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Abstract

Since the discovery of Helicobacter pylori, the
relationships  between  Helicobacter  pylori
infection and several diseases have been
identified.

Especially, Helicobacter pylori has been
investigated as a risk factor for gastric cancer, and
some toxins (cytotoxin-associated gene A and
vacuolating  cytotoxin ~ A)  produced by
Helicobacter pylori were identified.
Cytotoxin-associated gene A has been
continuously investigated as a promoter of gastric
carcinogenesis. Although toxins are an important
factor for gastric carcinogenesis, host factor or
other risk factors for gastric carcinogenesis are
also important to explain the incident rate of
gastric carcinogenesis in Helicobacter pylori
infectious patients. Many genetic polymorphisms
were picked up as candidates for gastric cancer
susceptibility. Salt was firstly demonstrated as a
risk factor of gastric cancer in 1950s, and salt was
revealed as a promoter for gastric carcinogenesis
in some experimental examinations. Salt
sensitivity genes (angiotensinogen, o- and
B-adducin, aldosterone synthase gene, the
G-protein B 3 subunit) have been also
investigated as a risk factor for hypertension and
gastric carcinogenesis. More studies will be

needed to clarify these relationships.
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1. Introduction

Since the discovery of Helicobacter
pylori (H. pylori) approximately 30 years
ago, the relationships between H. pylori
and several diseases have been identified®.
In particular, three major cohort studies
showed an association between H. pylori
and gastric cancer, thereby attracting a lot
of attention from previously skeptical
gastroenterologists®®. Soon after these
studies were published, the International
Agency for Research on Cancer (IARC)
defined H. pylori as a class | carcinogen,
thus confirming its association with

gastric cancer °.

This review summarized studies
that proved that H. pylori is a risk factor
for gastric cancer as well as studies that
investigated how salt intake, another
proposed risk factor for gastric cancer,
contributes to gastric cancer, with the
focus on host factors in the form of

genetic polymorphisms.

2. Helicobacter infection and

gastric cancer

With regards to the carcinogenicity
of H. pylori, while undeniable, the next

question to answer is what factors
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(causative mechanism) actually lead to the
development of gastric cancer. Toxins
produced by H. pylori that are more
harmful than ammonia have been found,
and these toxins activate intracellular
signal transduction pathways by directly
injecting into the cells, causing mutations,
inducing vacuole-like membrane vesicles
in the cytoplasm and altering the

cytoskeleton®™°.

Among these toxic
proteins, CagA (Cytotoxin-associated
gene A) protein was extensively
investigated by researchers from early
days, and virulent genetic pattern was
clarified. The potent toxin CagA, called
the East Asian type, harbors an EPIYA-D
site; it is so named because it is derived
from a bacterial strain common in East
Asia, particularly in Japan and Korea®.
Regarding CagA in particular, the
question of why regional differences
occur in infection and gastric cancer onset
rates has been elucidated to some extent.
Despite this association, the potent toxic
strain of H. pylori that infects people does
not necessarily cause gastric cancer in all
patients whom it infects. One underlying
cause of this is thought to be the host

factors'?.
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3. Host factors for gastric

carcinogenesis

Since the 2000s, when the Human
Genome  Project was  completed,
differences in individual genotypes have
gradually been identified. Available
single-nucleotide polymorphism (SNP)
data revealed racial differences in
susceptibility to gastric cancer’? **. SNPs
and epigenomes were factors underlying
human individuality. The development of
sequencing methods and genome-wide
analysis enabled researchers to gradually
identify the factors that determined
susceptibility to certain diseases. However,
the genetic polymorphisms that indicate
clear susceptibility to oncogenesis remain
unknown. In contrast, whole-genome
analysis has revealed the types of
mutations associated with the histological

types of gastric cancer'.

4. Salt and gastric cancer risk

Are there any other risk factors for
gastric cancer? In addition to host and
bacterial factors, smoking has been found
to be an environmental risk factor for
gastric cancer™ °. Salt intake has also

been believed to be a risk factor for
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gastric cancer from some time.
Subsequent to the report by Sato et al. that
indicated an association between salt and
gastric cancer, various studies have been
conducted to further define this
relationship®’. An epidemiological study
discovered a high incidence of gastric
cancer in regions where large amounts of
foods preserved in salt are consumed.
Furthermore, the decrease in gastric
cancer incidence in the United States was
assumed to be due to the popularization of
household refrigerators, which led to a
decrease in the consumption of salted
foods'™® °. An epidemiological study
conducted by Tsugane et al. demonstrated
that high salt intake may exacerbate H.

pylori infection .

