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AIM: To observe the inhibition of hepatitis B virus
replication and expression by transfecting vector-based
small interference RNA (siRNA) pGenesil-HBV X targeting
HBV X gene region into HepG2.2.15 cells.

METHODS: pGenesil-HBV X was constructed and trans-
fected into HepG2.2.15 cells via lipofection. HBV antigen
secretion was determined 24, 48, and 72 h after trans-
fection by time-resolved immunofluorometric assays
(TRFIA). HBV replication was examined by fluorescence
quantitative PCR, and the expression of cytoplasmic viral
proteins was determined by immunohistochemistry.

RESULTS: The secretion of HBsAg and HBeAg into
the supernatant was found to be inhibited by 28.5%
and 32.2% (P < 0.01), and by 38.67% (P < 0.05) and
42.86% (P < 0.01) at 48 h and 72 h after pGenesil-HBV
X transfection, respectively. Immunohistochemical stain-
ing for cytoplasmic HBsAg showed a similar decline in
HepG2.2.15 cells 48 h after transfection. The number of
HBV genomes within culture supernatants was also sig-
nificantly decreased 48 h and 72 h post-transfection as
quantified by fluorescence PCR (P < 0.05).

CONCLUSION: In HepG2.2.15 cells, HBV replication and
expression is inhibited by vector-based siRNA pGenesil-
HBV X targeting the HBV X coding region.
© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Hepatitis B is a severe infectious disease threatening
peoples’ health all over the world. There is still no
efficient therapy to control HBV persistent replication,
which may lead to the development of liver cirrhosis and
hepatocellualar carcinoma (HCC)", RNA interference
(RNAI) is a highly specific and effective mechanism of
post-transcriptional gene silencing mediated by double-
sttanded RNA of 21-23 nt in size. Several researches have
suggested that RNAi could provide a new therapeutic
strategy against chronic HBV infection™®. In the
present study, a plasmid leading to the expression of
small interfering RNA (siRNA) that targets the HBV X
gene was transfected into HepG2.2.15 cells, and HBV
DNA replication as well as HBV antigen expression and
secretion were monitored.

MATERIALS AND METHODS

Materials

Dulbecco’s modified Eagle’s medium (DMEM) was
purchased from Gibco BRL, USA. Metafectene
transfection reagent was purchased from Germany
Biontes. Diagnostic kits for HBsAg and HBeAg (time-
resolved immunofluorometric assay) were obtained
from Suzhou Xinbo Biotechnology Corporation. Mouse
monoclonal antibody directed against human HBsAg
and rabbit anti-mouse horseradish peroxidase (HRP)—
IgG were purchased from Beijing Zhongshan Golden
Bridge Biotechnology Corporation. HepG2.2.15 cells were
obtained from the Institute of Infectious Disease, Beijing
University Medicine School.

Plasmid construction

pGenesil, containing human U6 promoter, was used to
generate a series of siRNA expression vectors by inserting
annealed oligonucleotides between BawHI and Hindll
sites. The oligonucleotides 5'-GAT CCG GTC TTA CAT
AAG AGG ACT TTC AAG ACG AGT CCT CTT ATG
TAA GAC CTT TTT TGT CGA CA-3' (sense) and 3'
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Group HBsAg (ug/L) HBeAg (Ncu/mL)
24 h 48 h 72 h 24 h 48 h 72 h

Untreated 7.13 £0.20 14.43 £ 0.56 2250 £2.14 0.43 £ 0.02 0.75 + 0.06 1.12+0.10
Metafectene 6.80+0.17 13.57 £ 0.88 21.84 £ 091 0.48 £ 0.02 0.69 + 0.08 1.03 £ 0.06
pGenesil 6.57 £ 0.40 14.30 £ 0.47 2415+2.24 0.45 + 0.06 0.64 +0.05 1.00 + 0.06
PGenesil-HK 6.47 +0.20 13.63 £ 0.64 21.84 £ 0.51 0.46 + 0.05 0.69 + 0.07 0.97 £ 0.08
PGenesil-AFP 6.33 £ 0.35 13.70+£0.73 2311+1.25 0.47 + 0.05 0.76 + 0.08 1.10+0.12
PGenesil-HBVX 5.97+0.13 10.25 +0.32° 15.26 + 0.88" 0.43 £ 0.02 0.46 + 0.01° 0.64 + 0.04°

P < 0.01 vs untreated control and other controls; P < 0.05 vs untreated control and other controls.

