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. Background of the Invention

IC : :

DI | 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 virus gene expression and réplication and/6r expression of an

15 . inserted heterologous gene. Thus viruses can either deliver and express genes m cells
(either viral or other genes) Wh.lCh may be-useful in for example gene therapy or the -
developmcnt of vaccines, or they may be useful in selectively killing cells by lytic
replication or the action of a delivered gene in for examiple 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 prevcnted/

' 25 minimised from the virus. For the oncolync treatment of cancer, which may also
include the delivery of gene(s) enhancmg thc therapeutic effect, a number of
mutations to HSV have been identified which still allow the virus to replicate 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 only ICP34.5 have
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strains. 2 0 AuBuPOGhter célis albeit often cells of a different type or species in comparison to
10 |  the likely target cells for a vector. However, in applicatioﬁs_ where other properties
are required, the use of laboratory vu'us strains may not allow the full potential of a
virus in a particular application to be utiliséd.
HSV has the unique ability amongst viruses currently under development as
vectors in that it has naturally evolved to infect and remain latent in neurons. HSV

15 has also evolved to'be h1gth efficiently transported aiong nerves from the site of

| mfecnon, usually at the penphery, to the neuronal cell body, usually in the spinal
ganglia. Such capabilities are not reqmred in cell culture and as such capablhtles
require specific evolved properties of HSV, further adaption to growth in culture may
have resulted in optnnaﬂy efficient axonal transport capabilities to have been lost.

20  HSV vectors for gene delivery to the central or peripheral nervous system are llkely
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



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
sinplex viruses, with inproved oncolytic capabilities as corfphAt8 X%

| aboratory virus strains, Background of the Invention 10 Viruses have been
suggested or denonstrated to have utility in a variety of applications in
bi ot echnol ogy and nedi ci ne on nmany occasi ong. Each is due to the unique
ability of viruses to enter cells at high efficiency. This is followed in

such__appl i cat i ols pixposistiace piekiouSly BB RN RIS AN LEAILEAA DR and/ or

expression of an 15 inserted heterol ogous gene. us viruses can either

del i ver. and expielytigésatmenhofeante requires retivarcphdation i@ bftes rdiReR) slghiych may
be- useful in for ex | e .gene ther.a t he  devel opnent of vaccinés, or
they nay be usegrréwtﬁg%r@?!“ég?‘f’.% Syt %Pﬁ'&"-’c‘ﬁ!ﬁp@aﬁﬁ thaftadaptatierpof labarateny or
the action of a&aiRRl | ex | ncer. Herpes, si- ex virus
(HSV). has been éﬁlggsgés&tﬁgegﬁ%[g%ggmf u‘g‘gmgg. Eggeggﬁgﬁgaviﬁdgﬁqﬁ%g&%aor in
t he nervous Ssysvithwhicli se¢iskytib ecpdicativh fndfuniddauRBaPtllsi &1 ihila Hsﬂﬁmﬂ&} cancer .
In both applications the virus, mnust however -be di sabled such that it is no
| onger pat hogerdtEOB e Hid optimally asawr.sti || enter cells and performthe
desired function. Thus for non-toxic gene delivery to target cells using
HSV it has bécone apparent that in nost cases imedi ate early gene
expressi on nustSuaingy oY GiRiladéntida M ni m sed fromthe virus. For the
oncol'yti-c treatnent of cancer, which may also -include the delivery of
gene(s) enhancing the therapeutic effect, a nunber of nutations to HSV |
have been ilentifi edhtresanidnyention pravidesithe vppartunity to dpvelamyiusenwithul t ur e
or i'n"activel y:dividi |l s; i vivo (e.g. . in tunpurs), but which prevent
significant rep }édgtg{ioﬁ%vl?‘gcar%P%ﬁes f’flssue. -Such nut &HF grEruchen gfiemaus cells i on
of the 30 genedess)oixds Bigaihs@34oRstructed vt g j t hese,
viruses with nuiegti_ons to |1 CP34. 5, o?p?%g{zj‘tgigg?%%g%§$ﬁseguna |(§l§s of
e.g. |1 CP6 have cgglcgjdsolates of the appropriate virus rather than the serially passaged laboratory

) strains which hgve prcvio'usly been used. The 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



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 b?giAuG gggpur 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, delivery/therapy or for.the

oncol ytic treatnment of cancer, the mmj or’ﬁ‘ty of this work has used virus

strai ns whi - L N} 3 I n_ti.ssue culture cells for - many years.
I n applicat ?g%{s?ﬁv %@Eﬂgﬁ?’l\ﬁ %’%gmn@?gewamﬁﬁ%wgﬁte@ﬂ wthithe del i ver  genes
this may nofSpiOpt.prwhisanall teabudslThiesfsnpgnce in cell culture also :
requires the virus to enter cells, albeit often cells of a different type
or species in cobusithonsetad noo-labaratorykeirys stafngehn Bbdes th Sfihahcd BRlAf-
However, in,a Iicatbi.lgr.ls \there other properties are required, the use of

| aboratory V CAPFOLURGTOL Such Wgyses prdwas eddeniiin alptiedwnped coliflines wsteds i n a

particul ar ; i j Ehi.sed. HSV has the unique ability anmongst

viruses cur ?dgﬁitr] %ﬂ@rﬁaggg@l?g%&gﬁ?%sm?%mmWt{‘ﬁé?élﬂap‘?ﬁ&s natural |y

-evol ved to i nf ecPusthet enharied abmignﬁ]a&msaﬁeaeﬁlﬁp?w&m%évﬂﬂfes%}eﬁﬂe. vol ved to
e site o

be highly effici.ently transported along nerves fromt nf ecti on,
usual Iy at PR tpdeliptiaepes with et teronrantivity eSuchipedss incladetHoye édtolifh@ Spi nal
ganglia- Su %—&r%gaa%ﬂ les are not required in-¢ell culture and as such
capabi FitieS reqaire spact T1ET SNRATGASY YisprapeRtatic frtopsor immpntier adapt i on
to growth i stirtiulatody prot@iMs. have resulted in optinally effici ent axonal
transport capabilities to have been |odst. 20 HSV vectors .for gene delivery

to the. 1&entral berheypysbeseal nervous sysndTPa4.s deicked dlini@l SHRK HEXI Mum

ef f ecti venesHSV1 aKioh 8iprdsb@NoRe% GNCEPERLTY A et ained, at ~.nmaxi num
. efficiency. Hese, in_ochCJpI at_oi@on at t*a per?%hﬂg‘ra%?‘ﬁ%ﬂt gﬂi@% trﬁagr&aqeflg'\’ﬁd to
“maxi mal Ly eff patidument yemuResiesponsss fllowing dnteatumenat injectivel | bodi es, and
inoculation"in the brain would allow maximally efficient gene delivery to
mul tiple connected sites. 2%meekdmiliry ¢¥Rbdddhént PRSRE: Whsdsabor at ory _W&icgﬁygf
HSV may nothéatlal w.this to occ at the . ]
) rologous gene/genes. The term heterologous gene is intended to embrace any

‘15 gene not found in th'e‘viral genome. The heterologous gene may be any allelic
variant of a wild-type gene, or it may be a mutant ge;le._ Heterologous geﬁes are
- . preferably operz.ibly linked to a control sequence permitting expression of said
. heterologous gene ip acell in vivo. Viruses 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 tuimour 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. '



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 particul arl20|AliGye04

di screpancy between the properties which it is desired to conserve and
those likely to be retained in culture. 30 HSV and ot her viruses such as

adeno- or rhgQNich4s, MO oNAURIPROIRADI e L Barhi oWl ifust I €at ment
of cancer. Fbme&er, aé%i% vir%ges unégéwﬁ%%%%%%%gﬁgm%gﬁbgagﬁﬁ ‘h§804 - 3-
such purposes have previously been extensively naintained in culture. As
the oncol yti reat nent.of cancer requires active replicatin_in often
rerativery SO RETERT 18 rSRRStonBt hisgRy SovideT aif of SEOLHPRo pat ed t hat
‘adapt at i on afncbigtio Rl ¥impléx uﬁum{sa;)%&aﬁl?ﬁ%m&ﬁ&_ dufadhuBdF b infedic@mefitiol Ur €d

Wi

cells may have reduced the efficiency hi ch such Iytic replication in
human t unourth¢ epqodyticdreatmgns ef canse WhinhidBV straimplies acgredter, abtlgy thndf¥V hal | y

occur. Su I 0.The. present i nventi.on provides the
opportunity {7%’ gg\yglr}g%dwggie ]t[%mi S%EA]?'HWH caHons irFli’lﬁa%sme lytic
destructi on kifl tirnomeells @hd & prodiede@ by VoldtihgShFEE NSk GofPNBRdsE bed ed
appropriate for .these purposes based on recent clinical isolates of the

appr opr i at e WPYifiang e pwlatedHR Vishaiste preyifs fos selectiysaenlispdomingrmourgellai ns

whi ch have previously been used. The present invention therefore has the 15
potential to provide viruses with inproved capabilities of infecting human
cells in vivo and inproved replicativellytic capability in such cells, 20
W have shown that two clinical isolates.of HS VI (strains JS 1 and BL 1)
have enhanced replication in sonme human tunour cell lines as conpared to
HSV1 strain 17+ (a standard | aboratory strain). W have deleted | CP34.5
fromthe clinical isolate JS | strain and again



