WO 2009/ 065547PCT/ EP2008/ 009721 1 Descri ption Poxviral oncolytic vectors
Technical Field [0001] Oncolytic viruses are a class of novel therapeutic
agents used WBR'WNES4T eat ment of cancer that have the uficdEF2PPBYetty of

t unor - dependent sel f- perpetuation ( HERM STON. A demand for next - gener ati on
oncol yti c adenoviruses. Current opinion in nolecular therapeutics. 2006,

vol . 8, no. 4 i -30. ). Oncolytic viruses are capabl e of selective
replication n ignant cells and therefore offer |evels of potency and
specificity that are potential | yP@xiralipngelgic veptars conventional treatnents for
cancer ( Fl{iRRcaFidig ki ng out at di ssem nated netastases: the systemc

del i very of OnCOBtI c viruses. Current opinion in nolecular therapeutics.

2006, vol . 8[00Adl Lngehdigriruses gre arplasyeheevel therappitisadenissediPii¥es is that as
they replicate, t i | $i SthSoRbHEpé Ak sbpsts for
many viruses beca{%gm%%@%gg%rrtp e gﬁ?ﬁéiuﬁguﬁggqér on |8at h?/vai;ﬁfi nactivated or
have nut at ed t umperpetuaiomeSHBRMISHON. Phdemandilor aext-gerieratignl ansamtion t o proceed

Bri 1 h medl cal  9EPRATCosobk7 2P0 1 RV Ther i8S i K40 TS

viruses are nat urpd23+3a0. Oncolytielieatas\wet rapealpk iof a¢lective repliaatiah icel [ s but

oncol ytic viruses can al sq be t ai ned nodi fyi natyral .y . urring
viruses. For thi @ﬂWﬁBL%eﬁ'st%QQﬁ%ﬁeﬁP@ﬂﬂg?E@dﬁgs"flyeggeg‘cx&Pﬁéﬂ?f' C'B/gtﬁﬁ{) °fy the
viruses include: dowiiallpfalhigher eldroeshvientierse eehingénty fdralangem e SHBRYDr - of
tissue-specific pronoters used to control the expression of tt}ese .ral genes;

n > . ! v
and tropi sm nodi fHEKEPY GHE alissamipaied meteniases e pystemic delNeRoT@RCPYEGr f ace. In
the near future, \Quead YELFeRESHRYh A ERIARNINELEMIRNDDOB 208 Ro iUl |y realize
their potential as critical anticancer tools and, thus, inprove t he prognosi s
for patients w tP-3@1-13nahhe enefites using|thpgs vieuseg|is thehasihpyirerligatovi r uses as

antigliom agent : J f i ; %Qé}ﬁ,, ; 6, no.5,

p. 697-708.). [OoggT)Eéggmee%ra%tg%“%@%ﬁgégﬁéé eﬁlg(\?;s?%’{]og no i\q‘"i\ﬁggssel ectively
to replicate in aedaksd theydiave thehantivivat intarfgseBpathway insetivated ophaee devel opnent
by Onyx Pharmaceuticals for bl nt j .4 tunors,
i ncl udi ng head aﬁutﬁ%@ym&g&%%rggggt equg% tiﬁgﬂégﬁc\é%g{eﬁp}é tfgﬁ%?g?éﬂete gi s a W
2009/ 06554 7PCT/ ERzBictaD {7 CHERNAIOVISKY actt al sftighting cancet Wil ooeolylies a

| oss-of -function nutation.at the El B , pr t ich is a 55 kDa
protein that bi nd’ér“?%s'g’g’s?ﬁ%‘i‘{’?‘?/é@é’ga)t 2@%%’§f$%’rﬁf’%§%ppgzg‘%]5'pr otein. Thus,
t he ONYX- 01fpoadpravmeé Vitudes 418 PRAFSNY lsle ke syectivelymablicé irsturitadiioeds edt .
Mutations in the p53 tunpr suppress ene are tgfyim)St common t%ge of genetic

LU or ;
abnormality in cafeabtic Mﬁﬁﬁsrﬁalﬁ‘ga"f%b?rﬁgt@"f%w Rapfyig nat!u[a Wé]CG\"_" ncer types.
Thus, these cell %iﬁé&.%%@?h#ﬂoge}metrhan}étrbtb@iesme@muwehﬂy femdiifytheepl i cat e
and cause cell death. ONYX-015'is in ongoing phase IIl trials for the
treatment of recuwiruees inglige: nationsd Releigeein essrabA virpl genesl WIMasr ool or ect al |
ovary, pancreas I . L : i i.ye di sease,
esophagus and |Ii \e/}%gu?gpr%ér]fs'é ?%ﬁ%gp Rg?ﬁﬁ%&é S%@sé@nﬁ@gﬂfﬁw%ﬁ?%ééleuti cal s.
Current opi ni on igenesyvarst rgEismonedifichtiogdo redi@tt adesiovitus teothezangericefo- 5. ) .
[0004] Naturally o | yitic Vi i I 0N e J t hat have
an i nnat e abi | i {ydgosdn ds o e trbeh Bl sRfoyees SRBEITHL MshiBi T ' 081 g
used in the ori gifoi reatizectinpirpotential asitriticah asticantcéttobls\emdy thussiesprévere decades

ago, interest in paturally oncolytic viruses has |a ehi t he support for
engi neer ed adenO\}F? awé‘oa%dm tﬁ\ég\/‘fvmg?i'g%@tcgiﬂ@@??gﬁbg\ﬂgp%ﬁlid%g?&ﬁ&ent ly,
however, there hagechsaruseenevREgiidthebgshtsi Bxbérerdvidnopaieanyeranerapsl ectivity
of these naturally occurring agents ( ROBERTS, et al. Naturally oncolytic
viruses. Current nYeid: pﬁ%ﬂﬁ%&?[ﬂ%‘ )t her apeuti cs. 2006, vol.8, no.4,

p- 314-21.) . (doB8P Hor AXBRBI BNYRIM S, ANE@ENGVirkis YhddiRRISselaRiTEly b feplithateses (a
Poxvi ri dae) possess many of the key attributes necessary for an ideal viral
backbone for use dnd kihedlsythathajberqrdfemndigfionsHe yaderavalpemens Ry AnYKi f ecycl e,
with rapid cell-tg- t : L i~k : | oni ng capacity
and wel | -defi ned ﬂnﬁqﬁéh?%wagﬁg[ B%f&%léégg?ﬁ%ﬁ,& g+r¥%8§8h&i%ﬁ%® e of
replicating in hiunendioghead ahtiegclargastrointestingi arel pancseatigttumars. Héakt h pr obl em
and are especially well characterized, having been delivered to mllions of

i ndi viduals during the canpaign to eradicate snmall pox. Early clinical results
usi ng either vaccine strains or genetically nodified vaccinia strains have
denonstrated antitunor effects ( THORNE, et al. Vaccinia virus and oncol ytic



WO 20091065547PCT/ EP20081009721 3 virotherapy of cancer. Current opinion in

nol ecul ar therapeutics. 2005, vol.7, no.4, p.359-65.). 0006£ In contrast, the
poxvi rus myx¥Aa'0¢8Y i s a novel oncol ytic candi date thdCTARSBBMR st ory of
use in humans directly, as it has a digtinct and absol ute host species tropism
to | agonorphs (rabbits). Myxoma virus has been recently shown to be able to

al so selectively | il yoon geld ' [ that is

| i nked to dysr egJ%‘g%ngtghfiﬁt?aﬁhaelég}"F%%&g?ré%gglI?én\sgéjépfgp?lt\?\%ﬁh%gg?lg[ﬁ‘% ?LBé majority
of human cancer s.locis| therprodest of whidhne s SSkDa& prateinnigatkoirds tecgpe on t he tropi sm
of nyxoma virus for human capcer cells, as well. as preglifnieal..data exhibiting
Tt ATty Lo i AR Pas frpduerestontelan Tolerte SREERET ( STAnFoRD
et al. Myxoma Vi ragenaviclsdeappdded tyilsavesrmpy celd unaiebted) Motationsapme i n t he
war agai nst cancer. Expert opinion on biol ogical therapy. 2007, vol.7, no.9,

p. 1415-25.) . [ 00(PPP !Y@ORRYRRIPSISN GSNERIe [NSODBYt CARMPR LIS HNBHC hi gh doses of
Poxvi ruses necessi¥rhQitRflée8r, Hdcaitingli & kha®f A BC dlidhsjBecarmper City issues.
The majority of adverse events are m nor, adverse reactions that are usually
linked to Vacci nitgpes. Thys.dheseseglis-are suseaptiledoithe Viikre whishewill readilyache,

fatigue, nyalgia, J Joler:1 i I ONK,: &ﬁ# | £ NASE eryt hema
mul tifornme, | yrrpﬁgg@ﬁgép%?%§, anC I?f%ﬁ”'?%@\?&%@?na ?@nﬁiﬁegﬁqﬁﬁﬁgr reactions
m ght require addh¢ treatmbertt lofrempirest i@adyand Meak cancei, ipbase ilidals ferr apy and

i dof ovir, - th A t] ! [
further evaluati SHOSeharal Phike et T RESULERER SRR B orenar al | zed
ini , e vy dizehsatasop D@ AEA( GCQ@HENn ehal( OMWY,X-
\r;ggﬂlglcgi ENGXI) cg t%ﬁ‘vﬁeh gﬁ? S .??n?s aﬁsﬂeg@g. adr)lrgqf et al ;chi(aniwa ( CONO, et
al . Smal | pox vacdRaPn¥k ﬁﬁﬂ"% Fals- CULeRs epyyon @J’l”&ﬁ%’gg 08 HG%hi ci ans. MR

Recommendat i ons god1! eN, he.12, parkod. 4y and nortality weekly report.
Recomendati ons and reports / Centers for D sease Control” 2003, vol.52,

no. RR-4, p. P04l NaturaipQopolytif,§rusen &re ranicatiaiacarppeteal dusep At PA¥@aNwi th an
oncol ytic activi iynAs 29 o%%léc%vél?‘ﬁiféct%fd%lﬁ!unfd?%@ﬁ&@@sr it€ bePRale@naynd Art
WO 2009/ 065547PCT/ EP2008/°009721 4 [ 0010] US 5364773 (VI NETI'CS CORPORATI ON
(TROY, NY)) 15/ 11heaodgingkaitampe o Heatrincpewith beowniseaiive ge%adesago. nor e

particularly a v | i i i i AESRERE! i k44s- encoded
encoded genetic ﬁ]ﬁt%t |g’n'\s{été'loémyﬁg¥6lpﬁceV|B%%%#é?tr|1§%elapOXV| ru% sﬁgg(\_{%ttenuat ed

vi rul ence and enlengoeerachadgnovirusesand herpesvirusehas genedriteerapadtidsons ar e

i nactivated by deleti an o i r i Virul factor or
by insertional i %“tef‘\[}gt*l"ef‘f?"g(ﬁq%%'%g‘ gr%Féé%g?%g%&gH&edhﬁg pg)%\ﬁ%yul ence
factor. Mre partandWetsdtiyity dfithesepasterdlydesarinhegeats sROBERTISyetals i n whi ch t he
open reading frame of for J2R B13R+R14R . A26L, .A56 7L, - Kl and | 4L has
been i nacti vat ed%amﬁaéy\?ﬂ??l%“d(w&&) (E’iffg‘?ﬁftf’é’”@?fé(W@égﬁgé?’eéagﬁéjéffﬁr for a
foreign nucleic agod, #hS, H6QJp@I4avacci ne for inducing an i munol ogi cal
response in a host animal. However, N YVAC is unable qto efficient Ig/eir eplicate

in nost MantPRPPhrAE@IN2HERIY ARCANHC KEuseseYacmniar TsROIBR PV INARPUROISERF ANGZHI |
et al. Vaccinia vhsMsofthe kBY Qitfbites HERshPy 1 bAliddaf Pirdl HREkISEhe fBr hsgmn and
rabbit cells through a cell-type-specific 'set of its ankyrin repeat residues
that are disti nctoncelyti¢ viretheiapsi Hleessi ineludep shoprifecygleuwitdrapid coli-foselgy. 2006,
vol . 353, no.1, p.=220- 00411 4 \ S) )

19/ 02/ 2004 descri gé;aoggﬁg%q Q’Ir“ggﬂ’@%‘(c%@g%ﬁﬁ'ﬂ}gﬁé@%ﬁﬁ%ﬁ;@ﬁ"%ﬁe or nore
mut ati ons in its moleallageinioge. InRekldionbalkthaughaiapeble direplicatitghie lmmarore of t he

foll owi ng classes_qf .pol ypeptides:, 1) interferon- | at.i i de; 2)
conpl enent contr oqeﬂ%&f%@bé%t rFodgopsng?rQﬁ@:n%tyraéﬁg%@kﬁﬁgﬁr@éh&gﬁ%%%%%pepti de;
4) seric ne prot easwaeuic dlimirétitérfzre;d. Eévihgbebpdgmmuéditd nnglliqmlc?ipmhlidmtgs dﬁ?i]ng

non-i nfectious E orm pol ypept.i des; an 7)., viral polypeptide that act to

i nhibit rel ease 5“\"/9 Pﬂ@@é@ﬁdé?r‘ﬁ'?qﬁ% Sm’a@ﬂ?’ééq)r@ ck"é'ﬁ"f"i ’-g?‘rqglse%dg'i"%ﬁ' Sirus form
pol ypeptide). |n \adeihtisGBinsBilgahbidafly mbdifeblvaeeinid Sihaied havaceermbmstiatedis ar e

al so disclosed. [0012] Vaccinia genone regions such as A34R,  A41L, AS53R, B5R
B7R BSR, B13R, BEWiungreffegisyRTH ,,qszd}%(acetm@; VipsR angbencoitic, vC12L, and vCKBP
are nore particularly described in this application. Methods of the invention
i nvol ve using any of the poxviruses discussed herein. The inventors al so

di scl ose nethods to treat cancer by adm nistering to the cancer cell or

patient an effective anount of this altered vaccinia virus. Disclosure of
| nventi on



WO 20091065547PCT/ EP2008/ 009721 5 [0013] The inventors have surprisingly

di scovered that poxviruses conprising a defective F2L gene have an i nproved
safety prof iW@2M6R€pt an equi val ent gncol ytic activit PIESHYIEPEPt o their
natural counterpart). [0014] The preseﬁt invention relates to a poxvirus
conprising a defective F2L gene. [0015] As used throughout the entire
application, the i y nean "

| east one", r§1{sh'ltEF %P}%f C%B ger %‘brre?ﬁ 8’0 ,ﬁofb(r?’ce;n n%/éé)ﬁaﬁ?@/%?ﬁ?{?%l 6¢§t he
referenced conpoweh?sun4 mﬁﬁ$65 pnless t he context cIearIy dlctates ot herw se.
For exanple ncl udes_a. pl ural cells glng

m xtures t h@pggl? lrt‘ ?’é@ti%ﬁ? t%’ﬁé)of(e'f:‘fﬁ RNy 'ru%\)ﬁ‘e"‘} %?/V OU%OIﬁt'%%ar”éi' hﬂ udes t he
meani ng of "and" hasei'histoe ofalse |I®huﬁia)/|s@irbeﬂfy, @enttiasad distincfantdselurent s

connected by said ternf, [0017] The term "about” oqor "approxinately" as used
herei n neans wi t Kioft %Rﬁ?desdf%q" a‘Bf%QOWOt’Rh%Fi@%S) a{ﬁﬁ‘%ﬂg '“bsr'é"t’rm}? y Wi thin 5%
of a given value r@éeﬁt@%@wn[@@e?&b@ﬁ) a4§@QeIB@tW%'Iﬂnféchﬁn@ Rﬂlﬂ@maﬁﬂﬁﬁfdrS' ng" and
"conprise" are intendéed to nean that E{ﬁgro ducts, conpositions and mnet hods

i ncl ude the ref eﬁ@ﬂ%@ju'@@wbtfﬁ@ﬁmsth@'ﬂsé'ﬂ to WethQ%&r%&I'WQr Ygnalling
" Consi sting essﬁ@ta'trﬂl/é%@ nd WRE n‘@@ﬁl to@hgﬁ\fahrb%n{?ér@dT'HIE%VI&\Q%ﬂﬁle'tt%ns and
nmet hods, shall an excl uding oth %rrponents or ste essenti al
si gni fi cance. Thuxjsting kooptesigeioorthe tmpisat 4>frfgymnwsa£r tzumfantqaecqarem ted
conponent s woul d
acceptabl e carri e?ﬁé a &%@%’s ’.ter‘%@?‘g I%%%Qﬁ Qlthgﬁsggﬁ Q%f@@%ﬁ&é& an trace
eI enents of ot hertumoryioraeithal modeds ebsanc[eﬁ()]&]]AM[éOB@edt aIeNtwomatwrestaedm
"poxvirus conprisin def e gene” refers to.a, poxvirus rising a
dolot i on. subet | eyl BFOGRPYS B ASM piolhEe Heanh  HRH 404kt 4EBFr he
def ective gene, @xpRoNObONEidOGCE thérapp00Ts%llTi hbid, psiaBese).n said
nodi fications lead to the inability for the virus to produce a protein having
the activi t[;QOQ?] the protein produced by the unnodified gene. In a preferred
enbodi ment tdchhib AréBi&Rt i on, a poxvirus conprising a defective gene refers to
a poxvirus 1n which the V\/no ene sequence has been del eted. Mutation can be

made in a niQRBRK The inigglionpidya 1 e RIdePxV S R0Rs PO BN A9 PR PEDIB0S/ 000721 6

skilled in the arntithdtel éf%é@l‘ﬂ?éébat@&lcttﬁe‘éﬂeﬁuﬁfémé@hf}&ﬁ%dﬁl@fse@@hfsyarég the
genone of a poxvirus are available in the art. For exanple the nethods

di scl osed in MOCARTOr, @dveyise regatoasithat asbeyalydiskedhip ipedinia virsare st ect i ve
vaccinia virus mgpaay JhaCicRRietVar ﬁ'ééb%chb”@ﬁ&u@ﬂ%{a\@é%ﬂsalcﬁép%ﬁ‘ factor
genes.. Cancer res. 001, no.61, p.8751-57 System ¢ arned
oncol yt| c ans i mfaaﬂiloogt raortSIpeclﬁpyaSm@S entheaa muttlfprmb'mpt@dea@@@hbd POXVi r us

20041 014314 ( KI RATBAAERL DEvar  GRRRSHE, Bt teiche shntRali adfinpal 'O

CORPORATI ON ( TROYherbides (6.9/, MIG] 8Sisstdian therapyg edd toofovirdasecertklipoxvi rus of the
[ tion. Th th d h t I ti
par ¢ 1 cul arl y el QUEACYY AdE A EeetaNs 3A) D d oty tring B BRI orBRepln. "

Sequences of the ngteuruumaatervemimalanomvggnegaa&eawecamai(eafoj@:zlemat he art, for

exanpl e, the vaccinia vir ox Vi rus X VI Ect ronelia virus,
Myxoma virus gendfednaug @Qr P29 eess'v,e V@@ﬁ*ﬂ&ﬁ@’%@@%@cw CERERMNSNCW06998,

NC_003663, NC_00336@m &ige&é&%%,fetm&@ﬂﬂa?@cm%qfal @hé/lldox[v@@&ﬂ&atuo% used

herein the term "poxvirus” refers to a virus bel on to the Poxviridae

fam |y. Accordi n@nd@dyefsedeastiong. @#@@apmtchm@nesp/?l Rus according to the

| nvention bel OHG%éc%ntfgsn&th%ggw%M@% MWMaﬂM} Rebkpl&sap! y to the
Ot hopoxvi rus genus and even nore er a% 0 the Vaccinia virus specie.

