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Abstract

Stomach cancer is a serious public health problem in China. 5,10-Methylenetetralydrofolate
reductase (MTHFR) may be involved in both DNA methylation and DNA synthesis. Folate
deficiency is associated with cancer risk that may be modulated by a genetic variation in the
MTHFR gene in folate metabolism. The main goal of this study was to evaluate the association
between polymorphisms of the MTHFR gene and the risk of stomach cancer. This study also
explored the modification effects of fruit and vegetable intake (one of the main constituents is
folate) on the risk of this disease. A population-based case-control study was conducted in
Taixing, China, consisting of 206 newly diagnosed cases with primary stomach cancer and 415
healthy population controls. Polymorphisms of MTHFR C677T and A1298C were assayed by
polymerase chain reaction-restricted fragment length polymorphism (PCR-RFLP) techniques.
The data were analysed using the logistic regression model. No obvious association between the
MTHFR A1298C polymorphism and the risk of stomach cancer was observed in this study.
The frequencies of 677 C/C, C/T, and T/T were 34.5, 50.9, and 14.6%, respectively, in
controls. The frequency of the MTHFR 677 wild homozygotic genotype was 25.8% in cases,
which was lower than that in controls (34.5%). The adjusted odds ratio (OR) for the MTHFR
677 any T genotype was 2.05 (95% confidence interval (CI), 1.26—3.34) when compared with
the C/C genotype. In the low fruit and vegetable intake group an increasing trend was observed
with the T allele exposure, p =0.0056. The adjusted ORs were 1.68 (95% CI =0.86-3.29) for
the C/T genotype and 3.58 (95% CI=1.46-8.75) for the T/T genotype, respectively. The
MTHEFR 677 any T genotype was associated with an increased risk of primary stomach cancer
among the Chinese population. Folate deficiency might modify the MTHFR gene polymorph-
ism and influence the risk of stomach cancer.
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Introduction

China is a high-risk country for stomach cancer. In fact, 42% of stomach cancer cases
in the world are diagnosed there. Both the incident rates and mortality rates in China
were much higher than most other countries in the world during the same period
(Parker 2001). The estimated age-standardized incident rates were 21.5 per 100 000
for men and 10.4 per 100 000 for women. The age-standardized mortality rates were
15.6 per 100 000 for men and 7.8 per 100 000 for women (Yang et al. 2004).

The aetiology of stomach cancer is believed to be multi-step and multifactorial.
Environmental risk factors, nutritional factors, microbial exposure, as well as inherited
gene susceptibility are involved in the risk of developing stomach cancer. In the recent
year, accumulating evidence suggests an association between folate deficiency and an
increased risk of stomach cancers (Zheng et al. 1989, Heimburger 1992, Gonzalez
et al. 1994, La Vecchia et al. 1994, Mason & Levesque 1996, Harrison et al. 1997,
Zhang et al. 1997, Mayne et al. 2001, Chen et al. 2002, Nomura et al. 2003). A
chemoprevention trial conducted in China also observed an obvious improvement of
gastric mucosallesions with more patients displaying reversed lesions or stable atrophy
and inflammation in the folate group (Zhu et al. 2003). Folate is a vitamin B found
naturally in many food sources, particularly in dark green leafy vegetables and fruits. It
is essential for regenerating methionine, the methyl donor for DNA methylation and
for producing the purines and pyrimidine thymidylate required for DNA synthesis and
repair. The crucial role of DNA methylation, synthesis and repair in the tumour
process has led to great interest in evaluating enzymes involved in the folate metabolic
pathway, which includes 5,10-methylenetetralydrofolate reductase (MTHFR),
methionine synthase (MS), and cystathionine 13-synthase (CBS) (CS). The gene
MTHFR, located at chromosome 1p36.3, is part of a complex metabolic entity
involving both the generation of universal methyl-group donor S-adenosylmethionine
and DNA synthesis. The single nucleotide polymorphism in the MTHFR gene
C677T has been identified. The A C to T transition at nucleotide 677 (C677T) in
exon 4 changes an alanine to valine and affects the catalytic domain of the enzyme
(Goyette et al. 1994). This form of protein (677CT, 677TT) has a 30 or 65% reduced
enzyme activity, respectively (Frosst et al. 1995). The CC wild-type and individuals
who are homozygous and heterozygous for this mutation have an increased amount of
homocysteine (Goyette et al. 1994, Frosst et al. 1995). Another common variant is an
A to C transversion at position on 1298 (A1298C) in exon 7, which causes a
glutamine to alanine at position 429. This polymorphism influences specific activity of
the enzyme to a lesser extent than the C677T polymorphism (Van der Put et al. 1998).
This amino acid, within the regulatory domain of protein, does not seem to affect the
enzyme’s function by itself. However, enzyme levels of MTHFR are reduced when the
heterozygosity for both MTHFR mutations are combined (Van der Put et al. 1998,
Weisberg et al. 1998).

A number of studies have reported associations between the MTHFR T allele
carrier and increased risk of stomach cancer (Sarbia et al. 2005, Shen et al. 2005, Si
et al. 2005, Wang et al. 2005, Graziano et al. 2006, Lacasana-Navarro et al. 2006),
oesophageal cancer (Song et al. 2001), bladder cancer (Lin et al. 2004), and cervical
cancer (Goodman 2001). Until now, nine studies have examined the effect of
MTHFR 677 variant genotypes on the risk of stomach cancer and have produced
inconsistent results (Gao et al. 2002, Miao et al. 2002, Kim et al. 2004, Sarbia et al.
2005, Shen et al. 2005, Si et al. 2005, Wang et al. 2005, Graziano et al. 2006,
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Lacasana-Navarro et al. 2006). Among all nine studies, three of the five studies
conducted in China (Gao et al. 2002, Miao et al. 2002, Wang et al. 2005) and one of
the three studies conducted in Caucasian (Graziano et al. 2006) suggested a positive
relationship between the MTHFR C677T polymorphism and increased risk of
stomach cancer. Results on the MTHFR 1298 polymorphism have been conflicting. A
significant association was observed in a meta-analysis for gastric cancer adenocarci-
noma and the MTHFR A1298C polymorphism among Eastern Asian populations.
However, most studies found a negative relationship between the two. In previous
studies, fruits and vegetables have been established as a major source of folate intake.
The potential effect of the gene polymorphism might depend on the folate intake level.
However, the possible modifying effect of fruits and vegetables on MTHFR function
has not been explored among these studies.

