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bstract

Human immunodeficiency virus (HIV) is often acquired in individuals already infected with hepatitis B virus (HBV) as a result of shared routes
f transmission. Since current options for the treatment of HIV and HBV infections are limited, there is an essential need for the development
f effective therapies against HIV/HBV co-infections. RNA interference (RNAi) has been used as a powerful tool to silence genes in cells and
nimals. In this study, we developed a small interfering RNA generation system that expressed two different siRNAs to target the HBs gene of
BV and the gp120 gene of HIV in Bel-7402 and HEK293T cells, respectively. Our results demonstrated that the two siRNA molecules could
imultaneously inhibit the expression of HBs and gp120 by 81% and 89%, respectively. In addition, dual siRNA molecules significantly decreased
he production of HBs, and simultaneously inhibited the replication of HBV and HIV. This dual siRNA generation system not only proved to be
novel approach for studying functions of multiple genes simultaneously, but also provides a potential approach for the treatment and prevention
f HIV and HBV co-infection.

2006 Elsevier B.V. All rights reserved.
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. Introduction

The prevalence of hepatitis B virus (HBV) in patients infected
ith human immunodeficiency virus (HIV) is common. Co-

nfection with HIV and hepatotropic viruses causes complex
nteractions (Hadler et al., 1991; McNair et al., 1992). HIV-
nduced impairment of the cell-mediated immunity causes
igher replication of hepatotropic viruses (Benhamou et al.,
999). Additionally, HBV leads to enhanced transcription of
IV through an NF-�B element in the long terminal repeat of
IV (Gómez-Gonzalo et al., 2001). More than 95% of adults

pontaneously recover from an acute HBV infection (Beasley,
988), an outcome that is defined by clearance of the hepati-

is B surface antigen (HBsAg) from blood. Those persistently
nfected with HBV are at increased risk of development of cir-
hosis and hepatocellular carcinoma (Hsu et al., 2002). HIV-1
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auses multidimensional immunosuppression, associated with
educed frequency of spontaneous recovery from HBV infection
Colin et al., 1999). The impact of co-infections on the clinical
utcome of HIV-infected patients is unclear and the available
reatment options against these viruses are also limited (Shlomai
nd Shaul, 2003).

RNA interference (RNAi) is an innate cellular process
ctivated by a double-stranded RNA duplex in cells from
aenorhabditis elegans to mammals (Fire et al., 1998). Specific

nhibition of cellular mRNA by RNAi can be triggered in mam-
alian cells by the introduction of synthetic 21–23-nucleotide

ouble-stranded small interfering RNA (siRNA) (Elbashir et
l., 2001; Paul et al., 2002) or, alternatively, by the transcrip-
ion of siRNA from a DNA construct driven by the RNA
olymerase cassette (Brummelkamp et al., 2002). RNAi is
nitiated by degradation of single-stranded RNA of identical
equences. Therefore, RNAi approach can be used to silence
ene expression by directly targeting its specific sequence of

RNA. In addition to the widely used strategies for inhibiting

ene expression in research work, RNAi approach has been used
n therapeutic studies of human diseases including cancer and
iral infectious diseases (Cioca et al., 2003; Zhang et al., 2003;

mailto:yingzhu@whu.edu.cn
mailto:wu9988@vip.sina.com
dx.doi.org/10.1016/j.antiviral.2006.11.004
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erma et al., 2003). The RNAi approach has been reported as
n ideal tool to inhibit infectious virus replication in host cells
ecause siRNA can target and silence important genes of the
irus.

It has been shown that siRNA could specifically inhibit
uman immunodeficiency virus (HIV) replication and virus
ropagation through targeting major genes in the HIV life cycle,
ncluding p24, nef, rev, tat, and vif (Coburn and Cullen, 2002;
acque et al., 2002; Lee et al., 2002; Capodici et al., 2002). RNAi
as also been used in the inhibition of replication of hepatitis B
irus (HBV) or hepatitis C virus (HCV), which causes chronic
iver disease including cirrhosis and hepatocellular carcinoma
Hamasaki et al., 2003; McCaffrey et al., 2003; Shlomai and
haul, 2003; Kapadia et al., 2003). It has been demonstrated

hat siRNA effectively protects human cells against poliovirus
nfection (Gitlin et al., 2002) and that siRNA could block retro-
iral infection in chick embryos and inhibit the growth of the
ous sarcoma virus and HIV in cell culture (Hu et al., 2002).
iRNA primarily prevented accumulation of the viral RNAs syn-
hesized in the late stage of the infection, but did not degrade
he RNA genome of the virus in the early stage of the infection.
iRNA molecules generated against the HCV replicon inhibited

