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  ARTICLE  

     Risk of Estrogen Receptor – Positive and  – Negative 
Breast Cancer and Single – Nucleotide Polymorphism 
2q35-rs13387042     
    Roger L.     Milne   ,      Javier     Benítez   ,      Heli     Nevanlinna   ,      Tuomas     Heikkinen   ,      Kristiina     Aittomäki   ,      Carl     Blomqvist   , 
     José Ignacio     Arias   ,      M. Pilar     Zamora   ,      Barbara     Burwinkel   ,      Claus R.     Bartram   ,      Alfons     Meindl   ,      Rita 
K.     Schmutzler   ,      Angela     Cox   ,      Ian     Brock   ,      Graeme     Elliott   ,      Malcolm W. R.     Reed   ,      Melissa C.     Southey   , 
     Letitia     Smith   ,      Amanda B.     Spurdle   ,      John L.     Hopper   ,      Fergus J.     Couch   ,      Janet E.     Olson   ,      Xianshu     Wang   , 
     Zachary     Fredericksen   ,      Peter     Schürmann   ,      Michael     Bremer   ,      Peter     Hillemanns   ,      Thilo     Dörk   ,      Peter     Devilee   , 
     Christie J.     van Asperen   ,      Rob A. E. M.     Tollenaar   ,      Caroline     Seynaeve   ,      Per     Hall   ,      Kamila     Czene   ,      Jianjun     Liu   , 
     Yuqing     Li   ,      Shahana     Ahmed   ,      Alison M.     Dunning   ,      Melanie     Maranian   ,      Paul D. P.     Pharoah   ,      Georgia     Chenevix-
Trench   ,      Jonathan     Beesley   ,     kConFab Investigators,     AOCS Group,      Natalia V.     Bogdanova   ,      Natalia 
N.     Antonenkova   ,      Iosif V.     Zalutsky   ,      Hoda     Anton-Culver   ,      Argyrios     Ziogas   ,      Hiltrud     Brauch   , 
     Christina     Justenhoven   ,      Yon-Dschun     Ko   ,      Susanne     Haas   ,      Peter A.     Fasching   ,      Reiner     Strick   ,      Arif B.     Ekici   , 
     Matthias W.     Beckmann   ,      Graham G.     Giles   ,      Gianluca     Severi   ,      Laura     Baglietto   ,      Dallas R.     English   , 
     Olivia     Fletcher   ,      Nichola     Johnson   ,      Isabel     dos Santos Silva   ,      Julian     Peto   ,      Clare     Turnbull   ,      Sarah     Hines   , 
     Anthony     Renwick   ,      Nazneen     Rahman   ,      Børge G.     Nordestgaard   ,      Stig E.     Bojesen   ,      Henrik     Flyger   , 
     Daehee     Kang   ,      Keun-Young     Yoo   ,      Dong-Young     Noh   ,      Arto     Mannermaa   ,      Vesa     Kataja   ,      Veli-Matti     Kosma   , 
     Montserrat     García-Closas   ,      Stephen     Chanock   ,      Jolanta     Lissowska   ,      Louise A.     Brinton   ,      Jenny     Chang-Claude   , 
     Shan     Wang-Gohrke   ,      Chen-Yang     Shen   ,      Hui-Chun     Wang   ,      Jyh-Cherng     Yu   ,      Sou-Tong     Chen   , 
     Marina     Bermisheva   ,      Tatjana     Nikolaeva   ,      Elza     Khusnutdinova   ,      Manjeet K.     Humphreys   ,      Jonathan     Morrison   , 
     Radka     Platte   ,      Douglas F.     Easton   ;     on behalf of the Breast Cancer Association Consortium                 

   Background   A recent genome-wide association study identified single-nucleotide polymorphism (SNP) 2q35   -rs13387042 
as a marker of susceptibility to estrogen receptor (ER) – positive breast cancer. We attempted to confirm 
this association using the Breast Cancer Association Consortium.  

   Methods   2q35-rs13387042 SNP was genotyped for 31 510 women with invasive breast cancer, 1101 women with 
ductal carcinoma in situ, and 35 969 female control subjects from 25 studies. Odds ratios (ORs) were esti-
mated by logistic regression, adjusted for study. Heterogeneity in odds ratios by each of age, ethnicity, 
and study was assessed by fitting interaction terms. Heterogeneity by each of invasiveness, family history, 
bilaterality, and hormone receptor status was assessed by subclassifying case patients and applying poly-
tomous logistic regression. All statistical tests were two-sided.  

