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Abstract

Methylenetetrahydrofolate reductase (MTHFR) plays a central role in the metabolism of
folate, which provides a methyl donor for DNA methylation and deoxynucleoside synthesis.
We performed a case—control study to explore the relationship between two common
MTHFR polymorphisms (C677T and A1298C), their combination and interaction with
environmental exposures, on gastric adenocarcinoma susceptibility and progression in an
Italian population. One hundred and two cases and 254 hospital controls, matched by age
and gender, were enrolled. Individuals carrying the MTHEFR 677T allele showed an increased
risk of gastric cancer (odds ratio (OR) 1.62, 95% confidence interval (CI) 0.98-2.67),
particularly among ever smokers (OR 2.10, 95% CI 1.07-5.33) and, among 677 TT
individuals, those with a low intake of fruit and vegetables (OR 2.18, 95% CI 1.05-4.54).
The strongest effect, however, was noted for the MTHFR 677 TT genotype among the
diffuse gastric cancer histotype (OR 2.92, 95% CI 1.12-7.60). No association was detected
for the effect of MTHFR A1298C polymorphism. Survival analysis did not show any
association between each polymorphism on the overall survival, although when the analysis
was restricted to the first year of follow-up after the surgical intervention an improved
survival was noted among MTHFR 677 CC subjects compared with the T allele carriers
(p value for log-rank test 0.02). In conclusion, MTHFR 677 (any T genotype) appears to
modulate an individual’s susceptibility to gastric cancer, particularly when combined with
cigarette smoking and among those with a low intake of fruit and vegetables. Our results also
suggest that an aberrant DNA methylation pattern, through impaired folate metabolism,
might play a key role in gastric carcinogenesis. A possible survival effect of the MTHFR
Co677T genotype in gastric cancer patients deserves further investigations with larger sample
sizes.
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Introduction

Fruit and vegetable intake has been repeatedly reported as protective against cancer
occurrence, including gastric cancer (Key et al. 2004). A recent meta-analysis of
prospective studies showed an inverse association between fruit and vegetables intake
and gastric cancer incidence, particularly for follow-up periods at least of 10 years
(Lunet et al. 2005). The protective effect against cancer may be due to the combined
action of a number of the antioxidant micronutrients, such as B-carotene, vitamins C
and E, retinol and the folate content (Correa & Schneider 2005). Folate is a water-
soluble B vitamin that plays the fundamental role of providing methyl groups for
intracellular methylation reactions and de novo deoxynucleoside synthesis (Wagner
1995). Two prominent mechanisms whereby folate deficiency may influence cancer
risk have been described (Larsson et al. 2006): low folate levels may induce
misincorporation of uracil into DNA, which could lead to chromosomal breaks and
mutations; and/or by causing DNA hypomethylation, resulting in altered gene
expression (Duthie 1999).

Besides an inadequate folate intake, functional polymorphisms in key enzymes
involved in folate metabolic pathway are supposed to modify the risk of cancer.
Among them, the methylenetetrahydrofolate reductase (MTHFR) enzyme irreversibly
converts 5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate, the primary
circulating form of folate. Two functional polymorphisms of MTHFR, C677T and
A1298C, have been identified (Frosst et al. 1995), so that heterozygotes (CT) and
homozygotes (TT) for the mutant allele of 677, respectively, have 65% and 30% of
the enzyme activity of individuals with wild-type genotype, while CC homozygotes for
the MTHFR 1298 polymorphism have an enzyme activity around 50-60% of those
without the variant allele (Frosst et al. 1995, Weisberg et al. 1998). Individuals with
the TT genotype for the MTHFR 677 have significantly lower plasma folate levels
than those with the wild-type genotype, while for the 1298 variant the evidence is
inconsistent (Friedman et al. 1999). Some nutrients (e.g. vitamins B¢ and B;,, and
methionine) involved in the folate metabolic pathway, as well as alcohol (a folate
antagonist) and smoking (which impairs folate status), may interact with folate and
the MTHFR polymorphisms in relation to cancer risk (Bailey 1990, 2003).