.
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ig. 1. Schematic diagrams of luciferase fusion genes, siRNA targeting sites and dua
ontains targeted sequences of HBs and the luciferase reporter gene driven by the CM
equences of HIVgp120 gene and the luciferase reporter gene driving by the CMV p
tructures of the design map for pSilencer-2.1-U6; (E) predicted folding hairpin struc
rch 74 (2007) 142–149 143

he HCV mRNA transcripts and protein expression (Kapadia et
l., 2003). It has been found that siRNA inhibited severe acute
espiratory syndrome associated coronavirus (SARS-CoV) gene
xpression and replication in cultured cells (He et al., 2003).

We have previously established a dual small interfering RNA
siRNA) expression system, which could simultaneously gen-
rate two different siRNA molecules specifically targeting two
enes of HBV (Wu et al., 2005). In this study, we extended
ur study by using this system to produce simultaneously two
iRNA duplexes that targeted the S gene of HBV and the gp120
ene of HIV-1, respectively. To study the effects of dual RNAi
n HBV gene expression and replication in a cell culture model,
e used a derivative of the human HepG2 hepatoma cell line,
epG2.2.1.5, which has been stably transformed with several

opies of the HBV genome and is used as an in vitro model
or HBV replication. To study the effects of dual RNAi on
IV-1 gene expression and replication in mammalian cells, we
sed two HIV-1 expression vector pNL4-3 and pNL4-3.luc.R-E-

pNL4-3 is an HIV-based infectious vector and upon transfection
his clone directed the production of infectious virus particles in a
ide variety of cells. pNL4-3.luc.R-E- is a non-infectious HIV-1

ecombinant clone, in which firefly luciferase gene was inserted

l siRNA expression cassettes: (A) diagram of the reporter fusion vector, which
V promoter; (B) diagram of the reporter fusion vector, which contains targeted
romoter; (C) diagram of dual siRNA expression cassettes; (D) sequences and
ture of a siRNA molecule that is expressed from the cassette.
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Table 1
Primers used in this study

Name Sequences (5′–3′)

P1 TACGTGTCGACTGGGTCACAGTCTATTATGG
P2 ATAACAGATCTGTCCACTGATGGGAGGGGCA
P3 GCTGATGACGTCAGTGGAAAGACGCG
P4 TCAGCGAATTCACGCCAAGCTTTTCC
P5 GCGGGGTTTTTCTTGTTGAC
P6 CTACGAACCACTGAACAAAT
P7 GGGTCACAGTCTATTATGGG
P8 ATTATCATTCTCCCGCTACT
P9 ATCCTGCTGCTATGCCTCATCTT
P
P
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nto the pNL4-3 nef and two frameshifts (5′ Env and Vpr aa 26)
endered this clone Env− and Vpr− and allowed only a single
ycle of replication to transfect HEK 293T. The effects of dual
iRNA molecules on gene expression and replication of HBV
nd HIV-1 were investigated and discussed in this study.

. Materials and methods

.1. Cell culture and transfection

Human embryo kidney cell line HEK293T and two human
epatoma cell lines, Bel-7402 and HepG2.2.1.5, were main-
ained in Dulbecco’s modified Eagle’s medium (GIBCO/BRL)
upplemented with 100 units/ml penicillin, 100 �g/ml strepto-
ycin, and 10% heat-inactivated fetal bovine serum at 37 ◦C

nder 5% CO2. African green monkey kidney cell line (COS-7)
ere maintained in RPMI 1640 medium (GIBCO/BRL) supple-
ented with 100 units/ml penicillin, 100 �g/ml streptomycin,

nd 10% heat-inactivated fetal bovine serum at 37 ◦C under
% CO2. Cells were seeded onto 24-well plates at a density of
.0 × 105 or 4.0 × 105 cells per 24-well plate or 6-well plate and
rown to the confluence reaching approximately 60% at the time
f transfection. Cells were transfected with 0.1 �g or 0.4 �g of
lasmid pCMV–HBs together with 0.45 �g or 1.2 �g pSliencer-
.1-U6-siRNA, using SofastTM transfection reagent (Xiamen
unma Biotechnology Co., Ltd., China) according to the pro-

ocol provided by the manufacturer. The cells were harvested at
8 h after transfection.

