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Abstract

AIM: To generate recombinant adenoviral vector con-
taining calreticulin (CRT)-hepatitis B surface antigen
(HBsAQ) fusion gene for developing a safe, effective
and HBsAg-specific therapeutic vaccine.

METHODS: CRT and HBsAg gene were fused using
polymerase chain reaction (PCR), endonuclease diges-
tion and ligation methods. The fusion gene was cloned
into pENTR/D-TOPO transfer vector after the base pairs
of DNA (CACC) sequence was added to the 5’ end.
Adenoviral expression vector containing CRT-HBsAg fu-
sion gene was constructed by homologous recombinan-
tion. The human embryo kidney (HEK) 293A cells were
transfected with linearized DNA plasmid of the recombi-
nant adenoviral vector to package and amplify recombi-
nant adenovirus. The recombinant adenovirus titer was
characterized using the end-dilution assay. The expres-
sion of the CRT/HBsAg fusion protein in Ad-CRT/HBsAg
infected 293A cells was detected by Western blotting.
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RESULTS: The CRT-HBsAg fusion gene was char-
acterized by PCR and sequencing and its length and
sequence were confirmed to be accurate. The CRT-HB-
sAg fusion gene recombinant pENTR/D-TOPO transfer
vector was constructed. The recombinant adenoviral
vector, Ad-CRT/HBsAg, was generated successfully.
The titer of Ad-CRT/HBsAg was characterized as 3.9
x 10" pfu/mL. The CRT-HBsAg fusion protein was ex-
pressed by HEK 293A cells correctly.

CONCLUSION: CRT/HBsAg fusion gene recombinant
replication-defective adenovirus expression vector is
constructed successfully and this study has provided an
experimental basis for further studies of Hepatitis B vi-
rus gene therapy.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Development of a safe, effective and therapeutic vac-
cine represents the best hope for treatment of hepatitis
B virus (HBV) infection. Recent data have indicated that
immunotherapeutic strategies stimulating both cellular
and humoral immune responses to HBV antigens are es-
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sential to cure chronic HBV infection". In this regard,
DNA-based vaccination appears to be a particularly per-
tinent approach for chronic hepatitis B treatment, since it
has been well documented to elicit durable humoral and
cell mediated immunity including cytotoxic T lympho-
cytes and cytokines in normal mice™, ducks™ and chim-
panzees’. Tt is a good candidate for immunization of
non-responders to recombinant hepatitis B surface anti-
gen (HBsAg) vaccines and for therapeutic vaccination'.
However, even at higher doses of DNA, human clinical
trials of HBV DNA vaccine have yielded a much lower
level of immune responses than that observed in small
animals'®”. Therefore, the potency of DNA vaccines
must be enhanced for successful human application. The
use of calreticulin (CRT) represents an innovative and
feasible approach for enhancing immune responses and
generating an antiangiogenic effect”. CRT is an abundant
46 kDa Ca%—binding protein located in the endoplasmic
reticulum (ER)"”. CRT is considered to be related to the
family of heat shock proteins[m’“]. The protein has been
shown to associate with peptides delivered into the ER
by transporters associated with antigen processing (TAP-1
and TAP-2)""" and with major histocompatibility complex
(MHC) class I -B2 microglobulin molecules to aid in an-
tigen presentation’ .

It is well known that available recombinant HBsAg
protein vaccine is effective for preventing HBV infection
for healthy persons, but for the infected patients there
have been no effective and therapeutic vaccines until
now. In this study, CRT-HBsAg fusion gene recombinant
adenovirus expression vector was generated to establish
the basis for curing chronic HBV infection and HBsAg-
positive liver cancer.

MARTERIALS AND METHODS

Plasmids, cells and reagents

ViraPower Adenoviral Expression System including
pENTR/D-TOPO Cloning Vector, Adenoviral Expres-
sion Vector, HEK293A cells, TOP10 competent cells of
Escherichia coli (E. coli) were all purchased from Invitrogen
Corporation (USA). The pJW4303, plasmid was provided
by professor Lu Shan (Umass, USA).

Tag DNA polymerase, Pfz DNA polymerase, antibodies
matked by HRP, Pacd, plasmid DNA purification kit and
Gel purification kit were purchased from Tianwei Shidai
Corporation (China), New England Corporation (UK), Ta-
kara Corporation (China), and Promega Corporation (USA),
respectively. Human anti-HBsAg antibody positive serum
was collected by our laboratory. Primers were synthesized
in Shanghai Invitrogen Corporation (China).

