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VI RAL VECTORS Field of the Invention The present
invention relates to herpes virus strains with

WO npsovieds anti t unmour activity as conpared to pPENGBRBKY03217

known strains. Background to the Invention Viruses
have been shown to have utility in a variety of
applications in biotechnol ogy and nmedicine on many
occasions. Each is due to the unique ability of
viruses to enter ceIIs_¥E£Qm¥¥¥Z£ﬂ&§iiency. This is
followed in such applications by either virus gene
expression and replication and/ or expression of an
Fietbofithe [dvehwsol ogous gene. Thus viruses can either
deliver and express viral qr other genes | cells
i oh e iSert felatep Nemeries JEne VHBITRY Vel tiie
o%lrg&m? ath)m\f)ﬁféﬁ't{)‘g?ewdﬁrslytl&%yvnr@rﬁuge useful in
ectlve kilfing c ytic replication or the
actlon of a delivered gene in for exanple cancer.

r.pes % I v%rus (HSV) has been suggested to be of
EE%&$§¥E%E§E§§¥Q¥§¥QC treatnment of cancer. A virus for
use i Wifis@Hal O enHMERh teHBe Lhﬁwms&v dﬁbﬁ@&ﬂh@@hcﬁm@
that it is no |onger pathogenic, i.e oes not

bl@pﬂcmdogy amd madicigielon nagsy- chmnSc arlsis dygtio theamiqueability of
still ..ent.er el

St oS ERD SRkl b TRl Ty anbhtonaty

tifer deld yale)e ngesgsm exﬁcsbepﬁcm@mha/@r emegsmf eeuhsceted

effect, a nunmber of nutations to HSV have been

heferelqgone eenghi Thws ¥{rusas can P‘é‘Wrtdﬁ]é"e\YlaF‘@ §XEr655r‘(=}f§‘I1 PEather genes
PSS PG Kot IR Rl 2 140

naocimek, dritbsufay &emshsﬁﬂuh atleaively tingdellsibg tytjptreplicatdn or the

the genes encoding 1CP34.5, 1CP6 and thym di ne ki nase.
astionfeE SeleliyeTed geas i PHEXHPIR $9RY- to | CP34. 5, or

| CP34 t

v SIS M BT 0 ORI ot
Weatteasofttahedredh vinisyfof use ih hreativey canvémmuibis howeyadiealisabled
ICP34 5 have been shown to licate in.

B 14 8 801 0P85 PRGOSALP £ & o8P B OB e e ppor cels

Bt dubh Harltlckn Sapeedadfnail RuchdteRNS. Fér tik 68coMMid Reatment of
sparing surrounding tissue. Early stage clinica

taricat, :wmdmeayahlso iiholerthe ﬁ@lVﬁI}S@f@D?(S) ﬂﬂwaﬂmsmlmﬁhﬁlylp@ﬁlc
ﬁf}e ! nve %5%15%?8 ﬁsgslap\é Q%nlh ent 1e% 1€ ﬁ'stllll %he virus

to rcphcate n culture or in actively dividing cells in vivo (e.g. in tumors), but which

prevent significant replication in normal tissue. Such mutations include disruption of
the genes encoding ICP34.5, ICP6 and thymidine kinase. Of these, viruses with
mutations to ICP34.5, or ICP34.5 together with mutation of, for example, ICP6, have
so far shown the most favourable safety profile. Viruses deleted only for the
neurovirulence factor ICP34.5 have been shown to replicate in many tumor cell types
in vitro and to selectively replicate in artificially induced brain tumors in mice while
sparing surrounding tissue. Early stage clinical trials have also shown their safety in

man.
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destruction of tunor cells in vivo. Viruses provided
by the present invention conprise an inactivating

wondoabions i n t he gene encodi ng | CP34.5 and ar epCEpBbki0a/ 003217

of delivering two genes whixh, in conbination, enhance
the therapeutic effect. The virus conprises a gene
fromtwo or nore of the follow ng types: A gene which
encodes a pro-drug activating enzyne capabl e of

Somvery phigre dmvenhiact i ve or poorly active prodrug into
the acfive or .nore active form Treatnent of ft. r

wi £ - THE PRSP e BFoste & T SHHS A SR i apadiliies for the
aelthudiist bR calfs #haop '\HHJ'SBQ?roﬁdQQ B9 thpeiene HFeARsm a

protein capable of fusing cells (ie Causing the
Fernprte aninaftivelre putagipn imiegene sdoflingrlePBdésind are capable of

B0 b B B PO BB B i . e
oDt INarised a A réth Gwe lod g108€ b thatfd IwihBtypeant i - t unour
effect is enhanced. Such fusogenic genes include )
nodi f i/ &eneathigh ereadeeaped-gye agliyaingesrenneapsbietpfggnverting
. . : . . .
BRSNSy O AL 06 LM BP A . B
pf heirnwith tlenvirneds these furieradsomypant dieb wakmiaistration of the prodrug.
stomatjtis virus G protein, but other genes encoding
pr ot ei‘h8ReABREH 0ot 4 pRIHY C@fén_%ie ¢iufurin ool (ingaysing e
ﬂﬁﬁatioﬁogg?ﬁlgﬁm! Phls ﬁ@apﬁg%mgl anHARIFRARL LRI may be

prot el n. I mrunonodul atory protein profotes a
anatliatadibythe iriduntioreo fraaspomse.response. géoved\e), i kabithation with

TR R LB8 e P ST g el 1
IridTde R BleRbVirR AV QLS SPERISERs!sh& %ftﬁgs‘étcﬁar@%cll rreglf

prodrug activating gene and/or the protein capable
gikben ape leekdentia viged ¢r Hunsinendagenous retiousys W, thesfusogehic F and

he 1 nvention incl.ude viruses, encodi.ng a odr u
HHFolo I T GRS B R E aG Rt R y PuE oy bypter
gt ehdddanbleths@hpaaeisf Misiaglckll fiRidifhhy f4§ befsedand
viruses encodi ng a protein capable of causing cell to

cel | fugsnehighdengeddsemimorisamodeletoyy geatein. Bhe no
B pS b o BB e R SRR S e Y R,

provides vir € onco

@dnel sy Vludeansurdemodul s sWEteqy GRINTRF STIRFEACDA0R or other
patient, optionally in conmbination wth a prodrug, the

afielines rvo-siinppten meleptles b yinmusompdulaionaproiain byhanhes the

' ' of .1 he ' rodrug. angd the
i e e R R
¢atlofisiohaloner hugefnases,of diie iyeritioa ifQidy ViegasEn@ahgf prodrug
the fusogenic protein and the i nmunonodul atory protein
Whyperggenerapd gn immunomodulatory gene, but no protein capable of causing
cell to cell fusion, and viruses encoding a protein capable of causing cell to cell
fusion and an immunomodulatory gene, but no prodrug converting gene.

The present invention thus provides viruses capable of the oncolytic

destruction of tumor cells in which, when administered to a patient, optionally in
combination with a prodrug, the anti-tumor properties of the virus are enhanced by

the combined actions of the activated prodrug and the fusogenic and/or

immunomodulatory protein expressed from the viral genome, or by the combined
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the viral genone. Accordingly, the invention provides:
a herpes virus which lacks a functional 1CP34.5
we@nmeding gene and which conprises two or nor epOf/GBE0}/003217

a gene encodi ng a prodrug converting enzyne; (ii) a
gene encoding a protein capable of causing cell to
cell fusion; and (iii) a gene encoding an
i mmunonodul atory protein. Preferably the herpes virus
hations ef thiei fusv gemic lpsotainfand ¢lid iomainanCrRBkt&ryematenh axgragsadagrom
@gd.m?ich conprises: (i) a gene encoding a prodrug

M@t B71g enzyme; and (ii) a gene encoding a protein
capabhgcafingRH MedvéRion préviggt | fusion. The invention
al so provides: a herpes virus of the invention for use

in a abefesiviois vhichiavksa ffctivhad IGHARA coeodamd gale apd dshich
b%gt her%gé. use (gé a herpes virus of the invention in
FHEPTIRER OY 48t TPE a nedi canment for the treatnment of
cance(j a @@axﬁdraﬁaahhﬁwro&@gp&s&etﬁmxﬁmfi sing as

active_ingredient a herpes virus according to the
i nvenfibon aseneenshdingadseieincaritle atecasingisel t@ egll fusiongand

di | N - L of t ' ]
Mt vl * 2R e WFRhbASREITRC T B0 1

I ndi vPefighblgthelidrpastiine isomeumbichlacks h@ueesnalilCB34.5 encoding
according to the invention. Brief Description of the
grisand geileh eRIMRIISES depi ct s the pl asnids used to

const ﬁ’écfo 4 D dcbERE a Qlodrliecd AN ADyAPGral | USt T at es

how t m ds wer onsttcute e plasm ds encode
ei t he(i)a cypesi ameodiegaipnasie cgpabde of caasigi lobld o agblefusion.

| eukenj a. (GALV) fusogeni c gl ycoprotein, or both genes
il ank_gbeﬂ&e%\\&/ﬂ)alé"earﬁgﬂs%; flanki ng the |1CP34.5
encodi, Rgrpde HRus e RhvAREDr G inREn&t6d of QEatMCHTY FABOMSnan

reconbi nation into the HSVI gene to replace the
bCRBmabbalydnydhemgpgene with either the cytosine

TR XN N T ——
the treatment of cancer.

- a pharmaceutical composition comprising as active ingredient a herpes virus
according to the invention and a pharmaceutically acceptable carrier or diluent.

- a method of treating a tumour in an individual in need thereof by
administering to said individual an effective amount of a herpes virus according to

the invention.

Brief Description of the Drawings

Figure 1 depicts the plasmids used to construct the viruses-of the invention
and illustrates how the plasmids were constrcuted. The plasmids encode either a
cytosine deaminase gene or a gibbon ape leukemia (GALV) fusogenic glyéoprotein,
or both genes flanked by HSV1 sequences flanking the ICP34.5 encoding gene. The
plasmids can be used for homologous recombination into the HSV1 gene to replace
the ICP34.5 encoding gene with either the cytosine deaminase gene, the GALV
glycoprotein gene or both genes. These plasmids were then used to construct the

viruses shown in Figure 2.
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viruses shown in Figure 2. Figure la shows the
subcl oni ng of Fcy: Fur gene from pORF Fcy: Fur

w@ bowgioyagen) to pRCcRSV (I nvitrogen). Fcy: Fur gRPOIEGB2®4/003217

renmoved by restriction digestion (Nhe I and Nco |
(blunted with T4 polynerase). This fragnment was then
ligated into pRcRSV (Invitrogen) cut with Xba | and
Hnd I'll (blunted with T4 polynerase). Figure Ib shows
t he stilporohi si@mfthﬂﬁtbc}émmgj-‘qfrl?cpﬁ uc gersefiree plORINFgRERSY

t t ti |
WA Rof i SRS b iaert Baf EBF gore Vas nemarad oy Btekion,
Brg%étlorh (N}'l% Whi RcbatbluhlRl W F?M}hﬂerl%) iy ffﬁgﬂ@ﬁ)was then

5 plasmd is based on pSP7 Pronmega) and .
bsﬁ@dalrm PRORSY I(Gnvicraggn) eivaisXled | ﬁ@rH@ddH (bluntggwith T

Cﬂig1 e ene (based on HSV-1 17+strain
PYYEREDS 24958bp, 125713- 126790bp)) Genbank X 4112).

