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tissue-specific promoters used to control the expression of these viral
genes; and tropism modification to redirect adenovirus to the cancer cell
surface. In the near future, oncolytic adenoviruses need to be optimized to
fully realize their potential as critical anticancer tools and, thus, improve
the prognosis for patients with malignant gliomas ( JIANG, et al. Oncolytic
adenoviruses as antiglioma agents. Expert review of anticancer therapy.
2008, vol.6, no.5, p.697-708. ).

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

including head and neck, gastrointestinal and pancreatic tumors. It is a
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many of the key attributes necessary for an ideal viral backbone for use in
oncolytic virotherapy. These include a short lifecycle, with rapid cell-to-cell
spread. strong lytic ability, a large cloning capacity and well-defined
molecular biology. In addition, although capable of replicating in human
cells, they are not considered a natural health problem and are especially
well characterized having been delivered to millions of individuals during
the campaign to eradicate smallpox. Early clinical results using either
vaccine strains or genetically modified vaccinia strains have demonstrated

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

include inadvertent inoculation, generalized vaccinia (GV), eczema
vaccinatum (EV), progressive vaccinia (PV), postvaccinial central nervous
system disease, and fetal vaccinia (CONO, et al. Smallpox vaccination
and adverse reactions. Guidance for clinicians. MMWR.
Recommendations and reports : Morbidity and mortality weekly report.
Recommendations and reports / Centers for Disease Control. 2003,
vol.52, no.RR-4, p.1-28.).
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infectious virus from cells (anti-infectious virus form polypeptide). In
addition, mutations in A41L or C11R of vaccinia virus are also disclosed.
[0012] Vaccinia genome regions such as A34R, A41L, A53R, B5R, B7R, B8R,
B13R, B15R, B18R, B22R, B28R, B29R, CUR, E3L, K2L, N1L, vC12L,
and vCKBP are more particularly described in this application. Methods of
the invention involve using any of the poxviruses discussed herein. The
inventors also disclose methods to treat cancer by administering to the
cancer cell or patient an effective amount of this altered vaccinia virus.

Disclosure of Invention
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[0019] As used herein, the term “poxvirus comprising a defective gene” refers to a
poxvirus comprising a deletion, substitution or addition in one or more
nucleic acid of the defective gene, or any combination of these possibilities
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
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[0021] For example, Vaccinia virus strains Dairen |, IHD-J, L-IPV, LC16M8,
LC16MO, Lister, LIVP, Tashkent, WR 65-16, Wyeth, Ankara,
Copenhagen, Tian Tan and WR can be used. According to a particularly
preferred embodiment, the poxvirus according to the invention is a
Vaccinia virus strains Copenhagen.

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

the virus encodes and expresses many enzymatic activities required for
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U86916, L22579, NC_006998, DQ121394 and NC_008291.

[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. '



[0024] The gene nonencl ature used herein is that of

Copenhagen vaccinia strain and is used also for the
wheombesfaas genes of ot her poxviridae unl ess OPCIEERZ08E009720

i ndi cated. However, gene nongncl ature may be different

according to the pox strain. For information,

correspondance between Copenhagen and MVA genes can be
[0025jurikbcondiighd @ prefsrredhembeEiment; the goxvingod, thadnvention further

p. 365-396. 00651] ﬁcc &i ng to a preferred enbodi nment,
t he PORIISEGL BF'EC %eﬂﬁ e‘-?%%n further conprises a
[ooﬁr@f mf YR $&Re¥1eddel GOPSYmibivee Ri%BsngK? MMEHIRFEpart of the

y i ne Kinase (TK) which form part of the sal vage

pa Wgeowatbwawldr nwimgwtmdemmm@@teqiiaemm%_he
T ti t by TK_ j nvol f _
I R SRR Rl B SRS AR it

( dThehm tor PP g 8xy-Myh@ine (8 hd) 10 peedaseitghfding BYP) .
Vaccinia virus' TK is of type 2. T¥pe 2 TKS have a

smalrmenopiuwspbete (AMEhaV acarapinuedl Kds of pwe12. haend Ts have

-25 KDa t f h t et ) it

{ ho @ PalSROTRER B I Eh R pa F <) FrERB Ry 52808 but
genghah pdnidtetrimerdrindy dfeesarriitiotol the Faé @k infititers2dTDP or
TKs have a nmuch narrower substrate specificity

conpHrTdRy which wpe gengraled ad thmend phSwpmstabalicedathway. Type 2

S r (R PV p et R sBbs fa ariscinisicngiq o pe 1 Ts
C0”’Qirﬁ%org}/tdh_oﬁﬁggfylétég'dﬁd)@uﬁﬂrnedﬁug hesorgdThdBiEL OMARI, et al.

structur bi o /. 2006, no.6, p.22. . 0027% L.
Pox\Birugtere efefassinia ¥iras thymidinekinasgiinommienwith ddd R: dnsights

Ceadh ARETRSRE BYT afblfird ioRayHdos, rfe HEEDL S, 1"
[0027] Pakviruses defdatiot ifgethead2R région iahdsmethoaisttolobtinrtigem are

t hym di ne ki nase and' vaccinia growh factor agenes )
candvgilabledn the arto hor example. dhe teaghing of MCGFART et al. Systemic
PUH | i 0 Y, f ;
"SRR ot i s gcR Ao s gt i

t2 83(/) (r)th;z#hrdl&né kimase-ahef \@achgh im?g:jrawth faCtoragEmege lrzrant:b/erreapy[ch.
vol.7, . no.1l , p.66-73, , et . Systemc

2 dniZ05s val§ brmscp B2Baror RYHLRGANS, of a1 Sfaceia o83 Vector for

expr. | . .

LGS PRSI TS PATRITRIGE ARG dolte

t unonutapecChhcergrame epams 2000, eold, prool qnGat1on GNANT, et al.

T4, S/l Ay AT oo A BT BR BRI B PLRsEto the

del el f5hihQbehbRfindsd g &fdhRE subsequent treatment with 5-fluorocytosine
leads to tumor-specific gene expression and prolongation of survival in
mice. Cancer Research . 1999, vol.59, no.14, p.3396-403. can be used to
produced a poxviruses deleted for the J2R region.

[0028] According to a preferred embodiment, the poxvirus of the invention further
comprises a defective F2L gene.

[0029] 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



[0028] According to a preferred enbodi nent, the
poxvirus of the invention further conprises a
waledoensisve F2L gene. [0029] Deoxyuridi ne 5' -t hpdiDEPivas/en9720
nucl eoti dohydrol ase (dUTPase, EC 3.6.1 .23) catalyzes
the hydrolysis of dUTP to dLﬁ/P and pyrophosphate in
the presence of My(2+) ions. dUTPase, in renoving dUTP
f r othyrhidytEtE By pthaiseaNacgisieeddilPageds)nF, 5 klda ipneteirvedceded by

o BB oL CH e A1), 1
byt A shh 6t eBROVINESE. v)/a/aglyni @9%@ d.869-51)|5 Sdduence of

protein encoded by the F2L gene ( _ ) . Nucleic _
Aci dise R2kegemnehof the a@ccimia vitds ispaviilable ibogenbapkOva BSCession

FoL Tgiher 22 on Recuientes Bnfljge ficria AT SRL ohey i Varines
Vi a8 R&GRESEOFe MBS fard At 3vai kI RNGE bR fdrasSainsIBSvia

of the F2L geéne in various poxviruses genonmes are al so

avaidcabssion mugarer ¥k, 00E996&HRAHR 394, NC Q@ HEK, AY6894 36,

AeaSieBleREe b Sh Bofesadl e ach, VAR pva13ess,
AY3 NiB4SheddE, AT LB308CN T30 1NN 083389, NNC009$382.

NC_001 132, 003310, NC 002188, M35027, AY243312,
AF1NZ 2833300 NQLIKZ 188QOMSS0R56 AY3ds 81218617024, D@94 1157,

A1 QABB 50 TR 34505 101 1 R OPR T 53R o8

enb gy 3871, U2 88X AF198100 &@idd M 368. t he i nventi on
further conprises a nucleic acid of interest. [0031]
[0030] Agspeding tea rrefstrhembodimentthe BPXViRS arcerding to the

enc el Ak Bo B e i ke SR GRLRR, O

[0037) eg @l grefdrred] embodenenettie augleeacid Af intbrystpentdirs at least
nol ecul e” is one which has a pharnacol ogi cal, or .
pr otoBetsemiense ol interei @ncadingd seae ARoRIMEYeh i a therageutic
a pal o6 . . ; i _
o "ThEBke ESPE R aRbufie QRABL by petic B i 6RE G
agaihasta phasnabciegisal or proteudivei aptivitpbuwdienaadministered
phar macol ogi cal or protective activity is one which is
exp@PpERpriaielydoepatian. epecialbnratient shifefingfoma digrase or
cour, r f ' ' ' i td
o Tss coPooP S shpBldbe bARBER e sty
pr esentiitiony 8oth @plargetlegicaldrmyotectine rapetyt iscone which is
g?le\%g(glggqegqg@gez{]eiétgh%@r tgcl%(%éfﬁ:?alhelﬁsécf gr? Itﬁee ctogrsreedc’rual\ g)‘?’mptom of

said disease or said condition. When the skilled man selects in the course

of the present invention a gene encoding a therapeutic molecule, he
generally relates his choice to results previously obtained and can
reasonably expect, without undue experiment other than practicing the
invention as' claimed, to obtain such pharmacological property. According
to the invention, the sequence of interest can be homologous or
heterologous to the target cells into which it is introduced. Advantageously
said sequence of interest encodes all or part of a polypeptide, especially a
therapeutic or prophylactic polypeptide giving a therapeutic or prophylactic
property. A polypeptide is understood to be any translational product of a

polynucleotide regardiess of size, and whether glycosylated or not, and



reasonably expect, w thout undue experinment other than
practicing the invention as clained, to obtain such

W b@pesed ogi cal property. According to the i NREEP29AG/009720
t he sequence of interest carn be honol ogous or
het er ol ogous to the target d8il's into which it is
i ntroduced. Advant ageously said sequence of interest

encdnssded peptidgsaand pfotalrpoﬂypanewle podypantidelligclade as a
BRI a0 3B 85 b G HBTESh S B preave o
und%‘”e%&fé OPIFdC’tePI% iABA ﬁﬁr‘ilﬁﬁi bahupRR or@raﬂ%rh"?tor%oé‘e that act

pol ynucl e e regardless of size, and wh
gl y¢|m$);ulghttexi|ccaffe|¢tﬂ to limdlioncémowe hmmfwldmﬂs zﬁmﬂn the body. They
prote

Th d d
or | a7y Alen RGN bt Bt Y ek iR 728 a8 sagerous

for a%%gsﬁttbb?o&zj’ked&humoeaiorpéérmﬁarrréspéh@@ Aol or
human Organi sm or those that act through toxic

