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. Background of the Invention
10 . :
o | Viruses have been suggested or demonstrated to have utility in a variety of

applications in biotechnology and medicine on many occasions. Each is due to the

unique ability of viruses to enter cells at high efficiency. This is followed in sach
applications by either v1rus gene expression and réplipation _énd/dr expression of an

15 . inserted heterologous gene. Thus viruses can either deliver and express genes in cells
(f:ith&r viral or other genes) which may be-useful in for example gene therapy or ﬁe '
development of vaccines, or they may be useful in selectively killing cells by lytic
replication or the action of a delivered gene in for exaniple cancer. -

' Herpes simplex virus (HSV) has been suggested to be of use both as a gene

20 delivery vector in the nervous system and elsewhere and for the.oncolyﬁc treatment
of cancer. In both applications the virus must however be disabled such that it is no -
longer pathogenic but such that it can still enter cells and perform the desired .
function. Thus for non-toxic gene delivery to target cells using HSV it has become

N apparent that in most cases immediate early gene expression must be prevented/

25  minimised from the _virus. For the oncolytic treatment of cancer, which may also
include the delivery of gene(s) enimncing tﬁc therapeutic effect, a number of
mutations to HSV have been identified which still allow the virus to replicaté in
culture or in actively dividing cells in vivo (e.g. in tumours), but which préaveﬁt :

‘ fs_igniﬂca_nt replication in normal tissue. Such mutations include disruption .of the

30 genes encoding ICP34.5, ICP6 and thymidine kinase. Of these, viruses with
mutations to ICP34.5, or ICP34.5 together with mutations of e.g. ICP6 have so far
shown the most favourable safety profile. Viruses deleted for onJ; ICP34.5 have




VI RUS STRAINS FOR THE ONCOLYTI C TREATMENT OF CANCER Field of the Invention
5 The present invention relates to non-laboratory virus strains of herpes
sinpl ex viruses, with inproved oncol ytic capabilities as conpdt &4Gt2§0
| aboratory virus strains, Background of the,Invention 10 Viruses have been
suggested or -denonstrated to have utility i'n a variety of applications in
bi ot echnol ogy a&eén SRRKCh 281" Lons.. Each i.s due to the unique
ability of viruses to ent% Cel sryag?qﬁ\%é céeilft?'B?Séﬁc‘,’ﬂf’.‘o 19 selectivgly sepligaten
such appl i cat ilonsifivialigiitdieed biain g RS BN RECST]Q a&ﬂg it aadi or
expression of an 15 inserted heterol ogous gene. eTEus ?rusegﬁl a{lrﬁs%'é?'taﬁaéiy
deli ver and expf8s&ligjealddals havealpashavai thhiesafetyrialmay, ot her genes) which may
be- useful in for e e gene therapy or the devel opnent of vaccines, or
el 3&%@ Qmise %ﬁ Prgnessewa fervaripus viruses pidleding S18Vor

they may be useful in SeHe
the action of dodehedeliRey/BRR8v & 504 ?ﬂ?'l ncer .. Herpes sinplex virus
(HSV) has been suggeste\(?g}tro g%yof ulgﬂtialeg’ié é‘guga%ﬁgﬂte‘)f e PWH&W@&]@)‘F in

t he nervous syt eéIV'B‘ewsteaim\ahidhﬂlQVebé&ﬂﬁﬁﬁhﬁéﬁiiﬁggs;ug%%ﬂ?%;%eﬁlgf ancer .

In both applications the virus nust however be disable IS no
| onger pat hoge MY BHE™Ss {feappligationsiwheanthetvitus memely needs| dnter 2ails patelioensdnas
desired functi : ( - ' ene delivery to target cells using
HSV it has bec gl?}gmag%p ‘éﬂ%‘P{bﬁ’%’ﬁaﬁﬁ%&a‘E}?&%@eilﬂﬁ%lljf:'&ftﬁe alipFoqigen dhe
expressl on, Msiietmar e dlboR a6 O SR HHE of s £l 1
oncolytic trea ~of cancer, ich may also | ude e |
#@H@Wéﬂg@w% dort 3 yeatort dlawear,linapgiicatibns Whéra olRR profRriiSY
have been identj frlt(ﬁgre\ﬁ%gtﬁ ‘?éf Ih a+ | ow the -virus to replicate in “culture
or in actively dividrng & laporg AI% Vires gframsgymay, aeh alioy the dell phientialmfay ent
si gni ficant replrim:iatajc}ﬁﬁiduflhrl&gpﬁ@dﬁohit@gggﬁr ch nutations include disruption
of the 30 genes encoding | CP34.5, 1CP6 and thym dine kinase. O these, ‘
viruses with nut at HSNshassha @rgue shiliyrandeigsdvibuseoaatdndly uhibideVelcphieanss of

.g. | h : . '
€.g | CP6 , ave Sk that it has naturally evolved to infect and remain latent in neurons. HSV -
.15 hasalso evolved to be highly efficiently transported along nerves from the site of -
| infection, usually at the periphery, to the neuronal cell body, usually in the spinal |

gene(s) enfnc

ganglia. Such capabilities are not 'required in cell culture and as such capabilities
require specific evolved properties of HSV, further adaption to growth in cﬁltme may
have resulted in optimally efficient axonal tran'sport capabilities to have been lost.

20 HSV veetors for gene delivery to the central or peripheral nervous system an.;, likel.y
to show maximum effectiveness if axonal transport properties have been retained at
maximum efficiency. Here, inoculation at a peripheral site would then allow

- maximally efficient gene delivery to peripheral neuron cell bodies, and inoculation in
the brain would allow maximally efficient gene delivery to multiple connected sites.

25 ‘Current vectors based on laboratory strains of HSV may not allow this to occur at the

" maximum efficiency possible. Indeed, because of HSV’s high capacity to be
transported along nerves, there is potentially a particularly large discrepancy between
the properties which it is desired to conserve and those likely to be retained in
culture.

30 HSV and other viruses such as adeno- or rheovirus also have potential utility

in the oncolytic treatment of cancer. However, again viruses under development for



shown the nost favourable safety profile. Viruses deleted for only 1CP34.5
have 2 0 AUG 2004 -2- been shown to replicate in many tunour cell types in
vitro and to selectively replicate in artificially induced Br&hirHGt8Bhour s
in mce while sparing surrounding tissue. Early stage clinical trials have
al so shown their safety in nman. However, while prom se has been shown for
various viruses including HSV for genie deiivery/therapy or for the
oncolytic treatnment of cancer, the majority of this work has used virus

strai ns whi ch havieplpesestiaiapriioasdyibied Eﬁéﬁk@v&}',ﬁaﬁiﬁnﬁ?id@ﬂ&? ARy years.

In applications where the virus. nerely needs enter cells to a1 Mver genes

this rmay not pravvalyge dsntoent okcancergeqriies retivneplication ¢h bfiestdlathvel &Ry

requires the virus to enter cells, albgjit often cells of a different type
c%{%’eﬂgi d})

or species in hugyan timepr Gells, it peuld be antigiveted dhatadapsation efdabaratory

However, in appli hi . r aper ty ‘are_requi r the. use of
| abor.at ory. vi rusl:l}ugt%ir'du glgﬁjs%rrg)@? Ir?g%ayg(ﬁlzgww. %EehfcgﬁT m{%?&m %gpcegﬂh%c&%}%yi n a
particul ar dpplwithawhizh stch lyéic wéplichtb@rin Hdﬁiénh@ﬁmﬁf‘&]}énéﬁﬁfecﬁﬁﬂ bf fromA{ongst
viruses currently under devel opment as vectors in that It has naturally
evol ved to i nf d&Rouifgliscsonldontunaliytocewr. neur ons. HSV . 15 has al so evol ved to
be highly efficiently transported along nerves fromthe site of infection,
usual ty at the periphery, to the neuronal cell body, usually in the spinal
gangl i a- Such Guadbhirkiof iRIndéionot required in cell culture and as such
capabilities require specific evolved properties of .HSV, further adaption
to growth in culture may have resulted in optimally efficient axonal _
transport cBpabi | i t i preseridorention praades the OppiBuinityco deeclépvirgesaitie! i very
to thé. central .1 pher al rvoLs systemare |jkely to show maxi num
ef f ecti veness il?ggc’)?gﬁg B ér?a S?BQI eSﬁfopert i.,es have id@ﬁﬁgmphéﬁh@wmﬁdiﬁ-wm
ef ficiency. HeiHere,ivivas pirdihé &8 chstricRA'IppRPrate i &%s%gsci%:ﬁﬁ%d M)
bodi es,

maxi mal |y efficjent gene delivery to péeripheral neuron’ce and

i nocul ati on i nclipisal iBolatenofibelapprapriaty vimaz rathérl trarefibiseriallyt pagesped tboratéryy t O
mul tiple conne%&_ﬁg shtes. 25 Current vectors based on | aboratory strains of
HSV may not-- al FOW §H";|'J§°%§J&‘lsgl§m00§§rheﬁ used. 1he present invention therefore has the '

s potential to provide viruses with improved capabilities of infecting human cells in

-

vive.and improved replicative/lytic capability in such cells. -

20
‘We have shown that two cl_fnical isolates of HSV1 (strains JS1 and BL1) have
enhanced replication in some human tumour cell lines as compared to HSV1 strain
17+ (a standard laboratory strain). _ |
We have deleted ICP34.5 from the clinical isolate JS1 strain and again
25 compared replicative potential in human tumour cell types in bofnparison to HSV1
strain 17+ (a standard laboratory strain) in which ICP34.5 was also deleted. This
strain (JS_llI(iP34.5~) is a modified strain derived from a clinical isolate, and is thus a
modified non-laboratory strain of the invention.” ‘
_ J31 with ICP34.5 deleted showed enhanced growth in some human tumour
30 cells tested as compared to HSV1 ICP34.5 deleted strain 17+, i.é. a laboratory strain

virus with the same modification. However, as compared to the laboratory strain



maxi mum ef fi ci ency possi ble. Indeed, because of HSV' s high capacity to be
transported al ong nerves, there is potentially a particularly largeé

di screpancy between the properties which it is desired to cohgexusemnd
those likely to be retained in culture. 30 HSV and other viruses such as
adeno- or rheovirus al so have potential utility 1in the oncolytic treatnent
of cancer. However, again viruses under _gevel opnent for 2 0 AUG 2004 - 3-
such purposes have previously been extenSively naiftained in culture. As

t he "oncol yyi ; L requi.r.es active replication in often

rel atively EF%V yﬁﬁgr@g@mﬁ] nlgf+h§&ng%ﬁ]fntﬁﬁg 1@§ﬁ.§?rei %ﬂf&“@éﬁf‘ant i ci pated that
adapt at i on d81/ACPRBY. 5 in Wil tutfiosd dellilhs fedtedr OWM h in particular cultured
cells may have reduced the efficiency w t% whi ch such lytic replication in

human tunmour cel [Idus,dhe tsefefaondabaratohyuvivus stialidRul be SdchSo clpbe HRRGEM! | Y
occur. Su r Lnvention 10 The present invention provides the

of the.
oppor t uni t y TR HEARIRHGH o Fuch vigises apdraserddert in ali the tempuaiicllilives sl | yti ¢
destructsong@f,t ; : virus strains. gre constructed
appr opr i atesfoar;f tﬁese fgﬁﬁ&%%@;ﬂgg& rocﬁ“?eéirgﬁtfnenf: ] PafigHFat es of the
-appropriate viruFurthértremhaided Acliviey fay h@b%aﬂ@éﬁﬁ&?ﬁtﬂ&@?ﬁ%@%}@m@%rai ns’
erefore

whi ch have previ.ously been used.- The present invention as the 15
potential t§ssshigdelieer\geperwith anti-tumonrrastivity. cByrhlpehés indladohokdéRolingg hunan

cells in vi i pproved replicativellytic capability in such cells, 20
‘W have sho%%%gtacﬁpm% & t.“ﬂP&‘gF“l?Pg%ﬁs%ﬁ%%%@%%c factoss, paitawuns 1 and BL 1)
have enhans@dulagiy pfatih@n i n some human tumour cell lines as conpared to
HSV1 strain 17+ (a standard |aboratory strain). W have.del eted |1 CP34.5
from thé0clini caForthid purposgS | strain ancndQRBA.S deleted clinical isolate of

HSV1 which expresses human GMCSF can be provided. This vitus  may be designed to-

cnhance anti-tumour immune responses following intra-tumoral injection.

