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tissue-specific promoters used to control the expression of these viral
genes; and tropism modification to redirect adenovirus to the cancer cell
surface. In the near future, oncolytic adenoviruses need to be optimized to
fully realize their potential as critical anticancer tools and, thus, improve
the prognosis for patients with malignant gliomas ( JIANG, et al. Oncolytic
adenoviruses as antiglioma agents. Expert review of anticancer therapy.
2006, vol.6, no.5, p.697-708. ).

[0003] For example, ONYX-015, an adenovirus modified selectively to replicate in
and kill cells that harbor p53 mutations, is under development by Onyx
Pharmaceuticals for the potential treatment of various solid tumors,

including head and neck, gastrointestinal and pancreatic tumors. It is a



Phar maceuticals for the potential treatnent of various
solid tunors, including head and neck,

wQ@a@veiswt est i nal and pancreatic tunors. |t i SPCT/EP2008/009721
areconbi nant adenovirus that carries a
| oss-of -function nmutation at the E 1B | ocus, the
product of which is a 55 kDa protein that binds to and
i nacecamabant adepsdrusutnat catrgsr 2 fassrofpiupcéom mutaiiey) at the E1B

t he ONYX-. 015 adenoyirus is osed.t.o .l eave nor nal
col I As BAdEt S{pinih 57 3b REEE e pafHRad s 3Ry
SUPRK &SRBt IBRESE Rinhbies UPLTEsSSBrBteih Y TRUS! thaeDRIYXC015
abnormal ity in cancer, occurring in nore than half of

al | adgnovirgaiscceuppogedso lFave nomalseelisalnaffegted. Mutations in the
susceptible to the virus, \Alg'hch_ vvit! I read!tl rﬁﬁl ié:tflte

and PO JUEQY SUPPIRSHO: JeRraredhe mastcomuRgBitye Bhagestl

tri glphoh9alifylig dah@éli,'ﬁl%ﬁhrrﬂfg inahefd 8izin MAREF ANhaj@Cdancer

cancer, phase Il trials for colorectal, ovar%/_, i _
pandypes Tans, thesercellsraresusaaptipiade éhe virus,avhich ayill readily

di gestjve di sease, esophagu Lver :
et "GPPl RN R S SR By RGO 45 In SRh eSS ias for
opi Bh&RrelafmbRYE6idcafehPRdhd BhddfeckZhter, pHasedl trids fot,
p.1770-5. ) . [0004] Naturally oncolytic viruses are

r epldoterecian-euarparantrees and dBouthdumess.canchphaseat ials for

pos e t5t3 e . SBhNbES BRY PREMhors GEOREN Tt oy

can@ers, Oryx Pharenaddutisas. Cuwreertt 88 i vestiganires drids.
naturally oncol ytic viruses has | agged behind the

suppdial, vek2.emyil Ae1édOidnovi ruses and her pesvi ruses

008, G ARE e ATES S5, 5 Bohave o
sel gghatel dnilitpfto tsbl%%ﬁv@l?ltinlfe@t hiyd RitituriorngliegPessite being used in

ROBERTS, et al. Natura e/ oncol yti ¢ viruses, Current
opi theeriginakaiteamtato traaf earaarivith liveysesfie decadesago,

p. 314 - vt

"o s et Srbo IR Va0 62 Hah BN U suppt o
of tdigjikepredtddenbuiresesnane begresvirasesasicdeatr therapeutics.
backbone for use in oncolytic virother

.. Th .
" noIFRRRBTHlYS ROWEVET, flaargd)as begh FenexRdiniaiest indhedyigh potency

e ¢ ! _
ano 8 T GET RNt el oty o b BoEh it ROGEERS: bt
al t ivatghallyagredolyicofirusep| Ouatsnt gpiriom invem/aceldrshetdusytics .

are not consi dered n ral health problemand are
esped0f: P’?P q4cﬂ1§ﬁﬁ§trized havi ng been delivered to

00g3, 880 o e U G FBEOT, P possos
ei t neany of the key attributes necessary for an ideal viral backbone for use in

oncolytic virotherapy. These include a short lifecycle, with rapid cell-to-cell
spread. strong lytic ability, a large cloning capacity and well-defined
molecular biology. In addition, although capable of replicating in human
cells, they are not considered a natural health problem and are especially
well characterized. having been delivered to millions of individuals during
the campaign to eradicate smallpox. Early clinical results using either
vaccine strains or genetically modified vaccinia strains have demonstrated

antitumor effects ( THORNE, et al. Vaccinia virus and oncolytic
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therapy). Adverse reactions that might require further evaluation or therapy

include inadvertent inoculation, generalized vaccinia (GV), eczema
vaccinatum (EV), progressive vaccinia (PV), postvaccinial central nervous
system disease, and fetal vaccinia ( CONO, et al. Smallpox vaccination
and adverse reactions. Guidance for clinicians. MMWR.
Recommendations and reports . Morbidity and mortality weekly report.
Recommendations and reports / Centers for Disease Control. 2003,
vol.52, no.RR-4, p.1-28.).

[0009] Thus, there is need for safer Poxviruses with an oncolytic activity as good

as to their natural counterparts.
Background Art



[0009] Thus, there is need for safer Poxviruses with

an oncolytic activity as good as to their natural
wa@ommesspart s. Background Art[0010] US 5364773PCT/EP2008/009721

(VI ROGENETI CS CORPORATI ON (4TROY NY)) 15/1 1/1994

descri bes a nodified reconbi nant poxvirus, nore

particularly a vaccinia virus having inactivated

[001&1néb%5664§73 WIRGQGENDUES @Qﬁla@cﬂi/g'ﬂb)é! (EROYINY)1S/11/1994
so that .the rec ﬁ‘gﬂnant oxv rus .has attenu

o r HPSRUESS AT RS Gt e E PORHN B e e AT CUigy 2 vaccinia
gen@ﬁrbﬁ Ha‘mﬁj |'n96ﬁva't[38 ddﬂ\@@&éﬂﬁ’él@/ﬂ’u@krﬁ%ﬁéﬁ'é&oaéd Qesietic

r ead |ng rame encod |ng a virulence factor or

i nsdundtiomslsa lrhmattha/mqombloanwow@a he@aattetwawémul_ence and
ot enhetest Spltk T Bar@bltuing S RThRIA piringbllidted by
r ea@e‘lkﬁlrfg ABpeh réé’dmé?%m@la%&ﬁ&%g% vifdBhee ARAGY o NY\)A

K 1L, and |14L has been i nactivate Thi s virus
can nmmorgalnemte@tlag oA ame@pen refasting: fragreeereoding Beurcllence
vac {or i nd

riaaPb et paTicfiat e alehh ce CHiA vBginia, drus fy which

YVA@hé %péﬁ&éb@inQCfraeﬁéWf&mm BEIR+BAIR, ADSIDASER, C7L - K1L,
manmmal i an eel s and can not_be used as an oncolytlc

vi r @nd(l4kihasdaen inectivated\vabisi viiug (NY(ACkcan bgrestgingered as a

b Sage L& forel g Pal ERledtiy ehgdisERro 8 HaE AR br g an
r esiigpdidgitalaresponsd |rn§1hofst animdlsHbiveden N WA&: founable to
ACAP2. Journal of virology. 2006, vol.353, no.

p. 2&fficiely peplicateon rmyswrzmal;mq@a@npmw@m psedjss an
) 19/ §g§8%ﬁ'ggg§ﬁw %I t\%&%.x%ﬁw{ﬂ #frlortéﬁﬁ strtr@?)torts viral

tlons N 1ts vi

Des Qéplhﬁﬂloﬁuﬁ aunersand eatbtﬂt ol t&hromgl’f & cefl- ty;b@specmc set of its
foll owi ng cl asses of pol ypept.id

i nt @nKYAB ReprRAfUPEICLRE the @fsecbwrtré from its binsligrsiie for ACAP2.
t dul
vol VLR g000 Yol 30, 004 BARR TS I 1 1

[oonqduvm 20040143 4 (KIRN; DAY D OUS) NHO02/2064 E[ES/crﬁtms*ran altered

po | ypeptides; and, 7) viral pol tide that .act to
i nhN@PP'niaeY'élé%@aéPOW@@Fl%\?so WP MutgliATaN i viral genome.

( angeécﬁﬁﬁsa%%ﬁoﬁé are g qnggg#afeeoq&ﬁéi ?dlro.leﬂ% aRRsbE o

ions In vaccinia vir are also
di s@o@qmﬂmtndb@Oﬂ)théfmmnnnedLgammgtpotypgpbde 2udmplement control

E‘E;‘Eo@%ﬁ o T NEET RoBMoKIe-ess Btng ApRSREea A bserine
ds%%? Qrmgﬂéﬁ;' 598S9pik&8uIafing BbR/ pRPRYE S Adlinfectious EEV
form polypeptides; and, 7) viral polypeptide that act to inhibit release of
infectious virus from cells (anti-infectious virus form polypeptide). In
addition, mutations in A41L or C11R of vaccinia virus are also disclosed.
[0012] Vaccinia genome regions such as A34R, A41L, A53R,B5R, B7R,B8R,
B13R, B15R,B18R, B22R, B28R, B29R, CUR, E3L,K2L, N1L,vC12L, and
vCKBP are more particularly described in this application. Methods of the
invention involve using any of the poxviruses discussed herein. The
inventors also disclose methods to treat cancer by administering to the
cancer cell or patient an effective amount of this altered vaccinig virus.

Disclosure of Invention



i nvention involve using any of the poxviruses
di scussed herein. The inventors al so disclose nethods
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patient an effective anountSof this altered vaccinia
virus. Disclosure of Invention[0013] The inventors
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"Consisting of" shall mean excluding more than trace elements of other
components or steps.

[0019] As used herein, the term “poxvirus comprising a defective gene” refers to a
poxvirus comprising a deletion, substitution or addition in one or more
nucleic acid of the defective gene, or any combination of these possiBiIities
wherein said modifications lead to the inability for the virus to produce a
protein having the activity of the protein produced by the unmodified gene.
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



wherein said nodifications lead to the inability for
the virus to produce a protein having the activity of
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[0021] For example, Vaccinia virus strains Dairen |, IHD-J, L-IPV, LC16M8,
LC16MO, Lister, LIVP, Tashkent, WR 65-16, Wyeth, Ankara,
Copenhagen, Tian Tan and WR can be used. According to a particularly
preferred embodiment, the poxvirus according to the invention is a
Vaccinia virus strains Copenhagen.

[0022] The poxvirus vaccinia contains a large duplex DNA genome (187 kilobase
pairs) and is a member of the only known family of DNA viruses that
replicates in the cytoplasm of infected cells. Because the infected cell must
deliver large amounts of DNA precursors to cytoplasmic replication sites,

the virus encodes and expresses many enzymatic activities required for
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[0025] According to a preferred embodiment, the poxvirus of the invention further
comprises a defective J2R gene.

