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ABSTRACT. Folate metabolism is essential for DNA synthesis and 
repair. Alterations in genes that participate in folate metabolism can be 
associated with several types of malignant neoplasms, including thyroid 
and breast cancer. In the present case-control study, we examined the 
association between methylenetetrahydrofolate reductase (MTHFR 
C677T, rs1801133) and methionine synthase (MTR A2756G, rs1805087) 
polymorphisms and risk for thyroid and breast cancer. Polymerase chain 
reaction-restriction fragment length technique was used to determine 
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the specific genotypes in the genes of interest. Statistical analysis was 
performed by multiple logistic regression test. We found an association 
between MTHFR C677T polymorphism and risks to both thyroid (OR 
= 2.50; 95%CI = 1.15-5.46; P = 0.02) and breast cancer (OR = 2.53; 
95%CI = 1.08-5.93; P = 0.03). Tobacco consumption and high body mass 
index were also associated with thyroid cancer. In addition, increased age 
(≥50 years) and alcohol consumption were found to be associated with 
breast cancer. Our results indicated that MTHFR C677T is significantly 
associated with thyroid and breast cancer risks. Thus, these factors may 
be used as potential prognostic markers for thyroid and breast cancers.
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INTRODUCTION

Thyroid and breast cancers predominantly affect women. Thyroid cancer is the most 
common malignancy of the endocrine system. It is estimated that there are approximately 
300,000 new cases of thyroid cancer worldwide. Of these, 230,000 are females. The estimate 
for Breast cancer is approximately 57,120 new cases, 56.09 cases per 100,000 women, 
representing 25% of total cancers diagnosed in women (INCA, 2014). The number of cases for 
these cancers has been steadily increasing. Breast Cancer ranks as the second most common 
cause of death by cancer in women (INCA 2014). Multiple risk factors such as hormones, family 
history of cancer, tobacco and alcohol consumption, obesity, poor diet in folic acid, and genetic 
variations all contribute to the development of thyroid and breast cancer (Gong et al., 2015). 
Studies examining single nucleotide polymorphisms (SNPs) in folate metabolism have been 
performed in several cancer types, however, the currently available literature is inconsistent 
and contradictory, suggesting that further studies are required in this field of research (Zhong et 
al., 2013; Yang et al., 2014). In thyroid cancer research, the folate pathways are poorly studied 
(Fard-Esfahani et al., 2011; Ozdemir et al., 2012). Low folate levels cause genomic instability 
through DNA synthesis, methylation, and alterations to repair mechanisms. Consequently, low 
folate levels can induce carcinogenesis (Alshatwi, 2010; Yang et al., 2013; Taflin et al., 2014). 
Several enzymes, including methylenetetrahydrofolate reductase (MTHFR) and methionine 
synthase (MTR) regulate this metabolism (Yin et al., 2004; Taflin et al., 2014). The MTHFR 
enzyme, encoded by the MTHFR gene, is responsible for catalyzing the irreversible reaction 
of 5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate, which is involved in DNA 
methylation, an important factor gene expression regulation. Alterations in DNA methylation 
due to polymorphisms in the MTHFR gene may be associated with cancer development (Yin 
et al., 2004; Alshatwi, 2010; Jiang-hua et al., 2014). The MTR enzyme is encoded by the MTR 
gene, and is responsible for catalyzing homocysteine remethylation to form methionine using 
the cofactor vitamin B12. Polymorphisms in this gene increase homocysteine in the plasma, 
resulting in changes to the folate pathway, and can induce carcinogenesis (Weiner et al., 2012; 
Jiang-hua et al., 2014). According to several studies, MTHFR C677T and MTR A2756G 
polymorphisms are able to change folate metabolism, which is important for DNA synthesis 
and methylation, as well as genomic stability (Yin et al., 2004; Alshatwi, 2010; Weiner et al., 
2012; Jiang-hua et al., 2014). The aim of the present study was to investigate the associations 
between MTHFR C677T and MTR A2756G polymorphisms involved in folate metabolism 
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and thyroid and breast cancers. We also wanted to determine the interaction between these 
polymorphisms and other risk factors (age, alcohol consumption, tobacco, and body mass 
index [BMI]) in the disease.

MATERIAL AND METHODS

Subjects

A total of 344 women were evaluated in this case-control study; 200 patients (100 
thyroid cancer and 100 breast cancer) and 144 healthy women without history of cancer were 
recruited between January 2013 and January 2015.