We hypothesize that MTHFR 677, 1298 polymorphisms might be associated with
increased risk of stomach cancer due to their important role in folate metabolism. To
test this hypothesis, we conducted a population-based case-control study in a low
folate intake area to assess the associations between MTHFR C677T and A1298C
polymorphisms and the risk of stomach cancer. We also examined the possible
modifying effect of fruit and vegetable intake on gene polymorphisms for the risk of
this disease.

Material and methods
Background

Taixing City (formerly Taixing County before 1995) is located on the east bank of the
Yangtze River in Jiangsu province, Southeast China. The population-based tumour
registry is within the Division of Chronic Disease Prevention, Taixing Center for
Diseases Prevention and Control (CDC). The incidence for the top three cancers
combined (oesophagus, liver and stomach) was 176/100 000. Stomach cancer is
considered the third most fatal disease among people diagnosed with cancer, following
oesophageal cancer and liver cancer. The incidence rate was 55/100 000 for stomach
cancer in 2000.

Study population

A population-based case-control study was conducted in Taixing City of Jiangsu
province, China. The data collected included questionnaires and blood samples for
assaying molecular markers. Although the original study included three cancer sites
(oesophagus, stomach and liver) and one common population-control group, this
analysis only included cases with newly diagnosed stomach cancer and population
controls. The healthy population control group was a random sample from the local
population from which the cases were derived.

Cases

Patients diagnosed with stomach cancer from 1 June—30 December 2000 with
pathologically or clinically confirmed diagnoses reported to Taixing Tumor Registry at
Taixing Anti-Epidemic Station (CDC) were eligible cases. During the study period,
we intended to interview all incident cases with primary stomach cancer with the
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following restrictions: patients must be newly diagnosed, aged 20 years or older, in a
stable medical condition as determined by their physicians, and willing to participate.
The study was also restricted to people living in Taixing for 10 or more years. In the
study period, we recruited 206 patients with primary stomach cancer, which
represents 65% of all new cases (# =316) diagnosed within 6 months of the study
period. Among these cases, all 206 patients completed the questionnaires, and 196
DNA samples were isolated. Five per cent of cases (# =10) had inadequate blood
samples for DNA extraction.

Controls

Eligible controls were randomly selected among healthy individuals from the general
population in Taixing. Since the original study included three upper-gastrointestinal
cancers (stomach, liver, and oesophagus), we used a common control group for all
three cancer sites. The control group was selected according to the frequency
distribution of the sex and age of all three cancer cases interviewed from each village
or resident block in the city where cancer cases originated. For each village or resident
block, a list of residents with the same gender within the same age group was
generated. Random numbers were used to select healthy controls according to the
control-to-case ratio of 2:3. When the control did not fit the criteria, or if the subject
refused to interview, we recorded his/her basic demographic data and used the same
selection process to choose another control. On average, 18—20 healthy controls
were selected for each township (centre of town). A total of 464 controls were finally
selected from the entire population of 1280 000 residents in the Taixing area. Due to
the method of control selection, the age and sex distribution of controls were
correspondent to all three cancer sites and might not have completely matched the
distribution of stomach cancer cases. A higher proportion of younger cases for liver
cancer resulted in a high proportion of younger controls.

We interviewed eligible controls during the study period with the following criteria:
subjects must be aged 20 years or older, in a stable medical condition, and willing to
participate. They must also have lived in Taixing for 10 or more years. Following the
criteria above, the interviewer located the controls, explained the study, interviewed
them at their homes, and collected approximately 8 ml of blood. A total of 464
potential healthy controls were approached and 415 controls completed interviews
(89.9%). Among these interviewed controls, a total of 397 DNA samples were isolated
from blood samples. Four percent of interviewed controls did not have DNA samples
for analysis because of limited blood samples.

Epidemiologic data collection

Our trained interviewers interviewed cases and controls using a standard question-
naire. Interviews were monitored frequently by the professional staff in the Division of
Chronic Disease Prevention of the Taixing CDC. For cases, the interviews took place
either in the hospital or at the study subjects’ homes. All healthy controls were
interviewed in their village or in the county doctor’s office.

Using a standard questionnaire, we attempted to include all possible risk or
protective factors that were considered important in the Chinese population. The
questionnaire included (1) demographic factors, such as the subject’s age, gender,
residence, place of birth, education, annual income, blood type, and disease
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diagnostic information; (2) residence and drinking water history; (3) detailed dietary
history including main foods, meat, eggs and milk, fried foods, beans, salted or
smoked foods, vegetables, fruits, as well as dry fruit. A total of 27 items of vegetable
categories and 13 items of fruit categories included almost all common foods in this
area; (4) detailed smoking history; (5) alcohol drinking habits; (6) tea drinking habits;
(7) detailed information on disease history; (8) occupational history and related
exposures; (9) family history of stomach cancer and other cancers; and (10) physical
activities.

Laboratory assays

DNA isolation. Genomic DNA was isolated from blood clots using a modified phenol—
chloroform protocol.

Polymerase chain reaction-restricted fragment length polymorphism (PCR-RFLP) analysis
for the MTHFR polymorphism. The PCR-RFLP analysis was modified from methods
described previously (Skibola et al. 1999). The primers for MTHFR 677 were
5-TGAAGGAGAAGGTGTCTGCGGGA-3" and 5-AGGACGGTGCGGTGA-
GAGTG-3’; primers for MTHFR 1298 were 5-CTTTGGGGAGCTGAAGGAC-
TACTAC-3" and 5-CACTTTGTGACCATTCCGGTTTG-3". PCR products of
MTHFR 677 were then digested overnight with 5 units of restriction enzyme Hinf I
(Promega, Madison, WI, USA), which distinguishes between the C allele and the T
allele. Polymorphic bands of MTHFR C677T were 198 bp (C/C), 175 bp and 23 bp
(T/T), 198 bp, 175 bp and 23 bp (C/T). PCR products of MTHFR 1298 were then
digested overnight with 5 units of restriction enzyme Mbo II (New England Biolabs,
Ipswich, MA, USA), which distinguishes between the A allele and the C allele. The
1298 A/A wild-type homozygotes was identified by the presence of five fragments of
56, 31, 30, 28, and 18 bp; 1298A/C heterozygotes by six fragments of 84, 56, 31, 30,
28, and 18 bp; and 1298C/C homozygotes by four fragments of 84, 31, 30, and 18 bp.

