
Reports of Biochemistry & Molecular Biology   
Vol.11, No.1, Apr 2022 
 

Original article 

 

 
1: Microbial Biotechnology Department, Genetic Engineering Division, National Research Centre, Cairo, Egypt (12622). 

2: Chemistry Department, Faculty of Science, Helwan University, Cairo, Egypt (11795). 

3: Department of Clinical and Chemical Pathology, National Cancer Institute, Cairo University, Giza, Egypt (12613). 

*Corresponding author: Moataza Hasan Omran; Tel: +20 233370931; E-mail: moataza13@yahoo.com. 

Received: 22 May, 2021; Accepted: 25 Jul, 2021 

www.RBMB.net 

 

Gene-Gene Interaction Study Between Genetic 

Polymorphisms of Folate Metabolism and 

MTR SNPs on Prognostic  

Features Impact for Breast Cancer 
  

Moataza Hassan Omran*1, Basma El-Sayed Fotouh 1,  

Wafaa Ghoneim Shosha2, Abeer Ismail3, Shimaa Shawki Ramadan2 
 

Abstract 

Background: Breast Cancer (BC), the second leading cause of cancer mortality after lung cancer and varied 

across the world due to genetic and environmental factors. In this study, we evaluated the interaction 

between the polymorphisms in genes encoding enzymes of folate metabolism: methylenetetrahydrofolate 

reductase (MTHFR), methionine synthesis reductase (MTR) with the BC prognostic factors. 

Methods: This study was conducted on 160 Egyptian subjects, 60 controls and 100 cases. Sequencing, 

RFLP analysis in addition to statistical analysis including Chi‐squared test, haplotype analysis was used to 

evaluate associations with BC risk and its clinicopathological parameters. Odds ratios (ORs) and 95% 

confidence intervals (CIs) were calculated using unconditional logistic regression. 

Results: Strong significant association with breast cancer risk was observed for the haplotype (T-C-G) of 

MTHFR C677T/ MTHFR A1289C and MTRA2576G and hormonal receptor expression (ER-/PR-

/HER2+), bigger and advanced tumor and metastatic lymph nodes. However, no significant difference was 

observed for age.  

Conclusions: The combination of SNPs from MTHFR and MTR genes has a more synergistically genetic 

effect on BC disease progression. These SNPs could be used as tumor aggressiveness markers among 

Egyptian females with BC and could help in saving money and time. 
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Introduction 
Globally, Breast cancer (BC) is one of the 

main causes of mortality among females (1). In 

Egypt, BC ranks the second most common 

cancer after liver cancer, accounting for 15.4% 

of all cancers (2). In spite of its high 

prevalence, the pathogenesis and the etiology 

of BC are still poorly understood. Although 

obesity, radiation and hormone replacement 

therapy were already identified as prospective 

risk factors of developing BC, other factors 

such as familiar history, genetic factors, age of  

 

 

 

menopause, changes in estrogen level, and 

smoking could be involved (3).  

Epidemiological evidence suggests that 

folate metabolism imbalance may be involved 

in predisposition to cancer. Folate metabolism 

is a series of communicated pathways which is 

essential for nucleic acid, amino acid synthesis 

and DNA repair through folate and methionine 

cycles. Genome-wide association studies 

(GWASs), indicate several genetic variations 

in different genes involved in critical pathways 
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that responsible for diseases onset, mortality, 

and survival rate (4). Genetic polymorphisms 

of folate metabolism enzymes such as 

Methionine synthase reductase (MTRR), and 

5,10‐methylenetetrahydrofolate reductase 

(MTHFR) could result in altered folate level 

(5,6). Furthermore, Methionine synthase 

(MTR), an enzyme-dependent on vitamin B12, 

plays a significant role in the folate–

methylation cycle. These DNA methylation 

reactions are critical for gene expression and 

genome integrity. Failure in folate 

metabolizing genes and the impairment of 

methylation leads to the activation of proto-

oncogenes, down regulation of tumor 

suppressor genes, and chromosomal 

segregation abnormalities during cellular 

division. All these processes are involved in 

carcinogenesis and may be associated with the 

risk of breast cancer (5, 7).  

