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Abstract
Background: Most genome-wide association studies (GWAS) have been carried out in European ancestry
populations; no risk variants for breast cancer have been identified solely from African ancestry GWAS data.
Few GWAS hits have replicated in African ancestry populations.
Methods: In a nested case–control study of breast cancer in the Black Women’s Health Study (1,199 cases/
1,948 controls), we evaluated index single-nucleotide polymorphisms (SNP) in 21 loci from GWAS of European
or Asian ancestry populations, overall, in subtypes defined by estrogen receptor (ER) and progesterone
receptor (PR) status (ERþ/PRþ, n ¼ 336; ER/PR, n ¼ 229), and in triple-negative breast cancer (TNBC,
N ¼ 81). To evaluate the contribution of genetic factors to population differences in breast cancer subtype, we
also examined global percent African ancestry.
Results: Index SNPs in five loci were replicated, including three associated with ER/PR breast cancer
(TERT rs10069690 in 5p15.33, rs704010 in 10q22.3, and rs8170 in 19p13.11): per allele ORs were 1.29 [95%
confidence interval (CI) 1.04–1.59], P ¼ 0.02, 1.52 (95% CI 1.12–2.08), P ¼ 0.01, and 1.30 (95% CI 1.01–1.68), P ¼
0.04, respectively. Stronger associations were observed for TNBC. Furthermore, cases in the highest quintile of
percent African ancestry were three times more likely to have TNBC than ERþ/PRþ cancer.
Conclusions: These findings provide the first confirmation of the TNBC SNP rs8170 in an African ancestry
population, and independent confirmation of the TERT ER SNP. Furthermore, the risk of developing ER
breast cancer, particularly TNBC, increased with increasing proportion of global African ancestry.
Impact: The findings illustrate the importance of genetic factors in the disproportionately high occurrence of
TNBC in African American women. Cancer Epidemiol Biomarkers Prev; 22(1); 127–34. 2012 AACR.

Introduction
Genome-wide association studies (GWAS) of European
and Asian ancestry populations have identified more than
25 loci, including more than 30 single-nucleotide polymorphisms (SNPs), associated with breast cancer risk
(1–16). Most breast cancer SNPs appear to be more strongly associated with estrogen-receptor (ER) positive breast
cancer, the molecular subtype that predominates in European and Asian ancestry populations (2, 4, 17–19). To date,
no new loci have been identified solely from GWAS data
in African ancestry women, but a combined analysis of
data on estrogen-receptor negative (ER) breast cancer
from the African American Breast Cancer (AABC) GWAS
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and the European ancestry Triple-Negative GWAS
identified a variant in the TERT gene at 5p15 that was
associated with ER breast cancer at genome-wide significance (5). In addition, a GWAS of European ancestry
BRCA1 mutation carriers identified a SNP at 19p13 associated with ER breast cancer (12). Further work, also in
European ancestry populations, indicated that this SNP
(rs8170) is specific to triple-negative breast cancer (20). In
the United States, ER breast cancer is twice as common
among women of African ancestry compared with women from other ancestral groups, and in Africa, ER breast
cancer is the leading type of breast cancer (21–23). Triplenegative breast cancer is also markedly more common in
African ancestry populations (21, 24). Women with ER
breast cancer, and especially those with triple-negative
breast cancer, have poorer outcomes (24, 25). Thus, determining whether genetic loci from European and Asian
ancestry GWAS are also important for breast cancer,
particularly ER and triple-negative breast cancer, in
African ancestry populations is of great interest.
We carried out replication genotyping of 24 SNPs,
representing 21 distinct loci, in the Black Women’s Health
Study (BWHS), a large prospective cohort of African
American women. We assessed associations with breast
cancer overall as well as within specific molecular
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subtypes of breast cancer. To assess whether genetic
factors contribute to the higher incidence of ER and
triple-negative breast cancer in African American women,
we also examined the relation of global ancestry (African
vs. European) to subtype of breast cancer.

