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Abstract Breast cancer is a multifactorial disease that is triggered by gene—environment interactions.
Epidemiological research has identified alcohol consumption as a significant non-hormonal-related and consistent
risk factor, and is thus a preventable cause of breast cancer. The reasons why alcohol drinking increase breast
cancer risk are unclear, and several hypotheses exist. The perturbation of estrogen metabolism and response
appears to one mechanism underlying the association. Alcohol consumption also increases breast density in
postmenopausal women and affects sex steroid levels. Other plausible mechanisms include: (1) mutagenesis
by acetaldehyde, which is a metabolite of ethanol; (2) by enhancing the susceptibility of the mammary gland to
carcinogenesis by affecting DNA repair, stimulating cell proliferation or altering mammary gland structural
development; (3) influencing the disposition and function of essential nutrients or dietary factors considered
cancer protective (e.g. affecting folate and one-carbon metabolism pathways); (4) inducing genome instability
and DNA damage; and (5) inducing oxidative damage via ethanol or estrogen metabolism. To better under-
stand the etiological nature of the effect of alcohol on breast carcinogenesis, further studies at the cellular and
molecular levels on the interaction between ethanol and other risk factors, estrogen, carcinogens are needed.
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Introduction

Breast cancer is a multifactorial disease that is trig-
gered by gene-environment interactions. Much is
known about the causes of breast cancer, but the
known risk factors account for <50% of the variability
among women [1]. Intense epidemiological research
has been directed at understanding the relationship
between breast cancer and alcohol consumption dur-
ing the past two decades. Alcohol drinking is among
the only non-hormonal-related risk factor known to
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cause breast cancer (although there may be an indirect
relationship). However, the reasons for this are unclear,
and several hypotheses exist, including mutagene-
sis induced by acetaldehyde, perturbation of estrogen
metabolism and response, altering breast epithelial
cell susceptibility, induction of oxidative damage, and/
or by affecting folate and one-carbon metabolism
pathways. Most well-defined risk factors such as
age, family history of breast cancer, early menarche,
late menopause, late age at first full-term birth, and
benign breast disease are difficult or impossible to
alter [2]. However, alcohol consumption can be
modified. The study of alcohol also can be used as a
paradigm for breast carcinogenesis and nutritional
carcinogenesis, because of the multiple possible path-
ways that it affects, and there are interactions with
dietary risk factors. This review focuses on several key
questions and recent advances of the relationship
between alcohol consumption and breast cancer,
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including breast cancer risk induced by alcohol and
the potential mechanisms and factors of alcohol-
associated carcinogenesis.

Within the USA, approximately 14 000 women are
diagnosed yearly with breast cancer attributed to
alcohol consumption [3], which is more than the num-
ber of cases diagnosed in women who come from
high-risk families [4]. A 1997 publication by the World
Cancer Research Fund and the American Institute
for Cancer Research stated that the role of alcohol in
increasing breast cancer risk was among the most
consistent findings regarding the influence of dietary
factors on breast cancer risk [5], and research since
then has continued to demonstrate the relationship
between alcohol consumption and breast cancer.
A review of research through 2001 concluded that
alcohol intake has been associated in both pre-
menopausal and postmenopausal women, regardless
of the type of alcohol consumed [6]. Epidemiological
studies have indicated that the risk of breast cancer
increases between 7% and 9% for each 10-12g of
alcohol consumed per day (equal to about 1 drink) [7],
and risk increases by 41% with the consumption of
2-5 drinks per day [8]. Furthermore, the Collaborative
Group on Hormonal Factors in Breast Cancer con-
cluded that alcohol is an independent risk factor, and
is not confounded by other risks such as smoking
[7,9]. There are sufficient experimental animal studies
to implicate ethanol as a human carcinogen. In
Singletary and Gapstur’s review of studies [6,10], five
studies were mentioned in which mammary tumor
development was increased in female rats that were
fed ethanol. Another publication demonstrated an
increase in metastasis of implanted breast cancer cells
in rats [11]. In conjunction with human studies and cell
culture experiments, these animal models support
possible biological mechanisms for the role of alcohol
in increasing breast cancer risk [6].

