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Abstract

Background: Recent genome-wide association studies (GWAS), mostly conducted among women of Euro-
pean ancestry, have identified 16 single-nucleotide polymorphisms (SNP) associated with breast cancer.

Methods: We evaluated these SNPs with the risk of breast cancer and further by estrogen receptor status in
a population-based study of 6,498 cases and 3,999 controls in Chinese women. We also searched for novel
genetic risk variants in four loci, 2q35, 5p12/MRPS30, 8q24.21, and 17q23.2/COX11, in a two-stage study. In
stage I, 868 SNPs were analyzed in 2,073 cases and 2,084 controls. In stage II, 58 SNPs selected from stage I
were evaluated, including 4,425 cases and 1,915 controls.

Results: Statistically significant associations (P < 0.05) were observed for eight GWAS-identified SNPs,
including rs4973768 (3p24/SLC4A7), rs889312 (5q11.2MAP3K1), 1s2046210 (6q25.1), rs1219648 (10q26.13/
FGFR2), rs2981582 (10q26.13/FGFR2), rs3817198 (11p15.5/LSP1), rs8051542 (16q12.1/TOX3), and
rs3803662 (16q12.1/TOX3). Two additional SNPs, rs10941679 (5p12/MRPS30) and rs13281615 (8q24.21),
showed a marginally significant association. Some of these associations varied by estrogen receptor status.
In the fine-mapping analysis, five SNPs showed a consistent association with breast cancer risk in both stages:
rs10169372 (2q35), rs283720 (8q24.21), rs10515083 (17q23.2/COX11), rs16955329 (17q23.2/COX11), and
rs2787487 (17q23.2/COX11).

Conclusions: This study shows that approximately half of the SNPs initially reported from GWAS of breast
cancer in European descendants can be directly replicated in Chinese. Our fine-mapping analyses revealed
several candidates of risk variants that can be further evaluated in studies with a larger sample size.

Impact: Findings from this study may help guide future fine-mapping studies to identify causal variants

for breast cancer. Cancer Epidemiol Biomarkers Prev; 19(9); 2357-65. ©2010 AACR.

Introduction

Breast cancer is the most common malignancy among
women in the United States and many other parts of the
world. Genetic factors play an important role in the etiol-
ogy of breast cancer. Recently, several genome-wide asso-
ciation studies (GWAS; refs. 1-8), including our own study
among Chinese women in Shanghai (5), have identified
multiple genetic susceptibility loci for breast cancer. With
the exception of our study, all other reported GWAS have
been conducted among women of European ancestry.

Authors' Affiliations: 'Division of Epidemiology, Department of
Medicine, Vanderbilt Epidemiology Center, Vanderbilt-Ingram Cancer
Center and 2Department of Biostatistics, Vanderbilt University School
of Medicine, Nashville, Tennessee; 3Department of Epidemiology,
Shanghai Cancer Institute; and 4Shanghai Center for Disease
Prevention and Control, Shanghai Institute of Preventive Medicine,
Shanghai, China

Corresponding Author: Jirong Long, Vanderbilt Epidemiology Center
and Vanderbilt Ingram Cancer Center, Vanderbilt University Medical Cen-
ter, 2525 West End Avenue, 8th Floor, Nashville, TN 37203-1738. Phone:
615-343-6741; Fax: 615-322-0502. E-mail: Jirong.Long@vanderbilt.edu

doi: 10.1158/1055-9965.EPI-10-0054

©2010 American Association for Cancer Research.

The vast majority of the risk variants identified thus
far, however, are single-nucleotide polymorphisms
(SNP) that are associated with disease risk through link-
age disequilibrium (LD) with the causal variants. There-
fore, some risk alleles identified in Europeans may not
be extrapolated to Asians given the difference in LD
patterns between these two populations. Investigation
of previously reported loci in non-European populations
may help to evaluate the generalizability of these initial
findings and to identify causal variants. Further evalua-
tion of previously reported loci could also help to iden-
tify additional risk variants in some of the loci, as in the
case of 8q24.21 for prostate cancer risk (9-11) and 16q12
for breast cancer risk (1).

Using data from the Shanghai Breast Cancer Study, a
population-based case-control study, we previously eval-
uated 11 SNPs identified initially in GWAS conducted in
women of European ancestry (12). In this study, we eval-
uated four newly identified loci for breast cancer risk
from recent GWAS conducted among Europeans or Euro-
pean Americans. The associations of all GWAS-identified
SNPs were further evaluated by estrogen receptor (ER)
status. Finally, we conducted analyses to explore addi-
tional independent genetic risk variants in four loci.
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Materials and Methods

