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ABSTRACT. The methylenetetrahydrofolate reductase (MTHFR)
gene plays an important role in the steps involved in the processing
of amino acids. The analysis of polymorphisms in the MTHFR
gene has revealed associations with cancer; in particular the C677T
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polymorphism, which has been suggested to affect folate metabolism,
DNA methylation, synthesis, and repair, and to contribute to tumor
promotion in the mammary gland. We examined the role of the C677T
polymorphism in the MTHFR gene by comparing the C677T genotypes
of 339 healthy Mexican women with those of 497 Mexican women
with breast cancer (BC). The genotype frequencies observed in the
controls and patients with BC were 10 and 21% for 677TT; 41 and 36%
for 677CT; and 49 and 43% for 677CC, respectively. The odds ratio
(OR) for the 677TT genotype was 2.5, with a 95% confidence interval
(95%CI) of 1.6-3.8; P = 0.0001. The positive association was also
evident when the distributions of the 677TT genotype in control and
patients affected within the following two categories were compared to
alcohol consumption (OR = 0.41; 95%CI = 0.19-0.86; P = 0.018); and
high level glutamate-oxaloacetate transaminase (SGOT) (OR = 0.36;
95%CI = 0.15-0.83, P = 0.017). These results suggest that the 677TT
genotype of the C677T polymorphism in the MTHFR gene is associated
with BC susceptibility in the Mexican population.

Key words: MTHFR; C677T polymorphism; Breast cancer;
Mexican population

INTRODUCTION

Breast cancer (BC) is one of the most common diseases in developing countries and
around the world (Abdulrahman and Rahman, 2012; Siegel et al., 2012). The incidence rates
of cancer vary across ethnic groups (Miller et al., 2010; Abdulrahman and Rahman, 2012).
In many countries, particularity in Mexico, the incidence of BC has increased within the last
seven years, and it is now one of the main causes of death for working age women (Chavarri et
al., 2012). The state of Jalisco exhibits one of the highest mortalities associated with BC, with
only 10% of all cases of BC detected at stage I (Knaul et al., 2009; Gomez Flores et al., 2013;
Ramirez et al., 2013; Gallegos et al., 2014). BC is considered a multifactorial disease result-
ing from a combination of abnormal gene interactions and environmental factors (Gallegos et
al., 2009; Gomez Flores et al., 2013; Ramirez et al., 2013; Gallegos et al., 2014). Therefore,
elucidating genetic variants associated with BC among different ethnic groups could contrib-
ute to a better overall understanding of cancer progression as well as chemotherapy response.

The relationship between plasma folate levels, uracil content, and DNA damage in
dividing cells renders methylenetetrahydrofolate reductase (MTHFR) a suitable candidate for
studies of cancer susceptibility including in BC (Gallegos et al., 2009). The MTHFR gene, lo-
cated on chromosome 1p36.3, is comprised of eleven exons and ten introns (OMIM 607093).
MTHFR encodes the 5,10-methyl-tetrahydrofolate enzyme, which catalyzes the conversion of
5,10-methyl-THF to 5-methyl-THF. This enzyme has an important regulatory function in fo-
late metabolism, where it directs the folate pool to remethylate homocysteine at the expense of
DNA and RNA synthesis (Gallegos et al., 2009). Several polymorphisms have been reported
in the MTHFR gene, one of which, C677T (pAla222Val) in exon 4, encodes a thermolabile
variant of the protein that reduces its global activity (Gallegos et al., 2009). It has been reported
that he MTHFR C677T variant results in a thermo labile protein with enzymatic activity that
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is decreased by 35% in the heterozygote state (CT genotype) and by 70% in the homozygote
state (TT genotype). People with the thermolabile form of the enzyme have increased levels
of homocysteine in their blood (Zetterberg et al., 2002). These functional results, therefore,
suggest that the presence of 677TT genotype may lead to decompensation of intracellular fo-
late distribution, and could promote the retention of folate needed for purine and pyrimidine
synthesis. Evidence of an association between the C677T polymorphism and an increased risk
of developing malignancies (including BC) has been reported (Isotalo and Donnelly, 2000; Pa-
pandreou et al., 2012; Weiwei et al., 2014; Liang et al., 2014). Papandreou et al. (2012) found
a high frequency of the “T” allele in patients with BC patients in a Greek population. Weiwei
et al. (2014) observed a significant interaction between the MTHFR C667T polymorphism
and folate intake on the risk of BC (P = 0.025), and Liang et al. (2014) found that the MTHFR
C677T polymorphism was significantly associated with BC risk in the Chinese population.

