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Abstract: Literature revealed that folate metabolism imbalance may be involved in predisposition to cancer. MTHFR, 
MTRR and MTR are essential enzymes for maintenance of folate hemostasis and homocysteine (Hcy) in the 
blood. We aimed to investigate the association between homocysteine metabolism gene polymorphism (MTHFR 
rs1801133, MTR 1805087 and MTRR rs1801394) and risk of breast cancer in West China. A total of 466 patients 
with breast cancer and 470 normal control subjects were enrolled into our study. The MTHFR rs1801133, MTR 
1805087 and MTRR rs1801394 polymorphism was analyzed by the polymerase chain reaction (PCR) followed by 
restriction fragment length polymorphism (RFLP). By logistic regression analysis, we observed that the CT (adjusted 
OR=2.67, 95% CI=1.60-4.45) and TT (adjusted OR=2.67, 95% CI=1.60-4.45) genotypes of MTHFR rs1801133 
were significantly associated with higher risk of breast cancer, compared with the CC genotype. In addition, the 
CT+TT of MTHFR rs1801133 was significantly associated with risk of breast cancer in comparison to the CC geno-
type (adjusted OR=1.43, 95% CI=1.09-1.88). The CC genotype of MTRR rs1801394 showed higher association with 
an increased risk of breast cancer as compared with the AA genotype (adjusted OR=1.96, 95% CI=1.14-3.37). The 
results of our study indicate that the MTHFR rs1801133 and MTRR rs1801394 polymorphisms are potential risk 
factors for the development of breast cancer in the Chinese population.
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Introduction

In female, breast is particularly prominent as 
the hallmark of pubertal development. Breast 
cancer begins in any part of breast, caused by 
abnormal cells growth and division. It is one of 
the oldest known forms of malignancies. 
Unfortunately globally, it remains a major public 
health issue in China as well as world. Breast 
cancer is the leading cause of death of women 
in worldwide due to it spread to other organ [1, 
2]. Development of human breast cancers is a 
multistep process, arising from genetic altera-
tions that drive the transformation of normal 
mammary epithelial cells into highly malignant 
derivatives [3]. Literature revealed that folate 
metabolism imbalance may be involved in pre-
disposition to cancer. Folate metabolism path-
way regulates the intracellular folate pool for 
synthesis and methylation of DNA [4, 5]. 

The serum folate enters into tissue cells through 
folate receptors, and then it was turned into tet-
rahydrofolate via dihydrofolate reductase. The 
tetrahydrofolate is converted into 5,10-methy-
lenetetrahydrofolate [6]. Methylenetetrahydro- 
folate reductase (MTHFR) then transformed the 
5,10-methylenetetrahydrofolateinto 5-methyl-
tetrahydrofolate [7, 8], which supplied a methyl 
group for transformation of homocysteine to 
methionine in a reaction catalyzed by methio-
nine synthase (MTR) [9, 10]. MTR provides 
cobalamin to be a coenzyme. The cobalamin (I) 
cofactor is oxidized to form cobalamin (II), which 
causes inactivation of MTR. The methionine 
synthase reductase (MTRR) is required for 
inverse conversion of oxidized cobalamin (II) to 
CH3-cobalamin (III) to keep the activity of MTR 
[11]. Therefore, the MTHFR, MTRR and MTR are 
essential enzymes for maintenance of folate 
hemostasis and homocysteine (Hcy) in the 
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blood. Several genetic polymorphisms in MT- 
HFR, MTRR and MTR have been reported to 
affect the level of serum folate [12], including 
MTHFR rs1801133 and rs1801131, MTR 
1805087 and MTRR rs1801394. However, the 
association between MTRR and MTR polymor-
phisms and plasma folate level is controversial, 
and no study reported the MTHFR, MTRR and 
MTR genetic polymorphisms and risk of breast 
cancer in north China. Therefore, we performed 
a case-control study to investigate the associa-
tion between homocysteine metabolism gene 
polymorphism MTHFR rs1801133, MTR 180- 
5087 and MTRR rs1801394) and risk of breast 
cancer in West China.