One exemplary embodiment provides viruses .which carry a
heterologous genc!géncs. The term hete_rologbus gene is intended to embrace any
15  gene not found in the viral genome. The heterologous gene may be any allelic ‘
variant of a wilc.i—tjrpc gene, or it may be a mutant ge;le._ Heterologous genes are
- . preferably operably linked to a control sequence permitting expression of said
) lieterplogous gene ip acell in vivo, Virl;ses of the invention may thus be used to
deliver a heterologous gene/genes to a cell in vivo ﬁhere it will be expressed. For
20 6ncolytic vims therapy, such g-cnes'typically encode proteins capable of enhancing
the tumour destroying properties of the virus, These genes may encode protcinsr

which are themselves cytotoxic, are pro-drug activating, or which may be capable of
stimulating /enhancing an anti-tumour immune response. '



25 conmpared replicative potential in human tunmour cell types in conparison
to HSVI strain 17+ (a standard | aboratory strain) in which2 DCRE4204 was
also deleted. This strain (JS1/1CP34.5);is a nodified strain derived from
aclinical isolate, and is thus a nodified non-laboratory strain of the

|nvention " Hellloads!dnd B huRipiohlbbesiings RRNBOERTIpPMIIviRAM™ human
tunour 30 cells testeéd as corlgparedr tg H 1S 1(%34.5 glelgt eglgstrlgﬁg'n 17+,
i.e. a laboratory strain virus with the sanme nodification. However, as

conpared to . he.|l.aborat trai.n 2.0 2004 -4 _derived fr. train 17+,
_celrrlp killi ngﬁ]ggg%%?%c? Pg@ p%@?%llgh%ﬂg’ghgﬁlﬁ Wof”ﬁlgda\?‘%é ‘\{ffal‘@ﬁé‘%%s Vi Irus in
‘al | tunour  cilcblytic,MREpck 86k vi SWREaSE 18 mARFadHAE OF & hidicaltlehtir ST T ai NS

can be seen to enhance the anti- tunour capabilities of such viruses and
was evi dent theorgolytictiecatniens of cangkr, whichddSY streigvhass: meatérabilitythan HEV1 have

applicability.f t .in human patients. .Furt her.. ephanced
activity naylwgr g%@?%lﬁlﬁ%{/g%&f%‘ﬁ& gql{}yﬁﬂg&o%ﬁcgt@ﬁ%tﬁ TERHEALF 16T del i ver
genes with dilliturhoureulls; agd istirbduceSbo isolRM@eniHEY stén Fogseh@nardi ng pro-drug
activators, tuppur suppressor or pro-apoptotic factors, or inmmune

sti nul at or y 'pedifangthe 1spdateb HSVistgimempeidde for selopme replivatien mdumpingetis

i solate of HSVI. which expresses human GMCSF can be provided. This virus-
may be designed to. enhance anti tunour inmune responses follow ng
intra-tunoral injection. One exenplary enbodi nent provides viruses which
carry a heterol ogous genel genes. The term heterol ogous gene is intended to
enbrace any 15 gene not found in the viral genone. The heterol ogous gene
may be any allelic variant of a wild type gene, or it may be a nutant
gene, Heterol ogous genes are preferably operably linked to a control

sequence permtting expression of said heterologous gene in a cell in
vivo. Viruses of the invention may thus be used to deliver a heterol ogous
gene/genes to a cell in vivo where it will be expressed. For



20 oncolytic virus therapy, such genes typically encode proteins capable of
enhanci ng the tunour destroying properties of the virus. 2 gTheselenes may
encode proteins which are thensel ves cytotoxic, are pro-drug activating,

or which may be capable of. stinulating /enhancing an, anti-tunour inmmune

response. 2 IfafédondMpdctobiteprabit isdfdsh, titd 19 bRvRled TWlcitoR o8 diehfriRy 0gOUS
genes may be carried by a single virus. In a first aspect of the present

i nvention, threitabilityefayHgyptainferussin the pradietiondf a nepdifisdyancelytinBS¥es

si npl ex Vi r Wgaib H ms S@éd?ncﬂdgin%he manuf acture of a nedicanent for the
oncol ytic treatient of cancer, ~which HSV strain: has a greater ability than
HSV1 17+, HSV 1DF ansbldt8yad HR¥Stsinfainns hodti h equi val ent nodifications to

replicate in or kjill tumour.cell.s; .and.d raduced by.isolati ng an HSV
strain froma hoé’tlj and> ot tp‘f/g#é%toﬁgwﬁi%\fﬁfr@ ! g%gioﬂe PIBFSR%e for
sel ective replication of unicweeell; cells. 20 AUG 2004 In a second aspect of
the present inventjon, there is provided a nethod of determning the
suitability of aR“wsv %Fﬁaﬁnwgf"é}eﬁlﬁg@emvthﬁé Aeretss @biliti{hay ong orBWIS ofed,

oncol ytic HSV strainHSa draffeiHOHSOP PN subin KOS R Rplicak iRBr HRY Strain
froma host; (ii) assessing the ability of the HSV to replicate in or kil
one or nore types oftWEﬂﬂﬁﬁﬂ%émiﬁﬁ@nﬂﬁb determ ni ng whet her the HSV has a
greater ability than . .8t r.aj + HSV 1
strain KOS to rep(P?ca% gﬁ ?tg{géﬁ%lg\l/?&m? l%édx@%ﬁhﬁg,%%ﬁey ‘3%‘?‘.\5 édn%aﬁ{/}g(g i V)

sel ecting the HSV str akid gheateraltityf i cati on, wherein the HSV strain has said
greater ability. 2 0 AUG 2004 -7- In one exenplary enbodinent, there is
provi ded a nethod of producing a nodifi ed,



oncolytic, HSV strain, said nmethod, conprising: (i) providing an HSV strain
sel ected by a nethod according to claim12 or 13; (ii) nodiff yiimepgRai d HSV
strain to provide for selective replicati.on in tunour cells; and (iii)
assessing the ability of said nodified, oncolytic HSV strain to kill

t unour cel | 9n ofle ExeAipbr2@bodinent) thete isptovidbds shethisl o brodnting hheddiéd

provi ded an HSV strain selected by or produced by a nethod according to
any one of &n&?lﬁfg"@%\f g, saiginethodySOMPHISIAEN has a greater ability than
HSV 1 17+, HSV 1 an i i } . j £l jons to
kKill tumour cel I(§. &‘WP%?@?Q’?)%‘?@ %?ecﬁc%ﬁ}pa?x%?&é@&?%&/%n ?do(fhl%u&mier eis
provi ded a nethod of aefi&r m ning whether a gene enhances the anti-tunour

effects of a HSV conprisjing: (i oviding a.podified, oncolytic HSV strain
as defined in anfibne %@lﬁﬁw&@%@{é&ﬁﬂ@t@p&ﬂ -foy sslgctive seplicatiny 18aj d gene
into said HSV strain; t@RGurdefit;)an@ssessing the ability of said nodified,
oncolytic HSV strain to replicate in or kill tunour cells conpared to the
ability of the pr@abur swsessng thenbilitpof shédimoiified apolytiy HSY Gradi6 D04 -9 HSV1
strain . JS 1 as deposited at the European Collection of Cell. Cultures
(ECACC) under provi si'UR3T %t¥essi on nunber .01010209, or an HSVI strain
derived therefrom a pharnmaceutical conposition conprising such a virus;
such a virus for use in the treatnent of the human or ani nal body; Brief
Description of the Draw ngs



Fig 1. Viruses 20 Fromtop to bottom diagrans show |aboratory HSV1 strain
17+, clinical strain BL1, clinical-strain JS 1, 17+/ 1 CP34.6AuUG J@04

| /1 CP34.5-, JS 111 CP34.5-11CP47-/- hGMCgF. Fig 2. Cinical isolates show
enhanced growth in tunour cells 25 (1) Gowth of 17+, BL1 and JS 1. Left

hand di agr am ohéGkedblyembBRligbt; th@fed; pr@th&%ﬁtﬁswgﬁﬁ sa&Jtédfby of ﬁ.%dl@é@w h of
| CP34.5-17+ and JS 1 on tunour cells. Left-hand diagram: cells.

R ght - hand diP5093FCoRgpe tlopmpane of glpms 120 15, wixch S5 i hpsg ergater 2ty 5. does
not grow on tkalHsy INom; ngvmraﬁd H@vfﬂbs lgt%\{név@t?%u§a1€amiatfﬁanon§ﬁ;1&11 hand

di agram 3T6 cel | s --17+, 1S | Ri ght-hand diagram 3T6 cells 17+, JS |
| CP34. 5-. 5 peprselisan | CP34.5 del eted HSV clinical isolate shows enhanced.
lysis in all- tunour cells tested Tunour cell lines were either nock

infected, infected with HSV | strain 17+1 34.5-, or infected with HSV.1
strain JS 1/13afifhaspectiof theiprragng myentionthere is pepvided p method of deferminmeydether vi ol et
at tinme poi rht%%n@éxﬂ]%[ceéﬂﬁé SRt uRBurlePre@ bOVIW SMRidsdgli on of cells. Each bl ock
of .photographs relates to a cell type, Fromtop to bottom these are HT29
col or ect al . adenoddlr ci ristiding Needlirlconaghyge Hal strainendsfardinmenee oA - VB- 231
breast adenocar ci nona,preakaifliaigs; Ml i gnant nel anoma and U 87 MG

gl i obl ast oma astrocytoma. Left-hand bl ocks relate to results for HSVL is
strain 17+134.5-. “h g HesCRRg gaith pewe o paid BPY seamendyul ts for HSV | strain JS
1134.5-.  Centralgill oGkgsd u?q}l@a%%ﬁ& of@ﬁ%ddﬁ@%ﬁﬂyﬁ«?ﬂlé@ strafil folt 8d?10§%@ﬁ1h bl ock,

the top row represents a hour™ ti me- (POI nt, the second a 48 hour
ti me-point and the t hi & &llfumour cells compared to the ablhty of the precursor strain provided

in step (i).



72 hour time-point within each block, the -left-hand col um represents

MJ =0.2, the central colum MJ=0.1 and the right-hand colum MOP -6. 20 .
Detalled Descrlptlon of the Invention . A Viruses 25 VirusZ GtAUs 28 of the

I nvention A virus strain of the invention will be a strain of a herpes
sinplex virus (HSV); typically a straiyn of HSV1 or HSV2. -11 2 0 AUG 200%
The virus may be derived from for exanple HSVI orHSV2-strairns,-or
derivatives thereof,. preferably HSVI. Derivatives include inter-type
recombi nants cont ai ni ng DNA from HSV | and HSV2 strains. Such inter-type

(1998) and Ny onor oo AeBr By Bokdtn CBTR B pLor] S E@%@ast 70%

sequence homﬂm@yptmmﬂahaccekmm&ﬂbérmmmyzoﬂﬁms&ﬂ y at
| east 80% even rmre preferably at |east 90 or 95% . More g‘?% era‘%‘gfr

derivative ha&P me@mldmgisummesdchammbfoﬂﬂhm@ HSV2
genone, - m)re f | east. 80Q%J dentity, even nore preferably at

| east 90% 0 Of ﬁt{)&gié%/}“ﬁﬂ aﬁ?ﬂ‘fyexanpl e the UWGCG: Package provides -
t he BESTFIT pr ogram whi ch can be used to cal cul ate honol ogy (for exanple
used on its default settings) (Devereux et at (1984) Nucleic Acids
Research 12, p387-395). The PILEUP and BLAST al gorithns can be used to

cal cul ate honol ogy or |ine up sequences (typically 15 on their default
settings), for exanple as described in Altschul (1993) 1 ML Evol.

36: 290-300; Altschul et al. (1990) J. ML Biol. 215:403-10. Software for

perform-ng BLAST anal yses is publicly available through the National
Centre for_ Biotechnology Information Q up://ww. ncbi.nl mnib-&v4. This

'Brief Description of the Drawings.
Figl. Viruses

20 From top to bottom, diagrams show: laboratory HSV1 strain 174, chmcal

 sirain BLE, clinical strairi JS1, 17+/ICP34.5-, IS1ACR34 5., JSlIICP34 S-/ICP4T-/
~ hGMCSF.

" Fig2. (.?linicai iselates show enhanced growth in tumour cells
I
(1) Growth of 17+, BL1 and JS1. Left hand diagram: U87 cclls Right-hand
| o dlagram. LNCaP cells. _
(_2) Growth of ICP34.5- 17+ and J§1 on tumour cells. Leﬁ-hand diagram:
LNCaP cells. Right-hand diagram: MDA-MB-231 cells,



algorithminvolves first identifying high scoring sequence pair (HSPs) by
identifying 20 short words of length Win the query sequence that either
mat ch or satisfy some positive-valued threshold score T whed 0ahi®rgd with a
word of the sanme length in a database sequence. T is referred to as the
nei ghbour hood word score threshold (Altsghul et al., -1990). These initial
nei ghbour hood word hits act as seeds for: initiating searches to find HSPs
contai ning them The word hits are extended in both 25 directions al ong
each sequence for as far .as the cunul ativeée alignnment score can be

d. Ex t h d | ted V\:h
e e at 01" a) TSRSt adek ot Bt Bl by TR e HRU G St "

mexi mum achi eved  Leftb@nd Gagraeii T6REIY.E 136,058, #9895 Blefar due to
the accunul ation of _one or nore negative- scorﬁ%ﬁrﬁeag?l a |gnrflé°2]\t§ls :
the end of either $&HJSAdEPB45r.eached. 30 The BLAST al gorithm paranet ers W

T and X determ ne the sensitivity and speed of the alignnent. The BLAST
program uses-as defaults.a word length (W of 11, the - 12 2 0 AUG 2004

BLOSUMB2: s or FieR. MRl 1 CP%@@ h(“@agl K Prqc, tl. Acad.
Sci. USA 89: .10915-10919 ?u gnmsxﬁ(‘?a ‘?He‘%t? ?‘é%%&ﬁ ‘%‘WY*('B“ 10, MES,
N=4, and a cdrrparhnnmt)éelhctmed;trands The BLAST. al gorithm perforns a

statistical analysis.of the simlarity 5 between two sequences; see e.g.,
Karlin and Altschul (1993) Proc. Natl. AcacL Sci.. USA 90: 5873-5787. One

nmeasure of simlar mis._ the small est sum
- probability (P(N))ﬁ%n %\ﬁpﬁi%egwo%% g’r‘f" ?%&‘%ﬁ'&%ﬂé‘“@%ﬁbmﬁ

whi ch-a mat ch3&s: wemeéw@wmqlsmmﬁ&mum ini AEAIR0E &9 YoM occur by
chance. For exanpl.e, a_sequence is consi der SI mlar to ano er Sequence

if the 10’ %rramtéﬂ?%mcﬂﬁtﬂimelpmafhcranfq:lmnﬁmmloofwhkmﬁﬁdnsdfdéﬂﬂuence to & .
the second se ss t.ha bout preferably | ess than about-0.1;, *
mor e pr’eferabﬁg iElSc ﬁ%}??m nlﬁta ﬁé{fyﬁﬁsff%’@mép ftomy, these atgan about
0.001." A, de“Hﬁ@wiﬁ@&d%@cﬁ&ﬁﬁﬁﬂﬂm#&cﬁm@%a&%&%@o&iﬁ&ﬁ modi f1 ed
-MB-231 breast adenocarcinoma, SK—MEL-ZS malignant melanoma and U-87
l\z_@G gh_oblastoma astrocytoma. Left-hand blocks relate to results for HSV1 _
. 15 strain 174/34.5-. Right-hand blocks relate to results for HSV1 strain JS1/34.5-.
~ Central blocks represent mock infected cells. Within each block, the top row

'rcpresents a 24 hour timé—point, the second a 48 hour time-point and the ﬂnfd a
72 hour t:me-pomt within each block, the lcﬂ:-hand column represents MOI=0.2,
the central column MOI=0.1 and the nght—hand column MOI=5.

