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Evaluation of 19 susceptibility loci of breast cancer in women of African ancestry
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Multiple breast cancer susceptibility loci have been identified in
genome-wide association studies (GWAS) in populations of Euro-
pean and Asian ancestry using array chips optimized for popula-
tions of European ancestry. It is important to examine whether
these loci are associated with breast cancer risk in women of
African ancestry. We evaluated 25 single nucleotide polymor-
phisms (SNPs) at 19 loci in a pooled case–control study of breast
cancer, which included 1509 cases and 1383 controls. Cases and
controls were enrolled in Nigeria, Barbados and the USA; all
women were of African ancestry. We found significant associa-
tions for three SNPs, which were in the same direction and of
similar magnitude as those reported in previous fine-mapping
studies in women of African ancestry. The allelic odds ratios were
1.24 [95% confidence interval (CI): 1.04–1.47; P 5 0.018] for the
rs2981578-G allele (10q26/FGFR2), 1.34 (95% CI: 1.10–1.63;
P 5 0.0035) for the rs9397435-G allele (6q25) and 1.12 (95%
CI: 1.00–1.25; P 5 0.04) for the rs3104793-C allele (16q12). Al-
though a significant association was observed for an additional
index SNP (rs3817198), it was in the opposite direction to prior
GWAS studies. In conclusion, this study highlights the complexity
of applying current GWAS findings across racial/ethnic groups, as
none of GWAS-identified index SNPs could be replicated in
women of African ancestry. Further fine-mapping studies in
women of African ancestry will be needed to reveal additional
and causal variants for breast cancer.

Introduction

While African American women have a 6% lower age-adjusted in-
cidence rate of breast cancer than that of non-Hispanic White women
in the USA, their mortality rate is 38% higher than the rate of non-
Hispanic White women (1). In addition to their diagnoses at more
advanced stages of disease, African American women are more likely
to have young-onset breast cancer than their White counterparts (2).

We have reported that 60% of the breast cancer cases were diagnosed
,50 years in Nigeria, West Africa (3). The high proportion of young-
onset breast cancer in women of African ancestry is probably due to
a correspondingly high prevalence of pertinent genetic risk factors.

Multiple novel susceptibility loci for breast cancer have been
identified in genome-wide association studies (GWAS) using several
hundred thousand single nucleotide polymorphisms (SNPs) in com-
mercial genotyping chips. These discoveries are poised to increase
our understanding of breast cancer biology and also have the potential
for cancer prediction in the clinical setting. However, these suscepti-
bility loci were discovered primarily in women of White European
ancestry and were validated in the same populations (4–13), with the
exception being that a risk locus at chromosome 6q25.1 was identified
in Chinese women (14). As GWAS are based on linkage disequilib-
rium (LD), which is quite different between Caucasians, Asians and
Africans (15,16), the association of these novel SNPs with breast
cancer risk will have to be replicated in other populations, including
women of African ancestry. A few studies have evaluated these asso-
ciations in African Americans, but only two recent studies have eval-
uated most published loci (17–22).

In the current study, we evaluated common genetic variants at 19
breast cancer susceptibility loci in a case–control study of women of
African descent, which included 1509 breast cancer cases and 1383
controls. Specifically, we examined SNPs that showed the strongest
statistical associations with breast cancer risk as reported in the initial
GWAS (4–12,14). These variants are referred to as ‘index SNPs’
hereafter. In addition, we examined three SNPs that were revealed
from fine-mapping studies conducted in women of African ancestry
(23–25).

Materials and methods

Study subjects

We pooled samples from six epidemiologic studies of breast cancer among
women of African ancestry, including 1509 cases and 1383 controls. All the
studies have been approved in the corresponding institutional review boards of
the participating institutions. Sample size and selected characteristics of these
six study sites are presented in Table I. Below is a brief description of each
study.

