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Background: The proportion of breast cancer attributable to germline mutations in highly penetrant 
genes (e.g., BRCA1/2) is small because of the low frequency of these mutations. Common, but weakly 
penetrant, functional genetic polymorphisms are likely to account for most of the genetic risk for breast 
cancer in the general population. Methods: Potential gene-gene interactions among ten genes, with 
known or predicted functional consequences in development of breast carcinoma, were examined in 1050 
cases and 1845 controls of Caucasian descent. Association of breast cancer risk with variation in single 
genes and two- and three- gene combinations was analyzed for two age groups: 53 years and under, and 
over 53 years. The odds ratio (OR) for a genotype was calculated and compared to a null distribution of 
ORs generated for this genotype by randomizing (10,000 times in these analyses) the case-control status 
of the individuals in the sample to give an empirical estimate for the p-value of the observed OR. Re-
sampling was used to give an empirical estimate of the 95% confidence interval and a likely more stable 
estimate of the OR for the genotype, particularly for the less common genotypes. In these analyses the 
population of individuals was resampled 10,000 times with each repetition composed of 80% of the 
controls and 80% of the cases selected at random from the whole sample. Results: Over 100 genotypes 
met stringent criteria for significance (a=1/10,000) with ORs ranging from 0.20 to 5.2, a 26-fold range. 
Single gene analyses were largely uninformative, whereas, the majority of the significant ORs were two- 
and three-gene combinations. Comparing observed ORs to ORs predicted by an independent gene model 
showed that about 25% of the significant multigenic combinations differed markedly from the predicted 
value. Conclusions: Combinations of genes interact to affect risk for breast cancer in a manner that is not 
predictable by combining the effects of the individual component genes. While independent genes are a 
valid starting point in a polygenic model, identifying and incorporating modification of risks associated 
with gene-gene interactions will improve accuracy of the model.  

 