Material and methods

Subjects

A case-control study design was taken in this 
study. During January 2014 and July 2016, a 
total of 466 patients with breast cancer and 
470 normal control subjects were enrolled into 
our study. All the patients with breast cancer 
were collected from the outpatient clinics and 
inpatient departments of Galactophore of Yun- 
cheng Central Hospital. All the patients were 
confirmed without any other malignant tumors, 
metastatic tumors, recurrent tumors and mal-
nutrition. In addition, patients who receive any 
form of anti-cancer treatment prior to enroll-
ment were also excluded from this study.

Controls who were recruited from the Yuncheng 
Central Hospital’s outpatient clinics and health 
examination centers. All the control subjects 
are free of any malignant tumors and metabolic 
diseases. Controls were matched to patients 
with regard to age.

All cases were divided into two subgroups 
according to breast status: a) patients with 
early cancer stage (including stages I and II) 

and b) patients with advanced cancer stage 
(including stages III and IV), according to the 
American Joint Committee for Cancer Staging 
and End-Results reporting in 1992 [13]. 
Demographic information of all the participants 
was collected from medical records, including 
sex, age, family history of cancer, smoking and 
drinking habits.

The subjects were sub-divided into non-smok-
ers and smokers; smokers were defined as 
those who smoked at least one cigarette per 
day for a period of six months. Furthermore, 
individuals were also categorized as non-drink-
ers and drinkers; drinkers were defined as 
those who drank at least 50 mL white wine or a 
bottle of beer at least once a week for six con-
secutive months. Written informed consents 
were obtained from all subjects prior to enroll-
ment, and the study protocols were approved 
by the ethics committee of Yuncheng Central 
Hospital.

DNA extraction

Peripheral blood was collected from all the sub-
jects in 0.5 M EDTA tubes. Genomic DNA was 
isolated from whole blood using the standard 
phenol-chloroform extraction method [14]. 

MTHFR, MTRR and MTR polymorphisms

The MTHFR rs1801133, MTR 1805087 and 
MTRR rs1801394 polymorphisms were ana-
lyzed by the polymerase chain reaction (PCR) 
followed by restriction fragment length poly-
morphism (RFLP). Genomic DNA was amplified 
(Applied Biosystems, Veriti, Singapore) using 
the following PCR conditions: for MTHFR rs18- 
01133, 94°C for 4 min; 35 cycles at 94°C for 
45 s, 58°C for 35 s, 72°C for 45 s; final exten-
sion at 72°C for 7 min; for MTR 1805087, 94°C 
for 4 min; 35 cycles at 94°C for 30 s, 53°C for 
36 s, 72°C for 45 s; final extension at 72°C for 

Table 1. Primer sequences and restriction enzyme and product size of MTHFR rs1801133, MTR 
1805087 and MTRR rs1801394

Genes Primer sequence Product 
size

Restriction 
enzyme Restriction enzyme digestion

MTHFR rs1801133 F: 5’-TGAAGGAGAAGGTGTCTGCGGGA-3’ 198 bp Hinf I CC: 198 bp; TT: 175 and 23 bp; CT: 198, 175 and 23 bp

R: 5’-AGGACGGTGCGGTGAGAGTG-3’

MTR 1805087 F: 5’-GAACTAGAAGACAGAAATTCTCTA-3’ 189 bp Mae III AA: 189 bp; CC: 159 and 30 bp; AC: 189, 159 and 30 bp

R: 5’-CATGGAAGAATATCAAGATATTAGA-3’

MTRR rs1801394 F: 5’-GCAGCCATCGCAGAAGACAT-3’ 151 bp Nde I AA: 44 and 22 bp; GG: 66 bp; AG: 66, 44 and 22 bp

R: 5’-GTGAAGATCTGCAGAAAATCCATGTA-3’
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Table 2. Demographic characteristics of included patients and controls

