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Abstract Methionine synthase reductase (MTRR) is one
of the important enzymes involved in the folate metabolic
pathway and its functional genetic polymorphisms may be
associated with breast cancer risk. However, this relation-
ship remains inconclusive. For better understanding the
effect of MTRR A66G polymorphism on breast cancer risk,
a meta-analysis was performed. By searching PubMed and
EMBASE, a total of six case—control studies, containing
6,084 cases and 6,756 controls, were included. The strength
of association between MTRR A66G polymorphism and
breast cancer risk was assessed by odds ratio (OR) with the
corresponding 95% confidence interval (95% CI). The
results strongly suggested that there was no significant
association between MTRR A66G polymorphism and breast
cancer susceptibility in overall comparisons in all genetic
models (additive model: OR 1.00, 95% CI 0.89-1.11,
P = 0.943; dominant model: OR 1.00, 95% CI 0.91-1.10,
P = 0.989; recessive model: OR 1.00, 95% CI 0.91-1.09,
P = 0.926). Similarly, in subgroup analyses for ethnicity
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(Caucasian, Asian and mixed population) and folate intake
status (high and low folate intake), the results were nega-
tive. Sensitivity analysis demonstrated that omitting any
study did not perturb the results. In conclusion, this meta-
analysis strongly suggests that MTRR A66G polymorphism
is not associated with breast cancer risk, especially in
Caucasians and Asians.
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Introduction

Breast cancer, a manifestation of abnormal genetic as well
as epigenetic changes, is a major challenge to women’s
health. Though the exact etiology remains unknown, an
accumulating body of evidence has suggested that an
inverse relationship exists between folate intake and breast
cancer risk [1-3]. Based on this finding, it is proposed that
individual variation in the genes that assist in folate
metabolism may have an effect on this risk.

One-carbon metabolism, also referred as folate-medi-
ated one-carbon metabolism, is a network of biological
reactions that plays a critical role in DNA methylation and
synthesis, and therefore has an impact on both genetic and
epigenetic pro-carcinogenic processes [4]. Methylenete-
trahydrofolate reductase (MTHFR), methionine synthase
(MTR) and methionine synthase reductase (MTRR) are
three important enzymes involved in the folate metabolic
pathway. Several case—control studies have been conducted
to evaluate the association between their genetic poly-
morphisms and breast cancer risk, with controversial or
inconclusive results [5—7]. According to a more precise
estimation of this relationship derived from meta-analysis,
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MTHFR T allele was a low-penetrant risk factor for
developing breast cancer [8, 9] and MTR A2756G poly-
morphism may contribute to susceptibility to breast cancer
among Europeans [10]. But no meta-analysis was per-
formed regarding MTRR and breast cancer risk.

Both MTRR and MTR play a role in regulating the
reaction in which methionine is produced through the
irreversible transfer of a methyl group from 5-methyltet-
rahydrofolate. MTR is maintained in its active form by
MTRR. A genetic polymorphism at nucleotide 66 (A-to-G)
is a functional polymorphism of MTRR and the variant has
a lower affinity for MTR [11]. In light of the potential
contribution of MTR A2756G polymorphism to breast
cancer risk, it is reasonable that MTRR genotype may also
have an impact on breast cancer risk. To clarify this
problem, a meta-analysis was performed.

Methods
Study identification and selection

Before the study, inclusion criteria were defined as follows:
(a) articles evaluating the association between MTRR A66G
polymorphism and breast cancer risk; (b) study designed as
case—control; (c) sufficient data available to estimate an
odds ratio (OR) with its 95% confidence interval (95% CI).

A literature search of PubMed and EMBASE (updated
to 2010/03/28) was conducted using the following terms:
‘MTRR’ or ‘methionine synthase reductase’, ‘polymor-
phism(s)’, ‘breast cancer’ or ‘breast carcinoma’, without
restriction on language. The retrieved literatures were then
read in their entirety to assess their appropriateness for the
inclusion in this meta-analysis by the two authors (Hu and
Zhou) independently. The reference lists of reviews and
retrieved articles were searched simultaneously to find
additional eligible studies. If studies had partly overlapped
subjects, only the one with a larger sample size was
selected. Any disagreement was resolved by discussion
between the two authors.