   Results   We found strong evidence of association between rs13387042 and breast cancer in white women of 
European origin (per-allele OR   =   1.12, 95% confidence interval [CI]   =   1.09 to 1.15;  P  trend    =   1.0 × 10  � 19 ). The 
odds ratio was lower than that previously reported ( P    =   .02) and did not vary by age or ethnicity (all  P    ≥   .2). 
However, it was higher when the analysis was restricted to case patients who were selected for a strong 
family history ( P     =    .02). An association was observed for both ER-positive (OR    =    1.14, 95% CI    =    1.10 to 
1.17;  P    =   10  � 15 ) and ER-negative disease (OR   =   1.10, 95% CI   =   1.04 to 1.15;  P    =   .0003) and both progesterone 
receptor (PR) – positive    (OR   =   1.15, 95% CI   =   1.11 to 1.19;  P    =   5 × 10  � 14 ) and PR-negative disease (OR   =   1.10, 
95% CI   =   1.06 to 1.15;  P    =   .00002).  

   Conclusion   The rs13387042 is associated with both ER-positive and ER-negative breast cancer in European women.  

    J Natl Cancer Inst 2009;101: 1012  –  1018   
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  CONTEXT AND CAVEATS 

  Prior knowledge 

 2q35-rs13387042 has been identified as a marker of susceptibility 
to estrogen receptor (ER) – positive breast cancer.  

  Study design 

 Genetic association study of breast cancer risk and rs13387042 
using data from 25 case – control studies in the Breast Cancer 
Association Consortium.  

  Contribution 

 Having the rs13387042 genotype was associated with increased 
risk of breast cancer among white women of European origin, but 
the magnitude of the association was lower than that found previ-
ously. The association did not vary by age or ethnicity but was 
stronger among patients with a family history and was observed in 
ER-positive and -negative and progesterone receptor – positive and 
 – negative disease.  

  Implications 

 The single-nucleotide polymorphism 2q35-rs13387042 is associ-
ated with increased risk of ER-positive and -negative breast cancer 
among white European women in this study.  

  Limitations 

 Hormone receptor status was not available for all patients and 
available data were taken from medical records rather than being 
confirmed by pathology review; thus, the statistical power was 
lower in the analyses for hormone receptor status. 

  From the Editors    
   

               Genome-wide association studies (GWASs) have proved effective 
in identifying low-penetrance genetic loci associated with many 
complex diseases, including breast cancer. However, the relative 
risks associated with these common susceptibility alleles are gener-
ally very low (<1.3) and can only be estimated reliably by using very 
large samples. We previously identifi ed fi ve breast cancer suscepti-
bility loci through a GWAS:  FGFR2 -rs2981582,  TOX3 -rs3803662, 
 LSP1 -rs3817198,  MAP3K1 -rs889312, and 8q-rs13281615 ( 1 ). The 
 FGFR2  and  TOX3  loci were also identifi ed by other groups using 
similar approaches ( 2 , 3 ). In our study, confi rmation of these asso-
ciations at a genome-wide level of statistical signifi cance ( P    <   10  � 7 ) 
was provided by replication through the Breast Cancer Association 
Consortium (BCAC). The BCAC is an international consortium of 
case – control studies formed to provide a resource for the reliable 
assessment of the breast cancer risks associated with such variants. 

 A GWAS of 1600 Icelandic breast cancer case patients and 11 563 
control subjects, with replication in 2954 case patients and 6014 con-
trol subjects, found that an additional single-nucleotide polymorphism 
(SNP) on 2q35, rs13387042, was associated with an increased risk of 
breast tumors that were positive for the estrogen receptor (ER) ( 2 ). 

 The aim of this study was to defi ne more precisely the breast 
cancer risk associated with 2q35-rs13387042 using more than 30 
000 case patients and 30 000 control subjects from the BCAC   . 

  Subjects and Methods 
 A total of 25 collaborating BCAC studies contributed genotypes 
for 2q35-rs13387042 to this study. Of these studies, 18 (Bavarian 

