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Abstract

AlIM: To establish a mice model of hepatitis B by using
HBV-transgenic mice, and to transfer HBV-specific cytotoxic
T lymphocytes (CTL) induced from syngeneic BALB/c mice
immunized by a eukaryotic expression vector containing HBV
complete genome DNA.

METHODS: HBV DNA was obtained from digested pBR322-
2HBV and ligated with the vector pcDNA3. Recombinant
pcDNA3-HBV was identified by restriction endonuclease
assay and transfected into human hepatoma cell line HepG2
with lipofectin. ELISA was used to detect the expression of
HBsAg in culture supernatant, and RT-PCR to determine
the existence of HBV PreS1 mRNA. BALB/c mice were
immunized with pcDNA3-HBV or pcDNA3 by intramuscular
injection. ELISA was used to detect the expression of HBsSAb
in serum. MTT assay was used to measure non-specific or
specific proliferation ability and specific killing activity of
spleen lymphocytes. Lymphocytes from immunized mice
were transferred into HBV-transgenic mice (2.5x107 per
mouse). Forty-eight hours later, the level of serum protein
and transaminase was detected with biochemical method,
liver and kidney were sectioned and stained by HE to observe
the pathological changes.

RESULTS: By enzyme digestion with Eco RI, Xho | and
Hind 111, the recombinant pcDNA3-HBV was verified to
contain a single copy of HBV genome, which was inserted
in the positive direction. HepG2 cells transfected with the
recombinant could stably express PreS1 mRNA and HBsAg.
After immunized by pcDNA3-HBYV for 4 weeks, HBsAb was
detected in the serum of BALB/c mice. The potential of spleen
lymphocytes for both non-specific and specific proliferation
and the specific killing activity against target cells were
enhanced. The transgenic mice in model group had no
significant changes in the level of serum protein but had an
obvious increase of ALT and AST. The liver had obvious
pathological changes, while the kidney had no evident
damage.

CONCLUSION: A eukaryotic expression vector pcDNA3-
HBV containing HBV complete genome is constructed
successfully. HepG2 cells transfected with the recombinant
can express PreS1 mRNA and HBsAg stably. Specific cellular

immune response can be induced in mice immunized by
pcDNA3-HBV. A mice model of acute hepatitis with HBV has
been established.
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INTRODUCTION

HBV infection is a worldwide problem that affects human
health severely!*®. No appropriate anima model is available
till now because of the strict host specificity of HBV infection.
At present, HBV transgenic animals could be obained during
embryonic period, which always induce immune tolerance to
dominating HBV antigend*9. In addition, it hasgreat difference
in biological characteristics between duck hepatitis B virus
and HBV. So it isimperative to establish a mice model that
can simulate human viral hepatitis B precisely and isconvenient
for wider applications.

Both clinical researches and animal experiments suggest
that the pathological changes are not caused by the virus
directly, but are meditated by immunity!™®. HBV specific CTL
induced by HBV antigens can cause immune damage to the
liver to clear the viruses and recruit non-specific inflammatory
cellsto local infection tissue simultaneously, thus aggravating
hepatic injury!®®, We planned to induce HBV specific CTL
by gene immunity and to establish amice model of hepatitis B
by transferring CTLsto HBV-transgenic mice.

MATERIALS AND METHODS

Animals

SPF BALB/c mice were provided by the Laboratory Animal
Center of Shandong University. HBV complete genome (ayw
subtype) transgenic BALB/c mice with ahigh level of HBSAg,
HBeAg and with HBV DNA positivein peripheral blood, were
purchased from Transgenic Animal Central Laboratory, 458
Hospital of PLA, China.

Cell lines

Hepatocellular carcinoma cell line HepG2 was cultured and
conserved in our laboratory. HepG2.2.15 cell line carrying four
whole HBV genes can not only express HBsAg and HBeAg
but also produce Dane’ s particles of HBV. SP2/0-HBV isa
mouse myelomacell linewith pcDNA3-HBV stably transfected.

