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Abstract
Sarah Nyante: Single Nucleotide Polymorphisms and the Etiology of Besalhd Luminal
A Breast Cancer: a Pathway-Based Approach
(Under the direction of Robert C. Millikan)

Genetic models suggest that there are breast cancer-associatedvgeiagts that
remain uncharacterized. Heterogeneity among breast tumors megsacthe difficulty of
identifying these variants. The intrinsic molecular subtypes of braasecare associated
with distinct risk factors and survival. Genetic risk factors may alserdif§ subtype.

312 potentially functional and tag SNPs in candidate genes related to hormone
synthesis and signaling (CYP19A1, ESR1, HSD17B2, HSD3B1, PGR, SHBG) and central
adiposity (ADIPOQ, LEP, LEPR, IL6, TNF) were genotyped in the CarolinasBfeancer
Study, a population-based study of African-American and white women. Genotgpsata
available for 1776 of 2022 controls and 1972 of 2311 cases (200 basal-like, 679 luminal A).
Data from 144 ancestry informative markers was used to estimate grasebstdjust for
residual population stratification. Odds ratios (ORs) and 95% confidence int€isIsaf
the association between genotypes and breast cancer were estimatéabigtingegression.
Haplotype ORs and 95% Cls were estimated using HAPSTAT.

Genotypes in LEP, LEPR, TNF, CYP19A1, ESR1, HSD3B1, HSD17B2, and PGR
were associated with breast cancer overall. Genotypes in ADIPOQ, IB,UBPR, ESR1,
HSD17B2, HSD3B1, PGR, and SHBG were associated with the luminal A or basal-like

subtype. Many associations were stronger when cases were stratifiebtippe compared to



associations for breast cancer overall. In some cases, such as with thess@esgciations

in ESR1 and HSD17B2, associations were strong overall and by subtype. Haplotigées in
LEP, LEPR, CYP19A1, ESR1, and PGR were associated with breast cancer onkbgil a
subtype.

Waist-hip ratio (WHR) and combined parity and lactation were evaluated asgdotent
effect measure modifiers. Among genotypes and haplotypes displayiremesidf
multiplicative or additive interaction, genotype/haplotype associationsweaker among
women with higher WHR compared to those with lower WHR. There were no clear patterns
of interaction between SNPs and parity and lactation.

These results suggest that, for a subset of SNPs, SNP-breast canceti@ssddi@r
by intrinsic molecular subtype. Analyzing subtypes as distinct outcomaaaaase the
likelihood of identifying subtype-specific associations that may have inesked in

analyses of breast cancer overall.
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1. Review of the Literature
1.1 Public health burden of breast cancer

It has been several decades since the passage of the National Cant@v Bcaiid
the Breast and Cervical Cancer Mortality Prevention Act (1990), but breast castll a
major cause of morbidity and mortality for women in the United States. As of 2086t bre
cancer was the most commonly diagnosed cancer and second most common cause of canc
death for women in the US (1). Although recent data from SEER indicate thsit &asaer
incidence and mortality rates are decreasing, researchers esterat will be more than
192,000 newly diagnosed cases and more than 40,000 deaths due to breast cancer in 2009
(2).

Like many cancers, the risk of breast cancer increases with age. The exgpeliaf
breast cancer diagnosis in the US is 61 years old, but the incidence actuallyidmasdal
distribution (2, 3). Women approximately 50 and 70 years old account for the largest
proportion of breast cancer diagnoses (3). The incidence rate increases Steeguiye wp
until about 50 years, until it starts to slow after age 50. Non-parametric mbdelstsat the
incidence rate of ER-negative cancers levels off around this point, and iniy BRF-
positive cancers that increase in incidence after age 50 (4). This phenomenoncwiasdles
previously by Yasui and Potter (5) in a Danish population.

Breast cancer incidence in the US differs among racial groups. Dbamgriod
2001-2005, breast cancer incidence rates were higher for white women (125.9 per 100,000)

compared to African-American (111.5 per 100,000), Hispanic (91.3 per 100,000), and



Asian/Pacific Islander women (81.6 per 100,000) (6). The downward trend in the breast
cancer incidence observed in data from 1996-2005 was most apparent for white women (-1.3
per 100,000); changes in breast cancer incidence rates were lower for ¢5gg@8i per
100,000), African Americans (-0.6 per 100,000) and Asian/Pacific Islanders (0.2 per
100,000) (6). The overall rate of breast cancer is higher in white compareddanAfri
American women, but among those younger than 35 African Americans have highger ra
although this gap in incidence seems to have narrowed recently (7).

Breast cancer mortality rates vary by racial group as well. Bcaaser mortality is
higher in African Americans (33.5 per 100,000) compared to whites (24.4 per 100,000),
Asian/Pacific Islanders (12.6 per 100,000), and Hispanics (15.8 per 100,000) (6). In data
collected by SEER and NAACCR registries, decreases in mortality seen for all women
during the period 1990-2002, but the largest decrease occurred in white women and among
women younger than 50 years old (7). Higher mortality among African-Aarewomen
may be explained in part by poorer prognostic features among African dam&riAfrican-
American women are more likely to be diagnosed with distant disease conpatates
(8). In addition, African-American women are more likely to have tumors thidraer,
hormone receptor-negative, and higher grade (9-12).

Discrepancies in prognostic features and mortality between white arvauAfri
American women are unlikely to be due to differences in mammography use. Themeeval
of mammography use is similar between white and African-Americanend7), and the
performance of mammography between the two groups has been reported to béldmilar
14). Furthermore, controlling for stage at diagnosis, African-American wotitidrase

poorer survival compared to white women (15). Racial disparities persist wiers fauch



as socioeconomic status, access to healthcare, and co-morbid status atecdmti@ll).
An additional hypothesis is that tumor biology differs between African-Ameaca white
women. Breast tumors in African Americans are more likely to have highetiavactivity
and S-phase fraction (controlling for age and stage) (11). Younger Africaneam&omen
are also more likely to have the basal-like subtype of breast cancer, whiatkésl ing

poorer prognosis and lack of targeted adjuvant treatment (16, 17).

1.2 Traditional breast cancer risk factors

Epidemiologic research has identified several characteristicsréhasl factors for
breast cancer. Age is one of the strongest breast cancer risk factorsattedneer
incidence rate among women aged 85 and older is four times that of women aged 60-64 and
17 times that of women aged 40-44 (18). A family history of breast cancer is alsoa st
risk factor for breast cancer. One first degree relative with braasecresults in twice the
risk of breast cancer compared to no first degree relatives with breast @&)cé&he
relative risk is even higher for women whose first degree relative wgaabied at a young
age (19). Increased breast cancer risk due to family history is likely dusmtokanation of
environmental and genetic factors that are shared within the family. Howeveral high
penetrance genetic conditions are known risk factors for breast cancanail groportion
of the population. Germ-line mutations in BRCAL or BRCAZ2 genes carry relakvefr
between 10 and 30 (20). In addition, rare conditions such as Li-Fraumeni syndrome,
Cowden’s disease and ataxia telangiectasia greatly increstsadiforeast cancer risk (21).

Studies of perinatal and birth characteristics suggest that hormone and grciath f

exposuresn utero influence breast cancer risk later in life. Birth weight has been assbciat



with breast cancer in several studies, with some reporting a J-shapedtassbeitween
increasing birth weight and breast cancer risk (22-24). Stratification bgpaasal status
shows that the association between birth weight and breast cancer exiggsmmai
premenopausal women and that there is little evidence for an association in postrs&nopa
women (25). Additionally, some studies (22, 26-29), but not all (23), have reported that
maternal age, paternal age, neonatal jaundice, birth order, head size, and birth length are
associated with increased breast cancer risk. Pre-eclampsia and abagetmgd are
associated with decreased breast cancer risk (22, 27). The exact mecbahi@mlbirth
characteristics interact with breast cells is unknown, but some have hypathbsizeirth
characteristics affect the total number of mammary gland stem cellsaakers of high
intrauterine estrogen exposure levels, or are related to epigenett@ite leading to
hypermethylation or hypomethylation of key regulatory genes (25).

Studies suggest that anthropometric factors such as body weight, waistehip rat
(WHR), height, and breast density are associated with breast cakcédainy studies have
reported that increased body weight is associated with breast dak@nong
postmenopausal women, but not premenopausal women (30-36), though at least one study
has reported a positive association between increased body weight and premebopastsal
cancer (37). Others have reported that increased body weight is invesssiyagesl with
premenopausal breast cancer (38). A non-parametric regression by van dereBaar(@0)
showed that the breast cancer incidence rate ratio among premenopausal waasasncr
slightly with normal and mild overweight status but then dips below the null for obdse a
morbidly obese women. The effect of postmenopausal HRT use on body weight and breast

cancer is unclear. Studies have reported an association only among non-res€BBjise



only among current users (40), and similar associations independent of HRT(3&t

Evidence for the association between WHR and breast cancer has been legntonsis
than the association between weight and breast cancer. Harvie et al. (44¢dethie
literature, and reported that smaller WHR was inversely associatethnedst cancer in
postmenopausal women; the inverse association was seen in premenopausal women when
estimates were adjusted for BMI. A meta-analysis by Connolly et al. (d@yuged similar
results. WHR was positively associated with breast cancer in the majostiudies of
premenopausal and postmenopausal women evaluated (42). The studies closest to the null for
the association between WHR and premenopausal breast cancer were ondsithtadjust
for BMI (42). There were studies where WHR was associated with breast edtitout
adjustment for BMI (37, 40, 43). Not all studies show a positive relationship between WHR
and breast cancer. WHR was not associated with breast cancer in womers4idyaad
younger, where results were adjusted for height and weight but not BMI (44). VeblRow
associated with breast cancer in the EPIC study (31). Tehard et al. (@8¢degn inverse
association between higher WHR and breast cancer in premenopausal women and no
association in postmenopausal women; BMI adjustment did not affect the resultisdor ei
group.

Several studies have reported that height is positively associated veisth taacer in
postmenopausal women only (34, 45, 46), but Baer et al. (47) reported that height is also
associated with breast cancer in premenopausal women. The effect of heigimilaagasi
pre- and postmenopausal women in a pooled analysis by van den Brandt et al. (30).
Percentage breast density is a strong risk factor for breast cancer [(4&vElyed by (52)],

but change in breast density over time does not appear to be a risk factor focdneas



(53, 54).

Evidence for an association between physical activity and breast cancer is not
conclusive, but much of the available evidence supports the hypothesis that phtisical ac
is associated with a reduced risk of breast cancer. In a recent systewiatic(55),
approximately equal numbers of studies showed either no association or a reduced risk of
breast cancer with total and leisure time physical activity. Howeven titeeauthors
analyzed all studies that included a continuous measure of activity (hoursgk@y tive
pooled studies showed a 6% reduction in breast cancer risk for each hour per week of
physical activity. Several of the studies reviewed also found that phgstoaty during
adulthood was more important in reducing breast cancer risk compared to alctririty
childhood or adolescence (55). Variability among study results may arisehiedack of
standardized methodology for assessing physical activity used in the gE&jies

Reproductive characteristics that affect endogenous estrogen exposasecaiated
with breast cancer. Exposure to estrogen and progesterone increasesoolif¢ breast
epithelial cells [reviewed by (57, 58)]; the higher rate of cell divisioregmes the chance of
oncogene activation or tumor suppressor inactivation due to a replication erroadeadly
menarche, later age at menopause, and a longer time interval betweechmeandrfirst
full-term pregnancy are associated with increased breast canc&1rigl6( 59-61). Parity
and lactation have a protective effect on the risk of breast cancer. The risksbichrezer
decreases with the number of children a woman has and the total number of months of
breastfeeding, compared to breast cancer risk in nulliparous women (59, 62)e Bespit
overall long-term protective effects of pregnancy, there is also a shord pério

approximately 3-4 years following pregnancy where breast cankes rscreased (63, 64).



Furthermore, what many have called the “dual effect” of parity mayrddfeyoung
African-American women compared to young white women. Hall et al. (65) showed tha
parity is protective for white women but not for African-American women yeutigan 50
years old, and in Ursin et al. (66) parity had a greater protective effechiterwomen
compared to African-American women younger than 50. In comparisons of bneeest Gak
factors in white and African-American women, young black women were mohg tikkbe
parous but less likely to have breastfed (65-67). Based on the known post-birth increase
breast cancer risk and the lower rate of breastfeeding in African AmerRaihsk and
colleagues (68, 69) have hypothesized that it should be expected that young black women
experience higher breast cancer incidence compared to young white women.

It has not yet been shown to what extent the differences in reproductive patterns
between black and white women account for differences in breast cancer incidence.
Increased susceptibility to hormone-induced proliferation of undifferentiatedmagy cells
(70) and changes to the extracellular matrix (71) have been suggested as biological
mechanisms by which pregnancy might increase the short-term risk of dapesr. A
potential explanation for the protective effect of breastfeeding is thatitactnduces
terminal differentiation of the mammary gland; this differentiation mayget mammary
cells from elevated post-pregnancy hormone levels.

Studies suggest that characteristics of pregnancy are associated rgiisealcbreast
cancer risk. Higher placental weight is associated with increased baeasr risk (72).

Early gestational age and placental abruption are associated witlsattresk of breast
cancer (73), though another study (72) did not find an association between gesagtonal

and breast cancer. A multiple birth is associated with increased breastreaesevithin 5



years of the pregnancy (73, 74). Innes et al. (73) reported that pre-eclanpsssoaated
with reduced risk of breast cancer, especially among women age 30 and older.

Exogenous hormone use has also been linked to an increased risk of breast cancer.
Several research groups have reported that oral contraceptive use mstedsoith a small
increased risk of breast cancer in young women (75-78), though other studies haed repor
no association between oral contraceptive use and breast cancer in younger(v#@me
Subgroup analyses showed that the effects of oral contraceptive use aresstomang
women with more recent use and a longer duration of use (76, 80, 81). Similarly, cogrent a
recent use of hormone replacement therapy (HRT) in postmenopausal womenidgesssoc
with increased breast cancer risk (40, 82-84). Studies have found that the effect of
combination (formulations containing estrogen and progesterone) hormone thenaaydas g
than the effect of estrogen only HRT (40, 82, 83). The pooled analysis by the Collaborative
Group on Hormonal Factors in Breast Cancer (84) did not find a difference in effect for
combination compared to estrogen only HRT, but it is possible that this result is due to
selection bias. Information on type of HRT was available for only 39% of the women in
Collaborative Group analysis.

Alcohol use is associated with increased risk of breast cancer [revie\{&sl 86)].
The relative risk of breast cancer risk increases steadily with numbenks donsumed per
day (86). In some studies (87, 88) the effect of alcohol consumption appeared to be stronger
in women with BMI < 25 kg/rh but there was no difference in effect by BMl in a
Collaborative Group meta-analysis (86).

Exposure to light at night and night shift work are associated with an incresised ri

breast cancer (89-91), although at least one study reported an inverseiaadoeiaeen



overnight shifts and breast cancer (92). Researchers hypothesize that laek aising

nighttime melatonin production hours inhibits melatonin production by the body (90, 93, 94).
Melatonin inhibits tumor formation in rodents, and may act by regulating repreglucti
hormone production, cell cycle control, or p53 expression (90, 94).

Data from Japanese atomic bomb survivors and women exposed to radiation for
medical treatment shows that ionizing radiation is associated with baeastr egncidence
[reviewed by (95)]. The excess risk of breast cancer is proportional to theoradiase
received, though the shape of the dose-response curve differs between populatiétisk'95)
of radiation-associated breast cancer is modified by other breast cshkdactors. Young
age, nulliparity, low parity, and lack of breastfeeding have been associthdadaxeased

risk of breast cancer among those exposed to radiation (95).

1.3 Common genetic variation and breast cancer

The idea that breast cancer can be inherited is based on the fact that refdireast
cancer patients are more likely to be diagnosed with breast cancerltlemn8envoman’s
risk of breast cancer is increased if she has a first-degree relaiyeded with breast
cancer compared to women with no affected first-degree relatives; theereisit varies
inversely with the affected relative’s age at diagnosis and the age of nievad risk (19).
Monozygotic twins of breast cancer cases have higher incidence of laeest compared
to the mothers, sisters, or dizygotic twins of breast cancer cases, indibatiimcreased
genetic similarity may be related to increased susceptibility tesbcaacer (96-98).

There are two main theories that attempt to explain the genetic model urglerlyin

familial breast cancer cases. The first theory proposes that herdml¢ast cancer is caused



by rare, highly penetrant alleles. In 1988 researchers identified a shiitgbdicus,
eventually named Breast Cancer 1 Gene (BRCAL1), that explained the olystfereast
cancer cases in high risk families under an autosomal dominant model of inhg@@nde
second susceptibility allele that was strongly associated with heyeckises not linked to
BRCAL was identified by Wooster et al. (100), and named BRCAZ2. The cumulakvef ri
breast cancer by age 70 is estimated to be 65% in BRCA1 mutation carriers and 45% in
BRCA2 mutation carriers (20). Germline mutations in BRCA1 and BRCA2 aramdrenly
account for approximately 25% of familial breast cancer cases and le<thaf breast
cancer cases in the general population (101, 102). Identification of BRCA1 and BRCA2
demonstrates that there is a strong, heritable genetic component in some propbreastof
cancers. However, the fact that not all cases of familial patterns oftethbreast cancer can
be attributed to known breast cancer genes suggests that there are sugcgptilesi that
have not yet been identified. Some research groups continue to search for addgional hi
penetrance genes in non-BRCAL or BRCA2 families (103).

The second theory is the polygenic model, which provided the best model fit (along
with a recessive model) in a series of segregation analysis that compexed is®dels of
inheritance, accounting for the effects of BRCA1 and BRCA2 mutations and (1&4y
106). Under the polygenic model, disease susceptibility is related to variation iplenulti
genes instead of a single, highly penetrant allele. Each individual dadkdses associated
with a small increased risk of breast cancer, and an individual’s risk of caoEses with
the number of disease alleles they carry. Each disease gene has onlyeffeschah overall
risk, and is therefore low penetrance, but the relatively high prevalencedi$tiase allele

in the population makes it a risk factor in a large number of cancer cases.
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Research seems to support both theories. Several rare, highly penetrarialieles
been identified (mutations in BRCA1, BRCA2, TP53, and ATM); together, mutations in
these genes account for as much as 50% of breast cancer associated withistomyly
(102). On the other hand, recent genome-wide association studies have identifiddosevera
penetrance alleles associated with small increases in risk of sdversitaiseases,
including prostate, colorectal, lung, and breast cancers (107-119). In one ddttgerfome-
wide multi-stage studies, Easton et al. (107) identified single nucleotide pplyisios in
FGFR2, TNRC9, MAP3K1, and LSP1 that were significantly associated witktlmaacer.
FGFR2 breast cancer-associated SNPs identified in a genome-wide assstiaty
(GWAS) of common genetic variants in postmenopausal white women and breast cancer
were reported around the same time by Hunter et al. (108). In a third studypSRE35
and 16912 were reported to be positively associated with breast cancer in European
populations (109). Interestingly, the SNP on 16012 is in the same linkage block as part of the
gene TNRC9, which was reported by Easton et al. (107). GWA analysis in the Shanghai
Breast Cancer Study replicated associations in SNPs in LSP1, TNRC9, aR@,FaBH
reported a novel association between breast cancer and SNPs located at 6g25.1 (117).
Additional breast cancer-associated SNPs have been reported on 1p11.2, 3p24, 14924.1 and
17023.2 (118, 119).

Most breast cancer-associated GWAS SNPs have been identified in populations of
European descent, and the associations have not been consistently replicatechiofwvome
African descent. The 1612 SNP reported by Stacey et al. (109) had the opposi&tiass
in African Americans compared to Europeans. In another study, StaceyldGalrgported

that SNPs on 5p12 were associated with ER-positive breast cancer in women oéEurope
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ancestry. When the association was tested in a Nigerian population only one of thertwo ma
SNPs was marginally associated with breast cancer, and neither SNiBseaiated with

breast cancer in African Americans (116). Zheng et al. (120) examined BSGEMRs that

were first reported in studies of European and Chinese populations, and reported that only 2
of these SNPs (rs13387042 in 2935 and rs1219648 in FGFR2) were also associated with
breast cancer in African-American women.

High risk genetic variants do not act in a deterministic manner, even for high
penetrance alleles like mutations in BRCAL1 and BRCAZ2. The distribution of breast ca
risk varies in the population (105), suggesting that there are gene-gene engeoement
interactions that affect overall breast cancer risk. By definition, thgeoic model states
that the risk conferred by multiple alleles is multiplicative. In additionpAiail et al. (106)
found evidence for statistical interaction between the effects of unknown vannehts
BRCAL1 and BRCAZ2 under the polygenic model. Many biological systems are redundant so,
in some cases, interaction between multiple variants in the same biologiapatiay be
required before there is an effect on breast cancer risk.

Most researchers acknowledge that the causes of cancer are not only genetat, and t
non-genetic factors play a role in heritable and spontaneous breast canagoti®inyins of
breast cancer cases have an elevated breast cancer risk compared to motistessaoid s
breast cancer cases, suggesting that shared environment contributes todtresaste
cancer risk (97). Several studies have shown evidence of gene-environment amténacti
breast cancer risk (121-125). Antoniou et al. (20) reported that the relative riRCé-B
associated breast cancer differs by birth cohort, though it is possible thatschange

screening and diagnostic patterns contributed to the observed changes in anditiypn t
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changes in the prevalence of interacting risk factors.

1.4 Single nucleotide polymorphisms and linkage disequilibrium structure of the human
genome

Single nucleotide polymorphisms (SNPs) are one type of genetic variationdhat
influence cancer risk in a polygenic manner. There are several ways that@iNPafiect
cancer risk by disrupting the normal function of a gene and associated biopzdloahys.
Nonsynonymous SNPs in coding regions can alter the translated amino acid, |potentia
impairing or destroying its function (126). Synonymous changes, or SNPs thatrrésel
same translated amino acid, can also affect protein form and/or functiffedting folding
ability, translation kinetics, or splicing (126, 127). Changes in non-coding gene sesjuen
such as promoters, response element binding sites, and introns, can affect gesreldyncti
changing the affinity of cis- and trans-binding sites or creating evusngtop codons.

When details of the first draft sequence of the human genome were published in 2001,
researchers mapped between 1.4 and 2.1 million SNPs across the genome (128-130), but
Frazer et al. [(131)(supplementary data)] estimated that there mayramgass 9 to 10
million common SNPs. The International HapMap Project is a multi-natiorlaboohtion
whose goal is to genotype common SNPs from ethnically and geographicalkediver
populations (131, 132). The most recent data from Phase 3 of the HapMap Project includes
genotypes from African American, Chinese American, Indian Americamyde Mexican
American, and Italian populations in addition to the Chinese, Japanese, Yoruba, and
European American populations genotyped in Phases 1 and 2. Coverage and LD

characteristics of Phase 3 data have not been reported. This literaturefoeuses on
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HapMap data from Phases 1 and 2 only. The International HapMap Project has chadacte
more than 3 million SNPs in individuals from four different populations — Americans of
northern and western European descent (CEU), Japanese in Tokyo, Japan (JPT), Han
Chinese in Beijing, China (CHB), and Nigerians of Yoruban descent (YRI populat@h) (
Phase 2 of the HapMap Project has genotyped approximately 1 SNP per kilobase (kb),
although the SNPs are not evenly spaced (131). Phase 1 and 2 HapMap SNPs agee estimat
to capture most common untyped SNPs with a mean correlation coeffiéjergtveen 0.90
and 0.96, meaning that nearly all common untyped variants are in strong linkage
disequilibrium (LD), or frequently co-inherited with, with a typed HapMap variBimis
coverage is lower for SNPs with a low minor allele frequency (131), anddhereill be
lower for nonsynonymous SNPs, the majority of which have a minor allele freqokE@®5
or lower (133). According to Barrett and Cardon (133), nearly all common variatibe in t
genome can be covered using a panel of 500,000 tag SNPs in European (CEU) and Asian
(CHB and JPT) populations and more than 1,000,000 tags SNPs in western African (YRI)
populations.

Dense mapping of SNPs across the human genome has allowed researchers to
investigate genomic structure in great detail. Reich et al. (134) andlizadross the
genome in Europeans and Nigerians. Linkage disequilibrium is the correlatiorebetwe
alleles at two or more loci, and is representative of the alleles origiriedinga common,
ancestral chromosome (134). According to Reich et al. (134), LD spanned legigaisrof
the genome than previously predicted, but the size of LD blocks varied between gen® regi
and ethnic populations. For example, the average distance between SNPs in LD was 60 kb i

Europeans but less than 5 kb in Nigerians (134). The authors also stated that therhD patte
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in the Nigerian population is a subset of the LD pattern seen in Europeans, andadffere
between the two may be due to bottlenecks or founder effects after the poputgiemasesl
(134). In another analysis of LD structure in African, African-Americampfgean, and
Asian subjects, Gabriel et al. (135) reported that the distance between SNIPis shbrter
in African and African-American populations as compared to European and Asian
populations. Gabriel et al. (135) observed only between 3 and 5 common haplotypes per
block in all populations and that 6 to 8 common markers could sufficiently identify these
haplotypes. Similar to Reich et al. (134), the majority of the common haplotypesiveeeel
among all populations (135). Daly and colleagues (136) conducted an in-depth analysis of
haplotype structure on 5931 in a Canadian population of European descent, and found that
blocks had only a few common haplotypes that accounted for most of the chromosomal
sequences. Daly et al. (136) also showed that from a given locus, LD declim@scvatising
distance from the locus, and that the drops in LD are abrupt, suggestingcaignifi
historical recombination.

Voight et al. (137) reported evidence for recent positive selection throughariseg
of the genome, and these selection signals were clustered in or near coding ®election
signals were more common in the YRI and CEU population data compared to thatexpecte
from simulations. The authors estimated that selection processes took plaoelyela
recently, after the populations separated. In support of this, their data show thausomwte
all of the changes are shared, and that the types of genes exhibitingsdieling to
different functional classes by population. Sabeti et al. (138) show evidence thaeposi
selection occurs in genes belonging to the same biological pathway.

The genomic structure among different ethnic populations is similar, but datehirom t
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HapMap Project highlights potential technical difficulties and sources offfaasnay occur
when genotyping multiple populations within a single study. LD blocks are snmatlee

YRI population (134, 135). During HapMap Phase 2 genotyping, the YRI population was
more likely to have untaggable SNPs, and requires substantially more tag SN¥R= tallc
common SNPs across the genome (131). Therefore, genotyping failures are rote like
result in a complete loss of data for a particular region in studies of Aaifrican-
American populations compared to European populations.

There have been numerous analyses of the association between SNPs and breast
cancer [reviewed in (139, 140)]. The Breast Cancer Association Consortium pooled data
from 12 different studies and estimated associations with borderline sghsginificance
for SNPs in caspase 8, TGFB1, IGFBP3, PGR, and SOD2 (141). Pharoah et al. (142) studied
710 common SNPs in 8800 subjects, and reported that SNPs in genes related to steroid
hormone signaling and metabolism and cell cycle control were significasgbciated with
breast cancer. Several studies have also identified polymorphisms assottlateeast
cancer in genome-wide association studies of SNPs and breast cancer (107-}ili®)tlzes
progress made by these studies, it is likely that they have identified justo$dhe common

genetic variants relevant to breast cancer in the US.

1.5 Tumor classification and intrinsic subtypes of breast cancer

Breast cancer subtypes are relevant to prognosis. Standard clinit@lepgaadelines
call for measurement of ER, PR, and HER2 expression in all primary invasivethreass
to determine treatment course (143). Hormone receptor expression is predictisponse

to endocrine therapies, such as selective estrogen receptor modulatoasasednhibitors,
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and ovarian ablation (143). HER2 overexpression or amplification is an important giognos
marker and predictive of response to several treatments, including chemypteadarrine
therapy, trastuzamab, and lapatinib (143). Routine use of ER, PR, and HER2 status to
determine treatment is directly related to the term “triple-negatavgjimor that does not
express ER, PR or HER2 and is therefore not a candidate for endocrine cERAti-H
therapy. Invasive breast cancer patients with the triple-negative pperas more likely to

be younger and African American or Hispanic (12, 144). Compared to tumors expERsing
PR or HERZ2, triple-negative tumors also have poorer prognostic features saigensize,
higher grade, poor differentiation, and lower survival (12, 144-146).

Perou et al. (147) undertook a more detailed classification of breast tumors by
measuring the expression of more than 1700 genes using cDNA microarraysHitiata
clustering revealed four major clusters, or intrinsic subtypes, of bteastd. The
ER+/luminal epithelial-like tumors were characterized by expressigarads commonly
expressed in luminal epithelial cells like estrogen receptor, cytikefand 18, GATA-
binding protein 3, and hepatocyte nuclear factor 3-alpha (also known as FOXA1). The basal-
like group of tumors was characterized by expression of cytokeratins 5 and 11T inétg
4, laminin, and the absence of estrogen receptor expression. The ErbB2 group was
characterized by high HER2 levels and lower levels of the estrogen reapgtBR-
associated genes. The remaining tumors clustered with normal breakssamg expressed
higher levels of basal epithelial and adipose-related genes and lower |edvetsnail/ER+
associated genes. When clustering was repeated using data from adshinoplals, what
were previously described as luminal/ER+ tumors seemed to cluster fattheubgroups

(148, 149).
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Perou et al. (147) and Sorlie et al. (148, 149) defined intrinsic molecular subtypes
using tumor expression profiles of between four and six hundred genes. Based on the
dominant expression patterns that defined each subtype, Nielsen et al. (150) shothed tha
intrinsic subtypes could be defined using immunohistochemical stains for ER, HERR,
and CK 5/6 in place of gene expression arrays. Abd EI-Rehim et al. (151) and Yu et al. (152)
demonstrated the identification of intrinsic molecular subtypes using geressixpr
signatures characterized by luminal epithelial-related proteins and horecaptar
positivity, HER2 expression, basal epithelial-related markers in independent psulat
Although Abd EI-Rehim et al. (151) described 6 main clusters, most of the chat@&steris
they described parallel the intrinsic subtypes defined previously by Pelarobeagues
(147, 148).

Carey et al. (16) described the prevalence of characteristics of theimtriolecular
subtypes within a population-based study. Using primary invasive breast casegifrom
the Carolina Breast Cancer Study, Carey et al. presented a modifieficala®s system
based on previous work of Perou and colleagues (discussed above). In addition to ER, HER2,
EGFR, and CK 5/6, PR was also used to define the subtypes because it is a commonly
measured estrogen-related gene and is a predictor of response to hormapgl(i&.

Also, tumors expressing both hormone receptors and HER2 were defined as a gepapate
based on previous gene-clustering analyses. The following definitions were USacklet
al. (16) to define the intrinsic molecular subtypes: luminal A (ER+ and/or PRR2HE
luminal B (ER+ and/or PR+, HER2+); HER2+/ER- (ER-, PR-, HER2+); and b&salHR-,
PR-, HER2-, CK5/6+ and/or EGFR+). Tumors that did not fit these definitions wikxd ca

“unclassified”.
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Intrinsic subtypes have been described in several populations world-wide (17, 144,
153-158). Basal-like tumors (in Fulford et al. (159) basal-like was defined based on CK14,
not CK5/6) are more likely to be higher grade, solid tumors with a higher number o€ mitot
figures, greater necrosis, and no tubule formation (156, 157, 159-161). Patients with
HER2+/ER- and luminal B tumors are most likely to have positive lymph nodes (16), those
with basal-like tumors were less likely to have positive lymph nodes (156). liocaddi
lack of ER, PR, and HER2 expression, the basal-like phenotype is characterized by
expression of smooth muscle actin and vimentin (160). Some studies have reported that
basal-like tumors are more likely to be larger than other subtypes (156, 161) skxpo#s
basal-like marker CK5/6 was more common among interval breast caoograred to
cancers detected by screening mammography (162).

Intrinsic subtypes also show different patterns of chromosomal aberrationafimglic
that different genetic mechanisms may be preferred by each subtyplelik&atsanors have
the most chromosomal gains and losses, whereas luminal B tumors are more licelg t
high level amplifications (163). Also, the majority of tumors arising in patwintsBRCA1
mutations are basal-like tumors (164-166).

Identification of intrinsic subtypes, particularly the basal-like subtypeals been
described in breast carcinonmesitu (152, 167-171). Compared to luminal A DCIS, luminal
B, basal-like, and HER2+/ER- DCIS are more likely to have high nuclede gshow areas
of comedo necrosis, and have a high Ki-67 index (169, 170).

Few studies have described the epidemiology of the intrinsic moleculapsspbut
those that have found that basal-like tumors are more common among younger and African

American women (12, 16, 17, 144). Millikan et al. (17) reported that increased parity,
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younger age at first full term pregnancy, not breastfeeding, high-teagp ratio, young age
at menarche, and higher adult adiposity compared to childhood are risk factors f@alhe ba
like subtype of breast cancer. Nulliparity and a high waist-to-hip ratioskréactors for

with luminal A breast cancer (17). In Yang et al. (172), younger age at meaacdtfamily
history were positively associated with basal-like breast cancer, butesmates were
imprecise, making it hard to interpret the results.

Among invasive tumors, intrinsic subtypes have been shown to have different breast
cancer-specific and overall survival patterns. Some studies have reportedi¢ms path
luminal A tumors tend to have the best survival and patients with HER2+/ER- tuendr®ot
have the poorest survival (16, 156, 173). Controlling for receipt of adjuvant therapy, basal-
like tumors were associated with poorer survival compared to non-basal-likest(irAdy.
Yamamoto et al. (175) reported that basal-like tumors were associatesignificantly
poorer survival compare to non-basal-like tumors. However, other studies suggést tha
basal-like phenotype lacks prognostic value when compared to existing progacsiis.fln
a study by Rodriguez-Pinilla et al. (161), the basal-like phenotype wasasdogith poor
prognosis, but not independently of tumor size. In Potemski et al. (176) and Jumpannen et al.
(177), the basal-like phenotype was not a significant prognostic factor among ERenega
cancers.

Even if the basal-like phenotype is not an independent prognostic factor,
characterization of basal-like tumors provides an opportunity to target preventidreeaquiyt
options towards a specific type of ER-negative breast cancer. The high pre\afleasal-
like tumors in African-American women may explain some of the poor clinical ousctome

this population, even after adjusting for stage at diagnosis.
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If the breast cancer intrinsic molecular subtypes have different eés)dgWAS and
pooled candidate gene studies would be more likely to identify variants associatéuewit
most common intrinsic molecular subtype (luminal A). Additionally, most of the paomogat
in the GWAS and large pooled studies involved white and/or postmenopausal women (107-
109, 116, 118, 119, 141, 142). Given that basal-like breast cancer is less prevalent among
white and postmenopausal women (12, 17, 144, 172), it is unlikely that the results of these
studies will be generalizable to basal-like breast cancer.

Replications of some of the GWAS SNP associations that were first r&jpo2607
support the idea that they are associated with certain types of canceooled Preast
Cancer Association Consortium analysis, Garcia Closas et al. (178) repoted s
differences in association for GWAS SNPs rs2981582 (FGFR2) and rs13281615 (8g24) by
ER status and tumor grade; none of the associations examined differed by rioslal sta
Nordgard et al. (179) examined associations between TNRC9, LSP1, FGFR2, MARBK1, a
H19 gene expression, GWAS-SNP genotype and breast cancer intrinsic moldatylae s
In that study, gene expression differed by molecular subtype for alldivesgand genotype
distribution differed by molecular subtype for TNRC9 (179). Kristensen and Bari2sle
re-analyzed the association of a SNP previously reported as assoctatbdeast cancer,
and observed that the variant homozygote genotype prevalence was much higher for the
basal-like subtype than other subtypes (180, 181). Further research into the efioheg
intrinsic molecular subtypes of breast cancer has the potential to inkreagledge of the
biological pathways that may be active in specific tumor subtypes. In turn, dchgevof
which biological pathways are active in breast tumorigenesis can provigetiasito why

some groups are at increased risk for particular subtypes, and possibly mtluenc
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development of new treatment and prevention strategies.

1.6 Estrogen and breast cancer

Estrogen is a steroid hormone that is synthesized from cholesterol througds @ke
conversions involving several different cytochrome P450 and hydroxysteroid dgéydse
enzymes (182). Estrogen is active in a variety of tissues throughout the body, and i
responsible for stimulating growth of reproductive organs and decreasing tiegbkjfects
of aging (183). Estrogen also inhibits osteoclasts, preserving bone densitgiggom
endothelial cell development, and may have neuroprotective effects in older womenn(183)
the normal breast, estrogen stimulates the growth and differentiation of theepitttelium
and surrounding stroma during puberty and pregnancy (183, 184).

Estrogen production varies by stage of life and according to the menstrual cycle
Estrogen levels first rise during puberty after stimulation by gonadat(@gB). After
menarche, the theca and granulosa cells in the ovary are the main sounagehest
production (183, 185). Plasma estrogen concentrations vary according to the meyd&ual ¢
with peak levels occurring before ovulation (183, 185). After menopause estrogen is no
longer produced in the ovaries, and the estrogen is primarily produced through the
aromatization of androgens in adipose tissue (183).

Estrogen is produced in 3 forms — estradiol, estrone, and estriol (183). In addition to
being produced from androgen precursors, estradiol and estrone can be inter-converted, in a
reaction catalyzed by 17-beta hydroxysteroid dehydrogenases 1 and 2 (186). In #de norm
breast epithelium, the estradiol to estrone conversion pathway has much highgrtaetivi

the estrone to estradiol pathway (187). Serum concentrations of estriol arewery |
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compared to estrone and estradiol in premenopausal and postmenopausal women (183).
There are two receptors that bind estrogen - estrogen receptor alphgligRaald estrogen
receptor beta (ER-beta). Estradiol is considered to be the more biokpgiotht estrogen
because it has the strongest binding affinity for ER-alpha and ER-betereéstoinding
affinity is approximately 60% (ER-alpha) and 40% (ER-beta) comparedréaliest(183).

Despite its beneficial role in many tissues, estrogen may lead to tumatifmmm
either through its effects via estrogen receptor signaling or througffebtsef its
metabolites. Once bound to the estrogen receptor, the ligand-receptor complegatass$o
the nucleus where it acts as a transcription factor to specific targst gstegen is
metabolized via two main pathways that involve hydroxylation of the A ring (ledoling
catechol estrogen formation) or hydroxylation of the D ring (leading tod&al
hydroxyestrone formation) (182). Estrogen metabolites can bind to DNA formidg DN
adducts; high rates of DNA repair after adduct removal may introduce muttdiatnsitiate
carcinogenesis (188).

Epidemiologic evidence strongly supports a role for estrogen (in addition to
progesterone (57)) in many breast cancers. Serum levels of several sels, stechiding
estradiol, estrone, androstenedione, testosterone, and dehydroepiandrostetaarsulf
associated with an increased risk of breast cancer, and high levels of sex hioimdarge
globulin are associated with a decreased risk of breast cancer in postosahemanen
(189, 190). Lifestyle factors that increase the number of lifetime ovulatolgsgygtich as
early menarche, late menopause, and nulliparity, are consistently asseatatincreased
breast cancer risk (21). Surgical removal of the ovaries in premenopausal wodhen, a

therefore removal of the main source of estrogen, can reduce the risk vChrezs by 50%
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in high risk women (191). Finally, exogenous estrogen use is associated with asanore
breast cancer risk (76, 80, 81).

Furthermore, estrogen and the estrogen receptor are present in breastltubreest
cancer patients, aromatase activity and estradiol concentration is highesor tissue and
lowest in normal tissue (192). In hormone receptor-positive breast cancery actikii
estrone to estradiol conversion pathway is predominant over the reversenr€H523),
potentially providing an additional source of estradiol to fuel tumor growth. Itiennade
sample of infiltrating ductal cancers in African-American and white womehe US, 75%
were estrogen receptor-positive (4).

Altogether, this evidence suggests that estrogen is instrumental in atdahseaof
breast cancers. Therefore, factors that modify estrogen expression geestctvity may

have an important impact on breast cancer risk.

1.7 Estrogen pathway-related candidate genes and breast cancer

In order to investigate the relationship between variation in estrogerdrgkates
and the intrinsic subtypes of breast cancer, this study will focus on genes involved in
estrogen synthesis, estrogen chaperoning in the bloodstream, and estrogeg si§fRal
alpha is required for estrogen to exert its effects in the cell, and so SNEsstriogen
receptor gene that increase transcription could increase estedgetiproliferation and
SNPs that reduce transcription would be expected to have a protective effect. The
progesterone receptor is one of the target genes affected by estgggimgj and its
expression is highly correlated with ER expression (194). Cytochrome P450 et@Ade

(CYP19A1) converts testosterone to estradiol (186), and so polymorphisms thatatgregul
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CYP19AL1 activity could result in higher estrogen levels and therefoategrestrogen-

related proliferation. 17-beta hydroxysteroid dehydrogenase 2 converts estraditnbne,

and is an important regulator of estradiol levels (195). 3-beta hydroxystergdrdgbnase

1 (HSD3B1) converts pregnolone to progesterone, and polymorphisms that affect HSD3B
expression could increase progesterone receptor signaling (186). Finalprsene

binding globulin (SHBG) is a chaperone molecule that binds to sex steroids in the
bloodstream. Estradiol that is bound to SHBG is not available to bind to the estrogen
receptor, and so polymorphisms that reduce expression of SHBG will increaseotimg af

free estradiol.

1.7.1 Estrogen receptor alpha (ESR1)

Estrogen receptor alpha (ER-alpha) is a steroid hormone receptor presermglh the
cytoplasm and nucleus (183). In its inactive form, ER-alpha is bound to heat shock proteins
(196). After binding its ligand, estrogen, the receptor dissociates fronshszk protein,
dimerizes, undergoes a conformational change, and translocates to the nucleus {i83).
nucleus, the estrogen-estrogen receptor complex modulates transcrigtiodibyg to
estrogen response elements or interacting with other nuclear transcriptas fike NFkB
and AP-1 (183). ER-alpha is able to bind all forms of estrogen, but it has the higimést aff
for 17 beta-estradiol compared to other forms of estrogen such as estrone aestridl
alpha-estradiol (197). Hundreds of genes are regulated by estrogen gignaluding up-
regulation of genes associated with cell proliferation, survival (cyclim&dication factor
C4, survivin), growth factors, and transcription factors, and down-regulation of tumor
suppressors, pro-apoptotic genes (cyclin G2, IEX-1, caspase 9), and growth in{io&jrs

Researchers have also described a cell surface-bound form of the estoegtorr
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where signaling results in almost immediate physiological effects.(T88) type of
membrane-bound ER has been observed in vascular, endocrine, adipose, uterine and neuronal
tissues (183, 199). The estrogen receptor can be activated by growth facbngigs well,

through phosphorylation of receptor serine or tyrosine kinase residues (183). Bavdies

shown that the epidermal growth factor receptor, heregulin, cyclic AMP,nfisslilin-like

growth factor, and dopamine can interact with estrogen receptor in the absanastbgen

ligand (183).

In the normal breast estrogen receptor-alpha is expressed in the nucleialf a s
percentage of luminal epithelial cells that line the ducts and lobules, but not in ot®tr bre
cells (200-202). In the breast, estrogen stimulates growth and diffa@nbéatuctal
epithelium (183). In ESR1 knockout mice, breast development was stunted (202), suggesting
that the knockout mice lacked proliferative signaling required for further devetbmhtne
mammary gland during puberty. Lack of a functional ESR1 gene has also beeiatasl
with osteoporosis and reduced fertility in female mice (183).

Biological and epidemiological evidence suggests that the estrogerorasept
major factor in breast tumor formation and survival. Levels of ER-alpha ekpress
altered in neoplastic growth. Atypical ductal hyperplasia and lobular caraimmsiu both
express the estrogen receptor at higher levels than that of normal breashfpo@ximately
60-70% of ductal carcinoma situ are ER-positive (203, 204). Also, eliminating estrogen-
receptor signaling reduces tumor formation in animal models. Oncogene-drivan tum
formation in ER-alpha knockout mice occurred at half the rate of wild-type (20&9.

Finally, estrogen receptor expression is a strong predictive markespafnse to

hormonal treatments (206). ER expression is a weak prognostic factor, andleexbrrgh
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other prognostic factors like histologic grade, proliferation, and tumor4j2902, 206).
Studies with long follow-up show that even though ER-positive patients have a longer time
until recurrence, they eventually have recurrence rates similar teeg&ive patients (206).

There have been several association studies of ESR1 polymorphisms and breast
cancer, but results have been somewhat inconsistent. The variant T allele 8Rthe 307
C/T (Pwull) SNP has been associated with a small increase in breast cancer risk in two
studies (207, 208), but the association was not observed in other studies (209-211). Zheng et
al. reported an inverse association between the TT genotype and breastldafjcer (
Interestingly, the results from one functional study suggest that the € aile@lnot the T
allele would be associated with a greater breast cancer risk — the Cragks a new
functionalmyb binding site and is associated with increased transcriptional activity. (212)
For the S10S polymorphism, inverse, positive and null associations with breast caecer hav
been reported (211, 213, 214).

Some studies have reported an association between the P325P polymorphism and
breast cancer (215, 216), and familial history of breast cancer (217). Others (218, 219)
reported no association between P325P and breast cancer. It has also been reported tha
P325P is inversely associated with lymph node metastasis in breast caesdi2d&, 219).
Other SNPs -104062 C/T and 3’ UTR rs3798577 have been investigated, but no clear pattern
of association has emerged.

Tag SNP studies of ESR1 have identified intronic SNPs that are potentiaityass
with breast cancer. In data from the SEARCH study, Mavaddat et al. (220ecefiat
ESR1 SNPs rs3020314, rs3020407, and rs3020401 were strongly associated with breast

cancer. Dunning et al. (211) combined the ESR1 rs3020314 associations from several case-
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control studies and reported a very weak but precise association with breast. Subgroup
analyses revealed that the association was only observed with ER-pogiisedancer in
populations of European descent (211).

ESR1 SNPs have also been associated with serum hormone levels. Sowers et al. (221)
reported that several SNPs have ethnicity-specific associations with setradiol levels, an
interesting finding given the ethnic and geographic variation in breastréaoickence
worldwide. The +397 C/TRwull) CC genotype was associated with higher serum estradiol
levels in African-American women (221) and +397T - +351A haplotiwal (-Xbal) was
associated with lower serum estradiol levels in postmenopausal Danish women (2&2), w
is consistent with the higher expression associated with +B&vi€o. It could be
hypothesized that the higher levels of circulating estradiol associatetheiC allele mean
that less estradiol is able to bind to the variant receptor and translocate to ¢ues raratl
this is why the +397T allele is associated with increased breast cakcd he +397T allele
was associated with higher levels of androstenedione in postmenopausal womeni223); it
also possible that the increased breast cancer risk is mediated througbrtestaand not
estrogen.

1.7.2 Progesterone receptor (PGR)

The progesterone receptor (PR) is a steroid receptor which influences DNA
transcription. PR signaling is initiated by binding of the ligand, progestereceptor
dimerization, phosphorylation, and DNA binding (224). PR is expressed in three isoforms —
PR-A, PR-B, and PR-C. The PR-A and PR-B isoforms are similar in some sedpaitt are
capable of forming either homodimers or heterodimers, and both have the ability to bind to

progesterone-response elements in DNA (224, 225). PR-A and PR-B also have similar
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structures, except that PR-B contains an additional transactivation domain (24e Des

these similarities, most studies suggest that these two isoforms have umgquoeytianal
activities (225). Like PR-A and PR-B, the PR-C isoform contains a ligand-bindinginlom

but it is truncated at the N-terminus and therefore lacks the progesterone retpoesd-

binding motif and activation domains (225). PR-C has the ability to bind to PR-B and inhibits
PR-B transcriptional activity, possibly by competing for progesteronehdiiimg PR-B

ability to bind to DNA (225).

PR-A and PR-B are expressed in equal amounts in the luminal epithelial cells in
normal breast tissue (201, 225). PR knockout mice experience anovulation, abnormal uterine
morphology and histology, and impaired branching and differentiation of the breast during
pregnancy (224, 226), suggesting the progesterone receptor is required for normal
reproductive function.

PR expression is highly correlated with ER-alpha expression (201). IfPRct,
expression is regulated by estrogen, and both estrogen and ER signalingiaed fer the
progesterone receptor to be produced (194). PR can also induce proliferative thcouigin
crosstalk with the estrogen receptor. In T47D cells, PR signaling steaydeoliferation via
the Erk and PI3K/Akt pathways (227). Ballare et al. (227, 228) showed that progestin
initiates Src/Erk signaling through a direct interaction of the PR-Bridihus with the ER-
alpha ligand-binding domain.

The progesterone receptor is expressed in 70% of invasive breast cancers (204). |
breast tumors, PR expression is inversely associated with expression of HERGRER
(194). The exact mechanism for loss of PR expression in breast tumors is unknown, but

hypotheses include lack of functional ER, promoter methylation, loss of heteroyygasit
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signals from growth factors, such as IGF, EGF, or heregulin (194). PR-A and PRBIS

are expressed in equal amounts in the normal breast (225), however, in a subset of invasive
tumors PR-A is present in higher amounts than PR-B, and some studies have suggested that
this imbalance may be related to tamoxifen resistance (194, 225, 229). The predlietofe r

PR independent of ER status is unclear. A review of tamoxifen trials showedRtstdtEs

did not predict treatment benefit, but other studies have shown that among ER-positive
patients, those that were PR-positive had a greater benefit from tamoxiidPRhaegative
patients (194).

The V660L amino acid change in exon 4 has been studied extensively, but the
relationship between V660L and breast cancer remains unclear. Groups have tegborse
positive association (213, 230) and no association (141, 231, 232) between the variant allele
and breast cancdn vitro experiments of the functional effects of the codon 660L variant
also show varying results. One group reported that the codon 660L variant produced higher
transcriptional activity and was degraded more slowly within the cell (233)estigg that
the codon 660L variant could have a stronger or more prolonged effect on the transcription of
PR target genes or proliferative signaling cascades. This efbedd be consistent with an
increased breast cancer risk for the variant allele. However, anothergpauied that the
codon 660L variant leads to reduced receptor phosphorylation, which would lead to reduced
variant allele activity and presumably would not cause increased breest dak (234). It
is difficult to interpret the true causal effect of the V660L SNP becausknkéesl to several
other PGR polymorphisms. The codon 660L polymorphism is in complete linkage
disequilibrium (LD) with amAlu insertion polymorphism that has also been shown to

increase PGR transcription (234, 235). Codon 660L is also in complete LD with a

30



polymorphism at codon 770, and in almost complete LD with a polymorphism at codon 344
(235).

The promoter polymorphism +331 G/A has also been investigated for a possible
association with breast cancer. The +331 G/A SNP is located in between thgwild t
transcriptional start sites for PR-B (+1) and PR-A (+751), and creats ttanscriptional
start site that results in increased transcriptional activity (235). fedbps, only the Nurses’
Health Study (236) has demonstrated an association between the 331A alleleasid bre
cancer; other studies have not shown an association (213, 230, 231). After further analysis in
the Nurses’ Health Study, Kotsopoulos et al. (237) reported that the +331 G/A agsociati
was modified by postmenopausal hormone use, and that the increased breast cancer risk
associated with the A allele is much higher in never-users compared to paseot EIRT
users.

1.7.3 17-beta-hydroxysteroid dehydrogenase type Il (HSD17B2)

17-beta-hydroxysteroid dehydrogenase type Il (HSD17B2) is a membersbfdiie
chain alcohol dehydrogenase super family of enzymes that oxidizes astistesoids into
their inactive precursor forms (195). Specifically, HSD17B2 converts estrath estrone,
testosterone to 4-androstenedione, and 5-androstenediol into dehydroepiandrosterone (195)

HSD17B2 is expressed in a large number of normal tissues, including placenta, liver,
endometrium, kidney, colon, and normal breast epithelium (187, 195). Only some studies
have reported that HSD17B2 is expressed in breast tumors. Gunnarsson et al. (2@8) repor
that HSD17B2 expression was detected in the cytoplasm of most breast tumors, but not in the
surrounding stroma. In contrast, two other studies reported that HSD17B2 expmession i

breast cancer was very low (239) or undetectable (240). Gunnarsson et al. (23f)ateal r
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that HSD17B2 expression is strongly correlated with expression of aromatase and
cyclooxygenase 2, although Yoshimura et al. (239) did not find the same correlation.

Studies in breast cancer patients support the hypothesis that HSD17B2 may act to
reduce available estradiol. In ER-positive patients, low levels of HSDligB&saociated
with distant recurrence and breast cancer-related death, but HSD17B2 |eeeat® ledfect
on prognosis in ER-negative patients (238). Furthermore, a high HSD17B2:HSD17B1 ratio
in ER-positive patients is associated with better prognosis (241). HSD17Blsedtcme
to estradiol (195), and so higher amounts of HSD17B2 indicate the predominance of the
estradiol to estrone oxidation pathway within the tumor.

Little has been published on the effect of HSD17B2 polymorphisms on breast cancer
risk. One study examined the codon 226 M to V amino acid change and found no association
with breast cancer (242). Molecular modeling did not predict any functidieat®tiue to
the codon 226 polymorphism, buatvitro studies were not performed to confirm this (242).
Considering ER-positive cases only, the codon 226 V variant was associated witfol two
increased risk of breast cancer for cases with two close relatives eat$t lsancer compared
to controls carrying the codon 226 V variant, but the confidence interval was vergisepre
and includes the null, and therefore should be interpreted with caution (242).

1.7.4 3-beta-hydroxysteroid dehydrogenase type | (HSD3B1)

3-beta hydroxysteroid dehydrogenase ty({¢3D3B1) is a member of the short-
chain oxidoreductase enzyme super family that converts pregnolone to progedférone
alpha hydroxypregnenolone to 17-alpha hydroxyprogesterone, and dehydroepiandrosterone
to androstenedione (186, 243). In addition to being expressed in normal breast, skin, prostate,

and placenta, HSD3BL1 is active in breast tumor cells, indicating that HSD3@ityamiuld
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act as a source of progesterone within breast tumors (186, 243, 244). Basal HSD3B1
expression is controlled by a Sp1 binding site in intron 1 (245). In normal breast cailtdres
breast cancer cell lines, HSD3B1 expression can be induced further by cytotenesikin-

4 and interleukin-13 (246).

Some studies have linked the HSD3B1 codon 367 N to T polymorphism with prostate
cancer (247, 248), but other groups did not find an association (249). This nonsynonymous
change creates a new PKC phosphorylation site in the COOH-terminahextbeane
domain, potentially causing a functional change in the HSD3B1 protein (247). The codon
367T variant is associated with increased breast density among Afrmane&n women,
decreased breast density among white American women, and decreased bségshde
mostly white Australian women (250, 251). Increased breast density is aaigkfbr breast
cancer (50, 51), so it is possible that the codon 367T variant may be associated with
increased breast cancer risk, particularly in African-American wiome
1.7.5 Cytochrome P450 Family 19 A1 (CYP19A1)

Cytochrome P450 Family 19 A1 (CYP19) is part of a larger family of cybmalr
P450 enzymes involved in steroid hormone biosynthesis (186). The CYP19 gene product and
cofactor NADPH form the aromatase enzyme complex (252). Aromatase coanverogens
into estrogens, including conversion of androstenedione to estrone and testosterone to
estradiol (186). The CYP19 gene has several exon | splice sites that produeatdifiens
of exon | which are expressed in a tissue specific manner (186). CYP19 toanségfins in
exon Il, and so each tissue has a unique 5’ region, but the enzyme produced in each tissue
type is the same (252). CYP19 is expressed in the ovary, placenta, testis, aslpese ti

bone, breast, and brain (186). In normal breast tissue, CYP19 is expressed in thalepithel
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cells of the terminal ductal lobular unit and stromal fibroblasts (253, 254). In the ovary,
aromatase is expressed in granulosa cells and the corpus luteum (252). In &dipese t
CYP19 is expressed in the stromal cells; expression levels are highecutasi#ous
compared to visceral fat (252).

