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Abstract

From epidemiological evidence a high salt diet is a risk factor for gastric cancer, independent of Helicobacter
pylori infection, and animal studies have shown that salt promotes carcinogenesis. The G-protein [} 3(GNB3)
C825T polymorphism has been linked with hypertension, salt sensitivity and multiple diseases. Our aim in this
study was to clarify any association of the GNB3 C825T polymorphism with gastric cancer risk in Japanese. We
examined 161 patients with gastric cancer and 183 control subjects. All underwent stomach biopsy by endoscopic
procedures, and extracted DNA was genotyped using a primer pair including the GNB3 C825T polymorphism
area by PCR-based restriction fragment length polymorphism (PCR-RFLP). Logistic-regression analysis was
performed to assess the impact of the genetic polymorphism. Overall comparison of genotype frequency showed
the CT genotype in control patients to be relatively infrequent, but no statistically significant differences were
found. However, on comparison of subtypes of gastric cancer (intestinal and diffuse), a significantly increased
risk of diffuse type of gastric cancer was foudn for the TT genotype (odds ratio compared to CC, 3.1, 95%CI
1.1-8.6, p=0.03). In conclusion, the TT genotype of GNB3 was associated with diffuse type of gastric cancer. The
mechanism of the GNB3 polymorphism interaction with gastric cancer development needs to be clarified by

future study.
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Introduction

Gastric cancer is a still considerable public health
problem in current world. While the incidence and
mortality rates of gastric cancer have decreased in recent
years, gastric cancer is the second cause of cancer death
around the world (Murray and Lopez, 1997; Parkin et al.,
2005). Helicobacter pylori (H. pylori) was designated as
a causative pathogen for gastric carcinogenesis (1994).
Inflammation may be a key factor in the process of
carcinogenesis from chronic gastritis induced by H. pylori
(Correa, 1992). However, there is a discrepancy that only
a small percentage of infected patients actually develop
gastric cancer. This fact suggests that some genetic factors
may play an important role in the development of gastric
cancer in long term outcome of H. pylori infection.

Epidemiologically, it has been reported that a high
salt diet was one of risk factors for gastric carcinogenesis
other than H. pylori infection (Weisburger, 2004; Tsugane,
2005; Shikata et al., 2006). The mechanisms of salt intake
to gastric carcinogenesis are still unknown, however,

animal model was also develop gastric cancer under high
salt intake surroundings (Nozaki et al., 2002). The study
showed salt itself did not have initiation effect for gastric
carcinogenesis, but promoted carcinogenesis in stomach
(Nozaki et al., 2002).

Heterotrimeric G-proteins play an important role in
the stimulus-response coupling of membrane receptors
linked to intracellular membrane receptors (Gollasch et
al., 1993, Kleuss et al., 1991; 1992; 1993). It has been
investigated about the potential role of these signal
transduction systems in the development of several
diseases that affect smooth muscle such as vascular
disorder (Penn and Benovic, 2008). G-proteins are
composed of different o, 3, and y subunits isoforms, and
the 3 and y subunits forming a functional monomer(Olate
and Allende, 1991). On receptor activation, both a and 3
subunits dissociate from the receptor and in turn modulate
a large variety of intracellular effecter systems(Johnson et
al., 1991; Wieland and Mittmann, 2003). Thus, G-protein
dysfunction could potentially block intracellular signal
transduction.
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G-protein $3 (GNB3) C825T polymorphism have
been interested in the association of hypertension as salt
sensitivity gene and many variety diseases(Hegele et al.,
1999, Kato et al., 1998, Klintschar et al., 2005, Morrison
etal.,2001). This polymorphism give rise to three possible
genotypes (i.e., CC, TC, and TT), and was reported to
be associated with gene activity (Baumgart et al., 1999).

Our aim of this study was to clarify the association
of GNB3 C825T polymorphism as a salt sensitivity gene
and gastric cancer risk in Japanese.

Materials and Methods

Cases and Controls

This study included patients who received upper
gastrointestinal endoscopy at the Fujita Health University
Hospital in Japan. Consecutively enrolled subjects were
screened for gastric cancer by upper gastrointestinal
endoscopy followed by a barium X-ray examination. Cases
were 161 Japanese patients (111 men, and 50 women,
average age 64.3+12 .4 years) who were diagnosed with
primary gastric cancer, and controls were 174 patients (88
men, and 86 women, average age 60.4+13.3 years) without
gastric cancer who also underwent upper gastrointestinal
endoscopy. Gastric cancer was diagnosed histologically
at the Pathology Division of our hospital, and cancers was
classified according to Lauren’ s classification (Lauren,
1965). The information of cancer staging and anatomic
location were also obtained for the evaluations of clinico-
pathological features. Patients with malignancies in other
organs were excluded.

