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Summary
Chronic hepatitis B (CHB) is caused by the Hepatitis B virus
(HBV) and affects millions of people worldwide. Developing
an effective CHB therapy requires using /7 vivo screening
methods, such as mouse models reflecting CHB based on
hydrodynamic  delivery  of vectors

plasmid containing

a replication-competent HBV genome. However, long-term
expression of HBV proteins is accompanied by production of
progeny virions, thereby requiring a Biosafety Level (BSL) 3
animal facility. In the present study, we introduced a point
mutation in the START codon of the HBV polymerase to develop
a mouse model reflecting chronic hepatitis B infection without
formation of viral progeny. We induced the mouse model by
hydrodynamic injection of adeno-associated virus plasmid vector
(PAAV) and minicircle plasmid (pMC) constructs into C57BI/6 and
C3H/HeN mouse strains, monitoring HBV antigens and antibodies
in blood by enzyme-linked immunosorbent assay and analyzing
liver expression of HBV core antigen by immunohistology.
Persisting expression of viral antigens over 140 days (study
endpoint) was observed only in the C3H/HeN mouse strain when
using pAAV/1.2HBV-A and pMC/1.0HBV-D with pre-C and pre-S
recombination sites. In addition, pAAV/1.2HBV-A in C3H/HeN
sustained HBV core antigen positivity up to the study endpoint in
C3H/HeN mice. Moreover, introducing the point mutation in the
START codon of polymerase effectively prevented the formation
of viral progeny. Our study establishes an accessible and
affordable experimental paradigm for developing a robust mouse
model reflecting CHB suitable for preclinical testing of anti-HBV
therapeutics in a BSL2 animal facility.
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Introduction

Hepatitis B is a viral infection caused by the
hepatitis B virus (HBV), small, enveloped DNA virus
classified into ten genotypes (A-J) [1] that specifically
of adults
suffering from acute HBV infection recover within

target liver tissue. Approximately 95 %
6 months by developing anti-HBV immunity. Those who
do not develop immunity suffer from chronic hepatitis B
(CHB), defined as the continuous blood circulation of
a hepatitis B surface antigen (HBsAg) for more than six
months. Moreover, up to 30 % of HBV-infected children
under 5 years and up to 95 % of neonates develop
CHB [2]. CHB may result in liver cirrhosis, steatosis,
hepatocellular carcinoma, or adenoma [3-6].

The two available CHB therapies, interferon a-
based therapy and nucleos(t)ide analogues, rarely result in
the complete cure and often require life-long application
[7], causing side effects [8]. Additionally, the long-term
application of the first generation of nucleos(t)ide
analogues (lamivudine and adefovir, among others) most
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likely lead to viral resistance [9]. For these reasons,
research and development of novel CHB therapeutics
requires preclinical safety and efficacy validation.
Preclinical safety and efficacy research relies on
animal models. However, the human HBV virus can only
[10].
Alternatively, the human HBV-like family of viruses,
which includes the woodchuck [11], domestic duck [12]
and Beechey ground squirrel [13] subtypes, could be used

chronically infect humans and chimpanzees

as in vivo CHB models, but they require complying with
stringent ethical, handling, and administrative procedures.
Another difficulty with using these models is the lack of
research tools for monitoring host-virus immune responses.

Murine CHB models, by contrast, are well
established and much simpler to use. For example,
transgenic HBV [14] and chimeric [15] mouse models are
based on tail vein delivery of adeno-associated virus
(AAV),
hydrodynamic injection (HDI [16]) of plasmid vectors

whereas other models are induced by
carrying replication-competent DNA genome [17]. For
these purposes, researchers usually resort to adeno-
associated virus plasmid vector (pAAV) and covalently
closed circular DNA plasmid produced by minicircle
technology (pMC), which was primarily invented to
address HBV cccDNA in vivo [17]. However, long-term
HBYV protein expression yields progeny virions, thereby
requiring a Biosafety Level (BSL) 3 animal facility.
Furthermore, sustained expression of viral markers in
HDI-induced mouse models of CHB [18] depends on the
selected ~mouse strain. In  particular, major
histocompatibility complex (MHC)-associated immune
response to HBsAg affects model sustainability [19]. In
terms of response to HBsAg, three different
MHC genotypes are defined [19]: high (alleles H-2%9),
intermediate (alleles H-2*>H-2°>H-2), and low/non-
responders (alleles H-2%").