.2. Plasmid construction

HBSsiRNA2 (pSilencer-2.1-U6-HBS2) was a plasmid that
xpressed siRNA molecules targeting HBs gene and inhibited
BV replication (Wu et al., 2005). The plasmid pNL4-3.luc.R-
- was non-infectious HIV-1 recombinant clone, which firefly

uciferase gene was inserted into the pNL4-3 nef and two
rameshifts (5′ Env and Vpr aa 26) rendered this clone Env−
nd Vpr− and allowed only a single cycle of replication and
he plasmid pNL4-3 is an HIV-based infectious vector and upon
ransfection this clone directed the production of infectious virus
articles in a wide variety of cells (NIH, MD). HBs gene was
loned into the HindIII and SacI sites of vector pCMV–tag2A
Stratagene) to yield plasmid pCMV–HBs. A pair of primers P1
sense), P2 (antisense) were used to amplify the HIV gp120 gene,
he PCR products were then cloned into SalI and BglII sites of
LucF to generate plasmid pLucF–gp120 (Fig. 1A), in which the
IVgp120 was fused in frame with the luciferase gene and the

xpression of the fusion gene was driven by the CMV promoter
Fig. 1A). All primers used in this study are listed in Table 1.

.3. Generation of siRNA expression vectors

Four regions of the HIV gp120 gene were selected as the tar-

eted sequences of siRNA in this study (Fig. 1B). To construct
ingle siRNA expression vector, two 64 nt primers, each con-
aining a 19 nt target sequence in the sense and antisense forms
rom different regions of the HIV gp120 gene as indicated below,

c
e
k
i

10 ACAGTGGGGAAAGCCCTACGAA
robe TGGCTAGTTTACTAGTGCCATTTTG

ere synthesized (Invitrogen).

5′-CATAATGTTTGGGCCACAC-3′ (HIVsiRNA1)
(5966–5984);
5′-GGCTGGTTTTGCGATTCTA-3′ (HIVsiRNA2)
(6430–6447);
5′-AAGAATCCGTATCCAGAGA-3′ (HIVsiRNA3)
(6687–6705);
5′-CATGTGGCAGAAAGTGGA-3′ (HIVsiRNA4)
(7045–7063).

Sense and antisense primers were then cloned into pSilence-
.1-U6 plasmid (Amibion) at BamHI and HindIII sites after
nnealing according to the manufacturer’s instructions.

To generate the dual siRNA expression plasmid, two primers
3 (sense) and P4 (antisense) were designed to amplify a DNA
ragment containing U6 promoter and HIVsiRNA3 expression
assette from recombinant plasmid pSilencer-2.1-U6-HIV3. The
CR product was then cloned into AatII and EcoRI sites of
lasmid pSilencer-2.1-U6-HBS2 to generate recombinant plas-
id HBV–HIVsiRNA, which carries two independent siRNA

xpression cassettes (Fig. 1C).

.4. Measurement of luciferase activity

Bel-7402 cells or 293T cells were co-transfected with
eporter plasmids and siRNA expression plasmids. Cells were
ashed with PBS and lysed with luciferase cell culture lysis

eagent (Promega). About 10 �l of the cell lysates and 100 �l
f luciferase assay substrate (Promega) were mixed and flu-
rescence intensity was detected by the luminometer (Turner
20/20). Assays were performed in triplicate, and expressed as
eans ± S.D. relative to vector control as 100%.