Germany (RKS); Institute for Cancer Studies (AC, IB, GE) and Academic 
Unit of Surgical Oncology (MWRR), Sheffield University Medical School, 
Sheffield, UK; Centre for Molecular, Environmental, Genetic and Analytic 
Epidemiology (JLH, DRE) and Department of Pathology (MCS, LS), 
University of Melbourne, Victoria, Australia; Department of Laboratory 
Medicine and Pathology (FJC, XW) and Department of Health Sciences 
Research (JEO, ZF), Mayo Clinic, Rochester, MN; Department of Obstetrics 
and Gynaecology (TD, PS, PHi, NVB, MBe) and Department of Radiation 
Oncology (MBr, NVB), Hannover Medical School, Hannover, Germany; 
Department of Human Genetics (PD), Department of Pathology (PD), 
Department of Clinical Genetics (CJvA), and Department of Surgery 
(RAEMT), Leiden University Medical Centre, Leiden, the Netherlands; 
Department of Medical Oncology, Rotterdam Family Cancer Clinic, Erasmus 
MC-Daniel den Hoed Cancer Center, Rotterdam, the Netherlands (CS); 
Department of Medical Epidemiology and Biostatistics, Karolinska Institute, 
Stockholm, Sweden (PHa, KC); Human Genetics Laboratory, Genome 
Institute of Singapore, Singapore (JLi, YL); Department of Oncology (SA, 
AMD, MM, PDPP), Department of Public Health and Primary Care (PDPP), 
University of Cambridge, Cambridge, UK; Division of Genetics and 
Population Health (GC-T, JBee, ABS), Queensland Institute of Medical 
Research (AOCS), Brisbane, Australia; Peter MacCallum Cancer Center, 
Melbourne, Australia (kConFab, AOCS); N.N. Alexandrov Research Institute 
of Oncology and Medical Radiology, Minsk, Belarus (NVB, NNA, IVZ); 
Department of Epidemiology, University of California Irvine, Irvine, CA (HA-
C, AZ); Dr. Margarete Fischer-Bosch-Institute of Clinical Pharmacology, 
Stuttgart, Germany (HB, CJ); University of Tübingen, Tübingen, Germany 
(HB, CJ); Department of Internal Medicine, Evangelische Kliniken Bonn 
gGmbH, Johanniter Krankenhaus, Bonn, Germany (Y-DK); Institute of 
Pathology, University of Bonn, Bonn, Germany (SHa); University Breast 
Center (PAF, RS, MWB) and Institute of Human Genetics (ABE), University 
Hospital Erlangen, Erlangen, Germany; Department of Gynecology and 
Obstetrics, David Geffen School of Medicine, Division of Hematology and 
Oncology, University of California at Los Angeles, Los Angeles, CA (PAF); 
Cancer Epidemiology Centre, Cancer Council Victoria, Melbourne, Australia 
(GGG, GS, LB); Breakthrough Breast Cancer Research Centre, The Institute of 

Cancer Research, London, UK (OF, NJ); Cancer Research UK Epidemiology 
and Genetics Group, London School of Hygiene and Tropical Medicine, 
London, UK (OF, IdSS, JP); Section of Cancer Genetics (CT, SHi, AR, NR), 
Institute of Cancer Research (JP), Sutton, Surrey, UK; Department of Clinical 
Biochemistry and Department of Breast Surgery, Herlev University 
Hospital, University of Copenhagen, Denmark (BGN, SEB, HF); Seoul 
National University College of Medicine, Seoul, Korea (DK, K-YY, D-YN); 
Institute of Clinical Medicine, Pathology and Forensic Medicine, University 
of Kuopio (AMa, V-MK); Department of Oncology and Department of 
Pathology, University Hospital of Kuopio and Biocenter Kuopio, Kuopio, 
Finland (VK); Department of Oncology, Vaasa Central Hospital, Vaasa, 
Finland (VK); Division of Cancer Epidemiology and Genetics (MG-C, SC) and 
Hormonal and Reproductive Epidemiology Branch (LAB), National Cancer 
Institute, Rockville, MD; Department of Cancer Epidemiology and Prevention, 
M. Sklodowska-Curie Memorial Cancer Center & Institute of Oncology, 
Warsaw, Poland (JLis); Department of Gynecology and Obstetrics, Ulm 
Medical School, Ulm, Germany (SW-G); Institute of Biomedical Sciences, 
Academia Sinica, Taipei, Taiwan (C-YS, H-CW); Department of Surgery, Tri-
Service General Hospital, Taipei, Taiwan (J-CY); Department of Surgery, 
Changhua Christian Hospital, Changhua, Taiwan (S-TC); Institute of 
Biochemistry and Genetics, Ufa Scientific Center of Russian Academy of 
Sciences, Ufa, Russia (MBe, EK); Department of Medical Genetics, Yakut 
Research Center of Russian Academy of Medical Sciences, Yakutsk, Russia 
(TN); Cancer Research UK Genetic Epidemiology Unit, Department of Public 
Health and Primary Care, University of Cambridge, Cambridge, UK (MKH, 
JM, RP, DFE) .   

  Correspondence to:  Roger L. Milne, PhD, Genetic and Molecular Epidemiology 
Group, Human Cancer Genetics Program, Spanish National Cancer Research 
Centre (CNIO), C/ Melchor Fernández Almagro, 3, 29029, Madrid, Spain 
(e-mail:  rmilne@cnio.es ).  

   See  “Funding” and “Notes” following “References.”  

