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HERPES VI RUS ST%‘X%QIQ& & 5‘%&%&”&%&%@?’3&3%@% Invention The present
invention relates to herpes virus strains with inproved anti- 5 - tunour
activity as cogpasednd 8 R eviRus! y known strains. Background to the

| nventi on Vi r USes-trave beemshown to have uti lity in a variety of
applications in bi\Gtusehhokdmyyn ashdwneditainediiy weayaaagas Qpficaibacn i s due
to the unique b?oi:cl:hing% gf dto.v.i ruses to enter cells at high efficiency.
This is fol l owed T h SEEA™ [Bfﬁﬂfl&%??glﬁgy HFAsLqosH SR Apgstogsanigue by pbn” and
replicatiom andfuses xipreessilson iigh afficiendydSBHit @folBREEIOLRAUWSIARAE byl hUS
viruses can ei ttger deliver and express genes in cells - (either wvirdl or

other genes) VAPEh VIEY 86& GERFHION M SplieatligRptng/ g errerastior fyaro insetied

heterologous gene. Thus viruses can either deliver and express genes in cells (either

viral or other genes) which may be useful in for example gene therapy or the
development of vaccines, or they may be useful in selectively killing cells by lvtic
15 replication or the action of a delivered gene in for example cancer.

Herpes simplex virus (HSV) has been suggested to be of use for the oncolytic
treatment of cancer. Here the virus must however be disabled such that it is no
longer pathogenic, i.¢. does not replicate in and kill non-tumor cells, but such that it
can still enter and kill tumor cells. For the oncolytic treatment of cancer, which may

20 aiso include the delivery of gene(s) enhanciné the 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 turnors), but which prevent
significant repi-ication in normal tissue. Such mutations include distuption of the
genes encoding ICP34.5, ICP6, and thymidine kinase. Of these, viruses with

25 mutations to ICP34.5, or ICP34.5 together with mutation of e.g. ICP6 have so far

~shown the most favourable safety profile. Viruses deleted for only ICP34.5 have

been shown to replicate in many tumor cell types in vitro and to selectively replicate

in artficially induced brain tumors in mice while sparing surrounding tissue. Early
stage clinical tnials have also shown their safety in man.

30 | However, while promise has been shown for various viruses including HSV

" for the oncolytic treatment of cancer, the majority of this work has used virus strains

which do not carry a heterologous gene which may enhance the anti-tumor effect,
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cells elsewhere which had spread from the primary tumor site.

Summaryv of the [nvention

J One example embodiment provides viruses with improved capabi]itiés for the
Iytic destruction of turmor cells in vivo. Herpes simplex virus strains can be constructed
using a strain of HSV1 and HSV2 in which the genes encoding ICP34.5 and ICP47 have

3 been inactivated such that a functional ICP34.5 or ICP47 protein cannot be expressed and
which also carries a gene encoding an immunomodulatory protein. The virus may also
be mutated for any additional gene(s) which may be involved in inhibiting the function of
dendritic cells including the UL43 gene and/or the gene encoding vhs. Viruses capable
of the oncolytic destruction of tumor cells and in which anti-tumor immune effects will

30  have been maximised, can therefore be provided.



cancer, particularly if inmmune effects are to be enhanced through the use
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di | uent. -

Fig 1. Viruses

From top to.bottom, diagrams show: laboratory HSV1 strain 17+, , clinical HSV1
strain JS1, strain 17+/ICP34.5-, strain JS1/ICP34.5-, strain JS1/ICP34.5-A1CP47-/
hGMCSF, strain JS1/1CP34.5-/ICP47-/ mGMCSF.

Detailed Descrii:tion of the Invention

Al Yiruses

A ht_erpes virus of the invenfion 15 capable of efficiently infecting target tumor
cells and the genes encoding ICP34.5 and ICP47 are inactivated in the virus.
Mutation of ICP34.5 allows selective oncolytic activity. Such mutations are
described in Chou et al 1990 and Maclean et al 1991, aithough any mutation in
which ICP34.5 is non-functional may be used. The genes encoding [CP6 and/or
thymidine kinase may additionally be inactivated, as may other genes if such

inactivation does significantly reduce the oncolytic effect, or if such deletion



Brief Description of the Drawings Fig 1. Viruses Fromtop to. bottom

di agranms show. |aboratory HS VI strain 17-f-, , clinical HS®t Julgt2dédn JS
|, strain 17-i-/1CP34.5-, strain JS 1/1CP34.5-, strain JS |1I1CP34.5
(1CP47-1 WwWOMDSHes strain JS |1/1CP34.5--/1CP47-/ nGMCSF. PDEiGE01/60d25
Description of the Invention A Viruses A herpes virus of the invention is
capabl e of efficiently infecting target tunor cells and the genes encoding
| CP34.5 and | CP47 are inactivated in tfe virus. Mitation of |CP34.5

