
Abstract. Background: Folate deficiency is implicated in
cancer development. Single nucleotide polymorphisms in the
methylenetetrahydrofolate reductase (MTHFR) gene can
modulate the effect of folate. In this case-controlled study, a
possible effect of the common MTHFR C677T (ala→val)
polymorphism on breast cancer susceptibility in Turkish
patients was investigated. Materials and Methods:
Polymorphism analysis was performed by melting curve
analysis. Results: The variant allele valine (677T) was more
frequent among the patients (30.1%) than in controls (23.9%).
This difference was weakly significant (p=0.046; OR=1.37)
and due to a significantly higher frequency of the valine
homozygotes (677TT) among the patients (12.1% vs. 5.4%;
p=0.013, OR=2.5). Among the patients diagnosed at more
than 40 years of age, a more pronounced association of the
valine homozygotes with breast cancer risk was observed
(p=0.009; OR=3.3). Conclusion: Homozygosity for the low-
activity C677T genotype (TT) may represent a genetic
determinant increasing breast cancer risk.

Breast cancer (BC) is the most common malignancy in

women. Several risk factors for BC have been established,

most of which are related to reproductive events. The

incidence of BC increases with age, doubling every 10 years

until the menopause, but the rate of the increase slows

substantially after the menopause. Other risk factors

associated with reproductive life include the age at

menarche and menopause and age at first pregnancy (1).

However, these are absent in the majority of women with

sporadic BC. Five to 10% of breast cancer are attributed to

genetic factors. The fact that age-adjusted incidence and

mortality for breast cancer varies by a factor up to five

between countries suggests that, on the one hand,

environmental factors may be of greater importance than

genetic factors or, on the other hand, that there may be

ethnic factors associated with BC risk.

Folate deficiency has been implicated in the development

of cancer. The mechanism by which folate might protect

against cancer is possibly related to its role in DNA

methylation and synthesis (2). In BC, a higher intake of

folate has been shown to reduce pre- and postmenopausal

BC risk (3). The MTHFR enzyme catalyses the irreversible

reduction of 5, 10- methylenetetrahydrofolate (5,10-

methylene THF) to 5-methyltetrahydrofolate (5-methyl

THF). Folate, in the form of 5-methyl THF, provides a

methyl group for methionine synthesis, which is further used

for synthesis of S-adenosylmethionine, an important

compound for DNA methylation reactions. DNA

methylation is an epigenetic determinant in gene expression,

DNA stability and mutagenesis. 5,10-methylene THF is used

for the conversion of deoxyurdylate to thymidylate, needed

for DNA synthesis. Consequently, folate deficiency causes

an imbalance in DNA precursors leading to the

misincorporation of uridylate into DNA. Polymorphisms in

the MTHFR gene may modulate the utilization and effect

of the folate compounds.

Two common polymorphisms of the MTHFR gene, C677T

(ala→val) and A1298C (glu→ala), affect the activity of the

enzyme resulting in a more labile enzyme with decreased

activity (4, 5). Of these, the C677T polymorphism is more

common, though its frequency varies substantially

worldwide, ranging from 10% to over 60% in the normal

population (6, 7). Results on the effect of this polymorphism

on cancer susceptibility are not consistent. Different types of

associations have been reported in solid and haematological

malignancies, where both normal and variant genotypes have

been found either as protective or as susceptibility factors in

different cancer types (7-20).
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With respect to the association of the MTHFR C677T

polymorphism with breast cancer, discordant results have

been reported, depending on the study group or patient

characteristics (21-27). It is probable that parameters such as

ethnic origin, study design, sample size, or distribution of the

cases may have affected the association of the polymorphism

with BC. In the present study, the association between the

MTHFR C677T polymorphism and breast cancer risk in

Turkish breast cancer patients was investigated by melting

curve analysis.

Materials and Methods

Study population. The study population consisted of patients

(n=189) with histologically confirmed breast cancer, admitted to

the Istanbul Medical Faculty and the Oncology Institute, Istanbul,

Turkey, between 1994 and 2004. The patient group included

unselected cases, consisting mostly of sporadic cancers. Ninety

patients were premenopausal and 99 postmenopausal. The control

group (n=223) consisted of age-matched, healthy women with a

similar ethnic background and without any signs of a malign

disease. The characteristics of the study groups are given in Table

I. The research protocol was approved by the Istanbul Medical

Faculty Ethics Committee.

Polymorphism analysis by LightCycler PCR® and melting curve
analysis. Genomic DNA was isolated from blood mononuclear cells

or tumor tissue by the standard Proteinase K/isopropanol method.

LightCycler PCR® (Roche, Mannheim, Germany) and melting

curve analyses were performed, as previously described (28).

