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Analysis of Multiple Liver Explant Pieces Reveals that Levels of
Hepatitis Delta Virus RNA Are Independent of Hepatitis B Virus

Expression

Chronic infection with hepatitis delta virus
(HDV) often induces severe liver inflaimmation
and fibrosis.?) Infection with HDV is dependent
on coinfection with hepatitis B virus (HBV) as
HDV requires HBV surface antigen (HBsAg) in
its envelope in order to infect hepatocytes. Patients
with chronic HBV infection harbor hepatocytes
with integrated HBV DNA, but the importance
of integrated HBV DNA for HDV remains largely
unknown. We addressed this by analyzing multiple
pieces of explant liver tissue from 2 patients with
HDV-induced cirrhosis.

Thirty-five liver pieces were analyzed by droplet
digital polymerase chain reaction assays to quan-
tify viral nucleic acids (details in the Supporting
Information). We detected core-gene RNA (core-
RNA), which reflects ongoing replication of HBV,
in a minor proportion of liver pieces and covalently
closed circular DNA (cccDNA) in no piece; however,
we observed expression of S-gene RNA (S-RNA) and
HDV RNA in almost all pieces (Fig. 1A-C). This is
consistent with expression of HBsAg from integrated
HBV DNA in which the S gene but not the core gene
has a preserved upstream promoter. The high levels of
HDV RNA in the absence of HBV core-RNA and
presence of S-RNA imply that HDV replication does
not require ongoing HBV replication in the same
cell and support that HDV production is supplied by
HBsAg from integrations. This is suggested by exper-
imental data®® and by our previous findings of abun-
dant RNA with junctions between HBV and human
sequences in tissue from the 2 patients.

Interestingly, we observed a lack of correlation

between levels of HDV RNA and S-RNA (Fig. 1D),

1964

with HDV RNA:S-RNA ratios ranging from 10:1
to >10,000:1 (Fig. 1E). Such high variation indicates
that HDV RNA probably is present in a large num-
ber of hepatocytes that lack expression of S-RNA and
that cells not containing HBV infection (cccDNA)
or integrated HBV DNA may contain and produce
HDV RNA. This would be in line with experimental
data showing persistence of HDV in the absence of
HBV.® Such spread of HDV to hepatocytes that do
not replicate HBV and lack integrated HBV DNA
might be abundant. Synthesis of HDV antigen in
those cells should lead to exposure of HDV epitopes
on the cell surface, potentially triggering cytotoxic
T-cell activation. This might help explain the severe
necroinflammation that is often observed during
HDV infection.”

In summary, our data suggest that integrated HBV
DNA may be a significant source of HBsAg in patients
coinfected with HBV/HDYV, at least in those with cir-
rhosis, and that HDV RNA may be expressed in cells
lacking both cccDNA and integrated HBV DNA.
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FIG. 1. HDV RNA production, HBV infection, and HBV integration show different tissue distribution in the liver. Levels of (A) HBV
S-RNA, (B) HBV core-RNA, and (C) HDV RNA in liver pieces from 2 patients by ddPCR quantification. (D) HDV RNA and HBV
S-RNA levels did not correlate. (E) The ratio between HDV RNA and S-RNA levels in different liver pieces varied up to 1,000-fold (the
horizontal lines represent median values). Abbreviation: ddPCR, droplet digital polymerase chain reaction.
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