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In the current study, an artificial neural network (ANN)-based breast cancer prediction model was developed
from the data of folate and xenobiotic pathway genetic polymorphisms along with the nutritional and demo-
graphic variables to investigate how micronutrients modulate susceptibility to breast cancer. The developed
ANN model explained 94.2% variability in breast cancer prediction. Fixed effect models of folate (400 μg/day)
and B12 (6 μg/day) showed 33.3% and 11.3% risk reduction, respectively. Multifactor dimensionality reduction
analysis showed the following interactions in responders to folate: RFC1 G80A × MTHFR C677T (primary),
COMT H108L × CYP1A1 m2 (secondary), MTR A2756G (tertiary). The interactions among responders to B12
were RFC1G80A× cSHMTC1420T and CYP1A1m2× CYP1A1m4. ANN simulations revealed that increased folate
might restore ER and PR expression and reduce the promoter CpG islandmethylation of extra cellular superoxide
dismutase and BRCA1.Dietary intakeof folate appears to confer protection against breast cancer through itsmod-
ulating effects on ER and PR expression and methylation of EC-SOD and BRCA1.
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The etiology of breast cancer is complex involving several physiolog-
ical, genetic, environmental, and epigenetic factors (Petrakis, 1977;
McPherson et al., 2000). Given the high incidence of breast cancer in
women, specific emphasiswas givenon the estrogenmetabolismas cat-
echol estrogens were reported to form adducts with DNA, which may
contribute to induce mutagenicity (Cavalieri and Rogan, 2011). On the
other hand, methoxy estrogens were found to be protective (Dawling
et al., 2003). The phase I enzymes belong to cytochrome P450 super

family and convert estrogens to catechol estrogens (Hachey et al.,
2003). Certain genetic variants of CYP1A1, i.e. CYP1A1 m1, CYP1A1 m4
were reported to induce high expression of CYP1A1 leading to increased
catechol estrogen production (Naushad et al., 2011a). The phase II
enzymes detoxify catechol estrogens by the following mechanisms:
i) O-methylation of catechol estrogens catalyzed by catechol-o-amine
methyl transferase (COMT); ii) conjugation of semiquinones/quinones
(formed by catechol estrogens) with glutathione in the presence of
GSTs (Chen et al., 2004). The COMT H108L and GSTT1/GSTM1 null var-
iants hamper this detoxification process thus exerting the breast cancer
risk (Naushad et al., 2011b).

The methylation of catechol estrogens further depends on the
bioavailability of S-adenosylmethionine (SAM) (JE1 et al., 2002), a
byproduct of one-carbon metabolism (Inoue-Choi et al., 2012). The
dietary folate in the form of folylpolyglutamate enters the intestine
and undergoes hydrolysis to form folylmonoglutamate by the action
of glutamate carboxypeptidase II (GCPII) and thus gets absorbed by
the intestine. Folate reductase catalyzes the two-step reduction of folate
to form dihydrofolate (DHF) and tetrahydrofolate (THF). The THF
from the plasma is transported to RBC with the help of reduced folate
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carrier 1 (RFC1). THF accepts methylene moiety from serine and
forms 5,10-methylene THF in the presence of cytosolic serine
hydroxymethyltransferase (cSHMT). 5,10-methylene THF is the sub-
strate for two enzymes, i.e. thymidylate synthase (TYMS) and methy-
lene tetrahydrofolatereductase (MTHFR), which catalyze the
conversion of dUMP to dTMP, and FAD-dependent reduction of 5,10-
methylene THF to 5-methyl THF. 5-methyl THF remethylates homocys-
teine tomethionine in the presence ofmethionine synthase/methionine
synthase reductase (MTR/MTRR) holoenzyme complex. Methionine is
the precursor for the synthesis of SAM, which is a universal methyl
donor that donates methyl group to DNA, catecholamines and proteins.
Upon donatingmethyl group, SAM is converted to S-adenosyl homocys-
teine (SAH), which gives back homocysteine through hydrolysis
(Naushad et al., 2011a).

Thiamine and cofactors of folate pathway, namely folate, riboflavin,
and vitamin B6, were reported to confer protection against breast can-
cer (Cancarini et al., 2015). Several functional polymorphisms in folate
pathway have been investigated by various researchers for their possi-
ble association with breast cancer (Stevens et al., 2007). In our earlier
study, we reported positive association of RFC1 G80A and MTRR A66G
and inverse association of cSHMT C1420T with breast cancer
(Mohammad et al., 2011).We have also showed the cross-talk between
the folate and xenobiotic metabolic pathways modulating the breast
cancer risk (Naushad et al., 2011b). The folate pathway also plays a piv-
otal role in DNA methylation and thus any deregulation might induce
hypermethylation of tumor suppressors and hypomethylation of
proto-oncogenes,which are hallmarks of cancer (Naushad et al., 2012a).

