
Q
t

Z
a

b

c

d

a

A
R
R
A

K
C
R
C
V
C

1

c
c
(
m
w
c
s
a
p
h
A
m

i
R

M
f

0
d

Antiviral Research 80 (2008) 295–301

Contents lists available at ScienceDirect

Antiviral Research

journa l homepage: www.e lsev ier .com/ locate /ant iv i ra l

uick identification of effective small interfering RNAs that inhibit
he replication of coxsackievirus A16

hiqiang Wua,b, Yongzhen Gaob, Lilian Sunb, Po Tiena,∗, Qi Jinb,c,d,∗∗

State Key Laboratory of Virology, College of Life Sciences, Wuhan University, Wuhan, Hubei 430072, PR China
State Key Laboratory for Molecular Virology and Genetic Engineering, Beijing 100176, PR China
Institute of Pathogen Biology, Chinese Academy of Medical Sciences, Beijing 100730, PR China
National Institute for Viral Disease Control and Prevention, Chinese Center for Disease Control and Prevention, Beijing 100050, PR China

r t i c l e i n f o

rticle history:
eceived 19 March 2008
eceived in revised form 20 June 2008
ccepted 30 June 2008

a b s t r a c t

Coxsackievirus A16 (CA16) is a major causative agent of hand, foot, and mouth disease (HFMD). It can cause
myocarditis, pericarditis and fatal shock. There is no effective therapy against CA16. RNA interference
(RNAi) is a powerful tool to silence gene expression. The small interfering RNA (siRNA) that induces RNA
degradation has recently been used as an anti-virus agent to inhibit virus replication. In this study, we
eywords:
oxsackievirus A16
NA interference
onserved regions
iral inhibition
ombination transfection

established the complete nucleotide sequence of CA16 strain Shzh05-1, and then compared the nucleotide
sequences of Shzh05-1 with sequences of other CA16 strains in GenBank. We chose conserved regions
between Shzh05-1 and the two other CA16 strains to design 30 siRNAs and construct siRNA-encoding
plasmids. Thirteen siRNAs targeting conserved regions of the virus could effectively block replication
of CA16 in cultured cells. Combination transfection of these 13 effective siRNAs could also produce a
high inhibitory effect. These strategies and results suggest that RNAi has potential therapeutic use for

tion.
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suppression of CA16 infec

. Introduction

Hand, foot, and mouth disease (HFMD) is a common illness in
hildren. It can be caused by many human enteroviruses, including
oxsackieviruses A16, A4, A5, A9, A10, B2, B5, and enterovirus 71
EV71). Among these, coxsackievirus A16 (CA16) and EV71 are two

ajor causative agents of HFMD (Li et al., 2005). Previously, CA16
as less well studied than EV71 because CA16-caused HFMD was

onsidered to be mild and harmless due to its relatively benign
ymptoms. Recent studies showed that CA16 infection is not always
benign infection: it can be associated with serious myocarditis and
ericarditis. The infections may cause cardiac arrhythmias, acute
eart failure and fatal shock (Wang et al., 2004; Shah et al., 2003).
s the most commonly detected group A coxsackievirus and the

ost common pathogen of HFMD, CA16 should be better studied.
CA16 is a member of the genus Enterovirus, which is in the fam-

ly Picornaviridae. The CA16 genome is a positive single-stranded
NA molecule ∼7.4 kb in length, and has a single open reading
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rame encoding a polyprotein, which is flanked by 5′- and 3′-
ntranslated regions (UTR). The polyprotein is post-translationally
leaved by CA16-encoded proteases (termed 2A and 3C) to yield
ndividual structural proteins (termed VP1–4) and nonstructural
roteins including proteases and polymerase. The RNA-dependent
NA polymerase 3D is responsible for viral RNA replication (Pöyry
t al., 1994). The lifecycle of CA16 is understood, but no specific
rug has been shown to provide effective protection against virus

nfection.
RNA interference (RNAi) is an evolutionarily conserved mech-

nism of sequence-specific post-transcriptional gene silence
riggered by double-stranded RNA (Fire et al., 1998). This process
cts via a two-step mechanism. Firstly, long dsRNAs are cleaved by a
ost ribonuclease-III like enzyme (named dicer) into small interfer-

ng RNA (siRNAs) of 21–23 nt. These siRNAs are associated with a
ultiprotein complex known as RNA-induced silencing complex

