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Evaluation of a combinatorial RNAI lentivirus vector
targeting foot-and-mouth disease virus in vitro and in vivo
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Abstract. Foot-and-mouth disease virus (FMDV) causes a
highly contagious disease of cloven-hoofed animals, which
leads to serious economical losses. FMDV is not adequately
controlled by vaccination or biosecurity measures. To generate
genetically modified FMDV-resistant animals, a combinato-
rial expression cassette producing three short hairpin (sh)
RNAs was constructed using the lentivirus (LV) vector,
LV-3shRNA. The three shRNAs were expressed under the
regulation of DNA polymerase III promoters from a buffalo
and a bovine source, with one targeted to the non-structural
protein 3B, and the other two targeted to the viral polymerase
protein 3D of FMDV, respectively. The role of LV-3shRNA in
the inhibition of the replication of FMDV was determined in
BHK-21 cells and in suckling mice. The results revealed that
LV-3shRNA reduced viral growth 3-fold (24 h post-infection)
when the cells were challenged with 107-times the tissue
culture infective dose (TCIDsy)/ml of O serotype FMDV. The
suckling mice pretreated with LV-3shRNA were completely
protected on administration of 5-times the dose of FMDV
otherwise sufficient to kill 50% of the experimental animals
(LDsg). These results demonstrated that the LV-mediated
dual expression of three FMDV-specific shRNAs provided a
novel strategy towards combating FMDV, which facilitates the
permanent introduction of novel disease-resistance traits into
the buffalo and bovine genomes in the future.

Correspondence to: Professor Deshun Shi or Professor Qingyou Liu,
State Key Laboratory for Conservation and Utilization of Subtropical
Agro-Bioresources, Guangxi University, 75 Xiuling Road, Nanning,
Guangxi 530005, P.R. China

E-mail: ardsshi@gxu.edu.cn

E-mail: qyliu2002@gmail.com

“Contributed equally

Key words: foot-and-mouth disease virus, multiple short hairpin
RNA, lentiviral vector

Introduction

Foot-and-mouth disease (FMD) poses a threat to the livestock
industry worldwide, as the disease causes a devastating effect
on the economy (1). The capacity of the virus to spread, and
its ability to change its antigenic identity, present a major chal-
lenge to the beef and dairy industries in several countries (2).
One of the FMD-endemic regions of the world is the Middle
East, where several FMD outbreaks occur annually (3). In
addition, countries which are declared free of FMD are
under a constant threat from the re-emergence of the disease
and emergency measures are implemented to control its
spread, should an outbreak occur, by slaughtering livestock.
FMD-endemic countries regularly vaccinate their livestock
to maintain immunity in the herds. However, vaccination
in isolation is usually insufficient to control FMD, and the
implementation of multiple large ruminant health and produc-
tion intervention programmes, in addition to vaccination, to
improve biosecurity, is recommended (4).

Previously, a novel molecular genetics strategy was
implemented to generate transgenic animals, which are geneti-
cally resistant to FMDV infection through the expression of
specific small interfering (si) RNAs. The inhibitory effect of
gene-specific sSiRNA on FMDV replication in BHK-21 cells
and mouse models was assessed (5). The siRNA targeting
to the highly conserved non-structural protein 2B coding
region resulted in the efficient silencing of four FMDV
serotypes (6). Applying three anti-FMDV siRNAs in combi-
nation, corresponding to proteins 3B and 3D, resulted in a
complete inhibition of FMDV replication in cells post-trans-
fection (7). Replication-defective human adenovirus type 5,
carrying siRNA sequences targeted to specifically silence
polymerase 3D of FMDV, completely protected swine and
IBR-2 cells from homologous FMDV infection (8). Mouse
models, which incorporated single short-hairpin (sh)RNAs
targeting the protein 3D region of FMDV, were generated, and
the mice exhibited only a slightly abnormal pathology when
infected with the FMDV serotype, Asia 1. The number of
viruses identified in the tissues of the mice was very low and
in certain tissues no virus was detected by immunohistochem-
istry (9). These results suggested that an RNA interference
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(RNAI) antiviral strategy may potentially be useful in FMD
prevention and control.

