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Abstract

AIM: To investigate the inhibitory effect of hepatitis B
virus (HBV) preS2 antibody (preS2Ab) against HBV in-
fection and HBV-associated hepatic carcinogenesis.

METHODS: An adenoviral vector carrying the full-
length light and heavy chains of the HBV preS2Ab
gene, Ad315-preS2Ab, was constructed. Enzyme linked
immunosorbent assay (ELISA) and Western blotting
analyses were used to determine the preS2Ab expres-
sion levels /n vitro. Immunofluorescent techniques
were used to examine the binding affinity between the
expressed HBV preS2Ab and HBV-positive liver cells.
ELISAs were also used to determine hepatitis B surface
antigen (HBsAg) levels to assess the inhibitory effect
of the preS2Ab against HBV infection in LO2 cells. The
inhibitory effect of preS2Ab against hepatic carcinogen-
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esis was studied with diethylnitrosamine (DEN)-induced
hepatocellular carcinomas (HCCs) in HBV transgenic
mice.

RESULTS: The expression of HBV preS2Ab increased
with increases in the multiplicity of infection (MOI) of
Ad315-preS2Ab in LO2 cells, with 350.87 + 17.37 pg/L
of preS2Ab when the MOI was 100 plaque forming
units (pfu)/cell. The expressed preS2Abs could recog-
nize liver cells from HBV transgenic mice. ELISA results
showed that L02 cells expressing preS2Ab produced
less HBsAg after treatment with the serum of HBV pa-
tients than parental LO2 cells expressing no preS2Ab.
HBV transgenic mice treated with Ad315-preS2Ab had
fewer and smaller cancerous nodes after induction
with DEN than mice treated with a blank Ad315 vec-
tor or untreated mice. Additionally, the administration
of Ad315-preS2Ab could alleviate hepatic cirrhosis and
decrease the serum levels of alanine transaminase and
aspartate transaminase.

CONCLUSION: Adenovirus-mediated HBV preS2Ab
expression could inhibit HBV infection in L02 cells, and
then inhibit DEN-induced hepatocellular carcinogenesis
and protect hepatic function in HBV transgenic mice.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Hepatitis B virus (HBV)-associated hepatocellular carci-
noma (HCC) poses a severe threat to human health, and
HBYV is an important cause of the high HCC incidence
in China. The available treatments for recurrent HBV
infections in patients include immunization and antiviral
therapies. For these therapies, hepatitis B immunoglobu-
lin is administered, which has been proven effective for
preventing maternal-infant vertical transmission and HBV
recurrence after liver transplantation. However, the im-
munoglobulin is limited and expensive. Additionally, it
has an unsatisfactory neutralization effect and may carry
pathogens. Immunoprophylaxis of HBV infection with
genetically engineered monoclonal antibodies that are spe-
cific to HBV envelope antigens is a promising approach
in the clinic. HBV encodes an outer membrane protein,
preS2, which binds to polyalbumin and helps the HBV
gain entry into liver cells »iz albumin receptors. Blocking
preS2 with its antibody may prevent or minimize HBV
infection. However, full-length antibodies with large mo-
lecular weights have low permeability, and small-molecule
antibodies, including Fab, scFv, and dsFv, have relatively
low affinity and specificity for antigens.

To overcome these limitations, we have construct-
ed an adenoviral vector carrying the full-length light
and heavy chains of the human HBV preS2 antibody
(preS2Ab) gene and tested its efficacy in the prevention
and treatment of HBV-associated HCC. preS2.A4b gene
therapy has the advantages of lower production costs
and longer expression durations. The adenoviral vector
system can express the humanized HBV preS2Ab with
high and stable efficiency, so this system may provide a
novel approach for HBV gene therapy and may decrease
the incidence of HCC.

