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ABSTRACT
Nicholas J. Taylor: Common Genetic Variation inl@&}cle Regulatory Genes and Etiology of
Intrinsic Breast Cancer Subtype: A Candidate Gepgrdach
(Under the direction of Andrew F. Olshan)

A large proportion of unexplained risk for breaahcer remains to be accounted for.
Contributing factors may be environmental, gen@tia combination of both and there is
considerable debate about which factors are mgsbritant. However, the scope and magnitude
of the genetic contribution to the causation ofalste&cancer remains unclear. Genetic risk factors
for breast cancer remain to be discovered, andlatbrogeneity of breast cancer being
characterized into intrinsic molecular subtypes, dkificulty in identifying these risk factors is
diminishing.

This dissertation used a candidate gene approasddlma factors involved in cell cycle
regulation to identify single nucleotide polymorgtmis (SNPs) associated with overall rate of
breast cancer and intrinsic breast cancer subtyfieeiCarolina Breast Cancer Study (CBCS).

A total of 65 SNPs on five genes were genotypetl 946 cases and 1,747 controls in African
American and Caucasian participants of the CBC8ditfonally, 144 ancestry informative
markers were genotyped in these individuals tored® individual ancestry and adjust logistic
models for potential population stratification. deestratified odds ratios were calculated, as
estimates of rate ratios, along with 95% confidentervals for the associations between SNP

genotypes and breast cancer using logistic regnessid adjusting for age and ancestry. These



associations were also estimated by intrinsic suétf breast cancer in a similarly adjusted
combined race group.

The intronic SNP rs6092309 &tURKAshowed an inverse association with rate of
breast cancer among African Americans (OR=0.69,05%.53-0.90), with inverse associations
also noted across all strata of intrinsic subtyggploratory race-stratified, subtype-specific
analyses for somBURKASNPs suggested race-specific effects. Three $N#gh LD on
BRCAL(rs16941, rs16942, and rs1799966) had positivecasons with overall rate of breast
cancer among Caucasians. One SNBARD1(rs28997576: OR=1.42, 95%CI: 1.00-2.03)
showed a positive association with rate of breaster among Caucasians.

These results suggest that associations betwe@tigerposures and rate of breast
cancer may differ by intrinsic subtype and posshgtyrace within subtype. Replication of these
findings in larger populations of African Americand Caucasian women will be required to

make more accurate interpretations.
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Chapter 1. Background and Significance

1.1 The Public Health Burden of Breast Cancer

Breast cancer continues to represent a tremendm@ithtburden in the United States.
The American Cancer Society estimates that 309 oaacers diagnosed among American
women in 2010 will be breast cancers, making theemtost commonly diagnosed cancers
among women in the U.S. [1]. After cancers oflthreg and bronchus, breast cancer is the
leading cause of cancer death in American womenAlthough recent data indicate a
decline in incidence and mortality, a consistespdrity between African American and
Caucasian women persists [1, 2].

Incident cases of breast cancer have been andhaertt be more frequent in Caucasian
women (126.5 per 100,000) compared to African Aoariwomen (118.3 per 100,000) [2].
However, age-adjusted trends have been consigtant,convergent since 1975 [1] (Figure
2.2). The racial disparity in incidence is highiligd in women aged 40 and above (Figure
2.1). Notably however, this trend is reversed amen under 35, with African American
women displaying a higher incidence rate.

Despite a modest difference in the rates of newdgrbsed cases, African American
women show a significantly higher age-adjusted alitytrate (Figure 2.3). This disparity
is even more pronounced when age-specific mortadigs are examined (Figure 2.4).
African American women under the age of 50 are T6te likely to die of breast cancer

when compared to Caucasian women in the same age [38]. Breast cancer in African

1



American women is distinguished by larger, highexdg tumors that are diagnosed at later
stage$3-6]. Even after controlling for stage at diagisp#\frican American women still
exhibit poorer survival when compared to Caucasiamen [3, 6-8]. It has been suggested
that differences in survival may be attributeddciseconomic factors [5, 9-12] or
differences in access to care [8-13]. Howevermestudies have reported that trends in
screening by mammography among African Americamnks@ewcasians are similar [14-16].
In fact, controlling for socioeconomic factors, ass to healthcare and co-morbidities does
not diminish the racial disparity in mortality [117-21]. This may suggest potential

differences in tumor biology among African Americamd Caucasian women.

1.2 Genetic Risk Factors for Breast Cancer

A family history of breast cancer is a strong fig&tor; women having a single first-
degree relative with breast cancer are nearly tasckkely to develop the disease, while
having two first-degree relatives with breast caraggroximately triples a woman'’s risk [1,
22, 23]. Still, the vast majority of women who é&p breast cancer (~85%) have no family
history of the disease [22].

Hereditary breast cancers constitute between S.@#aof all cases [24]. The most
common predisposing factors contributing to thesses are highly penetrant mutations in
BRCAlandBRCA2 However, population-based epidemiologic stutieegee demonstrated
that only 15-20% of familial breast cancers exhgbrhutation in either of these genes [24,
25]. The large proportion of unexplained familisk may be explained by unidentified
genetic traits, environmental risk factors, or embmation of both. There is considerable

debate as to which predominates, but the scopenagditude of the genetic contribution to



the causation of breast cancer remains unclea2[d6, Twin-studies and studies of familial
inheritance have suggested that common, low pereErgenetic factors may account for the
observed residual familial risk [26, 28]. Thisealled polygenic model proposes that
genetic susceptibility to breast cancer is notrelytipredicted by rare, highly penetrant
genes but more often stems from several commortHatieach confer smaller independent
increases in risk [28-31]. Acting multiplicativelthis aggregate of common risk variants
may contribute a significant proportion of familiédk. Under this model it would be rare to
observe multiple-case families (as is the casémse demonstrating mutations in highly
penetrant genes suchBRCAJ since an individual would have to inherit eaclseberal
different variants.

Results from genome-wide association studies (GWs&8jn to support the polygenic
model with respect to breast cancer. GWAS takaidge of technological advances
allowing for hundreds of thousands to millions imigde nucleotide polymorphisms (SNPs)
to be analyzed as potential risk modifying locilwitit information regarding function. A
large GWAS conducted by Eastenal. identified significant associations between SNRs 0
FGFR2 TNRC9 MAP3K1,LSP1,H19 and breast cancer in European women from the
United Kingdom [32]. These findings were suppoidgdesults from the Shanghai Breast
Cancer Study (A GWAS conducted in Chinese womea). [&EWAS have primarily been
conducted in populations of European descent. iRigcélutteret al. examined 22
previously identified breast cancer GWAS suscelitidoci in a study of 7,800 African
American women from the Women’s Health InitiativdFSHealth Association Resource

[34]. SNPs ilFGFR2andTOX3were associated breast cancer risk [34].



Additionally, there are several rare conditiong thébstantially increase the risk of
breast cancer in a small proportion of the popaihatiLi-Fraumeni Syndrome (LFS) is
caused by a mutation ifP53and is thought to account for approximately 1%erfeditary
breast cancers [34]. LFS is characterized by earget cancers, including: breast cancer,
soft-tissue sarcoma and leukemia [35]. LFS famiérperience an increased risk of cancer
up to 90% by age 60 [36]. Cowden Syndrome is atso@ated with increased risk for
breast cancer [37]. Cowden Syndrome is generaliyed by germline mutations PTEN
a putative tumor suppressor gene [38, 39]. Womiém@owden Syndrome have a lifetime
risk of breast cancer between 25-50% [40]. Peugredes Syndrome (PJS) has also been
associated with an increased risk of cancer. ®dBaracterized by germline mutations in
the tumor suppressor geS&K11[41]. Women with PJS have demonstrated increaskd r
for breast cancer of up to 30% by age 60 [42].xrtéelangiectasia, a rare childhood
condition characterized by neurological deteriamatand hypersensitivity to ionizing

radiation, has also been associated with an inedeask for breast cancer [37].

1.3 Other Risk Factors for Breast Cancer

1.3.1 Age

Age is one of the strongest risk factors for breasicer, with incidence rates nearly six
times as high in American women aged 75 or oldergared to those aged 20-49 [43].
Based on SEER data from 1975-2007, the CenteBis@ase Control and Prevention
estimated an 8-fold difference in 10-year risk efeloping breast cancer between women

currently age 60 and women currently age 30 [44, 45



1.3.2 BMI

Studies investigating the relationship between Bl risk of breast cancer have been
inconsistent. Reports have suggested that inaleBigk is associated with an increased risk
of breast cancer; in a pooled multivariate analgéisrospective cohorts, van den Braatlt
al. reported increased risk of breast cancer witresging BMI and weight only in
postmenopausal women, but the trend was not lindamen between 75-80kg showed a
higher relative risk than womer80kg. Likewise, BMI results demonstrated the sémeed,
with postmenopausal women having a BMI of 31-33 diestrating a higher relative risk
than women of BMB33 [46]. In premenopausal women, an inverse tnemigk was noted
in both weight and BMI. Possible explanationstfos inverse trend include more frequent
anovulatory menstrual cycles resultant from de@ea®ncentrations of estrogen and
progesterone exhibited in obese women [46-49kolntrast, several case-control studies
have found both inverse and direct associationsdest BM| and odds of breast cancer
among premenopausal women [50-52].

As a result of inconsistent findings for associasibetween BMI and risk of breast
cancer, it has been suggested that distributi@dipiosity may be an important factor in
explaining the relationship between BMI, weightdaisk of breast cancer in
premenopausal women [53-55]. In a European cafiavomen, Lahmanet al reported a
significant increase in breast cancer risk amorgnenopausal women in the highest
quintiles of both waist circumference and hip cinfarence after adjusting for BMI
(RR=1.81, 95%CI: 1.11-2.97; RR=1.70, 95%CI: 1.0B¢2espectively). However,
Lahmann’s findings based on waist-hip ratio (WHRrgvconsistent with no association

after controlling for BMI (RR=1.05, 95%CI: 0.74-D)p[53]. Similarly, an IARC review



found no association between WHR and risk of breaster in premenopausal women [52].
In contrast, a meta-analysis of case-control amditstudies performed by Conno#y al.
reported significant associations between WHR &idaf breast cancer, regardless of

menopausal status, after controlling for BMI [56].

1.3.3 Physical Activity

Studies of potential associations between physic@ity and risk of breast cancer have
been equivocal, probably due in part to the lackrof clear standardized instrument for
measuring exposure and a failure to thoroughlyuatelconfounding and effect measure
modification [57]. Nevertheless, Monninkhoff's sgmatic review of 29 case-control and
19 cohort studies found strong evidence for rigkuotions with increased physical activity
among postmenopausal women; evidence for risk teauamong physically active

premenopausal women was weaker [58].

1.3.4 Menarche

Reproductive factors such as age at menarche gnthrgy of menstrual cycles have
also been associated with breast cancer risk.y Bgd at menarche (12 years or earlier) has
been associated with an increased risk of breasecawith modest declines in risk
accompanying each year of delayed onset [59, Bl@Jreover, there is evidence that
menstrual cycle regularity is also an importark fector; studies have demonstrated a
doubling of risk among women who experienced eantienarche with predictable
menstrual cycles compared to women who had irregyiaes [61]. These associations

have been attributed to earlier exposures to agitkhiconcentrations of estrogen in the



adolescent years [59, 62]. Estrogen is knownftaence normal breast epithelial cell
growth by promoting cellular proliferation [59].h& increased exposure to estrogen during
adolescence provides an environment of rapid celiferation that is thought to increase
the risk of random mutations in the genome [59,63), Supporting the role of estrogen in
tumorigenesis, early menopause has been showrtteade a woman’s risk for breast

cancer [60].

1.3.5 Breast Density

Breast density based on parenchymal patterns sadaén strongly and consistently
associated with breast cancer risk. Mammographtties have demonstrated increased
risks among women with large nodular densities @neitensive areas of homogenous
density (i.e. high proportions of connective andregial tissues) compared to women

whose breasts were largely composed of less dahsisdue [64-67].

1.3.6 Breast Feeding

Bernsteinet al reported that breast feeding decreased riskezdbrcancer in
premenopausal women, but only in those who hadl-éefun pregnancy within 5 years [68].
Adjusting for age at first pregnancy, Newcoetlal reported similar decreases in risk
among premenopausal women based on lifetime maonfthieast feeding; findings among
postmenopausal women were consistent with no aggmt{69]. A subsequent age-
matched, population-based case-control study @dbrancer among postmenopausal
women conducted by Enget al found an overall inverse association betweendbrea

feeding (OR=0.79, 95%ClI: 0.66-0.96) and risk ofdstecancer after controlling for more



than a dozen known and purported risk factors.s @bsociation was monotonically
strengthened with increasing number of childrerastfed [70]. In a 2000 meta-analysis of
the effects of breast feeding on risk for breastea, Bernieet al.reported a slight

protective effect in women who ever breast fed (Bd®R=0.88, 95%CI: 0.84-0.92) [71].

1.3.7 Exogenous Hormone Use

Exogenous hormone use has been associated witkestrincreased risk of breast
cancer. Previous studies have provided substawidénce for a modest increased risk of
breast cancer among young women who are curreatigg oral contraceptives (OC) or
who have discontinued the use of OC within 10 yg&2s75]. However, evidence from the
large population-based Women’s CARE Study showedssociation between past or
present use of OC and breast cancer in women 3&8&4 old [76]. Recognizing that
formulations of more modern OC have changed sined970’s, Hunteet al examined
newer OC use by analyzing data from the Nurseslth&iudy Il. Overall findings were
consistent with previous literature, indicatingnaadl increased risk of breast cancer among
current OC users (RR=1.33, 95%CI: 1.03-1.73). Hewrea substantially increased risk
was observed among current users of triphasic prgpas with levonorgestrel (a progestin)
(RR=3.05, 95%CI: 2.00-4.66) [77]. Likewise, stuglad combined hormone replacement
therapy (HRT) have also been examined with redpdateast cancer. Contemporary
dosing of combined HRT (estrogen + progestin) lesnlassociated with an increased risk

of breast cancer in postmenopausal women, but Rdt ¢bntaining estrogen alone [78, 79].



1.3.8 Other Reproductive Factors

Other reproductive factors that influence endogsresirogen exposure, such as parity
and early age at first birth, have shown inverseasations with risk of breast cancer.

Parity and early age at first full-term pregnanoy associated with an overall decreased risk
of breast cancer [59, 80]. Lifetime risk decrsaséh increasing number of full-term
pregnancies, but only among those women who expercetheir first full-term pregnancy
before the age of 20 [59, 80]. This reductionisk observed among younger women at first
birth is anoverall reduction. In actuality, the short term effedt$esm pregnancies on

breast cancer risk appear to increase risk [59, Biizziet al. found that full term

pregnancy at any age is followed by a short ine@asisk of breast cancer, irrespective of
the increase associated with aging alone, thatrthsthe long term inverse association
between parity and risk of breast cancer [81]. &anation for this short term increase in
risk is the increased level of bioavailable eswhduring the first trimester of pregnancy.
Exposure to high levels of estradiol is suspeateddrease risk for breast cancer [47, 50,
59, 82].

Women who experience their first full-term pregnaatter the age of 35 have been
shown to experience a 20% increased risk for biegaster compared to nulliparous women
and a 70% increased risk compared to women whgduil-term pregnancy occurred
before age 20 [80]. Multiparity among women ex@ecing their first full-term pregnancy

after the age of 35 has been shown to confer additimodest increases in risk [80, 83].



1.3.9 Height

Associations between height and breast cancehask also been investigated, yielding
conflicting results with respect to menopausalustatSeveral studies have found an
association between height and risk of breast canmdg among postmenopausal women
[84-86]. However, Ahlgreet al reported a significant increase in risk among womwho
were in the highest quintile of height at age 14][8A pooled analysis conducted by van
den Brandet al also found a significant association betweenhteagd risk for breast

cancer, irrespective of menopausal status [46].

1.3.10 lonizing Radiation

Exposure to ionizing radiation has also been aasstiwith increased risk of breast
cancer. A review of evidence from Japanese sursigbthe atomic bomb supports a linear
relationship between radiation dose and risk ohsireancer, with age modifying this
relationship [88]. Using genotype data from theréo’'s Environmental, Cancer, and
Radiation Epidemiology study (WECARE), Brooks etialestigated the effects of ionizing
radiation on 152 SNPs involved in DNA double-strémelak repair pathways in women
with contralateral breast cancer [89]. None ofithgants were found to interact with
radiation dosage, however one haplotype in RAD5$ associated with increased risk of

contralateral breast cancer [89].
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1.4 Intrinsic Breast Cancer Subtypes

1.4.1 Gene Expression Patterns & Hormonal Recept@tatus

In an effort to improve molecular taxonomy and &degl therapies for breast cancers,
Perouet al identified four distinct subtypes of breast carza@sed on differences in gene
expression patterns using cDNA microarrays andahohical clustering [90]. Each subtype
can also be described by immunohistochemical staiprofiles based on hormonal receptor
and cellular cytokeratin status, which are surregdbr the gene expression profiles [3, 90,
91]. Of these, estrogen receptor positive (ER#fr)drs are characterized by high expression
of genes expressed by luminal breast cells. ERwts were also distinguished
immunohistochemically by staining with antibodigmimst luminal cytokeratins 8 and 18
[90]. Recent studies showed that ER+/luminal tsvan be further classified into luminal-
A and luminal-B subtypes based on expression ofdamuepidermal growth factor receptor-2
(HER2) (Figure 2.5) [3, 92, 93]. In comparisominal-A tumors are more common,
express higher levels of estrogen receptor and tdtno expression of HER2, and generally
render a better prognosis [3, 92]. A second sutyas characterized by high expression of
genes expressed by breast basal epithelial c€l]s Bupport for this finding was evidenced
by immunohistochemical staining of basal cell kexab/6 and 17 [90]. Basal-like tumors
are also distinguished by the absence or low exme®f estrogen receptor (ER-) and
human epidermal growth factor receptor-2 (HER2; B[3. Basal-like tumors, often
referred to as “triple-negative” breast cancers,aanong the least responsive to hormonal
and targeted therapies, and usually result in pguognoses [3]. A third subtype,
HER2+/ER-, is characterized by low to no expressibgenes that are highly expressed

among luminal breast cells, low expression of g&noreceptor (ER-) and low expression of
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nearly all genes associated with ER expression [BIl§R2+/ER- tumors exhibit gene
expression patterns similar to those of basaldiecers [3]. However, the availability of
Herceptin treatment renders a more favorable preigno women with HER2+ tumors.
The final subtype includes those remaining tumdnese gene expression profiles are
characteristic of basal epithelial and adiposescéellumors of this subtype are denoted
“normal-like” due to their low expression of gergpified by ER+/luminal tumors and
cannot be identified via immunohistochemistry [90].

In early 2006, Caregt al. used immunohistochemical surrogates for exprassio
profiling to identify subtypes, including ER andgesterone receptor (PR) status, and also
to further distinguish between those tumors expmgddER?2 [3]. PR was included in the
definitions because it is a commonly used breamsbtunarker that is regulated by ER and is
associated with response to hormonal therapyT8e HER2+ tumors were further
categorized by ER expression due to the propef@ithlER2+/ER- tumors to express genes
that cluster closer to those of basal-like tumatsje HER2+/ER+ more closely resembled
the clustering pattern of luminal cancéfgyure 2.5) [3]. Luminal-A tumors were defined as
(ER+ and/or PR+, HERZ2-); luminal-B tumors were (E&hd/or PR+, HER2+); HER2+/ER-
tumors were further defined by PR status as (ERERE#, PR-); basal-like tumors were

defined as (ER-, PR-, HER2-, cytokeratin 5/6+, antiER1+) [3].

1.4.2 Epidemiologic Findings
It is well established that breast cancer subtgiiésr in their responsiveness to
endocrine therapies as well as prognoses [3, 92-8ttidies of invasive breast tumors have

reported the best survival among women diagnos#dtive most commonly diagnosed
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luminal-A subtype, while women exhibiting HER2+/Efemors and basal-like tumors
demonstrated the worst survival [3, 95, 96]. poaulation-based study of African
American and Caucasian women, Cagéwl. reported women with HER2+/ER- tumors and
luminal-B tumors were more likely to have lymph padetastases, while those women with
basal-like tumors were not [3]. Several studiegh@ported a tendency for younger,
premenopausal women to develop basal-like tumoenvelompared to older,
postmenopausal women [3, 97-102]. Basal-like tunaoe associated with poor prognosis,
often characterized by higher grade, higher mitotiex, and significant DNA mutations [3,
95, 100, 103-106]. Basal-like tumors are also ati@rized by aneuploidy [107, 108].
Other research has reported that basal-like tuar@rsnore likely to be larger and exhibit a
greater tendency to metastasize [95, 106, 109-1Ra&%al-like breast cancers are also more
likely to be associated wiBRCAlmutations compared to other subtypes, suggesting a
distinct biological mechanism [92, 104, 113]. ®BRCAlmutation carriers tend to
develop basal-like breast tumors, there may ber atherited genetic variants that
predispose to developing specific subtypes of breascer [3, 92, 113]. In addition to
relatively worse prognoses and fewer treatmenbaptibasal-like breast cancers tend to
develop in younger African American women disprajpmately [3, 97, 98, 114]. Carey

al. found a high prevalence of basal-like tumors in&fh American women, all of whom
were negative foBRCAlmutations, suggesting genes other tBRCA1may be associated
with basal-like breast cancers as well [3]. Irelwith the polygenic model, increasing
evidence suggests that common risk variants difyantrinsic subtype of breast cancer

[115, 116].
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1.4.3 Etiology

As more epidemiologic evidence supports the bialalgneterogeneity of breast cancer,
assessing risk factors by distinct breast candatypas may reveal more accurate
associations. Lacroiet al. suggest that molecular tumor characteristics dahange
appreciably over the progression framsitu carcinoma to invasive carcinoma [117]. As
such, exposures that are associated with breasgicatiology may show different
associations according to molecular subtype. S¢gandies have found varying
associations between common risk factors for bresster (age, parity, age at first birth,
age at menarche, race) and hormone receptor §1441s118].

The Carolina Breast Cancer Study (CBCS), a pojuidtased case-control study of
African American and Caucasian women in North Gaaylreported increased odds of
basal-like breast cancer as opposed to luminakbo@acer among women who were
younger at first pregnancy [97]. On the other hanceduced odds of basal-like breast
cancer was noted among women who breastfed mddrerhifor a longer duration, but not
among luminal cases [97]. This finding is in castrto other study findings indicating a
reduced risk of breast cancer among Chinese worherbweast fed, however those studies
did not stratify by intrinsic subtype and were lthea study populations that are not
comparable to CBCS [119, 120]. In addition to ingdthe highest prevalence of basal-like
tumors in younger African American women, Millikahal. also reported increased odds of
basal-like breast cancer associated with highestwap ratio in both pre- and post-
menopausal women [97].

A case control study of invasive breast canceraisR women (805 cases, 2,502

controls) reported higher BMI was associated wehrdased odds of luminal breast tumors
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among premenopausal women (OR=0.71, 95% CI: 0.83 {fer five-unit increase), while a
slightly increased odds for basal-like breast can@es noted among women with higher
BMI (OR=1.18, 95% CI: 0.86-1.64) [114]. The sam&dy also noted a significantly
reduced risk of basal-like breast cancer with iasheg age at menarche (OR=0.78, 95% CI:
0.68-0.89 per 2-year increase) [114].

Contrasting data from two centers participatinghe Cancer and Steroid Hormone
Study (CASH) suggests clear differences in riskeassed with late age at first birth
between African American and Caucasian women.rénger association between ER
negative tumors and late age at first birth wag@among African American women,
whereas a strong association was noted with ERiyp@s$umors in Caucasian women [118,
121, 122]. Significant heterogeneity of associaiby subtype was also reported in a case
only study of 2,544 breast cancer cases clasdifydeR, PR, and HER2 status [123].
Notable risk factors that may be related to thesttgyment of particular molecular subtypes

of breast cancer included: BMI, alcohol consumpteomd history of breastfeeding [123].

1.5 Cell Cycle Regulation and Cancer

Cancers are characterized by aberrations in celeaggulation, leading to inappropriate
cell replication. This unchecked cell proliferatiis associated with reduction in or loss of
sensitivity to normal signals to either differetdi@r initiate apoptosis. Many genes are
responsible for adherence to proper cell cycletioncand interpreting the changes that can
disrupt this process is integral for understandivegetiology of cancer [124].

Two general types of genetic mutations have beewshto contribute to abnormal cell

proliferation and the development of cancer: gdifuaction mutations and loss-of-function
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mutations. Gain-of-function mutations are chanazéel by the transformation of proto-
oncogenes into oncogenes (mutated genes that enfoerped normal cellular functions as
proto-oncogenes, and now contribute to aberrahpogiferation) [125]. Proto-oncogenes
perform important functions within the cell, frongsal transduction to programmed cell
death [125]. Conversion of proto-oncogenes intcogenes can result in unregulated cell
growth [125]. Studies have shown that individuat@genes can have identical effects
leading to gain-of-function or can be cell-type@fie, suggesting different genetic
pathways resulting in cancer [124]. Gain-of-fuantmutations only require one copy of the
mutant allele for transformation to the oncogeri|1

Loss-of-function mutations occur in tumor suppreggmes and are far more common.
Only individuals who are homozygous for the multele will exhibit loss-of-function,
with heterozygotes demonstrating the normal wilgetphenotype. However, heterozygotes
will bear an increased risk for developing canaex tb the fact that a subsequent deleterious
mutation will prevent normal gene function [124]Joss-of-function mutations in tumor
suppressor genes have been shown to result imohention of normal negative regulation
that controls entry into the cell cycle [126]. Ganeh example is a loss-of-function
mutation in the tumor suppressor gene p53; p53 albyrfunctions to arrest cell cycle
progression in response to DNA damage [127]. lodseormal p53 function allows for

unchecked cellular proliferation of mutant DNA.

1.6 The Centrosome and Centrosome Cycle
The Centrosome is a membrane-less organelle whiosédn is necessary to maintain

cell cycle fidelity [128]. Itis composed of a paif barrel shaped centrioles, surrounded by
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an amorphous pericentriolar material (PCM) [129]130ften referred to as the
microtubule organizing center of the cell, centross determine the number, length and
distribution of microtubules. Animal cells normationtain one centrosome which is
duplicated once and only once per cell cycle. @soimal duplication involves centriolar
duplication in G of interphase and culminates in dual centrosomés,bnitosis. As this is
a semi-conservative process, one of the centrpiesent in the centrosome will be more
“mature” than the other and is denoted the motkatrmle since it has experienced more
cell cycles. Likewise a centriole that has notganpleted a full cell cycle is referred to as
a daughter centriole. The distinction is in thenber of microtubules each centriole can
nucleate; the more mature centriole can be idedtifiy appendages protruding from its
distal end and is capable of nucleating more midrotes [129, 131]. During mitosis, the
centrosomes nucleate microtubules in a polarizexy avith their positive ends directed
outward from the electron-dense PCM [129, 130]is Polymerization of microtubules
toward either pole of the cell forms the spindlpaatus that will facilitate alignment of the
chromosomes in preparation for cell division. Teatrosomes are also important for
cytokinesis and in establishing a midpoint at mietese for the cleavage furrow to form;
studies have shown that removal of the centrosoame tells resulted in failure to complete
cytokinesis [129, 132]. Further studies of induadi centriole removal provided evidence of
the same; after removing one of two centrioles feoaell’'s centrosome, Piet al.
demonstrated that the daughter cell lacking a m#atfailed to complete cytokinesis
whereas the daughter cell containing a centriolevpant on to complete the cell cycle

normally [129, 133].

17



Cells completing cytokinesis and exiting mitosie eharacterized by a single
centrosome, composed of two orthogonally positiazertrioles. During & the centrioles
separate in preparation for duplication. Centrahelication is distinguished by the
formation of procentrioles on either parental celgr a process referred to as centriole
engagement [134]. Formation and orientation ofpteeentrioles and the duplication
process are thought to be tightly regimented tegmemore than one replication in the same
cell cycle. Tsou and Stearns hypothesize thapliysical presence and positioning of the
procentrioles blocks reduplication [134]. Duringlsase and throughoutGhe
procentrioles grow until they achieve their maximiemgth. Maturation of the previously
immature centriole begins during @nd culminates in the development of distal
appendages. The maturation process requires apma@ty 1.5 cell cycles to complete
[129, 131]. As the cell transitions from (ato mitosis, it contains two centrosomes which
will separate and migrate to either pole of thading cell to establish the mitotic spindle.
A concomitant centrosomal and cell cycle are irdktyr ensure two independent
centrosomes at mitosis, bipolar spindle formateong equal segregation of chromosomes.
The separation and migration of the centrosomesglunitosis is regulated by several
kinases, including the serine-threonine kinasdgb®furora family of proteins [129].
Gloveret al.found that mutations in the singdirora gene of Drosophila result in several
deleterious manifestations. In early metaphasieyésof the centrosomes to separate leads
to monopolar spindles and aneuploidy accompanietehtrosomal amplification in
daughter cells [135-137], suggesting a loss-offimncof the serine-threonine kinase [136,

137]. After chromosomal alignment and segregatgtokinesis ensues resulting in
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identical daughter cells each containing a singl#rosome. The centrosome cycle is then

repeated.

1.7 Centrosomal Amplification and Breast Cancer

It is important that a cell undergoing mitosis @nttwo independent centrosomes, each
located at either pole. Since the centrosomeaacgsmicrotubule organizing center in the
dividing cell, the presence of more than two caelsult in improper formation of the
spindle apparatus, aberrant segregation of chromesoor failure of cytokinesis [138].
Pihanet al.found amplified centrosomes (more than two ceotrass or more than four
centrioles) as commonly characteristic of solidigrant tumors [139, 140]. In a study of
high grade human breast tumors, Linglal. had similar findings, reporting increased
microtubule nucleation in addition to amplified tesomes [138].

Seven hundred eighty-two SNPs from 101 centrosgeras were analyzed in a
population-based study of 798 invasive breast caceeses and 843 controls from the Mayo
Clinic Breast Cancer Study. Findings indicated gemes involved in the centrosome
regulatory pathway were highly enriched with SNBsoaiated with risk of breast cancer
(p=4.6x10"° [141]. Amplified centrosomes are suspected ottiouting to aneuploidy by
increasing the rate of aberrant mitoses resultindhromosomal missegregation [135, 142].
Furthermore, Linglet al.found evidence to support the hypothesis thatrosainal
amplification occurs early in the tumorigenesisgass by demonstrating supernumerary
centrosomes in ductal carcinomasitu (DCIS) [142]. Centrosome amplification can result
from multiple mechanisms, including dissociatiortltd centrosomal and cell cycles [143]

and overexpression of Aurora A serine-threoninasmAURKA) [135]. Balczoret al.
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demonstrated unchecked centrosome replicationllis aeested at the 46 boundary,
supporting the hypothesis that centrosome reptinasi driven by activation and
inactivation of centrosomal regulatory genes dutimgycell cycle [143]. An investigation

by Zhouet al. showed that thAURKAIlocus encoding a serine-threonine kinase assdciate
with centrosome regulation was implicated in cagsientrosome duplication abnormalities
and aneuploidy in mammalian cells; overexpressiohldRKAwas associated with
centrosome amplification and chromosomal instahfliB5, 144]. Chromosomal instability
is the rate of gains or losses of chromosomes, e@segineuploidy is the cross-sectional
disposition of the cell with respect to chromosamenber [129]. Although aneuploidy is a
common characteristic of cancer cells [129, 145}14& unclear as to whether or not it

causes or results from disease progression.

1.8 AURKA

TheAurora Agene, also known a8JRKA encodes a serine/threonine kinase and is
located on the g arm of chromosome 20 at ampli®&B,  region commonly amplified in
human breast cancers [149, 150]. Islal.reported poorer prognosis and survival among
breast cancer cases exhibiting highly amplified12.51]. Likewise, Tannest al.found
high amplification of 20g13 in primary breast cammnas to be significantly associated with
high histological grade, aneuploidy, short disefase-survival, and poor clinical outcome
suggesting this region contains a gene involvdat@ast cancer progression [152JURKA
functions in centrosomal maturation and separatiatgtic spindle formation and
stabilization, and proper chromosome segregatibB][IAURKAactivity is localized at the

centrosome throughout all phases of the cell j@8] and is necessary for cell cycle
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progression [154-157]. In a study of mammary tugeresis in mice, Wangt al.
demonstrated centrosome amplification and aneuplaittansgenic mice overexpressing
AURKAIn mammary epithelium [158]Notably, severe chromosomal abnormalities failed
to trigger apoptosis in cells overexpressiigRKA ,allowing for continued proliferation of
abnormal karyotypes [158]Tanakeet al. showed overexpression ALJRKAIn 94% of
invasive ductal carcinomas of the breast in a dobfofapanese women [159].

Few population-based studies of genetic variatiohURKAhave been conducted, and
those that have been conducted have focused am farfietional variants in European and
Asian populations. The T/A coding region polymasph (F311) onAURKAthat results in
an amino acid substitution (PBdle) has been studied extensively in European asid
populations. Functional evidence for a biochemditiérence between the proteins encoded
by the lle31 variant and the more common Phe3kwmahas been reported. The lle allele is
more efficient in inducing cell growtin vitro, which facilitates the oncogenic effect of
AURKA[160]. The lle-lle genotype has been associaték wcreased aneuploidy in
human colon tumors, compared to the more commorPRleeggenotype [161]. Sun &t al.
found increased risk for breast carcinoma assatiatth the lle/lle genotype in a case-
control study of unrelated Han Chinese women [1@d]ditional studies of (F31I) in both
Chinese [161, 163] and European [164] populatiaiied to replicate the finding. A 2011
meta-analysis conducted by Sundtial, which included 11 case-control studies, repogted
slight inverse association between the lle/lle ggm®and odds of breast cancer (OR=0.857,
95% CI: 0.742-0.991), but only in Asian populati¢h€5]. Overall, the evidence for an
association between the F31I polymorphism andfaskreast cancer is summarized in

Figure 2.14. Another coding region polymorphisnd{¥) onAURKAresulting in a
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valine>isoleucine substitution has been investigated évemtial association with risk of
breast cancer. Egaat al.reported no association with breast cancer risargnEuropean
women with the lle/lle genotype [164]. Howeverapxning a relatively common genotype
combining the two polymorphisms (311-57V/31I-57¥&ganet al.reported a 2-fold
increase in risk of breast cancer (OR=1.96; 95%l@I1-3.79) [164]. A study by Dat al.
investigating both (F31I) and (V571) reported ne@sation between the combined (31I-
57V/311-57V) genotype and risk of breast cancea population-based study of Chinese
women [161]. Evidence for purported breast risk tm AURKAare summarized in Table
5.

