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Inhibition of HBV Replication by Antisense
Oligodeoxyribonucleotides in HepG2 Cells Transfected
with a Cloned HBV DNA*

Sang-Hwan Oh, Byung-Il Yeh, and Seok-Hyun Kim

The effect of antisense dligodeoxyribonucleotides(oligo[dN]s) on hepatitis B virustHBV') replication
in HepG2 cells harboring a cloned HBV genome was examined. Antisense oligo(dN)s directed at
translationdl initiation sites of S, pre C and P genes of HBV were treated to the cells and the
amount of HBsAg and HBV DNA content were measured 72 hours after the treatment. HBsAg ex-
pressions in HepG2 cells harboring the HBV genome were inhibited 68%, 53%, and 46% by the
treatment with antisense oligo/dN] directed at S, pre C, and P gene loci, respectively, and HBV
DNA content in the cells was also reduced by the treatment of each antisense oligo[dN]. The dou-
bling times of the cultured cells treated with 25 ug, 50 ug, and 100 pg of antisense oligo[dN]/ml me-
dium were 43.3, 62.1, and 930 hours, respectively, compared with 37.5 hours of the untreated con-
trol cells. Cellular DNA synthesis was inhibited by the treatment with 100 ug/ml of antisense oligo
[dN], however, no significant effect was observed by the treatment with 50 ug or less of antisense
oligo[dN]/mi. These results suggested that antisense oligo[dN]s specific to the translational initia-
tion sites of S, pre C, and P genes of HBV may have therapeutic potential for the suppression of
HBV propagation in chronic HBV infected patients.
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Hepatitis B virus (HBV) is a small DNA
virus belonging to the hepadnavirus family
and the infection of this virus may cause
acute or chronic hepatitis and liver cirrhosis
(Ganem, 1982; Tiollais et al. 1985). Moreover,
epidemiological studies have indicated that
chronic HBV infection is closely associated
with human hepatocellular carcinoma (Beasley
et al. 1981; Szmuness, 1988).

Due to the restricted host range and human
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pathogenicity of HBV, the investigation on
the expression and replication of the HBV ge-
nome has been hampered. Several mammalian
cell lines have been transfected with cloned
HBV DNA in order to establish an in vitro
tissue culture system in which HBV is propa-
gated (Dubois et al. 1980; Wang ef al. 1983
Will et al. 1984). However, these experiments
have failed to yield cells which are able to
produce the replicative DNA intermediates or
Dane-like viral particles. Fortunately, an es-
tablishment of HepG2 cell line which can sup-
port the assembly and secretion of replicative
intermediate of HBV has been successfully at-
tained by transfection of a plasmid carrying
the gene which compasses four 5-3 tandem
copies of HBV genome positioned such that
two dimers of the genomic DNA are 3-3’ with
respect to one another (Sells et al. 1987).
Therefore, this cell line has been used in the
study for HBV replication in vitro system.
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Now, the search for a therapeutic agent
that can effectively inhibit HBV propagation
is extensively encouraged. Antibiotics such as
vidaravine, interferons, and phosphono com-
pounds have been tested for the treatment of
chronic hepatitis B patients but their thera-
peutic effects were temporal and unsatisfac-
tory due primarily to their cytotoxicity (Chad-
wick et al. 1978; Bassendine et al 1981; Gut-
terman et al. 1982; Weller et al. 1982; Scotto et
al. 1983). Application of an immunosuppressant,
prednisolone, has been tested for the control
of HBV propagation, but this agent had also
exerted a transient inhibitory effect on HBV
replication (Scullard et al. 1981). Recently,
antisense  oligodeoxyribonucleotide(oligo[dN])
has been known to be a potential candidate
agent for the selective inhibition of viral rep-
lication (Zamecnik et al. 1986; Goodchild et al.
1988; Sarin, 1988; Stein and Cohen, 1988). In-
hibitory effect of antisense oligodeoxyribo-
nucleotides on the expression of HBsAg in
PLC/PRF/5 human hepatoma cell line has
been demonstrated (Goodarzi ¢/ al. 1990; Blum
et al. 1991).

In the present sudy, the inhibitory effect of
antisense oligo[dN] directed at translational
initiation sites of HBsAg, HBcAg, and HBV
DNA polymerase genes on the replication of
HBV in HepG2 cells harboring HBV genome
(HepG2-HBV) was tested in order to evaluate
their possible application for the repression of
HBV propagation in the chronic HBV infected
patients.

