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Abstract

Although Helicobacter pylori infects 50% of the total human population, only a small fraction of the infected people suffer
from severe diseases like peptic ulcers and gastric adenocarcinoma. H. pylori strains, host genotypes and environmental fac-
tors play important role in deciding the extent and severity of the gastroduodenal diseases. The bacteria has developed a unique
set of virulence factors to survive in the extreme ecological niche of human stomach. Together these virulence factors make H.
pylori one of the most successful human pathogenic bacteria colonizing more than half of the human population. Understand-
ing the mechanism of action of the major H. pylori virulence factors will shed light into the molecular basis of its pathogenic-
ity. (Mol Cell Biochem 253: 207–215, 2003)
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Introduction

Helicobacter pylori are Gram-negative spiral shaped bacte-
ria that infect more than 50% of humans globally [1]. The in-
fection normally takes place through faecal-oral pathways.
It is now generally accepted that H. pylori causes gastric and
duodenal ulcer diseases. Additionally, H. pylori is associated
with the development of gastric adenocarcinoma and lym-
phoma which is linked with the chronic gastritis found in
infected individuals [2]. World Health Organization has clas-
sified H. pylori as number one carcinogen causing gastric
cancer. Gastric cancer is the second most common cancer in
the world [3]. A large number of patients suffering from this
disease die since it is mostly diagnosed at the advance stage.

Though H. pylori infects 50% of the population, most in-
fected people remain asymptomatic. Only a small fraction
(15–20%) of the infected people shows the signs of gas-
troduodenal abnormalities including stomach and duodenal
ulcers, gastric adenocarcinoma and lymphoma. The extent
and severity of the infection depends on the degree of the host
response against the bacteria, bacterial polymorphisms and
environmental factors [4].

Several aspects of H. pylori infection and of the host re-
actions have been uncovered so far. Current research is un-
dergoing to clarify the molecular mechanisms of action of H.
pylori virulence factors. A number of factors contribute to
the development of severe gastroduodenal diseases. Among
them, the most important ones are the virulence factors pro-
duced by the pathogenic strains. Pathogenic strains contain
a cluster of genes forming a pathogenicity island, vacuolating
cytotoxin (VacA), a neutrophil activating protein (HP-NAP)
and the urease [5]. Other H. pylori virulence factors include
bacterial flagella [6], lipopolysaccharides (LPS) [7] , Lewisx,y

antigen [8], IceA [9], PicB [10] and several other outer mem-
brane proteins.

In this review, primarily we will discuss about the recent
advances in molecular basis of pathogenesis caused by ma-
jor H. pylori virulence factors. We will also try to explore how
the host factors modulate the host-bacteria equilibrium lead-
ing to the onset of gastroduodenal diseases. Finally, the impli-
cations of these virulence factors in human immune response
will also be discussed.
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Urease: A key component for buffering
stomach pH

Before the bacterium swims into the mucus layer to make
contact with the intestinal epithelial cells, it has to survive
the extreme pH of the stomach lumen. A gene cluster con-
taining seven genes is responsible for the biosynthesis of
the enzyme urease [11, 12]. These genes encode for UreA
(26.5 kDa) and UreB (60.3 kDa) and five other proteins re-
quired for the uptake of Ni+2, the cofactor required for its
activity [12, 13]. Crystal structure of urease reveal that the
two subunits (α and β) first form a αβ heterodimer. Three αβ

heterodimer form a trimeric assembly (αβ)
3
 with 3 fold sym-

metry. (αβ)
3
 units of H. pylori urease further assemble to form

a unique supramolecular dodecameric assembly, ((αβ)
3
)

4,

which is organized as a double ring of 13 nm in diameter [14].
Urease hydrolyses urea and generates ammonia that buff-

ers the cytosol and periplasm and helps forming a neutral
layer around the bacterial surface. The uptake of urea by H.
pylori takes place through a proton-gated channel which is
open only at lower pH [15]. This is an excellent way of main-
taining intracellular and extracellular pH. At neutral pH, the

urea channels are blocked in order to avoid over-alkaliniza-
tion.

