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(57) ABSTRACT

Disclosed is a recombinant plasmid for expressing hepatitis B
viral antigens in vivo, comprising an adeno-associated virus
(AVV) vector and a replication-competent hepatitis B virus
genome fragment. Mice hydrodynamically injected with the
recombinant plasmid of the present invention show persistent
expression of hepatitis B viral antigens for more than 6
months in the hepatocytes, thus a immuno-competent mouse
model for persistent expression of hepatitis B antigens and
also for human chronic hepatitis B virus infection is estab-
lished, which can be applied in evaluation and elucidation of
mechanism of chronic hepatitis and anti-viral drug discovery
research.
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RECOMBINANT PLASMID AND METHOD
FOR EXPRESSING HEPATITIS B VIRAL
ANTIGENS AND VIRIONS IN VIVO

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for expressing
hepatitis B viral antigens and virions in vivo, especially
relates to a recombinant plasmid for expressing all of the
hepatitis B viral antigens and a method to construct an immu-
nocompetent mouse model for persistently expressing hepa-
titis B vial antigens by using the recombinant plasmid.

2. The Prior Arts

It is estimated that 350 million people are chronic carriers
of'hepatitis B virus worldwide, and there are approximately 1
million deaths each year caused by hepatitis B related liver
diseases. Evidently, hepatitis B virus has tremendous impact
on human health, therefore research for best treatment and
new drug discovery enthusiastically become an important
healthcare issue.

Hepatitis B virus (HBV) is a partially double-stranded
DNA virus that infects human hepatocytes. Upon infection of
host individual, the hepatitis B virus will first form a
covalently closed circular DNA (cccDNA) within the cell,
and then followed by a complicated viral replication process.
Host individual infected by hepatitis B virus normally devel-
ops acute or chronic necroinflammatory of liver diseases,
which consequently may transform into hepatocellular carci-
noma. It is generally believed that HBV is not directly cyto-
pathic to the hepatocytes, but HBV mediates the immune
response of the infected hepatocytes and triggers the infected
cells to express viral antigen, which resulting in host immune
system attacking its own infected hepatocytes and eventually
leading to cell apotosis.

It is necessary and important to develop an appropriate
animal model as a tool in search for new therapy and drug
discovery, thus HBV transgenic mice have been proposed to
serve as animal models in search for treatment of hepatitis and
new drug discovery. The whole-genome HBV transgenic
mice are created by delivery of a replication-competent HBV
genome into mouse chromosome, in which the inserted viral
genome is stably and persistently expressed in the liver tissue.
However, it has been found that the mechanism of liver
inflammation derived from such HBV transgenic mice is
different from scenario of human hepatitis. Furthermore,
such HBV transgenic mice are HBV antigen tolerant, thus do
not exhibit normal immune response against HBV. Hence, it
is concluded that such animal models are not ideal in study of
HBYV tolerance and clearance.

Chisari et al. devise an approach: by injecting hydrody-
namically a recombinant plasmid containing the HBV whole
genome into immunologically competent mice, to stimulate
HBYV replication and to induce hepatitis resembling infection
process in human. It is proposed that construction of such
readily manipulable animal models may be used for studies of
HBYV induced immune response and hepatitis. (Chisari et al.,
(2002) Proc. Natl. Acad. Sci. USA 99 (21), 13825-30). In
their study, an inbred mouse B10.D2 that shows strong
immune response to the HBV surface antigen is selected as a
recipient, and pT-MCS-HBV1.3 plasmid is used as a vector to
carry HBV gene. Chisari et al. successfully introduce the
recombinant plasmid into mice and elicit immune response
that resembles human hepatitis after HBV infection. How-
ever, there are disadvantages to this animal model, that is,
short-term acute liver inflammatory response and clearance
of immune system effect 14 days after transfection. These
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constraints limit application of such animal model in studies
such as long term monitoring of immune response after HBV
infection and drug evaluation in chronic hepatitis.

SUMMARY OF THE INVENTION

In order to improve the shortcomings of currently existing
acute hepatitis mouse model developed by Chisari et al. for
HBYV infection studies, it is necessary to develop a mouse
model that can persistently express HBV antigens for studies
such as hepatitis treatment and drug evaluation. Therefore,
the primary object of the present invention is to provide a
recombinant plasmid for persistently expressing HBV anti-
gens in an immuno-competent host, which comprises an
adeno-associated virus (abbreviated as AAV) vector, and a
replication-competent genome fragment of HBV.

Another object of the present invention is to provide a
method for expressing HBV antigen in vivo, which comprises
the steps of:

(1) providing a recombinant plasmid comprising an AVV
vector, and a replication-competent HBV genome frag-
ment; and

(2) delivering the recombinant plasmid to a mouse and trans-
fecting the hepatocytes of the mouse.

