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1. INTRODUCTION, PURPOSE, HYPOTHESIS AND SPECIFIC GOALS

1.1 Introduction

Breast cancer, a heterogeneous disease and one of the most frequently diagnosed
cancers among women, accounts for more than 30% of all cancers and is the leading
cause of death in women ages 40 - 55 years old (1). According to data reported by the
National Cancer Institute’s Surveillance, Epidemiology and End Results program
(SEER), the estimated cases and deaths from this disease in the US for 2001 were
192,000 and 40,000 respectively (1). However, there is an enormous variation of these
rates internationally suggesting possible genetic, socio-cultural and/or other lifestyle risk
factors (2). For instance, the 1990 mortality rates varied more than six-fold
internationally with the lowest rates occurring in China and the highest occurring in
Northern Europe (rates were per 100,000 women-years, age adjusted to world standard).
It is true that some of these differences may be due to incomplete reporting, inconsistent
diagnostic patterns, and treatment styles. But, consistently higher rates in certain regions
persist, suggesting a true difference in breast cancer risk. There is convincing evidence
indicating that genetic, environmental and lifestyle factors may offer an explanation for
this difference. Migrant studies, used to determine whether genetic or lifestyle and
environment factors could explain rate differences between countries, show that an
immigrant’s risk may be lower in her home country, but her risk quickly catches up to her

host country’s risk (3). A study by Parkin et al.(4) reported that Chinese women living in



Shangai have one half the incidence rates of those living in North America and two thirds
the rate of those living in Hong Kong and Singapore.

The large variation in breast cancer rates among countries and the change of
incidence rates among migrant populations have brought diet to the attention of many
scientists. Many studies suggest that a diet high in fruit and vegetables is protective
against breast cancer; however the factor/factors in these foods that would explain that
association are unknown. There is an increasing interest in folate, B¢ and Bj;. Fruits and
vegetables, including dark greens and dried bean are an excellent source of folate (5).
Whole grains, which are a superior source of vitamin Bg to fruits and vegetables, have
been associated with a decreased in risk in several cancers (6). A meta-analysis of case-
control studies showed that whole grains consumption was associated with a 40%
decreased risk of developing stomach cancer and a 20% decreased risk of developing
cancers of the rectum and colon (7). Vitamin B,,, a micronutrient found in meat, is less
studied than folate and vitamin Bg; however, it is an important micronutrient, considering
its involvement in the one-carbon cycle with vitamin Be and folic acid. Vitamin By,
transfers a methyl group to homocysteine, converting it to methionine (8).

Folate deficiency results in decreased methionine availability which interferes
with DNA methylation, and allows for aberrant DNA synthesis (5). The mechanism
whereby folic acid is protective against breast cancer is not known, but it may be related
to its role in DNA methylation and synthesis. In support of this hypothesis, several
studies have shown evidence of increased DNA damage with diets low in nutrients
involved in this pathway (9). More than a few studies have investigated the association

between folate consumption and breast cancer risk, but few of those studies have taken



into consideration the genetic polymorphisms of genes coding for key enzymes involved
in one carbon metabolism. This pathway plays a very important role in the maintenance
of DNA methylation and nucleotide synthesis. There is evidence indicating that
polymorphisms in genes coding for enzymes involved in folic acid metabolism, are
associated with some cancers (10, 11). If in fact polymorphisms in genes coding for key
enzymes involved in one carbon metabolism render those enzymes labile, then this
finding corroborates the inverse association of folic acid and breast cancer risk. If a
genetic variant of an enzyme with reduced activity is associated with the risk of a disease,
then the reduced availability of the substrate of that enzyme should also be related to the
risk of that disease.

Alcohol is not involved in one-carbon metabolism but some studies have found an
increased risk of breast cancer with high alcohol use (12). It is known that alcohol
increases endogenous estrogen levels, but what is of most interest to this study is its
ability to interfere with the bioavailability of folic acid, since there is data to suggest that
low folic acid intake is a breast cancer risk factor (13). Moderate alcohol consumption
has been associated with an inverse effect on several health conditions including
cardiovascular disease. In one study, data suggested that moderate alcohol intake
increases serum high density lipoprotein (HDL) cholesterol levels, stimulating reverse
cholesterol transport (14). The epidemiological data on alcohol and cancer is
controversial; however some studies have shown that metabolism of alcohol leads to the
generation of acetaldehyde and free radicals. Acetaldehyde is predominantly responsible
for the alcohol associated carcinogenesis particularly the liver (15). Thus, there are

positive aspects of moderate alcohol drinking relating to cholesterol levels and heart



disease; on the other hand alcohol drinking is associated with carcinogenesis. What is
unknown is the balance between modest drinking and protection, versus more drinking
and cancer, or whether there functional genetic polymorphisms that influence the human
physiological response to alcohol consumption.