BecauseAURKAIs strongly involved in centrosomal regulationdaerrations in the
centrosomal cycle lead to aneuploidy, polymorphismaURKAmay also be more strongly
associated with subtypes of breast cancer thdtremen to demonstrate relatively high
levels of aneuploidy; namely, triple-negative aagdl like breast cancers [108, 113].
Relative to all other subtypes, basal like anderipegative breast cancers are more likely to
demonstrate higher levels of aneuploidy, with othdistypes demonstrating a more variable
degree of aneuploidy [113]. This proposal willthe first to investigatAURKASs

association with intrinsic subtype of breast cancer

1.9BRCA1 and Interacting Genes:BARD1, BRIP1, and ZNF 350

AURKAIs not the only centrosomal regulatory gene thatlie®en associated with breast
cancer.BRCAlproteins are involved in centrosomal regulatiomnvel}, and are known to
interact withAURKA proteins [166]. The Aurora-A kinase phosphorg@&&CAland

regulateBRCA1mediated inhibition of centrosome-dependent midyote nucleation
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[167]. Ruaret al.reported a significant interaction between hagesyorAURKAand
BRCALlin a Han Chinese population, warranting furtheestigation in different
populations [166]. Other purported risk lociBRCAlare summarized in Table 6.

Genetic variants conferring high risk for breasiesx are not sufficient to cause breast
cancer. Even for carriers of mutations in the higienetranBRCAlandBRCAZ2 the
distribution of risk varies suggesting possibleggene or gene-environment interactions
that affect overall risk [29]. Evidence supportihg multiplicative joint effects of low-
penetrance genes on breast cancer risk has bemtepy Antoniolet al.[28]. BARD1,
BRIPlandZNF350are three putative low penetrance breast canseeptibility genes.

TheBARD1protein interacts witBRCALto form a heterodimer complex
BRCA1/BARD1168]. By itself, BRCAlconfers an ubiquitin ligase activity that is esssnt
for its normal tumor suppression action, namelgaordinating DNA repair [168].
However, when complexed wiBARDY, the ubiquitin ligase activity is markedly enhathce
[168]. This interaction witlBRCA1suggests a possible role ®ARD1in DNA repair
processes. Mutations BRCAlare known to deactivate the ubiquitin ligase distiof the
BRCA1/BARDMeterodimer complex [168, 169], which has beenetated with its tumor
suppression function [170].

Germline mutations iBARD1were demonstrated in a cohort of 40 Italian faasikvith
a history of breast and breast/ovarian cancer wposgands were chosen due to their lack
of BRCAlmutations [171]. The Nordic collaborative studsheported that a specific
BARD1variant (Cys557Ser) may represent a common becaaser susceptibility allele
[172, 173]. In contrast, a Japanese case-coritrdy $ound little to no evidence supporting

a role for mutations iBARD1contributing to familial breast cancer risk [174].
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BRIPlencodes a helicase that binds directly to ther@iteis ofBRCAland directly
contributes to the double-strand break repair fonadf BRCA1[175]. Cantoret al.found
germline mutations iBRIP1affecting the helicase domain among breast cgratents
with normalBRCA1but not among controls, implicatiiBRIP1as a potential low-
penetrance gene that contributes to familial breascter risk. Further evidenceBRIP1's
important association witBRCAlwas noted: missense and deletion mutations i€the
terminus oBRCA1 which inactivated its normal double-strand bregbair function, also
inhibited BRIP1binding, suggesting a functional role in DNA regdai76].

ZNF350is a corepressor @@ADD45 which is involved in cell cycle arrest at the 2/
checkpoint subsequent to DNA damage [17EGADDA45is regulated by botANF350and
BRCA1[177, 178]. The interaction @NF350with BRCALlis necessary for the modulation
of GADD45[179]. ZNF350has been shown to negatively regulate overexpmessio
BRCA1[177], but its role in human carcinomas is largaijknown [180].

Due to their interactive roles wiBRCA1 BARD1, BRIPJnd/orZNF350may show
gene-gene interactions in association with oddsedst cancer with oth&RCAL

interacting genes, such ASJRKA

1.10 Summary—Background and Significance

Breast cancer still represents a public healthdmurd the United States. Growing
etiologic understanding of the heterogeneity obbteancer will be crucial to future
prevention and treatment, especially in light aiahdisparities in intrinsic breast cancer
subtype. As our understanding of breast cancerdgeneity improves, environmental and
genetic risk factor investigations may become nfiocesed and informative. Given the

unique CBCS population, this study is innovativétsmattempt to further characterize racial
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differences in breast cancer subtype using a catelgene approach. This study
investigated important genes involved in cell cyelgulation that were carefully chosen for
their suspected role in oncogenesis.

Due to its function as an important centrosomal @glbcycle regulatorAURKAmay
play a significant role in oncogenesis, especially respect to the proliferation of
aneuploid cells—a common feature of basal-like ttandlthoughAURKAhas been
investigated in large population-based studieselstudies have been largely conducted
among European and Chinese individuals. In liglat disproportionate number of basal-
like cases among African American women, and dygdeious investigations’ findings
that basal-like and triple negative breast tumemanstrate higher degrees of aneuploidy,
the CBCS offers a novel opportunity to evaluatéRKAiIn African American women.

This study was the first to investigate statistioééractions betweeBRCAland
AURKAIn African American women with breast cancer. cBiIBRCALlis known to be an
important regulator of the cell cycle, and siBfCAlproteins are known to interact with
AURKADproteins, it's reasonable to suspect gene—gepeaictions between them. In
addition, three othéBRCA1linteracting geneBARD1, BRIP1andZNF350Q, which have
not been investigated heavily with respect to lireascer rate, were also investigated for

statistical interaction withURKA.
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Chapter 2. Study Design and Methods

2.1 Specific Aims

Breast cancer continues to represent a tremendam@ithlburden in the United States.
The American Cancer Society estimates that 30% o&acers diagnosed among American
women in 2011 will be invasive breast cancers, mgkiem the most commonly diagnosed
cancers in the U.S. [1]. After cancers of the lang bronchus, breast cancer is the leading
cause of cancer death in American women [1]. Ti@uhlly, incidence and mortality
statistics have been reported by race/ethnicityeutite assumption that breast cancer is a
single disease. However, recent findings havebkskeed the significant heterogeneity in
breast cancer by identifying at least five distisubtypes that vary in their gene expression
profiles and in their responsiveness to endocheeapies [9,11,12,31]. The implications
may be clinically important: differences in gengeession patterns suggest differences in
tumor biology.

Differences in gene expression and tumor biology omtribute to the significant
disparity in breast cancer incidence and mortahiat exists between African Americans and
Caucasians. Although incidence rates are highengr@aucasian women, African
American women are 38% more likely to die from tezancer [32]. Previous research has
shown that risk factors for breast cancer may diffesubtype [23], suggesting variable

molecular pathways of carcinogenesis by subtypepa@icular significance is the higher
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prevalence of basal-like breast tumors among yauAffecan American women [2,13,23].
Basal-like breast cancers have poor prognosesedatil/e insensitivity to hormonal or
targeted therapies [11,12,33] due to the absenegpression of estrogen receptor (ER),
progesterone receptor (PR), and human epidermaftigrfactor receptor (HER?2) in these
“triple negative breast cancers”. Compoundingdbecern for treatment options is the
tendency for basal-like breast cancers to formadistnetastases [18-21].

Although the relative prognosis of basal-like btezscer is poor, environmental and
genetic risk factors contributing to the etioloditlus subtype remain unknown. Hereditary
breast cancers only account for 5-10% of all breaster cases, while 12-20% of all breast
cancer cases are triple-negative or basal-like13,33,34-40]. Variation in the proportion
of triple-negative or basal-like cases relativettoer intrinsic subtypes may stem from
differences in population characteristics. Mutasian the highly penetrant genBRCA1
andBRCAZ2 in addition to all other known breast cancer epsibility genes, are only likely
to account for 20-25% of hereditary cases [3,343]L- Other hereditary breast cancer
susceptibility genes remain to be discovered [4,5-8

It has been suggested that common low-penetrarscestibility genes may play an
important role in the etiology of breast cancediwidually conferring small increases in risk
[4,5-8]. In aggregate, these independently minorgaases in risk may become substantial
[4,5-8]. AURKA,encoding a serine/threonine kinase, is a putatiwedenetrance tumor
susceptibility gene due to its prominent role it cgcle regulation [25]. AURKA
overexpression has been demonstrated in seveed tfcancer and correlated with poor
prognosis [24,44,45]. Previous studiefRKAand risk of breast cancer have yielded

conflicting results, and have been largely limitednvestigations of a single functional
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polymorphism in Asian [27-29] and Caucasian [2648049] populations. The main

objective of this study was to determine the asgmri between SNPs dxiJRKAand

breast cancer among African Americans and Caucasian

It has been suggested that overexpressigxUBRRKAIn conjunction with inactivation of
BRCAlcould be associated with tumor development andrpssion [50]. Due to its
prominent role in cell cycle regulation and thately high risk for breast cancer
conferred by mutations IBRCA1 BRCAland lesser penetrant genes enco8iRGCAL
interacting proteins are also logical targets totHer investigation [34]. The secondary
objective of this study was to determine if heraditgenetic variation in each of three
BRCALlinteracting genes is associated with odds of bieaster. The tertiary aim of this
study was to evaluate whether a gene-gene interaekists between SNPs AvRKAand
SNPs orBRCAland theBRCAlinteracting genesBARD1, BRIP1andZNF350in
association with breast cancer.

To address these objectives, a case-control apalfsiata from a population-based study
of breast cancer (The Carolina Breast Cancer SBZS) was performed. CBCS data
was collected on 1,972 cases of primary invasieastrcancer (742 African American
cases, 1,230 Caucasian cases) and 1,776 conts8l\{ican American controls, 1,118
Caucasian controls) residing in North Carolina.c&ese basal-like breast cancers render a
relatively poor prognosis [2] and luminal A breaahcers are the most commonly
diagnosed [13], the main objectives of this ingegion focus on those subtypes. However,
luminal B, HER2+/ER-, and unclassified breast cascbtypes were also examined for

associations withURKA, BRCABNd theBRCAlinrteracting genes.
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Summary—Aims

1.) Determine the association between genetic tiamiagn AURKAand breast cancer rate

(all cases and controls) and intrinsic breast caswaltype rate.

a.) Determine the association betwe®@dRKASNPs and breast cancer in a race-
stratified analysis using case and control subjectslled in CBCS, with adjustment

for population stratification using ancestry infative markers.

b.) Explore the association betweBWRKASNPs and breast cancer subtype in a pooled
analysis of African Americans and Caucasians, ajustment for population

stratification using ancestry informative markers.

Hypothesis 1. There will be a significant positagsociation between SNPs on AURKA and

breast cancer overall.

2.) Determine the association between genetic vamian BRCA1, BARD1, BRIP&nd
ZNF350and breast cancer rate (all cases and controlshamntsic breast cancer subtype

rate.

a.) Determine the association between SNPBRCAL, BARD1, BRIPAndZNF350

and breast cancer in a race-stratified analysiggusase and control subjects enrolled
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in CBCS, with adjustment for population stratificat using ancestry informative

markers.

b.) Explore the association between SNP8&CAL, BARD1, BRIPAndZNF350and
breast cancer subtype in a pooled analysis of &frikmericans and Caucasians, with

adjustment for population stratification using astcginformative markers.

Hypothesis 2. There will be significant positive@sations between SNPs on each of

BRCA1, BARD1, BRIPAndZNF35 and breast cancer overall.

3.) Explore whether a gene-gene additive interaatasts betweeAURKAandBRCAL
andBRCAtinteracting geneBARD2, BRIP1, andZNF350Q in association with all breast

cancers, with adjustment for population stratif@atusing ancestry informative markers.

Hypothesis 3. There will be gene-gene additiveaateons between AURKA and each of

BRCA1, BARD1, BRIP1 and ZNF350 in association alitbreast cancer.

2.2 Purpose

The primary purpose of this study was to estimlag¢eaissociation between genetic
variation in the cell cycle regulatory geA&lRKAand rate of breast cancer. Specifically,
the outcomes of primary interest were the luminan basal-like subtypes, but in order for
this investigation to be more comparable to exgsliterature, and to estimate an overall

association, all breast cancer without respectibtype was also an outcome of interest.
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Since the highly penetraBRCA1gene is a known risk factor for breast cancer,sance
BRCA1lproteins are known to interact wil#JRKAproteins, a secondary aim of this
dissertation was to estimate the association betgeretic variations iBRCAland select
BRCAlinteracting genes and rate of breast cancer. ifhédim of this study was to
estimategene-gene additive interactions between tag andidate polymorphisms in
AURKAand tag and candidate polymorphisms in eaddR€€Aland selecBRCAL
interacting genes in association with breast canbata from the CBCS, a population-
based case-control study of breast cancer in Afrla@erican and Caucasian women
residing in North Carolina, was used to conduct thvestigation.

Germline DNA collected from CBCS participants puaed biallelic genotype data on tag
and candidate single nucleotide polymorphisms (§fd?she genes of interest. Breast
cancer subtype data for case participants was chfrom medical records and/or paraffin-
embedded tumor tissue. Logistic regression wadaag to estimate the association
between genotype and rate of breast cancer (abkboancer, intrinsic subtype of breast
cancer). In addition to potential main effects destrated by SNPs ®3RCAlandBRCAL1-
interacting geneBARD1, BRIP1andZNF350,gene-gene additive interaction was
examined by considering interactions between SNR=ach oBRCA1, BARD1, BRIP1,
andZNF350and SNPs oAURKA Due to the large number of SNPs under investigat
interactions were examined based on main effec®apotential functionality. Those
SNPs showing statistically significant main effeatsAURKAwere further examined for
statistical interaction with any SNPs showing statally significant findings on each of the

BRCAlinteracting genes. Additionally, candidate SNRddptially functional) were
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identified on each of the candidate genes of istarsing a decision tree (Figure 2.7), and

were included in the interaction study.

2.3 The Carolina Breast Cancer Study

The Carolina Breast Cancer Study (CBCS) is a ptipukdbased, case-control study of
genetic and environmental risk factors for breasicer among African American and
Caucasian women residing in North Carolina [51BGS study design and methods have
been previously outlined by Newmanal.[51]. Study participants were recruited and
selected from 24 contiguous counties in centraleaglern North Carolina in an effort to
accrue a representative sample of African Amerarahrural participants (Figure 2.6) [51].

CBCS recruitment was conducted in two phases—fro@8through 1995 (Phase 1) and
from 1996 through 2001 (Phase 2). Women livinthmstudy area between the ages of 20
and 74 and diagnosed with invasive breast cancehédfirst time were eligible cases in
Phase 1. Phase 2 included women diagnosednwiitu breast cancer as well as those
diagnosed with invasive breast cancer. Cases ientified using a rapid case
ascertainment system via the North Carolina Ce@aacer Registry (NCCCR). After
eligibility criteria were met, randomized recruitntease sampling was undertaken to
ensure adequate representation of African Ameeahyounger women. Case sampling
probabilities were as follows: 100% of African Arngan women between the ages of 20
and 49, 75% of African American women between thesaof 50 and 74, 67% of Caucasian
women between the ages of 20 and 49, and 20% afaS@un women between the ages of

50 and 74. Phasei2 situ cases did not undergo random recruitment samilhgjigible
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in situ cases were enrolled. After selection via samplagential case participants were
contacted only after requesting and receiving pgsian from the patient’s physician [51].

Controls were selected from two sources: women geuthan 65 were selected from a
list maintained by the North Carolina Division oblbr Vehicles; women between the ages
of 65 and 74 were selected from Health Care Fimgnaidministration records. Controls
were sampled from these lists using modified randedrecruitment, and sampling
fractions were designed to ensure frequency-majabiicases to controls by race and five-
year age interval [52,53].

Potential cases and controls were contacted fyrgttber and then by telephone, if
available. Women agreeing to participate were dgeleel for an in-home visit by a
registered nurse interviewer. The interviewer adstéred a study questionnaire and
collected anthropometric measurements in additca 30cc blood sample. Germline DNA
was extracted from peripheral blood lymphocytes stoded for future analysis [51].

Written consent was obtained from cases to retmeedical records and paraffin-embedded
tumor tissue. The CBCS pathologist performed adstedized review of all breast tissue
received to confirm the diagnosis of breast canoérto characterize histology [51]. Slides
were cut from paraffin blocks for molecular and iomohistochemical (IHC) assays,

procedures for which have been described previdashg,55].

48



2.4 Immunohistochemistry

2.4.1 Receptor Status

For invasive cases, ER and PR status was primabstlined from medical records
(80%). Various clinical laboratories determined/ER results on these cases.
Approximately half used IHC on paraffin-embeddestie, and employed cutoffs for
receptor positivity from more than 0% to more tl2&%. The other half performed
biochemical assays on frozen tissue with cutoffsdoeptor positivity of 10-15 fmol/mg
[55]. For approximately 11% of invasive cases/BRstatus was not available in the
medical record; however, paraffin-embedded tissag available and ER/PR status was
ascertained by the UNC Immunohistochemistry Cdveratory. For these cases, IHC
scoring was based on UNC Hospitals Department tfdRzgy standards, using a cutoff of
5% positive nuclei staining in invasive breast @reells [2]. A random sample of ER+ and
ER- cases based on medical record abstraction raasydo compare with IHC performed
by the UNC Immunohistochemistry Core laboratorykappa statistic of 0.62 and
concordance of 81% resulted from the comparisahcating good agreement [2,56]. The
remaining 9% of invasive cases had missing dat&RIPR status [2].

HER?2 status in invasive cases was determined tise@@B11 monoclonal antibody as
previously described by Millikaat al.[54]. HER2 positivity was defined by weak to stgon
staining of membrane or membrane plus cytoplasat ieast 10% of tumor cells [2].
Interscorer agreement was evaluated on a subsases, yielding a kappa statistic of 0.58
and concordance of 82% resulted from the compansenall concordance of 81% [2].

HER1 and cytokeratin (CK) 5/6 characterization hiagen previously described [10,57],
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and invasive cases demonstrating any staining wlassified as positive [2]. All assays
were performed by the UNC Immunohistochemistry Gaberatory.

ER, HER2, CK5/6, and HER1 classification and deteation forin situ cases were
described in detail by Livasst al.[58]. ER+ was defined by an Allred score of above 2 for
ER nuclear staining; HER2 membrane positivity wasneed by 3+ intensity with DAB
chromogen staining and 2+ or 3+ intensity with $t®mogen staining in >10% of cells
[58]. CK5/6 positivity was determined by the pnese of any membrane staining. HER1
positivity was defined by any cytoplasmic stainjbg]. All assays were performed by the
UNC Immunohistochemistry Core laboratory. PR statas not determined for situ

cases due to its high correlation with ER expresaiud to preserve tissue [13].

2.4.2 Intrinsic Breast Cancer Subtypes

CBCS intrinsic breast cancer subtypes were basexmession of ER, PR, HER2, CK
5/6, and HER1 according to Table 2.1 [2]. Tumbet tvere negative for expression of all
five markers were unclassified. Negative stairforgall markers is not necessarily
indicative of receptor negativity in the tumor, asah result from poor tumor block quality

or inadequate tissue present in the tumor block [2]

2.5 CBCS Participation

Detailed CBCS patrticipation rates are presentélchble 2.2. The overall response rate
was ~77% for cases and ~57% for controls. Higherggaation rates were noted among
Caucasians, regardless of case status or agelovibst participation rates were found in

younger African American controls, aged 20-39 y¢4655%). Among cases, the lowest
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rates were noted in African American women oldantb4 years (65.8%), while the highest
rates were demonstrated in Caucasians aged 20a88 (@3.3%). Among controls, the
highest participation rates were found in Caucagiamen older than 64 years (68.7%).
Among cases, ~6% were ineligible mostly due to argristory of breast cancer [59].
Approximately 10% of controls did not meet eligityilcriteria, primarily due to current
residence outside the study area [59]. A totd,279 incident cases and 1,988 controls
were enrolled.

DNA was acquired and successfully genotyped fot2&f 2,279 enrolled case
participants (88%) and 1,787 of 1,988 control pgytints (90%). Among participants who
were successfully genotyped, 38% of both casesamnilols were African American. IHC
intrinsic breast cancer subtype data was availabl®,412 of 2,279 enrolled case
participants (62%). IHC intrinsic breast cancestgpe data was successfully acquired for
1,250 (502 African American, 748 Caucasian) of 3,6trolled cases who were
successfully genotyped (62%). Of the 2,279 cassadled, inadequate tumor tissue and/or
incomplete IHC data was available for 867 partioisawho were excluded from analyses.
Included cases were more likely than excluded ctasbs stage Il (40% vs. 25%) and less
likely to be stage | (30% vs. 37%). There wagelitlifference between included and
excluded cases with respect to stage Il (8% v9.at%tage IV (2% vs. 3%). There was no
statistical difference in age or menopausal staséeen included and excluded cases.
African American women were more likely to have @aste tumor tissue and/or complete
IHC subtype data compared to Caucasian women (3@ctuded cases were African
American). African American case participants waiae likely to have larger tumors and

later stage at diagnosis compared to Caucasiarpeaseipants [13].
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2.6 Characteristics of CBCS Case Participants

Characteristics of 1,412 CBCS case patrticipants #MC data (but not necessarily
successful genotype data) are presented in TableCase participants with basal-like
tumors were younger than women with other tumodsraare likely to be African
American. A higher prevalence of basal-like tumwees also noted among premenopausal
participants. The prevalence of luminal-A and InahB tumors was higher among

Caucasians and postmenopausal women.

2.7 CBCS Genotyping

SNPs in this study were genotyped by the Univeityorth Carolina Mammalian
Genotyping Core using the lllumina Golden Gate A&gdiumina, San Diego, CA). A
combination of tag and candidate SNPs were seléategenotyping (Table 2.4). Tag SNPs
are single nucleotide polymorphisms that are higllyelated with SNPs on the same gene
or chromosome, but don’t necessarily have any fanality. The high degree of correlation
allows for more efficient genotyping in order tcacacterize genetic variation for a specific
chromosomal region. Candidate SNPs are thosalieatgene function or expression, or
are suspected of altering gene function or exprassiag SNPs were identified for
Caucasians and African Americans from CEU (Utaldesgs with ancestry from northern
and western Europe) and YRI (individuals of Yorubl@scent from Idaban, Nigeria)
HapMap populations respectively [60], and selecsdg the Tagger program developed by
de Bakkeret al.[61]. Tag SNPs were selected based on a LD threshofg®80 and a
minimum minor allele frequency (MAF) of 0.10 sepeata for both CEU and YRI

populations. Tag SNPs in each population were tioembined and CBCS patrticipants were

52



genotyped for the pooled list. Inclusion of suspddunctional SNPs identified from the
literature review was based on several criteri@vance to plausible molecular pathways
related to breast cancer, consistency of resuliteceto breast cancer, and a minor allele
frequency of at least 0.05 in CBCS participantssaly intensity data and genotype cluster
images for all SNPs were reviewed individually. dresure quality control of genetic data,
SNPs with low signal intensity or SNPs that werahla to be distinguished by genotype
cluster were excluded. Detailed genotyping procesiand quality control measures were
described previously [62,63].

The overall genotyping rate in CBCS was ~66% foeqaeticipants and ~56% for
control participants. Among case and control pgréints, the highest genotyping rates were
noted in young Caucasians (~77%, ~68% respectivelifewfrican American women

older than 64 years exhibited the lowest rates (~50%5% respectively) (Table 2.2).

2.8 Population Stratification and Ancestry

Population stratification is a form of confoundicgused by differences in allele
frequencies between cases and controls that fesaitancestral disparities, as opposed to
real associations between a genetic marker andst464,65]. If the genetic marker under
study shows significant variation across ancegt@lips, and if these ancestral groups also
differ in their baseline risk for the outcome, tHalse positive associations could arise
between genotypes in a particular subgroup andutmme of interest, regardless of
whether the locus is in LD with the true risk adl¢64].

Several methods for assessing population strdidicdnave been developed. Genomic

control, developed by Devliet al.,employs the testing of multiple unrelated (null)
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polymorphisms, in addition to candidate loci, thgbaut the genome to estimate the degree
of population substructurex? test statistics are computed for both null andiiate loci.
Population stratification increases the variabiéitld magnitude of the test statistics
observed in the null loci. Based on this variarceultiplier describing the degree of
population stratification can be derived and useddjust significance tests for candidate
loci [66]. The genomic control approach works unithe assumption that the inflation of
variance due to population stratification is constar all null loci [66]. However, SNP
allele frequencies can differ markedly across analegopulations. Employing genomic
control could result in an overly conservative athoent for markers showing high variation
across populations and/or an excessive adjustréotiavith low variability across
populations [67]. A decrease in power may be nateder such circumstances.

Another commonly employed method for controllingplation stratification is the
principal components analysis (PCA). The firspstethis process is to examine the sample
covariance matrix. If the covariance between aydgenetic markers is not equal to zero,
then a linear relationship exists between themthadtrength of that relationship is
represented by the correlation coefficient. Vim@pal axis transformation, correlated
markers are transformed into new uncorrelated mal®own as principal components.
Depending on the degree of ancestral variabilithhepopulation, the number of principal
components will be less than or equal to the nuroberiginal markers under consideration.
The principal axis transformation is defined in@rthat the first principal component
should account for the maximum variability in thepplation, with each subsequent
principal component accounting for the maximumdweal variability in the population

while maintaining no correlation with previous mijpal components [68]. After
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determining the principal components in the popoilgtmethods can be employed to adjust
for population stratification. Pricet al. have developed a method employed in their
software package, EIGENSTRAT, which identifies agksgariation in a sample population
and then continuously adjusts genotypes and phpestyy amounts attributable to ancestry
along each axis. These ancestry-adjusted geno&ypmephenotypes are then used in
association analyses [67]. Principal componenéthasljustment for population
stratification is useful when analyzing hundredshaiusands of markers due to its efficiency
in identifying population structure [67]. The dis@antage is that there is ambiguity in how
each axis is defined without a standard refereaog$e with which to compare them.

The CBCS used the software package Structure ¢o thé number of distinct ancestral
populations (K) present in the study population][6Results indicated the most likely
number of distinct populations was K=2. CBCS teemployed maximum likelihood
estimation to determine individual ancestry usingedetermined set of 144 ancestry
informative markers (AIMS) that were selected toximeally distinguish between African
and European ancestry [62]. AlMs are a set ofipolphisms exhibiting substantially
different allele frequencies between different dapans. They can be used to more
accurately group people who share similar markedspdenotypes, like self-reported race.
CBCS employed AIMs chosen to distinguish betweemncah and European ancestries by
maximizing differences in allele frequencies betwtde two ancestral populations and by
maximizing Fisher’s information criterion (FIC) fdistinguishing between African and
European ancestries [62,70]. FIC is the invergh@imaximum likelihood estimation of the
ancestral proportion and can be used to increasefficiency of AIM selection [71]. FIC

was based on allele frequencies in HapMap Promutijations from Yoruba in Ibadan,
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Nigeria (YRI) and Utah residents with ancestry froarthern and western Europe (CEU)
[60,62]. Each participant’s proportion Europea@ican ancestry is computed and this
continuous measure of individual ancestry is thesduo adjust association analyses.
Detailed statistical methods have been previousbcdbed [72].

The median proportion of African ancestry was 81foag participants self-reporting as
African American and 6% among those self-reporéiaghon-African American. Proportion
African ancestry will be used as a variable in esgion models and will range from 0 to
0.96 based on the maximum individual proportioniddn ancestry in the study population

[63].

2.9 Modeling Genotype Effects

SNP allele and genotype frequencies were calcufatetie CBCS study population. All
SNPs genotyped for this study are biallelic, megm@iparticipant may have one of three
potential genotypes at any locus. For example pérticular locus is comprised of major
allele X and minor allele Y, then a participant nieeyhomozygous for the major allele
(XX), heterozygous (XY,YX), or homozygous for thénor allele (YY). Three genetic
models were considered for SNP main effect analySasce the mode of inheritance for
SNPs genotyped in CBCS patrticipants is unknown tamdaximize our power to detect an
association, we employed 1-degree of freedom damhimadels for SNPs which assume
that a single risk allele (usually the minor al)akesufficient to impact risk of the outcome.
Under this model, homozygotes for the major algleas the referent group and are coded
as 0. Both heterozygotes and homozygotes for therrallele are assumed to have the

same risk for the outcome, so they are groupedhegand coded as index.
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Unconditional logistic regression was used to esténrassociations between SNP
genotypes and all breast cancer (all cases andot®)reind intrinsic subtype of breast
cancer. Specifying all breast cancer as an outqgomades an overall estimate of effect
that is comparable to other case-control studigsdt not distinguish between subtypes of
breast cancer. Although the primary interestsisf $study are luminal A and basal-like
breast cancers, all intrinsic subtypes were exatdnioeassociations with SNP genotypes.
Odds ratios and 95% confidence intervals were tatied to estimate the association
between genotype and each of the outcomes of gttere

The dependent variable Y can take on two possiiiges (Y=L1 if the outcome is present,

and Y=0 if otherwise). The outcome probabilityttisamodeled is7=Pr(Y = 1|x), where

x=(x,...,x) is the vector of s independent variables.

The binary logistic model function then has tharfor
logit(m) = Iog(ij =a+ ,6"x
1-m

whereq is the intercept parameter agti=(4,,...,3,) is the vector of s regression

coefficients [223]. For example, the dominant byragistic model for each SNP will be:
logit( Y =1lx=X) = a+ pX; +B'X’
where g, is the regression coefficient for the heterozygmulsomozygous minor allele

genotype,X, indicates presence or absence of the heterozygydusmozygous minor

allele genotype X, =1 for heterozygous or homozygous minor allele ggp@tx, =0
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otherwise),,Bl = (,83,...,,83) is the vector of s regression coefficients comesing to

confounders, ank = (X,,..., X, ) is the vector of s confounders.

2.10 Gene-gene Interaction

It has been suggested that overexpressigxUBRRKAIn conjunction with inactivation of
BRCAlcould be associated with tumor development andrpssion [50]. Due to its
prominent role in cell cycle regulation and thately high risk for breast cancer
conferred by mutations IBRCAJ1 BRCAland lesser penetrant genes enco@R§AL
interacting proteins are also logical targets totHer investigation [34]. The secondary
objective of this study was to determine if heraditgenetic variation in each of three
BRCAlinteracting genes is associated with odds of biesster. The tertiary aim of this
study was to evaluate whether a gene-gene additieeaction exists between SNPs on
AURKAand SNPs oBRCAland theBRCAlinteracting gene88ARD1, BRIPland
ZNF350in association with breast cancer.

First, main effects were determined for SNPAQRKA, BRCA1, BARD1, BRIPdnd
ZNF350 SNPs demonstrating statistical significanceddrined by exclusion of 1 from
OR confidence intervals) were further scrutinizedddditive interaction. There was
potential for none of the genotyped SNPs on eatheo€andidate genes of interest to show
statistically significant main effects. For thesason, potentially functional variants on each
of the candidate genes under investigation wersatéor interaction investigation. The
primary criterion for inclusion was based on thelihood that a SNP was functional
(Tables 2.11-2.15). Likelihood of SNP functiomalitas determined using the FS Score, an

integrativein silico scoring system for assessing potential SNP funality based on
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protein coding, splicing regulation, transcriptibregulation, and post-translation [89].
SNPs demonstrating FS Scores$-0f50 were included in the interaction study (T&hlE).
Second, gene-gene interaction was evaluated odditive scale for selected SNPs by
calculating the relative excess risk due to inteoad RERI) based on the formula
RERI=OR 1 — ORy; — ORy + 1 [224], with 95% confidence intervals calcuthte®sed on

the method proposed by Hosmer and Lemeshow [75].

2.11 Methodological Considerations

Before association analyses were conducted, Fsb&ect tests of HWE were performed
for SNPs on the genes under study using SAS Ve&r.BWE tests were performed on
genotype data provided by controls and stratifigdddf-reported race, since deviations in
cases can be indicative of an association betw&MPRaand the disease or a SNP in LD
with a SNP associated with the disease [76]. Diewia from HWE in controls can occur
due to genotyping error, violations of the Hardy4ikerg principle [77], or chance. For
SNPs that deviate from HWE (p<0.05), genotype elushages were reviewed to rule out
any artifact in genotype calling. SNPs that ditl meet the following criteria among
controls were excluded from analysis: (a) minoglalfrequency5%, (b) genotyping call
rate>80% for Illumina and95% for TagMan, (c) HWE p>0.05 and genotype clusletr
indicating distinction between genotypes.

Previous sensitivity analyses to assess outcomaanssfication were conducted by
Nyanteet al.to evaluate the effect of molecular subtype mgsifacation, which was found

to be minimal. However, there are varying defons for characterizing the basal-like
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subtype, and even those investigators employingasiciassification criteria do not report
complete agreement [10,14,15].

Selection bias is another methodological concethameurs when the study population
does not represent the target population [79]e@en bias is usually introduced during the
recruitment of study participants and/or during pihecess of following participants up [79].
Selection bias can also be introduced if missirtg darelated to case or exposure status. In
this investigation, cases and controls were frequematched on race and five-year age
interval which should mitigate the effects of sél&t bias since both age and race were
included in regression models. Also, any potem&aidual confounding by ancestry within
race strata was adjusted for by including a moeleh taccounting for proportion of African
ancestry. Itis also possible that those enrqgidicipants who did not contribute genotype
data for the analysis may be systematically diffetkan those participants who did
contribute genotype data with respect to race ged &ince race and age were both
adjusted for in regression models, selection iasdould occur should be minimized.

It is important to consider the introduction ofesglon bias from missing values for the
exposure or the outcome in CBCS cases and contifdlse number of case and/or control
participants in the analytic cohort with missindues for either exposure or outcome is
small, then it should be acceptable to assume talses are missing at random and
excluding them from the analysis should not intimeany significant bias. However, if a
significant proportion of participants are excluake to missing values there is the
potential for bias to be introduced if those p&pants are selected out of the analysis based
on a factor associated with either the outcome (#dlBtype) or the exposure (genotype);

that is to say, if participation is related to Il4Gbtype, genotype, or some integral factor that
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influences IHC subtype or genotype. It is implblesfor genotype to be associated with
participation, so missing genotype data will besimg at random. On the other hand, IHC
subtype could be associated with other tumor claratics that could be associated with
selection into the analytic cohort. For examdléhose case participants missing subtype
data are excluded from analyaisd the distribution of tumor size is different betwebe
excluded group and the included group (i.e. theuged group being those case participants
providing both IHC subtype data and genotype dh) bias could be introduced. The
bias could be introduced if “missingness” is asstd with tumor size. The most likely
reasons for missing IHC subtype data are lack eptial participation with respect to
procurement of tumor tissue, lack of patient cohsamd lost specimens. However, it is
possible that smaller tumors are less likely t@hmeured due to the higher probability of
exhausting the tissue, and smaller tumors may $@ceged with a particular subtype.
However, subtype distributions were similar betweases with and without genotyping
data. Likewise, genotyping distributions were $ambetween cases with and without
subtype data. This suggests that the subtypeldison in cases with genotype data is
likely representative of the subtype distributiaorail cases. Similarly, the genotype
distribution in cases with subtype data is likedpresentative of the genotype distribution in
all cases.