CP34.5_ and | nactivate virus c3a 5
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ot her desirabl.e. prgperties of the viyus. [CP47 usyally functions to block
anti gen pr’es@l‘}g'ﬁf}f“’g e Wi"ﬁf”é‘ﬁ?’%‘ﬂ:{“%é‘?rl-"@%tﬁmi P%e%‘ﬂil@)‘ PO Iehdeyt 0 a

virus that degsesolie Gotih fytoRiheh NéREoRRe! YBBURs GRINBER @PEIE! Gambat m ght
protect themfrom the host's inmune_system when infected with HSV. Viruses

of the i nventPRaonddireEEaasish e#coBelanB72nraindrRdll. atlngs peesoding,

preferably GVhLGRE . P ki nes such as
RANTES, or other 1 mB1a B oro@tas o 3?3981?’3‘93‘? ﬁgﬁ;ﬁ%&?éﬁsﬂ‘i%p@?&%@_ 2 or CD4OL.

Genes encodi ng i nMiahowsidns altered for dheeipueposmsy déseribadc klrve dmiap dbey ietlheal |y or
in conbingti . ety h L peses crihed above may
be eit herﬂ)t t ?ﬁﬁ%ﬁgogﬁ%&%?élﬁ?g(#a%%él%fl'%'?gm%?’ el ggt%%tﬁg% nctional, or
substit ut ed bpqeenbesy in peyudardyss géne fpaar imcminanmdaylatory ereeeih Guclam GM-

i munonodul atogy protein such as GW CSF. The virus of the invention may be
derived froma HSVI or HSV2 strain, or froma derivative thereof,
preferably HSV 1. Theniruasf thesvemioh ume bk desved fopea A5V ee H8WRRARRSorcoNt ai ni ng

DNA from HSVI. and HSV2 straips. .Such_jnter-type reconpinants are descri bed
Cn the art . 15 BLSTRATEE 5ceoh Brefaaly BSVA| DerYghesiggiude itor-iype

15  recombinants containing DNA from HSV1 and HSV?2 strains. Such inter-type
recombinants are described in the art, for example in Thompson et al, 1998 and
Meignier et al, 1988. Derivatives preferably have at least 70% sequence homology
to etther the HSV1 or HSV?2 genomes, more preferably at least 0%, even more
preferably at least 90 or 95%. More preferably, a derivative has at least 70%

20  sequence identity to either the HSV1 or HSV?2 genome, more preferably at least 80%
identity, even more preferably at least 90%, 95% or 98% identity.

For exmple the UWGCG Package provides the BESTFIT program which
can be used to calculate homology (for example used on its default settings)
(Devereux er al. (1984) Nucleic Acids Research 12, p387-395). The PILEUP and

25 BLAST algorithms can be used to calculate homology or line up sequences (typically
on their default settings), for example as described in Altschul (1993) 1. Mol. Evol.
36:290-300; Altschul er al. (1990) J. Mol. Biol. 215:403-10. '

Software for performing BLAST analyses is publicly available through the

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

30 This algorithm involves first identifying high scoring sequence pair (HSPs) by
identifying short words of length W in the query sequence that either match or satisfy

some positive-valued threshold score T when aligned with a word of the same length



Meignier et al, 1988. Derivatives preferably have at | east 70% sequence
honol ogy to either the HSV 1 or HSV2 genones, nore preferabRyJay 208hst
80% even nore preferably at least 90 or 95% More preferably, a

deri vati veyhassaes | east 70% 20 sequence identity to eitheeridigibidd or HSV2
genone, nore preferably at |east 80% identity, even nore preferably at

| east 90% 95% or 98% identity. For exanple the UWCG Package provides the
BESTFI T program which can be used to cal cul ate honol ogy (for exanpl e used

on its default tt| nﬁgﬁg énger ux, et al (198;% Nucl ei ¢ Aci ds Research
12, p387-395)"2 ISIRIERPASES AhesighbRpiioedmoscqre Buesheldc al cul at e
homol ogy or tm&mm aﬁqaemyc%eietxwﬂhmh hﬁourﬁéb&»b&ldrmtgs&%ééedéﬁ}“ ngs), for
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eI et e R PO AL - R
for initiatTheBEASTCAwRStHD pirafetedIPST &RIK abRiride HRaMsidRG 2Pt s are
extended in quth di reﬁﬁgns al ong each sequence for as far as the