Construction and preparation of CRT/HBsAg fusion
gene recombinant plasmid

For the generation of pJW43033-CRT, CRT was ampli-
fied with polymerase chain reaction (PCR) using rab-
bit CRT cDNA as the templatem and a set of primers,
5-CCGGAGACTCATGCTGCTCCCTGTGCCGCT-3'
and 5-CCGGGAATTCCAGCTCGTCCTTGGCCT-
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GGC-3'. There is more than 90% homology between rab-
bit, human, mouse, and rat CRT"". The amplified product
was then cloned into the Sacl/EcRI sites of pJW4303
vector. For the generation of pJW4303-CRT/HBsAg,
HBsAg gene was amplified with a set of primers, 5-GT-
GGGGAATTCATGGAGAACACAACATCAGG-3' and
5-GGGGTGGATCCAATTTACATATGGGTTTCT-
GT-3', and then cloned into the EcwRI/BanHI sites of
pJW4303-CRT to generate pJW4303-CRT/HBsAg, The
accuracy of these constructs was confirmed by endo-
nuclease digestion and DNA sequencing, The sequencing
was finished by Shanghai Invitrogen Biological Engineer-
ing Corp (China).

Construction of recombinant pENTR/D-TOPO transfer
vector containing CRT/HBsAg fusion gene

CRT/HBsAg fusion gene was amplified using pJW4303-
CRT/HBsAg plasmid as the template and a set of ptim-
ers, 5-CACCATGCTGCTCCCTGTGCCGCT-3" and
5"AATTTACATATGGGTTTCTGT-3". In otrder to
construct directional TOPO cloning transfer vector in the
desired direction, the CACC sequence was incorporated
into the PCR upstream primer at its 5 end. The final op-
timized conditions of PCR consisted of 94°C for 5 min,
followed by 30 cycles of denaturation at 94°C for 30 s, an-
nealing at 55°C for 30 s and extension at 72°C for 1 min.
After PCR, the PCR products of fusion gene were puri-
fied for generating the pENTR/D-TOPO transfer vec-
tor. The ligated products were transformed into TOP10
chemically competent E. co// and incubated overnight at
37°C. Subsequently, extracted and purified plasmids con-
taining CRT/HBsAg fusion gene were characterized by
PCR and sequencing, respectively. The sequencing was
finished by Shanghai Invitrogen Biological Engineering
Corp.

Construction and characterization of CRT/HBsAg fusion
gene recombinant adenoviral expression vector, Ad-CRT/
HBsAg

Using LR Clonase Mix™ (Invitrogen, US) as catalysis,
the purified CRT/HBsAg fusion gene recombinant
pENTR/D-TOPO transfer vector was mixed with ad-
enoviral expression vector DNA plasmid to generate the
recombinant adenoviral expression vector. The recombi-
nant products were transformed into TOP10 chemically
competent E. co/i and incubated on Luria-Bertani (LB)
plates containing 100 pg/mL ampicillin at 37°C overnight.
Subsequently, we selected eight putative positive clones
which were ampicillin-resistant to amplify, extract and pu-
rify for PCR amplification and electrophoresis detection,
respectively. The reason why using LB plates containing
30 pg/mL chloramphenicol to select positive clones is be-
cause true expression clones would be ampicillin-resistant
and chloramphenicol-sensitive.

Transfecting the HEK 293A cells line with Ad-CRT/
HBsAg plasmid

Purified Ad-CRT/HBsAg DNA plasmid was digested
with Pad. The day before transfection, the 293A cells were
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trysinized, counted, and plated at 5 X 10° cells per well in a
6-well plate. Two milliliter of normally growing Dulbecco’s
modified Eagle’s medium (D-MEM) containing 10% fe-
tal bovine serum (FBS) was plated into each well. Those
293A cells were transfected using Lipofectamine 2000™
(Invitrogen, USA) and Pac I-digested expression plasmid
DNA complexes. Culture medium was replaced with re-
fresh complete culture medium every 2-3 d until visible
regions of cytopathic effect (CPE) were observed. When
approximately 80% of CPE was observed, adenovirus-
containing cells and media were harvested.

LacZ gene recombinant adenoviral expression vector
plasmid (Ad-LacZ) provided by the manufacturer (Invit-
rogen, USA) was used as control.

Characterization and titering of Ad-CRT/HBsAg

The titer of Ad-CRT/HBsAg was characterized using the
End-Point Dilution Assay. When the 293A cells prepared
24 h before incubated at 37°C in a COz incubator were at
more than 80% confluency in 96-well plates, the recombi-
nant adenovirus stock solution harvested above was dilut-
ed to a concentration of 10'-10™" and 100 pL was added
to each well. After cultured for 10 d, the number of wells
with CPE was calculated according to the formula of titre
(pfu/mlL) = 10",

Western blotting analysis

After being cultured for 72 h, the Ad-CRT/HBsAg in-
fected and normal control 293A cells were harvested and
frozen to -80°C. Some of them were prepared for Western
blotting analysis. Protein samples were fractionated on
5%-12% SDS-PAGE and transferred to PVDF membrane
using protein transfer apparatus (Bio-Rad, USA). The
membrane was blocked for 1 h with 5% skimmed milk in
'TBS buffer (50 mmol/L Tris base, 150 mmol/L NaCl, pH
7.5) containing 0.5% Triton X-100. The membrane was
probed with human anti-HBsAg antibody positive serum.
After washing the membrane, goat anti-human HRP-
conjugated antibody was added and incubated. The results
were finally revealed using the sensitive substrate of DAB
kit (Wuhan Boster, China) for Western blotting detection.