MATERIALS AND METHODS

Materials

Nucleic acid synthesis in this study was performed by
Shanghai Shenergy Biocolor Bioscience and Technology
Company (Shanghai, China). HEK293 and 1.02 cell lines
were purchased from ATCC (Manassas, United States).
HBV transgenic Imprinting Control Region (ICR) mice
were provided by the Shanghai SLAC Laboratory Animal
Center, Chinese Academy of Sciences, (Shanghai, China).
Antibodies were purchased from Santa Cruz Biotech-
nology (Santa Cruz, CA, United States). Plasmids were
purchased from Microbix Biosystems (Ontario, Canada).
The Lipofectamine 2000 reagent is a product of Invitro-
gen (United States). Restriction endonucleases were from
New England Biolabs (Ozyme, France). The enzyme
linked immunosorbent assay (ELISA) kit was from R and
D Systems (Minneapolis, MN, United States), and dieth-
ylnitrosamine (DEN) was from Sigma Chemical Co. (St.
Louis, MO, United States).
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Construction of adenoviral vector carrying the hepatitis
B virus preS2Ab gene

The variable and constant regions of the humanized
light and heavy chains of the HBV preS2A4b gene were
synthesized. A BamHI site was introduced upstream of
the heavy chain, and an Xbal site was introduced down-
stream. An EcRI site was introduced upstream of the
light chain, and a Sa/l site was introduced downstream.
Other restriction sites in the encoding sequence were
abolished by same-sense mutations. Next, the light and
heavy chains of the preS2A4b gene were cloned into the
corresponding restriction enzyme sites of pDC315 ad-
enoviral shuttle plasmid. The light and heavy chains were
bridged by an internal ribosome entry site (IRES) to yield
pDC315-preS2Ab. The pDC315-preS2Ab plasmid was
co-transfected with pPBHGE3 into HEK293 cells us-
ing the Lipofectamine 2000 reagent. Twelve days after
transfection, a recombinant adenoviral vector carrying
the humanized HBV preS2.A4b gene, Ad315-preS2Ab, was
obtained. Ad3715-preS2Ab was then amplified in HEK293
cells and purified by cesium chloride gradient centrifu-
gation. The recombinant virus titer was determined by
TCID50 analysis.

In vitro expression and identification of Ad315-preS2Ab
102 cells were cultured in 6-well plates for 24 h and then
subjected to serum-deprived medium. Ad315-preS2Ab
was added for infection according to the multiplicity of
infection (MOI) gradient. After 2 h, the cells wete cul-
tured with serum-containing medium for 72 h, and the
supernatants and cells were collected. ELISA was used to
determine the antibody levels in the supernatants; optical
density (OD) values (A value) were read at 450 nm, and a
standard concentration curve was plotted to calculate the
antibody levels in the supernatants. The antibody content
in the cell lysate solution was determined by Western
blotting analysis.

Liver samples from an HBV transgenic ICR mouse
and a normal ICR mouse were obtained and made into
single-cell suspensions. Cell smears were prepared for
immunofluorescent examination using the supernatant
of LO2 cells infected with Ad315-preS2Ab [MOI = 100
plaque forming units (pfu)/cell] as the primary antibody
and FITC-labeled goat anti-human IgG as the secondary
antibody. Immunofluorescent labeling was observed un-
der a fluorescence microscope, and photos were taken to
assess the binding affinity of the expressed antibody.

Inhibitory effects of Ad315-preS2Ab against hepatitis B
virus infection

L02 cells wete cultured in 6-well plates for 24 h and then
subjected to serum-deprived medium. Ad315-preS2Ab
was added for infection at an MOI of 50 pfu/cell, and
after 2 h, the cells were cultured with serum-containing
medium for 72 h. Sera from HBV patients with HBsAg
(+), HBeAg (+) and anti-HBc (+) were collected and
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added to LO2 cells infected with either Ad315-preS2Ab
or the Ad315 blank vector for 7 d. ELISAs were used to
determine the HBsAg levels in the supernatants.

Preventive effect of Ad315-preS2Ab against hepatic
carcinogenesis

A total of 24 HBV transgenic ICR mice, aged 4 to 6 wk,
were evenly divided into 4 groups. Animals in the Ad315-
preS2Ab group and Ad315 blank vector group were
given the corresponding adenovirus particles va tail vein
injections; each mouse was injected with 2 X 10° pfu ad-
enoviruses every other day for a total of 5 injections. The
total amount for each animal was 1 X 10’ pfu. Mice in
the non-virus control group and the blank control group
were given the same volume of normal saline. DEN was
intraperitoneally injected (1 mg/kg, once a week for 4
wk) into animals in the Ad315-preS2Ab, Ad315 vector
and non-virus groups one week after the initial injection
of adenovirus or normal saline. Mice in the blank control
group were not treated with DEN. The animals were sac-
rificed after 8 mo, and the liver tissues were sectioned at
0.5 cm intervals to observe the diameters of the cancer-
ous nodes. Serial pathological sections were also subject-
ed to hematoxylin/eosin (HE) staining, and all cancerous
nodes under a microscope within 5 medium power fields
were counted and represented as the mean £ SD.