cumul ati V& afieqhgement Ledh prrgram pyee pedeiudts amard i ¥)r6E Litkee word hits
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off by the quantity X mits nmaxi mum achi eved “value cumul ative
score goes t &%z B B%IPOW9lafélgmeftfﬁ@)ﬁé&mmamt@n (B)fofdﬁeMEfp, N¥r e
negat i ve- scobjdgcdfsidiifotblidnaRnt s; or the end of either sequence is
reached. The BLAS al gorithmparaneters W T and X determ ne the

sensitivity and speeBLAST algotithen perfognmesiatistitd enBysAST the dgilairyuses as

def aul t t t

e Kof 1 and e Rarstaiedboyes t Kl ool AR BEPProB R b 5632° 1 001 0)
al i gnments ( BJSA0%0: 5&7 -2383 e Ena trieasurd &)simflaritP proVidad biNek BLASThlgorBAPAr i son of
both strands._ Th AST al th f tatjstical T f th
ol ty 15 BETTRE o RS BEBrogichs R AT TR t Sohul _(1009)

Proc. Natl. peasdbili§y which a match between two nucleotide or amino acid sequences

would occur by chance. For example, a sequence is considered similar to another

20 sequence if the smallest sum probability in comparison of the first sequence to the
second sequence is less than about 1, preferably less than about 0.1, more preferably
less than about Q.Ol , and most preferably less than about 0.001.
A derivative may have the sequence of a HSV1 or HSV?2 genome modified
by nucleotide substitutions, for example from 1, 2 or 3 to 10, 25, 50 or 100
25 substitutions. The HSV1 or HSV2 genome may alternatively or additionally be
modified by one or more insertions and/or deletions and/or Dy an extension at either
or both ends.
Virus strains of the invention may be “non-laboratory” strains. These can
also be referred to as “clinical” strains. A person of skill in the art will readily be
30 able to distinguish between a laboratory strain and a non-laboratory, or clinical,

* strain. Further gridance on the properties likely to be exhibited by virus strains is

given below.
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have been maintained for |ong perio many years In sone cases, In
cul ture. The WHstSHAR, iBfthafiselogion takes plages fprsproperties thatfavour gemiinincauétudenown as
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with the virus,” rus replicates € VIiTus™is then
harvest ed; f rasintepaice of dheecapheity toerdval dotgeeyons i shepragc eSHSYomabiitfudtes one
cycl e of seri@rﬁg%g@age. Each such cycle may take, for exanple, a few days
in the case o . As discussed above, such serial passaging may lead to
changes in the prdfieststrens of titehaventibn us mby bé fon-iabortiosst stedlsan tthadtheiyakes

pl aces for properties.that .favour,gromh_ .in culture 10 (e.qg. rapid
replication) ,arggm%begoféoéﬂ s%miﬁe&f)lgi'y?'is@%teﬁélié’%} ‘TCEﬁLA lﬁ‘ihéi'flfé“l%agtrélﬁbf)f 85t ons,
e.g. i ns enanagion brethialifa&Paeipayeditd tHelcdgal SlnRia0isaRESnd fal MeveC@sg of HSV
or to infect human cells. Virus strains of the invention are magl be

non- | abor at Or?ngag r‘%lf"ﬁgm?’ DUt fay; tipe, &hpnt culture will be comparatively short. Strains

of the invention are prepared in such a manner as to retain substantially the desirable
properties of the original clinical isolates from which they are derived.

A virus strain of the invention is derived from a parental virus strain if the

20  parental virus strain is mutated to produce the virus. For example, a virus of the

invention may be derived from the clinical isolate JSI. The parental strain of such a

JSI-derived virus may be JSI or another HSV1 strain derived from JSI. Thus a virus

of the invention may be a ISl virus comprising a gene encoding an

immunomodulatory protein and which lacks a functional ICP34.5 encoding gene and

1
w

a functional ICP47 encoding gene. In addition, such a virus may contain any other
mutation as mentioned herein.