When the recombinant plasmid of the present invention is
delivered into a mouse and transfected hepatocyes of the
injected mouse, it can exist in an episomal form in the hepa-
tocytes of the mouse for more than 200 days, and can be used
as a HBV transcription template for production of viral anti-
gens, replication intermediates, and mature virions which are
released in bloodstream of the injected mouse. Because the
characteristics of episomal form plasmid and the cccDNA of
natural infected HBV are very similar, therefore, the recom-
binant plasmid of the present invention can be used for drug
screening and evaluation of effectiveness of cccDNA clear-
ance.

Furthermore, liver histological and serological status
analysis of the carrier mouse receiving hydrodynamic injec-
tion of the recombinant plasmid of the present invention
shows similar pattern to that of healthy HBV carriers in the
tolerance stage. The results indicate that with this animal
model, it is now possible to address some questions that are
hardly studied in the conventional HBV transgenic mouse
model, e.g. the tolerance development after HBV exposure,
mechanisms of HBV acute exacerbation and the HBV
cccDNA clearance in response to antiviral or immuno-modu-
lator therapy etc. Furthermore, the effect of many HBV vari-
ants in regulating HBV replication or in contributing to viral
persistence may also be conveniently studied in this model.

The present invention is further explained in the following
embodiment illustration and examples. Those below should
not, however, be considered to limit the scope of the inven-
tion, it is contemplated that modifications will readily occur
to those skilled in the art, which modifications will be within
the spirit of the invention and the scope of the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(A) shows temporal profile of HBsAg titer in sera of
C57BL/6 and BALB/c mice receiving hydrodynamic injec-
tion of the recombiant plasmid pAAV/HBYV (1400). S/N ratio
greater than 10 is defined as HBsAg-positive; O:BALB/c
mice; @:C57BL/6 mice. FIG. 1(B) shows clearance rate of
serum HBsAg of C57BL/6 mice receiving hydrodynamic
injection of recombinant plasmid pAAV/HBV (1400) and
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pGEMA4Z/HBV (1400). S/N ratio greater than 10 is defined as
HBsAg-positive. O:pGEM4Z/HBV (1400) (n=8); @®:pAAV/
HBYV (1400) (n=12).

FIG. 2 shows gel electrophoresis analysis of HBV replica-
tion intermediates and transcripts in the livers of C57BL/6
mice receiving hydrodynamic injection of plasmid pAAV/
HBV (1400). mGAPDH is the internal control of Northern
hybridization, lane a is HBs Ag-positive C57BL/6 mice, lane
b is HBsAg-negative C57BL/6 mice which cleared HBV
antigens after hydrodynamic injection of pAAV/HBV (1400).

FIG. 3 shows immunohistochemical staining of the liver
tissue of the mice receiving hydrodynamic injection of
pAVV/HBV (1400) at day 381. Experimental group is
HBsAg-positive mice, and control group is HBsAg-negative
mice, which cleared HBV antigens after hydrodynamic injec-
tion of pAAV/HBYV (1400). (A) HBsAg staining of experi-
mental group, arrow indicates HBsAg-positive hepatocytes.
(B) HBsAg staining of control group. (C) HBcAg staining of
experimental group, arrow indicates HBcAg-positive hepa-
tocytes. (D) HBcAg staining of control group.

FIG. 4 shows effect of age on HBsAg level of mice receiv-
ing hydrodynamic injection of pAAV/HBV (1400). (A)
Change of HBsAg titer in bloodstream; A:13-week old mice
(n=9); @:6.5-week old mice (n=7). (B) Ratio of HBsAg-
positive mice (S/N ratio greater than 10 is defined as HBsAg-
positive); A:13-week old mice (n=9); @:6.5-week old mice
(n=7).

FIG. 5 shows effect of gender on HBsAg level of C57BL/6
mice receiving hydrodynamic injection of pAVV/HBV
(1400). (A) Change of HBsAg titer in bloodstream; A:female
mice (n=16); @®:male mice (n=12). (B) Percentage of
HBsAg-positive mice (S/N ratio greater than 10 is defined as
HBsAg-positive); A:female mice (n=16); @®:male mice
(n=12).

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention provides a recombinant plasmid for
persistently expressing HBV antigens in vivo, which com-
prises an adeno-associated virus (AAV) vector and a replica-
tion-competent HBV genome fragment.

The abovementioned adeno-associated vector can be any
AAV vector that is commercially available, and such com-
mercial vector can be applied in the present invention as
vector carrying HBV genome regardless its source. There is
no limitation to the HBV genome fragment applied in the
present invention, as long as the genome fragment can be
inserted into the adeno-associated virus with any conven-
tional method and can subsequently expresses or replicates,
such as the genes encoding envelope proteins, core/precore
proteins, X protein or polymerase protein of HBV.

