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Abstract So far, case-control studies on the association

between methylenetetrahydrofolate reductase (MTHFR)

gene polymorphisms and lung cancer provide controversial

or inconclusive results. To clarify the effect of MTHFR

polymorphisms on the risk of lung cancer, a meta-analysis

of all case-control observational studies was performed.

The studies provided 5,111/6,415 cases/controls for C677T

and 5,087/6,232 cases/controls for A1298C. The hetero-

geneity (P = 0.0001, I2 = 76.6%) for C677T among the

eight studies was extreme. Cluster analyses based on the

frequencies of the C677T genotype of the control group in

each study revealed that the studies could not cluster

together according to their ethnicity. The random effects

(RE) model showed that the 677T allele was not associated

with the risk of lung cancer compared with the C allele

[OR = 1.12, 95% confidence interval (CI) (0.97–1.28),

P = 0.12]. The contrast of homozygotes, recessive model,

dominant model produced the same pattern of results as the

allele contrast. In regard to the A1298C polymorphism,

there was no heterogeneity among the seven studies com-

paring the C versus the A allele (P = 0.24, I2 = 24.4%),

but no significant association was detected by the RE

model or the fixed effects model [FE odds ratio (OR) =

0.99 (0.93–1.05) and RE OR = 1.00 (0.92–1.08)]. The

effect of MTHFR polymorphisms (C677T, A1298C) on the

risk of lung cancer was undetectable, even though analyzed

on a relatively good number of subjects (totally 11,526

subjects) by meta-analysis (statistical power = 93.9%).

Although MTHFR polymorphisms were associated with

the risk of colorectal cancer, leukemia, and gastric cancer

supported by other meta-analysis, our pooled data suggest

no evidence for a major role of these two variants in car-

cinogenesis of lung cancer. The results implied that

different tumors evolve by different pathological pathways

and the roles of MTHFR in cancer is determined by its

target genes.
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Introduction

Lung cancer is the leading cause of cancer death world-

wide. Despite improvements in its treatment in recent

years, the prognosis from this disease has only marginally

improved, with 5-year survival rates for both small (SCLC)

and non-small-cell lung cancer (NSCLC) typically being

no better than 15% (Jemal et al. 2002). Therefore, efforts

toward primary prevention in addition to early detection

have come under the spotlight.

As the predominant risk factor for lung cancer, smoking

[relative risk (RR) = 10–30 compared with nonsmokers

(American Cancer Society; Centers for Disease Control

and Prevention)] is directly linked to lung cancer in 90% of

women and 79% of men (Bilello et al. 2002). Secondhand

smoke exposure is also a risk factor (Fontham et al. 1994;

Environmental Protection Agency). However, appreciation

that the development of most cancers results from a
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complex interaction between both environmental and

genetic factors is growing. It now seems likely that heri-

table factors are of significant importance in lung cancer

independent of smoking history or exposure to environ-

mental tobacco smoke (Minna et al. 2002; Schwartz et al.

2006; Amos et al. 1999).

Many epidemiological studies have provided evidence

that high consumption of vegetables and fruits is associ-

ated with a reduced risk of lung cancer (Steinmetz et al.

1991; Takezaki et al. 2001). Folate is one of the constit-

uents found in vegetables and fruits, and dietary folate

may be one of the micronutrients that provide protection

against lung carcinogenesis (Bandera et al. 1997; Voorrips

et al. 2000; Shen et al. 2003). Biological functions of

folate within so-called one-carbon metabolism are to

facilitate de novo deoxynucleoside triphosphate synthe-

sis and to provide methyl groups required for intra-

cellular methylation reactions. Methylenetetrahydrofolate

reductase (MTHFR), a pivotal enzyme in folate and

homocysteine metabolism, catalyzes irreversibly the

reduction of 5,10-methylenetetrahydrofolate (CH2-THF) to

5-methylenetetrahydrofolate (CH3-THF). Thus, MTHFR

might play roles in the etiology of lung cancer in com-

bination with environmental factors such as folate

consumption.

There are many reports that the MTHFR single-

nucleotide polymorphisms (SNPs) C677T and A1298C

are associated with many diseases, e.g., coronary artery

disease (Kluijtmans et al. 1997), stroke (Banerjee et al.