25 conmpared replicative potential in human tunmour cell types in conparison
to HSVI strain 17+ (a standard | aboratory strain) in whighAUEPBe. 5 was
al so deleted. This strain (JSl/ICP34.§a_is a nodified strain derived from
aclinical isolate, and is thus a nodified non-laboratory strain of the
i nvention. ' Id®sdcodd hdpedt G preseit hiBleRonS HRVEH pRATRA § GR1BAMdernfining ™ hunman
tumour 30 cells tested as conpared to HSV 1 1CP34.5 del eted strain 17+,
i .e. a | abortBgWitgbilityodpp HSY stratn fof ush in the prnetionsd p ipadificd ooncolioBSYr | as
conpared to in 2 0 AUG 2004 -4 derived fromstrain 17+,
cell kiIIinéﬁggﬁ% [ %?%g§¥m§%@ “enhanced with the JS 1/1CP34.5- virus in
all tunour cell I({nes isodsdingdn HENusraintfitan adestpof non-| aboratory virus strains
can be seen to e nce_t he ti,-..tungur abiliti.es af such viruses and
tas ovidont i ali s nestitialp waity SRR BRIty SRl gRe SR WARF | have
applicability for canefmnidueadlient in human patients. Further enhanced
activity may alsonﬁg gpticj ated if these viruses are then wused to deliver
(o ude

genes with anti-t terpininghether, by Hpdhas 2 ancatss ablibHBaeons 9 8YF pro- dr ug

activators, tunour SUHNESHRM O, REV1 FARERVIGHEAES & rePlicaleTHYPEN
stinulatory proteins. 10 For_this purpose an | CP34.5 deleted clinical

i sol ate of HSVI. whi chuespceds ard ¢niiensllyYGVCSF can be provided. This virus-
may be designed t { i I i.ng

ot ratumor al i njGlt i G eaREneHsY it oG ARRADBE S BB 1 o
carry a heterol ogous sgdrgdatpenbidity. The t er m het er ol 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 nay 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
enhancing the tumour destroying properties of the virus.. 2Thgsg smgnes nay
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 Ifi oidJekediiflaty embbdingdnt, tleas &Spro®idedh ethod B8 piddating Aek®lifddgous
genes may be calrr,i ed. by a single virus. In a first aspect of the present

i nvention, (OREPlHEHIY Srmesadineibed, sPmpriSgEi fi ed, oncol ytic, herpes

sinplex virus ( S J: ] 3 i t 4. t he
oncol ytic treat ?e%rﬁ O?E@éﬁ%r&n% ﬁ%&%@ égﬁle%ggggdogr e e?lglgrLH ity than
HSV1 17+, HSV 1 F anmdl1BSV 1 KOS strains with equivalent nodifications to
replicate in or kjll t ur ce §' and is produced by isglating an HSV
strain froma hodt) and® gf%'ﬂ#é Visiraindg pravads forsplestive replic#i9niByi de f or

sel ective replication gfobdaRyrangel I's. 20 AUG 2004 In a second aspect of
the present invention, there I's provided a nethod of determning the
suitability of ariiiSVassessmngtheability ef $and mbéified cuhaclytio RISH steaimrtackifli ed,
oncolytic HSV strain, said pethod conprising: (i) isolating an HSV strain
froma host; (ii) asséggwﬁémﬂﬁe ability of the HSV to replicate in or kil

one or nore types of tunmour cell; (iii) determ ning whether the HSV has a
greater ability than one or nore of HSV 1 strain 17+, HSV1l F and HSV 1
strain KOS to replicate in or kill tunour cells; and optionally (iv)

selecting the HSV strain for nodification, 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
selected by a nethod according to claim 12 or 13; (ii) md RYengmsai d HSV
strain to provide for selective replicagion in tunour cells; and (iii)
assessing the ability of said nodified, oncolytic HSV strain to kil

tunmour cel | 9n ok Rerfibibry28BddimSnt! Mer® RGHrEXRAR BSY BHROHLBRYy or bld&iced b
provi ded an HSV strain sel ected gy 0 roduced b a net hod according to
a

) . or p ¢ y 90
any one of @Mthad ageardipg toany giiof plainms\k24Q Faiwiich BSVastraindas aereaiggiabiliy ¢ han
HSV 1 17+, higW HSWA emdusiBME dndS087 SKOBsRandW it Bt Mo Hcatidifligat i ons to
kill tumour cells, In a fifth aspect of the present invention, there is
provi ded a PPHs gellst det ermi ni ng whet her a gene enhances the anti-tunour
effects of a HSV conprising: (i) providing a nodified, oncolytic HSV strain
as defined in any one of the preceding clains; (ii) inserting said gene
into said H3Wad{thaipget ochHig pressnt yversienharaig proyiied p pethpd ofsfetesrainine védether ed,
oncol ytic H\eAd érbbrited Be bRRMEA efeltSof AISWKbdrhprisigour cel I's conpared to the
ability of the precursor strain_provided _in 'step &%%..2 0 AUG 2004 -9 Hsvi
strain . JS 1 as ®epodrevidings mpdited-oncolytia HS¥sirria a3 definedin ameone of thal t ur es
(ECACC) under provi siphadin@Qggssi on nunber .01010209, or an HSVI strain
derived therefrom_ a pharmaceutical conposition conprising such a virus;
such a virus for ke PWWFWGSm@ﬁ@ﬁﬁﬁ%ﬁwiﬁgvﬁﬁ%mﬁuﬁan or ani mal body; Bri ef

Description of tR@i)Dr aieBds 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).



Fig 1. Viruses 20 Fromtop to bottom diagrans show |aboratory HSV1 strain
17+, clinical strain BL1, clinical-strain JS 1, 17+4/1CP34.5-, JS :

| /1CP34.5-, JS 111 CP34.5-11CP47-/- hGMCSF. Fig 2. Cinical 28dUat &8t show
enhanced growth in tunmbur cells 25 (1) Gowh of 17+, BL1 and JS 1. Left
hand di agram U87 cells. Right-hand diggram LNCaP cells. (2) Gowh of

| CP34.5-17+ and JS 1 on tumour cells, Tett-hand diagram. LNCaP cells. .
Ri ght - hand di agram NDA- MB-231 cells. 2 0-AUG 2004 10 (3) JS 1134.5- does
not grow on cells non-permissive fof HSV | CP34.5 nmutants. - Left- _hand |

[CP3a 5. 5 Frg 3 e e iepsiel PR FE R LA oRCRL SR el

lysis in al | - undemprovisiedal acdessitreaurkber101 629! of r}@v
infected, infecied with HSV |. strain 17+1 340511_11 |n eg%ﬁ‘%ﬁ %Eﬁégv 1

Strain JS 1/ 33pex mm@m%mmmmmgmwmemcmammomm% vi ol et
at .tinme point on to | ow vi sualisation of.cells. -Each bl ock
of . phot ograpﬁgﬂrutgﬁg({feds}éﬁ‘%n%] fe"ﬂ‘ma)ﬁ@)ﬁ Fromtop to bottom these are HTI29
col orect al . adenocar ci noma, LNCaP- FGC prost at e adenocar ci nona, - MDA - MB-231
breast adenocarci noma, SK MEL-28 nmalignant nelanoma and U 87 MG

gl i obl astoma astrocytona. Left-hand bl ocks relate to results for HSV1 is
strain 17+134.5-. Right-hand blocks relate to results for HSV | strain JS
1134.5-. Central blocks represent nock infected cells. Wthin each bl ock,
the top row represents a 24 hour time-point, the second a 48 hour
time-point and the third a

'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,



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

MJ =0.2, the central colum MJ=0.1 and the right-hand colum MOP -6. 20 .
Det ai |l ed Description of the Invention . A Viruses 25 Virus2$tAgg ngyof the

I nvention A virus strain of the invention will be a strain of a herpes
sinmplex virus (HSV); typically a strain @ HSV1 or HSV2. -11 2 0 AUG 200%
The virus. nmay be deri ved from for exanple-HSVI orHSV2 strairns,-or
derivatives thereof,. preferably HSVI. Derivatives include inter-type
reconmbi nant s cont ai ni ng DNA from HSV | and HSV2 strains. Such inter-type

reconbi nant s e’d e Lo or e son et al
(1998) -and Ne?%n. f@?‘*%g"éf@g%@@“&“r P?%BS‘“?}?%Y%@&M m ImutIntsst  70%
sequence honol.ogy Lefidiabddiagidae 318\ells 01 7HF2. %ﬁ%d;@ f3ta[r6e‘1ﬁ%abl y at

0 pr efer a a .

| east 80% even nore preferably at |east 90 or
derivative has at M&aIB1ICOP348quence identity to either the HSVI or HSV2
genone, nore preferably at |east 80% identity, even nore preferably at

| east 90% 95% or 10 98%identity. For exarrpl e the UV\GCG Package provi-des

the BESTFIST prpesakntiedy s § e? %lf nol for example -
used on its default sefti nsg ?gt mreux e oalﬁf m‘?ﬁgyﬂgm% .
Research 12, p387- Gfh¢ur délk te¥ted"UP and BLAST al gorithns can be used to

cal cul-ate honol.ogy or line up sequences (typically 15 on their default
settings), for exanple as described in Al tschul (1993) 1 MoL Evol.

: ggr fzg?m?)gg BﬁIAtS‘SI'CQ yses q hﬁeﬁg‘?ﬁ%}f %‘ﬁ‘f/‘ﬁ\?gk Elg%lft@ifl e é%ém&; o
Centre-for Bi 34.65kpaifogyd With QIS stBiin 5154 5L JMis ﬂxﬁmateﬁll\ﬁb?wd %@d Thi s
10 with crystal violet at time points after infection to allow visualisation of cells.
Each block of photographs relates to a cell type. From-top to bottom, these are
HT29 colorectal adenocarcinoma, LNCaP.FGC prostate adenocarcinoma, MDA-
' MB-231 breast adenocarcinoma, SK-MEL-28 malignant melanoma and U-87
MG glioblastoma astrocytoma. Left-hand blocks relate to results for HSV1
E strain 17+/34.5-, Right-hand blocks relate to results for HSVI 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.



algorithminvolves first identifying high scoring sequence pair (HSPs) by

i dentifying 20 short words of length Win the query sequence that either
mat ch or satisfy some positive-val ued threshold score T when aligned with a
word of the sanme length in a database sequence. T is refeg@egug @s the
nei-ghbour hood word score threshold (Altscbyl et al., -199 These initial
nei-ghbour hood 'word hits act as seeds for "initiating searches to find HSPs .
containing them The word hits are extended in both 225 directions along
each sequence for as far as. the cunul at-i ve al i gnnent scorqhg@ﬂﬁ;t}ﬁiy

I ncreased. Exte SIO s for_the word hits in each direction are hal ted mhen

the cumul ative foxexgmple HEV4 oot¥SViRysttaives, ardudiviativesthé
maxj mum achi eve(i{SVf’"ﬁ'e YElhe CLi I ve score goes to zero or béfo ue to
t he accunul at’i ofn "of v Vesr*B?ng TYRFCCIRhinggs WMWA@M&HSVI or

the end of eithend HEV2RGRS] 8uém&??;ﬁuesrg%én¥)§qn%%§§c§?rﬁ%a%&? par arret ers W

