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 oncolla/ti c viruses. Current opinion in nolecular therapeutics.

2006, vol . 8[00Adl Lngehdigriruses gre arplasyeheevel therappitisadenissediPii¥es is that as
they replicate, t i | $i | b fipak sbpsts for

many viruses beca{%gm%%@%gg%rrtp e Jﬁ?ﬁ%i“ﬁﬁ“ﬁ?@é?@élﬁﬁ'ﬁiﬁﬁ% | |;l?jicti vated or
have nut at ed tunmsﬂrpeiume(SHERN@ﬁ@N.W@&m@tﬂfbfﬂreewgé‘meratmlqm&“m to proceed

unhi ndered ( CHER 1 ght.j 10 i i ruses.
British medical ja%f‘%{ﬁ’giog%f’g{’/%‘?ﬁé’gg ,”l’ %%’%%i%%%%'@@ﬁ%%%%m
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;

. . . Y,
and tropi sm nodi fHEKEPY GHE alissamipaied meteniases e pystemic delNeRoT@RCPYEGr f ace. In

the near future, \ge&d YEUReRASHIRBH A HRFedfRndBpbeYRRR00B 2RM8! Ro.hiul Iy realize
their potential as critical anticancer tools and, thus, inprove the prognosis

for patients witp-8-1gnamhe eneftef usingithess, visiseals thehasigyirerligdthovi ruses as
D 607 705, ) - [ 0003y FaE it i BB GAIE! EARRE deaPh for i ¥h85S et ect i vel v
to replicate in dredakse theydiave thenantiiral intarfesespathway inastyated onhaes devel opnent
D g U GRS S BELE Yot i SRR gl BT R, L7 e
2009/ 06554 7PCT/ ER2HGOHc0 (7 CHERNAJIOWMSK Yiaettal Atighting canset wih ooeolyties a
lpfgféio];‘_ I ngt Iblozd/grld%%stﬁr@s tméar’}galljzolurfl?a). 88(%5 ’vof.&ez, %%O?%%ﬁt p.qf70-\¥.]5.Ch 's a 55 kDa
[0002] Some viruses are naturally able to selectively replicate in tumoral cells but

oncolytic viruses can also be obtained by modifying naturally occurring

viruses. For this purpose, the main strategies used currently to modify the

viruses include: functional deletions in essential viral genes; tumor- or

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.

20086, 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. Itis a



i nactivates the p53 tunor suppressor protein. Thus, the ONYX-015 adenovirus is
supposed to | eave normal cells unaffected. Miutations in the p53 tunor

suppr essor g¥RY4PE4he nost conmon type of genetic abndGHPRAFPRIcancer,
occurring in nore than half of all maj dr cancer types. Thus, these cells are
susceptible to the virus, which will readily replicate and cause cell death.
ONYX- 015 1s 1n O’?ggdrﬁ‘&ngﬁaqs nb}/i'ru%{hb?kérpéé’% |{)§’s|@oft-fhﬁ&¥dﬁerﬂhta%n LEYE At head
and neck cancer, asé Tl trials"tor colorectal, ovary, pancreas and nouth
tunors, and phaséodust theghradhictrof dihipbsit iavis kiDs pectein teatdyidsgtosan@nd | i ver tunors (

COHEN, et al. ONYX-015. ticals. Cu t I i
i nvest i Sat ?onal dt |¥§te§8%?655 ar{‘%?scq%’(lé.réf%gr ﬁroiqag&gﬂﬁ,'tﬁ%)%%-o}lét ural l'y

oncol yti c vir usesdahgvifab isGppdseia-t6 tsEet itinaV célisaeaffebiat. Mattions ir theat e
ability to selectively infect and kill tunor cells. Despite being used in the

origi nal attenpt PHBUNPEEHPRIERRAEIICRP @i /8Ot GARBAN AP @Bk s “ago, interest
in naturally oncolpybifaiy itSfteRatcld®gas mopb i RaICorMRRAbF cAer €ngi neer ed
adenovi ruses and herpesviruses as cancéer therapeutics. Recently, however,
there has been rdyregedhisitbessseelisrare suserpyhlegotteg ¥jusamdideyvildeadilyt y of t hese
natural ly occurrigg: Hr@ sl . It CaY kL USES.
Current opinion irﬁglhc%?eggﬁtfgéu ther z;%p%m?%\éﬁk%% H{/ﬂfd%“goﬁggﬁ)méﬁ%ﬂ&zl ).

[ 0005] Anmpbng nat uhalregtnuend of yetducrent hemrband Neakeéanicer, phase Hdrigla f®oxvi ri dae)

possess many of the k attributes n [ i Lo\ backbone for
use in oncolytic C\?ﬁ’%‘?‘ Ie%ﬂy: p%?wcég%s ?ﬁ%?@’gg}/gﬂg rSo’ra"{}mll éi.%%g;\é':'gé?lf% th rapid

cel |l -to-cell spr ahgbstisé dizegsé,ydsophadid and/livea turaoge GOEHBNngt alaPiMX-y and
wel | -defined nol ecul ar biology. I.n addition, .although capable of replicating
in human cel s, t%gyggyébﬁaf’ﬁ%ﬁ%'Fﬁlér &H”S”;rhﬁ”ﬂff”él’” ’ﬂgﬁ‘f[fqﬁgm‘?{ﬁ"é% and are
especially wel | cloanagdier hga@, phavomy)been delivered to millions of

i ndi vi dual s_duri g‘?ﬁt he canpaign to eradicate smal | pox. Earl ?/ clinical results

usi ng ei t hel00P4L dYaterady PAPAKIIGYINUSER (¢ E%”P@/ﬁ%‘éﬁmﬁ’%ﬁf‘%ré’é?ﬁ hatbave Afs have
dermonstrated ant 'ir/%rka‘fé?rabw ®efe tivdiy iR arlitkiPlumoraehd e pite begaiddancol yti c
WO 2009106554 7PCT/ EP20081009721 3 Vi rotherapy of cancer. Current opinion in

nol ecul ar t her apdbe poginabasmpte & treat gancar with Bepvigses five deoajes #8%ont rast, the
pPOXVi rus nyxonma Vi i oo I VAR { dat i story of
use i n humans di r"lét%ﬁ%)t/Ens'ééguﬁw%hg&gﬁééwg%s:e%gt%eg%ﬁgb%ﬁ%e%gggs'@édgci es tropism
t o | agonor phs (r aiginesyed Meormviruses argl herpeddruses as eanter teerapautias. be able to

al so selectively Ainfect .and kill h t L1 ropismthat is

| i nked to dysr egtﬁeacteé'gy’i qﬁweggélt*ﬂpgh%%&egﬁggﬁ?ﬁ% k‘g%rﬁ%dﬁgélﬁﬁﬂgm?%cﬁhe majority
of human cancer s.anBhsetedtieity efthesd hatoeslytdeeuring sgenty (ROBERIGeebal. t he tropi sm
of nmyxoma virus for hyman ncer cells, as well .as preclinical data exhibiting
its ability to : INaRY AR ey Y rsER o e gt 1 alRerer BiergHsT - ( STANFORD,
et al. Myxoma Vi ragpeavsl.epRed, pta1a-24.not herapy: a new bi ol ogi ¢ weapon in the
war agai nst_cancer. Expert opinion on biological therapy. 2007, vol.7, no.9,

p. 1415- 25. ) [00PBb@YTONGRAHIAN ONPPHE WRYSESOYBETNIFINEUFS ECTPYH idae) RP¥iPSBoses of
Poxvi ruses necessasy, 4Qhakby SMfotBs ABLddsHAPOREn fdaf GkalbaRShe fOX e Iy | ssues.
The majority of adverse events are m nor, ‘adverse reactions that are usually
linked to Vacci nicncolytieyiretherapy| Theseninelude arshortriiéaayele. with eapid pelkimesle,

fatigue, nyal gia, (]| L &K) ' F;‘é% WdiGdraskhes, erythem
mul tiforne, | yrrphsgg%lr#oSg?rﬁémgﬁgﬁ@a?r{&g?ﬁ%ﬁ%a Cl nztgﬁgwéélﬁegﬁé her reactions
m ght require addnoleculat biblogy alpiasslitioe, glthough@apableiaf seplicating interegly and

i dof ovir, -1 h .. Ad ' ' [
Further evaluati aiernenalesy SPitreled T haTAL FRak PRRist Ahy BESSod B 7, o
vaccinia (GV), ecrgnahavageiizeal bavitdeen pgebgred & mitlionsad individ(d®/Huring

B Smal 1 pox. vacdlEPRBROAIR SEAeHE amelaet Fak S Tants T UK ci ans: MR

Recomrmendat i ons apdciheReaing or giReiiall) inbdid vaREindl stkainy\Rald dernemirdted
Recommendati ons and reports / Centers for Disease Control 2003, vol.52,
no. RR-4, p. 1-28. antitumor effects ( THORNE, et al. Vaccinia virus and oncolytic



[ 0009] Thus, there is need for safer Poxviruses with an oncolytic activity as
good as to their natural counterparts. Background Art WO

2009/ 065547 PETAER960E 009721 4 [ 0010] US 5364773 (VIROGENE*P@BW@@ﬁPCRATICN
(TROY, NY)) 15/11/1994 describes a nodi*f i ed reconbi nant poxvi rus, nore
particularly a vaccinia virus having inactivated nonessential virus-encoded
encoded genetic f enuat ed

vi rul ence and enhgﬁﬁwtgdé@s ?f%%nggﬁtgl}ﬁ%?{ ?’%’ﬁ%h W%Clg%r?é%;dég?unc ?(?)éls are

i nacti vated by dezbb?mtg48p135@>65 Y.eading frame encoding a virulence factor or
by insertio |nact|vat| en readin odin W, | ence
fact or. @%@rt | Eﬂntéﬁtyt%etpr??%'”ﬁamg)ﬁ?mﬁéglﬁ |s%egov§ | \93@%}'% %argi (%3 whi ch the
open readl ng framasaelo HnabryJ(EleseBﬁﬁBz’rBhélalreét%hs itARBR dr&?ﬁctan&ﬁbsol&tﬂi | 4L has

been i nactivated. This virus can be engineered as vector for a
forei gn nucl eic é\?ﬁhs%erﬁhesl}é%s’ﬁéo ?&95&?%& %b ﬂ@mmﬁv'&*ﬁ%?ﬁﬁﬁ%\ ogi cal

response in a hosgcatly BRbwnh e\uble toha@ra/eaecmeuw.ﬂmceah@kmfmmcarﬁumoy replicate
in nost Mammalian cel§ and can not be used as an oncolytic virus Xl ANGZHI

et al. Vaccinia \ﬂeH%s‘i W'QU‘%)Ff@P'émihQUfé[BBKQ%"MWGH@W|"Béﬁqeﬂlﬂai ﬁglﬁlh% and

rabbit cells thr f S esi dues
that are disti nc%lé?kr%é}; ﬁtgls"h%wtgl ng gﬁ}lolrpu'%% C%é%érgJBﬁrQEa\flé\n Oru@iarggttr(‘)%y 2006,

vol .353, no.1, p eXMnQ:KBO\)/ledpe(othe \WOp 2004 ro4Bal viud IRNhDRINDaNCSS) )
ot oo nesor afie 8| AChRYNAN Hal BbTiNG ik B BTMELCAR GO& OF TOr e

nmutations inits €no re in one or nore of the
foll owi ng cl asseSumbrqaolappaaltmdMS ofl¢aricet erSMMEQRBdataIt Mygomalwrpephdde; 2)

conpl ement contraol NE ar chenoki nodul ati.n ol ypepti de;

B erine. pr ot eadacPRi BRbeiaby;  ipw Bt wFREPR b PG Gon

non-i nfecti ous EB4denrapimeh vpensbges théragy. 2007yvdld, npQ, pp@nbiade).t hat act to
inhibit release of infectious virus fromecells (anti-infectious virus form

pol ypepti de[f).ooﬂn addition, nutations in A41L or O 1R of vaccinia virus are

al so di scl os@ﬂn.cgﬁipa@émVacci ni a genone regions such as A34R, A41L, A53R, B5R,
B7R, BBR, Bl13R BIbR, BI8R R, B28R, I§ 9R, CUR, E3L, K2L, N1L, vC12L and vCKBP
are nore paﬁopp%thé}el'QJeﬂﬁ%’b?f fB%'&IdP?'?St?fl OXNBHISSRASSTATY (R ARG 8P t he i nventi on

i nvol ve using anyn@funhdil ey HiskPRxRity Bea8£arHaahsjonty JitRiveRéaVeafssaral SO
di scl ose nethods to treat cancer by adm nistering to the cancer cell or

pati ent an eff ectMiper, aABense reactions @%IW%H@@P'W&BE?N%VWWB virgs aq $dfar e of
| nvention WO 20%%%655%71?9%@&%?8%%%% ét@wwa@a%ﬂu&vmhpaén have

surprisingly discovered t OXVIruses conprising defective F2L gene have
an inproved saf etryaqiloofsl m@slpamflkeqﬁheaneratjwnpannemormecb'lnwha@ea@matbyty ( conpar ed

poxvirus combr s ATGERe wpoh S Ot B dng PURLIELRRe ISR {heenti e

applicati on, thetlheraples (ag ane, édlrs‘t—haeehmpyiandlctdb&)vyeasecd)rllthhnet hey nmean "at
| east one" east a

r ef er enced corrpoﬁ'é?{f‘gy)of‘d¥?r§5§éaﬂ'ﬁp§§r§e{tm ﬁtcrgﬂ't“é? %&gﬁqﬁat&%&ﬂb%@%&t her wi se.

For exanpl e, the ifdiide inadesrtdnt indtalatidesgenepalizedivateiniaf(Gag) éczemancl udi ng
mxtures thereof '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



[0016] The term "and/ or" wherever used herein includes the neaning of "and",
"or" and "all or any other conbi natlon of the el enents connected by said
ternt. [0017AVO&0¢84'm "about" or apprOX| mat el y" as usd@THEPWPPAans within
20% preferably within 10% and nore preferably wlthl n 5%of a gi ven val ue or
range. [0018] As used herei n the terns "conprising" and "conprise" are

i nt ended t h t he
referencedolgg?n@onen 6%)%5 %T@%{@@%Epu%gﬂﬁ;ﬁ@ Iq?éonsﬂs/tiw%g
essentially of' \dleembﬁswlmbdmédfreamntplnammwus;mmqrrespamamiarlyamviaammods shal |

mean excl udi ng ot her  canpone ny_essenti al ni f.icance. Thus,
a conposition coP{gP%P?YfBB g tpﬁppge:ﬁe@a V'?‘éc?f‘[°8§e‘&8ﬂﬁ%‘?? &i6ul d not

excl ude trace comimilionssb shatee r&wm@wtpbmmswa@cammué@danmwrrce@rna
"Consisting of" shall nean excluding nmore than trace el enents of other

conponents or st &ephangeshaaietyadn B@@'&“'Fi‘érta? qenelicfupelions 358 NAGVed Mpri si ng a

def ective gene” rd%f&h@ah%p’énﬂ@é&h@%n@%ddﬁl vmeﬁéeefabwaorsybstltutlon or
addition in one or noire nucleic acid of the fective gene or any conbi nation

of these possi bi ||nae\r@;ma&mrcbvailogazf@nmnfreecaﬂgBﬁmel%rm g a weulertgoi lity for
the virus to progugg ﬂﬂd?é%taﬂlcpla?lﬁvfh@pgé}g tchHé%é’vﬁémﬁlg%lrgémﬁhﬁhprOdUCEd by

the unnodified gene. In a di me e I nvention, a poxvirus
conprising a def dog bpen mdmgfedreesf faw JaRpBWRt*BéARnA%h ASEBRE€ AhdL B-,gene

sequence has been ﬁﬁﬂ, Vi nown to
t hose WD 2009/ 0@@%%?&%&5%@)%%?%%?@&@ ed '&bnf? e arglﬁg'ﬁé?r\r%g ar§'eé(§orr‘m nant
t echni ques. Met hadstot tor anfoeBify hogeictaeidjambuzedéds a vacoive farsnducingaarai | abl e i n
the art. For exa le t t hods dj sc Syst.em ¢ cancer
therapy with a td Eﬁgécg’fﬁ%o(}%ec& “%Sst\ﬁ"m% %:CAH?'J Ne%\éﬂhds f’ﬁw&? ne ki nase
and vacci ni a growffitidragtreplicagNidsmostGaaaRalias sels 220k N b6 Lise® a8@nl-57. , KIM
et al. System c arned oncol ytic ans i munol ogi c therapy for cancer wth JX594,

a targeted poxvi onsoktipYiessi NPNG4£tiset a'NUP@‘ED'Pé’H’“TP@I‘-&%@E?ﬂ suPPei§eiraho. 14,