The Nigerian Breast Cancer Study. The Nigerian Breast Cancer Study is an
ongoing case–control study of breast cancer in Ibadan, Nigeria, initiated in
1998 (3,26). Breast cancer cases who were at least 20 years old were recruited
at the University College Hospital, Ibadan, which is the oldest tertiary hospital
in Nigerian with a catchment population of approximate 3 million. Controls
were recruited from a randomly selected community adjoining the hospital.
Names were then randomly selected from the community register and the
individuals were invited to visit a clinic set up in the community for the study.
The majority of the study subjects are Yoruban and Yoruban is one of the
populations selected by the International HapMap Project to represent the
African continent (16). Included in this study were 681 cases and 282 controls
recruited between 1998 and 2009.

The Barbados National Cancer Study. The Barbados National Cancer Study is
a population-based case–control study designed to evaluate risk factors for
incident breast and prostate cancer in the predominantly African population
of Barbados, West Indies (27). Cases were identified through the only pathol-
ogy department on the island, located at the Queen Elizabeth Hospital, and
represented all histologically confirmed incident cases of breast cancers be-
tween July 2002 and March 2006. Controls were selected from a national
database provided by the Barbados Statistical Services Department and were
frequency matched to breast cancer cases at a 2:1 ratio and by 5 years age
groups. Genotyping were conducted from 93 cases and 244 controls who have
provided good quality of DNA.

The Northern California site of the Breast Cancer Family Registry. The NC-
BCFR is a population-based family study conducted in the Greater San Fran-
cisco Bay Area and one of six sites of the Breast Cancer Family Registry (28).
African American breast cancer cases in NC-BCFR were diagnosed after

Abbreviations: AIM, ancestry-informative marker; CI, confidence interval;
GWAS, genome-wide association studies; LD, linkage disequilibrium; OR,
odds ratio; SNP, single nucleotide polymorphism.
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1 January 1995 and between the ages of 18 and 64 years. This study conducted
genotyping for 199 invasive African American cases and 213 sister controls.
The relatedness of cases and sibling controls requires special analysis (see
below), but the family-based study design is immune from population admix-
ture and thus can serve as a good validation set.

The Racial Variability in Genotypic Determinants of Breast Cancer Risk
Study. The Racial Variability in Genotypic Determinants of Breast Cancer
Risk Study is a hospital-based genetic epidemiologic study conducted in Phil-
adelphia and Detroit metropolitan areas from 1999 to 2003. Breast cancer cases
were identified in the University of Pennsylvania Health System and Karmanos
Cancer Institute. Local advertisement was also distributed to recruit breast
cancer cases living in the Philadelphia and Detroit area. Controls were
recruited in the same fashion as cases in these institutions except that they
did not have breast cancer. Patients with invasive ductal breast cancer had to be
recruited within 18 months of diagnosis. The study was designed to overre-
present women diagnosed ,40 years. The Racial Variability in Genotypic
Determinants of Breast Cancer Risk Study contributed 151 African American
cases and 272 African American controls.

The Baltimore Breast Cancer Study. The Baltimore Breast Cancer Study is
a case–control study of breast cancer designed to identify and characterize
markers of disease aggressiveness and poor outcome (29). Incident breast
cancer cases and controls were recruited between February of 1993 and August
of 2003 in six hospitals in the greater Baltimore area, including the University
of Maryland Medical Center, the Baltimore Veterans Affairs Medical Center,
Union Memorial Hospital, Mercy Medical Center and the Sinai Hospital.
Controls were frequency-matched to cases by race and age. A total of 117
African Americans incident cases and 111 African Americans controls were
included in this study.

The Chicago Cancer Prone Study. The Chicago Cancer Prone Study is an
ongoing hospital-based case–control study designed to investigate the genetics
of young-onset breast cancer. Cases with histologically confirmed breast can-
cer were enrolled through the Cancer Risk Clinic at the University of Chicago.
Young-onset cases and African Americans were oversampled. Controls were
gender- and age-matched with cases and enrolled from patients who visited the
same hospital and were willing to donate blood samples for genetic studies.
The Chicago Cancer Prone Study contributed 268 cases and 261 controls to
this study and most of the subjects were recruited between 1999 and 2008.