Plasmids

pBR322-2HBV was arecombinant plasmid with adouble copy
of HBV (ayw subtype) inserted into EcoRlI restriction site of
pBR322. Mammal animal cell expression vector pcDNA3 was
5.4 kb in length. It has a CMV early promoter enhancer,
multiple cloning sites (MCS) and neomycin resistant gene.

Construction of recombinant pcDNA3-HBV
Alkaline lysis method was used to extract large quantity of
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pBR322-2HBV and pcDNA3 DNA respectively. Precipitation
with polyethylene glycol was used to purify plasmid DNA,
and biometer was used for quantitative analysis. pBR322-
2HBV wasdigested with EcoRI and separated by 10 g/L agarose
gel electrophoresis. The gel band containing 3.2 kb DNA was
cut under UV light. HBV DNA was extracted using a DNA
recovery kit. pcDNA3 was also digested by EcoRI and a5.4 kb
fragment was recovered with the same method. Ten microliter
of HBV DNA and 2 ni_ of pcDNA3-HBV (mol ratio 3:1) were
mixed together with 2 ni. of T4 DNA ligase, 2 ni of buffer
and 2 nL of sterile water. The mixture was placed overnight at
4 °C, and then the reaction was terminated. Ten microliter of
ligated product was transformed to competent DH5a, which was
then transferred to a LB medium plate containing 60 ng/mL of
ampicillin and incubated overnight at 37 °C.

Identification of recombinant pcDNA3-HBV

Antibiotic selection and restriction endonucl ease assay were used
to screen and identify positiveclones. A positive clonewas sdlected
randomly and amplified for recombinant plasmid DNA. Then
the recombinant DNA was digested by EcoRlI, Xhol and Hindlll,
respectively. The digestion system was 20 ni, including 1 nL
DNA, 1 ni. endonuclease, 2 m_10xbuffer and 16 ni. sterile water,
and incubated for 3 hours at 37 “C. The correctness of ligation
was further identified by 10 g/L agarose gel electrophoress.

pcDNA3-HBV transfected to HepG2 cell with lipofectin

HepG2 cells during logarithmic period were digested by
trypsinization and diluted to 4x10°%mL. Then the cells were
plated to 24-well plateswith 0.5 mL per well (cell count 2x10°)
and cultured for 24 h for transfection next day, when 80-90%
of the cellswerefused. One ng purified pcDNA3-HBV plasmid
DNA was transfected to the prepared HepG2 cells using
lipofectin reagent. After transfection, HepG2 cells were
screened by G418 resistance and routinely cultured. The culture
supernatant was collected periodically to detect HBV antigens.
The selected positive clone was named as HepG2.02G.

HbsAg detection

Concentration of HBsAg in culture supernatant of transfected
cellswas detected by ELISA. Critical value (cutoff) = 2.1xN,
inwhich N isthe average OD of negative control, and Sisthe
OD of sample. The sample was positive when SIN = 2.1,
otherwise negative.

Extraction of total RNA

HepG2.02G, HepG2.2.15, and HepG2 cells in logarithmic
period were harvested, each of 1x10° cells, was rinsed by
0.01 mol/L PBSonce and centrifuged at 1 000 rpm for 5 min.
The precipitate was used for total RNA extraction according
to the protocol of TRIZOL kit.

Primer design and synthesis

According to the sequence of HBV S1 (subtype ayw)
described by GenBank, primers were designed to amplify
HBV PreS1 gene. PCR product would be 625 bp. b-actin
served as control, with a PCR product 366 bp in length. The
sequences of the primers were: PreSl1 forward: 5’ -
GCTCTAGACACCAAATGCCCCTA-3', reverse: 5’ -
GCTCTAGAGAATCCCAGAGG-3', b-actin forward: 5' -
ACACTGTGCCCATCTACGAGGGC-3', reverse: 5’ -
ATGATGGAGTTGAAGGTAGTT TCG TGG AT-3' . These
oligonucleotide primerswere synthesized by Shanghai Sangon
Biological Engineering Technology and Service Co. Ltd.