RISC) and ultimately target homologous mRNA for degradation
ased on complementary base pairing (Hammond et al., 2001;
artinez et al., 2002). In mammalian cells, introduction of 21–23 nt

iRNAs exhibit an RNAi effect without inducing a nonspecific inter-

eron response (Elbashir et al., 2001). Many studies have shown
hat RNAi could be used for suppressing gene expression when
elivered into mammalian cells in vitro because of the specificity
nd efficiency of RNAi machinery (Elbashir et al., 2002; Tuschl and
orkhardt, 2002). Recently, various studies demonstrated that RNAi
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an also be used for clearing mammalian cells from viral infection,
uch as influenza A virus (Zhou et al., 2007), influenza B virus (Gao
t al., 2006), human immunodeficiency virus type 1 (HIV-1) (Liu
t al., 2007), hepatitis B virus (Wu et al., 2005), and coxsackievirus
3 (Yuan et al., 2005). There has been considerable interest in the
evelopment of siRNA as a possible treatment for CA16-induced
FMD.

This study is the first report of siRNAs interfering with CA16
eproduction in cell culture experiments. We initially established
nd analyzed the entire nucleotide sequence of CA16 Shzh05-1.
o limit escape mutants, we designed 30 siRNAs targeting con-
erved regions between Shzh05-1, Tainan/5079/98, and Shzh00-1
because of scarce genetics data, the only two Asia strains provid-
ng complete nucleotide sequences in NCBI are Tainan/5079/98, and
hzh00-1) and confirmed 13 out of 30 siRNAs could potently inhibit
he replication of CA16 in cultured cells. For further preventing
scape mutants, we cotransfected these 13 siRNAs targeting dif-
erent regions of CA16 RNA into cultured cells and compared their
nhibitory effect with single transfected siRNAs. The results show
hat siRNAs transfected by this method could also effectively inhibit
he propagation of CA16.

. Materials and methods

.1. Cell cultures and Virus assays

HEK293T cells and Vero cells were propagated and maintained
n DMEM (Hyclone, Thermo Fisher Scientific Inc., USA) supple-

ented with 10% FBS (Hyclone, Thermo Fisher Scientific Inc.,
ittsburgh, PA) at 37 ◦C with 5% CO2.

The CA16 strain Shzh05-1 was obtained from the Department
f Microbiology at Shenzhen Center for Disease Control and Pre-
ention (Shenzhen, People’s Republic of China) and propagated in
ero cells. The 50% cell culture infective dose (CCID50) was calcu-

ated in Vero cells by using 96-well plates and the Reed–Muench
ormula (Reed and Muench, 1938). A viral suspension titrated at
06.8 CCID50/0.1 ml was used for the experiments.

.2. RNA extraction and nucleotide sequences

Viral RNAs were extracted according to the Manufacturer’s
nstructions (RNAeasy Mini kit, Qiagen, Germany). Reverse tran-
cription (RT) and PCR amplification were performed by using
tandard methodologies. Briefly, viral RNA was reverse transcribed
ith Superscript III Reverse Transcriptase (Invitrogen, Carlsbad, CA)

y using random primer, and the cDNA was then amplified by using
egment-specific primers (Supplementary Table 1). RT-PCR prod-
cts were purified use the QIAquick PCR purification kit (Qiagen,
ermany). All amplicons were bidirectionally sequenced with the
ig Dye Terminator Cycle Sequencing Kit (Applied Biosystems, Fos-
er City, CA) and an ABI3730 automated DNA sequencer (Applied
iosystems). The nucleotide sequence data were analysed by using
he Bioedit sequence analysis program (version 7.0), and multiple
equence alignments were performed by DNAstar program (Laser-
ene Inc., Madison, WI).

