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ABSTRACT. Genetic polymorphisms (C677T and A1298C) in
methylenetetrahydrofolate reductase (MTHFR) were shown to be
related to prostate cancer risk in previous studies; however, the results
are controversial. We performed a meta-analysis of previous studies
and quantitatively estimated these associations. Pubmed, Embase, and
Cochrane Library Database were searched for published case-control
studies evaluating the association between C677T (or A1298C) and
prostate cancer risk. Pooled associations were presented as odds ratios
(ORs) along with their 95% confidence intervals. Twenty-one case control
studies were identified for meta-analysis that included 21,581 participants.
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No significant associations were found between the MTHFR polymorphisms
C677T or A1298C and prostate cancer risk in our meta-analysis. However,
in subgroup analyses, the C677T CT polymorphism was associated
with increased prostate cancer risk in East Asians (CT vs CC+TT: OR
=1.324, P = 0.03). The A1298C CC polymorphism in MTHFR was also
linked to slightly reduced prostate cancer risk in European residents (CC
vs AC+AA: OR = 0.751, P = 0.004; CC vs AA: OR = 0.768, P = 0.011),
whereas it was associated with a significantly increased prostate cancer
risk in Asian residents (CC vs AA: OR = 1.862, P = 0.006). The C677T
CT polymorphism of MTHFR may be a risk factor for prostate cancer in
East Asians. The association between the MTHFR A1298C CC genotype
and prostate cancer risk may vary within different populations. Large-scale
well-designed studies are required to confirm these associations.

Key words: A1298C; C677T; Methylenetetrahydrofolate reductase gene;
Meta-analysis; Polymorphism; Prostate cancer

INTRODUCTION

Prostate cancer has been recognized as a common malignancy in males and is the sixth
most common cause of cancer-related mortality (Ferlay et al., 2010). Although the etiology of
prostate cancer remains largely unknown, it has been widely accepted that genetic factors play
important roles in its pathogenesis.

DNA hypermethylation stimulates early oncogenesis, and DNA methylation status has
been implicated in cancer development (Jones, 2014). Methylenetetrahydrofolate reductase
(MTHFR) acts as a universal methyl group donor during DNA methylation and nucleotide synthesis.
Thus, MTHFR deficiency may lead to hypomethylation, which is thought to confer a reduced risk of
cancer development (Jacob et al., 1998). It has also been reported that hypomethylation of the CpG
island inside the promoter of the glutathione-S-transferase P1 gene (GSTP1, a tumor suppressor
gene) may activate its transcription, thus exerting protective effects against prostate cancer (Lee
et al.,, 1997; Maldonado et al., 2014). Previous studies have explored the associations between
MTHFR gene polymorphisms and prostate cancer susceptibility, although the findings have been
controversial. A recently published meta-analysis that included 7000 cases revealed that the
C677T polymorphism may confer a protective effect against prostate cancer in East Asians (Zhang
et al., 2012). No significant associations between the risk of prostate cancer and the A1298C CC
polymorphism in MTHFR have been observed in previous meta-analyses (Li et al., 2012; Li and
Xu, 2012). However, the studies examined mostly included Caucasian participants rather than a
diverse population that included East Asians as well as failed to include the study by Collin et al.
(2009), which included 1562 cases and 2832 controls, and thus showed a relatively higher risk of
bias. Recent studies suggested that African-Americans had higher prostate cancer risk and poorer
prognosis compared to Caucasians, while East Asians had a lower risk of prostate cancer than did
Caucasians (Ferlay et al., 2010; Lichtensztajn et al., 2013; Ito, 2014). This suggests that genetic
factors may have different impacts on the risk of prostate cancer in different populations. Several
recent studies (Fard-Esfahani et al., 2012; Kobayashi et al., 2012; Mandal et al., 2012; de Vogel et
al., 2013; Jackson et al., 2013; Lopez-Cortés et al., 2013; Ghasemi et al., 2014) investigated the
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association between MTHFR gene polymorphisms and prostate cancer risks, but found conflicting
results. Thus, the impact of MTHFR gene polymorphisms (C677T and A1298C) on prostate cancer
risk remains unclear.

