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Associations of polymorphisms of folate cycle enzymes and risk
of breast cancer in a Brazilian population are age dependent
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Abstract Polymorphisms in genes involved in folate
metabolism have been shown to be implicated in breast
cancer risk but with contradictory results. In this case—
control study, we investigated the association between
MTHFR C677T and A1298C, TYMS 5-UTR, MTR
A2756G and ¢cSHMT C1420T and also the folate carrier
(RFCI GS80A) and breast cancer risk in a northeastern
Brazilian population. The study included 183 women
diagnosed with breast cancer and 183 controls volunteers
without any history of cancer. Also a significant number of
healthy individuals were included for allelic frequency in
the population studied. Risk of breast cancer was estimated
by conditional logistic regression. An association with risk
was found for women carrying the MTR A2756G poly-
morphic allele (AG, P = 0.0036; AG/GG, P = 0.0040),
and a protective effect in carriers of the RFCI G80A poly-
morphic allele (GA, P = 0.0015; AA, P = 0.0042). Strat-
ifying the data by age (cutoff point of 50 years old),
different distributions were observed for breast cancer risk.
For women <50 years, the risk observed in the presence of
the polymorphic allele MTR 2756 (AG/GG) in the general
analysis was, restricted to this age group (P = 0.0118).
Conversely, for women over 50, the risk of breast cancer
development was statistically associated with the MTHFR
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677CT genotype, but especially significant was risk asso-
ciated with the presence of the polymorphic allele of cSHMT
C1420T (P = 0.0120) and the protective effect associated
with the RFCI G80A polymorphism allele (P = 0.0021),
was restrict to this age group. These data indicate that the
cutoff age used (50 years old) was appropriate, since it was
able to discriminate risk in each age group in the population
studied and also to point to the importance of age in the
analyses of cancer-associated polymorphisms.

Keywords Breast cancer - Folate metabolism -
Single nucleotide polymorphism - Age

Introduction

Breast cancer is the leading cause of cancer mortality in
women worldwide [1, 2]. The etiology of the disease is
poorly understood, some risk factors include familial his-
tory of the disease, age of menarche and of menopause,
diet, reproductive history, high estrogen exposure as well
as genetic factors [3, 4]. Studies suggest that the effect
determined by low-penetrance genes, may provide a
plausible explanation for breast cancer susceptibility.
Sequence variants or polymorphisms are associated with a
risk of or protection against the disease, especially the
polymorphisms in genes encoding enzymes involved in
folic acid metabolism [5, 6].

Folate metabolism imbalances have been implicated in
predisposition to various kind of cancer [7] because it may
influence DNA stability as a one-carbon donor through two
different pathways: DNA methylation and nucleotide
synthesis. Those crucial roles in the DNA metabolism
involve several enzymes in the folate biological network,
such as Methylenetetrahydrofolate reductase (MTHFR),
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which catalyzes the critical reduction of 5,10 methylene-
tetrahydrofolate (5,10-MTHF) to 5-methyltetrahydrofolate
(5-methylTHF). Nevertheless, 5,10-MTHF is also used in
the conversion of dUMP to dTMP by TYMS, and the
product, 5-methylTHF, is the methyl donor for remethy-
lation of homocysteine to methionine, which is mediated
by methionine synthase (M7R) [8]. Methionine is the pre-
cursor of S-adenosylmethionine (SAM), the universal
methyl donor for several biological methylation reactions
including DNA methylation [9, 10]. The concentration of
5,10-MTHF also depends on the enzyme serine hydrox-
ymethyltransferase (SHMT), specifically cytosolic SHMT
(cSHMT), which is responsible for the reversible conver-
sion of serine and tetrahydrofolate to glycine and 5,10-
MTHEF, thus playing an important role in providing carbon
units for the synthesis of purine, thymidylate and methio-
nine [11]. In addition to the above enzymes, the protein
reduced folate carrier 1 (RFCI) plays an essential role in
folate metabolism, being responsible for the entrance of
reduced folate into the cell [12].

