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transduction is restricted to dividing cells.

This advantage is reflected in a number of successful preclinical
tests in various animal models of human diseases (see [5-11], among others),
and will undoubtedly translate into their exploitation in a growing number of
clinical trials.

More recently, lentiviral vectors have also been proven as
promising vaccination vectors. Most studies to date have focused on the

induction of cellular immune responses in the field of anti-tumoral inmunotherapy



transduced DCs induce strong and specific anti-tunor
cellular i nmune responses [13, 15, 18] and confer
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classical immunization with peptide plus adjuvant [13]
or even peptide-pul sed antigen presenting cells (APCs)
whet her assayed ex vivo [20] or in vivo [16, 21]. The
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Indeed, it is widely accepted that the humoral immune response
is the essential component of protective immunity against West Nile Virus (WNV)
[23-25]. The envelope E-glycoprotein from WNV, which possesses neutralizing

epitopes [26], elicits protective immune responses when injected as a



and birds (for review see [30]). As a consequence, an

urgent demand exists for the devel opnent of an
wehbi7asees vacci ne that can provide quick, streayiBawde/003931

long lasting inmunity. SUMMARY OF THE | NVENTI ON Thi s

invention aids in fulfilling these needs in the art.

This invention relates to the potential of lentivira
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antibodies in vivo conprising admnistratron o
lagting invhuaity.vect or to an animal, wherein the |entivirus
conpri ses a heterol ogous nucl ei ¢ acid encodi ng an

antigen, and mheggm&p{evgptﬂg@mﬁéhﬁgﬁ a hunor al
response in the conpasses a
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Remarkably, a single immunization with a minute dose of TRIP/sEwny, a lentiviral
vector expressing the secreted soluble form of the envelope E-glycoprotein

(sEwnv) from the highly virulent 1S-98-ST1 strain of WNV, induced a specific



antigen, and wherein the antigen elicits a hunoral
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capoyglofarotieaifruncated E glycoprotein from West Nile Virus lacking the

transmembrane anchoring region, for example, a carboxyl terminal-truncated E

glycoprotein comprising residues 1-441 of the envelope E-glycoprotein from West



conprises residues 1-441 of the envel ope
E-gl ycoprotein fromWst N le Virus strain | S-98-ST1 .
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adm nistering the lentiviral vector in alimted
nunber of doses, such as, for exanple, a single dose
or two or three doses. In one enbodi nent, this dose
conprises, for exanple, vector particles equivalent to
0.5 ng to 5000 ng of p24 antjgen. In mce, the
preferred dose can vary from 0.5 ng to 50 ng, while in
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example, a single dose or two or three doses. [n one embodiment, this dose
comprises, for example, vector particles equivalent to 0.5 ng to 5000 ng of p24
antigen. In mice, the preferred dose can vary from 0.5 ng to 50 ng, while in

horses the preferred dose can vary from 50 ng to 500 ng. The invention



acceptable carrier therefor. The invention enconpasses

an i nmunogeni ¢ conposition, wherein the heterol ogous
wouael7@szieaci d encodes a peptide bearing at | eaBCTABB®06/003931

epi tope. A peptide bearing at |least a B epitope can
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an immunogenic or protective response in vivo, and a pharmaceutically
acceptable carrier therefor. The invention encompasses an immunogenic
composition, wherein the heterologous nucleic acid encodes a peptide bearing at

least a B epitope. A peptide bearing at least a B epitope can be, for example, a



acid encodes a variant of envel ope E-glycoprotein from

West Nile Virus. In one enbodi nent, the heterol ogous
woauel7@szieaci d hybri di zes under conditions of sPCTABENE/003931

hybri di zation to a nucleic acid fromWst Nle Virus

strain |1 S-98-ST1 encodi ng envel ope E-gl ycoprotein. The
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polypeptide from West Nile Virus, or a fragment thereof, comprising cuituring a

gl

host cell transfected or transduced with such a lentiviral vector under conditions
promoting expression, and recovering the polypeptide from the host cell or the

culture medium.



animal, wherein the lentiviral vector conprises a

het er ol ogous nucl ei ¢ acid encodi ng an anti gen, and
woher/@snics he antigen elicits a hunoral responseCcTmB10n€003931

animal . The invention enconpasses a |lentiviral vector

that induces protective hunoral immunity to an ani mal

in need thereof. In one enbodinent, the animl in need

thereof is selected from humans; horses; birds;

poultry; pigs; cattle, |nclud|ng bOV|nes ovi ns, and

caprins; rodents, |nclud|ng€%ansters rats, and m ce;
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wherein the antigen elicits unnra response I n
Paflingenic agan qomnﬂsmgoaﬂrewmma entigirhleractoi toain aremabin need
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va?f&ﬁét‘ﬂ{g Q/gigg’?é ﬁg‘?gﬁ%‘%ﬁ@"glﬁﬁ?@éﬁ MGl CeBBh GRS Olqetﬂgahzmg

an ant
antibodies against the pathogenic agent. The animal in need thereof can include,

for example, humans; horses; birds; poultry; pigs; cattle, including bovines,
ovines, and caprines; rodents, including hamsters, rats, and mice; pets, such as
cats and dogs; and reptiles. [n one embodiment, the lentiviral vector comprises a

nucleic acid encoding envelope E-glycoprotein from West Nile Virus, or a



elicits a hunoral response in the animl, and wherein

the antigen expressed in the aninmal after their
wonrermgduesi on with the lentiviral vector induceeT/1B2006/003931

protective immunity against an infectious

m croorgani sm such as, for exanple, West Nile Virus.

I n one enbodi nent, the lentiviral vector conprises a

nucl ei c acid encodi ng a nenbrane protein from an

i nfectious mcroorganism (in_particular encoding an
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i nvention will realized and attai
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293T cells were immunostained with an anti-WW\V H
tranaprRbraRarRNaense ragion: for examelp. amasbhey! zegwaa)strum@ted E

LR Ibr Rl el Ak BBl Enidlon By cotPatein frapp West
Nile VitusVsirain 12i98-$Bt.99n another embodiment, the heterologous nucleic
acid encodes a variant of envelope E-glycoprotein from West Nile Virus. The
invention encompasses a variant heterologous nucleic acid that hybridizes under
conditions of stringent hybridization, which are described hereinafter, to a nucleic

acid from West Nile Virus strain 1S-98-ST1 encoding envelope E-glycoprotein.



ST1 (WNV) or nock-infected (No virus). Radio-I|abel ed

cell lysates were i nmunoprecipitated with pool ed
wommara2isera (dilution 1:100). Sanpl es were anaCyaemod§o3931

SDS- 15% PACE under non-reducing conditions. (A) Sera

from TRI P/ sEw Nv i mmuni zed m ce coll ected at day 6,
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'”g@gﬁ’ nce ?éﬁfA% ?\@ gﬂéeefpdétig%‘gngglged formof the
West Nile \Theum\féngbryca)dmummélg grrmmi%:] {34 adh%tf&&d hﬁnprising
art _and stop,codons, added . at. the en of the
aQbiniheREn' o e B REGT oo DR, MERTE TG dast dentivral vector
cdnfiiddsth NetekBbgeiis hh6lefkesdi &bﬁ@o&ﬁ{; rﬁrpéntg%fn WPfé?e(N'th@ antigen

Virus E-glycoprotein fromstrain gure 6
elighp\is humeraifepecnssi © Wepumek Jrdeahemintha am§lg@f expressed in

th?eﬂlﬁlta?%f{e‘?rt%?gé%@ﬁ&&#ﬂﬂ e Vlehti§irdy A6 R{d?ﬁ:%é "brotective

romstrain he si naI sequence a
iMhttynagaisst an Mdeﬁddsrmd:ro@nggmsm 7sush0am fohexamplep West Nile
i d _sequence of ID NO 12
VIR e LB ot St SR o s U] 20 Encoding
a ﬁl@h&ﬁr@n& b frbhﬁat@ TRt MitedRpaniedi dn %@ﬂi&ﬂlﬁ%r@ﬁ)dmg an
vect or PTRI PSEW NV ( SEQ

| ent | NO. 13)
ef}y@fﬂﬂ E&@ﬁ@?@eﬁ@%|p&y8£%m§léqueﬁ<%wsfop@r Ersdeopoteissirom West
t r
NRGVEL Bs FadlhaORER i s BRRMR et TmA ¢einy2idss ucteo
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VISP e BBRBRRY TR oGRSt Loy
te:rmsnaatrtmcva&ed&Z}gﬁ/ﬂﬁ@@t@ﬁmmﬁrsmg‘ CHSIC[L@SGT—SWA of the envelope E-
gl%?scrl ﬁt | O\R{e lle%trus straln IS 98 1g| ?nngngtfhetr Q%b%-gﬁrﬁ%nt the
heterologous nucleic acid encodes a variant of envelope E-glycoprotein from
West Nile Virus. In one embodiment, the invention encompasses a heterologous
nucleic acid that hybridizes under conditions of stringent hybridization to those
described hereinafter, for example, to a nucleic acid from West Nile Virus strain
1S-98-ST1 encoding envelope E-glycoprotein.

Additional objects and advantages of the invention will be set
forth in part in the description which follows, and in part will be obvious from the

description, or may be learned by practice of the invention. The objects and



(cPPT-CTS), and integration (psi), and a heterol ogous
nucl ei ¢ acid encoding an antigen. In this enbodi nent,
werourmsusal and enzymatic proteins are provi ded#CirmB2006/003931
"trans.” The lentiviral vectors can conprise
integration repeat (IR) sequences and Tips of the LTR,
as well as transcriptional sequences as ORF and
pronoters. The lentiviral vector particle can be
pseudot yped by any viral or non-viral envel ope to
facilitate its entry into t Ad target cell. One
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Figure 3 shows that heat-inactivation of TRIP/sEwny vector

particles abolishes transduction. 293T cells were transduced with a TRIP/GFP



sequence that is shorter than the reference sequence

but that retains a biological function or activity
woehbwhs2ssr ecogni zed to be the same as the ref BCEAB®O6/003931

pol ypepti de. Such an activity may include, for

exanple, the ability to stinulate ani mune response. A

fragnment retains at | east one epitope of the reference

pol ypeptide. The term "purified" as used herein, neans

that a polypeptide that is gisentially free of

associ ation wth other proterns or polypeptides, for

veRXHBE g AR RMddn SO MUt SR ald ¢ r o%rf@if 1@Rlin)@shot. At
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term"anti as used herein, neans a substance
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di sorder o function em or organ. Srererte
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hunoral inmunity" as used herein, nmeans a hunoral

I mune response th fer tial conponent
of protection agai ijs'Er.FAiEf‘ agégﬁlsi&gﬂt erm
"sterilizing hunoral inmmunity" as used herein, neans a
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arttigeh. nlatﬂltmlerrm)s;dlment, structural and enzymatic proteins are provided in

“trans.” The lentiviral vectors can comprise integration repeat (IR) sequences
and Tips of the LTR, as well as transcriptional sequences as ORF and promoters.
The lentiviral vector particle can be pseudotyped by any viral or non-viral
envelope to facilitate its entry into the target cell. One preferred site on the

lentiviral vector for insertion of the heterologous nucleic acid is between the two



ELI SA, i munof | uorescence (I FA), focus reduction
neutralization tests (FRNT), inmunoprecipitation, and
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A “fragment” of a polypeptide sequence refers to a polypeptide
sequence that is shorter than the reference sequence but that retains a biological
function or activity which is recognized to be the same as the reference

polypeptide. Such an activity may include, for example, the ability to stimulate an
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e term “sterilizing humoral immunity” as used herein, means a
humoral immune response that prevents the establishment of any detectable
infection by a pathogen.

The term “long-lasting humoral immunity” as used herein, means

that some aspect of humoral immunity is detectable three months after antigen
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An example of stringent hybridization conditions is hybridization
at 50°C and 0.1xSSC {15 mM sodium chloride/1.5 mM sodium citrate). Another

example of stringent hybridization conditions is overnight incubation at 42°C in a
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Variants can comprise conservatively substituted sequences,
meaning that a given amino acid residue is replaced by a residue having similar

physiochemical characteristics. Examples of conservative substitutions include
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A “pharmaceutically acceptable carrier" refers to a non-toxic
solid, semisolid or liquid filler, diluent, encapsulating material or formulation

auxiliary of any conventional type. A “pharmaceutically acceptable carrier" is
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utiiired rte zyepare Fntbodies phaicspedifioaliy dirdde molypeptides. The term

" . |. i h .th . ;
B R TR LT ——
fragneerets p éwrabf }smLtaablﬁi‘alﬁ‘m aJrT?cE H;(a;o eﬂﬂéﬁ%ﬂm’(ﬁgtsbr%sé n\{vell as any
i noassays,, such as_enzyme |in i,
fea%ﬁwaoﬁm émdugﬁé BEIY | RARNETS nhi dtihstiee ignglelined to be
spgeemeamasmang ity ind %@Io%ietél?fyceéro%]ﬁ EOWQH%%H%SK;, of
I support, t port 'is

are attached to a soli ypport, e su
grgaigathan ar efual $o gbow HEN'C. Adtralidssof bimding t partness er aalilsodies