Patients with thyroid and breast cancer were admitted to Hospital de Base. The 
hospital is located in the city of São José do Rio Preto, São Paulo State, Brazil. The physicians 
responsible made the definitive diagnoses by examining the results from imaging studies, 
histopathological analysis, and biopsies. Patients with other neoplasms were excluded from the 
case group. The control group was comprised of healthy women. Women were excluded from 
the study if they had a family history of cancer. All individuals signed the written informed 
consent form prior to participation in the study. This study was approved by the Faculdade de 
Medicina de São José do Rio Preto (FAMERP) Research Ethics Committee (Thyroid cancer 
REC approval: 20187413.8.0000.5415; Breast Cancer REC approval: 04069612.1.0000.5415).

Sample calculation was performed according the reports of Ozdemir et al. (2012) and 
Diakite et al. (2012). This study is the first to evaluate polymorphisms in folate metabolism 
with regard to thyroid cancer development in the Brazilian population.

Genotyping

Peripheral blood samples were collected from all the subjects using EDTA 
(ethylenediamine tetraacetic acid)-containing tubes. Genomic DNA was extracted by methods 
described by Miller et al. (1988) with modifications. The MTHFR C677T (rs1801133) 
and MTR A2756G (rs1805087) polymorphisms were determined by PCR-RFLP using the 
following primers: MTHFR C677T, sense 5'-TGA AGG AGA AGG TGT CTG CGG GA-
3', anti-sense 5'-AGG ACG GTG CGG TGA GAG TG-3'; MTR A2756G, sense 5'-CCA 
GGG TGC CAG GTA TAC AG-3', anti-sense 5'-GCC TTT TAC ACT CCT CAA AAC-3'. 
Genotyping of MTHFR C677T polymorphism was accomplished by the restriction enzyme 
HinfI. The resulting fragments were: 198 bp (C allele), 175, and 23 bp (T allele). The MTR 
A2756G polymorphism was genotyped using the restriction enzyme HaeIII. The resulting 
fragments were 413, 85 bp (A allele), 290, 123, and 85 bp (G allele) (Galbiatti et al., 2010; 
Rodrigues et al., 2010). Genotyping confirmation was carried out randomly in 10% of samples 
from each group, and we observed 100% concordance.

Statistical analysis

The Hardy-Weinberg equilibrium was evaluated by chi-square tests using the BioEstat 
5.4 software. Multiple regression logistic test was performed by the Minitab/Version 14.0 
software, adjusting for age (thyroid cancer-reference <49 years and breast cancer-reference <50 
years), alcohol consumption (reference: no alcohol consumption), tobacco smoking (reference: 
non-smoking), BMI (reference <24.9), MTHFR C677T genotype (reference: genotype CC-CT), 
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and MTR A2756G genotype (reference: genotype AA-AG). In this study, we defined smokers 
as those who smoked >100 cigarettes in their lifetime, and drinkers as those who has at least 
4 drinks per week. One drink is equivalent to 30 mL liquor, 102 mL wine, and 340 mL beer 
(Carpenter et al., 1998; Kjaerheim et al., 1998; Ahrendt et al., 2000). Subjects with BMI ≥ 25.0 
were considered overweight (Naushad et al., 2011; James et al., 2015).

The SNPstats online computer program was used to analyze the polymorphisms’ 
effect in the following models: 1) codominant (heterozygous vs homozygous wild type and 
polymorphic homozygous vs homozygous wild type), 2) dominant (heterozygous more 
polymorphic homozygous vs homozygous wild type), 3) recessive (polymorphic homozygous 
vs homozygous wild type more heterozygous), 4) overdominant (wild homozygous vs 
heterozygous more polymorphic homozygote), and 5) additive (weight polymorphic 
homozygote vs heterozygote 2 more homozygous wild-type).

SNPstat online computer program was used to investigate the interaction between 
MTHFR C677T and MTR A2756G polymorphisms, as well as the relationship between alcohol 
consumption, tobacco smoking, and BMI and the risk of thyroid and breast cancer. The results 
of both analyses were presented in odds ratio (OR) with 95% confidence interval (CI - 95%), 
and a P value of < 0.05 was considered to be significant.