To overcome these limitations, in this study, we
aimed to develop and characterize a mouse model
reflecting CHB induced by HDI

HBYV genome-encoding plasmids with a mutation in the

delivery of

START codon of the polymerase, which prevents the
secretion of progeny virions by hepatocytes [17,20], in
two different immunocompetent mouse strains, C57Bl/6
and C3H/HeN. In addition, we compared two different
plasmid systems that encode HBV genomes of
genotypes A and D, more specifically pAAV/1.2HBV
genotype A (pAAV/1.2HBV-A) and D (pAAV/
1.2HBV-D), pMC/1.0HBV genotype D with pre-C
(pMC/1.0HBV-D-pre-C; encoding HBeAg [21]) and

pre-S  (pMC/1.0HBV-D-pre-S;

proteins [21]) residual recombination sites. Ultimately,

encoding envelope
the main purpose of this study was to create a mouse
model that stably expresses HBsAg and HBeAg and is
therefore suitable for robust preclinical testing of novel
CHB therapeutics in a BSL2 animal facility.

Methods

Plasmids and mutagenesis

Two different types of plasmid constructs,
apAAV and minicircle, were used for mutated HBV
genome delivery to establish a mouse model reflecting
CHB. Plasmids carrying 1.2mer of HBV genome,
genotype A (GenBank: AF305422.1, kindly provided
[22]) or D (GenBank: MN645906.1, prepared in house)
were inserted between inverted terminal repeats from
AAV2 [23] (Fig. 1). Minicircle constructs [17,24] of
1.0mer of HBV genotype D genome with a residual
recombination site in the pre-S or pre-C region were
prepared according to Yan ef al. [17] and to Wang et al.
[25]. A point mutation T2308C [17] of the polymerase
START codon was introduced to prevent the formation of
HBYV virions. The pAAV plasmids were isolated using
the Nucleobond Xtra Midi EF kit (Macherey Nagel)
according to the manufacturer’s instructions. The
minicircles were prepared from pre-MC plasmids, also
according to the manufacturer’s instructions (MC-Easy
Minicircle DNA Production Kit, BioCat), and isolated
using the Nucleobond Xtra Maxi EF kit (Macherey
Nagel). The endotoxin level in DNA was quantified using
HEK-Blue™ LPS Detection Kit 2 (InvivoGen) in
HEK-Blue™hTLR4 cells (InvivoGen), according to the
manufacturer’s instructions. Plasmid integrity, quality
and functionality were tested (data not shown, plasmids
were tested in vitro using HepG2-NTCP transfection
system and the levels of HB-Ag secreted into media were
tested; in vivo viral progeny absence was verified in
mouse plasma using qPCR).

In vivo mouse model reflecting CHB

All animal procedures were approved by
institutional and national committees for the care and use
of laboratory animals (CAS 77/2018, MSMT
29416/2020-7, Czech Republic). All animal experiments
were performed in accordance with European Guidelines
on Laboratory Animal Care. The HDI model was induced
in male C3H/HeN and C57Bl/6 mice (aged 4-6 weeks

[26], purchased from the Charles River Laboratories) by
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tail wvein injection of 10pg of endotoxin free
PAAV/1.2HBV plasmid DNA [27] or 5 g of endotoxin
free pMC/1.0HBV DNA [17] in a tempered saline
solution within 5-8 s in a volume equal to 10 % of the
mouse body weight [28]. Blood samples were collected
into lithium-heparin tubes (Microvette CB 300, Sarstedt)
every 1-3 weeks for up to 20 weeks. The mice were
housed in specific, pathogen-free conditions in
an individually ventilated cage-system with food and
water ad libitum under controlled temperature and light
settings and monitored weekly for general appearance

(weight, fur ruffling, and mobility/activity).