Fi gur giguge Bhshsvstthesdbclontat &R SV Fel-opep A eassktt®frofd
Ape Leukaem a virus (Genbank NC 001 885 5552- 7555bp)
WHe B Hhialy tatristipe digsstiommtPPCR, Nrgh Hns/frﬁ&mewrwub@} ligated

st sl ¥t f5%5 SRUGRINGE (Plapge I polHierlly 5 3PS
pRsihid is based ohi pSPIS(Pebriza) Bid ddataihg twoaflankingdegns either side
egﬁr essi on vector and thrSe:\?dof the cl ones were tested

S¥yhlyki%e rsdbrser Op H¥Y g urdsirain §Hotts 2tIké I Idhge k> D

P60 §hdkex DNA3 GALV env R- by digestion
us? ng[}@gt@eln and LI un?ed wi th T4pol ynerase, follow by

r el i gAtguonlc dhogusrtke trencatedwavelbpe émbbcbfdﬁm”bbgn Ape GaliNacany

- V) b 5552- 7555 f
YA B . D0 (EENTP JE L83 e e P DG Py TEL G 2
t/1r§l|]98@1cEP@el§1WV '194 Ok arfoAt: ¥ £V 9PY). The %&%\4 (@Aﬁ?‘@ ¥ny
(Pronega) p-3 restriction digestion (Notl).
B-)anaﬁclm@smod)cw fb%\éledztr@ge'pwy @S(rmtmn@m)‘:stﬁaco RI Not I) a
cont ai.ns two her s HSV- |

SRR P Bsef oot T DL L plonet Bl et
addtdnl26790bp) ) Genbank X141 12). Figure I g shows
he final shuttle vector containing |ICP34.5 fl anking

r egi ofigufbbdehwwsrihegwack ouresa Nai-h sita oA 3 45989 gnv R- by
gh%g 10% ujslznqglgotqpa)nd%?unqul with T* polymerase, follow by religation.

Figure le shows the subcloning of GALV env R- virus (Genbank
NC_001885, 5552-7555bp) from pcDNA3 (Invitrogen) to pGEM T Easy by PCR
(Promega).

Figure 1f shows the subcloning of GALV env R- from pGEM T Easy »
(Promega) to p-34.5 by restriction digestion (Notl). p-34.5 plasmid is based on
pSP72 (Promega) and contains two flanking regions either side of HSV-1 ICP 34.5
gene (based on HSV-1 17+strain (123462-124958bp, 125713-126790bp)) Genbank
X14112).

Figure 1g shows the final shuttle vector containing ICP34.5 flanking regions
(based on HSV-1 17+strain (123462-124958bp, 125713-126790bp) Genbank
X14112)) and expressing the truncated envelope (env) of Gibbon Ape Leukaemia
virus (Genbank NC 001885, 5552-7555bp) under a CMV promoter and BGH poly A

(Invitrogen).
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XI'41 12)) and expressing the truncated envel ope (env)
of G bbon Ape Leukaem a virus (Genbank NC 001 885,

wWo A mRHTEP5bp) under a CW pronoter and BGH pol pCEGB2004/003217

(I'nvitrogen).Figure I h shows the subcl oning of RSV

Fcy: Fur pA cassette from pRcRSV into p-34.5 GALV (**)

by restriction digestion (Pvu , Nrul). This fragnent

was then ligated into the shuttle vector p-34.5 GALV

cut wiFigurdit ushowsgpth84utislplisgs of RISV $clpdisiedAgnsge8PT@m pRcRSY

08 B PR (T By St ipbiese B U b Thall T Aasfegt s
(ARG 12A9RENR 1 RETo - 325 C20DP Lk ek P42 phdnid s

and expressing the truncated envel ope (env) of G bbon
hpwedlog ISRE A Broreagys afdZomivaniktwidl g rga8gios$ sithe 5&I9H HS V-1

405 AL BLOTRLAS P9 BEHL SN Ibhr 95T 26700m)

\GRabaTksX IS Q) hid &dpréssiigUEY trundad ehvelbpéidnYSFIGIvBEn Ape
i sol ated by taki nI%Va swab froma cold sore of a
denlegoniia ¥irpedranhynk, yCupfe 88e, §15207 Bobp) undgpa MV promoter and

%%]ﬁééllysz&](fnﬁfogé@s two del etions. The first involves
removal of "t he S odi

ng region of the 1CP34.5 gene
(nucl Egdurel@sis 2 24htatic tréseitdion of vious vdveors aspden ks study.

HSV-1 strain 17+). The second invol ves 280b )
861 Vel SBRNJP | MEsaplated Ry BinefeyvabAsyn e
glgﬁ}té,j\%%ﬁﬁ&a‘? R\ f(}(@.'_ﬁm/%ﬁ@- /4 7=inds Eiéo 81e?3)The first

. 5-/ GALVenv R- expresses t retrovira
enoéles penaoafal gf tieaodamgecdionkbtmil@P4.6 gsne (mubleoRiqee BB D4Re

PRS2 0 TP B

ARRNLEEYIAPY7 (AdcleS¥dRE $358M- 143296 BA¥ARnREOHHEhce HSV-1 strain
activator yeast cytosine deam nase fusion to uracil

pAbsEaou ei a:l@é)g)l/i)t. rJ&rhéﬁ/ﬂeSr-/é“sé};LYtanylé"geqxprmﬂSéhe R8Yviral envelope
. 34. 5: [ GALV - E 47- '
BEeRbo skt aditr Fn CaRAeSSE hink S e B Bapg35te)

fRAtkMah ef al 2600UEAads 8MQWB0 HgdEESMONpAIMdteTIBN/336)-1 S
%@GALV env R-. A plaque is shown of JS1/34.5-/47- (A

|V 7173y 48~ ¢xpressAhy/cqBmet prpdrygiapivator weesticytpsute deaminase
|| s..and i nj -t L_Vi ol Fi 4
SREB A PR PP I e T Bl e B s VPl ey

boUB s saGAdrV/en¥ ROEFusi47 hedrhiginestivith @lsoyéritifetroviral envelope

JS1/34.5-147-, JSI/34.5-/47-/Fcy: Fur or JS1/34. 5-
ARG CRAFMONT S RGHYAtT t he presence or absence of

5-Tl UGy 5 gﬁévOseth(e%gga of thiS%fcells by GALV env R-. A plaque is
shown of JS1/34.5-/47- (A) and JS1/34.5-/47-/GALV (B) following infection of rat
RG2 cells and staining with crystal violet.

Figure 4 shows the effect of supernatant from HT1080 cells 48 hours after
infection with the control virus, JS1/34.5-/47-, JS1/34.5-/47-/Fcy:Fur or JS1/34.5-
/47-/GALV/Fcy:Fur, in the presence or absence of 5-fluorocytosine (5-FC). These
supernatants were then heat inactivated and then added to fresh HT108&0 cells for 72
hours. The two lower right hand panels show near complete cell death indicating
that 5-fluorocytosine has been converted to 5-fluorouracil by the Fcy:Fur containing

viruses.
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supernatants were then heat inactivated and then added
to fresh HT1080 cells for 72 hours. The two | ower

wo c@sbitiand panel s show near conplete cell deapdT/GB2004/003217

i ndi cating that 5-fluorocyteosi ne has been converted to
5-fluorouracil by the Fcy: Fur contai ni ng

viruses. Figure 5 shows the effect of JS1/34.5-/47-,
JS1/34.5-147-/ GALV, JS1/34.5- [47-/Fcy: Fur viruses on
shri nKiguee § sirove the effpdtaf I SH34A-/F 4t §51/846-/9T-/G RIS 1/34.5-

e PR H 3Dt ER o SRS by e A B SR E e R ot

AREY igpldit&io the TlaAR OQFlslehéteatE ahdalleied tblievelbpiegited tumour
with 50m of Ixl qesp8 pfu/m the indicated virus,

disfmetar @frBPRIPK ¥- ST @agupsP! fivg rats 3verq then rjcgted wibaRY) g

?Ir(} or5e a%éeﬁﬁ(rﬁ%%‘?r?dl& PAR2 gl %&ﬁif%n%yé”; 10, }3, 17,3pd 20.

oneal rou e on’
390m§/1:g 023, ﬂubﬂocy?cﬁmeﬂﬁasadddnmwafmdr byctha n’etaﬁéﬁtoﬁ&ﬂswte dn days
Error bars rggqgsent st andar d deviatig‘,él Det ai | ed

PekleriZpt4-dh hel PAvehiPofP 20d Wmoysdamaleremseaires rger
Bgrs?ﬂﬁeéeﬂyﬁﬁ}{dapcr?éﬁatﬁﬁpam e of efficiently infecting

target tunor e genes encoding 1CP34.5 are
inactivated in the virus. Mutation of 1CP34.5 all ows

el ective oncolytic actjvity. Suitable nutations in
Eﬁ@ﬂﬁé;§$¥53§@éﬁgﬁéﬁ¥935@cribed in Chou et al 1990 and
Macl ean et al 1991, although any nutation which
renders 1CP34.5 is non-functional may be used. The

@enes\@nmoﬂing | CPA7, ICP6 and/ or thym di ne kinase may

addi ti,aonal | y [

Such Polgreeis oh HRaRirBoR P Rutar oicbin 5B nd larect mor
BAIGOTYHE bénes bhefding WIP3ufs b atucHeldted imhe @iMiaNCREtion of ICP34.5
oncol ytirc or other desirabl e properties of the virus.

wher esaldrsive en@lmmmg B@Plb?e mytaignainghe |1<t?P?rPa§/ genes are

e T

ek 1CR3M SiiSnets Amlkliynd] htrybasged. SDl@deeaheﬂbﬁo@tlirrgﬂOPg7 ICP6
described in Liu et al 2003. Viruses of the invention
aerpt thesmading kispesomay edditionallige dnastivaieghias apaypther genes if such

?ﬁ%gx\éﬁoh%eseﬂ %nt§/ t@ﬁl%e%h@o %WR:I e?feg{ of ﬁusﬁ&lp Sel%,lﬁ(ger{

f'us o n I NMMJUNOND atory protern
éﬂrmmﬂmgmmmdtHaedmmblfe@ro;ieheeshﬁmBeamsl rWikerg ¢lreegenie s

LR OR T i I VA SR G NOT S
gggeelg UGebR0 3 e AR s P3ERiAlioh BRITBRR ORI
case. Such a mutation is described in Liu et @/ 2003. Viruses of the invention
additionally encode two or more of a prodrug activating enzyme, a protein capable of
causing cell to cell fusion and an immunomodulatory protein.