In this study, our focus is to examine the 

interaction of the Polymorphisms in genes 

encoding enzymes of folate metabolism as 

MTHFR C677T and A1298C with MTR 

A2756G. These enzymes interact through their 

substrates with an imbalance due to the 

combination of their polymorphisms. This can 

be more effective than that of single 

polymorphisms and might help in determining 

the routes of DNA synthesis, repair, or 

methylation. This would help in giving better 

explanation of the relevance of these 

polymorphisms and their association with BC 

and its aggressive clinical effects in a prior 

study among the Egyptian females. This could 

reveal their utility as genetic markers of BC. 

 

Materials and Methods 
Subjects 

This study was executed on 160 Egyptian 

females, 60 controls and 100 cases, who were 

clinically and histologically diagnosed with 

breast cancer at National Cancer Institute, 

Cairo University]. Demographic data, breast 

clinical risk factors and laboratory indexes 

were collected from their medical files 

including age, family history of cancer tumor 

size and stage, metastasis and involvement of 

cancer in lymph nodes. In addition to the 

expression of classical immunohistochemistry 

(IHC) markers estrogen receptor (ER), 

progesterone receptor (PR), human epidermal 

growth factor receptor 2 (Her2 neu). These 

markers were classified into: Luminal A 

(ER+/PR+/HER2-); Luminal B 

(ER+/PR+/HER2-/+); HER2-overexpression 

(ER-/PR-/HER2+). Clinical staging of breast 

cancer patients was carried out according to 

the American Joint Committee on Cancer 

(AJCC). Patients with other malignancy or 

cancer directed treatment (hormonal therapy, 

radiotherapy, or chemotherapy) were excluded 

from the study. Most cases (66%) were 

sporadic and with post-menopausal status 

(60%) with mean age (50.44±11.45).  

Controls included sixty (60) healthy 

volunteers who were blood bank donors with 

mean age (45.00 ± 8.65). All participants were 

genetically unrelated and from the same 

geographical region (Egypt), and they were 

matched to cases with reference to gender, no 

history of malignancy, liver, or renal diseases 

at the time of ascertainment. All patients and 

healthy individuals agreed to participate in the 

study and signed an informed written consent 

form in accordance with the principles of the 

Helsinki II Declaration. This study has 

received the ethical approval no. 16472 by the 

ethical committee of the National Research 

Center, Cairo, Egypt. 

Ethical Information 

All patients and healthy individuals agreed to 

participate in the study and signed an informed 

written consent form in accordance with the 

principles of the Helsinki II Declaration. This 

study has received the ethical approval no. 

16472 by the ethical committee of the National 

Research Center, Cairo, Egypt. 

 

DNA extraction  

Genomic DNA was extracted soon after blood 

sampling, using salting-out extraction 

procedure (8). DNA purity and concentration 

was detected using the NanoDrop1000-

Detector (Nano Drop-Technologies, 

Wilmington, DE). DNA quality was 

determined by 1% agarose gel electrophoresis. 
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Genotyping 

The MTHFR C677T (rs1801133), MTHFR 

A1298C (rs1801131) polymorphisms were 

determined by PCR-RFLP (5). Also, 

Genomic variants of MTR A2756G 

(rs1805087) genotypes were detected by 

RFLP technique through amplification by 

polymerase chain reaction (PCR) using 

sequence specific primers shown in Table 1. 

The Thermal cycling protocol comprised: 

initial denaturation at 95 °C for 5 min, 

followed by 35 cycles of denaturation at 94 

°C for 1 minute, annealing at 60 °C for 1 

minute and 30 s, and extension at 72 °C for 1 

minute followed by final extension at 72 °C 

for 10min. Successfully amplified products of 

211 bp were digested with 10 units of HaeII 

(New England Biolabs) at 37 °C overnight. 

Restricted fragments were resolved on 3% 

agarose gel electrophoresis parallel with a 

DNA size marker (Amersham Pharmacia-

Biotech) were shown in (Fig. 1). 
 

Table 1. Primer sequences of studied genes. 

Gene SNP Primers Product (bp) 

MTR  A2756G (rs1805087) 
 (F): 5'-TGTTCCAGACAGTTAGATGAAAATC-3' 

(R): 5'-GATCCAAAGCCTTTTACACTCCTC-3'. 
211 

MTHFR  

C677T (rs1801133) 
 (F): 5′- TGAAGGAGAAGGTGTCTGCGGGA-3′  

 (R): 5′-AGGACGGTGCGGTGAGAGTG -3′ 
198 

A1289C (rs1801131) 
(F): 5′-AAGGAGGAGCTGCTGAAGATG-3′  

(R): 5′-CTTTGCCATGTCCACAGCATG-3′. 
237 

MTR: Methonine synthase, MTHFR: 5,10 Methylenetetrahydrofolate reductase, SNP: single nucleotide polymorphism.  

