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Abstract

Introduction

We have previously shown that a tag single nucleotide polymorphs8235235), which
maps to theCYP3A locus (7922.1), was associated with a reduction in premenopausal urinary
estrone glucuronide levels and a modest reduction in risk of breast careomen age50
years.

Methods

We further investigated the association of rs10235235 with breastr ¢@sicen a large cage
control study of 47,346 cases and 47,570 controls from 52 studies participatiegBreas
Cancer Association Consortium. Genotyping of rs10235235 was conducted usirigna| cus
lllumina Infinium array. Stratified analyses were conducteddébermine whether thjs
association was modified by age at diagnosis, ethnicity, agenestarche or tumar
characteristics.

—

Results

We confirmed the association of rs10235235 with breast cancer riglofoen of European
ancestry but found no evidence that this association differed with abgéiagnosis.
Heterozygote and homozygote odds ratios (ORs) were OR = 0.98 (98204C11.01,P =
0.2) and OR =0.80 (95% CI 0.69, 0.3+ 0.004), respectivelyP{eng= 0.02). There was no
evidence of effect modification by tumor characteristics. rs1023523%, Wwawever
associated with age at menarche in contrBlgnf = 0.005) but not case®iend = 0.97).
Consequently the association between rs10235235 and breast canceraiskl difcording
to age at menarch@; = 0.02); the rare allele of rs10235235 was associated with a reduction
in breast cancer risk for women who had their menarche Hygears (OR:= 0.84, 95% C]|
0.75, 0.94; ORm = 0.81, 95% CI 0.51, 1.3®yeng = 0.002) but not for those who had their
menarche agell years (OR:= 1.06, 95% CI 0.95, 1.19, Q&= 1.07, 95% CI 0.67, 1.72;
Ptrend = 0-29)-




Conclusions

To our knowledge rs10235235 is the first single nucleotide polymorphisma &ssociated
with both breast cancer risk and age at menarche consistent heitivell-documente
association between later age at menarche and a reductioeast lmancer risk. These
associations are likely mediated via an effect on circulating hormone.levels

[oX

Introduction

Family history is a well-established risk factor for breemtcer. First-degree relatives of
women with breast cancer have an approximately 2-fold incre@ésedf developing the
disease relative to the general population [1]. Twin studies arestamtswith this familial
clustering having, at least in part, a genetic origin [2,3].aoms in high-risk susceptibility
genes (mainBRCAL1 andBRCAZ2) explain most large multiple-case families, but account for
only 15-20% of the excess familial risk [4]. Genome-wide asBonigtudies (GWAS) [5,6]
have identified more than 70 common variants that are associatedbwast cancer
susceptibility but they account for only another approximately 15%efekcess familial
risk. The so-called ‘missing heritability’ may be explaineddoynmon variants with very
small effects and/or by rarer variants with larger affeceither of which can be identified by
current GWAS. A statistically efficient alternative tsihcrease power by trying to identify
variants associated with known quantitative phenotypic markers oémiusbtty to breast
cancer [7], and then test them for association with breast caskeiThis approach might
also improve our understanding of the biological mechanisms involved astbcancer
pathogenesis.

Endogenous sex hormones are well-established risk factors forst bozencer in
postmenopausal women [8]; the evidence in premenopausal women is lastecbmgth
some but not all studies suggesting an association between highdatrig levels of
estrogens and increased breast cancer risk [9-17]. Genéticsfacfluence the levels of
endogenous sex hormones [18] and therefore single nucleotide polymorpBiNiRs) (in
genes regulating these hormonal pathways are good candidatesirigr dveast cancer
predisposition variants. We have previously studied 642 SNPs tagging €2 than might
influence sex hormone levels in 729 healthy premenopausal women of Euangestry in
relation to cyclic variations in estrogen levels during the mealstycle. We found that the
minor allele of rs10273424, which maps 50 kibo3TYP3A5, was associated with a reduction
of 22% (95% confidence interval (Cl) -28%, -15%;= 10°) in levels of urinary estrone
glucuronide (E1G), a metabolite that is highly correlated withirseestradiol levels [19].
Analysis of 10,551 breast cancer cases and 17,535 controls of Europeatryance
demonstrated that the minor allele of rs10235235, a proxy for rs10273424.0), was also
associated with a weak reduction in breast cancer risk but omkprimen aged 50 years or
younger at diagnosis (odds ratio (OR) = 0.91, 95% CI 0.83, B.89).03) [19].