2007), colorectal cancer (Hubner et al. 2007), etc. To our

knowledge, Shen et al. first examined the association

between the MTHFR gene polymorphisms and risk of

lung cancer and suggested that the MTHFR C677T and

A1298C polymorphisms did not play an important role in

the etiology of lung cancer (Shen et al. 2001). However,

Jeng et al. pointed out in 2003 that the MTHFR C677T

variant genotype did reduce the risk of lung cancer (Jeng

et al. 2003). The same year, Siemianowicz et al. reported

lung cancer patients had statistically higher percentage of

MTHFR 677TT genotype in comparison with noncancer

controls (Siemianowicz et al. 2003). In 2007, two papers

also got the distinct results (Suzuki et al. 2007; Hung

et al. 2007). As we know from case-control studies, there

are possibilities that some positive results might be spu-

rious and some negative findings might be a consequence

of low statistical power because of the study’s small

sample size or methodological shortcomings (Hassan and

Markus 2000; Casas et al. 2004; Dichgans and Markus

2005). Meta-analysis is a powerful means of resolving

disparate results. To clarify the effect of MTHFR poly-

morphisms on the risk of lung cancer, a meta-analysis of

all case-control observational studies was performed in

this study.

Methods

Study identification and selection

To identify all articles that examined the association of

MTHFR C677T and A1298C polymorphisms with lung

cancer, we conducted a literature search of the PubMed

database (before August 2007) using the following MeSH

terms and Entry terms.

MeSH terms: methylenetetrahydrofolate reductase

(NADPH2)

Entry terms: methylenetetrahydrofolate reductase

MTHFR, methylene-THF reductase

(NADPH), 5,10-methylenetetrahydro-

folate reductase (NADPH), methylenetet-

rahydrofolate reductase (NADPH),

methylene tetrahydrofolate reductase,

tetrahydrofolate reductase, methylene

MeSH terms: lung neoplasms

Entry terms: neoplasms, pulmonary; neoplasm,

pulmonary; pulmonary neoplasm;

neoplasms, lung; lung neoplasm;

neoplasm, lung; pulmonary neoplasms;

lung cancer; cancer, lung; cancers, lung;

lung cancers; cancer of lung; pulmonary

cancer; cancer, pulmonary; cancers,

pulmonary; pulmonary cancers; cancer

of the lung

The retrieved publications were then read in their entirety

to assess their appropriateness for inclusion in this meta-

analysis. All references cited in the studies were also

reviewed to identify additional published work not indexed

by PubMed database. Abstracts, case reports, editorials,

and review articles were excluded. Studies included in the

meta-analysis had to meet all of the following criteria: (a)

an unrelated case-control design was used (b) genotype

frequency was available.

Data extraction

The following information was extracted from each study:

first author, year of publication, ethnicity of study popu-

lation, genotyping method, and the number of cases and

controls for each C677T or A1298C genotype.

Statistical analysis

The meta-analysis examined the overall association for the

allele contrast, the contrast of homozygotes, and the

recessive and dominant models. The effect of association

was indicated as odds ratio (OR) with the corresponding

95% confidence interval (CI). The pooled OR was
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estimated using fixed effects (FE) (Mantel–Haenszel) and

random effects (RE) (DerSimonian and Laird) models (Lau

1997). The heterogeneity between studies was tested using

the Q statistic (Zintzaras and Ioannidis 2005). The heter-

ogeneity was considered statistically significant with

P \ 0.10. Heterogeneity was quantified using the I2 metric,

which is independent of the number of studies in the

meta-analysis (I2 \ 25% no heterogeneity; I2 = 25–50%

moderate heterogeneity; I2 [ 50% large or extreme heter-

ogeneity) (Higgins and Thompson 2002). Publication bias

was investigated by funnel plot, in which the standard error

in log (OR) in each study was plotted against OR.

An asymmetric plot suggested possible publication bias.

Funnel plot asymmetry was assessed via Egger’s linear

regression test, a linear regression approach to measuring

funnel plot asymmetry on the natural logarithm scale of the

OR (Egger et al. 1997). The significance of the intercept

was determined by the t test as suggested by Egger et al.,

and a P value of\0.05 was considered significant. Hardy–

Weinberg equilibrium (HWE) was tested by the chi-square

test. Clustering analysis and the dendrogram of the clus-

tering results were carried out using the SPSS 10.0

program. Analyses were performed using the software

ReviewManage 4.2.

Results

Eligible studies

To include all of the published articles, we used MeSH terms

and Entry terms as the retrieve strategy. We found 26 pub-

lished articles addressing MTHFR and lung cancer.