361-70. , WD 2 ARY¥s 773
(pVI ROGENETI CS QQ%%#@?%MB%@M@&M@N&%%%% be up?gglctéc%t gf@ﬂuce t he

poxvirus of the iantgin ;e@ﬁat I'Blﬁiéiuﬁétthﬁi(%e dissiaetden its Rinding HiedApACASR. t he present
application are PAY, Ha??"?zﬁé/ggd; gbgg% 359 ntypjyﬁﬁ) Q3:§) Xvirus according to the

i nvention. Sequences 0 vari ous poxvir ses are available in the
art, for exanopile, V\A01@0Q¢ﬁ0t4311i4e(KWRN®AVI&3(\MSj>Q W 02i2004Cererippo RN diteres,

Ectromelia virus XQMR. Y ccessi on
nunber NC 006998 Va%'@d’gg%ﬁé{ eﬂﬁgg%éng %@@%@%ﬁ& %Bﬁ@@a&z}sé@ctl vely )
[0020] As used h@esichbéhmutations apokvoreus’ moes aitse faloaing classeselfongi ng to the
Poxviridae famly. Accordi referred enmbod vi rus, accordi ng
to the inventionPOYPERELE Egtnﬁf’é’feﬁ%’g Wﬂq‘%’é’&pbﬁ%%wmﬁfﬁ%’f é’oﬂﬁglf erably to
the Orthopoxvirugogpe ﬁde'mb ENEBr anérﬁomﬁ@iwﬂmhmrﬁgtpwpbpnd@mqlsenﬁe virus specie.
[ 0021] For exanple, Vaccinia virus strains Dairen |, |HD J | PV, _LC16MB,

LC16MD, Lister, [rojpasernbiiterid) indp gmdpiat 'no\mwepm&aon@afssm%g%% Ti an Tan
and WR can be US?&m SGI?SéﬁidBS ay, &) Dﬁéltﬂo%@ﬂeﬁhéé/ tHk aEebniftoie resigwnt . the

pOXVI rus accor di ng to he | nventl on 1S accinia virus strains Copenhagen
[0022] The poxvi infectinusoinas Fopvesllsi (asti-infectioye vituplasm mweptaelEn (187 kil obase

pairs) and is a RgREh Alidiffs BIAY1AOER1RBFLALCIRL VoM JU5 AR lEY. ' ep! | cat es

in the cytoplasmof I nf ec ecause t ecte nmust del i ver
| ar ge anpunD812if MaNging genonsoregians stigh @sl AR, A41epAb3RIB5H BYiR,B8R, t he virus

20091065647 PCTL EEI00 SBTRIETS AR MZB e BPP B Hit B e A VG 4R, At ng

deoxyuri di ne 5' - wCKBroshabe patidciealy dedeyidediraibhis 4pplidatase 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



[ 0023] Deoxyuridine 5 -triphosphate nucl eoti dohydrol ase (dUTPase, EC 3.6.1.23)
catal yzes the hydrolysis of dUTP to dUWP and pyrophosphate in the presence of
My(2+) ions.WARPREASEY” in renoving dUTP from the dANTP podICTARZENE at i ng dUVP,
is involved in both maintaining the fiaelity of DNA replication and in

provi ging the precursor for the production of IMP by thym dyl ate synthase.
Vaccinia d e 1S ; I i . i OGH. .

Nucl ei ¢ Ac:“@g%%esﬂeh%r@ﬁem%%%vgEEFPTEP‘Q?%%%%{%M% E%%%E%gegm |nro ogy. 1993,
no. 195, p. 863-5. defecBegfiéghgenethaveaniprayedesafsty prafile/bitdient aneiquiygleng
avai | abl e i n genbank via _.accessi I ces and | ocations of
the F2L gene in \?QP?'XE%S%B'&V? oungéé;eggﬁgﬁeérﬁ%?%?é?%@g \%g'l abl e i n genbank, for
exanpl e, Vvi[@0aglc Thel pasentimentiNCrdaes 36 a dostiAisSesmpridihd)d H6fietliveAF2B9436,
AY689437, NC 008291, D437594, D0437593, AY313847, AY313848, NC 006966,

NC 005309, NC 00¥§8%, NC 003389, NC 001132, NC 003310, NC 002188, M35027,

AY243312, Abb 973!@1ud3@ﬁéb%§ﬁouﬁ@bﬂaﬁé6apdﬂ@tm% tehn9 141l "dnCaieldsstl  X94355,
Y16780, AY318871, 04848, AF198100 and M34368. [0024] The gene nonencl ature

used herein is tHathestencsseaiibepmedace lape UraphleaRtR IS usAP Q188 or the
honol ogous genes o(?f-agH?@rty"RmNé FdrEhRRcEi bEFPoRLAE bs&Ps] iHléssahedontdxrever, gene

nonmencl ature may be ‘ferent according to the pox strain. For information,
correspondance belegslydictales othajwiseahar exzmplentas teram "beelf diphédasa Tabl e | of
ANTO NE. . Virol . n . < [ 0025] According to a preferred
enbodi nent, the W@?‘tg’g’gg%'ﬁ ?ﬁé%&@ﬁ?%ﬁﬁ%?%er conprises a defective J2R
gene. [ 0026[00T6e Th2Rege handiort edhese\er Tisgdihdiaie includas ¢he Migpningiaf iaidr m part of

t he sal vage pat hyay, far, rim dine depxyr.i I i i.Ss....khe reaction
catal ysed by TK iﬂ(i@lnaegﬁgh@nx ?tgﬁg?%TB'(E%{@%F@%OGE%%%Icgﬁ@%ée?@’b?rs 8'-#1 ATP to
Zdeoxy-t hym di ne té@hd) to produce thym dine 5 - nonophosphate (dTMP).

Vacci ni [ CTIK t T TKs h | | l tid hai
compared 00l The et rapa orapRiealel’ s sbsbPGRLERARE IR AR 009721 &

f or m honot et r anergefeldbiy withift 19981Hnd rH6re! Sreidigoly AaePAST% of BIYivaIN @fige 8TDP_or

dTTP, which are generated at the end of the netabolic pathway. Type 2 TKs have

a rmuch narrower daP¢8.rate specificity conpared to type 1 TKs and only

PhoSPhOT y1 2joR18] IR HebREtredbhn@ AR inh “ElmAMRare Berdloa (81T UCL ur e of

vaccini a vi ne Kinase in conplex w . insights for drug
desi gn. BMC st r ucoeamathabihel pgguctaa®mpasitens gnd methodg ngledp the seferensed

defective for th i d i Nw : j ke in the
art. For exanpl e?coﬁﬁ)e n% gtg’c(ﬁi%}%ng %%@UH&QQ%*%S%%@%@& ggﬁéé@rahiﬁer apy with
a tunor-sel ecti vavhemousiedita defineipraduttsntomaositions aid/miettiods, iallasearand vacci ni a

grow h factor genes, ,cancer research 2001, vol. .61 n 0, .
PUHLMANN, et al . U&HdNg; OQE%’SCOE‘RPQEPESr°'f38?p§ Bf%’}y-%*%@?'%”b@ﬁgz 'hl@rz‘gp"f}:

bi odi stri bution abrbokhivRicdnsisting esxeatidipl eftthe retited tbmpGCaacts wayddaot her apy .
2000, vol .7, no.1, @ 66-73. , GNANT, et gl. se/éatt,en]'c adna'?g stration of a
reconbi nant vacciSfchidgitiags ceriamiaants gng phaperutindly RECRPIRRISCYRAE: and
subsequent treat meghsidiid'o® shallPean ¥ikesbimg he@dhah fatd! BRMPRESH dthér gene
expression and prolongation of survival in mce. Cancer Research . 1999,

vol .59, no.14, p.BEPENA0E.OTEHPShe used to produced a poxviruses deleted for

the J2R [ e9oRol [A028)4 h%‘?&iﬂrﬁil'e”tﬁrrﬁ % &vRLSESMPASNG BRRA ARByenbt NRIGXY b US

according to the invention further conprises a nucl eic acid of interest.
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



[0029] In a preferred enbodi ment, the nucleic acid of interest contains at

| east one sequence of interest encoding a gene product which is a therapeutic
mol ecul e (i .VeO2W0¢ét7apeutic gene). A "therapeutic nol ed4TEP20080¥Rd whi ch has
a pharmacol ogi cal or protective activi 16y when adm ni stered appropriately to a
patient, especially patient suffering froma disease or illness condition or
who should be pr go

phar macol ogi cal %E(ﬂ%?o g%%?{ vlggrté E ﬁ%@hﬁq%ﬁ]gm Q‘glmsddgg%re@%ig@/ ﬁ% rel at ed
to a beneficial geheme dr pdxeireparesavaiable is hreparbrharfexampte ttesestbedsr sai d

condi tion. Wen the, ski [ resent invention
a gene encodi ng 595[ i?éP&b’éﬁ‘??W& ﬂf§ySW@'%8§ é“f SP@W&bgquﬁ\o choice to
results previ ousIsyéle@tw«@vm@xmlusﬁmtdremn@othymmmhaser\amdmaﬁcwad_ue

Phar mmcol ogi cal | SFOBEBGOT ABE dF HEeNiES o1 080040 SeET E200aMbBbIRT 5 to ¢ he
invention, the S%fé’hﬁi@a%edi B'h@él?t arﬁ‘sﬂiﬁqrhen&@@ehmgwfd%ah@ér%m mous to the
target cells intowhich it is introduced Advanta eously said sequence of
interest encodes S8¢ a &IrgplgAtPosvirgs SEIOTNG CM:CSEs flaleau/drTherapaitiSpeut i ¢ or
prophyl actic pol YReRla&iesql Y6902 WIsrz@@wmstqw @Jwi@ayg ) Property. A

pol ypeptide is understood e any translation roduct ynucl eoti de
regardl ess of si 28/0242@D4nhed HdB SQBQZ&WRQQENETKE& CQRRDRAElQNéER@éptl des and
proteins. Therap S V.

pol ypepti des t ha%?iﬁls}ggn%@%%%b%% uéeﬁéb#)nglfc\%etﬁ%%%qﬁscqf%mgéﬁtgéerrﬁsgl n an

ani mal or human oneghodsdisclosed inche eb(hmlplea@ftthebremghappincanoreérfeects tolimt or
remove har nf ul ceIIsyIromth onferring

pol ypept i des whi PR ar'é(?'@ﬁﬂ'?f%r‘?ﬁ?&“"&r%?@@’r‘f“?3059@?8158 ﬂ?;\ f!% Y or cellular

response, or bot IsequBRSEY offth@GBhEBe O 2RbYP PDLViIALESs arsaviaidbleyin thd Her apeut ic
gene include genes coding for a cytokine (alpha, beta or i nterferon,

interleukin, in pereXasinlesthe vaccinipvirgs, qQWppy Vs, ¢anarypex ¥i ‘?[H‘?D CHRPRURi s fact or
(TNF), a col ony %irbé‘%%dn’i‘&vuﬁ?sc%éﬂon@& Q%Fava@aﬁ@':n G¥hbathk (ackesson

i munosti nul atory pol ym .2 and the like), a coaqulation factor
(FVIT1, FIX ..), ramhes ODQQ%NQM%ONGL%G?@%MO 41N 1182 br obl ast
G owt h Factor FGE sadé% é]g Ilke) an enzynme (urease, renin, thronbin,

met al | opr ot ei nase { oxi de synthase NOS, SOD, catal ase...), an enzyne

i nhi bitor ([@D%]aﬂs mlharglpﬁlnmtermnpox\hmnmfarsltola vn\ursr’cmllormrmfeabe i nhi bitor,

I ' , T .
ol o nogen 2ot |4 kG A, Bosb b b bBRE BRb AR R BERRE . oo
antigen of cl ass accoding to tiee pekytimpbeldegd tmathemratcmzhxk/mmaé seljahnlye expressi on

of cellul ar genes o) able of inhibiting a bact parasitic
or viral infecti ¥ rSrpp?H?\éz’EgVéHS&iﬂﬁ’tpo(ﬂH{Si %%Nsénﬂcﬂvﬁaé'ﬁ?rﬁc?é% era{ﬁ’i:)” %eni c

epi t opes, transdema vamm.gafrruggpgme nhibiting the action of a native protein by
conpetition,. H% an apoptosis inducer or inhibitor (Bax Bcl 2 BclX ..), a
cytostatic [983 F@b?iamﬁ eq Yacepia vinys siaing Raitend piHR-di b Ad A BM& oAl v,
ApoE...), an i nhld@%ﬁ{o |stéP®.!\¢tﬁeﬁ§§ﬁként( A e8steatiyth okasd,atin. . .), an

angi ogeni ¢ pol ypepti 'y of Vascul ar Endothelial Gowh’ Fact or s VEGF,
FGF famly, CCN mmenpamemmm Tien aTEVR cghn ¢ usad. Agserding te aeagisnlariidi cal

U 20091065547PCH RE00AT BEUT I B HAR HAT R ofAREES Pl fiphiod, & foxdm, an

(bet a- gal act osi ddseciniandiusestiages. Copgnhageany ot her genes of interest that are

el cohiRel ghe By AR s o Ty G AN ol (B2 10" 0t °
limted to those pansosghdig atmafmbesupmeeﬁﬁ;pkncg&ﬂﬁmn&@f@NAthUSIEE?bhatDCC NF- 1,

WIlms tunor, NM23, BRUSH-1, as we as t repective

mut ants), suici déeRjicAtesgp H?LFU%)B 'a%[ﬁtquﬂﬁfg?t@g Cg@? ﬁ‘f&ﬁ??edk'? iGH |°te|" Sgel | ul ar

di vi si on or transdigdiiage SrmtSof DRATFRcASSRIYCHGpIem: w.&atmlmgy preferred
enbodi nent, the poxvirus of the invention further conprises a suicide gene.

[0033] Suici de gdfreviFres @1codes apd gERESERUMAGY £NpYBRIG Actybies requitegiPert a
precursor of a drug into a cytoxic conmpound. [0034] Suicide genes conprised
but are not limted to genes coding protein having a cytosi ne deam nase
activity, a thymdine kinase activity, an uracil phosphoribosyl transferase
activity, a purine nucl eoside phosphorylase activity and/or a thym dyl ate
ki nase activity.



[0035] Exanpl es of Suicide genes and corresponding precursors of a drug

conpri sing one nucl eobase noiety are disclosed in the following table : [0036]
Tabl e 1 Sui VBY"g&te*or edrug Thyni di ne K| nase Ganci cl oviRGI/EP2008/009721

Ganci cl ovi rel ai di caci dester; penciclovi’r; Acycl ovi r Val acycl ovir;
(E)-5-(2-bronmovinyl)-2'- deoxyur| di ne; zi dovudi ne; Exo rret hanocar bat hym di ne

?}\/g'tsIh;?pgfﬁweggmélnﬁ%gﬁﬂgwwwhg rilelﬁﬁlr@ﬂ lng osp or1i b sy r ansf erase
5- Fl uor ocyt osi ne;nusleBlidamyainolase (dUTPase).