[ 0021] For exarrplli’ﬁcdﬂane/ﬂdaﬂa?nsandﬁmﬁsa’ G@temfoeﬁ/sease Fpngol. 200Fy, LCl6MB,
LC16MD, Lister, V ) 65- 16, Weth, Ankara, Copenhagen, Tian Tan
and WR can be uséed Ig%tcncogég %1[2&5 particularly preferred enbodi nent, the
poxvi rus acieo08] Mhuspthereisineedrion safer Boxvirvsexwith anwncolytic actaitpss Qopdnhagen.
[0022] The poxviru acci |a contains a |large duplex DNA genone (187 kil obase
pairs) and is a r’?‘éﬁﬁ i P%CBWT‘W?HBM family of DNA viruses that replicates
in the cytopackgmued Aitnf ect ed cells. Because the infected cell nust deliver

| arge anobunts of DNA precursors to cytoplasmc replication sites, the virus
encodes and expresses many enzymatic activities required for WO
20091065547PCT1EP20081009721 7




DNA net abol i sm and synthesis, including deoxyuridine 5 -triphosphate

nucl eot i dohydrol ase (dUTPase). [0023] Deoxyuridine 5 -triphosphate

nucl eot i dohyW¥Pé1d8e>{duTPase, EC 3.6. 1. 23) cat al yzes thé @W‘é’?’é of dUTP to
dUWMP and pyrophosphate in the presence 4of My(2+) ions. dUTPase in renoving
dUTP from the dNTP pool and generating dUWMP, is involved in both maintaining

he fideli
br oduct t on BPPIRDSSERAHIRGRENENES CORKARAAN Bfae NEPXE PT84 D,
P"r)oagi n ezgggegomstﬂrtEs@mogmad r(acdmm-moxwrmmm@'emaﬁmwmmemmm86192&:6 o
u
t he F2Lpgene of tVffls 53\5‘89 magtnwtpﬂgopg%g??\%{s eqcﬂé‘a‘gﬁﬁg%q%(ﬁgeé]eéécess?on

nunber M25392, SW&!@ﬁ@&oMth@ﬁéﬁoMrMpokhmsﬁiﬂs 4IMBaied WaleneeRNdoX Vi r uses

genones are al so available in genbank, for n1p Vi a acceSS| on number
NC 006998, DQL21%0hanegd saletya 17 paisalghdae Qﬂmﬁe?ﬁmﬁ@femﬁ epd¥375094,
D0437593, AY31384Zie M%}ﬂ reNGn8 88 %5en 3P9endiG0R3398y NC 003389,

NC 001132, NC 003310 NC 02188 5027, AY243312, AF170726, 11157,
00011156, DQ0111F8erivgg! nestvation anspenxeadisg rayegrsodingymyigdence 104848,
AF198100 and M4 efp gﬁm‘é f,hat of
Copenhagen vacci ﬁ?%oslj\ﬁr)ogl #3 Q%r@ useéc]é} o) s?gyéf%gé owg%gg%lr}]swggnes of ot her
poxvi ri dae unl esshebper wiasling frafne af td J2RoRéIBHB14RNA26L0 ASER, &7lr-Ktmy be

Copennagen-and. MoRA4EHaEE BefP bbbl TS i LRIV Gltnod RESREBGBRENEC, " 1008,
no. 244, p. 365- 396‘yectoiﬂi}%5fbr64gmnudengactd)am pseaf &3 a @dcand totiimiuting ar’ne poXVi rus

of the invention furth ri ses. a efectlve J2R 026 J2R ene
encodes a Thymi dl"'HE“‘IQP %R?"%i”ceh S ANPBAr POWPV‘?%S'P\QAMA J‘ <\’/vay fgr

pyrim di ne deOXyréffmémwlr@;@ltdat:kemsﬁaéthﬁémmalﬁﬂneelé%a@tdaamo@aé@bw@d apy TK
i nvol ves the transfer of a noi ety from ATP to Zdeoxy- th}/m di ne

(dThd) to produc@nﬁﬂ'ﬂﬁ H‘ﬂl‘?ee/%"AN ﬁﬁ'sbfﬁﬁ?'@'a("éﬂ’ﬁ/ﬁfﬂ L ppgied sHRPOSMIET TK is of
type 2. Type 2 TKs,Raysn i RiRan Shd PAOIR@RNS Wsuqmalcml SEPRMictset byike 1, being
of -25 KbDa but V\(§2009/ 06554 7PCT/ EP2008/ 009721 8 form honotetraners. They are
sensitive to the ahkwitbeepkat iesidsies dhal agepistioet ftprrms mmllrtgrﬁl@rf@r H6AEZat ed at the
end of the metabo narrovver substrate
specificity corrpé)rollejcf’a%ypy@%qyg?% ané_ rfba'va late 2" deoxyuridine (dU)
and/ or dThd0Q1HL \GNERNQ4/@143H14. (KBRNMVIDe(Llﬁ) \ﬂ@&ﬁ/m% descnbes Byraitdielde ki nase in
no b, p. 22,y [ oBseeAd e Sou e 857 oB o Mo K Graldelei® e hods 1o
obtain themare mnhbéd mutanlohber@mtond:mmeveeasfphefollbirvmg@asdelsmg of MCCART, et
al. Systemc cance t her ap a tunpr t|v vagcci n| Vi rus ant

| acki ng thym di n®° Pﬁa%e aﬁb qﬁ&f?%l@%% yzﬁ’@?ﬁqe 8EP %%@Pnfpélsear ch
2001, vol. nOpaﬁfpeEn(iHB:i) TNF ora%mlmcﬁiula’ﬂng péapeptidd 49sefnyyect or for

t unor - dlrected gene therapy: biodistribution of a thym dine kinase-del eted

nut ant. Cancer gme@%mawor 2o, Ip Raduiating polypepties; 673‘0” -infehigyp ERY al .

System ¢ adm ni skg@i bOPp&Htigs! &K THVRAHolypR Pﬁaé\trﬁat\éurtasnrﬁts.pféé@m the

cyt osi ne deani nase gene and subsequent treatment wt fl uorocyt osi ne | eads
to tunor-specifi infgelinaisesrps &ogi @eﬂsa(ﬁdtl -fedtiong airve forar padypeptidal. If n i ce. Cancer
Research . 1999, 3 a

poxvi ruses del et ega!‘tlgrﬁ t H%?Séilnrgéﬁoﬁécfg%%fﬂéﬁgy”?ﬁgret%Sgaggegggr ed

enbodi nent , [00h2] Maceinfaugeranooregiong SuchtaseA34AR; AILoASBRABIR B7EHRPRI ses a

f i nt or est _cont BAE. S SR spe R Eaamn £S5 EDEF ERK AN G888 e or ot
which is a ther aNeJNBFCarIthI@baﬂlcﬁulalw desctibed apthist appligative) Methddshefrtageut i ¢

nol ecul e” is one which ha rmacol ogi cal. or protectjve ac vity when
admi ni stered app/Eian 5]"9"’?dpsé[‘gp%ﬂy %fﬁ‘?gp%‘ﬁ%'é?%&sﬁ“?ﬁﬁdl h&ieing 4“? ering froma

di sease or ill negseneiidialsoisdsseiethoas s teecdpicet BEbGHinag@intsto thei s di sease
or condition. Such a pharmacol ogical or protective activity is one which is
expected to be r épReFell @ patirian; effegliveamernt ¢fiihis ietesuaseingy ViisSsy npt om of
sai d di seasgisQbsupbfdnepiich tion. Wien the skilled nan selects in the course of
the present invention a gene encoding a therapeutic nolecule, he generally
relates his choice to results previously obtained and can reasonably expect,
wi t hout undue experinment other than practicing the invention as clained, to
obtai n such pharnacol ogi cal property. According WO
20091065547PCT/ EP2008/ 009721



9 to the invention, the sequence of interest can be honol ogous or heterol ogous
to the target cells into which it is introduced. Advanta eously sai d sequence
of interest WRASHIESSHI | or part of a pol ypeptide, especiPAIBP2W8PHEHapeutic or
prophyl actic pol ypeptide giving a therdpeutic or prophylactic property. A

pol ypeptide is understood to be any translational product of a polynucleotide
regardl ess i epti des and
pr ot ei ns. T@er péﬁ?l'%é%%teagtgl EJ [ @@ ag%&%é%t%ﬁ%ﬁ@ggigshﬂ%ﬁ%%se

pol ypept i des t hatdetmtive 62p@rsatevé an imefavedisatety prafid butikent apﬁ@ﬂ'é‘ﬁh’@t in an

ani mal or human qrgan f effects to limt or
renmove har nf ul céjlnggly#’crg%ﬂ ﬁ“&ﬁ%@rgﬁ?ﬁé@eﬁg@%u@ g%{gﬂ%’tp?ﬁ}mni ty conferring

pol ypept i defgond Cihegeeseas iraedtige rdates a0 hippenirdscenprisingea defactive 8PLor cel | ul ar
response, or both. %0030] Exanpl es of pol ypepti des encoded by a therapeutic
gene include gen@?n odi ng for a cytokine (al pha, beta or gamm interferon,

i nterl euki niooh 5] Ry ddedith@ughbatdhe khtife aélghcét(i'brplthd tlen:’hB "a eaﬁdfrmr aneesesi s factor
(TNF), a colony stimulati ng factor Gw CS|

i mrunost i nul at oryn e sarepthatdheyamean “alieast.one”s ﬁ@'ela?k%f'mta %ﬁdﬁ%’t“}l on factor
(FMIT, FIX . SRR "fcﬁ@ﬁfreférshe@&fc%abn&n@opweas Fmégthz%ntéit brobl ast
Gowth Factor F an an enzyne (urease, renin, thr

met al | opr ot ei nas@Jeanlh/tdictt@tesmﬂwfv@ﬁnfaa@ean\@s, thgdeym '('ﬁa@%ﬂ"éﬁsc‘éildes)a an enzyne

i nhi bi tor (al phal [ S viral protease inhibitor,

pl asm nogen acti &) %{B,IOEIEMESI’ r%}uc%ﬁé h\%?u gﬁﬂéé}&é{m (Cystic Fibrosis

Tr ansnenbr ajde16o rTthectean andrer wharerey usedherai) inchsigs ithg mepsingabfiand”, a MHC

of oot ul ar genasor anpior pLaR oleE EmaffebaTty fRRRH BheaRLbI AR R 23T

or viral infectiaemer its devel opment (antigenic polypeptides, antigenic

epi topes, transdom nant variants inhibit the action of a roteln b
cgnpe!tol t i onl0017)) | -mz? e%oﬁ%?@' iaHBrl%E?atSL gﬁl’fﬁﬁg ﬁﬁ?e' BgQns %’étﬁ é%@ 5 Y

cytostatic agent frgRfabPwitin 189, -and mére @r@férampwmtnes% of An vm& v,
ApoE...), an inhibitor ‘of angiogenesis (angiostatin, endostatin...), an

angi ogeni c pol ypé@'ﬂg%le (famly of Vascul ar Endothelial G owth Fact or s VEGF,
FGE fam ly, [ éegi Her&ih Uletemts ‘ompnsir aﬁadc&lﬁﬁlﬂse afe PreraRA thadi cal
scaveyer, peptl e having an anti-tunor effect, an antibody, a toxin, an
WO 20091065547PcmmmgBﬂ@030 ctg,ormansitions and ragtiods inglure the referenced
(beta-gal act osi dagpnchlfitsldt SRR, but Aot YecBBioBifEE, CHIRRIRG Sl MERPbrt NAL are
recogni zed |ntheat s bein i e treatnment orf prevention of a
clinical conditi then[lm:ﬂ]t]) dgfine plyldecsntompasiionsyanesethodsushallboearar e not

Ilmtedtothose enc turmr su .[%ig,, NF-1,
Wlms tunor, (ir 006’1%”95%1 SB%%S g{eafg' %g\/\g‘?l B&iflc?aﬁg?r repectl ve

mut ants), sui ci de:ogqmeltubh@dugtsmg esteintiaitli efthe edgjted pbipesentsiwdild hotg cel | ul ar

di vi sion or transduction si naI ?[5}003 Accor di n to a %@EI cularly preferred

enbodi ment, the ;%5?\5"??15@081" E‘WQ"? %ﬁf‘a&ﬁaf’ﬂ?“f%F B'O?FﬁPP GArE%Sci de gene.
[0033] Suicide gepensisify o sRalPm@8AxEREINGInSreRhat Bhe BRhRntHotsyert a
precursor of a drug into a cytoxic conpound. [0034] Suicide genes conprised
but are not |im tc@MPOHERERESERSdi ng protein having a cytosine deaninase
activity, apymAl lﬁh‘zedkﬁé?é‘lﬁeth%q i S ki cHr‘hﬁﬁélhg @r&é‘?&ﬂ% lJBA&Yierdrs gaf er ase
activity, a purine nucl eosi de phosp ory ase activity and/or a thym dyl ate

ki nase activity. Ho30BE camprigigs defetisni sbstitugen s adgition: trenesgfoneieng precur sor s
of a drug conpri | e t W ng

Cabi e rooss] TANFESag Bt fsIREATeTnE, o A AhaaRR thibd pRclleR T

Ganci cl ovi rel ai diwtmrendestdempdqﬁeatmnsllead tq thAoryaﬁlldyfor the&veirgsctipairodiice a

(E)-5-(2-bromovi np¥ot)e|n2he1vmg e ac'tlv&y gf’thé'p(rjo gllljwddrgguce% b)ﬁﬁg iRk %@%Cg% %‘f"t hym di ne

In a preferred embodiment of the invention, a poxvirus comprising a

defective gene refers to a poxvirus in which the whole gene sequence has

been deleted. Mutation can be made in a number of ways known to those



Cyt osi ne deam nase 5-Fl uorocytosi ne Purine nucl eosi de phosphoryl ase

6- Met hyl puri nedeoxyri bosi de; Fl udarabi ne uracil phosphori bosyl transferase

5- Fl uor ocyt %P AYI0&547 uorouraci| WD 2009/ 065547PCT/ EP2 P§8/¥F@F9%¥ 7211 Sui ci de
genepredrug thym dyl ate ki nase. Azi dot h39rri di ne [0037] According to a preferred
enbodi mrent of the invention, the suicide gene codes a protein having at |east
a CDhase act|V|ty way by
whi ch exogenous cy?%)@ﬁtgblsasd lggr{g#}s/es% dé aC| M%@fﬁ%gﬁﬁ@hgﬁ ’P@FH%dr olytic
deami nation. Wi Igenﬁ]lﬁesm! agmixviviig iamsa\mlablebeme aterﬁmslxaa‘tpmjthenn@mﬁar yotes and

| ower eukaryot es i Q of Bact no. 102,

p.607-15. : BECKY °§F9'” q@%ﬁﬁ% g?Pég%te ?8?%°gey?'19§8@99'ﬁ3%9t %°’p 219-28.