Aromatase expression and activity is higher in breast tumors compared td norma
breast tissue (255). Expression was detected in both stromal and carcinoniZb6glls (@
study of aromatase mMRNA levels in different quadrants of mastectomy gpesciBulun et
al. (256) reported that the tumor-bearing quadrant was significantly rkeletb have the
highest levels of aromatase. Aromatase transcript levels were alstatsat with the number
of stromal cells in each quadrant (256). In breast cancer patients, aroatitdseis highest
in the tumor area and lowest in normal tissue (192). In Esteban et al. (257), aeomatas
activity was inversely correlated with ER-alpha but not PR expressidfikiret al. (255),
aromatase expression was positively correlated with ER-alpha.

Aromatase activity can be altered by other molecules. Treatnignanematase
inhibitors such as letrozole and exemestane inhibited proliferation in MCF-7{2%5)s
When used to treat postmenopausal breast cancer patients, aromatase iphovithes
better long-term survival compared to standard treatment regimens and leadrtadverse
effects (258). Endogenous factors also affect aromatase activity.roesdag growth factor,
epidermal growth factor, transforming growth factor alpha, and leptinrallisite aromatase
activity in breast cancer cell lines (259-261).

Researchers have tested the functional effects of several CYP19 SNHs uditng
studies. In the case of both the W39R and R264C amino acid changes, studies have reported

that the variant allele is associated with reduced enzyme activity and tipalytherphism
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has no effect on enzyme activity (262-264). Miyoshi et al. (265) reported a negative
association between codon 39R and codon 264C variants and breast cancer. However, 3
other studies of R264C did not find any association with breast cancer women (264, 266-
268).

Riancho et al. (269) reported that a SNP in the 1.2 promoter is associated with highe
levels of aromatase in adipose tissue. One would expect that higher levels dadaeoma
adipose tissue would result in higher estradiol levels and higher breast ¢siespecially
in women with more adipose tissue. However, there are no published studies of the 1.2
polymorphism and breast cancer. Talbott et al. (270) reported a positive assooration f
rs108805 intron 2 A/G among premenopausal but not postmenopausal women. This SNP had
been previously reported as having no association with breast cancer in a pooled study
postmenopausal women, where carriers of the G allele had increasediesaslan
estradiol and estrone (267).

Kristensen reported a positive association between the CT and TT genotypes of the
exon 10 3' UTR SNP rs10046, and later demonstrated that basal-like cases arketydce |
have the TT genotype compared to women with other tumor subtypes (180, 181). However,
other studies reported no association between rs10046 and breast cancer (271, 272). Raskin
et al. (273) reported that the synonymous V80V polymorphism was positively associate
with breast cancer in BRCA carriers younger than 50 years old.

1.7.6 Sex hormone-binding globulin (SHBG)

Sex hormone-binding globulin (SHGB) is an allosteric protein that binds sex steroids

in the bloodstream, controlling their availability for downstream signalingepsas. SHBG

also binds to the membrane-bound SHBG receptor (SHBG-R); free SHBG can lordkster
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before or after it binds to its receptor, but once SHBG has bound a steroid ligand it is no
longer able bind to the SHBG receptor (274).

Experimental data supports the hypothesis that SHBG is instrumental in cogtrolli
the proliferative and anti-apoptotic effects of estradiol (275, 276). These aiiteaitole
effects are due in part to SHBG/SHBG-R induction of cyclic AMP and PKA in tlsepce
of estradiol (277, 278). Additionally, SHBG suppresses estradiol up-regulation of bcl-2, ¢
myc, EGFR, and PR (278, 279). Estradiol down-regulation of ER-alpha is also inhibited
(279). The ability of SHBG to reverse the effects of estradiol is sen®ti8eIBG mutations:
variants without the O-linked oligosaccharide on the threonine amino acid at codon 7 had no
effect against estradiol (276).

Moore et al. (280) detected SHBG mRNA in ER-positive and ER-negative breast
cancer cell lines and breast tumor samples. In breast tumors, the presencddmae
SHBG-R is positively correlated with cytosolic levels of the progestereceptor and
negatively correlated with cellular proliferation (281).

SHBG levels are associated with body size. SHBG concentration decnéfises
increasing BMI and waist circumference (282-285). In premenopausabAfAmerican
women, a waist-to-hip ratio of greater than 0.80 was associated with eweés bf SHBG
compared to women with a waist-to-hip ratio of less than or equal to 0.75, regardless of
obesity level (286).

In postmenopausal breast cancer patients, treatment with tamoxifen iatasisatth
a significant increase in SHBG levels (287). Higher levels of SHBG as=eciated with a
reduced risk of breast cancer in postmenopausal women in some studies (288-290), but not in

others (291, 292). Several studies also reported no association between SHBG levels and
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premenopausal breast cancer (291, 293-295). However, in many cases the studies of
premenopausal women were limited by low statistical power; the eftetiaéss suggested a
trend of reduced risk for the highest vs. the lowest quartiles of SHBG. SHBG was not
associated with ductal carcinonmesitu in a small prospective study of postmenopausal
women (296).

Researchers have identified two functional polymorphisms in SHBG that may be
associated with breast cancer. The D356N amino acid change (also known as D327N) is
associated with higher levels of SHBG (272, 297, 298). Based on the anti-proliferative
effects of SHBG in cell lines, the expected effect of higher SHBG would be cedteast
cancer risk. However, in Dunning et al. (272) codon 356 NN homozygotes had an increased
risk of breast cancer. The other functional SNP is a G to A nucleotide change’iViffe.5
In Dunning et al. (272) this SNP was associated with increased SHBG levels i
postmenopausal women, but no association with breast cancer was observed by Dunning et

al. or in a second study (299).

1.8 Obesity, insulin resistance, and breast cancer

Obesity is associated with increased incidence of many cancers, indueasy
cancer (300). Data from the NHANES national survey (1999-2004) shows that 29% of adult
US women are overweight and 33% are obese (301). The 2003-2004 prevalence of obesity
was 31% in non-Hispanic white women and 54% in non-Hispanic African-American women,
up from 15% and 31% in the 1976-1980 NHANES survey (301, 302).

In postmenopausal women, obesity is associated with an increased risk of breast

cancer, (30, 32, 35, 45, 46, 303) though some studies have found no association (34). There
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is some evidence that the association between body mass index (BMI) ancethbreast
cancer risk in postmenopausal women is modified by hormonal factors, such aséH&T us
type of menopause. In the EPIC study, BMI was positively associated wat$t loeancer in
postmenopausal women who were not HRT users, while there was no association among
HRT users (31). Also, Kaaks et al. (33) reported an inverse association betweandBM
breast cancer among women who experienced natural menopause and a positateassoc
in women with surgical menopause, but both results were imprecise and did not appear
statistically different from each other. In postmenopausal women, obesggsstently
associated with the incidence of ER-positive and PR-positive tumors and the itk
increases with increasing obesity (304). Obesity is generally thought tedmatsd with a
decreased risk of breast cancer in premenopausal women (30-32, 36), though some have
reported no association (33-35) and at least one study has reported a positive (biganprec
association (45).

Central obesity is indicative of large amounts of deep visceral fat. Wpis&tio
(WHR), a common measure of central obesity, has been associated with increased bre
cancer risk in women independently of BMI [(33, 43, 305, 306), reviewed by (41, 42)].
Unlike the association between breast cancer and BMI, studies did not dema@mstreftect
modification by menopausal status.

Several mechanisms have been proposed to explain the relationship by which obesity
and central obesity may increase breast cancer risk. First, obesitpernesse breast cancer
risk by influencing estrogen production. In postmenopausal women, estrone adaEestr
levels increase with increasing BMI and WHR, and SHBG decreases withsnuy BMI

and WHR (285, 307, 308). Some groups contend that the effect of obesity on steroid
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hormone levels explains most of the relationship between obesity and breast tia@cer
effect of BMI on breast cancer risk was greatly attenuated when atifastserum estrogen
levels (285). Others argue that this does not fully explain the extent of theaassoc
between obesity and breast cancer (309). Further evidence for the hypothdisl that
increases breast cancer risk by estrogen-related mechanisms i& thfealsgociation

between BMI and breast cancer risk in HRT users. This suggests that amengithos
significantly increased hormone levels (due to exogenous hormones) the imtrease
hormones due to obesity has no effect, or that BMI only has an effect among women wit
low endogenous hormone levels (300). The lack of association between premenopausal
obesity and breast cancer also fits this hypothesis. Premenopausal womemghéeects of
endogenous estrogens due to ovarian estrogen production. Compared to ovarian estrogens,
additional estrogen produced by adipocytes and any increase in that level due yabesit
negligible. This hypothesis is also supported by the fact that estradia tkvabt vary by
BMI in premenopausal women (310).

A second hypothesis is that obesity affects cancer growth by promotinigp insul
resistance and hyperinsulinemia. Insulin resistance occurs when musc|earid adipose
cells have a reduced response to insulin (311). The pancreas continues to produce insulin in
order to achieve a biological response, leading to the accumulation of insulin and un-
metabolized glucose in the bloodstream (311). Insulin promotes insulin-like grovahXact
(IGF-1) production and inhibits IGF-binding protein, further increasing the amourgeof f
IGF-1 (312). Both insulin and IGF-1 promote cell proliferation and inhibit apoptosis o
(300). Furthermore, inhibition of the IGF1-receptor inhibits growth of xenografstorea

cancer cells in mice (313), suggesting that tumor growth is slowed when IGFdbie to
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initiate signaling in downstream pathways. Insulin receptor and the IGiyHRd receptor
are expressed at significantly higher levels in breast tumors comparedhal breast (314),
indicating that they may play an important role in breast tumorigenesis iansutis also
possible that insulin resistance interacts with reproductive hormones antrdlgereselated
carcinogenesis pathway. High levels of insulin and IGF-1 reduce productiorB&,SH
leading to more bioavailable estradiol and testosterone (300).

A third hypothesis is that obesity leads to increased production of pro-inflammatory
cytokines. Chronic low grade inflammation results in macrophage production of pro-
inflammatory cytokines tumor necrosis factor-alpha and interleukin-1Bhahen stimulate
interleukin-6 production (315). This hypothesis is supported by data from the Patless
Zip/F1 mouse model. Fatless mice have features common to insulin resistancé but la
adipose tissue or adipocytokines, which are growth factors produced by adipose&fiS3ue (
Fatless mice grew tumors faster than the control mice, suggestingifiatydokines were
not essential for tumor formation in an insulin resistant environment, and that otheayst
involved in insulin resistance may be responsible for increased cancer risk, not
adipocytokines themselves (315).

Finally, a fourth hypothesis is that increased levels of adipocytokines produced by
adipose tissue may promote breast tumor groluttitro, adipocytokines have effects on
cell proliferation, angiogenesis, and apoptosis (reviews: (316, 317)). For examjue, lept
stimulates aromatase activity and increases cell proliferation (259, 31,8a882) -6 can
activate ER-alpha transcription (323) — upregulation of these genes etiatdgpromote
breast tumor growth. Adiponectin inhibits the proliferative effects of astrahd so

obesity-induced reduction of adiponectin levels could increase breast cak¢824-328).
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Other adipocytokines, such as vascular endothelial growth factor, hepatocytie fgrcior,
and heparin-binding epidermal growth factor-like growth factor, promotegemesis and

endothelial cell migration (316).

1.9 Obesity-related candidate genes
Adipocytokines are a group of growth factors and cytokines produced primarily by
white adipose tissue (329). White adipose tissue is a multi-functional organ cdnopose
adipocytes, fibroblasts, and macrophages that acts as the body’s main enevg\tnesegh
storage of fatty acids, insulation, and a source of hormones, adipocytokines, and
inflammatory factors (330). Adipocytokine production levels are associatiedsulin
resistance syndrome and obesity (329). The circulating levels of most adlpoegt
increase with increasing BMI and obesity, except for adiponectin which iséalyer
associated with BMI and obesity (316). Adipocytokines can have pro-carcinofests e
andhave been shown to affect aromatase activity, angiogenesis, and proliferasiiines
(316, 317). Recent research has demonstrated that some adipocytokines and adipocytokine
receptors are expressed in non-adipose tissues, including normal and maligrsanisbrea
Adipocytokines produced within the breast epithelium could produce autocrine effects. On
the other hand, excess adipocytokines produced in the surrounding adipose tissue in obese
women could affect breast tissue or surrounding stroma in a paracrine manner (317).
Waist-hip ratio was strongly associated with basal-like breast canter @BCS
(17), suggesting that factors associated with central adiposity maydogassds with basal-
like breast cancer. Adipocytokines are one group of factors that fit intbyjpeghesis. In

order to investigate the potential effect of common genetic variation on bashidast
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cancer, | will focus on variation in the adipocytokines tumor necrosis factor alpifa (T
alpha), interleukin 6 (IL-6), leptin (LEP), the leptin receptor (LEPR), and adipanecti
(ADIPOQ). Each of these genes is associated with obesity or insulinmesi$g&31), and is
also associated with cellular processes that promote tumor formation.

1.9.1 Tumor necrosis factor alpha (TNF)

Tumor necrosis factor alpha (TNF-alpha) is a cytokine with pro- and anti-tumor
functions, including inhibiting tumor cell proliferation, promoting apoptosis, stimulating
estrogen synthesis through aromatase activity, and promoting angiod8883%id NF-alpha
is secreted by adipocytes, and increased TNF-alpha levels are adswtiabesity and
insulin resistance (331, 333). It is unclear whether TNF-alpha levels aus@ar a
consequence of insulin resistance. The addition of TNF-alpha induces insulin resistanc
adipose tissum vitro (334). On the other hand, weight loss reduces TNF-alpha levels in
humans (331). Blocking TNF-alpha improved insulin resistance in rats, but a similar
technique had no effect in humans (331).

TNF-alpha and its receptors are expressed in both normal and neoplastic lseast tis
which increases the plausibility that it acts on breast tissue. Chavey333lfqund that
TNF-alpha is expressed at a much higher level in neoplastic compared to n@asal br
tissue, but other studies did not report the same result (336, 337). The tumor necrosis factor
alpha receptor 1 was present in all samples of normsitu, and invasive breast tissue, but
tumor necrosis factor-alpha receptor 2 was detected increasingly in raligaant tissues
(invasive tumors were the highest percentage positive, benign were lowesitpgec
positive) (337). Chavey et al. (335) reported that TNF-alpha was over-expressed more

commonly in ER-negative and PR-negative tumors compared to ER-positive tumors.
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However, in Garcia-Tunon et al. (337) TNF-alpha expression was not associatedywith a
tumor characteristics, including ER or PR status.

There are several mechanisms by which TNF-alpha might affect hreast growth.
TNF-alpha stimulates aromatase activity in normal and malignant likrastiasts cultured
from breast surgical samples (318). Aromatase catalyzes the final stepcontversion of
androgens to estrogens, so increased TNF-alpha could lead to higher estrogemdevels
estrogen-related proliferation. Experiments by Hagemann et al. (327) showed tha
macrophage-produced TNF-alpha increased the invasiveness of malignant but not benign
cellsin vitro by causing an increase in matrix metalloproteinases 2, 3, 7, and 9. This action
was inhibited by the addition of an anti-TNF antibody or a matrix metallopeste
inhibitor. Some studies have shown that TNF-alpha has effects that may inhibit tumor
growth. TNF-alpha inhibited epidermal growth factor-stimulated protifaran MCF-7 cells
(326), and thus TNF-alpha expression could provide protection against aberrant signaling i
the epidermal growth factor pathway. TNF induced cell death in the MCF-7 begastr
cell line, but the extent of apoptosis differed according to laboratory stredCBf7 (328).

Even though studies show that TNF-alpha is present and has effects in breast cells,
only one study has reported that serum levels of TNF are significantly higivemen with
breast cancer compared to women with a negative breast biopsy (338). Others hte repor
that there is no association between serum TNF-alpha levels and breas{22&,c&40).

This may be due to the fact that TNF-alpha has both pro- and anti-tumor effects and could
therefore increase or decrease breast cancer risk under differentstancces. The lack of
association may also be due to the fact that adipose TNF-alpha acts througheaatatr

paracrine mechanisms (331), and levels of TNF-alpha within breast tisguetize the
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same as TNF-alpha levels in serum.

Multiple polymorphisms in TNF have functional effects, and may affect bcaaser
risk. The T allele of the -857 C/T polymorphism has significantly higher aictifter
stimulation by lipopolysaccharide compared to the C allele (341, 342). The TNF-af3#a
allele is associated with reduced transcription in reporter assays amerdiffiebinding of
nuclear proteins (343, 344). Functional studies of the -308 G/A polymorphism have shown
that the -308A allele drives higher expression compared to -308Giiino reporter assays
(345, 346). Kroeger et al. (346) showed that the differential transcription due to the/A308 G
polymorphism only occurred in the presence of the TNF 3° UTR. However, none of the cell
lines tested in these studies were breast cancer cell lines; it islpdlat the functional
effects differ in breast cells.

TNF polymorphisms are also associated with levels of TNF-alpha in human subject
Skoog et al. (347) analyzed the association between TNF polymorphisms and TNF-alpha
secretion in adipose tissue in non-obese individuals, and found that adipose tissue from -
863A carriers secreted less than half as much TNF-alpha compared to -863 CC lmb@sozyg
Carriers of -308A and -1031C minor alleles also demonstrated lower TNF-alpietien
compared to -308 GG homozygotes and -1031 TT homozygotes, respectively (347). These
differences in TNF-alpha levels by genotype that were apparent in the nemdibappeared
in obese subjects (347), suggesting that under an obese phenotype different fadaies reg
TNF-alpha expression. In another study, TNF-alpha production was significagttsr i -
308A allele carriers compared to -308GG homozygotes, but this was measured in cultured
blood cells, not adipocytes (348). The TNF -1031C allele was associated with éowmar s

TNF-alpha levels (344).
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Polymorphisms in TNF have been linked to several diseases, including obesity and
breast cancer. In a meta-analysis, the -308 G/A polymorphism was assediht obesity
specifically among white, middle-aged subjects; -308 G/A was not associgttgulagma
leptin or WHR (349). In a comprehensive analysis of TNF-alpha and the neighpeneag
lymphotoxin alpha (LTA), Gaudet et al. (350) reported an increased risk of breest t&

-238 A variant allele carriers. Inferred haplotypes containing the -23k:I& alere also

associated with an increased risk of breast cancer (350). Women homozygous for the -857 C
allele were at increased risk for breast cancer compared to TT majerredmozygotes, but

this association was not confirmed in a second, Polish population (350). Gaudet et al. (350)
did not find an association between the -308 G/A polymorphism and breast cancer.

In a Tunisian population, the -308 AA genotype was more common among breast
cancer cases than controls (351). Other studies reported no association between 238 G/A
308 G/A, —857 C/T, —863 C/A or —1031 T/C polymorphisms and breast cancer (350, 352-
355).

Despite the reported pro- and anti-tumor effects of TNF-alphkero, data from the
studies described above (350-354) suggest that TNF-alpha polymorphisms have a positive
effect or no effect on breast cancer risk. None of the results suggest thatpidF-al
polymorphisms are inversely associated with breast cancer risk.

1.9.2 Interleukin 6 (IL6)

Similar to TNF-alpha, IL6 is a cytokine associated with inflammation,unen
function, and injury response (331). IL6 expression is positively associated wsityobe
(334). The relationship between IL6 and insulin resistance is complex. Many stadees

shown that IL6 is associated with increased insulin resistance (331, 334), hoiteast a
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one study demonstrated that IL-6 increases insulin sensitivity in skelesale cells and that
IL6 effects on insulin signaling may be tissue specific (356).

IL6 is expressed in normal and neoplastic breast tissue, but there are ognflicti
reports on whether IL6 levels differ between normal and malignant tissGhalvey et al.
(335), IL6 was expressed at a significantly higher level in neoplastic cethftanormal
breast tissue, but in Basolo et al. (357), IL6 was highest in cultures of normal breast
epithelium and lowest in breast tumor cells. Green at al. (336) found no significardraiffe
in IL6 levels between normal and neoplastic cell cultures. Differencedendye to the
timing and laboratory methods used to measure IL6 — in Green et al. (336) and Bakolo e
(357) cells were cultured and IL6 levels were measured after the firgtdB86rd/fourth
passages (357), whereas in Chavey et al. (335) IL6 was measured direetjjmbdn-
cultured breast tissue.

Invitro studies indicate that IL6 may have pro- and anti-tumorigenic effects
(reviewed by Knupfer et al. (358)). IL6 has been reported to inhibit growth in s&krral
positive and ER-negative breast cancer cell lines (359-361). Danforth et al. (359)
demonstrated that IL-6 and estradiol antagonize each other’s growth effec@$H7 Bklls,
and that IL6 causes a small decrease in ER expression and an increase in §foaxpre
MCF-7 cells. Also, IL-6 induced rounding, reduced cell adhesion, and decreased Hacadher
expression in the ZR-75-1-Tx, T47D, and MCF-7 cell lines (361, 362). IL-6 increased
migration of T47D cells (360).

The effects of IL6 in cultured surgical breast specimens are not congigtetite
reportedn vitro effects. IL6 alone was able to activate transcription of ER-alpha in ER-

positive primary breast cell cultures (323). IL6 had no effect on proliferatieaquned by
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DNA synthesis) in cultured breast tumor cells (357). According to Basolo(86d)), IL6
stimulated DNA synthesis in cultures of normal breast, but Asgeirsson et alr¢B6dted
that IL6 inhibited growth (colony size and number) in normal breast culturesanhe study
reported that IL6 did not affect adhesion or E-cadherin expression in normal mammar
epithelial cultures (361), suggesting that any effects of IL6 to prombigisehesion seen
in cell lines require earlier cancer initiation and/or promotion events.

One potential mechanism by which alterations in IL6 expression or acdionula
might be related to breast cancer is interaction between IL6, estrogeheasirogen
receptor. IL6 can stimulate estrogen synthesis by inducing aromatia#ty acfibroblasts
cultured from normal and malignant breast tissue (318). Additionally, Chavey&3%)
reported that IL6 is expressed more commonly in tumors that were ER-ngg&ive
negative, and high grade tumors, but other studies (337, 363) found no association between
ER or PR status and IL6 expression.

The most well characterized polymorphism in the IL6 gene is the -174 G/C promoter
polymorphism. In luciferase reporter assays in HelLa cells, theyfAT)74C haplotype was
associated with lower baseline expression and reduced response to stimylation b
lipopolysaccharide or interleukin-1. Terry et al. (364) tested not only the -174 G/
polymorphism, but other promoter polymorphisms including -572 G/C, -597 G/A, and a -373
AT repeat polymorphism in both HeLa and ECV40 cells, and showed that changes in IL6
expression level are likely due to a complex haplotype effect, not the simgleyjge at
position -174. Some have reported that the -174G allele is associated with highatiicg
IL6 levels (365), but in other studies the -174 genotype was not associated withl€erum

(366-369). In light of the work by Terry et al. (364), these differing resulysdepend on
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differing haplotype structures in the different populations in which the stueies w
conducted.

Several studies have attempted to determine whether the IL6 -174 G/C polymorphism
is associated with breast cancer. In a case-control study of women adAwstGGerman
descent, Hefler et al. (370) the -174C allele was associated with ircck@asst cancer risk
(370). Slattery et al. (371) reported an inverse association between -174 G/Caashd bre
cancer. Gonzalez-Zuloeta Ladd et al. (372) reported a small, non-significaats@dn the
odds of breast cancer among -174C allele carriers (GC/CC vs. GG), but theyjadsedafor
several covariates that either do not affect nt -174 genotype or are potemtitdie causal
pathway between nt -174 genotype and breast cancer risk. In addition to irgcreasin
imprecision of their estimates, they may have induced confounding or attenuatedfé¢icei
estimates by adjusting for factors in the causal pathway. Unadjustéts mesre not
reported, and so it is unknown to what extent these results support those of Hefler et al.
(370). Finally, Smith et al. (353) and Litovkin et al. (373) reported no association between
the nt -174 genotype and breast cancer, but did not reported the corresponding odds ratio or
confidence interval.

In a study of women from the southwestern US, Slattery et al. (371) reported
associations for -174 G/C (rs1800795), -572 G/C (rs1800796), and intron 2 G/A (rs2069832).
Haplotypes containing the minor alleles for rs1800797, rs1800795, and rs2069832 were
associated with lower obesity in non-Hispanic white women, but these same peplogre
not associated with breast cancer (374).

Studies have also reported conflicting results on the association between theG174 G/

polymorphism and breast cancer prognosis. In an Australian study, the CC gema$yp
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associated with poor histological grade, larger tumor size, and lower ERt(318). In the
same study, the CC genotype was associated with almost twice the hadeathafompared
to the GC or GG genotype, but was not an independent predictor of survival (375). In
contrast, Demichele et al. (376) reported that the -174C allele is assauittemproved
disease-free survival and overall survival in node-positive breast canestgahe data
also suggest that patients who are both ER-positive and -174C allele carriettsehaest
disease-free survival, but statistical evidence for interaction wasgmificant, probably due
to the small number of patient years in the analysis (376).

Although serum IL6 was not associated with breast cancer incidence in a pxaspecti
study of elderly subjects (340), serum levels of IL6 were significanglydriamong breast
cancer patients compared to women with a negative breast biopsy (338). IL6 is griaduce
many different tissues in the body, including adipose tissue, and so serumdlstntay not
reflect breast-specific levels of IL6 (331). Timevitro effects of IL6 combined with the
demonstrated link to the estrogen-related proliferation pathway provide a plainilas to
how IL6 may be causally related to breast cancer. Since IL6 may havengranti-tumor
effects in breast cells, it is hard to predict what effect an IL6 polymorphirnave on
breast cancer risk.

1.9.3 Leptin (LEP) and the leptin receptor (LEPR)

Leptin is a hormone produced mainly by adipocytes that is involved in regulating
body weight (334). After production in adipose tissue, leptin circulates in plasimiz e
reaching the central nervous system, where it binds to the leptin receptor egalatpes
anorexigenic peptides and downregulates orexigenic peptides (331). A4, depsal

reduces lipid levels and improves insulin sensitivity (331). In mice, leptin deficisauses
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insulin resistance, obesity, and diabetes, and leptin treatment reverseotithsens (331,
334). Leptin treatment also reverses insulin resistance and diabetes tieatds d
lipodystrophy (331, 334). In non-obese humans, leptin is associated with decreaseel appeti
and increased energy metabolism. Leptin levels are higher in the obese,isgdlyasthese
individuals are no longer sensitive to leptin signaling, but the exact mechanidns for t

‘leptin resistance’ has not been described (331).

Leptin is expressed in a variety of tissues, including adipose tissue, nornsa) brea
breast cancer cell lines, and human breast tumors (377, 378). Ishikawa et al. (378) hoted tha
there may be differences in patterns of leptin expression between maligddogragn
tissues — normal breast displayed weak leptin staining whereas maligeasttdeils
typically displayed strong staining, similar to the levels seen in adjadgrdcytes. Caldefie-
Chezet et al. (379) did not observe leptin expression in nhormal tissue from heal#ty, brea
but did observe leptin expression in phenotypically normal glands adjacent to tumor in
affected breasts. Leptin receptor isoforms are present in human breast amechbdreast
cancer cell lines (319, 320, 322, 378), but were not observed in normal human breast tissue
(378).

There is growing evidence that leptin may play a role in the development oflnorma
and cancerous breast tissue. Normal mammary growth (ductal branching and demBlogpm
impaired in leptin-deficient and leptin receptor—deficient mice (322, 380). WorkdayyCét
al. (380) showed that transgenic TGEEP*® LEP® genetically obese mice did not
experience spontaneous mammary tumors, compared to 58 tumors in transgenit HIGF-
LEP" homozygotes and 63 tumors in TGHEP°LEP* heterozygotes during the same 2

year observation period. Similar results were obtained for IGEPR"® LEPR® genetically
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obese mice, indicating that deficiencies in the leptin ligand-receptanbibit normal and
neoplastic mammary growth (380).

Invitro, leptin stimulates proliferation of normal and cancerous cells. In MCF-7 and
T47D breast cancer cell lines, leptin stimulates STAT3 and MAP kinase sig(&i1i&g320).
Leptin also increases cell proliferation and DNA synthesis in MCF-7, T47D, ahd (4B
cell lines (319-322), and increases anchorage-independent growth in malignant l§tié 7D
not normal (HBL100) breast cell lines (322). In Catalano et al. (259), leptin enhanced
aromatase expression and activity in MCF-7 cells, suggesting thatebeddffeptin
expression on cell proliferation may be mediated by estrogen receptomrgignal

Reports of associations between serum leptin and breast cancer do not reveal a
consistent trend. Studies in Chinese and Taiwanese populations reported that Eptin wa
higher in breast cancer cases compared to controls (381, 382), but in Petridou et al. (383)
leptin levels were significantly lower in premenopausal cases comparedttols and there
was no difference among postmenopausal subjects. Mantzoros et al. (384) reported no
association between mean leptin levels and DCIS in premenopausal women. Some of the
inconsistency in the studies mentioned above may be due to the measurement ofdeptin aft
breast cancer diagnosis in cases. A Swedish nested case-control studgadnepsurlevels
prospectively and found no association between leptin levels and breast cancer (385).

Several studies indicate that polymorphisms in the leptin and leptin receptor genes
may have an effect on serum leptin levels, leptin receptor levels, and brezestresk.
Snoussi et al. (386) reported that the leptin -2548 G/A polymorphism was associhted wit
breast cancer in a dose-dependent manner, but in Cleveland et al. (387) only the AA

genotype was associated with breast cancer convincingly. Yiannakoali$348) reported
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that the LEP -2548 polymorphism was associated with plasma leptin receptsrded
leptin/leptin receptor ratios in women, but not in menutro functional assays of this SNP
have not been reported so it is unclear whether these associations are dis¢etytoeahe -
2548 G/A SNP or other genetic polymorphisms in linkage disequilibrium with the -2548
locus.

Leptin receptor polymorphism codon 109 RR variant homozygotes had higher serum
leptin levels compared to codon 109 KR heterozygotes in healthy Korean controls, but the
K109R polymorphism was not associated with breast cancer (389). In van Rossum et al
(390), the 109R variant was associated with higher leptin levels among suedtad
gained weight over the course of the study, but there was no difference in lepsrblevel
genotype among subjects with stable weight. Some studies have reported tE&RRhe
codon 223R variant is associated with higher serum leptin levels postmenopausal wome
(391), and with breast cancer (382, 386). The LEPR codon Q223R polymorphism was not
associated with breast cancer in two other studies (387, 389). Woo et al. (389) algal report
no association between breast cancer and LEPR SNPs K656N and P1019P.

Some LEPR polymorphisms are also associated with obesity. Clement et al. (392)
described a rare LEPR mutation (exon 16-@\) that leads to early onset morbid obesity in
homozygotes. In other studies, the LEPR amino acid change Q223R was assottiated wi
obesity among Greek men and women and British women (391, 393), but K109R and K656N
were not (393). LEPR polymorphisms at codons K109R, K204R, Q223R, and K656N were
not associated with obesity in Danish men (394).

1.9.4 Adiponectin (ADIPOQ)

Adiponectin is a hormone produced by mature adipocytes that plays a role in the
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inflammatory response, countering the effects of insulin resistance, abdinghi

angiogenesis. Unlike other adipocytokines, plasma adiponectin and adiponectin mRNA
levels are reduced in obese and insulin resistant subjects and increase ghthosei(331,

395, 396). There is evidence that adiponectin and other adipocytokines have negative effects
on each other. Dietze-Schroeder et al. (397) reported that adiponectin inhibitse¢hierset

other adipocytokines by adipocytes and may inhibit insulin resistance through ithmis kact

Bruun et al. (396) adiponectin expression was reduced in adipose tissue when R.GHL6-
TNF-alpha were added. Also, adiponectin inhibited macrophage production of TNR+alpha
vitro (398).

Korner et al. (399) found that adiponectin is expressed in breast tissue —thé highes
levels were in tumor-adjacent adipose tissue and lowest in breast tumor tesaeeH in
Takahata et al. (400), adiponectin was only detected in axillary adipose tissue, brehsbt
tumor or normal breast tissue. Both studies detected adiponectin receptors indomaakt
and tumor tissue (399, 400).

Low circulating levels of adiponectin have been associated with mangreahat are
also associated with obesity, including breast cancer (381, 399, 401-403). There are
conflicting reports about whether the relationship is stronger in some subgroups &f.wom
Korner et al. (399) reported that the protective effect of adiponectin wasestiong
premenopausal and obese women, Tworoger et al. (404) reported that the protective effe
was observed for postmenopausal but not premenopausal women, and Miyoshi et al. (403)
observed an association in both premenopausal and postmenopausal women. In Fredriksson
et al. (405), serum adiponectin levels were correlated with visceral but not sidouiga

adiponectin expression levels, suggesting that central obesity, not BMI, mayde m
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relevant to the relationship between adiponectin and breast cancer. Kang@g)aleported
no association between adiponectin levels and breast cancer.

Several groups have shown that adiponectin inhibits cell growth and prolifération
vitro. Adiponectin inhibited FGF2-stimulated endothelial cell proliferation and VEGF-
stimulated cell migration, and displayed anti-angiogenic effects in nmadels, possibly
by inducing tumor vessel apoptosis through the activation of caspase 8 (407). In MCF-7
cells, the addition of adiponectin reduced cyclin D1 and c-myc expression, and suppressed
the proliferative effects of estradiol (324, 325). There is also some evidenqedlonged
exposure to adiponectin could induce apoptosis in MCF-7 cells (324), although others found
that adiponectin had no effect on apoptosis in MCF-7 or T47-D cell lines (325, 399). In Kang
et al. (408), adiponectin’s antiproliferative, growth arrest and apoptotit®fiere seen
only in ER-negative cells and not in ER-positive cells. Differences in sesaliid be due to
experimental conditions. In experiments by Pfeiler et al. (409) increapesliferation and
apoptosis were only observed when both adiponectin and 17-beta estradiol were added to the
cell culture medium.

Studies have shown that two adiponectin polymorphisms have functional effects on
gene expression. In luciferase reporter assays, the adiponectin -1137 hGpradaced
lower promoter activity, and the -11391A variant construct increased promuwly d410).

Two other variants (at nucleotides +45 and +276) that are in linkage disequilibitium w
alleles at -11377 and -11391 have been associated with serum adiponectin levels, obesity
and diabetes. In lean individuals the +276T carriers was associated with insiskanee
phenotype (411). According to Fredriksson et al.’s (405) study of obese subjectgsdmang

adiponectin expression due to +276 G/T genotype occur only in visceral fat, not
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subcutaneous fat tissue. There are no functional studies of the +45 or +276 polymorphisms,
and their associations with adiponectin and obesity may be due to the functiorialadffec
11377 C/G and -11391 G/A. Kaklamani et al. (412) reported that the +45 T/G GT and GG
genotypes were inversely associated with breast cancer, and +276 G/T GGgambiypes

were positively associated with breast cancer.

Some studies have reported interaction between adiponectin and TNF-alpha
genotypes and adipocytokine serum levels. For example, serum adiponectin lepelsish S
men and women were associated with TNF -308 G/A genotype among ADIPOQ HéEeG a
carriers, but adiponectin levels did not differ by TNF -308 G/A genotype among ADIPOQ

+45 TT homozygotes (413).

1.10 Critique of current research

Research into the association between common genetic variation and c&nser ris
advancing rapidly. Technological advances have allowed for efficient maitken
genotyping that has resulted in a large number of studies analyzing asssdiatiween
SNPs on breast cancer. Current research has many positive aspects. Theddbw cost
genotyping has allowed for analyses to be conducted in large population-based $0rjies
109, 141, 142). Also, many studies that were implemented years ago collected blood in
anticipation of the genotyping analyses that are possible today. Astattessg studies have
facilitated the identification of additional low penetrance alleles astsutivith breast
cancer, particularly through the use of GWAS.

Still, there are several areas in which different approaches might improabitsiyr

to identify breast cancer susceptibility alleles. First, studies raosgnize that breast cancer
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is a heterogeneous disease, and that basing models on a single outcome of fime&ast ca
may mask effects that are not similar across all breast cancer subWplesan increasing
number of studies are stratifying results by estrogen-receptor st&inigpausal status, or
clinical markers, it is rare that SNP associations are evaluated whétedton the joint
status of more than two characteristics. As Kristensen and Borresemdya noted (181),
refining the tumor subtype is an efficient way of detecting breast casseciated SNPs
with modest effect than having a very large sample size.

Second, early candidate SNP studies did not analyze the effect of haplotypes on
breast cancer risk, though haplotype analysis has become more common (208, 210, 230, 350,
374, 414-417). Haplotypes composed of closely-spaced SNPs are likely to represent a
meaningful biological unit, and allelesais position can have synergistic effects (418).
Furthermore, haplotype analysis can reduce the number of independentatégistsc
performed, improving statistical power (419, 420). When multiple SNPs in thegsarae
region are being genotyped, use of haplotypes can reduce the number of aasociati
evaluated because haplotypes consist of those allelic combinations thdy acitual in the
study population, instead of testing all possible SNP interactions. Since comneatic ge
variants are hypothesized to have small effects, the increased power providetbtypba
analysis could aid researchers in identifying relevant allelic ictieres and avoiding type II
error.

Third, few of the studies examining the candidate genes in this dissertatiaetha
sizable proportion of African-American women. This limits generalizgiwli their results to
African-American women, with regard to the prevalence of the allelesedtadd

characteristics of the SNP association with breast cancer (for exafhthke association is
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strongest within particular stratum of tumor characteristic or prognastiorj.

This dissertation examined the association between functional and tag SNPs in
estrogen synthesis and signaling-related (CYP19A1, ESR1, HSD3B1, HSD17B2, PGR, and
SHBG) and adipocytokine-related (ADIPOQ, IL6, LEP, LEPR, and TNF) catedg#mes
and the luminal A and basal-like intrinsic molecular subtypes of breast carecpopulation
of white and African-American women. The main hypothesis was that amalymrdata
according to intrinsic subtype would make it easier to identify moderaetethat act in
some but not all breast tumor subtypes. This approach is particularly relexantisease-
associated polymorphisms are expected to have small effects under the pdlygethesis.

In addition to estimation of genotype and haplotype main effects, potential gene
environment interaction was explored. | hypothesized that the effects of SN&es g
associated with the biologic pathways associated with these subtypesfieralyased on
whether the risk factor is present or absent. Breast cancer is a compbesedisat involves
alterations in multiple cellular processes. Assessment of gene-enviromtegattion is one
way to evaluate how genetic and non-genetic component causes might combins to affe

disease risk.
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2. Research Design and Methods
2.1. Specific Aims

The strong association between family history of breast cancer and dis@dsade
is evidence that heritable traits can play a strong role in breastageoiesis (1). Positive
family history of breast cancer is estimated to account for approximde08so of all
breast cancer cases (2). However, alterations in genes that are known to bagtfersk of
breast cancer, such as BRCAL, BRCA2, ATM, and others, account for approximately 50% of
familial breast cancer cases and only about 5% of breast cancer cases ethk ge
population (3, 4). Family and twin studies suggest that other genetic traits that hget not
been identified are involved in the majority of the other familial breast caases (2).

The polygenic model of breast cancer arises from complex segregatioreanalys
suggesting that the remaining familial cases are the result of semenaon allelic variants,
controlling for some environmental risk factors (5). Under this model each vasidets a
small increase in cancer risk, and the effects of the alleles are math@icesulting in a
higher level of risk with each additional susceptibility variant. Singleeaticle
polymorphisms (SNPs) are specific locations in the genetic code whose secareee a
relatively large proportion (>1%) of the population, and are one type of commaicgene
variation that could increase cancer susceptibility under the polygenic maithelugt these
“low-penetrance” genetic variants are thought to increase cancer riskiaflasount,
because the variants are common their total impact could involve a large nundrecesf ¢

cases. Also, common genetic variants could affect biologic processagyaknown to play



a role in sporadic breast cancer cases; environmental risk factors magtiniédn common
genetic variants to increase breast cancer risk. Therefore, low pengeaete variants are
likely to affect susceptibility to sporadic as well as familial breaster.

A central part of determining the etiology of breast cancer is the relcogthiat
breast cancer is composed of several different subtypes of disease that codifférave
underlying etiologies. Microarray-based gene expression profilinggdas the
characterization of five different intrinsic subtypes of breast cancerirdum, luminal B,
HER2+/ER-, basal-like, and an unclassified type that clustered with norraat besue (6-
8). Studies suggest that the intrinsic breast cancer subtypes have uniqueéaisk%at?2),
indicating that the cellular pathways involved in carcinogenesis may biffenbtype. The
luminal A and basal-like subtypes are of particular interest. Luminalfeisnbst common
subtype, whereas basal-like tumors have a poor prognosis and do not express any tumor
markers for which there are targeted therapies (13).

Analysis of the epidemiology of intrinsic breast cancer subtypes in their@arol
Breast Cancer Study (CBCS) indicated that parity without breastfe@dingulliparity),
lactation suppressant use, younger age at menarche, and high waist-tm-kvwenarisk
factors for the basal-like subtype (9). Additionally, earlier firsttedin pregnancy (vs.
nulliparity) was associated more strongly with basal-like breast caoogared to later first
full-term pregnancy (9). In contrast, nulliparity, and high WHR wesle flactors for luminal
A breast cancer (9). Older age at first full term pregnancy (vs. nutliparas not a risk
factor for luminal A breast cancer; younger age at first full-termnanegy (vs. nulliparity)
appeared to have a protective effect (9). Reproductive history is a known reskfdact

breast cancer, and is thought to influence risk through exposure to estrogen anenomgest
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(14-16). Adiposity may be linked to breast cancer through regulation of pro-inflamyma
adipocytokines and stimulation of sex steroid production (17-19). Additionally, thelikasal
subtype may be more strongly related to family history of breast canogaced to the
other intrinsic subtypes (10). If the polygenic model of disease holds for bashrdiast
cancer, association studies of common genetic variants should be able to identifyt loci tha
contain or are in linkage disequilibrium with causal disease alleles in hornetabatism or
central adiposity-related pathways.

| hypothesized that SNPs in genes associated with estrogen synthesis dimfjsigna
activity and central adiposity are associated with the incidence of thealunand basal-
like subtypes of breast cancer, and that the effects of these SNPs may foedrbgdsNPs
or environmental factors. To investigate this hypothesis, functional and tagn&ixés
genotyped in cases and controls from the Carolina Breast Cancer Study. dlnrea@aeast
Cancer Study (CBCS) is a population-based case control study of A&iarican and
white women in North Carolina. Subjects were sampled so that African Americaanvom
and women younger than 50 would be over-represented compared to the general population.
Basal-like breast tumors are most common in premenopausal African-Amermen (9,
20, 21), and so the CBCS sampling design provides increased statistical power g@sanaly

of basal-like breast cancer.

In this study, the following research questions were addressed:
1. Based on the current literature, which candidate genes and candidate SNPs are
most likely to be associated with basal-like and luminal A breast cancers?

2. What is the association between candidate SNPs and basal-like and luminal A

96



breast cancer?
3. For each candidate gene, are there haplotypes that are risk factosafdikband
luminal A breast cancers?

4. Are the effects of genotypes and/or haplotypes modified by environmentas Pact

These research questions were answered by completing the followingcspiacs

Specific aim 1: Identify pathway-specific genes and relevant SiNRstay be important to
the etiology of the basal-like and luminal A breast cancer subtypes
a. Conduct a literature review to identify candidate genes associated with risk
factors for basal-like and luminal A breast cancers.
b. Evaluate the LD structure for each candidate gene using data from the
International HapMap Project and previously published studies.
c. Select and genotype functional and tag SNPs in CBCS cases and controls.
d. Perform quality control and data cleaning steps, including tests of Hardy

Weinberg equilibrium and evaluation of missing data.

Specific aim 2: Determine the association between genotypes and thekeaaatilluminal
A subtypes of breast cancer.
a. Calculate allele and genotype frequencies for each SNP (stldtifi self-
identified race).
b. Estimate ORs and 95% Cls for the association between each genotype and the

basal-like and luminal A subtypes of breast cancer.
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c. Adjust estimates from b. for population stratification.

Specific aim 3: Determine the association between specific haplotypdsednaisal-like and
luminal A subtypes of breast cancer.
a. Identify SNP regions for haplotype analyses
b. Estimate ORs and 95% Cls for the association between haplotypes and the basal-
like and luminal A subtypes of breast cancer.

c. Adjust estimates from c. for population stratification.

Specific Aim 4: Determine whether genotype or haplotype effects are etbbifiinteraction
with environmental factors.

a. Evaluate multiplicative interaction between genotypes and haplotypes in
ADIPOQ, IL6, LEP, LEPR, and TNF and WHR using the likelihood ratio test.

b. Evaluate multiplicative interaction between genotypes and haplotypes in
CYP19A1, ESR1, HSD3B1, HSD17B2, PGR, and SHBG and parity and lactation
using the likelihood ratio test.

c. Evaluate additive interaction between genotypes and haplotypes in ADIPOQ, IL6,
LEP, LEPR, and TNF and WHR using the synergy index.

d. Evaluate additive interaction between genotypes and haplotypes in CYP19A1,
ESR1, HSD3B1, HSD17B2, PGR, and SHBG and parity and lactation using the

synergy index.

2.2 Overview of methods
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The aim of this dissertation was to estimate the association betwedadelec
potentially functional and tag SNPs and the risk of the luminal A and basaldiastlmancer
subtypes. This analysis was carried out using data from the Carolind Gagasr Study, a
population-based case-control study of breast cancer in North Carolina (22, 23).

SNPs were genotyped from blood samples collected from cases and conhrels at
time of the in-home study interview. A panel of SNPs was genotyped for eacbhfgene
interest: (1) SNPs previously identified to have a functional effect oneggaression;
function, or the circulating gene product; (2) SNPs evaluated previously fos@sa®n
with breast cancer; and (3) tag SNPs, or the smallest set of SNPs tes¢népthe majority
of known genetic variation in the gene, as determined by linkage disequilibrium kagth ot
SNPs in the gene. Likelihood-based estimation methods were used to estimdéiviee re
odds of basal-like and luminal A breast cancers due to SNP genotypes and haplotypgs
African-American and white women in North Carolina. Odds ratios estimgéngtype and
haplotype associations in all breast cancer cases compared to controlsloutsieedaas a
representation of the overall association in the study population. Potential for adddioe
multiplicative interaction was evaluated for SNPs in the two candidate gsnéngeraction
between adipocytokine-related SNPs and WHR, and interaction between estrogen and
progesterone-related SNPs and parity and lactation was explored for gsnartygp

haplotypes that were associated with luminal A or basal-like breast cancer.

2.3 Carolina Breast Cancer Study (CBCS)
2.3.1 CBCS study design

The Carolina Breast Cancer Study (CBCS) is a population-based cas stoicly of
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the genetic and environmental causes of breast cancer in African-Amanidavhite women

in North Carolina. Study methods have been published previously by Newman et al. (22) and
Millikan et al. (23). Study participants were recruited from 24 counties in camdatastern

North Carolina (Figure 2.1). Counties were selected so that there would be prigwgrtion

of African-American and rural residents.

Women were recruited to the study in two phases — between 1993 and 1996 (Phase 1)
and between 1996 and 2001 (Phase 2). Cases were defined as any woman between the ages
of 20 and 74, who lived in one of the 24 study counties and was diagnosed with primary
invasive breast cancer during the study accrual period. Rapid case asmtaystems
implemented through the North Carolina Central Cancer Registry were usentiky ialé
eligible cases. During Phase 2, women diagnosed with breast carecmsitngCIS) were
also enrolled in the CBCS.

Among eligible invasive breast cancer cases (eligibility based on agterge
residence, diagnosis confirmation), a randomized recruitment case samptigysiras
used to insure adequate numbers of African-American and younger cases (24, 2hidyrhe s
design sampled 100% of African-American women aged 20-49, 75% of African-@ameri
women aged 50-74, 67% of white women aged 20-49, and 20% of white women aged 50-74.
No sampling was used for CIS cases recruited in Phase 2; all eligible ekSveare
included in the study.

Women residing within the study geographic area and without a history of breast
cancer were eligible to be controls in the study. Potential controls youngeage#®5 were
identified through Department of Motor Vehicles records, while potential comterz!

years old were identified through Health Care Financing Administrationdeddotential
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controls were identified from these two sources using modified randomizedmearti{24)
and were frequency matched to cases by race and 5-year age groupidisstibut

For cases, a letter was first sent to the patient’s physician requestmgssion to
contact the patient about the study. Potential cases and controls selecteglbgsaere
contacted by telephone. If a woman agreed to participate, an in-person intergiew wa
conducted by a trained registered nurse interviewer. During the intervieisigzants
answered detailed questions about social and demographic charactermtlgditory of
cancer, reproductive history, menstrual history, exogenous hormone use, alcohol use, and
occupational history. Anthropometric features, including height, weight, waishadierence
and hip circumference, were measured by the interviewer. Participaetalserasked to
provide a 30 ml blood sample. DNA was extracted from blood and re-suspended in Tris-
EDTA buffer for storage.
2.3.2 Case review and immunohistochemistry

Cases were asked to provide written consent for study access to theil medica
records and archival tumor tissue blocks. A centralized pathology review waspesdf
to confirm each breast cancer diagnosis. CBCS immunohistochemistry (IHCJymexe
are described fully in previous CBCS publications (13, 23, 26)

For invasive breast cancers, estrogen receptor (ER) and progestespterre
(PR) status was abstracted from the patient’s medical record (80% of invases). If
ER or PR status was not recorded in the medical record but archival tissueilasdey
the assay was performed at the UNC Immunohistochemistry Core Ladyq2@% of
invasive cases). ER and PR IHC was repeated at the UNC Core Laboratorgridom

sample of 10% of ER-positive and 10% of ER-negative invasive tumors where ER status
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was initially recorded from the medical record (13). A comparison of the sayss
resulted in a kappa statistic of 0.62 and an overall concordance of 81%, indicating
agreement between the two data sources.

All IHC staining for epidermal growth factor receptor (EGFR), lv-le2
erythroblastic leukemia viral oncogene homolog 2 (HER2), and cytokerati@&/6/6)
was performed at the UNC Immunohistochemistry Core Laboratory. ER- and PR-
positivity was defined as at least 5 percent of cells showing nucleiispsaihing (26).
HER?2 status was measured using the CB11 monoclonal antibody, as described previously
by Millikan et al. (23). Tumors were scored as HER2-positive if they showed
unambiguous membrane staining with weak, moderate, or strong intensityast&tdéo
of tumor cells. Immunohistochemistry staining for EGFR and CK 5/6 was pefiorm
using criteria adapted from Nielsen et al. (27). Tumors were scored agepfmsiEGFR
and CK 5/6 if they showed any cytoplasmic or membranous staining.

All immunohistochemistry for CIS tumors was performed by the UNC
Immunohistochemistry Core Laboratory, and was described by Livasy(28plER-
positivity was defined as an Allred score of 2 with nuclear staining. Gi&saaere
considered HER2-positive if they displayed greater than 10% membranous staining
CIS cells with an intensity equivalent to 3+ by DAB chromogen or 2+/3+ by SG
chromogen. CIS cases were positive for EGFR if they showed any membranous staining
and positive for CK 5/6 if they showed any cytoplasmic staining. PR expresssamiva
used in classifying CIS cases due to the high correlation between ER and PRiexpres

and the need to preserve tissue (13).
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2.3.3 IHC definition of intrinsic breast cancer subtypes

Breast cancer intrinsic molecular subtype was determined based on the joint
expression of ER, PR, HER2, EGFR, and CK 5/6. Tumors were classified into one of five
intrinsic subtypes using the hierarchy described in Nielsen et al. (27) aeyglétal.
(13)(Figure 2.2). For invasive cases, the luminal A subtype included tumors that wer
ER+ and/or PR+ and HER2-. Luminal B tumors were ER+ and/or PR+ and HER2+.
HER2+/ER- tumors were HER2+, ER- and PR-. Basal-like tumors were EGFRo¥ and/

CK 5/6+ and ER-, PR-, and HER2-. Tumors that did not express any of the IHC markers
were categorized as ‘unclassified’. CIS tumors were classified assimilar scheme,

except PR status was not utilized.

2.3.4 CBCS participation rates

Overall response rates (proportion of women who completed the interview out of
eligible, selected women) for invasive cases and controls were 76% and 5386¢tivedy.
Among cases, rates were highest among non-African Americans youngéftlaars old
(81%) and lowest among African Americans age 50 and older (70%). Among contrals, rate
were highest among non-African Americans age 50 and older (65%) and loveest am
African Americans younger than 50 years (47%).

Overall response rates for CIS cases and matched controls were 83% and 65%,
respectively. Among CIS cases, the highest response rate was from rcanAfmericans
younger than 50 (86%) and the lowest response was from African Americans age 50 and
older (76%). Among CIS controls the highest response was from non-Africancameage
50 and older (69%), the lowest response was from African Americans age 50 and older

(51%). A total of 2311 cases (894 African American/1417 non-African American) and 2022
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controls (788 African American/1234 non-African American) enrolled in the study.

Tumor tissue was available for 1845 of 2311 (80%) cases [1446 of 1808 (80%)
invasive cases; 399 of 503 (80%) CIS cases]. IHC assays were completadfsilgder
1424 of 2311 (62%) cases [1149 of 1808 (64%) invasive cases; 275 of 503 (55%) CIS cases].
Cases with subtype data were more likely to be African American and to ketee stage at
diagnosis (9). African American cases in the CBCS had larger tumors canbpaen-
African American women, and larger tumors were more likely to have sufficssoe for

IHC assays (9, 13).

2.4 Genotyping analyses
2.4.1 SNP selection

Millikan et al. (9) reported that increased parity, younger age at firdefuti
pregnancy, not breastfeeding, high waist-to-hip ratio, and self-reported highteadigakity
compared to childhood are risk factors for the basal-like subtype of breast icatfeer
CBCS. These risk factors can be divided into two broad categories — pregnancy/tormona
related factors and central obesity-related factors. In order to exgteteaev polymorphisms
in genes related to these two broad categories of risk factors are @sbsadil basal-like or
luminal A breast cancer, a literature review was performed andaseaadidate genes
hypothesized to play a role in breast carcinogenesis were selectthébyping. The
candidate genes in the pregnancy/hormonal factors-related pathway aérf8ATYESR1,
HSD3B1, HSD17B2, PGR, and SHBG. Candidate genes in the central obesity-reitted fa
are ADIPOQ, IL6, LEP, LEPR, and TNF.