Cows and buffalo are economically important livestock in
Southeast Asia, providing the majority of the milk and beef,
constituting the farming profits for the region. In order to
generate transgenic cows and buffalo genetically resistant to
FMDV infection, a the present study used a strategy to express
three sShRNAs simultaneously using the lentivirus vector,
LV-3shRNA, controlled by DNA polymerase III (pol III)
promoters from bovine and buffalo sources. The extent of
RNAI against the efficiency of FMDV infection was deter-
mined in vitro (in cultured cells) and in vivo (in suckling mice).

Materials and methods

Construction of a multi-shRNA expression vector. The
buffalo 7SK/U6 and bovine U6 promoters (bu7SK, buU6 and
boU6) were amplified and cloned into the pMD-18T vector
(Takara Bio, Inc., Shiga, Japan). Three shRNAs were selected
and the target sequences were blasted against the released
FMDV genomes deposited in GenBank (http:/www.ncbi.nlm.
nih.gov/nuccore/?term=foot+and+mouth+disease+virus). The
shRNA sequences (sense) were as follows: 3B-specific, 5'-TGT
CGCTTTGAAAGTGAAA-3'; 3D-specific, 5-GAGTACCGG
CGTCTCTTTG-3"; 3D-specific, 5'-GCTACAGATCACTTT
ACCT-3". The three shRNAs were synthesized sequentially
with additional restriction sites added between the synthesized
fragment to facilitate the ligation of different promoters (Xbal
and Sacl for bu7SK, Clal and Xhol for buU6, and MIul and
BglII for boU6). Briefly, the bu7SK promoter was inserted at
the front of the first FMDV-specific ShRNA, termed construct
(Cons)l, using the Xbal/Sacl restriction sites. The buU6
promoter was excised using Clal/Xhol and inserted at the
front of Cons2, the second of the FMDV-specific sShRNAs.
Lastly, the boU6 promoter was inserted into the M/Iul/BgIIl
site of the third shRNA construct, Cons3, yielding pbu7SK-
Consl-buU6Cons2-boU6Cons3, or p3shRNA. The p3shRNA
cassette was excised with Xbal/NotI and inserted into the lenti-
viral vector backbone of pSicoR, resulting in pSicoR-3shRNA.

Cell culture. Human 293T embryonic kidney adherent
cells and the baby hamster kidney cell line, BHK-21,
were maintained in Dulbecco's modified Eagle's medium
(DMEM,; Invitrogen Life Technologies, Carlsbad, CA, USA),
containing 1% (w/v) sodium pyruvate and 10% (v/v) fetal
bovine serum (FBS; Gibco Life Technologies, Grand Island,
NY, USA). The cells were maintained in 5% CO, at 37°C.
Subsequently, the cells were harvested by washing twice with
phosphate buffered saline (PBS), followed by the addition
of 0.25% (v/v) PBS-diluted trypsin (MACGENE (Beijing)
Biotechnology Ltd., Beijing, China).

Packaging of the LV-3shRNA lentivirus. The lentivirus,
LV-3shRNA, was produced by cotransfection of lentiviral
vector plasmid and packaging plasmids, pNRF and pVSV-g,
with Lipofectamine 2000 (Invitrogen Life Technologies), as
reported previously (10). Following transfection, the medium
was replaced with 10% FBS-DMEM, and the supernatant
containing lentiviral vector was collected, filtered (0.45 pm;
EMD Millipore, Bedford, MA, USA) and ultracentrifuged
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at 55,000 x g (Beckman Coulter, Miami, FL, USA), prior to
liquidation and storage at -80°C.

