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The research leading to the present invention was
supported, at least in part, 5 by National Institutes
of Health contract nunber NO1- Al-25458. Accordingly,
the Government may have certain rights in the

i nv&ritN N CAELEIMD IOFF | BTHA TITRUMENTIEONVER I WAFS EhOMATITIS VIRUS,
i nvention r @@\Mﬁésﬂqpﬁl's%&r{l% MErHEE8I0r OsELTiftieE GRNA
viruses. In particular, the invention relates to

nmet hods and conpositions for adapting Vesicular 10

S les t wt h I
Eﬁ%‘ﬂ%@%ﬁﬁ@%ﬁ%ﬁé' . BACKGROUND IT?) THE

S S i B .t ot

bey awgiong! trstitutes of HealtiVooorey awintak &¢)1-Ah26468. edooctisgly, the

singl e strand non-. segnented, negative-sense RNA

» PleBent YRRy P i AORE TR et cer © The 11 15 kb

VSV genone contains five genes encoding five viral

proteins: the nucl eocapsid protein (N, the
pﬁb@-&]@ﬁﬂd‘i@Wﬁ"ﬁS'oN he matrix protein (M, the

attachnment glycoprotein (G, and the RNA-dependent

RNA poihgnifieae ipygntiomyglaieen gernaralbt tq Aegatlye-syend meNA yiruses. In

3 pafcilaMifte #n\/gntlcﬁﬂ‘éla@eé"mgfhogé anl ¥8hPssifiéeror adapting Vesicular
dermnst rat ed a;ﬁgene expression is obligatorily

s Stfresttis Airup K\S%Vho IGieg o %Owﬁbr'ﬁﬁ@i eflture iRpyee BrRfodystion.,
20 Rhabdoviridae: The Viruses and Their Replication.
In "Fields Virology", 4th Edition, Vol. 1. Lippincott
aBACKGROEND TEMTHWINNENT)ON221- 1244, 2001). The N gene
encodes the nucl eocapsid protein responsible for
encapsiesulan gstorhtdisgensme/SM)i isea tdn@o@p(cpﬁnsphbmeoReiabr)oviridae

Bl RSB ERE DA SRR S L Yyl e o
( Megrpemim,trwaﬂ\'ﬁe verrsjedRN,@mrtrusmWMnhlghI@I donsersed pend amler. The 11-

f. , icle, , . s .
:ﬁée\iﬁggg ggﬁ?r%g%oma nlélsfhle?%)%leg ﬁi‘f:%%@%/ g§€ ggggéro@hnes‘?’ it:ﬁélflbl‘fcleocapsm
aptcaehrr(a‘mx t}heopbowhopmmirh atPs thenetime pfalgin o), athe iastachment

t i Zi [ S .
SRR 2] 5285 PAEAR OBl BH. Shom e L B Sapg oer
dés geaineel iS-NtdtMa@d -§'\VB\M n)nuamtzer Ndvstudies bgve \dEviopjtrated that
/ 6
BaRTR Ry YN bS5 seq bt B A0 IR drompir Foggng whie
diRbebdeviridalet hbeghrunes andtlﬂhewd%&nhcathng Im(frields Virology”, 4th Edition,
Vol. 1. Lippincott and Williams and Wilkins, 1221-1244, 2001).

The N gene encodes the nucleocapsid protein responsible for encapsidating

the genome while the P (phosphoprotein) and L (large) coding sequences specify
subunits of the RNA-dependent RNA polymerase. The matrix protein (M) promotes
virion maturation and lines the inner surface of the virus particle. VSV encodes a
single envelope glycoprotein (G), which serves as the cell attachment protein,
mediates membrane fusion, and is the target of neutralizing antibodies.

The two most common serotypes of VSV in the western hemisphere are
designated as Indiana (VSVin) and New Jersey (VSVnj). In nature, VSV infects
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infections with VSV are infrequent, cases of VSV
i nfections have been reported for individuals

wa@looensleys exposed to infected |ivestock or w tPCTUS2008/087375
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| aboratory environnents. VSV infection of humans is
typically asynptomatic or results in a mld

influenza-like 5 illness (Fields, B. N, and K

Hawki ns, N. Engl. J. Med. 277:989-94, 1967). Anpng

s fegstodka GAESiIRg amgq{gfImiﬁnggggwayebé\lﬁhﬁﬂ@h;tr@jurally occurring human
eﬁﬁ&rtlbﬂ? With !V Ut Rinfre @t e%éée@ of \/'S'V/oﬁ:lfélc%ﬁsoﬁ‘a\feo&%éﬁsreported for

hus serve as an excel ani mal nod

i mﬁmfb@@qmceoﬁly exg@&ﬂ%@elnfe@tqdyhvaﬁ@clﬁ@uWbt_mnr laberatasy environments.
o R U e Gl N
Jilnesss(FigdsB. N andd@:HawkinsadarEngk.J. Blede2721989:94, 1967). Among
Vi . 40: 3 grer I

1851%!5 gméﬁng%YSi 9r7n§2e égﬁee%su t&? mfeE"ﬁedRﬁxd({FﬁT‘?e%ally 0BYY- variety of
6hoselgaon70@ute§99391 thIUﬁ Bewe past an eqxoplents smutvamiagl model  for
dEARNSs et Bétﬂ i H@&BWulé e sthHHyfl@?ﬁB'L%bo et al. An.

S,
city~a
COﬁpOSI |ong cont |n|§ a nunber of hunan ens

i Migraeioh (RIRIV, 15:3565. 19GHrBrincrkaho. R, Ane Mispbipks (R J.) 15:69-80.
VabHs AdithobR! EUSIARVY IRy PUERIGRIS0BEORBHALER, RO 1Bt Ammun.

an attractlve candi date vector n use

( BORPEBAG, 199 Huneyputt\gtrab|J. Virglp61:609874H6 993006;

d arke r er | JERHR 0

230. 283 ﬁgz%gc?%)féw k%ge X?ﬁ@@??. es mgﬁfeg bro”gfb gvestor for

nwmanmmm:qm%ti@éﬁ conptpinriged BUMBer ¢fthuman aexp mqluﬂtyg HIV,
Bgﬂgﬂ?rﬁé( virflat Rg\/gl%pétﬁgeﬁg%r’ugsanldsﬁﬂ' éthvaTRBS Numerd(RV properties

rea ects ~man It propagates

efffaikél\é‘h\f |a9 atﬁa@@elcandlﬁét@ wtqref@n bum@m ugR B akieyey ieh@l- J. Virol.

2@0‘16?%'9 6%63061@&%' ek %ESSp@gértsérﬁmgmﬁﬂjddb%{Ho}’ 28: 239-253,

stabl e; ods exi st reconbl nant virT

c3h0te _Tbewgr@@artles)ndm dbx/sé{cléerm aghenaly Pabegert @ éthﬁ is little
g%ﬂaeex%tﬁﬁgelf‘r\trﬁjrﬂvqhg' hRhtE i rﬁ}ﬁé])té itLU&d T Qumgﬁ‘sorigsx%@'ﬂeadlly infects
upon infé&ction; I nfection 1s an ficient

i ey gell dypaso th Itc@“pp@g%q‘:s afigientlyriy e¢!l linAsustiteble fguamanufacturing
S‘Hﬂ'ﬂhﬁ&getf‘lﬁzvgorﬁﬁgé"tlongr S?ﬁtl ¥ éé%%h(lzéllkastt?(q 0y g REVER by which

a reverse genetics technique that allows for easy
2seq0étbmp@f ylruﬁ carnvey ﬁr@wgeﬁbwﬂz’ EDNICCERaORD AL Mefe &relgn gene
A ;

Fn%%rté\l@mj df?@&%@é%véé%? %s%ﬂo% lipﬁ)%érafé&%oﬁﬁ?gﬂﬁé{/ inf&ttion is an
r effigient d1dycerne botbm"@ahﬁn@ f@lémmwm@am Audhosiudies igve been
h%?earﬂf/ YRR BHBY R Saledt of g &l E ﬁlﬁlcf F]Fq'uerih VMIIB\WS for easy

ucl n g eve

e resulting viruses pro ore
presoEeny. of TR ifiogt geeermier &P r(eawea, grieal: WQChNﬁtbrAﬂagnSC' USA

C@Q‘MQ? %?q%ﬁﬁesbrﬂ%‘ﬁr ke d). 30vBeS Yeen4idieala, afubab. &easeﬁt.on the

a on YGQUISIte |ntergen|c transcrlpt onal
c@eﬁ@trvely Sragle ARG ISINPIF HELHeMGr @UBRIgRENVeicY BY Naserrevépangnable to

t %r&gh ngetnepi%&ﬂ&n ' \WEHJ e F&%ngs\ﬁ'%se@%%dﬂéhﬁaﬁsﬁg%?% 8f foreign

anti gen and were wel t ol erat he ani )
i RrajgincAhetfiisly vegiers wg@t dasigmgd yéthaforeign goding sepiepess inserted

68etietn th@05hd KabRehioRd witd tNd feBliisits Ftergenic transcriptional control
elements. These prototype vectors were found to elicit potent immune responses
against the foreign antigen and were well tolerated in the animal models in which
they were tested (Grigera, et al. Virus Res 69:3-15, 2000; Kahn et al. J Virol
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106: 539-49, 2001; Rose, et al. J Virol 74:10903- 10,
2000; Schlereth, et al. J Virol 74:4652-7, 2000).
Not ably, Rose et al. found that coadm nistration of
two vectors, one encodi n? H V-1 env and t he ot her

efbddP Y361 2005; @@Qel’t@rfﬁcﬂmé&irp'rﬁﬁﬁ@&*& pg$R8eRoberts, et al. J Virol
i YA tedr n | ||&F; : )
N;'??’ﬁ'?g& e %@é Sﬂ%ﬁ‘ c% Rieeﬁgeﬁb %8'1 If{:seigg:gls ,0487_?%8’7_4.10903

pat n| C
200,13000M$§hle@th tH@d el V@QIM%ZV%QQOQ)pnI‘d@@bI&dRWQ fit al. found that
PEOASHRY S NETE R, LhBRi (1) LAY f D At diboain S
s0gai prodegad ynnatnes rasppegescio nipwrunizedomagamieatthatquotected against
( BRhRhEeS w.tﬁ‘a Hth mczéllilg'(RoZ@ ‘et 41 41 4de: 5%%9@) 200811fost of these
recent “studies s t hat’' protot ype vect
mwﬁleévwrgaioeducrtﬁd a\/lthd@’fol@iMWVﬁ\f/l \mgtoess ﬁ‘mﬂe’vere @herlved from a wild

O(Wt r \?Bg bofi8478 defe §‘1%@r‘1 td G@Qfgnh@é(rﬁl!\gdaq{enhé} 4'c¥mpared to

euro tissues, reduc eve
c@hﬁp\aﬂéth( Obﬁh‘@ @l aldJ1Yip A2 AGed-( Jot9SdMoretreeant StUdleS showed

v'trfa‘i’l rot%ﬁ@ ctorgo\gﬁén eVESRdOR \ﬁrﬁbﬁtHlﬂ% hqﬁﬂﬁfeomodel for
he conc usion t prototype rVSV vector ght

n@@umlrld@muaﬁ@sqﬂ @nStQQﬁlﬁa'ﬁtelGWf'(ﬂf injgy tormewigiegieal tissuepnalbeit at

d?é’o%'c@tﬁ’n&)%ﬁs 9 mﬁé?@!jq bh & WhE PRI B L Joﬂﬁé&?‘PCg{" a.N&Fol 2860, 36-49,

C%gg I ant regu atlons gover ni manufacture o
ﬁo’g'@ﬁecowgwpb@n& [<1o) msthpmonduwpm thetpretetypedVay vgator might

essed before
Cﬁl ni ca &g@%ﬁ;ﬁ%ﬁn&%@%é@%@ Ipﬁﬂ@tglﬁgl ed. Wen desi gni ng
a vectlde dayelopaeinhios sealeakie prqpagah@m@ethquﬁbat are compliant with
1 t Ay
oY Soletfing b AR E R SR ESREn L 2Bl bsilheiler dBmiistation
atcehlzoarﬁjﬂemamsawhum@rth@wv%@emdrﬁ%a@befpfmclmmaéewéuaélon can be
hwgﬁﬂe h%e? ﬁ’lﬁgtae\%ckﬁ’ f@r%d’i‘ﬁlnlgﬁ?ﬁn tohihibhs! M% |mperat|ve that
manu act u a vector w practical only

| fhegm@@p@ms thpkiesulbp vinug attgmtéatlpn @@@tg@lel@@fj that thg ylelds of virus are

Ehﬁ‘lb‘i%ﬁt o didiE- ua_lb%o%gh& an Pm%H%o@é bs éﬂfecf@%ttg%sat least

adapting attenuated VSV partic I ncreased ,

gﬁém RUs, ﬁh@%lmawiﬁoﬁuﬁms of erérat@r wilkeeora¢tisabianly if greater than 107 1Us
atap{ ? ﬁ%IBfEGHu?é Fn%d ukp recovered are sufficient

use in sca e manufacture. Desirabl

such Tderoas arsdlin lnp by reahods ofadppindseiongpiod VSV parcos for
C O LU n |

CHEIRG Sy PIPILES Sy A 1yl BT (3 i
vremer@dt@m%ﬁcmt toitiel ef use in Isgeachie tmafelfaqﬁtpjfso&)rsﬁlgably such
t h%tﬁ’do%l\p&lcﬁ %n%'ﬂ{y}c é&l‘s%tallﬁe%V%P %o%ﬁer&éﬁ%r@%c’ﬂ@n In addition, such

pro uction. tation of any reference herein

snmmwsmulﬁée@é“et’f@oprwaémumwngéh%rﬁesm;@dtlmwrusS@itqmuatlon while

r I !
SRR I B APLR 380 DLk 30T Phosucton

The C|tat|on of any reference herein should not be deemed as an admission

that such reference is available as prior art to the instant invention.
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reconmbi nant to tissue culture conditions by
conti nuous passaging at low nmultiplicity of infection
(MJ) in Vero cells 5 or in any susceptible cell
substrate. The multi EI e serial passagi ng process
r SOMNARY OF §ehdNYBENEI@Manges characterized by
progressive accrual of a nunber of nucleotide (NT)
subst iR @crerAgnachwBlighe Bresent inventan. desrene. ratided ef process or a
hesfod e S&Rbid#en o?@%‘i%fﬂ}*%h@ﬂ?até@%\ﬁ récrénf'brﬁarﬁp t@Gs8ue culture
(AA) substitutions int roteins. This process
r égnditiang byrcopheursisynsiseagiethpl Iaw| rewtiRicity ﬁ%‘nfﬂCHQﬁs(MO') in Vero cells
a%Ffﬁ“@rﬂ) 'élfsgeﬁ)blesygﬁélﬁﬂ’éré@l TI]rQ nﬂlﬁﬁfé)g@r@'ﬂg&dgn] VhrbESss results in
yi el d. "Passage in Vero cells is continu
geRnAtyRIc chamaes Plaeanierizst dysrragiessivg acgrualceli @peaber of nucleotide
U\ |§{Jb‘sﬂut:|(91$t Qhr%tri R&RT He Rﬁﬁag@rﬁ)rﬁglqﬂost P&P)these nucleotide
Furt’her passagi 19 the virus b P15 showed ?
o FUBRSItLEIQES fasYn N a@lm@s-ﬂcwt @ﬁ)@h@stlttawas i etV preting: Thﬁ process
f Ha(stuh&ﬁ ﬁ%ﬂ@ﬁ@?&@t a&’;pté(ﬂornu%f Ying! dfus, T%béorﬁ;?é?ﬁ&)ssby substantial
results In Stantial 1 nmprovenent 1 n manufacturing
yirepravergente|in vises waldafesshogdn Mese calls kgrontinued until genotyplc and
c A9aRiLV [ t _
DI SfrouLR, A3l Bt 3, 100 £ S ggpsages, (10 — P15
pﬁggﬁfﬂe@%@g‘% ofhe rvirue seyand; il 5 seweddew pr semeditipal substitutions
MBHS &lid RbI AGURNH alLirthlY erﬁ"n%h@@rheme\}lrué%ﬁﬁag' T} YoroR8E results in
aspect of the invention provides an isol ated
g&restardial inyproyripemtjie apstacting ryield eraall assenfianged Mmggviacturing
h@&’\snéler%y 'Tﬁ@satdaeﬂf‘e ﬁma'ﬁenélﬁlodn&lgu%ﬂaﬂf‘alfynaf%ct %% neurovirulence
ion corresponding to at |east one of | ow ng
63\/)( ofdhe pas&aﬁéd Aiiswhert fegteddn thokighly @ﬁ@S'tl\@gfn@'idsel'ZlQa@ﬁma' NV
tgﬁmM Roekei n; the am no acids at positions 109, 224,
8, 477, or 481 of the G protein; and the am no .
aC| ds A&f?orﬁmlyt | Bes agpwt of dbe gpverdisn Rypvidee an ﬁp@ﬁ%i rgenetically
2hdgitiedVBsieBPsbB s WiusiPSVY ANGY étqgast'bhg aftied §él(ﬂ: mutation in a
aci d encoding the genetically nodified VSV further
cHERN sePrgspREing c taci af eﬂﬁﬁ%l nepeat dfealhe of@lowing  positions:

het er ol 0gougne a'”’rﬂlhb%ﬂs a@Eo@tlcfn%al%%‘FtMQ BP(h%‘Rﬁ prdtém' 3
envi si oned that the one heterol ogous ant i

fragnent théeeaming gcidy ginresijathdgdn?ed. m dﬂ?g@hu@ﬂn of the G
Tg%taﬁtgmgem c mcroorgani smfromwhich the nucleic

aci d encodi ng the heterol ogous antigen is 30 obtained

may be sel edtecdMmine @aids Bepegiins 208ns40sen GO of the by protein.

a baCtIﬁ'bhé‘@nb%dmﬁgr@to@?r%aiﬂvﬂﬂnath%qplﬂléﬁ: aélﬁl eﬁ&%lng the genetically
enbodi nent, the heterol ogous ant be sel’ected

f ﬂmfpﬁev%\f Hirpres @ﬁ@lpﬁﬁsn@ nyelele HCQdf\ﬁ‘ﬁJ Ablgast enehetprologous

Vighitgen( bl Mra@tﬂ%hﬂﬁé‘neof am |§'@WS|§ﬁEd ﬂgﬂhe%ﬂeﬁbférﬁeéjé&%tlgen or

an V' ant i a PI'V antigen, an HSV antigen, a
a fragment t ereof is from a pathogenlc microorganism. The pathogenic
microorganism from which the nucleic acid encoding the heterologous antigen is
obtained may be selected from the group consisting of a virus, a bacterium, a
protozoan and a fungus. In one embodiment, the heterologous antigen may be
selected from the group consisting of a human immunodeficiency virus (HIV) antigen,
an HTLV antigen, an SIV antigen, an RSV antigen, a PIV antigen, an HSV antigen, a
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antigen, an influenza virus antigen, a poliovirus

antigen, a rhinovirus antigen, a hepatitis A virus

antigen, a hepatitis B virus antigen, a hepatitis C

virus antigen, a Norwalk virus antigen, a togavirus

a@M\geamtlg%m & dHpgiedvPatisvinst anfgen. a Vaw"a@oeier udrus antigen, a

apt ’\llr@s ra"ﬁkﬂg%? yi ﬁ@ﬁsl@@t\)lrggnantg u[rﬂugﬁzr aU%irus antigen, a

ant 1 gen, a virus antigen, papi | [ oma Vi rus

anolulcyéhs aathmt § oMROWUS @stiget |ag‘@n@atltt§ A wetsapiiganoy heraitis B virus

ant i t hgl

a%ﬂl%}% a r%pﬁfﬂ[sodg%% gmg%@l ggfdi paPWr alrﬂnvglrjl%’:éh@%e% 9't6§Aftus antigen, an

PRlRBAYHIsLANtigen.ak rghvetlla g @timeIWIW@@Igeana iMpsbyrg virus

[ ' gt [

AT B R a2 B Atmaths AL ¥ PO BRALASS antigen. o

SMesnNeLoeYits EPigrRM e mnagéuﬁ antigen. i @o\dléd@ e¢ho/q@9¢ a@ntigen, a

a'ﬁﬁésﬂ%;un? fé&ﬁ%hpg@f‘g@Hsa ngé’érﬁ&&lurﬁ%\%&térﬁsgn & Plasmodium ovale
Nei sseria nmeningitidrs antigen, Nel sse

gentiganh ok aBlagimedligen majar@sr pnbgrict @r Plasmadipht hepwigs! antigen, a

a e el

o Roedds pbORbag ey SPOp Rl P Pagche SN o igobacter

anviog@ntigerd cabir@piednscis Agaadioriandaen. geNeisaBia meolﬁgltldls antigen,

Eg%l&né g%r{Jrﬁh% %Y%ﬂ@ggv §Vt (?&lyﬁkﬁﬂc?érﬁlnﬁcdﬂﬂﬁé}%‘éd'aﬂggen a

genetic er conprises
nl%qséﬁlctturaé@tameamlgqn rity Bardetalle rosyio it entigen; gdraantrahilus gntigen, a
[N protein. In one
enbo Ing%&ﬂ@@ﬁ%ﬁ& ﬁE%E&%“ékﬁ%ﬁéﬁg%%% ded by a gene
sel ectle@ne remhomeerxjpém ipwediont ihﬁ@L@fel@agd eaerdingthie, genetically
h’TOdlflqu;SV fuither ¥(5?ﬁprlsre§\é mHPGI(y B&d elnEod? a%‘@ﬁé?glbg&ﬁ[ antigen that
the H'V protein I's an rotein. I'n on
effbadiureait Immh@Odqrﬂweg@)g Vpilr'%l( M) malginat In @asterpprdiment, the HIV
nBFcﬁ‘élh%‘er?éonﬁ By er@%ctedszCQn t%ou@ﬁoﬁ”s‘f’éﬁmglo@ g98%nv, pol, vif,
di ment geneti cal dified
maehiatorprt eg@nd ¥BHprin 98e eﬁlb@élﬁ‘ﬁ@f g Heprotein is an HIV gag protein.
nWoﬁ@Bﬁﬁbalﬂén‘l’eché”ﬂl‘{?%agcﬂrgteﬁhﬁé'bg& leh&t &ﬁ%ﬁﬁprpﬁ&lmon 165,
genetically nodifi'ed VSV has a nutation that 1s at
287@i¥epr ¥si tion 119 or 142 of the Mprotein or is
at bot 'ih %' 5:'718831?%{]19 fﬁ@d érﬂ%c?fy |f|eNI REOL ﬁ%@ a IMutation that
one enbodi nment nutat on o he am no acid at
po8MPIIKS alqansevafiveeor ﬂ@lnp(?%ﬁ@’vﬁt'\desafamcr aciy akgegR:i on and
}\/Ihe it %b%wdl%gﬁ &g ?Qné'ﬁ%élﬂ/ %%dﬁ@&'\ié\f)ﬂag-%zmgiatloﬁ rlﬁat is at

roteinis ation'or a P - Q nmutati on.

oﬁéh%rm@@pﬁéﬁi? Orﬂﬁ% Oém&évllpéﬁﬁllnwrn%ai b@tb@om%b@ %lnd 142 of the

MWt BlotRn moﬂeh@métgﬂlmgnt 2R AGiatlsn 8t th@oa%'nﬁb QGd]aQ%os@grflﬂ 19 of the
438, 477 or 481 o proteirn th Is a -

™ gotqm ispa T—V,I\Gnutagomanwme mufﬁjlpgtq‘féhe am@gr%:tq qatvmsylon 142 of
the M protein is a P — T mutation or a P — Q mutation.

In one embodiment, the genetically modified VSV has a mutation of the amino

acids at position 109, 224, 438, 477 or 481 of the G protein thatisa K - N, N > T, S

— 1, A—>VI/G — LorV — | mutation, respectively.
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protein that is P- L, K- E or L - 1, respectively.

I n one enbodi nent, the genetically nodified VSV

further conprises a nucleic 5 acid nolecul e encoding

the HI'V gag protein, wherein the HV %ag protein has a

mut at i'oANE embpdimenstthe genesicaliheogifiehy S¥diass mutation of the amino

p%éugtdt?%s&lﬁﬁ’zogé‘zo 3.294576 of3t‘?ﬁ§ L W%‘Féuﬁ‘tﬁét id pe_ MHALL LQn or | |,
respectively. In one

engspartivent , t he nutatlons noted above in the

genet 'Iﬁ%HaYa g|rﬁérﬁdth¥%\énefc%ﬁgln¥od'lf '\7@\? Ramed comprlies a nucleic

stabilit he virus "genotype an or phenot

oneid mgleewgcﬁmcwng the iV naagapiotais, wiogred ol gﬁg tohetein has a

gﬁﬂﬁ:}loﬁ% 'aYlegE’tddrfé ﬁ‘@ihé@% ifo i d4e4t Jo@ff Idh_%? ”270”3&%? E@'& wherein

yield in virus uction froma cell infected wt

t e metaden sat WG hodiSt Pedt 'SV —+ K, seeetivelydi nent , t he

genet cBhd Xm%(iilhfe'n?‘iih r%MtaftlHﬁé A&Ed S8 |h§ﬁégﬁr%et|59@odlﬂed VSV

two other nutations in genone. one

t FrRsUtuinatricoaasefastaiity qf5 tfseelvm @ﬁnpty@m andogmoapotype.  In one

C%H%béﬁﬁe‘h@ o ﬁufa‘ﬁﬁﬂ?se%{eﬁf _NRI heV er{BﬁEé\B/' R@gm@d VSV further

poi nt nutation, a gene shu ing nmutation,

mﬁ%‘ttl"@)mcr%ﬁsﬁdrVJQiﬁ}'ﬂfbplﬂtShIDr@th@érf@m mueelitinfsatedanith the genetically

aﬁQMﬁ%B VRNA nutation, a truncated G gene nutation, a

G gene insertion nutation and a gene del etion
mut at iloene prefasnentadsegenedfalyn@ofificd MSVofurtheoverdedses at least

”W/(;‘Q)%efr l%ﬁ il RY E@me H}ggﬁ‘@tén%dhﬁedmmef h‘l%%tlg%/ may be
as descri be rein, e net nprising seri al
pasiseigh nigorafthe gysupuqqnastms@é@tt%mr@rﬁamns&we dettation, a point

| hifat E g ééﬁ\é( éﬂﬁkﬂn‘mé’h&ﬁéﬁo}ﬁ af G- s'té?ﬁ %‘ﬁ}t%tﬂﬂl MR- cfté&ghlegx/l gene

from about 001 t out O. 'aque form ng unit
( PrEgtion anfambla@nseeaw @umorpaééa@ééted\/\(ﬁ@@enmﬂwéon a G gene

Vﬁﬁsﬁﬁloh%@tl&n‘ Akl a %—% ﬁelét%ﬁ%utéﬂdﬁ 106 PFUmM  and at

| east one or nore e nutati ons as descri bed .
her ei it sBsoNt aspectedbhdifi Mmvention Hsovidash 8d Medsr ifesegroducing the

?QMﬁlcﬁﬁﬁ%&ﬁﬂéd" \geé'LEtdegéllﬂeﬂ hm%‘#r\f'tr%d n?é'igod complrlgglg serial

tenuat’ed virus t has a titer of | east 1 X
PPapgsaging| of @)ﬁéS\ér'ﬁ)@d$ll$§ﬂIPt'b|Q Wrmmalmdcejlekm Ebadowhaukiplicity of

Hfédtu%ﬁ nggﬁg.ﬁgtfa g?&@lo'om'tb ?)outt(f‘?tpldq%e f&wngsh ks (PFUYmI

[1ne el n ected wth .
géﬁe&tulwﬂ Pyl ﬁm’mﬁwg@d whegsin é@e degchape ditdreaf gt rheasl:érx 10” PFU/ml

ﬁg?@@ I%iast%n%%?rﬁﬁ)é bPthg n‘ﬁﬁéﬂlon: 'd%%e‘g@r}‘oe'd réiﬁ but is

imted , a Vero ce [ ne, anst er
ki dneyn (@aKpmMeediment, otheammmandeawb%@b@ve kestieyince genetically

| b Rified 4RB afEnudledrustRhd hds'dRer of at least 1 x 107 PFU/mI.

In one embodiment, the method described above utilizes a susceptible cell
line, that is, any cell line that is capable of being infected with the genetically modified
VSV as described herein. For example, a susceptible cell line may include, but is not
limited to, a Vero cell line, baby hamster kidney (BHK) cells, or a human embryonic
kidney cell line, such as, a 293 cell line.

In one embodiment, the method described above results in a 5 to 100 fold

higher yield of virus compared to that obtained with a virus strain that has not been
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-6 WD 2009/ 082664 PCT/ US2008/ 087375 passaged for
about 5 to 15 tines at a |low MJ rangi ng from about
0.001 to about 0.1 plaque formng units (PFU/mM . In

one enbodi nent, the nethod described above results in
anassagee fyabont 5 ta Hbiimes gt afow ME! tanging fepsmebgigd . AHdp@bout 0.1

pﬁe&gg&9§1éﬁﬂﬁsgﬁpugmpspect of the invention provides
a ni

I MMuNOog C CorT'pOSItI on corrprl sin any one or nore )
of t hén peRegmeedimgniodiel fMmedepd/desaliésed radouel regitioen sard ingrease in

p : L Gald c€r. In one

etg g@ﬁﬁ%ﬁ%%ﬁ?h@*?%ﬁ@%%ggﬁyghégﬁ osition further
conpr i dbirdnaspgdy wiale. INveniort quievidesasive dmmenogénic composition
[ idi r [ ygap=]

TR o 84 Gty FPhO AL R VS BelRER g anc
meh#rothcedtinelly s¢eegtabigiearnierst er| ng an i munol ogically

S ecih ea%H‘-HgH il SoffookiBn furth
genet i Lal ey U, Huoad oltinebfEh furter, comprses an
agpigvantof the i nvention prOV|des a met hod for adaptlng

a virustdah é%'bgt‘gt(? th&@ndeﬂtl&?v\})t%lﬁntéﬁtdjﬁl%t%‘a%F bgﬁt{kgia/a'a mammal

infecting the culture “the virus at o
mabaing iirfeetionofwithnfa cpataegenjavianicrqosgaiiisng fthe ningthedt comprising

04 Pr%ﬁi%@ri gHt anJno‘Péﬁéb‘H (—Ffl%rcm/{%n%& Sf (&7l U})n@e(;r more of the

arvestin fure medium cont ai ni ng
t I@nQIICﬁUSmOdIQ@d MSV@SaiQSWbQ@'dWeW@ cell culture medium

d. fr @@Tw%f&eta@?{qs% In%/EMHnLH'rSwE@sdé H@trbo@l”fgr &dapﬁ.ﬁ%%h@%r growth

steps a or about 5 to about
wiegadliayltyrieccompripioll results in a 5 to 100 fol d increase

in virys H?&QHﬁttﬁ@%N'cﬁlttﬂe i tr%nwrlﬁc ?@SISW' Muﬁlgﬁ:lt?/ -of-infection

stability of e virus genotype and phenot

one enk¥@i)nenging free aka @eDOdetQ@bpbanéa@erfourmmg upisss (RFU) per
virus kﬁ is an attenuated virus. In one enbodi nent,

the method is adapted for large scale production of a

vi ral Pmianegdre e celrpdtire medium eondaiving soiiusent , t he
met hod . &Q%thﬁniﬁﬂQmﬁw%QnéﬂgnfOld hi gher yield of

Vi rus conpare hat obtalned with a virus strain
t hat hés frﬁ@zmg)éf@nceﬂa:ygwgé@pdﬂw aout 5 to 15 times at

a | ow gultidlihGEfe¥s Qf through d) for about 5 to about 15 times,

wherein the method results in a 5 to 100 fold increase in virus production/yield
and an increase in the stability of the virus genotype and phenotype.

In one embodiment, the method described herein utilizes a virus that is an
attenuated virus. In one embodiment, the method is adapted for large scale
production of a viral immunogenic composition. In one embodiment, the method
results in a 5 to 100 fold higher yield of virus compared to that obtained with a virus
strain that has not been passaged for about 5 to 15 times at a low multiplicity of
infection ranging from about 0.001 to about 0.1 plaque forming units per cell. In one
embodiment, the method described above allows for maintaining any pre-existing
mutation(s) associated with virus attenuation. The pre-existing mutation(s)

associated with virus attenuation may be selected from the group consisting of a

-7-



30 infection ranging fromabout 0.001 to about 0.1
pl ague formng units per cell. In one enbodinent, the

woredoboskesescri bed above al l ows for mai ntai ni ngPE@MYS2008/087375

10

15

20

25

30

pre-existing nutation(s) associated with virus
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t tampraraiue-sensitivg imutationparaint owtatignpdoene shuffing wytatign, a G-
9&fadh mkkibh 'eplgth@ﬁdtﬂeM r%mﬁltaﬁgﬁ %taﬁ’%l@éhseq:{NA mutation, a
non-cytopath ene mnut |on an ‘anbl sense

mirvagatethG %netnﬁuiﬁttcm ad qzerg@néerﬁm Butadion apd @ gy@ﬁeieletlon

| A Akloh Oty BhE BhbOARAL % GEABIARORY toPtharfTthAbl By | "

one enbodi ment nmet hod allows tor malntainin

| oeLBVindencsvirefile @pgasigiedwvith téirt@saitmuam@dlwrtehembcvdu@ent the
SLHENIR Rfts UsBy B HERACHSTRRErbdd WhouBid £1ah Bl ittt

used 1 n e net ods descri ove i S train o

vémnmltl%\wrusS(tV&Yat Inone embqp&m(mlskh)e m¢th0@ﬂ1@e8@ﬁb@ﬁaWﬁtutlhze a
tﬂg ({ﬂé"agp &a%\/tiﬁ&l r%@%‘(%a%'ttér{el Fifing acRIERRLIiGAhlYregion

has at | east one am no aci mut at ron
iﬁoraeerp@gﬁlogto edeasopemiihegoliaying pestiss: one of the

fol low ng posi tthgar%mo]&ldshaq p%EnnBﬁ% P &514@tofwmtdr&eﬁn

119 or 142 of t M protein; the amno acid

positions 1009, t@zalmmxp%ﬂdS@poswpn%@ A24 Hé8 G77 or 481 of the G
protei n; 1apd,iHe am no acids at positions 205 220 or

1450 o roﬁe L protein. In one enbodinent, the nethod

descri bed her ethe aminpiagidls ahpesiians@08r 22016 458 whthetli protein.

Virus | hgte haspiftatheNmehtld GRERdeSeRein ut izes a Vesicular

conservatlve or non- conservative amno acid ange.
| Staprtitisndoel ndbat, hame mintaliqrothatagorprrisgs élQCWéBFVat'Ve or non-

p@ér‘\sténpé?lvé%%l&f a%&l%héﬁg el hﬁ o}'{g\énMoBfn‘Pérﬁ' e %utétﬁ)n%a)b% Bt either
positions 1 142 “of

erbYtOMEH or T‘l?eOfrﬂilﬁ ASCL ptﬁte'ﬂ Iﬁ)é '%ﬁb@tﬁ @Qﬁi'ttﬂ)néﬂ 1B@§fjt1 #8ef the M
11Lht&h. tlrh@névlamﬁf)ﬁm%'np thélmgnta-ﬁon Nr P&t Shih8 RN Ho?ﬁon 112% of the M

mut at 1 on he am no ac osition 142 of
VP ds A T,—s Namptailorraml the rputathp AUthgtanygno apid ap pesition 142 of the

eﬂp%{éw@tapwqdpét@t_; eMmi@Yobe at position 109 224
438, 477 or 481 of theVSVQGprotei nandmaybeak -

- T, S- I ane/embpditentthe myiatigh ingty, be alyestion VP y224l ﬁB%rﬂe,W or 481

e gl y t, I tijo 0 N
OIBP%%5O ofb ?r%ga% g?%ﬁv {y/Q{é egRI nk}gnrgzl en‘bgdl nleﬁt_zg]?/ GZ_ZL orv =l

i Addtionoigspedivelyet hods described herein utilize a
2; g't 3?) S“‘E}\éﬁ”\éc"%@%f Tgés aﬁdﬂ pah el Jt'pdTiBR 2089588r 1450 of the
VSV L
In one embodiment of the invention, the methods described herein utilize a
strain of VSV that may be selected from an Indiana serotype (ATCC, VR-1238), a
New Jersey serotype (ATCC, VR-1239), an lIsfahan serotype (PMID:192094), a
Chandipura serotype (ATCC, VR-476) or other vesiculoviruses.
In one embodiment of the invention, the methods described herein utilize a
strain of VSV that contains a nucleic acid encoding at least one heterologous
antigen. The heterologous antigen is obtained from a pathogenic microorganism

selected from the group consisting of a virus, a bacterium, a protozoan and a fungus.

-8-



New Jersey serotype (ATCC, VR-1239), an I|sfahan
serotype (PM D:192094), a Chandi pura serotype (ATCC,
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of the invention, the nmethods described herein utilize

a strain of VSV that contains a nucleic acid encoding

at | east one heterol ogous antigen. The heterol ogous
antigen is obtained froma pathogeni c nm croorgani sm
séhegheéﬂolp@@m amﬂgegrr@aqo b@oﬁ@éeoéed gmothe g0rour gensigting of a human

b u
B ihodsRbe AP L LARTE A 37'?f HPEV janti %o?%aggl}/sa”t'ge” an RSV
aﬁﬂilgg?@n enﬁi/\/ patigen, eart étw eoliganhed GMG@nEeersi an ibpgtedt-Barr virus

£
ant an %q€zlogﬂe?[§}g%3 \éh{é& (;Hln tpgr\;lrlugeal?m%?r? dHeMsles virus

aﬁmlgy@n anamflyﬁ;\zaawquQ@mlgea @[\/polmtrugggntlgqm a rhinovirus antigen, a
E I I
aﬂé?%ltlg -BHrlis éf[\)tgglé\ﬁ” ?3@3%8 \ﬂuyaarnng(gs egg%\s/%&‘ﬂ?l? C w'rtfsuéntlgen a
ahonglk, Vlraﬁ anhmmemmawwm@nfaﬁﬂm @enalp@\wcsuwwrusa rubella virus
a n | I t ;
AApIGEE o Bofes VY Ehligaf I Mg Binyc SRl o8 fhal] LHE antigen. o
v PR oraa]twrg@rantlaen Nb Do Ray Virugs arfigeng @nmetgpnegaoviiugsantigen, a
a%r‘oﬂS\ﬂrusaJhtl %@@Wﬂrl‘dsch%@rééggﬁ't ngeﬁ 5‘#@%&1&//%’1 lts¥eiparum antigen, a
antigen, I'es virus anti Vi rus
aﬁ‘(asgmdlunarvl@mcﬂrﬁigen r aLlagme ,ovgle p@tmenl englaginpdigm malariae
a n, ;
AApIGEL e DIRGIRTR Mo it RHBPNRBRYibiTae antigen.
aﬁg‘reg@ﬁoccgs gpy@gﬁ@@ﬁ amigen, & ngﬁhagfﬂﬂ@/éﬁl agtigen, a Streptococcus
Pl @% eu'ghff' \ﬁaxa L8R n%nﬁ’@ﬁ@%r@nové‘l ﬁelg&tﬂag Bnorrhoeae
asnmodi uni mal ari ae  anti modi um
aﬁmlgﬁn a &omeép@t@@wacdmhtﬁﬂ@am@ntlw antGlegtrdium tetani antlgen a
SHoRRIAROSSHSSBAAIGHE S ABbMERMus i, CORRRIGiPhiRfeh, and an
anti gen, Streptococcus agal acti ag antigen,
N@SQ@ﬁwﬁ@<ﬁ#ﬁhhy¥wldls antigen, a Neisseria _
gonor IRFBILARAAUAORR: ndeRIGBISRAGIET bAABMUNAN Botein. In

antigen, a Cdostri di um t et ani anti g

pene @seioglinaet, @@nHlVapF%@M®mnPQ@daW |ag@ene seleHediipr e group
a@ ﬁ@ﬁm cﬁ”bg?agnv %%?W h&hiR G9! levadid @RD- 1A %n@%%bﬁldl\rpent, the

he heteérol ogous antigen conprises an /
an!)Y @TCﬁe'nI'ﬁ andh¥ gagogieirentn onenemppdimgnbitkg HIV gag protein has at

encrAg: thaa?asnﬁosﬁﬁJn%tseM %Qg}& @@8 group 20

consistin g, env ) t at, vpr, rev

and vpuong ﬁ”‘@ﬁ imenb dhr wtﬂtlon pﬁ@erqwn@a@d@rr ROSikorR1HHRYN, 329 or
92?8 Bfﬂ’ﬂé@-\lv gab%r&glﬁ i€8ho¢ mentg i henHM gag, l%%gé(ﬁ?vgl

' east “one nutation at position 165, 27
or 348 In one enbodi nent, the nmutati on of the am no

a%‘@kﬁbE@%ﬁlF’Tl@N éﬁ&H@BﬁAVﬁﬁ%S’r 348 of the HV gag

protein is S - N, or T - K
respeck|ygRY- 1.%§hemat|c genomic organization of wt VSV and attn VSVN4CT1-

gag?1 (IN and NJ serotypes).
FIGURE 2: Outline of the experimental protocol used to serially passage virus
in Vero cells. The viruses at every 5" passage were analyzed by indicated assays.
FIGURE 3: Adaptive amino acid substitutions accrued in IN serotype of

attenuated VSV (rVSVIinN4CT1-gag1) virus following serial passage in Vero cells.
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experinmental protocol used to serially passage virus
30 in Vero cells. The viruses at every 5th passage
wer e anal yzed by indicated assays. FIGURE 3: Adaptive

am no acid substitutions accrued in IN serotype of
at t enubt@dRESY Adardive mmigviacichgubstiitians #esryeswiméld serotype of

Lelhs: /
S e BRI BB SRIVRS PSR, S oo AT EAEER0N voro cot
subst i FIfeUBhsO akiteled nassage be@ebtgrp@rqwthdtlm@ﬁaalfébﬂ_ ysotype of
(ﬁyé\ﬂyt%qqlé GS)T gl‘fs F@é | ewiifg §§ra8@| é%@ﬁ?@gﬂ? hNsignificant

Vero ce ect of ssa eve ;
grrtmasemnryeqlcﬂa:ﬁlabfexq:eedgdrtb@qutﬁctur@gttém@atoéé 10" PFU/ml. There

rWé\sﬁ ﬂ:agta(g‘lan & nUSrow Pl e‘?baé@?éqge resulted in a

|cant I ncrease 1 n yiel hat exceeded the
rran uf aEtQM'Rﬁgﬁ tléffqyétof @rassagbomveiswm’growmdﬂrr@tlcm Ndoserotype of

S'aﬁ@@a‘t&ﬁ%\ﬁ] g\y"(&\g/th af ter passage 15. FlI GURE

ect of ass evels on grow h kinetics of NJ

ser ot yPESWYRE 4t R@ tét efdnewsvirijlemseTN\Galgstind 0f1sYSHINBYRE1-gag1
t -lale fip
reg%%ﬁ%&ﬁg?%sagptﬁ?ég i 8 rﬁo&%trtagr%wsp%cg anlmal model as

) \ passage VI ruses he
ndessibedin Georaniehsl. (J \djoladys 82,2407 . 280%el as

descri kegRp @@Eﬁbo@aﬁéon of thd ?Qél Hre gﬁgotl a aC|d (AA)

2008. Fl GURE 8A-8L.: arison o e nu
aRBauaRce Oé@rI@In@IAmPSS@qQJ@mP@é virtisesy g RassaupadtsQ HS Indiana

0Led @peVTﬁéjﬁ?san@ %ﬁ)%ﬁl@ggnszlﬁ e E)%%%’géd‘ﬁh%%e shown in bold.

ser ot AA substitu passage

vi rus Ei@UBﬁcﬁfﬁ‘ﬁMH pemgarisam ¢f eRrickEstida(NED apdanyon acid (AA)
%e(ﬁtne%c@é‘s# @r@tda‘#ﬁpe‘sw e @%F’P@;"\'/lﬁf%eél‘éhg é@s?ge Z%Qﬂ%vﬁéw Jersey

origina age Vi ruses passage 2

oBerg8weNERe ra@éy\A substiuyions inThrepagpagedvipyg are shown in boId

subst i ﬁ:%uﬁﬁ%d ft‘F]rBlR/ﬁu Rﬁ‘.%ﬁé’@Sﬂvévrnmc&fc%a%h%réaetop@iuﬂs, Using
FI GURE 10: Ki netics of -gagl

BlLeveadttigh E@mge%mﬁg Low and Hi gh Passage Virus 20
Fl GJREFF@URQPI““@O%&H"RHeﬁ&‘ of V¥§#N4ng]agga®breactor Runs, Using

Bi oreactor Runs, Using Low and H gh Passage Virus
DEfF\AIaDEEJ"@EB@%IaBGFIV@lISO: THE | NVENTI ON Before the
present methods and treat nent methodol ogy are
described, it is to 25 be understood that this

i BN A i DES GRAP TIAMOF ddHB NN EIO&UI ar et hods, and

Before the present methods and treatment methodology are described, it is to
be understood that this invention is not limited to particular methods, and
experimental conditions described, as such methods and conditions may vary. It is
also to be understood that the terminology used herein is for purposes of describing
particular embodiments only, and is not intended to be limiting.