It has also been observed that the frequency of the C677T polymorphic variant varies
between diverse ethnic groups. In Dutch and Canadian populations, the frequencies were 8.5
and 12%, respectively; other reported frequencies include 10% in Caucasians; and 20% in
Italians (Kluijtmans et al., 1997; Isotalo and Donnelly, 2000; Gallegos et al., 2009). Several re-
ports studying the general Mexican population have described high frequencies of the C677T
variant, ranging from 19.7 to 34% depending upon the area of Mexico investigated (Davalos
et al., 2000; Esfahani et al., 2003; Gueant et al., 2006; Gallegos et al., 2008, 2009). However,
there are no descriptions of an association of the MTHFR C677T polymorphism in Mexican
women with BC.

MATERIAL AND METHODS
Patient and sample information

DNA was extracted from peripheral blood lymphocytes isolated from blood samples
collected from 339 healthy women recruited as volunteer blood donors using standard proto-
cols (Miller et al., 1988). These volunteers were not matched by age with the patient group.
Blood samples were also collected from 497 patients with a clinical and histological diagnosis
of BC from June 2010 to April 2014. All of the individuals included in this study were resi-
dents of the metropolitan area of Guadalajara. All samples were obtained after a written in-
formed consent form was signed, which was previously approved by ethical committees 1231
and 1305 of the Western Biomedical Research Center, Mexican Institute of Social Security,
Guadalajara, Jalisco, Mexico.

This study was conducted respecting the national and international ethical standards.
Efforts were made to ensure that siblings of individuals who had already been sampled were
excluded. Clinical and demographical data were obtained using written questionnaires. All of
the patients were also interviewed to determine their occupational exposure and as well as use
of pharmacological therapies. The BC patient database and their DNA samples had previously
been examined for other polymorphisms (Gémez Flores et al., 2013; Ramirez et al., 2013;
Gallegos et al., 2013).

MTHFR C677T polymorphism genotyping

Amplification of the MTHFR C677T polymorphism was performed via the poly-
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merase chain reaction (PCR) using the following primers: 5'-CCT TGA ACA GGT GGA GGC
C-3" and 5'-CAA AGA AAA GCT GCG TGA TGA T-3' (Gallegos et al., 2008, 2009). PCR
amplifications were performed in 15 pL total volume containing 0.2 mM dNTPs (Invitrogen,
Carlsbad, CA, USA), 5 pM primers, 1.5 mM MgCI2, 1.5 U Taq polymerase (Invitrogen),
and 50 ng genomic DNA. The PCR conditions were as follows: 94°C (4 min), followed by
35 cycles at 94°C (1 min), 55°C (1 min) and 72°C (1 min), with a final extension at 72°C (7
min). The 158-bp long amplicon was digested with the Hinfl restriction enzyme (Promega,
Madison, WI, USA) at 37°C for 12 h. Allele discrimination was performed using 8% poly-
acrylamide gel (19:1) electrophoresis, followed by silver staining (Sanguinetti et al., 1994).
Reduction of the amplicon to 130- and 28-bp fragments indicated a polymorphic variant-type
genotype (677TT), whereas a single undigested fragment of 158 bp indicated the wild-type
genotype (677CC).

Statistical analysis

Allele frequencies were obtained by direct counting. Hardy-Weinberg equilibrium
was tested using a goodness-of-fit chi square test to compare the observed genotype frequen-
cies to those expected among control subjects. Odds ratios and 95% confidence intervals (Cls)
were also calculated. A two-sided P < 0.05 was considered to be statistically significant. All
statistical analyses were performed using the PASW Statistic Base 18 software, 2009 (SPSS,
Chicago, IL, USA).

RESULTS

The comparative epidemiological data from patients with BC and control individuals are
shown in Table 1. The average ages were 53.26 and 33.64 years in the patient and control groups,
respectively. Menarche presented at a mean age of 12.71 years in the patients and at 12.25 years
in the controls. Oral contraceptive use (OR =5.5; 95%CI = 3.2-9.5; P < 0.0001), abortion (OR =
2.1,95%CI = 1.1-4.0; P =0.013), breastfeeding <6 months (OR = 0.04; 95%CI = 0.004-0.31; P
= 0.002), menopause (OR = 16; 95%CI = 9.9-26.3; P < 0.0001), and positive familial history of
BC, diabetes mellitus-arterial hypertension (DM-AH), and DM-AH-Cancer in first and second
degree relatives of patients (P = 0.0001) were observed to be risk factors. Conversely, alcohol
consumption was a protective factor (OR = 0.38; 95%CI = 0.21-0.69, P =0.001).