Measurement of Helobacter pylori. H. pylor: was measured by assaying antibodies for
(CagA-— H. pylori) IgG. The presence of anti-(CagA— H. pylor?) IgG in the serum was
measured by indirect enzyme immunoassay (EIA) using kits from the Reagent
Company of the Shanghai Biotechnology Industry Park (Pudong, Shanghai, China).
The procedure was performed according to the manufacturer’s instructions. If
efficient results (ODpc >ODyc+0.5) were not reached, measurements were re-
peated. ODpc represents the average OD value of positive controls and ODyc
represents the average OD value of negative controls. Samples were considered
positive when: OD > ODyc+0.30.

Vegerable and fruit index. We classified study subjects into three categories according to
their fruit and vegetable intake frequency. Subjects with a fruit and vegetable intake
frequency lower than 50% were placed in the low intake group and given a score of 0.
Subjects with a fruit and vegetable intake frequency higher than 50%, but lower than
75% were placed in the middle intake group and given a score of 1. Subjects with a
fruit and vegetable intake frequency higher than 75% were placed in the high intake
group and given a score of 2. The index is the sum of scores for fruit and vegetable
intake frequency. We assume that there are additive interactions among fruit and
vegetable intake and the contribution to the carcinogenesis is similar to each other.
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According to the sum of scores calculated from fruit and vegetable intake as
mentioned in the methods section, we separated all subjects into two groups. The
low fruit and vegetable intake group had less than 4 points while the high fruit and
vegetable intake group had more than 4 points.

Statistical analysts

All analyses were performed using SAS 8.0 software. We evaluated relationships
between stomach cancer and MTHFR gene polymorphisms by using adjusted odds
ratios (ORs). Their 95% confidence intervals (CIs) were derived from an uncondi-
tional logistic regression model. Adjusted potential confounding factors include age
(continuous), gender (male =1, female =0), education (continuous), income (con-
tinuous variable), body mass index (BMI, continuous variable), pack-years of smoking
(continuous), alcohol drinking, consumption of very hot foods (yes or no), H. pylori
infection (CagA + or —), stomach disease history (any one of the following stomach-
related diseases: chronic atrophic gastritis, other chronic gastritis, acute gastritis,
gastric ulcer, gastric polypus, or pernicious anaemia) and a family history of stomach
cancer. Among these adjusted factors, tobacco smoking, consumption of very hot
foods, stomach disease history and family history of stomach cancer were observed as
possible risk factors of stomach cancer by the univariate analysis. Others including
age, gender, education, income, BMI, alcohol drinking and H. pylori infection were
considered as potential confounding factors and were adjusted with risk factors. In the
data analysis, dummy variables were used in a logistic regression model to estimate the
ORs for each category of exposure.

Results

Table I shows the distribution of potential confounders in cases and controls. The
proportion of males in cases (66.99%) was similar to that in controls (69.16%). More
cases were distributed in the age groups older than 60 years old than in controls, p <
0.05. Compared with cases, controls received more years of education. Obvious
differences between cases and controls were also observed for the average income and
body mass index. It seems that a higher proportion of the lower social economic class
had stomach cancer. Cases reported a lower proportion (45.77%) of non-smokers,
and a higher proportion (12.44%) of heavy smokers (pack-year <40) relative to
controls. No significant difference was found for alcohol drinking and H. pylor:
infection between cases and controls. Compared with the control group, a significant
high prevalence of family history of stomach cancer, a history of stomach disease, as
well as habits of consuming very hot foods were found in the case group.

The associations between MTHFR genetic susceptibility and stomach cancer are
shown in Table II. The frequencies of the C/C, C/T, and T/T genotypes of MTHFR
C677T were 25.8, 54.6, and 19.6% in cases and 34.5, 50.9, and 14.6% in controls,
respectively. Using the C/C genotype as the referent, adjusted ORs were 1.87 (95%
CI=1.13-3.12) for the C/T genotype and 2.80 (95% CI =1.41-5.56) for the T/T
genotype, respectively. The p-value for trend was 0.0018. The adjusted OR for the
any T genotype was 2.05 (95% CI=1.26-3.34) when compared with the C/C
genotype. T allele frequencies were 47% in cases and 40% in controls. A total of 75%
of cases and 70% of controls carried MTHFR 1298 A/A homozygotes. The 1298 A/C
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Table I. Distribution of the main characteristics among cases and controls.

Variables Case, n (%) Control, 7 (%) Total, n (%) p*
Gender

Male 138 (66.99) 287 (69.16) 425 (68.44) 0.5844
Female 68 (33.01) 128 (30.84) 196 (31.56)

Age (vears)

<40 5 (2.43) 31 (7.47) 36 (5.80) 0.0019
40-49 19 (9.22) 69 (16.63) 88 (14.17)

50-59 65 (31.55) 136 (32.77) 201 (32.37)

60-69 73 (35.44) 116 (27.95) 189 (30.43)

>70 44 (21.36) 63 (15.18) 107 (17.23)

Education

Illiteracy 66 (32.04) 73 (17.59) 139 (22.38) <0.0001**
Primary 107 (51.94) 142 (34.22) 249 (40.10)

Middle 30 (14.56) 124 (29.88) 154 (24.80)

High 2 (0.97) 66 (15.90) 68 (10.95)

College 1 (0.49) 10 (2.41) 11 (1.77)

Income***

<60 59 (28.64) 88 (21.21) 147 (23.67) 0.0472
60-100 41 (19.90) 74 (17.83) 115 (18.52)

101-160 66 (32.04) 135 (32.53) 201 (32.37)

>160 40 (19.42) 118 (28.43) 158 (25.44)

BMI

<22 122 (59.22) 180 (43.37) 302 (48.63) 0.0002
>22 84 (40.78) 235 (56.63) 319 (51.37)

Pack-years

0 92 (45.77) 217 (52.42) 309 (50.24) 0.0606
0-20 42 (20.90) 85 (20.53) 127 (20.65)

21-40 42 (20.90) 86 (20.77) 128 (20.81)

>40 25 (12.44) 26 (6.28) 51 (8.29)

Alcohol

Never 111 (55.22) 207 (50.24) 318 (51.88) 0.6987
Seldom 31 (15.42) 72 (17.48) 103 (16.80)

Often 32 (15.92) 75 (18.20) 107 (17.46)

Everyday 27 (13.43) 58 (14.08) 85 (13.87)

Famuily historyt

No 168 (81.95) 392 (94.69) 560 (90.47) <0.0001
Yes 37 (18.05) 22 (5.31) 59 (9.53)

H. pylori

CagA+ 130 (64.68) 251 (68.77) 381 (67.31) 0.3208
CagA — 71 (35.32) 114 (31.32) 185 (32.69)

Stomach disease

No 110 (53.40) 362 (87.23) 472 (76.01) <0.0001
Yes 96 (46.60) 53 (12.77) 149 (23.99)

Very hot foods

No 169 (84.92) 379 (92.67) 548 (90.13) 0.0027
Yes 30 (15.08) 30 (7.33) 60 (9.87)

Total 206 415 621

*Based on a chi-square test.
**Fisher’s exact test.