Data extraction

The following variables were extracted from each study if
available: first author’s surname, publication year, ethnic-
ity, matching criteria, numbers of cases and controls, and
genotype distributions in both cases and controls.
Statistical analysis

The strength of association between MTRR A66G polymor-

phism and breast cancer risk was assessed by OR with the
corresponding 95% CI. The pooled OR was calculated by a
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fixed-effects model (the Mantel-Haenszel method) when
between-study heterogeneity was absent [12]. Otherwise, a
random-effects model (the DerSimonian and Laird method)
[13] was selected. Statistical between-study heterogeneity
was checked by the Q test [14] and it was considered sta-
tistically significant with P < 0.10. The OR and its 95% Cl in
each comparison was assessed in dominant (GG/AG vs. AA),
additive (GG vs. AA) and recessive (GG vs. AG/AA) genetic
models. In addition, subgroup analyses for ethnicity (Cau-
casian, Asian and mixed population) and folate intake status
(high and low folate intake) were conducted, and influence
analysis was performed by omitting each study to find
potential outliers [15]. Sensitivity analysis was also con-
ducted by excluding the Hardy—Weinberg equilibrium
(HWE)-violating studies. 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) [16]. In the control populations, HWE was
tested, but a deviation from HWE was allowed in a mixed
control population. This meta-analysis was performed using
the software STATA version 10.0.

Results
Study characteristics

A total of seven publications met the inclusion criteria. Of
these studies, one [17] was excluded as cases involved were
restricted to BRCA mutation carriers. As a result, a total of
six publications [7, 18-22] containing 6,084 cases and 6,756
controls were included in this meta-analysis. Table 1 lists the
main characteristics of these studies. Among these publica-
tions, there were two studies of Caucasian descent [19, 21],
three of Asian descent [7, 18, 22] and one of mixed popu-
lation (about 93% were Caucasians) [20]. In addition, two of
these studies [18, 22] presented MTRR A66G polymorphism
genotype distributions according to the folate intake status
(high (Tertile 2 + 3) and low (Tertile 1) folate intake)
(Table 2). All of the cases were histologically confirmed as
breast cancer. Controls were mainly healthy or hospital-
based populations and matched with age and sex. Genotype
distributions in the controls of all studies were in agreement
with HWE, except one study [21].

Meta-analysis results

As shown in Table 3, no between-study heterogeneity was
found in overall comparisons in all genetic models. When
all the eligible studies were pooled into the meta-analysis,
MTRR A66G polymorphism did not reveal any relationship
with breast cancer susceptibility (additive model: OR 1.00,
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Table 1 Main characteristics of studies included in this meta-analysis
References Country  Ethnicity  Source of Matching criteria Sample size  Genotype (case/control) HWE
controls (case/control)
AA AG GG
Shrubsole et al. [18] China Asian Population based Age, sex 1193/1310 621/687 393/422  70/76 Yes
Lissowska et al. [19] Poland Caucasian Population based Age, sex, 1995/2296 358/430 970/1110 663/753 Yes
study site
Xu et al. [20] USA Mixed Population based Age, sex 1102/1141 279/276 549/600  230/223 Yes
Kotsopoulos et al. [21] Canada  Caucasian Hospital based Sex 952/817 222/179 448/360 270/243 No
Suzuki et al. [22] Japan Asian Hospital based Age, sex, 456/912 205/456 205/366  42/90 Yes
menopausal status
Sangrajrang et al. [7]  Thailand Asian Hospital based Sex 600/642 295/229 218/210  46/46 Yes

HWE Hardy—Weinberg equilibrium

Table 2 Genotype frequencies for cases and controls in different
folate intake status

References High (case/control) Low (case/control)
AA AG GG AA AG GG
Shrubsole et al. 371/ 243/ 43/ 196/ 127/ 22/
[18] 419 265 41 199 130 27
Suzuki et al. [22] 124/ 134/ 18/ 80/155 68/121 21/
301 244 61 28

Highhigh folate intake (Tertile 2 + 3), Low low folate intake (Tertile 1)

95% CI 0.89-1.11, P = 0.943; dominant model: OR 1.00,
95% CI 0.91-1.10, P = 0.989; recessive model: OR 1.00,
95% CI 0.91-1.09, P = 0.926). Next, the effect of MTRR
A66G was evaluated according to specific ethnicity and
different folate intake status (Table 3; Fig. 1). Similarly, no
significant association was found.

