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ABSTRACT

Hepatitis B virus remains a global health problem with 296 million people living
with chronic infection who are at increased risk of developing liver inflammation,
cirrhosis and hepatocellular carcinoma. Subviral particles (SVP) are produced in large
excess over Dane particles in patients and are the major source of HBsAg. SVPs
inhibit /exhaust the immune response to HBV infection. Functional cure which can
occur after the reestablishment of the immune control of HBV requires the clearance
of HBsAg from blood of patient. Nucleic acid polymers (NAPs) inhibit the
assembly/release of SVP, resulting in rapid clearance of HBsAg from circulation in
vitro and in human studies. However, their efficacy has only been demonstrated in
limited genotypes in phase IIA clinical trials. HBV exists as nine main genotypes (A to
I), and our study assesses the activity of the lead NAP (REP 2139) in the most
prevalent genotypes (A, B, C, D, E, G), which account for over 96% of chronic HBV
infection.

HBsAg ORFs from the various genotypes were inserted into the AAVS1 safe-harbor
of HepG2 cells using CRISPR/Cas9 knock-in. A cell line producing the D144A
vaccine escape mutant was also engineered. The secretion of HBsAg into these new
genotype cell lines (GCLs) was confirmed by immunofluorescence and ELISA. The
antiviral activity of REP 2139 was then assessed in these GCLs by ELISA.

The results show an efficient inhibition of HBsAg secretion in all GCLs.
We demonstrate that REP 2139 exerts an antiviral effect in all genotypes and

serotypes tested in this study, including in the vaccine escape mutant D144A. EC50
for every genotype assessed in this study are in the nanomolar range, which is in line
with previous in vitro and clinical studies.

Our results suggest that REP 2139 has a pangenomic antiviral effect, as well as an
antiviral effect on escape mutants.
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RESULTS

 CRISPR/Cas9 was used to create in vitro HepG2-derivative cell lines
expressing HBsAg from various genotypes and serotypes.

 REP 2139 has a pangenomic antiviral effect.
 REP 2139 has an antiviral effect in D144A vaccine escape mutant.
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Fig 1. Phylogenic classification of the L-HBsAg protein ORF
according to genotypes and serotypes.
(A) Phylogenic tree for one of each genotype/serotype couple
existing for every genotype, (*) marks those evaluated in this study..
(B) Existing HBV genotypes identified, (✓) marks those included in
this study. (C) Existing HBV serotypes identified, (✓) marks those
studied in this study.
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METHODS

Donor plasmid construction used to create Genotype Cell Lines (GCLs):
Donor plasmids were created from the plasmid
AAVS1_Puro_Tet3G_3xFLAG_Twin_Strep (Addgene #92099) cleaved with SalI and
NsiI with the subsequent cleaved fragment replaced with the HBsAg ORF +/- the HBx
ORF from pT7HB2.7 plasmids (pT7HB2.7 plasmids containing PreS1, PreS2 and S
genes from various genotypes and the X gene from genotype D ayw3 ).
These plasmids were used as donors for the CRISPR/Cas9 knock-in to generate the
GCLs.

CRISPR/Cas9 knock-in:
For each genotype, 5×105 HepG2 cells/well were seeded on collagen-coated 6-well
plates and transfected the next day with Cas9/sgRNA coding plasmid and pAAVS1-
puro-HBsAg-HBx (for each genotype) at a ratio of 1:1, using Lipofectamine™ 3000.
Cells were cultured for 14 days before addition of puromycin (0.5 µL/mL). When
transfected cells were confluent, cells were trypsinized, plated at various densities, and
cultured with 0.5 µL/mL of puromycin for 52 days. Remaining living cells were
trypsinized, pooled together as population cell lines, and HBsAg secretion in these cell
lines was assessed before performing further experiments.

HBsAg detection:
Quantification of HBsAg from supernatant of GCLs was conducted using the GS
HBsAg EIA 3.0 Kit. Confocal fluorescence microscopy was performed to observe
intracellular expression of HBsAg.

Fig 2. Integration of HBsAg-HBx gene into the AAVS1 safe-harbor.
(A) Chromosome 19 modified by CRISPR-Cas9 to the insertion site by insert of the transgene containing the left homology-arm (HA-L) and the
puromycin resistance gene is represented. Experimental design on this gDNA is as shown, primers attachment sites are indicated in red arrows, and
the restriction site of BglII is also indicated. (B) Agarose gel presenting the PCR amplification product of the insertion site. (C) Agarose gel
presenting the BglII digested PCR product.
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Fig 4. Antiviral effect of REP 2139 in GCLs and HepG2.2.15 cells.
(A) Experimental design is as indicated. (B) Chemical sequence of
the NAP REP 2139. (C) Comparative antiviral effect of REP 2139 on
HBsAg secretion for all indicated cell lines normalized to cell
viability (BCA) and to 0 nM REP 2139. Sup, supernatant; RU,
relative unit.
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Fig 3. Analysis of HBsAg
expression and secretion
from the indicated cell lines.
(A) Intracellular HBsAg
expression analysis was
conducted by confocal
microscopy. Nucleus are
stained in blue and HBsAg in
green. (B) Secreted HBsAg
from each cell line was
assessed by ELISA,
normalized to cell viability
and to HepG2.2.15 secretion
levels. Sup, supernatant; RU,
relative unit.
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