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Hybrid ecDNA drives HPV oncogene expression via novel enhancers and is a 
promising therapeutic target in HPV-mediated cancer 
 
The incidence of Human Papillomavirus (HPV)-associated oropharyngeal cancer 
tumors of the back of the mouth and throat is rising. If caught early, most of these 
cancers have a high survival rate, but about 20% of patients have a poor 
prognosis. Now, researchers from UC San Diego and their colleagues have found 
that HPV DNA hybridizes with human DNA genes in oropharyngeal cancer cells, 
forming extrachromosomal circular DNA (ecDNA) that promotes tumor growth.  
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Human and HPV Genes Combine to Form 
Extrachromosomal DNA That Promotes 

Oropharyngeal Tumor Growth 



EcDNA is made up of small, circular segments of DNA that form outside of 
chromosomes within the cell, and is frequently found in cancer cells. It has been 
shown to elude the immune system and drive carcinogenesis. Previous studies 
have demonstrated that ecDNA formed by the integration of HPV genes and 
human DNA is present in about 30% of HPV-positive oropharyngeal cancers. The 
study objective was to understand the molecular mechanisms by which hybrid 
ecDNA drives oropharyngeal cancer development.  
 
The researchers analyzed changes to gene expression in ecDNA formed by HPV 
and human DNA hybridization in oropharyngeal tumor cells. The study discovered 
that: 
 

• Previously unidentified HPV and human DNA enhancers increased the 
expression of tumor-promoting genes in cancer cells, leading to the 
production of more of the virus and increasing tumor growth.  

• Targeting these enhancers with CRISPR gene editing technology and with 
proteins that regulate gene activity reduced their expression and inhibited 
growth in HPV-positive oropharyngeal tumors. 

 
The research holds promise for the treatment of HPV-positive oropharyngeal 
cancers in patients who have received a poor prognosis, according to  first author 
Takuya Nakagawa, formerly a postdoctoral researcher at UC San Diego School of 
Medicine, now an assistant professor in the Department of Otolaryngology Head 
and Neck Surgery at Chiba University Hospital and Health and Disease Omics 
Center at Chiba University in Japan. Selectively targeting tumors with ecDNA-
disrupting therapeutics could slow their growth while leaving normal cells intact.  
 
“There are now multiple types of drugs that are being developed both in the 
laboratory and in clinical trials to specifically target cancers that rely on ecDNA to 
grow,” said senior author Joseph Califano, MD, professor of otolaryngology at UC 
San Diego School of Medicine and director of the Gleiberman Head and Neck 
Cancer Center at UC San Diego Moores Cancer Center. 
Califano lab is investigating which drugs work best to target ecDNA in general as 
well as hybrid ecDNA in particular. It is also studying other ways in which HPV 
virus-associated ecDNA can directly affect genes all over the human chromosome 
in addition to those encoded in ecDNA structures. 
 
The study was published in Nature Communications on March 26, 2025. 

https://www.nature.com/articles/s41467-025-57447-9.epdf?sharing_token=qdq9uPN1O1gTCjUJlOgAjNRgN0jAjWel9jnR3ZoTv0NpD6eomHmSdtjVeNnXvXh6qMKRI7Lg7uwcE0ubU588_Cq2elISCeeWaWwJ7J02xbbIeTjQ4clOXLFBmSxqHk665XJIzXrMis-wyzo8893Tdr0QWGON1E1Zg0sBAlG0SD8%3D
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