Stingl et al. recently proposed a model in favour of the high
cytoplasmic urease activity of H. pylori [16]. This activity is
essential for maintaining the cytoplasmic pH of this organ-
ism at a value close to neutral under extreme low pH condi-
tions. This mechanism involves the formation of ammonium
ions (combining NH

3
 released by urea and H+ ions present

in the cytoplasm) followed by the electrogenic export of
ammonium ions from the cytoplasm via a yet to be discov-
ered transport system (Fig. 1). The authors also propose that
the extracytoplasmic urease activity creates a cloud of am-
monia around the cells leading to the formation of a micro-
environment of neutral pH.

Urease is found both in the cytosol and surface of the bac-
teria. It is synthesized and accumulated mainly in the cytosol
together with a heat shock protein HspB. These proteins are
released from the cytosol following bacterial autolysis and
are adsorbed on the surface of the live bacteria. So far this is
the only acceptable mechanism of surface expression of ure-
ase since no leader sequence has been found in urease which
can export it from the cytoplasm to the bacterial surface. This
mechanism may ensure survival of the population at the ex-
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Fig. 1. Overview on H. pylori-host cell interactions. Major adhesins, BabA, SabA and corresponding host cell surface antigens are indicated. Translocation
of CagA through the type IV secretion system into host cell and its fate has been marked. Perturbation of host cell signaling pathway and up regulation of
actin cytoskeletal rearrangement and inflammatory response by phosphorylated CagA are shown. Type IV secretion system is shown by thick arrow. Neu-
tralization of cytoplasmic acid by ammonia generated by the action of H. pylori enzyme urease on urea is indicated.
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pense of individual cells. Urease is also found on the surface
of the H. pylori present in human biopsies [17, 18].

Urease defective H. pylori mutants cannot colonize the
stomach of gnotobiotic piglets [19]. This result strongly sug-
gests that the urease activity is essential for colonization by
H. pylori. However, urease activity may also contribute to
toxicity by the production of ammonia which is toxic to the
cells. Ammonia may also react with the reactive intermedi-
ates generated by the neutrophil myeloperoxidases to form
carcinogenic agents responsible for H. pylori-associated
stomach adenocarcinoma [20–22]. In in vitro system, in the
presence of ammonium chloride, VacA rapidly induces forma-
tion of larger vacuoles in HeLa cells compared to the vacuoles
generated by VacA or ammonia alone suggesting a synergistic
effect of urease and VacA in damaging cells [23, 24]. Urease
is also capable of activating monocytes for proinflammatory
cytokines production. The local production of cytokines by
urease-stimulated mononuclear phagocytes may play a cen-
tral role in the development of H. pylori gastroduodenal in-
flammation [25]. It is one of the major antigens recognized
by the human sera. However, the mode of host immune re-
sponse towards this virulence factor is still not known.

Flagella and adhesins required for the
bacterial motility and attachment to the
host cells

To avoid prolonged exposure to acid and getting discharged
in the intestine, H. pylori must reach the stomach epithelial
cell line under the thick mucous layer. The bacteria contain
flagella which acts as a propeller to travel the viscous mucus
layer like a screw into a cork. Different factors like urea,
bicarbonate ions are required for the chemotactic movement
of the bacteria [26]. Non-motile mutant bacteria cannot colo-
nize the stomach suggesting that flagellar movement is es-
sential for the bacteria to cross the mucous barrier [27].

Once H. pylori reach the stomach epithelial cells under the
mucous layer, it adheres strongly to gastric cells. This binding
involves several proteins and glycolipids. Electron microscopy
shows extensive areas of adhesion to the host cells. Several
surface molecules have been shown to be responsible for
binding. Out of them BabA, the Leb blood group antigen
binding adhesin, an outer membrane protein of H. pylori
binds to Lewis B type antigen of human cells [28, 29]. Re-
cently, Mahdavi et al. [30] identified a sialic acid-binding
adhesin (SabA; JHP662/HPO725) which binds to sialylated
Lewis x antigens expressed during chronic inflammation,
might also contribute to virulence (Fig. 1). H. pylori protein
(HpaA, HP0410) also binds to sialylated glycoconjugates [31,
32]. Two closely related outer membrane proteins AlpA and
AlpB, required for H. pylori adherence to gastric epithelial

cells were identified recently. The pattern of AlpAB-depend-
ent adherence of H. pylori to the gastric epithelial surface
showed a clear difference to the BabA2-mediated adherence
to Lewis, suggesting the involvement of a different receptor
[33]. An H. pylori lectin binds to the sialic residues of laminin
[34]. Additional bacterial proteins also help establishing con-
tact with the host cells [35, 36]. It is unlikely that mutation
in a single gene can create an adhesion defective mutant bac-
teria incapable of making contacts with the host cells.