The terminology used herein for the herpes virus genes is that commonly
used for genes of HSV. Where the herpes virus of the invention is from a non-HSV
herpes virus the functional equivalent of each of the mentioned HSV genes is
inactivated. A non-HSVgene which is a functional equivalent of an HSV gene
perfoms the same function as the HSV gene and shares a degree of sequence

homology with the HSV gene. The functional equivalent may be at least 30%, for
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i nactivated. A non-HSVgene which is a functi onal
equi val ent of an HSV gene perfons the sane function as

wo b@skiE1igene and shares a degree of sequence POIGBR@Y/003217

with the HSV gene. The functional equival ent nmay be at

| east 30% forexanple at |east 40% or at |east 50%

honol ogous to the HSV gene. Honol ogy may be determ ned

as described below. Viral regions altered for the

swmdg atlead 46V oreay lessoto.hopaiesans th e HSY gepmtiemology may

or made non-functional, or

h}%’f%é ggSCH?{]egréfgsequences in particular by a

g e n e ahid tighths altpred doitie porpessstdengibed 2o may e eicher

encodi ng a protein capable of causing cell to cel

eliimsteddompisiae oeprE ik AGTARE IOJtSBP%ﬁ“ﬁF%Lé PHher
g&ﬁle}{éés Ui %ﬁl&ﬁ‘ﬁ' b %Vg%HE bRdd ya xﬁlgrc'o}{%}tlfx Rfﬂ]e a gene

pes si ex virus HSV str may “be
ancadsid a pmtdﬂSk@abtcrczflcausmg cedl td ecll Viesiover & g@eenéqdmgmh
IS prefe tﬂ ¥ HSVI.. Derivatives include inter-type
PBEURBRAGHAOTERIRISR ni ng DNA from HSVI and HSV2

strai Ahe vRHE Bf ﬂhewenwfpﬁl Tg 86 QBN d¥Rd aq{egmg @ﬁﬁmb;beﬁlu& BAsv
the art, for exanple in npson et al 1

MeaigniTae HSV sttain 988 be BaH Sk oleéSV% sthiar e @erh/avée thereof, and

pE e S R R S R S T R

Blogf BE#N | d SV Eaedinsd Bueh & %ypMedcOmpiirablsscriBed in the art,
derivative has at |east 70% sequence identity to

&rteemptena Thewipsen ctlab29%eiloveigniss ebalgd 98B e D&mvg/tl@ﬁ preferably

L5000 CQL 0SB SUEPl B ALE K B

PFreIbiiaBliESat 1da6t @E’S‘Q@bﬂ’ mﬁ@ﬁfeﬁx}‘ab&@ hleadt 80 opO5US BLbrt preferably, a
cal cul at e honol og (for exanple used on_its default

dediyativgdps pidease r Rinscayenss idenogdp e teg BISXdj S V2 genome,
1 ] h V] 0
grcﬁg ?1[ %ﬁ%@ gé %ﬁ%g@%@gﬂént{tg F Inlnﬁy?r@%qag%ﬁgst 90%; I9r? eA) or
?B%Slde[tuﬂylces (typi cally on t/r&lel r default settings),
t . Ml. .
Fvol - Fopesrats. UG e harkage DIV SobBES I Tpio g which
%éln”’b {edwca@ Rl (f(Beerxfa&blE gd @ﬁﬁgﬁeﬁﬂﬁls&%ﬁés)' s

avai | abl e thr ugh the National Centre f
BDmewlmlaé gy984)f1\bwfwd Agds Resetyrhl ]/2v\mﬁ\87n&9ﬁ) rTIhdeLEUP and

V, Thi s aI thm f|r I fying hi .
a5 Hebanmsion biared BkRleiBR st ey Py Ehleited typically
R :tﬁezr @Jfadlfegwﬁﬁgsyvfb&mmmfeycr%quﬁm@cm 21998 t heIbl. Evol.
match or sati sf
36:290-300; Altschul Zt al. (1990) J. Mol. Biol. 215:403-10.

Software for performing BLAST analyses is publicly available through the

National Centre for Biotechnology Information (http://www.ncbi.nlm.nih.gov/).

This algorithm involves first identifying high scoring sequence pair (HSPs) by
identifying short words of length W in the query sequence that either match or satisfy
some positive-valued threshold score T when aligned with a word of the same length
in a database sequence. T is referred to as the neighbourhood word score threshold
(Altschul ez al., 1990). These initial neighbourhood word hits act as seeds for
initiating searches to find HSPs containing them. The word hits are extended in both

directions along each sequence for as far as the cumulative alignment score can be
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sonme positive- valued threshold score T when aligned
with a word of the sane length in a database sequence.

wa20so1gierred to as the nei ghbour hood word scPCEGB2004/003217

threshold (Al tschul et al.,81990). These initia

nei ghbour hood word hits act as seeds for initiating
searches to find HSPs containing them The word hits

are extended in both directions al ong each sequence
fmy‘reaa@i f%xte@ssortsrfer e mﬂr@hntw earh divpadion ase:ba‘l@do’dwn the
gel N 1ve ?%d ngenﬁ%&{r‘g gﬁ&%ﬂt b%r tthﬁ gs n%?( l{%xg éts qlaxd um aichleved
SEIE; ethé &luhﬁlaﬁflé sdoye b8 t618edior byloX, B thé Scdimilaismof one or
achi eved val ue; the cumul ative score ?oes to zerqg or
Ferougeativie seasinghes e alramenisosr B cehal gtherprauence is reached.

T B AR DL Al TSy L B et o
ﬂ&rzalrgﬁmems e BLART piﬁgdah asesﬁi felefdults aeved langiti (W potdl 1, the
ERIVG? s fen gtay HAgT b ot ket BB R Sedr A1
333( Sc_%e%)gflg rl'O@?é)fal%ﬂf_ﬁfg% ?Bf@f 30, @;ﬁ&@tloﬁr(gfof wtl\hIS N=4,

109 al 'gnnment's (
emp&cmaparmon(oE))omfstmﬂds ME5, N:4 and a conparison of

bot h The .BLAST . al f e
ooati It Bl AR bR AR & RrajYiinobibe sty
BENMER 6FS seqRiSfces; e e.dKadriiR aﬁd‘ﬂlt@éﬁu‘ﬁ& k) PARORMN:1 P)i&ﬁl Sci.
Nat | . Acad. Sci. USA90: 5873-5787 e neasure of

HSA mrﬁsagv 5586\/0@9 rcpgure hEsiBla prbyided by the BLASE algorithm

R eE oot 0 BB s Kol Mo Wt ROREERS B e

bmwﬂw %Ptv'hfbﬂ a%at@ﬂbetevea@ b BRI aitind ki@ SdEndey
chance. For exanp a sequence i s considered simlar

toubthescheby g@@e@ nE@r §xpmple 2 SpaMCNESIS capsidgsedBaBlar fo dpother
g ”B{i‘ce P o allteg P&‘\ a&%{) Slfxi Q&E?ér Soh I?)E lf’/eef?rgf;s%q?%ngre] to the

uence IS ess erera

sévoud séjubncdtigles }ﬂiszabbath ,yréfeablytlbanhabapsiut 0.1thoresprdferably
nost preferably | ess than about 0.001. A derivative

tasy thegwhowt{k0ls @pd apseristerably logs thgp apmyd- Mdnome

di f I
1o AP 9h S0 SURRhIG A BET! of FSYREONE e
by nhidv@idpesubsriutions, Mdreeampleifioat Y, Dor hdi (4, 2630 dryl (e
s s TSy Che TN 3 50k b
?&Jd?f'ié?lsb)p&ﬁtd??ndrg Yr%@f‘tio‘ﬂg aREYr BetiohBnd/BPEY b Q)Etanmn at either

stral ns ese can also be referred to as “clinical”
st bathresds. A person of skill in the art will readily be

Virus strains of the invention may be “non-laboratory” strains. These can
also be referred to as “clinical” strains. A person of skill in the art will readily be
able to distinguish between a laboratory strain and a non-laboratory, or clinical,
strain. Further guidance on the properties likely to be exhibited by virus strains 1s
given below.

The key distinction between a laboratory and non-laboratory strain is that
laboratory strains currently in common use have been maintained for long periods,
many years in some cases, in culture. All laboratory HSV strains will originally have

been isolated from infected individuals and so are derived from clinical strains. The
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able to distinguish between a | aboratory strain and a
non-| aboratory, or clinical, strain. Further guidance

w@moosher7ps operties likely to be exhibited by vPCTI&€B2004/003217

strains is given below. The key distinction between a

| aboratory and non-Ilaboratory strain is that

| aboratory strains currently in comobn use have been
mai ntai ned for |ong periods, many years in some cases,
cultwalbf wireses Alidh 4s3HBY anvolyes v ehotquaiknewaiab bergal ipgssm | To

have en. isolated fro ecte al s a

AP G mgistis v Bhiees SR L e e Sl e i e Vi
Ydplidaes wiHmhtha el the Vithy Bthéh KLedirdd ﬁ@slkmmr@men re-
serial passage. To grow and maintain viruses, suitable

adkdted, dlrie prqo:ﬁ@;scqoesrltweﬁ ne piclepi sesial paseagei Faeh such cycle may
| i cates eII he Vi us i

P LR, L B e P s VA iR o o vl

pAREESS ngN&dd tb theseeo Nethe pedpertivs of eid witusRaamafethatsalbtion

such cycle may take, for example, a few days in_the

&aé@%p@ﬁesﬁswronéﬂm %&%@ar FBHYRIN clfure (e rapid aYeHighhgs
gﬁefo ase% ?od?rtog?r?lg Ja&?cap%égﬁ%{itﬁdng Se.g! f mbEndhde T the

on ta for properties
thakity avoavel groﬁg\ﬂaklonsnn thd dase ef I(ISVglr to ﬁxfecni human cells
replication), as opposed to.pro i es useful
pr act LABTaRER TR HEHECNISE ifchide rehli%\é Atk I#%‘é T strain 17+

GRPASKLY st-n WG eNoﬁ”l%gat@i’&%ﬁ%m% RsdHEInGAS Bivehtidi ygi‘éﬁlly have

to 1nfect human cells. Labdoratory strains in cur
usproved bnmbdytidItivitg tomparedto HSV-1| ststinsalf, 71 2nd K0S HB8Vad with
stra | aboratory strains useful in the

