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Abstract
Results of studies for the association of BRCA1 genotypes and haplotypes with sporadic breast
cancer have been inconsistent. Therefore, a candidate SNP approach was used in a breast cancer
case-control study to explore genotypes and haplotypes that have the potential to affect protein
functions or levels. In a breast cancer case-control study, genotyping of BRCA1 polymorphisms
Q356R, D693N, and E1038G was performed on 1005 cases and 1765 controls. Unconditional,
polytomous logistic regression and chi square tests were used to examine the associations of breast
cancer with genotypes and haplotypes. Additionally, interactions between genotype and smoking,
benign breast disease, family history of breast cancer, BMI, alcohol consumption, and hormonal
risk factors, hormone receptor status, and breast cancer pathology were calculated also using
logistic regression and chi square. While, sporadic breast cancer was not associated with BRCA1
genotypes or haplotypes overall or by menopausal status, there was evidence of an interaction
between the E1038G BRCA1 genotype, smoking, and BMI among premenopausal women (p for
interaction=0.01 and 0.045, respectively) and between E1038G and D693N BRCA1 genotypes
and hormone therapy use among postmenopausal women (p for interaction=0.01 and 0.02,
respectively). There were no other associations found between BRCA1 genotypes and stage,
histologic grade, or nuclear grade. However, the D693N SNP was associated with the risk of triple
negative breast cancer (OR=2.31 95% CI: 1.08–4.93). The BRCA1 variants studied may play a
role in the etiology of triple negative breast cancer and may interact with environmental factors
such as hormone therapy or smoking and increase sporadic breast cancer risk.
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INTRODUCTION
BRCA1 is a breast cancer tumor suppressor gene that plays a role in maintaining genomic
stability. Specifically, BRCA1 plays a role in transcription, repair of double-stranded DNA
breaks, and recombination (Bertwistle and Ashworth, 1998). Mutations in BRCA1 are
responsible for approximately 40% of inherited breast cancers and more than 80% of
families with both inherited breast and ovarian cancers (Easton et al., 1995;Thompson and
Easton, 2002a;Thompson and Easton, 2002b;Liede et al., 2004;Easton et al., 2004).
However, a role for BRCA1 in sporadic breast cancer, i.e., women without a strong family
history of breast cancer, remains poorly understood. Many BRCA1 single nucleotide
polymorphisms (SNPs) have been identified and approximately 20 SNPs result in amino
acid changes. Yet these polymorphisms, with the exception of Q356R and D693N, are in
significant linkage disequilibrium (LD) and are inherited as part of a shared haplotype
(Freedman et al., 2005). Some studies have reported associations between BRCA1 SNPs and
both familial and sporadic breast cancer risk; however there is a lack of consistency across
studies (Durocher et al., 1996;Dunning et al., 1997;Cox et al., 2005;Freedman et al.,
2005;Tommasi et al., 2005;Soucek et al., 2007;Dombernowsky et al., 2009;Sehl et al.,
2009;The MARIE-GENICA Consortium on Genetic Susceptibility for Menopausal
Hormone Therapy Related Breast Cancer Risk, 2009).

Prior publications to date have not identified BRCA1 haplotypes as breast cancer risk factors
(Cox et al., 2005;Soucek et al., 2007;The MARIE-GENICA Consortium on Genetic
Susceptibility for Menopausal Hormone Therapy Related Breast Cancer Risk, 2009).
However, the haplotypes studied include coding and non-coding SNPs without regard to
functional effects of the SNPs on protein function or levels. Therefore, we have chosen to
study specific BRCA1 polymorphisms, Q356R, D693N, and E1038G, because they result in
amino acid changes that could potentially influence the structure and function of the
resulting protein. For example, Q356R is located in the ring finger domain that binds DNA
(Supplementary Table II). In silico analysis of Q356R and E1038G revealed that these SNPs
have regulatory effects of alternative splicing (Tommasi et al., 2008). In recent work by us,
it was found that the E1038G and Q356R SNPs affected DNA repair because they were
significantly associated with mean chromosomal breaks per cell in breast cancer patients
from high-risk families using the mutagen sensitivity assay (Ricks-Santi et al., 2011).
Additionally, these three SNPs tagging the majority of common variation in BRCA1 in
women of European descent. For example, SNP E1038G is in high LD with P871L
(rs799917), K1183R (rs16942), S1613G (rs1799966), and other synonymous and intronic
SNPs in BRCA1 in women of European descent (Cox et al., 2005).

