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ABSTRACT
Hepatitis B virus (HBV) causes a potentially life-threatening liver infection that frequently results in life-
long chronic infection. HBV is responsible for 887,000 deaths each year, most resulting from chronic liver
diseases and hepatocellular carcinoma. Presently, there are 250 million chronic HBV carriers worldwide
who are at a high risk for developing cirrhosis and hepatocellular carcinoma (HCC). HCC is the most
common type of liver cancer with a strong association with HBV infection. HBV transmission through
blood transfusions and perinatal transfer from infected mother to child have been common routes of
infection. In the present study, we describe the development of a synthetic DNA plasmid encoding an
anti-HBV human monoclonal antibody specific for the common “a determinant region” of HBsAg of
hepatitis B virus and demonstrate the ability of this platform at directing in vivo antibody expression. In
vivo delivery of this DNA encoded monoclonal antibody (DMAb) plasmid in mice resulted in expression
of human IgG over a period of one month following a single injection. Serum antibody was found to
recognize the relevant conformational epitope from plasma purified native HBsAg as well as bound HBV
in HepG2.2.15 cells. The serum DMAb efficiently neutralized HBV and prevented infection of HepaRG
cells in vitro. Additional study of these HBV-DMAb as a possible therapy or immunoprophylaxis for HBV
infection is warranted.
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Introduction

Chronic hepatitis caused by hepatitis B virus (HBV) infection
represents a major health burden globally.1,2 More than
250 million people are chronically infected with HBV, out of
which 1 million people die each year due to life-threatening
complications of this infection including liver cirrhosis and
hepatocellular carcinoma.3 Current therapies of chronic hepa-
titis include interferon-α (IFN-α) and nucleos(t)ide analogue
inhibitors against viral reverse transcriptase.4,5 These antiviral
therapies have been demonstrated to control HBV replication,
but fail to eliminate infection because of the tendency of HBV
to integrate into the host genome or remain latent episomally
as covalently closed circular DNA (cccDNA). Moreover, these
approaches are associated with the development of acquired
drug resistance, resulting in low response rates, and risk of
numerous side-effects.

The current commercially available vaccine for hepatitis
B contains yeast-derived recombinant major surface protein
HBsAg of HBV.3,6,7 Despite its proven immunogenicity and
high efficacy overall, the vaccine is unable to induce adequate
immune response in approximately 5–15% of healthy adults.
Such individuals remain susceptible to HBV infection.2,8 In
this regard, hepatitis B Immune Globulin (HBIG) can provide
rapid passive protection against infection after acute exposure
to infection.9,10 HBIG is a polyclonal antibody against HBsAg
derived from pooled plasma of individuals having high anti-
HBs titer.11,12 Pooled plasma can vary in the titer of anti-HBs

which is a concern for the consistency. Apart from variability
in anti-HBs titer among patients, the neutralization efficiency
of HBIG is largely based on protective anti-HB serum titer. In
addition, the polyclonal immunoglobulin contains antibodies
with different specificities which may select for HBV mutants
resistant to currently used antiviral drugs and provide varia-
bility for patient management.

In the present study, we describe the design and develop-
ment of a synthetic DNA plasmid-encoding human anti-HBV
monoclonal antibody sequences as a novel approach to
immunotherapy of HBV infection. We demonstrate that
a single inoculation with this anti-HBV-DMAb generates
functional anti-HBV activity for several weeks in the serum
of inoculated animals. Immunoglobulins generated in vivo
were properly folded and were able to neutralize HBV and
prevent HBV infection of HepaRG cells. Additional study of
anti-HBV DMAbs may have value as an immunoprophylaxis
strategy for HBV infection.

