Young et al. Breast Cancer Research (2023) 25:66 Breast Ca ncer Resea I’Ch
https://doi.org/10.1186/513058-023-01660-1

. ®
Influence of alcohol consumption s

and alcohol metabolism variants on breast
cancer risk among Black women: results
from the AMBER consortium

Kristin L. Young'", Andrew F. Olshan', Kathryn Lunetta®, Mariaelisa Graff', Lindsay A. Williams'?, Song Yao?,
Gary R. Zirpoli®, Melissa Troester' and Julie R. Palmer®

Abstract

Background Moderate to heavy alcohol consumption is associated with an increased risk of breast cancer. The etio-
logic role of genetic variation in genes involved in ethanol metabolism has not been established, with little informa-
tion available among women of African ancestry.

Methods Our analysis from the African American Breast Cancer Epidemiology and Risk (AMBER) Consortium
included 2889 U.S. Black women who were current drinkers at the time of breast cancer diagnosis (N cases=715) and
had available genetic data for four ethanol metabolism genomic regions (ADH, ALDH, CYP2E1, and ALDH?2). We used
generalized estimating equations to calculate genetic effects, gene* alcohol consumption (> 7drinks/week vs. <7/
week) interactions, and joint main plus interaction effects of up to 23,247 variants in ethanol metabolism genomic
regions on odds of breast cancer.

Results Among current drinkers, 21% of cases and 14% of controls reported consuming > 7 drinks per week. We
identified statistically significant genetic effects for rs79865122-C in CYP2ET with odds of ER- breast cancer and odds
of triple negative breast cancer, as well as a significant joint effect with odds of ER- breast cancer (> 7drinks per week
OR=3.92, <7 drinks per week OR=0.24, Pioint= 3.74x 1079). In addition, there was a statistically significant interaction
of rs3858704-A in ALDH?2 with consumption of >7 drinks/week on odds of triple negative breast cancer (> 7drinks per
week OR=4.41, <7 drinks per week OR=0.57, p;,,=8.97 x 107).

Conclusions There is a paucity of information on the impact of genetic variation in alcohol metabolism genes

on odds of breast cancer among Black women. Our analysis of variants in four genomic regions harboring ethanol
metabolism genes in a large consortium of U.S. Black women identified significant associations between rs79865122-
Cin CYP2ET and odds of ER- and triple negative breast cancer. Replication of these findings is warranted.
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Background

Alcohol consumption has consistently been recognized
as a risk factor for breast cancer [1, 2]. Previous epide-
miologic studies of the association between alcohol con-
sumption and breast cancer risk in the United States have
largely been conducted in persons of European ances-
try. An analysis of 5108 cases of invasive breast cancer
from the African American Breast Cancer Epidemiology
and Risk (AMBER) Consortium indicated that African
American women who reported current drinking of > 14
drinks per week had higher odds of invasive breast cancer
compared with light drinkers (>0 to <4 drinks per week)
[adjusted OR (AOR) (95% CI)=1.33 (1.07-1.64)], while
those who reported drinking >7 drinks per week had
higher odds of human epidermal growth factor receptor
2 negative (HER2-) breast cancer [AOR (95% CI)=1.36
(1.09-1.70) [3].

There are many possible biological mechanisms for the
association of alcohol consumption and breast cancer,
including ethanol metabolism, increased levels of circu-
lating estrogen, cellular proliferation, impact on DNA
repair, and interference with the absorption and metab-
olism of nutrients such as folate and carotenoids [2, 4].
Alcohol metabolism pathways involve two key enzymes:
alcohol dehydrogenase (ADH), which oxidizes alcohol to
acetaldehyde—a reaction that produces a carcinogen as
well as reactive oxygen species [5] that can damage DNA;
and aldehyde dehydrogenase (ALDH), which converts
acetaldehyde to acetic acid [6]. Other enzymes involved
in ethanol metabolism include those in the microso-
mal ethanol-oxidizing system, Cytochrome P450 2E1
(CYP2E1) and catalase (CAT). CYP2E1 only plays a role
in ethanol metabolism for heavy drinkers, while CAT
metabolizes only a small proportion of alcohol consumed
[6]. ADH is encoded by at least 7 genes in humans, which
are clustered together on the long arm of chromosome 4,
and, except for ADH?7, are highly expressed in the liver
[7]. ALDH enzymes are encoded by at least 19 genes
spread across 12 chromosomes, five of which are highly
expressed in liver tissue (ALDHI1LI, ALDH2, ALDH4A1,
ALDH6A1, and ALDH8A1) (8], though the two primary
enzymes involved in acetaldehyde metabolism during
ethanol oxidation are ALDH1 (encoded by ALDHIAI
on chromosome 9) and ALDH2 (encoded by ALDH2
on chromosome 12). CYP2EI and CAT are also highly
expressed in liver tissue.