SNP selection and genotyping

The 22 SNPs that showed the strongest association with breast cancer in one or
more GWAS were selected for genotyping, including SNPs on chromosomes
1p11, 2q35, 3p24, 5p12, 5q11, 6q22, 6q25, 8q24, 9p21, 10p15, 10q21, 10q22,
10q26, 11p15, 11q13, 14q24, 16q12, 17q23 and 19p13 (Table II) (4–12,14). In
addition, three SNPs (rs9397435, rs2981578 and rs3104793) that were re-
vealed from fine-mapping studies conducted in women of African ancestry
were also selected (23–25). Detailed description of these 25 SNPs is presented
in Supplementary Table 1, available at Carcinogenesis Online. To control for

population stratification in African Americans and African Barbadians, we
genotyped 30 ancestry-informative markers (AIMs). These 30 SNPs were
selected from a set of 1373 AIMs with maximum allele frequency differences
between European and African descendants, and these 30 AIMs gave ancestry
estimates that were highly correlated (r5 0.89) with estimates using the entire
set (30).

The SNPs in this study were genotyped using the Illumina GoldenGate
platform (Illumina, San Diego, CA) as part of a larger panel of 1536 SNPs.
Genotyping intensity and cluster data for all SNPs were reviewed individually.
Of these, 122 (7.9%) SNPs failed as evidenced by low intensity or indistin-
guishable clustering. For successfully genotyped SNPs, the average call rate
was 99.96%. Blind duplicates of 48 samples were included as between and
within plate controls, dispersed in each 96-well plate. The reproducibility rate
for duplicate samples was 99.95%. Four SNPs in this report (three index SNPs
and one AIM) were not genotyped successfully. The remaining SNPs all had
a call rate .99%. We imputed the three index SNPs using the software MACH
v1.0 (31) with phased Yoruba in Ibadan, Nigeria and CEU (Utah residents with
Northern and Western European ancestry from the CEPH collection) data from
HapMap Phased II (release 22) as the reference panel. The imputation quality
was excellent because we included SNPs in LD with index SNPs as redundant
markers (r2 5 1.00 for rs13387042, r2 5 0.98 for rs4415084 and r2 5 0.87 for
rs2380205). Hardy–Weinberg equilibrium was assessed for each SNP using the
stratified Hardy–Weinberg equilibrium test by Schaid et al. (32). One SNP
(rs8170) was significant (P 5 0.03) among the control samples while 1.25
was expected.

Statistical analysis

We estimated individual African ancestry from the 29 genotyped AIMs using
the software Structure v.2.3.3 (33,34). We added Yoruba in Ibadan, Nigeria and
CEU (Utah residents with Northern and Western European ancestry from the
CEPH collection) data from HapMap as benchmarks and our primary model
assumed two subpopulations (African and European), although we also ex-
plored the possibility of three subpopulations. As the proportion of ancestry
estimated in the third cluster was ,0.03 in either Nigerians, African Ameri-
cans or African Barbadians, and our study samples were best explained by the
two subpopulation model, we only presented results under the two subpopu-
lation model.

Case–control differences in age or African ancestry proportion were com-
pared using t-tests. The association of each SNP with breast cancer risk was
examined using unconditional logistic regression model adjusting for African
ancestry proportion for each study site, except for the NC-BCFR site. Because
of the relatedness between cases and controls in the NC-BCFR site, a condi-
tional regression was used. Then, we used the Mantel–Haenszel method in
meta-analysis to combine the estimated site-specific odds ratio (OR) and 95%
confidence interval (CI). Alternatively, we fit unconditional logistic regression
models adjusting for study site and African ancestry proportion. The two
methods gave very similar results and thus, we presented the results from
the second method to have a marginal or population average interpretation.
Results from meta-analysis are presented in the Supplementary Material, avail-
able at Carcinogenesis Online. Both allele dosage effects (trend test) and
genotypic effects were examined. The alleles associated with lower risk of
breast cancer in previous studies were treated as the reference alleles. To
emphasize the importance of the direction of association in genetic replication
studies, we calculated one-sided P values in addition to two-sided P values.
Note that a P value is two-sided unless otherwise specified. Furthermore, two
composite risk models were built; one used the 19 risk variants reported in
previous GWAS and the other used the 3 risk variants reported in fine-mapping
studies in women of African ancestry. The composite risk score was calculated
as the count of risk alleles and only one SNP per genetic locus was chosen. For
individuals with missing data, the score was calculated as the average risk
allele count multiplied by the number of total SNPs. As missing data were
infrequent (,0.2%), missing data had no material impact on the composite
score. Both continuous and categorical risk scores (grouped by quartiles) were
examined in relation to breast cancer risk using logistic regression, adjusted for
study site and genetic ancestry estimate. The statistical analysis was conducted
using SAS 9.2 package (SAS Institute, Cary, NC). Additionally, we calculated
LD measures (r2 and D#) in our study samples and the selected HapMap
populations using Haploview v4.2 (35). A P value of ,0.05 was considered
statistically significant.