Sensitivity analysis

Influence analysis was performed to assess the influence of
each individual study on the pooled OR by sequential
removal of individual studies. The results suggested that
no individual study significantly affected the pooled ORs

(Fig. 2). Sensitivity analysis by excluding HWE-violating
study did not perturb the overall results.

Publication bias

Funnel plot and Egger’s test were performed to assess the
publication bias. The shape of the funnel plot did not
indicate any evidence of obvious asymmetry (Fig. 3) and
the Egger’s test suggested the absence of publication bias
(P = 0476).

Discussion

Similar to MTR, MTRR is also a critical enzyme for the
biosynthesis of methionine, the precursor for methylation
reactions, and for the regeneration of tetrahydrofolate for
nucleotide biosynthesis. Changes in this enzyme may sig-
nificantly influence DNA methylation, synthesis and repair.
The A66G SNP at codon 22 is one of the most common
polymorphisms in MTRR gene and the variant MTRR
enzyme proved to have a lower affinity for MTR [11] and
be inconsistently associated with elevated blood or
plasma homocysteine levels [23, 24]. The elevation of

Table 3 Results of meta-analysis for MTRR A66G polymorphism and breast cancer risk

Analysis Cases/controls  Additive model (GG vs. AA) Dominant model (AG/GG vs. AA) Recessive model (GG vs. AA/AG)
OR (95% CI) P/P), OR (95% CI) P/P, OR (95% CI) P/P,
Overall 6084/6756 1.00 (0.89-1.11)  0.943/0.794 1.00 (0.91-1.10) 0.989/0.227 1.00 (0.91-1.09) 0.926/0.772
Ethnicity
Caucasian  2391/3075 1.01 (0.87-1.16)  0.947/0.302  1.02 (0.90-1.16) 0.739/0.508 0.98 (0.88-1.10) 0.776/0.284
Asian 2095/2582 0.96 (0.76-1.20)  0.694/0.565 1.00 (0.82-1.24) 0.975/0.053 0.94 (0.76-1.17) 0.598/0.840
Mixed 1058/1099 1.02 (0.80-1.31) 0.874/- 0.94 (0.77-1.14) 0.504/- 1.09 (0.89-1.34) 0.409/—
Folate intake
High 933/1331 0.97 (0.68-1.37)  0.853/0.173  1.11 (0.93-1.32) 0.238/0.454 0.87 (0.47-1.61) 0.662/0.079
Low 514/660 1.08 (0.70-1.66) 0.738/0.202 1.03 (0.82-1.31) 0.778/0.455 1.07 (0.70-1.62) 0.768/0.222

P, P values for heterogeneity
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(a)
Additive model (GG vs. AA) Dominant model (AG/GG vs. AA)

% %
study OR(95% Cl)  Weight  study OR(95%Cl)  Weight
Caucasian Caucasian
Lissowska,2007 —_— 1.06 (0.89, 1.26) 38.13 Lissowska,2007 e e c— 1.05(0.90, 1.23) 22.91
Kotsopoulos,2008 —_— 0.90 (0.69, 1.16) 18.40 Kotsopoulos,2008 —_— 0.96 (0.77,1.20) 13.62
Subtotal (I-squared = 6.0%, p = 0.302) <> 1.00 (0.87, 1.16) 56.52 Subtotal (I-squared = 0.0%, p = 0.508) <:> 1.02 (0.90, 1.16) 36.53
Asian Asian
Shrubsole,2006 - 1.02 (0.72,1.43) 10.12 Shrubsole, 2006 —_— 1.03 (0.87,1.22) 20.91
Suzuki, 2008 ———— 1.04 (0.69, 1.55) 7.25 Suzuki,2008 ——————————  120(0.96,1.51) 13.49
Sangrajrang,2010 € 0.78 (0.50, 1.21) 6.87 19,2010 0.80 (0.63,1.02) 11.99
Subtotal (I-squared = 0.0%, p = 0.565)<> 0.96 (0.76, 1.20) 24.24 Subtotal (I-squared = 66.0%, p = 0.053) <> 1.00 (0.81, 1.24) 46.38
Mixed Mixed
Xu,2007 —_— 1.02 (0.80, 1.31) 19.24 Xu,2007 e 0.94 (0.77,1.14) 17.08
Subtotal (I-squared =.%, p = .) 1.02 (0.80, 1.31)19.24  Subtotal (-squared = %, p =) e — 0.94(0.77,1.14) 17.08
Overall (I-squared = 0.0%, p = 0.794) 1.00 (0.89, 1.11) 100.00  Overall (I-squared = 27.7%, p = 0.227) <> 1.00(0.91, 1.10) 100.00