This leaves us with the question of
whether high salt intake is actually
associated with gastric cancer onset.
Charnley et al. reported that after feeding
a high-salt diet to rats, subsequent flow
cytometric analysis of the gastric mucosa
revealed an increase in the number of
cells at the S-phase of the cell cycle,
leading to the conclusion that
susceptibility to sensitization to mutagens

causes gastric cancer’. Furihata et al.
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conducted a similar study on rats and
demonstrated the direct clastogenicity of
salt, which promotes mucosal
proliferation and induces DNA synthesis
as well as regeneration of the mucosa,
thereby contributing to gastric cancer
onset.??. Tatematsu et al. produced rat
gastric cancer models using
N-methyl-N-nitro-N-nitrosoguanidine

(MNNG) or 4-nitroquinoline-1-oxide
(4-NQO), and they showed that salt
induced gastric  carcinogenesis®.
Furthermore, they demonstrated that the
effect of salt in gastric carcinogenesis was
as promoter not as initiator through the
same experimental models. Similar results
were reported by Nozaki et al. and Kato et
al**?® Nozaki et al. designed the various
experimental models these are combined
N-methyl-N-nitrosourea  (MNU), H.
pylori infection and high salt food. As a
result of these investigations, they
concluded that gastric cancer was
developed under the combined condition
of the mixture of salt, MMNUU and H.
pylori infection. Kato et al. also reported
that the promoter effect of gastric
carcinogenesis depends on the

concentration of salt. Fox et al. used
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mouse models, and they showed high salt
intake induced the spread of H. pylori

colonies and the progression of gastritis.

From these results as described
above, it was revealed that salt had the
progression effect of H. pylori infection,
however, the mechanism of this effect is
still unclear. As one of hypothesis, a study
showed that one of the toxins of H. pylori,
CagA expression was increased with salt
condition®’. The enhancement of the toxin
may favor for the H. pylori infection

status.

5. The polymorphisms of salt

sensitivity genes

Are there some sort of relationships
between salt consumption and the host
sensitivity? The initial analysis about the
association between salt consumption and
the host sensitivity was the analysis about
hypertensive patients. Cardiac researchers
are very interested in finding a genetic
association between salt sensitivity and
hypertension. Angiotensinogen (AGT) is
a salt sensitivity gene implicated in this
process and is one of the most important
elements of the rennin-angiotensin system

(RAS). AGT and RAS are involved in
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vascular tone, cardiovascular remodeling,
salt and water balance”®. Recently, there
has been strong interest in the AGT
M235T polymorphism and its association
with hypertension and salt sensitivity®* *.
This  polymorphism was previously
reported to be associated with plasma
AGT levels®. The T235 allele varies
widely in frequency, occurring in 35%-—
45% of whites, 75%-80% of Asians and
African Americans, and 90% of
Africans® %2, These distribution
differences led to a hypothesis that the
T235 allele, which was associated with
higher angiotensinogen expression and
greater sodium reabsorption, was adaptive
in the tropical, sodium-poor environment
of sub-Saharan Africa but was selected
against as modern humans radiated out of

Africa into other environments.

This association between salt
sensitivity genes and gastric cancer risk
also attract the interest of investigators,
and Shibata et al. performed a
case-control study with the intention to
clarify this relationship®®. They studied
399 Japanese patients included gastric
cancer patients, and they were divided

into two groups for assessment of AGT

Copyright 2016 KEI Journals. All Rights Reserved

polymorphism. There were 197 gastric
cancer (GC) patients, and there were 202
patients with no evidence of GC who
served as the control group. The AGT
M235T polymorphism was investigated
by PCR-based restriction fragment length
polymorphism (PCR-RFLP) analysis. The
genotype distribution was not
significantly different between GC and
control patients (Table 1). There is
another study reporting the relation
between AGT polymorphism and gastric
cancer risk®*. Although in this study, there
was a significant relationship between
AGT-20 C allele and H. pylori related
gastric cancer risk, the authors did not

mention about the salt sensitivity.

