial cells (GECs) are the foremost target of H. pylori bacteria to infect (Figure 1). Toll-like
receptors (TLRs) have been adapted to ensure their best response to microbial ligands. It contributes to
innate immune responses via signaling. GECs are the primary contact site for H. pylori. TLRs activate innate
immunity by interacting with extracellular ligands. Even though bacterial toxins are the classic bacterial ligand
for TLR4, the bacterial toxin produced from H. pylori has been observed to signal via TLR2 and only weakly
binds to TLR4 [7]. The permanent existence of the H. pylori pathogen is due to multiple virulence factors. In
addition to virulence factors, it successfully generates gastrointestinal diseases by manipulating of host
immunological responses. Innate immune cells and mucus generated by epithelial cells in the lamina propria
are the main defense mechanisms against H. pylori [8].
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Figure 1. Schematic representation of innate immune response against H. pylori. H. pylori can act on GEC through
different virulence factors including VacA, CagA, urase, and so on. CagA transportation into the GEC is facilitated by
TA4SS that H. pylori use once it attaches to the cell with several adhesion molecules. CagA could affect cellular responses
through the NF-kB and AP-1 pathways which may result in the induction of tumorigenesis through inhibition of apoptosis
and tumor suppression mechanisms, actin remodeling, and induction of inflammatory responses. Also, CagA could
cause disruption of tight junctions and cell polarity using several mechanisms in the cytosol. Another virulence factor
VacA is released into the gastric lumen and acts on the cells by generating pores on the cell membrane, causing
vacuolization, mitochondrial disfunction-dependent apoptosis and disruption of tight junctions between GECs. H. pylori
mediates immune escape by preventing TLR5 recognition of flagella and TLR4 recognition of bacterial LPS. Bacterial
LPS, lipoproteins, and peptidoglycans can be recognized by TLR2 heterodimers found on the cell membrane. Also,
detection of transported bacterial peptidoglycans into the cytosol of GECs can be facilitated by NOD1 receptors found
in the GECs. VacA: Vacuolating toxin A; CagA: Cytotoxin-associated gene A; TLR5: Toll-like receptor 5; TLR4: Toll-like
receptor 5; LPS: Lipopolysaccharide; GECs: Gastric epithelial cells; T4SS; Type 4 secretion system.
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Innate immunity, which we can call the first line of defense, constitutes the body's first protective barrier
against infection. TLRs that interact with extracellular ligands are found in the plasma membrane. They are
the main pattern recognition receptor (PRR) clusters that recognize pathogen-associated molecular patterns
(PAMPs). The main targets of TLRs with different specificity repertoires are DNA regions rich in bacterial
lipopolysaccharides (LPS), peptidoglycan, lipoprotein, lipoteichoic acid and unmethylated CpG. The specific
signaling pathways activated by the TLR dimer are determined by the protein adapter that binds to the
cytoplasmic TIR (Toll / IL-1 receptor) domain of the TLR. Subsequently, nuclear factor-kappa B (NF-kB),
interferon regulatory factor (IRF), and activator protein-1 (AP-1) is activated. Both NF-k3 and AP-1 are key
to the innate immune response, as well as antimicrobial proteins and peptides. It is necessary to trigger the
production of IFN-a and IFN-B, as well as proinflammatory cytokines and chemokines [9]. However, TLRs
expressed by dendritic cells induce immune responses against H. pylori. TLRs recognize the pathogen by
binding to a wide variety of protected PAMPs by bacteria. However, H. pylori avoids detection [10]. It is
thought that H. pylori bacteria easily avoid TLRs and hinder recognition due to the low potency of flagellin
and lipopolysaccharides (LPS). Particularly, TLR5 specifically detects flagellins in a variety of bacterial
pathogens. H. pylori has developed mutations in the flagellin to avoid detection by TLR5. The pilus-associated
protein CagY, a core component of the type IV secretion system (T4SS) and an essential VirB10 ortholog,
encoded by the carcinogenic strains of H. pylori, directs effector molecule translocation. In a recent study,
CagY was identified as a TLR5 ligand independent of flagellin. Regions were found that allowed CagY
positive H. pylori to bind to TLR5 expressing cells. Five TLR5 interaction sites have been identified that
support TLR5 stimulation and intracellular signal transduction [11]. As a result, CagY is an important VirB10
member detected by TLRS5. This interaction can activate innate immune responses by the human pathogen.
In another study, flagellins from bacteria are detected by TLR5 in the host, activating an innate immune
response. Therefore, efforts have been made to develop vaccines against various infections by fusion with
protein antigens. It was designed as a TLR5 agonist by fusion with Bacillus subtilis flagellin, which activates
TLR5. Moreover, based on comparative sequence and mutation analyzes, it was revealed that H. pylori
flagellin (hFIlg) was altered to prevent TLR5 recognition by changing residues corresponding to a TLR5
activating hotspot [12].