PSR, O Tyl BB, AT, von

demcebed lbys$yatenardaeidalpohyn.i NyY AchboBtie57:660t(1h849). Polyclonal

[ nor eagent do not readily bind.to the solid
art RS CALHE 1S4 Gtk ol Spusrialy o Sediebeltcermple.
hdrbes, eagenigoansl theesUBBgS !t chicka®! Rsbisits, SHickabdee rats, using
carrier materials are proteins, such as bovine serum
prasediies thajare metikogwryiadigeatts, such as gl ut ar al dehyde

or urea. %tc.bﬁ%irgntt sdibg RIEGE Eﬁﬂa?ﬁﬂéﬁ@ahi 69 Sibared
usi ng conventional techniques. The'inventi provi des
usingrwed devoivn hretihdds. r &oree cdviey odimdoleoular péiolddy tdcniques see

t entiviral yector.for, eljciting a
SHPBERAYE REEh Mooy reBhigeles Febpy DuBngloGioH Press
2008 BIVEd aITheestmessicavetidis che iRdl®¥Rtndsrt \Segdbnce, such as
vaccin admnistering the lentiviral vector to an

by ) ( .
Wesh Mg \dirsceprsiape E-glysopataio seatiencs. corssrblininkad ta suitable
) . - I
oPACHATIR! o KR PRI PRAAE Sl dh as o
dergad | Fpmala wsnowedanf nitebialy gital, cor dnsest | gane. Examples of

re?fr}lgi%?}? ?%@?@@&QH&*@% ?ra%%hﬁpt%%%?%'ron ot%rsr,r%%%rrﬁgres,%rr %% Ialglcers,
an mRNA ribosomal binding site, and appropriate sequences which control
transcription and translation initiation and termination. Nucleotide sequences are
"operably linked" when the regulatory sequence functionally relates to the insert

sequence. Thus, a promoter nucleotide sequence is operably linked to a



exanple, fromWest N le Virus, and are useful to

prevent infections, for exanple, fromWst Nile Virus
wonb@oseeh. Conventi onal nodes of adm ni strati eaTABIV0OEN3931

enpl oyed. For exanple, adm nistration can be carried

out by oral, respiratory, parenteral routes,

subl i ngual route, intranasal route, subcutaneous route

or intraderm c route. The vacci ne conpositions of the

invention are adm nistered in a manner conpatible with

t he dosage formul ation, andzq)n such amount as will be
enb@%bé@?%Sﬁdté!m? Ieehty ﬁ rb OerCrlé ide é’{quence controls

uantit mnlster nsont su

the gransedntion ditheudnvrjope EgQ‘VCQMthWtsﬁquéncae The ablhty to

ARSI TN S4B SLAR, LR, SRRt sponton
andey apictibagjepiesby shith aansfoemaniscanpt idehtifidd/ cah dduittionally be

host ie j nf ctlon the wei 'ght of the host, and the age
NGO PRTR 41'6'%9 SRQTERAN MR of the vaccine of the

i nvention maébchﬁo@dé@qﬂbﬁ&@sf Sﬁicddi’ngf BSpr‘Hb‘ﬁbtéJélgﬁaP;Béd'fWe% that
course of inmmunization can owed

arg g\ob maturals @sseciatent with dhe ingert Feguence @Rilrbﬁl IQP@rrP@dated into
ox }&g%% goses used as boosters can be adm ni stered
need oI | ow ng the primary course. An inmunogenic
r es ponse cduitdide diutshicedsl flny equessiostieciudeg prokaryotes, yeast or

e g3l b e or o8 ol e el dn® s v

baktdrgr a2, Redyt, \A@h@hﬁwanﬂﬁ@ﬁaﬂ QJ@llMaﬁbl%gts 5Qre,t Qi@bﬁbléd for
100 m_crograns anti ram of ht .

ex?ﬁ@‘%r'ﬂtpé]%‘%ﬁﬂal/é%@"’ﬁ@é@?fwﬁhg hqb@éatw aeaﬁ/ evier, New

Yonieksy ered together with a physiol ogical ly
acceptable carrier. For exanple, a diluent, such as

wat er or aOsatithe lsolivital yactoc axfi the uevqﬂtwehiaveTbeen obtained,

R T R e A

proteig bﬁspon@epwéﬁxpwés@dwnr yso lcﬂrf@cwvonby nsRC bf Iﬂ@I lentiviral
Thi s ké in _one en‘a%)dl nment, contains the anti bodies
veglor \afjtae '%K%WPPOQ?” iUSh a‘Pémé‘&H%? enAniman #PagPY dechniques

kn¥&at mNtHeeaP{ r B&cﬁrl\éﬁlkrﬂﬁﬁeﬁ@'shiélﬂp\'rﬁbﬁ}enmo-EUIa'iloh' but 'trﬂsy may

anot her enbodi nent tai ns ol ypepti des of
ln\zqhxﬁeﬁiﬂweomooxmuczﬂac@nlelstfab@fbl é sxfffuu@mtmpwy afithe ﬂﬂréwﬁb\@ctor

is gﬁm‘?}ﬁ&gpecoe (o) éregfét %n{a @@?ﬁa@@ﬁi%&%o‘?\ge iR} tllie?SnWI %ﬁ‘\l %g eAny host

ycoprotein po nventi on
thaieem idee thfectedr patettivitas addn be tdeel. f dhawting derasphas .been

im%ﬁ‘%i?%%g%%%%@nsqﬁégﬁg/e Lo Sg?ﬁsbecchﬂ Ip?oucl’ucmg gntlbodles to
the antigen, polyclonal antibodies can be recovered. The general method
comprises removing blood from the animal and separating the serum from the
blood. The serum, which contains antibodies to the antigen, can be used as an
antiserum to the antigen. Alternatively, the antibodies can be recovered from the
serum. Affinity purification is a preferred technique for recovering purified
polyclonal antibodies to the antigen, from the serum.

Monoclonal antibodies to the antigens of the invention can also

be prepared. One method for producing monoclonal antibodies reactive with the



African green nonkey kidney Vero cells were grown in

wo Jo/8es@0’ s nodified Eagl e medi um (DVEM G utpi#$2006/003931
(A BCO supplenented with 10% or 5% heati nacti vat ed

Fetal Calf Serum (FCS) respectively. W\V strain

| S-98- ST1 (GenBank accessi on nunber AF 481864) [31], a
closely related variant of NY99 strain [32-34], was
propagated in nosquito Aedes pseudoscutellaris AP61
cell nonolayers. Purificatigp in sucrose gr adi ent s,
and virus titration on AP61 cells by focu

antigens cwsisesotheastepy oFintpcling dep divst thwriem%ﬁ%rv@dm
re%@}ée\?ﬁg 1%6600&5 EHHDLQ: ﬁgg@ ﬁﬁﬁ etg?eéqlgérgg(ﬁ % )r/w{stl : Tusing the

antibody eppwc&s}mpl eslisFogitls Roeiomyg Wells s deﬁﬁe&)\t in the enzyme

R Bl SRS 95 B SEHE ) Bl feidotms

at %35t @PEATahA hyBAKLMES bygrowanmremaiame canpisiigh @ypoxanthine,
region (residues E-1 to E-441 referredt

anpipgRieriRy and: dnnidiney ddetifving abdeastnere & sg\mwefﬁ\%s that

pré@@%\é@g gﬁgﬁb@ﬁ t5 DR ‘élﬂﬁg%tl r eag\ridiPdhd | igenied’ %h@oma to

e open reading frane extremties
preducd antidoBy siHl B resstveraltie oguaniitiinaad ceseverdng dbe arhfe;bodles

i W and BssHI | and then
Prem‘mfm &ﬁﬁﬁg‘gﬂ}v’%’m”‘%w and BssHI | sites of the
pTRI P DU3 Ws@rﬁﬂy‘ﬂl@halT@en‘fm@I&bh@nﬂb@dies ¢drasei dsed in a
pTRI P. DU3. C\WV. s V)g% ghereafter referré a&o as, di
Vaﬁ"f’m of M?“O%nt RAgt fhese ds Bg BeYtralzagp) Yy Fereskpnding
proRFHE MR e EIsh R l%erdittbcé‘eté’cft ﬁrﬁ?arﬁb@%ﬂm Blo%ygréél%reparatlons

Imredi ate early pronoter (CWie). Vector particles
orwisr eura%mmetremyonmwsnr emneaaiquwfen@s pHatmixtures thereof, for

o PRI R e e oot lie PR 58 ) and
a VSV-G le:nvabomv§m(gee§sglpmmbmm ;mtg}g:«ﬂgﬁge? c{agzpe ased as
GBI an MR TBRTE o dNes VL Wt BT ISP as (g dgtermine

thg %ﬁcé\ﬂ\tﬂhcﬁ\ SaRERItibadielliY thbsedfatekibBA Hids, (Reaktigens can be
| mer LifeSciences). Quantitative PCR For detection

uwi foraualiatve ek gAY detesmination aif the vies fip material. Such

el 0 O A SO ESCIP ShUSL aPh F Fuo

ad\énitpal hady fluids, including animal sera. When used as a reagent in an
5 R%%gamrz te:Bpin: Hpr:: @%&g@&%%coen?%? AR"of ltﬁe %ﬂﬁg’odies fo

V\/ést GHRAGAT TThE CaAGREGHdAde 3arl H=Qal BindD i) coMamient, rapid,
d' - GGCTAACTAGEGAACCCACTG- S (SEQ I D NO 4)[39], For

S%@ttE’@tﬁ%SB‘PC‘% the sequences of primers and probes

5" CocTarnas TRSATABE AT Rscr cpi e prpcler referectr
of microorganism pathogen infection (in particular West Nile Virus) by means of
immunoassays that are well known for use in detecting or quantifying humoral
components in fluids. Thus, antigen-antibody interactions can be directly
observed or determined by secondary reactions, such as precipitation or
agglutination.  In addition, immunoelectrophoresis techniques can also be

employed. For example, the classic combination of electrophoresis in agar



(SEQ ID NG 5), CD3-P2 5'-RED705-

CTAGTGATGECCTCTTCCCTTGAGCCCTTC- phosphoryl at ed- S ( SEQ
wODRdHOsB)6s and prinmers CD3-in-F PCT/IB2006/003931

- GGCTATCATTCTTCTTCAAGGTA-S' (SEQ ID NO7) and

CD3-in-R 5" - CCTCTCTTCAGCCATTTAAGTA-S' (SEQ I D NO 8).

Primers and probes were synthesized by Proligo

(France). Genomic DNA from approxi mately 3.106

lentiviral vector transduced, 293T cells was isol ated

48h after transduction usi n%QQ Aanp(r) DNA Bl ood M ni
foffblvel gyﬁ%&lo@mﬂﬁ amh-5&8@M calr %"e utﬂi@édt éé‘”‘@veﬂ% two(f{nmensnonal

anal ysi's, of DNA were m xed with 15nL of a

eﬁ&&@morﬁw, m@t sieqippbpresie, ANt iumiialagelingqof polyacrylamide

o U Besorm 808y ihunFl SinechiRbac gl upion the

a@tﬁ@m&ﬂ affthe peesentd beentieT Bafrbé lefploy@dinclid?; Bhf ﬁléaadw)nited to,

5 units of DNA Pol yner ase. vitro
T A S T IS R enzyme
nnérﬁoﬁcb%séwﬂdrﬁ@ﬂ iReLRIOREbresd8he 38QyCYat Q/v:wfb<95t§}1dé?§to%d that
mn, and 40 cycles of 95C for 5 s 55C for 15 s and

tur@ém@rlc 1eplerimelic; are napheloeetsiantechRiugs sandhe employed. An
6%£a %gealdmwee fBIé/t%El%géé% fert from 293T

str uced Wlt eat-lnaC|vat (10 mn at
7G)C) vect dmmwmasbapy sanelse edriau pat dlyl ismobiizing one of the
i nrﬁﬁatr' Ve gont roalls 5rrLr ofrf enom.c DI% from ugt Bansg gedf th
MY eREE T 8. 2 EALHSTDRITREY LS, FELeiping, Lgmyporeactivity” of the

redigeht. cThe radiprodie :mmoV@égmﬁ cahebg apRIbeRA. or labeled in such a
Ten- foI dserial dilutions of known concentrati on of the

manashindt remysersactviniapisPigtaingd. - dhes irchadiiasnaesespecially
stk apst G VBT enyiRb! fikdtliddasBayl | flchWi 4d) BNYYme  linked

sanples to generate a standard curve. The total nunber

inyhuResarbenicassiays(GhépAr end opmpetitive inhibidian Ippzyme immunoassay

(@giﬁ)al i zing the nunber of U5-R copies to the nunber of
cells, as quantified by the copy nunmber of CD3

nol ecul es oNheheelﬂmreogﬂnmanLDMexgﬁmi; egreantiadheeinto a solid

bt o ctihRarEir VBtety o abSS R cnaats 1esieshs st materials
mRfdaSiAthe tFOrRY.plABs | tuBBY HoRRT bRatuRe dYButereffeel tEtamples of