[0032]f e&xasnples lof potypeptidesreneodied hf @ thesapeuticrganetinelude genes

oo pehr e nS BB BRI Bl e, preukin. in
pro lﬂar'"'lll‘_UPrIEL6 %-1‘096:' H‘_Lﬂz 4 RARGNSEsrosis fb@lbh (TNF), a colony
[ 0032] mpl €s of pgwpeptl des encoded by a

t hlersapmhamrtg fpeter Gie Cg@rséfs M-6:Bng) foimmupgsisruiatory
bar BoDineiiap 87, £H72 At ReyReR™y e bty fider Fin, Fix..), 2

necr é\bvfh fa%%rqu'réﬁ@@mm@ GRIVRRYF ot PEEt Figoblaet Growth Factor
), a immnosti nmufl atory

poI ;F@lfnandeth(e o) an &TyPhe (ureaRe e fhrombisagetaligpsateinase,

& oo pvesse NS SPE Rl An eR R talpnat-

t he gnitikk9psina BnBAESHABIN( I Oﬁéleprotﬁﬁeﬁnhlﬂ’tbﬁrfﬂasmmogen activator
met al | oprot ei nase, nitric oxide synthase

cat anhibgor PAI- mrthe@w% (Cysliokbeesis d| érr@mﬁamamn’rwej pénductance

ol TR rplaio. sl FeBRF sy ahflien efass tor . a

( Oy $olypdptideanatscart ﬁmﬁmbiragma@émwmmﬂaegulaagenbs a

~protein, insulin, dystrophin, a MHC antigen of class |
or IPRlyrensigeyaeabledel lﬂh&lt'r&a bﬁﬁtﬁmaét@raé@e|oatv§a' infection or

Fﬁﬁrtgscfélv%bd?ﬁ g(% é;élﬁlc i?iiego%rtﬁ’iéﬂ EBltgﬁé@tﬂa%s%mmant

or Ivtaﬂadt%\/lahmh’@ﬂme(amtdng@‘m natwﬂ proteini lesompetitiareni) can
epi topes, .transdom pant vari anés [ nhl)? Pt n the acta on
y)

of @PRRIGSIEInduseEPhiINkybitasiBaK; BrignBel $afiE Ggest (P21,

Ic;? CféatrlQ gen?b{’@g}ﬁg@fn i%&l)%bA%%fa‘/ ABDOEa) an inhibitor of

apolar@meneslm(a(ngpmm AgrastatinApo Bn. an_)glogafnm: pblybeptide (family

O a8 s A Erdotsal i Bronint agtors VEGH, Far thini§'CON family
including CTGF, Cyr61 and Nov), an oxygen radical scaveyer, a
polypeptide having an anti-tumor effect, an antibody, a toxin, an
immunotoxin and a marker (beta-galactosidase, luciferase....) or any other
genes of interest that are recognized in the art as being useful for the
treatment or prevention of a clinical condition.

[0033] Suitable anti-tumor genes include but are not limited to those encoding

tumor suppressor genes (e.g. Rb, p53, DCC, NF-1, Wilm’s tumor, NM23,
BRUSH-1, p16, p21, p56, p73 as well as their repective mutants), suicide



of Vascul ar Endothelial Gowth Factors VEGF, FGF

famly, CCN famly including CTG, Cyr6l1 and Nov), an
W@0906558@di cal scaveyer, a pol ypepti de havi ngPEHEP2008/009720

anti-tumor effect, an antibqdy, a toxin, an

i mmunot oxi n and a mar ker (beta-gal actosi dase,

luciferase....) or any other genes of interest that

ar e gepequniuets, antibodiesirpolypeplisiesgnhibding celipitartdigsion or

revention of a clinical condition.

tregt msgt or E
[ 0038NSQUPYALPIONA i - t uor genes i ncl ude but are not
0034]MARGrdiAg tH aSsarBOGaHy peefoHeBlerAbOHER RS OthedRNEFUS ®f the
[ Rk} 53,r_ID%C, SNﬁgal _V\¥PMS_t_ur$or, NVR3,  BRUSH 1 |

pl16 inyention fpaber paBprsesesuicide ORBEr repecti ve

tants), suicidegene product. ant i bodj es
1003} SHUGhe B HTTBNT B ot i aA BIOLB A 19 convert a precursor
tr aRg dudrlgantosa BRIk cdrifSdld.According to a
particularly preferred enbodi nent, the poxvirus of the

[0036]v &niicida geesioomprisephutsare not $miledde apnes. cqdiusprotein having

congeogng disaniggse ghidng BfvTbe SR fd Ay faci®
[ 00%BbsPHOEbEKY| HransferaSeTRELVEE, BUSUrieenudiéoditigiphedphorylase

genes codi ng protein having a cytosi ne deam nase
act iagtivijyy andionprthymidylatendRaseaetivityty, an uraci |

0 ' |t RV . [
(00710 EBRnIES B ulbieh Sr S8Ry ol YOOding ePebiBfis o1p iy,
Ki n@eenpriing bhe nubcRdbake icienl &2 dibclosed inlthegiiliowiranidble
correspondi ng precursors of a drug conprising one
[0038Icl eobase noiety are disclosed in the following table
[0038] Table 1 [0039] Acegigling to a preferred
. - Tablel o

fa'a a [illa's =) f tho | nvant| o i ot A ~A~NnaA ~adac o
e odi At Cu TTITC— I 1rrveTioT UTT, CICToUTr T Ut gyttt LuUuUTo A

Suirids gerteavi ng at | east a CDggwediogi vity. CDase is
v ed he pyrim di ne mt@&:@l- .pat hway by whi ch
gﬁ%@@n@u'ﬁ”@? osine is transfqgrne Idlkﬁvt"g uracil by means
of a hydrol ytic deani nation. |\@arcl®Daseelaicta vi agids ester;
have been denonstrated in prakar .and | ower
eukaryotes (JUND, etal. . Jmﬁ’%ﬁ%fg@?ﬁ’%cteri ol ogy.
11970, no. 102, p.607-15. ; BE@&CGyceviral. . Journal of
Bacteri ol ogy. 1972, no.1 10, -28.. ; HOEPRI CH, et
al. . Journal of Infectious [)R/Saia;c |§’.§"1974, no. 130,
p.112-18. ; ESDERS, et al. . |JE)-Bi{®ibrorotnenyl)-2'i@@%yuridine;
no. 260, p.3915-22. ) , they ergsdonoéin resent in mamal s
(KOECHLIN, et al. . Biochem q& b’H rmacol ogy. 1966,
no. 15, 2'-Exo-methanocarbathymidine
Cytosine deaminase 5-Fluorocytosine
Purine nucleoside phosphorylase 6-Methylpurine deoxyriboside;
Fludarabine
uracil phosphoribosyl transferase 5-Fluorocytosine;
5-Fluorouracil
thymidylate kinase. Azidothymidine

[0039] According to a preferred embodiment of the invention, the suicide gene
codes a protein having at least a CDase activity. CDase is involved in the
pyrimidine metabolic pathway by which exogenous cytosine is transformed
into uracil by means of a hydrolytic deamination. While CDase activities

have been demonstrated in prokaryotes and lower eukaryotes (JUND, et



p. 435-46. ; PCOLAK, et al. . Chenotherapy. 1976, no. 22,
p.1 37-53. ) . [0040] CbDase al so deam nates an

W@ pwbo6fises of cytosine, i.e. 5-fluorocytosi ne (BET/EE008/009720
thereby form ng 5-fluorouragil (5-FU), which is a
conpound which is highly cytdtoxic when it is
converted into 5-fluoro-UW (5-FUMP). Cells which | ack
CDasab .adiirmat of, Badtehielogletiids @moof02y meRat1BonBticet al. .

[ i vat h di h

e A A BRI RE  B U AR et .
”am.‘fyd'(ﬁ‘é}’ S19htcetiods Bideaniest P14 1rfd P34, G. 0 42N, ; EISBERS, et al. .
Journal of Bacteriology. 1970, no. 102, p.607-15. ;

Kl LLSBRUPGha.. 4985, nd260npI36-220t theycaregyat present in

ot Srapimas IROECHIN, ek . Hiothay BlataBaen oty ) 5B-15.
&ﬁ@é{t%-ﬁ%@- petare e‘%%‘i‘.s.i @hé@o%rép G d7dURBR2,63.13F-53. ).

Research. 1993, no.53, p.461 9-4626. ; MILLEN,
[0040] &IDase Bisoctaatningtesodn ahalogaeiaf wytosiead@mp-yorocytosine (5-

5oL o e S ol S 3t i
t he Highig RDRItbXIE wHEH it AESVeiRd iAR) F1UBtGUNIRGSIFUMP). Cells
sensitive'to 5-FC (HUBER, et al. . Proceedings of the

Nat ivdriah laeka@Bage @ctigty, @iftbers becausreoimmugtion shieh pactivates
Anerjca. 1994, no.91 . 8302 Thi T
oo Sh6 Bor B eay B ol Spfsdiee S S RATBgBorcient
cel ligisHZghel s S8rhasphdiant dellsChRs esistahiviol 5-FC (JUND, et al. .
secreting 5- FU, which then intoxicates the neighbori ng

Celn‘lo JSoupgalafBaciena/eguatdy Oainpf 102, b 8ssKILKS TiREERgt al. .
., Thi . t = i i
M) R o e SR R AR AL A AR TR

t k/ Ghamhedliehedtdie istoswiieh thé eequéhcedyisdading Clddecattivity were

requires there to be contact. with the cells which are
exprteansfereed kecameNeansitive ta15-FC (HURERdehaL -ofapery Research.

Nat i A he iy t Ung :
e 1095, 0555 PR 4628 " MER LB\, 8L e RedBeT 42 National
whi clicAdense op Btrimeesiof then United Siates df Arhemiean e 992enaB9, p.33-

0 5L ST SIRTFGRETP el FeR

cor VAR CSEIREInECEhaiyEARd fo MbBERTsal.