Amplification of PreS1 mRNA
Reverse transcription was performed with 1 ng of total RNA

to obtain cDNA asthe template. PCR was carried out in 25 ni.
volume with 1 nL RT-PCR product, 2.5 nL. 10xPCR buffer,
0.3 L Mg*, 5 nmol/L of dNTP, 3 U Taq polymerase and
10 nmol/L of primers (forward and reverse). The reaction
conditions were pre-denatured at 94 °C for 3 min, 30 cycles
(denatured at 94 °C for 1 min, annealed at 50 °C for 1 min and
extended at 72 °C for 1 min), followed by afinal extension at
72 °C for 5min. Ten microliter of the PCR product then underwent
2% agarose gel electrophoresisat 70 V for 30 min. HepG2 cells
were used as negative control, while HepG2.2.15 as postive.

Scheme for mice immunization with pcDNA3-HBV or pcDNA3
The purified pcDNA3-HBV DNA was diluted with sterile NS
to the concentration of 1 000 ng/mL and preserved at -20 C.
Twelve male BALB/c mice were randomly divided into 2
groups, 6 mice each. Onewas experimental group (Exp), which
was injected 50 nlL 250 g/L sucrose intramuscularly to both
sides of anterior tibial muscle, 50 ni. pcDNA3-HBV (100 .
per mouse) was injected at the same site 20 min later. Another
was the control group (Ctrl), the same quantity of pcDNA3
was injected as negative control. The immunization was
intensified once 2 to 3 wk.

HbsAD detection in serum of mice immunized with pcDNA3-
HBV

Blood samples were collected by cutting tails of the mice at
wk 2, 4, 8 and 10, respectively. Serum was separated and
HBsAb was detected by double-antibody sandwich ELISA.

Measurement of proliferation reaction of spleen lymphocytes
of mice immunized by pcDNA3-HBV or pcDNA3

Mice spleen cellswere prepared routinely (cell density adjusted
to 5x10°%mL) and plated to 96-well plates (100 ni per well).
The supernatant of HepG2.2.15 (containing a high level of
HBsAQ), PHA (eventual concentration 25 ng/mL) or ConA
(eventual concentration 10 ng/mL) was added to 3 wells,
respectively. MTT assay was performed after the cells were
cultured at 37 °C for 68 h. Proliferation rate was calculated as:
(OD of stimulatory — OD of non-stimulatory) / OD of non-
stimulatory x 100%.

Measurement of specific killing activity of spleen lymphocytes
of mice immunized by pcDNA3-HBV or pcDNA3

Mice spleen cells were plated to 96-well plates, mixed with
SP2/0-HBV cells (effector/target ratio 50:1). Control groups
were designed and each group had 3 wells. MTT assay was
performed after the cells were cultured for 72 h. Killing rate
of CTLswas calculated as: [1- (OD of effector and target cells
- OD of effector cells) / OD of target cells] x 100%.

Establishment of animal model

Transgenic mice were divided into 3 groups (6 mice each):
Model, negative control and blank control. Mice in model or
negative control group were injected with spleen lymphocytes
of mice immunized by pcDNA3-HBV (HBsAb positive) or
pcDNA3 respectively. Micein blank control group were injected
with NS, 0.5 mL each mouse. Spleen lymphocyteswere adjusted
t0 5.0x107/mL using NS and injected to transgenic mice through
caudal vein (2.5x107 lymphocytes, 0.5 mL per mouse).

Identification of animal model

After 48 h, the transgenic mice were killed and their venous
blood was collected. Serum total protein, albumin, globulin,
ALT and AST were detected. Liver and kidney were fixed
with 100 g/L formaldehyde, embedded, dliced and stained with
HE to observe inflammation and immune-pathological changes
with a microscope.
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Statistical analysis

All data were shown as meantSD. Significant levels of
differences between valueswere analyzed using the Chi-square
test and Student’ st test. Statistically significant P value was
defined as <0.05.