NOTE: Weights are from random effects analysis
T I T T T
.498 1 2.01 627 1 1.59
Additive model (GG vs. AA) Dominant model (AG/GG vs. AA)
% %
study OR (95% Cl) Weight study OR (95% Cl) Weight
low low
Shrubsole,2006 0.83 (0.46, 1.50) 60.18 Shrubsole,2006 —_— 0.96 (0.71, 1.30) 63.53
Suzuki, 2008 1.45(0.78,2.72)  39.82 Suzuki,2008 ) 1.16(0.79,1.69)  36.47
Subtotal (l-squared = 38.6%, p = 0.202) <> 1.08 (0.70,1.66)  100.00 Subtotal (I-squared = 0.0%, p = 0.455) > 1.03(0.82,1.31)  100.00
high high
Shrubsole,2006 ——— 1.18 (0.76, 1.86) 53.70 Shrubsole,2006 ——— 1.06 (0.85, 1.31) 65.70
Suzuki,2008 ———— 0.72 (0.41, 1.26) 46.30 Suzuki,2008 e — 1.21(0.91, 1.61) 34.30
Subtotal (I-squared = 46.3%, p = 0.173) <> 0.97 (0.68,1.37)  100.00 Subtotal (I-squared = 0.0%, p = 0.454) <:> 1.11(0.93,1.31)  100.00
T T I T
.368 1 272 .593 1 1.69

Fig. 1 Meta-analysis of MTRR A66G polymorphism in breast cancer. a overall meta-analysis and subgroup analysis on ethnicities, b subgroup

analysis on folate intake status (low and high folate intake)

homocysteine is a marker of DNA hypomethylation, which
is an early and consistent event in cancer development
[25]. Evidences supported that the variant G allele-bearing
genotype of MTRR was significantly associated with an
increased risk of hepatocellular carcinoma [26] and
esophageal squamous cell carcinoma [27], and that the GG
homozygotic genotype was a risk factor for colorectal
cancer [28]. Regarding the association between MTRR
A66G polymorphism and breast cancer susceptibility, six
case—control studies were found by searching PubMed and
Embase, with inconclusive results owing to the relatively
small sample size and different patient population. How-
ever, meta-analysis can well resolve these problems. In this
study, the results strongly suggested that the MTRR A66G
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polymorphism was not associated with breast cancer risk in
all genetic models. Subgroup analysis based on ethnicities
and influence analysis did not perturb the results.

Besides the variants of one-carbon metabolism-related
genes, folate intake status is another important factor that
has an impact on DNA methylation and synthesis. An
interactive effect on cancer risk may exist between gene
polymorphisms and diet. High folate intake is believed to
be associated with decreased breast cancer risk, which
might compensate the effect of gene polymorphisms on
cancer susceptibility. On the contrary, low folate intake and
gene variants may have synergistic effect on cancer risk,
because deficiencies of folate may lead to low level of
cellular S-adenosylmethionine, or DNA hypomethylation,
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Fig. 2 Influence analysis for Meta-analysis estimates, given named study is omitted
AG/GG versus AA in the | Lower CI Limit O Estimate | Upper CI Limit
overall meta-analysis. This Shrubsole, 2006 | -t @ | f
figure shows the influence of
individual studies on the
summary OR. The middle .
K . LiSSOWSK,2007 |-+++evveeeefois i s o
vertical axis indicates the
overall OR and the two vertical
axes indicate its 95% CI. Open
circles indicate the pooled OR Xu,2007 O
when the left study is omitted in
this meta-analysis. The two ends
of the dotted lines represent the Kotsopoulos,2008 | |- @
95% CI
Suzuki,2008 o}
Sangrajrang,2010 | | e @ e N
1
0.87 0.91 1.00 1.10 1.13
Funnel plot with pseudo 95% confidence limits are potentially associated with breast cancer risk or gained
©1 N through subgroup analysis. However, this meta-analysis
, ,/ \\ failed to explore this association by subgroup analysis
V4 AN based on menopause status, for most studies did not pro-
7 \ . . . . . .
o | 4 AN vide related information. Third, of these six studies, most
— 7/ \ . . .
S // \\ subjects were Caucasians and Asians, and there was no
] . . . .
5 // R \\ African in any of the studies. Therefore, the conclusion
¢ / ° AN about this association in African populations should be
1S ° AN further investigated.
/ ° LN In conclusion, this study strongly suggested that the
‘e N . . .
MTRR A66G polymorphism was not associated with breast
w | cancer among Caucasians and Asians
2 1 0 ‘ 2 3
logor