A virus of the invention is capable of efficiently infecting target human
cancer cells, When such a virus is a non-laboratory or clinical strain it will have
been recently isolated from an HSV infected individual and then screened for the
30 desired ability of enhanced replication, infection or killing of tumour and/or other
cells in vitro and/or in vivo in comparison to standard laboratory strains. Such

viruses of the invention with improved properties as comparéd to laboratory virus



are derived fromstrains recently isolated frominfected individuals.
Strains of the 15 invention are nodified conpared to the orRgilulsi2084i ni cal
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parental Vi r usraftisfagd mensancrmléeeetdeﬁcﬁ thaP fifed Weg fhﬁbﬁ ?{dlrléf'_’» f %@. a virus
of the |nvent|on be derlved fromthe clini 8a |so Qﬁd ﬂipéfﬁe

parental strad™f ﬁe“zi(s) o) mdmwmoslvlmy prateirif® sash a&)GN&ﬁ?SF he:ﬁexi—ISV I
t d i {
strain deri velqief:&gfyl ok sm{gtg;é?r@m% S o uI a{k% elnglo | {émg "éﬂ%ﬁnﬁrfl Vi rus

conprising a gene encodin ory pr ffacks a
functional | CEgths fignctionp g@tneceaawchas@Lﬂmmommmay@eéseme@emg gene.

I ddi ti h \ t.at t1oned
noretn A rue o ezl B1EOAR Dol ol o3t in eniph i Y rrePRC iSRG ¢ ar get

human canceryeesldr dess iheituisidee asoiembm 8f itsSurindefied| cEibieAIHr i Strdih FibinCal
I ated froman HSV i nfected i ndi vi dual

strain it wl, I;s hoaye olgeenf%% en@ $/

and then screéne T RE™50 044 rEap ?ﬁ ¥IdERBORE OREnYRRR B ST BptulER: e,

i nfection or dxainblen@nﬂhoﬁm%ssﬁd’ﬁﬂﬁﬂhth@bhﬁés tHed dl&lﬂl%r\{ésrsr& t%@%cﬁrths' n vivo
in conparison to standa“g_f or atory strains. Such viruses
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they lack functional |1CP34.5 and | CP47 genes enco a gene(s) for an
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has under gon uIture .Si ation of its
unnodi f i eg cﬁ*%ﬁ@%ﬁ@%%@& Cﬂseﬁﬁlgllon o Spe?tmﬁ?)'g %BI‘%SPSP'ELP&PHB‘H, t he

strai n hat unddymealy wne agtedly spent mmfgomgcsthhlupaesagfeor.e. 1B Qg nont hs
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one nonth or #anﬁé}l L8 unc{\/\%‘é%? %f”aftgggms 51" GAY- week or less. By these 1o
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Thus, for exa 1S acon‘m%n practlcetofreeze virus strains in
order to pre ssgg@émfs'a}%erﬁmce isolatio its unmodified clinical precursor strain from its host.

More preferably, it has undergone 500 or less, 100 or less, 90 or less, 80 or less, 70
20 or less, 60 or less, 50 or less, 40 or less, 30 or less, 20 or less, or 10 or less such
cycles.

Preferably, a non-laboratory virus has a greater ability, as measured by
standard statistIcaI tests, than a reference laboratory strain with the equivalent
modifications to perform certain functions useful in the application at hand. In the

25 case of an oncolytic virus for wmour treatment, a non-laboratory virus strain of the
invention will preferably have a greater ability than a reference laboratory strain with
‘equivalent modifications to infect or replicate in tumour cells, to kill tumour cells or
to spread between cells in tissue. More preferably, such greater ability is a
statistically significantly greater ability. For example, according to the invention, a

30 non-laboratory strain of the invention may have up to 1.1 fold, 1.2 fold, 1.5 fold, 2
fold, 5 fold, 10 fold, 20 fold, 50 fold, or 100 fold the capacity of the reference strain
in respect of the property being tested.



Evidently, preserving by freezing or in an equival ent manner does not
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greater abilit or exanple, according to t i nventi
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propertles d [ el carr ed .0 st rd tests, for
exanpl e, :@%Eﬁr %ﬂl&)ﬁng 38 aﬁy raéla eéisl‘?’%e Sf%tbsftlﬁagltfl I9USSt at i st cal
signifi cance mcrlubnMerm]amdmfbdto a | evel of p = 0.05 (5% nore preferably
p=0.01p,p =0.001, 1, p=0. 0000 5 Viruses of the i nventi on i nfect
and replicate in 098’45 ‘?‘%n“%‘hfffgﬁﬁﬁi’gfnlﬁsﬁ Breafer pbi ﬁﬁ’ fipean WigRdifiede| | s
Thus, suchs Vigaresrani ® inRM or epllicAB il ONBRLER, RIEh AP Is or I\@Yeadl ©

sel ectively I‘eR{'I cation conpetent |n tunpur cells. This neans that either

they replicat®™WanCeon tiswies: | elgrmblyiibis abitibhis A statistisally sienifigant ereatenat t hey
replicate norg;ief ﬁﬁ'@kh{ﬁﬁl&,}’a 41&5%&53%{ﬁ% 5hd RvEdiRR nid hQQJh;}HW{of(P?bl s. Cells

in which the virus is ab o to replicate are permssive ce
Measur enent oPlds &pdeld; 3fld. sdpldc ﬁokdn’@ EpSOdeider 100 fold the capacity of the

unmodified parent strain in respect of the property being tested.