In one embodiment, the abovementioned HBV genome
fragment is inserted in and flanked by inverted terminal
repeats (abbreviated as ITRs) of AAV-GFP plasmid, to
replace the Green fluorescent protein (GFP) gene fragment
already existed in the plasmid. Thus constructed recombinant
plasmid is designated as pAAV/HBV (1400), which DNA
sequenceis listed as SEQ ID NO: 1. The recombinant plasmid
of the present invention is deposited in the Food Industry
Research and Development Institute (Taiwan, R.O.C.), with
deposit ID No.: BCRC940490.

To persistently express HBV antigens in vivo using the
abovementioned expression system, the method can begin
with preparation of a recombinant plasmid (for example,
pPAVV/HBYV (1400) plasmid) and follow by delivering the
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recombinant plasmid into mouse using any known skills in
the art, and consequently the hepatocytes of the injected
mouse is transfected.

Mice that are well known to those skilled in the art and with
immune response level lower than inbred mice B10.D2 (H-2d
haplotype) can be used in the present invention, such as
C57BL/6 mice (H-2b haplotype), but it should not, however,
be considered to limit the scope of the invention. Further-
more, the preferred haplotype of the receiving mouse is H-2°.

In terms of delivery method of the recombinant plasmid,
any approach that is well known in the arts of plasmid deliv-
ery and transfection of the liver cells can be applied in the
present invention, but should not be considered to limit the
scope of the present invention. In the present invention, for
example, known skills such as hydrodynamic injection can be
one of the methods for plasmid delivery. More specifically, in
the example of the present invention, transfection of mouse
liver cells with the recombinant plasmid is accomplished by
hydrodynamic injection of the recombinant plasmid into the
tail vein of mice. In order to allow the recombinant plasmid
easily injected into tail vein of mice, the plasmid abovemen-
tioned is prepared in a biocompatible and non-immunogenic
solution, such as phosphate buffer solution, but it should not
be considered to limit the scope of the present invention.

Once the recombinant plasmid of the present invention is
properly delivered into mice and the hepatocytes are trans-
fected, the plasmids in the hepatocyte are existed as episomal
form and are persistently served as templates for transcription
for more than 200 days. Moreover the expression of HBV
antigens and replication intermediates are also persistently
expressed and detected for more than 26 weeks.

Furthermore, because the characteristics of episomal form
of the present invention recombinant plasmid are similar to
that of the cccDNA in natural HBV infection, liver serologi-
cal and histological results of the carrier mice of the present
invention resemble to that of healthy human carrier. Hence,
the recombinant plasmid of the present invention and its
application can be applied in construction of mouse models
for persistent expression of HBV antigen for more than 6
months.

According to the previous studies of natural HBV infection
in human, more than 90% acutely infected adults resolve all
clinical symptoms, develop HBeAg- and HBsAg specific
antibodies, clear HBeAg and HBsAg from the circulation and
maintain lifelong protective immunity. In contrast to HBV
infection during adulthood, perinatal HBV infection typically
results in chronic hepatitis. In the present invention, different
ages of C57BL/6 mice receiving injection of the recombinant
plasmid of the present invention also show similar results of
age-dependent and carrier rate relationship to that of human
exposed to HBV under natural infection condition. There-
fore, it is preferred to use young C57BL/6 mice in construc-
tion of the mouse model for the persistent expression of HBV
antigens in the present invention. However, it is impossible to
perform tail vein hydrodynamic injection in immature mice,
thus 6- to 8- weeks old mice are preferred choice of the
present invention.

By analysis of the HBsAg and HBV DNA produced in the
bloodstream during HBV virus particles replication process,
we prove that persistent expression of HBV antigens for more
than 6 months in the transgenic mice of the presentation is
associated with the transfection of the chimeric plasmid of the
presentation invention, hence the transgenic animal model of
the present invention can be used to elucidate chronic hepa-
titis mechanism, drug discovery as well as drug evaluation.

Because the present invention is based on the animal model
with healthy immunity, thus the induced liver histological and
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serological status is similar to that of healthy HBV carrier.
Consequently the present invention is an ideal model for
mechanistic chronic hepatitis studies of hepatitis mechanism
and drug evaluation.