.3. Plasmid construction

To locate the target site of siRNA, we chose regions that are

onserved between Shzh05-1 and two other CA16 strains and
elected those sequences of 19 bp with the structure of GN18
when choosing targeting sites with a G as the starting nt of
he 19-mer region is not possible, an artificial G plus a 18-mer
equence can be used) according to empirical rules (Du et al.,

e
a
h

ch 80 (2008) 295–301

005). 22-Mer double-stranded DNA oligos (sense: AAAGN18; anti-
ense: AAAAN18, sequences of siRNAs are shown in Supplementary
able 2) corresponding to target mRNAs were generated through
nnealing of complementary oligos and then subcloned into the
eneBuster vector (Genordia AB, Sweden). The GeneBuster vec-

or with a U6 and H1 promoter and two correspondent terminator
equences arranged in convergent manner was a robust DNA based
iRNA system for expression of active siRNA within cells (Chen et
l., 2005). At the same time, we designed a negative control as
eneBuster-1B-SCS225, which was scrambled siRNA with same
ucleotides with GeneBuster-1B-225 but a different sequence.
very clone was verified by PCR and sequence-confirmed.

The cDNAs of each gene (1B, 1C, 1D, 2A, 2C, 3A, 3C and 3D) were
mplified using gene-specific primers (Supplementary Table 3) and
loned into the BglII-ApaI sites of siQuant vector (Genordia AB, Swe-
en) to fuse genes to firefly luciferase gene respectively. These fused
roteins were expressed under the control of the cytomegalovirus
CMV) promoter. Using cotransfection and Dual-Luciferase reporter
ssay system, the inhibitory effects of the gene-specific siRNAs on
orresponding gene expression could be indirectly assayed by the
xpression of firefly luciferase in the transfected HEK293T or Vero
ells (Du et al., 2004; Holen et al., 2002).

.4. siRNA efficacy validation

HEK293T cells or Vero cells were plated in 24-well plates
0.5 ml medium/well) and cultured at 37 ◦C with 5% CO2 for 24 h.

hen the cell layer reached 60–70% confluence, the culture
edium was changed into Opti-MEM I (Gibco, Carlsbad, CA), at

.5 ml/well. siRNA-encoding GeneBuster vectors (400 ng), as well
s the reporter plasmids (17 ng pRL-TK as internal control and
70 ng siQuant vectors for 1B, 1C, 1D, 2A, 2C, 3A, 3C and 3D,
espectively) were cotransfected by using Lipofectamine 2000
Invitrogen) for 4 h according to the Manufacturer’s recommenda-
ions. Forty-eight hours posttransfection, cells were harvested and

easured the firefly luciferase and Renilla luciferase activities on
D-20/20 luminometer (Turner Designs, Sunnyvale, CA) by using
he Dual-Luciferase Reporter Assay System (Promega, Madison,

I). The inhibitory effects generated by the siRNAs were expressed
n normalized ratios between the reporter and control luciferase
ctivities.

.5. Viral challenge assay in Vero cells

Vero cells were seeded in 24-well plates. When the cell layer
eached 60–70% confluence, each siRNA-encoding GeneBuster vec-
or (800 ng) or mixed siRNA-encoding GeneBuster vector (13

ixed-siRNA) was transiently transfected into cells. Eight hours
ater the cells were infected with 0.1 ml CA16 strain Shzh05-1 at
03 CCID50/0.1 ml (MOI 0.02). After 1 h adsorption, the inocula were
emoved and cells were incubated in DMEM supplemented with
0% FBS. Sixty hours postinfection, supernatants were harvested by
entrifugation at 4000 rpm for 20 min after repeated three freeze-
nd-thaw cycles. The viral titers (CCID50) were determined three
imes on Vero cells using 96-well plates.