RESULTS

Restriction digestion results of pBR322-2HBV and pcDNA3

Extracted plasmid DNA had ahigh purity (ODs0280=1.6-1.8).
After pBR322-2HBV was digested by EcoRlI, 2 bands were
obtained at about 4.3 kb and 3.2 kb in size (Figure 1). pcDNA3
was linear after digestion, and aband at 5.4 kb proved it was
completely digested (Figure 2).

15 000 bp
10 000 bp
7 500 bp
5 000 bp
2500 bp

4.3 kb
3.2 kb

1,000 bp

Figure 1 Enzymatic digestion of pBR322-2HBV by EcoRI.

23 kb
9.4 kb
6.5 kb
4.3 kb
2.3 kb
2.0 kb

5.4 kb

Figure 2 Enzymatic digestion of pcDNA3 by EcoRl.

Identification of recombinant pcDNA3-HBV

A high purity of the extracted 2 kinds of DNA was certified by
electrophoresis. The recombinant pcDNA3-HBV was digested
by EcoRI and the product underwent electrophoresis. Only a
band of 5.4 kb indicated that the transformed plasmid was
pcDNA 3 without exogenous genes, while 2 bands at 5.4 kb
and 3.2 kb indicated successful ligation (Figure 3). pcDNA3-
HBYV was digested by Hindl1l, and the product of 8.6 kb in
size indicated that the recombinant pcDNA3-HBV contained
asingle HBV gene. pcDNA3-HBV was digested by Xhol, and
the products of 3.1 kb and 5.5 kb showed that HBV wasinserted
at the correct direction (Figure 4).

1 2 3 4

23 kb
9.4 kb
6.5 kb
4.3 kb
2.3 kb
2.0 kb

5.4 kb
3.2 kb

Figure 3 Analysis of ligation of HBV and pcDNA3. 1, 3:
pcDNA3 vector, 2: pcDNA3-HBV (5.4 kb+3.2 kb), 4: DNA
marker (I DNAZ/HindlIll).

23 kb
9.4 kb
6.5 kb
4.3 kb
2.3 kb
2.0 kb

Figure 4 Digestive identification of recombinant plasmid
pcDNA3-HBV. 1: DNA marker (I DNA/Hindlll), 2: Xhol di-
gestion(3.1 kb+5.5 kb), 3: Hind 111 digestion (8.6 kb), 4: EcoRI
digestion (5.4 kb+3.2 kb).

HBsAg expression in supernatant of HepG2.02G cell culture
HBsAg in supernatant could be detected on day 15, and
expressed stably after 40 d (S/N=48).

PreS1 mRNA expression in HepG2.02G

A specific band at 625 bp demonstrated that HBV could
efficiently replicate and transcript in human hepatocellular
carcinomacells, as shown in Figure 5.

2 000 bp
1 000 bp
750 bp
500 bp
250 bp
100 bp

Figure 5 Expression of preS1 mRNA by RT-PCR. 1: HepG2.2.15
(positive control); 2: b-actin; 3: HepG2.02G; 4: DNA marker
(DL2 000); 5: HepG2 (negative control).

HBsAD level in serum of mice immunized by pcDNA3-HBV

pcDNA3-HBYV immunized mice had specificimmune response
at the 4" week (S/IN=19). Antibody expression reached the
highest level at the 8" week and thislevel lasted to the 10" week.

Proliferation reaction of spleen lymphocytes of mice
immunized by pcDNA3-HBV or pcDNA3

Asillugtrated in Table 1, the non-specific proliferation ability
of spleen lymphocytes of mice immunized by pcDNA3-HBV
to both PHA and ConA was enhanced as compared with that
of pcDNA3 (P<0.05), and the specific proliferation ability to
supernatant of HepG2.2.15 was a so promoted (P<0.01).

Table 1 Spleen lymphocyte proliferation of immunized mice (%)

Group PHA ConA HepG2.2.15 media
(25 mg/mL) (10 ng/mL) (1:1)

Exp 52.9+3.7 80.9+8.3 33.843.2

Ctrl 32.6+2.42 61.6+4.52 4.1+0.5°

3P<0.05 vs Exp, °P<0.01 vs Exp.

