Clinicians rely on hepatitis B virus (HBV) biomarkers
in patient serum to monitor infection in the liver. Serum
HBV DNA is used to track viral replication within infected
hepatocytes. Development of antibodies to HBV surface
antigen (HBsAg) and the secreted e antigen (HBeAg) mark
important immune control milestones and inform treat-
ment decisions in chronic HBV (CHB) infections. Recently, it
has been appreciated that HBV pregenomic RNA (pgRNA)
is also found in serum'?; the potential relevance of pgRNA
as a biomarker during CHB infection is currently the sub-
ject of investigation.

The ability of HBV to sustain chronic infection is due in
part to the maintenance of the HBV DNA genome within
the hepatocyte nucleus in the form of a covalently closed
circular DNA (cccDNA) mini-chromosome. cccDNA drives
infection by serving as the template for most HBV RNAs,
including pgRNA and mRNAs (Fig. 1). pgRNA is required
for synthesis of the HBV relaxed circular DNA (rcDNA)
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genome found in the mature virus. Within the cytoplasm,
the HBV capsid protein (Core) assembles around an HBV
polymerase (Pol) and a single pgRNA copy to form the na-
scent virion. Within the capsid, HBV DNA is reverse tran-
scribed by Pol (with concomitant pgRNA degradation).
Following envelopment, the DNA viruses are released from
the cell. Serum HBV DNA level is indicative of the extent
of viral replication and risk for transmission, because each
copy of DNA represents an infectious virus.

Encapsidated pgRNA is also found in the serum. The
presence of pgRNA-containing viral particles in serum is
part of the HBV life cycle as demonstrated in studies of lon-
gitudinal samples from patients with untreated acute and
chronic hepatitis B> and may be influenced by HBV geno-
type. During acute infection, HBV DNA is detectable first
and pgRNA becomes detectable after a short lag. pgRNA
levels correlate with viral load* and are consistently ~2 log
lower than DNA in the absence of treatment regardless of
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FIG1 HBV life cycle. HBV is uncoated on entry and the partially double-stranded rcDNA enters the nucleus. Host DNA repair machinery
completes the partial strand. Host histones (gray circles) associate with cccONA. HBV mRNAs and pgRNA are transcribed from cccDNA
and are sent to the cytoplasm. HBV proteins, including Core (green) and Pol (mauve), are translated from mRNAs. Pol associates with the
PgRNA; the complex is encapsidated by Core. Within the Core capsid, Pol reverse transcribes the minus (=) strand DNA from pgRNA, then
the plus (+) strand. The completed virion is enveloped (not shown) and exits the cell. It is unknown how pgRNA-containing encapsidated

particles exit. NAs block Pol activity (red text).

whether infection resolves or persists (Fig. 2A and 2B).?
This suggests a model wherein exit of pgRNA-containing
viral particles from the hepatocyte consistently occurs in
parallel with DNA-containing particles. Whether pgR-
NA-containing particles are infectious has not been fully
established, but recently published evidence suggests that
these particles lack replicative proficiency.”

CHB infection cannot be fully cured because of the
persistence of HBV cccDNA in the hepatocyte nuclei even
after establishment of host immune control.® Thus, treat-
ment of patients with CHB aims to attain a “functional”
cure of infection wherein immune control is attained and
cccDNA activity is minimal. Directly monitoring cccDNA
activity within the hepatocyte would provide a direct as-
sessment of infection status during treatment of CHB but
would require repeat liver biopsies. Treatment options
for CHB are currently limited to two classes of drugs: (1)
pegylated interferon (IFN) or (2) nucleos(t)ide analogues
(NAs). IFN is efficacious in inducing immune control; how-
ever, long-term (often lifelong) treatment with NAs is often
favored because of relative lack of side effects. NAs sup-
press viral replication by blocking DNA synthesis from the
pgRNA template (Fig. 1). Whereas NA treatment reduces
HBV DNA to undetectable levels, pgRNA is generally still
present in the serum because NAs do not impact pgRNA
transcription or encapsidation (Figs. 1 and 2C)."’

Serum HBV RNA levels correlate to intrahepatic pgRNA,
liver histopathology,®° and cccDNA,® supporting a po-
tential utility for serum pgRNA in indirectly monitoring
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cccDNA activity during NA treatment. However, the use
of this marker during NA treatment in predicting clin-
ical outcomes remains undemonstrated, although the
following model of pgRNA utility during NA treatment
could be extrapolated: a subject with undetectable HBV
DNA but consistently elevated pgRNA presumably has
active cccDNA transcription occurring (Fig. 2C); such a
subject would be expected to respond poorly to ter-
mination of treatment. In contrast, decreasing cccDNA
activity would likely manifest as decreased detection of
serum pgRNA (Fig. 2D). Two studies have demonstrated
that HBeAg-positive status is linked with elevated levels
of serum HBV RNA* both off and on treatment,? consis-
tent with higher levels of cccDNA transcriptional activity.
HBV pgRNA has shown potential in predicting HBeAg
loss.”® Treatment guidelines allow NA treatment termina-
tion where HBsAg loss occurs or, in some cases, HBeAg
loss and/or sustained loss of HBV DNA detection.'" Loss
of pgRNA detection in subjects with undetectable HBV
DNA could potentially serve as a new NA treatment
endpoint alone or in conjunction with other markers. In
HBV-related hepatocellular carcinoma tumor biopsies,
elevated intracellular pgRNA was correlated with better
prognosis'?; whether pgRNA serum levels have predic-
tive utility in this type of patient cohort should also be
examined. In conclusion, monitoring of pgRNA during
treatment of patients with CHB may have clinical value
for stratifying NA treatment responses in patients with
CHB when HBV DNA synthesis is suppressed. Studies
are needed to define the potential predictive utility of

An Official Learning Resource of AASLD



REVIEW

-

ACUTE

DNA or RNA

>

DNA or RNA

'NA start

DNA or RNA
CHRONIC

SerumHBY g SerumHBV o SerumHBV mw SerumHBV »
P

DNA or RNA

Time

FIG 2 Schematic of HBV DNA and RNA kinetics during acute
or chronic infection. Relative DNA (gray) and pgRNA (blue)
concentrations in the serum during HBV infection. In acute
infection (A), increasing viral replication results in elevated HBV
DNA until spontaneous resolution and loss of DNA detection.
pPgRNA follows the same kinetics but remains consistently lower
than the DNA viral load. During chronic infection, HBV DNA and
PgRNA levels can remain detectable over time (B). Commencing
treatment with NAs (NA start) can rapidly reduce DNA (C, D)
while pgRNA remains detectable. Decreasing cccDNA activity
(asterisk) would result in reduced pgRNA levels (D).

pgRNA during treatment with NA, as well as with newer,
novel therapies and treatment regimens.
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