Lentivirus treatment and shRNA detection in BHK-21 cells.
The BHK-21 cells were treated with the collected lentivirus,
LV-3shRNA, together with the enhancing agent, 6 mg/ml poly-
brene (Sigma-Aldrich, St. Louis, MO, USA). The expression
levels of enhanced green fluorescent protein (EGFP) were
observed 72 h post-treatment. Fluorescence microscopy
images were captured using a fluorescence microscope
coupled to a digital camera (magnification, x200; Nikon
Microsystems; Nikon, Tokyo, Japan). The transformed cells,
BHK-21-LV, were purified by fluorescence-activated cell
sorting and collected at 72 h post-treatment. The total RNA
was subsequently extracted from the BHK-21-LV cells.

Detection of the expression of the shRNAs in the
BHK-21-LV cells was determined by stem-loop reverse
transcription-quantitative polymerase chain reaction
(RT-gqPCR), using primers designed according to previous
studies (Table I) (11,12). The RT reactions (10 ul) contained
5 ug DNA-free RNAs, 50 nM stem-loop RT primers,
0.25 mM of each of the four dNTPs, 50 units reverse tran-
scriptase, 1X reverse transcriptase buffer, 10 mM DTT and
4 units RNase inhibitor (Takara Shuzo, Shiga, Japan). The
reaction parameters were programmed as follows: 16°C for
30 min, followed by 60 cycles at 30°C for 30 sec, 42°C for
30 sec and 50°C for 1 sec. Reactions were terminated by incu-
bating at 85°C for 5 min. All reverse transcriptase reactions
included no template and minus-RT controls. The mouse U6
gene was used as the endogenous control.

Viral challenge and kinetic analysis of FMDV replication
in BHK-21-LV cells. The growth, isolation and titration of
FMDV was performed using cultured BHK-21 cells, and
the 50% tissue-culture infective doses (TCIDs,) was calcu-
lated using the Reed-Muench formula (13). Viral suspensions
of 107 TCIDs,/ml serotype O FMDV were used for the following
virus challenge experiments. The purified BHK-21-LV cells
were infected with 107 TCIDs,/ml serotype O FMDV. The
viral supernatants of the infected cells were collected and the
titer of FMDV was determined at 0, 6, 12, 18, 24, 36 and 48 h
post-infection. According to the procedure described by previ-
ously (14), one-step RT-qPCR was performed on each sample.
The TagMan® primers, SA-IR-219-246F and SA-IR-315-293R,
and the probe, SAmulti2-P-IR-292-269R, targeting conserved
sequences in the internal ribosomal-entry site within the
5'-untranslated region of the FMDV genome, were reported
previously (15). The RT-qPCR master mix comprised
12.5 ul 2X reaction mix (SuperScript I1I/Platinum 7ag One-Step
RT-qPCR kit; Invitrogen Life Technologies), 2 pl each primer
(both 10 pmol/ul), 1.5 ul probe (5 pmol/ul), 1.5 ul nuclease-free
H,O (Promega Corporation, Madison, WI, USA) and
0.5 ul high fidelity enzyme mix (SuperScript I1I/platinum Tag
one-step RT-qPCR kit) per reaction. Briefly, 20 ul pre-prepared
RT-qPCR master mix was added to the appropriate number of
wells in a 96-well optical reaction plate (Stratagene, La Jolla,
CA, USA), followed by 5 ul RNA. The reaction was performed
in an Mx4000 Sequence Detection system (Stratagene) using
the following thermal profile: 30 min at 60°C, 10 min at 95°C
and 50 cycles of 15 sec at 95°C and 1.06 min at 60°C. The
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Table I. Primers of stem-loop RT-PCR and RT-qPCR.
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Primer Sequence (5'—3")

sIRT1 CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTTTCACTT
sIRT2 CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAGGTAAAG
sIRT3 CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCAAAGAGA
QRTI1-F ACACTCCAGCTGGGTGTCGCTTTGAAAGTG

QRT2-F ACACTCCAGCTGGGGCTACAGATCACTTTA

QRT3-F ACACTCCAGCTGGGGAGTACCGGCGTCTCT

TYPR CTCAACTGGTGTGTCGTGGAGTC

RT, reverse transcription; qPCR, quantitative polymerase chain reaction.

results from all samples were analyzed using Stratagene®
MxPro™ QPCR software version 3.00, and a cycle threshold
(Ct) value was assigned to each reaction, as described previ-
ously (15). Analysis of statistically significant differences
between BHK-21 and BHK-21-LV cells at each time point was
performed using a one-sample t-test.