Dietary folate and cobalamin intake were shown to exhibit inverse
association with methylation of breast cancer 1,early onset (BRCA1),
and retinoic acid receptor, beta (RARB1) (Pirouzpanah et al., 2015).
Breast cancer patients with plasma folate levels in the highest tertile
were reported to have less risk for mortality compared to those with
plasma folate in the lowest tertile (McEligot et al., 2015).Mediterranean
diet rich in cofactors of folate pathwaywas shown to reduce breast can-
cer risk in subjects with MTHFR 677 T and MTR 2756 A variant alleles
(Kakkoura et al., 2015). Higher dietary folate intake was shown to re-
duce risk for the ER-negative breast cancer in pre-menopausal women
(de Batlle et al., 2014). BRCA1 methylation in all types of breast cancers
and Ras association (RalGDS/AF-6) domain family member 1 (RASSF1)
methylation in the ER/PR-negative breast cancers was reported to cor-
relate positively with total plasma homocysteine (Naushad et al., 2014).

In the current study, we have aimed to develop a risk prediction
model for breast cancer by incorporating demographic data, family his-
tory, dietary intake of folate, B2, B6, B12 along with data on the fourteen
polymorphisms of folate and xenobiotic metabolic pathways. The ratio-
nale of this risk predictionmodel was to assess the influence of life style
modulation in bringing down breast cancer risk, specifically by modu-
lating micronutrient intake. In parallel, we have studied folate-
mediated changes in methylome at RASSF1, BRCA1, (BCL2/adenovirus
E1B 19 kDa interacting protein 3 (BNIP3), extracellular superoxide dis-
mutase (EC-SOD) loci.

1. Materials and methods

1.1. Sample size calculation

Based on our previous study, the difference in means of plasma
folate levels between controls vs. basal-like breast cancer was 0.62,
standard deviation was 1.2, the ratio of controls to basal-like breast
cancer was 5.0. Hence, 36 basal-like breast cancers and 240 healthy
controls were required to obtain 80% power with type I α error of
0.05. The incidence of basal-like breast cancer in India was reported to
vary from 12.5% to 29.8%. Hence, assuming the incidence to be around
12.5%, the required number of total breast cancer samples was calculat-
ed as 288.

1.2. Recruitment of subjects

We have conducted a case–control study by recruiting 342 breast
cancer patients and 253 normal healthy controls in the Departments
of Medical and Surgical Oncology, Nizam's Institute of Medical Sciences,
Hyderabad, India, during the period of June 2009 to June 2012. The
diagnosis of breast cancer was based on the mammogram and histo-
pathological examination of the biopsy. The inclusion criteria were
i) patients aged between 18 and 70 yr. with confirmed diagnosis of
breast cancer based on mammography and histopathological examina-
tion; ii) controls matched with cases in terms age, ethnicity, and geo-
graphical location with no history of any benign or malignant breast
disease; and iii) subjectswilling to give informed consent. The exclusion
criteria were i) patients with any co-morbid disorder or malignancy;
ii) cases already under radiation and chemotherapy will be excluded
from methylation studies; and iii) patients whose medical records are
not accessible. The Institutional Ethical Committee of Nizam's Institute
of Medical science (NIMS), Hyderabad India, has approved the study
protocol (EC/NIMS/767/2007, dated 05.09.2008). The informed consent
was obtained from all the subjects.

1.3. Measurements

From all the subjects, the demographic characteristics such as age
(yr), body mass index (BMI, kg/m2), age of menarche (yr), parity, and
the menopausal status (pre-/post-menopausal) were recorded during
personal interviews conducted by a team of trained researchers. To cal-
culate bodymass index, height andweightwere recorded to the nearest
measurement of 0.1 cm and 0.1 kg, respectively. The estrogen exposure
time was calculated based on the age of menarche and age of
menopause (post-menopausal)/age at the time of sample collection
(pre-menopausal).

1.4. Dietary assessment

All the participantswere asked to complete a dietary record of all the
food items consumed and their quantity for 4-day period fromThursday
to Sunday as this method is validated and being followed by National
Diet and Nutrition Survey in the United Kingdom. The data obtained
were segregated into white vegetables, green vegetables, leafy vegeta-
bles, fruits, milk products, and non-vegetarian foods. The dietary intake
of folate, vitamins B2, B6, and B12 was assessed based on these diaries.
The nutritive value of Indian foods (Gopalan et al., 1989), McCance
and Widdowson's the composition of foods (Krebs, 2002), and the
United States Department of Agriculture's National Nutrient Database
for Standard Reference release 18 (USDA, Washington, DC, USA) (U.S.
Department of Agriculture and Agricultural Research Service., 2006)
were referred to calculate micronutrient quantity per food item. Aver-
age daily nutrient intakes were calculated as grams of food multiplied
by the amount of each micronutrient in the food and the frequency of
consumption, summing over all the foods consumed. None of the sub-
jects enrolled in this study were on any vitamin supplements.

1.5. Immunohistochemistry

Immunohistochemistry for ER, PR, HER2/Neu was performed on the
serial sections of paraffin-embedded breast cancer tissues using the
standard streptavidin–biotin complexmethodwith 3, 3′-diaminobenzi-
dine as the chromogen. ER antibody (Clone SP1, Lab Vision)was used at
1:250 dilution in 10 mM citrate buffer (pH 6.0) with an 8-min micro-
wave antigen retrieval. PR antibody (Clone 1E2, Ventana) was used as
per the Ventana automated stainer standard CC1 protocol. HER2 anti-
body (Clone SP3, Lab Vision) was used at 1:100 dilution in 0.05 M Tris
buffer (pH 10.0) with heat-induced antigen retrieval at 95 °C for 30min.

Biomarker expression from immunohistochemistry assays was
scored by two pathologists, whowere blinded to the clinicopathological
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