In addition to diet, it is a well established fact that different types of somatic
genetic alterations are associated with breast cancer. p353 is a tumor suppressor gene that
is involved in several cellular processes such as induction of apoptosis, and cell cycle
control (16). With approximately 30% of tumors having some type of p53 mutation, this
gene is the most frequent site for gene mutations in breast cancer (17). Studies have
found increased p53 mutations and expression in tumors of persons who consumed more
than one alcoholic beverage per day (11). However, very few studies have examined fruit
and vegetable consumption in relation to p53 mutation frequency, and even less have
examined the modifying effect of polymorphisms found in one-carbon genes on p53
mutations. It is also known that half of the p53 mutations are G:C >A:T transitions and
most of these mutations occur at CpG dinucleotides; cytosines at this site are often
methylated and prone to deamination if not efficiently repaired (18).

Finally, breast cancers are classified as estrogen receptor (ER) positive or
negative, and this classification is often used to determine the prognosis for patients.
Since the biology of this cancer and the role of risk factors may vary by ER status, it is

important to consider the receptor status when evaluating risk factors for breast cancer.



1.2 The Purpose of this Study

There is significant evidence indicating that adequate vegetables and fruit in one’s
diet may be protective against the risk of breast cancer, and separately, that increased
alcohol intake may increase that risk. It is quite possible that one carbon metabolism may
explain the protective value of fruits, vegetables and the adverse consequences of alcohol
drinking. The assessment of diet and genetic variation in enzymes that are involved in the
one-carbon metabolism will help to determine if these pathways explain variations of
breast cancer risk. The study of susceptible subgroups would help to highlight the
importance of folic acid, B¢ and By, in diets, particularly in persons with genetic variants
that increase risk and those who consume more than one alcoholic beverage daily. It
should be noted that, since 1998, folic acid has been added to the US food supply. The
quantity of folic acid added to flour is estimated to increase the mean intake by roughly
100 micrograms per day. This fortification has been helpful to some extent, but in spite of
this change most people do not achieve the recommended daily amounts of 400
micrograms per day (19). Also this fortification does not include vitamin B¢ and By,
Thus, the issue of folic acid, B¢ and B1» as a risk factors for breast cancer remains
important.

The relationship of risk factors for dysregulated methylation on breast
carcinogenesis has received little attention, but the occurrence of this epigenetic change is
common. It is quite likely that some women are genetically predisposed to such
dysregulation; if empirically this is the case, then this study will help to identify and
understand those risk factors in relation to diet and alcohol drinking as it affects breast

carcinogenesis. We will also be able identify new pathways of importance, separate from



genetic pathways more frequently studied, such as carcinogen and estrogen metabolism
and DNA repair. The identification of susceptible groups would allow us to better focus
chemoprevention studies.

The design of this study will also allow consideration of overall risk; insight
would be gained into the association of alcohol consumption and increased cancer risk,
and if there are susceptible subgroups of the population based on their genotypes. The
incorporation of both a case control analysis and the use of molecular markers in tumors
that corroborate the case-control analysis would provide strong evidence for identified
associations.

This project has the potential to identify altered methylation pathways of
susceptible subpopulations, compounded by diets low in folate, B and B, intake. By
using new molecular makers, with cancer as the end point, it would also validate the
mechanistic relationship to cancer by examining intermediate molecular markers (p53

and hypermethylation).

1.3 Hypotheses and Specific Goals

1.3.1 Hypotheses:

1) Breast cancer risk is increased by inadequate folate, Bs and B, intake, and
moderate to excessive alcohol consumption. This increased risk is further modified by
genes involved in one carbon metabolism.

2) The importance of the genes within one carbon metabolism pathways can be
corroborated by the examination of molecular markers in tumors that reflect methylation

status. The analysis of tumor tissue will identify women as “hypermethylator



phenotypes” who will have had a lower nutrient risk and a greater frequency of genetic
polymorphisms in related genes.