In the current study, we conducted a meta-analysis of all available case-control studies
of the C677T and A1298C polymorphisms in the MTHFR gene in order to more precisely and
comprehensively estimate the associations between the MTHFR polymorphisms and prostate
cancer risk.

MATERIAL AND METHODS
Search strategy

We conducted a systematic search of studies in the following databases: PubMed,
Embase, and Cochrane library published until October 17, 2014 using the following search terms:
“methylenetetrahydrofolate reductase”, “prostate”, and “polymorphism”, with no further restrictions.
Study titles and abstracts identified by searching were screened and the full-text of all potentially
relevant studies was obtained. Retrieval and screening was conducted by 2 independent reviewers.
In cases of duplicate publications, studies with the largest sample size or latest edition were
selected. This study was performed according to the proposal of Meta-analysis of Observational

Studies in Epidemiology group (Stroup et al., 2000).
Selection criteria

Studies were included in the current meta-analysis if they fulfilled the following criteria:
1) case-control studies evaluating the association between the C677T or A1298C polymorphisms
and human prostate cancer risk, 2) diagnosis of prostate cancer confirmed by medical history
interview or pathological examination, 3) odds ratio (OR) with 95% confidence interval (Cl) for the
association between the polymorphism and human prostate cancer risk was available or could be
estimated, and 4) results were derived from suitable statistical methods. Studies were excluded if
they met one of the followings: 1) publication type was a review, conference abstract, case report,
editorial, letter, or meta-analysis, 2) OR with 95%CI or the genotype frequency for the association
between polymorphism and human prostate cancer risk was unavailable or could not be estimated,
and 3) insufficient information for data extraction.

Data extraction

Data extracted from eligible studies included the: name of the first author, publication
year, country, region (Asia, America, or Europe), populations studied (Caucasians, East Asians, or
mixed), genotyping methods [polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP), TagMan, or others], control origin [publication base (PB), hospital base, and
family base], sample sources (blood or specimen), diagnostic criteria for prostate cancer, total
number of cases and controls included, numbers of genotypes in case and control groups, and
Hardy-Weinberg equilibrium (HWE) in controls. Studies which included >90% Caucasians were
considered as studies in Caucasians. Studies with no clear description of ethnicity or studies with
<90% Caucasians were defined as “mixed”. Two independent reviewers reviewed the eligible
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articles and extracted the above-mentioned information. Reviewers checked the data interactively,
and reached agreement on the extracted information through discussion. If any discordance still
existed, a specialist was consulted to make a final decision.

Statistical analysis

The association between the gene polymorphisms and prostate cancer risk (ORs and
95%Cls) was estimated for each study. The association was assessed using the allele model,
codominant model, additive model, dominant model, and recessive model. HWE in controls was
calculated using a goodness-of-fit chi-square test, which was available online (Rodriguez et al.,
2009). Between-study heterogeneity was assessed using the y?-based Q-test and I? statistics.
Results of the Q test, P > 0.1, and |12 < 50% suggested homogeneity between studies. A fixed-effect
model (Mantel-Haenszel) was used to estimate the pooled ORs. Otherwise, the random-effect model
(DerSimonian and Laird) was applied. In addition to comparisons for total subjects, studies were
categorized into different subgroups according to region (Asia, America, or Europe), populations
(Caucasians, East Asians, or mixed), different genotyping methods used (PCR-RFLP, TagMan, or
other methods), and HWE (yes or no). Inverted funnel plots, the Begg test, and the the Egger test
were used to examine publication bias for each polymorphism (linear regression analysis). The
Duval and Tweedie non-parametric “trim and fill” method was used if publication bias existed (P <
0.05 for Begg test or Egger test). Sensitivity analysis was performed by sequentially omitting single
studies. Further, meta-cumulative analyses were performed in the order of ascending publication
year or sample size to reveal the impact of a single study on the pooled OR.

