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MTHFR polymorphisms and ovarian cancer risk: a meta-analysis
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Abstract The C677T and A1298C polymorphisms of
methylenetetrahydrofolate reductase (MTHFR) have been
reported to alter the risk of ovarian cancer. However, the
results are still inconclusive. For better understanding of the
effect of these two polymorphisms on ovarian cancer risk, a
meta-analysis was performed. An extensive search was
performed to identify all case—control studies investigating
such association. The strength of association between these
two polymorphisms and ovarian cancer risk was assessed by
odds ratio (OR) with the corresponding 95 % confidence
interval (95 % CI). 3,496 cases and 3,631 controls for
C677T polymorphism and 3,280 cases and 3,346 controls
for A1298C polymorphism were included in this meta-
analysis. The results suggested that there were no significant
associations between C677T and A1298C polymorphisms
and ovarian cancer risk in overall comparisons in all genetic
models (For C677T: TT vs. CC: OR = 0.94, 95 % CI =
0.71-1.24, P = 0.65; CT vs. CC: OR = 1.03, 95 % CI =
0.93-1.14, P = 0.57; TT/CT vs. CC: OR = 1.01, 95 %
CI = 0.88-1.16, P = 0.87; TT vs. CC/CT: OR = 0.93,
95 % CI = 0.72-1.20, P = 0.58. For A1298C: CC vs. AA:
OR = 1.05, 95 % CI = 0.88-1.25, P = 0.65; CA vs. AA:
OR = 0.98, 95 % CI = 0.88-1.08, P = 0.66; CC/CA vs.
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AA: OR = 0.99, 95 % CI = 0.90-1.09, P = 0.85; CC vs.
AA/CA: OR = 1.06, 95 % CI = 0.90-1.26, P = 0.46).
Subgroup analysis based on ethnicities and influence anal-
ysis did not perturb the results. In conclusion, the results of
this meta-analysis indicate that the MTHFR C677T and
A1298C polymorphisms are not associated with ovarian
cancer risk, especially in Caucasians.
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Introduction

One-carbon metabolism, also referred as folate-mediated
one-carbon metabolism, which plays a critical role in DNA
synthesis and methylation, has an impact on both genetic
and epigenetic pro-carcinogenic processes [1]. Folate plays
an important role as a donor of one-carbon unit for
nucleotide synthesis and DNA methylation [2]. Low folate
levels were reported to be associated with uracil disincor-
poration, chromosomal DNA damage, DNA strand breaks,
impaired DNA repair and DNA hypomethylation [3]. Thus
may increase the risk of several cancers [4-7].
Methylenetetrahydrofolate reductase (MTHFR), which
located on short arm of chromosome 1 (1p36.3), plays a
key role in the folate metabolism [8]. MTHFR mediates the
irreversible conversion of 5,10-methylenetetrahydrofolate
(5,10-MTHF) to 5-methyltetrahydrofolate (5-MTHF) [2].
Several single nucleotide polymorphisms (SNPs) in the
MTHEFR gene have been identified. Among which the most
commonly studied are C677T in exon 4 and A1298C in
exon7 [9-11]. These two polymorphisms were shown to be
associated with reduced enzyme activity, leading to an
increase amount of 5,10-MTHF for thymidylate and purine
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synthesis and a decrease amount of 5-MTHF for DNA
methylation [10-12]. Several studies have reported that
MTHFR polymorphisms were associated with susceptibil-
ity to several cancer types including colorectal, prostate,
bladder, endometrial, and breast [13-18].

Ovarian cancer is the one of the leading causes of
malignant deaths in women in the world [19]. Considering
the important role of MTHFR gene in the folate metabo-
lism, it is reasonable that MTHFR genotype may also have
an impact on ovarian cancer risk. In recent years, several
studies have been conducted to evaluate the association
between MTHFR C677T and A1298C polymorphisms and
ovarian cancer risk, with inconclusive results [20-23].
Therefore, to derive a more precise estimation of the
association between MTHFR C677T and A1298C poly-
morphisms and ovarian cancer risk, a meta-analysis was
performed.

Materials and methods
Publication search

We performed an extensive search of studies that examined
the association of the MTHFR polymorphisms with ovarian
cancer. All eligible studies were identified by searching the
PubMed and Embase database. The following terms were
used: “MTHFR” or ‘‘methylenetetrahydrofolate reduc-
tase’’, ‘‘polymorphism(s)’’, “ovarian cancer” or ‘‘ovarian
carcinoma’’. There was no language restriction in the
search. All studies that evaluated the associations between
polymorphisms of MTHFR gene and ovarian cancer risk
were retrieved. The retrieved literatures were then read in
their entirety to assess their appropriateness for the inclu-
sion in this meta-analysis by the two authors (Liu and Liao)
independently. References of cited articles were reviewed
to identify additional studies.