 
Fig. 1. Agarose Gel Electrophoresis of Digested MTHFR C677T, MTHFR A1289C & MTR A2756G Amplicons. 

Lanes M: represent 50bp molecular weight marker. 

Lanes 1, 2, 3 represent digested MTHFR A1289C Amplicons: 

Lane1shows no cut 237 bp (AA), lane 2shows homozygous cut 182bp (CC), lane 3 shows heterozygous cut (AC).  

Lanes 4, 5, 6 represent digested MTHFR C677T Amplicons: 

Lane 4shows no cut 198bp (CC), lane 5 shows homozygous cut 175bp (TT), lane 6 shows heterozygous cut (CT).  

Lanes 7, 8, 9 represent digested MTR A2756G Amplicons: 

Lane 7 shows no cut 211 (AA), lane 8 shows homozygous cut (GG), lane 9 shows heterozygous cut (AG).  
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Sequencing Analysis 

DNA sequence analysis was done by using the 

Sanger dideoxy nucleotide chain termination 

method and the BigDye Terminator Cycle 

Sequencing Kit (Applied Biosystems Inc, 

Carlsbad, CA, United States). Forward primers 

were used for the PCR products of MTR 

(A2576G) while the Reverse primer for the 

MTHFR polymorphisms of (C677T & 

A1298C) (Fig. 2). The sequenced samples 

were analyzed in the Automated Sequencer 

“ABI Prism 3500 Genetic Analyzer”. The 

sequences were aligned with the consensus 

sequences that were retrieved from Gene Bank 

using the program ClustalX implemented in 

the Bioedit package (9). 

 

 
Fig. 2. Sequencing analysis of MTHFR C677T, A1298C & MTR A2756G genotypes. 

Polymorphisms of MTR A2756G using forward primer: (a) wild type AA genotype, (b) heterozygous AG genotype, (c) 

homozygous mutant GG genotype. 

Polymorphisms of MTHFR C677T using reverse primer: (d) wild type CC genotype, (e) heterozygous CT genotype, (f) 

homozygous mutant TT genotype.  

Polymorphisms of MTHFR A1289C using reverse primer: (g) wild type AA genotype, (h) heterozygous AC genotype, (i) 

homozygous mutant CC genotype.  

 

Statistical analysis 

The Statistical software program SPSS 

(Statistical Package for Social Science) was 

used for data analysis. Data was expressed as 

mean±SD of percent (%) of each genotype 

among subject population. Comparison 

between difference groups was done using 

Independent samples T-Test and Chi-Square 

Test with Odds ratio (OR) and corresponding 

95% CI calculations. The allelic frequencies of 

each SNP that compared between cases and 

controls and the wide-type genotype was 

regarded as the reference group. Haplotype 

frequency distributions were deduced from 

genotype data and the most common haplotype 

was selected as the reference. Odds ratios and 

95% CI were calculated to estimate the degree 

of the association between haplotypes and the 

risk of breast cancer. The difference between 

groups was considered to be significant if p< 

0.05 (5, 10). 

Results 
Clinical features and Demographic Data of 

BC Patients 

Table 2 shows the clinicopathological 

characteristics of Egyptian females with BC. 

Most of the patients, tumors (80%) were 

invasive ductal carcinoma (IDC) that grows 

into the surrounding tissues, and (81%) with 

big tumor size (T2-T4). Histopathologically, 

most of cases, tumors (83%) were of grade 2 

and (57%) had advanced tumor stage (III-IV). 

Also, shows data concerning the clinical 

subtypes of the 100 BC that were detected 

according to the expression of ER, PR and 

HER2neu hormones and it was as follows: 

(31%) of Luminal A (ER+/PR+/HER2-), 

(20%) of Luminal B (ER+/PR+/HER2-/+), 

(49%) of Her-2 overexpressing (ER-/PR-

/HER2+). Furthermore, the metastatic lymph 

nodes were involved in (66%) of cases. 
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Table 2. Tumor criteria of breast cancer patients. 