Specific killing activity of spleen lymphocytes of mice
immunized by pcDNA3-HBV or pcDNA3

MTT assay showed that the killing activity of spleen
lymphocytes of mice immunized by pcDNA3 against SP2/0
and SP2/0-HBV had no significant difference (P>0.05), but
that of mice immunized by pcDNA3-HBV to SP2/0-HBV was
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distinctly enhanced as compared to SP2/0 (P<0.01). Results
areshown in Table 2.

Table 2 Specific killing activity of mice spleen lymphocytes
(%, meanzSD)

Group SP2/0 SP2/0-HBV
Exp 14.3+3.4* 51.5+9.8"
Ctrl 20.8+4.62 24.5+3.73

°P<0.01vs 1,2, 3.

Identification of mice model of hepatitis B

The mice in each group had no significant changes in the
level of serum protein compared with the blank control group
(P>0.05). Theserum ALT and AST of transgenic micein blank
and negative control groups were normal (0-40 U/L), while
they (ALT 232414 U/L, AST 315421 U/L) were much higher
in the model group than in the control group (P<0.01). The
hepatic cords of micein the blank control group had aradiated
structure surrounding the central vein, the hepatic lobule had
aclear structure with cellstightly connected. The hepatic cells

had large and round nuclei, with obvious nucleoli and abundant
symmetrical cytoplasm. There was no inflammatory cell
infiltration in the portal areawith aclear structure (Figure 6A).
Mice in negative control group had sporadical acidophilic
changes of hepatic cells, without inflammatory cell infiltration
(Figure 6B). In the model group, hepatic cells of transgenic
mice had diffuse ballooning degeneration, cytoplasmic
loosening, acidophilic changes, appearance of acidophilic
body, spotty necrosis of hepatic tissue and obvious infiltration
of inflammatory cellsin the portal area (Figure 7). However,
mice in the model group had no obvious inflammation and
structure damage of the kidney.

DISCUSSION

The host variety of HBV infection islimited. At present, the
anima modelsfor HBV research included chimpanzed®¥, Tupaia
Glid*? and other hepadnaviridae virus infected animal 3.
Although duck hepatitis B virus (DHBV) has been found to
be similar to HBV in mechanism of pathogenesis, ducks
infected with DHBV did not develop hepatic cirrhosis and
hepatocellular carcinomabecause DHBYV lacks X gene*. Mice

Figure 6 Liver structure of mice by HE-staining (x200). A: Liver structure of mice in blank control group, B: Liver structure of mice

in negative control group.

Figure 7 Pathological changes of mouse liver with acute hepatitis in model group(HE, x200). A: Infiltration of inflammationary cells in
the portal area, B: Local necrosis as arrow indicated, C: Obvious infiltration of inflammatory cells and eosinophilic changes, D:

Cytoplasmic loosening of liver cells.
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had low susceptibility to HBV, but HBV could replicate in
transgenic micel*®. Two research groups established the
transgenic mice which could produce HBV envelopes or
HBsAg particles in 1985%17, A high level of HBsAg in
circulatory blood could be detected, but no hepatitis was
observed in the transgenic mice. The mechanisms of HBV
pathogenesis was hot caused by virus directly, but closely
related to T lymphocyte activation, as demonstrated both in
vitro and inviva*#*¥, Ando et al'® induced afulminant hepatitis
mice model by transferring HBsAg-specific CTLsto HBSAQ-
transgenic mice, in which there was no human hepatitis B virus.
To establish amice model of human viral hepatitis B by using
HBV complete genome transgenic mice with virusreplication
in vivo, we constructed a new eukaryotic expression vector
containing HBV complete genome and produced HBV -specific
CTLs for adoptive transfer by immunizing non-transgenic
syngeneic mice with the recombinant.