FCAT an coll co genes, whi ch respective
enc ®eckbeingbaseheVatbaakAtademy géSciemees af éhé bneds¥tates of

e B T B BYCh B ikt phichSEmes

{ ﬁ:%%{ano%?%%@{, RIdl8 t6 tHRESIPWRICE A8 b PPQGh Y CPlase
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
tk/GCV reference system, where the bystander effect requires there to be
contact with the cells which are expressing tk (MESNIL, et al. .
Proceedings of the National Academy of Sciences of the United States of
America. 1996, no.93, p.1831-35.). All the advantages which CDase offers
within the context of gene therapy, in particular anticancer gene therapy,

can therefore be readily understood.



i nvention, the gene coding a protein having a CDase
activity is FCyl , FCAL or CodA or an anal ogue

W@ b@pe6ds46 Anal ogues of these genes refers to aPQERB2008/009720
havi ng an nucl eic acid sequegce which have at |east a
degree of identity greater than 70% advantageously
greater than 80% preferably greater than 90% and

[00413s tTher é‘faex/womygeea;eeews/laemSgseﬁama/ae)tﬁféYhu@a@dldaa‘tdb@ans

31 P
50047057 a8 . RRL E00 50, LA RO fong g Comse o
an 'tﬁ@é@wef&o%ﬁné%ﬂevmoovn AR shaipkegedidctasaviehéered

froma native CDase by addition of an am no acid

seqabished\(SoQADNY°:#o SEidI D N°: irﬁ@rlDeN :BireeRRGively) of
t th i h i
(00430 W B8 rebestoteSidintud Saes Bedep smbryent b e
Pr efifeHiion, EH@gE@Jéo&n%% %ﬂﬂéﬁw' Kk § BICDESS aetivity isFCY1,

sequence identTifier SE N: 2 and anal ogues t hereof .
[ 00&GAT or @oaéaouy@m apaloguiel tbmofeﬁndpguewf thasgcgenessrefers to
by the act i on

phosh#dhd Baup 1 adpiand Seliraduflonifi atjossto degree of

CO”‘!@éﬁtﬁy@Té:é!ef fHeh 70% anﬂ%@@bdslpgré@teamémso% preferably
preferred enbodi ment f he invention, the suicide

gengreatgs than oY%t @nd masﬁ prgerablyrgveatas than 96% yith the nucleic
[OO%%} The UPRT on may be of any origin,
q?%‘ﬂl‘l'eé}ce %ﬁ?&%&g&oﬁi fungal or yeast origin.
[0088] Ruterf WO RDO5/0B7BET . disd1esdBIs lgene carirty aguioteircRaving an
encodi ng the UPRTases from E. coli (ANDERSEN, et al

Charmprevad,abass é’(WVl’fY}eTth@Ob’@ﬁ@t'@ﬂ% darived fiegranative CDase

OO SRBNART  SRH R o Rh RS RN 93 it

1- S&mbodinfen® &f ﬂfyih@éﬁﬁ@msthé drateliﬁ\/%v hblléSSBIése@ctlaity is a
Cl oning and characterization a gene encadin

o Sy hseIbsoioues NG 200BGZaST §ishMote PoeiGLatE the FCU1-8
| aCtdgwglggq?b e%Ier om Wg‘gégac PF%?n %gg%@'s&ﬂ? N“@aﬁ&
Corrrdrﬁlatherm of the UPP gene encodl ng uracil

1008 lod h Py o8I ChoWEE AURANIIEH. 9c' R teanlprEsaIntS UMP by the
Lo ARl 0B e v
ur acionvptte SpiFdrintocsFILMBNAteordie tar &ngthesprefeired embodiment
??glol l,qtges 1nsvl<Jetr)1tBi)|Q,l %eﬁu?%’l&%nsé: a gjae;r)%p%iﬁg}/a'vinlgggr? ’UIA(FQJI'ése

activity. '

[0045] The UPRTase in question may be of any origin, in particular of prokaryotic,
fungal or yeast origin. By way of illustration, the nucleic acid sequences
encoding the UPRTases from E. co/i(ANDERSEN, et al. Characterization
of the upp gene encoding uracil phosphoribosyltransferase of Escherichia
coli K12. European Journal of Biochemistry. 1992, no.204, p.51-56. ), from
Lactococcus lactis MARTINUSSEN, et al. Cloning and characterization of
upp, a gene encoding uracil phosphoribosyltransferase from Lactococcus
lactis. Journal of Bacteriology. 1994, vol.176, no.21, p.6457-63. ), from
Mycobacterium bovis (KIM, et al. Complete sequence of the UPP gene

encoding uracil phosphoribosyltransferase from Mycobacterium bovis



context of the invention. However, it is nost

particularly preferred to use a yeast UPRTase and in
w@20wieiskar t hat encoded by the S. cerevisi ae FRURLP29$1€09720

whose sequence disclosed in KERN, et al. The FURL gene

of Saccharonyces cerevisiae. cloning, structure and

expression of wild-type and nutant alleles. ;Gene
199@CGoB/c&$zenwsmzan|d mza@cezbf)b@/egy mtemdtiosal. A8PE, ¥8l.41, no.6,

gonds 4128 E868 5o el eplin BUARHISHESRN. ot o genes

fou I rtah R
 SHFRSRRS e PRSRa MO enae e anigh Sens sui.

Appuawoa/mf Azeteuvagps W5 aobi T hew. anp RURY. g}é’ﬁéy be used in the

| ack I d

al | GRNTRI AR EALER < owxStuir SOt R R E drpieg o use 2
fir soaseoPRmREsRYEIPsaticdrl hisitrbde yNhbes. éddlisiae FURT
posi'tion and starting with the nethionine at position

36 igenehehossa sequenast disaloseddn ERNcet alf Tlea Fildt pene of

ot DR REEEs cf SRR Inihgr S ar e FARRRICH & wild-type
addigndofutdrit@liblegn ¢8kad. 188G Vol.88hhd2t p. 15 B & introduced
UPRTase activity than that of the natlve en %rre Thus,

accdhede by way af iﬁi@ltein@sl As13/9uide athespaieacesies heganes and

rut SN0 R OB FRE TR TP Bl L M terapre and
| ocahedpesiatisteddiabanke (SWISSBROT, EMBLE GenbankaMedine and the

UPRTase. It may be conplete (affecting all the
resilif@bs of said N-terninal region) or partial

(0048, [AHilcBfior? B B60SBEE ACRLIBUOUR AU ERRNLLENG o5

primary struc

pol mlﬁdtﬂ@sﬁlﬁ)ﬁsbﬁm cdding bertnallib&hng thmsyr&heaeabf a UPRTase
C—term nal parts, each representing about a thi

e Tio00 BQUALINGF35 ESt GRS SoNB boPales g dys o frminal
conSeSoN i SErHE BRnd66 Hiethldrind'af Goqte selfife paiive

S0- @abledt The picaiuat ofrexdmeesnoneofﬁhe uaitaat @&net hiesigrraeted
p05|t|on of the nlah{ve form As for t

UPRTH4R 747703, iR capaRienaf C%ﬁ?'@”&ﬂ}'@ﬁ@"bgg 71”“5(3@ Qf pocerevisiae.
69 hH%Elndﬁ HSirGhEREdRh Rl Bxﬁ@ﬁé %legﬂerL{BBﬁqsa%e activity than

tivity cohprises an amno acid sequénce
subshatrrbfltbélrwtlae enzymes é’lhﬂjedacaordlmg tseaqpanhicelar!y advantageous
i denti fi EP 0998568 A , sta

i ¢ PTRRRATASH b TR REa o JbE U8 8ne CoHas AaiPiah muiant of

y:]'c 4 @éthié%PﬁT&%?Thb%l@tﬂo@: is Pr8fdrabINIos4tbs it Rlteyminal
region of the original UPRTase. It may be complete (affecting all the
residues of said N-terminal region) or partial (affecting one or more
continuous or discontinuous residues in the primary structure). In general,
a polypeptide consists of N-terminal, central and C-terminal parts, each
representing about a third of the molecule. For example, since the S.
cerevisiae UPRTase has 251 amino acids, its N-terminal part consists of
the first 83 residues starting with the so-called initiator methionine situated
at the first position of the native form. As for the £. co/iUPRTase, its

N-terminal part covers positions 1 to 69.



to a degree of identity with said sequence SEQ | D NO:

1 EP 0998568 A greater than 70% advantageously
WQer@aness4¢ han 80% preferably greater than 90%CEREB2008/009720

nost preferably greater thanl 95% More preferably

still, it conprises the am ns acid sequence

represented in the sequence identifier SEQID NO: 1 EP
[004H9 g5 pférredproteirt havind anbdPRTase andiyity copprises an amino acid

ddi ti | ti . Th o] ' d i -
odoConel TS IOTE o TESS. TN WETLLTRRE: By e
POSINd. QrofEf gggBB?g&gftahﬂwd Wih 5 Me re5Rhas bolitioA™ and

al ani ne resi According to another preferred
enbadidingnwitb fthe Val residue ab pesitine 296i Thedeme fieulstariially” refers

o 5o 08 SR S I i Bsosen
Ogg?‘?@&eﬂtﬁ’@ﬁ ?O‘VQ%dVBﬁtdQ%%UQQ grehtttitRan B0YS, Yréferably greater
d th™two the CbhaSe

encodi ng an enzyne w omai ns havi ng
and thipR98% anct inost preferably greatersthantd5% hidore peeferably still, it

transf er . of hybri d ne codA: :u ox FCYL: : FUR1o\ . o
Fov Pontiees the smino ackEeeaYecs tartteaed 1t Mg rads identiier
pl assgd |DNGT:eREPDIIBBEBERSAS indritibnell dbtet It agy e6inpese

B16 cells to 5-FC. According to a nore preferred
enbadiditional oiutatiens. Mhene inoay be ieerdignedde pgetieulaiitiessubstitution

ol tide conprisi an amg no _aci ce.
Cun el S biins %8008 oF BoBflof (et WA fiENRRve UPRTase) by
I derdn AlbRheSESdUa. N: 3 (coda: :upp), SEQ ID N1 (FCUL)
or FCYl1 ::FURL . The term "substantially" refers to a
[0048IgrARsonding demnothengreferees embedenieo!dhe l@ntionathe suicide

70% advant age [ t 9 r.ahl

or et Ao FAVIRR Bt 0T B8R O BAFER8 UPRTase
95%adﬂbit)e. Pateheappiicatishs WO 96/16®8®th &P 0098868 Modescribe the
aci d se%uence as represented in the sequence

i dentsiefofea fusiam potainEnCeding angprymsmwith twademaing hgving the

or E L 1t i i

b O T A5k TEGE AR s TR GO RRRT o

S eqUB/BeIdgeNRY cgA.aasp by FOM7ARLRI7 by FCYOMIALR 18Y05 R, STCUT)
by chem cal synthesis according to the conventi onal

t ecH@TRR BY ian expsessinR plapyidjacieases dhesprsitivly ¢idhes

deri t ¥ (! ;
CnR ST e ARURIED afRUR!bebrred embodiment
nuclgfeheé theenkibn etressuicitb gjenesegiesracpslypeptide demyprising an
described in the literature which can be consulted b

per SHRIBOAGI paguUenCe HebdsipptiallyrssigPressnigddn tha peqiien

t he ;38 hifth SEGBIN €3 Yo UNPY IS ELEI NS & FEIU WRFFBS #1::FUR.
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
identifier SEQ ID N°:3 (coda::upp), SEQ ID N°:1 (FCU1) or FCY1::FUR1.
As mentioned above, it may comprise additional mutations.