For controls, genotype would have to be the faoyowhich participants are
preferentially selected into the study in orderdelection bias to be a problem. ltis
possible that controls may be less likely than saselonate blood for DNA procurement.

In the CBCS, participation with respect to DNA puoement between cases and controls is
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comparable. Since cases were matched to coritnel$actors affecting selection should be
the same or similar between cases and controls.

Results from this study were interpreted and regbbiased on magnitude of effect
estimate, precision, and observed patterns. Rovaad estimates was evaluated based on
relative values of confidence limit ratios, witlwler ratios indicating higher precision. Null
hypothesis testing and P-values were not usedprgieany results or draw conclusions

about SNP associations with breast cancer.

2.12 Statistical Power

Power was calculated using Episheet [80] baseddistiabution of binary genotype
prevalences ranging from 5% to 30% and main effedtts ratios of 1.25 and 1.50 atean
level of 0.05. Table 2.8 contains power estimédesverall breast cancer by race. Figures
2.8-2.13 provide visual context for the changeower as the estimate of effect changes in
each race group. Power was also calculated bpsitrsubtype in the combined race group
and is reported in Table 2.9. Due to the exployatature of the additive interaction
analysis, power was not calculated for this analysi

There was low power to detect an odds ratio of 1oRBhe association between binary
coded genotype and overall breast cancer in Afrigaericans at all ranges of genotype
prevalence. Generally, the same was true for Gaacs although there was moderate
power to detect an odds ratio of 1.25 at a genogpypealence of 30%. There was moderate

to high power to detect an odds ratio of 1.50 ing&in Americans when genotype
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prevalence was between 10% and 30% and high pow@aucasians within the same
genotype prevalence range. Overall, there waplmmer to detect subtype-specific effects.

Previous case control studiesAddliRKAand overall breast cancer have reported odds
ratios ranging from 1.35 to 2.56, which suggestxjadte power in CBCS to replicate

similar findings [50,81].

2.13 Public Health Impact and Scientific Significane

There is a clear disparity in age-adjusted moytaldétween African American women
and Caucasian women with respect to breast caBeRjeducing the incidence of breast
cancer in general is a significant public healtha@yn, since breast cancer is the second
leading cause of cancer death in American womaaside from differences in mortality,
younger African American women are more likely eodagnosed with basal-like tumors,
which are associated with poorer survival [2,1Recently, O’'Brieret al.reported that
basal-like breast tumors were equally aggressivengmfrican American and Caucasian
women [83]. This suggests the disproportionatelmemof basal-like cases among African
American women may be related to a particular gempeofile. Identifying genotypes that
are associated with breast cancer subtype coutdtbdlirther explain biological differences
between Caucasian women, who are more likely tegotewith luminal breast tumors [83],
and African American women. In addition, the idicdtion of SNP associations with
subtypes of breast cancer could lead to distiretgmtive measures for women
demonstrating genetic profiles associated with éiglsk for a particular subtype of breast

cancer.
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This study conducted a novel investigation of genedriation in biologically plausible
candidate genes and association with breast canogng African American and Caucasian
women. The CBCS provides a distinctly under stighepulation of African American
participants, who are prone to the basal-like Subyf breast cancer. The candidate genes
examined were carefully chosen for their potemtés in oncogensis and cell cycle
regulation. A better understanding of common geretposures involved in specific breast

cancer subtype etiology could lead to more spetiéiatments in the future.

2.14 Strengths and Limitations

The Carolina Breast Cancer Study is the largestilatipn-based study of breast cancer
in African American women in the United States.adtidition to the collection of genetic
data on nearly 70% of cases and 60% of controlgcutar subtype of breast cancer was
measured using immunohistochemistry in all casésidied in the data set under analysis
(~1,400 cases). Because the CBCS oversampled tlia#American population in North
Carolina, genetic loci that may increase the ragkplarticular subtypes of breast cancer in
African American women are more likely to be acteisaidentified. With specific regard
to the main gene of interest, this study was wellgred to address a wide range of loci on
AURKAInN relation to breast cancer among African Ameriagéomen.

Another advantage of this study is the candidate ggoproach, focused on biological
plausibility. The candidate gene approach allos/soudirectly test the effects of genetic
variants on a particular gene in an associatiodysti& candidate gene study may be limited
if our understanding of the biology of the disearder investigation is lacking. However,

this proposal is guided by the rdMJJRKAIs known to play in cell cycle regulation.
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AURKAand the other genes chosen for this investigatterresponsible for distinct
biological mechanisms that are likely to play arnwol cancer etiology and/or progression.
AURKAIn particular was chosen for its prominent roledti cycle regulation and its
potential to contribute to the proliferation of ap#id cells, a common characteristic of
basal-like breast tumors that may distinguish tfiem other subtypes [16,17BRCAlwas
chosen due to its role in breast cancer etioldgynvolvement in cell cycle regulation, and
its tendency to be associated with basal-like bresmscers more often than other subtypes
[12,15,22].

This study collected and incorporated adjustmenafestry informative markers in
addition to self-reported race to diminish the ptiedly confounding effects of population
stratification. A sensitivity analysis was condectto evaluate potential misclassification of
the breast cancer subtypes (Nyagf&l0); misclassification is likely to be minimaldanon-
differential.

| did not expect that any of the SNPs under ingasion would be associated with a
decreased odds of breast cancer, and for thismgamseer calculations were based on
expected odds ratios >1. Although the CarolinaaBr€ancer Study is the largest of its
kind, these analyses were generally underpowerthe ifrue association between locus and
overall rate of breast cancer is closer to the vallle (Table 2.8). This lack of power will
be more pronounced in the African American strab@oause there are relatively fewer
African American cases compared to Caucasian cdaser to detect subtype-specific
effects was generally low (Table 2.9), but the watove nature of the CBCS in
distinguishing intrinsic subtypes makes this analgsvorthwhile endeavor in an effort to

generate new hypotheses about the relationshipgebetgenetic exposures and breast
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tumor heterogeneity. Given the hypothesis thangleslocus may contribute only a small
proportion of the change in risk, | expected thdividual risk loci would demonstrate odds
ratios on the order of 1.2-2.0, with the majorifynteaningful risk loci demonstrating odds
ratios of between 1.5 and 2.0.

A limitation of this study is that only certain clidate and tag SNPs were evaluated in
the genes of interest. This study did not capaliref the genetic variability in these genes,
however—tag SNPs were chosen by the CBCS primasstigators to maximize
interrogation of the selected genes in two HapMapupations (CEU and YRI). Itis
possible that these tag SNPs may not be representdtthe CBCS population, however
this strategy was chosen because specific datdrasad Americans and Caucasians living
in North Carolina are not available. Candidate SM@re selected based on an exhaustive
literature review. Nevertheless, potentially fuocal loci may have been ignored or missed

which limits the ability to fully characterize thisk conferred by the genes of interest.

2.15 Summary—Study Design and Methods

The Carolina Breast Cancer Study offers an exdetlpportunity to further characterize
potential racial differences in genetic exposussoaiated with intrinsic subtype of breast
cancer. The CBCS recruited a large proportioAfatan American women in an effort to
better understand racial disparities in risk facfor breast cancer. By subtyping case
participants, the CBCS affirms the heterogeneityhmibreast cancer and allows for more
distinct etiologic pathways to be investigated.

This study takes advantage of the CBCS study ptipalay investigating a key racial

disparity in breast cancer—younger African Amerigamen are more likely to be
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diagnosed with basal-like breast cancer. Thisctbeldue in part to polymorphic
differences iMURKAbetween African Americans and Caucasians. ShdRKAIs a key
regulator of the cell cycle, and aberrations irfutsction have been shown to lead to
aneuploidy, its potential as an oncogene shoultbbsidered AURKAIs further implicated
in playing a specific role in the etiology of batikké breast cancer, which commonly
demonstrates higher degrees of aneuploidy.

To investigatéAURKASs association with breast cancer, logistic regogswas employed
to calculate odds ratios and 95% confidence interas estimates of rate ratios.

Acknowledging the potential for gene-gene inte@ttimong cell cycle regulatory
genes, additive interactions betwegddRKAandBRCA1(a known cell cycle regulatory
gene) were also evaluateBRCAlwas chosen in particular due to its role as a knogk
factor for breast cancer and due to its known jgnatgeraction with thlAURKA protein.
Additionally, BARD1, BRIP1andZNF350were also investigated for additive interaction

with AURKAdue to their established rolesBRCAlinteracting genes.
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2.16 Tables

Table 2.1 Breast Cancer Intrinsic Subtype Claasiio by Immunohistochemistry (IH*C)
IHC Receptor Status

Intrinsic Subtype ER PR HER2 CK 5/6 HER1
Luminal-A + + - N/A N/A
Luminal-A + - - N/A N/A
Luminal-A - + - N/A N/A
Luminal-B" + + + N/A N/A
Luminal-B + - + N/A N/A
Luminal-B - + + N/A N/A
HER+/ER- - - + N/A N/A
Basal-like - - - + +
Basal-ike - - - + -
Basal-like - - - - +
Unclassified - - - - -

" in situ cases were classified without respect to PR status
% Definition does not identify all luminal-B tumorsince only 30-50% are HER2+
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Table 2.2 Response/Participation Rates of Womestel as Potential Participants for the CBCS by G&atus, Race, and Age

Cases
African Americans Caucasians
Total 20-39yrs 40-49yrs 50-64yrs > 64 yrs 20-39 yrs-480rs 50-64 yrs > 64 yrs
Sampled (N) 3360 192 432 471 323 236 680 603 423
Ineligble (%§ 6.3 3.6 6.5 5.3 9.9 3.4 5.0 6.8 8.5
Deceased (%) 1.2 2.6 0.9 2.3 2.2 0.4 0.6 0.8 0.5
Uncontactable (%) 2.0 2.6 3.0 2.3 3.1 2.5 1.9 17 0
Physician Refusal (%) 6.5 4.2 5.8 3.8 5.0 7.2 7.1 8.8 8.3
Participant Refusal (%) 12.2 12.0 13.0 17.8 22.0 6.4 7.5 3 8 142
Interviewed (%'j 71.8 75.0 70.8 68.3 57.9 80.1 77.9 73.6 68.5
Contact Rafe 98.0% 97.4% 97.0% 97.7% 96.9% 97.5% 98.1% 98.3% 100.0%
Cooperation Rafe 79.3% 82.3% 79.1% 75.9% 68.2% 85.5% 84.3% 81.2% 75.3%
Overall Response Réte  77.6% 80.0% 76.5% 74.0% 65.8% 83.3% 82.6% 79.7% 75.3%
Genotyping Rafe 66.3% 70.9% 63.0% 62.0% 49.6% 77.4% 71.2% 69.8% 64.7%
Controls
African Americans Caucasians
Total 20-39yrs 40-49yrs 50-64yrs > 64 yrs 20-39 yrs-480yrs 50-64 yrs > 64 yrs
Sampled (N) 4465 297 663 631 452 272 788 805 557
Ineligble (%f 9.9 9.1 5.0 4.1 17.7 15.1 9.0 8.1 17.6
Deceased (%) 2.3 0.3 1.2 2.4 6.6 0.4 0.4 2.4 4.3
Uncontactable (%) 17.0 36.0 27.6 22.0 14.4 21.7 15.2 8.7 2.9
Participant Refusal (%) 20.6 17.8 18.4 25.8 24.6 12.1 18.1 219 215
Interviewed (%5 50.2 36.7 47.8 45.7 36.7 50.7 57.2 59.0 53.6
Contact Rafe 83.0% 64.0% 72.4% 78.0% 85.6% 78.3% 84.8% 91.3% 97.1%
Cooperation Rafe 70.9% 67.3% 72.2% 63.9% 59.9% 80.7% 75.9% 73.0% 71.4%
Overal Response Rite  57.2% 40.5% 51.0% 48.8% 48.5% 60.0% 63.2% 65.9% 68.7%
Genotyping Rafe 56.4% 56.2% 54.0% 50.3% 44.8% 67.8% 64.3% 57.6% 55.4%

* . .
Includesin situ cases

# Eligibility criteria include age (20-74 years)niale gender, residence in 24-county study area,taldomplete an interview in English, and

no prior history of breast cancer

® Includes women who did not complete a full inewi

¢ Contact rate= # of women contacted divded bywarfien identified as potential cases or controls
d Cooperation rate= # of completed interviews duithy # of women contacted and eligible

® Overall response rate= # of completed interviewidat! by # of women selected for study minusgifeé and deceased women

f Genotyping rate= # of women who were successgfeiptyped divided by # of women selected for staithys ineligible, uncontactable,

and deceased women
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Table 2.3 Attributes of CBCS Case Participants W8 Subtype Data

| No. (%) |
All cases Luminal A Luminal B Her2+/ER Basal-lke Unclassified
Attribute (N=1,412) (n=790) (n=135) (n=116) (n=224) (n=147)
Age (yrs), mean (SD) 52(11) 53(11) 51(11) 51(12) (4B 50 (12)
Race
African American 581 (41) 287 (36) 45(33) 48)(41122 (54) 79 (54)
European American 831 (59) 503 (64) 90(67) & (5102 (46) 68 (46)
Menopausal Status
Premenopausal 632 (45) 322 (41) 64 (47) 46 (40)4 (33) 76 (52)
Postmenopausal 780 (55) 468 (59) 71(53) 70 (6100 (45) 71 (48)
AJCC Stage
in situ 272 (20) 170(22) 24(18) 43(38) 19(9 16 (11)
I 414 (30) 263 (34) 37(28) 17 (15) 47 (22) 50 (34)
Il 559 (40) 277 (36) 59(45) 37(32) 125 (57) 62)4
1] 108 (8) 49 (6) 10 (8) 12 (11) 21(10) 16 (11)
v 28 (2) 11 (1) 2(2) 5(4) 6 (3) 4 (3)
Missing 31 20 3 2 6 0
ER Status
Positive 841 (60) 716 (91) 125 (93) 0 0 0
Negative 571 (40) 74 (9) 10 (7) 116 (100) 224 §10047 (100)
PR Status*
Posttive 614 (54) 524 (85) 90 (81) 0 0 0
Negative 526 (46) 96 (15) 21(19) 73(100) 209§10131 (100)
Combined ER/PR Status*
ER+/PR+ 530 (46) 450 (73) 80 (72) 0 0 0
ER+/PR- 117 (10) 96 (15) 21 (19) 0 0 0
ER-/PR+ 84 (7) 74 (12) 10(9 0 0 0
ER-/PR- 409 (36) 0 0 73 (100) 205 (100) 131 (100)
HER2 Status
Positive 251 (18) 0 135 (100) 116 (100) 0 0
Negative 1,161 (82) 790 (100) 0 0 224 (100) 14D)10
CK 5/6 Status
Posttive 206 (15) 55 (7) 7 (5) 20 (17) 124 (55) 0
Negative 1,206 (85) 735(93) 128 (95) 96 (83) M®) 147 (100)
HER1 Status
Positive 289 (20) 44(0®6) 17(13) 45(39) 183(82) 0
Negative 1,123 (80) 746 (94) 118 (87) 71(61) 1) ( 147 (100)

Abbreviations: AJCC, American Joint Committee oméa; ER, estrogen receptor; HER2, human
epidermal growth factor receptor-2; PR, progestereneptor.
*PR status not collected fan situ cases (n=272)
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Table 2.4 Single Nucleotide Polymorphisms (SNPs)oB@ed in CBCS Participants

Gene SNP Gene SNP Gene SNP
AURKA 151047972 |BRCA1 rs4986850 [BARD1 rs10932568
rs34987347 rs179995( rs10221582
rs1468056 rs16941 rs10932573
rs16979826 rs16942 rs12474696
rs16979829 rs1799966 rs12477063
rs16979865% rs799917 rs1542173
rs2064863 rs4986852 rs16852761
rs2180691 rs3737559 rs16852798
rs2236207 rs799923 rs16852799
rs2273535 [BRIP1 rs4986764 rs17487827
rs2298016 rs721343( rs1979028
rs6014711 rs498835( rs2075622
rs6014712 rs4988346 rs2888294
rs6024840 rs4988351 rs3768704
rs6092309 rs2048719 rs3768707
rs6099120 rs1978111 rs3768708
rs6099122 [ZNF350 rs4986773 rs3820727
rs6099126 rs227842( rs4672729
rs6099127 rs3764538 rs6706777
rs6099128 rs4986771 rs6712055
rs1468055 rs2278415% rs6749828
rs6024836 rs11879758 rs6751923
rs33923703 rs2278417 rs6753417
rs6099119 rs498677( rs6756902
rs911162 rs4988334 rs7557557
rs8102072 rs7566806
rs7585356
rs1048108
rs3738888
rs28997576
rs2229571
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Table 2.5 Previous Study Results of the Aasson@Between Polymorphisms AURKA and Odds/Hazard of Breast Cat

AURKA Study

polymorphisn Author Year Populatior Design Cases Controls Effect Estimate 95% (
Dai 2004 Asian Population-based 1102 1186 6R2 0.90-1.60
Egan 2004 Caucasian Population-based 940 830-0B6 0.96-2.47
Sun 2004 Asian Hospital-based 520 520 ©R76 1.16-2.66
Lo 2005 Asian Hospita-based 707 1969 BRO8  0.81-1.46
Ewart-Toland 2005 Mixed Population-based 898 448 €154 0.92-2.59
Fletcher 2006 Caucasian Population-based 507 875QR8 0.57-1.04
rs2273535  BCAC 2006 Caucasian Pooled case-control 7816  9285-0R4 0.91-1.20
(T>A) Cox 2006 Caucasian Nested case-control 1241 1711 0R=1.43  0.99-2.06
Couch 2007 Mixed Population-based 3884 3303 +(R91 0.77-1.06
Vidarsdottir 2007 Caucasian Hospital-based 759 653-0R7 1.09-3.21
Guenard 2009 Caucasian Cohort-familial 96 96'EIR38 0.42-4.57

The MARIE-GENICA Consortium 2010 Caucasian Populabaised 3136 5466 OR*=1.17 0.94-1.44
Ruan 2011 Asian Population-based 1334 1568 €1F99 1.10-3.61
Shi 2011 Caucasian Population-based 763 1516=0R?2 0.45-1.13
rs6064391 (T>G) Ruan 2011 Asian Population-based 1326 9 OR®=1.17 0.71-1.95
rs6064389 (T>A)  Shi 2011 Caucasian Population-based 765529 OR=0.80 0.62-1.03
rs16979877 (G>A) Shi 2011 Caucasian Population-based 765530 OR=2.59 0.70-9.75
rs8173 (G>C) Shi 2011 Caucasian Population-based 762 Q5240.79 0.55-1.16
rs911162 (G>A) Ruan 2011 Asian Population-based 1334 07R&1.62 0.62-4.24
rs1047972 (G>A) The MARIE-GENICA Consortium 2010 Caima Population-based 3139 5469 @R.70 0.52-0.94
rs2064863 (T>G) Ruan 2011 Asian Population-based 1323 8 0B%=0.63 0.40-1.01
rs2298016 (C>G) Ruan 2011 Asian Population-based 1331 8 C8%=0.43 0.24-0.78
rs8117896 (T>C) Ruan 2011 Asian Population-based 1334 8 OB®=2.05 0.93-4.50
rs10485805 (G>A) Ruan 2011 Asian Population-based 1330 68 R =0.68 0.46-1.00
rs6024836 (A>G) Ruan 2011 Asian Population-based 1332 8 O#®=1.59 1.20-2.11

" Based on a codominant model; i.e. index= homozyfyouke rare allele, referent=homozygous for temon allele; adjusted for study covariates
"Based on a codominant model; i.e. index= homozyfpwuke rare allele, referent=homozygous for temon allele; unadjusted

* Nested case-control study within th Nurses' Hestitlly
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Table 2.6 Previous Study Results of the Assocafggtween Polymorphisms BRCA!

and Odds of Breast Can

BRCA1l Study
polymorphism Population
Author Year Ethnicity Design Cases Controls Effect Estimate  95% ClI
rs3737559 (C>T) Ruan 2011 Asian Population-based 1330  1568€1R35 1.11-1.64
rs4986850 (A>G) Bhatti--USRT 2008 Caucasian US Radiologic Technob@sihort 859 108®R =0.97  0.75-1.2!
rs16942 (C>T)t Cox--CIMBA 2011 Mixed Population-basezh€ortium 2980 2672 HR=0.85 0.74-0.96
rs799917 (C>T) Huo 2008 Asian Hospital-based 568 624 @398 0.66-1.44

*

Based on a codominant model; i.e. index= homoa/mihe rare alele, referent=homozygous forcthamon allele; adjusted for study covariates

*

" Based on a dominant model; i.e. index= homozyfube rare allele + heterozygotes, referent=hggmss for the common allele; unadjusted

" Data is from the Consortium of Investigators ofd¥lers ofBRCA1/2 (CIMBA); a total of 9,878BRCA1 mutation carriers were available; "cases" andttotsfirefer to "breast
cancer case" and "unaffected by breast cance®ctiggly; HR describes the association betweerbrdd genotypes on the ‘wild-type' (non-mutant)eatidBRCAL and breast

cancer risk given a total of 235,488 person-yeantributed
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Table 2.7 Candidate Gene Single Nucleotide Polyhiems (SNPs) with
Extreme Hardy-Weinberg Equilbrium (HWE) P-values

Gene SNP Exact HWE P-value
Caucasian Controls AURKA rs6099127 0.01
BRIP1 rs4988346 0.01
BARD1 rs6712055 0.03
BRCALl rs4986850 0.02
BRCA1 rs3737559 0.02
ZNF350 rs4986771 0.04
African American ControlsAURKA rs2236207 0.03
AURKA rs33923703 0.01
BRIP1 rs2048718 0.01
BARD1 rs6706777 0.04
ZNF350 rs3764538 0.001
ZNF350 rs2278415 <0.001
ZNF350 rs8102072 0.03

74



Table 2.8 Study Power for Main Effects of GenotgpeAll Breast Cancer in CBCS Patrticipants by Race

(0=0.05)
Genotypé Minimal Detectable Power in Caucasians Power in African Americans
prevalence Odds Ratio (N cases 1,204,N controis= 1,089) (N casess 742, N controls= 658)
1.25 0.23 0.16
0,
S% 1.50 0.63 0.43
1.25 0.39 0.25
0,
10% 1.50 0.88 0.69
1.25 0.60 0.40
0,
20% 1.50 0.98 0.89
30% 1.25 0.70 0.49
’ 1.50 0.99 0.95

* Power calculations performed using Episheet

T Genotype prevalence in controls, assuming a @oirgenetic model
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Table 2.9 Study Power for Main Effects of Genotgpdntrinsic Subtype of Breast Cancer in CBCS Elpatits
(a=0.05)*

Genotypé
Subtype prevalence Minimal Detectable Odds Ratio Power
% 50 030
Luminal A 10% igg 822
(Cases=674) 20% iég 82471
0% 150 050
% 50 023
Luminal B 10% igg 8;
2 033
0% 5o 053
5% 50 020
HER2+/ER- 10% iég 835
2 03
30% 5o o7
12 o
Basallike 10% iég 813
2 02
2 0

* Power calculations performed using Episheet andstimated 1,747 controls

T Genotype prevalence in controls, assuming a @oirgenetic model
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Table 2.10 Single nucleotide polymorphisms
(SNPs) included in additive interaction

analysis

Gene

SNP

AURKA

rs34987347
rs2273535
rs2298016
rs6024836

ZNF350

rs4986773

rs2278420
rs11879758

rs4986770

BARD1

rs1048108
rs3738888
rs2229571

BRCA1

rs1799950
rs16941
rs16942
rs1799966
rs799917
rs4986852

BRIP1

rs4986764
rs4988350
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Table 2.11 Assessment of potential functionalitgiofyle nucleotide polymorphisms (SNPs) on candidat
geneZNF35@enotyped in the CBCS

SNP

Status

Polyphen
FS Scdre predictiorf

SIFT
predictiorf

Description

rs4986773

Possibly
functional

0.319

N/A

N/A

Predicted to impact splicing
regulation by ESEfindér
and ESRSearéhprevious
study reported joint effects
of variants of rs4986773
with rs799917 BRCA)
were found to increase
breast cancer risk in a
population of Chinese
women (OR=2.03, 95%CI=
1.02-4.05, P(int)=0.059)
PMID=19484476

rs2278420

Possibly
functional

0.599

Benign

Tolerated

Predicted to be deleterious
by SNPeffect predicted to
impact splicing regulation
by ESEfindet and
ESRSearch predicted to
impact post translation by
OGPET

rs3764538

Probably
functional

0.623

N/A

N/A

Predicted to impact splicing
regulation by ESRSearth
PESX and RESCUE_EXE

rs4986771

Functional

0.906

Benign

Predicted to be deleterious
by SNPeffect; predicted to
impact splicing regulation
by ESEfindet, ESRSearch
PESX and RESCUE_EXE
predicted to impact post

Toleratedtranslation by OGPET

rs2278415

Functional

0.902

Possibly
damaging

Damaging

Predicted to be deleterious
by PolyPhefy SIFT,
SNPeffect, and SNPs3H;
predicted to impact splicing
regulation by ESEfindéy
ESRSearch PESX and
RESCUE_EXE

rs11879758

Possibly
functional

0.5

N/A

N/A

Predicted to impact
transcriptional regulation by
TFSearch'; No previously
reported literature results.

rs2278417

Not
functional

N/A

N/A
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Predicted to impact
transcriptional regulation by
TFSearch’; 1845 C>T
variant previously studied in
a 2004 kin-cohort study of
familial breast cancer risk.
Among 2,430 female first-
degree relatives of women
with a history of breast
cancer, 190 cases of breast
cancer arose. The 1845 C>T
variant was associated with
an increased risk for breast
cancer up to age 50 in this
cohort (OR=2.2,
Possibly 95%CI1=0.5-4.3).
rs4986770 functional 0.5 N/A N/A PMID=15113441

Predicted to impact splicing
regulation by ESEfindér

ESRSearchand
RESCUE_EXE no
Possibly previously reported
rs4988334 functional 0.365 N/A N/A literature results.

Predicted to impact
transcriptional regulation by
Possibly TFSearch; No previously
rs8102072 functional 0.5 N/A N/A reported literature results.

1 F-SNP database and algorithms are the work éfHPliee and Hagit Shatkay of Queen's Universig database provides information about
the functional effects of SNPs by integrating restrom 16 bioinformatics tools and databases. Sht€®valuated on the basis of four integral
functions: protein coding, splicing regulation nsariptional regulation and post-translation. Sifes receive an FS Score which ranges from
0-1, with scores above 0.5 indicating high prolighdf functionality. A detailed explanation of hawe algorithm scores SNPs can be found at
http://compbio.cs.queensu.ca/F-SNP/

2 PolyPhen is a website and method for predictiNg Sariant impact on protein structure and functiemeloped by Ramensky V., Bork P., and
Sunyaev S. and described in Human non-synonymo&s S$¢rver and survey. Nucleic Acids Res. (20020 303894-900 (PMID: 12202775)

3 SIFT predicts whether an amino acid substitusiffects protein function and is based on the caagien of amino acid residues in the
genome. SIFT was developed by Ng, P. and Henikofind described in Predicting deleterious amai substitutions. Genome Research,
(2001) 11, 863-874. The SIFT database can be ateas$ittp://blocks.there.org/sift/'SIFT.html

4 SNPeffect predicts deleterious missense SNPg ns@thods described by Reumers, J., Schymkowijteedkinghoff-Borg, J., Stricher, F.,
Serrano, L., and Rousseau, F. in SNPeffect: ddatamapping molecular phenotypic effects of huntamsynonymous coding SNPs. Nucleic
Acid Research, (2005) 33 (Database issue), D527-582 SNPeffect database can be accessed atdmyeffect.switchlab.org/index.php

5 ESEfinder identifies exonic splice sites usinghuods described by Cartegni, L., Wang, J., ZhuZ#ang, M. Q., and Krainer, A. R. in
ESEfinder: A web resource to identify exonic spiggenhancers. Nucleic Acids Research, (2003),3318668-3571. The ESEfinder database
can be accessed at http://rulai.cshl.edu/cgi-torstB SE3/esefinder.cgi

6 ESRSearch identifies exonic splice sites usinthotis described by Fairbrother, W. G., Yeh, RSRarp, P. A., and Burge, C. B. in Predictive
identification of exonic splicing enhancers in hunggenes.. Science, (2002), 297, 1007-1013. The E&RISdatabase can be accessed at
http://www.tau.ac.il/lifesci/

7 OGPET identifies O-glycosylation sites, which associated with post-translational functionalibjethods employed by OGPET are
described by Gerken, T., Tep, C., and Rarick, Jhia role of peptide sequence and neighboringuesiflycosylation on the substrate specificity
of the uridine 5 diphosphate-alpha-n-acetylgalantiae:polypeptide n-acetylgalactosaminyl transtesds and t2: kinetic modeling of the
porcine and canine submaxillary gland mucin tandgpeats. (2004) Biochemistry, 43, 9888—9900. OBET database may be accessed at
http://ogpet.utep.edu/main.php

8 PESX identifies exonic splice sites using methaeiscribed by Zhang et al. in Exon inclusion isefefent on predictable exonic splicing
enhancers. Molecular and Cellular Biology, (20@%)16), 7323—7332. The PESX database may be adcasse
http://cubweb.biology.columbia.edu/pesx/

9 RESCUE_EXE identifies exonic splice sites usireghmds described by Yeo, G. and Burge, C. B. inatfan in sequence and organization of
splicing regulatory elements in vertebrate geneshé Proceeding of Proc. Natl. Acad. Sci., (2004)1(44), 15700-15705. 5. The
RESCUE_EXE database can be accessed at http://getnedu/burgelab/rescue-ese/
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10 SNPs3D predicts deleterious missense mutatising methods described by Yue, P., Melamud, E. Mowlt, J. in SNPs3D: candidate gene
and SNP selection for association studies. BMCrBaomatics, (2006), 7, 166. The SNPs3D databaséeaccessed at
http://www.snps3d.org/modules.php?name=SNPtargets

11 TFSearch identifies transcription factor bindéitgs using methods described by Akiyama, Y. iISERRCH: Searching Transcription Factor
Binding Sites (1998). The TFSearch database cacdessed at http://www.cbrc.jp/research/db/TFSEARGH

12 The MARIE-GENICA Consortium on Genetic Suscadfitiofor Menopausal Hormone Therapy Related Brézatcer Risk Polymorphisms
in the BRCA1 and ABCB1 genes modulate menopausahtiee therapy associated breast cancer risk im@o&tpausal women, Breast Cancer
Res Treat (2010) 120:727-736
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Table 2.12 Assessment of potential functionalitgiofyle nucleotide polymorphisms (SNPs) on candidat
geneBARD1genotyped in the CBCS

FS Polyphen SIFT

SNP Status Scoré  predictiorf predictiod  Description
Predicted to impact
Probably not transcriptional regulation by
rs10932568 functional 0.268 N/A N/A TFSearch.
Predicted to impact
Probably not transcriptional regulation by
rs10221582 functional 0.268 N/A N/A TFSearch'.
Predicted to impact
Probably not transcriptional regulation by
rs10932573 functional 0.268 N/A N/A TFSearch'.
rs12474696 Not functional 0 NA N/A
Predicted to impact
Probably not transcriptional regulation by
rs12477063 functional 0.242 N/A N/A TFSearch'.
Predicted to impact
Probably not transcriptional regulation by
rs1542173 functional 0.242 N/A N/A TFSearch'.
Probably not
rs16852761 functional 0.109 N/A N/A
Predicted to impact
Probably not transcriptional regulation by
rs16852798 functional 0.176 N/A N/A TFSearch.
Predicted to impact
Probably not transcriptional regulation by
rs16852799 functional 0.176 N/A N/A TFSearch'.
Predicted to impact
Probably not transcriptional regulation by
rs17487827 functional 0.176 N/A N/A TFSearch'.
Probably not
rs1979028 functional 0.144 N/A N/A
Predicted to impact
Probably not transcriptional regulation by
rs2075622 functional 0.242 N/A N/A TFSearch.
Predicted to impact
Probably not transcriptional regulation by
rs2888294 functional 0.217 N/A N/A TFSearch'.
Predicted to impact
Probably not transcriptional regulation by
rs3768707 functional 0.242 N/A N/A TFSearch'.
Predicted to impact
Probably not transcriptional regulation by
rs3768708 functional 0.242 N/A N/A TFSearch'.
Predicted to impact
Probably not transcriptional regulation by
rs3820727 functional 0.242 N/A N/A TFSearch.
Probably not
rs4672729 functional 0.109 N/A N/A
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rs6706777

Probably not

functional 0.242 N/A

N/A

Predicted to impact
transcriptional regulation by
TFSearch.

rs6712055

Probably not

functional 0.176 N/A

N/A

Predicted to impact
transcriptional regulation by
TFSearch; common variation
in BARD1was studied in a
case-control GWAS of high
risk neuroblastoma (397 cases,
2,043 controls). rs6712055
was associated with an
increased odds of
neuroblastoma (O&=1.56,
95%CI=1.37-1.78)
PMID=19412175.

rs6749828

Not functional 0 N/A

N/A

rs6751923

Probably not

functional 0.268 N/A

N/A

Predicted to impact
transcriptional regulation by
TFSearch'.

rs6753417

Probably not

functional 0.208 N/A

N/A

Predicted to impact
transcriptional regulation by
TFSearch'.

rs6756902

Not functional 0 N/A

N/A

rs7557557

Probably not

functional 0.268 N/A

N/A

Predicted to impact
transcriptional regulation by
TFSearch'.

rs7566806

Probably not

functional 0.208 N/A

N/A

Predicted to impact
transcriptional regulation by
TFSearch'.

rs7585356

Probably not

functional 0.242 N/A

N/A

Predicted to impact
transcriptional regulation by
TFSearch'; common variation
in BARD1was studied in a
case-control GWAS of high
risk neuroblastoma (397 cases,
2,043 controls). rs7585356
was associated with a
decreased odds of
neuroblastoma (OR,=0.36,
95%CI=0.22-0.58)
PMID=19412175.

rs1048108

Probably
0.774damaging

Functional

Tolerated

Predicted to be deleterious by
PolyPhef; predicted to impact
splicing regulation by
ESEfinder; predicted to
impact post-translation by
OGPET. rs1048108 has been
studied in relation to cervical
cancer in Chinese women.
PMID=19482343.
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Predicted to be deleterious by
PolypPhef SIFT’, SNPeffect
and SNPs31; predicted to
impact splicing regulation by
ESEfinder, ESRSearchand
Probably Possibly PESX. No significant
rs3738888 functional 0.69 damaging Damaging literature results reported.

Predicted to impact splicing
regulation by ESEfindér
ESRSearchand PESX
predicted to impact post-
translation by OGPET
rs28997576 has been
previously associated with risk
of schizophrenia in a 3-cohort
meta-analysis (RR=1.655,
Possibly 95%CI=1.095-2.502)
rs28997576 functional 0.33 Benign N/A PMID=19435634.