A recently published meta-analysis shows no significant protective effect of dietary
folate intake on gastric cancer, while an increased risk associated with the MTHFR
677 TT genotype has been detected (Larsson et al. 2006). Few studies, however,
explored a possible effect modification of the MTHFR C677T polymorphism on
gastric cancer risk by environmental exposures affecting folate status (Stolzenberg-
Solomon et al. 2003, Gao et al. 2004, Graziano et al. 2006), and no one has ever
explored this aspect in relation to MTHFR A1298C polymorphism. Furthermore,
nothing is known about the influence of these genetic variants on the survival of gastric
cancer patients. In the present study we aimed to investigate the effect of both
MTHFR C677T and A1298C polymorphisms, their combination and the interaction
with lifestyle exposure that might affect plasma folate levels, on gastric cancer
development and progression in an Italian population.
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Materials and methods
Study popularion and genotryping

The study subjects were selected according to a case—control study design as
previously described (Boccia et al. 2005). Briefly, cases were consecutive primary
gastric adenocarcinoma patients, with histological confirmation, who underwent a
curative gastrectomy in the ‘A. Gemelli’ teaching hospital, located within the
Universita Cattolica del Sacro Cuore in Rome. Controls were selected from cancer-
free patients, with a broad range of diagnoses, admitted to the same hospital during
the identical time period and were frequency matched to cases for age (+5 years) and
gender. All subjects were Caucasians born in Italy. According to the Lauren
classification, the majority (57.8%) of the gastric cancer cases were intestinal (Lauren
1965). The tumours were located in the antrum (39.3%), the corpus (14.8%), the
antrum/corpus (28.0%), in the cardia (10.3%), stumps (5.6%) and in the fundum
(2.0%). Based on the cytological and architectural atypisms, as well as the
histopathological reports (Sobin & Wittekind 2002), patients’ tumours were classified
accordingly: 68.3% scarcely differentiated, 29.2% moderately differentiated, 2.5%
well differentiated, while 53.8% were staged I-1I and 46.2% were staged III-IV. With
a response rate of 95% and 90%, respectively, for cases and controls, 102 gastric
cancer and 254 controls were recruited.

A venous blood sample was drawn from each participant, collected into EDTA-
coated tubes from which DNA was isolated from peripheral blood lymphocytes.
Genotyping for MTHFR C677T and A1298C polymorphisms was performed using a
restriction-fragment length polymorphism-based method, as already described by Yi
et al. (2002). Quality control for each genotyping was performed in each experiment,
and 10% of the total samples were randomly selected and reanalyzed with 100%
concordance. The analyst was blinded to the case or control status of the samples. The
study was approved by the local review board and written informed consent was
obtained from each subject. The procedures followed were in accordance with the
Helsinki Declaration.

Data collection

Cases and controls were interviewed by trained medical doctors using a standard
questionnaire to elicit information on demographic variables, cigarette smoking and
drinking history, dietary habits and family history of cancer. Questions pertaining to
lifestyle focused on the time period ending 1 year prior to diagnosis. Smoking status
was categorized as never and ever smokers (including both current and former
smokers). Pack-years were calculated as years smoked multiplied by the current
number (or previous number, for those who had quit) of cigarettes smoked per day
divided by 20. Fruit and vegetable intake was classified as high if the individual
consumed at least two portions of fruit and vegetables per day. Family history of
cancer referred to parents, siblings and offspring. Cases were actively followed up after
the day of surgical intervention with a median follow-up time of 19.5 months, and
information on all-cause mortality was collected. The proportion of lost to follow-up
was 8.5% (12/102).
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Statistical analysis