Binding of the bacteria to the host cells is followed by the
rearrangement of the plasma membrane below the contact
area. The plasma membrane changes its shape and extends
in order to increase the bacterial surface area of contact [37].
H. pylori does not seem to invade the epithelial cells.

CAG pathogenicity island (PAI)

More severe form of the gastroduodenal diseases is associ-
ated with the presence of a 40 kb pathogenicity island contain-
ing more than thirty genes [38]. Depending on the presence
or absence of this region, H. pylori strains are termed as cag+

or cag–. The origin of pathogenicity island is not understood
clearly so far. It is assumed that it has been acquired from
another species or even genus since the GC content of this
region is different from the rest of the genome [39].

In Mongolian gerbil models, cag– bacteria cause mild in-
flammation of the stomach whereas the cag+ strains cause
severe inflammation, gastric ulcers and tumors. This result
strongly support the data obtained from the epidemiological
studies showing that severe gastric diseases are always as-
sociated with cag+ strains [40]. Although the reports from East
Asian and Indian populations do not show strong correlation
between disease status and the presence of cag+ strains [41–
43]. It is possible that East Asian strains may contain some
virulence factor(s) other than CagA. Though the role of CagA
in pathogenicity is shown by Mongolian gerbil model, the
exact molecular mechanism behind the severe inflammation
and the occurrence of gastric cancer is still not clear.

Genes in the pathogenicity island are involved in differ-
ent pathogenic process including the induction of host cells
to release pro-inflammatory chemokines and modification of
intracellular signaling [44].

One of the genes of Cag-PAI, the cagA gene encodes a
128 kDa protein. CagA is always present in H. pylori strains
associated with the more severe form of the disease. The exact
function of CagA is not clearly understood so far. CagA pro-
tein is injected from the attached H. pylori into host cells using
the type IV secretion system [10]. Upon transfer into the host
cells, CagA is tyrosine phosphorylated [45, 46].

Introduction of cagA+ in the host cells also triggers mor-
phological changes (humming bird phenomenon) similar to
those induced by growth factors [47]. Recently, SHP-2 tyro-
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sine phosphatase has been identified as an intracellular tar-
get of H. pylori CagA protein (Fig. 1). CagA formed a physi-
cal complex with the SH2-containing tyrosine phosphatase
SHP-2 in a phosphorylation dependent manner and stimulated
the phosphatase activity leading to the dephosphorylation of
some cellular proteins. Wild-type but not phosphorylatrion-
resistant, CagA induced a growth factor like response in gas-
tric epithelial cells. Deregulation of SHP-2 by CagA may
induce abnormal proliferation and movement of gastric epi-
thelial cells, promoting the acquisition of a cellular trans-
formed phenotype [48].

Two members of the src kinases family, c-Src and Lyn,
account for most of the CagA-specific kinase activity in host
cell lysates [49, 50]. Tyrosine phosphorylation of CagA is
restricted to a repeated sequence called D1 located in the C-
terminal half of the protein. It contains the five-amino-acid
motif EPIYA, which is amplified by duplications in a large
fraction of clinical isolates. Tyrosine phosphorylation at the
EPIYA motifs may lead to the cytoskeletal rearrangements,
cell elongation and increased cellular motility. CagA shows
sequence diversity among different H. pylori strains. The
phosphorylation domain ‘EPIYA’ is located within the repeat
region of CagA. Therefore, the number and sequence poly-
morphism of the CagA phosphorylation sites may be critical
for the binding affinity of CagA to SHP-2, which in turn may
be found useful to elucidate the clinical outcome of infection
by different cagA+ H. pylori strains [48].