The Ethical Committee of the School of Medicine at
Fujita Health University approved the protocol. Written
informed consent was obtained from each subject.

DNA Extraction

Gastric biopsy specimens were taken from the non-
cancerous mucosa in the antrum and the greater curvature
of the stomach, using an upper gastrointestinal scope.
Some parts of each specimen were fixed in 10% buffered
formalin and embedded in paraffin, while the other parts
were immediately frozen and stored at -80°C until DNA
extraction. All histological diagnoses were made at the
Division of Pathology of our hospital. The genomic
DNA was extracted from stored samples at -80°C using
proteinase K and DNA extraction kits (Quiagen, Valencia,
CA).

Polymorphism Analysis of GNB3 Gene

The genotype for the GNB3 C825T polymorphism was
determined using PCR-based restriction fragment length
polymorphisms (PCR-RFLP). We used primers thatincluded
the GNB3 C825T polymorphism area. Subsequently, the
identification was done after PCR-amplification, using the
following primers 5’-TGACCCACTTGCCACCCGTGC-
3’and 5’-GCAGCAGCCACCGCTGGC-3’. PCR was
carried out with 0.1xg of genomic DNA in a volume of
20uL. The DNA was denatured at 95°C for 5 minutes,
followed by 30 cycles at 95°C for 45 seconds, 64°C for 45
seconds, and 72°C for 45 seconds, with a final extension
at 72°C for 7 minutes. The PCR reactions were done
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using Blend Taq (Toyobo Co., Ltd., Osaka, Japan). The
amplified PCR products were digested overnight with 5
units of BseDI (Fermentas, Ontario, Canada) at 55°C.
Subsequently, the digested products were analyzed on
3% agarose gels. These gels were stained with ethidium
bromide (0.5 yg/mL), and the genotypes were determined
by analyses of different bands. The presence of a BseDI
site was indicated by the cleavage of the 268 bp amplified
product to yield fragments of 152 and 116 bp. Genotyping
was confirmed by direct sequencing in a few randomly
selected samples.

Detection of H. pylori

H. pylori infection status was determined by
microscopic examination, urea breath test, or serum anti-
HP antibody titers. Infection was diagnosed when at least
one of these tests was positive.

Statistical Analysis

Hardy-Weinberg equilibrium of the GNB3 gene allele
in the controls and gastric cancer patients were assessed
by c? statistics. Clinical characteristics between patients
with or without gastric cancer, and differences in gastritis
scores between C/C genotype and T/T were examined by
the Mann-Whitney U test. Logistic-regression analysis
was used to estimate odds ratios (OR) and 95% confidence
intervals (Camilleri et al.) for the genotypes, with
adjustment for age, sex, and H. pylori infection status.
A p value <0.05 was considered statistically significant.

Results

Characteristics of the subjects

The characteristics of the cases and controls are
summarized in Table 1. Average age and H. pylori
infection rate was higher in gastric cancer patients than
in controls (p<0.05).

Distribution of the GNB3 genotypes

Table 2 shows the genotype frequencies of GNB3 in
patients with gastric cancer and the control. The C825T
polymorphism of GNB3 was typed in all 335 subjects.
Among cases, the distribution of genotypes was as
follows: CC=33,CT=90 and TT=38. Among controls, the
distribution was as follows: CC=42, CT=84 and TT=48
(Table 2). The frequency of GNB3 polymorphism in
the controls and gastric cancer patients did not deviate
significantly from those expected under the Hardy-
Weinberg equilibrium (p=0.13, 0.66 respectively).