Inclusion criteria

For inclusion in the meta-analysis, the criteria was defined
as follows: (a) articles evaluating the association between
MTHFR C677T and/or A1298C polymorphisms and ovar-
ian cancer risk; (b) study designed as case—control; (c) suf-
ficient data available to estimate an odds ratio (OR) with its
95 % confidence interval (95 % CI).

Data extraction
All the data were extracted independently by two authors
(Liu and Liao) according to the prespecified inclusion

criteria, and the two authors reached a consensus on all the
items. The following variables were extracted from each

@ Springer

study if available: first author’s surname, publication year,
country in which the study was performed, ethnicity of the
study population, numbers of cases and controls, and
genotype distributions in both cases and controls. Different
ethnicities were categorized as Caucasian, Asian, and
mixed.

Statistical analysis

We calculated summary odd ratios (ORs) corresponding to
a 95 % confidence interval (CI) to assess the strength of
association between MTHFR C677T and/or A1298C
polymorphisms and ovarian cancer risk. And the pooled
OR was calculated by a fixed-effects model (the Mantel—
Haenszel method) when between-study heterogeneity was
absent [24]. Otherwise, a random-effects model (the Der-
Simonian and Laird method) was selected [25]. Statistical
between-study heterogeneity was checked by the Q test and
it was considered statistically significant with P < 0.10
[26].

We examined the association between MTHFR C677T
polymorphism and ovarian cancer risk, and made com-
parisons with homozygotes (TT vs. CC), heterozygotes
(CT vs. CC), the dominant genetic model (CT/TT vs. CC),
and the recessive genetic model (TT vs. CC/CT). The same
contrasts were performed for A1298C polymorphism. In
addition, subgroup analyses for ethnicity were conducted.
Sensitivity analysis was performed by omitting each study
to find potential outliers.

The potential publication bias was examined visually in
a funnel plot of log [OR] against its standard error (SE),
and the degree of asymmetry was tested by Egger’s test
(P < 0.05 was considered a significant publication bias)
[27]. In the control populations, Hardy—Weinberg equilib-
rium (HWE) was tested. This meta-analysis was performed
using the software STATA version 11.2.

Results
Study characteristics

A total of five publications met the inclusion criteria. Of
these studies, one [28] was excluded as cases involved were
restricted to BRCA1 mutation carriers. As a result, four
publications were used for this meta-analysis [20-23].
Tables 1 and 2 list the main characteristics of these studies.
Concerning C677T polymorphism, six case—control studies
from four publications were eligible (3,496 cases and 3,631
controls). There were four studies of Caucasians, one study
of Asians, and one study of mixed populations of which
95 % were Caucasians. Concerning A1298C polymor-
phism, four case—control studies from two publications were
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Table 1 Main characteristics of studies included in MTHFR C677T polymorphism and ovarian cancer risk

Study Country Ethnicity Sample size (case control)  Genotype (case/control) P-HWE (controls)
CcC CT TT

Terry et al. [20] (NEC) America Caucasian  1,120/1,160 427/499  492/488  140/138  0.27

Terry et al. [20] (NHS) America Caucasian  158/496 71/210 72217 10/55 0.925

Terry et al. [20] (MAY) America Caucasian ~ 364/412 164/193  167/168  33/51 0.13

Prasad and Wilkhoo [21]  India Asian 80/125 72/116 3/8 51 0.062

Webb et al. [22] Australian ~ Mixed 1,638/1,278 744/571 709/568 185/139  0.899

Pawlik et al. [23] Poland Caucasian 136/160 67/63 55179 13/18 0.36

Table 2 Main characteristics of studies included in MTHFR A1298C polymorphism and ovarian cancer risk

Study Country Ethnicity Sample size (case control) ~ Genotype (case/control) P-HWE (controls)
AA AC CcC

Terry et al. [20] (NEC) America Caucasian ~ 1,120/1,160 515/534  430/450  93/109 0.323

Terry et al. [20] (NHS) America Caucasian 158/496 68/236 67/200 18/48 0.557

Terry et al. [20] (MAY)  America Caucasian ~ 364/412 173/189  149/180  42/43 0.988

Webb et al. [22] Australian ~ Mixed 1,638/1,278 770/598  693/561 175/119  0.444

eligible (3,280 cases and 3,346 controls). There were three
studies of Caucasians and one study of mixed populations of
which 95 % were Caucasians. Genotype distributions in the
controls of all studies were in agreement with HWE.