Study participants

Included in the study were 6,498 cases from the
Shanghai Breast Cancer Study (SBCS) and Shanghai
Breast Cancer Survival Study (SBCSS), as well as 3,999
controls from the SBCS and the Shanghai Endometrial
Cancer Study (SECS). The SBCS is a large, population-
based case-control study of women in urban Shanghai
that has been previously described in detail (5, 13). Sub-
ject recruitment in the initial phase of the SBCS (SBCS-I)
was conducted between August 1996 and March 1998.
The second phase (SBCS-II) of recruitment occurred be-
tween April 2002 and February 2005. Breast cancer cases
were identified through the population-based Shanghai
Cancer Registry, which for the SBCS-I was supplemented
by a rapid case-ascertainment system. Controls were ran-
domly selected using the Shanghai Resident Registry.
Also included in the present study were cases recruited
between April 2002 and December 2006 as part of the
SBCSS. The controls for the SBCSS cases came from the
SECS, which recruited healthy women between January
1997 and December 2003. Of the eligible participants,
1,459 cases (91.1%) and 1,556 controls (90.3%) in the
SBCS-I, 1,989 cases (83.7%) and 1,918 (70.4%) controls
in the SBCS-II, and 5,046 cases (80.1%) in the SBCSS,
and 1,212 controls (74.4%) in the SECS completed in-
person interviews with structured questionnaires. Blood
or buccal cell samples were collected and made available
for 1,193 cases (81.8%) and 1,310 controls (84.2%) from
the SBCS-I, 1,932 cases (97.1%) and 1,857 controls
(96.8%) from the SBCS-II, 4,845 (96.0%) cases from the
SBCSS, and 1,039 (85.7%) controls from the SECS. Be-
cause of a time overlap in subject recruitment, 1,469
breast cancer patients participated in both the SBCS-II
and the SBCSS and 109 controls participated in both
the SBCS-I and the SECS, so that the actual total number
of participants came to 3,466 cases from the SBCSS and
930 controls from the SECS. Genomic DNA was extracted
using commercial DNA purification kits. Approval of the
study was granted by the relevant institutional review
boards in both China and the United States.

SNP selection and statistical analysis

Four loci reported from studies conducted among
Europeans or European Americans, including 2q35,
5p12/MRPS30, 8q24.21, and 17q23.2/COX11, were se-
lected to identify additional SNPs that may be associ-
ated with breast cancer in our Chinese population.
These four loci were selected because the initially re-
ported SNPs in each of these loci did not show an ap-
parent association with the overall risk of breast cancer
in the Chinese population.

In each of these four loci, a region (+100 kb) flanking
the initially reported SNP was selected. The initially se-
lected region was extended according to the following
two scenarios: (a) If the LD block, including the initially
reported SNP, extended outside the 200 kb region, then

the whole LD block was included; or (b) if the 100-kb
flanking region contained part of a known gene, the
whole gene was included. Using these criteria, the
following four regions were investigated: 44642255-
44996680 (354 kb) for 5p12 (rs10941679), 50311470-
50628909 (317 kb) for 17q23.2 (rs6504950), and a 200-kb
region for 2q23 (rs13387042) and 8q24.21 (rs13281615),
based on National Center for Biotechnology Information
Build 36.

Stage I analyses were conducted primarily based on
the GWAS data obtained using Affymetrix SNP 6.0 ar-
rays. SNPs not found on the array were imputed using
the program MACH with the HapMap II Asian data
(release 22) as a reference. Association analysis for each
SNP was done by logistic regression, and imputation un-
certainty was taken into account by using the program
MACH?2DAT. Within each region, the SNP identified in
previous GWAS was adjusted in the logistic regression
model. A total of 868 SNPs with a minor allele frequency
(MAF) of >0.05 were analyzed, including 241 directly
genotyped and 627 imputed SNPs. Of these, 32 SNPs
had low imputation quality (quality score <0.9) and 26
SNPs showed significant association with breast cancer
at P < 0.05 after adjusting for the initially reported
SNP. A total of 35 tagging SNPs were selected to cover
these 58 SNPs, with pairwise r* > 0.8 using the HapMap
Asian data as reference. Of these 35 tagging SNPs, 32
were successfully genotyped in stage II samples, includ-
ing 4,425 cases and 1,915 controls. Of the 32 successfully
typed SNPs, five were significantly associated with
breast cancer in stage II samples and showed low impu-
tation quality in stage I. They were directly genotyped in
stage I samples, which we referred to as stage III in this
study. Logistic regression models were used to estimate
odds ratios (OR) and 95% confidence intervals (95% CI)
for each SNP in association with breast cancer risk after
adjusting for age, education, and body mass index. The
results did not change appreciably with or without these
potential confounding factors. Heterogeneity between
the associations of SNPs with ER-positive and ER-
negative diseases was assessed using logistic regression
analyses restricted to cases (case-only analyses), with
the ER status as the outcome variable. P values based
on two-tailed tests are presented. All analyses were done
using SAS version 9.1 (SAS Institute).