[0026] The J2R gene encodes a Thymidine kinase (TK) which form part of the
salvage pathway for pyrimidine deoxyribonucleotide synthesis. The
reaction catalysed by TK involves the transfer of a y-phosphoryl moiety
from ATP to 2'deoxy-thymidine (dThd) to produce thymidine 5'-
monophosphate (dTMP). Vaccinia virus’ TK is of type 2. Type 2 TKs have
‘a smaller polypeptide chain compared to type 1, being of ~25 KDa but
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i s dorno homatetramess. T haysaresansitivertal the feedbagieiphibiters dTDP or

L

I nhifiKd Rave € TRICH hafldWBr smbsﬁéteéﬁp%cﬁﬁit&ro@hﬁsbrétj tb ltype 1 TKs

end of the netabolic pathway s have a_much

nar rangeen!y phosphorylaip Zdaaxylridi n@o(ﬁhba reddl/erod Thh e EL QMARI, et

(et RURE B e B s S el rflge B

thymhagm% fbra deagﬁom@&tmwaﬁ%}agyl 2@0&h‘kﬁ6ﬁ§>22 )
dr ugF[ desi g structural_biolo 006, no.

[0037] CDG’E’W}?ePdﬁfﬁQ’ﬂMQ der ier &4 region @mdtrnethmiﬁ tpaﬁqt@ﬁ taﬂr@ are

camgPiabR 8 e 2, FE Bl Bl s eng Br WECHHT, o

can@fstéhfy @dhbethﬁé‘ra@ythﬂ‘Dé t@ebestiectve aactiniaviniy msitant
mut ant | acki ng ém di ne ki nase and vaccinia growh

f actlwklg@ H’@ém'@é{‘rﬂ: pas@ aadivaescing gnowth\factos genegocaacer
. 8 t, 4l
P Pk A S, o205t O ENAMESH i o

t hyrd dédter f@rﬂ@ﬁ@fdﬁbete@dge’nﬁ &fﬁrap;@&ﬂ@@&trgﬂnentdiertapmldme
2000, vol.7, no.1

admwaﬁer@lelrem wt@tr é'@é’ﬁﬁ’(ﬁﬁﬂ? ’%(é@!’r#%pQuVPuZ Ro ) p.66-73.,
exprﬁﬁimg et I?:\ﬁ @éﬁé’rﬁwgdrﬂﬁgé;}' it Eot% RSt nSHES S5 Virus

trea orocy eads to
t umaxpsesing thee ggtosinexduagsiaase gand anddubrgaieantrefitment with
survival in nmce. Cancer Resear . 1999, vol

14, Yflagrosyosine leads e tugerspec ?5&06@&956%%@3%%'%98“0“
del glred) d\‘?éln}[}'ﬁ?céZBa%&v R’Bseé/%%%lbgéc@elf%? 1.8, 3396-403.

preferre he poxvirus accor
I NV eayan meubed tdproducedra pe;s\nwsasdmteddor ﬁheoJZR reglon

10038 AT inbdo b retfTEac BTTeBiT an e poXRE Aesidding to the

Seqlfﬁvr@rﬁlo%ffu'rtﬂ%?FeCuln@@%%q'ﬁdl%lé‘a%ﬁﬁ@f iRfdect which is

a therapeutic no a therapeutic gene). A
[0029]hdn aomafemedmhmndlméni shenueclefd adid ldéntarest contains at least
phar macol ogi ca tecti,ve activ

| en. . . :
D et ca s rr g uig 4 OpaF mepUtl Sk i tyerapeutic
pat mBFecE (]f gr Eriﬁerfar %mlé‘gghé?‘?}?Qhefadédtleqﬁéleégfédhé bRE which
e pr tect ed against th di sease or
has a pharmacological or protective activity when administered
appropriately to a patient, especially patient suffering from a disease or
illness condition or who should be protected against this disease or
condition. Such a pharmacological or protective activity is one which is
expected to be related to a beneficial effect on the course or a symptom of
said disease or said condition. When the skilled man selects in the course
of the present invention a gene encoding a therapeutic molecule, he
generally relates his choice to results previously obtained and can
reasonably expect, without undue experiment other than practicing the

invention as claimed, to obtain such pharmacological property. According



condi tion. Such a pharnacol ogi cal or protective

activity is one which is expected to be related to a
whemehssskal ef fect on the course or a synpt om BET/ER20dS/009721

di sease or said condition. 9%en the skilled man

selects in the course of the present invention a gene

encodi ng a therapeutic nolecule, he generally rel ates

hi s te e twention ctbel sesiueneeicd interessisanibeciomplpgoss or

or aderapiapaiRaSig sifoeb fels MER MR b¥enhiPh SliqBBeousty
pharsaRf s QR ofhRPESt shcotes AIdbshroof A olypepfitie08specially a
t he sequence of interest can be honol ogous or

het ¢éheriapgutie or prephylacticqealypeptide giMing ahesapewtic er prophylactic

encaiotosy A BRSPAPTOEH Thferfist R SR BallblaPhg tuct of 2
t hermatiidicotile RBRINSA6E sige PAhY ReREhSIegIPEsyMted or not, and

therapeutic or prophylacti ca_property. A pol ypeptide is
undéncjudesipeptides ang protains. Ahesanrgutisrinlyraptisiesdnclude as a

pol ynucl eotj de r d . . Si .
o0\ SEL5A Gl RS el gl e g3 ol ARlp or detective o
pr otgRifidient pRetERREH tHnCamifial Be Puhiesoigamisidcorpose that act
primary exanple those polypeptides that can conpensate

f or thsugbttpyie effecteta imier remeveinasmiy calls digmrie bpdy. They
h i : ) i
TS B8P iy ARG e Fpdp iR 2 o epaogenous

bodyantigBato prevakes® hmdranemtdliiaraebpotise) ®r both.

ol ypepti des which act as endogenous antigen to,

[00 ]oﬁwﬁeﬁmmfneeﬂd@%pm@@@d ¥sibREapewic ganeninclude genes
Exang| f.p t] 0 - eyt
nelga e OIS PSR, BENS el HRBR e feukil
gampariicular iLe?,00:6,i 1041 belki 2y, a tumpranédrosisdactot {BINF), a colony

IL-6, IL-10 or IL-12, a tumor_ necrosis factor gTNF?, a
col tinulating fagtenfgM-&SHo C-ecdECSE chm Mpnaaestimylatery

i L i .
i k Waépg"éégﬁf'a%%ﬁh%ﬁgﬁh?q?ﬁﬁffla%@‘??ﬁ%“‘Sa“ @QUW fiX-).
f actgrowthlfamtef (@ransforringvEiowthdiantoMBEF, Fillvoblast&rowth Factor
G owt h_Fact F d the |ike), . : , .
L ERRRST i b Sehac BT i rotonase,
syntf I i FRB -
a1 e oM yrihhe MO, SR, cplalafh, SHVERAD MRS (alphat
i nhidnititrypsinpAatthrorabinl | lagiravaroteasenhhtbitborpl@sminbgent dativator

ReobEe) PEFGLdhe CRTR(EVRIC BRetas Trensaire fongurtance
of @ e7t'or)g;5ro'téin, AsOm, YRRRLLAR, BHE 8Rtigen of class 1 or I, a

nodul a regul ate expression of cellul ar genes, a
pol \podypeptidedhatatdremofdulataireguliateyespreasioerafae)lular genes, a

par %Soily}pie%ti%re C\Qpa%‘e gﬂ%ﬁ%ﬂlmogna %%cterial, parasitic or viral infection or
its development (antigenic polypeptides, antigenic epitopes, transdominant
variants inhibiting the action of a native protein by competition....), an
apoptosis inducer or inhibitor (Bax, Bcl2, BclX...), a cytostatic agent (p21,
p 16, Rb...), an apolipoprotein (ApoAl, ApoAlV, ApoE...), an inhibitor of
angiogenesis (angiostatin, endostatin...), an angiogenic polypeptide (family
of Vascular Endothelial Growth Factors VEGF, FGF family, CCN family
including CTGF, Cyr61 and Nov), an oxygen radical scaveyer, a

polypeptide having an anti-tumor effect, an antibody, a toxin, an



its devel opnent (antigenic pol ypeptides, antigenic

epi topes, transdom nant variants inhibiting the action
w@booa/065887T ve protein by conpetition....), an apOpPERPBNS009721

i nducer or inhibitor (Bax, 1B8cl2, BclX...), a

cytostatic agent (p2l1 , p 16, Rb...), an

apol i poprotein (ApoAl, ApoAlV, ApoE...), an inhibitor

of amgiwg:émmwd(anga‘rbem theta-galaniositase, duciferasan .) or any other

ang eni | fam.ly  of . Vas Endot l i
Pt inpieie 18 poRdizEy T QAR A lied HeRUEHghe
CTG'fﬁea%(eﬁﬂ-oﬁB%\ﬂﬂﬂYbn AR @Wé#?%ohéﬁﬁbﬁa' scaveyer ,
pol ypeptide having an anti-tunor effect, an antibody,
[00&1]t cSulta,bleaanhﬁhwnot lgnﬁs amiu@ hat &rernot limited to those encoding
al act osi dase

on ey SERPERsEr Sehes e RPe BEgnPoLy Ty NufPibmor, NM23,

bei rERUSEL 4! pf@rpzﬁh%ser gagra%rwemés B &IY RSPecBive Phutants), suicide
clinical condition. qg 1] Suitable anti-tunmor genes

i nclgethe produatse antibodiess @Imeptwemobé)ltmg:wluh@r divigitam or
sug&ressor enes h_ g. Rb p53, DCC, NF-1 , WIms
[an Hk}ﬁ BIRO&R: 1, p16 p21l , p56, p73 as well as
[oogiqelAcdb?&ﬁgtto WEpariE@BaHg preferied siabegiRter! PRUSEXirus of the
anti bodi es, ol ypeptides inhibiting cellul ar division
or tineensiondurtbar spmpases a/VIGIE g&deor ding to a

0083, S 42 et PR SHE o FEESEH rhdF 001 3] o Wi

Sui gfeedraignato £toxid Goripgeng. coding a protein able to
convert a precursor of a drug into a cytoxic conpound.