Fl ui d ( HVAF) vvas obt'ai ned by repeated i muni zati on of

sytpble pirstic winelerialy 7er dolysheens- aTd. pelyvisye shigridene If the
[ otﬁ?ﬁé#e@ééﬁ”d&és REY¢ %%ﬁﬂ\t/) i)ﬁ%‘f toTlg {b‘ﬁé&yfp@ow Mrli&r material can

al ne I mruni zat esi stant
b@Ni@bostebm&gemecreageat and thmlﬂibpﬁﬁu Eanh8e 8 8+ STilaldes carrier

descri bed revi ousl| Mouse clonal anti .-
AT A T ST GBI oS BB A Epit s Hepicahteagents
sidcgs iglaiiideHyidenoraéa\WYosid] befiiesolid phadd 8ah be carried out

experinments were conducted in accordance with the

U%jﬁ@ 8@1‘Y%'§’“6¥ techeidoesi ce
The invention provides immunogenic lentiviral vector, and more

particularly, protective lentiviral vector for eliciting a protective response against
West Nile Virus. These lentiviral vectors can thus be employed as viral vaccines
by administering the lentiviral vector to an animal susceptible to a pathogenic
microorganism (a bacteria, a virus, a parasite) and are useful in preventing

infection. In one embodiment, the lentiviral vectors of the invention comprise a



Laboratory of Animal Care at the Pasteur Institute.
hfosbRs€l ght - week-ol d 129 mce were intrapelgftlgﬁgﬁ,k
wo Zﬂ)%ﬂp& i nocul ated with varying doses of TRIP/S 003931
vector particles in 0.1 m Dul becco's PBS (DPBS; pH
7.5) supplenmented with buffered 0.2% bovi ne serum
al bum n (DPBS/ 0. 29BSA, Sigma). WAV chal | enge was
performed by i.p. i nocul ation of neurovirulent WV
strain 1S-98-ST1 (i.p. % =10 FFU) as previously
descri bed [29, 31]. The ch 3‘lenged m ce were nonitored
he@%lb@ou@rnu%léi@sac‘ﬂ é’ﬁ&)@lr@' byn{érmm’@ﬁéafbﬂottéin from 'ﬂﬁw‘én@u@ for
days. Measurenent of serum antibody responses. Mc
exwep@ Fred\Weash Nﬂﬁé/lwr eodEre asefubia preygat dedlioner fer exampfe
eals 3 t
f"°§‘n?‘?%§tgq‘eswm@%§q ec@fe)lg ; e%%&ér@&p%ﬁm%ﬁes% ddmiW¥ration can be
employeds eF puekample, \anmStrQ&eaSEanaIe mmad auttbygeral, [rfégplratory,

paietirsl PR s STOTeRHh Orise dap orsaliioter | SRRSO vt | QHee o

int@a@nﬁf@r;@medaseconj ugat ed anti-nouse |gM (m chal n
speci fic) _or G.(g-chain_specific) (Si.gn)
1: 20, 000 dfh%va%m%wp@%an%@f éf&waawn afe ?BBHF’"%T@red ina

ma}ﬁ%r %Bﬁwtp%gbqéu\{vfﬂgtrt]ﬁ% ld%é?@k&%ﬂét% at IH%JC?\C?MSQ%S il be

|C||ngtvv|ceteop|c ensit
therapyutichlly efective rarmRiAMBRPgenioc ulTaeequantite to hae @kﬂnmsﬁared

li i bodi

deffnd St € SIS el iR Re A 6ol PeabpbR 8T the

ind(Jidthdl)s immuver sysesthlts n&moereewmmﬂme/reb@ssaéébed [29]. The
end- poi nt |ter was cal cul at egq tq%e r eci ocal

or
the hi ghesthes dnmHNAatan; srheds RENF SURRIb GOV factors,
suWﬁ@%e Qfisddptdphiy 8P AT thirection, the weight of the host and the

di oi nmunopr eci pt ation assay. Vero cells cultured
ages@fnﬁheﬂm vvé’r esingle edosrl ofi the wEKRciseraf dhe sns»@:tfsrm caﬂ be

sy QLAY HLAOA ot BB E51 20 i oo

whithpseteedl dosasbhimeivais ¢f mNe&mthMte:)edansubsequent doses

di ol abel ed tthO /m T Labe! /m

useq SR DEP e Pe RSB TaEAos ig BB L Typ B ourse.
col d PBS, mhmﬁmmeﬂgémbxfé@ﬁbn@etéarﬂbé’ﬁbta\(ﬁé@b?tafdhﬂms(e%ﬂg the
mv Tri s- 1% Tri

len@vw\@e&(;pém mventien tothsimst e aUBOU@tJ pplkentrtOle afiauh 500
(r?ré Fg?\[léﬂanﬁgéﬁ ep'kﬂoéué'ngg?)ogfdg w g tmlprn]?@hb‘}fab-gme 588b! about
i ed Dy t

g5t es e hen ctari ugat
100 mtet@@rarpmahﬁgezs pet htkzgrama)f Hewyi vmelghm nbpr paitgins andofaccines

Rl P sa for rre escr.i bed revi ous 29
of i) ke Yar B2 Aftried: Gafeh il 5 pRIRbRFEN atGetavie
cafigl.| FYN\exanripldodi gifuenheusnrgy emtarebe saBalivg &dldivn, can be
SDS- 15% PAGE under non-reduci ng conditions. Indirect

empiay@fof | uor escence and flow cytometry assays. For

i ndi rect 'Wgﬂgé#g{cﬁ%n% (didct@nghd ShSackbtiBAcE With the

cells culture
purposes of the present invention, a kit capable of diagnosing a West Nile Virus

infection is described. This kit, in one embodiment, contains the antibodies of
this invention, which are capable of binding to West Nile Virus envelope E-
glycoprotein. This kit, in another embodiment, contains the polypeptides of this

invention, which are capable of detecting the presence or absence of antibodies,



chanber d ass-Labteks (Nunc) were transduced wth

TRI P/ SE WNV vector particles. After 48 h, cells were
woisEdsnics h 3% par af or mal dehyde (PFA) in PBS fecT2B82008/003931

and perneabilized with 0.1% Triton X-100 in PBS for 4

mn. Cells were incubated with anti-W\V HVAF at a

1: 100 dilution in PBS for 1h. After blocking with

DPBS/ 0. 2% BSA, cells were further incubated with a

Cy3-conj ugat ed anti nouse Ig% anti body ( Anersham

Pharmacia) at a 1:500 dilut9on in DPBS/0.2% BSA. Cell

WhitADiRd tVBeCemicitisd EZgﬁr;d:dg( tB;nQMN/pepTﬁ% sli des_ vver e

exam ned using a Zeiss 'an” m _croscope W
ApoToma syEhis nquxtslpnfw%\bec%w@?fiyn SHhaftps .dgtallzlgsﬁne following
Ex%a ﬁ cultured on 25 cnR flasks were transduced with
Ip /"GFP, either heat-inactivated (700C for 10 mn) or
not. At 48 h, cells were det ached vvashed and fixed
with 2% PFA. ThXampke atesiads and Bty was
measur ed by FACS and anal yzed Wi th CeI | Quest software.

o ycopr ot 5 o UTRE ghe vituspRakialiohs il 3 kollg and
Africant gre;enTmcm}@Iyubrdeey\héirbecnellsnvmm THOWO nnv\DtJth)ea_co s modified
rsibisbiai L daRaR (e L) Sy BRRaR g Pl g% neat

ma'EFﬁl/é:léa EWew Odif Cher@iNPr DS rasadtivelye YWNWN efrainhdSE8-ST1
coprotein fromthe WAV strain 1S-98-

(Geﬂé@rﬂk PRESTHINT PUMPEF AFHES &GP I %a.%%%a%@%da%ﬁﬁ t gf NY99
stréfrwc' e £47) Wds rop%@)ited\/\ﬁ tﬁ’lb@é(uﬂ#?\'eﬂeg%yéﬂl%&&}tﬁﬂbﬁshﬁPm cell

secretion of SEVAV in the cul ture nedi um of
maelldyers. rﬁ’w’mcetjown augres® gmdwﬁs, mgllrleestltv@mrb@n PGl cells by

Expressi o
focg YRRl Gty HEUOR A RHY b Ade Ko Ascitc
FiuidB) (HMAF Y Blerg qirforinad sal prévidusia desofibdd §29,i 1 88]. Infectivity
.cells were i nost ai dv\nt‘p Q%Iéjern suggesti ng
titarp WerS EWRIZ ST G PRtTAREUP roémtﬂg Wgs Jet ory pat hway. The
amount  of paygvical veetori ditrudtidhandepiddudiaek Teed 4 kb
in this study was determ ned by a conmmerci al |

cDA/nidogling feL itisa earbexy! atgémm@i -trupeatpd 4E Hplycapreigiaj lacking the
tra%r?lte%ﬂ}?ﬁg%rn%hgrl%?%@ r@ﬁﬂ to EDR4Y gfegﬂfheg5foogé<'sEWNV>

er was he basi s
frot WSV estraof 13+8843011 @I\slést:wbdsdaelgeWhem [29]. Tirss stepvey ooding cDNA

uantitative. P Th qatlflcalon of both a
wahe A6RUE pRORIfeE B i a0, e, ke, cBathd atn Jfgdn rame
ex(r&%)es%w B§1Wh§n@%§ﬂﬂ&e¥@i@ii@rﬁ RN G BLETRA! TREICDNA was
ell. This aIIO\/\/saprec:lsetltratlon of the vectar

qgséqfhmm BsiWirpadTResHISENG thareslopedsing the d8¥aYH BtSIWé and
d

SSSLACHBES b B L0y TY GRERECHhS Ekfind AR plaomi

p TERIP MG . M\ b \Q0 Oharefter ffenpadlito as pTRIP/sEwny), contains the 1S-

98-ST1 sE glycoprotein sequence under the control of the cytomegalovirus

immediate early promoter (CMVie).
Vector particles were produced by transient calcium phosphate
co-fransfection of 293T cells with the vector plasmid pTRIP/sEwnv, an

encapsidation plasmid (p8.7, [36]) and a VSV-G envelope expression plasmid



in human 293T cells). For sinplicity reasons, we w ||

express, in the follow ng sections, the quantity of
woeat7ms21eart i cl es used as ng of p24 anti gen. Exaapiie2086/003931

A single imunization with TR(P/ seEm\vj nduces strong

anti body responses. To assess the hunoral immne

response induced by the lentiviral vector expressing

SEVWAV, groups of adult 129 nmice were inoculated i.p

with a single dose of vect o% particles equivalent to

500 ng of p24 antigen. Vect "?s coded either for SEWV

(pECM\OG; Cf@?])péet@bmoa&gad@mbeal [38M ceaneficitibhedf p24 antigen
peri orbitarl y at 6 20 or 27 days.

copisstt Of GRNGFHEAES YeCkar Parides NaS oG Wish | eammerdialidNe p24
EGI@/QWQPE%n@H\ &Qﬁ(géséantl bodi es, 1gG and | gM

usi ng an al rea y descri i sotype specific ELISA
[29]. | n vQuaotitative RICRzi hgr detecion pf die SrR semsiences in the

e AR ot3 AtimgSind Bl ot S 85, BIET Arfes LTR-FL 5-
CATARCHG ACEBGERCAIAGT ACTTGAMUDIbSTBing! (SECA DT NO:1), LTR-
LG e A SRR BE e A et A e ARBC PResithasyiated-3' (SEQ

IDGNOF@}l ngﬁJ@ @WV§%éW@%®\WT'ﬁ©@A@A@fbﬂ@T§\A Sj'a@SEQ ID
da 1= 30, 15; da hus in

N@@I)I Me67g5e T%ﬁff é\GC_ia@AF\Q&J EGv%'r éSEé@e NCﬁ 4)[39]. For
%%WM fh%}%%u%ﬁ%%? .mEPé Qléd g%de%%ér%saéﬁ Ql%t Probes

wer e det e € as ea oSt
Ch3aini ZBG6O.TGAABGT Q’M\GIBGM mC(MA“éAHS@OT@EQﬁC#mmrmein-S’

expected t this tipe_point, i-VWAV 1 gM,

(Séﬁ’(l bodi es re det eck\@5 m the Hﬂ%@‘%éera Tot a -RED705-

CM@TGM}GG@@QITISRSCCW’ G#@@Gmd Qhébﬁr@rylél@@lm E(‘SEQ ID NO:6)
pl at eau at_day and were then mai ntai ned over

anAt primeEe QR3- EF\’th'P rRGEdi M@Y&?T@"éTCMGQW =3 (@lﬁQ 1D NO: 7)
gd I

REUILE SEITERCAS MBI Bl Bine

andr grohes O8e&T 1syintifiesizaxt b&erBraﬂgbl (Fremaeks Genomic DNA from

ARG a L 4y oo el (e aitioRd 2orkcoE WhsriFgfed A4 atter
trahiBHRARIAVIN & TOARRTRS DN/E BI6a kA nad (@it aBhoH aviRleh). For

of neutralizing anti-W\V anti bodi es as ear as 6 days
regldine Pafanabysiso ﬁutmkﬂ’l‘éﬂx were Toiged Meﬁh 15ptie@ FATR mgsday mix

oot TR ARAE Ao D O i S MG L 5k of
fohF€ afl r@%@é%ﬂ%s\(ﬁwﬁgw(ﬂ%v lof ICER-i Tﬁﬂ@é—m—%\/ﬁlm of the

response of mce to inoculation with TRI P/ SE

probafuriLE RrgMRR bt PBodp MANCRPANAN Gl Antiritongf Tag DNA
Po@@é%&é lﬁv%ﬁ%et"i)_ré@ﬁ%'ilbﬁ?rvper%nbeﬁgﬁﬁ(ea o'heE\bngW)%%r 20
(Roche Applied Smence) using one cycle of 95°C for 3 min, and 40 cycles of
95°C for 5 s, 55°C for 15 s and 72°C for 10 s. To take into account the possible
plasmid contamination of vector stocks, DNA from 293T cells transduced with
heat-inactivated (10 min at 70°C) vector was always tested in parallel. For
negative controls 5uL of genomic DNA from untransduced cells was used. Each

DNA sample was tested in duplicate and the mean values are reported. Ten-fold



Day 27 ND ND ND < 10 TRI P/ sEwm\v Day 06 3,000 300 ND 10
Day 13 30,000 ND 1,000 10 Day 20 30,000 ND 1,000 10

w02y 7832188, 000 ND 1,000 20 a . G oups of 6 adubPCTARD06/003931
mce were inoculated i.p. with a quantity of
lentiviral vector particles corresponding to 500 ng of
p24 antigen. Exanple 4: Inmunization with TRI P/ SE WV
confers early protection of mce agai nst WV
encephalitis. In order to establish if the hunoral
imunity elicited in mce at® er TRI P/ SEWNV vacci nati on

seMQI%!RﬁI%@%tf'lﬁ\‘l%wna@d’r?E%?r%oW thSpRindl Fr r[H@@@ c‘fﬂ?ﬁﬁhlng the

enge. | ndeed, some mce strains
releyantesieeigneszm gJEtR wadtGDORVershampliirgbin mrajlemu}h DNvPeyampleS
r Qi sive lethal disease simlar to that
to g%ﬁ%&@ﬁ%ﬁh&rﬁgcp ; 42] and die within few days
post - i nocuTIaé itotal ranshepsofoleddd copies pératel evas celdulmied by

nofBatAiRo [ EpeCouR Pories ke MR QA TIcHB0ss auantifed
byith® -deBp huedn e S8 dhdlebde InIhe LIt genbitiic W§ample and

after primng. Remarkably, all mce imunized with
therrppPiSENNY therrupber ot cepiag abiained fori the heatdnactivated vector-

traﬁ@é‘uée%n&ﬁ ( 1,000 i.p. LD50) as early as 7 days after
RII mce i nmmuni zed with the control vector