Alcohol drinking and breast cancer risk

Amount of alcohol consumed: The majority of epi-
demiological studies have indicated a positive asso-
ciation between consumption of alcohol and an
increase in breast cancer risk, although the magni-
tude of the risk differs. In a collaborative reanalysis
of data from 53 separate studies, the relative risk of
breast cancer was 1.32 (95% CI, 1.19-1.45) for an
intake of 35-44 g/day, and increased to a relative
risk of 1.46 (95% ClI, 1.33-1.61) with a consumption
of >44 g/day, in comparison with women with no
alcohol consumption [12]. In a case—control study
conducted in Long Island, New York, Bowlin et al.
studied the relationship between breast cancer risk
and recent alcohol use, duration of alcohol consump-
tion, and age at which drinking began [13]. The study
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suggested that the intensity of drinking (drinks
per day) was the most important risk factor for
breast cancer, having more effect than recent
alcohol use or duration of drinking [13]. It was con-
cluded that women who drank alcohol were at a
40-45% increased risk of breast cancer compared
to those who never consumed alcohol (OR = 1.47,
95% CI,1.17-1.84). This relationship between intake
and risk was dose-responsive; women who con-
sumed >5g/day of alcohol (less than one-half of
a drink) had a 50% increased risk compared to
never-drinkers, thereby indicating that even moder-
ate amounts of alcohol consumption still leads to an
increased risk. A 2002 meta-analysis conducted by
the Collaborative Group on Hormonal Factors in Breast
Cancer concluded that the overall relative risk of
breast cancer increases by 7.1% for each additional
10 g/day intake of alcohol [12]. Another study found
a linear increase up to an intake of 60 g/day, and
with every 10 g/day increase above the initial 60, the
risk increases with 9% [7]. Although the risk per-
centages vary among studies, it is agreed that the
risk associated with alcohol consumption is indeed
dose-dependent, increasing with an increase intake
in alcohol.

Petri et al. reported that increased alcohol intake
was directly associated with a moderately increased
risk of breast cancer when menopausal status was
not considered [14]. Without dividing cases by
menopausal status, a trend of increasing risk with
increasing alcohol intake was observed. However,
following stratification into pre- and postmenopausal
cases, the data indicated that premenopausal women
consuming more than 27 drinks per week had an
increased relative risk for breast cancer, whereas post-
menopausal women consuming the same amount of
alcohol per week did not have an increased risk.
Premenopausal women were found to have a rela-
tive risk of breast cancer of 1.35 with the consumption
of over 14 drinks per week, while postmenopausal
women had a risk of 1.06 in this consumption cate-
gory. This particular study indicated that total alco-
hol intake had an effect on the relative risk of breast
cancer specifically among premenopausal individu-
als, but following menopause, an association was
not found between breast cancer risk and alcohol
intake. Furthermore, among premenopausal women,
no relative risk difference was identified among the
specific type of alcohol consumed, unlike in the
postmenopausal population where a high intake of
spirits in particular yielded a significant increase in
risk [14].