Variables Patients
N=466 % Controls

N=470 % t or χ2 
value P value

Age, years 49.78±11.06 49.49±10.90 0.48 0.482
Socioeconomic status
    Lower 119 25.54 127 27.02 
    Middle 214 45.92 192 40.85 
    Upper 133 28.54 151 32.13 2.58 0.276
Physical activity
    Never 208 44.64 282 60.00 
    Seldom 68 14.59 105 22.34 
    Often 90 19.31 83 17.66 9.33 0.009
Menopausal status
    Premenopausal 325 69.74 299 63.62 
    Postmenopausal 141 30.26 171 36.38 3.95 0.047
Smoking
    No 456 97.85 464 98.72 
    Yes 10 2.15 6 1.28 1.05 0.305
Passive smoking from husband
    No 226 48.50 240 51.06 
    Yes 274 58.80 196 41.70 9.03 0.003
Drinking
    No 387 83.05 411 87.45 
    Yes 79 16.95 59 12.55 3.60 0.058
Body mass index (BMI), kg/m2 23.04±4.14 22.40±3.63 2.55 0.023
Nulliparous
    No 437 93.78 448 95.32 
    Yes 29 6.22 22 4.68 
Age at first live birth, year 26.63±3.23 25.82±3.21 3.84 0.898
Breastfeeding
    No 92 71
    Yes 374 399
Months of breastfeeding, months 7.43±2.88 8.22±2.74 -4.303 0.17
Benign breast disease
    No 276 59.23 383 81.49 
    Yes 190 40.77 87 18.51 9.03 0.003
First-degree relative with cancer
    No 386 82.83 441 93.83 
    Yes 80 17.17 29 6.17 27.50 <0.001
Intake of folic acid, μg/d 192.35±44.22 222.06±46.32 -10.034 0.21

7 min; for MTRR rs1801394, 94°C for 4 min; 
35 cycles at 94°C for 45 s, 60°C for 35 s, 72°C 
for 45 s; final extension at 72°C for 7 min. The 
primers used for amplification of the MTHFR 
rs1801133, MTR 1805087 and MTRR rs18- 
01394 gene polymorphisms were shown in 
Table 1. The 50 μL PCR reaction mixture con-
tained 5 μL 10× PCR buffer solution, 4 μL dNTP 
(2.5 mM), 2 μL forward and reverse primers (10 
mM), 2.5 U TaqDNA polymerase, 2 μL DNA tem-

plate, and hydrogen peroxide. Amplification 
success of samples was monitored on 2% aga-
rose gel by Gel electrophoresis.

Statistical analysis 

The categorical variables were showed as fre-
quencies and percentages of total number. 
Pearson’s chi-squared and Fisher’s exact tests 
were adopted to analyze the inter-group differ-
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Table 3. Genotype distributions of MTHFR rs1801133, MTR 1805087 and MTRR rs1801394
Genotypes Patients Controls χ2 value P value χ2 for HWE in controls P value
MTHFR rs1801133
    CC 235 50.43 274 58.30 
    CT 172 36.91 168 35.74 
    TT 59 12.66 28 5.96 14.06 0.001 0.11 0.739
MTR 1805087
    AA 362 77.68 358 76.17 
    AG 73 15.67 79 16.81 
    GG 31 6.65 33 7.02 0.30 0.859 59.50 <0.001
MTRR rs1801394
    AA 259 55.58 251 53.40 
    AG 160 34.33 189 40.21 
    GG 47 10.09 30 6.38 6.27 0.043 0.50 0.480

ences. Whether the genotype frequencies  
of MTHFR rs1801133, MTR 1805087 and 
MTRR rs1801394 were departure from Hardy-
Weinberg equilibrium (HWE) was analyzed by 
chi-square test. The association between 
MTHFR rs1801133, MTR 1805087 and MTRR 
rs1801394 and risk of breast cancer was ana-
lyzed using the method of multiple logistic 
regression analysis. Results were expressed 
using odds ratios (ORs) and 95% confidence 
intervals (CIs). The wild-type genotype of MTHFR 
rs1801133, MTR 1805087 and MTRR 
rs1801394 was considered as reference gro- 
up. Chi-square or student t tests analysis were 
taken to analyze the interaction between 
MTHFR rs1801133, MTR 1805087 and MTRR 
rs1801394 polymorphisms and environmental 
factors in the risk of breast cancer. All the  
analysis was adopted using SPSS version17.0  
for Windows (SPSS, Inc., Chicago, IL, USA), and 
P value less than 0.05 was considered as sig-
nificant difference.