Results

The mean age was 48.0 years in cases and 47.2 years in controls
(Table I). The majority of cases and controls were ,50 years. Figure 1
depicts the distribution of estimate of African ancestry propor-
tion across the three populations. The mean (median) proportion of

Table I. Characteristics of breast cancer cases and controls

Cases
(n 5 1509)

Controls
(n 5 1383)

P value

Age in years
Mean ± SD 48.0 ± 12.0 47.2 ± 17.2 0.08
,50 years, No. (%) 878 (58.4) 799 (57.9) 0.76

Study site, No.
Nigeria 681 282
Barbados 93 244
Baltimore 117 111
Pennsylvania 151 272
Chicago 268 261
Northern California 199 213

Percentage of African
ancestry, mean ± SD

Nigerian 98.0 ± 1.2 98.1 ± 1.0 0.08
Barbadian 85.6 ± 10.4 85.7 ± 9.8 0.93
African American 77.6 ± 13.5 78.7 ± 12.0 0.10
Baltimore 80.7 ± 13.3 79.5 ± 12.2
Pennsylvania 78.0 ± 13.4 79.3 ± 11.2
Chicago 77.3 ± 14.1 79.6 ± 11.5
Northern California 75.8 ± 12.5 76.3 ± 13.1
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African ancestry was 0.857 (0.882) in Barbadians, 0.782 (0.808) in
African Americans and close to 1 in Nigerians. There admixture
estimates are in line with previous studies (36,37). There was no
significant difference in the proportions of European admixture be-
tween cases and controls.

We found three SNPs that were significantly associated with
breast cancer risk (Table II). The allelic odds ratio was 1.24 (95%

CI: 1.04–1.47; P 5 0.018, one-side P 5 0.009) for the rs2981578-G
allele (10q26/FGFR2), 1.34 (95% CI: 1.10–1.63; P 5 0.0035, one-
sided P 5 0.0018) for the rs9397435-G allele (6q25) and 1.12 (95%
CI: 1.00–1.25; P 5 0.045, one-sided P 5 0.022) for the rs3104793-C
allele (16q12). All the three SNPs were identified from previous fine-
mapping studies in women of African ancestry and the associations
were in the same direction and of similar magnitude as those origi-
nally reported. For each of the three SNPs, there was no statistically
significant heterogeneity of effects across study sites (Table III). Pos-
itive associations existed in at least four of six study sites for all
associated SNPs although there were minor differences in risk allele
frequency across study sites. There was no significant heterogeneity
of effects across studies for other SNPs (Supplementary Table 2 is
available at Carcinogenesis Online).

Four index SNPs (rs3817198 at 11p15, rs1011970 at 9p21,
rs10995190 at 10q21 and rs6504950 at 17q23) were significant or
marginally significant, but the associations reported here were in the
opposite direction to the previous studies (9,10), as indicated by the
one-sided P values, suggesting that these markers are not consistent
with breast cancer risk in women of African ancestry. Although the
allele frequencies of the four SNPs were not similar between African
and European descents, there was no switch between minor and major
alleles, suggesting that changes in association direction were not due
to difference in minor alleles.