MATERIALS AND METHODS

Cells and Transfection .
A human hepatoblastoma cell line, HepG2,

transfected with a plasmid containing two
head to tail dimers of HBV gene in a tail-to-
tail orientation(HepG2-HBV) was obtained
from Dr. Han K(Yonsei University College of
Medicine, Seoul, Korea). Cells were cultured in
minimal essential medium (MEM) supplement-
ed with 10% fetal calf serum at 37C in a
moist atmosphere containing 5% CO.. The cul-
tured cells were detached from culture dishes
(100x20mm) and divided into wells of - cell
culture cluster dish@5mm, 12 wells, 5x10°
cells/well). They were grown for 48 hours and
25p8, 508, or 10042 of antisense oligo[dN]
per ml of the freshly changed culture media
were added to each well. The cells were cul-
tured for another 72 hours. Cultured media
were removed from each well of the cluster
dish and saved for analysis. Cells were har-
vested and separately saved for analysis.

Preparation of Antisense Oligo (dN)

Antisense oligo[dN]s directed at the transla-
tional initiation sites of S, pre C, and P genes
of HBV(subtype Adr; Kim et al. 1988) were
synthesized by DNA synthesizer (ABI 381A).
The sequences of these three oligomers are as
follows: @ antisense S gene locus, 5-CTC
CAT GTT CGG TGC-3 (nucleotide No. 160-
146 @ antisense pre C gene locus, 5-TAC
AAA GAT CAT TAA-3 (nucleotide No. 1768-
1754);, ® antisense P gene locus, 5-GGG CAT
TTG GTG GTC-3' (nucleotide No. 2310-2296).
The positions of the antisense oligo[dNls in
HBV genome are shown in Fig. 1. The syn-
thesized antisense oligo[dN]s were purified by
SEP-PAK and a portion of them were end la-
beled with *P using 7-*[P]JATP by the method
of Davis et al.(1994).

preS S X preC c
' | S . | 1 ]
HBV genome T [ i
No. nucleotide 2846 1 - 155 832 13;7 1758 1899 2350
Position of P P
antisense msS = preC - P
Oligomer

Fig. 1. Schematic diagram of HBV genes and position of antisense oligodeoxyribonucleotides.
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Measurement of HBsAg

HBsAg in the culture media of HepG2-HBV
cells was measured by AUSRIA II-125 kit
(Abbott Laboratories, North Chicago, IL, U.S.
A.). The amount of HBsAg was represented
as the amount of radioactivity in “I-labeled
antibody bound to HBsAg in the medium.

Detection of HBV DNA and HBV DNA poly-
merase activity

HBV DNA in the media of the cultured
cells transfected with antisense oligo[dN]s
was detected by the Southern blot hybridi-
zation method (Southern, 1975). HBV particles
in the media(l0ml) of the cultured HepG2-
HBV cells were concentrated by ultracentri-
fugation(40,000 xg , 1 hour). The concentrated
HBV particles were digested with Xho I res-
triction enzyme and subjected to agarose gel
(1.0%) electrophoresis. The DNA fragments
were transferred onto the nylon membrane
and blotted. HBV DNA was hybridized ac-
cording to a method described by Sambrook et
al.(1989) using a synthetic oligodeoxyribonu-
cleotide probe corresponding to S gene locus
of HBV(G-ATTACCAATTTT-CTTTTGTCT-
3nucleotide No. 800-820). The probe was 5-
end-labeled with *P using [7-*P]ATP accord-
ing to the method of Davis et l.(1994). HBV
DNA polymerase activity was determined by
the method of Kaplan et l.(1973).

Measurement of the cytotoxicity

The cytotoxic effect of antisense oligo[dN]
was determined by the measurement of the
growth rates and DNA synthesis of cells
transfected with antisense oligo(dN). The
number of viable cells was counted by trypan
blue staining after the treatment of antisense
oligo(dN). For the measurement of the rate of
DNA synthesis, *H-labeled thymidine (2 «Ci/10°
cells) was added to the cell culture medium at
the time of the treatment of antisense oligo
[dN] and the amount of radioactivity incorpo-
rated into the chromosomal DNA of HepG2-
HBV cells was counted by a liquid scintilla-
tion counter(Packard TriCarb 300).
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RESULTS

Effect of antisense oligo[dNls on the ex-
pression of HBsAg

The amount of HBsAg in the media of
HepG2-HBV cells decreased by the treatment
of antisense oligo(dN)s directed at the transla-
tional initiation sites of S, pre C, and P genes
of HBV (Fig. 2). HBV DNA polymerase
activity .. was not detected in the cultured
media of HepG2-HBV cells and the enzyme
activity could not be used as a criterion of
HBV replication in the present study.
Antisense oligo(dN) directed at the transla-
tional initiation site of S gene in HBV was
the most effective one among the antisense
oligo[dN]s tested for the inhibition of HBsAg
expression.

cells (cpmXx1000)

HBsAg in the culture media of 10°

0 24 48 72 96
Time(hour)

Fig. 2. Effect of antisense oligodeoxyribonucleotides
on the expression of HBsAg in HepG2 cells
harboring a cloned HBV genome.