As used in this specification and the appended claims, the singular forms “a”,
“an”, and “the” include plural references unless the context clearly dictates otherwise.
Thus, for example, references to “the method” includes one or more methods, and/or
steps of the type described herein and/or which will become apparent to those

persons skilled in the art upon reading this disclosure and so forth.
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describing particular enbodi nents only, and is not
intended to be limting. As used in this specification

and t he appended clains, the singular fornms "a", 30

"an", and "the" include plural references unless the

cont exiccerndigi, yn ecprgsert anrlieatigns there Tayshe e@ployed conventional
exa I

ool #I%ir r?gcﬁcgsg%/r ﬁﬂgﬁﬁoﬂ) eter%gregﬁmaﬁgntt Ii))/ﬂé t&g@iqrugg%\gmfn the skill of
héhecarh Snah éachnisiles aud e*pw@@b%y apﬁ@rléwtltr@ Slegse.g., Sambrook,

Y u
?Q%Q@?u@gh.g{r.%%%/@@/é}e%/é%g 09\ V%Hf aggw%%%l%econd Edition (1989)
PCPIAUSRO08/ [daPa7 5-abpiatasy dPﬁng$ yy Colch Spreg prierbent New York (herein

p?érh%f)k O, 1985 HRX D Irggfm)\ @?‘é’ég:c O(Q%ﬁ%btnho\?é\hme and Il (D.N.

ecul’ar “bi ol 08‘)1/9 mcro n i nant
t &dover cﬁﬂesﬂﬁﬁi Qfldé/egkdq ISy eSfSh(é/l ar BaitRtn1984); Nucleic Acid

o ?Héﬂ%}t@r B \.ﬂ I-r&d{*/hé/ edsn (1‘9‘3@%?’%@5{?”5&53 An@SSanslation

B frigmes &ahor %U@W? ﬁ%dé%@‘ée‘hwﬁd/ el Cuwre((RolgFyeshney, ed.
I »
gg ?p%ﬁ’lgbl % SLA‘}?de:'ﬁﬁﬁﬁé/s n_@lfiﬁqfﬁeses??{a %6?9%938[%&, A Practical

ereln

DIQN’CG Bhl’\/f%eculﬁf F@r/@lwt@ 6@84A@M0é€|wbe{/§t alméesist), Sucrent Protocols in
(%d)écuégwggd, §6hn WHBPY SRk enyebAot i de Synt hesi s

1984) ;" Nucl ei ¢ Acid’ Hybridi zati on
(B D. Ahragh@ng. ruethwwqwam@ls qnmmr)equwrammthpee dascribed

Aﬂgre?_r; ?&?b@hé&f‘m tﬁ% pll-%ctl othheH"n lnaﬁ th@%?eferred methods

It
( 208 e)aferials@eIion Q@Q”*@éi I/g”r &i@mmtlpnﬂ{hwﬁ@s@e incorporated
O%??é})g,)en @,n tﬁg,t} Qﬁ‘i‘lretyA Practical Guide To Ml ecul ar

oni ng . M" Ausubel et al. (eds.), Current
Pr ot ocol s | n I\/bI ecul ar Biology, John Wley & Sons,
| Befinifid?94) - Al though any nethods and materials

sim | qfheQErnt?ﬂHéébaﬁ&Bﬁ RethOSRaf Qgi?(%qlzeﬁ%rn@'léﬂoﬁ/ﬁrio those of

be used in ractice or testin he 1 nventi on
t Rl ém%narteaowevewoag copgenigntenane cpapleteness. neagticular terms and

dmm%g#rgsg%hhg@%wons mentioned herein are

I ncor porate reference in their entlret

Def i anthﬁofﬁrmTh@qUér meagns editier €4%. I@é@f@rabhevwib@nﬂﬁ%s and more

r%p@&gb@g\qthw/knom to those of 20 skill in the art,
however; for conveni ence and conpl et eness, particul ar

terms Téi‘ﬁdtermhé?idtuvﬁﬁbrfﬁfﬁg% tara coBORd tdf Mituse, thahenhances the
t ﬁﬁrﬂhn@%ﬁ%nséﬁ%wﬁaﬁﬁbén' An %gjgi/arﬁ’trc% QehRl % é(\‘uéslihbrb %Qt/fhat slowly

and nore preferably ™wthin he term "adj uvan
r é3leasestipe @négﬁr‘péﬂﬁw@ls@raﬁrﬁ ymphkoid RystemnariiMates thaygon-specifically

enhances the immune response (Hood et al., Immunology, Second Ed., 1984,
Benjamin/Cummings:  Menlo Park, California, p. 384). Depending on the
circumstances, a primary challenge with an antigen alone, in the absence of an
adjuvant, may fail to elicit a sufficient humoral or cellular immune response. A
number of cytokines or lymphokines have been shown to have immune modulating
activity, and thus are useful as adjuvants, including, but not limited to, the interleukins
1-0,1-B, 2,4, 5,6, 7, 8, 10, 12 (see, e.g., U.S. Patent No. 5,723,127), 13, 14, 15, 16,

17 and 18 (and its mutant forms); the interferons-a, B and y; granulocyte-
-11 -
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serve as a tissue depot that slowy releases the

wappgeweand al so as a | ynphoi d system acti vat BCT/URRD8/087375

10

15

20

25

30

non-specifically enhances the imune response (Hood
et al., Immunol ogy, Second Ed., 1984,
Benj am n/ Cunmmi ngs: Menlo Park, California, p. 384).

Dependi ng on the circunstances, a primary challenge
winderaphaget ¢aeny stiowiating nfacioe &Hdéride (feeare.g0 U.S. Patent No.

adjor4 ik ar{Ba)&TE)@ hotQsRh! I%rhb@r n%@dd)c EFO Eg@; c@'on?rstimulating

cellular i mune response. er o es o

| Woﬂ\ﬂﬁ@f)ha}wmte §h©mm thH@tmg faﬂtﬁﬁn@ Sl and nige tumor
2ﬁ5&r\5§|5¥?ct&§% %rlfﬂ"é &t gﬂfeﬁzaglﬂvﬁﬁtﬁﬁﬂég%\@%éml Wg'tHédlhﬂﬁmogemc
5 cogposttiong, dagrribggd I(Qg@lg ingluge cr@n@klrregt ermluqmg without I|m|tat|on

S %FF) 1.0, MHP- 41? an@@?Al‘J-‘@SR §8rq nﬂoﬁacﬁ%@dsdéhsasrﬁjééégtm e.g.,

forns); theinterterons 8 granul ocy

WD s2{E06n. 0B Z6BatiPan L%Qﬂeglmmmllkmmmage %o@@ﬁﬂr GlyCAM 1

Stahanﬂ}lg?b L 99§9ﬁé?ﬁbér$yhlg§meg(nﬁqgmn)§uﬁ% aéJLSA-1P‘VLQ\n’F Mac-1 and

and ATCC Accessi on
nﬁ&%%@g@em@%@wh@tmmm@mm@n Sﬂmrfamlly(swpfcgsf CAM, ICAMS, e.g.,

gf@;ﬂwp%fkﬁ/l Q%B%Aﬂ BMepat ) IF_)f:A‘-%S: I‘?:F)lét ﬁ(?rl/argélggulég‘%uch as

t unor necrosis factors a an | Juvan S
t Ré&40aard GSH0L! guawth fagiersi ingudipgeveseulsr @mvﬁbsfia@tpbr@rve growth

df‘a?:n@dra*ﬁls%bfé%lf %S;Nth %EMF’%&&@%\‘ gP(F/ﬁh ﬁaE@ Uﬁ*f Qg FiMthOB'L 1, and

adﬁwia@rend@ﬂhébajlgé@vthg‘a@thr agcqpt@em@l@wlefs Ir@luglmg Fas TNF receptor,
LFPe'A%SH' rb55P W@LthDF@s aﬁﬁAﬁPS%&pﬁﬁé' ﬂiR ”H&RB 'Nd‘F@r DR4, DR5,

ecul es,

mEHER, JRPtIlhB%s ﬁRl:_Cg?Z ﬁnqﬂ Qﬂﬁﬂ 9n@§@hp@§ (LCFED) 1 VLA 1,

Mac- 1 S'%ngﬁ)lep &Xf]a%trb u8ed B RESHaRte taheminmﬂ@fg&lpeﬁég 'flﬂther include,
super fam as PECAM | CAMs .

| @&N@lﬂ ||§hf@tl<l>'CAN?|3T"" (@&dawlaﬁ)m@noefmwhpwhllmd 6r 90ﬂxa Hamilton,
MRATSCUHhRS i§Ulced A, We%@'ﬂ 995 @8k h Al%tsgfﬁble for use as
i ncl'udi ng vascular growth factor, nerve gr

f adivwants farer sythelic gmlémt\ham%@g%ror @pineélkmglugemlhe phosphate
f QG@PEMO@?(A?SP) R erivBlved or 34 svlﬂéf'élélf %hl&ﬁ%tﬂgilébﬁ’é from Corixa

factor receptor no C ES i ncl di ng

r él-d@”plﬂtgm MTs) Qnd WpishiarepBrscrilgel ing Unitye Sta]tgmﬂatenAFNp @ 113,918.
TRI WQGAN@Z:[(R 2 gTetrQEécano I X)maﬁ-édégu' t)ﬁ%rllnof@thml 2- Deoxy -4-O-

Caspase e adj uvant

usbesnheneRHRHES- 3atﬁtra¢ﬁﬁan@yw aaeeanpyit-2Héd)-3 ncl ude
\Mtétll'ég%arl f& t@frfl(%baagﬁlam&?b 8- dﬂﬁ%&?ﬂaﬁ&ﬁ&ie Whlszh |sv\%lso known as

nmonophospho
i §291é©6ﬂ13'ﬂ)\e&n<PWﬂ @B§059§t) en'EhISN629 @dEIIQntOQZfOFWN'Qi@d as an aqueous

SH%H%WFcﬁégagéﬁkﬁigwﬁghEMQPts are synthetic lipid A

anal ogs m noal gl ucosam ne phosphate 20
corrpolﬁildispﬂqa(car)luva@ts welupe apyroey! pertidasl Ygd ashbraseyl-muramyl-L-

b%s@&bhﬂ@ e fremvessy xa McS?HmrM))I-'L Ahe-2-(1-2
are descri bed |n Unlted St at es Pat ent
Gd@gmgrygsn glycero-3-hydroxyphosphoryloxy)-ethylamine (MTP PE); oil-in-water

emulsions, such as MF59 (International PCT Publication No. WO 90/14837)
(containing 5% Squalene, 0.5% Tween 80, and 0.5% Span 85 (optionally containing
various amounts of MTP-PE) formulated into submicron particles using a

microfluidizer such as Model 110Y microfluidizer (Microfluidics, Newton, MA)), and
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One such ACGP is
2-[ (R) - 3- Tetradecanoyl oxyt et r adecanoyl am no] et hyl

WQ2e0%2664- O PCT/US2008/087375
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phosphono-3- O [ (R) - 3-t et radecanoyoxyt et radecanoyl ] - 2- [
(R -3

t et radecanoyl oxyt et r adecanoyl - am no] - b- D- gl ucopyr anosi
de, which is also known as 25 529 (formerly known as

R@ﬁ\fg():ontaining 20 Seidiylenea B4 % I Wegh 301 atogdurasictpckedieolymer L121,
gﬁmI{rWP %lth@?ﬁ%réﬁﬂﬁﬁ Ay §ut9ﬂcr()§@mths%rﬂ bl v&MeRES to generate
ad] uvants 1 ncl ude nmur any pe SucC

Nad@r@pyparﬁgleaﬁﬂ erulsion); énepiplgte IFSQ}Q'Idlﬁ adivveat (IEAY-alppipum salts

y or.
J pﬁrﬁz‘I gu aguél% iug#o@gﬂﬁiydgeeoglu&#osp ohr038/ hate aIunH er sulfate;
i I‘I@qnmep PEr)dlne; 12l fsqyiers; Dstac&dﬂ:p@ylaﬁgie/%maldasplwm@ polyols;

(kngt?rmgétgf?lzag%ngu?udhc '§ﬁh V%gzq/ ?{ﬁﬁég%l&s Framlngham

(cont al ni ng ene 5@6

8HA. b@ew@sldllry Uo‘brﬂ%ﬁﬂilNﬁg 5, Qﬁérﬁ@u@%ﬁﬁ@( @SLI\IHTF’HIPE)ParkVI”e
:nsa‘gg%%l%?ji gebéﬁb‘éds o'ﬂ’gﬂ%’f %Y%ZMSB d immunostimulating

i zer such as M m crof l'ui IZGF

( WI@DGMESJI(@QSB\AS)\EW@W%MMW tuhatgulosis? baciepial ip@ehsadacharides;
P %th@%%gn%@l%%gdﬁas a@%‘ﬂg rﬁ]c@oﬂ@esl&ﬁ’taﬁ;ﬁH@la% nf&tifte.g., U.S.

, [ 'uronic- mer L121
tl?ﬁtquPio éIZDFI@f‘rG}nI@rSdf(IIrljer@elté@ IermaaAyﬁtbm ¢esgribed in European

eméle%'t (N?)sorl 2‘9@r7t1gxa¢fél § @2@8§@r§ gj{ ung'IBargrt r‘nﬁgﬂt thereof, a

size emul si on I NCO ete F‘re I()
apb@wrrauﬁmral o5 m'qtanhptgeregfudh ag- almﬁmﬁWhyﬁ’ﬁJ x Pdelication  Nos.

al oy hm%%@ldﬁm\/(}é@/@%é@t) Cor an ARIHHISMabile toxin (LT),
Ayrldlne [121 /igpa ene,;

Dppdistinde LEd(63, AdtRea/ @T%@&I&Qese‘pl egorinernsdphal RCT Publication
kl,\joge\ﬂloegg/qjﬁ(glér@ WEaPROYeg, such as Stinul onTM QG- 21

( Anti geni cs, Fram ngham MA. ), described in U.S.

Pat entThRoter®, tmmggmorefersctg\mmmpem ¢qraRasiign, or immunogenic
P@ﬁﬂ@féﬂdeemat @‘é‘r?fsﬁrﬂhl'a@ thedﬁr%&ﬁdtlgﬁ%f'd?\tlbﬁ)oﬁes Bﬁ%eﬁkell\%sponse or
5, 254, 339, I munosti nul ati ng conpl exes

W@@by@;ta@rammat Uplvding somposibiens &at Are injected or absorbed into an
I I I h

bﬁﬂ%@gﬂgﬁgﬁ@gﬁ; qdig%og%(%tnmﬁﬁgeh@répﬁﬂ WHH% @?&Ibqﬁéle%% orto a

Pﬁp'élﬁﬂ oNie rgolegite 6216) an eOitEPE qrihaptene dl eT hIe tﬂ@ Mgy ®gritged to refer to
t: 0 6

g lﬁdl\ﬂéual%é&&‘ngl%gl#ltburbgggs Wenggﬁr Btpm%geﬁe&% pdpkation of
t ﬁevg;e@fc mgcrogigicsles. fA0XanHgen reastsa it ttirre pEQSIUCES, Of espgcific humoral
| I | L .
BOEPHEHBE S, UP Y eonn ORDA A4 ot
heeateing pdlwpeptdasn apligenic EI@tquaIfrﬁgm@mér nycleit-aksle, oligosaccharides,
L 9/

Bol?&%ogp?l%éé o@a%% orslﬁgl}gaﬁlcgche %ﬁ%ﬁg%#g%&g%oggc%d the like. The
t €97 ’a@hwrgencluql@f all eclated anbganio apitbres orfrdloPes eha ayen antigen
[

SRRl SO0 o BB, yot koown n
b@tthSee re-an E@ﬁpmMappwglm@Iqqglschvﬂﬁié@dsl IOrMOI@BId@r Biokogy, Vol. 66

| naRAk &t QBRI PEshd) Ni@n&th Press, Totowa, N. J. For example, linear

epitopes may be determined by e.g., concurrently synthesizing large numbers of
peptides on solid supports, the peptides corresponding to portions of the protein

molecule, and reacting the peptides with antibodies while the peptides are still
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20 animal . The i nmune response may be generated to the
whol e nolecule, or to a portion of the nolecule

W@ 2009/082661 epi t ope or hapten). The term may bePCBES200$087375
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refer to an individual nmacronolecule or to a
honobgeneous or het erogeneous popul ation of antigenic
macr onol ecul es. An antigen reacts with the products of

speC| fic hunoral and/or cellular inmunity. The term
aﬁ@ﬂ@énto the sadPytsefeshpasyEaesviretkneyniin dh@ @rtrapd2gescribed in,

eyns, PéIO'r\IonIPfdsd@ﬁI bﬂeéi'éi gfg%hg'#ﬂo{]fﬁgtﬁe/&ﬂa% Sci. USA

nuc el ¢ aci ds, ol'i osacc |des acchari des
0B{BAPE-4002;i G@Y@arﬁtcalch@ﬁﬁb é/loﬂﬁcor'm@‘tblﬁplogl?’t?o@ﬁsi5 alhdncorporated
t - n I o ;
aﬂtsﬁelédeﬁf refgrléﬁc% 'irggh@r é?\l'ﬂI'étlgg Slg#llgﬁy U(Q)@E)ﬁﬁg{rl]ct)rlfa‘? Eﬁ&%gnare readily
béiantim byt d@tdrmnsinggspaw Q@umatlcmf ofeq:mm@ @éldmpph I g by, e.g., x-ray

AP UL SO oy oty SE8 2o

pp@e %@tC(C@SeﬁWNE MusthermaoreEERr, PUTIIBES qildh@r@aespnb@wntion, an
T‘De;rﬁ’l %Iso %Qrusgaf%rpéf@r tol d Pﬁ%m tERIIAARRS fifons, such as
dete m ned ., concurren synt hesi zing large
ndelgtiens, @ﬂdltlwndﬂwsbwtl@nﬂ Ggen@rathsp@@rtsgrvaﬁlmlrp@jwed@@t they may
CQLT, [WaTe 0 I : i
Bé n?ég%??%rggtl Z tgggt% ing{el\ie %qlﬁngenﬁo I%ﬁ%; s t ipf(gglbﬁgamtams the
p@pmydggllqt@ iggmurnologicgl rquomg'hg@m@mﬂcations may be deliberate, as
] eqd. t t
IR OBBUAIS] et bl PARIR Sy oo, o
e thjoughuaengti¢ .engineedny @gpRAgh, @ey@arb@achent@agem as through

Prﬁfﬁ tio tc%f hoéﬁéa%lcﬁ%roddf%@ath% ggl%glgg%r[n@?é’stﬁ@ aftigen can be
i ﬁ@@\tq@o@ra@téame%érpm ﬁniby'rlﬁ?eft@p@ﬁé@ ipArastiei proteapan. eari fusgus, and

gglll lb%ré o‘Fé)%Eéy g, ' @Il"f\ha@p'atnoglfg%néél otro%a&' balyrﬁ%cleotlde which
entlfle termnin patla conf ornati on

aﬁXWf@S%@@’I o a@ugw asichyas @ gucleig -ackl immuyization| @@Ila@tmns is also
aﬂ%lu%leg fﬁeﬂ% %ﬁhltl&vcb§ﬁtﬁef@%ﬁ ér% ra?é%?cfmﬁcl for example,
e.g., tope Mappi ng’ Protocol 8, supra. Furthernore
f@olypreitq@@seﬁardﬂnq repitppess editd othee nerembinant or aaymhgmiaﬂy derived
C t a [ I

m%gtlugfél C;(tBEan%‘ﬁdetcﬁ Q©§§)’ EPP JE |rHI'n9IwSI 3t2'??f 2 8e dB’éISﬁlann et al.

1 ons de etlons ItlonS an

s(P96) tJut“InUW@OK g@?&%?l%ﬁ@o@@fmﬁ IA/e(19W)n@ﬁfUWé‘;0| pod Cell Biol.
U heMopBY0d.0 Afgnen epoéls%g@ég' V8h W&hd h/ﬂD@t(Edfﬁerence Geneva,
sequence, 'so long a tein maintains
a@N\IItZ@@Bn{doJ@I 28t §n199rﬁ)mnol ogi cal response. These
nodi fg%@ttbﬁﬁ‘sat{'gﬁ)ﬁall%@ F@ér’sqgraaét?% n 8Ffpat F\%éﬁu\gﬁoae pathogenicity has
site-directed nutagenesis, roug particu
Spﬂ@mégcﬂt@egrmmrlbwll mItlatq: rﬂrbl'r,‘@ﬁurga GeIRONPE Wlthout producing the
eeﬁé@fﬁ:eﬂlba‘@gseaw Qﬁ&I'?té?jr st C}P% ﬁﬁfé' gqe&@blrulﬁﬁ&ct}ﬂaﬁ‘%he parental

rou mut ati ons of hosts, which produce
aﬁtralggr@@ whigh ithie dered, C@h@”ﬁﬁ@&'@é&@”é@ﬁe peedi® iptegduge @ttenuating
O RRIoRb rl‘@%ef‘né fo §Wod\‘f|e'dqﬁr*usb§féheéé I‘:W@mlgérrﬁ@tbg yesis during virus

pr ot ozoan, ungus, and can ni sm

SiorAwthyin gell %uItUr_ﬁSI tgavie] @@her@@abmumpy hag loesm Iad@ed Vi @lfernative
EXRLERS SES Hﬁfbdﬂ@iﬁ? 95fnuaked rﬁ@tah(?hsn WehBliSe@Ghsking pre-determined

I mruni zation a ications, IS
mutations using S|ed|rected mutageneS|s One or more mutations may be
introduced. These viruses are then screened for attenuation of their biological

activity in cell culture and/or in an animal model. If the attenuated phenotype of the
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included in the definition. Synthetic antigens are
al so included, for exanple, polyepitopes, flanking

we@piovogess4 and ot her reconbi nant or syntheti caPCHUS2008/087375
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derived 20 antigens (Bergnmann et al. (1993) Eur. J.

| munol . 23: 2777 2781; Bergmann et al. (1996) J.

| mmunol . 157: 3242 3249; Suhrbier, A (1997) | nmunol.

and Cell Biol. 75:402 408; Gardner et al. (1998) 12th

Wirsicded\ DI9sCisnfrsesant e Chalienee agxpesmieniserdaande genslucted with an

J t%ﬁ%nTl AhuAbh RHAEn 9 iate animal

SEPaoRiaf el riR.| RoThuReh PR S 5 bR ofprgpriete animo

r emsﬂ@b@réfw pehtapgertesw qfihumeintdiggase arl hierenprigarassyye iss immunized
: [ [ e

ot e e, BB anBRAELL R A RPRER op AlngE BRHE#Hio-ype

sfarani ¢f the wrswhi ch it is derived. Conventl onal neans

are usgd {ofmi n&%l 8t aLiPeRuat Li@re” [ﬂé L9 used herein are

generate a nodi virus, such as c emc

mintengedetoi iscldde |ang individgal agpt owt ¢elli eultged Whishl ¢anr kg or drave been

WF(% erfts Cﬂa?mlrgeés MEAGENN e gﬁ&)‘? Sdgigd ofAQ(ogenous nucleic acid

ernative neans O Intro u0|ng att enuat I'ng
mitodduBIs PYTHSIOsdes arderyoisine- U @sarintended hainglude msogeny of a
u t t r i . .
V300 S FACHEE LGP R0 13, UBedly B bl 0ol (n
f mormq*@mitm GeNaQnic PR ital w/bp@@plément)é@the\@rtgwal nar@et ¢ell due to
d ,
phanblaaitr, brodaRly Minlibdbe o pely eRIERY dyBygtc ou
r GWLQQJI prokayoti¢ angriecliede bug laed D@hkyélt%ktﬁerhaﬁ@ﬁﬁlsc@lanywt cells,
CORAFEOR, Whd MafinaliBRRERPE! AL BURAY, R s e<+r huhl%(r%human
pri mat es can serve as an approp riate ani ma for
t he pdihRoéREmes¢lariiping huﬂ%mséﬁsb%t@@ refRss etop N nedrdys stape in virus
fbldcal e? thé‘”o&lﬁb ér{hecé‘ﬁhltaiaaﬁﬂsqg re ved after infection of cells or
reconblnan roduced virus engeg %1
walqﬂltqdﬁ@re \Slth‘ thenyips afffbe wresest IthrethneFm's exa:f@mle an early step in
bf?l% pG&chtion m‘?/SIlvles Géléﬁf&‘lﬁﬁ th%n&llt&ﬁ’(u}e' Jﬁ%di@nsn H)Sf-aeqin ve ceII debris
herei n are I ntended to | hcl ude any 1 n di vi dual
ceping aumethed sWhh @p levspeerd @@ntﬁfagétme@nm Q(&RBN@rﬂrélltlfa@@n The
Vigk &%seﬁ{%’ér%rs%pgfnaﬂ?ﬁls' tﬂ@@fs%%rt(fbt érﬂqp&ffleg)&gﬂg'?ﬁé{ﬁods known to

nucl el c acid nolecul es, nucl eot1 des and

ptheseiskided inthe artasuch a&ﬁlﬁlhureeﬁdt@ntrﬁwgam@@ (¢9- I§EHY0 fg) dhrough a
1Qu<§rb§¥9!:t%h%| dr |SJFQ}6‘%\{ﬁrrougﬁ hg |&{8&§?I¥g(é7&¥urﬂr9tsuch as that described

necessarl mor phol ogy or

ete I dentic
il @@no?ﬁt@ntd%bi'@ﬂt@h 2@@@0%‘@%9 .ement) to the ori g| nal
par entIt %eh(gtﬁgl’lﬁatt B thikabidbigd rea%ﬂngeﬂfcﬁ as Yonflf % eF&rfprised”,

mut at 1 on e cel are pre era aryotl

MeSPNHEIS{ROOK aPRtaINE'c mméalmnm angethe e can éa\reothelmeﬁnurwdattrlbuted to
t @henpﬁ\cb% 'p?a't?rﬁ%\bseg }’ﬁﬁztcaﬁ%éa% "in@dd S| "Wﬁ:‘ﬁ]deﬁ" "%ﬁjdlng and

mamal | an cel , SIman or unan '
18eTiive. i ermmg Slé;qhaars fosbnﬁgtrng esseQlialiy ofeans feonsiats @ssentigliyaf have

edld Meshif altfbitéd HSthem in U.S. patent law, eg., they allow for the inclusion of
additional ingredients or steps that do not detract from the novel or basic
characteristics of the invention, je., they exclude additional unrecited ingredients or
steps that detract from novel or basic characteristics of the invention, and they
exclude ingredients or steps of the prior art, such as documents in the art that are

cited herein or a re incorporated by reference herein, especially as it is a goal of this
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purification, whereby the cells and cellular debris is
renoved after infection of cells or a cell culture

wowaob/osdeed vi rus of the present invention. For BXED§1088/087375
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an early step in virus purification involves
"clarifying” the cell culture nediumto renove cel
debris wusing a nethod such as | ow speed
centrifugation (<_ 10,000 RPM or filtration. The 20
vidpengt e definen emhedimngds rbatante ipgtentabie.i 6@ vl ardobvious,
p d Sekn Kk d
Wvbﬁﬂé\{jec ove! ﬂ%l Hﬁérgh%ge ﬁcgﬁlgt}r(?%ﬂa{aepﬁzﬁt& hérbf %r' W\8%ltﬂ>%rated by
g}ef@f@ﬂé@@hr%ﬂ Angc thesternas stsingistsoel’ rae@rmnrstshng m’ cbv@gﬁ thghmeaning
[ [
38 RS0 U STBais S, B3t SRR rl s S
t hi s d sedngeypiive ar@irwgatlgi@.@hb%tgutiqaom@‘prss@sthe substltutlon of one or
GRIDLf ﬁl%damlno%gid"t%gﬁgéi§f q 'rot inGRAR ﬁt‘n@rsamlno acid residues having
“cont al ni ng" the ITrtke c Rave the neani
asintiiab pbysical @nd/pheh@miﬁalwrsoerpas éxubslitates fegan amrréya@@mv'thm the
R MR sle e e B SRR yictEing amino aci
" B8PSt Bore gxamiple.akhey nempoldra(hydraphebigk aningy aaldisrm@ud%calamne
t o2 I
| BolEsbRuin ol RO Pho Bianing He@bh i sh® fyckinjao. Amino
n@cidg epntaipingfaromatihenheustures a@ame@ylatanmam@,t@mansﬁndz yrosine.
Ofrng BR1dr MG Rk é?ﬂmo'a%ld’s Hﬂ@d’e gg& Hdgerﬁ\gdﬂﬁé&ﬂ?é cs/stelne tyrosine,
unrecited In Ients or hat det ract
nésraragine.nary Jlethainge t e §D$ltt\é¢|30f0hﬁ'f§3§d| (bagial iaphno Aels include
e r
SO g G Bl asRhierThe {PoaflcpSndieb (REE) RRird! duds indude
aaprarfiq@sidpanatoidanip ﬁ@ﬂeﬁéﬁfe@”ﬁ@ﬁ'éﬂﬁh Wilk ook deagxpectesl to affect
[
per e 8RR Gas ueriiied iy hdligAkiniae, ael eloctropnoresis. or
arseelsatiernoil Bartieglarly pelesred sidwbtiiprsuare: Lysiesnigvand vice versa
O¥6&h #hfa BBélﬁ’\Ve éHatrge ﬁ%%/ be%ﬁﬁta%@luaﬁpﬁoﬁAgb taﬁﬁ vide\BH3 such that
or I ncor por at ed erence herein. terns
gomegalys caargeam@[v b@dﬁ@ln@madgs@f feralier $lh3é hakaifreg —-OH can be
itDRg:; ta‘ﬁdté]ﬁ%r'ﬁ@n"é geﬁré% NIV 6an B Rhkaiddaat

t ese ternB ar e ose ‘conservative am no
aC| d sT@séermSutcuktme ﬂkl@feﬁ%” @t&turqwféﬂ%ubrﬂlucvlmremeddﬁ' ‘orgia” and/or

thor%QEt%r Qi '&?e YA Bfchdnd D rf“é‘ﬁ% |%f’ 8toloth thidla VMrté%lutuon in

er amno acid residues havi S|n1 ar p ysi cal
aM@K@ﬂh%ﬁ@hﬂﬁaﬁﬂpﬂﬁvwrtles Substltutes for an an1no

aci d WEFl(EBd%dtbg or SREMMPE ﬁpsytob.ﬁn&%l(,egé@geéw[%e el 'codes for

menbers of theé class to am no acl S.

Ferpobipanisieeseat/frcen @wpfﬂlrathe(nﬂy@egtgﬂmqepnmqméal@ﬁ:ardgmmo acid
' Q8+déq11%e af ﬁt'e]né? 3 168 dnfiHG hB8s, Hwér@lp‘?éi’%f'ag@/’naé;ﬁﬁés't 8% 10 amino acids,

proline al anlne try tO han an 1 ONnl ne.
ABNG @verampfﬁc,pr@mtziy Al |ﬂ@Gté|5c§®r89 |acnlmq R)dss Eernaditrg plide erceded by

P h%fwdc?é@%@ 'é‘eql}ernﬁé’é é;oﬁ{ﬂ)gsééé‘r &8 'pngeptHéeseﬂ%lﬂfes which

neutral amno acids inclu Cl ne,
t AFecigNYn®logispdy éieﬁtéflab!%/w@isa ﬁ@lyperasisanagd&deby thagequence. Thus,

?hﬁ%ﬁgée&ﬁ 0ol PEPtRRTIbIoYEH. Y oF RTINS IcilORREN cATh P RaREhdSast 70%
similarity, preferably at least about 80% similarity, more preferably about 90-95%
similarity, and most preferably about 99% similarity, to a polypeptide or amino acid

sequence of an antigen.
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arginine, lysine and histidine. The negatively charged
(acidic) amno acids include 15 aspartic acid and

w@bkwvasiees aci d. Such alterations will not be erQEUSM™AS/087375

10

15

20

25

30

to affect apparent nol ecul ar wei ght as determ ned by

pol yacryl am de gel el ectrophoresis, or isoelectric

point. Particularly preferred substitutions are: Lys

for Arg and vice versa such that a positive charge

rray beFragmentiratess taither arerpiefn ameplyieptide epmarising An amino acid
@r&uen@e r@gg}t %S @r}sﬁ‘ﬁlgg r@ﬁdd@@ hﬁél’éﬁﬁ/ éﬂs%asft OIEQ:I dhino acid

suc e d n

hat a free -- can |n al
fmsrdm@ﬁ @td@arstﬂﬁ@mrrap a¢r@éesw428c@tﬁea%2ﬁ@rrm<aa¢|@desrdn¢é at least 25

% ‘atid! B%éro%egl Y geast @eé% ifoUbEH! Rsfdubs dat Js a%?glo amino acid
ture e bi oreact’or

uS@&tﬂueﬁt af teﬁah@(?eamrr}o rmeseateheastoﬂt a@rrneea¢r@ r@$rdues at Ieast 80

SQH:Hd 9hig] lréng)ﬁégCQtr Fee?§t §§|ém|ﬁH| éé’({ Cedifuddl WMeast EMROIRHho acid

or "enco ers to efc acid sequence
mm%dve@oa@gaﬂﬁ% 28ing 354} gqsayps der ajdepntrioe, armn@raéidrresrdueS) of
t i i . a ] i . .
SE%UEWé%&g i Qﬁ%gg%%@caegﬁ%ﬁgﬁrﬁ%magr %g]yﬂg%tﬁbge ®r a nucleic acid
peeherging ¢ riclaodde seguange 10 2Aiash 18diags pairaareéareply at least 20
?@e Bél?g gﬁ ‘T’eglsy?)@tbag%ﬁ%s L 1ddt 3@ b3g ggiré‘(‘dt U5t 80 base pairs, at

encode he nucleic a sequences.