Breast cancer is a heterogeneous disease composed of several molecular subtypes that have
been identified by gene expression analysis (Perou et al., 2000;Sorlie et al., 2001;Sorlie et
al., 2003;Hu et al., 2006;Lehmann et al., 2011). The “aggressive” triple negative subtype is
characterized by estrogen receptor (ER), progesterone receptor (PR), and human epidermal
growth factor receptor 2 (HER2/neu) negativity and a high proliferative index (Bertucci et
al., 2008;Carey et al., 2010;Foulkes et al., 2010;Lachapelle and Foulkes, 2011;Rios and
Puhalla, 2011). This subtype is associated with poor prognosis, unresponsiveness to
endocrine therapy, and shortened survival. Triple negative tumor is the most common
subtype exhibited by BRCA1 mutation carriers (Lynch et al., 1998;Armes et al.,
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1999;Olopade and Grushko, 2001;Foulkes et al., 2001;Grushko et al., 2002;Lakhani et al.,
2002;Sorlie et al., 2003;Palacios et al., 2003;Foulkes et al., 2003;Atchley et al., 2008).

In the present study, the associations between BRCA1 SNPs, haplotypes, sporadic breast
cancer risk and molecular subtypes were investigated. Additionally, potential interactions
were investigated for the genotypes with smoking, benign breast disease, family history of
breast cancer, BMI, alcohol consumption, and hormonal risk factors such as age at
menarche, parity, age at first birth, age at menarche, lactation, and hormone therapy (HT).

METHODS
Case-Control Study of Sporadic Cancer Risk

Subjects were recruited for the Western New York Exposures and Breast Cancer (WEB)
study, a case-control study, between 1996 and 2001. This study has been described in detail
elsewhere (McCann et al., 2004). Briefly, cases (n=1170) were women with primary,
incident, pathologically confirmed breast cancer between the ages of 35 and 79 years, and
all were residents of Erie and Niagara counties in western New York State. Population-
based controls (n=2115) were randomly selected from the same counties using lists of
driver’s license enrollees provided by the New York State Department of Motor Vehicles for
those less than 65 years of age, and the Health Care Finance Administration for those 65
years of age and older. Controls were frequency matched by age and race to cases. The
protocol was approved by the Institutional Review Boards at the University at Buffalo and
Georgetown University, as well as by participating hospitals. A detailed interviewer-
administered questionnaire was used to assess breast cancer risk factors. We report here only
on Caucasian Americans (n= 1005 cases, n= 1765 controls) because of differences in genetic
variant frequencies by racial groups and because the number of women from other racial/
ethnic groups was too small for meaningful statistical analyses.

SNP Prioritization Algorithm
HapMap genotype data for Caucasians (www.HapMap.org) and Haploview© (Haploview
3.32, Broad Institute of MIT and Harvard, Boston, MA; www.broad.mit.edu/mpg/
haploview/) (Barrett et al., 2005) were used to identify SNPs in the coding region of BRCA1
(Figure 1). Haploview was used to select haplotype tagging SNPs that capture the common
variation in the BRCA1 gene (Figure 2). Only tagging SNPs with a ≥0.05 minor allele
frequency were genotyped.

Genotyping and Haplotyping
We genotyped three tagging SNPs in BRCA1: D693N (rs4986850), Q356R (rs1799950),
and E1038G (rs16941). Genotyping was carried by allelic discrimination real time PCR with
TaqMan probes using primers and probes from Applied Biosystems (Applied Biosystems,
Foster City, CA) as previously described (Kadouri et al., 2004). The three SNPs resulted in
six total haplotypes.