Parameters 
Breast cancer patients 

N= 100 (%) 

Pathology 

IDC 

ILC 
80 (80%) 

20 (20%) 

Tumor size 

T1 

T2-T4 
19 (19%) 

81 (81%) 

Lymph nodes 

N0 

N1-N3 
34 (34%) 

66 (66%) 

Stage 

I-II 

III-IV 
43 (43%) 

57 (57%) 

Grade 

2 

3 
83 (83%) 

17 (17%) 

Immunohistochemical subtypes 

Luminal A (ER+/PR+/HER2-) 

Luminal B (ER+/PR+/HER2-/+) 

HER2-enriched (ER-/PR-/HER2+) 

31 (31%) 

20 (20%) 

49 (49%) 

IDC: Invasive ductal carcinoma, ILC: Invasive lobular carcinoma, HER2Neu: Human epidermal growth factor2, ER: 

Estrogen Receptor, PR: Progesterone Receptor.  

 

Allelic and Genotypic Distribution of MTR 

and MTHFR Gene Polymorphisms 

Table 3 shows a strong significant association 

of the SNPs of A/G genotypes of MTR 

A2756G, C/T genotypes of MTHFRC677T 

and the A/C genotypes of MTHFRA1289C 

with BC with highly significant p value (p= 

0.001). Furthermore, it is clarified that the 

patients with breast cancer had a significant 

association with the (G) allele of MTR 

A2756G, (T) allele of MTHFRC677T and with 

the C allele of MTHFRA1289C, showing 

highly significant values (p= 0.001). 

Haplotypes distribution of MTHFR 677 C, 

MTHFR 1298 A>C > and MTR 2576 A>G in 

BC patients and controls. 

Table 4 reveals the most haplotype frequencies 

of MTHFR 677 C>T, MTHFR 1298 A>C and 

MTR 2576 A>G that are associated with 

elevated risk of BC cases as follows: those in  

 

the heterozygous state (CT/AC/AG), and the 

homozygous state (TT/CC/GG), in addition to 

the other haplotypes(CT/AC/GG), 

(CT/CC/GG), (TT/AC/AG), (TT/AC/ GG), 

and (TT /CC/AG) giving highly significant 

value p= 0.001. 

Correlation of MTHFR C677T, MTHFR 

A1298C and MTR A2576G haplotypes with 

clinical pathological features of BC patients 

Table 5 demonstrates a strong significant 

association between the haplotype TCG of 

MTHFR (C677T), (A1289C) and MTR (A 

2576G) polymorphisms with the aggressive 

clinical features of bigger tumor size (T2-T4), 

advanced stage (III and IV), and involvement 

of cancer in lymph nodes (N1-N3) with P 

value= 0.001. However, there was no 

significant correlation found with other tumor 

criteria including age, and metastasis. 
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Table 3. Allelic and Genotypic Distribution of MTR and MTHFR Gene Polymorphisms. 

Genotypes/Alleles 

frequencies 

Cases 

N (100) (%) 

Controls 

N (60) (%) 
OR (95% CI) p value 

MTR A2576G     

AA 18 (18%) 48 (80%) 1.00 (Reference)  

AG 58 (58%) 12 (20%) 12.889 (5.651 - 29.396) 0.001** 

GG 24 (24%) 0 (0%) 3.667 (2.473 - 5.437) 0.001** 

AG+GG 82 (82%) 12 (20%) 18.222 (8.085 - 41.071) 0.001** 

A 94 (47%) 108 (90%) 

5.712 (3.460 0.001** 

G 106 (53%) 12 (10%) 

MTHFR C677T     

CC 18 (18%) 40 (66.7%) 1.00 (Reference)  

CT 55 (55%) 20 (33.3%) 6.111 (2.870 - 13.014) 0.001** 

TT 27 (27%) 0 (0%) 3.222 (2.196 - 4.729) 0.001** 

CT+TT 82 (82%) 20 (33.3%) 9.111 (4.345 - 19.106) 0.001** 

C 91 (45.5%) 100 (83.3%) 
5.989 (3.438 - 10.432) 

 
0.001** 

T 109 (54.5%) 20 (16.7%) 

MTHFR A1289C     

AA 11 (11%) 32 (53.3%) 1.00 (Reference)  

AC 43 (43%) 24 (40%) 5.212 (2.233 - 12.167) 0.001** 

CC 46 (46%) 4 (6.7%) 33.455 (9.778 - 114.467) 0.001** 

AC+CC 89 (89%) 28 (46.7%) 9.247 (4.130 - 20.703) 0.001** 

A 65 (32.5%) 88 (73.3%) 

5.712 (3.460 - 9.429) 0.001** 

C 135 (67.5%) 32 (26.7%) 

OR: odds ratio, CI: confidence interval, NS (Not significant), ** highly significant. 
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Table 4. Haplotypes distribution of MTHFR C677T, MTHFR A1298C and MTR A2756G in breast cancer patients and 

controls. 