Predicted to be deleterious by
SIFT® and SNPs3H;
predicted to impact splicing
regulation by ESEfindér
ESRSearchand
RESCUE_EXE, predicted to
impact post-translation by
Probably OGPET. No significant
rs2229571 functional 0.649 Benign Damaging literature results reported.

1 F-SNP database and algorithms are the work dfHPhiee and Hagit Shatkay of Queen's Universttg database provides information about
the functional effects of SNPs by integrating restrom 16 bioinformatics tools and databases. Sht€®valuated on the basis of four integral
functions: protein coding, splicing regulation nsariptional regulation and post-translation. SKfs receive an FS Score which ranges from
0-1, with scores above 0.5 indicating high prolighdf functionality. A detailed explanation of hawe algorithm scores SNPs can be found at
http://compbio.cs.queensu.ca/F-SNP/

2 PolyPhen is a website and method for predictiNg 8ariant impact on protein structure and functiemeloped by Ramensky V., Bork P., and
Sunyaev S. and described in Human non-synonymo&s S$¢rver and survey. Nucleic Acids Res. (20020 303894-900 (PMID: 12202775)

3 SIFT predicts whether an amino acid substitusiffects protein function and is based on the caagien of amino acid residues in the
genome. SIFT was developed by Ng, P. and Heniof§nd described in Predicting deleterious amani substitutions. Genome Research,
(2001) 11, 863-874. The SIFT database can be amtasittp://blocks.fherc.org/sift/SIFT.html

4 SNPeffect predicts deleterious missense SNPg ns@thods described by Reumers, J., Schymkowijteedkinghoff-Borg, J., Stricher, F.,
Serrano, L., and Rousseau, F. in SNPeffect: ddatamapping molecular phenotypic effects of hunmamsynonymous coding SNPs. Nucleic
Acid Research, (2005) 33 (Database issue), D527-582 SNPeffect database can be accessed atdmpeffect.switchlab.org/index.php

5 ESEfinder identifies exonic splice sites usinghmds described by Cartegni, L., Wang, J., ZhuZBang, M. Q., and Krainer, A. R. in
ESEfinder: A web resource to identify exonic splgcenhancers. Nucleic Acids Research, (2003),3318668-3571. The ESEfinder database
can be accessed at http://rulai.cshl.edu/cgi-toistB SE3/esefinder.cgi

6 ESRSearch identifies exonic splice sites usinthous described by Fairbrother, W. G., Yeh, RSRarp, P. A., and Burge, C. B. in Predictive
identification of exonic splicing enhancers in humggenes.. Science, (2002), 297, 1007-1013. The E&RI$database can be accessed at
http:/iwww.tau.ac.il/lifesci/

7 OGPET identifies O-glycosylation sites, which associated with post-translational functionalilftethods employed by OGPET are
described by Gerken, T., Tep, C., and Rarick, Jhia role of peptide sequence and neighboringuesitlycosylation on the substrate specificity
of the uridine 5 diphosphate-alpha-n-acetylgalaatuse:polypeptide n-acetylgalactosaminyl transfesas and t2: kinetic modeling of the
porcine and canine submaxillary gland mucin tandepeats. (2004) Biochemistry, 43, 9888-9900. OB ET database may be accessed at
http://ogpet.utep.edu/main.php

8 PESX identifies exonic splice sites using methietcribed by Zhang et al. in Exon inclusion isedefent on predictable exonic splicing
enhancers. Molecular and Cellular Biology, (20@5)16), 7323—7332. The PESX database may be adcatsse
http://cubweb.biology.columbia.edu/pesx/

9 RESCUE_EXE identifies exonic splice sites usirgghmds described by Yeo, G. and Burge, C. B. inadan in sequence and organization of
splicing regulatory elements in vertebrate geneshé Proceeding of Proc. Natl. Acad. Sci., (2004)1(44), 15700-15705. 5. The
RESCUE_EXE database can be accessed at http://getnedu/burgelab/rescue-ese/
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10 SNPs3D predicts deleterious missense mutatising methods described by Yue, P., Melamud, E. Mowlt, J. in SNPs3D: candidate gene
and SNP selection for association studies. BMCrBaomatics, (2006), 7, 166. The SNPs3D databaséeaccessed at
http://www.snps3d.org/modules.php?name=SNPtargets

11 TFSearch identifies transcription factor bindéitgs using methods described by Akiyama, Y. iISERRCH: Searching Transcription Factor
Binding Sites (1998). The TFSearch database cacdessed at http://www.cbrc.jp/research/db/TFSEARGH

12 The MARIE-GENICA Consortium on Genetic Suscefitipfor Menopausal Hormone Therapy Related Br&ancer Risk Polymorphisms
in the BRCA1 and ABCB1 genes modulate menopausahtioe therapy associated breast cancer risk imeostpausal women, Breast Cancer
Res Treat (2010) 120:727-736
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Table 2.13 Assessment of potential functionalitgiofyle nucleotide polymorphisms (SNPs) on candidat
geneBRCAlgenotyped in the CBCS

FS Polyphen SIFT
SNP Status Scoré predictiorf predictiod  Description

Predicted to be deleterious by
SNPs3D", predicted to impact
splicing regulation by
Probably ESEfinder, ESRSearchand
rs4986850 functional 0.684 Benign Tolerated RESCUE_EXE

Predicted to be deleterious by
PolyPhef, SIFT?, and
SNPs3B° predicted to impact
splicing regulation by
Possibly ESEfinder, ESRSearch PESX
rs1799950 Functional 0.892amaging Damaging and RESCUE_EXE

Predicted to be deleterious by
SIFT®, SNPeffectand
SNPs3D", predicted to impact
splicing regulation by
Possibly ESEfinder, ESRSearch PESX
rs16941 Functional 0.945damaging Damaging and RESCUE_EXE

Predicted to be deleterious by

SNPeffect and SNPs3H:;

predicted to impact splicing

regulation by ESEfindéy

ESRSearch PESX and
rs16942  Functional 0.934 Benign ToleratedRESCUE_EXE'

Predicted to be deleterious by
SIFT®, SNPeffectand
SNPs3B° predicted to impact
splicing regulation by ESEfinder
and ESRSearéhpredicted to
impact post-translation by
OGPET. A 2007 case control
study of functional variants on
BRCAIfound rs1799966 to be
associated with a first primary
breast tumor (OR=1.17,
95%CI=1.00-1.36) in cases with
more than one occurrence of
primary breast cancer.
PMID=17341484. A 2008
pathway analysis of SNPs
associated with Glioblastoma
Multiforme susceptibility found
a statistically significant
interaction between rs1799966
and rs1047840HX0OY)
Possibly (OR=0.06, 95%CI=0.01-0.41,
rs1799966 functional 0.5 Benign Damaging P(int)=0.01) PMID=18559551.
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Predicted to be deleterious by
SIFT®, SNPeffectand
SNPs3D", predicted to impact
splicing regulation by
ESEfinder, ESRSearchand
PESX. Per the above referenced
Globlastoma Multiforme study,
rs799917 is in linkage
disequilibrium with rs1799966.
rs799917 is also in near complete
linkage disequilibrium with rs
16942 (D' = 0.97;r= 0.932 A
2009 case control study of
BRCALlinteracting genes in
Chinese women with breast
cancer found a statistically
significant interaction between
rs799917 and rs4986773
(ZNF350 (OR=2.03, 95%Cl=
Possibly 1.02-4.05, P(int)=0.059)
rs799917 functional 0.518 Benign Damaging PMID=19484476.

Predicted to be deleterious by
SNPeffect and SNPs3;
predicted to impact splicing
regulation by ESEfindér
ESRSearchand PESX:
Possibly predicted to impact post-
rs4986852 functional 0.576 Benign N/A translation by OGPET

Predicted to impact
transcriptional regulation by
TFSearch. Was associated with
breast cancer in a 2011 case-
control study of Han Chinese

Probably not women. (dominant model OR =
rs3737559 functional 0.208 N/A N/A 1.35,95% Cl =1.11-1.64)
Predicted to impact
Probably not transcriptional regulation by
rs799923 functional 0.176 N/A N/A TFSearch.

1 F-SNP database and algorithms are the work ¢HRhiee and Hagit Shatkay of Queen's Universttg database provides information about
the functional effects of SNPs by integrating restrom 16 bioinformatics tools and databases. Sht€®valuated on the basis of four integral
functions: protein coding, splicing regulation nsariptional regulation and post-translation. Sifes receive an FS Score which ranges from
0-1, with scores above 0.5 indicating high probbdf functionality. A detailed explanation of hawe algorithm scores SNPs can be found at
http://compbio.cs.queensu.ca/F-SNP/

2 PolyPhen is a website and method for predictiNg Sariant impact on protein structure and functiemeloped by Ramensky V., Bork P., and
Sunyaev S. and described in Human non-synonymo&s S$¢rver and survey. Nucleic Acids Res. (20020 303894-900 (PMID: 12202775)

3 SIFT predicts whether an amino acid substitugifiects protein function and is based on the cefasien of amino acid residues in the
genome. SIFT was developed by Ng, P. and Henilof§nd described in Predicting deleterious amani substitutions. Genome Research,
(2001) 11, 863-874. The SIFT database can be amtas$ittp://blocks.fherc.org/sift/SIFT.html

4 SNPeffect predicts deleterious missense SNPg usathods described by Reumers, J., Schymkowjteedkinghoff-Borg, J., Stricher, F.,
Serrano, L., and Rousseau, F. in SNPeffect: ddatamapping molecular phenotypic effects of hunmamsynonymous coding SNPs. Nucleic
Acid Research, (2005) 33 (Database issue), D527-582 SNPeffect database can be accessed atdmpeffect.switchlab.org/index.php

5 ESEfinder identifies exonic splice sites usinghmds described by Cartegni, L., Wang, J., ZhuZBang, M. Q., and Krainer, A. R. in
ESEfinder: A web resource to identify exonic splgcenhancers. Nucleic Acids Research, (2003),3318668-3571. The ESEfinder database
can be accessed at http://rulai.cshl.edu/cgi-torstB SE3/esefinder.cgi
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6 ESRSearch identifies exonic splice sites usinthous described by Fairbrother, W. G., Yeh, RSRarp, P. A., and Burge, C. B. in Predictive
identification of exonic splicing enhancers in humggenes.. Science, (2002), 297, 1007-1013. The E&RI$database can be accessed at
http:/iwww.tau.ac.il/lifesci/

7 OGPET identifies O-glycosylation sites, which associated with post-translational functionalilftethods employed by OGPET are
described by Gerken, T., Tep, C., and Rarick, Jhia role of peptide sequence and neighboringuesitlycosylation on the substrate specificity
of the uridine 5 diphosphate-alpha-n-acetylgalaatuse:polypeptide n-acetylgalactosaminyl transfesas and t2: kinetic modeling of the
porcine and canine submaxillary gland mucin tandepeats. (2004) Biochemistry, 43, 9888-9900. OB ET database may be accessed at
http://ogpet.utep.edu/main.php

8 PESX identifies exonic splice sites using methiecribed by Zhang et al. in Exon inclusion isedefent on predictable exonic splicing
enhancers. Molecular and Cellular Biology, (20@5)16), 7323—7332. The PESX database may be adcatsse
http://cubweb.biology.columbia.edu/pesx/

9 RESCUE_EXE identifies exonic splice sites usirgghmds described by Yeo, G. and Burge, C. B. inadan in sequence and organization of
splicing regulatory elements in vertebrate geneshé Proceeding of Proc. Natl. Acad. Sci., (2004)1(44), 15700-15705. 5. The
RESCUE_EXE database can be accessed at http://getnedu/burgelab/rescue-ese/

10 SNPs3D predicts deleterious missense mutatiging methods described by Yue, P., Melamud, E. Modlt, J. in SNPs3D: candidate gene
and SNP selection for association studies. BMCrBaomatics, (2006), 7, 166. The SNPs3D databaséeaccessed at
http://www.snps3d.org/modules.php?name=SNPtargets

11 TFSearch identifies transcription factor bindsitgs using methods described by Akiyama, Y. iSEARCH: Searching Transcription Factor
Binding Sites (1998). The TFSearch database catdessed at http://www.cbrc.jp/research/db/TFSEARGH

12 The MARIE-GENICA Consortium on Genetic Suscadfitiofor Menopausal Hormone Therapy Related Brézatcer Risk Polymorphisms
in the BRCA1 and ABCB1 genes modulate menopausahtiee therapy associated breast cancer risk im@o&tpausal women, Breast Cancer
Res Treat (2010) 120:727-736
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Table 2.14 Assessment of potential functionalitgiofyle nucleotide polymorphisms (SNPs) on candidat
geneBRIP1genotyped in the CBCS

FS Polyphen SIFT

SNP Status Scoré predictiorf predictiod  Description
Predicted to deleterious by
SNPeffect predicted to
impact splicing regulation by
ESEfinder, ESRSearchand
Possibly PESX: predicted to impact
rs4986764 functional 0.58 Benign Tolerated  post-translation by OGPET
Predicted to impact
Probably not transcriptional regulation by
rs7213430 functional 0.208 N/A N/A TFSearch'.
Predicted to be deleterious by
SNPs3B° predicted to impact
splicing regulation by
Possibly ESEfinder, ESRSearchand
rs4988350 functional 0.557 Benign N/A PESX.
Predicted to impact splicing
Probably not regulation by ESRSearthnd
rs4988346 functional 0.237 Benign N/A PESX.
Predicted to impact
Probably not transcriptional regulation by
rs4988351 functional 0.176 N/A N/A TFSearch.
Predicted to impact
Probably not transcriptional regulation by
rs2048718 functional 0.208 N/A N/A TFSearch'.
Predicted to impact
Probably not transcriptional regulation by
rs1978111 functional 0.176 N/A N/A TFSearch'.

1 F-SNP database and algorithms are the work ¢HRhiee and Hagit Shatkay of Queen's Universitg database provides information about
the functional effects of SNPs by integrating restrom 16 bioinformatics tools and databases. Sit€®valuated on the basis of four integral
functions: protein coding, splicing regulation rsariptional regulation and post-translation. Skfes receive an FS Score which ranges from
0-1, with scores above 0.5 indicating high probbdf functionality. A detailed explanation of hawe algorithm scores SNPs can be found at
http://compbio.cs.queensu.ca/F-SNP/

2 PolyPhen is a website and method for predictiNg 8ariant impact on protein structure and functiemeloped by Ramensky V., Bork P., and
Sunyaev S. and described in Human non-synonymo&sS$¢rver and survey. Nucleic Acids Res. (20020 303894-900 (PMID: 12202775)

3 SIFT predicts whether an amino acid substitugifiects protein function and is based on the cefasien of amino acid residues in the
genome. SIFT was developed by Ng, P. and Henikofind described in Predicting deleterious amai substitutions. Genome Research,
(2001) 11, 863-874. The SIFT database can be axteas$ittp://blocks.there.org/sift/'SIFT.html

4 SNPeffect predicts deleterious missense SNPg usathods described by Reumers, J., Schymkowjteedkinghoff-Borg, J., Stricher, F.,
Serrano, L., and Rousseau, F. in SNPeffect: datamapping molecular phenotypic effects of hunmamsynonymous coding SNPs. Nucleic
Acid Research, (2005) 33 (Database issue), D527-582 SNPeffect database can be accessed atdmpeffect.switchlab.org/index.php

5 ESEfinder identifies exonic splice sites usinghmds described by Cartegni, L., Wang, J., ZhuZBang, M. Q., and Krainer, A. R. in
ESEfinder: A web resource to identify exonic splgcenhancers. Nucleic Acids Research, (2003),3318668-3571. The ESEfinder database
can be accessed at http://rulai.cshl.edu/cgi-torstB SE3/esefinder.cgi

6 ESRSearch identifies exonic splice sites usinthous described by Fairbrother, W. G., Yeh, RSRarp, P. A., and Burge, C. B. in Predictive
identification of exonic splicing enhancers in humggenes.. Science, (2002), 297, 1007-1013. The E&RI$database can be accessed at
http://lwww.tau.ac.il/lifesci/

7 OGPET identifies O-glycosylation sites, which associated with post-translational functionalilftethods employed by OGPET are
described by Gerken, T., Tep, C., and Rarick, Jhia role of peptide sequence and neighboringuesitlycosylation on the substrate specificity
of the uridine 5 diphosphate-alpha-n-acetylgalantiae:polypeptide n-acetylgalactosaminyl transtesdas and t2: kinetic modeling of the
porcine and canine submaxillary gland mucin tandepeats. (2004) Biochemistry, 43, 9888-9900. OB ET database may be accessed at
http://ogpet.utep.edu/main.php
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8 PESX identifies exonic splice sites using methaeiscribed by Zhang et al. in Exon inclusion iseefent on predictable exonic splicing
enhancers. Molecular and Cellular Biology, (20@%)16), 7323—7332. The PESX database may be adcasse
http://cubweb.biology.columbia.edu/pesx/

9 RESCUE_EXE identifies exonic splice sites usireghmds described by Yeo, G. and Burge, C. B. inatfan in sequence and organization of
splicing regulatory elements in vertebrate geneshé Proceeding of Proc. Natl. Acad. Sci., (2004)1(44), 15700-15705. 5. The
RESCUE_EXE database can be accessed at http://getnedu/burgelab/rescue-ese/

10 SNPs3D predicts deleterious missense mutatsing methods described by Yue, P., Melamud, E. Mowlt, J. in SNPs3D: candidate gene
and SNP selection for association studies. BMCrBaomatics, (2006), 7, 166. The SNPs3D databaséeaccessed at
http://iwww.snps3d.org/modules.php?name=SNPtargets

11 TFSearch identifies transcription factor bindéitgs using methods described by Akiyama, Y. iISEARCH: Searching Transcription Factor
Binding Sites (1998). The TFSearch database cacdessed at http://www.cbrc.jp/research/db/TFSEARGH

12 The MARIE-GENICA Consortium on Genetic Suscefitipfor Menopausal Hormone Therapy Related Br&zancer Risk Polymorphisms
in the BRCA1 and ABCB1 genes modulate menopausahie therapy associated breast cancer risk imeostpausal women, Breast Cancer
Res Treat (2010) 120:727-736
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Table 2.15 Assessment of potential functionalitgiofyle nucleotide polymorphisms (SNPs) on candidat
geneAURKAgenotyped in the CBCS

FS Polyphen SIFT
SNP Status Scoré predictiorf predictiod  Description
Predicted to impact splicing
Probably not regulation by ESEfindéand
rs1047972 functional 0.273 Benign Tolerated ESRSearch
Predicted to impact splicing
regulation by ESEfindémand
ESRSearch predicted to
impact pos-translation by
Possibly OGPET. Not significantly
rs34987347 functional 0.5 N/A N/A researched in the literature.
rs1468056 Not functional ON/A N/A
Predicted to impact
Probably not transcriptional regulation by
rs16979826 functional 0.208 N/A N/A TFSearch.
Predicted to impact
Probably not transcriptional regulation by
rs16979829 functional 0.208 N/A N/A TFSearch'.
rs16979865 Not functional 0.05N/A N/A
Predicted to impact
Probably not transcriptional regulation by
rs2064863 functional 0.176 N/A N/A TFSearch.
rs2180691  Not functional 0.05N/A N/A
Probably not
rs2236207 functional 0.109 N/A N/A
Predicted to impact splicing
regulation by ESEfindér
ESRSearch PESX and
RESCUE_EXE Has been
Possibly associated with risk of breast
rs2273535 functional 0.5 Benign Tolerated cancer in several studies.
Predicted to impact
transcriptional regulation by
TFSearch'. Has been
associated with a decreased
odds of breast cancer in a case
control study oAURKAIN a
Han Chinese population
Probably not (OR=0.38, 95%CI=0.18-0.82)
rs2298016 functional 0.176 N/A N/A PMID= 21598251
rs6014711 Not functional 0.05N/A N/A
Predicted to impact
Probably not transcriptional regulation by
rs6014712 functional 0.208 N/A N/A TFSearch'.
Predicted to impact
Probably not transcriptional regulation by
rs6024840 functional 0.158 N/A N/A TFSearch'.
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Predicted to impact

Probably not transcriptional regulation by
rs6092309 functional 0.176 N/A N/A TFSearch.
Predicted to impact
Probably not transcriptional regulation by
rs6099120 functional 0.208 N/A N/A TFSearch'.
Predicted to impact
Probably not transcriptional regulation by
rs6099122 functional 0.158 N/A N/A TFSearch'.
Predicted to impact
Probably not transcriptional regulation by
rs6099126 functional 0.208 N/A N/A TFSearch'.
rs6099127  Not functional 0.05N/A N/A
rs6099128  Not functional 0.05N/A N/A
rs1468055 Not functional ON/A N/A
Predicted to impact
transcriptional regulation by
TFSearch'. Has been
associated with an increased
odds of breast cancer in a case
control study oAURKAIN a
Han Chinese population
Probably not (OR=1.54, 95%CI=1.18-2.00)
rs6024836 functional 0.208 N/A N/A PMID= 21598251
Predicted to be deleterious by
SIFT?, predicted to impact
Probably not splicing regulation by
rs33923703 functional 0.103 N/A Damaging ESRSearch
Predicted to impact
transcriptional regulation by
Possibly TFSearch. Ensembl-NS
rs6099119 functional 0.39 N/A N/A predicts frameshift coding.
Predicted to impact
Probably not transcriptional regulation by
rs911162  functional 0.176 N/A N/A TFSearch'.

1 F-SNP database and algorithms are the work df-Pliee and Hagit Shatkay of Queen's Univershy database provides information about
the functional effects of SNPs by integrating restrom 16 bioinformatics tools and databases. Sht€®valuated on the basis of four integral
functions: protein coding, splicing regulation rsariptional regulation and post-translation. Sifes receive an FS Score which ranges from
0-1, with scores above 0.5 indicating high probbdf functionality. A detailed explanation of hawe algorithm scores SNPs can be found at
http://compbio.cs.queensu.ca/F-SNP/

2 PolyPhen is a website and method for predictiNg 8ariant impact on protein structure and functiemeloped by Ramensky V., Bork P., and
Sunyaev S. and described in Human non-synonymo&s S$é¢rver and survey. Nucleic Acids Res. (20020 303894-900 (PMID: 12202775)

3 SIFT predicts whether an amino acid substitusiffects protein function and is based on the caagien of amino acid residues in the
genome. SIFT was developed by Ng, P. and Henilof§nd described in Predicting deleterious amani substitutions. Genome Research,
(2001) 11, 863-874. The SIFT database can be amtas$ittp://blocks.fherc.org/sift/SIFT.html

4 SNPeffect predicts deleterious missense SNPg ns@thods described by Reumers, J., Schymkowijteedkinghoff-Borg, J., Stricher, F.,
Serrano, L., and Rousseau, F. in SNPeffect: ddatamapping molecular phenotypic effects of hunmamsynonymous coding SNPs. Nucleic
Acid Research, (2005) 33 (Database issue), D527-582 SNPeffect database can be accessed atdmpeffect.switchlab.org/index.php

5 ESEfinder identifies exonic splice sites usinghuods described by Cartegni, L., Wang, J., ZhuZ#ang, M. Q., and Krainer, A. R. in
ESEfinder: A web resource to identify exonic splgcenhancers. Nucleic Acids Research, (2003),3318668-3571. The ESEfinder database
can be accessed at http://rulai.cshl.edu/cgi-torstB SE3/esefinder.cgi

6 ESRSearch identifies exonic splice sites usinthotis described by Fairbrother, W. G., Yeh, RSRarp, P. A., and Burge, C. B. in Predictive
identification of exonic splicing enhancers in humggenes.. Science, (2002), 297, 1007-1013. The E&RI$database can be accessed at
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http://www.tau.ac.il/lifesci/

7 OGPET identifies O-glycosylation sites, which associated with post-translational functionalifjethods employed by OGPET are
described by Gerken, T., Tep, C., and Rarick, Jhia role of peptide sequence and neighboringuesitlycosylation on the substrate specificity
of the uridine 5 diphosphate-alpha-n-acetylgalantiae:polypeptide n-acetylgalactosaminyl transtesds and t2: kinetic modeling of the
porcine and canine submaxillary gland mucin tandepeats. (2004) Biochemistry, 43, 9888-9900. OB ET database may be accessed at
http://ogpet.utep.edu/main.php

8 PESX identifies exonic splice sites using methaeiscribed by Zhang et al. in Exon inclusion iseefent on predictable exonic splicing
enhancers. Molecular and Cellular Biology, (20@%)16), 7323—7332. The PESX database may be adcasse
http://cubweb.biology.columbia.edu/pesx/

9 RESCUE_EXE identifies exonic splice sites usireghmds described by Yeo, G. and Burge, C. B. inatfan in sequence and organization of
splicing regulatory elements in vertebrate geneshé Proceeding of Proc. Natl. Acad. Sci., (2004)1(44), 15700-15705. 5. The
RESCUE_EXE database can be accessed at http://getnedu/burgelab/rescue-ese/

10 SNPs3D predicts deleterious missense mutatising methods described by Yue, P., Melamud, E. Mowlt, J. in SNPs3D: candidate gene
and SNP selection for association studies. BMCrBaomatics, (2006), 7, 166. The SNPs3D databaséeaccessed at
http://iwww.snps3d.org/modules.php?name=SNPtargets

11 TFSearch identifies transcription factor bindgitgs using methods described by Akiyama, Y. iSEARCH: Searching Transcription Factor
Binding Sites (1998). The TFSearch database catdessed at http://www.cbrc.jp/research/db/TFSEARGH

12 The MARIE-GENICA Consortium on Genetic Suscefitipfor Menopausal Hormone Therapy Related Br&zancer Risk Polymorphisms
in the BRCA1 and ABCB1 genes modulate menopausahtiee therapy associated breast cancer risk im@o&tpausal women, Breast Cancer
Res Treat (2010) 120:727-736
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Table 2.16Race-specific allele and genotype frequencieABRKA, BRCA1andBRCAL.interacting genes genotyped in CBCS patrticipantslied 1993-2001.

Allele Count and Frequen Genotype Count and Freque HWE®
Gene | doSNPrs| SNP | Race | Alele Cases Controls | Genotyps Cases Controls P-value
Count AF Count AF Count GF Coun GF
AURKA | rs1047972| GIA African G 1269 0.86 1121 0.85 GG 539 0.79 475 0.7 0.53
American| A 215 0.14 195 0.15 GA 191 0.26 171 0.26
AA 12 0.02 12 0.02
Caucasiah G 2022 0.84 1810 0.83 GG 838 0.7 757 0.70 0.28
A 386 0.16 368 0.17 GA 346 0.29 296 0.27
AA 20 0.02 36 0.03
rs34987341 C/T | African C 1477 1.00 1308 1.00 CC 735 0.99 651 0.9p 1.00
American T 7 0.00 6 0.00 CT 7 0.01 6 0.01
T 0 0.00 0 0.00
Caucasiap  C 2408 1.00 2178 1.00 CcC 1204 1.0 1089 1.0 --
T 0 0.00 0 0.00 CT 0 0.00 0 0.00
T 0 0.00 0 0.00
rs1468056 G/IC African G 526 0.35 453 0.34 GG 88 0.12 80 0.12 0.72
American C 958 0.65 863 0.66 GC 350 0.47 293 0.45
CC 304 0.41 285 0.43
Caucasiah G 1621 0.67 1494 0.69 GG 544 0.4 514 0.47 0.72
C 787 0.33 684 0.31 GC 533 0.44 464 0.48
CcC 127 0.11 110 0.10
rs1697982 T/C African T 1331 0.90 1180 0.90 T 596 0.80 528 0.80 0.53
American C 153 0.10 134 0.10 TC 139 0.19 124 0.1
CC 7 0.01 5 0.01
Caucasiap T 2404 1.00 2175 1.00 1T 1200 1.00 1086 1.0p 1.00
C 4 0.00 3 0.00 TC 4 0.00 3 0.00
CC 0 0.00 0 0.00
rs16979829 TIG African T 1236 0.83 1096 0.83 1T 515 0.69 451 0.69 0.15
American G 248 0.17 220 0.17 TG 206 0.28 194 0.29
GG 21 0.03 13 0.02
Caucasiap T 2325 0.97 2112 0.97 T 1123 0.93 1025 0.94 0.26
G 83 0.03 66 0.03 TG 79 0.07 62 0.06
GG 2 0.00 2 0.00
rs16979864 AlC African A 1351 0.91 1182 0.90 AA 612 0.82 531 0.81 1.00
American C 133 0.09 132 0.10 AC 127 0.17 120 0.1
CC 3 0.00 6 0.01
Caucasiap A 2222 0.92 2027 0.93 AA 1031 0.86 941 0.86 0.47
C 184 0.08 151 0.07 AC 160 0.13 145 0.1
CC 12 0.01 3 0.00
rs2180691 GIA African G 359 0.24 304 0.23 GG 42 0.06 37 0.06 0.67
American| A 1121 0.76 1008 0.77 GA 275 0.37 230 0.3%
AA 423 0.57 389 0.59
Caucasiah G 1743 0.72 1594 0.73 GG 641 0.5 590 0.54 0.31
A 663 0.28 584 0.27 GA 461 0.38 414 0.34
AA 101 0.08 85 0.08
rs2273535 AT African A 1242 0.84 1113 0.85 AA 517 0.70 477 0.72 0.07
American T 240 0.16 203 0.15 AT 208 0.28 159 0.24
T 16 0.02 22 0.03
Caucasiap A 1889 0.78 1701 0.78 AA 740 0.61 673 0.6 0.13
T 519 0.22 477 0.22 AT 409 0.34 355 0.33
T 55 0.05 61 0.06
rs2298016 GIC African G 1129 0.76 1011 0.77 GG 433 0.54 393 0.6p 0.31
American C 355 0.24 305 0.23 GC 263 0.35 225 0.34
CC 46 0.06 40 0.06
Caucasiah G 1873 0.78 1693 0.78 GG 729 0.61 664 0.6 0.22
C 535 0.22 485 0.22 GC 415 0.34 363 0.38
CcC 60 0.05 61 0.06
rs6014711 GIA African G 1270 0.86 1121 0.85 GG 540 0.79 475 0.7 0.53
American| A 214 0.14 195 0.15 GA 190 0.26 171 0.26
AA 12 0.02 12 0.02
Caucasiap G 2021 0.84 1806 0.83 GG 838 0.7( 753 0.6 0.39
A 387 0.16 372 0.17 GA 345 0.29 300 0.28
AA 21 0.02 36 0.03
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Table 2.16 (cont.)Race-specific alele and genotype frequencief\6dRKA, BRCA1andBRCALinteracting genegenotyped in CBCS participants enrolled 1
2001.

Allele Count and Frequen Genotype Count and Freque HWE®
Gene | dbSNPrg  SNP Racs Allelp Cases Controls | Genotyps Cases Controls | P-value
Count AF Count AF Count GF Coun GF
AURKA | rs6014712 CIG African| C 1484 1.00 1316 1.00 cC 742 1.0 654 1.0p -
American| G 0 0.00 0 0.00 CG 0 0.00 0 0.00
GG 0 0.00 0 0.00
Caucasiah _ C 2408 1.00 2178 1.00 cC 1204 1.04 1089 1.00 --
G 0 0.00 0 0.00 CG 0 0.00 0 0.00
GG 0 0.00 0 0.00
rs6024840,  AIG African A 741 0.50 628 0.48 AA 183 0.25 143 0.22 0.31
American| G 743 0.50 688 0.52 AG 375 0.51 342 0.53
GG 184 0.25 173 0.26
Caucasiap A 1808 0.75 1648 0.76 AA 684 0.57 628 0.5§ 0.45
G 600 0.25 530 0.24 AG 440 0.37 392 0.3
GG 80 0.07 69 0.06
rs6092309 G/A African G 1340 0.90 1141 0.87 GG 605 0.87 494 0.76 1.00
American|__A 144 0.10 175 0.13 GA 130 0.18 153 0.23
AA 7 0.01 11 0.02
Caucasiah G 2403 1.00 2174 1.00 GG 1199 1.04 1085 1.00 1.00
A 5 0.00 4 0.00 GA 5 0.00 4 0.00
AA 0 0.00 0 0.00
rs6099120 (o2} African C 1484 1.00 1316 1.00 cC 742 1.04 654 1.0p -
American| T 0 0.00 0 0.00 CT 0 0.00 0 0.00
T 0 0.00 0 0.00
Caucasiap__ C 2408 1.00 2178 1.00 cC 1204 1.04 1089 1.00 --
T 0 0.00 0 0.00 CT 0 0.00 0 0.00
T 0 0.00 0 0.00
rs6099122 TIG African T 1038 0.70 891 0.68 T 368 0.50] 302 0.46 0.93
American| G 446 0.30 425 0.32 TG 302 0.41 287 0.44
GG 72 0.10 69 0.10
Caucasiah T 2344 0.97 2130 0.98 T 1142 0.95 1041 0.96 1.00
G 64 0.03 48 0.02 TG 60 0.05 48 0.04
GG 2 0.00 0 0.00
rs6099126 (o7a) African C 902 0.61 779 0.59 CcC 280 0.38 235 0.36 0.46
American| T 582 0.39 537 0.41 CT 342 0.46 309 0.41
T 120 0.16 114 0.17
Caucasiap__ C 2340 0.97 2124 0.98 cC 1137 0.94 1035 0.95 1.00
T 68 0.03 54 0.02 CT 66 0.05 54 0.05
T 1 0.00 0 0.00
rs6099128 TIG African T 1248 0.84 1079 0.82 1T 523 0.70 442, 0.67 1.00
American| G 236 0.16 237 0.18 TG 202 0.27, 195 0.30
GG 17 0.02 21 0.03 |
Caucasiah T 2174 0.90 1942 0.89 T 989 0.82 871 0.8) 0.12
G 232 0.10 236 0.11 TG 196 0.16 200 0.1
GG 18 0.01 18 0.02
rs1468055 CIA African C 1428 0.96 1260 0.96 cC 687 0.93 607 0.91 0.62
American| A 56 0.04 56 0.04 CA 54 0.07 56 0.09
AA 1 0.00 0 0.00
Caucasiap__ C 1885 0.78 1714 0.79 CcC 730 0.61 674 0.6 1.00
A 523 0.22 464 0.21 CA 425 0.35 366 0.34
AA 49 0.04 49 0.04
rs6024836 GIA African G 493 0.33 437 0.33 GG 80 0.11 68 0.10 0.48
American|__A 991 0.67 879 0.67 GA 333 0.45 301 0.44
AA 329 0.44 289 0.44
Caucasiah G 1783 0.74 1620 0.74 GG 660 0.5 611 0.5 0.18
A 625 0.26 558 0.26 GA 463 0.38 398 0.37
AA 81 0.07 80 0.07
rs2064863| A/C African C 321 0.22 255 0.19 cC 27 0.04] 23 0.03 0.80
American| A 1163 0.78 1061 0.81 CA 267 0.36] 209 0.33
AA 448 0.60 426 0.65
Caucasiah _ C 1418 0.59 1272 0.58 cC 419 0.34 374 0.36 0.56
A 988 0.41 906 0.42 CA 580 0.48 520 0.48
AA 204 0.17 193 0.18
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Table 2.16 (cont.)Race-specific alele and genotype frequencief\tdRKA, BRCA1andBRCALinteracting genegenotyped in CBCS participants enrolled 1
2001.