[00BéloFmicidaigeings apanriseshbigrareatot hintiteskte grstes| qadin@aratein
gg?i V 39% %9 C%r% §| nenﬁa:élng%etﬁlg é\ﬁrﬂﬁl%ﬁﬁ%ggﬁﬁtmty, an uracil

phomphbﬂwéyl transfdras@aetivity, iavpirine Rugleoside phosphorylase
nucl eosl de phosphoryl ase acti vi t%( and/or a thym dyl ate
g

ki naséivi andior y thyauddategkinaps astivity- sui ci de genes” and
10035 FERRTAE B8 R4 BBRGS o SulrPRnERBRIGPL BB B e e

[ @B6drisTep bae HueRidbhsAdnoieth ag disclased & the fadlowing table :

enbodi mrent of the invention, the suicide gene codes a
[008flot ei n having at |east a CDase activity. CDase is

involved in the pyrim di neTéméqbol ic pat hvvay by whi ch

I o

C/\UUCIIUUO \zyl. OStHRe—+S l. ¥ O.IIDI f IICU I IIl. O—tH-&act | Uy nmecarts

cﬁumdmw}%l ytic deam nation. |WiEH®gCDase activities

NEARRLRESIRE) 220 1 Pfbiaiaand Tower

Ganciclovir  elaidic  acid  ester;
penciclovir;
Acyclovir;
Valacyclovir;
(E)-5-(2-bromovinyl)-2'-deoxyuridine;
zidovudine;

2'-Exo-methanocarbathymidine

Cytosine deaminase 5-Fluorocytosine

Purine nucleoside phosphorylase 6-Methylpurine deoxyriboside;
Fludarabine

uracil phosphoribosyl transferase 5-Fluorocytosine;

5-Fluorouracil




al. . Journal of Bacteriology. 1970, no. 102,

p. 607-15. ; BECK, et al. . Journal of Bacteriol ogy.
wa2g2/063%@7 1 10, p.219-28. ; HCOEPRICH et al. . BOU/EPRZNNS/009721

of Infectious D seases. 1914, no. 130, p.112-18. ;

ESDERS, et al. . J. bio/ chem. 1985, no. 260,

n- QO']I: ’)’) \ thav Aarn nNnnt Nnr ancan = S = o l o (
ILoy T C© TTOU LBAE"AA 1LY LILIL mTaTrTTTar S \

PEEEIEIMEMG et al . . Biocheni cal prpdmignacol ogy. 1966, no.

rjglp,yrr.}iaylaéqqr;{a%eq:2 P,(lAKrn?xgg?lr SOEVREher apy. 1976,

[ooanalAmbedm@ 16 ot prefetreed Embodiméhtiof theyibwsition, (e sdﬁebde gene
thereb form ng 5-fluorouracil (5-FU), which is

68 amrqtepm,fyavmggm least,a &Ega(sq;ag\m/étu CD3asg is lnvolved in the
conv nhﬂgtln\cle%gta%&h{: %WRN%M Q#Jg%gruﬁ&% %%mhlég_%ltr%ﬁgformed

i nthﬂo\/@beB byhﬁe@&nef @lmtydcbljmg: tdeaminatipne Whileb@Dass activities
they are naturally deficient in this en

rramieeavleane%qiwonamteﬂé@.pg%awot% @C#@weyrﬁgihg?f’cg?é {WUND, et
K] L%ﬂ‘l’ JBUP/;%/%‘??%%%@/&% 1%}§f 102 épiégﬁggé':; Blggg, etal .

no. %mfﬂaﬁwh eddRgy. 1972, By. Tty 2$9-28mpHQREFPRICKHcét al. .

into which t sequences en in Vi

tramﬂa&rleg&gﬁgs%%%ig% ,%%8 m%%éps  ESUERS, et al,

Canc r 9 W
‘Fblgeéﬁocee Sﬁggaozfgmor??glclastol onalti?e,&élg%(snm R i

SC| enaesnalé (KEECHLUINdetSalat. Bioohentvazl pbarm&@@’égyn‘lﬂmno 15,

?h?%éé%ﬁ@or%—pﬁﬁ-rﬁ]lz ﬁs%ﬁ‘f@?@@ ys@l@o”?ré gl t1I3Q’JjS3 )-
[ooﬁg‘%bé%’@ ﬁ?sg) d@eeﬁﬁ té@@#‘gnafﬂg@ of ¢ t@élﬁ@qeéj@ﬂl@or@fcytb@ﬁle (5-

I ona eny of Sciences of the United States of
AmerFr(aﬁ tharedy fomnmng SflugrogsadH G-FY), whibh és pleompasmenyhich is

h d
col IoMIPERE el LS Poivers Bl s Bud Y5 r o). Cels
secr\pﬁ,bﬁ tack EBas¥hichbity, Naimel PeeXisabes nilatins walido attvates

cell's by straightforward diffusion across the plasm
nentthargeneTencmdmg)w@rmzyGﬁe Br bpcauge theyrarginagurally deficient in

P hetblecosyih Rcarbam el Cralian Gy &S T el bl EPPMR etal
r equu&ﬁnﬂwsaét@n@@'\ﬁyymwmw 0 p.667-9 sl | KIWOSTRUP &t al.

expressing t roceedi ngs of

Nat |mna//nggﬂé@fgﬂ@lbg5c1%3&é© B, 12421 3¢ 5B @y\qfﬁst
Ane
f v ahedma iy R e lnRnithe SeaiPoass epfiding Shase agtiviy were

genetrérts%@@cr betAmasdrisitivleto SFT CHUBER 9stng. t ICarrey Research.

can therefore be readlly under st ood.
1993, no.53, p.4619-4626. ; MULLEN, et al. . Proceedings of the National
Academy of Sciences of the United States of America. 1992, no.89, p.33-
37.; WO 93/01281 (US HEALTH) ). In addition, the neighboring,

untransformed cells also become sensitive to 5-FC ( HUBER, et al. .

Proceedings of the National Academy of Sciences of the United States of
America. 1994, no.91, p.8302-6. ). This phenomenon, which is termed a
bystander effect, is due to the cells which are expressing the CDase
activity secreting 5-FU, which then intoxicates the neighboring cells by
straightforward diffusion across the plasma membrane. This property of 5-

FU in diffusing passively represents an advantage as compared with the



[0039] The Saccharomnmyces cerevisiae (S. cerevisiae)

FCY1 , Candi da Al bicans FCA1 and the E. coli codA
w@emedssswhi ch respectively encode the CDase of pCy@B®mo08/009721

two organi snms, are known and their sequences have been

published (SEQ 1D N:4; SEQID N:5; SEQID N: 6

respectively). [0040] Wth this respect, according to

a nikiSQY etterence syﬁjem where dhe biistandeeaffectrequires ¢rare to be

FonSoBioki B el e B SRR W CMESE R

t hesaero&@@aﬁygfseif%é NRioPaLBAESIERY OT S FshcedDrehs (hfHed States of
sequence which have at |east a degree of. identity

gr eaddrericaatf98) 9. 23\pah83:86us 1Al vantagemwhph, CDase
f ey abl at e 90%., and t |

or caatiers gt B nten TP oRLiy 32 PaR i atisbager gene

par Qﬁéra&iﬁn@an &t@&éﬂdre%@%ﬂlly@na@%()@@mw di scl oses a

gene coding a protein having an inproved CDase
[0033} iTHe $acataremysces sepvisias (8e¢ew¢slae)o$ﬁ>¥1 n&@ndigla Albicans

Lo iokhanadr el ool Sd it HRRIER b8 P Ebase o

pr ottrb e RAY bPgarisiBaaRe RTEWIY ahd théir @eaoéu@@ha@been
di scl osed WD 2005/ 007857 and nore [Ereferabl t he

FCupwliphey (8B IHeNF ¢p SEse HY N :5:rSERd DG Garepectively).
10015 B 558 550 a0l RR o BloBE PR {BE SboohH B the

t r angéantioed theﬂg@néJb’Bdbm a peotapthavin@t Chase lactivity is FCY1,
phos hohbos transferase (UPRTase). This enzyne

con&pAt o5 GagdA at an snalggue th@teeﬂfdmglogyea@m%qe genes refers to
pr ef eé%rgfg g néleﬁfaéggegﬂgw&h ﬁé\?e §H'e§bfj§ degree of.

gend ei n_navin

[ 0046éntW@rélﬁBFm T0%9 adsamt@geaaslytgfean‘eramam GOi%glpmeferany
in partlcul ar of prokaryotic, fungal or yeast or h
By \gaisr than 99%,@ﬂddﬁosttM@fq{amye@r@aéﬁf.taaaganfem@g e nucleic

enc coli{ ANDERSEN, et al.
Cha?a?@en z%%ﬁ@?ﬁqéﬁﬁ%%%gene encodi ng uraci l

[00#TjoFdteni WS PO06AUTBET atisclofesta geeri cddireg alprotélr?having an
Eur gpean Journal of Biq hem'Blt gd1992 204,

D
1- 58Mpyoved LHiaseadtiytp s PrlypepLides ﬁﬁﬁw&uggm agiye CDase
! . ;
enco? S44ition Bf‘? %ﬁzgﬁa%ﬁf %%@S%rﬂz‘é 9\0 S%?? 9Rbfher preferred

ing uraci sphori tTansfera rom
Lactemb@dmmrit@éthesmvéntjmm,atheqn‘ro@achavmgla)@jbase%ﬂiyity is a

bovinolipdetiie rcianén g AbBdraaTARIIINS BREfr Py Jih ECUT-8

polypeptide represented in the sequence identifier SEQ ID N°:2 and

analogues thereof.

[0042] In prokaryotes and lower eukaryotes, uracil is transformed into UMP by the
action of uracil phosphoribosyl transferase (UPRTase). This enzyme
converts 5-FU into 5-FUMP. According to another preferred embodiment
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 hucleic acid sequences
encoding the UPRTases from £. coli( ANDERSEN, et al. Characterization

of the upp gene encoding uracil phosphoribosyltransferase of Escherichia



encodi ng uracil phosphori bosyltransferase from

Mycobacteri um bovis BCG Bi ochem stry and nol ecul ar
WhR@boess4T nt er nati onal . 1997, vol .41 , no. 6, pPAI/EP2008/009721