Candidate studies of genes involved in alcohol metab-
olism have yielded mixed results regarding the asso-
ciation of single nucleotide polymorphisms (SNPs) and
risk of breast cancer and the interaction of SNPs and
alcohol consumption. Earlier genetic studies found that
rs1229984 in ADHIB [9] and rs698 in ADHIC [10] mod-
ify the alcohol association with breast cancer, particularly
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in pre-menopausal women [10]. Studies of Korean
women found a significant interaction for breast can-
cer risk between rs2031920 (CYP2E1*5) in CYP2EI and
rs671 in ALDH2 and alcohol intake [11, 12]. A study
on post-menopausal women from the Prostate, Lung,
Colorectal and Ovarian (PLCO) Cancer Screening Trial
found significant interactions between rs1229984-GG in
ADHIB and all levels of alcohol intake and risk of breast
cancer [13]. Several other large studies, however, indicate
that SNPs in ADHIB, ADHIC, and CYP2E1 do not mod-
ify associations of alcohol intake with breast cancer risk
[14-17].

Genome-wide association studies (GWAS) have identi-
fied a number of low-risk alleles for breast cancer, though
none have directly implicated genes related to alcohol
metabolism [18], and generally did not account for alco-
hol consumption [19-22]. Like many epidemiological
studies of breast cancer, most GWAS and candidate gene
studies to date have predominantly included individuals
of European or Asian ancestry [9, 13, 23-32]. To fill this
important gap in knowledge regarding potential dispari-
ties, we examined the association of ethanol metabolism
pathway genetic variants and SNP-alcohol consump-
tion interactions with odds of breast cancer (overall and
among cancers with different hormone receptor status)
using data from the African American Breast Cancer Epi-
demiology and Risk (AMBER) Consortium.

Methods

The AMBER Consortium is a collaboration among the
largest etiologic studies of breast cancer in U.S. Black
women. For the present analysis, data were drawn from
two case—control studies: the Carolina Breast Cancer
Study (CBCS) [33] and the Women’s Circle of Health
Study (WCHS) [34, 35]; and the prospective cohort Black
Women’s Health Study (BWHS) [36, 37]. All study partic-
ipants provided informed consent prior to participation,
and all studies obtained IRB approval from their respec-
tive institutions. A total of 3663 cases and 4687 controls
provided either blood or saliva for DNA analysis by the
AMBER consortium.

For CBCS, population controls were identified through
Division of Motor Vehicles (age<65 years) or Health
Care Financing Administration lists (age>65). For
WCHS, population controls were recruited through ran-
dom digit dialing and community events. The BWHS was
sampled as a nested case—control study from the parent
cohort, with controls matched to breast cancer cases on
5-year age group, geographic location, and most recent
questionnaire completed [38]. Cases were women diag-
nosed with incident invasive breast cancer or ductal
carcinoma in situ (DCIS). Estrogen receptor (ER), pro-
gesterone receptor (PR), and human epidermal growth
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factor receptor-2 (HER2) oncogene expression status
were determined using hospital or cancer registry pathol-
ogy records.