Although several studies have been published related to
breast cancer and polymorphisms of the folate cycle
enzymes, the majority are restricted to MTHFR polymor-
phisms, but with controversial results [13-16]. Some
studies found the variant MTHFR C677T (rs1801133)
genotype associated with an increase in breast cancer risk
[15, 17, 18], while no significant association was found in
others [16, 19]. On the other hand, the MTHFR 1298C
allele of MTHFR A1298C (rs1801131) was associated with
increased risk in the studies of Ergul et al. [17] and Stevens
et al. [20], while reduced risk of breast cancer for the
polymorphic allele (AC4CC) was found by Chou et al.
[21]. The same conflicting results are found in the literature
for the MTR A2756G (rs1805087) polymorphism; risk was
found in some studies [22, 23], but others did not show any
association [15, 24, 25]. In relation to SHMT, only the
cytosolic form is related to cancer risk, but few studies
have associated polymorphisms with predisposition to
breast cancer. Cheng et al. [26], showed that the C1420T
polymorphism ¢SHMT (rs 1979277) have an independent
role in association with reduced risk of breast cancer.
However, Bentley et al. [27] do not support any association
between the genotype ¢cSHMT C1420T and breast cancer
risk. Regarding TYMS, the most studied polymorphism in
this enzyme is the 28-bp tandem repeat sequence, identified
in the 5'promoter region (5-UTR). However, no significant
association with breast cancer risk has been reported.
Besides its importance, only two studies were conducted
considering the RFCI (SLC19A1) G80A (rs1051266)
polymorphism and breast cancer risk [25, 28], also with
contradictory results.

Conflicting results are also observed related to the
analysis of some of these polymorphism and menopause
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status. For example, considering the MTHFR C677T, the
MTHFR 677 T allele was found to be associated with
premenopausal risk by Campbell et al. [29], Ergul et al.
[17] and Semenza et al. [30]. In contrast, Suzuki et al. [31],
Ericson et al. [32] and Maruti et al. [33] found risk for
postmenopausal women, while Justenhoven et al. [16] and
Platek et al. [19] did not find any significant associations.
The importance of the menopause state is related to the
reduction in hormone levels; however, the hormonal
changes happen even before this event. Therefore, meno-
pause itself is not an accurate marker. On the other hand,
age is a well-accepted risk factor for cancer including
breast cancer.

From this standpoint, we were prompted to investigate
breast cancer risk and six common polymorphisms related
to the four major enzymes of folate metabolism (MTHFR,
TYMS, MTR and ¢SHMT) and also the folate carrier protein
(RFC1I) in a population in Ceard state (northeastern Brazil).
Also, we investigated our data stratifying it by age using as
a cut-off the average age in which occurs the menopause
(50 years old). To our knowledge, this is the first study to
evaluate this set of polymorphisms with regard to the risk
of breast cancer in the same population.

Materials and methods
Subjects

This case—control study consisted of 183 women with a
diagnosis of breast cancer, aged 31-79 years, who were
recruited from the Integrated Regional Oncology Center
Clinic (CRIO), taking as criteria for inclusion age older than
18 years with a pathological diagnosis of breast carcinoma
stage I, II, III or IV, had no previous breast cancer or
metastasized cancer originating from other organs and who
were not previously exposed to chemo- and/or radiotherapy.

The controls were composed by 183 healthy volunteers
recruited from blood bank donors and volunteers belonging
to the staff of the university, without any history of cancer.
All subjects were genetically unrelated, from the same
geographical region (Ceara State, Northeast Brazil) and
they were matched by age (£2 years) for the conditional
logistic regression analysis. Additionally, a higher number
of healthy individual than the one used on the case control
study analysis was recruited to enable us to verify the
polymorphism frequencies of all genes in the studied
population.