T and X determne the sensitivity a

pr ogr am uses? as itf€herapson eaal(d p98) and Mdigider of ( Ibkﬂ%tﬁ&wa &1&@3&9 4
BLOSUM52 scor i ng?w (see Heni kof f and Heni kof 1992
9

f,ﬁ |4 . USAdsg 10 jenpenge;homalogydo e@}eTr@lie stlfmag?ﬂme@ﬁh?ﬁ 10, M:5
, an 'aco -al gor | erforns a
statistical -ana yS| sagﬁ[eﬁ%%is)?m f!éﬂatpg?pget%@pﬁ@% %—‘Eﬁr@ £ profesably,q |
s Uy an? Altsldmit(vé ld d % BLAST k’FF ¢ 1°§§ r?ggﬁ%ég’f’me
measure of -similarity pravide al gorithmis sum
probabi I ity (P( N}WCPMYBHGW@ %ldtmtlty;d: vaamotspreferitilp apleait 804, 05%, oY

whi ch a nat g bgg?ﬁ nucl eotide or anmino acid sequences would occur by |
chante’ For. exa sequence i s considered- SI mlar to another sequence

if the 10 smallest sammmhwmm?g %ﬁ% t secbo‘gﬁg Ot(::L)
era

the second sequence is |ess than about

"nore pref er abl y Sfbbeused smcaledate hodobgy (ﬁnélxan;ﬂé m@i@@éﬂﬂt Sstfindsyan a_bb_lﬁ
0-001. A deri vaghyfidiBe: BP0 RSB0 Research 12, 1387 305, ehoptpugp oy |1 &
) ~ BLAST algorithms can be used to calculate homology of line up sequences (typically
on their default setfings), for example as described in Altschul €1993) J. Mol. Evol.
- 36:290-300; Altschul ef al. (1990) J. Mol. Biol. 215:403- :10
. Software for perfoiming BLAST analyses is pubhcly avallable through thc
National Centre for Biotechnology Information (htip//www.ncbinim.nih-gov/). “This
algorithm involves first 1dent|fymg high scoring sequence pair (HSPs) by 1denﬁfymg
_short words of length Win the query sequence that either match or satisfy some
positive-valued threshold score T-when aligned with a word of the same 1engl;h ina
-database sequence. T is referred to as the neighbourhood word score threshold
" (Altschul et al,, 1990). These initial neighbourhood word hits act as seeds for -
initiating scarches to find HSPs contammg them. The word its are extended in both
dlrectlons along each sequence for as far as the cumulahvc ahgnmcnt score can be -
mcreased. Extenswns for the word hits in each duectlon are halted when: the

15

20

25

cumulative ahgnment score falls off by the quantity X from its maximum achieved
_value, the cumulative score goes to zero or below, due to the accumulatlon of one or
more ncgatwc—soonng residue alignments; or the end of exther sequence is rcached
30 The BLAST algorithm parameters W, T and X determine the sensitivity and speed of
the alignment. The BLAST program uses as defaults a word length (W) of 11, the



by -nucl eotide substitutions, for exanple from1l1, 2 or 3 to 10, 25, 50 or
100 15 substitutions. The HSV 1 or HSV2 genone nay al ternatigﬁl%/ or
additionally be nodified by one or nore4ngerti ons and/ or dele Y% A%+ and/ or
by an extension at either or both ends. Properties of Virus Strain of the
I nvention 20 Virus strains of the invention are "non-|aboratory" strains.
They can also be referred to as "clinical" strains. A person of skill in
the art will rBAQISYMSEE seing matrixdiset Hemjkoff bnbHenkoff (209)0vaturl Ash4d ai n

and a non-| abogat r i.njcal, one. Further guidance on the properties
likely to be efffi ﬁﬁ/‘%égblf‘%‘ﬁr@q?? plignments(Byiof 80, exprefaiionds) phd 0.5, N=4,
di stinction be r non-| aboratory strain is that

biPE Borp R Rt sifids

| aboratory strains cu y In combn use have been maintained for |ong

periods, many year The BIASTE algotises peifornaid dtfstical BAglySH lof WeSsiRflay T Uses
such as HSV_ inyolves a 'technique known as serial passage. -To grow and
mai nt ai n vi T us BEWesH Ve BPuepess; eep R, Krnliand ddtsehull{1993 Rrie. et dhed \Bet, us

replicates wtky ld~eaneh the virus is.then 30@9 rvested;. fresh cells
are then re-in -esa-éeé@}sgﬁﬁigsmg'r g)cngggeaégw SrRazity groyt %Ye‘EBhisAengiaégonm s
passage. Each gisGhaliest eniBiobhiik %%ﬁ’lf i | ‘ of
HSV. As 2-0 AUG 2004 -13 di scussgﬁd(ﬁ‘zg%?))\’/e, S cﬁlggsr%ngﬁd%%@a%%‘égﬁ%’gﬁﬁ ad to
changes i n t hebpmdidya matchdfetwemn twol usteotitie.ai aminb nicidetuartewbuldbobdisgs

pl aces for pro t hat favour growth in culture (e.g.,rapid

replication), gﬁ%lfrgggﬁﬁ‘wlﬁfo%@ cgds erverdgredsigpilysita anethen seapgnice #dbe ons |
o WL S0kl noted g oot AN AL B g LY

are derived fromstrains rece roms ed 1Tndiv
Strains of theislassehan gvouin eprofatatly debs clendoeid. | anéleprefeiBiyiaks hhd Mol

| sol ates, and “have spen ime in culture, but any tinme spent in
cul ture will bgﬁx&‘@a‘?&ﬁmﬁfeﬁb@h{?ﬁﬂh%@%t&O%f the invention are prepared
i n such a manner. as st 3] t e ir 10 propertt.ies of
the original clini oAl &lr{s‘%Flg% gﬂsﬁ#{% g%m%h%e%én¥%é€a Elsgﬁd’éiﬁi%l gendpme ‘gmi_’-tﬁeg
by nucleotide substitutions, for example from 1, 2 or 3 to 10, 25, 50 or 100
15 substitutions. The HSV1 or HSV2 genome may alternatively or additionally be

modified by one or more insertions and/or deletions 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



A virus of the invention is capable of efficiently infecting target hunman
cells. Such a virus is recently isolated froman infected individual and
then screened for the desired ability of enhanced replicati 9 'UGtédﬂDur
cells in vitro and/or in vivo in conparison to. standard Iaboratory
strains.,. Such viruses with inproved prﬁé)ertles as conpared to |aboratory
Vi.rus stral ns are viruses of the inventi “. Ldentified viruses with such
desired mprove:ljlspropertles can then be engineered such that they can

sel ectively ki | distussalaboes;Isheh fo¥ial fidsdpin f | s

These nodified -vjruses afg al so viruses %‘?‘hfﬁbéaf%gen ?%%ntﬁgﬁfcggﬁ%f’%

virus strains n¥jussiain; i thatselechomtakes platadbepropadicy it fvoangomt AlduRis
anti ci pat ed to@ ?%D‘iﬁeg’h te,for onsggl ytic therapy may be nade. These
nodi fi ed "viruse @a’%é‘ﬁé’ap‘? 9 poperics iﬁ@ppm@@lpppipanonses as
conpared to | ‘aporatory strains, viruses wt h such inproved properties
provi.ding further viruses of the invention "Further guidance on the likely
properties of the viVirss sttaim ofshofaveition a1 85k I Mdra téé@ uggﬁ:ql%y | 1 ows.
Preferably, a virus rain_of the invention has undérgone 0 AUG
2004 .t wo nont hs °rB’Fd%@§§5u3é‘ﬁé°¢ﬁ§'ﬂﬂhSQh1€dﬁgmmfmdm¢kerﬂts ISeaths oftheone week

or Iesswrcult niti of. ti culture, is neant tine -
actual | y spent iiﬂrgll@%tb yaﬁégl%aﬁ W?‘éﬁ}f ﬁ%‘%@@%@ﬁ%&@ﬂﬁ&l@ﬂo
freeze- virus staﬁmﬂncﬂuﬁédﬁtaﬁ regeryving b

[ [ )Oluﬂ %Y@c‘h qua E? agﬁgﬁ‘l(é(h%'ﬁlpoﬁﬁﬁgq"ﬁ ? y-

freezing or in an_ equival ent manner ‘does- not

strain in cultutheinveptien anemasqdemsuﬂra)mnn@ras ob mamﬁmmsﬂﬂe not
| nctaded i nyg hepRRaYes Stht Bkl inflat sofies T which iy b dosived, > SPEM 11
A vitus of the mventlon is capablc of efficiently mfectmg target human cells.
. Such a virus is reccntly lsolated ﬁ'om an infected individual and then screened for the
desired ability of enhanced rephwho:_l I tumour cells ir vitro and/or in
_ vivo in compari-son to standérd‘labbraitory strains. ;-

15
Such viruses with 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 modlﬁed viruses are also viruses of the invention. |
Alternatwely, virus strams mayr be isolated from an infected mdnndual 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

is prcmded as follows.