MTHFR 

C677T 

MTHFR 

A1298C 

MTR 

A2756G 

Cases 

N (100) 
Controls n (60) OR/RS (95% CI) p value 

CC AA AA 1 (1%) 16 (26.7%) 1.00 (Reference)  

  AG 5 (5%) 6 (10%) 13.333 (1.280 - 138.845) 0.013 * 

  GG 1 (1%) 0 (0%) 17.000 (2.539 - 113.824) 0.004 ** 

 AC AA 6 (6%) 12 (20%) 8.000 (0.847 - 75.555) 0.042 NS 

  AG 1 (1%) 2 (3.3%) 8.000 (0.347 - 184.364) 0.144 NS 

  GG 0 (0%) 0 (0%) ---------- -------- 

 CC AA 4 (4%) 4 (6.7%) 16.000 (1.381 - 185.405) 0.010 ** 

  AG 0 (0%) 0 (0%) ---------- -------- 

  GG 0 (0%) 0 (0%) ---------- -------- 

CT AA AA 2 (2%) 7 (11.7%) 4.571 (0.354 - 59.106) 0.215 NS 

  AG 2 (2%) 3 (5%) 10.667 (0.718 - 158.505) 0.050 * 

  GG 0 (0%) 0 (0%) ---------- -------- 

 AC AA 3 (3%) 9 (15%) 5.333 (0.481 - 59.144) 0.141 NS 

  AG 20 (20%) 1 (1.7%) 320.000 (18.534 - 5524.894) 0.001 ** 

  GG 2 (2%) 0 (0%) 17.000 (2.539 - 113.824) 0.001 ** 

 CC AA 1 (1%) 0 (0%) 17.000 (2.539 - 113.824) 0.004 ** 

  AG 19 (19%) 0 (0%) 17.000 (2.539 - 113.824) 0.001 ** 

  GG 6 (6%) 0 (0%) 17.000 (2.539 - 113.824) 0.001 ** 

TT AA AA 0 (0%) 0 (0%) ---------- -------- 

  AG 0 (0%) 0 (0%) ---------- -------- 

  GG 0 (0%) 0 (0%) ---------- -------- 

 AC AA 0 (0%) 0 (0%) ---------- -------- 

  AG 5 (5%) 0 (0%) 17.000 (2.539 - 113.824) 0.001 ** 

  GG 6 (6%) 0 (0%) 17.000 (2.539 - 113.824) 0.001 ** 

 CC AA 1 (1%) 0 (0%) 17.000 (2.539 - 113.824) 0.004 ** 

  AG 6 (6%) 0 (0%) 17.000 (2.539 - 113.824) 0.001 ** 

  GG 9 (9%) 0 (0%) 17.000 (2.539 - 113.824) 0.001 ** 

OR: odds ratio, CI: confidence interval, NS (Not significant), ** highly significant 
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Table 5. Association of MTHFR C677T, A1298C and MTR A2576G haplotypes with clinical characteristics of breast cancer patients.  

Haplotype (MTHFRC677T 

-MTHFRA1298C-MTR 

A2576G) 

Age (n= 100) 

OR (95% CI) p value 
> 45 <= 45 

C-A-A 54 (31.0%) 59 (40.4%) 1.00 (Reference)  

C-A-G 2 (1.1%) 13 (8.9%) 0.168 (0.036 - 0.779) 0.011 

C-C-A 32 (18.4%) 22 (15.1%) 1.589 (0.824 - 3.064) 0.165 

C-C-G 7 (4.0%) 2 (1.4%) 3.824 (0.761 - 19.212) 0.083 

T-A-A 9 (5.2%) 5 (3.4%) 1.967 (0.620 - 6.235) 0.244 

T-A-G 8 (4.6%) 3 (2.1%) 2.914 (0.735 - 11.550) 0.114 

T-C-A 11 (6.3%) 10 (6.8%) 1.202 (0.473 - 3.054) 0.699 

T-C-G 51 (29.3%) 32 (21.9%) 1.741 (0.979 - 3.097) 0.058 

Tumor Size(n= 100) 

