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Abstract

The 5,10‐Methylenetetrahydrofolate reductase (MTHFR) was the rate‐limiting

enzyme in the methyl cycle, which was encoded by the MTHFR gene. MTHFR

played a key role in homocysteine plasma level and was associated with the risk

of breast cancer. The cyclin‐dependent kinase (CDK) inhibitor (CDKN2A/B)

was the tumor suppressor in the cell cycle regulation. The single‐nucleotide
polymorphism was thought to be associated with the predisposition of breast

cancer and in subsequent immune response in different populations. The

current study was conducted on a peripheral blood sample of 100 Iranian

women with breast carcinoma and 142 cancer‐free healthy female volunteers.

The TaqMan real‐time polymerase chain reaction technique was applied for

genotyping of participants. The correlation of both variants and demographic

data were investigated with the risk of breast cancer. Our data showed that the

MTHFR allele T and TT genotype had the higher prevalence in patients

(P< 0.0001) than the control group. The frequency of risk C allele into the

CDKN2A/B rs10811661 was 72%. The correlations of menarche and underlying

hormonal disorder with the risk of breast cancer were investigated; also our

results showed that the menopause status was statistically significant between

patients and controls (P= 0.036). Our investigations demonstrated that the

MTHFR rs180113 and CDKN2A/B rs10811661 had a significant correlation with

the elevated risk of breast cancer and they might be potentially valuable to apply

as a prognostic factor for individual health care.
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1 | INTRODUCTION

Breast cancer is known as the common cause of cancer‐
related mortality and invasive malignancy affecting
females worldwide. It was published that the rate of
breast cancer incidence and mortality were varied,
which might be due to the ethical and geographical

reasons.1 Accordingly, these rates demonstrated at least
four‐fold increase in Asian females with highest rates in
Americans.2,3 Several elements are involved in the
different types of breast cancer; and the main cause
included the mutation in the gene of tumor suppressors
and oncogenes.4 Polymorphisms might account for
breast cancer susceptibility among different populations.
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The 5,10‐Methylenetetrahydrofolate reductase (MTHFR)
played a notable role in remethylation of homocysteine.5

The MTHFR enzyme coding region was distributed into 11
exons. Moreover, MTHFR gene was highly polymorphic
and was located at 1p36.3 chromosomal region.6,7 The
functional polymorphism in the MTHFR might correlate
with the risk of breast cancer. Accordingly, the cytosine at
nucleotide 677 substituted with the thymine resulted in an
alanine conversion valine. The irreversible conversion of
5,10‐methylenetetrahydrofolate to 5‐methyltetrahydrofolate
accelerated by MTHFR, provided the methyl group for
construction of methionine from homocysteine.8 Several
investigations uncovered that the modification in MTHFR
enzyme activity had been involved in development and
metastasis of different types of carcinomas.9-11 Nevertheless,
MTHFR is essential in DNA synthesis, methylation, and
repair.12 Variation in MTHFR genotype reduced the
MTHFR catalytic activity. Despite the correlation of
MTHFR C677T single‐nucleotide polymorphism (SNP)
and breast cancer risk, the rare study investigated the
noted polymorphism with the participants' demographic
information.

The missense mutation also known as the rs1801133,
C677T, Ala222Val, or A222V encoded the variant in the
MTHFR gene, which in turn encoded the MTHFR. The
homozygous rs1801133 (T;T) nearly had 30% MTHFR
enzyme activity, whereas the heterozygotes rs1801133 (C;T)
nearly had 65% activity when compared to the most
prevalent rs1801133 (C;C) genotype.13,14 The current studies
in genome‐wide association study revealed that the
rs10811661 located in chromosome 9p21.3 frequently
related to multiple cancers.15-19 According to the loci
encoding, the cyclin‐dependent kinase (CDK) inhibitors
CDKN2A (ENSG00000147889) and CDKN2B (ENSG00000
147883) showed great perceptivity with the complicated
background for different disorders.

The CDKN2A also called the cyclin‐dependent
kinase inhibitor 2A, in human genome is placed at
chromosome nine, p21.3.20 The two proteins INK4
family member p16 or p16INK4a and ARF tumor
suppressor or p14arf are encoded by CDKN2A gene.21

Both proteins involved themselves in regulation of cell
cycle. The p16 had expressed in the numerous tissues
such as breast; and breast carcinoma,22 restricted
CDK4 and CDK6, activated the retinoblastoma family
that caused the inhibition of traversal from the first
gap phase (G1) to synthesis (S) phase.23 The p14arf
activated p53 tumor suppressor also known as the
cellular tumor antigen p53.24 CDKN2A/B mutations
were associated with elevated risk of diseases, such as
coronary artery disease25,26 and melanoma27; and
were frequent in the wide spectrum of human
cancers.28-38 In the current study we aimed to evaluate

the simultaneous association of both SNP rs1801133
in MTHFR and rs10881661 in CDKN2A/B genes with
the risk of breast cancer.