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



Is typically time actually spent undergoing serial passage, i.e. tine
during which selection for undesirable characteristics can occur. 10
Preferably, a virus strain of the invention has undergone 10 é%ﬁ$s cycl es
of serial passage since isolation of itstAmnodified clinical ﬁ

strain fromits host. 15 Preferably, a virus of the invention has a
greater ability, as neasured by standard statistical tests, than a
reference |aboratory strain with the equivalent nodifications to perform
certain functions useful:-in the application at hand. For- exanple, .in.the

case of an oncolytic virus for tunour treatment, a virus- st rai ntge o (Wg's

i nventi-on wi | I°d °§F§BP‘P°F|&%W@ wba@rwmthWQekbhansﬁnbﬂﬁ@d BR@Rse

I abora_tory _stral M th 20 equivalent nodifications to infect or replicate
any tunour cel °¥E"r? tmg ihenttige is megnt time actuadiyrspert ib etbtweren Thed, lfsr i n

| - 1y
ts: ;?]:J]?I czl\i/g'[ pregélg ter %W°95%§§‘%§?Z‘ﬁ%ﬁzle%a%mm@r %tt‘{’agsgf;%ﬁWMon a
ey have ups o Evidenfg) feschvidg b9 iberibe Br bt Rl hantd ghTnodlfi) 4 20
y o

fold, 50 fold, or .100 fold the capaci t e rerference s n respect
of the prODertyﬂmﬁﬁ'@ﬁmlﬂﬁw Thaénlttyne@cwmz%nefoﬁlbﬁwsé\m&&rvéﬁhshas

I..e. retains t al Lity its unnodifi.ed clinical
pLecurfor s: ra%ﬁﬁﬁﬁag‘i {I%ah Q%’Eém@ft SPFﬁeltlpubp‘eh e ﬂ‘l;essxaentmculmfe
characteri sti CiPfmitan | at _han or, exa , in
the- case :of an . oncolytic Vi rgs Thte %ﬁﬁg&‘iﬂffaﬁ’éﬁﬁ%ﬁmdﬂmm s, a
vi rus strai n-ofelettion for andasirable phateeAsics chasccgbst antial |y the ability of

i ts unnodi fl".ed clinical precursor strain to 30 infect or replicate a tunour
cel I, kill *funour cé’rff%l"ébbewelpmeﬁ@emmmde&owmm&uemaa 0 AUG 2004

15 Pr ef er abl y of 8GER us retains suhstanti aI |y
the properties of EJ ug 'gcct | n| . (e ‘ﬁcﬁg?t linical precupsqr strain %‘
quantitative t &est, |t retains 75% £M0r € preferabl y 80,. 90, 95 98, 99 or

100% of the.capacity of the unnodified clinical precur sor strain in
- respect of .the property being tested. Mre preferably, -in 5r espect of the-
property being tested, any differences bet ween the unnodified clini cal
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, avirus 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 tumours, 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 ﬁseue. _



precursor strain and the nodified strain of the invention will not be
statistically significant. Statistical analysis of the properties
described herein may be carried out by standard tests, for exanplaeg 2
t-tests, ANOVA, or Chi squared tests. Typically, 10 statistical
significance will be nmeasured to a levelL 9 p = 0.05 (5%, nore preferably
p=0. 01, p=0. 001, p=0. 0001, p=0. 000001. Modifications 15 Viruses of the
nvention are typi cadRrablyhbdortingto GEHRRAAGh ViR kP LASUEARy ! | ni cal
strains. In particular, certain genes will typically be ren ere%l :

non- f unct i onal propgritesiohés vimedidicd eligical precursorptramef, an h ghantivitDgaess, GRS ) .

Typi cal l'y, vi f the i t] ttenugted. Viral ' |t d
TIPSR, 5o WS DEOE LT ot S
R e

render ed nof- f wspeitafidle prapettyobsinptestd) myhikfferendee Betwees GRATmdERed @fical
Oncol ytic Viruses of the Invention_25 In one enbodi nent, viruses of the -

i nvention are RE§HISPRSIra ARG ihemmedifiedsirain ahe dnvantion willisetde stitistieallyi | | be
useful in the gi%@fﬁ j ¢ treatnment of cancer. Such viruses infect and
replicate in tufmour célls, subsequently killinng the tumour cells. Thus,
such viruses are reshitReitdl QRalgSERE LR Propdtiyf REGHHeY hetelEMaf b cfi@6hi tye! ¥ 30
replication conpetent in tunmour cell's. EI'h| s ‘means that either they
replicate in A tests, oy exampleot-tasts, ANO Y AponChisqiidred tests. Typitallyhey

i cat f ively in 2.0 AUG 2004 - 16 ! | s than,i
non-  unur Bel et ebube G belntisesido pd) et TOHs ClhipBerimerly be
carried out byFt&@m’%L@_@q;sﬁF:i(p@yblpﬁr;qj.mdggﬁ_ measurenment of replication

and tumour cell-killi'ng capacity, and also anal ysed by the statistical -
, Modg‘ﬁcations
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



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 same nodifications to infect or replicate in 3 hlIE’r%hr
cell, to kill tunour cells or to spread between cells in tissugs. 4
Preferably, this ability is a statistiealby-significantly greater ability
as described herein. The properties of the virus strain in respect of
tumour cel |'s ctmde cobiation éunomtvamur tEllsViERUrekRANDS ddledtve rélicatidror

exanpl e, the capacity of virus to infect a tumour cell can be quantified
by neasuring tfi Bﬂ%‘é’ecﬁan Fcagicd oytby the tests desersheddiezeiniforomeasurcoent afje of

cells, for ex + 509 %nGofi-6ells. The acity tq.replicate in a
tumour cel | caﬂé@g&}r@aas{?ur e %gl;geglr"l({)l\ﬁ\inﬁ ARy fasa"'é%‘@}qaz% Ggistieal 1 j ed
out in.the Examghsgisués@entidnelheteitif d2sire8: 9- by neasuring virus growth in
cells over a period of 6, 12, 24, 36, 48 or 72 hours or longer. The ability
of a virus 1o kill “amgelytievirus ofithe beventorgpreserahinhis b grentkr RYyiliey than bsee
Figure 3) or npre ex CP uant.ita eﬁ%b counting the nunber of live cells
that remain ov&roEftRa %r?étogy SRR iyt S%?ﬂ Redificafions to irfectyiryenticatelin at ype.
For exanpl e, I 4 I hou ng,_usi.ng
2y known €Ut SR lp ke Rk o S0 BB et P L R GRS e,
LNCaP. FGC pr oselility isadtatistieally significanilipirdiBr 2BilitpaedsscriBeERQEar qhaona,
SK- MEL- 28 mal-i anant_ rrgl anqgma or, U 87 M5 gl i obl ast oma astrocytoma cells can
be used. Any oREPGHics qEte i straipdn espect ahpmownelineandre measuteddrane| | t ypes
can be useg, a rs unour cell types. It may be desirable to

% ﬁlgar A&tgg%elpﬂgﬁsﬁk

construct a stan umour cell types for this purpose. To count

the nunber of live et éammeahdbdpacitl ofth @iQP irlfedtt ruRuPbell tAC IR P
trypan bl ue-excluding cells (i.e. live cells) can be counted. Quantitation

may al so be caPYmsaswuing thy desenfivirvs tagoieditst meastuzck giokh pswettagmof{ EGAEIpr or
MI'T T i a ki1 dd i1 ' , di ivo, e.g.
by 30" memsur i nE S s0% b dohdr i, Thd AR ool ires Bumasy oAl Fan % cui o

virus. 2 0 AUGmi@éided by growth measurements such as those carried out in the Examples (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 F igure 3) or more exactly quantitated by counting thé 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
adenocarcinoma, MDA-MB-231 breast adenocarcinoma, SK-MEL-28 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 é standard péncl of tumour cell
types for this purpose. To count the number of live cells reiﬁaining at a given time
point, the iumber of trypan blue-gxcluding cells (i.e. live cells) can be counted.
Quantitati@n 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.



-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 egggﬁgtégs of
viruses of the invention, it will 5 generally be desirable to'u 004
standard | aboratory reference strain_fec -conparison. The standard

| aboratory reference strain nmay be one or nore of HSV1 strain 17+, ~HSVI
strain F and HSVI strain KOS. -The reference strain will typically have
equi val ent nodifications to the strain of the invention being tested.

Thus, the reference Bharabilify wf piviruy fsi spedaldyin tissne, ekPectal it sodideissuegroati b cat i ons,
such as gene deletio / ot _.het er ol qgou ene _insertions. For exanple, -
in the case of %W?@%@%W@MM%&W@%&%W%%SW
have been rendeggdnNGhrtepactional in the virus of the invention, then they
wll alse be- rendered non-functional in the reference strain. The

modi fications made tindrie o déietmine ehesiroirtied BiidaSes| RS inf@tichOitbinse made
to the strai.n of the invention. By this, 15 it is meant that the gene
di sruptions 3 n gherallytedesimblestoruse A standard iaboratorg xefetdnye stepin fiarlcomipagissi t i ons

to those in-th | lL.nvention, .e.g. (deletions w of . the
sanme size and ?};ﬁ% ﬁ%ﬁd@gﬂab&ﬁg%rg TeIEreRCy S ,n%[ynbet P Ié‘ﬂ{?o‘?)gi ljﬁ'\gﬁi Stram 17+,
het erol ogous gHAWY stsainlF diel HSWekksid i n the sane place, driven by the same
pronvter, .etc.. However, it is not essential that identical nodifications

be made. Wat | BOSapheneforencestrdimwill typically heteeqinateny andifitatods o ehd apal | Y
equi val ent nodi figations,.e.d.. that:fhe same genes are_ rendered

non-f uncti onal %@Pbﬁ@%@ﬁ%‘?ﬁe‘%?ﬁ%&%ﬁfmmmwa@%u haygert ed. . .
~I'nan oncol y§ i Cekiialént Blodifi@tib ' 4 | | fleations w.ll be made
-to- the virus t%quclonf er -oncol yﬁ{g@c@%&ﬁ%‘@@s%&@g&%@ﬁ’ﬁgﬁﬂgﬁﬁl?/sc °é’§En-t,
and preferably F@temmpieein&elcmfr.tdfmmﬂiﬂﬁ,iiﬂthaQCP?4.5Hnd-ﬁ'§P47-§l¢6&h:@gbﬁ&i.'ons

al I owi ng sel ectj ve oncg?lgﬁ% activity include nutation to the genes. -
encodi ng | CP34. Bave kepprepticred o il dn thevimss of theinventipn,dhen thby il @eabe 5.