Fig. 3 Funnel plot of MTRR A66G polymorphism and breast cancer
risk for publication bias

which may increase the susceptibility of genes to mutation
or alter gene expression [29]. Suzuki et al. [22] had
reported that an interaction existed between MTRR A66G
polymorphism and low folate intake, and it was signifi-
cantly associated with high risk of breast cancer among
postmenopausal women. However, this meta-analysis did
not reveal any significant association either in low folate
intake subgroup or high folate intake subgroup, and no
interaction effect between MTRR A66G polymorphism and
folate intake on breast cancer risk was found.

However, some limitations still exist in this meta-anal-
ysis. First, this study is a study-level and not an individual
patient-level meta-analysis. It is known that study-level
analysis can lead to biased assessments and use of aggre-
gated summary values has some limitations in explaining
the heterogeneity [30, 31]. Second, OR value was obtained
without correction. More accurate OR should be corrected
by age, menopause status and other exposure factors that

References

1. Maruti SS, Ulrich CM, White E (2009) Folate and one-carbon
metabolism nutrients from supplements and diet in relation to
breast cancer risk. Am J Clin Nutr 89:624-633. doi:10.3945/
ajcn.2008.26568

2. Larsson SC, Bergkvist L, Wolk A (2008) Folate intake and risk of
breast cancer by estrogen and progesterone receptor status in a
Swedish cohort. Cancer Epidemiol Biomarkers Prev 17:3444—
3449. doi:10.1158/1055-9965.EPI-08-0692

3. Ericson U, Sonestedt E, Gullberg B, Olsson H, Wirfidlt E (2007)
High folate intake is associated with lower breast cancer inci-
dence in postmenopausal women in the Malmo Diet and Cancer
cohort. Am J Clin Nutr 86:434-443

4. Stern LL, Mason JB, Selhub J, Choi SW (2000) Genomic DNA
hypomethylation, a characteristic of most cancers, is present in
peripheral leukocytes of individuals who are homozygous for the
C677T polymorphism in the methylenetetrahydrofolate reductase
gene. Cancer Epidemiol Biomarkers Prev 9:849-853

5. Ma E, Iwasaki M, Junko I, Hamada GS, Nishimoto IN, Carvalho
SM, Motola J Jr, Laginha FM, Tsugane S (2009) Dietary intake
of folate, vitamin B6, and vitamin B12, genetic polymorphism of
related enzymes, and risk of breast cancer: a case—control study in
Brazilian women. BMC Cancer 9:122. doi:10.1186/1471-2407-9-
122

@ Springer


http://dx.doi.org/10.3945/ajcn.2008.26568
http://dx.doi.org/10.3945/ajcn.2008.26568
http://dx.doi.org/10.1158/1055-9965.EPI-08-0692
http://dx.doi.org/10.1186/1471-2407-9-122
http://dx.doi.org/10.1186/1471-2407-9-122

784

Breast Cancer Res Treat (2010) 124:779-784

6.

10.

11.

12.

13.

14.

15.

16.

19.

Platek ME, Shields PG, Marian C, McCann SE, Bonner MR, Nie J,
Ambrosone CB, Millen AE, Ochs-Balcom HM, Quick SK, Trevi-
san M, Russell M, Nochajski TH, Edge SB, Freudenheim JL (2009)
Alcohol consumption and genetic variation in methylenetetrahy-
drofolate reductase and 5-methyltetrahydrofolatehomocysteine
methyltransferase in relation to breast cancer risk. Cancer Epi-
demiol Biomarkers Prev 18:2453-2459. doi:10.1158/1055-
9965.EPI-09-0159