Drinking age: Data on the age at which women
begin drinking alcohol and its influence on increased
breast cancer susceptibility has been varied. Some
studies show no relationship to age at which one
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started drinking, increased frequency or amount of
consumption during adolescence or young adulthood
[15-18], whereas others show positive associations
[19,20]. A 1995 study by Colditz et al. suggested
that delaying the onset of drinking could lead to a
reduction in breast cancer risk [21], but since then
several studies found no association between age
and risk [22-25], while others have been positive
[19,20,26]. The relationship between early alcohol
intake and an increased in breast cancer could be
confounded by a cumulative effect (found in two
case—control studies by Longnecker) [20,24,27], rather
than from increased sensitivity during early age
exposure. Although age at which alcohol consump-
tion began was not relevant, Bowlin et al. discovered
that the number of years in which alcohol was con-
sumed does influence the risk of developing breast
cancer. Although the increase of risk from drinking was
significant for both groups, premenopausal women
were found to have the higher risk [13]. Drinking alco-
hol earlier in life appeared to influence neither post-
menopausal breast cancer rate nor the association
between recent alcohol intake and relative risk of
breast cancer. The discrepancies between these
studies may be attributed to the difficulty in finding
populations with high average alcohol intake or
underreporting of alcohol intake by the participants
in the study. Among the several studies that have
been able to examine lifetime drinking, many have
observed that recent drinking, drinking later in life or
lifetime consumption are more predictive of risk
[15,16,17,28]. For example, Tjonneland et al. found
that among postmenopausal women, recent intake
of alcohol is a more accurate predictor of breast
cancer risk than is earlier lifetime exposure [16]. The
varied results from these studies indicates that fur-
ther research, separating age of drinking, intensity of
drinking, and duration of drinking, is necessary to
understand the relationship between age at which
alcohol consumption begins and breast cancer.
Type of alcohol consumed: Some studies have
examined the relationship between the type of alco-
hol consumed and risk of breast cancer. A meta-
analysis based on 13 studies which reported risks
based on consumption of beer, wine, and spirits con-
cluded relatively no difference between intake and
risk based on type of beverage [7]. Using 14 or fewer
drinks per week of each type of beverage, the rela-
tive risk for beer was 0.96 in comparison with wine
and the relative risk for spirits was 1.01 in compari-
son with wine. A separate population-based cohort
study determined that for premenopausal women
under 70 years of age risk was independent of type
of alcohol, but after age 70 postmenopausal risks
differed based on type [14]. Specifically, there was a
significant increase in relative risk of breast cancer
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for postmenopausal women who consumed more
than six drinks of spirits per week, in comparison to
those who averaged <1 per week. Despite experi-
mental studies suggesting that certain non-alcoholic
contaminants in wine, such as resveratrol, may inhibit
cancer initiation, promotion, and growth [29,30], nei-
ther Ellison’s meta-analysis nor Petri et al.’s cohort
study showed any beneficial affects of wine in reduc-
ing breast cancer risk in comparison to other forms
of alcohol.

Alcohol and nutrients: Some dietary factors may
modify the association of alcohol with breast cancer.
Alcohol consumption influences the disposition and
function of essential nutrients or dietary factors con-
sidered cancer protective through the modification
of folate status or a decrease of concentrations of
B-carotene, lutein/zeaxanthin, and vitamin C [31].
Epidemiological studies show that alcohol con-
sumption results in the decrease of blood concen-
trations of these latter nutrients [32-34]. Lutein and
a-carotene may decrease the activity of cytochrome
P450 1A2, an activator of procarcinogens [35], and
B-cryptoxanthin might stimulate the expression of
the retinoblastoma gene [36], and the p53-related
p73 gene [36]. Retinoids (vitamin A and its deriva-
tives) are known to exert profound effects on cellular
growth, cellular differentiation, and apoptosis, thereby
controlling carcinogenesis. Alcohol acts as a com-
petitive inhibitor of vitamin A oxidation to retinoic
acid involving alcohol dehydrogenases (ADHs) and
acetaldehyde dehydrogenases (ALDHs), while
alcohol-induced cytochrome P450 enzymes (CYP),
particularly CYP 2E1, enhance catabolism of vitamin
A and retinoic acid. Alcohol also alters retinoid home-
ostasis by increasing vitamin A mobilization from the
liver to extrahepatic tissues. As a consequence, long-
term and excessive alcohol intake results in impaired
status of retinoic acid [37]. Taken together, these
studies suggest that alcohol consumption may be
associated with increased breast cancer risk, in part
because of the negative impact of alcohol intake on
the disposition or biological efficacy of dietary factors
believed to be cancer protective.

Folate is required for DNA synthesis, repair, and
methylation. Low folate status has been implicated
in carcinogenesis, possibly as a result of a higher
rate of genetic damage. Zhang et al. indicated that
higher alcohol consumption and lower intake of the
water-soluble vitamin folate exhibited a significantly
higher relative risk for breast cancer [38]. Among
women who consumed at least 15 g/day of alcohol,
the risk of breast cancer was highest among those
with total folate intake of <300 wg/day [38]. The
estimated hazard ratio of an alcohol consumption of
40 g/day or more was 2.00 for women with intakes
of 200 pg/day of folate and 0.77 for 400 pg/day of
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folate [39]. A Swiss case—control study also reported a
significant inverse association between folate intake
and risk of breast cancer in postmenopausal women,
and this association was stronger in women who con-
sumed alcohol [40]. Although many studies show
that the excess risk of breast cancer associated with
alcohol consumption may be reduced by adequate
folate intake [38,39,40,41], recent results from the
American Cancer Society do not support an associa-
tion with folate, methionine or an interaction between
folate and alcohol [42].

