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Abstract
Estrogen metabolism and growth factor signaling pathway genes play key roles in breast cancer
development. We evaluated associations between breast cancer and tagging SNPs of 107
candidate genes of these pathways using single allele- and haplotype-based tests. We first sought
concordance of associations between two study populations: the Nashville Breast Cohort (510
cases, 988 controls), and the Cancer Genetic Markers of Susceptibility breast cancer study (1,145
cases, 1,142 controls). Findings across the two study populations were concordant at tagging SNPs
of six genes, and at previously published SNPs of FGFR2. We sought further replication of results
for EGFR, NCOA7, and FGFR2 in the independent Collaborative Breast Cancer Study (1,552
cases, 1,185 controls). Associations at NCOA7 and FGFR2 replicated across all three studies. The
association at NCOA7 on 6q22.32, detected by a haplotype spanning the initial protein-coding
exon (5′ - rs9375411, rs11967627, rs549438, rs529858, rs490361, rs17708107 - 3′), has not been
previously reported. The haplotype had a significant inverse association with breast cancer in each
study (ORHet 0.69 (NBC), 0.76 (CGEMS), 0.79 (CBCS)), and a meta-analysis ORHet of 0.75
(95% CI 0.65-0.87, P = 1.4 × 10-4) in the combined study populations. The haplotype frequency
was 0.07 among cases, and 0.09 among controls; homozygotes were infrequent and each ORHom
was not significant. NCOA7 encodes a nuclear receptor co-activator that interacts with estrogen
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receptor α to modulate its activity. These observations provide consistent evidence that genetic
variants at the NCOA7 locus may confer a reduced risk of breast cancer.
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Introduction
Breast cancer is one of the most common malignancies among women worldwide.
Epidemiological studies show that first-degree female relatives of women with breast cancer
are at approximately two-fold increased risk of developing the disease, and twin studies
suggest that 27% of risk for breast cancer is heritable (1). The comprehensive identification
of both risk and protective alleles may yield important risk prediction models (2, 3).
Mendelian, high- and moderate-penetrance breast cancer susceptibility genes together
account for approximately one fifth of the observed heritable risk for breast cancer (4-13).
Susceptibility alleles identified in genome-wide association studies (GWAS) have smaller
effects on relative breast cancer risk (1.2 to 1.7 fold relative risks), but have a relatively high
population prevalence with allele frequencies of 5% to 50% (12). At present, these account
for approximately 8% of observed heritable risk (13-22). Several variants identified by
GWAS of breast cancer are in genes of growth factor signaling and estrogen metabolism
pathways, pathways previously known to play key roles in the development of breast cancer.

We describe an ongoing multi-stage association study of breast cancer risk investigating
candidate genes of growth factor signaling and estrogen metabolism pathways. We
employed a tagging SNP approach to efficiently detect genetic variation associated with
breast cancer based upon known patterns of linkage disequilibrium among regional SNPs. In
contrast to prior studies using a single SNP allele approach, we additionally employed a
systematic haplotype-based analytic strategy to better capture ancestral genetic diversity for
tests of association. We inferred the extant haplotypes of the study population at a given
region of the genome, representing the ancestral versions of the region, any of which could
harbor a disease-associated genetic variant. Haplotypes can more directly mark a disease
variant than individual SNP alleles, and enable more powerful tests of association. Statistical
multiple comparisons were addressed through sequential replication of observations across
independent study populations. Our principal study population is a cohort of women with
pathologically defined forms of benign breast disease, among them women with benign
proliferative breast disease at increased risk of subsequently developing invasive breast
cancer. This enabled correlation of identified genetic risk factors for breast cancer with
presence of potential histological precursor lesions.

Materials and Methods
Overview

We conducted a nested case-control investigation of women within the Nashville Breast
Cohort (NBC) (23-26), a longitudinal study of women diagnosed with benign breast disease,
a subset of whom later developed invasive breast cancer. We evaluated associations between
breast cancer and common SNPs in 107 candidate genes in the NBC study population, and
compared the results to parallel analyses from the Cancer Genetic Markers of Susceptibility
(CGEMS) breast cancer study data (16), seeking concordant observations. We further
replicated the concordant association of variants at three genes with breast cancer risk in the
independent Collaborative Breast Cancer Study (CBCS) (27). Finally, we investigated
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potential interaction of the genetic and benign proliferative breast disease risk factors among
women of the NBC.