The aim of the present study was to further investigate aniassodetween rs10235235
and breast cancer risk using a much larger set of subjéaés Breast Cancer Association
Consortium (BCAC) - comprising data from 49 additional studies, andgdesa whether
there was evidence of effect modification by age at diagndbisiciy, age at menarche or
tumour characteristics.



Materials and methods

Sample selection

Samples for the case-control analyses were drawn from 52sspatigcipating in the BCAC:
41 from populations of predominantly European ancestry, nine of Asiastgnaad two of
African-American ancestry. The majority of studies were pafpn-based or hospital-based
case-control studies, but some studies were nested in cohortsedsedantples by age,
oversampled for cases with a family history or selected smmmh the basis of tumour
characteristics (Additional file 1: Table S1). Studies provided e2%amples in duplicate
for quality control purposes (see below). Study subjects weneitext on protocols approved
by the Institutional Review Boards at each participating insiitutand all subjects provided
written informed consent (Additional file 2).

Genotyping and post-genotyping quality control

Genotyping for rs10235235 was carried out as part of a collaboratieredre BCAC and
three other consortia (the Collaborative Oncological Gene-environgtady, COGS). Full
details of SNP selection, array design, genotyping and post-genotymiity gontrol (QC)
have been published [5]. Briefly, three categories of SNPs viiasen for inclusion on the
array: (i) SNPs selected on the basis of pooled GWAS dat&NiPs selected for the fine-
mapping of published risk loci and (iii) candidate SNPs selected obasis of previous
analyses or specific hypotheses. rs10235235 was a candidate Stt€dsahethe basis of our
previous analyses [19]. For the COGS project overall, genotyping of 211NBS B
114,225 samples was conducted using a custom lllumina Infinium arr@G@E in four
centres. Genotypes were called using lllumina’s proprietary @ermyorithm. Standard
quality control measures were applied across all SNPs andnailess genotyped as part of
the COGS project. Samples were excluded for any of the folloveagons: genotypically
not female XX (XY, XXY or XO, N = 298); overall call rate <950 = 1,656); low or high
heterozygosity R < 10°, separately for individuals of European, Asian and African-
American ancestry, N = 670); individuals not concordant with previous y@ngtwithin
BCAC (N = 702); individuals where genotypes for the duplicate saapgpeared to be from
a different individual (N = 42); “cryptic” duplicates within studi@bere the phenotypic data
indicated that the individuals were different or between studies whereygertzta indicated
samples were duplicates (N = 485); first degree relatives 1\81); phenotypic exclusions
(N = 527); concordant replicates (N = 2,629). Ethnic outliers wernetifdel by multi-
dimensional scaling, combining the iCOGS data with the three B@pmopulations, based
on a subset of 37,000 uncorrelated markers that passed QC (including selé&@d as
ancestry informative markers). Most studies were predominasftha single ancestry
(European or Asian), and women with >15% minority ancestry, based ofirghéwo
components, were excluded (N = 1,244). Two studies from Singapore GGaal
Malaysia (MYBRCA) contained a substantial fraction of women dfech European/Asian
ancestry (likely of South Asian ancestry). For these studiesxciasions for ethnic outliers
were made, but principal components analysis (see below) wasouaejist for inflation in
these studies. Similarly, for the two African-American studB8HS, SCCS), no exclusions
for ethnic outliers were made.