For therapeutic experiments, cells were infected with 0.1 ml
irus (500 CCID50/0.1 ml, MOI 0.01) for 1 h and were transfected
ith siRNA-encoding GeneBuster vector 4 h later.

.6. Cell viability assay
To test if 13 mixed-siRNA has cytotoxicity in the dose response
xperiments, Vero cells were seeded in a 24-well plate for 24 h
nd then transfected with different doses of 13 mixed-siRNA. Sixty
ours later, cells were trypsinized and resuspended in 1 ml DMEM.
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he resuspended cells (0.1 ml) were transferred into 96-well plates,
nd then 20 �l MTS/PMS reagent (Promega) was added into each
ell to measure the absorbance at 490 nm according to the manu-

acturer’s recommendations.

.7. Real-time reverse transcription (RT)-PCR

The following primers were used: forward, 5′-GGAAATGCGAG-
TGTTTACCT-3′ and reverse, 5′-GGGGACTGACACTTGAGCTG-3′ to
mplify the region of nt 2057–2274 in CA16 strain Shzh05-1 CDS,
hen we cloned this region into pGEM-T Easy Vector to construct
he standard plasmid. Using the standard plasmid we obtained a
tandard curve.

RNAeasy Mini kit (Qiagen, Germany) was used for RNA extrac-
ion from every well according to the Manufacturer’s instructions.

reverse transcription (RT) reaction was carried out by using
uperscript III Reverse Transcriptase (Invitrogen) in a 20 �l reaction
ixture by using 1.2 �g total RNA. Real-time PCR was conducted

sing ABI Prism 7000 Real-time PCR system (Applied Biosystems)
ccording to the Manufacturer’s instructions. Reactions were per-
ormed in a 50 �l volume that contained 2 �l cDNA, 1 �l of each
rimer and 25 �l Power SYBR Green PCR Master Mix (Applied
iosystems). Absolute quantitation of viral RNA was calculated
sing the standard curve.

. Results and discussion

.1. Nucleotide sequence analysis of Shzh05-1 genes

The CA16 strain used in this study was the Shzh05-1 strain.
his strain was collected in Shenzhen, People’s Republic of China.
henzhen is located on the southern coast of China, has a pros-
erous mutual exchange with other regions of Southeast Asia, and
as a relatively high incidence of HFMD (Li et al., 2005). We ini-
ially established the complete genome sequence of this strain, and
ubmitted the nucleotide sequence to GenBank (accession number
U262658).

The complete coding sequence (CDS) of strain Shzh05-1 was
ompared with other CDSs of CA16 strains in GenBank. The CDS
f Shzh05-1 showed 95% nucleotide identity with Tainan/5079/98
accession number AF177911) and Shzh00-1 strains (accession
umber AY790926), 79% nucleotide identity with the international
tandard strain, termed G10 (accession number CAU05876) and
7–80% nucleotide identity with other EV71 strains. The amino
cid sequence was found to be very similar; Shzh05-1 had iden-
ity scores of 99%, 98%, and 95% with Tainan/5079/98, Shzh00-1,
nd G10, respectively.

.2. Design and selection of siRNAs against CA16 genes

RNAi has great potential for the treatment of viral disease by
argeting either the viral genes or host genes that are essential for
iral infection. Several recent studies have suggested that target-
ng host genes may result in cellular toxicity and affect host cell
iability because these are also essential for cell growth (Saleh et
l., 2004). In this study, we chose viral genes as targets of RNAi.
e designed 30 siRNAs targeting conserved regions of 8 genes (1B,

C, 1D, 2A, 2C, 3A, 3C and 3D) in Shzh05-1 using empirical rules,
nd constructed these siRNAs into siRNA-expressing vector, GeneB-
ster vector. No siRNA for 1A, 2B and 3B was designed because they

ontain no stretch of conserved 21 nucleotides between Shzh05-1,
ainan/5079/98 and Shzh00-1.