3) Women who are prone to p53 mutations would also be prone to ER negative
tumors, since both phenotypes may be the indirect consequence of inadequate folate, Bg
and B, nutrients and polymorphic variants of genes involved in the metabolism of these

nutrients.

1.3.2 Specific Goals:

1) Genotype cases and controls, using DNA extracted from blood clots, for
MTHFR C677T, MTHFR A1298C, MS A2756G, and CBS 844ins68 identifying them as
homozygous wild-type, heterozygote, or homozygous variant. Using unconditional
logistic regression, calculate odds ratio, and 95% confidence intervals to determine the
degress of relationship between these markers and folate, Bg and Bj,. Also this study will
asscess whether breast cancer risk is modified by these polymorphisms in MTHFR, MS
and CBS.

2) Extract DNA from tumor tissue and treat it with sodium metabisulphate to
modify all unmethylated cytosines. Use modified DNA to determine the methylation
status of the promoter regions of p/6, BRCAI, ER, and Ecadherin. Use unconditional
logistic regression as a model to calculate odds ratio and 95% confidence interval to
determine the effect of genetic polymorphisms on gene hypermethylation.

3) Determine the estrogen receptor status of tumors by immunohistochemistry
and use this information along with previously determined p53 mutations to identify any

association between ER+/- tumors and p53 mutations. Use the estrogen receptor status



along with dietary factors and genotypes to determine if there is any relationship between
one-carbon nutrients, polymorphic one-carbon genes and estrogen receptors.
Unconditional logistic regression would be used to calculate odds ratios and 95%

confidence intervals in these analyses.



2. BACKGROUND

2.1 One-carbon Metabolism and Methylation

One-carbon metabolism is a term used to describe a group of reactions that
involve the transfer of one-carbon groups. This pathway is critical for the biological
methylation of numerous compounds including DNA. It is also essential to the synthesis
of purines, pyrimidine and thymidine. The mechanism whereby one-carbon metabolism
affects cancer risk has not been elucidated, but two mechanisms have been suggested.
The first mechanism involves the transfer of one-carbon compounds in the synthesis of
S-adenosylmethionine (SAM). Folate in the form 5’-methyltetrahydrofolate (5’-methyl-
THF) is essential in converting methionine to its activated form (SAM) by donating a
methyl group to homocystine. SAM is the principal methyl donor in a number of
biochemical reactions including DNA methylation, which is an epigenetic alteration that
determines gene expression (8) (Figurel). Genes that are methylated at their promoters
are either not transcribed or transcribed at a reduced rate; on the other hand, genes that
are hypomethylated are up-regulated or transcribed at an increased rate. If SAM is
depleted as a result of folate deficiency, then there may be a dysregulation of
methylation, but rebound responses may increase methylation in certain regions.
Separately, cytosines that are methylated are more unstable, and prone to spontaneously

deaminate which can ultimately lead to base substitutions (8).
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FIGURE 2.1 One-carbon metabolism pathway

Disruption, or alterations of DNA methylation, can lead to malignant

transformation. There are several studies indicating that specific genes isolated from
tumor tissue are either hypomethylated or hypermethylated when compared to genes
found in adjacent normal tissue (20, 21). One study done by Wainfan et al.(22) suggests
that gene methylation is decreased with a methyl deficient diet in experimental animals.
In that study, rats were fed a methyl deficient diet (deficient in methionine, choline, folic