TRI P/ GFP dilowsse habitB&adited WY hi rAritit\V\dY sHgperihaliunen ddouse

refilEafodhngy P SR8 Riaad i o Rai o e SRR B PG ot win
WRY ﬁfafu@GSl%eS$$Cf@lllbi/@éd/ bt[v Qﬁ@@rﬁtﬁﬁlla&@ﬁ SO4HIE GGl moTRrh%/ §§ra to
nmuni zed m ce_ (Tab EqU| val ent result

WH; HedoRAnEAL By IWQIZ@H% 20 n@fiughww—ream@@é *BALBIC-MBT
cohgémb tick fwkuf pe FthL%f TROBL SR d@s%ﬁb@@girqgﬂo&ggf[ﬂ 15 Mouse

ui ck rotectlvelmrune res
pOPRalmn@I pnbMV|amﬁlbbgle$Rv¢PE$Eile dgapniy afWﬂ\mqb(nﬂ@tmn on

i oSS Sy EHATC S L EAPGRGES Yy St
expérﬁmen@PﬁSr@aybnau&/ea llNAa&a:ydéAcé)/\/\ZthNﬂheTBUB’eﬂﬁé’s Dﬂyth@ Office
Lagérzatcln\rle\ of Animal Care at the Pasteur Institute. Six to eight-week-old 129
mice were intraperitoneally (i.p.) inoculated with varying doses of TRIP/sEwny
vector particles in 0.1 mi Dulbecco’s PBS (DPBS; pH 7.5) supplemented with
buffered 0.2% bovine serum albumin (DPBS/0.2%BSA, Sigma). WNV challenge
was performed by i.p. inoculation of neurovirulent WNV strain 1S-98-ST1 (i.p.
LDsy =10 FFU) as previously described [29, 31]. The challenged mice were
monitored daily for signs of morbidity or mortality, for up to 21 days.

Measurement of serum antibody responses. Mice were bled
via the periorbital route and sera were heat-inactivated for 30 min at 56 °C. Anti-
WHNV antibodies were detected by ELISA using sucrose-purified WNV 1S-98-ST1
as viral antigen [29, 31]. Peroxidase-conjugated anti-mouse immunoglobulin
(H+L) (Jackson Immuno Research) at a 1:4,000 dilution, and peroxidase-
conjugated anti-mouse IgM (u-chain specific) or IgG (y-chain specific) (Sigma) at

a 1:20,000 dilution were used as secondary antibodies. The end point titer was



Day 14 0/2 NA TRIP/sEmM\v Day 7 6/6 200,000 Day 14 6/6

300,000 a . Goups of adult 129 m ce were inocul ated
wo2m7/08et6h a singl e dose of lentiviral vector paraBmbesn39si

corresponding to 500 ng of p24 antigen or with DPBS.

agai nst a high WAV chal | enge. Exanpl e 5: | mmuni zati on

wth TRIP/SEWNV elicits sterilizing antiviral

immunity. To address whet her or not WV

prinmo-infection can take pl ace i n vacci nated ani mal s

upon chal | enge, RI P assays Viere perforned on pool ed
cakeiaded rasnnhbmmmramj ofithe lastl diletibe @libithg teicenithe2optticdhdensity

ft ha The E prot irst
OBk et @RI P Badiadfage Al soeved ot AP satyesspnirol.

usi ng pool /Q\HUWNQ’ ficRtfailZthy/ MipOMs WarBi declidc® a focus
(Fig.2A). | ack of detection of antibodies to

re@m@me@wtrahaaﬁ@n deat{FRAN) 0 Yetq relln as previpwdy Id@ﬁpﬂbed [29].
Tl-%\r/él% fﬁﬁﬁ“ﬁ}@r 5&:%] F\fe%r ad 4 h—% &Héal%r?g@%gt@ést §§|ruﬂ1 dilution

i'nmuni zed m ce
testet thathgd&ced tbteemmnbdm'qsfd?ﬁlabylgﬂ)% (ﬁﬁNT@b’Lal I enge ser a

from _TRI P/ EPEgFI .V vacci nat.e ' t\/ [ eci t d
o vl Badeiimataaretintafon cagaqe o veBbr bt tdired on
259caPKiMk Werslinfétled ABRIVISL afdinViSVogiTtieans m‘ghahunnbmy of

~ E (such as preM and non structural proteins NS2a
infgRtioNgaY 2@Qh @ast-gnf@qi@nca@lé%wr%s&@&%ﬁ&ﬁ bh inPMEM, dwzi@ted in

m%ﬁmr@'&%g @NNQS? e&%@‘sk CAGE \A)[?Yé’&f‘e‘&‘é&%s@dj A Rbifw 'T'?ans

m ce strain, ich 1s resistant to the
Lans\/Mémk §phaBiarnedicale) &orad d. rAdtati thgeer m@@heawtmcdldl PBS, cells

w%r'g”?%ngwﬁbﬁ%l% &F\SI %@%9@{3 nf&]g ‘0 m ce. ahglt) Ié'“@:EDTA'

19110166 - 900,00.6%4 de@wmyxoaat@i mg%esm' @t—t B@m sapplemented with 25
TRIP/SEWNV is long | astin

d  whe
nedmd RREATEIN (RigRTE) 425 Hh R el HeTh T‘P%ﬁ?\‘ mwgie% &S‘Pntf;\%fift?d by
ce%ﬁ?fﬁ%é‘t‘?orh%? 1ToOPRIRTSF 8l mirPatlkPei RaH%‘TﬂrﬁLﬁleYempltatton (RIP)

protective imunity agai nst WNV infection. G oups of
assa9 wheepatbrread ps desanved epraniauslyTR %/ SHVWY(ral egitigens were

5 f

B TRERIAR, VO Thebd S0 I0T RARS | 07 Rortes wer
arayrdasby SISk 5°MR‘/GGE/&tmiebhed-r@mq\mg bonditionsand pool ed

sera from eagch qgrou tested by ElISA and FRNT.

Ant i body | E"\fi’lr% i @B&W rﬁ'YJe_ QW cGYiREelry assays.
Fcﬁtlhhilreét‘%ﬁﬂdﬁ%ﬂubré'ﬁc@hcgmtéﬂﬁaly%fst untarb 2oyt %eﬂ@@h@ured on 8-

I njection ( 1: 000), and neutralizing antibodie
chamber Glass- Labteks (Nunc) were transduced ~with TRIP/sEWNV vector
particles. After 48 h, cells were fixed with 3% paraformaldehyde (PFA) in PBS for
20 min and permeabilized with 0.1% Triton X-100 in PBS for 4 min. Cells were
incubated with anti-WWNV HMAF at a 1:100 dilution in PBS for 1h. After blocking
with DPBS/0.2% BSA, cells were further incubated with a Cy3-conjugated anti-
mouse IgG antibody (Amersham Pharmacia) at a 1:500 dilution in DPBS/0.2%
BSA. Cell nuclei were visualized with DAPI. The slides were examined using a
Zeiss Axioplan microscope with ApoTome system.

For flow cytometry analysis, 293T cells cultured on 25 cm? flasks

were transduced with TRIP/GFP, either heat-inactivated (70°C for 10 min) or not.



persisted (Table 3). Mce were then chall enged i.p.

with a 1,000 LD50 dose of 1S- 98-ST1 WNV. Neither
wounodriodetey nor nortality were observed in m cePCT/IB2006/003931

i mmuni zed with TRI P/ sEw\v whereas all control mce

died within 10 days (Table 3). Total antibody titers

as well as neutralizing anti-W\V anti bodi es increased

after chall enge, suggesting that an effective

secondary response was m)unégd in mce inmunized with

a TRIP/SEWNV three nonths earlier (Table 3). Thus, a

AsiaBghe s ewefe tde@achNMvasHEdnanbieftdd/ i 296CHPA. e GFP
efficient for providing |ong-term E)rotectlve i munity

flyafesrense mi@alseyswaﬁdﬁgawpﬁww i and BVBWRB@/\@E\/\KREIIQueSt
s@Qflast WAV infection | munizing WAV anti body Anti-WWV
FRNT90 Protection WAV antibody Anti-W\V vectora titer”
(pre-chall enge) n of survi VI ng/ tlter6 FRNT9O 0
(pre-chal | eaye ; BN giddte-sEeyE et

(BREE Gl

oV, UUU ZU v WAV A
m ce were i mmunized i . p. vvlth I entiviral vector
particl es doreedpaedivhether frombi@zatign afitho2 4emtivirial @actobbased

R BB R B PR B 67 i Ghnerate

Tmnpgiam\,, S\ﬂfmﬁbr‘egééQQ sbm@le fo@@'\ttﬁftﬁe Eglyoprbeiin %nﬁ’ﬁ@ WNV
1a | east 90% were inocul ated i.

St 15-Y8GHbT (oo sy ag ool PEITSECHMMme AR sl regnoter

(de,te ﬁgwrmzm BRbvi o%}g(y/?é(ﬂgnmea HEOL n&g%&?xenén%%gww in

detecte not app
thﬁ\ eliliuge emativm e)fd@@@ fectal FUySEVN(tommamsnfeablesambtor [29].

LB S BS80S S D501 B o

lninmmmﬂlluatedxﬂ:enne &Fiy. _ﬂR)a?MGI@ {i’ogﬂg‘ansﬂucggg PA Wacuon of cells
vacci ne dgses varying from1.5 n ng .o

WSRO RBSASBRY AL ARG At e sed igTeltireugh the

sé@mb}ﬁkﬁﬁ@ah p. with 1,000 LD50 | S-98-ST1 W\V. As

expect ed m ce that received 500 ng of p24 of the
control TRITheG@ROVRicefophysicad pakticlssnin the Mecthaystoctf usad in this

oGPl o8 NBRery i d9BY: R UL KSR a8 g e s
Hlév/s‘l SApRig mbtaﬁ«Perm&lms_efesdené@)r Mhe vadtyr pckisadctual titer
w ﬁro%lglglt?tq;got hHeS bgsgsoal%'I tﬂé’ transFer o? %gtlcj)lr ?)tl\?A ?o ?aqog/%t cells, using a

quantitative PCR assay. The quantification of both a vector specific sequence

-

(US) and a cellular locus (CD3) gives the average vector DNA copy number per
cell. This allows a precise titration of the vector preparation. The TRIP/sEwny
vector stock used in this study was titrated in human 293T cells at 5.2 x10’
transduction units (TU) per ml, (corresponding to approximately 900 TU/ng of p24
in human 293T cells). For simplicity reasons, we will express, in the following

sections, the quantity of vector particles used as ng of p24 antigen.



dose in adult mice of 6.2 ng of p24 antigen (Table 4).
wo %7591, these doseprotection experiments WegB2006/003931
performed in the nost stringent challenge conditions,
with an early challenge at day 7 post-vaccination and
with a high Iethal virus challenge inoculum (1,000
LD50). Since total antibody concentrations increased
by ten-fold between days 7 and 14 (Table 1), it is
probabl e that the 50% protegdive dose woul d have been
even lower than 6.2 ng if determned only one week
| at er. These results dennnstiate that a ntnute dose of
vect & ; slelit g s :

|mTun|ty|nmce “ |sthe |
consequence of anSt-FB Hbod 2 8;1 E ransducti on by

the vector particles. A heat treatnent (10 m n at
700C) of the asnﬁerﬂparmhnbeé ininaun@blesgates kdgced by the

lengl(lggls elé:f%rj pé%gsg g ,Ogrfotji?g&tf '@ ;tat 29Vﬁ](f<%e8 (N%&é 'i::ic%él@ted i.p
withassihbiel ddsg dffve@tdvrgﬁrmtés equicalshietor a0 hy opp24 aintgéMA/ectors
r residual S proteins contam natin the vect or
coddh HINPAHOE SEwimn <l pEhde@rOSHbiasc i GRNEY!. THiqs gere bled
peMbiiBfaLnst 1W0'd?fzeicﬁé)‘i§‘ em%ti‘&oﬁe%hgrmémdual or pooled
Protection Post - chal | enge dose (ng of of

segu el itgrjed rtor entiViiN¥ctotal amivodiesi hafdye Itdp fav u}srrthlap already

deafhsC BofirR Do e ELLHRGRN’ Thifted g %35665%8@25? ora was
asS9dIP0a Ihcus/ redd0bro0euttali2ator? 33} (FIORT) 291/ 12 NA a.

S o Ay a ML By
imMRIne ednptophRst. ISaPa filtnt TRIPEE \LPRAMehiZ8\nRENAB first tested

| S-98-ST1 one week after primng. Survival was
individuritye ridorvegy 1 se@ls differences between animals were observed

(Mean+SD at day 6 = 0.5+0.3; day 13 = 1.3+0.05; day 21= 1.3+0,15; day 27 =
1.4£0.15), thus in following experiments, pooled sera were used. In TRIP/sEwny

immunized mice, total antibodies against WNV were detectable as early as 6
days post immunization, although present at a low concentration. As expected at
this time point, only anti-WNV IgM antibodies were detected in the immune sera.
Total antibody responses increased 10-fold to reach a plateau at day 13, and
were then maintained over time. At these later time points (day 13, 20, 27), IgM
antibodies disappeared, to be replaced by IgG (Table 1). These sera were
reactive with WNV E-glycoprotein from [1S-98-ST1 infected Vero cell lysates as
demonstrated by RIP assay (Fig 2A).