The relationship between gastric cancer and putative risk factors were measured using
the adjusted odds ratios (ORs) and their 95% confidence interval (CI) derived from
logistic regression analysis using STATA software (version 8.2). We considered
possible risk factors for gastric cancer as potential confounders if the addition of that
variable to the model changed the OR by 10% or greater. Confounding checks were
performed in both of the univariate and final multivariate models. If a factor was
identified as a confounder of any estimated main effect, it was kept in all models.
Based on these criteria, we controlled for age, gender, alcohol consumption and family
history of cancer, when appropriate. In the multivariable model, we adjusted for the
continuous variables of age and alcohol. The Hardy—Weinberg equilibrium (HWE)
was tested for separately in all of the case and control polymorphisms.

In order to assess if the effect of the studied polymorphisms is modified by lifestyle
exposures that might affect folate metabolism, we performed a logistic regression
analysis stratified for alcohol, smoking status, and fruit and vegetable intake. A
homogeneity test was then used to test differences among the strata. In this analysis we
used as a reference group those homozygous wild-type individuals who had not been
exposed to environmental factors; smoking status was here considered as ever/never
cigarette smokers and alcohol consumption as users/non-users (the latter including
individuals whose alcohol intake was less than 7 g daily).

Finally, the log-rank test was used to evaluate the association between both
MTHFR polymorphisms and the survival at 1 year, 3 years and overall survival after
gastric surgery intervention. The risk of death was also estimated by Cox’s
proportional hazards model, when applicable. Hazard ratios (HR) were adjusted for
age and gender, with the wild-type genotypes as the reference group.

Results

General characteristics of the study population are presented in Table I. Alcohol
consumption and family history of cancer were associated with an increased risk of
gastric cancer, with ORs of 2.10 (95% CI 1.21-3.67) and 3.74 (95% CI 1.13-12.45)
for moderate and heavy drinkers, respectively, and an OR of 1.80 (95% CI 1.04-3.06)
for individuals with a familial history of cancer (see Table I). The genotype frequencies
of our control group were in line with those for Caucasians (Botto & Yang 2000) and
were in HWE both for cases and controls (p >0.05). As shown in Table II, we found a
significant difference in the distribution of MTHFR 677T carriers among cases and
controls: 71.6% vs 61.4%, respectively, with an OR of 1.62 (95% CI 0.98-2.67).
When results were stratified according to tumour histology, the strongest effect was
noted among the diffuse type, with an OR of 2.92 (95% CI 1.12-7.60) for MTHFR
677 TT (Table II).

From the analysis of the combined effect of the MTHFR C677T and A1298C, no
one subject was homozygous for the mutant allele at both sites (data not shown).
Among subjects with both MTHFR 677 TT and 1298 AA, the OR was 2.21 (95% CI
0.84-5.80), and similarly, individuals with both MTHFR 677 CT and 1298 AC
genotypes had an OR for gastric cancer of 1.95 (95% CI 0.80-4.81) compared with
those with combined 677 CC/1298 AA (data not shown). A homogeneity test,
however, showed that none of these differences was statistically significant, probably
due to the very small number of both variant alleles in the analysis.
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Table I. Odds ratios (OR) (95% confidence interval (CI)) for gastric cancer according to selected variables
and their frequency distribution among 102 gastric cancer cases and 254 controls.

Cases (%) Controls (%) OR (95% CI)*?

Age (years +SD) 66.3+12.1 64.0+13.0 -
Male gender 54 (53.0) 141 (55.5) -
Alcohol drinkers

0-6 g daily 40 (39.6) 150 (59.3) 1°

7-29 g daily 53 (52.5) 96 (37.9) 2.10 (1.21-3.67)

>30 g daily 8 (7.9) 7 (2.8) 3.74 (1.13-12.45)
Smoking status

Never 54 (53.0) 146 (57.5) 1°

Ever 48 (47.1) 108 (42.5) 1.09 (0.63-1.90)
Pack-years of smoking

0 55 (55.0) 146 (57.7) 1®

1-25 21 (21.0) 62 (24.5) 0.97 (0.50-1.92)