.5. Hepatitis B surface antigen (HBsAg) assay

Bel-7402 cells and HepG2.2.1.5 cells were transfected with
iRNA expression plasmids, the level of HBsAg protein in

ulture media from transfected cells were then determined by
nzyme-linked immunosorbent assay using a HBV diagnostic
it (Shanghai Kehua Biotech Co., Ltd.). Assays were performed
n triplicate independent experiments.
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Table 2
Suppression efficiency of siRNAs in this stuy (%)

HBssiRNA2 HBV–HIVsiRNA HIVsiRNA3 Control

Luciferase activity (pLucF–HBs) 81 82 1 1
Luciferase activity (pLucF–gp120) 1 89 88 1
HBsAg (HepG2.2.15) 81 84 2 1
HBsAg (COS-7) 83 85 0 1
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sion. Cells were co-transfected with pLucF–gp120 and four
single siRNA expression vectors, respectively; luciferase activ-
ities were then determined from transfected cells. HIVsiRNA3
strongly inhibited luciferase activities by 88% comparing to

Fig. 2. Quantitative analysis of luciferase activity in cells transfected with siRNA
expressing plasmids: (A) HEK293T cells were co-transfected with pLucF–
gp120 and pSliencer-2.1-U6-siRNA plasmids (HIVsiRNA1, HIVsiRNA2,
HIVsiRNA3, HIVsiRNA4). pSliencer-2.1-U6 plasmid was used as a con-
trol; (B) Bel-7402 cells were co-transfected with pLucF–HBs plasmid and
pSliencer-2.1-U6-siRNA (HBSsiRNA2, HBV–HIVsiRNA, HIVsiRNA3) plas-
BV DNA 74
24 (Fig. 4) 1
24 (Fig. 7) 0

.6. In vitro HIV-1 replication assay

COS-7 cells were co-transfected with pNL4-3 and siRNA
xpression plasmids, and the level of p24 protein in culture
edia from transfected cells was then determined by enzyme-

inked immunosorbent assay kit from Innogenetics (Ghent,
elgium).

.7. RNA isolation and RT-PCR assay

HepG2.2.1.5 cells were transfected with siRNA expression
lasmids or 293T cells were co-transfected with pNL4-3.luc.R-
- and siRNA expression plasmids, total RNA were then
xtracted from transfected cells by Trizol Reagent (Invitrogen)
ccording to the method described in the manufacturer’s man-
al. Reverse transcription was performed with total RNA as the
emplate. The cDNAs were amplified for 25 cycles of 94 ◦C for
min, 60 ◦C for 1 min, 72 ◦C for 1 min with HBs or HIV gp120
ene-specific primers, P5 (sense), P6 (antisense) or P7 (sense),
8 (antisense).

.8. Assay for core-associated DNA of HBV by real-time
CR

To detect the efficiency of siRNA in inhibiting HBV repli-
ation in treated and control cells, intracellular core-associated
BV DNA was extracted by a previously described method

Pugh et al., 1988). Briefly, 1 × 105 treated or control cells
ere lysed and centrifuged at 25 ◦C. Magnesium chloride was

dded to the supernatant. DNA not protected by HBV core was
egraded with deoxyribonuclease, DNase I (Invitrogen). The
ysates were then treated with proteinase K and extracted with
henol/chloroform. Core-associated HBV DNA was recovered
y ethanol precipitation, and quantified by the HBV DNA
n real-time PCR kit as described by the manufacturer (PG
IOTECH, Shenzhen, China) using PCR primers P9 and P10
nd probe. PCR reaction was analyzed by PE Gene Amp 7700
Perkin-Elmer).

. Results

.1. The expression of HBs–luciferase or
IVgp120–luciferase fusion genes was inhibited by the
reatment of single siRNA or dual siRNA expression systems

In our previous study, a siRNA expressing plasmid HBSsi-
NA2 was selected to inhibit specifically the expression of HBs

m
c
H
c
w

75 1 1
82 79 1
81 78 1

ene (Wu et al., 2005). To efficiently screen siRNA molecules
hat target HIVgp120, selected targeting DNA sequences were
used in frame with the luciferase gene to generated plas-
id pLucF–gp120 (Fig. 1A, Table 2), in which luciferase

ctivity represented the level of HIVgp120 mRNA expres-
ids. pSliencer-2.1-U6 vector was used as a control; (C) HEK293T cells were
o-transfected with pLucF–gp120 and pSliencer-2.1-U6-siRNA (HBSsiRNA2,
BV–HIVsiRNA, HIVsiRNA3) plasmids. pSliencer-2.1-U6 was used as vector

ontrol. About 48 h after transfection, cells were lysed and luciferase activities
ere determined by luminometer.
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Fig. 3. Analysis of the effects of siRNAs on HBsAg protein expression. HepG
2
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Fig. 4. Determination the effects of siRNA on HIV-1 replication. COS-7
cells were co-transfected with plasmid pNL4-3 and pSliencer-2.1-U6-siRNA
(HBSsiRNA2, HBV–HIVsiRNA, HIVsiRNA3) plasmids. pSliencer-2.1-U6
p
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.2.1.5 cells were transfected with pSliencer-2.1-U6-siRNA (HBSsiRNA2,
BV–HIVsiRNA, HIVsiRNA3). pSliencer-2.1-U6 was used as vector control.
BsAg levels were determined by ELISA using a HBV diagnostic kit.