Table IV presents the LD measures between the significant SNPs
and the index SNPs at the same locus. The index SNP at 6q25
(rs2046210) was strongly linked with the fine-mapping SNP
(rs9397435) in the Chinese population, in which the locus was ini-
tially discovered. However, these two SNPs were only weakly linked
in the present study samples of African descent. At the 10q26 locus,
the two index SNPs (rs1219648 and rs2981582) were in tight LD with
the fine-mapping SNP (rs2981578) in the European population,
in which the locus was discovered, but the LD was moderate in
the Chinese population, weak in African Americans and weakest in
Africans. At the 16q12 locus, the LD pattern between rs3803662 and

Table II. Association of genetic loci from previous GWAS with breast cancer risk in women of African ancestry

Locus (gene) SNP Allelesa

(ref/risk)
Risk allele frequency Per-allele OR (95% CI)b P for trend Heterozygous

OR (95% CI)b
Homozygous
OR (95% CI)b

Case Control Two-sided One-sided

1p11.2 rs11249433 T/C 0.102 0.101 1.07 (0.89–1.28) 0.46 0.23 1.03 (0.84–1.26) 1.41 (0.74–2.68)
2q35 rs13387042 G/A 0.768 0.749 0.99 (0.87–1.12) 0.82 0.59 0.97 (0.69–1.36) 0.96 (0.68–1.34)
3p24 (SLC4A7) rs4973768 C/T 0.355 0.350 1.06 (0.94–1.18) 0.35 0.17 0.97 (0.82–1.14) 1.20 (0.94–1.54)
5p12 rs10941679 A/G 0.178 0.189 0.94 (0.81–1.08) 0.35 0.82 0.88 (0.74–1.04) 1.07 (0.70–1.65)

rs4415084 C/T 0.649 0.655 0.95 (0.85–1.07) 0.42 0.79 0.85 (0.66–1.09) 0.87 (0.67–1.12)
5q11.2 (MAP3K1) rs889312 A/C 0.321 0.340 0.93 (0.83–1.05) 0.24 0.88 0.97 (0.82–1.14) 0.84 (0.65–1.09)
6q22 (RNF146) rs2180341 A/G 0.341 0.316 1.09 (0.97–1.22) 0.16 0.078 1.14 (0.97–1.35) 1.12 (0.86–1.45)
6q25.1 (ESR1/C6orf97) rs2046210 C/T 0.646 0.627 1.02 (0.91–1.14) 0.74 0.37 0.95 (0.75–1.21) 1.01 (0.79–1.29)

rs9397435 A/G 0.093 0.074 1.34 (1.10–1.63) 0.0035 0.0018 1.33 (1.07–1.65) 1.83 (0.78–4.28)
8q24.21 rs13281615 A/G 0.435 0.440 1.00 (0.89–1.11) 0.95 0.52 1.08 (0.90–1.28) 0.97 (0.78–1.21)
9p21.3 (CDKN2BAS) rs1011970 G/T 0.337 0.342 0.90 (0.80–1.01) 0.076 0.96 0.90 (0.76–1.06) 0.83 (0.64–1.06)
10p15.1 rs2380205 T/C 0.406 0.416 0.97 (0.86–1.09) 0.60 0.70 1.00 (0.84–1.19) 0.91 (0.73–1.15)
10q21.2 (ZNF365) rs10995190 A/G 0.808 0.832 0.88 (0.77–1.02) 0.089 0.96 0.77 (0.48–1.23) 0.70 (0.44–1.11)
10q22.3 (ZMIZ1) rs704010 G/A 0.061 0.076 1.04 (0.84–1.29) 0.71 0.35 1.01 (0.80–1.28) 1.39 (0.56–3.42)
10q26 (FGFR2) rs1219648 A/G 0.443 0.431 1.06 (0.95–1.19) 0.26 0.13 1.06 (0.89–1.26) 1.14 (0.91–1.42)

rs2981582 C/T 0.491 0.480 1.03 (0.92–1.15) 0.59 0.29 0.99 (0.83–1.19) 1.06 (0.86–1.32)
rs2981578 A/G 0.905 0.871 1.24 (1.04–1.47) 0.018 0.009 1.79 (0.95–3.37) 2.08 (1.12–3.86)