Some studies have shown that TLRs polymorphisms are related with gastropathies. TLR2 is the best
described in the TLR family and it provides production of various pro-inflammatory cytokines by recognizing
bacterial LPS, lipoproteins and peptidoglycan. In a study, it was thought that H. pylori was associated with
gastric cancer and reported increased expression of TLR2 in the gastric mucosa [13]. In one study, it was
observed that LPS of some H. pylori strains could antagonize TLR4. Therefore, the response of TLR4 to H.
pylori strains on gastric epithelial cells is low [14]. Flagellin, an essential bacterial structure for motility and
colonization, inhibits its recognition by TLR5 by inhibiting the activation of proinflammatory transcription factor
and nuclear factor-kappa B (NF-kB). This is due to the change in the N-terminal D1 domain of the H. pylori
flagellin, which is crucial for TLR5 recognition [15].

Some of antimicrobial peptides are generated by epithelial cells, a component of the innate immune
system, to defend the gastrointestinal epithelium against bacterial invasion. Recent research has
demonstrated that H. pylori can manipulate these antimicrobial compounds expression to escape from the
gastric mucosa and survive there. Antimicrobial peptides (AMPS) are significant members of the innate
immune system against H. pylori. Peptides then enter the microbes, suppressing DNA, RNA, or protein
synthesis. It can have other toxic effects, such as activating antimicrobial enzymes, and can cause cell death.
During H. pylori infections, AMPs expression can destroy bacteria. Thus, it prevents H. pylori infections in the
gastrointestinal system. AMPs are generally cysteine-rich, cationic, and amphipathic (comprising both
hydrophilic and hydrophobic regions). They are divided into three main groups as a-, 3- and 6-defensins. The
major source of defensins are human neutrophil peptide-1 (HNP-1), HNP-2 and HNP-3 neutrophils, whereas
human defensin 5 (HD-5) and human defensin 6 (HD-6) are expressed by intestinal Paneth cells. Human
beta defensin 1 (HBD-1), human beta defensin 2 (HBD-2), and human beta defensin 3 (HBD-3) are
plenteously expressed by multiple epithelial cell types, including both in vitro and in vivo GECs. In one study,
defensin HBD-1 and inducible HBD-2 and HBD-4 showed a potent antibacterial effect against E. coli.
However, it had no effect on H. pylori. Binding experiments showed that although HBD-2 did not appear to
have a significant adverse effect on the viability of the bacteria, all four H. pylori strains tested accumulated
on the cell surface. The interaction of HBD-2 to bacteria cause to partial structural changes. However, there
was no effective killing, only minor growth inhibition specific to the strain of H. pylori was achieved [16]. It
belongs a large family of cytosolic proteins which are activated by node-like receptors (NLRS), intracellular
pathogen-associated molecular patterns (PAMPs) and substances that stimulate cells against damage or
danger (DAMPs and other harmful substances). NLR proteins are divided into two main groups largely
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depending on their domain structure. Nucleotide binding oligomerization domain containing protein 1 (NOD1)
is associated with endosomes to which it can bind PAMPs, such as diaminopimelic acid (DAP, part of cell
peptidoglycans) from cytosolic or endocytosed bacteria. NOD1 dimers activate enzymes that interact with
the receptor that initiate NF- kB signaling. The NOD1 signal reasons the killing of H. pylori in the activated
epithelial cell via peptide-defensin 2, an antimicrobial peptide. Overall, H. pylori has been reported to be
recognized by NODL1 in epithelial cells and by NOD2 in DCs produced from bone marrow. Recent studies
have not observed that NOD1 blocking does not affect NK-kf translocation [17]. For mucosal host defense,
an epithelial barrier against H. pylori infection, NOD1 activation is necessary. This protective effect leads in
part to the activation of the type | IFN signaling pathways following the molecular interaction between NOD1
and TRAF3. In one study, they discussed the clinical significance of the interaction between NOD1-TRAF3
in human H. pylori associated diseases. Consequently, these studies using human stomach cancer samples
have demonstrated that impaired activation of NOD1 and TRAF3 contribute to gastric cancer. At the same
time, it has been shown that NOD1-TRAF3 interaction may prevent gastric cancer development [18]. NOD1
activates the type | IFN signaling pathway and promotes mucosal host defense against H. pylori infection by
production of antimicrobial peptides. Consequently, NOD1-mediated signaling molecules may offer novel
therapeutic targets for gastric cancer and chronic gastrointestinal disorders.