Materials and Methods
Study population
At baseline in 1995, approximately 59,000 African
American women from all regions of the United States
enrolled in the BWHS by completing mail questionnaires
that included comprehensive questions on medical history, use of medications, demographic factors, body size,
reproductive history, family history of breast cancer, and
behaviors. Participants have been followed by mail questionnaires every 2 years since then, with complete followup on approximately 80% of the baseline cohort in each
cycle of follow-up. Participants are asked about new
diagnoses of cancer on each questionnaire and pathology
reports and/or state cancer registry data are obtained to
confirm self-reports of breast cancer and to obtain data on
tumor characteristics. Searches of the National Death
Index and state cancer registries are carried out each year
to learn about cancer in women who have become lost to
follow-up or have died before having a chance to report a
new diagnosis of cancer.
DNA samples were obtained from BWHS participants
by the mouthwash-swish method with all samples stored
in freezers at 80 C (26). Saliva samples were provided by
approximately 50% of BWHS participants (26,800 women). Women who provided a sample were slightly older
than women who did not, but the 2 groups were similar
with regard to geographic region of residence, educational level, body mass index, and family history of breast
cancer.
Cases for the present study were all participants who
had been diagnosed with breast cancer as of 2010 and had
provided a DNA sample. There were 1,199 breast cancer
cases in total; 180 of the cases were classified as ductal
carcinoma in situ without an invasive component. Data on
ER and PR status were available for only 52% of cases, as
many cases had been diagnosed before these assays were
routinely carried out. HER2 status, which has been routinely assessed even more recently, was available from
medical record data for 34% of cases. The analyses included 336 cases classified as ERþ/PRþ, 229 classified as
ER/PR, and 81 classified as triple-negative (ER, PR,
and HER2). We have previously shown that BWHS
breast cancer cases without information on ER/PR status are similar to BWHS cases with known ER/PR status
with regard to known and suspected risk factors for
breast cancer (27). Controls were selected from among
BWHS participants with DNA samples who were free of
breast cancer through 2010. Approximately 2 controls
were selected for each case, matched on year of birth (1
year) and geographic region of residence (Northeast,
South, Midwest, and West). The study protocol was
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approved by the Institutional Review Board of Boston
University.
SNP selection
We genotyped 24 SNPs representing 21 different
regions. These index SNPs had reached genome-wide
significance in 1 or more GWAS of European or Asian
ancestry populations. We assessed as the "coded" allele
whichever allele was tested in the original publication; in
some cases it was the minor allele and in others it was not.
This allows for direct comparison of the direction of the
association in our study with the direction observed in the
discovery study.
We also selected 30 ancestry informative markers (AIM)
to estimate and control for population stratification due to
European admixture. The 30 AIMs were selected from a
list of validated SNPs in which the top 30 AIMs had allele
frequency differences between Africans and Europeans of
at least 0.75 (28). We used a Bayesian approach, as implemented in Admixmap software to estimate individual
admixture proportions (29, 30). We have previously
shown that estimation of % European vs. African ancestry
with 30 AIMs correlates well with the ancestry proportion
estimate obtained with a full admixture panel of approximately 1,500 AIMs (31).
Genotyping and quality control
DNA was isolated from the mouthwash samples at the
Boston University Molecular Core Genetics Laboratory
using the QIAAMP DNA Mini Kit (Qiagen). Whole
genome amplification was done with the Qiagen RePLIg Kits using the method of multiple displacement amplification with input of 50 ng of genomic DNA per reaction.
Amplified samples underwent purification and PicoGreen quantification at the Broad Institute Biological
Samples Platform before being plated for genotyping.
Genotyping was carried out at the Broad Institute Genetic
Analysis Platform, using the Sequenom MassArray iPLEX
technology. Two percent of samples were blinded duplicates included to assess reproducibility of genotypes. An
average reproducibility of 99% was obtained. All SNPs
with a call rate of less than 90% or a deviation from Hardy–
Weinberg equilibrium of P < 0.001 in the control sample
were excluded. We also excluded samples with call rates
of less than 80%. Genotyping was carried out in several
different batches. Mean call rate in the final data set was
99% for SNPs and 99% for samples.
Data analysis
Summary statistics for the genotype data were computed with PLINK software version 1.06 (32). We tested for
association with breast cancer using the Cochran–Armitage trend test of an additive genetic model. We used
PROC LOGISTIC from SAS statistical software version
9.1.3 (SAS Institute, Inc.) to estimate ORs and 95% confidence intervals (95% CI). For loci with more than 1 index
SNP, we carried out haplotype analyses using the conditional haplotype method to determine whether the SNPs
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were independent signals in our data or were tagging the
same causal variant (33, 34). We adjusted the ORs for age,
geographic region of residence (Northeast, South, Midwest, and West), place of birth (US, other country), and
percent African versus European ancestry (continuous
variable). We carried out analyses for all breast cancers
combined and separately for the ERþ/PRþ and ER/
PR subtypes, each group compared with all controls. For
SNPs that had been previously identified as ER or triplenegative variants, we carried out an analysis restricted to
triple-negative breast cancer, that is, cases that were
negative for ER, PR, and HER2. We also carried out
subanalyses among invasive cases only and among
early-onset cases (age of diagnosis <45).
We assessed the relation of global ancestry (African vs.
European) to breast cancer subtype by calculating ORs
and 95% CIs for quintiles of percent average African
ancestry relative to the lowest quintile; in these analyses
we compared ER/PR and triple-negative subtypes to
the ERþ/PRþ subtypes. Analyses were adjusted for age,
geographic region of residence, and country of birth. We
additionally controlled for number of full-term births, age
at first full-term birth, age at menarche, menopausal
status, use of menopausal hormones, and body mass
index.