20

Detailed Description of the Invention

‘A, Viruses

25 Virus Strains of the Invention

A virus strain of the invention will be a strain of a i

ﬁexpcs simplex virus (HSV?), typically a strain of HSV1 or HSV2.



by -nucl eotide substitutions, for exanple from1l1, 2 or 3 to 10, 25, 50 or
100 15 substitutions. The HSV 1 or HSV2 genone nmay alternatively or
additionally be nodified by one or nore insertions and/or deletions and/or
by an extension at either or both ends. Properties of Virug &idapR of the
| nvention 20 Virus strains of the inventiofjare "non-|aboratory” strains.
They can also 'be referred to as "clinical" strains. A person of skill in
the art will.readily be able to distinguish between. a |aboratory strain

and a non-laboratory, or clinical, ene.. Further. .gui danceg@#vﬁ‘gﬁnaorb%pert'i es
likely to be ex\%bited by virus strains is given bel.ow 2 he eﬁv .

di stinction bet $&Ryed{rom,for exasmje HEN 1 oo HSVRxtraitispoydeivatia: ﬂlérebﬂ?%eferab

: 1

| abor at ory--'st raiI‘fSQ, nt.l v .i 0, n use have been nmintained Tor |ong

peri ods, ~many yearlglt?%ﬁgh?‘ré m@&é“e’&, titypedetampinanty pentaining PNAdkom HIEES

such as HSV i nvehd BSVZ straindC B ke .serjal. passage. .To grow and

mai ntai n vi \r/\gseg, TI:slui tabl e cel tgi'ﬂ%ﬁ i nf ec @WI&?%@’@W@?,“‘?F@"W?

replicates wt hithThérapsoelet alb{i898)uad WMeigser &3 of 1©38R0D ' ells
ftic (888 glgfaeﬁavﬁéo Ex@feraﬂl? e &

are then re-inf g%%eﬂvthi S process constitutes one c seria
passage. . Each st €46 paurRss homelogyrte eitksr shpHSV 1 ar HSV Zigateonies, mbg case of

HSV. As 20 0 AUGHZG04bs: ' above,. such serial passaging may |lead to |
changes in the drop'el?!?( %’glseg%t?ﬁ ?‘f’i]e%%{\ffl%?@%ﬁ’rﬁﬁwt ?‘*}8&9?’@4 ¢ preferahine

pl aces for propdefivative hiwit a3y 0% sefuerbeidédi ; : ' ’
replication), as opposed to properties ug%dgltﬁf#%lp{eg%e(ﬁlsg%ﬁ% E2PP6ns |
5 Virus strai nsWCPW@T?HVMﬁ@%néemﬁncwwmbadmﬂarﬁﬂy@fBﬁst@ﬂ%,b@%&;hey

are ¢ derivedqyf rgga/sih%lﬁiﬁs recently isolated frominfected individuals.
ent1omn

Stratns of the-inve are modified conpar,ed to the original clinical-

P35 L e e N VRS ki e R o
“in such a manneFamkke vssd fecaliiats bbmology (fak bxaniple ustebin AOUEAPsRRQRS i es of
the original cl \ilfdud 8l o) Mudte doid Resorar "i‘é,eps%%iaiyvsidm PILEUP and
) ~ BLAST algorithms can be used to calculate homology of lme up sequences (typically
15 on their default setfings), for example as described in Altschul (1993) J. Mol Evol.
- 36:290-300; Altschul ef al. (1990) J. Mol. Biol. 2_1_5_:403-—:1 0.

.. Software for perfoiming BLAST analyses is publicly available ﬂnr&ugh the
National Centre for Biotechnology Information (htip :llwWw.ncbi.n.lm.nih;govl). “This
algorithm involves first identifying high scoring sequence pair (HSPs) by identifying

short words of length W in the quéty sequence that either match or satisfy some |
positive-valued threshold score T-when aligned with a word of the same lengthina
-database sequence. T is referred to as the neighbourhood word sbo're thresho}ld )
" (Altschul ef d., 1990). These initial neighbourhood word hits act as seeds for
iniﬁaﬁ?g searches to find HSPs containing them. The word hits are eﬁeﬁded in both
25  directions along each sequence for as far as the cumulative élignmcnt S(.:OIC. canbe -
incref:sed. EXtension§ for the word hits in each difecfion:me halted when: the |
cumulative alignment score falls off by the quantity X from its maximum achieved
Vvalue; the cu;nulative score goes to zero or below, due to the accumulation of one or
more negative-scoring residue alignments; or the end of eithe'r sequence is reached.
30 The BLAST algorithm parameters W, T and X determine the scn.sitivity and speed of
the alignment. The BLAST program uses as defaults a word length (W) of 11, the

20



A virus of the invention is capable of efficiently infecting target human
cells. Such a virus is recently isolated froman infected igﬂixidual and
then screened for the desired ability of- érzhanced replicati ur
cells in vitro and/or in vivo in conparison to standard | aboratory
strains.,. Such viruses with inproved properties as conpared to |aboratory
virus strains are viruses of the invention. |Identified viruses with such
desi red i npr ovB&EQAEYER sreringmatrixees Henikokfand HenitoF(1902)tHrat, NdEYcaAN

selectively kild, t . I e nutatjon of appropriate gene(s), 20
Theeo. modi 11 St £ géaf@]é?g@i\?ﬁ Piariaeris (5 e S0 ohitgon ()Rt Br Msh Netly,
virus strains Wa@&n}b&?&oﬁtcﬁ%o Mg i nfected individual and mutations

anticipated to be appropriate for oncolytic therapy may be nade. These

modi fied viruses ar @ht BIAST aieridtn berfolnbe dastieAdnhlyekQf o HuARGyL i es as
conpared to_ |laboratory strains, viruses with such inproved propefties

provi di ng furt REWEGR i sequspeeshece q.gnKatinand AlschH €19 iftan datb Hcad Scl. i kel y
properties of T S8l of the innventjon i rovi ded as foll ows.
b ol e abl y, o JEREETEE: Uedbed A tntmsE Pravideortbe BE AT et

2004 two ront hhe splallestsim prRSaBBRL (P(RY), hﬁfcﬁ’pr&\’i@es"&%ailcgﬁoﬂ Sﬁﬁg p%ei)g week

or less i'n culture, By these definitions of ‘time in culture, 1 nt-tinme
actual | y spent by iwhich a match betwesn twornuckeotidpbreamint achl seqearBPwoplddckirds t 0
freeze virus strains.in ordqr to Ereserve them 5 Evidently, preserving by

freezing or i ncgar?cg'qﬁ?’%/ea’faér_?ﬁ S et ARTICE SbPIsered spilaryio gaothen seauener Hhe he
s 4B g B A O R UL
cul ture is less than about 1, preferably less than about 0.1, more preferably léss than about

0.01 , and most preferably less than about 0.001.

_ - A derivative may have thé seéucnce of a HSV1 or HSV2 genome modified

by nucleotide substitutibns, for example from 1,2 or3 to 10, 25, 50 or 100 |

15 substitutions. The HSV1 or HSV2 genome may alternatively or additionaily be
modified by one or more insertions and/or delétions.and/or by an extension at either
or both ends. l - |

Properties of Virus Strain of the Invention

20
- Virus strains of the invention are “non-laboratory” strains. They can also 'be
referred to as “clinical” strains. A.pérson of skill in the art will readily be able to
distinguish between a laboratory strain and a non-laboratory, or cliniéal, one. Further
guidance on the properties likely to be exhibited by virus strains is given below.
25 The key distinction between a laboratory and noh-laboratory strain is that

laboratory strains currently in common use have been maintained for long periods,
many years in some cases, in culture, The culture of viruses such as HSV involves a
‘technique known as serial passage. To grow and maintain viruses, suitable cells are
infected with the virus, the virus replicates within the cell and the virus is then

30 harvested; fresh cells are then re-infected. this process constitutes one cycle of serial |

passage. Each such cycle may take, for example, a few days in the case of HSV. As



is typically time actually spent undergoing serial passage, i.e. tine
during which selection for undesirable characteristics can occur
Preferably, a virus strain of the invention has undergone 10, %é
of serial passage since isolation of |ts unnmodi fied clinical precur %
strain fromits host. 15 Preferably, g#ius ‘of. the invention has a
greater ability, as neasured by standar tatistical tests, than a
ref erence Iaboratory strain with the equival ent nDdlficatrons to perform

certain functi odiscussefabové, sutheriabpisbaiid ﬁﬁy?&ad'i@@ﬂlanggﬂn th?i%{%”ﬁm%? Omlgt he

case of an oncol ytic virus for. tunour treatnent, a vIrus s

cycl es

i nvention will W%w ionytabies placesifot pxbpeﬁhhﬁﬂmﬁf cultare

| aboratory stra ‘? ui valent difications to infect or repllcate
any tunour ceII RS 1P S OBP¢ &Pfommswfdafbrp@m@appimlahmn :
ti Ssue: Mre pr.eferabl y, such greater .ability-is a: - statistically

significantly .greater ability. For exanple, according to the invention, a

may have up o0 1.1 inrdsstﬂau?sdthdmvéntﬁJdca‘ibﬂon-?aﬂoﬂt sﬁa{tﬁlxﬁfhaﬂ' I( gfed, 20
faold, 50 fold, 3 a0foldthe capaC| of the reférence straimnin respect

of the {)roperty y \ regen ﬁﬁfltsﬂ &bmlnﬁactﬂdrmdlg‘ﬂifuatsgs?meﬂﬁilcon has,

i.e. retains, spoShRAH il nnmodi fi ed ‘clinica

precur sor . st ralirll!l I'n res%lélc e?%g rt?\;fheé’ q?ﬁgﬂlﬁﬂd&lptes,@gdmayhavespent

characteristic¢ afimedetaltuie it hiy e st i GREEOR hﬁ‘ﬁ? gamﬁf&%?ﬁ%?g% e 0?
rea

t he case -of an_ oncolytic virus intended for .t rs, " a
virus strain of@W@h%WWqﬂrmﬁm@memmm*ﬂﬁ@ﬁﬁméy of

I cate a tunour

i ts unnodifi [ecurs st to 30 infect or rep :

cell, ‘kill turméljrb Jéf E‘(‘}"]g%'PécéL gﬁﬁﬁé@mm@s@ﬁm@w@ 2.0 AUG 2004

15 Pr eferably, accoAdﬂ‘uﬂgofmet,mn ns, substantially

t he propertles of Its unnndlfledhgelfl nica cB?%@SE‘%@?‘%% Wpﬁ 71]5

quantitative te8 amsMmemammmmam&w afiPthefl eredlidd FOCHHR"

- 100% of the cap &1% PI?I;\ (ge 0@8 c¢li'nical precursor strain in
respect of the P HS% By °H§a‘t %@%@Q%Pfﬁblﬂwtrpmﬁnmspect of the

“property bei ng ﬁesw&m%gwwmsﬁo&&%he unmodi fied clini cal

: 15

| Such virusés w1th improved
properttes as compared fo laboratory virus strains are viruses of the mvenuon.
Identified viruses with such desired 1mpr0vcd properties can then be engmeered such
_ that they can selectively kill tumour cells by the mutation of appropnatc gene(s), -
20 '
. - These modxﬁed viruses are also viruses of the invention. |
Alternatwely, virus strams mayr be isolated from an infected mdwldual and mutations
antxclpatcd to be appropriate for oncolytic thcrapy may be made.
‘These modifted viruses are then screened for the desired improved propertics as compared to

: labo;atory strains, viruses with such improved properties providing firther viruses of the
invention.

“"Further gmdance on the hkely pl‘OpCItICS of the virus strains of the invention

15 prcmded as follows.