Principal components analyses were carried out separatelhdoEuropean, Asian and
African-American subgroups, based on a subset of 37,000 uncorrelated EhPthe



analyses of European subjects, we included the first six prircyp@ponents as covariates,
together with a seventh component derived specific to one study (LNtBGyhich there
was substantial inflation not accounted for by the components deroradtie analysis of all
studies. Addition of further principal components did not reduce inflatiomeurtTwo
principal components were included for the studies conducted in Asian popsiland two
principal components were included for the African-American studies.

For the main analyses of rs10235235 and breast cancer risk, we exgluded from three
studies (BBCS, BIGGS and UKBGS) that were genotyped in the hypstlpenerating study
(N = 5,452) [19] and women with non-invasive cancers (ductal carcinomiuitolsular
carcinoma in situ, N = 2,663) or cancers of uncertain status (N ¥ 96®r exclusions there
were 47,346 invasive breast cancer case samples and 47,570 contro$ $eonpK9 studies
(38 from populations of predominantly European ancestry, nine Asian and fieanA
American) used in the analysis (Additional file 1: Table S1 aRkd After quality control
exclusions (above) the call rate for rs10235235 was 100% (1 no call in 94 spand
for the controls, there was no evidence of deviation from Hardy-Wejnbeuilibrium
(HWE) in any of the contributing studies (Additional file 1: Table S2).

We did not test for an association between rs10235235 and age at mamanahleypothesis
generating study [19]. Therefore, to maximise our power to detecassociation, we
included menarche data from BBCS cases (N = 2,508) and contrel4 @50) and UKBGS
cases (N = 3,388) and controls (N = 4,081) in this analysis. Age @arame was not
available for samples from BIGGS. Full details of genotypings@D235235 in BBCS and
UKBGS samples have been published previously [19]. Briefly, genotypasgcarried out
using competitive allele-specific PCR KASPar chemistry iiéBiences Ltd, Hertfordshire,
UK). Call rates were 98.0% (BBCS), 96.6% (UKBGS); there wasvience for deviation
from HWE P = 0.29 (BBCS)P = 0.92 (UKBGS)) and duplicate concordance based on a 1%
(BBCS) and 5% (UKBGS) random sample of duplicates was 100% for both studies.

Statistical analysis

We estimated per-allele and genotypic log-odds ratios (ORsh&European, Asian and
African-American subgroups separately using logistic regmessadjusted for principal
components and study [5]. To test for departure from a multiplicatvael we compared
multiplicative and unconstrained models using a 1 degree of freédidriikelihood ratio
test. Heterogeneity in ORs between studies within each subgrauppéan, Asian and
African-American), and between subgroups, was assessed usi@gdheane Q statistic and
quantified using th& measure [20].

Analyses stratified by estrogen receptor (ER) status, (pregesterone receptor (PR) status
(+/-), morphology (ductal or lobular), grade (1,2,3), lymph node involvelféftor age at
diagnosis £50 and >50 years) were restricted to studies of European andestrip the
small number of studies of Asian and African-American ancebtraddition, studies were
excluded if they had selected cases on the basis of theystaatifariable, or had collected
data on that variable for less than 5% of cases or less theas&8 in total. Availability of
data for each of the stratifying variables in each studigas/s in Additional file 1. Table S3.
To assess the relationship between each of the stratifymaples and genotype, stratum—
specific ORs were calculated using logistic regression. Gasssch stratum were compared
with all control subjects, adjusted for study and principal componemise-Gnly logistic
regression was used to test for heterogeneity between (tirdiay stratifying variables) or



across strata (stratifying variables with three or maiagt P values were estimated using
likelihood ratio tests with dif.

