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Abstract

Aim: Genetic and environmental factors may play roles in the pathogenesis of esophageal cancer and susceptibility
may be modified by functional polymorphisms in folate metabolic genes, such as methylenetetrahydrofolate
reductase (MTHFR). We here evaluated associations of the MTHFR C677T polymorphism and folate intake
with esophageal cancer. Methods: A matched hospital-based case-control study with 155 esophageal cancer
and 310 non-cancer controls was conducted in a Chinese population with gene-environment interactions
evaluated between the MTHFR C667T polymorphism and drinking and smoking, as well as folate intake.
Results: Individuals carrying MTHFR 667CT [adjusted odds ratio (OR), 1.95; 95% confidence interval (CI),
1.23-2.62] and TT [adjusted odds ratio (OR), 3.36; 95% confidence interval (CI), 1.46-8.74] had significantly
increased esophageal cancer risk compared with those with MTHFR 667CC genotype. Folate intake was seen
to have non-significant preventive effect. In former, moderate and heavy drinkers, a high esophageal cancer
risk was observed for those with an MTHFR 677T allele genotype [ORs: 5.0(1.29-18.88), 3.70(1.83-7.66) and
5.77(2.11-15.72), respectively]. Significant interaction was found for moderate-heavy drinking and the MTHFR
677T allele genotype for esophageal cancer risk (p<0.05). Significant increased risk was also found in moderate
and heavy smokers with the two genotypes [ORs: 3.58(1.64-7.80) and 4.51(1.15-17.78), respectively]. High folate
intake and MTHFR 677TT was associated with a non-significant tendency for decreased esophageal cancer risk.
Conclusion: Our finding supports the hypothesis that MTHFR C667T polymorphisms play a role in pathogenesis
of esophageal cancer in the Chinese population.
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Introduction

Esophageal cancer is the sixth most common cancer
worldwide in 2002(Blount et al., 2007). Its rates showed
a wide international geographic variation in the incidence
and mortality of esophageal cancer(Choi and Mason,
2000; Y12004; Blount et al.,2007), suggesting that the role
of genetic and environmental factors in the pathogenesis
of this cancer(Choi and Mason, 2000).

As we know, vegetable and fruit are full of folate, vitamin
and trace element, and these factors are proved to be
the protective factor in carcinogenesis of many types of
cancer. Deficiency of them is associated with increased
risk of several cancers, including esophageal cancer. Folate
is a water-solution B vitamin, and folate deficiency can
influence the carcinogenesis of esophageal cancer through
two ways: one is inducing misincorportion of uracil into
DNA to result in chromosomal breaks and mutations.
Another is leading the alteration in DNA methylation and
thus to alter the expression of tumor suppressor genes

(Choi and Mason, 2000; Yi 2004; Blount et al., 2007).
Previous epidemiologic studies have shown that folate
deficiency could increase the carcinogenesis of esophageal
cancer(CS 2000; Mayne et al., 2001; Chen et al., 2002).
Except for an inadequate folate intake,
Methylenetetrahydrofolate reductase (MTHFR),
functional polymorphisms in folate metabolism, may
also play a role in the susceptibility of esophageal cancer
risk. It facilitates the conversion of 5,10-methylene
THF to 5-methyl THF, and leads point mutations and/
or chromosomal breaks. Also, it may cause decline of
5-methyl THF to induce a decrease of the conversion
of homocysteine to methionine, which could result in a
carcinogenesis process of DNA hypomethylation (Blount
et al., 1997; Fang and Xiao, 2003; Stern et al., 2000).
Approximately 60 polymorphisms have been described
in the MTHFR gene (Leclerc and Rozen., 2007). The
most common functional variant and most studied to
date is the thermolabile MTHFR C677T polymorphism
(rs1801133). The C677T variant is a C to T transition in
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exon 4 at nucleotide 677, resulting in the conversion of
alanine to valine at position 222 of the MTHFR amino
acid sequence (Frosst et al., 1995; Choi and Mason.,
2000). Heterozygotes (CT) and homozygotes (TT) for
the C677T variant have, respectively, 65% and 30% of
the MTHFR enzyme activity observed in homozygous
wild type subjects (CC)(Bailey and Gregory, 1999). As a
result, TT homozygotes have been associated with lower
serum folate levels and higher homocysteine levels than
their wild type homozygous counterparts. An impact of
this polymorphism on several types of cancer including
colorectal cancer, acute lymphocytic leukemia, lung,
prostrate, gallbladder and esophageal cancers has been
conducted (Boccia et al., 2007; Suzuki, 2007; Cao, 2008;
Yu, 2008; Bai, 2009). However, the association between
the MTHFR C677T polymorphism and esophageal cancer
is conflicting (Stolzenberg-Solomon et al., 2003; Yang et
al., 2005; He et al., 2007; Umar et al., 2010).