A focus reduction neutralization test (FRNT) showed that sera
from TRIP/sEwny immunized mice contained detectable levels of neutralizing
anti-WNV antibodies as early as 6 days post-immunization (Table 1). Together,
these data show that an early and specific anti-WWNV antibody immune response

is mounted in mice inoculated with a single dose of TRIP/sEwny vector particles.



c. Determ ned by ELI SA on pool ed heat-inactivated

sera. d . Lentiviral vector particles were
woeat7/sni@st i vated for 10 min at 70C. NA : Not PCT/IB2006/003931

Appl i cabl eThis invention provides the first evidence

that lentiviral vectors are efficient tools for

eliciting a protective hunoral inmune response agai nst

a pathogen. In addition to the now wel | -descri bed

capacity of these vectors f%r i nduci ng strong cel lul ar

I mune responses [12-15, 173018, 21], this work

broadens the applicability of Ientiviral vectors as

vacci nation tool s agai nst pat hogens for which a

neUlABLEZI.nintibody aéspesgoobmics to o adatior withTRIPSEQny

I mmune system The TRI P/sEwM\v vector was able to

induce a very early, longlasting, fully protective

i mmune response agai nst WAV regardl ess of the |ethal

lgeweizinged | n VMiNCantbpdypor t ANV M t hi s WNeR ty wadnti-WNV

waéiBreved by a siygl e | MyRingdtiedn Wahibody UL € GRNE, "

of vector particles. These features nmake of TRI P/ SEVAV

[ay[ef @eadiigng vacci ne candi date agai nst WNV. In

\p@%/éi ular, the urgent need for an efficient _

3 nary vaccine that could be used in susceptible
ani mal Joopul ations in the event of a WAV out break,

<10

vector in animals, notably horses and birds.

HiFeRermore, the prophylactic i nmunization of |arge
groBgsmpf ani mal s V@Sd& lentivir &)vector-b d 10
vaccines woul d al so”serve as sofid toxicity and safety
proghsipf concept sy gypovi di ng t hgy necessanyghi ndsi ght 44
and eventual ly paving the way for the possible use of

| enbhy2g al vect or sz@soopr ophyl actNce vacci natgoon tools 10
in humans. Several lines of arguments nmake the

TRI PASEMAV | ent i vi B@boovect or a piwer f ul cdrvdd dat e 20
vaccine for veterinary use. Firstly, the provided

pr Gravet PO atuk B mitaweregownlatad i-erwilhrenuysinttatof Bntivirigihiegtor particles
CO&&%g&%dﬁ%uﬂﬁbeo?&ﬂO%M§Q§e in the context of a W\V

out br eak ere rapid protection of sensitive aninmals

is crucial. The exact nature of this early protective

i mmune response has not been fully addressed. One week
Eahmle domimaaizadionl with AR IPIEliw T afersiearly protection of mice
detectabl e and I gM anti ,&S _proba Y account for the
obser ved protectioﬂgﬁﬂﬁggﬂﬂgfﬂﬁﬁﬂgﬁﬁh—bf pol ycl ona

anti -W\V | gM has been shown to protect mce from WV

chal | enge, h@lermenstlblr@témigﬂtimed}"dnﬁmﬁaimmuhw eficifelliia mice after
isotype in controlling the ear phases 0
TR eio A oK% PLaIERESS A BdasS BKeR (i@ mause mode
fof YUK/ &&%@aef IHdRBA! Solk ANt SR bidkéhelyeSEHIRRSo WNV
2%a|nst antigens to the early protection observed
cliadlahge $3t.oht, yihey WeveRpra SEpRNINVasite \athall digegsesimiar to that

fO[JH& lir¥ humans [32, 42] and die within few days post-inoculation. Groups of 129
mice that received a single dose of 500 ng p24 of TRIP/sEwny or TRIP/GFP
vector particles were i.p. challenged with 1,000 i.p.LDsg of WNV strain [S-98-ST1
one or two weeks after priming.

Remarkably, all mice immunized with TRIP/sEwny Were protected



effective wwth a single mnute dose. This makes this

candi date vaccine interestingly cost-effective, and
woau7dsales ow t he devel opnent of protocols for PEE8B2006/003931

vacci nation, of particular interest for the protection

of poultry. It is inportant to note that the dose

required for full protective immunity could have even

been overestinmated i n our nouse experinental protocol.

I ndeed, it has been shown tgﬁt muri ne cells have a

| ower permssivity to lentiviral vector transduction
addinst @hi@ﬁfvirﬁﬁbﬁmleng@(h D00iipc LDgY) e duiyers Tahy$Safteldimning. All

not shown and [4, 45]). Avian cells show a better o
migey mganiged withy ther aprirl cectan tRBACHErowite SR BS dirg within 11

. . mnute | v

R AT LA 28 b O Lt P BB A RN iRireased
byrtert-fodt afieechalleags0suggesting thateardelfectve seconderyokspdibe was

oG S B TS L AR, R v

ombmfbgggelﬁ%gmym’gepqsbtavhmi em\{vn)a aihgs% teguhial ind@sge that
. ven t hat tot t1 bo A .
T@L%%%ww g@?%%ﬂqrh EPRRER AnKRTY @H'ﬁ?o F@prﬁ%ﬁe daynuneppgponse

14, the 50% protective dose woul d probably have been
even lower than 6.2 ng if cal cul ated only one week
later. _Thirdly, by virtue of the ubiquitous tropism of
the VSUABLRZe|Rajid pretegtion by dRdBisFwing @gakis t\\oinfection
particles [37], the lentiviral vector vaccine can
theoretically be used, with no nodification, in any
veminelhiziad @cwpeci es: hor sasotedtiomd and zoo negsrEHaSengé
risk. A final consideration is that the protective

i murviey yf cbalishes r ed Ky of fueviving @t ofrinfegtedt er WN\zantigody titer ©
viral replication takes place after WAV chal | enge.
THP8Scoul d represent an inportant advantage if the
vacci ne were to be used for hird-inmunization. |Indeed,
whi | e h&P%e§, humans and ot fér mammal's are be™eved to

bg qQadb:nq4ho$§$ Qf WNVA{n Eg;{qnt b{rd§ arfl‘nomn to

e —aip VT 11110 At Pd pate B A
ofrr)cepi dem ¢ [30]. Moreover, recent literature shows
that experinentally WAV infected hansters that survive
the acuipgyitl ness can contipge sheddi ng i nfecthsous VWV
inurine for up to 52 days [46]. If this can be
gener al iDzed4t o ot her VWV suseepti bl e manmal s, Na
sterilizing vaccine could becone crucial for the
comrtR/ghwof the WAV epi dem c. Several WAV vacci nes for
veterinary use have been proposed. One |licensed in the
US in 2088 for horses is an®Pnactivated and #8j%%ant ed

Vi rus (Forl,i Dodge website: M equi newest ni | e, C@ﬁ').
Thi . 14 . 6 . . 0

hunoral responses in horses and thus requires severa
i njection owed by annual boosts. This_ Ki

. follo | boost || ed
viT &O%Paeiﬁ‘%?%go'é@e Woe neryivipg Lt 7 Sre'e 995G O%Jﬁfe%% YGeks
i N GhiibieasbrEsRRNIRYRSodRFlorBedadtghd otaiersE47] . A
aéﬁgﬁgﬁmgﬁQ&N%ﬂgﬁﬂ%nge




pox encoding the preME proteins of the WNV has al so

been licensed in 2004 [48]. However this candidate
weabhew/osegsi res two i njections at 5 weeks i nter varaB2006/003931

Nei t her vacci ne provi des absolute protection to the

vacci nated horses. Ot her strategies, such as naked DNA

encoding pre Mand E proteins of WNV [28] are al so

envi si oned. Candi date vacci nes agai nst WAV are for the

nost part being devel oped f human use. A live

nmeasl es vacci ne expressing the secreted formof the

E- gl ycoprotein of WNV has been shown to efficiently

pr Bx@aplets © émaganiaatio\hMitie TREPBE|W{ elicitd Skerillsifg antiviral

reconbi nant |ive-attenuated vaccines, chineric

VW\V/ yel | ow fever and WNVABENYYEY-4  containing the pre

M and E genes of WAV cloned into the backbone of

ei ther the Tb/dddrass wnethilr orhbt WINY BlihdinfeXiBh cahrtdRe Place in
t he t%(ggue 4 virus, have been tested. Preclinical

vacc(iied aninals dpoarhalares; RIS aTsaNs traie Restormed ) Reeled sera
fr&hﬁmmmﬂf&i Y& @&%’cf&ﬁaéﬁé&él %ﬁl?lhil/ gﬁg@ ak 8Pt khallenge.

However, the use of ttenuated viru
m ght pose Thef %try’omwsrfgst defecmblenby RIR dssawedmay 13 post-

o R e OOl BB SRR T BB miee Fio 24 The

latk af/d&fﬁebtmesf {aﬁﬁbooﬁ@ to heon@imml immuseseh dante Mittialted to
vect or - 'a_SO?d VaCCI n or veterinar

gV S o Sre oA 9Bb LRI B sy et i RIGFB eontrol
inPh@nigéd RiicabicSRitebXctShiN\ady ESabRIy, concerns about the

use of integrative vectors are justified in front of

t he recent !mepdanty. oposteaaiedenge sesesirom TREPSEWR vactinated

i o RS AN OB PHASPUBEHR BLFRELY. his o

relaeh\rm,vvagalhst/eau:wOWNV pltodmas po“tbmi windry ©f(stitie 4dM@eM and non

stﬁﬁ%go gr%%g}g (\E@EZ s,tygg&qg%!@l{ssto% Iag}sence of in vivo

VWRBL tesliBatisre apoh |cﬂ%ndé lﬁKiéccrﬁétéépé}ﬂﬁfé% U@ tieé ®MLB/c-MBT mice
cel |l -based gene therap %/ whi ch i nvol ves extensive
S

St Whigh 43 rQﬁhSt@flt tor thes\OBe anenhalitiarrerp arg ireadilycieagtive to all
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the elicited |nnune response. Cells expressing the
.h J

inh 98" PYageY

or nonths. Furthernore, i I‘astt[‘@ partl cuI ar case of

vacci nati on by sub-cutaneous or intravenous

i njections,, it _has been sho hat VSV- G pseudot
lentiviral Wedt %%PW'@P mﬁﬁﬁ"&ét a glndle Mnygiz Pith the

lehthdral 3BLtordaged whadind Maspihef psehaaito A6t bGP hrotective
_invivo half |ife upon activation. Neverthel ess, both

impaTyragaingt \MNYHTSREURTY GrauRs off 178 Eice weER .. immunized with

TRIP/sEwny vector particles equivalent to 500 ng of p24 antigen or the same

amount of TRIP/GFP vector as a control. Three months later, mice were bled
periorbitally and pooled sera from each group were tested by ELISA and FRNT.
Antibody levels in TRIP/sEwyy immunized mice were still remarkably high 3



of vaccination vector sequences, depending on the

route of injection and vector dose, will have to be
woaom@ioatiley addressed for each vacci nati on prot 8CoiiB2006/003931

Lentiviral vectors appear to be pronmising tools for

vacci nation against West Nile Virus and |ikely other

zoonoses or energing pathogens. O her enbodi nents of

the invention will be apparent to those skilled in the

art fromconsideration of thg specification and

practice of the invention disclosed herein. It is
mpRthsnalier ehaingtenesioe dnjection i(d130:000) evadphestralizing antibodies
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of human hematopoietic stemcells. Blood 2000; 96: 41
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TR SR AL e Wl 5
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.. scue.fro hot or ecept.or . degeneration in the rd

efﬁ%’ﬁge b PrAHES ﬂ'ﬁ‘r@ﬁ%‘ﬁf’fﬁ'&%wﬂ?fﬂ%g‘ VEE or medi at ed

gene transfer. J Virol 1999;73:78 12-78 16. 4.

G annipni- C ,Mraosan S,  Tral hao al. A highly. .

of r1BEHE. S LPRGre mrete ooy TR B LB Gig s YWY infection

human |iver gene therapy via a FLAP lentiviral vector.

—Hepatotogy 2603:38114122—5—Keetst+a—NA—MatsumFra————
. and . ff1.Gl r.od I Qn qof n EVLII )
e I P S Y
vert®3: 7: 6231831, 6. (RercheiRess) JHP® ErbovigoVE, Bltswh J et FRNT
al . Neupedegengsation prevent edndyinfesBd | VigodlchdRBEDT  (post-

delivery of GDNF in primate nodels of Parkinson's
di sease. Sci ence 2000: 290: 767-773. 7. Benhami da S, challenge)

Pflum o F, Dubart-Kupperschmtt A et al. Transduced
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HV-derived vector mediate Tong=ternrengraftment of
TRIPGE),oCl D 80,60 Ml Thero2003; 7: 3 1313 324. 8.50Bibi A 400

Correction of

nmet achromati ¢ | eukodystrophy in the nouse nodel by
a. t Gramsplf antitadild oive ofereg@metizatidlpl with lentiviral vector particles corresponding -

to 500 ng of p24 antigen.

b. Determined by ELISA on pooled heat-inactivated sera.

¢. FRNT: Focus Reduction Neutralization Test: the highest serum dilution that reduced the
number of FFU of WNV by at least 90%.

d. Mice were inoculated i.p. with 1,000 LDs, of WNV strain 1S-98-ST1, three months post
immunization. Survival was recorded for 21 days.

ND : not detected (<100)

NA : not applicable
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capability of lentiviral vectors (Fig 3) also abrogates protection (Table 4), ruling

out the possibility of a protection conferred by plasmid DNA or residual sEyny

proteins contaminating the vector stock.
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a. Groups of adult 129 mice were inoculated i.p. with a single dose of lentiviral
vector particles.

b. Mice were inoculated i.p. with 1000 LD50 of WNV strain 1S-98-ST1 one
week after priming. Survival was recorded for 21 days.

c. Determined by ELISA on pooled heat-inactivated sera.

d. Lentiviral vector particles were heat-inactivated for 10 min at 70°C.