11p15 (LSP1) rs3817198 T/C 0.129 0.159 0.85 (0.73–0.99) 0.040 0.98 0.84 (0.70–1.00) 0.77 (0.44–1.34)
11q13.2 rs614367 C/T 0.139 0.128 1.09 (0.93–1.28) 0.29 0.14 1.09 (0.91–1.31) 1.21 (0.64–2.29)
14q24.1 (RAD51B) rs999737 T/C 0.974 0.967 0.93 (0.67–1.27) 0.64 0.68 1.21 (0.16–8.96) 1.11 (0.15–8.04)
16q12 (TOX3) rs3803662 C/T 0.510 0.516 0.96 (0.86–1.07) 0.41 0.79 0.80 (0.66–0.97) 0.91 (0.73–1.13)

rs3104793 T/C 0.625 0.585 1.12 (1.00–1.25) 0.045 0.022 1.07 (0.86–1.33) 1.23 (0.98–1.55)
17q23.2 (STXBP4) rs6504950 A/G 0.635 0.654 0.90 (0.80–1.01) 0.068 0.97 0.84 (0.66–1.07) 0.79 (0.61–1.01)
19p13 rs2363956 G/T 0.515 0.501 1.08 (0.97–1.20) 0.18 0.09 1.11 (0.92–1.35) 1.16 (0.94–1.44)

rs8170 C/T 0.196 0.185 1.08 (0.94–1.24) 0.27 0.13 1.05 (0.89–1.24) 1.35 (0.86–2.14)

Bold represents ORs and P values of three SNP that were statistically significant and in the same direction as those reported in previous studies.
aReference/risk alleles in previous GWAS on the forward strand.
bOR (95% CI) from logistic regressions adjusted for study site and African ancestry.

Fig. 1. Distribution of estimate of African ancestry proportion by study
populations and case/control status. African Americans were recruited at
four sites (BT, Baltimore; PA, Pennsylvania; CHI, Chicago; NC, Northern
California). Cases were presented in plus symbols and controls were
presented in open circles. Two HapMap populations were also plotted as
benchmarks (Yoruba in Ibadan, Nigeria, Yoruba in Ibadan, Nigeria; CEU
(Utah residents with Northern and Western European ancestry from the
CEPH collection), Utah residents with Northern and Western European
ancestry from the Centre d’Etude du Polymorphisme Humain collection).
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rs3104793 was also different across populations. These differences in
LD correlations across populations are a possible reason why only the
fine-mapping SNPs could be validated in the present study.

We further constructed composite risk score from unweighted risk
allele counts using 19 index SNPs from previous GWAS or the three
significant SNPs from previous fine-mapping studies (Figure 2 and
Supplementary Table 3 is available at Carcinogenesis Online). The
composite risk score from the 19 index SNPs was not associated with
breast cancer risk in women of African ancestry (per-allele OR 5
0.99; 95% CI: 0.96–1.02; P 5 0.36). In contrast, the composite risk
score from the three fine-mapping SNPs was significantly associated
with breast cancer risk in women of African ancestry (per-allele OR 5
1.19; 95% CI: 1.09–1.29; P5 6.2 � 10�5) and women with five or six
risk alleles had a 66% increased risk compared with women with
fewer than three risk alleles.

Discussion

We investigated the effects of 19 loci identified from breast cancer
GWAS in women of African ancestry. We were not able to replicate
any index SNPs reported in previous GWAS, which were conducted in
populations of either European or Chinese ancestry. In contrast, we
were able to validate three SNPs identified from fine-mapping studies
that were conducted in women of African descent. The inability to
replicate associations with any index SNPs is unlikely due to sample
size. This present study was not powered to identify very small ef-
fects, but the study had sufficient power (.70%) for 7 of the 19 loci
and our power to detect at least one locus approached 100%. Consid-
ering that four index SNPs showed associations in the opposite
direction of the previous reports, it is possible that they are not causal
variants or do not tag causal variants in women of African ancestry.