FﬂU%ﬂFWﬂﬂ°@9g$EﬁFly have inproved oncol ytic activity

conpaneghit Rbbiarl s@4ih ¥ S that bhe beNcdfdS iS1hRH RRImMMA R fected
equi val ent nodi fications. A non-laboratory strain is

ownlevitialt Amas-lmworyeﬁtt@m pRthe preisent enl ehtiomrisearecertiyosadated

di bor at t
son e B oo PRRERAT O B e p@ich Pha Y REE isg ucn
el b finReos A ICIR34. 5tfmeﬂeaaﬁncﬁ b @pragsell @b faciude a gene encoding
i nactivated such that a functional 1CP34.5 protein

e@mdmgw@twmg@w, 8186n¢ ICPABE ddsotgingapeble € erishg cgll
E’Js?o z#:n gﬁ Ty g{ F&fh&’telﬁ‘ ngﬁo&‘@g?ﬁd&u& RiPh&epent

causing C

tsmru tiﬁmi@l ghlatre Iir)/oﬂéﬂto&ill@w the Vibdessirp otitfzatitiveto thie@itade, but
wi |l have spent sonme tinme in culture in order to allow
ametime ey it gulhpe il éat:@rah%rawlsb@%d@w ghigcabisglatg way have

e@ﬂ.‘roﬂe f&%t@%@ }%xl tb npc?dlﬁ en’ . oﬁ]ey J;régéﬁratfter ﬂaﬁlﬁcanons

|n|ca I'sO have or storag
havedfeetl maded Sframabf th& Jingentionyreeefaraiarsuali t manner SO as to
nodi fi cations have en made. ai ns f t.he .i nventi on
EUn spsiatiady ihe deSerPlaprapaes obie 2gams clinica isolates kom

which they are derived.

A virus strain of the invention is derived from a parental virus strain if the
parental virus strain is mutated to produce the virus. For example, a virus of the
invention may be derived from the clinical isolate JS1. The parental strain of such a
JS1-derived virus may be JS1 or another HSV1 strain derived from JS1. Thus a
virus of the invention may be a JS1 virus which lacks a functional ICP34.5 encoding
gene and which comprises two or more of a gene encoding a prodrug converting

enzyme, a gene encoding a protein capable of causing cell to cell fusion and a gene
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retain substantially the desirable properties of the
original clinical isolates fromwhich they are

wdaolesisweriis A virus strain of the invention i s deeT/¢8d004/003217

froma parental virus straitm if the parental virus
strain is nutated to produce the virus. For exanple, a
virus of the invention nmay be derived fromthe

clinical isolate JS1. The parental strain of such a
gsiodingean; ipmehinpinragelatery poeteidS|n eddinemtsher a HSNA mey eeritain any
derived fromJSl. Thus a vir f the invention may be
8&f§nt\%tlr°ﬂsg\r/\/ﬁ)faéﬁplle’aaé@erﬁlopfm&r‘%ghaI | CP34. 5 encodi ng
gene andrdurele @0emidnS e sapavle AAlefivaélydhfeatigeneset human
encodi ng a prodrug converting enzyne, gene encodi ng

a
ganseneadisn Wagsayrie 2 gfrug suasiofglabaplory or ditical sgain drvidldave
gENeenseaing. @n o, §0qRtR%8 "i%di%&él%{i xhénrkcfe%ﬂé& foPthe
SucC a vrrus may contal n any ot her nutati on, or
axsurealaBilit@s f éntiahécaneplidagios infectforvor kiBingfof titBodrranel other
is capable of efficiently infecting, target human
sellsciavigindéor ipEie 18 GeMPISPR te §tandard labgratery A RSP 35

i bl | T _ o

Fiswn SfkipREy ROB dolt 19 SybEVALBSBPRGERALLY wiB Gl SRa

pluperties bs esmpdyed id gbarhitoey hiawreinsepd theathgineered fubtthathey
r killing o ur and/or .other cells.jn.vjtro

it uActpRER L6530 A8 GRS PR 0% RERATNY B ispgpes:

stdcoPs p A31vERYs EnShdeah ?ﬁne_':for KeRtan ‘éaﬂa%i’e o@éﬁﬁng cell to

Viruses of the invention W i mproved properties as
cdhfimioadintia dead oncaidorganimmumostodalagy araeintvdrerein said genes

engi neered such .t hat .they lack. fynctional ,a | CP34.5
o R e O T e S
goNfed 1Bt s RhAGEE Bfdeiyéarsof ts§ REMIMRre AndEBSlafiéd ofthe
protei n capabl e of causing cell to cell fusion and a

yenedidind slnigg parent iR drontiis basdr Ylope predsrablynbe sirsindas d
enes are under .t he ntr f i tabl [ ter(s
AR G Ao T AR o B b BT Y. koo

36l @h1@0 ABNEHII o2 Besy BA0SMOHths €SI8ss, BnEmbhitir® 165/ %@ weeks or less,
i solation of the unnodified clinical parent strain

PF @A Weak eidess. ByphesesleSnition pflime ocwiuraiinmear) time actually
PSR PR oRIngb 3 o beul W AR g in
ordel espgresdrvethemntividently) maserviagdy fieatihg or il @ssjuivaldnt manner
weeks or | ess, or one week or |ess. By these

desingt ARy HY apmantarpingihe siraiy recultuee. i tipe spenk &ogen ety

591%1%1'5(1: greg%v%dj{s%ot mﬂﬁled §Phhe ﬁﬁme%niti g iro§ titheGBERTAR culture.

practlc reeze virus strains In or to preserve
Theerspefy indehtiuteyis tyriedyriimeagrtimllyfspedaindgrgoing serialrpassage, i.e.

SE ahe et foce Mot auebily s, mncaining the

Preferably, a non-laboratory virus strain has undergone 1,000 or less cycles or
serial passage since isolation of its unmodified clinical precursor strain from its host.
More preferably, it has undergone 500 or less, 100 or less, 90 or less, 80 or less, 70
or less, 60 or less, 50 or less, 40 or less, 30 or less, 20 or less, 10 or less, 5 or less, 4
or less, 3 or less, 2 or 1 such cycles.

Preferably, a non-laboratory virus has a greater ability, as measured by
standard statistical tests, than a reference laboratory strain with the equivalent

modifications to perform certain functions useful in the application at hand. In the
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ot herw se preserved is not included in the above
definitions of tine spent in culture. Tine spent in

wa@dosoreg1ss typically tinme actually spent undepQDGB004/003217

serial passage, i.e. tinme during which selection for
undesirabl e characteristics can occur. Preferably, a
non-| aboratory virus strain has undergone 1,000 or

| ess cycles or serial passage since isolation of its
aefgdian jcaepliti¢ vireslor pimeeu tisatmest. anon-lpberatory kirgfoysain of the

Wegtlgxgggl?Px%?erXbly h%b? 2 ?r #tgg gt;lg%ﬁal’xr’ 9 ?etgrrenéeg%l?maf’l{)?g st¥in with

5Quioslehtansdifidflionds td @St oBfplicate ﬁﬁﬁmo&@cars 1868 ,turih@uraﬂélls or
| ess, 5 or less, 4 or less, 3 or less, 2 or 1 such

{3 snread bepyeancgellp inytissye.nMere pisrahlprspck Bregter AR tals 2
d .
gtraﬁéﬁc%ﬁ%/%%% ﬂac%%fﬂ}{ %%S%E ?‘l{aﬁ qsol?\éxa?ﬁlﬁi@ &r Vaatto'tﬁs% Jﬁlg@llltlon, a

tests € boratory Strain
equHlabataoty stranh dfithainvemtsont oaykaviearprto delr fodd, 1. X foibd; t1i ofedd, 2

Eﬁﬁiﬁbﬁﬁ3#6%28%‘;1%8%&ﬁp@ﬁﬁ&sﬁc@p&‘?&‘: Tresdrraits yain
Yl felSecBbf @k %r&fert?rm)%ldgrié’s@ﬂf 'P}Qfe}‘!bll* R REGERRWaf?BY Selbeted

greater abil han~a reference Taboratory strairn
ﬁmnﬁHSMUIMah&h?+ﬁﬁﬁVfMEbmﬂdﬂ%VﬂdKOSfect or repllcate
in tu cel | r
bat o SRS andtisit Sebh proveis devcied Bl mEyBRCEREL PR by
@tlahadra Yests$ for eﬁa@blesue@tal Amw&mrfom ardd @518 Spically,
abi | %% For exarrPé)Ie according to e invention, a

m

ﬁt@hstlca gaifieange §¢ egpurehhto 3 elmﬂponO@é;(S%aueomwr@fgrably

5798t 2P Ogpbndy PePIOThc capaci ty of the

r ef er anBgesS31thd vemidnEd RRCAndaEplidaee PItePOLE delleiubSequently
tested. Preferabl ¥11 the reference strain is sel ected

killing thewumouw gells.n Thys, suchorusgsaye BaRECHEN. qonpoisnt. Preferably,
ﬁf ?takesge'lé%ﬁk/%lgl?%g%ﬁhén 9&1‘1{%&!?%1; ’i)xgﬁxgrﬁchgl ! gl? o %&e?rgs?that either

Frried ou

Ebegmﬂil&atetm thefdur, ceAdNIM ot i nédbtunseiuaeky] of et they replicate more
pi caly statistical significance will be measured
? e(‘élvp V1§|turapurrfel.]s gaaggn pg%umqulcgll%r}?é}r@?(ggp&i; }yhere the virus is

%}e@ fBr fedti aocgﬂm th the chggl@gxervsus I O N (1 ?ﬁ’: &

e ‘inventron infect an replicate In tunour c
sppbsainganttheytukior kelisgput het iuhounroaneting neiﬁlmnsl cellsicBells in

s are r I|ca ion conpetent erabl
UhhIET Rl aFR 1 Ee R B e reiR B ical. Ve etrbint of ellpctive
Féib'h@at%%ﬂe%ﬁe Eid Ebeéaxﬁ&ﬁd/ut 1§ Rhd &.@r& BedcRibbd A, ! | 'S

not in non-tunour cells, Oor that they replicate
maselr@ﬁcrwtf mpéllcytlcpmanduﬂmgur @dkidinglvapadity, arshalsaamlysed by
the. .virus is used for

ﬁ‘r%leﬁ%ga? g«ec%ﬁﬁn‘%l ’i%ﬁntﬂcﬁlgd 2‘5’3’?{1} A ous system the

Vi r UsThé pfopBaieh 8f Bk virus strain in respect of tumour cells can be measured
in any manner known in the art. For example, the capacity of a virus to infect a
tumour cell can be quantified by measuring the dose of virus required to measure a
given percentage of cells, for example 50% or 80% of cells. The capacity to
replicate in a tumour cell can be measured by growth measurements such as those

carried out in the Examples, e.g. by measuring virus growth in cells over a period of

