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Tl\ﬁiotechnology and medicine on many occasions. Each is due to the unique ability of
10 viruses to enter cells at high efficiency. This is followed in such applications by
either virus gene expression and replication andfor expre-ssion of an.inserted:
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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in such appli e} by, either viru ene expression and replication and/or
expr essi on of %g% ?nraﬁ}ﬁ% éirls[ %fag’%fé\fli‘é?e&ﬁ%é%fagﬂe@%w atipg 8ilijiey ok dendeitie celist her

deliver and exgeesswiediY.i ICRaRlaha/of @rdRBE celllinh@lvahg AHRE iR NESIohi ch may
be useful in for FXFrTBI e (g{e:rne t her am/ or the devel opnent of vaccines, or
they may be uSEHUP PhIderdfpman gucRiviic HYY Bwlansvigy used fes tha Seatagiti afat i on or

the action of cancdgbiienat, Ganauider-0f 2248 BPLRER0 §RbuehHEL ' X virus
(HSV) has been suyggested to be of. use for the onc?ﬁy‘%%c ?%Z’g'?}nb}gﬁtﬁof

cancer. Here ChEWST ip@upqsamuiRioRe epkipe odichemka. sGhRCORdtes ir¢cently bezn

shown 10 give an enhanced anti-tumor immune effect if expressed from within a

15 tumor cell rather than administered. systemically (Shi et al 1999). Thus in such use
an oncolytic HSV mutant would be inoculated into a primary or secondary tumor
- where replication and oncolytic destruction of the tumor would occur. Immune
responses would also be stimulated against the HSV infected cells, and also to tumor

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.



| onger pathogenic, i.e. does not replicate in and kill non-tunor cells, but
such that it <can still enter and kill tunor cells. For the Zink#y 2404c
treatment of cancer, which may 20 al so include the delivery of gene(s)
enhanci ng t 0&%%és[apeuti c effect, a nunber of nutations to HSV have been

i dentified WHi ill allowthe Virus to replicate in ctfVEPBo%>in
actively dividing cells in vivo (e.g. in tunors), but which prevent
significant replication in normal tissue3 Such nutations include disruption
of the genes encoding I1CP34.5, 1CP6, and thym di ne kinase. O these,
viruses with 25 nut atd I , > . Wth tation of
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trials have al sacahmywedeRal iwiséd BirYplichtidPEbmmLedt ur cifii | e prom se has

been shown for various viruses including HSV for the oncolytic treatnent
of cancer, the naj ofqne\exampiefnebadiment paevidesecherpesudrus tforaisesn awhitedd 60 not

carry a hetero £ i.ch ma hance.the anti-tunor effect. 21 July
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Wi th an inactivati n@nunexampeibodifentgaoeideene8dbne iiEP3¢ 12 mhgsliher with

the delivery of .t he gene encqdi ng an i mmunonodul atory proteln such as
granul ocyt e ma8f dPAEETER! OF thedroatreniof agncef.act or ( GV CSF) encoded in t he

di sabl ed virus geno e i: i e 5 stimulatin roperties
agai nst the tunor t(ﬁ)ﬁlggg%[aﬁﬂggeg?&%%@#&ﬂqgﬁa? i% P WPW‘F@Pi “Hﬁ)éltm&‘i rus
whi ch usual |y redpesng msuagiveespoisas 4 GitdS\accoidant s kelihveridNad §0 been
i nactivated. ' Iltl:or ex%n*ﬁllle t he ggv | CP47 protein specifically inhibits
antigen preseRtAMEETHCR YR{PPRplecerier cefileentHi || et al 1995), and the
product of the UL43 gene and the vhs protein reduce the inmune-stinulating
abilities of dendritic cells to infected with HSV. 1CP47 and/or dendritic
cel | -i nact i vat Bief Dystrigionbiht Didvdnef ore usefully be del eted from an

oncol ytic HSV nutant virus used for the treatnent of cancer, particularly
if irmune effects are to be enhanced through the use of G CSF or ot her