H. pylori and Adaptive Immunity

Although the powerful immune responses against H. pylori, which can survive for many years by
colonizing the human stomach, provide protection for the host, the developing inflammation may cause
damage to the host. As serious gastrointestinal diseases may develop in patients; some extraintestinal
findings including hematological, cardiovascular, dermatological, and neurological may also occur [19].
Therefore, researching adaptive immune response mechanisms in addition to innate immunity is of great
importance in terms of both elucidating the pathogenesis of the disease and targeted treatment approaches
[20]. As a result of H. pylori colonization, dendritic cells (DCs), macrophages, neutrophils and T and B
lymphocytes accumulate in the stomach and a strong and complex inflammatory response is generated by
the host (Figure 2) [21]. Studies have shown that CD4+ T helper cells, especially Th1l cells, which differentiate
into different subgroups on the effect of cytokines secreted in the adaptive immune response generated by
the host, have a greater role than thought [22]. Membrane proteins of H. pylori such as Omp18 and HpaA
provide maturation and activation of DC, an important APC. DCs that secrete IL-12 cytokine with activation
direct T cell-mediated responses to the Thl type [23]. The neutrophil activating protein (HP-NAP) of H. pylori
provides the secretion of IL-12 by activating neutrophils and IL-23 by activating monocytes. Thus, it directs
Thl and Th17 polarization in cell-mediated immune responses against H. pylori [24]. The activation of Thl
and Thl7 cells also provides the secretion of IL-17, IFN-y and TNF-a. In addition to IFN-y and TNF-a
cytokines also play a major role in the development of H. pylori specific Th1l cells [25]. Macrophages activated
by H. pylori infection stimulate the differentiation of naive CD4+ T cells into the Th17 lymphocyte subtype
with the cytokines they secrete IL-6, IL-23 [26]. The virulence factor cytotoxin-associated gene A (CagA) is
another factor affecting Th17 differentiation, in which STAT3 and NF-kf3 pathways participate [27,28]. Th1
and Th17 cells specific to H. pylori that are activated help to eliminate bacteria; however, bacteria that escape
from these two cell-mediated immune responses are what lead to gastritis and peptic ulcers because of their
abnormally high levels of activation [28]. Although Th2 is effective in the response to extracellular bacteria
and helminths, its protective role in the immune response developed against H. pylori is still controversial
[20,29]. In an experiment with mice, increase in the number of bacteria was found as a result of IL-4
deficiency, and it was observed that the specific Th2 response both reduced bacterial colony and prevented
infection [30]. In contrast, distinct study has shown that the Th2 response is not necessary to protect, and the
protection is not dependent on antibodies in the absence of IL-4 [31].

Brazilian Archives of Biology and Technology. Vol.66: €23230123, 2023 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

Kalkanli Tas, S.; et al.

X’ pylorl

%‘ . ’J} Stomach lumen

W
2
o
| ®) ®
= & = .
e °
[ o) g @) e Mucus layer
| ) ® e -
) (& | _®) —
) (® ] e TCFR g°
=) Cam [® IL10 @& ]
= g B
E”.& @) e IEN-y o p
E o) * )
(I ) @
E‘= Gastric  |_®) ® g’ 7 Q
eplthellal 7 Ol @ IL-22 &»'\,'
cells “
> \:3 g ‘)‘J IL-17a
Wy
Gastric
lamina
propria
Th1