We assessed whether rs10235235 was associated with age athmémaases and controls
separately. Studies that had not collected data on age at mematwoth cases and controls
were excluded (Additional file 1: Table S4). We used linear ssgva, adjusted for principal
components and study, to estimate the relationship between ageathee(in years) and
rs10235235 genotype (0, 1, 2 rare alleles) and logistic regressioneddfjostprincipal
components and study to estimate the association between ageaatine and breast cancer
risk. To test for effect modification of an association betwe#8235235 and breast cancer
risk by age at menarche we used logistic regression adljisterincipal components, study
and age at menarche (grouped<dd, 12, 13, 14 an&15 years) with and without an
interaction term(s). We considered four models: (i) no intera¢@onteraction terms), (ii)
assuming a linear interaction between genotype and menarche growgrddtion term), (iii)
assuming a linear interaction between genotype and menarche graalWwutg the linear
term to differ between women who were heterozygous and those whdeveozygous for
the rare allele (2 interaction terms) and (iv) one interactienm tfor each possible
genotype/menarche group combination (8 interaction terms). Nestedsmate compared
using likelihood ratio tests. All statistical analyses weegf@ymed using STATA version
11.0 (College Station, Texas, US). Rlivalues reported are two-sided.

Results

The case-control analysis comprised genotype data for 47,346 in\@eas& cancer cases
and 47,569 controls from 49 studies, including 80,518 (84.8%) subjects of self-reported
European ancestry, 12,419 (13.1%) of self-reported Asian ancestry and2.9%3 of self-
reported African-American ancestry. The mean (xstandard deviagm)at diagnosis was
56.1 (x11.6) years for European, 51.1 (£10.5) years for Asian and 53.1 (x10t3)fgea
African-American cases. There were ethnic differenceshm éstimated minor allele
frequency (MAF) of rs10235235 (Q = 73172.df; P for heterogeneityRe) = 0). Overall
MAF for European control women was 0.089 (95% CI 0.087, 0.091), but withgstron
evidence of between-study heterogeneRye(= 1x10%% which was accounted for by the
three Finnish studies (HEBCS: MAF = 0.15, KBCP: MAF = 0.21 and OB@S* = 0.15;

Pret = 0.01); no evidence of heterogeneity remained after takinguat®f these studies
(MAF = 0.087 (95% CI 0.085, 0.08%e: = 0.23). Relative to Europeans, overall MAF was
higher for African-Americans (0.213, 95% CI 0.195, 0.282; = 0.26) but much lower for
Asians (0.002; 95% CI 0.001, 0.002), with strong evidence of between-studydesieity

for the latter Prhet= 4 x 10%4.

The case-control analysis was consistent with a modest dgsotiatween rs10235235 and
breast cancer risk for women of European ancestry, with anagstirper allele OR of 0.96
(95% CI1 0.93, 0.99P for linear trend Pyeng = 0.02). Genotype-specific ORs were 0.98 (95%
C10.94, 1.01P =0.21) for AG vs. AA (Figure 1A) and 0.80 (95% CI 0.69, 0@3; 0.004)

for GG vs. AA (Figure 1B) with no evidence of between-study heterityefor either OR
estimate Phet = 0.44,12 = 1.9% andPne = 0.76 12 = 0.0% for heterozygote and homozygote
OR estimates respectively). There was, however, marginghjfisant evidence that the
genotypic OR estimates departed from those expected under plicatltie model with the
inverse association of the GG genotype being more than the squaret of tine AG
genotype (test for deviation from multiplicative modek 0.04).



Figure 1 Association of rs10235235 with breast cancer risk for women of European
ancestry.Forest plots of the association of rs10235235 AG (heterozygote) geijajyped

GG (homozygote) genotyd8) with breast cancer risk for women of European ancestry.
Horizontal lines represent 95% Cls. Square boxes represent study spesifieffiects

estimates. The diamond represents the combined, fixed-effects estirttaegOdi} and 95%

Cl. The vertical line represents the null effect (OR = 1.0) and the dashed|\entica

represents the estimated heterozygote(®Rand the estimated homozygote (B3.

