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Abstract 

Multiple risk factors for breast cancer are well known but understanding what actually causes the disease has been daunting.  

The idea that viruses cause breast cancer has fueled a long standing controversy.  The present work found breast cancer 

mutations damage genes crucial for viral immunity.  Multiple viruses therefore can potentially cause breast cancer 

depending on the condition of the immune system.  Slow growing or dormant cancers may suddenly become aggressive if 

gene mutations have damaged immunity enough to allow a resident cancer virus to escape from control. 

To approach the causes of breast cancer, thousands of gene mutations in 21 different breast cancer genomes were analyzed 

in depth.  Some gene mutations in every one of the 21 breast cancers directly impair immunity.  Some critical part of 

antiviral protection is always disabled.  The sets of mutated genes affecting immune responses are very different with only a 

few genes mutated in more than one breast cancer.   Differences in which immune system genes are mutated represent a 

hidden variable in studies trying to determine whether a specific virus causes breast cancer because mutations can change 

susceptibility to some viruses.  In at least one breast cancer, virtually all the 160 gene mutations that could be tested had 

direct or indirect relationships to viral infection.  An abnormal or deregulated immune response could also contribute to 

breast cancer if there are other causes.   

Personalized breast cancer genomic information may improve effectiveness of vaccines, immune stimulation, antiviral 

and/or anti-inflammatory drugs in preventing or treating breast cancers. 
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