hat of vector control, while HIVsiRNA1, HIVsiRNA2, and
IVsiRNA4 showed no inhibitory effect (Fig. 2A, Table 2),

ndicating this siRNA3 could efficiently degrade the mRNA of
IVgp120–luciferase fusion gene.
To determine the effects of dual siRNAs on the inhibi-

ion of HBs–luciferase and HIVgp120–luciferase fusion gene
xpression, cells were co-transfected with pLucF–HBs (Fig. 1A)
r pLucF–gp120 and the dual siRNA expression plasmid
BV–HIVsiRNA (Fig. 1C). Luciferase activity assays indi-

ated that the reduction rate of luciferase activity caused by
BV–HIVsiRNA treatment was 81% to HBs of HBV (Fig. 2B)

nd 89% to gp120 of HIV (Fig. 2C), respectively, indicating
here was the same reduction in luciferase activity by dual siRNA
uplexes (HBV–HIVsiRNA) comparing to that of single siRNA
xpression vectors (HBSsiRNA2 or HIVsiRNA3).

.2. Single or dual siRNA expression system had a similar
nhibitory effect on the production of HBsAg protein

HepG2.2.1.5 cells were transfected with pSilencer2.1-U6-
iRNA or HBV–HIVsiRNA, which expressed either single or
ual siRNAs, respectively. HBsAg concentrations in the cul-
ure media of transfected and control cells were measured
t 2 days after transfection by ELISA using HBsAg diag-
ostic kit. HepG2.2.1.5 cells transfected with HBSsiRNA2 or
BV–HIVsiRNA reduced the level of HBsAg production by
2% and 84%, respectively (Fig. 3; Table 2). This result sug-
ested that HBSsiRNA2 and HBV–HIVsiRNA had a similar
ffect on the production of the viral protein HBsAg.

.3. Single or dual siRNA generation system inhibited
IV-1 replication

To determine whether siRNA molecules generated from
ingle and dual siRNA expression systems had any affect
n HIV-1 replication, COS-7 cells were co-transfected with
BV–HIVsiRNA or HIVsiRNA3 and plasmid pNL4-3, an HIV-
ased infectious vector. Upon transfection this clone directed the
roduction of infectious virus particles in a wide variety of cells.
he level of p24 protein in culture media from transfected cells

as then determined by an enzyme-linked immunosorbent assay
it from Innogenetics (Ghent, Belgium) at 2 days after trans-
ection. Results indicated that p24 (Fig. 4) were significantly
ecreased by 82% and 79%, respectively, after treatment with

i
s
p
H

lasmid was used as a control. About 48 h after transfection, the level of p24 pro-
ein in culture media from transfected cells were determined by enzyme-linked
mmunosorbent assay kit.

BV–HIVsiRNA and HIVsiRNA3. These results demonstrated
hat HIVsiRNA generated from single or dual siRNA expression
ectors had a similar effect on the viral genome replication.

.4. The expression of HBs and HIVgp120 gene was
nhibited by the dual siRNA expression system

We used semi-quantitative RT-PCR analyses to determine
he levels of HBs or HIVgp120 mRNA in two different cell
ines, 293T (Fig. 5A–C) or HepG2.2.1.5 (Fig. 5D) at 2 days
fter transfection. Results indicated that the levels of HIVgp120
RNA were decreased by the treatment of HBV–HIVsiRNA

Fig. 5B, lane 2; Fig. 5C, lane 2) and HIVsiRNA3 (Fig. 5A, lane3;
ig. 5B, lane 1; Fig. 5C, lane 3), but not by HBSsiRNA2 (Fig. 5C,

ane 1) and pSliencer-2.1-U6 (Fig. 5B, lane 4; Fig. 5C, lane 5).
he levels of HBs mRNA were significantly inhibited by the

reatment of HBSsiRNA2 (Fig. 5D, lane 1) or HBV–HIVsiRNA
Fig. 5D, lane 2) in HepG2.2.1.5 cells, but not by HIVsiRNA3
r pSliencer-2.1-U6 (Fig. 5D, lanes 3 and 4).

