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Abstract

There appears to be the strong association between
Helicobacter pylori (H pylori) and gastric cancer. We
reviewed the latest evidences about the effects of
H pylori infection on gastric carcinogenesis, classified
into epidemiology, dynamics of gastric mucosal changes,
DNA damages, virulence factors, host factors, and
source of gastric malignancy. Through the considerable
progress made in research into virulence factors
resulting from differences between 4 pylori strains, such
as cagA positivity, as well as into host factors, such as
gene polymorphisms, a diverse spectrum of H pylori-
associated diseases, including gastric cancer, is beginning
to lend itself to elucidation. The impact of the novel
hypothesis advanced by Houghton et a/ proposing bone-
marrow derived stem cells (BMDC) as a potential source
of gastric malignancy on evolving research remains
to be seen with interest. Further progress in research
into # pylori eradication as a viable prophylaxis of
gastric cancer, as well as into the mechanisms of gastric
carcinogenesis, is to be eagerly awaited for the current
year and beyond.
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INTRODUCTION

By now, there appears to be no doubt about the
strong association between Helicobacter pylori (H
pylori) and gastric cancer, and the focus of curz-
ent research interest has now shifted to the mech-
anism of gastric carcinogenesis associated with
H pylori infection, long regarded as a black box, which is
now beginning to be unraveled thanks to the considerable
progress made in this area through the clarification of
various aspects including cag4. Difficult as it is to cover
the full spectrum of papers accumulated on H pylori and
gastric cancer even in the last few years, in what follows,
we propose to provide a review of the literature, while
drawing on selected papers of interest on this topic.

EPIDEMIOLOGY

In the beginning of 2004, Wong e/ al' reported on the
results of a randomized controlled trial investigating the
association between H pylori eradication and prophylaxis
of gastric cancer in 1630 patients with H py/lori infection (of
whom 988 patients were found to have no precancerous
lesions, such as atrophy of gastric mucosa, intestinal
hyperplasia, or atypical epithelium) allocated to either
the eradication arm or placebo arm and followed up for
7.5 years. Of the patients who developed gastric cancer
during follow-up, 7 had had H pylori eradicated, and 11 had
received placebo, and there was no significant (P=0.33)
difference in the incidence of gastric cancer between the
two arms. However, a subset analysis of patients without
precancerous lesions in both the treatment and placebo
arms revealed that the incidence of gastric cancer was 6
in the placebo arm versus 0 in the treatment arm (P=0.02),
suggesting that H pylori eradication significantly inhibited
the incidence of gastric carcinogenesis in patients without
precancerous lesions.

In another randomized, double-blind, placebo-
controlled trial in 248 patients, of whom 122 received
eradication, and 126 received placebo, Ley e al” reported
in their follow-up ranging from 6 wk to 1 year that there
was no significant improvement with H pylori eradication
in the consensus “worst biopsy” diagnosis, while there was
improvement in the weighted index score, and concluded
that the study results do not prove that eradication of
H pylori decreases cancer risk. However, these inconclusive
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results may be attributable to the short-term follow-up of
the study.

The Japan Collaborative Cohort (JACC) Study Group
for Evaluation of Cancer Risk reported that women with a
family history of gastric cancer and infected with H pylori
were associated with a 5.10-fold risk for gastric cancer
compared to women without a family history of gastric
cancer and H pylori infection”. In contrast, family history
and H pylori infection were not found to be significant
risk factors for gastric cancer in male patients in their
report, where the investigations of H pylori infection were
performed using only H pylori antibodies.

Matsuhisa e a/” investigated the ratio of corpus
gastritis to antrum gastritis (C/A ratio) in H pylori-positive
Chinese, Thai and Vietnamese adult populations compared
to the Japanese population by evaluating the degree of
neutrophil activity in the corpus and antrum of these
patients. The C/A ratio was found to be significantly
higher in the Japanese population compared to the other
populations, where corpus-predominant gastritis was
characteristic of aged Japanese and Chinese (Fuzhou),
while, in contrast, gastritis in Chinese (Beijing), Thai and
Vietnamese was found to be antrum-predominant, which
is considered to be related to the low incidence of gastric
cancer in Thai and Vietnamese.