However, data from only eight articles met the inclusion

criteria, and seven of them also provide data on A1298C

(Table 1). The studies were published between 2001 and

2007. In all studies, the cases were histologically confirmed

and the controls were free of lung cancer and were matched

for age and gender. For determination of the genetic poly-

morphisms of C677T and A1298C, validated genotyping

methods were used in all studies: polymerase chain reaction

restriction fragment length polymorphism (PCR-RFLP)

(Shen et al. 2001; Jeng et al. 2003; Siemianowicz et al. 2003;

Shi et al. 2005; Zhang et al. 2005); real-time PCR (Shen

et al. 2005; Suzuki et al. 2007; Hung et al. 2007). Studies

were conducted in various populations of different ethnici-

ties: four were conducted in populations of East Asian

ethnicity (Jeng et al. 2003; Shen et al. 2005; Zhang et al.

2005; Suzuki et al. 2007), two involved non-Hispanic whites

(Shen et al. 2001; Shi et al. 2005), and two Europeans

(Siemianowicz et al. 2003; Hung et al. 2007). Genotype

distributions in the control population of one study (Zhang

et al. 2005) significantly deviated from HWE (Tables 2, 3).

Hierarchical cluster analysis

A dendrogram of the clustering results among the eight

studies was constructed by hierarchical cluster analysis

using SPSS 10.0 software. It was based on the genotype

frequency of the control group in every study. The results

of cluster analysis might give a powerful evidence for the

reliability of each study, because the control group should

cluster together according to ethnicity. As shown in Fig.1,

articles 1, 5, 8 (Shen et al. 2001; Shi et al. 2005; Hung et al.

2007) cluster together as European; articles 4, 6, 7 (Shen

et al. 2005; Zhang et al. 2005; Suzuki et al. 2007) cluster

together as East Asian ethnicity. Sensitivity analyses would

also be performed according to the results of cluster

analysis.

Summary statistics

The studies provided 5,111/6,415 cases/controls for C677T

and 5,087/6,232 cases/controls for A1298C. The variant

genotype and allele frequencies of C677T and A1298C in

the individual studies are shown in Tables 2 and 3. Overall,

for C677T polymorphism, the frequency of CC-homo-

zygous individuals was 41.9%; the frequency of CT-

heterozygous individuals was 44.6%, and the frequency of

TT-homozygous individuals was 13.4% in the case. In the

control, the frequencies of CC-homozygous individuals,

CT-heterozygous individuals, and TT-homozygous indi-

viduals were 44.8%, 43.3%, and 11.9%, respectively. The

677T allelic frequency in the case and control was 35.8%

and 33.5%, respectively. The A allele was the most com-

mon for A1298C polymorphism, and the frequency of the

AA genotype was the highest in both cases and controls,

whereas that for genotype CC was the lowest (Table 3).

The frequency of 1298C polymorphism in the case was

26.1%, whereas in the control, it was 28.5%. In one study

(Zhang et al. 2005) of the A1298C polymorphism, the

distribution of genotypes in the control group was not in

HWE (P \ 0.05), indicating genotyping errors and/or

population stratification.

Main results, subgroup, and sensitivity analyses

The heterogeneity results and the effect of the association

between polymorphisms of MTHFR and the risk of lung

cancer for the genetic contrasts under investigation are

shown in Figs. 2 and 3 and Table 4.

There was extreme heterogeneity (P = 0.0001,

I2 = 76.6%) among the eight studies. To eliminate heter-

ogeneity, we subgrouped the eight studies as far as possible

(based on genotype method, ethnicity, control group,

publication year, and so on), but the heterogeneity also

existed. Cluster analysis based on the genotype frequency

342 J Hum Genet (2008) 53:340–348
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for C677T of the control group in each study revealed that

the studies could not cluster together according to their

ethnicity (Fig. 1). The RE model showed that the 677T

allele was not associated with the risk of lung cancer

compared with the C allele [OR = 1.12 95% CI in

parenthesis (0.97–1.28), Fig. 2]. In subgroup analysis, the

association was also not significant: OR = 1.14 (1.0.86–

1.52) for Asians; OR = 1.08 (1.0.91–1.28) for Europeans.

The contrast of homozygotes (TT vs. CC), recessive model,

dominant model produced the same pattern of results as the

allele contrast (Table 4).