The data were statistically analyzed using the Stata 12.0 software (StataCorp. LP, College
Station, TX, USA) by 2 independent reviewers. Results were determined when the 2 analysts
reached a consensus.

RESULTS
Study characteristics

The search and selection process for case-control studies are shown in Figure 1. Briefly, 72
articles were identified after the initial database search and exclusion of duplicates. After screening
the titles and abstracts, 22 papers were excluded because 23 studies were not relevant to the study
aims and 6 were reviews or meta-analyses. Twenty-one studies evaluating the potential impact
of MTHFR polymorphisms on prostate cancer risk were retrieved. Two articles were included by
manually assessing the references for the 21 full-text articles (Heijmans et al., 2003; Stevens et
al., 2008). Moreover, 2 studies were excluded because they did not provide the exact genotypes
and the OR (95%CI) for the association between gene polymorphisms and prostate cancer risk
could not be estimated (Zacho et al., 2011; Jackson et al., 2013). As a result, 21 case-control
studies were included in our meta-analysis (Kimura et al., 2000; Heijmans et al., 2003; Cicek et
al., 2004; Singal et al., 2004; Van Guelpen et al., 2006; Johansson et al., 2007; Reljic et al., 2007;
Marchal et al., 2008; Stevens et al., 2008; Collin et al., 2009; Muslumanoglu et al., 2009; Cai et
al., 2010; Safarinejad et al., 2010; Wu et al., 2010; Kigukhiseyin et al., 2011; Fard-Esfahani et al.,
2012; Kobayashi et al., 2012; Mandal et al., 2012; de Vogel et al., 2013; Lépez-Cortés et al., 2013;
Ghasemi et al., 2014).
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Figure 1. Flow chart of meta-analysis to identify associations between MTHFR gene polymorphisms (C677T, A1298C)
and prostate cancer risk.

The main characteristics of the included studies are summarized in Table 1. All 21
studies investigated the impact of the C677T polymorphism on prostate cancer risk, while 10 also
studied the impact of the A1298C polymorphism. A total of 10,529 cases and 11,052 controls were
available for the estimation of C677T polymorphism, while 4255 cases and 6071 controls were
included in the A1298T polymorphism analysis. Among all studies, 17 were conducted mostly in
Caucasians (>90%), 2 were conducted in East Asian populations, and 2 were in other populations
(1 in Ecuadorians with no clearly described ethnicity, 1 in African-Caribbean population). For the
A1298T polymorphism, 8 were performed in Caucasians, 2 in East Asians, and 1 in Ecuadorians.
Genotyping methods used in the studies include PCR-RFLP and TagMan, as well as other methods,
such as amplification-refractory mutation system-PCR and matrix-assisted laser desorption/
ionization-time-of-flight mass spectrometry.
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Meta-analysis results

For the C677T polymorphism, the main results of the meta-analysis are summarized in
Table 2. Overall, no significant association was observed between C677T and prostate cancer risk
based on meta-analysis using all genetic models. Subgroup analysis of studies of East Asians
revealed deteriorative effects when using the co-dominant model (CT vs CC+TT: OR = 1.324,
95%Cl =1.028-1.706, P = 0.03). Interestingly, subgroup analyses according to genotyping methods
(allele, co-dominant, additive, and dominant models) revealed a significantly lower risk of prostate
cancer in participants with the C677T polymorphism (T vs C: OR = 0.867, 95%CI = 0.797-0.942,
P =0.001; CT vs CC+TT: OR = 0.869, 95%CI = 0.776-0.974, P = 0.016; TT vs CC: OR = 0.82,
95%Cl = 0.691-0.973, P = 0.023; TT+CT vs CC: OR = 0.833, 95%CI = 0.747-0.928, P = 0.001). In
these studies, control subjects did not reach HWE, while the results of meta-analysis suggested a
protective role for the C677T polymorphism in prostate cancer in an additive model (TT vs CC: OR
= 0.83, 95%CI = 0.708-0.973, P = 0.022). No significant associations were detected in subgroup
analyses by region, control origin, and sample origin.