Statistical Analysis
SNP allele frequencies in cases and controls were tested for Hardy-Weinberg equilibrium.
Haplotypes were constructed using the software program PHASE version 2.1 (Stephens et
al., 2001;Stephens and Donnelly, 2003). The most frequent haplotype in controls was
considered the reference haplotype. The association of disease status with each SNP and
haplotype was analyzed using logistic regression, stratifying by menopausal status (SAS/
STAT® software version 9.1, SAS Institute Inc., Cary, NC). Because of the small number of
variant homozygotes, dominant genetic modeling was used for D693N (rs4986850) and
Q356R (rs1799950); the codominant model was used for E1038G (rs16941). Odds ratios
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(OR) and 95% confidence intervals (CI) were only adjusted for age because no additional
covariate altered OR by 5% or more. Two-sided p-values ≤0.05 were considered as
statistically significant. The interaction between SNPs, smoking, benign breast disease,
family history of breast cancer, BMI, alcohol consumption, and hormonal risk factors such
as age at menarche, parity, age at first birth, age at menarche, lactation, and hormone
therapy (HT) were also examined in cases versus controls using logistic regression. For most
variables, the cutoffs for the categories were defined by the median in all controls. For
parity, the two categories were women with children vs. women without children. For BMI,
the cutoff used was 30 kg/m2.

The interaction between HT and SNPs in cases and controls was only analyzed in post-
menopausal women. Along with exploring the association with risk of breast cancer, the
association between SNPs and breast cancer molecular subtype (Perou et al., 2000;Sorlie et
al., 2001;Sorlie et al., 2003;Hu et al., 2006), hormone receptor status, histologic grade,
nuclear grade, and stage were also analyzed using polytomous regression. Power
calculations were performed using PS Power and Sample Size Calculations© (Version 3.0)
(http://biostat.mc.vanderbilt.edu/PowerSampleSize) for main effects and menopausal subset
analysis (Dupont and Plummer, Jr., 1990;Dupont and Plummer, Jr., 1998).

RESULTS
The characteristics of the WEB study participants have been reported elsewhere (Brasky et
al., 2010) and a summary of subjects reported in this study are shown in Table I. Results
from analyses of BRCA1 genotypes, haplotypes and breast cancer risk in pre- and post-
menopausal breast cancer are presented in Tables II and III. We examined BRCA1
polymorphisms Q356R (rs1799950), D693N (rs4986850), and E1038G (rs16941). All three
SNPs were in Hardy-Weinberg equilibrium (p=0.92, 0.65, and 0.59, respectively). There
was no evidence of an association between the genotypes and breast cancer risk in either
pre- or post- menopausal women (Table II). The use of phasing software in this study
resulted in determination of six different BRCA1 haplotypes. Haplotype frequencies did not
differ between cases and controls (Table III).

We estimated our power to detect genetic associations based on the following parameters:
our available sample size (1005 cases and 1765 controls), SNP minor allele frequencies
ranging from 0.05–0.35, reported haplotype frequencies (14), alpha of 0.05, and a detectable
odds ratio (OR) of 1.5; our statistical power was estimated at 70% for a minor allele
frequency of 0.05 and 99% for a minor allele frequency of 0.35. The power was also
calculated for the pre- and post-menopausal status with and available sample size for the
pre-menopausal cases and controls (n=279 cases and 532 controls, respectively) and for the
post-menopausal cases and controls (n=726 cases and 1233 controls); our statistical power
was estimated at 23.6–75% in the pre-menopausal strata and 52%–99% for the post-
menopausal strata.

While no significant results were found for BRCA1 SNPs or haplotypes and risk of breast
cancer (Supplemental table 1 and 2), significant genotype interactions were observed for
smoking, HT, and BMI. For rs16941 (E1038G), there was an interaction between genotype
and smoking status with breast cancer risk among the pre- (p for interaction = 0.01), but not
post-menopausal women (p for interaction = 0.85). Specifically, smokers with the TT
genotype were at a higher risk (smoking + TT: OR=2.25, 95% CI: 1.45–3.51) (Table II).

