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Abstract
Background—Using the Breast Cancer Association Consortium, the authors previously reported
that the single nucleotide polymorphism 7q21-rs6964587 (AKAP9-M463I) is associated with
breast cancer risk. The authors have now assessed this association more comprehensively using 16
independent case–control studies.

Methods—The authors genotyped 14 843 invasive case patients and 19 852 control subjects with
white European ancestry and 2595 invasive case patients and 2192 control subjects with Asian
ancestry. ORs were estimated by logistic regression, adjusted for study. Heterogeneity in ORs was
assessed by fitting interaction terms or by subclassifying case patients and applying polytomous
logistic regression.

Results—For white European women, the minor T allele of 7q21-rs6964587 was associated with
breast cancer risk under a recessive model (OR 1.07, 95% CI 1.00 to 1.13, p = 0.04). Results were
inconclusive for Asian women. From a combined analysis of 24 154 case patients and 33 376
control subjects of white European ancestry from the present and previous series, the best-fitting
model was recessive, with an estimated OR of 1.08 (95% CI 1.03 to 1.13, p = 0.001). The OR was
greater at younger ages (p trend = 0.01).

Conclusion—This may be the first common susceptibility allele for breast cancer to be
identified with a recessive mode of inheritance.

INTRODUCTION
In a previous publication, we reported that the M463I variant in the A-kinase anchoring
protein 9 gene (AKAP9) on chromosome 7 (7q21-rs6964587) was associated with breast
cancer risk, based on a study of 9523 patients with breast cancer and 13 770 control subjects
from seven independent European and Australian studies.1 The estimated OR for rare TT
homozygotes compared to GG homozygotes was 1.17 (95% CI 1.08 to 1.27, p = 0.0003).
We aimed to assess this association more comprehensively by extending the study of this
single nucleotide polymorphism to an additional 17 438 female patients with invasive breast
cancer and 22 044 female control subjects from 16 independent studies participating in the
Breast Cancer Association Consortium, by testing additional genetic models and by
considering different breast cancer subtypes defined by immunohistochemical tumour
markers.

MATERIALS AND METHODS
Eleven studies were conducted in Europe, two in the USA, one in Australia and two in Asia
(table 1). All studies provided information on disease status and ethnic group (white
European, Asian, other), as well as age at diagnosis and family history of breast cancer for
case patients; all except one (Karolinska Breast Cancer Study) provided age at interview for
control subjects. Patients with ‘genetically enriched’ breast cancer were defined as those
aged younger than 40 years at diagnosis, with bilateral breast cancer and/or with at least one
first-degree relative affected with breast cancer, corresponding to ‘familial’ cases in the
original publication.1 Oestrogen receptor (ER) status and progesterone receptor (PR) status
were provided for a subset of 12 385 (77% positive) and 11 347 (63% positive) white
European case patients, respectively, while human epidermal growth factor receptor 2
(HER2) status was provided for 5322 (15% positive) white European case patients (table 1).
These variables were also obtained for 6228 (77% positive), 5400 (67% positive) and 3614
(18% positive) white European case patients, respectively, from studies that contributed data
to the previously published analysis.1 This histopathology information was generally
abstracted from medical reports. Subjects who reported having ethnicity other than white
European were excluded, with the exception of those from the two Asian studies (Seoul
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Breast Cancer Study and Taiwanese Breast Cancer Study), for which only subjects of Asian
origin were included. All subjects gave written informed consent, and each study was
approved by relevant local institutional review boards.

The method used by each study to genotype 7q21-rs6964587 is provided in table 1. All
studies complied with the Breast Cancer Association Consortium genotyping quality control
standards by including at least 2% of samples in duplicate and a common set of 93 CEPH
(Centre d’Etude du Polymorphisme Humain) DNAs used by the HapMap Consortium
(HAPMAPPT01; Coriell Institute for Medical Research, Camden, New Jersey, USA).

The association of 7q21-rs6964587 with breast cancer risk was assessed by estimating
genotype-specific and per-allele ORs using multivariate logistic regression, with study as a
categorical covariate. Dominant and recessive models were also considered. Additional
adjustment for age made no substantial difference to the results. The best-fitting genetic
model was identified using Akaike’s Information Criterion (AIC), which is defined as AIC =
−2*(ln(likelihood))+2*(number of parameters).18 Between-study heterogeneity in ORs was
assessed using a likelihood ratio test (LRT) comparing the model with interaction terms for
the per-allele, dominant or recessive (df = 1), or genotype-specific (df = 2), log-OR by study
to the model with no interaction terms. Differences in ORs by ethnicity and age were
evaluated using a similar LRT. Differences in ORs between case patient groups defined by
ER, PR and HER2 status were tested for white Europeans by an LRT comparing polytomous
logistic regression models with and without the per-allele, dominant or recessive (all df = 1)
or genotype-specific (df = 2) log-OR constrained to be equal for the two corresponding case
patient groups. This LRTwas also used to test the enrichment of the putative risk
genotype(s) in AKAP9-rs6964587 in selected case patients, even though the OR estimate for
genetically enriched case patients cannot be interpreted as a RR.19 All statistical tests were
two-sided. The term ‘statistically significant’ implies p<0.05. All analyses were carried out
using Stata: Release 10 (StataCorp).