Table 2. Meta-analysis of the association between the C677T polymorphism and prostate cancer risk.

Contrasting model OR 95%ClI P Heterogeneity Model
P of Q-test 12
Grouped by race
East Asian (N = 2) CTvs CC+TT 1.324 1.028-1.706 0.03 0.197 38.4 Fixed
Grouped by genotyping methods
Other methods (N = 3) TvsC 0.867 0.797-0.942 0.001 0.722 0 Fixed
CTvs CC+TT 0.869 0.776-0.974 0.016 0.908 0 Fixed
TTvsCC 0.82 0.691-0.973 0.023 0.465 0 Fixed
TT+CT vs CC 0.833 0.747-0.928 0.001 0.837 0 Fixed
Grouped by HWE
HWE-N (N = 4) TT vs CT+CC 0.83 0.708-0.973 0.022 0.233 28.3 Fixed

T vs C: allele model; CT vs CC+TT: codominant model; TT vs CC: additive model; TT+CT vs CC: dominant model; TT
vs CT+CC: recessive model.

For the A1298C polymorphism, the main findings of the meta-analysis are summarized
in Table 3. Similarly to findings from the C677T polymorphism, meta-analysis did not reveal a
significant association between A1298C and the risk of prostate cancer. However, subgroup
analysis by study region implicated a protective effect of A1298C against prostate cancer in
European residents (CC vs AC+AA: OR = 0.751, 95%CI = 0.617-0.914, P = 0.004; CC vs AA:
OR = 0.768, 95%CI = 0.627-0.942, P = 0.011). In Asian residents, we observed a significant
deteriorative effect observed using a recessive model (CC vs AA: OR = 1.862, 95%CI = 1.19-
2.913, P = 0.006). No significant associations were detected in Caucasians and East Asians. In
mixed populations, a significant protective effect against prostate cancer was observed when using
the allelic, recessive, and additive models (C vs A: OR = 0.419, 95%CI = 0.253-0.696, P = 0.001;
CC vs AC+AA: OR = 5.022, 95%CI = 2.133-11.827, P < 0.001; CC vs AA: OR = 3.508, 95%CI =
1.402-8.776, P = 0.007). However, population based-studies (PB subgroup) and studies conducted
using the TagMan PCR genotyping methods (the TagMan subgroup) both revealed a protective
role in recessive and additive models (for PB, CC vs AC+AA: OR = 0.813, 95%CI = 0.692-0.956, P
=0.012; CC vs AA: OR = 0.825, 95%CI = 0.697-0.977, P = 0.026; for TagMan, CC vs AC+AA: OR
= 0.814, 95%Cl = 0.698-0.97, P = 0.011; CC vs AA: OR = 0.823, 95%CI = 0.698-0.97, P = 0.02).
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The PCR-RFLP subgroup analysis using the additive model also revealed that the presence of
the A1298C polymorphism was related to a higher risk of prostate cancer (CC vs AA: OR = 1.582,
95%Cl = 1.17-2.141, P = 0.046), which was not consistent with results when using the allelic model
(C vs A: OR = 0.739, 95%CI = 0.55-0.994, P = 0.046). Studies using pathological specimens as
a genotyping sample source (specimen subgroup) revealed deteriorative effects using recessive
and additive models (CC vs AC+AA: OR = 5.022, 95%CI = 1.133-11.817, P £ 0.001; CC vs AA: OR
= 3.508, 95%CI = 1.402-8.776, P = 0.007). No other significant associations were detected in our
meta-analysis as grouped by HWE.

Table 3. Meta-analysis of the association between A1298C polymorphism and prostate cancer risk.