Genotyping methods

Genotyping using the Affymetrix GeneChip Mapping
500K Array Set and the Affymetrix Genome-Wide
Human SNP Array 6.0 has been described previously
(5). Among the 16 SNPs reported in previous GWAS, four
SNPs, rs2180341 (6q22.33/ECHDC1), rs3817198
(11p15.5/LSP1), rs3803662 (16q12.1/TOX3), and
rs2046210 (6g25.1/unknown), were included in both the
Affymetrix SNP Array 6.0 and the GeneChip Mapping
500K Array Set. Therefore, genotyping data for these
four SNPs were available for 4,157 participants. Three
SNPs, rs1219648 (10q26.13/FGFR2), rs2981582
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(10g26.13/FGFR2), and rs8051542 (16q12.1/TOX3), were
included only on Affymetrix 6.0 and not on Affymetrix
500K; thus, genotyping data were available for only
3,866 GWAS participants who were genotyped by Affy-
metrix 6.0. Of the remaining participants not included in
the genotyping using the Affymetrix SNP arrays, these
seven SNPs were genotyped using iPLEX Sequenom
MassARRAY platform. The four recently reported SNPs,
rs11249433 (1p11.2/NOTCH2), rs4973768 (3p24/
SLC4A7), 1s999737 (14q24.1/RAD51L1), and rs6504950
(17923.2/COX11), were not included on the Affymetrix
6.0 array and were also genotyped using Sequenom.
The remaining five SNPs, rs13387042 (2q35/unknown),
rs10941679 (5p12/MRPS30), rs889312 (5q11.2/MAP3K1),
rs13281615 (8q24.21/unknown), and rs12443621
(16q12.1/TOX3), were genotyped using the TagMan
allelic discrimination assay (Applied Biosystems).

In stages II and III, the iPLEX Sequenom MassARRAY
platform was used for genotyping. On each 96-well plate,
two negative controls, two blinded duplicates, and two
samples from the HapMap project were included. The
mean consistency rates were 98.2% for the blinded dupli-
cates and 99.2% compared with data from HapMap.

Results
The distributions of demographic characteristics and

known breast cancer risk factors for cases and controls
are shown in Table 1. An elevated risk of breast cancer

was consistently observed for all known major breast
cancer risk factors, including family history of breast can-
cer, prior history of benign breast disease, physical inac-
tivity, early onset of menarche, late onset of menopause,
late age at first live birth, high body mass index, and high
waist-to-hip ratio.

Among the 16 SNPs identified in previous GWAS,
significant associations (P < 0.05) were observed at
eight SNPs: rs4973768 (3p24/SLC4A7), rs889312
(5q11.2/MAP3K1), rs2046210 (6q25.1/unknown),
rs1219648 (10q26.13/FGFR?2), rs2981582 (10q26.13/
FGFR2), rs3817198 (11p15.5/LSP1), 1s8051542 (16q12.1/
TOX3), and rs3803662 (16q12.1/TOX3). Two additional
SNPs, rs10941679 (5p12/MRPS30) and rs13281615
(8924.21/ unknown), showed an association of border-
line significance (P < 0.15; Table 2). Interestingly, the as-
sociation with rs13281615 was statistically significant for
ER-negative breast cancer. Two other SNPs have a very
low MAF in Chinese: 3% for rs11249433 (1p11.2/
NOTCH?2) and 0.2% for rs999737 (14q24.1/RADS51L1).
Therefore, the statistical power to detect a significant as-
sociation in this study is low.

Although no overall association of breast cancer was
found for rs13281615 (8q24.21/unknown), analyses by
ER status revealed a statistically significant association
with ER-negative tumors (P = 0.02). With the exception
of rs13281615 and rs2046210 (6q25.1/unknown), breast
cancer—-associated SNPs, in general, showed a stronger as-
sociation with ER-positive tumor than with ER-negative

Table 1. Distribution of demographic characteristics and known breast cancer risk factors for cases and
controls included in the study
Demographic factors* Stage | Stage Il
Cases Controls Cases Controls
(n = 2,073) (n = 2,084) (n = 4,425) (n = 1,915)
Age (y) 493+ 8.3 49.4 + 85 53.9 + 10.2 52.8 +9.2T
Education >high school (%) 46.4 44.4 55.0 4491
Reproductive risk factors™
Age at menarche (y) 145+ 1.7 147 + 1.87 144 £1.7 147 + 1.87
Postmenopausal (%) 38.7 41.5 51.1 55.21
Age at menopause (y)* 48.4 + 4.5 47.7 + 4.87 49.0 + 4.3 48.8 + 4.1
No. of live births 1.4+08 1.5 +0.8" 1.5+ 0.9 1.6 +1.07
Age at first live birth (y) 26.5+ 3.9 26.0 + 3.8" 26.8 +3.9 25.5 + 3.9"
Used estrogen replacement therapy (%) 3.1 2.4 5.7 3.7t
Other risk factors*
First-degree relative with breast cancer (%) 4.4 3.0t 5.6 2.4%
Ever diagnosed with breast fibroadenoma (%) 9.7 557 10.0 557
Body mass index 23.8 + 3.3 23.3 + 3.47 24.0 + 3.4 23.6 + 3.47
Waist-to-hip ratio 0.82 + 0.06 0.81 + 0.06" 0.83 = 0.05 0.82 + 0.06"
*Unless otherwise specified, mean + SD are presented.
TP < 0.05 for case-control comparisons.
¢Among postmenopausal women.
§Among parous women.
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Table 2. Association of breast cancer risk with 16 SNPs identified from previous GWAS in all SBCS samples