Significant interactions with HT were found in postmenopausal women for the rs4986850
(D693N) and rs16941 (E1038G) SNPs (p for interactions = 0.01 and 0.02, respectively)
(Table III). For the E1038G SNP, there was an increased risk for carriers of the CC
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genotype among the postmenopausal HRT users (HRT + CC: OR=1.79, 95% CI: 1.16–2.78;
p for interaction = 0.02). An association between BMI and BRCA1 genotypes was also
found. In premenopausal women with a BMI over 30 kg/m2, there was a trend toward
increased risk of breast cancer with the C allele (>30 BMI + CC: OR=3.319, 95% CI: 1.12–
9.09; p for interaction = 0.045; p for trend < 0.01) (Table IV).

There was no evidence of an interaction for any of the three BRCA1 SNPs with benign
breast disease, family history of breast cancer, alcohol consumption, age at menarche, parity,
age at first birth, age at menarche, or lactation either in pre-menopausal or post-menopausal
women.

Furthermore, no significant associations emerged between individual SNPs and estrogen
receptor status (Additional File III), progesterone receptor status (Additional file IV) or
HER2/neu status (Additional file V). However, when examining the association of SNPs
and molecular subtypes in case-only analyses, the D693N CT and TT genotypes were
associated with the triple negative subtype when compared to the other subtypes combined
(OR=2.31, 95% CI: 1.08–4.93; p=0.03) (Table V). There were no associations found
between BRCA1 genotypes and stage (Additional file VI), histologic grade (Additional file
VII), or nuclear grade (Additional file VIII).

DISCUSSION
In this case-control study of breast cancer there were detectable interactions for overall
breast cancer risk in women carrying BRCA1 SNPs related to smoking, BMI, and hormone
therapy use. An increased risk of triple negative breast cancer was also identified in women
carrying the BRCA1 D693N SNP. Furthermore, No BRCA1 haplotype associations were
found with breast cancer risk.

There has been limited study of BRCA1 genotypes and haplotypes in relation to sporadic
breast cancer risk. However, mostly null results have been reported (Menzel et al.,
2004;Freedman et al., 2005;Dombernowsky et al., 2009), which has also been the case for
familial breast cancer and low penetrant SNPs (Durocher et al., 1996;Dunning et al.,
1997;Tommasi et al., 2005;Seymour et al., 2008;Dombernowsky et al., 2009),potentially
due to sample size issues and limited statistical power, or the choice of SNPs without regard
to functional effects on the protein. Herein, the BRCA1 SNPs were chosen for investigation
because in silico analyses indicated that they could affect protein functionIn a previous
study, we determined that the E1038G SNP, Q356R SNP, and a three SNP haplotype
(Q356R-D693N-E1038G) were associated with DNA repair capacity in women with
hereditary breast cancer (Ricks-Santi et al., 2011). Therefore, we sought to determine if the
same SNPs and haplotypes would be associated with risk of sporadic breast cancer.