Study Subjects
The Nashville Breast Cohort (NBC) is an ongoing, retrospective cohort study of 17,030
predominantly Caucasian women who underwent a breast biopsy that revealed benign
parenchyma or fibroadenoma at Vanderbilt, St. Thomas, and Baptist Hospitals in Nashville,
Tennessee from 1954 to the present. Benign proliferative breast lesions carry an increased
risk for subsequent invasive breast cancer, and are believed to be a non-obligate precursor
lesion (28-30). Roughly a third of the subjects of the cohort had this form of benign breast
disease. Extensive histopathological data and benign breast disease biopsies accompany
each of the subjects of the NBC. The source of germline DNA for NBC subjects is the
archival (FFPE) benign tissue biopsy. Additional details on the NBC have been published
elsewhere (24, 26). Entry biopsy FFPE blocks and complete follow up were available for
8,897 women of the cohort, of whom 575 developed incident breast cancer and were
Caucasian. The mean age of cases of the NBC at benign breast biopsy was 45 (range 16 to
75) and at breast cancer diagnosis was 61 (range 32 to 96); 80% were postmenopausal at
breast cancer diagnosis. We performed a nested case-control study, as previously described
(23). Briefly, for each case we selected two controls from the risk set of women who had not
been diagnosed with breast cancer in a similar period of observation. These controls were
selected without replacement. Controls were matched to cases by age, race, and year of entry
biopsy. DNA extraction was done by standard paraffin removal, proteinase K digestion,
phenol/chloroform extraction, and ethanol precipitation. Successful DNA extractions from
benign archival entry biopsy specimens were performed for 549 of the 575 Caucasian cases
(95.5%). A total of 510 of the 549 cases were matched to controls for whom DNA
extractions were also successful. Successful DNA extraction was achieved for 988 of the
1020 selected controls (96.9%). The study included a total of 478 trios (1 case matched to 2
controls), and 32 pairs (1 case matched to 1 control). The original archival FFPE biopsy
blocks (benign tissue) that were used for DNA extraction generally were quite old: 13.3%
date to the 1950s, 28.3% to the 1960s, 39.3% to the 1970s, 15.5% to the 1980s, 3.5% to the
1990s, and 0.1% to the 2000s (2002 was the most recent).

Two independent Caucasian study populations were used for replication of significant
associations identified in the NBC, both well described within the published literature. The
first is the CGEMS GWAS with 1,145 postmenopausal breast cancer cases and 1,142
controls from the Nurses' Health Study (16). This was an existing data set available for our
analysis. Age at diagnosis for CGEMS cases was provided in five-year intervals, with a
median interval of 65-69. The second study population is the Collaborative Breast Cancer
Study, for which buccal cell DNA samples were available for our genotyping for 1,552
cases and 1,185 controls (27). The mean age at diagnosis of cases of the CBCS was 54
(range 28-73); 59% were postmenopausal at breast cancer diagnosis.

Selection of Candidate Genes and Variants
We selected genes in estrogen metabolism pathways and growth factor signaling pathways
using databases of gene function, of biochemical pathways, and of protein-protein
interaction (BioCarta, KEGG, OMIM, Entrez Gene, BIND, and HPRD). These searches
yielded a set of 870 candidate genes in the targeted pathways. Among these, 107 were
selected for this first-round investigation (others remain under ongoing study). We selected
tagging SNPs based upon HapMap data for Caucasian (CEU) subjects (31). We identified
HapMap SNPs within a gene and 20 kb flanking intervals, omitting SNPs with a minor
allele frequency < 0.05 or within non-unique sequences. SNPs were assigned to linkage
disequilibrium (LD) bins using LDSelect (r2 ≥ 0.8) (32). A SNP categorized as a candidate
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functional SNP or represented on Illumina GWAS chips was preferentially selected as the
tag for a given LD bin. Tagging SNPs for each gene are provided in SupplementaryTable 1.