[0049] The nucleic acid sequences may be easily obtained by cioning, by PCR or
by chemical synthesis according to the conventional techniques in use.
They may be native genes or genes derived from the latter by mutation,

deletion, substitution and/or addition of one or more nucleotides.



sequences fromthe published data and of carrying out

possi bl e nmutations, of testing the enzymatic activity
W@roopHesswat ant forns in an acel lul ar or cell ul BET/ER2LMMI720

according to the prior art technology or based on the

protocol indicated in appli catl on EP 0998568 A, and of

fusing, in particular in phase, the pol tides with

CDasl\AzomdeUFt’FHiaseqaemd:eﬂ ang, wighety desnr ﬁttﬁ9 litgratuse which can

par th espondi 0051] According to a
ot berai e PSR eR e R B,y rus of the
[005(!5]V fm,trbeﬂs Ekinéa e tt@@?@ ks eépableltﬁlc%rﬁn%\@héi CERfBeEsIIgPRTase
conprising a gene coding a pernease 052] Pernease

r ef sequeonces fioanthelpublisbed dataasd of |cﬁwmge@1t| pessinde mutations,

t f f dr i

or - B i o ST R G eI BARE o ehifar or
[ Oo%alur%%v@@ﬁeae@mmg%&hbtﬂnoaraﬁ ﬂe'cﬁhbl@gytd? bkt the
per nease, Cytosine pernease and nucl eosi

tr armptmcoétrmca{t@tﬂ)ﬂﬂ?pmlmabpmﬁ@ 098856@%fa@drcgdusmg in partlcular

cyt daPhEope el ot es Wi C R TR R e iR e
tr a%ﬁ@é&@éﬁtlwén & paRIA S taressoriding gehethe
[Oogurl ne- cyt osi ne pernease, known as FCY2 and the

ﬂaeq\qcop@mgéawom] prafesied eorepdiment the rn%m g&thesinvention

Raerine sorifsd® e At HtusRhe B Ming Aepecading =

yeaYerficasgn nmenbrane (G enson 1969, Jund and Lacroute
197 Pol ak and Grenson 1973, Cheval lier et al
[005RpIfermaasedelersde pNsMerbianeeuUs Rrefel wvelves '§<§h@ Hénsfef of a

e

encqﬁgsrcennwémbfan@ of 533 am no acids (58 kDa)
initially predicted to have 10-12

[0083]arRereiRnserRoraprisas Pigf arerignited owine permease; gytpsine
ui ¢ B ROt AVALE e HaREhGHER 1 al . 1999). FCY2

I tS Si ar a tires for the purine nucl eobases

_[00541d Autiordingdo (Bsrefdresd embaldimésiod)the inaritiony peakeasatsoa
S. cerevisiae \s nediated b d§h uraci | _permease, FUR4

(Jurwr@ﬁoor@a@yteam@ a@ma%ﬁ'f deermvisias e NEaRobase o

uragy r}sgg FW@FMaé%@E&é tfb°ftﬁé |rme.— ine permease,

pre e aprotein aci ds (
kDa)knWMtri‘laéECI\fzarasmIthmael plenmweassa ekndwlnmngUR4 The purine-

e%/t ?ﬂ?fl oaig%%ep%gés‘?é’ rl:yéyﬁ ml\tlédlg eosI s%n%p%rp of prottt)r?é lafcid (adenlne
guanine, hypoxanthine and cytosine across the yeast plasma membrane
(Grenson 1969, Jund and Lacroute 1970, Polak and Grenson 1973,
Chevallier et al. 1975, Hopkins et al. 1988). FCY2 protein mediates also
the transport of 5-fluorocytosine, an analogue of cytosine (Grenson 1969,
Jund and Lacroute 1970). FCY2 gene encodes a protein of 533 amino
acids (58 kDa) initially predicted to have 10-12 transmembrane-spanning
domains (Weber et al. 1990), with nine now favoured (Ferreira et al.
1999). FCY2 exhibits similar affinities for the purine nucleobases and
cytosine (Brethes et al. 1992). Uracil uptake into S. cerevisiae is mediated
by the uracil permease, FUR4 (Jund and Lacroute 1970, Jund et al. 1977).
FUR4 is a uracil-proton symporter (Hopkins et al. 1988) predicted to be a



Gam er et al. 1996). FUR4 protein can al so nedi ates

the transport of 5- fluorouracil, an anal ogue of
wa@e@eibss¢gdund and Lacroute 1970). [0055] Ani noPGEEP2008/009720

sequences of FCY2 and Fur4 alze notably available in

the sw ssprot database (accession nunber P17064 and

P05316 respectively). Preferably, pernease has an

am pootedi df §33)amine acldss@n. 7 kba) with 1 tvamsroembrarng dgmains

. i d e .S . . :
i s BP69809 AT NYGEPPRUI R o oEN A daisal Pty 1988
Wt isdrijet dt 2 PRYE). RORY SHofdintcanaaiss Rieiaed tRaheispBAlof 5-

of the i1 nvention, 'the pernease is chosen fromthe
gr otipocaurpcil, asman&icyae af draeik @und cindnlzaasguites19HYr eof .

1008 ARG RGPl SRV e QU SR RSB Valgpie n the

degrs@ﬁss‘;‘.frﬁi @53bhby (S6QaLRIn hivdBer PY7084 \Yhat PAEPIS tespectively).
greater 'than 80% preferably greater than 90% and

nostPrefezéklyapeymeasmbas anramindsacidisequenee ahosan #eindthe group

.of th t t e ib
2 CaTREIs Nes VIS B esbience, g 1Py SR SECal T2 88
CONMRfid FbItd mgﬁateﬁpémkmsmwbezooa/bwm the cell
menbrane. [0057] The one skilled in the art is able to

[00%6 0 JWith thie respentazecortlingHod prefersed estndiment af the inwention,

drug _or the precursor of the dru i Sj n

et het€alt Beics, Phmihe dibtl S8Rl A8 Y2 khd Furd and
pr efaﬁbﬂ%aés&ﬁé%fﬁb\ﬁélo‘ghbb o For4aha a3 réferd o ;Eéafﬁeptide

[ 0058] According to a nore preferred enbodi nent, the

poxiaving @ antieo agidesrquancesyhich hewerat dersd g degregeof identity

aci arorey T 107 4olBh R RBaR Mt b BBl Bl geter
enbaighime0s,, dndlempsKpisterabhf gidater thar 95% withathefaminbeacid
conprise the el enents necessary for the expression

f

t he seduEBeR ohthedparent erieincamaesyibay %@r@ea{pvgo%n%yhg;h retains
100601 T .

D pPie 2Byty iy Behepbtf Rt SO RIRGHS AEkob3Re ety through

nucliieé eehenagmbemgence conpri sing a gene coding a
rnease conprised the elenents required for

[00%F]arTder o7 FElledIn 18 At NADIEH P SHARRA tah Bermpase whighuw) be
o7 SEEOBBIL LN PR UL BeRIRP e Brup comprising one
ver ineleledibaseyndiets &oe exadelly, BEY 2 ranudtiundrarei prefexiblye.

For a%)s(gcqglte% wisfrlili5t-|§|?1|o$o yrtgsrmte%-sf:é)hd ude

[0058] 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.

[0059] 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.

[0060] 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 mMRNA and, if necessary, for translation of mMRNA into polypeptide.

Transcriptional promoters suitable for use in various vertebrate systems



viral pronoters |ike RSV, MPSV, SVvV40, CW or 7.5k,

vacci nia pronoter, inducible pronpters, etc. Preferred
WQerwnotsues are isol ated from poxviruses e.g. 7PGKEP245809720

TK, p28, p 11 or K 1L of va gl nia virus.

Al ternatively, one may use a“synthetic pronoter such

as those described i n CHAKRABARTI. . Bi ot echni ques.

199are mdéas descdb@din iterature-Aaviememple, suitable prameters include

f Wi | t 7 38. nd
Rl pRoiErs i REBEMPRY! YD, By By 725K, Sicgiif pramoter,
chi "de&bl@rﬁﬂﬁlb s BR,I W@fén%@f ;Brbn?ﬁﬂéré %ﬁs@l@@d fré poxviruses
promoters. [0 The nuclei ¢ acid sequence of

i Nt ex@st. SKnUISRwé’ Ko up28eipd 1 ikt lsequma virapr Akemgtigely, one

gene codin nease rt | ud ddi ti onal

7 uncungiar develtasroryar such oF Raseeldrpiaisdn

t ar ggh ARBRATFIREI CEBlotbiMIGHES. 1 9§¢QH6'2§’>€ 109&0973t I PAMMOND,
signal, nuclear |ocalization signal, ‘A

t r ared @l.i. plausmatafi\ialegicahVethadsn 1897, mq 6§ap t1 65338 @ddler

"t SRR VUG SDA0E BT a b bRon FEAR atireric argmoters

|11 gelEER eand aﬁ@ﬂaféﬁ‘péml yorabteas ned by those
skilled in the art. [0 he invention also rel ates

[0061 & herucleis acig smwma ﬁ intergeband the pudeicddid sequence

o SPmBng A ahDerchaid BaRTmeasrry flrdngt MY Bddjtona
[ 00Gdhctidrial efeméhtsblich &s mttdrisegLiantee| targaiihid sedjwences

whi ch are appropri ate for enabl | ng said poxvirus to
pr odiansaortaequE00es) saaretion sianal, Wlﬁarf lrcqlizatien é@@abdRES

08 ey gD B AR cos

it Geauahsss Proheddrnaephicdtionnartintegeatiors . Saﬁlileeqﬁemdfes have
commonl y enpl oyed net hods consists in |ysing the c

by rheghsepprtedis taliteraiure aad |Cﬁgltt%féﬁﬁdﬂb opiained bvﬁhose skilled

ordc? thda ollect the virions in the |ysis supernatant.
The 'Vi'tG s can then be anplified and purified using

[0062]e Tirecihnenti®salsb relatesitd a(processafoo prearing arpbkeidys according
met hod of ultracentrifugation, in particular through a
cesit@ihe nventige. 'QrV&ré!P@rﬂroc%ﬁsc ). [0067] The present

00b 90" AboyT8 AZLRNAY 4 PRSI RS o 0 con

[0064)giinatsaithced ishmﬂtupé@undeewmchmmsywhlch are appropnate for
enabling said poxvirus to be produced, and

[0065] (i) said poxvirus is recovered from the cell cuiture.

[0066] While the poxvirus can of course be recovered from the culture
supernatant, it can also be recovered from the cells. One of the commonly
employed methods consists in lysing the cells by 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 chioride gradient, etc.).

