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Introduction
A number of epidemiological studies, including prospective studies, have found a positive
association between blood estrogen levels and breast cancer risk, supporting the notion that
estrogen plays a central role in the pathogenesis of this common malignancy (1). The
association between endogenous estrogen exposure and breast cancer risk could be explained,
in part, by genetic factors that affect estrogen biosynthesis, metabolism, and signal
transduction. The CYP19A1 gene plays a central role in estrogen biosynthesis. The gene
encodes aromatase, the enzyme that catalyses the conversion of androstenedione to estrone
and testosterone to estradiol in both ovarian granulosa cells and peripheral adipose tissue.
Several studies have described an overexpression of the CYP19A1 gene in human breast tumors
and surrounding tissue, suggesting that aromatase plays a role in the in situ production of
estrogen in breast tissues. It has been hypothesized that CYP19A1 gene polymorphisms may
affect estrogen biosynthesis, and thus these polymorphisms may modify the risk of breast
cancer. Several SNPs in the CYP19A1 gene have been evaluated in relation to breast cancer
risk with mixed results (2-11). In this study, we comprehensively evaluated the association
between the CYP19A1 gene polymorphisms and breast cancer risk among Chinese women
using the data from the Shanghai Breast Cancer Study, a large-scale, population-based case-
control study conducted among Chinese women in Shanghai.

Materials and Methods
Cases and controls in this study were participants of the Shanghai Breast Cancer Study.
Detailed study methods have been published elsewhere (12,13). The study included 1,459
women between the ages of 25 and 64 and 1,556 age frequency-matched controls. Blood
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samples were obtained from 1,193 (82%) cases and 1,310 (84%) controls who completed the
in-person interviews. 1,140 cases and 1,244 controls were genotyped successfully in this study.

Haplotype-tagging SNP (htSNP) were selected based on the data provided in a study conducted
by Haiman et al. (3). In that study, 25 htSNPs were identified to capture the variation of the
CYP19A1 gene. Among the 25 htSNPs, 2 SNPs had a minor allele frequency of <1% in the
Japanese population and 4 SNPs were African-American-specific polymorphisms. Thus, 19
htSNPs were identified to capture the variations of the CYP19A1 gene in the Japanese
population (3). Because the pattern of genetic variation is similar in Japanese and Chinese
populations (14), we used the 19 informative htSNPs reported in Haiman's study for the
Japanese population to define haplotypes in our study. We also genotyped rs2304463 and
included this SNP in the single SNP analyses. The SNP locus/position, LD block, and locations
are shown in Appendix 1. In addition, we included the (TTTA)n repeat polymorphism in intron
4 in the study.

Two SNPs (rs1004984 and rs230463) were genotyped in 2004 by BioServe Biotechnologies,
Ltd (Laurel, MD) using Masscode assay. One SNP (rs700519) was genotyped in 2002 using
the PCR-RFLP method and the genotypes were confirmed by direct sequencing using BigDye
Terminator Chemistry on an ABI PRISM® 3700 automated DNA Analyzer. Genotypes for the
other 17 SNPs were conducted from 2003 to 2004 using the TaqMan genotyping assay in ABI
PRISM 7900 Sequence Detection Systems (Applied Biosystems, Foster City, CA). Details of
the genotyping methods are described in Appendix I. The genotyping for the (TTTA)n repeat
polymorphism in intron 4 was performed by detection of fluorescent amplimers on an ABI
3700 automated DNA sequencer as reported earlier (13) using the following primers: F: 5′-
GAGGTTACAGTGAGCCAAG-3′ and R: 5′-gtgtcCAGGTACTTAGTTAGCTAC-3′.
Sequenced alleles enabled distinction of amplimer size variation as a function of STR allele
length and of the adjacent 3 bp insertion/deletion located approximately 50 bp upstream of the
(TTTA)n repeat. Quality control (QC) samples were included in the genotyping assays. The
consistency rate for QC samples was 98.7%. In addition, we genotyped rs1902584 in 45 DNA
samples of the Chinese participants used in the International HapMap project
(http://www.hapmap.org) and 24 DNA samples used in the Perlegen
(http://genome.perlegen.com) database as an additional quality control. The concordance rates
between the data generated in our lab and the data from the HapMap and Perlegen was 100%.