HBYV antigen secretion analysis

The blood levels of the HBV surface, the HBV
envelope-relevant antigens (HBsAg and HBeAg), and the
antibody against HBsAg (HBsAb) were determined using
an ELISA kit (Bioneovan Co., Ltd.) according to the
adapted manufacturer’s recommendations. The absorbance
was measured on a Spark reader (Tecan). The internally
established positivity threshold was determined as 5x the
mean of HDI controls for HB-Ag markers and as 3x the
mean of HDI controls for the HBsAb marker.

HBcAg immunohistochemistry (IHC)

The liver was preserved in 4%
paraformaldehyde (Sigma-Aldrich) for 24-48 h and kept
in 70 % ethanol (Penta s.r.0.) until analysis. Liver tissue
was stained with polyclonal rabbit anti-HBcAg antibody
(DAKO-Agilent). HBcAg positivity was defined as
a percentage of positive cells in the entire sample.

Statistical analysis

All statistical tests of experimental data were
performed in GraphPad Prism software (La Jolla, CA,
version 8.0.1). Data were presented as Kaplan-Meier
curves or mean = standard error of mean (SEM).
HB-Ag positivity was analyzed using the Log-rank
comparison test. The normality of distributions was tested
using the Shapiro-Wilk test. The trend of HB-Ag levels
over time was assessed according to the Spearman's rank
correlation test, and the HB-Ag terminal levels was
analyzed using the Mann-Whitney U-test.

Results

T2308C mutation of the polymerase START codon does
not affect in vitro plasmid functionality

Both pAAV [22] and pMC [17,24] plasmids
carrying the replication-competent HBV DNA genome

(henceforth referred to as wild type, wt) or the HBV
DNA genome with a mutation of the START codon of
the polymerase (T2308C [17], Fig. 1) were produced. The
in vitro/in vivo quality, purity, and functionality were
tested (data not shown). The T2308C point mutation was
effectively introduced and had a non-significant effect on
the in vitro expression of HB-Ag when compared to the
wt plasmid using an in vitro HepG2-NTCP infection
system [29]. The absence of HBV virions using plasmids
with a point mutation in the START codon of polymerase
was verified in mouse plasma by quantitative polymerase
chain reaction (qPCR), showing that HBV DNA was
below the limit of detection.
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penotype D pre-G
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3243 bp 3218 bp

Fig. 1. Plasmid maps: pAAV/1.2HBV-A (a) and D (b),
pMC/1.0HBV-D-pre-C (c) and pre-S (d); mutation T2308C [17]
eliminating the START codon of the HBV polymerase pointed as
an arrow; the orange represents the HBV sequence; green
represents open reading frames encoding the polymerase,
HBx = HBV X protein, pre-C region encoding HBeAg and HBcAg,
pre-S domain encoding 3 forms of HBsAg; grey represents the
bacterial origin of replication; yellow represents inverted terminal
repeats from AAV2 virus; blue represents promoter, and purple
represents the ATT recombination site (resulting from a minicircle
preparation from the parental plasmid [17]).

The in vivo mouse model was hydrodynamically
induced via tail vein (Fig.2a). We compared PBS to
a physiologic solution. The physiologic solution
increased the HDI survival rate up to 100 % (data not
shown) in contrast to 20 % using commercially available
PBS (without calcium and magnesium chloride, Sigma
Aldrich, Cat. No. D8537).