   DOI:  10.1093/jnci/djp167  

  © The Author 2009. Published by Oxford University Press. All rights reserved. 
For Permissions, please e-mail: journals.permissions@oxfordjournals.org.  
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Breast Cancer Case Patients and Controls [BBCC], British Breast 
Cancer Study [BBCS], Copenhagen General Population Study 
[CGPS], Spanish National Cancer Research Centre Breast Cancer 
Study [CNIO-BCS], Familial Breast Cancer Study [FBCS], 
German Consortium for Hereditary Breast and Ovarian Cancer 
[GC-HBOC], Gene Environment Interaction and Breast Cancer 
in Germany [GENICA], Genetic Epidemiology Study of Breast 
Cancer [GESBC], Hannover Breast Cancer Study [HABCS], 
Helsinki Breast Cancer Study [HEBCS], Hannover-Minsk Breast 
Cancer Study [HMBCS], Hannover-Ufa Breast Cancer Study 
[HUBCS], Kuopio Breast Cancer Project [KBCP], Leiden 
University    Medical Centre Breast Cancer Study [ORIGO], Polish 
Breast Cancer Study [PBCS], Singapore and Swedish Breast 
Cancer Study [SASBAC], Sheffield Breast Cancer Study [SBCS], 
and Studies of Epidemiology and Risk Factors in Cancer Heredity 
[SEARCH]) were conducted in Europe, three (Australian Breast 
Cancer Family Study [ABCFS], Kathleen Cuningham Foundation 
Consortium for Research into Familial Breast Cancer and 
Australian Ovarian Cancer Study [kConFab   /AOCS], and 
Melbourne Collaborative Cohort Study [MCCS]) in Australia, two 
(Mayo Clinic Breast Cancer Study [MCBCS] and University of 
California Irvine Breast Cancer Study [UCIBCS]) in the United 
States, and two (Seoul Breast Cancer Study [SEBCS] and Taiwanese 
Breast Cancer Study [TWBCS]) in Southeast Asia. Four studies 
(kConFab/AOCS, FBCS, GC-HBOC, and BBCS) selected case 
patients with a strong family history of breast cancer (typically two 
or more affected relatives) and/or bilateral disease, and a further 
two studies (CNIO-BCS and HEBCS) sampled a subset of case 
patients in the same way. Details of each study along with the 
numbers of samples and genotyping technology used in each are 
provided in  Supplementary Table 1  (available online). HMBCS 
and HUBCS had not participated in previous BCAC studies. 

 All 25 studies provided information on disease status, ethnic 
group (white European, Asian, or other), and fi rst-degree family 
history of breast cancer. All but three studies (FBCS, HUBCS, and 
UCIBCS) provided information on age at diagnosis for case 
patients and age at enrollment for control subjects, and all but 
GESBC, HUBCS, and SEBCS collected information on the bilat-
erality of breast cancer at diagnosis. Eighteen studies (BBCC, 
CGPS, CNIO-BCS, GENICA, GESBC, HABCS, HEBCS, 
KBCP, kConFab/AOCS, MCBCS, MCCS, ORIGO, PBCS, 
SASBAC, SBCS, SEARCH, TWBCS, and UCIBCS) provided 
information on the ER status and progesterone receptor (PR) sta-
tus of a subset of case patient tumors ( 4 ). For the vast majority of 
case patients, this information was abstracted from medical reports. 

 Subjects who reported having ethnicity other than white 
European were excluded, with the exception of those from the 
Seoul and Taiwanese Breast Cancer Studies (SEBCS and TWBCS), 
for which only subjects of Asian origin were included. This gave a 
total of 32   591 case patients with invasive breast cancer, 1163 case 
patients with ductal carcinoma in situ (DCIS), and 36   995 control 
subjects. All women gave written informed consent, and each study 
was approved by the relevant local institutional review boards. 

 For fi ve studies (ABCFS, GENICA, HEBCS, kConFab/AOCS, 
and SASBAC), genotyping was performed using matrix-assisted 
laser desorption/ionization time of fl ight mass spectrometry for 
the determination of allele-specifi c primer extension products 

using Sequenom ’ s MassARRAY system and iPLEX technology 
(Sequenom, Inc, San Diego, CA   ). Oligonucleotides were designed 
according to the guidelines of Sequenom and performed using 
MassARRAY Assay Design software (version 3.1, Sequenom, Inc). 
Genotyping was carried out for the remaining studies by nuclease 
assay (Taqman; Applied Biosystems, Foster City, CA). Taqman 
genotyping reagents were designed by Applied Biosystems ( http://
www.appliedbiosystems.com/ ) as Assays-by-Design. Genotyping 
was performed using the ABI PRISM 7900HT, 7700, or 7500 
Sequence Detection Systems according to the manufacturer’s 
instructions. 