The vacuolating cytotoxin A (VacA)

In cultured cells, H. pylori vacuolating cytotoxin (VacA)
forms large cytoplasmic vacuoles, which eventually fill up
the entire cytosol [51]. The molecular mass of VacA is 95 kDa
and it is present in half of the H. pylori isolates. It is one of the
major virulence factor of H. pylori which is a strong immuno-
gen in humans [52].

VacA gene encodes a protoxin approximately 140 kDa in
mass. An amino terminal signal sequence and a carboxy-
terminal fragment are proteolytically cleaved to produce a
~ 88 kDa mature toxin [51]. Mature toxin molecules are ei-
ther secreted in the extracellular space or it may be retained
in bacterial surface [53]. Mature VacA may further undergo
cleavage leading to the formation of N-terminal 34 kDa (p37)
and C-terminal 54 kDa (p58) fragments which remain non-
covalently associated. Secondary structure prediction pro-
grams indicate that p37 is rich in β-pleated sheets. This region
contains a 32-residue hydrophobic segment with a propen-
sity to insert into membrane [54]. p58 is predicted to contain
two domains separated by a flexible segment of variable length.
The first domain is highly conserved whereas the second
domain is genetically diverse. VacA is purified as a large
oligomeric complex (> 900 kDa), which under electron mi-

croscope is appeared as ‘flower’ like structure with 30 nm in
diameter [55, 56]. These structures are thought to be com-
posed of one or two rings each comprised of 6–7 VacA
monomer. The oligomeric complex is disassembled in
monomers when exposed to acidic or basic pH. Monomeric
forms show increased cytotoxocity than oligomers [57].

VacA is released and placed in between the mucus layer
and the apical domain of the stomach epithelial cells. Using
radioactive VacA, a number of non-saturable low-affinity
receptors were found on the surface of HeLa cells suggest-
ing that VacA may not need specific receptors on the cell
surface. Upon insertion into the plasma membrane, VacA
forms anion specific channels of low conductance [58]. These
channels release bicarbonate and organic anions from the cell
cytosol to support bacterial growth. The toxin channels are
slowly endocytosed and finally reach late endosomal com-
partments. The presence of vacuolar ATPase proton pump on
the membrane of the endosome increases hydrogen ion con-
centration inside the lumen of the endosome. These proton
pumps are essential for the formation of the vacuoles. In the
presence of weak bases like ammonia generated by the H.
pylori urease, osmotically active acidotropic NH4+ ions are
accumulated inside the endosome. This leads to water influx
and vesicle swelling leading to the vacuole formation. By an
unknown mechanism, VacA alters the tight junctions and
increases the permeability of iron and nickel ions through the
paracellular route. These nutrients are essential for H. pylori
growth. VacA may mediate this activity by specific interac-
tion with recently identified cytosolic protein VIP54 [59].

Apart from vacuolar ATPase, several cellular enzymes are
required for vacuole development and maintenance. These
include small GTP binding proteins Rab7 [60] and Rac1 [61].
Rab7 may be needed to support membrane deposition and
homotypic fusion between late endosomes, and Rac1 may
control cytoskeletal elements affecting membrane trafficking.

Purified and activated VacA applied externally to cells in-
duce cytochrome c release into the cytosol. In order to find
out specific role of p37 and p58 in VacA mediated cytosolic
cytochrome c release, HEp-2 cells were transfected with
DNAs encoding either the N-terminal (p37) or the C-termi-
nal (p58) fragment of VacA. p37 was found to be localized
specifically to mitochondria, whereas p58 was cytosolic.
Incubated in vitro with purified mitochondria, VacA and p37
but not p58 translocated into the mitochondria. p37-GFP or
VacA-GFP transfected HeLa cells induced the release of
cytochrome c from mitochondria and activated the caspase
3, a key enzyme for apoptosis. This was determined by the
cleavage of poly(ADP-ribose) polymerase (PARP) and in-
terestingly, PARP cleavage was antagonized specifically by
co-transfection of DNA encoding Bcl-2, known to block mi-
tochondria-dependent apoptotic signals. This clearly sug-
gests that p37 is specifically targeted to mitochondria followed
by the induction of apoptosis in cultured cells [62]. However,
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it is interesting to note that externally applied toxin failed to
induce a significant apoptosis.