EXAMPLE 1
Construction of Vector

The HBV 1.2-full-length DNA is isolated from the plasmid
pHBV-48, containing a greater-than-genome-length HBV
fragment (subtype adw, gene type A) cloned in pGEM-3Z
vector. The replication-competent HBV 1.2-full-length
gemone replaced the GFP fragment in AAV-GFP vector by
ligation of the BamHI/EcoRI (1.8 kb) and EcoRI/BglII (2.0
kb) fragments of pHBV-48 to the Bglll site of AAV-GFP
vector. The resulting pAAV/HBV (1400) contains the HBV
fragment spanning from nucleotides 1400-3182/1-1987
flanked by inverted terminal repeats (ITRs) of AAV.

EXAMPLE 2
Transfection Procedure and Determination

In vivo experiment of the vector transfection, 6 to 8 weeks
old male C57BL/6 mice with H-2? haplotype are used as
experimental group, whereas 6 to 8 weeks old male BALB/c
with H-27 haplotype are selected as control group. Ten micro-
grams of the abovementioned HBV plasmid pAAV/HBV
(1400) were injected into the tail vein of mice in a volume of
phosphate-buffered saline (PBS) equivalent to 8% of the
mouse body weight under hydrodynamic condition that is
well known for those skilled in the art. The total volume is
delivered within 5 seconds.

After injection, the mice are regularly bled to follow serum
concentration of HBV surface antigen (HBsAg), anti-HBV
core protein antibodies (anti-HBc) and anti-HBs antibodies
(anti-HBs) at the indicated time points, using the AXSYM
system kit (Abbott, GmbH Diagnostica). The livers of mice
are preserved in optimal cutting temperature (OCT) for
immunohistochemical analysis. Expression of HBcAg and
HBsAg in liver of the injected mice is visualized by immu-
nohistochemical staining of liver tissue embedded in OCT by
using rabbit anti-HBc or anti-HBs antibodies and Envision_
System HRP (DAB), DAKO Corp., Carpinteria, Calif.).

Changes of serum concentration of HBsAg in experimen-
tal group of C57BL/6 mice and the control group BABL/c
mice after receiving hydrodynamic injection of the recombi-
nant plasmid of the present invention are shown in FIG. 1. As
shown in FIG. 1, when BABL/c (H-29) received pAAV/HBV
(1400) injection, their HBsAg level increased promptly
within one week but dropped quickly in two to three weeks.
All the mice developed anti-HBs within 14 days.

When the same plasmid of the present invention is injected
into experimental group of C57BL/6 mice, their HBsAg level
declined much slower. Notably, in about 40% of recipients,
the HBsAg could persist for more than 6 months, meeting the
definition of persist human HBV infection. In addition, all
C57BL/6 transgenic mice receiving hydrodynamic injection
of pAAV/HBYV plasmid do not develop anti-HBsAb until day
28 after hydrodynamic injection, despite all of them develop
anti-HBV core Ab as BALB/c mice.

EXAMPLE 3

The HBV expression cassette is excised by Smal digestion
(located inside of the two ITRs) from the pAAV/HBYV (1400)
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and subcloned into Smal site of pGEM4Z to result in
pGEM4Z/HBYV (1400). Then the obtained recombinant plas-
mid pGEM4Z/HBV (1400) is injected into the tail vein of
C57BL/6 mice according to the method described in example
2.

The results show that the injection of pGEM4Z/HBV
(1400) into C57BL/6 mice produced only transient surface
antigenemia (shown in FIG. 15) and all of them developed
anti-HBs within 4 weeks (Table 1), suggesting that persis-
tence of HBV in C57BL/6 mice is associated with of injection
of pAVV/HBYV (1400) plasmid.

EXAMPLE 4

HBYV viral RNA transcripts and replication intermediates
in the liver of C57BL/6 mice receiving injection of recombi-
nant plasmid pAAV/HBYV (1400) are detected by analysis of
total liver RNA and DNA using well-known Northern Blot-
ting and Southern blotting. In addition, HBsAgand HBcAg in
the hepatocytes are examined by immunohistochemical
staining. The results are shown in FIG. 2 and FIG. 3.

As shown in FIG. 2, HBV replication intermediate (includ-
ing single stranded DNA, double-stranded circular DNA etc.)
and RNA transcripts (including 2.1 Kb, 2.4 kb, and 3.5 kb
RNA fragment) are detected in the liver of HBsAg-positive
C57BL/6 mice at day 70, 93 and 222 after hydrodynamic
injection. In addition, HBsAg and HBcAg are also detected in
such carrier mice at day 381 after injection (FIG. 3). The
results indicate that HBV persistently replicated and survived
in the host hepatocytes. Furthermore, long-term expression of
HBYV in these mice seemed not to cause liver damage as
shown by normal ALT level and minimal liver histological
change (data not shown).