6, 12, 24, 36, 48 or 72 hours or longer.
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replicating in the tunor cells but not in the
surroundi ng neuronal cells. Cells in which the virus

W0 200abkE12 0 replicate are perm ssive cells. MPSHGBR®AN03217

of selective replication conpetence can be carried out

by the tests described herein for nmeasurenent of
replication and tunour cell-killing capacity, and al so
anal ysed by the statistical techniques mentioned

her ei Ahegbidigspf %ﬂlmﬁhéillbﬂmrpﬁléﬁsca@fbetrh%my fAuantisatedibyeye or
H%ﬁ%] g)? cax %ntftﬁte{llﬁg rcgllc;:rﬁmg e rg(lgeﬁp Fhide %%]lzsdtg%t rgx&a%ﬁ over time
ForVd givién fifde Eafne ahd MOLFBP gm@ edil ty@aanﬁe)ﬁﬁﬁtﬂ’é |cf3ﬂn9§h§@)ﬁs may
measuri ng the dose of virus required to neasure a

§F wede pEeIcn #8 96 7o howe and usipg anlekravy) BIBRUS} tyReodibf
%gxltlcular %dd:%o[f&%&ttay&cﬁago{a?ah&ﬁgtﬁ\lé51’ 1’51 H%tﬁ%ﬁér{oc&%ﬂloma

neasure urenents such ‘as

OED AL M- 284t bricsist hh\@oEa@amphﬁsSKe\/IﬁL Wymakgasit meRnying 08 U-87
n cells over a gerl od of 12, 24, 36, 48 or

%G@e?@stem%ﬁawom%el [5RT PE Yk 6%}%46@ these epl fypes or any
Hll'én&%f&e&ac%llkigpég%%tlé Msé&i“és%h { el Jayou€¥9 %eg.mﬁ?nay
exact e e

quantitated by countihg t nu er o
be Idbsarabhab copstRicha stardard pareel bﬁtunwuy icelé typbs for tiispntposndlo

B et o5 ve sl lodBaisiTe s R TS PG AP TR (ypan
UG 1aRld cell¥ Piee liv8 caﬁzrérpl% &untddT 27126812068 &laFlalso be carried

adenocar cinona, rost at e adenocarci nona,
mmcze@emmwatad eﬂbmng FoNGES) SRIUNE2s2g- ﬂhllmcgln aeli-
ast oma astrogyto can

. U- 87
g‘é 1€£ gtanPtyg{hgly 613% bgfnegﬂlégcgm Yq, etgy ¥ 0egs e re%uctlon

@lﬁﬁ&ir%uur@@exsgfenaé}s(ssy aphitichpeBugan be used, as may
ot her tunour Tcel es. It may be deswable to

const mgtdeat%deémwt RFacrtiss Otf VirBeas of &1el inygpbies, i Bill
Iggr}%?lﬁyubéj o s%ra%le ?o 89 {ta&é?dp%ﬁ%’%r}/ ggefe’lﬁtlélfﬁoséfa?% ¥o§ tc??B%rﬁson.

mdy%uﬁmb sidhdgd CI:EQJohﬁor(yl reRrenkt Vigaifi aidysae wadl ethe easBtof @ISV, it
Quantitation may al so be carried out Sgyl fl uorescence
S's

acteleaied do beg aneqwmarp gl HEXESfraigy 1 NriSadswipin gy | strain
%é kTﬂlé fe@&eff‘c%' 1Ja %UC??IQM%?%R?U%%EB? ohl@ic}ﬂlaﬂg o, theStrain

by nmeasuri he ur vol une engendere
by the m‘&l‘ntlbﬁ lbbmg twtafcu sThubsj the referenteostehirt wilhiypizallpdave
properties g viruses of the inventjon, 1t Wi | |

GeHERISRY odECfions B as gRC SIS I RRATRIABABHERE dpsFrtions.
Frg 1R GREEF Dbl dt tlflé)ﬁlv&ﬂmﬂa{vhél‘é@hebmﬁyér{cﬁgﬂng }%2;‘%%% Been

oratory reference strain may be used case
oéndeiSd, nontfunetiqmak ther ICP34 t5Senosdng genes wilmise haie bivl rendered
%grrl | rl)tl%?l.;l in the refesrér{cglstr}alg q”rhe modlﬁca‘ilons made to the reference strain
may be identical to those made to the strain of the invention. By this, it is meant that
the gene disruptions in the reference strain will be in exactly equivalent positions to
those in the strain of the invention, e.g. deletions will be of the same size and in the
same place. Similarly, in these embodiments, heterologous genes will be inserted in
the same place, driven by the same promoter, etc. However, it is not essential that
identical modifications be made. What is important is that the reference gene has

functionally equivalent modifications, e.g. that the same genes are rendered non-

functional and/or the same heterologous gene or genes is inserted.
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KCS. The reference strain will typically have
equi val ent nodifications to the strain of the

w0 pwspiizen bei ng tested. Thus, the reference SPCBGB2004/003217

will typically have equi valiznt nodifications, such as

gene del etions and heterol ogous gene insertions. In

the case of a virus of the invention, where the

| CP34.5 encodi ng genes have been rendered

non-functional, the 1CP34.5 encoding genes wll also

q?ve gﬁ ﬁgnpg{? on-functional in the reference
rain. I'Cati ons made to the reference strain

may b&he d/eﬁtnhscgﬂnei feférfedste nyde renddréefuntti@iafly dfactibeby
i nventign, By it is meant that the gene
d?wﬂﬁ@qhar@eﬁ WGU rl@oweﬁ% theritle FOF FXATAPIGI they @@y ibR rendgred) v

I t
T A e D RO R SO S
ideletibe. Da}vaopﬂ mag renBpveidna |olr moré portibesef thﬂ‘gmh orgh¢ entire gene.

Bt g, A9 B A0 B et O BRY D TBYEes g 1 e shift
eRVRNLE, BleftBly d 1@%@% uaedwqug maa@tfbpaémkgﬁe gRest 2¥akore

Is Inportant Is t hat the reference gene has
fpmfenabkyrvallaayt Hjaiof thedotal ensng dndatonegedingseguench gar altamatively,

FereeBioGind s PR Gienat peRs b Sy A el obalo 53T

st pletiadl Peat\l@arst PO0B) ieReHddspl B patibWarPpyrf@rddan daheet the
functionally inactive by several techniques well known

|eﬁtnterg§naa1@d sq:m ofetha faniang seaugneesy Viere Briel mmgre copies of the

BREL BBy P Lo 1) G1100 e s SRR e

&eﬂbﬁﬂfnmﬁumhnﬁnﬁ@nﬁﬂrtlons of the gene or the entire
gene. For exanple, deletion of only one nucl eotide may
be maddutatiensare mage imthg herpgiEiriss Py homgipggus recombination
DAL AR ARSI SAAPC S, BB S YR B
ltmhsibcted)djgﬁgleawdhmmequjret'grabwplamﬁld(mtor comprising the
alternatlvely at | east 10

I
A RtEd SeaysRce fagk d Ey 38@3&3@5%’5 1S644ancep ol hsumrpatsdisauence
RStcoRpeise El"i‘l@ieylon@} ihLARN(sH 8P QlH@Hﬁftl%ﬁgsb deorwHidh indy be

particularly preferred to renove the entire gene and
sonmruofedtbhreroﬁﬂumtkclnngeqhsmmeas T emcdudevseleotableongrker genes,

|es f, t ne.are prese ral geno
sl pedor AEP BopReEahr Bl iC e yihany & Fefldr oc
sé’r@&hhg F@bhﬂslﬂaﬂaﬁ%s\ﬁ foM#taﬁfp'léJ PSe M BosTBIE abilVi fluorescence.
herpes” viruses by honol ogous reconblnatlon nmef hods
wel | known to those skilled in the art. For exanple,
EE i@g ¢ DNA is tr nsfected together with a vector,
ef erdifiPIeEoHF BERSARIIHOBIOS o npri sing t he

The viruses of the invention carry a two or more of a heterologous gene

encoding a prodrug activating enzyme, a heterologous gene encoding a protein
capable of causing cell to cell fusion and a heterologous gene encoding an
immunomodulatory protein. Preferably a virus of the invention comprises a
heterologous gene encoding a prodrug activating enzyme and one or both of a
heterologous gene encoding a fusogenic protein and a heterologous gene encoding an
immunomodulatory protein. The fusogenic protein may also function as an

immunomodulatory protein.
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nmut at ed sequence fl anked by honol ogous HSV sequences.
The mut ated sequence may conprise a del etion(s),

w0 nmepiizon(s) or substitution(s), all of whi chraEgBb®4/003217

constructed by routine techfni ques. Insertions may

i ncl ude sel ectabl e marker genes, for exanple lacZ or

green fluorescent protein (G-P), which may be used for

screeni ng reconbi nant viruses, for exanple,

b- gal e!féﬁtf@f.@bb’aﬁt@ m@dmg aetyva@rlg PrQiigin ése eylesine geaminase enzyme.
nes [ v1ru es_of, t

F’ﬁ{[/en age%%cnzﬁ ggms % Cag r lrgmg?é "?mn%h et 6176 vegpor ﬁgmégﬁe

elncadiidgina ipihedictige dakisvairon@el VRS citobigk deahgsdigenes are
gene encoding a praotein_capable of causing cell to