Increased levels of apoptosis have been well documented
in the gastric epithelium of patients colonized by H. pylori
[63]. Therefore, the increased occurrence of cell death prob-
ably plays a role in the appearance of atrophic gastritis, an
established pre-neoplastic condition [63].

VacA-induced vacuolization results in decreased proteo-
lytic activity in the endocytic pathway and proteolysis of
antigens in the antigen-processing compartment of antigen
presenting cells [64]. As a result, it inhibits the stimulation
of T-cell clones specific for epitopes generated in the anti-
gen-processing compartment. H. pylori inhibits the local
immune response as evidenced by the low frequency of VacA
specific CD4+ T cells found in the stomach mucosa. Persist-
ent H. pylori infection also down regulates specific CD8+

cytotoxic T cell response suggesting that H. pylori may take
this strategy for prolonged survival leading to the chronic
infection of the human stomach.

In conclusion, although many aspects of VacA function
have been elucidated so far, several important aspects are still
missing. Presently two models have been postulated for VacA
function. In the first model, VacA is an A/B toxin and its toxic
activity requires either p37 or the entire protein which is
translocated in the cytoplasm and then acts on an intracellu-
lar target(s). The other model proposes that active VacA binds
to targets on the cell plasmamembrane followed by forma-
tion of transmembrane anion selective channels. Membrane
associated VacA molecules are endocytosed and accumulate
in endo-lysosomal compartments leading to the vacuole for-
mation. These two models may be alternative or complemen-
tary to each other.

Helicobacter pylori neutrophil activating
protein

Infection with H. pylori induces a state of chronic inflamma-
tion which often leads to gastric or duodenal ulcers or more
rarely to gastric adenocarcinoma or mucosa-associated lym-
phoid tissue (MALT) lymphoma. H. pylori induced inflamma-
tion is associated with the infiltration of phagocytes (mainly
neutrophils) to the gastric mucosa. The tissue damage may
be attributed to the combined effects of bacterial factors and
host inflammatory mediators. Recently, a protein capable of
promoting neutrophil infiltration and adhesion to endothe-
lial cells was identified. The purified protein was termed as
HP-NAP. It is a 150-kDa dodecameric (composed of 15 kDa
subunits) iron-binding protein that promotes adhesion of
PMNs to endothelial cells [65, 66]. Purified recombinant HP-
NAP stimulates phagocyte chemotaxis, NADPH oxidase as-
sembly, and production of reactive oxygen species (ROS) via

a cascade of intracellular activation events including an in-
crease in cytosolic calcium ion concentration and phospho-
rylation of proteins. HP-NAP is less powerful than PMA with
respect to neutrophil activation. It has been suggested that
HP-NAP induces moderate inflammation, which alters the
epithelial tight junction leading to the release of nutrients
from the mucosa [67].

The interaction of the HP-NAP with target cell is mediated
through the glycoconjugate moieties present on the membrane
of human granulocytes [68]. In solid phase assay, HP-NAP
bound to acid glycosphingolipid fraction from human neutro-
phils, whereas no binding to the non-acid glycosphingolipids
or polyglycosyl ceramides from these cells was obtained.

HP-NAP plays an important role in immunity. Vaccination
of mice with HP-NAP induced protection against H. pylori
challenge. This is consistent with the finding of HP-NAP
specific antibodies present in the majority of H. pylori in-
fected patients [69]. Therefore, HP-NAP is a virulence fac-
tor important for the H. pylori pathogenic effects at the site
of infection and a candidate antigen for vaccine development.

Type IV secretion system

H. pylori type I strains are characterized by the presence of
cag pathogenicity island (PAI) which contains 31 open read-
ing frames. Some of these ORFS share significant homology
with the virulence (vir) genes virB4, virB7, virB8, virB9,
virB10, virB11, and virD4 of the so-called VirB/D complex
of type IV secretion systems known from Agrobacterium
tumefaciens and Bordetella pertussis [46, 70]. Generally type
IV secretion systems are involved in conjugative DNA trans-
fer of prokaryotes and in the delivery of bacterial virulence
factors into the eukaryotic cells (Fig. 1).