Results
The analyses included 1,199 breast cancer cases and
1,948 controls. There were 336 breast cancer cases classified as ERþ/PRþ and 229 as ER/PR. A subset of the
ER/PR cases could also be classified according to
HER2 expression and of them, 81 were classified as triple
negative. As shown in Table 1, cases and controls were
similar with respect to year of birth, geographic region,
and percent African ancestry; as expected, a greater proportion of cases than controls reported a first degree
family history of breast cancer.

Table 1. Characteristics of breast cancer cases
and controls in the BWHS

Characteristic
Mean age, y
Region of residence, %
Northeast
South
Midwest
West
US born, %
First-degree family
history of breast cancer, %
Global percent
African ancestry, %

www.aacrjournals.org

Cases
(n ¼ 1199)

Controls
(n ¼ 1948)

47

47

27
31
25
17
97.7
13.4

25
31
25
18
97.5
8.2

80.6

80.5

Overall breast cancer
Results for SNPs in 21 loci previously associated with
breast cancer risk in European or Asian ancestry populations are given in Table 2. Index SNPs at 2 loci were
replicated for overall breast cancer in the BWHS: 10q22
rs704010, OR, 1.24; 95% CI, 1.04–1.47; P ¼ 0.01 and 11p15
rs3817198, OR, 1.21; 95% CI, 1.01–1.46; P ¼ 0.04. At a third
locus, 9q31.2, the OR for the index SNP, rs865686, was
1.11, 95% CI 0.99–1.24, P ¼ 0.07, in the opposite direction of
the association identified in the European ancestry discovery population (10).
Results were similar when analyses were restricted to
invasive cases only (N cases ¼ 1,027) and to cases diagnosed before age 45 (N cases ¼ 337).
ERþ/PRþ breast cancer
Several SNPs in the FGFR2 gene (10q26) have been
associated with breast cancer in multiple studies, and the
observed associations appear to driven by the association
with ERþ breast cancer (6, 11, 17, 35). One of the 3 FGFR2
index SNPs we tested was associated with ERþ/PRþ
breast cancer (rs2981579; OR, 1.28; 95% CI, 1.04–1.59), but
not with ER/PR cancer or all subtypes combined.
Haplotypes of the 3 index SNPs are shown in Table 3.
The results indicate that rs2981579 may be most important
in our sample, as haplotypes carrying the rs2981579-T
allele tended to show increased risk, but all 3 SNPs may be
tagging the same signal even in this African ancestry
population. As shown in Table 3, the G allele of rs1219648
and the A allele of rs2981582 appear most often in the
presence of the T allele of rs2981579. In fact, the observed
frequency of the T-G-A haplotype (35%) is almost 3 times
its expected frequency (12%) under linkage equilibrium of
the 3 SNPs.
Consistent with our report from the first 886 cases in our
study (36), there was a suggestive association of the 5p12
index SNP rs4415084 with ERþ/PRþ breast cancer, OR,
1.19; 95% CI, 0.98–1.43; P ¼ 0.07.
ER/PR breast cancer
Two SNPs, rs10069690 in 5p13.33 (TERT gene) and
rs8170 in 19p13.11, were previously associated with ER
and/or triple-negative breast cancer at a genome-wide
level of significance (5, 12). Both were replicated in our
analyses of ER/PR breast cancer: the OR for
rs10069690 was 1.29; 95% CI, 1.04–1.59; P ¼ 0.02 and the
OR for rs8170 was 1.30; 95% CI, 1.01–1.68; P ¼ 0.04.
The 10q22 index SNP, associated with overall breast
cancer risk in our data, was also strongly associated with
ER/PR breast cancer (OR, 1.52; 95% CI, 1.12–2.08; P ¼
0.01).
Triple-negative breast cancer
We further assessed the association of the 2 ER/PR
SNPs in relation to risk of triple-negative breast cancer.
Both SNPs were significantly associated with triple-negative breast cancer, with higher ORs than were observed
for ER/PR cases. The OR for rs10069690 was 1.42; 95%
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Table 2. Breast cancer index SNPs: original GWAS results and results from the BWHS