Primers and fluorescence-labelled hybridization probes designed

by Nakamura et al. (29) were used. The primer sequences were: 5’-

TGGCAGGTTACCCCAAAGG-3’ (forward) and 5’-TGATGC

CCATGTCGGTGC-3’ (reverse) (IDT, Coralville, USA) and

hybridization probe sequences were: 5’-TGAGGCTGACCT

GAAGCACTTGAAGGAGAAGGTGTCT-3’-Flu and 5’-LC-640-

CGGGAGCCGATTTCATCAT-3’-PHO (TIB Molbiol, Berlin,

Germany). Positive controls were established by PCR-RFLP by

digesting the 163-bp product obtained in the LightCycler PCR®

using the HinfI restriction enzyme.

Statistical analysis. The Chi-square test was used to determine the

association between the allele and genotype frequencies using the

SPSS statistical package. A two-sided alpha level of 0.05 was

considered statistically significant. Unconditional regression

analysis was used to calculate the odds ratios, confidence intervals

and risk estimates.

Results

Genotyping of the MTHFR gene (Figure 1) was performed

by the LightCycler PCR, and the allele and genotype

frequencies were evaluated (Table II). The frequency of the
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Table I. Characteristics of the BC patients and healthy controls.

No. Median age Age range

All

cases 189 50 29-79

controls 223 47 26-70

Age

<40

cases 37 37 29-39

controls 55 35 26-29

≥40

cases 152 52 40-79

controls 168 49 40-70

Premenopausal

cases 90 42 29-51

controls 134 41 26-50

Postmenopausal

cases 99 58 48-79

controls 89 56 50-70

Table II. Genotype frequencies and statistical values in the patients and
controls.

Genotype Cases (%) Controls (%) OR (95% CI)

All 

CC 98 (51.9) 128 (57.4) 1.0

CT 68 (36) 83 (37.2) 0.9 (0.6-1.4)

CT+TT 91 (48.1) 95 (42.6) 1.3 (0.8-1.8)

TT 23 (12.1) 12 (5.4) 2.5 (1.2-5.3)

Age

<40

CC 21 (56.8) 30 (54.6) 1.0

CT 11 (29.7) 20 (36.4) 0.7 (0.3-2)

CT+TT 16 (43.2) 26 (45.4) 0.8 (0.4-2)

TT 5 (13.5) 5 (9) 1.4 (0.4-5.5)

≥40

CC 76 (50) 97 (57.8) 1.0

CT 58 (38.2) 64 (38) 1.2 (0.7-1.8)

CT+TT 76 (50) 72 (42.2) 1.3 (0.9-2.1)

TT 18 (11.8) 7 (4.2) 3.3 (3-8.2)

Premenopausal

CC 55 (61.1) 84 (59.6) 1.0

CT 23 (25.6) 50 (35.5) 0.7 (0.4-1.3)

CT+TT 35 (38.9) 57 (40.4) 0.9 (0.5-1.6)

TT 12 (13.3) 7 (4.9) 2.6 (0.9-7.1)

Postmenopausal

CC 43 (43.4) 43 (52.4) 1.0

CT 45 (45.5) 34 (41.5) 1.3 (0.7-2.4)

CT+TT 55 (66.6) 39 (47.6 ) 1.4 (0.7-2.5)

TT 11 (11.1) 5 (6.1) 2.2 (0.7-6.8)



variant valine allele in the control group was in accordance

with the Hardy-Weinberg equilibrium. Comparing the allele

frequencies between the BC patients and controls revealed

that the valine allele (677T) was more frequent in the cases

than in controls (30.1% vs. 23.9%). This difference resulted

in a weakly significant association (p=0.046; OR=1.37). The

genotype frequencies were compared between the cases and

controls by using the alanine homozygote (677CC) as

reference. We found that the difference in the allele

frequency was due to the significantly higher frequency of

the valine homozygote (677TT) among the cases (12.1% vs.
5.4%; p=0.013; OR=2.5; 95% CI=1.2-5.3). In contrast, the

valine heterozygote (677CT) displayed a similar distribution

in both groups (36% vs. 37.2%; p=0.7), while the difference

in the frequencies of the combined genotypes (valine

heterozygote + valine homozygote) was statistically not

significant (48.1% vs. 42.6%; p=0.25).

The distribution of the MTHFR C677T polymorphism

was compared with respect to age at diagnosis and

menopausal status. The distribution of the valine

homozygote individuals was similar among the patients

diagnosed before or after 40 years of age (13.5% vs. 11.8%;

p=n.s.) or among those in pre- or postmenopausal stage

(13.3% vs. 11.1%; p=n.s.). These results show that the

homozygote valine genotype is homogenously distributed

among the BC patients. When the distribution of the

homozygote valine genotype was compared to the controls,

the difference was not significant for individuals below 40

years of age, although the frequency of the valine

homozygotes was higher in the patients (13.5% vs. 9%).