RESULTS

Tables 1 and 2 show the association between MTHFR C677T and MTR A2756G 
polymorphisms and the risk of thyroid and breast cancer according to heritage models. The 
677TT genotype was associated with increased risk for both thyroid cancer (OR = 2.50; 
95%CI = 1.15-5.46; P = 0.02) and breast cancer (OR = 2.53; 95%CI = 1.08-5.93; P = 0.03) 
development. We observed no associations in other models. No statistical significance was 
observed between MTR A2756G polymorphism and the risk of thyroid and breast cancers.

Table 1. Association between MTHFR C677T and MTR A2756G polymorphisms and thyroid cancer.

OR = odds ratio; adjusted for age, alcohol and smoking consumption, BMI (Body-mass index) and polymorphisms; 
HWE = Hardy-Weinberg equilibrium; *P value statistically significant.

SNP Model Genotype Cases [N (%)] Controls [N (%)] OR (95%CI) P value 
MTHFR C677T 
 

Codominant C/C 
C/T 
T/T 

Allele C 
Allele T 

HWE test 

40 (40) 
41 (41) 
19 (19) 

121 (60.5) 
79 (39.5) 
P = 0.15 

66 (45.83) 
65 (45.13) 
13 (9.04) 
197 (68.4) 
91 (31.6) 
P = 0.59 

1.00 (ref) 
1.10 (0.62-1.96) 
2.63 (1.14-6.04) 

0.06 

Dominant C/C 
C/T-T/T 

40 (40) 
60 (60) 

66 (45.83) 
78 (54.17) 

1.0 (ref) 
1.36 (0.79-2.33) 

0.26 

Recessive C/C-C/T 
T/T 

81 (81) 
19 (19) 

131 (90.96) 
13 (9.04) 

1.0 (ref) 
2.50 (1.15-5.46) 

0.02* 
 

Overdominant C/C-T/T 
C/T 

59 (59) 
41 (41) 

79 (54.9) 
65 (45.1) 

1.0 (ref) 
0.87 (0.51-1.49) 

0.62 

Additive - - - 1.47 (1.00-2.16) 0.05 
MTR A2756G 
 

Codominant A/A 
A/G 
G/G 

Allele A 
Allele G 

HWE test 

63 (63) 
28 (28) 

9 (9) 
154 (77) 
46 (23) 
P = 0.03 

88 (61.11) 
50 (34.72) 
6 (4.17) 

226 (78.4) 
62 (21.6) 
P = 0.73 

1.00 (ref) 
0.82 (0.46-1.47) 
1.82 (0.60-5.50) 

0.39 

Dominant A/A 
A/G-G/G 

63 (63) 
37 (37) 

88 (61.11) 
56 (38.89) 

1.00 (ref) 
0.94 (0.55-1.62) 

0.83 
 

Recessive A/A-A/G 
G/G 

91 (91) 
9 (9) 

138 (95.83) 
6 (4.17) 

1.0 (ref) 
1.93 (0.65-5.76) 

0.23 
 

Overdominant A/A-G/G 
A/G 

72 (72) 
28 (28) 

95 (66) 
49 (34) 

1.0 (ref) 
0.78 (0.44-1.38) 

0.40 
 

Additive - - - 1.07 (0.70-1.64) 0.76 
 



5Genetic polymorphisms and risk thyroid and breast cancer

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 15 (2): gmr.15028222

Hardy-Weinberg equilibrium for thyroid cancer and controls individuals showed 
that genotype frequencies were in equilibrium within the case (χ2 = 2.02, P = 0.15) and 
control groups (χ2 = 0.28, P = 0.59) for MTHFR C677T polymorphism. For MTR A2756G 
polymorphism, equilibrium was only observed in the control group (χ2 = 0.11, P = 0.73); 
the thyroid cancer group presented disequilibrium (χ2 = 4.38, P = 0.03) (Table 1). In 
Breast cancer patients and controls individuals, both polymorphisms were in equilibrium 
(MTHFR C677T case group: χ2 = 0.006, P = 0.93 and control group: χ2 = 0.28, P = 0.59; 
MTR A2756G case group: χ2 = 1.56, P = 0.21 and control group: χ2 = 0.11, P = 0.73) 
(Table 2).