HBV complete genome DNA was obtained from EcoRI
digested pBR322-2HBYV and ligated with the vector pcDNA3
which was also digested by EcoRI, thus constructing the
recombinant pcDNA3-HBV. pcDNA3isaeukaryotic expresson
vector. MCS contains the restriction sites of EcoRI, Xhol and
HindIll. CMV promoter can express efficiently in many kinds
of cells. Theimmunostimulatory sequences (ISS) of pcDNA3
can not only activate B lymphocytes to produce antibodies,
but also stimulate lymphocytes to secrete IL-12, IFN-g and
IL-6. IL-12 and IFN-gcould foster Th1 responses and enhance
cell-mediated immunity, while IL-6 could further promote B
lymphocyte activation and antibody secretion and also enhance
cell-mediated immunity asits primary role??3, So this vector
isabetter alternative for gene immunity. The recombinant was
constructed by inserting the HBV compl ete genome to EcoRl
sitesof pcDNA3, with Hindl Il site upstream of EcoRI in MCS
of pcDNA3 and no Hindlll sitein HBV genes. A single Xhol
sitewas at 180 bp upstream of HBV gene. According to these
characteristics, restriction endonuclease assay was used to
verify whether pcDNA3-HBV contained acomplete HBV gene
with correct direction. In order to verify the expression of the
recombinant in mammal cells, pcDNA3-HBV wastransfected
into HepG2 cells with lipofectin. Positive clones were selected
by G418 resistance. A high level of HBSAg was detected in
culture supernatant and HBV PreS1 mRNA expression was
proved by RT-PCR. These results could demonstrate that
HBYV can stably replicate, transcript and expressin transfected
host cells.

The molecular mechanisms of hepatic cell death and viral
clearance during HBV infection have not been illuminated
clearly yet. Studiesin vitro and in vivo indicated that hepatic
injury caused by HBV infection wasimmunity mediated®2!,
Itisconsidered at present that CTL was the dominate effector
molecule during viral clearance, and CTL inducement wasthe
precondition’®2, To simulate human hepatitis after natural
HBYV infection, we chose HBV complete genome transgenic
BALB/c mice asthe experimental model. Syngeneic BALB/c
mice were undertaken gene immunity by a self-constructed
HBV complete genome expression vector to induce HBV
specific CTLs. Mice models of viral hepatitis B were
established after transgenic mice administrated CTLs with
different schemes.

There were two reasons to adopt gene immunity method.
First, HBV complete genome recombinant of ayw subtype was
constructed because of the transgenic mice containing HBV
of the same subtype, while the main component of the present
gene vaccines was HBsAg with no definite subtype. Second,
generally speaking, humoral immunity could be induced by
protein antigens, while cell mediated immunity could be
induced by gene immunization®4, There were several ways
of gene transfer for gene immunity, which would influence

immune effect and even determine the type of immunity.
Skeletal muscle has been found to be the exclusive tissue that
can efficiently ingest and express foreign genes, especially for
plasmid DNAE2*, Because of its simpleness and convenience,
it has become the dominant method for immunity. After
immunized by pcDNA3-HBV once 2-3wk, HBsAb was detected
in the serum of BALB/c mice at the 4" wk. Pretreatment with
250g/L sucrose improved immune effect and induced HBV
specific CTLswith a high activity.

Theliver would have the most severe pathological changes
invira hepatitisB. The essential changesincluded degeneration
and necrosis of hepatic cells, inflammatory cell infiltration,
regeneration of hepatic cells, hyperplasiaof fibroustissue, and
increase of serum transaminase®*!. HBV specific CTLs
produced by immunized mice were transferred into HBV -
transgenic mice. Forty-eight hourslater, normal serum protein
content and ahigh level of serum AST and ALT were detected
both in negative and blank control groups. The liver stained
by HE inthe model group showed typical pathological changes
of acute viral hepatitis B, while no pathological damage was
found in the negative control group. The kidney had no
pathological changesin all groups. Acute hepatitis model of
mice with HBV complete genome has been established
successfully by the above research project, which could mimic
human hepatitis B much better because of viral replication and
HBYV antigens expression in the model. This study would
provideanew way for anti-HBV drug screening and mechanism
investigation of liver injury dueto HBV infection.
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