[0023] Deoxyuridine 5'-triphosphate nucleotidohydrolase (dUTPase, EC 3.6.1.23)
catalyzes the hydrolysis of dUTP to dUMP and pyrophosphate in the
presence of Mg(2+) ions. dUTPase, in removing dUTP from the dNTP pool
and generating dUMP, is involved in both maintaining the fidelity of DNA
replication and in proviging the precursor for the production of TMP by
thymidylate synthase. Vaccinia dUTPase is a 15 kDa protein encoded by
the F2L gene ( MCGEOGH. . Nucleic Acids Research. 1990, no.18,
p.4105-10. ; BROYLES. . Virology. 1993, no.195, p.863-5. ). Sequence of
the F2L gene of the vaccinia virus is available in genbank via accession
number M25392, sequences and locations of the F2L gene in various
poxviruses genomes are also available in genbank, for example, via
accession number NC_006998, DQ121394, NC_001611, AY689436,
AY689437, NC_008291, DQ437594, DQ437593, AY313847, AY313848,
NC_006966, NC_005309, NC_003391, NC_003389, NC_001132,
NC_003310, NC_002188, M35027, AY243312, AF170726, DQ011157,
DQ011156, DQ011155, DQ011154, DQ011153, X94355, Y16780,
AY318871, U94848, AF198100 and M34368.

[0024] The gene nomenclature used herein is that of Copenhagen vaccinia strain
and is used also for the homologous genes of other poxviridae unless
otherwise indicated. However, gene nomenclature may be different
according to the pox strain. For information, correspondance between
Copenhagen and MVA genes can be found in Table | of ANTOINE. .
Virology. 1998, no.244, p.365-396. .

[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



WO 2009/ 065547PCT/ EP2008/ 009721 11 Sui ci de genepredrug thym dyl ate

ki nase. Azi dot hym di ne [0037] According to a preferred enbodi nent of the

i nvention, tWe2¥80¢He gene codes a protein having at | F&IEPRINIE activity.
CDase is involved in the pyrimdine nettabol i ¢ pat hway by whi ch exogenous
cytosine is transforned into uracil by neans of a hydrol ytic deam nati on.
VWil e CDase acti ¢t ; j ; r

cukcar yot s (- JUNE O RYEmEE i DS iR e Bk WS P TOP A 1.
BECK, etal. . JowfTi&, whichBaretgenewtedjgt thezhd of tha r@tabwlie patrwgy. TypeBPRI CH, et

al. . Journal of fectious D seases, 4 0. R r X RS, et al.
. J. biol. chem 1] © %6‘.“5@6‘?"@.’“%@&%9@5.@ ?@ecﬂf@g Cgﬁé% H%Y%esgﬁggi n mammal s
( KOFlecl\:lh et ﬁ|and.ori3} pledupiioBddte [Rrusionpuriding [dU) Bddor dThd(FEL om;ﬁﬁ. ;  POLAK,
et al. . enot herapy. 1976, nq.22, p.137-53.). [Q038 S, ) deam nat es
an anal ogue of cﬁ-ogt{%?reio?é?c%m?lvﬁlﬂ Hbyynglg@pﬁ%g\a(s An ﬁ@%“?%eﬁ’é'ﬁb@tﬁ?orm ng
5-fluorouraci | (Sndights fMHrGH deSigA. Bmmwb@iv\bﬁyszdveghbﬁ, pY0j.0xi ¢ when it
is converted into 5-fluoro-UWMP (5-FUMP). Cells Ich |l ack CDase activity,
ei t her becalf987bPaxvituses defectiveifenthe Wz legipnandmethgdn o eblebdthed 4'Re enzyne or
because they are b =G i i | e mral i an cell s,
are resistant to%’?ﬁ%l?"{‘]%ﬁ%ﬁgﬁg?%mble\’]g%rt%g o) BE%?gﬁiRgf 8{;@: 1970, no. 102,
p. 607-15.; Kl LLSHYRmietcanter therdpymithla bim@selastive vagginia vaBs Muant171,

p. 2124-2127.). B i [ Qs ] ' nces encodi ng
Coase act ity wirdHy EfiandREHE: a0 vAENE ol HRCEBRAdE RRRIE"C S
Cancer Research. rg8&83chmD083yolH14642446B851-7. MBUHENJANN, efl al. Vadeiniz eedi ngs of

t he National Acade of. Sci ences of the nited.States,.of ric 1992, no. 89,
b33 37 o 69 e o e e dens helahs wipu S BRI et Fivaifreg,
untransformed cellifasalddletod eiutants €antét e thekapy QU00HVBER noet, pa6-73.

Proceedi ngs of the National Acade of . Sci.ences of the%thited, St at es of
Anerica. 1994, nd>NANTpelalgSysienic agmigisgREQM AEA BREOMHIYH VRECIHIBVIIE a byst ander
effect, is duet I j iy | A $UrReklBRaredthbntih secreting
5-FU, which then(%th%fﬁ?atbgg%@anogaghbori%g@cel | s by straightforward

di f fusi on acr oss S-fieorpedesiae irads taHenorTsnesifigaspemxpression.and prelongaiianysi ng

passively repres “’7%’ L SUPEH | | U8 8d)80.M0p.3396-403.
2009/ 065547PCT/ Egg%& 68‘?@1&1%9?&%5&% re%?%r?gé syst ePn \aﬁﬁere t he byst ander
ef fect requires tdaerhe wsedde peadicadta paxvhiusdscdeleled Jonthe JRRaegioaxpr essing tk (

States of ARBPPLACHERRE I EBedindd Sl neRBRAIE REGTIMERIRE T, (1 cpnse”

of fers w thin thencmtibeXartrer compeisédemaphejc aaid paintarestl ar anti cancer gene

t herapy, c refore be readi]. ngerstood. [0039] T ces

cerevi si aeaﬁgkgﬁéP AREferes %M"X&utng\edbuc '%FE'Q&S'%%&fpg?{ﬁgﬁgg?E%g%oi | codA
genes, whi ch respgrtdegakbliceotinieest kacéding a ghetpredet wkichois gathemipeutiar e known
and their sequences have been published (SEQ ID N. 4;, SEO 1D N.5; SEQID N: 6
respectively). [00‘_4'91’“'9\"(';-% attﬁp%ppggcbg%@e;). gc&?f%‘?er‘l’é'cf'?ﬁ "?H%_r'é OBF ¥t ed o
enbodi nent  of t he,dsnysdrirRolob R8I Gtttk Ativity WHeheidmiRRreg a CDase activity
is FCYl, FCAl or CodA or an anal ogue thereof. Anal ogues of these genes refers
to a gene havi ng apprepiietaly to apaterdcegpasiadly patieH syioengiromendiseaseielyr ee of
identity greater ; o gstoeé : 800 erably greater
than 90% and mos"@’%%rgé%g‘r{‘g%ﬁgyg’ﬁég’tgg@uﬂ%%%e? ovm%%]&?h%égﬁ:%lag% c_e:F aci d sequence
of the parent gerend{tioo43iciPapbatmaolaies,0pmestiveiactiviydeona Whishescodi ng a
protein having an i npr RIS ' j [ froma
nati ve CDase by aed(&g?tleg\rﬁggFﬁ;g%%gjr%g%oﬁeé{ceﬁ%lalsae-@éuczr?ggtgé(g@’@%lragl?%gsgﬁ{ g'tdéﬁg{ her
preferred enbodi rsaid dieéadder saiy esridition. VWihen theckiled neavselgcta irdbaseusset | vity i S
a pol ypepti de di Zgl osed WO 20051007857 and m)rehprefer.abl t he  FCUL- 8

pol ypepti de repr &4 8 BESPR! IPKRNIOB A 2FNELNRdING ¢ thera ReUSdI8d anal ogues

thereof. [0042] Igengrflyaembisasis ahlcé @\RSURSISRVINVBRObtaineE ahd cant r ansf or ned
into UMP by the action of uracil phosphori bosyl nsferase (UPRTase). This

syl tr (
enzyne converts B’QW']%WYOG’EP-GFUWT‘OWCWJ&%ef'@eah%%ﬁéwaﬁrpé?%tpf’@dhﬁrrbodi ment of
the invention, the&ibRiadIAMRE, ©UHSN 3uBh Bh&nhddRYicl pRibeHy FAasRdiAgL i Vi ty.
[ 0043] The UPRTase I n question may be of any origin, in particular of
prokaryotic, fungal or yeast origin. By way of illustration, the nucleic acid
sequences encodi ng the UPRTases fromE. coli ( ANDERSEN, et al.
Characterization of the upp gene encodi ng uracil phosphori bosyltransferase of
Escherichi a



WO 2009/ 065547PCT/ EP2( 08/ 009721 13 coil K12. European Journal of Biochem stry.
1992, no. 204, p.51-56. ), from Lactococcus | aces( MARTINUSSEN, et al. C oning
and char act eVP2¥PP8W*%0f upp, a gene encoding uracil phodSAGFPHEEI2r ansf er ase
from Lact ococcus lactis. Journal of Bacteriology 1994, vol.176, no. 21,

p. 6457-63. ), from Mycobacteriumbovis( KIM et al. Conplete sequence of the

UPP gene encodin 0 I cterium bovis
BCG. Bi ocheni st rgo g{ﬁﬁ%w@@ﬁ%%ugﬁg%y ||wa]ét?§§rtﬁ:%\? ?c%nﬁ(frﬁmig% &eol no. 6,
p.1117-24. ) and hetevoloBags td the tanglet celissitoMARTh KisSBENduead. aﬂdvaﬂmeg@ibs

encodi ng uraci | osphori bos sfer Ci tilis.
Journal of Bact elsggs%e&l'enci%ggm g/g{l 83%8'?‘ PP%E §§§B§be§'pt%% % us@ in the
cont eXEJ PgT t he Igw@rabemmormwwl ct:!CIﬁolyaEpgwgleé thewd @autiy oppejpeiyraeg% a 0 use a
yeast ase and in particul ar, that Sja gene
whose sequence dlpé%FP%B/eé\F? ReREAE ‘se‘ﬂn rstoqﬁﬂo% §éﬂ§aﬁ EMFSF nyces

cerevi siae: cl Ongib@bnuéfebﬂé‘é f%,@ggg @M@%ﬁu%@ﬁer\%}y&symm @btnaiant al | el es.
Gene. 1990, vol , is introduced here of reference. As

a guide, the sequrghdss Rﬁpt'ﬂﬁ%a@@ﬁé@e'@ﬁdTﬁQ@B%“tt?fPQ'YF@R%% é@b@ﬁcﬁsrﬁg UPRTases
may be found in I ﬂ?eﬂ EMBL,
Genbank, Medl i netdz;nc#r{k%'ﬁ)% ﬁ &Fg%l Bf‘ptﬁi@%ﬁ%zﬁaﬁkg P g%glgg%géﬁ%td%?spdjﬂbes an
FURL gene | acki nglefiGi&niprotedns indwsanimabor lyfmamerganitinm rtese thet @i ng t he
synthesis of a UR | eted at
the N-term nal porsﬁﬁg ﬁﬁé){%tér)lé%&? ({]I"{N%r %'1&) ﬁém{f %{eﬁ%ﬁ%rﬁ‘@%%eggeﬂu n 36 in the
native protein. Thea aIHoothMmomltyeomﬁmlsg@nlyoéptldns winitlatt @iemxjoggtesugnat ed
FURLL1105, is capahle of co mut ant cerevisiae. In

addi tion, the tr@CaeR Pﬁﬁ’f’% Q)?m% Csulﬂiar W3P°W5§8thactlw ty than that of

the native [@l)w]rfﬁxaﬂp\l@s ofﬁﬁwﬁe@btlﬂ@s efcaicddyia Mr@féu&ic@énemmmmesnbodl ment
of the invention, the sw ci de gene codes a del etjon. nutant of nati ve

UPRTase. The del oA fpsa Gytekibe giphay beta cegamma Wéerfﬁ-r?%r"htiel:{‘é‘l’k'? dgi on of the

origi nal UPRTase.pahiculRYLR2eI1CONRL @t 6 I(aff 8GlimBEnédrbsit hectérTNtyes calbnpai d
N-term nal regi on) or part| al (affecti ngFone or rmre conti nuous or

di sconti nuous r estinuaiinpiactaeC-CHEr ¢-GPF UMtePR).). a Imngemstigiulatarypol ypept i de
consi sts of N-ter, f viORIX....)
2009/ 065547PCT/ EM&FB%&WJ ?%7 ?%g'ggﬁséeﬁ%gngag%@%ﬁ& a%t%‘? of "the rml ecul e.
For exanpl e, singeowthdaGor Crresfoghiag GypwﬁaE@ctha’éG%EIbmhlaﬁi GrewitsFagtes
N-term nal part S eS0-cal | ed
i nitiator methioni negﬁ(}i eol[keﬁi%}ériéﬂeféj %p(})%}ﬁﬁ%%}ﬁﬁ na%rpbe‘ie%ofm As for
the E co// UPRTasen,ltncbsudbl—styathlaseeNO&aSCDDcca&elasepmsartermyme]mhbﬂﬁ@(alr{m%] A
preferred protein vi ng an UPRTase acti vit I an.am no .2 d sequence
substantially as %“BEY rﬂné'g"?rﬁ'bfr‘hlg \é'éﬂlﬁ’é‘ﬂgés gﬁ’ftf’fl Zq, %?Wﬂvg@rof EP
0998568 A , star tihHigitoMAl- 1) hieeERTR eSydlidFitrosiBOFatdrmembraneCardlictzgcei th the
Val residue at p05| tion 216. The term "substaptial l&/ge@rcg&frs to a degree of

r

identity with saiRPOsaier REQCIGENSHES. YSHORIN. G loRdna709%

advant ageousl y grp%ﬂxp%bt.a@%t 8&%0@&%&@/@%{9 @SR SIbn dh a8l ‘Gen@B 0a NDSt
preferably greater ‘than 95% gre erably still, it conprises the am no

aci d sequence remoé@@ﬁtl@@cﬁlpﬂbﬂm@f ig l@ﬁ@ﬁ@ebﬁ(‘d‘éﬁﬁh ﬁqré$'t'€EQ"fab'rNPCt!PnEP 0998568 A
As nentioned a 0 be

mentioned in par ?tlg\éﬁl gfrob{rﬁnga&g@PrﬁlF?t%’yggg% és Eﬁil er I %éal{ §|t5%r§%gﬁm§)%§| tion 2