Macrophage

/ IL-23 %
Th

IL-6, IL-23 Th17 recruitment @
0e IL-17a
> Neutrophil

Neutrophil
recruitment

Figure 2. Schematic representation of immune response against H. pylori infection in the gastric microenvironment.
Immune recognition of H. pylori starts when H. pylori cross the mucus layer bridge by using the urease enzyme to reach
the gastric epithelium. Once epithelial cells are infected by H. pylori, pro-inflammatory cytokines such as IL-8 are
released which recruits more immune cells to the site of infection. Dendritic cells employ as an important line of defense
through phagocytosis of the bacteria to process H. pylori particles in order to provide T cell differentiation into Th1, Th17,
and Treg cells. Monocytes are recruited to the site of infection where they are differentiated into macrophages, engulf
the bacteria and release cytokines such as IL-6, IL-12, and IL-23 to induce the immune system further. Th1 cells that
are activated by IL-12 express IFN-y and TNF-a for proper cleansing of H. pylori by macrophages. Also, IFN-y expressed
by Th1 cells activates GECs and triggers apoptosis. Th17 cell polarization provides increasing recruitment of neutrophils
by secretion of IL-17a and generation of antimicrobial proteins from GEC through IL-17a and IL-22 activity. Macrophages
also increase Th17 polarization in the gastric lamina propria by IL-6 and IL-23. CD4+ T cells are further differentiated
into Treg cells to balance immune response and prevent tissue damage because of overstimulation of Thl, Th17, and
macrophages in the microenvironment. In the later of the infection, continuous Treg activity may affect GEC to form
tumorigenesis by the activity of TGF-$3 and IL-10. GECs: Gastric epithelial cells; IFN-y: Interferon y; IL-6: Interleukin 6;

TGF-B: Transforming growth factor §; Th1: T helper 1 cell; Th17: T helper 17 cell; Treg: T regulatory cell; TNF-a: Tumo}
necrosis factor a.
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Treg cells, which have a main role in regulating immune response and maintaining peripheral tolerance,
are also of importance in the balance of mucosal immune response in the stomach against H. pylori infection
[20,28]. Studies have shown that in H. pylori infected individuals, CD4+CD25 (high) Treg cells expressing
FOXP3 mRNA and cytokines IL-10 and TGFf3 are highly expressed [32]. At the same time, an increase in
CTLA-4 protein, which is a protein that suppresses the immune response, was observed [10]. Inhibition of
CD4+ T cell proliferation by Treg cell development can protect host cells against excessive gastric ulcer
immunopathology, while supporting bacterial colonization and may provide gastric tumor development
[7,22,28,30]. It is necessary to consider the role of not only cellular immunity but also humoral immunity
against H. pylori infection. In one study, increased expression of CXCL13, which regulates B cell homing in
the gastric mucosa of individuals infected with H. pylori and CXCRS5, the receptor of CXCL3 in CD20+
lymphocyte aggregates, was observed [33]. Another study has been shown that a ligand APRIL that induces
B cell proliferation contributes to the development of H. pylori-induced gastric MALT lymphoma [34]. In the
research, the presence of mucosal and local IgA and IgG antibodies was found to be high in H. pylori infected
individuals. However, the effect of these antibodies on bacterial colonization is not clear. On the other hand,
it should not be ignored that B cells may cause the development of autoimmunity in H. pylori-infected
individuals. Depending on the infection, autoantibodies can be produced that can cross-react with H+K+-
ATPase in parietal cells. As a result, the host stomach is damaged due to complement activation, apoptosis
or ADCC triggered by these autoantibodies and inflammation develops [10,35].