Results

The social demographic variables of included 
patients and controls were shown in Table 2. 
According to chi-squared and student t analy-
sis, we observed that patients were more likely 
to have less physical activity (χ2=9.33, P= 
0.009) and higher BMI (t=2.55, P=0.023), be 
premenopausal status (χ2=3.95, P=0.047), 
have a habit of passive smoking from husband 
(χ2=9.03, P=0.003) and a history of benign 
breast disease (χ2=9.03, P=0.003) as well as  
a history of first-degree relative with cancer 
(χ2=27.50, P<0.001). 

The genotype distributions of MTHFR rs1- 
801133, MTR 1805087 and MTRR rs1801394 
are list in Table 3. The genotypic distributions 
of CC, CT and TT in the MTHFR rs180113 
(χ2=14.06, P=0.001) and AA, AG and GG in 
MTRR rs1801394 (χ2=6.27, P=0.043) showed 
significant different between patients with 
breast cancer and controls. However, no signifi-
cant difference was observed in the genotypic 
distributions of MTR 1805087. The MTHFR 
rs1801133 (χ2=0.11, P=0.739) and MTRR 
rs1801394 (χ2=0.50, P=0.480) were in line 
with the Hardy-Weinberg equilibrium (HWE), 
while MTR 1805087 (χ2=59.50, P<0.001) was 
not.

By logistic regression analysis, we observed 
that the CT (adjusted OR=2.67, 95% CI=1.60-
4.45) and TT (adjusted OR=2.67, 95% CI=1.60-
4.45) genotypes of MTHFR rs1801133 were 
significantly associated with higher risk of 
breast cancer, compared with the CC genotype 
(Table 4). In addition, the CT+TT of MTHFR 
rs1801133 was significantly associated with 
risk of breast cancer in comparison to the CC 
genotype (adjusted OR=1.43, 95% CI=1.09-
1.88). The CC genotype of MTRR rs1801394 
showed higher association with increased risk 
of breast cancer as compared with the AA gen-
otype (adjusted OR=1.96, 95% CI=1.14-3.37). 
However, MTR 1805087 polymorphism was 
not seemed to affect the breast cancer risk.

We observed a significant interaction between 
MTRR rs1801394 polymorphism and physical 
activity (χ2=6.39, P=0.041), and a significant 
interaction between intake of folic acid and 
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Table 4. Association between MTHFR rs1801133, MTR 1805087 and MTRR rs1801394 genetic 
polymorphisms and risk of breast cancer
Genotypes Patients % Controls % OR (95% CI) P value Adjusted OR (95% CI)1 P value
MTHFR rs1801133

    CC 235 50.43 274 58.30 1.0 (Ref.) 1.0 (Ref.)

    CT 172 36.91 168 35.74 2.06 (1.25-3.39) 0.004 2.17 (1.28-3.67) 0.004

    TT 59 12.66 28 5.96 2.46 (1.52-3.98) <0.001 2.67 (1.60-4.45) <0.001

    CT+TT 231 49.57 196 41.70 1.37 (1.06-1.78) 0.016 1.43 (1.09-1.88) 0.011

MTR 1805087

    AA 362 77.68 358 76.17 1.0 (Ref.) 1.0 (Ref.)

    AG 73 15.67 79 16.81 0.93 (0.56-1.55) 0.778 1.10 (0.64-1.90) 0.737

    GG 31 6.65 33 7.02 1.02 (0.57-1.82) 0.956 1.17 (0.63-2.20) 0.618

    AG+GG 104 22.32 112 23.83 0.92 (0.68-1.25) 0.583 1.02 (0.74-1.40) 0.922

MTRR rs1801394

    AA 259 55.58 251 53.40 1.0 (Ref.) 1.0 (Ref.)