- Preferably, a virus strain of the invention has unde-rgone s
) 3 0 o )



precursor strain and the nodified strain of the invention will not be
statistically significant. Statistical analysis of the properties

descri bed herein may be carried out by standard tests, for exngAu%
t-tests, ANOVA, or Chi squared tests. Tyically, 10 statistic 2004
significance will be measured to a level of p = 0.05 (5%, nore preferably
p=0. 01, p=0. 001, p=0: 0001, p=0. 000001. Modi fi'cations 15 Viruses of the
invention are typically nodified as conpared to their precursor clinical
strains. In particular, certain genes will typically be rendereg‘g :
non-functional , .-and the viruses may al so’ conpri se a heterologo OB’é’HQ(Ss)._
Typi cally, vi r OFJESS: 95F MOl of lese e waskeerdesator omt nadekdr sy i leulive Bo Biiesaal t er ed
for the purpos s.descriped herein may be either 20 elimnated (conpletely

or partly), detinitions, Mﬁ&?%m,lsmambwmcm fhoyémces, in

particul ar by AR nor e, genes may be

On
render ed non-f unct oha?g(g&r@m g?agﬁ%etg %’EP%?‘%W&%&P#%?M
Oncol yti o VBT uBsidenlly iescrinig B 108ziR of iy A\ AR LIERL doll hASERA oo lhe

i nventi-on are nodifje oncolyti'c, non- |abotatory virus
useful .in the mn&ﬂlpﬁéaumnulﬂue &‘h@ﬁme@ﬂ@ﬂ&oﬂéhbﬂ&ﬂ:&rﬂnﬁéﬁn‘é&c
Thus

repllcatelnt se ntly killing the tumour cel
such vi ruses aglgp'?lg'ﬂ%?i ‘&Yﬁ%&f‘é‘?ﬂ OE |19cu!¢tnemies1thWy 30

replication- comgpRally hﬂlet&m ns_t hat; el h r.the
replicatein tufour Tells ancy g@t}%&%@@&%ﬂ,wﬁ, f‘%@?

repl i cat e nor e-sdeétiont fov abdesirable cBardtderiRARE 4an oddir. tunour cells than in
non- t unour eI | s. Measurenent of selective replication conpetence can be .

carried outd by the Pé@?@ﬁéé@ﬂ?%@@f&eemwnﬁmhamb@mrlﬁﬁcydeepl i cation
g ] B B

' host. = .

be

s g Pteferably, a virus of thc invention has a greater ability, as measured by
’ standard statistical tests, than a refererice laboratozy strain with the equivalent
modxﬁwhons to perform certain functlons useful in the apphcanon at hand. For-
: example in the case of an oncolytlc virns for fumour treatment, & virus strain of the
_invention will preferably have a greater ability than a reference laboratory strain w1ﬂ1
20 equivalent modifications to mfe_ct or replicate any tumour cell, to kill tumour cells or .
fo spread between cells in fissue: More preferably, such greater ability isa -
statistically mgmﬁcantly greater ability. For cxa.mple according to the invention, a
" - may have up to 1.1 fold, 1.2 fold, 1.5 fold, 2 fold, 5 fold, 10 fold, 20 fold, 50 fold, or
N ' ."100 fold the capacity of the refcrencc strain in respect of the propeity being tested.
25 Preferably, a virus of the i mvenuon has, i.e. retains, substanually the abmty of
its unmodified clinical precursor strain in respect of one or more of the properties
characteristic of usefulness in the application at hand. For example, in the case-of an
-~ oncolytic virus intended for the treatment of tumouré, a virus strain of the invention
| preferably has substantially the ability of its unmodified clinical precursor sirain to
30 infect or replicate a tumour cell, kill tumour cells or to spread between cells in tissﬁe. _



techni ques nmentioned herein if desired. 5 An oncolytic virus of the

I nvention preferably has a greater ability than a reference |aboratory
strain with the sane nodifications to infect or replicate in &g “ueOMs:
cell, to kill tunmour cells or to spread between cells in tissues.
Preferably, this ability is a statisticahky_significantly greater ability
as described herein. The properties of the virus strain in respect of

tunour cells can be pPreaablyedcdofdiagio the iMRARSSE, A<NRWRethis Elhﬁtaﬁﬁgli fler
exanpl e, the capacity of a virus to infect a tunour cell can eyquant-lfled

by measuring tBEP§diss obits unmedified glinicalpreaursmataindf,an giquanitgpecentingeing
cells, for ex l e 50% or .80%.0 lls..oThe capacity to replicate in a
t umour cel | cazgag“en}?é%gﬁf?%ﬁb ¥ g§%%h§$@§§ﬁﬁgﬁr§rﬂ%§h@?ﬁ%ﬂ§@ tthouemedified ed
out in the Exapphi ; ' , L | I T h_in
cells over a pglrﬂi‘11 g% %rfé&gso}?gﬁngggéggét oiglegarm%%?%{e%tﬁ‘gl %Ar?é%?{e%ﬁ?oﬁ’d& lity

of a virus fo kispecttofitieipropaty beingtested, anguiitibiincid dotvideR R BN cl{rSGE
Figure 3) or nore exactly quantitated by counting the nunber of l|ive cells

that remain ovEBFECHISREStradh and Hievaeditipdiirase phithe dmvention wilbnotdiewstatistedlly t ype.
For exanpl e, 31%1159{1?@” sons may be nade over 24,48 or 72 hours and using
any known tunour cell. type. In particular, HT29 col orectal adenocarcinona,

LNCaP. FGC prost ate SadefiesansivEeoRih M i '
by Bt 86% gls?cﬁ:@crhfeﬁ%‘éfen?ﬂgf'ge %rﬁleﬁ'ggfé’tr}lr s can

SK- MEL- 28 mal i gnant nel anona -or i'obl ast ona astrocytoma
be used. Any off@nddrdiests éorcxpmpley ptastso ANCWA corfBliirsguareditests. Tygsalycel | t ypes.
camr be use a t.her. 25 t ur cell, types t e desirable to
const r uct go st 3"%@"&? Hapdicane ‘?’%JPEQ‘?BT@ P ég%‘?l ?&L)‘? ={6ﬁ?{558—'f@r BasPrefembly unt
the nunber of bivgogglL9.goar a‘d.ojmnéfpao.&?om_tiwe point, the number of
trypan bl ue-excl udi ng cel |l sn?i .e. live cells) can be counted. Quantitati-on
may al so be carried out by fluorescence activated cell sorting (FACS) or
MIT assay. Tu r,.cel]l-killing ability may al so be neasured in vivo, e.g.
ndadieer

by 30 measuri-ng tHe Blicti on in tunour vol ume engendered by a particul ar
virus. 2 0 AUG 2004 : : :

15 Viruses of the invention are typically modified as compared to their precursor
clinical strains. In particular, certain genes will ﬁ}pically be rendered non-functional,
a_n& the viruses may also comprise a heterologous gene(s). Typically, viruses of the
invention are attenuated.
Viral regions altered for the purposes described herein may Ee either
20  eliminated (completely or partly), or made non-functional, or substituted by other
sequences, in particular by 2 heterologous gene sequence. One or more genes may be .

rendered non-functional, and one or more heterologous genes inserted.

Oncolytic Viruses of the Invention
25 |
In one embodiment, viruses of the invention are modified, oncolytic, non-
laboratory viruses. These will be useful in the oncoljftic treatment of cancer. Such
viruses infect and replicate in tumour cells, subsequently killing the tumour cells.
Thus, such viruses are replication competent. Preferably, they are selectively
30 replication competent in tumour cells. This means that either they replicate in

tumour cells and not in non-tumour cells, or that they replicate more effectively in



-17 The ability of a virus to spread in tissue, especially solid tissue,
can be neasured by determ ning the nunber of cells at sites connected to
the site of the original infection In order to determ ne the 8&% hﬁs of
viruses of the invention, it will 5 generally be desirable to

standard | aboratory reference strain for ténparison. The standard

| aboratory reference strain may be one or .nore of HSV1 strain 17+, HSVI
strain F and HSwhowicels thal’(ﬁﬁuoﬁFhmmbdiseM&sﬁﬁeﬁﬁhﬂoﬂ&dléotﬁv!Bé;ﬁl@ht'idh have
equi val ent nodifications % the strain of the invention being tested.

Thus, the ref eP¥RBESRIECAN hegpyriedophby tetgstsdeseribed hemin foi measureowint dEat i ons,
such as gene d tenal ogous, gene.i nserti For exampl e,
in the cgse of ?égﬁkﬁw thfnﬁhr &ﬁl @ngl%?ﬁfbfty?:glr?d arl?é( dléﬁ ;I]ersm ,

have been rendeshaiqies mbntivgict @BRin if dedifRg. Vi rus of the |nvent|on then t hey
will also be rendered non-functional in the reference strain. The

modi fi catiohs made t'@ anselytiefvane nfie suveation peferildy hdeaizraed abilitt hana nade

to the strain of. the E t|o é‘?{ E‘; 15 it s neant that the gene
di sruptions i n'¢HE™ ceIF c%sget”r" th the sameypodificaionstte julsefaryeplisaie iB@si t i ons

to those in thasddrakn ®fkil Hﬁndlﬂ‘\égl”st 638 slfr%acgb tgzg%lr%él%riﬁtgtsgleﬁeﬁfegerably, BSs

sanme size-dand in the sane place esee

het er ol ogous  geiligsisai sltatlshmllyrmgﬁﬁ&dﬂyrgrdatbe abiditeapiaetbedihdrvian Thy t he same
pronoter, etc. Howeyver I's not essential that identical nodifications

be made. \Wat POPFHISS L étt?tvm@ StraiRn faspec of Rt celéecagdremprsurelumeny onal | y
equi val ent I@Ddh{ahg%tﬁng%m%egmthat the sanme genes are rendered

non- f uncti onal or the sane "het erol ogous: gene or genes is- inserted...

In an oncol ytic vir Ber efariple, thewspatityost a vikista BlrectMthddus atl Sase Vt%dahttﬁé‘d made
to ‘the virus to confer oncol ytic activity, if it is not naturally present,

and pref er abl yb¥ gleag}gmgethe Sesecaftvinps ragmired ioteasantd givey pe@bntageSolidelinyfont i ons
encodi ng 1 opea KHIRAR% s BEGGI Ak cAtRriR G Splidge B pruerebiap boraa. 5.
Such nut ati onsme@sir&®by %ﬂh%e‘aﬁﬁ@ﬁgﬁt? SucBR $hdsB ehﬁ‘gﬂr(ﬂft & tﬁe Exampies (see
' 15  Figure 2), e.g. by measuring virus growth in cells overa period of 6, 12, 24, 36, 48 or
| 72 hours or Ionger '
‘ The ability of a virus to kill tumour cells can be roughly quantitated by eye

(see Fi igure 3) or more exactly quantitated by counting the number of live cells that

remain over time for a given time point and MOI for given cell type. For example,

20 comparisons may be made over 24, 48 or 72 hours and using any known tumour cell'
type. In particular, HT29 colorectal adenocarcinoma, LNCaP FGC prostate
adenocarcmoma, MDA-MB-231 breast adenocarcmoma, SK—MEL-?.S malignant
melanoma or U-87 MG glioblastoma astrocytoma cells can be used. Any one of

_ these cell types or any combination of these cell types can be used, as may other

25  tumour cell types. It may be desirable to construct e standard pencl of tumour cell
types for this purpose. To count the number of live cells rén:taining at a given time
point, the iumber of trypan blue-excluding cells (i.e. live cells) can be counted.
Quantitatien may also be carried out by fluorescence activated cell sorting (FACS) or
MTT assay. Tumour celi-killing ability may also be measured in vivo, e.g. by

30 measuring the reduction in tumour volume engendered by a particular virus.



strains of HSV are described in Chou et al 1990, Maclean et al 1991,

al though any nutation in which ICP34.5 is non-functional nay be used 30
Accordingly, the RSV strain, is preferably nodified such that 4 AU%C%(@ one
or nore of a functional |CP34.5-encoding gene, a functional | 8

AUG 2004 encodi ng gene, a functional _ghycoprotein-H encodi ng gene,
functional thym dine kinase-encoding gene More preferably, the vi rus | acks
a functional |1CP34.5-encoding-gene. 5 Oher nodifications may al so be
made. In particular, the HSV may- be nodified such that it |lacks a
functional |CP47 genbheability of g mﬁmeadllﬁ:ﬁési’lc;apedlélw dolidaisswenead e bl ock
antlgen presentatlon mﬁgF%VLnfe*cbg ells so.its -disruption leads to a -
virus that does™ eI @ At sites P@q&é@ﬁ%ﬂﬂcéﬁeoﬁﬁl@pert i es
t hat ‘m ght Pr Ot §5dinf taav i nfected cells. fromthe host's i mune 10
system - . Viruses wth any-other genes del eted/ nutated which provide
oncol ytic properti ehu(rdertsdbteﬁmmidxd]ﬁ driiéd dfirubdd Jr DRt enticRNRRAd tO
surroundi ng . tlssue) are also viruses of the invention as those skilled in
the art wil |3 r &Gy dedrsirablete lﬁ%éﬂ@“@d%t&ommfemnhamﬁ&mnqhansom '

identification ff ther enes Jin_an Vi ruses
above- may suggest t%gia(}:%%g%&a? |?)t;‘13 S REHR P R |I(‘,1ﬂrea‘?fgﬂé§§(§trﬁnr1]§'es of -
t he i nventi on. HBVésthiadair HSVIiEEsdinnay, al so be inserted into such viruses
of the i nvention - by techniques known in the art and/or described herein.
In an oncol yti CKQSr e refarenchisiiain whlbgpicslly baee eguivaldny piodifidatiosto dhestiahat
enhances the ca of the’ v ru ount.eract, - tunours.. Any genes
conferring on t¥ l"ilﬁgu% r&ﬁ%g@rfﬂ Wl\ll'%(mcayé!haﬁ%erted

In particul g, & vé]@&tﬁ{dahi&ﬁblﬁs B oIS AT adng
- i mune response&?g t he tunour célis |?§1 Eeﬁ rerar Pﬁ%‘%ﬁé% pe el“?
| mmnehst i mul i’it Bﬁ%@uﬂp@uﬂhcd@c&ﬂ@hl&’%hfﬂﬁlehm Sayd E3P47-encodmg genes
macr ophage- col o

phag EXV beenrcndcred non-functional in the virus of the i mventlon, then they will also be

rendered non-functional mthc rcference strain. The modifications made to the
refcrence strain may be identical to those made fo the strain of the invention. By th.lS
15 itis meant that the gene djsrupuons in the reference strain will be in exactly -
eqmvalcnt positions to those in the strain of the invention, e .g. deletions will bc of
the same size and in the same place. Sumlarly, in these embodiments, heterologous
genes wdl be mserted in the same placc driven by the same promoter, efc. Howevcr
it is not essential that identical modifications be made. What is important is that the
.20 reference gene has functionally eqmvaleut modifications, e.g. ‘thiat the same genes are
. rendered non-functional and/or the same iletcrol;)gous gene or geﬁes is-inserted..
In an oncolytic virus of the invention, suitable modifications will be made to
the virus to confer oncolyuc actxwty, if it is not natucally present, and. prcferably to
. confer se[ecﬁvc oncolytic actmty _ _
25 . S .Such mutations allowing selective onoontid acﬁvitfr
include mutation to the genes encodmg ICP34 5, ICP6 and/or thymidine kinase (TK) |
_ prcfcrably ICP34.5. Such mutatlons to the ICP34.5-encoding gene in laboratory
strains of HSV are described in Chou ef al 1990, Maclean ef al 1991, although any
nutation in which ICP34 5is non-flmctlonal may be used.
30 Accordmgly, thc HSV strain, is preferably modified such that it |
lacks one or mote of a functional ICP34.5 -encoding gene, a functional ICP6-



stimulating factor (GVMCSF), another cytokine or- chenoki ne (e.g. RANTF, S),
B7.1 or -25"B7.2 or 1L12. Alternatively, the heterol ogous gene nay encode a
pro-drug activator, such as nitroreductase or cytochrone P450, ﬂp4
context, combi ned treatnent of tunour s-18-th the prof-dug actlvate t he
pro-drug activator and a virus of the _.invention is envisaged.