H. pylori Genetics and Vaccination

The seriousness of diseases caused by H. pylori is linked to several virulence factors, one of which is
the genotype of the H. pylori strain. Moreover, a dynamic relationship within the host, the gastrointestinal
microenvironment, and virulence factors of bacteria are important. Inflammatory responses are not only
induced by H. pylori virulence agents, but they are also controlled and regulated by them, resulting in chronic
inflammation. H. pylori colonization and survival inside the gastric mucosa are promoted by virulence factors,
allowing for more immune evade and, eventually, the introduction of premalignant changes. H. pylori has a
broader range of functions that influence the host's cellular responses and signaling pathways [8]. Whole-
genome sequencing was conducted on multiple strains of H. pylori, and Outer membrane proteins (OMPs)
contained about 4% of their genes. Similar to their roles, five paralogous gene families are described here.
The most well-known families of proteins are Hop (outer membrane porins) and Hor (Hop-related proteins).
Hof (H. pylori OMP) and Hom (H. pylori outer membrane) are the second and third proteins, respectively.
The fourth family of OMPs is iron-regulated, and the fifth family is efflux pump OMPs. The alleles, geographic
distribution features, and associations with several other virulence factors of OMPs which do not relate to
either of these families that all are unique. The most popular strategies for controlling OMP expression are
allelic variation and phase variation. Each OMP generally has several alleles, and the proteins encoded from
each allele have slightly different functions [36]. OMPs participate in colonization of H. pylori. Furthermore,
H. pylori adherence to gastric epithelial cells is a multi-step mechanism containing target receptors and
several adhesins. Besides different OMPs may respond to environmental changes by rapidly controlling
themselves in return for alterations in gastric inflammation and pH. OMPs not only facilitate bacterial
attachment to epithelial cells of the gastric mucosa, but they also collaborate with some of the virulence
factors, including CagA and VacA to raise the production of inflammatory factors, resulting in a range of
patient outcomes [37]. H. pylori strains perform a variety of functions in the development of GC. Bacterial
oncoprotein CagA positive and negative strains of H. pylori can be distinguished. People who are infected
with CagA positive strains have a greater possibility for developing GC, according to a meta-analysis, which
is like prior findings that people with CagA antibodies have an increased chance of cancer. The process, on
the other hand, seems to be somewhat complicated. Through the induction of integrin, H. pylori injects CagA
into the recipient gastric epithelial cells [37,38]. CagA is also phosphorylated on tyrosine by Src family kinases
or Abl kinase, which stimulates various signaling pathways. Phosphorylated CagA, for example, is associated
with triggered SHP2. CagA-SHP2 increases the frequency of Erk-MAP kinase activation at either Ras-
dependent or Ras-independent forms [39]. Nonphosphorylated CagA often degrades intracellular signaling
pathways. The nonphosphorylated intracellular CagA communicates with E-cadherin, causing the E-
cadherin—catenin complex to be disrupted. Therefore, nuclear -catenin accumulates, facilitating transcription
of carcinogenesis-related gene expression. CagA, on the other hand, has been shown to trigger-catenin
directly by engaging with MET and triggering PI3BK—AKT signaling [40]. The signal transducer and activator
of transcription 3 (STAT3) pathway is induced by CagA. Free of CagA phosphorylation, the immune response
of the host stimulates the STAT3 pathway, which is related to H. pylori-stimulated gastritis and cancer
development [27]. Along with CagA, the H. pylori peptidoglycan is also delivered into host cells by the Cag
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secretory mechanism via outer membrane vesicles. The PI3K-AKT pathway, which regulates cellular
proliferation, migration, and death, is then triggered by the peptidoglycan. Apart from Cag, another essential
virulence predictor of H. pylori is vacuolating toxin A (VacA). The excreted protein VacA is encoded by the
H. pylori gene VacA. Multiple cellular mechanisms have been related to VacA, including vacuolation,
membrane-channel development, apoptosis, proinflammatory reaction, and tumor [41].

Clarithromycin (CLA) has been the cornerstone of H. pylori therapy because it has lower minimal
inhibitory concentration, efficient mucosal diffusion, and very minor effect on gastric acid secretion. This
treatment includes triple therapy for a considerable period, which included CLA, amoxicillin or metronidazole,
and a proton pump inhibitor (PPI). Although, CLA has regressed effect of triple therapy because of the
resistant H. pylori and contributes to the increase of multidrug loading in gram-negative infections. Point
mutations in the peptidyl transferase loop of the 23S rRNA gene's V domain have been linked to the CLA
resistance phenotype in clinical H. pylori strains from various geographical locations, according to certain
PCR investigations. These alterations might interfere with the peptidyl transferase loop structure and lessen
its efficiency by preventing the binding of CLA to 23S rRNA. It can also cause a resistance phenotype [42].

In 2017, the World Health Organization identified H. pylori, which is highly resistant to clarithromycin, as
a priority in antibiotic research and development studies. In some countries, it is seen that the antimicrobial
eradication rate falls below 60%. It is thought that long-term treatment with multiple antibiotics may increase
resistance even more [43]. Moreover, reducing the use of antibiotics against antibiotic resistance that may
occur in the coming years, also new strategies are needed to eradicate H. pylori. Designing an effective
vaccine against H. pylori infection is the ideal therapeutic way. Since the discovery of the bacterium, various
vaccine studies have been carried out in animal studies that have not been successful in eradicating the
infection completely in humans at an intermediate level [44]. Making a vaccination is technically challenging
since H. pylori lives in the gastric mucosa. H. pylori, which is strongly linked to the GEC surface and stomach
mucosa, isn't typically highly invasive. Consequently, majority of immunological effector mechanisms might
be excluded. Neutrophils accumulate in the intestinal mucosa and cross the epithelium to create crypt
abscesses. At the same time, although it contains antibodies and antimicrobial peptides secreted in the
gastric mucosa, these mechanisms are not sufficient to eradicate H. pylori infection [45].