The E1038G SNP is highly linked (r2>0.80) in samples of European descent to other SNPs
such as P871L, K1183R, and S1613G, and they are represented in the same haplotype block
(Figure 2). Consequently, the polymorphism has not been examined independently, but only
as part of a haplotype. Notably, the E1038G SNP has been found to be associated with
altered BRCA1 protein expression in breast cancer tissues of those who carried the
polymorphism (Mangia et al., 2009;Cox et al., 2011). Notably, bioinformatic functional
analysis of the E1038G SNP reveals that the SNP is deleterious and may change the
secondary structure of the protein using Sorting Intolerant From Tolerant (SIFT) (Ng and
Henikoff, 2001;Ng and Henikoff, 2003;Ng and Henikoff, 2006;Sim et al., 2012).
Additionally, the variant allele (1038G) is associated with the disappearance of a putative
splice enhancer sequence using Putative Exonic Splicing Enhancers/Silencers (PESX), a
computational resource that searches for exonic splicing signals (Zhang and Chasin,
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2004;Zhang et al., 2005). Nonetheless, like other studies (Durocher et al., 1996;Dunning et
al., 1997;Menzel et al., 2004;Freedman et al., 2005;Tommasi et al., 2005;Dombernowsky et
al., 2009), the E1038G SNP was not independently associated with breast cancer status in
this study, even after stratifying by menopausal status. However, in this study, a genotype
interaction with smoking was found with pre-menopausal breast cancer for E1038G SNP
carriers. An interaction between BRCA1 mutations and smoking has been previously
reported in BRCA1 mutation carriers (Bissonauth et al., 2009;Lecarpentier et al., 2011).
Still, the relationship between smoking and breast cancer risk remains somewhat
controversial (Ginsburg et al., 2009), although other gene-smoking interactions have been
reported (Ambrosone et al., 1996;Ambrosone et al., 2008). Moreover, the California
Environmental Protection Agency (Cal/EPA) Office of Environmental Health Hazard
Assessment (OEHHA) has concluded that environmental tobacco smoke (ETS) exposure is
causally associated with breast cancer in younger, primarily premenopausal women (Miller
et al., 2007). With regard to biological plausibility, a number of investigators have shown
that breast tissue from smokers have a higher level of DNA adducts resulting from ETS and
that mammary epithelia is capable of metabolic activation of carcinogens (Li et al.,
1996;Firozi et al., 2002;Faraglia et al., 2003). Since the ability of BRCA1 to repair DNA
damage may be hampered by this effect of the E1038G polymorphism, it remains plausible
that the gene-smoking interaction reported here could be real. It is worth mentioning that
although there a trend for the increased risk of breast cancer in nonsmokers with the addition
of a C allele, the opposite is true in smokers. Potentially, the expression of the genotype is
strictly dependent on the environment in which it acts. Here, the same allele that increased
risk in one environment (non-smokers) may decrease it in a different one (smokers). It is
also possible that the interaction is spurious due to the small sample size in those with the
CC genotype. Nevertheless, the interaction, while still controversial, warrants additional
investigations.

Another interaction identified here was for the E1038G SNP and obesity in premenopausal
women. This is the first report where obesity was found to increase the risk for breast cancer
in E1038G SNP carriers. Notably, in studies of BRCA1 mutation carriers, a high body
weight and BMI increased the risk of postmenopausal breast cancer (Brunhuber et al.,
2008;Bissonauth et al., 2009;Manders et al., 2011). However, less consistent is the data for
premenopausal women (Manders et al., 2011). The mechanisms that link BMI and cancer
risk are also not fully understood. It is hypothesized that BMI influences hormonal systems
linked through insulin pathways and it may be that chronic hyperinsulinemia decreases
concentrations of IGF binding proteins resulting in increased free IGF-I and that these
conditions favor tumor formation (Renehan et al., 2006a;Renehan et al., 2006b). Further, a
direct interaction between BRCA1 and acetyl-CoA carboxylase (ACC) which is involved in
lipogenesis has also been shown (Magnard et al., 2002;Sinilnikova et al., 2004); there is also
evidence to suggest that BRCA1 helps to maintain fatty acid biosynthesis and lipogenesis
under control in normal cells, which is an important requirement for cancer cell growth (Ray
et al., 2009). Although there was a small sample size for those that were obese with the CC
genotype, our data provide further evidence that supports the interaction between obesity
and breast cancer risk, especially in post-menopausal BRCA1 mutation carriers.