Folate deficiency decreases levels of S-adenosyl-
methionine (SAM), causes DNA hypomethylation and
protooncogene activation, and induces uracil misin-
corporation in DNA synthesis. This results in defi-
ciencies during the DNA repair process and leads to
chromosome breaks in human beings, which could
directly contribute to an increase in cancer risk [43-46].
Alcohol consumption may modify the association of
folate intake with breast cancer risk by interfering
with several aspects of normal folate transport and
metabolism including dietary intake, intestinal absorp-
tion, transport to tissues, storage, and release by the
liver, thereby disrupting folate supply to tissues. In
combination with low folate intake, alcohol and/or
its primary metabolite acetaldehyde may alter folate
or methionine metabolism, so that an imbalance in
DNA methlyation or in the DNA damage/repair process
could lead to DNA instability or inappropriate gene
expression [14,43,47-51].

Alcohol and mammographical breast density:
Increased breast density defined mammographically
is a known risk factor for development of breast cancer
[52,53], associated with a four- to six-fold increase
in risk [52,53,54-58,59]. There are a variety of reasons
for this association, including the development of
premalignant lesions, elevated growth factors, obesity-
related cytokines, or increased estrogen production
within the breast due to overactive aromatase [60].
Increased breast density is of particular interest
because it is influenced by lifestyle factors, including
alcohol intake.

Epidemiological studies have shown that alcohol
consumption is associated with an increased mam-
mographical density of the breast parenchyma [6,
61,62]. Alcohol intake may influence early as well as
late stages of breast cancer. With regard to former,
there is a well-established relationship between the
proportion of breast volume occupied by mammo-
graphic parenchymal (fibroglandular) densities and
breast cancer risk [63]. Ethanol consumption at levels
up to 25% of calories have been reported to increase
the mammary gland density of terminal end buds,
the target structures from which mammary adeno-
carcinomas develop, and to stimulate the rate of cell
proliferation in terminal end buds [10,11,64]. Another
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study by Vachon et al. determined that premenopausal
women who were never-drinkers over the previous
12 months had a multivariate-adjusted mean breast
density of 39%, whereas those who consumed
=<3.9¢g/day had a breast density of 45% (95% ClI,
40-45) and those consuming >3.9 g/day had a breast
density of 42% [65]. In postmenopausal women an
increase was noticeable, but not as great, with mean
densities of 31%, 32%, and 33% for the same increas-
ing categories of alcohol intake. When looking at
specific types of alcohol, it was determined that
breast density increased with consumption of white
wine (21%, 31%, and 34% using the same increas-
ing g/day measurement), but decreased with red
wine intake (34%, 32%, and 28%). To date, other
studies have not addressed the specific increase of
breast density based specifically on type of alcohol
consumed.

Ethanol metabolism and procarcinogens

Most tissues of the body, including breast, contain
the necessary enzymes for the oxidative and non-
oxidative metabolism of ethanol. Ethanol can be
oxidized by three enzyme systems: the ADHSs,
cytochrome P-450 2E1 (CYP2ET), and catalase. The
product of all three reactions is acetaldehyde, which
is then further metabolized to acetate by ALDH, xan-
thine oxoreductase (XOR), and aldehyde oxidase
(AOX) [67]. ADH is the enzyme responsible for alco-
hol metabolism when blood and tissue ethanol con-
centrations are low. However, when tissue levels
exceed 10 mM (approximately 50 mg/dL), the micro-
somal ethanol-oxidizing system (MEOS) containing
CYP2E1 can also contribute. The MEOS uses nicoti-
namide adenine dinucleotide phosphate (NADPH)
and molecular oxygen. Peroxisomal catalase uses
hydrogen peroxide as an oxidizing agent. It is the
least important of the three pathways [66].