acid, and vitamin By;) that resulted in a significantly reduced level of SAM, and
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hypomethylated DNA within one week; when fed this diet for a prolonged period of time,
there was an overall decrease in methylation accompanied by increased gene expression.
Nevertheless, these conditions were gradually reversed when their diets were restored to
normal. Another study by Pogribny et al.(23) showed that an accumulation of DNA
strand breaks is associated with progressive hypomethylation, and increased DNA
methyltransferase activity, when rats were fed a diet deficient in methyl donors, such as
choline, folic acid and methionine. A similar study was also done by Jacob et al.(24):
eight postmenopausal women were given a low folate diet and their plasma homocysteine
levels and lymphocyte DNA methylation later determined. The women’s plasma folate
levels were decreased, homocysteine levels increased, and their DNA hypomethylated;
but these findings were reversed with folate repletion. This data indicates that short-term
folate deficiency may alter DNA methylation composition in postmenopausal women.
While DNA methylation can lead to malignant transformation by alteration of
gene expression, it is also a contributor to DNA mutation, which is also a significant
factor in the etiology of breast cancer. Most CpG cytosines in the human genome are
methylated to form 5-methylcytosine; this cytosine can experience spontaneous
hydrolytic deamination to thymine. Cytosines can also deaminate to form uracil by DNA
methyltransferase, during failed attempts to methylate the cytosine of CpG under
conditions of low S-adenosylmethionine (25). Either mechanism results ina G to A
transition mutation. The resulting T:G or U:G mismatch is normally recognized as a
mismatch and repaired by thymine-DNA glycosylase, or uracil DNA glycosylase
respectively. If the mismatch is not repaired, an adenine is paired to the thymine or uracil.

During replication of the original DNA strand, a T replaces the original C of the CpG. It
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has been reported by Schmutte et al.(26) that mismatched U, which occurs 6000-fold less
than the mismatched T, is excised much more efficiently than T; this finding would
suggest that the difference in repair efficiencies are the major source of these mutations.

Several types of mutations have been identified in tumor suppressor genes;
however base substitutions are of special interest to us, particularly in p53. p53 cannot be
hypermethylated because it does not have a CpG rich promoter region. As such, there is
no evidence of p53 promoter region hypermethylation in breast cancer, but mutations in
cytosines suggestive of deamination can be a marker for dysregulated methylation and
defective DNA repair. Methylation of cytosines within the p53 is quite common;
approximately 42 CpG dinucleotides in all tissues are methylated and believed to be a
promutagenic lesion (27). Most mutations in the p53 gene produce proteins that fail to
bind DNA, and, they do not activate the transcription of genes that are responsive to
wild-type p53 (28). Therefore there is unchecked tumor activity and a gain in oncogenic
function by changing the range of genes whose expression is controlled by this

transcription factor.

2.2 One-carbon Metabolism and DNA Synthesis

The second mechanism whereby one-carbon metabolism may contribute to
increased cancer risk involves DNA synthesis and repair. Folate in the form of
5’10’methylene tetrahydrofolate (5’ 10’-methyl — THF) acts as a methyl donor for the
enzyme thymidylate synthase; this enzyme then converts deoxyuridine monophosphate

(dUMP) to thymidine monophosphate (TMP) (8). It has been hypothesized that in the
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case of folate deficiency dUMT is not methylated to TMP; this leads to an imbalance of
DNA precursors and accumulation of excess dUMP that could be misincorporated into
DNA in the place of thymidine (Figure 1). It is common for this mistake to occur under
normal circumstances, and it is corrected by the DNA repair enzyme uracil DNA
glycosylase which removes any misincorporated uracil from the DNA molecule.
However, if this process repeats excessively, strand breaks, which occur as intermediates,
in excision repair may destabilize the DNA molecule (29). In vitro studies have indicated
that deficient folic acid can induce uracil misincorporation into DNA. In one study done
by Wickramasinghe et al.(30) bone marrow cells were taken from 29 patients and
examined for misincorporation of uracil into DNA. The results showed that there was
marked increase in uracil misincorporation into DNA of patients with vitamin By, or
folate deficient bone marrow cells. Another in vitro study using human lymphocytes
cultured in decreasing amounts of folic acid showed that DNA strand breakage and uracil

misincorporation increased in a time and concentration dependant manner (8).
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3. KEY PLAYERS IN ONE-CARBON METABOLISM AND
METHYLATION

3.1 Folate and the Risk of Cancer

Most cells require methyl groups for a range of biochemical reactions. The
demand for methyl groups is not adequately met by normal dietary supply; therefore
additional methyl groups are generated by de novo synthesis from the one-carbon folate
pool. Folic acid is a water soluble B vitamin that plays a central role in one-carbon
metabolism. Folic acid’s function in one-carbon metabolism is considered to be very
important since aberrations in DNA methylation, and disruptions of DNA synthesis and
repair play major roles in carcinogenesis (31). Mammals cannot synthesize this vitamin;
therefore they must obtain it from their diets. The daily requirement for folic acid in man
400ug, and the best food sources are dark green leafy vegetables, whole grain cereals,
fortified grain products and animal products(5). Despite the fact that this vitamin is
obtainable from a wide variety of foods, folate deficiency remains the most common
vitamin deficiency reported in the US, affecting some 10 % of the general population,
especially children and the elderly that live in poverty (32, 33). This deficiency is also
compounded by high levels of alcohol intake. Chronic alcohol intake interferes with the
absorption and subsequent metabolism of folate and vitamin B6, resulting in impaired
methyl group synthesis and transfer. It also reduces the activity of methionine synthetase
which remethylates homocysteine to methionine (5).