Null results for the BRCA1 D693N (rs4986850) SNP have also been reported elsewhere
(Durocher et al., 1996). However, the D693N SNP, specifically the T allele, was found to be
a risk factor for triple negative breast cancers, which is a particularly aggressive form of
breast cancer (Bertucci et al., 2008;Carey et al., 2010;Foulkes et al., 2010;Lachapelle and
Foulkes, 2011;Rios and Puhalla, 2011). These tumors are particularly common among
BRCA1 mutation carriers (Lynch et al., 1998;Armes et al., 1999;Olopade and Grushko,
2001;Foulkes et al., 2001;Grushko et al., 2002;Lakhani et al., 2002;Sorlie et al.,
2003;Palacios et al., 2003;Foulkes et al., 2003;Atchley et al., 2008).
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The results of the study herein indicate that HT may increase risk of developing breast
cancer in the presence of the BRCA1 D693N and E1038G SNPs, but not the Q356R SNP.
This interaction has not been studied previously for breast cancer risk. It has previously been
demonstrated that HT increases the risk of breast cancer (Rossouw, 2002;Beral, 2003) and
that estrogens and estrogen metabolites have been shown to damage DNA (Tsutsui et al.,
2000;Schnyder et al., 2009).

The Q356R SNP is of particular interest because of its location in the ring finger domain and
its interaction with several genes such as p53, RAD51, and pRB which are all related to
DNA repair (Wang et al., 2000;Rebbeck et al., 2011). Also, in silico analyses also reveal this
SNP to be damaging and deleterious using bioinformatics analyses (Ng and Henikoff,
2001;Ramensky et al., 2002;Ng and Henikoff, 2003;Ng and Henikoff, 2006;Tommasi et al.,
2008;Sim et al., 2012). While positive associations of the Q356R SNP with sporadic
(Soucek et al., 2007) and familial (Dunning et al., 1997) breast cancer risk have been
reported, agreeing with the results reported herein, null results have also been reported in
sporadic (Menzel et al., 2004;Freedman et al., 2005) (Menzel et al., 2004;Freedman et al.,
2005;Soucek et al., 2007) and familial (Seymour et al., 2008) breast cancer risk studies. But
this could be a reflection of sample size and population stratification.

For BRCA1 haplotype analyses, both null (Freedman et al., 2005;Soucek et al., 2007;The
MARIE-GENICA Consortium on Genetic Susceptibility for Menopausal Hormone Therapy
Related Breast Cancer Risk, 2009) and positive (Cox et al., 2005) haplotype results have
been reported for sporadic breast cancer risk. Although previous studies in our laboratories
identified a haplotype associated with DNA repair capacity in hereditary breast cancer
patients (Ricks-Santi et al., 2011), there was no association with sporadic breast cancer
examined here. This is the first report of a haplotype study for the Q356R, D693N, and
E1038G SNPs, and the rationale for studying these was because of their potential functional
impact.

In assessing these study results, it is important to consider the strengths and limitations of
the study. The population-based study design, large sample size, and the detailed
epidemiologic information on known risk factors for breast cancer and disease
characteristics are strengths. However, several limitations should be considered when
evaluating our results. Although the sample size and power of this study was sufficient to
study main effects by menopausal status, subset analysis by some of the less common risk
factors, e.g., HT, smoking, and family history, and analysis for gene interactions, reduced
the sample size, increasing the likelihood of null findings. Also, chance must be considered
as an explanation for positive associations found herein, e.g., HT, smoking, obesity and
triple negative breast cancer. As in all epidemiologic studies, additional studies in other
populations are needed to replicate our finding and to elucidate the underlying biological
mechanisms. Although we chose to examine three SNPs in one gene associated with familial
breast cancer risk, other genes that interact with BRCA1 (Rebbeck et al., 2011) may be more
informative for examination, specifically as it relates to the effect of DNA repair
deficiencies associated with breast cancer predisposition.