Multiple logistic regression showed that tobacco consumption (OR = 1.82; 95%CI 
= 1.02-3.25; P = 0.04) and BMI (OR = 1.81; 95%CI = 1.00-3.25; P = 0.04) were risk 
factors for thyroid cancer development. On the other hand, patients 49 years and older, 
as well as alcohol drinking, were found to be unrelated to development of thyroid cancer. 
Individuals over 50 years of age (OR = 3.14; 95%CI = 1.79-5.51; P < 0.001) and those that 
consume alcohol (OR = 1.87; 95%CI = 1.05-3.34; P = 0.03) were more frequently found 
in breast cancer as compared to the control group. There was no association between 
tobacco use and BMI and breast cancer development (Table 3).

Tables 4 and 5 show interaction analysis between MTHFR C677T and MTR A2756G 
polymorphisms and the variables studied (alcohol consumption, tobacco consumption, 
and BMI) with regard to risks for thyroid and breast cancers. There was no interaction 
between the variables in both types of cancers (P value ≥ 0.05).

Table 2. Association between MTHFR C677T and MTR A2756G polymorphisms and breast cancer.

OR = odds ratio; adjusted for age, alcohol and smoking consumption, BMI (Body-mass index) and polymorphisms; 
HWE = Hardy-Weinberg equilibrium; *P values statistically significant.

SNP Model Genotype Cases [N (%)] Controls [N (%)] OR (95%CI) P value 
MTHFR C677T 
 

Codominant C/C 
C/T 
T/T 

Allele C 
Allele T 

HWE test 

35 (35) 
48 (48) 
17 (17) 

118 (59) 
82 (41) 
P = 0.93 

66 (45.83) 
65 (45.13) 
13 (9.04) 
197 (68.4) 
91 (31.6) 
P = 0.59 

1.00 (ref) 
1.09 (0.59-2.03) 
2.65 (1.07-6.58) 

0.09 

Dominant C/C 
C/T-T/T 

35 (35) 
65 (65) 

66 (45.83) 
78 (54.17) 

1.00 (ref) 
1.33 (0.75-2.37) 

0.33 

Recessive C/C-C/T 
T/T 

83 (83) 
17 (17) 

131 (90.96) 
13 (9.04) 

1.00 (ref) 
2.53 (1.08-5.93) 

0.03* 
 

Overdominant C/C-T/T 
C/T 

52 (52) 
48 (48) 

79 (54.9) 
65 (45.1) 

1.0 (ref) 
0.86 (0.49-1.53) 

0.61 
 

Additive - - - 1.46 (0.96-2.23) 0.07 
MTR A2756G 
 

Codominant AA 
AG 
GG 

Allele A 
Allele G 

HWE test 

68 (68) 
31 (31) 
1 (1) 

167 (83.5) 
33 (16.5) 
P = 0.21 

88 (61.11) 
50 (34.72) 
6 (4.17) 

226 (78.4) 
62 (21.6) 
P = 0.73 

1.00 (ref) 
1.01 (0.55-1.85) 
0.24 (0.03-2.17) 

0.35 

Dominant A/A 
A/G-G/G 

68 (68) 
32 (32) 

 

88 (61.11) 
56 (38.89) 

1.00 (ref) 
0.91 (0.51-1.65) 

0.77 
 

Recessive A/A-A/G 
G/G 

99 (99) 
01 (01) 

138 (95.83) 
6 (4.17) 

1.0 (ref) 
0.24 (0.03-2.15) 

0.15 
 

Overdominant A/A-G/G 
A/G 

69 (69) 
31 (31) 

94 (65.3) 
50 (34.7) 

1.0 (ref) 
1.06 (0.58-1.94) 

0.84 
 

Additive - - - 0.83 (0.50-1.40) 0.49 
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OR = odds ratio; adjusted for age, alcohol and smoking consumption, BMI (Body-mass index) and polymorphisms 
in the recessive model; *P value statistically significant.

Table 3. Risk factors and odds ratio (OR) for thyroid and breast cancer.