Contrasting model OR 95%Cl Heterogeneity Model
P P of Q-test 12

Grouped by region

Asia (N = 3) CC vsAA 1.862 1.190-2.913 0.006 0.236 30.7 Fixed

Europe (N = 3) CCvsAA 0.768 0.627-0.942 0.011 0.536 0.0 Fixed
CCvs AC+AA 0.751 0.617-0.914 0.004 0.458 0.0 Fixed

Grouped by race

Mixed (N = 2) CvsA 0.419 0.253-0.696 0.001 0.875 0.0 Fixed
CC vsAA 3.508 1.402-8.776 0.007 0.67 0.0 Fixed
CC vs AC+AA 5.022 2.133-11.827 <0.001 0.46 0.0 Fixed

Grouped by control origin

PB (N =5) CC vsAA 0.825 0.697-0.977 0.026 0.373 3.9 Fixed
CC vs AC+AA 0.813 0.692-0.956 0.012 0.258 25.6 Fixed

Grouped by genotyping methods

PCR-RFLP (N =7) CvsA 0.739 0.550-0.994 0.046 0.002 733 Random
CC vsAA 1.582 1.170-2.141 0.003 0.099 46.0 Fixed

TagMan (N = 4) CCvsAA 0.823 0.698-0.97 0.02 0.472 0.0 Fixed
CC vs AC+AA 0.814 0.695-0.954 0.011 0.32 14.5 Fixed

Grouped by DNA source

Specimen (N = 2) CvsA 0.419 0.253-0.696 0.001 0.875 0.0 Fixed
CC vs. AA 3.508 1.402-8.776 0.007 0.67 0.0 Fixed
CC vs AC+AA 5.022 2.133-11.827 <0.001 0.46 0.0 Fixed

C vs A: allele model; AC vs AA+CC: codominant model; CC vs AA: additive model; CC+AC vs CC: dominant model;
CC vs AC+AA: recessive model.

Sensitivity analysis

Meta-cumulative analysis revealed that Lopez-Cortés et al. (2013) and Ghasemi et al.
(2014) observed a profound impact on the pooled ORs regarding the associations between the
C677T polymorphism and prostate cancer risk. However, only Lépez-Cortés et al. (2013) found
a significant association between the A1298C polymorphism and risk of prostate cancer. For the
C677T polymorphism, a significant association only remained for the other genotyping methods
subgroup and the subgroup in Hardy-Weinberg disequilibrium after excluding the 2 studies. When
the results of Ghasemi et al. (2014) were excluded, the significance of the pooled ORs for the
A1298C polymorphism was still robust under all contrast models. Omitting the other single study
did not lead to a significant change in the pooled OR (data not shown).

Publication bias

The results of the Begg and Egger tests suggested the existence of publication bias within
studies examining the A1298C polymorphism when using the allelic model (Begg test P = 0.152;
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Egger test: P = 0.043). However, no significant change in the OR was detected after processing
using the “trim and fill” methods. Neither the Begg test nor Egger test revealed significant publication
bias in the remaining A1298C polymorphism and all C677T polymorphism models.

DISCUSSION

MTHFR is a key enzyme involved in folate and vitamin B12 metabolism, homocysteine
metabolism, and DNAsynthesis. Itis a critical catalyzer that converts 5,10-methylenetetrahydrofolate
to a major form of serum folate, 5-methyltetrahydrofolate, which acts as the methyl donor in purine
and thymidine synthesis. Because of its vital role in cellular processes, MTHFR and its C677T and
A1298C polymorphisms have been associated with the pathogenesis of many different diseases
such as cancer, including colorectal, gastric, cervical, and prostate cancers (Kimura et al., 2000;
Haghighi et al., 2009; Neves Filho et al., 2010; Zhu et al., 2013). Currently, studies of prostate tumor
cells have revealed that some pathways involved in folate metabolic disorders may contribute to
the pathogenesis of prostate cancer, such as CpG islands and histone methylation, DNA uracil
misincorporation, and chromosomal rearrangements (Collin, 2013). Studies also indicated that
high serum vitamin B12 and folate levels may confer a higher prostate cancer risk (Collin et al.,
2009). With every 5 nM increase in serum folate levels, there was an increased risk of prostate
cancer (risk ratio = 1.04; 95%CI = 1.00-1.07; P = 0.042) (Wang et al., 2014). Studies have indicated
that the C677T or A1298C polymorphisms have a large impact on MTHFR activity, which may
lead to altered serum folate levels (Collin et al., 2009). Although Safarinejad et al. (2010) found no
difference of vitamin B12 and serum folate between the C677T or A1298C genotypes in Iranian,
an ltalian study revealed that for the C677T polymorphism, serum folate level was decreased in
CC, CT, and TT subjects, and folate concentration was higher in CC than in AC or AA subjects for
the A1298C polymorphism (Safarinejad et al., 2010; Zappacosta et al., 2014). Thus, there may be
close associations between the C677T or A1298C polymorphisms of MTHFR and prostate cancer
risk. However, whether these polymorphisms are associated with prostate cancer susceptibility
remains unclear. In the current study, we performed an updated meta-analysis to comprehensively
evaluate these associations.