 T2 - T4 T1   

C-A-A 30 (18.5%) 11 (28.9%) 1.00 (Reference)  

C-A-G 2 (1.2%) 7 (18.4%) 0.105 (0.019 - 0.583) 0.004 

C-C-A 22 (13.6%) 12 (31.6%) 0.672 (0.251 - 1.802) 0.429 

C-C-G 7 (4.3%) 0 (0.0%) 1.367 (1.135 - 1.645) 0.119 

T-A-A 5 (3.1%) 2 (5.3%) 0.917 (0.155 - 5.432) 0.924 

T-A-G 7 (4.3%) 1 (2.6%) 2.567 (0.283 - 23.309) 0.389 

T-C-A 11 (6.8%) 1 (2.6%) 4.033 (0.465 - 34.993) 0.178 

T-C-G 78 (48.1%) 4 (10.5%) 7.150 (2.112 - 24.203) 0.001** 

Lymph nodes (n= 100) 

  N1 - N3   N0   

C-A-A 23 (17.4%) 18 (26.5%) 1.00 (Reference)  

C-A-G 2 (1.5%) 7 (10.3%) 0.224 (0.041 - 1.210) 0.066 

C-C-A 15 (11.4%) 19 (27.9%) 0.618 (0.247 - 1.544) 0.302 

C-C-G 5 (3.8%) 2 (2.9%) 1.957 (0.339 - 11.281) 0.447 

T-A-A 3 (2.3%) 4 (5.9%) 0.587 (0.116 - 2.963) 0.516 

T-A-G 7 (5.3%) 1 (1.5%) 5.478 (0.617 - 48.666) 0.095 

T-C-A 10 (7.6%) 2 (2.9%) 3.913 (0.760 - 20.146) 0.087 

T-C-G 67 (50.8%) 15 (22.1%) 3.496 (1.520 - 8.041) 0.003** 

Stage (n= 100) 

III - IV 

I - II 

C-A-A 15 (13.2%) 26 (30.2%) 1.00 (Reference)  

C-A-G 2 (1.8%) 7 (8.1%) 0.495 (0.091 - 2.698) 0.410 

C-C-A 13 (11.4%) 21 (24.4%) 1.073 (0.419 - 2.745) 0.883 

C-C-G 6 (5.3%) 1 (1.2%) 10.400 (1.141 - 94.835) 0.015* 

T-A-A 3 (2.6%) 4 (4.7%) 1.300 (0.256 - 6.610) 0.751 

T-A-G 7 (6.1%) 1 (1.2%) 12.133 (1.359 - 108.364) 0.008** 

T-C-A 9 (7.9%) 3 (3.5%) 5.200 (1.216 - 22.234) 0.019 

T-C-G 59 (51.8%) 23 (26.7%) 4.446 (2.003 - 9.871) 0.001** 

Breast Subtypes (n=100) 

Her2 Enriched 

Luminal A 

C-A-A 12(12.2%) 21(33.9%) 1.00 (Reference)  

C-A-G 2(2.0%) 6(9.7%) 0.583(0.101-3.358) 0.546 

C-C-A 12(12.2%) 16(25.8%) 1.312(0.468-3.681) 0.605 

C-C-G 5(5.1%) 0(0.0%) 18.920 (0.963-371.679) 0.053 

T-A-A 3(3.1%) 3(4.8%) 1.750(0.304-10.075) 0.531 

T-A-G 5(5.1%) 2(3.2%) 4.375(0.733-26.116) 0.105 

T-C-A 8(8.2%) 2(3.2%) 7.000(1.274-38.475) 0.025 

T-C-G 51(52.0%) 12(19.4%) 7.437(2.882-19.191) <0.001** 
OR: odds ratio, CI: confidence interval, **= highly significant. 

Luminal A (ER+/PR+/HER2-); HER2Neu: Human epidermal growth factor2, ER: Estrogen Receptor, PR :Progesterone Receptor. 
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Discussion 
Recently, increased attention had been drawn 

to the role of single nucleotide polymorphisms 

(SNPs) in identifying genes that contribute to 

disease pathogenesis. Such SNP alleles could 

cause alterations in gene function or regulation 

that directly contribute to the disease 

progression (11, 12). Several studies have been 

reported on the association between the SNPs 

of the folate metabolizing genes 

Methylenetetrahydrofolate reductase 

(MTHFR) and Methionine synthase (MTR) 

genes with the changes that alter the primary 

structure of each protein, decrease enzymatic 

activity. This causes modification in DNA 

methylation profiles, abnormal gene 

expression and inactivation of tumor 

suppressor genes (4, 13). 