Cancer Variable Patients (N = 100) [N (%)] Controls (N = 144) [N (%)] OR (95%CI) P value 
Thyroid cancer Age (years) 1.00 (ref) 

1.43 (0.84-2.45) 
0.19 

<49 44 (44) 77 (53.48) 
49 56 (56) 67 (46.52) 
Alcohol consumption 1.00 (ref) 

0.53 (0.28-1.02) 
0.06 

No 81 (81) 103 (71.58) 
Yes 19 (19) 41 (28.42) 
Tobacco consumption 1.00 (ref) 

1.82 (1.02-3.25) 
0.04* 

No 62 (62) 106 (73.62) 
Yes 38 (38) 38 (26.38) 
BMI   1.00 (ref) 

1.81 (1.00-3.25) 
0.04* 

<25.0 26 (26) 54 (37.5) 
25.0 74 (74) 90 (62.5) 

Breast cancer Age (years) 1.00 (ref) 
3.14 (1.79-5.51) 

<0.001* 
<50 32 (32) 84 (58.34) 
50 68 (68) 60 (41.66) 
Alcohol consumption 1.00 (ref) 

1.87 (1.05-3.34) 
0.03* 

No 54 (54) 103 (71.58) 
Yes 46 (46) 41 (28.42) 
Tobacco consumption 1.00 (ref) 

1.28 (0.70-2.35) 
0.42 

No 64 (64) 106 (73.62) 
Yes 36 (36) 38 (26.38) 
BMI 1.00 (ref) 

1.31 (0.73-2.33) 
0.36 

 <25.0 31 (31) 54 (37.5) 
25.0 69 (69) 90 (62.5) 

 

Table 4. Interaction between MTHFR C677T and MTR A2756G polymorphisms and alcohol and tobacco 
consumption and BMI on the risk of thyroid cancer.

OR = odds ratio; adjusted for age, alcohol consumption tobacco consumption and Body-mass index. *P value 
statistically significant.

 MTHFR C677T MTR A2756G 
CC/CT TT AA/AG GG 

Alcohol consumption N (%) N (%) N (%) N (%) 
No     
Case 65 (65) 15 (15) 73 (73) 07 (07) 
Control 93 (64.6) 10 (6.9) 98 (68) 05 (3.5) 
OR (95%CI) 1.00 2.50 (1.03-6.04) 1.00 1.64 (0.49-5.51) 
Yes     
Case 16 (16) 04 (04) 18 (18) 02 (02) 
Control 38 (26.4) 03 (2.1) 40 (27.8) 01 (0.7) 
OR (95%CI) 0.56 (0.28-1.12) 1.71 (0.36-8.17) 0.56 (0.29-1.07) 2.32 (0.20-26.98) 
P interaction 0.84 0.50 
Tobacco consumption     
No     
Case 47 (47) 15 (15) 56 (56) 06 (06) 
Control 95 (65.9) 11 (7.6) 104 (72.2) 02 (1.4) 
OR (95%CI) 1.00 2.64 (1.11-6.26) 1.00 5.52 (1.06-28.73) 
Yes     
Case 34 (34) 04 (04) 35 (35) 03 (03) 
Control 36 (25) 02 (1.4) 34 (23.6) 04 (2.8) 
OR (95%CI) 1.94 (1.06-3.53) 4.83 (0.83-28.20) 2.02 (1.11-3.65) 1.30 (0.28-6.08) 
P interaction 0.96 0.06 
Body-mass index     
< 25 kg/m2     
Case 21 (21) 05 (05) 24 (24) 02 (02) 
Control 49 (34) 05 (3.5) 52 (36.1) 02 (1.4) 
OR (95%CI) 1.00 2.48 (0.64-9.66) 1.00 1.60 (0.21-12.45) 
 25 kg/m2     
Case 60 (60) 14 (14) 67 (67) 07 (07) 
Control 82 (56.9) 08 (5.6) 86 (59.7) 04 (2.8) 
OR (95%CI) 1.67 (0.90-3.11) 4.46 (1.60-12.42) 1.65 (0.92-2.97) 3.56 (0.93-13.71) 
P interaction 0.93 0.81 
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DISCUSSION

In the present study, we evaluated the association between MTHFR C677T and MTR 
A2756G polymorphism and thyroid and breast cancers. We also investigated the interactions 
between polymorphisms and possible risk factors for the referred disorders. We found an 
association between the MTHFR C677T polymorphism variant genotype (TT) and increased 
risk to both cancers. In addition, tobacco consumption and BMI were also associated with 
thyroid cancer development. Old age (≥50 years) and alcohol consumption were observed to 
be positively associated with breast cancer development.