(position 37 in tvlaeamtatlmhlbitiwmaa&é))nmj a:mtuae@mtane hyesointhedition.0048} According to

orot o1 havi ng. aCPRRSE I oelh kel BARE o Rkl AL RRRLAPATS °

applications WO %61&@]!:83) andapEﬁbcﬁﬁ&%Eﬁ@péAﬂeWAl%eApdsfe )Jsaa iolhib#orfafsi on protein

encodi ng an enzyme w vi.n e Chase and ct| vities
and denonstrate ﬂ?&to%ﬁﬁs'g?%g?t'rbleng g’?lga@eq{@'%gﬁaﬁ pcllTJJ ﬁae : FURL or
FCY1: FURlleOS(I&VaEémaEﬁ@dtﬁelmdwwm@tmmpmw&&myﬂomfm@es t he
senS|t|V|ty of the transfected B16 cells to 5-FC. According to a nore

preferred enmbodi Mgdigg GTIRE, iGWRhandNovL. e RyPeh (it 56a¥YBEL a pol ypept i de
conprising an a I esdnad i n the sequence
|dent| fier SEQ I g&&%ﬁ?CO@&HH’%’%@%@H%B@%&@EN@%&%?& FCYtiaﬁ FURL. The term
"substantially" refers to a degree of identity with said sequence greater than
70% advantageously greater than 80% preferably greater than 90% and nost
preferably greater than 95% More preferably still, it conprises the am no

aci d sequence as represented in the sequence WD 2009/ 065547PCT/ EP2008/ 009721



15 identifier SEQID N 3 (coda::upp), SEQID N1 (FCUl) or FCY1l::FURL. As

nment i oned above, it may conprise additional nmutations. [0047] The nucleic acid
sequences naWOBYWY8%817y obtai ned by cloning, by PCR or B¢TERENPBUIIsynt hesis
according to the conventi onal techniqugk in use. They may be native genes or
genes derived fromthe latter by nutation, deletion, substitution and/or
addition of one [ ' g : I en tdely
described in the%‘ﬁ@? g}xﬂtj%*%m%%% bgﬁ%@éﬁéﬁ‘ﬁ%gﬁ I%‘i}i%gé;érés"éﬁ?% |§ﬁh§% in the
art. [0048] Per saasaes ki intardstithat dre racagrézesl indipabtt@sdieing usdfuldot the CDase or
UPRTase sequencez f omtt he %ubl.i shed dat a an%. of carrying out possible

mut ati ons, of te Eqahae@rpé'pé %Fio ag E"F@E (fcﬁ? 8"t he mutant forms in an

acel [ ul ar oqooeqe]l ISilitablesaHtittamMorgenesinglideut Bfe potilipvitedrtd thexehermodig or based on
the protocol indicated in application EP 0998568 A a\?ﬁ of fusi@m in

particul ar in phd4®Or $YRPIeRsoy 98pes e RPtAP Nfrd, VBRrsunele 3%y, and
consequently all Bﬁu@ﬁrﬁ,tp%, bIE PSB! PES B NEIRG B8P RpectiitOhAtantOCcsiicideg to a

nore preferred enbodi nent, the poxvirus of the invention further conprises a

nucl ei ¢ aci d sequene®rediats iasitinedias.qryrentides idititingesalitas divisionen] Per mease
refers to trans ; ein involved in the transfer of a drug

conpri sing one m@%%@@g%@%y, or a precursor thereof through the cell
menbr ane. [[0032] ARepriiagte & paiculady pheferred embodimend, the poxviruseofdbe nease,

cyt osi ne pernease_and nucl eosi . ers. [0052] According to a preferred
enbodi nent of thénv%r?\gg'ﬁrll"rg}??%ﬁ%%" ésgl%%g%ﬁc}ae %urer ne or a cytosine pernease of S.
Cer evi sl ae. [00B8] r8uidieé®bhase rdéfedts pogdrer codirig Spratein eblestoeconeen i recwbot he

puri ne-cytosi ne pernpase, known.as FCY2, and the uracil pernmease, known as
FUR4A . The puri né’gﬁ‘{%gg Hgoﬁé%yiffwé‘ﬁ%‘é‘fm%ﬂf@' nedi at es synport of protons and
adeni ne, QU@Obmﬁ,SM@@géﬁ@§1&Mpm 5t (a6 hBLlindiEddB yehBs cydiagtprétems ma menbr ane
(Grenson 1969, Jund and Lacroute 1970, Pol ak and Grenson 1973, Cheva,LI ier et
al . 1975, Hopki nd'a¥inga cylagpgfleampase achyily: A thyniditeddnagesrtivite AvWAshort of
5-f | uorocyt osi ne,,REpREHNS AU FarRersyd Qéti\/:i)}g, 4 ﬁjﬁﬁbsﬁ‘u\r}:\ll)é&@@e pHasMAoAiskelacr out e

1970) . FCY2 gene ‘encodes a protein of 533 am no
2009/ 065547PCT/ ERUUS asdaa thypiddatekinasg aobuly-i nitial |y predicted to have

10- 12 trans - i : ' : it i ne now
Favour ed (FOPPD] Paeopiey 8 §gH0 SBheS ghd KR EerinaRla prpliides el B "? Ot he
puri ne nucl eobasesmgnidingyanesiunecpBse nimisty etre discloged i) therfeltowingitabdke i nto S.
cerevi si ae fO@ gﬁdi ated by the uracil pernease, FUR4 (Jund and Lacroute 1970,
Jund et al. 5 ). FUR4 is a uracil-proton synporter (Hopkins et al. 1988)
predicted to be a protein of 633 am ndaheids (71.7 kDa) with 10 transnenbrane
domai ns and | . "fasm ¢ hydrophylic d Ctermnal tails (Jund et al.
1988, Gam er ;%lﬁcé?ce'yée%g%). FURZ prgtgi n—g r?da. So—ediates—the tra.grport of 5-
fl uorouraci | ,| Aymadine Kigase of uraci| (JundGaneclpdcr oute 1970). [0053] Anino

aci d sequences of FCY2 and Fur4 are not abliy,aMalil 2bdiSqaich tha SWsgspr ot

dat abase (accessi on nunber P17064 and P0b%316 respectively). Preferagbly,

per nease has |an ami no acid sequence choseReIGERYt he group conpri sing ani no
acid sequencg SEQ I D NO: 1 and SEQ I D NO: 2 A8gciglirscl osed in patent application
WD 2006/ 048768. [0054] Wth this respect| according to a preferred [enbodi nent
of the inventjion, the pernease is chosen %’F"Bﬁéf‘\‘h’fﬁ' group conprising [FCY2 and
Fur4 and analjogues thereof. Anal ogues of | E)r542emem&VBWD-2'-déaxysridine; pgl ypept i de
havi ng an amno aci d sequence whi ch have /E'i%oxl/u%&%t a degree of identlity greater
than 70% advant ageously greater than 80% prererably greater than |90% and
nmost preferably greater than 95% wi t h t he2amionoethaiagarbetymigine of t he parent
protein as de bove and whi ch -rF‘ﬂ[\o?d. the ability to trlansport a
drug conpri si iéﬁ%sﬂ%%ggﬁrgggase rotety—th gu".. tcggs@%l rerbrane—1g055] The
one skill ed ijPurinenagigoside phpsrborvRsehoose ﬁﬂzeﬂp)éwfﬂé%tse whi 9xyiibepided associ at ed
with the dr uq or the precursor of the druge9gBheSi Ng one nucl eobase noi ety.
For exanpl e, FEY2—andFur4—are—preferably_assocrated—wth5-Fuorodyt osi ne
(5-FC). [ 0056]urad!PhpsRnAgPasy teenaisrase pr ef er PEHOBRMIBENReNt , t he poxvirlus of the
invention may further conprise the el ementFivmesiessary for the expregssion of

t he nucl ei ¢ acid—of—Tnterest:




WD 20119/ 065547PCT/ EP2008/ 0119721 17 [0057] According to a nore preferred
enbodi nent, the poxvirus of the invention may further conprise the elenents
necessary foVOEHEOERHr essi on of the nucleic acid sequendéTESARYPPYIHg a gene
codi ng a pernease. [0058] These el ement’s necessary for the expression of the
nucleic acid of interest and/or the nucleic acid sequence conprising a gene

codi ng a per nvgmﬁz ec& rised the elenents E’Fe Hid red for transcri pt| o‘g&of sai d

DNA i nto nRN\/ necessary—for—trahs At on—of FRNA—-Rt6 potypept i de.
Transcri pti onethyrpdmitaﬁ@rase suitabl e for usdzidathymidingus vertebrate systens are

wi dely desc [ | ude viral
pronot ers Iﬁbpe R&?OW a%bffg?rr%ngﬁ&%ﬁ ,Of @%&h‘?ﬁtgn B{hgﬁkﬁé ﬁ%’gum bl e
pronoters, etc. I%beléearpedepﬂmuingaaisleastea CPebanetivit r CRapeiovinvaivedinghg. 7. 5K,

H5R, TK, p28 pll ar ccinia virus. Al ternativel e a
synthetic pronot é’ryr'glfgﬂe H?t?ﬁgé)am r?%‘gﬁ“’f’ﬁ"&ﬂ&’?{ﬁ,&é’ﬁ(&ﬁ},ﬁe BQ%Ingf%@%ﬁi ques.
igg; no. 6232 p. igrgtéél.ggcub)l;ﬁﬁbﬁ%\lumgﬁaﬁycilfr@ly.tllc dedmiriaiiah. Whllé’](-J?Dgis@gicmmltle%/Et hods. .
no. p. an . Virol og 0 as we
as chimeric pronte¥pdespazaansiatedyn Rrrkang és ﬁ%’i&“@éle“b?'yﬂﬁsér@m? (ft‘559] The

nucleic acid seqtéﬁncgo&)%a)éﬁ@é&éio/@g)dwm M2 b®B0oZCi 8  BEgIeREal.conprising a
gene codi ng a pernease urther [ nclude additional functional elenents,

such as intron se(quéf?ﬁ!é’éBgﬂé’f/Q@g}’n@@eﬂ%éﬂ@éémQQQnSBQEPRJGE'uSh%‘es secretion
si gnal, nucl ear J?ﬁf?,':é/%?mf&ébo%@?%aseh%% HQ'%O%‘MM%WEQBEF@S fafTi nati on

sequences, tripart I'eader sequences %Qences involved in replication or
integration. Said. Mlﬂmm%eok?@@npﬁéﬁ)@f ell they angenat preseat iire and can be
readi |y obtained s th | so
relates to a pr oc’ﬁ%@%gsr égegirLﬁﬂgétnalpo%ﬁéﬁtﬁ@%‘%gﬁg} a-gb%t‘do‘fI Yﬁéﬁ |ng)\?e5ﬁt| on, in
whi ch process: [ G04639-46.i )I%Op@Kvetrans albemod’vergp)t dovéena. MEmiﬁ}ﬁSJ)s i ntroduced
into a cell 6 ul tur under. c itiopns.whi.ch are
appropri at e[oloég ecﬁél?ﬁq ?1% gﬁ?'ﬁ'”ﬁi‘?&/‘?? agalpgu%gte?yrl%%ﬁ%é.& gg@ar%g)ﬁ]‘g}'(gﬁ i) said
poXVirus is recovas Jeﬂwefré%hhmg@fluoréuﬂabw(&FUD O0mdh isvihedrepbined whichiis us can of
course be recovere

From Che cel 5. - CRFYBIRIuDASoNEonoup aciosrbbf E-BbbEIobeks 16

enpl oyed net hods \Q0&$ ek Todbel AR eithér sauSe BY a MAgSorPlhieR R Eivhtey €
freezing/thawi ng cycles in order to collect the virions in the |ysis

super nat ant. The thé geameneeding ferenzymengyI hecause Kiey %%P?NV%IH QPé'PH’Qt the
techni ques of thqhgre}tq gﬁgfgé@k%aﬁﬁ‘éhgg%ﬁ@?e ré@étQmo@F tJUND’%’t“aI' fugation,

in particular throug cesiumc ent, etc. 065] The present
i nvention, also reloa/r/laiOfBaafeadng)asﬁgt?Domp Waz thQbﬁrﬁrl KB-SL Ridxvatalis. accor di ng

to the invention | gjﬁgazggogggfeﬁéﬂgg {d%gangng n&gw& e d r)sz%ﬁtP%s‘fi‘bl e excipient.

[ 0066] A conposi ti I'hvention IS nD pecitically intended
for the preventi \mammadmm aénlsnetdwbnahmrmn‘seq]fendeseaMng)gZDaealastl\oﬁyvg&me t her apy

and is nore speC| fi ca i med at roll ases ~(can unor s
restenosis, etc. )'B(S‘rs er\‘lﬁetﬂfcé’meﬁeg‘é wgdo g?@i%‘&eﬂi ga F%’é?eé eésﬁmgt eocl ast
activity (e.g. r heoeahebd, gubngubps.; MOLERROSE] S)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



[ 0067] A conposition according to the invention can be nade conventionally
wth a viewto admnistering it locally, parenterally or by the digestive
route. I n paVPRWINEY4” a t her apeuti cal l Y ef fective quant iRGIESROBAYHeconbi nant
vector or poxvirus of the invention is'conbined with a pharnaceutically
acceptabl e excipient. It is possible to envisage a | arge nunber of routes of
adm ni strati on. I i i tr e,

subcut aneous, i n@?cﬂyr %ﬁggﬂb?%ﬁ%g@ﬁ%ﬁ% b&%%?‘g\%reﬁ%%%?e*lnnﬁe%gg%?itég%eal ,

i ntratunor, intraoatat with the eglislwhiclaare expiessng tt(rfMEBNHL, etalites. I n the case

of these three latter enbodj . 1Lt,15s, adv ageous for,,adm pistration to
take pl ace by neg%{gc%‘fﬁ’é%s %Kefg%y(ﬁ?’%?} Wdﬁ'@é/rf?%“(g’lcﬁgtof mea‘[/'i"ge? §}T"Z‘§€ &t

admi ni strati on cadmbadee 1p96aR.96 pa1831n88.9. A s advantagesddsieh Ghask i s repeat ed
on one or nore occasions, after a pe?rti cular tine interval.. The aéaropri ate

route of adnini stofigfs WRNAKRE aoeYe 98P§ RRIBRAIN RETIGH!2S aDUFANSEY IBH€ par anet er s,

for exanple the it%?b,%'the%e@eﬁ@ééiﬂl iripstobgeated or the gene(s) of
interest to be transterred. The preparations based on viral particles

accordi ng t[908%e TheRancharerexpesiserevifiar(itcervisia@) LY brenstidaipbicanst bet ween

104 and 1014 pfu ' igte?é A dOR dAL3,¢0f U,
preferably 106 an%ﬁ%iﬁ eﬁ?:%ﬁﬂ%gugre e?a\gﬁléﬁ%%ﬁgﬁ%@%ég [Otg%gi Thef . .
conposi tion can dhese wrcdrgdeisesdaielknown and thejr seguences avedeenpi ent which is

acceptable fromthe,.nh \Cal i ok. ¥j s WO
50001005547PCT ERYBHEIRHEES 2, sBE ) '%g,gE@tWan'?r?\ﬁ% § v or eser vi ng
agents. |n [obg0kc a¥ith tfis esspedt, actading tadmoregireferiedremiprdirhenteofdee i s gi ven to a
fornmulation in an ag}geou&, non- agueous Fr. 'bsotoniqg sol utti qn. é an be
presented as a siM"ECROEE 95F€ FSURIARPIFHEBVING A P%ﬁﬁﬂcmyéﬁé ri’owder,

| yophi hzat e, et c.ACAPHNTBHA ohafanalkgue &esr8sf Nhelogdeabf thaee gengs affergse usi ng an
appropriate diluent. [0069] The present invention also relates to the use of a

poxvirus or a corfee handae BHERIKRCLSANENFR VRN RAYerdl least 8 8sarefOfa

medi canent  whi Ch_i&éﬂtﬁ)"{;@&?@f@hé@‘?o%f S dritslydduglyy+EREr HansU W Rbrelpably by gene
t herapy. The nedi canent can be adm nistered directly in vivo (for exanple by

i ntravenous i nj e@réa&ar thant%® %aranddpesigirefesably apateritham b hevithithgnusieidreans of ~an
aerosol, into th i an appropriate catheter, etc.). A
preferred use coﬁasc}/s és&ﬂjleﬁ{:? r%gg]%fdr?éé%r&%?éventi ng cancers, tunors and di seases
whi ch r esul [00#1]oRalentaNO2D0540078p7 alisciaseata gane coiinged pecieio hagipigiarat i ons whi ch

may be nentioned.are ¢ s of. th f s, (] icular those
i nduced by papil I"S'R{aov\ﬁ;@%sse)?d%{tyﬁﬁeg %@gé?péﬁgstd%ﬁvﬁﬁ&rﬁuané%tﬂlglﬂﬁ?#ee bl adder,

of the liver, of byheiditeinafanamihbeacilesseguenass. Axfcotdirgg &t anadied, preferrelde
oesophagus, of the | ajynx f the central neryous s em (e. g. .gliobl astonm)
and of the bl ood WWﬁ8ﬂfa%f?h? @dﬁ@‘i’ﬁ"a}h%i’@ﬁ?ﬁ%ﬂﬁ'“aﬁ‘zba?ﬁ é&@'ﬁ}'é%a use consists
in treating or prweRblidedisbioys®WD 2085007847 and A€ pRIE@blythaFELot-Ber

di seases associated to an increased osteoclast activity. It can also be used
in the context ofpob@eﬂt'@ﬁ/%@ﬁ%\teﬁi%%%&’eﬁc@r'd%&tﬁ'ﬁbﬁgﬁ WP Hr'éé"dto i nhibit or
retard the proli fa%%%?iuggﬂ;gregﬁje smoot h nuscle cells of the blood vessel wall
(restenosis). Finally, 1n the case of infectious diseases, it is possible to

concei ve of[00A2] regrakanaies aed iayvesspkareatesouracbs trarsdaroledipntornMRDYHR Vi r us,
conposition or f J i i t :‘H%’F'ﬁ of cancer,
the preferred r g%%gggPP%@%Wﬁpéﬁhgﬁpgﬁni@%%?%y@ﬁ%ﬁ%%otﬁéS| ncee t he poxvirus
accordi ng to the convens 56t into aFIUMPR . cAcneeding tcahdther prefpetedterabedimentl cel | s.