Ale§@t @ﬁb@ﬁﬁﬂé\%@e@ﬂ least 1Qa|b99%p@rr&‘d@t lcasfuiicase patis)cH theapecleotide
b@%‘f 2l 6a¥erﬁt%@ﬁe|cfé(ﬁ’rpl Bn)'y gn ?raBr‘HlaMtprﬁQ}; bAay not possess a

enc he sequence. hUS an antl
ﬁmcy@mbacrd/éy ‘of thsmr@t ﬁucle@racrda?ﬁpﬂi@era@r@oly9@|@fl¢@nce may
have at "ée%%maszps@j il L @hidkY o FPr\'eeEFers@ Mv@ﬁtldnegsé sequence of
about 80%simlarity, nore pre era
srrmzle@tldetsyn aaﬁddﬁlﬁsQC'%mﬂ@Uéquhr@m@%ﬁm%@J@%ﬂ'ﬁa Eter)i wigh which a
t QeRetROMBERT idesQ5ciA8d N’ g@d is SCAMEARSY Ani@or example of an
a tigen. -16 WD 2009/ 082664 PCT/ US2008/ 087375
" PrOagivERt ComRising & cobinupleptide seauenas ¢¢-9pod yBBIAL isgeuence for
C a e e "
RSN A DRIET P ERT R INRRES Kol (2 PBEfe Ko B9 "genetic
r é@iréra@éthrndhe pergyve ngsaraﬂﬁgﬁ@rsm Adenesad @égodeaan exmegsed product,
a e
SR8 Pty et e BbhERTIIE o R TR, BRIEINSRANE UoGene may
a@lefcmes ar gafiofie docaien |f@ragtpa6‘mréaﬂ eMeNE iIsrinne suchitas| thgskinding of
|
"B hg nit Ay RUESe o phafBliaditner THES, Bfibfbin the gene does
109t_ aneasie aiticdpresesy aupsisct. éfwmceua&s,ta gene andlytssaedding sequences,
I @5 4€Spo %ep%eltﬁﬁéaln&%qﬁgh&% aclﬁhdnérﬁééd#ﬁ’ge@aq@énceéhguch as
anm Nno acl sequence O parent proteln or
pOrojpEeIt | seguepges mM@derly@éord SEWRNCESI niganscriptional regulatory
q f t b r
(e RaEE e RRaRP ot gh AT ViRl PERARA Jaqes, fave "exons
é@@lrrmaﬁe@uensesx EdRITUPADl th(s Bntpogisr s(norapoqir@@sqeqsgnméeln certain
PRhdes, aat n? rﬁ‘a?séha?@s RS anéﬂﬁerI {éﬁ%& J(gg Qﬁé@applng genes).

pairs, 200 base palrs) otide
The term 'gene” may or may not include regulatory DNA sequences, such as
promoter sequences, which determine for example the conditions under which the
gene is expressed. Some genes, which are not structural genes, may be transcribed
from DNA to RNA, but are not translated into an amino acid sequence. Other genes

may function as regulators of structural genes or as regulators of DNA transcription.
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sequence of the parent nucleic acid. Any given
fragnent may or may not possess a functional activity

wo@Roovhgepar ent nucleic acid or protein or pol ypepusmes/ 087375
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A "gene" as used in the context of the present

invention is a sequence of 15 nucleotides in a

nucl ei ¢ acid nol ecul e (chronosone, plasmd, etc.) with
which a genetic function is associated. A gene is a

her ediAsafgfingdi berefrorthextigrps egete shuflimggarsngited gene”, “shuffled”,
C | g SN

Ceunmnal e REUPTER pBF FSLEERotRrdare fhed Werchangeanly,
papgirefar to @cehangn ((wtatigehdn thecawter of theyuiidtyne VEYcapsome. As
Wi f gan 0 '
eggﬂeégsieg&p?%@uct o VC?QF%&L asha;g%gl yI%e l%%%% O%]é:r SNBlioL-5'
pol ynudledotm dger(eelcgly mb@RAEY". geMetadly materrs/ & the |atrg@rwomvj‘/ one or
def | I I

e\?/rfeorﬁ ﬁwﬁaﬁ%ﬁ?%ﬂ% ﬁlgu\}gﬁggbﬁ)é}né Bg ﬁ%%ahjs gr%v@ﬁ to those skilled in the art.
ahidiveremudileicertaioi ‘dsngtie. rgodlflqzﬂt@ge @ay dvehmem bslslpesmc deletions,

V"ﬂ%gﬁfo t(ﬁ} SLH)%FH%F&%G%F bgqFangf& ?eﬁgtlceﬁgfe%%?ﬁgo the V|raI genome

susmg a@@e@gemﬂcmgmeeom teghsigyes medsin mtln@mohf@dtwrgs of the
\'/eggﬁé H.Cﬁﬁe re%gntp[n(?/gm r o§&ﬂrté%n§? contlnuous assage of an
pol enq1 i on Sequences, Ty SRS pt1 onal uPat%s |g
setjemram;tV@é’ gt 2 lewavltigicity ef ufactes) Thwpwlaémneamget atclow MOl
9?&%%@ %,Ytﬁ I ?%%;9&55? e a((:%RJ%'I 04 ﬁlﬁﬂ!;&rhq 'ﬁﬁalebt!b‘e.egurbgt%ﬁ&sqp{roughout
I Ntrons ?Ro T eodi ng sequences n"ceértain cases, a
géwevirmygee@me ang @dﬁmmebed/\mt dmian Gicldesubgtitobi¢re) in(tbe ¢.SV proteins.

o] e
: “hf'ﬁ% 2;%%@90%92 i freBNX§€/ e[gaﬁg(ﬂ%seglg%s%hc Q%og@aﬁ)téboltor increased
secpyéhoes:elltwhbtﬁ thﬂt@utemw:reased meummﬂ‘ml(myt Ihesmaihdmm%mmodels for

uﬂgl?trowmér?(% tIlrﬁethe %?&%n't %vgﬁtﬂ)rneslg\?/%as§ i@swgfsg,e‘%]asﬂ% %ch\)r ‘PO”,

ur al trans
t endal\‘l@ngltnltvnause arﬁolusadr antm'timr@dably\tmdarepeaﬁenbtfwc "NBVN4CT1gag

SOALEHEE aﬁege'aegs % %?’aﬂi@éal{eﬁ?lgf&g q@? ag%Rﬁﬁc%W %&fif?‘edo (/irus of the

structur genes or "as
tcann@drlnpentbn In B@W@%Wp@ﬁbﬁ@ﬂyﬁ@‘ﬁh%@b%ﬁ%?ﬁ% these also

fip I "gene,. ffling!' .
"BPh Do g i) 3y, SRR Bipge viuses, i
rea$sa@ageimaﬁt “paasdgeqjenimist, r esblicdy | ondifiad eviwséd “tissue  culture-

t Ehgggt agrg%?pl ﬁapteél \% ’egr%ﬂ\%@ ﬁtePJﬂQR&a%@ﬂH@&}ép‘?Q%en't virus that

rder o enormne
héag beuen aaa&ag@u Wpii‘thVS‘F/ tgmogmdﬁals/ 3 toe2X tshé o wiateraglyrid times.

order 1 %%wﬁ? on ﬁFEJUﬁh L&) MedRP&h 'r@‘@lls t tﬂg)lg \flﬁoeﬁjropagatlon

generally refers ntroduction
mof dtusdnselisneforatibes kindsi J hganawmpg/grovdnpf wesns CEHEDlWﬁhQ @boratory

t %%ﬁ/ §Kﬁc&éu%‘ﬂ]§1¢ %*&Sus&‘With thmgeé)ﬂo%&i lsbgelﬁﬂbltaghg to allow virus

gene IC NO I ons
detaslupiomsand thesdrarvestisg ther cezilwtm;turet medlcnsqorminibg the virus. Virus-

t frﬁ&ﬁ&?{;elﬁf 5?@8@@%&@{?8\&#[& éahr&\/\ft]ﬁ %etdpﬁn Wtﬁlﬁlcugﬁ@%%el? Esuch as

usi n engl neerin ues
géaﬁha @ dighisffocadhaverd aefls pheonstantly moving bottles or flasks for cells in

suspension) and the cultures are maintained in cell incubators with constant
temperature, humidity and gas composition. However, culture conditions can vary
depending on the cell type and can be altered to induce changes in the cells or to

support or enhance virus production by the cells.
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10 VSV genone in the present invention occurred by
conti nuous passage of an attenuated VSV at a | ow

woredoviogdesci ty of infection. This serial passageCHUS1008087375

10

15

20

25

30

MJ resulted in the progressive accrual of a nunber

of nucl eotide substitutions throughout the vira

genone and also resulted in amno acid substitutions

in the VSV proteins. These "genetically nodified" VSV

par t i dihesteweriearseriing’. 125 Useddibapin ewlers o ithic pellestien ebcells or cell

g lil.s r 0 I

i EQ@&% éhalgrrlﬁrrlrb prngécffatlém ?&ofél%)lre]&erﬂ?g\ﬁ”er gﬁ%grn {ﬂlhﬁ f¥¥wing the

pindeatinn dfrey eelt porell tinewith aayyagfethei vinys strainsagrssrjetyoes gdescribed

" PQrein. @nd "original virus" are used interchangeably

and r%present the rVSVNACT1lgagl virus that served as

t he stidetferny ‘thateselpadust deferhéo gepembinaliany ohelginfentsdnot naturally

Vibltfril irf GiruC BF BANT FATERIdICedrBIo3BIP DRASRTers 1o the DNA not

parti cul ar int bi oreactor runs, these al 2

i netlugally Iwatetch@sthpa‘sgaqed alcftr@mgsqmah:ﬁstetczﬁ thmmlbaﬂee hefgrologous

p v | Vi

ey TP g, Pl 7T B | T terpy BRR380Gys ontioen’ o5

agg@i @@‘elnds an @@tlgera@gpﬂ@qulrw pygleic agid sgaegnce, wherein the antigen is

' Bﬁl%rcrh%rﬁ%ﬁ@mey %qu FERF &SRB eﬁ’do%‘? ir} hgtnorrné\éocgﬁﬁﬂ or its native

passaged nore Ran 5 times, generall 25 t1 mes, .

piafer/abiajeroBgpysrEsXPreFRiet @gma_’tcgv owsrmgnt ¢ angeleent operatively

USELhRES Wi rgfﬁierc‘erﬁto érﬂetrter ‘g}btér% Hrlg ?ettfv%g aged |9fed within

virus in ce o var ous s. The gr ﬁ

vieyge.in cells in the laboratory involves i nocul ati ng

the c S h. I cupatj.ng

al | oweﬁ\?:er uﬂéM prlgﬁﬁjcnlépéﬁéangﬁ)]tphg\rfr@rﬁa%lgg{él #B dhg F;h% maceutical

cQDWQ@%t'Qfe@mB@W@@rﬂnaﬁlfﬁlgﬂ@a gha miqrwgarwmuwhwh r\i?pékﬁ)péltlon can be

Cﬁllsécftoaéli%lt %HrmuhX Qip% nn? ?nagr{rf’?éﬂ't ﬂ?%@%@e can include
ture vessel asks or |s es

adhkreghtregnenese, @rB @@'hSQS@ﬁW%A groath@ botelll ang Brodl igsrense. The

fgbm?% i|o°n fn% %%n%u%ogé}%ﬁteg)th@%nﬁrhgl Syltﬁeuf)reéerﬂéﬁ‘on of antigen in

mal nt al ned i ncubators wth conhstant

t @ﬁwﬁrpuw&th MU@] rﬁplrayulgmt thescell gvaes -t Inoadditignvenigen-specific T-
CWrﬁdﬁ%@yt@Q'&g 'aHrthH?esC@Jr‘r Pf@gé(ner%eqa%'ll&g ernthEh@tuF@brlot?ction of an

pe and can be altered i nduce ch anges 1 n t he
ormmungdrbg@r tArimanmageric gpmngesiterodoat FeHaiBye tivge attenuated, or

Eill&&/rnacﬂ\%témo%gglg %gﬁgﬁrl r@é%@ﬁf@ rﬁ% sm & ean |ﬁ{n'iﬂnogenlc

arvestin , as used reiln, refers to e coll ection
obogien| @erwedc@rerefr@m tipateingpersusither pr eglamadiated {oreell) immune

|f1(% pBh&O Ry darﬁ)trHo'dP'n%%‘idt&f‘ (§fce\l'l |ﬁ"|ﬁ1uﬁ9lr’e%n@@ bP®oth, and may

ection o a cel or ce of t e V|ru
sW%@Q’ﬁsth@rangé@'oftr%e@ed@"smqr%éidmpm?e|aﬁ30053tqd1é!v'thelﬂfﬁ0’ﬂon by the

Hﬁ&r@é@anQﬁ’lU%r rﬂaryl Gibfect ﬂreaarﬂﬁ’ﬁpfr&%tdé%ﬁh %e & %T@Wrtf&:tr&‘?twrth the

nat ur al occurring in a virus or cel For exanple
hét"é’@@]géglémls DNA refers to the DNA not naturally

| ocat g, i ﬁ‘nrﬁ@rﬁ)l&ﬁ dily 8ffedtile 2aRBIRTOSOTR! “iSifRogEnitdl§ effective
cell. The heterol ogous
amount’ as used herein refers to the amount of antigen or formulation sufficient to

elicit an immune response, either a cellular (T cell) or humoral (B cell or antibody)
response, as measured by standard assays known to one skilled in the art. For
example, with respect to the present invention, an “immunologically effective amount”

is a minimal protection dose (titer) of > 5.0 to 7.0 Log opfu/mL. The effectiveness of
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DNA may include a gene foreign to the cell. The term
"het erol ogous antigen” as wused herein is an antigen

wepwodgmei n a nucl ei c aci d sequence, wherein tPEI/US2008/087375
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antigen is 10 either not fromthe organism or is not

encoded in its normal position or its native form A

het er ol ogous expression regulatory elenent is an

el ement operatively associated with a different gene

t parantipen @aeani lfnmls;mgse,r ear belmeasysscibitee Pywrolkieration assays, by
g}tegﬁ Dyt QI 5l CHRYARAPRIGSE ARBAR (bIrlsu IRt} 8 a T cel

ar nRceut i ca HEOSIIIOH cont al ni ng

am il¥penits egecitic rﬁlr@eb@elg nmedsughg doerels |0iBrB cgh asdivity by

USRAsbthE L idveRNof BT m%eac'rﬁfBB?_i%s'%?)e@lﬂEW’Me amﬁ‘en in serum.

i nmune response can Thel a I cel'l response,

cEUI‘thfPféEmribe levst obprateciio of ¢hd Irrandnesres@pnser @@pcms@easured by

ThRallehg ThiZEYh REIME tHeCantigB t | 5 |

[ RESGRRON AL 05k 15, b AR, s

mifItee antégengp WW\@ @relmmgruﬁ fespensd ig dedided [somyirus or a tumor cell, the

A0S br B@tﬁim c-gd?og é”mh@‘ﬁ}sfo %a@f ef?é%f/(?gﬁ%ﬁr?t 66e Bftigen is
generate to a the future otection of an
i megaireddoh gistecting the raeneand envindval oitpisi pereent magtality after viral,
CBQ&téllhél Brotdz¥4: o%ﬁ@%ﬁélf‘e&ﬁe%f thelinirhgg/ 1 nact i vat ed

formul ati on co rs ol e n1croorgan|sn10r an
i mrunddenesm "ﬁ@'ﬁtqdé')rﬁ)f d@wrlf@édmeﬁ@as dfat dne mederial il (arecyved from its

e'oF Qﬁél éh\ﬁr%hrlneﬂfe%' ?B Ceﬁ%u&?'emnrdr{mm% it |§ﬁQQIPa°IIg cQ:rcufi‘i'ﬂg) For

ant ody nmedi at e I mmune response,
ag¥amelg. 2% "ipelatedc or tmfélflqiln peatide ob pTaieie inEubaianiially free of cellular

S Y54 TBr SP iSOGt Aiflatfid ﬁoferﬁsel%rh% & &rl?lg?ue source fr m which the

m Cr oorgani sm or nma Ir ot ect e ani nal rom deat
dg@t@l@ ig [glerivest, e tgubatanfially freee of ghemicalr rgaursens @nother chemicals

W%Héﬂ%bgﬁ%ﬁdhe%fz%aclh'ﬂ@ p%@QHtr]ﬁven‘%n Re VII’U%IS |solated or purified

|nnunogen| ective anount as used ere
r &pey e infegtne cahpuiiemarlldat defsis. 89 thad itrigipepvided in a form useful in

SfH‘ef r‘n?htﬁﬁ&tu?‘eoof a%Qm%dn%bém@E?r'nFBy% frRe Fpé?‘gﬁﬂg?% éj)'i;@%ﬁtlélly free of

htinor a
r églb’dﬁfsféate&%"' fre:w@rs ddensyationg il & drugs 9aysoqbfmhdq/@"0tﬂffe in which

skid iR, iop tﬁ@%ogbéptldéﬂfroteﬁ?(%ngp%ratéﬁ ] ??I%?é?tccﬁﬁbotngﬁts of the

present i nvent | an munol ogl C ective

afidlisnfrom which mlﬁuﬁﬁlrategr or é@qqnmhnanﬂseprpwqeér )Thys, 8 virus, or a

f;
e

i ehiheodies or @@lquwde/@aé@ﬂéfawegfmrthawatm%ﬁo%e%%» oo, 5%, 2.5%,
assa ¢} S a ejLea

220 S I8 PuERG A RS T a2 SR MR ShERus o
s pelypentidefrsotgiatis c@qqmblraﬁﬂtlwrcwaagdmt Wplstherefesglly §ul@$tarBIally free
cet E%lfufr‘é mdium, h)é Pﬁeulrn'eﬂﬁmt RPraLlRl |§ss°fha%'eft%{ 269%N90%, 5%,

anti bodi es Sp eCI or th antlgen N serum
FdPa héxdvor eor t%"/d eofel thgf viumecof ofheof Protain | mﬂm@atlon When

I 88pPERe/FNeRts HRERIEE byPdhemical synthesis, it is preferably substantially
free of chemical precursors or other chemicals, i.e., it is separated from chemical
precursors or other chemicals which are involved in the synthesis of the protein.
Accordingly, such preparations of the polypeptide/protein have less than about 30%,
20%, 10%, 5% (by dry weight) of chemical precursors or compounds other than

polypeptide/protein fragment of interest. An "isolated" or “purified” nucleic acid
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chal | engi ng the i muni zed host wth the antigen that
has been injected. For exanple, if the antigen to

wokiogszn | nmune response is desired is a viruBCDUSR08/087375
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tunmor cell, the |level of protection induced by the
"immunol ogically effective amount” of the antigen is
nmeasured by detecting the percent survival or the
percent nortality after viral, 10 bacterial, .
prsteszlsals, o whishgial sephedi¢eirgen ofhet iuclaiei acid snolaguées which are
t EFéye'ﬁﬂ ﬁolh@tn%qual%our&%%f fh'eerﬁcler@ﬁaﬁ rﬁ&@éulé h\ﬁor‘é@%&r Eﬁl"lsolated"
iS renoved fromit original environnent .
nateleigl acith\elegas ntuchf ag 1a c@NAamgheamleyoro@rmRNA ri‘g9|ecl%r can be
eXARARrall P ree! FOSRLELRNURT mé}Hﬁélf bP@FIt@?%écﬁ&n%hen Iproduced by

protein I's substantially free mat er i
oterﬁ@mb@mt dethniguesg Qr @wtﬁtmlaw die(et e abemicabrpre¢ussere or other
SQH&R I‘"Qﬁ] (o3 WA [ tein is derived, or

9 st§%%| %mkrgg ogycﬁkﬂgqgal precursors or other
chem Jéillestermnmult@h@m Janlegtiay rarh 8317 eefersi te thheavprageemmber of
' | Ein¥ Indld Gl afrRO\RSI” RUEL) r

%g{-ae CeﬁhP in écgslr%rsnn eI ﬁ%ﬂ[ arr%dtle\ﬁkzc?l Eéjéé édl?{gd bfy d?\milhg@ne total

pnumbareaf Mﬁalaolaquerﬁm@@tgumnIHSn(PFtlheNlt’fam@f tgal urne'rr@er @ﬁ cells being
| RRggeni c conposition. The | anguage "substantially
free o cellular material" includes preparations of a

vi r us ,Asodetingso hgiséafted ethgr terap n'mutatigni clasgo “tiwéationr glgsses” or

OF b t; i

s Re R PURARY 8% B B R o Pl ORLEp g Thun i the

r éﬁowbeﬁaﬁ@d ;s"m%dgcaéf@nuathl}ésv a Rer raxgmplss ag“mutation class” of the

P ihd§4ey, Bhﬁlsrr\ofl fed 18, $YBFBRAPLAkrY- s?ﬁﬁﬁ/eq{l gene mutation

ce ar mat er | inc es preparations e viru

on(hqas@ngfﬁ@ptl\l el 9rt@ﬂ@ﬁfﬁtwféxﬁeﬁ@'t"i’ﬁaé&)etnﬁdﬁm@b@ﬂut(h%@l%ﬁer “Lisy’): @

2 % %

cg?]/%]g #%?]@gltolﬁn‘g (grsoltie@(ie Irr;}tﬁét ﬁu @ehﬁﬁ/af@?y d\s’?emgﬁta) néH-cytopathic M gene

poIWaept (heseipalearei Mks). r @carfisi shuffling pr gaacngement jyutation, a

altrﬁﬁca%@f(?b@rpé Mm&é»lf&ﬁt@%u@éﬁb}’ HC)Z arPfarerEHehgé @Nﬁﬁiu‘%ﬂon a G
e., culture nediumrepresents “Pess than abou

10%16 gogertianym@atsy, roape2gelstion Hautgipnumadothet hlee As defined

PhEIHARePT: eﬂﬁﬁ?ﬂdn‘”ﬂmlu\%?ﬂwtﬁ@ni@ﬁ&% Q?{hera‘ﬁté‘é HFérﬁons deletions,

produced by chem cal synthesis, 1t is preferab

s guRatififionsl depe FWFEE@Q@meﬁh@'rﬁh@ﬁ'I'n%ﬂ@@tﬁ%‘@ﬁ% or ot her

chem galgn c'on?erv?{dv% dnﬁnéﬁaars%ﬁ t @f&gqmr%%ubgﬂutlon of one or

precursors or ot hem cal s Ich are involved In

t R®re phiheeanigo gcic Wé'dpﬁ%loéﬁ mrotemofwtir dihagayinosafithresidues having

PHRRATAL LAYSiGA ahdle: Bﬁémggw ROLRING [HRY EndréeiSridift8Ndefined

about 20% 10% 5% ry weig t) of chem ca

pﬁb@ﬂ#sors or conpounds ot her than

pol yp%t é%%/r@réﬁhefh@ 6ﬁrmkleﬁzfad|(§“(§rr ﬁﬁ&lelc%ld molecule” refers to

"I sol ate purl nucleic acid -

200y, GV a8 W&MSM@meamr@mwﬁ@%ﬁ@d WNACer chimeras
| formeRah&LREm! EI’H’H@Q“WUCI‘%%%(% Coraap"rﬁijcfé@ 5G4 e A" GErer ds to the

ar e resent In the natural source of he nucl el ¢ aci
nﬁh@mhllate esteyrrabipesric farm of @mwp@@s'deﬁLﬂﬂe@p%n%\cguanosme uridine or

ggi/ntﬁ)‘?r@ e, "RNEN 38018c A Ml ecil Ry MondRe B! @ebkyBdenosine,
deoxyguanosine, deoxythymidine, or deoxycytidine; "DNA molecules") in either

single stranded form, or a double-stranded helix. Double stranded DNA-DNA, DNA-

RNA and RNA-RNA helices are possible. The term nucleic acid molecule, and in
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substantially free of other cellular material, or
cul ture nedi um when produced by 5 reconbi nant

wo e@mbismees, or substantially free of chem cal PCT/US2008/087375
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precursors or other chem cals when chemcally

synt hesi zed. The term"multiplicity of infection" or

"MJ" refers to the average nunber of viral particles

that infects a single cell. The "MJ" is cal cul ated by

dirgitigulag DNAeort RINAIMOleaue: éefest oty fathedirimepne andsatonglary structure

UB e rﬁagwle &déé&?c{](ﬂﬁﬁllt {3 r@{gjlé‘rqy’uﬁ‘?b[ﬁhﬂg Thl'JQ this term
mut

ec t ed. efi ne er ei naf ation

c!r@we,s doa’qlpae@r'ao@e% Phidsieynd, dnter aha ds dipearair gingtilat DH molecules
(€} 28D S RARRRT hlto Lo A B A e
e;ofin@ntigula@dom atramdcﬂ)lgégnolgqiulem@equq:np@ﬁtm@hbe described herein
I , 0} e

¢ BECHAR: o HE lofnBtork pfRCEr LifingForkthe soquence in fhe SN to oN

Nl(r@@lpﬂ)alora the@pehr@nsgﬂl@eds@mdtqf\m\l&(l@eﬁbe Aliarg haying a sequence
( hSlrn%logélfjg ﬁfthe”‘rﬁ?lﬁé A ’“rg%?mglﬂ:.g}?\ KHLASIEQNe" 18 SDR erm)le ule that

erel na , a non- cytopa

géﬂ@uncﬁm@ne @mqubébwmca manipulate)."), a gene
shuff g t
gone. mipagth SATJLRARONTER 1o BNk ofy JOEMIIHEEIST, quon as 2
mpaetefign or @ \GUSQ@n@ursmi@eﬁ%nArfn@rapafbﬁgerac geigeporganism refers to
del

oy ot R AR Tocha ind Bfete Faugfth HEQBRHER for the “pathogenic’
t Rsaigs of agiGragepRib®ns, del etions, substitutions, gene
rearr afgegent pHRFm S Eélly%cg&gblg'c%ﬂtér'orﬂéansa‘a c?rrler approved by a

"non- conservatlve am no "acl d substitution”
t FROURIGYtAdeney oha diederab @platargeveranenther aﬂﬁehcew_tat@'y agency, or

gétlbﬂgmeﬁlglqé §| rl?}ﬁ%@rﬁa%bﬁ?/lé’:orr A %sﬁ%@mc%% n?rﬁk(fh besthidb&seia for use
prmp@mal%snclmngw@umﬁ@s @ﬁamﬁb@%npgthuwndeamﬁ@& Ths term “carrier”
abé}g@ toPs d1*|§@|qt t%lgl'u%n‘?t e&&ﬁleﬂhrcﬁ's\%hlw(\?@ltﬁ' \%hl@ﬁ'tF’e pﬂ’]%rmaceutlcal

nucl el c acid | ecul e" refers NA, as wel
a§omAgsifan tSh@dmmﬁ@re@a§écfa@aaﬁwe@ﬁce®mr@m@ CRNAt_)eousterlle liquids,
Cgbéﬁé?%atécr%rn_ s, |H9[18’F1 %se@?%trol%unﬁléﬁin%l Cv la%'lle & synthetic

nucl el c aci nol ecul refers to the p ate )

eotign, gushyasaeiaaufdly aeYbean Phgnineraé eibisgeame le@ﬁ@éh%lé(e Water is a

B?Jfé’r?é({;@arrlé‘rr\hr% ‘Bﬁ Rthceiid g‘f‘b&ﬁposﬂ%%s TR EFMERS intrRenously.

eoxyrl onucl eosi es deox adaenosli ne eoxyguan05|ne
d&elya sguiadisread we@@ost%'go@e @hﬁ@*ycemolm@cqﬂneadsq be gmployed
e'a% heJuid SdaRHr§ ?)"af‘:ti%glgwi foPriffecbled SQBHQASS S fa%ﬂéj%armaceutlcal

I X. ab 'stran dNA of

héml@lé@tSaWéUq!ﬁ)gt@r%\I slucysr lacipse. mu@noca:e cg%l@w nmiil él@@l fépur chalk,
agflcd gel s%u%t@&g%&%g@ﬂﬁ %é@;%‘ﬁ@%@%fﬁ?&n chlorlde dried skim

partl ul ar nol ecul e, refers on
pMilkaglycerrtl rIeReTEardfyost: r\M@tpUrQ;hanol and the Ilke The composmon if

desired, can also contain minor amounts of wetting or emulsifying agents, or pH
buffering agents. These compositions can take the form of solutions, suspensions,
emulsion, tablets, pills, capsules, powders, sustained release formulations and the
like. The composition can be formulated as a suppository, with traditional binders and
carriers such as triglycerides. Oral formulation can include standard carriers such as

pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium
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of the nolecule, and does not limt it to any
particular tertiary fornms. Thus, this term includes

walonblog2ess r anded DNA found, inter alia, in |inNkEE/US2008/087375
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circular DNA nolecules (e.g., restriction fragnents),

pl asm ds, and chronosones. |In discussing the structure

5 of particular doubl e-stranded DNA nol ecul es,

sequences nay be described herein according to the
néa¢rlRried nveattiosd, omagnedivy orjonates seiquehsamplast g suitable
DR#IA b'utic%'l E%E?soﬂegieg&%etdhﬁ 'R Wﬁhﬂﬁ%o ?&tfc%f‘gc@fwces by

e strand having a sequence ogous t
yn TAe feratitatignrshauld pNA theonede pladnigistiationA
nDIec t
ot pul St o AT b HIET AR TR S bielr, P RBR6 Frich of ysed
abélls m}andﬁhqusea@@que syer off 2 eell entures ud hplaguegforming unit” or “PFU”
b?&f&t‘%r toHREOL: v@ra}ﬁérﬁ{ﬁnbéroofcmf@ﬁogé %QISSartﬁes per unit volume. For

non- pathogenlc m croorgani smrefers t
nexaropiegi s metfﬁﬂittIonehﬂss1 QOh%FuArTiieﬁ#err@am% rrhﬁg every one milliliter of

Cha¢ aRiLLdigtiohds _{1@6 Vill§ pa H@Feg(?lgﬁr&'aﬁ eacﬁ'?cfrFH é‘ﬁlagﬁeﬂDFU/ml is the
m Croorgani sm term har maceut i cal y acce abl e

c &PmVestonahmagss 4o &éeerrtp@rcoapmtfﬁh@d obg péaqueHornirg) Vistsoprgparation.
a fi t dn
Yo P ety Gectl Al BRI SRh g Bt or 1U" and
ofepesasits @”etﬁéxfmf¢qriou%wd@nn@e@rug|@m@peu a for use in

ani manghe t‘eﬂﬁ P%&é&n@“@%@ t@sshYgF# %% Qorﬂaltﬁ I"from infection or a
manmal s. e term arrier ers'to a di

adjsaesmby iRGUSINGi amiMMigie reepensedo rgaﬁthmlﬂrcpﬁthosén Such protection
P J@Faﬁlgta'cﬁl@l/ed fbﬂ&Plﬂ?'tr%b% %?naﬂqﬂélr\‘n ifht &éﬁEHS composition.

phar maceutical carriers can be steri

sube pagteqiipnarrovified oped nof brs RbeAluig, ltEho@é I@ﬁecw Pesiceneh be totally

aBté&BhtedV&%%&} t€d,af tr%Yé‘fsh%}a‘%istiééﬂix négﬂ'ﬂC?M 8?&@%@\{‘ Bémpared

, soybean oil, mnera sesa

| Wit a pamntegt qogulgtlorppéfr@mrgglscg;gr idectagh@aninng{e not administered the

ISR At S8 BBLES B o e sevrty o

afﬁpl@yﬁ@ﬁ&t%fé}mpbﬁﬁ@fﬁmn@%@ be enpl oyed as liquid

carri efig, toRRL t;&rSfé'ir@”dlep@Etudé‘Ja%t %@t)ﬁrje‘?'%fé? lté"é\s*polym%r of amino

Sui t abl e phar maceuti cal exci pients include starc

gPeiddesidugszandoye, noélumtez%f@ a @éulrawmrﬂengﬁlmpt the preduict. flhgsrpeptides,
CRaddpepticds! H%rg%ultlﬁg% ﬂ%a%r% m%ud/ébe\xnﬂ'i(n the definjtion. Both

lum c S Pk

monost bar at e, 1 &l c | ori ried skim
gfyfidenah pr@temgwr@nféagrgqary%émerewaarérencemamd By Ehet ﬁ@fmltlon The
| vdtfs dIBE |98U(Pé)§1'16dlﬁ?:%tlor‘|sf sdéﬁsé{ %@Ietlﬁﬁ‘@ ?&oﬁtﬂ)n@oé‘ﬁ@'sﬂbstltutlons
m nor anounts of or enul sifying agents, or
bl(gem@rallm gzoag@wtye "ITHéiéle’ec bufpERICh imaysbe aﬂnﬁau@rvailée} é@ g native
ﬁﬁ@n%' %P&era%lﬂlsgﬁa"?'tﬂgls thed orBizHH Sfﬁé]ﬁ‘baln‘éameeta%1llty to elicit an
, capsul es, wders, sustal ned rel ease
f wmun@{@@@ais'e%nmse N\éth'nl arkaninghie Woialp 81 priotain saafineistered. Also
é:ﬂ}dile@t e AHRt- ékﬁ?@&%ﬁ o%dlf%ﬁcthst raq Ibe?@éyleﬁl'oﬂde'é\éetylatlon
carriers such as triglycerid al’ "f or'mul
c@hosnh@rytﬁj@nsar@nfdjarlmec’ém eSS’ aesmmch aa@ r¢fReer lweRibgt ingtwral and/or
9(,RGRSraPbor @?fﬂﬂéﬂcoérpmoaﬁ&g‘?nchﬂnﬂj' Bth tABINSF ILUsBtical isomers, and

stearate, sodium
amino acid analogs. The one letter and three letter codes for each of the natural

amino acids are known to those skilled in the art.
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"Rem ngton's Pharmaceutical Sciences" by E W

Martin. The formul ation should suit the node of

adm ni stration. The term "plaque" or "viral plaque"

refers to a clear, often round IJ_cz)atch of lysed 5 cells

i n an l\&th@damfs@mpaiqge”eccav@narﬁf HAcdIus arglefared ta in the art as
dio »0 h

nu h o Fév?ect \etics” ﬁ1e thofs)' E{efr&)‘f‘é’rg b Q&ukNGeMY §Q&EVSV are

ous V|ra artic er unit vo

Fdescr@ﬁémpltbs Pateat 60888880l - i Rete ™ 59082 Pemdl YO &Oﬁi4513517
It e

ﬂﬁn%ﬁr%&ra@é’oeg%' ur?ér%ﬁrdtel c-IIGF% S’[thcnﬁgrﬁalgg ﬁMH |c?t|on of negatlve-
prsaraﬁm singleustnded, ﬂmasegmwéfhtRNAaﬂrahgamgnQ&Jaweea@u?wed through
ayto, : , .
SRERESLNERRMy B o MRS, SO i D RRE b Bt
" caeeOUFle0eansifi) ¢ '‘Nagted" gagomih RNA emré%éﬁt\@ amiattempfate. Instead,

' ﬂ'fe%‘étdeﬂHl%lcVéJqldgnééé &e\b d{f‘lllzgﬁ%ﬂ)’@ﬁérﬁ)ﬂw ng%?glehﬁr%po%]capsidated

Erotectlng ers to s |e. I Ng €g 1
i Ry dieg Noprogain énto dhes BugleQcapyidi sidigsirag Itaif dnivhinteat context that the

gémﬂé%nﬁ%nﬁ a:géawampmg% LEMER P& Péc%@ﬁik@&‘ to inRiate the
general |y ach eve ngtreatlngarmmm wth an
i ransroiglenat otwRpesion ipeways The protection provi ded
?gtegl P!%t d%ﬁg\@/gﬁégéfgﬁr {ehrea Irrrgé?@g’r@&?“*t@ﬂuﬁ%ﬁ@e@é t(p% level of
sV&Vi stteaudtiog whighi i geaster tmnoaédmvﬂ c befp &xaaplewi a rpyaergistic
CABhoROPYSELY o AN SerP on b SFh 8 Bl o oo
PR elessasrof mifatiss iadhe %am@lV§§/ gﬁnpmather@ytrﬁéulwléra fegluction of
OK/S\/@a?FFrc%HeB%}tgfnu%ﬂﬁ%at&f tréﬁ/ gmaeaﬁvé)gtt%ﬂ%h%mpfe?@ltdbgg F@Qor each
t ¥SY polajiarclags a!m#%noThUéclnquf@m qmb@d@ﬁdgaa@ynwwtlc attenuation
lplgﬂMsg/jISt ee@epg%png eélgltegstg%reta{é‘? tﬁfr??ﬁr;&%tragdﬁrwgﬂtenuatlon level
| oResrveg forieaeh trialion; @lagsnalome (igefthaisumosy, tthWﬁ mutation classes),
f thre'w?@fehugﬁdﬁt ‘Fé\)%% and, ftlﬁ@‘l@@t $ird rtfé‘r&ﬁfln _a small animal
enconpasse Yy th efinition terns a SO |nc ude
nﬁawpwéld@n@rf@od@ucﬁxamlq&&féwn@méstlc atenuation of ¥y are described in
Sv\%bbbyggm E»éor&g%ﬁ!@d Rerbi ﬁe‘? neative in nature,

whi ¢ on-conseryv ve to a native
sequePPcé/SVprféfT@ﬁ@élI"? sepgitive’ h@ts )t métq@p@t as rfieﬁ'aedwtf@rei@after is a
[t g I S

L ok O bEbdE unEIIOLAS0) G RTPORE o pprmis
Alesgperatytd. uterdex@mple as Y S¥tp nusant e thep@ventoatdrows non@@a"y and to
gh Qﬁé/rl efitth@ﬁemﬁ&@\;e)’tleﬁ{p'epﬁure (B 0SHREY, %IuﬁfHeQ'bréWlﬂ drP€oroduction

he term "am no aci d ers tO el ther natura

ah?crﬁé‘i”C@d al ppRrpamabsive tegxnwai@nes de-anBRd acPUs)-
e SR e sy QBRSO By AP postons
f dratdegiise g INHBUNEatasPanse Bnamhaniawl.d8n dNEURAGRINC cgmposition may

t BRR&ctSKd bhRth indnt BRe&dd or possible death due to an infection, and may or
may not include one or more additional components that enhance the immunological
activity of the active component. An immunogenic composition may additionally

comprise further components typical to immunogenic compositions, including, for

-24 -



-23 WD 2009/ 082664 PCT/ US2008/ 087375 Met hods of
produci ng reconbi nant RNA virus are referred to in the

W@ra09a82664 escue” or "reverse genetics" nmet hodsPCT/US2008/087375

10

15

20

25

30

Exenpl ary rescue nethods for VSV are described in
U S. Patent 6,033,886, U S. Patent 6,596,529 and WD
2004/113517, each incorporated herein by reference.
The transcription and replication of negat ive 5 sense, .
sexghelestamratiwanhoer- $egiemuaemoriaioyi fak gemynegenigaly active
aehh By St RGAYS HPBidn A Yis@boplete I i
m%JPt?érfrrgéﬁ% %r % E]IUHB rlrgeéxﬂa;%tlclﬁ]ng% (:lgtn%)esé’t:o plete ive organisms
r irbeithec thedperigingl forme oF as @Henyatest ajgenigms, fak@anigasdrctvated by
Rg@)r&?mgtméﬁ(ﬁdéemaasklﬁ’eot gr'rﬂgétﬁ/gteg ﬁﬁﬁflﬁﬁgﬁ ic Egﬁégsitions, or subunit
gehonm ¢ sequences are recogni ze are
ennmwmgenm@mmsd@ﬂ@dombvyelmg]@ne\prpmlteemmun@g@mt: ﬁ@mponents of the
YhL0 fiy WbMEEred! tmitste@NbY cdhel N Rt t
e T e Sghrteahl ehpiHEEred, miBcBLY el HimFRGLAE camposiions
Secgp@rﬂgjety me odg}g@@/m todfosepskillgidtin Hreeart. hAN immunogenic composition
ULRNSEShBdeO P sith&inebas| afh At el i
hFeT%gl (F:}(gf FIt%es:re 8'?(%1 3 SclergnpeI segﬁﬂ gﬁ%'% cgwgqrt%eﬁuatéljgr?ln%z] erdgSCrIbed
t @bevd.evel of VSV attenuation which is greater than
additive. For exanple, a synergistic attenuation of
VSV according to the present invention conprises
c&eperl Rgsaiplipeast 15 two classes of nmutation in the
same YOS\ 85090 MtHQHﬁkﬂ)\‘esreﬁﬂHv%hﬁgwn'tﬂer@ |d§5#8\ﬁ§/ééd35 Rocess or a

VSV pat hogeni ci t eater t an a .
ameélmﬂiafqroﬁ‘fiap@\lﬂ@n b v aftenuadedt fecopminanl i\l ¢@ tissue culture
c .
S%ﬁ@(ﬁtgﬁ"sﬁ‘c ogtﬁ_lb‘tgﬁnﬁ apﬁ@g&ﬂg@ﬁé ?ﬂ IBW‘?H@@H?&H??E @ cﬁon gMOBBn Vero cells

apr Inearit sugcertibte CQIh%ubstrh@ abielimultinde a%rtaér@a@ﬁagm pregess results in

|

SRS SR RABTHBRIS) S350 SEB of; bl St
| eviestigutions ghrougiut Lt[]g(y)rabg@n@@@ eMapthelgthege apusieglifde substitutions
apddiRlin apfiY & Hr(N)i\)eQﬁ)%tl RIS in (FREYBY 5Dtfs. THRESBLSS! Bsulted in
attenuation o are escrl bed in ~WO 2005/ 098009,
i Reerriatadariaboreion the virgs, eacseawaniad \lBy/substantial |mprovements in

t v,

gfﬁg@ﬁ;ﬁgl ; gééalﬁg WZV&HO c%g? ﬁsfg%?%}ué@-ﬁrﬁb%%typﬁéa#@%ﬁ%ﬂ/plc stability
r saghieved, ww"mrm@ Ho d6 sgrinbprssassh é%1|0\re P15k Further passaging of
U HIPGARIYYEnd P95 sﬁé\ﬁ&lprtﬁv o@né@%%&nfgﬁﬁsﬁ“utﬁﬁs tanﬁ did not result in
i nvention grows norma ter at
péﬁﬂﬁﬁégnwcﬁmﬁb@fatlrusdled@ dhis mce@)s regiilis in Rebstanjiebimriovement
Ofn MERGAAUGL] ?@Id ds%él?gst érﬂf%%@é’(; I%%nﬁ@@t‘u én%r%?‘ét&%g The adaptive

enperatures I nmunogeni C

c SEIioNs |ddﬂ1”0tr%l’0é*r8§t@|k\f Ep‘kaat fhecayreviralened MP¥soh the rﬁ@ssaged virus
t QAEN kLR 1RO Bﬁsm\ﬁasrﬂgﬁbcee niré‘cr@ﬁ‘iaﬁ@/ DRimal Alddel.