Brenner ¢ al”’ demonstrated in a case-control study
that after excluding those who met the exclusion criteria
(blood sample taken more than 90 d after gastrectomy,
advanced (T4) gastric cancer, and cagA positivity in
Western blot analysis despite a negative result in anti-
H pylori immunoglobulin G enzyme-linked immunosorbent
assay), as well as those who had borderline levels in
immunoglobulin G enzyme-linked immunosorbent assay,
the odds ratio for noncardia gastric cancer was increased
from 3.7 to 18.3 in those with any H pylori infection,
and from 5.7 to 28.4 in those with cagA-positive H pylori
infection. The authors therefore concluded that H pylori
infection might even be a (close to) necessaty condition
for the development of nocardia gastric cancer.

In a multi-center trial evaluating 2503 patients with
histologically confirmed gastric cancer versus 6578 control
subjects, Kato ez al” demonstrated that H pylori infection
was strongly associated with the development of gastric
cancer (OR=2.47), while there were no significant
differences in the prevalence of H pylori infection,
histological subtypes of gastric cancer (intestinal type »s
diffuse type), or sites of gastric cancer occurrence (antrum,
corpus and cardia) between the gastric cancer and control
subjects.

Shiotani ¢z a/” demonstrated that H pylori-positive
patients with pruritic skin diseases may be at increased
risk for the development of gastric cancer. Leung
et al™ reported the results of a randomized trial on
H pylori eradication, demonstrating that H pylori infection
(OR=2.13), 45 years of age or greater (OR=1.92),
alcohol intake (OR=1.67) and drinking water from a well
(OR=1.74) are risk factors that predict the progression of
intestinal metaplasia as precancerous lesions.

Camargo et al” investigated the prevalence and the age
of acquisition of H pylori infection in children aged 1 to 8
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years old residing in Pasto, Colombia, which is associated
with a high prevalence of gastric cancer as compared
to those in children living in Tumaco, Colombia. They
found that there were no significant differences between
children in Pasto and Tumaco in the prevalence and age of
acquisition of H pylori infection, suggesting that the risk
for gastric cancer is associated with the bacterial virulence
of the H pylori strains involved.

DYNAMICS OF GASTRIC MUCOSAL
CHANGES

Kato e al"” investigated the sex differences in mucosal
response to H pylori infection and found that atrophy
and intestinal metaplasia scores in the corpus with
H pylori infection were more severe in men than in women,
particularly in elderly patients. They also reported that
while there were no differences between the sexes with
regard to interleukin-8 mRNA induction, cyclooxygenase-2
(COX-2) mRNA expression was higher in men than that
in women, concluding that these differences in response
between men and women may account for the 2-fold
difference in the incidence of gastric cancer between the
sexes.

Shiotani e# a/'"" demonstrated that the gastric nitrate
and pH levels were progressively increased from patients
with histological normal diagnosis to those with antral-
predominant gastritis to those with pangastritis, and then
on to those with corpus-predominant gastritis, suggesting
that the gastric pH level is one of the prognostic markers
for corpus-dominant gastritis and probably for patients at
high risk of developing gastric cancer.

Of the reports that addressed post-eradication changes
in the mucosa, a study by Fichman e a/" demonstrated
that there was improvement in acute and chronic
inflammation scores, the number of lymphoid follicles,
as well as an increase in the number of gastric glands,
while there was no change in intestinal metaplasia over
time, during a mean follow-up of 23.15 mo after H pylori
eradication in 89 patients. They further demonstrated
that the Ki67 labeling index significantly decreased after
eradication, while the MUC5AC and MUCG6 expressions
increased. Of the numerous reports published on post-
eradication changes in the gastric mucosa, many reported
improvement of intestinal metaplasia with eradication of
H pylori, suggesting the potential role of H pylori eradication
in the prophylaxis of gastric carcinogenesism’m