Protective effects of Ad315-preS2Ab on hepatic function
Sera samples were collected when animals were sacri-
ficed. Hepatic enzyme levels in the sera, including alanine
transaminase (ALT) and aspartate transaminase (AST),
were measured using an automated biochemical analyzer
(SIEMENS ADVIA 2400, Siemens Healthcare Diagnos-
tics, IL,, United States).

Statistical analysis

All data are presented as the mean * SD. Statistical sig-
nificance was calculated using unpaired Student’s #tests.
A P < 0.05 was considered significant. All analyses were
performed using SPSS version 13.0 (SPSS Inc., United
States).

RESULTS

Efficient expression of the preS2Ab mediated by Ad315-
preS2Ab

TCID50 analysis showed that the titer of Ad315-preS2Ab
was 2.1 X 10" pfu/mL after amplification in HEK293
cells. .02 cells were infected with Ad315-preS2Ab with
MOI = 1, 5, 10, 50, and 100 pfu/cell. Seventy-two houts
after infection, ELISA and Western blotting results
showed that the expression of preS2Ab in cell superna-
tants or lysates increased with increases in MOI (Figures
1A and B), with a final antibody concentration of 350.87
+ 17.37 ng/mL at an MOI of 100 pfu/cell. The preS2Ab
from the supernatant of 102 cells infected with Ad315-
preS2Ab (MOI = 100 pfu/cell) recognized liver cells
from HBV transgenic ICR mice, as shown by strong im-
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munofluorescent reactions. Liver cells from normal ICR
mice demonstrated a lack of immunofluorescent labeling

(Figure 1C).

Ad315-preS2Ab-mediated expression of preS2Ab
inhibited hepatitis B virus infection

ELISA results showed that, compared with the Ad315
blank vector, Ad315-preS2Ab-mediated preS2Ab ex-
pression effectively decreased HBsAg levels in the su-
pernatants of L.02 cells treated with the serum of HBV
patients. This finding indicated that the preS2Ab could
inhibit HBV infection and replication (Figure 2).

Ad315-preS2Ab effectively inhibited diethylnitrosamine
-induced hepatic carcinogenesis in HBV transgenic
mice

The Ad315 blank vector group and the non-virus group
each had one mouse death during the experiment, so
the data from 5 mice in each group were analyzed. In
the blank control group, there were no cancerous nodes.
Slight fibroblastic proliferation and inflammatory cell
infiltration were noticed; however, severe hepatic cittho-
sis with fibrous septa and pseudolobule formation and
cancerous nodes of different numbers and vatious sizes
were found in the non-virus control group after DEN in-
duction. In contrast, only slight-to-moderate hepatic cit-
rhosis was found in the Ad315-preS2Ab group, and the
cancerous nodes were both fewer in number and smaller
than those in the non-virus control group (Figure 3).

Ad315-preS2Ab effectively protected hepatic function in
hepatitis B virus transgenic mice

To investigate whether the adenovirus Ad315-preS2Ab
could protect hepatic function in HBV transgenic mice,
the ALT and AST levels in sera were measured to assess
hepatic function. Quantitative results for the liver enzyme
assays showed that the DEN-treated HBV transgenic
mice had higher levels of ALT and AST in sera than the
ICR mice that were not treated with DEN. The Ad315
blank vector did not decrease enzyme levels, but 1 x 10
pfu of Ad315-preS2Ab resulted in an obvious decrease
of ALT (P = 0.0141) and AST (P = 0.0243) compared
with the DEN-treated control group (Table 1).