The 10q26 (FGFR2) locus was discovered in two GWAS among
women of European descent (4,5), and the index SNPs rs2981582 and
rs1219648 have been consistently replicated in European and Chinese
populations (4,7,21,38,39). These index SNPs have been replicated
among African Americans in some studies (17–19) but not in others
(20,21). In one study, while replicated, the magnitude of association
was smaller than that in initial GWAS (18). In a fine-mapping study
using samples from African Americans, rs2981578 was found to have
the strongest signal (23). In the present study, we failed to show that
the two index SNPs at the FGFR2 locus were associated with breast
cancer in women of African ancestry, but found that rs2981578 was
significant with an allelic OR of 1.24, similar to that reported in the
fine-mapping study. We believe this finding could be explained by the
difference in LD pattern across populations as shown in Table IV. It is
likely that the three SNPs tag the same causal variant(s), but the short
LD pattern in women of African descent narrow the localization of the
causal variant(s) in this region.

The 6q25 (ESR1/C6orf97) locus was discovered in a Chinese
GWAS, with the index SNP rs2046210 (14), and this variant has been
replicated in Chinese and Japanese populations (22). It was found to
be significantly associated with breast cancer in women of European
ancestry, but the effect was weaker (10,22). Several studies in African
Americans have evaluated this SNP, but none found an association
with breast cancer risk (18,20,22). A fine-mapping study using sam-
ples from women of European, African and Asian origin found that
rs9397435 (2.9 kb away from rs2046210) carried the risk association
in all three racial populations (24). Consistent with the fine-mapping
study, we found strong association between rs9397435 and breast
cancer (OR 5 1.34; 95% CI: 1.10–1.63) but not rs2046210. After
excluding the Nigerian samples, most of which had been included
in the fine-mapping study, a statistically significant association was
still observed for rs9397435 (OR 5 1.36, 95% CI: 1.06–1.74; one-
sided P 5 0.008). Again, LD pattern difference across populations
may explain these observations. In this locus, rs9397435 is strongly
linked with rs2046210 only in Asians.

The SNP rs3803662 at 16q12 (TOX3) was identified as a breast
cancer susceptibility variant in two GWAS, both conducted in

Table IV. LD between significant SNPs and index SNPs in different populations

Region SNP pair The present study The HapMap project

AA BB NG CEU CHB YRI

r2 D# r2 D# r2 D# r2 D# r2 D# r2 D#

6q25.1 rs2046210–rs9397435 0.06 1.00 0.06 1.00 0.04 1.00 0.10 1.00 0.86 1.00 0.04 1.00
10q26 rs2981578–rs1219648 0.13 0.98 0.08 1.00 0.05 1.00 0.85 1.00 0.32 0.83 0.06 1.00

rs2981578–rs2981582 0.16 0.99 0.08 0.94 0.05 0.90 0.85 1.00 0.15 0.67 0.08 1.00
rs1219648–rs2981582 0.38 0.67 0.37 0.67 0.31 0.63 1.00 1.00 0.64 0.93 0.28 0.60

16q12 rs3803662–rs3104793 0.08 0.33 0.15 0.50 0.35 0.87 0.14 0.53 0.44 0.89 0.49 0.81

AA, African American; BB, Barbadian; CEU, Utah residents with Northern and Western European ancestry from the CEPH collection; CHB, Han Chinese in
Beijing, China; JPT, Japanese in Tokyo, Japan; NG, Nigerian; YRI, Yoruba in Ibadan, Nigeria.

Table III. Association of three SNPs and breast cancer risk across studies

SNP
(ref/risk
allele)

Study Risk
allele
frequency

Per-allele OR (95% CI)a

Case Control

rs2981578 (A/G) Nigeria 0.951 0.935 1.35 (0.88–2.05)
Barbados 0.919 0.920 1.00 (0.53–1.87)
Baltimore 0.893 0.832 1.62 (0.93–2.83)
Pennsylvania 0.820 0.843 0.88 (0.60–1.28)
Chicago 0.872 0.837 1.44 (1.01–2.05)
Northern
California

0.854 0.828 1.24 (0.85–1.82)

P for
heterogeneity

0.34

rs3104793 (T/C) Nigeria 0.664 0.622 1.20 (0.98–1.47)
Barbados 0.591 0.602 0.95 (0.67–1.35)
Baltimore 0.625 0.595 1.13 (0.77–1.65)
Pennsylvania 0.573 0.568 1.03 (0.78–1.38)
Chicago 0.584 0.554 1.16 (0.91–1.48)
Northern
California