i mmunost i nul atPig\. oWik@ks ne or chenokirte. GW CSF has recently been shown
to give an enhanced anti-tunor inmune effect if expressed fromwthin a 15
“tunmdr cell rather than adm nistered, systemcally (Shi et al 1999). Thus
in such use aREENERIMIHS . {/h d i rimary or
secondary tunor _vvhlg#e reﬁﬁ%ﬁ%ﬁ}ﬁ%!ﬂ%géﬁ%ﬁ@ﬁ’égﬁée“%??ﬁcﬂl%%ﬁé’f%@he t unor
woul d occur. |¥H#MS1, strain 17+/ICP34.5-, strain JS1/ICP34.5-, strain JS1/ICP34.5-ACP47-/

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



responses would al so be stinulated agai nst the HSV infected cells, and al so
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Description o . nyention.A. Vi ru§§§] A herfes virys, of the invention is
A 1 t

th
capabl e of ef ‘?%Pgﬁ‘E‘YE&;“’F Bl iPFrierebly t ffgyatives include inter-type

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



cells and the genes encoding I1CP34.5 and ICP47 are inactivated in the
virus. Mitation of 1CP34.5 allows selective oncol ytic acti vt yuly30ah

nmut ati ons are described in Chou et al 1990 and Macl ean et at. 1991,

al t hough ag@y giisgki on in  which 1 CP34.5 i s non-functionalpcfdgobsossed. The
genes encoding I CP6 and/or thym di ne kinase nmay additionally be

i nactivated, as nmay other genes if such inactivation does significantly
reduce the oncolytic effect, or if such3deletion 21 July 2004 WO 01/53505
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may al so encode other cy nes, c I'nes such a ot her
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i mmunonodul a £l i acl uded i ndiyidual |y or in conbination.
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ot orel n such HE e fboRRE otk neifod ol Hehpe o S e rigiheba |1 om a
HSVI or HSV2 Thé BRIAST alforittnl pafufetde W VRAAQR dbl8RiROThe sBIsRIVAY BlY shebiDY 1.
Derivatives include i niﬁgﬁi’ége 15 reconbi nants cont ai ni ng})DNA from HSVI and

HSV2 st r df ns egligpments T progeaspisten andefaulise vaud eppthdW)icA 1 Like art, for

exanpl e i n TBOAREMeRicorhg maBResed MR niklBiAA LehikbE (Rlo) A288vaPaLlyati ves
preferably have at Ieagt g7I(I)1% sgsq_uengle honol ogly t(gg_ge)lthg'rlvc%rﬁgci(év 1 or HSV2
genones, nor eiprEeiAnPYL5a109] Deadieng s (E\eé 30 mxpectation €F)eofdB) M=3t N+bast 90 or

95% More pref®f abhariséh H8bolv@bhye has at |east 70% 20 sequence identity to
ei ther the HSVI or "HSV2 %enorre, nore preferably at | east 80% identity,

even nore pref er abhyBRAST algotithgOngrfoghes paiistiStlanalesis oftthe silrdiaritgxanpl e t he

UWECG Packag j B El £ogr i .£gn b sed,to cal cul ate
honol ogyClF f o?etg{kegryn%% :S%a%eegesbgg}tg§-k§§fna%|dfp‘ rﬂss\éﬁ'flﬂ?ggéf 7 m(:'[@ffgfié‘ﬂ&%é‘t al .
(1984) Nucl elUSANY: 487 ReEFaCnk nikdsurp@BTmidafy proltived BY theUR. A8 i @&itBh AST

al gorithns ca ed to ca | i ne up sequences

(typically 63&11%)%8#1?3“&8?1&5? albg’gjlf fplt(ﬁag‘}c‘)’g&li‘ g%x’gggﬁ‘b‘lngicﬁ%‘mdﬁﬂg&?ri bed in
Al tschul  (1998pbabilityNdl whitlvOinatch 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 by 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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performnmi ng BLAST anal yses is publicly avail abl e through the 2Ndtly 8ae4
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Heni kof f and Heni kof f_ (1992) Proc. . "Acad. Sci. USA"89:
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t han about 0.01, and m)stb Preferably | ess than about 0.001. A derivative
may have the SBGH&HEUNES byt ary {pmq spent inawliuganlhscompaatiyedyshosy Sisiseot i de