Homozygote ORs for six studies (CTS, DEMOKRITOS, kConFab/AOCS, NBCS, NBHIS a
RPCI) could not be estimated because there were no GG homozygotes among caseg or am
controls in each of these studies (see Additional file 1: Table S2).

Data for rs10235235 in women of Asian or African-American anceséng wnore limited
with just two African-American studies (1,046 cases and 932 contrals)iae Asian studies
(5,795 cases and 6,624 controls). In addition, this SNP was sufficiemdyirraAsian
populations (MAF = 0.002) that we were unable to estimate theokgtmte OR in two
Asian studies (SEBCS, one carrier among 1,114 cases and no camnaerg 1,129 controls;
TWBCS, one carrier among 236 controls and no carriers among 774 Addeegnal file 1:
Table S2) and we could not estimate a homozygote OR for ang Aidy (Additional file
1: Table S2). There was no clear evidence that this SNP wasaded with breast cancer
risk for women of Asian (heterozygote OR = 1.06, 95% CI 0.76, 1.49) or AfAcaerican
ancestry (heterozygote and homozygote ORs were OR = 1.09, 95% CI 0.98nd. .GR =
0.94, 95% CI 0.62, 1.42 respectively; Additional file 1: Figure S1). Thisysisalhowever,
had low power to detect associations in non-Europeans and thessti@Rtes were not
inconsistent with the magnitude of the observed OR estimatdsufopean womenP{e; =
0.51).

Stratifying cases by ERPfet = 0.83) or PRt = 0.19) status, tumour grade.{ = 0.63) or
nodal involvement at diagnosi®¢: = 0.51) showed no evidence of effect modification
(Table 1). There was some evidence of effect modification dphology Phe: = 0.03). For
ductal cancers we estimated a very modest reduction of risieferozygotes (OR: = 0.98,
95% CI1 0.93, 1.02P = 0.30) and a stronger, significant reduction for homozygoteg.(OR
0.74, 95% CI 0.61, 0.9 = 0.003). For lobular cancers there was no such trende(©R
1.07,95% CI10.98, 1.1P, = 0.14 and ORm=0.91, 95% CI 0.64, 1.2P,= 0.57).



Table 1 Association of rs10235235 with risk of breast cancer for women of European anceststratified analysis

Cases Controls ORpet 95% ClI P, ORnom 95% ClI P, Pret
ER positive 24780 38739 0.99 0.95, 1.03 0.61 0.83 .70,0.99 0.04
ER negative 5851 38739 1.02 0.95, 1.10 0.60 0.60 43,0.86 0.005
NK 8339
Total 38970* 38739 0.99 0.95, 1.03 0.74 0.79 0.67,0.94 0.006 0.83
PR positive 18497 39033 0.98 0.93, 1.02 0.32 0.82 .67,0.99 0.04
PR negative 8193 39033 1.02 0.96, 1.09 0.53 0.74 56, 0.98 0.03
NK 12111
Total 38801** 39033 0.99 0.94, 1.03 0.52 0.80 0.67,0.95 0.01 0.19
Ductal 22123 31803 0.98 0.93, 1.02 0.30 0.74 e 0.003
Lobular 3921 31803 1.07 0.98, 1.17 0.14 0.91 (010374 0.57
other & NK 5995
Total 32039 31803 0.99 0.95, 1.04 0.64 0.77 0.64, 0.92 0.004 0.03
grade 1 5944 37285 0.97 0.90, 1.05 0.46 0.86 0.85, 0.31
grade 2 13427 37285 1.00 0.95, 1.06 0.92 0.80 0.68, 0.04
grade 3 8638 37285 0.98 0.92, 1.05 0.58 0.61 0.43, 0.001
NK 8769
Total 36778 37285 0.99 0.95, 1.03 0.56 0.76 0.64, 0.90 0.001 0.63
node negative 17463 37836 0.98 0.93, 1.03 0.47 0.86 0.71,1.04 0.12
node positive 10746 37836 0.98 0.92,1.04 0.46 0.72 0.57,0.93 0.01
NK 9359
Total 37568 37836 0.98 0.94, 1.02 0.31 0.81 0.68, 0.96 0.02 0.51

Association of rs10235235 with risk of breast cairffoe women of European ancestry stratified by ERus, PR status, morphology, grade and nodalsstatu

OR,e¢ 0dds ratio comparing rs10235235 AG genotype \&efghi genotype. OR . odds ratio comparing rs10235235 GG genotype gefgugenotype.