***Income per capita (RMB, Yuan).
tFamily history of stomach cancer.
iStomach disease history.
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Table II. MTHFR 677 and 1298 polymorphisms and the risk of stomach cancer.

MTHFR Case, n (%) Control, 7 (%) Adjusted OR and 95% CI!

MTHFR677

C/C 50 (25.77) 135 (34.53) 1.00

C/T 106 (54.64) 199 (50.90) 1.87 (1.13-3.12)

T/T 38 (19.59) 57 (14.58) 2.80 (1.41-5.56)
p trend =0.0018

C/Tor T/T 144 (74.23) 256 (65.47) 2.05 (1.26-3.34)

T allele 182 (46.9) 313 (40)

Total 194 391

MTHFRI1298

A/A 147 (75.00) 275 (69.80) 1.00

A/C 49 (25.00) 112 (28.43) 0.98 (0.60-1.59)

C/C 0 (0) 7 (1.78) -

A/C or C/C 49 (25.0) 119 (30.2) 0.94 (0.58-1.51)

C allele 49 (12.5) 126 (16.0)

Total 196 394

MTHFR677 MTHFR1298

c/C A/A 29 (14.95) 71 (18.16)

C/C A/C or C/C 21 (10.82) 64 (18.37) 1.15 (0.51-2.60)

C/Tor T/T A/A 116 (59.79) 202 (51.66) 2.12 (1.13-3.99)

C/Tor T/T A/C or C/C 28 (14.43) 54 (13.81) 2.49 (1.12-5.55)

!Adjusted on age (continuous variable), gender (male or female), education (continuous variable), income
(continuous variable), body mass index (continuous variable), pack-years of smoking (continuous variable),
alcohol drinking (1 =never, 2 =seldom, 3 =often, 4 =everyday), habit of eating very hot foods, H. pylori
infection (CagA + or —), stomach disease history and a family history of stomach cancer.

The observed genotype frequency among the control subjects was in agreement with the Hardy—Weinberg
equilibrium (Zx?=1.3353, p >0.05 for the MTHFR C677T, Zx*=1.3515, p >0.05 for the MTHFR
A1298C).

heterozygote was more distributed in the control group, with a proportion of 28.4%.
1.78% of controls had the C/C homozygote genotype, whereas this genotype was not
found in the case group. When we compared the A/C with the A/A genotype, the
adjusted OR =0.98 (95% CI =0.60-1.59). Individuals with the A/C or C/C genotype
had a risk of 0.94 (95% CI =0.58-1.51) for developing stomach cancer. We further
evaluated the combined effect of two SNPs. Subjects with both the MTHFR 677 and
1298 wild genotype were used as the referent. The OR for an individual with the
MTHEFR 677 Any T and 1298 Any C genotype was 2.49 (95% CI=1.12-5.55).

This study also examined the relationship between fruit and vegetable intake
frequency and risk of stomach cancer. The results are present in Table III. Compared
with the low consumption subgroup, individuals with high consumption of fruit and
vegetable have decreased cancer risk, with the crude OR=0.57 (95% CI=0.36—
0.89). After adjusting for potential confounders, the OR=0.77 (95% CI=0.44—
1.35). We observed decreased cancer risks for moderate and high consumption
groups with the crude OR =0.59 (95% CI=0.39-0.90) and 0.47 (95% CI=0.30—
0.74). Although results suggested a dose-response relationship with stomach cancer
risk, once potential confounders were adjusted, the ORs were no longer statistically
significant.

We then evaluated the possible variation of the effect of MTHFR 677 and 1298
polymorphisms on the risk of stomach cancer. The results are shown in Table IV.
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Table III. Fruit and vegetable intake and the risk of stomach cancer.

Variables Case, n (%) Control, n (%) Adjusted OR and 95% CI'
Vegetable intake (%)

<50 114 (55.3) 208 (50.1)

50-75 59 (28.6) 101 (24.3) 1.08 (0.65-1.80)
>75 33 (16.0) 106 (25.5) 0.77 (0.44-1.35)

p trend =0.4427
Fruit intake (%)

<50 134 (65.05) 206 (49.64)
50-75 40 (19.42) 104 (25.06) 0.68 (0.40—1.15)
75 32 (15.53) 105 (25.30) 1.01 (0.57-1.80)

p trend =0.7068

Vegetable and fruit index

0 142 (68.93) 228 (54.94)
1 64 (31.07) 187 (45.06) 0.85 (0.54-1.34)
Total 206 415

! Adjusted on age (continuous variable), gender (male or female), education (continuous variable), income
(continuous variable), body mass index (continuous variable), pack-years of smoking (continuous variable),
alcohol drinking (1 =never, 2 =seldom, 3 =often, 4 =everyday), habit of eating very hot food, H. pylori
infection (CagA + or —), stomach disease history and a family history of stomach cancer.

In the high fruit and vegetable intake group, the adjusted ORs were 1.82 (95%
CI=0.79-4.21) and 1.54 (95% CI=0.46-5.15) for the C/T and T/T genotype,
respectively. In the low fruit and vegetable intake group, an increasing trend was
observed with the T allele exposure, p =0.0056. The adjusted ORs were 1.68 (95%
CI=0.86—3.29) for the C/T genotype and 3.58 (95% CI =1.46—8.75) for the T/T
genotype, respectively. Adjusted ORs for the Any T genotype were 1.77 (95% CI =
0.79-3.91) and 2.02 (95% CI =1.07-3.83) for both high and low fruit and vegetable
intake groups. However, no significant association was found for MTHFR 1298
genotypes and stomach cancer risk. Few high risks for variant genotypes among the

Table IV. MTHEFR polymorphism and fruit and vegetable intake and the risk of stomach cancer.

High folate intake subjects Low folate intake subjects

Gene Case/control ~ Adjusted OR and 95% CI'  Case/control  Adjusted OR and 95% CI'
MTHFR677*
C/C 17/55 1.00 33/80 1.00
C/T 37/91 1.82 (0.79-4.21) 69/108 1.68 (0.86-3.29)
T/T 8/29 1.54 (0.46-5.15) 30/28 3.58 (1.46-8.75)

p trend =0.3010 p trend =0.0056
C/Tor T/T 45/120 1.77 (0.79-3.91) 99/136 2.02 (1.07-3.83)

'Adjusted on age (continuous variable), gender (male or female), education (continuous variable), income
(continuous variable), body mass index (continuous variable), pack-years of smoking (continuous variable),
alcohol drinking (1 =never, 2 =seldom, 3 =often, 4 =everyday), habit of eating very hot food, H. pylori
infection (CagA + or —), stomach disease history and a family history of stomach cancer.