Materials and methods

Antibody plasmid construction

A synthetic DNA cassette was designed that encoded the variable
heavy (VH) and light (VL) chain sequences of the anti-HBV
MAb ADRI-2 F3 based on sequences from a published
description.11 We utilized this information and designed opti-
mized synthetic DNA expression cassettes encoding full-length
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IgG (Ig) which encodes for both an anti-HBV-VH and VL. We
engineered the VH chain and VL chain domain constructs to be
expressed at high levels using our recently described modifica-
tion/optimization strategies13−17,14 which can lead to drastic
increases in DMAb expression levels. The final construct is
named HBV-DMAb and the control plasmid backbone is
pVax1. Both were synthesized by Genscript and cloned into
modified mammalian expression vectors under the control of
the human cytomegalovirus immediate-early promoter.13

Cell lines and reagents

HepG2.2.15 cells (a kind gift from Dr. Charles Rice, The
Rockefeller University, NY) were used as a source of HBV for
infection experiments.15 The cells are stably transfected with
complete genome of HBV (adw2 subtype) and are able to sup-
port replication of HBV-DNA and intact virus particles.
Production of HBV by HepG2.2.15 cell line was done by per-
forming western blot of HepG2.2.15 cell lysates to determine
presence of M-HBsAg (Figure 1a). s-HBsAg production by
HepG2.2.15 cells was detected in the supernatant and cell lysates
using Bio-Rad GS HBsAg ELISA kit (Figure 1b) and immuno-
fluorescence for detection of HBsAg preS2 antigen (Figure 1c).

HepG2.2.15 cells and human 293 T cells (ATCC) and were
cultured using Dulbecco’s Modified Eagle Medium containing
10% FBS, 100 U/ml penicillin, and 100 μg/ml streptomycin.
For HBV neutralization assay, terminally differentiated No

spin HepaRG cells (Lonza) were used.15 The cells were plated
and cultured according to supplier’s instructions. Nabi-HB
(Hepatitis B Immune Globulin (HBIG), >312 IU/ml) was
purchased from Biotest Pharmaceuticals Corporation, USA.

Animals and DMAb immunizations

Female, 6–8-week-old B6.Cg-Foxn1nuJ and BALB/c mice
were purchased from The Jackson Laboratory (Bar Harbor,
ME) and housed in the animal facilities at the Wistar
Institute. Mice were injected with 100 μg and 400 μg of
pMV101 empty vector or HBV-DMAb plasmids were formu-
lated in sterile water, by IM injection in the anterior tibialis
(TA) muscle as previously described.16,17 Serum levels of
DMAbs were monitored following administration. Animal
experiments were approved by the Institutional Animal Care
and Use Committee at The Wistar Institute.

Transfection and Western blot

One day prior to transfection, 293 T cells were plated at
a density of 0.5 × 106 cells in a 6-well plate and transfected
with 1 μg plasmid DNA using Gene Jammer (Agilent
Technologies). Forty-eight hours post transfection, culture
supernatants were collected, and cells were lysed using cell
lysis buffer (Cell Signaling) containing protease inhibitor
cocktail (Cell Signaling). Approximately 50 μg of culture

Figure 1. HBV virus amplification & characterization from HepG2.2.15 cells.
(a) Western blot for detection of M-HBsAg in cell lysate of HepG2.2.15 cells. Detection of M-HBsAg in the cell lysate of HepG2.2.15 cells. 10, 20, 30 and 40 μg of cell
lysate was loaded in the lanes (b) Detection of S-HBsAg. ELISA for detection of s-HBsAg in the supernatant and cell lysate of HepG2.2.15 cells (c) Immunofluorescence
detection of HBsAg preS2 antigen in HepG2.2.15 cells. (d) Quantification of HBV-DNA copies in the supernatant of HepG2.2.15 cells by qPCR. Cell culture supernatant
from HepG2.2.15 cells was harvested and concentrated 100 fold with amicon centrifugation. DNA from 50 ul concentrated supernatant was extracted and HBV DNA
copies in the supernatant were quantified using synthetic HBV DNA as standard. DNA extracted from Vero cells was used as a negative control. (e) Agarose gel
electrophoresis of qPCR reaction system to determine presence of 81 bp amplicon.
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supernatants and cell lysates were run with an Odyssey
Protein Molecular weight ladder (Licor) on 4–12% pre-cast
bis-tris gel (Invitrogen). The separated peptides were trans-
ferred to PVDF membrane (iblot 2, Thermo Fisher). The
membrane was blocked with Odyssey blocking buffer (Licor)
for 1 h at room temperature. Heavy and light chains were
detected using IRDye 680RD goat anti-human IgG (H + L)
(Licor). The blot was scanned using Odyssey CLx (Licor).