Al ternatively, the heterol ogous gene may encode a tunour suppressor, such
as p53..2 0 AUG 2004 B; Conpl ementing cell lines Wien the virus of the .

i nventi on i.s a &areo ne)Rlfaxctionhligy H@ﬁﬁ al
essential gene, fd?ﬁgfgégFé a gene e%@gggﬁgiﬁégz o @Q%iéﬁﬂkﬁﬁmﬁ ﬁ@gof
the invention |bmgxsp&gangammh -a—-cell "1ine expressi-ng.that- essent.i al gene.
For exanple, when the virus.|lacks a functional |CP27 gene, the virus may
be propagated ‘on V27 cells (Rice and Knipe, 1990), 2 2 ceIIs (Smth et al,

1992 B 130/ 2 | 8 | k
func% i ng | CP4 gg(ralelk/lfti’ﬁelg Ij\??éreaﬁslg’ E el&%?%%lgaté‘ftggl(gﬁﬁa 'E’é‘fq qgag%ges ° :
expr essi ng. 15094, foromeﬁmﬂdmdﬁﬁoﬁﬂhhﬁafs@%ﬁ%eetln%n&@ﬁﬁﬁe sp0 Wen, the

virus. lacks a functional |1CP4 gene and a functional | CP27 gene the virus is
propagat ed on a cel‘hay @Oésﬁﬁdéyghﬂlgméacksaﬁmuanmcmzeismme&a&

cells; 2 0 AUG et aI 95 nd whe the Vi rus
additional ly | g‘%gdl Pﬁ'?yc qﬁ'g“\?P HSYaiptesgedelissols ed on
acell I'ine al sodig haﬁmaﬂgtoaa%ﬁ&\ﬁ 1 é qui ne
her pes virus as |ﬁ@Thomas et -al, 199§e9 %otﬂg#ﬁggéfe%{ olls M{Hé%

partial |y conpepropertids ﬂmm:ghtlpmtbmtsucmHSN ﬁfeh&ﬂ%ﬂwn&ﬁeh&t’%dﬁﬁhﬁm de (H
I BA) in theygnsdl a used for virus growth (MacFarlane-dal, 1992).

I'CP27- expre i nes can be produced by co-tr ansf ecting rramml I an.
E)F[’ilsrsn df \C/)trac'?)(;?rml gotrpr I SI ng a %ﬁ%ﬁl&f Wﬁ@ﬁé Pg%ﬁﬁ%?@c% be| ng
ex pr essed in s apnbpetﬁeé @e selective replication in tumours compared to surrounding tissue) are
also viruses of the invention as those skilled in the art will recogmse that the above
‘hst is-not-exhaustive and identification of the function of other genes in any of the
_ 15 viruses above may suggest the construction of new viruses which are also viruses of
* the invention. ‘ , |
Hetcrologous gene(s) may. also be inserted into such viruses of the mvcntzon
by techniques known in the art and/or described herem. In an oncolytic virus, the
.hetetologous gene w111 typmally be one that enhanc&e the capacity of the virusto .
20  counteract tumours Any genes confcrnng on the vius ‘anti-tumour propemcs may.
thus be inserfed.. In particular, the heterologous | gene may be a gene capable of
modnfymg immune response to the tumour cells in a beneficial manner; cspecxa]ly an
. immune- stlmulatory polypeptide such as CD40L, granulocyte macrophage-colony-
: stxmulahng factor (GMCSF), another c¢ytokine or chemokine (e. g RANTES), B7.1 or
‘25 B12or IL1_2. ‘Alferatively, the heterologous gene may encode a pro-drug actwator, :
" such as nitroreductase or cytochrome P450. In this context, combined treatment of
: tumours wﬁh the pro-drug activated by the pro-drug activator and a virus of the

- mvenuon is enwsaged_ Alternatively, the heterologous gene may encode a tumour
supprcssor, suchas pS3. '



-1o and a vector, preferably a plasm d vector, encoding a sel ectable

mar ker; far exanple neonycin resistance. C ones possessing t@g %gk &hgble
mar ker are then screened further to deternine which clones al%sh

functional 1CP27, for. exanple on the badPs of their: ability to support t he
growt h of 1CP27- HSV strains, using nmethods known to those skilled. in the
art (for exanple, as described in Rice and Knipe, 1990). 15 Cell lines

whi ch do not allow reversion of an I CP27- nutant HSV strain to a strain

wi th functional |1CP27 are produced as described above, ensuring that the
vector conprising a functional |CP27 gone does not contain sequences that
overlap - with (i.e. are honol ogous to) sequences remaining in the | CP27-
mut ant virus. Wiere HSV strains of the- invention conprise inactivating

nodi fications in 20 other essential genes,. for exanple |ICP4, conplenenting
cell Iines wll conprise a functional HSV gene which conpl enents the
nodi fi ed essential gene in the sane manner as described for |1CP27. For
exanple, in'the case of HSV sh-ains -conprising nutations in both | CP27
and | CP4, a cell line expressing both ICP27 and ICP4 is used (such as
described in Samaniego et al, 1995 of in Thomas. et at, 1999). HS V 25
strai ns expressing ot her essential genes can be constructed inasimlar
manner to that described for 1CP27. Herée again, if it is ensufed there is
no sequence overlap between the remaining virus DNA and that .inserted into
the cell line for virus growth, the possibility of reversion of the virus
to a |l ess disabled formduring gromh will be mnimzed. - 30 2 0 AUG 2004
C. Methods of nutation, The various viral genes referred to may be rendered
functionally inactive by several techniques well known in the art. For
exanple, they may be rendered 5 functionally inactive by deletion(s),
substitution(s) or insertion(s), preferably by deletion. A deletion my
renove a portion of the genes or the entire gene. For “exanple, deletion of
only one nucl eotide may be nade, resulting in a franme shift.

.. B. Cortlplemenﬁngcgll‘lines |

When thc virus of the i inventionis a herpes snnplex virus which lacks a

' parttcular ﬁmcuonal essential gene, for example a gene encoding ICP4 or ICP27, the
virus of the i mvcnuon is propagated on a cell line cxpressmg that essential genc. For

example, when the virus facks a functional ICP27 gene, the virus may be propagated
on V27 cells (Rice and Knipe, 1990), 2-2 cells (Smith ef al, 1992) or B130/2 cells

‘ (Howard et al 1998) When the v:rus lacks a functional ICP4 gene the virus may be
3 propagated on a cell line expressing ICP4, for example ES cells (DeLuca ef al, 1985).
30  When the virus lacks a functtonal ICP4 gene and a functional ICP27 gené the virus is

pmpagated on a cell line expressing both ICP4 and ICP27 (such as E26 cells;




However, preferably a larger deletion is made, for exanple at |east 25%
nore preferably at |east 50% of the total coding and non-codi ng sequence
(or alternatively, 10 in absolute terns, at least ' 10 nucl eotides, Were
preferably at |east 100 nucl eotides, nost .preferably at |ead@ ALBGOQ04

nucl eotides). It is particularly preferred to renove the entire gene and
sonme of the flanking sequences. An insert®28 sequence may include one or
nore of the. heterol ogous genes described below In the case of the vrnwe5
gene, the entire gene is not- deleted since it encodes an essenti al
structural progein, but 15 a -small inactivating mutation i s nade which
abol i shes the a#niege ¢l 486} and when the virus addwosally bickomfunttoraEvayesss
(e.g. as in Ac .. 19 or Smley et . 1997).  Mitations are made in
the herpes vi rg%“%?%“%%‘ﬁ%’?BﬁB@?%%%%%?ﬁ%‘k!‘Bﬁalﬁ%wm‘l"“klﬂ%%n to those
skilled in thehgéhdlo £ @k 2o bRy Lo M & 1 e get her
with a vector; pref %irf?ts)l y gGEF‘i%m d \?g??gg%@comrla}iuﬁgﬁltgﬁgé g%gl’rrfjbtdg?ed
sequence f|.ank¥ttatipns borohegb wsayriss bepprtdbesompbnsatedi fr by dndeaoeoc e my

conprise a delgtion(s), insertion( or- _substitution(s), all of which may
be constr usgt eﬁe eﬁ’tﬂﬁ"i"wﬁf‘é} BA) insthe ipesisused\for viusiggewthe| ect abl e
mar ker - genes, gfIQJF én?é‘ﬂ" or GFP, for screening reconbinant.viruses
by, for example 3- aga actag’silgggie activity or fluorescence. 25 D. -
Het er ol ogous genes mm)@mﬁiﬁg%eﬁhﬁeyédh%%ocﬁfceah?cbfﬁmrm
erm"hetero

b . : an.
nodi fied to car-r"é.a het er ol ogous . gene/ genes. The ogous gene"

enconpasses an$ell§eloe exampla theyViera oz BIHE cells Mithoueectpe mrefesaby p pliamid/veatagene

oot ded. 1 hat SR Eelop KRS RGP acot Bl o otns’ apessditin sidbls ke

to-the virm comld wWotdpeRRANS a Wdshid G, bicold g'}?‘ée!{{c?b %SO The
het er ol ogous gene may ﬁguany al \Iﬁtlal I c vari z’in;%coo?l a W :'!%pe ggg%x?éx%?xph may
be a neomycin resistance. Clones possessing the selectable marker are then screened -
' further to dgtcrrqine which clones also express functional ICP27, for example on the
basis of their ability to support the growth of ICP27- HSV strains, using methods

known to those skilled in the art (for example, as described in Rice and Knipe, 1990).

B | 15 . Cell lines which_ do not allow reversion of an ICP27- mutant HSV strain to a
strain with functional ICP27 are produced as described above, ensuring that the
_ -vec§0r comprisihg a functional ICP27 gene does not contain sequences that overlap
- with (Le. are homologous to) sequences remaining in the ICP?.’)'- mutant virus. |
Where HSV strains of the invention comprise inactiviaﬁng modifications in
20  other essential genes, for example ICP4, complementing cell lines will comprise a
‘ ﬁJncﬁonal HSV gene which complements the modified essential gene in the same -
manner as described for ICP27. For example, in the case of HSV strains comprising
mutations in both ICP27 and ICP4, a cell line expressing both ICP27 and ICP4 s
+ used (such as described in Samaniego ef al, 1995 or in Thomas et af, 1999). HSV
. 25 strams expfess-ing other essential genes can be ;:ons!ruétcd ina sumlar ﬁlanner' to that
| described for ICP27. Here again, if it is ensured there is no sequence overlap
between the mmﬁﬂng virus DNA and that inserted into the cell line for virus -
growth, the ]Sossibﬂity of reversion of the virus to a less disabled form during growth
will be minimised. - |
30



mut ant gene. The terra. "gene" is intended to cover nucleic acid sequences
whi ch are ., capable, of being at |east transcribed, Thus, sequences
encoding MRNA, tRNA and s rRNA are included within this definition-
‘However, the present invention is concerned with the expression of

pol ypeptides rather than tRNA and rRNA. Sequences encodi ng AMG! boos
optionally include sone or all of 5 and oi' 3" transcribed bu

untransl ated fl anki ng sequences natural |y, br ot her wi se, associated with
the -transl ated codi ng sequence. It may optionally further include the
associ.ated 10 transcriptional control sequences normally associated with
t he transcri bed-seqt s of mytatieRanpl e transcriptional stop signals,

pol yadenyl ati on sites and downstream enhancer el enents.- The heterol ogous -
genel genes may be inserted.into the viral genome by honol ogous

reconbi nation of HS VaRiolS viehlt ] : N hryi ng
t he het er ol ogous gexgﬁeaﬁig?'filegn gf%&ﬁ%\%é%&%%@%%%ﬁ@&%ﬁ%go&
gene/'genes may sevciahlechuiguesdvdllkrova is tictzab | Forekaspledthyesiag be ¢&ifierddsi ng

herpes viral_ sgegquences.usi.ng clgning techni ques well-known in the art, -The
het er 6l ogous g ‘f‘b‘@ﬂ& gl léy?"ﬁ%t&“gﬁoﬁ pitgtion(s) afilpsgrtiopésioprefesably hy

| ocati on provi at; TRVA ' opa ed..lt is preferred
that the heter grcgeéfg{i}'s %gﬁe Ogneﬂr}é%l 'S g&%ﬁ%@rﬁ%&éﬁ%&g‘#&%rﬁ@%lp fene.