[0071] The inventign al sg.extends .to a hod_for .trn [ ' S
characterized in Ogﬁ?ie['né{e%b%(r\’/lh}eu%lf'c'ge QS%rTgé?‘?sl %Rpoé%'h&fégitnﬁgaq\ gb%ﬁggignventi onis
adm ni stered to amtiWigst ;)r gani smor cell which id_s in need 01(‘j such treatnent.
erbodi ment . IOAS (176 dpRL T Ao MY S AT RSHEPC RBRATPGbS an
addi tional step ifiingdiof PedFGIRC BY Mg fliNusBEESPR O hEclgidaRid sdqeenoés a prodr ug,
advant ageously an anal 0(% of cytosine, in particular 5-FC, _are admnistered to
'élhe hofst f or gagiosiﬁn@iad'é‘@I 'I‘Z:Eé \REGS BP,I:Lﬂ (2] (M@ER,SENSI‘:@/@gggg@CEﬂ'@aP‘g‘ lljgg a
ose o rom S il ph i8 y?t%% BY¥cHericRi

ng/ kg/ day bei ng ;S)r?(ta eg‘?gg. Wt hi ;ln%e Icgnt xt rIofsthe prgsent invelﬁtli on, the
prodrug i's adm nistered in accordance with standard practice (e.g. per os,
systematically). [0073] Preferably, the adm nistration taking place subsequent

to the adm nistration of the poxvirus or conposition according to the
invention, preferably at |east 3 days, nore preferably at |east 4 days and



preferably at |least 5 days after the adm nistration of the poxvirus or
conposition according to the invention. According to an even nore gr eferred
enbodi ment VOeHE%¥N¥enti on, the administration of the PCEFPAYSPREEs pl ace 7
days after the adm nistration of the tff’erapeutic agent. The oral route is
preferred. it is possible to adm nister a single dose of prodrug or doses

whi ch are repeated; i I i t I e toxic
Tot abol i te 1o be sl Kac EHREPRALTRLOREBH NIRRT o0k, bB2B4) BSFEE ) to

Furt her nore, the (corgposcas otiof MARTHYASSEN, etlah §ldning ard cinaraoteripatianaof be
conbi ned with one or nore substance ich potentiate t Lc.effect of
the 5-FU. Menti of'PRa$ 9PAC FEF? 'E%f"ﬁﬁpﬁl?ﬁ'%ﬁ%ﬂboé%&sﬁﬁ?ﬂ%g?%?gﬁ?:%ﬁ?)g{%&ts he enzynes
of the pathway f g4ctishgodtparerBadermsog)t hesd, sobi76,me. Dy piensdiesy, ftdmr exanpl e

t hose nentioned bel ow), drugs such as Leucovorin (Waxman_ et , 1982, Eur. J.
Cancer din. mchYCOP@?feﬂgglb‘H@§'§'“&kﬁt@h, qn?P'?ﬁ‘?esegP@E%%Efetﬁﬁflfé%ge'b‘? oduct of

the netabol i sm ofengpdily Qﬁacil%iuléwhorjddégnraﬂ§@$a§ehﬂ)m MycBbhEeAuMibdvizym dyl at e
synthase, resulting in a decrease in the pool of dTMP, which is required for
replication, andBGRaBioghamis§y agddnolasuiarbineoy dxarmationg{dhifty. ¥el-4. no.6 979,

Sci ence 250, 1135 3 ' nBishb i ' § Ir B ekAse and
increasing the p ()1H?Z%D&\gﬁd(cf&%?éﬁg@?gg}é@{sgwgﬁﬂh&%ﬁ?g%&bri ngg about an

i ncrease in the iencodipgusadiqhosph@itigyitransferase arelpregent irkRacillusgobtilis.

2009/ 06554 7PCT/ EP2008/,009721, . ] rdi Qg th ent. 4 tion, the
drugs whi ch i nhi |"f’”?‘44gpéﬁ‘%’%ﬁé’égjég%ﬁe@g?ﬁmﬁ@qf g7 1S gRBREHed RIS hesi s of
the pyrim di nes aoatgxt of thedinentisrl ltowerkrf it smbsteagiicugrlycuetneditogisefa PALA

(N- (phosphonoacetyl) - artate: More e | ., 1982, Biochem. .Ph col. 31,
3317-3321), Lefl ﬁ?ﬁ%ﬁ g@é?ﬂ%i‘}‘;@ ‘(ﬂ'@?‘iﬁ%ﬁ‘ﬁg‘?’é@%g?’é B8 S GPANiTiR AR Davi s et
al., 1996, Bi OCh?&e%os@%@@uéﬂ@dis@lﬂ@bﬁheﬂﬁmbtéﬂTﬂé FRiIRRgene 092, Cancer
Res. 52, 3251-3257). [0076] The conposition or method accqrdi _c?o t he

i nvention can be %ﬁﬁ’f‘ﬁ‘?@a’cﬁﬁFﬁreﬂﬁ@%ﬂ%mgesgﬁ‘ﬁgfeaﬁl‘g?%ﬁ%@? ?{)‘g" ‘WP&nt i cancer
therapy. Among phaTRGEHE Afdkds. BERL 2098 ToR88 812 (£14915ANY iRRBERIed! R apy whi ch
may be used in association or in conbination with the conpositions according
to the inventi onbytway ef retejense. At ggedhasryuendengf tpsrnesandihess ok g.
Y et ) Y UAPRASEUBR G UPRMANay bEISIRIThdSe erSIAm e Tl phal an,

hexanet hyl nel am ne, chl oranbuc or dacarbazine; antinetabolites
such as, e.g., gepeciabdiidatabankpBVWMIIBPRE T, EMBLUGIenbaaki Medlingt ancabene,

2-fl uor odeoxy cyt"}(%i'nne, nmet hotrexate, idatrexate, tonudex or trinetrexate,;

t opoi sonerase || i bitors such as, e.g., doxorubicin, epirubicin, etoposide,
t eni posi de [@044) tApplicatioonEP Q998668 dneesasibed an L/ gareslaskiop 185, e. g.,

B L T i

vincristine or Vifiya ahidhite 38Miestpesiticinadcsdanaddisted as e INasrmigalg. , ci spl atin,
oxal i platin, spiroplatinumor carboplatinum %OO??_J nggﬁqgrrpﬁ%?i tions or

met hods accor di n@FtoR RBJiSt/ERG WER teames)eyng &t BRI ShBPRRYon with

radi ot herapy. [ OQf&thin! Ffe GPORMRE b é)ﬁﬂéss%n BEthBoRRancseddBsighgtetine i nvention

may al so be use in conbination with one or nore other agents including but not
linited to i mundTEfAid &% iscangbla of conyteraanting an 747 phéantnéei cerevipifira
interferon, inter 0 (4] | its| d-Ri i Pr tunor
necrosis factor; Iégéﬁ'#'gn’tthgtt&g?%%gﬁ l?%gﬂérxggodﬁszﬂ_? I@P]e'jol?l:lﬁ??é g{:}&v ftgc%;%a receptors
such as, e.g. i nHhdtidfdhenativeEpizgmenihuasaotdirkpiotaoparfedary advantagepusi cul ar

cet uxi mab, panitumumap, zal i . Lt i b,
erlotinib or |ap%qcﬁweggof¥ﬁ%ﬁgﬁlgdrns% M%@Eﬁf%@%ﬁéﬁ%gvﬁﬁh atc or
Receptor-2 WO 2CQONE IR P4SH. ER2 @e&1io0 % gikfaablyilocabed in thalNatertniredt uzumab) ;
and agents that affect _angi oge | S-such as, . e.qg. inhjhitor Vascul ar

Endot hel i al G owtRIRASS g]’e fogﬁ"%iﬁ%eaﬂ %%%%F@Uﬂﬁge {ﬂ?gef:gr?ﬂ %II YSmab). Bri ef
Descri ption of Firgstess ofsdidR-teFrainanesidndor Partiki @¢reeting ond 6r vbier 0
Sensitivities to 5-FC of vaccinia viruses infected human col orectal  tunor

cel I's (LoVo). Lowantriqus oridigceptinipusiresidnes indhe @rigsoy StFiGtre) B 9eraiabat ed
viruses (mck (*), ngyﬁﬁg‘é&néig{k dIN-tYhifral Zentri@il CA2imingrgarexeased to

vari ous concentration of 5-FC. Cell survival was neasured at 5 days
post-infection. Results were expressed in percentage of cellular viability in
the presence or not of drugs. Values are represented in nean SD of three

i ndi vi dual determ nations without the cell nortality due to the replication of

t he viruses.



[0080] Figure 2. In vitro replication efficacy of viruses in LoVo infected at
a MJ of 0:0001 with the indicated viruses at day 5 post infection. Values are
represent ed WA 204¢5547SD of t hree individual deterni nati G%I/EPRYHEPT2IF gure 3.
Mean tunor volume SEMof s.c LoVo in Siss nude mice after i.v injection of
virus. 7 days after inoculation with tunor (pal pable tunor), mce were treated

by 107 pfu of bu;r%ientﬁ@li%% kl@nrdrﬁfé%g%olé Féor(ekam @4 A‘I:C%I'tﬁél:—sCUl + saline

(0) or WIK-F2L an nars were tr by saline or 5-FC
at 100 ng/ kg/ | tmew//aaelbl?mwsemab 254 \eajB0 aEuddalysNetértrmnalvpamsoant%otl on during

3 weeks. Tunor v asur.e an vol une
SEM of s.c HepGZ ﬂ%}?@rﬁs s%ta'ﬁ'ﬂgé”’ 'ﬁﬁ@g sgfc[a§§d [nq\?%igr] g%’ﬁe (s)' ua&%us 14
days after i nOCU|af@'the)ﬂst/\pc§sl”tldru5ﬂ1hé néﬁ'&i twhl As farthe )&, cai/Ué’lese ity eat ed by

buffer + water ' or buffer + 5-F & 106 pfu of WIK-/FCUL + water (0),
or 106 pfu of lermingl partgopers positio 1"8r69buffer + water (0), or buffer +

5-FC (*) orjpp@h Fthre@érréG‘/br%té: r?héF %ﬂan"UP’ﬁTéﬁe a&ity 86m ﬂ@espérhlaﬁ‘lf noAdit- F2L-/ FCUL
+ 5-FC (*) (B).” The animals were treated by 5-FC at 1 kg twi ce a day by

oral gavage, 7 d@?guﬁfm@eﬁwb@i&ﬂﬁ@"y AP ERRTESANIAGH ﬁ@ﬁﬁﬁ%@%@@'ermp vol ume was
measured tw ce a\eqly é@%%%?d%ﬂ ;iﬁalréq whtRteomef re‘éicfdé%tlﬁogft Bnithrfd Vi di ng

cells versus in confluent ce pancreati c human tunor H1299 (Lungs
human tunor) or mr@o&mmeasmwmufmmwmwﬁthgsemmm%ga ¥6 fieferuman

tunor) cells ar eié%foe(%i &lo n nlj }]r%h%faib %qu(ah% [ eI ﬁngrOd&g A\,a| ues are

WTK- F2L-/ FCUL. vira ers were determ ned.
the ratio bet weerq;rgfautenL than 0% i advaniagedusly dreagerdbanh §O%epsajera'bty greafelruent cells.

[0084] Figure 6. Vi titers fu/ of ti o r rs at day 6
and day 21 after t'i“i‘r\‘/.égtlf"n?@‘amo&ﬁgf)eﬁ?rﬁ' r§§teﬁﬁﬁge€ﬁ}& B'@ reﬁeéa | ﬁl t'aneous
human tunors wit leoiptiebs FH%Lhrﬂfno\ééTd%édf@dE;e(ré{)regéntWithE&lequ&élldéﬁnﬁﬁer[0085]
Fit Survival of Swiss nude mce after treatnent V\,%)th 1x108pfu of VWWTK-/FCUl

(N) or WI K- F2L- /=10 N 1I5P 9998568/ £ aientipaebabovs up RSBl of

i munoconpet ent %@@Rloﬂhprﬁu%fnbﬁ’é ﬁﬁe‘?@h@rﬁe h‘Y_eﬁl*’bn@éﬂlQ?)aRchIaC’ﬂ)e Qﬁbsklmligﬁpfu (B)
of WTK-/FCUL (N) or L-/FCU1 (O) by i.v injection. Fi gure 9.

Average quantity Qﬁihmﬁﬁﬂ(@ r@ﬁldualalt positiere? (poaﬂlqm%@ttharﬁlabve b? fd'@sﬁ} Y Wi K-/ Feul
or VVTK- F2L- /FCUJa(?% ﬁﬁmﬁés Qigle mce at day 13 post-infection and at day 34
post-infection 0 % e L R. Average quantlty of pocks on tails after

i . v injecti[@d46f Alccmmr?g fof anoihariprefeged esmbodimentrdithe peentiom tewswisidaude nice at
the I nventi on ExaBPeSoeoRa 7RG RbatErE patk sl e BbrTkeCar rying AL

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



[0089] A shuttle plasmd for deleting F2L was constructed using the DNA of
vaccinia virus strain Copenhagen (accession nunber M5027 The DNA fl anking
regi ons of PY¥Q2RPSSHplified by PCR Primers of the up TERAOBPOAH ng region
of F2L were 5'- COGC GGA TCC GAA AGC GA¥ GAA CTA AAT GIT C- 3' (SEQ ID N: 7;
Sanf-fl site underlined) and 5 - TCC CCC GGG GIT AGI TTC CTT AAC AAA TCT AAC

-3 (SEQ ID N 8; ; ki . I
5. cocras coa ATTHRLSAPAL, AP LSRR o A R B R e Pl o ' °

under | i ned) and Rs me@DeGABOCE Gt MEY cagpriacaditianATTUtRIANECAA AAG -3' (SEQ ID

estri o i orf OBy AHeSRdaseabEndRay bf RS HRET B TE RV ERTR 5E) 00721

24 and ligated i ruymhbhﬁcaleymtesgeradcwmg todbke con\}%;mobyélltéclmmld usé. r epeat

regi on of the do tream fl ankl ng regi on of, F2L ed PCR using the
primers 5'- yTegy hepa neafleriyed f‘ﬁfw?&‘) tteéb N 11;
Sph/site underl i 'b%@noﬂnﬂ:b%tltutl@ﬁfén@?%a@ﬁﬁioﬂf@ﬁoﬁg&mmﬁﬁeéﬁ’é%SAAT C| A AC -3