HBsAgs in the culture media of the control
cell(Q) treated with each antisense oligodeoxy-
ribonucleotide(25 ug) directed at (@), preC(M)
and RA) were measured by AUSRIA [I-125
kit, and '“I-labeled anti-HBs bound to the an-
tigen in the culture media was counted.

* Values are significanti(p<0.05) different
from that of the control group
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Fig. 3. Uptake and retention of antisense oligode-
oxyribonucledtides treated to HepG2 cells har-
boring a cloned HBV genome.
2P.labeled  antisense  olgodeoxyribonucleotide
(15mer) directed at p gene with(B) or without
(@) tpolybrene and “P-labeled antisense oligo-
deoxyribonucleotided21mer) without polybrene
(Q) were treated to the cells. The cells were
cultured for 72 hours, harvested and washed
3 times with 10 volumes of saline. The
radioactivities retained in the cells were
counted.

Retention of antisense oligo(dN) transfected
into cells

The change in the radioactivity in HepG2-
HBV cells treated with *P labeled antisense
oligo[dN] is shown in Fig. 3. The amount of
radioactivity uptaken by the cells increased
gradually for the first 24 hours and then de-
creased to a low level (0.15% of the amount
treated) at 72 hours after the treatment. The
addition of an equal amount (W/W) of
polybrene to the antisense oligo[dN] increased
the cellular uptake of antisense oligo[dN]
with similar pattern of retention.

Effect of antisense oligo(dN) on the HBV
DNA content in HepG2-HBV cells

HBV DNA content in HepG2-HBV cells
treated with each antisense oligo[dN] was
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Fig. 4. Southern blot hybridization of HBV DNA in
the culture media of HepG2 cells harboring a
cloned HBV genome after the treatment with
antisense oligodeoxyribonucleotides.

.1 & 2: Control grou{untreated)

3: Antisense oligomer lreated group(divected
at S gene locus)
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much less than that in the untreated control
cells(Fig.4). The inhibitory effect of antisense
oligo[dN] directed at S and preC genes on the
replication of HBV in HepG2-HBV was promi-
nent compared to that directed at the p gene
of HBV.

Cytotoxic effect of antisense oligo (dN)

The inhibition of growth and DNA syn-
thesis in HepG2-HBV cells by the treatment
of antisense oligo[dN] was evidenced by the
decreased incorporation of °H-labeled thymi-
dine into chromosomal DNA(Table 1). The in-
hibition of ‘H-thymidine incorporation into
chromosomal DNA was significant(p<0.05) at
the antisense oligo[dN] concentration of 25 g/
ml in both the antisense S locus and preC
locus groups. A significant reduction in the
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Table 1. Effect of antisense oligodeoxyribonu-
cleotides on the DNA synthesis in
HepG2 cells harboring a cloned HBV ge-

nome
Group *H-thymidine Chromosomal
incorporation DNA content
(CPM/mg DNA) (ug/flask)
Control 86,400+ 9,600 66.2+12.7
(untreated) ‘
Antisense 81,400+£10,200 451 +74*
(S locus)
»  (preC~) 82,850+ 4,150 38.8+8.0"
. P_7) 82,300+ 7.800 47.3+15.1

Antisense olideoxyribonucleotides(25 4g/ml) were
treated to 5x10° cells in each well of the cluster
dishes and incubated at 37°C for 72 hours. *H-thy-
midine(0.5 uCi/well) was added to the media at the
same time of the treatment of antisense olgode-
oxyribonucleotides. All values are means+S.D. *
Significant difference from the control value(P <
0.05)

Viable cell number(10%)

0 12 24 36 48 60 72 84
Time(hour)

Fig. 5. Changes in viable cell number after the treat-
ment of anti-S geme antisense oligodeoxy-
ribonucleotides(15mer) to HepG2 cells harbor-
ing a cloned HBV genome. Control cells(O)
were treated with 25ug(a), 50 (W) and
100 u(@)/ml of antisense ofigodeoxyribonu-
cleotides(15 mer) dirvected at S gene of HBV
genome.
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cell number was observed 72 hours after the
treatment of 50ug/ml and 1004g/ml of anti-
sense oligo[dN] (Fig. 5).

DISCUSSION

In the present study, the treatment of
antisense oligo[dN] directed at the transla-
tional initiation sites of S, pre C, and P genes
of HBV decreased HBsAg expression. and
HBV DNA content in the cultured media of
HepG2-HBV cells indicating that translation
of HBsAg, HBV DNA polymerase, and HBcAg
were effectively prevented by these corre-
sponding antisense oligo [dN].