2P is based on Mantel-Haenszel statistics =0.0184.

3P is based on Mantel—Haenszel statistics =0.0949.

4P for gene and diet interaction =0.6784 (adjusted).
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low fruit and vegetable intake group were observed, compared with the high fruit and
vegetable intake group.

Discussion

In the present study, the frequencies of the MTHFR 677 genotype in healthy controls
were 34.5, 50.9, and 14.6% for the C/C, C/T and T/T genotypes, respectively. These
results are similar to most previous studies of Chinese populations (Song et al. 2001,
Gao et al. 2002, Miao et al. 2002, Shen et al. 2005), but lower than two recent
published papers that reported a higher frequency of the C/T and T/T genotypes
(Stolzenberg-Solomon et al. 2003, Wang et al. 2005). The proportion of the T allele,
which was 40% in healthy controls, was higher than that in Caucasians and Pakistanis
(Ulrich et al. 2000, Kureshi et al. 2004, Lin et al. 2004). An association between the
MTHEFR C/T or T/T genotype and increased risk of stomach cancer was shown in this
study. This significant trend suggests that having more T alleles results in a higher risk
of stomach cancer, which is consistent with the results of previously published studies
(Gao et al. 2002, Miao et al. 2002, Graziano et al. 2006). Another study used C/C and
C/T genotypes as referents and found a slightly increased risk of stomach cancer for
the MTHFR T/T genotype (Stolzenberg-Solomon et al. 2003). A frequency of 13—
18% for the MTHFR 1298 C allele was reported in healthy Chinese controls (Miao
et al. 2002, Stolzenberg-Solomon et al. 2003, Shen et al. 2005). The present study
found a frequency of 16%. This frequency was lower than that of 30-50% of the C
allele in Caucasians and African-Americans (Ergul et al. 2003, Gerhard et al. 2003,
Lin et al. 2004). Up until now, no significant association was found between the
MTHFR 1298 polymorphism and whole stomach cancer risk. Only a possible
relationship with the risk of GCA was reported.

MTHEFR is a critical enzyme in both DNA synthesis and methylation. It affects
DNA stability and gene expression and plays an important role in tumour progression.
However, inconsistent results among various cancer sites are hard to explain. Besides
stomach cancer, elevated risk of oesophageal cancer (Song et al. 2001), ovarian cancer
(Gershoni-Baruch et al. 2000), cervical cancer (Goodman 2001), bladder cancer (Lin
et al. 2004), as well as lung cancer (Siemianowicz et al. 2003) for the T allele carrier
were reported. However, the T allele has been found to be related producing a
protective effect on colon/rectum cancer (Chen et al. 1996, Ma et al. 1997, Slattery
et al. 1999, Ulvik et al. 2004, Yin et al. 2004), acute lymphocytic leukaemia (Skibola
et al. 1999, Franco et al. 2001, Wiemels et al. 2001), and breast cancer (Sharp et al.
2002). These conflicting results might be explained by the modifying effect of the
MTHFR polymorphism on the balance between DNA methylation and DNA
synthesis.

MTHEFR catalyses the reduction of 5,10-methlenetetrahydrolate to 5-methyltetra-
hydrofolate, the major circulatory form of folate in the body and a carbon donor for
the conversion of homocysteine to methionine. As a precursor of S-adenosylmethio-
nine (SAM), methionine is the universal methyl donor for DNA methylation (Goyette
et al. 1994, Bailey & Gregory 1999). On the one hand, the low enzyme activity of
MTHEFR C677T variant genotypes are associated with DNA hypomethylation, which
may induce genomic instability and thereby affect the expression of oncogenes or
tumour suppressor genes (Solomon et al. 1991, Laird & Jaenisch 1996, Blount et al.
1997, Chen et al. 1998, Siegfried et al. 1999). On the other hand, individuals with low
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MTHEFR enzyme activity will have higher plasma homocysteine levels, leading to a
great pool of methylene-THF. Enhanced availability of methylene-THF in the DNA
synthesis pathway reduces misincorporation of uracil in DNA. This balance depends
on environmental factors, particularly on dietary folate intake, which not only
influences the availability of the pool of 5,10-methylene-THF, the substrate for
thymidylate synthesis, but also the availability of the pool of S-adenosylmethionine,
the universal methyl donor for methyltransferases. Thus, for subjects who are carrying
the MTHFR 677T allele and, have low folate intake, both DNA methylation and
DNA synthesis might be impaired (Kim et al. 2000), increasing the risk of cancer.
However, when the dietary folate level is adequate, the T allele is a protective factor for
cancer due to the sufficient methyl donor and beneficial DNA synthesis.

There is a big difference in the dietary styles between Chinese and Western
populations, which may result in a big gap on folate status. The USA and Canada
carried out mandatory folic acid fortification for food many years ago, which resulted
in a significant increase of total folate intake thereafter. Additionally, consumption of
citrus fruits, juice, strawberries, dark green leafy vegetables, asparagus, as well as
peanuts, which are naturally high in folate, were much higher in Western countries,
compared with China, especially in more rural areas (Bailey et al. 2003). Previous
studies have reported that folate deficiency is common in most areas of China,
including Beijing (Zhang & Ge 1986, Zheng et al. 1989, Ronnenberg et al. 2000). The
phenomena may explain why more positive associations between increased risks of
cancers and the MTHFR T allele in Chinese population were reported, but these
associations were found less in Western populations. Taixing, the field area of the
present study, is located north of the Jiangsu province, where economic levels are
relatively low. Most residents in this area have a very low consumption of fresh fruits
and vegetables. Based on the subjects’ folate deficiency status, increased risk of
stomach cancer for the T allele carrier could be explained by DNA hypomethylation
due to reduced levels of SAM, which is caused by low MTHFR enzyme activity.

Plant foods are the major source for folate (88%) and the daily intake of fruits and
vegetables is moderately correlated with total folate (r =0.56) (Shrubsole et al. 2001).
Other studies have also suggested that plasma folate concentration might be a useful
biomarker for the intake of fruits and vegetables (Brevik et al. 2005). Based on this
fact, we tried to explore possible differences in cancer risk patterns for variant
MTHFR 677 genotype carriers between high and low fruit and vegetable intake
groups. An increasing trend of stomach cancer risk was observed for more MTHFR
677 T allele carriers in the low fruit and vegetable intake group, while a decreased risk
was found for the MTHFR T/T genotype when compared with the MTHFR C/T
genotype in the high fruit and vegetable intake group. The present results give
epidemiological support for the previous hypothesis that folate might play an
important role on modulating the balance of DNA methylation and DNA synthesis.