NA : Not Applicable
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195-206. Several lines of arguments make the TRIP/SEWNV lentlwral vector
a powerful candidate vaccine for veterinary use. Firstly, the provided protection
takes place soon after immunization. This could be of major importance in the
context of a WNV outbreak where rapid protection of sensitive animals is crucial.
The exact nature of this early protective immune response has not been fully
addressed. One week after immunization IgG antibodies are not yet detectable
and IgM antibodies probably account for the observed protection. Passive
transfer of polyclonal anti-WNV IgM has been shown to protect mice from WNV
challenge, demonstrating the critical role of this isotype in controlling the early

phases of WNV infection [43]. Nevertheless, we cannot exclude the contribution
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| i veatt enuat ed vacci ne: preclinical eval uation, of
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EA. Live flavivirus vacci nes: reasons fo
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avi viruses
veZt@Maté Sp8diesSHorskRcleivhaBed yodbnaram@ls Mmsl«z%l fireal Gpnsideration is

that '?E'é pro't\écttve %%mun%mcon%rr Cc] z1‘)ye‘ijhe vector is sterilizing, no viral
replication takes place after WNV challenge. This could represent an important
advantage if the vaccine were to be used for bird-immunization. indeed, while
horses, humans and other mammals are believed to be dead-end hosts of WNV
infection, birds are known to be amplifying hosts and participate in the
maintenance of an epidemic [30]. Moreover, recent literature shows that
experimentally WNV infected hamsters that survive the acute iliness can continue
shedding infectious WNV in urine for up to 52 days [46]. If this can be generalized
to other WNV susceptible mammals, a sterilizing vaccine could become crucial

for the control of the WNV epidemic. 7



clonal T cell proliferation in tw patients after gene

therapy for SCI D Xl1. Science 2003; 302: 415-419. WHAT | S
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het er ol ogous nucl ei ¢ aci d encodi ng an anti gen, and

wherei n expression of the antigen in a cell of an

animal elicits a hunoral response in said animal, for

the preparation of a nmedi cament able to produce

anti bodi es when adm nistered to said animal. 2. The

use of claim1, wherein the3%ntigen is selected in the

group CconsésidapvRly 3aeEntadsr dobhiagy. a0 navedEhAiBposed.

antlgen e use O m1lor c
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Vi rus f
e loafbe b e i Rt R PP BH TS bl erals
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ragnen ereo a var t el
stretegigRs GHEBIS ferachiesicidiepi EM § STEnSBE VY 1281 are
al§d @,gmlgmea\,her ein said fragnent is selected in the

group consi sting of carboxyl term nal-truncated E
gl ycopr ot eCantlidate Weseings |againist JWNVagke igr thfe most part being
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us st Us f I .
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The potential use of lentiviral vector-based vaccines, for human
or veterinary use, will require careful design of the vector and rigorous pre-clinical
safety studies. Safety concerns about the use of integrative vectors are justified
in front of the recent reports of leukemia cases in the SCID. X1 trial. These
severe adverse effects are directly linked to the integration of the Moloney-
derived retroviral vector at close proximity of the LMO2 proto-oncogene in
hematopoietic stem cells [54].

However, vaccination applications of lentiviral vectors present



West Nile Virus, a variant thereof or a fragnent

thereof, with an acceptabl e physiol ogical carrier
wand7ms2i@s adj uvant. 11. The use of claim9 orpciraBIm6/003931
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an intraperitoneal route, intravenous route,

i ntramuscul ar route, oral route, nucosal route,
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m croorgani sm or a fragment thereof. 18. The

indieatad ydhe dollyvipa siaimen of claim 16, wherein the
het er ol ogous nucl ei ¢ aci d encodes envel ope
E-gl ycoprotein froma flavivirus, or a fragnment
thereof. 19. The i mmunogeni c conposition of claiml8,
wherei n the heterol ogous nucl ei c acid encodes envel ope
E-gl ycoprotein froma Wst Nle virus or a



fragnent thereof. 20. The i munogeni ¢ conposition of
claim 19, wherein the heterol ogous nucleic acid is
weeb@osedsi N the group consi sting of a heterol egoaB2006/003931
nucl ei ¢ aci d encodi ng carboxyl termnal-truncated E
gl ycoprotein fromWst Nile Virus | acking the
t ransnenbr ane anchoring regi on, heterol ogous nucleic
acid encoding a carboxyi termnal-truncated E
gl ycoprotein conprising residues 1-441 of the envel ope
E-gl ycoprotein from Wst Ni I4 Virus strain |S-98-ST1 ,
ReéfedeiedLr ol ogous nucl ei ¢ acid encodi ng a vari ant of
envel ope E-glycoprotein from V\és11 l\iiél e Virus. 21. A .
1.1 entSiiand, BESTEY F KaBneH Vet 8l e WPPBJEHMAsetigiency virus
het q{,0b QaQihFraDBNLfisp RCA Brucil tefdrindift fOLIRtGFA98Rr nuclear
nucl el ¢ acid encodes envel ope E-glycoprotein from West
Ni | émgioriuand genartransductisy @ghumanf eyatapoictichetesbeells. Blood
and & ctor conprises a pronoter selected
from%ﬁg&%?%\ﬁ?us i mredi ate early pronoter, CAG
2.pr or@drarou \EF%erghpfmeSamn € et EGKEpn-dWm BNA ﬁrlév,festhnulates HIV
pronoter, an D pronoter. 22. The | entiviral,  vector
bt © Sstarmeatafhe Bl o TSIHERE: ofbgdte ruBie; VAE: Hitechnol
sel egjRhd.A46138009r oup consisting of a heterogenous
nucl ei c acid encodi ng carboxyl termnal-truncated E

3.gl ycllebeshinM, rdivosis H, NarmaviMy et |24c Reggue Heom photoreceptor
tr arhség% ngNoy § ' : ; _
nucl el crﬁg@gﬁeﬁc@ i‘%”‘g’é‘%gg&;ﬁ“@gg&ﬁﬁg é r uﬁé%;‘t%gal WIES vector
gl yoopdiates gereotrpnsfees/ Viedi 1000y 3178101L7816.t he envel ope
E-gl ycoprotein fromWst N le Virus strain |IS-98-ST1 .

23. The |lentiniral vector, of &l ai,m,22,..nher el

45 ot SRels Holon B TG 160 ¥ B it RiPphl Stavie, and
pur i fapedapwshcle bl ex vaoHuesdre tivarr gdrneathedamediava FhAPHentiviral
lentiviral vector a f clains 2 1 to 23. 25. A
met h‘(ﬁﬂ’t%Hepﬁ@/?ﬂyogéf&?g%ﬂ?&f&@nvel ope E-glycoprotein
pol ypeptide fromWest Nile Virus, a variant thereof or

5.2 friaesens NAeviagum@amRrarkl Vermeal iy Efftgedt gredtctil of human
of claim24 under conditions pronoting expression,_ and

r ecdVéilliAGerephiis pisepisinglenigral vretorp ol e 40031:@23-631.
6.CUl 1 & IRAHMEndforg ’ﬁ/lli’,e@lbi:l‘( T & a1VRELRIdehBAbrbh §Fdvented by

t he expression of a heterol ogous nucleic™acid, wherein

t he lestivial cwipr idedigeryy pbn@ghlFovn rprimatenedodale efaMaykinson's

pronpt er d whereindhe heterol ogous nucleic acid
Comeate. SRl BRI T o el . 27 A
7 subsiertidraidby Sp UPfidied FhasibateKuppagobinitt tAgdedral. Transduced
transduced with the lentiviral vector of c,i a'H&QYZG., 2(?.
Use ©P34*|cei? ifam adrenalediodyaiiprii PRESTHS Hithe FbY-Gsgysd vector
nucl 8b8ia8¢ Idhg-term engraftment of NOD/SCID mice. Mol Ther 2003;7:317-
324.

8. Biffi A, De Palma M, Quattrini A, ef al. Correction of metachromatic
leukodystrophy in the mouse model by transplantation of genetically
modified hematopoietic stem cells. J Clin Invest 2004;113:1118-1129.

9. Pawliuk R, Westerman KA, Fabry ME, et al. Correction of sickle cell

disease in transgenic mouse models by gene therapy. Science



encodi ng an antigen, and wherein the antigen elicits

anti bodi es agai nst the pathogenic agent, for the
wonrepgasatss on of a vacci ne agai nst a pat hogeni cPagaB1006/003931

able to be adm nistered to an aninmal in need thereof.

29. The use of claim 28, wherein adm nistration of the

lentiviral vector elicits |ong-Iasting hunoral

immunity or neutralizing anti bodi es agai nst the

pat hogeni c agent. 30. The ugg of any of clains 28 and

29, wherein the lentiviral vector conprises a nucleic

aci d2@Hc294:2g6823¢él ope E-gl ycoprotein from Wst Nile

Wt oo G gL R fPY al 9 STbebell et of the

cl ai mardn battetiedlassemiglmger bhahatop@ueirgl a IémtRiralesdtor. Blood
Nile Vi r'gs lLacks a_transmenbrane anchoring region. 32.
The ¢/ @4-%%5‘3’145@1 ainms 28 to 31, wherein the

18dM RABH &), Waddiffb GIA | Yjapad)weé%_téﬂ sﬂeﬁahgsrﬁateﬁ‘ﬁ $6B%tusing
one dose of vector particles equivalent to 0.5 ng to
5000RN4\ protpcts ageinsgceeur@Bgenpmtigseanst exteadsnsgrvill é an ALS

9 ormgégf_wagﬁﬂ%%5ejm4§5§w%ni mal in need thereof is

sel ec rom humans, '‘horses; birds, poultry, pigs,
12.at tBeckpotdiénDsilagrethd, Banehill @pteit laé L.eddivirdllyetrarssziuekd dendritic

laim.7, claim9, claim?20 | ai 1, t
of PR ke caft Mrndtbe Girdiyd cerie MG 005 8 5p4 887
1@NncoEd&fiingel 8 ChRpa®é LEMIHREIP ! M SRR Sd@inkstidtie M M@Skntiviral
Nile Virus and hybridi zes under conditions of

st ri YRgSHte Warts HGaandindusesiaffidentse P8t Tocelhrespenses J Clin

acid 9&2@6%5 j Yrgus strain 1S-98- ST1 encodi ng
envel %%e -g ’@%@1‘&@% ZF%J!J'Z%SI 35 . txt SEQUENCE LI STI NG

1411 0BsdliNg@t TLTRPASTEUR ShidRMESDPN&HERRE EfSIPRESansduction of

PHI L PPE_<120> LENTI VI RAL VECTOR- BASED VACCINE, <130>
Bl O 38Rer 309 498Uty & 2 665k T pROBGD v ifgeneration

<160enfivectdréOrutaGent ITheV2002;33309210r001 <211> 27

15. Firat H, Zennou V, Garcia-Pons F, et al. Use of a lentiviral flap vector for
induction of CTL immunity against melanoma. Perspectives for
immunotherapy. J Gene Med 2002;4:38-45.

16. HeY, Zhang J, Mi Z, ef al. Immunization with lentiviral vector-transduced
dendritic cells induces strong and long-lasting T cell responses and
therapeutic immunity. J Immunol 2005;174:3808-3817.

17.  Metharom P, Ellem KA, Schmidt C, ef al. Lentiviral vector-mediated
tyrosinase-related protein 2 gene transfer to dendritic cells for the therapy
of melanoma. Hum Gene Ther 2001;12:2203-2213.

18.  Palmowski MJ, Lopes L, lkeda Y, et al. Intravenous injection of a lentiviral
vector encoding NY-ESO-1 induces an effective CTL response. J Immunol
2004;172:1582-1587.

19. Dyall J, Latouche JB, Schnell S, ef al. Lentivirus-transduced human
monocyte-derived dendritic cells efficiently stimulate antigen-specific
cytotoxic T lymphocytes. Blood 2001;97:114-121.



<212> DNA <213> Artificial Sequence <220 <223>
Description of Artificial sequence: synthetic probe
we2@rsdiesacaacagac gggcacacac tacttga 27 <210pCy1BRddp03931
25 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: synthetic probe
<400> 2 cactcaaggc aagctttatt gaggc 25 <210> 3 <211>
25 <212> DNA <213> Artifi cial Seguence <220> <223>
Description of Artificial Seguence: synthetic priner
<400> 3 gctagagatt ttccacactg actaa 25 <210> 4 <211>
201 <RbhrlidANAS <BarfindMd 5f Leled, ebafusRCss 5 kHivirsidZ2tor encoding

Description of Artificial Sequence: synthetic prinmer.
<4008 KHCMV-chimeric IE1-pp65 protein for epitope identitication in HLA-

21.

22.

23.

24.

25.

26.

27.

28.

Transgenic mice and for ex vivo stimulation and expansion of CD8(+)
cytotoxic T cells from human peripheral blood cells. Hum I/mmunol
2004;65:514-522.

Zarei S, Abraham S, Arrighi JF, et al. Lentiviral transduction of dendritic
cells confers protective antiviral immunity in vivo. J Virol 2004;78:7843-
7845.

VandenDriessche T, Thorrez L, Naldini L, et al Lentiviral vectors
containing the human immunodeficiency virus type-1 central polypurine
tract can efficiently transduce nondividing hepatocytes and antigen-
presenting cells in vivo. Blood 2002;100:813-822.

Engle MJ, and Diamond MS. Antibody prophylaxis and therapy against
West Nile virus infection in wild-type and immunodeficient mice. J Viro/
2003;77:12941-12949.