lijima ez al"” also reported that H pylori infection
showed a stronger inhibitory effect on acid secretion in
males than that in females. Ohata ¢ 2/'" demonstrated in
a longitudinal cohort study in 4 655 healthy subjects with a
mean follow-up of 7.7 years that 45 subjects subsequently
developed gastric cancer. In this study, H pylori infection
was established by serum-specific antibodies and the
presence of chronic atrophic gastritis was confirmed
by measurement of serum pepsinogen I and II. They
also demonstrated that H pylori infection and gastric
mucosal atrophy were both strongly implicated in gastric
carcinogenesis and that H pylori-negative patients in whom
there was no evidence of gastric atrophy did not develop
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gastric cancer. Furthermore, they concluded that while
H pylori infection is not directly associated with gastric
carcinogenesis, it is indirectly implicated in it by promoting
gastric atrophy, and severe gastritis with extensive intestinal
metaplasia is a major risk factor for gastric cancer.

Suzuki ez al'"” provided evidence that H pylori
eradication exerted an inhibitory effect on the proliferation
of epithelial cells as shown by the tissue content of
hepatocyte growth factor (HGF) and Ki67 labeling
index. Our previous study also demonstrated that H pylori
eradication led to a decrease in the expressions of p53 and
multiple double minute 2 (MDM?2) in the epithelial cells,
which had been elevated prior to eradication™”

DNA DAMAGE

Ladeira ez a/”", using the comet assay or single-cell gel
electrophoresis, investigated the status of DNA damage
in gastric epithelial cells from the antrum and corpus in
H pylori-infected patients with gastritis of varying degrees,
and demonstrated that the level of DNA damage in
H pylori-infected individuals was significantly higher
(8.4-fold) than that in non-infected individuals, with the
levels of DNA damage significantly higher in those aged
50 years or more.

The DNA repair enzyme human oxoguanine
glycosylase 1 (hOGGT1) is known to be responsible for
the repair of the 8-hydroxy-deoxyguanosine (8-OHdG)
region. Of the hOGG1 polymorphisms identified, a Ser—
Cys polymorphism at position 326 was found to interact
with atrophic gastritis, but not with antioxidant dietary
or nutrient intakes, likely making patients with atrophic
gastritis who also have the hOGG1 Cys allele more
susceptible to gastric cancer™!

The concentrations of 8-OHdG, inducible nitric
oxidative synthase (iNOS), nuclear factor kB (NF-kB),
myeloid cell leukemia-1 (Mcl-1) and inhibitor of apoptosis
protein (IAP) were reported to be significantly higher in
patients with H pylori infection, in cancer tissues, and in
stage 3 and 4 gastric cancer patients, pointing to the pivotal
role that oxygen-free radical-mediated DNA damage due
to H pylori infection plays in the development of gastric

. . .22
carcinoma from chronic gastritis™.

VIRULENCE FACTORS

CagA proteins and gastric carcinoma
H pylori virulence factors include the cytotoxin-associated
gene A antigen (CagA), the vacuolating cytotoxin (VacA),
urease, and blood group antigen-binding adhesin (BabA).
After the year 2000, much has been clarified about
the behavior of CagA proteins, where H pylori could
directly deliver the CagA protein into the host epithelial
cell cytoplasm via the cag PAl-coded type IV export
system””, Inside the epithelial cells, the CagA protein
undergoes tyrosine phosphorylation by the host Src family
protein tyrosine kinases, and the CagA protein binds
an Src homology 2 (SH-2) domain-containing tyrosine
phosphatase SHP-2, and stimulates the division and
proliferation of gastric epithelial cells™ .

Twenty percent of the tyrosine-phosphorylated CagA

also binds carboxyl-terminal Src kinase (Csk) with 80% of
the tyrosine-phosphorylated CagA binding SHP-2. The
CagA-Csk interaction activates Csk and inactivates the
Stc family kinases, theteby bringing about a decrease in
CagA tyrosine-phosphorylation as well as in CagA-SHP2
interactions as a feedback mechanism™. Through this
mechanism, chronic infection with cagA-positive strains
persists, thus causing the host damage.

There are two subtypes of the CagA proteins reported,
namely the Western CagA and East Asian CagA”" .
Due to the presence of polymorphisms in tyrosine
phosphorylation sites, the East Asian CagA proteins were
reported to have a significantly higher SHP-2-binding
affinity than the Western CagA proteins, whereas the
Western CagA proteins with repeated EPIYA motifs are
associated with greater CagA phosphorylation, and higher
SHP-2-binding affinity, and greater induction of the
hummingbird phenotype than the Western CagA proteins
without repeated EPIYA motifs”. However, the East
Asian CagA proteins, with a different amino acid sequence
downstream of the third EPIYA motif, are reported to
exhibit even greater activity than the potent Western CagA
proteins.