I munogeni ¢ co ition protect the ani nal

f rom di fsgeEapee wasu@ éDQi@Qit lﬁutﬂlgéthrb Nan 208f/8813&RA1, a highly
aafiemeoo\r/smﬁc@%xéregé ﬁ’g?ﬁue%?/ Pg 5% @/?Q bEAGARY, rVSVN4CTI-

conponents t hat enhance gl ca
gag1, which was made by combining three virus attenuatlng approaches: insertion of

HIV-1 gag gene in the first position of the genome (gag1), thereby shifting all VSV
genes from the 3’-promoter by one position, translocation of VSV N gene to the 4™
position (N4) and use of a VSV G with its cytoplasmic tail truncated to 1 amino acid
(CT1) (Schnell, et al. The EMBO Journal 17:1289-1296, 1998). Compared to the
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including, for -24 WO 2009/082664 PCT/ US2008/ 087375
exanpl e, an adjuvant or an immunonodul ator. The

i mmunogeni cally active conponent of an i mrunogenic
conmposition may conprise conplete live organisns in
ePtdielypic iEPY, B yesien displpygd srmarkedinaeseasgt ipdattenuation in vitro as

?Té:{ﬂﬁrgbt%ﬂfed B&kﬂi RRIRe! HRdro \}'X’ gglam ol hORh&RsCand greatly

ed or I nacti ni c
c&rtyesd tieakditersrin gh aviteres A dimilab geitire Qifoam@yattqnowgs displayed

CSW.BH'@%&%Q ANg 1 &hW%mirﬁrae%m‘Pg@t §n|ﬁ‘fal tnl?@del which

hI?D§
virus, or geneti 'y engi neered, mnutat
i ﬁh@ﬁ@b@lﬁer@n@md@m pbmeny prd@pmoferﬁawytun‘@tbﬁmnléh@mt@twplc and

t Bgé’ﬁjeﬁéﬁ ‘{/é@‘écb&)érré? alt |réﬁ?1bé)om@9%§' 50 ”ﬂPédoﬁﬁde%” compared

onpri se one s nu usly nore t
t ke rrptoipin sVaés dhe bétﬂenuamk/enrumd@@lraée(él minesal itpt Loadetectable

| He%g&g%gg% M- ﬁhrﬁ&\?pﬂh&t@@”h éh(?l)(’?% g%ctof' lﬁ%ﬁ@es' ﬁotent immune

provi ded a process or r apt ati on of

hr@h@ppsw ingnigateed m@@@m Hmﬁwe@vom@anab tgethess ofet_a@_ed with the
PSR CBNIARAT Ry PR EPLIGE okl bbb ose o

sag@éﬁmuﬁméw@@4l substrate. The nmultiple serial

o Sy BRI AniBe SRR EIRATgRpcy prote, i

niesteowpeld m@@b@,prqrmsm@ WECoh 6@L¢g¢ﬁi‘€|tf0rtth%tln@| ip Aumganohwo factors

Magk & U Iis SIERRS 1i %'n%% ar[eetﬁé‘lsttaﬂllﬁy of the three

am no amg ?AOA suﬁgtltutlons in the VSV protelns.
Thitenystiog ey gaticasuictediabove g6t ggeasetiapndieronngtieldse In the
\' e S ;
PitiEnt SE0GTBARNE Dbty SHTATWR obltioRYS RS bbishy of seria
gearagps of AV perterstin peco selishVirises were pgspageddd Vero cells at low
Uﬁ‘rﬁﬂdll&’lt & if8ctioR (Fdﬁ)lsﬁbﬂf‘l Tf@&aﬁé%ﬁ%n‘e@%m trPel\ﬁl)uses assaged 25

Furt her passa I ng he virus beyond P15 shovved

ofimgs rguedled dnal \A@d%s@li three ovestanpdieialingomukadions tW¢rﬂ retamed
fyupgi ﬁ@ﬁal %Hh?d' Q&A)O{ub\éhtw&msyép?degﬁed LS r¥Pésoﬁ=}§s°s%ge 5 (P5). As
results in su sta Ia rovement i n manuf act uring
yN@tuwa\é!enﬁepassage@rfhmmem%@mﬁa\w@rilwgi BY iPe8ageNdy . (P15) In
T taty Ui

{ RRORIRRIOYE, iy @i’ﬁ%ﬁkﬁd 3 VRl VD e, Shoid ebressive
t dBprevenenttine/irds gields dree e bl 6wéugﬁ@§%rt9 that eeertanefaAA qubstitutions

o t

P e tonpbRg BEEPREALEE U © Voo cafiy N urther eppapoement in
VU, gietdsr we seers giftag P he Rlewmfr@fagthgen@WWalsmetlcs with passaged
g@fﬂ Rl ﬂcatﬁ(}/ﬁ\émg%us gi%gj]'\mtﬁ"ﬁ‘lﬂ?lrd’@ﬁaé@qﬁ 1@M fold higher than that

I ni n ree virus attenuating approac
| ﬁgt@meld(yﬁthd?o (See Figures 3-6).

Accordingly, this invention demonstrates that P15 viruses exhibit genotypic
and phenotypic stability and grow to levels suitable for large-scale manufacturing of

clinical trial material suitable for toxicological and clinical evaluation.
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30 HHV-1 gag gene in the first position of the genone
(gagl), thereby shifting all VSV genes fromthe

w@200p0gas4 er by one position, translocation of P/BUSN08/087375
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gene to the 4th position (N4) and use of a VSV Gw th

its cytoplasmc tail truncated to 1 amno acid (CT1)
(Schnell, et al. The EMBO Journal 17:1289-1296, 1998).
Conpared to the -25 WD 2009/082664 PCT/ US2008/ 087375
pButtianl§ piels IovSwowihiirgpagedipnpf ¥PY¥pl ayed a mar ked

' ”Cf eas %u‘téblé‘%@t%% 'f@rrhéenw‘(f?iﬁa )E/rgb dﬁ\%ent%'ﬁaérg%*a%blé%‘# sg%porting a

| er plaque phenotype, d Inetics . .
gpécmuptwe ﬁé%ﬂhl@@dofp@akgqneﬁlealb/ medified | atienbatgdeVSW and will permit

Skhk&lioP 8t ﬁ]@rrgwﬁ&teaxyéc?d?’s‘ ahd WbivERodb S BlaYEd ne @;’Zﬂry So support

tested In sensitive murine In racranla
amrainprorirw@n Emm@IeSSofsh@&te@ellaifbf aisenipebej methog9 aifthe present

e R e A U e
2008 human m@m@h{dn@mﬁbﬁKbdeHSt 8u¢r a3 @b ygekts Yoy, otherecell that is
atsﬁ&fég dto"?nfééﬁor?'vﬁf?ml rrgeﬁ%ﬂ%b m&o‘i’ﬂeﬁlngﬁé Lé%ibl\/év strains or

neur o y 1n non-h n pr|
v &efotipep dawg@d petedhtmaymeivred in thepoeibeds Dfrihmrn/en%nml
macaques that were conparable to those obtained with

{ BodkieH G\AY Rea NeRfRllian DaiciiRlicat es poorly in cel |
culture making it suboptimal for scale up and

manuf aled pirod ngtionBd /&Y |omnatrinealemamu rcalurads weldak:rhovm troaine of skill in

e o b EPHGPOEREE baf P iel o i Rua B i P8V Growing

htheeviSV inloedl dultertecmsl harnlestingithe cefl ictiliicalat fnerapb&mnareglm)é

BBl B oot o BaP s ki e V8 s

maoliefctect fromh thep qelllesuhisre flui. t he pr esent st udy genet iC

t abi | duct h
Sert alt e sEUAbEBLYSY Gai i cl il GEPPE el
Vinransesliaveet cplaseagﬁdi torprfegatecer owavSvVowhich are known in the

[.tipl t The_ dat
Bt B o Pen el 8, R0 s BUimyfey G ki B imey (HEX)
t balts suchlas HEK 29dicadls, Arracarogreah Mmmkay kidgeyAGMKpeesis secteas
d, ~20 d t fl.tut

L EELH oBRedia e Hac IO &5 bR ngTRELARMLBER ) cots

passa@eidiﬂlbual% eel| cuimteama@nalsv\memoﬁs zed tdayinipass agevellFknown to
ddi, t wt h_ ki net f 1

v PPE bet Ry R R MbR ke p ISl Y lrsb O SR T B e ifect =
| norvflueushqst eéltisopufativo oPéli’mpsis@ggpestnamgw dtreateradcdersity (Jef g a
R TRl PPl SRIGE 3R bR RN IR B a8 Rloromn
virr el o;altmecfsr a\gisers e aaﬁu«anpeﬁﬁ:ﬁlre I%as l]lH'Ié Bas‘ceo’m/$% @rogeny

hgrv\\%gtle %ltle EC%[{I’% f@? gefd ned rréjlsef?etr tﬂd%%ﬁsegla{upea Fluid",
hf @alﬂemltmrbeﬂuldt' Hagll ctﬂﬂuteamaéld" \A'meblamej/Se'&)ld?e@uore‘mld‘a’-aﬁe used

interchangeably, and refer to the media or solution in which the cell culture is grown.

Purification of VSV from a Mammalian Cell Culture
The processes for purifying VSV from cell culture fluid of a mammalian cell

culture infected with VSV are generally known to one skilled in the art. For example,
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Accordingly, this invention denonstrates that P15
viruses exhibit genotypic and phenotypic stability
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manufacturing of 30 clinical trial material suitable
for toxicological and clinical evaluation. -26 WD
2009/ 082664 PCT/ US2008/ 087375 Suitable Cells for
G owt h/ Propagation of VSV Suitable host cells for use
wias Hescribre in Milenet alr(Paeteindapedssionand Slusfertionngolads, Issue 1,
PUQAREY bYGa, loBf €54 69N tlBRlatnd llect
POy 26, ol SEI0ANCMé UipcRfatt SRl TRV Efay be collected
r agdisshiected éz:*p\vyr@eaﬁ Qemtﬁwgatl@h(@Gdéonm atacersoyreeails eadyebris,
t RIBWERBY high speba Lo i 9 100G § 0w} 22884 hi

¢ SABHBRSY hich SHbd pRR0MT R IIPIATR 8o 23 PaKRbseustion
i tretenye ﬂhﬂjvlr%re not limted to, Vero cells, baby

hamst qn |ﬂ'1 dneyt |fc!r3pu('| {:?mon of A8l %FP&M%[FW@E' fescri ed in U.S.

ki dney K ce suc 293 cel er ce
t I?aten‘f ?ubmﬁ@@@@%’p%%ﬂ 9% nBerftyi bris quﬁdweelnqw@t theagtegs of (a)

a [ MPe

G EAREARHS (6 SN BY 8Micdlon, 28] SHEACB qpayge, memivane

i ﬁd%@fD‘i'Qﬁh (d)mngarw@lldm idhatiom ayg\le) filtratiova Mase icarticaarly, such steps

%{)%H{{e { %Ié’rf)ﬁﬁiimévﬁé\lt guIgjxg\ffglfdrbs}m%W@déeﬂrbe%ﬂfu%atlon ﬁ)& further

géclaatyinig the isHp¢rnaiest bhfllér@t@rh@rwg@ @21 to OAd mpjcson filtses (c) purifying

C%He' VW filker ??\éollﬁibﬁ‘%m? ddién Mhdn@ecr‘ﬁlehbf"a‘ﬁl ot H§r3Rd (d) buffer
e cel tur e at t

arvestlngt ropriate tine
Bexehaseingnd; eonsertratingdhe MM by éaness ald‘l@w filirafian &THF&) and (e) a

ﬁél%itrattpﬁ @\4 %@%{gﬁt festhljo% %léﬁ% @%Zfrﬁlewntfné Gr%talpurlflcatlon
ture duct'| of of fom manmal

c@rqceemsttam éa)él?rpugﬁ/ )§Q©Y%’B@eﬁﬁﬁfﬁﬁ¢a¢tl ra@mé@hper@M@ ur es

used to propagate (or grow) VSV, which are known in
th’ﬁ}anﬂééﬂon Busdhe&d | cul tures include, but are not

limted to, human enbryonic kidney (HEK) cells such
afririaly eBdficaibhs, African green nonkey ki dney (AGWK)

CE11 AP e R aRu B R LBl RLAboo o

Agdmaiyostadficgtiorcefithe cell dultues frod erisalate, antetutifydbe aings. For

tecn ar e I. wn to one

EAtEh S 5B o8l SultE huie BPAThe e Rliks cufilk itre 48 Wl VBY may be
i okefidd by Iowesrp‘eled eattrifugatiorc @i bitgraptidedt, bpdepih fidtratios and the VSV

tion at acrta " "
c G0V BRRI Pl Paf i e Bt A T kel S merepifitfor; of the
ot:eli oflecd flod, Ink:h&aWEMhodmgmtBMprl%ry clarifeltiorcof theicell d:'utlnre fluid
ﬁ ot irTF andt tenp(?rature and t he nascent VSV
pr od)é] e%g Vst &dPFI e cell culture fluid. As
def | né’cﬂmelmentenfumhbremetrtdde ahdreqsupi’mant msmden ﬁheu;brdﬁary claci@tdtion of

Iture[lw "cell culture (1}
eo(f,ell c&l turle fl]ﬂ|d Wegrkgovl\jgedon% %t elr||CIr|]]tah sydefl c%erelnafter

r dberspeed't deatrifegtitian &r a seitrfugation spest lathr tiehav GQIODO rpm.

cult Ur ks istséte%re%vc\)@e, the cell culture fluid of a mammalian cell culture infected with
VSV may be alternatively clarified by depth filtration (i.e., instead of low-speed
centrifugation). Depth filtration can be used when low-speed centrifugation is omitted
from primary clarification of step (a). Depth filtration (in contrast to surface filtration)

generally refers to a "thick" filter that captures contaminants within its structure.
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are generally known to one skilled in the art. For
exanpl e, -27 WO 2009/ 082664 PCT/ US2008/ 087375 as
described in MIler et al. (Protein Expression and

Purification, Vol. 33, Issue 1, January 2004,

9 Repthaiitratin mateéal§m@lrmalthaﬁ$ atQ)W?Ehlkh@\M@ tq hee of slaE imthg art. For

b egi.e t

cgﬁ%ﬁ#%ug{aet ﬁ})eg%gteﬁé'l%qgﬁlggg &bnhéalgfgﬁolﬁtg:ﬁtmﬁ gnd flgrous cellulosic

detstere withonprgaeig fibgr aiflgBudprediawamcepduerith pRattiglegyembedded in

1 Vi [ ; ;

e P s LR Rer TERAGH FERSE e A28 rnerk RIPY Fiss, vnicn

cél keyciol partide icgpiyessand fker dapacitys SucPglepi filipetisini madules contains
98%/3%?%91190 Bdr&f 1va. 5tnlﬂl:r%]pp ﬁ%\ﬂ'rf Egﬂﬁlfﬂ’[%%g%ules include,

a) I catl ry

eps of (a) primary clari seconda
cbatr arei redtlimitad t¢.cYWhalman® Bselah%mﬁeHﬁem@dldﬁ% (Whatman Inc.; Florham

aﬁ’%ﬁ( RE. P@art@ﬁas émh"aﬂ’ rﬁdo‘ﬁl%sf(Sth&ﬂ}s' @6}80 8&\%od N.Y.) and

filtration. articul arl ﬁ, such steps rise
Mllllmrg®|l\ﬂlylst¢g+ﬁ<h Coupdules,(Miliperet BU'BGC%WQIS@W— gb@gal culture fluid

r [
sup rdrﬁa;etﬂgﬂeld% Td é‘WI rfgtg;[ %ﬁ rogllﬂgﬂ agy%dﬁg tén%ratﬁ%e)r%ng tr(])e VeVis

fmqowred(lrt)heﬁmatqew ng the VSV filtered solution on an
ani on exchange nenbrane adsorber, (d) buffer

exchangi ng and concentrating the VSV by tangentia
f@ﬁﬂmgﬁlm_aht_mﬁmaTFF) and (e) a final filtration of
the V3ysd %E@(mb%ﬁemt Ursoulgg‘teﬂt BuBlidaford- 77@2% f{'éelat flethod for

The purification process steps (a hrough .
a@@wdaryeclp@froab@riréa thﬂ C¢|b@ll*ﬁuf%|ﬂ‘plért9t'§|®|éte amdapiify dag visus. After

P ; r c i i
ARl T Lo St BB RHTo08 Rl fomaon o

piiltnater) ys Bt ¢ladiad bnfilsatianmer aderpfileaian Fré’OtﬂQhJﬁ @ 3 t9 0.25 micron
| Hedrad Ry fﬂ{t@v@r&” ff t‘ﬁet\hﬁlvh Mthe flltgt%ﬁ %ﬂf’[ﬁ%aﬁ:ﬂl&%lcwﬂﬁg@l&l\ Imay be

cul ture a manmal i an cel ture infecte
WPEHONY®BY atdgorn dempgraturg.iasdiefiped QW\@pEétﬂat@émerOﬂLrgh@n mgdia are
(QVall%Heefant\MH |%rle§eoﬂﬁﬁiéﬁa\c§ bhd aﬁétF?(?es @f"%atnhfac}@é/ which are

recovered I n the supernatant al so referred her ei n
§n0vm ﬁmﬁrﬂq/ ot pldlt irf theaart. dexempfary nécrowﬁamoncfdter ulﬂés fnclydg. but are

Iﬁ’ﬁﬁ wwbﬁ%ﬁ(@ @(/Jm%f ?Vlﬂllbbt(‘eatB'll%ﬂcé)fMégée) Millipore

cul tur IS Ccon room tenperatur €

M'”ﬁ’ﬁé@ &Ehiilier Hogatiad Pupetdhtites Uaﬁ%(@ﬂtﬁ%ﬁe ﬁﬂStd'i'lifd N.¥.), Sartorius
t | | ™
%%rt@lgr‘aﬁmﬁﬂte‘f' uRfid Sa‘?%hh?@oﬁg Fagﬁlﬁvo‘b@ N \Ekjgﬁd;\ggra@%'n%a&opore

are wel known to one o the ar
hérfdtenaniterin certahnerspediarentse thasef filgrttonounitsspagses filters of a size

C %QMe'eR WoRL (95'? ?hi’(ﬁ Ghe ‘ﬁfter@@ I\/@‘V @ Qe(Q)QQreHF?Imth ﬁﬁe%dagoﬁﬁlon

above, the cel ture manal i an cel
culture infected with

Anion Exchange Membrane Adsorption

Once the VSV has been recovered after clarification, the VSV may be further
purified on an anion exchange membrane adsorber. Membrane adsorber materials
are well known to one of skill in the art and available from vendors such as Sartorius
Corp. (Edgewood, N.Y.), Pall Corp. (East Hills, N.Y.) and Sigma-Aldrich Corp. (St.

Louis, Mo.). Exemplary anion exchange membrane adsorbers include, but are not
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is omtted fromprimary clarification of step (a).

Depth filtration (in contrast to surface filtration)
generally refers to a "thick"” filter that captures

contam nants within its structure. -28 WD 2009/ 082664
PONtes0n Sa0eedS Q martrane pdsaberdfantarius ¢eps aadd Mustang™ Q
T SRane e (e e L 818 palioBst Snppmele 15 Hnjof phchange
amemisRneaadporhasina sal Mustangst € mgrtn @oe@deonget. fin general, methods
[ .
a7y B3RS Kb dford LRI 33, ERABTERBIRI D oan be direatly
Thpglied tptrmmh@n@radaprbﬁaghr@mmgg@phynm@maares}@pwad@ one of skill in

agfa, arYWIthcerPﬁn % O;Jrﬂfalﬁ’t@r tihe! gnlg)gp%%r%nggdnfeinwrgﬁe adsorber
capacity. Such dept tration nodul es contalns
pehegagigrapiym is. operﬁqfrm@ﬁ tab 4o8mni lemparat@genps ardgfined  above.

dept h 'Ifh'ugtfh XS’\V rﬁ%}/g ?ﬁﬁlﬁéﬂcwg% ?négp%vﬂ%%ﬂg%?rjnbr%hé edsorber,

What man HD nodu
FM@EF&&{Mhe ¥ filtpged . splutlsarfnom thessesandasy: clasficetioP istpdded onto the

( §ﬁ|5f1 %&bﬁ%g?@?@nbraﬁg g@%ﬁ?e& ?\(iﬂfl%re)te(?\W/ﬁh giMHtl irfl-ﬁgfaff‘e%d) salt solution

'l st ak or e; ,
Meaigo yefermek te @ lane lﬂQUUb@“f)'P mua‘erimrrfé%V peindingrbuffeed TheaVSV is

d%RMB Fré%ttﬁ@'éhleﬂ e&@r‘?&fng@rnq@ﬂbrgpe LASOHLEETRE 5%%95&9 p@Btfered salt
I's recovered trate. Secondary

Clsalldwrl Cirel @ution kuffede sodi the @luted YSE, fraztipenare recbvered (e.9., see

Pypgi cation 20055@@49019 i's a PBL F‘lo,f or 15 secgggﬁﬁy49019)

clarification of e cell culture U|dt0|solate and
pur i f yrhenfisstypin (poiffersglt salt sqiutionregryeasiligration daffeomayi ke an NaCl or

Cﬁ@LréafltU&mtfoﬂnTﬁ@g\laQﬁBF K 'n#aé/rt?ehb@%)amt ihn@ v ?Nat ag ionic strength

super nat ant trat e rther lari

f PPtWegni @hput @t lggist Odlf M ta abewrQ-4tMr tmgtyﬁma fraciond) Ionlwtrengths
ré’dlatwéérl t Q*hea%ﬁ%facgéﬂﬁtrc}ﬁ Ofha n%h%eV%V eﬁt% %)hgtef 'BJH@FG% N-2-

ut1 on. he mcrofiltration
rbkvﬁwwbﬁp@ewm M- @téanewﬂora@mv@md (HEPES) buf'fer or a

Fi’r&&("hgéﬂon%%fj‘l |h5r§15tﬂtaré’r(T %{)d T%Q?@Vcﬁl'ffla@bh%x Mavé a pH

ar i et materi al s ‘an s of manufact
mhemeeara@oun@q@\bmawtarﬁ)e of ski II in the art. Exenpl ary

m cr ofvhletéq%h.w.oﬁ Ipduh@r m%p'f&r%né ry)awﬂ@e faBia‘Gt B, %ucﬂ%% to about 5%

limted to ter unit
(qu;rpq;epor'@we BE¢onsr pabuffaies . S)alt sdlytionplpes "elution buffer) may also

Mc!)rlnﬁ)fsé ke ggm(a' !t)lﬁfﬁerrlplﬁlné&rﬁpong?s a@if?é’rfﬂt) (eﬁhihB%ﬁgM%ﬁfﬁar The

Sartorius SartobranT
frs|UttI@m et sm@séwtfoﬁn eeMIEisep abowd d¥wsyeros. ty. gbeiids% sucrose.

Sar't or'l*ouélut%afh%w QM e fehidrdiy, tHeish - (Ngﬁl Slekbﬂ' ¢bngentration

enbodlnents hese filtration unlts posses Ilters o
a(ignig étremﬁh»\@‘éhfe glugion bufter Amyrhecingigasedrpylifgar geadiant gy a single

' §te'beéh9}6% A{S?Qcése (bI86 dbbdriveh %j uSs" Fbgtérﬁrbubn@é}ioﬁ r?o’é’ﬁ%)b@é@@) Both

nbr ane Adsor ption Once t been recovered
aﬁtGQIS a,rpaeﬁqwailxcaiﬁre@we @hélL'UEBW \@\9 f@én fthg tamin exchange membrane

adsorber. The ionic strength of the NaCl in the second pH buffered salt solution
should be between 0.5 M to 0.75 M.
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Menbrane adsorber materials are well known to one of
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Sartorius Corp. (Edgewood, N.Y.), Pall Corp. (East

Hlls, NY.) and Sigma-Aldrich Corp. (St. Louis,

Mb.). Exenplary ani on exchange nenbrane adsorbers

i nclude, but are not -29 WD 2009/ 082664

PCT/ udrederiosirergh of itha Ne@l indhe ssaendobi ifered sa rastudiae should
23 9fBety grgﬂﬁsea i G0 th 875178 WMAE Lo TRA! @ ifbout 10
sor ber I'n one particular enb

t@é//rawutmtOé”Qcﬁ]\é(ﬁywte rrerrbr ane adsorber is a Pall

Must angTM Q nenbr ane adsorber. In general, methods

and buffers known from conventional ion exchange

cAeogeitisgrlawHyitration @EFHi rectly 5 applied to nmenbrane

adsor tF%WIO\ﬁlh 0%@95@thoﬁmbghaﬂ o KORAELJeP ﬁ@?ﬂb?gne adsorber

ski | | e art ertail odi nent s
ezbn@awgmrammmn\és\émme‘uﬂh@muam b;gtraagmtua.l flow filtration (TFF). In

p hus
PREAGAErok SRR RIEANGE W Ran AT SRR e IR oot

a@g@pmﬁnts Im/ﬁétqeldnsqlmi@nv@vsnsweroed wlgrain mluidr ¢ha faed flow) is

S f f i 1

SPEREE B AGA% APtk OGRS 0 Bl AP prossure

pEetyas teforg a@ortiono plithe drid(talogeh thef membenedo the fitrate side (of the

a f
V%ﬂ/}lllr:ldsl”éml Eftzlg@%} n?érﬁogﬂ%ﬂ?éghéogggﬁ%é?&uw I ﬁﬂs brocg&e the buffer
a@scﬂxeeangmt Angd Bec oY pH berfceatralgdsalhe T§<E| @Eepormay comprise

(‘cbit@nghitd 9‘% ‘Z {/fr%EO\)er@d”@rohh%eeeMBr?%xM%ggrrﬁghb%é adsorption
are recovere ., see U S. Patent I catlon
20BP/ 0249Bas) . 15tmr¢fe fipllayredy Hopufaterleaptsadre sbuffari ogxchange.
or equidd H%%Flb@rkdt&‘f hcﬁl%w”ﬁ’dérb&y%pwm 2t p Ialﬁgl-?rﬁjah%thods (e.g.,

sol uti on. resent in

atltrgfiltration Uk diafiliiation @EM@@WO%@ n)aare wed o o pnecof skill in
aguily Gnd THF m&%ﬁé% év: Ha%ta' SRt 750Rbg é&lé&ﬁ&t@%ht cutoff.

t her ebet ween. sol uti on may
buf f erTheapuNeQused in the buffer exchange of the TFF may be a phosphate buffer,

PR iy R iTRES %H@ﬁa@%e&:nﬁ&@%ﬁ@@h—f%v@r %4 Buffer may have a

(HEPES) buffer or a 20 Tris(hydroxynethyl)am nonet hane
( FR@irpiit efrabovhégeMiaflpenld. malpdimaveMaCoprentdione rerebetween.

al?ﬂé”buﬁer%x(:ﬁar?gkéod{fﬁegm%y ftHer 8OMblid6.80 IM){% (5’2'(5 MeRa@®hd 3.5% to

her conprise about 1% sucrose to about 5%
sé&f/ogecroame second pH buffered salt sol uti on (the

"el ut iR e\ f@ktidns Rdm Qhé‘énloﬁ%hér?g% Fn@‘?nb HY adsrc]))rber purification

buffering conmponents as the first (‘equi
bafayere. poied, 25ddheppelad tsglwfle? geagentiaiehand teniifies @xchanged by

aEﬁaPtus ré]’§Hslfﬁﬁﬁ%érQ'F@brﬂthﬁaﬁbsdéﬁhﬁg@wnh E%@I'el:‘ﬁlgr WBi§ht cut-off of

rane, the sal
ceh@ler?@ﬂésﬂadﬁ:E +d¢aiﬁhp@re@@§ﬁ@nhqs orot; Wescerawayoﬂ Jof f er

may be increased by linear gradient or in a single

Filtration

In the method described in U.S. Patent Publication 2007/0249019, the last
process step in virus purification is a final microfiltration of the VSV retentate from the
TFF, wherein the retentate is filtered through a 0.2 to 0.25 micron filter, as described

above for secondary clarification via microfiltration.
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menbrane 30 adsorber. The ionic strength of the Nad
in the second pH buffered salt solution should be
between 0.5 Mto 0.75 M -30 WD 2009/ 082664
PCT/ US2008/ 087375 The ionic strength of the NaCll in
t Recembivant %@%\@fimwé&pdéfwdw@mumr iStematiis Mirgs 9eSV)
l ' near—rlhg \{SW: ra%atﬁe%grlééooﬁgrgnoﬁéy tﬁne?(JSaM Bﬁrgigﬂ from mammalian

elution flow rate of abou m nut e .
Ceelhiculiitre. bs empiyént ieay | e Purificatian metfqonsF)iescrIbed above. By

FgH R eﬂ%u ViDL tﬁ%ﬂh@%uﬁﬂe@%@gqs EK%QWOWFQJ@%II culture
or be romat ogr aphy, the VSV may be fur
paratein mdbwd%@eiﬁt ¢omtanpinants fandt praterahly E910F4 to PA.8% free of cell
IENRI 8 brordnEy Enli fudeRIBREMEnIRAMEN Process that uses a

e(s) to separate conponents in a liquid
soI ut |Ir_onar(tlgtnlasmp@d1@e@hs) theW$af puriiied fiomueeall quttive fluiseef a
I h%\mnrg%%n]c%” EHlfm@g%taﬁgg]efﬂgg%&%sé (%%erﬁébeatﬁﬁ'/[efléagfec%tnbmant or

t rane and ressure serves to orce
agepgiicaihomodified andor gtigngatedr Matihedsmt prrdac@gtrecantinant RNA

f \/*rﬁsre'%‘t Suchi Re/defard Ry kH&ﬁFéW%)ferreH:tg irtq"ﬁ*beé eﬁ'ﬁ?s?zégc‘alfag@rd

roon1tenpera ure. S process, ]
ei'(r@M%[ﬁg ganetisd” mﬁ@ovsﬁxemmmwe aedopdsThreV S mchidepbut are not

”ﬁéﬁut&@{l})fmesrﬁeth‘é&@ﬁg&%@rﬁ 9.t Bst. M%VG 'b§§ ‘8’3@ EIF?&’ Ufé giBtt NG

ani on exchange nenbrane adsorption tep

t Brives 94Bo¢aqbvtwrmra@ﬁ heegir by mf@rebgtf fPeidlt@fa@IHaﬁ‘guqueST@F
”@Bﬁd’t&cﬁﬁ aa@@u@ﬁﬁ vnl?JQ%é Qe b@@é\/ ét%l({t l:rlt%?jqﬂ@) Sfﬁﬁt No. 6,673,572

trafi ration

g.
daa‘ﬁ W 29@4/6i65(1|3|:yvhlcma& hﬁ!reby maorp@rﬁtechbxerafmnwnom to

one of =
300 raTES mad beld\ebt a alotd gh ol er PR R e BB refits, the

upedfigdnV\is asunfiana exiehm@age New delﬁ%avﬁemtm apdsfahan serotype, a
p'@:‘ﬂ%%\g&% SQFH%F?J or oth8r V&R c%%vﬂH%ése In %ﬂa?r&rﬁb&ﬂ%gﬁt‘s tRSVSV may

descri However , have a
C 6pRIBNtSEL$NeS Fomabete than ﬁms@ph@%@m ncI udi ng niv

EOPgeﬂié\ﬂgé&% (GRETRRBhYGS corﬁ%@s ﬁ?ﬁﬁfsftﬁéregfﬁ‘ﬁ?@ﬂg:%mpnse one or

further conprlse
3MBUs taienupting, mulatiense Wit dhg/XBY rgﬁﬁ@mgnkﬂ f:qeraﬂw tembodlments the

thr‘i’ﬁéde%’gUa éﬁ&fnﬂ@eseggér‘}l{ ePEEmpiind aF?éeis?rbngzrﬁugé%n which

ool e and t ool e uti on concentrate

t ﬁéefb@ﬂﬁfseﬂ“eé)?éhm&g@tﬁy Bl VSYFIn eibengmBodigeniwiife; paified MSV has a
"ng%rﬁ@e s@@fénrc%dggm%% ﬁki]aathéa%? Up M&LiEHs, ChicRT bitéluate the

out /50 care Bi o-Sciences Corp
ppgtljlgg@mggy ofN/%V)ForFqnampﬁ iagrattenuated VSV may comprlse two or more

known attenuating mutations, such as the attenuating mutations set forth in
International Application No. PCT/US2005/011499 (International Publication No. WO
2005/098009), and U.S. Patent Publication number 2007/0218078A1, incorporated
herein by reference. For example, known VSV attenuating mutations include, but are
not limited to, gene shuffling mutations (including gene shuffles of the VSV genes
forming the VSV genome and designated N, P, M, G and L), G protein insertional
mutations, G protein truncation mutations, temperature sensitive (ts) mutations (and

other point mutations), non-cytopathic M gene mutations, G-stem mutations,
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30 In the nethod described in U S. Patent Publication
2007/ 0249019, the last process step in virus

w@ephswet ion is a final mcrofiltrati on of theCNVBY2008/087375
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retentate fromthe TFF, wherein the retentate is

filtered through a 0.2 to 0.25 mcron filter, as

descri bed above for secondary clarification via
mcrofiltration. -31 WD 2009/082664 PCT/ US2008/ 087375
Reawisehs RNAomutines prdhibene felelidn @dtatiers, @ach of which are set forth
Sﬁnor%ftéllt s IMieh |o(1§s {éﬁlogsy %Od%@ /Og%wefﬁdsn in certain

obt al ned and pur | ron1nanna i an
cgmbgﬁ@ems ehpl Byifieg ¥RY edmerisespend fqrcrapteorattwmaﬁlqumutatlons

?ﬁgﬁ%mﬁ g/t \ﬁ |taﬁzn gttb é@?{ﬁg SBH |f|\;ey(e% n%*tgﬁﬁf% p}ohﬁ”inutatlon a

clewsbufﬁmgrr@wt@ilqn and-stens | redtatiore iadn@oemtepdtia M geagdnutation, an
p'éﬁ{b%reﬂ?é V{Ng\gmg ik aglgurﬁ:a/‘fefdr(g efé nﬁﬁét,on £'d L&HEinsertion mutation
protein and nuc ei ¢ acid cont n1nan s. In particular
eabddigsaadsietiommutatonpurified fromcell culture fluid
of a .IWEHQE ATbogfhdntE Uhd ‘&’%‘?/ lel@@%y%fngtd?%@B?fﬁ?ﬁﬁﬁcﬁﬁprocesses
descri bed ove Is a reconbi nant netic y
mdesdribed ahnd bas ane ehvatecmuiagons et rﬂwﬁ in¥irys Jteneptig), and one
r %Pﬁ{gpé H@@tlo%\lﬁﬁat TS uMiid H\%%%seé E%tﬁﬁnyg}{’m(ﬁéﬁe"‘ﬁélb of virus from
known and referred to in rescue
" mapenaliangeieon esll'linast ﬁ@@am@rﬂrﬂ priepentdryeniompiomiggs a process
a r pta 0 atten CO a e culture
(L2 YR Sl oS bl b o RS
6 comdtiansy Mﬁwaﬁd@ﬁww éUOWénlétlmwtsx/ofr Iéfeesh@hﬂ\éOI) in Vero cells
Adgdit f
DA ek RRIOQs e. JHORNGH 8 pSEARYE) g ot
6gemSyrsvzha@g&&r@awgtwgd/bymgwssw iacerual ef aheu@byr of nucleotide
gﬁ'})r pq‘ilrbéﬁtﬁf?orgy tﬁt%ﬁﬁﬁ(ﬁﬁc?ne el %/ndmé’ Rfos? Mﬁ\'{hgée @nucleotide
eci fi1ed serotyp In certain e di ment s
p@\db?f“ﬂé@nw&ﬁ‘uitéﬁ am‘i'nlorﬁﬂda@%)%b@tt%@é?s Irathﬁé@\a efodeiys. The process
S@é?&r%@@ he?é\nlr%%@féﬁnlnsﬁf&b%% a@aptSIRANGI B rﬁrﬁera%(%rﬁﬁamed by
or ot her vesicul oviruses certal n enbodi ments
vswmlal HORTO¥e Merde diu e yiefd: dlasagdeeint iern efie vascepntinued until
él%ty @an%%h&%(ybf@%fa%ﬁlﬁ/ \K/Qé"gcﬂlévgdnggf‘d'\%?n ¢OTP 95 LA Pessages

ereo ten conprise one or nore attenuating
m(R‘EQ T Bﬁé) \Jﬁuﬁherrpasa@glwvf Hervirne beyanddetd sfiowed few or no additional

e@E’t?sql'th%ﬂé %ndtdkbenotpr%ulf inedrve\erdh@sc V\(ﬂn&ﬁ%mr ?]i%ﬂ)‘éeﬁ*ﬁl@ process
onprising at |east one nutation, I ch attenuates

t r@Uﬁatlno%@ﬁta@tlalylwownt lin manacteritn digkbrasswell trs enhanced
p

g{ggﬁfa%gjrl}{%\f:ohé?tgﬁg.gﬁﬁ g%ébg??gﬁﬁg@st dﬁ{m{o't $LBGaftally affect the
pﬁ@W@glétﬂermet Vo of Prs\paspagedasimapihen tegiedin A diahdtsepsifive mouse
MR aCRAMR NSSMe REgdior e known attenuating nutations,
such as the attenuating nutations set forth in
| nt er KAe emapPdimept ot e Memion Pevides2008¢leted4 genetically modified

(Ladignardibnafls Rl /888 halndat 198 one amino acid mutation in a region

corresponding to at least one of the following positions:

the amino acids at positions 119 or 142 of the M protein;
the amino acids at positions 109, 224, 438, 477, or 481 of the G
protein; and

the amino acids at positions 205, 220 or 1450 of the L protein.
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2005/ 098009), and U.S. Patent Publication nunber
2007/ 0218078A1, incorporated herein by reference. For

we@x@apswe4 known VSV attenuating nutations i ncl BdBEUS1H08/087375
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are 30 not limted to, gene shuffling nutations

(i ncluding gene shuffles of the VSV genes formng the

VSV genone and designated N, P, M Gand L), G protein
insertional nutations, G protein truncation

mut at ilbKertain empeodimeants tke nvitatiopds at eifhampeaitionndd pahdl of the M

n‘hhﬁém PG At ath$tﬁn¢&r{%}1s ﬂ@naﬁd]t1qaa§/\l){h%009?082664ln other certain

tations, G stem nutations

PeMbogiPBDSy. GEMuBtion abihs @mito MhahpasiionoHy ot Jeorietein is a T—
whi. .set t j .
05 Bl 54 80 i A4 FbRIBR 250 o 27
2005 /ggimoor alfus Q nptagent ai n  enbodi nents, the
pur ' f '|#@né/§}ﬁb68m2afn't SRS nﬂﬁ‘aq ﬂrofﬁfélr&nﬁ%ta%fb‘éaatt gB&tuon 109, 224, 438,

tions, 1 ncluding m t at
t éﬁi’)@r éﬁmméif@ﬁsmrptwem(a $<) —niit &t ok, Sa%doulhtﬁ MiGat+ dnor V — |
an’ﬁjt&%ﬂer%Pﬁétlfvlal ng nutation, a Gstemnutation, a
non-cyt opat hi c gene nutation, an anbi sense RNA
mut at ildPne enbaginente theGrytatien rafitthe iagTino acid gjampsition 205, 220 or
[ [ _,an I ytation. In
cgﬁggyntﬂgng}g&?helg? S, 6Ltﬂ<e§>v% pu%ﬁ’ffeg% ny of the
puri f ile saertom prr@@élmée taesgmeb@ailyam@d@e%a@doﬂ@erwfated VSV as
”Bé&‘crﬁ%& AldrORShANAL EESHILL s éhq'?JeNéJ L(':%“n%h iRG UWHel Bp’m%@dforelgn or
one 10 or nore nutations t resu In"increase
ghelgrdiogmig @n feraignk asknygledtigdeofeaueneds, SHemasenfrieioarRNA open
c I
| ﬁ%/eledmg?grﬁ&% g IJQH"eﬁne ’ﬁrgf(')eggé@d!go ol)érwnbgetoﬁggss%r&hences can vary as

ada@teals PO Ir@fuds hutgafewoatlm@mm @devs\encedingrigi ayiakinet (such as an

[ a
| SR BEfe chaRind THEer ko, 19" HENG eRARARE) Br Cboitope. 2
i ge@mengwgr@gmaﬁwaabamd Sugrster am@dmgh@ cr?ﬁmtprplaeggreﬁ eaq:odmg a
PASIAILA I AKEC BSsenbEsHAbER 'anthtlﬁapgﬁﬂfb%@élﬁ of ?f a different

characterized by progress ve accrua a nunber o
niti¢rebial gethogeqrye.g.usys, thacied e, rarasiig s Utinguse esnegially proteins
9e8M bR ol?‘/%‘ﬁ&tn‘?g{ d%?l?a?tﬁ%nd’lﬂuﬁgtrbgﬁonséé’b%ﬂ Ek‘gmﬂgstﬁeeﬁé‘tbl;ologous
in amno acid substitutions I n the rotelns
TRelypuceaids se@é@rtqes regodiag @i proteds off @ étifer&nt @m@rﬁbtaypatbogen may
aﬂél%é‘o\f Ridr&6t 4 PRy yér{eué H §P§HH%35'§F\¢ BYe, asﬁwg;@ﬁ{;'aablv gene, a

rovenents i1 n vi e Passage | n 'Ver o S was

M grieda Y gene a@eEmthmB@rrams }ﬁlﬁ@‘hcﬁ ypiicellatZapler virys gene, a

0 g
?@@a*’é‘s%‘é%@"%b%%é%"%z@s e o IBEfe iR BP80S Pajicuiys gene
s AoWegvirusngeie. moherddiis Aovieds gengbathepatiisoRsvirdaweae da mepatitis C
r opid g;er‘nen d NBF\M ve8 %’?@@[Uga?itus &lsS W 8biRirud Jefe, a rubella
process results in su stantla rovenent I n
rrmﬁlaﬁ aener @ rrgbl9$ alirgs genge Bl Masues YaH @gne nan Ufhata urruwene a
|
SDRBIShREDEYS goHep p BOBBa iy Uk, OB Sl lin g gpn prgnavius

psg@,@g@dllbm gﬁolmérgqr@staeatremom@w|pgﬁw§ﬁoeléﬁ§etnrev §treptococcus

"BY&Senes gene, a Helicobacter pylori gene, a Streptococcus agalactiae gene, a
Neisseria meningitidis gene, a Neisseria gonorrhoeae gene, a Corynebacterium
diphtheriae gene, a Clostridium tetani gene, a Bordetella pertussis gene, a

Haemophilus gene, a Chlamydia gene, and a Escherichia coli gene. In certain
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intracranial NV ani mal nodel. One enbodi nent of the
i nvention provides an isolated, genetically nodified

woemposdesd stomatitis virus (VSV) having at | eBST/USI068/087375
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amno acid nmutation in a region corresponding to at

| east one of the follow ng positions: 30 the am no

acids at positions 119 or 142 of the Mprotein; the

am no acids at positions 109, 224, 438, 477, or 481 of

t Rebgrlinenty, éhenpurilied \($le cambrigesaa) UL aenpesiucnepswizgsin the HIV

o) st Sariead Bori nEGRE Gnsmfet o €%l e ggen o

i OF ¥u. &) pm@sspe(y@f@.qmtzgdlnﬂrg tbﬁ |'tl\4286¢ istda® quiengr ot ei n or
i's at IPQ:tenalﬂo&hEﬂ a o&ﬁ%n?anh%i)%nf?éd R %rﬁélﬂﬁeﬂoﬁh al I'laast one

ot her certain IﬂEﬂ S nmut ati on
a@tt@r\t@ﬁln@@wt@ti@narldlgt Bt oree Iveigrateasiup Arefel Js stcrlbed above In
fr@h! AN nLéHI LhoNvE) hMURELME Amhdhsiton | ticall
ggshl%tl%ﬂamgmgpslt. e % ?otée)\llnI I's ng@ﬁ 85 - KS#Sml?{]altsi_%ngene eaty
omaglified-VIY gomatision we ﬁtt@n@tlemdahmﬁtandtm”eowg@cﬂmthe HIV-1

§ DEota NR oﬂ%'&ﬁbcﬁﬁm&ﬂsih%' é@ﬁei’r@a?ly Sy fur{lr?e? Bhnprises a
4830 S R rredieg7Sy et g

proteln 1S a
- nucleie agid-molecyig eaEAAbY thpé—ﬁ}j@@gpg@ply, Wheremqtée HIV gag proteln has

gbrﬂgif'ﬂgﬁ‘tm at N h(%s%gtéfotﬂeojmlhgeacﬂ@ HOp @e‘ft’id#l %i@@ t@Z%nor 348,

101 heLprotelnls
omherein |the rragiadien iiseby— 14 kert a&.nDenboli oferlt s7 Kheespectively.

genet 'Iﬁ@lh'ey ehBdifeat, and é*eh@élfé%@d#ﬂe@@@%es&%%@ rh'ehé?ﬁj encodes

herein has a genom C seq ence conprising one or
f éheeHkyng@gen%wésﬁﬂlm@@lwg(g@ﬂeﬂ%méem intsothe MRM @emmmat position

Sgquac nﬂimdgL%ﬁ eoé.%rﬁmﬁ@ @Né\- og ﬁmdLe@ﬁlazg.t.fohatﬂPee (3-NP-

rol ogous nuc seqguences can
vsaga ME?LifS) aegtlcrref@ur @THPngamdéL 5BaLHOS!i'|0é flM@t(3 INANIGwags-L-5') or

t Bos@?rgggeﬁeﬂﬁgﬁg%%ega gﬁy'irP'étH?e? ‘Tﬁ}g‘anné}ﬁs e VSV described herein

inte coding T | per epltope a gene
egeetiesdghaHiren\egrneo paerein thgeamns génwdmweéﬂnnf@dh@w tgenome at

aBgsﬁ‘orggrﬂfﬁeQﬁ\Pq{IWGﬁ 0pbGEInY | % I@%ﬂ@ Ielﬂ@@dfi'j'goétlon three (3'-

restrictio mar ker ene enco er ape
pN&@?VrrMﬁL &), prpQﬂt@nnfoulf (G NéiM- E@\méhlt -5' )P esitisni fme (3-NPMG-envs-L-

RPEEH ,)gg 3 KPWSL-eRAGHer i um parasite or fungus),
&e0|a teins 20 capable of eliciting desirable

| mmn@nee@‘rﬁéswsre&\e Frovowst dngeretand fremhibe @peyedrsggption that a
p%l?’éi? ‘tlgﬁo%lﬁ‘ﬂ"éﬁﬂw%qﬁ twnggrgor@ee BE(QIrFe'deuﬂﬁ @erla}l passage of

m cr obl a at hogen one or
Hthe \grelﬁ@t loy M®PiLip @érﬁ@lturg asegg@netlc @omswt@éﬁéesuaewmﬁn

gm?eas@ in W%Yg%ﬁ‘@om &g %@eMo%vgpﬂe@é WeRARS othkf Y&hotypic or
gene, Var i a- Zoster virus gene,
phenotyplc changes to the virus and no alterations in VII’US attenuation. These
genetic modifications proved to be of significant benefit in terms of increasing the
viral yield to a level useful for scale-up in viral vector production.