Since the inhibitory effect of an antisense
oligo[dN] toward its mRNA target depends on
a number of factors such as secondary struc-
ture, tertiary structure, and the length of nu-
cleotides, we have chosen 5-terminal regions
of these target genes where circularization of
intermediate transcripts may occur. Therefore,
the target regions of HBV genome for
antisense oligo[dNls used in this study were
thought to be the favorable sites -for the
antisense hybridization with less chance of
secondary structure formation. The inhibitory
effect of antisense oligo[dN] on the transla-
tion of the target gene has been known to be
sequence specific and both initiation and ter-
mination sites, either upstream or downstream
were thought to be more effective (Goodchild
et al. 1988). Antisense oligo[dN] has been
shown to be most effective when directed at
the initiation site of the S gene of HBV
whereas it was least effective when it was di-
rected at the inside of the gene (Goodarzi et
al. 1990). Antisense oligo[dN] directed against
the translation initiation site of S gene inhib-
ited HBsAg expression more than that of the
pre C or P gene indicating that the inhibition
of a gene expression by its corresponding
antisense oligo (dN) is sequence specific. The
inhibitory effect of antisense oligo[dN] against
pre C and P on HBsAg expression might be
resulted from the allosteric hindrance of
HBsAg translation or from the inhibition of
viral replication by the insufficient supply of
HBV core protein and HBV DNA polymerase.

The presence of HBV DNA as well as
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HBsAg in the culture media of HepG2-HBV
cells in the present study confirmed that
these cells can serve as an in vitro model
system tc test the effect of the drugs which
could interfere with wviral replication. This
result confirmed the fact that HepG2-HBV
cells are capable of supporting some phases of
HBV replication and are amenable to the
study of the replication of HBV (Sells et al.
1987). The present result that HepG2 cell
transfected with a cloned HBV DNA pro-
duced much less HBsAg and HBV DNA in
the culture media by an antisense oligo[dN]
treatment is consistent with the earlier obser-
vation by Sells et al.(1987).

Reduced HBV DNA content in the cultured
media of HepG2-HBV cells by the treatment
with each antisense oligo[dN] in the present
study indicates that they inhibited the replica-
tion of HBV and the release of HBV-like par-
ticles into the media (Fig. 4). Although the
mechanisms by which HBV gene infected into
HepG2-cells enter the replicative cycle are un-
known, it is probable that HepG2 cells in cul-
ture are supporting HBV replication.

HBV DNA polymerase, the P gene product
of HBV has been known to be responsible for
the filling of single-stranded gap present at
(+) strand of HBV DNA (Summers et al.
1975) and to be involved in the multiplication
cycle of HBV since it possesses a reverse
transcriptase activity (Tiollais et al. 1985; See-
ger et al. 1986).

The absence of a detectable amount of
"HBV DNA polymerase activity in the culture
media of HepG2-HBV implicates that most of
HBV DNA in Dane-like particles in the media
are in double stranded circular forms without
the single stranded gap and that they may
not be used as the template for HBV DNA
polymerase. The radioactivity incorporated
into HepG2-HBV cells treated with *P-labeled
antisense oligo[dN] increased for the first 24
hours after the treatment followed by a grad-
ual decrease thereafter indicating that a sin-
gle treatment of antisense oligo[dN] to the
cells was not sufficient. to bring about the
persistent inhibitory effect beyond 24 hours.

Goodarzi et al.(1990) have observed that the
inhibitory effect of antisense oligo(dN) persist-
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ed ‘as long as 120 hours after the second
administration of 24 hours interval. Therefore,
it is assumed that multiple administration of
antisense oligo[dN] in 24 hours interval will
be benefitial to get a persistent inhibitory ef-
fect on the viral replication. In the present
study, cytotoxic effect of antisense oligo[dN]
was not severe in the concentration of 25 g/
ml media, however, its effect was dramatic at
50 42 or more per ml of media indicating that
a limitation for the dose of administration of
antisense oligo (dN) should be critically con-
sidered.

In considering the cytotoxicity of antisense
oligo[dN], the efficient internalization into the
cells with a limited amount of antisense
oligodeoxyribonucleotides is an important fac-
tor to get a maximum inhibitory effect on the
viral replication with the least toxicity. A sol-
uble DNA carrier system that is targetable to
hepatocytes via asialoglycoprotein receptors
has been developed by Wu and Wu(1992).
They have demonstrated an efficient cellular
uptake of oligonucleotide complementay to the
polyadenylation signal of HBV complexed
with asialoglycoprotein DNA carrier system.
The administration of small amount of
antisense oligo[dN] mixed with an efficient
transfection mediator such as polybrene or
lipofectin may be considered as an another
alternate method to alleviate the cytotoxicity
of antisense oligo[dN]. .
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