[0067] The present invention, also relates to a composition which comprises a
poxvirus according to the invention in combination with a pharmaceutically

acceptable excipient.



accept abl e exci pient.[0068] A conposition according to

the invention is nore specifically intended for the
WQe@WoeetSkve or curative treatnent of di seases BPYI/RRAN009720

of gene therapy and is nore gpecifically ained at

proliferative di seases (cancé tunors, restenosis,

etc.) or ained at diseases aSSOCIated to an increased
[0088]t docompbsitioniadcoydifg tgthe Menﬁmiajrr@re specifisally intended for

o ok S IR AR Ry b v
adma‘?l'd%?ﬁbﬂégsﬂécuﬁdéﬂ?lén%edFﬁrp%ﬂféfa%k/b)dléﬁad@é (bEﬁcers tumors,

di gest Ive route. partl cul ar, a t her apeutl cal
ef f eestenosiguatet ) cmyalofed alediseasemasenviated 4o an lncreased
poxvi r us  of the i nvent.ion is

phaﬂ?&%ﬁ?tcﬁﬂ vy Sec@em%\"%togié'lq%”@ntos\{%qpqrgs'ﬁbss| bl e

[006% 9(‘86 %ltl%n'a%fc%?dlﬁgrl‘@ﬁﬁe Fhfvehﬁé'ﬁ @8n®e made conventionally with
m ni ation whi ¢ be nentioned are

thea wewatgeaximlntstelsm@dwo@aikyopecentem.lla@albmth@ digestive route. In

: 2: :p%?{uﬁﬁg l aé{ﬁhﬂ%ﬁé@ ﬁ?p@\?ﬁﬂ%&%ﬁﬁl ty?g}?drecomblnant vector or

i nt rpﬁ)txwﬁé‘%ﬂhé PVERBoN ié“céﬁ@nrfé@&ﬁltrpé phemacklfiefly acceptable
| atter enbodi nents, it is advantageous for

ad mexicipientt Itas ppssiblete envisrgerg larearnyiraberof rautassefi or

o) acengisg aubRgFeatBlds BpichdRaT HER i e A FRlokRGfetic.

on eBcAfanddUS, PEGBAINAS, idfraiusaulbdrihirévémsud, imfPaperitoneal,
interval. The approErl ate route of adm nistration and

dosa@teatumqr tntismasnh inteapuimeaancand ditrateacheat kues flgthe case

exa e th r . .
the B fraf iltrat Baeab Bt T2 Ephfadipus RE bbfibtration to
pr eﬂakélbléb@sbﬁﬁﬁé%ﬂs@ﬁ ani é@'bs@mﬁbwh\e&naaﬁ iriglillatiori.oTHene

i nvention can be fornulated in the formof doses of

bet \asEminiBiation candake placy a% adgirgle sose Ry agm dege which is

701 38hEARAH ¥ng BY R JOASigRS tcP A B fiHOp&Hal. The
CO”Wrbprﬁﬁte(ranteBd)fSadmmﬁéttaibnaanﬁ ditbsa”ge vany datjending oo
ient which is acceptabl e from

an excj
pharv@a@&pf calPMSIERR, 191 SXATBRIE 1B NYIRURL Tae finease 1o g ireated
sta I

G RS BRAG BS G e Thd Bk bathdon
for mubapanmlemamrdmIQHOUBe im@ntiagwaouse formivatedrin (me form of

il 190985.01 bees 1D3BRR 10y RHBIRILIe TR 8éva6‘ﬁ°’ta8eousw
oL IO 80y IS 05 Moty a0
[00T7 0 eltte @asrhpbsition @bataiso trm:ludtea aieent aa guijuwant s aorexcipient
which is acceptable from the pharmaceutical point of view, as well as
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.
[0071] 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



conposition according to the invention for preparing a
nmedi canent which is intended for treating the human or

W 0aReSSody by gene therapy. Thenedi cament caPCHEP2008/009720
adm ni stered directly in vi \ (for exanple by
I ntravenous injection, into“an accessible tunor, into
the lungs by neans of an aerosol, into the vascul ar
systeediosmegt aan hepmdpinisieredediténtlyen, via @on example by
preferred use copsists in treat.j or _preventijn
andBrevenaiitdieclin e el acceSHpEHuMar o i fyhds by means of
on koL . . . .
i o BBl B b R e Ofen etc.)
t he Aipefesediusepansistsiinatreating er praveotag isanpelsi, kuroats and

bl adlissasestwiinh S YERORL iy Ratetiliproliefian. SShnsebvable
of t Iiééﬁ{ffﬁc\nhicﬂfmhff‘%e%éﬁﬁ&?&léﬁe &4nddh€ of &ie/Preasefiof the

t he ntral nervous system (e.g. glioblastom) and of
t he uerusdin pgrichitardkose indkieat by panilloma Ajtusese of the prostate, of

¢ e . . _ . .
P hedfigia 3 as Plter. ofafe JEF ot il hgR, B e et ot the
assQebRLEH, 6thabdstphagss bfahé eayhrssf thetdentray nehous dystem
al so be used in the context of cardi ovascul ar

di sdageglioblastamanpndof theoblaed (lyophemas, tlewremia; gtad). An other

th | if ti .of .th t f "

e e B BT e FeLel 4l

of igitesidreys dHEenertiscabes 2s806iaidd 1© drinepsmidvestabclast
t he nmedi canent being applied to AIDS. [0072] Wen the

pox\aativity. [t eapelsiobersed inhenerntext efinardieyaeylandisgases, for

of e OF shd 0 MEbi B SRR fe plclirBlidh BL IR gL Pmuscie

POX\Hellls Bf @5 Bloddnieskel WaR (test@idsig)NFinaligbihehe @ase of infectious
specifically target the tunoral cells. 00731) The
f

i nvdliseanesaiti® pessibleds gancgiveseliba medicament Paigg applied to
di s §)§ characterized in that a poxvirus, a
con‘(g%\ I'tion according to the invention is adm ni stered

[0072] anhBAdhe PogiRis oripasitidn ahimethodsof therireehtizin iswsled for the
treatment. [0074] According to an advant agequs, .
enbdeaat@ent of pancatethadvieferred sty of eRERisHalae i the systemic

ot . . e I- , ! -
e e SRR A5 L 0l B4 8 9ol pectcaly
advgatmﬂngmOMCahmgog of hcvt osine, in particular
5-F r I nj st tot t i s l]. .
(00E vEhp Brenion3Iseethes @ 3 PaetBBadobireaing (lssaseyipaaracterized

2; ) {(Ig ﬁgﬁgﬁé)géﬁg?gg SOWI%%%a?%&Bi@ B8 iffertfd? is administered
to an host organism or cell which is in need of such treatment.

[0074] 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).



being preferred. Wthin the context of the present

i nvention, the prodrug is adm nistered in accordance
WQRR/0sSdhdard practice (e.g. per o0s, PCT/EP2008/009720

systematically).[0075] Pref ezﬁabl y, the adm nistration

taki ng pl ace subsequent to the adm nistration of the

t herapeutic agent according to the invention,
[00T6]efRrefarhblyathd adminigtratiorstaking plape stibsedlisntdo theast 4

d d. f bl t, | . 5.d .aft
t he asNiRTEPReT e BieTeRes i Searcorng n e kVEBRaMng
to %?ei%}‘%g'gfrl&as@%eéé%ﬁ ﬁ%rgrﬁiefﬂrgﬁfti}tat%aétmdé)@?’% bgén more

the ‘adm nistration of° the prodrug fakes pl ace
af t grefenablyditiledst Gr dayisoafterfthe lrdministrapiontaf theathmrapedticcagent.

o SiAPLBeds aBievsruapty PeeRl B tadEnL AL FieDpUa T g, the
for a’t‘irﬁih@aﬂlﬁh O the proHrlih thesY prack qnh&a)‘soaﬁé}ﬁtﬁbt%dnh‘iﬁistration of

toxic netabolite to be produced within the hos

or gdné $merapeutic bgeDIhe]orBLiraute isypraferredhdt isopgrsibleiton

or nedfgrrp}{Od accor dilna to f]he j nventj on can be conbi ?eéjf ti
wi t RAEHBISEer F5ingle dpes QhRERITYH OL HOfES ML A tqpgated for a time
cyt Qi §s siffieiehtiPiodd'® endiie tAExi© metabolitd to be produced
particul ar be made of drugs which inhibit the enzynes

of twithipthéhhast drganisneoteethovo bi osynt hesis of the

008 et ef St B i OE R e 6 5haly B nveHitbhcan be
Cane@mihed with6ifd or dre 88bstaPBa3 whikh pbtentiitd e cytotoxic
presence of theégroduct of the netabolismof 5-FU (5-

Fduwiect phithecaEds Menrtiammaliin ipgrticifar b maglgl eftdrugs which

o) MABE o B bR Rei% Baf R Bl P Ry PP ne
suchhyaimidieB gidrexahié Gaskemedtionbd beld)9 drfgt suteas

250, "1135- 1137) which, by inhibiting di E}/_drofol ate
r ed kugouwonm dMaxarasest g 1982, poe! J-dsameplin. Oncol. 18, 685-

(PhoRRRANhRRS ¥ A" HBUGSRDGE ik pBELBES: RBMEtaBBIism of 5-FU (5-

i ncr COT pora

cel IRHUMPRNAcre28e¢ The Ailsition of thHyonidpate sgstbate, resulting in a
i nvention, the drugs which inhibit the enzynes of the
pat fRgyeass intthe neeT AbY EMAT. y4yeh Iferaadirgd foreplication, and finally

pyrim di I f _
oy gl 65, BB AR LEd) 978 Wit 1105
Mooriel 3&) walich, blSRRibitBigodihgdrofdliate readuetase3arid increasing the pool
3317- 3321%, Lef |l unom de, A771726 (active netabolite of,

Lef 19 i&Hr D dphesRhasibesylpyrophpsphated; Bipgmabay an increase in the

12705 dpdlatdnbH-BOUhRAhe(iRTaratNA -+ 1992, Cancer

[0077] According to the present invention, the drugs which inhibit the enzymes of
the pathway for the de novo biosynthesis of the pyrimidines are preferably
selected from the group consisting of PALA (N-(phosphonoacetyl)-L-
aspartate; Moore et al., 1982, Biochem. Pharmacol. 31, 3317-3321),
Leflunomide, A771726 (active metabolite of Leflunomide; Davis et al.,
1996, Biochem. 35, 1270-1273) and Brequinar (Chen et al., 1992, Cancer
Res. 52, 3251-3257).

[0078] The composition or method according to the invention can be combined
with one or more substances effective in anticancer therapy. Among

pharmaceutical substances effective in anticancer therapy which may be
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pharmaceuti cal substances effective in anticancer
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7-et drox tothcn SN—3 or. topat ecan.
nt SR SiPReRdE BRI oFmhickadipe, sobBRBNIETAL: |
doc i kérs éUc'hbésﬂ%%; NRinotédsT (@Pmel ) OT-eXhyIoN0Eh i roRy-
and pl ati num derivatives such as, e.g., cisplatin,

oxalcapiptothecins(SNG8) ar itepateean;antisuiotie drvgmsUEh@Ep-g..
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invention may al so be use in conbination with one or
rmr@adtmat'fag'ént s including but not limted to

oot RpAL B 8 Aodt Btk aing gne hfbor gt e uee
| L- 6n cbmbliation with 1£d|omergp|ymr necrosis factor; agents
that affect the regulation of cell surface receptors

[00&Q]c T hescorapgsitiphs Phmesheds ACERHG ivdhe dp weitierraay @lso be use
Rec%)tc%b é}IOK?IaVR/ﬁILI %Htaq{r rﬁ&t {ﬁ'hgpgg%ﬂgqh{:lﬁ%t not limited to

erl thrh)rﬁdidmlamy kagehbs Such aiﬁ]lebgtaiplaa olbetHLtrngamma interferon,
Epi der nal wt h Factor Recepto ﬁLagsart cul ar
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or lapatinib) or inhibitors of Human Epidermal Growth Factor Receptor-2
(in particular trastuzumab); and agents that affect angiogenesis such as,
e.g. inhibitor of Vascular Endothelial Growth Factor (in particular
bevacizumab or ranibizumab).