. Sangrajrang S, Sato Y, Sakamoto H, Ohnami S, Khuhaprema T,

Yoshida T (2010) Genetic polymorphisms in folate and alcohol
metabolism and breast cancer risk: a case—control study in
Thai women. Breast Cancer Res Treat. doi:10.1007/s10549-010-
0804-4

. Zhang J, Qiu LX, Wang ZH, Wu XH, Liu XJ, Wang BY, Hu XC

(2010) MTHFR C677T polymorphism associated with breast
cancer susceptibility: a meta-analysis involving 15,260 cases and
20,411 controls. Breast Cancer Res Treat. doi 10.1007/s10549-
010-0783-5

. Qi X, MaX, Yang X, Fan L, Zhang Y, Zhang F, Chen L, Zhou Y,

Jiang J (2010) Methylenetetrahydrofolate reductase polymor-
phisms and breast cancer risk: a meta-analysis from 41 studies
with 16,480 cases and 22,388 controls. Breast Cancer Res Treat.
doi:10.1007/s10549-010-0773-7

Lu M, Wang F, Qiu J (2010) Methionine synthase A2756G
polymorphism and breast cancer risk: a meta-analysis involving
18,953 subjects. Breast Cancer Res Treat. doi:10.1007/s10549-
010-0755-9

Olteanu H, Munson T, Banerjee R (2002) Differences in the
efficiency of reductive activation of methionine synthase and
exogenous electron acceptors between the common polymorphic
variants of human methionine synthase reductase. Biochem
41:13378-13385. doi:10.1021/bi020536s

Mantel N, Haenszel W (1959) Statistical aspects of the analysis
of data from retrospective studies of disease. J Natl Cancer Inst
22:719-748

DerSimonian R, Laird N (1986) Meta-analysis in clinical trials.
Control Clin Trials 7:177-188

Cochran WG (1954) The combination of estimates from different
experiments. Biometrics 10:101-129

Tobias A (1999) Assessing the influence of a single study in the
meta-analysis estimate. Stata Tecnol Bull 8:15-17

Egger M, Davey SG, Schneider M, Minder C (1997) Bias in
meta-analysis detected by a simple, graphical test. BMJ 315:629—
634

. Beetstra S, Suthers G, Dhillon V, Salisbury C, Turner J, Altree M,

McKinnon R, Fenech M (2008) Methionine-dependence pheno-
type in the de novo pathway in BRCA1 and BRCA2 mutation
carriers with and without breast cancer. Cancer Epidemiol Bio-
markers Prev 17:2565-2571. doi:10.1158/1055-9965.EPI-08-
0140

. Shrubsole MJ, Gao YT, Cai Q, Shu XO, Dai Q, Jin F, Zheng W

(2006) MTR and MTRR polymorphisms, dietary intake, and
breast cancer risk. Cancer Epidemiol Biomarkers Prev 15:586—
588. doi:10.1158/1055-9965.EPI-05-0576

Lissowska J, Gaudet MM, Brinton LA, Chanock SJ, Peplonska B,
Welch R, Zatonski W, Szeszenia-Dabrowska N, Park S, Sherman
M, Garcia-Closas M (2007) Genetic polymorphisms in the one-
carbon metabolism pathway and breast cancer risk: a population-

@ Springer

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

based case—control study and meta-analyses. Int J Cancer
120:2696-2703. doi:10.1002/ijc.22604

Xu X, Gammon MD, Zhang H, Wetmur JG, Rao M, Teitelbaum
SL, Britton JA, Neugut Al, Santella RM, Chen J (2007) Poly-
morphisms of one-carbon-metabolizing genes and risk of breast
cancer in a population-based study. Carcinogenesis 28:1504—
1509. doi:10.1093/carcin/bgm061

Kotsopoulos J, Zhang WW, Zhang S, McCready D, Trudeau M,
Zhang P, Sun P, Narod SA (2008) Polymorphisms in folate
metabolizing enzymes and transport proteins and the risk of
breast cancer. Breast Cancer Res Treat 112:585-593.
doi:10.1007/s10549-008-9895-6

Suzuki T, Matsuo K, Hirose K, Hiraki A, Kawase T, Watanabe
M, Yamashita T, Iwata H, Tajima K (2008) One-carbon metab-
olism-related gene polymorphisms and risk of breast cancer.
Carcinogenesis 29:356-362. doi:10.1093/carcin/bgm?295