Viral challenge in suckling mice. A total of fourteen
specific-pathogen-free 3-day-old Kunming suckling mice
were inoculated by subcutaneous neck injection with
1.0x107 TCID;y/ml purified LV-3shRNA in 0.2 ml PBS and
divided into four groups. Another 14 suckling mice, which
were not injected with LV-3shRNA, served as a negative
control. The study was approved by the ethics committee
of Guangxi University Institutional Animal Care and Use
Committee. At 72 h post-LV-treatment, challenge of the
cells with FMDV was performed by intradermal injection
with 0.1 ml 5, 20, 100 and 1,000 50% lethal dose (LDs,)
FMDV serotypes O O/HKN/2002 into the subcutaneous neck
region of the mice. Following this time point, they were imme-
diately challenged. The total viral RNA was extracted from
muscle samples of an identical weight and quantified using a
SuperScript ITII/Platinum 7aq One-Step RT-qPCR Kkit.

Statistical analysis. Differences between groups were
analyzed by a one-way analysis of variance and least signifi-
cant difference post hoc test. Results are expressed as the
mean =+ standard error of the mean from three independent
observations. Statistical analysis was performed using SPSS
17.0 program for Windows (SPSS, Inc., Chicago, IL, USA).
P<0.05 was considered to indicate a statistically significant
difference.

Results

Construction of the anti-FMDV shRNA expression vector. The
buffalo 7SK/U6 and bovine U6 promoters (bu7SK, JN417658;
bulU6, JN417659; and boU6, DQ150532) were amplified and
confirmed by sequencing. A total of three shRNAs were
designed, according to sequences located in the protein 3B
and 3D coding regions (Fig. 1A): One shRNA was targeted to
the non-structural protein 3B of FMDV and the other two were
targeted to the viral polymerase protein 3D. From the align-
ments of several strains of the A (VIT/2004, IND/17/2009 and

MAY/3/2007), Asia 1 (CHA/06, HN/2006 and CHA/58),
C (H595 and S89p200) and O (ISR/2/2011, TUR/8/2011,
BUL/32/2011 and GZ/CHA/2010) serotype FMDV
complete genomes, the three fragments in proteins 3B [at
nucleotide (nt) 4900-nt 4922] and 3D (at nt 6940-nt 6965 and
nt 6895-nt 6923) were revealed to be highly conserved among
the commonly occurring strains of FMDV (Fig. 1B). The
final anti-FMDV combination, pSicoR-3shRNA cassette, was
constructed using the four expression combinatorial units,
bu7SK-Consl, bulU6-Cons2, boU6-Cons3 and cytomegalo-
virus-EGFP (Fig. 1C).

Expression of multi-shRNAs in lentivirus-treated cells. To inves-
tigate the function of the anti-FMDV pSicoR-3shRNA cassette,
the lentivirus, which included the shRNA (LV-3shRNA), was
packaged by cotransfection with the plasmids, pNRF, pVSVg
and pSicoR-3shRNA, in human 293T embryonic kidney
cells, and the titer of lentivirus obtained measured as much as
107 TCIDs,/ml. The LV-3shRNA was concentrated to a titer of
10® TCIDs,/ml using ultracentrifugation. The expression of the
marker gene, EGFP, was observed in the LV-3shRNA-treated
BHK-21 cells (BHK-21-LV) at 72 h post-treatment (Fig. 2A).
The subsequent RT-qPCR results revealed that all three sSiRNAs
were expressed in the transformed BHK-21-LV cells (Fig. 2B),
which confirmed that the buffalo and bovine promoters were
able to produce efficient siRNAs in rodent species.