Allele Count and Frequen Genotype Count and Freque HWE®
Gene | dbSNPrg  SNP Racs Allelp Cases Controls | Genotyps Cases Controls | P-value
Count AF Count AF Count GF Coun GF
AURKA | rs6099119 A/G | African A 1408 0.95 1255 0.96 AA 668 0.90 599 0.91 0.63
American G 72 0.05 57 0.04 AG 72 0.10 57 0.09
GG 0 0.00 0 0.00
Caucasiap A 2388 1.00 2158 1.00 AA 1193 1.00 107§ 1.00 1.00
G 2 0.00 2 0.00 AG 2 0.00 2 0.00
GG 0 0.00 0 0.00
rs911162 GIA African G 1409 0.96 1258 0.96 GG 673 0.91 606 0.98 0.24
American| A 65 0.04 50 0.04 GA 63 0.09 46 0.07
AA 1 0.00 2 0.00
Caucasiap G 2373 0.99 2148 0.99 GG 1174 0.99 10656 0.98 1.00
A 17 0.01 18 0.01 GA 17 0.01 18 0.02
AA 0 0.00 0 0.00
rs2236207 GIA African G 1105 0.74 962 0.73 GG 407 0.5 339 0.5 0.01
American| A 379 0.26 354 0.27 GA 291 0.39 284 0.43
AA 44 0.06 35 0.05
Caucasiah G 2376 0.99 2150 0.99 GG 1174 0.91 10611 0.97 1.00
A 32 0.01 28 0.01 GA 32 0.03 28 0.03
AA 0 0.00 0 0.00
rs6099127 CIT African C 736 0.50 629 0.48 CC 187 0.25 159 0.24 0.24
American T 748 0.50 679 0.52 CT 362 0.49 311 0.48
T 193 0.26 184 0.28
Caucasiap__ C 2249 0.95 2048 0.94 CcC 1064 0.89 971 0.89 0.005
T 129 0.05 124 0.06 CT 129 0.11 106 0.1
T 0 0.00 9 0.01
rs33923709 T/IC African T 1472 1.00 1309 1.00 T 733 0.99 653 0.99 0.01
American C 6 0.00 5 0.00 TC 6 0.01 3 0.00
CC 0 0.00 1 0.00
Caucasiap T 2345 0.98 2114 0.98 T 1147 0.96 103p 0.95 0.14
C 55 0.02 54 0.02 TC 51 0.04 50 0.05
CcC 2 0.00 2 0.00
BARD1 | rs10932564 AlC African A 1211 0.82 1063 0.81 AA 487 0.66 430 0.6§ 0.90
American C 273 0.18 253 0.19 AC 237 0.32 203] 0.31
CC 18 0.02 25 0.04
Caucasiap A 1891 0.79 1663 0.76 AA 747 0.62 642 0.59 0.31
C 517 0.21 511 0.24 AC 397 0.33 379 0.34
CC 60 0.05 66 0.06
rs10221583 CIT African C 761 0.51 644 0.49 CcC 201 0.27 157 0.24 1.00
American T 723 0.49 672 0.51 CT 359 0.48 330 0.5
T 182 0.25 171 0.26
Caucasiap  C 1421 0.59 1263 0.58 CcC 420 0.3 372 0.3 0.50
T 985 0.41 915 0.42 CT 581 0.48 519 0.43
T 202 0.17 198 0.18
rs10932574 TIC African T 908 0.61 838 0.64 T 282 0.38 262 0.40 0.44
American C 576 0.39 478 0.36 TC 344 0.46 314 0.4
CC 116 0.16 82 0.12
Caucasiap T 1203 0.50 1107 0.51 1T 297 0.25 284 0.26 0.77
C 1203 0.50 1069 0.49 TC 609 0.51 539 0.5p
CC 297 0.25 265 0.24
rs12474694 AIG | African A 1047 0.71 926 0.70 AA 371 0.50 329 0.5 0.63
American G 437 0.29 388 0.30 AG 305 0.41 268| 0.41
GG 66 0.09 60 0.09
Caucasiap A 1436 0.60 1320 0.61 AA 443 0.37 393 0.3§ 0.37
G 968 0.40 856 0.39 AG 550 0.46] 534 0.49
GG 209 0.17 161 0.15
rs12477064 (e7a) African C 956 0.65 862 0.66 CcC 306 0.41] 287 0.44 0.44
American T 522 0.35 454 0.34 CT 344 0.47 288| 0.44
T 89 0.12 83 0.13
Caucasiap  C 988 0.41 900 0.41 CcC 195 0.16 183 0.1y 0.66
T 1414 0.59 1270 0.59 CT 598 0.50 534 0.49
T 408 0.34 368 0.34
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Table 2.16 (cont.)Race-specific alele and genotype frequencief\6dRKA, BRCA1andBRCALinteracting genegenotyped in CBCS participants enrolled 1
2001.

Allele Count and Frequen Genotype Count and Freque HWE®
Gene | dbSNPry  SNP| Race Allele Cases Controls | Genotyps Cases Controls | P-value
Count AF Count AF Count GF Coun GF
BARD1 | rs1542173 AIG African A 998 0.67 912 0.69 AA 342 0.46 321 0.49 0.36
American G 486 0.33 404 0.31 AG 314 0.42 270 0.41
GG 86 0.12 67 0.10
Caucasiap A 1806 0.75 1692 0.78 AA 671 0.56 658 0.6Q 0.87
G 602 0.25 486 0.22 AG 464 0.39 376 0.3%
GG 69 0.06 55 0.05
rs16852761 G/A African G 1341 0.90 1184 0.90 GG 604 0.81 534 0.81 0.52
American| A 143 0.10 132 0.10 GA 133 0.18 116 0.18
AA 5 0.01 8 0.01
Caucasiap G 2372 0.99 2137 0.98 GG 1169 0.91 1050 0.96 0.05
A 36 0.01 41 0.02 GA 36 0.03 37 0.03
AA 0 0.00 2 0.00
rs16852794 (e7a) African C 1290 0.87 1148 0.87 CC 562 0.74 501 0.76 0.87
American T 194 0.13 168 0.13 CT 166 0.22 146 0.27
T 14 0.02 11 0.02
Caucasiap  C 2364 0.98 2129 0.98 CC 1161 0.94 1040 0.96 1.00
T 44 0.02 49 0.02 CT 42 0.03 49 0.04
T 1 0.00 0 0.00
rs16852799 AIG African A 1295 0.87 1139 0.87 AA 568 0.77 490 0.74 0.40
American G 189 0.13 177 0.13 AG 159 0.21 159 0.24
GG 15 0.02 9 0.01
Caucasiap A 2262 0.94 2023 0.93 AA 1065 0.89 942 0.87 0.25
G 144 0.06 155 0.07 AG 132 0.11 139 0.1
GG 6 0.00 8 0.01
rs17487821 C/G | African C 1250 0.84 1105 0.84 CC 527 0.71 464 0.71 1.00
American G 234 0.16 211 0.16 CG 196 0.26 177 0.2y
GG 19 0.03 17 0.03
Caucasiap  C 1852 0.77 1746 0.80 CC 708 0.59 697 0.64 0.63
G 556 0.23 432 0.20 CG 436 0.36 352 0.32
GG 60 0.05 40 0.04
rs1979028 T/IA African T 919 0.62 836 0.64 T 282 0.38 261 0.40 0.50
American| A 563 0.38 480 0.36 TA 355 0.48 314 0.49
AA 104 0.14 83 0.13
Caucasiap T 1691 0.70 1532 0.70 1T 604 0.50 549 0.51 0.19
A 715 0.30 642 0.30 TA 483 0.40 434 0.40
AA 116 0.10 104 0.10
rs2075622 CIA African C 1140 0.77 1011 0.77 CC 445 0.6( 397 0.6p 0.51
American| A 344 0.23 303 0.23 CA 250 0.34 227 0.35
AA 47 0.06 38 0.06
Caucasiap  C 1442 0.60 1348 0.62 CcC 442 0.37 414 0.38 0.71
A 964 0.40 830 0.38 CA 558 0.46 520 0.44
AA 203 0.17 155 0.14
rs2888294; CIG African C 734 0.50 641 0.49 CcC 177 0.24 152 0.28 0.52
American G 744 0.50 671 0.51 CG 380 0.5 337 0.51
GG 182 0.25 167 0.25
Caucasiap__ C 1225 0.51 1132 0.52 CcC 322 0.27 290 0.2/ 0.63
G 1183 0.49 1046 0.48 CG 581 0.44 552 0.50
GG 301 0.25 247 0.23
rs3768704; GIA African G 1282 0.86 1135 0.86 GG 552 0.74 49( 0.76 1.00
American| A 202 0.14 179 0.14 GA 178 0.24 155 0.24
AA 12 0.02 12 0.02
Caucasiah G 2092 0.87 1900 0.87 GG 902 0.7 829 0.76 0.89
A 316 0.13 278 0.13 GA 288 0.24 242 0.27
AA 14 0.01 18 0.02
rs3768707 CIT African C 991 0.67 906 0.69 CcC 337 0.45 314 0.48 0.72
American T 493 0.33 410 0.31 CT 317 0.43 278] 0.47
T 88 0.12 66 0.10
Caucasiap  C 1807 0.75 1690 0.78 CC 672 0.54 656 0.6Dp 0.93
T 601 0.25 488 0.22 CT 463 0.38 378] 0.34
T 69 0.06 55 0.05
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Table 2.16 (cont.)Race-specific alele and genotype frequencied\6dRKA, BRCA1andBRCALinteracting genegenotyped in CBCS participants enrolled 1
2001.

Allele Count and Frequen Genotype Count and Freque HWE®
Gene | dbSNPrg  SNP Racs Allelp Cases Controls | Genotyps Cases Controls | P-value
Count AF Count AF Count GF Coun GF
BARD1 | rs3768708 A/G | African A 885 0.60 802 0.61 AA 263 0.35 238 0.3 0.32
American G 597 0.40 514 0.39 AG 359 0.48] 326 0.5
GG 119 0.16 94 0.14
Caucasiap A 1801 0.75 1686 0.77 AA 667 0.55 653 0.6Q 0.93
G 607 0.25 492 0.23 AG 467 0.39 380 0.3%
GG 70 0.06 56 0.05
rs3820727 T/G African T 1180 0.80 1036 0.79 T 477 0.64 413] 0.683 0.24
American G 304 0.20 280 0.21 TG 226 0.30 210 0.32
GG 39 0.05 35 0.05
Caucasiap T 1321 0.55 1197 0.55 T 356 0.30 334 0.31 0.58
G 1087 0.45 979 0.45 TG 609 0.5 529 0.49
GG 239 0.20 225 0.21
rs4672729 GIA African G 939 0.63 860 0.65 GG 307 0.4]] 282 0.48 0.86
American| A 543 0.37 456 0.35 GA 325 0.44 296 0.45
AA 109 0.15 80 0.12
Caucasiah G 1609 0.67 1504 0.69 GG 539 0.44 519 0.48 1.00
A 797 0.33 674 0.31 GA 531 0.44 466 0.43
AA 133 0.11 104 0.10
rs6706777 GIC African G 873 0.59 771 0.59 GG 268 0.36 213 0.32 0.04
American C 611 0.41 545 0.41 GC 337 0.45 345 0.52
CC 137 0.18 100 0.15
Caucasiap G 1404 0.58 1245 0.57 GG 412 0.34 360 0.3 0.62
C 1004 0.42 933 0.43 GC 580 0.44 525 0.48
CC 212 0.18 204 0.19
rs6712055 T/IC African T 1220 0.82 1080 0.82 T 500 0.67 445| 0.68 0.60
American C 264 0.18 236 0.18 TC 220 0.30 190 0.29
CC 22 0.03 23 0.03
Caucasiap T 1677 0.70 1568 0.72 T 585 0.49 550 0.51 0.03
C 731 0.30 610 0.28 TC 507 0.42 468| 0.4
CcC 112 0.09 71 0.07
rs6749828 CIG African C 899 0.61 797 0.61 CcC 280 0.38 255 0.39 0.10
American G 571 0.39 501 0.39 CG 339 0.46 287 0.44
GG 116 0.16 107 0.16
Caucasiap__ C 1071 0.45 929 0.43 CcC 237 0.2 199 0.18 0.90
G 1335 0.55 1249 0.57 CG 597 0.5( 531 0.4P
GG 369 0.31 359 0.33
rs6751923 T/C | African T 986 0.66 894 0.68 1T 324 0.44 308 0.47 0.47
American C 498 0.34 422 0.32 TC 338 0.46 278 0.42
CC 80 0.11 72 0.11
Caucasiap T 2088 0.87 1842 0.85 T 898 0.75 784 0.72 0.25
C 320 0.13 336 0.15 TC 292 0.24 274 0.2
CcC 14 0.01 31 0.03
rs6753417 CIT African C 1164 0.78 1030 0.78 CC 455 0.61 407 0.6 0.36
American T 320 0.22 286 0.22 CT 254 0.34] 216 0.3
T 33 0.04 35 0.05
Caucasiap__ C 1564 0.65 1432 0.66 CcC 508 0.47 469 0.4B 0.69
T 842 0.35 744 0.34 CT 548 0.46 496 0.4
T 147 0.12 124 0.11
rs6756902 CIT African C 960 0.65 865 0.66 CcC 306 0.4]] 289 0.44 0.54
American T 524 0.35 451 0.34 CT 348 0.47 289 0.44
T 88 0.12 81 0.12
Caucasiap  C 986 0.41 899 0.41 CcC 194 0.16 183 0.1y 0.80
T 1420 0.59 1279 0.59 CT 598 0.50 533 0.49
T 411 0.34 373 0.34
rs7557557 CIT African C 990 0.67 904 0.69 CcC 336 0.45 308 0.4y 0.71
American T 492 0.33 412 0.31 CT 318 0.43 288| 0.44
T 87 0.12 62 0.09
Caucasiap  C 1205 0.50 1111 0.51 CC 300 0.2 284 0.26 0.76
T 1201 0.50 1067 0.49 CT 605 0.50 539 0.49
T 298 0.25 264 0.24
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Table 2.16 (cont.)Race-specific alele and genotype frequencief\6dRKA, BRCA1andBRCALinteracting genegenotyped in CBCS participants enrolled 1
2001.

Allele Count and Frequen Genotype Count and Freque HWE®
Gene | dbSNPry  SNP| Race Allele Cases Controls | Genotyps Cases Controls | P-value
Count AF Count AF Count GF Coun GF
BARD1 | rs7566806 GIC African G 1240 0.84 1094 0.83 GG 513 0.69 459 0.70 0.40
American C 244 0.16 222 0.17 GC 214 0.29 179 0.2y
CC 15 0.02 22 0.03
Caucasiah G 2039 0.85 1818 0.83 GG 857 0.71 763 0.7p 0.37
C 369 0.15 360 0.17 GC 325 0.27 292 0.2y
CcC 22 0.02 34 0.03
rs7585356 GIA African G 1231 0.83 1081 0.82 GG 515 0.69 444 0.68 0.59
American| A 253 0.17 235 0.18 GA 201 0.27 189 0.29
AA 26 0.04 23 0.03
Caucasiap G 1699 0.71 1542 0.71 GG 610 0.51 556 0.501 0.16
A 709 0.29 634 0.29 GA 479 0.40 430 0.4Q
AA 115 0.10 102 0.09
rs1048108 G/IA | African G 1151 0.78 1017 0.78 GG 450 0.61 401 0.6l 0.26
American| A 323 0.22 289 0.22 GA 251 0.34 215 0.33
AA 36 0.05 37 0.06
Caucasiah G 1543 0.65 1422 0.66 GG 503 0.44 467 0.48 0.51
A 827 0.35 740 0.34 GA 537 0.45 498 0.44
AA 145 0.12 121 0.11
rs3738888 GIA African G 1471 1.00 1310 1.00 GG 734 1.0 654 1.00 --
American| A 3 0.00 0 0.00 GA 3 0.00 0 0.00
AA 0 0.00 0 0.00
Caucasiap G 2372 0.99 2152 0.99 GG 1174 0.94 1069 0.99 0.06
A 20 0.01 16 0.01 GA 20 0.02 14 0.01
AA 0 0.00 1 0.00
rs28997574 G/IC African G 1476 0.99 1313 1.00 GG 734 0.99 654 1.0p 1.00
American C 8 0.01 3 0.00 GC 8 0.01 3 0.00
CC 0 0.00 0 0.00
Caucasiah G 2315 0.96 2118 0.97 GG 1114 0.93 1029 0.94 1.00
C 93 0.04 60 0.03 GC 87 0.07 60 0.06
CcC 3 0.00 0 0.00
rs2229571 CIG African C 611 0.41 540 0.41 CcC 131 0.18 111 0.1y 1.00
American G 871 0.59 776 0.59 CG 349 0.47 318 0.48
GG 261 0.35 229 0.35
Caucasiap__ C 1426 0.59 1301 0.60 CcC 424 0.3 391 0.36 0.85
G 982 0.41 873 0.40 CG 578 0.48 519 0.48
GG 202 0.17 177 0.16
BRCA1 | rs4986850 GIA African G 1449 0.98 1277 0.97 GG 707 0.9 619 0.94 1.00
American| A 35 0.02 39 0.03 GA 35 0.05 39 0.06
AA 0 0.00 0 0.00
Caucasiah G 2226 0.92 2005 0.92 GG 1029 0.84 924 0.85 0.02
A 182 0.08 173 0.08 GA 168 0.14 147 0.13
AA 7 0.01 13 0.01
rs1799950 AIG African A 1464 0.99 1297 0.99 AA 722 0.97 639 0.97 1.00
American G 20 0.01 19 0.01 AG 20 0.03 19 0.03
GG 0 0.00 0 0.00
Caucasiap A 2272 0.94 2046 0.94 AA 1072 0.89 963 0.8 0.28
G 136 0.06 132 0.06 AG 128 0.11 120 0.11
GG 4 0.00 6 0.01
rs16941 AIG African A 1214 0.82 1072 0.81 AA 491 0.66 439 0.67 0.52
American G 270 0.18 244 0.19 AG 232 0.31 194 0.2
GG 19 0.03 25 0.04
Caucasiap A 1626 0.68 1501 0.69 AA 541 0.45 529 0.49 0.11
G 782 0.32 677 0.31 AG 544 0.45] 443 0.41
GG 119 0.10 117 0.11
rs16942 AIG African A 1131 0.76 1012 0.77 AA 427 0.58 390 0.59 0.82
American G 351 0.24 304 0.23 AG 277 0.37 232 0.34
GG 37 0.05 36 0.05
Caucasiap A 1625 0.67 1496 0.69 AA 540 0.45 526 0.48 0.10
G 783 0.33 680 0.31 AG 545 0.45] 444 0.41
GG 119 0.10 118 0.11
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Table 2.16 (cont.)Race-specific alele and genotype frequencief\6dRKA, BRCA1andBRCALinteracting genegenotyped in CBCS participants enrolled 1
2001.

Allele Count and Frequen Genotype Count and Freque HWE®
Gene | dbSNPrg  SNP Racs Allelp Cases Controls | Genotyps Cases Controls | P-value
Count AF Count AF Count GF Coun GF
BRCA1 | rs1799966 AIG African A 1120 0.76 1004 0.76 AA 419 0.57 385 0.59 0.75
American G 360 0.24 310 0.24 AG 282 0.38] 234 0.36
GG 39 0.05 38 0.06
Caucasiap A 1622 0.67 1496 0.69 AA 538 0.45 526 0.48 0.10
G 784 0.33 680 0.31 AG 546 0.45] 444 0.41
GG 119 0.10 118 0.11
rs799917 (e72) African C 293 0.20 243 0.18 CC 34 0.05 23 0.04 0.89
American T 1187 0.80 1071 0.82 CT 225 0.30 197 0.3
T 481 0.65 437 0.67
Caucasiap  C 1590 0.66 1466 0.67 CcC 517 0.49 506 0.47 0.10
T 816 0.34 710 0.33 CT 556 0.46 454 0.47
T 130 0.11 128 0.12
rs4986852 CIT African C 1469 0.99 1303 0.99 CC 730 0.99 644 0.99 1.00
American T 9 0.01 7 0.01 CT 9 0.01 7 0.01
T 0 0.00 0 0.00
Caucasiap  C 2341 0.98 2110 0.97 CcC 1141 0.94 1028 0.95 0.17
T 59 0.02 58 0.03 CT 59 0.05 54 0.05
T 0 0.00 2 0.00
rs3737559 GIA African G 1430 0.96 1274 0.97 GG 688 0.9 616 0.94 1.00
American| A 54 0.04 42 0.03 GA 54 0.07 42 0.06
AA 0 0.00 0 0.00
Caucasiap G 2203 0.91 2015 0.93 GG 1017 0.84 93¢ 0.86 0.02
A 205 0.09 163 0.07 GA 179 0.15 139 0.13
AA 13 0.01 12 0.01
rs799923 GIA African G 1420 0.96 1259 0.96 GG 684 0.9 601 0.91 0.63
American| A 64 0.04 57 0.04 GA 52 0.07 57 0.09
AA 6 0.01 0 0.00
Caucasiah G 1809 0.75 1655 0.76 GG 677 0.54 629 0.58 1.00
A 597 0.25 523 0.24 GA 455 0.38 397 0.34
AA 71 0.06 63 0.06
BRIP1 rs4986764 CIT African C 994 0.67 861 0.65 CcC 333 0.45 274 0.42 0.20
American T 490 0.33 455 0.35 CT 328 0.44] 313 0.48
T 81 0.11 71 0.11
Caucasiap __ C 1442 0.60 1320 0.61 CcC 438 0.34 406 0.37 0.44
T 966 0.40 858 0.39 CT 566 0.47 508] 0.41
T 200 0.17 175 0.16
rs7213430 A/G | African A 992 0.67 857 0.65 AA 331 0.45 271 0.41 0.20
American G 492 0.33 459 0.35 AG 330 0.44] 315 0.48
GG 81 0.11 72 0.11
Caucasiap A 1437 0.60 1317 0.60 AA 433 0.36 404 0.37 0.49
G 971 0.40 861 0.40 AG 571 0.47 509 0.41
GG 200 0.17 176 0.16
rs4988350 T/G African T 1484 1.00 1316 1.00 T 742 1.00] 658 1.0 --
American G 0 0.00 0 0.00 TG 0 0.00 0 0.00
GG 0 0.00 0 0.00
Caucasiap T 2408 1.00 2178 1.00 1T 1204 1.00 1089 1.0p -
G 0 0.00 0 0.00 TG 0 0.00 0 0.00
GG 0 0.00 0 0.00
rs4988346 GIA African G 1484 1.00 1315 1.00 GG 742 1.04 657 1.0p 1.00
American| A 0 0.00 1 0.00 GA 0 0.00 1 0.00
AA 0 0.00 0 0.00
Caucasiah G 2391 0.99 2169 1.00 GG 1187 0.99 1081 0.99 0.01
A 17 0.01 9 0.00 GA 17 0.01 7 0.01
AA 0 0.00 1 0.00
rs4988351 GIC African G 1254 0.85 1126 0.86 GG 531 0.74 485 0.74 0.87
American C 224 0.15 182 0.14 GC 192 0.26 156 0.24
CC 16 0.02 13 0.02
Caucasiap G 1745 0.73 1622 0.75 GG 637 0.5 611 0.56 0.57
C 649 0.27 544 0.25 GC 471 0.39 400 0.3y
CcC 89 0.07 72 0.07
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Table 2.16 (cont.)Race-specific alele and genotype frequencief\tdRKA, BRCA1andBRCALinteracting genegenotyped in CBCS participants enrolled 1
2001.

Allele Count and Frequen Genotype Count and Freque HWE®
Gene | dbSNPrg  SNP Racs Allelp Cases Controls | Genotyps Cases Controls P-value
Count AF Count AF Count GF Coun GF
BRIP1 rs2048718| CIT African C 1143 0.78 996 0.78 CcC 446 0.6 399 0.6 0.01
American T 325 0.22 286 0.22 CT 251 0.34] 198 0.3]
T 37 0.05 44 0.07
Caucasiap  C 1313 0.55 1232 0.57 CcC 359 0.3( 356 0.38 0.53
T 1077 0.45 930 0.43 CT 595 0.50 520 0.4
T 241 0.20 205 0.19
rs1978111 CIT African C 961 0.66 812 0.64 CcC 321 0.44 253 0.40 0.35
American T 505 0.34 462 0.36 CT 319 0.44] 306 0.48
T 93 0.13 78 0.12
Caucasiap  C 1429 0.60 1309 0.60 CcC 433 0.34 401 0.37 0.53
T 959 0.40 855 0.40 CT 563 0.47 507 0.41
T 198 0.17 174 0.16
ZNF350 | rs4986773 T/IC African T 530 0.36 508 0.39 1T 105 0.14 103 0.16 0.51
American C 924 0.64 794 0.61 TC 320 0.44 302 0.4
CC 302 0.42 246 0.38
Caucasiap T 1731 0.72 1603 0.74 T 634 0.53 596 0.55 0.63
C 661 0.28 563 0.26 TC 463 0.39 411 0.38
CcC 99 0.08 76 0.07
rs2278420 AIG African A 927 0.62 819 0.62 AA 290 0.39 249 0.3 0.36
American G 557 0.38 497 0.38 AG 347 0.47 321 0.49
GG 105 0.14 88 0.13
Caucasiap A 2019 0.84 1839 0.84 AA 851 0.71 784 0.74 0.08
G 389 0.16 339 0.16 AG 317 0.26] 271 0.24
GG 36 0.03 34 0.03
rs3764538 GIT | African G 1293 0.87 1138 0.87 GG 565 0.74 484 0.74 0.00
American T 187 0.13 174 0.13 GT 163 0.22 170 0.2
T 12 0.02 2 0.00
Caucasiah G 2067 0.87 1894 0.87 GG 902 0.74 834 0.77 0.07
T 321 0.13 272 0.13 GT 263 0.22 224 0.2]
T 29 0.02 24 0.02
rs4986771 T/IC African T 1475 0.99 1307 0.99 T 734 0.99 649 0.99 1.00
American C 9 0.01 9 0.01 TC 7 0.01 9 0.01
CC 1 0.00 0 0.00
Caucasiap T 2302 0.96 2101 0.97 1T 1103 0.92 101y 0.98 0.04
C 106 0.04 75 0.03 TC 96 0.08 67 0.04
CC 5 0.00 4 0.00
rs2278415 TIA African T 1298 0.87 1142 0.87 T 566 0.76 486 0.74 0.00
American| A 186 0.13 174 0.13 TA 166 0.22 170 0.26
AA 10 0.01 2 0.00
Caucasiap T 2083 0.87 1903 0.87 T 908 0.75 838 0.77 0.07
A 325 0.13 275 0.13 TA 267 0.22 227 0.21
AA 29 0.02 24 0.02
rs11879754 G/C African G 1291 0.87 1153 0.88 GG 561 0.74 502 0.7/ 0.10
American C 193 0.13 159 0.12 GC 169 0.23 149 0.28
CC 12 0.02 5 0.01
Caucasiap G 2067 0.86 1882 0.86 GG 887 0.74 809 0.74 0.36
C 339 0.14 296 0.14 GC 293 0.24 264 0.24
CcC 23 0.02 16 0.01
rs2278417 CIT African C 535 0.36 502 0.38 CcC 104 0.14 99 0.15 0.62
American T 949 0.64 814 0.62 CT 327 0.44] 304 0.4
T 311 0.42 255 0.39
Caucasiap  C 1739 0.72 1609 0.74 CC 638 0.5 599 0.56 0.48
T 669 0.28 569 0.26 CT 463 0.38 411 0.33
T 103 0.09 79 0.07
rs4986770 CIT African C 1341 0.91 1205 0.92 CC 609 0.8 549 0.88 0.30
American T 139 0.09 111 0.08 CT 123 0.17 107 0.1
T 8 0.01 2 0.00
Caucasiap  C 2239 0.93 2025 0.93 CC 1043 0.81 947 0.87 0.64
T 167 0.07 153 0.07 CT 153 0.13 141 0.1
T 7 0.01 6 0.01
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Table 2.16 (cont.)Race-specific allele and genotype frequencief\tdRKA, BRCA1andBRCAL interacting genegenotyped in CBCS participants enrolled 1
2001.

Allele Count and Frequen Genotype Count and Freque HWE*
Gene | dbSNPry  SNP Racg Alelp Cases Controls | Genotypg Cases Controls | P-value
Count AF Count AF Count GF Coun GF
ZNF350 | rs4988334 T/C | African T 1051 0.71 930 0.71 T 375 0.51 319 0.4 0.07
American C 433 0.29 386 0.29 TC 301 0.41 292 0.44
CC 66 0.09 47 0.07
Caucasiah T 2057 0.85 1883 0.86 T 885 0.74f 820 0.7p 0.12
C 351 0.15 295 0.14 TC 287 0.24] 243 0.22
CcC 32 0.03 26 0.02
rs8102072 TIC African T 1187 0.81 1081 0.82 T 481 0.65| 437| 0.6f 0.03
American C 287 0.19 231 0.18 TC 225 0.31 207 0.32
CcC 31 0.04 12 0.02
Caucasiah T 1870 0.78 1725 0.79 1T 739 0.614 687 0.63 0.46
C 538 0.22 453 0.21 TC 392 0.33] 351 0.32
CcC 73 0.06 51 0.05

# HWE assesed in controls only; exact p-value cpoeding to a 1 df chi-square test
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Table 2.17Characteristics of CBCS case participants withogyge datall=1,946), case participants missing
genotype dataN=331), controls with genotype dafd=(1,747), and controls missing genotype data238)

Cases with genotyp

Cases missing

Controls with

Controls missing

data(85%) genotype dat§l5%) | genotype daté88%) | genotype dat§l2%)
Race
African American 74238) 151(46) 658(38) 128(54)
Caucasian 120662) 180(54) 1089(62) 110(46)
Age
20-24 6(0) 0(0) 1(0) 0(0)
25-29 21(1) 4(1) 10(0) 1(0)
30-34 85(4) 10(3) 60(3) 7(3)
35-39 172(9) 24(7) 133(8) 11(5)
40-44 276§(14) 55(17) 242(14) 39(16)
45-49 387(20) 82(25) 359(21) 56 (24)
50-54 20§11) 29(9) 237(14) 28(12)
55-59 21611) 37(11) 191(13) 27(11)
60-64 201(10) 23(7) 166(10) 22(9)
65-69 200(10) 43(13) 185(11) 17(7)
70-74 1749) 25(8) 163(9) 30(13)
Menopausal Status
Premenopausg 8644) 149(45) 746(43) 105(44)
Postmenopausal 10826) 182(55) 1001(57) 133(56)
Stage
1 609(31) 94(28)
2 627(32) 129(39)
3 144(7) 21(6)
4 42(2) 8(2)
CIS 437(22) 59(18)
Missing 87(4) 20(6)
Tumor Siz&
<2cm 769(40) 125(38)
>2cm - 5cm 50426) 107(32)
>5cm 146(8) 23(7)
Missing 529(27) 76(23)
Subtype
Luminal A 674(35) 116(35)
Luminal B 114(6) 21(6)
HER2+/ER- 94(5) 22(7)
Basal-like 19910) 25(8)
Unclassified 1297) 18(5)
Missing 736(38) 129(39)

 Not available for carcinomia situ (CIS) cases
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2.17 Figures

Figure 2.1 Age-specific (Crude) SEER Incidence RateRace and Sex,
Female Breast Cancer, All Ages, 2000-2007

Age-Specific (Crude) SEER Incidence Rates
By Race and Sex
Female Breast, All Ages,
2000-2007
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Cancer sites include invasive cases only unless otherwise noted.

Incidence source: SEER 17 areas (San Francisco, Connecticut, Detroit, Hawaii, lowa, Mew Mexico,
Seattle, Utah, Atlanta, San Jose-Monterey, Los Angeles, Alaska Mative Regisiry, Rural Georgia,
California excluding SFISIMILA, Kentucky, Louisiana and New Jersey).

Rates are per 100,000,

Hispanics and Non-Hispanics are not mutually exclusive from whites, blacks, Asian/Pacific
Islanders, and American Indians/Alaska Natives.

Incidence data for Hispanics and Non-Hispanics are based on NHIA and exclude cases from the
Alaska Mative Registry.

Datapoints were not shown for rates that wers based on less than 16 cases.
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Figure 2.2 Age Adjusted SEER Incidence Rates byeRad Sex, Female
Breast Cancer, All Ages, 2000-2007 (SEER17)

Age-Adjusted SEER Incidence Rates

By Race and Sex
Female Breast, All Ages,
2000-2007 (SEER 17)
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Cancer sites include invasive cases only unless otherwise noted.

Incidence source: SEER 17 areas (3an Francisco, Connecticut, Detrodt, Hawaii, lowa, Mew Mexico,
Seattle, Utah, Atlanta, San Jose-Monterey, Los Angeles, Alaska Native Registry, Rural Georgia,
California excluding SF/SJIMILA, Kentucky, Louisiana and New Jersey).

Rates are per 100,000 and are age-adjusted to the 2000 US Std Population (19 age groups -
Census P25-1130). Regression lines are calculated using the Joinpoint Regression Program
Version 3.4.3, April 2010, Mational Cancer Institute.

Hispanics and Mon-Hispanics are not mutually exclusive from whites, blacks, Asian/Pacific
Islanders, and American Indians/Alaska Natives.

Incidence data for Hispanics and Non-Hispanics are based on NHIA and exclude cases from the
Alaska Native Registry.
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Figure 2.3 Age-Adjusted U.S. Mortality Rates by Rand Sex, Female
Breast Cancer, All Ages, 2000-2007

Age-Adjusted U.S. Mortality Rates

By Race and Sex
Female Breast, All Ages,
2000-2007
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Cancer sites include invasive cases only unless otherwise noted.

Mortality source: US Mortality Files, National Center for Health Statistics, CDC.

Rates are per 100,000 and are age-adjusted to the 2000 US Std Population (19 age groups -
Census P25-1130). Regression lines are calculated using the Joinpoint Regression Program
Version 3.4.3, April 2010, Mational Cancer Institute.

Hispanics and Non-Hispanics are not mutually exclusive from whites, blacks, Asian/Pacific
Islanders, and American Indians/Alaska Natives.

Maortality data for Hispanics and MNon-Hispanics do not include cases from Minnesota, New
Hampshire, and Morth Dakota.
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Figure 2.4 Age-Specific (Crude) U.S. Mortality Ratey Race and Sex,
Female Breast Cancer, All Ages, 2000-2007

Age-Specific (Crude) U.S. Mortality Rates
By Race and Sex
Female Breast, All Ages,

2000-2007
250
=
B0 = = T1
8 /®
g /!
g /
= II.
e ovrerrereroneroneiaieisersiomsiorsoorenornorsronsronsrarsrarerarerareraersseraserssors i) &
;1: 150 7]
: //
#/
f/,-.