We cloned each target gene into BglII–ApaI sites of siQuant
ector to fuse genes (1B, 1C, 1D, 2A, 2C, 3A, 3C and 3D) to fire-
y luciferase gene as report vectors; these fused proteins were

o
o
o
t
e
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xpressed under the control of the cytomegalovirus (CMV) pro-
oter. Efficacy of the siRNA was validated as previously described

Du et al., 2004; Holen et al., 2002).
The subcloned siQuant vectors were then cotransfected together

ith corresponding siRNA-encoding GeneBuster vectors or neg-
tive control into HEK293T or Vero cells, respectively. Using
ual-Luciferase Reporter Assay system, we selected 13 out of 30 siR-
As that could knockdown the expression of corresponding genes
y greater than 80% compared with mock control (transfected sub-
loned siQuant vector without siRNA-encoding GeneBuster vector)
nd negative control (cotransfected subcloned siQuant vector with
crambled control, GeneBuster-1B-SCS225) (Fig. 1, Supplementary
able 4).

.3. Interference of CA16 replication in cultured cells

To test if the selected 13 siRNAs could efficiently inhibit the
eplication of CA16 in Vero cells, the latter were challenged with
A16 after being transfected with the 13 selected siRNA-encoding
eneBuster vectors for 8 h. The supernatants were collected 60 h

ater and viral titers (CCID50) calculated. As shown in Fig. 2(A),
n mock control and negative control transfected cells, viral titers
CCID50) were markedly higher than that of siRNA-encoding
eneBuster vectors-transfected cells. SiRNA-encoding GeneBuster
ectors could effectively inhibit replication of CA16 and caused a
9- to 56-fold (1.29 log CCID50–1.75 log CCID50) reduction of viral
iters in Vero cells compared to controls. Among those 13 siRNAs,
eneBuster-2C-550, GeneBuster-2C-165 and GeneBuster-3A-214
howed very high inhibitory activity (56.2-, 53.1- and 56.2-fold
eduction).

To test if these siRNAs expressed by selected siRNA-encoding
eneBuster vectors could effectively degrade viral RNA, Vero cells
ere transfected with the siRNA-encoding GeneBuster vectors.
ells were infected with CA16 8 h later. Twenty hours after infec-
ion, real-time reverse transcription polymerase chain reaction
RT-PCR) analysis on RNA extracted from the cells revealed that the
opy number of virus genomes significantly dropped to 11.5 ± 1.5%
o 30.4 ± 6.2% (Fig. 2(B)). These real-time RT-PCR results suggested
hat viral RNA was degraded and the inhibitory effect was due to a
ost-transcriptional activity.

The results of viral titers and real-time RT-PCR confirmed that
he 13 selected siRNAs obtained in the foregoing Dual-Luciferase
eporter Assay results were also effective in interfering with CA16
eproduction. It is noted that the efficiency of siRNA to repress viral
nfection was correlated to their efficiency for repressing corre-
ponding reporter constructs. It shows that the strategy used to
elect effective siRNAs against CA16 was effective.

.4. Inhibition effects on CA16 replication by transfection of
ixed siRNA-encoding GeneBuster vectors

CA16 does not have proof-reading capabilities during repli-
ation because of the error-prone nature of virally encoded
NA-dependent RNA polymerase 3D. It can therefore escape from
NAi by introduction of nucleotide mutants. These mutants lead
o nucleotide mismatch between the guide strand of siRNA duplex
nd target, resulting in low gene silence or even no gene silence.
wo strategies have been proposed to reduce the chance of escape:
argeting of conserved sequences is thought to lower the frequency

f the generation of viable mutants; alternatively, the probability
f generating escape mutants may be reduced by expressing two
r more efficient siRNAs simultaneously (Schubert et al., 2005). In
his study, we integrated these two strategies and achieved good
ffects.
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Fig. 1. siRNA efficacy validation. HEK293T cells or Vero cells were transfected with 400 ng siRNA-encoding GeneBuster vectors (30 siRNAs), 170 ng corresponding siQuant
reporter vector and 17 ng internal control vector pRL-TK. Cells were harvested at 48 h posttransfection, and luciferase activities were detected. The plotted data are averages
from triplicates.