P,: test of K no association between rs10235235 and breastrcaskeP;; test of H no difference between stratum specific estimatesdriables with two strata;gHho
linear trend in stratum specific estimates for ailés with three strata. NK: not known.

*Excludes seven studies that selected all ER negatises (CTS, DEMOKRITOS, NBCS, NBHS, OSU, RP@ S8KKDKFZS) and one study (PBCS) that selectedRll
positive cases.

**Excludes seven studies that selected all PR megatses (CTS, DEMOKRITOS, NBCS, NBHS, OSU, RP@ 8KKDKFZS).



The SNP rs10235235 maps to a loc@¥H3A) that has been considered asapriori
candidate for involvement in determining age at menopause and agenatche [21,22].
Stratifying cases by age at diagnosiS( or >50 years) as a proxy for menopausal status at
diagnosis showed no evidence of effect modificatiBr:(= 0.89, Table 2) and excluding
cases who were diagnosed between age 46 and 55 as potentially peri-menogaias el thr

this result Pret = 0.28). Data on age at menarche was available for 21,736 cak28,686
controls (Additional file 1: Table S4); to increase the powerhef analysis we included
additional data from BBCS and UKBGS (5,737 cases, 5,572 controls, Additional file &: Tabl
S4) [19]. There was a 1.5% (95% CI 0.5%, 2.P%; 0.004) reduction in breast cancer risk
associated with each additional year’s increase in age raroiee. Mean age at menarche
was positively associated with number of copies of the minor atieles10235235 for
controls Pyeng = 0.005, Table 3) but not for cas&dq= 0.97, Table 3). Consequently, there
was an inverse trend in the magnitude of the heterozygote and homozggstechncer ORs
with mean age at menarch&,{ = 0.02; Table 4); being a carrier of one or two rare alleles of
rs10235235 was associated with an estimated 16%(©R.84, 95% CI 0.75, 0.98 =
0.003) or 19% (ORm = 0.81, 95% CI 0.51, 1.3® = 0.39) Pyend = 0.002) reduction in
breast cancer risk for women who had their menarche at>dgegears but there was no
evidence of reduction for those with a menarche akageyears (OR:= 1.06, 95% CI 0.95,
1.19;P = 0.30 and ORm = 1.07, 95% CI 0.67, 1.72, = 0.78) Piena= 0.29). There was no
evidence that the inverse trend in the magnitude of ORs with meaat agenarche differed
between heterozygous and homozygous carrers 0.97) and no evidence that the trend
was non-linear® = 0.70).



Table 2rs10235235 and risk of breast cancer for women of European ancestry by age at diagnosis

Age at diagnosis (years) Cases* Controls* ORpet 95% ClI P; ORhom 95% ClI P; Pret
<50 11794 34988 0.99 0.93, 1.05 0.69 0.68 0.5%, 0.8 0.003
>50 23264 34988 0.97 0.93, 1.02 0.24 0.84 0.7m 1. 0.04
NK 554
Total 35612 34988 0.98 0.94, 1.02 0.23 0.79 0.67,0.92 0.003 0.89

*Five studies (ABCFS, MARIE, MEC, MTLGEBCS and SAAB) that selected all cases on the basis of ageéaghosis (Additional file 1: Table S3) were exaddrom
this stratified analysis; two small studies (CT8 &BCS) that had no heterozygote or rare homozycmtes in one of the age stratum were also excluded

OR,¢¢ 0dds ratio comparing rs10235235 AG genotype \&efghi genotype. OR . odds ratio comparing rs10235235 GG genotype gefgugenotype.