Het ér ol ogous gexamphegyeletion o8eily onk Bicleviie hﬁ&%eiﬁdd@?wsﬂﬁﬁ?hfh fehifie ¥hifUS

genone. The transcribed sequence of the heterol ogous gene/genes is _
preferably opddawever, prefeeably blasees deletion issuagiecfor exqmapleat least @ 5%y proes si on _of

o 2 ool o s HEclrERDHUSSISE R ol OTLA B fR achurlbie sl 7 AtereivFo o
j uXtaposi titn. liabsilite teihsCATRADBOhSClediASS hhd2€ PrefdsBbll At l%aétqloﬁhhﬁ@éﬁﬁ‘eg
permtti.ng themto function in their intended nner. A control sequence
"oper abl y |.i nkaaostipeeferablydit lagstsldi§d endleotides). i Iy istpadidularlypréfemedviyreniova the
‘expressi on of t‘hﬁgecodi rr%@ggg g(e) e 4.S,.achi eved -under conditions conpatible .

with the contr o Se¥tE BPAUSReSSe AR STQERCEmAY ittider
al 'owi ng expr esgne@R nitfre bitthe heterologous genes described below. In'the case of the vinw65

gene, the entire gene is not deleted since it encodes an essential structural protein, but
15 asmall inactivating mutation is made which abolishes the ability of vimwo65 to
activate trax_lscripﬁonally IE genes (e.g. as in Ace ef al, _1989 or Smiley et al, 1997).
Mutations are made in the herpes viruses by homologous recombination |
methods well known to those skilled in the art. For example, HSV g;:ndmic DNA is
* transfected togefher with a vector, preferébly a ﬁ!asmid veétof, corﬁprising th;: |
20 mutated sequence ﬂankcd by homologous HSV sequences. The mutated sequence
.- @ay comprise a deletion(s), inscr'tion(f's) or substitution(s), all of which may be
" constructed by routine techniques. Insertions may include selectable maﬂcer genes,
for example lacZ or GFP, for screening recombinant viruses by, for example -
~ galactosidase activity or ﬂuorescencc. - ' - ‘
25°

D. Heterologous genes and promoters

o The viruses of the invention may be modified to carmry a heterologous
gene/genes. The term “heterologous gene” encompasses any gene. Although a
. 30 heterologous gene is typically a gene not present in the genome of a herpes virus,

herpes gene/genes may be used provided that the coding sequence is not operably



het er ol ogous gene/ genes and a signal for term nation of transcription. The
pronmoter 2 0 AUG 2004 - 23 is selected frompronoters which are functional
in mammal i an, - preferably human, cells of the nervous systemor in tunours
or in cells of the i Mmune system The pronoter/pronoters nay be derived
from pronoter sequences of eukaryotic genes. For exanple, -p?Qnaggenss:my

be derived fromthe genone of .a cell in_wych 5 expression of the
het erol ogous gene is to occur, preferablly a manmalian, preferably.. human
cell.- Wth respect to eukaryotic pronoters, they. may be pronoters that:

function in a ybiquit us rranner (such wagrormters of -(i=acttn, tubulln)
or, -alternat M becgpences Nélmhlmamlanmdlytaseommmﬁhepem fic

| NSE b h d
Specitic st ﬁm‘.‘g’,{&‘?‘%&f&%’l@ Péy%%y"ﬂ?aﬂﬁt‘: oA viiCape eenc PERAER SR
receptors. Vir ghutpfitQ¥Ré.cThe P “gbS iDitdddedo co(r ﬁc&iﬂﬁséﬁ@ Iér %@@'w&

nmurine |l eukaem a virus | ong term nal repeat pr o

retroviral pr o:mp@hiepfltda@ Mdmntrmscrrbuisd‘mytmmeémw&ﬁ BT, (HNEA and

pronoter, ters er.nes V|ru es i ncl udi ng those driving
expressi on 8f t é?Fde Pé@‘%é" c,H(PV(ftVS‘/I th%preﬁupmsmmlscassettes

cont ?Lf‘eéeiﬂ'etn?gé&éffjﬁﬁ“ﬁ%e FSTRA o e ﬂ@@%ﬂﬁé&ﬁﬁﬂﬁ%a{‘ﬁ

persons ski | | edSeyuericheerabing RN AN il speamlyanctadeyoRRko r%tjb 3&8%9
Mol ecul ar A oning -_A Iaboratory manual : Cold Spring Har Press It may

al so be advanté@@%@eﬂb wiEangla @#tﬂaélﬂggﬁﬁlmnﬂumllblaahemmbaa%
| evel s of -expr terol oc ene ca gu ted during the
life-time of t e cef]%t"ﬂ%’tﬁ‘g% itt‘ﬂ @ﬁhéggl@f ‘@ﬁ casspgigted

obt.ai ned ugibng &ahgcr@heﬁatoeﬁ&ol%quéh@ed MBR}F é‘s@ocxf 24 “ﬁm%ﬂ@g%segﬂeﬁeg&ﬁ (red .

enbodi nent - where nore than one heterol ogous gene IS ins HSV
genome, one pr daexemploimnicrptinmel stop signals, polyndmylatiop eies and doviisti€arh et

repr essor/ VP 16Prﬁrans I‘I%’FI onal activator fusion protein 25 Previously
reported (Gossee %‘Fﬂl tﬁt 1992, Grossen et at, 1995), -and dri vi ng the

_ The heterologous gene/geues may be inserted into thc vu'al genome by
homologous recombination of HSV strains with, for example plasmid vectors
15 .camying the heterologous gene/genes flanked by HSV sequences. The hetetologous
_ pene/genes may be infroduced info a suitable plasmid vector comprising herpes viral

sequences using cloning techniques well-known in the art. The heterofogous-
. gene/genes may be inserted into the viral genome at an.y- location provided that the
virus can still be propagated. It is preferred that the heterologous gene/genes is
20 mserted into an essential gene. Heterologous genes may be inserted at multiple sites
: w:thm the virus genome. ,
The transcnbed sequence of the heterologous gene!gencs is preferably
- operably lmked to a control sequence permitting expression of the heterologous
gene/genes in mammalian cells, preferably a tumour cell or a cell of the nervous
25 system. The tcrm operably linked” refers to a juxtaposition wherein the components
‘deséribed a_r_e 11_1 a relationship permitting them to function in their intended manner.
A control sequence “opetab’ly linked” to a coding sequence is ligated in such a way
-‘that expression of the coding sequence is achieved under conditions compatible with
the conirol sequence.
30. The control sequence comprises a promoter allowing expression ef the

hetcrologous gene/genes and a signal for termination of transcrption. The prometer ~




het er ol ogous gene the expression of which is to be regul ated- The second
pronoter would conprise a strong pronoter (e.g. the CW | E pronoter)
driving the expression of the ter repressor/VP16 fusion protein. Thus, in
this exanpl e, expreSS|on of the first- heterol ogous gene woul d t he
presence or absence of - 30 - tetracycline. 2 0 AUG 2004 - 24 erolg@%
genes will typically encode pol ypeptides of therapeutic use. |In oncolytic
applii cations, heterol ogous genes may ento® Proteins which are themsel ves'
5 cytotoxic,. encode pro-drug activating enzymes or which are capabl e of
stinulating or enhancing an anti-tunpur inmune response. Fbterblogous

genes may al sow&%%ﬁ&ﬁo@@ﬂﬁhﬁ%ﬁoﬁ%%ﬁgﬁfa&gﬂ &lﬁ{' bymap..; ns;

galact05|dase or green fluorescent protern-or o

or genes \Ahosecq:ﬂsatfuhemervmgmymmotimetumwseﬁm@ﬂs@fﬂﬁtiﬁiﬁiuuﬁ% (fre -
exanpl e, transcrip regul atory factors including the tet
repressor/ vntqum‘&FFZEP‘FIBm cflerivedfrom memplensequences of enkdositicigonds.

00U o gon POEBIE Bl ) TN i UL LPEcoPATMAEL 2107 o

have 'the |is t eshrpsidoaditRchetasfodsigehs t9bcdt, :ﬁ%gat lg’rdﬂa‘!“ “Eﬂ‘%’tpz géaﬁ’gﬁe

Thus, multi pl e heterol o %pus genes can be acco thin

Far exanpl e, f hemarcell tbm@tmﬁlkblyotmpmm(ﬂm ithéyamhinbe pronesters thather e ar.e,
for exanpl e - | east: t S in W?I ch this could be achieved. For
exanmpl e, rmre OB ‘ﬂ‘@ hésmammg%ﬁ-a@teut&mm, sequences

20' . coul d be .i Bdrh Al tik e Q 5! Ei’ strain eLther, at ngl e
site or at nul %li ple gﬁt es | np&ﬁﬂ; Virus Sgélh% cn?qrowcbéca?n%asggsﬁﬁim ble
to use pairs" womﬁheymyhheumt@ﬁﬂﬁlf&ﬁiﬂ%M%ﬂfoﬁédaﬂﬂﬁé”
opposl te orientations away .from each ot her,.

10 promoters that bind steroid hormone receptors. Viral promoters may r also be used,

: for example the Moloney murine leukaemia virus long terminal repwt (MMLV) LTR -
promoter or other retroviral promoters, the human or olousc cytomegalovirus (CMV)
IE promoter or promoters of herpes virus genes mcluclmg ﬂlose drmng expression
of the latency associated uanscnpts ‘
15 . Expresswn cassettes and other suitable constructs comprising the
heterologous geﬁe!genes and control sequences can be made using routine cloning -
iochniqm known to persons skilted in the art (see, for example Sambrook ef o, _
1989, Molecular Cloning — A laboratory manual: Cold Spring Harbor Press).
It may also be advantageous for the promoters to be inducible so that the
f 2 levels of expression of the heterologous gene can be regulated during the life;time of
- " the cell. Inducible means that tho levels of expression obtained usiflg.the promoter
can be rcgulé:.éd. For exémplc ina pfofeﬁed erooodiment where more than one
_ hctcrologous gene is inserted into the HSV genome, one promoter would comprise a -
promoter responsive to the tet repressor/VP16 transcriptional actwator ﬁmon protcm
25 prewously reported (Gossen and Bujard, 1992, Grossen et al, 1995), and driving the -
g hetcrologous gene the expression of which is to be regulatcd. The second promoter
' _ “would comprise a strong promoter (e. g the CMV IE promoter) driving the
- expression of the tet reprcssorNPlG fusion protein. Thus, in this example,

" expression of the ﬁrst heterologous gene would depend on the presence or absence of
30 . tetracycline.



t hese pronoters each driving the expression of a heterol ogous gene (the
sane or different heterol ogous gene) as described above: 25 E. Therapeutic
.uses Viruses of the invention nmay be used in nethods of therap

particular, oncolytic viruses of the invention may be used |ﬁ¥& YGi &84 i ons
i ncluding the oncolytic 30 treatnent of cancer, e.g. by direct |ntra t unmour
I nj.ection. Where the virus conprises a heterologous gene encodi ng a
prodrug activator, additional pro-drug thekéapy may 2 0 AUG 2004 - 25 be

carried out.. Additionally, treatnment nmay be conbined with or stinulation of

an _.inmmne response by any.nmeans -known |n the art. Viruses of the
inventlon maybe re oI| funmour in a
marmmal ,” preferably ?%eg%@sngé&glﬁﬂ% r’rﬁle ﬁrﬂ?ﬁ@fp{ﬂ‘fl ‘?W’%Wﬁ"é?r may be
adm ni stered to.a subject with 5 prostate, breast, lung, liver, _
endonetrlal bl adder, colon or cervical carcinong; adenocarC|nona _

mel anoma. Iyrrphoma gliomn; or sarcomas such as soft tissue anmonco@q@e
sarcomas. . F. " g%m St,r tllon The vi rusesw(af t he invention. may. thus be used
in a patient, PE eéo ORI TOASINAY fiRcodp Rrofrapswhich@rethemselves Vi r uses - of

the inventison ¢aotokie, é@@&ﬁ@@rﬁg&u&gn go ee¥ }&’h}"hﬁ%ﬁf’lg fffﬁgl Eg The

aimof therapeéeutic treatnment 1S to | e con

Typi cal l'y therq:qhenmganantemimmmg:sﬁonsef us of the invention will
allieviate t-he synptons of-the disease or 30 condition of the patient being
treated- A method cﬁietﬁwmﬁﬁﬂqﬂe&mwéﬁmgdm miwker gemee (i example; @icodiag B- -

conpr i ses admmida&go eUtﬁth%ie% ef f.ective anmpunt of a 2 0 AUG

2004 - B or other fluorescent protems) or genes
whose products regulate thc expression of other genes (for example, transcnptlonal S
| ‘b' l'eg“lﬂmfy factors mcludmg the tet repressquvmwGS iranscnptlonal actlvator fusion.
protem described above). . ’ '

. Therapeutlc apphcatlons may well reqmre thc
- admmlshauon of multnple gen&s |
_ ' Herpes viruses are
15 - .umquely appropnatc as they do not have the limited packaging capabilities of other
vual vector systems. Thus, multiple heterologous genes can be accommodated
\mtiun its genome. For example, from 2 to 5 genes may be inserted into the genome
There are, for example, at Ieast two ways in which this could be achieved.
-F or example more than one heterologous gene and associated control sequences
20" . could be mirogluced info a parhcular HSV strain cither at & single site or at muitiple
_"Sttes in thc virus genome, It would also be posszble to use paus ‘of promoters (the
same or different promoters) facing in opposne onentatlons away from each other
these promoters each driving the expression of a hetcmlogous gene (the same or
L ‘_ different heterologous gene) as described above.
S 25

E.  Themapeutic uses _

- Viruses of the invention may be used in methods of therapy. In particular,
| oncolytic viruses of the invention may be used in appli'caﬁons. including-the oncol);tic
30  treatment of cancer, e.g. by direct intra-tumour i injection. Where the vnus comprises
—— a heterologous gené encoding a prodrug activator, additional pro-drug thcrapy may

£ -



virus of the invention to a patient suffering fromcancer. Adm nistration
of an oncolytic virus of the invention to a patient suffering froma
tumour will typically kill the. cells of the tunmour thus decreasing the
size of 5-the tunour and/or preventing the spread of. malignaptawebis from
the tunour. 10. One nethod of adm nistering therapy involves conbi ning
the-virus wwth a pharmaceutically acceptable carrier or diluent to produce
a pharnmaceutical conposition. Suitable garriers and diluents include-

i sotonic. saline solutions, for -exanple phosphate-buffered saline.