Fig. 2. The anti-CA16 effect of 13 siRNA-encoding GeneBuster vectors. Cells seeded in 24-well plate were transfected with 800 ng siRNA-encoding GeneBuster vectors for
4 h. At 8 h posttransfection, cells were infected with 0.1 ml virus at 103 CCID50/0.1 ml (MOI 0.02) for 1 h. (A) Cells were infected with samples of supernant were taken and
CCID50 were determined 60 h postinfection. (B) Viral RNA was calculated using real-time RT-PCR at 20 h postinfection. The plotted data are averages from triplicates.



esear

c
T
n
T
u
i
e
R

f
s
(
G

t
c
m
t
a
m
t

C
p
a

a
G
r
p
c
o
e
m
s
o
d
s
i

F
w
t
V

Z. Wu et al. / Antiviral R

As described in foregoing results, the targets we chose were
onserved among three CA16 strains: Shzh05-1, Shzh00-1, and
ainan/5079/98. But some of these targets may have a single-
ucleotide difference when compared with other strains (e.g. G10).
he optimal strategy is simultaneously targeting multiple regions
sing multiple highly efficient siRNAs (Yuan et al., 2005). We tested

f cotransfection of cells with a combination of these 13 siRNA-
ncoding GeneBuster vectors targeting different regions of CA16
NA could effectively inhibit the replication of CA16.

Cotransfection of cells with two or more siRNAs targeting dif-
erent RNA sites has been reported to result in enhanced gene
ilencing compared to that of each single siRNA in HIV infection
Ji et al., 2003). Therefore, we also tested if mixed siRNA-encoding
eneBuster vectors would increase the antiviral effect.

As shown in Fig. 3(A) and (B), after 60 h after infection, the viral
iter had a 42.2-fold (1.625 log CCID50) reduction when cells were
otransfected with mixed siRNA-encoding GeneBuster vectors (we

ixed 13 siRNA-encoding GeneBuster vectors of equal quantity

o obtain an admixture, named 13 mixed-siRNA). Twenty hours
fter infection, viral RNA was reduced to 22.4 ± 3.0% compared with
ock control and negative control. As shown in Fig. 3(C), the mock-

ransfected cells and negative control cells were more susceptible to

2

e
a
R

ig. 3. Comparison of the anti-CA16 effects of 13 mixed siRNA-encoding GeneBuster vecto
ere transfected with 800 ng plasmid for 4 h. At 8 h posttransfection, cells were infected

iters (CCID50) at 60 h postinfection. (B) Compare data of viral RNA copies at 20 h postinfe
ero cells. The plotted data are averages from triplicates.
ch 80 (2008) 295–301 299

A16 infection. The results of viral titers, real-time RT-PCR and mor-
hological changes of cells confirmed that 13 mixed-siRNA could
lso effectively inhibit replication of CA16 in Vero cells.

We did not find an obviously additive effect on antiviral
ctivity between the equal-dose 13 mixed-siRNA and individual
eneBuster-2A-205, GeneBuster-3A-214 tested (Fig. 3(A)–(C)). The

eason for enhanced gene silencing with multiple siRNAs has been
ostulated to be due to the binding of one siRNA resulting in
hanging the secondary structure of the target RNA so that it may
ffer more accessible sites for another siRNA (Ji et al., 2003). How-
ver, we did not observe enhancement effects when we used 13
ixed-siRNA. It was reported that these siRNAs may not affect the

econdary structure of mRNA (Tan et al., 2007; Yuan et al., 2005), but
ther studies have indicated that the efficacy of siRNA is not totally
ependent on secondary structure, and strongly suggest that the
equence properties of siRNA may play a major part in determining
nhibitory efficacy (Hung et al., 2006; Khvorova et al., 2003; Mittal,

004; Reynolds et al., 2004).