SNP Chr/gene* No. of No. of Risk allele freq All women ER positive ER negative Pt
cases controls cages Controls OR (95%CI) P* OR (95%CI)* pP* OR (95%Cl)* pP*

rs11249433 1p11.2/NOTCH2 2,044 2,054 0.03 0.03 1.19 (0.92-1.54) 0.18 1.22 (0.90-1.66) 0.19 1.10 (0.75-1.61) 0.63 0.61
rs13387042 2g35/unknown 2,951 3,006 0.12 0.11 1.03 (0.92-1.16) 0.56 1.06 (0.93-1.22) 0.38 0.97 (0.82-1.16) 0.77 0.32
rs4973768  3p24/SLC4A7 6,163 3,904 0.20 0.18 1.12 (1.04-1.21) 0.003 1.14 (1.05-1.25) 0.002 1.05 (0.94-1.16) 0.38 0.28
rs10941679 5p12/MRPS30 2,950 2,986 0.52 0.50 1.07 (0.99-1.15) 0.07 1.08 (0.99-1.18) 0.10 0.99 (0.89-1.11) 0.88 0.14
rs889312  5q11.2/MAP3K1 2,924 2997 0.3 0.52 1.07 (0.99-1.15) 0.08 1.10 (1.01-1.20) 0.03 1.08 (0.97-1.20) 0.17 0.83
rs2180341 6q22.33/ECHDC1 3,018 2,927 0.25 0.26 0.94 (0.86-1.02) 0.13 0.91 (0.83-1.01) 0.08 0.94 (0.83-1.07) 0.34 0.70
rs2046210  6qg25.1/unknown 6,425 3,948  0.42 0.36 1.28 (1.21-1.36) 1.8 x 107'® 1.25(1.16-1.34) 6.6 x 107" 1.35 (1.25-1.47) 6.9 x 107"  0.01
rs13281615 8q24.21/unknown 2,945 2981  0.52 0.50 1.06 (0.98-1.14) 0.13 1.03 (0.95-1.13) 0.46 1.14 (1.02-1.27) 0.02 0.10
rs1219648 10926.13/FGFR2 6,263 3,693  0.42 0.39 1.15(1.08-1.22) 9.2 x 10 1.20 (1.12-1.29) 3.2 x 1077 1.07 (0.98-1.16) 0.11 0.001
rs2981582 10026.13/FGFR2 6,279 3,688  0.35 0.32 1.14 (1.07-1.22) 5.4 x10° 1.17 (1.09-1.26) 2.1 x 10° 1.09 (1.00-1.19) 0.06 0.07
rs3817198  11p15.5/LSP1 6,435 3,839 0.13 0.12 1.11 (1.01-1.21) 0.03 1.12 (1.01-1.24) 0.03 1.11 (0.98-1.25) 0.10 0.86
rs999737  14924.1/RAD51L1 2,041 2,054 0.003 0.001 1.78 (0.71-4.45) 0.22 1.33 (0.41-4.30) 0.63 1.81 (0.45-7.32) 0.40 0.78
rs8051542  16q12.1/TOX3 6,158 3,658  0.20 0.18 1.11 (1.03-1.20) 0.006 1.13 (1.04-1.24) 0.006 1.06 (0.95-1.17) 0.31 0.34
rs12443621 16q12.1/TOX3 2954 2997 0.43 0.43 0.99 (0.92-1.06) 0.75 1.00 (0.92-1.10) 0.92 0.95 (0.85-1.086) 0.35 0.32
rs3803662 16q12.1/TOX3 6,345 3,795 0.68 0.65 1.12 (1.05-1.19) 4.5 x 10* 1.13 (1.05-1.21) 0.001 1.08 (0.99-1.18) 0.09 0.29
rs6504950 17¢23.2/COX11 6,387 3,909 0.92 0.92 1.00 (0.89-1.11) 0.97 1.00 (0.88-1.14) 0.97 0.97 (0.83-1.12) 0.64 0.83

*Bolded regions were selected for fine-mapping.
TP for heterogeneity calculated from case-only analyses.
*Adjusted for age and education and study stage.
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tumor and the difference was statistically significant for
rs1219648 (10g26.13/FGFR?2).