Genotyping and quality control

Genotyping of DNA from participants in the BWHS,
CBCS, and WCHS for the AMBER Consortium was per-
formed in two phases. In our Phase 1 discovery (2014),
genotyping of 6,860 AMBER participants was completed
by the Center for Inherited Disease Research (CIDR) at
Johns Hopkins University using the Illumina Human
Exome Beadchip v1.1. This array includes >240,000 cod-
ing variants: >4500 variants in genes influencing drug
metabolism, >4400 immune system function variants,
>4500 GWAS variants, >700 eQTLs, as well as >200,000
variants from the COSMIC catalog of somatic mutations
in cancer. AMBER custom content included 160,440
SNPs in 433 genes in breast cancer relevant pathways
(e.g., fibroblast growth factor receptor 2 (FGFR2), ster-
oid hormone metabolism, and vitamin D). Of the 246,519
SNPs genotyped, 231,705 autosomal SNPs passed quality
control (QC) (call rates <0.98, Hardy—Weinberg Equilib-
rium p<1x107% or>2 discordant calls in duplicate sam-
ples). 6828 AMBER participants passed QC, including
3130 cases and 3698 controls. Imputation of the geno-
type data to the 1000 Genomes Phase 1 reference panel
was performed by the University of Washington using
IMPUTE2 [39, 40]. Measured and imputed genotypes
from three AMBER studies (CBCS, BWHS, and WCHS)
were combined into a final Phase 1 discovery data set of
up to 1847 women, including 597 cases and 1250 con-
trols who reported being current drinkers and had phe-
notype data. Principal components were calculated using
EIGENSOFT [41, 42] based on ~42,000 common SNPs.
Principal components associated with case status (p <0.1)
after controlling for study, DNA source, and matching
variables were included in our analyses [43].

In our Phase 2 validation, genome-wide genotyping
of DNA samples from 4085 BWHS, CBCS, and WCHS
participants was performed by CIDR using the Illumina
Multi-Ethnic Global Array (MEGA) (2,036,060 SNPs)
with addition of the panel of custom variants used in
Phase 1. The MEGA and custom panel data were then
combined for QC and analysis. After exclusion of dupli-
cate samples, prevalent cases, and those missing ques-
tionnaire data, genotypes for 3999 AMBER participants
passed initial CIDR QC and were sent to the Genetic
Analysis Center (GAC) at the University of Washington
for additional quality control. Cross-phase concordance
was examined using data for 122 participants genotyped
for 362,014 SNPs in both phases. The mean concordance
across all overlapping samples was 0.9999. The mean
concordance across all overlapping SNPs was 0.9999,
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with just 30 SNPs with>10% discordance across phases,
and 12 SNPs with >90% discordance. Individuals with
missing call rates>0.03 were excluded from analyses.
Genotyped SNPs with call rates <0.98, Hardy—Weinberg
equilibrium p<1x10~%>1 discordant call in duplicate
samples, monomorphic SNPs, and those with MAF <0.01
across all samples were excluded, leaving 1,182,802
genotyped SNPs. All 3999 Phase 2 samples were then
imputed by the GAC using the 1000 Genomes Phase
3v4 cosmopolitan reference panel in IMPUTE2 for SNPs
with a minor allele count (MAC) >2 in either African or
European 1000 Genomes super populations, resulting
in 34,296,243 imputed variants. For this analysis, meas-
ured and imputed genotypes from two AMBER studies
(BWHS and WCHS) were combined into a final Phase 2
data set of up to 1042 women, up to 118 invasive cases
and 924 controls who reported being current drink-
ers with phenotype data. CBCS participants genotyped
under Phase 2 were not included in the analysis due to a
lack of genotyped controls.

Analytic sample

For analysis, we selected all genotyped and imputed vari-
ants in a +20 kb window of four known alcohol metabo-
lism genes or clusters (ADH on chromosome 4, ALDHI
on chromosome 9, CYP2E1 on chromosome 10, and
ALDH?2 on chromosome 12), resulting in 18,792 vari-
ants in Phase 1 discovery and 46,519 variants in Phase 2
validation after QC exclusions, and up to 23,247 variants
in the meta-analysis. Among the 3122 participants who
reported being current drinkers at time of diagnosis and
had genetic data from either phase, we excluded those
with DCIS (n=172) or for whom the nature of the tumor
was unknown (n=60) and the single CBCS control geno-
typed in Phase 2 who reported being a current drinker,
leaving 2889 participants (715 cases and 2174 controls)
for our Phase 1+ Phase 2 meta-analyses.

Hormone receptor status

In this analysis, we examined only invasive breast can-
cers, and further subdivided them by hormone receptor
status: ER positive (393 cases), ER negative (275 cases),
PR positive (321 cases), PR negative (345 cases), HER2
positive (114 cases), HER2 negative (458 cases), triple
negative (163 cases), and non-triple negative (465 cases).