Brief Description of Figures in the Drawings

[0081] Figure 1. In vitro Sensitivities to 5-FC of vaccinia viruses infected human
colorectal tumor cells (LoVo). LoVo cells, infected at a MOI of 0.0001 with
the indicated viruses (mock (®) VVTK-/FCU1 (®) or VVTK-I4L-/FCU1 (2))
were exposed to various concentration of 5-FC. Cell survival was
measured at 5 days post-infection. Results were expressed in percentage

of cellular viability in the presence or not of drugs. Values are represented



colorectal tunor cells (LoVo). LoVo cells, infected at

a MJ of 0.0001 with the indicated viruses (nock ()
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were treated by saline or 5-FC at 100 mg/kg/j twice a day by oral gavage,
7 days after virus injection during 3 weeks. Tumor volume was measured
twice a week.

[0086] Figure 6. Mean tumor volume + SEM of s.c LoVo in Swiss nude mice after
i.v injection of virus. 7 days after inoculation with tumor (palpable tumor),
mice were treated by 107 pfu of buffer + saline (¢), buffer + 5-FC (),
VVTK-F4L-/FCU1 + saline (@) or VVTK-F4L-/FCU1 + 5-FC (®). The

~ animals were treated by saline or 5-FC at 100 mg/kg/j twice a day by oral
gavage, 7 days after virus injection during 3 weeks. Tumor volume was

measured twice a week.



mce were treated by 107 pfu of buffer + saline (0),

buffer + 5-FC () , WTIK-F4L-/FCUl1 + saline ( ) or
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saline or 5-FC at 100 ng/kgeg twice a day by ora
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virus yield in dividing cells versus in conflu
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determined. Values are the ratio between yields of virus in dividing cells
versus in confluent cells.

[0090] Figure 10. Ratio of virus yield in dividing cells versus in confluent cells.
PANC1 (pancreatic human tumor), H1299 (Lungs human tumor) or
U118MG (glioma human tumor) cells are infected with 100 pfu of (l)
VVTK-/FCU1 or (0) VVTK-F4L-/FCU1. 48h post-infection, viral titers were
determined. Values are the ratio between yields of virus in dividing cells
versus in confluent cells.

[0091] Figure 11. Viral titers (pfu/mg of tissue) in organs or tumors at day 6 and
day 21 after i.v. infection into Swiss nude mice bearing subcutaneous
human tumors with 1x106 PFU of VVTK-/FCU1 () or VVTK-I4L-/FCU1 (0).



WTK-/FCUl1 or (D) WTK-F4L-/FCUL . 48h post-infection,
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Mode(s) for Carrying Out the Invention

Examples
Construction of vector plasmids

[0099] A shuttle plasmid for deleting 14L was constructed using the DNA of
vaccinia virus strain Copenhagen (accession number M35027) deleted on
Thymidine Kinase gene and expressing FCU1 gene under the control of
vaccinia synthetic promoter p11K7.5. The DNA flanking regions of 14L
were amplified by PCR. Primers of the downstream flanking region of 14L
were 5- TCC CCC GGG TTAACC ACT GCATGA TGT ACA -3’ (SEQID
N°:7; Smalsite underlined) and 5- GCC GAG CTC GAG GTAGCC GTT
TGT AAT TCT -3’ (SEQ ID N°:8; Sac/site underlined). Primers for the
upstream region were 5’- GCC TGG CCA TAACTC CAG GCC GTT -3



Thym di ne Ki nase gene and expressing FCU 1 gene under

the control of vaccinia synthetic pronoter p 11K7.5.
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Primers of the downstreamfl2 nki ng region of 4L were
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and 5’- GAA GAT CTA GTA TCG CAT CTAAAA GAT GG - 3 (SEQID
N°:16; Bg/// site underlined). The amplified DNA fragment were digested
with restriction enzyme BamHIl/Smal or Bglll/Pvul/ and ligated into the
corresponding sites in Ppolyl/// plasmid. A repeat region of the downstream
flanking region of 14L was amplified by PCR using the primers 5’- GCC
GAG CTC ACC CACACG TTT TTC GAA AAA - 3’ (SEQ ID N°:17; Sac/
site underlined) and 5'- GCC GCA TGC TTA TAA CAG ATG CAG TAT
CAA - 3’ (SEQ ID N°:18; Sph/site underlined) and inserted in Ppoly/l/
plasmid. The repeat region is used to eliminate the selection cassette
during the production of deleted viruses. The selection cassette,

corresponding to the GFP/GPT fusion gene under the control of pHSR
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In vitro cell sensitivity to 5-FC. [00102] Human tunor
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In vitro cell sensitivity to 5-FC.

[00102] 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
were then cultured at 37°C for 5 days, and the viable cells were counted

by trypan blue exclusion. Results depicted in figure 1, 2, 3 and 4 shows

that the FCU1 activity is equivalent in viruses defective for the J2R gene
than in viruses defective for the 14L and J2R gene or than in viruses
defective for the F4L and J2R gene.

In vitro replication in cultured cells.
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LV r yth gifiadted Lot UEEqBpRasiiubil d09 (brealic human

di vitginag PYENG Uslungiiuntam turhoinen 29@; d;lbn(lalaumafamJInmr U118MG)
human tunor PANCL; |ung human tunpr H1299; glio
hunmaYas @ﬂt@rmmeplmﬂumgc@a WER a@&ed #x1Qfckalisiveg!| and

con'gzlugpgéorergd‘fa&a ‘} 81% §l§drf7ll1en 1 EH#/%%&IQH#\%(? 'R the cells
the vmblvsasyb&a"cﬁamwmednd medhalth’hbut serami llwmlmgca:etls were
serum Di vi di ng cells wer d%ll ated at 3x1 q% ceIII s/

one PiRIpdI R 8° cRiwell GRe dey Refare Brectione ugje e evet of
cel Ice17i'd‘{\9i$ik>g,r‘thet Qﬁoﬁﬂfgﬂtre‘g{%ggh%ﬂu@ ﬁc'@xYﬁBﬁ%é‘tﬁmto nucleic acid

incorporated’ rnto nu S neasure

24 lway measdretBS hours Mhmrsrdmim&goutsl after pﬂhhmmgelién[hmng
perlodth |ne|ncor oratjon was rel ativel

P R i S e B aiation s relmtite: sbretagh i Cortlent

| nCrggs %/He'?eé ﬁPHIQ @é bﬁﬂs WRMFESSE Wi%oFddFStloﬁr 1) <tel@3‘h over
cell's were |n ecte

O pfu of viruses, and 4
postimenfwr the ¢elis were infestedvaith 1t0®epfwcﬁ|va¥ueés varldJéSh post

produced | di vj and in, conf.l

P umintecios heaficchatiieBe vigid of 4Bk pro IS i ifgfinggpmor

\Fflef u‘éjggé a@\@/_ﬁ?_h coRflumt thhfbiceils Waandbténmeavhy pRgubdtftion on
CEF. Results depicted in figures 9 and 10 show that both viruses VVTK-
/[FCU1, VVTK-4L-/FCU1 and VVTK-F4L-/FCU1 replicate more in dividing

cells than in confluent cells. Results depicted in figures 9 and 10 show

moreover an increase of ratio in all the different types of cells for both
viruses VVTK-I4L-/FCU1 and VVTK-F4L-/FCU1 by comparison with
VVTK-/FCU1. This increase of ratio in all the different types of cells is due
to a lower replication of both viruses VVTK-I4L-/FCU1 and VVTK-F4L-
/FCU1 in confluent cells. These results demonstrate that both viruses
VVTK-I4L-/FCU1 and VVTK-F4L-/FCU1 display an increased specificity
toward dividing cells compared to VVTK-/FCU1.



[ FCUl , WVTK-14L-/FCUL and WTK-F4L-/FCUl replicate

nmore in dividing cells than in confluent cells.
wee@aes4eepi cted in figures 9 and 10 show nor BGI/EP20881009720

increase of ratio in all th% different types of cells

for both viruses WTK-14L-/ (9,‘Ul and WTK- F4L-/ FCUl by

conparison with WTK-/FCUL . This increase of ratio in
Subgutanedus mof g1odat types of cells is due to a | ower

Id ' jor S TK- 1Al -/ :
003 St DB 2T o U Rl ghoratores
denmugfitnais @séd it theadtbdies visreunfdiii-in4ge/ (BGMaeks)dand body

WI'K- F4L-/ FCUL di spl aé an increased specificity toward

di viveiatsdanped fem 28e2P §oSWeBKIYdeice WeHR INesedus
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ob?%hrt]’gg regrlf]g%(w)(égﬁe'sn %l[@éeﬁa La oﬁg?(gréi Iégyf)%ﬁ:{@nh?\/she&tg@ors

i N trbgcisddididismetrefBo-T0 mm?, thageicé Gvere akajomimbdoiody blinded

wei ghts ranged from 23-26 g. Sw.ss nude m ce were )
i nj SveeRerGAMst eaiedonEN §1q nticaed NEGORRPrNR R WHABKRSFments.
BioASribR &¢hd Sirusien tunors reached a diameter of 50-70

, the mce were random zed in a blinded manner and

[00106]dthedpreisehce lof thendarieusdrusast was evaluatarbby nirvs titration in

o SIuEES 5Rd s Aples it Be B U AU B e B PR CU1 or
ti t nAYTIRIFAL/FOP WasAh c%cﬂﬁfﬁra%éﬁ@h@li-(i.\l% b){Qﬁn PEid iafection into
W-FCU 1 or WIK-14L-/FCUL or VWVTK-F4L-/FCUlL was

i nj exidedmioet bearingoesipblighedss.y. bgVe sumoteiMicenyeretsasiificed at

M cnr e e, Ay i BB 2 S gl VR Egeted and
t UNRSighRd. TURRITs Andastgalne eere Plonssgerfizetih PBEGHTIEters were
Tunors and organs were honogeni zed 1n PBS and titers

wer sledenmainad eedCBR asgesaribedeviouglyp Viral bigss were/siandardized
1+ B IRAE YE 4R Fhld P od | Rforat bFbssue

Res (Rdsultdefdpidted in Mabbd £3,24 afd St ecarige( dthdrusatitges isf

virus titers is presented rn pfu/ng of tissue) show .

t hatPreseriedin phdig eHissie) §aowdbat afterg! 4 Bayhiie virus according

i nv : . g

e BTAGERyBRSE s8R RS btcn i faures 11
WT landFJshow \tR &t hath-vifa€ed \ANTK YT KR4 VAT K={AUL/RGI g @ind VVTK-

the Tumor_with about 1 000 to 10 Ooafolg irus . .