The invention described hereinafter addresses a need in the art for vesicular
stomatitis virus (VSV) vectors having significantly attenuated pathogenicity in
mammals, particularly attenuated neuropathogenicity as revealed in animal
neurovirulence models. As described above, VSV has many characteristics, which
make it a suitable vector for immunogenic compositions. For example, VSV infection

of humans is uncommon and is either asymptomatic or characterized by mild flu-like
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munps virus gene, a neasles virus gene, an influenza
virus gene, a poliovirus gene, 25 a rhinovirus gene, a

whe@anstess A virus gene, a hepatitis B virus geRC@EUSH08/087375
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hepatitis C virus gene, a Norwal k virus gene, a

togavi rus gene, an al phavirus gene, a rubella virus

gene, a rabies virus gene, a Marburg virus gene, an

Ebol a virus gene, a papilloma virus gene, a pol yonmn
visymtogenidat esebveapribigeotei eight drviseyithput sporbsationss and as such,
96R% is ﬂo’r\@&ﬁ%ldgre%@hl%éﬁp&ﬁagi SacgtﬁEF SR QGOGYS of VSV that render it

pneunnnlae gene, St rept ococ ogenes gene,

Hen iadiisdiee gectpyinelpie: g(éhthe apilgy rfcerﬁpb@ai@é@@smgm Qeiltcrtéiére (b) the
g g f

o aBiinFto AeE HRdATRO L bR Khaghd SIE rodbmbination: (o)
atie existengeuof t @ullinle gerptypes. Bilowingelthey peastbildsifor prime-boost
LR Run el SRR 48, R gBné boMEg G 5y 58MiDnio, e VsV
PWQHBQ@O@B@@ESSQS* atawrdatiynnthe viraheansariptases de MB¥ development of
SngSdH n)ggp?elcgﬂé&!, Y s86h {?ﬁtﬂ"é% GEof MG IsNiri8 ol I?NA copy of the

ected fromt oup consi sting ag,
emigys genomei(f.S. etentt & O33, 6%, U%e\Patht 6/18,943) amlde(f) pre-existing
S gscTarsl ag or env. In
cgﬁ@gﬁlr}ﬂgt herﬂé%%wa%ﬁtsgﬁ&\éﬁgggﬁrﬁ |rgd VSV cont ai ns

both at |east one 5 attenuating nutation and at | east
Oﬁﬁeﬁﬁhéﬁn%&&&&ﬁs@ﬁ%?ﬁ%Vw gdescri bed above. In other
certal n enbodi ments V&V |nnunogen|c conposi tion

is a desettaioamiodimens i atesatehb Vi for bge tméhe present invention
aEBrﬁBH?Js' BSe MBH Ao Mut aﬂorgrfheeelﬁgégsngf mﬁ?twn\s[ Hsted below.
g protein. In one e odlnen geneti ca

nﬁ/garwveed V@S’ef@ﬁtQWéfedcdﬁ‘ﬂﬁQSSé@ éurthmcg@eéwdtyu modlﬂed using the
R il or %E@b@ﬁl i tibhh \égg'%lgrlﬁrp%&éq% folBESR '5ntot1|?>ethnlfgs using a

gag proteln a nutation I n at ast one of
atwvid@ti d$higt megwidt reslts 68, referdion300 thg aleguatedhaenstype and

t Bﬁerﬁ'ﬂrﬂ%pﬁet é/@inpr'o%dg's Torcﬁjrtrller r%aﬁetlpmodllﬁcé’cfong as d&scribed herein, which

respec her erbodi nents genetical l'y
miRfiuftined hefids @ett@eaﬂiaﬁtadéprngr@w&tﬂd ssll cuairgy Nnegugper virus yields

08B eved Y Cirde bh%&%gvﬂ?é%@ M%kéé"%?éntl e&cb n? éalﬂeldgég for vector
genone at position one (3'-gag, - , position

tWﬁMGSWNB+gagZ PM&EL-5"), position three (3" -NP- 15
gag3-MaL-5"), position four (3 -NPMgag4-G.-5'),

position five §3 NPMG- gag5-L-5") or position six

( 8. Vrpmrtar Jtegelits Yirug Mulgtioe Clasgeodi nents, the VSV
descr'Irbe(%eh%ﬁ‘ﬁioelme?ﬁcngénétlﬁgllyl_"rﬁédﬁ%\ﬂ ngevea/t@e '0BitRe invention

the env gene 1s inserted into VSV genone at

p@@,mpnm aheapBtwe gifferemngtassss) of mutgatipn i ttiogenome.  As noted
érev%u@l'}v%e%ﬁs $m)tat|o‘ﬁcl§é§s’ OHw’t'att‘iBﬁ%lacsg’es or “classes of mutation” are

env3- - , position four (3 M env4- GQ-5"),

pused inggichangeaplg, armﬂteréﬂwt@ﬂonzdmswp I@lthep@éuwh%huwxsmgly to

( BttaRMA %nvlﬁ)r%xﬁmp@" tatibh ldaskNoft thE |rﬁfeht|(y}PMl:féldes but is not

understan fromt ove escrlptlon th
limited to, a VSV temperature-sensitive N gene mutatlon (herelnafter “‘Nisy’), @

temperature-sensitive L gene mutation (hereinafter, “Lys)’), @ point mutation, a G-
stem mutation (hereinafter, “Gswem)’), @ non-cytopathic M gene mutation (hereinafter,
Mnep)'), @ gene shuffling or rearrangement mutation, a truncated G gene mutation

(hereinafter, “G)’), an ambisense RNA mutation, a G gene insertion mutation, a
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variety of genetic nodifications in the VSV genone
occurred during serial passage of the virus at |ow

womloviose6eel | cul ture. These genetic nodificatiPCEUS2008/087375

10

15

20

25

30

resulted in an increase in viral yield frominfected
cells. Moreover, there were no other genotypic or 25
phenot ypi ¢ changes to the virus and no alterations in

virus attenuation. These genetic nodifications proved

t genre deletign ghitationaand heniei tAs definadnierginaiterc peayitatipn” includes
t Bitatioht lkn¥ii! Gh  thed eV fiidns ! Ofielfcdls € Yibstithti

wmlr%aiI %vgect 8%‘ pr oducte?oéﬁ %e%fs%vequtsl oﬂe %@%rl Elg)o? rHtons, — gene
hegasiangement crgtivdingenodifiqadiens.in the art for vesicul ar

St OBt fhSmidrb Uss AMRYbralRESHT iehaihh AgnSigibt bt fers t
at t enuat egr dartéﬁ?c)S enr ¢ . {ey%?%& @8 %nﬁpég%gr%@u% é/r] yoeea
atavehofaY @Y aﬁ@rumlpat w@g@nﬁ grieaier dary aqdilivee d™arrexamipleala synerglstlc
n .

%Hérﬂ}é'hgrtﬂgﬁ\?gﬁlcgﬁﬁ@éés ﬁﬁ‘bl Hﬁ&%FLQ&Clw@QPa\égest Mﬁf{ab lélja\ﬁ/'thcln the same
fMS | méhw@bwm&ig\gt inonseductien ek digY| pathag@picity much greater
[ c nl n

RHRC L Oaﬁidm% i Ryl Gl%(e ?ﬁgéya ﬁ?lde(f flﬁﬁ?f/ﬁﬁ@tahgr&gla& alone.

a%%/)rrptomatlc or characteri z I | . e -
09,08 266ain ROHOUBIYLS/08TeREsticsaiepuating of Y iscdalinge as a LDso

| gy hegéte%g%/@r &Phe %ﬂ)ﬂﬁvé“"aft 'iloﬁ Rl b%%h] Nor e%gwﬁfation class

such, ] I S not consi dere hunman ogen ]
c Blpnadier thetsupsofghe waymutafion rCé%g@w whereahatmnuatm leyels (i.e., the

Ve Fécﬁkﬁ Mﬂﬁ’ed |(1%L§nt1$]ﬁarﬁrhbllﬁ \}irglehgé’hio?j@ e rObUS“y

I n C ture; I Na |ty to eit
i nt egrEt way nefoa heeit-lingiéing emmptﬂ it edealps g@né@scelbes an “additive

f%ﬁ&mt,gﬁtdf%\/ (c) 5 the existence of multiple
serot ypes, owi ng the possibility for prine-boost

i mruni zati on str &tegi é8;ps tUpbharex.gn; genes of interest
can be . jnserted |nto he.V enome a
abundanhtel ?/n 6}3/@[5%8 y Ir_II_;)1 oo{ ?S/ V fII’S? gfa‘?)Hé:?ass In its genome,

davgkoipenlDRlof a &SV igdving §pamnalmmewbrs¢4§etseimt§ @én(br’ﬁé and Xipso iS
rescue of infecti ous virus from a cDNA cog of t
vﬂ%%“'“@é’ﬁéﬁ@ﬁ({ NdAbpg; e %V§’3’3 38"8%'9'3[9 aft 'é@f'%to‘c the invention,

6ndffy 94Ds, %ﬂﬂaa@f JreBtcPt9afl Sl SMitive Qutte ATt ¥Vl @b¥Ved For each
t he human popul atron is infrequent. Attenuated

vaitation Hass@inng: istdescned YeIUphore@t ai n enbodi nent s,

an attenuated VSV for se iz e PAKSEHAL, YNt i on
conprises one or nore nmutations fromthe classes of

mut at ivdesein iAstkeoko lige tewk-Dso 18 aVEB¥dwawing a lsembinatiere alitytae thutation
V' {ESQ' S|no qeﬂg%teh%@%e‘l‘g ' Eﬁl loYaw} Eé\ff& g?ll'sqgm}t&?on class in its

e pres Inventi’of, passa
f gen@heuindSA g5 16 thé I‘t@,o lmslangSH hé\m\@ Wecoﬂ’@lrﬁutaﬁﬁrholdss in its
results | retentjon

enuat ed YRE an
pﬂ@'ﬁ%??rpe §e|ln |B}en &I’tenaneé@/ngfte{}gv eﬁtenuatlon (i.e., two
maditdtionadlassss wﬁ&me@rw VBG’de?nefn%l) i5 daatibéd raigeltd theLBsy of two
Vg hat dapt.ed rowth in cell
TV gkt Trare  EraeStt hefin b atidly midioprodde &= Genome),
Vinhggas thek@rergistngereatidrent tteangivdedveyy fwar muedtioarclasses in its
genome is defined as a LDs at least greater than the additive LDsg of the two VSV
constructs having a single mutation class in their genome.
In certain other embodiments, the synergy of VSV attenuation is described
relative to the LDs, of a wild-type VSV. Thus, in one embodiment, a synergistic

attenuation of VSV is defined as a LDsg that is at least greater than the LDsy of wild-
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production. A Vesicular Stomatitis Virus Mutation
Cl asses I n one enbodi nent, a genetically nodified VSV

woewbos260f the invention 25 conprises at | easPCT/Wg2008/087375
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di fferent classes of nutations in its genone. As noted
previously, the ternms "nutation class”, "nutation

cl asses" or "classes of nutation" are used

i nt erchangeably, and refer to nmutations known in the

aftpe \Whewhesed thi g s determiagd eranaanimyig\eurguiruileage moide!. In one
en{%fjlﬂj{én?% Qn@ﬁﬁshc%ﬁteh@ﬁlohrb\f%/ 9 Yetimd é’sdgﬁD b(Hjét |é $it least 10-

enper at ure-sensi tive g
nmlqlngrqmer(t]h@n élpehéf)ggepf WlI(N(ypg)VS\j whergip the LDs is determined in an

gﬁ{ lljfoglrﬁgﬁ‘ié Fn'o}ﬂgl Llng%?né%n%doﬂﬂel(thsrsshgﬁfsﬁlg attenuation of
(N el

mut at i on,
iped as al(lyy &ty at lgasiolOctpidograeter ehaml edso of wild-type

Myt Wﬂgre(rhﬁ{eq_ﬂafst &termindd MG aalmgﬁn&ﬁ&ﬁruﬂ?\% fhddd® @another

rearrangenen atron, a truncate ene nutatlon.
( ﬁmb@dlﬁm et sywe@l@mq at)tenl@ﬁora@b’\/é“;é/n@edqfwd @etaatPenthakis@t least

If Ig%(%étglnth ttl?é |_I950 of |Id t \\/Q/Z\QF?&/eR%%Qgﬁ%ig determined in

gene d on nutation an e .
| aR@mm@ n@@rrowm@dncreem@deiafrt )eet otfaar empogimesnts: ai syopigidis attenuation

E@é\/%%e#ﬂ%‘a‘% 4 ED NRaBE Lt RSst NE660- fo%qﬁre]@%‘?ltr%rf RBY.Ds, of wild-

stitutions rearrangenent or s
et V¥t wherein t%rlﬁmeéemwdn@t@uapmeahrt@umvyuleﬂe@ model. In

t gér'f‘éln DHF Eg'fb%lh%ntsatats?ﬁé’tﬂs‘h@ Qttérﬁfaﬁﬁﬁ of 9 is éef‘n%\ﬁea's aoLD50 that

V at tenuation, whic greater than a ditive.

ej@aﬁtdle@st woé@ﬁe‘olgusseat@r tf@nttbw@m @fnwu;*tyvswsdbrvmr@@éhe LDso is
CQERAinBY .@tanla%ﬂﬁ Jéﬁﬂ’om%%é@%d?jfel ”‘Fﬁé‘td'eférr‘mh%tl?rh%f S3WPs lethal

|
VSV genone, ere% resul tln In reduction o
pé@%@@w)cfpt y n@ﬁm et é‘PCtO"[ inagadily dedriminegeby a person of skill in

ameeé}P@élbl&andv@r}/ﬁgtlr%bﬁgfh\Sag n@d’émﬁ%?%ﬁ@é’ mutation class

al one In certaln e iments, a synergistic
attenuation of VSV is defined as a LD50 10 at | east

gﬁ%ﬁg%rhuﬁﬂﬁj\ﬂhtgﬁor%ddi tive attenuation | evel observed
tation class

for each mi . alone (i.e., the sumof the .
two mit aeitain ealbadigwsys, ageaetsally saddiedaMI\oaf thervestion comprises

(b Gene &R Ilngqi_’lg?atlaﬁ @n C#Fst %Eﬁ'&rﬂ?d hg (ﬂ%ﬂﬁ@@lﬂeréﬂ' MR terms “gene

neu oylyu e nodel a non-| |n1t|ng
eghwping, “shuféerligendn’ f(fm)‘ﬂe@es@hufﬂ@g agengdeprigngement” and “gene

air%ﬁé]b‘@attlbﬁ nare%fsey %Y%rcﬂaﬁml%éﬁl& I Vga\r/‘f%‘aa‘k%h% @&é{%?m the order

wher el n AaLD5
maf e witd- typgé@\/u genome. gépgatned gseinse wils- tvmvﬁmn@meahas the

e e B R B 0 o AoLEBO: then & VSV
" syneriigs &hown attheradathabte positivief a ME&rdanenelativeatei the 3apromoter

I ?%r’mlgsg Sr}evlg&gr gl%txgrrgg%lgr?gn(tj IQ/lerusagﬁjenua ion ﬂﬁ geBufe‘en 8%96 529 and
Wertz et al., 1998, each specifically incorporated herein by reference). There is a
gradient of expression, with genes proximal to the 3’ promoter expressed more
abundantly than genes distal to the 3’ promoter. The nucleotide sequences encoding
VSV G, M, N, P and L proteins are known in the art (Rose and Gallione, 1981;
Gallione et al., 1981). For example, U.S. Patent 6,596,529 describes gene shuffling
mutations in which the gene for the N protein is translocated (shuffled) from its wild-

type promoter-proximal first position to successively more distal positions on the
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20 nmutation class alone, is described by equation (2):
(2) Da, bLD50 > (DaLD50 + ObLD50); wherein Aa, bLD50 is

wao b@ohg¥e4 of a VSV having a conbi nati on of twoP@TIUSI00®087375
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classes in its genone, AaLD50 is the LD50 of a VSV

having a first nutation class in its genone and

AbLD50 is the LD50 of a VSV having a second nutation

class in its 25 genone. Thus, in certain enbodi nents,

t ben@ymém gydento MBYestitalngat coN p(rq')te'ew gxptagsionragaty-BNMGL-5', 3'-

enorre des ed rel.ative
¢ ERIRES s o PATORR eHTRotT ha Mo BREiNA Ssaehy ophus. i
hauntaﬁg emﬁod’lmbetsmﬁ ajenetically assdified I\ISV g@fmmrlsbs etl]gene shuffling
n e synergistic tte eVV a
tHEtion 4 S Pl o eds BBl REN (b dnsfrariRiaf B Siment, a
L@Blﬁ)et&blly aasdifiggr eéﬂ\ercdnliml?oet he gefwi tshufflingDatutatont :W,emprlsmg a
t SV.. 30_.constructs \Vi In ion cl ass
| HoslGehtop an GRlT i e« 2P eh s LML AL O, e
syner gysHolulds&/néted @BreM, itdt the inderioh idpadorelde ratcler@aéu@ sequence
the LD50 of a wi | d-té\c/‘e VSV. Thus, in _one enbodi men

a(@gndtlfi 439) dntoathechakt 9eoRmsr 3visvany didhe MePa¥h £ Lqﬁdo genes,

t@ﬁéotiv@l Feshigamt a 9§8RE §hurlling MdtBgork R0d&fhne dudve - ForVRample,
2009/ 08 664 PCT/ US2008/ 087375 type VSV, wherein the

Libenitee Y ceaigeag is insgred miadhe oYr eenamg aheesitasdene (e.g. 3™

QP SIS B Y SO g S4B ey R o

greater
t hasitiorisetoLrD5®@ d3$tak/\p¢amqnym ts\genainer eihust inecelr®iOemodiments of

dat e o
a5t RN B o R BRI N LSS PEoBRHE, b e ructee
[ acudeskequmnbeastoahdms&’ denatme 3 taany et’athb N,00-M.0B or grgeatere.g., 3"

adear i Rgh-o o kot FUPLRE A W bl MEE st 1

anot her enbodi nent, a syner gi stic attenuation of VSV

efln d as a | east 1,000-fold
ool FRafionRet TARseBe Wl ype-vov, whorei n & he
LD50 ils sdehiar ﬁmae@mbaduna;ntsam rgahetm,auy awdifiddense drogel invention
I nents, a syner c.att nuatl on

opo%gpq%tgg‘éqg dCeng. \LA{Bgfpl@ ﬁréq e ({ﬂd pe%ré) ein is trunca ed at its

\}ﬁyt@@l@sm@ dorgélﬂa(oal‘bc%(?r@é‘mﬁl’m%) LEBE r@ferl\&(ﬂ !ﬂr a§ ywhe “Yddplasmic tail
erei.n i s det n.an _an
nEHYVIF tt ﬁc‘EOtﬁB’delr IS nﬁwnd%ﬁ?edgrﬁ that %QGWHH’ igRs,waich fruncate

Swrogrtfsi(y-@eraﬁﬁ&n@atthéncyﬂf)plé@%{cl gdoeini nededs av$\DSLdding and

that is at &Kg 00&r oL r r thamge_é%s@ﬁz _
o el YisrodioTASHERR 4 Pb TBEATG JolRLLUBR LA Tpos. 1s08
aRoBaitsTedt anen lvmzn WGIS&’B@B?BDdﬁJQQ) Tmneokgftmdﬁnn@tdbmauroéf ®ild-type
SS/%V eth 15 dose LD502) for a particular VSV vecto id
i eadi 1§ det 8FF'Red byPEPPSson dreaiinie i n E["ﬂ'é‘oart aclds
u@‘mngﬂ@NﬂKHEI&KRQQ{TmEIVMGmd:W-H sEQ Ioe:s). Cene

Shuff l | ngrtal\l/rlljteatboglments a truncated VSV G gene of the invention encodes a G
protein in which the last twenty-eight carboxy-terminal amino acid residues of the
cytoplasmic domain are deleted (retaining only arginine from the twenty-nine amino
acid wild-type cytoplasmic domain of SEQ ID NO:1). In certain other embodiments, a
truncated VSV G gene of the invention encodes a G protein in which the last twenty
carboxy-terminal amino acid residues of the cytoplasmic domain are deleted (relative

to the twenty-nine amino acid wild-type cytoplasmic domain of SEQ ID NO:1).
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In certain enbodi nents, a genetically nodified VSV of
the invention conprises 20 a gene shuffling nutation

w0 poovpg26genone. As defined herein, the terns "PEnes2008/087375
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shuffling”, "shuffled gene", "shuffled", "shuffling”,

"gene rearrangenent” and "gene translocation" are

used i nterchangeably, and refer to a change (nutation)

in the order of the wild-type VSV genone. As defined

her ei AN cgriain| Qﬂleypﬁemhﬂs\mqés;oﬁetrmtqdhysvf & eng iy thenigvention

OFf6Sdes % “OFBHRT ind o SiniRo & sl oyt

t%e&édgémég " C?/m@"":'s &' SinlfBOfinoNadicin 3l %ﬁ’@%m'é domain

d €ayéaniaanie t@lhéegl@\)ewh@rrelreit}@r ggglieoarmlaﬁoawi I'Su@ny naturally occurring

a ONn (s aeltrﬁ’dBfolrF?rﬁ6 Rc0d veVe Alhe: invent
%B@rﬂyg{i}\gh g%ecﬁrll{a ly 1 n%o?po?%t C%Qﬁersel btger%to e invention

r@ﬂ@crd@ﬁc@)G Preteie ¢csn|@rls'r@r allieeamingt agidsr @sstsowtomarwc domain

[ t
amén nf& tﬂﬁ elgiﬁo%%n\gﬁe in G A 3%&?‘%&@%%‘%5@5%&&& occurring

Istal to the ronoter . .
n@mlfébﬁ@di% éfeq%r@@@ﬁleérﬂﬂdmdﬂ@e@@ a/s\wtaaed MSM\gerre ghtheLinvention

E%gé@de@]aﬁr @P%nt’a[ﬁ ifg"5n ﬂ{;%ﬂ&)ﬁ%ﬁreggﬂlqﬁaé lf(b@%ﬁ epitope. Such

one et a 198 For exa

Patuéaitts 81e50O DI thecart (e dese fwhalfandnlggse @003k i ons
i n whi hd(%f,f‘l%d gf‘e'ﬂ&nf 2'c bgﬁe %Lﬁérﬂt(ﬁcgdﬂng 4 baﬁr%lté?r??rjr' ?ﬂlch the last
ed W | I rst

(shuffl romits type pronoteéer - proxi nmal .
pbaenty-eight sarbaytesmingklepinmpeiddiesidues pbhea cyaslagmict gemain are

%éle% ?&QR/eQ§?I§§\ﬁ|I(F§§€g§§QQ§!eQ§§%@ID ﬂl@qpr‘l?zjeélgneﬁé&j% ct.1)’s OF

to successively redu rotein expression (e.
3sinpivies - ‘6T 1", vhergyNime cgtoplagmiceiRginsof, the Femrkas @ agino acid

N%n%%%%cé%ﬂgé\'éodrﬁs %Cééﬂrﬁtlj H()}PG&IT? 8er'1é‘mu‘[:a‘?l'f EAdddin nga G protein in

ment eénetica onpri se
g@hichs hef fast r?gentmmwﬁemnalt amien afig. relswugﬁe)fcﬂhas@ytomasmlc

gg%@‘tébgtgr{rbelétéﬁ OF@&R/\@/EE? glgénpﬁlldelgp@dééggggce z%)fS?II:_Q ID NO:1, is

mdesighaied C%Hp)r |vm6ﬁgn ahe gytepiaspicatiomain of the Kac- @'eemr@ply as “CT9,
( ﬁagan a%lnopé\‘!\%ee RienB& oﬁR\%\f’N@érI@ DOH:; tSF_Sd?WN@) Pe T'P\%elﬁ certain

herein I nser or el %/n nuclei ¢ acid

segbediments ¢ the inventipngagenpiieally meslifigd\y Q)eaidhe ivention comprises
a@fmﬁgteﬁ I@g&'\e theMln ﬁe%nclad&?@‘%ﬁotem%g éa”BPG}’th esults

in a "gene shuffling mutation abole" For
exanpl e, 10 when the H'V gag gene is inserted into the

V$¥m%§|ré%@ S%hsﬂﬂ éﬁd Bthe? BBirk ﬁ/lu%tvonﬁ - gag, - NPMaL-5" ),

genes are each noved fromtheir
wi | d- tfyb’@V pt@mppraéwg SleOS'ﬁYﬁr e("ig1)smytatipns ps | dsfised meraigafter, is a

9Ridton ;ﬁhﬂ% Visy %@ﬁ&rﬁ? %ﬁ@%étﬂ@@t ¥s9f %rowg? 3, Jon- permissive

I nventi on, a gene s nmutation In
i tsenaratore. oF orexeamRis. ganﬁ\Adws aiutanttithe BeenfioncEowvHnemiaily and to

Vﬁ%hQﬁMh@geMsﬁWteﬂwgﬁFﬁlﬁel\ée gF> 31%) @UP{heh' %&I@tﬁ%r reproduction
3"& NW‘Q@Q@I M@E-DSTm'S@V% tqm@rai‘numSe(nerg I%S@rqu?@nchnﬁle generation of
TEURGBHhOBY MEAISind site directed mutagenesis are well known in the art (e.g.,
see Pringle, 1970; Li et al., 1988); and numerous ts mutants have been characterized
and described (e.g., see Flamand and Pringle, 1971; Flamand and Bishop, 1973;
Printz and Wagner, 1971; Gopalakrishna and Lenard, 1985; Pringle et al., 1981;
Morita et al., 1987; Li et al., 1988; Rabinowitz et al., 1977; Lundh et al., 1988; Dal

Canto et al.,, 1976; Rabinowitz et al., 1976). In certain embodiments, a genetically
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In certain other enbodi nents, a genetically nodified
VSV of the invention conprises a nutated G gene,

wob@pesaes he encoded G protein is truncated atPCT/BES2089087375
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cytoplasm c domain (carboxy-term nus), also referred

to as the "cytoplasmc tail region"” of the G protein.

It is known in the art that G gene nutations which

truncate the carboxy-term nus of the cytoplasmc
doredified FV akihe dnvestion aerapiggsants metatieminadtseganomgs wherein the ts
R 804 35E0R, yisongatia PiBe S SRAUGRE encoding the G, . N
78:.@La3oRMB2, 1999). The cytopl asmic domai n of
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PSR s Ay 1\ RO A B PR 0
efitsd diape At Hutagion apd Ao@PetOVSEE l[gaustion (se(herieaiterche)’) as a
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S 0 RS 9688 St SunLRs kTt i 7ARL Y, netialy
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B s L8055 R PR LBl ) Eoa bR o
t &y wayeggpinjertivmmer gane shiaéflirgy mgﬂgéora)m no acid is any

aci d.

[ [ ] | ill.. . .
emhoa tstran ahel AoafliiGey nuliang o W5k g grentor
enomdfmasag fn‘oigir otition iminqtagér}mg;g@rﬁmmie:rﬂn IHrm'r|:|st1'nr_1tgm';uteltq‘;ov\rlih i: dg_taﬁ)r more

t asn.c domal n. (cyto I I .
C HRRIcRS B R ot S s 27 Bl 6 GENC P dgIcH. Wherein
atfienoutation $onflers e attanuatioy fpbenetyboducteas soldaadaptativeddecreased
o S b RS dp Bl it R b iy i, 1998: Anme
ephc}i dﬁ&g S@@h)o.l rFi{idrae)taﬂsnpméeFﬁerljgm:Ssbng ar!deV\gtﬂn ((@&).dessem three
R RIPG e R By B0k gl (B e NG BLPRSS) whin
t hevd ¥ shiftgthpHdhArebboly fdrdusiomadtiviyi Abmadiadd iLeles 1895) déscribed an
th .opl ' ' del | ati t.o th L
| ReRAURE B SRR B SR o St W Al ot
" @Ehdditich) of hoetr gengi expltessiaa dh@Tidds, tumied rogemmbirerapidly than wild-type M

t opl ic d ' f . th t 1) h ' ' . .
SBiAEhCITE. (R fhoodiRgle; hishhalaly AbalBL RS the invention

nobraptisesronedir mgpra pGnpmatadions inftsldenadmech t he | ast
twenty carboxy-term nal am no acid residues of the
cytoplasmc

Non-Cytopathic M Gene Mutations

In certain other embodiments, a genetically modified VSV of the invention
comprises a non-gcytopathic mutation in the M gene. The VSV (Indiana serotype) M
gene encodes a 229 amino acid M (matrix) protein, wherein the first thirty amino

acids of the NH,-terminus comprise a PPPY motif. It was demonstrated by Jayakar
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domain are deleted, relative to the wild-type sequence
of SEQID NGO 1, is designated "G ct_9)", wherein the

W@ ioopszmesm ¢ domai n of the ct_9), or sinply BST/USMB8/087375

10

15

20

25

30

has an am no acid sequence of (RVG HLCIK-COOH, SEQ ID
NO 2). Thus, in certain enbodinents of the invention,
a genetically nodified VSV of the invention conprises
20 a nutated G gene, wherein the encoded G protein is

aetatt(J 1)/Irolpgza(z4 @;18 %r@@@@t uthet seitafions v tagd®REOMharotif (e.g.,
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nmodi fied VSV of the invention conprises a Is mutatio
i aytopathigemeiation hieeMroenkewhsreimineali asmei muigken msutt@ﬂrea virus
[ C&E
R o o thp s r 9 ARG SR e b W Soce,
mut ati on of any one the VSVG M N Por L genes is a
Sngfgﬂ{,%%t,o,qg.tt ation class" of the invention. For
exanple, 1n certain enbodinents of the invention, a
genet |I@§¢r|tq;n gowotimentsys\gepetigally mqﬁg‘ledtvsr\éafsthetlrwt@ntlon comprises
d'afrﬁtﬁtraﬁ@rﬁ |r9|tlﬂ99§39§er§g WHHtélﬁtthQrb?tcbabd p %?Qﬁrﬁ%s(é’“ﬁﬁﬁﬁlo‘ﬂ in the
he two mutation nergistically attenuate
patemtg@tﬁ prokigmal @tﬂmprqmofdh@ GPprotain éct0§oma@efﬁéerred to as G-stem
”Ptcﬁélhoﬁ‘ftéb ét@ﬁlrr%glgﬁ Bﬁt"prlses'\grttiﬁ)) al:ldar%s@uesf Afﬁﬁt gf34%2 of the G
mut at1 on and e or nore is ene mutation(s o .
(ﬁ@*@hna‘?@@rﬂt stydiess haye dgmaw@t@ds attenuagign gf VSV via insertion
mé\b@/%) getlﬁf;@g NRihdatioh r%tﬁt@tgtltﬁ@fmllt@G eﬂ%ﬁﬁé &3rbiin (Robinson

rsi enone suc

3ani(WeiitPNGY rels ) 745" 2288 i28 Nﬂtﬁﬂﬂr@ﬁ@é df Virok d6i 4R&00-311,
(bo62; Jebtbhd@eit ) ViR NE, HUEEL H@nZGUBg (rRls 3R cé&élﬁr)embodlments

gene ‘nutation) and a genétical fied V

c argeneiically nodiiedoeY sowRrises 3G @ta@ inpgrtian), M@H‘Qﬂs§u®tltUtlon ora
?%Bfnﬁﬁ& tres, o %ﬁ%%%rﬂfuld%rﬁl%d?rﬂént(' eneticlly ﬁt(}dlfled VSV

gene mut at i on ene nmutati on "an
(3§ctor of the invention comprising a G-stem mutation (and immunogenic

compositions thereof), comprises a genome of 3'-gag-NPMGstem)L-5'.
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15 by way gag, insertion, a gene shuffling nutation).
In certain other enbodinents, a genetically nodified

wy/B9ps266he i nvention conprises a point nut at PONUBIV08/087375
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its genonme, wherein the point nutation is one or nore

mut ati ons of a nucleic acid sequence encoding the G

M N, Por L protein, wherein the nmutation confers an
attenuati ng phenotype such as col d-adaptati on,

déorisense RMA Mutatiors or cyt opat hogeni ¢ ef fici ency

(e.g., | Ahwe

Lyi 05" P55] SREBIREAEER ERCICAN aared Yoy i efiéh compriscs
( aegmbi@ese RNfemtitatier in athichribebi argigpoome pramcierd (@@P)@ replaced

V3 A5 o 1 axRppmeaors, Thecr Ay of Wfieee WRllSs oter

Lynbmg(ﬁ&%a?j) ndgsatiel dhend RNA aztrt:muabisrrgs patroing Mlaﬁticmrpromoter

B S ohsse e iog awpish it a et bl RunT poter. 1n

Meeendraial Bbursé bﬂVSWlhﬁcﬁdpﬁ]d\oﬂ; i08 Gt & mafola'fpvédomlmance of genome
certai n enbodi ments, netl cal | nodi g{v \/ of . the

i AORIRT PR a'&t{ﬂf?ﬁnge@pﬁ Qj? rai 5 SEMb9Rsh gs vHus another

| hiengenoMthe Redbdoyir@paiily gFivkéane Odak@iannsJ. 30roldyy, 73(5) 3818-
certai n other enbodi nents, a genetically nodified V

o5t RO nFaRdousmworkoy 1abies ViU sismopstaat ifiat rerlecied H}? 5" AGP

| Qith Recddy IR GPRNOMVad bﬁ@hﬂb@né‘r@R@\Wrﬂﬁ%tl%) Ig@'&?equal levels of
encodes a 229 amino acid M (matri x)

whe
t §ename andantispgoraniRNA capiesvithin diag el I Agdton. a foreign

%Eﬁé 28 e§< RREY] Bk the dﬁ%&‘@@%]edé %Jd%tqqe%yeﬁ@@lﬂ?é' genome.
WO 200 /1082664 PCT/ 008/ 087375 et

ViY¥hsinosgyiallyy passage® irp gultugexh oglls) thet rakies wvatcp@tﬁ@mmth@ regnbisense

PRR% MBktibn (:Sn@stentlypr‘ga\(:ate%ﬁg\ﬁo &P ﬁ)onlﬁBWér titeARAaR89ecombinant

PPPA) reduce VI rus locking a late stage In

vwldnéymmmﬂ@fgvm&]u@nkei ﬁnd: aelma@ﬁb dVitelagy, 735):3818-25, 1999).

gened 'acrﬁhﬂaﬁﬂrV%dugédeq V&Y Btorst tBeodtW\éﬁé‘ﬁda@é‘tr%oms' r%ﬁﬁca%on and

non-cytopathic nutation in the Mgene, wherein t

rrﬁmr@s&)fprelgmwn@ﬁe TPF”PY”rﬁ@ﬁBF‘ @ﬂb@m@e@tﬁc@w@@ema"y modlﬂed VsV

p'&%ﬁh&as art arﬂl§§eﬁs%q“@m\ htfteRn reported that the M mRNA
further encodes two additional proteins, referred to

as M2 and MB (Jayakar and Whitt, J. Vi roI ogy,

7@e§g1t-ﬂe1élﬂ%ns 2002). The M2 and MB proteins are

synt hesi zed from downstream nethionines in the sane

r eadi ng certairecthpn eMOALInNEES. th genetzainimpslifigdi ¥SY1 of the invention

pEQrtn?hsrés(J \ﬁﬁ%rnﬁ fichQ RSV Ma}ne (s]clgh CI J)ﬁﬂ}‘lst(fé?etéd f:Sth the genome.