EXAMPLE 5

According to the method described in example 2, 6.5-
week-old male C57BL/6 mice and 13 week-old male
C57BL/6 mice, respectively, receive hydrodynamic injection
of pAAV/HBYV (1400) plasmid in tail vein. Then changes of
serum concentration of HBsAg are monitored and analyzed.
The results are shown in FIG. 4.

As shown in FIG. 4, equal amount of HBsAg are detected
in the bloodstream of both 6.5- and 13-week-old male
C57BL/6 mice in the first week after hydrodynamic injection
of pAAV/HBYV (1400) plasmid. The HBsAg drops quickly to
undetectable level in the group of 13-week-old male mice and
more than 90% of them developed neutralizing antibodies
(anti-HBs) within 56 days after hydrodynamic injection
(FIG. 4b). Only 30% of the 6.5-week-old male mice clear
HBsAg in their bloodstream and these mice are also anti-HBs
positive (FIG. 4 and Table 2).

EXAMPLE 6

6.5-week-old male and female C57BL/6 mice are hydro-
dynamically injected with pAAV/HBV (1400) plasmid,
respectively, according to the method described in example 2.
Then changes of serum concentration of HBsAg are moni-
tored and analyzed. The results are shown in FIG. 5.

As shown in FIG. 5, after hydrodynamic injection of
PAAV/HBV (1400) plasmid, female C57BL/6 mice have
lower level of HBsAg than that of male mice. Furthermore,
comparing to male mice, female C57BL/6 mice clear HBsAg
more rapidly. More than 40% of male C57BL/6 mice are still
HBsAg-positive, while less than 10% of the female C57BL/6
mice show HBsAg-positive after hydrodynamic injection.



US 7,452,696 B2
7 8

TABLE 1 TABLE 2

The kinetics of antibody production of C37BL/6 and BALB/c mice

The kinetics of antibody production of C57BL/6 with different age

Anti-HBc 3
Antibody Anti-HBs Antibody Anti-HBc Anti-HBs Antibody
Strain Plasmid Dayl Day7 Day3 Dayl4 Day28 Antibody Day
C57BL/6  pAAV/ 0/9 9/9 0/9 0/9 0/9
HBV(1400) 10 Age Dayl Day7 Day3 14 Day28 Day42 Day36
C57BL/6  pGEMAZ/ 0/4 4/4 0/4 0/4 4/4
HBV(1400)
BALBlc  pAAV/ 0/9 9/9 0/9 9/9 9/9 6.5wks 0/14 14/14 0/14 0/14 1/14 4/14 5/14
HBV(1400) 13wks 0/9 9/9 0/9 0/9 3/9 8/9 9/9
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 1
<210> SEQ ID NO 1
<211> LENGTH: 8058
<212> TYPE: DNA
<213> ORGANISM: hepatitis B virus
<400> SEQUENCE: 1
aattccecatc atcaataata taccttattt tggattgaag ccaatatgat aatgaggggyg 60

tggagtttgt gacgtggege ggggegtyggg aacggggcgg gtgacgtagt agtctctaga 120

ggtccecage gaccttgacg ggcatctgece cggcatttet gacagetttyg tgaactgggt 180
ggccgagaag gaatgggagt tgccgecaga ttcetgacatg gatctgaate tgattgagea 240
ggcaccectyg accgtggeeg agaagctgea tegetggegt aatagegaag aggceccgeac 300
cgategecct teccaacagt tgegcagect gaatggegaa tggaattcca gacgattgag 360
cgtcaaaatyg taggtatttce catgagegtt ttteetgttg caatggetgg cggtaatatt 420
gttctggata ttaccagcaa ggccgatagt ttgagttett ctactcagge aagtgatgtt 480
attactaatc aaagaagtat tgcgacaacg gttaatttgce gtgatggaca gactctttta 540
cteggtggece tcactgatta taaaaacact tctcaggatt ctggegtace gttectgtet 600
aaaatccctt taatcggect cetgtttage tcecgetcetg attctaacga ggaaagcacyg 660
ttatacgtge tegtcaaage aaccatagta cgegecctgt ageggegeat taagegegge 720
gggtgtggtyg gttacgcegca gegtgaccge tacacttgec agegeectag cgecegetece 780
tttegettte tteecttect ttetegecac gttegeegge ttteccegte aagetctaaa 840
tcegggggete cctttagggt tecgatttag tgetttacgg cacctcegace ccaaaaaact 900
tgattagggt gatggttcac gtagtgggce atcgecctga tagacggttt ttegeccttt 960