Meta-analysis result
C677T polymorphism

Table 3 lists the main results of the meta-analysis about
C677T polymorphism. When all the eligible studies were
pooled into the meta-analysis, C677T polymorphism did
not reveal any relationship with ovarian cancer risk in all
genetic models (TT vs. CC: OR =094, 95 %
CI =0.71-1.24, P = 0.65; CT vs. CC: OR = 1.03, 95 %
CI = 0.93-1.14, P = 0.57; TT/CT vs. CC: OR = 1.01,
95 % CI=0.88-1.16, P=0.87; TT vs. CC/CT:
OR = 0.93, 95 % CI = 0.72-1.20, P = 0.58). In the sub-
group analysis on ethnicity, similarly, no significant asso-
ciation was found (Table 3; Fig. 1).

A1298C polymorphism

As shown in Table 4, no significant associations between
A1298C polymorphism and ovarian cancer susceptibility
were observed in all genetic models (CC vs. AA: OR =
1.05, 95 % CI = 0.88-1.25, P = 0.65; CA vs. AA: OR =
0.98, 95 % CI = 0.88-1.08, P = 0.66; CC/CA vs. AA:
OR = 0.99, 95 % CI = 0.90-1.09, P = 0.85; CC vs. AA/
CA: OR = 1.06, 95 % CI = 0.90-1.26, P = 0.46). In the

subgroup analysis on ethnicity, the results were all negative
(Table 4; Fig. 2).

Sensitivity analysis

In the sensitivity analysis, the influence of each study on
the pooled OR was examined by repeating the meta-
analysis while omitting each study one at a time. The
results suggested that no individual study significantly
affected the pooled ORs (data not shown).

Publication bias

Funnel plot and Egger’s test were performed to assess the
publication bias. The shape of the funnel plot did not reveal
any evidence of obvious asymmetry (figures not shown).
Then, the Egger’s test was used to provide statistical evi-
dence of funnel plot symmetry. Similarly, the results did
not suggest any evidence of publication bias (data not
shown).

Discussion

MTHER is a key enzyme in the folate metabolism pathway.
The most commonly found polymorphisms of the MTHFR
gene are C677T and A1298C. The C677T polymorphism
which positioned in exon 4 leads to an alanine to valine
conversion at codon 222. The other polymorphism A1298C
located in exon 7 causes an amino acid substitution from
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Table 3 Results of meta-analysis for MTHFR C677T polymorphism and ovarian cancer risk

Analysis  Cases/  TT versus CC

CT versus CC

TT/CT versus CC TT versus CC/CT

controls
OR (95%Cl) P Py, OR (95 % CI) P Py, OR (95 % CI) P P, OR (95 % CI) P P,
Overall 3,496/ 0.94 0.65 0.07 1.03 (0.93-1.14) 0.57 0.18 1.01 (0.88-1.16) 0.87 0.17 0.93 (0.72-1.20) 0.58 0.09
3,631 (0.71-1.24)
Ethnicity
Caucasian 1,778/ 0.84 0.36  0.09 1.10 (0.96-1.26) 0.19 0.14 0.99 (0.80-1.24) 0.96 0.09 0.84 (0.61-1.16) 0.29 0.16
2,228 (0.57-1.23)
Asian 80/125  8.06 0.06 — 0.60 (0.16-2.35) 047 - 1.43 (0.53-3.88) 0.48 - 8.27 (0.95-72.12) 0.06 -
(0.92-70.35)
Mixed 1,638/ 1.02 0.86 — 0.96 (0.82-1.12) 0.59 - 0.97 (0.84-1.12) 0.69 - 1.04 (0.83-1.32) 0.72 -
1,278 (0.80-1.31)
P, P values for heterogeneity from Q test
Fig. 1 Meta-analysis of Study %
MTHEFR C677T polymorphism D OR (95% CI) Weight
and ovarian cancer risk (CT/TT
vs. CC)
Caucasian
Terry 2010(NEC) —— 1.18 (1.00, 1.40) 29.36
Terry,2010(NHS) _— 0.89 (0.62, 1.28) 11.43
Terry,2010(MAY) —_— 1.07 (0.81, 1.43) 16.60
Pawliik 2012 _— 0.66 (0.41, 1.05) 7.76

Subtotal (lsquared = 53.3%, p = 0.093)

Asian

Prasad 2011

Subtotal (lsquared = %, p=.)