Consistent evidence from animal experiments
shows that ethanol modulates chemically induced
carcinogenesis. Although ethanol has not been iden-
tified as a genotoxic carcinogen, in some experimen-
tal models it can act as a co-carcinogen by influencing
physiological processes associated with the initia-
tion and promotion stages of carcinogenesis [67].
Ethanol might cause cancer by (Figure 1):

1. Production of acetaldehyde, which is a weak muta-
gen and carcinogen [68]: Ethanol can be metabo-
lized to acetaldehyde in the liver, breast, and
other tissues [69]. As a result of experimental ani-
mal studies, the International Agency for Research
on Cancer (IARC) has considered that there is
sufficient evidence for the carcinogenicity of
acetaldehyde, the major metabolite of ethanol, in
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Figure 1.
Hypothesized mechanistic relationships.

3.

experimental animals. Acetaldehyde is carcino-
genic in rodents [70] and causes sister chromatid
exchanges and chromosomal aberrations in human
cells [71]. It binds rapidly to cellular proteins and
DNA, leading to protein adducts, measurable
in both experimental animals and human beings,
and to DNA adducts, especially N2-ethyl-2’-
deoxyguanosine [72].

. Induction of cytochrome P-4502E1 (CYP2E1):

Some chemicals, such as N-nitrosamines are
potential human breast carcinogens, are metabo-
lized to mutagenic and/or carcinogenic metabo-
lites by cytochrome CYP2E1 [73]. In addition,
CYP2ET also plays a major role in activation of
several other procarcinogens, such as benzene, a
known rat mammary carcinogen [74] as well as
urethane and styrene [75]. Moreover, CYP2ET is
effective in producing reactive oxygen species
such as superoxide, hydrogen radical, and hydro-
gen peroxide both in the presence and absence of
substrates [76], which in turn can damage DNA.
Ethanol has been shown to induce CYP2E1
[77] and enhance rat mammary carcinogenesis
induced by 7,12-dimethylbenz(a)anthracene [78],
and N-methylnitrosourea [79].

Accumulation of iron and associated oxidative
stress: Gastro et al. detected bioactivation of
ethanol to acetaldehyde and 1-hydroxyethyl free
radicals by cytosolic xanthine oxidoreductase in
rat breast tissue, which suggests that ethanol
metabolism can be mediated by other enzymes in
addition to ADH and cytochrome P450, and can
yield multiple free radical species [69]. Metal ions,
specifically iron, are necessary for the production
of hydroxy radicals. In human beings, elevated
body iron storage has been shown to increase the
risk of several cancers including breast cancer
[81]. For instance, a six-fold higher tissue ferritin
concentration has been measured in malignant
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carcinoma of the breast compared to normal or
benign tissue [81]. Furthermore, transferrin and
tumor cell transferrin receptor proteins were ele-
vated in breast carcinoma compared to normal or
benign cells [80,82]. Chronic alcohol intake is asso-
ciated with increased accumulation of iron. Both
alcohol and iron are known prooxidants. The metab-
olism of alcohol through CYP2E1 can lead to gen-
eration of superoxide and hydrogen peroxide. On
the other hand, hydrogen peroxide can react with
ferrous iron (Fe®"), through the Fenton reaction,
and generate hydroxyl radicals, which are highly
reactive. Hydroxyl radicals can react with lipid
molecules, initiating chain reactions that lead to
lipid peroxidation and generation of products,
such as acrolein, crotonaldehyde, malondialde-
hyde, and 4-hydroxynonenal (4-HNE). The 4-HNE
is known to cause mutations of the p53 gene [83].

. Inhibitory effect of ethanol on DNA repair: Some

carcinogen-DNA adduct has been shown to be
responsible for the genotoxic and mutagenic
effects [82,83]. Ethanol inhibits benzo[a]pyrene
diol-epoxide (BPDE)-DNA adduct removal and
increases 8-oxo-deoxyguanosine formation in
human mammary epithelial cells. BP-treated cells
exposed to 25 mM ethanol exhibited a significant
two-fold increase in 8-oxo-deoxyguanosine (8-
oxo-deG) adducts compared to BP-treated cells
alone. In addition, the best-studied DNA adduct
from acetaldehyde is N2-ethyl-2’-deoxyguano-
sine, which is increased in liver DNA obtained
from ethanol-treated rodents and in white blood
cells obtained from human alcohol abusers.
Ethanol-associated inhibition of carcinogen-DNA
adduct removal in non-neoplastic human mam-
mary cells may be another biological mechanism
used to explain the increased risk for breast can-
cer among women consuming alcohol [82,84].