20 The properties of the virus strain in respect of tumour cells can be measured
in any manner known in the art. For example, the capacity of a virus to infect a
tumour cell can be quantified by measuring the dose of virus required to measure a
given percentage of cells, for example 50% or 80% of cells. The capacity to

replicate in a tumour cell can be measured by growth measurements such as those

(L8]
L

carried out in the Examples, e.g. by measuring virus growth in cells over a period of
6, 12, 24, 36, 48 or 72 hours or longer.

The ability of a virus to kill tumour cells can be roughly quantitated by eve or
more exactly quantitated by counting the number of live cells that remain over time
for a given time point and MOI for given cell type. For example, comparisons may
30 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



can be carried out by the tests described herein for measurenent of
replication and tunour cell-killing capacity, and al so anal 2$ddlyi2p04 he
statistical techniques nentioned herein if desired. A virus of the

i nvention moefissnbly has a greater ability than an unnodiHdrezBerad@2par ent
strain to infect or replicate in a tunmour cell, to kill tunour cells or to
spread between cells in tissues. Preferabl y th| s ability is a
statistically significant greater abili ty For exanple, a virus according
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remain over tine for a given time point and MJ for given cell type. For
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e A i Mooy
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cel | - ki | I'i nd®ssst PE3,vipgpt &eé’bveBBOWSWﬁMQSJMa?W@IC@7gencb@mgrgfasmr| ng the

reducti on i N have been rendered non-functional, then they will also have been rendered non-

functional in the reference strain. The modifications made to the reference strain
may be identical to those made to the strain of the invention. By this, it is meant that

20  the gene disruptions in the reference strain will be in exactly equivalent positions to
those in the strain of the invention, e.g. deletions will be of the same size and in the
same place. Sixzniiarly, in these embodiments, heterologous genes will be inserted in
the same place, driven by the same promoter, etc. However, it is not essential that
identical modifications be made. What is important is that the reference gene has

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

functional and/or the same heterologous gene or genes is inserted.

B. Methods of mutation
30 The various genes referred to may be rendered functionally inactive by
several techniques well known in the art. For example, they may be rendered

functionally inactive by deletion(s), substitution(s) or insertion(s), preferably by



tumour vol ume engendered by a particular virus. In order to determ ne the
properties of viruses of the invention, it will to generallyZ2bduige®ddabl e
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WO Or

sone of the flanking sequences. \Were nore copi es of the

C. Heterolo'gous genes and promoters

20 The viruses of the invention may be modified to carry a heterologous gene
encoding an immunomodulatory protein. Preferably the immunomodulatory protein
will enhance the anti-tumour activity of the virus. More preferably the protein is
GM-CSF or another cytokine, a chemokine such as RANTES, or another
immunomodulatory molecule such as B7.1, B7.2 or CD40L. Most preferably the

25 immunomodulatory molecule is GM-CSF. The immunomodulatory gene may be any
allelic variant of a wild-type gene, or it may be a mutant gene. The
immunomedulatory gene will be derived from a mammal, prcferably a rodent or
primate, more preferably a human. The immunomodulatory gene is preferably.
operably linked to a control sequence permitting expression of said gene in a cell in

30 vivo. Vin_lses of the invention may thus be used to deliver the immunomodulatory

- gene (or genes) to a cell in vivo where it will be expressed.



gene are present in the viral genone it is preferred that both copies of
the gene are rendered functionally inactive. 10 Mitations af®Jynde04 n t he
her pes viruses by honol ogous reconbi nati on nethods well known to those
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with a vector, preferably a plasm d vector, conprising the nutated
sequence fl anked by honol ogous HSV sequences. The nutated sequence nay
conprise a deletion(s), insertion(s) or“substi tution(s), all of which may
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screeni ng reemmblenadtmqum b es, hdrmlomuarrpstcmbupmgalca"cﬂsmsiﬁ&e With,i fob ty or

fl uorescence. ero ous enes .,and pr.onpters The viruses_of the

i nvention may: 515‘3’1 Eﬂs ‘35 S%WS}g g‘etﬁf’grﬂ(ﬁ%% Hggrféqueéﬁ'ﬁo ¢*Mn

i munonodul atUsFygene; Odjrentlher Ridlemedaulatdriy ehd M0 BB ditkHuddy inkd @t Rickble Wi | |
enhance t he "a t|-tum)ur activity of the virus. More preferably the protein

is GV CSE oPlasmis YReHor SPMBRFiAS Hemes HaRbrGaHeNcsY, sping SlqumeTieenigyies avdt her
i mmunonodul akadwn FPhe GH efh%%éﬁe mieﬂe@?ﬂt@ hivg v1%gxl:omév£’csdtn ne&figs abl y the
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operably | i nkeg bt:@sartftdomortbﬁ gmeqlaence permtting expression of said gene in
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the control sequence.