According to our investigations, rare studies evaluated
the association among MTHFR Ala222Val polymorphism
and CDKN2A/B mutations with the risk of breast cancer.
Since there could be a possibility of controversial results
on change in the risk of breast cancer and its association
with MTHFR polymorphism caused due to various racial
distribution and geographical‐dependent elements, we
aimed to assess an association of MTHFR Ala222Val
polymorphism with the risk of breast cancer in Iranian
women. Moreover, we evaluated the correlation of
CDKN2A/B mutations with the incidence of breast
cancer.

2 | MATERIALS AND METHODS

2.1 | Subject samples

The current study included 100 Iranian women with breast
carcinoma and 142 cancer‐free age‐matched healthy female
volunteers with no history of breast cancer among first and/
or second‐degree relatives between March 2013 and August
2015. The mean age of patients at diagnosis of breast
carcinoma and sample collection was 45.3 and 48.5 years,
respectively. The patients were recruited from Ayatollah‐
Khansari hospital (Arak, Iran). All participants signed an
informed consent, which was approved by the ethics
committee of the Arak University of Medical Sciences (IR.
ARAKMU.REC.1395.458). The breast cancer was diagnosed
by pathological examination and mammography. Subjects
had undergone mastectomy and breast lumpectomy and
were undergoing chemotherapy or radiotherapy. The
epidemiological history, including questions on breast
cancer onset, age, job, diet, family history of breast cancer,
and marital status were completed through personal
interviews. The educational pamphlet on prevention, care,
and symptoms of breast carcinoma were presented to the
control group. A 2mL peripheral blood was collected in
EDTA‐coated tube from each participant. The samples were
centrifuged and the separated plasma was stored at −20°C
until examination.

2.2 | DNA extraction and genotyping

The genomic double‐stranded DNAs were extracted from
peripheral blood leukocytes by means of QIAamp DNA
Mini‐Kit (Qiagen, San Diego, CA) based on lysis of the
cells and subsequent DNA precipitation. The NanoDrop
1000‐Detector (NanoDrop‐Technologies, Wilmington, DE)
was applied for evaluation of purity and concentration of
extracted DNAs.
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The sample genotyping was performed after DNA
extraction. The analysis of MTHFR rs1801133 and
CDKN2A/B rs10811661 polymorphism was performed
using TaqMan‐probe‐based experiment. The total volume
of polymerase chain reactions was accomplished in 12.5 µL.
A 20 ng of DNA in TaqMan Master Mix with special
primers and probes (C‐901792‐10 and C‐790057‐10; Applied
Biosystems, Foster City, CA) were applied. To distinguish
the samples allelic content, the ABI PRISM‐7500 (Waltham,
MA) boosted with the SDS version 2.0 software were used.39

2.3 | Statistical analysis

In our study, we used IBM SPSS version 16 (SPSS Inc,
Chicago, IL) for statistical analysis. We assessed the
demographic and clinical data across mutation by using
the Pearson χ2 tests. The Pearson χ2 dispensation was
used to evaluate Hardy‐Weinberg equilibrium. The χ2

tests were used to compare the allele frequencies and
genotype between patients and healthy controls. The
considerable prognostic variables in univariate analysis
were contained as a part of multivariate analyses by the
Cox proportional hazards model. This analysis contained
a step‐down process pursuant to the likelihood ratio test,
and for appraisal of the magnitude and the direction of
the effect, hazard ratio (HR) was calculated.

Indeed, the author used the Wacholder method for
proper regulation of false‐positive results. The Kolmogor-
ov‐Smirnov analysis was used to evaluate the normalcy of
data distribution and Student t test was used to assess the
continuous variables. Correlation between the CC and
CT genotypes; and breast cancer risk associated with the
risk genotype TT under recursive genetic model were
evaluated by logistic regression used for age, body mass

index (BMI), and family history. The overall statistical
analysis was two‐sided and the statistical significance was
established at P value less than 0.05.