Argent et al”” also reported that the more EPTYA
motifs present in the CagA proteins, the higher the degree
of CagA tyrosine-phosphorylation and the level of CagA
biologic activity in inducing human gastric epithelial (AGS)
cell elongation (hummingbird phenotype), and the more
likely they are to be associated with gastric cancer.

In the host cell, the tyrosine-phosphorylated CagA
protein induces rearrangements of the actin cytoskeleton.
The tyrosine-phosphosphorylated CagA inhibits the
catalytic activity of Strc family kinases and induces tyrosine-
dephosphorylation of several host cell proteins, one of
which has been identified as ezrin. Ezrin is a component
of microvilli, and makes up the ezrin-radixin-moesin
(ERM) family of proteins as a linker protein between actin
filaments and membrane proteins, and thus is deemed
responsible for the adhesion and division of molecules as
well as for intracellular signaling. This suggests that ezrin
dephosphorylation may be implicated in the mechanism
of gastric carcinogenesis’”

Given the well known fact that the incidence of gastric
cancer in Okinawa Prefectute, Japan is quite low, Azuma
et al™ compared the H pylori strains prevalent in Fukui
and Okinawa Prefectures, and found that, of the strains
examined, those found in Fukui were all of the East Asian
CagA subtype; and, of the 42 strains associated with
gastritis in Okinawa, 6 strains (14.3%) were cag4-negative,
8 strains (19.0%) were of the Western CagA subtype, and
28 strains (66.7%) were of the East Asian CagA subtype;
and all strains associated with gastric catcinoma were of
the East Asian CagA subtype. The degree of inflammation,
activity of gastritis, and gastric mucosal atrophy observed
in the East Asian cagA-positive strains were significantly
more advanced than that in the Western cagA-positive or
-negative strains, suggesting that infection with East Asia
cagA-positive H pylori strains is strongly associated with
gastric atrophy and cancer.

Furthermore, Azuma ¢z a/™” compared the distribution
of CagA polymorphisms in the world and analyzed the
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relationship between the CagA distribution and associated
mortality rate of gastric cancer. In this report, they noted
that no East Asian CagA proteins were found in the West,
while all CagA proteins reported in Asia were of the Fast
Asian CagA subtype, with the prevalence of the East
Asian CagA subtype found to be correlated well with the
mortality rate from gastric cancer, thus concluding that
searching for CagA polymorphisms rather than mere
H pylori infection may be of greater value in identifying
patients at increased risk of developing gastric cancer.

Azuma e al’" also reported on several genes in a
pathogenicity island (PAIL) known as cag PAL, of which the
¢cag gene is one. According to their report, the cag PAI
can be classified by their polymorphisms into the Japanese
and Western clusters, and their diversity is associated with
the vacA and cagA genotypes; and all strains with the s7¢
vaA genotype as well as with the East Asian czgA4 genotype
are found in the Japanese cluster. They also noted that
patients infected with strains found in the Japanese cluster
were associated with high grade gastric mucosal atrophy
and that while neatly all patients with H pylor/ infection are
found to be cag PAl-positive, of all cgzg PAI polymorphisms,
the Japanese clustet-genotypes appeat to be predominantly
associated with advanced gastric atrophy and increased
gastric cancer risk.

Kauser ¢ al”” investigated the chromosomal integtity
or lack of the cag PAI across different populations by
evaluating the biogeographical distribution of strains
carrying the fully integral cag PAL. According to their
report, the cag PAI was well conserved in the East Asian
clinical isolates and most highly conserved in the Japanese
clinical isolates, but least conserved in the majority of the
European and African clinical isolates. They also found
that the ¢agE and cagT genes wete less often rearranged
(18%) compared to the ¢agA gene, and the differing cag
PAI rearrangement patterns were related to varying disease
outcomes, with the g4 promoter and the left end of the
¢cag PAI frequently rearranged or deleted in clinical isolates
associated with severe pathology.