Enzyme-Linked Immunosorbent Assay (ELISA)

To assess in vitro binding of HBV-DMAb to HBsAg, 96 well
maxisorp plate (Nunc) were coated with 1 μg/ml plasma purified
HBsAg subtype ad (Fitzgerald) for overnight at 4ᵒC. Wells were
blocked with PBS containing 10% FBS at room temperature for
1 hour. Serially diluted mouse sera were added to the wells.
Bound antibodies were detected using 1:10000 diluted goat anti-
human IgG lambda light chain HRP conjugate (Bethyl
Laboratories). Plates were developed using SigmaFast OPD sub-
strate (Sigma Aldrich) for 30 min. Absorbance was measured at
492 nm using Synergy2 plate reader (Biotek). Measurement of
HBsAg secreted in the culture supernatant was done using GS
HBsAg 3.0 ELISA kit (Bio-Rad) according to manufacturer’s
instructions. Absorbance was measured using Synergy2 plate
reader (Biotek).

Quantitative Enzyme-Linked Immunosorbent Assay
(ELISA)

For quantification of human IgG in culture supernatant, cell
lysate and mouse sera, 96 well Maxisorp plates (Nunc) were
coated overnight at 4ᵒC with 10 μg/ml goat anti-human IgG-
Fc fragment (Bethyl Laboratories). Plates were washed with
phosphate-buffered saline containing 0.05% tween 20 (PBST)
followed by blocking with PBS containing 10% FBS at room
temperature for 1 h. Samples were diluted in PBST containing
1% FBS and added to the wells. Detection of bound antibodies
was performed using 1:10000 diluted goat anti-human IgG
lambda light chain HRP conjugate (Bethyl Laboratories).
Plates were developed using Sigmafast OPD substrate (Sigma
Aldrich). A standard curve was generated using purified
human IgG lambda light chain (Bethyl Laboratories).
Absorbance was measured at 492 nm using Synergy2 plate
reader (Biotek).

Preparation of HBV stock and quantification by qPCR

HepG2.2.15 cells were cultured for production of HBV as
described previously. The culture supernatants were harvested,
pooled, and filtered using 0.45 μM filter to remove cell debris. The
filtered supernatant was concentrated using an Amicon centrifu-
gal filter (EMDMillipore, MWCO 100kD) and stored in aliquots
at −80ᵒC. HBV DNA was extracted from 50 μl concentrated
supernatant using PureLink viral DNA/RNA kit (Invitrogen)
according to manufacturer’s instructions. Quantification of HBV-
DNA copies was performed by qPCR using TaqMan Universal
PCR master mix (Applied Biosystems) and the following primers
(5ʹ-GTCCTCCAATTTGTCCTGG-3ʹ-forward primer), 5ʹ-
TGAGGCAT AGCAGCAGGAT-3ʹ (reverse primer) 5ʹ-/

56FAM/CT GGA TGT G/ZEN/T CTG CGG CGT TTT ATC
AT/3IABkFQ/-3ʹ (probe). PCR was performed on 7900 HT Fast
Real-Time PCR system (Applied Biosystems) using the following
cycling conditions: 50ᵒC for 2 min, an initial denaturation at 95ᵒC
for 10 min and 40 cycles at 95ᵒC for 15 s and 60ᵒC for 1 min.
A standard curve composed of 101 to 106 copies of synthetic HBV
DNA (ATCC VR-3232SD) was generated and HBV-DNA copies
in the concentrated supernatant was determined (Figure 1d).15,18

Following qPCR, agarose gel electrophoresis was performed using
the qPCR reaction system and synthetic HBV DNA (ATCC) as
positive control to determine the presence of HBV specific 81 bp
amplicon (Figure 1e). All the analyses were performed using the
SDS v2.4 statistical software.