L S / ) A——
=

Bl bsssnsssssssnssssssssnassnassng

0 T ‘L {it :““ﬁ_ﬁﬁ-
ac L T A
# Black Female 1 Non-Hispanic White Female

Cancer sites include invasive cases only unless otherwise noted.

Mortatity source: US Mortality Files, Mational Center for Health Statistics, CDC.

Rates are per 100,000,

Hispanics and Non-Hispanics are not mutually exclusive from whites, blacks, Asian/Pacific
Islanders, and American Indians/Alaska Natives.

Martality data for Hispanics and Non-Hispanics do not include cases from Minnesota, New
Hampshire, and Morth Dakota,

Datapoints were not shown for rates that were based on less than 16 cases.
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Figure 2.5 Immunohistochemical Identifi

~ation of Breast Tumor Intrinsic Subtypes
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Figure 2.7 Decision Tree for Inclusion of Single Nucleotide Polymorphisms (SNPs) into Interaction Study
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Figure 2.8 Power in Caucasian participants (Cas@841Controls=1,089) given a genotype
prevalence of 5%

Pearson Chi-square Test for Two Proportions
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Figure 2.9 Power in Caucasian participants (Cas@841Controls=1,089) given a genotype

prevalence of 10%
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Figure 2.10 Power in Caucasian participants (Cas@84, Controls=1,089) given a genotype
prevalence of 20%
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Figure 2.11 Power in African American participa@ases=742, Controls=658) given a
genotype prevalence of 5%
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Figure 2.12 Power in African American participa@ases=742, Controls=658) given a
genotype prevalence of 10%
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Figure 2.13 Power in African American participa@ases=742, Controls=658) given a
genotype prevalence of 20%
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Figure 2.14 Forest plot of the association between .4 URKA functional polvmorphism rs2273535 and breast cancer risk stratified by

ethnicity [181].
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Chapter 3. Results Manuscript 1. Genetic variationn cell cycle regulatory
geneAURKA and association with intrinsic breast cancer subfye

3.1 Background

Previous research has established at least fitiadidreast cancer subtypes that vary in
their gene expression profiles and in their respamess to endocrine therapies [1-4].
Furthermore, risk factors for breast cancer hawnsown to differ by intrinsic subtype [5],
suggesting distinct etiologic and molecular pathsvafycarcinogenesis. Common low-penetrant
susceptibility single nucleotide polymorphisms (SNmay play an important role in the
etiology of breast cancer, individually conferrisigall increases in risk [6-10]. In aggregate,
these increases in risk may become substantiad[6AURKA,encoding a serine/threonine
kinase (Aurora-A), is a putative oncogene that playole in cell cycle regulation [11].
Overexpression AURKAhas been associated with centrosomal duplicabaonranalities,
chromosomal instability and aneuploidy in mammatahs, common characteristics of cancer
cells [12,13]. AURKAoverexpression has been demonstrated in seveesd dffrancer and has
been correlated with poor prognosis [14-16]. Ryesistudies of genetic variation AtURKA
and risk of breast cancer have been largely limibadvestigations of a single polymorphism
(rs2273535) in Asian and Caucasian (Cau) populstiand none have focused on African
Americans (AA). Some effect estimates among Aaiath Cau populations were increased [17-
21], some decreased [22], and some suggested ociasm [23,24]. These inconsistent results
could be due to tumor heterogeneity and/or diffeesrin population substructure. Importantly,

these associations have not been previously irgatsti by breast cancer subtype, and this
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approach could elucidate important subtype-speaggnciations, as has been shown in previous
studies of other breast cancer risk factors [5,2b-2

We evaluated SNPs &xlURKAIn association with breast cancer rate in the Gaadreast
Cancer Study (CBCS), a large population-based castel study of breast cancer in AA and
Cau women in North Carolina. The CBCS allowedaueXamine genetic risk factors given the
increased incidence of breast cancer in youngewafen [28], as well as increased mortality
and a preponderance of the basal-like subtype aéngomen [25,29]. Capitalizing on the
CBCS study design which oversampled African Amearicg@men, we examined main effects of
AURKASNPSs on breast cancer rate stratified by race.aMteutilized the carefully
characterized intrinsic subtype information in tslisdy to evaluatAURKAQgenetic variation in
association with specific intrinsic subtypes. T$ubtype-specific analysis is important because
AURKAo overexpression has been associated with aneu@oidiypasal-like tumors have been

shown to demonstrate a high degree of aneuploidy]3.

3.2 Methods

Study Population

The CBCS is a population-based, case-control stfidggnetic and environmental risk
factors for breast cancer among AA and Cau womgdirgy in North Carolina [32]. CBCS
study design and methods have been previouslyideddny Newmaret al.[32]. Study
participants were recruited and selected from 2#igoous counties in central and eastern North
Carolina [32]. CBCS recruitment was conductedna phases—from 1993 through 1995
(Phase 1) and from 1996 through 2001 (Phase 2)mé&kdiving in the study area between the

ages of 20 and 74 and diagnosed with invasive boaaser for the first time were eligible cases
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in Phase 1. CBCS Phase 2 included women diagnvagieth situ breast cancer (CIS) as well as
those diagnosed with invasive breast cancer. Gasesidentified using a rapid case
ascertainment system via the North Carolina Ce@aacer Registry (NCCCR). After

eligibility criteria were met, randomized recruitntease sampling was undertaken to ensure
adequate representation of AA and younger womeh [BBase 2 CIS cases did not undergo
random recruitment sampling; all eligible CIS casese enrolled.

Controls were selected from two sources: women geuthan 65 were selected from a list
maintained by the North Carolina Division of Mo¥ehicles; women between the ages of 65
and 74 were selected from Health Care FinancingiAidtnation records. Controls were
sampled from these lists using modified randomiseduitment, and sampling fractions were
designed to ensure frequency-matching of casesivats by race and five-year age interval
[33,34].

Potential cases and controls were contacted fyrgttber and then by telephone, if available.
Women agreeing to participate were scheduled fon-drome visit by a registered nurse
interviewer. The nurse interviewer collected aopmmetric measurements, questionnaires,
permission/consent to obtain tumor tissue, andca Bbod sample. Germline DNA was
extracted from peripheral blood lymphocytes andest@t -80°C for future analysis [32]. The
CBCS pathologist performed a standardized reviealldireast tissue received to confirm the
diagnosis of breast cancer and to characterizelbgst [32]. Slides were cut from paraffin
blocks for molecular and immunohistochemical (IHS¥ays, procedures for which have been
described previously [29,35,36]. The study procesddor recruitment and enrollment into the
CBCS were approved by the Institutional Review Baarthe University of North Carolina

(UNC), and all study participants gave written mh@d consent.
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Subtyping of Cases by Immunohistochemistry (IHC)

For invasive cases, estrogen receptor (ER) andeptepne receptor (PR) status were
primarily obtained from medical records (80%). ntlal laboratories determined ER/PR results
on these cases. Approximately half of the cliniabbratories used IHC on paraffin-embedded
tissue, and employed cutoffs for receptor positifibm more than 0% to more than 20%. The
other half performed biochemical assays on fromsué with cutoffs for receptor positivity of
10-15 fmol/mg [36]. For approximately 11% of isi&e cases, ER/PR status was not available
in the medical record; however, paraffin-embeddeslie was available and ER/PR status was
ascertained by the UNC IHC Core laboratory. Feséhcases, IHC scoring was based on UNC
Hospitals Department of Pathology standards, usiagtoff of 5% positive nuclei staining in
invasive breast cancer cells [29]. A random samplER+ and ER- cases based on medical
record abstraction was drawn to compare with IHGopmed by the UNC IHC Core laboratory.
A kappa statistic of 0.62 and concordance of 818alted from the comparison, indicating good
agreement [37]. Nine percent of invasive casesniading data for ER/PR status [3].

CBCS intrinsic breast cancer subtypes were basexmression of ER, PR, human
epidermal growth factor receptor 2 (HER2), cytokif€K) 5/6, and human epidermal growth
factor receptor (HER1) according to previously pahed definitions [29]. Tumors that were
negative for expression of all five markers werelassified. Negative staining for all markers is
not necessarily indicative of receptor negativityhe tumor, and can result from poor tumor
block quality or inadequate tissue present in timedr block [29]. Tissue subtype analysis was
performed in the following manner: HER2 statusnvasive cases was determined using the
CB11 monoclonal antibody as previously describéd.[HER2 positivity was defined by weak

to strong staining of membrane or membrane plusptgsm in at least 10% of tumor cells [29].
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Interscorer agreement of the HER2 IHC assay wasi@ea on a subset of cases, yielding
overall concordance of 82% [29]. HER1 and cytoler@CK) 5/6 characterization have been
previously described [38,39], and invasive casesatestrating any staining were classified as
positive [29]. All assays for HER1, HER2, and C&W/ere performed by the UNC IHC Core
laboratory. ER, HER2, CK5/6, and HER1 classificatand determination for CIS cases were
described in detail previously [4A0PR status was not determined for CIS cases di hagh

correlation with ER expression and to preservaidg25].

SNP Selection

SNPs in this study were genotyped as part of @&fgrgnel of 1,536 SNPs by the UNC
Mammalian Genotyping Core using the lllumina Gol@ate Assay (lllumina, San Diego, CA).
Detailed genotyping procedures and quality contreasures for the entire 1,536 SNP panel
were described previously [41,42]. Assay intenddya and genotype cluster images for all
SNPs were reviewed individually. To ensure qualiptrol of genetic data, SNPs with low
signal intensity or SNPs that were unable to bemdjaished by genotype cluster were excluded.
For each SNP, Hardy-Weinberg equilibrium (HWE) waaluated in SAS v9.3 (SAS, Cary,
NC) using a one-degree-of-freedom chi square @ratamong race-stratified controls to
determine if genotype frequencies were distribateexpected given the allele frequencies.
Specifically for the evaluation #URKA,a combination of tag and candidate SNPs were
selected for genotyping. Tag SNPs were identiitedCau and AA from Utah residents with
ancestry from northern and western Europe (CEU)irmghgliduals of Yoruban descent from
Idaban, Nigeria (YRI) HapMap populations respedyiyé3], and selected using the Tagger

program developed by de Bakladral.[44]. Tag SNPs were selected based on a linkage
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disequilibrium (LD)r%>0.80 and a minor allele frequency (MAF)=#.10 in either CEU or YRI
populations. Tag SNPs in each population were tioembined and CBCS patrticipants were
genotyped for the pooled list. Candidate SNPs wkosen based on a literature review or
previous GWAS association [41]. Five SNPRlWRKAwere excluded from the overall analysis
due to HWEP-values <0.05 in either AA or Catl€3) or because they were not polymorphic in
the CBCS populatiorN=2); one SNP was excluded from the combined raceypakanalysis
because it was not polymorphic in Cau (rs3498734D@tailed genotyping procedures and
guality control measures were described previoslyd2]. The software packadructureand

a set of 144 ancestry informative markers (AIMsyeuwesed to determine the proportion of

African and European ancestry for each participab@5].

Statistical Analysis

Odds ratios (ORs) and 95% confidence intervals)(®@ése calculated, as estimates of the
rate ratios [46], for genotype associations witkdst cancer overall and by
immunohistochemical (IHC) subtype using uncondgidninary logistic regression in SAS v9.3
(SAS, Cary, NC). SNPs were coded using a domimexatel, with the most common allele in
Cau as the reference allele in both race groupSNd?s that were tags in both CEU and YRI
HapMap populations to facilitate race comparisolmstace-stratified analyses, YRI tag SNPs
that were not tag SNPs in the CEU population wasdyaed in AA only, using the major allele
in AA as the reference allele; likewise, CEU tag”SNhat were not tag SNPs in the YRI
population were analyzed in Cau only, using theomallele in Cau as the reference allele.
Candidate SNPs were analyzed in both race grospygg the major allele in Cau as the

reference allele to facilitate race comparisongn@ype associations were adjusted for age,
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potential population stratification using the AlMariable, and an offset term (defined as the
natural log of recruitment probability of casesfteitnent probability of controls) to adjust for
differing randomized recruitment sampling probdias between phases of CBCS [41,47].
Subtype-specific analyses were performed in thebtoad race group rather than by race due to
small sample numbers within strata of subtype,vaack adjusted for self-identified race, age,
the AlMs variable, and the offset term. Subtypeesfic analyses included all tag and candidate

SNPs, and assigned the major allele in Cau astheence allele.

3.3 Results

Participant Characteristics

Among self-reported AA, the median proportion ofiédn ancestry was 81%. The median
proportion of African ancestry among self-repor@al was 6%. Immunohistochemical subtype
data was available for 1,412 of 2,277 (62%) camed,successful genotyping data was collected
for 1,946 of 2,277 (85%) cases. Of the 2,277 ¢as@40 (53%) were successfully genotyped
and subtyped (742 AA/1,204 Cau) (Table 1). Théidistion of tumor subtype in cases with
genotype data was as follows: 199 basal-like, 6inal A, 114 luminal B, 94 HER2+/ER-,
and 129 unclassified (Table 1). Cases with missulgype data were more likely to be Cau and
have an earlier stage at diagnosis [25]. Of 1@88rols, 1,747 (88%) were successfully
genotyped (658 AA/1,089 Cau) (Table 1). Partictpamere excluded from analysis because of
genotype calls for <95% of SNP¥£569), gender mismatciNE5), and suspected
contamination of DNA specimeilN§€l) [41]. Participants missing genotype data wereemo

likely to be AA cases.
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Genotype Associations

Here we focus on patterns to identify those SNIPsvfoch the effect estimates were
pronounced; and, we highlight estimates that weaistlinfluenced by chandee( those
estimates with the lowest confidence limit ratiG&Rs); the ratio of the upper to lower 95%
confidence limits-a measure of precision [48]). d®datios folAURKASNPSs in the race-
stratified analysis with breast cancer, not dividgdsubtype, were all close to 1.00 (Table 2).
Among AA, rs6092309 showed a decreased odds matios911162 had a slightly elevated odds
ratio with breast cancer. Table 3 presents thg/pakspecific (race-combined) results.
Rs6092309 and rs6099128 had decreased ORs fabtyipes, except the luminal B subtype
which had imprecise effect measure estimates ¢3€0. ThreAURKASNPs (rs6014711,
rs911162, rs1047972) had elevated ORs for basablikast cancer, and ORs reduced or close to
1.00 for all other subtypes. One SNP (rs169798R6yved a two-fold elevated odds ratio for

HER2+/ER- breast cancer.

3.4 Discussion

Compared to previous studies, this study representere comprehensive investigation of
AURKArelated to breast cancer in a population of AA @ad women. Previous studies of
AURKANhave focused largely on a few functional SNPs2r8535—Phe3llle, rs1047972—
Val57lle) in Cau and Asian populations and haveimagstigated the influence of subtype. Our
main finding was a decreased association betw&92309 and breast cancer among AA
women. Among Cau women this SNP led to an eleVa¢dery imprecise odds ratio estimate
because of a minor allele frequency of less thanrlBeth Cau cases and controls. In the

combined race group subtype-specific analysis,28809 showed odds ratios less than one
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across all subtypes. These results suggest thatsdociation AAURKAgenetic variation with
subtype-specific breast cancer may differ by rd@e6092309 is located within an intronic
region ofAURKA is not predicted to be deleterious by SIFT oiyPbkn, and has not been
previously studied with respect to breast can&=s6092309 is in weak LD with other SNPs on
AURKAIn the HapMap YRI population (Release #27), dertratess weak residual LD among
SNPs genotyped in CBCS AA controls, and may be kendor an ungenotyped genetic factor.
The importance of population stratification anderatso emerged in subtype specific
analyses, where there was evidence of heteroganditg relationships betwe&URKASNPs
and luminal A and basal-like breast cancer. Inrf@NPs rs2298016 and rs6099128 both
demonstrated decreased odds ratios for basaldldasbcancer (Table 3). A population-based
case-control study of breast cancer in Han Chimgsgaen found rs2298016 to be inversely
associated with breast cancer (OR = 0.52, 95% @B2-0.87p = 0.01) [49]. However, the
minor/test allele in the Han Chinese population ofgosite that in the CBCS population and
subtype-specific results were not reported in siiadly. Furthermore, rs2298016 was positively
associated with both HER2+/ER- and unclassifieci&treancer subtypes in CBCS cases. The
instability of ORs for these SNPs across populatsuggests significant differences in LD
structure and/or different subtype distributionsoagthe study populations. Allele and
genotype frequencies for rs2298016 among AA casgésantrols were comparable to those in
Cau (Table 2.16), however LD structure was consiolgrdifferent between races. This study
was not powered to examine associations by racéeasdt cancer subtype, but exploratory
subtype analysis of rs2298016 showed a decreasediason between rs2298016 and basal-like
breast cancer in AA (OR = 0.55, 95 % CI = 0.35-.88th weaker effects among Cau (OR =

0.81, 95 % CIl = 0.51-1.28). Allele and genotypmtrencies for rs6099128 among AA cases

133



and controls were also similar to those in Cau [@2ahbl6), and LD structure was similar
between races. Exploratory subtype analysis bg showed an odds ratio less than one for the
association between rs6099128 and basal-like bcaaser among AA (OR =0.45, 95 % CI =
0.27-0.75), with weaker effects in Cau (OR =099.% CI = 0.39-1.28). Rs6099128 was
negatively associated with luminal A breast canapan exploratory race-specific subtype
analysis, a stronger negative association (OR &,@5%% CI = 0.49-0.93) among Cau women
compared to AA (OR =0.86, 95 % CI = 0.61-1.20he3e results should be considered in the
context of small sample sizes and imprecise efstitnates, but may suggest race-specific
differences by breast cancer subtype.

Several published studies have investigated tleetsfiof missense SNP rs2273535
(Phe3llle) and rs1047972 (Val57lle) in associatath breast cancer overall. Sunél.al.
found increased risk for breast carcinoma assatiatth the lle/lle genotype of rs2273535
(OR=1.66, 95% CI = 1.29-2.12) in a case-contrallgtof unrelated Han Chinese women [17].
Additional studies of rs2273535 in both Chinesg2B8and Cau [20] populations failed to
replicate the finding. A 2011 meta-analysis of282535, which included 11 case-control
studies, reported a slight inverse association &etvihe lle/lle genotype and risk of breast
cancer (OR=0.86, 95% CI = 0.74-0.99), but only Biah populations [50]. Our study found no
association between rs2273535 and breast canceallaneCau or among AA women. We also
found no association for rs2273535 among luminabses, and a slightly negative association
with basal-like breast cancer. The coding regiolymporphism rs1047972 ohURKAresulting
in a valine to isoleucine substitution has alsanbeeavily investigated for association with risk
of breast cancer. Egat al.reported no association with breast cancer riseren€au women

with the lle/lle genotype (OR =0.92, 95 % CI =@5.71) in a population-based case-control
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study [20]. Our study found no association betwsd®47972 and breast cancer overall or
luminal A breast cancer. However, an elevated odtis for rs1047972 and basal-like breast
cancer was found (OR=1.34, 95%CI=0.97-1.85).

Limitations of this study include diminished stétial power to detect subtype-specific
effects ofAURKAdue to small numbers of cases within strata odisireancer subtype.
Furthermore, whereas this study employed IHC testha breast cancer subtypes, gene
expression profiling using mMRNA-based assays coimgithousands of genes was originally
used to characterize intrinsic breast cancer seistjp 3]. IHC assays do not provide as much
information about tumor biology as mRNA-based egpi@n assays do, and could result in
misclassification of subtype [29]. However, IHCsbd subtyping has been shown to identify
common tumor subtypes with similar biologic chagasistics, does not require fresh tissue, and
has been widely used in population-based studiassasrogate for gene expression profiling
methods [29,51]. Although our study population \eage, the effect sizes BJURKASNP
associations with breast cancer risk are likelylsaral thus more subtle main or subtype effects
will require a much larger study sample to deteemirore accurate estimates. Additionally,
sample sizes were not sufficient to reliably condubtype-specific race stratified analyses of
AURKA A third phase of the CBCS is underway to augniemnumber of AA cases with
characterized tumor subtype, which will allow farther genetic evaluation to address this
limitation. There was potential for selection biasnfluence study results since 38% of cases
were unable to be subtyped. However, genotypisgidutions were similar between cases with
and without subtype data (data not shown). Likewssibtype distributions were similar
between cases with and without genotyping dataléT2li7). This suggests that the genotype

distribution in cases with subtype data is likedpresentative of the genotype distribution in all
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cases. Similarly, the subtype distribution in caséh genotype data is likely representative of
the subtype distribution in all cases.

This study applied a candidate gene approach thatased on a plausible biological
mechanism involving the cell-cycle regulatory géww¢RKA which is implicated in oncogensis
[12,13,52]. Strengths of this study include (1§ #vailability of a comprehensive set of tag and
candidate SNPs iIAURKA which improves our survey and coverage of thigartant
oncogene, (2) inclusion of a relatively large numiiieAA women, (3) inclusion of 5-marker
intrinsic subtype data based on the most curreti¢rstanding of breast tumor heterogeneity, and
(4) use of AIMS to adjust for population stratifiica, a factor which has been shown to impact
effect estimates significantly if not controlled {d1].

In summary, these results represent the first cehgrsive examination &8lURKASNPS in
a population-based study with a large group ofdsfini American participants. Odds ratios for
associations betwe@xlURKASNPs and breast cancer overall were modest andstamtsy
race. Associations by intrinsic breast cancerygétvere relatively imprecise compared to
overall estimates, but results were suggestiveeofehsed associations between aA&IRKA
SNPs and breast cancer subtype. Exploratory sesisib suggested race-specific effects within
subtype. Given the likelihood of small effect sizd AURKASNPSs on rate of breast cancer,
evaluating subtype-specific effects in larger gaopAA and Cau women may better estimate

the effect ofAURKAON the rate of distinct breast cancer subtypes.
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3.5 Tables

Table 3.1Characteristics of CBCS participants with genotgpta.

Caseg%) Controls(%)
N 1,946(100) 1,747(100)
Self-identified race
African American 742(38.1) 658(37.7)
Caucasiarn 1,204(61.9) 1,089(62.3)
Age
20-24 6 (0.3) 1(0.0)
25-29 21(1.1) 10(0.6)
30-34 85(4.4) 60 (3.4)
35-39 172(8.8) 133(7.6)
40-44 276(14.2) 242(13.9)
45-49 387(19.9) 359(20.5)
50-54 208(10.7) 237(13.6)
55-59 216(11.1) 191(10.9)
60-64 201(10.3) 166(9.5)
65-69 200(10.3) 185(10.6)
70-74 174(8.9) 163(9.3)
Menopausal Status
Premenopausal 864 (44.4) 746(42.7)
Postmenopausal 1,082(55.6) 1,001(57.3)
Stage
1 609(31.3)
2 627(32.3)
3 144(7.4)
4 42(2.2)
CIS 437(22.5)
Missing’ 87(4.5)
Tumor siz8
<2 cm 769(51.0)
>2-5cm 502(33.3)
>5 cm 146(9.7)
Missing 92(6.1)
Subtype
Luminal A 674(34.6)
Luminal B 114(5.9)
HER2+/ER- 94 (4.8)
Basal-like 199(10.2)
Unclassified 129(6.6)
Missing 736(37.8)

2 Invasive breast cancer cases
P Not available for CIS (carcinonia situ) cases
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Table 3.20dds ratios (Ors) and 95% confidence intervals)@ir the
association between single nucleotide polymorphiShiPs) on
AURKA and all incident cases of breast cancer lng.

Caucasian cases &
control

African American case
& controls

SNP ORa (95% CI) ORa (95% CI)
rs146805"
AC + AA 1.06 (0.88, 1.26) 0.95 (0.63, 1.41)
CcC Referent Referent
rs146805°
CG + C(Q 1.09 (0.91, 1.30) 1.05 (0.75, 1.47)
GG Referent Referent
rs1697982%
GT + GQ 1.10 (0.77, 1.58) 0.97 (0.77, 1.23)
TT Referent Referent
rs206486"
AC + AA 1.00 (0.83, 1.20) 0.91 (0.50, 1.64)
CcC Referent Referent
rs218069°
AG + AA 0.99 (0.84, 1.18) 0.90 (0.56, 1.45)
GG Referent Referent
rs2273535
TA+TT 1.00 (0.84, 1.20) 1.07 (0.84, 1.36)
AA Referent Referent
rs609912"
GT + GG 1.20(0.79, 1.81) 0.86 (0.69, 1.07)
TT Referent Referent
rs609912°
GT + GG 0.85 (0.98, 1.06) 0.81 (0.64, 1.02)
TT Referent Referent
rs911163
AG + AA 0.82 (0.41, 1.67) 1.23 (0.82, 1.84)
GG Referent Referent
rs601471"
AG + AA 1.04 (0.86, 1.25) 0.97 (0.76, 1.23)
GG Referent Referent
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Table 3.2 (cont.)Odds ratios (Ors) and 95% confidence intervals)Cl
for the association between single nucleotide pafpimisms (SNPs) on
AURKA and all incident cases of breast cancer log.

Caucasian cases &
control

African American case
& controls

SNP ORa (95% CI) ORa (95% ClI)
rs104797°
AG +AA| 1.05(0.87,1.27) 0.97 (0.76, 1.24)
GG Referent Referent
rs602483°
AG + AA 1.02 (0.86, 1.22) 0.95 (0.67, 1.35)
GG Referent Referent
rs34987347"
TC +TT 1.04 (0.34, 1.27)
CcC Referent
rs1697986°
CA + CQ 0.85 (0.64, 1.13)
AA Referent
rs229801°
CG + C(Q 0.97 (0.78, 1.21)
GG Referent
rs16979826
CT +CdQ 0.96 (0.73,1.27)
TT Referent
rs609230°
AG + AA 0.69 (0.53, 0.90)
GG Referent
rs609911°
GA + GG 1.11 (0.77, 1.62)
AA Referent
rs6099128
TC + TT 0.89 (0.71,1.12)
CcC Referent
rs602484°
GA + GG 1.13 (0.88, 1.45)
AA Referent

# Case-control odds ratio and 95% confidence interdiasted for age,

African ancestry

b Tag SNP in both CEU and YRI HapMap populati

¢ Candidate SNI

4 Too few heterozygotes and homozygotes for the rmaiffede in

®Tag SNP in YRI HapMap population ot
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Table 3.30dds ratios (ORs) and 95% confidence intervals)(fotsthe association between single nucleotidgnpatphisms
(SNPs) orAURKA and intrinsic subtype of breast cancer

Luminal A Luminal B HER2+/ER- Basal-like Unclassified
(Ncases674) (Ncases114) (Ncases94) (Ncases199) (Ncases129)
SNP OR (95% ClI) OR (95% CI) OR (95% ClI) OR (95% CI) OR (95% ClI)
rs1047972
AG + AA| 0.96 (0.78,1.18)] 0.75(0.48, 1.18) 0.84 (0.52, 1.36) 1.34 (0.97, 1.85 0.93 (0.62, 1.40)
GG Referent Referent Referent Referent Referent
rs1468056
CG+C{d 1.28(1.03,1.59) 1.06 (0.68, 1.64) 1.04 (0.64, 1.70) 1.13 (0.78, 1.63 0.90 (0.58, 4.41)
GG Referent Referent Referent Referent Referent
rs16979826
CT+Cd 0.81(0.54,1.21) 0.69 (0.28, 1.7P) 2.14 (1.06, 4.29) 0.88 (0.51, 1.50 1.18 (0.65, 2.15)
T Referent Referent Referent Referent Referent
rs16979829
GT+G{d 0.92(0.69,1.23 0.97 (0.54, 1.7[7) 1.05 (0.57, 1.92) 1.22 (0.82,1.82 1.03 (0.63, 1.69)
T Referent Referent Referent Referent Referent
rs16979865
CA+Cd 1.20(0.93,1.55] 0.71(0.39, 1.3[L) 1.01 (0.56, 1.82) 0.91 (0.59, 1.41 1.05 (0.64, 1.78)
AA Referent Referent Referent Referent Referent
rs2180691
AG + AA| 0.96 (0.77,1.20)] 1.02 (0.65, 1.61) 1.25 (0.74, 2.11) 0.96 (0.64, 1.43 1.01 (0.62, 1.65)
GG Referent Referent Referent Referent Referent
rs2273535
TA+TT| 0.96(0.78,1.17)] 1.30(0.87,1.94) 1.11 (0.71,1.74) | 0.81(0.58, 1.13 1.36 (0.92, 2.00)
AA Referent Referent Referent Referent Referent
rs2298016
CG+CQ 0.96(0.79,1.16) 1.14(0.77, 1.70) 1.38 (0.90, 2.11) 0.67 (0.48, 0.93 1.34 (0.93, 1.95)
GG Referent Referent Referent Referent Referent
rs6014711
AG + AA| 0.95(0.77,1.17)] 0.74 (0.47, 1.17) 0.79 (0.48, 1.29) 1.33 (0.97, 1.84 0.93 (0.61, 1.40)
GG Referent Referent Referent Referent Referent
rs6024840
GA+GE 0.95(0.78,1.16] 1.21(0.80, 1.84) 1.28 (0.80, 2.05) 0.76 (0.54, 1.06 1.00 (0.66, 1.50)
AA Referent Referent Referent Referent Referent
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Table 3.3 (cont.)Odds ratios (ORs) and 95% confidence intervals)(fotsthe association between single nucleotide
polymorphisms (SNPs) ohURKA and intrinsic subtype of breast cancer

Luminal A Luminal B HER2+/ER- Basal-like Unclassified
(Ncases674) (Ncases114) (Ncases94) (Ncases199) (Ncases129)
SNP OR (95% ClI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% ClI)
rs6092309
AG + AA| 0.61(0.41,0.92)] 0.95 (0.43, 2.09) 0.69 (0.29, 1.61) 0.75 (0.44, 1.25 0.62 (0.32, 1.20)
GG Referent Referent Referent Referent Referent
rs6099122
GT+GG 1.08(0.81,1.42) 1.06 (0.58, 1.9P) 1.56 (0.86, 2.83) 1.15 (0.77,1.71 0.71 (0.44, 1.117)
T Referent Referent Referent Referent Referent
rs6099126
TC + TT| 1.05(0.79,1.39) 0.83 (0.45, 1.5P) 1.35 (0.73, 2.49) 1.10 (0.73, 1.66 0.86 (0.53, 1.41)
CC Referent Referent Referent Referent Referent
rs6099128
GT+G{ 0.76 (0.60, 0.95 1.09 (0.70, 1.6P) 0.86 (0.52, 1.41) 0.54 (0.37, 0.80 0.61 (0.38, 0.97)
T Referent Referent Referent Referent Referent
rs1468055
AC + AA| 1.01(0.81,1.27)] 1.28(0.82, 2.00) 0.80 (0.46, 1.37) 1.10 (0.75, 1.63 0.79 (0.48, 1.30)
CcC Referent Referent Referent Referent Referent
rs6024836
AG + AA| 1.02(0.82,1.27) 0.90 (0.58, 1.39) 0.85 (0.52, 1.39) 0.85 (0.59, 1.24 0.63 (0.41, 0.98)
GG Referent Referent Referent Referent Referent
rs2064863
AC + AA| 0.87 (0.69, 1.11)] 1.25(0.76, 2.06) 1.12 (0.64, 1.97) 0.93 (0.61, 1.43 0.94 (0.56, 1.58)
CcC Referent Referent Referent Referent Referent
rs6099119
GA+GE 1.15(0.68,1.93] 0.28 (0.04, 2.111) 0.58 (0.13, 2.49) 1.61 (0.85, 3.06 1.37 (0.62, 3.05)
AA Referent Referent Referent Referent Referent
rs911162
AG + AA| 0.83(0.50, 1.40)| 0.85 (0.29, 2.47) 0.87 (0.30, 2.55) 1.32 (0.70, 2.51 0.68 (0.26, 1.79)
GG Referent Referent Referent Referent Referent

& Case-control odds ratio and 95% confidence intadjasted for age, self-reported race, Africareatry and offset ter
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Chapter 4. Results Manuscript 2: Genetic variationn BRCA1 and BRCA1-
interacting genes in association with intrinsic brast cancer subtype

4.1 Background

Mutations inBRCAlare likely to account for fewer than 10% of hetadi cases of breast
cancer and between 1-2% of all breast cancersT[iig large proportion of unexplained risk may
depend on unidentified genetic traits, environmileng& factors, or a combination of both.
There is considerable debate as to which of theesters predominates, and the magnitude of the
genetic contribution to the causation of breasteanremains unclear [2, 3]. Twin-studies and
studies of familial inheritance have suggested ¢batmon, low penetrance genetic factors may
account for residual familial risk [2, 4]. The ggénic model proposes that genetic susceptibility
to breast cancer is not entirely predicted by raighly penetrant genes but more often stems
from several common loci that each confer smaliergases in risk [4-7]. Under this model it
would be rare to observe multiple-affected casdlfesn(as is the case for those demonstrating
highly penetrant mutations in genes sucBBRSA) since multiple individuals in a family would
each have to inherit several different less penesasceptibility variants.

Studies have shown that the tumor suppressor geti¥BRCAlinfluences several
pathways, including DNA damage repair and cell eyelgulation [8]. Through these pathways,
BRCAL interacts with numerous other proteins thatiaportant for cell cycle progression [8].
Due to the prominent roBRCA1plays throughout the cell cycle and the relativabh risk for
breast cancer conferred by mutations iBRCAland lesser penetrant genes enco8RGAL

interacting proteins are logical targets for furthvestigation [9]. BARD1, BRIPIandZNF350
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are three putative low penetrance breast canceeptiBility genes whose protein products are
known to interact with BRCA1. ThBARD1protein markedly enhances the tumor suppression
activity of BRCA1by forming a heterodimé&8RCA1/BARDTomplex [10]. Mutations in
BRCAlare known to deactivate this heterodimer compl€x 1], suggesting a role fBARD1

in DNA repair processesBRIP1encodes a helicase that binds to the C-terminBR&AL
contributing to its double-strand break repair timt[12], and has previously been identified as
a potential breast cancer susceptibility gene [ENF350andBRCAlare corepressors of
GADD45 which is involved in cell cycle arrest at the @2Zheckpoint subsequent to DNA
damage [14, 15]ZNF350has been associated with breast cancer risk inque DNA repair
pathway-based studies of breast cancer [16, 17].