Alcohol intake assessment

Alcohol intake was self-reported for each study via ques-
tionnaire. BWHS assessed type of alcohol consump-
tion (drinks per day, week, and month) at baseline, with
amount consumed assessed in bi-annual follow-up sur-
veys. CBCS assessed alcohol consumption amount by age
range (<25, 25 to 49, and >50) for each participant, and
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WCHS recorded amount of alcohol consumed (drinks
per day) for each decade of life. To increase power for
GxE analyses, we created a categorical variable represent-
ing participants who were consumed <7 drinks per week
or >7 drinks per week to approximate alcohol exposure
following the NIAAA definition of moderate alcohol
consumption for women [44]. Additional file 1: Table S1
shows the number of invasive cases and controls for each
phase of the AMBER study, as well as the total number of
cases and controls.

Statistical analyses

We first examined the association between alcohol con-
sumption (<7 vs. >7 drinks per week) on the odds of
breast cancer for each hormone receptor status in the
combined sample (Phase 14Phase 2), using a logistic
regression model adjusted for 10-year age categories
and study (Model 1), followed by a model additionally
adjusted for age at menarche, body mass index (BMI),
parity, smoking status (never, current, or former smoker),
menopausal status (pre- or post-), level of education, and
duration of oral contraceptive use (Model 2) [3].

Single variant association analyses were conducted sep-
arately in each phase assuming an additive genetic model
using weighted generalized estimating equations (GEE)
logistic regression as implemented in SUGEN to account
for relatedness in the sample [45].We estimated SNP main
effects, SNP*>7 drinks per week interaction effects, and
joint two degree of freedom (2df) (SNP + SNP*alcohol
interaction) effects. The 2df test jointly tests the null
hypothesis that both the SNP main effect and SNP*>7
drinks per week interaction effect are equal to zero [46—
50]. Previous GXE GWAS demonstrated the utility of
a joint genetic plus interaction test to identify variants
where the environmental exposure may not have oppo-
site directions of effect on the outcome, but does show
a difference in magnitude of effect between exposure
strata [47-49]. We ran case—control models among (1) all
women (597 invasive cases and 1250 controls in Phase 1
and 118 invasive cases and 924 controls in Phase2), and
(2) each hormone receptor status and all controls. In
Phase 1, models were adjusted for age group (by ~ 10-year
intervals), study site, geographic region, DNA source,
principal components, and a weighted variance estimator
to account for relatedness among the ~250 2nd degree or
closer relatives in Phase 1. Phase 2 models were adjusted
for age group (by ~10-year intervals), study site, DNA
source, and principal components. Phase specific results
were excluded if imputation quality (r*<0.4) or effec-
tive sample size among cases (effN,, <10), calculated
per SNP as (2*MAF,_,)*(1-MAF_,.)*N_, ‘imputation
quality. To increase power to detect potential interac-
tion effects (Additional file 2), phase specific results were
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then meta-analyzed, using a fixed effects inverse variance
weighted meta-analysis implemented in METAL ([51].
To account for multiple comparisons, we determined
the total number of independent variants in each locus
using the linkage disequilibrium (LD) pruning function
in Plink 1.9 with the following parameters: variant win-
dow size =50, variant window shift=5, and r*=0.1. We
identified 334 independent variants in the ADH locus on
chromosome 4, 253 in the ALDH]I locus on chromosome
9178 in the CYP2EI locus on chromosome 10, and 209
in the ALDH?2 locus on chromosome 12 and calculated
the p-value threshold required for statistical significance
as 0.05/number of independent variants per locus (chr 4:
p<1.5x107% chr 9: p<1.98x 1074 chr 10: p<2.81x 1074,
chr 12: p<2.39x107%). Genetic effects of variants reach-
ing locus-specific statistical significance in either the
interaction or joint 2df test were analyzed separately for
participants who reported drinking >7 drinks per week
and those who reported drinking <7 drinks per week.

Results

In our sample of current drinkers, 21.0% of cases and
13.7% of controls reported consuming >7 drinks per
week. Descriptive characteristics for participants from
each study, including details of alcohol consump-
tion, smoking status, use of oral contraceptives, age at
menarche, parity, and menopausal status are provided in
Additional file 1: Table S1.

Results of our analysis of the association between fre-
quency of alcohol consumption among current drinkers
and odds of breast cancer by hormone receptor status are
shown in Additional file 1, Table 1. In both age-adjusted
(Model 1) and multivariable models (Model 2), heavier
alcohol consumption was associated with an increased
odds of any invasive breast cancer [multivariable OR
(95% CI): 1.30 (1.00—1.68)], ER- breast cancer [OR (95%
CI): 1.48 (1.01-2.14)] and PR- breast cancer [OR (95%
CI): 1.50 (1.07-2.10)]; the comparable OR for ER + breast
cancer was 1.33 (0.98-1.82)).