The impact of combination of MTHFR C677T
polymorphism and folate intake on esophageal cancer
risk was not explored in Chinese population, and the
interaction among the MTHFR C677T polymorphism
and alcohol and tobacco consumption was not studied
in China. Therefore, we conducted the present matched
case-control study to clarify the impact of folate intake
and MTHFR C677T on esophageal cancer risk in Chinese
population, and its gene-environment interaction with
drinking and smoking, as well as folate intake was
explored.

Materials and Methods

Study population

A hospital-based case-control study has been carried
out in the General Hospital of Chengdu Military Area.
The study included 155 patients aged 37-75 years who
had histological confirmed diagnosis of esophageal
squamous cell cancer in the China-Japan Union Hospital
of Jilin University and First Affiliate Hospital of Shantou
University from Jan. 2008 to Dec. 2010. Hosptial-based
controls were individually matched to cases by gender
and age (&5 years). Controls were first-visit outpatients
who visited the same two institutes during the same period
and were confirmed to have no malignancy, digestive
diseases, chronic diseases and also no prior history of
malignancy. Ratio of cases to controls was 1:2. Totally,
we had 310 controls who were non-cancer or cancer-free
subjects. Informed consents were obtained from patients
and controls.

A self-administered structured questionnaire was
used in our study, consisting 65 items. Information were
collected about demographic (age, sex and family history
of cancer) and clinical characteristics (histopathology,
tumor location, and lymph modes status), tobacco
usage, smoking, alcohol-drinking habits and dietary
habits (including 45 foods/food groups). A face to face
interview was performed for all of the subjects by trained
interviewers. Completed questionnaires were obtained
from 155 cases and 310 controls. Cancer patients were
asked to refer about habits a year before the disease
diagnosed.
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Sample collection

A total of 5 ml venous blood was collected from
each study and kept frozen at -20°C until DNA
extraction. Genomic DNA was extracted, using standard
methods(Miller SA 1988), from peripheral blood of
the controls or patients with esophageal cancer. The
MTHFR genotypes at the C677T site were analyzed by
PCR-based RFLP methods. The DNA was amplified
with the forward primers 5’-TTTGAGGCTGACCTG
AAGCACTTGAAGGAG-3" and
5’-GAGTGGTAGCCCTGGATGGGAAAGATCCCG-
3’(Xing D 2003; Qin JM 2008). Each 25.0 pL reaction
mixture contained 2.5 pL. 10 x PCR buffer, 1.5 pL MgCl12
(25 mmol/L),0.5 uL dNTP (10 mmol/L.),0.5 pL forprimer
(20 pmol/L), 0.5 pL revprimer (20 pmol/L), 0.2 uL. Taq
DNA polymerase (5 U/uL), 1.5 pL template DNA, and
17.8 uL nuclease free water. The PCR conditions were as
follows: initial denaturation at 94°C for 5 min, followed by
35 cycles at 94°C for 65 s, at 60°C for 65 s, at 72°C for 90
s, and a final extension at 72°C for 5 min. After transient
centrifugation, agarose electrophoresis was conducted.
The PCR products included 173-bp fragments of 677C/C
wild-type homozygotes; 173-, 125-, and 48-bp fragments
of 677C/T heterozygotes, and 125- and 48-bp fragments
of 677T/T homozygotes.