Chcol ytic treatnent 15 may then be carried out fallomnng direct . injection

of the vector sue. unt of .vir

adm.ni st ered Ptg&lﬂﬁ&? %tggdslg&;a?y !—g%#&lg&t%ﬁé‘ 6 lﬁ?fw}% gfap g‘!!‘ pf u,
preferably frmmmﬁﬂ5m$mx&@&yﬂﬁunaﬁﬁmﬂoﬂﬁaiﬂﬁﬁﬁiXﬁﬁ@&ﬂkﬂ&ﬁ@‘&&f :
When injected faor, oncolytic treatnent aﬁ/pl cally up to 500 yp| cal I y
f.Fom 1- 200 | , ussddn thetherapentio freatment of avy s cbtmmammammhalppnetwﬂﬂth 20"

consj sting eéesgnti al of the.viru and phar ceutical | y acce t abl e
sui table car I‘IE l{“}{r&ﬁ‘ﬂ@ﬁt‘m’%ﬁﬁ rmbq with or

some oncolyti ktaﬁram:ae@iw&h&mﬁem[ é{%&i&?ﬁé&? Joml rmy also be

used, dependrﬂg on the tumbur  and. i notu atl’on Si OB of

admi ni st r at i osdenochrcinomggselamsey, l)qulomeeghﬂh&;rﬁ@m@ﬂiays@&ﬁﬁﬁtﬁwe‘ﬁds' nce
a skilled practitioner will be able to determne readily the optinumroute
of adm ni st r ali§ %A osage. The dosage may be deternm hed according to
various paraneters; especially according to the age, weight and condition
of the patient to be treated, the severity of the disease or condition and
the route of adm nistration. The preferred route of admnistration to a
patient suffering fromcancer is by 30 direct injection into the tunour.
The virus may al so be adm nistered systemcally or by injection into a

bl ood vessel supplying the tunour. The optimumroute of 2 0 AUG 2004 - 2 7

-

- ‘F.”  Administration

The viruses of the invention may thus be used ina patlcnt, preferably a
human patient, in need of treatment. Vu'uses of thei mvcntlon may be used for the
_ 25 oncolytic treafment of cancer

| Thc aim of
therapeuxlc treahnent is to improve the condition of the patient. Typically therapcutlc
treatment usmg a virus of the invention will allieviate the symptoms of the disease or

30 condition of the patient being treated. A method of treatment according to the

| invention therefore comprises administering a therapeutically effective amount ofa



adm nistration will depend on the |ocation and size of the tunour. The
dosage nay be determ ned according to various paraneters, especially
according to the location of the tunour, the size of the tunour, the age,
wei ght and condition of the patient to be -treated and the route of
administration. 5 G. Non -Therapeutic aspects Al so provi ded 2t éUReliods
of identifying Suitable clinical strains for nodification according to the
i nvention. In addition, methods of targeRévalidation are provided. 10
These concern the identification of genes suitable for use in the

ther apeutic: applications of. the.invention as described above. Methods of

production of "Méﬁﬁéhﬁ"’ I3 eqal sQ provided. 15 The fol | owi ng -
Exanples illustrate t nd\;lggtl\éﬁgﬂtﬁgﬁp&égmnp type-1 virus (HSVI) in =~

whi ch the neurovirulence factor 1CP34.5 is inactivated has previously been .
.shown to direct tunour specific cell lysis in tunmour nodels both invitro
and in-vivo. Such #ﬂm&aﬂﬁa\ﬂfaapg@iﬂe‘emmmmmmmhmﬂsn@ﬂﬁg |

| | t di t br t | at t |
St oncs ! ol mR e R bl B G Pl onthe ot g depisnsing B St o of
HSV 1 (vi wseﬁledﬁhbw%dfd‘r preveiiflg hb 3 bida megﬁ%gaﬁtfapa%e@%{ %ﬂletgm%cpumo g?t be

anticipated to be attenuated |n the ytic y In

cells as conpared to nore 25 recent cllnlcal i solates. In work ained at
producing 1CP34.5 del eted HSV with enhanced oncolytic and anti tunour
potential, we have deleted ICP34.5 froman HSV 1 clinical isolate and
conpared replicative and |ytic potential in a nunber of human tunour cel
types in conparison to HSV1 strain 17+ (a standard | aboratory strain). 30
2 0 AUG 2004 - 28

10 One method of admlmstcnng therapy involves combmmg the-virus witha
' phannaccuucally acceptable carrier or diluent to producc a pharmaceutical
- oomposmon. Suitable carriers and diluents mcludc isotonic.saline solutions for |
-fmmnph;hoqﬁﬂebuﬁdmdsﬂum '
- (kmohﬁc&ummmﬂ _
15 _may then be carmried out following dlrcct injection of the vector composmon into -
target tlssuc The amount of virus admjmstered is in the case of HSYV in the range of
“from 10° to 10" pfu, preferably. from 10° o 10* pfu, more preferably about 10° to 10°-
pﬁx_ When injected for oncolytic : treatment, typtcaﬂy up to 500 M,
typtcally from 1-200 pl, pr.efcrably from 1-10 pl of a pha:maccuttcal composition
20" consisting esentially of the virus and a pharmaceutically acccptable smtable carncr or
- dtluent, would be used for injection. Howcvcr for some oncolyhc therapy ‘
 applications larger volumcs up to 10ml may also be uscd, dependmg on the tumour
and inoculation site. -
The routes of administration and dosages described are intended only asa -

*. 25 guide sincea slulled practitioner will be able to determine readily the optlmum route - |
of admmlstmtton and dosage The dosage may be determined accordmg to vanous |
parameters; especially according to the age, weight dnd condition of the patient to be
treated, the severity of the diseas;e or condition and the route of administraﬁon.

' The preferred route of administration to a patient suffering front cancer is by
30 direct injection into the tumour. The virus may also be administered systemically or
by injection into a blood vessel supplying the tumour. The optimuol route of



Virus Construction (see Fig 1) 5 The viruses used were either based on HSVI
strain 17+ (a standard | aboratory strain) or two clinical isolates derived
fromcold sores fromfrequent re-activators of HSV I. These strains were.
named BLL and JS 1. 1CP34.5 was conpletely deleted from strai#fglism JS
| together with the insertion of a COW-GFP cassette.. JS | was also further
engi neered by the insertion of human or nouse GWCSF so as to replace the
| CP34.5 gene. BLI and JS 1 are thus cl+mZal isolates, or "non-laboratory"
strai'ns. :The derivatives of JSI discussed herein are al so-non-|aboratory
strains, i.e. nodified 40---non |aboratory strains of the invention. Virus
G owt h i n Tumadinifistdtion Viielebédd i ; rowth in
some human tunour cells testcg% a@th%?cé%ﬁ%gﬁe t%&?@gﬁ_gﬁg%g}ag &d
strain.17+ whektermined docwrding fo Vaidus parapeters dsfdcially AocordiBg to URlocabest €d f or
further _st'Udy'tﬁln thetgndifiﬁctgtions d&gcri-bed above (see Fig 1, and above)
were made to ite VEmOHE LihFIFT P 188 tymouy; the age, weight apd gonditiorpf the pafientto(beel |
Killing) capaljehiefl ﬁ’rﬂﬁl‘f&a# h the JS I-derived non- |aboratory -
strains deri v?ﬁ?ﬁgq@ﬁagﬁeﬁ??umur ell lI-ines tested. Mre particularly, .
with referénce to Figure 3, the JS 1134.5- virus, Le.* JS 1 with ICP34.5
renoved by deletign, showed enhanced |lyric capabilities in HT29 col orectal
adenocar ci nomi- 25NofcAbempgutigaspacts e adenocar ci nona, MDA ML3231 br east
adenocar c¢i noma, SK MEL-28 nmlignant nel anoma and U-87 MG gl i obl ast oma
astrocytorna cells. Lyric.capabilities were also assessed in SK NMEL-28, MDA
MB- 231 and " ;@eidbaa&mémymdgﬁfﬁﬁ ' : ﬁ Eglgs ' Ggiced..cel | s at
vari ous doses ‘and : tines after infecti Ongvk\#iﬁ?ﬂ%ﬂﬂ:?@ - 1f°gisn%glomp%€ned to
strain 17+ TR§Edng ko the invention dr edditien, thethods ofiterpetalidativichre provideier s of |

live cell§,regmining in.a-.culture capn be gssessed .by this means. - Tumour
cefl ;1in eéo cu I‘i?ﬁ‘{%é’g gﬁf“ ﬁp'ﬁr’%tﬁjcég%?{]%”ﬁ? sufaplefer pse in the therapeutic
" applications of the invention as described above. ' o

'Methods of production of viruses of the invention are also provided.

~ 15 The fbllowing Examples illustrate the invention.

Herpes simplex type-1 wrus (HSV1)in which the neurovirulence factor
ICP34.51s inactivatpd'has previously been shown to direct tiiuiour sj;eciﬁc cell lysis
in tuha(_)ur models both in vitro and in vivo. Such virusés have also been gh;iwn to be
. .20 safein Phase I clinical trials by direct intra-cercbral injection i late stage glioma
N - patients. . _ .
Previous work has used serially passaged laboratory isolates of HSV1
. (viruses derived from HSV1 strain 17+ or HSV1 strain F) which might be anticipated
to be attenuated in their Iytic capability in human tumour cells as compared tc; more
25  recent clinical isolates.
In work aimed at producing ICP34.5 déleth HSV with enhanced oncolytic
‘and anfi-tumour potential, we have deleted ICP34.5 from an HSV1 clinical isolate
and compared rel?licaﬁ\}e and lytic potential in a number of haman @our cell types
in comparison to HSV1 strain 17+ (a standard Iaboratory strain).
30



2 0 AUG 2004 - 2 9 - dishes were infected for 24,48 or 72 hrs at an MJ of

0.1 or I with
counted, The
uni nfected co
tunmour cells
than the | abo
the use of re
anti-tunour..
replication (

for.cancer-tr
Cell lineinfe
nunber of Iiv

-43.7 6.67 du
48h5. 517.°4. 3

either 17+, BLI or JS rand nunbers of live cells were
per cent age of the nunber of live cells in equivalent
ntrol wells are shown in Table 1. Thus, as in all cases nore

are killed with the clinical isolate 5 viruses BLR @nggJihs
ratory isolate 17+, to provide increased oncolytic activity,
cent clinical virus strains 4¢ likely to enhance the
capabilities.of such viruses nodified to give tunour selective
e.g. by the deletion of I.CP34.5) when used-i'n human patients
egﬁgg Al D04 - 30 Table 1 tinme afterJSI .17B1.1

C ‘&'Lr VO W+=0.1 MOl=1 MD1=0.1 MJ - 1- percentage of
e-cells in uninfected control wells SK- MEL- 2824h41 57 319 '
plicate33.7 .- 7 62.6 19.339 6.33 . sanpl esP

74. 50. $he vgugs@scdrwdre ethdibagt.oh HEV Bstraild h?@@ﬁ&&ﬁard laboratory

stram) or two clinical isolates derived from cold sores from ﬁequent re-activators of
HSV1. These strams were named BL1 and JS1. ICP34.5 was completely deleted
. from strain 17+ and JS1 together with the i insertion of a CMV. -GFP cassette. JS1 ‘was

- a!so fun‘.her engmeered by the msertmn of human or mouse GM-CSF 50 as to replace

.20 .

the ICP34 5 gene. BL1 and JS1 are thus clinical isolates, or “non- laboratory’ strains.

- The derivatives of JS1 discussed herein are also«non—laboratory strams i.e. modified

non-laboratory strains of the invention.

Virus Growth in Tumour Cells (see Fig' 2)

J S1 and BLI showed enhanced growth in some human tumour cells tested as '
' compared to HSV1 ICP34. 5 deleted strain 17+ when tested over a 72 hour pcnod
(F ig2). ISt was selected for further study and the modlﬁcahons described above
(see Fig 1, and above) were made to it.

" Lytic Capabilities of Viruses (see Fig. 3) |

Lytic (cell killing) capablhttes were enhariced with the JS 1-denved non-
laboratory strains derived virus in all tumour cell lmes tested. More particularly,

with reference to F1gure 3, the J51/34.5- virus, i.e. JS1 with JCP34.5 removed by ,

25

30

deletion, showed enhanced Iytic capabilities in HT29 colorectal adenocarcinoma, - |
LNCaP FGC prostate adenocarcmoma, MDA-MB-231 breast adenocar_cmoma, SK-
MEL-28 malignant melanoma and U-87 MG glioblastoma astrocytoma cells.
Lytic capabilities were also assessed in SK-MEL-28, MDA-MB-231 and
"HT29 cells by trypanblue exclusion assay of mfected cells at various -doses and
' times after infection with BL1, JS1 as compared to strain 17+. Trypan blue is
excluded from live cells and so numbers of live cells remaining in a culture can be

a_ssessed by this means. Tumour cell lines cultured in duphcate wells of six well

./,'L'",\ .