>25 24 (24.0) 45 (17.8) 1.05 (0.53-2.12)
Fruit and vegetable intake

High® 19 (18.8) 40 (15.9) 1°

Low 82 (81.2) 212 (84.1) 0.96 (0.50-1.85)
Meal salt addition

No 88 (86.3) 235 (92.9) 1°

Yes 14 (13.7) 18 (7.1) 1.52 (0.68-3.41)
Family history of cancer

No 59 (62.8) 192 (78.4) 1°

Yes 35 (37.2) 53 (21.6) 1.80 (1.04-3.06)

?OR adjusted by age, gender, alcohol consumption (as continuous variable) and family history of cancer;
PReference category; “at least two portions of fruit and vegetables per day (see methods).

From our analysis there was no evidence of effect modification of MTHFR 677 and
1298 polymorphisms by the lifestyle exposures (Table III); however, ever smokers
carrying the MTHFR 677 T allele showed a significant increased risk (OR 2.40, 95%
CI 1.07-5.33) of gastric cancer, while among never smokers that risk appeared not

Table II. Distribution of the studied polymorphisms in 102 gastric cancer cases and 254 controls.

Cases Controls All cases OR Intestinal OR Diffuse OR
(%) (%) (95% CI)? (95% CI)* (95% CI)*
MTHER 677
cC 29 (28.4) 98 (38.6) 1° 1° 1°
CT 51 (50.0) 115 (45.3)  1.53 (0.90-2.62) 1.27 (0.67-2.41)  2.45 (1.09-5.50)
TT 22 (21.6) 41 (16.1)  1.84 (0.95-3.59) 1.27 (0.55-2.92)  2.92 (1.12-7.60)
T carriers 73 (71.6) 156 (61.4)  1.62 (0.98-2.67) 1.27 (0.70-2.32)  2.58 (1.19-5.58)
MTHEFR 1298
AA 50 (49.0) 125 (49.2) 1P 1° 1°
AC 43 (42.2) 107 (42.1)  0.98 (0.60-1.59) 0.47 (0.33-1.63)  0.72 (0.36-1.45)
CC 9 (8.8) 22 (8.7) 0.97 (0.42-2.27) - 1.50 (0.52-3.91)
C carriers 52 (51.0) 129 (50.8)  0.98 (0.62-1.55) 1.06 (0.60-1.88)  0.84 (0.44-1.60)

30dds ratio (OR) adjusted by age and gender; Preference category. CI, confidence interval; MTHFR,
methylenetetrahydrofolate reductase.
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Table III. Risk of gastric cancer associated with the methylenetetrahydrofolate reductase (MTHFR) C677T
and A1298C genotypes according to selected lifestyle exposures.

MTHFR 677 MTHFR 1298
T carriers® C carriers®
p Value p Value
No. cases/ OR for for No. cases/ OR for for

no. controls (95% CI)® homogeneity no. controls (95% CI)® homogeneity

Smoking status

Never 35/90 1.16 (0.60-2.52) 27/81 0.78 (0.41-1.48)

Ever 38/66  2.40 (1.07-5.33) 0.17 25/48 1.36 (0.68-2.70) 0.22
Alcohol drinkers

No 21/71 1.76 (0.71-4.34) 21/75 1.16 (0.51-2.66)

Yes 52/85  1.46 (0.78-2.73) 0.67 31/54 0.87 (0.49-1.54) 0.61
Fruit and vegetable intake

High® 12/21  1.48 (0.48-4.60) 9/22  0.68 (0.22-2.11)

Low 61/135  1.68 (0.95-3.00) 0.94 43/106  1.06 (0.63-1.77) 0.51

Reference category is the homozygous wild-type genotype; *Odds ratio (OR) adjusted by age and gender;
°At least two portions of fruit and vegetables per day; CI, confidence interval.

significant (OR 1.16, 95% CI 0.60-2.52). Additionally, when the MTHFR 677 TT
genotype was stratified according to fruit and vegetable intake (data not shown), ORs
of 0.49 (95% CI 0.04-5.9) and 2.18 (95% CI 1.05-4.54) resulted among high and
low consumers, respectively (data not shown; p value of homogeneity among the
estimates =0.09).