S jable g lssing rﬁ}epsa o Bpcteral @gewsangéﬁ ¥edshenainn gAgacond gene,
k;ﬁj&e@g%‘;%ﬂk 8l QJdin J&%Siﬁg%% ot g'BL:}ﬁsead tblehiish Bfthe‘é}%dmg

conpri es a S gene enco
pomctrdion activity af m}regcyvmmermammhs@ pencoFolbedampdd, tiee second gene

het er ol pgous .gene ncodln spgenic. protein_a
H@tyana?%gao%mg ?f&fzf&m% %ﬁraﬁ"rrh‘gﬁ@ﬁﬁftmfeétd&ﬁﬂbed in Figure 2
pr ot eisRy shiighié H?s@g exfére%ﬁdlﬂg HgYoté’ih%QpafH}'é‘Sf daQbingeciRbell
|wmmmmmJMOm/rot|anaaa , the prodrug

disianmey hgugndotPeciarably the pmt@slcnmb@aﬁnanasg celhwyrai. fusion is

d : f t th
e it a0 e AR by e PP PP P RSAR P e dioRg
%T)fcbﬁbk'b&lﬂﬁ A6rived IR ioMBSN G Q:ﬁka[bﬁu@' QR @&Evg BIR$mA €
avail abl e includi ng those of bacterial origin and of

y@@ﬂen@m rglirovirys Wee fmdg@@nE or tymptedl frgmanepsise vans atl trhg

SRS o B BB, R BERG B St g

Eeu toeééﬂfmhﬁm lstm@AWﬁﬁalg@w Kf@yotemcode a uracil
phosphori bosyl transferase |ike the viruses described

in Fi abﬁ EMMUNEROAWAIOTAEINE MAYShERNYi €N B digchoRIClR Bat is

Bcfépoag% ?%kxl%ya%f HW% ofie! lTh%&rc')tezﬂ%%b%ie B'?quBS ating an

I'n capabl e of €ausi ng

iImagé fesf)é&fsb Rihyl e aﬁ@h@ﬁﬁ@ dudH ANGR-O9E] TNEG:, @ﬁﬁﬂt@x\ld:dkﬁ{ (for
envelogbﬁglycoproteln such as an envel ope

gkareplp i hickpepekjrgisuch @ﬁRg\l‘{ﬁﬁﬁworaep@aweggwnnﬁammﬂt_@sy
gﬁ?‘ﬁ}{)éfo? 'Eexﬁ%r{]p"i?r i %e Otfi3r fmemﬁl%’o‘ﬁll%dﬁ?%é’}’y x%oleé‘uﬁ?%%‘ SH7.1,

otel es VI Trus an vesl| Cu

BTG CIDAEL VIhepsoteinaphlee of cdvbing cpM &f &slbfakisn nﬁef}ealso be
proteln capabl e of causing cell_to cell fusionis

epnablerqf; t@g@nyewmn@tr@ipﬁnserr?@r PRI 6B A LVais sﬁgﬁb&eﬁe
ﬂ&éu ?ggghggﬁﬁeggﬁgglng a protein that is capable of
nodul a

ng an | mmune response. The protein capabl e of
nodul dituses afithe invention may thus be used to deliver the genes to a cell in vivo

where they will be expressed.

The prodrug activating gene, the gene encoding a protein capable of causing
cell to cell fusion and/or the gene encoding an immunomodulatory protein may be
inserted into the viral genome by any suitable technique such as homologous
recombination of HSV strains with, for example, plasmid vectors carrying the gene
flanked by HSV sequences. The genes may be inserted at the same site in the HSV
genome, for example so as to replace the ICP34.5 encoding gene, or at different sites.
The genes may be expressed from separate promoters, for example a CMV promoter

and an RSV promoter or from a single promoter. Where the genes are expressed
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i mmune response may be a cytokine, such as Gt CSF
TNF-a, an interleukin (for exanple IL12), a chenokine

WG k0 as1RANTES or a macrophage i nfl anmat ory ppot/€BR004/003217

(for exanple MP-3) or anotter imunonodul atory

nol ecul e such as B7.1, B7.2 or CD40OL The protein
capabl e of causing cell to cell fusion may al so be
capabl e of nodul ati ng an i nmune response. For exanpl e,
Goin\a sisgle ppahodter, tie gapduimay ba geparptedpivareintersggibosome entry

Vi r the inventipon nmay t ed to delj
b IRE . e gbtescliy A, B0 PR YSehEHE Pl ifn QR shofhar he
A%Bd BERAH retding bOhQdtiVitie@ 6t thy ségafide gates (ielpaedrggativation and
encodi ng a protein capable of causing cell to cell
telbiogeliditipmprediag getivation audimguagmediaipmyrastivity pbre)! to cell
rotein. e | s '
T kTR U Rudl gt Rl SRR B v
H3Nwihg atpresswintty, a proteasxethpt &, cipbaienidhs\te diednsed protein. In a
carryi ng the gene flanked by HSV fﬁguences. .The genes d
et SpRasimen, he LWASTUGA 08 FvR Of RCES PEORIRS AEnEPresse
I - o . :
53 HEEV 3Ry b EPIBpE Ry lickddn 3 O RABN orientaion
exthrreseetdofeaciothepardahertpd oo therBS Vigenorex sorpd ®© rapl@dthe
pronot er and an RSV pronoter or .froma single
sPtssenerding g3 r%wgé*nVé%*S &% esegbdda fagire 24{8‘*’6"“’ the gene
| RS cORMRS i ratiRed Rys Bcolyti
T e R O e i oty
atopertize aseaptagsded as a transl ational fusion such that

the fyse rofein retains, ,both activities of .the

b e CaBcBbEl Peduhdh BE e it binkls b ol Bperatiy
fiHRE P coRfr el BerREd ﬂ)éfﬁ‘i‘iﬂtiﬁ? cRptEssi gHBMBEBEHek at & ymour cell. The
activity or cell to cell usi on and i munonodul at ory

st “opexpplyslindtedt refers the ) irpesitipn vthsreis thgcempoagn described

fol.| ow i . i i -
L B SRR e e SR B Rl o
tétfuchdwr pebs) MkedOto 4 valind sdqhiendelis Beated Bitswicha wagrtkat

expressed froman RSV and a CW pronoter. respectijvely
skpieesion ofthe seding seqygrde 16 Ashiewednger sRndiiopsspyapatibiowith the

nd inserted into the HSV genone so as to
?%%F%géﬁ%ﬁgégenes encoding 1CP34.5. Such a virus is

descr iAb&shtion sdqueiieaypicalHoouemeises & hngeereallomyndexpression of the
inserted into the viral . geg me at any |ocati .onés)
BPRRARFERDLY Hakeddhewstaandsigp E%ﬁ%%anap@f FapseriREED- The
Ftﬁ?oc'tgf 1 Red S8 Y Pxoﬁ{gs gﬂﬁ:h'apéﬁﬂ:ﬁ BEE8mMafian, preferably
referabl y opera I'nked to control sequences
hemah tirhoag celpr Esspromotdr mayebegienesd fromepromoten sequehées of a
Th .
eul?aryotic gene. For example, the promoter may be derived from the genome of a
cell in which expression of the heterologous gene is to occur, preferably a
mammalian tumour cell, more preferably a human tumour cell. With respect to
eukaryotic promoters, they may be promoters that function in a ubiquitous manner
(such as promoters of B-actin, tubulin) or, alternatively, in a tumour-specific manner.
They may also be promoters that respond to specific stimuli, for example promoters
that bind steroid hormone receptors. Viral promoters may also be used, for example
the Moloney murine leukaemia virus long terminal repeat (MMLV LTR) promoter or

other retroviral promoters such as that derived from Rous sarcoma virus (RSV), the
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term"operably linked" refers to a juxtaposition
wherein the conponents described are in a relationship

w@ensoitrisig themto function in their intendedpdBGB2I04/003217

A control sequence "operabiey |inked" to a coding
sequence is ligated in such a way that expression of

t he codi ng sequence is achieved under conditions
conpatible with the control sequence. A contro
hmqmemougcmywhéquym (CMSA TE prerontst et praimotsss pigherpes virus

ress ene Q era nked thereto
9 e ot ARafE R RRT e ldIEY b 08leE oS,
i s sekEgplegfod ER5RIRE eRDbBESsUMEAbIE hoﬂs&’tﬂlcfsuf(bﬁtpr@ﬁ@ the p\rodrug
manmal i an, preferably human tunour cells. The pronoter
awelingcheey e dndadite EANEngsne CneRsii fhpIoteln Fapable Al Arymeting

exa e
?ﬁgto cgizg{r;relon rggl)rcle rﬁ&hon?d\}dﬁfﬁ%ﬁ éggc?énscg@ogﬁgg Y]tﬁﬁncfeg 04H be
hete nghg gRUie ¢RMNg tBchques kuown v péresrabkilled imretrerand (sem for
tumour cel |, mwegm#aab a human tunmour cell Q@i
pé@ﬁé@tswr@@k%{ﬁo 39, plolpptadonpg sy #&9%%%?%%{
i n a ubiquitous manner (such as

Sp&%%§g§§$g -actin, tubulin) or, alternatively, in a
t unouit-repedsd be admnmgeous‘fbetyxe payncablis) tb be prdawibiesasthat the
t hat respond to

ecifi timnmu Dl
I Bl EXTor ¥R OfPih 8o £ Pros e gdfrine of hg pumour
REIP nﬂlﬁﬁflﬁler}ﬁé’anglt}'?a@ tHEQe%ﬁ@gf ex Ip%ss@ﬁ 3phiRdIRgMYE pdgibter can

muri ne [ eukaema virus long term nal repeat ( V LTR)
be oergnta&ed diorekirepler @ virgvofith¢ inyertinn way fwthencemprisea

ﬂg ed i [gﬁgegeg}%g@xlnggtg ‘2 Vés%@pél%ﬁﬁ\gnécnpg}onalraézﬁ%{ftgr fusion

Bfothi8ruRGS: tié Eéiﬁroﬂl 6B§§tr¢dg0;£ruﬂxbfb@ (4.Ba8€ CUIV YE Pgomoter) and the
expression of the |atency associated transcripts.

Er«pir@mrxynrtmgsg@k toesl] frriomeramungmosblatory ¢r gther geng may be

f\egc‘ecﬁlgr Lﬂﬁ%gﬁoﬁgort%gfﬁscp%fnlglgé Ictgg é ﬁ%oﬁ??gkx&%cnpnona]

@&hdatér%ﬁsﬂl brdtaif pgsvicausp/ @pomm@m@mmuamm gmeGamn et al,
control sequences can be made using routine cloni

tl@%ﬁmmwegn Kirie GrRmRRIE, pféﬁpéf‘éﬁgn gme@éae(ﬁhwwﬁé dgpend
R"Fe §%EBL&mc§8F§B%%%E§§ 1989, Mol ecul ar Clonlng -

{bor at ory nanua d Sprl ng Harbor Press). It may
al so hanaeyeithegrentiod @Tcoﬁd‘lmuhmdnmﬂtﬁb(@))us geree Viruses of the
i.nduci bl e so that the | evel sion o g 4
g@mgowﬁysempegwsa%dn%s@ﬂ%gowée 5 ErerpEpisrgmd, 2 0 3,

LY TG RA ge %f Al C?thﬁoggla%éﬁe(fs)hﬁﬁy bburtiRy %ﬁe&gf the prodrug

expressi on &bt ai ne e pronoter can
megwmm@gbnem festageplegena and/puthe @mntwnemoduletury genealihe
Hrther conpri se a

additional gene(s) may encodes one or more different prodrug converting gene, one
or more different fusiogenic gene and/or one or more different immunomodulatory
gene. The additional gene(s) may encodes other gene(s) intended to enhance the
therapeutic effect.