Furthermore, in our study, we have not observed the Hardy Weinberg equilibrium 
in the thyroid cancer group. This is due to random selection samples, models used, and 
complexity of disease that involved both biological and genetic features (Wittke-Thompson 
et al., 2005). Some polymorphism in the folate pathway alters enzyme activities. It interfere 
in DNA methylation, in the synthesis of purines and pyrimidine, as well as in the genomic 
instability, induces higher susceptibility to cancer development (Carvalho Barbosa et al., 2012; 
Weiner et al., 2012). The MTHFR gene reduces enzymatic activity by limiting the conversion 
of 5,10 methylenetetrahydrofolate to 5-MTHFR, which is the only form of folate required for 
DNA methylation reaction. This reduction is important as it leads to cancer susceptibility. 

Table 5. Interaction between MTHFR C677T and MTR A2756G polymorphisms and alcohol and tobacco 
consumption and BMI on the risk of breast cancer.

OR = odds ratio; adjusted for age, alcohol consumption tobacco consumption and Body-mass index. *P value 
statistically significant.

 MTHFR C677T MTR A2756G 
CC/CT TT AA/AG GG 

Alcohol consumption     
No     
Case 48 (48) 06 (06) 54 (54) 00 (00) 
Control 93 (64.6) 10 (6.9) 98 (68) 05 (3.5) 
OR (95%CI) 1.00 1.28 (0.39-4.16) 1.00 0.00 
Yes     
Case 35 (35) 11 (11) 45 (45) 01 (01) 
Control 38 (26.4) 03 (2.1) 40 (27.8) 01 (0.7) 
OR (95%CI) 1.74 (0.91-3.31) 11.06 (2.73-44.75) 2.09 (1.15-3.80) 1.97 (0.12-32.76) 
P interaction 0.08 0.15 
Tobacco consumption     
No     
Case 55 (55) 09 (09) 63 (63) 01 (01) 
Control 95 (65.9) 11 (7.6) 104 (72.2) 02 (1.4) 
OR (95%CI) 1.00 1.56 (0.54-4.45) 1.00 1.24 (0.09-16.46) 
Yes     
Case 28 (28) 08 (08) 36 (36) 00 (00) 
Control 36 (25) 02 (1.4) 34 (23.6) 04 (2.8) 
OR (95%CI) 1.13 (0.58-2.21) 8.57 (1.62-45.39) 1.57 (0.85-2.93) 0.00 
P interaction 0.11 0.09 
Body-mass index     
<25 kg/m2     
Case 24 (24) 07 (07) 31 (31) 00 (00) 
Control 49 (34) 05 (3.5) 52 (36.1) 02 (1.4) 
OR (95%CI) 1.00 3.44 (0.89-13.26) 1.00 0.00 
25 kg/m2     
Case 59 (59) 10 (10) 68 (68) 01 (01) 
Control 82 (56.9) 08 (5.6) 86 (59.7) 04 (2.8) 
OR (95%CI) 1.41 (0.74-2.66) 2.64 (0.86-8.17) 1.23 (0.68-2.21) 0.44 (0.04-4.45) 
P interaction 0.49 0.39 
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DNA hypomethylation is associated with several types of cancers, and occurs as a result of 
a decrease in the concentration of 5-MTHFR (Yin et al., 2004; Alshatwi, 2010; Akilzhanova 
et al., 2013). The association of the recessive model (genotype 677TT) MTHFR gene with 
increased risk for thyroid and breast cancers was observed in the present study (OR = 2.50; 
95%CI = 1.15-5.46; P = 0.02) and (OR = 2.53; 95%CI = 1.08-5.93; P = 0.03), respectively. A 
study by Ozdemir et al., 2012 involving 60 cases and 50 controls found an increased risk for 
thyroid cancer by 2.33-fold in individuals with the homozygous recessive genotype (677TT). A 
similar risk (2.08-fold) for the same genotype was also reported by Fard-Esfahani et al. (2011) 
in a study involving 154 cases and 198 controls. Both studies included men and women. In 
a breast cancer case-control study conducted in Chinese women, an increased risk for cancer 
development was found in those carrying the 677TT genotype (He et al., 2014; Jiang-hua et 
al., 2014; Weiwei et al., 2014). These results were all in agreement with our present findings.