The mortality rate in our gastric cancer cases was 1.01/100 person-months (95% CI
0.70-1.45). Patients carrying at least one MTHFR 677 T allele did not show a
different median survival time (p value for log-rank test =0.49), with an HR of 1.19
95% CI 0.49-2.92) and 1.79 (95% CI 0.67-4.78) for MTHFR CT and TT
genotypes, respectively. Similar results were obtained for MTHFR 1298T carriers,
with an HR of 1.05 (95% CI 0.50-2.22, p value for log-rank test =0.82) compared
with the homozygous wild-type. When the analysis was restricted to 1-year survival,
MTHFR 677 CC subjects during that period all resulted alive with respect to those
carrying at least one 677 T allele (p value for log-rank test =0.02) (Figure 1).
However, when the time period was extended to 3-years the effect was no longer
detected (p value for log-rank test =0.60). Absence of a survival affect was noted for
MTHFR 1298C carriers when restricting the analysis to the first year and three years
after the surgical intervention (data not shown).

Discussion

This case—control study of 102 surgical cases of gastric adenocarcinoma and 254
controls evaluated the effect on gastric cancer risk of two common MTHFR
polymorphisms. Results showed an increased risk for MTHFR 6777 carriers, with
a growing trend from individuals carrying only one variant allele to those carrying two
(p value for trend =0.05). That risk became higher in patients with the diffuse gastric
cancer histological type. No association was detected for the effect of MTHFR
A1298C polymorphism on gastric cancer risk; also, there was no evidence of effect
modification by the lifestyle exposures. An increased risk was detected among ever
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Figure 1. Association between methylenetetrahydrofolate reductase (MTHFR) C677T genotypes and
1-year survival after gastric surgery intervention.

smokers carrying at least one MTHFR 677 variant allele and among those with
MTHFR 677 TT and a low intake of fruit and vegetables, despite the results of the
homogeneity test this did not support a true effect modification in both instances. Our
results also confirm previous findings of gastric cancer risk to be increased by alcohol
intake and familial clustering (Bagnardi et al. 2001, Aoki et al. 2005). In addition,
from the survival analysis a possible effect was noted when considering only the first
year of follow-up, with all subjects who died among those carrying at least one 677 T
allele.

Some limitations of the study need to be considered before interpreting the results.
Firstly, based on the prevalence of the analyzed genotypic variants in our control
population (see Table II), our study is powered to detect a minimum OR of 2.0 for the
effect of MTHFR 677T carriers and MTHFR 1298C carriers (with a significance level
of 0.05); however, the power is lower for the homozygote variants of both genotypes.
The study sample size also limits the ability to explore the effect modification of the
lifestyle exposures, or the combined effects of both genotypes, which highlights the
need to increase the sample size in order to confirm our results. However, when
appropriately conducted, large and small studies should, theoretically, give the same
results, with just a more precise effect measure estimate from the larger ones
(Ioannidis 2006). Secondly, as in all case—control studies information bias may exist,
leading to biased ORs related to the lifestyle exposures.

