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Abstract
Background—Body mass index (BMI), a known breast cancer risk factor, could influence
breast risk through mechanistic pathways related to sex hormones, insulin resistance, chronic
inflammation and altered levels of adipose derived hormones. Results from studies of the
relationship between BMI and second primary breast cancer have been mixed. To explore the
relationship between BMI and asynchronous contralateral breast cancer (CBC), we examined
whether variants in genes related to obesity, weight and weight change are associated with CBC
risk.

Corresponding Author: Jennifer D. Brooks, Department of Epidemiology and Biostatistics, Memorial Sloan-Kettering Cancer Center,
307 E 63rd Street, 3rd floor, New York, NY (brooksj@mskcc.org), 646-735-8068 (tel), 646-735-0012 (fax).

Conflicts of Interest: None

NIH Public Access
Author Manuscript
Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2013 December 01.

Published in final edited form as:
Cancer Epidemiol Biomarkers Prev. 2012 December ; 21(12): 2261–2267. doi:
10.1158/1055-9965.EPI-12-1036.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Methods—Variants in twenty genes (182 single nucleotide polymorphisms) involved in adipose
tissue metabolism, energy balance, insulin resistance and inflammation, as well as those identified
through genome-wide association studies of BMI and type II diabetes were evaluated. We
examined the association between variants in these genes and the risk of CBC among Caucasian
participants (643 cases with CBC and 1,271 controls with unilateral breast cancer) in the
population-based Women’s Environmental Cancer and Radiation Epidemiology (WECARE)
Study using conditional logistic regression.

Results—After adjustment for multiple comparisons, no statistically significant associations
between any variant and CBC risk were seen. Stratification by menopausal or estrogen receptor
status did not alter these findings.

Conclusion—Among women with early onset disease who survive a first breast cancer
diagnosis there was no association between variation in obesity-related genes and risk of CBC.

Impact—Genetic variants in genes related to obesity are not likely to strongly influence
subsequent risk of developing a second primary breast cancer.
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Introduction
Studies examining the relationship between body mass index (BMI) and second primary
breast cancer have produced mixed results (1, 2). We recently showed that in a population of
women with early onset disease (diagnosed before age 55 years), obese (BMI ≥30kg/m2)
postmenopausal women with estrogen receptor (ER)-negative breast cancer had more than
5-fold greater risk of asynchronous contralateral breast cancer risk (CBC) than women of
normal weight (BMI <25 kg/m2) with ER-negative first tumors (RR=5.64, 95% CI 1.76,
18.1) (2). BMI could influence CBC risk through mechanistic pathways related to sex
hormones, insulin resistance, chronic inflammation and altered levels of adipose derived
hormones (3). The impact of variation in obesity-related genes on CBC risk and breast
cancer risk in general is not well known. To further explore the relationship between BMI
and risk of CBC we examined the association between variants in genes related to obesity
(weight, weight change, type 2-diabetes, adipose tissue metabolism) and CBC risk in a
population-based study of breast cancer survivors.

Materials and Methods
The Women’s Environmental Cancer and Radiation Epidemiology (WECARE) Study is a
multi-center, case-control study where cases are women with asynchronous CBC and
controls are women with unilateral breast cancer (UBC). Recruitment, eligibility criteria,
data and biospecimen collection, and genotype methods have been described (2, 4).

Eight genes were selected for evaluation based on genome-wide association studies
(GWAS) of BMI, weight change, waist circumference and type 2-diabetes (FTO, TCF7L2,
TMEM18, NEGR1, MC4R, HHEX, IGF2BP2, PPARG) (5–7). Twelve candidate genes
were selected based on biological plausibility and known involvement with adipose tissue
metabolism and obesity (LEP, LEPR, ADIPOQ, ADIPOR1, ADIPOR2, HIF1A, PLAU,
PLAUR, SERPINE1, IGF2BP1) (3) or a functional relationship with both obesity and DNA
repair (IRS2, FOXO1) (8). SNPs identified from GWAS were genotyped directly, whereas
SNPs in candidate genes were selected using a tagSNP approach, supplemented with
potentially functionally relevant SNPs from dbSNP (4). A total of 194 SNPs in 20 genes was
genotyped.
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Of the 2,107 WECARE Study participants, four were excluded because they did not consent
to genotyping. We further excluded from analysis 10 SNPs with <95% call rate, one
monomorphic SNP, one SNP deviating from Hardy-Weinberg equilibrium (p<0.001) and 20
subjects with >10% missing genotypes. To minimize the potential influence of ancestral
differences in genotype frequencies, analyses were restricted to Caucasian women (n=169
excluded). After quality control, analyses were conducted for 182 SNPs in 643 CBC cases
and 1,271 UBC controls. Using HapMap Phase II release 24, these remaining variants
captured 55% of the SNPs in LEP, 97% in LEPR, 100% in ADIPOQ, 93% in ADIPOR1,
96% in ADIPOR2, 96% in HIF1A, 75% in PLAU, 75% in PLAUR, 72% in SERPINE1,
87% in IGFBP1, 82% in IRS2, and 84% in FOXO1 (r2 > 0.80).

Statistical Analysis
Rate ratios (RR) and 95% confidence intervals (CI) were estimated using conditional
logistic regression by fitting a log-additive model, adjusting for age at first breast cancer
diagnosis and accounting for the sampling probabilities of the UBC controls (described
previously (9)). A conservative Bonferroni correction was used to determine the multiple
comparison cut-point (α=0.0003, obtained from (0.05/182 SNPs)), i.e., the value for which
results were considered statistically significant. The PACT method of adjusting for multiple
comparisons, which takes into account linkage disequilibrium between nearby markers, was
also applied (10). We also conducted analyses stratified by menopausal status at first
diagnosis, reference date (date of CBC diagnosis in cases and corresponding date in matched
controls) and estrogen receptor (ER) status of the first primary tumor.

Results
After adjustment for multiple comparisons, no statistically significant association between
any genetic variant and risk of CBC was seen (Table 1). Similarly, no associations were seen
in analyses stratified by menopausal status at first diagnosis or at reference date, or ER-
status of the first primary breast cancer (results not shown).

Discussion
The risk of CBC was not associated with any of the variants of the 20 selected genes
involved in adipose tissue metabolism, energy balance, insulin resistance and inflammation
or those identified through GWAS of BMI and type 2-diabetes. The primary limitation of
the analysis is the limited sample size available for subgroup analyses (e.g., when stratifying
by ER-status). We also had limited information on the ER status of second cancers in cases
and therefore were unable to take this into account. A tagSNP approach was not taken for
the genes identified by GWAS, and the coverage of some candidate genes was reduced after
quality control. Thus, it is possible that un-typed variants are associated with risk. Further,
other genes in these candidate pathways might be associated with CBC risk. Nonetheless,
the results of this study suggest that among women who survive a first breast cancer
diagnosed before age 55 years, genetic variation in obesity-related genes is not likely to
influence subsequent risk of second primary breast cancer.
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