Feix A, Winkelmayer WC, Eberle C, Sunder-Plassmann G,
Fodinger M (2004) Methionine synthase reductase MTRR
66A > G has no effect on total homocysteine, folate, and Vitamin
B12 concentrations in renal transplant patients. Atherosclerosis
174:43-48. doi:10.1016/j.atherosclerosis.2003.12.036

Vaughn JD, Bailey LB, Shelnutt KP, Dunwoody KM, Maneval
DR, Davis SR, Quinlivan EP, Gregory JF 3rd, Theriaque DW,
Kauwell GP (2004) Methionine synthase reductase 66A- > G
polymorphism is associated with increased plasma homocysteine
concentration when combined with the homozygous methylene-
tetrahydrofolate reductase 677C- > T variant. J Nutr 134:2985-
2990

Jones PA, Laird PW (1999) Cancer epigenetics comes of age. Nat
Genet 21:163-167

Kwak SY, Kim UK, Cho HJ, Lee HK, Kim HJ, Kim NK, Hwang
SG (2008) Methylenetetrahydrofolate reductase (MTHFR) and
methionine synthase reductase (MTRR) gene polymorphisms as
risk factors for hepatocellular carcinoma in a Korean population.
Anticancer Res 28:2807-2811

Stolzenberg-Solomon RZ, Qiao YL, Abnet CC, Ratnasinghe DL,
Dawsey SM, Dong ZW, Taylor PR, Mark SD (2003) Esophageal
and gastric cardia cancer risk and folate- and vitamin B(12)-
related polymorphisms in Linxian, China. Cancer Epidemiol
Biomarkers Prev 12:1222-1226

Matsuo K, Hamajima N, Hirai T, Kato T, Inoue M, Takezaki T,
Tajima K (2002) Methionine synthase reductase gene A66G
polymorphism is associated with risk of colorectal cancer. Asian
Pac J Cancer Prev 3:353-359

Stolzenberg-Solomon RZ, Chang SC, Leitzmann MF, Johnson
KA, Johnson C, Buys SS, Hoover RN, Ziegler RG (2006) Folate
intake, alcohol use, and postmenopausal breast cancer risk in the
Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial.
Am J Clin Nutr 83:895-904

Berlin JA, Santanna J, Schmid CH, Szczech LA, Feldman HI,
Anti-Lymphocyte Antibody Induction Therapy Study Group
(2002) Individual patient- versus group-level data meta-regres-
sions for the investigation of treatment effect modifiers: ecolog-
ical bias rears its ugly head. Stat Med 21:371-387

Lambert PC, Sutton AJ, Abrams KR, Jones DR (2002) A com-
parison of summary patient-level covariates in meta-regression
with individual patient data meta-analysis. J Clin Epidemiol
55:86-94


http://dx.doi.org/10.1158/1055-9965.EPI-09-0159
http://dx.doi.org/10.1158/1055-9965.EPI-09-0159
http://dx.doi.org/10.1007/s10549-010-0804-4
http://dx.doi.org/10.1007/s10549-010-0804-4
http://dx.doi.org/10.1007/s10549-010-0783-5
http://dx.doi.org/10.1007/s10549-010-0783-5
http://dx.doi.org/10.1007/s10549-010-0773-7
http://dx.doi.org/10.1007/s10549-010-0755-9
http://dx.doi.org/10.1007/s10549-010-0755-9
http://dx.doi.org/10.1021/bi020536s
http://dx.doi.org/10.1158/1055-9965.EPI-08-0140
http://dx.doi.org/10.1158/1055-9965.EPI-08-0140
http://dx.doi.org/10.1158/1055-9965.EPI-05-0576
http://dx.doi.org/10.1002/ijc.22604
http://dx.doi.org/10.1093/carcin/bgm061
http://dx.doi.org/10.1007/s10549-008-9895-6
http://dx.doi.org/10.1093/carcin/bgm295
http://dx.doi.org/10.1016/j.atherosclerosis.2003.12.036

	MTRR A66G polymorphism and breast cancer risk: a meta-analysis
	Abstract
	Introduction
	Methods
	Study identification and selection
	Data extraction
	Statistical analysis

	Results
	Study characteristics
	Meta-analysis results
	Sensitivity analysis
	Publication bias

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