Al-Marhoon ez /™ proposed a model on the
association between cagA-positive H pylori infection and
distal gastric cancer, explaining how cagA-positive H pylori
infection is associated with greater PGE: production,
increased mucus thickness and hydrophobicity, which
serve to protect and keep intact bacterial colonization and
increase gastritis, and is therefore associated with the risk
of distal gastric cancer.

Ladeira et a/”" showed that cagA, vacA, and iceA
genotypes were associated with significant DNA damage
in both the gastric antrum and corpus, indicating that they
may serve as biomarkers for the risk of extensive DNA
damage and possibly for gastric cancer.

Toward the end of 2003, Huang e a/”” performed
a meta-analysis of the relationship between cagA
seropositivity and gastric cancer in a total of 2284
patients with gastric cancer versus 2770 control subjects,
demonstrating that H pylori infection and cagA positivity
increased the risk for gastric cancer by 2.28-fold and
2.87-fold, respectively. They also reported that among
H pylori-positive patients, cagA positivity further increased
the risk for gastric cancer by 1.64-fold, and that for non-
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cardia gastric cancer by 2.01-fold, whereas the gastric
cancer at the cardia was not associated with H pylori
infection or cagA positivity, thereby concluding that czgA4
positivity is associated with a greater risk of developing
gastric cancer than H pylori infection. Furthermore, Held
et al™ investigated the association between agA-positive
versus cagA-negative status and gastric cancer in a case-
control study and found that H pylri antibody positivity
was associated with a greater risk of gastric cancer than
H pylori antibody negativity, and that cagA antibody
positivity further increased the risk, while cagA
antibody-negative H pylori infection was associated with
a significantly greater risk for gastric cancer than cagA
antibody- and H pylori antibody-negative status.

There are several teports, however, that tend to negate
the role of cagA as a risk factor for gastric cancer, while
acknowledging its importance. Hirata ¢z o/’ reported on
the functional variability of the cagA gene in 36 clinical
strains isolated from Japanese patients with various gastric
diseases. They demonstrated that while delivery of the
CagA protein into the host epithelial cell cytoplasm in
the majority of Japanese patients with H pylori infection
is ensured via the type IV export system, and tyrosine-
phosphorylation of the CagA protein is promoted, the
intensity of CagA phosphorylation as well as the activation
of the serum response clement (SRE) vary greatly among
the cagA-positive strains, with those associated with
gastric cancer, MALToma and chronic atrophic gastritis
found to be slightly higher than those associated with
gastroduodenal ulcers. They also noted that while the ¢zgA4
polymophisms and the number of EPIYA motifs repeated
should account in part for the variety of resulting diseases,
the association between ¢agA status and disease outcome
might not be too strong,

Bachert ef al™ performed a functional analysis of the
cag PAL in 25 H pylori strains each isolated from patients
with gastritis, peptic ulcer disease, and gastric cancer,
and demonstrated that cagA4 expression, translocation
and tyrosine-phosphorylation were high but similar
among all patient groups examined, suggesting that while
the cag PAl-dependent processes remain an important
H pylori-associated virulence factor, the determination
of disease outcome may be highly complex and involve
multiple bacterial and/or host factors. Similatly, Nishiya
et al™ investigated the role of the sag PAI by performing
an analysis of 39 H pylori strains each isolated from
Japanese patients with gastric cancer and chronic gastritis,
respectively, where the presence of cagA, cagk, and 17irD4
homologue was studied. They reported that almost all
patients were found to be ¢agA-positive, and there were
no differences between patients with gastric cancer and
chronic gastritis with regard to the expression of cagA,
cagls and 177rD4, thus concluding that the structure of the
¢cag PAT might not be associated with the development of
gastric cancer in Japanese patients.

Apart from this, while the interaction between H pylori
infection and gastroesophageal reflux disease (GERD)
has long been under debate, Ye ¢ a/* showed in a large
population-based case-control study in Sweden that H
pylori infection might prevent the development of GERD
and reduce the risk of esophageal adenocarcinoma,
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whereas gastric atrophy and infection with cagA-positive
stains of H pylori might increase the risk for esophageal
squamous cell carcinoma.