Diamond MS, Shrestha B, Marri A, ef al. B cells and antibody play critical
roles in the immediate defense of disseminated infection by West Nile
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Ben-Nathan D, Lustig S, Tam G, ef al. Prophylactic and therapeutic
efficacy of human intravenous immunoglobulin in treating West Nile virus
infection in mice. J Infect Dis 2003;188:5-12.

Beasley DW, and Barrett AD. ldentification of neutralizing epitopes within
structural domain [Il of the West Nile virus envelope protein. J Virol
2002;76:13097-13100.

Wang T, Anderson JF, Magnarelli LA, et al. Immunization of mice against
West Nile virus with recombinant envelope protein. J Immunol
2001;167:5273-5277.

Davis BS, Chang GJ, Cropp B, ef al. West Nile virus recombinant DNA
vaccine protects mouse and horse from virus challenge and expresses in

vitro a noninfectious recombinant antigen that can be used in enzyme-



ggct aact ag ggaacccact g 21226sl 35 .txt <210> 5 <211>

34 <212> DNA <213> Arti f i cial Sequence <220> <223>
woOrsrospitcs on of Artificial Sequence: syntheti cPOTAR®06/003931

<400> 5 ggctgaaggt tagggatacc aatattcctg tctc 34 <210>

6 <211> 30 <212> DNA <213> Artifi cial Sequence <220>

<223> Description of Artificial Sequence: synthetic

probe <400> 6 ctagtgatgg gctcttccct tgagcccttc 30

<210> 7 <211> 23 <212> DNA 213> Artificial sequence

<220> <223> Description of tificial Sequence:

Sy nt |hket GmpiunBRbroeHl @3sdyg gorial 2a01; 76t 4o 4@pm gt a 23

<210> 8 , <211> 22 ' <212> DNA <213> Artifici al )
2%equdpRRaesoBoLombredet C, Frenkiel MP, et al Live measles vaccine

30.

31.

32.

33.

34.

35.

36.

37.

expressing the secreted form of the West Nile virus envelope glycoprotein
protects against West Nile virus encephalitis. J Infect Dis 2005;191:207-
214.

Dauphin G, Zientara S, Zeller H, ef al. West Nile: worldwide current
situation in animals and humans. Comp Immunol Microbiol Infect Dis
2004;27:343-355.

Mashimo T, Lucas M, Simon-Chazottes D, et al. A nonsense mutation in
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associated with West Nile virus susceptibility in laboratory mice. Proc Nat/
Acad Sci U S A 2002;99:11311-11316.

Lucas M, Frenkiel MP, Mashimo T, ef al. The [sraeli strain 1S-98-ST1 of
West Nile virus as viral model for West Nile encephalitis in the Old World.
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Despres P, Frenkiel MP, and Deubel V. Differences between cell
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9568.



<223> Description of Artificial Sequence: synthetic

pri mer <400> 8 cctctcttca gccatttaag ta 22 <210> 9

we 20770541880 <212> DNA <213> West Nil e virus <480F®182006/003931
atgagagttg tgtttgtcgt gctattgctt ttggtggccc cagcttacag
cttcaactgc 60 cttggaatga gcaacagaga cttcttggaa

ggagt gt ct g gagcaacatg ggtggatttg 120 gttctcgaag
gcgacagctg cgtgactatc atgtctaagg acaagcctac catcgatgtg

180 aagat gatga at at ggaggc gg%gaacctg gcagaggt cc
gcagttattg ctatttggct 240 acCgtcagcg atctctccac

38.aaagt@hg?lg V,gpéﬁtg@?:?u%tgtﬂﬂiwa@gﬁl. tHI&Ca@?@@ne?%clear import is
aaacgt gct g acccagc caga_caagga aca

ot g fRtiRed DHCR RRita)EAIOP aEof Q0G0 R daniEat t
3@?‘06‘@%&%%0%%3%&& gP‘?P\tﬂ% fsf’&ffea‘%@q\mmh%deﬁciech virus

gaagaaccat c¢ttgaaa aat atcaagt acgaagtggc cattittg
480 typeggaldbidasynthesigtingasgtaige avygaensitvaassey for quantifying

caca ccactcag. D . gggagat

t caggg%é%%cf@gg’ggﬁ c%”%’ﬁﬁ%’gﬁag@ t%gpggflgct t ggagaat at

4600 mtgmngaG?ﬁigt ?‘G@géélgj t(?ﬂﬁﬁfﬁsgﬁﬂmgﬁaéﬁtgﬂ monoclonal
acaccaat gc atactacg atgactg gaacaaagac )
gt t cBNHRRY eatseg%b@%ﬁwg@%"ea%%g\ é&g&o%ie&xer%wg bel-2. J Virol
cctt 99g9%a - Ajoscr@gpag tactgtgtgg aggaacagag agacgtt aat
ggagtttgag 780 gaaccacacg ccacgaagca gtctgtgata

4§§:at et V::fd%tmgégg@tﬁ@?t it gt &t \Gari tbaadnthioltgtgical fetatures of

ctgg ; g C gacgtcg

oS TR R R LA oA g

4Rgaa@ygaaldi aRECt Auggs 90 gyidct Desmaa dYgAéwCcamsights on  the
Ot PR RShSCR AN RAgSRRR AAvEERA gL Al s

48t coGaabad MSOsien! ERAIHR@RJATY 614/ AR CriliES1aBI@9 Snduced IgM in
agattggtca ctgtcaaccc tttt%tdt ca 1140 gtggccac

ccaadit Priedignaaaipat iVesidiitggaedniestient4 £ Qa1 U 1853-
12001ggQ_gtggtgg gcagaggaga acaacagatc aatcaccatt
ggcacaagtc tggaagcagc 1260 attggcaaag cctttacaac
4ddac c Sheestha §gagd qiiagand A6 algolegrf Gl8-adgayjain d¢@acol of West Nile

Sgggéﬁggge&a@g%y %éoqug%qg%ﬁt gttcacct cagttgggaa

45.  Nguyen TH, Oberholzer J, Birraux J, ef al. Highly efficient lentiviral vector-
mediated transduction of nondividing, fully reimplantable primary
hepatocytes. Mol Ther 2002;6:199-209.

46. Tonry JH, Xiao SY, Siirin M, et al. Persistent shedding of West Nile virus in
urine of experimentally infected hamsters. Am J Trop Med Hyg

. 2005;72:320-324.

47. Nusbaum KE, Wright JC, Johnston WB, et al. Absence of humoral
response in flamingos and red-tailed hawks to experimental vaccination
with a killed West Nile virus vaccine. Avian Dis 2003;47:750-752.

48. Minke JM, Siger L, Karaca K, ef al. Recombinant canarypoxvirus vaccine
carrying the prM/E genes of West Nile virus protects horses against a
West Nile virus-mosquito challenge. Arch Virol Suppl 2004:221-230.

49.  Arroyo J, Miller C, Catalan J, et al. ChimeriVax-West Nile virus live-



<211> 1374 <212> DNA <213> West Nile virus <400> 10
agagttgtgt ttgtcgtgct attgcttttg gtggccccag cttacagcett
woaeriigzicit 60 ggaat gagca acagagactt cttggaaggaCT/IB2006/003931
gt gt ct ggag caacat gggt ggatttggtt 120 ctcgaaggcg
acagctgcgt gactatcatg tctaaggaca agcctaccat cgatgtgaag
180 at gatgaata tggaggcggt caacctggca gaggtccgca
gttattgcta tttggctacc 240 gtcagcgatc tctccaccaa
agct gcgt gc ccgaccat gg gagaaget ca caat gacaaa 300
cgtgctgacc cagcttttgt gtgcag caa ggagtggtgg acaggggctg
g99carsgated 08cdigs gaathiritalté\eyreARA0Y s@fgbatimgamogenicity, and
acatgcgcca aatttgcctg ctctaccaag 420 gcaat aggaa
gaaciBeIMt Jdﬁ@éé&@‘éﬁ%”@t"'gga@s&gg aagt ggccat ttttgtccat
580 [DIERKARE! Puhal w%m%%%aWésQNi%cﬁﬁ?é?dengue type 4
aggttggagc cactcaggca 540 gggagattca gcatcactcc ]
t gcgdtgahimerast thehatecreduaad i vejgfosiulanee §od revipheral virulence

t : ]
o r SRR oA RAIIT S M B AR AAE By G AR 50l U
cgt ga gt 202:99:3086380dt. caacctccct 720 tggagcagtg
t t t gt t t ttt .
LR 12 LA, ESHREOO o \EALBIR P R
P S WA AR B oot
cgt ?n%gala@ts fspraddgsigiie ﬂé‘?sgd/éfé?g&( quog':’g%lj%%g%@éggaac aac
551 at 9ot 6, 890, L9 GARRAY | §id ﬁ%\g\ﬂ%tz\béétéint&ggéé‘stons for caution.

cccgctagaca cabgtcacgg cactgtgg ggaattgc
agt acamegd0048§3207¢20¥S t gcaaag ttcctatctc gtcagtggcet

Fcadebi R oMvisars At JPALaSEoE SBCRE dopereal o
cct gaidephalitic SRAAaRas. A&t Ve Bppt20e4:.86842 1200

t ggt gggca gaggagaaca acagat caat caccattggc acaagt ct gg.
500 AR B0 SadDCREIR Kacaetntl o o Phablr-assbtiated

gCcgcagRYeE cEﬁSﬁSIQSFa‘ﬁBn HIRRASR AL 3RE g@r‘ié @19&@?9 for SCID-X1.
ttggatcagt tggaggggtg ttcacctcag ttgggaaggc tgtc 1374
<210Scignce<20033088 162418 PRT <213> West Nile virus

<400> 11 Arg Val Val Phe Val Val Leu Leu Leu Leu Val

Ala Pro Ala Tyr Ser




15 10 15 Phe Asn Cys Leu Gy Met Ser Asn Arg Asp Phe
Leu d u dy Val Ser 20 25 30 Ay Al a Thr Trp Val Asp
woew7datickeu A u Ay Asp Ser cys val Thr 3 5 20TAB2006/€03931
Met Ser Lys Asp Lys Pro Thr | i e Asp Val Lys Met Met
Asn Met 50 55 60 G u Ala Val Asn Leu Ala GQu Val Arg
Ser Tyr Cys Tyr Leu Ala Thr 65 70 75 80226sl 35.txt Val
Ser Asp Leu Ser Thr Lys Ala Ala cys Pro Thr Met Gly G
lu Ala 85 90 95 His Asn Asp %ys Arg Ala Asp Pro Al a
Phe Val cys Arg Gn G ly VaI4 100 105 110 Val Asp Arg
Ay Trp Ay Asn Ay cys Gy Leu Phe Ay Lys Ay ser
WHST 1281 hFED B5:Asp Thr cys Ala Lys Phe Ala cys ser
Thr Lys Ala lie Ay Arg 130 135 140 Thr lie Leu Lys

Au lie Lys Tyr lu, Val Al a | Phe
750 hobiseea! @ emirat bl compreng acheigdoapys dipfeic acid
e@b’dl%&n Bhtigém, landalvh&leth dfreddiBn bf thetbdtige in@ BelN)iaan animal
Phe ser lie Thr Pro Ala Ala Pro ser Tyr 180
elmgs albgmpml responss in_saida@nimal. forjhe grepatationygf armedicament

anfito QR SerfbBalf Ruftpacilisfidfoibaif bt 5\ 0 578
220 2,y§héL' husePlod d:zlalén \Ziglowhg?n?rtge _(?nilg‘énplsglaelezfnd gsrbhe group
C%@JSV*%EPO"\?%J“ 158 HgeRANIg B‘e@ﬁ?fa‘i*ﬁ%“fg‘ﬁ” Vot 245 250

255 L thdhse & diatthU & Gaih 9, fhareifithd-Hemicrdl résponéal induces a
lie Ala Leu Ay 260 265 270
protective immunity in an animal in need thereof, said protective immunity being

either a long-lasting protective immunity or a sterilizing immunity.

4. The use of any of claims 1 to 3, wherein the expression of the antigen
induces protective immunity against a pathogenic microorganism.

5. The use of claim 4, wherein the pathogenic microorganism is a
flavivirus.

6. The use of claim 5, wherein the pathogenic microorganism is West Nile
Virus.

7. The use of any of claims 1 to 6, wherein the heterologous nucleic acid
encodes an envelope E-glycoprotein from West Nile Virus, a fragment thereof, or
a variant of said envelope E-glycoprotein from West Nile Virus.

8. The use of claim 7, wherein said fragment is selected in the group
consisting of carboxyl terminal-truncated E glycoprotein from West Nile Virus
lacking the transmembrane anchoring region and carboxyl terminal-truncated E
glycoprotein comprising residues 1-441 of the envelope E-glycoprotein from West
Nile Virus strain [S-98-ST1.