Recent published meta-analyses regarding the association between the C677T polymorphism
and prostate cancer risk have shown conflicting results. Li et al. (2012) suggested a slightly protective
effect of C677T. However, Collin et al. (2009) and Zhang et al. (2012) found no association between
C677T and prostate cancer risk. In contrast to previous meta-analyses, the present study included
recently published studies, incorporating data form different populations and an article with more
than 2000 Caucasian cases and 2000 controls. Although no significant association was found in the
overall meta-analysis, subgroup analysis showed that the presence of C677T was associated with an
increased prostate cancer risk in East Asians, supporting the results of Zhang et al. (2012).

Interestingly, we observed protective effects of the C677T polymorphism against prostate
cancer in studies using other genotyping methods (amplification-refractory mutation system-PCR
and matrix-assisted laser desorption/ionization-time-of-flight mass spectrometry). The significance
of these findings remained robust even after omitting other articles in sensitivity analyses. These
findings indicate that using unified genotyping methods is important for accurately assessing the
association between the C677T polymorphism and prostate cancer risk.

For the A1298C polymorphism, previous published meta-analyses concluded that this
polymorphism was not associated with prostate cancer risk, both in overall analysis and subgroup
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analysis by region, included populations, genotyping methods, or prostate cancer stages (Li et al.,
2012; Li and Xu, 2012). However, previous meta-analyses only included 2723 patients and 3442
controls; these populations were much smaller compared to that used in our study. In the present
study, 4255 cases and 6071 controls were included. We observed a significant cancer-inducing
effect of the CC genotype in Asian residents and a slightly protective effect of the C allele and CC
genotype against prostate cancer in European residents.

Furthermore, a significant cancer-inducing effect of the CC genotype was observed for
the A1298C polymorphism when DNA was extracted from specimens in additive and recessive
models, whereas no significant associations were observed in studies examining blood DNA.
These findings indicate that localized DNA mutations in prostate tissue are a more fundamental
pathophysiological factor in cancer development rather than systematic mutation as reflected by
the blood samples. In addition, the results of subgroup analysis suggested that the results of meta-
analysis differed according to different study designs (PB or family base) and genotyping methods
(PCR-RFLP or TagMan), indicating that more precise designation and accurate approaches should
be adopted in future studies.

There were several limitations to our study. First, some subgroups only included relatively
small sample sizes, which may have led to reduced statistical power. Second, our study did not
include results from genome-wide association studies, which may have affected the reliability of
the results. Third, our study was based on unadjusted estimates and thus the impact of potential
confounding could not be excluded. Fourth, multiple factors, such as geographic distribution,
populations of the participants, study design, and methods used, may have contributed to
heterogeneity among the included studies. Individual patient data-based meta-analysis may be
helpful for clarifying their impact on the overall results.

In conclusion, our study provides an updated meta-analysis estimating the association
between MTHFR gene polymorphisms and prostate cancer risk and included larger sample sizes
compared to previous studies. The C677T polymorphism may be associated with an increased
prostate cancer risk in East Asians. The presence of the A1298C polymorphism appears to be
associated with an increased risk of prostate cancer in Asian residents, but a reduced risk in
European residents. Large-scale well-designed studies are required to confirm the association
between MTHFR polymorphisms and prostate cancer susceptibility in the future.
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