All participants signed an informed consent and the
study was approved by the Ethics Committee of the Hos-
pital Complex of the Federal University of Ceara under the
protocol No. 702/04, according to the Resolution 306/04 of
the National Council of Health, Ministry of Health/Brazil.
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At the time, informed consent was obtained from all par-
ticipants, and information about demographic characteris-
tics and family history of breast cancer was provided by a
trained interviewer through a questionnaire. 4 ml of blood
were harvested for analysis.

Genotype analysis

Genomic DNA was extracted, soon after blood sampling,
using a salting out method [34]. DNA quality was deter-
mined by 1% agarose gel electrophoresis and the amount
was determined using the NanoDropTM® 3300 fluoro-
spectrometer (Wilmington, DE, USA). The MTHFR
C677T, MTHFR A1298C, MTR A2756G, cSHMT C1420T
and RFC1 G80A polymorphisms were determined by
PCR-RFLP and the TYMS 5'-UTR (28 bp) was detected by
simple PCR. The reaction conditions were carried out
according to the references cited in Table 1.

All PCR products, except those of TYMS analysis, were
verified by 1% agarose gel electrophoresis with ethidium
bromide staining. The digested fragments and the TYMS
PCR products were visualized in 6% polyacrylamide gels
with silver stained, in order to better determine the frag-
ment size. Quality control samples were included in all
laboratory analyses. Random samples (10% of cases and
control samples) were reanalyzed for control of the

Table 1 PCR and restriction protocols

Polymorphism Product Restriction Patterns Protocol
(bp) enzyme references
MTHFR 198 Hinfl C allele [35]
Co677T (198 bp)
T allele (175
and 23 bp)
MTHFR 237 Mboll A allele (210 [36]
A1298C and 27 bp)
C allele (182,
28 and 27 bp)
TYMS 5'-UTR - None 2R (220 bp) [37, 38]
3R (248 bp)
MTR A2756G 211 Haelll A allele [39]
(211 bp)
G allele (131
and 80 bp)
SHMT 217 Earl C allele (131 [40]
C1420T and 86 bp)
T allele
(217 bp)
RFC1 GS8OA 231 Hhal A allele (162 [41]
and 68 bp)

G allele (125,
37 and 68 bp)

laboratory procedures with unknown identification by the
laboratory staff. The concordance of the analysis was
99.5% for all polymorphisms. To the discordant samples,
the genotype assay was repeated by two independent
researchers to achieve 100% of concordance.

Statistical analysis

Conditional logistic regression analysis was done for all the
cases and the age-matched control population, being cal-
culated the odds ratio (OR) in a 95% confidence interval
(CD), in order to investigate the association between the
studied polymorphisms and breast cancer risk. A ‘p’ value
less than 0.05 was taken to be significant. All statistical
tests were performed with software Epi Info, v. 3.5.1. To
detect signs of genotyping error or confounding factor due
to population admixtures, the deviation from Hardy—
Weinberg equilibrium, among the controls, was tested with
Pearson’s test.

Results

The mean age of the patients included in this study was
51.7 (median of 51 years, ranging from 31 to 79) and 41.9
for the population study group (median of 42 years, rang-
ing from 16 to 80 years). Most of the patients were post-
menopausal (54.9%, median age of 58 years) and the
majority of the cases were diagnosed with invasive ductal
carcinoma in stage III (Table 2).

Table 3 shows the genotype distribution of MTR,
MTHFR, cSHMT, RFC1 and TYMS polymorphisms for the
population studied, patients and matched controls, also the
distribution considering their odds ratios (OR) for breast
cancer risk. The population genotype analysis from same
enzymes was different due to difficulties in amplifying
some samples. No statically difference was found between
both healthy populations groups. Genotype distributions in
control groups for all polymorphisms were in accordance
with Hardy—Weinberg equilibrium. A very low frequency
of the homozygous polymorphic genotype for methionine
synthase (MTR 2756GG) was found for both patient and
control groups, although the polymorphic allele was pres-
ent in heterozygosis at a substantial frequency. On the
other hand, the genotype frequencies of MTHFR 1298CC,
cSHMT 1420TT and MTR 2756AG were higher in the
patient group rather than in the control subjects.