RESULTS
A minimum genotype concordance of 98% for duplicated samples and 95% for the CEPH
samples was observed in all 16 studies, as were minimum genotype calls of 95% for case
patients and control subjects. Based on Pearson’s χ2 test applied to control subjects,
statistical evidence of departure from Hardy–Weinberg equilibrium was observed for two
studies (Genetic Epidemiology Study of Breast Cancer by Age 50 (GESBCS) and Mayo
Clinic Breast Cancer Study; p = 0.03 and 0.02, respectively); for both studies, cluster plots
were double-checked visually and determined to be of high quality, and all their genotype
data were therefore included in the final analysis.

Initial analyses were based on 14 843 case patients and 19 852 control subjects with white
European ancestry and 2595 case patients and 2192 control subjects with Asian ancestry.
The estimated frequency of the minor (T) allele at 7q21-rs6964587 in control subjects was
0.39 for white Europeans (range among studies 0.37 to 0.42) but lower for Asians (0.17 in
both studies) (supplementary table 1). The OR estimate for white Europeans was 1.01 (95%
CI 0.98 to 1.04, p = 0.5) per T allele, 0.97 (95% CI 0.92 to 1.02, p = 0.2) for genotype GT
versus GG and 1.05 (95% CI 0.98 to 1.12, p = 0.2) for TT versus GG. The corresponding
estimates for Asians were 1.07 (95% CI 0.96 to 1.19, p = 0.2), 1.06 (95% CI 0.93 to 1.20, p
= 0.4) and 1.16 (95% CI 0.83 to 1.62, p = 0.4), although ORs did not differ by ethnicity
(p>0.4). In contrast to the previous analysis,1 there was no evidence of association for white
Europeans under a dominant model (OR 0.99, 95% CI 0.94 to 1.03, p = 0.6). However, there
was evidence of increased risk under a recessive model (OR 1.07, 95% CI 1.00 to 1.13, p =
0.04). Study-specific OR estimates are provided in figure 1 and in supplementary figure 1.
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As observed in the previous publication1 for the models tested, the recessive OR estimate
was greater when case patients with genetically enriched breast cancer were compared to
controls (OR 1.13, 95% CI 1.03 to 1.24, p = 0.01). We reanalysed the data from Frank et al1

based on 9311 case patients and 13 524 control subjects of white European ancestry and
obtained consistent estimates under the recessive model (OR 1.10, 95% CI 1.02 to 1.19, p =
0.01).

When we combined the data from the 21 studies of white Europeans in the present
replication series and those in Frank et al1 (24 154 case patients and 33 376 control subjects
in total), we obtained OR estimates of 1.01 (95% CI 0.97 to 1.05, p = 0.6) for genotype GT
versus GG and 1.09 (95% CI 1.03 to 1.15, p = 0.002) for TT versus GG. While a log-
additive model could not be rejected (per-allele OR 1.04, 95% CI 1.01 to 1.06, p = 0.006,
AIC = 74 083.4), the best-fitting model was recessive (AIC = 74 080.6), giving an estimated
OR of 1.08 (95% CI 1.03 to 1.13, p = 0.001). The combined recessive OR estimate was
higher (OR 1.14, 95% CI 1.06 to 1.22, p = 0.0005), but not statistically significantly so (p =
0.09), when case patients with genetically enriched breast cancer were compared to controls.
However, the recessively increased risk was stronger for younger women, with estimated
ORs of 1.22 (95% CI 1.02 to 1.45), 1.11 (95% CI 1.03 to 1.19) and 1.01 (95% CI 0.93 to
1.09) for women aged <40, 40–59 and 60 years or older, respectively (p trend = 0.01). There
was no evidence of heterogeneity in ORs under any model by study (p≥0.2), and results
were consistent across analyses excluding each study, one by one (supplementary table 2),
suggesting that no single study was driving them. There was also no evidence of
heterogeneity in ORs by tumour ER, PR or HER2 status (p≥0.2) (supplementary table 3).

DISCUSSION
The present study has found independent evidence of an association between 7q21-
rs6964587 and breast cancer risk for white women of European origin. This combined
analysis of more than 57 000 white European women suggests that homozygotes for the T
allele have an average 8% increased risk compared to G allele homozygotes, with no
evidence of an increased risk for heterozygotes, and this increased risk was greater for
younger women. The results were inconclusive for Asian women, which was not surprising
given the smaller sample size and that the Tallele is less frequent; the estimated power to
detect a recessive OR of 1.08 at 5% statistical significance was 6%. Given that the
replication study was 50% larger than the previous study,1 that no evidence of log-additive
or dominant association was found (p≥0.5) and that the results of the previous study were
consistent with the association being recessive, it seems reasonable to assume that the
previously reported increased risk for genotype GT versus GG was due to chance.

This may be the first common variant found to be associated with breast cancer risk under a
recessive mode of inheritance. However, because T allele homozygotes are relatively
uncommon, further large studies will be needed to estimate the associated RR reliably. The
7q21-rs6964587 variant is a potentially deleterious20 non-synonymous coding single
nucleotide polymorphism in AKAP9. It is in strong linkage disequilibrium (r2 = 0.971) with
7q21-rs6960867 (AKAP9-N2792S), which has also been suggested to be potentially
deleterious.20 However, it is not clear that either variant is causal. They are located in a
region of high linkage disequilibrium that spans beyond AKAP9, and so the association, if
real, may be due to a causal relationship with a variant in another gene nearby. Again,
further studies will be required to identify a causal variant.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
OR estimates and their associated 95% CIs under a recessive model, by study. The area of
the box/diamond is inversely proportional to the standard error of the log-OR estimate.
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