Severe folate deficiency has been associated with several conditions including

megaloblastic anemia, neural tube defects in newborns (34), and coronary heart disease
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by way of increased homocysteine (35). Recently, this area has been an emerging area of
research for carcinogenesis, and has been implicated in the development of cancers of the
cervix, lung, brain, colorectal and breast. There have been reports indicating that
increased folate consumption can improve or reverse cervical dysplasia in women taking
oral contraceptives (36). It has also been hypothesized that oral contraceptives cause a
localized folate deficiency in the cervical epithelium which increases cancer risk;
however large-scale placebo-controlled randomized trials have not confirmed this (36).
Cigarette smoke has also been implicated in folate deficiency of the bronchial epithelium;
it has been shown that serum folate concentrations are lower in smokers than non-
smokers (37). The most convincing data so far is data linking folate deficiency and
colorectal cancer. Data from several questionnaire-based trials indicate an inverse
relationship between folate intake and colorectal cancer incidence (38, 39). Of the ten
case-controls and eight nested case-control or cohort studies done, six case — control and
six prospective studies found a statistically significant inverse relationship between
dietary supplements intake, or serum folate levels and colorectal cancer (40, 41). The
remaining studies showed no statistically significant relationship; however those studies
were based on small numbers of cancer cases (42, 43). Furthermore, women who used
multivitamins with folate for 15 or more years had a 75% reduction in colorectal cancer
risk (10). Similarly, men who consumed folate by way of multivitamins for longer than
10 years had a 25% reduction in colon cancer risk (41). The inverse relationship between
folic acid and cancer is further compounded by high (15g/d) alcohol intake (41) and

lower methionine/protein intake (41, 44).
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3.1.1 Folate and Breast Cancer

Unlike colorectal cancer, fewer studies have evaluated the relationship of folate
consumption and breast cancer risk. There were eight case-control studies done(45-48),
and all except two found a statistically significant inverse relationship between folate
consumption and breast cancer risk for both pre- and postmenopausal women. A
summary of published studies examining folate and breast cancer risk appears in Table
3.1

The largest study was done by Negri et al. (48) and consisted of 2569 pre and
postmenopausal cases. They found a statistically significant reduced risk for breast cancer
when women were stratified by menopausal status. A reduced risk was also found among
those who consumed more than 25 grams of alcohol per day, approximately two drinks
per day. There were however, a number of variables that were not adjusted for in this
study such as age of first pregnancy, menarche, history of breast disease, relatives with
breast cancer, body mass index and alcohol consumption.

The second largest study was done by Potischman et al. (47). That study consisted
of 569 premenopausal women with in situ and localized disease, and 1,451 population-
based controls. They noted a slightly reduced risk with high intake of vegetables, grains,
or beans (OR = 0.86, 95% CI; 0.6-1.1). However, the confidence interval included 1 and
no trends were seen across quartiles of increasing intake. The inclusion of vitamin
supplements or dietary constituents related to these food groups such as folate, did not

alter their results much. Several variables, such as a first degree relative with breast
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TABLE 3.1 Summary of studies examining breast cancer risk associated with