In the genetic main effects meta-analysis, we identi-
fied multiple testing-corrected statistically significant
per-allele associations (see Additional file 1: Table S3,
for locus-specific significance thresholds) between
rs79865122-C in the CYP2EI locus on chromosome
10 and odds of ER- (OR (95% CI)=0.21 (0.12, 0.40),
Psnp=9-91x1077), PR- (OR (95% CI)=0.27 (0.15, 0.50),
psnp=1.87%x107°), and triple negative breast cancer
(OR (95% CI)=0.23 (0.11, 0.48), psp=1.15x107%. -.
This variant was also significantly associated with odds
of ER- and PR- breast cancer using the joint test [ER-
OR_7gpy (95% CI)=3.92 (0.28, 55.41), OR 54,,=0.24
(0.13, 0.44), P, =3.74X107% PR- OR.q,, (95%

CI)=1.77 (0.29, 10.87), OR 4y, (95% CI)=0.31 (0.17,
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Table 1 Associations between alcohol consumption and breast cancer subtypes

Cases Controls Model 1* Cases Controls Model 2/

N % N % OR 95% ClI N % N % OR 95% Cl
Alcohol consumption All Invasive

Breast Cancer
<7 drinks/week 565 79.0 1876 86.3 505 78.8 1690 86.3
> 7 drinks/week 150 21.0 298 13.7 1.27 1.01-1.61 136 212 269 13.7 1.30 1.00-1.68
ER+
<7 drinks/week 313796 1876 86.3 289 79.0 1690 86.3
> 7 drinks/week 80 204 298 137 1.25 093-1.67 77 21.0 269 137 1.33 0.98-1.82
PR+
<7 drinks/week 256 79.8 1876 86.3 235 794 1690 86.3
> 7 drinks/week 6520.2 298 13.7 1.23 0.90-1.68 61 20.6 269 13.7 1.25 0.89-1.76
HER2+
<7 drinks/week 89781 1876 86.3 79 782 1690 86.3
> 7 drinks/week 25 219 298 13.7 1.48 0.92-2.38 22 218 269 13.7 157 0.92-2.68
Non triple negative
<7 drinks/week 366 78.7 1876 86.3 336 78.7 1690 86.3
> 7 drinks/week 99213 298 13.7 131 1.00-1.72 91 213 269 13.7 1.34 1.00-1.80
FR—
<7 drinks/week 211 76.7 1876 86.3 183 77.5 1690 86.3
> 7 drinks/week 6423.3 298 13.7 1.57 1.13-2.19 53 225 269 13.7 1.5 1.01-2.14
PR—
<7 drinks/week 26877.7 1876 86.3 237 78.0 1690 86.3
> 7 drinks/week 77 223 298 13.7 15 1.10-2.01 67 22.0 269 13.7 1.50 1.07-2.10
HER2—
<7 drinks/week 363 79.3 1876 86.3 327 79.0 1690 86.3
>7 drinks/week 95 20.7 298 137 1.26 0.95-1.66 87 21.0 269 137 132 0.97-1.79
Triple negative
<7 drinks/week 128 785 1876 86.3 108 77.7 1690 86.3
> 7 drinks/week 35215 298 13.7 15 0.96-2.22 31 223 269 13.7 15 0.93-2.40

*Model 1 adjusted for age (10 year categories) and study

AModel 2 adjusted for Model 1 covariates + education, age at menarche, BMI, parity, smoking status, menopause, and duration of oral contraceptive use

0.55), Pjoins=9.52x107°] (Additional file 1, Table 2).
We also found a statistically significant SNP*alcohol
consumption interaction between triple negative
breast cancer and rs3858704-A in the ALDH2 locus
on chromosome 12 [OR;,, (95% CI)=6.28 (2.50,15.73),
Piny=8.97%107%]. Stratified analysis of the ALDH2
interaction revealed an increased odds of triple negative
breast cancer in women who consumed >7 drinks per
week (OR (95% CI)=4.41 (1.79, 10.86), p=1.26 x 1073),
and decreased odds in women who consumed<7
drinks per week (OR (95% CI)=0.57 (0.36, 0.89),
p=0.013). These associations were driven by Phase 1,
as rs79865122 was filtered out of the Phase 2 results
due to EffN_,..<2, and rs3858704 was not present in
Phase 2. Using LD Link, we identified rs78085062 as in
LD with rs3858704 in 1000 Genomes AFR + EUR pop-
ulations (r2=0.986). This variant was also not present

in our Phase 2 results, nor were 6 other variants with
r*>0.7. Significant results for each phase are presented
in Additional file 1: Table S2.