3 | RESULTS

3.1 | Patients

The information on the age of participants is summarized
and presented in Table 1. In the current study, we
analyzed the MTHFR Ala222Val polymorphism,
CDKN2A and CDKN2B mutations in 100 females with
breast cancer that comprised the patient group. The
control group included 142 healthy volunteers. The allelic
expression was assessed on genes of each participant.
There were no discrepancies observed in the samples that
were assessed in duplicate.

3.2 | Correlation of genetic variant

In overall 100 patients, theMTHFR Ala222Val polymorph-
ism TT and CC homozygotes and CT heterozygotes were

TABLE 1 Comparison of the age of participants

Controls No. of patients Age, y

0 4 <30

36 30 31‐40
61 35 41‐50
40 23 51‐60
3 8 61‐70
2 0 71‐80

P= 0.057, df= 41, and χ2 = 56.22.

TABLE 2 Genotype frequencies of the rs1081133 in cancer and control in genetic models

Frequencies of MTHFR SNP, N (%)

Models Odds ratio (95% CI) Cancer Control SNP Rs1081133 C677T P value

Codominant Ref.1 40 (40%) 126 (88.7%) CC

0.18 (0.09‐0.36) 27 (27%) 15 (10.6%) CT 0.000

0.01 (0.001‐0.073) 33 (33%) 1 (0.7%) TT 0.000

Dominant Ref.1 40 (%) 126 (88.7%) CC 0.000

11.8 (6.13‐22.77) 60 (60%) 16 (113%) TT/CT

Recessive Ref.1 67 (67%) 141 (99.3%) CC/CT 0.000

69.45 (9.3‐518.62) 33 (33%) 1 (0.7%) TT

Overdominant Ref.1 73 (73%) 127 (89.4%) TT/CC 0.001

3.13 (1.57‐6.27) 27 (27%) 15 (10.6%) CT

Allele, N 13.65 (7.77‐23.98) 93 17 T 0.000

Ref.1 107 267 C

Abbreviations: CI, confidence interval; SNP, single‐nucleotide polymorphism.
Logistic regression analysis was used to calculate the association between polymorphism and breast cancer.
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detected in subsets of the patients. In 73% of subjects
comprising homozygotes (CC= 40 and TT= 33) (Table 2),
our investigations showed that there was a significant
correlation between MTHFR rs1081133 and the risk of
breast cancer. The allele T was more prevalent in patients
than control (P< 0.001). Moreover, the distribution of
genotypes was statistically different between the case and
control group. The genotype TT had a correlation with the
elevated risk of breast carcinoma (P< 0.001).

The evaluated data revealed that there was great
association between the CDKN2A/B rs10811661 genotype
and pathological characteristic of breast cancer (Table 3).
The frequency of allele C of CDKN2A and CDKN2B SNP
rs10811661 in patients and control were 50.7% and 72%,
respectively. The T allele frequency was 28%, and the
frequency of TT, CC, and CT genotypes in the patient
group were 6%, 44%, and 50% respectively.

The frequency of CC and CT alleles were 50 and 44,
respectively. Subsequent analysis showed statistically
significant difference between homozygote allele preva-
lence (CC and TT) between patients and the control
(P< 0.001).

3.3 | Demographic information

Moreover, a type of carcinoma for breast and ovarian
cancer was observed in 23% of first‐degree relatives and
22% in second‐degree relatives of patients. The ovarian
cancer was confirmed in 3% of third‐degree relatives of
the patient group but simultaneous ovarian cancer and
breast cancer were not observed in patients and
relatives. Furthermore, 4% of first‐relative and 11% of
second‐relatives of patients had experienced breast
cancer.

To prevent any possibility of breast cancer, patient’s
breast was removed by surgery usually called mastect-
omy. In the current study, 76% of patients get simple and/
or total mastectomy, whereas lumpectomy was per-
formed in 21% of patients. Owing to recurrence, 2% of
patients experienced mastectomy after lumpectomy. In
the patient group, breast cancer involvement in the right
breast, left breast, and both was 62%, 35%, and 3%
respectively.