folate intake

Reference/ Study | Menopausal | No. Folate association Relative risk/Odds
Design Status of measure ratio® (95% CI)
cases
Case-control
post 439 Diet | ptrend 0.03 0.70 (0.48 —1.02)
Graham et al.. 1991
Pre 297 Dietary ! 0.50 (0.31-0.82)
Freudenheim et al.
1996 Supplements | NS 0.97 (0.67 — 1.42)
Potischman et al. 1999 pre 568 Diet plus NS 1.11 (0.8 -1.5)
supplements
Pre and post | 400 Diet | ptrend 0.01 0.41(0.26 — 0.65)
Ronco et al. 1999
Pre and post | 2569 | Diet l Pre 0.57 (0.41 —0.78)
Negri et al. 2000 l Post 0.79 (0.62 —0.99)
l >25 g alcohol/d
0.49 (0.32-0.74)
Sharp et al. 2002 Pre and post | 62 Diet NS 0.49 (0.20 - 1.20)
Beilby et al. 2004 Pre and post 141 serum l 0.23 (0.09 — 0.54)
Adzersen KH et al 2003 | Pre and post | 310 Diet l 0.47 (0.25 - 0.88)
Nested case-control
Zhang et al. 2003 Pre and post | 712 Diet l Pre 0.65 (0.26 — 1.65)
l Post 0.75 (0.49 — 1.15)
> 15g alcohol: 0.11
! (0.02 -0.59)
Wu et al. 1999 Pre and post 195 serum NS 0.79 (0.033 - 1.90)
Cohort
Zhang et al.. 1999 Pre and post | 3483 | Diet plus NS 0.93 (0.83 —1.03)
Supplements l > 15g alcohol: 0.56
(0.41-0.79)
Multi- l > 14g alcohol: 0.74
vitamins (0.59 —0.93)
Rohan et al. 2000 Pre and post 1469 | Diet NS All 0.99 (0.79 — 1.25)
1 > 14g alcohol: 0.34
(0.18-0.61)
l Post >14g alcohol:
0.28 (0.14 - 0.55)
Cho et al. 2003 pre 714 Diet NS 1.03 (0.81 - 1.32)
Sellers et al. 2001 post 1586 | Diet NS 1.33 (0.86 — 2.05)
i > 4g alcohol
°1.59 (1.05 —2.41)
Feigelson et al 2003 post 1303 | Diet NS 1.10 (0.94 - 1.29)

“high vs. low, low vs. high, | }statistically significant inverse association

NS, statistically non-significant association
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disease, body mass index, total energy intake, and other factors known to increase the
risk of breast cancer were not matched or adjusted for.

One of the previous studies conducted on this study set by Graham et al.(45)
reported that for 439 postmenopausal breast cancer cases and 494 controls, a statistically
significant reduced breast cancer risk was associated with folate intake (adjusted OR =
0.70, 95% CI; 0.48— 1.02). Alcohol consumption was not considered in this analysis. One
of the limitations of this study was low participation rate of both cases and controls (<
50%) which may have introduced some selection bias. However, a comparison of a
fraction of those women who refused to participate to some who participated showed that
there was no difference between the controls who participated and those who refused.
The association of folate intake and breast cancer risk in the premenopausal women of
this group was later reported by Freudenheim et al. (46). There were 297 cases and 311
controls, and there was a statistically significant reduced risk associated with folic acid
(OR=0.50; 95% CI; 0.31 - 0.82). There was no association between breast cancer risk
and intake of folic acid, as supplements, and the association was no longer significant
when adjusted for vegetable intake. Diet in this study was assessed by a very detailed
questionnaire with questions regarding frequency and quantity of 172 foods.

The next study by Ronca et al.(49) consisted of both pre and postmenopausal
women. There were 400 cases and 405 controls involved in this study and diet was
determined by a food frequency questionnaire of 64 food items. An inversely associated
risk was seen with high folate intake (OR = 0.70, 95%CI; 0.46 — 1.07), but the confidence
interval included one. When total vegetable intake was considered, a statistically

significant inverse association was seen in the highest fourth quartile when compared to
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the lowest (OR= 0.41, 95% CI: 0.26 — 0.65); this inverse association remain significant
when total vegetable intake was adjusted for dietary folate intake.

A smaller study by Sharp et al.(50) involved 62 cases with invasive breast cancer
and 66 cancer free controls. A non-significant inverse association was seen in women
reporting the highest dietary folate intake (OR = 0.24, 95% CI: 0.20 — 1.20). Limited
details on the questionnaire used to collect dietary information were provided, and no
information was collected on alcohol consumption.

A recent case-control study by Beilby et al. (51) consisted of 141 cases and 109
age-matched controls. Unlike the previous case-control studies, folate levels were
determined by a competitive immunoassay, using folate binding protein. In this study,
like most mentioned so far, folate showed a statistically significant inverse association
with breast cancer risk when the highest quartiles of serum folate was compared to the
lowest (OR = 0.23, 95% CI: 0.09 — 0.54) (51). One limitation of this study is the time at
which blood samples were collected for folate analysis. Blood was collected immediately
after diagnosis, where the presence of cancer could have influenced the eating habits of
cases. This study also suffered from low participation rates; therefore it may have been
biased by recruitment of controls that have a special interest in their diet and higher folate
concentrations than the average community concentrations.