We also examined known variants and proxies with
r*>0.8 in four alcohol metabolism gene regions (ADH,
CYP2E1, ALDHI, and ALDH2) in our meta-analysis
results for main genetic effects on invasive breast can-
cer. For each known variant extracted from the literature,
we identified proxies in 1000 Genomes Phase 3 African
and European populations using LD Link [52], and then
extracted results for those known variants or their prox-
ies from our meta-analysis of invasive cases. The variant
or proxies with the lowest p-value are reported in Addi-
tional file 1, Table 3. For the ADH region on chromosome
4, we identified 14 known variants. Of those 14 known
variants or proxies, rs2075633 was nominally significant
in our meta-analysis results and directionally consistent
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in both phases [ORgp (95% CI)=1.37 (1.06, 16.85),
Psnp="0.016). Known variants rs1229984, rs2066702 and
rs698 in the ADH region were not present in AMBER,
but we were able to identify proxies with r>>0.8 in 1000
Genomes Phase 3 African ancestry populations for
rs2066702 and rs698 in our data, though the associations
were not statistically significant. In the ALDH1I region on
chromosome 9, we identified 9 known variants previously
examined for interaction effects of alcohol *mortality risk
after breast cancer diagnosis [53]. None of these were
statistically significant in our results. For the CYP2EI
region on chromosome 10, we identified three previously
reported variants, but none were significantly associated
with odds of invasive breast cancer in our sample. For
rs2031920, this is consistent with some previous stud-
ies [16, 54]. One known variant in the ALDH?2 region of
chromosome 12, rs671, was not present in AMBER, and
there were no proxies with r>>0.08 in our data.

Discussion

Alcohol consumption has been associated with a mod-
erately increased risk of breast cancer in women [2]. In
addition, variants in genes involved in alcohol metab-
olism, such as ADH and ALDH, have been associ-
ated with an increased risk of cancer, including breast
cancer, in some studies [2]. Previous investigations of
alcohol gene and gene-exposure interaction have been
primarily based on studies of individuals of European
or Asian ancestry [9, 13, 23-32]. Our analysis of ethanol
metabolism pathway genetic variants and SNP*alcohol
consumption interactions and the odds of breast cancer
was based on the African American Breast Cancer Epi-
demiology and Risk (AMBER) Consortium, a collabora-
tion among four of the largest epidemiologic studies of
breast cancer in African American women.

In the present analysis, we identified a positive associa-
tion of consumption of >7 drinks per week with odds of
all invasive breast cancer, as well as of ER and PR- breast
cancer. The interaction of rs3858704-A in the ALDH?2
region of chromosome 12 with consumption of >7
drinks per week was significant in Phase 1, but neither
that variant nor any proxies with r?>0.7 were available
in the Phase 2 data (Additional file 1: Table S2).We found
a previously unreported association of rs79865122-C
on chromosome 10 near CYP2E] with odds of ER- and
PR- breast cancer, including a statistically significant
joint main plus interaction effect. CYP2EI has been
shown to have a lesser contribution to ethanol metabo-
lism [55] than ADH or ALDH. At high ethanol concen-
trations, however, the ADH pathway becomes saturated,
and activity of the microsomal ethanol oxidizing sys-
tem (MEOS) pathway increases. As part of the MEOS,
CYP2E1 metabolizes ethanol, and the process yields
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free radicals leading to oxidative stress [55]. In addition,
elevated ethanol levels can interfere with the ability of
CYP2E] to metabolize other substrates, such as medica-
tions, resulting in reduced clearance and elevated drug
concentrations [55]. Multiple polymorphisms of CYP2E]
have been identified, some of which are rare in popula-
tions of European ancestry, and some appear to have
functional consequences on ethanol metabolism [11, 16].
One CYP2E] restriction fragment length polymorphism
(RFLP) (CYP2EI*1D) has been shown to have a higher
prevalence in women of African ancestry, and functional
impact on in vivo metabolic activity in the presence of
exposures known to increase expression of CYP2EI
[obesity or recent (within 72 h) alcohol consumption]
[56]. We were unable to locate any previous publications
including a specific analysis of alcohol metabolism gene
and gene-alcohol consumption effects on breast cancer
risk among Black women [9, 10, 14, 15, 17].