The control sequence comprises a promoter allowing expression of the
immunomodulatory gene and a signal for termination of transcription. The promoter
is selected from promoters which are functional in mammalian, preferably human

20 tumour cells. The promoter ma}; be derived from promoter sequences of eukaryotic
genes. For example, the promoter may be derived from the genome of a cell in
which expression of the heterologous gene is to occur, preferably a mammalian,
preferably a human tumour cell. With respect to eukaryotic promoters, they may be
promoters that function in a ubiquitous manner (such as promoters of f-actin,

25 tubulin) or, alternatively, in a tumour-specific manner. They may also be promoters
that respond to specific stimuli, for example promoters that bind steroid hormone
receptors. Viral promoters may also be used, for examplé the Moloney murine
leukaemia virus long terminal repeat (MMLV LTR) promoter or other retroviral
promoters, the human or mouse cytomegalovirus (CMV) IE promoter, or promoters

30 of herpes virus genes including those driving expression of the latency associated

transcripts.



provi ded that oncolytic properties are still retained. | mmunonodul atory
genes may be inserted at nultiple sites within the virus gelbdely 2004
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conprising the i nonodul at.qgry. ene d control sequences can be nade
usi ng routi neexewgﬁiuﬁ&resﬁlgﬁ ﬁh?‘ﬁd@ﬁ?ﬂ%@?%”p@l“%&ﬁgﬁ%‘ﬁﬁpﬂdeﬂl the presencart (see,
for exanplse, dvaphneodf tetacitiine. 1989, Mol ecular Coning - A |l aboratory

manual ; Cold Spring Harbor Press). 5 It may al so be advantageous for the
pronmoters to be i r@ﬁ&‘i’lﬁl etplogpust g4nse can be accommodated in the herpes virus

genome. Therefore, a virus of the invention may comprise two or more
immunomodulatory genes, for example from 2 to 3, 4 or 5 immunomodulatory
genes. More than one gene and associated control sequences could be introduced
20 into a particular HSV strain either at a single site or at multiple sites in the virus
genome. Alternatively pairs of promoters (the same or different promoters) facing in
opposite orientations away from each other, each driving the expression of an

immunomodulatory gene may be used.

25 D. Therapeutic uses
Viruses of the invention may be used in methods of cancer therapy of the
human or animal body. In particular, viruses of the invention may be used in the
oncolytic treatment of cancer, either with or without additional pro-drug therapy or
stimulation of an anti-tumour immune response. Viruses of the invention may be
30 used in the therapeutic treatment of any solid tumour in a mammal, preferably in a
human. For example viruses of the invention may be administered to a squect with

prostate, breast, lung, liver, endometrial, bladder, colon or cervical carcinoma;
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PCT/ GB01/ 00225 1 adenocar ci noma; nel anoma; |ynphoma; gliornd; or
sarcomas sucHizaef the grmour padierpreregting wrrad o&mebignast cells frmwthaiisormt i on 5 The

viruses of the’i nl’)ﬁ@trde%dr@yadﬂﬁm%ﬁﬁj% {h@raﬁ?f RAdR tcoPB{nﬁ'Ig I?JQQJLIXS qmlﬂun'an
patient, in need of treatnent atient 'Tn nee ment
i ndi vi du al saphdrmepaygjcally acceptable camier or diluent to produce a pharmaceuncal
composition. Suitable carriers and diluents include isotonic saline solutions, for
example phosphate-buffered saline.
Therapeutic treatment may be carried out following direct injection of the
20  virus composition into target tiésue which may be the tumour or a blood vessel
- supplying the tumour. The amount of virus administered is in the case of HSV in the
range of from 1_0‘s to 10'® pfu, preferably from 10° to 10° pfu, more preferably about
10% 1o 108 pfu. Typically up to 500ul, typically from 1 to 200ul preferably from 1 to
10pl of a pharmaceutical composition consisting essentially of the virus and a
25 - pharmaceutically acceptable suitable carrier or diluent would be used for injection.
However for some oncolytic therapy applications larger volumes up to 10mi may
élso be used, depending on the tumour and the inoculation site.
The routes of administration and dosages described are intended only as a
guide since a skilled practitioner will be able to determine readily the optimum route
3¢ of administration and dosage. The dosage may be determined according to various
~ parameters, especially according to the location of the tumour, the size of the fumour,

the age, weight and condition of the patient to be treated and the route of
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and anti-tumour potential, we have deleted ICP47 and ICP34.5 from HSV1 strain

JS1 and have inserted the immunomodulatory gene for GM-CSF.