117-24. ) and from Bacillud3subtilis ( MARTI NUSSEN, et

al . Two genes encodi ng uracil

phosphori bosyl transferase are present in Bacillus
subtcoliiks 2. Fauopasn doumal vé Biasthegyistrr. o892, wel.204, pz51-56. ), from

o dierrockis s NRTNURREEN Dot 7 CTIbg ShaRgeliigrization of

tO WpP, 8 gerséndddi@eracinshdsphbAbbsAtthAsierdas frepriogtdcoccus

- by the 5.7 cerevisiae FURL gene whose sequence
d| s dhatise doumalERBacéarialvgy. 119§4me1 feme.3t, p.6457-63. ), from

oxprEaT AT (s OR cicAI o Ry dettibibs e UPP gene
199%nc¥5§|n1g8\§i'acﬂ' 9h3splﬁ>or1h9t9sy$t?anslférals@tffd?ﬁ WAEsbD2RksriUM bovis

way of reference. a guide, the sequences of the

gen@@n@/@dﬁ@ﬂ@stﬁ a&’?ﬂem@lﬁ'pt/é?f iriagyi drtematigeas 188y, vel.41, no.6,

S B A Ry TIPSR SSER 9 o oo

p'érﬁ:@ﬂlr%ﬂuﬁéell DPBSPRSrito sy rRisIORS caite pBdegan Bacillus subtilis.
I ackin

nucleotides in 5 of the codi

al | OWWT@EAQfeB«@jﬂIFWQg}/sw&S goupﬁ-ggyfp@mg&)dﬁay e uged in the
L'o;isc{(}ngﬁa gﬁﬁ‘fe; nr\]@l'l Aok elglg\{vg%letltqg stt ‘?tlé\bléﬁy éf@tred to use a

ng w he et nine at

36 iyeashePRItasecand i pantlcul'ﬁhmalrevdﬂcbdteddfy teens.ecereosiae FUR1T
t he nut ant gene, de5|gnat ed FURLID 105, is
[

comsleaearhesRysaauenae disgosed inKERNe ef al; T, 51%*93?2:1%6?{8 of
adg]é g:ﬂgcc%rﬁg?%gy b'(%‘é@ %%rﬁﬂé ?‘JHtB:‘ ac'n@e;?ér%@gfon]%f wild-type

at_ of native en

acceindi matdrm alleles! Gand. 4009, ml\emmg:ewmmods nrﬁrctdum‘ed here
the invention, the suicide gene codes a de|l et

mut AWay ohrefaranse. Berrauide. heseruesces ol iae QPBP%@QSltDOSG of
| oc t f

U SolBshBRuRgARTages AR ¥ iclind MinPlildtalle and the

r esispeeialief databdnks (SWESBE’IRCD'EQEM@L @Genpantki Medline and the
(affectlng one or nore continuous or discontinuous

resil@bs in the primary structure). In general, a

[oo%ﬂi YRS aﬁ'@n C@ﬁ%@b@eng ded&iHdshaH Fw@ﬁ@éﬁé leﬁikﬂwdg 105

parts, eac representing about a thir
t he nuolentides .in Boof theaoqaing paitratiowing tre: symhesvitssdf anPRTase

condiagm whih ﬁ}?e3§ Frdfedues bpish besp i gledgatafE nHarminal

S, o s

i ts protein. The product of expression of the mutant gene de5|gnated
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



N-term nal part covers positions 1 to 69. [0045] A
preferred protein having an UPRTase activity conprises
wW@rooa0635@7 aci d sequence substantially as repr eBRENERIOS/009721

the sequence identifier SE®#ID N. 1 of EP 0998568 A ,
starting wwth the Met residue at position 1 and ending
wth the Val residue at position 216. The term

" sulsepresenting gbouta dhisd pbthe metgasde.dforierampleysiace the S.

sai d_sequen I =41 EP 099856 reat :
7oA APARRLEPS g S ler A ok (BT gt Ehsists o
gr eah& firdt B redftftesadtdrtimeshiti fref §6-28lidd giikatbe mdthidhine situated
95% More preferably still, it conprises the am no

aci dit $heeyfiest positioprafdbanative fonmaAs ijieade qafditiRT ase, its

SE N.. 1 EP, 0998568 A. tioned above, it

cog‘rﬂ“lp%r '%‘d?%’? 89\5?% Sﬁqqn&ﬁ&c’ngﬁ'e:rgnﬁayabgvﬁenltioxé
[0045) Wb?éfé#bég)ré()ﬂ@ﬁ\ REViRYIdrUUPRT 22k 4dIRity ebhipisessindatdino acid

at” position position 37 in the native UPRTase) by
an &egbienee subsiantally o9 epreseoiaddnife seauanes ientifier SEQ ID

preferre ' of I.nyent i tk | Cl

D et dcil B oBRY AL st fo it fBL s R # 5ogifon 1 and
UPR'E@ﬁﬂég’ﬂMth\thé Wal Radiené atppsitioatd 18N TheGeAh/deidiantally” refers
EP 0998568 A describe the use of a fusi onaﬁr otein

encddiadegreedi idemtitnnith said sgaveness S 1Yt AERBI98568 A

2o PR TR i B ERI Y Hh rlfsgolygreater
FCYlhafrgBU) aHibmoist Eref&@ﬂ@ geaiten hants%nMexe pesferably still, it

pl asm d i ncreases the sensitivity of the transfected . .
B16 coamrisesdhs amino gcid padueNaereprase inthe sequence identifier

mhodk FRRINATY EBGDIJHERA A Ohs hBFGHEFLHSY G 1haG Wiorise

e
pol ypept ‘conprising an amnoé aci d sequéence
subsidaitionall mutasons irese maydbé mértoreedneactcular the substitution

identifier SEQ ID N 3 (coda:; ., SEQID N 1 (F
or mf¥ne serinriesidyp at Peswp%@ggﬁm m/t-ﬁerr@twf(eﬁé)fése) by
degra%e%lg]‘,ﬂnied,%gfdu%y wi th said sequence greater than

a

70% vantageously greater than 80% preferably
[004B]e Kazordihgno 2¢heartefersdd embbdinadnmtyofdhe énvemtiohathe suicide

95% Mp ferably still, | j he ani
ol STEREREE RIS PO DL PIFIhOTR & Qe BN SN IT PSP
_S_ES vﬁ\l;.iétrérgﬂté?%l%bgg% bB) 1% 183(difd'EP 0995588 A describe

ove, it may conprise
addithé aselof mfusicnopreteih @ dHinghan anzyree eviticiwb domains having

D g 2P hd B B P A T er of o

t eCWbﬁHeg%ri'e”cé{?&:'upp or FCY1..FURTor FCY1:FUR1A4105 (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



They may be native genes or genes derived fromthe

|atter by nutation, deletion, substitution and/or
w@odaonsssm? of one or nore nucl eoti des. MreoverPCT/BBI008/009721

sequences are widely descriltbed in the literature which

can be consulted by persons skilled in the art. [0048]

Persons skilled in the art are capabl e of cloni

CDasdentifienSERdR Nic (corasiAp) cHECHD yumww QR GVARBURY.

enzymet8add GpBYE ot Rt ol SpnipRhat Fulahse Tt o

[0097] cEid hbcﬁélc%tﬁd ggaé@@rwsdmag Beteddily dbtaigedasyt cloning, by PCR or
technol ogy or based on the protocol indicated in

app|by<ﬁtermﬁamrwb%5@@cwdm@tmthﬁ cegnyginiignal tgchniques in use.

e T

cor rRsatn is0Bsaenes andH] ditere of ohé r hforé nlfedtides.
preferred enbodi nent, the poxvirus of the invention

f ur tierieoyerheis sequencrs arewidslyideselinascia theditaratiragvhich can

O e S TR s B T e anet er of a

[0048]UPeTOORS BRillBd it an @r@@bpablerﬁflcmrmg te &0Msecor IPRTase
t hereof through the cell nepbrane. [0051] Pernease

compesences froar e puhlisgdidata andinf coewingRe Pespikle imetations,
per armge:%%ngm Wﬁicﬁcﬁ{\ﬁtgﬁw hfttSnt f E)ﬂﬂé zl aﬁ‘cacc%flgfa?%r

the 1 nvention, pernease

I S aeflular 8gstem accyridiryj teethpepricrasttechnSlogarddsedasm the
The nucl eobase transporters of 5. cerevisi a@éonsi st

of tmeto&m mﬁi@aé% BsapRliGatione EEOI9GRORA a @nE@fIUSIRg gIn
the Ner! H‘Q%%Sﬂ,,le EBR/WEE@%: Wgﬁ cDa&¥and UPRT?se activity,

purinecy osu e per neasSe ates synport
pr otamaiscars@qadatly a# or paainofrtbe doyrespandingrgenssd

100586 Ccsiiasdng maia BIATEed RITOAUMER ARG FaFUKCER! Trigventon
Chevalihkelo Jﬁgnéés ahoER HeRiddkcRloe o {nﬂr%‘cﬁgd a deénéZcoding a

protein nedi ates also the transport o
5- f Ipgome@geosi ne, an anal ogue of cytosine (G enson
T M A Mo WA
P Ui85iReiR snserioctase maat. o lpgmlite (AN rebuon
1999he céﬂlmerebl’arm ts simlar affinities for the purine

[OOEﬁC|F?()rPn%Sa%Sé caomprlses 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



cytosine (Brethes et al. 1992). Uracil uptake into 5.
cerevisiae \s nediated by the uracil pernease, FUR4

w@ Jwwdewd Lacroute 1970, Jund et al. 1977). FREWEPBOK009721
uracil -proton synporter (Hapkins et al. 1988)
predicted to be a protein of 633 amno acids (71 .7
kDa) with 10 transnenbrane domains and | ong
cyt @elidss (B&ckDg)indistily Ipredistedatechayer 0-12risansnaembrgnansganning

198 i I . 0906) .
o} s Sirans et stal Jodh), witd s nowaySirRl IFRmeRA et al.
anal @giog, PCYQré%HlBlts(s}HﬂQr éﬁ%tle%cfbﬁm@p&ﬁﬂ@hucfeggﬁ%s and

Am no acCid sequences of FCY2 and Fur4 are notab
avaidytdsire (Breties etvak 4pP3). Utacilatpieke qraOo‘égaerewsmmb@nedlated

P17Q64 d_P05316 Pr. ef
nas EYNTAGH BEIeasR, Jaed (i and At i g obdyna et al. 1977).
COWURN‘&Qa%&Qp?&bH s§W@H§§QnL~@tM® m%)%re?@aeld?to be a

NO: 2 as disclosed in patent aB plication
20061F0t£8‘76863§ g T awdSh(7t1hT kDap wiitbct0 transamemhﬁgne domains

Choctid BRaRRLe TRy ahificuly S bl B, LR et 4. 1088
anal@arsr éthar £9d6). POROSIRSINWantalsd nistlatesYRe Ftl%fn%bért of 5-

to pol ypepti de having an am no aci d sequence which
hav dlugrouregitamadalgoee inra@leWUnﬂyar‘g& lagrente KAF0)70%

1008 N BT £ R AR b o

t he susgsrotdathbaedaocsssidn h@mb@apavoanrawdewmsms respectively).
descri bed here above and which retains the ability to

tr ar%'s&?rtabb/ eelmeasmPas aNrANBRaaGid SPaBBRcR: chesen ffom the group

thro ﬁ%‘érﬂ h? lcﬂﬁé etllienc %%@é]IDTIQSWO:SWd §E‘d |[§def as

t he art € pernease wWh

asscmmﬂ@&ﬁb i patehhapplicagionWOh20Q8/048768r of the dr ug
one nucl eobase noiety. For exanple, FCY
[Ooéﬂd Wﬁh Ah'érr BSPREf %@%ﬁy‘%ﬁ@@@i@i@%@d gMmbpdiment of the |nvent|on