Breast cancer risk (Table 3) was found only in women
carrying the polymorphic allele MTR 2756G (AG or
AG+GG). The lack of association with the homozygous
polymorphic genotype (GG) may be explained by the
presence of only one case carrying this genotype. A strong
protective effect was found associated with the presence of
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Table 2 Histopathological classification and clinical staging of patients with breast cancer

Histopathological classification No. of patients (%) Stage 1 Stage 11 Stage III Stage IV
Invasive ductal carcinoma 164 (89.6) 8 (4.9) 58 (35.4) 84 (51.2) 14 (8.5)
Invasive lobular carcinoma 8 (4.4) 0 3 (37.5) 5 (62.5) 0
Mucinous carcinoma 2 (1.1 0 1 (50) 1 (50) 0
Apocrine carcinoma 3(1.6) 0 0 3 (100) 0
Papillary carcinoma 1 (0.6) 0 1 (100) 0 0
Medullary carcinoma 5.7 0 3 (60) 1 (20) 1 (20)
Total (%) 183 (100) 8 (4.4) 66 (36.1) 94 (51.3) 15 (8.2)

Table 3 Genotype frequencies of MTR A2756G, MTHFR A1298C, MTHFR C677T, cSHMT C1420T, RFC1 G80A, TYMS 5'-UTR and risk of
breast cancer in all individuals

Genotype Total population (%) No. of patients (%) No. of controls (%) OR (95% CI) P-value

