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Abstract

AIM: To quantify the inhibition of HBV replication by targeted
ribonuclease by using real-time fluorescent PCR.

METHODS: Targeted ribonuclease was introduced into 2.2.15
cells by liposome-mediated transfection or HIV-TAT mediated
protein transduction. Forty-eight hours after the transfection
and 24 h after the transduction, supernatants of 2.2.15 cells
were collected and HBV DNA in the supernatants was
quantified by real-time fluorescent PCR with a commercial kit.

RESULTS: HBV DNA concentrations in the supernatants of
2.2.15 cells transfected or transducted with targeted
ribonuclease were 4.9±2.4×108 copies/L and 8.3±4.0×108

copies/L, respectively. Compared with controls, transfection
or transduction of targeted ribonuclease reduced HBV DNA
concentration in the supernatants of 2.2.15 cells by 90.4%
and 90.1%, respectively (P<0.05).

CONCLUSION: Targeted ribonuclease can inhibit HBV
replication in 2.2.15 cells.
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INTRODUCTION
Chronic hepatitis B virus (HBV) infection is a major health problem
worldwide. Globally, more than 350 million people are infected
with HBV, and some of them will evolve into liver cirrhosis and
hepatocellular carcinoma (HCC). Current treatment regimens for
chronic HBV infection, including interferon-γ, lamivudine, adefovir,
or different combinations of these drugs, have only a limited long-
term efficacy, but many adverse effects and drug resistance[1,2].
Therefore, the exploration of novel treatment strategies for HBV
infection is both necessary and urgent. In fact, many ingenious
treatment strategies have been tested for inhibition of HBV
replication, such as antisense nucleotides, ribozymes, intracellular
antibodies, targeted nucleases, RNA interference[3-13]. All of them
can inhibit HBV replication to various degrees.
     To explore alternative treatment methods against HBV

infection, targeted ribonuclease (TN), a fusion protein of HBVc
and human eosinophil-derived neurotoxin (hEDN), was
constructed and its effect on HBV replication was tested. After
the targeted ribonuclease was introduced by transfection or
transduction into 2.2.15 cells, a cell model of HBV infection, we
found that it significantly reduced the serological markers of
HBV replication, namely HBsAg and HBeAg, in the supernatants
of 2.2.15 cells, suggesting that the targeted ribonuclease could
inhibit HBV replication.
      To further characterize the anti-HBV effect of the targeted
ribonuclease, the HBV DNA was quantified in the supernatants
of 2.2.15 cells treated by the targeted ribonuclease. Our results
showed that the targeted ribonuclease markedly reduced HBV
DNA concentration in the supernatants, which together with
our previous findings, demonstrate that HBV replication can
be inhibited by targeted ribonuclease.

MATERIALS AND METHODS

Cell culture
2.2.15 cells, a human hepatoblastoma Hep G2 cell line stably
transfected by HBV genome, were cultured in Dulbecco’s
modified Eagle’s medium (DMEM, purchased from Gibco Life
Technologies, Grand Island, NY) supplemented with 100 mL/L
fetal calf serum (Sijiqing Biotech Company, Hangzhou, China).

Transfection
The transfection methods were previously described[14]. Briefly,
twenty-four hours before transfection, 2.2.15 cells were seeded
into a culture plate at the density of 2×108/L. LipofectamineTM

2000 reagent (Gibco Life Technologies) was used for the
transfection of 2.2.15 cells by p/TN, p/TNm, p/hEDN, p/HBVc,
pcDNA3.1 (-), or mock solution (DMEM plus LipofectamineTM

2000 reagent containing no plasmid) according to the manufacturer’s
protocol. p/TN, p/TNm, p/hEDN and p/HBVc are the eukaryotic
expression plasmids for targeted ribonuclease, point-mutated
targeted ribonuclease without ribonuclease activity, human
eosinophil-derived neurotoxin, and HBV core protein, respectively.

Transduction
2.2.15 cells were seeded into a culture plate at the density of
2×108/L. Twenty-four hours later, purified recombinant proteins
with protein transduction domain, TAT-TN, TAT-TNm, TAT-
hEDN, and TAT-HBVc were added into the culture medium. For
mock transduction, an equal volume of DMEM instead of protein
was added into the culture medium.

Real-time fluorescent PCR
Forty-eight hours after transfection and 24 h after transduction,
the supernatants of 2.2.15 cells were collected and HBV DNA
in the supernatants was quantified by using fluorescent PCR
kit for quantification of HBV DNA (Daan Gene Company,
Guangzhou, China) according to the manufacturer’s protocol.
PCR primers were: P1: 5’ATCCTGCTGCTATGCCTCATCTT3’,
P2: 5’ ACAGTGGGGAAAGCCCTACGAA3’. The probe was
5’TGGCTAGTTTACTAGTGCCATTTTG3’. PCR reaction was
analyzed by PE 5700 (Perkin Elmer, USA).