MTHFR A1298C was not been observed to have any significant associations with
stomach cancer and no combined effect of the MTHFR A1298C with the C677T
genotype was suggested in this study. These results might imply that the effects of
MTHEFR 1298 AC and CC genotypes do not profoundly impair MTHFR enzyme
activity like the MTHFR 677 CT or TT genotype do (Van der Put et al. 1998, Skibola
et al. 1999, Shen et al. 2001).

In addition, methodological limitations should be addressed. Questionnaire-based
information on vegetable and fruits intake history gave us a good opportunity to
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analyse the possible modification of folate status on the effect of MTHFR
polymorphism. However, we were unable to make any conclusions based on these
results since fruits and vegetables do not make up the entire source of folate intake and
cannot be used as surrogates. In addition, the similar dietary habits and economic
situation in the study population does not offer a big enough difference on folate levels
to make this variation clear. Nonetheless, our results might prompt further
epidemiological studies on this interesting topic. Another limitation in the present
study is our limited sample size. This study has a relatively large sample size, which
enables us to detect moderate associations for the gene polymorphism under study.
However, our limited sample size may compromise the precision of measurements
when evaluating potential interactions. Thus, a study with a larger sample size is
needed to estimate the possible interaction between the gene polymorphism and
environmental factors.

In summary, this study suggested the role of the MTHFR 677 variant genotype as
an independent risk factor for stomach cancer and also implied that the effect of the
MTHEFR 677 variant genotype on stomach cancer will be more obvious in individuals
with low fruit and vegetable intake.

Acknowledgements

This work was supported, in part, by the International Union Against Cancer (UICC)
Technology Transfer fellowship ICRETT) awarded to Dr Li-Na Mu, and by the
Foundation for the Author of National Excellent Doctoral Dissertation of the P. R.
China, No. 200157, awarded to Dr Lin Cai. The study was also partially supported by
the NIH National Institute of Environmental Health Sciences, National Cancer
Institute, Department of Health and Human Services, Grant Nos ES06718,
CA77954, CA09142, CA16042, CA42710, and ATO00151, as well as the Alper
Research Program for Environmental Genomics of the UCLA Jonsson Comprehen-
sive Cancer Center.

References

Bailey LB, Gregory JF III. 1999. Polymorphisms of methylenetetrahydrofolate reductase and other
enzymes: metabolic significance, risks and impact on folate requirement. Journal of Nutrition 129:919—
922.

Bailey LB, Rampersaud GC, Kauwell GP. 2003. Folic acid supplements and fortification affect the risk for
neural tube defects, vascular disease and cancer: evolving science. Journal of Nutrition 133:1961S—
1968S.

Bailey LB. 2003. Folate, methyl-related nutrients, alcohol, and the MTHFR 677C —T polymorphism affect
cancer risk: intake recommendations. Journal of Nutrition 133(11 Suppl. 1):3748S—3753S.

Blount BC, Mack MM, Wehr CM, MacGregor JT, Hiatt RA, Wang G, Wickramasinghe SN, Everson RB,
Ames BN. 1997. Folate deficiency causes uracil misincorporation into human DNA and chromosome
breakage: implications for cancer and neuronal damage. Proceedings of the National Academy of
Sciences, USA 94:3290-3295.

Brevik A, Vollset SE, Tell GS, Refsum H, Ueland PM, Loeken EB, Drevon CA, Andersen LF. 2005. Plasma
concentration of folate as a biomarker for the intake of fruit and vegetables: the Hordaland Homocysteine
Study. American Journal of Clinical Nutrition 81:434—439.

Chen H, Tucker KL, Graubard BI, Heineman EF, Markin RS, Potischman NA, Russell RM, Weisenburger
DD, Ward MH. 2002. Nutrient intakes and adenocarcinoma of the esophagus and distal stomach.
Nutrition and Cancer 42(1):33-40.

RIGHTES



Biomarkers Downloaded from informahealthcare.com by Hacettepe Univ. on 11/18/12
For personal use only.

MTHER polymorphism, fruit and vegetable, stomach cancer 73

Chen ], Giovannucci E, Kelsey K, Rimm EB, Stampfer MJ, Colditz GA, Spiegelman D, Willett WC,
Hunter D]J. 1996. A methylenetetrahydrofolate reductase polymorphism and the risk of colorectal cancer.
Cancer Research 56:4862—-4864.

Chen RZ, Pettersson U, Beard C, Jackson-Grusby L, Jaenisch R. 1998. DNA hypomethylation leads to
elevated mutation rates. Nature 395:89-93.

Ergul E, Sazci A, Utkan Z, Canturk NZ. 2003. Polymorphisms in the MTHFR gene are associated with
breast cancer. Tumour Biology 24:286—-290.

Franco RF, Simoes BP, Tone LG, Gabellini SM, Zago MA, Falcao RP. 2001. The methylenetetrahy-
drofolate reductase C677T gene polymorphism decreases the risk of childhood acute lymphocytic
leukaemia. British Journal of Haematology 115:616—618.

Frosst P, Blom H]J, Milos R, Goyette P, Sheppard CA, Matthews RG, Boers GJ, den Heijer M, Kluijtmans
LA, Van den Heuvel LP. 1995. A candidate genetic risk factor for vascular disease: a common mutation in
methylenetetrahydrofolate reductase. Nature Genetics 10:111-113.

Gao C,Wu],Ding]J, LiuY, Zang Y, Li S, Su P, Hu X, Xu T, Toshiro T, Kazuo T. 2002. Polymorphisms of
methylenetetrahydrofolate reductase C677T and the risk of stomach cancer. Zhonghua Liu Xing Bing
Xue Za Zhi 23:289-292.

Gerhard DS, Nguyen LT, Zhang ZY, Borecki IB, Coleman BI, Rader JS. 2003. A relationship between
methylenetetrahydrofolate reductase variants and the development of invasive cervical cancer. Gynecol-
ogy and Oncology 1 90:560—565.

Gershoni-Baruch R, Dagan E, Israeli D, Kasinetz L, Kadouri E, Friedman E. 2000. Association of the
C677T polymorphism in the MTHFR gene with breast and/or ovarian cancer risk in Jewish women.
European Journal of Cancer 36:2313-2316.