(SEQ ID N: 12; Xbal site underlined) and inserted in sm d. The
repeat region is NereaverothsinseoHanees #e V%'é?'é@@ﬁgﬁp%’dﬁé'é@ Hf@raiuﬁqwadﬂ an
production of delgt fithenrcassette, corresponding to the
GFP/ GPT fusion eb%e&&ﬁ%%&téﬁéergﬁtg?@%&; tlBIQ—ER vacci nia pronoter, was inserted
into the SnﬁQDA&btﬂersfbrtSeSNlltedetﬂﬁq/thﬁm eapAbie oftieninathe GBasprRUMRTAsS t he
reconbi nant shutt] BTG 0,

generation of recoﬁ%?él%%{ﬂ@%cm n&é‘gﬁghg{&én%&% %@éﬁftgg%xgﬂ\;\?ﬁ@g g Iﬁﬁeect ed

wi t h WTK- FCUL( Vad testing the enxymatief ativity ef thermuthrt 0@ geareacalufaressi ng FCU
gene under the c

| _of h h
Vol of 0.1 and i Rebua: eipel R todhg BRban eidopt of S o0 2
Cad 2copr eci pi tat;ﬁot@&olhhkﬁcét@dwbpmmtloﬁm0998588&8 madd eOfugingg)n The cells were

i ncubated for 48 at 37C. Dilutions of viry rgin thep used to
infect the CEF céﬁai”!@”ﬁ{ i, gPass; |t%p&¥8?mmeém%a$ﬁe?% ’F—@H%%tsﬁiaﬁgv' b final
concentration of al\@dbﬁé%uéfﬁl?tah]'dﬂ‘éaﬁtoffthé‘é’érré“sgﬂﬁ@lﬁb /g@hb@n of 250 pg/n and
nmycophenolic acide at final cConcentration of Fl uor escent (GFP) and

posi tive (dOP4gkiAseRrding ton Hgie prefeired Pwpﬂmtdhﬁ pé’éY'@@t%fdh? Bivegtiibyer al
round of selecti QBGGerle RbrRf LR cH®AG @M  The
presence or not gn% pr%?éb%dc%dtjégﬁn ngd by 40 cryclggé;bof %CRHévmth primers
i nside the del etipegnmeagg.on. After the elimnation of parental virus, the
doubl e del e Vi iumto
ool o de! clBSol Eutfeles SRl s SRRy (ER b G P SRRy AL U Lo
sel ected for 2 cylugsomprisikg on&innaleobasmmiviaty or aWrecuraerethemfmrau@hl fied in
CEF, purified anq Vi rlps stocks were titrated on CEF by plague assay. In vitro
cell sensitivity b c émb[rﬁ'ﬂfgl] Human tunor cells were transduced by the

respective FO@S@WdBﬁﬁhsé/h’ombn&si\&t 0 liMhiteA®d puring péradeast, Sitasidd5 cel | s/ wel |
were plated in 6-well culture dishes in 2 m of nmedium containing various

concentrati ons ofPeEMeese g PUcleqyifle BeBRMIES 7 PCT/ EP2008/ 009721 25 were t hen

cul tured atk fcoRtista ?H?eréd‘ém\ﬁb&m&lt6fiih|e5‘1n\)/@ﬂ|@n0;§é#ﬁ{e%§eh§/atrypan bl ue
excl usi on ts depict ed in figure 1 and figure_2 shows that the FCU

activity is eqU| \parieaor preyiasingseermease of iSy £ erqyfs/aand hgRCpoRase han in virus
def ective for thg ra‘?ﬁ%é%rﬁ}g o'i:%l-cgf'éﬂ%/aé bnéfst PPthE rlhg%glfo%fhe' ;fbrﬁié%&é” ed cells.

[0092] Dividing o uent cells were I n s plaques, at 100
PFU of viruses (reawhyasMiY2. 00068 uracnrnermfeamdingwnwdﬂll@ﬁefﬁh@@ummh 10% FCS

for dividing cel l°§’5’ n%tge?{g‘%%gurf@%%éfe% Jt f’ﬁ@éﬁ"t Bﬁ:_ﬁ,tgtéérgsl%n% YR ehadded. The

cells were harve S were stored at -20C
and soni cat ed t o guahimeskypdxanthineusnd czytosusewamsalt@myepﬂnptasfnaerujebybr@ieaque

titration on CEF r at t wee ndlv g cells and
confluent cells e( ée'§°ﬂl1-5§§ da?'?éjﬁ%‘frf)g e @?@hbﬁ?ﬁ( W?@ 1§13,

Chevallier et al. 1975, Hopkins et al. 1988). FCY2 protem 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




[ FCU1 and WTK-F2L-/FCU replicate nore in dividing cells than in confl uent
cells. [0093] As an indirect nean to assay for replication virus specificity,
the yield ofWOR¥4¥toduced in dividing versus confl uentPGI(EFa08/8Q131s
(pancreatic human tunor PANC1; |ung human tunmor H1299; glioma human tunor
Ul18M5) was determ ned. Confluent cells were plated at 1x106 cells/well and
cultured in conpl i : I tJ the cells
wer e washed and ca(&fq%u(rggé*b%ﬁrﬁ{éaé&ﬁgmaﬁ@ﬁ%?HE%P? S%MZBF%I?(F]% rﬁ"éﬂ}%ﬁ%%ﬁ\ﬂg'ﬁ"g pl ated at
3x106 cell s/ wel | donemicsa(Wekdéreatal.i 1906} twithmind aoevfavalaed (Fdresitaeatadl. of cel |

di vision, the ang jtrated .thym dine incorporated into nucleic acid was
measured 5 hour s,1%%@%&ﬁse’éﬂ{a@?%%"ﬂ%mfgmg?? Eq,f?fbﬁf E‘f"i"hegmé%?(lr)}éasewpng this
period thyni di ne dyreiied@rethes et 4R399 iiacl eptake M6 LS terévisigonfmediatedcel | s
whereas in dividing cells an incr ezpsﬁ4 i.ncorporation_was seen q\légr time.

e in
Then the cel | s wéWehe NfRLREEMEASH F prupdsnd iacirude 192 ungiet 377 hi ect i on

the ratio bet weerF(jRpisyA BfdilProth sYspBHE insbt @i Vo8B SrelditidY tosd s and in
confluent tunor cells was determ ned by7 pl aque titration on CEF. Results

depi cted in fi guiEoBinsef@id3arminossids (Vi i7uda) WITIQ irasmerah@Me\iorFng - / FCUL
B T e L

model . [0094] Fema c obt ai ne es River
Labor at ori es. AniGarnier etall 1096) RUR prdieds cawalso umegdiatesnthentrangpoftofifeeks) and

body WD 2009106 PCT/.EP 7 i m 20-23 g. Sw ss
nude m ce were .ﬁ@ég‘i“géfﬁﬁgﬁgéﬁggﬁf?’9@9@‘%@%@5@?&@& w th 5x106 LoVo
cel | s/ 100 plo053hexminoragidsseqr@abesiot OY 2t Eurdarextotdbly mvailabidg thece wer e
random zed in a blinde ner and treated w he indj ed vectqgrs for the
in vivo experi n'eW@?Spﬁg{ﬁ&%‘aﬂa??%ﬁm&fnlf"%lﬂ\ﬁﬁ&@ a{‘é%gjé%%ﬁﬁspﬁ"ﬁ%egwce of
W-FCUL and WTK-Hrdlerabif\Peri@asenas ataptinducidisedtendd dsenfrontielgrons and
organ sanples. 1x106 PFU of the viruses was in&ect ed intravengusly (i.v.) by

tail vein injectiCOMANsg 30AE asidcseayenss vt NBIT FEQ I NQ:EAES tunors. M ce

were sacrificed afisiedid pRsht appiicatdbh Wo 2806/04Besd.unors and ot her organs were
col l ected and wei ghted. Tunors and organs were honogeni zed in PBS and titers

wer e det er nfiOR84] IMiticHEs eespaets ae¢asding e evireieged empadinent af dhes inkepkonst andar di zed
o rmilli iy . . Y Pl
o, TS U S ol g s o o v

titers is presented I1n p days the virus
accordi ng to the analogoes theresf. Apslopyes oling4iamdtf{eY2 afens.to lpolypeptdsnd set of

experinentations according. tao t ale (| i e, mce
were sacrificed Jta"'&’gf%g'ﬁwa aﬂ&%%@{%[ﬁ?%%&q‘l Iﬁ)érygn%éégafﬁt? gdsegéépelbgﬁgggﬁ% figure 6
show t hat bot h vigrestesthdW170%,FEAvantagdoNdly Krealar-th&TCBAY% prejetabtyngestenor Wit h
about 1 000 to 1

009 fold nore virus in the tu than in the_ other organs
anal yzed except 19'6?” gooli/"l’ ang m@ﬁgreé%{gély&few‘Q@p%‘ﬁwﬂitg%wnoa% nt of
WI K-/ FCUL is detsggligftd oF the'Bafent BRIt6IAAs desoiisad Rérd dbpi®anaadesh ftfies than 10
pfu/ng) and nore in skin, tail and bone marrow at day 6, and skin and tail at

day 21. In cont r dd¢ abNpytR iiapeportaidiutheRMRNigRe P NHEIECRIRETPIEY tYyeudt h only a
smal | amount i n kpogs) merigesse. Kidney, |ynph nodes and skin at day 6, and in

skin and tail at day 21. [0096] Table 2 Tunmor Lungs Spl een Kidney
[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.
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According to a more preferred embodiment, the poxvirus of the invention
may further comprise the elements necessary for the expression of the
nucleic acid sequence comprising a gene coding a permease.

These elements necessary for the expression of the nucleic acid of
interest and/or the nucleic acid sequence comprising a gene coding a
permease comprised the elements required for transcription of said DNA
into mRNA and, if necessary, for translation of mRNA into polypeptide.
Transcriptional promoters suitable for use in various vertebrate systems
are widely described in literature. For example, suitable promoters include
viral promoters like RSV, MPSV, SV40, CMV or 7.5k, vaccinia promoter,
inducible promoters, etc. Preferred promoters are isolated from poxviruses
e.g. 7.5K, H5R, TK, p28, p11 or K1L of vaccinia virus. Alternatively, one
may use a synthetic promoter such as those described in
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.

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.

The invention also relates to a process for preparing a poxvirus according
to the invention, in which process:

(iy a poxvirus according to the invention is introduced into a cell,

(i) said cell is cultured under conditions which are appropriate for
enabling said poxvirus to be produced, and

(ili) said poxvirus is recovered from the cell culture.

While the poxvirus can of course be recovered from the culture

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



0-9.3 0.2-3 0,2 0-83 F2L/FCU 1 WD 2009/ 065547PCT/ EP2008/ 009721 27

[ 0097] Table 3 Ovaries Skin
WO 2009/065547 PCT/EP2008/009721
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employed methods consists in lysing the cells b.y means of consecutive
freezing/thawing cycles in order to collect the virions in the lysis
supernatant. The virions can then be amplified and purified using the
techniques of the art (chromatographic method, method of ultra-
centrifugation, in particular through a cesium chloride gradient, etc.).

[0065] The present invention, also relates to a composition which comprises a
poxvirus according to the invention in combination with a pharmaceutically
acceptable excipient.

[0066] A composition according to the invention is more specifically intended for
the preventive or curative treatment of diseases by means of gene therapy
and is more specifically aimed at proliferative diseases (cancers, tumors,
restenosis, etc.) or aimed at diseases associated to an increased
osteoclast activity (e.g. rheumatoid arthritis, osteoporosis).

[0067] A composition according to the invention can be made conventionally with
a view to administering it locally, parenterally or by the digestive route. In
particular, a therapeutically effective quantity of the recombinant vector or
poxvirus of the invention is combined with a pharmaceutically acceptable
excipient. It is possible to envisage a large number of routes of
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



Tail Bone Marrow Brain Miuscles Heart WTK- 2.2-74 0.1- 13.5- 0-800 0-1.8 0-22

0-0.3 /FCU1 24 7.104
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solubilizing, stabilizing and preserving agents. In the case of an injectable
administration, preference is given to a formulation in an aqueous, non-
aqueous or isotonic solution. It can be presented as a single dose or as a
multidose, in liquid or dry (powder, lyophilizate, etc.) form which can be
reconstituted at the time of use using an appropriate diluent.

[0069] The present invention also relates to the use of a poxvirus or a
composition according to the invention for preparing a medicament which
is intended for treating the human or animal body by gene therapy. The
medicament can be administered directly /n vivo (for example by
intravenous injection, into an accessible tumor, into the lungs by means of
an aerosol, into the vascular system using an appropriate catheter, etc.).
A preferred use consists in treating or preventing cancers, tumors and
diseases which result from unwanted cell proliferation. Conceivable
applications which may be mentioned are cancers of the breast, of the
uterus (in particular those induced by papillioma viruses), of the prostate, of
the lung, of the bladder, of the liver, of the colon, of the pancreas, of the
stomach, of the oesophagus, of the larynx, of the central nervous system
(e.g. glioblastoma) and of the blood (lymphomas, leukemia, etc.). An other
preferred use consists in treating or preventing rheumatoid arthritis,
osteoporosis and other diseases associated to an increased osteoclast
activity. It can also be used in the context of cardiovascular diseases, for
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.
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According to an advantageous embodiment, the therapeutic use or the
treatment method also comprises an additional step in which
pharmaceutically acceptable quantities of a prodrug, advantageously an
analog of cvtosine, in particular 5-FC, are administered to the host
organism or cell. By way of illustration, it is possible to use a dose of from
50 to 500 mg/kg/day, with a dose of 200 mg/kg/day or of 100 mg/kg/day
being preferred. Within the context of the present invention, the prodrug is
administered in accordance with standard practice (e.g. per os,
systematically).

Preferably, the administration taking place subsequent to the
administration of the poxvirus or composition according to the invention,
preferably at least 3 days, more preferably at least 4 days and even more
preferably at least 5 days after the administration of the poxvirus or
composition according to the invention. According to an even more
preferred embodiment of the invention, the administration of the prodrug
takes place 7 days after the administration of the therapeutic agent. The
oral route is preferred. It is possible to administer a single dose of prodrug
or doses which are repeated for a time which is sufficiently long to enable
the toxic metabolite to be produced within the host organism or cell.
Furthermore, the composition or method according to the invention can 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.



1 [0098] Antitunor activity of the poxvirus of the invention in s.c.

t unor nodel . é0099] Nude m ce bearing established s.c. LoVo tunors (50-70 mB)
were treat edV8AWP¥E intratunorally or two tinmes intraPEAGEINFOPR! tail vein)
with the indicated vectors at dose of il 104 PFU, 1.106 or 1.107 PFU,
respectively. Starting day 7 following viral injection, 5-FC was given by oral

gavage at nﬁ@aﬁg@&? eg;stor“1 ré: %n?ln%é?lfl(ﬂ’l ers(tb?Wl&?mﬂlbﬁtheteR%yerﬁ% ks. Tumor

Si ze was usi n alculated in
mB using the fonmmbath(/\ﬁﬁ)for(thenm/vvwo bmsjhth%)sls Oftilee perimidiresdegiposfebiyn fi gure 3

show that the 2 viruses have a simlar eff th an oncolytjc activit
(p<0.05) able toSE%ﬁferd?flro"PE'%e 9?%%9?“8?“?%%’9&%6@‘(Bh%%ﬂlﬂﬁf‘ﬂa%etiﬂrvi ty Y
(oncol ytic of thesparate; Maerd 8e12ne82 i BiotHerrGHargriael) 3 33n7a8Ba1)j strati on of
5- FC whi ch can further jnprove the control of the tunor owth éf)<0 01).

[00100] Nude ni cd-eBeaeMidg. 8<T BHG @Rtye MetabofiigRt-ef 'Fﬂﬁfﬁﬁeh pue&tali ul ar 1iver

carci noma cells) méea.b&ﬁé}heéslmmmm%ﬁamémnérqchewt al., ¥ddohchiged ndi cat ed
vectors at dose of 1. PFU according'to the fol low ngs: 14 days after

|noct:)u:c ?tl on wthRQ&rrﬁZs@EdaWﬁBl e tunor), mice were treated by buffer + water,
or buffer THQl f K-/ FCUL +
5-FC, or 10[862)&u s @ﬁ&sﬁ%_oﬁ%ﬁ(b&a%@g%%@%ﬁ% %@Wl'@éﬁ%w N

5- FC. The ani nal svitheore cbrrrealteesilblsgarﬁeﬁéffad:tlvm@anma@et thecapya Adeangby oraI

gavage, 7 days after Yl

measured tw ce \N@i‘ﬁma(f%f 'ﬁallscdgg ggeﬁ%r’%% aﬂ gﬁm@lrégapc\'a\{d tﬁgfé in rmB

uﬁl ng L he fornul aiséd i ﬁésdcia‘tlbgtdmn(cdmﬂit'lbﬁ’c)n wTHnmermumstuaismocbehhg o figure 4
show that tunor progression is controll 009/ 065547PCT/ EP2008/ 009721 28
after WIK-/FCULt '&%g‘ VEARIQ. f3Te My jae mﬁngeq?d\éﬁkﬁ 6%’3 2% to buffer.