. Induction of increased production of inhibitory

guanine nucleotide regulatory proteins and com-
ponents of extracellular signal-regulated kinase—
mitogen-activated protein kinase signaling: Alcohol
also can inhibit phase Il enzyme-mediated car-
cinogen detoxification and impair liver clearance
of carcinogens, resulting in their increased circu-
lation among extrahepatic tissues [85]. Moreover,
alcohol intake may enhance the susceptibility of
the rodent mammary gland to carcinogen-induced
damage by altering mammary gland structural
development and by simulating cell proliferation
in the target structures for mammary tumorigene-
sis, terminal end buds, and changes associated
with decreased circulating progesterone [11,64].
IGF-1 and IGF-II are strong mitogens for breast can-
cer and IGF-I can act together with estrogen to stim-
ulate cell proliferation and tissue development
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[86,87]. Alcohol can influence IGF-I level in human
beings, and in in vitro and animal studies, alcohol
has been reported to variably modify cell division
and intracellular signaling pathways, partly depend-
ent on the dose of ethanol [87-91].

Inherited susceptibility

Genome instability and DNA damage: The ability of
ethanol to induce genomic damage has recently
been assessed by using cytokinesis block micronu-
cleus (CBMN) assays, a reliable and established
method to detect chromosome damage. Chronic
treatment with physiological concentrations of ethanol
(0.36%, 1.36%) induces micronuclei, nucleoplasmic
bridges, and nuclear buds, which are indicative of
chromosome loss and breakage, chromosome
rearrangement and gene amplification, respectively.
The occurrence of the specific genome instability
event of chromosome 17 aneuploidy supports the
hypothesis that alcohol induces genotoxic events
that are relevant to cancer risk including breast cancer
[89,92]. Hussien et al. provided evidence that alco-
hol intake is positively correlated with the level of
DNA damage detected by the modified comet assay
in breast cancer [49].

Tumor suppressor gene expression: The tumor sup-
pressor gene BRCAT plays a role in cell cycle regu-
lation, apoptosis, and DNA repair and recombination
pathways that may be related to its tumor suppres-
sor function [93]. Mutations of the breast cancer sus-
ceptibility gene BRCAT (17g21) confer an increased
risk for breast and ovarian cancers [93,94-96]. Alcohol
can down-regulate BRCAT and partially reverses the
BRCAT17-mediated Inhibition of ER-«a transcriptional
activity. Inasmuch as BRCAT is a potent repressor of
ER-a transcriptional activity, the ethanol-mediated
down-regulation of BRCAT expression could con-
tribute to increased intrinsic transcriptional activity
of ER-a independent of any changes in ER-« levels
[97]. This supports the suggestion that the mecha-
nisms that might contribute to alcohol-related breast
cancer are related to BRCA1 pathways and increased
estrogen responsiveness [4,97].