Inhibition of FMDYV replication in lentivirus-treated cells.
The BHK-21-LV cells were challenged with viral suspensions
(107 TCIDs,/ml) of FMDV serotype O. Using a TagMan®
probe with RT-qPCR, viral RNA copies in the cells were
determined at 6, 12, 24, 36 and 48 h time points. To observe
the inhibition of viral RNA replication directly, the quantity of
the 5'-long terminal repeat conserved sequence was measured.
At 12 h post-infection, the number of viral RNA copies in the
control BHK-21 cells were ~1.33x10® copies (cp)/ml, which
was significantly higher compared with that of the BHK-21-LV
cells (8.1x107 cp/ml; P<0.05). The number of viral RNA copies
in the transformed BHK-21-LV cells was three times lower
compared with that of the BHK-21 cell group (2.22x107, vs.
6.82x107 cp/ml; P<0.05) at 24 h post-infection (Fig. 3 and
Table II). These results suggested that sShARNAs expressed
in the infected BHK-21-LV cells may effectively inhibit the
replication of FMDV.



ZHANG et al: AN RNAi LENTIVIRUS VECTOR TARGETING FOOT-AND-MOUTH DISEASE VIRUS

5'UTR

3B

3'UTR

3C

3D

_.

GCTACAGATCACTTTACCT
CGATGTCTAGTG

STCTCTTTG

AAATGGA

TTTcacTTTcaaAGceac
AAGTGAAAGTTTCGC TG TLLLY.Y.Y.Y
GGTAAAGTGATCTGTAGCIBRRREI
TGCATTTCAGTAGACAT GG/ YYNNEY

AAAGAGACGCCGGTACTCIRBRERI
GTTTCTCTGCGGCCATGAGLEY LV

CTCATGGCCGCAGAGAAAC

Cons 1 Cons 2

00 6910

RREER R AR R R RR R R a R

6920

HIV-1 5'LTR RRE

Cons 3

CRpERREpRRRE R R AR R

6940 6960

A

A/VIT/2004
A/IND17/2009
A/MAY3/2007
Asial
Asial/CHA/06
Asial/HN/2006
Asial/CHA/58

c
C/HS95
c/s8p200
)

o/I8R2/2011
O/TURB/2011
0/BUL32/2011
0/G3/CHAS 2010

loxp

Figure 1. FMDV-specific sShRNA sequences and multi-shRNA expression construct design. (A) The sequences of three FMDV-specific shRNAs (Consl,
Cons2 and Cons3) were selected from three fragments located in the 3B or 3D protein coding regions, respectively, which are illustrated featuring the sense,
loop, antisense and DNA polymerase III terminator (TTTTTT) sequences. (B) The alignment of several strains of the A, Asia I, C and O serotype FMDV
genome are shown. The sequences indicated by different colors represent the conserved sites. (C) The design of the multi-shRNA expression construct in
the lentiviral plasmid pSicoR is illustrated schematically. boU6, bovine U6 promoter; bu7SK, buffalo 7SK promoter; buU6, buffalo U6 promoter; Cons,
constant; CMV, cytomegalovirus; EGFP, enhanced green fluorescent protein; FMDV, foot-and-mouth disease virus; HIV-1 5'-LTR, human immunodeficiency
virus-1 5'-long terminal repeat; RRE, HIV-1 Rev response element; sShRNA, short hairpin RNA; UTR, untranslated region; WPRE, woodchuck hepatitis virus

post-transcriptional regulatory element.