P,: test of K no association between rs10235235 and breastrcasice?,.; test of H no difference between stratum specific estimai&s.not known.



Table 3Association of rs10235235 with age at menarche for women of European ancestry by case+{obstatus

rs10235235 genotype Cases Age at menarche (years) Piend Controls Age at menarche (years) Piend
AA 22954 12.83 23383 12.95
AG 4312 12.83 4627 13.02
GG 207 12.83 248 13.05

Total 27473 12.83 0.97 28258 12.96 0.005

Puend test of K no linear trend in age at menarche accordinglt0235235 genotype.



Table 4rs10235235 and risk of breast cancer for women of European ancestry by age at menarche

Age at menarche (years) Cases Controls ORpet 95% CI P, ORhom 95% CI P, Pret
<11 4818 4749 1.06 0.95,1.19 0.30 1.07 0.67,1.72 .780
12 5655 5720 0.92 0.83, 1.02 0.10 0.83 0.54,1.28 .410
13 7308 7379 0.93 0.85, 1.02 0.11 0.77 0.54,1.09 .140
14 5307 5743 0.96 0.86, 1.06 0.42 0.69 0.45,1.06 .090
>15 4385 4667 0.84 0.75, 0.94 0.003 0.81 0.51,1.30 0.39
Total 27473 28258 0.94 0.90, 0.98 0.007 0.81 0.67,0.98 0.03 0.02

OR,e¢ 0dds ratio comparing rs10235235 AG genotype \&efghi genotype. OR .y odds ratio comparing rs10235235 GG genotype gefgugenotype.
P,: test of K no association between rs10235235 and breastrcasice?;.; test of H no linear trend in stratum specific estimates.



Discussion

This study of more than 47,000 breast cancer cases and 47,000 contrasfinased that
rs10235235, mapping to 7q22AYP3A), is associated with a reduction in breast cancer risk
for women of European ancestry. Previously, our hypothesis-geneistudy of 10,000
breast cancer cases and 17,000 controls found a per allele ORtesifr.96 (95% CI 0.90,
1.02;P = 0.2) with marginally significant evidence of an inverse dasioa for breast cancer
diagnosed age 50 years or younger (OR = 0.91, 95% CI 0.830:99;03) but no evidence
of an association for breast cancer at later ages (@RXE 95% CI 0.93, 1.1 = 0.82)
[19]. In this considerably larger study, we found a heterozygotesbDiRate of 0.98 (95% CI
0.94, 1.01P = 0.21) and a homozygote OR estimate of 0.80 (95% CI 0.69,®293.004)
with marginally significant evidence that the inverse associdor homozygotes is greater
than predicted by a multiplicative modél £ 0.04).

To our knowledge rs10235235 is the first SNP to be associated with leatbt lobancer risk
and age at menarche, consistent with the well documented aigsodietween later age at
menarche and a reduction in breast cancer risk [23]. Genome-ggdeiation studies have
identified more than 70 breast cancer risk variants [5,6] and mare8€haariants associated
with age at menarche [22], none of which map to @¥P3A locus. rs10235235 was
originally identified on the basis of a highly significant assommwith hormone levels,
accounting for 4.9% of the variation in premenopausal urinary E1Gslg46l. In this
current analysis, rs10235235 accounted for only 0.01% of the variation aonisss in age
at menarche and we estimate that this SNP explains just 0.0t%é fafmilial excess breast
cancer risk. Thus our data illustrate the potential statisteéatiency of studies of
intermediate phenotypes in the identification of rarer (MAF < L%k alleles with modest
associations. Our analysis shows some inconsistency with a gE@mie-wide study of
circulating estradiol, testosterone and sex hormone-binding globulin imeuogpausal
women [24]. In that study there was no genome-wide significantiasem observed with
plasma estradiol levels in either the primary analysis of apped&ly 1,600 postmenopausal
women who were not taking postmenopausal hormones at blood draw or the secondar
analysis that included approximately 900 current postmenopausal hormogse Fuséher
studies will be needed to determine whether the lack of asciaien betweerCYP3A
variants and postmenopausal plasma estradiol levels refledfer@rie in the menopausal
status of the study subjects, the hormone/metabolite that was analysed, or chance.