-two rotein) (MB protein) am no

aEpEjQXQﬂ*p'P h OtMIg qiradt (e Wr0|l t7_3h% S 98Bsdasgebed RSV vector in
fﬁ)h* hdk ﬁf?rres%%n\ﬁ” dnlo@ng E‘Eeogﬁiég%@twyssgelgf%@t(éGZéﬁg sggﬁﬁuted with

prote but not
ohﬁleenza‘ qu;emmmmmm ¢fMeaqroteinn ebetedi ntheel VSYypestpy  (AG-HA)

y%teme qra e(?at‘?enua er(ﬁapatrngreHg&%“ eld. Thus, in certain

B. Methods for Generating Further Genetic Modifications of Attenuated VSV
In certain embodiments, the invention is directed to a genetically modified VSV
comprising at least two different classes of mutations set forth below. Any of these
genetically modified and attenuated VSV may be further genetically modified by the
methods described in the present invention. That is, any of these attenuated VSV
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enbodi nents, a genetically nodified VSV of the
i nvention conprises a non 15 cytopathic nutation in

wo b@oRsene, wherein the M gene nutation resul PGT/US2088/087375
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virus that does not express the M2 or M3 protein

(e.g., see Jayakar and Wiitt, 2002). G Stem Mutations

In certain enbodi nents, a genetically nodified VSV of

the invention conprises 20 a nutation in the G gene,

wiaydlerserialy earsededinGuseentiblercaiaor aelhineatierorpolh ihéd times at a

Ol t t

i Og@:ﬂ@n@fy ofli ?%é:t}c% tec\ﬂ'girngg’rlo‘i’r?geé%d@(}ﬁtog%%u?_? PFU Rer ceII and

r wlrcgen@meprangbfge@mrﬁbe Redsgneesf alleastame af fihe U@tﬁtwaa descrlbed
h G protein. Recent studies have denonstrated

t e attenuatl on of VSV via insertion and/or deletion

(e. g. Acceigingiit inoene aapeat ¢f dirssinventionea Gethashis pfovided f@ adapting a

74,
Zg%ﬂggg% Sr&?gg@ﬁ pmhgﬁhe Biowth \/‘? QiePs
12300- 311, a?OGIZeCtIﬂGeth@mﬁ'a?l@Ur%W'th the wruscﬂt a Tqw multiplicity-of-
12807- i
sonot 1 TaieRNAON g rfnSBlt0 BoPTORBLIE N Siaq® forming units
del et i éﬁ’fU)sQﬁﬁ@i'tutl on or a conbination thereof. In
one partl cuhsﬂr hSRRSEHJRI el @ulﬂl?é‘ﬁ]'éh%ﬁ{ J:dﬁtéT’n"iqu Heeu¥sSV
vector of t I nvent1-on conpri si ng G stem hut ati on
(and i munoggnclerifyg@ tb@ﬁ@'b@l'@f&)mg iUer eof ), conpri ses
a genone of 43' - WD 2009/ 082664
PCT/ US2008/ 827375 Ing %ﬁé@mmé%?a?ﬁ%ns In certain
enbodi ment s &) a r¢reaEng elgps ) Ibatighice donabeuos taraneut 15 times.
'nvent'l*h%nugém&r k€ SmetRBd ARRLRENS € oMYb@t o 'indr(éj‘ase in virus

whi ch 5" antigenone pronoter (AGP) is replace

wiEas! uatm&p@ld @hdiahdngeagfeindhe sigbiipefdhe yigm genmipesandagenotype
°Eh¥§¥ter|§’t%sv‘§é Eorﬁﬁar@& I?@ Eh&.ﬁfé%@&%% %11 zlle[be%ﬁé e VSV that has

strand NA VI r uses, as a rong I cation
pn@hl?ﬂe@rpasqueattawlews'\/lodbr aboy 5at9 ® ttm%ﬁn%tcﬁr lopt VMehof about 0.001

PEPIRIRD. 1AL BeWaAK replication promoter. In the

normal course of VSV infection, there is a 3- to

4- 1 ol dherusaehpueiroethed refeiie irea geraiically modifiedivrsiouarotamatitis
CQPU{@/‘S\):) tF‘l'a§ing%E e stI eeéfﬁﬂ btig hﬁftatﬁd?{ in a@@b ?§ cUr‘rééb%ndlng to at

anot Rhabdovi rus fam | Fi nke "and
ctﬂaéteorrﬁa@fﬁhemllowgcwé@yns 73(5):3818 10 25 1999).

Previ ous work whd Bnﬂ%béq"i-‘(fs é‘[goé‘lﬁoﬁjsemg‘&t f4@tcﬁ%({<m%otein-

replacing the 5 nown as

an anbi sense RNW mtnataCW)atlr@éltIp@s &eRad24) é3%l4s77opr 481 of the G
genone ﬁﬁg genone RNA copies within infected

cells. In addition, a foreign gene was expressed from

t he copy of théhe@m'ﬁpééé‘é ahpositansz05e24) of 146A&f Henomrstein.

Wen gg 5hé‘|eh1\boei%°e$@gﬁ9 bReticHint MB&lﬂe(? %Wro&%erth%ethods of

Vi rus contalnlng I sense nmut at 1 on
cdissinyeetinn Hag @pmuwpedthﬁb cqropn&e@ aszoméqardaﬂl\werr nppcepsgervative

t B Padi®@ERnant
In one embodiment, the genetically modified VSV produced by the methods of
the invention has a mutation at either position 119 or 142 of the M protein or at both
positions 119 and 142 of the M protein. In one embodiment, the mutation of the

amino acid at position 119 of the M protein is a T— N mutation and the mutation of
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wild type rabies virus (Finke and Conzel mann, J.
Virol ogy, 73(5):3818-25, 1999). Such a nmutation is

W@ g@d/082664/SV vectors to both attenuate the vi reGI/US2008/087375
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replication and express foreign genes. Thus, in
certain enbodi ments, a genetically nodified VSV
conpri ses an anbi sense RNA nutation. 20 Gene Del etions
In certain other enbodi ments, a genetically nodified
véhe aminohacid Al ensitiam 142 eithe Megroteinvis ad in Twihkiation oys\P — Q
gﬁﬂ@ﬂﬁﬁuch as Gor M is deleted fromthe genone. For
exanpl e, Roberts et al. (J. Virol., 73, 3723-32, 1999)
descr i ede smpgdimensttoe geretizallymiogified NeVerpdyaeddwyriae methods of
r
Ol dlioh hs & rﬁutgflﬁ[ &1 tH‘@%m‘i’rﬁJ %&dat(p%@tloﬁ‘qg? 3R 438, 477 or 481

u stituted wt enza haemaggl uti ni .
pebthei G pratpiarteatis e vV Necl o ¢AGAHA) V/@eroln 9t Vatddnutation,

a?ést%ﬁl:‘lﬂfe d pat hogenesis. B. Methods for Generating
Further netic Modifications of Attenuated VSV 30 In
cert ailm oagrigawiorirang  the henstisabnmodified ¥Syi nreducsd yghe methods of

ﬁﬂ/&ﬂioh ag%drinma%? Xﬁﬁe é‘}ﬂﬂg%b@' eﬂ%o@ftlﬂrll g@?tZZtOV\@r 1450 of the L

ferent c asses of nutations set fort
tﬁé&@nﬂyﬁﬁ%?rtélKyﬁﬁb@fhreﬂr%m@ﬁﬁdbnuated VSV may be

furt hep, genetighiy fﬂggjewa?%llf%ohﬁﬁd VER/ 1855 Ahb Rithods of

in the present inventl any o ese
athee ygntan Vgtner WW@?@QNGS@GMd PaTieCige 0OBodigg3tng HIV gag

”BVotQF? \ﬁﬁ‘érbuﬁ'thé/ HW?&&%@%.h Haég%ﬁﬁmdn% 6t IQS%tlo%lef tﬁéeclnjmno acids

| i nes for tinmes at a |ow nu plicit
oft pwtémtﬁﬁn 2?@1@9@ B owhersohe mubd@iontiy Sabdatl 62 $. PFyNor T
pe_[ ch%sbe@fﬂ,@ their genones anal yzed for the presence
east one of the nutations described herein. 5
Accor di Age pMbpAIMent tas petationd nethe abenedntihoaeneiicabtmhedified VSV

' % JLeYd @gqhé %etl‘%{%pﬁ* fﬂ%o enYlbﬁ Lf'ésJIlofn |95r%$§éﬁ %@lbfﬁﬁ/l of the virus

turecrrprlsm ovvlngseps a eC|n
t geneippd apd/pt phenoiipehanchiirtper esuthin porepged yleld in virus productlon

m%'r'n' é’!:élﬁhfe}ffee |th'tﬂ<‘-§ géﬁéteﬁll;ﬂrWqu?ued ¢8¢i ng from about

to about aque formng units (PFU) per

ceI | Irlon%)embafim |th@ gﬁwce@l mogified P prediagth by the methods of
Al eHtde f%ut&?ervdoﬁﬁls%s 5 e %tQbedh&%ﬁl%ﬁor%eH|tscg',EiJnBH{ee selected

I um reezin culture nedium an
r érs@aamn@f éh@ssd%prlbw @ta@\re djn ope emradimentt dreapuitations may be

}g?géﬁeglif(ggﬁ@iﬁgw Ir?:'oﬁsgt‘rar{d“efj aF e Stufddsehshivt ndBfon, a point
mutation, a gene shuffling mutation, a G-stem mutation, a non-cytopathic M gene
mutation, an ambisense RNA mutation, a truncated G gene mutation, a G gene
insertion mutation and a gene deletion mutation.

In one embodiment, the methods described herein utilize a virus that is an
attenuated virus. In one embodiment, the methods for producing the genetically
modified virus is adapted for large scale production of a viral vector or immunogenic
composition. In one embodiment, the method results in a 5 to 100 fold higher yield of
virus compared to that obtained with a virus strain that has not been passaged for
about 5 to 15 times at a low multiplicity of infection ranging from about 0.001 to about
0.1 plague forming units per cell. In one embodiment, the method described above

allows for maintaining any pre-existing mutation(s) associated with virus attenuation.
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15 production/yield and an increase in the stability
of the virus genotype and phenotype characteristics,
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VSV that has not been passaged at a | ow MJ for about

5to 15 tinmes at a |low MJ of about 0.001 to about

0.1 PFU per cell. The use of such nethod results in a

genetically nodified vesicular stomatitis 20 virus

( VBYpraraxibting autatien(si agneciatad Weh deisdatianuatieromay pezselected from

r 6ok er%‘ﬁfré%%ﬁ&ﬂ%‘ RdtiBn, aé po*n?ﬁﬁftat%ﬂeacgen%ré%ufﬂmﬁl rﬂma &n, a G-

positions: the amno acid osi tions

t ﬁ@rwrrplrtaﬂoea A; nonrﬁeftcwmmfbl\/hgeruasmtatlpf;sam REpisens® Rl@zmutatlon a
f 8rhut iy t B deleti

e 0 enthulligh S 5 B gBions igton, S ATghRe aetetion

| mlxbai@nenbbdumtembqwngrénethecmatfwmmﬂlpwseéprvswmtammg a low

pﬁ@%_@iﬁﬂerﬁl‘%{e F)lrbﬁlengéé'&%?eoofmtht\nﬁls' QYQ%UHKQP IR8hePembodiment, the

mutation tha rises a conservative or

neterustere viug wed ianthaomathiods ciegaded phovenés a strain of vesicular

e : genetically nodified VSV produced by
%ﬂ%tlﬁg@.xss (g/‘fé“?/)

he ne 30 the invention has a nutation at
elther position 119 or 142 of the Mprotein or at both

EE)S{)P&b&ﬂﬁlnéﬁ%&%la}%rﬁ&ltfsNﬁrug/l\l%%ﬁ'se' n. In one

I ment tation am no acid at
posi t ilpreettain embedimeMsptir divientien grovidey anreeeminarindSV vector

t @Smﬂﬁg ARG LR two ofefbrdMp 20084 gﬁ%@%ﬂﬂﬁgﬁf H%gﬁ{eoéﬁggtﬁeast one

amno acid at position 14 protein 1s
- forelng’aNA sgausince iserted)as rpugeper e transspr@ﬂ@n% wbﬁwtﬁmﬁreplaCIng a

E)Fé?g &ﬁ&‘%é ¢al/ Qénﬁﬁ‘% Hohes ¥l R b 5&?}hb3‘h|§ '?@cdﬁ?du#bgﬁ%sv vector

e Inventio as a nutation O € am no acl
po¥iyt beyurtitey, gepetically 3godified terconin ak legst tane @& fheomepifications

“a@écrﬂb%d Bpve, Mlcﬁ\lresulﬁs |r$ad§pt5t|orﬁn£th§/ @l’us fo @’BWM in dell culture,

tion, respec lve In one e
géfn@tmfaas'ryg e dietd @fov"vsvepeeiuuced by the mst hods of

the i ny&RsdLHBs g%ﬂuénwﬁé‘émﬁﬂarﬁfRNRevn%@"&@ r@?é'n%datro |n the art as
posi tion 205, 220 or~1450 of th protein th P

- ‘nescye’ _orEreVQrseLgenqtlcs regiheds.i Veiepnplary rﬁWU@n@ethOdS for VSV are
eH’QQ&‘?b ”rﬁ u. éhﬁat%ﬁﬂﬁ‘be%bé yu@cbaﬁérﬁ% 36e/5 8 QI%JW@ 2064/113517,

t he net hods invention further conprlses
ngaquein@or@@ra@edmr@myere&ﬁ@m+ nidret treasefinyiog g d r@@'@ﬁmmof negative-

WOER & %.rﬁtéesﬂn\éeeaﬂor%@grﬁéﬁie@aiﬁm V4t gér‘\&ﬁ‘eé Qreaécﬂl %tthrough

one of the am no acid pOSItlon 1
34®, engiEeE? ACHVIIE Ofra Mmultinegtic protgin cagplex actisg on the Nb@nudleor)rotem

core (nucleocapsid). Naked genomic RNA cannot serve as a template. Instead,
these genomic sequences are recognized only when they are entirely encapsidated
by the N protein into the nucleocapsid structure. It is only in that context that the
genomic and antigenomic terminal promoter sequences are recognized to initiate the
transcriptional or replication pathways.

A cloned DNA equivalent of the VSV genome is placed between a suitable
DNA-dependent RNA polymerase promoter (e.g., the T7 RNA polymerase promoter)
and a self-cleaving ribozyme sequence (e.g., the hepatitis delta ribozyme), which is
inserted into a suitable transcription vector (e.g., a propagatable bacterial plasmid).

This transcription vector provides the readily manipulable DNA template from which
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- K, respectively. 15 In one enbodi ment, the nutations
noted above in the genetically nodified VSV produced

whyooblgenet hods of the invention result in i nCPEHBESH08/087375
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stability of the virus genotype and/or phenotype and
further result in increased yield in virus production
froma cell infected with the genetically nodified

VSV. I n one enbodi ment, the genetically nodified VSV

pifsd Bb@dralymetage teghods RO polpmetase) parefaiinBHly fiianseriae a single-

cQ | t
F&H ?N%rcg %ﬂhe ng%gggé ge'fﬁ;é[ eﬁt();g g\\//vletﬁ %neGSr'éeE@ »or nearly
eﬁt’ﬂ@tﬁerrén@nd t’ﬂh@rmunt atfhe wsieptaion ef tf@e\/@étg@aommﬁi\lf\r@py and the

f \Y; t
g'flgﬁmng{:%ﬁuhtéltg nzﬂmo rlbagﬁnw%ﬁg%ﬁ 8" 8&?}&?@%&' \?Ré‘ﬂ"&lagng%nr%me or
rmemm@rRN/h aquwa@yﬁo@@tmrtﬁcw)p@bnélsqmﬂqatre@rﬁor mgcue of new VSV
anhi t , [ ;
SPRREY 8 B LA oy HEIE B ARG, TUARH. @A
mifteatniaksed. Blngl@rﬁéraeﬁ%o\(&ﬁénantlgern@ﬂﬁe@megoru@sBN'Abéranscripts into
h ti ir £ a V(N U
ﬁfn%h(ghégntr)]hgé a% s tE Fr?elﬂ%ﬁol(tJ% fa\grral Eﬁﬁﬁ%k?a §|q (N ﬁroteln he
g@ﬂwmemerqssom@ﬁfnhéaphnmtgini (&) gaap @OWmerasgr@é psdteine These
gﬂfliéiﬁé | BhpRbe andidctle \(/?rgl ﬁNAO&edeﬂﬂymoﬂ Al Bol merase which must
r‘r‘pOSI I’ﬁ) ?n one enb I ment Tts I n
aeBgags tm@mupk@pqanﬂloghmplgre & @pmﬁvewnwmm@n @oﬂp%nh@@ithno
that ofjal é‘?gn cta[}/ %o&lﬂ@&'%nﬁtartt@hlﬁ‘até@%W&ﬁh@%veﬁﬁ@r\" comprising
passage t1nmes
mat teagt tved diffegsnt |Ciﬂ8§@$ pbmut%twgrs rigy Ihsmﬂnom(ﬁg 0se® Bection A) is
a I
et AR AR USSR IEEH. 588, o conetcaly
_ thf@pn‘{%\g veatpr moenpéﬁmgtatrigaWWQtdlﬁer@@t) clagsasc plafmeitptions in its
r.‘
PRI SO BERLAHGAD 5 s Mo Q88D EARRAinggn soloted o
agsidoneleede wihigh gorprésesta enlyatdlentidageadenceeercoding @ 9gReme or
a ahfJHB ae\7§\¢ Qrsréj §2)\é?le'5§f &d %resglo‘ﬁcve@for Wﬁkﬂtdoﬂ{brls@s at least

gene” shuf fcﬁl I"on stem nut ati on,

none dgﬁtlaip@\tﬂwpl@cw@@ﬂ@lm»ﬂ%pnmdmgatheaW%@qi@@ PRNA and L proteins
ML &R, G erﬁ(faﬁglegﬁd?\d t%r@@rn&loﬂu & 1r8ficaforf | geﬁehostlcell under

mserh@n nmut at 1 on and gene Igetlon 5 mut at | on
ofenditgnediuffisiant tq n@mﬂethﬁ@@ &dpr%ﬁ@nf%ﬁh%ﬁuw@mam@m production

I
By\fherﬂgéﬂ'n%hérﬁh/%gﬁgﬁxryrintéﬂ)lg \,%ﬁﬁé%PaLrg‘B b %%g} g g@Sused according

attenuati on I ment

udeiei piesené invertind nclugingr buiebt dmsod ta. Y'Y lndieannVSY New Jersey,
V?/%'\Fé%eﬁ{du yra, Q}WGHsa\}M'édaSthéV@/) 10 C.Recombi nant

Vesi cul ar StOITHtItIS i rus Vectors In certain
embodilfreddiion torelingeleatidesseappedshisoding attendstethiorms/siVSV, the

V%BI;F?uclecﬁi‘a@psréqﬁéﬁ& ﬁ{a%eaef&? n&d(&% gid fo?rrf%?& Hek&8RESuL or foreign)
trons in its geno | east one
polynucleotide sequences or open readlng frames (ORFs). The heterologous

polynucleotide sequences can vary as desired, and include, but are not limited to, a
co-factor, a cytokine (such as an interleukin), a T-helper epitope, a CTL epitope, a
restriction marker, an adjuvant, or a protein of a different microbial pathogen (e.g.
virus, bacterium, parasite or fungus), especially proteins capable of eliciting desirable
immune responses. In certain embodiments, a heterologous ORF contains an HIV

gene (e.g., gag, env, pol, vif, nef, tat, vpr, rev or vpu). In one particular embodiment,
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forei gn RNA sequence inserted as a separate
transcriptional unit into or replacing a region of

W b®Iv®¥egenone non-essential for replication.PdiiuS2008/087375
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reconbi nant VSV vector 15 may be further genetically
nodified to contain at | east one of the nodifications
descri bed above, which results in adaptation of the
virus to growmh in cell culture, thus increasing the
yrrhsal HN\6fgene rieigagewhersin thevaadh ggre df irmedaqhdntﬁgthe SV genome at
, de O 3h

égg%{eaﬁ@g?: @élA{/}éIFse g?é‘?]%{ é&gltr&] (53 RIEXMEETB?%-L %5 In another

r esodinrent, Hbel $efeovlodlmig mﬂw\uc@OtldeesenuebeejfuﬂmeUe&odes a cytokine,

>0 10 B2, wHeh v 80 EReq % 2GR By Weplfiatogr erapeuti

Thbaractgnstosioptheorcemibina®p/S\eat i on of negative- sense,
singl g, s teftﬁiﬁd&ﬂﬁodl%gnée% éHe‘?ganyFiNAqu é@ aa'ndgﬁfb%ﬁgt%da\@v of the
achi eved roug t et | e
nirventigr iscmptatsde by com\mltlemalaneansg soq;h tahe:hemlcal mutage_neS|s For
r r c |
RRRDME, BRGNS o gE AL RS ARBbftlcar POEREAIEBAA folowed
gbyolifa)c ssleqllwn@ésnras ethakdegnbewd sohjeyptedhton pabsageart suboptimal

t
nucr+'5eeg%‘:tére§|mof?r H? ﬁeﬁéﬁ:&t&{?érfi@rdn ys%lgla{aﬁat cld %h%p ed mutations,
t I(ha)tldeMélcatgmn@fnmutaahdierthiagemdm:e: stret milaveles pn oatbcalture, and (c)
¢ PAAERE e ePE08B0AT Hod?, b Rebf HEEF ronas mutopsen i oter
eq_mboalhmts oattetnhetlr\gsvntgemmecompmeamirtgemtermined mutations
?g_&%_&f&lt?ﬁg%?%?%eg?&ggagg g@ﬁ%&.ﬁ@?@? g%rgéigmttﬁése mutations.

s éisfsetioghprevipusiyb e ygneticlly)medified V&Vgef the ingemtepaiontorises at least
dﬂ/é Ba géééoc%mgtlonvm'ltgpehgme' ﬂ?‘(%r a‘ﬁgehp&@ n%ubﬁéag fpre classes
transcription '&"Bact aP
plaswitatipn furttdrscommeines mtﬂttplmmUMIotw@rSlphcasu alésstememutation class

58St TR PR ST, A Gt ), @ o

( egptionTanRNRe pikky nBihase)atieanattdi YHY uvdcjors ramsthen becreened for
S'aﬁ&hlﬁ}ioﬁbfﬁgﬁgﬁulm HRYarhal i YSV anti genone (or
genone) w h

ecl se, or near precise, 5 and
3' terTﬁnientypiCEhéaltblpugrmtrmt|rm¢esﬁarltmexcy®we;jenmmrrtstaﬂms for rescue

}{Jd%% 5 %Qialt@%nﬂﬂalgr oééﬂtrﬁﬁle@mgvgﬁi%ﬁe%%rﬁ&ggg pscgt%sent to

de ermne er anti genomne

equves &besription of ﬁheaaemenbemh (ol gamonegjusinglersfrandadeBbAefrom the
of . .ne f| a I
SIS MEERT (S SRR b asraRHlonay o
th@tlﬁifﬁreﬁMe@S\)@‘dl antigegemerter genayes)drA RiAscript is encapsidated

Lrﬂ&?lﬂc'tl{?ﬁa? té gtes ﬁ*lte' rﬁ&?:ﬂalocg;'tfs% ﬁpoq@ﬁse’nﬁ én%%!a@'b?sthe required

e viral nuc ocap
poblyrrermecamsmrm e@omwgph@mumeeilm foR) @nidartsfested expression

t S v?fca%h\)lgl\&ggggu'%éj J— FﬁRﬁgyac ﬁrra%%'cprzg Whésr’rﬁ'&egg events
and processes lead to the prerequisite transcrlptlon of viral mRNAs, the replication
and amplification of new genomes and, thereby, the production of novel VSV
progeny, i.e., rescue.

The transcription vector and expression vector are typically plasmid vectors

designed for expression in the host cell. The expression vector which comprises at
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engage this nucl eocapsid tenplate to achieve
transcription and replication. Thus, a genetically

worapiswdd and att enuated VSV of the inventi on, PCT/US2008/087375

10

15

20

25

30

conprising at least two different classes of
mutations in its genone (e.g., see Section A), is
produced according to rescue nethods known in the art.

For exanple, a genetically 15 nodified VSV vector
c gt orel inglated nugleintadidumolgictieeneeding thedens-astingrtodainphecessary

| for! dapIGARITE tlaRsSHNEH 3n8SreHRdAAEn (kbredstd %rbrefe'ln%nfrom the

vect or conpr|3|ng aﬁmlso ate nucl eI% am
WHRIDA eXpigssiPR ¥ectar @@tm&wlﬁ@r@nb\mmﬁcéh@mm@a@ generally

IRARIE 1B th@rﬂai's%er@\gl’\ﬂ]% r%th%dé/ Sa\ﬁda’ﬂﬂg %?ed %t b@%ﬁ&regr?@r use in the
expressi on vector “‘which conpri ses east
i mrav%mﬁtli@%p&th@dhwﬂﬁf@h ecul e encodl ng the

trans A@Jgﬁt?oﬂgl Nehflo@8d rdr PERIuE rng:uFe&feﬁﬁ%@f Ju% jas V8V, are

encapsidation, transcription and replication

hdg$cr©ed| irurdiBr  Palenidif $ a7 2 andi - Snthtwslp@i nl?atemthé\ppllcahon
CRrsuPE S35 2! r\{ﬁw %@%%néfﬁgﬁgra%?@q \%r}@fe%n%gUCt ion of

t he reconbi na \V strain or

serotyhe hest erllsygesd m:dm desgpe b (Hhé aie elbepg which permit the
' % \ﬁ@%%&pfercr)r'ggﬁé U%&%‘Q oflf’rlrét HQIEI;[éa bcmsi £n G{sggeé%{%\ér)}a ﬁ)ﬁj ltr‘ﬁe\nﬁroductlon
| ok eecombinant X8Yi t Besh h@stpﬁ@l@ﬁ%lb@cﬂeie@@ds@@meen@@garyotlc cell or a
e@ﬁ%ﬁk&% &t Qﬂﬁi’?P&Qrat)g/rmeﬁébryévoellt he ge‘ﬁ%ia\( S %Qﬁé Qt% derived

sequence nay al so encode one or nore heterol 0%5 6
f e yhymampeelly sueh edva hdwas eqbsyrnéskidreyogplite-ge@dPhgvero cells, as

fLames mdfftder e (gf%‘éﬁé’ ol eoeg sed ﬁ/&lt'%l%(’t'l*k%efollovgng are non-

sequences can vary as eS|re I ncl

némitin rexeewlescol witalle-hosk eadls; (1 F@w@kpﬂéo'@ SigreraSelri-ines (e.g.
| 189d SRS (%Ilg—) @L‘I\ﬁ&gg @lﬁl@le%ellq_lgéer§H*F§m_pﬁ?talaRl??qus Lung

restriction marker uvant or a oteln o

dicetser Nt QuastPobiaal Geatinurse el ding (e.gi AGIK-Hiseargraen monkey
pﬂrdﬂé LBIIsr m%%)zgseéé?@%n?a' (%Yo%%&eﬂﬁal%ﬁ%%& Qfh as, CHO,

(42
el ICI |ng irab I Mune responses certaln

e tdadis; D%bxh@ta@rn@l Hge)s, DRFayoHtCK ﬁ@braﬁ flaraplagjgnédn certain

( @mBodindAs, aqmﬁ’sfe‘&%n fa §|I|fat|n?%agetnf"fs ao\(j@fj to Tn%Yea%[a D’N’A’Lptake by
In one particular enb 2009/ 082664

PcHiIsusMAarg/ ofsihese reagrntsiae gj@ﬁ\é’nl i§ t§agart UnEr efaicitmephosphate).
g@ o(gfc[b%e (Elfé ﬁ*éé”n‘bﬁ)%lélnb%ltﬁ&@bl}(gwgzQH?@ﬁ@Eten@?@?abé@r\/alenma

or at It
(@A) NFQ\&PVQTQQ'SBKQFBDB?S Inof&ﬁt@phénd E&fapiene aterkoth cationic lipids. They

h%BﬁrdblaPlRRSan‘aQJnY]BHSé BRA! %(K%qﬂ’%ngmhlwﬁﬁﬁ% fc?rﬂ]‘é%dl%%aé‘me that

t okl ne, such as Interle are sel ecte

t @U"r%fj‘rdévtée ttHeA while Hfeatene ccogts thﬁeﬁalﬁ.ﬁé}w idees mot form a liposome.
Cﬁ%l"f\%ﬁ\%& Shé Hhashid m ﬁﬁl%?@t&bﬁ‘aargo Y ¥nhdited &) d/taié\lee&roporatlon of

nmbodi ment's, a geneti cal nodi f1 ed and atten
ofhet prlls. Wherehy isohigh s/omgea@te"de%ys arirligd rAcresatuvAR gentaining cells

sgﬁ@mﬁpﬁmé‘e@bm@t agenesis. For exanple, during
virus growmth in cell cultures, a chem cal nutagen is
added,Theorgssved attenuated VSV is then tested for its desired phenotype

(temperature sensitivity, cold adaptation, plague morphology, and transcription and
replication attenuation), first by in vitro means. The mutations are also tested using a
minireplicon system where the required trans-acting encapsidation and polymerase

activities are provided by wild-type or modified helper viruses, or by plasmids
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by: (a) selection of virus that has been subjected to
passage at suboptinmal 10 tenperature in order to

W@ 200eos266£nper at ur e- sensi ti ve and/ or col d adape@dus2008/087375
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mutations, (b) identification of nutant virus that
produce small plaques in cell culture, and (c)
passage t hrough heterol ogous hosts to select for host
range nutations. In other enbodinments, attenuating
mekpressing teomMbr Psandrediffergntpk egritesr harhednangene-spegific attenuating
uﬁ{Lﬁ]&IOﬁét ‘?hg'aft@rﬁ} WV@QIQ@%S‘?@@%%WPSJ %Fg?é“cr%tenuatlon in an
virus contal ni ng ese nutations.
pﬁem%uaﬁwovwale@eﬁemp@ell | y-oroeKamniR msrvsefartd’w ferret models are
| t f |
Bgﬁﬂﬁéhgﬂ fSPH..Qtrebtﬁr?gz g?l'tirg%/ ﬁ@%o dPﬁeﬂ (ﬁ%}% & tem'%l%te &8 injected
crr&@ﬁ@malbr (It with each mftherrang@rqfrweescmﬂeﬂtr@n@s that span the
su o Vi
dou@ﬁt %ﬁﬁ%%g@ §se a% @os@tﬁ%?@ Igfﬁtaﬁfdr%lr(br{gl(e)raﬁﬁlma@ Y é&ample, IC
sinestlations with vu_str%at) 0% 1£)r |1r§)|4 @ndritdf £ ere usril Wherel threnticipated
T t s t
A PR RE L B nathy (B Cnad oty MR0s XoEFARRS % prfared oy
t wlai gilut{oal ermlumd wots sleckedr £B3. yMisg clres Hiepdhjected through the top
f &%@5&%% H‘f% réga&réed% %5@30@2, 8‘P[9I§§prAn%Qs are monitored
I'an ceI ymer ase
prdedsemr wwghtdlorssermrtadm/camqbtdreaﬂn ofF he hieDsa rfor gewam cedtar is then
%ﬂg%@j frc()npgrle%u ra@rog%gaiﬁl}yf\nﬂé weﬂtﬂ?e r@%?%g‘} cHEERMtBns tested.
containing transcription Vector I 'ther
co-transcriptionally or 25 shortly thereafter, this
Vi r script is
rﬁ%gérglgg L{&g@é@? (:(a Sunc i onal @P@n‘g% es by the
nucl edr@apseald qmtmdenemtartde engatied ptyyideh synegisticadly attenuated and

pge%&g&%@ﬁ |ﬂ§@ g/)%g/n@&n rtr?éjéj&rr%q ggé)%g;ggﬁég%syofft%%g}esent invention

refua rled M@IDJstSb@crcbmrlsmana ﬁmlgrngNAotsequrmceThese separate
eYrSHéc% @r{éqj WS s%‘?tigqntloﬁﬁl\ﬁélgmb % Q[ee Pﬁ‘]lé' gcelg ﬁ]seononeasentlal for

transcr I ptlon o vI'ral e rep i cat
amﬂllpatmatwr@nelmftheréwemnaméssemdence Hehigbyis inhibe negative sense)

p'&f?&'éi& meoéh 8uctir(39 a pY&\ém (par %gféné(f be'ingvexg{és%g& Wea h-gg't cell infected

anscr on’ ve
t tbp V&M IKhlspreasmbmavegﬂr@nsa is @egmglnemroﬂmede)ypnwmroof foreign DNA

L £l W shuaPoBusaf B BRaEe) Bardut hrGERhERES any DNA

i seduened whichl encodagiad implumogéc ent:gmh N\grlqrhgoduce_s prophylactic or

t 'ErPe'? et 'lrﬂ%UR@Pé&élH& epglg ssea&ydlsér%r %%ﬁp&?%ge@?s.a fusion or
e protelns

tran Crlp I on exp resses
f nomfusian protaie inex pem;rmrmﬁmt erglrsmaﬂy atteheded VBWoof the invention,

d
' ofnSfcﬁrlh bc\ggrfbcr%?lég . u@eﬁtg?%ggt Sg%§ egbﬁﬁ%g&i“ %g%é %arnlég&\’\gl different
aIVSe’r ésl isotated) gad iimcarperated innthe o@d vaetphmrsusef int fiesimmunogenic

L?Xﬁp&érf?&rs Jf\ﬁ%g’é}@g{feﬁm' ques for conducting rescue

ruses s
In certain embodiments, expression of an antigen by a synergistically

attenuated and further genetically modified (using the methods of the invention)
recombinant VSV induces an immune response against a pathogenic microorganism.
For example, an antigen may display the immunogenicity or antigenicity of an antigen

found on bacteria, parasites, viruses, or fungi which are causative agents of diseases
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described in U S. Patent 6,673,572 and U.S. Published
Pat ent Application US20060153870, which are hereby

w0 pongwsat ed by reference. The host cell s useRPCT/NS100&087375
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rescue of VSV are those which permit the 10

expression fromthe vectors of the requisite

constituents necessary for the production of

reconmbi nant VSV. Such host cells can be selected from
aopr drerdgest i ¢ Icepne ggmbodineentar grfideas céisplayinadthe antigenicity or
Piheh hGaR Rlithan b3tr8§8¢ bAbtheattgehg!of fhterest
are E@E%I &9 ¥r§o% aéﬁtﬁraerﬁ lcj:efm lpas%@ﬁ gsbaeﬂg En S'of iterest are
ema¢<§/on| c k| dney cell (e.g., 293). Vero cells, as

wel | ;
host ceI ﬁh)éclan"?rlhtJ %%n%%ltyarrgﬁ{%éllﬁg%yadrﬁ?%tlﬁg%%dﬁﬁpoasr.]tlbOdy’
olvariqist @Mh@nqe@say%émw if the rdimare Db§d. oindluping nytynaelimited to,
L | S)ki Ju k oi
CoPfiPgitie Opnd ot SpREUNE2st) | Shiomd) u i e dhen s
Qetoimpruineassayso il Seensene linked iMenunosparrt Aarssaxeaﬁsandwwh"

?grﬁﬁg??%ggg% . gﬁr‘tngﬁ‘(fr)ég@ eltrﬁ? naesgség)s Hggﬁ%.ﬁ%%nc%rhmd reactions,

( WA Pedifisign %ﬁ?ﬁyﬁelﬂ(lsdﬁem)nunp%?rﬁﬁﬁy(uélhg(ﬁ@”@'ﬁﬁlr gold, enzyme or

f r 0 i t i :
(SO Toodd B8 bAIG, N BB Sonr RAERIPEY, Whcon.

begglu@nat@n asnays ofe-a-h@sk agehiesriton assayRndwmagalutingtioar @ssays),

( p [

(Sofipereal HAREBRARCKE ok bPRLEGLERalt, Ko, sepoe. on

vanrenmeiectroemrealﬁeaszs@mnnetéseérmiloesasa_aweoﬁ@ct an emnambodlment

Efaﬁ@&ldg”t‘in Hg i90hdhGALd Bg'o%tédtuﬁgdfrabE 90 rhn&?aéntlbody In
ce DNA up ectace forns

aanetpers empodimgnt, Age mm%md%quyelsmhe Ibé nEgFspdne minding of a

CQ@&&]dE%@P@?PHF reggﬁg éa 5@55%%& lk(ﬂ)‘f/s e fFrther embodiment, the

Al t er nat’i e can a

eRpeaidady Byticedyds rlaﬁﬁbecht |I\ébaﬂyomean$1@r¢;é<np\yn iptibe ea@g/fcm detecting

hiBin \éollnté"}gﬁnrﬁ}-)ﬁéa%géy ' $n %’H?l érﬁ@ooﬂﬁéﬂ%r %Hfé%ﬁrﬁlgﬁlmmunogem(:lty T

contalnlng cel [ 1 second

r eelbmediaiad wspensed are\a!swedrrehstae@arédmtb@ds tesg. d@swrre@r in vivo

t t e v sC

PREBRART astiytl SIRRIA UECAEOTLSbA bbdaysC8l Un, yivo, defayed-ype

r Bppareensityily assayhuati on), fi st by in vitro means. The

mut at i I S, [

Wher o hasiBS G ShidrBobRfedtio WbifBpo I AMEERD GRS That are

p@wﬁe?e&sey smrgleilqa"wttan@tm b&vd@wewn vihe doreigpeRIdA directs the

ng bﬁcq‘r &ealrpﬁ{tl léh %rlﬁl%sparﬁltew tﬁl(:%ﬁg‘oﬁj% derﬁ%ﬂv\é@nereof containing

1682664 PCTPUSS008/ 087375 expressin hd

diaf ﬁéﬁ@qﬁ theregBriraiudedhus erd mej ligetad tathess ’ﬂ$t@d i TabiiAt i ng

nut at ij QRS oth&PEmBbLIRTRRHALRS 2 ti?én' éorﬁ‘;gr%%staﬂsepﬁl@pe Thf \éh\éﬁ’ltlgen of a

for s erglstlc attenuatlon n an

négfrﬂa%;'}dﬁul’f@ neretaeh cegainskotis@serip p@lseﬁ‘o mg eSLa?ﬁdﬂV@fmfF .er fetanother

%)ém%rn? an?sﬁl‘@@%e(ftjenge (Rfchdsegdd leﬁ%ﬁ%\’ﬁ EMl0PBCKhich when

Brle groups o mce are | nject
expressed by a recombinant VSV, is immunogenic in a vertebrate host, is isolated for

insertion into VSV (-) DNA according to the present invention. The species of
Plasmodium which serve as DNA sources include, but are not limited to, the human

malaria parasites P. falciparum, P. malariae, P. ovale, P. vivax, and the animal
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W@l o®0/083664

10

5 intra-cranially (1C) with each of a range of virus

concentrations that span the anticipated LD50 dose (a

is lethal for 50% of aninals). For BXHIF10688/087375

IC inoculations with virus at 102, 103, 104 and 105

pfu are used where the anticipated LD50 for the virus

is in the range 103-104pfu. Virus fornul ations are

prepared by serial dilution of purified virus stocks

i MaRBB, pavasiies 4t detdhen A Mp@ét%&npww@ugndﬁnéynqmpp@o lpfret another

t ' - ;

Pg%bginﬂwﬁgméé{\%ﬁ E;ehg:ﬁi or edgbé& d@&??rber[ﬁ \%@%ﬁﬂo‘i}l@:&ig@a in

nor bi dlimiyeaadprdsamgi epildpes LiDB0ark caxpeeseed by syeergstically attenuated

tK‘/%‘Q/ m&% e‘ir‘# i?eti%i" i R0 Jiif ?“ii‘i‘é'rpfi&gii’c‘ﬁ H'g?‘%i? [%éii he virus or a

over concentrations teste ogous

Ndetieitige Atar©bf$eq1weﬂogsnaﬁpdowiithiewﬁ)sindﬁdd tbutanetreit inmited to, those

e I e [

aﬂ?gg urgfge% gfﬂ%heligfeétgﬂiécgﬁ/ﬂugés%y %ﬁﬁ’l&?%@%r i%és%g of %%)Ji\yenience and

seoilmhitqbassage nmet hods of the present inventi on at a

| ow | [ e .

o sepay spesti tbedinbh; Bkafuder HRLETLF YD BRRIPERReRSes ha s

r epprassaniguonsinfestiaf oft hdogtdnotme atienesated MS\aldidptays the antigenicity

r ; rei [ .Seq

ST o8 Bty VA RO HIRIELIAER o

avweoeeg'lycopamib I(€); ofiedstEsnirue kpmeaggletinin or hetpes singeéA virus type-2
5yg&gg VSV Thi s reconbi nant genone is

orrginally produced by insertion of foreign DNA

encoding the protein into theb¥SV cDNA. In certain

.eggpa%iit@%cf Ba&PHa Eﬁﬁeﬁ&%ﬁ&%&%&%%?&n%c%‘? ss@g by VSV

i mrunogeni c _an

t her apeutiBAFRAiﬁiﬂEﬁty agai nst a @AQ@E@@ or di sor der
when expr Ess&thaRmn ppl UST O or 2 Ad) in
a reconbi pant syner m stically ;aft enuated VSV of the

i nvent i on|, EM&MB#R- or i n combi naSIeHRosRFEHS PEERANIae

anti gens em@ﬁ:ﬁs@ed by the sanme csrre;aodzbb&fsa@@ladtiae VSV, i s
| sol at ed \ﬁ g porated—+n Hmtr\l‘i"oco‘c,:c?u’; nc; enes 'n
t he i mmunp %h‘c’ioéom?:ormo& tions o§ T BT eLem

i nventi on| Léishngamiat ai N enbodi nent\Veisserpreawgitidn of an
anti gen by a symergistical Ty SRRt BIPRFEesd
further genetically nodified (using the methods of t/he
i nvention reconbi nant VSV i nduces an i mmune resporse
agai nst alpathogenic mcroorganism —Eor exanple
antigen may display the i mrunoqgﬁny?tfaﬁteB‘(mg’ﬁ%”ﬁ‘i{@ﬁi cifty
of an antjgen found on bacteria, parasites, viruses,
or fungi which are causative agents of diseases -50Q
WD 2009/ 082664 PCT/ US2008/ 08737 Stapbyloatr&igredets. | n ane

enbodi nent, antigens displaying the antigenicity or
i mmunogenj city of an antigen of a human pat hogen or
ot her antjgens of 1 nterest are| sepBfococcus epidermidis

Clostridium tetani

Bordetella pertussis
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To determ ne i nmunogenicity or antigenicity by
detecting binding to anti body, 5 various inmunoassays
whp@aoesled t he art are used, including but not PCTHUSIAS/087375
to, conpetitive and non-conpetitive assay systens
usi ng techni ques such as radi oi nunoassays, ELISA
(enzyne |inked i munosor bent assay), "sandw ch"
i mrunoassays, inmunoradionetric assays, gel diffusion
precipitin reactions, inmunodi fReBeRIusassaRs, |6 Isi
i mmunoass@ys (using colloidal g@lgnzgszyme or 10
radi oi sotppe | abels, for exanple), western blots,
i mrunopr eci pi tation reactions, | cagghdigspRi i on assays
(e.g., gel agglutination assays$, hemaggl utination
assays), | conpl enent fixation assays,
| munof | uprescence assays, b ot B A e RE ESoheRiis col
i mmunoel ectrophoresi s assays, neutralization assays,
etc. In one enbodi nent, antibody binding is nmeasured
by detectpng a label on the prinmary antibody. 1n 15
anot her epbodi ment, the primary "8HCPHRIYYPE det ect eo
by neasurjng binding of a secondary antibody or
reagent to the primary antibody. In a further
enbodi nent, the secondary anti bocypatterid abel ed. Many
nmeans are| known in the art for|detecting binding in
an i mmunoassay. I n one enbodi nent for detecting
i mmunogenicity, T cell-medi ated responses are assayed
by standard nethods, e.g., in vitro or in vivo 20
cytotoxicity assays, tetramg@bgsdays, elispot assays

or in Vvivoyided¥efrds¥ing EphyRar tﬁ&ﬂ?dnttieVé%pYes%ééB ysv

—
c

Parasites and bacteria expressing epitopes (antigenic
determ nants) that are expressed by synergistically
attenuated VSV t he

(“@e'?'” the—forerghRNAdireets
producti on of aH aﬁ?magﬂd%? the parasite or bacteria
or a derivative Br@beiafsesont ai ning 25 an epitope
t hereof ) i ncl udebut—are—-not—Hmtedto—thoesetsted
in Table 1. In |dIPHES embodi nent, the antigen
conpri ses an epidéxeeckdvirag antigen of a nematode, to
protect agai nstdisorders caused by such worns.1n
anot her  enbodi|fEHPYIUEny DNA sequence which encodes a
Pl asnodi um epi t[G@fmoWIs&h When expressed by a
reconbi nant VS\ LS |m'mnnm=n| c_in a vertebrate]|host,
is isolated for HEPafiisAMdn into VSV (-) DNA
according to t q|@%ﬁ§ﬁﬂaaénventlon e speci es| of
Pl asnodi um whi serve as DNA sources include ut are
not limted to, Nmahmrp ofivifleas a parasites P.

falciparum P. 1 Vi vax, Tl t he
animal -51 vmﬂg é%gﬁﬂagﬁmﬁﬁ?yﬁggﬁﬁg/087375 mal ari a
parasites P. be rTgigeVIl’USIQS (6:geDenguePvirdshow esi, and P.

cynonmol gi. In erbodient—the—anti+gen
conprises a pepc'ﬂh'%ﬁ%i Pé$%e (3-subunit of Cholera

t oxin. Flaviviruses (e.g., Hepatitis C virus)

Rubella virus

IV. Coronaviridae

Coronaviruses
V. Rhabdoviridae
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Vi ruses expressing epitopes that are expressed by

synergistically attenuated VSV (wherein the foreign
weRRswert s t he production of an antigen of tPET/US2008087375

or a 5 derivative thereof conprising an epitope

t hereof) include, but are not limted to, those |listed

in Table 2, which lists such viruses by famly for

pur poses of convenience and not limtation. In

speci fi c enbodi|féakies vitke anti gen encoded by t h

forei gn sequeng expressed—upon infec

a host by the af\’?eﬂﬁ’gt"déévsv di spl ays the

antigenicity J(Mzm'bungmlluaesgenl city of an influe

vi rus henmaggl utf

117

i on of

nza
Vi rus

IIUIIClII 1y CD'JI 1y cu of _y Dyllbyl; &

G gl ycoprotein
her pes si npl ex
Par asites and

(%3013 n@ﬁgf es virus hemagglutinin

or

er@a_retryp@vuzdaegl ycopr otein gD. T

That
At

able 1
can be

\vxexe ) | IIH l_ I tUP\,O

expressed by V%OFyar@R%IZ%E@%ACTERI A pl asnodi u

Vi bri o chol er as

m spp.