subst i t uti onsef thofnventRHRkSpreRe thsuch Oharhet 8 hQetadIubsthrifly hOesiZBie
substitutions- The HSV 1 or HSV2 ai(Izjganome may al ternatively ‘or adsél tionally

be rodi fied bEFOBEeSH thesriginahelinical akstea fgmovhiclether wrodsrivadd/ or by an
ext ension at eithe ;0 DR Br BRSvention 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 inven-tion may be a JSI 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



Virus strains of the invention may be "non-Ilaboratory” strains. These can
also be referred to as "clinical" strains. A person of skill 21 dulyl2804rt

will readily be 30 able to distinguish between a |aboratory strain and a
non- | abor aM8Y8L/33Ws clinical, strain. Further guidance orPQI/EBAROBRRrtI es
likely to be exhibited by vines strains is given below 21 July 2004 WO
01/ 53505 PCT/GBA /00225 6 The key distinction between a | aboratory and

non-| aboratory strain is that |aboratory strains currently in conmon use

have been nai sitatisResthbn endifieednREh BHS they TRR u¥§idhad 1EP3 £ TR ﬁf’k‘ﬁs en{e(sn
I ni nge nown as

culture. The cuéltur of viruses such as” HSV involves a tec
serial passag¥®d PO bEFnsiTY Ioreannimmymoniotugier, protsin(fsuch eeGM-CSFamBer nf ect ed

Wi th the Viruse cddi®l ¥F & YowbBRdf .4 D cell d the virus is then
har vest ed, fregﬁ cells artea t én (?tg&%h:ﬁ%t%‘lf}egg?és{}ﬁ?osﬂﬁpo@%*snss w@%ﬁ%‘f’k{%{%s one
cycl e of seriwith thsduncHge of deadiiticuth swheb Bladynd/alks nfagralse vaipkgvatal. f ew days
in the casg of HS di scu above, such serial passaging nmay lead to
changes in the pr ?)%eeffg%})levéhgﬁjfaﬁgrqmﬂ e Sg?’t”aqt}ﬁl}e ‘P}ﬁe“flﬂ‘gg“s‘-&% Polreeakes

pl aces for pryspsroriess i dvittrefsince isolagionof s brimaifiddutificdiprécrdr stARFm

replication),. pppsed to.properties useful for practical applications,
e.g. maint enlésﬁiioesgo%{%gmgeéﬁ%&it S/ SHAn E?SaWFrgSP%?F& ¥ERH AL leshin gdiugeader of HSV
or to infect dxample nied henthdbriless, St MALAS oPless) HRee MHMRRY drQ8ks AWl BYonRE
non- | abor at om/@r_ ﬁt rains inrg}a%g?t they are derived fromstrains recently

[ i

isolated fro i Yorm Yot ieiSrato wagkssprnlesspfor (one wepk qrnlgssnt Bunthesee

modi fi ed comafiaions of figeOhi @it@! ik GRle £c‘ﬁ£%1'u§,ts§§m BNdedTBY TRHAV g, SPent a
time in culture, but any tinme spent in culture W be conparatively short.
Strains of t¥émplivEdt rSAmEcE Rsrcdpe fefiedza virug Brainsmamyder ta praserve ehemi.n

subst anti al | ye¢igageslettnhé by RERRES fonl riginal, clinical.isolates
from whi ch t hey arg gﬂgri ve%._ A V{Br s gﬁﬁgieﬁﬁlgge@hﬁé&fnﬁﬁ/g% P qughfaea}si ved
from a par ent®#nginingsthe srain in fulturdy e Thu@Otipaspemt &bzeni ar wsheswisapresérsednigt at ed t o