For each candidate gene, a combination of potentially functional SNPs and tags SNPs
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were selected for genotyping. A potentially functional SNP was definediagla lsase pair
change that either has been shown to affect gene transcription, transdeaptor binding,
serum protein levels, or breast cancer risk in previously published studies, or iseslispec
having such a function. Genotyping of functional SNPs is essential because functiona
changes can indicate a potential biological mechanism through whichaulaargienotype is
causally related to breast cancer. Due to the methods used for genotyping, teliy bial
SNPs were included in this study. An allele is defined as the state, or bademtdy, in
which either copy of a gene can exist (29); a biallelic SNP has two podields.a

Potentially functional SNPs were identified through a literature searble iNdtional
Library of Medicine (NLM) PubMed database (30). For each candidate ganeh $erms
combined all gene names and abbreviations (identified through the NLM OMIM and MeSH
databases) with several MeSH terms and keywords that identified sin{getrde
polymorphisms. The abstracts and articles from each gene search weredduoiesvédence
of functional SNPs to be included in this analysis. Works cited in articles iddrttifough
this search were also reviewed for additional functional SNPs. Only potehtiattional
SNPs with a minor allele frequency of at least 0.05 in populations of European and Africa

or African-American descent were genotyped.

Example: search terms for candidate gene interleukin-6

("Interleukin-6"[Mesh] OR "IL6 protein, human "[Substance Name] OR IL6IOR
OR Interleukin-6 OR “interleukin 6” OR IFNB2 OR “interferon beta 2” OR
“interferon beta-2") AND (single nucleotide polymorphism OR genetic
polymorphism OR SNP OR polymorphism[TITLE] OR “germline mutation” OR
“germ-line mutation”)

Tag SNPs, or SNPs that are highly correlated with other SNPs, werelalsied for
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genotyping (29, 31). Once a tag SNP is genotyped, the identity of untyped SNPs can be
inferred, based on high linkage disequilibrium between the tag and untyped SNPs. As a
result, genotyping tag SNPs identifies a large portion of the known genetitoranea
genomic region without genotyping every polymorphism.

Tag SNPs were selected using data from the International HapMap Flaipdzase
(32). The CBCS is composed of white and African-American participants. Africa
Americans are of both European and African ancestry and have differéntfediguencies
and LD structures compared to European and African populations (33, 34). The International
HapMap Project database currently has SNP data for multiple populationarfsand the
world, including a population of African Americans from the southwestern US. However,
this data was not available at the time that tag SNPs were selectedoheneorder to
select tag SNPs that defined genetic variation in both white and AfricanidaméBCS
participants, tag SNPs were selected from HapMap populations representingtogibaia
and African ancestry. The HapMap genotype data for populations of European aiscestry
based on 90 individuals from Utah, US who are of northern and western European ancestry
(CEU population) (35). Genotypes for West African populations are based on data from 90
individuals of Yoruban descent in Ibadan, Nigeria (YRI population) (35).

The gene region to be tagged was identified based on the most 3' and most 5’ SNP
mapped to the candidate gene in the NCBI dbSNP database (36). Files containing the
genotype data for this region in the CEU and YRI populations were downloaded from the
HapMap website.

Tag SNPs were selected using the Tagger SNP selection program in Haploview

version 3.32 (37, 38). Tagger constructs lists of tag SNPs using methods described by
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Carlson et al. (39) and the correlation coefficiénPairwise f is one measure of how well

the identity of one allele at a polymorphic locus predicts the identity of #le all another
polymorphic locus (40) . The single SNP that is correlated with the greatelsenafrother
SNPs at a pre-specifieithreshold is identified and grouped with its correlated SNPs into a
bin. R is re-calculated for SNPs in the bin to identify the best tag SNP. This piscess
repeated using the non-binned SNPs until only SNPs that are not in high LD with otlser SNP
are left. These are assigned to single-SNP bins. In this study, auminfrof 0.80 was

required for tagging (39). Only SNPs with a minor allele frequency of 0.10 degreere
included in the tagging procedure, to increase the power to detect an associatien betwe
tag SNP and breast cancer and also to reduce the total number of tag SNPs perygene
potentially functional SNPs identified from the literature that was alsotgeed in the
HapMap database were included in the tagging procedure using the “force include’iopt
Tagger.

SNPs from other investigators were genotyped in the same GoldenGate rdsay, a
the number of SNPs that could be genotyped for this dissertation was limited. hggres
tagging was used for ESR1, LEPR, HSD17B2, and PGR in order to reduce the total number
of tag SNPs for each gene. The aggressive tagging procedure attempts &otegpiidPs
with 2-marker haplotypes composed of singleton SNPs (37). If the 2-marketylp@ptan
replace the tag SNP at the requirethreshold, then only 2 SNPs will be genotyped to
determine the same amount of information that would require genotyping 3 SNPs using
simple pairwise tagging. In this study, aggressive tagging reduced the numbguicéd
SNPs by an average of 3.5 SNPs when selecting tags for the CEU population and 11.5 SNPs

for the YRI population.
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Analyses of Phase 1 HapMap data indicate that coverage of common SNPs (minor
allele frequency > 0.05) is high, though it varies throughout the genome (41). In white
populations, use of CEU tags captured 86% to 100% of common SNP$ wiB0¥ (41,

42). In African Americans, YRI tags captured approximately 80% of common SNPE >
80% (41, 42). Coverage for African-American populations when SNPs were chosen from
both YRI and CEU panels was not determined. In simulated case-control studieg,dhe us
tag SNPs from both CEU and YRI populations increased the power to detect a dalesal al
in African Americans compared to when tags were selected from thgerigtype panel

only, particularly when the causal allele was untyped (90% vs. 81%) (42). In the sdie st
power for detecting untyped causal alleles in white American populations waeehed1%
and 95% using CEU tags (42). Therefore, the final tag SNP list for each canditateagea
combination of the CEU and YRI tag SNPs (Table 2.1). All SNPs were genotyped in all
CBCS study participants regardless of self-reported race.

Tagging procedures described above were used to select SNPs for ADIBOQ, IL
LEP, LEPR, TNF, ESR1, PGR, HSD3B1, HSD17B2, and SHBG. For the CYP19A1, a set of
19 haplotype tag SNPs identified by Haiman et al. (43, 44) was submitted for gegotypin
along with additional SNPs identified in the literature review. Using data the Multi-

Ethnic Cohort study, Haiman et al. (43, 44) used a panel of high density markers to map
regions of LD in white, Hispanic, Japanese, Hawaiian, and African-Americaemvdrhey
identified four blocks of LD that could be defined in all five ethnic groups in thedlyst
population using 19 haplotype tag SNPs.

2.4.2 Ancestry informative markers (AIMs)

AlMs are a series of unlinked markers with large differences itedfiequencies that can
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distinguish between ancestral populations (45, 46). Fisher’s information corttest is

inverse of the maximum likelihood estimation of the ancestral proportion, and can be used in
addition to allele frequency differences to increase the efficiency of Al&étson (46).

AlMs were selected from a larger panel of AIMs that were used to éstanaestry in

African Americans (45). 200 AlMs that maximized Fisher’s informationtent and the
difference in allele frequencies for the CEU and YRI populations wereigeatfor

genotyping (45).

2.4.3 Genotyping laboratory methods

SNPs were genotyped by the UNC Mammalian Genotyping Core using the Custom
GoldenGate Genotyping assay from lllumina (lllumina, Inc., San Diego, G%). T
GoldenGate assay allows multiple SNPs to be genotyped in a singleuasgagig of study
subject DNA. First, the SNP identity and position was validated by Illumisedoan the
SNP rs number, a unique identifier assigned by the NLM dbSNP database (36). An assay
designability score was assigned to each SNP, indicating the likelihood faressiut
genotyping in the multiplex assay. Possible reasons for SNP validation fadluged a
short flanking sequence, formatting error, more than two possible alleles petosmity to
another SNP being assayed, or the presence of degenerate nucleotides in thesagsay
region (47).

The GoldenGate assay has been described in detail by Shen et al. (48). Genotypes
were determined using a solid-phase bead array with 1536 bead stations; 1536 @N\Ps we
genotyped per study subject in each assay. DNA was activated and combined with
hybridization buffer, paramagnetic particles, and oligonucleotides specédach of the

possible SNP alleles plus a unique oligonucleotide specific to a locus just danwnefrthe
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SNP. In the first step of the assay, allele-specific and locus-specgfonakleotides

hybridized to the DNA sample. Then, allele-specific oligonucleotides weeaded and

joined with the locus-specific oligonucleotide, creating a double stranded Dy dra.

This fragment was amplified in a PCR reaction using primers labele®y@land Cy5
fluorescent dyes, where the dye color corresponds to a specific SNP délevdy then
hybridized to a bead array where the DNA strand localized to a specificta@mn based on

the locus-specific oligonucleotide sequence. The ratio of Cy3:Cy5 fluoresaasc

measured at each bead station on the array, where each bead corresponded to aRnique SN
locus.

A list of all SNPs to be genotyped was submitted to lllumina, Inc. (llluminga, $an
Diego, CA) for validation. Of the 366 candidate gene SNPs submitted, 47 failed thedllum
validation assay. Failed SNPs were replaced by another SNP in the samé Ihiighwvit
correlation (f > 0.8), if one existed. When multiple replacement SNPs were available to tag a
given bin, preference was given to SNP with the highest correlation with the ENP.

After repeated assay validation tests, 335 SNPs were genotyped in the GtaddseEag.
158 of 200 AIMs passed lllumina validation and were genotyped in the GoldenGate assay.
2.4.4 Genotyping quality control

Several quality control measures were used to reduce the chances of genotype
misclassification or other bias. Assay intensity data and genotype ¢hoatggs for all SNPs
were reviewed individually. SNPs were excluded from the dataset due to lwal isignsity
or inability to clearly distinguish between genotype clusters. 163 of 1536 (11 96)\&Ne
excluded from the entire dataset based on cluster analysis.

Blind duplicates of 169 study samples were assayed order to verify the reprdgucibi
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of genotype calls from the same sample. 7 SNPs had 1 genotype miscall and 2 SNPs had 2
genotype miscalls. Lab controls (Coriell CEPH trios) were also gersbtgpsach 96-well
plate; each control was repeated between 11 and 14 times over the course oftlassatir
Out of 184 lab control samples, there were 2 instances of genotype disagreament wi
duplicate samples. These error rates were within our pre-spectiigel ohacceptable values,
and no SNPs were excluded from the analysis on the basis of these results.

4155 CBCS DNA samples were genotyped, representing 3857 unique study subjects.
204 samples representing 135 unique subjects had genotype calls for less than 95% of SNPs
and were excluded from the dataset. 103 subjects were excluded from the dasaset bec
low call rates (< 95%), 5 subjects were excluded because of an apparent gengscim)
and 1 subject was excluded because of discordance between 2 non-blind DNA samples.
Subjects excluded due to low call rates did not differ from the overall group sedbfoitt
genotyping with regard to case status, self-identified race, AJCC steags @nly), or
intrinsic molecular subtype (cases only).

A total of 312 of 335 (93 %) candidate gene SNPs were genotyped successfully in
3748 CBCS samples (ADIPOQ - 16, IL6 — 11, LEP - 14, LEPR - 74, TNF — 2, CYP19A1 -
24, ESR1 - 97, HSD3B1 - 7, HSD17B2 - 40, PGR - 26, SHBG — 1). All 23 SNPs with
unacceptable genotype calls were excluded during the initial quality cantrehr
performed by the UNC Mammalian Genotyping Core, due to low signal intensityrgpoor
genotype cluster definition.
2.4.5 Hardy Weinberg Equilibrium

Tests of Hardy-Weinberg equilibrium (HWE) were conducted for candidate gene

SNPs to determine whether alleles were inherited independently in the CBES sour
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population. Deviations from Hardy Weinberg equilibrium in controls can indicate gangty
error, selection bias, population stratification, new mutations, or a violation of tle HW
population assumptions (49, 50). In cases, deviation from HWE can signal an association
between a particular allele and disease. Deviations from HWE may alsadoectar chance.
Tests of HWE were conducted for each SNP in controls stratified bigdealified race
using the method of Wigginton et al. (51) in Plink v1.05. The exact test was used because
some SNPs had a low minor allele frequency. The asympfdést has high type | error
rates at low minor allele frequencies (51, 52). The exact test was usdidShIPs for
consistency. Genotyping cluster images were re-reviewed for all SNPEIWE test P-
values less than 0.01 to ensure data quality (Table 2.2). Data quality for thesev&NP
confirmed, and no SNPs were excluded during this process.
2.4.6 Genotyping study participation rates

2045 of 2311 (88%) enrolled cases and 1818 of 2022 (90%) enrolled controls
provided a blood sample at the time of interview. Non-African American womenmare
likely to provide DNA than African American women. Blood donation did not differ by other
breast cancer risk factors or by stage at diagnosis among cases. 6 casesfltaehins
amounts of DNA available for genotyping and were excluded from furthersasalfn
additional 67 cases and 42 controls were excluded during quality control analysts.oh
1776 of 2022 (88%) controls and 1972 of 2311 (85%) cases were successfully genotyped.
Overall, subjects without genotyping data were more likely to be cases hedpinase 2
invasive study, and African American.

Among cases, 978 of 1808 (54%) invasive cases had both genotyping and tumor

subtype data and 242 of 503 (48%) CIS cases had genotyping and subtype data, including
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200 basal-like cases (182 invasive, 18 CIS) and 679 luminal A cases (528 invasive, 151 CIS).
Stage at diagnosis, lymph node status, or the distribution of intrinsic moleculgresitid
not differ between enrolled cases with and without genotyping data.

A flow chart of participants’ inclusion in the genotyping study is shown inr&igLB.
Characteristics of CBCS patrticipants included in the genotyping study are shdable
2.3. It is important to note that the denominator of the participation rate for tmsimtri
molecular subtypes is the proportion of subtype cases successfully identifté@,yot the

total number of subtype cases enrolled in the CBCS.

2.5 Population stratification

Population stratification is a potential source of bias in any genetic assoa@tudy
conducted in an admixed population, like the CBCS. Population stratification occurs when a
population is composed of multiple ancestral groups, and the ancestral groups leagetdiff
allelic frequencies for the genetic marker of interest (46, 53). If tteoog is more common
in one ancestral group, then members of that subpopulation are more likely to be among the
case group, and any genotype present at a higher frequency in that subpopuldben wil
associated with the outcome, regardless of whether it is in linkage disegonlibith the
true causal allele (54).

Although self-identified race is expected to be correlated with ancestry,ishsill
potential for residual bias due to population stratification because of admixtufiecainA
and European ancestry in African Americans (46). There is also the possibdriyptic
stratification among white CBCS participants who are descended fronpl@itiropean

populations with distinct genetic backgrounds (54). Studies have reported tlicanAfri
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Americans have approximately 5% to 20% European ancestry (33, 45, 55-59). Otbkers hav
demonstrated that there is identifiable population substructure in Americanpeguar
descent (60). Population stratification can also occur when the amount of admmixthee |

population varies among individuals (53).

2.5.1 Methods of assessing population stratification

There are several methods of assessing population stratification in gesetiaiisn
studies. One method is to estimate individual ancestry and adjust parametatesshbr
ancestry. Individual estimates of ancestry can be calculated usingnumaxikelihood
estimation (MLE), and was described previously Barnholtz-Sloan et al. (&i€)niethod
requires that the study population is genotyped for a set of AIMs specifiedigted to
maximize the differences between ancestral populations, and knowledge oélene all
frequencies in the ancestral populations (46). The MLE maximizes a |tigdiké equation
that is a function of the observed allele frequencies in the admixed population, the
contributions from the ancestral populations, and the difference in allele frequénegite
the ancestral populations (56). The likelihood is maximized using the Newton-Raplison gri
search method, yielding proportions of ancestry for each ancestral populatiamihat s
1(56).

Structured association methods can also be used to estimate individual ancestry.
Structured association uses genetic marker information to infer subpopulation stamber
based on the pre-specified number of subpopulations [reviewed by (46)]. Structured
association can use markers pre-selected to differ between angeptriations (AIMs) or
random genetic markers (46). Structure, a commonly used structured assquiagram,

uses Bayesian Markov Chain Monte Carlo estimation to simultaneously estitebte

114



frequencies in subpopulations and individual ancestry proportions (54, 58, 61, 62). If the
number of subpopulations is unknown ancestry can be inferred based on the posterior
probability for a range of subpopulations, though the number of subpopulations may not have
a valid interpretation in the context of the data (58). Studies comparing maxikalimolod

and structured association ancestry estimates report that the two neethbdshly

correlated (55, 59, 63).

Genomic control was proposed by Devlin and Roeder to eliminate the problems of
type | error that may occur due to population stratification or cryptitediass in case
control studies (64). Association test statistics can be inflated when tipenguiation
substructure (64). The genomic control method of adjusting for population satagific
involves calculating a variance inflation factor for a set of random, unlinked SIX#%s @he
genome, and adjusting all SNP association tests for the extra variance due atiggopul
substructure (64, 65). Genomic control assumes that the variance inflation is rouggthnt
across all loci being tested, but this is not always true leading to possibl®@iouader-
adjustment of variance for different loci. Case-control simulations by iDawll Roeder
showed that despite controlling for type | error, genomic control also resulteduced
power to detect risk alleles (64). Marchini et al. (66) demonstrated that asifet markers
for genomic control can lead to false positives, and the degree of bias inevéhses
increasing sample size. While using more markers can reduce the ch&ypse Iadrror it can
also lead to loss of power (66).

Principal components analysis is a method of transforming correlated ganiatal
new, uncorrelated variables based on the linear relationships that can be defimethwithi

data (67). Applied to population genetics, the goal is to identify the principal cemigdhat
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describe the variation in a set of genetic markers (68). Price et atlgé€ribed the use of
principal components analysis to control for population stratification by igemgithe axes

of genetic variation, continuously adjusting genotypes and phenotypes for anloegiry a
each axis, and calculating associations using the adjusted genotypes andoeisebig of
the major advantages of principal components compared to structured associattahis tha
much more efficient at determining population structure using a very large namber
markers. This is not an advantage for ancestry estimation in the CBCS becaeaseriirt
decision to genotype using the 1536 marker custom GoldenGate platform instead bf a muc
larger GWAS platform. Furthermore, the principal components method has a laighet r
type | error when the number of markers used to identify geneticivariatiow (60). This
method is more suited to large GWAS datasets rather than candidate genenstidies
limited number of SNPs, such as the CBCS genotyping panel.

MLE, structured association, and principal components all require some prior
knowledge of the number and types of subpopulations present in the data, either for AIM
selection or interpretation of the number of populations inferred from the data. Hpweve
unlike MLE and structured association methods, genomic control and principal components
analysis do not explicitly model individual ancestry estimates. As such, MdilBtauctured
association provide more information that allows for characterization of thibaligtn of
ancestry and admixture in the study population as opposed to providing methods mainly
intended to adjust for population stratification.

2.5.2 African and European ancestry in the CBCS
144 ancestry informative markers (AIMs) were genotyped in the sameriumi

GoldenGate assay as the candidate gene SNPs, using methods described aboval Indivi
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proportions of African and European ancestry were estimated using maximihobtkleand
structured association. Under the maximum likelihood method, the ancestry propegiens
estimated for each study subject by solving likelihood equations describexriiyoBz-
Sloan et al. (56) using the Newton-Raphson method. AIMs were selected to dascabey
with regard to African and European populations only, and the maximum likelihood equation
is restricted such that the ancestry proportions add up to 1 (56). The proportion of Africa
ancestry in CBCS subjects is described and utilized in the remainder of thisatiiss; the
proportion of European ancestry is equal to one minus the proportion of African ancestry.

The structured association estimates were generated using Structure méhQjses
Bayesian estimation to determine the proportion of a subject’s genome that beleaghs t
ancestral population cluster, K (58, 61, 62). Preliminary estimates wereatedcfdr K=1
through K=5 and the most likely number of populations was determined to be 2, based on a
plateau reach in the estimated log probability of the data (69). Clustdvarsnp and
ancestry estimates were re-calculated for K=2 using the admixat correlated allele
frequencies models (58).

Results from the maximum likelihood ancestry estimation are shown in Figure 2.4.
The median proportion of African ancestry was 81% in African Americans and 6%tasw
Subjects who reported that they were white, Hispanic, and Asian/Paahdésihad less
than 50% African ancestry. Subjects who described themselves as Amedi@andr
Eskimo had varying amounts of African ancestry, ranging from 2% to 89%. Tjbatynaf
African Americans had between 50% and 96% African ancestry. There wesgesetim
identified white subjects with relatively high proportions of African amgeand some self-

identified African Americans with relatively low proportions of African esity (Figure
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2.4). Subjects with seemingly discordant race and ancestry results are moitkaiad in any
particular genotyping plate, column, or row, so it is unlikely that these resultsate
some systematic error during plating and/or genotyping (data not shown).

Ancestry estimates obtained from Structure were similar to MLEhatds, but were
skewed towards the ends of the distributions (Figure 2.5). The median Structunarckzter
African ancestry was 92% in African Americans and 1% in whites. Ancestipates from
the two methods were highly correlated (all subjetts@.97, P < 0.0001; African American
r* = 0.99, P < 0.0001; non-African Americ&r 10.87, P < 0.0001) (Figure 2.6).

Recent studies using MLE and Structure have estimated that African Ansehiaae
between 77% and 87% African ancestry (45, 55, 56, 58, 59). Parra et al. (33) reviewed earl
studies of ancestry estimation and found that estimated African ancestricanA
Americans from South Carolina and Georgia varied from approximately 85% to 96%s Othe
have reported that MLE and Structure ancestry estimates are higldiatedrin admixed
populations (55, 59, 63). Shriver et al. (59) also reported that the correlation between
Structure and MLE individual ancestry estimates was higher in Africagriéans from
Washington, DC compared to white Americans from State College, PA, which is a&at w

observed in the CBCS.

2.6 Genotype associations
2.6.1 Determination of genotype and allele frequencies

Genotype and allele frequencies were calculated stratified bytzdas and self-
identified race. Genotype and allele frequencies were adjusted for thienggpnpbabilities

used during study recruitment so that frequencies reflect the prevalaheegeneral
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population.
2.6.2 Genotype exposure definitions

There are several potential model forms that can be used to model genotypefeffects
genotype refers to the allelic identity at a particular locus on both coppeshobmosome.

All SNPs included in this study were biallelic, so there are three possiiyges for each
SNP locus — homozygous for the major (common) allele, heterozygous, or homozygous for
the minor (rare) allele. It is possible that a SNP may have only two gesofythe third
genotype is rare or does not occur in the study population. Under the dominant genetic
model, one variant allele is sufficient to affect disease risk and thésefffieihe heterozygote
and minor allele homozygote genotypes are the same. Under the recesdicenyeate,

two variant alleles are needed to affect disease risk, and the risk of désttesssame among
major allele homozygotes and heterozygotes. Under the additive genetic modéctiseoé
genotype are linear, and the change in disease risk is proportional to the numbeanof vari
alleles in the genotype. In a logistic regression model, this means that the logtamufis r
the minor allele homozygote genotype is twice that of the heterozygote genatyes.the
general model, no relationship is assumed between heterozygote and minor allele
homozygote effects.

All SNP associations were estimated initially using the general mottePwdegrees
of freedom. In simulations of a linear regression model, Lettre et al. (@@esdhhat the
general model has only slightly less power than the true, correctlfisgenode of
inheritance; this is expected because the general model requires twesdi#greedom
whereas the additive, recessive, and dominant models all have one degree of freedom,

assuming no covariates. However, when the true model form is not known the general model
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has greater power compared to if the wrong model form is chosen (for exampleffiét¢te e
are modeled as dominant but the true underlying mode of inheritance is req@€givéhe
difference in power between the wrong model and the true and general modelsatest g
at low minor allele frequencies, whereas the difference between thetrgereral models
was constant across the range of minor allele frequencies (70). Because the mode of
inheritance for most SNPs in this study is unknown, not imposing a particular mode of
inheritance by using a general model enables a more accurate cheathateof genotype
effects.

For each locus, 2 indicator variables were created to model the effects of the
heterozygote and variant allele homozygote genotypes compared to the ralgor all
homozygote genotype. Estimated ORs contrasted the effect of minor alleleyigoteozs.
major allele homozygote and heterozygote vs. major allele homozygote, wheredhe maj
allele homozygote served as the reference group.

When the general model ORs suggested that a particular locus had an additive,
dominant, or recessive mode of inheritance, a second model was created using the more
appropriate genetic model. When there were too few minor allele homozygotes irdghe st
population, then minor allele homozygotes and heterozygotes were combined into a single
category and compared to major allele homozygotes (equivalent to the dominaict gene
model). Homozygote count cutoffs of less than 5 cases, or less than 5 controls, onl&8s tha
cases and less than 10 controls were used to define when there were too few homtmygote
odds ratio estimation.

2.6.3 Maximum likelihood logistic regression

Logistic regression was used to estimate the association between Ea88iéa
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genotypes and breast cancer. First, unconditional binary maximum likelihoedsiegr
models were used to estimate the effect of a given genotype on case or tatisolrs this
model, the outcome was ‘any breast cancer case,’” and represents tistiasgbat is
comparable to other studies that are unable to stratify breast tumors bycimahscular
subtype. Results from the binary logistic regression models were alstous®edpare
genotype associations in the CBCS to previously reported associations frorstadnes.
The binary logistic model function is:
Logit[D=1|X=x] = o + B1X1 + P2X2
where a = regression model intercept
B1 = regression coefficient corresponding to heterozygote genotype
B2 = regression coefficient corresponding to minor allele homozygote
genotype
X1 = presence or absence of heterozygote genotype
X, = presence or absence of minor allele homozygote genotype
D = case (1) or control (0) status
Unconditional polytomous logistic regression models were used to estimate the
association between SNPs and the intrinsic breast cancer subtypes. The polybgmbas |
regression model simultaneously estimates regression parametefsdomparisons when
there is an n-level outcome variable. Here, the models estimated the log addsaf A,
basal-like, HER2+/ER-, luminal B, and unclassified breast cancer comparedrtas;ont
yielding 5 intercept parameters and 5 effect estimates for each independieva the
model (71). Parameter estimates were determined using maximum ldceésbmation,

similar to when the outcome is binary. The logit functions for the polytomous nredel a
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Logit[D=basal-like|X=X] =opasal* Poasal(1)X1+ Poasal2X2

Logit[D=luminal A|X=X] = ajum A+ Bium A0)X1 + Blum a2X2

Logit[D=HER2+/ER-|X=X] =aner2 + B HER21X1 * P HER2(2)X2

Logit[D=luminal B|X=X] =owum & + Pum s@yX1 + Bum syX2

Logit[D=unclassified|X=X] Zounclass* Punclass@X1+ Punclass(2X2

According to Hosmer and Lemeshow (71), parameter estimates from individual
binary logistic regression models where the cases are restoceubtticular subtype should
be close to the estimates from the polytomous model. However, it is recommendedithat
parameter estimates and standard errors come from the polytomous model (71).

Odds ratios (ORs) and 95% confidence intervals (95% CIs) for the association
between genotypes in the candidate genes and the basal-like and luminal A suldtypast of
cancer will be estimated using both binary and polytomous logistic regressiorsnfatel
offset term will be included in all regression models to account for the samplictuge in
the study design (24, 25). A statistic testing the equality of paraméteats for basal-like
and luminal A subtypes was calculated based on the asymptotic chi-square distobtltie

Wald statistic. The null hypothesis for this test wasfshsaii = Bium Aq)-

2.7 Haplotype associations

A haplotype is a sequence of alleles on the same DNA strand, and represents the
biologically relevant unit of DNA sequence. Haplotype analyses can haatemgpewer
compared to multiple single SNP analyses when the causal allele is unknown, though powe
may be reduced when there are many haplotypes (72). Haplotype analyssdsarreyve

greater power than single SNP analyses if multiple causal allelegteater joint effects
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when they are inherited together on the same DNA strand (73, 74).

In case-control studies like the CBCS, family genotype data is unavailadle
haplotypes must be inferred based on the observed genotypes in the study population. Several
methods have been described for inferring haplotypes in case-control data, slack'ss C
algorithm, the expectation-maximization (EM) algorithm, coalesceased algorithms, and
the partition-ligation method (75). However, when inferred haplotypes are usetlydin
the estimation of regression parameters without consideration of the prytafthlaplotype
assignment for each individual, regression parameters can be biased (72).

2.7.1 HAPSTAT and HAPSCAN

Haplotype frequencies, ORs, and standard errors were estimated usindi@dmodi
version of the HAPSTAT program, which estimates the probability of a given aplot
using maximum likelihood estimation and the EM algorithm (76, 77). The modified
HAPSTAT program relaxes the assumption of independence between genetic and non-
genetic variables, allowing adjustment for self-identified race, &fir@encestry, and age.
HAPSTAT was also modified to incorporate the offset term in parameieragisn.
HAPSTAT uses a probability distribution to estimate the haplotype-assbféts and
standard errors, yielding unbiased parameters estimates with apgropriance (76).
Additionally, HAPSTAT allows the user to model gene-environment interactionsaand c
accommodate missing genotype data and deviations from Hardy Weinberg reomi(ibs).
HAPSCAN uses HAPSTAT algorithms to estimate a global test of haplasgmeiation for
a given set of SNPs, and can be programmed to test multiple groups of SNPs.

SNPs were selected for haplotype analysis using two methods. First, ha@figgts

were estimated across each candidate gene using HAPSCAN. Overldigingg3sSNP and

123



5-SNP windows were used. HAPSCAN was run several times, defining the outcaline as a
breast cancer cases, luminal A cases only, and basal-like cases only. Reioms highest
—logip P-values were similar for 3-SNP and 5-SNP windows, and analysis continued with 3-
SNP windows. Sliding windows with global test H@§-values greater than 2 were chosen
for haplotype OR estimation. If the global test +{d@-values indicated the haplotype
association extended over multiple windows, then SNPs from consecutive windows were
combined for haplotype frequency and OR estimation. Next, genotype ORs weverk

for consecutive SNPs with non-null ORs. There were 4 SNP regions that wereaddyifi

both HAPSCAN and review of single SNP ORs.

For each region identified as described above, preliminary estimategpos$silble
haplotype ORs and 95% Cls were estimated using SAS/Genetics v9.1.3. ORs iwatedst
for breast cancer overall and the luminal A and basal-like subtypes, regavtiiehich
outcome was associated with a potential haplotype effect in the review lef SMB ORs or
the HAPSCAN analysis. Haplotypes with an OR of 1.5 or greater or less than Og6iéwer
calculated using HAPSTAT. A comparison of ORs and 95% Cls showed that estiroate
SAS/Genetics were systematically further from the null compared t&SHIAP estimates,
so it is unlikely that any associations were missed by not calculatipgsaible estimates in
HAPSTAT (data not shown). All haplotype associations were estimated bsiggneral

model (2-d.f.).

2.8Interaction
The biologic mechanism that leads to the formation of breast cancer isditelye

multiple component causes that interact. In addition to estimating mairse#tattstical
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interaction with non-genetic breast cancer risk factors was evaluabeddr to estimate the
extent to which those factors influence genotype and haplotype associationamiHR
combined parity and lactation were chosen for interaction analyses becatyseigaut
lactation and WHR were two strong risk factors for basal-like breastrcianite CBCS, the
association for those factors and luminal A breast cancer was either weakéne opposite
direction, and the candidate genes were chosen based on biology associatedentitvothes
risk factors (9). | hypothesized that candidate gene associations would beadchivdifie
presence of the environmental risk factor.

Evidence for a biological interaction between genotypes or haplotypesfemsd
from measures of statistical interaction calculated from regressodels. Statistical
interaction, or effect measure modification, occurs when the joint effect® @&xposures
are not additive for difference measures or not multiplicative for ratiouremasSome have
argued that independent steps of a multistage process, such as cancer, lghcatveat
effects (78). On the other hand, additive interaction on the risk scale may be fhectee
of biological interaction in simple systems (78). As Greenland and colleagtee§78), if
both exposures have marginal effects, the presence of exact additivity on onmgltade
departure from additivity on another scale.

To limit the number of comparisons, potential effect measure modifiers Weceese
based on the plausibility of biologic interaction. Two-way interactions betweexiféut
measure modifier and SNPs with a main effect OR greater than 1.5 or less thanr8.67 we
evaluated to determine whether the joint effect is associated with a defantudditivity
or multiplicativity. Although there is a chance that synergistic intenastwere missed

[SNPs have no effect individually, but have a causal effect when both the effeiemedi
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present (78)] by limiting this analysis to SNPs that showed a main effeets necessary to
limit the number of interaction terms that were evaluated.

Effect measure modification was evaluated through the introduction of a
multiplicative interaction term to the regression model. Departures fromdtigplicative
null were evaluated using the likelihood ratio test (LRT), which compareg thg-
likelihood of nested models under the null hypothesis that the addition of the interaction term
does not improve model fit. Likelihood ratio test P-values less than 0.10 were cahsidere
evidence of multiplicative interaction, and stratified ORs were caknlifatlr those SNPs.

Departures from the additive null were evaluated by calculating thegsyimelex (S)
and the corresponding 90% CI (79). S compares the excess risk of joint exposurgyallow
for interaction to the excess risk of joint exposure under the additive null. The nullmalue f
Sis 1; values less than 1 indicate less than additive interaction and valuestigamale
indicate greater than additive interaction. Although the interaction cordtas{ICR) is
commonly used to assess additive interaction and may have a more accessfrktation,
the ICR is not valid when covariates are included in the logistic regressiel (80). All
models in this analysis must be adjusted for age and self-identified race ceoguenty
matching. This problem may be avoided if the ICR is estimated using a lineaatdds r
model instead of a log-linear model (80, 81), however procedures availablerteditddds
ratio models in SAS did not allow for the incorporation of an offset term.

A basic logistic regression model allowing for interaction is:

logit[D=1|X=x] = o + B1X1 + B2X2 + P3(X1)(X2)
where o = regression model intercept

X1 = exposure
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X2 = effect modifier
B, = effect of exposure on outcome
B2 = effect of effect modifier on outcome
B3 = excess effect due to joint exposure
The synergy index is calculated as:
S= [P P2 HB) )1t -1) + (67 -1)]
2.8.1 Parity and lactation variable definition

Parity was measured by self-report during the study interview. Wonrenasked
how many times they had been pregnant in their lifetime, including the currgnapoy if
they were pregnant at the time of the interview. Women were then asked thendofratich
pregnancy and the outcome. Parity was defined as the total number of full-tésn bir
reported by the study subject. Lactation was measured by self-report theristydy
interview. For each live birth reported, women were asked whether thetfeddas baby
and for how long (in months). Only 5 subjects with genotyping data were missing
information on lactation history. This constitutes less than 1% of the population and is
unlikely to bias the results. There was no missing data for parity.

The association between parity and basal-like breast cancer did notaliftBCS
participants with 1-2 children compared to 3 or more children (where nulliparous women
were the referent group) for women with the same lactation status (9). &&eie
association between parity and lactation and luminal A breast cancer wamthéos
women with 1-2 children compared to women with 3 or more children for women with the
same lactation status (9). Therefore, parity and lactation was defSredingle 3-category

variable: nulliparous (controls N=201; all cases N=301; luminal A N=111; basa\ikd),
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parous/never breastfed (controls N=878; all cases N=983; luminal A N=317]ikasal-
N=124), and parous/ever breastfed (controls N=694; all cases N=686; lumin&@54;N=
basal-like N=52).

2.8.2 Waist-hip ratio (WHR) variable definition

WHR was calculated as the ratio of waist circumference to hip circentderWaist
and hip circumference were measured using a tape measure by a trairadteargwer
during the study interview and were recorded to the nearest half centimeteraishe w
measurement was taken at the natural indentation of the waist. Hip circuceferas
measured at the greatest protrusion of the buttocks. Both measuremen&keretevice and
averaged. If measurements differed by more than 1 cm, a third measuremtaikenaand
the two closest measurements were averaged.

WHR was categorized based on the tertile distribution CBCS controls. Agsugiat
between WHR and basal-like breast cancer and WHR and luminal A breast camcer wer
similar for tertile 2 and tertile 3 (vs. tertile 1) in the CBCS (9), and so theviofettiles
were combined. Data on WHR was missing for 21 controls and 29 cases (5 basaddike c
7 luminal A cases). The proportion of missing WHR data was similar fos casepared to
controls as well as basal-like cases compared to controls and luminal Aaapesed to
controls.

2.8.3 Body mass index (BMI) variable definition

Studies suggest that body mass index (BMI, weight in kg/heighf)ifsra
confounder of the association between WHR and breast cancer in premenopausal women
[reviewed by (82, 83)]. Preliminary analyses showed that BMI was a confounither of

association between WHR and breast cancer in the CBCS; ORs estimated frdsnobde
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adjusting for BMI were closer to the null (data not shown). Therefore, all modetatsy
WHR parameters were adjusted for BMI. BMI was calculated from henghtvaight
measured during the study visit. Weight was the average of two meantse¢aken using a
standardized scale and recorded to the nearest half kilogram. Height waer#ge af two
measurements made to the nearest half centimeter.

BMI data was missing for 78 subjects with genotyping data (37 controls, 41 cases, 5
basal-like cases and 15 luminal A cases), 10 of whom were classified as WWHR 80 of
whom were classified as WHRO0.77, and 38 of whom were missing WHR data.

A total of 90 of 3748 (2%) genotyped subjects (40 controls, 50 cases, 6 basal-like
cases, 17 luminal A cases) were missing data for either WHR or BMI aedeweluded
from the WHR effect measure modification analysis. Proportions of subjestggndata for
either WHR or BMI did not differ by case status. The low proportion of missing data
combined with the fact that missingness was unrelated to case statug/sihrdicgte that

missing WHR or BMI data was not a source of bias in the WHR interaction analyses.

2.9 Methodological issues
2.9.1 Inclusion of breast carcinonresitu (CIS)

There is evidence for and against the theory that CIS is an intermediaite thtep
progression of cells from hyperplastic to malignant. CIS and invasive lestondlfe same
woman often share genetic changes, grade, and gene expression patterngrandfrég
breast with invasive tumors are more likely to also have CIS [reviewed by (B4-88)
However, early studies of the natural history of DCIS show that not all women 1&ith C

progress to invasive breast cancer [reviewed in (89)]. Morrow et al. (90sdatil
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ambivalence of some towards the grouping of CIS with invasive breast canaesdet the
lack of predictors to reliably determine which CIS will progress to invasivasbse

CIS cases were included in this dissertation for several reasons. Firstiskany
factors for DCIS are similar to risk factors for invasive breast canckiding family
history, which is likely to have a strong genetic component [reviewed in (89)]. ivies
that compared multiple risk factors for invasive breast cancer and DCISgarttee
screening population reported that associations were similar for farsiiyrhof breast
cancer, previous breast surgery, postmenopausal hormone use, and hysterectomy (91, 92).
Associations differed between invasive breast cancer and DCIS for dgageaat
menarche (among women 50 and older), and presence of a palpable mass (91). There were
conflicting results between the two studies for age at first birth and BMI in olde
postmenopausal women (91, 92).

Another reason CIS were included in this dissertation is that CIS and invasive tumor
often share similar tumor characteristics. Most importantly for thig/stottinsic molecular
subtypes have been observed in pure DCIS lesions and in DCIS observed alongside invasive
breast tumors (28, 93-95), indicating that changes associated with thékeaghEnotype
occur early. Like invasive tumors, most basal-like DCIS showed strong sxpres CK
5/6, vimentin, EGFR, and Ki-67; expression of p63 and smooth muscle actin was rare (28,
93).

It has not been reported whether intrinsic molecular subtypes are asbadihte
recurrence. However, the similarity between risk factors and molecatards suggest that
there are a common set of factors that lead to both types of lesions. For élsess,re

subjects recruited for the CIS study from this analysis were not excludedHe study
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population. A sensitivity analysis comparing genotype ORs for all ¢emesive and CIS)
and controls to ORs for invasive cases and controls sampled for the invasive study was
performed to evaluate the effect of retaining CIS cases and matchealsont

2.9.2 Selection bias and missing data

Selection bias is defined as the distortion of an estimated effect due to precedure
used to select subjects for inclusion in a study or from factors that afféctgadion (96).
Selection bias can be thought of as a type of missing data problem, where in a coasglete
analysis non-participants are not included in the analysis. If missiagsdatrelated to case,
exposure, or covariate status it is said to be missing completely at randomnil avod ras
effect estimates. Under this scenario, a complete case analysieldibn unbiased odds
ratio. For selection bias, this is equivalent to the situation where non-participarss
random sample of the eligible source population. Most of the analyses performed in this
study involve a 3-level exposure, and the severity of bias due to selection or rdetsifgr
a specific SNP or haplotype depends on the true distribution of cases and contrsls acros
those three levels.

Selection bias and missing data have the potential to affect the results afdiziats
each step where data was obtained from participants. Initial studytmeemt was related to
case and race status, and inclusion in the genotyping phase of the study wasoredatedft
factors related to selection bias are measured, they can be adjusted t@sticadt@nalyses
(97). Race was a frequency matching factor and was automatically ichctudk models.

This should minimize the possibility of selection bias, assuming that genotypleutisns
are similar within self-identified race groups. All analyses alsosadipr ancestry. So even if

there are residual differences in allelic distributions within race grougpsodadmixture,
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adjustment for African ancestry should control for this potential bias. Several Hundre
enrolled participants were not included in the genotyping study. Similar to thedl ®tedy,
inclusion in the genotyping study was related to case status and race. Adjdstmace and
ancestry in statistical models should control for any potential bias frontehis s

Potential selection bias at a third step of the study only affects theesallgsre the
outcome is basal-like or luminal A breast cancer. Not all cases had IHC/dddbla in
order to determine the breast tumor intrinsic molecular subtype. The presenceoéd slabh
was related to race and tumor stage. There is the potential for selectidrti@asolecular
subtype distribution for cases without IHC data differs from the distribution ofculale
subtypes in the case source population.

It was difficult to assess how likely bias is to occur in this situation sltiean
observed that the prevalence of the basal-like and luminal A subtypes is relatee, tout
whether this is true depends on the subtype distribution in the uncharacterized tumors. The
actual distribution of these mostly smaller tumors will probably never bsurezh
accurately. A central question is what is the distribution of intrinsic molesuldypes
among early stage tumors? Data from external populations will be subjecstorike
problem of smaller tumors not having sufficient tissue for research purposediateostic
obligations are met, and thus will have the same potentially skewed distributiontbas
CBCS.

To summarize, there were several parts of the study where selectioralgias m
influence the results. Most of the potential selection bias in the analysisast bancer
overall is due to lower inclusion rates among African Americans and casestiAgljfor

race and ancestry in models should control for this potential bias, assumirig thatnipling
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procedures selecting cases and controls were unbiased. Inclusion in molecufse-subty
specific analyses was related to stage in addition to race. One wayt odésible bias
would be to conduct subtype analyses with cases stratified by stage. Howeasrnot
feasible to stratify cases by stage because of sample sizditingta

2.9.3 Confounding

Confounding is defined as the mixing of effects of a third covariate with that of the
exposure on disease, resulting in a biased effect estimate. In order fariateaw be a
confounder, it must be causally related to the exposure of interest and the outcomesif inte
(98). In this study, the main exposure in all analyses was a genotype or a haplotype.
Therefore, any confounders would have to causally affect a genotype or pafotyeet
the confounding criteria described by Rothman and Greenland. The effect ofgbotenti
confounders was also evaluated using statistical models. If the addition of iateovar
changed the |In(OR)| of the exposure of interest by more than 0.10, then thateoasia
considered a confounder.

While some associations between environmental variables and genotype may be
observed due to the random error, no environmental variables were expected to be causal
associated with candidate gene genotypes (meaning that on a directedgaagb (DAG),
genotype was not the descendent of an environmental variable). Therefore bgen if t
covariate was associated with genotype and outcome, it still did notheedfinition of a
confounder. Even more importantly, if that covariate was on the causal pathwaghetw
genotype and the outcome, adjusting for that covariate could bias the associatemnbet
exposure and outcome.

The only breast cancer risk factor that was likely to be causally assbeidh
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candidate genotypes was ancestry. The proportion of African ancestrgtwaated for each
subject and included in all models, as described above. Adjustment for ancestryehad litt
effect on ORs estimated for breast cancer overall and basal-like brezest éarcestry
adjustment did affect ORs for a small number of genotypes and luminal A arest,cand
was adjusted for in all models to control for bias in these associations.

Effect measure modifiers in analyses of genotype-environment interacaioe
susceptible to confounding by other environmental variables. However, this was prablemat
because adjusting for a confounder of the effect modifier has the potentiad tihdoi
association of the genotype. Even more importantly, if the potential confoundenitees
causal pathway between genotype and the outcome, adjusting for that covariateieeuld dr
the estimated genotype effect towards the null.

Relationships between WHR and basal-like and parity, lactation, and luminal A
breast cancer were explored using DAGs. In the WHR-breast cancer BAGpausal status
and parity/lactation status were identified as potential confounders. Bbtemiounders
from DAG analysis were evaluated for a statistical effect on the paeamstimate of
interest. Adjustment for these two risk factors did not alter the paraestteates for WHR,
and they were not included in further WHR interaction analyses. Reviews ottaéulie
suggest that BMI is a confounder of the association between WHR and breastrcancer
premenopausal women, and failure to adjust for BMI biases associations towardk the
(82, 83). In CBCS data, BMI adjustment biased the association for between WHR atd brea
cancer overall by more than In(OR) = 0.10. The bias for basal-like and luminal A
associations was lower than this threshold, but closer to 0.10 than to 0. Based on the effect of

BMI adjustment in CBCS data and the acknowledgement of BMI as a confounder in the
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literature, BMI was kept as a confounder in WHR interaction models.

In the DAG examination of relationships between parity, lactation, andtlmaacer,
menopausal status and age at menarche were identified as potential confoundhensofNeit
these risk factors affected parameter estimates for the associati@ehehe combined
parity and lactation variable and basal-like or luminal A breast canceheN&ctor was
included in further analyses as a confounder.

2.9.4 WHR misclassification

Waist and hip circumference were measured at the time ovigwerCases were
interviewed a median 3.9 months (range, 0.8 — 42.5 months) after diagnearsng that
waist circumference and hip circumference may have beenumeeasfter the start of
adjuvant therapy for some cases. If case WHR at the tim@easview was systematically
different from pre-diagnosis WHR, there is the potential forclassification. There was no
systematic event that would have led to WHR change in controfsisstassification would
be non-differential.

Weight change is a commonly documented side effect of bresstercrelated
therapy [reviewed by (99, 100)]. In most patient series, pati@amed approximately 2 to 20
pounds, and the amount of weight gained varied by study cohort andem¢g88, 100).
Most studies reported that weight gain began shortly afesasbrcancer diagnosis, and the
amount of weight gained increased over time (100-104). In some stymhéients
experienced weight loss during the year following diagnosis (101, 10%drRem et al.
(106) reported that a group of healthy controls gained more weight oamgavihan breast
cancer patients receiving adjuvant therapy, but that the breastrgaatients had a greater

fluctuation in weight during the time period shortly before thiéation of chemotherapy
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until 6 months post-chemotherapy completion.

Ingram et al. (107) reported that post-diagnosis weight changeeia#edrto the type
of adjuvant therapy, but other studies found no difference by chemothgpeogr regimen
(103, 108, 109). Studies have also reported that weight change in breastpedieces is
associated with being premenopausal (99, 101, 106, 110). Two studies repattiedver
pre-diagnosis BMI was associated with weight change, but anstihdy did not find an
association (101, 103, 109). There is also evidence that African-Amebieast cancer
patients experienced greater weight gain compared to whitengsatespecially following
adjuvant chemotherapy (101, 109).

In addition to changes in weight, studies have reported that breastrcpatients
experienced increases in body fat percentage, fat mass,si&stand hip size (102, 106,
111-113). Goodwin et al. (114) reported that although waist size and hipmsizased 1
year after diagnosis, WHR was unchanged over the same time penwdvét women may
have already started chemotherapy at the time of baddiie@ measurement, biasing the
association toward the null.

A sensitivity analysis was conducted in order to estimate thenpalt effect that
WHR misclassification due to chemotherapy might have on thecadion between WHR
and basal-like breast cancer. The sensitivity analysis was ceddwsing a publicly

available probabilistic bias analysis program <https://sites.gamgh/site/biasanalysts/

(115), which calculates a simulated data table of “true” claasiin based on the observed
data table and estimated sensitivity and specificity of thesifleation. The CBCS lacks data
on whether cases had started chemotherapy by the time of inmterSensitivity and

specificity ranges were estimated based on the stage andisaidbution in CBCS basal-like
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breast cancer cases and the prevalence of chemotherapetrebjnstage in North Carolina
Central Cancer Registry data (116).
2.9.5 Outcome misclassification

Probabilistic sensitivity analyses were also conducted to evaluate thagla#atts
of molecular subtype misclassification. There has been some discussion ier#tterétas to
the true definition of ‘basal-like’ breast cancer (117, 118). Not all studieh@same set of
markers to define ‘basal-like’, and in studies that have used markers similaséoused by
CBCS, there was not 100% agreement between tumors defined as basal-like using
microarray expression profiles and immunohistochemistry definitions (27, 119, 120).
Simulations of genotype and basal-like vs. luminal A associations were condsstedjray
non-differential misclassification of case status. Sensitivity andfspgcranges were based
on previously published data (27, 119, 120). Sensitivity analyses were conducted using a

publicly available program (115). All analyses were run for 5000 simulations.

2.10 Data interpretation

The results from this analysis were interpreted based on effect sizsiqoreand any
trends or patterns in the data. The precision of the effect estimates aasered by
calculating the confidence interval ratio (CLR), which is equal to the upper 95%&ocdi
limit divided by lower 95% confidence limit. A single CLR has relativeljeimeaning, but
it can be useful for comparing several effect estimates to each otloeveACLR indicates a
more precise estimate. Null hypothesis testing was not used to draw conclbosiohSdP
or haplotype main effects.

Only associations for basal-like breast cancer, luminal A breast cancéreast
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cancer overall (all cases) were reported here. The basal-like sidtyfpaterest because it

is largely uncharacterized, and is a unique type of hormone-receptor negaistecareer.

The luminal A subtype is of interest because luminal A is the most common subtype and
therefore a logical point of reference. Also, the candidate genes under study andlpote
effect measure modifiers were selected based on risk factors fotwlmesebtypes. The
luminal A and basal-like subtypes were also the two subtypes with the laggdesize.

Even though parameters were estimated for luminal B, HER2+/ER-, andsifieth

subtypes in the polytomous model, the associations were not reported due to limgkd sam

size and imprecise OR estimates.
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2.12 Tables
Table 2.1 SNPs selected for genotyping

Number of tag SNPs

CEU YRI CEU + YRI $E";‘r8d by CEU anc
ADIPOQ 11 14 19 6
IL6 6 9 13 2
LEP 5 12 16 1
LEPR 23 67 82 8
TNFA 3 3 3 3
ESR1 38 83 105 16
HSD3B1 3 5 8 0
HSD17B2 7 43 46 4
PGR 9 23 32 0
SHBG 1 0 1 0

1 - aggressive tagging was used for LEPR, ESR1,H8R, and PGR; pairwise tagging was used for akiot
genes
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Table 2.2 Candidate gene SNPs with extreme Hardy Weinberg P-values

Gene SNP Exact HWE P-value
White controls ADIPOQ rs9877202 < 0.0001
HSD17B2 rs16956274 0.0046
HSD17B2 rs8049423 0.0046
HSD17B2 rs8045494 0.0046
ESR1 rs6914211 0.0068
African-American LEPR rs9436740 < 0.0001
controls
HSD17B2 rs2955162 < 0.0001
CYP19A1 rs2470144 0.0021
LEPR rs9436748 0.0041
LEPR rs11808888 0.0064
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Table 2.3 Characteristics of CBCS participants with genotyping data

Controls All cases Luminal A Basal-like

N 1776 1972 679 200
Median age 51 (21 -74) 50 (23 - 74) 52 (23-74) 46 (25-74
(range)
Self-identified race

African American 658 742 233 108

Non-African American| 1117 1229 446 92

Unknown 1 1
Menopausal status

Premenopausal 761 879 277 111

Postmenopausal 1015 1093 402 89
Stage

CIs 838 151 18

1 615 224 43

2 635 237 108

3 146 41 19

4 43 8 6

Missing' 1471 18 6

1-invasive breast cancer cases
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Figure 2.1 Carolina Bresa Cancer Study geographic ¢

2.13 Figures
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Figure 2.2 Definition of intrinsic molecular subtypes by immunohistochemuiairsg in the CBCS
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Figure 2.3 CBCS participants flow chart
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Figure 2.4 Maximum likelihood African ancestry stratified by selfitded race, with median individual ancestry estimates
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Figure 2.5 Structure African ancestry stratified by self-identifee r with median individual ancestry estimates
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Figure 2.6 Correlation between maximum likelihood and Structure estimatesaanAf
ancestry

CBCS: Structure vs. maximum likelihood African ancestry estimates
all subjects (N=3748)

Spearman correlation = 0.97
P-value <0.0001

blaximum likelihood African ancestry

Structure African ancestry

157



3. Results Paper 1: Association between genetic variation in adipocytakhésisal-like

and luminal A breast cancer

3.1 Abstract

Introduction: ADIPOQ, IL6, LEP, LEPR, and TNF are associated with cestiesity and
influence tumorigenic activities in cell culture. We investigated whedingle nucleotide
polymorphisms (SNPs) in these genes are associated with breast canceavidleskyr
reported that the association between waist-hip ratio (WHR) and basalddést hrmor
subtype was stronger than the association between WHR and the luminal A subtype.

Therefore, we analyzed SNP associations focusing on the basal-like and larsirmdl/pes.

Materials and Methods: Eligible cases were women aged 20-74, diagnosed métypri

breast cancer between 1993 and 2001, and living in North Carolina. ER. PR, HER2, CK5/6,
and EGFR immunohistochemistry was used to determine the intrinsic moleculgresobty

case tumors. Controls were cancer-free women living in the same geognagahiand were
frequency matched to cases by age and race. 143 tag and functional SN§sneBeed in

cases and controls using the lllumina GoldenGate assay. Genotype datailaaseaor

1776 of 2022 controls and 1972 of 2311 cases. There were 200 basal-like and 679 luminal A
cases. Odds ratios and 95% confidence intervals estimating the assobietvoegsn SNPs

and all breast cancer cases, basal-like breast cancer, and luminal A&aneastwere

estimated using logistic regression. Haplotype frequencies and odds ratosstumated



using HAPSTAT. Additive interaction of genotype effects and waist-hip ratldRYWvas
estimated by calculating the synergy index and multiplicative irtterawas evaluated using

the likelihood ratio test.

Results: Genotypes in ADIPOQ), IL6, LEP, LEPR, and TNF had moderate to weak
associations with breast cancer overall. Stronger associations wererapygaen cases were
stratified by subtype. Genotypes in IL6 were associated with luminal A bbasat-like
breast cancer. Genotypes in ADIPOQ, LEP, and LEPR were associated with bgplesubt
Functional variants were associated with luminal A breast cancer, but no fuheéinaats
were associated with the basal-like subtype. Haplotypes in IL6, LEP PR lwere
associated with breast cancer overall and by subtype. There was evidencacionten
additive and multiplicative scales between WHR and SNPs in ADIPOQ (luAiceses),

IL6 (basal-like cases), and LEPR (all cases, luminal A cases). WMasrevidence of
interaction on the multiplicative scale between WHR and haplotypes in IL6 &Pd,LE

where the outcome was all breast cancer cases.