Chromosome

SNP

GWAS OR

Coded allele/
reference
allele

1p11.2
2q35
3p24.1
5p12
5p15.33 (ER)
5q11.2a
5q11.2
6q22.33
6q25.1
8q24.21
9p21.3
9q31.2
10p15.1
10q21.2a
10q22.3
10q26.13
10q26.13
10q26.13
11p15.5
11q13.3
14q24.1
16q12.1
17q23.2
19p13.11 (ER)

rs112494331
rs133870422
rs49737683
rs44150844
rs100696905
rs168861651
rs8893126
rs21803417
rs20462108
rs132816156
rs10119709
rs86568610
rs23802059
rs109951909
rs7040109
rs29815791
rs121964811
rs29815826
rs38171986
rs6143679
rs9997371
rs38036626
rs65049503
rs817012

1.16
1.20
1.11
1.16
1.18
1.23
1.13
1.41
1.29
1.08
1.09
0.89
0.94
0.86
1.07
1.17
1.32
1.26
1.07
1.15
1.06
1.20
0.95
1.26

C/T
A/G
T/C
T/C
T/C
G/T
C/A
G/A
A/G
C/T
T/G
G/T
T/C
A/G
A/G
T/C
G/A
A/G
C/T
T/C
C/T
T/C
A/G
A/G

BWHS results: OR (95% CI), P value
Coded allele
frequency

All cases

0.13
0.73
0.37
0.61
0.57
0.29
0.32
0.32
0.61
0.43
0.34
0.47
0.60
0.16
0.10
0.60
0.42
0.49
0.11
0.14
0.95
0.51
0.35
0.19

0.97
1.06
0.92
1.10
1.05
1.02
1.03
1.03
1.10
0.94
1.01
1.11
1.03
0.98
1.24
1.04
1.01
1.05
1.21
1.04
0.88
0.96
0.95
1.01

ERþ/PRþ

(0.80–1.18),
(0.93–1.20),
(0.82–1.03),
(0.98–1.22),
(0.94–1.17),
(0.89–1.17),
(0.92–1.16),
(0.90–1.18),
(0.97–1.24),
(0.85–1.05),
(0.90–1.14),
(0.99–1.24),
(0.91–1.15),
(0.85–1.13),
(1.04–1.47),
(0.92–1.18),
(0.91–1.12),
(0.92–1.19),
(1.01–1.46),
(0.88–1.21),
(0.68–1.13),
(0.83–1.10),
(0.85–1.07),
(0.88–1.16),

0.76
0.38
0.16
0.10
0.34
0.79
0.61
0.64
0.13
0.30
0.81
0.07
0.65
0.81
0.01
0.48
0.82
0.46
0.04
0.66
0.32
0.54
0.42
0.87

1.15
1.05
0.98
1.19
1.02
1.20
1.08
1.15
1.16
0.93
0.96
1.11
1.13
0.91
1.27
1.28
1.07
1.14
1.22
0.92
0.71
0.99
1.10
1.00

ER/PR

(0.86–1.56),
(0.85–1.30),
(0.81–1.18),
(0.98–1.43),
(0.85–1.21),
(0.96–1.50),
(0.89–1.30),
(0.93–1.42),
(0.94–1.43),
(0.77–1.11),
(0.80–1.16),
(0.92–1.34),
(0.92–1.38),
(0.72–1.15),
(0.96–1.66),
(1.04–1.59),
(0.90–1.27),
(0.90–1.45),
(0.90–1.65),
(0.70–1.22),
(0.48–1.06),
(0.78–1.26),
(0.92–1.33),
(0.80–1.25),