In additional analyses, the associations between the
GNB3 polymorphism and clinicopathological features
of gastric cancer, such as tumor location, stage, Lauren’s
histological classification, lymphatic and venous invasion,
lymph node metastasis, peritoneal dissemination and
distant metastasis were evaluated. There was a significant
increased risk of diffuse type of gastric cancer in
TT genotype. The odds ratio of gastric cancer of TT
polymorphism of GNB3 C825T referred to CC was 3.1
(95%CI 1.1-8.6), (p=0.03). In contrast in intestinal type
of gastric cancer patients, the TT genotype was relatively
infrequent compare to the CC genotype (Table 3).
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Table 1. Characteristics of Gastric Cancer Patients and Control Patients

GC Controls P
Number 161 174
Males/females 111/50 88/86 N.S.
Average age (+SD) 643124 60.4+13.3 <0.05
HP positive rate (%) 91.3 57.5 <0.05*
GC: gastric cancer, HP: Helicobacter pylori; * GC vs. Controls, Mann-Whitney U test.
Table 2. GNB3 Polymorphism and GC Risk
Genotypes patients with GC n (%) control patients n (%) OR (95%CI) CC vs TT P
C/C 33(204) 42 (24.1) reference
C/T 90 (55.9) 84 (48.3) NA 0.097
T/T 38 (23.6) 48 (27.6) 1.24 (0.61-2.52) 0.550

GC: gastric cancer, CI: confident interval, NA: not analyzed

Table 3. Associaton between GNB3 Polymorphism and Clinicopathologic Characteristics of Gastric Cancer

Variables(n) Genotype CCvs. TT
C/C C/T T/T OR(95%CI) P

Paticnts Without GC (174) 42 84 48 Reference
Tumor location

Cardia (5) 0 3 2 ND

Non-cardia (156) 33 87 36 1.26 (0.63-2.52) 0.523

Upper third (6) 0 6 0 ND

Middle third (87) 19 50 18 1.24 (0.61-2.52) 0.550

Lower third (63) 14 31 18 1.26 (0.63-2.52) 0.523
Staging

Early (74) 17 43 14 0.78 (0.31-.199) 0.600

Advanced (87) 16 47 24 1.71 (0.75-3.94) 0.204
Lauren’s classification

Intestinal type (89) 23 49 17 0.61 (0.26-1.46) 0.269

Diffuse type (65) 7 38 20 1.05 (0.29-3.73) 0.030

Mixed (7) 3 3 1 0.35 (0.02-6,60) 0.480
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) 0.683
Lymph node metastasis

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 (039-441) 0.655

Negative (132) 27 75 30 1.23 (0.57-2.62) 0.600
Distant metastasis

Positive (18) 2 10 6 2.80(0.52-15.3) 0.233

Negative (143) 31 80 32 1.10 (0.53-2.31) 0.769

All data adjusted for sex, age, and H. pylori infection status; *Significantly different at p<0.05 according to logistic-regression

analysis; GC, gastric cancer; ND, not determined
Discussion

In this study, the homozygous GNB3 825-TT genotype
was associated with an increased risk of diffuse type of
gastric cancer in Japanese. As a polymorphism of salt
sensitivity gene, GNB3 C825T was not related with
intestinal type of gastric cancer. Although the precise
mechanism of these relation remains to be elucidated,
at least our findings could indicate that 825TT variant
of GNB3 may influence the cellular response in gastric
carcinogenesis different from intestinal metaplasia-
adenoma-carcinoma sequence.

GNB3 825T allele variant was initially reported
as a susceptible genotype associated with essential

hypertension (Siffert et al., 1998). This association was
postulated due to enhanced G-protein activation and
increased cellular responses as a result of active splice
variant of GNB3 C>T substitution (Siffert et al., 1998).
Increased cellular response is associated with cellular
Na-+-H+ exchanger activity in these population(Delvaetal.,
1993). Polymorphism of GNB3 C825T is also associated
with obesity, diabetes mellitus and atherosclerosis other
than essential hypertension(Siffert et al., 1999a; b; Hegele
et al., 1999; Wascher et al., 2003; Kiani et al., 2005;
Grove et al., 2007; Daimon et al., 2008). The relation to
obesity was hypothesized as the adipogenesis activity of
G proteins (Su et al., 1993).