Although this combination transfection measure had no syn-
rgistic inhibitory effect on CA16 replication, we consider it is
n optimal measure for preventing viral escape mutants from
NAi. The combination of 13 siRNAs targeting conserved regions

rs (13 mixed-siRNA) with GB-2A-205 and GB-3A-214. Cells seeded in 24-well plate
with 0.1 ml virus at 103 CCID50/0.1 ml (MOI 0.02) for 1 h. (A) Compare data of viral
ction. (C) Morphological changes of Vero cells at 60 h postinfection. (-) Uninfected
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f CA16 nucleotide sequences could provide very sufficient pro-
ection against CA16. This strategy also seems feasible to conceive
iRNA drugs that could cover a broader spectrum of viral strains.

The dose responses of viral suppression were studied using 13
ixed-siRNA. The virus titers and real-time RT-PCR data (Fig. 4(A)
nd (B)) showed that, as the amount of 13 mixed-siRNA increased
400–2400 ng), the virus titers and viral RNA also decreased. These
esults indicate that 13 mixed-siRNA exerts potent anti-CA16 activ-
ty in a dose-dependent manner. To confirm that there is no
ytotoxicity induced by 13 mixed-siRNA, we measured the prolif-

ig. 4. Inhibition of CA16 virus production by different dosages of 13 mixed-siRNA.
ells seeded in 24-well plates were transfected with 13 mixed-siRNA (400, 800,
600 and 2400 ng) for 4 h. (A) At 8 h posttransfection, cells were infected with 0.1 ml
irus at 103 CCID50/0.1 ml (MOI 0.02) for 1 h. Compare data of viral titers (CCID50) at
0 h postinfection. (B) At 8 h posttransfection, cells were infected with 0.1 ml virus
t 103 CCID50/0.1 ml (MOI 0.02) for 1 h. Compare data of viral RNA copies at 20 h
ostinfection. (C) At 60 h posttransfection. Viability of Vero cells was determined by
he MTS assay. The plotted data are averages from triplicates.

Fig. 5. The inhibitory effect of 13 mixed-siRNA on ongoing infection. Cells were
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nfected with CA16 at 500 CCID50/0.1 ml (MOI 0.01) for 1 h and transfected with 13
ixed-siRNA (800 ng) at 4 h postinfection. Samples of supernant were taken and

CID50 was determined at 60 h posttransfection. The plotted data are averages from
riplicates.

ration condition of 13 mixed-siRNA transfected Vero cells via a
TS assay. As shown in Fig. 4(C), we found there was no obviously

ncreased toxicity as the amount of 13 mixed-siRNA increased from
00 to 2400 ng.

siRNAs must effectively inhibit an ongoing virus infection if they
re to have clinical applications. To test if active siRNA could limit
ngoing infection, we studied the siRNA repression of viral produc-
ion in cells pre-infected by the virus. Vero cells were transfected
ith 13 mixed-siRNA 4 h after CA16 infection (500 CCID50/0.1 ml
as used); supernatants were collected and CCID50 was calcu-

ated at 60 h post-transfection. The virus titers were significantly
educed by 13 mixed-siRNA treatment (Fig. 5). Thus, administra-
ion of siRNAs after viral infection can also effectively inhibit viral
eplication.

In conclusion, this rapid identification of active siRNAs could
e very useful for confronting the sudden emergence of viral
iseases. These results indicate that the 13 confirmed effective
iRNA-encoding GeneBuster vectors targeting conserved regions of
A16 could be used as a potential therapy to inhibit CA16 replica-
ion in cultured cells. The strategy of simultaneously introducing

ultiple effective siRNAs to further prevent viral escape could be
pplied in the rapid development of antiviral siRNAs if the siRNA
elivery issue can be resolved flawlessly. This in vitro study is the
rst step to demonstrate that siRNA technology is a very powerful
pproach for antiviral gene therapy. Many primary in vivo system
elivery methods (e.g. liposome-based delivery and viral vector-
ased delivery) (Morris and Rossi, 2006; Zimmermann et al., 2006)
ave been reported recently, but further work should be conducted

n vivo to investigate appropriate siRNA delivery strategies.
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