Gonzalez CA, Riboli E, Badosa ], Batiste E, Cardona T, Pita S, Sanz JM, Torrent M, Agudo A. 1994.
Nutritional factors and gastric cancer in Spain. American Journal of Epidemiology 139(5):466—473.
Goodman MT. 2001. Local studies address a previously hidden sexually transmitted disease: human

papillomavirus and cervical neoplasia. Hawaii Medical Journal 60:236—238.

Goyette P, Sumner JS, Milos R, Duncan AM, Rosenblatt DS, Matthews RG, Rozen R. 1994. Human
methylenetetrahydrofolate reductase: isolation of cDNA, mapping and mutation identification. Nature
Genetics 7:195-200.

Graziano F, Kawakami K, Ruzzo A, Watanabe G, Santini D, Pizzagalli F, Bisonni R, Mari D, Floriani I,
Catalano V, Silva R, Tonini G, Torri V, Giustini L, Magnani M. 2006. Methylenetetrahydrofolate
reductase 677C/T gene polymorphism, gastric cancer susceptibility and genomic DNA hypomethylation
in an at-risk Italian population. International Journal of Cancer 118(3):628—-632.

Harrison LE, Zhang ZF, Karpeh MS, Sun M, Kurtz RC. 1997. The role of dietary factors in the intestinal
and diffuse histologic subtypes of gastric adenocarcinoma: a case-control study in the U.S. Cancer
80:1021-1028.

Heimburger DC. 1992. Localized deficiencies of folic acid in aerodigestive tissues. Annals of the New York
Academy of Sciences 30(669):87-95; discussion 95-96.

Kim DH, Ahn YO, Lee BH, Tsuji E, Kiyohara C, Kono S. 2004. Methylenetetrahydrofolate reductase
polymorphism, alcohol intake, and risks of colon and rectal cancers in Korea. Cancer Letters 216:199—
205.

Kim YI. 2000. Methylenetetrahydrofolate reductase polymorphisms, folate, and cancer risk: a paradigm of
gene—nutrient interactions in carcinogenesis. Nutrition Review 58:205-209.

Kureshi N, Ghaffar S, Siddiqui S, Salahuddin I, Frossard PM. 2004. Head and neck cancer susceptibility: a
genetic marker in the methylenetetrahydrofolate reductase gene. ORL Journal of Oto-rhino-laryngology
and Its Related Specialities 66:241—-245.

La Vecchia C, Ferraroni M, D’Avanzo B, Franceschi S. 1994. Selected micronutrient intake and the risk of
gastric cancer. Cancer Epidemiology and Biomarkers Prevention 3:393—-398.

Lacasana-Navarro M, Galvan-Portillo M, Chen ], Lopez-Cervantes M, Lopez-Carrillo L. 2006.
Methylenetetrahydrofolate reductase 677C >T polymorphism and gastric cancer susceptibility in
Mexico. European Journal of Cancer 42(4):528-533.

Laird PW, Jaenisch R. 1996. The role of DNA methylation in cancer genetic and epigenetics. Annual
Review in Genetics 30:441-464.

Lin ], Spitz MR, Wang Y, Schabath MB, Gorlov IP, Hernandez LM, Pillow PC, Grossman HB, Wu X.
2004. Polymorphisms of folate metabolic genes and susceptibility to bladder cancer: a case-control study.
Carcinogenesis 25:1639-1647.

RIGHTES



Biomarkers Downloaded from informahealthcare.com by Hacettepe Univ. on 11/18/12
For personal use only.

74 L.-N. Mu et al.

Ma J, Stampfer M], Giovannucci E, Artigas C, Hunter D], Fuchs C, Willett WC, Selhub J, Hennekens CH,
Rozen R. 1997. Methylenetetrahydrofolate reductase polymorphism, dietary interactions, and risk of
colorectal cancer. Cancer Research 57:1098—1102.

Mason JB, Levesque T. 1996. Folate: effects on carcinogenesis and the potential for cancer chemopreven-
tion. Oncology (Williston Park) 10(11):1727-1736, 1742—-1743.

Mayne ST, Risch HA, Dubrow R, Chow WH, Gammon MD, Vaughan TL, Farrow DC, Schoenberg JB,
Stanford JL, Ahsan H, West AB, Rotterdam H, Blot WJ, Fraumeni JF Jr. 2001. Nutrient intake and risk
of subtypes of esophageal and gastric cancer. Cancer Epidemiology and Biomarkers Prevention 10:1055—
1062.

Miao X, Xing D, Tan W, Qi J, Lu W, Lin D. 2002. Susceptibility to gastric cardia adenocarcinoma and
genetic polymorphisms in methylenetetrahydrofolate reductase in an at-risk Chinese population. Cancer
Epidemiology and Biomarkers Prevention 11:1454-1458.

Nomura AM, Hankin JH, Kolonel LN, Wilkens LR, Goodman MT, Stemmermann GN. 2003. Case-
control study of diet and other risk factors for gastric cancer in Hawaii (United States). Cancer Causes
and Control 14(6):547-558.

Parkin DM. 2001. Global cancer statistics in the year 2000. Lancet Oncology 2:533—-543.

Ronnenberg AG, Goldman MB, Aitken IW, Xu X. 2000. Anemia and deficiencies of folate and vitamin B-6
are common and vary with season in Chinese women of childbearing age. Journal of Nutrition 130:2703—
2710.

Sarbia M, Geddert H, Kiel S, Kandemin Y, Schulz WA, Vossen S, Zotz RD, Willers R, Baldus SE,
Schneider PM, Gabbert HE. 2005. Methylenetetrahydrofolate reductase C677T polymorphism and risk
of adenocarcinoma of the upper gastrointestinal tract. Scandinavian Journal of Gastroenterology
40(1):109-111.

Sharp L, Little J, Schofield AC, Pavlidou E, Cotton SC, Miedzybrodzka Z, Baird JO, Haites NE, Heys SD,
Grubb DA. 2002. Folate and breast cancer: the role of polymorphisms in methylenetetrahydrofolate
reductase (MTHFR). Cancer Letters 181:65-71.

Shen H, Newmann AS, Hu Z, Zhang Z, Xu Y, Wang L, Hu X, Guo J, Wang X, Wei Q. 2005.
Methylenetetrahydrofolate reductase polymorphisms/haplotypes and risk of gastric cancer: a case-control
analysis in China. Oncology Report 13(2):355-360.

Shen H, Xu Y, Zheng Y, Qian Y, Yu R, Qin Y, Wang X, Spitz MR, Wei Q. 2001. Polymorphisms of 5, 10-
methylenetetrahydrofolate reductase and risk of gastric cancer in a Chinese population: a case-control
study. International Journal of Cancer 95:332—-336.