Four loci, including rs13387042 (2q35/unknown),
rs10941679 (5p12/MRPS30), rs13281615 (8q24.21/
unknown), and rs6504950 (17q23.2/COX11), were further
investigated to identify potential novel breast cancer risk
variants in Chinese women. Stage I data for these four
loci were extracted from the GWAS data of 2,073 cases
and 2,084 controls. In these four regions, a total of 241
SNPs passed our quality control protocol (5), with a call
rate >95%, a concordance rate >95% among duplicated
samples, and a MAF >0.05. Another 627 SNPs were suc-
cessfully imputed (with a quality score >0.9) by using the
program MACH with the HapMap Asian data as the ref-
erence. Among these 868 SNPs, 30 SNPs showed an as-
sociation at P < 0.05, including 3 SNPs in the region of
2q35, 23 in 8q24.21, and 4 in 17q23.2. After adjusting
for the reported SNPs in each locus, 26 of these 30 SNPs
still showed an association with breast cancer at P < 0.05
(Fig. 1). In these four loci, 32 SNPs on HapMap were im-
puted with low quality (quality score < 0.9), and these
SNPs along with SNPs showing an association with a
P < 0.05 were selected for further evaluation. A total of
35 SNPs were selected to tag these 58 SNPs for stage 1I
validation.

In stage II samples, among the 32 successfully geno-
typed SNPs, SNP rs12949538, located in 17q23.2/
COX11, was significantly associated with breast cancer
risk with an OR of 0.84 (95% CI, 0.75-0.94) at P = 0.002.
The association direction, however, was contrary to

results from the GWAS data in stage I. In stage II, another
five SNPs, including rs7703618 (5p12/MRPS30),
rs7003345 (8q24.21/unknown), rs11986916 (8q24.21/
unknown), rs16955329 (17q23.2/COX11), and rs2958919
(17923.2/COX11), were significantly associated with
breast cancer risk at P < 0.05 (Table 3). All five SNPs
showed an imputation quality score <0.9 in stage I. To
validate the results observed in stage II, these SNPs were
directly genotyped in stage III samples. None of these
five SNPs, however, showed significant associations in
stage III (Table 3).

In the analysis of combined data from stage II and
stage I/III, six SNPs, including rs10169372 (2q35/
unknown), rs7703618 (5p12/MRPS30), rs283720
(8q24.21 /unknown), and three SNPs located in 17q23.2/
COX11 (rs10515083, rs2787487, and rs16955329), showed
an association with breast cancer risk, including five
SNPs that showed a consistent association in both
study stages (Table 3). Analyses stratified by ER status
showed that all of these five SNPs showed stronger
associations with ER-positive tumors than with ER-
negative tumors, although the heterogeneity test
was statistically significant only for SNP rs16955329
(Table 4).

Discussion
In the present study, of the 14 independent variants

identified in GWAS conducted among women of European
ancestry [excluding rs2981582 in 10q26.13/FGFR2
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Figure 1. Schematic view of genetic association between SNPs in the four loci regions in GWAS and breast cancer risk. Results (-log10 P) are shown for
directly genotyped (diamonds) and imputed (circles) SNPs. SNPs reported in previous GWAS are highlighted in black.
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Table 3. Association of breast cancer risk with all SNPs genotyped for fine-mapping in stage Il samples