Our study supports the evidence of an increased risk for gastric cancer among
individuals carrying the unfavourable variant of MTHFR 677, thus confirming the
results of the two recently published meta-analyses (Larsson et al. 2006, Zintzaras
2006). Individuals who are MTHEFR 677T carriers have reduced enzyme activity and,
particularly among those with inadequate folate intake (Graziano et al. 2006),
subsequent aberrant genomic DNA methylation. We also observed that the risk for
MTHFR 677T carriers is higher among those with a diffuse gastric cancer histotype,
which is the most deadly form of gastric cancer (Wu et al. 1997), as already noted
by Lacasana-Navarro et al. (2006). Recently, aberrant methylation of proto-
oncogenes has been explored as both a mechanism and marker of carcinoma
progression (Dunn 2003), with some papers reporting a different methylation pattern

RIGHTES



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

642 S. Boccia et al.

between the intestinal and diffuse gastric cancer histotype (Tahara 2004, Yamashita
et al. 2006). Taken together, these results suggest that a global aberrant DNA
methylation pattern may play a key role in gastric cancer susceptibility and
progression, with the MTHFR enzyme playing a central part.

In the present study, we observed that the effect of the MTHFR 677 variant
genotype is particularly strong among ever smokers, which is in keeping with the
results from Gao et al. (2004). As for the negative effect of smoking on folate status,
some authors reported that elevated folate turnover in response to rapid tissue
proliferation in aerodigestive tissues among people exposed to tobacco smoke might
partially explain this phenomenon, which might even be worsened among individuals
carrying the unfavourable MTHFR genotype variant (Heimburger 1992). We cannot
ignore, however, that this effect might be confused by alcohol intake or dietary habits
(Tungtrongchitr et al. 2003).

To our knowledge, no study has ever explored whether or not the effect of the
MTHEFR 677 TT genotype on gastric cancer is modified by folate levels; however, two
studies reported a strong association between MTHFR 677 TT and gastric cancer in
populations with folate deficiency (Miao et al. 2002, Graziano et al. 2006). Also, a
prospective study on colorectal cancer risk reported that the protective effect of the
MTHEFR 677 TT genotype disappears among those with folate deficiency (Ma et al.
1997), so we would expect a partial reduction of the negative effect on gastric cancer
risk by the MTHFR 677 variant among those with adequate folate intake. From our
study it appears that the effect of the MTHFR 677 variant genotypes on gastric cancer
might be modified by fruit and vegetable intake, the main source of dietary folate,
particularly among TT individuals. The lack of statistical power, however, limits our
results which need to be confirmed by increasing the sample size.

As for the combined inheritance of the two MTHFR variants, although all the
reported results are not statistically significant for an oo =0.05, there is slight evidence
of an increased risk in individuals carrying at least one T allele of MTHFR C677T,
which is in keeping with the results of Miao (2002).

Finally, we were not able to detect any effect of the studied polymorphisms on the
overall survival after surgical gastrectomy intervention; however, when considering the
first year of follow-up an increased mortality rate was experienced from MTHFR
677T carriers when compared with the CC individuals. Despite the result being based
on a very small number of subjects, it suggests that a different pathway of tumour
progression might be experienced from gastric cancer patients based on their MTHFR
677 polymorphism, which eventually affects folate blood levels and DNA methylation
status. A recent study on the assessment of folic acid supplementation on colorectal
adenomas failed to detect a preventive effect, while an increased risk of colorectal
neoplasia was revealed among treated individuals (Cole et al. 2007). To our
knowledge, similar trials have never been conducted on individuals with gastritis or
gastric cancer; therefore, the exact effect on gastric carcinogenesis of folic acid levels,
affected by MTHFR status, deserves additional investigations in order to integrate all
the results into one coherent picture.

In conclusion, this study supports the role of MTHFR C677T polymorphism, but
not A1298C, in gastric carcinogenesis, particularly for the diffuse histotype which is
usually associated with a poorer prognosis. In order to gain a clearer picture of
the events influencing gastric cancer susceptibility and progression through the folate
metabolic pathway, it is critical that larger prospective studies with appropriate
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collection of data on lifestyle habits and folate intake are implemented. This would
lay the foundation for evaluating possible benefits from preventive nutritional
intervention in at-risk individuals for gastric cancer.
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