Conclusions: SNPs in ADIPOQ, LEP, IL6, and LEPR were associated withlixasahd/or
luminal A breast cancer subtypes. Some of these associations were not apipanesit w
breast tumors were analyzed as a single outcome. These results are supipantdle of
adipocytokine SNPs in the etiology of different types of breast tumors, includirgttiais

do and do not express hormone receptors.
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Keywords: adipocytokines, adiponectin, interleukin 6, leptin, leptin receptor, tumor isecros

factor-alpha, breast cancer, single nucleotide polymorphism, basal-like, luminal A

160



3.2 Introduction

Gene expression-based characterization of breast tumors has revived imtbeest
‘basal-like’ subtype of breast cancer (1, 2, 3). The basal-like subtype &tdrazed by
expression of cytokeratins 5 and 17, EGFR, smooth muscle actin, and vimentin, a lack of ER,
PR, or HER2 expression, tumor characteristics associated with poor prognosigyra
prevalence among BRCA1-associated breast cancers (4-10). ThéKkeasabtype is also
associated with poorer survival compared to the other breast cancer subtypes (6, 11, 12).
Comparative studies of breast cancer risk factors suggest that asssdiativeen some
traditional breast cancer risk factors and the basal-like subtype differtifie associations
with other breast tumors (13, 14).This study investigated whether common genieints
are also uniquely associated with the basal-like subtype. Identificatgenefic risk factors
specific to the basal-like subtype could help explain underlying biologicdlanems
involved in basal-like breast cancer risk.

In the Carolina Breast Cancer Study (CBCS), we previously reportedhénlahsal-
like subtype is strongly associated with elevated waist-hip ratio (WiH&]Jdition to some
other breast cancer risk factors (13). One potential mechanism that could dxplain t
association between central obesity and breast cancer is the induction of prgatimvays
by adipocytokines (15, 16). Adipocytokines are hormones produced in visceral adipose
tissue, and circulating levels are correlated with obesity (15, 16). Adglongs are also
expressed in breast tissue, and have the ability to increase proliferatiactinién the
estrogen receptor, and promote cell migration and invasion [reviewed in (15-1R)$. In t
study, we investigated single nucleotide polymorphisms (SNPs) in adipo(&DiPOQ),

interleukin 6 (IL6), leptin (LEP), leptin receptor (LEPR), and tumor necrosisrfagpha
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(TNF) and their association with breast cancer risk.

Reported associations between adipocytokine functional SNPs, such as IL6 -174 G/C,
LEPR Q223R, and TNF 863 C > A, and breast cancer have been inconsistent (18-27). It is
possible that some of the variation in reported associations has to do with tumor
heterogeneity, and that stratification by tumor type will allow for deaiification of unique
associations that cannot be detected reliably in a pooled tumor population. In the CBCS,
elevated WHR was more strongly associated with the basal-like subtyperedrtgpthe
more common luminal A subtype, suggesting that genetic risk factors asdoeith central
obesity may also be more strongly associated with the basal-like subtyp&qE8pnluate
this, we estimated SNP associations for breast cancer subtypes in addittonatres
associations for all breast cancer cases.

Consideration of breast cancer subtypes is essential for identifyingciskd for and
improving characterization of the basal-like subtype. Basal-like breastraarecpoor
prognosis breast cancer that does not express molecular targets of breasteztnuent
such as the HER2 receptor or estrogen receptor (2, 3, 11). Focusing on the bashatyljes s
may provide some insight into the molecular mechanisms involved in tumor development
and provide information for treatments. The luminal A subtype is included in thisenady
a point of reference. Luminal A breast cancer was the most common molecwaesalihe

CBCS and has a relatively good prognosis (11).

3.3 Methods

3.3.1 Study population

The CBCS is a population-based case control study of breast cancer in North
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Carolina. Details of the CBCS study design have been described in deta&oyad et al.

(28) and Millikan et al.(29). Eligible cases included all women ages 20-74 who were
diagnosed with primary invasive breast cancer from 1993 to 2001, and who lived within the
24-county study area at the time of diagnosis. Cases were identified throughtthe Nor
Carolina Central Cancer Registry using rapid case ascertainmedbrRiaed recruitment

was used to oversample African American cases and cases younger thars50dy€30).
Women diagnosed with breast carcinamaitu (CIS) were also enrolled in the study from
1996-2001. All eligible CIS cases were asked to participate in the study.

Eligible controls were defined as women ages 20 to 74 years, residing within the
study area, and who did not have a history of breast cancer. Controls younger than age 65
were identified through Department of Motor Vehicles records, while coritel®! years
old were identified through Health Care Financing Administration records.C®ntere
frequency-matched to cases by race and 5-year age groups.

Cases and controls were contacted by mail followed by a telephone call. Woimen w
agreed to participate in the study provided informed consent and completed an in-home
interview conducted by a trained nurse. During the interview, women were asked about
known and suspected breast cancer risk factors, including social and demographic
characteristics, family history of cancer, reproductive history, memhstigtary, exogenous
hormone use, alcohol use, and occupational history. Height, weight, waist circumfanenc
hip circumference were measured by the nurse. Women were also askedde ar&@imi
blood sample. DNA was extracted from the blood sample and stored?@tin80E buffer.

Overall response rates for invasive cases and controls were 76% and 55%,

respectively. Among cases, rates were highest among non-Africancamegiounger than
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50 years old (81%) and lowest among African Americans age 50 and older (70%). Among
controls, rates were highest among non-African Americans age 50 and older (65%) and
lowest among African Americans younger than 50 years (47%). Ovesptinse rates for
CIS cases and matched controls were 83% and 65%, respectively. Among G]$hease
highest response rate was from non-African Americans younger than 50 (86%¢ and t
lowest response was from African Americans age 50 and older (76%). Amongrii&s
the highest response was from non-African Americans age 50 and older (69%),e$ie low
response was from African Americans age 50 and older (51%). A total of 23118%&es (
African American/1417 non-African American) and 2022 controls (788 African
American/1234 non-African American) were enrolled in the study.

Among cases, tumor subtype was determined by immunohistochemistry (IHC)
analysis of archival tumor tissue. IHC procedures for invasive breasiredrave been
described by Carey et al. (11). Cases were asked to provide written consec¢$srtadheir
medical records and formalin-fixed paraffin-embedded tumor tissue blocksitrialceed
pathology review was performed to confirm each breast cancer diagnosis. Fiveifwaast
cancers, estrogen receptor (ER) and progesterone receptor (PR) statilistnacted from
the patient’s medical record (80% of invasive cases). If ER or PR status wasorded in
the medical record but archival tissue was available, the assay was pdréabriime UNC
Immunohistochemistry Core Laboratory (20% of invasive cases). All IHGisggior
epidermal growth factor receptor (EGFR), v-erb-b2 erythroblasticdmia viral oncogene
homolog 2 (HER2), and cytokeratin 5/6 (CK 5/6) was performed at the UNC
Immunohistochemistry Core Laboratory. Scoring for ER, PR, HER2, EGFR, and CK 5/6 has

been described previously (13, 31, 32).
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All immunohistochemistry for CIS cases was performed by the UNC
Immunohistochemistry Core Laboratory, and was described by Livasy 88 plER-
positivity was defined as an Allred score of 2 with nuclear staining. Gi&saaere
considered HER2-positive if they displayed greater than 10% membranousgsiaiGilS
cells with an intensity equivalent to 3+ by DAB chromogen or 2+/3+ by SG chromogen.
Finally, CIS cases were positive for EGFR if they showed any membranousgtnd
positive for CK 5/6 if they showed any cytoplasmic staining. PR expression wasdahus
classifying CIS cases due to the high correlation between ER and PR exprasdithe
need to preserve tissue (11).

Tumor tissue was available for 1845 of 2311 (80%) cases [1446 of 1808 (80%)
invasive cases; 399 of 503 (80%) CIS cases]. IHC assays were completedfsligdes
1424 of 2311 (62%) cases [1149 of 1808 (64%) invasive cases; 275 of 503 (55%) CIS cases].
225 cases were classified as basal-like (ER -, PR -, HER2 -, CK5/6 + &@if& +) and
796 cases were classified as luminal A (ER + and/or PR +, HERZ2 -). The megraubtypes
consisted of 137 luminal B (ER + and/or PR +, HER2 +), 116 HER2+/ER- (ER -, PR -,
HER?2 +), and 150 unclassified (ER -, PR -, HER2 -, CK 5/6 -, and EGFR -) tumors. Tumor
subtype could not be determined for 887 cases (38%). Cases with missing subtypeelata wer
more likely to be non-African American and to have an earlier stage at diagnosigq13)
described above, this analysis focuses on basal-like and luminal A breast aadaesults
for HER2+/ER-, luminal B, and unclassified tumors are not shown.
3.3.2 Genotyping
3.3.2.1 SNP selection

A combination of tag SNPs and potentially functional SNPs was selected for
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genotyping. Potentially functional SNPs were defined as SNPs with a miglerfediquency
of 0.05 or greater that were reported to have a functional &fifeitto, or had been
investigated previously for an association with breast cancer (ADIBO&ED1299,
rs2241766, rs822396, IL6 rs1800795, rs1800796, rs2069832, LEPR rs1137100, rs1137101,
rs8179183, and TNF rs1800630; no potentially functional SNPs were genotyped for LEP).

Tag SNPs for each gene were selected using genotype frequencyatrdarfrom
the International HapMap Project (34). At the time of SNP selection only Phase?l a
genotypes were available from HapMap, so tag SNPs intended to represéntvggiadion
from European ancestral populations was selected using CEU data and tagt&hiesl to
represent genetic variation from African ancestral populations weeasglusing YRI data.
Tag SNPs with a minor allele frequency of 0.10 or greater were selectedraggey in
Haploview (35, 36). Pairwise tagging with a minimunof0.80 was used to select tags (37).
CEU and YRI tag SNPs were combined into a single list and genotyped in alktsubjec
Pairwise tagging for LEPR required more than 90 tag SNPs, which strebehledits of the
space available on the genotyping chip. Tagging for LEPR was repeated usessagg
tagging with 2-marker haplotypes, which reduced the number of SNPs requitéd Ty
increase the efficiency of tag SNP selection, SNPs selected frortetiatulie were also used
as tag SNPs, using the “force include” option in Tagger.
3.3.2.2 Genotyping results and quality control

The SNPs in this study were genotyped as part of a larger panel of 1536 SNPs. In
addition to candidate gene SNPs, 158 ancestry informative markers (AIMsjevergped
in order to adjust for population stratification. Genotyping was performed hyNi:

Mammalian Genotyping Core using the lllumina GoldenGate assay (lllummaSan
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Diego, CA). Assay intensity data and genotype cluster images for all\B&Bseviewed
individually. SNPs were excluded from the dataset due to low signal intensityooityria
clearly distinguish between genotype clusters. 163 of 1536 (11 %) SNPs were excluded from
the entire dataset based on cluster analysis.

Additionally, blind duplicates of 169 study samples were assayed in order to verify
the reproducibility of genotype calls from the same sample. 7 SNPs had 1 gansgak
and 2 SNPs had 2 genotype miscalls. Lab controls (Coriell CEPH trios) wereatdgpgd
in each 96-well plate — each control was repeated between 11 and 14 times ovensthefcou
the entire assay. Out of 184 lab control samples, there were 2 instances gbgenoty
disagreement with duplicate samples. These error rates were within eyregiged range
of acceptable values, and no SNPs were excluded from the analysis on the basis of t
results. 1373 of 1536 (89%) SNPs in the panel had data that was acceptable for analysis.
Among SNPs in ADIPOQ, IL6, LEP, LEPR, and TNF, 117 of 143 (82%) SNPs provided
DNA data of acceptable quality and are included in this analysis (ADHPIBQIL6 — 11,
LEP - 14, LEPR - 74, TNF - 2). 144 of 158 (91%) AIMs passed quality control and were
used to estimate ancestry.

Exact tests for deviation from Hardy Weinberg equilibrium (HWE) were coaduct
in controls stratified by self-identified race to determine whether gpadtequencies were
distributed as expected given the allele frequencies. Deviations from HWE ialsaain
indicate several things, including genotyping error, selection bias, newionatadr failure
of the source population to fulfill HWE assumptions (38, 39). Deviations from HWE @an als
occur by chance. HWE test statistics and P-values were calculatedkivPD5 using

methods described by Wigginton et al. (40). In order to confirm that HWE deviatioas we
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not due to erroneous genotype calls, genotyping cluster images were re-tifaealé

SNPs with HWE test P-values less than 0.01. All SNPs reviewed during thispreee
judged to have acceptable signal intensity and genotype cluster definition, and n®ne we
excluded.

Of the 2311 cases and 2022 controls enrolled in the CBCS, 2045 (88%) cases and
1818 (90%) controls provided a blood sample at the time of interview. 2039 (88%) cases and
1818 (90%) controls had sufficient amounts of DNA available for genotyping. Of these, 64
cases and 39 controls had genotype calls for less than 95% of SNPs in the lllumiaagane
were excluded from the analysis. An additional 2 cases and 3 controls were exclutted due
an apparent gender mismatch. One case was excluded because of suspectathtontami
identified though the analysis of non-blind duplicate samples.

Ultimately, 1776 of 2022 (88%) controls and 1972 of 2311 (85%) cases were
successfully genotyped. Subjects without genotype data were more likelyasdse ¢
recruited during phase 2 of the study, and African American. The preserizsencea of
genotype data did not differ by any breast cancer risk factors other theanAmerican
race. Among cases the presence of genotype data was not assochagtdgsitat diagnosis,
lymph node status, or molecular subtype.

Among cases, 978 of 1808 (54%) invasive cases had both genotyping and tumor
subtype data and 242 of 503 (48%) CIS cases had genotyping and subtype data, including
200 basal-like cases (182 invasive, 18 CIS) and 679 luminal A cases (528 invasive, 151 CIS).
The distribution of intrinsic molecular subtypes did not differ between enrolled vath
and without genotyping data.

3.3.3 Variable definitions and statistical methods
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3.3.3.1 Variables

Age was defined as age in years at breast cancer diagnosis for sdssg & years
at the time of sampling for study participation for controls. Self-identied was reported
during the study interview. Of the 3748 CBCS subjects with genotyping data 2293 edentifi
themselves as white and 1400 identified themselves as African Americarth&e9o of
CBCS patrticipants reported that they were Native American/Eskimo (INA%@)n or
Pacific Islander (N=18), Hispanic (N=11), or mixed race (N=5). For ss@ge analyses,
Native American, Eskimo, Asian/Pacific Islander, Hispanic, and mixexwaenen and self-
described white women were grouped together as non-African Americaindeégified race
information was missing for 2 study subjects, who were excluded from antigsesljusted
for or stratified by self-identified race.

Individual estimates of African and European ancestry were estimatadL#4
AlMs. Two methods were used to estimate ancestry in study subjects — mabkelthood
estimation and structured association. Under the maximum likelihood method, the proporti
of African ancestry was estimated for each study subject by solvindpéikel equations
described by Barnholtz-Sloan et al. (41). The structured association estimeategenerated
using Structure v.2.0, which uses Bayesian estimation to determine the proportion of a
subject’s genome that belongs to each ancestral population cluster (K) (42eid)in@ry
estimates were calculated for K=1 through K=5 and the most likely numpepafations
was determined to be 2. Estimates were re-calculated for K=2 using theuadrand
correlated allele frequencies models.

By maximum likelihood, the median proportion of African ancestry was 81% among

subjects whose self-reported race was African American and 6% amongvtiaseself-
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reported race was white. Using Structure, African ancestry was tsdinaebe 92% among
self-reported African Americans and 1% among whites. The correlatiore&etw
STRUCTURE and maximum likelihood ancestry estimates was very high (Sgoear
correlation, all subjects r = 0.97, P < 0.0001; African Americans r = 0.98645, P < 0.0001,
non-African Americans r = 0.86767, P < 0.0001). Data analysis continued using the
maximum likelihood estimates only. The distribution of African ancestmnastd by
maximum likelihood is shown in Figure 3.1.

Waist-hip ratio (WHR) is the ratio of waist circumference to hip circuenfee.
Waist and hip circumference were measured using a tape measure bydannaseeduring
the study visit and were recorded to the nearest half centimeter. Theneagirement was
taken at the natural indentation of the waist. Hip circumference was meastiredjiaatest
protrusion of the buttocks. Measurements were taken twice and averaged. #t thveofir
measurements differed by more than 1 cm, a third measurement was takentand the
closest measurements were averaged. The WHR variable used in this anbhsgslien the
tertile distribution of WHR in CBCS controls. The associations between hieshiréast
cancer and WHR and luminal A breast cancer and WHR were similar fég feaind tertile
3 (vs. tertile 1) (13), and so those two categories were combined and WHR wasizate
as < 0.77 and 0.77 for this analysis. Body mass index (BMI, weight in kg/heightirwas
calculated from height and weight measured during the study visit and waseithah
regression models as a continuous variable. Weight was the average ofaswramnments
taken using a standardized scale and recorded to the nearest half kiloggihwids the
average of two measurements made to the nearest half centimeter.

A total of 90 of 3748 (2%) genotyped subjects (40 controls, 50 cases, 6 basal-like
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cases, 17 luminal A cases) were missing data for either WHR or BMI aecewauded

from the effect measure modification analysis. Proportions of subjects\ghdssia for either
WHR or BMI did not differ by case status. The low proportion of missing data combined
with the fact that missingness was unrelated to case status strongly itittatessing

WHR data was not a source of bias in this analysis.

3.3.3.2 Genotype associations

Genotype frequencies for each SNP were calculated stratified bglesstified race.
Genotype proportions were adjusted for the sampling probabilities used to bgilelet e
participants. Linkage disequilibrium measures were calculated using\apl(36).

Odds ratios (ORs) and 95% confidence intervals (CIs) for the associaticeebet
genotypes and breast cancer overall were estimated using unconditional biiséicy log
regression models. ORs and 95% Cls for basal-like and luminal A breast career wer
estimated using unconditional polytomous logistic regression models that simaukbne
estimated parameters for all breast cancer subtypes. Stag@stiog the equality of
parameter estimates for basal-like and luminal A subtypes wereataltased on the
asymptotic chi-square distribution of the Wald statistic. The polytomous regressdel
did not converge for rs9436748, so parameters were estimated using sepanatedstar
regression models for basal-like cases and controls, and luminal A cases apld.cont
Parameter estimates from individual binary logistic regression mathelse the cases are
restricted to a particular subtype should be similar to the parameteatestifrom the
polytomous model (45). All single SNP regression models were run using SAS v9.1,3 (SAS
Cary, NC).

Genotype effects were modeled using the general model form with 2 degrees of
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freedom, unless the rare homozygote cell counts were too small. In thaheas®del
compared the rare homozygote and heterozygote genotypes to the common homozygote
genotype. If the results using the general model indicated that the unggdyietic model
form may be recessive, dominant, or additive, additional analyses specifidikeiye
genetic model were conducted. All models were adjusted for the frequency méaching
age at recruitment into the study (continuous) and self-identified racedAffimerican,
non-African American). An offset term was included in all models to accouraridomized
recruitment sampling (30). Confidence limit ratios (CLR, upper 95% confidende i
divided by lower 95% confidence limit) were calculated as a measure ofegletcision.
Self-identified race was included in all models due to the study design. Theanclusi
of ancestry information was based on whether adjusting for ancestry irdprogiel fit and
confounding control in the presence of self-identified race. Comparing parasitestes
for models adjusted for and not adjusted for ancestry, parameter estimageddmamore
than 0.10 for some SNPs when estimating associations for luminal A cases and.control
Based on this, African ancestry was included in all models as a continuouseveriataer
to provide additional control for residual confounding due to population stratification. SNPs
with a relatively strong odds ratia>(1.5 or< 0.67) or a P-value less than 0.05, and a precise
confidence interval (CLR 5) were considered to be the best candidates for association with
breast cancer and are described in the results section.
3.3.3.3 Haplotype associations
Haplotype frequencies and ORs were estimated using a modified version of the
HAPSTAT program (46, 47). HAPSTAT estimates the probability of a given haploisipg

maximum likelihood estimation and the EM algorithm, and incorporates that propatidit
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the estimation of the haplotype effects. This yields unbiased parametetestwith
appropriate variance given that the true haplotype phase of CBCS subjects is unknown.
Modifications to the original HAPSTAT program allowed for inclusion of the offset &nd
a relaxation of the assumption of independence between genotypes and environmental
variables, allowing for adjustment of age, self-identified race, and ddtmated African
ancestry in all haplotype analyses. SNPS were selected for haplotypsisanging a 3-SNP
sliding window scanning method (HAPSCAN) and by reviewing single SNP ORs for
consecutive string of associated SNPs. All haplotype ORs were estinsihg the general
model, and were adjusted for age, self-identified race, and African ancestry.
3.3.3.4 Effect measure modification

Associations between WHR and breast cancer in the CBCS have been reported
previously (13, 48, 49). Multiplicative genotype-WHR and haplotype-WHR interaction was
evaluated using the likelihood ratio test (LRT). Systematic reviews otéhatlire have
shown that the association between WHR and premenopausal breast cancer @as biase
towards the null in studies that did not adjust for BMI (50, 51). In the CBCS, not adjusting
for BMI pushed the WHR OR towards the null (data not shown). Therefore, BMI was
included in models evaluating WHR-genotype interaction. SNPs and haplotypisgyiel
LRT P-values less than 0.10 were considered to demonstrate evidence of ane@ies
and 95% Cls were calculated stratified by WHR and genotype for these SNPs&/eAddit
interaction for genotypes and WHR was explored by calculating the synergy(8)dend
90% confidence intervals (52). S estimates above 1 indicate greater thiareadtdiraction,
and S estimates below 1 indicate less than additive interaction. Additive ilcienaas not

evaluated for haplotypes.
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3.3.3.5 Interpretation

In the analysis of genotype and haplotype associations, P-values were used in
conjunction with point estimates and confidence limit ratios to evaluate the cambine
strength and precision of estimated associations. Strict hypothesig teaimot performed,
and so P-values were not adjusted for multiple comparisons. Decisions to dispifagcstra
ORs for the evaluation of multiplicative and additive interaction were based/alué€s. The
intent was to display stratified ORs for the SNPs and haplotypes that showedrigesttr
evidence of heterogeneity. Interaction P-values were not adjusted foplenatimparisons.
3.3.3.6 Sensitivity analysis

Probabilistic sensitivity analyses were performed to evaluate the pbedfecs of
WHR misclassification. WHR was measured at the time of interview hwhas a median of
3.9 months (range, 0.8 — 42.5 months) after diagnosis for cases and a median of 3.8 months
(range, 0 — 45.2 months) after sampling for controls. Weight change is a commonl
documented side effect of breast cancer-related therapy, and so it is pbossidiiR may
have also changed among cases that started treatment before the studyi(68-64).

Studies that have reported on waist and hip measures after breast cancersdiagnosi
have found that though waist size and hip size increased following breast céateer-re
chemotherapy, WHR remained the same (56, 61, 65). In Goodwin et al. (65), some women
may have already started chemotherapy at the time of baseline WHRramant, biasing
any association between chemotherapy and WHR change. None of thesaithese st
reported on differences in waist and hip measures by race, so it is unknown whether
chemotherapy-related waist and hip change affects African-Americas ddferently from

non-African Americans.
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Complete information is not available on when CBCS cases started treatment, so a
range of sensitivity and specificity values were calculated by dstigrae likely false
negative (FN) and false positive (FP) rates. FN and FP are based ope¢htdxiumber of
CBCS women in each category of WHR who likely received chemotherapy, based on the
prevalence of chemotherapy treatment by stage in North Carolina Cesmicdr@Registry
data (66). Simulations estimated a bias-corrected OR for the associdiveem&/HR and
basal-like breast cancer.

Probabilistic sensitivity analyses were also conducted to evaluate thagla#atts
of molecular subtype misclassification. Not all studies used the same satkefsito define
‘basal-like’ breast cancer, and in studies that have used markers sintilase used by
CBCS, there has not been 100% agreement between tumors defined as basal-like using
microarray expression profiles and immunohistochemistry definitions (5, 32, 67).
Simulations of genotype and basal-like vs. luminal A associations were condsstedjray
non-differential misclassification of case status. Sensitivity andfgpgcranges were based
on previously published data (5, 32, 67). Sensitivity analyses were conducted using a
publicly available program (68). All analyses were run for 5000 simulations.

A simple sensitivity analysis was also performed to evaluate tha effencluding
CIS cases in the analysis. There is evidence to support that CIS is andmézstep in the
progression of cells from hyperplastic to malignant [reviewed by (69, 70)]. Woyw&me
argue against grouping CIS with breast cancer because of the lack of predicbably r
determine which CIS will progress to invasive disease (71).

CIS were included in this study for the following reasons. First, most risk $afcir

DCIS are similar to risk factors for invasive breast cancer [reviewet2)h Studies that
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compared risk factors for invasive breast cancer and DCIS in the samersggnilation
reported that were similar for family history of breast cancer, previoastsargery,
postmenopausal hormone use, and hysterectomy (73, 74). Associations differed between
invasive and DCIS for age, early age at menarche (among women 50 and older), and
presence of a palpable mass (73). There were conflicting results betwé&a dtedies for

age at first birth and BMI in older or postmenopausal women (73, 74).

Second, intrinsic molecular subtypes have been observed in pure DCIS and in DCIS
observed alongside invasive breast tumors (33, 75-77). Like invasive tumors, moskbasal-
DCIS showed strong expression of CK 5/6, vimentin, EGFR, and Ki-67; expression of p63
smooth muscle actin was rare (33, 75). Others did not report that cases were c@ncaseti
series or systematically sampled from a defined population (77).

It has not yet been reported whether intrinsic molecular subtypes areatssodth
recurrence or survival in CIS. However the similarity between risk faatatsnolecular
features suggest that there are a common set of factors that lead to both lggiessfFor
these reasons, we chose not to exclude subjects recruited for the CIS studysfleomaly/sis.

In a simple sensitivity analysis, the exclusion of CIS cases and mataiteal<did not

systematically change the estimated genotype ORs (data not shown).

3.4 Results
3.4.1 Genotype associations

Genotype frequencies adjusted for sampling probabilities are shown in Thble 3.
None of the SNPs were monomorphic in African Americans or non-African Aamstic

Several SNPs did have very low minor allele frequencies, most commonly among non-
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African American subjects. Odds ratios for SNPs associated with breast caerall are
shown in Table 3.2 (the subtype-specific associations for these SNPs adednicl Table
3.3 for comparison to overall effects). SNPs in LEP, LEPR, and TNF were asdowitit
breast cancer overall. Few ORs were strong; most ranged from approyitéted 1.4, with
many effect estimates near the null. The strongest associationni&Pie rs1409802 [all
cases, adjusted for age, self-identified race, African ancestry, antiteffee AA vs.
AG+GG OR, 1.50; 95% ClI, 1.10 - 2.06)].

SNPs associated with basal-like and luminal A breast cancer are showner3.Babl
(associations with breast cancer overall are included in Table 3.2 for ceam)aBNPs in
IL6 (rs1800796, rs2069824, rs2069827) were associated with luminal A but not basal-like
breast cancer. SNPs in ADIPOQ were inversely associated with both luxranal basal-
like subtypes, while SNPs in LEP were positively associated with blsadd luminal A
breast cancer.

SNPs in LEPR were associated with both basal-like and luminal A breast.cance
Nonsynonymous SNPs K109R (rs1137100) and Q223R (rs1137101) were associated with
the luminal A subtype but not the basal-like subtype (Table 3.3). A cluster of 3 8NPs i
LEPR intron 2 (rs17412175, rs9436746, rs9436748) were inversely associated with basal-
like breast cancer, with odds ratios ranging from 0.48 to 0.57 (Table 3.3, Figure 3.2). Two
additional SNPs (rs17097182 and rs970467) were also inversely associated with basal-like
breast cancer but the estimated ORs had very wide confidence intervalsrafaddtaae not
presented. SNPs in TNF were not strongly associated with basal-likeinalurbreast
cancer. In sensitivity analyses of the difference between basahlikieiainal A subtype

associations bias-corrected ORs were similar to observed ORs, sugtestizngy potential
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subtype misclassification likely had minimal effects on the results (dathooin).

Effect measure modification of SNP ORs by WHR was explored on the additive and
multiplicative scales for SNPs with a marginal association with boaaster. For breast
cancer overall, the LRT suggested evidence of multiplicative interactidtEPR rs1137100
and rs12042877 (Table 3.4a). For basal-like breast cancer, only IL6 rs2069824 showed
evidence of genotype-WHR interaction (Table 3.4b). For luminal A breast cARZEOQ
rs16861194 and LEPR rs12042877, rs6588147, rs6704167, and rs9436746 showed evidence
of WHR-genotype interaction (Table 3.4c). For breast cancer overall asubbype, the
joint effect of the index genotype and high WHR was usually less than multisicEffects
were greater than multiplicative only for rs6704167 (TT) and rs9436746 and luminal A
breast cancer. Confidence intervals for estimates of additive interacrenmprecise, but
for most SNPs S statistics were less than 1, indicating that interacticaalsedsess than
additive (Tables 3.4a-3.4c). Exceptions were rs1137100 (AG) in breast cancdrvwieral
interaction was greater than additive, and rs6704167 (TT) in luminal A breast feance
which an S statistic could not be calculated. There was little differethwedaebias
corrected ORs and ORs estimated from the observed data in sensitivitesmdlgstential
WHR misclassification due to the effects of breast cancer treatméatn@iashown).

3.4.2 Haplotype associations

Haplotype effects were estimated for regions identified by HAR$@#Ad regions
where several consecutive SNP main effects were associated wittikesaluminal A
breast cancer, and are shown in Table 3.5. Overall, haplotype associations tended to be
stronger than single SNP associations. The strongest haplotype asso@atibatvof

haplotype 5 with luminal A breast cancer (OR = 3.21), whereas the strongestii)l
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association was an OR of 0.48 (LEPR rs9436748, Table 3.3). There were several additional
strong haplotype associations with ORs of 2 or greater, including those in IL6t{papla),
LEP (haplotypes 3, 4a, 4b, 5) and LEPR (haplotype 8b), where two copies of the target
haplotype were strongly associated with breast cancer overall and/oal#rbreast cancer
(Table 3.5). Only LEP haplotype 4a had a similarly strong associationheitbeisal-like
subtype, but the estimate was very imprecise (Table 3.5). Haplotype asssdatiluminal
A breast cancer were similar to associations for breast cancer pgrcaipt for haplotype
4a, where the association for breast cancer overall was greatéorthiasm luminal A, and
haplotype 5 where the association for breast cancer overall was weaker tresotetian
for the luminal A subtype. Haplotype associations for basal-like breastroaere less
similar to haplotype associations for breast cancer overall, and thereeweral snstances
where the estimated haplotype association for the basal-like subtypatypep!5, 6a, 6b,
9b) was not also observed in breast cancer overall.

Based on the LRT, there was evidence of multiplicative haplotype-WHRdtitera
for haplotypes 1la and 8b in breast cancer overall. No haplotypes showed evidence of
multiplicative interaction for the luminal A or basal-like subtypes. Associatfor
haplotypes 1a and 8b with breast cancer overall stratified by WHR are showner6Tabl
Although the ORs for 2 copies vs. 0 copies of the at risk haplotype were imprecise, the

association for 2 copies was greater among women with lower WHR.

3.5 Discussion

SNPs in ADIPOQ, IL6, LEP, LEPR, and TNF were genotyped in order to determine

whether polymorphisms in these genes were associated with breast canceer®Rs
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estimated for basal-like and luminal A breast cancer subtypes in additiomiates}
effects for all breast cancer cases combined under the hypothesis thatshediresar
molecular subtypes have unique risk factors, and that SNPs may be assocatiedlspe
with the basal-like or luminal A subtype. Effects unique to one tumor subtype may not be
apparent if all breast cancer cases are analyzed together.

SNPs associated with breast cancer overall had weak to moderate efthadsngn
the potentially functional variant LEPR rs1137100 (K109R). Work by Cleary et al. (78)
demonstrated that mice with two functionally silent copies of LEPR did not develop
spontaneous mammary tumors while mice with one or more functional copies of LEEER w
susceptible to mammary tumors. This suggests that a polymorphism that disatotes |
receptor signaling would not increase breast cancer risk. An alterma¢ichanism may be
that impaired leptin receptor signaling leads to an accumulation of leptin, aessdeptin
leads to increased breast cancer risk. A breakdown in the leptin/leptin receptimenega
feedback loop leading to an accumulation of leptin in the bloodstream has been described as
a feature of obesity (79). There are several other pathways through egtichsignaling
could proceed. Leptin has been shown to enhance aromatase activity and &etivate t
estrogen receptor in an estrogen receptor-positive cell line (80, 81). Lep#isbdeen
shown to stimulate signaling of the HER2 and IGF-1 receptors in some breastogdince
lines (82, 83).

Reports vary on the biological effect of LEPR K109R in women. Woo et al. (21) and
van Rossum et al. (84) reported that healthy women with codon 109 RR variants have higher
serum leptin levels compared to women with 109 QR variants, though in van Rossum et al.

the difference in leptin levels was limited to women who had gained weightaftean of
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6.7 years of follow-up. This is consistent with the hypothesis that leptin acdionuta

involved in the biological mechanism, if K109R is causally associated with breastr chn
contrast, when Wauters et al. (85) examined leptin levels in relation to K109 memot
overweight and obese women, leptin levels were lower among postmenopausal wdmen wit
at least one copy of the 109R variant. There was no difference in leptin by K10SfRpe

in premenopausal women (85).

For many SNPs, the genotype-breast cancer association was strong¢hevbases
were stratified by molecular subtype. SNPs in LEP and LEPR weeiatesl with basal-like
and/or luminal A breast cancer; SNPs in ADIPOQ and IL6 were also assbwiih basal-
like and/or luminal A breast cancer, but were not associated with all caseflNtaest
associated SNPs were tag SNPs with unknown function, so it is unclear what bidildigica
exists between the presence of one or more polymorphic alleles and an thastase
breast cancer. There are numerous genomic variants that were not measuredudythinat
could be responsible for the observed associations, including insertion-deletion
polymorphisms, repeat polymorphisms and untyped SNPs. Therefore, future studiés shoul
focus on variants in LD with the SNPs identified in this study in addition to the atesbci
tag SNPs themselves.

SNP effects were stronger when analyzed in combination as haplotypes, amy in ma
cases the haplotype OR magnitude exceeded that of any single SNP witraplttgpe.
Generally, haplotype effect estimates were the most stable fasal @and luminal A cases
compared to controls. Corresponding estimates for the basal-like subtype wemetese
and are therefore somewhat inconclusive. Estimates for several haplotgifessal-like

breast cancer could not be calculated due to the small number of basal-liké&oases.
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exception to this was LEPR haplotype 6b, which was positively associatedasgl-like
breast cancer with a precise confidence interval. Haplotype analysishsisigding window
technique also enabled the identification of a breast cancer-assocgabed(k&P haplotype
3) where the individual SNPs showed no association. Thus, in this study employing
haplotype analysis in addition to single SNP analysis enhanced our ability 16yibdesdst
cancer-associated SNPs.

There were some very general themes in the observed associations. For AdIPOQ
LEP, the associations were consistently in one direction for both luminal A andikasal
subtypes, which suggests that alterations to the sequence or structure of $hHeagerse
similar effect on both breast cancer subtypes. For example, the strongekttess among
LEP SNPs were consistently positive. LEP -2548 G/A was not genotyped ituthys lsut
has been reported to be positively associated with breast cancer in TunisianearghAm
women (20, 25). In ADIPOQ, associated SNPs were inversely associated withligtes.
A similar pattern was reported by Kaklamani et al. (86), although tlseiltsenvere not
always presented with the most common genotype as the referent group. In thfe case
ADIPOQ, IL6, and LEP, no single SNP was associated with both subtypes. Thig is ve
consistent with the idea that molecular subtypes have unique sets of risk featare tonly
evident in a stratified analysis. In contrast, several SNPs in LEPR ssoeiaed with both
subtypes.

The 3 associated SNPs in IL6 were associated with luminal A but not basal-like
breast cancer. This is consistent with several lines of evidence that itit/esia ER-
positive breast cancer cells. The addition of IL6 to ER-positive cell linesesdumorigenic

effects such as cell rounding, reduced cell adhesion, decreased E-cadressien, and
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increased cell migration (87-89). In cell cultures, IL6 is able to activatedription of ER-

alpha in ER-positive breast cells and stimulate estrogen synthesis bynmndummatase

activity (90, 91). IL6 polymorphisms -174 G/C, -597 G/A, and -3413Awere associated

with disease-free survival among patients with ER-positive but not ER-negatioest(92).

However, the presence of IL6 in breast tumors does not appear to be related to€R sta

Several studies reported that IL6 was expressed more commonly in ER-nbgzdiste

tumors or that there was no association between IL6 expression and ER status (93-95).
Table 7 shows CBCS ORs for SNPs that have been studied previously alongside the

associations reported by others. The only SNP whose effect was consigigmewibus

studies was IL6 -572 G/C (rs1800796), which was weakly associated with brea&st canc

overall in the CBCS. The association was stronger comparing luminal Atoas@grols,

and was similar to results reported by Slattery et al. (19) for premenbpeaumsan and

postmenopausal women not on hormone therapy (Table 7). Other previously studied SNPs

were associated with luminal A but not basal-like breast cancer. LEPR Q&23R71101)

was associated with luminal A breast cancer, but the association was nohgsstthat

observed by Snoussi et al. (20)(Table 7). Some studies reported that the LEPR codon 223R

variant was associated with higher serum leptin levels in postmenopausal womeand96)

with breast cancer risk (20, 24). The LEPR Q223R polymorphism was not assocthted wi

breast cancer in two other studies (21, 25). LEPR variant K109R (rs1137100) was also

associated with the luminal A subtype and not the basal-like. Woo et al. (21) repatted t

LEPR codon 109 RR homozygotes have higher serum leptin levels compared to codon 109

KR heterozygotes in healthy Korean controls, but the K109R polymorphism was not

associated with breast cancer.
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In many cases, ORs estimated in the CBCS were not in agreement witdugrevi
studies (Table 7). Kaklamani et al. (86) reported associations for +45 T/G (rs224hd66)
+276 G/T (rs1501299) but no association was seen for either SNP in the CBCS. IL6 -174
G/C (rs1800795) and intron 2 G/A (rs2069832) were not associated with all cases, luminal A
breast cancer, or basal-like breast cancer although other investigatorsd-@ssociations
(18, 19). Terry et al. (97) tested not only the -174 G/C polymorphism, but other promoter
polymorphisms including -572 G/C, -597 G/A, and a -3§3:Arepeat polymorphism in
both HeLa and ECV40 cells, and showed that changes in IL6 expression level graudel
to a complex haplotype effect, not the single genotype at position -174. In thyidrstud
572/-174 C-G/C-G diplotype is positively associated with all breast carges aad one
copy of the C-G haplotype is associated with luminal A breast cancee(3afrhe full
haplotype described by Terry et al. was not analyzed because polymorphmersdd and -

373 were not genotyped in the CBCS. Other studies also reported no association between -
174 G/C and breast cancer (26, 27). In TNF -863 C/A (rs1800630), the AA vs. CC genotype
was inversely associated with all breast cancer cases in the CB&®aw Gaudet et al. (22)
reported no associatioln vitro, the A allele reduced TNF transcription levels and serum

TNF levels (98, 99).

None of the previously studied SNPs in Table 7 were associated with the basal-like
subtype. This may be due to greater imprecision of basal-like estimatesbeadt the small
number of basal-like cases. Another explanation could be that SNPs of interest frmuspre
studies have been defined based on the etiology of “all cases”, the majority lofandnic
luminal A breast cancers. It is possible that different functional varaatassociated with

basal-like tumors. Even though the effects of potentially “functional” SNPs GBI&S did
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not agree with the results of other studies, the minor allele frequencies®S3N€s in
CBCS controls are comparable to those found in other white and African American
populations (Table 8).

Previous analyses in the CBCS found that higher WHR was a strong risk factor for
basal-like breast cancer (13), so effect measure modification of geffetits by WHR was
evaluated on the multiplicative and additive scales. Interaction was lessithigplicative
and less than additive for most joint SNP-WHR effects. These results shouldrpeeitatd
with caution. In many cases the confidence intervals of the effect esdimare similar
across strata even though the odds ratios differed. Joint effects could natibetedifor
haplotypes, but stratified analysis of haplotypes with low LRT P-valueseshthat
haplotype associations with breast cancer overall were greater mtatkgamong women
with lower WHR compared to women with higher WHR. Cleveland et al. (25) reported tha
there was no evidence of interaction between BMI and LEPR Q223R. We also found no
evidence of interaction between this SNP and WHR in the CBCS.

Data from Slattery et al. (100) showed evidence of multiplicative iriteralsetween
IL6 rs1800795 and rs1800796 and WHR, but genotype-WHR interaction was not observed
for these SNPs in the CBCS. Differences in WHR categorization limittdioeeparison of
results. The IL6 SNP that showed evidence of WHR interaction in the CBCS wad Bot in
with rs1800795 or rs1800796 in CBCS white or African-American cases or controls. Also,
joint genotype-WHR effects reported by Slattery et al. (100) women showerhpatte
being both less than additive and greater than additive, which is not what was obsdreed in t
CBCS. In the CBCS rs1800796 was part of a haplotype (1a) that showed evidence of

interaction with WHR; 2 copies of the haplotype with the C allele was strosgbei@ted
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with breast cancer among women with low WHR. The data presented byyStathérare
not consistent with this trend.

The results presented here offer new insight into the etiology of breast. ddang
of these tag SNPs have not been analyzed previously for their association astrchreer.
Additionally, this is one of few reports where SNP associations have been pdesteatified
by molecular subtype. Although estimates for the basal-like subtype weneréxise
compared to the luminal A estimates due to smaller sample size, the ressetst@d were
chosen based on both the strength of the OR and precision in order to avoid bias in reporting
results by subtype. P-values were not adjusted for multiple comparisons beqatbesiy
testing was not used as strict criteria for evaluating ORs. InsteaB;value was used as a
proxy measure for the OR magnitude and standard error. Nevertheless, rarat@ndiar
systematic bias may have influenced the results, and thus approach used hereesntighe r
need to be replicated by others. Probabilistic sensitivity analyses avetaated to
determine the effect that WHR misclassification or molecular sulatggsification may
have had on the results. Results of these analyses show that the ORs estimatieel diata
are close in magnitude to the range of corrected estimates, given thetexsisensitivity and
specificity ranges.

The results of this study are promising, but we must keep in mind the potentitd effe
that unequal study participation may have had on the study population. Study response rates
were higher for cases compared to controls. Response also differed idgstfiled race
and age group — among invasive cases, CIS cases, and CIS study controlssthe$poase
rates were for African Americans age 50 and older. Adjustment for self-iddntiice and

age should control for possible selection bias in an analysis of all cases abiopzaoetrols,
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assuming that genotype distributions within case, race, and age strata@esantative
sample of genotypes in those strata of the source population (101).

Selection bias may also have occurred during genotyping. This analysdesc
genotyping data for 86% of enrolled CBCS subjects, which is 57% of all women invited to
participate in the study. Enrolled subjects without genotyping data were kaldyetdi be
cases, from the Phase 2 invasive study, and African American compared to enig#etss
with genotyping data. Enrolled subjects were missing genotype data bdeaysete
unwilling or unable to provide a blood sample at the time of interview, a mechanism of
missingness that is likely a combination of self-selection and severitpedgs|(among
cases). As with overall study participation, adjustment for factors as=bweidh
participation should control for the possible selection bias. However, if a pargematype
is associated with severity of disease, cases with genotyping data woulikelpsiot be a
random sample of all eligible cases and the possibility of selection bias wastléween
after adjustment for other factors associated with study participation.

The third stage of the study where selection bias could occur was in detgrthii
breast tumor intrinsic molecular subtype in cases. Tumor subtype was detefoni62% of
enrolled cases, or 48% of eligible cases invited to participate in the study. Saibtype
genotype was available for 1220 cases (53% of enrolled cases, 41% of eagdse Study
results could be biased if the genotypes of cases with sufficient tumor tissudtigping
were systematically different from the genotypes of women without substigrenation.
Genotype distributions between cases with and without subtype information were
comparable, differing for only a few SNPs. In African American casesibdistns differed

for ADIPOQ rs822391, LEP rs10954173 and rs11760956 (which were in perfect LD,
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r’=1.0), and LEPR rs10889563, rs11208654, rs12042877, rs6413506. In non-African
American cases, distributions differed for LEPR rs10889569, rs11585329, rs6678033,
rs6700896, rs8179183 (rs10889569, rs6678033, and rs6700896 were in strohg LD, r
0.94). The molecular subtype distribution was similar between cases with and without
genotyping data.

In conclusion, SNPs in ADIPOQ, IL6, LEP, LEPR, and TNFA were associatbd wit
breast cancer; some of these associations appeared to be subtype-speaifse ¢f
haplotypes to estimate the effect of several alleles in combination prodigedtenger
associations. Furthermore, these effects may be modified by WHR. Furtmsctesto
adipocytokine-WHR interaction could play a role in identifying the causatioakhip
between adipocytokines, central obesity, and breast cancer.

The identification of a group of LEPR SNPs associated with basal-like loeeecsr
is target for future research. In-depth analysis of other variants in ibe rewluding non-
SNP variants, will increase the chance of locating the causal variaetnfapping and
analysis of conserved DNA sequences in the region could also help determine tbe tdcat
the causal variant (s). Contingent on replication of the results in other studiegethdts
provide evidence that genetic polymorphisms in adipocytokines are associateceasth br

cancer risk.
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3.7 Tables
Table 3.1 Genotype frequencies in adipocytokines, adjusted for sampling probabilities

Controls Cases
. Non- . Non-
Afrlca_n African Afrlca_n African
American . American .
American American
N % N % N % N %
ADIPOQ
rs16861194 | AA 387 62 945 86 438 59 1038 86
AG 220 31 159 13 256 34 186 14
GG 51 7 12 2 48 6 5 0
Missing 1
rs16861205 | AA 29 3 12 2 40 6 3 0
AG 203 30 150 12 223 30 178 13
GG 426 67 955 87 479 64 1048 87
rs822391 CcC 3 0 44 3 4 1 58 4
CT 64 8 359 40 57 8 430 36
TT 591 91 713 57 681 92 741 60
Missing 1
rs16861210 | AA 14 2 11 1 20 3 10 1
AG 196 30 184 15 197 26 214 19
GG 448 68 922 84 525 71 1005 81
rs822396 AA 407 60 730 60 467 63 767 62
AG 222 36 346 38 238 32 405 34
GG 29 4 41 3 37 5 57 4
rs12495941 GG 282 43 476 39 302 4] 545 45
GT 304 47 502 50 350 47 554 44
TT 72 10 139 11 90 12 130 11
rs7649121 AA 493 73 763 71 564 76 811 67
AT 147 25 320 25 168 23 384 30
TT 18 2 34 4 9 1 34 3
Missing 1
rs9877202 AA 481 72 1109 104 519 70 1224 100
AG 162 26 6 0 207 28 5 0
GG 15 2 2 0 16 2
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Controls Cases
. Non- . Non-
Afrlca_n African Afrlca_n African
American . American .
American American
N % N % N % N %
rs2241766 GG 26 2 5 1 25 2
GT 46 7 231 18 58 8 250 20
TT 612 93 860 80 679 91 954 78
rs1501299 AA 95 14 74 5 89 12 78 7
AC 304 45 434 40 327 44 486 40
CcC 259 41 609 55 325 44 664 53
Missing 1 1
rs3821799 CcC 134 19 348 34 157 21 391 3L
CT 312 51 542 48 336 45 605 49
TT 212 30 227 18 249 34 233 20
rs6444174 CcC 11 2 23 3
CT 167 27 15 1 201 27 6 0
TT 480 71 1102 99 518 70 1223 100
rs6773957 AA 208 30 166 12 239 33 171 14
AG 312 50 529 49 339 45 592 49
GG 138 20 422 40 164 22 466 37
rs1063537 CcC 626 96 870 81 696 94 963 78
CT 32 4 222 18 43 6 244 20
TT 25 2 3 0 22 2
rs9842733 AA 539 82 1114 104 593 80 1228 100
AT 116 18 3 0 142 19 1 0
TT 3 0 7 1
rs1403697 CcC 5 1 18 2
CT 155 24 3 0 181 25 2 0
TT 498 75 1114 100, 543 73 1227 100
IL6
rs2069824 CcC 11 2 6 0 9 1 12 1
CT 135 19 161 12 127 17 162 12
TT 507 79 950 88 606 82 1055 87
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Controls Cases
. Non- . Non-
Afrlca_n African Afrlca_n African
American . American .
American American
N % N % N % N %
Missing | 5
rs2069827 GG 632 97 918 84 720 97 1000 8
GT 26 3 188 15 22 3 219 19
TT 11 1 10 1
rs1800796 CcC 11 1 6 0 8 1 6 1
CG 96 15 81 8 118 16 115 10
GG 551 83 1030 92 616 83 1108 a0
rs1800795 CcC 5 0 204 17 4 1 230 19
CG 95 13 543 56 104 14 589 50
GG 556 87 367 27 630 85 408 31
Missing | 2 3 4 2
rs2069832 AA 5 0 202 16 4 1 224 18
AG 94 13 542 56 105 14 592 50
GG 559 87 371 28 633 85 411 32
Missing 2 2
rs2069835 CcC 4 1 2 0 11 2 4 0
CT 110 15 125 10 145 20 107 8
TT 544 84 990 90 585 79 1118 91
Missing 1
rs2069840 CcC 470 67 476 40 526 71 540 4
CG 171 30 489 49 194 26 545 46
GG 16 3 151 11 22 3 144 11
Missing | 1 1
rs2069842 AA 4 1 8 1 1 0
AG 87 16 6 0 99 13 2 0
GG 567 83 1111 100 635 86 1226 10
rs1548216 CcC 23 3 1 0 26 3 1 0
CG 199 31 41 4 226 30 58 5
GG 435 66 1075 96 490 66 1170 95
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o

Controls Cases
i [ A e A B 2%
American American
N % N % N % N %
Missing | 1
rs2069843 AA 7 1 1 0 7 1 1 0
AG 162 22 39 4 183 24 56 4
GG 489 77 1077 96 552 75 1172 95
rs2069845 AA 281 43 342 26 312 42 370 28
AG 299 46 548 55 344 46 604 51
GG 77 10 226 19 86 12 252 20
Missing | 1 1 3
LEP
rs6976701 AA 7 1 1 0 5 1
AG 125 19 12 1 154 21 25 2
GG 526 80 1103 99 581 78 1204 98
Missing 1 2
rs4236625 AA 460 68 973 87 510 69 1063 86
AT 182 30 135 13 202 27 153 13
TT 15 2 7 1 27 4 5 1
Missing | 1 2 3 8
rs12706832 | AA 403 61 248 23 453 61 251 22
AG 225 33 539 41 246 33 619 50
GG 29 7 329 35 43 6 358 28
Missing | 1 1 1
rs10244329 | AA 154 25 272 33 169 23 304 24
AT 331 49 543 43 369 50 626 51
TT 173 25 301 24 204 27 299 24
Missing 1
rs11763517 | CC 30 4 290 24 24 3 287 24
CT 225 33 537 43 237 32 617 50
TT 402 63 288 34 481 65 325 26
Missing | 1 2
rs7795794 AA 6 1 6 0 15 2 6 1
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Controls Cases
. Non- . Non-
Afrlca_n African Afrlca_n African
American . American .
American American
N % N % N % N %
AG 157 26 129 13 167 23 149 13
GG 495 73 982 86 560 75 1073 86
Missing 1
rs11760956 | AA 24 3 176 16 19 3 165 15
AG 201 29 504 39 222 30 580 47
GG 433 68 437 45 501 68 483 39
Missing 1
rs10954173 | AA 24 3 176 16 19 3 165 15
AG 201 29 504 39 220 30 580 47
GG 433 68 437 45 503 68 483 39
Missing 1
rs3793162 AA 19 3 19 3
AG 192 28 10 1 163 22 15 1
GG 447 69 1107 99 560 76 1214 99
rs3828942 AA 20 6 210 27 36 5 231 19
AG 198 28 520 41 245 33 603 48
GG 438 66 385 32 460 62 394 34
Missing | 2 2 1 1
rs17151919 | AA 4 1 8 1
AG 100 15 5 0 131 18 1 0
GG 554 85 1112 100 603 81 1228 10
rs17151922 GG 375 57 1099 99 383 52 1203 9
GT 242 37 17 1 308 41 26 2
TT 41 6 1 0 51 7
rs10954174 | AA 8 1 6 1
AG 90 11 8 0 116 16 6 0
GG 560 88 1109 100, 620 83 1223 10
rs11761556 | AA 20 2 332 35 30 4 354 28
AC 188 27 528 41 211 29 614 49
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Controls Cases
st IV B W R
American American
N % N % N % N %
CC 448 71 255 23 499 67 259 23
Missing | 2 2 2 2
LEPR
rs3806318 AA 573 84 586 53 664 90 629 51
AG 81 16 439 40 72 10 521 42
GG 4 1 90 7 6 1 77 7
Missing 2 2
rs1327118 CcC 115 19 234 19 127 17 231 20
CG 308 51 546 45 341 46 661 53
GG 235 30 336 35 273 37 337 27
Missing 1 1
rs12145690 | AA 234 30 334 35 272 37 337 27
AC 310 51 547 45 340 46 661 53
CcC 114 19 234 19 129 17 231 20
Missing 2 1
rs9436738 AA 9 1 24 2 9 1 29 2
AG 159 22 257 19 177 24 290 24
GG 490 77 835 79 556 75 909 74
Missing 1 1
rs9436297 CcC 9 1 25 2 13 2 30 2
CT 176 24 258 19 189 25 290 24
TT 473 74 833 79 540 73 909 74
Missing 1
rs9436740 AA 96 15 562 47 124 17 635 53
AT 418 65 473 44 459 62 496 39
TT 143 20 82 9 157 21 97 8
Missing | 1 2 1
rs9436299 AA 438 69 531 45 485 65 580 a7
AC 191 28 490 48 230 31 503 41
CcC 29 3 96 8 27 4 146 11

203



Controls Cases
. Non- . Non-
Afrlca_n African Afrlca_n African
American . American .
American American
N % N % N % N %
rs17127608 CcC 472 73 1113 100 559 7% 1220 g
CT 172 24 4 0 165 22 8 1
TT 14 3 18 2 1 0
rs3790433 AA 335 49 74 6 373 50 95 8
AG 252 43 403 31 306 41 438 35
GG 71 9 640 63 63 9 696 57
rs17127618 CcC 427 64 799 74 464 63 878 7
CG 196 31 292 24 249 33 317 25
GG 34 5 26 2 26 3 33 2
Missing | 1 3 1
rs7534511 AA 37 4 84 7 36 5 127 10
AG 206 35 478 46 241 33 501 41
GG 414 62 553 48 465 62 600 49
Missing | 1 2 1
rs9436301 CcC 93 18 73 6 114 15 89 8
CT 309 45 430 35 370 50 443 34
TT 256 37 614 59 258 35 697 58
rs1887285 CcC 9 3 13 1 15 2 14 1
CT 122 22 183 15 158 21 196 16
TT 526 75 921 85 569 77 1017 83
Missing | 1 2
rs17097182 | AA 337 55 1041 94 395 53 1127 9
AT 251 36 73 6 288 39 99 9
TT 70 9 3 0 59 8 3 0
rs17412175 | AA 7 1 257 23 8 1 245 22
AT 104 18 553 55 121 16 628 50
TT 547 81 307 23 613 83 356 28
rs970467 AA 39 7 14 1 37 5 25 2
AG 229 33 232 18 270 36 249 19