Table 2 provides the general clinical characteristics of the patient group. We observed
that 27% of the patients exhibited DM-AH; 19% presented with breast fibrosis-miomatosis-
hysterectomy; 47% were Luminal A positive; 89% displayed ductal histology; and 62% ex-
hibited stage III-IV tumors. Additionally, approximately 19% of the patients presented with
high levels of glutamate oxaloacetate transaminase (SGOT), and more than 20% showed high
levels of alkaline phosphatase (ALP) and glucose.

Table 3 summarizes the results of the multivariate logistic regression analysis, where
the BC group was classified as presenting with tumor stages I-1I or III-IV as the dependent
variable. An obesity grade of II (OR = 2.3; 95%CI = 1.2-4.2; P = 0.008), metastatic nodules
(OR =1.9; 95%CI = 1.2-3.1; P =0.002), metastases (OR = 7.0; 95%CI =4.2-11.7; P = 0.000),
and tobacco consumption (OR =2.0; 95%CI =1.1-3.4, P=0.010) were found to be risk factors
associated with stage I11-VI tumors.
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Table 1. Demographic data for the study group.

BC patients (N =497) Controls (N =339) OR (95%CI)* P value
Age (years)
Means (SD) 53.26 (11.65) 33.64 (10.9) <0.0001
Menarche (years)
Means (SD) 12.71 (1.6) 12.25 (1.3) <0.0001
N) % N) %
Menarche (range)
- (35) 7 (15) 4
11-13 (318) 64 (262) 77
14-18 (144) 29 (62) 19
Oral contraceptive use
Yes (208) 42 (48) 14 5.5(3.2-9.5) <0.0001
No (289) 58 (291) 86
Abortion
Yes (141) 28 (34) 9 2.1(1.1-4.0) 0.013
No (356) 72 (305) 91
Breastfeeding
<6 months (56) 11 (130) 38 0.04 (0.004-0.31) 0.002
>6 months (252) 51 (48) 14
No (189) 38 (161) 48
Menopause
Postmenopausal (329) 66 (45) 13 16 (9.9-26.3) <0.0001
Premenopausal (168) 34 (294) 87
Tobacco consumption
Yes (132) 27 (74) 22 NS
No (365) 73 (265) 78
Alcohol consumption
Yes (76) 15 (75) 28 0.38 (0.21-0.69) 0.001
No (421) 85 (264) 72
Familial history (FH)
No (174) 35 (267) 79
BC (59) 12 ®) 2 13.4 (4.8-37.2) 0.0001
DM-AH (134) 27 (37) 11 4.3(2.3-8.1) 0.0001
DM-AH-Cancer** (130) 26 (27) 8 5.3(2.7-10.2) 0.0001

SD (standard deviation), NS (no significant difference), *OR (odds ratio) from the adjusted regression analysis,
**positive familial history of cancer and leukemia in first and second degree relatives of patients.

The genotype and allele frequencies of the MTHFR gene C677T polymorphism
were different in the control and patient groups (Table 4). The polymorphic variant genotype
(677TT) was observed in 21% (103/497) of patients and in 10% (32/339) of controls (OR
=2.5;95%CI = 1.6-3.8, P =0.0001). The genotype distribution in the control group was in
Hardy-Weinberg equilibrium. All of the samples were analyzed, and all of the participants’
genotypes (for 339 controls and 497 BC patients) were obtained.

Table 5 shows that the 677TT genotype was associated with alcohol consumption
(OR = 0.41; 95%CI = 0.199-0.86; P = 0.018) and high level SGOT (OR = 0.36; 95%CI =
0.15-0.83; P=0.017), and the variables listed in Tables 1 and 2 were found to be protective
factors.

In addition, we observed that the 677TT variant genotype served as a protec-
tive factor in the chemotherapy response of BC patients who were positive for alcohol
consumption, high level SGOT (OR = 0.29; 95%CI = 0.10-0.8; P = 0.016), and triple
negative classification [defined by lack of expression of estrogen receptor (ER) and of
progesterone receptor (PR) and lack of amplification or overexpression of human epider-
mal growth factor receptor 2 (HER2)] (OR = 0.49; 95%CI = 0.20-0.9; P = 0.043) (data
not shown).
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Table 2. Clinical data from patients with BC.