The Chi-squared test was used to evaluate case-control differences in the distributions of
CYP19A1 alleles and genotypes. The haplotype blocks were determined according to the
method described by Haiman et al. (3). Haplotypes for the CYP19A1 gene within each
haplotype block were derived using the software PHASE (version 2.1), and the overall
association between haplotypes within each block and breast cancer risk was evaluated with
the permutation test (15,16). The risk of breast cancer associated with each haplotype as
compared with the most common haplotype under different genetic modes (additive, dominant,
and recessive) was estimated using logistic regression models with the HAPSTAT method
recently developed by DY Lin et al.(17-19). The potential confounding effect of major
demographic factors and known breast cancer risk factors were adjusted for using logistic
models. Adjustments for these factors did not result in any appreciable changes in the risk
estimates. Thus, we report results without adjustment for these factors.

Results
The distributions of selected demographic characteristics and major risk factors for breast
cancer in the Shanghai Breast Cancer Study have been previously reported (12). The Hardy-
Weinberg equilibrium (HWE) of all SNPs was examined in controls. The SNP rs12907866
was not in HWE (p<10−10) and was excluded from subsequent analyses. The other 19 SNPs
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were in HWE (p-values with Bonferroni correction>0.05). Overall, no apparent association of
any SNP with breast cancer risk was observed. Similarly, no statistically significant association
with any SNP was found in either pre- or post-menopausal women (data not shown).

The linkage disequilibrium plot is presented in Figure 1. Four haplotype blocks were identified
in the CYP19A1 gene among Chinese women. In each block, several common haplotypes with
5% or higher frequency accounted for between 91.0% to 99.9% of all haplotypes (Table 1).
Also presented in Table 1 are the association results of breast cancer risk with common
haplotypes in each haplotype block under additive models. No apparent association was found
in the analysis including all women nor in analyses stratified by menopausal status. We
performed a heterogeneity test by menopausal status, and found no statistically significant
heterogeneity (p>0.05). Analyses under dominant or recessive models also showed no
statistically significant associations of CYP19A1 haplotypes with breast cancer risk either in
the analyses including all women or in analyses conducted in pre- or post-menopausal women
(data not shown). We also examined the interaction between BMI and CYP19A1 haplotypes
in relation to breast cancer risk under additive, dominant, and recessive models. No significant
interactions were found either in the analyses including all women or in analyses stratified by
menopausal status (data not shown).

We also evaluated the associations of the (TTTA)n repeat polymorphism with breast cancer
risk. A total of 7 (TTTA)n repeat alleles were observed in our study population, ranking from
7 repeats to 13 repeats. Alleles with 7, 11, or 12 repeats were common. A 3-bp deletion
polymorphism was reported approximately 50 bp upstream of the (TTTA)n polymorphic site.
Virtually all alleles with this 3-bp deletion had 7 (TTTA)n repeats. No significant association
with any repeat allele was found either in the analyses including all women or in analyses
stratified by menopausal status (data not shown).

Discussion
In this study, we constructed common haplotyes from 19 SNPs in the CYP19A1 gene for 1,140
breast cancer cases and 1,244 controls among Chinese women. Three to five common
haplotypes accounted for >90% of the observed haplotypes in this Chinese population, which
is consistent with observations in other ethnic groups (3).