Our analysis focused on the four major human alco-
hol metabolism genes or gene clusters, including ADH,
CYP2EI, ALDHI, and ALDH2. Variants in these genes
have been previously investigated for influencing ethanol
metabolism or modifying the effect of alcohol on breast
cancer risk, including ADHIB*2 (rs1229984), ADHI1B*3
(rs2066702), ADHIC*1 (rs698), CYP2EI*5 (rs2031920-T,
rs3813867-C, and rs6413432-A), CYP2E1*6 (rs6413432-
A) and ALDH2*2 (rs671) [53, 57]. Some of the variants
show population frequency differences, for example, East
Asian populations have a higher frequency of ADHIB*2
(rs1229984-T) and ALDH2*2 (rs671-A) than other popu-
lations [58]. The ADHIB*2 (rs1229984) and ALDH2*2
(rs671) variants are fixed or very low frequency (minor
allele frequency (MAF)<1%) in 1000 Genomes Phase
3 populations of African ancestry, while the ADHIB*3
(rs2066702) and ADHI1C*I (rs698) variants are common
(MAF 6.94-28.24%) in these groups. In our lookups of
known variants with odds of invasive breast cancer in
our meta-analysis results, we replicated the association at
rs2075633 in the ADH region on chromosome 4, which
was nominally significant in our meta-analysis results
and directionally consistent in both phases [ORgyp (95%
CI)=1.37 (1.06, 16.85), pgpp=0.016).

This study had several strengths including a focus on
breast cancer risk among African American women,
breast cancer hormone receptor status information, the
use of the MEGA array in Phase 2, comprehensive cov-
erage of genomic regions containing ethanol metabolism
genes and gene clusters, and examination of gene-alcohol
interactions using both interaction and joint main effects
+ interaction models.

The analysis also had some limitations. Although the
Phase 2 chip included variants designed to capture the
genetic variation of global populations [59], compared
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to earlier genotyping chips that were designed to cap-
ture genetic variation in European populations, only 118
cases and 924 controls were genotyped on the Phase 2
chip, as opposed to 597 cases and 1250 controls on the
Phase 1 chip. The Illumina Human Exome Beadchip v1.1
was used for Phase 1 genotyping, resulting in fewer SNPs
included in those analyses compared to Phase 2 (18,792
variants in Phase 1 versus 46,519 variants in Phase 2). In
this analysis, we also focused primarily on genetic factors
and have not placed this work in the context of multilevel
determinants of breast cancer risk, including social deter-
minants and structural racism [60-63]. Exposure status
and information on other covariates were self-reported,
which would increase the possibility of recall bias in the
case-controls studies, but not in the prospective BWHS.
In addition, the number of women who reported con-
suming >7 drinks/week was limited (150 cases and 298
controls). This is consistent with reported exposure pat-
terns, notably the lower frequency of heavy drinking in
Black women compared to white women [64], which may
have influenced our power in this study relative to simi-
larly sized studies of white women (see Additional file 2).
Finally, while we attempted to account for many other
variables that may influence both breast cancer risk and
alcohol consumption, including age at menarche, par-
ity, menopausal status, BMI, smoking behavior, and use
of oral contraceptives, others, such as diet and physical
activity, were not included in our analysis.

Conclusions

In the present study, we examined the relationship
between genetic variation in key ethanol metabolism
genes with odds of breast cancer. We also evaluated
interactions between alcohol intake and genetic varia-
tion on odds of breast cancer. As has been reported in a
previous AMBER analysis [3], we identified a significant
association between consumption of >7 drinks per week
and ER- and PR- breast cancer in our minimally adjusted
models, and the associations remained significant in our
fully adjusted models. We found a statistically significant
joint association with rs79865122 in the CYP2EI region
of chromosome 10 with ER- and PR- and breast cancer,
potentially pointing to genomic regions influencing the
associations identified in our exposure-outcome mod-
els examining the impact of consumption of >7 drinks
per week on odds of breast cancer. Although we used
the largest available genetics resource relevant to breast
cancer in Black women, additional research to further
validate the interaction of genetic variants in alcohol
metabolism genes and alcohol consumption on odds of
breast cancer is warranted.
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