C57B1/6 and C3H/HeN male mice were
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hydrodynamically injected with either 10pug of
pAAV/1.2HBV or 5 pg of pMC/1.0HBV plasmids with
the point mutation T2308C (Fig. 2a). These doses were
previously described as optimal when using nonmutated
wild type (wt) plasmids for long-term HBV persistence
without HBsAg seroconversion [17,27]. The models were

a & CaH/HeN and C57Bl/6
age: 4-6 weeks old

evaluated based on the HB-Ag levels, and sustainability
was determined by seroconversion in the presence of
anti-HBsAg antibodies (HBsAb) in blood (Fig. 2, Fig. 3,
Fig. 4) and further confirmed by HBcAg expression in
the liver (Fig. 5).
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Fig. 2. CHB /n vivo model establishment and characterization in C57BI/6 and C3H/HeN mice: (a) scheme of the experiment and
continuous monitoring of HBsAg (b), HBeAg (c) and HBsAb (d) blood levels; the positivity proportions of all induction systems
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n=5-20 mice/group.
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Fig. 3. HBV marker levels in CB7BI/6
mice: HBsAg (a) and HBeAg (b) were
monitored in animals hydrodyna-
mically  injected  with  plasmid
constructs. Data were compared using
the Spearman correlation test; unless

otherwise stated, P>0.05,
p expressing Spearman’s rank
correlation coefficient. Data were

expressed as mean = SEM per group.
(a, b) n=5-20 mice/group.

Fig. 4. HBV marker levels in C3H/HeN
mice: HBsAg (a) and HBeAg (b) were
monitored in animals hydrodyna-
mically injected with plasmids. Data
were compared using the Spearman
correlation test (all data were
nonsignificant (ns) = P>0.05). Data
were expressed as mean + SEM per
group. (a, b) n=5-20 mice/group.
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C57Bl/6

HDI control

PAAV/1.2HBV-A

pAAV/1.2HBV-D

pMC/1.0HBV-D-
pre-C

pMC/1.0HBV-D-
pre-S

C3H/HeN

Fig. 5. HBcAg expression in liver sections of C57BL/6 and C3H/HeN mice detected by immunohistochemistry: HBcAg detected on day 7
(D7) post HDI and at the terminal point of the experiment (T; C57BI/6: D35 pAAV/1.2HBV-D, D49 pAAV/1.2HBV-A and pMC/1.0HBV-D-
pre-S, D105 pMC/1.0HBV-D-pre-C; C3H/HeN: D62 pAAV/1.2HBV-D, D140 pAAV/1.2HBV-A, pMC/1.0HBV-D-pre-C and pMC/1.0HBV-D-
pre-S); representative results of HBcAg (brown spots) per induction system group.

Hydrodynamic  injection of pAAV/1.2HBV  and
pMC/1.0HBV with a START codon mutation of the
polymerase into C57Bl/6 mice results only in transient
expression of viral proteins

In C57BI1/6 mice, the blood levels of HBsAg and
HBeAg started decreasing within the first week post HDI.
Mice injected with pAAV/1.2HBV-D showed a rapid loss
of HBsAg (no animal was positive by D35, Fig. 2b). In
addition, 80 % of animals had cleared HBeAg within D21
post HDI (Fig. 2c), and 80 % of mice were positive for
HBsAb (Fig. 2d) by D35.

Due to this rapid clearance of HB-Ag (Fig. 2b, c)
and to the very low HBV persistence rate observed when
using pAAV/1.2HBV-D, the minicircle construct [17] of
prepared. pMC/1.0HBV-D-pre-C

genotype D was

injection into C57Bl/6 mice resulted in a relatively fast
clearance of HBsAg (only 10 % positive mice by D35,
Fig. 2b) and in lower HBsAg levels (Fig. 3a) than when
injecting the pAAV/1.2HBV-D (Fig. 3a), albeit with
10 % positivity up to D105 (Fig. 2b). HBeAg positivity
decreased from 70 % (D7) to 30 % (D49) and finally up
to 10 % (D77) and sustained to the terminal point of
experiment (D105, Fig. 2¢), with more than 10x higher
HBeAg levels than those observed in animals injected
with pAAV/1.2HBV-D (Fig. 3b). HBsAb were detected
within 4 weeks post HDI, and by the end of the study, up
to 40 % animals had seroconverted (D105, Fig. 2d).