Quantification of HBV-specific mRNAs by quantitative
RT-PCR

Total RNA from HBV-infected HepaRG cells was isolated
using a RNeasy Mini kit (Qiagen). On-column DNase diges-
tion of extracted RNA was performed using RNase-free
DNase set (Qiagen). Quantification of extracted RNA was
done using a Nanodrop 2000 spectrophotometer (Thermo
Fisher). Approximately 500 ng of total RNA was reverse
transcribed into cDNA using high capacity cDNA Reverse
Transcription Kit (Thermo Fisher). qPCR was performed
using SYBR Green PCR Master Mix (Thermo Fisher) and
primers (HBV3.5 F: 5′-GAGTGTGGATTCGCACTCC-3′)
and (HBV3.5 R: 5′-GAGGCGAGGGAGTTCTTCT-3′) for
HBV 3.5 kB transcript, (HBVtotalF: 5′-TCACCAGCACC
ATGCAAC-3′) and (HBVtotalR: 5′-AAGCCACCCAAGG
CACAG-3′) for total HBV-specific transcripts, (GAPDHF:
CCTGCACCACCAACTGCTTA-3ʹ) and (GAPDHR: 5ʹ-
AGTGATGGCATGGACTGTGGT-3ʹ) for GAPDH mRNA.
PCR was performed on 7900 HT Fast Real-Time PCR system
(Applied Biosystems) using the following cycling conditions:
initial denaturation at 95ᵒC for 10 min and 40 cycles at 95 ᵒC
for 15 s and 60ᵒC for 1 min. Levels of HBV-specific mRNAs
were normalized to GAPDH and expressed relative to cells
treated with Nabi-HB by the ΔΔCt method.

Native PAGE and Western blot analysis

For native PAGE, plasma purified HBsAg (Fitzgerald) was
run on pre-cast 3–12% Native PAGE Bis-Tris gel (Thermo
Fisher) along with NativeMark Unstained Protein Standard
(Thermo Fisher). The gel was cut into two sections. One
section was stained using Biosafe Coomassie stain (Bio-Rad)
to visualize the migration of HBsAg under native conditions
and the remaining half was used for electroblotting of
HBsAg onto PVDF membrane using an iblot 2 dry blotting
system (Thermo Fisher). Following electroblotting, the
membrane was blocked with 5% skimmed milk in PBS for
1 h at room temperature. The membrane was incubated
with pooled mouse sera for 1 h. HBsAg was detected using
1:5000 diluted goat anti-human IgG lambda light chain HRP
conjugate (Bethyl Laboratories) by chemiluminescence using
LumiGLO reagent (Cell Signaling). Image was captured
using ImageQuant LAS 4000 system (GE Healthcare).
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Immunofluorescence assay (IFA)

To determine if DMAb binds HBV, immunofluorescence was
performed as described.19 HepG2.2.15 cells were grown on 4
chambered tissue culture-treated slides (BD Falcon). Cells were
washed with PBS and fixed with 4% paraformaldehyde. After
being permeabilized with 0.1% Triton-X 100 in PBS, nonspe-
cific binding was blocked with 5% goat serum (Jackson
Immunoresearch) at room temperature for 1 h. The cells
were washed with PBS and incubated with mouse serum
diluted 1:20 in 1% BSA at room temperature for 1 h. HBsAg
staining was performed using Goat-anti human IgG (H + L)
Alexa Fluor 594 conjugate (Thermo Fisher). Fluoroshield
mounting media with DAPI (Abcam) was added to stain the
nuclei of cells. Coverslips were mounted on the slides and
observed under Nikon 80i Upright Microscope for fluores-
cence imaging. For detection of HBV production by
HepG2.2.15 cells by immunofluorescence, mouse anti-
hepatitis B virus preS2 antigen antibody S26 (Abcam) was
used as primary antibody while goat anti-mouse IgG (H + L)
Alexa Fluor 594 (Abcam) was used as secondary antibody.