0.35
0.65
0.82
0.07
0.86
0.10
0.43
0.21
0.17
0.41
0.67
0.29
0.23
0.44
0.09
0.02
0.44
0.28
0.21
0.58
0.10
0.94
0.29
0.99

0.76
1.06
0.89
0.94
1.29
0.94
0.94
0.91
1.12
0.91
0.90
1.10
1.08
1.01
1.52
1.08
0.99
1.03
1.18
0.97
1.18
0.95
0.99
1.30

(0.52–1.13),
(0.83–1.35),
(0.71–1.11),
(0.76–1.16),
(1.04–1.59),
(0.73–1.21),
(0.75–1.18),
(0.71–1.17),
(0.87–1.42),
(0.74–1.13),
(0.72–1.12),
(0.89–1.36),
(0.86–1.36),
(0.77–1.32),
(1.12–2.08),
(0.85–1.36),
(0.80–1.21),
(0.80–1.31),
(0.82–1.70),
(0.71–1.33),
(0.68–2.06),
(0.74–1.22),
(0.79–1.23),
(1.01–1.68),

0.17
0.63
0.31
0.58
0.02
0.63
0.61
0.47
0.38
0.40
0.35
0.40
0.50
0.96
0.01
0.56
0.89
0.84
0.37
0.85
0.56
0.69
0.90
0.04

NOTE: ORs adjusted for age, geographic region of residence, and country of birth.
a
Proxies: GWAS: rs16886165; Proxy: rs16886164 (r2 ¼ 1.0 in HapMap YRI) and GWAS: rs10995190; Proxy: rs10995189 (r2 ¼ 1.0 in
HapMap YRI).

P
f ðiÞORi
We calculated ARR ¼ Pi fAðiÞORi , where fA(i) and fE(i) are

CI, 1.02–1.99; P ¼ 0.037 and the OR for rs8170 was 1.48;
95% CI, 1.03–2.15; P ¼ 0.035.
Because the minor allele frequency (MAF) of rs10069690
was markedly higher in our study population (57%)
relative to 1,000 Genomes European population (27%),
we estimated the attributable risk ratio (ARR) of triplenegative breast cancer for the association with rs10069690.

i E

the probabilities of having 0, 1, or 2 copies of the high-risk
allele in African ancestry and European ancestry women,
respectively. We calculated the ARR under 2 different
scenarios, assuming Hardy–Weinberg proportions and an
additive effect on the logarithmic scale. First, we assumed

Table 3. FGFR2 haplotypes in data from the BWHS, 1,199 breast cancer cases and 1,948 controls
Haplotype frequencies
Region
10q26

Index 1
rs2981579
C
C
T
T
T
T

Index 2
rs1219648
A
G
A
A
G
G

Index 3
rs2981582
G
G
G
A
G
A

OR (95% CI)

All cases ERþ/PRþ ER/PR Controls All cases

ERþ/PRþ

ER/PR

0.36
0.02
0.08
0.13
0.04
0.37

1.00
0.38
1.17
1.19
1.27
1.25

1.00
1.09
0.87
1.07
1.08
1.15

0.33
0.01
0.09
0.13
0.05
0.39

0.35
0.02
0.07
0.12
0.05
0.38

0.37
0.02
0.08
0.12
0.05
0.35

1.00
0.81
0.91
1.02
1.02
1.05

(ref)
(0.50–1.33)
(0.72–1.16)
(0.84–1.25)
(0.74–1.40)
(0.91–1.20)

(ref)
(0.11–1.31)
(0.79–1.74)
(0.84–1.68)
(0.76–2.15)
(0.99–1.59)

(ref)
(0.45–2.66)
(0.53–1.42)
(0.72–1.58)
(0.59–1.98)
(0.88–1.50)