i n (L-TRGP tangghthentumer withapowt LR 181 Otk fpld margirus in

for il SA ’ - _ Lo

(" A RTeL I GBS AL B TR RS caso o
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, both
VVTK-14L-/FCU1 and VVTK-F4L-/FCU1 have higher tumor specificity with

only a small amount in lymph nodes and tail at day 6, and only in tumor at

day 21.
[00107]
Table 2
Tumor Lungs | Spleen | Kidney | L.Nodes | Heart
VVTK-/FCU1 (0,2- 0.1-2 0-2.2 0-1.8 0-61 0-0.3
3,3)x105




spl een, kidney and | ynph nodes (|l ess than 10 pfu/ng)
and nore in skin, tail and bone marrow at day 6, and
W@ RW0P/06F36 t ai | at day 2 1. In contrast, both PCT/EP2008/009720
WTK-14L-/ FCUlL and VVTK- F4L-/,FCUL have hi gher tunor
specificity with onl y a smallT™ amount in [ ynph nodes
and—tat-—atday—6 ard—enty—+A—tuhpr—at—gay—2—1
[| 00 1OTK-Tab é52m@1‘@8] P@OHOF] fTrtéL\bITID #-10Q1 10F Tapl B.d
% Elogyor I Vi f of XV|i r fi th
pnﬁgé\'i' on—i 1agc. E-yu-mir ?mdfe. ° f801 12]S &Ldfefm'rce
[0Ot@8fri ng established s.c. LoVo tunors (50-70 nmB) were
treated one tine intravenoﬁqsbll%s(by tail vein) with the
i ndi cated vectors at dos 107 PFU, respectively
tarting day gvdries! p\@iitg | viTeil | i IHopet i jon, BRein FC| Vaigscles
gi ven by orjal gavage at 100 ny k‘%?{ﬁi&/S m 5-FC 0.5%in
ter) twice a day tor 3|weeks size was
neggtked twi ceoweekl yo usi ng sal i pesos. [Tumgry g/ol imeg.o2
ere calculjated in mmB usi ng the formula {p/6) (length
FCY¥1h2) .| The resul 84 de7p|‘é"t ed in filgure 5 and 6
khat thegvgpl olisgg Visgiges haye a sirmjar n.d
fticacy wifth an ongolytic activity (p<0.05)able to
clodtAF8lU1t hel growt h of tufor, and a conpined activity
[OOW colytic of the virus and therapeutic of FCUL gene)
h adm ni stration of 5-FC which can further inprove
the control of the tunor grabMh (p<0.01). [001 12]

mB) were tz:]I ?!L) g%alﬂe@?\l N %@gﬁfﬁsl \llf?vo [ J;‘?f‘seébﬁégaries

V‘(‘/\Hkg*tﬁn ndi qated e§t1025 ap.gese of.1k LO7oRRU | 20.74
accor di

ing tjo the follow ngs: 11 days aftef inocul gtion
with tunor |(Ba¥HBl ¢ tunor), nicewere treated by
but § + H20, qrq bul + b-F orl o i nj ec n aof
107 p ﬁ of V\ﬂng84L- F%Eﬂ + Hzlgd or oﬁgdi nj ec? ?gn af nd
1FALFCQU DT (WIKSAUE - [ FCUL +| 5-FC (8- FC admini strated 7
009 s after virus injection and during 3 weeks), or two
[ 'ﬂ?{]ecti ons (day 11 and day 33) of 107 pfu of
WIK- | 4L-/ FCUL + H20 _or tV\DabI@]sectl ons (day 11 and day

33)—of 107 pfu_of V T 4=7 SF
adni ni stratled T?'bm jay qRe ¢ g L'LtJestlne Bral I\?l’uscles Heart

O 0nX=s
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Marrow
VVTK-/FCU1 13.5- 0-800 n.d 0-1.8 0-22 0-0.3
7.104
VWVTK- 0-7.9 n.d n.d n.d n.d n.d

F4L/FCU1
Antitumor activity of of the poxvirus of the invention in s.c. tumor model.

[00111] Nude mice bearing established s.c. LoVo tumors (50-70 mm3) were

treated one time intravenously (by tail vein) with the indicated vectors at
dose of 1.107 PFU, respectively. Starting day 7 foliowing viral injection, 5-
FC was given by oral gavage at 100 mg/kg (0.5 mi 5-FC 0.5% in water)

~ twice a day for 3 weeks. Tumor size was measured twice weekly using
calipers. Tumor volume were calculated in mm3 using the formula (o/6)

(length x width2). The results depicted in figure 5 and 6 show that the

variouses viruses have a similar efficacy with an oncolytic activity (p<0.05)



day 32 and fromday 40 to day 54). The animals were

treated by 5-FC at 100 ng/ kg twice a day by oral
W@awagess4Tunor size was neasured tw ce weekly RGI/RB2008/009720

cal i pers. Tunor vol une were qalculated in mB using

the formula (p/6) (length x 3 dt h 2) . The results

depicted in figure 7 show that no antitunoral activity

of \ableito edmtnal thé geowtnef tamarnwend @j earnbipad .actikigy (oncolytic of

<1 e FEuR e ASIARERBR b G hBP gl Bl PO @éPn 8P C which
Come;%hefartw i?n;yr%blaqh@ Sy thBduitior @o@{rp@ﬁo(avl t hout

5- FC) unt one single injection, two
[00113]. Nudq mite bearumg ekasmaﬂLS/d:CUyoﬁuquS(ﬂ@ﬂ@nﬁﬂPhW@se also

o onitiaAe fyeRoks tBYaa 1E R itibe S oiEa R At dode of
(Wi thogt pPURLdcording t8 e fOMFARYEST11 dayd aftérd |h6é@lbt|on with tumor

di fference on tunof evolution 1s observed from day 56
bet wpalpableetwmr) twise weeectreated yf bufferus HoQ, eobuffaat iSonC, or

o5t 28 BRs0 "‘g%b%@f%b{}%/% Kkl P o ﬁ%aétnorr\gof 107

Ver @il bEAAK- 1411 IRYE NAuUsIPC ((BW¢ admiMistraled' days Qﬁter virus
indicated vectors at dose of 1. 107 PFU according

t he ifjecliowangsturing Hweekay, p@:two irjectiens taywi t and lqiﬁw33) of 107

B T D VT B 1 B B o

Or Q7 gl ef WM[EIL-JFELUA WG(@FE@dﬁhﬁst%’tbﬁ&kﬁn wale s to
treated by 5-FC at 100 r&;@kg twice a day by ora

gavalgy, 327aad§r9nadam40vtpr é’be.acwmalﬁwatﬁ trﬂgteg by 5-FC at

e

f or MBekiy Lisin )ce(llb@ﬂgl'mjmor\/\wiﬂﬂﬂm&)/ere Jdaheulatrlintram3 using the
deplcte in ure 8 show a nigh oncolytic activity of

t he fwwNm(A?Lﬁ)/( th ¥iwidih?). Nibeeasuls depiated dsfigure; 1,5how that
str I?\?)g r’?tﬂé\h lrlgma((]céi@ﬁ oY \/fr?js %R‘é% Qfg&]ane %Pﬁv&ﬁﬁ'@ti%ﬁg The

act on (0] oral gavage

res ldddﬁtldrﬂofsﬁ-md ﬁéal@@émt\sﬁdws(ﬁaﬂstﬁmy)&gr\mafaﬂt inhibition of tumor
pat hogeni ci [001 14] Viral pat ho enicit

t
ass@g@wth quoébwbm&pmaﬁa@é@ e wroupsandivirys alene
i
(11 quithoft S FCylind By STTARRTEGE Riche FREUIR. 1 .y, inetions
1. 103 \RAWK-04 L-#F CUY\H B-H G Gdin carstr abds<a élgmfld%(ﬂﬂlanrutumMI activity
m _ of Buffer per pou ce were observed dai

t hr SLRATHER mPﬁEech!}Pé’@?‘tﬂ“'Q AEOURS RN W&tﬂlethng/ﬁfé@ﬁ@é@e

m Cowithb@U's & 33b<0.05). Moreover, a significant difference on tumor
evolution is observed from day 56 between one and two injections of virus
in combination of 5-FC treatment (p<0.05).

[00113] Nude mice bearing established s.c. U87-MG (glioblastoma tumor cells)
were treated intravenously (by tail vein) with the indicated vectors at dose
of 1.107 PFU according to the followings: 11 days after inoculation with
tumor (palpable tumor), mice were treated by buffer + H20, or buffer + 5-
FC, or 107 pfu of VVTK-I4L-/FCU1 + H20, or 107 pfu of VVTK-14L-/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



the injection of 1x1 08 PFU of WTK-/FCUl results in
the death of 40% of the animals 3 days after
WO pf0006356h. The renmi ning mce died between daBCHBP2AE009720
day 80 after infection. The3 dm ni strati on of
WTK- 1 4L-/ FCUL was | ess pat hogenic, the majority of
the animal s di ed between day 65 to 140 (p<0.01). No
evi aeme esiig thexfoonula (Te6) enrgthobwisitha dThe resuist depicted in

e By aRe T o g R b0
%4 (c@)IQ whla—rh%éﬂﬂtQHFé :W\'ér’ib hhgRbiBHctiofy W40.0601). F_f%lcomblned

significantly prol onged survival to 70% conpar ed
wi t lactivity Witk-aaaition oh8-€61, &y oriat gayageyuesultsin(gyylar activity
Theref§> % 1$hl s result denonstrates the decrease of
tOXI(eI )Q \Qn h the doubl e-del eted virus WTK-14L-/FCUL
Viral pﬁaggé}"d.@ll | esion nodel. [001 15] Swi ss nude mce
were Injected 1.V. with 1. 106 (figures c? and 16) or
[00114]Mral pﬁt@ge@@ltywaﬁasqggsqﬂp\wt%ﬁuea@{ siuqigs dopgidn both Swiss

i ¢ e HEEAEEITRS s A afpfPRfonribA MGEIEie 14). Mice

hay audressjobiean 0. witn . s LO0PBFEtofall UVTKS( U] eoredVTK:
W t -/ FCUL wit 8 ks b

iy BB LH I dobhal o B HebpaompUsS. WiNera opsePY ay

(A) t%‘flj ghblttH écﬁlrgé‘)of thd Q?eérﬁ'ﬁléhf ?r]) BisS hEgé\;?&ﬁlcﬁt( figh#rg 13),

post 9 njection wth an average of 4 poc
VVTltihe irf&ttich obwpkﬂ‘ed?Flﬂ of MAAFK-YF QUfl e siitKinl the-deatiubf 0% of

[T b animels)3 Ry atoriledion: Mneemaining fgeidid btwdeh day
WIK-gofhnd 5%%poc ewmeEﬂbn/ g@édﬁﬂ&réﬁ&%ﬁvm MLa/'FCU1 was

average o s m ce an pocks/ m ce conpared t
m cdespathbgdnic; tHelmajdrity PFthe&niiizs /di%{dhem\eaam@e)aﬁS to 140

?]\C/Iegagg O%; I\glg\)eegﬁa@%g% p)élc&)gﬂe )bjeen%%st Hlé?{g \gﬁ& boﬂ1 viruses at
POStygr Eafﬂ_?fﬁg&a 13 @) 1A Rdeedio dfterWhnjedlioh 6%8 Bfu of VVTK-

WTK- F respectively an aver a

pocKFelUde(fignee 24 §BPk Ihegreup ovifhelreatment of g/é/TKrj‘H-cﬂ%@lm had

th VVTK/ CUL, h f 7
(i Gighiicent arolom%YabP QP Raf T oo B LTI out
poc Kn@b't&erhé?ﬁ fi frﬁ@kélfoa@ dhigaksu IVMEiﬁdnétrafé*—sQHb
and WTK- F4L- s atisticall y signif

( p<@ie@ne)aser@fetowdkgvuﬂbﬂmqumie1dglai@d NEU%ltVéﬁTNm"th/ECEW
gljg%atlon of ,virus in the tail and so with virul ence
Ilnj ectionini.v of WIK-14L- /FCU 1 or

[00’3/1\6 Fs:\/ﬁéén/uti@tﬂﬁlcbs/véx%smjetc@e@ EVE WatA M 0d(fighees 1 Bahd 16) or 1.107
el'et ed
(figures 17 and 18) PFU of each virus. Tail lesions were enumerated once

a week. Mice injected with 1.108 PFU of VVTK-I4L-/FCU1 or VVTK-F4L-

/FCU1 have less than 1 pock/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 15 (A) and figure 16 (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-14L-/FCU1 or VVTK-F4L-/FCU1
(p<0.0001) as shown in figure 15 (B) and figure 16 (B). Mice injected with
1.107 PFU of VVTK-I4L-/FCU1 or VVTK-F4L-/FCU1 have respectively an

average of 3 pocks/mice and 2 pocks/mice compared to mice injected with




virus. [001 16] Statistical analysis. [001 17]

Statistical anal yses were perforned using the
woorpasaEwet ri ¢ Mann- Wi tney Utest and STATI STPCHERF2008/009720

software (StatSoft, Inc.). P < 0.05 was consi dered

to be statistically significant. References [001 18]

US 5364773 (VI ROGENETI CS CORPORATI ON ( TROY, NY)/) 15.