More than one gene and associated control sequences could be introduced
into a particular HSV strain either at a single site or at multiple sites in the virus
genome. Alternatively pairs of promoters (the same or different promoters) facing in

opposite orientations away from each other, each driving the expression of a gene

may be used.
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het er ol ogous gene encoding the tet repressor/ VP16
transcriptional activator fusion protein under the

wa@oosnol71of a strong pronoter (e.g. the CW EEpcDGBR@@)003217

and the prodrug convertingl7cell to cell fusion or

i mmunonodul atory or other gene nmay be under the

control of a pronoter responsive to the tet repressor

VP 16 transcriptional activator fusion protein

previously reported (Gossen and Bujard, 1992, CGossen
1995) ... Thus, in this exanple, expression of the

gene(éghﬁﬁﬁ%g“ﬂéﬁgnd on the presence orpabsence of

t et r acyighden of th¥iifiventon afaybb@sédieivhetod ef]ﬁaﬂmgrrb& Inirfrreor

heterologous genes. Viruses aof the invention

GBI b8 o HePBHC Wy MiruseaPf fheriayengen @y h@d&se@wﬁﬁqheds of
f
ac%g%.@trl:l'%eﬁ g’ergfg 1%1}9 II%S%Q)‘# }Ejér 9&%&0%%&?12%%0? the oncolytlc
freatinery of cancer. t Vingsey eﬁ the ihveatibu siagdenised gethe t}&myeonc
the i mu onD I at or ene. addi al
HEBREE ChAD S e A BB Brerebly R BHOEr ot YR,
Qs of‘TRé %v@z‘xthn%%nBe ﬁélﬁlh%%&! fo zgéi{l‘)?ec@ﬁz%gﬁos@a{l@ H?East lung,
nore different i mmunonodul atory gene ddi t ’onal
doemrs (real nel), cademneesl, btddder, galne psyermtabmld@dom@; adpheoatenoma;
the therapeutic effect. Mure than o
S R Qi B oG RS SOty iRt Fufitederamgs: o
&aR@drof el Rhd BRVn&dk ain either at a single site or at
multiple sites in the virus genone. Alternatively
pai rs of pronoters (the same or different pronoters)

CI ng tﬁl te orientations away from each ot her,

WFH%Q? & expression of a gene may be used. D.

Ther apmamﬁlsessﬁ&héfimm @by bdigsedniy aphii@n, preferdity b ielan
in a nmethod of treating the human or ani nal body., In
matientein ned of freaigest. ok patrat inmeerof Gisatmept Eéﬂug@dldiuﬁl suffering

R85 oS RARE g HA RN WSS LR ok B
apsaarént isoritpesveahe tdmhtldmvﬁmtpaaentnﬁr)yphﬁlly steslapenti¢ freatment
therapeutlc treatnment of .any solid tu in a mammal

pEETSet WHIS)P éhqa,lgﬁg}ponpélgev&%ﬁfbp éyrgptpg)é tlgafcapﬁeé A method of
| PG %'Pc eas ﬁﬁl%f&' tﬁ% ﬁlrvggtlcﬁpc ?{ﬁ-ﬁmm&lhg a

prost ate, lver, ren
aehetapettichldy ¢ffém|t1ae| dmbuntmﬂaomrus of drermvmbn tae patmemtreyffering

denocar ci nQma;. nel an hama; gl i.o0ma;. sarconn
IR S eg gt pLan Bt B s dhe P eltioRdn R dyetvidual
thereRRS BoRNAtuRREK will typically kill the cells of the tumour thus decreasing the

size of the tumour and/or preventing spread of malignant cells from the tumour.

One method of administering therapy involves combining the virus with a
pharmaceutically acceptable carrier or diluent to produce a pharmaceutical
composition. Suitable carriers and diluents include isotonic saline solutions, for
example phosphate-buffered saline.

Therapeutic treatment may be carried out following direct injection of the
virus cc’)mposition into target tissue. The target tissue may be the tumour or a blood
vessel supplying the tumour. The amount of virus administered is in the case of HSV
in the range of from 10* to 10'° pfu, preferably from 10° to 10 pfu, more preferably
about 10° to 10° pfu. Typically 1-4ml, such as 2 to 3 ml of a pharmaceutical
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E. Administration The viruses of the invention may be
used in a patient, preferably a human patient, in need

w@toosneaisrent. A patient in need of treatnent PGI/@B2004/003217

i ndi vidual suffering from eancer, preferably an
individual with a solid tunmour. The ai m of therapeutic
treatnent is to inprove the condition of a patient.
Typically therapeutic treatnent using a virus of the
ForvRefi iQFhcamsisting essertinllyod the ipisoad a@%awe@taq@él&apcemable
%{a%?edca?ltiertorr SALOR r%‘Bou?ci b& B AFCP [n?c%cﬁign i@t .Gr‘ndi]/ildual
invention conprises adm nistéring a’therapeutically
afrh@ct Hywewrdoidontf ondoMtit tisergfy dppHcdtione rg@voliing up to 10ml
patient suffering. fromcancer. Adm nistratiaon of an .
B Blsptbedised dgrending pruthe ANFBOHT tERe: tHNAH Sizedindithgigpculation
d j bl oty cal I the cells
gl;lg' mé“?%ﬁgﬁgﬁ%rﬁ@g ec rféégss iﬂlr%l t erﬁéslsll !}%0 géf h%el%lé t unour
and/ oThprenesnifiadgisiptram anfl dordgesdesatibakdre sntkiiduthonheas a

tunour. One nethod .of adpinistering therapy involyves

8 EWF?]@S‘EIHEE DrACHLOR Y ke ghla e BTRInE 279 Y QIR goute
8?&&&1@[5&950195&&1&%%& OT IR RANEEm Ay PhakiBRGEL A&Blding to various
conposition. Suitable carriers and diluents include
paremeters; esprcially asairding dmthe 16eatior wé thsl temour, the size of the tumour,

hosphat.e; buf f ered sal.i,ne. .Ther uti ¢ treatnent .nmay
SRR vrighr BuConged G Parride P RuET rdhB8roTRer U1 T us
GATREsHatibR NP ALY WDAkustit 8EHREsIIBE by lrB@tinjebiSsigto Ry
be the tumour or a blood vessel supp ﬁlng the tunour.
Teovamdbia virs may else baadintisiersd sustemsicaly phiey taersiopfintpig\plood

in _the ran of fr - Q f .eferabl.y fro

YBstoR SRp hunidse ThY dodfuditg e o PR Bl dpp@on

fhenbeatioh ¥ndl s8bf thesw@buas 2 to 3 m of a

phar maceuti cal conposition consisting essentially of

the virus and a pharmaceutically acceptable suitable

?ﬁ% fdlﬁ@viz?%ggérhgl%g]fllu‘éﬂ&i%%&ﬁﬁ%ﬁﬁg. for direct injection

into an 1ndi vidual Tunour. wever for some oncolytic

t herapy applications |arger volunes up to 10m nay

al so be used, depending on the tumpur type, tunour )

si ze Hhtoramed depfiogrsias shi4e dglpiRdSoetvits shanged oncolytic
-t1h t .

R P R i RSB R e in

831 3nddwmva inpartedtheigenes enceding b pbdon@adtiviaiing eenevialctobime

ble to,determ ne readily .the ti mum.route of
e S| QBRI Lirpserdirel 5. 2GeP) 4Ry O Bene for a GALY
ﬁgbgg,ﬁ@ @@goﬁg@g{di ng to various paraneters, especially
according to the location of the tunmour, the size of

the tunour, the age, weight and condition of the
RS : VBB BohlBBhisd (@0%E:g g soute of

The viruses used were based on the clinical, or “non-laboratory”, HSV1
strain, JS1. ICP34.5 and ICP47 were completely deleted from strain JS1. This virus
is described in Lui et al 2003. The GALV env R- (Bateman et al 2000, Galanis et al

2001) and/or the cytosine deaminase/uracil phosphoribosyltransferase fusion gene
(Fcy:Fur; Invitrogen) were then inserted in place of the ICP34.5 encoding gene under
CMYV and RSV promoter control respectively.

Figures 1a-1h demonstrate the stepwise construction of the plasmids used to

construct the viruses:
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adm nistration. Preferably the virus is adm nistered
by direct injection into the tunour. The virus may

wa@b®es/nbe1adm ni stered system cally or by injeckdDGBRWYED03217

a bl ood vessel supplying the tunmour. The optinmumroute
of administration will depend on the |ocation and size
of the tunour. The follow ng Exanples illustrate the

invention. In work ainmed at produci ng | CP34.5 del eted

HSV wiStdp leGhahededhe FewiKurigenayias eystse ﬁmgﬂ@Rﬁ&c&nFmram,th
I .CPAT I 5. f HSVI .strai,n - JS
\g‘ﬁap %x\a/de Nﬁng a%&%?sgatg?hneto ggﬁRS@%ﬁog?n&rfg g]esrt)llog a\?lﬁ)gﬁfanldﬁl anci]'

ve i nser es 'enco
&bhl;vati ng gene (a cytosi ne deam nase/ uraci

phosphori bosyl t ransf erase fusion %ene) and/ or a gene

for aSERA(FHgdsyehedRyY peaprier ey Fupibiinle casetiy frog PRCRSV
E@??’ft Y 'ixzsgrtre? Ba.V\%EI? ,IélgSr@ tr‘%gﬁl %Lergir{)zl? ZIrJgise,? QL@P? to generate

ased on t clinica
pt¥ad Foy: . F8F;. 1CP34.5 and 1 CP47 were conpl etely del eted

boos. Skrd) &g Tl Rt hanetemal hotbo CempaiSt
e&mgigmg)th@nﬁé%%tea ??ov%ﬁg 9%d AR ﬁ@ﬁ@%gg@/ﬁ& en the Notl and

phosphori bosyltransferase fusion gene ;
EneR1l sitgg énenseatepeDNA3ikEELY edv Re; pl ace of the | CP34.5

Coepob PV TENPuAn RS PRl iohaes Ehighatsre ot

gRnged;ucti on of the plasm ds used to construct the
viruses: Step 1 (Fig la): The F%&: Fur gene was exci sed
from pERA (Feg 1 2R rheiMY mewiboteyStA N &-/Bpldp Arssssettewas cloned

' V f.ol |l owing digesti ' i.ndl ang Xbal ;

W4 RoBTTnlify 12tedo Bt ol LAY DALY cRRR 02

cassest sf(w%:n 1RRaRS¥ ; 4 pldsmidaslosLink&toR & .
| CP34. 5epf| anki nR regingﬁge?ﬁuimet gl 20(1)13 ?o gté\lgg{‘%ftIgPM >

pudsepntaimag :bpﬁlﬁgLéit &y B qorikgyrEyr gempe tlelRWenv R was

| fied.. I .aing the.integrated,.