N % N) %

Personal medical history Chemotherapy type
No (255) 51 FEC (385) 77
DM-AH (134) 27 Other (92) 19
Breast, fibrosis, miomatosis (94) 19 No chemotherapy (20) 4
Depression, pregnancy, asthma (14) 3 Laboratory test

Body Mass Index (BMI)* Hemoglobin (g/dL)
18.5-24.9 (normal) (94) 19 <11 95) 19
>25-29.9 (overweight) (179) 36 11-16.4 (402) 81
>30-34.9 (obesity I) (132) 27 Hematocrit (%)
>35->40 (obesity II- IV) 92) 18 <37 (94) 19

Tumor localization 37-47 (403) 81
Unilateral (474) 95 Platelets (mm?)

Bilateral (23) 5 <150,000 (18) 4

Diagnostic time 150,000-450,000 (341) 69
1-4 years (367) 74 >450,000 (138) 27
5-9 years (107) 22 Leukocytes (mm?)

10-15 years (23) 4 <150,000 (53) 11

Tumor markers 150,000-500,000 (444) 89
Luminal A (236) 47 SGOT (uI/L)

Luminal B (87) 18 >35 93) 19
Her2/neu (58) 12 0-35 (404) 81
Basal (116) 23 SGPT (uI/L)

Histology >45 (52) 10
Ductal (438) 89 5-45 (446) 90
Lobular (53) 10 LDH (ul/L)

Mixed (6) 1 >333 (75) 15

Tumor stage 105-333 (422) 85
I-1I (191) 38 ALP (uI/L)

I-1v (306) 62 >45 (107) 22

Lymph node status 5-45 (390) 76
Yes (355) 71 GGT (nI/L)

No (144) 20 >45 (123) 15

Metastasis 5-45 (374) 75
Yes (174) 35 Glucose (ul/L)

No (323) 65 >106 (142) 29

Chemotherapy response 74-106 (355) 71
Yes (317) 64
No (180) 36

FEC = 5-Fluorouracil, epirubicin, cyclophosphamide; others = paclitaxel, docetaxel, herceptin. Glutamate-
oxaloacetate transaminase (SGOT), glutamic pyruvic transaminase (SGPT), lactate dehydrogenase (LDH),
alkaline phosphatase (ALP), gamma glutamyltransferase (GGT), *according to OMS classifications (World Health
Organization, 2004).

Table 3. Binary logistic regression analysis of the patient group.

B SD Wald df P OR 95%CI
Lower limit Upper limit
Obesity grade IT 0.837 0.316 7.013 1 0.008 2.309 1.243 4.288
Lymph node status 0.692 0.226 9.401 1 0.002 1.998 1.284 3.111
Metastasis 1.956 0.260 56.559 1 0.000 7.070 4.247 11.771
Tobacco consumption 0.696 0.270 6.633 1 0.010 2.005 1.181 3.404
Constant -0.702 0.215 10.638 1 0.001 0.496

Variables included in the analysis: dependent: BC classified by tumor status as stage I-II or III-1V; independent:
personal medical history, menarche ranging from 7-10 years, 11-13 years, or 14-18 years; menopause, pregnancies,
breastfeeding, oral contraceptive use, tobacco and alcohol consumption, a BMI of 18.5-24.9, >25-29.9, >30-34.9,
or (obesity grade II-1V) >35->40, lymph node status, metastasis, response to chemotherapy, laboratory tests (HB,
HTO, platelets, leukocytes, urea, SGOT, SGPT, LDH, ALP, GGT, and glucose).
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Table 4. Genotype and allelic distribution of the C677T polymorphism of the MTHFR gene in healthy controls
and BC patients.

Patients (497) Controls (339)* Patients vs Controls
N) % N) % OR 95%CI P value

Genotypes**

Cc/C (216) 43 (167) 49 1

C/T (178) 36 (140) 41 1.46 0.108

T/T (103) 21 32) 10 8.1 2.5(1.6-3.8) 0.0001

C/C and T/T (281) 57 (172) 51 1.7 1.14-2.6 0.098
Alleles

C (610) 0.6136 (474) 0.6991 0.68 0.55-0.84 0.0003

T (384) 0.3864 (204) 0.3009 1.46 1.18-1.80 0.0003

*Hardy-Weinberg equilibrium in controls (chi-square test = 0.114; P = 0.7352); **marker informativity of 0.59
assessed within a range of 0-1: markers with a score greater than 0.7 were considered highly informative, whereas
markers with a value of 0.44 were considered moderately informative (Knaul et al., 2009; Gomez Flores et al., 2013).

