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Integrated hepatitis B virus DNA is a source of HBsAg
Statement of the Problem: Worldwide, 250-400 million people are chronically infected with hepatitis B virus (HBV), leading 
to 800,000 deaths per year from liver cirrhosis, liver failure and hepatocellular carcinoma. Highly expressed viral proteins, 
thought to be transcribed from viral covalently closed circular DNA (cccDNA), play a role in chronicity. Nucleos (t) ide viral 
replication inhibitors (NUCs) do not reduce viral proteins. RNA interference (RNAi) therapeutic ARC-520 was developed to 
reduce all viral proteins and pre-genomic RNA. In human clinical trials, Heparc-2001 with ARC-520, HBV S antigen (HBsAg) 
was strongly reduced in treatment where naïve patients were positive for HBV e antigen (HBeAg) but was significantly less 
reduced in patients that were HBeAg negative or had received long-term therapy with NUCs. 

Methodology & Theoretical Orientation: The molecular basis for this unexpected differential response was investigated by 
multiple approaches in chimpanzees chronically infected with HBV and treated with monthly dosing of ARC-520 in the 
presence of NUCs. Liver HBV mRNA was quantified and sequenced using RT-qPCR, mRNA-seq and Iso-seq. Liver HBV DNA 
was also quantified and sequenced. 

Findings: HBsAg was expressed not only in the episomal cccDNA mini chromosome, but also in transcription of HBV DNA 
integrated into the host genome, which was a significant source in HBeAg negative chimpanzees. Many of these integrant-
derived transcripts lacked target sites for the siRNAs in ARC-520, explaining the reduced response in HBeAg negative 
chimpanzees and by extension in HBeAg negative patients. Treatment of the HBeAg negative chimpanzees with siRNA 
hypothesized to target mRNA produced by integrated HBV resulted in deep HBsAg reductions similar to those in the HBeAg 
positive chimpanzees. 

Conclusion & Significance: These results uncover an under-recognized source of HBsAg that may play a key role in maintaining 
chronicity, a finding expected to alter clinical trial design and endpoint expectations for new HBV therapies. Treatment of 
chronically HBV-infected chimpanzees with ARC-520
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