E%EQSCH et I al . sgleégw Y@dcnrﬂé virtg TglléaSrﬂu@:kmgStﬁﬁm&ﬁne Hifdde andvd&fihiap. 112-18. ;
et al. . J. biol. chem re not

préelggnzml n nggmﬁ:géo"glﬁéfﬁ-ﬂ?ﬁ‘g; e?ajﬁe”esB?ﬂ&g &%éaplggﬁifq?@g:’ggﬂ 1?(6)(6)38?0. 15,

p : ie d S ifYm thErapy-for & X-

CDase al so deam natses Ianmz:leralal ogﬂgﬁ of cyt Olél ne@cl . e?@% ofrl Sorocyt osine (5- FQO),

t her eby forning §914| abrreeled AoXVires expressipg BM-CSFa MAURGHRMENSIFRRYICi s hi ghl y

cytot oxi c when ityg &pwgg ggplmnt W@Qfobﬂﬁﬁ%ﬁ/ﬁ(ﬁﬁﬁ §)ej | s which | ack

beca I

CDase activity, e|t er use of’ a nutation nact i vat es the gene
encodi ng t he enzwﬂé)%ZOQﬂeaads!éStﬁﬁéﬂw VIRQAGENETICIEORFCRATION(FR®Yenzy e, as

ar e, ALl an S 187 8E A ok B fydoeithBonfhustrme plghidnp

Bacteri ol ogy. 198%thods dJEdloseu E]ﬂléezémileof tBy poesent a;smh,catumram ian cells into
whi ch t he sequences e co CESa ctivi t,}/ were tran rred btecame sensitive
to 5-FC ( HUBER, Péf’“céf rly ’e@gﬂ'& &racPP Vi§§§°°9{8'”§§°(3"be WEFiAs26. : MULLEN,
et al. . Pr oceedls&;@eﬁéestchahé\lgéh@ﬂelofAeandagpowlr@eser&:eeaneblenhméhnt ed States
of Anerica. 1992, no. 89, 33- 37. ; WD 93/01281 (US HEALT'I?S?E In dd| tion,

t he nei ghbori ng, W@@%@dh%ﬁc%@ﬁlvﬁuﬁlwfiﬁ‘d’d{h‘% AAYRIX Wruso EElreImelia HUBER et

al . . Proceedi ngs;rgé I\Vl%n'\\@hh%‘ no’m@sdsr@/a\@haﬁénreeeﬁsam(aw@sswnted States of
America. 1994, no. 97, g@ O02- . henonenon, which is ternmed a bystander
|

effect, is due taumker 96994, (NC@QO@% ONEsQOFRP% NE_BBALMD. NG 001132 secr et i ng
5- FU, whi ch thenr%ﬂ}e%? es the neighboring cells by straightforward

di ffusion across e menbrane. This property of 5- FU in diffusing
passi vel y r[@ﬁ?@se‘rstlseameaemam tege “aex\dmsp afers twiat\hruslwlonwg to the

2009/ 065547PCT/ ER2008/ e byst ander
ef fect requires r?é‘?"é'dgg?%ﬁﬂy %ﬁ?éﬁ@l C@{t ;e?éér?églgfvpﬁ&\ﬁl\}%ﬁgh )§'>'<rtf)"rge55| ng tk (
MESNI L, et al. .aEcmmgibmlgsmfanmdrebéﬂahgs)mheﬁmdﬁmoxohn&sebfaarslypf the United
States of Anerica. 1996 .93 831-35. ). Al the advant i ch CDase
offers within thénQISrW%r?fabg\f togtgﬁglrgfwgpéwvls 3%“5:%“&%’3%‘?”8%?%5%@@% gene
therapy, can therwgd ghécibig virggddpésieunder st ood. [0039] The Saccharonyces
cerevisiae (S. cerevisiae) FCYl, Candida Al hicans FCA1 and the E. coil codA
genes, whi dRO28sFekexaaPe, ¥aeema Ve stemsaitent nkReJ ¢ bl YorlfatiM8rs, are known
and their sequenggsg ﬁ@?nlwaéﬁhéﬁt (WS 18, Wybith, FefRatd) N: 5. SEQ 1D N: 6
respectively). [0040 his respect, according to a nore preferred

enmbodi nent  of th@qnwbmemmartﬁ@n QQCMV%QGP hg usepr Aeaording &8 pgriguiise activity
s FCYL, FCAL or adhebnBaifidh RS ORICAcordgtomsivaliohiege genes refers
to a gene having an nuacleic aC| uence ave at | east a degree of

i dentity greater dcainiandfds saudlmrfﬂe@ﬁmbvasby greater than 80% preferably greater

of e par dC28ere HoBURS askrH Eoghs soarsc ket e dHReB By e, g e

protein having arpalrﬁpdrmnech Bmber efthie\ontyknolri &nﬁl@loymm vudmsdmn ved froma

nati ve CDhase by addjtion nm no .a ence. or t o, .anot her
preferred errboéi ﬁ%‘ﬁFaFﬁs "eﬁée ?389@?\?'?"(9% %?%Qgﬁgb}i eﬁaﬂ%ﬁ/ﬁ‘ "'13 dmestivity is
a pol ypeptide di %@h\‘i&%’rg\é\@n?&mgﬂjﬁﬁ%ré@ﬂs@@rt@ c?tb@fa@ﬁﬁ@}aph&étﬁmﬁﬁ’dé 8

pol ypeptide represented in the sequence identifier SEQ ID N 2 and anal ogues
thereof. [0042] [he Wrusenopdesand syprIessRs ManK Snyynalic acliviies|requiredrfahst or med
into UMP by the action of uracil phosphoribosyl transferase (UPRTase). This
enzynme converts 5-FU into 5-FUWP. According to another preferred enbodi nent of
the invention, the suicide gene codes a protein having an UPRTase activity.



[ 0043] The UPRTase in question may be of any origin, in particular of
prokaryotic, fungal or yeast origin. By way of illustration, the nucleic acid
sequences en¥Bat¥YoHe UPRTases from E._ coli ( ANDERSEN,PCI(EPA(08/009721
Characterization of the upp gene encodi7ng uraci| phosphori bosyl transferase of
Escherichia WD 2009/ 065547PCT/ EP2( 08/ 009721 13 coil K12. Eur opean Jour nal of
Bi ochem stry. 19 fLS RT1 NUSSEN,
et al. Coning aﬁ:ﬁ\lA'ﬁgert%Q‘hesmoazrﬁﬁ%iﬁh%%s d@%%g&g%% ncod“lS g‘ ur

phosphori bosyl t r ansfeetidsydrolese ((HEkRaseg.cus | actis. Journal of Bact eri ol ogy

g%ﬂ e;/gl se@@gﬁﬂgj y{"p%64 7traﬁﬂ§@%h§&ﬁé@®}g§wer I @?1?(#: tsa%gﬁ %%@f er ase

from M/cobaclt eri wmé)yzsslsthaﬁﬁro&smdsfemm toydamie aral ;gp?bhxrsphatel ingye N
international. 1997, vol .4 0, 17-24. an subtilis
MARTI NUSSEN, et &eSefgs qf M’Lﬂigrge'%% qreati re”%ﬂ’( 8?8 ﬁ‘@‘lﬂ:@?@?o}se are
present in Bacillghy gematdtingdumPUisimlohid .B%tremamtaamg tﬂ&ﬁéentyemmﬁ no. 1,
p.271-4. ) may be used in the context of the invention. However i S nost
particul arly prefreplicaiion end yepgvigingsthegreauyse fanthe F?foﬁlaCFthF‘c%ITMp PY\at encoded
by the S. cerevi %hﬁﬁud H@sﬁﬁﬂé‘se‘“’%éan%% idiSH ﬁégrdtéln*é‘ﬁ%ldec% al. The

FURL gene of Saccharomnyces cerevisi ae: structure and expression of
wi | d-type and nuttbef2higese ¢ MCGEQGH. 19U0¢/exm4lc/68/?eﬁ©a@h 1990400838, is

i ntroduced here f. g : ' L genes
and those of the coﬁ%@dnﬁg[% %@Zo%%%ﬂp&tgﬁ %§9ﬁ2'§€Q%%8%§fe and the
speci al i st dat abanda(EZ(.@‘éhSSPfR@’NacEmﬁ_vmﬁeslaaailablewtertjenbanhnth advessioke) . [ 0044]
o thecodi ng parLm Slg T2 HAEHREnaLs Beafons OHRFAZE JPB NATRR the 35 11 st
resi dues have begxdiflsisenameshee bisoesvaiiasie urpgerhﬁérmnfoaedambw Viang Wi th the
nmet hi onine at position 36 in the native prote ct _of_ expression of

t he nutant gene, %§§$%P%bﬁ0ﬁﬁhq(ﬁ9§8 PQ%S%%C on%ﬂ Ké’ﬁ%%’rﬁmg an furl

mutant of S. cerewedgagy, NG_gesktidhi 9@43&994%9@9?5931Awt1@.9&7 AYd3gls, a hi gher
UPRTase activity than that of the native enzyme. Thus, according to a

particul arly adva¥i:19686€. @ﬁb@ﬂﬁ@%n[‘l%fm%w |N%Q§3%9b NeH¥O1432ci de gene codes
The N termi nal o B ¢ A DR 7 T ect  ng
all the residues Q@O‘B‘eﬂﬁ@ NQOGﬂﬁtﬁﬁldJ)Qﬁe‘giﬁﬂnPQﬁ’l1ﬁ531X%435(5aVﬂ§380 ng one or nore
conti nuous or di ry structure). In general, a
pol ypepti de consfpé%%g?wﬁgﬁd'é%sﬁgﬁsgpe&n 'ﬁé;ﬁwg‘{é -termnal parts, each WO
|2:009/ 0655?7[BGIA]EHI@C§Hr@Oﬁ>7ﬁ’éncla4uneamedmemri@tmboﬂgoaenmiged vabcmiaestnam ecul e.

or exanple, since car.ey, aci

N-term nal part @Sﬁé? E?%d 8IF°theth‘F|hP§1°Pc%9§”P@§P8%8§°@'F&P?’fV%d%‘f e‘dtshe so cal | ed
initiator methiontigwidetidaita@daHowbBeer! j&sd no@ehtlbife Afaytheedifieienve form As for
the E co//UPRTase, its N-termnal part covers positions 1 to 69. [0045] A
preferred prot ei RCARGINSiodhe BPR?E%'@ Betinfarmytion Rorreseandance PeM¥eesti d sequence
substantial |y as dcf‘p%"nﬁ§§éﬁ 860 MVA §ensseiencRund e thbie§of Fa@dRENL . 1 of EP
0998568 A, starting w he Met reS| due at positi on 1 and ending with the
Val residue at pddialegyn 1998 noidd, peiber3¥ubst antial | y" refers to a degree of

advant ageoloP3 T PRSP ERMEREE PR ed b ihofnfEr, i BORA A AL GEp

preferably great eontpniaes 85ifedibe d2idrgeherably still, it corrprl ses the am no

acid seque epres ed int uence i den Ler I P 0998568 A
. As nenti S@Qaé]a Weﬁrﬂ{ 93%?“08%%%?@3%}@5?{‘i”@ﬁ%|(ﬂﬁﬁ\{"Q&§FS%rQP p%gﬂt@%my be

Erenti oned in par tsiﬁlwbarpatHWszsfubpyrimidtgiemem?rudecmnﬂeSymtaeisuslu‘éweat posi t |d on 2
position 37 in the nati UPRT an al ani _ne residue 046], According to
anot her preferred® %%Bacﬁa#ﬁmedd?yaf’%vpﬁ& Ahe hﬂnsf?fh% &YiP P%‘O&@ % Ydes a
protein having atroheATP 18128 nA8de QIEh&REpASRIcRGhyHidine 5'Pat ent
applications WO 96/ 16183 and EP 0998568 A(gescrl be thje use of _a fusion protein
encodi ng an enzymOERgPhARsRRAE (MR hYasapianyrushEKcpakrard TYRed &8 havei viti es
and denonstrate thahs apideeendit compXidiit t r%b%fmeé pGCY1: : FURL or
FCY1: FURlleO5(I e. a@?ofy@a?tﬁ ed bycanBexpr es)glféc:n plasm d increases the
senS|t|V|ty of the transfected B16 cells to 5-FC. According to a nore
preferred enbodi nent of the invention, the suicide gene codes a pol ypeptide

conprising an amno acid sequence substantially as represented in the sequence
|dent|f|e_r SEQ I D N: 3 (Coda upp), SEQ I D N 1 (FCUl) or FCYl : FURL. The term

e X - .- a Y a4 T b L L i D T R P



[ 0049] According to a nore preferred enbodi nent, the poxvirus of the invention
further conprises a nucleic acid sequence conprising a gene codi ng a pernease.
[ 0050] Per me%Q@00¥0E¢847s t o transmenbraneous protein i nvolReaFPPNSPNE1t r ansf er of
a drug conprising one nucl eobase noi et;?, or a precursor thereof through the
cell menmbrane. [0051] Pernease conprises but are limted to purine pernease,
cytosine per measq, anfloPfhEAR:dCriidy A RBRLifto hA98dnaR Gtilidrg afBpayPr ef erred
enbodi ment of the invention, pernease is a purine or a cytosine pernease of S
Cerevi sl ae. The nildiPeathichearergensded at theehdf themetaboliapativvayi Sypef t he

purine-cytosi ne ase, known as FCY. nd the.uracil T known as
FUR4 . The puri nggﬁwgasvier?emb'gﬁﬁﬁgg\g?r aﬂ%%?eaqqugygéﬁﬁ F&@W@?EJ&% and
adeni ne, guani ne,andPOXpiNdIPhoR/I#e @' depkpidiee /ithess/dridThdgaEit OMARIet nenbr ane
(Grenson 1969, Jund_and Lacroute 1970, Pol ak and Grensor 19.{3 eval | i er et
al . 1975, Hopki n@'-ecﬂft“éﬂt‘?refg%?‘?'“'?dwsB?yé‘ﬂ'gﬁnﬁ kinasedp SeMRIX Wit ET tr-ansport of

5-fl uorocyt osi ne,ingghta et ROy eSign CBMESshectiral 8BRRR. 2008 no byupd2and Lacroute
1970). FCY2 gene encodes a protein of

533 am no .
2009/ 06554710827 EFxouBysrsodefactive farcthgs2Rgggienand methods tg obalheMedet o have
10-12 transnenbr M [ | lte8thidd of MROGARTVLL 4. Ni ne now
favoured (Ferrei ﬁ%g%ﬁ?g?}ffh%gbgg?@l&@gﬁ\e%ﬁﬁbﬁ S Ilz_él m | ar affinities for the
puri ne nucl eobas&ystaniccpnosi therappméthraekimar-sglectiy® 9ageinia ygHs mudnike into S.
cerevisiae is nmedjate -t Laci croute 1970,
Jund et al. 1977?%%5‘%5“5@55%%}9H‘%?g%@gﬁ%‘%@&%ﬁé D ?C%gc‘éé’? al . 1988)
predi cted to be aepeatki200df véEl, aci2dpp &btk . ( PUHLMAMIN, el alhVd@irtia aasnenbr ane

dormai ns and | ong cytopl.asm c hydrophylic N and C-tern na ail.s. (Jund et al.
1988, Gamier et & .9035«585 UmQTEYe &@t nﬁ(ig%rﬁp&q%%&ﬁg'gf‘g‘%%g}?Lhé/n{'(ﬁ'a sport of 5-
fluorouracil, an @ileaisted mutamtciCantdtyehcamerdopc2Gna, @ollR Ho)1, pl&HB3], Ami no
aci d sequences of FCY2 and Fur4 are notably avail abl e iq t he swi sspr ot

dat abase (accessi@NANINBEA! PISIEBK gAINISTREAL Ot - GROMRINATLYRCCIPANITUF ab v,

permease has an %?P%sﬁ@itﬂe%mgme%aﬁh%béﬁe%dmsa Q&R tRRRRBRSAIBY am no
acid sequence SEQ ID NO:1 and SEQ I D NO: 2 as disclosed in patent application