Virus Construction (see Fig 1)

The viruses used were cither based on HSV1 strain 17+ (a standard

laboratory strain) or a clinical isolate derived from cold sores from a frequent re-

j3e]
Lh

activator of HSV1. This clinical, or “non-laboratory”, strain is named JS1. ICP34.5
was completely deleted from strain 17+ and JS1 together with the insertion of a
CMV-GFP cassette. JS1 was then also further engineered by the insertion of human
GM-CSF (hGM-CSF) or mouse GM-CSF (mGM-CSF) so as to replace the ICP34.5
gene and by the deletion of ICP47. The derivatives of JS1 discussed herein are also

30 non-laboratory strains, i.e. modified non-laboratory strains of the invention.,



5 The following Exanples illustrates the invention. Herpes sinplex type-|
virus (HSV 1) in which the neurovirulence factor |1CP34.5 |8&1iJus@004ated
has previously been shown to direct tunmour specific cell lysis 10 in tunour
nodel s botwoisnsaspd ro and in viva. Such viruses have al sorbpepomtmsn to be
safe in Phase | clinical trials by direct intra-cerebral injection in late
stage glioma patients. Previous work has used serially passaged | aboratory
isolates of HSV | (viruses derived from3HSV | strain 17+ or HSV | strain F)

whi ch m ght €. ti%iRate .15 to be attenuated in their lytic capability
in human tungxe—géwﬂ-é—gé—i‘éwﬁw ed to nore recent clinical isolates. In
wor k ai med at- produci ng | CP34.5 del eted HSV with enhanced oncolytic and
anti -t unour potenél al have deleted I CP47 and 1CP34.5 fromHSV | strain
JS 1 and have ins W"e@ﬂ kidingy ﬁ%%ﬂmféﬁmcﬁéﬁ@thwswm@o \/ rus
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(hGW CSF) or so as tor 34.5 gene and
by the del et fon %'1% K'Wfs tﬁém}?fnaﬁgifa@fm%‘#‘t‘?Wel n are al so
30 non- | abor astexcytostarcaiins, i.e. nodified non | aboratory strains of the
|nvent|o 21 Juﬁ( 2004 V\901/53 05 yri.c Capabilities, of Viruses
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Further enhanced activity may also be anticipated if these viruses are then
used to deliver genes with anti-tumour activity. Such genes include those encoding
pro-drug activators or immunostimulatory proteins.

An ICP34.5 deleted clinical isolated of HSV1 which expresses human or

20 mouse GM-CSF was produced from JS1. GM-CSF is a potent immune stimulator.
These virus are designed to enhance anti-tumour immune responses following intra-
tumoral injection. These viruses were demonstrated to express human or mouse GM-
CSF using ELISA assay kits (Biotrak, Amersham) when the viruses are produced in
BHK cells in culture. Individual wells of a six well plate produced 0.56 or 0.54

2%
(®}

microgrammes of human or mouse GM-CSF respectively 24 hrs after infection of
confluent BHK cells at MOl = 0.5.

Deposit Information

HSV1 strain JS1 has been deposited at the European Collection of Cell
30 Cultures (ECACC), CAMR, Sailsbury, Wiltshire SP4 0JG, United Kingdom, on 2
January 2001 under provisional accession number 01010209,



astrocytoma cells. 10 Thus, to provide increased oncolytic activity, the.
use of recent clinical virus strains is likely to enhance tB&&Jeipn2004 unour
capabilities of such viruses when used in hunan patients for cancer
treat ment . wieuntsbses Enhanced Anti- Tunour Activity 15 Furt rer/cmlvensed
activity may also be anticipated if these viruses are then used to deliver
genes with anti-tunour activity. Such genes i ncl ude those encodi ng
pro-drug activators or immunostimul atory®proteins. An | CP34.5 del eted
clinical isolgted of HSV 1 which expresses human or 20 nouse GVt CSF was
produced fro CSF is a potent imune stimulator. These virus are
designed to enhance anti-tunour inmmune responses follow ng intra- tunoral