5- Fliyg Ip%grY]ErgT%é g%ec}(é%é: Cﬁ%m[tﬂggebuﬁ‘%ﬁgiqutsﬁg; E€Y2 4 Furs and

prefer e poxvirus I nvention
may dnaldduess therawfi Analogaeslof Fent andd®¥2 asferd tr pdligpeptide
expressi on of the pucleic acid of interest

Acc ryingar amina@cld ppaienicesyn 'smpr?éﬁeastﬁ@e%ﬁ\ﬁfﬂwt'ty
of tfiga fe'?‘l’l?é]i Vtﬁ‘z é%’a}éaﬁ {4gEBEEIy ?%Lér?ﬁaﬁ B@‘Velp%%'?éﬁly greater

necessary expre S|on nuclei ¢ "aci d

sequkarc 808 rgyd mioshpeferably grediterghan [B&%bmathethe[00ib8]acid

Iﬂgﬁcgpgleggg gw ﬁ»fe”Sé’r%Sn? pra/te{noarls Ejggcrebepdr eéc’rséI aobove anc!1 which retains
the ability to transport a drug comprising one nucleobase 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.



interest and/or the nucleic acid sequence conprising a
gene coding a pernease conprised the el enents required
wo ovoonssEascri ption of said DNA i nto nRNA and, PET/EP2008/009721
necessary, for translation1of nmRNA i nto pol ypepti de.
Transcriptional pronoters suitable for use in various
vertebrate systens are widely described in |literature.
(0057 Ancanging, tosumpad peefprredmsinelpediment ubie poxviius of the invention
promoters. |like RSV, MPSV Sv40. CW or 7.5k, vaccini
o1 oBeertheIGRTTSe HedBrBNt nertsaby (grapF sybRessich 8 tne
Pr oTRfcRSiE aRiEsdRRRebrhpThE @y é&Sing aperfaddse. HOR
TK, p28, p 11 or K 1L of vaccCinia virus. _ .
[0088} erhese elementsnecessary fer the exprersion opihenaualeicagit of
as t.hose desgribed in .CHAKRABARTI. . Biot.echni gues, ..
1997E‘teﬁ%s.t29§‘,°98r. JHARIC aciq GaANGH5e cqmigfising 2 gelié codige a
Vi r iRl ddphiests thtMdments ffjuikd¥8ptraBscristidnkaaRi DNA
: Vﬁ%ology. 1990, no. 179, p.lgﬁﬁ-s. as mel“#gs _
chi rieto mRNA @pdeif nepbessarynfas dranglation af anBNAoiie palypeptide.

o BBECpte v Brormifees BSAEHE BCute EBHTRAG Manrgte vstems

gener8QRHBY defReibBEAS Gteratiré UFéhexarhpie! vditalsid Prémoresrs include
functional "el ements, such as intron sequences,

tar gél]ta| ngomgtgn%HK@B,S\(,rMH§NorSY"éb@héHcﬁsZ-%e\t&@iﬂ%|ﬁ>r0m0ter,
SN FEEE T T SR ——

sequeCESK, HBRIETK 8528, pal prekit L Bf vegdiniaatitusn Alternatively, one
integration. Said sequences have been reported in the

| i t gnay wse asyntaelic peormetsdsHgh gstthpsrdesyribathise

ski | ' rt o ] ioventd el

o COAKIRRIT” ARl dE e DS, Rgare Bono

I NV edttd] on Joumatdf MrofygicI 9ethbB 61997 inb. 66,0 *35438s and
accordi nght o the invention is introduced into a cel

|,
[ 006YMAR.) . ddiob e PIPN@ AV Pup 48 TchdB? WalRA efiBIRsIC promoters
whi gil}ct\g,r&gnge%g(y%%?gﬁg\?isaq§%bwssal d poxvirus to be

pr o ard poxvirus is recovered

[0069pMHéaucleld acitisequencd ODibddre¥hane thdrugleicvacid seqaence
of course be recovered fromthe cult¥re super nat ant.,
| Iugfe jonal

it CRMRIIYRY BOqnscevdined RITBIRASEETBKIYIENSTCHE
conmppLy, I le?é/rﬁgngegamﬁ?‘?ﬂ% sé u%&éd%rgsgrﬁég@eﬁ@éﬁ&s,

by neans consecutrve freezing/thaw hg s In
or derarisporidéqeincebesedrefiomsignal, trusldar docalzapen sigreaht IRES,

;I' E: S/cilyr/ iAotrrlgncharlT)ti%n?grrr?i%aﬁgR lsiefqlijeer(?ceasr,]?rip?aur{i{ef f.e%ge}J giecr]]gences,
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



techni ques of the art (chromatographi c nethod, nethod

of ultracentrifugation, in particular through a cesium
wa@hdoonssse7 gr adi ent, etc.). [0065] The present PCT/EP2008/009721

invention, also relates to18 conposition which

conpri ses a poxvirus according to the invention in

conmbi nation with a pharnmaceutically acceptable

excigmpiayed ne@beds Aopsisisoisi Iwng the colisiby gneans: efeconsecutive

i nv ntlon s nor e s eC|f| for. t

pre3 TG g i PR thiseliBh e RicRlio B8 Ivsis e
P@rrﬁétﬁhfimheaﬂﬂohéS camntieers @e@nﬁpmblahoapmomsmg the

roI| erative di seases (cancers, tunors, restenosis,

et c tychmiqaesretither arau(@vamogr@wm aethpd, cﬁn%ﬁhodrﬂfﬂléta%'ed

oot ShTRGAESY. N pidid FaCoudui L A ReS I BhibRbe drBaient, etc).
[ooeﬂveme Qr'és@ﬂf‘mb@nﬂ@ﬁ‘%l@@rr\élﬁféé t@réibep%ﬂlbnaNNbﬁWohfpnses a
nistering it IocaIIy, parenteral [y or Db

t he
di gepoxivirgs a@g@@mg to therinveniien in epormbhigAtipe Wi fb@phyrmaceutlca"y
effectiv u of the reconbi nant vector or
pOX\ﬂ FSBF%& ?Rébf ention is conbined with a
[00B6RIATBERIpos Ridh! accaeding telthe irkeation @inoré pesifipalysingdreded for
to envisage a |l arge nunber of routes of

adnithe prevantye. ormusatvecieaiment aheljsensesdit meaBY chgene therapy
the rééﬁf% éﬁemf csalﬁg%%gﬂeaqlﬁ |flefbttfvgcd?§éjé%% (cancers, tumors,

I nt enous ra eritonea

i nt fr@ﬁwﬂi@éls etttr@ma&ld al diseaped mmﬁateand an increased
i ntratracheal routes. In the case of these three

| at fasteQqRSIAGHHY £.0i thtgna%ﬁﬁa@%@tqmoross)
[00@ m/('bértn %%lt%ﬂ aic%lo cﬂhg td lt Hﬁ%gﬁ bl mgﬂe%hgémlil%lly with

nmeans O I ns mnl stration can

pl aceview to sdmiplistedog i lmala@ pareiﬂsmllymrcbly the diggstieeadute. In
on one _or nobre occasj ons %fter a a[tiﬁ,?ﬂ', ar ti

it dstgulamirhgpanaicaly eflpsie.auaniif Misstacambinaniector or
QoSS ot HROROEN G RodmbRlddSkith SlptRRTABLE Al deptable
exa e e

I ndr vi dual di sease to treate
t he eyeipiérst) I1taé pbs$ubree's>t emosekge arlangefremlwr ofTroates of
preparations based o i cles. acc rd| n
P GRDis @k bExRwPIRR WhEH TaY PRAMeRioHH o DB Babastic,
bet "&%@uﬂa%éo@@dlfér%% éé‘ |ﬁf?bﬁ‘fﬂ|§8ulfa9r|mr59%ﬁﬁl,|st ffﬁtraperltoneal
advant ageously pfu, prefera nd
1012ntpéhumorprrfbram|aeébnratagulmﬁaandndﬂitrat[amea] ro‘[l’oes In the case

con'pé:gil L oa}rc %{ tlacg@l ud %31 lglqcfglq]{:{q%rﬂls #ggr%ri]rgist%tion to

pha tQ?é?Ha‘deo%) mah8iof &h Adr8¥bl &%wﬁebnésﬁ ‘iHéﬂihhhd)ri'THb

stab I ng preserving agents. In the case of an

i nj ednaiblsérationicaindake piane, apa@imlem@eem agiadose which is

fornul atjion in an agueous,
repeated on one or more occasmns 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 1012 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



aqueous or isotonic solution. It can be presented as a
single dose or as a nultidose, in liquid or dry

W@ pewaesss7 | yophili zate, etc.) form which can beCT/EP2008/009721
reconstituted at the tinme df use using an appropriate
di luent. [0069] The present invention also relates to
the use of a poxvirus or a conposition according to
t he solubdizing rstabilizipg st pnegeanm@ageahveht thehease ofsan injectable

e ARy sPALoBReRRe e altoga0 Al AU 4 il Fon-

In Ia(du&o(:é oF isvtanie! ko, Wéé#VBé‘@Pésérﬂé@@&'aoﬂnglef@@sea@r as a
accessi ble tunor, into the lungs by neans of an

aer oadltidosentin lighie QracérddDQdeysW@m' tagetgn fappmdpeh gae be
cat het er

or Breriitfrg A e oRE S i b anoRbae Q™ ' "

(0068 YiHe 5@9%%\0@%&61 k) felReSks HRY asd eNa poRuizes vahl e
appl i cations which may be nmentioned are cancers of the

br ea@mnmthrh@candmstoaha ipegntionfoapranasios a megdicamert which

e o s ot enatho gl 87l iy Boqriilfherdy. The

panghedisameht £ betadrBmisteid (ﬂll’@:ﬂy@fﬁ%hﬁ@@ﬁexa?ﬁplbfw
| arynx, of the central nervous system (

gl i ontraxaneus)inigstions inttan ceessipleyt nrmqsnmo theclyresiby, means of

or oAb Rach 6 sk SREEURE Y REr LSRR Aok GR el et e

ot hex prifeRes esec DR RircHledingror pmaasg@aneérsommsrs and
act|V|ty It can also be used in the context

car dlisrasesvhieh deshised unwaniedaal Riolifgrajiare pqwelvable
| nh'a%ghg%hnrse\kﬁirc leb@r lehlec?ﬁ@({ ﬁﬁ trQ% HEPH! 2st, of the

vesse TES enosi

Fi najténus (imparieukasieosy indoted byqapiliirse aases)i bf irfe prostate of
p033| ble to concel ve of the nedicanment bej pl i

to Apgiin @(Wm W’é’ﬁ’-f,tq{éhﬁd)xei ofi $he 6%%09“?‘%@%933 of the
met @?&ng{:h,t&‘?hé ggag é%f‘iﬁ?q’argﬂk csf'}ﬁetcbﬁﬁsnﬁ&fvogg system

cancer e pré err m’ni stration
syst(en. gliolas®nsa)ared dhthepoipud r(lympﬂmmsjllelg(dmat bte.). An other