gacgttggag tccacgttct ttaatagtgg actcttgttc caaactggaa caacactcaa 1020

ccctateteg gtctattett ttgatttata agggattttg ccgatttegg cctattggtt 1080

aaaaaatgag ctgatttaac aaaaatttaa cgcgaatttt aacaaaatat taacgtttac 1140

aatttaaata tttgcttata caatcttcct gtttttgggg cttttctgat tatcaaccgg 1200

ggtacatatg attgacatgc tagttttacg attaccgttc atcgcctgca gggggggggy 1260

ggggggggtt ggccactcece tetectgegeg ctegeteget cactgaggee gggcgaccaa 1320

aggtegeceg acgeccggge tttgececggg cggectcagt gagegagega gegcegcagag 1380

agggagtggc caactccatc actaggggtt cctagatcct tcgecgggacg tcecctttgttt 1440
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-continued
acgtccegte ggcgctgaat cccgceggacg accecteteg gggccgcecttg ggactcectcete 1500
gtcececttet cegtetgecg ttecagecga ccacggggeg cacctcectett tacgeggtcet 1560
cceegtetgt gecttcetecat ctgccggtcee gtgtgcactt cgcttcacct ctgcacgttg 1620
catggagacc accgtgaacg cccatcagat cctgcccaag gtcttacata agaggactct 1680
tggactccca gcaatgtcaa cgaccgacct tgaggcctac ttcaaagact gtgtgtttaa 1740
ggactgggag gagctggggg aggagattag gttaaaggtc tttgtattag gaggctgtag 1800
gcataaattg gtctgcgcac cagcaccatg caactttttc acctctgect aatcatctcet 1860
tgtacatgtc ccactgttca agcctccaag ctgtgccttg ggtggctttg gggcatggac 1920
attaccctta taaagaattt ggagctactg tggagttact ctcgtttttg ccttctgact 1980
tttttectte cgtcagagat ctecctagaca ccgectcage tcectgtatgag aagccttaga 2040
gtctecctgag cattgctcac ctcaccatac tgcactcagg caagccattce tctgctgggyg 2100
ggaattgatg actctagcta cctgggtggg taataatttg gaagatccag catctaggga 2160
tcttgtagta aattatgtta atactaacgt gggtttaaag atcaggcaac tattgtggtt 2220
tcatatatct tgccttactt ttggaagaga gactgtactt gaatatttgg tectectttegg 2280
agtgtggatt cgcactccte cagcctatag accaccaaat gcccctatcect tatcaacact 2340
tcecggaaact actgttgtta gacgacggga ccgaggcagg tcccctagaa gaagaactcce 2400
ctecgectege agacgcagat ctcaatcgce gcgtcgcaga agatctcaat ctcecgggaatce 2460
tcaatgttag tattccttgg actcataagg tgggaaactt tacggggctt tattcttcta 2520
cagtacctat ctttaatcct gaatggcaaa ctceccttectt tecctaagatt catttacaag 2580
aggacattat taataggtgt caacaatttg tgggccctct cactgtaaat gaaaaaagaa 2640
gattgaaatt aattatgcct gctagattct atcctaccca cactaaatat ttacccttag 2700
acaaaggaat taaaccttat tatccagatc aggtagttaa tcattacttc caaaccagac 2760
attatttaca tactctttgg aaggctggta ttctatataa gagggaaacc acacgtagcg 2820
catcattttg cgggtcacca tattcttggg aacaagagct acagcatggg aggttggtca 2880
tccaaacctce gcaaaggcat ggggacgaat ctttcectgttce ccaaccctet gggattettt 2940
ccegatcate agttggacce tgcattcgga gccaactcaa acaatccaga ttgggactte 3000
aaccccatca agaaccactg gccagcagece aaccaggtag gagtgggage attcgggcca 3060
ggactcacce ctccacacgg cggtattttg gggtggagcec ctcatgctca gggcatattg 3120
accacagtgt caacaattcc tcecctcectgce tccaccaatc ggcagtcagg aaggcagcect 3180
actcccatct ctccacctet aagagacagt catcctcagg ccatgcagtg gaattccact 3240
gcctteccace aagcetcectgca ggatcccaga gtcaggggte tgtatcttcece tgcetggtgge 3300
tccagttcag gaacagtaaa ccctgctceccg aatattgect ctcacatcte gtcaatctcee 3360
gecgaggactyg gggaccctgt ggcgaacatg gagaacatca catcaggatt cctaggaccce 3420
ctgctegtgt tacaggcggg gtttttettg ttgacaagaa tcctcacaat accgcagagt 3480
ctagactcgt ggtggacttc tcectcaatttt ctagggggat cacccgtgtg tettggccaa 3540
aattcgcagt ccccaacctce caatcactca ccaacctect gtcctceccaat ttgtcectggt 3600
tatcgttgga tgtgtctgeg gegttttate atattcctet tcatcctget getatgecte 3660
atcttcttat tggttcttet ggattatcaa ggtatgttge cecgtttgtecce tcectaattcca 3720
ggatcaacaa caaccagtac gggaccatgc aaaacctgca cgactcctgce tcaaggcaac 3780
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tctatgttte cctcatgttyg ctgtacaaaa cctacggatg gaaattgcac ctgtattccce 3840
atcccategt cctgggcttt cgcaaaatac ctatgggagt gggcctcagt cegtttetcet 3900
tggctcagtt tactagtgcc atttgttcag tggttcgtag ggctttccece cactgtttgg 3960
ctttcagcta tatggatgat gtggtattgg gggccaagtc tgtacagcat cgtgagtccce 4020
tttataccgce tgttaccaat tttcttatgt ctectgggtat acatttaaac cctaacaaaa 4080
caaaaagatg gggttattcc ctaaacttca tgggttacat aattggaagt tggagaactt 4140
tgccacagga tcatattgta caaaagatca aacactgttt tagaaaactt cctgttaaca 4200
ggcctattga ttggaaagta tgtcaaagaa ttgtgggtcet tttgggcttt gctgctcecat 4260
ttacacaatg tggatatcct gecttgatge ctttgtatge atgtatacaa gctaaacagg 4320
ctttcacttt ctcgccaact tacaaggcct ttctaagtaa acagtacatg aacctttacc 4380
ccgttgeteg gecaacggect ggtctgtgce aagtgtttge tgacgcaacce cccactggcet 4440