Such mutat i ons jehabias nbiRAbeSna SARYLAMLES REil. "R Ydhs made to the
. reference stmin.may be identical éo those made fo the strain of the invention. By this,
15 'itismcantthatﬁ;c gene djsruptiéns in the reference strain will be in exactly - . |
eé;uivalcnt positions to those in the strain of the invention, e.g. deletions will bc of
the same size and in the same place. Similarly, in these embodiments, ﬁeterologous
genes will be inserted in the same place, driven by the same promoter, etc. ﬁoﬁevcr,
it is not essential that identical modifications be made. What is important is that the
.20 reference gene has functionally equivaleut modifications, ,c.g..tﬁat the same genes are
" rendered nou-fanctional 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 oncolytic acéi_vity, if it is not namtallf present, and preferably to
_confer selective pnco-lytic activity. _ o |
2_5 o o - - . .St_:gh_ mutatiohs allqwing selective onoontid acﬁvitfr
include mutation to the geries encoding ICP34.5, ICP6 and/or thymidine kinase (TK),
 prefecably ICP34.5. Such fnutations to tﬁe ICP34.5-encoding gene in laboratory'
strains of SV are deseribed in Chou f af 1990, Maclean ef af 1991, although any
mutation in which ICP34.5 is non-ﬁinétional may be used.
30 : Acc-:ordingly, -thc HSV strain, is preferably modified such that it |
iz;.cks one or mote of a functional ICP34.5 -encoding gene, a functional ICP6-



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 IU% @one
or nore of a functional |CP34.5-encodi rR@8gene, a functional | 8

AUG 2004 encodi ng gene, a functional glycoprotein Hencoding gene,
functional thym dine kinase-encading gene Mire preferably, the vi rus | acks
a- functional |1CP34.5-encoding gene. 5 Qther nodifications may al so be .
made. | n parti cedcad g, H%ﬁfﬁﬁﬁabgl 6615% I efittdin

functional |CP47 gelﬁgtnghl S-is because ICP47ﬁusua%§%Tunctlons ﬁ %‘lnock
antigen pr esent kinpssrencodinggennf ect ed cells so its v-d| srupti-on leads to a
viTtus that does not confer on infected-- tunmour-cells partlcul ar properties
that might protect such HSV infected cells. fromthe host's inmune 10

system - . Vi ruses H%?lﬂ Ve ted whi,ch provide
oncol ytic propert | eIs“ %@%l% %{Ilﬁve reﬁﬁl ca{h“Il oqaﬂﬁ?lﬁﬁﬂf Ped to
surroundi ng % i'ssue) Gﬂmrnﬁldﬁbaﬁbﬁms?aﬁbbéﬁﬁdbn\lﬁ? liQhr A pSe skilled in
the art will recognise that the above list is no exhaustive and . _

i dentification of Y bemedified sueh ahislacke afenctional ICPST geive Ths isibseimes

above may sugge ructi.o W Vi ruses, V\/m ch ar al so_viruses of

the invention. B%F%gpﬁ? 5 g»}ocmgg%ﬂw ¢pted eolle p0 5 r uses

of the inventi Oﬂ:s Hy lﬁg@ﬂhgm rein.
ruptitin QIS bt &%%&@{;}@é%ﬁﬁ (it Dot

In an oncolytic virus, the heterol ogous gene w Ica ohé That

enhances t he cap@pﬂlhysﬁiatm:@t\pmtaeisuchﬁsvan&ﬁtedroanﬁfrbmrm@hést’suﬁﬂi(m@enes
conferring g(? the, virus anti-tunour properties may .. thus be inserted.
I'n particul W@“het er ol ogous gene nmay be a gene capable of nodifying.

e Lehenae o LR SR il IRJIBoSoRS R
macr op hage- c oI optpperties (e selective replication in tumours compared to surrounding tissuc) 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. '



stinmulating factor (GVCSF), another cytokine or chenokine (e.g. RANTF,S),
B7.1 or -25 B7.2 or 1L12. Alternatively, the heterol ogous gene e % de a
pro-drug.activator, such as nitroreductase or cytochrone P45d§n%wﬁtﬂ]§
context, combined treatnent of tunours, ~WPtrh the prof-dug activated by the
pro-drug activator and a virus of the invention is @envisaged. .

Al t'ernatively, the heterol ogous gene may encode a tunour suppressor such
as p53. 2 0 AUG 2004 B; Conplenenting cell |lines Wien the virus of the
invention is a herpes sinplex virus which lacks a particular functional
essential gene, for exanple a gene encoding I1CP4 or |CP27, the virus of
the invention is propagated on a cell line expressing that essential 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 cells (Smth et al,
1992) or B 130/2 cells (Howard et al, 1998). When the virus |acks a
functional 1CP4 gene the virus. may be propagated on a cell line
expressing |1 Cp4, for exanple E5 cells (DeLuca et al,1985). 30 Wen the
virus lacks a functional 1CP4 gene and a functional |1CP27 gene the virus is
propagated on a cell |ine expressing both | CP4 and |1 CP27 (such as E26.
cells; 2 0 AUG 2004 - 20 Saznaniego et al, 1995), and when the virus
addltlonally | acks a functional vmv65 gene the virus nay be propagated on
acell line also contai ning a non-HSV honol ogue of vm65 (e.g.. from equine
herpes virus as in Thomas et al, 1999). Mitations to vmve5. may al so be
partially conpensated for by inclusion of 5 hexanet hyl ene bi sacetam de (H
IBA) in the media used for virus growh (MacFarl ane-dal, 1992).

| CP27-expressing cell lines can be produced by co- transfecting manmal i an.
cells, for example the Vero or BHK cells, with a vector, preferably a
plasnid vector, conprising a functional HSV I CP27 gene capabl e of being
expressed in said cells, ' -

.. B. Coqlplemenﬁngcgll‘lines |

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

' parhcular funcuonal 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 functional ICP4 gene and a functional ICP27 gené the virus is

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




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

mar ker; far exanple neonycin resistance. C ones possessing the sel ectable
mar ker are then screened further to determ ne which clones also express
functional |CP27, for. exanple on the basis of their ability2gotUSupiert the
grow h of ICP27- HSV strains, using nethods known to those skilled in the
art (for exanple, as described in Rice an20kni pe, 1990). 15 Cell |ines
which do not allow reversion of an | CP27- nmutant HSV strain to a strain

wi th functional |1CP27 are produced as described above, ensuring that the
vector conprisjng a functional |CP27 gone daes not contain sequences that
overlap - withangniggo efad 1997} aad yhen thy vinsqdditiosslly koks mfungtional vinesl5CP27-

erlap - wi & HORbIB! . . ok afungtionl vins
Todr i cat i one Poese bR ARL B BiowRkactd B a 84T it R SaBhing aaap I ¥rrol eant i ng
cel | 1 nes wi | horilopié snwG5 (! iaiibuioNeHE0 il SR THARRL RN gbo) e

nodi fied essential gene in the Sane nner - as For
exanpl e, in'thiutations &f vikg¥5 simyailsisbe partigllyi infgnsated Riribgiscligioet h | CP27
and | CP4, a%ce | 1ine expressing both I-CP27 and 1CP4 is used (such as
descri bed i ?%‘&meg%er@t 15900 i inrthe madia wsed for vinggeywihHs v 25

st.rai ns exp_resalg&g: ’ i al genes can be constructed in a sinilar
manner to 't hat esﬁ%ﬁ%@’i@?&ﬂ. Here again, if it i's ensured there is .
no sequence over | apiCEBTtenpedsinieell EifBd Gintig d)dd&d%%ﬂsm&;rgﬂl Giigd 1 nto
the cell line fQr .virus Qgrowth, the ossil?flity ol reversio o%ﬁ]t e virus .
to a | ess -di satflsdor sxample theYergros MK welly, with awecionj prefirably 8pla2mel viddGr2004

: hods of f ' e |.J al gei fi d my b dered
Functionai 1y i SRR pholelE HI Fl fne eoeiln o hefrsmreredio sadclisor - -

exanpl e, tiey smda GRedrepeRiatily a pldintd Ve l:;Ycoidﬂ@g%%e Etdble lg%lkg% F%%%\lpﬁ:ay

substitution(s) or insertion(s), pref erably by et1on.
renove a port i Bgpmyicit igsis@aed sClones fssexing the spiovtabldmiarkee @ thdrescredfbdt | on of

only..one nucl eﬁi[rﬂ]gre tdr?%&rgfue%gh cfbxeles:suillgtla 2 pI‘(I:Sg ﬁ?ngtirogglelcsl)gl'ij tzoi-_ 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 ef al, 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



However, preferably a larger deletion is nmade, for exanple at |east 25%
nore preferably at |east 50% of the total coding and non-codi ng sequence
(or alternatively, 10 in absolute ternms, at least ' 10 nucl eoti des, Wre
‘preferably at |east 100 nucl eotides, nost preferably at |east 1000
nucleotides). It is particularly preferred to renpve the entiyg ggnepand
sone. of the flanking sequences. An insertg,g]i sequence may include one or
nore of the heterol ogous genes descri bed ow. In the case of the vrnwe5
gene, the entire gene is not deleted since it encodes an essenti al
structwural protein, but 15 a -small inactivating nutation is made which
abol i shes the dbili tMcthodyefmutafion activate transcriptionally | E genes
(e.g. as in .Ace et al, 1989 or Smley et al, 1997). Mitations are made i.n
t he ‘her pes viruses. by honol ogous reconbinati on nethods well known to those

skilled inthe art. TigsvAwaswis gehS\aRRaw faaP¥e rdorcll FHHOGH A CRATY e

W t-h .a'véct or, preferably .a plasmd vector, conprising
sequence fl ankegvipl ledmifueyovedl kBwndr theant Ror eXhiaplelthey eely beGeriard Nay

conprise. a deletion(s), .inserti s) or substitution(s), all of which may
be' constructe ?PMY REYS a‘?qétlf’é’@ ,q@mﬂer&ﬁkormrﬁm)mfemlm abl e
mar ker genes, : eX : i , =L eenin ecoirbi nant_,vi ruses
by, ‘for exanpl eéeg%tmgﬂaggétlgtgﬁgéé%%ot%{g Oy o) roﬁﬁgﬁg%@ﬁ}s R b FOF

Het €r ol ogous  gesxempi) deletionof el ofdwRucliotids afay Ve thdile, feSMERE IrPNFARY shif:.

nodi fied to carry a heterol ogous ene/ genes. The term "heterol ogous gene"
enconpasses anyHouexer, meferbliohlasees delstercis shasigofos expmple atleast B5%aimoye a gene

ooy ded that | dneromty B o0 R BIGR it ina i Foding Yigtendo o eiibive ko
S g SO asa M A o ot b G,
be a ' most preferably at i/east 1000 nucleotides). It is particularly preferred to remove the
' ' entire gene and some of the flanking sequences. An inserted sequence may include
" _oneor more of the 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