Assessment of folate intake

The folate intake was assessed according to our
self-administered structured questionnaire. The folate
intake was computed by multiplying the food intake (in
grams) and the folate content (per gram) of food in our
questionnaire, and then the sum of all folate intake from
various foods/food groups was calculated.

Statistical analysis

Statistical analyses were performed by using Stata
version 8 (Stata, College Station, TX). Conditional logistic
regression was employed to calculate odds ratios (ORs)
and their 95% confidence intervals (CIs). The chi-square
goodness-of-fit test was used for any deviation in controls
from Hardy-Weinberg Equilibrium. Alcohol exposure was
categorized into four levels, former drinkers, non-drinkers
(never drinker), moderate drinkers and heavy drinkers.
Individuals who quit drinking more than one year were
considered as former drinkers, individuals who drank
alcoholic beverages 5 days or more per week with an
amount of 50 g or more ethanol on each occasion while
moderate drinkers were defined as drinkers consuming
less frequently and/or lower amounts.

Smoking status was also divided into four categories
considering cumulative exposure to tobacco: former
smokers, non-smokers (never smokers), moderate smokers
and heavy smokers. Individuals who quit smoking
more than one year were considered as former smokers,
individuals with pack-years (PYs) <40 were regarded
as moderate smokers, and smokers with PYs>40 were
regarded as heavy smokers. Because the proportion
of MTHFR 677TT genotype is rare both in cases and
controls, we analyzed the interaction gene-environment
interactions by combining MTHFR 677TT and CT
genotype together.



Table 1. Characteristics of Esophageal Cancer Patients
and Matched Controls

Cases  Controls OR (95% CI) P value

Mean age (years) 51.4+5.6 51.6+49 - 0.35
Sex Male 86(55.5) 172(55.5) - -

Female 69(44.5) 138(44.5) - -
Alcohol drinking status

Never 42(27.1) 142(45.8) 1.0

Former 16(10.3)  20(6.45) 2.70(1.19-6.03) <0.05

Moderate ~ 69(44.5) 116(37.4) 2.01(1.25-3.26) <0.05

Heavy 28(18.1)  32(10.3) 2.96(1.53-5.70) <0.05
Smoking status

Never 73(47.1) 178(574) 1.0

Former 11(7.11)  12(3.87) 2.23(0.85-5.79) 0.06

Moderate  52(33.6) 102(32.9) 1.24(0.79-1.95) 0.32

Heavy 19(12.3)  18(5.81) 2.57(1.20-5.51) <0.05

Daily folate consumption (ug/day)

Mean (SE) 275(21.7) 298(32.5) - <0.05
<230 42(27.1)  61(19.7) 1.0

230-300  61(39.4) 127(41.0) 0.70(0.41-1.19) 0.20
>300 52(33.6) 122(39.4) 0.61(0.36-1.07) 0.10

Table 2. Relationship between the MTHFR C677T
Polymorphism and Esophageal Cancer Risk

Cases Controls OR (95% CI) OR'(95% CI)
CC 68(43.8) 179(57.7) 1.0 10
CT 74(47.7) 120(38.7) 1.62(1.06-2.48) 1.95(1.23-2.62)
TT 13(8.39) 11(3.55) 3.11(1.21-8.04) 3.36(1.46-8.74)

CT/TT 87(56.1) 131(42.3) 1.75(1.16-2.63) 1.93(1.29-2.97)

OR, Odds ratio; 'adjusted for age, sex, smoking and drinking

Results

Demographical characteristics of patients are shown
in Table 1. The mean age of cases and controls was
51.4+45.6 and 51.6+4.9 years, respectively. There was no
significant difference in age between cases and controls
(p=0.35). The distributions of smoking and drinking habits
were seemed a large extent between cases and controls.
Former, moderate and heavy drinkers were seemed to
increase esophageal cancer risk than non-drinkers, with
ORs (95% CI) of 2.70 (1.19-6.03), 2.01 (1.25-3.26) and
2.96 (1.53-5.70), respectively. Heavy smokers showed
an increased esophageal cancer risk than non-smokers
with the ORs (95% CI) of 2.57 (1.20-5.51). The mean
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adjusted daily folate consumption was 275.2+21.7 ug/
day in cases and 297.9+32.5 ug/day in controls, a higher
folate concentration showed a non-significant decreased
risk of esophageal cancer (Table 1).