Table 5. Associations of the 67777 genotype of the C677T polymorphism of the MTHFR gene with more than
one variable among the general characteristics of the BC patients.

B SD Wald df P OR 95%CI
Low Upper
Alcohol consumption -0.883 0.374 5.580 1 0.018 0.414 0.199 0.860
SGOT -1.020 0.429 5.653 1 0.017 0.361 0.156 0.836
Constant -1.119 0.126 78.975 1 0.000 0.327

Variables included in the analysis: dependent: BC patients classified by W/ins-Ins/Ins genotype; independent:
personal medical history, menarche ranging from 7-10 years, 11-13 years, or 14-18 years; menopause, pregnancies,
breastfeeding, oral contraceptive use, tobacco and alcohol consumption, HF, HF type: BC, DM, AH, DM-AH-cancer,
a BMI of 18.5-24.9,>25-29.9, >30-34.9, or >35->40, lymph node status, metastasis, response to chemotherapy, and
laboratory tests (HB, HTO, platelets, leukocytes, urea, SGOT, SGPT, LDH, ALP, GGT, and glucose).

DISCUSSION

BC is a multifactorial disease with a complex etiology and is considered to constitute
a major public health problem in industrialized countries. In Mexico, the incidence of BC has
increased over the last decade, and it is currently one of the leading causes of death in working
age women (Knaul et al., 2009; Miller et al., 2010; Chavarri et al., 2012; Gémez Flores et al.,
2013; Ramirez et al., 2013; Gallegos et al., 2014). These facts are consistent with the observa-
tions made in the current study, in which the average age of BC patients was 53.26 (£ 11.6)
years. Oral contraceptive use, abortion, menopause, and family history of cancer were found
to be risk factors. In addition, breastfeeding and alcohol consumption served as protective
factors; these associations are consistent with those observed previously in multiple studies
(Martin and Weber, 2000; Naieni et al., 2007; Knaul et al., 2009; Miller et al., 2010; Maccio
and Madeddu, 2011; Abdulrahman and Rahman, 2012; Chavarri et al., 2012; Gémez Flores et
al., 2013; Ramirez et al., 2013; Gallegos et al., 2014).

Furthermore, when the groups were stratified by tumor stage (stages I-1I or III-IV),
followed by comparison with the clinical and biochemical characteristics of BC; obesity grade
II, metastasis to the lymph nodes, metastasis, and tobacco consumption emerged as risk fac-
tors. In this context, these factors have been previously associated with BC (Davoodi et al.,
2013; Greer et al., 2014; Nyante et al., 2014). In fact, there are several theories that attempt
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to explain the association of obesity with BC, which involve the roles of leptin, insulin, adi-
pocytes, and other molecules that mediate the inflammatory process, peripheral circulating
estrogens, and metabolic syndrome; these may in turn activate molecular processes that are
mitogenic in breast epithelial cells and thereby stimulate neoplasia (Gomez Flores et al., 2013;
Ramirez et al., 2013; Gallegos et al., 2014).

The genetic regulation of folate metabolism in cancer has been the focus of many
investigations, as this has been thought to influence carcinogenesis via DNA hypomethylation
of key regulatory genes, as well as through the misincorporation of uracil into DNA leading
to double-strand breaks and chromosomal aberrations (Kamdar et al., 2011; Gallegos et al.,
2013). The presence of certain polymorphisms in genes involved in folate metabolism, such
as MTHFR, might cause deficiencies in enzyme activity leading to inadequate folate metabo-
lism and hypomethylation of DNA, which may trigger neoplastic processes (Sharp and Little,
2004; Kamdar et al., 2011; Gallegos et al., 2013). Association studies have been performed to
identify genetic variants associated with BC susceptibility, including in the MTHFR enzyme,
which plays an important role in DNA methylation and the provision of nucleotides for DNA
synthesis. The MTHFR C677T and A1298C polymorphisms, the variants of which produce a
decreased catalytic activity of MTHFR and subsequent increased availability of 5,10-MeTHF
and SAM, have been extensively studied in relation to BC (Hosseini et al., 2011; Papandreou
etal., 2012; Liang et al., 2014; Weiwei et al., 2014). However, findings from these studies have
been inconsistent (Akram et al., 2012).