Lol IaeleriBe e SSIs R MEAlRO & et bR beL RO T atiS:
f or &sﬁ@@dr&&s @@%ﬁ@?d%@%&%%ﬁéb&ﬁ%d‘ B diAkréhsed osteoclast

a conposition according to the invention iIs
ad miactisityerechn alsarbeéhosed or thencantextrofoalrdiowasahar diseases, for

e oA ook a0 b7 oighy R oitdbud R obhe smpgtn musdle

f/\;]ieé%%“g% tHEEhIBeE s8I walMbelsiSosH). AalY iRNRE cakeBf iffectious
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.



pharmaceutically acceptable quantities of a prodrug,
advant ageously an anal og of cvtosine, in particular
w6 20000682 adni ni stered to the host organi sm opCT/P2008/009721
By way of illustration, it20s possible to use a dose
of from50 to 500 ny/kg/day, with a dose of 200
nmg/ kg/ day or of 100 ng/ kg/ day being preferred. Wthin
[0072]e Acnording tofantadyantageaus embediment, thenbepapaitiggisesor the

oA EhE e o BRIt &N B IRTRLACPURTIET | 1o
admdHa?ﬁfa%bUﬁ’éhl&%c@ﬁtéﬂlé‘@qﬁaﬁﬂﬁ@@éﬂ@ prodragt B@vantageously an
admni stration of POXVi Fus_or conposition

3ccm|¢@0f @vto?@e; mwmlpulﬁr Spfr @1 ateadministerachts the host
or <upBReg 8 Eo BBy B SRRlar. £ Rosbln P Eigheor from

the SU%VEGOJﬁmg(PIEg/GQW% bl s eASICZO 0y d/@ay BE of 100 mg/kg/day
i nvention. According to an even nore preferred

enbdgiimg: preferred nWithiiv the cantext ofdhgdieseritinygntion, Hie pradrug is

Phe 2rifeR & Eofrerc B fploaldPLige b oBr b8 1)

i s pYSedrRhtedlg).adm nister a single dose of prodrug or
doses which are repeated for a tinme which is

[00&3] fRrefesablyy thesadministeatian takingplesrisubgeaugmtoteet o be
D" OB 8 pBRSyLOOBNBEL Bbn GREbraibG R He ipvention,

Fur OSI Ion or ne accor

t he grefepablyQn |€a81 3days) Mdragstefdrablycitdeast aoays and even more
subst ances which potentiate the cytotoxic effect of

t he rsefanablweaiﬂeaﬁﬁ %@@ys aftertheiadmigististionai dhe, poyyifissor
move B koGl IES ifferteh, AREOHRG 1o eifn Hore
t hoggeferrdd embddipedetvgf, thelllnmtlsnptheaadm'mistcatmri of the prodrug
(Waxman et al_, 1982, Eur. Ohi . Oncol,. 18,
685-takepplacg] éays ater the qﬂre@&ﬁ@éloafoftt %Weﬁfaaﬁevc ggent. The
the {r%kﬂ?é is>Pn e‘?érrer?d ﬁHs(éoss':EqéJW)adM|H|§fe$aa5§ﬁ Fer@‘ose of prodrug
i nhibrtion of at'e synthase, resul 8
dec rcﬂfamseswvmble ap@népeﬁtedmr‘l:a timte whichds saﬁm:lens!ky Id‘m:g to enable

replicati.on, I such as t hotrexat e

( Cadha ot TigtBb0litg 79 begliogHERS yain teia0t oIga SThpLsE!
HUiH % oH 6 Ariisd 8 il io”l%%@érﬁﬁ)n can be

[00?%](3 poo rfE HM%R@B tf%%orlsgosyl pyr op ate), brings

abouwtonabined evithasee onmoine substanpes athicn poferﬁlat%llhem@otoxuc

t he IIu r [ 075 Accordl to the es

v ettacot T A G GV hineBra e B Rces which

pat hug; tftﬁ’é hBPmES JF YO pAtrRv ol &% 8e HovbBlosynthesis of the

pyrim gll neseargmpre erag 'y y
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.



sel ected fromthe group consisting of PALA

(N- (phosphonoacetyl )-Laspartate; More et al., 1982,
w@Be@olestu7 Phar macol . 3 1, 3317-3321), Lefl unonPdeEP2008/009721

A771726 (active netabolite2df Leflunom de; Davis et

al ., 1996, Biochem 35, 1270-1273) and Brequi nar (Chen

et al., 1992, Cancer Res. 52, 3251-3257). [0076] The
[00ZFmfaxotding to therptesemt invenmtidhndpet drugh avhiely enttibib thecemzymes of

e, TRE Bl TS G PR HBEb 52 PGB0 Bk Brefranly
ef f egldct&d FonfitHd §rRUPLorisRENGRE PALA INBHoSShOHREEEity)-L -
associ ation or 1 n conbination with the conpositions
accaspargte; Modre étraleiOB3nBiacheme Rhaymaeohstit, i331&cB321),

I kyl ati ng. e ! |
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or dacarbazine; antinetabolites such as, e.g.,
gemResal®iZ2n8258 &)t abi ne, 5-fluorouracil, cytarabine,

oofeh B AR e BRI o A TERL B e
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ant AR B RN L IR bLBRE G L Y ¢lhebRBhS G8Cording to
docep@xRlentibhNNe?s nha\ebe Yindrtionedi dIkylating hgentel suioheas, e.g.,
and pl atinum derivatives such as cisplatin,

oxalmitrayein C spiclantiosphamerbusalianpfasiamids, iseranide.
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[ 00 ZBkimiabsite® esich iagNe.qr geratialsifie acapoitabine, S-luvtouracil,
i nvention may al so be use I n conbination with one or
nor €ytarakineagdhtasodexentising upethotrexaig, idairexate, tomudex or

i t . ch..a | ’ :
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[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



e.g. inhibitor of Vascular Endothelial G owth Factor

(in particular bevaci zumab or rani bi zumab). Bri ef
wO@eu0635#T on of Figures in the Draw ngs [ 0079]PEI/gpr068/009721

1. Invitro Sensitivities 2% 5-FC of vaccinia viruses

i nfected human col orectal tunor cells (LoVo). LoVo

cells, infected at a MJ of 0.0001 wth the indicated

vi r (imegzartioulek trastuktiraayCand @peots et afetiangiquangss yuch as,
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fep'doﬁﬁtat@muﬁf\ét cellzy! %@NO\)J ltcws@SeIIs] nh!@b’ted atf 2 M@idofed.0801 with
MO of 0.0001 with the indicated viruses at da

't 66 icatodIVTsses (Boek S LY UTRGE QU Bker VBRI 2k Eeb1 (o))
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vol nude nce
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of Wicelylan viahility i (f‘@)preggpe@pr poto $- Vg%es are r]egresented
51 ﬁéar{ FQ¢ of tridbii w@ﬁhl gélbm@é tBAL Wi Gg%'g e éeIFﬁ;lod'tallty

anlmasvvere reate i ne or
g/ kil totthe ceplicatian dﬁthew&hsg&vage 7 days after virus
injection_during 3 weeks. Tunor vol une easur ed
(0084} o g

dgyregdp v't[@mncatm@ gfficary ofWiHSeDIN, fried at MOl of
Helo(ézoéw thQ @m&edr\m@e@a@%a% ﬁst'mf\éct@m %uueg a%
Vi rus. i nocul ation”w

nors (pal pabl
t urme;bresenteej meneanrieSDeu:f tbreebintifviduat detagraringtoons. or

[Ooé)ﬁ; fﬁé‘ﬂéﬁs&s ,\:@aﬁ{ﬁ uggor o{)‘\?’}‘?{g? %Mogs\g@o/(\&%i§$is\§?r¥uﬁe mice after
\?\;Lflggﬂjéc}ﬁ%ivfr@ 'PHaPé‘faft@F |n4c')c§ra't:§n(vbltrplrun4&6(pﬁfdéb@é tumor),

+ wat er
WTKniE8 lwerEQtdated Ebyr—'mﬂ(gfu (oBbuffEhe saahnm(w)s buéfee +5-E& &,

iy SRR o G oY G P RGP BB KEPE e

vol WMim¥RSwere 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.

[0082] 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 106 pfu of VVTK-/FCU1 + 5-FC (e)
(A); or buffer + water (¢), or buffer + 5-FC () or 10% 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.

[0083] Figure 5. Ratio of virus yield in dividing cells versus in confluent cells.

PANC1 (pancreatic human tumor), H1299 (Lungs human tumor) or



measured twi ce a week. [0083] Figure 5. Ratio of virus

yield in dividing cells versus in confluent cells.
we@2NGD6spancr eat i ¢ human tunor), H1299 (Lungs POIYBER2008/009721

tunor) orUL18Ms (glioma huddn tunor) cells are

infected with 100 pfu of (1) WK-/FCUL or (P)

WIK- F2L-/ FCUL . 48h post-infection, viral titers were

det &} 11i8MG. (gu«arrnaefmramtumer)rcaalls(aremfae@qi witke188 pda of ()

{oosby /gt o B SR PERFEY L e P UG o frors were

O 9fatePhink4"PARIc8lard WYe PatRBetden?yididafdf&iruk iv dividing cells
i nf ectl on Into Sw ss nude m ce bearing subcut aneous

hunaersusiioreonfiueht ¢ells06 PFU of WIK-/ FCUL (1) or

ool s SR R i o B e
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[0086] Figure 8. Survival |mmnocorqpetent B6D2 mi ce
af t ehunuaremmenstwmm fiIK1Q5%RBY foW'(K)/F@{U 160 08 WIK-FB)--/6£ U1
WT gFCU1 () or WTK-F2L-/FCUL (0) by i.v injection.
[0087) Figure 9 . Average quantity of pocks on tails

[oog;\én]t EFrI%ureW I euﬂﬁ\t/ém Sfisd vbdemicklféy Tisatmehiiwith 1x108 pfu of

Swi ss nude mice at day 13 EOSt

i nf ééVTléﬁF@hH (z!) o MV BE-FRbsFGUIT é@l)lbdriV in®eYeN. Fi gure

Y

SWI %100 Bfu Bt108¥u 1B) SOSVTKOFEU 1 () eV BK-RRIW/RCU1 (0
1 post-i %feg?)f%n l\/bg)e g)g)for Carryi ng(:.c)ijt t he ©)

| nvémtinoinjestianpl es Const ructi on of vector plasnds

0 A sh
00k 35/ ARl Bl 4Rl Rt ot w10t
CopenmekgZRC(ACSEYYTRIEF ZILHEU 1N BWigg nudb enitklat dagnid post-
regions of F2L were anplified by PCR Primers of the

upstinfestion padiat sgyr3gposi-isfecon. were 5' - CGC GGA TCC

N e

pFAAVIIK-/FR01-¢ VN BRB ALYRCB] irSSwisdhudeddce ahddy .15 post-
Prlmsrs for t he downstreamregi on were 5 - GCC TGG CCA
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 ACATCAATT 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