NOTE: ORs adjusted for age, geographic region of residence, and country of birth. Alleles in bold indicate risk allele for that SNP.
Pairwise r2: rs2981579/rs1219648 0.34; rs2981579/rs2981582 0.54; and rs1219648/rs2981582 0.37.
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the same effect size of the high-risk allele in African
ancestry and European ancestry women. We calculated
a common OR (1.26) by doing a meta-analysis of our
results (OR, 1.42) with previously reported findings (OR,
1.25; ref. 5). In this case, the estimated ARR was 15% (95%
CI, 9%–25%). Second, we assumed a true difference
in effect size between African and European ancestry
women based on data from our study and the previous
study (5). In a meta-analysis of our results (OR, 1.42) and
results from the African American women from the previous study (OR, 1.33), the OR in an African ancestry
population was estimated to be 1.34, whereas the OR in
European ancestry women from that study was 1.23.
Under these assumptions, the estimated ARR was 26%
(95% CI, 12%–44%).
We assessed the potential interaction between SNPs
rs10069690, located in the telomerase gene (TERT), and
rs8170, located in the gene encoding BABAM1, which
interacts with BRCA1 in the DNA repair process and
downregulates telomerase activity (37). We estimated
ORs for the T-allele of rs10069690 separately among GG
homozygous and among carriers of the high-risk A-allele
(GA þ AA) of rs8170. For ER/PR breast cancer, the OR
for the T-allele of rs10069690 was higher among carriers of
the A-allele of rs8170 (OR, 1.49; 95% CI, 1.06–2.09) than
among GG homozygous of rs8170 (OR, 1.15; 95% CI, 0.88–
1.51; P for interaction ¼ 0.24). A similar pattern was
observed for triple-negative breast cancer. Because there
were only 81 triple-negative cases, we used a recessive
model for the high-risk T-allele of rs10069690 (i.e., TT vs.
CC þ CT reference group). Among carriers of the highrisk A-allele (GAþAA) of rs8170, the OR for TT-homozygous in rs10069690 was 1.60, 95% CI 0.82–3.11 compared
with OR of 1.06, 95% CI 0.56–2.01 among GG-homozygous
for rs8170 (P for interaction ¼ 0.38).
Global ancestry in relation to subtype
Mean percent African ancestry was significantly higher
in ER/PR and triple-negative breast cancer cases
(81.6%, P ¼ 0.05 and 83.0%, P ¼ 0.008, respectively)
relative to ERþ/PRþ cases (79.9%; Table 4). Women in
the highest quintile of African ancestry had 2 times the
odds of having the ER/PR subtype versus ERþ/PRþ

subtype relative to women in the lowest quintile, OR, 2.08
(95% CI 1.16–3.71), and 3 times the odds of triple-negative
breast cancer (OR ¼ 3.04, 95% CI 1.41–6.58), controlling for
age, geographic region of residence, and country of birth.
Results were similar in models that additionally controlled for reproductive and anthropometric risk factors
for breast cancer: OR, 1.98 (95% CI, 1.09–3.58) for ER/
PR versus ERþ/PRþ and OR, 2.70 (95% CI, 1.22–5.96)
for triple-negative versus ERþ/PRþ (data not shown).

Discussion
In this nested case–control study of approximately 1,200
African American breast cancer cases and 1,900 matched
controls from an ongoing prospective cohort study, we
found that 5 of 24 index SNPs identified in GWAS of
European ancestry or Asian ancestry populations transferred to African Americans. Importantly, both of the
SNPs previously reported to be associated with ER
breast cancer were significantly associated with ER
breast cancer in our sample. Rs10069690 in the TERT gene
was identified in a meta-analysis of GWAS data from
African and European ancestry populations (5); our study
is the first confirmation of the association in an independent sample of African Americans. Of note, the risk allele
frequency in our study was 0.57, as compared with only
0.27 in the 1,000 Genomes European population. Thus, to
the extent that this SNP is tagging a functional allele, the
observed association likely explains part of the excess
incidence of ER breast cancer in African American
women. If the true effect size is about the same for
European and African ancestry populations, then this
locus may account for a 15% (95% CI 9%–25%) higher
incidence of triple-negative breast cancer in African
American women. However, it is possible that the true
effect size may be higher in African ancestry women: per
allele ORs were 1.42 in our study and 1.33 among African
Americans in the previous study (5), whereas the OR
among European ancestry women in that study was
1.23. If there is indeed a difference in effect size, the locus
may account for 26% (95% CI, 12%–44%) of the excess
incidence of triple-negative breast cancer in African
American women. The other ER SNP, rs8170, identified
in a European ancestry population and, to date, replicated

Table 4. Association of global percent African ancestry with breast cancer subtypes in the BWHS
Quintile of % African ancestry ERþ/PRþ cases ER/PR cases
(median in ERþ/PRþ)
N
N
ORa (95% CI)
1 (64.8)
2 (76.6)
3 (82.3)
4 (87.5)
5 (92.4)
Mean % African ancestry
a