 All studies complied with BCAC genotyping quality control 
standards by including at least two blank wells (containing no 
DNA template) per 384-well assay plate, at least 2% of samples in 
duplicate, and a common set of 93 samples from the Centre 
d’Etude Polymorphisme Humain (CEPH) used by the HapMap 
Consortium (HAPMAPPT01, Coriell Institute for Medical 
Research, Cambden, NJ). Genotyping call rates and duplicate 
concordance rates were calculated after excluding samples that had 
previously repeatedly failed to genotype successfully and those that 
failed for more than 20% of the SNPs attempted in the current 
genotyping round.  

  Statistical Analysis 
 Departure from Hardy – Weinberg equilibrium was tested in 
 control subjects from each center using Pearson’s  �  2  test with 1  df . 
The association of 2q35-rs13387042 with breast cancer risk was 
assessed using multivariable logistic regression, adjusted for study, 
and therefore, implicitly, ethnicity (white European or Asian). We 
performed one analysis estimating separate odds ratios (ORs) and 
95% confidence intervals (CIs) for each of heterozygotes (AG) and 
A-allele homozygotes relative to G-allele homozygotes and a sec-
ond analysis estimating the odds ratio per A-allele assuming a log-
additive model. Between-study heterogeneity in odds ratios was 
tested for using a likelihood ratio test, comparing the model with 
interaction terms for the per-allele log – odds ratio by study with 
the model with no interaction terms. Differences in odds ratios by 
each of ethnicity (white European or Asian) and age (<40, 40 – 49, 
50 – 59, and 60 years and older) were also evaluated using a similar 
likelihood ratio test. A linear trend in the per-allele log-odds ratio 
with age was tested for by creating a dummy variable with values 1, 
2, 3 and 4 corresponding to the same categories of age (<40, 40 – 49, 
50 – 59, and  ≥ 60, respectively), and comparing models with and 
without an interaction term for the per-allele log-odds ratio mul-
tiplied by the dummy variable. Differences    in odds ratios between 
case patient groups defined by ER status, PR status, family history, 
bilaterality, selection for strong family history or bilaterality, and 
invasive breast cancer vs DCIS were tested for using a likelihood 
ratio test comparing polytomous logistic regression models with 
and without the per-allele odds ratio constrained to be equal for 
the two corresponding case groups (1  df ). All statistical tests were 
two-sided. The term statistically significant implies  P  less than .05. 
However, in the context of GWASs, much more stringent levels 
of statistical significance are appropriate and statistical signifi-
cance at a “genome-wide” level was defined as  P  less than 10  � 7 . All 
 analyses were carried out using Stata: Release 10 ( 5 ).  
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  Results 
 Genotyping results for rs13387042 complied with the following 
quality control criteria at all 25 study centers: at least 98% geno-
type concordance between duplicated samples and 95% concor-
dance for the CEPH samples. A total of 1864 samples (951 invasive 
breast cancer case patients, 57 DCIS case patients, and 856 control 
subjects) were excluded because of repeated failures in genotyping. 
The call rate for rs13387042 was greater than or equal to 97.9% 
for the remaining case patients and control subjects at each center, 
with 305 failing (130 invasive breast cancer case patients, five 
DCIS case patients, and 170 control subjects), leaving 31   510 case 
patients with invasive breast cancer, 1101 case patients with DCIS, 
and 35   969 control subjects for analysis. 

 The call rate,  P  for compliance with Hardy – Weinberg equilib-
rium, and estimated frequency of the previously reported risk (A) 
allele ( 2 ) for each study were determined ( Supplementary Table 2 , 
available online). No statistically signifi cant evidence of departure 
from Hardy – Weinberg equilibrium was observed for any control 
group (all  P   ≥  .07). The A-allele frequency was substantially lower 
for Asian women than for white European women (10% vs 51%, 
respectively), with estimates ranging between 45% and 57% across 
the white European control groups. 

 We estimated odds ratios based on data from all studies com-
bined, for invasive breast cancer and DCIS, and by ethnicity 
( Table 1 ). For invasive breast cancer, the estimated odds ratio per 
A-allele under a log-additive model was 1.13 (95% CI   =   1.11 to 
1.16;  P    =   2 × 10  � 27 ). There was no evidence of heterogeneity in 
odds ratios across studies ( P    =   .2;  Figure 1 ) and no difference in the 
odds ratio by ethnicity ( P  interaction    =   .6).         