produce the Vi 4Si.dEQ virus. of the invention may. be derived
fromthe cli nr} cgﬁ i sofnatﬁég Ie%eqﬁg&bsa@h PR P SRRt Ir%ecﬂ’eﬁymfg‘@&eri ved
virus maylbe i Sypicallyanne henalliSdpeht sidemjoingdetialpdsdoe 0. kidhe ddiMiS waicki rus  of
the inventio a JS| virus conprising a gene encodi ng an

i munonodul a&é@%ﬁg’f léllldrj?s%{drl? R tﬁnqgﬁﬁ@%g‘l"uncti onal |CP34.5 encodi ng gene

and 25 a functi ondireftr@bly/a asrciabir@ry0aAR strdif hadfbié o 1,600 1&s W didsHr MY
contain any ot h?(irH mut ati qn  as rgi?ntl oned herei n. virus of the i1nvention
f t

i s capabl e of “BEAATRERTTSF Falttiontof iy ubmpgfied ¢imisghprecursor 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 statisﬁcai 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.



cancer cells. Wen such a virus is a non-laboratory or clinical strain it
will have been recently isolated froman HSV infected indi vEtdaly 2604 t hen
screened for the 30 desired ability of enhanced replication, infection or
kKilling ofwowwsisns and/ or other cells in vitro and/or i nPdmxgsol/2eonpari son
to standard | aboratory strains. Such viruses of the invention with

i nproved properties as conpared to Iaborsatory virus 21 July 2004 WO

01/ 53505 PCT/ GB01/00225 7 strains are then engineered such that t hey | ack
functional | CP34. el pd

i mmunonodul at ory %rt%? g?anggﬁymg%%Sr%\ﬂégl@gsgggeeofheq‘?ﬁe a?o‘?\et? ?ut bysui tabl e
pronot er (s). s@ndud g&the@r eqxstkng-tqstSotf’éﬂ@gA\Mmr oThii squeed e:esas vﬂ“wpﬁtauhe

function of G h as UL43 gnd/o

i nacti vat ed. g réea¥ glf’%l ?incg“;ﬁyg REARENOo 1986}9 é/?ﬁfﬁs sané/‘ﬁ ‘Bf"etﬂﬁ%fe’iaﬁlx)’entl on
has under gonqa%hﬂ@gpw&a@spefoomsppm mebowre since isolation of its
unnodi fied clinical. pre sor strai.n from its host. MNore preferably t he
strain has undergg}d‘%g%‘r{)g dayengpn et and repligate jp imeus cellsesubisauenthi ne nont hs
or |ess, siX Kiliag s @hok@sss. M%ﬁcﬁ@ﬂk%@?eph@ﬁ%nc% &R, PRILRSy, or | ess,
one rmnth or |ess, two weeks or |ess, or one week Pess By thése 1o

definitions Jhrexarseelschvely replirationicemperapitin pumpsr aféisumsyn@p%ﬁﬁt dithexcul t ur e.
Thus, for exadPbflicatelin hinddr @QWEHH'n@trlﬁ‘?xBﬁ ﬁﬁn&u?cgbfse at\fﬁJ qulﬁ:g{e%ﬁg in
order to preserve them Evidently, preserving ﬁ/ I'n

equi val ent mehisetivelioiadurpesr cgllshit ip nga-tumenrgeizs rﬁeﬁg ut\hbcl'sﬂleamms :srabteul ture.
Thus, ti S Y/ .ncluded in the
above de]ErFO ni !tq ?géﬁgﬁ%?é[%:b ﬁgﬁl gsc?‘;ectr.ltt%ﬁ%mnﬁgﬂsp 8%%{ @glecnw rgquca“on CHEGPE 15 i s
typically ti menbetaaed qutbpehctteanmhscrymdrhgreaefm mbaspﬁ:ﬁﬁaag(ﬂ"rephcetlodanﬁE during