Shrubsole MJ, Jin F, Dai Q, Shu XO, Potter JD, Hebert JR, Gao YT, Zheng W. 2001. Dietary folate intake
and breast cancer risk: results from the Shanghai Breast Cancer Study. Cancer Research 61:7136—7141.

Si PR, Fang DC, Zhang H, Yang L.Q, Luo YH, Liao HY. 2005. The relationship between methylenete-
trahydrofolate reductase gene polymorphism and microsatellite instability in gastric cancer. Zhonghua
Liu Xing Bing Xue Za Zhi 26(10):794-799.

Siegfried Z, Eden S, Mendelsohn M, Feng X, Tsuberi BZ, Cedar H. 1999. DNA methylation represses
transcription in vivo. Nature Genetics 22:203-206.

Siemianowicz K, Gminski J, Garczorz W, Slabiak N, Goss M, Machalski M, Magiera-Molendowska H.
2003. Methylenetetrahydrofolate reductase gene C677T and A1298C polymorphisms in patients with
small cell and non-small cell lung cancer. Oncology Report 10:1341—-1344.

Skibola CF, Smith MT, Kane E, Roman E, Rollinson S, Cartwright RA, Morgan G. 1999. Polymorphisms
in the methylenetetrahydrofolate reductase gene are associated with susceptibility to acute leukemia in
adults. Proceedings of the National Academy of Sciences, USA 96:12810—-12805.

Slattery ML, Potter JD, Samowitz W, Schaffer D, Leppert M. 1999. Methylenetetrahydrofolate reductase,
diet, and risk of colon cancer. Cancer Epidemiology and Biomarkers Prevention 8:513-518.

Solomon E, Borrow J, Goddard AD. 1991. Chromosome aberrations and cancer. Science 254:1153-1160.

Song C, Xing D, Tan W, Wei Q, Lin D. 2001. Methylenetetrahydrofolate reductase polymorphisms increase
risk of esophageal squamous cell carcinoma in a Chinese population. Cancer Research 61:3272-3275.

Stolzenberg-Solomon RZ, Qiao YL, Abnet CC, Ratnasinghe DL, Dawsey SM, Dong ZW, Taylor PR, Mark
SD. 2003. Esophageal and gastric cardia cancer risk and folate- and vitamin B (12)-related
polymorphisms in Linxian, China. Cancer Epidemiology Biomarkers Prevention 12:1222-1226.

Ulrich CM, Kampman E, Bigler J, Schwartz SM, Chen C, Bostick R, Fosdick L, Beresford SA, Yasui Y,
Potter JD. 2000. Lack of association between the C677T MTHFR polymorphism and colorectal
hyperplastic polyps. Cancer Epidemiology and Biomarkers Prevention 9:427-433.

Ulvik A, Vollset SE, Hansen S, Gislefoss R, Jellum E, Ueland PM. 2004. Colorectal cancer and the
methylenetetrahydrofolate reductase 677C —»T and methionine synthase 2756A -G polymorphisms: a

RIGHTES



Biomarkers Downloaded from informahealthcare.com by Hacettepe Univ. on 11/18/12
For personal use only.

MTHER polymorphism, fruit and vegetable, stomach cancer 75

study of 2,168 case-control pairs from the JANUS cohort. Cancer Epidemiology and Biomarkers
Prevention 13:2175-2180.

Van der Put NM, Gabreels F, Stevens EM, Smeitink JA, Trijbels FJ, Eskes TK, Van den Heuvel LP, Blom
HJ. 1998. A second common mutation in the methylenetetrahydrofolate reductase gene: an additional
risk factor for neural-tube defects? American Journal of Human Genetics 62:1044—-1051.

Wang LD, Guo RF, Fan ZM, He X, Gao SS, Guo HQ, Matsuo K, Yin LM, Li JL. 2005. Association of
methylenetetrahydrofolate reductase and thymidylate synthase promoter polymorphisms with genetic
susceptibility to esophageal and cardia cancer in a Chinese high-risk population. Diseases of the
Esophagus 18(3):177-184.

Weisberg I, Tran P, Christensen B, Sibani S, Rozen R. 1998. A second genetic polymorphism in
methylenetetrahydrofolate reductase (MTHFR) associated with decreased enzyme activity. Molecular
Genetics and Metabolism 64:169-172.

Wiemels JL, Smith RN, Taylor GM, Eden OB, Alexander FE, Greaves MF. 2001. United Kingdom
Childhood Cancer Study investigators. Methylenetetrahydrofolate reductase (MTHFR) polymorphisms
and risk of molecularly defined subtypes of childhood acute leukemia. Proceedings of the National
Academy of Sciences, USA 98:4004—4009.

Yang L, Parkin DM, Li LD, Chen YD, Bray F. 2004. Estimation and projection of the national profile of
cancer mortality in China: 1991-2005. British Journal of Cancer 90:2157—-2166.

Yin G, Kono S, Toyomura K, Hagiwara T, Nagano J, Mizoue T, Mibu R, Tanaka M, Kakeji Y, Maehara Y,
Okamura T, Ikejiri K, Futami K, Yasunami Y, Maekawa T, Takenaka K, Ichimiya H, Imaizumi N. 2004.
Methylenetetrahydrofolate reductase C677T and A1298C polymorphisms and colorectal cancer: the
Fukuoka Colorectal Cancer Study. Cancer Science 95:908-913.

Zhang A, Ge XQ. 1986. The serum and red cell folate levels in pregnant women in Beijing. Chinese Medical
Journal (England) 99:899-902.

Zhang ZF, Kurtz RC, Yu GP, Sun M, Gargon N, Karpeh M Jr, Fein JS, Harlap S. 1997. Adenocarcinomas
of the esophagus and gastric cardia: the role of diet. Nutrition and Cancer 27:298-309.

Zheng SF, Ershow AG, Yang CS, Li GY, Li RS, Li H, Zou XL, Liu XF, Song LH, Qing QS. 1989.
Nutritional status in Linxian, China: effects of season and supplementation. International Journal of
Vitamin and Nutrition Research 59:190—-199.

Zhu S, Mason ], ShiY, Hu Y, Li R, Wahg M, Zhou Y, Jin G, Xie Y, Wu G, Xia D, Qian Z, Sohg H, Zhang L,
Russell R, Xiao S. 2003. The effect of folic acid on the development of stomach and other gastrointestinal
cancers. Chinese Medical Journal (England) 116(1):15-19.

RIGHTES

Wy