TYMS 5'-UTR(28 bp), N = 510

2R/2R? 92 [18] 30 [17] 29 (16.5) 1.00 -

2R/3R 272 (53.4) 97 (55.1) 96 (54.5) 0.98 (0.56-1.81) 0.9374

3R/3R 146 (28.6) 49 (27.8) 51 (29.0) 0.94 (0.51-1.72) 0.8345

2R/3R+3R/3R 418 (82) 146 (82.9) 147 (83.5) 0.96 (0.56-1.65) 0.8908
MTHFR C677T, N = 514

cc? 251 (48.8) 76 (43.2) 87 (49.4) 1.00 -

CT 224 (43.6) 83 (42.7) 70 (39.8) 1.39 (0.87-2.20) 0.1652

TT 39 (7.6) 17 (9.7) 19 (10.8) 1.06 (0.51-2.17) 0.8806

CT+TT 263 (51.2) 100 (52.4) 89 (50.6) 1.31 (0.85-2.04) 0.2231
MTHFR A1298C, N = 490

AA® 224 (45.7) 68 (41.2) 72 (43.6) 1.00 -

AC 241 (49.2) 80 (48.5) 84 (50.9) 1.01 (0.67-1.52) 0.9491

cc 25 (5.1) 17 (10.3) 09 (5.5) 1.90 (0.82-4.42) 0.1338

AC+CC 266 (54.3) 97 (58.8) 93 (56.4) 1.08 (0.73-1.61) 0.6863
MTR A2756G, N = 491

AA® 323 (65.8) 82 (47.1) 109 (62.6) 1.00 -

AG 166 (33.8) 91 (52.3) 64 (36.8) 1.96 (1.25-3.10) 0.0036*

GG 2 (0.4) 01 (0.6) 01 (0.6) 1.00 (0.06— 15.99) 1.0000

AG+GG 168 (34.2) 92 (52.9) 65 (37.4) 1.93 (1.23-3.02) 0.0040%
eSHMT C1420T, N = 256

cc? 86 (33.6) 32 (26.7%) 48 (40.0%) 1.00 -

CT 136 (53.1) 62 (51.7%) 56 (46.7%) 1.39 (0.87-2.20) 0.1652

TT 34 (13.3) 26 (21.7%) 16 (13.3%) 1.06 (0.51-2.17) 0.8806

CT+TT 170 (66.4) 88 (73.4%) 72 (60%) 1.31 (0.85-2.04) 0.2231
RFCI G80A, N = 426

GG* 112 (26.3) 58 (37.2%) 30 (19.2%) 1.00 -

GA 225 (52.8) 71 (45.5%) 89 (57.1%) 0.39 (0.22-0.70) 0.0015%

AA 89 (20.9) 27 (17.3%) 37 (23.7%) 0.35 (0.17-0.72) 0.0042%

GA+AA 314 (73.7) 98 (62.8%) 126 (80.8%) 0.38 (0.22-0.66) 0.0006*
* P <0.05

4 Reference genotype

RFC1 G80A polymorphism. No statistical significance was Stratifying the analysis by age (50 years old as cutoff
found for the MTHFR C677T, MTHFR A1298C, cSHMT  point), different distributions were observed, and the sus-
C1420T and TYMS 5'-UTR polymorphisms and breast  ceptibility for breast cancer showed a different pattern of
cancer risk. risk according to age.
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:fa 2;;1? A%zr;ztg}f)ﬁ;/[f;;c};;nmes Genotype N0: of No. of OR P-value
A1298C. MTHFR C677T. patients (%) controls (%) (95% CI)
c¢SHMT C1420T, RF.'C] GS80A, TYMS 5'-UTR(28 bp)
TYMS 5'-UTR and risk
of breast cancer in patients 2R/2R" 17.(19.8%) 17.(19.3%) 1.00 -
aged <50 years old 2R/3R 51 (59.3%) 46 (52.3%) 1.05 (0.50-2.20) 0.8998
3R/3R 18 (20.9%) 25 (28.4%) 0.74 (0.32-1.73) 0.4864
2R/3R+3R/3R 69 (80.2%) 71 (80.7%) 0.94 (0.46-1.90) 0.8575
MTHFR C677T
cc* 40 (46.5%) 38 (43.2%) 1.00 -
CT 34 (39.5%) 42 (47.7%) 0.67 (0.33-1.37) 0.2740
TT 12 (14.0%) 08 (9.1%) 1.26 (0.39-3.26) 0.6324
CT+TT 46 (53.5%) 50 (56.8%) 0.81 (0.43-1.53) 0.5172
MTHFR A1298C
AA? 37 (47.4%) 30 (37.5%) 1.00 -
AC 30 (38.5%) 47 (58.8%) 0.53 (0.28-1.02) 0.0577
CcC 11 (14.1%) 03 (3.8%) 4.05 (0.87-18.93) 0.0754
AC+CC 41 (52.6%) 50 (62.6%) 0.69 (0.38-1.26) 0.2304
MTR A2756G
AA? 41 (48.2%) 59 (67.8%) 1.00 -
AG 44 (51.8%) 28 (32.2%) 2.31 (1.20-4.42) 0.0118*
GG 00 (0.0%) 00 (0.0%) n.d. n.d.
AG+GG 44 (51.8%) 28 (32.2%) 2.31 (1.20-4.42) 0.0118*
cSHMT C1420T
cc* 16 (29.1%) 17 (29.8%) 1.00 -
CT 26 (47.3%) 30 (52.6%) 0.93 (0.36-2.40) 0.8786
TT 13 (23.6%) 10 (17.5%) 1.30 (0.40-4.21) 0.6651
CT+TT 39 (70.9%) 40 (70.1%) 1.00 (0.40-2.52) 1.0000
RFCI G80A
GG* 27 (36.5%) 18 (23.7%) 1.00 -
GA 32 (43.2%) 42 (55.3%) 0.45 (0.19-1.03) 0.0602
AA 15 (20.3%) 16 (21.1%) 0.54 (0.20-1.47) 0.2293
" P <005 GA+AA 47 (63.5%) 58 (76.4%) 0.47 (0.21-1.05) 0.0648

* Reference genotype

For women aged 50 years or under (Table 4), a risk was
associated with the presence of the polymorphic allele MTR
2756G (P = 0.0118) and a tendency for the protective effect
of the heterozygous genotype of MTHFR A1298C was
observed (P = 0.0577). Conversely, for woman aged above
50 (Table 5), the risk of breast cancer development was
statistically associated with the MTHFR C677T heterozy-
gous genotype, being also associated when considering the
allele T carries (CT+TT). Also, a risk associated with the
presence of the cSHMT polymorphic 1420T allele was
especially significant. On the other hand, a protective effect
associated with RFC1 G80A polymorphism was found.