In terms of the A1298C polymorphism, there was no

heterogeneity among the seven studies comparing the C vs.

the A allele (P = 0.24, I2 = 24.4%), but no significant

association was detected by the RE model or the FE model

[FE OR = 0.99 (0.93–1.05); RE OR = 1.00 (0.92–1.08),

Fig. 3]. The contrast of homozygotes (TT vs. CC), reces-

sive model, dominant model produced the same pattern of

results as the allele contrast (Table 4). The associations of

the A1298C polymorphisms with lung cancer did not

change during the sensitivity analysis.

Publication bias

Overall, the cumulative and recursive meta-analyses for the

allelic contrast (C677T T vs. C) showed that RE pooled OR

had a upward trend in the period 2001–2007 (OR = 1.01 in

2001, first study; OR = 1.18 in 2003; OR = 1.09 in 2005;

OR = 1.08 in 2007). There was no statistical difference

between the OR (1.01) of the first study vs. the pooled RE

Fig. 3 Overall meta-analysis for A1298C polymorphism (C vs. A allele) in lung cancer. Point estimates of the odds ratio (OR) for each study

and the accompanying 95% confidence interval (CI) values obtained with a fixed effects model are shown

Fig. 2 Overall meta-analysis for C677T polymorphism (T vs. C allele) in lung cancer. Point estimates of the odds ratio (OR) for each study and

the accompanying 95% confidence interval (C)I values obtained with a random effects model are shown

Fig. 1 Hierarchical cluster analysis based on the genotype frequency

for C677T and A1298C of the control group in each study
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OR (1.09) of the subsequent studies. The cumulative and

recursive meta-analyses for the allelic contrast (A1298C C

vs. A) showed that RE pooled OR remained nonsignificant

and fairly constant over the period 2001–2007.

Discussion

Shen et al. first examined the association between the

MTHFR gene polymorphisms and the risk of lung cancer

(Shen et al. 2001). After that, the case-control studies

provided controversial results. In 2007, two papers also got

distinct results (Suzuki et al. 2007; Hung et al. 2007). To

clarify this question, we collected all the studies in PubMed

and carried out a meta-analysis to examine the association

of MTHFR C677T and A1298C polymorphisms with sus-

ceptibility to lung cancer. No significant associations were

detected for C677T and A1298C. Our current pooled data

suggest no evidence for a major role of these two variants

in carcinogenesis of lung cancer. Sensitivity analyses

indicated that the estimate of the summary effect was

robust and did not alter materially when individual studies

were excluded. The strength of our analysis is based on the

aggregation of published case-control studies; thus, there is

more information for investigating the effect of the alleles

than in the individual studies (Muncer 2002). The power

(1-beta) of this meta-analysis is 93.9 to C677T, which

manifests the truth that studied subject size (5,111/6,415

case and controls) was relatively good.

Heterogeneity for C677T among the eight studies was

extreme. Cluster analysis based on genotype frequency for

C677T of the control group in each study revealed that the

studies could not cluster together according to ethnicity.

Although the control group was different from the same

ethnical group, its genotype frequency for C677T should

assemble in the same ethnical group. Control groups of

Asian (Jeng et al. 2003) and European ethnicity (Hung

et al. 2007) irrationally cluster together. The following

reasons may be the possible source of the heterogeneity:

(1) there is a wide variation in the MTHFR 677T allele

frequency across different populations [18.6–54.5% in

European, from 10.6% to 44.9% in American, and from

0.0% to 9.4% in African (Spiridonova et al. 2004)], and

the frequency has some overlap in different populations;

Table 4 Odds ratios and

heterogeneity results for the

genetic contrasts of

methylenetetrahydrofolate

reductase (MTHFR) gene

C677T and A1298C

polymorphisms for lung cancer

patients

OR odds ratio
a Asian is composed of Chinese

and Japanese
b European is composed of non-

Hispanic whites and Europeans

Population Fixed effects OR Random effects OR I2 (%) P value

Q test(95% CI) (95% CI)