FMDYV challenge in LV-3shRNA-pretreated suckling mice. To
examine the anti-FMDV potential of LV-3shRNA in vivo, suck-
ling mice pretreated with LV-3shRNA were challenged with
four titers of FMDV serotype O (5, 20, 100 and 1,000 times
the LD5,). No marked increase in the antiviral effect was
observed in any of the 1,000 LDy, groups treated with
LV-3shRNA, compared with the PBS-treated groups (Fig. 4).
In the 100 LDy, treatment group, the LV-3shRNA-pretreated
mice exhibited symptoms, including twitching, although not
those associated with mortality, at 36 h, whereas the negative
control mice died. In addition, 75% of the mice challenged
with 20 LDs, FMDYV survived in the LV-3shRNA-treated
group (over the course of the following 7 days; Fig. 4),

whereas mice in the negative control (NC) group died. One
mouse in each group was selected at random for dissection in
order to determine the number of viral copies present using
RT-qPCR. The data revealed that the log,, of the number of
viral RNA copies in the muscles of the dead LV-treated mice
in the 100 and 1,000 LDs, groups was 7.4 and 8.1, respectively,
which revealed no significant difference from the number
found in the dead NC mice in corresponding titers (7.5 and 8.1,
respectively). However, the number of viral RNA copies in the
muscles of the surviving mice treated with LV-3shRNA in
the 5 and 20 LDy, groups (4.6 and 5.4, respectively) was far
lower compared with the number in the dead NC mice in the
corresponding titers (6.7 and 6.9). These results indicated that
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Table II. Number of viral RNA copies in BHK-LV cells post-infection with FMDYV at different time points.

Cell line 12h 18h 24h 36 h 48 h

BHK-21 1.33x10% 7.09x107 6.82x107 6.00x107 6.62x107
(+2.38x10%) (£1.22x107) (£2.41x107) (£6.82x10°) (£9.29x10%)

BHK-21-LV 8.10x107 4.32x107 2.22x107 3.28x107 4.53x107
(£2.00x107) (+3.86x10°%) (£4.99x10°%) (+2.86x10°% (£1.26x107)

The numbers in parentheses represent the standard error of the mean calculated from at least three independent experiments. *Significant dif-
ferences between numbers of viral RNA copies in BHK-21 and BHK-21-LV cells at 12 and 24 h were analyzed by one-sample t-test (P<0.05).

FMDYV, foot-and-mouth disease; LV, lentivirus.
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Figure 2. Detection of exogenous gene expression in BHK-21-LV transgenic cells. (A) Fluorescence microscopy images (scale bar, 400 ym) of the BHK-LV
cells transfected with the lentiviral vector, LV-3shRNA, are shown. (B) The transcriptional efficiency of different stRNAs in the BHK-21-LV and normal
BHK-21 cells were quantified by reverse transcription-quantitative polymerase chain reaction. The data are presented as the percentage of the expression of
Cons3 in the BHK-21-LV cells as the mean + standard error of the mean of three replicates. Cons, construct; sShRNA, short hairpin RNA; LV, lentivirus.

pretreatment with LV-3shRNA may afford the suckling mice
certain protection against FMDV.

Discussion

FMDYV is a transmissible disease, which may spread rapidly
over vast areas, and one which causes devastating effects on
the livestock industry. In order to advance towards eradicating
FMDYV, one approach emerging over the last decade to address
this problem is to use targeted siRNAs or shRNAs to silence
multiple sites on the viral genome, or to identify siRNAs
focused on conserved target portions of the genes coding
for non-structural proteins of the virus. It was reported that

treatment with shRNA-expressing plasmids directed against
the VP1 protein of FMDV inhibits proliferation of the virus
in BHK-21 cells (16,17). Similar results were obtained in
IBRS-2 cells transfected with plasmids expressing shRNAs
targeting the 2B gene (6), and in BHK-21 cells transfected with
synthetic siRNAs or siRNAs produced in vitro using a cocktail
kit (5,18). Kahana et al (7) demonstrated a complete inhibition
of viral growth in BHK-21 cells transfected with a combina-
tion of several anti-FMDV siRNAs. Aiming to improve the
anti-FMD strategy in cows and buffalo, the buffalo 7SK/U6 and
bovine U6 promoters were cloned and used to direct the expres-
sion of shRNAs, which have previously been demonstrated to
be efficient in buffalo or mouse cells (19). In the present study,
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Figure 3. An application curve of FMDV in the BHK-21-LV-treated cells by reverse transcription-quantitative polymerase chain reaction. The filled-in circles
represent FMDV RNA copies in the BHK-21-LV cells at 6-48 h post-infection, and the filled-in squares represent the viral RNA copies in the negative control
BHK-21 cells. Error bars represent the standard error of the mean calculated from at least three independent experiments. FMDYV, foot-and-mouth disease