    AG 160 34.33 189 40.21 1.52 (0.93-2.48) 0.095 1.62 (0.96-2.74) 0.072

    GG 47 10.09 30 6.38 1.85 (1.12-3.06) 0.017 1.96 (1.14-3.37) 0.015

    AG+GG 207 44.42 219 46.60 1.09 (0.84-1.41) 0.504 1.08 (0.82-1.43) 0.57
1Adjusted for age, physical activity, menopausal, passive smoking, BMI, benign breast disease and first-degree relative with cancer.

Table 5. Interaction between MTHFR rs1801133 and MTRR rs1801394 and environmental factors in 
the risk of breast cancer

Variables
MTHFR rs1801133 t or χ2 

value
P 

value
MTRR rs1801394 t or χ2 

value
P 

valueCC % CT+TT % AA % AG+GG %
Physical activity

    Never 330 64.83 260 60.89 304 59.61 286 67.14 

    Seldom 88 17.29 85 19.91 99 19.41 74 17.37 

    Often 91 17.88 82 19.20 1.65 0.437 107 20.98 66 15.49 6.39 0.041

Menopausal

    Premenopausal 344 67.58 280 65.57 339 66.47 285 66.90 

    Postmenopausal 165 32.42 147 34.43 0.42 0.516 171 33.53 141 33.10 0.02 0.889

Passive smoking

    No 282 55.40 218 51.05 268 52.55 232 54.46 

    Yes 227 44.60 209 48.95 1.77 0.184 242 47.45 194 45.54 0.34 0.559

BMI

    <24 277 54.42 250 58.55 291 57.06 236 55.40 

    ≥24 232 45.58 177 41.45 1.61 0.205 219 42.94 190 44.60 0.26 0.610

Benign breast disease

    No 361 70.92 298 69.79 360 70.59 299 70.19 

    Yes 148 29.08 129 30.21 0.14 0.705 150 29.41 127 29.81 0.02 0.894

First-degree relative with cancer

    No 447 87.82 380 88.99 448 87.84 379 88.97 

    Yes 62 12.18 47 11.01 0.31 0.577 62 12.16 47 11.03 0.29 0.593

Intake of folic acid, μg/d 214.07±245.16 203.53±48.49 23.44 0.001 212.09±44.70 205.87±49.41 2.02 0.044

MTHFR rs1801133 (t=23.44, P=0.001) and 
MTRR rs1801394 (t=2.02, P=0.044) polymor-
phisms (Table 5).

Discussion

In the present study, we performed a case- 
control study to examine the association of 
MTHFR rs1801133, MTR 1805087 and MTRR 

rs1801394 with susceptibility to breast can- 
cer. In our study, we observed that the MTHFR 
rs1801133 and MTRR rs1801394 polymor-
phisms were associated with risk of breast can-
cer in this Chinese population.

In our study, we observed that those carrying 
the inactive T allele of MTHFR rs1801133 were 
associated with higher risk of breast cancer 
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when compared with the active genotype (CC 
genotype). MTHFR is an essential enzyme for 
maintenance of folate hemostasis and homo-
cysteine (Hcy) in the blood [15, 16]. Alteration 
of the C to T allele in the non-synonymous 
rs1801133 due to an original mutation chang-
es alanine to valine at amino acid 222 in the 
N-terminal catalytic domain of the MTHFR pro-
tein, leading to a more thermolabile enzyme 
with a lower enzymatic activity which reduces 
5-methyltetrahyrofolate and plasma folate lev-
els, but increases the 5,10-methylenetetrahy-
drofolate and plasma Hcy levels [17]. Folate 
plays a key role in nucleotide synthesis of meth-
ylation. Decreased of enzyme activity under-
goes diminished folate deficiency and aberrant 
DNA methylation, and is associated with devel-
opment of cancer [18]. Prevalence of the T 
allele varies amongst the geographical popula-
tions of them Chinese has the highest ratio of 
this allele [19]. This variety has been highly 
influenced by the environmental factors such 
as migration, sexual reproduction, and natural 
selection together with the epigenetic mecha-
nism [20, 21]. Therefore, MTHFR rs1801133 
polymorphism is suggested as a specific sus-
ceptibility marker of breast cancer.