73
61
78
73
51
79.9

37
45
55
40
52
81.6

1.00 (ref)
1.47 (0.84–2.60)
1.41 (0.82–2.43)
1.09 (0.62–1.91)
2.08 (1.16–3.71)
P ¼ 0.05

Triple negative cases
N
ORa (95% CI)
12
9
19
16
25
83.0

1.00 (ref)
0.92 (0.37–2.25)
1.57 (0.73–3.37)
1.20 (0.53–2.68)
3.04 (1.41–6.58)
P ¼ 0.008

ORs adjusted for age, geographic region of residence, and country of birth.
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only in European ancestry populations (12, 20), appears to
be specific to triple-negative breast cancer. Our study
provides the first evidence that this SNP is also associated
with triple-negative breast cancer in an African ancestry
population. This is a common variant, with a moderately
strong effect. In our data, the risk allele frequency was 0.25
in triple-negative cases and each allele was associated
with a 48% increase in risk; thus the causal variant tagged
by this allele may have an appreciable effect on risk of
triple-negative breast cancer. There is no evidence, however, that it would explain population differences in
incidence of subtypes, as both the risk allele frequency
and per allele ORs were similar in our study of African
American women and the previous study of European
ancestry women.
It is not clear how these variants (or more specifically
the causal variants they are tagging) may act to affect
risk of ER (and triple negative) breast cancer. SNP
rs10069690 in chromosome 5p15 is located in the TERT
gene, which encodes the reverse transcriptase of the
telomerase holoenzyme that controls telomere elongation.
Deregulation of telomerase activity has been linked with
the transformation process in a variety of cancer types.
SNP rs8170 in chromosome 19p13 is located in the
BABAM1 gene (also known as MERIT40 or C19orf62)
whose protein product is a component of the BRCA1-A
complex that plays a major role in the repair of DNA
damage. Recent evidence has shown that BRCA1 is also
present at the telomere (38) and is able to downregulate
telomerase activity (39), possibly in part through its presence in the telomere (38). It is noteworthy that most of the
BRCA1-associated breast cancers are triple-negative and
basal-like (40), and BRCA1-related pathways seem to be
deregulated in basal-like breast cancers (41). These observations suggest a potential synergistic action of the 5p15
and 19p13 SNPs. Mutations in the BABAM1 gene might
result in deregulation of the BRCA1-A complex activity.
A particular effect would be the failure of the BRCA1-A
complex to locate at the telomere and downregulate
telomerase activity. Because telomerase activity is regulated by a variety of mechanisms, mutations in the
BABAM1 may not increase risk of breast cancer per se;
rather they may make the carriers of such mutations more
susceptible to further deregulation of telomerase activity,
for example, through mutations in the TERT gene. To test
this hypothesis, we assessed possible interaction of SNPs
rs10069690 and rs8170 in relation to ER/PR and triplenegative breast cancer. Our results provided some evidence of a synergistic effect between the 2 SNPs, but the
interaction terms were not statistically significant (P ¼
0.24 for ER/PR breast cancer and P ¼ 0.37 for triplenegative breast cancer).
We have published previously on 2 specific loci (36, 42).
These BWHS reports were based on earlier genotyping
runs that did not include breast cancer cases from 2009
through 2011. In analyses of 906 cases and 1,111 controls,
we did not replicate the index SNP in the chromosome
16q12 locus, but in fine mapping, we identified an asso-
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ciation with breast cancer risk for 4 SNPs located in a small
LD block in the LOC643714 gene loci (42). In similar
analyses of the 5p12 locus in 886 BWHS cases and 1,089
controls, the P value was 0.06 for an association of the
index SNP rs4415084 with overall breast cancer risk and
0.03 for ERþ breast cancer (36). The association was
weaker in the present larger analysis of 1,199 cases and
1,949 controls, with a P value of 0.10 for the association
with overall breast cancer and 0.07 for ERþ/PRþ breast
cancer.
There have been several other previous reports on
transferability of European/Asian GWAS index SNPs in
African ancestry populations. In a combined analysis of 2
studies conducted by investigators at Vanderbilt University, 2 index SNPs were replicated, 1 in 10q26 and 1 in
chr2q35 (43). In a GWAS of African American cases and
controls from a collaboration of 9 case–control and cohort
studies (AABC), 4 index SNPs (at 2q35, 9q31, 10q26, and
19p13) were replicated (44). The 19p13 SNP replicated in
AABC (rs2363956), failed genotyping in our study, based
on Hardy–Weinberg equilibrium. The AABC did not
report results for rs8170 in 19p13. In GWAS data from
African American women in the Women’s Health Initiative, SNPs at 5p12 and 16q12.2 were replicated (45).
Finally, in data from a collaborative study that included