Infection with HBV

Plating and culture of HepaRG cells: HepaRG cells were
resuspended in Basal Medium for thawing and plating
(Lonza) and viability was checked by the Trypan Blue dye
exclusion. The cells were seeded in collagen-coated 24-well
tissue culture plates at a density of 0.48 × 106 cells/well.
Twenty-four hours post plating, the medium was changed to
Basal medium for maintenance (Lonza). The cells were main-
tained at 37ᵒC in a 5% humified CO2 incubator.

Neutralization assay

At 96-h post plating, cells were infected with HBV at an MOI of
500 HBV-DNA copies/cell as described below. HBV inoculum
was mixed either with medium alone, Nabi-HB (1.25 mg) or
HBV-DMAb containing sera (10 μg) and incubated at 37ᵒC for
90 min. Following incubation, the mixture was added to HepaRG
cells in the presence of 4% PEG-8000 for 24 hours at 37ᵒC. After
24 hours, the inoculum was removed, and the cells were washed
thrice with fresh culture medium. Culture medium was changed
every 2 days. Culture supernatant and cells were harvested 8 days
post infection and viral infection were analyzed by measuring
HBsAg secreted in the culture supernatant and expression of
HBV-specific mRNAs in the cells by qRT-PCR.18,20

Statistics

Differences between the means of experimental groups were
calculated using a two-tailed unpaired Student’s t-test or one-
way ANOVA where two categorical variables were measured.
Repeated measures were analyzed using 2-way ANOVA. Error
bars represent standard error of the mean. Survival rates were
compared using the log-rank test. All statistical analyses were
done using Graph Pad Prism 7.0. p < .05 was considered statisti-
cally significant.

Results

HBV DMAb expresses in vitro and in vivo

Our group and others have published multiple reports regard-
ing the immune potency of highly optimized synthetic DNA
vaccines delivered by in vivo electroporation, and we have
now adapted this platform to deliver monoclonal antibodies
(MAb) in vivo by encoding them in DNA plasmids. We have
demonstrated that this novel platform is capable of inducing
sufficient MAb levels to protect mice in a number of specific
infectious disease models.13−17,14,21 Recently, we demonstrated
that this approach can generate protective levels of MAb in an
NHP challenge model.22 We were interested in developing
more enhanced levels of expression in the context of immu-
notherapy for HBV infection. Such an approach could pro-
vide an additional serum-free tool for protection in
seronegative, at-risk persons.2,23,24

Multiple immunotherapeutic approaches for preventing
HBV infection and treatment have been evaluated over the
past several decades. We focused on developing a protective
antibody response against regions of the HBsAg important in
immune protection from viral infection. The HBsAg contains
a highly antigenic segment known as the major hydrophilic
region (MHR) from amino acids 100–169.25 The MHR consists
of a complex set of continuous and discontinuous epitopes
defined by disulfide bridging. The common “a determinant
region” of MHR classically includes amino acids 124–147 of
the HBsAg and is shared by all HBV genotypes and serotypes
(adw, ady, ayw, ayr).4,26 It contains a major conformation-
dependent neutralizing epitope of HBV which is the principal
binding site of anti-HBs following natural infection, after
immunization with Hepatitis B vaccine, and during HBIG
prophylaxis.4,23,27 Recent reports describe monoclonal antibo-
dies that target this region of HBV.11