The genotype 677CT+TT and 677CT showed an increased risk for breast cancer by 
1.2-fold and 1.3-fold in Kazakhstan’s population, respectively (Akilzhanova et al., 2013). 
Another study in a Moroccan population conducted by Diakite et al. (2012) involving 96 
women found an association between at least one polymorphic allele and breast cancer 
increased risk, contrary to our findings. In our study, we found no statistically significant 
differences between 677CT+TT and 677CT genotypes in both types of cancers studied. Our 
results were similar to other studies addressing thyroid and breast cancers (Kotsopoulos 
et al., 2008; Kweon et al., 2014). For the MTR A2756G polymorphism, ours results have 
shown no association between this SNP and thyroid and breast cancers, which agreed with 
the results from 4 case-control breast cancer studies (Naushad et al., 2011; He et al., 2014; 
Jiang-hua et al., 2014; Weiwei et al., 2014). Meta-analyses by Zhong et al. (2013) and Weiner 
et al. (2012) also found no association between MTR A2756G polymorphism and breast 
cancer development. However, a Brazilian case-control study performed in the Northeast 
region and a study that evaluated the Iranian population found an association of at least one 
polymorphic allele (2756G) in breast cancer (Carvalho Barbosa et al., 2012; Hosseini, 2013). 
This polymorphism is associated with a reduction in the MTR enzyme, leading to elevated 
homocysteine level and DNA hypomethylation (Hosseini, 2013). Studies on polymorphisms 
and cancer risk presented controversial results due to several factors such as a measurement 
sample, ethnicity and population studied, hormones, and environmental factors such as folate 
intake (Diakite et al., 2012; Gong et al., 2015).

Many studies have shown the importance of smoking habit in cancer development 
(Galbiatti et al., 2010; Rodrigues et al., 2010). The association between tobacco consumption 
and thyroid cancer was also found in this study (OR = 1.82; 95%CI = 1.02-3.25, P = 0.04). 
This was in agreement with a meta-analysis consisting of 25 case-controls studies and six 
cohort studies, which showed that tobacco consumption is a predictive factor to several thyroid 
malignancies (Cho and Kim, 2014). Another factor described in literature as a predictor for 
development of several types of cancers is obesity. This was found to be associated with 
thyroid cancer in our study (OR = 1.81; 95%CI = 1.00-3.25, P = 0.04). Some studies have 
also confirmed an association between obesity and increased risk for thyroid cancer. Obesity 
may influence tumor size and extrathyroidal invasion, and may increase aggressiveness and 
metastasis of cancer (Kim et al., 2015; Ma et al., 2015). In agreement with our study, Guignard 
et al. (2007) found no evidence between alcohol consumption and thyroid cancer risk in New 
Caledonia (Oceania) population.

In this study, we found that women aged 50 years and above were at risk for breast 
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cancer development. Increased age has been strongly related to postmenopausal period in 
accordance with literatures (Sangrajrang et al., 2010; He et al., 2014). Alcohol consumption 
was found to be a predictor factor for breast cancer development in women (OR = 1.87; 
95%CI = 1.05-3.34; P = 0.03). This association was also confirmed in two case-control studies 
carried out in China (P = 0.002) (Jiang-hua et al., 2014) and Malmo (South of Sweden) (P 
= 0.001) (Ericson et al., 2009). The intake of alcoholic beverages causes poor absorption of 
B-complex vitamins, modifies folate metabolism, induces oxidative injury, and damages DNA 
(Sellers et al., 2001). Similar to our results, tobacco consumption and BMI was found to be 
unassociated with breast cancer in other studies as well (Ericson et al., 2009; Sangrajrang et 
al., 2010; Gong et al., 2015). One limiting factor in our study was the relatively small sample 
size, as the implementation period was relatively short. Nevertheless, results from our study, in 
combination with others studies, should provide a comprehensive understanding between the 
folate pathway and both breast and thyroid cancer. It is noteworthy to emphasize the fact there 
is very little literature reporting on the association between folate pathway and thyroid cancer.

Our case-control study showed that women presented with the MTHFR 677TT genotype 
has an increased risk for thyroid and breast cancers. Additionally, tobacco consumption and 
obesity are associated with thyroid cancer development. Alcohol consumption was found to 
be associated with breast cancer development in women greater than 50 years of age. Further 
investigations on gene-gene interactions between folate metabolism and cancer development 
need to be carried out in other populations to gain greater understandings of the effect of 
genetic polymorphisms on risk of breast and thyroid cancers.
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