By D21, mice injected with pMC/1.0HBV-D-
pre-S showed a mild decrease of HBsAg-related
positivity (10-20 % loss every week, Fig. 2b) with mean
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plasma HBsAg values >100 ng/ml (Fig. 3a). However,
HBsAg-related positivity rapidly dropped to 10 % until
D35 (Fig. 2b),
gradually to

while HBeAg positivity decreased
20 % D49 (Fig. 2c), with
HBeAg plasma levels similar to but less consistent than

until

those measured when injecting pMC/1.0HBV-D-pre-C
(Fig. 3b). HBsAD related positivity increased up to 50 %
until D28 (Fig. 2d).

Even though C57Bl/6 mice injected with
pAAV/1.2HBV-A showed the most promising results
(with a mean peak HBsAg concentration of 4500 ng/ml,
which was considerably higher than those of other
induction systems, Fig. 3a), all animals showed total loss
of HBsAg and HBeAg by D49 (Fig. 2b, Fig. 2¢, Fig. 3a,
Fig. 3b), while HBsAg seroconversion rapidly increased
from 10 % (D21, Fig. 2d) to 90 % within 2-3 weeks post
HDI (Fig.2d). Based on our results, when using
PAAV/1.2HBV-A, we also tested pMC/1.0HBV-A-pre-C
in CB7Bl/6 mice. However, we observed only acute
expression of HB-Ag (total loss of HB-Ag by D28), as in
pAAV/1.2HBV-D (data not shown).

injection of pAAV/I.2HBV-A  with
a mutated polymerase START codon into C3H/HeN mice
leads to a persistent expression of viral proteins

HDI
C3H/HeN mouse strain led to a much more consistent

Hydrodynamic

injection of the plasmids into the

and sustainable expression of viral proteins. More than
80 % of animals remained HB-Ag-positive up to the end
of the study (D140, the study endpoint) when using
pMC/1.0HBV-D-pre-C, pMC/1.0HBV-D-pre-S, and
pAAV/1.2HBV-A (Fig. 2b,c, Fig.4a,b).
pAAV/1.2HBV-D induced only a transient expression of

However,

viral proteins, albeit for a longer period time in
C3H/HeN mouse strain than in C57Bl/6 mice (Fig. 2b, c).
On D7 after HDI, 70-80 % of animals were HB-Ag-
positive, but this positivity had dropped to 10 % by D62
(Fig. 2b, c¢). Furthermore, only 10 % of the mice injected
with pAAV/1.2HBV-D developed HBsAb (Fig. 2d). In
contrast to pAAV/1.2HBV-D, pAAV/1.2HBV-A,
pMC/1.0HBV-D-pre-C ~ and  pMC/1.0HBV-D-pre-S
showed a similar chronic expression of viral antigens
(nonsignificant, Fig. 2b, ¢). Interestingly, pMC/1.0HBV-
A-pre-C showed only a transient expression of viral
proteins (total loss of HB-Ag by D49, data not shown)
similar to that of pAAV/1.2HBV-D.

We also observed differences in the average
values of detected HB-Ag between all constructs. The
minicircle constructs using genotype D had low
HBsAglevels (pMC/1.0HBV-D-pre-C <200 ng/ml,

pMC/1.0HBV-D-pre-S <500 ng/ml, Fig. 4a), while
pAAV/1.2HBV-A had >40x higher average values of
HBsAg (<20000 ng/ml, Fig.4a). The endpoint HBsAg
values  were  significantly  different  between
pAAV/1.2HBV-A and pMC/1.0HBV-D-pre-S and pre-C,
but the plasma endpoint levels of HBeAg were
significantly higher when using the minicircle constructs
(120-200 ng/ml, Fig. 4b) than

pAAV/1.2HBV-A (<30 ng/ml, Fig. 4b).

when using

HBcAg was detected only in C3H/HeN mice
hydrodynamically injected with both pAAV/1.2HBV and
pMC/1.0HBV with a mutation of polymerase at the
terminal point of the experiment