0.601 0.568 1.14 (0.87–1.51)

P for
heterogeneity

0.89

rs9397435 (A/G) Nigeria 0.088 0.067 1.34 (0.92–1.96)
Barbados 0.086 0.086 1.00 (0.55–1.83)
Baltimore 0.085 0.059 1.47 (0.71–3.04)
Pennsylvania 0.099 0.081 1.27 (0.78–2.06)
Chicago 0.091 0.073 1.29 (0.83–2.01)
Northern
California

0.118 0.073 1.71 (1.06–2.74)

P for
heterogeneity

0.48

aOR (95% CI) from logistic regressions adjusted for African ancestry.
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European populations (4,6). This SNP remained the strongest signal
for the 16q12 region in further studies in women of European ancestry
(10,40). However, no studies have replicated this index SNP in
African American populations (17–20,25,40), and Hutter et al. (20)
found the association was in opposite direction to the initial GWAS
findings. A fine-mapping study in African Americans found several
SNPs were associated with breast cancer, with one SNP (rs3104793)
being significant after permutation (25). In the present study, we did
not find the index SNP rs3803662 to be associated with breast cancer
in women of African ancestry but did validate that the association
with rs3104793 was significant with an allelic OR of 1.12, similar to
the prior fine-mapping study.

We have attempted to build a simple genetic risk prediction model
and showed that the risk of breast cancer increased by 19% per one
risk allele using the three fine-mapping SNPs. Additional risk variants
in larger studies are necessary to generate a model that is useful in
clinical settings. In a large pooled case–control study of breast cancer
in African American, Chen et al. (18) found that the prediction model
based on index SNPs (4% per one risk allele) has less predictive
values than the model based on eight SNPs from their fine-mapping
results (18% per one risk allele). One SNP (rs2981578) is shared
between our study and the study by Chen et al., whereas other SNPs
need cross-validation.

Several limitations need be considered when interpreting our study
findings. This study utilized 29 AIMs to estimate European admixture
proportion and the distribution of European ancestry proportion (1 �
African ancestry proportion) was as we anticipated: no admixture for
Nigerians, about 20% for African Americans and slightly less admix-
ture (12%) for Barbadians. The SNP effect estimates with or without
adjusting for ancestry proportions were in fact quite similar (differ-
ence by 1% on average and 5% the maximum). This is because (i)
Nigerian is not an admixture population, (ii) African Americans from
Northern California were sister pairs and (iii) the ancestry admixture
was similar between cases and controls in the other study sites. These
empirical data suggest that confounding due to population stratifica-
tion is not large and unlikely to explain our study findings. Although
this is a large study of women of African ancestry to investigate
genetic risk factors for breast cancer, the statistical power for 12 of
the 19 loci is ,70%. Therefore, some of the null findings may be false
negative. Another possible reason for lack of direct replication is
disease heterogeneity because women of African Americans are more
likely to have estrogen receptor-negative breast cancer (41,42), and
genetic susceptibility SNPs are associated with specific breast cancer
subtypes (39). In this replication study, we did not take into account
multiple testing, which may lead to false-positive claims. Instead, we

put our study findings in the context of previous studies to judge their
validity.

In conclusion, this study serves to illustrate the complexity of
applying current GWAS findings across racial/ethnic groups, as none
of index SNPs from GWAS in non-African descent populations could
be replicated in women of African ancestry. This lack of direct trans-
ferability of GWAS findings across populations has been observed for
other cancer or non-cancer traits (43,44). Our successful validation of
SNPs from fine-mapping studies suggests that fine-mapping studies
and new GWAS in women of African ancestry promise to reveal
additional and causal variants for breast cancer susceptibility. Al-
though it is unlikely that there are major biological differences in
breast cancer etiology among racial populations, interaction with en-
vironmental factors, allele frequencies and LD patterns may influence
the genetic risk profiles in women of African ancestry.

Supplementary material

Supplementary Material and Tables 1–3 can be found at http://carcin.
oxfordjournals.org/.
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