Based on the plausible etiologic role for genetweiants of threeBRCAZLinteracting
genes, we investigated tag and candidate singléeotide polymorphisms (SNPs) on these
genes and their associations with breast canceménkic breast cancer subtype. We used data
from the Carolina Breast Cancer Study (CBCS), gelgyopulation-based case-control study of
breast cancer in African American (AA) and Cauaagi@au) women in North Carolina. We
also examined associations between candidate SNB&RGAland breast cancer. In addition,
and building on our previous investigation of amstBRCAtinteracting geneAURKA we
explored gene—gene interactions between candiddies SnAURKA and candidate SNPs on
each ofBRCA1 BARD1, BRIP1and ZNF350. Several epidemiologic studies have examined
common genetic variation iBRCAland BRCAZ%interacting genes in association with breast
cancer risk [16-18], but none of them were condiictelarge groups of African Americans or
by breast cancer subtype. Taking advantage o€B@S study design, which oversampled AA

women and classified samples as to intrinsic sultyye estimated the associationBRCA1
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and BRCAtinteracting SNPs on overall breast cancer and stititification by race (all cases

and controls) and by subtype (race-combined).

4.2 Methods

Study Population

The CBCS is a population-based, case-control stfidggnetic and environmental risk
factors for breast cancer among AA and Cau wom&idirgy in North Carolina [19]. CBCS
study design and methods have been previouslyideddny Newmaret al.[19]. Study
participants were recruited and selected from 2#igoous counties in central and eastern North
Carolina [19]. CBCS recruitment was conductedna phases—from 1993 through 1995
(Phase 1) and from 1996 through 2001 (Phase 2)mé&kdiving in the study area between the
ages of 20 and 74 and diagnosed with invasive boaager for the first time were eligible cases
in Phase 1. CBCS Phase 2 included women diagmvagieth situ breast cancer (CIS) as well as
those diagnosed with invasive breast cancer. Gasesidentified using a rapid case
ascertainment system via the North Carolina Ce@aacer Registry (NCCCR). After
eligibility criteria were met, randomized recruitntease sampling was undertaken to ensure
adequate representation of AA and younger womeh [RBase 2 CIS cases were not included
in random recruitment sampling and all eligible Ck3es were enrolled.

Controls were selected from two sources: women geuthan 65 were selected from a list
maintained by the North Carolina Division of Mo¥ehicles; women between the ages of 65
and 74 were selected from Health Care FinancingiAidtnation records. Controls were

sampled from these lists using modified randomiseduitment, and sampling fractions were

150



designed to ensure frequency-matching of casesivats by race and five-year age interval
[20, 21].

Potential cases and controls were contacted fyrgttber and then by telephone, if available.
Women agreeing to participate were scheduled fon-drome visit by a registered nurse
interviewer. The nurse interviewer collected aopgmmetric measurements, questionnaires,
permission/consent to obtain tumor tissue, andca Bbod sample. Germline DNA was
extracted from peripheral blood lymphocytes andest@t -80°C for future analysis [19]. The
CBCS pathologist performed a standardized reviealldireast tissue received to confirm the
diagnosis of breast cancer and to characterizelbgst [19]. Slides were cut from paraffin
blocks for molecular and immunohistochemical (IHS¥ays, procedures for which have been
described previously [22-24]. The study proced@mesecruitment and enrollment into the
CBCS were approved by the Institutional Review Baarthe University of North Carolina,

Chapel Hill (UNC), and all study participants gawvetten informed consent.

Subtyping of Cases by Immunohistochemistry (IHC)

For invasive cases, estrogen receptor (ER) andeptepne receptor (PR) status were
primarily obtained from medical records (80%). ntial laboratories determined ER/PR results
on these cases. Approximately half of the cliniabbratories used IHC on paraffin-embedded
tissue, and employed cutoffs for receptor positifibom more than 0% to more than 20%. The
other half performed biochemical assays on fromsué with cutoffs for receptor positivity of
10-15 fmol/mg [24]. For approximately 11% of isi&e cases, ER/PR status was not available
in the medical record; however, paraffin-embeddesilie was available and ER/PR status was

ascertained by the UNC IHC Core laboratory. Feséhcases, IHC scoring was based on UNC
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Hospitals Department of Pathology standards, usiagtoff of 5% positive nuclei staining in
invasive breast cancer cells [22]. A random samplER+ and ER- cases based on medical
record abstraction was drawn to compare with IH@opened by the UNC IHC Core laboratory.
A kappa statistic of 0.62 and concordance of 818alted from the comparison, indicating good
agreement [25]. Nine percent of invasive casesnhiading data for ER/PR status [22].

CBCS intrinsic breast cancer subtypes were basexmression of ER, PR, human
epidermal growth factor receptor 2 (HER?2), cytokit€K) 5/6, and human epidermal growth
factor receptor 1 (HER1) according to previouslplmhed definitions [22]. Tumors that were
negative for expression of all five markers werelassified. Negative staining for all markers is
not necessarily indicative of receptor negativityhe tumor, and can result from poor tumor
block quality or inadequate tissue present in timedar block [22]. HER2, CK5/6 and HER1
assays were performed by the UNC IHC Core laboydt@). Tissue subtype analysis was
performed in the following manner: HER2 statusnvasive cases was determined using the
CB11 monoclonal antibody as previously describ&].[HER2 positivity was defined by weak
to strong staining of membrane or membrane plusptgsm in at least 10% of tumor cells [22].
Interscorer agreement of the HER2 IHC assay walsiatea on a subset of cases, yielding
overall concordance of 82% [22]. HER1 and cytoler@K) 5/6 characterization have been
previously described [26, 27], and invasive casgaahstrating any staining were classified as
positive [22]. ER, HER2, CK5/6, and HER1 classifion and determination for CIS cases were
described in detail previously [28PR status was not determined for CIS cases di hagh

correlation with ER expression and to preservaidg29].
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SNP Selection

SNPs in this study were genotyped as part of @&fgrgnel of 1,536 SNPs by the UNC
Mammalian Genotyping Core using the lllumina Gol@ate Assay (lllumina, San Diego, CA).
Detailed genotyping procedures and quality contreasures for the entire 1,536 SNP panel
were described previously [30, 31]. Assay intgnddta and genotype cluster images for all
SNPs were reviewed individually. To ensure qualdptrol of genetic data, SNPs with low
signal intensity or SNPs that were unable to bemdjaished by genotype cluster were excluded.
For each SNP, Hardy-Weinberg equilibrium (HWE) waaluated in SAS v9.3 (SAS, Cary,
NC) using a one-degree-of-freedom chi square @ratamong race-stratified controls to
determine if genotype frequencies were distribateexpected given the allele frequencies. For
the evaluation oAURKA,BRCAlandBRCAlinteracting genes combination of tag and
candidate SNPs were selected for genotyping. N#sSvere identified for Cau and AA from
CEU (Utah residents with ancestry from northern aedtern Europe) and YRI (individuals of
Yoruban descent from Idaban, Nigeria) HapMap pdpra respectively [32], and selected
using the Tagger program developed by de Ba&kat.[33]. Tag SNPs were selected based on
a linkage disequilibrium (LD)%>0.80 and a minor allele frequency (MAF)=.10 in either
CEU or YRI populations. Tag SNPs in each popufati@re then combined and CBCS
participants were genotyped for the pooled lisandidate SNPs were chosen based on a
literature review and previous GWAS hits [30]. TweeSNPs orBRCAland theBRCAL1-
interacting genes were excluded due to HRMalues <0.05 in either AA or Cat€10) or
because they were not polymorphic in the CBCS mdjuul (N=2) (Table 2.16). Six SNPs on
AURKAwere excluded from consideration for the interacaoalysis due to HWE-values

<0.05 in either AA or CauN=3) or because they were not polymorphic in the CRpGfulation
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(N=3). One SNP oBARD1was excluded from the combined race subtype aisadbgsause it
was not polymorphic in African Americans (rs28998%7Detailed genotyping procedures and
guality control measures were described previolBfly31]. The software packa§ructure

and a set of 144 ancestry informative markers (Alisre used to determine the proportion of
African ancestry for each participant [30, 34].

SNPs were chosen for inclusion into the interactinalysis based on a decision tree (Figure
2.7). The primary criterion for inclusion was bas the likelihood that a SNP was functional.
Likelihood of SNP functionality was determined ugithe FS Score, an integrativesilico
scoring system for assessing potential SNP funalityrbased on protein coding, splicing
regulation, transcriptional regulation, and poatiglation [35]. SNPs demonstrating FS Scores

of >0.50 were included in the interaction study.

Statistical Analysis

We used multivariable logistic regression to idigmnpiatterns among SNPs having effect
estimates that were most different from the nui,avere least influenced by chance.{hose
estimates with the lowest confidence limit ratiG& Rs); the ratio of the upper to lower 95%
confidence limits-a measure of precision [41]). Wédined relatively good estimate precision to
correspond to a CLR &f3.0. Odds ratios (ORS), as estimates of rates§B6], and 95%
confidence intervals (Cls) were calculated for dgpe associations with breast cancer overall,
by race, and by immunohistochemical (IHC) subtypi@g unconditional binary logistic
regression in SAS v9.3 (SAS, Cary, NC). SNPs weded using a dominant model, with the
most common allele in Cau as the reference alteboth race groups for SNPs that were tags in

both CEU and YRI HapMap populations to facilitedee comparisons. In race-stratified
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analyses, YRI tag SNPs that were not tag SNPsilCHU population were analyzed in AA

only, using the major allele in AA as the refereatiele; likewise, CEU tag SNPs that were not
tag SNPs in the YRI population were analyzed in @aly, using the major allele in Cau as the
reference allele. Candidate SNPs were analyzbdtimrace groups, using the major allele in
Cau as the reference allele to facilitate race @mpns. Genotype associations were adjusted
for age, potential population stratification usthg AIMs variable, and an offset term (defined as
the natural log of recruitment probability of casesruitment probability of controls) to adjust

for differing randomized recruitment sampling prbitiies between phases of CBCS [41,47].
Subtype-specific analyses were performed in thebtoad race group rather than by race due to
small sample numbers within strata of subtype,vaak adjusted for self-identified race, age,
the AlMs variable, and the offset term. Subtypeesfic analyses included all tag and candidate
SNPs and assigned the major allele in Cau as theenee allele. Additive interaction between
selected SNPs cAURKA BRCA1,andBRCAlinteracting genes was assessed using the relative
excess risk due to interaction (RERI) based oridhraula RERI=OR; — ORy; — ORp + 1 [39],

with 95% confidence intervals calculated basedhemtethod proposed by Hosmer and

Lemeshow [40].

4.3 Results

Participation

Among self-reported AA, the median proportion ofiédn ancestry was 81%. The median
proportion of African ancestry among self-repor@al was 6%. Immunohistochemical subtype
data was available for 1,412 of 2,277 (62%) cased,successful genotyping data was collected

for 1,946 of 2,277 (85%) cases. Of the 2,277 ¢as@40 (53%) were successfully genotyped
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and assigned a breast cancer intrinsic subtypeA242,204 Cau) (Table 3.1). The distribution
of tumor subtype in cases with genotype data wdsliasvs: 199 basal-like, 674 luminal A, 114
luminal B, 94 HER2+/ER-, and 129 unclassified (BaBl1). Cases with missing subtype data
were more likely to be Cau and have an earlierestagliagnosis [29]. Of 1,985 controls, 1,747
(88%) were successfully genotyped (658 AA/1,089)G&aable 3.1). Participants were excluded
from analysis if genotype calls were missing*$06% of SNPsN=569), gender was
mismatchedN=5), or due to suspected contamination of DNA spenih=1) [30].

Participants missing genotype data were more litcelye AA cases.

Genotype Associations

Odds ratios for SNPs ddRCAland breast cancer were all close to 1.00 amongTahle
4.1). Among Cau, three SNPs BRCA1(rs16941, rs16942, and rs1799966) showed positive
associations with breast cancer and had relatyabgl estimate precision. The majority of
SNPs orBARD1had ORs close to 1.00 in AA and Cau. Rs16852TEBARD1had an inverse
association with breast cancer among AA (OR=0.8% €I: 0.68-1.13) and Cau (OR=0.75,
95% CI: 0.58-0.98). OnNBARDI1SNP (rs28997576: OR=1.42, 95% CI: 1.00-2.03) shioare
elevated OR among Cau but was not polymorphic arddngan American CBCS participants
(not shown in Table 4.1). Among AA, thrBRIP1SNPs (rs4986764, rs7213430, and
rs1978111) had inverse associations with breastecawith relatively good estimate precision.
Results foBRIP1SNPs among Cau were consistent with little or ssmaiation. Similarly, ORs
for SNPs orzNF350were all close to 1.00 for both AA and Cau.

Table 4.2 presents intrinsic breast cancer subspeeific (race-combined) results. Three

SNPs orBRCA1(rs16941, rs16942, and rs1799966) inverse associations with HER2+/ER-
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breast cancer and positive associations with luhfirend basal-like subtypes, with relatively
good estimate precision. TMBRCALSNPs (rs1799950 and rs799923) had reduced ORs for
luminal A breast cancer and increased ORs for lahBrbreast cancer. Rs1799950 also showed
inverse associations with HER2+/ER- and basalbileast cancer. Exploratory race-stratified
analysis of rs1777950 showed an inverse associaitbrbasal-like breast cancer among Cau
(OR=0.15, 95%CI: 0.04-0.61), with results in AA irepise, but consistent with no association
(OR=1.02, 95%CI: 0.30-3.46). Exploratory analy#iss799923 by race and subtype showed an
inverse association with luminal A breast cancel apositive association with the basal-like
subtype among Cau (luminal A OR=0.76, 95%CI: 0.680¢0luminal B OR=1.76, 95%CI: 1.10-
2.84).

Two SNPs o BARD1(rs16852761 and rs3768704) had positive assongtiath luminal B
breast cancer and negative associations with tigedbreast cancer, with ORs closer to 1.00 for
other subtypes. Thrd@ARD1SNPs (rs12474696, rs2075622, and rs2888294) radated
ORs for luminal A breast cancer and elevated ORbdsal-like breast cancer. OBARD1
SNP (rs16852799) showed decreased ORs for botmélAiand basal-like subtypes.

Three SNPs oBRIP1(rs4986764, rs7213430, and rs1978111) were polsitassociated
with HER2+/ER- breast cancer and negatively assetmith basal-like breast cancer. Two
SNPs orZNF350(rs2278420 and rs4988334) showed elevated ORsrfonal B and
HER2+/ER- breast cancer. Assessment of additiegantions between candidate SNPs on
AURKAandBRCAlandBRCAZtinteracting genes using RERI yielded results texe

consistent with little or no departure from addtin(Tables 4.3-4.6).
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4.4 Discussion

We estimated associations between tag and candéiee orBRCAlandBRCAL
interacting genes and rate of breast cancer ovamdlby intrinsic subtype using data from a
large population based case-control study. Ounrmadings were positive associations between
three candidate SNPs &RCAL(rs16941, rs16942, and rs1799966) and breast canegall
that demonstrated relatively good estimate preciaimong Cau women. All three
nonsynonymous missense SNPs demonstrated estiofiaieslar magnitude and precision,
which is likely due to the high degree of LD betwékem (%>0.90). Furthermore, among the
HapMap CEU population (Release #27), all three S&Pslso in high LD with 36 other SNPs
on BRCAlthat were not genotyped in the CBCS populatidns possible that these three
coding SNPs along with other SNPs in LD alter fiorcbf BRCAland together are responsible
for the associations we observed. Both rs16941rsitP9966 are predicted to be deleterious by
SIFT and showed FS scoress®.5, indicting a strong probability of functionglit Rs16942 was
also predicted to be functional, with an FS scdr@.®, but was predicted to be tolerated by
SIFT. Using data oBRCA1mutation carriers from the Consortium of Investoyatof
Modifiers of BRCA1/2(CIMBA), Cox et al.reported a decreased risk of breast cancer among
women carrying the minor allele of rs16942 on thielstype copy oBRCAL(hazard ratio=0.86,
95%CI: 0.77-0.95), contrary to our results. Theportion of CBCS case participants with
disease-relateBRCAlmutations is largely unknown, but its populaticaséd design and a
previous study by Newmaet al. suggests it may be small [42]. This differenceyraecount for
contrasting results reported by Ceixal. Furthermore, the study group evaluated by €toxl.
(CIMBA) is a hospital-based study comprised of gtpdrticipants from 18 different countries

that may not be comparable to the CBCS study ptipala
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Subtype-specific analyses suggested heterogeneiyeirelationship between genotyped
SNPs and intrinsic breast cancer subtyBRCA1missense SNP rs1799950, resulting in a
glutamine to arginine amino acid change, has bgammmed in large population-based studies of
breast cancer. Baynesal.reported an inverse association between rs179888@verall
breast cancer risk in a large case-control studyusbpean women (OR=0.63, 95%CI: 0.23-
1.23) [43]. Similar results were reported by Dunget al.in a case-control study of Caucasian
women from the United Kingdom [44]. These pricsuks are consistent with our overall
findings for rs1799950 among Caucasians. Subtppeific results also indicated inverse
associations between rs1799950 and luminal A, HHERR+ and basal-like breast cancers in
CBCS patrticipants. Since genotype and allele &eagies for rs1777950 were similar between
races, we conducted exploratory subtype analysat#fisd by race (data not shown). Race-
stratified estimates for luminal A breast cancerensmilar in magnitude and direction to those
reported in our combined race subtype-specificyammal An inverse association was also noted
between rs1799950 and HER2+/ER- breast cancer aaungwith inadequate cell sizes
precluding calculation of an estimate in AA. ImtoBRCALSNP rs799923 demonstrated an
inverse association with luminal A breast cancel apositive association with luminal B breast
cancer. Exploratory subtype analysis by race sddwis pattern repeated among Cau, with
highly imprecise estimates among AA. Rs799923tamhigh LD with any other SNP on
BRCALlin Cau. Three intronic SNPs &ARD1(rs12474696, rs2075622, and rs6749828)
demonstrated positive associations with basaldileast cancer. Exploratory subtype analysis
by race demonstrated the same pattern of assaciatimoth Cau and AA. All three SNPs are

predicted to be nonfunctional by FS score andralegh LD with other SNPS that were not
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genotyped by CBCS. These exploratory results shioelconsidered in the context of the
imprecise effect estimates, but may suggest raeeHgpdifferences by breast cancer subtype.

Limitations of this study include limited statistigpower to detect intrinsic breast cancer
subtype-specific associations of candidate genesalamall numbers of cases within these
strata. Although our study population was lardiect sizes of selected candidate gene SNP
associations with breast cancer risk are likelylsraad thus more subtle main or subtype effects
will require a much larger study sample to estinzteurately. Additionally, samples sizes were
not sufficient to reliably conduct subtype-speciace-stratified analyses. A third phase of the
CBCS is underway to augment the number of AA casstumor subtype data, which will
allow for better powered genetic analyses. Theas potential for selection bias to influence
study results since 38% of cases were unable sulbiyped. However, genotyping distributions
were similar between cases with and without subtigia. Likewise, subtype distributions were
similar between cases with and without genotypiaig ddata not shown). This suggests that the
genotype distribution in cases with subtype datikédy representative of the genotype
distribution in all cases. Similarly, the subtygistribution in cases with genotype data is likely
representative of the subtype distribution in abes.

This study applied a candidate gene approach thatased on plausible biological
oncogenic mechanisms involving candidate g&8R€A1, BARD1, BRIPAndZNF35Q0
Additional strengths of this study include (1) msion of a relatively large number of AA
women, which are drawn from the largest case-cbstualy of breast cancer among AA women
available to date; (2) inclusion of 5-marker insimsubtype data, and (3) use of AIMS to adjust

for population stratification [30].
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In summary, we observed positive associations letvieeast cancer and three candidate
SNPs orBRCA1(rs16941, rs16942, and rs1799966). These resytesent the first candidate
gene study of genetic variationBARD1, BRIP1andZNF350in a population-based study with
a large group of African American participants. d9datios for associations between SNPs on
these candidate genes and breast cancer overallchose to 1.00 and consistent by race.
Associations by intrinsic breast cancer subtypeswelatively imprecise compared to overall
estimates, but results were suggestive of diffeabassociations between candidate genes and
intrinsic breast cancer subtype. Exploratory ssalso suggested race-specific effects within
subtype. Given the likelihood of small effect sizé candidate gene SNPs on rate of breast
cancer, evaluating subtype-specific effects indagyoups of AA and Cau women may better
estimate the effects of genetic variatiolBRCAlandBRCAlinteracting genes on the rate of

distinct breast cancer subtypes.
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4.5 Tables

Table 4.10dds ratios (ORs) and 95% confidence intervals)(@ir
the association between single nucleotide polynimmEh(SNPs) on
BRCAL1 and BRCAI1l-interacting genes and all incideages of breast

cancer by rac

Caucasian cases &
controk

African American
cases & contra

SNP ORa (95% CI) ORa (95% CI)
BRCA1
rs179995°
AG+GG 0.89 (0.68, 1.17) 0.94 (0.48, 1.83)
AA Referent Referent
rs1694°
AG+GG 1.24 (1.04, 1.48) 1.04 (0.83,1.31)
AA Referent Referent
rs1694.
AG+GG  1.24 (1.04, 1.48) 1.10 (0.88, 1.37)
AA Referent Referent
rs1799966
AG+GG 1.25 (1.05, 1.48) 1.11 (0.89, 1.38)
AA Referent Referent
rs79991°
CT+TT 1.06 (0.80, 1.40) 1.06 (0.83, 1.34)
CC Referent Referent
rs498685°
CT+TT 0.98 (0.66, 1.45) 1.07 (0.38, 3.02)
CC Referent Referent
rs79992"
GA+AA 1.05 (0.88, 1.26)
GG Referent
BARD1
rs1247706"
TC+CC 1.10 (0.87, 1.40) 1.10 (0.88, 1.37)
TT Referent Referent
rs675192"
TC+CC 0.83 (0.68, 1.01) 1.13(0.91, 1.41)
TT Referent Referent
rs154217"
AG+GG 1.16 (0.97, 1.39) 1.11 (0.89, 1.38)
AA Referent Referent
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Table 4.1 (cont.)Odds ratios (ORs) and 95% confidence intervals
(Cls) for the association between single nuclegiolgmorphisms
(SNPs) on BRCA1 and BRCA1l-interacting genes andadent
cases of breast cancer by r

Caucasian cases &
control

African American
cases & contra

SNP ORa (95% CI) ORa (95% CI)
rs16852761
GA+AA| 0.92 (0.57, 1.49) 0.99 (0.75, 1.31)
GG Referent Referent
rs1685279°
CT+TT| 0.85(0.55,1.32) 1.00 (0.77, 1.28)
CC Referent Referent
rs16852799)
AG+GG  0.75 (0.58, 0.98) 0.87 (0.68, 1.13)
AA Referent Referent
rs207562"
CA+AA| 1.00 (0.84, 1.20) 0.95 (0.76, 1.19)
CC Referent Referent
rs2888294
CG+GG 0.93 (0.77, 1.13) 0.96 (0.74, 1.24)
CC Referent Referent
rs376870"
GA+AA| 1.07(0.88, 1.31) 1.02 (0.79, 1.30)
GG Referent Referent
rs467272"
GA+AA| 1.08 (0.91, 1.29) 1.06 (0.85, 1.32)
GG Referent Referent
rs674982"
GC+COg 0.99, (0.79, 1.24) 1.09 (0.87, 1.36)
GG Referent Referent
rs197902°
TA+AA| 1.07 (0.90, 1.28) 1.05 (0.84, 1.31)
TT Referent Referent
rs758535°
GA+AA| 1.07 (0.90, 1.28) 0.92 (0.73, 1.16)
GG Referent Referent
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Table 4.1 (cont.)Odds ratios (ORs) and 95% confidence intervals
(Cls) for the association between single nuclegiolgmorphisms
(SNPs) on BRCA1 and BRCALl-interacting genes andadent
cases of breast cancer by r

Caucasian cases &
controls

African American
cases & contra

SNP ORa (95% ClI) ORa (95% ClI)
rs104810°
GA+AA 1.03 (0.86, 1.23) 1.02 (0.81, 1.27)
GG Referent Referent
rs2899757%°
GC+CC 1.42 (1.00, 2.03)
GG Referent
rs222957°
CG+GG 0.99 (0.82, 1.18) 0.93 (0.70, 1.24)
CcC Referent Referent
rs1022158°
CT+TT 0.81 (0.63, 1.04)
CC Referent
rs1093257°
TC+CC 1.06 (0.85, 1.33)
TT Referent
rs1247469°
AG+GG 1.00 (0.80, 1.24)
AA Referent
rs376870°
CT+TT 1.09 (0.87, 1.35)
CC Referent
rs376870°
AG+GG 1.02 (0.81, 1.28)
AA Referent
rs382072°
TG+GG 0.94 (0.75, 1.18)
TT Referent
rs675690°
TC+CC 1.11 (0.89, 1.39)
TT Referent
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Table 4.1 (cont.)Odds ratios (ORs) and 95% confidence intervals
(Cls) for the association between single nuclegiolgmorphisms
(SNPs) on BRCA1 and BRCALl-interacting genes andadent
cases of breast cancer by r

Caucasian cases &
controls

African American
cases & contra

SNP ORa (95% CI) ORa (95% CI)
rs755755°
CT+TT 1.04 (0.84, 1.29)
CC Referent
rs756680°
GC+C(Q 1.04 (0.82, 1.32)
GG Referent
rs675341°
CT+TT 1.02 (0.82, 1.28)
CC Referent
rs1093256'
AC+CC|  0.91 (0.76, 1.08)
AA Referent
rs1748782'
CG+GGE  1.18(0.99, 1.42)
CC Referent
BRIP1
rs498676°
CT+TT| 1.07 (0.89, 1.28) 0.83 (0.67, 1.03)
CC Referent Referent
rs721343°
AG+GG  1.09 (0.91, 1.30) 0.82 (0.66, 1.03)
AA Referent Referent
rs498835°
GC+Cd  1.17 (0.98, 1.40) 1.15 (0.90, 1.47)
GG Referent Referent
rs1978111
CT+TT 1.06 (0.89, 1.27) 0.81 (0.65, 1.01)
CC Referent Referent
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Table 4.1 (cont.)Odds ratios (ORs) and 95% confidence intervals
(Cls) for the association between single nuclegiolgmorphisms
(SNPs) on BRCA1 and BRCALl-interacting genes andadent
cases of breast cancer by r

Caucasian cases &
controls

African American
cases & contra

SNP ORa (95% CI) ORa (95% CI)
ZNF350
rs498677°
TC+CC 1.08 (0.91, 1.29) 1.18 (0.86, 1.61)
TT Referent Referent
rs227842°
AG+GG 1.10 (0.91, 1.33) 0.98 (0.78, 1.22)
AA Referent Referent
rs1187975°
GC+C( 1.02 (0.84, 1.25) 1.06 (0.82, 1.37)
GG Referent Referent
rs227841°
CT+TT 1.08 (0.91, 1.29) 1.16 (0.85, 1.60)
CcC Referent Referent
rs498677°
CT+TT 0.96 (0.74, 1.24) 1.09 (0.82, 1.46)
CcC Referent Referent
rs498833°
TC+CC 1.15 (0.84, 1.40) 0.93 (0.75, 1.15)
TT Referent Referent

? Case-control odds ratio and 95% confidence interiasted for ag
African ancestry, and offset term

° Tag SNP in both CEU and YRI HapMap populai

¢ Candidate SN

“ Too few heterozygotes and homozygotes for thermaitiegde in

African Americans

®Tag SNP in YRI HapMap population only

fTag SNP in CEU HapMap population only
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Table 4.20dds ratios (ORs) and 95% confidence intervals)(@ir the association between single nucleotide
polymorphisms (SNPs) on BRCA1 and BRCAl-interacgigges and breast cancer subtype

Luminal A Luminal B HER2+/ER- Basal-like Unclassified
(Ncases= 674) | (Ncases 114) (Ncases= 94) | (Ncases= 199) | (Ncasess 129)
SNP OR(95% CI) | OR(95% CI) | OR(95% Cl) | OR(95% ClI) | OR (95% CI)
BRCA1l
rs1799950
AG+G(H 0.62 (0.42,0.90) 1.36(0.74,2.91) 0.55(0154])| 0.33(0.14,0.79) 1.43(0.76, 2.1
AA Referent Referent Referent Referent Referent
rs16941
AG+GGE 1.17 (0.97,1.42) 1.02(0.69,1.51) 0.64 (01401)| 1.21(0.88,1.65) 0.86 (0.58, 1.4
AA Referent Referent Referent Referent Referent
rs16942
AG+G(H 1.15(0.95,1.39) 1.01(0.68,1.49) 0.69 (014@6)| 1.19 (0.88,1.63) 0.96 (0.66, 1.4
AA Referent Referent Referent Referent Referent
rs1799966
AG+GGE 1.17 (0.97,1.42) 1.00(0.68,1.48) 0.71 (01480)| 1.20(0.88,1.64) 0.95 (0.65, 1.3
AA Referent Referent Referent Referent Referent
rs799917
CT+TT| 1.10(0.86,1.42) 1.12(0.65,1.90) 1.32(0Z35)| 0.88 (0.60, 1.30) 0.78 (0.49, 1.2
CC Referent Referent Referent Referent Refereng
rs4986852
CT+TT| 1.01 (0.61,1.67) 1.67 (0.69,4.04) 0.33 (0087)| 1.13(0.46,2.73) 1.25(0.43, 3.6
CC Referent Referent Referent Referent Referent
rs799923
GA+AA|[ 0.79 (0.63,0.99) 1.58(1.02,2.45) 1.08 (0.659)| 0.95(0.64,1.41) 1.43(0.91, 2.2
GG Referent Referent Referent Referent Referent
BARD1
rs10932568
AC+CC| 1.05(0.87,1.28) 0.88(0.58,1.32) 1.10(0171])| 0.86 (0.63,1.20) 0.86 (0.58, 1.4
AA Referent Referent Referent Referent Referent
rs10221582
CT+TT| 1.10(0.89,1.35) 0.86(0.57,1.30) 0.71 (0M46]1)| 1.02(0.73,1.43) 0.82 (0.55, 1.2
CC Referent Referent Referent Referent Referent
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Table 4.2 (cont.)Odds ratios (ORs) and 95% confidence intervals)(€@ir the association between single nucle:
polymorphisms (SNPs) on BRCA1 and BRCA1-interacgigges and breast cancer subtype

Luminal A Luminal B HER2+/ER- Basal-like Unclassified
(Ncases= 674) | (Ncases 114) (Ncases= 94) | (Ncases= 199) | (Ncasess 129)
SNP OR(95% CI) | OR(95% CI) | OR(95% Cl) | OR(95% CI) | OR (95% CI)
rs10932573
TC+C(Q 1.05(0.85,1.29) 1.10(0.71,1.49) 1.17 (01789)| 1.29(0.62,1.82) 1.08 (0.72, 1.42)
TT Referent Referent Referent Referent Referent]
rs12474696
AG+G(H 0.78 (0.64,0.94) 1.00 (0.67,1.49) 0.95 (01646)| 1.40(1.01,1.93) 1.03(0.70,1.51)
AA Referent Referent Referent Referent Referent
rs12477063
TC+C(J 1.21(0.96,1.52) 0.93(0.59,1.47) 1.29 (R7%)| 1.06 (0.75, 1.51) 1.32(0.85, 2.43)
TT Referent Referent Referent Referent Referent]
rs1542173
AG+G(H 1.04 (0.86,1.26) 1.00 (0.68,1.49) 1.20 (01784)| 1.24 (0.91,1.69) 1.25(0.86, 1.82)
AA Referent Referent Referent Referent Referent
rs16852761
GA+AA| 1.14 (0.81,1.59) 1.39(0.70,2.7f) 0.87 (0.B87)| 0.75(0.44,1.30) 0.87 (0.46, 1.43)
GG Referent Referent Referent Referent Referent
rs16852798
CT+TT| 0.95(0.69,1.30) 0.82(0.41,1.65) 0.78 (01380)| 0.76 (0.47,1.23) 1.27 (0.76, 2.14)
CC Referent Referent Referent Referent Refereng
rs16852799
AG+G(H 0.71 (0.55,0.93) 0.84 (0.49,1.44) 1.08 (01634)| 0.74(0.49,1.13) 1.30 (0.84, 2.Q1)
AA Referent Referent Referent Referent Referent
rs17487827
CG+G({H 0.98 (0.81,1.20) 0.89(0.59,1.36) 1.09 (AL7A&Y)| 1.32(0.96,1.81) 0.95 (0.64, 1.42)
CC Referent Referent Referent Referent Refereng
rs1979028
TA+AA| 1.18 (0.98, 1.43)] 0.79 (0.54,1.18) 1.02 (0.6&6)| 1.06 (0.77,1.44) 1.17 (0.80, 1.91)
TT Referent Referent Referent Referent Referent]
rs2075622
CA+AA| 0.86 (0.71,1.05) 1.06(0.71,1.59) 0.89 (0.688)| 1.38(1.00,1.90) 0.94 (0.64, 1.38)
CC Referent Referent Referent Referent Refereny
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Table 4.2 (cont.)Odds ratios (ORs) and 95% confidence intervals)(€@ir the association between single nucle:
polymorphisms (SNPs) on BRCA1 and BRCA1-interacgigges and breast cancer subtype

Luminal A Luminal B HER2+/ER- Basal-like Unclassified
(Ncases= 674) | (Ncases 114) (Ncases= 94) | (Ncases= 199) | (Ncasess 129)
SNP OR(95% CI) | OR(95% CI) | OR(95% Cl) | OR(95% CI) | OR (95% CI)
rs2888294
CG+GE 0.79 (0.64,0.98) 0.86 (0.56,1.34) 0.87 (A158))| 1.18(0.82,1.71) 1.18(0.75, 1.4
CC Referent Referent Referent Referent Refereng
rs3768704
GA+AA| 1.10(0.88,1.37) 1.51(0.99,2.3D) 1.02 (0B88)| 0.72(0.49,1.06) 1.19(0.79, 1.4
GG Referent Referent Referent Referent Referent
rs3768707
CT+TT| 1.01(0.84,1.22) 0.99(0.67,1.47) 1.17 (01780)| 1.23(0.90, 1.67) 1.22 (0.84, 1.7
CC Referent Referent Referent Referent Refereng
rs3768708
AG+GEH 0.99 (0.81,1.20) 1.02 (0.68,1.92) 1.00 (01655)| 1.21(0.88,1.66) 1.19(0.81, 1.1
AA Referent Referent Referent Referent Referent
rs3820727
TG+GE 1.14 (0.93,1.39) 0.90(0.60,1.37) 1.25(017@8)[ 1.30(0.94,1.81) 0.81 (0.55, 1.2
TT Referent Referent Referent Referent Referent]
rs4672729
GA+AA[ 0.95 (0.79, 1.15) 1.10(0.75,1.6¢) 1.08 (0.X8B6)| 1.12(0.82,1.53) 1.22(0.83, 1.7
GG Referent Referent Referent Referent Referent
rs6749828
GC+C(Jd 1.03(0.83,1.29) 0.88 (0.56,1.37) 1.27 (®78])| 1.35(0.94,1.93) 1.04 (0.69, 1.5
GG Referent Referent Referent Referent Referent
rs6751923
TC+C(J 0.94 (0.77,1.15) 1.04 (0.69,1.98) 0.98 (01624)| 0.84 (0.61,1.17) 1.09 (0.74, 1.6
TT Referent Referent Referent Referent Referent]
rs6753417
CT+TT| 1.15(0.95,1.39) 0.97 (0.65,1.44) 1.07 (01664)| 1.21(0.89, 1.66) 1.03 (0.70, 1.5
CC Referent Referent Referent Referent Referent
rs6756902
TC+C(Q 1.21(0.96,1.52) 0.93(0.59,1.47) 1.29 (®71®)| 1.07 (0.75,1.52) 1.32(0.86, 2.(
TT Referent Referent Referent Referent Referent]
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Table 4.2 (cont.)Odds ratios (ORs) and 95% confidence intervals)(€@ir the association between single nucle:
polymorphisms (SNPs) on BRCA1 and BRCA1-interacgigges and breast cancer subtype