WD 2006/ 048768. %mmpcm@ne {aads te bupRicsPecHic asngixgrassion aidgralopgalidhbodi ment
of the invention, : e _ h WB.1%oBPR38i408. FCY2 and
Fur4 and anal ogue°§gpﬁé@22ﬁ?c§h§ra§8%2§§o_ ré/ﬁ%@éaghgolg%’m@r efggs to pol ypeptide
havi ng an am no aendesespddapeoduredta pruvisusas deleted for thegiBereaioni dentity greater

oot prof er GhEg (REaran 19 RRYEhed PARodiEns IhE LBKARS BBRREL hP™r Ok nt

protei n as descr iiinaghtibe fatreEcempases amuclkeio atidbhistareg. abi ity to transport a

d i S | eqb 10i h h the.cell ] 0 h
one skt 1| ecltPR% 78 SPeer O m e i et FoiE gty FFERGAFle=bt assoc at ec

wWith the flrug or driéesc?@ueﬁwsmhteeést][elneo%irgg gmﬁmrb&ild;gvmmﬂ'smm%mbaﬁce noi ety.
For exanple, FCY2 and Fur4 are preferably associated with 5-Fluorocytosine
(5-FC). [0056] AdE‘EJPﬂi"ﬁé'-Q-@_thF?@Pét"bQ%'?"ér?‘eg‘eé?ﬂ%@FM??”q?H§°B8>¥‘(ﬂ' s of the
invention may furdRRef pikfricbRBicalsr iﬂb%ﬁ% §ct%gwrédnﬁiﬁi’stér@@ expr essi on of
the nucleic acid of interest. WD 20119/065547PCT/ EP2008/ 0119721 17 [ 0057]
According to a neEPereRrietely iea patigdesassially PR KFTing rem a digeasR@nt i on may
further compri .Se.iﬁr{b%s%ﬁaﬁaﬁ%Mﬁ&%ﬁaai%ef&&etch? %%f&m%eggebhe nucl ei ¢ acid
sequence conprising a gene coding a permease. [0058] These el enents necessary
for the expressi monditionhBustuz pbarnanoiagics of protective aghidlyds onpavhighdbei ¢ aci d

sequence conprisin I I I equi red
for transcripti or?ngaggﬁggﬁﬁ&g%e@th%n%[ﬁgﬁggﬁﬁcﬁgﬁéﬂéégg’g%g?r c?sﬁﬁgaﬂé’f ation of
MRNA i nt o pol ypepfaidigisedseasrssaid ponditical. V¥hemtbt eskdled madraddlects or thesseurse vari ous
vertebrate systeng are w delﬂ% ﬂ.escri bed i ndl i te(vat ure.. Forl eu(ygaqgl e, suitable
promot ers i ncl ud@ G BIESERUABTEICR 4 9§08 9800 CTaRFHYC MRRFOT 7. 5k, vaccinia

pronoter, induci gjeeuem FBlb&Isshis Bhdice B Rkalts pvipuelyBbtdifedtadicanl at ed from
poxviruses e.g. 7.5K, R, TK pll or KIL of vaccinia vjr

P28, ) us
Al ternatively, oﬁéawbb’s@‘p&cg%tf‘ﬁﬂttW’@‘ﬁr%ﬁ?ﬁf‘@?“%ﬁt@ﬁrg‘é‘”tqﬁ%%tlé?"@e@‘éri bed in
CHAKRABARTI . . Bi; hni 7 Rark94bicdical hﬁ%@g?ﬁbmﬁ@m . .
Jour nal of ViroIdg%ﬁgpﬂﬁggﬁﬁggag%égy?ﬁgga%g,ap.135258.pand UVAR. .gViroIogy.
1990, no. 179, p.151-8. as well as chineric pronoters between early and | ate
poxviral pronmoters. [0059] The nucleic acid sequence of interest and the
nucl ei ¢ acid sequence conprising a gene coding a pernease may further include
addi tional functional elenents, such as intron sequences, targeting sequences,

1 - - -1 . a o1 1 ™Sr—rc~ 1 .
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[0062] (ii) said cell is cultured under conditions which are appropriate for
enabling said poxvirus to be produced, and [0063] (iii) said poxvirus is
recovered frOf2REEEI 1 cul ture. [0064]9 Wi | e the poxvi P&dFRANSBP7dour se be
recovered fromthe culture supernatant,” it can al so be recovered fromthe
cells. One of the cormmonly WD 2009/ 065547PCT/ EP2008/ 009721 18 enpl oyed

nmet hods consi st s VSl t ‘ | O i reezi ng/ t hawi ng
cycles in order tt%n]céo'%?éeﬁgﬁntﬂ]%{/eﬁuge(ﬁ)%és%f 'Wﬁsg ﬁ%bsq%s su%g %Lgsf%r];lt. The virions
can then be anpl iheterdiogods fmutheftarget aalisrigtotilich &dshintrgdesedAdvaetageously

(chromat ographi ¢ _net hod, nmethod of ultra-centri i } gll.ar through
a cesi um chl ori d&3lr SHAYERTS oﬁlpge.r?s.t %8%% gl?‘ﬂ%ap &ég%h? Qpﬁelﬁadr%t' {Bg‘?\%d'%&s% rel ates
to a conpositi on thérapbutiospropiesadicpoiypeptide givirgy althegageutit loe prophglaction i n

conmbination with a pharnmaceutically acceptabl e excipient. [006 conposi tion
according to theP’ t_iAo‘?P?Y%epHB? @’%@e?'gpgiq PS aphgrgﬂggéoq%prq t@r%venti ve or
curative treat meppyplucRbEEAFRardYsBRdS, AndIEREhdMyRRYIatdtor fot NEHE .
specifically ainmed at proliferative di seases (cancers, tunors, restenosis,

etc.) or ainmed atindydasapiidas aae peateidst bhelareyiicrrRAREptides BGIISAS &cti vity
(e.g. rheumatoid @& bl i i ] hi ¢ rding to
the i nvention carﬁﬁ' ma%%%rﬁggﬁ@%ﬁ?@%@ﬁ@%f%%%ﬁ%@ﬁ% '? g&ggg‘% %?E%t?rélqﬁg it

| ocal | y, par ent ed&fitignioprotging ineandanjeat ovkuman peganism, putheseuthat acta

t herapeutically i V& [ i f ﬂ%v,irus of
the invention i s?@%ﬁéﬁ lrtloe)ég‘c %H?:E& !’f %’Hg%ﬂgﬁ%{eﬁgﬁﬁﬁv%@%g}éﬁg%?é)ogg'c| prent. It
possi bl e to envi sagalsd baingeumnitydaeiferoihg polypeptides wtinh ackas endageno& anpl es
whi ch nmay be nentianed, are the int ragast rg@ar subcut aneggt%, i ntracardi ac,

i ntranuscul ar, i A'TEGRIHROVOIG:? PYROrF o) seUIar [€5PY IR PHPO™ nt r anasal |

i ntrapul rmn[@OBO]afB(ah‘Sﬂés’i@ﬁp&ﬁMiidé@ah@ﬁedlby 4 treramsstic gbné reheld dures | at ter
enbodi ments, it is advantageous fOL dm ni strati,on%{o t ake gl ace by nmeans of
an aerosol or by REREJoL2 cyiRkine|(RiRPR VL2 PREATYRA Redteran.igrIeWHNtBke pl ace as a

single dose or agicdRreL vhilCH, ILSI0 SHEALEE tRoPRErOsis fater TNFISA edtenyf ter a
particular time interval. The I%Bgr opriate route of adm nistration and dosage

vary dependi ng ostimuaiinodagtooEMaSantterE, MiePr exaipnaurdsimuydeli dual , t he
di to be t aat f Th
I sease 10 be r?@h@%p%eg .1,%ﬂ§gﬁgst9%glgéo),r§irc§§§ulét% clor asilicEned), a bg

preparati ons bas vVir parti to the 1 nvention can

fornul ated in t hgréwthrfacor (lugesfouhinp&irpetnFadar &8, fibtablast Sropttabaeior or ni ng
units), advantag Q5. 1 f efer . , hore
preferably 106 aﬁgﬂlééﬁq a}%&%@%rﬁ%@&% (T)es%ei’ E)eﬁﬂ@gh%ﬁbg@ 'ﬁ%@lléfgégegg& [uent, an
adj uvant or an exitripiogide syhihabe INOS,c2@P! ediblasé r.pran éreypleainhibieutaiptall - poi nt  of
view, as well as WD 20091 .ﬁ§54 P Il/ EP OOEi/ 00975%)'119 E%il ubi | inzi Q% o3t abilizing
and preserving aGEHtgPsIfARHEOmRI I yiral protease RIIRr PRFIFRIFET SR br ef er ence
i's gibven to a fgnmmbiairim-ﬁ),nthgrcmwwic Hilﬂﬁlsiamé?l@stﬁembre{n_scn@gduetangéuti( on\.NdIt
can be presented as a single dose or,as a.multidose, in_ liqui r dry (powder,
| yophi hzat e, et CBGW%)\B?R%W’ E‘éH“’bé’YPE%%H%ﬁ ﬁ’h"?ceamé&entqé"atiﬁrjré’rﬁfause usi ng an
appropriate di | uggfynehRSMhat Eae niddBReEFedUME Bkpr@BsiBh 9P ciRlid ek Oa t e use of a
poxvirus or a conposition according to the invention for preparing a

nedi cament whi ch Polypentidnerpbieef Iﬂg@amgregbqqﬁ@ﬂaimﬁiﬂsm onYiratiifegiompProy gene

t herapy. The nedi adm. ni di Vabi LV, i npl e by

i ntravenous i nj eét'%' ?%E,Q&)Fﬁ%gt Eﬁtlggﬁg@?B@Fﬁ%&nﬁb@rﬁ/%ﬁ@ﬁéb1 tﬁ?{g{gésdemﬁn?gans of an
aerosol, into theavastsuntibitisy thecmtioniafig rativeppteipriyaaompsiitioet.eranetc. ). A

preferred use consists.i.n tr i .or i canc [ d di seases
which result fr orﬁpﬁﬁfﬁéﬁt'aﬁuccei%? mg‘?oc')ﬁ%f{%r)ghﬁ%.é&%%hg%iC&gﬁﬁ’taetk;é%n?@i’ ons whi ch
may be nmenti oned paté; Rtang anapofipdpnetelr @psid), AdoAIVicApdter.) an(inmibpardfi cul ar t hose
i nduced by papillom viruses), of the prostate, of.the.lu f e .bl adder,
of the I i ver "ot ARRAEBPSR Cisostain. SRHBREEA . o Seiscfistirberipe (AR
oesophagus, of t I \ageWaxXEnddthéIRe GReWh P ctére NEGIS, RO fanly €QN faphilyobl ast oma)
and of the blood (Iynphomas, |eukem a, etc.). An other preferred use consists

in treating or prRSNdipg fd Gh&uret aneiNav} mniPveen rdical SERVYES &and ot her

di seases associ alafAiddnailig SABRH-ARLPARESIN AXody (¥ todd, shan al so be used
in the context o gr I ovascul ar di seases, for exanple in order to inhibit or
retard the proliferation of the snooth nuscle cells of the bl ood vessel wall
(restenosis). Finally, in the case of infectious diseases, it is possible to
concei ve of the nedi canent being applied to AIDS. [0070] When the poxvirus,

conposition or nethod of the invention is used for the treatnment of cancer,
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[0072] According to an advant ageous enbodi nent, the therapeutic use or the
treatnent nmethod al so conprises an additional step in which pharnmaceutically
accept abl e JUARAPOEY of a prodrug, advantageously an af&TEE2WP0¥Y3losi ne, in
particular 5-FC, are adninistered to tHe host organismor cell. By way of
illustration, it is possible to use a dose of from50 to 500 ng/kg/day, with a
dose of 200 ng/k . /. da ' f - Wit b cont ext
of the present i%gﬁ%f)%’lrp%%oéggr}%gérﬁ%eﬁ?&aalgﬁlﬂoﬁnﬁggéﬁ%ﬁfeﬁs%aﬁx\éﬁ%ﬂ%%@@& th
standard practi cegefes of inpeestdbat arngseevgtizezhihltyd art[@8WEB]g Wedtildortbey, t he

adm ni stration tgki P’ﬂ rﬁtl ace su se% eﬁ. t o) t he.adm ni strati on of the poxvirus
or conposition a EEIHENPT eSO 8 'F'8ﬂ,°°;5‘5&'P8rab|y at |l east 3 days, nore
preferably @o3heaslitabledmtistunidd genesingiide but afenathinitedtto ltitast ericodimgs after the
adm ni stration of the poxvirus or &orrfr%sition ﬁc‘i\?rdi ng to the N vention.
According to an dYWBAr MRRSCHOE CENES (£ SnDBR Ie ACoMNR-AeIR B MY nNMAPe

adnmi ni stration ofgriSHPI QAU 1, 358SpPs 85 Vell sdakSir AfpeBlivd MatAKY Suigieat i on of
the therapeutic agent. the oral route is preferred. it is possible to

admi ni ster a si nglesedseducss. aptibediag dyrepdides infiniting eallular dyisderdr for a tine
which is suffici ; nable the toxic netabolite to be produced
within the host g%@%ﬁlﬂ%&ﬁ%r'é%éﬁ [ 0074] Furthernore, the conposition or

met hod accojofiBRly Aagotdirg fonev patticolarly prefered embiodiskenti thh powerusrofitbe e subst ances

whi ch potentiate .the,.. ot,0xi ffec -t h -FU. Mention may in particular
be made of drugs 'Wﬁ”@ﬁx?%’ﬁh%i°§"ﬁﬂég%%§§[‘r’é‘}se %ern 'he pathway for the de novo

bi osynt hesi P068] tSdcigey yene chfaso @ genecoaaiing @ ptdieis ebletotdomned abqgecuwrsor dr ugs
such as Leucovoriog (V\axg@n et al., 1982 Eur. J. Cancer din. Oncol. 18, 685-
692), which, in tHhe PrRLUABEYIXIG $RMPOYIlct of the netabol i smof 5-FU (5-
FAUMP) , i ncpoegse suidige ?amdo&dm@ﬁseafbatfav@hdwrﬁit@ ®)jenBaseding@sotefn ng in a
decrease in the pool of dTMP, which is required for replicatjon, and finally
drugs such as netlteaextiesipedaaminase agtivity, aghymidig kipgse actiyity, epagacii 137)

whi ch, by inhi bi tdhagpmrtmgguqms?érssé SEMRY 28 BuAdniidid s ek phBRy1aeo!l  of PRPP
(phosphori bosyl pyrophosphate), brings about an increase in the’incorporation
of 5-FU into the astyityang/orNRymigyntedowseeBy4PCT/ EP2008/ 009721 21 [ 0075]
According t i i B i LN ki e ot enzynmes of the
pat hway forfE)t0 Eglec?g aﬁ@g%t %ﬁ%ﬁ@ﬁ% ﬁgg?%gﬂgctg{;e p?ﬁ”ﬁﬁ]f%‘ggb%r&ef ap&r}g?er ably
sel ect ed from t heogoisingcmesiusidabgsemdiaty Ar¢ Nisclohed rhibedaltoxting Jableaspar t at e;
Moore et al f’IqQSZ, Bi ochem Pharmacol. 31, 3317-3321), Leflunom de, A771726
(active mat%%’g te of Leflunom de; Davis et al., 1996, Biochem 35, 1270-1273)
and Brequi nar (Chen et al., 1992, CandebleRes. 52, 3251-3257). [0076] The
R 1 IR . Nt
A4 < LI~ = = | v O LELEL) AL LTLERAA%LEA A | ¢CrroT U 0 7 uroTT '.lllul LA Z A" A A" 1IN MY
subst ances ef|fldymidine Kipasgnt i cancer thera[)@amﬁaé\rir: may be used in association or
in combinatign with the conpositions accopdhfldodi® tdISdicNVeRidi Orbstdrere may be
menti oned al Kyl ati ng agents such as, e.gjy, mtonycin C, cycl ophosphan de,
busul fan, ifdsfanide, isosfani de, mel phal BECid¥tanmet hyl nel ani ne, tHi ot epa,

chl oranbuci | ,| or dacarbazine; antinmetabol atggovguch as, e.g., genctitjabine,
capeci t abi ne,| 5-fluorouracil, cytarabine] 2-fluorodeoxy cytidine,

met hotrexate,| i datrexate, tomudex or tri TXFIF‘@Q:&VE’; t opoi sonerase Ilj inhibitors
such as, e.g.|, doxorubicin, epirubicin, e{®pRHslemodiemiddedsxgearidime; M|t oxantrone;
t opoi soneraseg | inhibitors such as, e.g.| iripotecan (CPT-11),

7- et hyl-10- hydr oxy- canpt ot hecin (SN 38) |Or \fopot ecan; antimtotic |drugs such

as, e.g., padlitaxel, docetaxel, vinbl astPrexo-éthendcatbaigmisinevi nor gl bi ne; and

pl ati num derijy - s, e.g., cisplatdg lLplatin, spiropljati num or
car bopl ati nu 1&%%%%.318%5&%&%6@03& t+onrs—o gr“ﬁflsl{b.‘r‘.%cgfs&%é%cor enrg—to—theqi nventi on
can al so be ydwringngeeasidephpemioniasa r adi pBHMdatRiguring 0078] daeEYT®8RIESS|i t i ons or
met hods accori{ding to the invention may al gpgb@piHsee i n conbination wWith one or
nor e ot her agents—irnctuding—but—mot—Hnmted—to—+munonodutatory—aggnts such
as, e.g. al pharagj@hasrberivpsmiitansi§tases er on| SiFHOBRYOEREN (in particuldr IL-2,
IL-6, IL-10 gr IL-12) or tunor necrosis faFHw@muragents that affect |the

regul ati on of —tett—surface receptors such as, €. g. rnhibitorsof Epi der nal

G owm h Factor Receptor On particul ar cetuximab, panitunmumab, zal utunumab,

ni not uzumab, nmatuzumab, gefitinib, erlotinib or lapatinib) or inhibitors of
Human Epi dermal Growm h Factor Receptor-2 WD 20091065547PCT/ EP2008/ 009721 22

(in particular trastuzumab); and agents that affect angi ogenesis such as, e.g.