 Genotype-specifi c odds ratios by study are provided in 
 Supplementary Table 2  (available online). There was evidence of 
departure from log-additivity for invasive disease ( P    =   .02), with 
the odds ratio for AA homozygotes (1.28) higher than the square 
of that for heterozygotes (1.19   =   1.09 2 ). The estimated per-A-allele 
odds ratio for DCIS (OR   =   1.12, 95% CI   =   1.03 to 1.23;  P     =   .01) 
was similar to that for invasive disease ( P    =   .7 for difference). 

 We examined whether the observed association was specifi c to 
ER-positive or PR-positive breast cancer, as suggested by Stacey 
et al. ( 2 ), by stratifi ed analyses of data from the 18 studies that 
recorded the hormone receptor status of case patient tumors 
( Table 2 ). There was evidence that the A-allele of rs13387042 
was associated with increased risk, regardless of ER and PR status 
(all  P   ≤  .0005). The odds ratio estimate was higher for ER-positive 
(ER+) disease than for ER-negative (ER � ) disease and for 
PR-positive (PR+) disease than for PR-negative (PR � ) disease, but 
the evidence that these differences are real was weak ( P    =   .11 and 
 P =  .08, respectively). Additional polytomous regression analysis 
suggested no statistically signifi cant difference in odds ratios by ER 
and PR status in combination. Per-A-allele – associated odds ratio 
estimates (and their corresponding 95% confi dence intervals) were 
1.09 (1.04 to 1.15) for ER � /PR �  disease, 1.11 (1.04 to 1.18) for 
ER+/PR �  disease, 1.11 (10.8 to 1.16) for ER � /PR+ disease, and 
1.15 (1.11 to 1.19) for ER+/PR+ disease ( P    =   .3 for heterogeneity).     

 There was no evidence of differences in the odds ratio by age 
(estimated per-A-allele ORs were 1.10 [95% CI   =   1.02 to 1.19], 
1.20 [95% CI   =   1.13 to 1.27], 1.11 [95% CI   =   1.06 to 1.16], and 

1.14 [95% CI   =   1.09 to 1.19] for age categories <40, 40 – 49, 50 – 59, 
and  ≥ 60, respectively;  P    =   .2 for heterogeneity,  P    =   .6 for log-linear 
trend with age). There was also no evidence of a difference in the 
per-allele odds ratio between case groups defi ned by bilaterality 
( P    =   .7) or fi rst-degree family history of breast cancer ( P    =   .2), 
although the estimate was slightly higher when considering case 
patients with a fi rst-degree family history (OR   =   1.16, 95% CI   =  
 1.11 to 1.20) than when considering case patients with no fi rst-
degree family history (OR   =   1.12, 95% CI   =   1.10 to 1.15). 
However, the per-allele odds ratio was statistically signifi cantly 
higher when considering those studies (and subsets of studies) in 
which case patients were selected for a strong family history of 
breast cancer or bilaterality (kConFab/AOCS, FBCS, GC-HBOC, 
BBCS, CNIO-BCS, and HEBCS; OR   =   1.20, 95% CI   =   1.14 to 
1.26) than when considering the remaining unselected case patients 
(OR   =   1.12, 95% CI   =   1.09 to 1.15;  P    =   .02 for difference). 

 To generate odds ratio estimates for white Europeans that were 
not biased by selection for strong family history or bilaterality, we 
excluded all subjects from the kConFab/AOCS, FBCS, GC-HBOC, 
and BBCS and selected case patients from the CNIO-BCS and 
HEBCS (this entailed excluding 4667 [15%] case patients with 
invasive breast cancer and 4835 [13%] control subjects). This 
exclusion had no substantial effect on the estimates obtained. The 
per-A-allele odds ratio estimate for white Europeans was 1.12 
(95% CI   =   1.09 to 1.15,  P     =   10  � 19 ), and the genotype-specifi c odds 
ratios relative to GG were 1.07 (95% CI   =   1.02 to 1.11) and 1.25 
(95% CI   =   1.19 to 1.32) for AG and AA, respectively, with evi-
dence of departure from log-additivity ( P    =   .009). The estimated 
per-allele odds ratio was 1.14 (95% CI   =   1.10 to 1.17,  P    =   10  � 15 ) for 
ER-positive disease and 1.10 (95% CI   =   1.04 to 1.15,  P    =   .0003) for 

 Table 1  .    Estimated odds ratios and 95% confidence intervals 
according to 2q 35-rs13387042 genotype for invasive breast cancer 
and ductal carcinoma in situ in white Europeans and Asians *   

  Genotype by 

invasiveness and 

ethnic group

Control 

subjects, 

No. (%)

Case 

patients, 

No. (%) OR  †   (95% CI)  