.5. HBV replication was inhibited by the treatment of
ingle or dual siRNA generation system

HepG2.2.1.5 cells were transfected with plasmids expressing
BSsiRNA2, HBV–HIVsiRNA, and HIVsiRNA3, respectively,

nd pSliencer-2.1-U6 was used as vector control. HBV core-
ssociated DNA, the replicative intermediate in the transfected
ells were measured by a real-time PCR kit. Results showed that
he level of core-associated DNA was significantly decreased in
he presence of HBSsiRNA2 and HBV–HIVsiRNA, but not in
he presence of HIVsiRNA3 or vector control, indicating both
ingle and dual siRNA generation system can inhibit HBV repli-
ation in HepG2.2.1.5 cells (Fig. 6; Table 2).

.6. Dual siRNA generation system simultaneously
nhibited the replication of HIV-1 and the expression of HBV

To determine the effects of dual siRNAs on the simultaneous

nhibition of HIV-1 replication and of HBV gene expres-
ion, COS-7 cells were co-transfected with plasmid pNL4-3,
CMV–HBs and siRNAs (HBSsiRNA2, HBV–HIVsiRNA, and
IVsiRNA3) or vector as control. The level of p24 protein
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Fig. 5. Levels of RNA expression determined by semi-quantitated RT-PCR anal-
ysis. Total RNA was used as template to synthesize cDNA. HIVgp120-specific
primers were then applied for detection in (A) and (C), and HBs specific primers
in (D). (A) HEK293T cells were co-transfected with pCMV–HIVgp120 and
HIVsiRNA1 (lane 1), HIVsiRNA2 (lane 2), HIVsiRNA3 (lane 3), HIVsiRNA4

(lane 4), and pSliencer-2.1-U6 (lane 5, as a vector control). Lanes 6–10 were �-
actin controls. (B) HEK293T cells were co-transfected with pCMV–HIVgp120
and HIVsiRNA3 (lane 1), HBV–HIVsiRNA (lane 2) or pSliencer-2.1-U6

(lane3, as a vector control). As control, HEK293T cells were also transfected
with pCMV–HIVgp120 only (lane 4). Lanes 5–8 were �-actin controls. (C)
HEK293T cells were co-transfected with pNL4-3.luc.R-E- and HBSsiRNA2

(lane 1), HBV–HIVsiRNA (lane 2), HIVsiRNA3 (lane 3), or pSliencer-2.1-
U6 (lane 4, as a vector control). As control, HEK293T cells were also
transfected with pNL4-3.luc.R-E- only (lane 5). Lanes 6–10 were �-actin
controls. (D) HepG2.2.1.5 cells were transfected with HBSsiRNA2 (lane 1),
H
a
m

i
i
f
k
p
a
n

Fig. 6. Determination of the effects of siRNAs on the levels of HBV DNA
replication by real-time PCR. HepG2.2.1.5 cells were transfected with siRNA
(HBSsiRNA2, HBV–HIVsiRNA, and HIVsiRNA3). pSliencer-2.1-U6 was used
as a vector control. The levels of HBV core-associated DNA in the transfected
cells were measured by a real-time PCR kit.

Fig. 7. Dual siRNA generation system simultaneously inhibited the replication
of HIV-1 and the expression of HBV. COS-7 cells were co-transfected with
plasmid pNL4-3, pCMV–HBs and siRNA (HBSsiRNA2, HBV–HIVsiRNA, and
HIVsiRNA3) or empty vector as control. The level of p24 protein in culture media
from transfected cells was then determined by enzyme-linked immunosorbent
a
b

4

m
r
m
i
r
h
f
t

BV–HIVsiRNA (lane 2), HIVsiRNA3 (lane 3) or pSliencer-2.1-U6 (lane 4,
s a vector control). Lanes 5–8 were �-actin controls. Lane M indicates DNA
arkers.

n transfected cells were then determined by enzyme-linked
mmunosorbent assay kit and HBsAg concentrations in the trans-
ected cells were measured by ELISA using HBsAg diagnostic

it 2 days after transfection. Results showed that the level of
24 protein and HBsAg was significantly decreased by 85%
nd 81%, respectively, in the presence of HBV–HIVsiRNA, but
ot in the presence of vector control (Fig. 7, Table 2).

a
m
e
p

ssay kit (A) and HBsAg concentrations in the transfected cells were measured
y ELISA using HBsAg diagnostic kit at 2 days after transfection (B).