virus; LV, lentivirus.
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Figure 4. Mortality data for suckling mice pretreated with LV-3shRNA and challenged with FMDV. The LV group of suckling mice were treated with
LV-3shRNA 72 h prior to viral infection, whereas the NC group was treated with normal saline solution. Each group of suckling mice were infected with
FMDV O/HKN/2002 on day 0. The survival of the mice is indicated by the length of the blue bar. The terminal block color indicates the day and the cause of
death (black, found dead; purple, pathogenetic; orange, moribund; yellow, healthy mice sacrificed for immunohistological studies). The numbers shown are the
log,, of the number of viral RNA copies present in carcass samples 72 h post-infection. FMDV, foot-and-mouth virus; LDj,, median lethal dose; LV, lentivirus;

NC, negative control.

a multiple shRNA expression lentiviral vector with different
promoters was used as part of an RNAI antiviral strategy against
FMDV. It was previously reported that the use of multiple
shRNAs exerts more of an anti-viral effect compared with
single shRNA vectors (20). To select the target site of the RNAI,

three fragments from the 3B and 3D protein coding region of
the non-structural protein P3 were selected, and conserved
regions were sought after by multiple alignment of several viral
strains of the A, Asia I, C and O serotypes, in order to broaden
the scope of this strategy across a range of serotypes.
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In view of their ability to infect a broad spectrum of cell types
and their high integration efficiency, lentiviral vectors have been
widely used to deliver siRNAs in vitro and in vivo. Lentiviral
vectors were used as an efficient means to study the functional
effects of antiviral shRNAs in cells (21), and as an outstanding
method todeliver shRNA-expressing cassettes in vivo, generating
a transgenic mouse model (22). Furthermore, it was reported
that lentiviruses also potentially mediate gene therapy (23). In
order to develop a highly efficient method to knock down the
FDMYV RNA, the present study generated an LV-3shRNA vector
expressing three 3B-specific (Consl) and 3D-specific (Cons2
and Cons3) shRNAs. In previous studies, in order to assess the
function of the siRNAs, the titer of FMDV used for virus chal-
lenge experiments was of the order of ~10° TCID,,/ml (5,7,8,18).
In the present study, 10" TCIDs,/ml FMDV was used to chal-
lenge the LV-3shRNA-transformed BHK-21 cells, which was
~10* times higher compared with that of previous reports. It was
identified that the numbers of viral RNA copies in the trans-
formed BHK-21-LV cells were three times lower compared with
those of the BHK-21 cell group (2.22x107, vs. 6.82x107 cp/ml)
at 24 h post-infection. The subsequent in vivo experiment, where
suckling mice were challenged with FMDYV, demonstrated
that 75% of the mice challenged with 20 LDy, FMDV survived
in the group pretreated with LV-3shRNA following a period
of 7 days, whereas the mice in the NC groups were all dead. The
lentivirus-treated animals exhibited markedly more resistance
towards FMDV. The present study is the first, to the best of our
knowledge, to demonstrate the protection of suckling mice, as
determined by LD, measurements, following pretreatment with
lentiviral vector. The LV-3shRNA has potential to be used in
subsequent studies to protect the FMDV-infected animals by
lentiviral-mediated gene therapy. This will facilitate the timely
introduction of novel disease resistance traits into buffalo or
cows via routine injection techniques.

In conclusion, a multiple shRNA-expressing lentiviral
vector with different pol III promoters was used to great effect
in an anti-FMDV study. A marked inhibition of FMDV sero-
type O in vitro and in vivo was identified, and the present study
provided a novel potential strategy in anti-FMDV buffalo or
bovine transgene, and FMDV-targeted therapy for the future.
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