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 nRNA, tRNA and s rRNA are included within this definition-
However, the present invention is concerned with the expression of

pol ypeptides rather than t RNA and rRNA.  Sequences encodi ng nRyAWE bigs
optionally include sone or all of 5 and 0§53 transcribed but

untransl ated flanking sequences naturally, or otherw se, associated with
the transl ated codi ng sequence. .1t may optionally further include the -
associated 10 transcriptional control sequences normally associated with
the transcribe aigal congpl ssguenserwith avhickrit istnatmally assagiated gThe s,

pol yadenyl ati o ' Q t ream,enhancer .el enents. The het erol ogous
genel genes’ may r}ggé@ﬁgoelr%{%ggfn\r%? ‘e gy?eipa"imﬁ‘gr?g PREFRS BFHmay bea
reconbi nati on Ghuthf\sehié.! Thé\ermi« fz I ) garrying
t he het erol ogous ge;éel genes Wa%ﬁ%cd‘lﬁgltﬁg%ecgﬂgr@gs.%ﬁgﬁgﬁéﬁﬁv@&%
gene/ genes may.dapatileyof baingatdedshtranseribed, tThink, seqlonses shevdifis AIRIAMRN A aRg

herpes viral. s ences using cloning techni ques well-known in the art, The
het er ol 6goug géﬁ@#b%‘ﬁé%"l 1 tls definitions  Howayer, fhe presapé inyestion isany

| ti _provi ' ' 11l .be AN f d
that the heter aPacii@lwithfhe SbiiSiof BEpdivdcplisetTaBeriBat B8 catitd. "ene.
Het er ol ogous geSeqacseyerivading SERNACL opiuhAllyih@udd $08% ordit dH 5™ ahlig 31 ' us

genone. . The transcrjbed sequence of the heterol ogous gene/genes is.
preferably opdf W&gfapﬁa@dmsmmmﬂg;mménms@mwa&mn of
t he heteral ogoys: s,.-in_mamml ian cells, -preferably a turour cell
or a cell of tﬁ@mntgrg\%ﬁégg@%gg SR &E'@?Wpti?ﬁ%ll‘g ef inqlidg the assegiatedo g
j uxt aposi t ifon whasdipliohAlRoREANSHEIHEs nddRIEY | ith i oAb !
permtting-themto Tl-:ﬁ[nct ion in their. filnt ende rraef%%grrlﬁl%A con P%f&ggé[gcgﬁ’ce
"oper abl y | i nkderexample woutnipfianelstom signdls; polygdingthtion siesimdalowistrednhat

expression of the codi.ng sequence is achieved under conditions conpatible
with the Contrgf'ﬁi%"(?ﬁ‘iﬁg?fgﬁrftsﬂo The control sequence conprises a pronoter

al | owi ng express | On Tk heffologous gene/genes may be inserted into the viral genome by
' " homologous recombination ;)_f HSV strains with, 'for'examl-nle ixiasmid vectors
15 .carrying the heterologous gene/genes flanked by HéV sequlcnces.. The hete-tologous
. Eene/genes may be introduced info a suitable plasmid vector compnsmg herpe's viral
sequences using cloning techniques-wcll-lmown in the art. The héterofogous-
. 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 inf:erted into an essential gene. Heterologous genes may be inserted at multiple sites
- withio the virus genome. _ _ - ,
_ The trém'scribed sequence of the heterologous gene/genes is preferably
- ‘operably linked 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 systern. The term “oper%thly linked” refers to a juxtaposition wherein the 'com'ponentls
‘deséribed ar§ in a relationship permitting them to function in their intended manner.
A control sequence “opefab’ly linked” to a coding sequence is ligated in such a way
that éxprcssion of the coding sequence is achieved under conditions compatible with
the control sequence. ‘
30. The control sequence comprises a promoter allowing expression c;f the

hetcrologous gene/genes and a signal for termination of transcrption. The promc;ter ~




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 mammalian, - preferably human, cells of the nervous systemor in tunours
or in cells of the i Mmune system The- pronoter/pronoters nay %%Ei?ﬁﬁﬁ
from pronoter sequences of eukaryotic genes. For .exanple, -pronpters y

be derived fromthe genone of .a cell in V\/m ch 5 expression of the
het er ol ogous gene is to occur, preferabty?d Tanmalian, preferably.. hunan
cell”.. Wth respect to eukaryotic promoters, they may be pronoters that..

functlon I n a ubi qui tous manner (such as prormters of (i=actin, tubul in)-

or,” -alternat js@iattedFdnl fEﬂRﬂ s t he ecific
enol ase. ( NSE) pronoter. @%ey my a e prﬁélno er ha&prre&%g g‘ .
specific sti rrucfcus dfahe mmqslsyﬂtérﬂopmumbﬂls%ridlaﬂllsbfﬂﬂ 1§ﬁ1ﬂﬁ1@'sgst&ﬁ! e

receptors, Viral ters may al so be used, for exanple the Ml oney
nuri ne IeukaenP’ém%‘?t? opgisEs Mt ba desived ﬁ'@a?tmr(lmamutmﬁmncgenm her

retroviral " pro nmegal ovi [ us

pronoter, or p?‘glts{aﬁ}‘}sé g&“@e@%&ﬁ@? %éﬁ%gaﬂ ré*‘%?ﬂ Pﬂgd%fdi‘w ng .
expressi on of émwnﬁmm&mgak@énéﬁwswﬁﬁ& ﬁ» ttes
and ot her suitable constructs conprising the heterol ogous gené/f enes and

cantrol sequenbesaregll. b‘é’ithmﬁ@mwfﬂwoucpmmémnhamaybebmmmﬁsﬂlﬁwm to.

persons: skill.e n the art .(see, for exanple Sanmbrook et al, 1989,
Mol ecul ar - d ong‘ﬁ‘ﬁu ‘iﬂ '«gﬂ’ﬁ fsh “E!@P@t%bﬁfﬁlgﬂﬂﬂaﬁwnwess) 't may

al.so be advant. JueRMsy ulg”&l% LR S s be i nducible s

| evel s of expression 3?5,[ hgterollfnogo%ﬂahe?lsedl%ﬁ?lwg%s?eé: Zﬁdebﬁlgf‘ig t he -
life-time of . plomofeér They nyalsbbe proatiers Atk tbﬁy&kﬁcﬁimﬂis%

obt¥at ned u5| ng the—pronoter can be regul at-e For ‘exanple, in-a pr erred

enbodi ment 1% ePEmALers thahbind steroid hermene resgpioss. ééméprcantc:samyeﬂlsqbetused,he HSV

?EB?Z‘;’SO??ip"E%Wr Sl KRB R, BubBihey Beinn PopeakepsapbdF s TR

repor t ed- ( Cos spiomet dBuftRr fbirot A Pronsdters; S8 hthair m&&%%ni’e%gloq{rhg (ERnhhe

IE promoter or promoters of herpes virus genes including ﬂmse drmng expression
of the latency associated transcripts.

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.



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 exanple, expression of the first heterol ogous gene woul d 2860 2Bh t he
presence or absence of 30 - tetracycline. 2 0 AUG 2004 - 24 Heterol ogous
genes will typically encode pol ypepti des of therapeutic use. In oncolytic
appl i cations, heterol ogous genes may enced24pfoteins which are thensel ves'
5 cytotoxic,. encode pro-drug activating enzynes or which are capabl e of
stimulating or enhancing an anti-tunour innUne response Fbterologous

genes may al so incl exa i

gal act osi dase or grgg‘ﬁ‘%org%’%gW%?“[‘““ C&OW ?1? d&gg?,réi’ﬁ““ﬁr"é?el ns)
or- genes whose products regul ate the expression of other genes (for
exanpl e, transcriptional 10" regul atory factors including the tet
représéor/ vimwe5 transcriptional activat or fu3| on. protein descmd&gd]yuc

above) .- . Thera ﬁg%l C. q@ | i,cati-ons rra require_the admnistration of
mul ti ple genes™tH ologQus gepesym Ynﬁ?‘ﬁ’ﬂ%l’&?‘%ﬁa\"hﬁhﬁ& themselvpey do not

have the lisri t%t@ﬁ@"&ﬂb&@pz@ h&ﬁJahﬁ% %%%@apggééﬁpeﬁﬁt&f iR tems |

Thus, multiple heterologous genes can _
For exanple, fenbamcing an Zntiybmenr immuherdspaget ed i nto the genone. There are,
for exanple,-at least two ways in which this could be achieved. For

exanpl-e,; nore than %?F@OHQOWEF%WWBOMD@&mS €idr examnple) exwodiug fic es

20' .. could be | n artlcu ar traln elther at a single
site or . at nuléalﬁ%’?ée% éje%‘eé p &ﬁtﬁ ppregesat ‘Eﬁ)%egeﬁ%mble
t-o use pairs" whosppasiuc rrégdlét@ﬁm e%ﬁf@s@ﬁ of]btil&f‘greﬂgé (E0F QORE, M&ﬁiﬁ%ﬂm' n-.

opposi te orientations avvay fromeach oth
10 ory factors including 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



t hese pronoters each driving the expression of a heterol ogous gene (the
sanme or different heterol ogous gene) as described above: 25 E. Therapeutic
uses Viruses of the invention may be used in nethods of therapy. In
particular, oncolytic viruses of the invention nmay be used pnp fuphigsati ons
including the oncolytic 30 treatnent of cancer, e.g. by direct intra-tunour
injection. Wiere the virus conprises a heterol ogous gene encoding a
prodrug activator, additional pro-drug-therapy may 2 0 AUG 2004 - 25 be
carried out, Additionally, treatnment may be conmbined with or stimulation of
an .imrune response by any neans known in the art. -Viruses of the

i nvention mayge I Radi eLARGHL eat nent of . any.sol i.d tynour in a’
manmal , pr-eferaﬂ%ﬁﬁaﬂdﬁﬁﬁn&%@’ﬁor g’?(eaﬁﬁaﬁf %e‘ﬁuﬁﬁgﬁwofﬁ@lﬂ 20t Ph may be
adm ni st er ed. inunanstebponed byrutymeang kas i irf the e ¥3uses| of e invb iy may be -
endonetrial, bladder, colon or cervical carcinoma;. adenocarcinong; -
mel anoma. ; | yWisddnhe thernpawie treatment ofmmpisokid timas is e itamrhalspreferatdy in 2 bone

sarcomas. " F. Admi stratd on The yi-ruses, of the invention may.thus be used
in-a patient ,h% ofsremple Viyses of WW?“WY%@@HBWF%MHBMS% “of

the.i nvents onpiBitedBrettst eng, Bved, Bidontetri Osﬁaa%ft ddiod SEAEN callnp@icel . The

ai mof .therapeutic treatnent s to Inprove the condi j pati ent.
Typi cal | y t hetdepecardinoms;mdsnvent; iysphogag gliombsorahrcois bisheiisoRtisMe dnd
allieviate thﬁ synpt ons of  the di sease or 30 condition of the patient. being
treated. A nett5FEP™-cat ment according to the invention therefore
conprises adm nistering a therapeutically effective anbunt of a 2 0 AUG
2004 - 26