DISCUSSION

Globally, there ate approximately 300 million HBV car-
riers. Therefore, it is of great importance to prevent and
treat both HBV infection and the subsequent hepatic
carcinogenesis. HBV infection is closely associated with
the viral proteins. The HBV envelope proteins consist
mainly of preS1, preS2 and HBsAg antigens, which can
induce production of the corresponding antibodies ™
The HBV preS2 protein is found mainly on tubulose
particles and Dane particles, and it is a component of the
HBYV outer capsid antigen. The preS2 protein possesses
stronger antigenicity than the HBsAg; moreover, it also
possesses strong antigenic determinants for T and B cells
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Figure 1 Expression and identification of the Ad315-preS2Ab-mediated preS2Ab. A: ELISA results show that the expression levels of the preS2Ab increase
in the supernatants of Ad315-preS2Ab-infected L02 cells with increases in MOI; B: Western blotting shows that the expression of preS2Ab is high at an MOI of 100
pfulcell. GAPDH is used as the loading control; C: The expressed preS2Ab in the supernatant of Ad315-preS2Ab-infected L02 cells recognizes liver cells from HBV
transgenic Imprinting Control Region (ICR) mice as shown by a strong immunofluorescent reaction (left). Liver cells of normal ICR mice do not show labeling (right) (x
200). ELISA: Enzyme linked immunosorbent assay; HBV: Hepatitis B virus; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; MOI: Multiplicity of infection.
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Figure 2 Inhibitory effects of the Ad315-preS2Ab-mediated preS2Ab against hepatitis B virus infection. ELISA results show HBsAg secretion in the superna-
tants of L02 cells infected with Ad315-preS2Ab. The inhibition of HBV infections increases with increasing Ad315-preS2Ab MOls, as shown by decreases in HBsAg
(P <0.05). Cells infected with the Ad315 blank vector show no inhibitory effects against HBV infection. ELISA: Enzyme linked immunosorbent assay; HBV: Hepatitis B
virus; HBsAg: Hepatitis B surface antigen; MOI: Multiplicity of infection.

and plays important roles in virus infection, assembly, an important reason for the hepatotropism of HBV.
replication and stimulation of the immune reaction™”. It has been found that the strong antigenicity of preS2
preS2 protein has binding sites for polymerized human can induce immune responses during HBV infection
serum albumin (pHSA), which possesses determinants and cause production of the preS2Ab. This antibody can

for binding with liver cell receptors. Therefore, HBV help eliminate HBV and prevent the virus from entering
can enter liver cells by binding to pHSA; this ability is normal liver cells”. Therefore, using an antibody against

(4 9

3uiz|::m9® WJG | www.wjgnet.com 352 January 28, 2012 | Volume 18 | Issue 4 |



Zhang Q et a/. Adenovirus-mediated HBV preS2 antibody gene therapy

A Tumor number
12 - P =0.0131
10 | T
5
-
3
[
5 6 T L
§
Foal
2 [
Ad315-preS2Ab Ad315 Control (DEN)

B Ad315-preS2Ab Ad315

Cirrhosis

Carcinogenesis

Tumor size ’—‘
Lr P =0.0348

o
(o)
T

o
[e)}
T

o
»
T

Tumor diameter (cm)

o
N
T

Ad315-preS2Ab Ad315 Control (DEN)

Control (DEN)

Figure 3 Ad315-preS2Ab effectively inhibited diethylnitrosamine-induced hepatic cirrhosis and carcinogenesis in hepatitis B virus transgenic mice. A:
Ad315-preS2Ab-mediated preS2Ab expression demonstrates significant inhibitory effects against diethylnitrosamine-induced hepatic cirrhosis and carcinogenesis in
HBV transgenic mice, as shown by significantly fewer (left panel) and smaller cancerous nodes (right panel) (P < 0.05); B: Pathological findings show that animals in
the Ad315-preS2Ab group have a lesser degree of cirrhosis (upper panel, HE, x 100; arrows: proliferated fibrous septa) as well as fewer and smaller cancerous nodes
(lower panel, HE, x100; arrows: cancerous nodes) compared with the two control groups. HBV: Hepatitis B virus; HE: Hematoxylin and eosin. DEN: Diethylnitrosa-

mine.

Table 1 Serum levels of alanine transaminase and aspartate

transaminase in hepatitis B virus transgenic mice

Index Non-virus Blank control Ad315 Ad315-
control (DEN) (usL) preS2Ab
(Iu/L) (u/L) (u/L)

Alanine trans- 47.2+94 3008+764 3164+41.1 167.2+57.4"

aminase

Aspartate 118.6+29.5 465.6+156.4 477.4+769 239.0+94.7°

transaminase

Data are expressed as the mean + SD for 5 serum samples in every group.
°P = 0.0141 and °P = 0.0243 when comparing the treatment samples to the
alanine transaminase and aspartate transaminase levels of the diethylni-
trosamine -treated blank control group. DEN: Diethylnitrosamine.
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the HBV protein to block HBV infection and replication
is an important strategy for preventing and treating HBV
infection and hepatocellular carcinogenesis.