NRirBs Vieusspp. Streptococcus pneu

t ncoccus aagalacti ae
coOCcCcUHS—agaiactiae

Nemat odes Strept

Schicst neonmm

oni ae

Streptococcus g

DT T T ot ooUuUTrTT&=

/IMUBei shmani a Nei sseri a

meningitidis Ne

ium

IRsplralnasneytngaae Corynebacte
laphyl ococcus” aureus St aphyl ococy

J4eiPPRAUMAVIEE ani Bordetel | a pert yssis
TS @Mdngﬁég §LO87375 HaemophiTus spp.

zae) La spp. Enterotaxigenic

|Orth4véw><@ww@§ ée-9pVifluenza vigusbbact eri a
IX. Bunyaviridae

di phtheriae St
epidermdis d
-52 WD 2009/ 082
(e.g., influen
Escherichia col
Table 2

CUS

Bunyaviruses

X. Arenaviridae

Arenaviruses

Xl. Reoviridae

Reoviruses

Rotaviruses

Orbiviruses

Xll. Retroviridae

Human T Cell Leukemia Virus type |

Human T Cell Leukemia Virus type Il

Human Immunodeficiency Viruses (e.g., type

I and type Il

Simian Immunodeficiency Virus

Lentiviruses

Xlll. Papovaviridae

Polyomaviruses

Papillomaviruses

XIV. Parvoviridae

Parvoviruses
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Vi ruses Expressing Epitopes that can be expressed by

VSV 1. Picornaviridae Enteroviruses

wW@eoosmagdebLvi r us

10

15

Echovi rus Rhi novi ruses HepakCT/US2008/087375
Virus |1. Caliciviridae Norwal k group of viruses I11I.

Togaviridae and Fl aviviridae Togaviruses (e.g.,

Dengue virus)

Al phavi ruses Fl aviviruses (e.g.,

Pol i ovi rus

Hepatitis Cvirus) Rubella virus IV, Coronaviridae
Cor onavi ruses |WKV.Riedbrivvide¢ dae - 53 WO 2009/ 082664
PCT/ US2008/ 087375 —Rabi T Vi—Fitoviridae

Mar burg vi ruses ﬁ)eé%oi alhﬁjﬁ’erx\lj\étedé%%l | . Paranyxoviridae
Par ai nfl uenza vikpstein-Banmpsusi rus Measl es virus
Respiratory syneyttal—yifrus—Mtaprevrovirus—W 11| .
Ot honyxoviri dahedylt%'}]?%%%&%vi ruses (e.qg., Influenza

virus) | X Bun

wavicelisdAester virus

Human Herpesvirus-6

human herpesvirus-7

Cercopithecine Herpes Virus 1 (B virus)
XVI. Poxviridae

Poxviruses

XVIII. Hepadnaviridae

Hepatitis B virus
XIX. Adenoviridae

Other antigens that are expressed by attenuated VSV include, but are not
limited to, those displaying the antigenicity or immunogenicity of the following
antigens: Poliovirus | VP1; envelope glycoproteins of HIV |; Hepatitis B surface
antigen; Diphtheria toxin; streptococcus 24M epitope, SpeA, SpeB, SpeC or Cha
peptidase; and gonococcal pilin.

In other embodiments, the antigen expressed by the attenuated and further
genetically modified VSV displays the antigenicity or immunogenicity of pseudorabies
virus g50 (gpD), pseudorabies virus Il (gpB), pseudorabies virus glll (gpC),
pseudorabies virus glycoprotein H, pseudorabies virus glycoprotein E, transmissible
gastroenteritis glycoprotein 195, transmissible gastroenteritis matrix protein, swine
rotavirus  glycoprotein 38, swine parvovirus capsid protein, Serpulina
hydodysenteriae protective antigen, Bovine Viral Diarrhea glycoprotein 55, Newcastle
Disease Virus hemagglutinin-neuraminidase, swine flu hemagglutinin, or swine flu
neuraminidase.

In certain embodiments, an antigen expressed by the attenuated and further
genetically modified VSV displays the antigenicity or immunogenicity of an antigen
derived from a canine or feline pathogen, including, but not limited to, feline leukemia

virus, canine distemper virus, canine adenovirus, canine parvovirus and the like.
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Bunyaviruses X. Arenaviridae Arenaviruses Xl.
Reoviridae Reoviruses Rotaviruses Obiviruses XlI.
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T Cell Leukemia Virus type Il Human | mmunodefi ci ency
Viruses (e.g., type | and type Il Sim an

I mmunodeficiency Virus Lentiviruses X II.

Papovaviri dae Polyomaviruses Papillomaviruses XV.

Par vovi icedaia otirerr grobodimseals, the4antioep GoQrepseé by the attenuated and

P%F(h%ﬁ?QQ%CQW%‘?O%IfIGMSW@% b %ﬁ% EiReS M de¥nicity of an

Vi ruse pS eln-Barr viru omsg ovI rus
vaniiges| desived froay Seippling hyagirsgntesacp £90t angsMeuthHiipgase Virus, Hog

h%thFé%“\?.Hé \A%qmeh%‘:\hrﬂ@ 'A‘?rr £ sWidd! Feled B Yjérlﬂ/ﬁ)coplasma
J I o)

Poxvi ri dae Poxviruses padnavi ri
F@mneprr@n.ewlnf@gtlous bovine rhlnotracheltls VII’US (e.g., mfectlous bovine

rhinotracheitis virus glycoprotein E or glycoprotein G), or infectious laryngotracheitis
virus (e.g., infectious laryngotracheitis virus glycoprotein G or glycoprotein I).

In another embodiment, the antigen displays the antigenicity or
immunogenigcity of a glycoprotein of La Crosse Virus, Neonatal Calf Diarrhea Virus,
Venezuelan Equine Encephalomyelitis Virus, Punta Toro Virus, Murine Leukemia
Virus or Mouse Mammary Tumor Virus.

In other embodiments, the antigen displays the antigenicity or immunogenicity
of an antigen of a human pathogen, including but not limited to human herpesvirus,
herpes simplex virus-1, herpes simplex virus-2, human cytomegalovirus, Epstein-
Barr virus, Varicella-Zoster virus, human herpesvirus-6, human herpesvirus-7, human
influenza virus, human immunodeficiency virus (type 1 and/or type 2), rabies virus,
measles virus, hepatitis B virus, hepatitis C virus, Plasmodium falciparum, and
Bordetella pertussis.

Potentially useful antigens or derivatives thereof for use as antigens expressed
by attenuated VSV are identified by various criteria, such as the antigen's
involvement in neutralization of a pathogen's infectivity, type or group specificity,
recognition by patients' antisera or immune cells, and/or the demonstration of
protective effects of antisera or immune cells specific for the antigen.

In another embodiment, foreign RNA of the attenuated VSV directs the
production of an antigen comprising an epitope, which when the attenuated VSV is
introduced into a desired host, induces an immune response that protects against a
condition or disorder caused by an entity containing the epitope. For example, the
antigen can be a tumor specific antigen or tumor-associated antigen, for induction of
a protective immune response against a tumor (e.g., a malignant tumor). Such
tumor-specific or tumor-associated antigens include, but are not limited to, KS 1/4
pan-carcinoma antigen; ovarian carcinoma antigen (CA125); prostatic acid

phosphate; prostate specific antigen; melanoma-associated antigen p97; melanoma
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XI X. Adenoviridae O her antigens that are expressed by
attenuated VSV include, but are not l|limted to, those

waele®phsasss1g t he antigenicity or inmunogeni cityPOf/Us1968/087375
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following antigens: Poliovirus | VPl; envel ope

gl ycoproteins of H'V I; Hepatitis B surface 5 anti gen;

Di pht heria toxin; streptococcus 24M epi tope, SpeA,

SpeB, SpeC or Cbha peptidase; and gonococcal pilin. In
oehigene 86 hight s10lachiar aweitlle Madsqomes 89y ande prostate specific

ammgﬁ@%@gq further genetically nodified VSV
di spl a the antigenicity or immunogeni ci

t
pseuddmalipreign WNA gscebim @g@)lgerpéfeajcbﬁ)mawt@gmtﬂ 3 p@n-pgsential site

(gPRe at%%‘alfégr\?@\/ %NN' & Bnglg 4u6t59rpgamprilsgs %f%t’ggﬁ HNLSequence
virus glycoprotein H_ pseudorabies virus glycoprotein

Een@crotmgsm syioking capeble Génkaing taxpregegd ondotstinglaligg,an immune
Bk Q'h%sgﬁ’m%c‘iébe% grgé bl BRI UBVPY B4 Bm éﬁé/"' J‘éj%h cytokines

VI rus ycoprotein SW ne parvovirus c
prrwtueherbut sarmhlllmﬁad tdwlywddylsmﬂ@,rmaé Prod.ec6i ﬂ/(é 12 13, 14, 15, 16,

a e Bo e Vi ral ar r.n r ot ej

o8 e e Rate” et BhamBs ot Bl spgay stmuteting
Svdche, fgkamulwmggllaurtophage colbnys\utlmﬁla‘tlhgl fadtbr and the tumor necrosis
neuram ni dagse. I n certain enbodi nents, an antigen
e%ﬁ'ltcg%‘ead‘ the attenuated and further genetically

m)di fi ed VSV di spl ays the antigenicity or

eni, c of an derived from a cani ne or
PR RER QP GOBRREAS: I m ted tor 1ol ne

| eukenh aceridint Usmb&AMERte, dhst Fhﬂ@rﬁronvhsf Ltﬁrect‘eanlt@ean immunogenic
adenovi r us, Canlne arvovirus and the

2 60T POUBRCIO RS BRnBEgshE 956 Q‘Fr}?t'ﬁi"I%(e’i“od'W?j VSV vector
eﬁ?ﬂﬁh@bﬁleaéth@o&fﬁdriﬁ?m&%gﬁ f@smg@\t}gs\(/s inhes g??drbam@tde@t least one
an netically nodifie sp S e
Fﬂ@'@@tﬁ’@f@%qlg%“c? RRFAEG NP A t§PIBENAR reﬁ'ﬁfhoéa%e Mép gr&gme non-
f eesBnber oul reﬂ&alhofrﬂdy@@@hetmeam ﬁ@tﬁtlﬁﬁl@yrﬁé}glshcdﬂysﬁt%ﬁaate VsV
ol er rus I nflue ru
APPITRLRTGH: Ehezagestioghy HOuinRg S BGPe B ARshios growt in
| a?eeulltmel%yb@a@sagmghﬂaoﬁmgcbtebbdm 5/td Us p(e%s@ges at a low MOI as
| r.ni notracheiti copr ot
5P daEe PBR ey ot Senp Ly stedted SbateaBigl VY may be
Vlljﬁetﬁto(;ﬁe@are th&ﬁﬁﬁﬂjnc@@ﬁldcamy)ﬁgﬂéﬁsachel tis virus
gyco otein G or ein ...1n ano
Oroa e et PaRRiR nd deheieube e Yy, vestors of the
| mnmgﬁl éHeGlt)l;n)’ulélfad dordreiniBlraicei to a:ﬁmakrmm@{a%aejew (req,s a human).
onatal Ca Di arr a Virus, nez an, Equi n
N%H&*bh%”b‘%ﬂ%‘lof‘% i PicR E’ugom%?ﬂ éherqf%@ a’Whrﬁ ﬁ@armace“t'ca”y
L audepitalie cMrléHSAérusb@lh‘éﬁalrﬂﬁmallaﬁgﬂﬁye "ﬂhéuﬁacehﬁcaﬂy%beptable
?%ﬁ%tg@ﬂt Eqnfjt?getoalﬂtt:lhgee%ngl e‘T’rP(J g Sso ventsandtsp%?srl]cl)nc me}ala coatings,
antibacterial and antifungal agents, isotonic and absorption delaying agents, and the
like, compatible with pharmaceutical administration. The use of such media and
agents for pharmaceutically active substances is well known in the art. Except
insofar as any conventional media or agent is incompatible with the VSV vector, such
media are used in the immunogenic compositions of the invention. Supplementary

active compounds may also be incorporated into the compositions.
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of an antigen of a human pat hogen, including but not
[imted to human herpesvirus, herpes sinplex virus-1,

wheeopes2esd npl ex virus-2, human cyt onegal ovi r usPCEpS106$/687375
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15 Barr virus, Varicella-Zoster virus, human
her pesvi rus-6, human herpesvirus-7, human influenza
vi rus, human i nmunodeficiency virus (type 1 and/or
type 2), rabies virus, neasles virus, hepatitis B
vi r us,TheepatV3V ¢nupegans cenpeaitisdi efntheahegnian denforawitated to be
B%rﬂ@éﬁﬂlé "J\Ntherttsu %rﬁ;a d PRIt drabddinisaalisH. aﬁ&érﬂﬁl% er routes of
derivatives thereo or use as antigens expressed
byid@trtlsé'raugm elfclvey parentewénieid.i éddraypnausy i ibliedesmit, ew@utaneous
rlgmﬁl%c%lgte |ﬁ’ﬂ?§degl 'eﬁt) érﬂj\’%u\é‘ég@n(ted n queur'éc@ah' F@&Lh2%hl, buccal,
a pat hogen" s ectivity, type
sp@@nah tespyatoryr)ecﬁyymonsmﬁ svgy‘pqmtqnemsgd f@rnpargétlewlolnﬁradermal or
u@arfe%Pg SoplRBESPhcDE tﬁjeefm&ﬁlhp %Bfngenéﬁt J’ét?ﬁl%cotilk&ﬁ such as
cts of ahtisera or |mmune ce eci fic t he
amatajefor iniectioot Balinee #olytieme fixed fczﬂseupgfyemw@n@f diyhels, glycerine,
a c
ah{cﬁggﬂéc c\éﬁ\églcgr’ﬁlg&aé é%%?l@ospog\%n%%ﬁﬁéﬁ;[ Qa{?eﬂf% such as benzyl
aetcehelaargdetyg\pargberishapinkitsats suﬂhoa%amblc @didhersgodium bisulfite;
gﬂ% %y AgentdTBREd @lﬂ?l@ﬂé&ar@lﬁ@etr@%@étﬁ%cﬁ FLASLuch as acetates,

Iti"on or disorder”cause an entity contal ning
t kigratesi eropleosphates eaginpaents ﬁWetheaaWqu@ﬁnfcahtO@éﬂtm sughas sodium
SEﬁIBHéié 6r @E%tf’o@@n T‘Wé SR DL g é@ﬁé@%tﬁta%gjsa&tﬂaggg »such" as hydrochloric
i nducti on tective I nmune response agal nst
t @pidror cedigm, hy;gjrcmgq gﬁgﬁqparpmtﬁw prepgiatign3gn be enclosed in ampoules,
t r cl ude,
T M A EE A e
ovari aﬁhacraa@qumaia campp@tm% @AIQ@? fopr tieckalile ees dnclude sterile
paﬁééﬂ@téaunehé’%mérg vﬁ@@é&utﬁe%&hg&?smns and sterlle owders for the
anoma- associ ated anti anoma -56

2@@9”@8%@%?@#%@%8/@8*3’7‘5 Inmab@aeﬁo@wss ®ii gigpersion.  For
"mtt%gl?‘rllcﬁfs V"Qt'jrgmstrgﬁé)rﬁ"‘noémtaﬁfét' Sﬁﬂe%ndlrﬁfugét abfysiolagical  saline,
speci rane anti tforei gn DNA encodi'ng

gectamst@twateh&'emgph% 7Y é%}%lﬁtF%arapm dldsemrhogphate buffered
Sbélfﬁe @Bsh. hf"n Al &&%g%g%oM%XSI%UQ%é Qt@ﬁlgla)ﬁdfé%hliaq{e fluid to the

onprises’a foreign DNA sequence enco
cwf@m that c@@my@n@abllﬁmm@t%xdt é@@écbeaﬁ@bﬁ un@ﬁrahhen@cmﬁlons of
' m&ﬂ%cﬁﬁée%‘% réd?e Shd0ast de5resdeey Q%?uﬁé(]fihflsérﬁé‘ﬁ%ﬁm‘aﬁ action of
VSV. For exanp such cyt okl nes ut are no

| mrpg@amgm,srﬁughwém@ct@alargj fupgi. 'ﬁhe garrigr @ a polvgnt qdispersion
1fhedhin chfftaintmy, f&ﬁexarﬁalea%terlrS’etHaI'ﬂB?rJo%fog'?? g, yglycerol propylene

i nterferon-0, I'nterferon- granul ocyt e

solyadl and hgwdfr@bf@theyle@eanWObwﬁéhﬁﬂlﬁe)opn@@éltw drixtures thereof.
St’l’h@’jﬁ gﬁérnﬂu(‘j %Cfso%aﬁ\%ln éﬁq%rt I HhplBEBY Qﬁé Stjseltg)f § aGhf#S such as
ogeni c an armaceut i cal Conposi tions
lecithin, by the maintenance of the required particle size in the case of dispersion and
by the use of surfactants. Prevention of the action of microorganisms is achieved by
various antibacterial and antifungal agents, for example, parabens, chlorobutanol,
phenol, ascorbic acid, and the like. In many cases, it is preferable to include isotonic
agents, for example, sugars, polyalcohols such as mannitol, sorbitol, sodium chloride

in the composition. Prolonged absorption of the injectable compositions is brought
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In certain enbodi nents, the invention is directed to
an i nmunogeni ¢ conposition conprising an inmunogenic

waelowe/ogdeefn genetically nodified VSV vector  15PCT/US2008/087375
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conprising at |least two different classes of nutations
inits genone and at | east one foreign RNA sequence
inserted into or replacing a region of the VSV genone

non- essential for replication, wherein the two
mab@utibzyﬁ@cltgqimingthgpor@ao$i§oraart egrM nRicgSiglays absorption, for example,
paty, nb¥te E@?aﬁf Qgﬁ IIy modi fied VSV may be

furt er a aptea or cell culture by

passadgiterge iriectatle aglumﬂs ab@mpaseq by MsonpaEing ke ¥YBVyector in the

genet.céﬁ?§%ﬁ8ﬂﬁiﬁigmggaqﬁﬁﬁgﬁﬁg?gﬂ&%%v'hu&kgsra‘Dﬁ$m3“m"°f

t gedignds eenuneerpieduROgehi s ctﬂﬂpusscﬂtiqulnwedT e filtered sterilization.
et _
VKERLBAT, Rk PR, S nAIAFRIATIY o, Hofbbund o o
adierile vehieleivnch @oatahﬁanﬁrwaslarﬁlmﬁle@tm%urg andathwrmn')red other
SHﬁ;IPed?r@rﬂ?Qr%H tHoQe eterH ?é}éé BébB\QéTpﬁﬁ %r?e th& sté/te}’%S;B&&ders for the
and a a used

9 rmaceut | cal accepta carrier )
herepiaraipn exf starie lrﬂmgamegéolum ﬁ'm:é(ﬂff?rfﬁﬁ mpthede b psgriagation are
Cc

I@é%deru‘?r{sfjr iy érgf Coar%lﬁ%g@?dh%g(ﬁ(tjlﬁgg)o?grg? gﬂthe%gh\)éelﬂbr%dlent plus
aany ﬁ@%@al é@%ﬁeﬂsngre@@mtcfmr@aWI%ycﬁimleﬁherdé|salytl®rgthereof
agent §qp @Hﬂlrﬁﬁt%tloﬁ b&%ha%ﬂ?ﬂ?%é bb& éMng a‘?@@él%%h 'tr?@%orm of an
admi ni stration. The use of 'such d|a and agents
pBaiogalc seral cfsem ypra&&ur% contadea i edispensae Whidhnh gamtaing a suitable
t e f n vent i,o ia

opfopBlin 6P G5 TR Ny B Fhe GRRY oo RebulEl @ Systemic
dmwlﬁrraéormg@d alpo thigeby rnAPsaleni draneieynsi freens. of ort meicosal or

| B REH AT aoﬁ’ﬂHlQ{rgﬁB?lnbé‘rﬁéfran%céde@pr%%QH@ fSrrigRYo t?é %(anp—)%ted are
i ncorporated Into conpositions. -57 WO 2009/ 082664

PewUS200 81r0g 2875 Sm@enea'av@\ﬁre saueredekiavncia ipoaittangrinclude,
Ofort B Ry R | AfcdsS faanrPn'étF’ath@ﬁi HQteRfen%orﬁ?I@t femse aptit fsidic acid

|tS|ntende route of adm nistration. es of

r damdives. Myepfiahpdministriabion israscamelishas élwégfathe(teeeg)f nasal sprays

i gt %Qﬁ!&ﬁﬁ&‘f‘es | #hé RBRIHEBds §|Lébﬁl% %%?éd in the form of suppositories

i ntranuscul ar, 1 ntraperitonea and nucosal . 0.

ofay, witecpryentipnal nsamapry h@a@%atuch ¥ cAgga hatter and other glycerides)

r%?FHtér%%\Qema§%rH‘éét9l ifrySuspensi ons used for

parenteral, ‘intradernal, of subcutaneous aPpllcatlon

| ncl ude qeﬁémf@mb@@lmﬁgtswmﬁoﬁé/ﬁﬂ@gegusmtcemrw g |q@ingr parenteral
?rlﬂ §§itl n&ah 96 afg‘érudlt%ﬁr?fdrgas? élaédnﬂﬁlst?gﬁdﬁtérﬁrlinlfgrtn)ﬁﬁpof dosage.

yeth y ene gl ycols cerine propyl ene

gID)®§@@e @nlt derAe s dipA H@f@'@afi%lre /it & pavaiGalnclissreta|units suited as

agRitdr dgé‘&ébs%r B iect & Bgtﬂ%htegr eHET it c&ﬁélﬁmﬁrbspredetermmed

antio such as  ascorbic acid or sodium

biagantity okactive conmoand gglctigiast © ryadyreaihe desired therapeutic effect in

ebhyd pheAi @il el qg&tﬂ%%ebh&n%%bﬁicapl&fafr%?s ?H&tbfo%élﬂc?;uon for the

acetates, citrates or sphates and agents

agpmt fasmstairihe iinven Qﬂ;ﬁl’%ﬁl(}éﬁ@ﬁ @mand directly dependent on the

unique characteristics of the active compound and the particular therapeutic effect to
be achieved, and the limitations inherent in the art of compounding such an active
compound for the treatment of individuals.

All patents and publications cited herein are hereby incorporated by reference.
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chl oride or dextrose. The pHis adjusted with acids or
bases, such as hydrochloric acid or sodi um hydroxi de.
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anpoul es, disposable syringes or nultiple dose vials

made of glass or plastic. 15 Pharnmaceuti cal

conpositions suitable for injectable use include

sterile aqueous solutions (where water soluble) or

di sperfdiedanedustion st ¥BY Ivectpmademnynogenie gempositions generally includes
e r [ t ]

SHfETRG £ BRR, BREDRNAL RRPW (BTN ASY 2ofing VSV in col
aguiuie shaneastiog thes@ﬁllt@ltw@ figict 24 toe @ppropriaigdime and purifying the VSV
Y
EE%_lﬁthﬂ%Q% é‘éﬂh %?g‘d’]q—gﬁy&% I\iglfevvé\fa%ﬁ% H\@ﬁrﬁ%uP&r it d@(ﬂﬁﬁosmons
smaremaf (nPBEB)caI Bnplmatloraﬁawélsreqwhe wnmpleﬁs dor depss) bk appropriate
S ' t
S)bslrl ?’tc?&%‘;glg V\}?tﬁ s{atew m@e P%b&l?seof tE?R/SIn(SU (ﬂ@% s&R8Yauthorities

exl e stable un
cémﬂllntilfbﬁsw@‘ld (Mndheﬁwﬂea%@rm d’rdagesfaamnn(@/*)béhe European

P
B B B Rt BBhaP Indheod Brant P
i 6tca)- sol vent or di spersion nedlun1conta|n|ng for

exanplig,q Feft |seyﬂ)%ﬂ¥]ddl |9!JIY_°tg Hate 9/'3300%94 the ?ell culture

propylene |qu| ol yet heyl ene gl yco
aﬁdntﬁﬁilélalntskégg awdi et imeuriiy mrgtleée amerWA), andrinbtain VSV of

|
DpPRREAbA ol DStol § o BHATR Y Bl plcecs
t kegs ewfﬂcet@npawat se¢resesj gradiemt pﬁretrlwﬁgtpraf For spenylenusing the
a@ﬁ’rrerﬁi{(/ %\J'éﬂabié%uﬂflca‘:tl%fﬁs&%%§ thglree§elgbl'cé’l 2f ilJdfse relationship
action'o M Ccroorgani sne 1 s achi eve aril ous
ah@i"@&@ttb@ Pty 8 reaovery) Rt M yiaid)of \f%f sexBlepl Wereby making it
ﬂﬁ%ﬁqé’mmf&ﬁ%%mm q%QntHQ@rlﬁlpurlﬁ&g%b/' %dﬁﬁlbﬁalg‘aﬂ{jtoday's
many cases it 1s prefer le to 1 nc
| Q@reﬂﬂ‘rqr—baag@r@f@esw: '@k%ﬁﬁﬁﬁ ecell sagegnirations gird pler gulture times

SHedhitas :‘Fﬁﬁﬂé rL Q/'sv SR&BI t\@{h c%ﬂgéd‘h'fgrﬁhhgfeag@s |'nn c]e edebrls and

conposi t Prol onged absorption of the injectab
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'f ﬁ%ﬁ%ﬁ%& 3. eﬁ]?ﬁs‘zfﬁﬂ}ce%aﬂb%sd rlﬁ]\“'EM 13794 QUGB et al.,

tered steri ation ner a rsions are

pi8graparby. i Medbryer Bidl- n@7&6h89%r§55)4é4qywpmﬁ$deu$t gongentrations
S‘rﬁ;?éa’s@ (\,’cﬁ{&bmltgnt"mbr%gs oiﬂtc%\l%bﬁs b\%%f BNA érf?jeﬁréie‘ﬂplmpurltles also

lum and the require ot her |ngre ients fromthose
e ROeHEr Wiiel aggnre diffich It theemays @t bighst @ﬁCBetrqi@métassumse gradient

t hﬁrac@ﬁtﬁ@@éﬁ’dd Wa&ﬂcltlcﬁﬁt Shdrb& {;r‘éﬂ%ﬁf Lﬂ%@en%ﬁhégt?oﬁ RS exttdifely costly

referred " nmet hods of preparati on are vacuun1dry|ng
ahQJI Sﬁaleel@ecmnyw@tlmw Wrélca%or\aowﬁd’eby Folyetylenet glyeol (PEG)

| BICRALESH (MEShairry et al., 1970 Virol., 40(3):745-6) has similar problems of high
impurity levels.
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any additional desired ingredient froma previously
sterile-filtered solution thereof. For adm ni stration

whoobnseabat i on, the conpounds are delivered i nP€TES$008/087375
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of an aerosol spray from pressured container or
di spenser which contains a suitable propellant (e.g.,
a gas such as carbon di oxide, or a nebulizer).

stem c 15 administration can al so be by nmucosal or
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IQBS\%‘&I ng a suitable cell culture (host) with

reconbi nant VSV, growing VSV in cell culture,
harvesting the cell culture fluid at the appropriate
t iR, sourlfylngthe VSV fromthe cell culture
flul e use of VSV vectors, and inmunogenic

conposTheu fekpying ekameles demansirdte cergin appedte at theryesgnt invention.
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percents referred to herein are on a weight basis and all temperatures are expressed

in degrees centigrade unless otherwise specified.
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etc.). 10 However, it is typically difficult to
separate VSV fromthe cell culture contam nants
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obtain VSV of appropriate purity and yield using the
currently avail able VSV purification processes (e.g.,
purification via sucrose gradient centrifugation). For
exanple, using the currently available purification

pEXAMRIdS 1: VIRUS RASSAGE SIULRY MWHTHNHRE Y&V DIANANIN) AND VSV
1@15‘%@5\‘2@%&% Ng BI‘:‘hbtﬁ( d recovery (percent yield) of
S

anpl es ere ing it difficult to

manuf ddquie é 'gwﬁtﬂ’aﬁ&,sl %ﬂtgqu@llﬂ oroprigation giurti f$\eanysin VSVN4CT1-
A [ \V
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r ¥ud in Verohteiher he/Siguseist @r everyitth pa@wg@nwrarﬁnalyzed by indicated

| BgL S godré‘ sped! sﬂﬁ\grt‘né BRY n&fr\n&fecﬂé 9? F&R% T) anﬁ amino acid
orga nstituents in the bl ofeactor

cb‘h‘b)! Se@aenm P OrigE (p@ﬁaage Ot iPON vipises @ad @@ssags@cﬁr@é/esv Indiana
?n%té%gg)gt THL INRGRATAA s ?ﬁ&ut%ﬂs hﬁ%h@?‘?é‘sﬁg@@ \ﬁrgerkﬁiérs‘ﬂown in bold.
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PrJ@r@ey NatqtypeAJaq N S@nd APUS)bS’“MQIl% in e ppssag@ds irupLare shown in
?@) é@%ﬁce]sa%'%unﬁnar%gm PHie 58308k the sequence listing.

However as virus concentratio

i ncreérélé attenvetad RV NNHGT taagds Wes essd a@léb&usiartlh@smaterlal for
%s%@ﬁ] R YR RatidRH &J@?& kS ells GG §95 fladMaividte HoBuMRIMvith the
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S\"r‘é%fsﬁleqraggé %Pe H'ICBB%O&% r(%bté'%arti &3&% g)?/srie%nﬁlaanal cytopathic
costly an gurl ¥

cale-u ncentration I cat
Vveiedsy(ChE) yvm'e‘hwm iy 19PelO0% PEGe Gl ppedaysdrs.atlienulture medium
( h p—l | , »
(RS, Bredl8 oo coAMTIII, 10 . e
hlagd!thruaﬂ X ﬁuwosw@hbwmwmmffar (fied! adnaeriration), the clarlfled virus

082 BT LI AL g A 4808 8 ol o v o
2%}9]608&’%6%89@3 i USZ?)OS:‘ GWWN4CVQGbgk7§Imp vireg V\@:S s,lml‘mglylused to
H T 3-,36; t {

DL RERITE td S NRle SRR L3R b et 2, Tl Brocess.

Sealietel deriaSeassngiag, wsatrepedteéd 85 tidéd (@ )naBd F16to REcoluseetAt each
1963 Bi ochi

. Bipphys. .Acta, Gent Subj.,
S batsapRoBe T Wab bR Whrsu o Eatamiflop'a,ygro monolayer.
oper atAcoguati of &ninol dcjd sdlttstliusho:gsefwomilng)seﬁalmwmsméhi@the VSVin
for lLarge-scal e |ru . finit L
cﬁ?r&h@f%sg%%m L4t 3, B e o3¢ BRtabedd vvinyyirus at Mo of
199)9 iyeen ddlislis shab(nGh F8ylBe 985), | ectin (Kaarsnaes et
]A%%?ﬂall of amino acid substitutions following serial passages using the VSVn;j
serotype is shown in Figure 4. Growth kinetics of the passaged VSVnj virus at MOI

of 0.01 in Vero cells is shown in Figure 6.
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Chromat og., 266:643-9; Kristiansen et al., 1976 Prot.
Biol. Fluids, 23:663-5) and MatrexTM Cel | ufi neTM

waobagwe{ Downi ng et al ., 1992 J. Virol. Meth.PCT/US2008/087375
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38(2):215-228), has found sone application in virus
purification. Heparin and lectin are generally not 10
preferred (or used) for cGW virus production due to

possi bl e | eachi ng problens, which would require
aEXAMRIRR: PRODYGIIONOR BEGIOMBINANTEYSYNACTIGAGTNI t y

puri figad Itlﬁghu{fcub{ur[elé%aﬁ%'dngarll\/a}u%ﬁxgipém of thedVSV Indian serotype
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cite ove, kanp et a Ol cit ;
zethsmatishly dhe arder of 9iva) gesps adthiabdraé genqmes @rrﬁhﬁ piterasated VSV

P 1997/ 06243; Kaarsnaes et a
?écg)mb"%ﬁ@ d&g%g\%TWE\Q%WNPLES 25 The fol |l owi ng

ex arrpllrefgctmﬁdﬁwts rvgasereseyerad riroas séﬁQFQlCdeWh éolt@w\@zgemnsfectlon of
| URNELIRNwith V\ﬁr‘é? ndrﬁe b2t télﬁ‘l ﬁrféﬂ BRAGh gg{éf%m%hé?ﬁjethe five

exanp FGS are t1or I ustratlon on ur port

QXFETQSWIH'%SWU@EI‘ |Inﬂl\tl¢uﬂ@ye®cwn@dhau‘($\éd% Bnd- é\&@ps@ f proteins.
t E'xﬁrebf\&? Hon® Mheskt plaﬁjﬂﬂgl ig Lpl?elaﬁ)r%r @%tﬁ)‘] e tﬁ@ﬁ? BR&Npolymerase

yplca reacti on conditions era ure,
r eEEieten The relymegase, vyaweh%ﬂe@helgctm@ratlon@f adiasmid enepding the

b??@ﬁ@%@n?é?g?]@ﬁh@é/y Mf‘@roﬁpfeﬁ’l@erﬁlnflér?g 6@1@99&&%” nﬁﬁ&ﬁ’ate early

be used oug genera SS conven ar S
aﬁ@mcﬁ@rf@éﬁﬂ@err RNy &?Sﬂéﬁ%é\l‘%\’ nvasgr @urﬁwdabw\éiogﬁlt Isglaﬁors 3to4

agehed! bnd %W&ﬁ?ﬁ@ti %ﬁ%ﬁ@&ra%ee?ﬁp'\/%?@%lls K1 tﬁir?é%r e\ﬁlsus rescue and all

centlgrade unl ess "of her w se SpeCI I ed -
2 euigreggoan ripcatiopSP BN UG FE PR Wmerfrz@qd In\N@e@Jse"s Fetal bovine

Jéééﬁ%ER nt B e ¥ T s EGE o Siud Ws%é\lv'\ﬁeaﬂ}‘l}] Ydh. NEWYeps after

hU SEROTYPE Figure 1 1l trates the genonlc
or@@ne z\a@reonemrmm \vs‘aemfraetmed/wmww)gdﬂlsteps@ﬁﬁeé clonal

phﬁflc%ﬂorﬁ)ma}é %o%ea n%&mqyéengﬁtb%tlcﬁ{e%t@&ﬁ 399@M )9
serial |y passage virus in Vero cel I T USES

at eveﬂﬂeﬂﬁ i ﬁﬂpl'pm@’@blg?éo weli0é Venaksliseftonby T @i fiask ebre placed in a
AR ntaF ;'n%”N@ ;?Qo‘oistlhesrvg‘gﬁgl%??@ggpﬂfll’-lg%}h%ra F ESNA plasmid and

flve support plasmids encoding the VSV N, P, L, M, and G proteins under control of
the T7 promoter (10, 4, 1, 1, 2ug, respectively). A seventh plasmid was added at 50
Mg to supply T7 RNA polymerase; this plasmid is controlled by cellular RNA
polymerase Il. The suspension was subjected to electroporation and the cells were
resuspended and transferred to a T150 flask. The flask was incubated at 37°C for 3
hours; heat shocked at 43°C for 5 hours and then incubated overnight at 37°C.