We systematically converted an anti-HBV MAb sequence
into a single-plasmid antibody-encoding DNA cassette for
insertion into a DNA plasmid and optimized it with the aim
of increasing HBV-specific human IgG production from the
construct. We optimized the leader sequences from the Ig and
performed RNA and codon optimization as we have
described.28–30 The synthetic DNA encoding the human
H and L chains were synthesized independently and cloned
into a mammalian expression plasmid pVax1 (Figure 2a). We
then studied in vitro expression in cell lines for the HBV-
DNA construct by quantitative enzyme-linked immunosor-
bent assay (ELISA) of supernatant and cell lysates of 293 T
cells transfected with HBV-DMAb. These analyses confirmed
intracellular expression as well as potent secretion of human
IgG (Figure 2b). Moreover, Western blot analyses demon-
strated the presence of IgG heavy and light chains in the
supernatant and cell lysate of HBV-DMAb transfected cells
(Figure 2c). To then study if the HBV-DMAb was expressed
in vivo, athymic nude CAnN.Cg-Foxn1nu/Crl mice were
administered HBV-IgG plasmid DNA at dose of 100 μg or
400 μg utilizing Cellectra 3P electroporation. Notably, signifi-
cant human IgG expression persisted for at least 4–5-weeks
post a single injection (Figure 2d) with 100 μg dose. Mean
expression levels in mice sera immunized with HBV-DMAb
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were 41.6 μg/ml (Figure 2e). The DMAb-expressed antibody
exhibited substantial reactivity to HBV viral antigen in ELISA
assay (Figure 2f). These results demonstrate that our synthetic
DMAb plasmid is capable of inducing HBV-specific antibody
expression in vitro and in vivo.

Functional binding activity of in vivo expressed DMAb

The in vitro binding activity of the human IgG in sera col-
lected from nude mice immunized with HBV-DMAb plasmid
was next determined as previously described.13,14,22,28 The
sera from the mice was found to bind plasma purified native
HBsAg. The binding specificity of HBV-DMAb was also
tested using HepG2.2.15 cells by IFA to determine reactivity
against HBV-viral produced antigen. Sera from mice immu-
nized with HBV-DMAb was found to bind to HBV produced
by HepG2.2.15 cells (Figure 3a).

HBV-DMAb recognition of conformational antigenic
epitope

The HBV-DMAb was developed from an antibody sequence
reported to recognize a conformational epitope in the com-
mon “a determinant region” of s-HBsAg. To test whether the
DMAb produced in vivo identified a conformational epitope,
plasma-purified HBsAg, cells were separated under denatur-
ing (reducing) and native conditions by polyacrylamide gel
electrophoresis. Western blot analysis of denatured and native

HBsAg using sera from nude mice immunized with HBV-
DMAb indicated that the sera did not bind denatured HBsAg
(Figure 3b) but only to HBsAg in its native conformation
(Figure 3c). These results indicated that the DMAb bound
to a conformational epitope of s-HBsAg (Figure 3c). The
functionality of this approach was next studied.

HBV-DMAb neutralizes hepatitis B virus

The neutralizing potential of HBV-DMAb produced IgG was
tested using differentiated HepaRG cells. Cells were infected
at a multiplicity of infection of 500 HBV-DNA copies/cell in
the presence or absence of HBV-DMAb containing sera
(10 µg). Nabi-HB-(Hepatitis B Immune Globulin in a sterile
solution of immunoglobulin containing antibodies to hepatitis
B surface antigen; 1.25 mg) served as a positive control for the
neutralization experiment. Analysis of infection in HepaRG
cells was performed using culture supernatants and cells col-
lected 8 days post infection as indicated in Figure 4a. Analysis
of viral load in the culture supernatant was by quantitative
PCR. Analysis of viral load in the culture supernatant demon-
strated that there was a significant reduction in the level of
HBV-DNA in culture supernatant of cells treated with HBV-
DMAb containing sera as compared to untreated cells
(p = .0001) (Figure 4b). Quantification of total HBV-RNA
and 3.5kb pre-genomic RNA in HepaRG cells was performed
by Real-Time Quantitative Reverse Transcription PCR (qRT-
PCR). The expression of total HBV-RNA in DMAb-