204



Controls Cases
. Non- . Non-
Afrlca_n African Afrlca_n African
American . American .
American American
N % N % N % N %
GG 390 60 871 81 435 59 955 79
rs9436746 AA 259 38 153 12 294 40 190 15
AC 285 44 532 49 338 46 587 48
CcC 112 18 430 39 106 14 449 37
Missing | 2 2 4 3
rs9436748 GG 449 68 331 25 504 68 382 30
GT 175 27 555 55 214 29 627 50
TT 34 4 228 21 24 3 220 19
Missing 3
rs6657868 AA 175 25 133 11 184 25 180 14
AG 308 45 532 50 366 50 553 45
GG 174 30 452 39 192 25 496 41
Missing | 1
rsl7127655 | CC 417 66 1106 99 508 64 1220 100
CT 206 29 8 1 198 27 7 0
TT 33 5 1 0 30 4 1 0
Missing | 2 2 6 1
rs6588147 AA 473 74 511 43 511 68 560 44
AG 160 23 503 48 211 29 524 43
GG 25 3 103 8 20 3 145 11
rs7531110 GG 221 29 146 12 227 31 195 1b
GT 319 51 562 52 384 52 578 47
TT 118 21 408 36 131 17 456 38
Missing 1
rs7555955 AA 25 3 103 8 23 3 145 11
AG 177 25 503 48 216 30 524 43
GG 455 72 511 43 503 67 560 46
Missing | 1
rs6704167 AA 397 57 347 26 450 61 394 31

205



Controls Cases
. Non- . Non-
Afrlca_n African Afrlca_n African
American . American .
American American
N % N % N % N %
AT 229 39 544 55 256 34 620 51
TT 32 4 224 19 34 5 215 18
Missing 2 2
rs7529650 AA 85 15 400 34 99 13 450 37
AG 316 51 561 53 354 48 576 47
GG 256 34 156 13 287 39 203 16
Missing | 1 2
rs2025804 CcC 27 3 104 8 44 6 141 11
CT 210 33 494 48 240 32 515 42
TT 421 64 519 44 458 61 573 47
rs7518849 CccC 26 4 4 0 25 3 6 0
CT 172 23 127 10 197 27 132 11
TT 460 73 986 90 520 70 1091 89
rs10158579 CcC 92 16 16 1 87 12 28 3
CT 274 44 260 21 335 45 277 22
TT 292 40 841 78 320 43 922 76
Missing 2
rs11808888 | AA 176 28 18 1 178 24 29 3
AG 294 47 268 22 366 50 281 22
GG 188 26 831 77 198 27 919 75
rs17127677 GG 415 59 843 78 435 59 928 76
GT 213 35 259 21 275 37 274 21
TT 30 7 15 1 32 4 27 3
rs17127686 | AA 450 70 1112 10( 528 72 1224 100
AG 185 28 5 0 191 26 4 0
GG 22 2 14 2 1 0
Missing | 1 9
rs6694528 CcC 247 34 839 78 268 36 923 76
CT 295 48 262 21 353 48 278 22

206



Controls Cases
. Non- . Non-
Afrlca_n African Afrlca_n African
American . American .
American American
N % N % N % N %
TT 116 18 16 1 121 16 28 3
rs11208654 | CC 28 4 104 8 39 6 141 11
CT 211 32 495 48 253 34 519 43
TT 415 64 516 44 447 60 567 47
Missing | 4 2 3 2
rs10889556 | AA 229 30 619 52 264 36 674 5%
AG 326 56 432 43 364 49 451 37
GG 103 13 65 5 114 15 104 8
Missing 1
rs7526141 CcC 545 82 297 22 625 84 333 26
CT 108 18 556 55 108 14 638 52
TT 5 0 262 23 9 1 257 21
Missing 2 1
rs1171275 AA 49 7 35 2 51 7 44 4
AG 257 40 325 28 323 44 345 27
GG 351 53 756 70 368 49 840 69
Missing | 1 1
rs1475397 CcC 92 13 613 59 113 15 669 56
CT 297 51 418 35 340 46 470 37
TT 269 36 86 6 289 39 90 7
rs1627238 CcC 215 32 751 70 220 29 833 68
CT 299 49 328 28 389 53 350 28
TT 143 19 37 2 132 18 46 4
Missing | 1 1 1
rs11208662 CcC 26 3 10 1 23 3 12 1
CG 187 27 168 13 212 29 185 15
GG 445 69 939 87 507 68 1032 84
rs1171279 CcC 92 13 613 59 112 15 669 56
CT 297 51 418 35 340 46 469 37
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Controls Cases
. Non- . Non-
Afrlca_n African Afrlca_n African
American . American .
American American
N % N % N % N %
TT 269 36 86 6 290 39 91 8
rs1751492 CcC 52 10 79 6 63 9 116 9
CT 270 42 451 44 315 42 495 40
TT 336 48 587 50 364 49 618 51
rs6697315 CcC 92 16 120 9 115 15 161 1
CT 324 50 501 47 366 49 542 45
TT 241 34 495 44 260 35 526 43
Missing | 1 1 1
rs1171267 GG 291 40 496 44 313 43 529 4
GT 299 46 502 47 336 45 539 45
TT 68 13 118 9 92 12 156 12
Missing 1 1 5
rs1782763 CcC 43 9 116 9 66 9 160 12
CT 263 39 475 45 289 39 489 41
TT 352 51 524 46 387 52 580 47
Missing 2
rs1409802 AA 22 4 54 4 27 4 93 7
AG 201 30 417 41 241 32 444 36
GG 435 66 646 55 474 64 692 56
rs10157610 CcC 496 76 1114 10 590 79 1224 1
CT 150 23 3 0 142 19 4 0
TT 12 1 10 1 1 0
rs3790431 CcC 40 4 57 4 47 7 58 5
CT 287 46 385 33 303 41 409 34
TT 331 50 674 63 392 53 760 60
Missing 1 2
rs1137100 AA 449 66 633 54 490 66 684 56
AG 189 31 425 41 225 30 448 37
GG 20 3 59 4 25 3 97 7
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Controls Cases
. Non- . Non-
Afrlca_n African Afrlca_n African
American . American .
American American
N % N % N % N %
Missing 2
rs3790429 AA 528 78 777 63 622 84 875 72
AT 128 22 305 35 115 16 334 27
TT 2 0 35 2 5 1 20 2
rs3790426 GG 374 58 679 63 440 60 766 6L
GT 232 35 383 33 242 33 405 34
TT 52 6 53 4 56 8 56 5
Missing 2 4 2
rs1343982 AA 55 10 68 5 75 10 108 8
AG 268 44 444 42 314 42 471 39
GG 335 46 605 53 353 48 650 53
rs10493380 | AA 547 81 741 59 644 87 823 68
AC 110 18 337 39 94 13 375 30
CcC 1 0 39 2 4 1 31 2
rs1938489 AA 361 51 677 63 431 58 767 61
AG 265 45 385 33 274 37 408 34
GG 32 4 55 4 37 5 54 5
rs10889563 | AA 137 20 297 26 166 23 323 26
AG 358 55 567 54 366 49 605 48
GG 163 26 253 19 210 28 300 25
Missing 1
rs12042877 CcC 341 50 606 53 361 49 648 58
CT 268 43 444 42 314 42 473 39
TT 49 7 67 5 67 9 107 8
Missing 1
rs10749754 | AA 176 26 211 16 220 30 252 21
AG 341 52 548 52 357 48 588 47
GG 141 22 358 32 165 22 389 32
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Controls Cases
. Non- . Non-
Afrlca_n African Afrlca_n African
American . American .
American American
N % N % N % N %
rs12564626 | AA 121 20 207 16 137 19 249 2]
AG 324 46 549 52 363 49 591 47
GG 213 34 361 32 242 33 388 32
Missing 1
rs1137101 AA 127 20 358 32 138 19 387 32
AG 326 49 547 52 367 49 585 47
GG 204 31 212 17 237 32 257 22
Missing | 1
rs4655537 AA 89 12 160 16 111 15 169 15
AG 324 50 514 42 356 48 557 44
GG 245 37 443 43 275 37 503 41
rs3828034 CcC 1 0 38 2 1 0 43 3
CT 58 10 332 36 40 5 342 27
TT 599 90 747 61 701 95 844 70
rs12405556 GG 461 71 650 56 515 69 696 57
GT 174 26 406 40 203 27 434 36
TT 23 3 61 5 24 3 99 7
rs3762274 AA 125 20 420 37 139 19 483 39
AG 335 49 544 51 363 49 558 44
GG 198 30 153 12 238 32 188 17
Missing 2
rs11585329 GG 608 92 789 74 691 93 865 7n
GT 48 8 300 25 51 7 331 26
TT 2 0 28 2 33 3
rs11801408 CcC 226 36 715 59 281 34 812 68
CT 311 46 360 39 352 48 363 29
TT 121 18 42 3 109 15 54 4
rs8179183 CcC 35 6 34 2 20 3 40 3
CG 215 30 326 36 228 31 340 27
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Controls Cases
. Non- . Non-
Afrlca_n African Afrlca_n African
American . American .
American American
N % N % N % N %
GG 408 64 757 62 494 67 849 70
rs6678033 AA 201 30 154 19 210 28 172 13
AG 336 52 522 43 373 50 564 45
GG 119 18 441 38 158 21 493 42
Missing | 2 1
rs4655555 AA 20 5 32 2 20 3 46 3
AT 165 24 322 33 204 28 340 28
TT 473 71 763 65 518 70 842 68
Missing 1
rs10889569 | AA 110 15 441 38 148 20 493 42
AT 331 54 518 43 371 50 563 45
TT 211 31 155 19 219 30 171 13
Missing | 6 3 4 2
rs6693573 CcC 1 0 2 0
CG 90 11 6 0 101 14 3 0
GG 567 89 1111 100 639 86 1226 10
rs17127807 | AA 481 76 1071 96 527 71 1177 96
AG 162 22 45 3 204 28 51 4
GG 14 2 1 0 11 1
Missing | 1 1
rs6700896 CcC 191 28 427 37 211 29 476 4
CT 321 46 530 44 383 51 576 46
TT 146 26 160 19 148 20 177 14
rs17127826 | AA 386 59 1065 96 416 56 1177 9
AG 232 34 51 4 292 39 51 4
GG 40 7 1 0 34 5 1 0
rs17127828 | AA 465 72 1068 96 536 72, 1182 9
AG 183 28 48 4 191 26 47 3
GG 9 1 1 0 15 2
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Controls Cases
st IV B W R
American American
N % N % N % N %
Missing | 1
rs6413506 AA 600 90 1117 100 662 89 1224 9
AG 57 9 79 11 5 1
GG 1 0 1 0
TNFA
rs1799964 CcC 19 3 56 4 12 2 50 4
CT 181 28 346 31 211 28 445 36
TT 458 69 715 65 519 70 734 59
rs1800630 AA 11 2 35 2 5 1 30 3
AC 126 19 285 26 148 20 334 27
CC 521 79 797 71 589 80 865 71

1 - counts (N) reflect raw data. Percentages grestsl for study sampling probabilities.
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Table 3.2 Association between adipocytokine SNPs and breast cancer

Cases Controls| OR (95% &) CLR? P-value

ADIPOQ

rs16861194
GG 53 63 0.70 (0.47, 1.04) 2.2 0.0794
AG 443 380 1.00(0.85, 1.19) 14 0.9709
AA 1476 1332 Referent

rs16861205
AA+AG 445 395 0.98 (0.83, 1.16) 1.4 0.8182
GG 1527 1381 Referent

rs3821799
CcC 548 482 1.02(0.85, 1.24) 15 0.8197
CT 942 854 0.99 (0.84, 1.17) 1.4 0.9232
TT 482 440 Referent

IL6

rs2069824
CC+CT 311 313 0.84 (0.70, 1.01) 1.4 0.0604
TT 1661 1458 Referent

rs2069827
GT+TT 251 225 1.03(0.84, 1.27) 15 0.7805
GG 1721 1551 Referent

rs1800796
CC+CG 247 194 1.18(0.96, 1.46) 15 0.1253
GG 1725 1582 Referent

LEP

rs6976701
AA+AG 184 145 1.16 (0.91, 1.50) 1.7 0.2366
GG 1786 1630 Referent

rs3793162
AA+AG 197 221 0.75(0.59, 0.95) 1.6 0.0168
GG 1775 1555 Referent

rs17151922
TT 51 42 1.17(0.75, 1.83) 25 0.4915
GT 334 259 1.30(1.05, 1.62) 15 0.0166
GG 1587 1475 Referent

rs10954174
AA+AG 128 106 1.13(0.84, 1.50) 1.8 0.4205
GG 1844 1670 Referent

LEPR

rs9436299
CcC 173 126 1.30(1.00, 1.69) 1.7 0.05
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Cases Controls| OR (95% €&I) CLR? P-value

AC 733 681 0.97(0.84, 1.12) 1.3 0.6815
AA 1066 969 Referent

rs17412175
AA 253 264 0.87(0.70, 1.06) 15 0.1677
AT+TT 1719 1512 Referent

rs9436746
CC 555 542 0.88(0.75, 1.02) 1.4 0.0951
AA+AC 1410 1230 Referent

rs9436748
TT 244 262 0.81(0.66, 0.99) 15 0.0429
GG+GT 1728 1511 Referent

rs6657868
AA 364 309 1.07 (0.88, 1.31) 15 0.4803
AG 919 840 0.99 (0.85, 1.15) 1.4 0.8541
GG 689 626 Referent

rs17127655
TT+CT 236 248 0.78 (0.62, 0.98) 1.6 0.0301
CcC 1729 1524 Referent

rs6588147
GG 165 129 1.21 (0.93, 1.58) 1.7 0.1541
AG 735 663 1.02 (0.88, 1.18) 1.3 0.838
AA 1072 984 Referent

rs6704167
TT 249 256 0.86 (0.69, 1.08) 1.6 0.1929
AT 876 773 1.02 (0.88, 1.19) 1.3 0.7866
AA 845 745 Referent

rs7529650
AA 550 485 0.97(0.79, 1.18) 15 0.7401
AG 930 877 0.89 (0.75, 1.06) 1.4 0.1841
GG 490 413 Referent

rs2025804
CcC 185 132 1.31(1.02, 1.69) 1.7 0.0369
CT 755 704 0.96 (0.83, 1.11) 1.3 0.5751
TT 1032 940 Referent

rs11808888
AA 208 194 0.99 (0.77, 1.27) 1.7 0.9159
AG 647 562 1.05(0.89, 1.23) 1.4 0.5842
GG 1117 1020 Referent

rs11208654
CC 180 133 1.29(0.99, 1.66) 1.7 0.0547
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Cases Controls| OR (95% €&I) CLR? P-value

CT 772 706 1.00(0.86, 1.15) 1.3 0.9493
TT 1015 931 Referent

rs10889556
GG 218 168 1.19(0.94, 1.51) 1.6 0.1397
AG 815 759 0.95(0.82, 1.10) 1.3 0.5011
AA 939 848 Referent

rs7526141
TT 266 267 0.83(0.66, 1.05) 1.6 0.1292
CT 746 664 0.96 (0.81, 1.14) 1.4 0.6383
CcC 959 843 Referent

rs1751492
CC 179 131 1.30(1.01, 1.67) 1.7 0.0431
CT 810 722 1.06 (0.92, 1.22) 1.3 0.4436
TT 983 923 Referent

rs1171267
TT 248 186 1.25(1.01, 1.54) 15 0.0402
GG+GT 1718 1589 Referent

rs1782763
CC 226 159 1.36 (1.09, 1.71) 1.6 0.0069
TT+CT 1746 1615 Referent

rs1409802
AA 120 76 1.50 (1.10, 2.06) 1.9 0.0113
AG 685 619 1.02 (0.88, 1.17) 1.3 0.8225
GG 1167 1081 Referent

rs1137100
GG 122 79 1.45(1.06, 1.97) 1.9 0.0202
AG 673 615 1.00 (0.87, 1.16) 1.3 0.9629
AA 1175 1082 Referent

rs1343982
AA 183 123 1.43(1.11, 1.83) 1.6 0.0048
GG+AG 1789 1653 Referent

rs10889563
AA 490 434 0.91(0.75, 1.10) 15 0.3435
AG 971 926 0.80 (0.68, 0.95) 1.4 0.0091
GG 510 416 Referent

rs12042877
TT 174 116 1.43(1.11, 1.84) 1.7 0.0063
CC+CT 1797 1660 Referent

rs10749754
AA 472 387 1.11 (0.91, 1.34) 15 0.2992
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Cases Controls| OR (95% €&I) CLR? P-value

AG 945 890 0.92 (0.79, 1.08) 1.4 0.3183
GG 555 499 Referent

rs1137101
GG 526 485 0.91(0.75, 1.10) 1.5 0.3114
AG 952 874 0.89 (0.75, 1.06) 1.4 0.1868
AA 494 416 Referent

rs4655537
AA 281 249 0.99(0.81, 1.23) 15 0.9611
AG 913 839 0.96 (0.83, 1.11) 1.3 0.5877
GG 778 688 Referent

rs3828034
CC 44 39 0.96 (0.60, 1.54) 2.5 0.8742
CT 382 390 0.83(0.69, 0.98) 1.4 0.0324
TT 1546 1347 Referent

rs12405556
TT 123 84 1.35(1.00, 1.83) 1.8 0.0529
GT 637 581 1.00(0.86, 1.15) 1.3 0.9583
GG 1212 1111 Referent

rs3762274
GG 426 351 1.09 (0.89, 1.33) 1.5 0.3948
AG 921 880 0.90(0.77, 1.05) 1.4 0.1912
AA 623 545 Referent

rs11801408
TT 163 163 0.84 (0.66, 1.08) 1.6 0.1676
CC+CT 1809 1613 Referent

rs17127826
GG 35 41 0.70(0.43, 1.14) 2.6 0.1495
AA+AG 1937 1735 Referent

TNF

rs1799964
CC 62 75 0.71(0.49, 1.03) 2.1 0.068
CT 657 527 1.16 (1.01, 1.35) 1.3 0.0419
TT 1253 1174 Referent

1 - odds ratio, 95% confidence interval, adjustadaje, self-identified race, African ancestryseffterm
2 - confidence limit ratio, upper 95% confidenaeitidivided by lower 95% confidence limit
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Table 3.3 Odds ratios for SNPs associated with luminal A and basal-like brezest can

Luminal Basal- Luminal
A like Avs.
basal-liké
Case Control OR (95% Cl) CLR? | P-value Case Contrgl  OR (95% €I) CLR? | P-value | P-value
ADIPOQ
rs16861194
GG 14 63 0.56 (0.30, 1.03) 35 0.0634 8 63 | 0.74(0.34, 1.64) 4.9 0.4574 0.5382
AG 144 380 0.98 (0.77, 1.23) 1.6 0.8330 42 | 380 0.78 (0.53, 1.14) 2.1 0.1947 0.2746
AA 521 1332 Referent 150 1332 Referent
rs16861205
AA+AG 150 395 1.02(0.81, 1.29) 1.6 0.8559| 39 395 0.66 (0.45, 0.97) 2.2 0.0345 0.0369
GG 529 1381 Referent 161 1381 Referent
rs3821799
CC 191 482 0.99 (0.76, 1.28) 1.7 0.9200 58 | 482 1.01(0.68, 1.50) 2.2 0.9695 0.9235
CT 323 854 0.97 (0.77, 1.22) 1.6 0.7792 80 | 854 0.70(0.48, 1.00) 2.1 0.0499 0.0969
TT 165 440 Referent 62 440 Referent
IL6
rs2069824
CC+CT 89 313 0.70(0.54, 0.92) 1.7 0.0090, 7 3 | 313 1.01(0.68, 1.48) 2.2 0.9781 0.1021
TT 590 1458 Referent 163 1458 Referent
rs2069827
GT+TT 107 225 1.31(1.01, 1.72) 1.7 0.0455| 21 225 1.05(0.64, 1.73) 2.7 0.8491 0.3942
GG 572 1551 Referent 179 1551 Referent
rs1800796
CC+CG 97 194 1.44(1.09, 1.90) 1.1 0.0095 2 2 | 194 0.86 (0.53, 1.40) 2.6 0.5468 0.0461
GG 582 1582 Referent 178 1582 Referent

LEP




3T¢

Luminal

Basal-

Luminal

A like bosalikd
Case Control OR (95% Cl) CLR? | P-value Case Contrgl  OR (95% €I) CLR? | P-value | P-value

rs6976701
AA+AG 69 145 1.42(1.01, 199 2.0 0.0415| 3 2 145 0.99(0.60, 1.64) 2.7 0.9748§ 0.1922
GG 610 1630 Referent 177 1630 Referent

rs3793162
AA+AG 64 221 0.82(0.58, 1.14) 2.0 0.2393| 9 2 221 0.79(0.50, 1.26) 2.5 0.3174 0.8953
GG 615 1555 Referent 171 1555 Referent

rs17151922
TT 12 42 0.89(0.44, 1.77) 4.0 0.7315 7 42 | 0.98(041, 2.34) 57 0.9699 0.8374
GT 111 259 1.41(1.04, 1.92) 1.8 0.0248 40 | 259 1.01(0.65, 1.55 2.4 0.9809 0.1572
GG 556 1475 Referent 153 1475 Referent

rs10954174
AA+AG 35 106 1.01(0.66, 1.54) 2.3 0.9581| 3 2 106 1.66 (0.99, 2.79) 2.8 0.0524 0.0976
GG 644 1670 Referent 177 1670 Referent

LEPR

rs9436299
CC 69 126 1.46 (1.04, 2.05) 2.0 0.0273 10| 261 0.91(0.46, 1.82) 4.0 0.7876 0.1913
AC 251 681 0.95(0.78, 1.16) 1.5 0.6108 84 | 681 1.25(091, 1.71) 1.9 0.1671 0.1124
AA 359 969 Referent 106 969 Referent

rs17412175
AA 92 264 0.85(0.64, 1.12) 1.7 0.2578 14 | 642 0.56(0.31, 1.01) 3.3 0.0528 0.1765
AT+TT 587 1512 Referent 186 1512 Referent

rs9436746
CC 197 542 0.87(0.70, 1.0y) 1.5 0.1781 37| 542 0.57(0.39, 0.85) 2.2 0.0050 0.0468
AA+AC 481 1230 Referent 161 1230 Referent

rs9436748
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Luminal

Basal-

Luminal

A like bosalikd
Case Control OR (95% Cl) CLR? | P-value Case Contrgl  OR (95% €I) CLR? | P-value | P-value

TT 88 262 0.82 (0.62, 1.08) 1.7 0.1526 14 262| .48@0.27, 0.87) 3.2 0.0148 0.1305
GG+GT 591 1511 Referent 186 1511 Referent

rs6657868
AA 132 309 1.18 (091, 1.58) 1.7 0.2178 36 | 309 1.16 (0.74, 1.84) 25 0.5177 0.9452
AG 310 840 0.99(0.80, 1.21) 15 0.9003 110 840 1.45(1.02, 2.06) 2.0 0.0383 0.0434
GG 237 626 Referent 54 626 Referent

rs17127655
CT+TT 70 248 0.76 (0.54, 1.06) 1.9 0.1047 29 | 248 0.65(0.41, 1.04) 25 0.0729 0.5662
CcC 606 1524 Referent 170 1524 Referent

rs6588147
GG 66 129 1.36 (0.96, 1.91) 2.0 0.0805 8 912 | 0.74(0.35, 1.59) 4.6 0.4412 0.1295
AG 260 663 1.04(0.85, 1.27) 1.5 0.7223 86 | 663 1.39(1.01, 1.91) 1.9 0.0417 0.0905
AA 353 984 Referent 106 984 Referent

rs6704167
TT 91 256 0.87(0.65, 1.17) 1.8 0.3663 16 | 562 0.67(0.37, 1.19) 3.2 0.1742 0.3920
AT 297 773 0.97(0.79, 1.19) 1.5 0.7989 94 | 773 1.18(0.85, 1.63) 1.9 0.3289 0.2881
AA 291 745 Referent 89 745 Referent

rs7529650
AA 196 485 0.90(0.69, 117 1.7 0.4211 39 | 485 0.89(0.55, 143) 2.6 0.6285 0.9784
AG 307 877 0.78(0.62, 0.98) 1.6 0.0362 112 877 1.21(084, 1.76) 2.1 0.3071 0.0287
GG 176 413 Referent 49 413 Referent

rs2025804
CC 73 132 1.51(1.08, 2.09) 1.9 0.0148 13| 321 1.11(0.59, 2.06) 3.5 0.7512 0.3463
CT 269 704 1.02(0.84, 1.24) 1.5 0.8366 85 | 704 1.20(0.88, 1.65) 1.9 0.2526 0.3431
TT 337 940 Referent 102 940 Referent




R4

Luminal

Basal-

Luminal

A like bosalikd
Case Control OR (95% Cl) CLR? | P-value Case Contrgl  OR (95% €I) CLR? | P-value | P-value

rs11808888
AA 67 194 0.97(0.68, 1.39) 2.0 0.8775 20 | 941 0.60(0.34, 1.06) 3.1 0.0792 0.1243
AG 206 562 0.95(0.76, 1.18) 1.6 0.6424 76 | 562 0.98(0.69, 1.39) 2.0 0.9089 0.8694
GG 406 1020 Referent 104 1020 Referent

rs11208654
CC 69 133 1.43(1.03, 2.00) 2.0 0.0346 12| 331 1.03(0.54, 1.96) 3.6 0.9199 0.3336
CT 277 706 1.08(0.89, 1.31) 1.5 0.4479 88 | 706 1.25(092, 1.71) 1.9 0.1572 0.3807
TT 331 931 Referent 100 931 Referent

rs10889556
GG 78 168 1.40(1.02, 1.92) 1.9 0.0365 23| 681 1.24(0.74, 2.07) 2.8 0.4155 0.6560
AG 287 759 1.03(0.85, 1.26) 1.5 0.7384 98 | 759 1.21(0.87, 1.67) 1.9 0.2531 0.3787
AA 314 848 Referent 79 848 Referent

rs7526141
TT 103 267 0.95(0.69, 1.29) 1.9 0.7377 17 | 267 0.66 (0.36, 1.21) 3.4 0.1766 0.2580
CT 270 664 1.04(0.83, 1.32) 1.6 0.7124 68 | 664 0.98(0.67, 1.44) 2.2 0.9086 0.7499
CcC 306 843 Referent 115 843 Referent

rs1751492
CC 59 131 1.33(0.94, 1.87) 2.0 0.1059 17| 311 1.19(0.68, 2.09) 3.1 0.5329 0.7514
CT 290 722 1.13(0.93, 1.37) 1.5 0.2165 85| 722 1.09(0.80, 1.49) 1.9 0.5878 0.8609
TT 330 923 Referent 98 923 Referent

rs1171267
TT 85 186 1.29(097, 1.71) 1.8 0.0796 25| 861 1.21(0.77, 1.92) 25 0.4078 0.9120
GG+GT 593 1589 Referent 174 1589 Referent

rs1782763
CcC 78 159 1.38(1.03, 1.87) 1.8 0.0332 21| 591 1.29(0.79, 2.12) 2.7 0.3094 0.7955




Iece

Luminal

Luminal Basal-
A like Avs.
basal-liké
Case Control OR (95% Cl) CLR? | P-value Case Contrgl  OR (95% €I) CLR? | P-value | P-value
CT+TT 601 1615 Referent 179 1615 Referent
rs1409802
AA 42 76 1.64(1.09, 248) 2.3 0.0176 8 76 | 1.08 (050, 2.33) 4.7 0.8499 0.2962
AG 254 619 1.13(0.93, 1.37) 15 0.2307 72 | 619 1.05(0.76, 1.44) 1.9 0.7690 0.6762
GG 383 1081 Referent 120 1081 Referent
rs1137100
GG 45 79 1.64 (1.10, 2.4%) 2.2 0.0155 8 79 | 1.02(0.48, 2.21) 4.6 0.9505 0.2417
AG 248 615 1.10(091, 1.34) 15 0.3280 70 | 615 1.04(0.75, 1.42) 1.9 0.8319 0.7139
AA 384 1082 Referent 122 1082 Referent
rs1343982
AA 62 123 1.47 (1.05, 2.04) 1.9 0.0228 19 | 231 1.37(0.81, 2.30) 2.8 0.2380 0.7985
AG+GG 617 1653 Referent 181 1653 Referent
rs10889563
AA 157 434 0.75(0.58, 0.97) 1.7 0.0301 42 | 434 0.81(0.52, 1.26) 2.4 0.3515 0.7346
AG 331 926 0.71(0.57, 0.89) 1.6 0.0028 105 926 0.84(0.59, 1.21) 2.1 0.3470 0.3983
GG 191 416 Referent 52 416 Referent
rs12042877
TT 60 116 1.49(1.06, 2.09) 2.0 0.0200 20| 161 1.55(0.93, 2.58) 2.8 0.0931 0.8886
CC+CT 619 1660 Referent 180 1660 Referent
rs10749754
AA 177 387 1.35(1.04, 1.74) 1.7 0.0238 48 | 387 1.21(0.78, 1.87) 2.4 0.4015 0.6436
AG 319 890 0.97(0.78, 1.21) 1.6 0.7719 106 890 1.15(0.79, 1.67) 2.1 0.4577 0.3902
GG 183 499 Referent 46 499 Referent
rs1137101
GG 182 416 1.35 (1.04, 1.75) 1.7 0.0252 53 416/ 1.10 (0.72, 1.69) 2.4 0.6648 0.3831




zec

Luminal

Basal-

Luminal

A like bosalikd
Case Control OR (95% Cl) CLR? | P-value Case Contrgl  OR (95% €I) CLR? | P-value | P-value
AG 327 874 1.07 (0.86, 1.35) 1.6 0.5379 99 874| 1.01 (0.70, 1.47) 2.1 0.9443 0.7760
AA 170 485 Referent 48 485 Referent
rs4655537
AA 79 249 0.72(0.54, 098 1.8 0.0341 27 | 492 0.92(0.57, 147) 2.6 0.7145 0.3623
AG 312 839 0.87(0.71, 1.06) 1.5 0.1683 93 | 839 0.92(0.67, 1.28) 1.9 0.6337 0.7322
GG 288 688 Referent 80 688 Referent
rs3828034
CcC 14 39 0.92(0.48, 1.76) 3.7 0.8060 5 39 | 1.52(0.57, 4.08) 7.2 0.4037 0.3162
CT 152 390 0.96(0.76, 1.21) 1.6 0.7496 28 | 390 0.70(0.45, 1.09) 2.4 0.1127 0.1816
TT 513 1347 Referent 167 1347 Referent
rs12405556
TT a7 84 1.58(1.06, 2.33) 2.2 0.0233 9 84 | 1.02(0.49, 2.12) 4.3 0.9587 0.2573
GT 231 581 1.06 (0.87, 1.30) 1.5 0.5419 62 | 581 0.97(0.70, 1.35) 1.9 0.8762 0.6209
GG 401 1111 Referent 129 1111 Referent
rs3762274
GG 161 351 1.40 (1.07, 1.82) 1.7 0.0132 49 | 351 1.08(0.71, 1.67) 2.4 0.7102 0.2753
AG 311 880 0.96 (0.77, 1.20) 15 0.7325 93 | 880 0.87(0.61, 1.25) 2.0 0.4552 0.6132
AA 205 545 Referent 58 545 Referent
rs11801408
TT 48 163 0.77(054, 1.09) 2.0 0.1420 16 | 631 0.65(0.37, 1.14) 3.0 0.1353 0.6105
CC+CT 631 1613 Referent 184 1613 Referent
rsl7127826
GG 8 41 0.50(0.23, 1.10) 4.9 0.0856 6 41 | 0.78(0.32, 1.93) 6.0 0.5965 0.4168
AA+AG 671 1735 Referent 194 1735 Referent

TNF
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Luminal Basal- Luminal
A like Avs.
basal-liké
Case Control OR (95% Cl) CLR? | P-value Case Contrgl  OR (95% €I) CLR? | P-value | P-value
rs1799964

CcC 24 75 0.79(0.48, 1.30) 2.7 0.3506 5 75| 0.60(0.23, 1.53) 6.6 0.2852 0.6064
CT 223 527 1.14(0.93, 1.39) 15 0.1963 52 | 527 0.83(0.59, 1.17) 2.0 0.2884 0.0942
TT 432 1174 Referent 143 1174 Referent

1 - odds ratio, 95% confidence interval, adjustadafje, self-identified race, African ancestryseffterm
2 - confidence limit ratio, upper 95% confidenaeitidivided by lower 95% confidence limit

3 - Hy: B (luminal A) =p(basal-like)



Table 3.4a Joint effects for SNPs with multiplicative interaction betwesotyee and
WHR?!, comparing all cases and controls

WHR < 0.77 WHR> 0.77
sl | ontomady | LR Puae | S G0 ch
<0.77 >=0.77
LEPR
rs1137100 GG 50/24 70/53 0.06055
2.32(1.36,3.95) | 1.37(0.91, 2.07) 0.33(0.12, 0.96)
AG 204/220 456/390
0.92(0.71,1.18) | 1.27(1.02,1.57) 1.32(0.56, 3.12)
AA 356/352 805/716
Referent 1.23(1.01, 1.49
rs12042877| TT 57/31 115/81 0.08941
2.07 (1.29,3.32) | 1.61(1.16, 2.23) 0.55(0.25, 1.18)
CC+CT | 552/565 1218/1078
Referent 1.27 (1.09, 1.49

1 - waist-hip ratio

2 - odds ratio, 95% confidence interval adjustedBWll, age, self-identified race, African ancestapd offset
term

3 - likelihood ratio test

4 - synergy index, 90% confidence interval
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Table 3.4b Joint effects for SNPs with multiplicative interaction betweenygsnand
WHR?, comparing basal-like cases and controls

WHR < 0.77 WHR>0.77
ool | Sovelcontel | cnripuae | s0n
<0.77 >=0.77
IL6
rs2069824 | TT 32/492 127/948 0.0756
Referent 2.25(1.45, 3.48 0.45 (0.19, 1.06)
CC+CT| 11/103 25/207
1.96 (0.92, 4.15) | 1.92 (1.07, 3.47)

1 - waist-hip ratio

2 - odds ratio, 95% confidence interval adjustedBWll, age, self-identified race, African ancestapd offset
term

3 - likelihood ratio test

4 - synergy index, 90% confidence interval
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Table 3.4c Joint effects for SNPs with multiplicative interaction betweeotgee and
WHR?, comparing luminal A cases and controls

WHR < 0.77 WHR> 0.77
3
Cene | omamncy | | s@oncy
ADIPOQ
rs16861194 155/481 363/834 0.0454
Referent 1.28 (1.00, 1.63
AG 38/95 103/281
1.08 (0.69, 1.68)| 1.19 (0.86, 1.65) 0.64 (0.437p
GG 1/20 12/43
-2 0.92 (0.45, 1.89)
LEPR
rs9436746 134/371 340/839 0.0895
Referent 1.16 (0.89, 1.50)
CcC 60/223 137/318
0.71 (0.49, 1.02)| 1.13(0.84, 1.53) S
rs6588147 88/315 265/657 0.0508
Referent 1.54 (1.14, 2.08
AG 781234 176/423
1.18 (0.81,1.70)| 1.46 (1.07, 2.00) 0.67 (0.386]L.
GG 28/47 37179
2.44 (1.40, 4.24)| 1.55 (0.95, 2.52) 0.37 (0.183p.
rs6704167 741224 212/509 0.0561
Referent 1.30(0.93, 1.81
AT 95/254 200/511
1.09 (0.75,1.58)| 1.18(0.85, 1.63) 0.56 (0.231].
TT 25/118 66/137
0.63 (0.37, 1.06)| 1.38(0.91, 2.1Q) >
rs12042877 175/565 438/1078 0.0762
Referent 1.35(1.08, 1.69
TT 19/31 40/81
2.42(1.30,4.53)] 1.73(1.11, 2.69) 0.43 (0.166).

1 - waist-hip ratio

2 - odds ratio, 95% confidence interval adjustedBWll, age, self-identified race, African ancestapd offset

term

3 - likelihood ratio test of multiplicative interé@n term
4 - synergy index, 90% confidence interval
5 - parameters could not be estimated
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Table 3.5 Association between adipocytokine haplotypes and breast cancer

Haplotype All Cases Luminal A Basal-like
No. Copies| OR (95% C) P-Value | CLR | OR (95% CI} P-Value | CLR | OR (95% CI} P-Value | CLR
IL6
1: rs2069827, rs1800796
la: G-C 0 Referent Referent Referent
1 1.07 (0.88, 1.30) 0.4930 1.5 1.32 (1.02, 1.720.0382 1.7 0.86 (0.53, 1.38) 0.5239 2.6
2 2.05(1.13, 3.72) 0.0189 3.3 1.88 (0.67, 5.240.2284 7.8 2
1b: G-G 0 Referent Referent Referent
1 0.85 (0.60, 1.20) 0.3599 2.0 0.81 (0.48, 1.370.4399 2.8
2 0.82 (0.56, 1.20) 0.3004 2.1 0.64 (0.37, 1.099.1021 2.9
2:rs1800796, rs1800795
C-G 0 Referent Referent Referent
1 1.06 (0.87, 1.29) 0.5672 15 1.30 (1.00, 1.700).0465 1.7 0.86 (0.53, 1.39) 0.5304 2.6
2 1.96 (1.08, 3.57) 0.0275 3.3 1.81 (0.65, 5.05).2576 7.8 3
LEP
3:rs12706832, rs10244329, rs11763517, rs7795794
A-T-T-G 0 Referent Referent Referent
1 0.82 (0.71, 0.95) 0.0088 1.3 1.31 (1.00, 1.7%).0514 1.7 0.89 (0.64, 1.26) 0.5176 2.0
2 2.14 (1.57, 2.93) < 0.000 1.9 2.27 (1.3298.8 0.0029 2.9 1.14 (0.43, 2.99) 0.7910 6.9
4:rs11760956, rs10954173, rs3793162, rs38289421 841922
4a: G-G-A-G-G 0 Referent Referent Referent
1 0.79 (0.64, 0.96) 0.0202 1.5 0.79 (0.57, 1.099.1501 1.9 0.65 (0.40, 1.07) 0.0909 2.7
2 2.69 (1.62, 4.46) 0.0001 2.8 1.78 (0.75, 4.250.1945 5.7 2.51 (0.78, 8.06) 0.1226 10.3
4b: G-G-G-G-T 0 Referent Referent Referent
1 0.90 (0.77, 1.05) 0.1665 1.4 1.27 (0.95, 1.680.1012 1.8 0.94 (0.66, 1.33) 0.722( 2.0
2 2.32 (1.62, 3.33) < 0.000 2.1 2.09 (1.09, %.020.0265 3.7 1.11 (0.34, 3.58) 0.8670 10.%
5:rs17151922, rs10954174, rs11761556
T-G-C 0 Referent Referent Referent
1 0.92 (0.77, 1.11) 0.3876 1.4 1.22 (0.92, 1.630.1694 1.8 0.63 (0.39, 1.00) 0.0504 2.5
2 2.00 (1.26, 3.17) 0.0031 2.5 3.21 (1.49, 6.900.0029 4.6 2
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Haplotype All Cases Luminal A Basal-like
No. Copies| OR (95% Ci) P-Value | CLR | OR (95% CI} P-Value | CLE | OR (95% CI} P-Value | CLR
LEPR
6:rs17412175, rs9436746, rs9436748
6a: A-C-T 0 Referent Referent Referent
1 0.79 (0.69, 0.91) 0.0010 1.3 0.79 (0.65, 0.970.0261 1.5 0.83 (0.58, 1.20) 0.318( 2.1
2 0.97 (0.78, 1.22) 0.8214 1.6 0.93 (0.68, 1.270.6460 1.9 0.61 (0.32, 1.19) 0.1507 3.8
6b: T-A-G 0 Referent Referent Referent
1 0.99 (0.87, 1.12) 0.8254 1.3 0.95 (0.78, 1.150.6107 1.5 1.52 (1.03, 2.23) 0.0336 2.2
2 1.15 (0.95, 1.39) 0.1388 1.5 1.24 (0.96, 1.610.0948 1.7 1.63 (1.03, 2.58) 0.0352 2.5
7:rs10749754, rs12042877, rs12564626
7a: A-T-A 0
1 1.03 (0.90, 1.17) 0.6941 1.3 1.11 (0.92, 1.340.2758 1.5 1.04 (0.75, 1.43) 0.825( 1.9
2 1.37 (1.06, 1.76) 0.0158 1.7 1.52 (1.07, 2.160.0196 2.0 1.15 (0.57, 2.33) 0.6969 4.1
7b: G-C-G 0
1 0.87 (0.77, 0.99) 0.0342 1.3 0.82 (0.67, 1.000.0458 1.5 0.86 (0.61, 1.20) 0.3707 2.0
2 0.88 (0.73, 1.06) 0.1787 1.4 0.74 (0.57, 0.950.0204 1.7 0.87 (0.57, 1.33) 0.523( 2.4
8: rs12405556, rs3762274
8a: G-A Referent
0.84 (0.74, 0.96) 0.0127 1.3 0.74 (0.61, 0.911) 0048 1.5 0.92 (0.65, 1.31) 0.644( 2.0
0.88 (0.73, 1.06) 0.1648 1.5 0.71 (0.55, 0.92) 0092 1.7 0.87 (0.56, 1.35) 0.5354 2.4
8b: T-A 0 Referent Referent Referent
1 1.24 (0.96, 1.59) 0.0938 1.6 1.19 (0.85, 1.66).3092 2.0
2 2.59 (1.31, 5.11) 0.0060 3.9 2.39 (0.83, 6.85).1083 8.2
8c: T-G 0 Referent Referent Referent
1 0.96 (0.83, 1.11) 0.5535 1.3 1.05 (0.86, 1.280.6479 1.5 0.86 (0.60, 1.23) 0.4141 2.1
2 1.32 (0.96, 1.80) 0.0832 1.9 1.60 (1.05, 2.460.0302 2.4 0.96 (0.38, 2.41) 0.9336 6.3

9: rs2025804, rs7518849, rs10158579

9a: T-C-T

| 0

| Referent

Referent

Referent
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Haplotype All Cases Luminal A Basal-like
No. Copies| OR (95% Ci) P-Value | CLR | OR (95% CI} P-Value | CLE | OR (95% CI} P-Value | CLR
1 0.90 (0.76, 1.06) 0.2163 1.4 0.74 (0.58, 0.95).0172 1.6 1.25(0.88, 1.78) 0.2152 2.0
2 1.43 (0.83, 2.20) 0.1011 2.4 1.57 (0.83, 3.00).1680 3.6 1.99 (0.78, 5.04) 0.1484 6.4
9b: T-T-T 0 Referent Referent Referent
1 0.91 (0.81, 1.03) 0.1331 1.3 0.82 (0.68, 0.99).0349 1.4 0.79 (0.58, 1.08) 0.1434 1.9
2 0.91 (0.75, 1.11) 0.3628 15 1.00 (0.77, 1.29).9748 1.7 0.65 (0.40, 1.07) 0.0927 2.7

1 - odds ratio, 95% confidence interval, adjustadae, self-identified race, African ancestry, Blslihd offset term

2 - confidence limit ratio, upper 95% confidenaeitidivided by lower 95% confidence limit

3 - parameters not estimated due to small sanpde si
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Table 3.6 Association between adipocytokine haplotypes and breast cancer draraddoy WHR

Haplotype WHR < 0.77 WHR0.77
3
No. copies| OR (95% Ci) P-Value | CLE | OR(95% Cl§ | P-Value| CLR ;'_?V;ue
IL6 la: G-C 0 Referent Referent 0.0822
1 1.65(1.11,2.43)| 0.0124 2.2 0.91 (0.73,1.0B)4477 | 1.6
2 3.80 (1.05, 13.75) 0.0415 13.1 1.67 (0.85,)3/28.1403 | 3.9
LEPR8b: T-R | 0 Referent Referent 0.0997
1 1.13(0.75,1.71) | 0.5440 2.3 1.29(0.94,1.77)1160 | 1.9
2 4.32 (1.72,10.83) 0.0018 6.3 1.45 (0.48, 4.32)5092 | 8.9

1 - odds ratio and 95% confidence interval, adpifte age, self-identified race, African ancesBiI, and offset term
2 - confidence limit ratio, upper 95% confidenaeitidivided by lower 95% confidence limit
3 - likelihood ratio test

4 - rs2069827and rs1800796

5 - rs12405556 and rs3762274
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Table 3.7 Adipocytokine functional SNP odds ratios and 95% confidence intervals for CB@®@andsly published studies

CBCS CBCS CBCS Kaklamani et al.
all casel luminal A" basal-like (86)
ADIPOQ
rs2241766
+45 T/G
GG+GT 1.00 (0.84, 1.21) 0.99 (0.77, 1.27 1.1880p1777) 0.64 (0.49, 0.83)
TT Referent Referent Referent Referent
rs1501299
+276 GIT
GG 1.13 (0.89, 1.45) 1.22 (0.86, 1.73 0.84 (01537) 1.80 (1.14, 2.85)
GT 1.10 (0.86, 1.41) 1.14 (0.81, 1.63 0.72 (0449) 1.59 (1.03, 2.48)
TT Referent Referent Referent Referent
CBCs CBCs CBCs Slattery et al.(19),| Slattery et al.(19),| Slattery et al.(19),| Hefler et al.(18)
all cases luminal A* basal-liké premenopausal | postmenopausal/ | postmenopausal/
no HRT HRT?
IL6
rs1800795
-174 G/C
CC 0.99 (0.78, 1.26) 1.06 (0.77, 1.46 1.23 (02/07) 2.0 (1.1, 3.6)
CG 1.00 (0.85, 1.18) 1.00 (0.80, 1.26 1.03 (01733) 1.5(1.0, 2.3)
CC+CG 1.00 (0.85, 1.17) 1.02 (0.82, 1.26 1.08501756) 0.76 (0.56, 1.02) 0.68 (0.47, 0.99) 00.81, 1.00)
GG Referent Referent Referent Referent Referent ergef Referent
rs1800796
-572 G/C
CC+CG 1.18 (0.96, 1.46) 1.44 (1.09, 1.90 0.86301540) 1.53 (0.99, 2.37) 1.33 (0.78, 2.26) 10.27, 1.64)
GG Referent Referent Referent Referent Referent ergef
rs2069832
Intron 2
G/A
AA+AG 1.01 (0.86, 1.18) 1.03 (0.83, 1.27) 1.07 #).1.55) 0.76 (0.56, 1.03) 0.70 (0.48, 1.02) 0.8, 1.00)
GG Referent Referent Referent Referent Referent ereef
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CBCsS CBCs CBCs Snoussi et al. (20) Woo et al. (21) Han et al. (24)| Cleveland et al.
all case$ luminal A basal-liké (25)
LEPR
rs1137101
Q223R
GG 1.10 (0.91, 1.34) 1.35(1.04, 1.75 1.10 (017@9) 2.26 (1.31, 3.90) 0.59 (0.19, 1.81 Referent 1.04 (0.81, 1.34)
AG 0.99 (0.84, 1.16) 1.07 (0.86, 1.35 1.01 (0T.@7) 1.68 (1.12, 2.50) Referént 1.30 (1.03, 2.70) 1.00 (0.78, 1.27
AA Referent Referent Referent Referent 7.14 (128260) | Referent
rs1137100
K109R
GG 1.45 (1.06, 1.97) 1.64 (1.10, 2.458) 1.02 (0481) 1.08 (0.40, 2.93)
AG 1.00 (0.87, 1.16) 1.10 (0.91, 1.34] 1.04 (0T7.82) Refererit
AA Referent Referent Referent
rs8179183
K656N
CC 0.70 (0.48, 1.03) 0.70 (0.41, 1.2Q) 0.78401377)
CG 0.90 (0.77, 1.04) 1.05 (0.86, 1.28) 0.84qP1618) 0.63 (0.14, 2.81)
GG Referent Referent Referent Referent
CBCsS CBCsS CBCsS Gaudet et al.(22) Kohaar et al. (23)
all caseb luminal A* basal-liké
TNFA
rs1800630
-863 C/A
AA 0.65 (0.40, 1.05) 0.76 (0.41, 1.44) 0.67 (0.221) 0.95 (0.64, 1.42)
AC 1.07 (0.91, 1.26) 1.12 (0.90, 1.38 0.84 (0B22) 0.89 (0.76, 1.05)
AA+AC 1.03 (0.88, 1.20) 1.08 (0.88, 1.33) 0.82 0.5.19) 0.86 (0.41, 1.80)
CC Referent Referent Referent Referent Referent

1 - odds ratio, 95% confidence interval adjustadafye, self-identified race, African ancestry, effeerm
2 - white, non-Hispanic women only
3 - no subjects with AA genotype in study

~
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Table 3.8 Minor allele frequencies in adipocytokine functional SNPs

Study Subjects
rs822396 (-3971 A>G) | rs2241766 (+45 T>G) | rs1501299 (+276 G>T
minor allele: G minor allele: G minor allele: T
ADIPOQ CBCS AA and white female | AA: 0.22 AA: 0.40 AA: 0.38
population-based non-AA: 0. 22 non-AA: 0.11 non-AA: 0.26
controls from North
Carolina
International HapMap CEU: 0.16 CEU: -- CEU: 0.28
Project ASW: 0.15 ASW: -- ASW: 0.32
YRI: 0.24 YRI: -- YRI: 0.38
Bouatia-Naji et al. (102) Unrelated controls frof 0.13 0.26
Lille and Paris, France
rs1800796 (-572 G>C) | rs1800795 (-174 G>C) | rs2069832 (Intron 2
minor allele: C minor allele: C G>A)
minor allele: A
IL6 CBCS AA and white female | AA: 0.09 AA: 0.07 AA: 0.07
population-based non-AA: 0.0 4 non-AA: 0.45 non-AA: 0.44
controls from North
Carolina
International HapMap CEU: 0.04 CEU: 0.54 CEU: 0.54
Project ASW: -- ASW: 0.10 ASW: 0.10
YRI: 0.09 YRI: 0 YRI: --
Seattle SNPs Program | DNA samples from the | AA: 0.05 AA: 0 AA: 0.02
for Genomic Coriell Cell Repository | white: 0 white: 0.50 white: 0.50
Applications (PGA-UW-FHCRC)
Fishman et al. (103) White controls: health AC: 0.05
men and women white: 0.40
recruited from general
practice in north London
Afro-Caribbean controls
A random sample drawr]
from Family Practitioner|
Committee population
registers in northwest
London
Terry et al. (97) 182 unrelated 0.41
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individuals from a study
of hypertension

Hefler et al. (18)

Study controls - women

of Austrian or German
descent with no history
of breast cancer who
attended study hospital
outpatient departments
in Halle-Wittenberg,
Germany and Vienna,
Austria

0.37

Balasubramanian et al.
(104)

Study controls:
recruited from Sheffield
Breast Screening
Service. White women
only

0.42

Slattery et al. (19)

Controls from 4-Corne|
Study: Population-baseq
female controls living in
Arizona, Colorado, New
Mexico, Utah.

rdNon-Hispanic white:
1 0.06

Non-Hispanic white:

0.44

Non-Hispanic white:
0.44

rs1137101 (Q223R)
minor allele: G(R)

rs1137100 (K109R)
minor allele: G (R)

LEPR CBCsS AA and white female | AA: 0.56 AA:0.19
population-based non-AA: 0.43 non-AA: 0.25
controls from North
Carolina

International HapMap CEU: 0.47 CEU: 0.29
Project ASW: 0.62 ASW: 0.21

YRI: 0.60 YRI: 0.17
Seattle SNPs Program | Individuals of African AA: 0.54

for Genomic American and Europear white: 0.54
Applications descent from the Coriell

Cell Repository

(AFD_AFR,

AFD_EUR)

Chiu et al. (105)

36 female and 31 male 0.47
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healthy white controls
from west Los Angeles
who were normotensive
and glucose tolerant

Snoussi et al. (20)

Blood donor study
controls with no family
history of breast cancer
from Sousse Hospital,
Tunisia

0.34

Cleveland et al. (25)

Controls from a case-
control study in Long
Island, New York

0.58

Pechlivanis et al. (106)

Male and female
controls from a
colorectal cancer case-
control study in the
Czech Republic

0.46

Wauters et al. (85)

Overweight or obese
white women, without
diabetes, visiting an
obesity clinic in
Antwerp, Belgium

0.28

rs1800630 (-863 C>A)
minor allele: A

TNFA CBCs AA and white female | AA: 0.12
population-based non-AA: 0.15
controls from North
Carolina

International HapMap CEU: 0.15

Project ASW: 0.10
YRI: 0.10

Seattle SNPs Program | DNA samples from the | AA: 0.08

for Genomic
Applications

Coriell Cell Repository
(PGA-UW-FHCRC)

European: 0.21

Skoog et al. (98)

254 healthy men of
Swedish origin,
randomly recruited using

0.17
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a population registry

Gaudet et al. (22) White female controls
living in Wisconsin,

Massachusetts, or New
Hampshire, ages 20-74,
selected through drivers
license or Medicare lists

0.17

Abbreviations: AA-African American, AC — Afro-Catiean.




3.8 Figures
Figure 3.1 Maximum likelihood African ancestry stratified by selfitded race, with median individual ancestry estimates

CECS: MLE African ancestry by self-identified race
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Figure 3.2 LEPR associations by molecular subtype
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b. Pairwise 7in African American controls

rs17097182 rs17412175 rs970467 rs9436[/46 rs9436748

rs17097182 1

rs17412175 0.04 1

rs970467 0.25 0.15 1

rs9436746 0.08 0.32 0.31 1

rs9436748 0.12 0.03 0.44 0.01 1

c. Pairwise 7in African American cases

rs17097182 rs17412175 rs970467 rs9436[/46 rs9436748

rs17097182 1

rs17412175 0.03 1

rs970467 0.10 0.03 1

rs9436746 0.20 0.17 0.45 1

rs9436748 0.06 0.29 0.04 0.34 1

d. Pairwise 7in White controls

rs17097182 rs1741217

(3]

rs970467 rs9436[/46 rs9436748

rs17097182 1

rs17412175 0.03 1

rs970467 0.05 0.53 1

rs9436746 0.03 0.86 0.50 1

rs9436748 0.00 0.12 0.03 0.10 1

e. Pairwise7in White cases

rs17097182 rs1741217

(3]

rs970467 rs9436[/46 rs9436748

rs17097182 1

rs17412175 0.11 1

rs970467 0.52 0.07 1

rs9436746 0.87 0.09 0.49 1

rs9436748 0.47 0.06 0.65 0.45 1

Figure 3.2 Legend

a. Odds ratios for the association between LEPR SNPs and basal-liken(réatnanal A

(blue) breast cancer. Odds ratios are adjusted for age, self-ideradesdand African

ancestry. SNPs rs17412175, rs9436746, and rs9436748 (circled above) show a strong inverse
association with basal-like breast cancer. There are two additional iSkH& region

(rs17097182 and rs970467) that are inversely associated with basal-like breasbuatite
estimates were imprecise and are not shown. The 3 SNPs in the plot above aterlocate

intron 2 and span 6786 bp.

b-e. R correlation among LEPR basal-like breast cancer-associated Sk frican
American controls, (c) African American cases, (d) white controls, gnghjée controls.
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4. Results Paper 2: Association between CYP19A1, ESR1, HSD3B1, HSD17B2, PGR, and

SHBG SNPs and breast cancer: an exploration of tumor subtype-specits effe

4.1 Abstract

Introduction: Previous analyses in the Carolina Breast Cancer Study (GCBG&9d that
some reproductive risk factors were differentially associated with-llesa@and luminal A
breast cancer. This analysis investigated the association between &mneastanid SNPs in
genes involved in estrogen and progesterone synthesis and signaling (CYP1RBAL, ES
HSD3B1, HSD17B2, PGR, SHBG). Associations were analyzed with respect $0 brea

cancer overall, and basal-like and luminal A intrinsic molecular subtypes.