The expression of HBcAg in mouse hepatocytes
was determined by immunohistochemical analysis of
liver tissue on D7 [27] post HDI and at the terminal point
of the experiment. In C57B1/6 mice, IHC confirmed the
presence of HBcAg positive cells on D7 post HDI
regardless of HBV construct, with pAAV/1.2HBV-A
resulting in  20-25%  HBcAg-positive  cells;
pAAV/1.2HBV-D, 10-25 % HBcAg-positive cells; and
both pMC/1.0HBV-D-pre-C and pre-S, <10 % HBcAg-
positive cells (Fig. 5). However, not a single liver tissue
showed the HBcAg positivity at the end of the study
(Fig. 5). C3H/HeN mice showed 20-25% HBcAg-
positive hepatocytes for pAAV/1.2HBV-A and 10-15 %
HBcAg-positive hepatocytes for genotype D on D7 post
HDI regardless of plasmid induction system. The HBcAg
positivity of the genotype D of both systems, pAAV and
pMC, decreased to <10 % of positive cells at the terminal
point of the experiment. Conversely, HBcAg positivity
remained unchanged when using pAAV/1.2HBV-A in
C3H/HeN mice. The positive hepatocytes were unevenly
distributed in most samples. Mice injected only with
physiologic solution (HDI control, Fig. 5) were HBcAg-
throughout the
induction construct.

negative experiment regardless of

Regardless of mouse strain or HBV genotype,
HBYV transduction was latent. In both mouse strains, none
of the

confirmed by the absence of weight changes (Fig. 2e).

induction systems affected physiology, as

The mice were also monitored weekly for general
appearance (fur ruffling, mobility, and activity), showing
no pathologic changes.

Discussion

Our
induced by HDI delivery of plasmid vector [18] stably

immunocompetent CHB mouse model
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expresses the viral markers HBsAg and HBeAg for
20 weeks without viral progeny. As such, this model is
suitable for robust preclinical safety and efficacy testing
of novel CHB therapeutics. Although research on
CHB mouse models has recently led to the development
of several other murine models [18], such as transgenic
[14] and chimeric [15] mouse models, as well as models
based on tail vein delivery of viral vectors carrying
HBYV DNA genome [16], they all have some limitations,
including requiring BSL3 animal facilities [30]. To
overcome these limitations, we first compared two most
commonly used vehicles for HDI injection, physiologic
solution [27] and PBS [22] particularly regarding their
formulation in terms of acid-base balance disruption
(e.g. calcium, magnesium and/or potassium chloride).
Despite the broad use of PBS as a vehicle for in vivo
transfection (e.g. targeted [31] and pressurized [22]), the
physiologic solution dramatically positively affected HDI
survival. We also used pAAV [22,27] and pMC [17]
plasmid vectors carrying 1.2mer and 1.0mer HBV DNA
genome respectively (genotype A and D) dosed as
previously described [17,27] with a T2308C [17] point
mutation of the START codon of the polymerase to
prevent the production of infectious HBV progeny [17],
as confirmed using all induction systems, without
affecting HBV transcription and antigen expression.
Therefore, this point mutation allows us to operate in
a BSL2 animal facility.

We chose two mouse strains of different MHC
classes with different immune responses to HBsAg that
prevent spontaneous healing [19] namely C57Bl/6 and
C3H/HeN, to comparatively assess HB-Ag persistence.
HBsAg is considered a general marker of HBV in both
mouse and human plasma [32], regardless of acute or
chronic infection. Unlike HBsAg, HBsAb indicates the
generation of specific immunity leading to host recovery.
Since HBsAb production is affected by S region-
encoding MHC class III complement components,
including C* and C? [19], we tested mouse strains from
an intermediate MHC genotype group with different
haplotypes, ie. C57Bl/6
C3H/HeN (haplotype k).