Studies about GNB3 C825T and carcinogenesis have
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been reported recently in multiple type of cancer(Krippl
et al., 2004; Eisenhardt et al., 2005; Sheu et al., 2007,
Clar et al., 2008; Lehnerdt et al., 2008). In breast cancer
patients 825TT genotype was associated with significant
reduction of bone metastasis risk (Clar et al., 2008).
In head and neck squamous cell carcinoma, significant
decrease of relapse free and overall survival were observed
in same genotype(Lehnerdt et al., 2008). Our study is
the first report about the association of GNB3 825TT
variant and diffuse type of gastric cancer development.
Whereas, in bladder carcinoma patients, non-smokers
revealed a shorter time to metastasis in 825T-allele carriers
(Eisenhardt et al.,2005). And oncocytic thyroid tumors of
follicular cell origin were significantly associated with the
C allele of the GNB3 polymorphism (Sheu et al., 2007).
These different results (different biological effect of this
polymorphism) of studies including our study may be
explained due to the different signal transduction route
of GNB3 in different tumor cell type.

In this study, we focused on the function of GNB3
in gastric cancer development as a salt sensitivity gene.
In experimental studies using animal model with H.
pylori infection, salt is an important factor for intestinal
metaplasia or carcinogenesis in animal gastric mucosa
(Nozaki et al.,2002; Bergin et al., 2003). In carcinogenesis
model, the majority of developmental cancer histology
was differentiated type (Nozaki et al., 2002). In these
studies, the precise role of high salt was not unveiled,
however, these findings suggested the role of salt as
an accelerator (promoter) in the process of cancer
development. In our study, the polymorphism of GNB3
C825T was associated with diffuse type of gastric cancer
in TT genotype. The association of undifferentiated type
of gastric cancer and GNB3 polymorphism suggests
that GNB3 variant involvement to another mechanism
of gastric cancer development not to related to adenoma
carcinoma sequence. One possible reason is the activation
of MAP kinase through a signal transduction of Ras and
Raf protein kinase associated with GNB3 (Moor et al.,
2001; Rosskopf et al., 2003).

Interestingly, in recent studies, there were increasing
reports about gastrointestinal dysfunction and GNB3
C825T polymorphism (Tahara et al., 2008; Van et al.,
2008; Vries et al., 2009; Oshima et al., 2010). These
association mechanisms were hypothesized by the
differences of strength of signal transduction in pre-
synaptic SHT (serotonin) and NE (norepinephrin)
release(Jankowski and Talley, 2009). In contrast of the
results of upper gastrointestinal functional disorders and
GNB3 polymorphism, no association between IBS and
GNB3 has been detected in multiple studies(Andresen et
al., 2006; Saito et al., 2007; Grudell et al., 2008). In the
near future, more detailed association mechanism will
be clarified.

In conclusion, the TT genotype of GNB3 was
associated with diffuse type of gastric cancer. Nevertheless,
the precise mechanism for these results remains to be
determined, this polymorphism was possibly associated
with not sequential gastric cancer development. One
reason of these results might be salt sensitive effect of
GNB3. The mechanism of GNB3 polymorphism and
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gastric cancer development is necessary to be clarified in
future study. And in next step, the association of tumor
metastasis and GNB3 polymorphism should be examined.

Acknowledgements

We thank Ms. Y. Kimura for scientific reading, and Ms.
H. Yamashita for technical support. None of the authors
have any conflict of interest with this study.

References

Andresen V, Camilleri M, Kim HIJ, et al (2006). Is there an
association between GNbeta3-C825T genotype and lower
functional gastrointestinal disorders? Gastroenterology,
130, 1985-94.

Baumgart D, Naber C, Haude M, et al (1999). G protein beta3
subunit 825T allele and enhanced coronary vasoconstriction
on alpha(2)-adrenoceptor activation. Circ Res, 85, 965-9.

Bergin IL, Sheppard BJ, Fox JG (2003). Helicobacter pylori
infection and high dietary salt independently induce atrophic
gastritis and intestinal metaplasia in commercially available
outbred Mongolian gerbils. Dig Dis Sci, 48, 475-85.

Camilleri M, Busciglio I, Carlson P, et al (2008). Candidate genes
and sensory functions in health and irritable bowel syndrome.
Am J Physiol Gastrointest Liver Physiol, 295, 219-25.

Clar H, Langsenlehner U, Krippl P, et al (2008). A polymorphism
in the G protein beta3-subunit gene is associated with bone
metastasis risk in breast cancer patients. Breast Cancer Res
Treat, 111, 449-52.

Correa P (1992). Human gastric carcinogenesis: a multistep and
multifactorial process--first American cancer society award
lecture on cancer epidemiology and prevention. Cancer Res,
52, 6735-40.