-GCC AGA ATG TAT TCT CCT GAA AGT TCT GCT
CAG GAG AAT ACA TTC TGG AAA AAA CAG CTG
TTC GA-5' (antisense) were used for the construction of
pGenesil-HBV X targeting HBV X (N 1649 to 1667)"",
5-GAT CCG CAT TG G CAA AGC GAA GCT TTC
AAG ACG AGC TTC GCT TTG CCA ATG CTT TTT
TGT CGA CA-3' (sense) and 3'-GCG TAA CCG TTT
CGC TTC GAA AGT TCT GCT CGA AGC GAA ACG
GTT ACG AAA AAA CAG CTG TTC GA-5' (antisense)
for a control vector targeting the a-fetoprotein (AFP)
gene (N 1275 to 1293); and 5-GAT CCG ACT TCA TAA
GGC GCA TGC TTC AAG ACG GCA TGC GCC TTA
TGA AGT CTT TTT TGT CGA CA-3' (sense) and 3'
-GCT GAA GTA TTC CGC GTA CGA AGT TCT GCC
GTA CGC GGA ATA CTT CAG AAA AAA CAG CTG
TTC GA-5' (antisense) for the control vector pGenesil-
HK producing a random sequence of siRNA.

Cell culture and transfection

HepG2.2.15 cells were maintained in DMEM
supplemented with 100 mL/L fetal calf serum (FCS),
100 TU/mL penicillin, 100 mg/L streptomycin and 2
mmol/L L-glutamine at 37°C in an atmosphere of 50
mL/L COz. The cells were plated in 6-well plates which
had been placed sterile cover slips (1 X 10° cells per well).
Transfection was performed at about 70% confluence with
pGenesil and Metafectene lipofection reagent complex at a
ratio of 8 ul.:2.5 ug. Under these conditions we obtained a
55% transfection efficiency (data not shown).

Quantitative assay of HBsAg and HBeAg

The levels of HBsAg and HBeAg in culture supernatants
were measured at 24, 48 and 72 h after transfection
by using time-resolved immunofluorometric assay kits
(TRFIA) according to the supplier’s instructions.

Assay of HBV DNA replication

HepG2.2.15 cells were harvested at 24, 48, and 72 h post-
transfection. Forty ul. of the supernatant were mixed
with an equal volume of the DNA extractant. Samples
were boiled for 10 min and then centrifuged at 10000 X g
for 5 min. Two pL of the samples were transferred into
PCR reaction tubes. PCR cycling parameters consisted of
denaturation at 93°C for 2 min, followed by 93°C for 45 s;
557 for 60 s X 10 cycles and then 93°C for 30 s; 55°C for
45 s X 30 cycles.

Immunocytochemistry of HBsAg

To examine whether the effects of pGenesil-HBV X
on HBsAg production were uniform with the culture
media, cytoplasmic HBsAg was visualized by indirect
immunocytochemistry 48 h post-transfection. pGenesil-
HBV X transfected and control cells were washed with
PBS, fixed in 900 mL/L ethanol for 10 min at room
temperature and then washed with PBS. The fixed cells
were permeabilized with 5 mL/L Triton X-100 in PBS
for 15 min at 37°C and washed with PBS. To inhibit
endogenous peroxidase, cells were exposed to 3 mL/L
hydrogen peroxide for 10 min at 25°C. After washed
with PBS, cells were incubated with mouse monoclonal
anti-HBsAg antibody for 2 h at 37°C and subsequently
with rabbit anti-mouse IgG conjugated horseradish-
peroxidase for 30 min at 37°C. Cells were visualized with
3, 3'-diaminobenzidine tetrahydrochloride substrate and
examined by light microscopy.

Statistical analysis

All statistical analysis were performed using the Microsoft
SPSS 12.0 software. The graphs represented in mean £ SD
and compated using unpaired t-test. P < 0.05 was regarded
as a significant difference.

RESULTS

pGenesil-HBV X inhibited HBsAg and HBeAg secretion in
cultured HepG2.2.15

HBsAg and HBeAg concentrations were measured in
cell culture supernatants of pGenesil-HBV X treated and
control cells 24, 48, and 72 h post-transfection by using
TRFIA (Table 1). At 24 h in the culture media, there was
no significant difference between pGenesil-HBV X treated
cells and other controls (untreated control, pGenesil-
AFP control , pGenesil-HK control, pGenesil alone and
Metafectene alone) (P > 0.05), while HBsAg was inhibited
at 48 and 72 h by 28.47% and 32.16% (P < 0.01). HBeAg
was reduced at 48 and 72 h post-transfection (P < 0.05)
by 38.7% and 42.9% in the media of pGenesil-HBV X

treated cells compared to the controls.