Luminal A Luminal B HER2+/ER- Basal-like Unclassified
(Ncases= 674) | (Ncases 114) (Ncases= 94) | (Ncases= 199) | (Ncasess 129)
SNP OR(95% CI) | OR(95% CI) | OR(95% Cl) | OR(95% CI) | OR (95% CI)
rs7557557
CT+TT| 1.12(0.91,1.38) 1.00 (0.65,1.52) 1.21 (01785)| 1.23(0.88,1.71) 0.95 (0.64, 1.4
CC Referent Referent Referent Referent Refereng
rs7566806
GC+C(Jd 1.07 (0.87,1.31) 1.09 (0.71,1.67) 0.97 (Ae&®y)| 0.73(0.51,1.05) 1.13(0.76, 1.4
GG Referent Referent Referent Referent Referent
rs7585356
GA+AA[ 1.09 (0.90,1.32) 0.77(0.51,1.16) 1.15(0FX57)| 1.01(0.74,1.39) 1.07 (0.73, 1.5
GG Referent Referent Referent Referent Referent
rs1048108
GA+AA| 1.11(0.91, 1.34) 0.94(0.63,1.3D) 1.03 (0.BB9)| 1.13(0.82,1.54) 1.02 (0.69, 1.4
GG Referent Referent Referent Referent Referent
rs3738888
GA+AA| 0.96 (0.36, 2.53) 2.08 (0.45, 9.6D) 2.65 (0.52,33)] 1.39 (0.30, 6.50
GG Referent Referent Referent Referent Referent
rs2229571
CG+G({ 0.86 (0.70,1.06) 1.16(0.74,1.40) 0.88 (QL5%))| 1.24(0.85,1.80) 1.42(0.89, 2.2
CC Referent Referent Referent Referent Refereng
BRIP1
rs4986764
CT+TT| 1.01(0.83,1.22) 0.91(0.61,1.35) 1.30(02885)| 0.85(0.63,1.17) 0.76 (0.52, 1.1
CC Referent Referent Referent Referent Refereng
rs7213430
AG+G(H 1.01 (0.84,1.23) 0.94 (0.63,1.39) 1.36 (02874)| 0.86 (0.63,1.17) 0.75 (0.52, 1.(
AA Referent Referent Referent Referent Referent
rs4988351
GC+Cd 1.09(0.90,1.33) 0.98 (0.65,1.48) 0.91 (A543)| 0.99 (0.71,1.38) 1.73(1.18, 2.5
GG Referent Referent Referent Referent Referent
rs1978111
CT+TT| 0.96 (0.79,1.17) 0.93(0.63,1.39) 1.32(028@8)| 0.84 (0.61,1.15) 0.74 (0.51, 1.C
CC Referent Referent Referent Referent Referent
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Table 4.2 (cont.)Odds ratios (ORs) and 95% confidence intervals)(€@ir the association between single nucle:
polymorphisms (SNPs) on BRCA1 and BRCA1-interacgigges and breast cancer subtype

Luminal A Luminal B HER2+/ER- Basal-like Unclassified
(Ncases= 674) | (Ncases 114) (Ncases= 94) | (Ncasess 199) | (Ncasess 129)
SNP OR(95% CI) | OR(95% CI) | OR(95% Cl) | OR(95% CI) | OR (95% CI)
ZNF350
rs4986773
TC+C({ 1.09(0.89,1.35) 1.04(0.67,1.59) 1.04 (01687)| 1.08 (0.75, 1.54) 1.28 (0.82, 2.(
TT Referent Referent Referent Referent Referent]
rs2278420
AG+GGE 0.99(0.81,1.21) 1.31(0.86,1.98) 1.47 (023]1)| 0.93(0.67,1.29 1.23(0.83,1.4
AA Referent Referent Referent Referent Referent
rs11879758
GC+C(Jd 1.04 (0.84,1.30) 1.24(0.81,1.91) 0.99 (A63)| 1.16 (0.82,1.64) 0.72(0.45, 1.1
GG Referent Referent Referent Referent Referent
rs2278417
CT+TT| 1.09(0.88,1.34) 1.08 (0.70,1.65) 1.03 (01685)| 1.03(0.72,1.47) 1.37 (0.87, 2.1
CC Referent Referent Referent Referent Refereng
rs4986770
CT+TT| 0.87 (0.66, 1.14) 0.83 (0.46, 1.47) 1.21 (02682)| 0.93 (0.60, 1.43) 0.93 (0.55, 1.5
CC Referent Referent Referent Referent Referent
rs4988334
TC+C({ 0.95(0.77,1.16) 1.44(0.96,2.18) 1.32 ((@8%6)| 0.97 (0.70, 1.35) 1.27 (0.86, 1.§
TT Referent Referent Referent Referent Referent]

? Case-control odds ratio and 95% confidence intefiasted for age, self-identified race, Africarcastry and

offset term
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Table 4.3 Additive interaction analysis between select SNRPAWRKA and

BRCA!
AURKA-BRCA1

1, SNP1  SNP2
rs2273535 rs1799950 OR RD RERI 95% O
(00 AA AA 1.00  0.00
r
01 AA GA+GG 109 009 . (-0.57-0.60
10 TA+TT  AA 1.03  0.00
11 TA+TT GA+GG 1.14 0.11
SNP1  SNP2
rs1799950 rs2273535 OR RD RERI 95% Q
(00 AA AA 1.00  0.00
r
01 AA TA+TT 103 003 (-0.57-0.60
10 GA+GG AA 1.09  0.00
11 GA+GG TA+TT 1.14 0.05
2. SNP1  SNP2
rs2273535 rs16941 OR RD RERI 95% C
100 AA AA 1.00  0.00
.
01 AA GA+GG 127 027 g (-0.62-0.06
10 TA+TT  AA 1.15  0.00
11 TA+TT GA+GG 1.14 -0.01
SNP1  SNP2
rs16941 rs2273535 OR RD RERI 95% C
00 AA AA 1.00  0.00
I
01 AA TA+TT 115 015 g (-0.62-0.06
10 GA+GG AA 1.27  0.00
11 GA+GG TA+TT 1.14 -0.13
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SNP1 SNP2

rs2273535 rs16942 OR RD RERI 95% C
(00 AA AA 1.00  0.00
r
01 AA GA+GG 127 027 .. (-0.60-0.09)
10 TA+TT  AA 1.15  0.00
11 TA+TT GA+GG 1.17 0.02

SNP1  SNP2

rs16942 rs2273535 OR RD RERI 95% C
(00 AA AA 1.00  0.00
r
01 GA+GG TA+TT 1.15 0.15

-0.25 (-0.60-0.0

10 AA AA 1.27  0.00 (-0.60-0.09
11 GA+GG TA+TT 1.17 -0.10
4. SNP1  SNP2

rs2273535 rs1799966 OR RD RERI 95% Qi
00 AA AA 1.00  0.00
F
01 AA GA+GG 128 028 .. (0.60-0.09
10 TA+TT  AA 1.15  0.00
11 TA+TT GA+GG 1.18 0.03

SNP1  SNP2
i rs1799966 rs2273535 OR RD RERI 95% Cl
(00 AA AA 1.00  0.00
r
01 GA+GG TA+TT 115 015 .. (-0.60-0.08)
10 AA AA 1.28  0.00
11 GA+GG TA+TT 1.18 -0.10
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5. SNP1  SNP2

rs2273535 rs799917 OR RD RERI 95% Cl
(00 AA TT 1.00  0.00
r
01 AA CT+CC 111 041 .. (-0.50-0.21
10 TA+TT  TT 1.13  0.00
11 TA+TT CT+CC 1.09 -0.04

SNP1  SNP2

rs799917 rs2273535 OR RD RERI 95%
(00 TT AA 1.00  0.00
r
01 TT TA+TT 113 013 . (-0.50-0.21
10 CT+CC AA 1.11  0.00
11 CT+CC  TA+TT 1.09 -0.01
6. SNP1  SNP2

rs2298016 rs1799950 OR RD RERI 95% Qi
00 GG AA 1.00  0.00
F
01 GG GA+GG 107 007 ..o (-0.49-0.65)
10 GC+CC AA 1.01  0.00
11 GC+CC GA+GG 1.18 0.17

SNP1  SNP2
i rs1799950 rs2298016 OR RD RERI 95% Cl
(00 AA GG 1.00  0.00
r
01 AA GC+CC 101 001 .o (-0.49-0.65)
10 GA+GG GG 1.07  0.00
11 GA+GG GC+CC 1.18 0.11
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7. SNP1  SNP2

rs2298016 rs16941 OR RD RERI 95% C
(00 GG AA 1.00  0.00
r
01 GG GA+GG 129 029 . (-0.63.0.04
10 GC+GG AA 1.13  0.00
11 GC+GG GA+GG 1.12 -0.01

SNP1  SNP2

rs16941 rs2298016 OR RD RERI 95% C
(00 AA GG 1.00  0.00
r
01 AA GC+GG 113 043 . (-0.63.0.04
10 GA+GG GG 1.29  0.00
11 GA+GG GC+GG 1.12 -0.17
8. SNP1  SNP2

rs2298016 rs16942 OR RD RERI 95% C
00 GG AA 1.00  0.00
F
01 GG GA+GG 128 028 . (-0.56-0.10)
10 GC+CC AA 1.11  0.00
11 GC+CC GA+GG 1.15 0.05

SNP1  SNP2
i rs16942 rs2298016 OR RD RERI 95% C
(00 AA GG 1.00  0.00
r
01 AA GC+CC 111 011 . (-0.56-0.10}
10 GA+GG GG 1.28  0.00
11 GA+GG GC+CC 1.15 -0.13
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0. SNP1  SNP2

rs2298016 rs1799966 OR RD RERI 95% Q|
(00 GG AA 1.00  0.00
r
01 GG GA+GG 130 030 .. (-0.58.0.08
10 GC+CC  AA 1.11  0.00
11 GC+CC GA+GG 1.16 0.05

SNP1  SNP2

rs1799966 rs2298016 OR RD RERI 95% Q|
(00 AA GG 1.00  0.00
r
01 AA GC+CC 1.11  0.11

-0.25 (-0.58-0.0

10 GA+GG GG 1.30  0.00 (-0.58-0.08
11 GA+GG GC+CC 1.16 -0.14
10. SNP1  SNP2

rs2298016 rs799917 OR RD RERI 95% C|
00 GG TT 1.00  0.00
F
01 GG TC+CC 105 005 (-0.31-0.30)
10 CG+CC TT 1.02  0.00
11 CG+CC TC+CC 1.06 0.04

SNP1  SNP2
i rs799917 rs2298016 OR RD RERI 95% C|
(00 TT GG 1.00  0.00
r
01 T CG+CC 102 002 . (-0.31-0.30)
10 TC+CC GG 1.05  0.00
11 TC+CC CG+CC 1.06 0.01
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SNP1 SNP2

rs6024836 rs1799950 OR RD RERI 95% Q|
(00 GG AA 1.00  0.00
r
01 GG AG+GG 1.07 0.07
0.10 (-0.49-0.6
10 GA+AA  AA 1.01  0.00 ( |
11 GA+AA AG+GG 1.18 0.17
SNP1  SNP2
rs1799950 rs6024836 OR RD RERI 95% Q|
(00 AA GG 1.00  0.00
r
01 AA GA+AA 1.01 0.01
0.10 (-0.49-0.
10 AG+GG GG 1.07  0.00 ( 9
11 AG+GG GA+AA 1.18 0.11
12. SNP1  SNP2
i rs6024836 rs16941 OR RD RERI 95% C
(00 GG AA 1.00  0.00
01 GG GA+GG 1.11  0.11
0.01 (-0.33-0.36
10 GA+AA AA 1.04  0.00 (
11 GA+AA GA+GG 1.16 0.12
SNP1  SNP2
rs16941 rs6024836 OR RD RERI 95% C
‘00 AA GG 1.00  0.00
F
01 AA GA+AA 1.04  0.04
0.01 (-0.33-0.36
10 GA+GG GG 1.11  0.00 ( 3
11 GA+GG GA+AA 1.16 0.05
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13. SNP1  SNP2
rs6024836 rs16942 OR RD RERI 95% C
(00 GG AA 1.00  0.00
r
01 GG GA+GG 108 008 ., (0.340.37
10 GA+AA  AA 1.07  0.00
11 GA+AA GA+GG 1.17  0.09
SNP1  SNP2
rs16942 rs6024836 OR RD RERI 95% C
(00 AA GG 1.00  0.00
r
01 AA GA+AA 107 0.07 ., (0.340.37
10 GA+GG GG 1.08  0.00
11 GA+GG GA+AA 1.17  0.09
14. SNP1  SNP2
rs6024836 rs1799966 OR RD RERI 95% C
00 GG AA 1.00  0.00
F
01 GG GA+GG 108 008 ;. (0.34-0.37
10 GA+AA AA 1.08  0.00
11 GA+AA GA+GG 1.17  0.09
SNP1  SNP2
i rs1799966 rs6024836 OR RD RERI 95% C
(00 AA GG 1.00  0.00
r
01 AA GA+AA 108 008 . (0.34-0.57
10 GA+GG GG 1.08  0.00
11 GA+GG GA+AA 1.17  0.09
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SNP1 SNP2

rs6024836 rs799917 OR RDRERI  95% ClI
GG TT 1.00 0.00
GG TC+CC 1.01 0.01
o003 (042-
GA+AA TT 1.05 0.00 V- 0.35)
GA+AA TC+CC 1.03 0.02
SNP1 SNP2
rs799917 rs6024836 OR RDRERI  95% ClI
TT GG 1.00 0.00
TT GA+AA 1.05 0.05 (-0.42-
-0.03
TC+CC GG 1.01 0.00 0.35)
TC+CC  GA+AA 1.03 0.02
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Table 4.4 Additive interaction analysis between select SNRPAWRKA and

BARD]
AURKA-BARD1
16. SNP1  SNP2

rs2273535 rs1048108 OR RD RERI 95% O
(00 AA GG 1.00  0.00
r
01 AA GA+AA 107 007 .. (0.440.18
10 AT+TT GG 1.10  0.00
11 AT+TT  GA+AA 1.04 -0.06

SNP1  SNP2

rs1048108 rs2273535 OR RD RERI 95% Q
(00 GG AA 1.00  0.00
r
01 GG AT+TT 110 010 ., (-0.44-0.15
10 GA+AA AA 1.07  0.00
11 GA+AA AT+TT 1.04 -0.04
17. SNP1  SNP2

rs2273535 rs2229571 OR RD RERI 95% O
100 AA cC 1.00  0.00
.
01 AA CG+GG 116 016 . (-0.74-0.03
10 AT+TT CC 1.22  0.00
11 AT+TT CG+GG 1.03 -0.19

SNP1  SNP2

rs2229571 rs2273535 OR RD RERI 95% O
00 CC AA 1.00  0.00
I
01 cc AT+TT 122 022 . (-0.74-0.03
10 CG+GG AA 1.16  0.00
11 CG+GG AT+TT 1.03 -0.13
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18. SNP1  SNP2

rs2298016 rs1048108 OR RD RERI 95% Q|
(00 GG cC 1.00  0.00
r
01 GG CG+GG 104 004 .. (032025
10 GC+CC CC 1.02  0.00
11 GC+CC CG+GG 1.02 0.00

SNP1  SNP2

rs1048108 rs2298016 OR RD RERI 95% Q|
00 cC GG 1.00  0.00
r
01 cC GC+CC 1.02 0.02

-0.03 (-0.32-0.2

10 CG+GG GG 104 00003 (0-32:025
11 CG+GG  GC+CC 1.02-0.02
19. SNP1  SNP2

rs2298016 rs2229571 OR RD RERI 95% Cl
100 GG GG 1.00  0.00
F
01 GG GA+AA 113 013 ., (0.50-0.13
10 GC+CC GG 1.16  0.00
11 GC+CC  GA+AA 1.06 -0.10

SNP1  SNP2
i rs2229571 rs2298016 OR RD RERI 95% Cl
(00 GG GG 1.00  0.00
r
01 GG GC+CC 116 016 ., (-0.56-0.13
10 GA+AA GG 113  0.00
11 GA+AA GC+CC 1.06 -0.06
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SNP1 SNP2

rs6024836 rs1048108 OR RD RERI 95% Q|
(00 GG GG 1.00  0.00
r
01 GG GA+AA 101 001 ., (0.27-0.31
10 GA+AA GG 1.01  0.00
11 GA+AA GA+AA 1.04  0.03

SNP1  SNP2

rs1048108 rs6024836 OR RD RERI 95% di
00 GG GG 1.00  0.00
r
01 GG GA+AA 101 001 ;.. (0.27-0.31
10 GA+AA GG 1.01  0.00
11 GA+AA GA+AA 1.04  0.03
21. SNP1  SNP2

rs6024836 rs2229571 OR RD RERI 95% Qi
00 GG cC 1.00  0.00
F
01 GG CG+GG 100 0.00 .. (0.57-0.32
10 GA+AA CC 1.04  0.00
11 GA+AA CG+GG 1.02 -0.02

SNP1  SNP2
i rs2229571 rs6024836 OR RD RERI 95% Cl
(00 cC GG 1.00  0.00
r
01 cC GA+AA 104 004 . (0.57-0.32
10 CG+GG GG 1.00  0.00
11 CG+GG GA+AA 1.02 0.01
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Table 4.5Additive interaction analysis between select SNRPAWRKA and

BRIP1
AURKA-BRI P1
22. SNP1  SNP2

rs2273535 rs4986764 OR RD RERI 95% Q
(00 AA cC 1.00  0.00
r
01 AA CT+TT 110 010 .. (0.48-0.15
10 AT+TT CC 1.08  0.00
11 AT+TT  CT+TT 1.00 -0.07

SNP1  SNP2

rs4986764 rs2273535 OR RD RERI 95% Q
(00 cC AA 1.00  0.00
r
01 cC AT+TT 108 008 .. (-0.48-0.15
10 CT+TT AA 1.10  0.00
11 CT+TT  AT+TT 1.00 -0.10
23, SNP1  SNP2

rs2298016 rs4986764 OR RD RERI 95% O
100 GG cC 1.00  0.00
.
01 GG CT+TT 112 012 ., (053011
10 GC+CC CC 1.13  0.00
11 GC+CC CT+TT 1.04 -0.09

SNP1  SNP2

rs4986764 rs2298016 OR RD RERI 95% O
100 cC GG 1.00  0.00
I
01 cc GC+CC 113 043 .. (053011
10 CT+TT GG 1.12  0.00
11 CT+TT GC+CC 1.04 -0.08
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SNPL __ SNP2
rs6024836 rs4986764  OR  RD RERI  95% Q
GG cc 1.00  0.00

GG CT+TT 110 0.10 o0 (055041
GA+AA CC 114 0.00

GA+AA CT+TT 1.02  -0.12

SNP1 __ SNP2

rs4986764 rs6024836  OR  RD RERI 95% Q
cc GG 1.00  0.00

cc GA+AA L14 014 o) 55011
CT+TT GG 110  0.00

CT+TT__ GA+AA 1.02 -0.08
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Table 4.6 Additive interaction analysis between select SNRPAWRKA and

ZNF35(
AURKA-ZNF 350
25, SNP1  SNP2

rs2273535 rs4986773 OR RD RERI 95% Q|
(00 AA TT 1.00  0.00
r
01 AA TC+CC 120 020 .. (0.56-0.00)
10 AT+TT  TT 1.16  0.00
11 AT+TT TC+CC 1.10 -0.05

SNP1  SNP2

rs4986773 rs2273535 OR RD RERI 95% di
(00 T AA 1.00  0.00
r
01 TT AT+TT 116 016 .. (-0.59-0.09)
10 TC+CC AA 1.20  0.00
11 TC+CC AT+TT 1.10 -0.09
26. SNP1  SNP2

rs2273535 rs2278420 OR RD RERI 95% Qi
100 AA AA 1.00  0.00
.
01 AA AG+GG 104 004 . (-0.45-0.50}
10 AT+TT  AA 1.07  0.00
11 AT+TT AG+GG 1.14 0.07

SNP1  SNP2

rs2278420 rs2273535 OR RD RERI 95% Qi
00 AA AA 1.00  0.00
I
01 AA AT+TT 107 0.07 . (-0.45-0.50}
10 AG+GG AA 1.04  0.00
11 AG+GG AT+TT 1.14 0.10
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27. SNP1  SNP2

rs2273535 rs11879758  OR RD RERI 95% d
(00 AA GG 1.00  0.00
r
01 AA GC+CC 115 015 o (-0.66-0.20)
10 AT+TT GG 1.10  0.00
11 AT+TT GC+CC 1.07 -0.04

SNP1  SNP2

rs118797trs2273535 OR RD RERI 95% ClI
(00 GG AA 1.00  0.00
r
01 GG AT+TT 1.10 0.10

-0.19 (-0.66-0.2

10 GC+CC AA 115 000 019 (-0.66-0.29
11 GC+CC  AT+TT 1.07 -0.08
28. SNP1  SNP2

rs2273535 rs4986770 OR RD RERI 95% Qi
00 AA cC 1.00  0.00
F
01 AA CT+TT 118 018 (0.630.50)
10 AT+TT CC 1.09  0.00
11 AT+TT  CT+TT 1.20 0.11

SNP1  SNP2
i rs4986770 rs2273535 OR RD RERI 95% Cl
(00 cC AA 1.00  0.00
r
01 cC AT+TT 109 0.09 (-0.63-0.50)
10 CT+TT AA 1.18  0.00
11 CT+TT  AT+TT 1.20 0.02
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29. SNP1  SNP2

rs2298016 rs4986773 OR RD RERI 95% Q|
(00 GG T 1.00  0.00
r
01 GG TC+CC 118 018 (0.48-0.15
10 GC+CC TT 1.08  0.00
11 GC+CC TC+CC 1.08 0.00

SNP1  SNP2

rs4986773 rs2298016 OR RD RERI 95% Q|
(00 TT GG 1.00  0.00
r
01 T GC+CC 108 008 . (0.48-0.15
10 TC+CC GG 1.18  0.00
11 TC+CC GC+CC 1.08 -0.09
30. SNP1  SNP2

rs2298016 rs2278420 OR RD RERI 95% Cl
00 GG AA 1.00  0.00
F
01 GG AG+GG 104 004 ., (-0.51-0.43
10 GC+CC  AA 1.09  0.00
11 GC+CC AG+GG 1.09 0.00

SNP1  SNP2
i rs2278420 rs2298016 OR RD RERI 95% Cl
(00 AA GG 1.00  0.00
r
01 AA GC+CC 109 009 ., (-0.51-0.43
10 AG+GG GG 1.04  0.00
11 AG+GG GC+CC 1.09 0.05
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31. SNP1  SNP2

rs2298016 rs11879758  OR RD RERI 95% Q
(00 GG GG 1.00  0.00
r
01 GG GC+CC 113 013 ., (-0.60-0.34
10 GC+CC GG 1.05  0.00
11 GC+CC GC+CC 1.05 0.00

SNP1  SNP2

rs118797¢ rs2298016 OR RD RERI 95% ClI
00 GG GG 1.00  0.00
r
01 GG GC+CC 1.05 0.05

-0.13 (-0.60-0.34

10 GC+CC GG 113 00013 (-0.60-0.3
11 GC+CC GC+CC 1.05 -0.08
32. SNP1  SNP2

rs2298016 rs4986770 OR RD RERI 95% O
00 GG cC 1.00  0.00
F
01 GG CT+TT 120 020 ., (-0.61-0.52
10 GC+CC CC 1.06  0.00
11 GC+CC CT+TT 1.21 0.15

SNP1  SNP2
i rs4986770 rs2298016 OR RD RERI 95% C
(00 cC GG 1.00  0.00
r
01 cC GC+CC 106 006 .., (-0.61-0.52
10 CT+TT GG 1.20  0.00
11 CT+TT GC+CC 1.21 0.02
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33 SNP1  SNP2

rs6024836 rs4986773 OR RD RERI 95% Q|
(00 GG T 1.00  0.00
r
01 GG TC+CC 109 0.09 (0.33.0.33
10 GA+AA TT 1.01  0.00
11 GA+AA TC+CC 1.10 0.09

SNP1  SNP2

rs4986773 rs6024836 OR RD RERI 95% Q|
(00 TT GG 1.00  0.00
r
01 T GA+AA 1.01 0.01

0.00 (-0.33-0.

10 TC+CC GG 100 00p%0 (033033
11 TC+CC GA+AA 1.10 0.02
34, SNP1  SNP2

rs6024836 rs2278420 OR RD RERI 95% Cl
00 GG AA 1.00  0.00
F
01 GG AG+GG 108 008 0.36-0.27
10 GA+AA AA 1.02  0.00
11 GA+AA AG+GG 1.05 0.03

SNP1  SNP2
i rs2278420 rs6024836 OR RD RERI 95% Cl
(00 AA GG 1.00  0.00
r
01 AA GA+AA 102 002 . 0.36-0.27
10 AG+GG GG 1.08  0.00
11 AG+GG GA+AA 1.05 -0.03
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SNP1 SNP2

rs6024836 rs11879758  OR RD RERI 95% Q
(00 GG GG 1.00  0.00
r
01 GG GC+CC 109 0.09 .o (:0.42-0.26
10 GA+AA GG 1.02  0.00
11 GA+AA GC+CC 1.03 0.01

SNP1  SNP2

rs118797¢ rs6024836 OR RD RERI 95% ClI
00 GG GG 1.00  0.00
r
01 GG GA+AA 102 002 o (:0.42-0.26
10 GC+CC GG 1.09  0.00
11 GC+CC  GA+AA 1.03 -0.06
36. SNP1  SNP2

rs6024836 rs4986770 OR RD RERI 95% C
00 GG cC 1.00  0.00
F
01 GG CT+TT 104 004 (-0.46-0.36
10 GA+AA CC 1.01  0.00
11 GA+AA CT+TT 1.00 0.00

SNP1  SNP2
i rs4986770 rs6024836 OR RD RERI 95% C
(00 cC GG 1.00  0.00
r
01 cC GA+AA 101 001 .. (-0.46-0.35
10 CT+TT GG 1.04  0.00
11 CT+TT  GA+AA 1.00 -0.04
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Chapter 5. Summary and Conclusions

5.1 Main Findings

The primary purpose of this dissertation was thzetidata from the CBCS and a candidate
gene approach to investigate associations betw@amon genetic variation in the oncogene
AURKA(in the form of SNPs) and breast cancer overdilleralso exploring the hypothesis that
associations may differ by intrinsic subtype ofdstecancer. This hypothesis was considered in
light of previous CBCS findings that showed diffeces for clinical outcomes and non-genetic
risk factors between intrinsic subtypes [1,2]. 8&AURKAIs a key regulator of the cell
cycle, and overexpression of its encoded protemyet (Aurora-A) has been demonstrated in
human cancers [3-5], other candidate genes whageipiproducts are known to interact with
Aurora-A were also logical targets for this invgstion. The highly penetraBRCALlis such a
critical gene, and we also evaluated SNPs on ia$sociations with overall breast cancer and
intrinsic breast cancer subtype in the CBCS stuapufation. Mutations iBRCAlare known
to confer large increases in lifetime risk of btezcer [6], and because the BRCA1 protein is
known to interact with Aurora-A during the cell ¢gcit seemed logical to investigdd&®RCA1-
interacting genes for associations with breast@aand possible gene-gene interactions with
AURKA Therefore, SNPs iIBARD1, BRIP1landZNF350were also examined. Although the
CBCS was not fully powered to investigate gene-getezactions, the biological plausibility of
such interactions between loci BlRKAand each oBRCA1, BARD1, BRIPAndZNF350
warranted analysis. To focus this endeavor andmiwe the possibility of chance findings, each

SNP was evaluated for presumed functionality uamgntegrativen silico scoring system based
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on protein coding, splicing regulation, transcoptl regulation, and post-translation [7].
Additive interaction between selected SNPs was #ssessed using the RERI.

Chapter 3 details the investigationAdRKAIn relation to overall rate of breast cancer and
intrinsic breast cancer subtype. AnalyseA0ORKASNPs in association with breast cancer
among all cases and controls were stratified bg cae to differences in LD between African
Americans and Caucasians. The CBCS'’s coveragblBs §enotyped oAURKAwas
comprehensive, and represents the largest gengtgpitag SNPs o0AURKAto date among
African Americans. The patterns noted in the steatified analysis suggested little or no
association between moSURKASNPs and overall rate of breast cancer. Howewver tag
SNP among African Americans (rs6092309; OR=0.6@)alestrated a pronounced inverse
association with breast cancer and relatively gesiinate precision (CLR=1.69). Future studies
of variation iInAURKAamong African Americans will be required to reptie this finding and
examine the biological consequences of this SNierdwas diminished statistical power to
estimate intrinsic subtype-specific associations the innovative feature of the CBCS is in the
5-marker subtyping of cases based on our mostruirelerstanding of breast tumor
heterogeneity which justifies the exploration ofls@ssociations. Due to small numbers within
strata of intrinsic subtype, it was necessary tolmoe African Americans and Caucasians for
this analysis. Several SNPs AbWRKAshowed subtype-specific estimates that suggest
differences in risk by subtype. Further race-steat exploratory analyses within subtype were
also suggestive of racial differences by subtyibés important to note that these exploratory
analyses were not powered to detect race-strasiibtlype-specific associations, and caution is

advised when interpreting these results.
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Chapter 4 focused on germline genetic variatioBRCAland theBRCAlinteracting
genesBARD1, BRIP1andZNF350in association with overall rate of breast carazet intrinsic
subtype of breast cancer. These candidate gemescivesen based on their biologically
plausible influence oAURKA The BRCA1 protein is known to interact with AtaieA to
regulate cell cycle progression, so other candidatess interacting witBRCA1may also
influenceAURKA CBCS genotyping coverage BRCAlwas limited to several candidate SNPs
and a single tag SNP in Caucasians. The maimignoi manuscript 2 was a modest positive
association between three nonsynonymous mis&RE2A1SNPs and overall rate of breast
cancer among Caucasians. All three SNPs are peedic be functional by FS Score and
demonstrated associations of similar magnitudepaadsion, which could be due to the high
degree of LD between thenf$0.90). It is possible that the observed assaxriativere caused
by an ungenotyped locus that is also in high LDhwiite three candidate SNPs, and future
studies may endeavor to sequence the regi@R&Albound by these loci. Tag SNP
genotyping coverage &ARD1by CBCS was comprehensive, but yielded few pagtefn
association with breast cancer in the race-stedtifinalysis. Previous genetic studieBARD1
are limited, and focus on a few functional varian®ne such variant, rs28997576, results in a
cysteine to serine amino acid substitution at cdstof, a missense mutation that has been
suspected of increasing risk for breast canceretahdic women (OR=1.82, 95%CI: 1.11-3.01)
[8]. Our study also noted a positive associatietween rs28997576 and overall rate of breast
cancer among Caucasians that was similar in maigand more precise, however a recent
meta-analysis of ~12,000 cases and ~7500 contrabstegjpno association between the
polymorphism and breast cancer risk [9]. Subtypecsdic associations amoBARD1SNPs

were suggestive of differences by subtype, butredtis were less precise and patterns more
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difficult to ascertain.BRIP1andZNF350polymorphisms genotyped in the CBCS were limited
to candidate SNPs. Among African Americans, tlveme some evidence for inverse
associations between three SNP8&IP1and overall rate of breast cancer, with no such
evidence among Caucasians. ResultZfF350among both race groups were consistent with
little or no association. There was limited evideifor subtype-specific effects of SNPs on
BRIP1andZNF35Q Future studies may require a more exhaustivetgpimg of these genes in
larger groups of African Americans and Caucasianmprove coverage and accuracy of
estimates, especially for subtype analyses.

Lastly, we calculated RERIs to investigate the poéfor gene-gene interactions on the
additive scale between select SNPAWRKAand select SNPs on eachBRCA1, BARD1,
BRIP1,andZNF350in association with overall rate of breast cand&though the CBCS was
not powered to investigate gene-gene interactitiese were several interactions that suggested
one SNP allele antagonistically eliminated or reedra rate-increasing effect of another SNP
allele. Some of these reductions or reversals vadatively large in magnitude and occurred

between SNPs cAURKAand each of the other investigated candidate genes

5.2 Future Directions

The results of this dissertation provide eviderma some genotypes are associated with
breast cancer, and those associations may vargdayand intrinsic subtype of breast cancer.
Although common genetic variation in the main cdatk gene of intereshURKA has been
studied previously, this investigation is the ficemprehensive evaluation ALJRKAIn African
American women with intrinsic subtype data and fteswill need to be replicated in yet larger

studies with similar outcome assessment. Futuciest may also consider fine mapping regions
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of AURKAthat include SNPs identified in this study as simgvthe largest and most precise
associations with breast cancer and intrinsic bresscer subtype.

Although germline genetic variation in the formSMPs may be associated with breast
cancer risk, little is known about how genetic aian contributes to mRNA and protein
expression levels [10]. Since mRNA overexpressidAURKAhas been previously associated
with tumor characteristics as well as poor clinicalcomes, it may be important to know how
AURKAIs being expressed within intrinsic subtype ofdstecancer. Future studies may
endeavor to fine mapURKAand measure expression levels to look for pattenmsng
intrinsically subtyped cases of breast cancer.

Future assessment AURKAand other candidate genes with respect to intringast
cancer subtype could benefit from more refinednstc subtype definitions to further reduce the
chances of subtype misclassification. The CBC$ dedinitions based on
immunohistochemistry as surrogates for subtypeseliby gene expression profiling using
MRNA-based assays containing thousands of geh#s.assays do not provide as much
information about tumor biology as mRNA-based egpi@n assays do, and could result in
subtype misclassification. In addition, effortsittbbe made to better describe heterogeneity
within the unclassified subtype of breast candarmors showing no expression for any of the
five markers used to classify intrinsic breast earstibtype in the CBCS were labeled
unclassified. It is possible that mMRNA-based eggian assays may be better suited to
characterize these tumors.

Future investigations &AURKAmight also consider a pathway-based approach picowve
our chances of discovering important risk locilboeast cancerAURKAIs known to play a vital

role in regulating the cell cycle via its contrales centrosomal function. Other important genes
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function in this pathway as well, and focusing mwestigations on the whole pathway may

elucidate important susceptibility patterns fordstecancer.
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