2884              ISSN 1007-9327    CN 14-1219/ R       World J Gastroenterol   October 1, 2004   Volume 10   Number 19

Statistical analysis
All data were analyzed by SPSS 10.0 software. Differences were
considered statistically significant when P<0.05.

RESULTS
HBV DNA in the supernatants of 2.2.15 cells transfected or
transducted with the targeted ribonuclease and controls was
quantified by real-time fluorescent PCR. The results are shown
in Figure 1. Compared with the controls, HBV DNA concentration
in the supernatant of 2.2.15 cells was markedly reduced by
the targeted ribonuclease, which was introduced into the cells
by both pathways, i.e. transfection and transduction. The
transfected targeted ribonuclease reduced HBV DNA
concentration by 90.4% and the transducted targeted
ribonuclease by 90.1% (P<0.05). Either hEDN or HBVc alone
had no such an effect, indicating that it was the fusion protein
itself, i.e. the targeted ribonuclease, but not its constituent
molecules that exerted the anti-HBV effect. Interestingly, TNm
which was mutated at just one amino acid residue (Lys113 Arg)
but had no ribonuclease activity as compared with TN, did not
decrease HBV DNA concentration either, suggesting that the
ribonuclease activity was needed in the anti-HBV effect of the
targeted ribonuclease. To exclude the possibility that the anti-
HBV effect of the targeted ribonuclease was due to nonspecific
killing of 2.2.15 cells, we also detected cell viability of the
transfected and transducted cells by MTT assay. The results
showed that the targeted ribonuclease had no adverse effects
on cell viability and proliferation as compared with controls
(P>0.05, data not shown).

Figure 1  HBV DNA concentration in the supernatants of
tranfected and transducted 2.2.15 cells. A: HBV DNA concen-
tration in the supernatants of transfected 2.2.15 cells. TN, TNm,
hEDN, HBVc, pcDNA3.1 (-), and MOCK represent the super-
natants collected from 2.2.15 cells transfected by p/TN, p/TNm,
p/hEDN, p/HBVc, pcDNA3.1 (-), or mock solution (DMEM
plus LipofectamineTM 2000 reagent containing no plasmid),
respectively. B: HBV DNA concentrations in the supernatants
of transducted 2.2.15 cells. TAT-TN, TAT-TNm, TAT-hEDN,
TAT-HBVc, and MOCK represent the supernatants collected
from 2.2.15 cells transducted by purified proteins of TAT-TN,
TAT-TNm, TAT-hEDN, TAT-HBVc, or mock solution (DMEM),
respectively.

DISCUSSION
Real-time fluorescent PCR is a simple, sensitive, specific and
precise method to quantitate nucleic acids over a vast dynamic
range[15]. Due to these advantages, real-time fluorescent PCR
has been widely used in both basic research and clinical
diagnosis to measure the quantity of nucleic acids. As for HBV,
real-time fluorescent PCR has been used in monitoring viral
load during the course of antiviral treatment to evaluate the
efficacy of the treatment and predict the possibility of
emergence of drug-resistant variants, in the analysis of anti-
HBV effect of small interfering RNA transfected into HBV-
producing cell lines, and in the study of HBV pathogenesis[10,16-19].
In the current research, we also used real-time fluorescent PCR
to precisely quantify HBV DNA in the supernatants of 2.2.15
cells to detect the effect of the targeted ribonuclease on HBV
replication. The targeted ribonuclease reported here is a fusion
protein against HBV infection constructed by us, based on the
principle of capsid-targeted viral inactivation (CTVI)[5,20]. Our
previous studies showed that it significantly reduced HBsAg
and HBeAg in the supernatants of 2.2.15 cells, suggesting that
the targeted ribonuclease could inhibit HBV replication. In
consistent with our previous findings, in this study we observed
the targeted ribonuclease notably reduced HBV DNA in the
supernatants of 2.2.15 cells. Taken together, these results
demonstrate that the targeted ribonuclease strongly inhibits
HBV replication. The targeted ribonuclease may therefore be
one of the promising alternative anti-HBV agents which are
being studied in the pursuing of a satisfactory treatment for
chronic HBV infection.
     Although the precise mechanism of anti-HBV effect of
targeted ribonuclease still remains unknown and awaits further
study, the principle of capsid-targeted viral inactivation (CTVI)
implies that it may specifically recognize pregenomic RNA (pgRNA)
of HBV, the template for HBV replication, intracellularly by the
HBVc domain of fusion protein, and then degrades pgRNA by
the hEDN domain. This will in turn lead to a decrease in the
replication of HBV DNA and synthesis of viral proteins, which
finally results in a reduction of extracellular HBV DNA and viral
proteins (HBsAg and HBeAg). In fact, we have found that
purified targeted ribonuclease can degrade RNA in vitro
(unpublished data) which supports this mechanism.
Experiments are ongoing in this laboratory to clarify the
mechanism and to apply the targeted ribonuclease to small
animal models.
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