OTHER VIRULENCE FACTORS

In an analysis of gene expression profiles using gastric
cancer cells, Yuan ez a/'" reported that VacA affects
cytoskeleton-associated genes, thereby disrupting
cytoskeletal architecture; it also causes damage to cell
cycle-related genes, and breaks the balance between
cell proliferation and cell death, while at the same time
inducing inflammatory responses.

In a comparison of the hrgA gene thought to encode
a restriction enzyme in H pylori using clinical isolates from
East Asian and Western countries, the prevalence of ArgA-
positive strains was reported to be significantly higher in
the Western countries (49%) compared to the East Asian
countries (20%). However, the prevalence of the hrgA
gene was not found to be related to disease specificity or
to other important putative virulence factors (i.c., CagA,
VacA)*,

Gastric mucosal interleukin 8 (IL-8) levels are
related to the presence of both the cag PAI and the
outer inflammatory protein (OipA)™*. Yamaoka ez a/*
examined the upstream IL-8 signal transduction pathway
including the H pylori-associated 1L-8 promoter and gene
transcription region using oA, hepZ, cagEl gene knockout
cultured cells. Maximization of H pylori-induced IL-8
gene transcription requires the presence of binding sites
for ISRE-like element, NF-kB, and AP-1. Both the OipA
and cag PAI are implicated in the process in which the
interferon regulatory factor (IRF)-1 becomes activated
by binding the interferon-stimulated responsive element
(ISR)-like element, while the ¢ag PAI, and not the OipA,
is implicated in the activation of AP-1 and NF-xB. Again,
the OipA, and not the cgg PAIL is implicated in vitro and
in vivo in the phophorylation of signal transducers and
activators of transcription 1 (STAT1) as an upstream
signal transduction pathway. Thus, while both the OipA
and cag PAI are required for the full activation of the
IL-8 promoter region, each acts via a different pathway
that becomes distinct upstream of the IRF-1, with only
the OipA implicated in the STAT1-IRF1-ISRE pathway.
Gastric mucosal inflammatory processes are complex and
involve different pathways centered on the 1L-8 promoter
region.

HOST FACTORS

In an experiment using gastric epithelial (AGS) cells,
H pylori infection was found to increase the expression of
plasminogen activator inhibitor (PAI)-2, suggesting that
PAI-2 may play a role in influencing the progression to
gastric cancer'™”,

Nardone ez a/*"" demonstrated that in patients with
up-regulation of COX-2 or microsomal PGE-synthase
1 (mPGES1) expressions by H pylori infection, the
expressions of the anti-apoptosis marker Be/-x7 ot the
multi-drug resistance 1 gene (MDR-7) product P-gp were
also increased, suggesting that this H pylori-induced process

may contribute to gastric carcinogenesis and resistance to
therapy.

It is reported that H pylori infection increases the
mRNA expression of the apoptosis-regulating proteins
Bid, Bax and Bcl-2"" and that the tumor suppressor
protein Bax translocates to the mitochondaria which
8 suggesting that
a loss of control over these apoptosis-regulating genes
potentially leads to gastric catcinogenesis. Of note, these
genes wete found to be more markedly expressed in cag.4-
positive H pylori strains™’.

Of the IL-10 gene polymorphisms identified, the IL-
10-1082G/-819C/-592C alleles (GCC haplotype) are
reported to be associated with the highest mucosal 1L-10
mRNA expression, and carriers of the GCC haplotype
are associated with colonization by more virulent cagA,
vacAst1, and babA2-positive H pylori strains™ | suggesting
that cytokine gene polymorphisms may be implicated in
the development of gastritis and gastric cancer.