We conclude that although genetic variation in BRCA1 may be associated with the etiology
of hereditary breast cancer, BRCA1 genetic variation by itself may also play a role in the
etiology of sporadic breast cancer in the context of some breast cancer risk factors and for
triple negative breast cancers.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
BRCA1 SNP Prioritization Algorithm
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Figure 2.
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Table I

Characteristics of Study Sample by Case-Control and Menopausal Status, among Whites, WEB Study

Characteristics* Pre-menopausal (n=811) Post-menopausal (n=1959)

Cases Controls Cases Controls

N 279 532 726 1233

Age (years) 45.0 (4.6)a 44.2 (4.6)a 63.4 (8.4) 62.9 (8.9)

Education (years) 13.9 (2.3)b 14.3 (2.2)b 13.3 (2.6)c 13.1 (2.3)c

Body Mass Index 27.2 (6.9) 27.2 (6.6) 28.7 (5.9) 28.2 (6.0)

Age at menarche (years) 12.5 (1.5) 12.6 (1.6) 12.6 (1.6)d 12.7 (1.7)d

Age at menopause / / 48.4 (5.4)e 47.6 (6.0)e

Number of births 1.9 (1.3) 2.0 (1.3) 2.5 (1.7)f 3.0 (1.9)f

Percentage of women without child (%) 16.8 15.4 17.4g 9.8g

First-degree relative with breast cancer (% of Yes) 19.4h 10.5h 19.3i 13.8i

Previous benign breast disease (% of Yes) 37.3j 22.2j 33.5k 23.4k

Values for continuous variables are mean (SD); for categorical variables (race, first-degree relative with breast cancer, history of benign breast
disease) values are for percentages among either the cases or controls. Two-sided comparisons of means between the cases and controls were
computed by T-test for continuous and by χ square test for categorical variables.

*
The letters indicate statistical significant differences between comparison groups (P<0.05).
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Table II

Risk of Breast Cancer by Smoking Status and BRCA1 Genotypes, WEB Study Participants

Cases Controls Crude OR (95% CI) Adjusted OR1 (95% CI)

E1038G (rs16941)

Pre-menopausal

nonsmoker + TT 47 151 1.00 1.00

nonsmoker + CT 59 113 1.68 (1.07–2.64) 1.63 (1.03–2.57)

nonsmoker + CC 14 23 1.96 (0.93–4.10) 1.93 (0.92–4.06)

smoker + TT 74 104 2.29 (1.47–3.56) 2.25 (1.45–3.51)

smoker + CT 65 114 1.83 (1.17–2.87) 1.87 (1.19–2.93)

smoker + CC 8 20 1.29 (0.53–3.11) 1.34 (0.55–3.25)

 P for interaction 0.01 0.01

Post-menopausal

nonsmoker + TT 147 257 1.00 1.00

nonsmoker + CT 130 258 0.88 (0.66–1.18) 0.88 (0.66–1.18)

nonsmoker + CC 34 54 1.10 (0.69–1.77) 1.11 (0.69–1.79)

smoker + TT 172 282 1.07 (0.81–1.41) 1.09 (0.82–1.44)

smoker + CT 173 280 1.08 (0.82–1.43) 1.10 (0.83–1.45)

smoker + CC 49 77 1.11 (0.74–1.68) 1.12 (0.74–1.70)

 P for interaction 0.81 0.85

1
Odds ratios and 95% confidence intervals adjusted for age.

2
N=972 and 1733, for cases and controls, respectively
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Table III

Risk of Breast Cancer by HT & BRCA1 Genotypes among White WEB Study Participants

Cases Controls Crude OR (95% CI) Adjusted OR1 (95% CI)

Q356R (rs1799950)

Post-menopausal2

Never HRT + TT 279 490 1.00 1.00

Never HRT + CT&CC 33 77 0.75 (0.49–1.16) 0.75 (0.49–1.16)

HRT + TT 345 533 1.14 (0.93–1.39) 1.18 (0.97–1.45)

HRT + CT&CC 47 85 0.97 (0.66–1.43) 1.01 (0.68–1.49)

 P for interaction 0.67 0.68

D693N (rs4986850)

Post-menopausal3

Never HRT + CC 285 474 1.00 1.00

Never HRT + CT&TT 32 93 0.57 (0.37–0.88) 0.57 (0.37–0.87)

HRT + CC 335 535 1.04 (0.85–1.27) 1.09 (0.89–1.34)

HRT + CT&TT 58 80 1.21 (0.83–1.74) 1.27 (0.87–1.84)