Region/gene SNP Chr Position Stage | (2,073 cases/ Stage Il (4,425 cases/ Stage lll (2,073 cases/ Combined (6,498
2,084 controls) 1,915 controls) 2,084 controls) cases/3,999 controls)
Score* OR(95% C)f Pt OR (95% CI)f pt OR (95% Cc)t P' OR(95% C))f P!
2g35/unknown rs1882420 2 217559754 0.88 1.02 (0.87-1.20) 0.77 1.06 (0.94-1.18) 0.34 1.04 (0.95-1.14) 0.36
rs16856795 2 217561403 0.89 1.32 (1.04-1.67) 0.02 1.02 (0.89-1.17) 0.80 1.09 (0.96-1.22) 0.18
rs2542197 2 217564437 0.68 0.97 (0.80-1.18) 0.78 1.01 (0.93-1.11) 0.76 1.01 (0.93-1.09) 0.87
rs10169372 2 217579594 1.00 1.26 (1.04-1.54) 0.02 1.06 (0.88-1.27) 0.55 1.14 (1.00-1.31) 0.05
rs10177578 2 217593904 0.99 0.85 (0.71-1.02) 0.07 0.97 (0.84-1.13) 0.73 0.92 (0.82-1.03) 0.16
rs7579306 2 217652872 0.79 1.14 (0.88-1.48) 0.30 0.95 (0.85-1.06) 0.37 0.98 (0.89-1.09) 0.70
rs13013872 2 217664780 0.88 0.97 (0.88-1.08) 0.60 1.03 (0.96-1.12) 0.40 1.01 (0.95-1.08) 0.72
rs12466929 2 217688678 0.60 0.95 (0.80-1.12) 0.52 0.96 (0.89-1.04) 0.29 0.96 (0.89-1.03) 0.21
rs10173363 2 217692905 0.86 0.98 (0.87-1.10) 0.71 0.97 (0.89-1.06) 0.51 0.97 (0.91-1.04) 0.45
5p12/MRPS30 rs12652273 5 44663762 0.81 0.99 (0.84-1.17) 0.89 0.97 (0.87-1.09) 0.64 0.98 (0.89-1.08) 0.65
rs7703618 5 44950336 0.85 1.00 (0.89-1.12) 1.00 0.87 (0.79-0.94) 9.8 x 10™* 1.02 (0.93-1.13) 0.69 0.94 (0.88-1.00) 0.05
8g24.21/unknown  rs283738 8 128328585 0.85 0.92 (0.75-1.13) 0.44 1.02 (0.89-1.17) 0.75 0.99 (0.88-1.11) 0.85
rs7003345 8 128336959 0.89 1.00 (0.90-1.11) 1.00 0.91 (0.84-0.99) 0.03 1.03 (0.93-1.13) 0.57 0.96 (0.90-1.03) 0.25
rs10956354 8 128348456 0.83 0.94 (0.84-1.06) 0.34 0.95 (0.87-1.04) 0.29 0.95 (0.89-1.02) 0.17
rs11994592 8 128376246 0.81 0.98 (0.87-1.10) 0.69 1.03 (0.95-1.12) 0.46 1.01 (0.95-1.09) 0.68
rs283718 8 128376264 0.78 0.95 (0.84-1.08) 0.43 0.99 (0.91-1.08) 0.85 0.98 (0.91-1.05) 0.53
rs283720 8 128379147 0.95 0.89 (0.81-0.98) 0.02 0.95 (0.88-1.03) 0.26 0.93 (0.87-0.99) 0.02
rs283704 8 128384764 0.99 0.88 (0.79-0.98) 0.02 0.99 (0.90-1.09) 0.87 0.94 (0.87-1.01) 0.10
rs1949808 8 128463720 0.68 0.97 (0.86-1.10) 0.64 1.05 (0.97-1.14) 0.19 1.03 (0.97-1.10) 0.36
rs896324 8 128465694 0.74 1.01 (0.82-1.25) 0.92 1.04 (0.93-1.17) 0.45 1.04 (0.94-1.14) 0.48
rs10441525 8 128472135 0.79 1.04 (0.82-1.32) 0.74 0.96 (0.86-1.08) 0.52 0.98 (0.88-1.08) 0.65
rs7844673 8 128472696 0.85 0.97 (0.71-1.31) 0.82 1.05 (0.86-1.28) 0.61 1.02 (0.87-1.20) 0.79
rs10956365 8 128473069 0.76 0.99 (0.77-1.27) 0.91 0.96 (0.86-1.07) 0.46 0.96 (0.87-1.07) 0.49
rs11986916 8 128488689 0.74 0.99 (0.79-1.24) 0.94 1.14 (1.02-1.28) 0.02 1.00 (0.88-1.14) 0.97 1.08 (0.99-1.17) 0.09
17923.2/COX11 rs10515083 17 50319056 0.99 0.89 (0.80-0.99) 0.03 0.94 (0.85-1.03) 0.18 0.92 (0.86-0.98) 0.02
rs16955329 17 50324127 0.88 1.06 (0.96-1.17) 0.24 1.10 (1.02-1.19) 0.02 1.06 (1.00-1.12) 0.05
rs2958919 17 50324600 0.83 1.00 (0.89-1.14) 0.95 0.88 (0.81-0.96) 0.005 0.94 (0.88-1.00) 0.06
rs16955339 17 50326059 0.80 0.93 (0.79-1.09) 0.36 0.94 (0.85-1.04) 0.22 1.01 (0.93-1.10) 0.80 0.93 (0.86-1.02) 0.12
rs8067139 17 50331318 0.88 1.00 (0.90-1.10) 0.93 1.04 (0.96-1.13) 0.34 1.02 (0.96-1.09) 0.50
rs12949538 17 50365669 0.99 1.14 (1.00-1.31) 0.04 0.84 (0.75-0.94) 0.002 0.96 (0.88-1.05) 0.37
rs2787487 17 50564381 1.00 1.08 (0.99-1.18) 0.08 1.04 (0.96-1.13) 0.32 1.06 (1.00-1.12) 0.06
rs2529506 17 50566176 0.86 0.95 (0.87-1.05) 0.33 0.94 (0.87-1.01) 0.10 1.02 (0.93-1.13) 0.64 0.94 (0.89-1.00) 0.06

*Imputation quality score from MACH.