  Invasive disease    
     All subjects    
         GG 9843 (27) 8263 (26) 1.00 (Referent) 
         AG 17   198 (48) 14   413 (46) 1.09 (1.05 to 1.13) 
         AA 8928 (25) 8834 (28) 1.28 (1.22 to 1.34) 
     White Europeans    
         GG 7999 (24) 6016 (21) 1.00 (Referent) 
         AG 16   803 (50) 13   900 (48) 1.09 (1.05 to 1.14) 
         AA 8906 (26) 8797 (31) 1.28 (1.22 to 1.34) 
     Asians    
         GG 1844 (82) 2247 (80) 1.00 (Referent) 
         AG 395 (17) 513 (18) 1.07 (0.93 to 1.24) 
         AA 22 (1.0) 37 (1.3) 1.37 (0.81 to 2.34) 
 DCIS    
     All subjects  ‡     
         GG 4525 (26) 250 (23) 1.00 (Referent) 
         AG 8455 (48) 527 (48) 1.09 (0.92 to 1.27) 
         AA 4453 (26) 324 (29) 1.25 (1.05 to 1.50)  

   *    DCIS   =   ductal carcinoma in situ.  

   †    Adjusted for study.  

   ‡    Data included only from studies with DCIS case patients.   
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ER-negative disease ( P    =   .2 for difference). The corresponding 
estimates for PR-positive and PR-negative disease were 1.15 (95% 
CI   =   1.11 to 1.19,  P    =   5 × 10  � 14 ) and 1.10 (95% CI   =   1.06 to 1.15, 
 P    =   .00002), respectively ( P    =   .3 for difference).  

  Discussion 
 In this study of more than 30   000 case patients and 30   000 control 
subjects, we have provided strong confirmation of the association 
between 2q35-rs13387042 and breast cancer, previously reported 

by Stacey et al. ( 2 ). We observed no evidence of heterogeneity in 
the odds ratios across studies or age categories. Stacey et al. ( 2 ) 
reported a per-A-allele odds ratio of 1.20 (95% CI   =   1.14 to 1.26) 
based on a pooled analysis of 4533 case patients and 17   513 control 
subjects. In the current much larger study, the estimated odds ratio 
in white Europeans, from 12 countries, was lower (per-A-allele, 
OR   =   1.12, 95% CI   =   1.09 to 1.15;  P    =   .02 for difference). 

 This association was not identifi ed in a GWAS we conducted 
previously ( 1 ). This is not surprising, given the estimated odds 
ratio. According to HapMap data, rs13387042 was perfectly tagged 

 Table 2  .    Estimated odds ratios and 95% confidence intervals for 2q35-rs13387042, by tumor subtypes defined by estrogen receptor and 
progesterone receptor status  

  Genotype by hormone 

receptor status Control subjects * , No. (%) Case patients, No. (%) OR  †   (95% CI)  P   ‡    

  Estrogen receptor positive     
     GG 7050 (25) 3077 (23) 1.00 (Referent)  
     AG 13   643 (49) 6388 (47) 1.08 (1.03 to 1.14)  
     AA 7105 (26) 4038 (30) 1.29 (1.22 to 1.37)  
     Per-A-allele   1.14 (1.11 to 1.17) 3 × 10  � 17  
 Estrogen receptor negative     
     GG 7050 (25) 1021 (25) 1.00 (Referent)  
     AG 13   643 (49) 1898 (47) 1.05 (0.96 to 1.15)  
     AA 7105 (26) 1130 (28) 1.18 (1.07 to 1.31)  
     Per-A-allele   1.09 (1.04 to 1.14) .0005 
 Progesterone receptor positive     
     GG 7050 (25) 2286 (23) 1.00 (Referent)  
     AG 13   643 (49) 4671 (47) 1.09 (1.02 to 1.16)  
     AA 7105 (26) 3007 (30) 1.31 (1.23 to 1.41)  
     Per-A-allele   1.15 (1.11 to 1.19) 2 × 10  � 15  
 Progesterone receptor negative     
     GG 7050 (25) 1304 (24) 1.00 (Referent)  
     AG 13   643 (49) 2553 (48) 1.08 (1.00 to 1.17)  
     AA 7105 (26) 1517 (28) 1.20 (1.10 to 1.31)  
     Per-A-allele   1.10 (1.05 to 1.15) .00003  

  *   Data included only from the 18 studies that collected hormone receptor status. OR = odds ratio; CI = confidence interval.  

   †    Adjusted for study.  

   ‡    Two-sided  P  values were calculated using a likelihood ratio test.   