- . r
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[0082] Figure 4. Mean volunme SEM of s.c Hep& tunors in Swi ss nude mce
after i.v injection of virus. 14 days after inoculation with tunors (pal pable
tunor), mceVRRP&eStated by buffer + water (0), or buf PEA/ER2HS/PBTA -~ or 106
pfu of WTK-/FCUL + water (0), or 106 b‘fu of WTK-/FCUl + 5-FC (*) (A); or
buffer + water (0), or buffer + 5-FC (*) or 106 pfu of WIK-F2L/FCUl + water

(0), or 106 ¢ %c?ge WWEK-F2L-TFCUL + 5-FC %elir'fg?);q The ani mal s wer:_'rreat ed by

5-FC at 100 mgikgtwm-ce—a—day—by—oral—gayage,—F—days—after—virus—nj ecti on and
duri ng 3 weekshynTidylale kipeseine was neasur eq Aedptbgmigingeek. [0083] Figure 5.

Rati o of vi ield | I VI ; ' : t ANC1
(pancreati c[roﬁé-r]%r'f‘ Cgﬁ%’% % %?ﬁfé%‘f%‘ééd'ﬁﬁén@ﬁwﬁ ﬂgr %b %%U%é §enéD
20091065547PCT/ ER2068 2@d8téR1ha8nd itl18ast o Dasemactivita@Daserts ihvaleed i thee i nf ect ed

with 100 pfu of (1) | K-/ E or .(0) WTK-FE2L-/FCUl. 48h -i_pf i on,
viral titers wer é’y}i@ﬂ\%/?w&%&@ﬁamgya?yewﬁﬁg 9%89?%°%e%yﬁ%sé”neo§ﬁé%”8£5r§‘% virus in
?i }/i ?i ng ]g:el I's ven)it@uﬁa&irb;cmaéhyeﬂé hg@olygic dgaaﬂﬂdtioﬁingme CIDase;édtiailtiei;i ters
pfu/mg of tissue) in organs or tunors at day 6, an ay 21 aft L. V.
infection into Skaye begademanstrated H@"k@@ﬁﬁ%%/%% rﬁHK%’HOYeﬁr{foﬁ&"%?th 1x106
PFU of WTK-/ FCULy ( 1yo@haMof BadidlonddyCi87d, Ho. 142098l - 5.t BRaR ietal. of Swiss nude
mce after treatnent wth 1x108pfu of WTK-/ FCUL (N) or. WI K- F2L-/ FCU1L (0) by
i .v injection. [GEBE2/Pfaclersiesyi PR, 6@-1ﬂﬂnm%%8§péﬁ@ﬁ°%bzeh?lce after
treatment with 1x f : XL8pf B /
WTK- F2L- / FCUL (U@E@J)i"?\/f# é')rﬁog%tq/on. F’o%gg%‘] “%?88?%“5? 15&%385)2 qsggﬁfli't'y of
pocks on tails afd éolichem.n]8 no266f p.8R19@2p], dhepane-natggsest iINVWTK- F2L- / FCUL
in Swiss nude mc a - [ nfectd. i-nfection.
_____ r% %%#eggégogﬁ'zﬁt%@ 0?’%&8@2 é%%?g?%'cso?‘ 0?1}'? (‘e)$é§ .n\IE} '?)Slj ection of
1 x107 pfu VWTK- /g43546r; ROLAK Fétlal/ FOB&miothedap)s 4 9n6 de.22,qe13k-5day 15
post -i nfect] at day 31 post-infection, de(s). for, Carryin t the
| nventi on é@@ﬁﬁf@%@?&ﬁfs?mﬁw ?ﬁaQ/EE?IBQU?)PE(’gyﬁ??"&% 'fogé'é'fro,&ygq’? e plasmd
for deleting F2L pugystHepetst forhingb-ilgarograich€5-BNA wafficly &ca Eorinpound whichtis ai n
Copenhagen (accessi on nunber NBS_OZ?%q. The  DNA fkfiank'pn E)igy?w% gf F2L were
anplified by PCRO@Y geptoxisrwheit ifQrvedrd i1ta SrilueL- (5& 1 2 ev%re 5 - CGC
GGA TCC GAA ACC GiHictak CDAsRALtENT efther BecauSERS A utation \WwhIGh ifdcti¢atee
underlined) and 5 - TCC CCC GGG G1yT AGT TTC CTT AAC AAA TCT AAC -3' (SEQ ID
N: 8; Sma/site undbegpneancoding therenzyaie erhecaush ey aapnakilyfeafislest i - coc T1oG
CCA ACA AAT AGA =3 I S i i ned) and
5 - GoC CAG CTa TOE AT A PO ATF o el s a0 SIEC TUADI L TP e
under | i ned). The .afpidl vEBachwolbgad®2at nevdp2, pibgeddbedKLSTRURatiabt i on enzyne
Smal / BanHl or Mscl [/ Pyul | / S47RCT/ ) 7 dligated into
t he correspondi ngfolé’(’{a:a}é’fﬁﬁ&gﬁ’o%ﬁlﬁ%gr ﬁéﬂnﬂ; ‘F??ggﬁag?%r égi"éﬁ"%#' t he downstream
fl anki ng regi on aghamBalinaseksipta Whiel they sé¥iiRnees rocdding PDiare astibBty-weeeC GCA TGC

TCC AGA ATT GAT CAT AGT TA - 3. (SE 11 Sph/site underlined) and 5' -
GCT CTA GAG TEA %ﬁs%d%%awewvé&%vo ( E‘J%%%@? o) n{?i’é?e’%aﬁe"’??’t e

ulnde_rl i ?ed% hand :m?r hed3s| @.45’]{0;@&856/;9"65?%!@@5&15mﬂt_ /ﬁgegifiﬂml\/ﬁfimd to "
elimnate the selection cassette during. pro i on el et e ruses. The
sel ection casset tAcadegp dsisireag’ (e V%@éﬁ/@ﬁ’%’ﬂ@ﬁ’%%%ﬁé‘%ﬁ%@rﬁ'he control

of pHSR vacci ni a $if Obeg3/0 YE QWﬂEhﬁﬁ*Hi) ?.tlﬁ ddbRioSnRk/neRfNbofihg.e 1N _

Ppo/y///plasm d. The obtained plasmd is the r econbi nant_shuttle plasnid naned

pAF2L for del eti omtighsiopmegd eals alypbegeme sansibie 9f5-FEddM¥BREet acci ni a

viruses. [0090] : i MY IAY G by I &5,

defective for th((f’!:? Q%g%/}é%séwég #égfsogfc’}n'g%}}%ene&tfﬁgg?%\%gﬁ%éynﬁagg of

synt heti c pronot eAmphAdk 1994, 1.9him nhadgerphenomenn, WiiCD IsitegRed Bncubat ed at
9 himBIaHenh Ahisrphen whiclpisitegmed

37C for 2 h, then_ transt ' i nj econbi nant
shuttle plasmd ( .S%”EJ%S Sﬁ%ﬁi’gs\%}’?‘%?"m%c&gsi%’%‘gﬁtg’%e%p}%ﬁ‘@g%ﬁ%ga%c. Di | utions
of virus energi ngactivitesddretinguS-€d, ibidhrther intdXieat€Ehecdiglsbdringseligby i on nedi um
cont ai ni ng Hypoxant hine at fjnal concentration of 15 pg/yl. xanthi ne-at final
concentration of %@@%@Mﬁ’%@m%ﬂ% & Rlas(pa fe raﬁ?‘nﬂjl's BWSBKP?QH on of
250 pg/ m . FI uor ea¢andiff($Hdrbagdivelp espréserts aRBavanthgs b eomppteaiwigistheer e

i sol ated and selected for a several round of selection in CEF cells in
presence of GPT selection nedium The presence or not of WTk-FCUL was
determ ned by 40 cycles of PCRwith priners inside the deletion region. After
the elimnation of parental virus, the double deleted virus was




used to infect CEF without GPT selection nediumto elimnate the selection
cassette. Non-fluorescent plagues were isolated and selected for 2 cycles in
CEF. Final rW¥eamsiomatt Wviruses were anplified in CEF, RSUFEPRIRB09ZHd vi rus
stocks were titrated on CEF by pl ague ézssay. In vitro cell sensitivity to
5-EC. [0091] Human tunor cells were transduced by the respective reconbi nant
W at a MO of O. 3 0, : LR 6-wel |
culture dishes i rtligg;erlT\{ réﬁ??eﬁ%%%&%gmb%gfe é‘ecb%)s{a?{d%é#e&% RS 1 Be

C ning-vari ous concentrations of 5-FC.
Cell s WO 2009/ 0GbhECPETH HR2CAB/NVIVSY afte &pressing tkidMESHIL, etall at 37C for 5

days, and the viable cells r ount ed trypan bl ue excl usi ults
depicted in fi gu?%oie%f?/&gsf ?)gﬁ?zl og#fvgga?ﬁ%oz}#éerféﬁlo‘?g& ?Wrﬁdyg}l‘} es?gii val ent
in viruses def ectAmeridnno06encl@R P88 -3H19nAil thevadvantatebeditlv€Dlee t he J2R and

F2L gene. In vitrg replication in cultured cells. {900921} .Dividing or confluent
cel I's were infectodigrs Wihig the cortex of ggae thelgPy.do PRRIGUIS aDiicances9eiar Iy MO

0.0005). 2 nL of tn@fgw’raaﬁ%g;e%fgryquaw)xlh},dmg{q)gggs for dividing cells and no
suppl enented for confluent cells were added. The cells were harvested at 48

hours post - i0AB8L tTiherSacrhararaydes ogeavisiag or-c@remisiagie WhdCaulifaAlbic@ngo rel ease
the virus, virus pe@g i ol ; lchiddil s&dd & The
rati o between repli Ca%%ﬁ]eﬁ.a:g;ﬁ.Vgogg\g;geb%gﬂ@ﬂgﬁ%ﬁgggﬁutgﬁ%&(}e I 5: are simlar in
all cells. Both \thesestw® argakismsFaigikrama andiikeF 2equet@igs hayplbieeat e nore in
dividing cells than,i,n L.4C n 089 Nai ndir mean to assay
for replication ﬂ%%“%i‘ﬁ@gﬁ# |H12|th f/‘ gF?ZIDylheTQ)dgg w'ﬁu’g r%%c?&ﬁ\g% “in dividing

ver sus conf[oogor Wittrtiis cssipest, Apeording ad aandrenaaferredembaicant dfung human t unor

H1299; glioma hunan tunor Ul18M5) . was determ.ned. nfl yent .c were pl ated
at 1x106 cell s/mérl“fe”?alﬂﬂ' tg‘ﬁlgteﬂ?é’ab'i”ﬂ &Ry '%P%V'H%&i%gg%era";l"’ﬁéifs"e{:ki’n 1 day
before infection Rdw 6eCb8A WEBR anarpiged tiidtdof Ahhlogads bNtheeeiganad tdiarstto ser um
Dividing cells were plated at 3x106 cells/well one day before infection. To

eval uate the | evél 99i® '&%‘IWQ an preeisacid srausppe whichkhavierat gast a1degreeiPtne

i ncorporated int C??élﬂi%l §icatctthsh V6%, a&@aﬁk&gﬁébu_él_ BAter thfh SUOKT SrePabI¢8 hours
after plating cells. Diring this period thym dine i ncorporation was relatively
constant in conf laneater then B %wandgnestiniefgrablyipregterdhar 9an wilttheqwelai,

i ncorporation wa i he cells were infected with 100 pfu of
vi ruses, and 48hsa5§]§%équ%ﬁgéctof@ﬁ réemfd%tn%b between the yield of virus produced
i n divi di ngl00dhorPatent| WO205/00786i fdiastases tagane anslingsa wepteiddwaeingiared by pl aque

titration on CEF. Result epl G bn ] . VA es

WTICT FOUL and \WERGREE GRSt sk o eidioRs ot il S8ie (hasT
confluent cells. byuuditicans @usaninoacideedekencd. Kiedidirgetoedreotiten sefemede m ce were
obtained from Charl es R ver, Laboratories. Aninmals us in_the studies were
uniformin age (63WME?“%&“%6‘&9%'%%6@1%@éﬁ"?&éﬁ@%ﬁ@@b&ri1 26 wei ghts
ranged from 20- Z?pogA ePHiiS BisBleged WO 2006/007857 86d Abrés phstetadblyahe FIQUI-8. c.) into
the flank with 5x1 oVo cel | s/ 100 ﬁL. When tunors reachedo_g di amet er of
50-70 ms, the niROYPREHEE FepReRARtokR the sgaysncsddentiienRER kh "C@84t ed with the
i ndi cated vect or $bRquk8endrBofvi VO experinents. Biodistribution of the virus.
[0095] The presence of W-FCUlL and WTK-F2L-/FCUL was eval uated by virus
titration ilR0#2hon prekasdyaseyand oaresiegkaryetesoerapitis ansforanad inigs@MPRysthenj ect ed
intravenously (i .\ ' WA Rl ' | Jat @) PR M ihg established
s.c. LoVo tunor s.a\é' %gytﬁ?gbggﬁ@ 'PQ%%P%&%ﬁl@ post-e?]r;lﬁgsc?i menand t he
tunors and ot her congentss5\tl ieta HFILAR chtcandingkn ghotber préfarmdseraberivegtins wer e
honogeni zed in PBS,and titers were determ ned on, CEE SGhi previ ously.
Viral titers wer é’ﬂ SRYerta, I ST P?ﬁ%%?ﬁso? qut%@ﬁ]@a%ﬂga?u@?g?gg%i cted in
Table 2 and 3 (Thetivignge of virus titers is presented in pfu/ng of tissue)

show t hat t he, virus accordi to the.invention is nostly found
T the undP0Eel Thel BER A< in uisetof st cand uiol it BTN G Ch A IATES s e

condi tions as deggrddreyada \veginByavayesfalusaation, iteeduabicdai Sequedcesl
post-infection. Results depicted In igure 6 show that both viruses W K-/ FCUL

and WI K- F2L- / FCgncedipgdie YRR Tasad from £readd ANDEREEN. ebah GhatssteselOMor e vi r us
in the tunor thangi i - SXHERT ' righighe case of
WI K-/ FCUL. A sn&fF%a%%%%fgﬁwf@n%%ﬁéﬁg? ected Sif%lrg{éigfgag%&sp??g%n, ki dney
and | ynph nodes (less than 10 pfu/ng) and nore in skin, tail and bone nmarrow
at day 6, and skin and tail at day 21. In contrast, VWTK-F2L-/FCUl has hi gher
tunor specificity with only a small amount in [ungs, spleen, kidney, |ynph
nodes and skin at day 6, and in skin and tail at day 21. [0096] Table 2



Tunmor Lungs Spl een Kidney Heart L.Nodes WTK-/FCUL (0,2- 0.1-2 0-2.2 0-1.8

0-0.3 0-61 3, 33x105 WTK- 0-8.1x104 0-5.7 0-9.3 0.2-3
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coli K12. European Journal of Biochemistry. 1992, no.204, p.51-56. ), from
Lactococcus lactis ( MARTINUSSEN, et al. Cloning and characterization of
upp, a gene encoding uracil phosphoribosyltransferase from Lactococcus
lactis. Journal of Bacteriology. 1994, vol.176, no.21, p.6457-63. ), from
Mycobacterium bovis ( KIM, et al. Complete sequence of the UPP gene
encoding uracil phosphoribosyltransferase from Mycobacterium bovis
BCG. Biochemistry and molecular biology international. 1997, vol.41, no.6,
p.1117-24. ) and from Bacillus subtilis ( MARTINUSSEN, et al. Two genes
encoding uracil phosphoribosyltransferase are present in Bacillus subtilis.
Journal of Bacteriology. 1995, vol.177, no.1, p.271-4. ) may be used in the
context of the invention. However, it is most particularly preferred to use a
yeast UPRTase and in particular that encoded by the S. cerevisiae FUR1
gene whose sequence disclosed in KERN, et al. The FUR1 gene of
Saccharomyces cerevisiae: cloning, structure and expression of wild-type
and mutant alleles. Gene. 1990, vol.88, no.2, p.149-57. is introduced here
by way of reference. As a guide, the sequences of the genes and those of
the corresponding UPRTases may be found in the literature and the
specialist databanks (SWISSPROT, EMBL, Genbank, Medline and the
like).

[0044] Application EP 0998568 A describes an FUR7 gene lacking 105
nucleotides in 5’ of the coding part allowing the synthesis of a UPRTase
from which the 35 first residues have been deleted at the N-terminal
position and starting with the methionine at position 36 in the native
protein. The product of expression of the mutant gene, designated
FUR1A105, is capable of complementing an fur7 mutant of S. cerevisiae.
In addition, the truncated mutant exhibits a higher UPRTase activity than
that of the native enzyme. Thus, according to a particularly advantageous
embodiment of the invention, the suicide gene codes a deletion mutant of
a native UPRTase. The deletion is preferably located in the N-terminal
region of the original UPRTase. It may be complete (affecting all the
residues of said N-terminal region) or partial (affecting one or more
continuous or discontinuous residues in the primary structure). In general,

a polypeptide consists of N-terminal, central and C-terminal parts, each



0,2 0-83 F2L/FCU 1 WD 2009/ 065547PCT/ EP2008/ 009721 27 [0097] Table 3
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representing about a third of the molecule. For example, since the S.
cerevisiae UPRTase has 251 amino acids, its N-terminal part consists of
the first 83 residues starting with the so-called initiator methionine situated
at the first position of the native form. As for the £. coliUPRTase, its
N-terminal part covers positions 1 to 69.