Methods: Eligible cases were women aged 20-74, living in North Carolina, wko wer
diagnosed with primary breast cancer between 1993 and 2001. ER, PR, HER2, CK5/6, and
EGFR immunohistochemistry was used to determine breast tumor intrinsiaiaolec
subtypes. Controls were cancer-free women living in the same geographararesere
frequency-matched to cases by age and race (African American/ngarpAmerican). 195
candidate gene SNPs were genotyped using the lllumina GoldenGate assay. 17%5 control
and 1972 cases (200 basal-like, 679 luminal A) were included in the analysis. Odds ratios
and 95% confidence intervals were estimated using unconditional logisticsiegres the
association between genotypes and all breast cancer cases, basabbkedmcer, and

luminal A breast cancer. Haplotype frequencies and odds ratios weratesgtunsing



HAPSTAT. The likelihood ratio test was used to evaluate multiplicative otterabetween
genotypes and parity/lactation status. Ancestry informative markeesused to control for

population stratification in genotype and haplotype analyses.

Results: The strongest associations for breast cancer overall werRiIn(ts3207232,
rs6914211, rs985181, rs8052451), HSD17B2 (rs8052451), and CYP19A1 (haplotype 1).
Genotypes in ESR1, HSD3B1, HSD17B2, and SHBG were strongly associated with both
luminal A and basal-like subtypes. Genotypes in PGR were only strongly &sdatith the
basal-like subtype. Haplotypes in CYP19A1, ESR1, and PGR were associated asth bre

cancer, and in most cases associations did not differ by subtype.

Conclusion: SNPs in genes related to estrogen and progesterone synthegjsading svere
associated with breast cancer overall and by intrinsic molecular subtygmmécases,
haplotype associations were much stronger than single SNP associationse3hi¢se r
support the hypothesis that variation in genes related to estrogen and poogesyathesis
and signaling are important to different subtypes of breast cancers, inclwoseghat do

not express ER and/or PR at the time of diagnosis.

Keywords: breast cancer, single nucleotide polymorphism, haplotype, estecgetor,
progesterone receptor, 17-beta hydroxysteroid dehydrogenase type Il H3«retaysteroid
dehydrogenase type I, sex hormone-binding globulin, cytochrome P450 family 19 type Al,

basal-like, luminal A
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4.2 Introduction

It has been proposed that common genetic variants contribute to familial breast ca
cases unrelated to known high penetrance mutations, and that because such polymorphisms
are common they may play a role in sporadic breast cancer as well (1-3). Satasskto
estrogen and progesterone activity are likely candidates for harborimgawgnts, due to
the central role that estrogen, progesterone, and their respectiveregdgy in breast
cancer. In addition to promoting normal growth patterns during puberty and pregag)cy (
estrogen and progesterone can also have carcinogenic effects in the breasstibgen e
binds to the estrogen receptor (ER) the ligand-receptor unit translocates tol¢lus miere
it can act as a transcription factor to genes associated with celeptbh and survival,
such as growth factors, transcription factors, tumor suppressors, pro-apogtesc and
growth inhibitors (7). Independent of its receptor, estrogen may contribute toocgcesis
through the action of its metabolites. Estrogen metabolites can bind to DNA faddaogts;
high rates of DNA repair after adduct removal may introduce mutationsitiaite
carcinogenesis (8).

Exposure to estrogen and progesterone increases proliferation of briesiadpi
cells; the higher rate of cell division increases the chance of oncogene@ttratumor
suppressor inactivation due to a replication error (9). Furthermore, removingithsauiace
or estrogen and progesterone production via oopherectomy greatly reducesameasrisk
in high risk premenopausal women (10), underlining the importance of these two hormones
in breast tumor formation. The present study focuses on variation in genesdtiat aff
estrogen and progesterone production, bioavailability, and signaling.

The estrogen bio-synthesis pathway includes enzymes that catalyzelfandar
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reverse reactions leading to hormone synthesis from cholesterol. CytecRA&) family 19
subfamily A polypeptide 1 (CYP19A1) encodes the enzyme aromatase. Arercata®rts
androgens into estrogens, including the conversion of androstenedione to estrone and
testosterone to estradiol (11). SNPs in CYP19A1 have been associated with sergem est
levels in postmenopausal women (12). 17-beta hydroxysteroid dehydrogenase type |
(HSD17B2) oxidizes active sex steroids into their inactive precursor fornhsgimg the
conversion of estradiol into estrone, a less potent form of estrogen (13). Sex hormone-
binding globulin (SHBG) binds estrogen in the bloodstream, controlling its avaidbilit
bind to ER. Experimental data supports the hypothesis that SHBG is instrumental in
controlling the proliferative and anti-apoptotic effects of estradiol (14, 1k8. éstrogen,
progesterone is synthesized from cholesterol. 3-beta hydroxysteroid dehydeoypeas
(HSD3B1) is part of the progesterone synthesis pathway and converts pregnolone to
progesterone, 17-alpha hydroxypregnenolone to 17-alpha hydroxyprogesterone, and
dehydroepiandrosterone to androstenedione (11, 16).

Perou et al. (17) and Sorlie et al. (18, 19) defined five breast cancer ‘intrinsic
molecular subtypes’, which were characterized by hierarchical chugtefibreast tumor
gene expression profiles. The intrinsic molecular subtypes have been observeddedipe
in other populations, and are associated with breast cancer survival (20, 21-23). Recently
Nordgard et al. (24) reported that associations between SNPs and gessierpevels
varied by intrinsic molecular subtype, and Kristensen and Borresen-Dalep2sjed the
association of the rs10046 variant homozygote with basal-like breast cancer. Weebiggot
that stratification by tumor subtype will allow for the identification of unigasociations

between CYP19A1, ESR1, HSD3B1, HSD17B2, PGR, and SHBG and the basal-like and
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luminal A breast cancer subtypes that would not be detected in a pooled case population.
Luminal A breast cancer is the most common intrinsic molecular subtype and is
defined by relatively high expression of the estrogen receptor and relatesl(@&, 22).
Thus, it is reasonable to hypothesize that polymorphisms in genes relatedderestr
synthesis or function may affect the incidence of luminal A breast cancal-lB@ breast
cancer is defined in part by low estrogen receptor expression and high iexpoéss
cytokeratins 5 and 17, integrin beta 4, and laminin, but with the exception of a high
prevalence of basal-like tumors among women with BRCA1 mutations, relatitielys|
known about the genetic variants that may predispose to this type of breasi{tante,
26-28). We have reported previously that associations for some traditional breastris&nc
factors differed by intrinsic molecular subtype in the CBCS. Parity (vs. nitjipavas
inversely associated with luminal A breast cancer regardless offbeshsy status (29). In
contrast, parity in women who did not breastfeed was positively associateasél-like
breast cancer, and parity in women who breastfed was unassociated with thikdoasal-
subtype (29). This suggests that factors associated with parity and lactayionfloence
pathways leading to basal-like and luminal A breast cancer in different wags.tBe
candidate gene products are involved in the production and action of hormones directly
related to pregnancy, parity, and breastfeeding, we explored the possibiffgcoheeasure

modification of genotype and haplotype associations by parity and lactation history

4.3 Methods

4.3.1 Study population

The Carolina Breast Cancer Study is a population-based case-control shuelstsbf
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cancer in North Carolina, and has been described in detail previously (30, 31). Ebgibde
included all women ages 20-74 who were diagnosed with primary invasive breast cancer
from 1993 to 2001, and who lived within the 24 county study area at the time of diagnosis.
Women diagnosed with breast carcinamaitu (CIS) were also enrolled in the study from
1996-2001. Cases were identified through the North Carolina Central Cancer Regjrggry
rapid case ascertainment. Randomized recruitment was used to oversample Afr
American invasive cases and invasive cases younger than 50 years old (3R)ibhdI €IS
cases were asked to participate in the study.

Eligible controls were chosen from the same 24 county study area asarakes
included women between the ages of 20 and 74 who did not have a history of breast cancer.
Controls younger than age 65 were identified through Department of Motor Vaieicteds,
and controls 65 years and older were identified through Health Care Financing
Administration records. Controls were frequency-matched to cases gnéeyear age
groups.

Cases and controls were contacted first by mail and then by telephone. Women who
agreed to participate in the study were asked to complete an in-homeimteonducted by
a trained nurse. During the interview, women were asked about social and demographic
characteristics, family history of cancer, reproductive history, memhstigtary, exogenous
hormone use, alcohol use, and occupational history. Waist circumference, hip erenoaf
height and weight were measured by the nurse following completion of the study
guestionnaire. Women were also asked to provide a 30 ml blood sample. DNA was extracted
from the blood sample and stored at’@@n TE buffer.

Overall response rates for invasive cases and controls were 76% and 55%,
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respectively. Overall response rates for CIS cases and matched corte®B3% and 65%.
A total of 2311 cases (894 African American/1417 non-African American) and 2022 controls
(788 African American/1234 non-African American) were enrolled in the study.

Tumor subtype was determined by immunohistochemistry (IHC) analysishi¥airc
tumor tissue (22, 33). Cases were asked to provide written consent for accessnedioall
records and formalin-fixed paraffin-embedded tumor tissue blocks. A ceatr@athology
review was performed to confirm each breast cancer diagnosis. For invasisedarecers,
estrogen receptor (ER) and progesterone receptor (PR) status werdeabstat the
patient’s medical record (80% of invasive cases). If ER or PR status wasotad in the
medical record but archival tissue was available, the assay was perfortimedJatC
Immunohistochemistry Core Laboratory (20% of invasive cases). IHCrejdor epidermal
growth factor receptor (EGFR), v-erb-b2 erythroblastic leukemia evabgene homolog 2
(HERZ2), and cytokeratin 5/6 (CK 5/6) was performed at the UNC Immunohisto¢hemis
Core Laboratory, and has been described previously (29, 34, 35).

For CIS cases, ER, HER2, CK 5/6, and EGFR IHC was performed by the UNC
Immunohistochemistry Core Laboratory, as described by Livasy et alRR3)xpression
was not used in classifying CIS cases due to the high correlation between BR and P
expression, and the need to preserve tissue (22).

Tumor tissue was available for 1845 of 2311 (80%) cases [1446 of 1808 (80%)
invasive cases; 399 of 503 (80%) CIS cases]. IHC assays were completedfsligdes
1424 of 2311 (62%) cases [1149 of 1808 (64%) invasive cases; 275 of 503 (55%) CIS cases].
Tumors were classified as follows: 796 luminal A (ER+ and/or PR+, HER2-); 2abllka&s

(ER-, PR-, HER2-, CK5/6+ and/or EGFR+); 150 unclassified (ER-, PR-, HER2-66K5/
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EGFR-); 137 luminal B (ER+ and/or PR+, HER2+); 116 HER2+/ER- (ER-, PR-, HER2+)
Cases with missing subtype data were more likely to be non-African Amenddo have
an earlier stage at diagnosis (29).
4.3.2 Genotyping
4.3.2.1 SNP selection

A two-pronged approach was used in selecting SNPs for genotyping: 1) SNPs
previously investigated for an association with breast canceriarvano functional effect
were selected, based on a review of the literature; and 2) tag SNPs wetedsiel order to
capture any potential unknown variants associated with breast cancer.|ldWwetpl
potentially functional SNPs with a minor allele frequency (MAF) of at Ie& were
genotyped: CYP19A1 rs10046, rs2236722, rs700519; ESR1 rs2077647, rs2234693,
rs3798577, rs851982, rs9341070; HSD17B2 rs4445895 and rs8191136; PGR rs10895068;
and SHBG rs1799941. No potentially functional SNPs for HSD3B1 were selected from the
literature.

Most participants in the CBCS were either white or African American, arafso t
SNP selection was performed twice — once using data from the HapMap CEU @f)rope
population and once using data from the HapMap YRI (West African) population (36). The
two lists of tag SNPs were combined into a single list. Tag SNPs for ESRBBASD
HSD17B2, PGR, and SHBG were selected using Haploview Tagger, where a midiofum r
0.80 was used to define tags (37-39). Tag SNPs selection was restrictedstaigNge
minimum MAF of 0.10. For ESR1, PGR, HSD17B2, HSD3B1 and SHBG, tag SNPs were
selected initially using the pairwise tagging method. This resultediieaer number of tag

SNPs than there was space available in the genotyping assay. Tags IoPESR and
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HSD17B2 were re-selected using aggressive tagging with 2-marker haploggesng the
number of tag SNPs by 25, 7, and 8 SNPs, respectively. SNPs selected fromeatinedite
were also used as tag SNPs, using the “force include” option in Tagger.

SNPs for CYP19A1 were taken from a list published by Haiman et al. (12, 40) used
to tag LD blocks in African American and white Multi-Ethnic Cohort participants
4.3.2.2 Genotyping results and quality control

SNPs were genotyped by the UNC Mammalian Genotyping Core using thenflumi
GoldenGate assay (lllumina, Inc., San Diego, CA) as part of a larger gengppanel of
1536 SNPs. Assay intensity data and genotype cluster images were reviewadynand
SNPs were excluded if there was low signal intensity or a lack of @paraion between
genotype clusters. 163 of 1536 (11%) SNPs were excluded from the entire datasenhbase
cluster analysis.

Blind duplicates of 169 study samples were assayed in order to verify the
reproducibility of genotype calls from the same sample. 7 SNPs had 1 genotypk amd 2
SNPs had 2 genotype miscalls. Lab controls (Coriell CEPH trios) wereeadstyged in
each 96-well plate — each control was repeated between 11 and 14 times oversthefcour
the entire assay. Out of 184 lab control samples, there were 2 instances gbgenoty
disagreement with duplicate samples. These error rates were within eyregrged range
of acceptable values, and no SNPs were excluded from the analysis on the basis of t
results.

Exact tests for deviation from Hardy Weinberg equilibrium (HWE) were coaduct
in controls stratified by self-identified rat®determine whether genotype frequencies were

distributed as expected given the allele frequencies. Deviations from HWE ials@ain
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indicate genotyping error, selection bias, the appearance of new mutatioins,dbthe

source population to fulfill HWE assumptions, or random error (41, 42). HWE test ssatisti
and P-values were calculated in Plink v1.05 using methods described by Wigginton et al.
(43).Genotyping cluster images were re-reviewed for all SNPs with H&tEPtgalues less

than 0.01 in order to confirm that HWE deviations were not due to erroneous genotype calls.
All candidate gene SNPs reviewed during this process were judged to baptahte signal
intensity and genotype cluster definition, and none were excluded for poor quality.

195 of 207 (94%) candidate gene SNPs passed quality control and are included in this
analysis (CYP19A1l - 24, ESR1 - 97, HSD3B1 - 7, HSD17B2 - 40, PGR - 26, SHBG - 1).
144 of 158 (91%) ancestry informative markers (AIMs) genotyped in the panel passed
quality control. The overall success rate for the panel was 1373 of 1536 (89%).

Blood samples were obtained from 2045 (88%) cases and 1818 (90%) controls, and
2039 (88%) cases and 1818 (90%) controls had a sufficient amount of DNA for genotyping.
Of these subjects, 64 cases and 39 controls had genotype calls for less than 95%mf SNPs i
the lllumina panel and were excluded from the analysis. An additional 2 casesaritb’c
were excluded due to apparent gender mismatch. One case was excludesl ddfecaus
suspected contamination identified though the analysis of non-blind duplicate samples

1776 of 2022 (88%) controls and 1972 of 2311 (85%) cases were successfully
genotyped, including 200 basal-like cases and 679 luminal A cases. Subjects without
genotype data were more likely to be cases, recruited during phase 2 of thergtudy, a
African American. The presence or absence of genotype data did not differ byeast
cancer risk factors other than African-American race. Among casesesenpe of genotype

data was not associated with stage at diagnosis, lymph node status, or mstldutyjze.
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Among all enrolled cases, 978 of 1808 (54%) invasive cases had both genotyping and
tumor subtype data and 242 of 503 (48%) CIS cases had genotyping and tumor subtype data,
including 200 basal-like cases (182 invasive, 18 CIS) and 679 luminal A cases (528 invasive,
151 CIS). The distribution of intrinsic molecular subtypes did not differ betweenezhroll
cases with and without genotyping data.

4.3.3 Variable definitions and statistical methods
4.3.3.1 Variables

Age was defined as age in years at breast cancer diagnosis for sdssg & years
at the time of sampling for study participation for controls. Self-identied was reported
during the study interview. Less than 2% of CBCS participants reported thatdhey
Native American/Eskimo (N=19), Asian or Pacific Islander (N=18), Hispd#=11), or
mixed race (N=5). These women and self-described white women were grouped tagether
non-African American. Self-identified race information was unknown for 2 faatits, who
were excluded from analyses that adjusted for or stratified by selffidémace.

Individual estimates of African and European ancestry were estimatadL#4
AlMs using maximum likelihood estimation (44, 45). The median proportion of African
ancestry was 81% among self-reported African Americans and 6% ambrgpseted non-
African Americans. African ancestry was included in regression modelprap@rtion
ranging from O to 1.Parity and lactation were reported during the study eweikomen
were asked how many times they had been pregnant in their lifetime, incloeiogrtent
pregnancy if they were pregnant at the time of the interview. Women were keehtlas
duration of each pregnancy and the outcome. Parity was defined as the total ofuitlber

term live births reported by the study subject. For each live birth reportecerwoare
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asked whether they breastfed the baby and for how long.

In previous CBCS analyses, the association between parity/lactation antideasal
breast cancer did not differ among women with 1-2 children compared to women with 3 or
more children (where nulliparous women were the referent group) (29). Likegse
association between parity/lactation and luminal A breast cancer was théosamomen
with 1-2 children compared to women with 3 or more children (29). Thus, in this analysis
parity and lactation was defined as a single 3-category variablgarallis (controls N=201;
all cases N=301; luminal A N=111; basal-like N=24), parous/never breastfetb(sont
N=878; all cases N=983; luminal A N=317; basal-like N=124), and parous/ever luteastfe
(controls N=694; all cases N=686; luminal A N=251; basal-like N=52). 2 cases and 3
controls with genotyping data were missing data on parity and lactation.
4.3.3.2 Genotype associations

Genotype frequencies were calculated for each SNP, and proportions wetedadjus
for the sampling probabilities used to select eligible participants. Raifiwvas calculated
using Haploview (39).

Odds ratios (ORs) and 95% confidence intervals (95% CIs) for the association
between genotypes and all breast cancer cases were estimated usingionabbuhary
logistic regression. ORs and 95% Cls for basal-like and luminal A breast e@reer
estimated using unconditional polytomous regression models that simultaneouslgdnodel
regression parameters for all breast cancer subtypes. Statigtigs ttes equality of
parameter estimates for basal-like and luminal A subtypes wereataltased on the
asymptotic chi-square distribution of the Wald statistic. Confidence litosréCLR, upper

95% confidence limit divided by lower 95% confidence limit) were calculatedreesagure
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of relative precision. All genotype regression models were run using SAS v9.153 (SA
Institute, Cary, NC).

Genotype associations were modeled using the general model with 2 degrees of
freedom, unless the rare homozygote cell counts were too small. In thaheas®del
compared the rare homozygote and heterozygote genotypes to the common homozygote
genotype. If the results of the general statistical model indicated thatdleelying genetic
model form may be recessive, dominant, or additive, additional analyses spetific to t
genetic model were conducted. Genotype associations with a relatively sttds ratio (OR
> 1.5 or OR< 0.67) or a P-value less than 0.05 and a precise confidence intervak(&§LR
were considered to be the best candidates for association with luminal A andldikbas
breast cancer, and are presented in the results section.
4.3.3.3 Haplotype associations

Haplotypes were investigated in order to explore the effects of sevelas ah
combination. Regions for examining haplotype associations were identified tradug
step process. First, a sliding window analysis (window width of 3 SNPs) was cethdimct
each gene using HAPSCAN, which is based on the HAPSTAT haplotype analysamrog
HAPSCAN estimates a global likelihood ratio test statistic and correspondialy®for the
association of all possible haplotypes with the outcome. Sliding window analysis wa
performed for all cases, as well as stratified by self-identifiegl aad for basal-like and
luminal A breast cancer, versus controls. The windows with the highegg Plaglues were
flagged for estimation of specific haplotype ORs. Secondly, regions whereohmse&SNPS
were positively or inversely associated with luminal A or basal-like boaaser were

selected for haplotype analysis. Haplotype frequencies, ORs, and 95% Céstireated
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using HAPSTAT (46, 47). HAPSTAT uses a probability distribution to estimate gpplot
associations, which yields unbiased parameters estimates with approgriatee.
HAPSTAT software was modified to relax the assumption of independence between
genotype and covariate distributions, and to incorporate an offset term intaeparam
estimation. All haplotype ORs were estimated using the general model.

All SNP and haplotype models were adjusted for the frequency-matchingsfager
and self-identified race, and an offset term to account for randomized resttitmathods
(32, 48). SNP and haplotype models were also adjusted for the proportion of Africanyancestr
in order to control for residual population stratification.
4.3.3.4 Effect measure modification

In the CBCS, the ORs for the association between parity without lactation and
luminal A breast cancer were 0.7 (95% CI, 0.5-0.9) for 1-2 children and 0.7 (95% CI, 0.5-
0.9) for> 3 children. The associations between parity without lactation and basal-ldst bre
cancer were 1.8 (95% CI, 1.1-3.0) and 1.9 (95% CI, 1.1-3.3) 3ochildren (29). The ORs
for the two subtypes are on opposite sides of the null, suggesting qualitative deéerenc
between the two associations. Given the substantial heterogeneitymétesabtype-
specific main effects, interpretation of effect measure modificationréasb cancer overall
would be less meaningful and was not evaluated. Genotype-parity and lactatiaction
was only examined for basal-like and luminal A breast cancers, and not brezst@zerall.
Multiplicative interaction between genotypes and haplotypes and the combirtgdapdri
lactation variable was evaluated using the likelihood ratio test (LRT]).R-Ralues less than
0.10 were considered consistent with a departure of the joint effects from tiydicadive

null. ORs and 95% Cls for SNPs with LRT P-values less than 0.10 are presented in the
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results.
4.3.3.5 Interpretation

In the analysis of genotype and haplotype associations, P-values were used in
conjunction with point estimates and confidence limit ratios to evaluate the cambine
strength and precision of estimated associations. Strict hypothesig teamot performed,
and so P-values were not adjusted for multiple comparisons. Decisions to dispifsgstra
ORs for the evaluation of multiplicative were based on P-values. However, thiawaketo
display stratified ORs for the SNPs and haplotypes that showed the strondeste\of
heterogeneity. Interaction P-values were not adjusted for multiple caopsri
4.3.3.6 Sensitivity analysis

Not all studies use the same set of markers to define ‘basal-like’, and irsshatie
have used markers similar to those used by CBCS, there has not been 100% agreement
between tumors defined as basal-like using microarray expressiongevfde
immunohistochemistry definitions (23, 35, 49). Probabilistic sensitivity analyses
conducted to evaluate the potential effects of bias due to molecular subtypasifisatzon.
Simulations of genotype and basal-like vs. luminal A associations were condsstedjray
non-differential misclassification of case status. Sensitivity andfgpgcranges were based
on previously published data (23, 35, 49). Analyses were conducted using a publicly
available program and were run for 5000 simulations (50).

A simple sensitivity analysis was performed to evaluate the efféatlofling CIS
cases in the analysis. There is evidence that CIS is an intermedpate thie progression of
cells from hyperplastic to invasive disease [reviewed by (51, 52)]. Howevel| GéSa

progress to invasive cancer, and this is some question as to whether a CIS outcome should be
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treated like an invasive breast cancer outcome (53, 54).

CIS were included in this study for several reasons. First, most risk famt@€ S
are similar to risk factors for invasive breast cancer in populations beirgedrior breast
cancer (53, 55, 56). In particular, CIS and invasive breast cancer were both repbeed t
associated with family history of breast cancer (55, 56).

Intrinsic molecular subtypes have been observed in pure DCIS and DCIS near
invasive lesions (33, 57-59). Like invasive tumors, most basal-like DCIS showed strong
expression of CK 5/6, vimentin, EGFR, and Ki-67; expression of p63 smooth muscle actin
was rare (33, 57). It has not been reported whether intrinsic molecular sulntypes
associated with recurrence in CIS. However the similarity between dk$and molecular
features suggest that there are a common set of factors that lead to boti kypiess. For
these reasons, we chose to include subjects recruited from the CIS study inlykis.dna
simple sensitivity analysis, the exclusion of CIS cases and matched cdrdrots

systematically change the estimated genotype ORs (data not shown).

4.4 Results
4.4.1 Genotype associations

195 SNPs were genotyped in CYP19A1, ESR1, HSD3B1, HSD17B2, PGR, and
SHBG. Genotype counts and proportions are shown in Table 1. Proportions were adjusted
using the sampling probabilities used to select study subjects and repstisesiies of the
population-level genotype prevalence.

Genotype odds ratios for breast cancer overall, the luminal A subtype, and the basal

like subtype are shown in Tables 4.2 and 4.3, selected based upon criteria mentioned in the
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Methods section. SNPs that were associated with breast cancer aeeaddlbashown in

Table 4.3, and SNPs associated with basal-like or luminal A breast cancezladed in

Table 4.2 for comparison of overall and subtype-specific effects. While 2 SNRIOB 1

had small but precise associations with breast cancer overall, the tiasscigere neither

strong nor precise by subtype (Table 3). ESR1 SNPs rs2207232, rs6914211, and rs985191
had some of the strongest associations with breast cancer overall (TE3&2)SNPs were

also associated with both luminal A and basal-like subtypes. While rs6914211 and rs985191
were also strongly associated with the luminal A and basal-like subtyp287232 was
unassociated with luminal A breast cancer and the association between rs2207232-and basa
like breast cancer was positive but imprecise. Associations for rs1709183 and rs3020381
were seen only with the luminal A subtype, and rs3020401 was associated with thikbasal-|
subtype, though the differences between the parameters for the two subtypest\aérays
statistically different (Table 4.3). Several of these associated ESR& &N located near

each other on chromosome 6, and are shown in Figure 1.

HSD3B1 SNPs rs6205 and rs932603 had strong positive associations with breast
cancer overall; by subtype these association were much stronger for lunto@pared to
basal-like breast cancer. Additionally, the association between rs6428830 arlikbasal
breast cancer was almost twice as strong as its association withllAnbireast cancer.

Most SNPs in HSD17B2 had moderate associations with breast cancer owgrall. S
rs8052451 had the strongest association for a HSD17B2 SNP and breast cancer overall
(Table 4.2). When cases were stratified by subtype, the association bet®@s5l and
luminal A breast cancer was even stronger than the overall associatiormsandenof the

strongest subtype-specific associations estimated (Table 4.3). HSD17Ba8i¢Ps
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associated with luminal A breast cancer only, basal-like breast cancer only, land bot
subtypes. In the case of HSD17B2 rs1364287 and rs16956326, the associations for luminal A
subtype were in the opposite direction of associations for the basal-like subtigfge4 B
HSD17B2 rs7200696, rs8050327, and rs8191072 form a small region of SNPs inversely
associated with luminal A breast cancer, and are shown in Figure 2. The 3 HSINF82 S
are located within 1205 bp of each other in intron 1. SNP rs8050327 and rs8191072 were in
very strong LD in African Americans and in perfect LD in whites, as is showigure 2.
Correlation with rs7200696 was weaker for both African Americans and non4Africa
Americans (Figure 4.2).

PGR associations with breast cancer overall were moderate (Table iatfje8tby
subtype, a number of strong associations with basal-like breast cancapparent in SNPs
that were unassociated with breast cancer overall (rs546763, rs548668, rs596223, and
rs660149, Table 4.3). Figure 3a shows 2 groups of PGR SNPs with similar inverse
associations with basal-like but not luminal A breast cancer. The first gefi4t 463 and
rs548668, are within 214 bp of each other in PGR intron 7 and are highly correlated
(rs546763 and rs548668: AA casés 10.99; AA controls7= 0.99; white case$# 1.00;
white controls 7= 1.00). The second group, rs660149, rs2124761, and rs503602, are within
2993 bp of each other in PGR intron 3 but are not in strong LD (Figure 4.3b).

Only 1 SNP in SHBG was genotyped, rs1799941 (nt -67 G/A). SHBG rs1799941 was
moderately associated with breast cancer overall (Table 2). The &ssosias stronger
when cases were divided into luminal A and basal-like subtypes (Table 4.3).

Multiplicative interaction between genotypes and parity and lactation vehisaged

for SNPs with a marginal association with basal-like or luminal A breasecaESR1
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rs11155818 and rs7759411, HSD17B2 rs2955153, rs2955159, and rs7196087, HSD3B1
rs6428830, PGR rs546763 and rs548668, and SHBG rs1799941 had LRT P-values less than
0.10 for interaction when the outcome was basal-like breast cancer, but the szenpbess
too limited to calculate stratified estimates that were precise enolghdompared to one
another (data not shown). Genotype-outcome associations stratified yapdrlactation
status for SNPs with LRT P-values less than 0.10 where the outcome was lurbreakA
cancer are shown in Table 4.4. There were few nulliparous luminal A cases witit varia
genotypes, so in many cases ORs could not be estimated for this group. HSD17B2 rs2911418
and ESR1 rs985191 showed strong differences in effect between parous women who did and
did not breastfeed. Associations were also divergent for PGR rs660149 CG genotype
comparing association for nulliparous to parous/never breastfed, and parous/nestfadorea
to parous/ever breastfed.

A series of sensitivity analyses were conducted to determine theaffaeast
cancer subtype misclassification on the estimated difference in @ssodietween the two
subtypes. For some, but not all SNPs analyzed, the bias-corrected odds rationrgpmpari
basal-like to luminal A genotypes was further from the null than the observed odds rati
indicating that if tumor subtypes were misclassified it would decreasadnees of
detecting differences in subtype associations.
4.4.2 Haplotype associations

Associations between common haplotypes and all cases, luminal A, and basal-like
cases were somewhat different from single SNP associations. Whereas rtuaidivi
CYP19A1 SNPs were associated with basal-like breast cancer, CYP19A1 haflotype

(rs749292, rs1902586, rs936306, rs2445759, rs28566535) was strongly associated with

258



basal-like breast cancer, though with a confidence limit ratio of 7.1 it wapresise than
most other associations (Table 4.5). Other haplotypes associated with breastveaiadn
ESR1 (2a, 2b: rs851984, rs851982, rs2881766; 3: rs1709183, rs9340835, rs9322335; 4:
rs6914211, rs9383599, rs3020314, rs3020401, rs985191, rs6557177) and PGR (5a, 5b, 5c:
rs1824128, rs660149, rs495997, rs2124761, rs11224579). The strongest associations were
for CYP19A1 haplotype 1 and all breast cancer cases, haplotype 1 and basal-fike brea
cancer, ESR1 haplotype 2b and basal-like breast cancer, and PGR haplotype 5c ahd lumina
A breast cancer (Table 4.5).

There was strong evidence of multiplicative interaction between ESR1 lpgplbty
and parity and lactation with respect to luminal A breast cancer (LRT P = 0.0362). Odds
ratios for the association between haplotype 4 and luminal A breast caatBedtby parity
and lactation are shown in Table 4.6. Like the single SNP analysis, haplotypee@Rs w
positively associated with the luminal A subtype in parous women. In nulliparous women, 1
copy of HAP5 was not associated with luminal A breast cancer, and the OR for 2 capies w

too imprecise to draw any conclusions.

4.5 Discussion

We investigated whether SNPs in CYP19A1, ESR1, HSD3B1, HSD17B2, PGR, and
SHBG were associated with breast cancer. SNPs in most of these genes have bee
investigated by others, but this analysis using data from the Carolindg Beeaer Study
contributes to the existing literature in the following ways. First, alprgportion of the
CBCS population is African American, allowing for the inclusion and potential disgcover

SNPs that are relevant to disease risk in this population. Secondly, CBCS cadsescinave
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characterized by IHC-determined intrinsic molecular subtype. Astsms were estimated

for SNPs and the basal-like and luminal A subtypes in addition to the association $or brea

cancer cases overall. An increasing number of analyses of SNPs andémeasthave

shown that there are relevant subgroup effects (24, 25, 60-64). Most of these anab/ses ha

stratified cases on menopausal status, ER/PR status, and other progrtosticdacept for

Nordgard et al. (24) and Kristensen et al.(25), which stratified by imtmmglecular subtype.
Nordgard et al. (24) examined associations between TNRC9, LSP1, FGFR2,

MAP3K1, and H19 gene expression, SNP genotype (SNPs initially identified ®Sk@nhd

breast cancer intrinsic molecular subtype. Gene expression differed pyestdatall five

genes, and genotype distribution differed by subtype for TNRC9. These resultst $hgge

there are SNP associations specific to breast tumor types. It folloves i@t refined tumor

classification, such as the intrinsic molecular subtypes, may improve owy abdiétect

SNPs associated with specific mechanisms of breast cancer risk.

Tag SNPs in HSD17B2 (rs2955153, rs7196087), HSD3B1 (rs6428830), PGR
(rs503602, rs546763, rs548668, rs596223, rs660149), and potentially functional SNP SHBG
nt -67 G/A (rs1799941) were strongly associated with luminal A and/or bkesddrkast
cancer but were not strongly associated with breast cancer overall, supportiggdtiesis
that potentially important SNPs with strong associations may be missae$f @i not
stratified based on subtype. The most interesting of these associationsasermtPGR
where all 5 SNPs were strongly associated with the basal-like subty@esbatations with
luminal A were close to the null. Progesterone receptor signaling is involved in pcggna
related breast development and lactation (65). Previously, the CBCS has estiraatiee

risk of basal-like breast cancer among parous women who did not breastfeemhosts al
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twice that of nulliparous women (29). Other studies have reported a similaaéissofar
parity and basal-like breast cancer, but based on a small number of basaddik¢oes).

Likelihood ratio test P-values for multiplicative genotype-parity/lagtatnteraction
were less than 0.10 for PGR SNPs rs503602 and rs660149 and luminal A breast cancer, and
for rs548668 and basal-like breast cancer. PGR contains several splideasipgeduce
three different isoforms of the progesterone receptor. PR-A and PR-Buarterstity similar,
but have unique transcriptional activities (65, 67). PR-C lacks the progesterone response
element-binding motif and activation domains present in PR-A and PR-B, but PR-€ tis abl
bind PR-B and inhibit PR-B transcriptional activity (67). Thus, SNPs or other genetic
variants that affect the ratio of PR isoforms could affect PR signalitigo#dh the basal-
like subtype is defined by low levels of PR expression, SNPs are present in cglisna
before tumor formation, and so the effects of SNPs in PGR could influence agdy sf
basal-like tumor formation.

In addition to the PGR SNPs associated with basal-like breast cancer, theteave
other clusters of SNPs that were associated with the breast canceesubtyeSR1, SNPs
rs6914211, rs3020401, rs985191, and rs6557177 were positively associated with both
luminal A and basal-like breast cancer (Figure 1). Located from 152354108 bp to 152355411
bp in intron 4, these associations may be indicative of a causative locus nearbtherhe
subtype-associated region was in HSD17B2, where rs8050327, rs8191072, and rs7200696
were inversely associated with luminal A breast cancer, but at or neailther basal-like
breast cancer (Figure 2). Located in intron 1, these SNPs are in LD with eacin @BES
subjects, and are likely marking the effect of the same causal variantréiggisiof

association and number of SNPs that showed an association within these two regisns in thi
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study makes these SNPs good candidates for genotyping in replication. stuthiescase of
HSD17B2, replication should be pursued with cases that meet the definition of luminal A
subtype (ER+ and/or /PR+).

There were several SNPs that were strongly associated with kaeast overall,
which was unexpected given the theory that associations for common polymorphilsbes wil
modest. The strongest associations for breast cancer overall were for B3R 82,
rs6914211, and rs985191, HSD17B2 rs8052451. All four of these SNPs are intronic;
rs6914211 and rs985191 are approximately 15 kb apart (14918 bp) and are in strong LD
(Figure 1b-e). For rs6914211, rs985191, and rs8052451, associations with basal-like and
luminal A subtypes were similar to the association for breast canceidlover

Table 7 compares the odds ratios estimated in the CBCS to those from previously
published studies. Our results indicate an association between 2 previously studigdtea
SNPs and breast cancer - SHBG rs1799941 (-67 G/A) and CYP19A1 rs700519 (R264C). The
SHBG rs1799941 AA genotype was associated moderately with breast cancerioveeall
CBCS, but the association was even stronger for the luminal A and basal-like sultsr
studies have reported no association for this SNP (68, 69). Thompson et al. (69) reported
results for rs1799941 using an additive model, but in the CBCs the mode of inheritance
seems to be recessive for breast cancer overall as well as by luminbagablike subtype.
When an additive model was used in CBCS, the estimated odds ratio was similar to that
reported by Thompson et al. [CBCS all cases, A vs. G, OR (95% CI): 1.02 (0.90, 1.16)].

Dunning et al. (68) reported that the A allele of rs1799941 was associated with
elevated levels of circulating SHBG and a reduced estradiol:SHBG ratialthyhe

postmenopausal women. The association between the A allele and reduced :&tadiol
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levels was most consistent with the additive model (68). Our results do not agrdgewith t
biological mechanism that would follow from the work of Dunning et al. (68). SHBG
circulates in the blood and sequesters sex hormones (like estrogen and testpdienting
their availability to be metabolized or bind to receptors and initiate signalibgth cases,
estrogen signaling and estrogen metabolism can contribute to carcinogeniesis. If
rs1799941 A allele increases SHBG levels and sex-hormone binding capacity, it would
presumably decrease the amount of estrogen available to contribute to caresmgad
reduce breast cancer risk (at least for the proportion of breast camesesl by this
mechanism). But in the CBCS the A allele was associated with increaselécnedised risk.
While there could certainly be other biological mechanisms through which rs1799941,
SHBG, and estrogen interact, this incongruity highlights the need for futtiusr &f this
SNP.

The CYP19A1 rs700519 (R264C) TT genotype was inversely associated with breast
cancer in CBCS cases overall, but this genotype is uncommon, and was extregnaly ra
CBCS non-African American subjects (Table 4.1). The minor allele frequer@BCS
subjects was similar to what has been reported in other populations (Table 4.8). Among
African Americans only, the association was similar to the associatibe wverall
population [CBCS, AA cases vs. AA controls, TT vs. CC, OR (95% CI): 0.37 (0.17, 0.78)].
In the CBCS, the TT vs. CC association appears to follow a recessive mode cdunueerit
Miyoshi et al. (70) reported an inverse association for rs700519 but used a dominant model,
likely due to the rarity of TT homozygotes. It is possible that the effedtffdromozygotes
using a general or recessive model would be even closer to what was estinaedBCS.

Other studies that compared the TT to CC genotype found no association (12, 71). The
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functional effects of the R264C substitution are unclear — some studies repatt264C
caused reduced the hydrophobicity, reduced expression, and reduced aromataseattivit
another study reported that there was no difference in enzymatic activiyeme264R and
264C (72-74). If the 264C polymorphism does actually cause reduced aromatase #usvi
would be consistent with the reduced breast cancer risk observed in the CBCS.

Although 2 additional CYP19A1 SNPs were associated with breast cancer overall,
these associations were modest and there was no association for the lumibakal-tike
subtype. This is in agreement with results from Haiman et al.(12) who found boatgit
genetic variation in CYP19A1 was related to circulating estrogen levels BNFYP19A1
were unrelated to breast cancer risk in postmenopausal white women. Talbd#®t a
reported a positive association between a htSNP (rs1008805) from Haiman et ald(12) a
breast cancer, and that the association was modified by menopausal statHsiiriae et
al., there was no association in the CBCS for rs1008805 and breast cancer overall, by
subtype, or stratified by menopausal status (Table 7, menopausal statfisestfata not
shown). Kristensen et al. (76) reported a positive association between ClYRI9046 (3’
UTR) and breast cancer, and later reported that the rs10046 TT genotypenfiasusity
associated with basal-like breast cancer (25). However, these assscratre not replicated
in the CBCS or two other studies (68, 77).

Raskin et al. (78) reported that the CYP19A1 V80V (rs700518) polymorphism was
associated with an increased risk of breast cancer among BRCA1 dassettsan 50 years
old, but not in BRCAZ2 carriers or BRCA non-carriers. BRCAL cases exhibit seasent
frequency of basal-like tumors (19, 26, 28), but an association for V80V was not seen in

CBCS basal-like cases (Table 4.7). When the CBCS analysis was restrictesltlike
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cases less than 50 years old, the OR was elevated (Table 4.7), but with wide confidence
intervals that included the null. The prevalence of BRCA1 mutations is low in C8%eS c
(prevalence, 2.6%; 95% CI, 0-5.5%)(79), so CBCS results are not directly cblefgara
Raskin et al. Still, the results are suggestive, and warrant further stadsinger population
of young basal-like cases. In a study of postmenopausal women, the V80V G@gdnst
AA) was associated with lower serum estradiol (80), which runs contrary yplo¢hesized
mechanism of increased estradiol being associated with the at risk genaw@gel it is
compatible with the fact that basal-like breast cancers do not express dgereséceptor,
and are likely estrogen independent tumors. Further research is neededhindetdrether
the genotype association is real, and what pro-tumor effects could occur in response
reduced estrogen.

No ESR1 functional SNPs were associated with breast cancer in the CB@6fagit
breast cancer overall or by subtype, but other ESR1 SNPS identified in recentremmme
tag SNP analyses were associated with breast cancer in the CBCS. WWsiingrddhe
SEARCH and EPIC-Norfolk studies, Mavaddat et al. (62) identified ESR1 SNPs rs3020314,
rs3020407, and rs3020401 as 3 of 52 SNPs recommended for further study after a two-stage
analysis of 700 candidate gene SNPs and breast cancer. ESR1 rs3020314 was aksd identifi
by Dunning et al. (81) as having a very weak but precise association wish ¢career in a
3-stage study of ESR1 haplotype tag SNPs. Subgroup analyses revealed that the rs3020314
association was confined to ER-positive breast cancer and was not presehivmshelies
with Asian populations (81). Fine-mapping of SNPs in LD with rs3020314 revealed that
rs3020314 is likely not responsible for the entire association with breast cancer (81)

In the CBCS, ESR1 rs3020401 was strongly associated basal-like breast @adcer
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more weakly associated with breast cancer overall. Moreover, rs3020401 isimakg
associated SNPs, and is part of a breast cancer-associated haplotype in$hal6&Cone
associated with all cases and luminal A, not basal-like breast cancer IN$R1¥s3020314
and rs3020407 were correlated with rs3020401 in CBCS subjects, but were not associated
with breast cancer overall or by subtype in the CBCS. The OR reported by Dunaing et
(81) is so close to the null that CBCS data provide equal support for no association and the
weak association identified by meta-analysis.

In the CBCS, ESR1 rs3020314 was part of a 6-SNP haplotype that was positively
associated with breast cancer overall and luminal A breast cancer (Tahio5ygea4).
There was evidence of interaction between haplotype 4 and parity and lact#tioegards
to luminal A breast cancer — the excess risk of luminal A breast cancelatesgavith 1 or 2
copies of haplotype 4 was seen mainly among parous women who breastfed (Table 6). The
OR for 2 copies of haplotype 4 was also elevated for parous women who never breastfed
(Table 6). That there was sufficient statistical support for this irtterain luminal A breast
cancer but not breast cancer overall is consistent with Dunning et al.’s obsevaitithre t
rs3020314 association was seen for ER-positive breast cancer only. This is ieetisagr
with the finding by Mavaddat et al. (62) that the rs3020314 association was not specific t
any breast cancer subgroup. Despite some inconsistencies in singlesBbiRtiass, the
repeated identification of SNPs in this region of ESR1 as associated withdameeest and
the CBCS haplotype 4 associations strongly suggests that there is ahéegshetic variant
of some importance within LD range.

In another study of ESR1 tag SNPs, Einarsdottir et al. (82) identified rs3003925,

rs3020318, rs726281, rs3020407, rs2144025 as potentially associated with breast cancer.
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SNPs rs3020318, rs3020407, and rs2144025 were genotyped in the CBCS but none were
associated with breast cancer, either overall or by subtype. Intergstg8§120407 was
highlighted by both Einarsdottir et al. (82) and Mavaddat et al. (62).

SNPs in HSD3B1 were associated with breast cancer in the CBCS, a fimalifg$
not been reported before to our knowledge. There have studies on the association between
HSD3B1 SNPs and breast density. The codon 367T variant was associated widethcrea
breast density among African American women, decreased breast densityvelniteng
American women, and decreased breast density in mostly white Australiam{@3n&4).
Increased breast density is a risk factor for breast cancer (85, 86), so dildepibmt the
codon 367T variant may be associated with increased breast cancer risk, pgrircula
African American women.

The strongest haplotype association was for CYP19A1 haplotype 1, a 5-SNP
haplotype composed of intronic tag SNPs. Associations for haplotype 1 and breast canc
overall and the basal-like subtype were very strong. This was consisteft wit
comprehensive haplotype analysis conducted in the MultiEthnic Cohort (MEC) studin(40)
the MEC, Haiman and colleagues used dense SNP genotyping to chara@earmd
haplotype block structure in CYP19A1. Haplotype associations with breast cameer we
observed for MEC Block 2, which contains 2 of the 5 SNPs in CBCS HAP1 (rs2445759 and
rs936306) and MEC Block 3, which contains CBCS HAP1 SNP rs749292. Though rs749292
is in intron 2 and the other haplotype SNPs are in intron 1, Haiman et al. reported a stronger
odds ratio for the long range haplotype MEC 2b-3c that combined SNPs from the two
regions. The OR estimated in the CBCS was much stronger than the OR estinfaed in t

MEC study [MEC 2b-3c, OR (95% CI): 1.31 (1.11, 1.54)] (40). Since the SNPs did not
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overlap completely between the MEC and CBCS haplotypes, it is possible that one of the
non-overlapping CBCS SNPs tags a region that is in stronger LD with d cartiaat.

Associations reported in the MEC were not observed in a follow-up pooled study of
haplotype associations with estrogen levels and breast cancer in postmenopaubal
white participants from several large cohort studies, where none of the haploBtge
associated with breast cancer (12). CYP19A1 haplotypes in the pooled study block 2
included 4 of 5 SNPs in CBCS CYP19A1 HAP1, but the HAP1 haplotype identified in the
CBCS was not analyzed.

Several groups have examined ESR1 haplotypes and breast cancer risk, but the
haplotypes identified in CBCS (haplotypes 2, 3, 4, 5)) did not fully correspond to haplotypes
identified in these studies. Fernandez et al. (87) reported a protective @fi@ctESR 1
haplotype that contains functional variants (rs2077647, rs1801132, rs3798577, rs3798758)
[C-G-T-G, OR (95% CI): 0.34 (0.14, 0.83)], but this haplotype was not associated with breast
cancer in the CBCS (data not shown). Gold et al. (88) identified multiple haplotypes
associated with breast cancer, but CBCS results could not be compared to Gold atsé bec
there were two few SNPs in common between haplotypes in the two studies. Others did not
find any association between any haplotypes composed of rs746432, rs2234693, rs9340799,
and rs1801132 (identified by Gold et al.) and breast cancer (89).

We investigated the possibility of multiplicative interaction between boaaser-
associated variants and a combined parity and lactation variable. There veea¢ SBIPs
and one haplotype that demonstrated evidence of multiplicative interaction vityhapal
lactation. However, estimation of associations stratified by padtgfian status did not

reveal any consistent patterns for luminal A or basal-like breast camiemwas due in part
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to small numbers of basal-like cases and nulliparous women.

Though candidate genes and SNPs were chosen with careful consideration to the
biological plausibility of gene effects on breast cancer risk, the reshidtdd be replicated in
other studies before conclusions are made. It is possible that some assocrilesta
chance. Since hypothesis testing was neither the goal of this analysis nbusealsas strict
criteria for culling results, P-values were not adjusted for multiple cosgresi

There was also some potential for systematic bias. Not all CBCS suigddiNA
available for genotyping. Not all eligible women chose to participate iCBES.
Furthermore, not all women provided blood for genotyping analyses. 3748 of 4333 (86.5%)
CBCS subjects had adequate data for inclusion in the analysis, and subjects without dat
were more likely to be cases and African American. However, all models djasteal for
self-identified race, which should provide sufficient control for bias that would dccur
genotypes for the SNPs in question also differed by case and race status (90).