In the present study we focused on 

clarifying the role of genetic predisposition 

and gene –gene interaction of the functional 

SNPs of MTR A2576G, MTHFR C677T, 

MTHFR A1298C in the incidence of breast 

cancer among Egyptian females and their 

association within the clinical features and its 

prognosis. These SNPs could be used as 

genetic markers in disease progression. 

Our descriptive analysis on the two 

compared groups (cases versus healthy 

controls) highlighted significant differences 

within higher percentages of some variables 

among cases such as: (81%) of bigger tumor 

size (T2-T4) with (57%) advanced stage (III-

IV), (80%) of Invasive ductal carcinoma 

(IDC), (49%) of HER2-overexpression with 

dual negativity of both ER and PR hormones 

(ER-/PR-/HER2+), and (66%) metastatic 

lymph nodes (N1-N3). These data are in 

accordance with previous studies (5, 14). In 

contrast to what should have been expected no 

significant differences was observed for age. 

However, it has been stated before the role of 

aging in cancer development that it is 

attributed to the acquisition of mutations that 

favors carcinogenesis (15). 

Our analysis revealed a significant 

difference between the two studied groups as 

most of the breast cancer patients had the  

 

combination of genotypes of 82% (AG+GG) 

of MTR A2576G, 82% (CT+TT) of MTHFR 

C677T, 89% (AC+CC) of MTHFR A1298C 

that could obviously influence the risk of 

breast cancer. We also noted a higher 

frequency of the major alleles that 

predominates in the control group: 90% of (A 

allele) of MTR A2576G, 83.3% of (C allele) of 

MTHFR C677T, 88% of (A allele) of MTHFR 

A1298C. On the other side, the frequency of 

the minor (mutant) alleles was extremely high 

in the breast cancer group as follows: 53% of 

(G allele) of MTR, 54.5% of (T allele) of 

MTHFR C677T, 67.5% of (C allele) of 

MTHFR A1298C.  

Moreover, this would stratify those women 

having the latest mutant alleles significantly 

increased the risk of BC. In agreement to our 

data, it was shown that the frequency of 

MTHFR C677T (TT) genotype was 

significantly higher in patients with breast 

cancer among Kurdish, Moroccan females. 

Additionally, it increases the cervical 

dysplasia and the development of immune-

mediated inflammatory disorders and higher 

incidence of cardiovascular comorbidities (16, 

17, and 18).  

Furthermore, our results were in accordance 

with previous studies which demonstrated that 

carriers of MTHFR A1298C (CC) genotype 

were significantly associated with a higher 

incidence of major depressive disorders, 

lacunar stroke, ischemic stroke, and sporadic 

breast cancer in Iranian, Brazilian, and Italian 

Population (19- 22).  

Also, our data is supported by the 

previously studies showing significant 

association (G allele) of MTR with the breast 

cancer output among North Brazilian, Iranian, 

and Chinese populations (20, 22, and 23).  

On the other side, other studies reported no 

significant association with susceptibility to 

breast cancer (24), while others demonstrated 

that it may be a reduced risk factor for 

lymphoblastic leukemia (ALL), colorectal 

cancer and gastric cancer (25, 26). This 

conflict in data between the different studies 
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may be attributed to geographic, ethnic 

variations and several factors such as a 

measurement sample, hormones, 

environmental factors, differences in dietary 

and intake of nutrients (26, 27). 

In consequence, it is shown that studying 

genetic association by approach of gene-gene 

interaction generates more powerful analysis. 

In the present work we analyzed gene-gene 

interaction through determination frequencies 

of haplotypes generated by the combination of 

MTHFR C677T, MTHFR A1289C, and MTR 

A2576G genotypes and our findings revealed 

that there is a high significance association of 

haplotype generated by the presence of 

heterozygous genotypes of the studied genes 

(CT-AC-AG) to the breast cancer development 

that increases by about 320.00 fold in BC 

women harboring it (p= 0.001, OR= 320.000, 

CI= 18.534 - 5524.894). This demonstrates 

that the presence of polymorphic alleles 

elevated the breast cancer risk through the 

generation of less active thermo liable 

enzymes leading to global hypomethylation 

and chromosomal breaks. These findings are in 

agreement with (28).  