Genotyping of NBC and CBCS Subjects
Genotypes of CGEMS subjects became available as an in silico dataset from the National
Institutes of Health during the course of this study, while genotypes of NBC and CBCS
subjects were directly assayed. Genotyping was accomplished using the Illumina
GoldenGate assay (Illumina, San Diego, CA). GoldenGate chemistry combines allele-
specific primer extension, adapter ligation, and universal amplification of a highly
multiplexed assay on a bead-based microarray system (33, 34). Genotyping of 1,613 SNPs
was attempted in NBC subjects, encompassing the set of 107 genes; 1,469 SNPs (91%)
successfully converted for assay (given in Supplementary Table 1). Saliva DNA samples
were genotyped for a subset of 56 living NBC study subjects for comparison to the genotype
of the original FFPE benign breast disease tissue block (dating from 1963 to 1994) of the
same subjects. FFPE DNA genotyping fidelity was estimated to be 99.5%: 81,692 of 82,096
saliva DNA / FFPE DNA genotype pairs were concordant. On average, each 96-well plate
of DNA that was genotyped contained 3.3 duplicate DNA samples of these pairs. For CBCS
study DNA samples, each 96 well plate contained an average of 5.4 duplicate DNA samples
(231 duplicate pairs in total), and 20,534 of 20,585 genotype pairs (99.8%) were concordant.
We successfully obtained 2,628,086 of 2,636,946 (99.7%) attempted genotypes of the NBC
and CBCS study subjects.

Statistical Analysis
We implemented BEAGLE version 3.1.0 (35, 36) within custom software to impute missing
genotypes and determine haplotypes for each sample, across each gene. Systematic tests of
association were then performed for sliding windows of SNPs across each gene. These
windows varied in width from 1 to 10 SNPs; “sliding” involved scanning a given window
consisting of a fixed number of SNPs along a gene one SNP at a time. At each step a test of
association with breast cancer was performed. Thus both single allele- (one SNP) and
haplotype-based analyses (two to ten SNPs) were conducted. Haplotype-based analytic
strategies can be more powerful when the disease variant is not directly tagged (37-40).
Overlapping windows are typically observed to redundantly detect a given association with
this range of window sizes. Where a given genotype assay failed for a NBC or CBCS study
subject, we imputed the missing data if it could be assigned with probability of 1.0. After
imputation, only 0.16% of genotypes were missing in these subjects. Subjects with missing
genotypes for a given haplotype were excluded from analysis. Genotypes of SNPs assayed
in the NBC and CBCS studies, but not directly assayed in the CGEMS study, were imputed
for CGEMS subjects by BEAGLE with a mean probability of 0.94 (35, 36). To accomplish
this, BEAGLE used the known genotypes for NBC, CGEMS and reference HapMap CEU
trios for a given gene, as well as HapMap genotypes of 500 SNPs to each flank as additional
input.

Conditional logistic regression analyses of the NBC data were used to estimate breast cancer
odds ratios (ORs), adjusted for age at entry biopsy and year of entry biopsy. Unconditional
logistic regression was used to calculate these ORs in the CGEMS and CBCS studies,
adjusted for age. The ORs, 95% confidence intervals (CIs), and P-values were derived under
a model that included two β parameters to concurrently assess the risk in those heterozygous
or homozygous for the allele or haplotype under consideration. Associations between
genotype and breast cancer were considered to be nominally significant if the associated
two-sided P value was less than 0.05. The associations of particular interest in this paper
were those that were significant in all three study populations. Note that haplotypes consist
of alleles of multiple SNPs on the same chromosome. Subjects who are homozygous for a
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haplotype are homozygous at each SNP of the haplotype. Subjects who are heterozygous
have one copy of the haplotype and one of a distinct haplotype; the subject must be
heterozygous at a least one of the haplotype's SNPs. The combined analyses of all three data
sets were performed in two ways. First, we combined all three studies together for each
haplotype using a fixed-effects meta-analysis (41). An accompanying test of inter-study
heterogeneity for all odds ratios of FGFR2 and of NCOA7 was not significant, but was
significant for six of eighteen odds ratios of EGFR (Table 2). These tests of heterogeneity
used a χ2 statistic derived by the metan program (42). Second, we analyzed data of all three
studies combined using unconditional logistic regression, adjusting for age and study site.
For NBC women in this combined analyses, individual matching of cases to controls was
ignored. This second analysis was highly consistent with the first analysis, with somewhat
more significant P values.