In line with Peng et al. [20], we demonstrated

(haplotype b) and

that the C57B1/6 mouse strain bearing the S® region with
a sufficient response to HBsAg leads to HB-Ag clearance
(Fig. 2b, Fig. 3), as observed across all induction systems,
resulting in only an acute HBV model, unlike other
studies [22,27], where HB-Ag expression persisted for
more than 6 months when using replication-competent

HBV genome in C57Bl/6 mice. This result could be
explained by differences in positivity threshold setting
and in animals from different vendors. Moreover, the
introduced point mutation may also partly account for
this discrepancy between studies.

The C3H/HeN mouse strain markedly increased
and sustained viral antigen expression, as also
demonstrated by Peng et al. and Yan et al. [17,20] using
non-mutated pAAV/1.2HBV and pMC/1.0HBV. Based
on humoral immunity in C3H/HeN mice (S* region), we
assume that the insufficient HBsAg response reflects its
persisting levels and the low levels of seroconversion
(Fig. 2b, d, Fig. 4a).

We confirmed the persistence and clearance of
viral markers by immunohistochemical analysis of
HBcAg in liver tissue, showing HBV clearance through
the decreased HBsAg and HBeAg positivity in
C57Bl/6 mice over time (Fig. 2b, c, Fig. 3a, b) along with
increased HBsAb levels (Fig. 2d) matching the decreased
HBcAg positivity. These results also corroborate Li et al.
[27], who quantified HBcAg-levels in C57B1/6 mice after
using pAAV/1.2HBV. Unlike them [27], nevertheless, we
detected lower HBcAg positivity on D7 after HDI and no
HBcAg positivity at the terminal point of the experiment
(D49). A possible reason for this difference may be the
point mutation of the polymerase START codon.
HBcAg positivity was sustained at a max. of 25 % using
pAAV/1.2HBV-A in C3H/HeN mice, matching the
persisting levels of HBsAg expression (Fig. 2b, Fig. 4a).
Our results using both mouse strains correlate with the
[20] who reported that
C3H/HeN mice were superior to C57Bl/6 mice in

findings of Peng et al.

HBcAg positivity  when  using a  non-mutated
pAAV/1.2HBYV induction system.

Considering the plasma levels of the viral
markers, the efficacy of the induction systems in both
C57BI1/6 and C3H/HeN mice was reflected as a trend of
pAAV/1.2HBV-A > pMC/1.0HBV-D-pre-S >
pMC/1.0HBV-D-pre-C >> pAAV/1.2HBV-D. Unlike all
induction plasmids in C57Bl/6 mice and pAAV/1.2HBV-D
in C3H/HeN mice, HB-Ag positivity persisted until the
terminal point of the experiment (D140) using
pAAV/1.2HBV-A and both minicircle constructs in
C3H/HeN mice. In contrast to genotype A, genotype D
has a 33-nucleotide deletion in the N terminus of the
PreS1 region [33]. This deletion changes the ratio of the
three S antigen forms and affects their secretion [34],
which may thus explain why the HBsAg-levels were
significantly lower in mice induced with genotype D.
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The differences in HBeAg-levels
plasmids in both mouse strains might be associated with

among

the use of different induction systems. Unlike pAAV, the
pMC HDI induction system was primarily developed to
address cccDNA in vivo [17]. As previously described
[35], HBeAg secretion and cccDNA formation may be
correlated; if so, significantly higher HBeAg levels
should be found when using minicircle constructs.
However, the point mutation of the START codon of the
polymerase adversely affected the viral replication cycle.
Consequently, the formation of new cccDNAs [36]
resulted in similar if not lower HBeAg-levels during the
experiment. Nevertheless, HBeAg persistence is variable
even among CHB patients and thus not a definitive
CHB marker [37].

In conclusion, the C3H/HeN mouse strain is
more suitable than C57Bl/6 for developing a long-term
in vivo model reflecting CHB. Based on the
pAAV/1.2HBV-A-associated HBsAg-levels, in contrast
to pMC/1.0HBV-D-pre-S-associated HBsAg-levels, we
believe that the pAAV induction system provides more
suitable various

experimental ~ paradigm  for

immunopathology studies aimed at assessing the efficacy
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