RESULTS

Characterization of CRT/HBsAg fusion gene
recombinant plasmid

The CRT/HBsAg fusion gene recombinant plasmid
pJW4303-CRT/HBsAg was digested by Sad and BanHI
endonucleases. An approximately 2000 bp (1944 bp =
1263 bp + 681 bp) long DNA band was observed using
1.5% agarose gel electrophoresis (Figure 1A).

Characterization of CRT/HBsAg fusion gene
recombinant pENTR/D-TOPO transfer vector
Kanamycin-resistant putative positive clones were pre-
pated as template to amplify CRT/HBsAg fusion gene
by specific PCR. Approximately 2000 bp long DNA
bands were observed in those positive clones using 1.5%
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Figure 1 Characterization of polymerase chain reaction (PCR) amplifica-
tion by electrophoresis. A: Amplification of calreticulin (CRT)/hepatitis B
surface antigen (HBsAg) fusion gene by PCR. Lane 1: Negative control; Lane 2:
CRT/HBsAg fusion gene recombinant pJW4303 plasmid; Lane M: DNA marker;
B: Characterization of CRT/HBsAg fusion gene recombinant pENTR/D-TOPO
transfer vector by PCR. Lane 1: Negative control; Lane 2: CRT/HBsAg fusion
gene recombinant pENTR/D-TOPO transfer vector amplified by specific PCR;
Lane M: DNA marker.

agarose gel electrophoresis (Figure 1B). The sequenc-
ing results of CRT and HBsAg gene were the same as
CRT sequence of NM004343.3 and HBsAg sequence of
AF013631 in GenBank.

Characterization of CRT/HBsAg fusion gene recombinant
adenoviral expression vector, Ad-CRT/HBsAg

All of the selected clones were sensitive for culturing in
LB plates containing 30 pg/mL chloramphenicol because
those true expression clones would be chloramphenicol-
sensitive. After PCR amplification, a neatly 2000 bp long
DNA band was observed using 1.5% agarose gel electro-
phoresis.

Harvest and detection of recombinant adenovirus,
Ad-CRT/HBsAg

Pad-digested Ad-CRT/HBsAg DNA plasmid was trans-
fected into 293A cells by Lipofectamine 2000™. About
10 d after transfection, 80% of the cells rounded up and
were floating or lightly attached to the tissue culture dish.
This indicated that cells were loaded with adenovirus
particles (Figure 2A). The shape of normal 293A cells
are shown in Figure 2B. The adenovirus-containing cells
were harvested and characterized by PCR amplification.
A DNA band, which was approximately 2000 bp long,

was found with 1.5% agarose gel electrophoresis.
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Figure 2 Culture of recombinant adenovirus in HEK293A cells. A: CPE
was observed in recombinant adenovirus-containing HEK293A cells; B: Normal
HEK293A cells cultured as control.

1 2
100 kDa —
75 kDa — :
L — CRT/HBSAG
50 kDa —

Figure 3 Characterization of CRT/HBsAg fusion protein expression by
Western blotting. The expression of CRT/HBsAg fusion protein in 293A cells
was determined in 293A cells transfected with Ad-CRT/HBsAg and Ad-LacZ
by Western blotting analysis. Human anti-HBsAg positive serum was used at a
1:100 dilution for the detection of CRT/HBsAg fusion protein expression. Lane 1:
Lysate from 293 cells transfected with Ad-LacZ; Lane 2: Lysate from 293 cells
transfected with Ad-CRT/HBsAg.

Titering of the adenoviral stock, Ad-CRT/HBsAg
After having been amplified, the recombinant adenoviral
stock was characterized by the End-Point Dilution As-
say. Its titer was calculated as 3.9 X 10" pfu/mL.