CagA is the only protein known so far to be injected by H.
pylori into host cells (Fig. 1). This is the first evidence of a
functional secretion apparatus in H. pylori. In recent studies,
each gene in the cag-PAI was deleted without causing polar
effect on the expression of the downstream genes. Seventeen
out of 27 genes including the VirD homologue were found
to be absolutely essential for translocation of CagA into host
cells [71]. This clearly suggests that an intact type IV secre-
tion system is required for the translocation of CagA. Attach-
ment of the type I H. pylori strains to host cells induces the
production and secretion of chemokines such as interleukin-
8 (IL-8) [44]. The mechanism of this chemokine induction
is not clearly understood. Several genes of the cag-PAI or
components of the type IV secretion apparatus seem to be
involved in this process by activation of AP-1 [72] and NFκB
[10] leading to the induction of chemokines. Inactivation of
VirD4 homologue which affected CagA translocation had
no effect on IL-8 secretion. This clearly suggests that CagA
translocation and IL-8 secretion may take place independent
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to each other. VirD4 is thought to be an adapter protein guid-
ing CagA into the transport channel. Both CagA transloca-
tion and IL-8 secretion require intact type IV secretion system
since inactivation of VirB4 which does not allow functional
assembly of transporter affect both the activities. IL-8 secre-
tion may take place either due to the transportation of an yet
another unidentified molecule through the type IV secretion
system or by binding of the transporter itself to relevant cell
surface receptors (receptor hypothesis) followed by activa-
tion of cellular signaling mechanism.

Overall biological effects

We have discussed the cellular effects of major H. pylori
virulence factors in details (Fig. 1). Multiple virulence fac-
tors modulate host in different ways giving rise to H. pylori
pathogenicity. It is important to note that host factors also play
important roles in determining the extent and severity of the
damage of the host tissues. Biological effects of H. pylori on
the host cells include cellular proliferation, inflammation and
apoptosis.

H. pylori infection is associated with enhanced cellular pro-
liferation of host cells. However, the mechanism behind the
proliferation is not clearly understood. Expression of vari-
ous cell cycle markers associated with the proliferation was
checked in the host cells following co-culture of gastric epi-
thelial cells with bacteria. In a recent report, Cyclin D1 tran-
scription in gastric cancer (AGS) cells was enhanced by
co-culture with H. pylori [73]. This activation of cyclin D1
was partly dependent on the cag pathogenicity island but not
on vacA. Among various cyclins, cyclin D1 regulates passage
through the restriction point and entry into the S phase. Fur-
thermore, cyclin D1 overexpression shortens the G

1
 phase and

increases the rate of cellular proliferation. Co-culture of H.
pylori with epithelial cells was reported to reduce expression
of the cell-cycle regulatory protein p27, which leads to epi-
thelial-cell G

1
 arrest [74]. Cell proliferation may also be in-

duced by H. pylori as a result of host response to bacteria.
Production of gastrin by mucosal G cells increases in the
presence of H. pylori. In vitro, gastrin enhances the prolifera-
tion of gastric epithelial cells. Transgenic mice overexpressing
gastrin yielded gastric adenocarcinoma more frequently and
in less time in the presence of H. pylori than in the absence
of bacteria suggesting that high gastrin level and H. pylori
colonization may cooperatively enhance the incidence of
gastric cancer [75].

H. pylori also causes inflammation. Pro-inflammatory
cyclooxygenase (COX) enzymes (Cox1 and 2) catalyze in-
flammatory prostaglandin formation. COX-1 is expressed
constitutively whereas COX-2 is induced by cytokines and
its expression in the gastric epithelial cells is increased when
co-cultured with H. pylori [76]. Phospholipase A

2
, a key

enzyme catalysing the formation of the prostaglandin precur-
sor arachadonic acid, also gets activated in the presence of
H. pylori both in vitro and in vivo [77, 78]. In the presence
of H. pylori, activated neutrophils may also induce inflam-
mation by releasing superoxide radicals causing DNA dam-
age.