Inhibited HBV DNA replication in cultured HepG2.2.15

Levels of HBV DNA were examined by fluorescence
quantitative PCR. This assay can detect HBV DNA in
the range of 10’ to 10° copies. The results revealed a
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Figure 1 Inhibition of pGenesil-HBV X on HBV DNA in HepG2.2.15.

significant decrease in DNA replication when pGenesil-
HBV X treated cells were compared to untreated cells. The
number of HBV DNA copies in pGenesil-HBV X treated
cells was found to be reduced by 44.9% and 45.9% at 48
and 72 h after transfection, respectively (P < 0.05), while
the other controls showed no significant difference to the
untreated cultures at any time point (Figure 1).

The effects of pGenesil-HBV X on intracellular HBsAg in
HepG2.2.15

The effects of pGenesil-HBV X on intracellular HBsAg
were visualized by immunocytochemistry 48 h after
transfection. Intracellular HBsAg is localized in the
cytoplasm of HepG2.2.15 cells at normal. In cells treated
with pGenesil-HBV X, HBsAg was cither decreased or
non-detectable. In contrast, cells of other controls were
obviously stained (Figure 2).

DISCUSSION

RNAI is a mechanism of post-transcriptional gene
silencing mediated by double-stranded RNA of 21-23 nt
in length. RNAi has been applied as a highly specific and
efficient tool to interfere with viral replication as it has
been shown for HIV®*'?, hepatitis C virus'>", myetitis
virus', gamma herpesvirus'” or influenza virus'”. HBV
DNA replication requites reverse transcription to form a
pregenomic RNA that is similar to reverse-transcription
virus. 3.2kb pregenomic mRNA is not only translated
into HBV proteins including HBeAg, HBcAg and HBV
DNAP, but it is also a template for the synthesis of viral
DNA to continue replication. Furthermore, all four
transcripts include the HBV X protein coding region.
Selecting a conserved sequence in the X gene region as
a target, we expect to inhibit the expression of HBV
antigens and the replication of HBV DNA. To set up an
in vitro model which is more stable and more similar to
natural condition of viral infection is a base of experiment
and is a key prerequisite to evaluate the efficiency of anti-
virus therapy. Previous studies were carried out by co-
transfecting siRNA or siRNA expression vector and a
plasmid cloned with full-length HBY DNA or HBV target
region into cells***. Tt is obvious that cells transfected
with siRNA or siRNA expression vectors must get HBV
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Figure 2 Immunocytochemistry for intracellular HBsAg in HepG2.2.15 (x 400).
A: Without monoclonal antibody against HBsAg; B: pGenesil-HK treated cells; C:
pGenesil-AFP treated cells; D: pGenesil-HBV X treated cells. Arrows show the
cells were transfected and HBsAg expression was suppressed.

expression plasmid at same time, which is better to observe
and evaluate the specificity and efficiency by siRNA. But
only selecting out the cells co-transtected successfully for
research does not coincide with natural conditions of viral
infection and will not reflect the exact effects of siRNA on
HBYV target gene.
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The HepG2.2.15 cell line, a derivative of the human
HepG2 hepatoma cell line that has been stably trans-
formed with a head-to-tail dimer of HBV DNA™, was
chosen as a model because it produces HBV infectious
particles constitutively and expresses HBV antigens stably.
To transfected siRNA expression vector into HepG2.2.15
cells, and culturing transfected cells and untransfected cells
under one system, we could simulate the nature condition
that virus still replicate and express constitutively in
untransfected cells. As a result, we found that HBsAg and
HBeAg in the supernatant were inhibited by 28.5% and
38.7% at 48 h, and decreased by 32.2% and 42.9% 72 h
post-tranfection with pGenesil-HBV X against HBV X.
Levels of HBV DNA were also found to be reduced.
Morteover, immunocytochemistry revealed that the amount
of intracellular HBsAg parallels the decline in HBV serum
matkers in cultures treated with pGenesil-HBV X. Controls
(including untreated cells and treated with Metafectent
reagent alone, pGenesil plasmid alone, pGenesil-AFP or
pGenesil-HK expressing random siRINA) failed to reduce
HBYV expression and replication. At the premises of
targeting same sequence in HBV X region, the efficiency
we got was lower than that of Shlomai”! who used a co-
transfection approach to Huh-7 cells. At present, there isn’
t any reagent that achieves 100% transfection efficiency
neither to cells nor to animals. Selecting HepG2.2.15 cell
line as a model is better for us to evaluate the effects of
siRNA in consideration of the efficiency of transfection,
and thus it will be valuable for us to evaluate the effects of
siRNA on clinical application research in the future.

By measuring the levels of AFP which is constitutively
secreted by HepG2.2.15 cells no change was found
between pGenesil-HBV X treated cells and other controls
except pGenesil-AFP treated cells. This result shows
that pGenesil-HBV X specifically inhibits HBV gene
expression.
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