Characterization of CRT/HBsAg fusion protein
expression

The expression of CRT/HBsAg fusion protein in Ad-
CRT/HBsAg infected 293A cells was detected by Western
blotting. Figure 3 shows the 71 kDa CRT/HBsAg fusion

protein expression.
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DISCUSSION

There are approximately four hundred million chronic
hepatitis B patients in the world, and effective therapeutic
vaccines are needed urgently. The purpose of this study is
to facilitate the development of a new type of therapeutic
HBYV vaccine. The research hotspot in this field is how
to develop an effective therapeutic vaccine by modifying
the HBV antigens such as HBsAg, pres1Ag, pres2Ag and
HBcAg to induce a high level of humoral and cellular
immune responses for clearing the HBV infection. The
HBYV therapeutic vaccines include protein vaccine, DNA
vaccine and virus vector vaccine, but none of them has
been developed successfully.

Recently, investigators have performed a head-to-
head comparison of linkage of antigen to CRT in a
DNA vaccine, and achieved the greatest enhancement
of the humoral and T-cell-mediated immune responses
in vaccinated mice!™. Previous studies have shown that
adenoviral vectors expressing the fusion of CRT and
E7 can effectively be used as a prophylactic and thera-
peutic vaccine against E7-expressing tumors''?. In this
study, the HBV surface gene was fused with CRT, which
can improve immunogenicity by enhancing the MHC
class I presentation of linked peptide/protein. CRT-
HBsAg fusion gene recombinant adenovirus vector
vaccine will be an ideal candidate for HBV therapeutic
vaccine, because it can induce HBsAg specific high-level
immune responses.

Members of adenovirus family infect a great variety of
post-mitotic cells, even those associated with highly dif-
ferentiated tissues such as skeletal muscle, lung, brain and
heart. This characteristic, together with being relatively
casy for preparation and purification, has led to their
extensive use as gene vectors. Since they deliver their ge-
nome to the nucleus and can replicate with high efficiency,
they are prime candidates for the expression and delivery
of therapeutic genes'”. The adenovirus vectors used in
this study are to be utilized for delivering genes of CRT
fused HBsAg to liver tissues to suppress and eliminate
chronic inflammation and tumors caused by HBV
infection. This is for the first ime to construct the CRT-
HBsAg gene recombinant adenovirus as a therapeutic
vaccine. This study suggested that CRT-HBsAg fusion
gene recombinant adenovirus vector may be a potent tool
for treating chronic HBV carriers and liver cancer patients.

COMMENTS

Background

The hepatitis B virus (HBV) infection is one of the most widespread viral infec-
tions of human and causes acute and chronic hepatitis and hepatocellular
carcinoma. Problem of HBV infection has necessitated the development of an
effective therapeutic vaccine. Calreticulin (CRT) is a ubiquitously expressed
Ca” binding protein in endoplasmic reticulum of eukaryotic cells. Previous
studies have shown that CRT enhances the major histocompatibility complex
(MHC) class 1 presentation of linked peptide/protein and may serve as an ef-
fective vaccination strategy for antigen-specific cancer treatment. In this study,
CRT-hepatitis B surface antigen (HBsAg) fusion gene recombinant adenovirus
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expression vector was generated to establish the basis for curing acute and
chronic HBV infection and HBsAg-positive hepatocellular carcinoma.

Research frontiers

There are approximately four hundred million chronic hepatitis B patients in the
world, and effective therapeutic vaccines are needed urgently. The research
hotspot is how to develop an effective therapeutic vaccine by modifying the
HBV antigens such as HBsAg, pres1Ag, pres2Ag and HBcAg to induce a high
level of humoral and cellular immune responses for clearing the HBV infection.
HBV therapeutic vaccines include protein vaccine, DNA vaccine and virus
vector vaccine, but none of them has been developed successfully.

Innovations and breakthroughs

Most of the previous researches about HBV therapeutic vaccines focus on
modifying HBsAg to enhance its immunogenicity. In this study, the HBV surface
gene was fused with CRT, which can improve immunogenicity by enhancing
the MHC class I presentation of linked peptide/protein. CRT-HBsAg fusion
gene recombinant adenovirus vector vaccine will be an ideal candidate for HBV
therapeutic vaccine, because it can induce HBsAg specific high-level immune
responses. Adenovirus can infect a great variety of cell types and tissues in both
dividing and non-dividing cells. This characteristic, together with being relatively
easy for preparation and purification, has led to their extensive use as gene
vectors. The adenovirus vectors used in this study are to be utilized for delivering
genes of CRT fused HBsAg to liver tissues to suppress and eliminate tumors and
inflammation caused by HBV infection. This is for the first time to construct the
CRT-HBsAg gene recombinant adenovirus as a therapeutic vaccine.

Applications

CRT linked HBsAg gene recombinant adenovirus vectors were constructed in
this study to develop a new sort of HBV therapeutic vaccine for the purpose of
curing chronic hepatitis and hepatocellular carcinoma.

Peer review

It is a nice work to construct CRT/HBsAg fusion gene recombinant replication-
defective adenovirus expression vector and it has provided a therapeutic vac-
cine and an experimental basis for further research of HBV gene therapy.
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