[0045] A preferred protein having an UPRTase activity comprises an amino acid
sequence substantially as represented in the sequence identifier SEQ ID
N°: 1 of EP 0998568 A , starting with the Met residue at position 1 and
ending with the Val residue at position 216. The term “substantially” refers
to a degree of identity with said sequence SEQ ID N°: 1 EP 0998568 A
greater than 70%, advantageously greater than 80%, preferably greater
than 90%, and most preferably greater than 95%. More preferably still, it
comprises the amino acid sequence represented in the sequence identifier
SEQ ID N°: 1 EP 0998568 A . As mentioned above, it may comprise
additional mutations. There may be mentioned in particular the substitution
of the serine residue at position 2 (position 37 in the native UPRTase) by
an alanine residue.

[0046] According to another preferred embodiment of the invention, the suicide
gene codes a protein having at least one CDase and one UPRTase
activity. Patent applications WO 96/16183 and EP 0998568 A describe
the use of a fusion protein encoding an enzyme with two domains having
the CDase and UPRTase activities and demonstrate that the transfer of a
hybrid gene codA..upp or FCY1::FUR7or FCY1..FURTA105 (i.e. FCUT)
carried by an expression plasmid increases the sensitivity of the
transfected B16 cells to 5-FC. According to a more preferred embodiment
of the invention, the suicide gene codes a polypeptide comprising an
amino acid sequence substantially as represented in the sequence
identifier SEQ ID N°:3 (coda::upp), SEQ ID N°:1 (FCU1) or FCY1::FUR1.
The term “substantially” refers to a degree of identity with said sequence
greater than 70%, advantageously greater than 80%, preferably greater
than 90%, and most preferably greater than 95%. More preferably still, it

comprises the amino acid sequence as represented in the sequence



0. 13.5- 0-800 0-1.8 0-22 0-0.3 /FCU1L 24 7.104 WTK- 0-108 0-88 0. 8-
n. .2

1-
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identifier SEQ ID N°:3 (coda::upp), SEQ ID N°:1 (FCU1) or FCY1::FUR1.
As mentioned above, it may comprise additional mutations.

[0047] The nucleic acid sequences may be easily obtained by cloning, by PCR or
by chemical synthesis according to the conventional techniques in use.
They may be native genes or genes derived from the latter by mutation,
deletion, substitution and/or addition of one or more nucleotides.
Moreover, their sequences are widely described in the literature which can
be consulted by persons skilled in the art.

[0048] Persons skilled in the art are capable of cloning the CDase or UPRTase
sequences from the published data and of carrying out possible mutations,
of testing the enzymatic activity of the mutant forms in an acellular or
cellular system according to the prior art technology or based on the
protocol indicated in application EP 0998568 A , and of fusing, in
particular in phase, the polypeptides with CDase and UPRTase activity,
and consequently all or part of the corresponding genes.

[0049] According to a more preferred embodiment, the poxvirus of the invention
further comprises a nucleic acid sequence comprising a gene coding a
permease.

[0050] Permease refers to transmembraneous protein involved in the transfer of a
drug comprising one nucleobase moiety, or a precursor thereof through
the cell membrane. _

[0051] Permease comprises but are limited to purine permease, cytosine
permease and nucleoside transporters.

[0052] According to a preferred embodiment of the invention, permease is a
purine or a cytosine permease of S. Cerevisiae. The nucleobase
transporters of S. cerevisiae consist of the purine-cytosine permease,
known as FCY2, and the uracil permease, known as FUR4 . The purine-
cytosine permease, FCY2 mediates symport of protons and adenine,
guanine, hypoxanthine and cytosine across the yeast plasma membrane
(Grenson 1969, Jund -and Lacroute 1970, Polak and Grenson 1973,
Chevallier et al. 1975, Hopkins et al. 1988). FCY2 protein mediates also
the transport of 5-fluorocytosine, an analogue of cytosine (Grenson 1969,

Jund and Lacroute 1970). FCY2 gene encodes a protein of 533 amino



16. 3 1 [0098] Antitunor activity of the poxvirus of the invention
in s.c. tunor nodel. [0099] Nude m ce bearing established s.c. LoVo tunors
(50-70 mB) WRPYWW¢EHt ed one time intratunoral ly or two RGTHERIBA Hvenousl! y
(by tail vein) with the indicated vectYts at dose of 1.104 PFU, 1.106 or 1.107
PFU, respectively. Starting day 7 followi ng viral injection, 5-FC was given by

oral gavage at 1 3 weeks.
Tunor size was n%%suregg(y\‘/\a/?'rﬁtd\rf&@k?d:gﬁgﬁ(gg%ééé;ﬂp\@g?@nsﬁﬁ@maﬁe—%nﬁmre
calculated in m*rRiamamsg(WéBerfeirainﬁlQ@O]{ Uil mhengWHawoumedi(myelraTétealr esults
depicted in figur a simlar efficacy with an
oncol ytic activi t@@b%&ﬁ%fs S'fnga #ﬁ?r?ﬁ’ ?o[rR eayrg\\l& ﬂu%? al?ﬁﬁrangand a

cgn‘_oi ned activi t%CY(WFC %éﬂhﬁs@i ak Psgmlh Wrasil aﬁ@kéhﬁbﬁs?%trém/@flsﬁﬁk&f agene) with
adm nistration o ich can furt ove the ntrol, of t t unor

Flung Ftlsrondn gl &

growth (p<0.01). BYobesEACMFERCA? & Wk LAsrous Indi @t 369 Aiman

hepatocel | ul ar | ip(@R4 (24 GiRAMPROtER! ner ﬁfété?(él I10BBRANRARYS] 16 by tail
vein) with the indicated vec{égors g%lﬁl}j)gse @-Iddk PFU agtgordl ng to the

fol | owi ngs: 14 day@te&f@f&?»?aam@ma@tdsdm\ZAKDa)tvuwo‘r%tr@w%B@etdﬂm")S mce were

or 106 pru of RS/ Bop@mRtichntyie N nd e RithaiglsRugd et TEAd; B B8
pfu of WTK- F2L- /Gagoier et 8l F@S)Tﬁél?dmrnwlrscmaleom%mteath;q/transfrp@rtaaf 5100 ny/ kg
e 3 921, by gl ARAERSD sl I (N ind QhgBbI g Sur g 5 ek

Tunor size was y “uUsi ers umor’'vol une were
cal cul at ed 058N AmBbrEgid seueacesibiFCY2 AGY F(uhtaam dibtablwadaira?jle inthe results

depicted in figure.4 show,that tunor. progr led W

2000/ 065547PCT) M GOFIEES B PEIoM RO 1004 A0 R | E5ESaeA) i ect i on
(p<0.0005) conparradferabipWereasd Ras af tamind Mcnd%eﬂ@énm@ﬁdrdm the group

adm nistration of 5-FC, The virus oncol ytic activi |l one i s very potent with

only 1x106 pfu ofcompfr'ﬁwsam'ﬁP@@tde'quU?FF%ﬁEﬁ)a%Heérﬁ’lq $§Q|Pd‘dﬁ8fjs Vi r al

pat hogeni City Wagy@RRRYSE Patint Qpa%ﬁb,ywogbggmgmpne on both Swi ss nude mce
(figure 7) and inmunoconpetents B6D2 mce (6 weeks from Charles Rivers)

(figure 8).[0RP¢ke With this rgseecteaceargingp erpraferrgd esaborimed adthe bwvealian.vi r uses in

100 pL of Buffer {ighe/MURG is thoer'f R, tﬁé)gﬁdux;%nqﬁfsmg HEY2UARRYL Lig course of

t he experinent. nude m ce e rnjectiron o 8 PFU of
WI K-/ FCUL r esul tamaiagueh éheateait Analbgue)@/@blfumrwdaﬁﬁ@rejers tdpplypeptida i nf ecti on.

Tl e 1 9, 5yt SR SR e S P SOy T,

agi mal sddi eflhbgt Wt ? _edm)an%)%ti md(i)z?ﬁta?p&@spl\lﬁFbea_té‘dahaysg%nﬁefafabtyogfeauetyt has bfeen
observed wi o} v ses, a ) ce er | i.njection o
103 pf u of Wi ke e RO%TRRS oshBreifrellvreaterisi SEWif i Eamiidash hag
significantly pr %Legng%b SFURY beadnt bEotSIA Ys(desBrilfsDRS: dboupanedvhid fetdihe

WI K-/ FCUL infected mce. Therefore, this result denpbnstrates the decrease of

toxicity wth t hdheiabilydo yansperadriq corrrsog-ope pelegbase moiety through

the cell membrane.

[0055] The one skilled in the art is able to choose the permease which will be
associated with the drug or the precursor of the drug comprising one
nucleobase moiety. For example, FCY2 and Fur4 are preferably
associated with 5-Fluorocytosine (5-FC).

[0056] According to a more preferred embodiment, the poxvirus of the invention
may further comprise the elements necessary for the expression of the

nucleic acid of interest.



Pocks tail |esion nodel. [00102] Swiss nude mice were injected I.V. with 1.106
(figure 9) or 1.107 PFU (figureeach virus. Tail |esions were enunerated once a
week. Mce iWPEMPEYHi th 1.106 PFU of WWI K- F2L- [ FCUL haPETERIWSPNZH 1
pocks/ m ce conpared with mce injected hith WTK-/FCUL with a average of 8
pocks by mice in day 13 post-infection (p<0.001) as shown in figure 9 (A). The

results are I cks with
WI K- / FCUL @6%&6 ofting &Y F”% ggféfe'l' @tbbgﬁn%éﬂi%%% ‘gg%mé’?ﬂg own in
figure 9 (B)f M aeay fugrtdaet eminmlsmthis el@Tie S DeobsSAW for e expresliohalther espect i vel y
an average of 3,5 npared. to mce | 1.107 PFU of
WTK-/ FCUL havi n@@%‘%@@?&ﬁgu%}cel@nﬂ%@@/?Tpgrée aﬁé}?ep%g\ﬁ%%g -infection (figure
10 (A)). At[odss] Jhereslerhaitepletessany e thenggresslombt theWdcléid-2did bFCUL have
respectively an aver@ge of 3,5 ?ck/m ce WO 2009/ 065547PCT/ EP2008/ 009721 29
conpared to ni ce INEeSEpRERLRGN arid SeRURARGA FRIMRTSIRG, 8 9808 °8FINg Aocks/ mi ce

(figure 10 (B)). pHipedsd E&hsﬁ&ﬁi fhe hHREnt8 YaRRFedast Wamstrighbiorsail pad and
WI K- F2L-/ FCUL |s statistically significant (p<0.05 The pocks formation is

correlated with tibte MBNA ans ifaiecessasy rfastranslation afap NAritoReIXRePKd%: r ul ence and
toxicity. Inj ect Qnéé?lg |oéa ?ro ?{%{a‘t/k%zgruaséﬁtélgrﬁﬁ:st\}éﬁ‘tbﬁratté‘@%téé\ﬁngh t he
Viru tica

single deleted T anal ysi s 00103] Statistical anal yses
wer e perfornmed uaregvlcﬂddedaw;b@dawﬁteraturel\/ﬁnnemnplﬁeyultab&spfommelsmmﬁl CA 7.1

e oS ap B R eSS VO 50 BB AR Yoy
NY)) 15.11.1994 iMucifleprarhdidis) efd<IFRbfeDAYIpEbrabi8)s areliSolazdXtdv powvirugee4/ 014314
(1w 010, (49 51950202008 8 ST04T R, Y ECRAETL S RGBT, (100"
0998568 A EP 09985p8sé\a sEthefOBfitotér suth £998668ederid@%6/ 16183 EP 0998568 A
CHAKRABARTI. . Biotechnigues. 1997, no.23, p.1094-97. , HAMMOND,
etal. . Journal of Virological Methods. 1997, no.66, p.135-38. and
KUMAR. . Virology. 1990, no.179, p.151-8. as well as chimeric promoters
between early and late poxviral promoters.
[0059] The nucleic acid sequence of interest and the nucleic acid sequence
comprising a gene coding a permease may further include additional
functional elements, such as intron sequences, targeting sequences,
transport sequences, secretion signal, nuclear localization signal, IRES,
poly A transcription termination sequences, tripartite leader sequences,
sequences involved in replication or integration. Said sequences have
been reported in the literature and can be readily obtained by those skilled
in the art.
[0060] The invention also relates to a process for preparing a poxvirus according
to the invention, in which process:
[0061] (i) a poxvirus according to the invention is introduced into a cell,
[0062] (i) said cell is cultured under conditions which are appropriate for
enabling said poxvirus to be produced, and
[0063] (iii) said poxvirus is recovered from the cell culture.
[0064] While the poxvirus can of course be recovered from the culture

supernatant, it can also be recovered from the cells. One of the commonly



EP 0998568 A WD 2006/ 048768 HERM STON. A demand for next-generation oncolytic
adenoviruses. Current opinion in nolecular therapeutics. 2006, vol.8, no.4,

p. 322-30. \WP2080405¢5547PCT/ EP2008/ 009721 30 FI SHER. StAGTIEPHYS/BT21at

di ssem nat ed netastases: the systenmc el | very of oncolytic viruses. Current
opi nion in nolecular therapeutics 2006, vol.8, no.4, p.301-13. CHERNAJOVSKY,

et al. Fighting [ M oG Y i b I I nal . 2006,
Vol "332, o 7694 T legttyblhePRBhElsn WSiRB ol b hEBREBFEOTZeclBE T2 oi i oma
agents. Expert r dreegingdhawingioyales ém otdee tapgyllecRbedrionslin &)e lysis5, p. 697- 708.
COHEN, et al. ONYX-015 X Phar maceutical s. r,rent LQi i

i nvesti gati onal &Paagataz%r,\e \/lug?q%?aq]ﬁ\'efg),e %nﬁl%%ag‘% %@E@?%Ggetﬁe al. Naturally
oncol ytic vir usesecHaiquesdf tiepani(chromatagragitc hsthdd) efetbedidbf aira- 2006, . vol . 8,

no. 4, p.314-21. THORNE, et al. Vaccipia virus, and oncol ytjc virotherapy of
cancer. Current &SNHIfERtOR, W[ﬂaéw(f%{rtREWQPép%ﬁﬂq’EQh'oQé%g?a t’.9t,‘33no.4,

p. 359-65. [BHAHFTRE presertlinvdMigRMBRsy idlates &8 cBApBbh Whidh rhgiseBYs a new

bi ol ogi ¢ weapon in the war agai nst cancer. Expert opinion on biological

t herapy 2007, volPORYirysoaesorging ip thednventiomigncoapingfion with & kAR icalY i on and
adverse reacti on%cc%g%%i i@t clinicians. MWR Recommendations and reports

. Morbidity and norta y ekly report. Recommendations and reports / Centers
for Di sease[0066} rAotornpositiorvatcosding tathrRRnvgntionis p@re speoifisaitHinterdedslior Vacci ni a
virus Kl L protei . ' ; ' ' ] ' s through
a cell-type- spec???gpeg'gb {'\?ﬁ X': é@g%\{l{@%tﬁ%{egﬂdﬁ%&rsggﬁ@%ﬁ%%hﬁﬁﬁi nct from
its binding site dndris Acd@Bpediicailpaimed at/protifeoafive R€ESes YeANCBES tumars],

p. 220-233. MCCART,, et .al . ﬁ stem ccﬁncer t her a d$/ith.a t unor sel ective
vaccini a virus mieSRPOFSSE- ér ?'Wﬁﬂp i FReBER 25201 IR INGASEowt h f act or
genes.. Cancer ressteockPactivit9 (6.3, rHeudvdidid afthritid, Msteipofdsis)Syst em ¢ ar med

oncol yti c ans immunol ogi ¢ ther a(ﬁ?n/ for cancer with JX—§94, a tt_ar et ed poxvirus
expr essi ng @UPAsP cappesitipmaceprdipg (R s ipversigpsanbg. made goryeptiondlly VAImBAUGH, et

al. . Journal of aV\'Hé\Q'tQQMmirﬁ%ﬁngK%caﬁf,ﬁpeﬁe@é%lﬁﬁ by ENCHgSEiNe rBltedin
Virol ogy. 1988, no.164, p.121-31. SCHM 1T, et al. . Journal of virol ogy. 1988,

no. 62, p. 1889- 97.partigdlarod YrevepBAizptyreiigstive guanidy 21 therecanhisatiygcieitoral .
Jour nal of virol %&glﬁ&@%“%%ﬁgon &(&Zb":lré;q wglﬁa%%eﬁcaw acqepgéwg nal of

virol ogy. 1984, . Journal of Biological
Chemistry. 1992, excipiat. It is.poBoibleltp. envidage@drrge. nuakeraif covtes 86 Research. 1990,
no. 18, p.4105- 10'administration. Examples which may be mentioned are the intragastric,
subcutaneous, intracardiac, intramuscular, intravenous, intraperitoneal,
intratumor, intranasal, intrapulmonary and intratracheal routes. in the case
of these three latter embodiments, it is advantageous for administration to
take place by means of an aerosol or by means of instillation. The
administration can take place as a single dose or as a dose which is
repeated on one or more occasions after a particular time interval. The
appropriate route of administration and dosage vary depending on a
variety of parameters, for example the individual, the disease to be treated
or the gene(s) of interest to be transferred. The preparations based on
viral particles according to the invention can be formulated in the form of
doses of between 104 and 1014 pfu (plaque-forming units), advantageously
105and 1013 pfu, preferably 108 and 102 pfu, more preferably 106 and 107.
[0068] The composition can also include a diluent, an adjuvant or an excipient

which is acceptable from the pharmaceutical point of view, as well as



BROYLES. . Virology. 1993, no.195, p.863-5. ANTONE. . Virology. 1998,

no. 244, p.365-396. EL OVARI, et al. Structure of vaccinia virus thymdine

ki nase in coNPRP¥RO®St'h dTTP: insights for drug design. BAIEPINETRIral bi ol ogy
2006, no.6, p.22. MCCART, et al. Systégrric cancer therapy with a

tunor -sel ective vaccinia virus nutant |acking thym dine kinase and vaccini a

wt h fact 6
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subsequent treat mwitidodet |Equid uommp@wsema/obamexact)masmrwamemahlue gene

expressi on and prol on?atl on BRI urvg val in gg Research . 1999,
vol .59, no. 14, p.resysiiued atfprRiEmeer uge “S'”QJ%’PJPH%erB?te EeRb i ol ogy. 1970,
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example in order to inhibit or retard the proliferation of the smooth muscle
cells of the blood vessel wall (restenosis). Finally, in the case of infectious
diseases, it is possible to conceive of the medicament being applied to
AIDS.
[0070] When the poxvirus, composition or method of the invention is used for the
treatment of cancer, the preferred route of administration is the systemic
route since the poxvirus according to the invention is able to specifically
target the tumoral cells.
[0071] The invention also extends to a method for treating diseases characterized
in that a poxvirus, a composition according to the invention is administered

to an host organism or cell which is in need of such treatment.