Hepatitis B immunoglobulin has been shown to be
effective in preventing maternal-infant vertical transmis-
sion and HBV recurrence after liver transplantation;
however, the immunoglobulin has limited sources and
is expensive and nonspecific. Additionally, it has an un-
satisfactory neutralization effect and may carry patho-
gens. Artificially-expressed HBsAg antibodies and gene
therapy can overcome these shortcomings, indicating a
bright future for HBV prevention and treatment. Pres-
ently, the best-studied genetically-engineered antibodies
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are the small molecular antibodies, which mainly include
Fab, ScFv, dsFv and single-domain antibodies. These
small antibodies have the advantages of low molecular
weight, high permeability, and easy construction and ex-
pression . However, their low molecular weights also
result in a short half-life period 7 vivo, making it difficult
for them to reach effective concentrations in the blood.
This limitation greatly restricts their clinical applica-
tions. Moreover, small molecular antibodies have no Fc
segment, which is known to play important roles in the
therapeutic effects of antibodies. Currently, there are a
dozen monoclonal antibodies which have been used in
clinical settings, and even more have been tested in clini-
cal trials" "'

To overcome these barriers, we constructed an ad-
enoviral vector carrying the full-length humanized HBV
preS2Ab gene and examined its expression and inhibitory
effects on HBV infection. We also examined the effects
of the antibody on the carcinogenesis of HBV-positive
liver cells. There are many advantages to gene therapy with
adenoviral vectors. The adenoviral particles are stable,
and the virus genome rarely undergoes rearrangement,
so the inserted genes are kept unchanged after continu-
ous passage of the virus. In addition, the virus genome is
easily manageable, and adenovirus can be produced on a
large scale. Moreover, adenovirus vectors can infect both
dividing and non-dividing cells, and they can be used to
transfect pulmonary cells, liver cells, bone cells, blood ves-
sels, muscle cells, and central nervous system cells. Finally,
these vectors can be used to achieve high expression of
exogenous genesmm. For these reasons, adenoviral vec-
tors have been increasingly used for gene therapy. Ad-
ditionally, related studies have yielded impressive achieve-
ments in China and in other parts of the world. The
adenoviral vector constructed by Kim ez al” permanently
improved hyperlipidemia in mice, with the induced pro-
tein expression lasting for 2.5 years. In a rat hemophilia
model, the adenoviral vector constructed by Reddy ez a/'”
continuously expressed factor VIl for more than 9 mo.
These findings demonstrate the advantages of adenoviral
vectors and indicate a bright future for adenoviral vectors
in gene therapy.

In the present study, we successfully constructed an
Ad315-pteS2Ab vector carrying the full-length preS2A4bH
genes and used this vector to infect 102 liver cells. The
production of the preS2Ab increased with increases in
the MOI of the Ad315-preS2Ab. The expressed preS2Ab
recognized liver cells from HBV transgenic ICR mice, as
shown by strong immunofluorescent reactions, demon-
strating that the Ad315-preS2Ab-mediated preS2Ab pos-
sesses a satisfactory binding affinity for the correspond-
ing antigen. We also found that the Ad315-preS2Ab-
mediated preS2Ab could efficiently decrease the level
of HBsAg in LO2 cells infected with the sera of HBV
patients, indicating that the expressed preS2.4b can inhibit
HBYV infection and replication. Our 7z vivo study showed
that the administration of Ad315-preS2Ab could allevi-
ate hepatic cirrhosis and decrease the number and size
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of cancerous nodes induced by DEN in HBV transgenic
ICR mice, suggesting that Ad315-preS2Ab has an inhibi-
tory effect against hepatocellular carcinogenesis. Our 7
vivo experiment also demonstrated that Ad315-preS2Ab
can decrease ALT and AST levels in mouse sera and pro-
tect hepatic function in HBV transgenic mice.

In this study, we attempted to establish a complete an-
tibody gene therapy expression system for the prevention
and treatment of HBV infection and HBV-associated he-
patocellular carcinogenesis. This study will pave the way
for gene therapies for HBV infection and HCC.
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