3.4 | Correlation of demographic
information

The menarche could be related to secondary sexual
behavior, which is an important milestone in women.40

Increasing data showed that the menarche age in 78% of
patients and 57.7% of control initiated at 12 to 14 years of
age (Table 4). Even though there is no statistical
correlation between age, height, weight, and BMI in the
patient and control groups, the menopause status was
statistically significant (P= 0.036) between the patients
and control (Table 5). Moreover, 18% of patients with
primary breast cancer illustrate that the remnant cancer
cells of same breast or another, metastasized to the one or
more tissues, which included spinal column, hip bone,

TABLE 3 Genotype frequencies of the Rs10811661 in cancer and control in genetic models

Frequencies for the CDKN2A/B SNP, N (%)

Models Odds ratio (95% CI) Cancer Control SNP Rs10811661 P value

Co‐dominant Ref.1 6 (6%) 9 (6.3%) TT

12.6 (6‐26.37) 44 (44%) 122 (85.9) CT 0.000

6.82 (2‐23.14) 50 (50%) 11 (7.7%) CC 0.002

Dominant Ref.1 50 (50%) 11 (7.7%) TT 0.000
0.084 (0.04‐0.17) 50 (50%) 131 (92.3%) CC/CT

Recessive Ref.1 94 (94%) 133 (93.7%) TT/CT 0.9
0.9 (0.32‐2.74) 6 (6%) 9 (6.3) CC

Overdominant Ref.1 56 (56%) 20 (14.1%) TT/CC 0.000
0.13 (0.07‐0.23) 44 (44%) 122 (85.9%) CT

Allele, N Ref.1 56 (28%) 140 (49.3%) T 0.000
2.5 (1.7‐3.7) 144 (72%) 144 (50.7%) C

Abbreviations: CI, confidence interval; SNP, single‐nucleotide polymorphism.

TABLE 4 Comparison of menarche age between the patient and
control groups

Age, y No. of patients Control

>12 9 14

12‐14 78 82

<15 13 42

P= 0.004, df= 3, and χ2 = 13.59.

HESARI ET AL. | 2093



lung, neck lymph nodes, brain, and liver. Comparison of
the menarche age showed a significant difference
between the patient and control groups (P= 0.004).

4 | DISCUSSION

The individual susceptibility to the same type of cancer
and/or disorders with the same environmental exposure
is generally under investigation. It has been suggested
that the DNA and environmental elements play a key
role in these issues. The genetic variations such as SNP
may be explaining the correlation between genome of
participants and the risk of carcinoma. Investigations on
polymorphisms of folate pathway and methyl cycle may
increase the determination and treatment of susceptible
people being affected by cancers. In the current study, the
correlations of two polymorphisms, rs1801133 in MTHFR
and rs10811661 in CDKN2A/B are simultaneously eval-
uated with the risk of breast cancer.

It has been confirmed that more than 40 mutation point
the MTHFR gene is correlated with the function of
MTHFR.41 The SNP rs1801133 is the most considered
mutation that reduced the in vitro activity of MTHFR.42

Associated with S‐adenosylmethionine, MTHFR is involved
in the synthesis of thymidylate and DNA replication.43 The
DNA hypomethylation occurred not only due to lower
activity of MTHFR and substrates’ concentration but also
because of the MTHFR malfunction, which reduced the
repair rate of DNA and the subsequent chromosomal
damage. The alanine to valine missense mutation at
rs1801133 placed in the exon eight of MTHFR caused 30%
(T;T) to 65% (C;T) reduction in MTHFR enzyme activity in
comparison with the normal homozygous C;C.14 The
correlation between rs1801133 and risk of breast carcinoma
has been examined in several studies, but the results are
controversial. The racial, geographical, and environmental

elements may also involve worldwide obtained results.
According to our observation, the allele T and TT genotype
of C677T MTHFR significantly associated with the risk of
breast carcinoma (Table 2). Nevertheless, our investigations
are in the same direction with several studies44-47, which
showed that the allele T is correlated with elevated risk of
breast cancer. Moreover, Gao et al48 in 2009 showed that the
homozygous TT genotype elevated the risk of breast
carcinoma (OR,1.62; 95% CI, 1.14 to 2.30). In the same
way, Sohn et al investigated the frequency of allele T in in
vitro study and show the role of T MTHFR C677T SNP in
folate metabolism and the breast cancer risk factor. They
suggested that the noted SNP would be a great pharmaco-
genetics determinant in breast cancer chemotherapy.49 The
results of the study on 1459 25 to 64 years old females
revealed no statistically significant correlation between the
risk of breast cancer and MTHFR genotype. They showed
that the breast cancer is more prevalent in females with T
allele and folate low intake and the MTHFR C677T SNP
might be considered as an important risk factor in breast
cancer.50 Of note, Zhang et al51 in the meta‐analysis study
involving 15 260 patients with breast cancer and 20 411
healthy volunteers showed that the MTHFR C677T SNP
elevated the risk of breast cancer in Asian female (TT vs CC:
OR, 1.18; 95% CI, 1.04 to 1.35; recessive model: OR, 1.15; 95%
CI, 1.03 to 1.29).51 In line with our represented study, the
meta‐analysis suggested the role of moderately penetrated T
allele as a breast cancer risk factor in MTHFR genotype.