Prospective studies are recognized as studies that are community based and may
lack some of the potential biases of case-control studies (particularly recall bias). Of the
two nested case-control studies within cohorts, one reported no association between
higher concentrations of folate and reduced breast cancer risk (52). The second more

recent study by Zhang et al.(53) reported a statistically significant inverse association
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with higher plasma levels of folate among pre- and postmenopausal women (OR = 0.72,
95% CI: 0.49 — 1.05), particularly those that consumed more than 15 g/day (OR =0.11,
95% CI: 0.02 - 0.59).

Of the five cohort studies, three reported no direct association between folate and
breast cancer risk, however when alcohol consumption was taken into consideration there
was an inverse association between folate consumption and breast cancer risk. In a large
cohort study of 3483 cases, no relationship was seen between total folate intake and the
overall risk of breast cancer; but when folate associated with multivitamin use was
considered, along with alcohol consumption in amounts greater than or equal to 15 grams
per day, there was an inverse association noted for women who regularly consumed
alcohol (OR= 0.56, 95% CI: 0.41 — 0.79) (54).

A second large cohort study of 1469 cases observed a statistically non-significant
inverse association with dietary folate and breast cancer among pre and postmenopausal
women (OR = 0.99, 95% CI; 0.79 — 1.25). That inverse association became significant
when women consuming 14 or more grams of alcohol per day were considered (OR=
0.56, 95%CI; 0.41 — 0.79), particularly among postmenopausal women (OR = 0.28, 95%
CI; 0.14 — 0.55)(59).

Like the previous cohort studies, Sellers et al.(12) did not detect an inverse
association with low folate among postmenopausal women with breast cancer who were
non-drinkers. However among drinkers there was a significant increased risk for those
who consumed more than 4 grams of alcohol per day (OR = 1.59, 95% CI: 1.05 —2.41).

Feigelson et al.(56) reported an increased breast cancer risk among women

consuming 15 or more grams of alcohol per day, but found no association between risk of
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breast cancer and dietary folate, total folate, and multivitamin use. Another study by Cho
et al. (5§7) did not find any evidence indicating that higher intakes of folate reduces breast
cancer risk.

In summary, six case-control studies and four prospective studies provided
evidence of a statistically significant inverse association of folate and breast cancer risk.
Five of those studies (one case-control and four prospective) considered alcohol use and
reported an increased breast cancer risk with high alcohol intake (15g/day) and low folate
use. These data suggest that higher intake of folate lowers breast cancer risk, and
moderate alcohol intake in excess of 14 g/day increases breast cancer risk particularly in

cases on low folate intake.

3.2 Vitamin By,

Vitamin By, like folate, is one of the one-carbon nutrients important in DNA
methylation and synthesis; it is water soluble and only found in animal products such as
meat, poultry, fish, eggs and milk. It is noteworthy that these are very different food
sources than the food sources for folic acid. This vitamin serves as a co-enzyme in the
metabolism of fat and carbohydrates and in protein synthesis (5). Since vitamin B, like
5-methylTHF, is required for the methylation of homocysteine to methionine (Figure 1)
one would expect that a deficiency in vitamin B;; would also result in chromosome
breaks by the same uracil misincorporation mechanism found in folate deficiency (58).
In fact when cells are deficient in vitamin Bj,, homocysteine levels are increased, and
tetrahydrofolate remains methyl-THF. Stagnant methyl-THF results in a reduced

methylene-THF pool, which is required for methylation of dUMP to dTMP, hence the
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accumulation of uracil in DNA. Several studies of healthy elderly men and young adults
showed that increased chromosome breakage was associated with low dietary intake of
either By, or folate, and increased homocysteine levels (59, 60). Data from two studies
show that increased chromosome breakage was associated with a B;, and folate
deficiency or elevated homocysteine levels (59, 60). These findings suggest that vitamin

B, and folate may be working synergistically.