ggggcttgge cataggccat cagcgcatgce gtggaacctt tgtggctect ctgccgatcce 4500
atactgcgga actcctagec gettgttttg ctegcagecg gtctggggca aagctcatcg 4560
gaactgacaa ttctgtcgte ctcectcecgegga aatatacatc atttccatgg ctgctaggcet 4620
gtactgccaa ctggatcctt cgcgggacgt cctttgttta cgtcccecgtcecg gcgcectgaatce 4680
ccgcggacga ccecctcectegg ggccgettgg gactcecteteg teccecttete cgtetgeegt 4740
tccagecgac cacggggegce acctctettt acgeggtete ceccgtetgtg ccettcetecatce 4800
tgccggtecg tgtgcactte gettcaccte tgcacgttge atggagacca ccgtgaacgce 4860
ccatcagatc ctgcccaagg tcecttacataa gaggactcectt ggactcccag caatgtcaac 4920
gaccgacctt gaggcectact tcaaagactg tgtgtttaag gactgggagg agctggggga 4980
ggagattagg ttaaaggtct ttgtattagg aggctgtagg cataaattgg tctgcgcacce 5040
agcaccatgc aactttttca cctctgecta atcatctett gtacatgtcce cactgttcaa 5100
gcctecaage tgtgecttgg gtggctttgg ggcatggaca ttgaccctta taaagaattt 5160
ggagctactg tggagttact ctegtttttg ccttectgact tttttectte cgtcagagat 5220
ctaggaaccc ctagtgatgg agttggccac tcecctctetg cgcecgetcecget cgctcactga 5280
ggeegecegy gcaaagcecceg ggegteggge gacctttggt cgeccggect cagtgagega 5340
gegagegege agagagggag tggccaacce cceccceccce ceccctgeag gegattetet 5400
tgtttgctce agactctcag gcaatgacct gatagccttt gtagagacct ctcaaaaata 5460
gctaccctet ccggcatgaa tttatcaget agaacggttyg aatatcatat tgatggtgat 5520
ttgactgtct cecggecttte tcacccegttt gaatctttac ctacacatta ctcaggcatt 5580
gcatttaaaa tatatgaggg ttctaaaaat ttttatcctt gcgttgaaat aaaggcttcect 5640
ccecgcaaaag tattacaggg tcataatgtt tttggtacaa ccgatttage tttatgectcet 5700
gaggctttat tgcttaattt tgctaattct ttgccttgec tgtatgattt attggatgtt 5760
ggaattcctg atgcggtatt ttctecttac gecatctgtge ggtatttcac accgcatatg 5820
gtgcactcte agtacaatct gctcectgatge cgcatagtta agccagcccce gacacccgcec 5880
aacaccecgct gacgcgcect gacgggcecttg tcectgctececg gecatccgcett acagacaagce 5940
tgtgaccgtce tccgggagcet gcatgtgtca gaggttttca ccgtcatcac cgaaacgcgce 6000
gagacgaaag ggcctcgtga tacgcctatt tttataggtt aatgtcatga taataatggt 6060
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ttcttagacg tcaggtggca cttttcecgggg aaatgtgcege ggaaccccta tttgtttatt 6120
tttctaaata cattcaaata tgtatccgct catgagacaa taaccctgat aaatgcttca 6180
ataatattga aaaaggaaga gtatgagtat tcaacatttc cgtgtcgcce ttattccctt 6240
ttttgcggca ttttgcctte ctgtttttge tcacccagaa acgctggtga aagtaaaaga 6300
tgctgaagat cagttgggtg cacgagtggg ttacatcgaa ctggatctca acagcggtaa 6360
gatccttgag agttttcgce ccgaagaacg ttttccaatg atgagcactt ttaaagttcect 6420
gctatgtgge geggtattat ccegtattga cgccgggcaa gagcaactcg gtcegceccgcat 6480
acactattct cagaatgact tggttgagta ctcaccagtc acagaaaagc atcttacgga 6540
tggcatgaca gtaagagaat tatgcagtgc tgccataacc atgagtgata acactgcggc 6600
caacttactt ctgacaacga tcggaggacc gaaggagcta accgcttttt tgcacaacat 6660
gggggatcat gtaactcgce ttgatcgttg ggaaccggag ctgaatgaag ccataccaaa 6720
cgacgagcgt gacaccacga tgcctgtage aatggcaaca acgttgcgca aactattaac 6780
tggcgaacta cttactctag cttccecggca acaattaata gactggatgg aggcggataa 6840
agttgcagga ccacttctge gcectcecggecct tceceggctgge tggtttattg ctgataaatce 6900
tggagceggt gagcgtgggt ctecgceggtat cattgcagca ctggggccag atggtaagcece 6960
ctccegtate gtagttatcet acacgacggg gagtcaggca actatggatg aacgaaatag 7020
acagatcgct gagataggtg cctcactgat taagcattgg taactgtcag accaagttta 7080
ctcatatata ctttagattg atttaaaact tcatttttaa tttaaaagga tctaggtgaa 7140
gatccttttt gataatctca tgaccaaaat cccttaacgt gagttttcgt tccactgage 7200
gtcagacccee gtagaaaaga tcaaaggatc ttcttgagat ccttttttte tgcgcgtaat 7260
ctgctgcettg caaacaaaaa aaccaccgct accagcggtg gtttgtttge cggatcaaga 7320
gctaccaact ctttttccga aggtaactgg cttcagcaga gcgcagatac caaatactgt 7380
ccttctagtg tagccgtagt taggccacca cttcaagaac tctgtagcac cgcctacata 7440
cctegetetg ctaatcctgt taccagtgge tgctgccagt ggcgataagt cgtgtcettac 7500
cgggttggac tcaagacgat agttaccgga taaggcgcag cggteggget gaacgggggyg 7560
ttegtgcaca cagcccagcet tggagcgaac gacctacacce gaactgagat acctacageg 7620
tgagctatga gaaagcgcca cgcttceccga agggagaaag gcggacaggt atccggtaag 7680
cggcagggte ggaacaggag agcgcacgag ggagcttceca gggggaaacyg cctggtatct 7740
ttatagtcct gtcgggttte gecacctcectg acttgagegt cgatttttgt gatgctegte 7800
aggggggcgg agcctatgga aaaacgccag caacgcggcece tttttacggt tectggectt 7860
ttgctggect tttgctcaca tgttctttcee tgcgttatce cctgattctg tggataaccg 7920
tattaccgcce tttgagtgag ctgataccgce tcgecgcage cgaacgaccg agcgcagcga 7980