ACA AAT AGA GGA GAT CAA GGG T - 3" (SEQID N'9; Msc/s

e underlined) and 5 - GCC CAG CTG ACC ACT ACA TCA ATT
WA TRIMFFAIAAG - 3' (SEQ ID N: 10; Pvul | s\ Xe undePCT/RRI)S/009721

The anplified DNA fragment 2dere di gested with

restriction enzynme Smal /BanmH or Mscl/Pvul | and |igated

into the corresponding sites in /y/// plasmd. A

repead ligadedintothe herrelspmyimgartes irnAeiohd// plaginyd. Afrepeat

lified b
ToorSgRn e e wERTeAtn N g Fefioh BF FRLdvas Sl et bk FCR
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ACA AAT CTA AC - SEQTD NTI2; Xbal sMe underlined

and TiAs 8t (SEQIlD N: Jd)/ $phlsitsl urdertinedend Bpe SCT 6J/ABAG TTA

or ol TG ST ATRER AT TAAE - SREEERER 3 Micele o

COr R@RAMHYd) Bindans&vee FrPPEBA//ff Fﬁa’sﬁﬂd TERE reppstRredibs is used to

control of pHS5R vaccinia prono was inserted into
t he efiminatgghe salecélonrcaspetty/dwlnglthg wpreducties ofisteletedwiruses.
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I eCQROICBARDI faf.ﬂ%R'v%c&in'iaJ fsmoter [ WA Hseded iar) the BBiad/Sph/
infected with WIK-F accinia virus, defective for

t he sitefn g%;m////mﬁra@s |T hg qhtaineganasmisdisithe recerphinast shuttle

o VEISSRREAmBA PR 1oR oBigtof GfRAL g8hg [oPERTagen &
Thetgeaue@‘neﬁtoeabcmﬂbi‘naat Gdcintopiresespi t ate of the
(0ob Rk B3l wePainreSiel G FR IR any i Bt or the
wer & Eneon 4588 b &sih f@&r?@ﬁe%ﬁemé SomtPol B s§RtHeRR promoter

medi um Tont'ai ni ng Hypoxanthine at final concentration
of 18 1kg/5)1 stxaintCopenteigehi ated MInaféhi eadiiveuledted 0 37°C for 2

250%3”"”%%& < bkhi Garhyobier e Beqaprioran hutti

sel ?r? % 9%?%&‘6‘&% Wwér ptadaradof 2B ecAE37 I Dikitions of

sev sel ection in CEF cells in presence of
GPT vsrebee:mengmgrwerej therﬂ'hmqatqeméeﬂmh@ﬁ&ﬁceldﬁ inagfectirounedium

d | f PCR
he cabiainiign YAt ing A 4F8) fencentathhdf B8 ] xp R at final
Vi I YpncbhRafiOvBl 250 plhfhrahy MyedphaRolitsaside &t fiRbPedndehtration

w t hout GPT selection nediumto elimnate the
sel ef 256rug/md sBupeescroh(GFBbeed pesitivpl(Gdlleselretien) plaques

OB hbflr G okl o Cer cote i
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 10° cells/well were plated in 6-well culture

dishes in 2 ml of medium containing various concentrations of 5-FC. Cells



purified and virus stocks were titrated on CEF by
pl aque assay. In vitro cell sensitivity to 5-FC

W@ 0@9NFssHuman tunmor cells were transduced by tP€T/EP2008/009721
respective reconbi nant VW at a MJ of 0.0001 . A total
of 3 x 105 cells/well were plated in 6-well culture
dishes in 2 m of nmedium containing various
conaeererthen cottured 8t 3TC ol 9 days, @anditbe viable ¢els were Ipanted
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equi val e I'n viruses defective for the J2R gene than
i n thanén diefiedefectivé dor thiee) 2R BnddLF@Negene. In vitro

| r.epl ilcahi on i at F#alet gged cells. [0092] Dividing or
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[0092P Ty o confaest Cebewere Mieced)(6welR pthqued, at 100 PFU of
medi um suppl enmented with 10% FCS for dividing cells
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ridiEstiie 8 laduc HEahor ¥h CEF celis [T atic between repiication in

i n aiivitiingessliscaid sonfluadd klid\areasimitadiim alt celledBothwiruses VVTK-

assay for replication virus specificity,. the yield of.

o 1 EChPoane Sy T Fab o iUk et modmi tiuieing G thah n

cell tic human tunmor PANCl1 ; |ung human tunor

leg(g);nhgﬁﬁgér%%hurmn tunor U 118M5 was det er m ned.
[00@3fAsIantindirddt snewT > adseyeidr a¢plibaliod &irasispstifieity, thagield of

It d i lete nmedia f d th 1d .
bt HRSIPPAUERD N SHETEEYPBuUsdaa IEH Eial (P (Peisregte fuman

e el'Fs
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05 c one efore Infectfon. To eval uate
t he waw détenmirgsd . ICatifluest oalls weee pladedhat dx105 callsiwell and

thym di ne i ncorporated.int ucl eic acid S _nmeasure

5 boHsreLin SEPES s oLAgya e T BrK ey ecB aegon the cels
Dur i\pgret \Dashdehh@ ultiied ifli MediangigidR setiiNDWading cells were
relatively constant in confluent cells whereas I'n

di viplated atedx19° sells/welleasedaynbeiace infectiarn. die exaluatiedhe level of

ov Lol BBioP i ApREbl BrARESn Bl Betbb B e aci

t he waehfbaglired 5Woups, THREErs dhd48 hduRDafkerBlating 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



cells and in confluent tunor cells was determ ned by

pl aque titration on CEF. Results depicted in figure 5
wa@bh@wotisat bot h viruses WIK-/ FCUL and WWTK- F2LP¢FHERH008/009721

replicate nore in dividing2eells than in confluent

cells. Subcutaneous tunor nodel. [0094] Fenale Sw ss

nude m ce were obtained from Charles R ver

Labaveigbisi raagedifiioma26-23 gdSimiss imedes ick eerevinjectedi f or m
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i ndi cated vectors for the in vivo experinents.

Bi o&*PEFMAMF-on of the virus. [0095] The presence of

BiodiMribGidnlofamelviddéTK- F2L-/ FCUL was eval uated by virus
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accoc;r}glis%g‘!’;?fg(—}%lf'1|{eé @%@g&?gﬂdg le 2 artd 8 e}ls‘,crl b%itjba Rset’lters 'S
m CEplrweérgedan Ipiﬂfj/h@dff msm)shﬁmﬁhdt QEQJ pﬁgda{]sk tHfeecirusaccording
Results depicted in fiqure, 6 ow t ha oth viruse
W KA e AVERGODTIOSLY Teetd i i Wimarin 8 §Reendseho!

? Egn%(lp%r iﬁ%&%ﬁr@awdfng' tg ntgF IS@nYd E&ditidhd 88 dbYEMbed above,

er organ yzed except for talls in
t he mesavart SAfTificedF@tilay 6fasarl Ipostrinfectiarf. R&BKHS Fiepicted in

TR ey A S TR s e
Mar AW dhof MithGabditd G40 b #0dobabld Abréd@YuLinltheltOmor than in

contrast, WITK-F2L-/FCULl has higher tunor specificit
wi t themitlyereorgans lanalyzedtexcept fordsijs inthe easelkif YNEFK-/FCU1. A

Idgg'p sgné“)adr%%u%p gf Vsk(/ I kﬁtcﬁ’ff‘ ¥s géte%pedd fnquﬁéé,nsp?enéjn,tk?éAeyagnd
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.
[0096]
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)x10°

VVTK- 0-8.1x104 | 0-5.7 0-9.3 0.2-3 0,2 0-83
F2L/FCU1




[0096] Table 2[0097] Table 3 [0098] Antitunor activity
of the poxvirus of the invention in s.c. tunor nodel.

WQ 2099¢s5Mude m ce bearing established s.c. LoRCT/EPAN009721
(50-70 mB) were treated oR€ tine intratu noral ly or
two times intravenously (by tail vein) with the
i ndi cated vectors at dose of 1.104 PFU, 1.106 or 1.107

[00PRU, respectively. Starting day 7 follow ng viral
i njection, 5-FC was given iag Ioral gavage at 100 ny/ kg

0.5 M 5-FC 0 5%in water t? g day for 3 weeks
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hanof acelll vl Ar 1k vAy ar oy - eollicl vywear
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[OOQ&lravenousI y (by tail vein) with the indicated

6_PE Lh
AnthRor At BLor e Ballius of hindnef FELE My FRebl,
[0099]a| Nade enitel bealing Bstbliseed sid. ¢aMectumorb 6040 mmwuere
buffer + 5-FC, or 106 pfu of VWIK-/FCUlL + wate
106 tFaied Pnevine jntatumeralyrer twa tigs ipravasously (by il vem) with

, 6 f 1 +
K BB vl o AACP Bl (AT T e
t W aespectirelyn\Btarting @j\/'ﬂ@ﬂloﬂngw&l imfdationy 5+RE was given by oral
[ nJ ection and during Tunor sSize was neasured

twi GavReeiaty! 0@smeﬂ<gc@|$ w&FCﬁﬁe{q inMRigmtWigs @ day for 3 weeks.
cal 'le%)regzéf_he ] eéag?%lfégj e (W wnﬁsflﬁgbé@ ' S0P vélume

w dt h s dep |cte ure show t hat
t umwerercaicgatRidan mss3 esing tbiel fedaﬁtae(rp/ﬁf)r(ﬂ@dg%ﬁ:u]wndﬂﬂ) The
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The rgsylts, flegicied indiougs Era%@wwm% gt piaBImier efficacy
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potent wth o x1 0 viruses injecte
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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 cells) were treated intravenously (by tail vein) with the indicated
vectors at dose of 1.106 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 108 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 width2).