We observed that the GG genotype of MTRR 
rs1801394 genetic polymorphism exposed sig-
nificantly associated with risk of breast cancer 
when compared with the AA genotype. The 
rs1801394 of MTRR is the replacement of A for 
G at nucleotide 66, and this mutation causes 
the substitution of isoleucine by methionine. 
This genetic mutation is lied on the putative  
flavin mononucleotide-binding domain of the 
MTRR enzyme, and it has correlation with MTR 
[11]. Therefore, the broken of binding MTRR to 
the MTR-cobalamin-complex could reduce the 
process of homocysteine remethylation [22]. 
Our study reported that the GG genotype was 
associated with risk of breast cancer. Previous 
studies have reported similar results [23, 24]. 
Wu et al. conducted a study with 96 breast  
cancer patients and 85 controls, and reported 
that the MTRR rs1801394 was positively cor-
related with risk of breast cancer [24]. However, 
several studies did not find significant associa-
tion between MTRR rs1801394 and risk of 
developing breast cancer [25, 26]. Therefore, 
further sufficiently larger studies are suggested 
to examine our findings. Moreover, our study 
found the MTHFR rs1801133 and MTRR 
rs1801394 polymorphisms were associated 

with the level of folic acid. Several previous 
studies have indicated that MTHFR rs1801133 
and MTRR rs1801394 polymorphisms have 
interaction with the serum folate concentration 
[27-29].

Two limitations of the present study should be 
acknowledged. First, the breast cancer patients 
and control subjects were selected from only 
one hospital, and they may not be sufficiently 
representative of other populations. Second, 
our study had limited statistical power due to a 
small sample size. Therefore, further large-
scale studies are needed to confirm our results.

In summary, the results of our study indicate 
that the MTHFR rs1801133 and MTRR 
rs1801394 polymorphisms are potential risk 
factors for the development of breast cancer in 
the Chinese population, suggesting that these 
polymorphisms could contribute to the risk of 
breast cancer.

Acknowledgements

We thank for the support from Yuncheng 
Central Hospital and The Second Affiliated 
Hospital of Dalian Medical University.

Disclosure of conflict of interest

None.

Address correspondence to: Zhaofeng Niu, Depart- 
ment of Galactophore, Yuncheng Central Hos- 
pital, No. 173 West Hongqi Sreet, Yuncheng 044- 
000, Shanxi Province, China. E-mail:niuzhaofeng6@ 
163.com

References

[1]	 Wilson C. Reproductive hormones in breast 
cancer bone metastasis: the role of inhibins. J 
Bone Oncol 2016; 5: 139-142.

[2]	 Gilkes DM. Implications of hypoxia in breast 
cancer metastasis to bone. Int J Mol Sci 2016; 
17.

[3]	 Gonzalez-Zuloeta Ladd AM, Arias Vasquez A, 
Sayed-Tabatabaei FA, Coebergh JW, Hofman  
A, Njajou O, Stricker B and van Duijn C. 
Angiotensin-converting enzyme gene inser-
tion/deletion polymorphism and breast cancer 
risk. Cancer Epidemiol Biomarkers Prev 2005; 
14: 2143-2146.

[4]	 Ueland PM, Hustad S, Schneede J, Refsum H 
and Vollset SE. Biological and clinical implica-

mailto:niuzhaofeng6@163.com
mailto:niuzhaofeng6@163.com


MTHFR, MTRR and MTR and risk of breast cancer

7065	 Int J Clin Exp Pathol 2017;10(6):7059-7066

tions of the MTHFR C677T polymorphism. 
Trends Pharmacol Sci 2001; 22: 195-201.

[5]	 Das PM and Singal R. DNA methylation and 
cancer. J Clin Oncol 2004; 22: 4632-4642.

[6]	 Grarup N, Sulem P, Sandholt CH, Thorleifsson 
G, Ahluwalia TS, Steinthorsdottir V, Bjarnason 
H, Gudbjartsson DF, Magnusson OT, Sparso T, 
Albrechtsen A, Kong A, Masson G, Tian G, Cao 
H, Nie C, Kristiansen K, Husemoen LL, Thuesen 
B, Li Y, Nielsen R, Linneberg A, Olafsson I, 
Eyjolfsson GI, Jorgensen T, Wang J, Hansen T, 
Thorsteinsdottir U, Stefansson K and Pedersen 
O. Genetic architecture of vitamin B12 and fo-
late levels uncovered applying deeply se-
quenced large datasets. PLoS Genet 2013; 9: 
e1003530.