Daimon M, Sato H, Sasaki S, et al (2008). Salt consumption-
dependent association of the GNB3 gene polymorphism with
type 2 DM. Biochem Biophys Res Commun, 374, 576-80.

de Vries DR, ter Linde JJ, van Herwaarden MA, et al (2009).
Gastroesophageal reflux disease is associated with the C825T
polymorphism in the G-protein beta3 subunit gene (GNB3).
Am J Gastroenterol, 104, 281-5.

Delva P, Pastori C, Provoli E, et al (1993). Erythrocyte Na(+)-H+
exchange activity in essential hypertensive and obese
patients: role of excess body weight.J Hypertens, 11, 823-30.

Eisenhardt A, Siffert W, Rosskopf D, et al (2005). Association
study of the G-protein beta3 subunit C825T polymorphism
with disease progression in patients with bladder cancer.
World J Urol, 23,279-86.

Gollasch M, Kleuss C, Hescheler J, et al (1993). Gi2 and protein
kinase C are required for thyrotropin-releasing hormone-
induced stimulation of voltage-dependent Ca2+ channels in
rat pituitary GH3 cells. Proc Natl Acad Sci USA, 90, 6265-9.

Grove ML, Morrison A, Folsom AR, et al (2007). Gene-
environment interaction and the GNB3 gene in the
atherosclerosis risk in communities study. Int J Obes (Lond),
31, 919-26.

Grudell AB, Camilleri M, Carlson P, et al (2008). An
exploratory study of the association of adrenergic and
serotonergic genotype and gastrointestinal motor functions.
Neurogastroenterol Motil, 20,213-9.

Hegele RA, Anderson C, Young TK, et al (1999). G-protein
beta3 subunit gene splice variant and body fat distribution
in nunavut inuit. Genome Res,9,972-7.

Jankowski JA, Talley NJ (2009). Dissecting GI phenotype-
genotype relationships in GERD and dyspepsia: an SNP
here and an SNP there!. Am J Gastroenterol, 104, 286-8.



The G-protein 33 Polymorphism is Associated with Diffuse Type Gastric Cancer in Japanese

Johnson GL, Dhanasekaran N, Gupta SK, et al (1991). Genetic
and structural analysis of G protein alpha subunit regulatory
domains. J Cell Biochem, 47, 136-46.

Kato N, Sugiyama T, Morita H, et al (1998). G protein beta3
subunit variant and essential hypertension in Japanese.
Hypertension, 32, 935-8.

Kiani JG, Saeed M, Parvez SH, et al (2005). Association of
G-protein beta-3 subunit gene (GNB3) T825 allele with Type
II diabetes. Neuro Endocrinol Lett, 26, 87-8.

Kleuss C, Hescheler J, Ewel C, et al (1991). Assignment of
G-protein subtypes to specific receptors inducing inhibition
of calcium currents. Nature, 353, 43-8.

Kleuss C, Scherubl H, Hescheler J, et al (1992). Different
beta-subunits determine G-protein interaction with
transmembrane receptors. Nature, 358, 424-6.

Kleuss C, Scherubl H, Hescheler J, et al (1993). Selectivity
in signal transduction determined by gamma subunits of
heterotrimeric G proteins. Science, 259, 832-4.

Klintschar M, Stiller D, Schwaiger P, et al (2005). DNA
polymorphisms in the tyrosine hydroxylase and GNB3
genes: association with unexpected death from acute
myocardial infarction and increased heart weight. Forensic
Sci Int, 153, 142-6.

Krippl P, Langsenlehner U, Renner W, et al (2004). The 825C>T
polymorphism of the G-protein beta-3 subunit gene (GNB3)
and breast cancer. Cancer Lett, 206, 59-62.

Lauren P (1965). The two histological main types of gastric
carcinoma: diffuse and So-called Intestinal-type carcinoma.
an attempt at a histo-clinical classification. Acta Pathol
Microbiol Scand, 64,31-49.

Lehnerdt GF, Franz P, Bankfalvi A, et al (2008). Association
study of the G-protein beta3 subunit C825T polymorphism
with disease progression an overall survival in patients with
head and neck squamous cell carcinoma. Cancer Epidemiol
Biomarkers Prev, 17,3203-7.

Moor AN, Gan XT, Karmazyn M, et al (2001). Activation of
Na-+/H+ exchanger-directed protein kinases in the ischemic
and ischemic-reperfused rat myocardium. J Biol Chem, 276,
16113-22.