DNA Methylation: DNA methylation is an impor-
tant determinant in controlling gene expression,
whereby hypermethylation has a silencing effect on
genes, and hypomethylation may lead to increased
gene expression. For example, DNA methylation is
an important epigenetic determinant of gene regulation
of protooncogenes and tumor suppressor genes, as
well as the estrogen receptor gene [98,99]. Breast
cancerogenesis could be initiated through activation
of protooncogenes by hypomethylation of their pro-
moter regions [98,100] through inactivation of tumor
suppressor genes by hypermethylation [98,101] or
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through alteration of estrogen receptor gene methy-
lation patterns [98,102]. Both vitamin B12 and folate
are required for DNA methylation and nucleotide
synthesis. Thus, folate deficiency may increase the
risk of malignancy by causing DNA hypomethyla-
tion, inducing uracil misincorporation during DNA
synthesis, or both, resulting in deficiency in the DNA
repair process and, therefore, DNA strand breaks
[3,44,45,64,98]. It is also interesting that there is an
increase in methyltransferase activity and methyla-
tion of CpG sites after extended periods of folate
deficiency [103]. Alcohol consumption can nega-
tively affect folate status in tissues that rapidly prolif-
erate [104] and also may diminish serum vitamin B12
concentrations among healthy, postmenopausal
women [105]. Alcohol has a marked impact on methy-
lation capacity, as reflected by decreased levels of
SAM and increased levels of S-adenosylhomocys-
teine (SAH). SAM is a major methyl donor for methy-
lation reactions, whereby it donates a methyl group
to many compounds, such as proteins, DNA, RNA,
and phospholipids. A decreased SAM : SAH ratio can
inhibit activities of many methyltransferases, leading
to global hypomethylation of DNA, which is an early
feature of neoplastic transformation of epithelial
cells. Thus, alcohol-induced inhibition of methionine
synthese activity may promote neoplastic growth
through decreasing SAM levels [68].

Genetic polymorphisms for breast cancer risk:
Genetic susceptibilities for ethanol metabolism can
affect breast cancer risk. As acetaldehyde is poten-
tially a carcinogenic factor associated with chronic
alcohol consumption, individuals with the ADH 1C*1
allele seem to be at particular risk, as this allele
encodes for a rapidly ethanol metabolizing enzyme
leading to increased acetaldehyde levels. Women with
the ADH1C(1-1) genotype were found to be 1.8 times
more at risk for breast cancer than those with the other
genotypes [106]. Freudenheim and coworkers found
increased breast cancer risk among pre- but not post-
menopausal women associated with ADH3(7-1) com-
pared to ADH3(71-2), and ADH3(2-2) genotypes. The
breast cancer risk was increased for premenopausal
women with the ADH3(7-1) genotype and alcohol
intake above the median compared to lighter drinkers
with the ADH3(2-2) or ADH3(1-2) genotypes [107].
Hines et al. showed that the ADH3 polymorphism
modestly influences the response of some plasma
hormones to alcohol consumption, but is not inde-
pendently associated with breast cancer risk and does
not modify the association between alcohol and
breast cancer risk [108]. The ADH1B genotype (con-
taining the G47A polymorphism) may be not an inde-
pendent risk factor for breast cancer, although the
possibility was raised that it modifies risk associated
with high levels of alcohol consumption [109].
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Methylenetetrahydrofolate reductase (MTHFR) is
a polymorphic enzyme involved in folate metabo-
lism, and plays a role in DNA biosynthesis, methyla-
tion, and repair in actively dividing cells. It results in
impaired in vitro stability and reduced activity under
low folate conditions [99,110-112]. Two common
variants in the MTHFR gene (C677T and A1298C)
have been associated with a reduced activity of this
enzyme, thereby increasing the availability of folate
for thymidylate and purine synthesis, while simul-
taneously increasing the risk of premenopausal,
but not postmenopausal, breast cancer [99,113]. In
population-based studies, the presence of the
MTHFR 677 C — T polymorphism has been associ-
ated with reduced cancer risk when folate status is
normal. Intake of folate and other methyl-related
nutrients (i.e. methionine, vitamin B6, vitamin B12)
and alcohol may influence the effect of the MTHFR
677 C — T polymorphism on cancer risk [114-117].
Persons with the variant MTHFR 677 genotype may
be more susceptible to cancer if they have a methyl-
poor diet (i.e. high alcohol or low folate intake or
both). When dietary methyl supply is high, the MTHFR
homozygous Val/Val genotype individuals may be at
reduced risk of cancer, probably because higher lev-
els of 5,10-methylenetetrahydrofolate may prevent
imbalances of nucleotide pools during DNA synthe-
sis. In contrast, when 5-methyltetrahydrofolate is
depleted by alcohol consumption, val/val individuals
may be less able to compensate, leading to poten-
tially oncogenic alterations in DNA methylation [114].

Chaoi et al. examined the potential association
between alcohol consumption and breast cancer
risk for alcohol metabolizing enzymes CYP2E1 and
ALDH2. They found that the women who consumed
alcohol with the CYP2ET c2 allele containing geno-
types had a 1.9-fold risk for developing breast cancer
compared to non-drinkers with the CYP2E7 c1/c1
genotype. That suggested that the CYP2ET c2 allele
influences individual susceptibility to breast cancer
in alcohol consuming women [118].