Additionally, not all of the cases enrolled in the CBCS had sufficient amounts of
tumor tissue necessary for determining molecular subtype. Cases withesdata were
more likely to be African American and have a later stage at diagroysgaced to cases
without subtype data, but did not differ by other breast cancer risk factors {{2®y.r€sults
could be biased if the genotypes of cases with sufficient tumor tissue for subtygrang
systematically different from the genotypes of women without subtype infiorma
Genotype distributions between cases with and without subtype informatiaedifte
HSD17B2 rs3111351 and rs8191136 in African Americans, and for ESR1 rs6557177r and
rs985695r in non-African Americans. Selection bias may have affected tueatissns

estimated for these SNPs in the CBCS.
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Another potential source of bias was intrinsic molecular subtype misidaseif.
The intrinsic subtypes were characterized based on gene expression datxehatriot
always perfect agreement between gene expression and IHC-basdidatiass(23, 35, 49).
In a series of sensitivity analyses that simulated the genotype-subsgmation, bias-
corrected ORs for some SNPs were further from the null from the observed OR. The
difference between observed and bias-corrected ORs was largest whemplesze in
variant genotype cells was small. This means that in the case of subsgessification
between luminal A and basal-like subtypes, observed differences between stfbtitpe e
were likely biased towards the null. The differences observed in this study &edyutdibe
false positives due to bias; in fact the sensitivity analysis suggestsetmaayhave missed
some differences between the subtypes when the number of variant alletgsallas

In conclusion, this analysis has identified SNPs in ESR1, PGR, CYP19A1,
HSD17B2, SHBG, and HSD3B1 that were associated with breast cancer. In sesie ca
these associations were only apparent when cases were stratifredrsyci molecular
subtype. Several associations are consistent with other reports in @teri@gemcluding
associations for functional SNPs in SHBG and CYP19AL1. Further characterinthe
effects of these SNPs could help identify novel biological pathways activeastlrancer.
The evidence to support interaction between ESR1 haplotype 4, parity and lactation, and
luminal A breast cancer is also promising, particularly since compreleeBSR1 analyses
from the SEARCH study also point towards a breast-cancer associatett vathat region.
The apparent difference in haplotype 4 association between parous and nulliparons wome
could have implications for breast cancer prevention strategies and screeniggoanuus

women. Fine-mapping of SNPs within this region in the CBCS may help localizaukal
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variant.
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4.7 Tables

Table 4.1 Genotype frequencies in estrogen-related genes, adjustedgbngaveights
Controls Cases
Non- Non-
African African African African
American American American American
N % N % N % N %
CYP19A1
rs4646 AA 62 9 78 L 72 D 85 6
AC 295 43 437 45 325 44 533 45
CcC 301 47 601 47 345 47 611 49
Missing 1
rs10046 cC 384 5% 24P 21 395 53 299 24
CT 235 41 555 54 298 40 625 53
TT 37 4 320 25 54 T 306 23
rs17601241 AA 1 Q § 1 L 0 0 1
AG 60| 10 184 17 7( 9 228 18
GG 596 90 925 83 67 90 997 32
Missing 1
rs700519 CcC 458 6V 1055 94 587 72 1156 94
CT 177| 29 62 6 193 26 71 6
TT 23 4 12 2 2 q
rs28757184 CcC 606 93 1027 DO 662 89 1145 92
CT 50 7 88 9 78 11 84 8
TT 2 0 2 1 2 0
rs700518 AA 425 61 265 23 446 60 3p7 26
AG 209 37 558 54 263 3p 621 51
GG 23 2 292 23 31 4 281 42
Missing 1 2
rs2414096 AA 23 2 290 2B 30 4 278 P2
AG 208| 37 559 54 264 3p 621 52
GG 427 61 267 23 448 60 327 26
Missing 1 3
rs727479 GG 32 4 12y 10 36 5 163 13
GT 208 32 521 5] 25 34 5715 47
TT 418 64 469 39 454 6[L 491 40
1s2236722 TT 658 100 1117 100 742 100 1229 100
rs1008805 CC 3( 5 206 20 28 4 207 18
CT 209 32 512 48 23y 3P 599 50
TT 419 64 397 32 477 64 403 33
Missing 2
rs6493494 AA 41 5 216 1y 64 9 209 16
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Controls Cases
Non- Non-
African African African African
American American American American
N % N % N % N %
AG 254 | 45 527 48 307 a1 588 50
GG 363| 51 374 34 371 50 432 B4
rs749292 AA 138 18 22y 17 188 26 219 17
AG 313| 52 535 48 356 48 602 51
GG 207| 30 355 34 198 26 408 B2
rs1902586 AA 160 22 7 il 170 23 4 0
AG 311 49 92 8 358 418 112 10
GG 187 29 1018 91 214 29 1113 90
rs936306 CC 117 1y 797 71 116 6 854 69
CT 295| 46 281 26 347 a7 346 29
TT 245| 37 39 3 279 38 20 2
Missing 1
rs2445759 GG 571 84 948 85 613 83 1028 84
GT 83 16 161 14 124 7 198 16
T 3 0 8 1 5 3 a
Missing 1
rs28566535 AA 171 26 1016 91 202 p7 1105 89
AC 307 | 49 92 8 353 4y 119 10
CC 179 26 9 1 187 25 5 0
Missing 1
rs3751591 CC 1 ( 39 ¢] 2 0 41 3
CT 52 8 303 27 66 9 356 30
TT 605| 92 775 70 674 L 831 67
Missing 1
rs1902584 AA 571 83 936 82 655 B8 1040 84
AT 84| 17 175 17 86 12 183 15
T 3 0 6 1 1 0 6 1
rs1004984 CC 187 2p 406 37 212 29 444 37
CT 344| 55 553 44 388 5P 573 46
TT 126 19 158 17 140 1P 209 17
Missing 1 2 3
rs28757081 CC 458 71 1112 )] 525 70 1922 100
CT 183| 26 4 1 203 28 6 0
TT 17 3 1 0 14 2 1 (
rs2445762 CC 101 18 76 7 97 13 118 10
CT 315| 50 481 4] 368 49 492 39
TT 242 | 37 560 53 281 3B 617 50
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Controls Cases
Non- Non-
African African African African
American American American American
N % N % N % N %
Missing 1 2
rs2470144 AA 26 3 257 1P 26 3 286 23
AG 148 | 22 584 56 186 2b 615 49
GG 484| 75 276 25 53D 72 328 27
rs2445765 CC 35 3 3p 3 31 4 40 4
CG 235 42 347 3( 28H 39 379 31
GG 388| 51 738 67 42p 57 808 65
Missing 4 2
rs2446405 AA 189 33 34 3 214 29 44 4
AT 320| 48 354 30 356 48 381 31
TT 148 19 728 66 170 2 804 65
Missing 1 1 2
ESR1
rs851984 CcC 384 5¢ 414 33 407 55 418 34
CT 226| 35 518 52 280 3 586 49
TT 46 7 184 16 55 ] 228 17
Missing 2 1 2
rs851982 CC 47 7 187 16 41 6 2pP3 17
CT 215| 34 514 5] 261 35 585 49
TT 401| 59 415 33 440 5 419 34
Missing 1 2
rs2881766 GG 271 44 45 4 297 410 56 5
GT 293| 40 358 3] 331 4 373 30
TT 94 16 714 65 114 1 800 65
rs2077647 AA 155 27 306 26 200 27 333 26
AG 346| 48 566 46 372 5 614 51
GG 155 25 244 28 170 23 282 23
Missing 2 1
rs532010 CcC 133 18 170 22 129 18 186 15
CT 326| 49 524 42 354 48 569 48
TT 197| 33 420 36 255 3p 474 37
Missing 2 3 4
rs17081703 AA 444 65 1111 99 503 8 1221 99
AG 194| 32 6 1 223 3 B il
GG 18 3 16 2
rs12523805 GG 440 68 1103 D8 497 67 1212 99
GT 196| 29 14 2 223 3 17 1
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Controls Cases
Non- Non-
African African African African
American American American American
N % N % N % N %
TT 22 3 22 3
rs3866461 CC 113 16 20 1 99 14 29 2
CT 301| 45 246 2] 378 50 282 22
TT 243| 40 851 71 270 3p 918 15
Missing 1
rs7759411 CC 474 74 1086 97 5B0 78 1199 98
CT 169| 25 30 3 153 21 30 2
TT 11 1 1 0 9 1
rs11155813 CC 9] 18 16 1 15 10 P1 2
CT 297| 43 206 17 360 48 242 19
TT 270| 44 895 81 307 a1 966 79
rs17081740 CC 4 D
CT 79 14 4 0 10( 13 3 0
TT 574| 86 1113 10( 63)7 87 1225 1p0
Missing 1 5 1
rs7761133 CC 25¢ 4p 30 2 263 36 a7 4
CT 297| 40 300 26 368 49 318 26
TT 105 18 786 72 116 16 858 70
Missing 1 6
rs7775047 CC 25¢ 4p 30 2 263 36 a7 4
CG 297| 40 300 24 363 49 318 26
GG 105 18 787 72 116 16 864 Y0
rs6903763 AA 12 1 3 ( 14 P
AG 193| 28 73 7 179 25 8y 7
GG 453| 71 1041 93 548 73 1145 03
Missing 1
rs827421 CcC 254 40 263 30 274 37 320 27
CT 304| 44 575 45 356 48 608 50
TT 100 16 279 25 112 16 301 24
rs4870056 AA 159 24 21p 18 168 23 266 22
AG 336| 52 575 51 391 5B 586 48
GG 163| 24 328 31 18p 25 373 B0
Missing 2 4
rs2234693 CC 182 2p 216 18 198 27 272 23
CT 334| 52 573 5] 396 53 588 48
TT 142 | 22 327 31 148 2D 369 29
Missing 1
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Controls Cases
Non- Non-
African African African African
American American American American
N % N % N % N %
rs9322332 AA 105 14 21y 18 114 16 266 22
AC 322| 50 568 50 358 48 588 48
CC 231 36 332 32 270 36 375 B0
rs9340817 AA 12 2 24 3 P 0
AC 193| 29 52 4 217 29 6p 6
CC 453| 70 1065 96 490 g7 1161 04
Missing 2
rs712221 AA 90 16 387 3b 96 13 437 35
AT 304| 44 550 51 338 46 582 48
TT 264| 40 180 14 308 a1 210 17
rs1514348 AA 90 16 391 3b 96 13 484 35
AC 304| 44 549 51 339 46 585 48
CC 264 40 177 14 30y 41 209 L7
Missing 1
rs11155818 AA 5 1 Y. ( ¥ L
AG 139 21 30 2 12( 16 34 3
GG 514| 78 1085 97 61p 83 1195 07
rs1709183 AA 263 37 56 48 296 40 6[12 50
AG 314| 54 486 46 340 46 500 41
GG 80| 10 71 g 106 14 112 9
Missing 1 5
rs9340835 AA 61 11 12 11 81 11 154 12
AG 275| 39 516 50 309 4p 532 45
GG 322 50 474 39 350 47 541 13
Missing 1 2 2
rs9322335 CC 316 4p 62 53 388 16 682 55
CT 277 42 428 472 31y 13 457 37
TT 65 13 63 5 86 12 89 8
Missing 1 1
rs9322336 CC 1 ( 4 3 1 0 62 5
CT 66 10 353 35 58 B 399 32
TT 501| 90 723 62 683 op 768 62
rs9322337 AA 56 6 4 ( 72 10 8 1
AC 287| 45 84 7 28( 38 93 7
CC 315| 48 1029 93 390 52 1128 03
rs9322338 AA 172 28 4 D 237 32 3 0
AG 339| 54 49 4 333 45 4p 3
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Controls Cases
Non- Non-
African African African African
American American American American
N % N % N % N %
GG 143 19 1064 96 168 23 1182 07
Missing 4 4 2
rs6557170 AA 10 2 5¢ 4 v gl 6
AG 131 20 403 4( 116 16 440 36
GG 517| 78 655 56 61D 83 708 H8
rs6557171 CC 191 29 49 44 225 30 554 45
CT 323| 48 502 47 357 48 533 43
TT 141| 23 119 9 159 2P 142 12
Missing 1 1
rs9340888 AA 526 78 110 98 608 32 1228 100
AC 129 22 8 2 124 17 il 0
CC 3 0 6 1
rs12154178 AA 116 14 49 42 129 17 549 45
AC 326| 52 504 49 366 49 526 42
CC 215 34 118 g 245 33 144 13
Missing 1 1 2 10
rs7739274 AA 48 1 ] ( 6l 8
AG 244 41 86 6 284 39 oL 8
GG 364| 52 103 94 398 53 1135 02
Missing 2 4 3
rs4583998 AA 204 32 11 0 231 31 143 13
AG 331| 53 504 48 368 D 526 42
GG 121 15 495 42 14p 1 559 45
Missing 2 1 1 1
rs6911230 AA 334 52 13 12 349 48 162 14
AG 261| 40 522 49 330 44 553 44
GG 62 8 457 4( 61 B 514 42
Missing 1 2
rs1801132 CC 50y 7B 66 57 5D9 81 117 58
CG 144 23 400 39 134 18 433 B5
GG 7 1 54 4 8 1 79 Y
Missing 1
rs9397459 AA 12 1 4 1
AG 135 18 6 0 144 20 b 0
GG 511| 81 1111 100 588 19 1294 100
rs3020410 AA 16 2 21 2 21 3 26 3
AC 177 27 262 27 176 24 285 23
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Controls Cases
Non- Non-
African African African African
American American American American
N % N % N % N %
CC 465| 71 831 7( 544 73 916 ¥5
Missing 3 1 2
rs3003917 AA 272 42 719 61 322 43 774 63
AG 312| 48 356 37 337 46 400 32
GG 74| 11 42 3 81 11 5b 5
Missing 2
rs6914211 AA 27 4 13 . 45 6 40 4
AT 229| 39 298 24 274 37 278 23
TT 402| 56 806 75 423 57 911 13
rs9383599 CC 561 8B 1114 100 622 83 1224 100
CG 92 11 3 0 111 b b 0
GG 5 0 5
rs3020314 CC 315 4P 128 9 339 A6 181 16
CT 278| 43 523 5] 339 45 526 42
T 65 8 466 40 63 8 52p 42
Missing 1
rs3020401 AA 91 12 467 40 86 11 583 43
AG 312| 48 525 51 361 48 524 41
GG 253| 40 124 g 294 40 171 15
Missing 2 1 1 1
rs985191 AA 400 58 801 78 411 55 9p0 72
AC 233| 38 299 26 286 3P 288 24
CC 25 5 17 1 45 ¢ 41 4
rs3003925 AA 438 69 689 60 534 72 772 62
AG 199| 28 384 36 195 2b 402 34
GG 21 3 44 4 13 2 55 5
rs6557177 CcC 5% 1P 40 3 69 9 654 6
CT 288| 44 366 24 328 a4 354 29
TT 315| 44 711 68 345 a7 811 65
rs2982699 AA 19 3 33 3 17 2 49 4
AG 198| 28 332 33 216 20 349 29
GG 440| 70 752 64 500 69 831 67
Missing 1
rs985695 CcC 219 28 707 67 283 31 805 65
CT 329| 52 366 3( 397 54 358 29
TT 110 19 44 3 112 15 6p 6
rs1884049 CC 258  4p 745 64 286 38 819 66
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Controls Cases
Non- Non-
African African African African
American American American American
N % N % N % N %
CT 313| 46 335 33 361 49 355 30
TT 90 12 37 3 94 13 49 2
Missing 2 1 6
rs3020318 CC 31 4 42 37 29 4 484 39
CT 213| 31 533 5] 256 34 544 43
TT 414| 65 161 12 457 6p 201 19
rs1884053 CC 414 6b 16 12 459 62 203 19
CT 214| 31 535 5] 254 34 547 43
TT 30 4 418 37 29 4 479 38
rs9383951 CC 12 | 18 2
CG 151 20 8 Qg 193 26 6 0
GG 495| 79 1109 100 536 12 1222 100
Missing 1
rs3020403 CC 2§ 4 49 51 30 4 571 45
CG 225 31 508 41 256 35 513 12
GG 405| 65 112 g 456 6/1 144 13
Missing 1
rs3020404 AA 591 91 59 48 657 B8 655 54
AG 66 9 442 44 83 12 48B3 39
GG 1 0 82 8 2 d 9 ¥
Missing 1
rs9397462 AA 24 3 2( B L D
AT 172 25 11 1 204 28 14 il
TT 462 72 1106 9¢ 51y 70 1214 b9
rs9397463 CC 40] 59 77 13 438 59 867 69
CT 215| 34 320 25 261 35 314 26
T 35 7 25 2 42 6 48 b
Missing 1 1
rs926777 AA 204 36 65 b 237 32 101 9
AC 308| 45 465 36 350 a7 456 38
CC 145, 19 587 59 154 21 6712 b3
Missing 1 1
rs2982684 AA 34 6 g 1 2y ! 14
AC 188| 25 207 15 197 2p 205 18
CC 436| 70 905 84 518 70 1010 81
rs9371236 AA 382 6( 106 94 454 51 1477 96
AG 237| 36 51 5 244§ 34 48 3
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Controls Cases
Non- Non-
African African African African
American American American American
N % N % N % N %
GG 39 4 2 0 37 5 3 D
Missing 1 3 1
rs3020407 AA 30 5 48 46 33 4 549 A3
AG 205| 27 520 45 247 3B 523 43
GG 423| 68 113 g 461 6P 155 13
Missing 1 2
rs2144025 CC 219 3P 81 16 255 34 870 70
CT 323| 48 281 23 367 49 326 27
TT 115 20 25 2 12( 16 3B 3
Missing 1
rs12212176 CC 608 9p 74 68 6Pp4 94 835 68
CT 50 8 335 27 48 6 35D 29
TT 35 5 44 3
rs11964865 AA 502 78 106 94 582 78 1161 95
AT 146 21 55 6 144 20 68 3)
TT 10 1 11 2
rs7754762 AA 79 18 1 L 89 12 23 2
AT 294 | 40 228 17 309 4p 249 22
TT 285| 42 875 82 343 46 957 16
Missing 1 1
rs13192976 AA 393 55 87 83 450 51 957 77
AT 224 35 221 16 250 34 242 22
TT 41 10 12 1 42 d 29 P
Missing 5 8
rs9340944 AA 9 1 28 2 11 il 29
AG 135 19 275 22 160 2p 321 2
GG 514| 80 814 76 571 7 8719 ¥2
rs6905370 AA 226 37 8 i 244 33 115 9
AG 312| 44 458 36 381 5p 496 42
GG 120 19 571 5§ 11) 15 618 419
rs9340971 AA 529 77 108 98 603 31 1201 98
AG 119 18 33 2 131 18 2B 2
GG 10 4 8
rs7755185 AA 184 29 51 54 178 24 570 45
AG 322| 49 495 38 394 54 529 45
GG 152 22 108 g 170 23 130 10
rs17082028 CC § | v il
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Controls Cases
Non- Non-
African African African African
American American American American
N % N % N % N %
CT 120| 14 5 0 147 20
TT 530| 85 1112 10( 588 79 1229 1p0
rs2207232 CC 2( 3 ?) n 28 4 21 2
CT 184| 31 227 17 19y 27 241 22
TT 453| 67 881 83 51y 6P 967 17
Missing 1
rs9397472 AA 490 71 943 88 559 75 1029 82
AG 156| 28 167 11 16% 2p 186 17
GG 12 1 7 1 18 Y. 14 N
rs2982712 CC 504 79 225 16 560 75 259 21
CT 136 19 541 52 173 23 585 48
TT 13 2 350 32 9 1 385 311
Missing 1
rs3020434 CC 48 76 774 14 5p4 71 851 69
CT 161| 23 304 24 208 2/7 344 29
TT 8 1 39 2 15 2 34 2
rs3020364 AA 114 14 478 51 122 16 528 42
AG 304 | 43 511 4( 348 a7 551 46
GG 240 43 128 g 272 37 150 12
rs6901451 AA 130 26 12 1 147 20 P5 2
AG 326| 49 230 17 356 48 253 23
GG 202| 25 875 82 23D 32 951 ¥5
rs3020368 CC 495 7V 9Qq7 85 587 73 999 81
CT 154| 22 194 14 189 25 213 17
TT 9 1 16 1 16 2 17 1
rs9341008 AA 6 0 5 1
AG 94 14 2 0 99 14
GG 558| 85 1115 100 638 86 1229 100
rs2207396 AA 43 5 58 3 58 8 59 4
AG 255| 35 390 33 280 3B 426 34
GG 360 60 669 64 404 55 744 61
rs3020371 CC 104 18 490 53 115 16 532 42
CT 326| 50 497 37 3538 a7 550 46
TT 224 | 37 130 9 274 3y 147 12
rs3798569 AA 126 23 18 1 146 20 D6 2
AG 324| 51 230 16 354 48 250 23
GG 208| 25 874 83 24p 32 953 ¥5
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Controls Cases
Non- Non-
African African African African
American American American American
N % N % N % N %
rs3778082 AA 107 2( 14 134 18 P8 2
AG 316| 51 231 17 351 a7 251 23
GG 235 29 872 82 25 35 950 ¥5
rs3020375 AA 54 1 467 5 50 7 515 41
AC 267| 39 514 4( 315 43 558 47
CC 337| 53 135 1( 37V 51 156 12
Missing 1
rs12055837 AA 272 33 87b 82 299 10 951 75
AT 298| 47 228 17 340 46 249 23
TT 88 15 14 1 1043 14 D P
rs2459107 AA 283 41 13p 308 42 152 12
AG 292| 45 501 39 358 8 548 46
GG 82 13 484 52 81 1 529 42
Missing 1
rs11155833 AA 257 37 87p 82 282 39 949 75
AG 293| 46 228 17 342 a7 248 23
GG 101 17 13 1 102 14 27
Missing 7 1 16
rs13192678 CC 258 3p 815 82 2B3 38 951 75
CT 295| 46 227 17 350 a7 249 23
TT 105 17 15 1 109 15 20 2
rs3020381 AA 236 33 138 212 B7 157 12
AT 317| 50 508 39 349 4y 554 47
TT 105 17 476 51 121 16 518 41
rs2474148 GG 262  4b 535 55 299 40 588 47
GT 318| 44 474 38 337 45 522 43
T 78 11 107 7 106 14 118 10
Missing 1 1
rs9341052 AA 639 97 976 8 721 D7 1080 88
AG 20 3 136 11 21 K 146 12
GG 5 0 3 0
rs3020383 CC 1 ( 15 1 0 15 1
CG 43 6 168 12 50 ¥ 184 15
GG 614| 94 934 87 691 93 1030 34
rs3778099 CC 18 2 1P 26 3 18 1
CT 192| 28 202 15 211 29 220 19
TT 443| 69 904 84 508 68 989 79
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Controls Cases
Non- Non-
African African African African
American American American American
N % N % N % N %
Missing 5 1 2 2
rs9341062 AA 569 86 1058 95 625 B5 1148 93
AG 84 13 63 5 117 15 8l 7
GG 5 0 1 0 4 1
Missing 1
rs9341070 CC 658 10D 1109 100 742 100 1p23 99
CT 8 0 6 1
rs3798577 CC 13 23 268 21 140 19 277 22
CT 309| 47 541 5] 367 49 609 51
TT 219| 31 308 28 235 3p 342 27
Missing 1
rs3798758 GG 511 8l 1036 94 5B6 79 1136 92
GT 130| 17 79 g 147 20 90 8
TT 15 2 2 0 9 1 1 @
Missing 2
rs2813543 AA 3 0 44 3 B 0 61 5
AG 61 8 359 33 67 8 38b 31
GG 504 92 709 64 67\ 91 782 64
Missing 1
HSD3B1
rs932603 CC 64 13 P 0] 105 14 2 0
CT 287| 44 15 1 32% 44 19 1
TT 303| 43 1100 9d¢ 312 4P 1208 b9
rs6671149 GG 494 75 1111 100 549 74 1218 99
GT 143| 22 5 0 174 24 11 1
TT 16 2 1 0 17 2
Missing 1
rs3765945 CC 260 4p 131 13 3p8 44 157 13
CT 304| 42 506 45 328 14 538 42
TT 94 16 479 42 84 12 53P2 45
Missing 1 2
rs6428830 AA 6 0 9] 8 ¥ il 119 10
AG 114| 14 462 44 149 20 484 38
GG 538 85 563 18 586 79 626 H2
Missing 1
rs6205 CC 94 17 2 D 132 18 1 0
CT 297| 45 21 1 346 46 20 1
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Controls Cases
Non- Non-
African African African African
American American American American
N % N % N % N %
TT 267| 38 1094 98 263 36 1208 b9
Missing 1
rs6203 CcC 541 84 37 42 626 B4 374 31
CT 111 15 527 38 106 14 622 50
TT 6 1 215 20 10 1 238 20
rs10754400 GG 26 43 11 11 3p3 43 134 11
GT 299| 43 480 44 338 16 527 41
TT 92 14 519 45 81 11 5608 48
HSD17B2
rs4445895 CC 304 ay 42 41 3p8 44 460 38
CT 281| 43 525 47 340 46 607 49
TT 71 9 165 12 74 10 16p 13
rs8052451 CC 9¢ 19 0 84 11 2 0
CT 295| 43 10 1 310 41 12 1
T 264 | 38 1106 9¢ 348 a7 1215 b9
rs8059915 CC 408 6B 17 14 4p1 57 187 15
CG 211 27 546 57 264 36 620 b1
GG 33 5 392 29 57 B 419 34
Missing 6 2
rs16956274 CC 456 6B 111 )] 540 73 1219 99
CT 184| 33 4 0 187 25 10 1
TT 18 2 1 0 15 2
rs11648233 AA 20 3 37 20 34 5 397 33
AC 176| 23 543 55 206 27 620 50
CC 462| 74 203 16 50p 68 212 L7
rs8049423 AA 424 62 111 9 511 59 1222 100
AC 208| 35 6 207 28 V 0
CC 25 3 1 24 3
Missing 1
rs8050327 AA 281 41 110 99 331 15 1219 99
AC 290| 38 12 1 332 415 D il
CC 87| 21 1 0 79 11 il 0
rs8191072 AA 269 A( 1104 99 319 13 1218 99
AG 298| 39 12 1 34( 46 10 1
GG 91| 21 1 0 83 11 il 0
rs7200696 CC 166 3D 2 0 150 20 2 0
CG 300| 44 4§ 3 374 50 45 3
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Controls Cases
Non- Non-
African African African African
American American American American
N % N % N % N %
GG 190, 25 1068 97 217 29 1176 07
Missing 2 1 1 6
rs8045494 AA 32 3 ] ( 30 a
AG 221 39 7 1 224 30 10 il
GG 405| 58 1109 99 48B 66 1219 09
rs4243229 AA 6 1 1( 1 L D
AG 115 18 29 3 134 18 2b 2
GG 537| 82 1084 97 597 80 1203 08
rs7196087 CC 41 5 1093 98 456 61 1213 99
CT 221 37 23 2 248 34 16 1
TT 27 6 1 0 38 5
rs16956326 CC 452 6 1113 100 519 70 1925 100
CT 186| 30 4 0 201 27 4 0
TT 20 6 22 3
rs8191102 CC 391 5 1110 100 461 62 1221 99
CT 219| 41 7 0 247 33 i’ il
TT 45 6 34 5 1 0
rs8191136 AG 22 4 16 P
GG 636 96 1117 100 726 98 1229 100
rs8191167 AA 318 43 1104 9 407 56 1207 99
AG 277| 50 12 27( 36 15 1
GG 61 7 59 8
Missing 2 1 6 7
rs2966245 CC 76 1 199 23 95 13 220 18
CT 315| 47 549 48 347 a7 617 51
TT 267| 43 369 28 300 a1 390 31
Missing 2
rs2955159 AA 62 12 1 D 7P 10 2 0
AG 254 39 26 2 294 40 2B 2
GG 339| 49 109 98 374 50 1204 08
Missing 3 2
rs2042429 AA 263 41 306 25 291 B9 338 27
AG 317| 48 578 47 3538 a7 630 51
GG 78 10 233 28 98 18 261 21
rs3111351 AA 163 24 1085 98 206 P8 1200 98
AG 329| 46 30 2 3448 4y 2p 2
GG 166 30 2 Qg 188 25 0
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Controls Cases
Non- Non-
African African African African
American American American American
N % N % N % N %
rs2966244 CC 437 60D 105 94 475 64 1152 94
CT 197| 33 60 6 240 3P 76 6
T 24 6 2 0 27 1 (
rs9889094 CC 476 71 1072 92 565 75 1127 92
CT 166| 26 87 8 172 23 101 8
TT 16 3 1 0 15 2 1 (
rs7196807 CC 398 5B 50 42 456 62 548 44
CT 241 39 497 49 246 33 526 44
TT 24 3 116 9 40 j 155 1p
Missing 2
rs9319572 CC 197 34 16 21 238 32 209 16
CG 341 47 532 45 368 50 559 47
GG 120 19 424 34 136 18 461 B6
rs1364287 CC 488  7f 50 50 5p1 71 557 45
CT 158| 21 494 41 202 2/7 528 44
TT 10 2 115 9 16 Y. 149 il
Missing 2 1 3 2
rs723013 GG 34 7 123 10 66 9 160 12
GT 254 39 493 49 272 36 526 44
TT 370| 54 501 41 404 56 543 43
rs6564962 AA 166 24 420 34 174 24 459 36
AG 340| 50 536 45 380 51 561 48
GG 151 26 160 21 188 26 209 16
Missing 1 1
rs2911418 CC 19 2 28 3
CT 166| 23 31 11 214 2D 35 3
T 473| 74 1086 8¢ 505 688 1194 D7
rs2966250 AA 458 7( 1076 88 499 57 1185 96
AG 182| 28 41 12 218 29 43 3
GG 18 2 25 4 1 (
rs2955153 AA 353 52 108p 89 399 54 1190 97
AG 264 | 43 35 11 283 38 37 3
GG 41 5 60 8 2 e
rs2911420 AA 20 3 129 1D 28 157 12
AC 212| 37 515 45 235 3p 548 46
CC 425| 61 472 46 473 64 521 12
Missing 1 1 6 3
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Controls Cases
Non- Non-
African African African African
American American American American
N % N % N % N %
rs8191232 CC 16 4 1p 2
CT 145| 20 9 1 164 22 b 0
T 497| 76 1108 9¢ 566 76 1224 100
rs6564964 GG 89 1 143 12 111 5 175 14
GT 304| 49 529 Y. 3438 16 5585 46
TT 264 | 37 444 36 288 3P 498 40
Missing 1 1 1
rs2966248 GG 311 4 468 45 336 45 517 42
GT 282| 45 520 45 321 43 547 46
TT 65 11 128 10 85 12 161 13
Missing 1 4
rs1364286 AA 172 25| 443 36 196 27 497 40
AG 343 51 | 531 52 362 49 550 46
GG 142 24 | 142 12 182 25 181 14
Missing | 1 1 2 1
rs2955163 CC 439 64| 1012 83 536 72 1107 90
CG 199, 33 103 1] 183 25 117 L0
GG 20 3 2 0 23 3 5 D
rs1364285 CC 261 3 453 36 285 39 504 40
CG 309| 51 527 52 346 46 551 416
GG 88 14 137 1] 111 15 174 14
rs2955162 AA 9 4 62 5 b L 61 5
AG 245 39 426 35 312 4p 459 37
GG 404| 57 629 61 424 57 708 H8
Missing 1 1
rs2966246 CC 46 { P g1 8 4 0
CG 264| 43 109 1] 250 34 124 L0
GG 348| 51 1006 82 4311 58 1101 89
rs1424151 CC 4 ( L 8 1 2 0
CT 122| 23 83 7 92 12 9B 38
TT 532| 77 1033 93 641 87 1129 D2
Missing 1
PGR
rs11224565 AA 11 4 15 P
AG 147 | 24 8 1 174 25 B 0
GG 500 72 1109 9 548 73 1221 100
rs11224566 CC 2 il
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Controls Cases
Non- Non-
African African African African
American American American American
N % N % N % N %
CG 63 13 4 0 71 10 q 0
GG 593| 87 1113 100 670 90 1225 100
rs546763 AA 105 16 7 B 9P 12 83 7
AC 302| 44 409 35 340 46 479 39
CC 251| 40 629 57 309 42 665 b4
Missing 1 1 2
rs548668 CcC 10% 16 7 8 92 12 83 7
CT 304| 45 409 35 341 46 480 39
TT 248 | 39 629 57 309 4p 666 54
Missing 1 1
rs492827 CC 186 31 7 8 191 D6 84 7
CT 312| 47 415 35 356 48 485 39
TT 160 22 623 57 195 26 659 54
Missing 1
rs11224570 AA 6 3 § 1
AT 109 18 5 0 141 19 2 D
TT 543| 79 1112 10( 593 80 1227 1p0
rs11571247 AA 495 74 111 100 593 80 1227 100
AG 150 24 5 0 14( 19 4 0
GG 13 2 8 1
Missing 1
rs578029 AA 73 11 8¢ 15 87 12 17 7
AT 321| 50 453 35 339 46 480 40
TT 263| 40 575 50 316 43 668 53
Missing 1 4
rs11224575 AA 11 . 4 q 18 2 44 4
AG 124| 14 300 24 197 27 355 28
GG 517| 84 776 72 51y 71 830 69
Missing 6 10
rs543936 AA 213 29 605 5p 235 32 608 56
AG 315| 49 438 43 362 49 457 38
GG 130, 22 73 5 144 20 74 6
Missing 1 1
rs679275 AA 1220 22 78 b 137 19 73 6
AG 323| 49 439 43 369 50 459 38
GG 213| 29 605 52 236 32 697 H6
rs693765 GG 526 80 111 100 6p0 84 1223 100
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Controls Cases
Non- Non-
African African African African
American American American American
N % N % N % N %
GT 123 18 5 0 11§ 16 § 0
TT 9 2 4 1
rs1824128 GG 52] 84 82 15 582 72 862 71
GT 121 14 266 22 193 26 327 26
TT 10 2 31 3 17 2 39 3
Missing 1
rs660149 CcC 331 50 57 51 398 54 667 53
CG 283| 42 451 35 281 38 488 40
GG 44 8 87 15 63 9 74 6
rs495997 AA 215 36 39 3B 264 36 397 33
AG 329| 49 556 45 357 48 615 49
GG 114 15 167 16 121 1 217 18
rs2124761 GG 42§ 6b 109 98 541 73 1201 97
GT 198| 31 21 2 18% 25 28 3
T 32 4 1 0 16
rs11224579 CC 50 Th 92 84 5p7 71 1004 82
CT 144| 22 181 15 208 8 207 16
TT 8 4 12 1 12 17 2
Missing 1
rs503602 AA 87 14 1¢ ? 6P 9 27 3
AC 268| 39 272 23 286 3P 302 24
CC 303| 47 826 74 38y 2 900 ¥4
rs653752 CC 16( 2p 15 10 217 P9 163 14
CG 338| 53 524 52 363 49 576 47
GG 160, 25 443 38 161 22 489 B9
Missing 1 1
rs538915 CcC 48( 7P 84 16 561 76 923 76
CT 166| 25 260 22 165 2P 284 22
TT 12 3 15 2 16 2 22 p
Missing 1
rs555653 AA 216 29 28 2B 264 36 306 25
AG 331| 50 594 57 366 0 625 51
GG 110, 21 243 2( 111 15 298 24
Missing 1 1
rs11224590 GG 565 8p 111 100 637 86 1p28 100
GT 90 16 4 0 101 14 L 0
TT 3 3 4 1
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Controls Cases
Non- Non-
African African African African
American American American American
N % N % N % N %
rs11224591 AA 565 82 111 100 6386 86 1228 100
AG 90 16 4 0 101 14 . D
GG 3 3 4 1
Missing 1
rs596223 AA 514 82 49 4p 582 79 5p4 45
AG 132 17 508 49 147 20 5587 46
GG 9 1 113 9 12 2 118 0
Missing 3 2 1 5
rs501732 CC 118 1 3 2 161 P2 36 3
CT 325| 52 329 2¢ 355 48 349 28
TT 215| 32 753 68 225 3P 844 69
Missing 1
rs10895068 AA 3 q ] ( 4 il
AG 18 3 117 10 19 2 146 11
GG 640 97 996 89 728 97 1079 38
Missing 1
SHBG
rs1799941 AA 3 0 68 5 L 0 88 8
AG 96 13 420 34 91 12 435 36
GG 559| 86 628 61 650 88 706 56
Missing 1

1- counts (N) reflect raw data. Genotype percerstage adjusted for study sampling probabilities.
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Table 4.2 Association between estrogen-related candidate gene SNPs anclanie

Cases Controls OR (95% €&I) CLR? P-value

CYP19A1

rs4646
AA 157 140 1.00 (0.77, 1.29) 1.7 0.9699
AC 859 733 1.15(1.00, 1.33) 1.3 0.0499
CcC 956 902 Referent

rs2445759
TT+GT 330 255 1.24 (1.03, 1.50) 15 0.0213
GG 1642 1520 Referent

ESR1

rs7759411
TT+CT 192 211 0.77 (0.61, 0.97) 1.6 0.0255
CcC 1780 1565 Referent

rs827421
CC+CT 1558 1397 1.06 (0.90, 1.25) 14 0%00
TT 414 379 Referent

rs11155818
AA+AG 161 176 0.77 (0.60, 0.98) 1.6 0.0318
GG 1811 1600 Referent

rs1709183
GG 218 151 1.37 (1.08, 1.74) 1.6 0.0099
AG 841 801 0.93(0.81, 1.07) 1.3 0.3182
AA 908 823 Referent

rs9340835
AA 235 187 1.19(0.96, 1.48) 15 0.1027
AG+GG 1733 1588 Referent

rs9322335
TT 175 128 1.32(1.02, 1.71) 1.7 0.0333
CT 775 706 0.99 (0.86, 1.14) 1.3 0.8759
CcC 1020 942 Referent

rs9322338
AA 240 176 1.18 (0.88, 1.60) 1.8 0.2718
AG 375 388 0.81(0.63, 1.03) 1.6 0.0876
GG 1351 1208 Referent

rs9340888
CC+AC 135 140 0.76 (0.58, 1.00) 1.7 0.0485
AA 1837 1636 Referent

rs6914211
AA 85 40 2.24 (151, 3.33) 2.2 0.0001
AT+TT 1887 1736 Referent
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Cases Controls OR (95% €&I) CLR? P-value

rs3020314
TT 585 532 0.92(0.75, 1.12) 15 0.3924
CT 866 801 0.84 (0.70, 1.00) 14 0.0442
CcC 520 443 Referent

rs3020401
GG 465 377 1.25(1.05, 1.48) 1.4 0.0102
AA+AG 1505 1396 Referent

rs985191
CcC 86 42 2.11 (143, 3.13) 2.2 0.0002
AC 574 532 0.99(0.86, 1.16) 1.4 0.9447
AA 1312 1202 Referent

rs3003925
GG 68 65 0.95(0.66, 1.37) 2.1 0.7779
AG 598 583 0.86 (0.74, 0.99) 1.3 0.0382
AA 1306 1128 Referent

rs6557177
CcC 133 95 1.38 (1.04, 1.83) 1.8 0.0258
CT+TT 1839 1681 Referent

rs9397463
TT 90 60 1.38 (0.97, 1.95) 2.0 0.0731
CC+CT 1881 1715 Referent

rs2982684
AA 41 39 0.87(0.54, 1.39) 2.6 0.5566
AC 402 395 0.89(0.75, 1.05) 1.4 0.1672
CcC 1529 1342 Referent

rs9340944
AA+AG 521 448 1.10(0.94, 1.29) 14 0.2185
GG 1451 1328 Referent

rs2207232
cC 49 29 1.77 (1.09, 2.86) 2.6 0.0202
CT 438 411 0.96 (0.81, 1.12) 1.4 0.5872
TT 1485 1335 Referent

rs3020381
AA 429 369 1.14 (0.94, 1.40) 15 0.1927
AT 904 826 1.06 (0.91, 1.25) 1.4 0.4430
TT 639 581 Referent

rs9341052
AG+GG 171 161 1.00 (0.78, 1.27) 1.6 0.9819
AA 1801 1615 Referent

rs3778099
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Cases Controls OR (95% €&I) CLR? P-value

cC 44 28 1.51(0.92, 2.48) 2.7 0.1058
CT 431 394 0.96 (0.82, 1.14) 1.4 0.6648
TT 1493 1348 Referent

HSD3B1

rs932603
CcC 107 70 1.48 (1.06, 2.06) 1.9 0.0207
CT+TT 1865 1706 Referent

rs3765945
TT 618 574 0.83(0.68, 1.02) 15 0.0738
CT 867 810 0.83(0.70, 1.00) 14 0.0460
cC 485 391 Referent

rs6428830
AA 126 97 1.21(0.90, 1.62) 1.8 0.2047
AG+GG 1846 1678 Referent

rs6205
CC 133 96 1.48 (1.07, 2.05) 1.9 0.0178
CT 366 318 1.20(0.95, 1.51) 1.6 0.1188
TT 1472 1362 Referent

rs10754400
TT 649 612 0.86 (0.70, 1.05) 15 0.1459
GT 866 779 0.93(0.77, 1.11) 1.4 0.4243
GG 457 385 Referent

HSD17B2

rs8052451
CcC 86 100 0.56 (0.40, 0.80) 2.0 0.0012
CT 322 305 0.81(0.64, 1.02) 1.6 0.0688
TT 1564 1371 Referent

rs8059915
GG 477 425 1.23(1.00, 1.52) 15 0.0473
CG 884 758 1.22 (1.03, 1.45) 14 0.0229
CcC 608 585 Referent

rs16956274
CT+TT 212 207 0.85(0.67, 1.08) 1.6 0.1794
CcC 1760 1569 Referent

rs8049423
CC+AC 238 240 0.79 (0.63, 1.00) 1.6 0.0480
AA 1734 1535 Referent

rs8050327
CcC 80 88 0.67 (0.47, 0.95) 2.0 0.0266
AC 341 302 0.94(0.75, 1.18) 1.6 0.6179
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Cases Controls OR (95% €&I) CLR? P-value

AA 1551 1386 Referent

rsg8191072
GG 84 92 0.67 (0.47, 0.96) 2.0 0.0286
AG 350 310 0.96 (0.76, 1.20) 1.6 0.6953
AA 1538 1374 Referent

rs7200696
CcC 152 168 0.69 (0.53, 0.90) 1.7 0.0061
CG+GG 1813 1605 Referent

rs7196087
TT 38 28 1.15(0.68, 1.96) 2.9 0.5917
CT 264 244 0.94 (0.76, 1.18) 1.6 0.6051
CcC 1670 1504 Referent

rs16956326
TT 22 20 0.89 (0.46, 1.69) 3.7 0.7149
CT 205 190 0.90 (0.71, 1.15) 1.6 0.4087
CcC 1745 1566 Referent

rsg8191102
TT 35 45 0.63(0.39, 1.03) 2.6 0.0632
CT 254 226 0.90(0.72, 1.14) 1.6 0.3911
CcC 1683 1505 Referent

rsg8191167
GG 59 61 0.71(0.48, 1.07) 2.2 0.0994
AG 285 289 0.71(0.56, 0.88) 1.6 0.0024
AA 1615 1423 Referent

rs2955159
AA 74 63 1.05(0.72, 1.53) 2.1 0.8121
AG 317 280 1.03(0.83, 1.28) 15 0.8001
GG 1579 1430 Referent

rs3111351
GG 191 168 0.85(0.63, 1.16) 1.8 0.3080
AG 374 359 0.84 (0.66, 1.08) 1.6 0.1705
AA 1407 1249 Referent

rs9319572r
CcC 448 358 1.20 (1.02, 1.42) 14 0.0311
GG+CG 1524 1418 Referent

rs1364287
TT 159 125 1.27 (0.97, 1.66) 1.7 0.0861
CT 730 653 1.05(0.90, 1.21) 1.3 0.5484
CcC 1078 995 Referent

rs723013
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Cases Controls OR (95% €&I) CLR? P-value

GG 227 157 1.41(1.11, 1.78) 1.6 0.0044
GT 798 748 0.97(0.84, 1.12) 1.3 0.7231
TT 947 871 Referent

rs6564962
GG 398 311 1.24 (1.02, 1.51) 15 0.0313
AG 941 877 1.00 (0.85, 1.16) 1.4 0.9596
AA 633 586 Referent

rs2911418
CC+CT 272 216 1.22(0.98, 1.51) 15 0.0752
TT 1700 1560 Referent

rs2955153
GG 62 41 1.43(0.94, 2.19) 2.3 0.0929
AA+AG 1910 1735 Referent

rs1364286
GG 363 284 1.24(1.04, 1.49) 1.4 0.0182
AA+AG 1606 1490 Referent

rs1364285
GG 285 225 1.24(1.02, 1.51) 15 0.0325
CC+CG 1687 1551 Referent

rs1424151
CC+CT 200 210 0.82(0.66, 1.02) 15 0.0789
TT 1771 1566 Referent

PGR

rs546763
AA 175 183 0.81(0.64, 1.02) 1.6 0.0671
AC+CC 1794 1592 Referent

rs548668
CcC 175 183 0.80(0.64, 1.01) 1.6 0.0645
CT+TT 1797 1591 Referent

rs11571247
GG+AG 150 168 0.77 (0.59, 1.00) 1.7 0.0467
AA 1821 1608 Referent

rs11224575
AA 62 52 1.00 (0.67, 1.50) 2.2 0.9888
AG 553 424 1.28 (1.10, 1.50) 1.4 0.0018
GG 1347 1294 Referent

rs693765
TT+GT 128 137 0.76 (0.57, 1.00) 1.7 0.0491
GG 1844 1639 Referent

rs1824128
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Cases Controls OR (95% €&I) CLR? P-value

TT+GT 577 428 1.33(1.14, 1.55) 1.4 0.0003
GG 1394 1348 Referent

rs660149
GG 137 131 0.90(0.69, 1.18) 1.7 0.4494
CG 770 735 0.93(0.81, 1.07) 1.3 0.2955
CcC 1065 910 Referent

rs2124761
TT+GT 229 252 0.74 (0.59, 0.92) 1.6 0.0073
GG 1743 1524 Referent

rs11224579
TT+CT 439 345 1.21 (1.03, 1.43) 1.4 0.0237
CcC 1532 1431 Referent

rs503602
AA 96 106 0.74 (0.54, 1.01) 1.9 0.0590
AC 588 540 0.92(0.79, 1.07) 1.4 0.2866
CcC 1288 1130 Referent

rs596223
GG 125 122 0.90(0.68, 1.19) 1.7 0.4754
AA+AG 1841 1649 Referent

SHBG

rs1799941
AA 89 71 1.35(0.96, 1.89) 2.0 0.0830
AG+GG 1883 1704 Referent

1 - odds ratio, 95% confidence interval, adjustadafje, self-identified race, African ancestryseffterm
2- CLR - confidence limit ratio, upper 95% confiderimit divided by lower 95% confidence limit
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Table 4.3 Association between estrogen-related candidate SNPs and Wrmamnthbasal-like breast cancer

Luminal _ Luminal A
A Basal-like vs. 3l))asal-
like
Case Contro] OR (95% CI) | CLR? | P-value | Case Contrdl OR (95% E1) | CLR® | P-value | P-value
CYP19A1l
rs4646
AA a7 140 0.85(0.59,1.23)| 2.1 0.399% 18 140| .00X0.58, 1.74) 3.0 0.9947| 0.5987
AC 305 733 1.21(1.00,1.46) 15 0.0554 87 733| 1.13 (0.83, 1.55) 1.9 0.4381 0.7114
CcC 327 902 Referent 95 902 Referent
rs2445759
GT+TT 112 255 1.22 (0.95, 1.57 1.7 0.1185 30 552 1.09 (0.72, 1.66) 2.3 0.6787 0.6209
GG 567 1520 Referent 170 1520 Referent
ESR1
rs7759411
CT+TT 56 211 0.70 (0.50, 0.98 2.0 0.0398 22 112 0.63(0.38,1.03)| 2.7 0.0656 0.6933
CcC 623 1565 Referent 178 1565 Referent
rs827421
CC+CT 550 1397 1.27(1.01,1.61) 1.6 0.0419 3 16 1397 1.14 (0.77,1.67)] 2.2 0.5201 0.5827
TT 129 379 Referent 37 379 Referent
rs11155818
AA+AG 51 176 0.76 (0.53, 1.07 2.0 0.1182 18 761 0.60 (0.35, 1.02)| 2.9 0.0587 0.4294
GG 628 1600 Referent 182 1600 Referent
rs1709183
GG 81 151 1.55(1.14, 2.13 1.9 0.0058 16 151| 0.83(0.47,1.47)| 3.1 0.5211] 0.0384
AG 288 801 0.93(0.76, 1.13 15 0.4590 91 801| 0.90(0.65,1.23)| 1.9 0.4931 0.8354
AA 309 823 Referent 93 823 Referent
rs9340835
AA 88 187 1.35(1.02,1.79 1.8 0.0374 25 187 | 1.36(0.86,2.14)| 2.5 0.1901]  0.9819




80€

Luminal

Luminal A

A Basal-like vs. 3E)asal—
like
Case Control OR (95% Cl) | CLR? | P-value | Case Contrgl OR (95% €1) | CLR? | P-value | P-value

AG+GG 589 1588 Referent 175 1588 Referent

rs9322335
TT 62 128 1.38(0.98,1.95) 2.0 0.062p 22 128| .3810.82, 2.30) 2.8 0.2236| 0.9814
CT 267 706 0.99 (0.82, 1.21 15 0.9329 73 706| 0.88 (0.64, 1.21) 1.9 0.4263| 0.4851
CcC 350 942 Referent 104 942 Referent

rs9322338
AA 72 176 0.99 (0.66, 1.50) 2.3 0.9697 26 176| 0.82(0.45,1.49)| 3.3 0.5094] 0.5572
AG 109 388 0.66 (0.47,0.92) 2.0 0.0147 61 388| 0.92(0.56,1.49)| 2.6 0.7321 0.2126
GG 496 1208 Referent 113 1208 Referent

rs9340888
AC +CC 39 140 0.73(0.49, 1.09 2.2 0.1276 20 40 1 0.81(0.48, 1.37) 2.9 0.4308 0.7479
AA 640 1636 Referent 180 1636 Referent

rs6914211
AA 33 40 2.70(1.66,4.39) 2.6 0.0001 10 40 .1921.06,4.53) | 4.3 0.0349| 0.5770
AT+TT 646 1736 Referent 190 1736 Referent

rs3020314
TT 209 532 0.95(0.72,1.26) 1.7 0.7386 45 532| 0.79 (0.50, 1.25) 2.5 0.3112| 0.4482
CT 310 801 0.89 (0.70, 1.14 1.6 0.3602 88 801| 0.80 (0.56, 1.15) 2.1 0.2284| 0.5870
CcC 159 443 Referent 67 443 Referent

rs3020401
GG 145 377 1.19(0.94,1.50) 1.6 0.1495 65 377| 1.61(1.14,2.28)| 2.0 0.0063 0.1084
AA+AG 534 1396 Referent 135 1396 Referent

rs985191
CcC 32 42 2.47 (1.51,4.04) 2.7 0.0008 9 42 9810.92,4.24) | 4.6 0.0801| 0.5750
AC 203 532 1.08(0.88,1.33) 1.5 0.4525 74 532| 1.34(0.97,1.84)| 1.9 0.0749  0.2265




60€

Luminal A

'I&ummal Basal-like vs. 3E)asal—
like
Case Control OR (95% Cl) | CLR? | P-value | Case Contrgl OR (95% €1) | CLR? | P-value | P-value
AA 444 1202 Referent 117 1202 Referent
rs3003925
GG 24 65 0.94 (0.57,1.55) 2.7 0.812p 5 65 (o676, 1.71) 6.6 0.3988| 0.4939
AG 205 583 0.84 (0.69,1.03) 15 0.0895 60 583| 0.91 (0.65, 1.26) 1.9 0.5582| 0.6693
AA 450 1128 Referent 135 1128 Referent
rs6557177
CcC 47 95 1.48(1.02,2.15) 2.1 0.0397 19 95 7211.01,2.93) | 2.9 0.0455| 0.6029
CT+TT 632 1681 Referent 181 1681 Referent
rs9397463
TT 35 60 1.62(1.04,2.53) 2.4 0.0329 10 60 .3110.65,2.66) | 4.1 0.4463| 0.5732
CC+CT 644 1715 Referent 189 1715 Referent
rs2982684
AA 9 39 0.59 (0.28,1.26) 4.6 0.1742 7 39 21(0.48,2.63) | 5.5 0.7929| 0.2185
AC 132 395 0.85 (0.67, 1.07 1.6 0.1592 39 395| 0.80(0.54,1.16)| 2.1 0.2393 0.7667
CcC 538 1342 Referent 154 1342 Referent
rs9340944
AA+AG 196 448 1.26 (1.03, 1.55 15 0.0262 50 448 1.14(0.81,1.61)| 2.0 0.4634 0.5760
GG 483 1328 Referent 150 1328 Referent
rs2207232
CC 9 29 0.98 (0.45,2.13) 4.7 0.9648 6 29 10683, 3.99) 6.4 0.3309| 0.3802
CT 160 411 1.02 (0.82,1.28 1.5 0.8310 42 411| 0.82 (0.56, 1.18) 2.1 0.2823| 0.2574
TT 510 1335 Referent 152 1335 Referent
rs3020381
AA 154 369 1.39(1.06, 1.83 1.7 0.017L 47 369| 0.99(0.64,1.54)| 2.4 0.9632 0.1561
AT 309 826 1.15(0.93,1.43 15 0.201p 91 826| 0.95(0.66,1.36)| 2.1 0.7904  0.3305




0TE

Luminal

Luminal A

A Basal-like vs. 3E)asal—
like
Case Control OR (95% Cl) | CLR? | P-value | Case Contrgl OR (95% €1) | CLR? | P-value | P-value

TT 216 581 Referent 62 581 Referent

rs9341052
AG+GG 61 161 1.01 (0.73, 1.40 1.9 09512 9 116 | 0.63(0.31,1.27)| 4.1 0.1925  0.1995
AA 618 1615 Referent 191 1615 Referent

rs3778099
CC 8 28 0.84 (0.38,1.89)) 5.0 0.677f 5 28 10423, 3.82) 7.3 0.4894| 0.3728
CT 147 394 0.95(0.75, 1.18 1.6 0.6237 49 394| 1.05 (0.73, 1.49) 2.0 0.8042 0.6018
TT 523 1348 Referent 145 1348 Referent

HSD3B1

rs932603
CC 36 70 1.77 (1.14, 2.77 2.4 0.0115 12 70 1310.58, 2.19) 3.8 0.7231| 0.2083
CT+TT 643 1706 Referent 188 1706 Referent

rs3765945
TT 223 574 0.71(0.54,0.93) 1.7 0.0125 42 574| 0.72 (0.45, 1.15) 2.6 0.1641)  0.9662
CT 279 810 0.68 (0.53, 0.86 1.6 0.0015 105 810| 1.11 (0.76, 1.60) 2.1 0.5980  0.0162
CcC 175 391 Referent 53 391 Referent

rs6428830
AA 50 97 1.36 (0.93,1.98)| 2.1 0.1099 18 97 74835, 4.15) 3.1 0.0026| 0.0636
AG+GG 629 1678 Referent 182 1678 Referent

rs6205
CcC 45 96 1.72(1.10,2.69) 2.4 0.0169 15 96 7 10265, 2.47) 3.8 0.4839| 0.4053
CT 107 318 1.12 (0.81, 1.56 1.9 0.4956 60 318| 1.50 (0.96, 2.36) 25 0.0762 0.2531
TT 527 1362 Referent 125 1362 Referent

rs10754400
TT 236 612 0.73 (0.55,0.96) 1.7 0.0255 43 612| 0.73 (0.45, 1.18) 2.6 0.2013]  0.9954




2

Luminal . Luminal A
A Basal-like vs. 3E)asal—
like
Case Control OR (95% Cl) | CLR? | P-value | Case Contrgl OR (95% €1) | CLR? | P-value | P-value
GT 279 779 0.75 (0.59, 0.96 1.6 0.0249 107 779| 1.25 (0.85, 1.83) 2.1 0.2499  0.0153
GG 164 385 Referent 50 385 Referent
HSD17B2
rs8052451
CcC 21 100 0.39 (0.23, 0.67 2.9 0.0006 11 100{ .50(0.25, 1.03) 4.2 0.0601| 0.5505
CT 93 305 0.68 (0.49,0.94) 1.9 0.018p 47 305| .8100.52, 1.26) 2.4 0.3465/ 0.4691
TT 565 1371 Referent 142 1371 Referent
rs8059915
GG 167 425 1.24 (0.93, 1.65 1.8 0.1432 38 425| 1.12 (0.70, 1.81) 2.6 0.6288  0.7062
CG 320 758 1.29 (1.02, 1.64 1.6 0.0324 81 758| 1.07 (0.75, 1.54) 2.1 0.7108  0.3421
CcC 192 585 Referent 81 585 Referent
rs16956274
CT+TT 54 207 0.65 (0.46,0.93) 2.0 0.0172 25 7 20 | 0.65(0.40, 1.06) 2.6 0.0861  0.9867
CcC 625 1569 Referent 175 1569 Referent
rs8049423
AC+CC 64 240 0.66 (0.47, 0.92 2.0 0.0157 28 0 24 | 0.60 (0.37, 0.95) 2.6 0.0303 0.7014
AA 615 1535 Referent 172 1535 Referent
rs8050327
CC 20 88 0.49 (0.28,0.85) 3.0 0.0106 14 88 10046, 1.78) 3.8 0.7718| 0.1231
AC 99 302 0.81(0.59, 1.11), 1.9 0.1878 53 302| .2510.80, 1.94) 2.4 0.3311] 0.0811
AA 560 1386 Referent 133 1386 Referent
rs8191072
GG 21 92 0.48 (0.28,0.83) 2.9 0.0082 14 92 6 (0844, 1.68) 3.8 0.6555| 0.1478
AG 101 310 0.80 (0.58, 1.09) 1.9 0.1599 54 310| 1.23 (0.79, 1.91) 2.4 0.3696, 0.0827
AA 557 1374 Referent 132 1374 Referent




A%

Luminal

Luminal A

A Basal-like vs. 3E)asal—
like
Case Control OR (95% Cl) | CLR? | P-value | Case Contrgl OR (95% €1) | CLR? | P-value | P-value

rs7200696
CC 38 168 0.52 (0.35, 0.78 2.2 0.0014 29 168| .0110.63, 1.63) 2.6 0.9711] 0.0205
CG+GG 639 1605 Referent 170 1605 Referent

rs7196087
TT 10 28 1.00 (0.47,2.16), 4.6 0.9965 10 28 321200, 4.97) 4.9 0.0487| 0.0940
CT 87 244 0.97(0.72,1.33) 1.9 0.8569 34 244| .88Q0.56, 1.37) 2.4 0.5626/ 0.6791
CcC 582 1504 Referent 156 1504 Referent

rs16956326
TT 5 20 0.71(0.39,1.27)| 3.3 0.2467 7 20 21001, 4.07) 4.0 0.0479| 0.0103
CT 62 190 0.84 (0.63,1.13) 1.8 0.246ff 38 190| .4211.00, 2.02) 2.0 0.0479] 0.0103
CcC 612 1566 Referent 155 1566 Referent

rs8191102
TT 9 45 0.48 (0.22,1.03)| 4.6 0.0583 6 45 @39, 2.45) 6.3 0.9553| 0.2019
CT 77 226 0.85(0.61,1.17) 1.9 0.315p 49 226| .4610.95, 2.24) 2.4 0.0829| 0.0252
CcC 593 1505 Referent 145 1505 Referent

rs8191167
GG 14 61 0.48 (0.25,0.90) 3.6 0.0231 10 61 20@44,1.94)| 4.4 0.8307| 0.1455
AG 83 289 0.61(0.44,0.85) 1.9 0.003L 38 289| .63Q0.40, 0.98) 2.4 0.0415] 0.9259
AA 577 1423 Referent 151 1423 Referent

rs2955159
AA 25 63 1.15(0.68, 1.94)| 2.9 0.6029 14 63 11®77, 2.95) 3.8 0.2257| 0.4702
AG 96 280 0.99 (0.72,1.34) 1.9 0.9266 45 280| .13710.73,1.73) 2.4 0.5837| 0.5786
GG 558 1430 Referent 141 1430 Referent

rs3111351
GG 56 168 0.70 (0.46, 1.06 2.3 0.0915 33 168| .92 (0.53, 1.59) 3.0 0.7631] 0.3692