One possible explanation for the apparent effect modification ofst@285235 — breast
cancer risk association by age at menarche is that thifurscaon of genotyping a marker
SNP rather than the true causal variant. For example if rs10235#85perfectly correlated
with a causal variant, SNP X, with a MAF substantially lovikamntthat of rs10235235 (D’ ~
1.0, r* < 1.0), then there would be three types of chromosome in the populdjion: (
chromosomes carrying the common allele of rs10235235 and the commoroENe X,
(i) chromosomes carrying the rare allele of rs10235235 and the coralhele of SNP X and
(iif) chromosomes carrying the rare allele of rs10235235 and tke(pantective) allele of
SNP X. Only chromosomes carrying the rare allele of rs1023523%hantre (protective)
allele of SNP X (subset (iii)) would be enriched in controls. Genoty the marker
(rs10235235) rather than the causal variant leads to misclassificAs the causal variant is
associated with a protective effect on breast cancer rislpriby@ortion of chromosomes
carrying both the rare allele of the causal variant and th&emérype iii) compared to the
common allele of the causal variant and the rare allele ahtrker (type ii) will be greater



in controls than in cases such that the extent of misclassificatll be greater for cases than
controls. This will attenuate the association between genotypeagamdt menarche to a
greater extent in cases than in controls creating an appaatt” modification”. Fine
mapping and functional studies will be required to identify the cauaaant and to
determine the true relationship between the causal variant, agsnatche and breast cancer
risk.

Despite our original finding of a strong association betws&0235235 and hormone levels
we found no evidence that the association between this SNP awst dareer risk differed
by the hormone receptor status of the tumour, nor did we find any evidieatehe
association differed by stage, grade or lymph node involvement. Theremasginally
significant evidence that the association between rs10235235 and larezest iisk differed
between ductal and lobular cancd?Pg.(= 0.03). Given the number of stratified analyses that
we carried out (six stratifying variables) and given thaté is no biological basis to support
an interaction between rs10235235 and morphology it seems likelyhikailsta chance
observation.

In contrast to our earlier study [19], we found no evidence of an atimmawith age at
diagnosis when we stratified cases by &(eb0 years, either including or excluding cases
diagnosed between age 46 and 55 years as potentially peri-menopausadedVage at
diagnosis as a proxy for menopausal status at diagnosis because usehgpatus at
diagnosis is difficult to determine by questionnaire, especgiilgn the use of hormone
replacement therapies; while information on age at diagnosiswa#alde for all but 1.4%
(N = 554) of cases, information on age at natural menopause wasgni®s65.6% (N =
26,552) of cases of European ancestry. Similarly, although rs10235235plsusible
candidate for association with age at menopause we did nothtestue to the limited
amount of data on age at natural menopause for controls of Europeamyafitestl1,294,
28.2%) and the difficulty in ascertaining whether treatmenbfeast cancer had influenced
reported age at menopause for cases.

Strengths of our study include the large size of this combinedsialyd the availability of

information on tumour characteristics for the majority of cased,cam age at menarche for
the majority of cases and controls. Limitations include low powdhektudy to examine an
association between genotype and breast cancer risk for non-Europeans.

Conclusions

In summary, we have confirmed that rs10235235 is associated watst lmancer, we have
shown for the first time that rs10235235 is associated with ageratrane in controls and
have suggested a potential mechanism for these associations.dtlikegnthat rs10235235,
which maps to th€YP3A locus, tags a causal variant that affects expression of amerer
CYP3A genes.
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