Also, the interaction of these 

polymorphisms results in reduction in 

methylation pattern, allowing the activation of 

oncogenes which initiated the tumor genesis 

process (29). These results are in accordance 

with a study conducted on the population in 

Northeast Brazil which reported that the risk 

increased with the presence of CT/AG of 

MTHFR C677T and MTR A2576G, while 

CC/AG of MTHFR A1298C and MTR 

A2576G had a less effect with AC/AG of 

MTHFR A1298C and MTR A2576G. On the 

other side, other studies did not find any 

association (17, 24). 

Meanwhile, our results were related to other 

reported studies on other diseases clarifying 

those patients harboring the MTR*G and the 

MTHFR *C variants were associated with 11-

fold increased risk for bladder cancer 

development. Similarly in patients with lung 

cancer, a significant interaction was also 

observed for individuals having the gene 

interaction of MTHFR 677 CT/TT and 

MTHFR 1298 AC/CC genotypes which led to 

an increase in the risk of developing lung 

cancer (30, 31). 

Additionally, other studies have 

investigated gene-gene interactions in cancer 

susceptibility, as in acute lymphoblastic 

leukemia demonstrating that subjects with the 

MTHFR 677CT/TT and MS 2756AG/GG 

genotypes revealed a 3.6-fold (25).  

The correlation of the SNPs, the mutant 

alleles and molecular pathogenesis of BC 

disease is largely unidentified and there are 

many related factors, as hormone factors and 

tumor pathology which plays changeable roles 

in the pathogenesis of BC, progression, and 

survival. The understanding of these factors 

could be helpful to the management of patients 

with breast cancer (32-34).  

Thus, the present study represented a prior 

study among Egyptian females of 

investigating the gene-gene interactions of the 

haplotypes of MTHFR C677T/ MTHFR 

A1289C and MTRA2576G genotypes with 

the prognostic clinicopathological parameters 

of breast cancer. Our results provided a strong 

significant association between the T-C-G 

haplotype with bigger tumor size tumor size 

(T2-T3), advanced stage (III-IV) (p= 0.001). 

In accordance with our data, concerning 

C677T and A1289C polymorphism gave a 

very highly significance with bigger tumor 

size (19, 32, 33). On the other hand, no 

significant association was reported in other 

studies (24). 

Moreover, it is observed that the haplotype 

T-C-G plays a high role in metastatic lymph 

nodal status with strong significant association 

(p= 0.003). In a support from (16, 33) to our 

data, it is reported that there were tendencies 

for CRC patients with mutant genotypes to 

have more positive lymph nodes. However, 

other studies showed no significant difference 

in genotype distribution among different 

phases of metastatic lymph nodes (20). 

Furthermore, this work demonstrated a strong 

association between the haplotype (T-C-G) of 

MTHFR C677T/ MTHFR A1289C and 

MTRA2576G and hormonal receptor expression 

and it can be seen that there is a tendency towards 
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the association between aggressiveness tumor 

type (ER-/PR-) and the mutant alleles. In 

confirmation of (20, 29) to our data, the risk of 

BC with an aggressive biophenotype is two or 

three-fold higher in patients with a mutant allele 

of MTHFR C677T and A1298C. On the other 

hand, another study did not detect any 

relation (17, 30).  

Overall, our results are supported by the 

evidence that breast carcinomas with 

aneuploidy, positive axillary nodes, and high 

proliferative activity led to higher levels of 

DNA hypomethylation which were not only 

observed during early stages of tumorgenesis 

but were also strongly associated with tumor 

progression (4, 33). 

To sum up, we conclude strong connection 

of MTHFR C677T, MTHFR A1289C, and 

MTR A2576G haplotype with the clinical 

markers of the patients revealing that T-C-G 

haplotype is significantly contributed to the 

developing of more severity tumors. This 

supports the concept that the combination of 

more SNPs from different genes has a more 

synergistically powerful genetic effect and 

contributes to increased disease risk and 

progression. These SNPs could be used as 

tumor aggressiveness markers among BC 

patients. Extensive studies should be 

warranted to demonstrate the biological 

mechanisms of these associations.  
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