Considering others epidemiological data related to
breast cancer we found among the patients that, women
who had menarche at age >14 were correlated to the
genotype 2R/3R+3R/3R of TYMS and GA+AA of RFC.
The presence of these RFC genotypes (GA+AA) was also
associated with patients who were smokers. On the other

hand, the RFC genotype GG were correlated with patients
who had children at age >30 and had family history.
Additionally, was analyzed the correlation considering the
tumors stage regarding to Invasive Ductal Carcinoma due
to small number of the others histological classification, but
no significant results were found.

Discussion

Although the polymorphisms in MTHFR and MTR genes
are the most studied, the results are still conflicting. One
important parameter considered in some studies is the
menopause status, however the hormonal changes, and
consequently the metabolism that are dependent of them,
already happen in the perimenopause, a period of changing
ovarian function, and precedes the final menses by between
2 and 8 years [42]. This fact can be corroborated by
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Table 5 Genotype frequencies

of MTR A2756G. MTHFR Genotype N0: of No. of OR P-value
A1298C. MTHFR C677T. patients (%) controls (%) (95% CI)
¢SHMT C1420T, RFCI G80A, TYMS 5'-UTR (28 bp)
TYMS 5'-UTR and risk
of breast cancer in patients 2R/2R" 13 (14.4%) 12 (13.6%) 1.00 -
aged >50 years old 2R/3R 46 (51.1%) 50 (56.8%) 0.86 (0.35-2.08) 0.7332
3R/3R 31 (34.4%) 26 (29.5%) 1.00 (0.39-2.54) 1.0000
2R/3R+3R/3R 77 (85.5%) 76 (86.3%) 0.91 (0.39-2.14) 0.8273
MTHFR C677T
cc* 36 (40.0%) 49 (55.7%) 1.00 -
CT 49 (54.4%) 28 (31.8%) 2.36 (1.20-4.64) 0.0127*
TT 05 (5.6%) 11 (12.5%) 0.67 (0.19-2.32) 0.5287
CT+TT 54 (60%) 39 (44.3%) 2.00 (1.05-3.80) 0.0342%*
MTHFR A1298C
AA? 31 (35.6%) 50 (57.5%) 1.00 -
AC 50 (57.5%) 36 (43.5%) 1.55 (0.88-2.72) 0.1261
CC 06 (6.9%) 01 (7.1%) 1.29 (0.40-4.42) 0.6717
AC+CC 56 (64.4%) 37 (50.6%) 1.52 (0.88-2.64) 0.1337
MTR A2756G
AA? 41 (46.1%) 50 (57.5%) 1.00 -
AG 47 (52.8%) 36 (41.4%) 1.67 (0.88-3.16) 0.1178
GG 01 (1.1%) 01 (1.1%) 1.00(0.06-15.99) 1.0000
AG+GG 48 (53.9%) 37 (42.5%) 1.62 (0.87-3.03) 0.1265
¢SHMT C1420T
cc* 16 (24.6%) 31 (49.2%) 1.00 -
CT 36 (55.4%) 26 (41.3%) 2.26 (1.10-4.63) 0.0266%*
TT 13 (20.0%) 06 (9.5%) 4.12 (1.16-14.66) 0.0286*
CT+TT 49 (75.4%) 32 (50.8%) 2.45 (1.22-4.95) 0.0120%*
RFC1 G80A
GG* 31 (37.8%) 12 (15.0%) 1.00 -
GA 39 (47.6%) 47 (58.8%) 0.30 (0.13-0.71) 0.0062%*
‘P =005 AA 12 (14.6%) 21 (26.2%) 0.20 (0.06-0.59) 0.0040%*
’ GA+AA 51 (62.2%) 68 (85%) 0.27 (0.12-0.62) 0.0021%*

* Reference genotype

contradictory findings between some studies that show risk
of breast cancer being related to menopausal status. From
this standpoint, and also considering that age is a well-
accepted risk factor for cancer, including breast cancer, the
data in this study were also stratified by age using the
average age cohort that occurred at menopause (<50 years
and >50 years) as done by some other authors [25, 43].

