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HBV DNA integration

• Random site in host genome at low rates (1 per 104 cells)
• Integrated HBV DNA is linked with HCC (>60% tumours)

– Can drive expression of downstream genes –> cis‐activation
– May code for mutated proteins ‐> trans‐activation

Integrated dslDNA (replication‐deficient)
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Inverse nested PCR to detect HBV integration
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Cells with HBV integrations clonally expand
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Clones quantified in non‐
tumour liver of 18 HBV 
patients with invPCR

Clones with selection 
advantage detected 

Likely risk factor for cancer

 = Simulation of random liver turnover
• = Observed clones



Hypotheses

Selection advantage of hepatocytes is driven by HBV DNA 
integrations via:

1) cis‐mediated (site‐dependent) mechanisms

2) trans‐mediated (site‐independent) mechanisms

3) Associative (not causative) mechanisms



Null hypothesis: integrations before expansion
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Expansion not likely due to cis-mediated
mechanisms
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No enrichment in:
• Expressed vs. non‐
expressed genes

• Transcriptional start sites
• Functional pathways

Where integrations 
occur does not play a 

role!



Expansion not likely due to trans-mediated
mechanisms
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From 24 tumour and 63 non‐tumour samples from HBV 
patients:
• Detected 43 integrations in total
• 6 and 7 highly clonal integrations in non‐tumour and 
tumour

• Specific Sanger sequencing of integrated HBV DNA 
show no mutational differences between tumour
and non‐tumour

What integrates does not play a role! Tu et al., in preparation



HBV DNA integration frequency and HCC risk 

• 33 anti-HBc+ and HBe- patients (~20% on NA)
• Analysed non-tumour liver tissue
Group 1A = HBsAg+ w/o HCC (n=3)
Group 2A = HBsAg+ w/ HCC (n=15)
Group 1B = HBsAg- w/o HCC (n=6)
Group 2B = HBsAg- w/ HCC (n=9)
N.B. Liver from Groups 1A & 2B collected during 
resection of metastatic colorectal cancer.
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Integration frequency not linked to HCC
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No clear associative link
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Are HBV integrations associated with 
phenotypical cellular changes?
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Q: Are cells with HBV integrations 
functionally different?
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Cells with integrations grow slower, show 
more DNA damage, and less DNA repair
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Conclusions

Extensive clonal expansion occurs in cells with integration

HBV integration site, form, or frequency in non‐tumour 
tissue does not appear to be associated with HCC

Still open question as to why HCC appear to contain more 
HBV DNA integrations than general hepatocyte population

Are integrations more likely to occur in cells with oncogenic potential?
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