The genotype distributions of MTHFR C677T in cases
and controls were summarized in Table 2. The frequencies
of MTHFR 677 CC, CT and TT were 43.9%, 47.74%
and 8.39% among cases, and were 57.7%, 38.71% and
3.55% among controls, respectively. The frequencies of
the MTHFR C677T genotypes in controls were according
to the Hardy-Weinberg equilibrium (p=0.09). Individuals
carrying the MTHFR 677TT and CC genotypes showed
a significantly increased risk of esophageal cancer
compared with those with CC genotype, with the adjusted
ORs and 95%CI of 1.95(1.23-2.62) and 3.36(1.46-8.74),
respectively. Similarly, those carrying MTHFR 677T allele
had a 1.93-fold risk(95% CI: 1.29-2.97) of developing
esophageal cancer compared with those with CC genotype.
The impact of combination of MTHFR C677T
polymorphisms and folate intake on esophageal cancer risk
is shown in Table 3. Among the high folate intake group,
the MTHFR 677TT genotype showed a non-significant
decreased risk of esophageal cancer. No significant
interaction was found between folate consumption and
MTHEFR genotype (p=0.32).

In the interaction of MTHFR C677T polymorphisms
with environmental risk factors such as tobacco and alcohol
consumption, we found the MTHFR 677T allele genotype
had a positive association with tobacco and alcohol habit,
and the OR raised with the increased consumption of
tobacco and alcohol. Significant interaction was found
in moderate-heavy drinking and MTHFR 677T allele
genotype for esophageal cancer risk (p<0.05), but no
significant interaction was not found between smoking
and MTHEFR 677T allele genotype (p=0.08).

Discussion

In our study, we observed the MTHFR C677T
polymorphisms were associated with susceptibility
to esophageal cancer, and high folate consumption
is associated with a non-significant decreased risk of
esophageal cancer. A gene-environment association was
found between MTHFR polymorphism and tobacco or
alcohol consumption, and high the tobacco or alcohol

Table 2. MTHFR C677T Polymorphisms and Esophageal Cancer Risk According to Drinking, Smoking and

Folate Intake
Variable Genotype CC Genotype CT/TT
Cases/Controls OR (95% CI) Cases/Controls OR (95% CI) P for interaction
Alcohol drinking status Never 17/85 1.0 25/57 2.19(1.03-4.73) -
Former 9/13 3.46(1.11-10.56) 717 5.00(1.29-18.9) 0.13
Moderate 29/62 2.34(1.12-4.95) 40/54 3.70(1.83-7.66) <0.05
Heavy 13/19 3.42(1.28-8.93) 15/13 5.77(2.11-15.7) <0.05
Tobacco status Never 22/85 1.0 53/93 2.20(1.19-4.13) -
Former 7/8 3.38(0.92-11.88) 4/5 3.09(0.56-15.6) 0.08
Moderate 27175 1.39(0.70-2.79) 25/27 3.58(1.64-7.80) 0.31
Heavy 12/12 3.86(1.37-10.78) 7/6 4.51(1.15-17.8) 0.07
Daily folate consumption <230 ug/day 21/37 1.0 21/26 1.42(0.60-3.36) 0.32
230-300 ug/day  28/63 0.78(0.37-1.67) 33/64 0.91(0.43-1.91) 0.51
>300 ug/day 19/63 0.53(0.24-1.19) 33/59 0.98(0.47-2.08) 0.09
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consumption contributed synergy effect with the MTHFR
677T allele genotype on esophageal cancer susceptibility.
Moreover, a significant interaction was found between the
MTHEFR 677T allele genotype and alcohol consumption.