H. pylori has been associated with increased and decreased
level of apoptosis depending on the host. In vitro, H. pylori
by itself and purified urease and VacA induces apoptosis in
gastric epithelial cells. T

H
1 cytokines induced by H. pylori,

such as IFN-γ, might induce epithelial-cell apoptosis through
a Fas-mediated pathway. Expression of Fas receptors on the
surface of epithelial cells increase in the presence of H. py-
lori. In vitro, H. pylori may also induce apoptosis by activat-
ing NF-κB [79]. There should be a delicate balance between
apoptosis and cell proliferation. Increased rates of apoptosis
could result in formation of atrophic gastritis, with a concomi-
tant increased risk of distal gastric adenocarcinoma. Whereas,
reduced rates of apoptosis, accompanied by hyperproliferation,
could lead to the development of gastric cancer.

Host factors and onset of gastric cancer

We have discussed the effects of H. pylori virulence factors.
Several host factors are also associated with the onset of
gastric cancer. Th1 type of immune response is induced in
humans by H. pylori whereas Helicobacter felis can induce
same type of immune response in mice [80]. Gastric atrophy
initiated by H. felis can be reduced by Th2 immune response
[81].

H. pylori infected individuals show differential level of IL-
1β secretion within the gastric mucosa [82]. IL-1β gene pro-
moter contains several polymorphic regions affecting protein
expression. The chances of getting gastric atrophy and gas-
tric adenocarcinoma are higher in H. pylori infected indi-
viduals with higher IL-1β secretion than average [83]. In
Mongolian gerbil models, gastric acid production is reduced
with increasing IL-1β secretion after 6–12 weeks following
infection. IL-1β, the proinflammatory cytokine could play a
major role in the formation of gastric adenocarcinoma [84].

Polymorphism of the TNF-α promoter is associated with
increased risk of gastric cancer [85]. TNF-α expression is in-
creased in H. pylori infected mucosa as a result of Th1 im-
mune response. It has been reported recently that mutation
in RAS together with increased level of TNF-α may cause
carcinogenesis in genetically susceptible hosts [86].

Some major histocompatibility complex (MHC) genotype
may also play some role in H. pylori induced gastric cancer.
Class II MHC molecules expressed on gastric epithelial cells
are upregulated in the presence of H. pylori suggesting that
MHC haplotype might partially influence epithelial cell re-
sponse to pathogens [87].
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Host cells and H. pylori constantly exchange signals with
each other leading to a formation of dynamic equilibrium. In
most cases the equilibrium is unchanged whereas in some
cases the equilibrium is shifted causing disease depending on
the host and bacterial characteristics. This might explain why
some people get disease and majority don’t get affected by
H. pylori. Individuals infected with Cag+ H. pylori strain and
with high level of IL-1β and TNF-α expression due to genetic
polymorphism in host are at more risk than individuals in-
fected with either Cag– strain or low expression of IL-1β and
TNF-α in the host.

Therefore, the onset of gastric cancer may be the net re-
sult of bacterial strain variation, host genotype and environ-
mental factors.

Development of vaccines

To date, H. pylori is one of the most common infections of
mankind. Infection usually occurs during childhood, and when
left untreated results in lifelong colonization of the stomach.
Antimicrobial therapy is currently the method of choice for the
treatment. However, complex dosing, inconsistent efficiency,
development of antibiotic resistance, costs and side effects
compromise widespread use. As a result, it is important to
explore new strategies for the prevention and eradication of
H. pylori. Development of an effective vaccine may be useful
since it will be both effective and economic in use. Natural in-
fection with H. pylori usually results in a strong inflammatory
Th1-type CD4(+)T-cell response that does not seem to have
any protective effects. A Th2-type response is required for pro-
tection. Unfortunately, the exact mechanisms involved in pro-
tective immunization are still poorly understood.

H. pylori virulence factors like Urease, CagA, VacA, HP-
NAP are major antigens in the human immune response to
H. pylori infection [52]. Introduction of these antigens in
animal models, result in induction of immune response which
may either protect the animals from infection (prophylactic
vaccines) or eradicate an already existing infection (therapeu-
tic vaccine). Both oral and systemic immunization should be
considered in this regard. Although commercial development
of vaccines for clinical trial is underway, many important is-
sues, such as lack of a suitable mucosal adjuvant, and pre-
vention of potential side effects, such as postimmunization
gastritis, need to be resolved. If a suitable vaccine against H.
pylori is found, elimination of a common pathogen which has
been living in human for such a long time will be made pos-
sible.
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