A variant that concordantly replicated as a breast cancer risk factor within the NBC,
CGEMS, and CBCS studies was then further analyzed for evidence of statistical interaction
with a history of benign proliferative breast disease. Benign breast disease histology was
uniquely available for subjects of the NBC, all of whom had forms of biopsy-proven benign
breast disease. We derived the combined effects on breast cancer risk of haplotype and
proliferative disease (PD) in the patient's entry biopsy. These models contained two
parameters for the heterozygous or homozygous haplotype under consideration, a parameter
for PD, two interaction parameters for the joint effects of heterozygous and homozygous
haplotypes with PD, age at entry biopsy, and year of entry biopsy.

Results
We employed sliding window single allele- and haplotype-based tests to systematically seek
concordant associations with breast cancer risk in both the NBC and CGEMS breast cancer
studies. We evaluated tagging SNPs of 107 candidate genes, as well as previously published
GWAS SNPs in FGFR2 and ESR1. Figure 1 presents the log-transformed significance of all
sliding window tests conducted within the NBC and CGEMS studies. These included all
single allele- and haplotype-based tests at each gene. Genetic variants of six genes (EGFR,
ESRRG, NCOA2, NCOA7, PRMT8, and VDR), as well as the GWAS SNPs in FGFR2, were
associated with breast cancer risk in both studies (Figure 1, red highlight for CGEMS, green
highlight for NBC). ESR1 GWAS SNPs (rs10872676, rs2046210, and rs3020314) were not
significant in either study population. All concordant results of NBC and CGEMS study
subjects among these 107 candidate genes are detailed in Table 1 and in Supplementary
Table 2.

We completed analysis of tagging SNPs of two of the six genes, EGFR and NCOA7, as well
as the GWAS SNPs of FGFR2, in the independent CBCS population. The remaining four
genes shown in Supplementary Table 2 are pending further investigation. Table 1 presents
nominally significant tests of association for EGFR, NCOA7, and FGFR2 in the NBC and
CGEMS studies; Table 2 presents results for the CBCS study, and for a meta-analysis of all
three studies combined. Only FGFR2 and NCOA7 were associated with breast cancer in the
independent CBCS study population. FGFR2 carries known susceptibility variants
confirmed in prior GWAS (rs11200014, rs2981579, rs1219648, and rs2420946), whereas
the association at NCOA7 on 6q22.32 has not been previously reported. Six common
NCOA7 haplotypes are detected by rs9375411, rs11967627, rs549438, rs529858, rs490361,
and rs17708107; one haplotype was consistently more common among controls than among
cases (Tables 1, 2, and 3). This haplotype spans the initial protein-coding exon and its
flanking introns, in a region of intermediate LD that extends to the neighboring gene (HEY2
and HINT3, see Supplementary Figure 1). This NCOA7 haplotype had a significant inverse
association with breast cancer in each study (ORHet of 0.69 (NBC), 0.76 (CGEMS), 0.79
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(CBCS)); meta-analysis combining all three studies yielded an ORHet of 0.75 (P = 1.4 ×
10-4). The test of heterogeneity of these study odds ratios studies was not significant (P =
0.77). An alternative logistic regression analysis of the combined data of these study
populations that adjusted for age and for study site provided similar results (for example, the
NCOA7 haplotype GATGCA yielded an ORHet of 0.75 (95% CI 0.65-0.87, P = 1.4 × 10-4).
A test for trend based on a simple additive logistic regression model of the combined data of
the studies, adjusted for age, yielded an OR of 0.77 (95% CI 0.68-0.88, P = 1.4 × 10-4).
With a control frequency of 0.09, homozygotes for the NCOA7 haplotype were infrequent
and our power was limited to accurately estimate the effect of the homozygous state.

We investigated the hypothesis that either of two replicating genetic variants (NCOA7
GATGCA haplotype heterozygote or the FGFR2 rs1219648 G allele homozygote) might
alter risk of breast cancer associated with a history of PD in NBC subjects. Women with a
history of PD had a 66% excess risk of breast cancer (OR = 1.66; 95% CI, 1.32 – 2.10; P =
1.7×10-5). Among women without PD, those who were heterozygous for the NCOA7
haplotype had an OR of 0.53 (95% CI 0.32 – 0.89, P = 0.017) compared to women who did
not inherit the haplotype. Women with both PD and the heterozygous NCOA7 haplotype had
an OR of 0.83 (95% CI, 0.45-1.53; P = 0.54) compared to women without PD and without
the haplotype. This suggests that the haplotype attenuated the excess risk associated with
PD. Among women without PD, those who were homozygous for the risk allele of FGFR2
had an OR of 1.42 (95% CI 0.90–2.25, P = 0.13) compared to women homozygous for the
alternative allele. Women with PD who were homozygous for the risk allele of FGFR2 had
an OR of 2.40 (95% CI, 1.20 – 4.81; P = 0.013) compared to women without PD and who
were homozygous for the alternative allele. The tests of interaction (i.e. departure from the
multiplicative model) between PD and NCOA7, and between PD and FGFR2 were not
significant.