    Figure 1  .    The per-A-allele odds ratio estimate for 
2q-rs13387042, by study. The size of the box is 
inversely proportional to the standard error of the 
log-odds ratio estimate. Study acronyms are defi ned 
in  Supplementary Table 1  (available online) ( # , stud-
ies that selected case patients with a strong family 
history and/or bilateral disease; *, studies of Asian 
women).     
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by a SNP (rs4442975) in stage 1 of our GWAS, but this SNP did 
not reach the  P  value cutoff ( P  < .05) to be selected for stage 2. 
Nevertheless, the odds ratio estimate in stage 1 (OR = 1.11, 95% 
CI = 0.89 to 1.37) was not inconsistent with the estimate from the 
current study. Based on the odds ratio estimate in this study, the 
statistical power to have reached  P  < .05 in stage 1 was relatively 
low ( ~ 57%), even after allowing for the greater power    provided by 
familial case patients ( 6 ). 

 We observed evidence of departure from log-additivity in 
genotype-specifi c risks, with the odds ratio for carriers of two 
A-alleles being substantially greater than the square of the odds 
ratio for carriers of just one. A similar departure from log-additivity 
was also observed by Stacey et al. ( 2 ). Consistent with HapMap 
data, the A-allele was much more frequent in Europeans than in 
Southeast Asians. Despite this difference, the odds ratio estimates 
were very similar between these two ethnic groups. However, the 
genotype frequencies were not statistically signifi cantly different 
between Southeast Asian case patients and control subjects, and 
larger studies in Asian populations are needed to estimate the risk 
more precisely for this group. Both the per-allele and genotype-
specifi c odds ratio estimates were very similar for invasive and in 
situ disease. Based on our odds ratio estimates and the allele fre-
quencies in Europeans, the 2q35-rs13387042 SNP would account 
for 0.6% of the excess familial risk of breast cancer (ie, 0.6% of the 
twofold increased risk to fi rst-degree relatives of affected women 
in the general population). 

 We observed a higher odds ratio associated with the A-allele of 
2q35-rs13387042 when considering case patients selected for 
strong family history and/or bilaterality. The kConFab/AOCS, 
FBCS, GC-HBOC, CNIO-BCS, and HEBCS all selected case 
patients from multiple case families that were considered likely to 
carry mutations in  BRCA1  and  BRCA2 , but which tested negative 
for such mutations, whereas the BBCS selected case patients with 
two primary breast cancers. The observed higher odds ratio is 
broadly consistent with the effect one would expect under a poly-
genic model of susceptibility in which large numbers of susceptibility 
polymorphisms act multiplicatively on risk ( 6 ). It also corroborates 
the theoretical argument that such selection can increase the power 
to detect associations with common, low-penetrance variants ( 6 ). 

 The original publication on 2q35-rs13387042 ( 2 ) reported that 
the associated risk was confi ned to ER-positive breast cancer. We 
found that the association with rs13387042 was apparent for both 
ER-positive and ER-negative disease. However, the association 
appeared to be slightly stronger for ER-positive disease. This ten-
dency to be more strongly associated with the risk of ER-positive 
breast cancer has been observed for other clearly established sus-
ceptibility SNPs, notably  FGFR2 -rs2981582, 8q-rs13281615, and 
5p-rs10941679 ( 2 , 4 , 7 ), perhaps refl ecting the fact that they were 
initially identifi ed by GWASs for which most of the case patients 
in the hypothesis-generating phases had ER-positive disease. It will 
be of interest to see if this phenomenon is reversed if and when loci 
are identifi ed through GWASs enriched for ER-negative disease. 

 A limitation of our study was that information on ER and PR 
status was not available for all case patients, and where it was, the 
data were predominantly abstracted from medical records rather 
than being obtained through a standardized pathology review. A 
study comparing ER status abstracted from medical records with 

ER status determined on the same specimens by immunohistochem-
ical assay at a central laboratory reported very good agreement 
between the two ( 8 ). Nevertheless, some misclassifi cation may 
have been present in our study. Although this, as well as missing 
data, is unlikely to be related to the genotype at rs13387042, it 
may have led to a loss of power in differentiating the effects of the 
2q35 SNP by hormone receptor status. Future studies based on 
standardized measures of hormone status and indeed other markers 
of tumor subtypes may help elucidate phenotype-specifi c effects 
for susceptibility alleles. 

 SNP 2q35-rs13387042 lies in a 90-kb region of high linkage 
disequilibrium that contains neither known genes nor noncoding 
RNAs ( 2 ). The causal variant (or variants) in this region has not 
been determined, and it is possible that it may confer a higher risk 
than rs13387042. Elucidating the causal mechanism may improve 
our understanding of the etiology of breast cancer. In the mean-
time, our results emphasize the need for large collaborative studies 
to evaluate with precision the strength of the risks associated with 
susceptibility variants.     
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