Women with a polymorphims in the glutathione S-
transferase P1 (GSTP7) gene, involved in the protec-
tion against oxidative damage and who consumed
alcohol had almost a three-fold risk of breast cancer
for having a valine allele, whereas never-drinking
women had half this risk. Therefore, the GSTP1 poly-
morphism also appears to influence individual sus-
ceptibility to breast cancer and this effect may be
modified by alcohol consumption [119]. Analysis for
other glutathione-S-transferase genotypes and alco-
hol consumption shows that GSTM1 null genotype
in ever-drinking women had a 2.5-fold (OR = 2.5, 95%
Cl,1.1-5.5) increased risk of breast cancer com-
pared to the GSTM1 null never-drinkers, and the risk
increases with duration and daily amount of alcohol
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consumption [120]. The cytochrome P450 19 (CYP19)
Arg(264)Cys polymorphism modifies breast cancer
risk (OR = 1.5, 95% CI,1.1-2.2), especially in asso-
ciation with alcohol consumption [99].

Alcohol and estrogen status

Estrogens play a crucial role in the cellular prolifera-
tion of both normal and neoplastic breast epithe-
lium. Some studies have proved that cumulative
lifetime exposure to estrogen, particularly estradiol,
contributes to breast cancer risk [6]. Alcohol’s impact
on hormone status provides one plausible explana-
tion for an etiological relationship between alcohol
and breast carcinogenesis. Alcohol might affect sex
steroid levels through several mechanisms. Charlotte
et al. showed that levels of estrogens is higher in
women who consume more alcohol [121]. Oral
ethanol (dose of 0.225 g/kg body weight) increased
serum estradiol levels significantly by 27-38% [108].
Alcohol interferes with estrogen pathways in multiple
ways. For example, alcohol drinking is associated with
decreased menstrual cycle variability, more frequent
long cycles, and increased serum and urinary estro-
gen metabolites, as well as decreased sex hormone-
binding globulin, follicle-stimulating hormone, and
luteinizing hormone levels [3,122-124]. Ethanol can
down-regulate the expression of the tumor suppres-
sor gene BRCAT1, a potent inhibitor of estrogen
receptor alpha (ER-o) activity, and can increase the
transcriptional activity of ER-a, supporting the sug-
gestion that the mechanisms that might contribute to
alcohol-related breast cancer are related to BRCA1
pathways and increased estrogen responsiveness
[98]. Recent studies that used both in vivo and in
vitro systems revealed that ethanol acts similarly to
estradiol. Like estradiol, ethanol reduces the activity
of the growth-inhibitory TGF-B1 and stimulates the
activity of TGF-B3 in the pituitary gland. Hence, it is
hypothesized that ethanol may promote prolactino-
mas by controlling the cell-regulatory processes in
the lactotropes and/or by enhancing the action of
estrogen on the lactotropes [125].

Summary

Alcohol consumption as a risk factor for breast can-
cer in human beings has received considerable sci-
entific support from epidemiological reports over the
past two decades. The biological basis for this action
of alcohol has not been firmly established, but is
believed to involve, in part, an alcohol-associated
stimulation of circulating steroid hormone levels.
Ethanol’s tumor-promoting action may be linked to
elevation of circulating levels of estrogen. The steroid
has been shown to promote carcinogenesis in various
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animal model systems by stimulating the rate of mam-
mary gland cell proliferation, as well as by increasing
mammary cell carcinogen-DNA adduct formation.
Additionally, estrogen-induced tumor induction may
involve receptor-mediated cell proliferation with tumor
initiation by genotoxic and mutagenic events.
Interactions of alcohol with host and environmental
factors, alcohol-related various procarcinogens, inher-
ited susceptibility, and methylation have also been
involved in the breast carcinogenesis. Further stud-
ies at the cellular and molecular levels on the inter-
action between ethanol and estrogen, carcinogens
are needed to better understand ethanol’s promo-
tion of breast cancer.
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