ETE

Luminal . Luminal A
A Basal-like vs. 3E)asal—
like
Case Control OR (95% Cl) | CLR? | P-value | Case Contrgl OR (95% €1) | CLR? | P-value | P-value
AG 109 359 0.68 (0.48,0.95) 2.0 0.0245 43 359| 0.62 (0.38, 1.00) 2.6 0.0507| 0.7223
AA 514 1249 Referent 124 1249 Referent
rs9319572
CC 146 358 1.20 (0.95, 1.51 1.6 0.1178 48 358| 1.08 (0.75, 1.55) 2.1 0.6726] 0.5922
CG+GG 533 1418 Referent 152 1418 Referent
rs1364287
TT 61 125 1.45(1.02,2.06)] 2.0 0.038f 7 125| 74@0.33, 1.66) 5.1 0.4608| 0.1102
CT 259 653 1.08 (0.89, 1.32 15 0.4390 83 653| 1.38 (1.00, 1.89) 1.9 0.0500, 0.1687
CcC 358 995 Referent 109 995 Referent
rs723013
GG 78 157 1.46 (1.07, 2.00 1.9 0.0174 17 157 .2710.73, 2.23) 3.1 0.4023| 0.6343
GT 285 748 1.02 (0.84, 1.25 15 0.8161 96 748| 1.32 (0.96, 1.80) 1.9 0.0860, 0.1421
TT 316 871 Referent 87 871 Referent
rs6564962
GG 134 311 1.31 (.00, 1.72 1.7 0.04712 40 311| 1.18 (0.76, 1.84) 2.4 0.4687| 0.6516
AG 331 877 1.04(0.84,1.28) 15 0.7199 104 877| 1.09 (0.77, 1.55) 2.0 0.6213  0.7939
AA 214 586 Referent 56 586 Referent
rs2911418
CC+CT 93 216 1.35(1.00, 1.82 1.8 0.0478 37 6 21 | 1.20(0.78, 1.83) 2.3 0.4054  0.6066
TT 586 1560 Referent 163 1560 Referent
rs2955153
GG 25 41 1.96 (1.15,3.35) 2.9 0.0141 11 41 8 10787, 3.65) 4.2 0.1138| 0.8094
AA+AG 654 1735 Referent 189 1735 Referent
rs1364286
GG 130 284 1.35(1.06, 1.72 1.6 0.0145 34 284| 0.98 (0.65, 1.46) 2.2 0.9093  0.1355




rie

Luminal

Luminal A

A Basal-like vs. 3E)asal—
like
Case Control OR (95% Cl) | CLR? | P-value | Case Contrgl OR (95% €1) | CLR? | P-value | P-value

AA+AG 549 1490 Referent 166 1490 Referent

rs1364285
GG 104 225 1.35(1.04, 1.75 1.7 0.0251 27 225| 1.12 (0.72, 1.74) 2.4 0.6066] 0.4364
CC+CG 575 1551 Referent 173 1551 Referent

rs1424151
CC+CT 58 210 0.70 (0.51, 0.96 1.9 0.0255 22 0 21 | 0.74 (0.46, 1.20) 2.6 0.2217  0.8154
TT 621 1566 Referent 178 1566 Referent

PGR

rs546763
AA 64 183 0.87(0.63,1.19)|, 1.9 0.3673 12 183 | .47(0.25, 0.86) 3.4 0.0151] 0.0613
AC+CC 614 1592 Referent 187 1592 Referent

rs548668
CcC 64 183 0.86 (0.63, 1.18 1.9 0.3601 12 183| .46 (0.25, 0.86) 3.4 0.0142] 0.0592
CT+TT 615 1591 Referent 188 1591 Referent

rs11571247
AG+GG 49 168 0.81(0.56, 1.18 2.1 0.2724 20 8 16 | 0.67 (0.40, 1.13) 2.9 0.1364 0.5184
AA 630 1608 Referent 180 1608 Referent

rs11224575
AA 23 52 0.96 (0.56, 1.63)| 2.9 08799 6 52 q@86, 2.15) 5.9 0.7860| 0.8631
AG 180 424 1.18 (0.95,1.46) 15 0.1339 46 424 1.04 (0.73, 1.49) 2.0 0.8351 0.5191
GG 474 1294 Referent 146 1294 Referent

rs693765
GT+TT 38 137 0.69 (0.46, 1.04) 2.3 0.0781 19 713 | 0.75(0.44, 1.29) 2.9 0.3015 0.7935
GG 641 1639 Referent 181 1639 Referent

rs1824128




STE

Luminal . Luminal A
A Basal-like vs. 3E)asal—
like
Case Control OR (95% Cl) | CLR? | P-value | Case Contrgl OR (95% €1) | CLR? | P-value | P-value
GT+TT 190 428 1.22 (0.99, 1.50 15 0.0609 52 28 4 1.16 (0.83, 1.64) 2.0 0.3852  0.7969
GG 489 1348 Referent 148 1348 Referent
rs660149
GG 47 131 0.88 (0.61, 1.28 2.1 0.5039 8 131| 5300.25, 1.13) 4.5 0.0985| 0.2040
CG 265 735 0.92 (0.76, 1.12 15 0.4217 91 735| 1.17 (0.86, 1.59) 1.8 0.3122 0.1572
CcC 367 910 Referent 101 910 Referent
rs2124761
GT+TT 74 252 0.75(0.54,1.02) 1.9 0.0689 29 2 25 | 0.64 (0.40, 1.00) 25 0.0519 0.5330
GG 605 1524 Referent 171 1524 Referent
rs11224579
TT+CT 152 345 1.24 (0.99, 1.55 1.6 0.0644 48 453 1.20 (0.84, 1.72) 2.0 0.3053 0.8885
CcC 527 1431 Referent 152 1431 Referent
rs503602
AA 34 106 0.85(0.55,1.30)|] 2.4 0.4566 10 106 | .58Q0.29, 1.17) 4.1 0.1290| 0.3255
AC 204 540 0.96 (0.78,1.18) 1.5 0.6698 63 540| 0.87 (0.62, 1.21) 2.0 0.3972  0.5868
CcC 441 1130 Referent 127 1130 Referent
rs596223
GG 43 122 0.82 (0.56, 1.20 2.1 0.3130 18 122| .7310.99, 3.01) 3.0 0.0538/ 0.0153
AA+AG 635 1649 Referent 180 1649 Referent
SHBG
rs1799941
AA 36 71 1.57 (1.02, 2.43 2.4 0.0408 9 71 871(0.89,3.92) | 4.4 0.0976| 0.6600
AG+GG 643 1704 Referent 191 1704 Referent

1 - odds ratio, 95% confidence interval, adjustadaje, self-identified race, African ancestryseffterm
2- confidence limit ratio, upper 95% confidenceitidivided by lower 95% confidence limit
3 - Hy: B (luminal A)=p(basal-like)




Table 4.4 Stratified odds ratios for SNPs with multiplicative interactiondsst genotype

and parity/lactation, comparing luminal A cases and controls

Nulliparous Parous, never breastfed Parous, eeasted
Luminal A Luminal A Luminal A
case/control case/control case/control
OR (95%Cl} OR (95%Cl} OR (95%Cl§ LRT? P-value
ESR1
rs6914211 0.0954
AA 4/8 15/18 14/14
-3 2.96 (1.43, 6.14) 3.55 (1.58, 7.99)
AT+TT 107/193 302/860 237/680
Referent Referent Referent
rs985191 0.0153
CcC 4/8 15/20 13/14
-3 2.46 (1.20, 5.06)
AC 35/66 82/269 86/195
1.13 (0.66, 1.93) 0.76 (0.56, 1.04) 1.53 (1.102p.1
AA 72/127 220/589 152/485
Referent Referent Referent
rs6557177 0.0471
cC 7/19 22/45 18/31
-3 1.58 (0.91, 2.76) 1.78 (0.94, 3.35)
CT+TT 104/182 295/833 233/663
Referent Referent Referent
HSD17B2
rs2911418 0.0017
CC+CT 16/20 58/114 19/82
-3 1.82 (1.21, 2.74) 0.61 (0.34, 1.09)
TT 95/181 259/764 232/612
Referent Referent Referent
PGR
rs660149 0.0026
GG 4/17 21/61 22/53
-3 0.75 (0.43, 1.30) 1.09 (0.61, 1.94)
CG 56/80 107/379 102/276
1.69 (1.01, 2.82) 0.63 (0.47, 0.83) 1.15 (0.8391.5
CC 51/104 189/438 127/365
Referent Referent Referent

316




rs503602 0.0597
AA 3/15 17/47 14/43
-3 1.25 (0.67, 2.31) 0.95 (0.47, 1.90)
AC 31/71 106/270 67/198
0.61 (0.35, 1.07) 1.14 (0.84, 1.55) 0.87 (0.6241.2
CcC 77/115 194/561 170/453
Referent Referent Referent

1- odds ratio and 95% confidence interval, adjusbedelf-identified race, age, African ancestnyd affset
term

2 - likelihood ratio test
3 - parametemsot estimated due to sample size

317
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Table 4.5 Association between estrogen-related gene haplotypes anddmeest ¢

Haplotype All Cases Luminal A Basal-like
No. Copies| OR (95% C1) P-Value | CLR | OR (95% CI) P-Value | CLR | OR (95% CI) P-Value | CLR
CYP19A1
1: rs749292, rs1902586, rs936306, rs2445759, r&HFH
A-A-T-G-C 0 Referent Referent Referent
1 1.29 (1.00, 1.66) 0.0513 1.7 1.22 (0.84, 1.770.2944 2.1 1.22 (0.72, 2.06) 0.4520 2.8
2 4.65 (2.60, 8.31) <0.0001 3.2 1.79 (0.54, 5.930.3431 11.0| 9.01 (3.39, 23.98 <0.0001 71
ESR1
2:rs851984, rs851982, rs2881766
2a: C-T-G 0 Referent Referent Referent
1 0.61 (0.52, 0.71) <0.0001 1.4 0.55 (0.43,0.69< 0.0001| 1.6 0.52 (0.35, 0.79) 0.0019 2.3
2 1.04 (0.81, 1.34) 0.7489 1.7 0.94 (0.66, 1.350.7367 2.0 0.68 (0.39, 1.17) 0.1630 3.0
2b: T-C-G 0 Referent Referent Referent
1 1.00 (0.82, 1.23) | 0.9796 15 0.80(0.58, 1.10) | 0.1692 1.9 1.10 (0.69, 1.76) | 0.6970 2.6
2 1.67 (0.99, 2.81) 0.0562 2.8 1.63 (0.73, 3.61).2389 4.9 3.27 (1.27, 8.44) 0.0141 6.6
3:rs1709183, rs9340835, rs9322335
A-A-T 0 Referent Referent Referent
1 0.85 (0.75, 0.97) 0.0130 1.3 0.75 (0.62, 0.920.0065 15 0.82 (0.57,1.18 0.2767 2.1
2 0.92 (0.75, 1.12) 0.4092 1.5 0.77 (0.56, 1.050.1019 1.9 1.07 (0.64, 1.77) 0.8023 2.7
4:rs6914211, rs9383599, rs3020314, rs302040151€88 rs6557177
A-C-C-G-C-C 0 Referent Referent Referent
1 1.07 (0.93, 1.23) 0.3627 1.3 1.20 (0.98, 1.460.0799 15 1.31(0.94, 1.82) 0.1049 1.9
2 1.62 (1.17, 2.25) 0.0041 1.9 1.83(1.13, 2.979.0134 2.6 1.27 (0.51, 3.19) 0.6095 6.3
PGR
5:rs1824128, rs660149, rs495997, rs2124761, rBIZP
5a: G-C-A-G-C 0 Referent Referent Referent
1 1.04 (0.92, 1.17) 0.5100 1.3 0.96 (0.80, 1.140.6165 1.4 1.24 (0.91, 1.68) 0.1787 1.9
2 1.06 (0.85,1.33) 0.6024 1.6 1.04 (0.76, 1.42).8282 1.9 1.63 (0.97, 2.73) 0.0647 2.8
5b: G-C-G-T-C 0 Referent Referent Referent




6T€E

1 0.66 (0.54, 0.82) 0.0001 1.5 0.67 (0.49, 0.910.0112 1.8 0.57 (0.36, 0.90) 0.0170 2.5

2 1.35(0.77, 2.36) 0.3007 3.1 1.95 (0.87, 4.350.1035 5.0 1.79 (0.55, 5.85) 0.3376 10.7]
5c: T-C-G-G-T 0 Referent Referent Referent

1 1.25 (1.04, 1.49) 0.0150 1.4 1.31 (1.03, 1.670.0253 1.6 1.11 (0.72, 1.71) 0.6312 2.4

2 1.89 (1.12, 3.18) 0.0163 2.8 2.29 (1.09, 4.810.0295 4.4 2.11 (0.51, 8.77) 0.3053 17.3

1 - odds ratio, 95% confidence interval, adjustadae, self-identified race, African ancestry, affdet term

2 - confidence limit ratio, upper 95% confidenaeitidivided by lower 95% confidence limit




0ceE

Table 4.6 Association between estrogen-related gene haplotypes and breast ca

H . Parous/never Parous/ever
aplotype Nulliparous breastfed breastfed
No. Copies| OR (95% C) P-Value | CLR | OR (95% CI) P-Value | CLR | OR (95% CI) P-Value | CLR
A-C-C-G-C-C 0 Referent Referent Referent
1 0.91 (0.54,1.54) | 0.7337 2.9 0.92(0.68,1.25)| 0.6131 | 1.8 | 1.73(1.26,2.38) | 0.0007 | 1.9
2 0.68 (0.15, 3.09) | 0.6150 20.9 | 1.86 (0.95,3.64) | 0.0681 | 3.8 | 2.45(1.12,5.35) | 0.0254 | 4.8

1 - odds ratio, 95% confidence interval, adjustadae, self-identified race, African ancestry, affdet term

2 - confidence limit ratio, upper 95% confidenaeitidivided by lower 95% confidence limit
3 -rs6914211, rs9383599, rs3020314, rs302040850H, rs6557177
4 - LRT P-value = 0.0362
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Table 4.7 Estrogen-related functional SNP odds ratind 95% confidence intervals in the CBCS and previously published studies

CBCs CBCsS CBCsS CBCs Raskin et al. (78) | Raskin et al. (78)
all case$ luminal A2 basal-liké basal-liké, BRCAL carriers, | non-carriers, <50
<50 yrs old <50 yrs old yrs old
CYP19A1
rs700518 GG 0.87 (0.70, 1.08) 0.93 (0.70, 1.2%5) 510064, 1.70) | 1.46 (0.81, 2.64) 2.81 (1.09, 7.22)1.20 (0.51, 3.21)
V8oV AG 1.07 (0.92, 1.25) 1.08 (0.87,1.34 0.93%@) 1.32) | 0.88(0.56, 1.37) 1.41 (0.61, 3.26) 1229, 2.38)
AA Referent Referent Referent Referent Referent Referent
CBCsS CBCsS CBCsS Miyoshi et al. (70)| Lee etal. (71) Haiman et al.
all case$ luminal A2 basal-liké (12)
rs700519 TT 0.44 (0.21, 0.89) 0.67 (0.26, 1.71) 8@0111, 2.13) 1.0 (0.3, 3.9) 1.05(0.94, 1.11
R264C CT 0.99 (0.81, 1.21) 1.17 (0.89, 1.56) 1080, 1.60) 15(1.1,2.2) 1.05(0.78, 1.4
CT+TT 0.94 (0.77, 1.15) 1.13(0.86, 1.49 0.9%601.50) | 0.75(0.50, 1.12) 15(1.1,2.2)
CC Referent Referent Referent Referent Referent ferBet
Gulyaeva et al.
(91)
rs700519 TT
(cont.) CT 1.34 (0.51, 3.51)
CT+TT 0.96 (0.39, 2.36)
CC Referent
CBCs CBCS CBCS Talbott et al. (75),| Talbott et al. (75),| Haiman et al.
all case$ luminal A2 basal-liké premenopausal | postmenopausal | (12)
rs1008805 | TT 0.98 (0.78,1.22)]  0.91 (0.68, 1.23) 86@0.50, 1.46)| 1.61 1.14 Referent
Intron2 A/IG| CT 1.10 (0.95, 1.28) 1.07 (0.87,1.31) 1.02 (0.73, 1.41)| 1.27 (1.02, 1.58 1.07 (0.925). | 1.02(0.95, 1.10)
CC Referent Referent Referent Referent Referent 98 (.88, 1.08)
CBCs CBCS CBCS Kristensen et al. | Haiman et al. (77)] Dunning et al.
all case$ luminal A2 basal-liké (76) (68)
rs10046 TT 0.90 (0.73, 1.10) 0.90 (0.68, 1.20) @eel, 1.56) | 2.00(1.28, 3.11) 0.87 (0.60, 1.27) .07X0.93, 1.23)
3'UTR CT 1.11 (0.95, 1.30) 1.16 (0.94, 1.44 1(00r1, 1.41) | 1.53(1.04, 2.24) 0.96 (0.69, 1.34) 03%0.91, 1.16)
CcC Referent Referent Referent Referent Referent ferBet
CBCS CBCs CBCs Onland Moret et | Onland Moret et Wang et al. (89)
all case$ luminal A® basal-liké al2(92) al.* (92) 9 '
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ESR1

rs2234693 T 0.90 (0.74, 1.09) 0.79 (0.61, 1.04) 93@0.60, 1.45)| 1.43(0.93, 2.22) 1.23 (1.08, 1.42)
+397 C/T CT 0.92 (0.77, 1.09)) 0.98(0.78, 1.23) 091(0.75, 1.59)| 1.32(0.90, 1.95) 1.14 (1.00, 1.32)0.98 (0.74, 1.32)
Pwull CC Referent Referent Referent Referent Referent ereef
Iwasaki et al. (94)| Iwasaki et al. (94)| Iwasaki et al.
Japanese Japanese- (94), non-
(Nagano) Brazilian (Sao Japanese
Paolo) Brazilian (Sao
Paolo)
rs2234693 TT Referent Referent Referent
(cont.) CT 0.70 (0.49, 1.00) 0.66 (0.29, 1.47) .9900.68, 1.43)
CcC 0.64 (0.40, 1.02) 0.93 (0.31, 2.86 1.518p2D31)
Sonestedt. et al. | Dunning et al.
Zheng et al. (93) (95) (81)
rs2234693 | TT 0.79 (0.63, 1.00) Referent Referent
(cont.) CT 0.95 (0.80, 1.12) 1.03 (0.81,1.31 1.0180B16)
CC Referent 1.00 (0.74, 1.34) 1.09 (0.92,1.2
CBCS CBCS CBCS CBCS Gallicchio et al. Gallicchio et al.
all case$ all case§ luminal A? basal-liké (96) (96),
postmenopausal postmenopausal
only only
rs2077647 CC 0.99 (0.81, 1.20) 1.17 (0.90, 1.52) 1.12 (0.85,1.46) 1.10(0.7191.6| 1.14 (0.65, 1.99) 1.88 (0.94, 3.74
+29 T/C CT 0.96 (0.82, 1.13) | 0.98 (0.79, 1.22) 1.10(0.88,1.38) 1.08 (0.7551.5| 0.71 (0.42, 1.20) 0.90 (0.46, 1.77)
S10S TT Referent Referent Referent Referent Referen Referent
Mspl
Fernandez et al. | Dunning et al.
(87) (81)
rs2077647 CC 0.74 (0.53, 1.02 1.07 (0.91, 1.27)
(cont.) CT 0.76 (0.57, 1.00) 0.92 (0.80, 1.06)
TT Referent Referent
CBCs CBCsS CBCs Fernandez et al. Tapper et al. (64) Dunning et al.
all case? luminal A2 basal-liké (87) P ' (81)
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rs3798577 CcC 0.94 (0.78, 1.14) 1.06 (0.82, 1.3y) 97 (0.62, 1.50)| 1.04 (0.75, 1.46) 1923 1.03 (0.87, 1.22)
3'UTR CT 1.08 (0.92, 1.26) 1.08 (0.87, 1.35 1(@2P0, 1.80) | 1.09 (0.83, 1.44) 1.11 (1.00, 1.24) 98(0.85, 1.12)
TT Referent Referent Referent Referent Referent fer@nt
CBCS CBCs CBCs Gallicchio et al.
all case$ luminal A2 basal-liké (96)
rs851982 TT 0.93 (0.75, 1.15) 1.08 (0.80, 1.46) 80(@0.48, 1.32)] 0.88 (0.47, 1.67)
-104062 C/T| CT 1.03 (0.83, 1.28) 1.14 (0.85, 1.54 1.08 (05687) | 0.65 (0.40, 1.05)
CcC Referent Referent Referent Referent
CBCsS CBCS CBCS Pooley et al. (97) | Fernandez et al.| Johnatty et al.
all case$ luminal A2 basal-liké (87) (98)
PGR AA 1.44 (0.31, 6.72) 0.87 (0.40, 1.88
rs10895068 | AG 1.10 (0.85, 1.41) 0.97 (0.85, 1.10)0.84 (0.53, 1.33)
+331G/A AA+AG | 1.10(0.86, 1.42) 0.94 (0.66, 1.33) .9®(0.53, 1.83) 1.06 (0.76, 1.49
GG Referent Referent Referent Referent Referent ferBet
DeVivo et al. (99)
rs10895068 | AA
(cont.) AG
AA+AG 1.26 (0.97, 1.63)
GG Referent
CBCsS CBCS CBCS Dunning et al. Thompson et al.
all case$ luminal A® basal-liké (68) (69)
SHBG AA 1.31(0.93, 1.85) 1.52 (0.98, 2.37 1.98004.07) | 1.02 (0.75, 1.38) 1.66
rs1799941 AG 0.93 (0.80, 1.09) 0.92 (0.74, 1.14) 0710.74,1.54)| 1.08(0.92, 1.27) 1.03 (0.94, 1.13)
-67 G>A GG Referent Referent Referent Referent Refe

1 - unless specified otherwise
2 - odds ratio, 95% confidence interval, adjustadaije, self-identified race, African ancestrysetfterm
3 - risk ratio, 95% confidence interval

4 - meta-analysis
5 - additive model

6 - calculated based on additive model OR givepaiper
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Table 4.8 Minor allele frequencies in functional SNPs

Gene Group Subjects Minor allele frequency
CYP19A1 rs10046 (3'UTR) rs700518 (V80OV) | rs700519 (R264C)| rs2236722 rs28757184
minor allele: T minor allele: G minor allele: T (W39R) (T201M)
minor allele: C minor allele: T
CBCs AA and white female | nonAA: 0.52 nonAA: 0.50 nonAA: 0.03 nonAA: 0 nonAA: 0.04
population-based AA: 0.25 AA: 0.21 AA: 0.19 AA: 0 AA: 0.04
controls from North
Carolina
International CEU: 0.57 CEU: 0.58 CEU: 0.03 CEU: 0 CEU: 0.04
HapMap ASW:0.22 ASW: 0.16 ASW: 0.17 ASW: --- ASW: 0.04
Project YRI: 0.17 YRI: 0.13 YRI: 0.21 YRI: 0 YRI: 0.06
Perlegen AFD_AFR PANEL EUR: 0.52 EUR: 0 EUR: 0
AA: 0.22 AA: 0.23 AA: 0
SNP500 Anonymized samples| CAUC1: 0.50 CAUC1: 0.50 CAUCL1: 0 CAUC1: 0.06
from individuals of AFR1:0.17 AFR1:0.10 AFR1:0.15 AFR1: 0
self-described
African/African
American or
Caucasian heritage
Maetal. (72) | Anonymous white: 0.56 white: 0.54 white: 0.03 white: 0
Caucasian-American | AA: 0.19 AA: 0.17 AA: 0.22 AA: 0
and African American
samples from Coriell
Cell Repository
Haiman et al. | 70 white subjects in the 0.44 white: 0.46 white: 0.46 white: 0.01
(12) MultiEthnic Cohort
study
Dunning et al. | Postmenopausal 0.53
(68) women from EPIC-
Norfolk (>98% white)
Riancho et al. | Postmenopausal 0.48
(100) women living in
northern Spain
Somner et al. | White, postmenopausal 0.33
(80) women living in
London
Haiman et al. White and AA controls  white: 0.48 itwh0.46 white: 0.04
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Gene Group Subjects Minor allele frequency
(40) in the MEC cohort AA: 0.26 AA: 0.81 AA: 0.15
study
Raskin et al. | Ashkenazi Jewish 0.49
(78) BRCA1/2 non-carriers
enrolled in Clalit
Health Services in
Israel
He et al. (101)| American women of 0.52
European origin,
recruited for genetic
studies
Gulyaeva et al] Control women, 0.05
(91) without gynecological
disease, living in
Novosibirsk, Russia
ESR1 rs2077647 (S10S) | rs2234693Rvull/- | rs3798577 (C/T) | rs851982 ( -
minor allele: C 397T/C) minor allele: T(A) | 104062 C/T)
minor allele: C minor allele: T
CBCS AA and white female | nonAA: 0.51 nonAA: 0.44 nonAA: 0.54 nonAA: 0.59
population-based AA: 0.49 AA: 0.52 AA: 0.54 AA: 0.76
controls from North
Carolina
International CEU: 0.43 CEU: 041 CEU: 0.56 CEU: 0.54
HapMap ASW: 0.58 ASW: 0.56 ASW: 0.52 ASW: 0.85
Project YRI: 0.50 YRI: 0.50 YRI: 0.56 YRI: 0.86
Perlegen AFD_AFR PANEL EUR: 0.38 EUR: 0.50 EUR: 0.58
AA: 0.46 AA: 0.57 AA: 0.76
SNP500 Anonymized samples| CAUC1: 0.52 CAUC1: 0.52 CAUC1: 0.44
from individuals of AFR1: 0.50 AFR1:0.71 AFR1: 0.58
self-described
African/African
American or
Caucasian heritage
Tapper etal. | Controls of western 0.53
(64) European ancestry

from the Wellcome
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Gene Group Subjects Minor allele frequency
Trust Case Control
Consortium
Sonestedt et al. Female controls from | 0.47 0.45
(95) the Malmo Diet and
Cancer in Sweden
Kjaergaard et | Male and female 0.46
al. (102) participants in the
Copenhagen City Heart
Study in Denmark
Onland-Moret | Participants in 0.51
et al. (92) population-based casef
cohort study in Utrecht
Holland
Fernandez et | Pre-/postmenopausal | 0.52 0.55
al. (87) female volunteers fron
Madrid and Oviedo,
Spain (recruited
through Madrid
College of Lawyers
and Menopause
Research Centre)
Gallicchio et | White women from 0.51 0.39
al. (96) Washington County,
Maryland with benign
breast disease
Sowers et al. | Participants in the white: 0.45 white: 0.52
(103) Study of Women'’s AA: 0.55 AA: 0.56
Health Across the
Nation, a prospective
cohort study of
women'’s health
Wang et al. Controls, age 65 and 0.48
(89) older, in the Study of
Osteoporotic Fractureq
Zofkova et al. | Postmenopausal Czech 0.43
(104) women
Pharoah et al. EPIC-Norfolk/Anglian  0.47 0.46 0.46
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Gene Group Subjects Minor allele frequency
(105), Breast Cancer Study
Dunning et al.
(81)
Iwasaki et al. | Non-Japanese 0.42
(94) Brazilian hospital-
based cancer-free
controls living in Sao
Paolo, Brazil
PGR rs10895068
(+331G/A)
minor allele: A
CBCs AA and white female | nonAA: 0.05
population-based AA: 0.02
controls from North
Carolina
International CEU: 0.06
HapMap ASW: 0.01
Project YRI: ---
SNP500 Unrelated controls of | CAUCS: 0.05
self-described AFR3: 0
African/African
American or
Caucasian heritage
from the Human
Diversity Panel
DeVivo et al. | Cancer-free Nurses’ | 0.10
(99) Health Study
participants
Westberg et al| Women ages 41-42 0.07
(106) living in Goéteborg,
Sweden
Fernandez et | Pre-/postmenopausal | 0.04

al. (87)

female volunteers from
Madrid and Oviedo,
Spain (recruited
through Madrid
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Gene

Group

Subjects

Minor allele frequency

College of Lawyers
and Menopause
Research Centre)

Johnatty et al. | Population-based 0.05
(98) controls less than 59
yrs, from the
Australian Breast
Cancer Family Study
Pooley et al. | EPIC-Norfolk/Anglian | 0.06
(97) Breast Cancer Study
SHBG rs1799941 (-67 G/A
minor allele: A
CBCsS AA and white female | non-AA: 0.22
population-based AA: 0.07
controls from North
Carolina
International CEU: 0.23
HapMap ASW: 0.07
Project YRI: 0.03
SNP500 Anonymized samples| CAUC1: 0.39
from individuals of AFR1: 0.08
self-described
African/African
American or
Caucasian heritage
Dunning et al. | EPIC-Norfolk/Anglian | 0.25
(68) Breast Cancer Study
Garcia-Closas| Population controls 0.68
et al. (107) from Warsaw and

Lodz, Poland

Abbreviations: AA-African American, AC — Afro-Calliean.




4.8 Figures
Figure 4.1 ESR1 breast cancer-associated SNPs
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b. R in African American controls

rs6914211 rs3020401 rs985191 rs655717
rs6914211 1.
rs3020401 0.12 1.
rs985191 0.70 0.15 1.
rs6557177 0.32 0.15 0.47 1.
c. R in African American cases
rs6914211 rs3020401 rs985191 rs655717
rs6914211 1.
rs3020401 0.17 1.
rs985191 0.76 0.17 1.
rs6557177 0.37 0.18 0.49 1.
d. R in White controls
rs6914211 rs3020401 rs985191 rs655717
rs6914211 1.
rs3020401 0.32 1.
rs985191 0.95 0.32 1.
rs6557177 0.38 0.16 0.40 1.
e. R in White cases
rs6914211 rs3020401 rs985191 rs655717
rs6914211 1.
rs3020401 0.31 1.
rs985191 0.96 0.30 1.
rs6557177 0.45 0.19 0.46 1.

Figure 4.1 Legend

a. ORs for luminal A (blue) and basal-like (red) breast cancer-assbSidtes in ESR1.

SNPs shown are from 152354108 bp to 152355411 bp on chromosome 6. While there were
several SNPs in ESR1 associated with luminal A and basal-like breast, GEs in this

region seemed to show a consistent, positive association within a defined area. SNP
rs6914211 and rs985191 are 14918 bp apart.

b. Pairwise 7among SNPs rs6914211, rs3020401, rs985191, and rs6557177.
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Figure 4.2 HSD17B2 breast cancer-associated SNPs
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b. R in African American controls

rs8050327 rs8191072 rs7200696
rs8050327 1.
rs8191072 0.94 1.
rs7200696 0.58 0.62 1.
c. R in African American cases
rs8050327 rs8191072 rs7200696
rs8050327 1.
rs8191072 0.94 1.
rs7200696 0.59 0.61 1.
d. R in White controls
rs8050327 rs8191072 rs7200696
rs8050327 1.
rs8191072 1.00 1.
rs7200696 0.14 0.14 1.
e. R in White cases
rs8050327 rs8191072 rs7200696
rs8050327 1.
rs8191072 1.00 1.
rs7200696 0.22 0.22 1.

Figure 4.2 Legend

a. HSD17B2 SNPs rs8050327, rs8191072, and rs7200696 had strong inverse associations with
luminal A breast cancer. These 3 SNPs span 1205 bp in intron 1. Nearby SNPs rs7686087 a
rs16956326 were strongly associated with basal-like breast cancer. Nigsar$ 1624 bp apart in
intron 1.

b-e. Pairwiseramong SNPs rs8050327, rs8191072, and rs7200696.
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Figure 4.3 PGR breast cancer-associated SNPs

a.

Odds Ratio
adjusted for self-identified race, age, African ancestry
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b. R in African American controls
rs660149 rs2124761 rs503602
rs660149 1.
rs2124761 0.09 1.
rs503602 0.18 0.22 1.
c. R in African American cases
rs660149 rs2124761 rs503602
rs660149 1.
rs2124761 0.06 1.
rs503602 0.15 0.18 1.
d. R in White controls
rs660149 rs2124761 rs503602
rs660149 1.
rs2124761 0.00 1.
rs503602 0.06 0.04 1.
e. R in White cases
rs660149 rs2124761 rs503602
rs660149 1.
rs2124761 0.00 1.
rs503602 0.05 0.06 1.
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Figure 4.3 Legend

a. ORs for the association between luminal A (blue) and basal-¢iégfreast cancer. The first two
SNPs, rs546763 and rs548668, are 214 bp apart and were in strong LD in CBCS African Americans
and whites. The second group of SNB§60149, rs2124761, and rs503602, are 2993 bp apart.
They were moderately correlated in CBCS African Americans, and shigtie to no

correlation in whites.

b-e. PairwiseZfor rs660149, rs2124761, and rs503602.
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5. Summary and Conclusions
5.1 Main findings

The purpose of this dissertation was to explore the association between common
SNPs and breast cancer, with the hypothesis that the associations folN#esndifer by
breast cancer molecular subtype. Breast cancer molecular subtype&igemareed in the
CBCS using immunohistochemistry, where the two principal subtypes were [WAnE&+
and/or PR+ and HER2-) and basal-like (ER-, PR-, HER2-, and CK 5/6+ or EGFR+). The
hypothesis that SNP associations differ by molecular subtype is based act tthaif
previous CBCS analyses found that molecular subtypes exhibit different tumor
characteristics and clinical outcomes, as well as distinct associafitbnson-genetic breast
cancer risk factors (1-3). The present analysis was driven by a cargkdatapproach,
focusing on genes involved in biological pathways identified by non-genetic riskSdot
basal-like and luminal A breast cancer in the CBCS. Additive and multiplicateeaction
was evaluated in order to determine whether genetic associations edifiednin the
presence of non-genetic risk factors.

Chapter 3 focused on a set of genes chosen based on the differing association for
WHR and basal-like vs. luminal A breast cancer in the CBCS. WHR was positively
associated with both tumor subtypes, but the association was approximatelgdvsicong
for the basal-like compared to luminal A subtype (3). ADIPOQ, IL6, LEP, LEPR, akd TN
were chosen for this study because of their relationship to central ob&sityich WHR is

a proxy measure. Plasma levels of interleukin-6, TNF-alpha, and leptin inenédase



increasing amounts of obesity and serum adiponectin decreases with increasityy4pe
Studies have also shown that these gene products affect pathways potentiallgimvolve
breast cancer [reviewed in (4-8)].

The genes in Chapter 4 were chosen based on the differing association @fnghrity
lactation with the basal-like and luminal A subtypes in the CBCS, speciftballgssociation
for parity without lactation. Compared to nulliparous women, parous women who did not
breastfeed were at a decreased risk of luminal A breast cancer but arstreaged risk of
basal-like breast cancer (3). CYP19A1, ESR1, HSD3B1, HSD17B2, PGR, and SHBG were
selected for their roles in the synthesis and action of estrogen andt@rogestwo
hormones instrumental in breast carcinogenesis, at least for a subsettdbness
[reviewed in (9-11)]. CYP19A1, HSD17B2, and HSD3B1 encode enzymes that convert
cholesterol into estrogen and progesterone (and several other hormones) (1IZhiSeB
estrogen in the blood stream and affects bioavailability for estrogen sm(&a8). The
progesterone receptor is a nuclear transcription factor that binds progestet@ffeets the
transcription of genes whose sequence includes progesterone response @lewmnesl in
(14, 15)]. The estrogen receptor binds estrogen, and can act as a nucleapticanfator,
though it can also be activated without estrogen binding [reviewed in (16-18)].

A total of 117 adipocytokine-related SNPs and 195 SNPs in the estrogen-related
genes were genotyped using the Illlumina GoldenGate assay. The SNPdipckwieusly
reported SNPs of interest as well as tag SNPS selected to cover the neamidimef first to
last SNP recorded for each gene in the NCBI dbSNP database. The tag S&lEfsosen
using allele frequency and LD information for populations of European and WestrA

descent from Phases 1 and 2 of the International HapMap Project. Overall, 899 Pthe
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were genotyped successfully and were included in the analysis (adipocytelkiteel— 82%,
estrogen-related— 94%), a success rate identical to the overall satedss the 1536 SNPs
in the assay.

African and European ancestry in CBCS subjects was estimated from K44 Al
Individual ancestry estimates were used to control for any residual confowhusrig
population stratification still present after adjustment for self-idextiface. Overall,
ancestry adjustment did not affect the ORs, though there were some differences by
subgroups. For example, AIM adjustment affected |InORs| by more than 0.10 when
comparing luminal A cases to controls, but not when comparing basal-like casagrétsc
AIM adjustment also caused [INORs| to differ by 0.10 or more when comparimgoabkés
to controls in a subset of SNPs, but adjustment had little effect on ORs when comparing
African-American cases and controls. These two results were expemtsdjering that 54%
of genotyped basal-like cases were African American and 65% of genotyped! lAmases
were white. To maintain model consistency all estimates were atlfostancestry.

The first step of the analysis followed a traditional approach, estinadogratios
for the association between individual genotypes and all breast cancer and .céh&ols
majority of single SNP associations were close to the null, though some displagerate
associations with breast cancer. Notably, the strongest genotype mssda breast
cancer overall (ORs > 2) were estimated for SNPs in ESR1 (rs6914211 and rs985191). A
handful of other SNPs from the estrogen-related genes pathway had ORs between 1.5 and 2,
or between 0.67 and 0.5 (ESR1 rs2207232 and rs3778099; HSD17B2 rs8052451 and
rs8191102). All of the single SNP associations for adipocytokine SNPs were between 1.50

and 0.67.
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Next, genotype associations were estimated separately for éddibasnd luminal
A breast cancer subtypes. The results of this analysis supported the hypothesin¢gha
SNP-breast cancer associations are unique to breast cancer subtypdbhaENe® not
strongly associated with breast cancer overall showed associations ef graghitude
when the analysis was stratified by subtype. For example, small group®sfisLEPR,
HSD17B2, and PGR were strongly associated with basal-like breast cancarORbke
differed by subtype it was unusual for the associations to be in opposite directions. More
commonly, when ORs differed by subtype the OR was weak or close to the null for one
subtype, and elevated (or decreased) for the other subtype. There wereRddorSihich a
strong association with breast cancer was seen in breast cancer ovarabathdsubtypes,
including both ESR1 rs6914211 and rs985191.

The majority of SNPs associated with breast cancer, either overalsabbype,
were intronic SNPs that have not been evaluated previously for an associttibreast
cancer, emphasizing the importance of a systematic tagging approach asl ¢ppose
genotyping a few individual SNPs per gene. Comprehensive tagging of whole candidat
genes has become more common, in large part due to the increased efindegreased
cost of genotyping in large studies. CBCS ORs for many SNPs selected froterétere
indicated no association with breast cancer. Exceptions were LEPR KHI9R{100),
CYP19A1 R264C (rs700519), TNF -863 C/A (rs1800630) and SHBG -67 G/A (rs1799941),
which were associated with breast cancer overall. By subtype, LEPR KQ22RR
(rs1137101), IL6 -572 G/C (rs1800796) and SHBG -67 G/A were associated with luminal A
breast cancer, and SHBG -67 G/A was associated with the basal-like subtype.

The magnitude of the strongest genotype ORs was unexpected, given the hypothesi
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that common variant associations will be modest, and it is the accumulation ofenultipl
variants that impact disease risk (19). Furthermore, breast canceratss&NPs identified
by GWAS, most of which have been validated in multi-stage analyses, are amd¢feeof 1.2
to 2.0 for 2 copies of the variant allele (20-26). In the literature, the highesv@Rs
estimated for the FGFR2 SNPs identified by Hunter et al. (21); most diffeaSsociations
were lower. CBCS ORs for breast cancer overall are similar in magnituae @VYAS ORs,
but several of the subtype-specific ORs are stronger. This could be interretttea
estimation of the association due to refining the outcome definition. For exahap&iNP

was associated with the basal-like subtype but completely unassocidtexheit subtypes,
performing a subtype-specific regression model would be equivalent to removing Ben-cas
from the case group. However, the novel associations estimated in the CBCS should be
interpreted with caution until they can be replicated. It is likely that mestassociations are
of a lower magnitude than the ones reported here (27).

Associations between haplotypes and breast cancer were estimatetasmgm
likelihood estimation in HAPSTAT. Haplotypes in IL6, LEP, LEPR, CYP19A1, ESRd, a
PGR were associated with breast cancer (all cases, luminal A, and/elikegs&h many
cases, haplotype ORs were stronger in magnitude than single SNP ORscohssgent
with the findings of some investigations of the advantages of haplotype analysd but
others (28-30). Additionally, by using a sliding, overlapping 3-SNP window to dstima
associations for all possible 3-SNP haplotypes, associated haplotypes wafieddehere
the single SNP ORs indicated no association. For example, the SNPs in LEP h&plotype
were largely unassociated with breast cancer when considered individii@ltrongest

ORs were for rs11763517 CC vs. TT [all cases OR: 0.86; luminal A OR: 0.86; basaRtike O
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0.88]), but 2 copies of LEP haplotype 3 were associated with more than twice the risk of
breast cancer overall and luminal A breast cancer. This finding further ssifipor

hypothesis that alleles inherited together on the same chromosome may hareeffesds
together compared to when they are inherited on different chromosomes. Onda#vsat
finding is that the haplotype associations involve a likelihood-based estintdithaplotypes

in the population, but the true haplotype phase in individuals is unknown. This is a problem
that is inherent to all studies with unrelated subjects where haplotypes asgjuenced
directly. The algorithms used in HAPSCAN and HAPSTAT were designeddgmi@te the
uncertainty attached to haplotype estimation in unphased data into the effeatessand
confidence intervals, yielding unbiased ORs with proper standard errors. Thus, though the
haplotype associations should be replicated, the estimates provided by ARBIEJuld be

an accurate estimation of the association between measured haplotypg3BC e

population and breast cancer assuming no other sources of bias.

Statistical interaction between WHR and genotypes was evaluated amiditiee and
multiplicative scales for breast cancer-associated SNPs in ARIR®, LEP, LEPR, and
TNFA. Interaction was evaluated on the multiplicative scale only for braaseécassociated
SNPs in estrogen-related genes and parity and lactation. Additiveseffeie not evaluated
due to sample size limitations. There was evidence to suggest interactionnbétiiBeand
SNPs in LEPR (breast cancer overall), IL6 (basal-like), and ADIPOQ BR®RL(luminal A).
Overall the pattern of interaction was less than multiplicative and less thaineddi
suggesting antagonism between genotypes and WHR (31). These results bagtest t
predominant type of interaction in the study population for these SNPs and WHR involves

the presence of one factor blocking the effect of the other factor, althougmatieanisms
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of interaction may also be present in the population (31). In the case of theapdrity
lactation interaction, additional studies would benefit from a larger study populBoth of
the genotype and parity/lactation variables were 3-level variables, deadimprecise

stratified ORSs.

5.2 Strengths and Limitations
5.2.1 Strengths

One of the mains strengths of this dissertation is the high proportion of African-
American women in the CBCS. Most previous studies involving the SNPs evaluated in this
study and breast cancer have consisted mainly of women of European descent, and may not
be representative of the general US population. There was some diversitju@ne s
population was based in Tunisia (32), one consisted of Ashkenazi Jews (33), one consisted of
women of Indo-Aryan ethnicity recruited in New Delhi, India, severakvgtudies of Asian
women (24, 34-38), and another had a large proportion of Hispanic women from the
southwestern US (39). However, with the exception of the MultiEthnic Cohort (40, 41), these
studies included few African Americans. African-American women have hagesadjusted
breast cancer mortality than any other racial group in the US (42), and scoindtisi
African Americans in studies of breast cancer risk is essential tofyiegtisk factors
relevant to disease prevention in this subgroup. The CBCS used randomized recruitment to
oversample African-American (and younger) breast cancer casesndrgases the
likelihood that associations for risk alleles important to African-Amenveamen will be
identified and estimated with sufficient precision.

A second strength of this study is that molecular subtypes were determimmadgés,
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allowing the distinction of basal-like cases from other triple-negative turi&s PR-,
HER2-). The triple-negative designation groups basal-like tumors along vesis avéll
characterized group of tumors that gene expression studies have shown aredtiplogi
distinct (43-47). This study identified SNPs and haplotypes associated withghielike
subtype that were not associated with breast cancer overall. It is pdsatlilese
associations would not have been detected in a mixed group of triple-negative tumors.
Thirdly, SNPs were selected using a combination of approaches in order toancreas
the chance of identifying SNPs associated with the basal-like and luminah#t beancer
subtypes. Regions of the genome that were more likely to be associated Wwiilsdhike or
luminal A subtypes, based on gene function and subtype risk factors, werespteestair
analysis by focusing on candidate genes. Focusing the study on geneticrvarisegions
where there is evidence that part of the genome has an effect on breast catieer has
potential to increase the efficiency with which causal alleles antifigel (48). The selection
of tag SNPs in addition to potentially functional SNPs allowed for the identificafi
previously unreported breast cancer associations. Although the majoaty 8NPs are
unlikely to have a direct effect on gene function, they may be in linkage disequnituith
one or more untyped variants which do have a functional effect. The efficiencytagtiieg
method is dependent on how well HapMap SNPs covered the candidate genes, and on LD
between genotyped and untyped SNPs being as high in the CBCS as in the CEU and YRI
HapMap populations. LD similarities cannot be compared because non-tag SNPedemai
untyped in the CBCS. Nevertheless, this SNP selection method has enabled theatientifi
of breast cancer-associated SNPs, including SNPs with hypothesized fundfemtalasnd

those with no known function.

342



Finally, this analysis was strengthened by the estimation of AfricdrEaropean
ancestry in CBCS subjects. The proportion of African ancestry followed a continuous
distribution in self-identified African Americans and non-African Ameri¢caugigesting that
there could be residual confounding after adjustment for self-identifiedAacestry
estimates were similar using maximum likelihood and structured assoc@d¢monstrating
that the results were robust to the statistical methods used. Analysemsedrthat ancestry
adjustment does not affect SNP associations with breast cancer overall ariteotdyagfew
SNP associations with the luminal A subtype. The results of ancestry anpitgsale
evidence that admixture of African and European populations was unlikely to have beased t
majority of genetic associations in the CBCS.

5.2.2 Limitations

One of the main limitations of this analysis was the potential for selectionetasd
to study participation. Savitz (49) discusses case-control study selectiomsnatfethe
comparability of case exposure and control exposure to the source populations from which
they were sampled. In terms of this analysis, if case study participaotyges are
representative of genotypes among all cases sampled for the study, and cordidupart
genotypes are representative of genotypes among all sampled controls, thenlitherno
selection bias due to non-patrticipation. This assumes that the sampling procedurg thee
CBCS was unbiased.

An in-depth analysis of response patterns among CBCS subjects recruited from 1993
to 1996 reported that the most common reason for non-participation in cases and controls
was subject refusal (50). Other reasons for non-participation included beirgel®ce

ineligible, not able to be located, and physician refusal to grant permission fardiecst
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contact the patient (cases only) (50). Analysis of women who responded to a partial
telephone interview suggests that women who did not complete the in-person studyntervie
differed from full participants for several non-genetic breast carstefactors, but most of
these risk factors do not influence genotype. Race has the potential to affect stud
participation and genotype frequencies (through correlation with angestdythis could
result in selection bias if genotype frequencies differed by race in theegmypalation.

In cases, if genotypes were related to factors downstream of diagnosiss such a
severity of illness, response to treatment, or survival, then the genotygeutdmtramong
case participants would differ from that in all eligible cases. Sampleds@R€es who
refused to participate in the study were more likely to be African Ameneghereas among
controls rates of refusal were similar (50).

The same scenario applies to selection into the study at the genotyping phaaa. Afr
Americans were less likely to donate blood for genotyping, but within selfidentace
groups blood donation did not differ by case status. Potential reasons for not donating blood
could include unwillingness to donate and inability to donate because of illness. loraddit
to women who did not donate DNA, 103 women were excluded from the analysis because of
poor genotyping results. Subjects with low call rates were similar to thdld@B@S
population with DNA submitted for genotyping with respect to case status, selfiatent
race, AJCC stage at diagnosis (invasive cases only), and molecular sulityipatiois
(cases only). Thus, the potential for selection bias at the genotyping phase pgaasdm
whether genotype distributions in the source population differ by race group. Allsniodel
this study were adjusted for self-identified race and African ancegtigh should control

for potential selection bias at the enrollment and genotyping stages of th¢4€@udy
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Non-African Americans and women with earlier stage tumors were lestlikieave
tumor subtype information, which could lead to additional bias of the molecular subtype-
specific analyses. It is difficult to evaluate whether the tumors withdatlype information
are a random sample of all eligible cases. Other studies of breast tureoulaosubtypes
that defined basal-like rather than triple-negative tumors have been conductedus vari
countries (47, 51-54). It is unlikely that those any of those case groups are dienfzathe
CBCS case base, and so valid inferences cannot be made based about subtype identity.
Efforts are currently underway to determine molecular subtypes for AfAcaerican breast
cancer cases in the MultiEthnic Cohort, Women'’s Circle of Health Study, and ttie Bla
Women'’s Health Study (40, 41, 55). While it will be useful to compare subtype distribution
in the CBCS to that of other large case series in the US, other studies atdbpsbts
possible selection bias due to an inability to subtype all eligible cases.

Another limitation is the reduction in sample size due to missing subtype inifonmat
particularly the small number of basal-like cases. Because of thessmmgile size, the
standard error for basal-like parameter estimates will always hertigan the standard error
for luminal A parameter estimates, leading to wider confidence inteamdlfigher P-values
for similar point estimates. The imbalance between basal-like and lutazaes is a
natural function of the lower prevalence of basal-like tumors in the population {agsum
selection bias), but the low absolute number of basal-like cases was prableheti
estimating the association for a rare genotype or haplotype. Unstable {gsrestienates
were avoided by eliminating estimates with wide confidence limit ratrtbgh indicated
imprecision. Small sample size also limited the ability to evaluatecagions for the

HER2+/ER-, luminal B, unclassified molecular subtypes.
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WHR was measured after cases were diagnosed, raising the possibilityythiatl
changes related to breast cancer may cause WHR to be systematiieatiydamong cases
compared to WHR in those cases prior to diagnosis. A sensitivity analystomnascted to
evaluate the possible effects WHR misclassification on the WHR-bksddreast cancer
association. The sensitivity analysis addressed the possible effedsadaland treatment-
related changes in WHR. Treatment information was not collected for C&8s&S, o
estimates of the proportion of cases who would have received chemotherapysedrerba
data from North Carolina Central Cancer Registry data (56). The validitysoensitivity
analysis depends on the extent to which treatment patterns recorded by threRegistey
from 2001 to 2002 reflect the treatment patterns of CBCS cases in 1993 to 2001. Bias-
corrected and observed ORs were similar, even under some of the more extreme
misclassification scenarios. Overall, the results suggest that if dnerapy-related WHR
misclassification occurred in the CBCS, the effects on this analysis wareah

The tagging procedure used in this analysis was designed to tag other SNPs. So,
although efforts were made to capture the associations for all CEU and YRH&NPs
in the candidate genes through genotyping or high pairwise LD, this study did nateval
all genetic variation in the gene regions. There may be residual unmeaswetd gariation.
Additionally, this study did not systematically capture the effects of Mf-&riation such
as copy number variants, insertion-deletion polymorphisms, and repeat polymorphisms,
though by chance some of these variants may be in LD with genotyped tag SNPs. Methods
are currently available to analyze SNP and copy number polymorphism ititorrfram a
single genotyping assay using the Affymetrix SNP 6.0 array (57).ikely that similar

software will be developed for use with other commonly used genotyping chips utute f
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5.3 Public health impact

Some researchers have hypothesized that racial and ethnic differemees in t
prevalence of genetic variants contribute to racial differences in lmaasgr incidence and
survival (58, 59). Basal-like tumors are more prevalent among premenopauisahAfr
American women, and are associated with poorer survival compared to hormone receptor
positive subtypes (1, 3). The identification of additional risk factors for biksdbeast
cancer will help improve identification of women at high risk for poor prognosistbreas
cancer. It may also help explain some of the correlation between Africanicam race and
poor prognosis. Several SNPs with associations specific to the basal-likeeswietye
identified in this analysis. Through further research, the identification ceasahts near
these SNPs could be used to define a subgroup of susceptible women who may benefit from
increased breast cancer surveillance.

Interaction between genotypes and/or haplotypes and other breast cancetatisk fac
is an important aspect of the investigation between genetic variation anticarezes.
Evaluation of additive and multiplicative interaction has the potential to furtfiaede
subgroups with elevated or decreased breast cancer risk. Using LEPR rs1133100 as
example, the antagonism detected in the present study suggests that the population of
women carrying the GG genotype who also have elevated WHR would experierce fe
cases of breast cancer than would be expected based on the independent associations of
WHR and rs1137100 with breast cancer. In such a situation, population-level intervemtions t
reduce WHR may not result in the expected reduction in breast cancer if time isanighly
prevalent. Knowledge of the patterns of biological interaction in the populatiph@ia

policy makers tailor primary and secondary prevention strategies soréheee efficient.
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This study also has the potential to impact public health by helping idemtibglmal
mechanisms underlying the intrinsic molecular subtypes. Identificatikeyofenes,
proteins, and pathways active in basal-like breast cancer could provide newgetsy tBhis
type of research is necessary because women with basal-like breasheaedenited
treatment options. The development of a long-term breast cancer drug to be &kientiaft
treatment, similar to how selective estrogen receptor modulators and easemdihitors are

used now, has the potential to increase survival among basal-like cases.

5.4 Future directions

The results of this dissertation investigation support two main conclusions:e)sther
evidence that some of the genotypes and haplotypes studied are associate@stith bre
cancer; and 2) some genotype and haplotype associations differ between thkeasdl-
luminal A breast cancer subtypes. With respect to the first point, replicatiba ofost
promising SNP and haplotype associations is necessary before strong conclusibas
made about the magnitude of candidate gene associations. In addition to the potential
selection bias that has been discussed, OR estimates are also subject tcseamplamy
error. In the absence of systematic error, consideration of CBCS Sodrasiess in the
context of associations estimated in other populations will provide a more @siinsate of
the SNP or haplotype association in the general population. It may also be usedflicabere
the results using a different genotyping platform to insure that the genotigareaobust
to the laboratory methods.

Another logical step in this investigation is to fine map regions in ESR1, HSD17B

LEPR, and PGR where multiple breast cancer-associated SNPs weed iaazlbse
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proximity. Fine mapping involves genotyping a dense group of SNPs within a spegito

in order to localize the SNP(s) most strongly associated with the outcomeif@Ondpping

in the CBCS could be accomplished by genotyping a second group of SNPs concentrated in
the regions of interest. Alternatively, this analysis could be conducted within a pfopose
GWAS of African-American cases and controls from the CBCS, MultiEthnic & cdot
Women'’s Circle of Health Study.

Finally, future research should include a comprehensive evaluation of the genomic
elements in the regions where the breast cancer-associated SNPstade Axdiscussed
previously, the majority of the SNPs associated with breast cancer (@retdly subtype)
were intronic SNPs with no known function, suggesting that either the typed SNP is in LD
with the true causal variant and is indeed functioning as a tag, or that the 3N® itse
associated with breast cancer. There are currently several pubhdigbde databases
containing genome sequence information (ENCODE database, 1000 Genomes Project),
promoter sequence information (Eukaryotic Promoter Database, Transctipliemant
Search System, Transcriptional Regulatory Element Database), andtestohevolutionary
conservation across species (University of California Santa Cruz genomehrows
PANTHER classification system) that can be used to evaluate the pesfabts of SNPs.
Identification and characterization of the causal variant are imporég# ist identifying the
biological mechanism through which SNPs act. Identifying the biologicahamesm will be
instrumental in further exploring interaction between genetic variants andremental

factors in the etiology of breast cancer subtypes.
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