Discussion
This multi-stage study investigated the potential role of candidate genes of estrogen
metabolism pathways and growth factor signaling pathways in breast cancer risk within
three well-characterized cohorts. Our current results identify a novel haplotype at NCOA7
that is associated with a reduction in breast cancer risk. The NCOA7 haplotype had a
consistent significant inverse association with breast cancer in each of three independent
study populations. Each of the individual SNPs that comprise the haplotype failed to detect
the association, and illustrate the potential for improved detection of genetic associations
through haplotype-based analysis (see Table 3). Our results also replicated the known risk
association of SNPs of the second intron of FGFR2. At FGFR2, the four genotyped SNPs
(each previously published) distinguish only two common haplotypes of equally significant
opposite effect. However, CGEMS data of this region of FGFR2 includes additional SNPs
(seven, from rs11200014 to rs2420946) that discern four common haplotypes. Among them,
a haplotype that is inversely associated with breast cancer is the most significant (data not
shown). Thus, at both NCOA7 and FGFR2, prominent haplotypes were observed to be
inversely associated with breast cancer.

Among the set of genes explored, a number of additional genes were also associated with
breast cancer in both the NBC and CGEMS (detailed in Supplementary Table 2). Each of
these genes is plausibly linked to breast cancer risk, including: ESRRG (encoding an
estrogen-related receptor), NCOA2 (encoding a nuclear receptor co-activator), PRMT8 (a
member of a gene family, some known to act as steroid receptor co-activators), and VDR (a
gene with a long investigational history in epidemiological studies of cancer risk). Further
study in the CBCS and additional populations is needed to discern true from false positive
observations among them. NCOA7 encodes a nuclear receptor co-activator that directly
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interacts with estrogen receptor α to modulate its activity. NCOA7 is recruited to estrogen
receptor α target gene promoters following estradiol treatment in a dynamic fashion, similar
to other co-activators. But NCOA7 is not similar to other co-activators in sequence or
structure, and may represent a novel co-activator class. The ability of NCOA7 to bind ERβ,
TRβ, PPARγ, and RARα has also been demonstrated (43). Variants affecting NCOA7 co-
activator functions could impact hormone-induced gene transcription. Alternatively,
NCOA7 may function in the prevention of oxidative DNA damage (44) by estrogen
quinones as a mechanism for carcinogenesis (reviewed in (45)).

The associated NCOA7 haplotype encompassed the initial protein-encoding exon and was
not efficiently tagged by any of the individual SNPs evaluated within the gene and its
flanking sequence (20 kb upstream or downstream). A maximum r2 of 0.20 was observed
between the haplotype and tagging SNP rs490361 among NBC subjects. In HapMap data of
Caucasians, the 140 kb gene resides within a larger region of moderate linkage
disequilibrium, spanning approximately 250 kb (Supplementary Figure 1). The NCOA7
haplotype is not in notable linkage disequilibrium with other individual HapMap SNPs of
the 250 kb interval (maximum r2 =0.16 with rs674859). It is possible that the association
signal that we detected at NCOA7 may be attributable to variation anywhere within the
larger region of linkage disequilibrium. The identification of candidate functional variants
will require additional investigation of this interval, including the genes HEY2, NCOA7, and
HINT3.