-

- ‘F.”  Administration

The viruses of the invention may thus be used ina patiént, preferably a |
human patient, in need of treatment, Vinise_s of the invcutioxi may be used for the
_ 25 oncolytic treafment of cancer

| | " The zim of
ﬂxeraipeuxic treaﬁneﬁt_ is to improve the condition of the patient. Typically thefapc_utic
treatment usixig 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



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 tunmour and/or preventing the spread of maligna t ceIIs from
the tumour. i0. One method of adninistering therapy involves Ui 389

the-virus wwth a pharmaceutically acceptable carrier or dil uent t o produce
a pharnaceutical conposition. Suitable 2arriers and diluents include-

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

Oncol ytic treatnment” 15 may then be carried out fallow ng.direct inj ectlon

of the vectorvmﬁe@%dg}g?%%ﬁ%@ ue The amount of virus

administered is int rang from 104 to 101" pfu,
preferably from 105 to 108 pfu, nore pr_eferably about 146 to 108 p.f u. .
.When. injected for oncolytic treatnent , typically up to 500 I typically

from 1-200 1, preféﬂmmmfﬂﬂmcqiﬁgfﬂammfahmmﬁqmlapaﬂmﬁbnﬂ@ 20'
consi sting esg, e.V rmaceutical |l y acceptable
suitabl e- carrr a{nlm% MLB’PW’UB@E @%@gﬁl ¢ Bimoug thusidegieasing fhesize off or
sone oncolyti g, ttﬁﬁb@{aﬁd/(ﬁl Rl RS gflaﬁjaﬂ nl may al so be
used, dependi ns on the tu%our agnd ?ﬂrﬁg{u au%laﬂmte%% ]tgﬂlf"el% of

admi ni stration and dosages described are intended only as a 25 gui de since
a skilled practitioner will be able to determne readily the opti mumroute
of adm ni stration and dosage. The dosage may be determ ned 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 adm nistration to a
pati ent sufferlng fron1cancer Is_ by 30 direct injection into the tunour.
The virus umay al s oOpemsthed of sdminisiCrinathempy: inviojves combiningfhesdruomwiihit 0 a.

bl 06d vessel bty VolglBie barridl & AR Frbids § pRleaiacdudeal” 2004~ 2 7 =
- oomposmon. Suitable carriers and dllucnts mcludc isotonic.saline solutions for
- :example phosphate-buffered saline. '
- - Oncolytic trcamaent _
15 _may then be camried out follomng dlrcct injection of the vector composmon into -
target nssuc 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, typu:aﬂy up to 500 M,
typlcally from 1-200 pl, pr.efcrably from 1-10 pl of a pha:maccutlcal composition
20" consisting esentially of the virus and a pharmaceutically acccptable smtable carncr or
dlluent, 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 |
Pparameters; especially according to the age, weight and condition of the patient to be
treated, the severity of the diseas;e or condition and the route of administraﬁc;n.

' The preferred route of administration to a paﬁent suffering ﬁoﬁ 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 optimutﬁ r(;ute of



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 roygeaqf 204
adm nistration. 5 G. Non -Therapeutic aspects Al so provided are nethods

of identifying Suitable clinical strains for nodification according to the

i nvention. In addition, methods of targel7 validation are provided. 10
These concern the identlflcat_l on of genes suitable for use in the
therapeutic applications of the invention as descri'bed above. Methods of

pr oducti on of aﬂnﬁnigmoﬁfmn AV the fkadd f ol ovm ng
Exanples illustrate the i n&%ﬁ?l on. éHerpesﬁgl?dnp?ee‘ir’?tp %%%%T\#gggqg

whi ch the neurdstermived nccording tovariduSpadintters, espRidlly\eatddin Qétﬂéﬂ@déh@h'ﬁfy been
shown to dlre%%Wu g‘"ﬁ%{fbc cell lysis in tumour nodels-both in vitro
and in vivo e ¢ HmIryE a2 fesightiesd penditorsefithe paticRtiade |
clinical trlalu.%algg | injection in late stage glioma ~ °
patients. . Previ oﬁgd\{/\l%rk Itﬁggguseg se?’ﬁal Iy passaged | aboratory isolates of
HSV 1 (vir@ses derived fromHSVI slain 17+ or HSV1 strain F) which m ght be
antrci pated ?f*) be attenuated in their lytic capability in human tunour
cells as conpited Domrdherapewticaspests clinical isolates. In work ai med at
produci-ng 1 CP34.5. deI eted HSV with enhanced oncol yt|c and anti tumour
potential, we have del eted | CP34.5 froman HSV 1 clinical isolate and
conpared repl iAlsd proeidad drd iéth6dsuTh [inm cel | _
types .in corrparlpson to HSV1 strain 17+ gﬂﬁgﬂ&car%ifﬁaora orﬁ?@%{t n). 30

2 0 AUG, 2004 accpgding to the invention. In addition, methods of target vahdahonareprowded L

{ o 10 'I'hese concern the identification of genes sultable for use in the therapcutlc

apphcatlons of the invention as descnbed above.

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

~ 15 The fbllowing Examples illustrate the invention.

Herpes simplex type-1 vifus (HSV1)in which the ueuroviritlencc factor
ICP34.51s macttvatﬁd has previously been shown to direct tumour speclﬁc cell lysis
‘in tumour models both in vitro and in vive. Such virusés have also been shown to be
20 ' safein Phase I clinical trials by direct mtra-cerebral injection in late stage ghoma
L . 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 te more
25 Tecent clinical 1solates
In work a:med at producing ICP34.5 delctcd HSV with cnhanced oncolytic
‘and anti-tumour potential, we have deleted ICP34 5 from an HSV1 chmcal isolate
and compared repltcatwe and lytic potential in a number of humau tumour cell types

in comparison to HSV1 strain 17+ (a standard Iaboratory strain).
30



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
naned BLI and JS 1. I1CP34.5 was conpletely deleted fromstrain 17+ and JS-
| together with the insertion of a COW-GFP cassette.. JS | was 220 s96fpi her
engi neered by the insertion of human or nobuse GMCSF so as to replace the
| CP34.5 gene. BLI and-JS 1 are thus cliniggl_+isolates, or "non-laboratory"
strains. .The derivatives of JSI discussed herein are al so-non-|aboratory

strains, i.e; nodified 40-- non | aboratory strains-of the invention: Virus
Gowh in Tum)w lg:%l |G JS 1 and BLI showed enhanced growh in
sanme human t unour—ce ﬁ ¥ i 15 conpared to HSV 1 | CP34.5 del eted"

strain 17+ when tested over a 72 hour period (Fig 2). JS | was selected for _

further study. and the nodi fi cations described above (see Fig 1, ‘and above)
were made to i't. Tb%(bNchrbeiﬁmnhaml@sl@VFng%S&)smdaﬂ ldbolfibty
killing) capabilities we nceq with the JS I-derived non- Iaboratory
strains deri veW)r?H‘“’ rl'&%"F‘p’F?aJ‘ ﬁewril qmﬁédsw%ﬁemﬁwetqmctwwtmﬂ y,

with refergnc F"ﬂié’éﬁs@hm(# * JS 1

removed. by . gll{gglon owe é%gé%‘ﬁﬁ@%l%:“%g;@gph tw%ss Wl%éiigp rect al
adenocar ci nomefro@stialdCHP: Eﬂ]spﬁagﬁl&&m&dﬁ@ﬁ@éﬁﬁhﬂﬁmmm b5 aeds
adenecar ci.noma,. SK MEL-28 nalignant nel anoma-and U-87 MG gli obl ast ona-

astrocytorna @F?MWPW@&%U@FMS@ bumhrsorlasms@lefeCSEsGKst«ﬂep%e, MDA
MB- 231 and %3(:9?&%3&( %ﬂi’ﬂ?@g ﬁwgl Si BT_° stsz%SglfwPi_ggect ed, ceI Is at

varlous doses -an

strain 17+ TrVhededvatives 6£IS3 AiseuebyRasin oMb byl 35«143}.03% m§ H{H@%
by. thi.s neans nou

live cellss remaining in a culture can be assesse
cell Li neslﬂcuumrbbomﬁpmmaf@emen@mf six wel

* Virus Growth in Tumour Cells (see Fig' 2)

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

" Lytic Capabilities of Viruses (sé,e Fig.3) .
| Lytic (cell killing) capabilities were enhariced with the JS1-derived non-

. laboratory strains derived wms in all tumour cell liiles te.stcd Moré- particularly,
with reference to F1gurc 3, the J51/34.5- virus, i.e. JS1 with ICP34.5 removed by ,
deletion, showed enhanced Iytic capabilities in HT29 colorectal adenocarcinoma, - |

25  LNCaP FGC prostate adenocarcmoma, MDA-MB-231 breast adcnocar_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
- 30  excluded from live cells and so numbers of live cells remaining in a culture can be