The results depicted in figure 4 show that tumor progression is controlled



Viral pathogenicity. [00101] Viral pathogenicity was
assessed with survival studies done on both Sw ss nude
WOorR@We/0¢S#gure 7) and i mmunoconpet ents B6D2 m cBCT/BP2008/009721

weeks from Charles Rivers) 2§figure 8) . Mce were
injected LV. with 1.107 or 1.108 PFU of all viruses in
100 nL of Buffer per nobuse. Mce were observed daily
t hr aftgrd0d TKHECUduarsk VVTK-R2L &K Skt impdtion](p<@WiodS) nanpared
mce (figure 7) ., .the injection, of 1x1 08 PEFU of
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ot SR SRS g BB ARUTORG 0o o viuses
adminjestedat i on of WIK- F2L-/ FCU1 was | ess pat hogeni c,
V'aﬁhe maj or.{ty of the aninmals died between day 65 to 115
irgl gat§o %’}'?'yl\lo evi dence of toxicity has been observed

[00%01 ViksitpatNodaticity whs Hadepdad withlsuriios! stugidsafdneron bath Swiss
injection of 108 pfu of WIK-/FCUL . The group with

t r ediusignmicss (figymx/Fand imaunacampstgnisiBeldamige (6 weeks from
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denmufsdlinatuges time 0detr sfaBefafpdranbasé yMidetwetehsbserved daily
doubl e-del eted virus WK- F2L-/FCUL . Pocks tail |esion
roddhroydhovbie sirse ot experdmaat.dniSyyise nege mice figue 7).
1. 10 (AboHSE 0P e AL RFHCVEEEH st iPhet@elin of 40% of
vi rus.” “fai esions were enumerated once a week:. ce

i nj ¢hé emimalstB dayd aftéHdfedtioV TKefr2maimichnibe\died between day
than. 1 pocks/ mce conpared with mce injected with
WrK-90Fand day 89 aftefvelestian of hes agatinistratiomPE ¥ VilK-Gal-/neU1 was
postzd I~RR;~ j : |

FeslptSpafidlBic: PPy 87 435 BHAndi3 diedEvebrt dy 6316 115
aver(pg6.0dl). Mopvidencel dftoXvityKhasGdbnaabseavertiwith badtaviryses at

1f K- F2L.-/ FCUL <0..0001, h ' '

(B) 10l Al Ryt fiad ahan VAN oRSbn B OB P kSRR The

h iy S

hav b BNTE to et PNRRDL OF CU ORISR Gy prplcnged

havisugvieal ta\32% gp<@00005pcakparedwithtthel MV TK-/FCU1 infected
t-infecti fi, A .. At d 31 " .

PostTichr LETedTentti fosiIERe BahSirats e Rassase eiexipity vith the

r eSRRfk Fb!lé’-@bbét@&‘y?ﬁ@vwwwm /-PQL:’i’F@LPIQCk/ m ceconpared to

mce injected w FCUL havi ng an average of 7
Pocke taildesipeeodei gure 10 (B)) . The difference in pock

00 R B Vi e Bt 1T d S0 e
(figure 10) of each virus. Tail lesions were enumerated once a week. Mice
injected with 1.106 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



pocks formation is correlated with the replication of
virus in the tail and so with virulence and toxicity.

WO 21j080635¢h in i.v of WIK-F2L-/FCUL is | ess toxRPCI/EPRANS/009721
with the single deleted TK2%irus. Statistical
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5. The poxvirus according to claim4 wherein said

poxvirus is a Vaccinia virus strains Copenhagen. 6.
Wapwo0essyl rus according to any one of clains 1PEGEB008/009721

wherei n said poxvirus furtB&r conprises a nucleic acid

of interest. 7. The poxvirus according to claim®6

wherein said the nucleic acid of interest contains at
Claimsast one sequence of interest encoding a therapeutic

1. BePEM S cdterislg PR EIC GRREL 09 T A LT

2. STWeCpcﬁ@lrﬁ@faﬂ cldim 1 Wherdifedid pexafsnfudined comptisak @ defective
wherei n sai d suicide gene codes a protein having at

W@Rsgene.cyt osi ne deani nase activity. 10. The poxvirus

3. %%Mvgﬁs %rcﬁ‘nbérﬁ %ﬁ{ﬁ%p%meg?i‘u#a% %?x%ﬁ”&bér%nﬁﬂ& the

[BROHOPSXEGERS Sutbfandilg, Cl ai m 9 wherein said protein
having at |east a cytosine deam nase activity is the

4. Fbereviusyaseptdioe to elginaskwhetein saichroxdiusdirliengs to the
@3%%&?& ?E%ED N: 2 and anal ogues thereof. 12. The
2 |hgto claim8 wherein said suicide
5. g’ﬂ%ﬁ)@@ﬂﬂ'ﬁQ atchrdibg td claiighateih @aii poxvrus)it @sVaecinia virus
deam nase and one uracil phosphoribosyl transferase

&treing €9pengerhe poxvi rus accordi ng to claim12
6. e ){\‘/.lrflg'a%cﬁmlﬁ%% ?%ﬂeccﬂq:?aﬁn% P ﬁ]srald poxvirus
conpri'sin a

sequenceé su st ant|
lf@ﬂﬁ@swmmseyla hoeleteacidroféntiedestt i fier SEQ | D N 3
g_oda , QIDN 1 (FCUL) or the am no aci .
7. @@Wgugfacr:@ﬁdlng tecirim, ' wherem Sapbioe ritt&!elﬁc?&eﬁ af intprest
?: f’aﬂr}(s 208t oﬁé@bgﬁ %Bf ihPerdBEERESHISGadnB urtlkﬁnolecule
CONpr I ses nucl el ¢ aci d sequence conpri si ng
8. J®eepmeitus@ceommingreaskzirhy. whbeeipeaid nudeiecaxid df nrgerteet

claim 14 wherein pernease is a purine or a cytosine
FeMprisgs @ BMicide g&i\eeyi si ae. 16. The poxvirus accordi ng

o, ReCAONMASCHOBIA I RAITEARAelot SH0rS OB Y ot
Tagingeatleastsa agtosingi deprhimaseyactinidy.of clains 6 to 13

10, i S BRAS I 3etd Recsh Bl SRk BT Foat o
ICYdA §84n analogue thereof.

11. The poxvirus according to claim 9 wherein said protein havmg at least a
cytosine deaminase activity is the FCU1-8 polypeptide represented in the
sequence identifier SEQ ID N°:2 and analogues thereof.

12. The poxvirus according to cla?m 8 wherein said suicide gene codes a protein
having at least one cytosine deaminase and one uracil phoéphoribosyl
transferase activity.

13. The poxvirus according to claim 12 wherein said 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 the

amino acid sequence of FCY1::FUR1.
14. The poxvirus according to any one of claims 1 to 13 wherein said poxvirus
further comprises a nucleic acid sequence comprising a gene coding a

permease.



18. The poxvirus according to any one of clains 14 to
16 wherein said poxvirus further conprises the

W@LWAR6S47 necessary for the expression of the PCKHER}008/009721
aci d sequence conprising a3$§ene codi ng a pernease. 19.
A process for preparing a poxvirus according to anyone
of claims 1 to 18, in which process: (i) a poxvirus

15. él'thecpcmvrrgstao:carqmgleo ofaiml &4 whetein petri@ease ia podineext a cytosine
into a cell; i) said cell is cultured under

@Sﬁ?fp??%‘ﬁgﬁ] U@ appropriate for enabling said
16.A%EY g%c%sraﬁg%e%n Phekdih 'Ebrr%@bge ROZNGSEHPirbM the

rec vere fromt cul ture. COITpOSItIOﬂ
\gind o comppis ingeflsC X 2 nd/ Fudsand anakbigongs thereof.one of
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potentiate the cytotoxic effect o
Eacl?-:i ofontergstosi ne. 22. The conposition according to

18. gjﬁe&%%/ﬂr@s\f\ahchgim% a{aﬁg%g‘%ﬁf%“@%y%b E t 2%}%@ poxwrus
Wiser ddmhbidds ﬂﬁ%léﬁ%ﬁe@éséﬁﬁfﬂhé‘&bréﬁoﬁ BﬁtHéenuclelc

novo bi osynthesis of the pyrimdines, preferably
mitbsecmerfqeammhreslgg@J@em,em@dlsgm@ermeaw_A

flu d d.A771726.. 23. Th it ' ,
19, PR AreraPe AP R e bt dns S RN SEeBRfR A", in
W—ﬁdﬁ:?]&d&e%y c effect of the 5-Fluorocytosine is
nmet hotrexate. 24. Use of a poxvirus accordin

to
anyone @ cl aBripoxyirug acgowstingtacanyans of ‘@Jﬂln%ﬁ:gd@ di8rig intgoduced

any one of cl to 23 for preparing a nedi canent.
25. The use a@é(g%a‘feﬂlg to claim24 for the preparation

of a h cameshidf ¥l ik RalturerplmEsTt corlditiomzoehich @re Appropriate for
met hod for treating di seases characterized in that a

poxvi rus accoftabling saigdpaxvEusfo bearaduced, @ng or a
CO”POS'(ﬁg?gdaggﬁé%& %‘?s fEboyvaikd ﬂgm 'éEﬁI &waré’ 23 I's

adm ni s organit sm or ce

20. reesmpbsitivh hvﬁltle@bfﬁpmi%es%7poxmsmbaﬂn@wan¢®mof olalms 1to
cl ai m 26 wherein said poxvirus or conposition is

a&rn mommn@@wwahtanehgw@ﬁh@aH)ba@@eptéble eHGPIBRY hod
21. %gocf | on(g? itiGh é%@ér@ir?g(stooéla% 20YA BRI B With ¥hed8t more

substances Wthh potentiate the cytotoxic effect of the 5-Fluorocytosine.

22. The composition according to claim 21 wherein said substances which
potentiate the cytotoxic effect of the 5-Fluorocytosine are drugs which inhibit
the enzymes of the pathway for the de novo biosynthesis of the pyrimidines,
preferably selected from the group consisting of PALA, Leflunomide and
A771726.

23. The composition according to claim 21 wherein said substance which
potentiate the cytotoxic effect of the 5-Fluorocytosine is methotrexate.

24. Use of a poxvirus according to anyone of claims 1 to 18 or a composition
according to any one of claims 20 to 23 for preparing a medicament.

25. The use according to claim 24 for the preparation of a medicament for the

treatment of cancer.



in which a pharnmaceutically acceptable quantities of a
prodrug are adm ni stered to said host organi sm or

w@edob/ 06897 The met hod according to cl ai m28 wheCEEP20D$1@9721
adm ni stration of said prodfug takes place preferably
at | east 3 days, nore preferably at |east 4 days and
even nore preferably at |l east 5 days after the

26.#dmetihed fcmt'reatingfdisea'aszqu:ha/r'actmized i mqjcaspd»k\mms &wording to
The net hod .accor di to claim.29 wherein th

SORE o Climent 15 1451 8 GrRRpSlion aRGS RIcHiceATy aRg of claims 20 to

?fg nlgz?sqfnlﬁﬁls?&@d%sér{ R&tUrgahisAPOACAPKMIChUS iPheed of such
treatment.

27. The method according to claim 26 wherein said poxvirus or composition is
administered via the systemic route.

28. The method according to claim 26 or 27 further comprising an additional step
in which a pharmaceutically acceptable quantities of a prodrug are
administered to said host organism or cell.

29. The method according to claim 28 wherein the administration of said prodrug
takes place preferably at least 3 days, more preferably at least 4 days and
even more preferably at least 5 days after the administration of said poxvirus
or composition.

30. The method according to claim 29 wherein the administration of said prodrug

takes place 7 days after the administration of said poxvirus or composition.