000000 MDA- MB-231 24h44.9116. 769. 37. 36.3455.63. 26.79

44.0216. 9665. 834. 5560. 452527 48h14.1'4.727.9'83 .18.6.7 13.5. 3. 8278 5208. 3
72h 00 .2.910.731.460 0 :02.91: 1.27 -1.640 HT 29

' 24h37. 531547. 2823. 6142. 2222. 15 39. 241545, 7624. 2443. 042133 2 0 AUG 2004
48h13. 22. 329. 44.218. 4.. 4A 14327.74.7 -. 21.23.7 72h001.5701. 640 00-
1.89.'01.57 '0 Further. Enhanced Anti-Tunmour Activity 5 Further enhanced
activity may also be anticipated if thesggviruses are then wused to deliver
genes with. anti-tumour activity.” Such genes include those encoding
pro-drug activators or -i rmune stinulatory proteins. For this purpose, we
have produced digkedwhbee thf i dof, HSV 1
whi ch- expresses human orwnt%lrjfg{é@é%?ogﬁﬁ{-se%ggmt&d:ﬁbeinﬁth%%{?@t’ lator. -
Thi,s virus is QIJSilgnémlmberenﬁhmmﬁaNmWﬁWﬁg@%ﬁ&&iﬁﬁnb&@fhw ng
infra tunoral ECtIOI’l %é f:5004 31 References Chou et al, 1990;

Sci ence 250: 1°2’ optval W@ﬁt tcogrol wally are showaam Tebledl . '72: 631-639. 5

Samani ego et- at, 19ﬁ§13 Zslt('aﬂ%hscs%rcmar 3IE';arf:lulledthhthechmcal1scol:awc=:

5  viruses BLl and JS1 than the laboratory xsolate 17+, to provide increased oricolytic
activity, the use of reccnt clinical virus strams is likely to enhance thc anti-tumour
capabilities of such viruses modified to give, tumour selective rephcahon (cg. by the
deletxon of ICP34. 5) when used in human patlcnts for cancer treatment.

10
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Krisky et al, 1998, Gene Therapy 5:1593-1603 ' Thomas et al, 1999, J.
Virol. 73: 7399-7409.- MacFarlane eta!, 1992, J. Gen. Viral. 73: 285-292
Howard eta!, 1998, Gene Therapy 5:1137-1-147 10 Samani ego LA et al, 1995,

J: Vaal . 69: 5705-5715 Ace O eta!, 1989, J. Virol. 63: 2260-226§ Agg bijs | L
eta[, - 1992, Virol. 186: 74-86 Rice, SA and Knipe DM, 1990, J. Virol. 64
1704- 1715 DelLuca NA et at, 1985, J. Virot 56: 558-570 15 Gossen M &

Buj ard-H, 1992, PNAS 89: 5547 5551 Gossen M etal, 1995, Science 268:
1766-1769 Sm ley, J.R & Duncan J. 19973 J‘ Virol. 71 6191-6193 Thonpson
et aI 1998, Virus Cenes 1(3); 275- 286 Mei gni er et al 1998, J. Infect. D s.
159; - .-602- 614 PgyiPgposit Information:. HS V'1 Strain JS 1 has been
dep05|ted at tThe European Collection of Cel | Cultures (ECACC), CAWR,

Sal i sbury, - Wltshl re SP4 QJG United Kingdom on 2 January 25 -200% .under

provi si onal ssion nunber 01010209, -32 CLAI'MS 2 0 AUG 2004 1. Use of a
modi f i ed, onc lytic, hefp&eafiehplds% virus (HSV[i7strain in thJ;BL1manuf acture
Oy has h ot | et e Okt | MO0 MRS | WP, MOLET) HRYR! T ARy
equi val ent. mofli fi cati-onk to repl| cREECNRIBPERUMbET of fivasels '@éﬂlhf?de@tmﬁpbye!fss
produged. by, i :cﬁlﬁMEh-gBan H%h st rii 4 T ofn aghosS| &g mpai {1 n; 145@ | rweje-f:u
HSV st rain tofprovi de fpr jGalgct] vgsLepficatiop int Um%_:,.ce 39 6.33 -
ash | 581 | 19 74 | 37 | 45 | 08
_ 505 | o8 74 | 26 4.8 1.1
~72h 0 0 0 o | © o
_ : oy o o | o 0 0 |
|moATE23T] ~24n 4481 | 167 | 6937 | 3634 | 5563 | 2679 :
| 4402 | 1696 | 658 | 3455 | 6045 | 25027
48h 141 47 279 83 .| 18 | 67
| 135 | 38 27 | 85 | 20 | 83
7%h 0 | o .| 281 [ o7 | i | 0
| o] o 201 |:127 | 164 | o
HT29 24h 3753 15 | 4728 | 2361 | 4222 | 22.45
3924 | 15 | 4576 | 2424 | 4304 | 2133 .
4&h | 132 23 58.4 43 | 84 | 44
. 14 | 3 | o277 | a7 .} 212 | a7
72h {0 0 157 | 0 | 164 0 -
o |-t8 | -0 | 151 | o

Further Enhanced Anti-Tumour Activity

Further enhanced activity may also be anticipated if these viruses arc then
used to deliver genes with anti-tumour activity. Such genes include those encodmg
pro-drug activators or immune stimulatory proteins. '

_ For this purpose, we have produoed from JSl an ICP34 5 deleted chmcal
- 10 1s01ated of HSV1 which cxpresscs human or mouse GM-CSF GM-CSFisa potent

immune stimulator. 'I'hls virus is desxgned to enhance anti-tumour i Immune responses

following intra-tumoral i injection.



10 2. Use according to claim1l wherein said greater ability is a
statistically significant greater ability 3. Use according.to claim1l or 2
wherein said HSV strain is a strain of HSV 1 or HSV2. 15 4. Use according
to any one of the preceding clains wherein said HSV strain is nodified
such that it |acks one or nore of a functional |CP34.5-encodi ngZ Qexis 2604
functional | CP6-encoding gene, a functional glycoprotein H encodi ng gene
and a functional thym dine kinase-encoding gene. 20 5. Use according to
claim4 wherei-n the HSV strain | acks a functional 1CP34. 5- encoding gene
6. Use-according to claim5 wherein the HSV strain further |acks a :
functional 25dGRAdksgene. 7. Use according to any one of the preceding
claims whereimtte HSV strain further conprises a heterol ogous gene. 30 S.
Use according to claim 7 wherein sald het er ol ogous gene is a gene capabl e

of- nodi fyi-ng i mune resgonses .0 AUG 2004 --33 9. Use according to claim
8.wherein t he ave! éhJ58 @C&ﬂ%ﬁ@ﬂ?ﬁ%@%ﬁnmne responses encodes an irmune -

stimulatory p t e capabl e of nodifying
i mmune respon?ééag&érﬁgc}?gbafﬁeﬁ/eg‘f@r9feﬁgﬁtﬁ%§ur suppressor or a -
pr o- apopt otsi ¢ GeRRidEbALE 1998 110irolye: BeFaBgHNY to claim 9 wherein the

tmune Stinulatory pol ypeptide is granulocyte nacrophage - '
col any-sti nul Mﬂa&tﬁ?&(@@ﬂﬁﬁwyﬁol%ﬂ&ﬁ}tokl ne or chemoki ne, RANTES :
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Deposit Information.:

HSV1 Strain J Sl has been dep051ted at the European Collect:on of Cell Cultures
(ECACC), CAMR, Salisbury, Wiltshire SP4 0JG, United ngdom, on2 Janua:y
25 2001 under provisional accession number (' 1010209 .



nitroreductase or cytochronme p450 or wherein the tunour suppressor is p53.
10 11. A nethod of determ ni ng whether a gene enhances the anti-tunour
effects of an HSV conprising: (i) providing a nodified, oncolytic HSV
strain as defined in any one of the preceding claims; 15 (ii) % ?ﬁ @@
said gene into said HSV strain ; and (1337 assessing the ability sg
nodi fi ed, oncolytic HSV strain to replicate in or kill tunmour cells
conpared to the ability of the precyrsopgtrain provided in step (i). 20
12. A nmethod of determining the suitabiTity of an HSV strain for use in the
production of a nodified, oncolytic HSV strain said nmethod, conprising: (i)
i sol ating ar. HSV[E’E:bﬁamoﬂllﬁGdipoﬁcdl?@d,herbbs é.m@ﬁﬁeﬁas(mvt)@@mﬁmhbty of the HSV

I [l
ot br b ni ng TRARREF Y mRRSRABERE oot B eediment O hodt it SV S of Py
1 strain517+Ha) HS\blas_agneatanabllFFyﬁladHSSV 117+$HS¥1erﬁ6$ISt\d KOplsiraias withi n or kil |
tumour cells; %ﬂﬁ?ﬁéﬂﬁﬂ%ﬁbﬁé% ki éirﬂgk}lﬂﬁmlﬁﬁveﬁg raﬁ%n for

nodi fication ein as saird grea ility. 30 13. A

met hod accorB) ng 1% RFodycss Ry mla%areﬂﬁ\@ama fipneahest a:aibn@dlfmg the welat@dm ned

relative to HSV Hsy gt@mﬁ&olp?mdﬁﬁyselecﬁwﬁpncaﬁoﬁlﬁﬂuﬁl&é&ll§tral n KGS. -34 2 0
AUG 2004 14. A method of producing a nodified, oncolytic HSV strain, said

met hod conprising: (i) providing an HSV strain, selected by a net hod
accor di 1@ t @.cl ailise hécording to claim 1 wherein said greater ability is a statistically significant

greater ability

3 Use according to claim 1 or 2 wherein said HSV strain is a strain of HSV 1 or
HSV2.
15

4. Use according to any one of the preceding claims wherein said HSV strain is
modified such that it lacks one or more of a functional ICP34.5-encoding gene, a
functional ICP6-encoding gene, a functional glycoprotein H-encoding gene and a
functional thymidine kinase-encoding gene.

20
5. Use according to claim 4 wherein the HSV strain lacks a functional ICP34. 5-

encoding gene.

6. Use according to claim 5 wherein the HSV strain further lacks a functional
25 ICP47 gene.

7. Use according to any one of the preceding claims wherein the HSV strain

further comprises a heterologous gene.

30 8. Use according to claim 7 wherein said heterologous gene is a gene capable of

modifying immune responses.



or 13; 5 (ii) nodifying said HSV strain to provide for selective
replication in tunour cells; and (iii) assessing the ability of said

nodi fied, oncolytic HSV strain to kill tunour cells 10 15. met hod
according to claim 14 wherein the HSV strain is nodified by “&AY6raeg
non-functional one or nore genes sel ect¥d fromthe genes encoding |1CP34.5,
| CP6, glycoprotein H and thym dine kinase 16. An oncolytic HSV strain

sel ected by gr pradusasdiny téclami b%e%ﬂe@eﬁgcéﬁble@mf@qnﬂmﬁl ainms 12
to 15, which HSV strain has a greater abillty than HSV 1717+, HSV 1 F and
HSV 1 KOS stresponses wheddesapuimmivesstinmdation padypeptide poaroither geneoductel | s, 17.

SV 1 strai | ted at the Europgan | Jection of Cell Cultures
(Ecaco) unerb oo B RARY i inSiesiolfinnd ar Bla0 St Lo reedieosr o
derived 20 dgierapbptoria gk prauctiSVY 1 strain derived from7S 1 as defined in
claim17 which is rmdi%i eé) such that it lacks a functional |CP34.5 gene,
and opti Snal | y a functional 1CPA7 gene; and optionally further conprises a
conpr i si g 2001 r cLeaEeabg St o s IR e SRR TRERISBoRBHBEI T s o
defined in dgraiulochie macrdghalze toleag-stimulakifig fceat(GRCSPY andikerkyttiihe@r 30

ani mal body. 21. Use of an HSV strain as defined in claim1l/7 or 18 in the
nmanuf act ur e %‘Fmakmﬁielﬁﬁyz%n?”-fl & B7deordhd 84 grtwhereip dia nredmg getivaigrder |

nitroreductase or cytochrome p450 or wherein the tumour suppressor is p53.

10
11. A method of determining whether a gene enhances the anti-tumour effects of
. an HSV comprising:
(i} providing a modified, oncolytic HSV strain as defined in any one of
the preceding claims;
15 (11)  inserting said gene into said HSV strain;  and

(iii)  assessing the ability of said modified, oncolytic HSV strain to
replicate in or kill tumour cells compared to the ability of the

precursor strain provided in step (i).

20 12. A method of determining the suitability of an HSV strain for use in the
production of a modified, oncolytic HSV strain said method, comprising:
@) isolating an HSV strain from a host;

(1)  assessing the ability of the HSV to replicate in or kill one or more
types of tumour cell,

25 (iii)  determining whether the HSV has a greater ability than one or more
of HSV1 strain 17+, HSV1 strain F and HSV1 strain KOS to replicate
in or kill tumour cells; and optionally

(iv)  selecting the HSV strain for modification, wherein the HSV strain
has said greater ability.
30
13. A method according to claim 12 wherein said greater ability is determined
relative to HSV1 strain 17+, HSV1 strain F and HSV1 strain KOS.
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14. A method of producing a modified, oncolytic HSV strain, said method
comprising:
(1) providing an HSV strain, selected by a method according to claim 12
or13;

(i)  modifying said HSV strain to provide for selective replication in
tumour cells; and

(iii)  assessing the ability of said modified, oncolytic HSV strain to kill
fumour cells

15. A method according to claim 14 wherein the HSV strain is modified by
rendering non-functional one or more genes selected from the genes encoding
ICP34.5, ICP6, glycoprotein H and thymidine kinase

16.  An oncolytic HSV strain selected by or produced by a method according to
any one of claims 12 to 15, which HSV strain has a greater ability than HSV1 17+,
HSV1 F and HSV1 KOS strains with equivalent modifications to kill tumour cells.

17.  HSVI1 strain JS1 as deposited at the European Collection of Cell Cultures

(ECACC) under provisional accession number 01010209, or an HSV1 strain derived
therefrom.

18.  An HSV1 strain derived from JS1 as defined in claim 17 which is modified
such that it lacks a functional ICP34.5 gene, and optionally a functional ICP47 gene;
and optionally further comprises a heterologous gene encoding GMCSF.

19. A pharmaceutical composition comprising a virus as defined in any one of
claim 17 or 18.

20. A virus as defined in claim 17 or 18 for use in the treatment of the human or
animal body.

21. Use of an HSV strain as defined in claim 17 or 18 in the manufacture of a
medicament for the oncolytic treatment of cancer.