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

A



2 0 AUG 2004 - 2 9 - dishes were infected for 24,48 or 72 hrs at an MJ of
0.1 or I with either 17+, BLI or JS rand nunbers of live cells were
counted, The percentage of the nunber of live <cells in equivalent

uni nfected control wells are shown in Table 1. Thus, as in alk gcas@gggyore
tumour cells are killed with the clinical isolate 5 viruses BL1 and JS
than the | aboratory isolate 17+, to provide increased oncolytic activity,
the use of recent clinical virus strainsjgs_likely to enhance the
anti-tumour capabilities of such viruses nmodified to give tunour selective

replication (e.g. by the . deletion.of |.CP34.5) -when used in human patients -

for- cancer tr&ﬁ&h&ﬁmﬁ@e&e&o&ﬁﬁ%@‘h f Bl 1
Cel 1 tineinfectionMd =0. =1ND1=0: 1%%%@&%\/&%@&%%0% e -of
nuiber of - |.Ve:r§§ﬂ]asdnnmbctsnfhv:¢mﬂsmmtedeT‘hépe%nh@bn?&%‘mﬂﬁbe%fﬁvew
-43.7 6.67. dupl cateBC%%e 5@@? e% 19339 6.33_ . sanpl esP
48h5. 517. 4. 3. 7% Ig g qauivalent ppigtoptetl coptrg] svells are shows in Tabled00000.
Thus; as in all cases more tumour-cells are killed with the clinical isolate
5  viruses BLl and JS1 than the laboratory xsolate 17+, to provide increased oricolytic
activity, theuseof reccnt cllmcalwmsstrams 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

b



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 20 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-Tunour Activity -5 Further enhanced
activity may also be anticipated if these viruses are then used to deliver
genes with. anti-tunmour activity. Such géﬁes i ncl ude those encodi ng
pro-drug activators or inmune stinulatory proteins. For thi-s purpose, we
have  produced fgg1gqJS 1 ' an 1CP34.5 deleted clinical I' o isolated of HSV 1
whi ch express€s numan or- nouse G\ CSF GMCSF is a potent inmune stinulator.
This virus.is. desi gned to enhance anti-tunour inmune responses . fol.l.ow ng

infra tunoral i Lon 20 AUG 2004 31 References Chou et al, 1990;
Sci ence -250: 1262- 1266 | Mt #¥&h PBlat, 1991, J[i7Gen Viral, 7{BL1631-639. 5
Sameni.ego et at,CAARS, V. Wik@n VROIDHO7-MERY | MOI-01 MOI=1 | MOI=0.1- MOI=1
‘ ) N percentage of number of live-cells in uninfected control welis
SIKMEL28 | 24h a1 | 8 573 | 19 | 437 557
dmbcte 17337 | .7 | 626 | 193 39 | 633 -
a&h | 581 | 19 74 | 37 | 45 0.8
_ 505 | o8 71- | 28 4.8 1.1
~72h 0 0 0 o | 0o o
_ : o1 o | o | o 0 0 |
|moATE23T] ~24n 34,91 67 | 6937 | 334 | 5563 | 2679 :
| 4402 | 1696 | 658 | 3455 | 6045 | 2527
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 24k 3753 15 | 4728 | 2361 | 4222 | 2245
3924 | 15 |- 4576 | 2424 | 4304 | 2133 .
48h | 132 23 5.4 42 | 184. | 44
. 14 | 3 | 217 47 .} 212 | 37
72h  F 0 0 157 | 0 | 164 0
0 189 |. -0 157 | 0

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.



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: 2260-2269 Smth IL
eta[, - 1992, Virol. 186: 74-86 Rice, SA and Knipe DM, 1990, J2 0\Augohggs64:
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Buj ard-H, 1992, PNAS 89: 5547-5551 (Gossén etal, 1995, Science 268:

1766- 1769 Smil-ey, J.R & Duncan J., 1997, J. Virol. 71: 6191-6193 Thonpson
et~ al 1998, Virus Cenes 1(3); 275- 286 Meignier et al 1998, J. Infect. Dis.
159; .602-614 RGefapasit Information:. HSV 1 Strain JS 1 has been
dep05|ted at tte—Eoropean Coll ection of Cell Cultures (ECACC), CAMR,

Sal i sbury,.WItsh| re SP4 QJG United Ki ngdom -on'2 January 25 2001 under
provi si onal- accessi on nunber 01010209.- -32 CLAIMS 2 0 AUG 2004 1. Use of a
modi fi ed, oncdFhauesal, H@P&&C@!%ﬁ%%%%ﬂ@éﬁ(HS\/) strain in the manufacture

(2 ahg‘id;CS?‘Za a8y 0, B M TS B Bl e Hisun ko et ars ot h
equi val'ent sTodiznidaRgo@Pal, 1998, ngirGlat?? 33@1%@%6' |1 tunour cells; and (b) is
pr.oduced by isol ating an HSV Strain from ost and nodi fying the isol at ed
HSV st rain to Iﬁmskkuel 1898 ﬁ&mdﬂmmpyﬁehﬁ%em%on i n tunour - cel.l .
‘Thomas etal 1999, J. Vlrol. 73: 7399-7409 _ )
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Thompson et al 1998, Virus Genes 1(3); 275-286 |
_ Meignier et af 1998, J. Infect. Dis. 159; 602-614
20

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 0 1010209



10 2. Use according to claim1l wherein said greater ability is a
statistically significant greater ability 3. Use according to claim1 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 g@dhﬁi@@u
such that it lacks one or nore of a fumtional |CP34.5-encoding gene,
functional | CP6-encoding gene, a functional glycoprotein H encoding gene
and a functional thym dine kinase-engogivi@ gene. 20 5. Use according to
claim4 wherein the HSV strain | acks a functional |1CP34. 5- encodi ng gene.
6. Use according to claim5 wherein the HSV strain further |acks a

functional 125 | CR4fgawdified, ontblgiqbepeghinglek Qira (V) &trah id fhe pr ecedi ng

clains wherein the HSV stfain urt her ,conprijse het er.al.0 ene. 30 S.
Use accor di %é%@f%%ﬁ%@ﬁ ffﬂr @SPBC%@%&%&F%@&E%@“@%W@@’ gﬁé’éﬁ?@% apabl e
of nodi Byi n@) i mhanegreatsabilge than MY 1476, HSYA Fand HO/1 KBS saginowithng to cl ai m

8 wherein the geng,; Of SAAT 'rg;gnﬁ r encodes an i mmune
sti mul atory({a}gl yp %‘?iﬁgﬁ%"?"%ﬁ%t gér); ielﬁgeiﬁlro uc Oglz&gglsagaof nodi fyi ng
e

i mune resp s 18 Brogiiced pyitsolating YukldY straintfipaphost edifying the isolated
pro-apopt oti c gemnsWiREGproideldr sdielvarcpRédtibR th ok @RI 9 wherein the

i mune stinulatory pol ypeptide is granulocyte macrophage

colony-stinul ating factor (GVCSF), another cytokine or chenokine, RANTES,
B7.1 or 1B7. 2.or 1lst2¢condingdoaiahinr wieeip said itegtenstilityad Detatiscally 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.



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, onc%I tlc HSV
strain as defined in any one of the preceding clains; 15 (ii%)Y AHEeX84 ng
said gene into said HSV strain ; and (133) assessing the ablllty of said
nodi fi ed, oncolytic HSV strain to replicate in or kill tunmour cells
conmpared tod he akklabdataiaf td Jslelm Bﬁaﬂfékﬁiﬁﬁ{e g2hé é‘dﬁ&bl%rd?\‘ﬁdiﬂ}lﬂ mykR (1). 20
12. A nethod of determining the suitability of "an HSV straln for use in the
product i on d@¢spanses éngadegian wrrowns/stingulMexy mlmphd@an ghother lyouk prodltqbrl sing: (i)

o opl | car apibieft iR e BRionsts s buSHEE SBRy HiGnPl ipbleetiref"C

det er m ni ng agietapetotidgenldprodias a greater ability than one or nore of HSV
1 strain 17+, HSV 1 strain F and HSV 1 strain KOS to replicate in or kill
t unour célls and optionally (iv) selecting the HSV strain for

nodi ficatio wh [ ' ssald ater abilit .30 13. A
met hod accori é)l ngﬁl?s% a@ E@M\%}ﬁ%? gellﬂr%r %’g% lmrnéué’fe ung%aﬁ?lprtpyi};pgp%:gtlgr m ned
relative to grBMIchﬁdmmrﬁthéd: colﬂﬁysﬁnﬁlahﬁg lfacForiGM(Bﬁ*é dndthéraitokiedr - 34 2 0

AUG 2004 14. hod of rodum n fied, aoncolytic HSV strain, said
method ¢ r’rﬁhF@P o 7 dioh a?noq-%‘l'zsqfr‘ﬂ?%em $he wedwg aplvaoriet hod
according t Chlﬁ'!)ﬁﬂﬁ@t&sg 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.



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. A nethod
according to claim14 wherein the HSV sfrain is nodified by 2 DeMéfe it
non-functional one or nore genes sel ect ed' fromthe genes encoding 1CP34.5,
| CP6, glycoprotein H and thym di ne kinase 16. An oncolytic HSV strain

sel ected by ldr préodethed obyroduding had)daﬁaﬁobﬁhdngictmisvk’&aiansaicbmetheﬂ claims 12
to 15, which }ﬁ?}{ rain has a greater ability than HSV 1 17+, HSV 1 F and
al ns

HSV 1 KGOS str 1th eq valﬁg%/rmdlflcatlonsto kill tumour ceIIs 17.
HSV 1 strain JS fDas &écb' oD, selpepd v 2 ansthadacresdingrto elfm 1yl t ur es
(ECACC) under provisi ond®; accessi on nunber 01010209, or an HSVI strain

dor1 ved 520, ner gh inclftyinialdSNt sBAnab Bt F L OUIAR LA ol ned 1

claim17 V\:hl ch i s nodif uch that it ac nct i 4 5 gene,
and optionally a f unc B celiEsBRG gene; and optionally further conprises a
het er ol ogous gendiignc askepgngIMESEilitP6f shtd mAdifiedyomeokytit HSM statmrfaddllt | on
conprising a virus asggghifedsin any one of claim17 or 18. 20. A virus as
defined in claim17 or 18 for use in the treatnent of the human or 30

ani mal body. 21. Use of an HSV strain as defined in claim17 or 18 in the
manuf actlr e 15f a A metliod apenrding &0 claine 16 mbetejn the HY e siraie itmodifiedbyger .

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
15  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
20  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.

25

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
30  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.