Medium was replaced the following day and the flask was incubated at 32°C on the
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(AA) sequences of original (passage 0 or PO) viruses
and passage 25 of VSV Indiana serotype. The NT and AA

W@ w8266t | ons i n the passaged virus are shownPCTURNE087375
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Fi gure 9A through 9M shows the conparison of the

nucl eoti de (NT) and am no acid 10 (AA) sequences of
original (passage 0O or PO) viruses and passage 25 of

VSV New Jersey serotype. The NT and AA substitutions
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CEh Sl B EBh 8  AH E Ry P afE Scoton
1An@aopbmtiemosphat e (SP) buffer (final

ns Pl ek it Yo Vi BRIt ey v oo
- 60<TlayThi ®MEM usithwdentdraibiel acd adthpalks sayen. 1T rékkuef supernatant

rr.VSVINNACT1 . Thi s Vir wa i\m | arl t

i KOC 81”5‘1%‘%?@% idis' Pas, dltsg ff @é’?éo"wé&?ss%a C%?FS’F %P plaques per

Owel. Bonymbelucie wel-isoldted prquessegre miekdde dusedrided in DMEM and
S

' 2 [ ke P1 P25
D SRELI Y BT IPBE 2Bl DR ef el EutTeplih, TGy ead plaaue
| becthe Vourth alssiay wasrHickedead sospended on DMEN aydrwas2ben used for
o564 ueHss Ty i ATpIRIIORS b ey 280, R Sl P Ty ks an
3 ]:I' 186 cﬂmﬁl{s_, kés{p/)etﬂi\&iy. wfrgﬁlih?timﬁgs@gpﬁfdéﬁw {uesmg DME?: WI:F)Ut serum

g n Verp c | i i, gu . u
8?”%&‘1‘"&“&“2&”8b'8ﬁ‘%§ste'ilﬂeu{‘?c8 "8t 1IVEWR noé’g%%‘?q gﬂy @Esgaogcsgsed was
usdrmgd tasdoWw Besgage vt iy wab sissdfomiuriner pagpagimgdn Verowadlls for cell

kinetics of the ssaged VSVnj virus at MO 30 of
0 20PN ST hown 1 h Figure 6. -62 VO
2009/ 082664 PCT/ US2008/ 087375 EXAMPLE 2: PRODUCTI ON

CE T AP A A R BB PR G =

and i tlewcpassag@ A8l nepogameamic (RMHNSr wacte sprobyedeerebyassaged 25
0800 e Sh el TR 31 et o R e 2. e
r VEKIN4ETISL gegyin iire cendmn-fraat eedidmdeted irdekted odthduirgs ibmultiple of
CHERFTLARTL RITAPCIGRY) B RY EOg0Ta B0 oxonsve
20PE- i64jsit2®Qisualdin@Boiper? ledurabost-infection. After each amplification, the
virus culture was clarified by centrifugation at low speed and stabilized with 1X SP
Sucrose phosphate buffer. The 10X SP contains per liter of potassium phosphate,
dibasic, 12.2 gm; potassium phosphate, monobasic, 5.17 gm; sucrose, 746.2 gm).
Virus cultures from passages 1 to 25 were titered by plague assay as described
earlier (Clarke et al.,, J. Virol., 81: 2056-64, 2007. Nucleotide sequencing was

performed for every fifth passage.
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J Virol ogy, 82:207-29, 2008). The anal ogous NJ
serotype glycoprotein vector, rVSVnjNACTI gagl was

w@emwensteed by replacing the G n gene wth trunket/Es2008/087375
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formof 10 the Ghj gene and has been described in

Cooper et al, 2008. Figure 1 depicts schematically
the order of viral genes within viral genones for the
attenuated VSV reconbi nants derived fromw VSV.
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héa@wrs o Elkgsee dt Theee reqults shewed tb@idth@r%iﬁptl‘fﬂ: ahdatieqs accrued in

ow gﬂts%éag}efd?? QE” YRk Uy WBBind| e! aqcm%m%ng@b#m\gvngs The low

day an was | ncubat e at 32
2@09%82@&@% U068 a8?e Teplicgierp il highylitersh@ake dlag passaged

“@ﬁuie@%@ﬁ%l@ﬂ)r?@s‘hﬂ W%rﬂ&r?élm%}’tnfapr signs of CPE The

OW ng Sl ns of CPE were followed until they
achi eved 80-100% CPE. At this point, the nmedium
CRMdgni ng rescued virus (rescue supernatant) was
harvested, supplenented with 1X SP1 as a virus
st abi ITihgeaxpefimertpl detalscar iedneuserled-RRO studigTaresgipngn in Clarke et

r%ﬁ égatrriéﬁﬁﬁ Pg: ““2‘32 8‘@[2?5%0648%9?') 58 BB CEPEIC SO PRr et al.,
irology, 82, 207-29, 200%) Five-week old female Swiss Webster mice were

anesthetized and injected IC with 10-fold dilutions of virus in 30 pl volume (10
animals per dilution, with dilutions made to range around the anticipated LD50).
Weight and health status were recorded daily for two weeks. Mice becoming either

bilaterally paralyzed or showing significant signs of distress or severe illness were
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usi ng Gag-specific nonocl onal anti bodies; the rescued
viruses showi ng Gag expression were subjected to

wa peoalosenoni ¢ sequenci ng. One or nore viral cPONES2008/087375

10

15

20

25

30

each serotype having correct sequences were chosen for
further plaque purification and anplification. 10 The
virus plaquing was perfornmed on Vero cells in six-well
plates with agar overlay in DMEMwi th Gentanicin and
wisa¢ibiged aad niegordeseas sgenymbingpler VR disease; diedilMfithyas determined

| B 8RS 10B0 W RS WA MlbhéH BRI 1. IRNEYY Stuagy igagichi eve

<5 plaques per nunber of wel [ -7 sol at ed

pl aques were picked, suspended in DVMEM and subjected

t ki r§,o three additional rounds of plaque

purification. The |lead plaque 15 fromthe fourth .

cl oni fgemrasedi tokedryamassagsp eieé4 € h1-DrgEM vasesnd B0}, hidg  serially
u f I u i i | fi [
VBFoogel | B NS BRATIS A Bl | R R terae scale
f meskiacturiag péelinicaé Inal matgslal (G O iroaddiée., H $tabilizadion of adaptive
U?dd’t’&t'o!?é/'%y M PR)"@/Fdeﬁ%ngés A AR nIH-{%'de EGsistd§ during
reconbl nant virus obtained by this procCessed was .

t &b oregiicliow Marorere the satehamipfigof dke dassagetiuyituses remained

[ j<n o} ; , i .
Lg5EANAY BRI gt ESLbag LR BB g
SERtaNilityiassimmaNeyaleationassage VSV reconbi nants (P0) for

each serotype were passaged 25 successive tinmes on

Vero cell nonolayer in T-25 flasks as shown in Figure
2 EXAMPLE S: SABEAR OF VRGIHWRER H¥r um free medi um were

i nf ect W j ) [ fond i : i

o oA AN T B Bl B B
eXtSegrampd- wepmacslalgdsvieh ¥eraiseligl atyapproxigately 572 1Rooels/mL. The
pBﬁﬁféchHr%é PéHusel With (E.QQJGIt%R}d#Jmé%abérO&‘ag 5 6ibcy VFEFM media
culture was clarified by centrifugation at | ow speed
afwithsorawithdut penal ted) BX3BIC. Slienr k80 pows phathen g eell density was

T ' L f j .

362 Bhete B SL0Rr® Boe bkl A arD@BR T L 00 B Bl Peimer ow-
5 padsage1 (<BoL ooBigh-paddéage (1) VSV NUET tghy Uivess.f Maencultures were
Geaaprr e s Prbr e ipEhdbrged § MGG piFintecton
2056- GtaliRP07 theNudibea ey ps o it hiprewsors festh mwapabsage (<P5)
per) OtRRs o 10 B B et BRI cp TRy IO-vsv-1a, 17
RESWIZ8Svéfe usendided DShgSbweiassagéoving miteeiak(selidiigdd)yto infect the
sen

;b Py TR TR ¢ DV S P 4 Vel g high-

npassagetResedivd imussteaddGdhddEd lines). The growth kinetics for each run are
shown in figure 10. The passage number of the virus is indicated in brackets in the
legend of the figure.

For both the high- and low-passage runs, each set of runs is consistent with
each other. The high-passage bioreactor runs produced up to two logs higher titers
than the low-passage runs. Based upon the growth kinetics of the high-passage
material, the harvest time was determined to be approximately 48 hours post-

infection.
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5 neurovirul ence ani mal nodel has been shown to be
hi ghly sensitive and capabl e of discrimnating changes

w0 pooviogasbence of VSV reconbi nants (O arke et aPCT/11S2008/087375

10

15

Virol., 81, 2056-64, 2007). Thus the mce receivVving
w VSVin | ost weight dramatically and died 2 to 4
days postinoculation with LD50 of 1 to 2 pfu. Viruses

containing either CT truncations or gene shuffles, on
t he ot3selinthemdhe WemeJerexvaetotypsetontfi-iieabtoseagiaradagan both low-

t pa&ﬁg@g #‘5) M q}ﬂ b%sségégp%)zﬁé§%s%%%§£ \lj g&%a%ﬁ&%ﬁé X-BRN10-
dVSats, 018dé@r @8s82iand\23 wekneemplatedsesing Wivepassage virus material
n'géoﬂgd'llﬂgs)"‘@%nfeepfﬁg Qfbred tEPOtge%Pl% r SUHY f e (N ARG, 9hd 37 were
gagl passage

nmut’at i ons or exanple
rV@vph@twmI@g@llgfes@‘@ﬁbge &esexrch éﬁ@ISySﬂB (dagbed lipgs). The growth
V&G Felti lin BRI iGGE AT L. the hi ghest dose
teste i's aninmal no . The m ce inoculated with

this vi hlec%wq'@ fewer diigrepcasdeatween tow-Rsagd anthBioh-paesagietruns for
PaRt N%\Dggllétagt(:br‘mrucf)fﬁtan RI\%(I:& BSetbd Br ﬂ%rlﬂalbnéfv@br%}rtuct | Bhased upon
2to weeks. ar resuts were seen

s éhreogrppth Wnetidseofihe high (rasepasr meteriaklthe harvestitoneotpy VB/RN4CT1-
izﬁg%’%/?as 90 ined RELY! %E)Efo?g@agé@%gﬁ%gégtgﬁg& atsm/e?s the case

vention at passage ser ot ypes

aft Y8YinhidEE 110891 edni ¢pnchisioputhen& 1 N4TB0I2gH I‘@U”eé in ~35-fold
"%?éas ne blo?'Qadt&Clit@@S B A%ibid! |ﬁ§‘é§sé’\’ﬁwsth§erﬁ}?nbe‘f“otf VII’US particles
LDBO of >107 or all passaged viruses as sh
Fgueed pepelstor dedjana gnd rrévfeld Iﬂ@faasq inebigteggtor viters and a 7-fold
”ch?éds@r\ﬁ AE U 1oR virdd & Hﬁi‘é% @d érncegﬁeIJoL New, Jersey. (See
tures not | npact e VIr ence e Virus.
Tﬁ'éblpéﬁ/andﬂr)ul ence, along with their enhanced
rephiGation to hicghd tahntﬁLéf \f@hﬁNﬁ@ﬁ ‘?9% ctdzf'sl'\fd%es

swtablefor testing I uman clinic trla

Rg/rflhgl gSNugEagofgi pe%dlt{]%n( ;FIiESﬁy@S ! o'FlrEe ol}]e ED%?esgslﬁferL\L]mVirus Particles
viroll. ’ Pa§3fg’]es 5d5 otgme : jon g:qgmlex opervest ﬁpfu?rzlg)ggpé)r ' Per Cell
et all., J  Virlol 885 62 207-29, |2008Y. i ve-week ol d

FEmae SW,SS YeDSTET T 34 angsthatt zeg, and _
EiernjectedICWith 10fc|d dgwf?utlorso viru3|n03 pl o4

QL une ( T Per Ul 1 OT1, T oot ]5 JTH_U
Bﬁggrange%r ourjd t '0; ant i gdg)aided LD5O§d \\éi gl%;gg and oe
hcai t h Dt at uo Vﬁl C 1 ©TQUI UCU Ug. | | Ul l VW V\Ecr\o bIVI |93

&tori ng @i thdr Bl 1atferaiPy bard yz&d o shdiii§ 07
sl gni ficant si gns of distress or lsevere jlll ness were

BREH WD 2609/ 04266%° PCT/ USZ008) 087137588 sadr i f #€ed%and 37.8
recorl[ded as sdccunbing to VSV di dqease. The LD50 was

s#at er[m negs by t heo netthobak10Reed ansb Mugnchas{Am J. 20.1
Hyg. |27, 493-97, 1938).
BR-34 P16 8.0 1.99x 10° 51 7.10x 107 35.7
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Summary 5 Conpared to early passage rVSVNACT1- gagl
viruses (PO), the serially passaged P15 viruses grew
wa eoopgdeehi gher titers. This facilitated | ar gePGUEEM08/087375
manufacturing of clinical trial material (CTM. In
addition, the stabilization of adaptive nutations by
P15 provided viruses with manufacturing |ot-to-I ot
conS|stency during CTM production. Moreover, the
sadpeleyt ppr of Cogpgfisernef \b%\é“glﬁﬁ@mwghg@seacéwﬁuméd 10
unchanged as tested by the nurine I C LD50 ani nal
nodel , thereby nmaintaining suitability for clinica
eval uati on. EXAMPLE 5: SCALE-UP OF VECTORED H'V A 10-L

R 9" © thm&é’L W%h;'”g %Qh%%%) aéHﬁk%#” “Pbar Tikel | Virus
m croc@ar Falssearess at Vollme nfe%on (gﬁs% a#VQFCLﬂ at e W h Particles Per
Vero clel 157at appr oxi npt ™ d5 7 nL.. The
bi ore ctor was |per usep MAth 0.5 cuIﬁW? Vol unes per Cel
of[ G o VA-SE TTeEpT & T ar ot g
E%g%) at 37 Afteﬁmgo-90 ﬁéﬁ%@ or mh:% t he CEP o '
sRapsi tly Was > [2 xs0l06| celslos« 16k, tlhe gul ture wasio’ 56
i nfectled at _ an IMJ _of D.001 at 32d with ejther | ow
grassagle (:®P5) |or 10 ght passage® (P15) SV NAClisgagl 4.3
virus.| The cultjures wefe 20 sanplled 2-3 tinmes daily
sared ulfti medsel y |harmest pd ates 482 60 |housss 7.26 x 10° 20
post -i|nfection.| Scalinpg-up the | ndi ana sefotype to
BkQ2 | i tler b#sor egct ors, pot hokowe pagsages (: pP5)B.41 ai0d 8.0
i gh-passage (H15) virpus was testdgd. Biorkactor runs
BR2BRNLO- VS¥- 14,| 1770 aphd 28sxwef e donpiret ed usiomgio’ 3.9
Inw-p ssage virus matekial (in‘ a0 | I npc) o infect the
BR@Pt urles. PBi or dact®@ rpns 2% BRN10-[VSV231, | 33 541034 23.0
——Wer-e—ciohpl-et-edusi-rg—h-gh—25—p o
B§ged ([dasHéd Ilnes§‘3 The &@bmﬂ% kdneﬁ?%s Forsé%hﬁ7run 36.2
al © biIUVVII ill rrgurce 1uU. IIIU pdbbng IuiTrocel Ul I.iIU

virus is indicated in brackets in the |egend of the
figure. For both the high- and | ow passage runs, each
set of runs is consistent with each other. The

hi gh- passage bi oreactor runs produced up to two | ogs
hi gher titers 30 than the | ow passage runs. Based
upon the growth kinetics of the high-passage materi al,
the harvest tine was determned to be approximtely 48
hours post- infection. -66 WD 2009/ 082664

PCT/ US2008/ 087375 Scal i ng-up the New Jersey serotype
to 10-liter bioreactors, again both | ow passage (:5P5)
and hi gh-passage (P15) virus was tested. Bioreactor
runs X- BRN1O- VSV-15, 18, 19, 20, 22 and 23 were

conpl eted using | ow passage virus nmateri al
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(solid lines) to infect the cultures. Bioreactor runs
X- BRN10- VSV- 36, and 37 were 5 conpl eted using
whr@bogmesage Research Virus Seed (dashed | i neBQT/US1068/087375
gromh kinetics for each run is shown in figure 11.
There were fewer differences between | ow passage and
hi gh- passage runs for the New Jersey construct than
wer e observed for the Indiana construct. Based upon
the growm h kinetics of the high passage material, the
harvest tinme for VSVnj NMACT1 10 gaglwas determined to
be approximately 48 hours post-infection, as was the
case for VSVinNACT1l-gagl. In conclusion, the P15
NACT1l-gagl resulted in -35-fold increase in
bioreactor titers and a 45-fold increase in the nunber

L foT?F. ¢ BAT T TRy, o THORERT AShr VRV Inbig a'afagi_%we&@y strains

ncrease I'n bioreactor titers an
ncrease in theafiemtiterenfpagsages (bae Fiatress8 prd8luced per
cel | for New Jersey. (See 15 Tables 3 and 4) Table 3:
Conpari son of YSVi nNACT1-gagl Bioreactor Runs Run ID

—_— e e~ e

NUMsEQ (@ NGUlTtire Cel T Density @ESGRIPIIONarvest Titer
Virus Particles Passages Volunme Infection (cells/n)
Har vest (pfu/m @50 hpi) Per Cell (Iiters) (hpi)

503,07 x 106|303 58 3 (100 '8 PERCIR AT 55 78 x
106 47 1.84 x 106 0.7 BR-31 P16 8.0 2.25 x 106 88
8 51 % 10" 37 8 BR-33 P16 8 0 2 24 x 106 50 4 50 x

1o' 20.7 BR 34 VPYdndiape fgagd) Rroleje: ressage®) x 10° 35. 7
167 WO 2009/ 082664 PCT/ US2008/ 087375 Table 4
Conpari son of VYSVnj NACT1-qgaqgl Bioreactor Runs Run ID

Nunber 8f Cul t uV&VQelibn®Dégesil) Fro®@iii passade Menlber ot er
Virus Passages$ Vol une Infection (cells/nL) Harvest
Particles Per |(L) (hpi) Cell BR-15 P1 8.0 3.52 x 106

2 9. 264x 106 lygy N%ﬁv!)érsb’;f’(déf@)9N$&bpé<ssl1§é’m%bér2’5¢ X
10 5.6 BR-19|P3 7.0 3.36 x 106 66 1.46 x 10" 4

BR-20 P3 7.0 3|65 x 106 66 7.26 x 106 2.0 BR-22 P4

a) A 1

T D7 s aVall il nifa
. U=, Ls A LIUO

VSV NS Jérsdy (gag1 Y Protein: passage 0

6 VSV New Jersey (gag1) Protein: passage number 25
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BR-23 P4 7.0 2.78 x 106 47 1.07 x 10" 3.9 BR-36 P16
8.0 2.42 x 106 72 5.57 x 10" 23.0 BR-37 P16 8.0 2.31

wo2@moesseu 3 8.36 x 10' 36.2 -68 WO 2009/ 08266HCT/US2008/087375

10

15

20

25

PCT/ US2008/ 087375 Tabl e 5 Sequence description for

VSV I ndi ana and New Jersey strains after different

passages (See Figures 8 and 9) SEQ I D NO DESCRI PTI ON

1 VSV Indiana (gagl) DNA: passage nunber 25 2 VSV

| MlAhs @gé@dﬁD%iiotei n: passage 0 3 VSV Indiana (gagl)
Protei n: passage nunber 25 4 VSV New Jersey (gagl)

DNA: passage nunber 25 5 VSV New Jersey (gagl)

Priot & rsblammgendéllﬁ métifietiemsidalas eon{agag LiruPd\8)i hrving at least

8% SRSt bEviehan I AdeeliREeAPRIIG € 2t ioashans ahgfaliguing
geositiorsal | y nodi fi ed vesi cul ar stomatitis virus (VSV)
havi t | t ' t

Cor r copBaTAg s pdlied 1ofer deZehBendPraglng *

positions: 5 the am no aci ds at posi tions 119 or 142

of the Mprotein; the amno acids at positions 109,

224, AY® aming acigp alpasiiymstifE, 224 1468.e47T; ol oftthe Ganeplgin: and
acids at positions 205, 220 or 1450 of the L protein.

2. The genetically nodified VSV of claim1l, wherein

t he nutlecaninaacids ahpaostiiong 206e220enet50edtHeyl. prothit.i ed

VSV further conprises a nucleic acid encoding at | east

one 10 heterol ogous antigen, or a fragnment thereof.

32 MR @&%Eél@%bd‘ﬂé@‘kﬁ/‘ SEIANEV, Aihrbinithe huclbleelcRi @ncodlng the

t he one heterol o%?us antigen, or a fragnent thereof
i genetisala Mesifiedg VJU'ﬁﬁ'er%TFFg"ﬁﬁﬁ Wude'cﬁﬁd geerding gt llgast one
nﬂgiefdlé‘&)ug%\{t@én ok Q'fr\%g%enmgfe%\‘ n the pathogenic

m croorgani sm from which the nucleic acid encodi ng
the het erol ogous antigen is obtained is selected 15

h b
SO R, SRRSO g kiR P B ate avien,
VBWa Ghgmkai therdof istienea pambgemetrm‘rwrggmam antigen is

sel ected fromthe group consisting of a human
i mrunodeficiency virus (H V) antigen,

4. The genetically modified VSV of claim 3, wherein the pathogenic microorganism
from which the nucleic acid encoding the heterologous antigen is obtained is selected

from the group consisting of a virus, a bacterium, a protozoan and a fungus.

5. The genetically modified VSV of claim 4, wherein the heterologous antigen is
selected from the group consisting of a human immunodeficiency virus (HIV) antigen,
an HTLV antigen, an SIV antigen, an RSV antigen, a PIV antigen, an HSV antigen, a
CMV antigen, an Epstein-Barr virus antigen, a Varicella-Zoster virus antigen, a
mumps virus antigen, a measles virus antigen, an influenza virus antigen, a
poliovirus antigen, a rhinovirus antigen, a hepatitis A virus antigen, a hepatitis B virus
antigen, a hepatitis C virus antigen, a Norwalk virus antigen, a togavirus antigen, an
alphavirus antigen, a rubella virus antigen, a rabies virus antigen, a Marburg virus
antigen, an Ebola virus antigen, a papilloma virus antigen, a polyoma virus antigen, a

metapneumovirus antigen, a coronavirus antigen, a Vibrio cholerae antigen, a
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an HTLV antigen, an SIV antigen, an RSV antigen, a PIV
antigen, an HSV antigen, a CW antigen, an

wEpwbesweBarr virus antigen, a Varicell a- Zost ePCWU$2088/087375

10

15

20

antigen, a 20 nunps virus antigen, a nmeasles virus

antigen, an influenza virus antigen, a poliovirus

antigen, a rhinovirus antigen, a hepatitis A virus

antigen, a hepatitis Bvirus antigen, a hepatitis C
viFfasgrogiun dpleiparamantigank a \Rlasmodivm | vikew, andigen g fiasgdium ovale
antd gen, havi AN Vi ; ;
AAEHREE 2 PlasRoBA) i o, & NEREouAm Kniflesi antigen, o
adtregienoccan PEpNaNige pokgean Sirgriacocgup apvddnesaniigany g Helicobacter

aﬁ%/l!og %‘ﬂtig(%, %Oéty o\é.bfléj §%955t}ag eﬂ\tig@, 2a‘SNgEE%PaInr%lelHl'ﬂ&litifhﬂSantigen,
antigen, a coronavirus antigen, a I'brio chol erae

at i@éﬂ@gri@ gorpuERe 0VYI068 2 66 ACPPTFhIsE0.] Clargirgiae antigen, a
le&ﬁ')gét ﬁg@&@@ﬁ,%@%?&é@%erﬁsgé Qﬁff@ﬁ%ﬁrﬁé’én\/ ilus antigen, a

antigen, . di'um oval e “anti gen, asnodi um
médhianiysiée amigegend an ERcherfeb@ oMariesd-esi antigen, a

St rept ococcus pneunoni ae anti gen, Streptococcus

pyogenes antigen, a Helicobacter pylori antigen, a

S6r efrie0 gosatisalagaddificidi ¥8Vaaot caen, 5, awiNeems 81a Aeterologous antigen
meni ngi ti di ntjigen, 5 a Neisseria gonorrhoeae

aﬁ?ﬁnﬂgﬁﬁsaﬁ erﬂth‘act eri um di pht heri ae antigen, a
Clostridiumtetani antigen, a Bordetella pertussis

anti gen, a Haenophilus antigen, a Chlanydia antigen

and Esekieally aredifiedoV SV ahelpige. wiereimiee gbneioteinis| ghcoded by a
madid 8oVl 1R §ollh %ontebﬂqgéd?%nbgﬁﬁr Ok QRRUSt vpr, rev and
antigen conprises an H'V protein. 10 7. The

g&Piétically nodified VSV of claim6, wherein the HV
protein is encoded by a gene selected fromthe group

consi sting of gag, env, pol, vif, nef, tat, vpr, rev

aBd ThepgeneBicallfheod)feteV/ B8V alfciaims] ivheesin WBVHOS pitein I8 &n HIV gag
wherein the HV protein is an HV gag protein. 15 9.
TR%Ot‘ﬂaheti cally nodified VSV of claim8, wherein the

H V gag protein has at | east one nutation at position

165, 270, 329, or 348. 10. The geneLicaIIY nmodi fi ed

VvEv Tte gangtieally anedifipsl MSY Rf daighd.ovhesgiathg HIM o0 prigtain hamat least

CBRR Hug&Rnat B%ﬁ&{ Y&, Y6, o, Bosugconser vat i ve am no

aci d change. The genetically nodified VSV of claim

1, wherein the nutation is at either position 20 119

anty dSene Oy RRIRLUPH S 957 offa G RuPRR 9. i ot

VEvpfisesl aacansérvatidecoraian-d¢dnee mrativaet anoino atidtdhengam no aci d
at position 119 of the Mproteinis a T- N nutation
and the nutation of the amino acid at position 142 of

t e Mty infodidd VSV ofdthiff 1, Qbherein the mutation is at either position
119 or 142 of the M protein or is at both positions 119 and 142 of the M protein.

12. The genetically modified VSV of claim 1, wherein the mutation of the amino acid
at position 119 of the M protein is a T— N mutation and the mutation of the amino

acid at position 142 of the M protein is a P — T mutation.
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-71 WD 2009/ 082664 PCT/ US2008/ 087375 13. The
genetically nodified VSV of claim1l, wherein the

woraanswm of the amino acids at position 109, PRRUS2008/087375

10

15

20

25

438, 477 or 481 of the Gproteinis a K- N N- T, S

-1, A- VIG- L, or V- | nutation, respectively. 14.

The genetically nodified VSV of claim1l, wherein the
nmutation of the amno acid 5 at position 205, 220 or

1480 The gemetichllypmediéiehVEY gbclaim 1, wherem, thg mutation|of the amino acids
" BEPCHIVRIOY 924 Li3g, 4710 IRARIRALINOERTL biked, NV 9T s — 1. A
claim9, wherei'n the nutatio amno acid

pNéGtﬁd—n o1 85, | Prdaticgpespectyal. of the H V gag pr otein

isS- G L-S D- Nor T- K respectively. 16. The
genetically nodified VSV of any one of clains 1

t ha olghgeieticallyanadified VI8V of Glamitiaivherin meaﬁmamOme amino acid

T o 18, L BN R SRS 8 TOESRES, L8P s

genetically nodified VSV of claiml16, vvherel n the

mut ati on of any one or nore of the am no acids . .

f dpt Mer genesicadly smodifiech ¥ P ¥ 5 etaing i% wWhetain {hermadtaperoau@mineracids at
f Ik i t 5, &8 _T N N
oo LR O R BRI B DS Salis 130~ NorT
tKFEﬂﬁF@ﬁCtEL/SV further conprising at | east tvvo ot her
mutations in its genonme, the nutations selected from

the group consisting of a tenperature-sensitive

M6 alleogenedicpiyi mbdified AS\Obf aay graef cidiué f1 ‘[Hﬁ@]gh 15, wherein the
mut ation, a G stem nut atjon nan- c at hi

nitBioBin <y S FuE R BRANYR BpRo fPoUEE T} eaves Sabity of the
geings gariodipeand/or pBegepee.i nserti on nutation 20 and a

gene deletion nmutation. 19. A nethod for producing the
genetically nodified VSV of any one of clains 1

t h?oﬁ%hgéf%tucél@emﬁ&%‘@@Sngpéléﬁd He, ﬁ/ﬁér'e'rh' th%@%ﬁt%%rﬁ‘%f 8hy one or

V 1IN a conti nuous manmal i an ceI l[ine at a | ow
nrmqrﬁ= Bf thei aryingfacidgfladhar sasYten ynareasgrnvp!d owiusbiaduction from a

cglplllfec?é?j WilPsHid Girds. Pl @aque form ng units (PFU)/m for
at | east 5-15 passages, wherein the 25 virus has a

titer of at Ieast 1 x 106 PFU M and at | east one or

131, st TSR, VR Al lofrSers sS4t 98, furner

rrebrlnpnisumg at:leasm/\zwothe\hmumtlnns heutS/gemtsnélaBe anu.'tattoas sefected from
% east

&S hobns Ul ofh iflkeratfesa e T BRth, o oSt {fayBRca gene

Bekfflingr m2&8oc.ekbl G—stema mutation, a non-cytopathic M gene mutation, an
ambisense RNA mutation, a truncated G gene mutation, a G gene insertion mutation

and a gene deletion mutation.

19. A method for producing the genetically modified VSV of any one of claims 1
through 15, the method comprising serial passaging of a VSV in a continuous
mammalian cell line at a low multiplicity of infection (MOI) ranging from about 0.001
to about 0.1 plague forming units (PFU)/ml for at least 5-15 passages, wherein the
virus has a titer of at least 1 x 10° PFU/ml and at least one or more of the mutations

of any one of claims 1 through 14.
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22. The nethod of any one of clainms 19 through 21,

wherein the nmethod results ina 5 5 to 100 fold
whegbes26yi el d of virus conpared to that obtai necT/vb1008/687375

virus strain that has not been passaged for about 5

to 15 tinmes at a low MJ ranging fromabout 0.001 to

about 0.1 plaque formng units (PFU)/cell. 23. The

nmet hod of any one of clainms 19 through 22, wherein the

g@fethecapihpd wbelpim &9 whessn thendivsthas egieraol at lsesichs 407 RFU/MI.

stability of the virus genotype and/ or phenotype. 10

24. An i mrunogeni ¢ conposition conprising any one or

man eThef methed @& Bitier oak lof clami § bezh, Vb raih trangelioine i9a Vero, BHK,

cl aj ]" Ithr ough 15 and a pharmaceutical |y acceptable

CQF%%?‘? ¥&: The i nmunogeni c conposition of claim 24,

further conprising an adjuvant. 26. A nethod for

protecting a nmanmal ?al nst infection with a

pa2hOgemetod P aRy ereeo @aimsShﬂ throughrash, Mdgrado sy nethag results in a
5 a@% NoBLEI H; eﬁl@néldmvﬂ 50%58 J?c}’tc?fhfa?%t'a}h%d ViHIPA K}Frusoétram that

genetl ca nodi f one of [ ai s

tha@@gh baen pa$agﬁdﬁ@tmtf%w br @tr@étatrf:glow N&hfangmg from about
agajon s ﬁb&ft%q biafudMokHin lﬂﬁé!!ﬁlﬂ?)ﬂfeﬁ m croorgani sm
t he met hod conprising a m ni stering an i mmunol ogi cal |y
ef fective armunt of the i mmunogeni c conposition of

el r of al.ms 24
aggp en’ae@"%} Of gav piag © ?I%Wsh?g tﬂ“’&@f‘%ch‘?ﬁﬂ”etth&ﬁﬁ?ﬁ'C?f'% odified
aVSvndemadnstrgtet lze m&behseou Istalbiliey ofithdavitusageniotyps aatl/oa phevetype.
multiplicity-of- infection (MJ) ranging from about
0.001 to about 0.1 plaque formng units (PFU) per
10 CohlAn |r%§1u% BoRBe8HGh BEHORSRE AR O8e3 8P mdbe of the genetically
harvestin e cell culture nmedi'um Containing the
vinagdied VS\e phany giengl elpiesceihrough tuprd gadiemgceytically acceptable
fresging the cell culture nedium and e. repeating
steps a) through d) for about 5 to about 15 tinmes, 5
wherei n the net hod results inabto 100 fold increase
r us roductl on/ n.increase.in th
seav i FyRbperit ofplefortotsBpanater ERa i o Sowvant.
characteristics. 29. The nethod of claim 28, wherein
the virus is an attenuated virus. 30. The nethod of .
cP8in methogh &reiprotediegnmat REENmaRl @@ginslorinfaaliont Afithi gg pathogenic
15 af¥crBbanid, @H‘é Shdtinel Bbh élrﬁﬁ‘%@?ﬂlrﬁﬁiér@rﬁ? ah QQM’Mnbfég}ébfW%ﬁectlve
att enuat i on. . The net claim wherein
mameyat @ttpq;,ggneftlggllyrpﬁq)qﬁlqg W,S\ﬁ@f any eng of claims 1 through 15

27.A method for protecting a mammal against infection with a pathogenic

microorganism, the method comprising administering an immunologically effective

amount of the immunogenic composition of either of claims 24 or 25.

20  28. A method for adapting a virus for growth in cell culture comprising

a. infecting the cell culture with the virus at a low multiplicity-of-

infection (MOI) ranging from about 0.001 to about 0.1 plague forming units

(PFU) per cell;
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neurovi rul ence profile associated wth virus
attenuation. 32. The nethod of claim 28, wherein the
waoredoboskess used for | arge scal e production of PEIUS2008/087375
i mmunogeni ¢ conposition. 15 33. The nethod of claim
32, wherein the nethod results in a 5 to 100 fold
hi gher yield of virus conpared to that obtained with
a virus strain that has not been passaged for about 5
to 15 ti mesbathaprepiing thalcell plliuse medivm ¢orftaiing dre Yiewsgi ng
fromabout 0.001 to about 0.1 plaque formng units
per cell. -74 WD 2009/ 082664 PCT/ US2008/ 087375 34.
The nethod ef crising tB6 cembhetuad metliae; pr e- exi sti ng
mut ati on(s) associated with virus attenuation is
sel ected fromthe group consisting of a
terrperaturedsmgklhgmcmh%rb%d,@npﬂdﬂ mut ation, a
gene shuffling nutation, a Gstemnutation, a non-
cytopathic Mgene nutation, an anbi sense RNA nutation,

St on ong SRS sEpe 3 bt antuforaRtus S ey

of claim29, wherein the attenuated virus is a strain
of vesicular stomatitis virus %0 \/? 36. The net hod
5 of cl ammes) theeeteethraskis AL t0Giold ia
aci d malﬁé“ér?ﬂncrbé’sea if &b Oﬁa&m!’y%ﬁwdhrng déhopel gﬁétphenotype
one of the follow ng positions: he am no aci d
posi ti éh@’aitfgs’ft?ﬁ 142 of the Mpr ote| n, t he ami no aC| ds
at positions 109, 224, 438, 477, or 481 of the G
protein; and the am no acids at positions 205, 220 or
1280THaf methed lof glniot 28,iwheBain thidhndrused ho ditefuatd davimms 36,
wherein the nmutation conprises a conservative or non-
conservative am no acid change. 15 38. The net hod of
Cb@'megﬁvetﬁmeéﬁblﬁlﬂ b@ IMERIA @ htid QHAJ%efor RefhtbinHy any pre-
protein or is at both positions
10 1fysmmmt4aﬂora>(ﬁ) @%@mme;slrthfb\ﬂws afgnuatige. et hod of cl ai m
38, wherein the nutation of the am no acid at position
119 of the Mproteinis a T- N nutation and the

eeasaiReirgpPrasiuction/yield

Bt atheo medtiod bé cmir'nnﬁe aghereat tmx)ssridﬂhmh alléMds faf ntairgaiing a low

PPEhRlBhubieetbrbie alodBihal Wil vipf Rl TRIROY S0

p03|t| on 109 224 438, 477 or 481 of the G protein

nﬁ?a'fheofﬁethpéﬁ)@l@tm oy Vyherelvghq/@emp@lgg gg@%@nflarg;/e S(lale production of
P@MH%@QQ&WO?X&)&UO&

15

33. The method of claim 32, wherein the method results in a 5 to 100 fold higher yield

of virus compared to that obtained with a virus strain that has not been passaged for

about 5 to 15 times at a low multiplicity of infection ranging from about 0.001 to about

0.1 plaque forming units per cell.
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41. The nethod of claim 36, wherein the nutation of
the am no acid at position 205, 220 or 1450 of the L

w@eovesaed s P - L, K- E or L - |, respectivePgr/ugns/o8737s

10

15

20

The nethod of claim 35, wherein the strain of VSV is
selected fromthe Indiana strain or the New Jersey
strain or |Isfahan serotype or other vesiculoviruses. 5
43. The nethod of either one of clains 36 or 42,
whér Hienmethwdsefr elpim gp. wieredo tfreapresexstingupbigtien(ak pesociated with
e i . | a1, .1

ol Rod o AP SiseR, L e AR oI o Mnpck o sensitve
| S1dHioai AerPiftr BHiagon. patdeag ehidling Bubdpgani GHiesenutation, a non-
f r ting I t

P EPRANE L BefR FRIALT, Mg Phisendt B iy o Iitated o gene
vmﬁ@ion ] ﬁegen@tmaﬂl@gmu@tlarmﬁn@é@en@ delefiecmetatiphom t he
group consi sting of a human i nmunodefi ci ency virus

(H'V) antigen, an HTLV antigen, an SIV antigen, an

RSY. Bt hgetod af Ethivh 20! ivgerein & hilhuatdd ges, isaa Gvlin of vesicular

an&%gﬁp an tein-Barr virus antigen, a
VAPl Wiz “virus antigen, a munps virus antigen,
a neasles virus antigen, an influenza virus antigen,

a poliovirus antlgen a rhinovirus 15 antigen, a
hégatT he imetirod ofrdaimadf, ivderein henépHthiasiad le@st,pre,gmino acid mutation

apt i 9€Negidn h%@ﬁ‘éédo'nalng Mhrus (&Rt gﬁ » oft WV\QHI&NMM Lﬂ)%smons
antigen,  a togavirus antigen, an al phavirus anti gen,
rubelIH“B@Pm9§0@ﬁﬁig@ﬂmﬁﬁ1ﬂ86¥é§2@f&9§49ﬁ¥@gen a
Mar burg virus antigen, an Ebola virus antigen, a
papi |l oma virus antigen, a polyoma virus antigen, a
met apnéwnaving ysidamt pgstionsal 09c224) a8, 4TS o481 ¢feie Gaprotein; and
Vi brio chol erae antigen, a Plasnodi um fal ci parum
antigen, a 20 Plasnodi umvivax antigen, a Pl asnodi um
oval e gt dARBacs Bt pSIMMsWIsBIRE A1B0 AR Hd 196D teiRt
Pl asnodi um know esi antigen, a Streptococcus
pneunoni ae anti gen, Streptococcus pyogenes antigen, a

obac I orl t ococcus
g5 8 TElrol 7 isth sea Phe e R R R A & saneraiive or non-
aonesEmweangun@deME@e. antigen, a Corynebacterium
di pht heriae antigen, a Costridiumtetani antigen, a
25 Bordetella pertussis antigen, a Haenophil us
ang| @‘ﬁé‘ me@h@&f@dmm 5, WMet I the ANGIAN is FIHAEF bé‘smo% @1@' ér 142 of
an%ﬂg - 76 WD 2009/ 082664 PCT/ US2008/ 087375

Prefeingris #h e Pofiiansi 19 eRd 1ﬁ31°ét*‘6l"6@61§%‘”-ant [ gen
conprises an HHV protein. 47. The nethod of clai m 46,
wherein the HV protein is encoded by a gene sel ected
f B@rﬁ'ﬂd*ree@odtobcleimm% sthengin tiie ma@,tio@nﬁ/thepammo acifl at pedition 119 of
t ée?rl\él:/pﬁot%ew |S|§“ —> gﬁlltjﬁltlﬁg an% th ?\f gad)?%eo%m%haelc at6position 142

of the M protein is a P — T mutation.

40. The method of claim 36, wherein the mutation of the amino acids at position 109,
224, 438, 477 or 481 of the G proteinisa K >N, N->T,S > |, (A—->V/G-L), orV

— | mutation, respectively.
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49. The nethod of claim48, wherein the H 'V gag
protein has at |east one nutation at position 165,

WQZ9/083884 or 348. 50. The net hod of cl aim49, pBU8INS/087375

10

15

20

25

the nutation of the am no acid at position 165, 270,
329 or 348 of the HV gag proteinis S- G L - S, D -
N, or T- K 10 respectively. 15 -77

41. The method of claim 36, wherein the mutation of the amino acid at position 205,

220 or 1450 of the L proteinis P — L, K — E, or L — |, respectively.

42. The method of claim 35, wherein the strain of VSV is selected from the Indiana

strain or the New Jersey strain or Isfahan serotype or other vesiculoviruses.

43. The method of either one of claims 36 or 42, wherein the strain of VSV contains a

nucleic acid encoding at least one heterologous antigen.

44. The method of claim 43, wherein the heterologous antigen is obtained from a
pathogenic microorganism selected from the group consisting of a virus, a bacterium,

a protozoan and a fungus.

45. The method of claim 43, wherein the heterologous antigen is selected from the
group consisting of a human immunodeficiency virus (HIV) antigen, an HTLV antigen,
an SIV antigen, an RSV antigen, a PIV antigen, an HSV antigen, a CMV antigen, an
Epstein-Barr virus antigen, a Varicella-Zoster virus antigen, a mumps virus antigen, a
measles virus antigen, an influenza virus antigen, a poliovirus antigen, a rhinovirus
antigen, a hepatitis A virus antigen, a hepatitis B virus antigen, a hepatitis C virus
antigen, a Norwalk virus antigen, a togavirus antigen, an alphavirus antigen, a rubella
virus antigen, a rabies virus antigen, a Marburg virus antigen, an Ebola virus antigen,
a papilloma virus antigen, a polyoma virus antigen, a metapneumovirus antigen, a
coronavirus antigen, a Vibrio cholerae antigen, a Plasmodium falciparum antigen, a
Plasmodium vivax antigen, a Plasmodium ovale antigen, a Plasmodium malariae
antigen, a Plasmodium knowlesi antigen, a Streptococcus pneumoniae antigen,
Streptococcus pyogenes antigen, a Helicobacter pylori antigen, a Streptococcus
agalactiae antigen, a Neisseria meningitidis antigen, a Neisseria gonorrhoeae
antigen, a Corynebacterium diphtheriae antigen, a Clostridium tetani antigen, a
Bordetella pertussis antigen, a Haemophilus antigen, a Chlamydia antigen, and an

Escherichia coli antigen.
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46. The method of claim 43, wherein the heterologous antigen comprises an HIV

protein.

47. The method of claim 46, wherein the HIV protein is encoded by a gene selected

from the group consisting of gag, env, pol, vif, nef, tat, vpr, rev and vpu.

48. The method of claim 46, wherein the HIV protein is an HIV gag protein.

49. The method of claim 48, wherein the HIV gag protein has at least one mutation at
position 165, 270, 329 or 348.

50. The method of claim 49, wherein the mutation of the amino acid at position 165,
270, 329 or 348 of the HIV gag proteinis S - G, L - S, D - N, or T — K,

respectively.
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