In addition to the polymorphisms of
AGT, candidates of salt sensitivity genes
were o- and [B-Adducin, aldosterone
synthase gene (CYP11B2), the G-protein
B 3 subunit (GNB3). There is one study
about the association between the
polymorphism of GNB3 C825T and
gastric cancer risk®. Cases were 161
Japanese patients (111 men, and 50
women) who were diagnosed with
primary gastric cancer, and controls were

174 patients (88 men, and 86 women)
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without gastric cancer. The genotype for
the GNB3 C825T polymorphism was
determined using PCR-RFLP. In overall
analysis, there was no significant
difference between case and control group,
however, there was a significantly
increased risk of diffuse type of gastric

cancer in TT genotype (Table 2).

Studies about the polymorphism of
salt sensitivity genes and gastric cancer
risk do not exist other than in our reports.
The reason is not clear, however, the
researchers may think the role of salt is
not so important than H. pylori infection
upon gastric carcinogenesis. Even so,
future study is needed to clear the
relationship between salt sensitivity and

gastric cancer development.

6. Summary and conclusions

In this review, study history about

associated factors with gastric
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carcinogenesis, especially about salt in
both experimental studies and cohort
studies was described. Salt is necessary
for the maintenance of human
homeostasis, however, excessive salt
intake (around over 10g/day) may induce
various harmful events in humans. Salt
alone seems not to initiate gastric cancer,
whereas gastric cancer development is
found after H. pylori eradication.
Therefore there is a possibility that
excessive intake of salt may be involved
with this event. The continued study
about the mechanism of promoter effect
of salt upon gastric carcinogenesis will be

needed.
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Table 1. AGT M235T polymorphism and GC risk

patients with GC

control patients

OR (95%C.1.)

genotypes p
n (%) n (%) vs MM
MM 9(4.4) 8(3.8) reference
MT 57 (27.7) 60 (28.6) 1.02 (0.34-3.04) 0.975
TT 140 (67.9) 142 (67.6) 0.96 (0.35-2.64) 0.932
T carrier 197 (95.6) 202 (96.2) 0.97 (0.35-2.67) 0.952
GC: Gastric cancer; C.1.: confident interval.
Table 1 from ref. 35.
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Table 2. GNB3 C825T polymorphism and GC risk

Variables( ) genotype CCvs. TT
cIc cIr T OR(95%Cl) p
Patients without GC (174) 42 84 48 Reference

Tumor location

Cardia (5) 0 3 2 ND
Non-cardia (156) 33 87 36 126(0.63-2.52) 0523
Upper third (6) 0 6 0 ND
Middlethird (87) 19 50 18 124(061-252) 0550
Lower third (63) 14 31 18 126(0.63-252) 0523
Staging
Early (74) 17 43 14 0.78(0.31-1.99) 0,600
Advanced (87) 16 47 24 1.71(0.75-394) 0204

Lauren’sclassification

Intestinaltype (89) 23 49 17 061(0.26-1.46) 0269
Diffusetype (65) 7 38 20 105(029-3.73) 0030 "
Mixed (7) 3 3 1 035(0.02-6.60) 0480

Lymphatic invasion
Positive (75) 15 46 14 1.13(0.44-2.88) 0.800
Negative (54) 14 26 14 0.91(0.35-2.35) 0.844

Venous invasion

Positive (39) 9 19 11 1.49(0.48-4.56) 0.490

Negative (90) 20 53 17 0.84(0.35-1.97) 0683
Lym ph node m etastasis

Positive (77) 12 44 21 2.07(0.82-5.25) 0.125

Negative (84) 21 46 17 0.82(0.35-1.93) 0.647

Peritoneal dissemination

Positive (29) 6 15 8 1.32(0.39-4.41) 0.655
Negative (132) 27 75 30 1.23(0.57-2.62) 0.600
Distant metastasis

Positive (18) 2 10 6 2.80(0.52-15.25) 0233
Negative (143) 31 80 32 1.10(0.53-2.31) 0.796
NOTE:Alldata areadjusted for sex,age,and Hpylori infection status. *Significantly differentatp<0.05 according to Logistic-regression analysis

GC:gastric cancer; ND:notdetermined

Table 2 from ref. 37
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