. Discussions

A number of studies indicated that mammalian RNAi
achinery could be programmed to induce effective antivi-

al responses. Introduction of siRNAs specific for HIV-1 into
ammalian cells could lead to the degradation of viral RNA,

nhibition of HIV-1 gene expression, and knock-down of viral
eplication during different stages of the viral life cycle. HIV-1
as a genome with 9 kb in size that contains nine genes encoding
or 15 proteins (Peterlin and Luciw, 1988). The first potential
arget for siRNAs is the viral genomic RNA upon viral entry
nd uncoating. At least one report demonstrates that siRNA-

ediated destruction of incoming HIV-1 can take place (Jacque

t al., 2002) and some sequences of the HIV genome have been
roven to be effective siRNA targeting sites.
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The HBV genome is a partially double-stranded DNA
olecule with 3.2 kb in size and is transcribed to gener-

te the four viral RNAs (Seeger and Mason, 2000), the 3.5,
.4, 2.1, and 0.7 kb transcripts encode for the core pro-
ein, HBeAg, polymerase–reverse transcriptase, HBsAg, and

protein, respectively. All viral transcripts utilize a common
olyadenylation signal located within the core protein-coding
egion. The 3.5 kb mRNA not only serves for translation of the
ore protein/HBeAg and polymerase–reverse transcriptase, but
lso represents the template for reverse transcription. The level
f 3.5 kb pre-genome RNA has been demonstrated to be reduced
y specific siRNAs and resulted in reduction of the levels of
ecreted HBeAg and replicative intermediates converted from
he 3.5 kb pre-genome RNA (Hamasaki et al., 2003; McCaffrey,
003; Shlomai and Shaul, 2003).

The aim of this study is to design a siRNA expression
ystem that expresses dual siRNAs to inhibit both HBV and
IV replication. In order to construct a useful tool in the

election of effective siRNA molecules, we created a quick
creening system by fusing the targeted DNA and the luciferase
eporter gene together to produce recombinant pLucF plas-
id that could express HBs–luciferase or HIVgp120–luciferase

usion mRNAs. Therefore, we can initially select the suit-
ble siRNA duplexes rapidly by simply analyzing the activities
f luciferase. By using this approach, we have demonstrated
hat one of the siRNA molecules (HIVsiRNA3) had sig-
ificant impact on the expression of HIV–luciferase fusion
ene. This provides a quick approach to select effective
iRNA in the study of gene expression and function analy-
is.

After screening the effective siRNA by luciferase activity
ssay, we further studied the effects of selected dual siRNA
olecules on HIV and HBV gene expression and viral replica-

ion in cell culture models by using HEK293T and a derivative
f the human HepG2 hepatoma cell line, HepG2.2.1.5, which
arries several copies of the HBV genome on its chromosome.
he effects of dual siRNAs on HIV and HBV gene expression
nd viral replication were studied thoroughly by the analyzing
he levels of viral protein production through enzyme-linked
mmunosorbent assays and the levels of viral RNA expression
y semi-quantitated RT-PCR analysis. All results indicated that
ual siRNAs had significant inhibitory effects on viral mRNA
xpression, viral protein production, or the replication of HIV
nd HBV.

Although HIV and HBV co-infection is a major health
roblem worldwide, there is no completely effective antiviral
reatment. Our dual siRNA approach would provide a possi-
le therapeutic strategy against co-infection of these viruses,
lthough further studies are necessary to determine the antiviral
echanism of dual siRNAs in different stage of viral replication.
ur approach could also be used to generate more than two siR-
As duplexes that could silent more genes in order to study the

nteractions of genes and their functions. Such strategies of con-

tructing multiple-siRNA vectors could confront multiple virus
nfections. Obviously, this “cocktail” siRNA approach could be
pplied, especially for those viruses that show a high mutation
ate, such as HIV.
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