Several tissue-specific promoters, including adipose and breast cancer tissue promoters, are
located between promoter I.1 and exon 2 (approximately 89kb upstream of exon 2). Haplotype
blocks 1 to 3 are located in this regulatory region. Few studies have evaluated the association
of genetic polymorphisms in this region with breast cancer risk. In the report of Haiman et
al. (3), four common haplotypes (1d, 2b, 2d, and 3c) in blocks 1 to 3 were significantly
associated with increased breast cancer risk when analyses combined subjects in all ethnic
groups. They also observed significant associations of breast cancer risk among Japanese
subjects (347 cases and 420 controls) with four common haplotypes in block 1 (1d, OR=1.44;
95% CI, 1.07-1.93), block 2 (2b, OR=1.42; 95% CI: 1.13-1.80; 2c, OR=1.43; 95%CI:
1.03-1.98), and block 3 (3c, OR=1.40; 95% CI: 1.07-1.83). These positive associations,
however, were not replicated in our study. Our results are supported by two very recent large-
scale studies involving haplotype analyses (10,11). In a large-scale study conducted within the
NCI Breast and Prostate Cancer Cohort Consortium, Haiman et al. (10) observed no significant
associations with any SNPs or common haplotypes of the CYP19A1 gene and breast cancer
risk, although genetic variation in CYP19A1 produces measurable differences in estrogen levels
among post-menopausal women. Olson et al. (11) also failed to detect any association between
the CYP19A1 gene haplotype-tagging SNPs and breast cancer risk. Additionally, two recent
studies reported that CYP19A1 polymorphisms were not associated with breast density (20,
21).
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Using the single polymorphism approach, several SNPs of CYP19A1 have been studied to
evaluate their association with breast cancer risk with conflicting results. The Arg/Cys or Cys/
Cys genotypes of the Arg264Cys (rs700519) polymorphism in exon 7 were associated with
increased risk of breast cancer when compared to the Arg/Arg genotype among Hawaiian and
Japanese (3) and Korean women (4). Our study, along with several other studies (5-7), however,
found a null association. Miyoshi et al. (6) found that carrying the Arg allele in the Trp39Arg
polymorphism of exon 2 conferred significant protection against the development of breast
cancer in Japanese women. This association, however, was not confirmed by another study
(3) or by our study. A C-to-T polymorphism in the 3′UTR (rs10046) of exon 10 has also been
associated with breast cancer risk (8). This finding, however, was not confirmed by another
study (9). A 12-repeat allele in the tetranucleotide polymorphism [(TTTA)12] located in intron
4 was associated with increased breast cancer risk in a case-control study conducted among
Norwegian women (22). In the Nurses' Health Study conducted in the United States, the
(TTTA)10 but not the (TTTA)12 allele was associated with breast cancer risk (23). These
findings, however, were not confirmed by other studies (24-26). Our data also showed a null
association between the (TTTA)n repeat polymorphism and breast cancer risk. Many of the
above studies had small sample sizes or used a hospital-based study design.

To our knowledge, this is the first large-scale study to comprehensively evaluate the association
of CYP19A1 polymorphisms with breast cancer risk in Chinese women. In addition, most
previous studies have been conducted in post-menopausal women, while our study provides
evidence that CYP19A1 gene polymorphisms are not associated with breast cancer risk among
pre-menopausal women. The participation rate of our study was high, minimizing the potential
selection bias that is common to many case-control studies. Chinese women living in Shanghai
are relatively homogenous in ethnic background, because more than 98% of them are classified
in a single ethnic group (Han Chinese). The sample size of this study is large, which allowed
for a careful analysis of CYP19A1 gene polymorphisms and breast cancer risk. Our study
includes a large number of loci (19 SNPs and the (TTTA)n repeat) and our estimates of
haplotype frequencies should be accurate. Our study has 80% statistical power to detect an
odds ratio of 1.41 for any genotype or haplotype with 10% frequency and an odds ratio of 1.29
for any genotype or haplotype with 20% frequency at a significance level of 0.05 under an
additive genetic model.

In summary, our large-scale, comprehensive study failed to identify an overall association of
breast cancer risk with common CYP19A1 gene variants among Chinese women. However,
we cannot rule out the possibility that the CYP19A1 gene may interact with environmental
exposure in the development of breast cancer. Further studies are needed to explore the
CYP19A1 gene-environment interaction in relation to breast cancer risk.
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Figure 1.
LD plot for SNPs in the CYP19A1 gene. The value within each diamond is D' between pairs
of SNPs, estimated based on control subjects. The red-to-white gradient reflects higher to lower
LD values (red=high, white=low).
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