[7]	 Prasad VV and Wilkhoo H. Association of the 
functional polymorphism C677T in the methy-
lenetetrahydrofolate reductase gene with 
colorectal, thyroid, breast, ovarian, and cervi-
cal cancers. Onkologie 2011; 34: 422-426.

[8]	 Pooja S, Carlus J, Sekhar D, Francis A, Gupta 
N, Konwar R, Kumar S, Thangaraj K and 
Rajender S. MTHFR 677C>T polymorphism 
and the risk of breast cancer: evidence from 
an original study and pooled data for 28031 
cases and 31880 controls. PLoS One 2015; 
10: e0120654.

[9]	 Martínez-Frías ML, Pérez B, Desviat LR, Castro 
M, Leal F, Rodríguez L, Mansilla E, Martínez-
Fernández ML, Bermejo E, Rodríguez-Pinilla E, 
Prieto D, Ugarte M; ECEMC Working Group. 
Maternal polymorphisms 677C-T and 1298A-C 
of MTHFR, and 66A-G MTRR genes: is there 
any relationship between polymorphisms of 
the folate pathway, maternal homocysteine 
levels, and the risk for having a child with 
Down syndrome? Am J Med Genet A 2006;  
40: 987-997.

[10]	 Biselli JM, Goloni-Bertollo EM, Haddad R, 
Eberlin MN and Pavarino-Bertelli EC. The MTR 
A2756G polymorphism is associated with an 
increase of plasma homocysteine concentra-
tion in Brazilian individuals with Down syn-
drome. Braz J Med Biol Res 2008; 41: 34-40.

[11]	 Leclerc D, Wilson A, Dumas R, Gafuik C, Song 
D, Watkins D, Heng HH, Rommens JM, Scherer 
SW, Rosenblatt DS and Gravel RA. Cloning and 
mapping of a cDNA for methionine synthase 
reductase, a flavoprotein defective in patients 
with homocystinuria. Proc Natl Acad Sci U S A 
1998; 95: 3059-3064.

[12]	 Wilson CP, McNulty H, Scott JM, Strain JJ and 
Ward M. Postgraduate symposium: the MTHFR 
C677T polymorphism, B-vitamins and blood 
pressure. Proc Nutr Soc 2010; 69: 156-165.

[13]	 Cancer AjcCAjco. American joint committee 
Chicago American joint committee on cancer 
1992 manual for staging of cancer. Phi- 
ladelphia 1992.

[14]	 Sambrook J, Frisch EF, Maniatis T. Molecular 
cloning; a labortory manual. New York: Cold 
Sping Harbor Labortory Press; 1989.

[15]	 Bailey LB. Folate, methyl-related nutrients, al-
cohol, and the MTHFR 677C-->T polymorphism 
affect cancer risk: intake recommendations. J 
Nutr 2003; 133 Suppl 1: 3748S-3753S.

[16]	 Frosst P, Blom HJ, Milos R, Goyette P, Sheppard 
CA, Matthews RG, Boers GJ, den Heijer M, 
Kluijtmans LA, van den Heuvel LP and et al. A 
candidate genetic risk factor for vascular dis-
ease: a common mutation in methylenetetra-
hydrofolate reductase. Nat Genet 1995; 10: 
111-113.

[17]	 Duthie SJ, Narayanan S, Brand GM, Pirie L and 
Grant G. Impact of folate deficiency on DNA 
stability. J Nutr 2002; 132 Suppl: 2444S 
-2449S.

[18]	 Friso S, Choi SW, Girelli D, Mason JB, Dol- 
nikowski GG, Bagley PJ, Olivieri O, Jacques PF, 
Rosenberg IH, Corrocher R and Selhub J. A 
common mutation in the 5,10-methylenetetra-
hydrofolate reductase gene affects genomic 
DNA methylation through an interaction with 
folate status. Proc Natl Acad Sci U S A 2002; 
99: 5606-5611.