The pro-inflammatory cytokine IL-1 is implicated
in host susceptibility to H pylori-associated diseases,
and recent studies have further suggested that this
susceptibility may be under genetic control. Hartland
et al” prospectively investigated the relationship between
selected polymorphisms in three of the major IL-1 gene
clusters for association with H pylori infection and/ot
gastric cancer, and reported a significant difference in the
genotype frequencies for the ILL7R7 Hinfl SNP in those
with current or previous evidence of H pylori infection
as compared with those without (GG, 53% »s 75%; GA,
40% w5 19%; AA, 7% vs 6%; P=0.0079). They concluded
that the relationship among IL-1 gene polymorphisms,
H pylori and disease outcome is more complicated than
previously proposed, and may not be associated with
the development of gastric cancer. Polymorphisms of
the IL-1 gene cluster (IL-1A, -B, and -RN) have been
associated with advanced gastric cancer. In early-stage
gastric cancer, Glas ¢/ a/*" investigated the role of host
genetic susceptibility and concluded that the genotype
II-7 RN*2/2 is associated with eatly-stage gastric cancet,
where, in contrast to advanced disease, further pro-
inflammatory cytokine polymorphisms are not implicated
independently, but may act in combination to play a role
in early stages of gastric carcinogenesis, while the role of
H pylori infection in this process remains unclear. In
addition, Chen ez a/*” demonstrated in a case-control study
of 142 gastric cancer patients and 164 control subjects
that the carriage of [L-7RN*2, male gender, old age, and
H pylori infection were associated with increased risk for
gastric cancer, concluding that H pylori infection and IL-
7TRN*2 are independent risk factors for gastric cancer, and
H pylori testing and host genotyping may combine to help
target the eradication of H pylori to high risk individuals.

Basak ez a/”” investigated the role of H pylori
lipopolysaccharide (LPS) in IL-1f gene expression and the
signaling pathways leading to LPS-induced IL-1[ secretion,
and demonstrated that activation of the mitogen-
activated protein (MAP) by LPS resulted in activation of
the immediate downstream C/EBP B and the C/EBPp-
binding elements of the IL-1 promoter, thus leading to the
expression of the IL-1B. Of note, they also reported that

subsequently undergoes fragmentation
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LAP-induced activation of the Racl/PAK1 signaling plays
a role in activation of caspase-1 required for maturation of
the pro-1L-1p.

Osawa e ol investigated the effect of H pylori
infection on ghrelin, a novel peptide expressed in the
gastrointestinal tract conferring potent protection against
gastric mucosal inflammation®™, in 110 H pylori-positive
and 50 H pylori-negative patients, and demonstrated
that impaired gastric ghrelin production associated with
atrophic gastritis induced by H py/lori infection accounts for
the decrease in plasma ghrelin concentration.

SOURCE OF GASTRIC MALIGNANCY

It is well accepted that epithelial cancer originates from
transformation of tissue stem cells. However, this
view was recently challenged by Houghton e a/* in
2004, who proposed a new intriguing theory regarding
gastric carcinogenesis. In their theory, it is advanced
that bone marrow-derived cells (BMDC) may represent
a potential source of malignancy, while they are usually
recruited to sites of tissue injury and inflammation. In
their experiments, C57BL/6 female mice were infected
with Helicobacter felis, irradiated, and transplanted with
galactosidase- and green fluorescent protein (GFP)-
labeled bone marrow cells from male mice. At wk 20, the
level of apoptosis was elevated in the infected mice, and
galactosidase- and GFP-positive glands appeared. After 1
yeat of infection, these mice developed gastric carcinoma
in situ or gastrointestinal intraepithelial neoplasms
(GIN), which were found to be galactosidase- and GFP-
positive. Houghton ez a/*” noted that while acute injury or
inflammation does not lead to a recruitment of BMDC,
chronic infection of C57BL/6 mice with Helicobacter
induces a repopulation of the stomach with BMDC, and
these cells progress through metaplasia and dysplasia to
intraepithelial cancer. This new hypothesis appears to have
far-reaching implications for future research in gastric
carcinogenesis.

H PYLORI ERADICATION AND GASTRIC
CANCER

In the current review, we have addressed issues
surrounding H pylori infection and gastric carcinogenesis.
Not only long-term morphological but also genetic studies
will be required to clarify whether or not improvement
in gastric atrophy and intestinal metaplasia after H pylori
eradication would lead to prophylaxis of gastric cancer
or when would be the “point of no return” for such
prophylaxis in the course of patient follow-up. Further
long-term research into the morphological changes
associated with H pylori eradication is also required to
explore strategies for the prevention of gastric cancer with
H pylori eradication.
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