Morrison AC, Doris PA, Folsom AR, et al (2001). G-protein
beta3 subunit and alpha-adducin polymorphisms and risk of
subclinical and clinical stroke. Stroke, 32, 822-9.

Murray CJ, Lopez AD (1997). Global mortality, disability, and
the contribution of risk factors: Global burden of disease
study. Lancet, 349, 1436-42.

Nozaki K, Shimizu N, Inada K, et al (2002). Synergistic
promoting effects of Helicobacter pylori infection and high-
salt diet on gastric carcinogenesis in Mongolian gerbils. Jpn
J Cancer Res, 93, 1083-9.

Olate J, Allende JE (1991). Structure and function of G proteins.
Pharmacol Ther, 51, 403-19.

Oshima T, Nakajima S, Yokoyama T, et al (2010). The G-protein
beta3 subunit 825 TT genotype is associated with epigastric
pain syndrome-like dyspepsia. BMC Med Genet, 11, 13.

Parkin DM, Bray F, Ferlay J, et al (2005). Global cancer statistics,
2002. CA Cancer J Clin, 55, 74-108.

Penn RB, Benovic JL (2008). Regulation of heterotrimeric G
protein signaling in airway smooth muscle. Proc Am Thorac
Soc, 5,47-57.

Rosskopf D, Manthey I, Habich C, et al (2003). Identification
and characterization of G beta 3s2, a novel splice variant
of the G-protein beta 3 subunit. Biochem J, 371, 223-32.

Schistosomes, liver flukes, Helicobacter pylori (1994). IARC
working group on the evaluation of carcinogenic risks to
humans. Lyon, 7-14 June 1994.IARC Monogr Eval Carcinog
Risks Hum, 61, 1-241.

Saito YA, Locke GR, 3rd, et al (2007). A genetic association

study of 5-HTT LPR and GNbeta3 C825T polymorphisms
with irritable bowel syndrome. Neurogastroenterol Motil,
19, 465-70.

Sheu SY, Handke S, Brocker-Preuss M, et al (2007). The C
allele of the GNB3 C825T polymorphism of the G protein
beta3-subunit is associated with an increased risk for the
development of oncocytic thyroid tumours. J Pathol, 211,
60-6.

Shikata K, Kiyohara Y, Kubo M, et al (2006). A prospective
study of dietary salt intake and gastric cancer incidence in
a defined Japanese population: the Hisayama study. Int J
Cancer, 119, 196-201.

Siffert W, Forster P, Jockel KH, et al (1999a). Worldwide ethnic
distribution of the G protein beta3 subunit 825T allele and its
association with obesity in Caucasian, Chinese, and Black
African individuals. J Am Soc Nephrol, 10, 1921-30.

Siffert W, Naber C, Walla M, et al (1999b). G protein beta3
subunit 825T allele and its potential association with obesity
in hypertensive individuals. J Hypertens, 17, 1095-8.

Siffert W, Rosskopf D, Siffert G, et al (1998). Association of a
human G-protein beta3 subunit variant with hypertension.
Nat Genet, 18, 45-8.

Su HL, Malbon CC, Wang HY (1993). Increased expression of
Gi alpha 2 in mouse embryo stem cells promotes terminal
differentiation to adipocytes. Am J Physiol,265,C1729-35.

Tahara T, Arisawa T, Shibata T, et al (2008). Homozygous 825T
allele of the GNB3 protein influences the susceptibility of
Japanese to dyspepsia. Dig Dis Sci, 53, 642-6.

Tsugane S (2005). Salt, salted food intake, and risk of gastric
cancer: epidemiologic evidence. Cancer Sci, 96, 1-6.

van Lelyveld N, Linde JT, Schipper M, et al (2008).
Candidate genotypes associated with functional dyspepsia.
Neurogastroenterol Motil, 20,767-73.

Wascher TC, Paulweber B, Malaimare L, et al (2003).
Associations of a human G protein beta3 subunit dimorphism
with insulin resistance and carotid atherosclerosis. Stroke,
34, 605-9.

Weisburger JH (2004). Dietary risk factors for gastric carcinoma.
JAMA, 291, 1564.

Wieland T, Mittmann C (2003). Regulators of G-protein
signalling: multifunctional proteins with impact on signalling
in the cardiovascular system. Pharmacol Ther, 97, 95-115.

Asian Pacific Journal of Cancer Prevention, Vol 11,2010 1199