We found significant association with MTHFR 677TT/
CT genotypes for developing esophageal cancer. In
previous published literatures, the role of MTHEFR 677TT/
CT genotypes for esophageal cancer risk was inconsistent
(Sarbia et al.,2006; Wu et al.,2006; Langevin et al., 2009).
A study conducted in Japan reported the MTHFR 677TT
genotype showed a tendency for lowering esophageal
cancer risk. Another study conducted in German was
not observed a significant association between them.
However, studies conducted in China reported the MTHFR
677TT genotype had 1.76 to 3.14 fold risk of developing
esophageal cancer comparing with those with CC
genotype (Song et al.,2001; He et al.,2007). There are two
possible explanations: firstly, The prevalence of variant
genotypes of MTHFR C677T polymorphisms varies to a
great extent among different human population (Wilcken
etal.,2003). The frequency of MTHFR 677TT in German
is 13%(Zhang et al.,2004), whereas 1% in Africans,2.2%
in India and 15% in Japan(Yang et al., 2005; Umar et al.,
2010). In our study, the frequency of MTHFR 677TT
genotype in control of our study is 3.55%, which is in
line with the previous studies from Chinese population
(Wang et al., 2005; Wang et al., 2007). The variation of
frequency of MTHFR C677T decides the difference in the
association between MTHFR C677T polymorphism and
esophageal cancer risk. Secondly, the difference in folate
consumption among populations is related to the function
of the MTHFR 677TT genotype. Most of the esophageal
cancer patients in China are lived in poor rural areas, the
nutrition of those people are usually lower than those in
developed countries. Correspondingly, the insufficient
folate consumption in Chinese esophageal cancer patients
may alter DNA methylation, the inactive MTHFR 677T
alllele may lower the 5-methyl THF to intensify the DNA
hypomethylation, and initiate carcinogenesis.

Our study indicated there was significant positive
interaction of MTHFR 677T allele with alcohol drinking,
which is in line with studies conducted in China (Li et al.,
2008; Qin et al., 2008). But another study in Japan showed
MTHEFR 677 variant genotype was significant inverse
associated with esophageal cancer in moderate-heavy
drinkers (Yang et al., 2005). Alcohol is recognized as a
major risk factor for many cancers, including esophageal
cancer, and it may induce DNA damage and resultant
modification of nucleotides. When individuals consuming
large amounts of alcohol, the inactive MTHFR 677T allele
is expected to have low 5-methyl THF level, would make
the DNA synthesis harder, and results in an increased risk
of DNA damage and carcinogenesis.

Earlier studies showed interaction of MTHFR 677T
allele and heavy tobacco usage (Weinstein et al., 2002;
Boccia et al., 2007). Li et al. and Zhang et al. reported a
significant association of MTHFR 677 variant genotype
with heavy smokers (Zhang et al., 2003; Li et al., 2008).
A report by Boccia et al. suggested the role of MTHFR
C677T polymorphism in modulation of risk in gastric
cancer patients with a smoking habit (Boccia et al.,2007),
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which is in line with our findings. Thus it is biologically
plausible that smoking may be involved in the folate
metabolism, and have a synergy role for esophageal
cancer susceptibility by MTHFR 677TT genotype. A
study in India found a significant but inverse association
of MTHFR 677CT genotypes with a tobacco habit in
development of esophageal cancer (Umar et al., 2010),
which is inconsistence with our study. The reason might
be the difference in the incidence of esophageal cancer in
Northern India, which is much lower than that in China.
Thus there may be genuine population-specific difference
in the risk of esophageal cancer due to MTHFR C677T
polymorphism.

Potential limitations of the present study should be
considered. The present study may have recall bias to
the questionnaire because all data were collected after
diagnosis. But the recall bias could not be avoided in
every case-control study, so we used method of reminding
them habits refer to a year prior to diagnosis. Another
methodological issue is selection of the population for
controls. We selected non-cancer patients in hospital,
which may induce selection bias. The notable point of
our control population is its similarity to the general
population. The frequencies of our controls are according
to the Hardy-Weinberg Equilibrium. The small sample
size is not enough to evaluate the interaction between
gene-environment factors in our study, so further studies
in a larger scale appear warranted.

In conclusion, our study indicates that the MTHFR
C677T polymorphism is associated with the risk of
esophageal cancer. Gene-environment interaction is
found between alcohol consumption and MTHFR 677TT
genotype. This study provides more information on the
gene biomarker for prevention of esophageal cancer in
Chinese population.
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