First, considering the analysis without a cutoff, no sta-
tistically significant association was found related to the
MTHFR C677T, MTHFR A1298C and TYMS 5-UTR
polymorphisms. Table 6 lists the studies of breast cancer
and polymorphisms of folate metabolism genes, indicating
the concordant and discordance to our data. Studies in
which dietary folate intake was considered was not
compared.

Unlike the MTHFR C677T and MTHFR A1298C and
cSHMT C1420T polymorphism, the lack of association of
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TYMS 5'-UTR polymorphism is in accordance with all
studies, independently on the studied population.

The most interesting finding in this analysis was the
associated risk found in the presence of the polymorphic
allele MTR 2756G, contrasting with the protection
observed for the RFC1 polymorphic allele 80A. In our
study, a very low frequency of the MTR A2756G homo-
zygous polymorphic genotype (GG) was observed which
can explain the lack of association between homozygous
polymorphism and risk. The frequency of MTR 2756GG in
the literature varies from 2 to 5.4%; furthermore, two
studies from southeastern Brazil [23, 51] found a frequency
of 3.2 and 3.7% for this polymorphism in the control
population. The difference observed between the frequency
in our study (0.3%) for a Northeastern population and the
two other Southern Brazilian studies frequencies reflects
the differences in the ethnic background, lifestyle and



Mol Biol Rep (2012) 39:4899-4907

4905

Table 6 Association of previous studies with our present, six of
polymorphisms of genes involved in folate transport or metabolism
and the risk of breast cancer

Polymorphism Results Analyzed References
population
MTHFR No association® Brazil, China, [23, 43, 44,
C677T Korea, Australia 45, 46]
Protection (TT  Taiwan [21]
genotype)
Risk (TT Turkey, USA [15, 18, 47%]
genotype)
MTHFR No association® Canada [25]
A1298C Protection (CC  Taiwan [21]
genotype)
TYMS 5'-UTR  No association® China, Australia, [43, 46, 48]
Spain
cSHMT No association® USA, Taiwan [22, 27]
C1420T Protection (TT ~ Taiwan, Indian [26, 49]
genotype)
RFCI G80A No association Canada [25]
Risk (AA Indian [49]
genotype)®
MTR A2756G No association  Taiwan [22, 504

4 Meta-analysis
® Similar results to this study

environmental factors of these regions. Brazilian popula-
tion is heterogeneous, formatted by European, African,
Asian, as well Indian groups, moreover, with differences in
its composition among regions of the country. Ceara is a
Northeast state and has an evident Indian component in its
population formation, and different from the Southern
state, the African black was almost absent and the Asian
was not present. Europeans, besides Portuguese, were the
Dutch settlers, while in the south, predominantly Germans
and Italians [52]. In a recent meta-analysis by Qi et al. [53]
an increased risk was found in an East Asian population but
not in a Caucasian population, pointing to the importance
of ethnic background for some polymorphisms.

Discordances’ data was also found in the literature
regarding the MTR A2756G however, a meta-analysis by
Lu et al. [50] found some evidences of an association
between the MTR A2756G polymorphism and breast can-
cer risk among Europeans, but not among Asians. No
consensus was found in the few paper was found related to
the RFC1 G80A polymorphism and breast cancer.