The activity is neton@tiaCegtivpHd3paaimide, bgémfahomsvémmeF@ostnedw rus oncol ytic
activity alone is very potent w tﬁ only 1x106 pfu of viruses i nlj)ect ed. Viral
pat hogenicity. melphalan, hexamethylmelamlne thiotepa, chlorambucil, or dacarbazine;

antimetabolites such as, e.g., gemcnabme, 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



[ 00101] Viral pathogenicity was assessed with survival studies done on both
Swi ss nude mice (figure 7) and imunoconpetents B6D2 mce (6 weeks from

Charl es Ri ve‘f"@)z"“é‘@? ﬁre 8). Mce were injected |.V. w tPCTEPRPPSBIP72 108 PFU of
all viruses in 100 pL of Buffer per notlse. M ce were observed dai |y throughout
the course of the experinent. In Swiss nude mce (figure 7), the injection of

1x108 PFU of Wi 1 y f. i 3 days
after infection. '?Fpea%}%qﬁqs%z% %Il oge%tt{lb\%féﬁﬁdt{a% tggﬁgélggg%as’after
infection. The a&xq. nmmbutcatofmasomlath@tﬁallaJGF@Mh Wmsod (@spartiaglaogeni ¢, the
majority of the ﬁ)lmals d% r\ﬁbween day 65 to 115 (p<0.05). No evidence of
toxicity has beelCYBEYVER OWAVWIEHNAOY i ruses at 107 pfu. Al nice died after
i . v injectiBrief ObsdPBorpbfiFigiresMiltie Dia@idhs The group with treat ment of

e e B 8 el A LT

dermonstrat es t he @Rge@aSEMRF cbBXLoVbY. L\@\ﬁorbem@anfé@tdala&adabebed 0001 wsth
WTK- F2L-/ FCUl. Pocks tail | esion nodel

{, £SWISS & \gerelnjected
I.V. with 1.106 (he dicates vigses (Mogk PO TR-UrdesD hor\NYU% FZ*F%(F UldsPbns wer e
enunerat ed once g 3eeknoddd® uaﬂbﬁ%@@bémrrahorlofl&@oc’eéu%Lrv%IwaEZL / FCUL have

| ess than 1 pocks/mce conpar ed mce injected wth WTK-/FCUL with a

average of 8 pockeeadsyred aked riaysdggstlr;g‘eggm Reﬁp@wgwmegmpe%nmm in
fi 9 (A i
ot %4 pocks wi ¢ VPR EARE IS EBpete iy O oRGE" VAl i BP0 6oy

as shown in figuirengap® SDMf(thfeenrjldwdeal dﬂtermldatlbogwﬂiﬁwtihe‘(te’ﬂ'm@'@_tw FCUL have
respectively an ayera e of .3 conpared to mice injected with 1.107
PFU of WTK-/ FoUPYRd0i egfe&’HC%‘{Pé‘r‘géﬁggﬂ‘sf% pocks/ nice at day 15 post-infection
(figure 10 [06BD} FAguréay IrBQntrpme;bhoeﬂéreetﬂcacy @ﬁ\amsemjneloct\&ﬁmﬁudtéuaf\émmzji /| FCU1

have respectively f ock/ 009/ 0 47PCT/ EP2008/ 009721
29 conpared to moc@ﬂ}1 @bﬁ%dnahc?tﬁdw‘{ﬁ “?189/? eGP VEIMESE™8f 7 pocks/ i ce
(figure 10 (B)). réfdsy@sémtea% ﬁi’é@ﬂ#SDWWeQWﬁuQ@bwﬁlmaWhK/ FCU and and

WI K- F2L-/FCUL is statistically significant (p<0.05). The OkaOI’ITB.tIOI’]IS

correl ated WOBM thigure sy Yean fuseroeiume g55M of pe Ltoéfol in Syisssudg micaAfigll ence and
toxicity. Inject '|9r?njb&|dnré‘fmswgyfgfkérllﬁ%tioﬁ vlllﬁrstﬁnio?ébél patiafurMbth t he

single deleted TK virus. Statistical analysis. tatistical anal yses
wer e perfornmed ushingwere traategdyatimfy ef *Wﬁ“ﬂﬁé‘;/) B‘e'@%ft* art QATISTICA 7.1

sof tuere (Stat Solyy iy e sdin@Rapivesesiocen Loshe mhatpstcally
NY)) 15.11.1994 maewrematw byksaine DAGHIT atUs)0 Inglk@/iowiceoday WJOQB(DOM 014314
(K05 VD, (000 hd P SRR ST S SFRRATIAY (TP
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 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.
[0083] 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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[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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expr eSSI on and proetiigEansierted with Ak copreriptate afthe dpcqmiupanptshuttie; ggg.
vol . no. 14, p.p3398d463-pg). 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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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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1990, no. 179030098455 33 Clains 1. A _poxvirus conpri sifitdER2WPEE ve F2L
gene; a defective J2R gene; and a nucl 8 c acid of interest which conprises a
sui ci de gene. 2. The poxvirus according to claim1, wherein said poxvirus

bel ongs o Lhe OlordapoLl AR B8] T4l niae HiSe RENHIRRCCOr ding o claim

2, wherein said ;%%% cCrhia virus species. 4. The
poxvi rus accor di ngbt@tastaisty &.c.\ines therflapkivethpixoP Logo icells/4@E ubi Whenr us st rain

WR. 5. The poxvirus accordi to cl ai wherei n said poxvirus i s a Vaccinia
virus strain .CopéWﬁa_@erﬁ.ad@fJ]g ﬁ@%%?(/?ﬁfi”]gm{’Sﬁ‘%@'qeoW?a’%Jaaﬂ%mgPddrI‘ dim 1to
5, wherein said Yh&édMmaBnBEakPH#ESted vAThHheiinYidard nectals fbemstinaieyt osi ne

deam nase activity. 7. The poxvirus according to claim®6, wherein said suicide

gene i s FCYl, FCRKpeU®EMSor a gene having a nucleic acid sequence having a
degree of igggtkibMtioniok thefrst, FCAL, or CodA greater than 70% 8. The poxvirus
according to claim®6, wherein said protein having at |east a cytosine

deani nase al9PPG] thpei pyesencerdfV-BCHI| 3nskWY T e AL a/pl-bbletaavalHaleAdYsdYBence
Identifier SEQ Iy irPtumb?E aRQ VYA driSarARIES! Hi108PED Gtie PR&eRfwad aims 1 to 5,

: . Hgiignl ;
wherein said suicide gene codes a protein having at |east one cytosine
deam nase and ondnjaetediintrayeoopsiy (ivoloay tailivelisiesters BtaByde, MiGe bealingThe poxvi r us
according to clai - [ ' il - I ;FB%P—“ de conpri sing
an amno acid seqet%%élgx\%ﬁ%‘gt Q%??%ﬁ?@rga@c%g%%s%%ﬁtﬁe %isar'f%taﬁg‘ﬁs/equence identifier
SEQ I D N: 3, SEQ lififebtidh, andthe tusniora @ndaiticersegamneerecfolieCed andwrgighted. The

D 42 meoor & N B e S i 4P Bl ooty o
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.

[0096]
Table 2
Tumor Lungs | Spleen Kidney | Heart L.Nodes

VVTK-/FCU1 (02- | 01-2 | 0-2.2 0-1.8 |0-0.3 0-61
3,3)x105
VVTK- 0-8.1x104 | 0-5.7 | 0-9.3 0.2-3 |02 0-83
F2L/FCU1




12. The poxvirus according to claim1l, wherein said pernease is a purine or a
cytosine perenmease of S. cerevisl ae. 13 The poxvirus accordi ng to claim12,
wherei n sai AVREYHBESY i s chosen fromthe group conprisi AGTEEHISYRPIFUr4. 14,
The poxvirus according to any one of cfains 1 to 10, wherein said poxvirus
further conprises the elenments necessary for the expression of the nucleic
acid of int @ro ZL 15. The poxvirus according to any one of clains 11 to 13,
wherei n sai § virus further conprises the el enents necessary for the
expression of the nucleic acid sequenckbe®dpri sing a gene coding a pernease.
16. A poxvirug conpri S'Cﬂ%\rli\g [VN=Te] BRI ZR, gene, i€ qmsk%g 2l..gene, and a
nucleic acid of intere R conprisas a suijcide gene, tor|use in the
treatnent of gancer. 17. A process for |pMepewiing a ppxvirus pccording to any
one of clains W 15] §b_as CHE{I ned sl 1 q)lgﬁom 16.4 8N ? praggss] (1)a
poxvi rus accor g any one of gl alnsg to 16 or ap detfined Iin apy one of
claims 17 to 19AGU1 nt foduced|i & o] 4-188&l I; (ii)| said cell is cultureéed under
condi ti ons whi We apprep’ | atey f aggernabliqg [salglo ppx\y.f8s [ ogle produced,
and; (iii) saild poxvinus is recovered flromtheg cell culture.; 18. Ajconposition
whi ch conpri se$2&/Fsbkyirus agcordj i§q any ore of claims 1 fo 15, |or as
defined in cI u1m 16, ijn conbinatipn wth a phar maceutical ly mcceptable

exci pi ent. The conpositionm according to ctaim 18, 1Tn conbination with one
or nore subéqogﬁ}:es whi ch potentiate the cytotoxic effect of 5-Fl uorocytosine.
20. The conpatirhbrttingedthdipagvilue ofthaiinviedhn i er imbr @atiel. subst ances whi ch

potenti ate cy oxi c effect of F| uor o osi ne dr s whi ch i nhi bit
t he e_nzynesfogﬁgl H@“é%%"cﬁaﬁ‘%%ﬁ? eﬁtﬂb"fmf’éj %Fé%&b’"&%@ifﬁ% it he

pyrim di nes, sel afddesh Bﬁé)ﬂmbhﬂrzﬂﬁﬁﬁfélﬁwffw&hhﬁg mfa\Bﬁb&slyl(-&fﬂaHN@m) dgthand
A771726. 21. The conposition accor rein said substance

whi ch potenti at e thaéndisated hﬁq'f%rseﬁtﬂ@ég op{. 199\3FU0F69§P%§19 PFY. met hotrexate. 22.
Use of ‘a poxvir uge8Gelelly NGtatthgadhy 'PF&ﬁioQ/Ingchr%'l [Miectioh %5- ﬂ-’é wad gl@eﬁB?BPa?' tion

according to any one o? lains 18 to reparing a di canent for the
treat nent of canaq@vage at100 mg/kg (0.5 ml 5-FC 0.5% mwater)tvwceadayfor3weeks

D

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 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 width?2).

The results depicted in figure 4 show that tumor progression is controlled
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virus oncolytic activity alone is very potent with only 1x108 pfu of viruses

injected.

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

or a conposition
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Tyr
Ay
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Val

Thr Leu Qu Asn Cys Ay Arg Leu Qu Gy Lys Val Tyr Lys 65707580 Asp
Leu gr Thr Thr Leu Ser Pro Cys Asp Met Cys Thr 859095 Ala lle Ile
Ay WParpe#rg Cys Val Val Ay @u Asn Val 1001’@5%91@?0%%72!1’% Lys Ser
GQu Lys Tyr Leu Gn Thr Arg Ay H's Au 115120125 Val Val Val Val Asp
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Leu Leu \éaicerMCéE(fQuEE y0 %{% TRHAifeRMTe Aspodh surhieer H¥twedfal/VEBKA Lys G n
Gu Thr A/‘IS:BU1 and and "#K-FZ /115%%” is statistically significant (p<0.05). The

pocks formation 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 Lys Leu Phe Tyr Qu Lys Leu Pro Qu Asp Ile Ser Qu Arg
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Gu Arg Il e 305310315320 Tyr Phe Lg\?l Asn Leu Ile Cys Ser Lys Au Ay
Ile Au Lys Tyr His 325330335 Ala Afa Phe Pro Qu Val Arg Ile Val Thr
Gy Ala Leu Asp Arg Gy 340345350 Leu Asp Gu Asn Lys Tyr Leu Val Pro
Gy Leu Ay Asp Phe Ay Asp 355360365 Arg Tyr Tyr Cys Val 370 <210> 3
<211> 64454d2> PRT <213> Artificial <220> <223> derived from
Saccharonyces cerevisiae <400> 3 Met Val Ser Asn Asn Ala Leu G u Thr

e lle %?nA'%loﬁviﬁﬁsgcérﬁHriﬁﬁga 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.
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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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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.
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115 120 125

Val Val Val Val Asp Asp Glu Arg Cys Lys Lys Ile Met Lys Gln Phe
130 135 140

Ile Asp Glu Arg Pro Gln Asp Trp Phe Glu Asp Ile Gly Glu Ala Ser
145 150 155 160

Glu Pro Phe Lys Asn Val Tyr Leu Leu Pro Gln Thr Asn Gln Leu Leu
165 170 . 175

Gly Leu Tyr Thr Ile Ile Ser Asn Lys Asn Thr Thr Arg Pro Asp Fhe
180 185 190

Ile Phe Tyr Ser Asp Arg Ile Ile Arg Leu Leu Val Glu Glu Gly Leu
195 200 205

Asn His Leu Pro Val Gln Lys Gln Ile Val Glu Thr Asp Thr Asn Glu
210 215 220

Asn Phe Glu Gly Val Ser Phe Met Gly Lys Ile Cys Gly Val Ser Ile
225 230 235 240

Val Arg Ala Gly Glu Ser Met Glu Gln Gly Leu Arg Asp Cys Cys Arg
245 . 250 255



115120125 Ile Asp Gu Arg Pro Gn Asp Trp Phe u Asp Ile Ay Gu
145150155 <210> 5 <211> 150 <212> PRT <213> Candi da al bi cans <400> 5
Met Ala Phe Asp Asp Lys Lys Gy Leu G4 Val Ala Leu Asp Gn A a
151015 Lys Lys Ser Tyr Ser Au Ay Ay Ile Prolle Ay Ser Cys lle
I:e é025 30 Ser Ser Asp Asp Thr Val Leu Ay Gn Ay H's Asn Gu Arg
I'le 0 IS ek I eup aSer Ala Leu
Au Asgr%3r ag[ ég%gégd%& L%r glééggu I%IIrég %y {é’ygs G\ri”%l;% {%Is Asp Cys Thr
Il'e Tyr Thr Thr 65707580 Leu Ser Pro Cys Ser Met Cys Thr Ay Ala lle

Leu Leu Tyr dy Phe 859095
Leu Pro Lys Leu Phe Tyr Glu Lys Leu Pro Glu Asp Ile Ser Glu Arg

275 280 285

Tyr Val Phe Leu Leu Asp Pro Met Leu Ala Thr Gly Gly Ser Ala Ile
290 295, 300

Met Ala Thr Glu Val Leu Ile Lys Arg Gly Val Lys Pro Glu Arg Ile
305 310 315 320

Tyr Phe Leu Asn Leu Ile Cys Ser Lys Glu Gly Ile Glu Lys Tyr His
325 330 335

Bla Ala Phe Pro Glu Val Arg Ile Val Thr Gly Ala Leu Asp Arg Gly
340 345 350

Leu Asp Glu Asn Lys Tyr Leu Val Pro Gly Leu Gly Asp Phe Gly Asp
355 360 365

Arg Tyr Tyr Cys Val
370

<210> 3

<211> 644

<212> PRT

<213> Artificial

<220>
<223> derived from Saccharomyces cerevisiae

<400> 3
Met Val Ser Asn Asn Ala Leu Glu Thr Ile Ile Asn Ala Arg Leu Pro
1 5 10 15