The first stage of this study was conducted using samples from the Nashville Breast Cohort,
whose participants all have a history of benign breast disease. Studies have shown that those
with benign proliferative breast disease have an approximately two-fold increase in breast
cancer risk (24-26, 28, 29, 46). Epithelial hyperplastic breast lesions are thought to represent
an initial step in a non-obligate path that can result in invasive breast cancer (28, 30). Given
this, one might anticipate that this histologic risk factor could interact with additional
genetic risk factors for the development of breast cancer. We observed that the joint effects
of the genetic (FGFR2 or NCOA7) and histologic risk factors on breast cancer risk appear to
be multiplicative. It is possible that proliferative breast disease is on a causal pathway
between genotype and breast cancer, or that genotype directly affects the risk of both
proliferative breast disease and breast cancer. Our nested case-control study was not
designed to distinguish between these two hypotheses.

We initially conducted an exploratory analysis of the NBC of 1,469 tagging SNPs from 107
genes associated with estrogen metabolism and growth factor signaling pathways. The
source of DNA from the NBC was from archival FFPE benign breast tissue. DNA from this
source was not amenable to current chip-based GWAS techniques, but was amenable to
alternative moderate-throughput methods. In our sliding window analytic approach we
evaluated 199,937 overlapping single allele and haplotype windows in the NBC. The extent
of this overlap meant that many of these tests were highly correlated and were effectively
evaluating the same variation in allele frequencies between cases and controls. Nevertheless,
the risk of spurious findings in our original analysis due to multiple comparisons artifacts
was very high. To address this, we replicated our results in the CGEMS study population,
and then again in the CBCS study population. The fact that an NCOA7 haplotype was
significantly associated with breast cancer risk in all three of these studies markedly
increases the likelihood that this association is real. However, further investigation in
independent study populations is warranted.

An association at NCOA7 has not previously been described by GWAS of breast cancer.
Five GWAS investigations of breast cancer have identified twenty-three susceptibility loci
to date. Each of these studies have conducted single-allele analyses as the principal analytic
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strategy, and have sought sequential replication of observations to discern true from false
positive results. One of the discovered loci resides at 6q22.33, initially detected by the SNP
rs2180341 (20, 47, 48). This locus is 1.4 Mb telomeric to NCOA7; the two loci are not in
linkage disequilibrium. Single-allele analysis of tagging SNPs at NCOA7 failed to detect an
association in the NBC, CGEMS, or CBCS breast cancer study populations. Only haplotype-
based analysis detected the association within these study populations. Given this
observation, single allele analysis within each of the GWAS studies might not be likely to
detect the association at NCOA7. CGEMS GWAS data was accessible to us for haplotype-
based investigation, and was concordant.

The goal of this project has been to identify genetic factors that permit the identification of
women who are at particular risk for breast cancer and for whom informed clinical decisions
regarding prevention are valuable. The risks conferred by individual common variants
identified to date are small. Risk profiles generated by these alleles may be useful in
stratification of population risk, but they do not yet have sufficient positive predictive value
for individual assessment (2, 3). The portfolio of genetic variants inherited by an individual
includes both risk and protective alleles. More comprehensive knowledge of risk-modifying
genetic variants is needed for development of clinically useful risk-stratification tests. Such
tests may in the future improve clinical care by identifying women who would most benefit
from more intensive screening, those who may be at particularly increased risk if they were
to take hormone replacement therapy, or those who may benefit from prophylactic
treatment.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Association of breast cancer with evaluated estrogen and growth factor signaling pathway
genes. Data of the Nashville Breast Cohort (NBC) and of the CGEMS breast cancer study
are jointly illustrated. A Manhattan plot shows −log10(P-values) from sliding-window
analysis of tagging SNPs of 107 genes, and of published GWAS SNPs in ESR1 and FGFR2.
Windows ranged in width from 1 SNP (single allele analysis) to 10 SNPs (haplotype
analysis). All statistical tests conducted in NBC and CGEMS study data are plotted. A given
data point depicted at a SNP may represent either a single allele test, or a test of a haplotype
beginning at the SNP and that extends to the right (corresponding to the window width).
Data points include both those for the heterozygous and for the homozygous state for each
variant. Data points plotted above the horizontal midline correspond to a test with an OR >1,
while those plotted below it correspond to a test with an OR <1. Highlighted data points in 7
genes (named in solid boxes) each designate a genetic variant that was significant within
NBC data (green) and also within the corresponding analysis of CGEMS data (red). Black/
blue shading distinguishes adjacent genes of the figure.
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Table 3

NCOA7 haplotype and single SNP analyses.

Results are those of a meta-analysis of the combined NBC, CGEMS and CBCS study populations.
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