Figure 2. HBV-DMAb expression in vitro and in vivo.
(a) Cloning of HBsAg DMAb in pVax1 expression vector. (b) 293 T cells were transfected with HBV-DMAb or pVax1. Human IgG expression in culture supernatant and
cell lysate was quantified by ELISA (n = 3 biological replicates, mean ± SD). (c) Western blot analysis of human IgG heavy and light chain in reduced supernatant and
cell lysates of 293 T cells transfected with HBV-DMAb or pVax1. HBV-DMAb purified from serum from mice immunized with HBV-DMAb was loaded as a control
(right). (d) HBV-DMAb expression in CAnN.Cg-Foxn1 nu/Crl nude mice after electroporation-enhanced intramuscular inoculation with 100 μg HBV-DMAb. Sera were
collected up to 35 days post administration (n = 5 mice per group, mean ± SD). (e) Mean expression level in mice sera of HBV-DMAb. (f) ELISA binding of mouse
serum collected 21 days post administration of HBV-DMAb to plasma purified native HBsAg.
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Figure 4. HBV-DMAb neutralizes HBV and blocks infection of HepaRG cells.
(a) Schematic of infection of HepaRG cells with HBV. (b) Quantification of viral load in the culture supernatant of HepaRG cells by qPCR. (c) Relative quantification of
total HBV RNA and (d) 3.5 kb pregenomic RNA in HepaRG cells by qRT-PCR. Values represent mRNA expression relative to cells treated with Nabi-HB. (e)
Measurement of HBsAg secreted in the culture medium by ELISA. Quantity of antibody used for neutralization assay: Nabi-HB: 1.25 mg and HBV-DMAb: 10 µg.

Figure 3. HBV-DMAb binds a specific epitope of HBsAg.
(a) IFA to detect HBV-DMAb binding to HBV in HepG2.2.15 cells. Cells were incubated with serum from mice immunized with HBV-DMAb or pVax1 followed by
staining with the Alexa fluor 594 antibody conjugate. The cell nuclei were stained with DAPI. (b) Western blot of HBsAG after SDS-PAGE separation under reducing
(denatured) conditions. No binding of HBV-DMAb was observed when reduced HBsAg was used in SDS-PAGE. (c) Native PAGE and western blot analysis of HBsAg
using sera from mice immunized with HBV DMAb. Detection of DMAb binding to purified HBsAg was performed using goat anti-human IgG-HRP conjugate by
chemiluminescence. No binding of HBV-DMAb was observed when denatured HBsAg was used in SDS-PAGE. However, the DMAb strongly bound to native HBsAg in
Native-PAGE which indicates that antibody binds to a conformational epitope of HBsAg.
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containing sera treated cells was over 80-fold lower compared
to untreated cells (p = .0001) (Figure 4c) and was further
reduced compared to Nabi-HB treated samples.

A similar trend in the expression level of 3.5kB HBV
mRNA was observed for HepaRG cells treated with DMAb-
containing sera where a more than 150-fold reduction in virus
was observed (Figure 4d). ELISA-based detection of HBsAg
secreted into the culture supernatants demonstrated close to
complete suppression of viral antigen (HBsAg) as compared
to untreated cells (p = .0001) (Figure 4e). HBV-DMAb per-
formed exceedingly well in neutralizing HBV as compared to
Nabi-HB treated, as just 10 μg HBV-DMAb containing sera
administered was compared to 1.25 mg Nabi-HB in these
neutralization experiments demonstrating the high potency
of DMAb-containing sera for prevention of infection in this
important assay system.