The current 22 case‐control studies consisted meta‐
analysis in Chinese people, which demonstrated that the
Ala222Val in the MTHFR gene is correlated with elevated
risk of breast cancer (TT vs. CC: OR, 1.18; 95% CI, 1.07 to
1.29).52 The fibrocystic breast disease (FBD) was the
common underlying hormonal disorder that was statisti-
cally significant between the patient and control groups
(P=0.03). Of note, there was an elevated risk of
breast cancer in participants with FBD in comparison with
subjects with no underlying hormonal disorders (P=0.006;
OR=5.11). The consecutive change in the serum level of
hormone‐associated elements was correlated with the
physical condition of females.53 Debniak16 revealed that
the CDKN2A might have a value in the determination of
breast cancer risk. Debniak et al54 observed the correlation
of CDKN2A A148T SNP with the early onset of breast
cancer in Poland. In line with our investigations, Antonio
et al55 observed the association between CDKN2A/B
mutations with an elevated level of breast cancer suscept-
ibility. Yoo et al56 in 1995 demonstrated that the early
menarche with the late menopause was associated with
physical condition and obesity in females. As well as, the
postponed menarche in the control group demonstrated the
hormonal conservation of estrogen. Accordingly, our
reached results are confirmed by Yoo and colleague’s

TABLE 5 Comparison of the baseline characteristics and
association of the menopause between the control and breast
cancer groups

Control (n: 142) Patient (n: 100) P value

Age 46.71 ± 8.09 48.50 ± 9.97 0.14

Height 158.41 ± 5.40 159.07 ± 5.28 0.35

BMI 27.56 ± 4.1 28.16 ± 4.37 0.27

Weight 68.95 ± 10.66 71.33 ± 12.25 0.10

Menopause, n (%)

Yes 50 (35.5%) 49 (49%) 0.036

No 91 (64.5%) 51 (51%)

Abbreviation: BMI, body mass index.
Values are expressed as mean ± SD, median.
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studies. Solid mass evidence illustrated that the CDKN2A/B
played a notable role in the cancer of breast, ovarian, and
melanoma.15,16,18 According to the obtained results, the
allele C was the risk allele and the subjects who expressed
this genotype were more susceptible to breast cancer. In
contrast, our data was not confirmed by Shahidsales et al.57

They showed that the TT allele had the risk allele associated
with breast cancer (OR, 4.9; 95% CI, 1.9 to 12; P< 0.001).
Furthermore, Driver et al evaluated the 13‐cell cycle
involved genes with the risk of breast cancer. Although
they illustrated the significant correlations of four variations
with CDKN2A/B, individually not even one SNP had
shown statistically significant relationship with the risk of
breast cancer. In the other words, the author clarified that
each SNP effects the cell cycle regulation and in the
polygenic model, our current study, the aggregation of
inherited risk alleles altered the moderate breast cancer
susceptibility to more prevalent.58,59 We observed that in
our patients the risk allele C had a correlation with the
elevated risk of breast cancer (OR, 2.5; 95% CI, 1.7 to 3.7;
P< 0.001).

In summary, the obtained information showed that
there was a association between the elevated level of
breast cancer and MTHFR, CDKN2A, and CDKN2B
simultaneously in Iranian female for the first time.
Moreover, although there was no correlation between
age, height, weight, and BMI between patients and
healthy controls, the menopause status is statistically
significant (P = 0.036) between patients and controls.
In conclusion, the current study clarified the relation-
ship of MTHFR rs1801133, CDKN2A and CDKN2B
mutations with the risk of breast cancer in Iranian
females. Even though our data are not applied for
clinicopathological applications, this information may
constitute nevertheless the initial step to our improved
knowledge in understanding the association of breast
cancer etiology for individual health care. In addition,
the menarche age may correlate with susceptibility to
breast cancer. Although our results illustrated the
relationship between genetic polymorphisms and
mutations with the elevated risk of breast cancer, more
investigation in various areas are required because of
controversial results. Finally, the mutations in MTHFR
gene rs1801133 and CDKN2A/B rs10811661 might
have the potential to be used as the predictive
biomarker for breast cancer.
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