Numerous investigations have been carried out in recent years to locate bacterial antigens and epitopes
which can aid the generation of a vaccine that can eliminate the H. pylori infection. Multiple H. pylori proteins,
including Urease, BabA, VacA, Hsp60, HpaA, NAP, and CagA, have been implicated as effective vaccine
antigens. It has been demonstrated that using these antigens in combination with an effective adjuvant
decreases H. pylori colonization [46].

The multivalent epitope based CWAE vaccine uses proteins like Hsp60, NAP, urease, and HpaA to
protect against H. pylori. In the Mongolian gerbil model, it has been observed that the CWAE vaccination has
a remarkable therapeutic efficacy. IgG antibodies produced by CWAE have been demonstrated to limit H.
pylori urease activity in a dose-dependent approach. A better inhibitory effect of specific IgG was observed
in Mongolian gerbils vaccinated with CWAE [47].

Guo and coauthors observed that CFdAE vaccine combined with a polysaccharide adjuvant (PA)
significantly diminished H. pylori abundance in the stomach of mice compared with urease. Histologically,
mice vaccinated with CFdAE vaccine showed weaker inflammation in the stomach than the Mongolian gerbil
model inoculated with urease + PA [48].

Zhou and coauthors The HUepi-LTB vaccine he designed is a multi-epitope oral vaccine which contains
two B cell and three Th cell epitopes from UreB and HpaA. It has been observed that the HUepi-LTB
vaccination considerably lowers the bacterial burden in the stomach of mice. Following the H. uepi-LTB
vaccination, there was a considerable increase in the specific IgG, 1IgG1 and 1gG2a levels against H. pylori
lysates. Also, therapeutic immunization with HUepi-LTB vaccine was observed to induce greater secretion of
mucosal IgA and serum IgG specific to H. pylori. In this case, specific humoral immune responses have also
been associated with lower H. pylori colonization [49].

In a different investigation, mice were used to assess the effectiveness of an oral probiotic vaccine made
from Lactococcus lactis that expresses UreB. The test’s results, it was found to induce anti-urease antibody
responses and reduce colonization of H. pylori in stomach. UreB subunit is known as the most effective
immunogen among H. pylori strains. More anti-UreB antibodies and more cytokines that particularly bind to
the bacterial UreB protein were secreted when mice were immunized with recombinant Lactococcus lactis
expressing the UreB-IL-2 protein [50].

In the oral recombinant vaccine developed in China, the urease B subunit fused with the heat-sensitive
enterotoxin B subunit was used. The efficacy of the developed three-dose oral recombinant vaccine was
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tested in children. In conclusion, oral recombinant H. pylori vaccine was found to be more effective in children
who did not receive H. pylori before [51].

Aebischer and coauthors investigated live vaccines based on the Typhoid vaccine, recombinant
Salmonella Ty21a, in volunteers with the presence of H. pylori. T cell reactivity to H. pylori antigens has been
observed to significantly reduce the H. pylori burden [52].

A vaccine consisting of three recombinant Helicobacter pylori antigens (VacA), cytotoxin-associated
antigen (CagA) and neutrophil activating protein (NAP) was tested in an animal model and appeared to
prevent infection. The vaccine demonstrated the existence of cell-mediated immune responses and long-
term T-cell memory. The efficacy of the vaccine was investigated in healthy volunteers orally vaccinated with
the CagA-positive H. pylori strain. The vaccine did not provide any protection against H. pylori infection after
challenge with a CagA-positive strain [53]. Research on the creation of anti-H. pylori vaccines has led to a
better understanding of the interaction between the pathogen and the host's immune system.

CONCLUSION

Developing a reliable vaccination has been limited by the inconsistent study findings and the discontinuity
of clinical trials. With rising challenges in infection eradication therapies and high infection rates globally, it is
evident that additional research is needed to determine a viable treatment against H. pylori. The clinical
symptoms that may occur because of H. pylori infection are connected to the virulence factors of the bacteria,
the genetic factors of the host and the immune response. Understanding adaptive immune response
mechanisms as well as innate immunity has an indispensable place in terms of both elucidating the
pathogenesis of the disease and developing new targeted therapy approaches.
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