P29, B 0 6 a0, PRt B0

EGaR CBiV @\ [V eeRetoden e NAB SICHLYV Fgw. R-; Step 4
(Fig. Jd-1e):_Mnipulation to renove restriction sites
whi chP usipyds.p gam:FrLgdp;)-M.S CMV GALV env R- and p-34.5 GALV
FCY were inserted into virus strain JS1/34.5-/47- CMV GFP (Lui et al 2003) by
homologous recombination so as to replace the GFP sequence replacing ICP34.5.
Recombinant, non-GFP expressing plaques were selected generating three viruses

(JS1/34.5-/47-/Fcy::Fur, JS1/34.5-/47-/GALV and JS1/34.5-/47-/Fcy::Fur). These are

shown in Figure 2.

Example 2: The GALV env R- expressing viruses mediate cell to cell fusion

The GALYV alone expressing virus (1) causes cell to cell fusion of a number of
human tumour cell lines in vitro, including HT1080, Fadu and U87MG, mediated by
the expression of the GALYV protein, and (ii) provides increased anti-tumour activity
in vivo in mouse models (Fadu and HT1080) as compared to the equivalent virus not
expressing the GALV protein.

Cell to cell fusion is demonstrated in F iguré 3. Rat RG2 glioma cells were

infected either with JS1/34.5-/47- or JS1/34.5-/47-/GALV and effects on plaque
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Step 4 (Fig Ig):, The CW pronoter/ GALV RVBGHpA
cassette was cloned into ICP34.5 flanking regions to

w@eonenat7es p- 34.5 CW GALV env R-; Step 5 (Fi g.prdhB2008/003217

generate a plasmd allow ngoinsertion in place of
| CP34.5 and containing both GALV env R- and Fcy: : Fur
genes, the RSV pronot er/ Fcy Fur/ pA cassette from

B ralody iovel BB era it BRGALP GG b Vel i G
6314 5n15€g‘;éd deéL[Les Wrtﬁ@rgﬁs W5 @blid] eRM t&ieel@Rfdide) 3ffe& easily

FCY were inserted into virus strain JS1/34.5-/47-
MgGhSW(GLdm et al 2003) by honol ogous reconbination
so as to replace the GFP sequence repl acing | CP34. 5.
Reconbi nant, non- G-FP expressi ng pl aques were sel ected
genapR Mhe Fby.CRIr\ekpressisg (ihised Idmenstraié- dyﬁfsme dediinase activity
JS1/34.5-147-1 GALV and JSI/34.5-/47-/Fcy::Fur). These
are sﬁb%ytpﬁnw@qw@asz/u@bmﬂsehozl oyy|Fansfproscaiyiopgene
@kﬁ@ﬁﬁ%‘ Vs Yhd BSHSh s a4 le(-?}e'ctsttfPe Ed%'vlsrsfcfhlsdf%”ﬂm?fytome to

one expressing Vvirus causes ce

SRiooourafil ia virvarlaeh thdt Shflmemratil meedrataiedell illmgoceurs. This is

heoip e dHrae HiM DR b ¥ie bt A d Fieitraibene

t)fé‘één‘%@%? Qb&ﬁ&é oft RSO ABShY. '§u§6eﬂnﬁta¥!s‘ﬁ=bn‘1 hefPLSR WREEleR
Fadu and HT1080) as conpared to the equival ent virus

hext treatpd etsma«:tg/atdw@e @tm/pmsmt én the s@pdrhatants.Cliese fupsimutants
nonst.rat ed

%Vﬁfedtgmgseg,t‘g REE 18‘}6I new %i?@g tglo[%ytosglregnad%een convertec\{v?o ffe
tbRid Sfubrolthéil/ikhb Vel e b e therDbe BH18QIUEFRRNRERHYm the

observed. It can be seen that the GALV expressing

518?15%4 ;habwb@reglegrl@avs@d tennfaetgb@l opgisgUdE] 0tQ¢11§ cemigined the

(cell G fu ct. easil
BREE il bob SR ne R R s Bl AT Yo A Bk
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deam nase/ uracil phosphori bosyltransferase fusion gene

containing virus has denonstrated that it directs the
EQINHE S $He Combin J_i PSAEXT 95nIR L a Bl Mg QFQI%H; coflbined

with §r BuorddiitSsineSexpheeion ipho vid g LehRant edvaeti -urhBtrG8vieeld \§vo as
were | nfected W th t he three viruses in the presence
HIRACGIREC BEC &L PINFLEREMANE] ne. Supernatants from

t heseF%ﬁ%e' §sﬁ6’%Js€th$ Qﬁ&té‘@@&uée%%&&% 5?1934 Bagt AL, the
virus present in the supenatants. ese super nat ant s
JS1/34.5/47-/Fcy::Fur and JSI/34. 5 /47-/GALV/Fcy::Fur) and an ‘empty vector’

control (JS1/34.5-/47-) on shrinking tumours implanted in the flanks of rats. The

viruses were administered in combination with 5-fluorocytosine. It can be seen from
Figure 5 that each of the viruses causes shrinkage of the injected tumours. However,
while delivery of either GALV env R- or Fcy::Fur alone gives improved tumour
shrinkage as compared to the empty vector control, the combined delivery of both
GALYV env R- and Fcy::Fur gives still further improved tumour shrinkage effects,
with all tumours in this case being cured. It can be concluded, therefore, that co-
delivery of a pro-drug activating gene and a fusogenic glycoprotein gives
improvements with respect to tumour therapy as compared to either of the

approaches when used alone.
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virus which lacks a functional 1CP34.5 encodi ng gene
and which conprises two or nore of: (i) a gene
encodi ng a prodrug converting enzyne; (ii) a gene
encodi ng a protein capabl EL¥IM3ysing cell to cel
fusion; and (iii) a gene encodi ng an i nmunonodul atory

protein. 2, .A herpes virus.,accordin lai m whi ch
Conpr | ses: AP B HidhdRR R RSP R s o Cding e ha
@REYBmpass thiolor ndorgefe encoding a protein capabl e of

causing cell to cell fusion. 3. A virus according to
claim 1 or(ip wheBgierensadiag ppEsivg cAysitmegtanagmenzyne i s

of the. pr ocbili ng: S edin€e BB ERAC &t ORsh B0 IC,

causi ng cel |l tofwsm@ntaddision is a gi bbon ape | eukaemn a
f usogeni cmﬁl.icogr otein. 5 A herpes virus according to
claim 1, whith ¢8FRSronseding an jmRUBREdUMEBHRREF )
encody g aR HefPRHAID AL ALRE ¥ ARt B vhicRBdniidel. @ gene
encodi ng a p?gggin capagﬁeéof éau§indcc§ﬁP£té%bell
fusion. 6.(1A hez pas encodisg apowingg capvedingleazymd; andhi ch
conprises: .(i) a gene encoding .a prodrug converting
e, an) (] 15 e eGEraNER £ BERFG Brrole BERGNOECr b
protein. 7. A Vjkis according to claim5 or 6 wherein
the immunonodul atory protein is GWCSF, TNFa or CD40L.
8. A ¥irusAatmerdionding to elayn e otherdie spd pueltigigonverting
cl ai ms_ whi ch .
ehzyme 1s a cytdsine deaminase.

4. A virus according to any one of the preceding claims wherein said

protein capable of causing cell to cell fusion is a gibbon ape leukaemia fusogenic

glycoprotein.
5. A herpes virus according to claim 1, which comprises:
1) a gene encoding a encoding an immunomodulatory protein;
and
(i)  a gene encoding a protein capable of causing cell to cell fusion.
6. A herpes virus according to claim 1, which comprises:
Q) a gene encoding a prodrug converting enzyme; and
(1) a gené encoding an immunomodulatory protein.
7. A virus according to claim 5 or 6 wherein the immunomodulatory

protein is GM-CSF, TNFa or CD40L.

8. A virus according to any one of the preceding claims which
comprises one or more further genes capable of enhancing the anti-tumour
therapeutic effect of the virus.

9. A virus according to any one of the preceding claims which further

lacks a functional gene encoding ICP47.
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conprises one or nore further genes capabl e of

enhanci ng the anti-tunour therapeutic effect of the
woRme®1178% A virus according to any one of thePCT/GB2004/003217

precedi ng clainms which fureher |acks a functional gene

encodi ng 1 CP47.10. . A virus according to any one

of t he precedi ng cIainB whi ch further | acks a

funct,.onal , gene enc opr,ot ei.n n I
t hymi 't ne R4S ACCOK ng {,&g%ﬂyr RS 05 ‘aﬁpegﬁ"gt%alg}’? Wq’é‘%é&o e
[héke aPfipGRMaNgene leat BN M) grydbpﬂaaain Hagldfor @hy@eide kinase.

encodi ng a functional protein capable of inhibiti ntg{1
dendrlilt i ¢ A&ims pesqEdingie anymne & mermgceéatgcﬁﬂl@rrﬁgv igh further

R DAL el B OGO M SRR
fuictldnd3 or vhs. 13. A virus accordl ng to any one of

the preceding claing which is a stral n of her pes
si npll@x vif y¥ugaggerding pclaim Lh gy laleé%ﬁapmrgerwedlaﬁ;a one

ﬂﬁétﬂ%apﬁ@%‘ﬁgg b&'o@mbm%a&drﬁlc%en%m*aer p4Y oV VS

strain virus according to any one o

pr eceldi. ng &lvausscoatdichta sydeeiof dat frecedindVaimi Srhiasis a strain
% posited at the European collection of cell cultures

q SIS b®% i onal accession number 01010209.

16. A4virug vB6e R dkdife ¥o°an§'r3ﬁe %'ﬂqleqfreéelaﬁqucnﬁﬁgdmal is a non-
clains for use in a neth of treatnent of the human

l@boratnrymlrumam by therapy. 17. Use of a virus

ot s Ve AeRBaRE A orB o A O SR R S derived

FHNETEV1 i<t .as H%}?‘osﬁé@ af e Berdpeartédliedlidn oML @iltires FEAAAC)
medi canent is for direct intratunoral inocul ation. 19.

udphprorisiosat acsessicoarpaist D1OW28Bnpri sing as active
| ngr ﬁlg’;l entA%lr\\ﬂ!s N&oft cﬁﬁgf %/nyg)élte%f ?{E{Hrg&%mgclﬁln% ngus% ih9

15 a a pharnaceu

1Hétht@Bf treat@entdNMBd Mafarodr dnirgsitbodg ba thetapur i n an
i ndi vidual in need thereof by adm nistering to said
i ndi viTdual Usapfegr vimstercasdiagdeany one of the pisseding slainsig the

rﬁﬁyufﬁ)&&re%ff a%&fléﬁnellt g tﬂeErreatment of cancer.

18.  Use according to claim 17 wherein said medicament is for direct intra-
tumoral inoculation.

19. A pharmaceutical composition comprising as active ingredient a virus
according to any one of claims 1 to 15 and a pharmaceutically acceptable carrier or
diluent.

20. A method of treating a tumour in an individual in need thereof by
administering to said individual an effective amount of a virus according to any one

of claims 1 to 15.