 P for interaction 0.01 0.01

E1038G (rs16941)

Post-menopausal4

Never HRT + TT 145 244 1.00 1.00

Never HRT + CT 137 243 0.95 (0.71–1.27) 0.95 (0.71–1.27)

Never HRT + CC 29 77 0.63 (0.40–1.02) 0.63 (0.39–1.02)

HRT + TT 171 280 1.03 (0.78–1.36) 1.07 (0.81–1.42)

HRT + CT 166 279 1.00 (0.76–1.33) 1.04 (0.78–1.38)

HRT + CC 53 52 1.72 (1.11–2.65) 1.79 (1.16–2.78)

 P for interaction 0.02 0.02

1
Odds ratios and 95% confidence intervals adjusted for age.

2
N=704 and 1185 for cases and controls, respectively

3
N=710 and 1182 for cases and controls, respectively

4
N=701 and 1175 for cases and controls, respectively
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Table IV

Risk of Breast Cancer by BMI & BRCA1 Genotypes, among Whites, WEB Study

Cases Controls Crude OR (CI) Adjusted OR1 (CI)

E1038G (rs16941)

Pre-menopausal2

≤30 BMI + TT 89 179 1.00 1.00

≤30 BMI + CT 93 169 1.11 (0.77–1.58) 1.12 (0.78–1.60)

≤30 BMI + CC 12 37 0.65 (0.32–1.31) 0.67 (0.33–1.36)

>30 BMI + TT 32 76 0.85 (0.52–1.38) 0.84 (0.51–1.36)

>30 BMI + CT 32 59 1.09 (0.66–1.80) 1.06 (0.64–1.75)

>30 BMI + CC 10 6 3.35 (1.18–9.52) 3.19 (1.12–9.09)

 P for interaction 0.03 0.045

Post-menopausal3

≤30 BMI + TT 208 374 1.00 1.00

≤30 BMI + CT 200 381 0.94 (0.74–1.20) 0.94 (0.74–1.20)

≤30 BMI + CC 45 86 0.94 (0.63–1.40) 0.95 (0.63–1.41)

>30 BMI + TT 112 167 1.21 (0.90–1.62) 1.21 (0.90–1.62)

>30 BMI + CT 103 158 1.17 (0.87–1.58) 1.17 (0.87–1.59)

>30 BMI + CC 38 45 1.52 (0.96–2.42) 1.51 (0.95–2.40)

 P for interaction 0.43 0.44

1
Odds ratios and 95% confidence intervals adjusted for age (the matching variable).

2
N=268 and 526 for cases and controls, respectively

3
N=706 and 1211 for cases and controls, respectively
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Table V

Risk of Molecular Breast Cancer Subtype by BRCA1 Genotypes among White WEB Study Participants
(Triple negative vs. other subtypes)

BRCA1 genotypes Other Subtypes1 Triple Negative2 Crude OR (95% CI) Adjusted OR3 (95% CI)

Q356R (rs1799950)4

1: TT 469 95 1.00 1.00

2: CT+CC 68 12 1.15 (0.60–2.20) 1.15 (0.60–2.22)

D693N (rs4986850)5

1: CC 456 98 1.00 1.00

2: CT+TT 84 8 2.26 (1.06–4.81) 2.31 (1.08–4.93)

E1038G (rs16941)6

1: TT 236 53 1.00 1.00

2: CT 229 43 1.20 (0.77–1.86) 1.20 (0.77–1.87)

3: CC 65 8 1.83 (0.83–4.03) 1.79 (0.81–3.97)

1
Other Subtypes includes: Luminal A: ER+ or PR+, HER2-; Luminal B: ER+ or PR+, HER2+; HER2 Expressing: ER−/PR−, HER2+

2
Triple-negative: ER−/PR−/HER2−

3
Odds ratios and 95% confidence intervals adjusted for age (the matching variable).

4
N=537 and 107 for cases and controls, respectively

5
N=540 and 106 for cases and controls, respectively

6
N=530 and 104 for cases and controls, respectively
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