African ancestry cases and controls from Africa, Barbados, and the U.S. (46), the only index SNP replicated was a
SNP at 10q26. This study also replicated a SNP in 6q25 that
had been identified in multiethnic fine mapping of the
region (47), and a SNP in 16q12 that had been identified in
previously reported fine mapping in our study (42).
Among the previous replication studies, only the AABC
reported results according to ER and PR status (44). The
SNP at 2q35 was associated with ERþ cancer only; SNPs at
9q31 and 10q26 were associated with ER- cancer only; and
the SNP at 19p13 was associated with both types. We
observed an association with the 10q26 locus only for
ERþ/PRþ breast cancer and with the 19p13 locus only for
ER/PR cancer. In addition, whereas the AABC study
replicated the index SNP in the 9q31 locus reported by
Fletcher and colleagues (10), an opposite association was
observed in our study; our results may be due to chance
and, indeed, the P values for per allele ORs were 0.40 for
ER/PR cancer and 0.07 for overall breast cancer.
Previous research has shown that African American
women have a markedly higher incidence of both ER
breast cancer and triple-negative breast cancer (21, 24).
Here we show that global percent African vs. European
ancestry in African American women is associated with
subtype: relative to women with ERþ/PRþ breast cancer,
women with ER/PR cancer were twice as likely to be in
the highest quintile of African ancestry and women with
triple negative breast cancer were 3 times as likely to be in
that quintile. Fejerman and colleagues similarly found a
significant association of global ancestry with ER/PR
relative to ERþ/PRþ cancer, but did not assess triplenegative cancer (48). These findings suggest that there
may be African ancestry specific variants that increase
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susceptibility to specific subtypes of cancer. Therefore,
research that extends beyond replication of variants identified in populations with less genetic diversity is warranted. Such studies are likely to provide novel insight
into the pathogenesis of breast cancer especially breast
cancer in African ancestry populations.
A strength of our study is that all cases and controls
arose from the same population the 59,000 African American women who enrolled in BWHS cohort study in 1995.
This is likely to have minimized confounding due to
population stratification. In addition, all analyses were
adjusted for percent African versus European ancestry
based on a set of previously validated AIMs and were also
adjusted for geographic region of residence. Results from
immunohistochemistry assays conducted at the time of
breast cancer diagnosis were available for 52% of cases,
thus permitting separate analyses according to subtypes
defined by ER and PR status. A limitation is that HER2
assays have been routinely conducted only in recent years
and therefore HER2 data were available for 34% percent of
cases, limiting power to assess the triple-negative subtype
separately.
Another limitation is the overall sample size of 1,199
cases and 1,948 controls. Although this represents the
largest genetic analysis of breast cancer in African American women from a single study, we had only 20% power
to detect an OR of 1.10 for a risk allele with a frequency of
0.10. Insufficient power may explain our failure to replicate index SNPs in some of the loci assessed. An important
next step is to use the weaker LD in African ancestry
populations to fine map the regions identified by the index
SNPs, as we have previously shown for 2 loci (36, 42).
In summary, there are several important findings from
this study. We have shown that a SNP in 19p13.11,
previously shown to be associated with triple-negative
breast cancer in European ancestry populations, is also
associated with triple-negative breast cancer in an African
ancestry population. The risk allele of this SNP is common, appearing in 25% of triple negative cases in our
study. A second SNP, rs10069690 in the TERT gene, was
also replicated for triple-negative breast cancer and this
SNP has a markedly higher risk allele frequency in African
ancestry women than in European ancestry women. Three
other GWAS SNPs were replicated, either for all subtypes combined or for ERþ/PRþ breast cancer. The 5 loci

replicated in this African American population may hold
particular promise for uncovering transethnic functional
SNPs that will inform the pathophysiology of breast
cancer. In addition, we have shown, in an African American population, that percent African ancestry is strongly
associated with triple-negative breast cancer. This finding
provides further evidence that genetic factors play a role
in the disproportionately high prevalence of this breast
cancer subtype among African American women and
highlights the need for further discovery of variants that
contribute to this disparity.
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