Among the patients older than 40 years (n=152), a

significantly higher frequency of the homozygote valine

genotype was observed when compared with the controls in

the same age range (p=0.009; OR=3.3; 95% CI=3-8.2).

With respect to the menopausal status, the frequency of the

valine homozygotes was higher in both the premenopausal

(n=90; 13.3% vs. 4.9%) and postmenopausal patients

(n=99; 11.1% vs. 6.1%) than the corresponding control

group. However, the differences were statistically not

significant (p=0.051 and 0.16, respectively), possibly due to

the small number of valine homozygote cases in the

subgroups. The heterozygote or combined genotypes were

not associated with cancer risk in the subgroups.

Discussion

In this study, a possible effect of the common MTHFR
C677T polymorphism on breast cancer susceptibility in

Turkish patients was investigated. The variant valine allele

in the healthy population was found to be in the Hardy-

Weinberg equilibrium, indicating that no evolutinary change

has occured affecting the distribution of the normal and

variant alleles. The frequency of the valine allele in healthy

Turkish women (23.9%) appeared to be slightly lower than

the reports on other populations, e.g. 35% in Greece (30),

39% in Korea (27), 30% Southern England (22) or 27-29%

in the USA (11, 31, 32). However, the frequency of the

variant allele in the whole population (unselected for sex)

displays considerable differences in its distribution pattern

worldwide, ranging from 10% in African Americans (6) to

63% in northern China (7). This variation may form the

basis of the differences observed regarding the association

of the C677T polymorphism with cancer risk in studies from

different geographical areas.

Our study revealed a weak association (OR=1.37)

between the variant allele of the MTHFR C677T

polymorphism and breast cancer risk among Turkish

women. This association was due to the higher frequency of

the valine homozygotes among the patients (OR=2.5).

These results suggest that homozygosity at the C→T

(ala→val) transition in the MTHFR gene may affect breast

cancer risk. However, the homozygote valine genotype

occurred in only 12.1% of the cases, demonstrating that in

the majority of the cases the BC risk is not associated with

the MTHFR polymorphism.

The finding that BC risk is increased by the homozygote

variant genotype is in line with the fact that the C→T

transition impairs enzyme activity and increases its

thermolability (4). Thus, homozygosity would lead to

accumulation of the 5,10-methylene THF with the

consequence of lack of 5-methyl THF for DNA methylation.

This condition may impede DNA methylation, increasing

breast cancer susceptibility. The importance of the
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Figure 1. Genotyping of the MTHFR C677T polymorphism in the
LightCycler PCR. Following amplification, melting curves were obtained
by increasing the temperature gradually from 40ÆC to 85ÆC with
continuous measurement of the fluorescence. The melting curves were then
converted to melting peaks by plotting the negative derivative of the
fluorescence with respect to temperature (-dF/dT) against temperature.
The homozygote alanine (677CC) and homozygote valine (677TT)
genotypes displayed single peaks at approx. 63 and 55ÆC, respectively. The
heterozygote samples displayed both peaks. Negative control included H2O
instead of DNA and displayed no peak.



homozygosity at the C→T conversion for breast cancer was

also demonstrated by a recent study (33) indicating that the

C677T, but not the A1298C, polymorphism may modify the

association between diatary folate intake and BC risk where

the effect was more pronounced with the valine homozygotes.

Although information on the diatary folate intake of our

study participants was not available, the increased risk

observed in the valine homozygotes may also be associated

with low folate intake.

The finding of our study, namely a weak association

between the MTHFR polymorphism and breast cancer risk, is

in line with previous studies (21-27). In most of these reports

the association between the MTHFR polymorphism and BC

risk appears to vary depending on the study group or patient

characteristics. Ergul et al. (24), who investigated the MTHFR
polymorphism in premenopausal Turkish women, reported an

increased risk associated with the homozygote variant

genotype of the MTHFR gene. We also observed a higher

frequency of the homozygote valine genotype among the pre-

and postmenopausal patients than in the controls, but the

difference was still not significant. The reason for this

discrepancy may be the small number of valine homozygotes

in the subgroups. A positive association in premenopausal, but

not in postmenopausal, BC patients (23) or in patients less

than 40 years old (22) has also been reported, while others

failed to observe an association in unselected Finnish women

(25) and among premenopausal BC (26). In our study, a

positive association was found among patients with a diagnosis

age over 40, but not under 40. A similar inconsistency exists

with respect to the association with the bilaterality of the

breast tumors (21, 22). The reason for the differential effect of

the MTHFR C677T polymorphism on BC risk in different

studies and populations is not clear, but may be attributable

to various parameters such as sample sizes, patient

characteristics, folate status or other unknown ethnic factors.
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