When the data was stratified by age (cutoff of 50 years
old), most polymorphisms showed differences in the risk
association pattern. In women aged <50 years, the breast
cancer risk associated to the presence of the MTR 2756G
allele in the overall analysis was, in fact, restricted to that
group of age, and only a trend of a protective effect was
observed, regarding to MTHFR 1298 AC genotype. In this

age group, conversely, Kotsopoulos et al. [25], in this age
group, found no association of breast cancer risk related to
MTHFR A1298C or MTR A2756G polymorphisms.
Moreover, in women aged >50 years old, a risk association
was found with the presence of the polymorphic alleles of
MTHFR C677T and cSHMT C1420T. The protection
association observed with the RFC1 80A allele in the
general sample was found only in this group of age.

The association of breast cancer risk and the MTHFR
677T allele and cSHMT C1420T in women aged >50 years
old, is in contrast with Kotsopoulos et al. [25]. As long as
most studies did not stratify the data by age, we assumed
that the cutoff of 50 years old should be comparable to a
distinguishable point between pre- and postmenopausal
status. So that, the association of the MTHFR 677CT
genotype to breast cancer risk is in accordance to some
previous studies, such as Suzuki et al. [31], Ericson et al.
[32] and Maruti et al. [33] who found an increased risk of
34% in breast cancer among the postmenopausal Swedish
when carrying the CT and TT genotypes.

The importance of each polymorphism for the redirec-
tion and compensation of the metabolic pathways involved
in the folate cycle is not explained. There is only specu-
lation considering the peculiarity of each one. Both
MTHFRC6TTT and ¢SHMT C1420T polymorphism have
been associated with decreased folate levels in plasma and
in red blood cells [40, 44]. Therefore, it is speculated that a
decrease in the enzyme activity could mimic a folate
deficiency by lowering one-carbon availability for reme-
thylation of homocysteine to methionine and DNA syn-
thesis (repair) and methylation.

Considering the RFC1 G80A polymorphism, it has been
described as having no impact on plasma homocysteine
level, but it appears to increase the folate level of the
extracellular environment [54]. Polymorphism in the RFCI
gene seems to have an impact on the absorption and cel-
lular translocation of dietary folate [55]. The protection
associated with RFC1 G80A polymorphism may not be
entirely unexpected, as long as it has been suggested that
folate is able to prevent tumor development before the
establishment of pre-neoplastic lesions; however, once the
lesions are established, this nutrient might promotes
tumorigenesis [28, 56, 57]. Therefore, pre-lesions in
patients who have cell folate intake deficiency would have
less chances of disease progression. Most of the patients
included in this study were in advanced stages (III, IV)
which could contribute to this result. Also, the protection
was associated to the women aged >50 years, that who
already have metabolic changes compared with younger
women. The complexity of the role of RFC in folate
metabolism can be observed by the statistical associations
found with other factors linked to breast cancer, in which,
the presence of the polymorphic allele of this enzyme was
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significantly correlated with patients who had menarche
age >14, and also patients smokers. Inversely, the wild
type genotype was correlated with patients who had chil-
dren age >30 and had family history. Together, our data
points to the fine regulation existing in the folate balance at
the intracellular level and points to differences in this
metabolism according to age.

In conclusion, although we found protective effect and
risk association for breast cancer involved with folate
metabolism in the general analysis, these effects were
better differentiated when we stratified our data by age.
In women <50 years old, of risk association was found
with the MTR 2756G allele and a tendency MTHFR
1298AC genotype, while in women >50 years old, breast
cancer risk was associated with the presence of the
polymorphic alleles of MTHFR C677T and cSHMT
C1420T. Protection effect was associated with the RFC1
80A allele and it was restricted to women >50 years old.
The cutoff age (50 years old) used was shown to be
appropriate as long as it was able to discriminate breast
cancer risk or protection in each group of age in the
studied population with a high statistical significance.
This was probably due to the fact that the age used as
cutoff joined two parameters: the genetic susceptibility
considering cancer arising in early age and the methyla-
tion pattern which changes with age, being, indeed, rel-
evant to cancer.
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