9. Use of a lentiviral vector comprising a heterologous nucleic acid
selected in the group consisting of an heterologous nucleic acid encoding a
surface protein from a microorganism, or a fragment thereof, and a variant of a

surfface membrane protein or a fragment thereof, with an acceptable



Ser Gn JQu dy Ala Leu Hs Gn Ala Leu Ala Gy Al a
lie Pro Val 275 280 285 G u Phe Ser Ser Asn Thr Val
woyeo7iosuieIhr Ser Ay H's Leu Lys cys 290 295 300TABIHNG6/003931
Val Lys Met GQu Lys Leu G n Leu Lys Gy Thr Thr Tyr
Gy Val 305 310 315 320 Cys Ser Lys Ala Phe Lys Phe
Leu Ay Thr Pro Ala Asp Thr Ay H's 325 330 335 Ay
Thr Val Val Leu Gu Leu Gn Tyr Thr Ay Thr Asp Ay
Pro Cys 340 345 350 Lys Val olie Ser Ser val Ala
Ser Leu Asn Leu Thr Pro "Val 355 360 365 Ay Arg

A
phféiol?fgﬂgals %Hmyﬁbnﬁ%gaﬁ ragleCvgﬁt V(\Z&luthe‘%@)’rebé’r’rllzjatlté\l(\e Sf a N/Ecébé against a

NThErooRiaeisEn ynfﬂgporseabiwﬁ be sdmgustemyl ognsemehin teed thereof,
QduGnGnlie Asn Hs His Trp His Lys

Oé;eéiérﬁgg 415 Gy Ser ser lie Ay Lys Ala Phe Thr

Thr TorTheuse v cl@im SAIwhe@m tlzi@midmsrgmﬁsrmisgw_@j NileaVirus, and

visfoin dhe ddioribaas nis@iechBiulERcadts FheIgst Brlecprbiein from
WestSNift a/ina! a459nél5t5thé¥é&>or1% fradrhenP4hcrédf witiRbr<addeptable
West Nile vi rus <400> 12 Thr Thr Tyr @y Val Cys Ser

physjolagigabersriey andies apadiiapt. Thr Pro 1 5 10 15 Ala Asp
-éh; ?6.3' g@ 38993’01‘-'_ Riainiab YAlcidiel 18 WiEinGHe T¥RtvIAl vector is

administered by an intraperitoneal route, intravenous route, intramuscular route,
oral route, mucosal route, sublingual route, subcutaneous route, intranasal route
or intradermic route. '

12. The use of claim 11, wherein the lentiviral vector is administered by an
intramuscular route, and wherein the animal in need thereof is a horse.

13. The use of claim 11, wherein the lentiviral vector is administered by an
intranasal route or an intradermic route, and wherein the animal in need thereof is
a human.

14. The use of any of claims 9 to 13, wherein the heterologous nucleic
acid encodes a fragment of an envelope E-glycoprotein from West Nile Virus
selected in the group consisting of: a carboxyl terminal-truncated E-glycoprotein
from West Nile Virus lacking the transmembrane anchoring region and a carboxyl
terminal-truncated E glycoprotein comprising residues 1-441 of the envelope E-
glycoprotein from West Nile Virus strain 1S-98-ST1.

15. The use of any of claims 9 to 14, wherein the lentiviral vector is
administered one time and comprises a dose of vector particles equivalent to 0.5
ng to 5000 ng of p24 antigen, preferably a dose of vector particles equivalent to
0.5 ng to 50 ng of p24 antigen, and more preferably a dose of vector particles
equivalent to 50 to 500 ng of p24 antigen.

16. An immunogenic composition comprising a lentiviral vector, wherein
the lentiviral vector comprises a heterologous nucleic acid encoding an antigen in

an amount sufficient to induce an immunogenic or protective response in vivo,



Thr Asp Ay Pro cys Lys Val Pro |l i e Ser ser Val Ala

Ser Leu Asn 35 40 45 Asp Leu Thr Pro Val Ay Arg Leu
wodabo7ihzieval Asn Pro Phe Val Ser 50 55 60 Val ACTABN6/003931

Ala Asn Ala Lys Val Leul i e Qu Leu d u Pro Pro Phe

65 70 75 80 Gy Asp Ser Tyr lie Val Val Ay Arg Ay d

uG n G nlie 85 90 <210> 13 <211> 4555 <212> DNA

<213> Artificial sequence <220> <223> Descri ption of

Artificial Sequence: Synthetic lenti viral vector

pTR P/ Ewnv sequence <400> 13& ggaagggct aattcactcc

: taccaca 60

a@gggaggctggecé % c%gcggétapggécagggg%tgrégégcaccagg gccagggat c

agat &7 .ctiaz irt@inbganict¢cdnyopsitiaypoclame 1Bagdteaginabe heterologous

e Rod e PRt A CHUP R, G M ot AP oG ot e deggment
thef@ofagagagaagt gttagagtgg aggtttgaca gccgect age

atttcatcac_ ggtggcccga 300 gagctgcatc cggagtactt
caagh®ct iR imguinggepiranreriiatabelghy & Wheseiggbe heterologous

n88ERISEE aé?ncz)gﬁgg G & E‘?@% 2 gSfeirg AR IO ALY vIARI 9595 Fgment

gagccct cag atcctgcat a cagctg ctttttgect
thgreeft gggt ¢ tctctggtta gaccagatct 480 gagcctggga

gct ci gtgge .t aact aggga. acccact gci taagecet caa t aaaqct t

200" 1 B i BRreBeHE RiEs Pt 6l o8 M MR h g Yt ogous
natleicggtidaentadrag @aineelopeOB-dlgaupactert from aegtW@% gxlile virus or a
t ggaaaat ct ctagcagtgg cgcccgaaca gggacttgaa
frﬁg‘%&ﬁb'i’@@%ofaaaccagagg agct ctct cg acgcaggact cggcttgctg

aagCoyg IR i rilinbhE AR CH R HRIC 820809 1993398IRABe heterologous
;éactggtga gt acgCcaaa aattttgact /780 agcggaggct
n

siegRrigay selpatedin dee gagaycgneating af abgiegolggogmpsaleic acid
o8B PR ER IR 15RE S8R e vius tacking

theg dgotmgatbragat arngoaingt teafdrg chegraloyold ageRi®Htid encoding a
c%gg%@g%@&%%é%%g&%cﬁ %?;c%ﬁoqgi acg%%ﬁgigga?e%icfuaésc%%zhc %f the

envelope E-glycoprotein from West Nile Virus strain 1S-98-ST1, and heterologous

nucleic acid encoding a variant of envelope E-glycoprotein from West Nile Virus.

21. A lentiviral vector that directs the expression of a heterologous nucleic
acid, wherein the heterologous nucleic acid encodes envelope E-glycoprotein
from West Nile Virus, a variant thereof or fragments thereof, and wherein the
vector comprises a promoter selected from cytomegalovirus immediate early
promoter, CAG promoter, EF1alpha promoter, PGK promoter, SVero promoter,
and MND promoter.

22. The lentiviral vector of claim 21, wherein the heterologous nucleic acid
is selected in the group consisting of a heteragenous nucleic acid encoding
carboxyl terminal-truncated E glycoprotein from West Nile Virus lacking the
transmembrane anchoring region and heterogenous nucleic acid encoding
carboxyl terminal-truncated E glycoprotein comprises residues 1-441 of the
envelope E-glycoprotein from West Nile Virus strain |S-98-ST1.

23. The lentiviral vector of claim 22, wherein the vector comprises



gaagaactta gatcattata taatacagta gcaaccctct attgtgtgca
t caaaggat a 1080 gagat aaaag acaccaagga agctttagac
weageiiag@ayg aagagcaaaa caaaagtaag 1140 accaccgedat/1B2006/003931
agcaagcggc cgctgatctt cagacctgga ggaggagata tgagggacaa
1200 ttggagaagt gaattatata aatataaagt agtaaaaatt
gaaccattag gagtagcacc 1260 caccaaggca aagagaagag
t ggt gcagag agaaaaaaga gcagtgggaa taggagcttt 1320
gttccttggg ttcttgggag cagcaggaag cactat gggc gcagcgtcaa
t gacgct gac 1380 ggtacaggcc ég%caattat t gt ct ggt at

pREIMERYLAY cagaacaatt tgctgagggc 1440 tattgaggceg
caacagcatc tgttgcaact cacagt ctgg ggcat caagc agct ccaggc

150024.adastledantialiy t purifigdabos) sealc tansfaciggaet fapaguced with the
. s t ct ggaaaa ctcatttgca
'e@i‘g@%'g'%?g? 03%59%%%;’?3335@}19 tgggggt aat aaat c 1%20
tct ggﬁ%a@e&%dgogggaﬁ%mdaagﬂtot gng=lvpg drglygopadeigauapzeptide
tt aat fa S t Xt .cacagagctt tacactcct . . .
PR NESLAYE Vit gs H20AR hatsal 2f o bmetBeaoh corapising cuturing

aMARELIRbE Qapi 2l ieRl BoAdtiSdsRMEoting Siu8sEIbn, LAH fdcddsithg the
taacaaattg 1800 gctgtggtat ataaaattat tcataatgat

pa@pa@%@@mmggtoggg@lt ot theguiitieyneddro ttttgctgta
ctttskah a0 Aapl 8980t Agac_989 %x%t%ts‘éﬁ)?\c&aé hb @58 LS Rucleic

1920 gacccacctc ccaaccccga ggggacctcga caggcccgaa
agidaattegeiagthaagrégytgypdSs) cegarpaginyiras dyugediatpaearly promoter,

afe ek oo DAl SRERE nbiiofd Por RS GAR M steantpggen

0999pAC AgbulstaRtiAg3eaFaaRogagdIpghageck apt@@educed with the
acagacat ac aaact aaaga attacaaaaa 2160 caaattacaa

lepdintraloestel afclai@g@fytt tattacaggg acagcagaga tccactttgg
2220,89¢ AR JRAL léﬁtﬂﬂ%ﬁgffgg)rcg&ﬁbﬁé}ﬁ ta ARtbisgtills nucleic acid

aaat ggcccg cctggctgac cgcccaacga cccccgeeca )
entodingt amartigengangt whegin clbeasatigpragli¢jtsc antibadies against the

t acttt ccattgacqt ] t trtac C
reltRRicave Bty PateeaRRbAaT T Hafdhd ueltid RRARRGEAE agent,
ot geceag T acar nocer oot paoaoer T e Poe IO ey

at gccca acat gacc a ac cctac, agt acat c
25202841 W3Ry Of GRIE D a ek AYBINGY ABGR: 1L [niviral vector
eﬁ&%gtl&?g’ﬂa%tiﬁ@t A99%81 9immdRit 2b R Heatthlizihg 28hREEE against the
ggatttccaa gtctccaccc cattgacgtc aatgggagtt 2640

patitagenigrgentcaaaat caa cgggactttc caaaatgtcg taacaactcc

cceceat 700 .C t cggt t 4 o
200t S0arip BdgRIAERT Hiteatd AR SR, HideRdtEORntuiral veotor
cgg%ﬁs?g tagfucmc eakitcmmd%m @i\ldlc:;?a%{gthﬁnpa?tegaﬁa?aﬁvest@ e Virus,
ct agagga acgat gag a ! cgtgctat. .
P AITRGARS AN ACHELIS SO OO OSSRt Bl i,
aat gagCceps ARkt E0 ! WHSRUDaAIOHE EIGRBSH ol Grom West Nile

acat gggtgg atttggttct cgaaggcgac agctgcgtga ctatcatgtc
Mirna decksamtiaggoembrane anchoring region.

32. The use of any of claims 28 to 31, wherein the administration of
lentiviral vector comprises at least one dose of vector particles equivalent to 0.5
ng to 5000 ng of p24 antigen.

33. The use of claim 3, claim 9 or claim 28, wherein the animal in need
thereof is selected from humans, horses, birds, poultry, pigs, cattle, rodents, pets,

and reptiles.



cctaccat cg atgtgaagat gatgaatatg gaggcggtca acctggcaga
ggt ccgcagt 3060 tattgctatt tggctaccgt cagcgatctc
woOeeEmszI@Ag Ct gcgt gccc gaccat ggga 3120 gaagct cRCWIB2006/003931
at gacaaacg tgctgaccca gcttttgtgt gcagacaagg agtggtggac
3180 aggggctggg gcaacggctg cggattattt ggcaaaggaa
gcattgacac atgcgccaaa 3240 tttgcctgct ctaccaaggc
aat aggaaga accatcttga aagagaat at caagtacgaa 3300
gtggccattt ttgtccatgg accaactact gtggagtcgc acggaaacta
ctccacacag 3360 gttggagcca é%baggcagg gagatt cagc
at cagh ey u%@gd?g&&H g @fa‘ﬂ'ﬁ?acﬁélf% 30% ?Qﬁﬁtzﬁg%?%e method of
aat at ggaga ggt gacagtg gac gaac cacggtcagg gattgacacc
clging@5awhgusim & habmlggm%nualgcwgbmm%cmambf envelope E-

o 416681 Sorh IRALORNL 53, 8 HRRLE e Chghis o stngent

hytireiidagioadd dithengians of aCAGIEIE el REGCABSE Nilel\GAIAGEAh 11S-98-

t cacaa 3660 gagct c tgcatcaagc tttggctgga
Sgg% QWQéHWGEEEﬁ?%?éoﬁﬁﬁ@ﬁacact 3720 gtcaagttga

cgtcgggtca tttgaagtgt agagtgaaga tggaaaaatt gcagttgaag
3780 ggaacaacct atggcgtctg ttcaaaggct ttcaagtttc
ttgggactcc cgcagacaca 3840 ggtcacggca ctgtggtgtt
ggaattgcag tacactggca cggatggacc ttgcaaagtt 3900
cctatctcgt cagtggcttc attgaacgac ctaacgccag tgggcagatt
ggtcactgtc 3960 aacccttttg tttcagtggc cacggccaac
gctaaggtcc tgattgaatt ggaaccaccc 4020 tttggagact

cat acat agt ggtgggcaga ggagaacaac agatcaatca ccattggcac
4080 aagtctggaa gcagcattgg caaagccttt acaaccaccc

t caaaggagc gcagagacta 4140 gccgctctag gagacacagc
ttgggacttt ggatcagttg gaggggtgtt cacctcagtt 4200
gggaaggctg tctaatgcgc gcggtacctt taagaccaat gacttacaag
gcagctgtag 4260 atcttagcca ctttttaaaa gaaaaggggg

gact ggaagg gctaattcac tcccaacgaa 4320 gacaagat cg

t cgagagatg ctgcatataa gcagctgctt tttgcttgta ctgggtctct
4380 ctggttagac cagatctgag cctgggagct ctctggctaa

ct agggaacc cactgcttaa 4440 gcctcaataa agcttgcectt
gagtgcttca agtagtgtgt gcccgtctgt tgtgtgactc 4500

t ggt aact ag agatccctca gaccctttta gtcagtgtgg aaaatctcta
gcagt 4555