TAdjusted for age and education.
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Table 4. Associations of SNP rs10515083 with breast cancer risk, stratified by ER status
SNP Population Stage | Stage Il Stages | and Il combined
OR (95% Cl) P* OR (95% CI) P* OR (95% CI) P* Pt

rs10169372  ER positive vs controls 1.33 (1.05-1.68) 0.02 1.14(0.94-1.38) 0.19 1.21(1.04-1.40) 0.02 0.08
ER negative vs controls  1.16 (0.86-1.57) 0.33  0.95 (0.76-1.20) 0.67 1.02 (0.85-1.23) 0.80

rs283720 ER positive vs controls 0.85(0.76-0.96) 0.01 0.95(0.87-1.04) 0.30 0.92 (0.85-0.98) 0.01 0.54
ER negative vs controls  0.92 (0.80-1.06) 0.27  0.96 (0.87-1.06) 0.43  0.95(0.87-1.03) 0.19

rs10515083  ER positive vs controls 0.89 (0.78-1.01) 0.07 0.93 (0.84-1.03) 0.14 0.91 (0.84-0.99) 0.02 0.38
ER negative vs controls  0.95 (0.81-1.11) 0.54  0.95 (0.85-1.07) 0.39 0.95(0.87-1.04) 0.30

rs2787487 ER positive vs controls 1.11 (1.00-1.24) 0.05 1.03 (0.95-1.13) 0.46 1.06 (1.00-1.14) 0.07 0.58
ER negative vs controls  1.04 (0.91-1.19)  0.57 1.04 (0.94-1.15) 0.47 1.04 (0.96-1.12) 0.35

rs16955329  ER positive vs controls ~ 1.15 (1.03-1.30)  0.02  1.10 (1.01-1.20)  0.03  1.10 (1.02-1.17) 0.01 0.04
ER negative vs controls  0.83 (0.72-0.96) 0.01  1.09 (0.99-1.20) 0.09 0.99 (0.91-1.07) 0.79

*P for association with breast cancer risk, adjusted for age and education.

TP for heterogeneity calculated from case-only analyses.

and rs2046210 (6q25.1/unknown), which were initially
identified in a Chinese population], eight SNPs showed
an association consistent with that observed in women
of European ancestry, and the per-allele ORs were either
statistically significant [rs4973768 (3p24/SLC4A7),
rs889312 (5q11.2/MAP3K1), rs1219648 (10q26.13/
FGFR?2), rs3817198 (11p15.5/LSP1), rs8051542 (16q12.1/
TOX3), and rs3803662 (16q12.1/TOX3)] or marginally
significant [rs10941679 (5p12/MRPS30) and rs13281615
(8q24.21)]. Analyses by ER status showed that the
association of breast cancer for some SNPs may differ
by ER status. Our fine-mapping analyses revealed
several promising candidates that could be further eval-
uated. Overall, the results from this study provide fur-
ther evidence for the association of GWAS identified
SNPs in relation to breast cancer risk in non-European
populations.

SNPs rs11249433 (1p11.2/NOTCH2) and rs999737
(14924.1/RAD51L1) have a very low MAF in Chinese
(3.0% and 0.2%, respectively). Intriguingly, the MAFs
for these SNPs are quite high in European populations,
42.5% for rs11249433 (1p11.2/NOTCH?2) and 26.1% for
rs999737 (14q24.1/RAD51L1). Therefore, the genetic
architectures in these two loci between Chinese and
Europeans are quite different. For the other four SNPs,
we found either a null or a very weak association
[rs13387042 (2q35/unknown), rs12443621 (16q12.1/
TOX3), and rs6504950 (17q23.2/COX11)] or an associa-
tion that was the opposite of that observed previously
[rs2180341 (6q22.33/ECHDC1)]. With the sample size of
the current study, we have 80% of statistical power to de-
tect an OR as small as 1.13, 1.08, 1.14, and 1.09 for SNPs
rs13387042 (2q35/unknown), rs12443621 (16q12.1/
TOXD9), rs6504950 (17q23.2/C0OX11), and rs2180341
(69q22.33/ECHDCT1), respectively. Therefore, we could
reasonably conclude that these four SNPs are not strongly

associated with breast cancer risk in Chinese. Stratifica-
tion analyses by ER status for these four SNPs did not
show any association consistent with that observed in
women of European ancestry.

Previous studies among women of European ancestry
showed that the association of breast cancer with
rs1219648 (10q26.13/FGFR?2), rs10941679 (5p12/MRPS30),
and rs889312 (5q11.2/MAP3K1) was stronger in ER-
positive than in ER-negative tumor (8, 14, 15). Results
from this study were in general consistent with previous
findings for these SNDPs, although the test for heterogene-
ity was statistically significant for rs1219648 (10q26.13/
FGFR2) with P = 0.001. We found that rs13281615
(8924.21/unknown) was more related to ER-negative
than to ER-positive cancer, a finding that was inconsis-
tent with that from a previous study among women
of European ancestry (14). The reason for this incon-
sistency is unknown. As reported previously (5),
rs2046210 (6q25.1/unknown) was found to be more
closely related to ER-negative than to ER-positive
breast cancer. This association in non-Chinese women
remains to be evaluated.