CHAKRABARTI . . Biotechniques. 1997, no.23, p.1094-97. HAMMOND, et al. .
Journal of Virological Mthods. 1997, no.66, p.135-38. KUMAR . Virology
1990, no. 179Y0R0MEaSE. 33 Cainms 1. A_poxvirus conpri siftdER2WEPEE ve F2L
gene; a defective J2R gene; and a nucl & ¢ acid of interest which conprises a
sui ci de gene. 2. The poxvi rus according to claim1l, wherein said poxvirus

bel ongs to h ng to claim
2, wherein @ poxv ’1%@5‘%’5 éﬂ%f %E]én@é)ggr%ﬂiaﬁ]\ﬂqﬁé?p%gg%?ﬁgmé

poxvi rus accor di n@atmelmtlraenlme,alamfmrmnsesandaqwmafaslspllrsWa:bm nia vir us strain
WR. 5. The poxvi accor.di n i m a Vaccinia
virus strain @p@ﬁlﬁgga%eut'ga' cergp\ﬁ 9%%"%%@% %Ip %d?? gdaadr@ﬁ%’\l egﬁ?lyipal mn 1to
5, wherein said Sdmbtdgdﬁ g ei3thes ddeatieulpr HFQ, nréladmrrgstertedltem hestcyt osi ne

deam nase activity. 7. The ggm rus @ cordin ﬁ to cl (11 [a wgereigf sai d suicide
gene is FCY1, FC/QIQa’t'ﬂHRrSF Yowa% ohtlystragion. fiscpesstle g e gasnet™lvi ng a
degree of i dent i ts) wigoh iEkdidal Gt aosEoAL0BNRAaaY bEST 00¥ngRg/dBye poxvi r us

according to claim6, wherein said protein_ having | east a cytosi ne

deani nase acti vi thpindsprefasredciithgn H@I%‘é@ﬁ%@@@ﬁ?@gé’h‘t@é‘ﬂoi‘ rhe lﬁ’éocglé%ﬂ?ence
i dentifier SEQ I %dhléglsteged -Hh%cg%‘ﬁ'cé'x’ﬁthasqgﬁﬁéilb 'Bgaétleei’é‘){; P&l claims 1 to 5,

wherein said suicl ene codes a protein having at least one cytosine
dean nase and on@yamatatlkzahbhosphorl bosyl transferase activity. 10. The poxvirus

acoor di 19 oFhp o ShE LArALLBHIGH(IE REAS,FOLRTerR PRYPEPL T do corpri si ng

an ami no ac quénce as r resen e sequence identifier
SEQ ID N: 3, SEQ lddniihigtratiort dsfdhanbmrmmrabosmqn&mo@coebrdﬁ@\tﬂ) thé-wRéntidr,. The
poxvirus accordin n f clains 1.t n_sai,d rus further
conprises a nucl éﬁg‘éfteé%@ﬂgglgaﬁeﬁ S By qufﬁr&bb 684?1%3 co Y&ghd edgﬁﬁé{ 34 12.
The poxvirus accqréliefdbly at leh&ti Sidyk, afteh eicchdmisteatips offtrRsgoxvBusiopur i ne or a
cytosine peremease of S cerevislae 13. The poxvirus according to claim 12,
wherein said perr?@HﬁDé’Slt'@n(ﬂ%%ré’WthPdﬂ?fW@"Eﬁ’btf% Edr'r?ﬂ fo3thgvercPeeind Fur4. 14.

The poxvirus accyrgieR@alePhiimenef dhe Fvahtith, %é@drﬁ@usth&(ﬂ@ﬁ@ffhe%ﬁb&u@oxw rus
further conprises the el enments necessary for the expression of the nucleic

aci d of interest .takes plaere7 gaxs pitersthae @datinipiiefianfdhg thamepeiticaggntd el to 13,
wherel nsald pox\Lis,fels bRAEERTPE g%§§.breh% RIGHRE S HAEASSE ¥ bdtindge

expression of the nuc eic acrd sequ e conprising a gene codi ng a pernease.
16. A poxvirus camngoses which anefmat%fqnzmr@wblchas aeﬁle@ﬂtlw@nsmegem and a

T et of ol BT B LIGSAEHh HA BB d b bse 1 Lhe

one of cl ai j0974] tRurthermore, #e chehpositibni or méthbdatéording totthe mvpntiresst be
combined with one or more substances which potentiate the cytotoxic
effect of the 5-FU. Mention may in particular be made of drugs which
inhibit the enzymes of the pathway for the de novo biosynthesis of the
pyrimidines (for example those mentioned below), drugs such as
Leucovorin (Waxman et al., 1982, Eur. J. Cancer Clin. Oncol. 18, 685-
692), which, in the presence of the product of the metabolism of 5-FU (5-
FAUMP), increases the inhibition of thymidylate synthase, resulting in a
decrease in the pool of dTMP, which is required for replication, and finally
drugs such as methotrexate (Cadman et al., 1979, Science 250, 1135-
1137) which, by inhibiting dihydrofolate reductase and increasing the pool
of PRPP (phosphoribosylpyrophosphate), brings about an increase in the

incorporation of 5-FU into the cellular RNA.



(I')a poxvirus according to any one of clains 1 to 16 or as defined in any one
of clainms 17 to 191s introduced into a cell; (ii) said cell is cultured under
condi tions WHPE¥H4¢847appropriate for enabling said poxviBIEPRWSPEYr oduced,
and; (iii) said poxvirus is recovered fromthe cell culture. 18. A conposition
whi ch conprises a poxvirus according to any one of clainms 1 to 15, or as

defined i . ; . . o Ll
exci pi ent . D87t Sorstl BAFR phekent B Bhich. P SRGRTAT fil Ko BRERRLTH L ) one
or nore subst ancese phtholyport taatdeata otbimsyathesismfitite pyrireidinesfard préfarabbcyt osi ne.

20. The conpositio ccording to claim.19 I ai d subst es which

potentiate the C)??[‘}Pg?g fgorgfﬂ?%9EOUBfCO@-Sg}'%%%?éz'iMRBﬁ%SFP o&pa%est?l Wi ch i nhi bit
the enzynes of thgpastePRiobrast 410M98NEBiOERM Mtarkiaesl B h8%1 33 1)f he
pyri m di nes, selected fromthe grou consi sting of PALA, Leflunom de and

A771726. 21. The LeBupRSBIde; B4/ & 'YRymekholitg thLedunqiRerePAViS &t @ subst ance
whi ch potenti at e 1gfg, BibERLAXES, @%epzn%nésﬂdmmmasiegsu.,i Porethntsexate. 22,

Use of a poxvirus according to any one of clains 1 to 15, or a conposition
according to any Rese53f32fi1ad2f)18 to 21 for preparing a nmedicament for the

Lreal ment onof G cofrbostif AiménBR5Udfads B Al StidhLAte EfifbiRbdcl al B 1 t o
15, or a composition according to any one Of clainms 18 to 21 for the treatnent
of cancer. SEQUENGMd GThde substanceRANSVREN SAticanzestheeamyi. Aatongncol yti ¢

e o 0 e R UL SR SR Aoy T 2

Trp Asp G n Lys sgdMeassdeiation or in combination with the compositions according to
the invention, there may be mentioned alkylating agents such as, e.g.,
.mitomycin C, cyclophosphamide, busulfan, ifosfamide, isosfamide,
melphalan, hexamethylmelamine, thiotepa, chlorambucil, or dacarbazine;
antimetabolites such as, e.g., geméitabine, capecitabine, 5-fluorouracil,
cytarabine, 2-fluorodeoxy cytidine, methotrexate, idatrexate, tomudex or
trimetrexate; topoisomerase |l inhibitors such as, e.g., doxorubicin,
epirubicin, etoposide, teniposide or mitoxantrone; topoisomerase |
inhibitors such as, e.g., irinotecan (CPT-11), 7-ethyl-10-hydroxy-
camptothecin (SN-38) or topotecan; antimitotic drugs such as, e.g.,
paclitaxel, docetaxel, vinblastine, vincristine or vinorelbine; and platinum
derivatives such as, e.g., cisplatin, oxaliplatin, spiroplatinum or
carboplatinum.

[0077] The compositions or methods according to the invention can also be use
in combination with radiotherapy.

[0078] The compositions or methods according to the invention may also be use
in combination with one or more other agents including but not limited to
immunomodulatory agents such as, e.g. alpha, beta or gamma interferon,
interleukin (in particular IL-2, IL-6, IL-10 or IL-12) or tumor necrosis factor;
agents that affect the regulation of cell surface receptors such as, e.g.
inhibitors of Epidermal Growth Factor Receptor (in particular cetuximab,
panitumumab, zalutumumab, nimotuzumab, matuzumab, gefitinib, erlotinib

or lapatinib) or inhibitors of Human Epidermal Growth Factor Receptor-2
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[0080]

[0081]

[0082]

[0083]

Figure 1. In vitro Sensitivities to 5-FC of vaccinia viruses infected human

colorectal tumor cells (LoVo). LoVo cells, infected at a MOI of 0.0001 with

the indicated viruses (mock (®) VVTK-/FCU1 (@) or VVTK-F2L-/FCU1 (O))

were exposed to various concentration of 5-FC. Cell survival was
measured at 5 days post-infection. Results were expressed in percentage
of cellular viability in the presence or not of drugs. Values are represented
in mean *+ SD of three individual determinations without the cell mortality

due to the replication of the viruses.

Figure 2. In vitro replication efficacy of viruses in LoVo'infected at a MOI of

0:0001 with the indicated viruses at day 5 post infection. Values are

represented in mean t SD of three individual determinations.

Figure 3. Mean tumor volume + SEM of s.c LoVo in Swiss nude mice after

i.v injection of virus. 7 days after inoculation with tumor (palpable tumof),
mice were treated by 107 pfu of buffer + saline (¢), buffer + 5-FC (#),
VVTK-F2L-/FCU1 + saline (8) or VVTK-F2L-/FCU1 + 5-FC (m). The
animals were treated by saline or 5-FC at 100 mg/kg/j twice a day by oral
gavage, 7 days after virus injection during 3 weeks. Tumor volume was
measured twice a week.

Figure 4. Mean volume + SEM of s.c HepG2 tumors in Swiss nude mice
after i.v injection of virus. 14 days after inoculation with tumors (paipable
tumor), mice were treated by buffer + water (¢), or buffer + 5-FC (), or
108 pfu of VVTK-/FCU1 + water (o), or 108 pfu of VVTK-/FCU1 + 5-FC (e)
(A); or buffer + water (¢), or buffer + 5-FC () or 108 pfu of VVTK-F2L-
/FCU1 + water (©), or 108 pfu of VVTK-F2L-/FCU1 + 5-FC () (B). The
animals were treated by 5-FC at 100 mg/kg twice a day by oral gavage, 7
days after virus injection and during 3 weeks. Tumor volume was
measured twice a week.

Figure 5. Ratio of virus yield in dividing cells versus in confluent cells.

PANC1 (pancreatic human tumor), H1299 (Lungs human tumor) or
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[0084] Figure 6. Viral titers (pfu/mg of tissue) in organs or tumors at day 6 and
day 21 after i.v. infection into Swiss nude mice bearing subcutaneous
human tumors with 1x108 PFU of VVTK-/FCU1 () or VVTK-F2L-/FCU1
@.
[0085] Figure 7. Survival of Swiss nude mice after treatment with 1x108 pfu of
VVTK-/FCU1 (m) or VVTK-F2L-/FCU1 () by i.v injection.
[0086] Figure 8. Survival of immunocompetent B6D2 mice after treatment with
1x107 pfu (A) or 1x108 pfu (B) of VVTK-/FCU1 (m) or VVTK-F2L-/FCU1 (0)
by i.v injection.
[0087] Figure 9. Average quantity of pocks on tails after i.v injection of 1x10¢ pfu
VVTK-/FCU1 or VVTK-F2L-/FCU1 in Swiss nude mice at day 13 post-
infection and at day 34 post-infection.
[0088] Figure 10. Average quantity of pocks on tails after i.v injection of 1x107
pfu VVTK-/FCU1 or VVTK-F2L-/FCU1 in Swiss nude mice at day 15 post-
infection and at day 31 post-infection. |
Mode(s) for Carrying Out the invention

Examples
Construction of vector plasmids

[0089] A shuttie plasmid for deleting F2L was constructed using the DNA of
vaccinia virus strain Copenhagen (accession number M35027). The DNA
flanking regions of F2L were amplified by PCR. Primers of the upstream
flanking region of F2L were 5'- CGC GGA TCC GAA AGC GAT GAA CTA
AAT GTT C - 3’ (SEQ ID N°:7; BamH/ site underlined) and 5'- TCC CCC
GGG GTT AGT TTC CTT AAC AAA TCT AAC -3’ (SEQ ID N°:8; Smal site
underlined). Primers for the downstream region were 5- GCC TGG CCA
ACA AAT AGA GGA GAT CAA GGG T -3’ (SEQ ID N®:9; Msc/site
underlined) and 5’ — GCC CAG CTG ACC ACT ACA TCA ATT TTA CAA
AAG - 3 (SEQ ID N°:10; Pwvul/ site underlined). The amplified DNA

fragment were digested with restriction enzyme Smal/BamH)/ or Mscl/Pvull
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GTT TCC TTAACA AC-3 al site
underlined) and inserted in Ppoly/// plasmid. The repeat region is used to
eliminate the selection cassette during the production of deleted viruses.
The selection cassette, corresponding to the GFP/GPT fusion gene under
the control of pH5R vaccinia promoter, was inserted into the Smal/Sph/
site in Ppolyll/ plasmid. The obtained plasmid is the recombinant shuttle
plasmid named pAF2L for deletion of F2L gene.

The generation of recombinant vaccinia viruses. . ,

[0090] CEF cells were infected with- VVTK-FCU1(Vaccinia virus, defective for the
J2R gene, expressing FCU7 gene under the control of synthetic promoter
p11k7.5) strain Copenhagen at a MOI of 0.1 and incubated at 37°C for 2
h, then transfected with a CaClz coprecipitate of the recombinant shuttle
plasmid (0.2 ug). The cells were incubated for 48 h at 37°C. Dilutions of
virus emerging were then used to infect the CEF cells in selection medium
containing Hypoxanthine at final concentration of 15 pg/mi xanthine at final
concentration of 250 pg/mi and mycophenolic acide at final concentration
of 250 pg/ml. Fluorescent (GFP) and positive (GPT selection) plaques
were isolated and selected for a several round of selection in CEF cells in
presence of GPT selection medium. The presence or not of VVTk-FCU1
was determined by 40 cycles of PCR with primers inside the deletion
region. After the elimination of parental virus, the double deleted virus was
used to infect CEF without GPT selection medium to eliminate the
selection cassette. Non-fluorescent plaques were isolated and selected for
2 cycles in CEF. Final recombinant VV viruses were amplified in CEF,
purified and virus stocks were titrated on CEF by plaque assay.

In vitro cell sensitivity to 5-FC.