Discussion

Hepatitis B virus infection is an important cause of acute and
chronic liver disease in the United States and globally.15,18,31,32

The total costs for this infection due to hospitalizations in the
United States in 2006 were estimated to be 1.3 USD billion.
The expenditure for prophylaxis for patients receiving liver
transplantation (LT) is extremely high ranging between 2,000
USD and 10,000 USD per month in various countries for an
undefined period and presumably for life.1,10 As
a consequence, there is a need for additional non-blood
based and more cost-efficient modes of therapy to treat
HBV infection.

In the present study, we report the construction and in vivo
delivery of an optimized plasmid DNA which was designed to
express an anti-HBV human monoclonal antibody which
targets a functional region of the HBsAg. The human
DMAb is directed against the common “a determinant
region” of HBsAg which carries a major HBV neutralizing
epitope for anti-HBs that is highly conserved.11,20 We
observed that the DMAb reacted well with the native antigen
as well as HepG2.2.15 cells but reacted poorly with the dena-
tured antigen, supporting the three-dimensional nature of the
epitope targeted. Advantages of the DMAb platform include
the ease and cost-effectiveness of producing DNA plasmids
compared to protein therapies and the ease of delivery of
plasmid DNA as well as its ability to generate sustained
in vivo monoclonal antibody expression which in the present
study lasted at least one-month post administration.
Moreover, the epitope specificity of the monoclonal antibody
was known and is well characterized. For HBIG, the prepara-
tion method is based on the physical characteristic of immu-
noglobulins and not on the specificity of the antibodies, the
precise antigen specificity of most HBV immunoglobulin pre-
parations is not known and thus far, are only determined to
be reactive with HBV surface antigen proteins in general. This
provides a source of variability in these preparations, that can
facilitate poor control or viral escape as well as having the
complication of being a blood-based product. The DMAb
technology might have advantages in this regard as a stand-
alone additional tool or to be used in combination with
current HBV immunotherapies.

The ability of HBV-DMAb to neutralize HBV is relevant.
Using the Nabi-HB as a positive control for viral neutraliza-
tion we observed that the concentration of HBV DMAb
required to neutralize HBV was 100x less than the required
dose of Nabi-HB (10 µg DMAb vs 1.25 mg of Nabi-HB)
supporting the potency of this platform. This was illustrative
in the drastic reduction of HBV 3.5kb pre-genomic RNA and
total HBV-specific RNAs detected in cells treated with HBV
DMAb as compared to untreated cells and the reduction in
the level of secreted HBsAg from HBV-infected HepaRG cells
which was studied in the treatment groups.

Delivery of DMAbs is a novel approach, which only
recently has been developed.13,22,29,33,34 Utilizing this
approach, we can bypass protein IgG delivery, and provide
a potential alternative technology, which may address the
limitations of conventional delivery of protein-based IgG.
DMAbs have the potential to provide rapid protection against
infectious diseases such as HBV through in vivo antibody
production. Conceptually, this technology provides the sim-
plicity of immunization with the power of specific mAb
delivery. Advantages of this approach include rapid protection
or treatment of affected populations, including health care
workers, travelers, and immune-compromised personnel.
Furthermore, this technology has the possibility to enable
routine mAb delivery to treat other circulating and emerging
infectious diseases. Immune escape by hepatitis B viruses is
a challenge for all form of antiviral therapeutics, including
DMAbs; however, through the use of combination therapeu-
tics such as co-administration of broadly neutralizing DMAbs
with small molecule antivirals or HBIG, potentially superior
control over the HBV infection could be achieved. Also, it is
necessary to determine that with each DMAb target and
strategy that a sufficient level of mAb is produced to mediate
the desired biological effect in terms of quantity and duration
compared to conventional delivery of protein-based mAbs.

In conclusion, for the first time, we demonstrate the
expression of a human monoclonal antibody from a DMAb
platform with a potent HBV neutralizing ability which may be
used for immunoprophylaxis of HBV infection.
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