gtcagtgage gaggaagcgg aagagcgccce aatacgcaaa ccgectcetece cegegegttg 8040

gccgattcat taatgcag 8058
What is claimed is: qo  Wherein an expression of hepatitis B viral antigens persists
1. A method for expressing hepatitis B viral antigen in vivo, for more than 26 weeks in the hepatocytes.
comprising the steps of:
(]) providing a recombinant plasmld having the sequence 2. The method as claimed in claim 1, wherein the mouse is
of SEQ ID NO: 1; and H-2” haplotype.

(2) delivering the recombinant plasmid into a male ) ) ) )
C57BL/6 mouse and transfecting the hepatocytes of the 3. The method as claimed in claim 1, wherein the age of the
mouse by hydrodynamic injection; mouse is aged 6 to 8 weeks.
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4. The method as claimed in claim 1, wherein the recom-
binant plasmid is prepared in a pre-mix solution before deliv-
ering into the mouse.

5. The method as claimed in claim 4, wherein the solution
is phosphate buffer.

6. The method as claimed in claim 1, wherein the recom-
binant plasmid is injected into a tail vein of the mouse.

5

16
7. The method as claimed in claim 1, wherein the hepatitis
B viral antigen is hepatitis B viral surface antigen.
8. The method as claimed in claim 1, wherein the hepatitis
B viral antigen is hepatitis B viral core protein.