<> 099(080,124) 6514

- > 1.43(0.53, 3.88) 1.90

—4==::::>_ 1.43 (0.53, 3.88) 1.90

Miced
Webb, 2011 — 0.97 (0.84, 1.12) 3296
Subtotal (Lsquared= %, p=.) 0.97 (0.84, 1.12) 3296
Overall (-squared = 35.5%, p=0.171) 1.01 (0.88, 1.16) 100.00
NOTE: Weights are from random effects analysis
T 1 T
.258 1 3.88

Table 4 Results of meta-analysis for MTHFR A1298C polymorphism and ovarian cancer risk

Analysis Cases/controls CC versus AA

CA versus AA

CC/CA versus AA CC versus AA/CA

OR (95 % CI) P Py

OR (95 % CI)

P P, OR©O%C) P P, ORMO%CIH P P,

Overall 3,280/3,346 1.05 (0.88-1.25) 0.65 0
Ethnicity

Caucasian  1,642/2,068 0.98 (0.77-1.24) 0.36 0
Mixed 1,638/1,278 1.14 (0.88-1.48) 0.86 -

.54

49

0.98 (0.88-1.08)

0.99 (0.86-1.14)

0.96 (0.82-1.12)

0.66 0.77 0.99 (0.90-1.09) 085 0.76 1.06 (0.90-1.26) 0.46 0.52

091 0.60 0.99 (0.86-1.13) 0.88 0.56 0.99 (0.79-1.23) 0.90 0.52
0.60 — 0.99 (0.86-1.15) 0.91 1.17 (091-1.49) 022 -

P, P values for heterogeneity from Q test

glutamic to alanine at codon 429. These polymorphisms,
which result in lowered blood levels of folate, has been
linked to a variety of cancers including ovarian cancer

[28-31].
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Regarding the association between C677T and A1298C
polymorphisms and ovarian cancer susceptibility, a total of
four case—control studies were found by searching PubMed
and Embase database, with inconclusive results. Since
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Study %

D OR (95% CI) Weight
i

Caucasian :
1
]

Termy.2010(NEC) —_—— 0.97 (0.82, 1.15) 3456

Temy.2010(NHS) v 1.19 (0.83, 1.71) 8.77
1
1

Temy.2010(MAY) -— 0.94 (0.71, 1.24) 12.72
U

Subtotal (l-squared = 0.0%, p = 0.555) <I> 0.99 (0.88, 1.13) 54.08
1
1
I
1

Mixed |

Webb, 2011 0.99 (0.86. 1.15) 45.94
1

Subtotal (l-squared =.%.p=.) <> 0.99 (0.88, 1.15) 45.94
I
|

Overall (l-squared = 0.0%, p = 0.758) <> 0.99 (0.90, 1.09) 100.00
I
I
]
1
1

| ] )

583 1

1.71

Fig. 2 Meta-analysis of MTHFR A1298C polymorphism and ovarian cancer risk (CA/CC vs. AA)

single study may have been underpowered in clarifying
these polymorphisms with ovarian cancer risk, we per-
formed a meta-analysis for better understanding of the
association between two polymorphisms (C677T and
A1298C) in MTHFR and ovarian cancer risk. To our
knowledge, this is the first meta-analysis on the association
between MTHFR and ovarian cancer risk. Six studies from
four publications on the C677T genotype and four studies
from two publications on the A1298C genotype were
critically reviewed. The results strongly suggested that the
MTHFR C677T and A1298C polymorphisms were not
associated with ovarian cancer risk in all genetic models.
Considering the possible role of ethnic differences in
genetic backgrounds, we conducted subgroup analysis
based on ethnicities. Similarly, no significant association
was found in both Caucasians and Asians. Considering
the limited sample size of Asians included in the meta-
analysis, our results should be interpreted with caution.
Further investigation may be needed confirm the result. In
addition, no study on Africans was included in this meta-
analysis. Studies focused on Africans may be needed to
explore the possible relationship between C677T and
A1298C polymorphisms and ovarian cancer risk in Afri-
cans. Moreover, influence analysis did not perturb the
results, indicating that our results were statistically robust.

Similar to other meta-analysis, some limitations of this
meta-analysis should be addressed. First, because ovarian

cancer is a multi-stage, multi-factorial, and long-term
disease which is influenced by numerous genes, MTHFR
polymorphisms may have little influence on ovarian risk
on the individual. Second, of these studies, most subjects
were Caucasians, the number of Asians were relatively
small, not having enough statistical power to explore the
real association. Therefore, the conclusion about this
association in Asian populations should be further inves-
tigated. In addition, no study on Africans was included in
this meta-analysis. Third, this study is based on unadjusted
estimates, while a more precise analysis should be con-
ducted if individual data were available, which would
allow for the adjustment by other co-variants including
age, ethnicity, environmental factors and other lifestyle.
Furthermore, between-study heterogeneity, which may
impact on the results of this analysis, was observed in
some subanalyses.

In conclusion, this meta-analysis suggests that the
MTHFR C677T and A1298C polymorphisms were not
associated with ovarian cancer risk in both overall com-
parisons and subgroup analysis. The findings seem mainly
to apply to Caucasian populations. Due to the different
genotype frequencies in different ethnicities and most
studies included were conducted in Caucasians, additional,
well-designed case—control studies focused on Africans
and Asians are needed to further substantiate and enrich the
present findings.
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