1. 199107 RBU2GFO4Y DL4B A 1 aing BAAvBragspf 1 0 ppoks nzvoezat day 15

536 PP or e s A Ul ape b eio By ()]0 B5ytinfection

1. 198ike | cﬁ-ﬂ Wit §A/ (KR IS Tor VAL RGOR [F@L%ﬁav&\lﬂespectlvely
2005/ 007857 EP 0998568 A EP 0998568 A EP 0998568 A

EP Gooaesage of WD peck/eies angrR pocksssdecappaggidogpics injected

onc ANt VA KGERAIT PRYES Shoab BRE S na e ELE, F1 (BT anc

ts?erf%@?éﬂmgsn APRGdiffe@Ince. in PRcK nubabet beteeiNBHEIR/FCU1 and

di sseni nat ed net astases: the systemnm c

deI ibodh \bFKMtc(ﬁ@w@nd YMEKsF4lelirWitis statistieally significant

M%&Kﬂg 8 lgs% #orﬁ]aélﬁﬁqg §Orr§%é%$ \A(}\;ﬂqné rﬁgh(r%%&h]bf%/irus in
\r/] Io r gfggzan ghdi gsgfirgitmﬁﬁjléﬁbe jaAdtoRtity. AARBtioN ¢ i. 33)?.VVTK 14L-

/FCU1 or VVTK-F4L-/FCU1 is less toxic than with the single deleted TK
virus.

[00116]

Statistical analysis.

[00117] 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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5. The poxvirus according to claim4 wherein said

poxvi rus belongs to the Vaccinia virus specie. 6. The
W@2091063346 according to claim5 wherein said poRGIVER2H08/809720

a Vaccinia virus strains Cbgﬁnhagen. 7. The poxvirus

according to any one of clainms 1 to 6 wherein said

poxvirus further conprises a nucleic acid of interest.
Claigis The poxvirus according to claim7 wherein said the

u Jo i ] nt L Cont ai I . :

1. BEShEs Briing B EUERERT A5 Eh cBE T fe prqviso that
Baidlpex e \is nas NYoRCdi ng to claim 8 wherein said
nucleic acid of interest conprises a suicide gene. 10.

2. The psosirus @f climot wihegeinsaid RPxYIBIsHEer gorpriges @ dgfaetive

gg@ﬁedes a protein having at | east a cytosine
a Se activity. 11. The poxvirus according to

3. Jhai poxdftusieg ciiim Bar @ whereirdsaid pogvirgs fitiier,contiisesra
CodA or an anal ogue thereof. 12. The poxvirus
getentiprii?li @7%-ai m 10 wherein said protein having at

ot m cut OS] . 2t ' _
o RSP RSA SIELARRE RSN 2o B

beld¥gs tartbe Lradrdgpesvitiias sobfandily, The poxvirus
according to claim9 wherein said suicide gene codes a

5. JhetRaxXYIrHEACRErding te siMshwhelain sAKKkPRIVASREIRNGHIP Bige
Wa%gi,-ha 9ﬂ8§g§g§'bbosyl transferase activity. 14. The
po rai

XVITus acc ng to claim 13 wherein said suicide
6. Jheepoxvites axcpalinyg éptiaite Twhpreisisag poxvamisrs addactinia virus
sequence substantially as represented in the sequence
isHems ¢Prenhagsn.p N: 3° (coda: : upp), SEQ ID N1 (FCUL)

7. Shet vﬂ'ﬁg%caf?iﬁ%?@% e d?fclézlﬁ:n\§11 to 6\WRkrehdsaid PBxvirus
poxVvirus according to any one of clainms 1 to 14
\femttiexi corspriiskspd nucleisaidrdflterestpri ses a nucleic acid

uence conprising a ge odi.ng a pernease. 16.. .The

8. FBARCYIua AcoPEG R Band WhetsnRakul e 2l piinFrest
%Hﬁte{?ﬁ‘s at Ie%sPéSﬁé’%bgﬁelﬁ’@é BMpRSBsPEncodifg hakb i pitic Molecule.
he poxvirus according to claim 16 wherein pernease is

9. dhesmoxvirusraccheding boiplairorfwherain sEiduUGeid soid of mterest
anal o%lées t hereof . 18. The poxvirus according to any

GRERSPEE 125 HEIDS 960€1 4 wherei n sai d poxvi rus

10. The poxvirus according to claim 9 wherein said suicide gene codes a protein
having at least a cytosine deaminase activity.

11. The poxvirus according to claim 10 wherein said suicide gene is FCY1, FCA1
or CodA or an analogue thereof.

12. The poxvirus according to claim 10 wherein said protein having at least a
cytosine deaminase activity is the FCU1-8 polypeptide represented in the
sequence identifier SEQ ID N°:2 and analogues thereof. _

13. The poxvirus according to claim 9 wherein said suicide gene codes a protein
having at least one cytosine deaminase and one uracil phosphoribosyl
transferase activity.

14. The poxvirus according to claim 13 wherein said suicide gene codes a
polypeptide comprising an amino acid sequence substantially as represented
in the sequence identifier SEQ ID N°:3 (coda::upp), SEQ ID N°:1 (FCU1) or the
amino acid sequence of FCY1::FURA1.



further conprises the elenments necessary for the
expression of the nucleic acid of interest. 19. The
W@009l635d¢6 accordi ng to any one of clains 15 t oPAWEP2008/009720
wherei n said poxvirus furth conprises the el enents
necessary for the expression of the nucleic acid
sequence conprising a gene coding a pernease. 20. A
15. ﬁheqmwlmsmcpo&mg tmgnﬁopemmalmSa‘cthMﬁ@rem %8ig pasvirus
I (srgg QXVI rus
Rt roREprss s U Crde sEenBhgS B3Tingtin £ gBRE ol =
bBtAedseel |, (ii) said cell is cultured under
condltlons whi ch” are appropriate for enabling said
16. Jhevpaxyirus @coerding thu cleim 1anaherain pprrsaase jsox purine or @ cytosine
recovered Erso the cell culture. 2 1. A conposition
RRIYACER S "aVI86%vi rus according to anyone of

17.9h@i ﬂB%(virub QAct8rdifg f@Hﬁ'lrﬁaitG Wﬁeiﬂ@nﬁ BefmBASE IPEdEdnCRbMthe

accept abl e exci pi ent . The conposition according to
grwmcamprnsmgo‘agﬁzmd Iaur%ndwaoaﬂ@gues thereokubst ances

[ ot enti at e_cytoto eff
18. 8 el kb ciepiand B5aRfRBeas i 7 Slatlsffinapiq goxvinus
i P mpiiedsethe eﬂém@nwhééeﬁs@,@eﬁfdmhé expriseiin et ietdittleic
cytotoxic effect of the 5-Fluorocytosine are drugs

deidcof inteiesi.t the enzynes of the pathway for the de

o. SRR HshiBido § b BobdicBithkgE i PREER'said poxvirus
Mﬁmﬁ%@meﬁéﬂa& né*éess’éh;efdmﬁ@@&ﬁtéssibra@ﬁmediumic

to claim22 wherein said substance which potentiate
erisl 3AUANERI OTRPIITIRG aCNNEOBDFARAIBISASES| ne i s

20. gé@%&ggiﬁlﬁgpéénqgsfoﬁf ugra%%?/dlﬁn%?o Qﬁ?gﬁéjblngla ng gitot109, in

@MictPproceisscl aims 2 1 to 24 for preparing a
medi canent . 26. The use according to claim?25 for th
pr epafiht i . on & POXViFgi ASSREPY @ ANYARE Of Blaime ttockd is introduced

cancer . 2] ?‘ﬂ f for treating diseases
char acterl ze I'n dt a poxvirus according to anyone

of cl @ims 1 tsaidléelbis cmltuoerpoadéri conditares whith dre appyopriate for
one of clalmleto 24 S admnlstere t 0, an host
organi sm or E€8aPlingsald FP%XV"HSﬁ%@@ RFeduced abat ment .

28. Tp et h%@.oaﬁ&ar.msng ré@oxfe'réﬂ RofT tiEEIPE M8 d

poxvi s or conposition’i
21. A composition which comprises a poxvirus according to anyone of claims 1 to

19 in combination with a pharmaceutically acceptable excipient.

22. The composition according to claim 21 in combination with one or more
substances which potentiate the cytotoxic effect of the 5-Fluorocytosine.

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

24. The composition according to claim 22 wherein said substance which
potentiate the cytotoxic effect of the 5-Fluorocytosine is methotrexate.

25. Use of a poxvirus according to anyone of claims 1 to 19 or a composition

according to any one of claims 21 to 24 for preparing a medicament.



adm ni stered via the systemc route. 29. The nethod
according to claim27 or 28 further conprising an
W@awoesmal step in which a pharmaceutical ly aRCEPP2D$/@09720
quantities of a prodrug aresgdm' nistered to said host
organismor cell. 30. The méthod according to claim?29
wherein the adm nistration of said prodrug takes pl ace
26. fhefuseaddoprainglte atainB29 fyrthe ippe panation ef @bngdisameand dor the
and even nore preferably at |least 5 days after

a
?rﬁ}élﬁﬁﬁ?ﬁ i GX1°&fi on of said poxvirus or conposition. 3
27. gxdm-énﬁ)d‘%tr '?L‘é%tiﬁ%‘if?ééﬁéd& drarsétatiredth WM asdkvirls according to

mnistration of sald prodrug takes place 7 days
ahyene bhelairdsilriostd at a sompiositiirdagaordingus asyy one of claims 21 to
%3@%Sééﬂw%?s'tered to an host organism or cell which is in need of such
treatment.

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

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

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

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

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