Gly Glu Glu Gly Leu Trp Gln Ile His Leu Gln Asp Gly Lys Ile Ser
20 25 30

Bla Ile Asp Ala Gln Ser Gly Val Met Pro Ile Thr Glu Asn Ser Leun
35 40 45

Asp Ala Glu Gln Gly Leu Val Ile Pro Pro Phe Val Glu Pro His Ile
50 55 60

His Leu Asp Thr Thr Gln Thr Ala Gly Gln Pro Asn Trp Asn Gln Ser
65 70 75 80



Lys Arg Val vVal Met Gy Gu Asn Val Asn Phe Leu Gy Asn GQu Lys
100105110 Leu Leu Ile Gu Asn Ay Val GQu Val Val Asn Leu Asn Asp Gn
G u 115120125 Cys Ile Asp Leu Met Ala lys Phe Ile Lys Gu Lys Pro @n
Asp Trp 130135140 Asn Qu Asp Ile Ay @ u 145150 <210> 6 <211> 432
<212> PRT <213> Escherichia coil <400> 6 Met Trp Arg Leu Thr Val Ser
Asn Asn Ala Leu G@n Thr Ile Ile Asn 151015 202530 Gy Lys Ile Ser

Al a | |&yASy Abwa Pekr618e¢ly(le Vabk AvbtTrRr Blavglu Fhg [354845L€d u Asn Ser
Leu Asp Ala Au G rf5dy Leu Val Lew®Pro Pro Phe Val 2505560

Leu Thr His Asp Asp Val Lys Gln Arg Ala Trp Gln Thr Leu Lys Trp
100 105 110

Gln Ile Ala Asn Gly Ile Gln His Val Arg Thr His Val Asp Val Ser
115 120 125

Asp Ala Thr Leu Thr Ala Leu Lys Ala Met Leu Glu val Lys Gln Glu
130 135 140

Val Ala Pro Trp Ile Asp Leu Gln Ile Val Ala Phe Pro Gln Glu Gly
145 150 155 160

Ile Leu Ser Tyr Pro Asn Gly Glu Ala Leu Leu Glu Glu Ala Leu Arg
165 170 175

Leu Gly Ala Asp Val Vval Gly Ala Ile Pro His Phe Glu Phe Thr Arg
180 185 190

Glu Tyr Gly Val Glu Ser Leu His Lys Thr Phe Ala Leu Ala Gln Lys
195 200 - 205

Tyr Asp Arg Leu Ile Asp Val His Cys Asp Glu Ile Asp Asp Glu Gln
210 215° 220

Ser Arg Phe Val Glu Thr val Ala Ala Leu Ala His His Glu Gly Met
225 230 235 240

Gly Ala Arg Val Thr Ala Ser His Thr Thr Ala Met His Ser Tyr Asn
245 250 255

Gly Ala Tyr Thr Ser Arg Leu Phe Arg Leu Leu Lys Met Ser Gly Ile
260 265 270

Asn Phe Val Ala Asn Pro Leu Val Asn Ile His Leu Gln Gly Arg Phe
275 280 285

Asp Thr Tyr Pro Lys Arg Arg Gly Ile Thr Arg Val Lys Glu Met Leu
290 295 300

Glu Ser Gly Ile Asn Val Cys Phe Gly His Asp Asp Val Phe Asp Pro
305 310 315 320

Trp Tyr Pro Leu Gly Thr Ala Asn Met Leu Gln Val Leu His Met Gly
325 330 335



AQu Pro His lle Hs Leu Asp Thr Thr Gn Thr Ala Ay G n Pro Asn
65707580 Trp Asn G n Ser Ay Thr Leu Phe u Ay Ile Qu Arg Trp Ala
G u 859095 Arg Lys Ala Leu Leu Thr Hig Asp Asp Val Lys Gn Arg Ala
Trp G n 100105110 Thr Leu Lys Trp Gn lle Ala Asn Ay Ile Gn H's Val
Arg Thr His 115120125 Val Asp Val Ser Asp Ala Thr. Leu Thr Ala Leu
Lys Ala Met Leu G u 130135140 Val Lys G n Glu Val Ala Pro Trp Ile Asp
Leu Gn Ile Val Ala Phe 145150155160 Pro Gn GQu Ay Ile Leu Ser Tyr
Pro Adsudly @S Flpdeulr & ﬁﬁ?oﬁ%% GNP 1B A Leu Gy Ala
Asp Val Val Gy3MNa Ile Pro H s Phe 180185190 G°a°Phe Thr Arg G u Tyr
Gy Val Qu Ser Leu H's Lys Thr Phe Ala 195200205 Leu Ala G n Lys Tyr

Asp Angnlel tlerAsmiValisties £)S afsand Lkl hﬁq Leu Gln Asp Tyr
355 360 365

Gly Ile Ala Ala Gly Asn Ser Ala Asn Leu Ile Ile Leu Pro Ala Glu
370 375 380

Asn Gly Phe Asp Ala Leu Arg Arg Gln Val Pro Val Arg Tyr Ser Val
385 390 395 400

Arg Gly Gly Lys Val Ile Ala Ser Thr Gln Pro Ala Gln Thr Thr Val
405 410 415

Tyr Leu Glu Gln Pro Glu Rla Ile Asp Tyr Lys Arg Ile Ser Gly Rla
420 425 430

Asn Gly Val Met Ala Lys Ile Val Glu Val Lys His Pro Leu Val Lys
435 440 445

His Lys Leu Gly Leu Met Arg Glu Gln Asp Ile Ser Thr Lys Arg Fhe
450 455 460

Arg Glu Leu Ala Ser Glu Val Gly Ser Leu Leu Thr Tyr Glu Rla Thr
465 470 475 480

Ala Asp Leu Glu Thr Glu Lys Val Thr Ile Glu Gly Trp Asn Gly Pro
485 4380 495

Val Glu Ile Asp Gln Ile Lys Gly Lys Lys Ile Thr Val Val Fro Ile
500 505 510

Leu Arg Rla Gly Leu Gly Met Met Asp Gly Val Leu Glu Asn Val Pro
515 520 525

Ser Ala Arg Ile Ser Val val Gly Met Tyr Arg Asn Glu Glu Thr Leu
530 535 540

Glu Pro Val Pro Tyr Phe Gln Lys Leu Val Ser Asn Ile Asp Glu Arg
545 550 555 560

Met Ala Leu Ile Val Asp Pro Met Leu Ala Thr Gly Gly Ser Val Ile
565 570 575



210215220 Asp Asp Gu Gn Ser Arg Phe Val GQu Thr Val Ala Ala Leu Al a
Hi s 225230235240 Arg Qu dy Met Ay Ala Arg Val Thr Ala Ser H's Thr

Thr Ala Met 245250255 10 Met Ser Gy . Jle Asn Phe Val Ala Asn Pro Leu
Val Asn Ile H's Leu 275280285 G n Gy ‘Arg Phe Asp Thr Tyr Pro Lys Arg:
Arg Gy Ile Thr Arg Val 290295300 Lys Gu Met Leu Qu Ser Ay Ile Asn
Val CygaPhe Qe akb SeAspuAsp 306310FE5320 ¥Vl sPhaidspsPra Trp Tyr Pro

Leu Ay Thr Alasgsn Met Leu G nsval 325330335 LeaoHi s Met Ay Leu Hi s
Val Cys G n Leu Met Ay Tyr Ay Gn Ile 340345350 Asn Asp Gy Leu Asn

Leu IIe Thr Hs Hs Ser A a Arug Thr__Leu Asn 355360365
Leu Val Leu Val Ala Ala Pro Giu Gly Ile Ala Ala Leu Glu Lys Ala

595 600 605

His Pro Asp Val Glu Leu Tyr Thxr Ala Ser Ile Asp Gln Gly Leu Asn
610 ) 615 620

- Glu His Gly Tyr Ile Ile Pro Gly Leu Gly Asp Ala Gly Asp Lys Ile
625 630 635 640

Phe Gly Thr Lys

<210> 4

<211> 158

<212> PRT

<213> Saccharomyces cerevisiae

<400> 4
Met val Thr Gly Gly Met Ala Ser Lys Trp Asp Gln Lys Gly Met Asp
1 5 10 15

Ile Ala Tyr Glu Glu Ala Ala Leu Gly Tyr Lys Glu Gly Gly Val Pro
20 25 30

Tle Gly Gly Cys Leu Ile Asn Asn Lys Asp Gly Ser Val Leu Gly Arg

Gly His Asn Met Arg Phe Gln Lys Gly Ser Ala Thr Leu His Gly Glu
50 55 60

Ile Ser Thr Leu Glu Asn Cys Gly Arg Leu Glu Gly Lys Val Tyr Lys
65 70 75 BO

Asp Thr Thr Leu Tyr Thr Thr Leu Ser Pro Cys Asp Met Cys Thr Gly
85 80 85

Ala Ile Ile Met Tyr Gly Ile Pro Arg Cys Val Val Gly Glu Asn Val
100 105 110

Asn Phe Lys Ser Lys Gly Glu Lys Tyr Leu Gln Thr Arg Gly His Glu
115 120 125

Val Val val vVal Asp Asp Glu Arg Cys Lys Lys Ile Met Lys Gln Phe
130 135 140



Leu Gn Asp Tyr Ay Ile Ala Ala Gy Asn Ser Ala Asn Leu lle lle
370375380 Leu Pro Ala Gu Asn dy Phe Asp Ala Lou Arg Arg A n Val Pro
Val 385390395400 Arg Tyr Ser Val Arg @y Gy Lys Val Ile Ala Ser Thr
G@n Pro Ala 405410415 G n Thr Thr VvVal Tyr Leu Gu Gn Pro Qu Ala lle
Asp Tyr Lys Arg 420425430 <210> 7 <211> 31 <212> DNA <213> Artificial
<220> 228p Gl gonweh sUhi &kes Tl G0 Glucfg@gglaet €ty Gdaagcgat ga actaaatgtt
c31 <216> 8 <211> 33 <292> DNA

<210> 5
<211> 150
<212> PRT

<213> Candida albicans
<400> 5

Met Ala Phe Asp Asp Lys Lys Gly Leu Gln Val Ala Leu Asp Gln Ala
1 5 16 15

Lys Lys Ser Tyr Ser Glu Gly Gly Ile Pro Ile Gly Ser Cys Ile Ile
20 25 - 30

Ser Ser Asp Asp Thr Val Leu Gly Gln Gly His Asn Glu Arg Ile Gln
35 g 40 45

Lys His Ser Ala Ile Leu His Gly Glu Mel Ser Ala Leu Glu Asn Ala
50 : 55 60

Gly Arg Leu Pro Gly Lys Thr Tyr Lys Asp Cys Thr Ile Tyr Thr Thr

Leu Ser Pro Cys Ser Met Cys Thr Gly Ala Ile Leu Leu Tyr Gly Phe
B85 90 95

Lys Arg Val Val Met Gly Glu Asn Val Asn Phe Leu Gly Asn Glu Lys
100 105 116

Leu Leu Ile Glu Asn Gly Val Glu Val Val Asn Leu Asn Asp Gln Glu
115 120 125

Cys Ile Asp Leu Met Ala Lys Phe Ile Lys Glu Lys Pro Gln Asp Trp
130 135 140

Asn Glu Asp Ile Gly Glu

145 150
<210> &

<211> 432

<212> PRT

<213> Escherichia coli

<400> 6

Met Trp Arg Leu Thr Val Ser Asn Asn Ala Leu Gln Thr Ile Ile Asn
1 5 10 15

Ala Gln Leu Pro Gly Lys Glu Gly Leu Trp Gln Ile His Leu His Asp



<213> Artificial <220> <223> digonucleotides 11 <210> 9 <211> 31
<212> DNA <213> Artificial <220> <223> oligonucl eoti des <400> 9
gcctggccaa caaat agagg agat caaggg t31 210> 10 <211> 33 <212> DNA
<213> Artificial '<220> <223> oligonucl eoti des <400> 10 gcccagctga
ccactacatc aattttacaa aag33 <210> 11 <211> 32 <212> DNA <213>
Artificial 20 25 30

Gly Lys Ile Ser Ala Ile Asp Ala Gln Ser Gly Val Met Pro Val Thr
35 40 45

Glu Asn Ser Leu Asp Ala Glu Gln Gly Leu Val Leu Pro Pro Phe Val
50 55 60

Glu Pro His Ile His Leu Asp Thr Thr Gln Thr Ala Gly Gln Pro Asn
65 70 75 80

Trp Asn Gln Ser Gly Thr Leu Phe Glu Gly Ile Glu Arg Trp Ala Glu

Arg Lys Ala Leu Leu Thr His Asp Asp Val Lys Gln Arg Ala Trp Gln
100 105 110

Thr Leu Lys Trp Gln Ile Ala Asn Gly Ile Gln His Val Arg Thr His
115 120 125

Val Asp Val Ser Asp Ala Thr. Leu Thr Ala Leu Lys Ala Met Leu Glu
130 135 140

Val Lys Gln Glu Val Ala Pro Trp Ile Asp Leu Gln Ile Val Ala Phe
145 150 155 160

Pro Gln Glu Gly Ile Leu Ser Tyr Pro Asn Gly Glu Ala Leu Leu Glu
165 170 175

Glu Ala Leu Arg Leu Gly Ala Asp Val Val Gly Ala Ile Pro His Phe
180 185 190

Glu Phe Thr Arg Glu Tyr Gly Val Glu Ser Leu His Lys Thr Phe Ala
195 200 205

Leu Ala Gln Lys Tyr Asp Arg Leu Ile Asp Val His Cys Asp Glu Ile
210 215 220

Asp Asp Glu Gln Ser Arg Phe Val Glu Thr val Ala Ala Leu Ala His
225 230 235 240

Arg Glu Gly Met Gly Ala Arg Val Thr Ala Ser His Thr Thr Ala Met
245 250 255

His Ser Tyr Asn Gly Ala Tyr Thr Ser Arg Leu Phe Arg Leu Leu Lys
260 265 270



<220> <223> oligonucleotides <400> 11 gccgcatgct ccagaattga
tcatagtgga ta32 <210> 12 <211> 32 <212> DNA <213> Artificial <220>
<223> ol i gonucl eoti des <400> 12 gctctd@agt tagtttcctt aacaaatcta ac32

Met Ser Gly Ile Asn Phe Val Ala BAsn Pro Leu Val Asn Ile His Leu
275 280 285

Gln Gly Arg Phe Asp Thr Tyr Pro Lys Arg Arg Gly Ile Thr Arg Val
290 295 300

Lys Glu Met Leu Glu Ser Gly Ile Asn Val Cys Phe Gly His Asp Asp
305 310 315 320

val Phe Asp Pro Trp Tyr Pro Leu Gly Thr Ala Asn Met Leu Gln Val
325 330 335

Leu His Met Gly Leu His Val Cys Gln Leu Met Gly Tyr Gly Gln Ile
340 345 350

Asn Asp Gly Leu Asn Leu Ile Thr His His Ser Ala Arg Thr Leu Asn
355 360 365

Leu Gln Asp Tyr Gly Ile Ala Bla Gly Asn Ser Ala Asn Leu Ile Ile
© 370 375 380

Leu Pro Ala Glu Asn Gly Phe Asp Ala Leu Arg Arg Gln Val Pro Val
385 390 395 400

Arg Tyr Ser Val Arg Gly Gly Lys Val Ile Ala Ser Thr Gln Pro Ala
405 410 415

Gln Thr Thr Val Tyr Leu Glu Gln Pro Glu Ala Ile Asp Tyr Lys Arg
420 425 430

210> 7

<211> 31

<212> DNA

<213> Artificial

<220>
<223» OQOligonucleotides

<400> 7
cgcggatcecg aaagcgatga actaaatgtt ¢ 31

<210> 8

<211> 33

<212> DNA

<213> Artificial

<220>
<223> Oligonucleotides

<400> 8
tcecccegggg ttagtttcect taacaaatct aac 33



11

<210> 8

<211> 31

<212> DNA

<213> Artificial

<220>
<223> oligonucleotides

<400> 9
gcctggccaa caaatagagg agatcaaggg €

<210> 10
<211> 33
<212> DNA

<213> Artificial

1<220>
<223> oligonucleotides

<400> 10
gceccagetga ccactacatc aattttacaa aag

<210> 11
<211> 32
<212> DNA

<213> Artificial

<220>
<223> oligcnucleotides

<400> 11
gccgcatget ccagaattga tcatagtgga ta

<210> 12
<211> 32
<212> DNA

<213> Artificial

<220>
<223> oligonucleotides

<400> 12
gctctagagt tagtttcctt aacaaatcta ac

31

33

32

32