3.2.1 Vitamin B;; and Breast Cancer

The association of vitamin B, and cancer risk has not been extensively
investigated. There are two well known studies. The first is a nested case-control study of
32,826 women conducted between 1989 and 1990 and followed through 1996 for the
development of breast cancer. In this study Zhang et al. (61) found that higher plasma
vitamin B, was associated with reduced breast cancer risk in premenopausal women who
were in the highest quartile of vitamin B, levels (RR = 0.36, 95% CI; 0.15 — 0.86). This
observed association was not seen in postmenopausal women (RR = 1.08, 95% CI; 0.70 —
1.67) and did not differ substantially for those women who consumed at least 12g /day
alcohol.

The second study was also a nested case-control study by Wu et al.(52) and
consisted of 195 cases and controls selected from another study on environmental risk
factors and breast cancer. An increase in breast cancer risk was observed among
postmenopausal women in the lowest fifth of distribution of vitamin B;, compared to the
higher four-fifths, but the confidence interval included one (OR = 2.25, 95% CI; 0.86 —

5.91). Alcohol consumption was not considered in this study.
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3.3 Vitamin B¢

Vitamin Bg is a water-soluble vitamin found in a variety of plant and animal
products. Whole grain bread and cereals, bananas, liver, fortified breakfast cereal and
green beans are also a rich source of B¢ and have been associated with reduced breast
cancer risk (58). Since there is no convincing evidence pointing to the specific
constituents of these food items that is responsible for reduced breast cancer risk, and
vitamin Bg has several biological roles that are important in cancer, it might would be
important to examine the joint association of this nutrient and polymorphisms of genes
involved in the folate metabolism pathway to breast cancer risk. Vitamin Bg is an
important one-carbon nutrient that works intricately with folic acid. A Bg deficiency
results in a decreased enzyme activity of serine hydroxymethyl transferase. This enzyme
supplies the methylene group for methylene-THF. If the methylene-THF pool is
disrupted by a B6 deficiency, there is uracil misincorporation during DNA synthesis with
associated chromosome breaks (62). Vitamin Bg is also involved in the transsulfuration
pathway where homocysteine is combined with serine to form cystathionine. This
reaction is catalyzed by cystathionine B-synthase, a vitamin B6 dependant enzyme (63).
One would expect that a deficiency in this vitamin would have the same effect as a
deficiency in By, or folate. A vitamin B deficiency results in reduced DNA synthesis
and impaired DNA repair (64). Further, a disruption of any of theses reactions could lead
to an imbalance of methyl groups and ultimately to impaired DNA methylation. Vitamin
Bg is also involved in the catabolism of homocysteine to cysteine, which is a main

component of glutathione. And glutathione is a main cofactor of glutathione S-

23



transferases and glutathione peroxidases which have important roles in the detoxification
of carcinogenic compounds (65).

There are several studies indicating an inverse association between vitamin Bg
deficiency and cancer risk, but some results are conflicting (52, 66, 67). Vitamin B¢ has
shown inverse associations with pancreatic and prostate cancer (68-72). Another study
reported a significantly lower risk of lung cancer in men with higher serum B¢ levels (73).
Finally a large case-control study showed that serum homocysteine levels could predict

the risk of developing invasive cervical cancer (72).

3.3.1 Vitamin Bs and Breast Cancer

Like vitamin By, studies investigating the association of this nutrient to breast
cancer risk are limited. Zhang et al.(53) considered this association in the same study that
investigated the association of Bj, and found a stronger inverse association between
vitamin Bg and breast cancer risk in postmenopausal women (RR = 0.66, 95% CI; 0.43 —
1.01) compared to premenopausal women (RR = 0.91, 95% CI; 0.39 — 2.14). Both
confidence intervals included unity. The inverse association seen for B¢ and breast cancer
risk was stronger among women consuming at less than 15g/day alcohol (OR = 0.64,
95% CI: 0.44 — 0.93).

Vitamin Bg association to breast cancer risk was also examined by Wu et al.(52).
who examined vitamin B, and found no evidence of an association of Bg and breast
cancer risk. However, another study evaluating the association between dietary folate and
breast cancer risk noted a striking inverse association for dietary folate and breast cancer,

but only under circumstances where levels of vitamin B¢ and B, were high. Odds ratio
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for the highest level of B¢ and the highest quintile of folate was 0.41, (95% CI: 0.23 —
0.73) (74). These data are suggestive of some interaction between folate and the 