Contrast for allele T in C677T

Alleles All 1.08 (1.02–1.14) 1.12 (0.97–1.28) 76.6 0.0001

Asiana 1.15 (1.03–1.28) 1.14 (0.86–1.52) 80.2 0.002

Europeanb 1.06 (0.99–1.13) 1.08 (0.91–1.28) 77.0 0.005

TT to CC All 1.16 (1.03–1.31) 1.22 (0.92–1.61) 71.6 0.0009

Asian 1.27 (1.02–1.58) 1.26 (0.71–2.25) 76.5 0.005

European 1.12 (0.96–1.29) 1.15 (0.82–1.62) 71.9 0.01

TT to (CT + CC) All 1.11 (0.99–1.24) 1.11 (0.88–1.40) 64.4 0.006

Asian 1.14 (0.94–1.37) 1.07 (0.66–1.72) 73.1 0.01

European 1.09 (0.95–1.26) 1.11 (0.83–1.48) 64.0 0.04

TT + CT To CC All 1.10 (1.02–1.19) 1.15 (0.98–1.36) 68.6 0.002

Asian 1.24 (1.06–1.45) 1.28 (0.89–1.84) 74.8 0.008

European 1.07 (0.98–1.16) 1.06 (0.90–1.26) 61.8 0.05

Contrast for allele C in A1298C

Alleles All 0.99 (0.93–1.05) 1.00 (0.92–1.08) 24.4 0.24

Asian 0.94 (0.81–1.08) 0.94 (0.81–1.08) 0 0.91

European 1.00 (0.94–1.07) 1.03 (0.92–1.17) 57.8 0.07

CC to AA All 1.01 (0.88–1.16) 1.07 (0.84–1.38) 43.5 0.10

Asian 0.95 (0.61–1.48) 0.95 (0.49–1.83) 29.7 0.24

European 1.02 (0.87–1.18) 1.12 (0.83–1.51) 61.1 0.05

CC to (AC + AA) All 1.02 (0.89–1.17) 1.08 (0.86–1.34) 36.7 0.15

Asian 0.97 (0.62–1.52) 0.96 (0.48–1.94) 36.3 0.21

European 1.03 (0.89–1.18) 1.10 (0.85–1.43) 52.5 0.10

CC + AC to AA All 0.98 (0.91–1.06) 0.98 (0.91–1.06) 0 0.55

Asian 0.95 (0.81–1.12) 0.95 (0.81–1.12) 0 0.69

European 0.99 (0.91–1.08) 1.01 (0.90–1.13) 25.3 0.26
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(2) Asian and European ethnicity are extremely extensive.

Another possible reason is that the large variation in the

polymorphic allele frequencies reported among different

ethnicities may be actually small, but the real background

for that variation may be derived from difficulty for

accurate genotyping.

Folate is one of the micronutrients that provide pro-

tection against lung carcinogenesis (Bandera et al. 1997;

Voorrips et al. 2000; Shen et al. 2003). The MTHFR

enzyme plays a pivotal role in folate metabolism, cata-

lyzing the irreversible conversion of 5,10-methylene-THF

to 5-methyl-THF. 5,10-methylene-THF involves in purine

synthesis and as a substrate by the thymidylate synthetase

(TS) enzyme in the methylation of 2’-deoxyuridine 5’-

monophosphate (dUMP) to deoxythymidine monophos-

phate (dTMP) (Kim 1999). Reduced availability of dTMP

results in misincorporation of uracil into DNA, repair of

which may lead to double-strand DNA breaks, which have

carcinogenic effects (Blount et al. 1997). 5-methyl-THF is

the methyl group donor for the remethylation of homo-

cysteine to methionine, which is subsequently used for

DNA methylation, abnormalities of which are also known

to play a role in carcinogenesis (Choi et al. 2002).

Reduced MTHFR activity would result in increased

availability of 5,10-methylene-THF for DNA synthesis

and decreased availability of 5-methyl-THF for DNA

methylation. Based on this knowledge, MTHFR can act as

both the risk and protect factor in carcinogenesis. This

point has been supported by the meta-analysis of MTHFR

polymorphisms and risks for cancers. MTHFR can reduce

the risk of colorectal cancer (Hubner et al. 2007; Huang

et al. 2007) and leukemia (Zintzaras et al. 2006a, b) and

increase the risk of gastric cancer (Zintzaras 2006). This

meta-analysis suggests no association between MTHFR

and lung cancer. Taken together, the results imply that

different tumors evolve by different pathological pathways

and the roles of MTHFR in cancer is determined by its

target genes. The latter should be emphasized in future

research.

In conclusion, pooled analysis of data from eight

(C677T) or seven (A1298C) articles indicates that the

MTHFR 677T and 1298C alleles have no association with

lung cancer. Although MTHFR polymorphisms associated

with the risk of colorectal cancer, leukemia, and gastric

cancer were supported by other meta-analysis, our pooled

data suggest no evidence for a major role of these two

variants in carcinogenesis of lung cancer. The results

implied that different tumors evolve by different patho-

logical pathways and the roles of MTHFR in cancer is

determined by its target genes.
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