[19]	 Haerian BS and Haerian MS. Evaluation of  
association studies and meta-analyses of 
MTHFR gene polymorphisms in colorectal can-
cer. Pharmacogenomics 2015; 16: 413-425.

[20]	 Sabeti PC, Schaffner SF, Fry B, Lohmueller J, 
Varilly P, Shamovsky O, Palma A, Mikkelsen TS, 
Altshuler D and Lander ES. Positive natural  
selection in the human lineage. Science  
2006; 312: 1614-1620.

[21]	 Grossman SR, Andersen KG, Shlyakhter I, 
Tabrizi S, Winnicki S, Yen A, Park DJ, Griesemer 
D, Karlsson EK, Wong SH, Cabili M, Adegbola 
RA, Bamezai RN, Hill AV, Vannberg FO, Rinn JL, 
Lander ES, Schaffner SF and Sabeti PC. 
Identifying recent adaptations in large-scale 
genomic data. Cell 2013; 152: 703-713.

[22]	 Olteanu H, Munson T and Banerjee R. 
Differences in the efficiency of reductive acti-
vation of methionine synthase and exogenous 
electron acceptors between the common  
polymorphic variants of human methionine 
synthase reductase. Biochemistry 2002; 41: 
13378-13385.

[23]	 Song MA, Brasky TM, Marian C, Weng DY, 
Taslim C, Llanos AA, Dumitrescu RG, Liu Z, 
Mason JB, Spear SL, Kallakury BV, Freu- 
denheim JL and Shields PG. Genetic variation 
in one-carbon metabolism in relation to ge-
nome-wide DNA methylation in breast tissue 
from heathy women. Carcinogenesis 2016; 
[Epub ahead of print].

[24]	 Wu X, Zou T, Cao N, Ni J, Xu W, Zhou T and 
Wang X. Plasma homocysteine levels and ge-
netic polymorphisms in folate metablism are 



MTHFR, MTRR and MTR and risk of breast cancer

7066	 Int J Clin Exp Pathol 2017;10(6):7059-7066

associated with breast cancer risk in chinese 
women. Hered Cancer Clin Pract 2014; 12: 2.

[25]	 Lajin B, Alhaj Sakur A, Ghabreau L and 
Alachkar A. Association of polymorphisms in 
one-carbon metabolizing genes with breast 
cancer risk in Syrian women. Tumour Biol 
2012; 33: 1133-1139.

[26]	 Weiner AS, Boyarskikh UA, Voronina EN, 
Selezneva IA, Sinkina TV, Lazarev AF, Petrova 
VD and Filipenko ML. Polymorphisms in the 
folate-metabolizing genes MTR, MTRR, and 
CBS and breast cancer risk. Cancer Epidemiol 
2012; 36: e95-e100.

[27]	 Barbosa PR, Stabler SP, Machado AL, Braga 
RC, Hirata RD, Hirata MH, Sampaio-Neto LF, 
Allen RH, Guerra-Shinohara EM. Association 
between decreased vitamin levels and MTHFR, 
MTR and MTRR gene polymorphisms as  
determinants for elevated total homocysteine 
concentrations in pregnant women. Eur J Clin 
Nutr 2008; 62: 1010-21.

[28]	 Safarinejad MR, Shafiei N and Safarinejad S. 
Methylenetetrahydrofolate reductase (MTHFR) 
gene C677T, A1298C and G1793A polymor-
phisms: association with risk for clear cell re-
nal cell carcinoma and tumour behaviour in 
men. Clin Oncol (R Coll Radiol) 2012; 24: 269-
281.

[29]	 van der Put NM, Gabreels F, Stevens EM, 
Smeitink JA, Trijbels FJ, Eskes TK, van den 
Heuvel LP and Blom HJ. A second common 
mutation in the methylenetetrahydrofolate  
reductase gene: an additional risk factor for 
neural-tube defects? Am J Hum Genet 1998; 
62: 1044-1051.