The allele frequencies of the C677T polymorphism in our control group were similar
to those previously reported in Mexico (Davalos et al., 2000; Esfahani et al., 2003; Gueant et
al., 2006; Gallegos et al., 2008, 2009). However, little is known about the association of this
polymorphism with BC. In this study, the genotypic frequency of the homozygous MTHFR
677TT polymorphism variant was 10% in controls, and 21% in patients with BC with associ-
ated risk factor. Papandreou et al. (2012) detected an association for the C677T polymorphism
with BC after adjustment for age (OR = 1.76; 95%CI = 0.92-3.42). Weiwei et al. (2014)
observed that women with the MTHFR 677TT genotype had a significantly increased risk of
BC, with ORs (95%CI) of 1.8 (1.08-2.27). Additionally, folate intake <450 pg/day along with
the MTHFR 667TT genotype was associated with a higher risk of BC (OR = 2.45; 95%CI =
1.09-5.82; P=0.02); similarly, subjects with vitamin B6 intake <0.84 mg/day and the MTHFR
667T allele was correlated with a marginally increased risk of BC. Liang et al. (2014) in a
meta-analysis found that the MTHFR C677T polymorphism was significantly associated with
BC risk in the Chinese population.

In this study, we further observed an inverse association of the 677TT genotype in pa-
tients with moderate alcohol consumption and high levels of SGOT and BC. The relationship
between alcohol consumption and cancer is complex and has been associated with menopaus-
al status, and with folate intake that contributes to or interrupts one-carbon metabolism (Ulrich
et al., 1999). Ulrich et al. (1999) observed that an increased risk for cancer with increasing al-
cohol consumption was observed only among those with the CC genotype (P = 0.005); among
those with the TT genotype, those with moderate alcohol consumption were at lowest risk.
This led to the conclusion that the nutrients involved in the MTHFR metabolic pathway might
modify the relationship between the MTHFR C677T polymorphism and colorectal adenomas.
Bailey (2003) described that a higher folate intake, to potentially reduce an elevated risk for
BC, is associated with alcohol consumption; and observed a significant BC risk reduction of
45% among women who consumed >15 g/day of alcohol with a total folate intake of >600 pg/
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day, (compared with an intake of 150-299 pg/day). The inverse association between plasma
folate and BC risk was highly significant among women consuming >15 g/day of alcohol, in
contrast with that of women consuming <15 g/day. In women who consumed >15 g/day of
alcohol and whose plasma folate was in the highest quintile, the BC risk was significantly
reduced relative to women with the lowest plasma folate concentrations. These findings in-
dicated that moderate quantities of alcohol (1-2 drinks/day) accounted for the risk associated
with alcohol consumption, and that adequate folate status is particularly important for women
at higher risk for BC because of moderate alcohol consumption. Unfortunately, the folate sta-
tus and dietary intake of patients with BC were not analyzed in this study.