i njection. These viruses were denonstrated to express human or nouse GV
CSF using ELI i - Anmer sham) when the viruses are
produced in g@kgégﬁﬁgﬁﬁﬁﬁgés#ﬁﬁéﬁb Fhdi vidual wells of a six well pl ate
produced 03 56Skiret &. 599926amjet:6agarmm15381 g8 human or nouse GW CSF
respectively r, in confluent BHK cells at MO = 0.5.
Deposit | nf orég‘f"’iedﬁlw&@?‘f’%%h %2112%5 been deposited at the Eur opean
Col | ecti on of Maelkin 3. @B‘blt Ures. VEeAGD) 631AYR,  Sail sbury, WIltshire SP4
QG United Kéﬁ% 2 _January 2001 under provisional accession nunber
01010209. 21 Dok Priges B [ 23a DA RSO Retadr Skes Hi 11 et al | 1995, Nature
375; 411-415 @0§Eﬂl\lﬁétaﬁ|{9g§%9iem§@'3§ef76§q389Ther 6: 81-88 Chou et al. 1990,
Sci ence 250: 1262-1266 WMaclean et al Gen. Virol. 72: 631-639
Gossen M & Bujkampseq erdg998,5gws Gomes HB1 275384 Gossen Met al. 1995,

Sci ence 268: n 998, Virus CGenes 1(3); 275-286
Mei gni er et alikzg%ﬁég'q’? 1583, TRRPRBAM £ 8%'86%-614 PCTI GBOL100225



21 July 2004 17 CLAIMS 1. A herpes virus which conprises a gene encodi ng an
i mmunonmodul atory protein and which |acks a functional |CP34,4, 6p§pdi Ng
gene and a functional 1CP47 encoding gene. 2. A virus accordlﬁg toclaim1l
wherein said inmunonodul atory gene is a cytokine, a chenokine or a
protein capable of regulating T cell proliferation. 3. A virus according
to claim2 wherein said cytokine is GM&BF, said chenokine i s RANTES or
said protein is B7.1, B7.2 or CD40L. 4. A virus according to any one of

t he preceding clains which encodes tUBABVIShore i nmunonodul atory proteins.
5. A virus according to any one of the preceding clainms which further

| acks a functional ,gene encoding. | CP6, glycoprotein Hor thymdine
ki nase. 6. A viruslaccofdi etsog"éﬂ’f/ OHECIDf CRIRRFISSS e Ge ACHE ENGAGRE WAl ch

further lac kSin%nGﬁHﬁocﬁﬂ'aFtl&l@i ?%téiﬁ'%ﬁii @98kh 180RYa %n&ioﬂﬁﬁ@ﬂ’ﬂ.ﬁ?%ﬁ?ﬁiﬁ% gfi .

inhibiting dendritic ce nction. 7. Avirus according to c
whi ch sai d pr gtnsiand edpediiopaldfCP47 ehedsling gapedendritic cell function is UL43
or vhs 8. A virus according to a ope of thepgreced' ng cl ai naulvvhi chis a

strain of herpes sfnple® (s &cprdipe ¥ clgim 1 yhergm sg VRGPS one of

the precedi ngedleaisn® yRkinkS @ titnokik®bp @dpteih [@piNERE Rbulhdlg: husan or
ani mal body by therapy. 10. Use of a virus according to any one of the
precedi ng cl aPiebfargtion he manufacture of a medi canent for the treatment of

cancer. 11 e ageor Sy acEl 8l Ul BRI ARTERM 3
conpri si ng assaid thensokinkgis ®ANTES ar said proseir &CR7. 0] B2 becmagrone of clains 1
to 8 and a pharmaceutically acceptable <carrier or diluent.

4, virus according to any one of the preceding claims which
encodes two or more immunomodulatory proteins.

5. A virus according to any one of the preceding claims which
further lacks a functional gene encoding ICP6, glycoprotein H or thymidine
kinase.

6. A virus according to any one of the preceding claims which
further lacks a gene encoding functional copy of a protein capable of inhibiting
dendritic cell function.

7. A virus according to claim 6 in which said protein capable of
inhibiting dendritic cell function is UL43 or vhs

8. A virus according to any one of the preceding claims which is a
strain of herpes simplex virus 1 or 2.

9. A virus according to any one of the preceding claims for use in a
method of treatment of the human or animal body by therapy.

10.  Use of a virus according to any one of the preceding claims in
the manufacture of a medicament for the treatment of cancer.

11.  Use according to claim 10 wherein said medicament is for direct
intratumoral moculation.

12. A pharmaceutical composition comprising as active ingredient a
virus according to any one of claims 1 to 8 and a pharmaceutically acceptable

carrier or diluent.