[0091] Human tumor cells were transduced by the respective recombinant VV at
a MOI of 0.0001. A total of 3 x 105 cells/well were plated in 6-well culture

dishes in 2 ml of medium containing various concentrations of 5-FC. Cells
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In vitro replication in cultured celis.

[0092] Dividing or confluent cells were infected, in 6-wells plaques, at 100 PFU of
viruses (nearly MOI 0.0005). 2 mL of medium supplemented with 10%
FCS for dividing cells and no supplemented for confluent cells were
added. The cells were harvested at 48 hours post-infection. The cells were
stored at -20°C and sonicated to release the virus, virus was also
quantified by plaque titration on CEF cells. The ratio between replication in
dividing cells and confluent cells are similar in all cells. Both viruses VVTK-
/FCU1 and VVTK-F2L-/FCU1 replicate more in dividing cells than in
confluent cells.

[0093] As an indirect mean to assay for replication virus specificity, the yield of
virus produced in dividing versus confluent tumor cells (pancreatic human
tumor PANC1; lung human tumor H1299; glioma human tumor U118MG)
was determined. Confluent cells were plated at 1x10¢ cells/well and
cultured in complete media for 7 days then 1 day before infection the cells
were washed and cultured in media without serum. Dividing cells were
plated at 3x105 cells/well one day before infection. To evaluate the level of
cell division, the amount of titrated thymidine incorporated into nucleic acid
was measured 5 hours, 24 hours and 48 hours after plating cells. During
this period thymidine incorporation was relatively constant in confluent
cells whereas in dividing cells an increase in incorporation was seen over
time. Then the cells were infected with 100 pfu of viruses, and 48h post
infection the ratio between the yield of virus produced in dividing tumor
cells and in confluent tumor cells was determined by plaque titration on
CEF. Results depicted in figure 5 show that both viruses VVTK-/FCU1 and
VVTK-F2L-/FCU1 replicate more in dividing cells than in confluent cells.

Subcutaneous tumor model.

[0094] Female Swiss nude mice were obtained from Charles River Laboratories.

Animals used in the studies were uniform in age (6 weeks) and body
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experiments.

Biodistribution of the virus.
[0095] The presence of VV-FCU1 and VVTK-F2L-/FCU1 was evaluated by virus

[0096]

titration in tumors and organ samples. 1x10¢ PFU of the viruses was
injected intravenously (i.v.) by tail vein injection into nude mice bearing
established s.c. LoVo tumors. Mice were sacrificed at day 14 post-
infection, and the tumors and other organs were collected and weighted.
Tumors and organs were homogenized in PBS and titers were determined
on CEF as described previously. Viral titers were standardized to milligram
of tissue. Results depicted in Table 2 and 3 (The range of virus titers is
presented in pfu/mg of tissue) show that after 14 days the virus according
to the invention is mostly found in the tumor. In a second set of
experimentations according to the same conditions as described above,
mice were sacrificed at day 6 and 21 post-infection. Results depicted in
figure 6 show that both viruses VVTK-/FCU1 and VVTK-F2L-/FCU1 target
the tumor with about 1 000 to 10 000 fold more virus in the tumor than in
the other organs analyzed except for tails in the case of VVTK-/FCU1. A
small amount of VVTK-/FCU1 is detected in lungs, spleen, kidney and
lymph nodes (less than 10 pfu/mg) and more in skin, tail and bone marrow
at day 6, and skin and tail at day 21. In contrast, VVTK-F2L-/FCU1 has
higher tumor specificity with only a small amount in lungs, spleen, kidney,

lymph nodes and skin at day 6, and in skin and tail at day 21.

Table 2

Tumor Lungs | Spleen Kidney | Heart L.Nodes

VVTK-/FCU1 (0,2- 0.1-2 0-2.2 0-1.8 | 0-0.3 0-61

3,3)x105

VVTK- 0-8.1x104| 0-5.7 0-9.3 02-3 |02 0-83
F2L/FCU1




195200205 Tyr Asp Arg Leu Ile Asp Val His Cys Asp Gu Ile Asp Asp G u

210215220 Ser Ar

Phe Val GQu Thr Val Ala Ala Leu Ala Hs Hs Qu Qy

Adn
Met

225230235240VeL2PY0¢584'Ar g Val Thr Ala Set His Thr Thr Al XCUEP2008/Q98dt Tyr Asn

245250255 Gy Al

a Tyr Thr Set Arg Leu Phe Arg Leu Leu Lys Met Set Qvy

260265270 Asn Phe Val Ala Asn Pro Leu Val Asn Ile Hs Leu dn dy Arg
275280285 é%@ggtr Tyr Pro Lys Arg Arg Ay Ile Thr Arg Val Lys Qu Met
r

290295300

Gy Ile Asn Val Cys Phe Gy H s Asp Asp Val Phe Asp

305310315320 Leu His Val Cys Gn LeuTdteddy Tyr Ay Gn Ile Asn Asp

340345350 Asn(Leu ITe r H$HS Al rg (Thy_Tep e Asp
E"é”fﬁ y S'Egln gggr" Al Zsoﬁgn Lgﬂa'JITI <] A%gleke '-gra (F)l

355360365 Ay |l

e Ala u Al a
y Phe|Asp Al a Leu| Arg Arja®w |Val Prp Val Arg Tyr Per

370375380 Asn |d
I

385390395400 Arg R Y

JFCUA 24 | 7.10
VVTK- 0-108 [ 088 | 08- | nd | 002 | 0-1.8 0,2
F2L/FCU 16.3
1

[0008]

Antitumor activity of the poxvirus of the invention in s.c. tumor model.

[0099]

Nude mice bearing established s.c. LoVo tumors (50-70 mm3) were
treated one time intratumorally or two times intravenously (by tail vein) with
the indicated vectors at dose of 1.104 PFU, 1.10%0r 1.107 PFU,
respectively. Starting day 7 following viral injection, 5-FC was given by oral
gavage at 100 mg/kg (0.5 ml 5-FC 0.5% in water) twice a day for 3 weeks.
Tumor size was measured twice weekly using calipers. Tumor volume
were calculated in mm3 using the formula (p/6) (length x width2). The
results depicted in figure 3 show that the 2 viruses have a similar efficacy
with an oncolytic activity (p<0.05) able to control the growth of tumor, and
a combined activity (oncolytic of the virus and therapeutic of FCU1 gene)
with administration of 5-FC which can further improve the control of the

tumor growth (p<0.01).

[00100] Nude mice bearing established s.c. HepG2 (Human hepatocellular liver

carcinoma celis) were treated intravenously (by tail vein) with the indicated
vectors at dose of 1.108 PFU according to the followings: 14 days after
inoculation with tumors (palpable tumor), mice were treated by buffer +
water, or buffer + 5-FC, or 108 pfu of VVTK-/FCU1 + water, or 108 pfu of
VVTK-/FCU1 + 5-FC, or 108 pfu of VVTK-F2L-/FCU1 + water, or 10° pfu of
VVTK-F2L-/FCU1 + 5-FC. The animals were treated by 5-FC at 100 mg/kg
twice a day by oral gavage, 7 days after virus injection and during 3
weeks. Tumor size was measured twice weekly using calipers. Tumor
volume were calculated in mm3 using the formula (11/6) (length x width?2).

The results depicted in figure 4 show that tumor progression is controlled
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405410415 Tyr Leu u Gn Pro Qu Ala Ile Asp Tyr Lys Arg Ile Sex Ay Ala
420425430 Asn Ay Val Met Ala Lys Ile Val Qu Val Lys H's Pro Leu Val Lys
435440445 HIVOPRY/¢S8 Gy Leu Met Arg Qu G n Asp || e SECTERIFYE72Ar g Phe
450455460 Arg Gu Leu Ala Ser Gu Val By Ser Leu Leu Thr Tyr Gu Al a Thr

465470475480 AIa Asp Leu Qu Thr Qu Lys Val Thr Ile Gu Ay Trp Asn Gy Pro

52000102 e o BB Wi B BT A el L
515520525 Ser Al aoAuffet. TeeSetivivab n\d&éntﬁr}beWnthTaﬁmlArsQaﬁ@ﬂoQ-ECﬂTheThr Leu

530535540 A u Pro . Val Pro Tyr. Phe G n s Leu Val Ile, Asp Qu Arg
545550555560 AId"WﬁP”PP'&"%é‘B'VEé&'q_“@dSM Y RAJENtAYID @ ?391@% Pf!lé‘fseﬁle Lys

580585590 Leu Valjpjegtegval Ala Ala Pro Qu Ay Ile Ala Ala Leu Qu Lys Ala

595600605 Hi s Pro Asp Val Gu Leu Tyr Thr Ala Ser Ile Asp G n Ay Leu Asn
Viral pathogenicity.

[00101] Viral pathogenicity was assessed with survival studies done on both Swiss
nude mice (figure 7) and immunocompetents B6D2 mice (6 weeks from
Charles Rivers) (figure 8). Mice were injected 1.V. with 1.107 or 1.108 PFU
of all viruses in 100 uL of Buffer per mouse. Mice were observed daily
throughout the course of the experiment. In Swiss nude mice (figure 7),
the injection of 1x108 PFU of VVTK-/FCU1 results in the death of 40% of
the animals 3 days after infection. The remaining mice died between day
50 and day 80 after infection. The administration of VVTK-F2L-/FCU1 was
less pathogenic, the majority of the animals died between day 65 to 115
(p<0.05). No evidence of toxicity has been observed with both viruses at
107 pfu. All mice died after i.v injection of 108 pfu of VVTK-/FCU1. The
group with treatment of VVTK-F2L-/FCU1 had significantly prolonged
survival to 92% (p<0.00005) compared with the VVTK-/FCU1 infected
mice. Therefore, this result demonstrates the decrease of toxicity with the
double-deleted virus VVTK-F2L-/FCUA1.

Pocks tail lesion model.

[00102] Swiss nude mice were injected I.V. with 1.108 (figure 9) or 1.107 PFU
(figure 10) of each virus. Tail lesions were enumerated once a week. Mice
injected with 1.108 PFU of VVTK-F2L-/FCU1 have less than 1 pocks/mice
compared with mice injected with VVTK-/FCU1 with a average of 8 pocks
by mice in day 13 post-infection (p<0.001) as shown in figure 9 (A). The
results are similar at day 34 post-injection with an average of 4 pocks with
VVTK-/FCU1 compared to nearly 1 for VVTK-F2L-/FCU1 (p<0.0001) as
shown in figure 9 (B). Mice injected with 1.107 PFU of VVTK-F2L-/FCU1
have respectively an average of 3,5 pocks/mice compared to mice injected
with 1.107 PFU of VVTK-/FCU1 having an average of 10 pocks/mice at
day 15 post-infection (figure 10 (A)). At day 31 post-infection mice injected
with VVTK-F2L-/FCU1 have respectively an average of 3,5 pock/mice

Val



610.615620 du Hs Ay Tyr Ilelle Pro Ay Leu Gy Asp Ala Ay Asp Lys Ile
625630635640 Phe GI;/ Thr Lys <210> 4 <211> 158 <212> PRT <213> Saccharonyces
cerevi si ae MPBWIASKEt val Thr Ay d y,Met Ala Ser Lys PEHERYES/ PRI Lys Ay Met
Asp 151015 Ile Ala Tyr Gu flu Ala Ala®.eu Ay Tyr Lys Gu @y Ay Val Pro
202530 Ile Gy Gy Cys Leu Ile Asn Asn Lys Asp Ay Ser Val Leu Ay Arg 354045-

Tt Leu G Aon Grase b ieleelel VIR AR G A SiRHL acp The Thr
Leu Tyr Thr Thr LsekSeticd(figutey $0 {8)). TS difgentBin fbok Bb&Dhetveed VETKLe Met Tyr
% Ly T 1n0 iuiiindin G- B Rt SR e T o
Trp Phe G u Asp Idgk&HFdrnfatibn is correlated with the replication of virus in the tail and so
with virulence and toxicity. Injection in i.v of VVTK-F2L-/FCU1 is less toxic
than with the single deleted TK virus.
Statistical analysis.
[00103] Statistical analyses were performed using the nonparametric Mann-
Whitney Utest and STATISTICA 7.1 software (StatSoft, Inc.). A £< 0.05
was considered to be statistically significant.
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Leu Pro Ala Qu Asn Ay Phe Asp Ala Lou Arg Arg A n Val Pro Val
385390395400 Arg Tyr Ser Val Arg Ay Ay Lys Val Ile Ala Ser Thr A n
Pro Al a 405410415 G n Thr Thr Val Tyr Leu Qu Gn Pro Qu Ala Ile Asp
Tyr Lys Arg 420425430 <210> 7 <211§ 31 <212> DNA <213> Artificial
<220> <223> digonucl eoti des <400> ¥ cgcggat ccg aaagcgatga actaaatgtt
c31 <210> 8 <211> 33 <212> DNA <213> Artificial <220> <223>

A igonucleotides 11 <210> 9 <211> 31 <212> DNA

Claims
1. A poxvirus comprising a defective F2L gene; a defective J2R gene; and a nucleic

acid of interest which comprises a suicide gene.

2. The poxvirus according to claim 1, wherein said poxvirus belongs to the

Chordopoxvirinae subfamily,

3. The poxvirus according to claim 2, wherein said poxvirus belongs to the Vaccinia

virus species.

4. The poxvirus according to claim 3, wherein said poxvirus is Vaccinia virus strain
WR.

5. The poxvirus according to claim 3, wherein said poxvirus is a Vaccinia virus strain

Copenhagen.

6. The poxvirus according to any one of claims 1 to 5, wherein said suicide gene

codes a protein having at least a cytosine deaminase activity.

7. The poxvirus according to claim 6, wherein said suicide gene is FCY1, FCA1,
CodA or a gene having a nucleic acid sequence having a degree of identity with
FCY1, FCA1, or CodA greater than 70%.

8. The poxvirus according to claim 6, wherein said protein having at least a cytosine
deaminase activity is the FCU1-8 polypeptide represented in the sequence
identifier SEQ ID N°:2.

9. The poxvirus according to any one of claims 1 to 5, wherein said suicide gene
codes a protein having at least one cytosine deaminase and one uracil

phosphoribosyl transferase activity.

10. The poxvirus according to claim 9, wherein said suicide gene codes a polypeptide
comprising an amino acid sequence substantially as represented in the sequence
identifier SEQ ID N°:3, SEQ ID N°:1 or the amino acid sequence of FCY1::FUR1.

11. The poxvirus according to any one of claims 1 to 10, wherein said poxvirus further

comprises a nucleic acid sequence comprising a gene coding a permease.



<213> Artificial <220> <223> oligonucl eotides <400> 9 gcctggccaa
caaat agagg agatcaaggg t31 <210> 10 <211> 33 <212> DNA <213>
Artificial '<220> <223> oligonucl eoti des <400> 10 gcccagctga
ccactacatc aattttacaa aag33 <210> %} <211> 32 <212> DNA <213>
Artificial <220> <223> oligonucl eotiTdes <400> 11 gccgcat gct
ccagaattga tcatagtgga ta32 <210> 12 <211> 32 <212> DNA <213>
Artificial <220> <223> oligonucl eoti des <400> 12 gctct agagt

tagttt CCtIE. ?ﬁ&ﬁgf\}iﬁ&aac%gﬁcﬁng to claim 11, wherein said permease is a purine or a

cytosine peremease of S. cerevisiae.

13. The poxvirus according to claim 12, wherein said permease is chosen from the

group comprising FCY2 and Fur4.

14. The poxvirus according to any one of claims 1 to 10, wherein said poxvirus further
comprises the elements necessary for the expression of the nucleic acid of

interest.

15. The poxvirus according to any one of claims 11 to 13, wherein said poxvirus
further comprises the elements necessary for the expression of the nucleic acid

sequence comprising a gene coding a permease.

16. A poxvirus comprising a defective J2R gene, a defective F2L gene, and a nucleic
acid of interest which comprises a suicide gene, for use in the treatment of

cancer.

17. A process for preparing a poxvirus according to any one of claims 1 to 15, or as

defined in claim 16, in which process:

() a poxvirus according to any one of claims 1 to 16 or as defined in

any one of claims 17 to 19 is introduced into a cell;

(ii) said cell is cultured under conditions which are appropriate for

enabling said poxvirus to be produced, and;
(i) said poxvirus is recovered from the cell culture.

18. A composition which comprises a poxvirus according to any one of claims 1 to 15,
or as defined in claim 16, in combination with a pharmaceutically acceptable

excipient.

19. The composition according to claim 18, in combination with one or more

substances which potentiate the cytotoxic effect of 5-Fluorocytosine.

20. The composition according to claim 19, wherein said substances which potentiate

the cytotoxic effect of 5-Fluorocytosine are drugs which inhibit the enzymes of the
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pathway for the de novo biosynthesis of the pyrimidines, selected from the group
consisting of PALA, Leflunomide and A771726.

21. The composition according to claim 19, wherein said substance which potentiate

the cytotoxic effect of 5-Fluorocytosine is methotrexate.

22. Use of a poxvirus according to any one of claims 1 to 15, or a composition
according to any one of claims 18 to 21 for preparing a medicament for the

treatment of cancer.

23. Use of a poxvirus according to any one of claims 1 to 15, or a composition

according to any one of claims 18 to 21 for the treatment of cancer.