SNP rs13387042 at 2q35 was originally associated
with breast cancer, especially ER-positive cancer, in a
study conducted among Europeans (3). This SNP lies
in a 90-kb high-LD region that contains neither known
genes nor noncoding RNAs (3). Recently, this SNP was
investigated in approximately 30,000 cases and 30,000
controls from 25 studies in the Breast Cancer Associa-
tion Consortium (BCAC; ref. 16). A significant associa-
tion was observed in Europeans with an OR of 1.12
(95% CI, 1.09-1.15), which is much smaller than that
originally observed of 1.20 (95% CI, 1.14-1.26). A signif-
icant association with this SNP was also observed in
our previous study of African American women, which
included 810 cases and 1,784 controls (17). However,
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no significant association has been observed in Asian
populations (3, 12, 16).

SNP 1512443621 is located in 16q12.1, a region where
two additional genetic risk variants for breast cancer
(rs8051542 and rs3803662) were reported previously in
a study conducted among women of European ancestry
(1). Recently, we identified a functional genetic variant
(rs4784227) at this chromosome region for breast cancer
risk (18). In the present study, the other two reported
SNPs, rs3803662 and rs8051542, showed significant
associations consistent with that observed in women of
European ancestry. The LD pattern of this region in
Asians is very different from the pattern found in European
descendents. For example, there is no LD between
rs12443621 and rs3803662 (> = 0.04) in Chinese, but there
is moderate LD (* = 0.3) in Europeans.

SNP rs6504950 at 17q23.2 did not show a significant
association in the present study; this finding was consis-
tent with the results in Asians in the original GWAS (7)
that discovered this SNP. No statistically significant
association was observed in Asian women, although the
per-allele OR was very similar: 0.96 (95% CI, 0.82-1.12) for
Asians and 0.95 (95% CI, 0.93-0.98) for Europeans (7). The
genetic architecture in this locus differs considerably
across populations; for example, the MAF is 8% in
Chinese and 30% in Europeans.

SNP rs2180341 was originally discovered in the Ashke-
nazi Jewish population (4). Later, it was replicated in an
additional 487 Ashkenazi Jewish breast cancer cases and
in a European American population of 1,466 breast
cancer cases and 1,467 controls (19). There were no data
available for Asians. In the present study, we observed
a borderline significant association with ER-positive
tumors; however, the association was opposite to the
original finding in the Ashkenazi Jewish population.

There are some potential explanations for the failure of
direct replication of the loci identified in Europeans or
European Americans. One possibility is that, in the
Chinese populations, no common SNPs exist in the re-
gions that are associated with breast cancer. It is possible
that other common SNPs in these regions have not been
reported and thus were not included in the current study.
It is also possible that some other types of variants locat-
ed in these regions, such as copy number variation, small
insertion-deletion polymorphisms, or rare variants,
are associated with breast cancer. Additionally, Asian
women might have different lifestyles or environmental
exposures that may mask the effect of these SNPs in
breast cancer risk. Genetic interactions with other SNPs
that differ in frequency between populations could also
manifest as effect heterogeneity.

In an attempt to identify risk variants for breast cancer
in regions where the original GWAS-identified SNP
showed no apparent association with breast cancer risk,
we performed fine-mapping for four breast cancer sus-
ceptibility loci: 2935, 5p12, 8q24.21, and 17q23.2. We in-
vestigated the associations for all 868 SNPs on HapMap,
covering at least a 200-kb region for each locus in a total

sample size of more than 10,000 subjects. All SNPs were
either imputed with high quality or directly genotyped. A
total of five SNPs, including rs10169372 (2q35/unknown),
rs283720 (8q24.21/unknown), rs10515083 (17q23.2/
COX11), rs16955329 (17q23.2/COX11), and rs2787487
(17923.2/COX11), showed a consistent association with
breast cancer risk in both stages. Although the asso-
ciations with these SNPs in the combined analyses all
reached a nominal significance level, they were not
significant after adjusting for multiple comparisons.
Nevertheless, these SNPs are good candidates for future
studies. One limitation for this fine-mapping work is that
SNPs not included in HapMap were not investigated.
It would be helpful to sequence the targeted region for
future studies to discover variants not included in the
HapMap database.

In summary, we have now evaluated 14 independent
SNPs that were initially reported in Europeans or European
Americans. Eight of these SNPs showed strong evidence
of association with breast cancer risk (statistically signif-
icant or marginally significant with an association consis-
tent with those seen in previous GWAS), which brings
the total number of GWAS-identified SNPs in Chinese
populations to nine. We searched for additional indepen-
dent genetic risk variants in four GWAS-mapped loci, in
which the reported SNPs showed no apparent associa-
tions in Chinese. Several SNPs in these regions showed
a statistically significant association with breast cancer
risk. Although these associations were not statistically
significant after adjusting for multiple comparisons, they
may be good candidates for future studies. Additional in-
depth fine-mapping studies with large sample sizes may
be needed to fully evaluate these regions and to identify
potential risk variants for breast cancer in Asian women.
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