We also observed an association of the 677TT genotype as a protective factor in pa-
tients with high levels of SGOT. In this respect, the relation between a high level of SGOT
and BC is complex: elevated SGOT has been associated with several factors, which include
alcohol consumption, metastasis, diabetes, myocardial infarction, diet, and chemotherapy.
Our observation could possibly be explained by the intersection of SGOT activity with many
metabolic pathways, as its substrates are involved in amino acid metabolism, the urea cycle,
and the tricarboxylic acid cycle. Because tumor cells have greater energy requirements than
non-cancerous cells, there is an increased dependence on this shuttle activity. A recent study
on BC reported that inhibitors of SGOT suppressed the proliferation of an invasive BC cell
line, and that ectopic expression of SGOT conferred resistance, indicating that this enzyme
might be a good target for pharmacological intervention (Ugochukwu et al., 2010; Ramirez et
al., 2013). According to this model, the blood enzymes, SGOT and glutamic pyruvic transami-
nase (SGPT), would be able to metabolize glutamate in peripheral blood (Gémez Flores et al.,
2013), leading to a decrease in the level of this amino acid (Campos et al., 2011). SGOT, using
oxaloacetate as co-substrate, is able to convert glutamate into 2-ketoglutarate and aspartate.
SGPT converts glutamate into 2-ketoglutarate and alanine, using pyruvate as co-substrate.
Therefore the properties of these enzymes to metabolize glutamate in blood shows that they
could be used as new neuroprotective tools against excitotoxic neuronal injury after ischemic
stroke (Campos et al., 2011). Consistent with this, Campos et al. (2011) observed an associa-
tion between high blood SGOT and SGPT levels and positive outcome in ischemic stroke
patients. Similarly, Babyshkina et al. (2013) observed a better progression-free survival in pre-
menopausal patients with BC carrying the MTHFR 677TT genotype. In contrast, Shrubsole et
al. (2005) found that carrying the 677T allele was associated with a non-significant increased
risk of death for subjects with late stage disease (stages I1I-IV) (OR = 1.80; 95%CI = 0.79-4.14
for TT vs CC, P = 0.15), particularly among those who had survived past the second year (OR
=2.97;95%CI = 1.10-7.98, P = 0.04). Zhu et al. (2013), however, in a meta-analysis evaluat-
ing the influence of MTHFR polymorphisms on the clinical response to chemotherapy in lung
cancer, observed that the MTHFR 677TT genotype could have a better response to platinum-
based chemotherapy in the recessive model, and concluded that the MTHFR 677TT genotype
might influence the clinical response to platinum-based chemotherapy in advanced non-small
cell lung cancer (NSCLC).

Chemosensitivity of patients with BC differs from person to person, which reflects
limited advances in our understanding of the molecular mechanisms underlying breast carci-
nogenesis and the individual susceptibility to this disease. A growing body of evidence sug-
gests that single nucleotide polymorphisms (SNPs) can help elucidate individual differences
in susceptibility and sensitivity to cytotoxic drugs in BC (Gallegos et al., 2008; Ramirez et al.,
2013; Zhu et al., 2013). Aberrant DNA methylation is recognized as being a common feature
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of human neoplasia, with CpG island hypermethylation and global genomic hypomethylation
occurring simultaneously in tumors. Because it affects the methylation of DNA and tumor sup-
pressor genes, the MTHFR polymorphism could potentially modulate the efficacy of cytotoxic
agents (Gallegos et al., 2008, 2009; Zhu et al., 2013).

We also observed an association of the 677TT genotype as a protective factor in che-
motherapy response in patients with BC who consumed alcohol, and had high level SGOT, and
a triple negative classification. However, there are no studies available addressing the influence
of the 677TT genotype as a protective factor in chemotherapy response in patients with BC.
In respect to this, it has been observed that the MTHFR 677TT genotype also affects tumor
response to fluorouracil (5-FU) and methotrexate (MTX) chemotherapies, in that patients with
the 677TT genotype responded better than did those with other genotypes (Taub et al., 2002;
Alberola et al., 2004). Babyshkina et al. (2013) observed a significant correlation with a better
progression-free survival in premenopausal patients with the MTHFR 677TT genotype.

Folate metabolism can likely influence the chemotherapy response in addition to other
factors, such as a known presence of metastatic nodes, tumor markers, menopause, the time of
diagnosis, tumor stage, and treatment resistance (Sharp and Little, 2004; Knaul et al., 2009; Go6-
mez Flores et al., 2013). This response might be affected by polymorphisms in the MTHFR gene
that could cause a dysregulation of MTHFR activity, producing changes in DNA and subsequent-
ly participating in neoplastic progression. The chemotherapeutic agents 5-FU, capecitabine, and
MTX mainly act as anti-folate agents, resulting in the depletion of metabolically active pools of
tetrahydrofolate cofactors with a suppression of folate-dependent synthesis of DNA, RNA, and
protein; this is considered to be their main mechanism of action. Thus, it is conceivable that al-
terations in reduced folate pools may lead to altered 5-FU, capecitabine, and MTX sensitivities.
The MTHFR C677TT genotype has been shown to reduce folates, which might consequently
produce hyperhomocysteinemia due to folate pool imbalances (Taub et al., 2002).

Our results show that the frequencies of the MTHFR 677TT genotype are significantly
different in controls vs patients with BC. The protective association was also evident in pa-
tients with a positive chemotherapy response who had consumed alcohol and had high SGOT
level and triple negative classifications. The MTHFR 677TT genotype might therefore con-
tribute significantly to BC susceptibility in the analyzed Mexican population sample. Further
studies, however, are required to confirm or reject these observations.
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