whi ch sel ect des aracterjstjc an ,oc Preferably, a
non- | abor at ordf}ﬁ)l\gfil rrc(l%ig kéul m%caﬁa%g'sart?rc]gseraél%WéedleGB%St%tfsnF%§E§ﬁ‘6’3986f Ses or se?/l al

passage si nceamdmsiohat heosin dffdesited. unnodi fied clinical precursor strain from

its host. More preferal? it .has y@g? one 500 or | ess, 100 or | ess, 90
or less, 80 or Vm‘fd’ igyenfigr reteghly, Iaéé?tefﬂb‘ ity thpnsanunmggifisd | ess, 30

or less, &0 qj’ardneﬁﬁa.m @Minfk& 0@ kepli€AS isdiGhout ] Bkill REAfuEARIOY to Rread
non- Iaboratory virus has, a greater ability, as neasured by standard

statistical ths5Yeen celisdn fléﬂﬂ?%f%?%ﬁébf thlé@élﬂlé}t srytagsicallnsigrifipant Esaterui val ent
nodi fi cati ons;pify. pﬁérfe%xﬁbl@ear\hﬁis @cJoHﬁﬁé io%émUéﬁﬂ(oH %%&@J‘\ﬁ) AP fo?daltl |20n at
hand. In the 25 case of an oncolytic virus ur treatnent

non- | abor at orfldyi.pdelds? foid. & feolfl, theld, R%ﬁéd\tSD(f@idwr 100 fotdethe paglabiyy ¢fah!fe a
greater abili th equival ent

nodi ficati ons&%lnohl %&eg‘ﬁs&‘g{@gf&B‘?gﬂ?‘%bﬁﬁﬁfEg“@%@?‘% to kill tunour cells
or 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



to spread between cells in tissue. Mire preferably, such greater ability is
a statistically significantly greater ability. For exanpl e, 24dulgr28Dég to
the invention, a 30 non-laboratory strain of the invention may have up to
1.1 fold, waofsagod, 1.5 fold, 2 fold, 5 fold, 10 fold, Z@CTicHedpo239d fol d,
or 100 fold the capacity of the reference strain in respect of the
property being tested. 21 July 2004 WO 01153505 PCTI GBA /00225 8
Statistical analysis of the properties descri bed herein may be carried out
by standard t A red tests.

Typi cal | y, slfqgl?ﬂa%g ??lmggﬁlgsg&%‘m%ﬂ'ﬂg% é’é’ﬁ?géestecgg PEVEIaNgf p
0.05 (5%, nmombpm@ﬂepﬁtbts; CEl[btj@e%p bp usedDafdy @hé wRbhlceDehefORARY. 5

Vi ft t t |l b tl
i 11 rg the o b Al ChandRl shGob 810 bl G bR ot ot

Preferably, ctohmyhanmnbaae belkita oeﬁt ;enra&ﬁxig falgien taeHoaiant nﬂlrﬂbctr‘éf‘ﬁ%anca I's.
cell s and not

Thi s means, t hat el h ate in tunour

non- t unour’ k&ﬁ ¢ xch.{gi @ fﬁe‘& Cé{’ﬂ Cemhbecaypicd: Qéﬁff%toi“\i%ﬁyﬂﬁorbetcmdr cells
than i n non- tdimﬁuﬂu@eideﬁce aCebahe deﬂsHﬁlh§FA¢'B§ o\f'M’Plsaés% aflnfout c@-t 0 replicate
are perm ssive cel lﬁ Measur enent of selective replication conpetence can
be carried oufillisgabilily maalse beaneasuad i wives eignby weaswiegstbe esdueriondh repl i cati on
and tunour qgﬂnbnrlqohd:h@glgg@g?eglb%épaﬁﬁ gp{qig anal ysed by the statistical
techni ques nentioned herein if desire virus of the invention
preferably has a dﬂ@&?’é‘iﬂd&i?mnﬁyletmnmomnmdstﬁﬁthdmvé:ﬁmpamemit strain to
infect orfepleh&ailiEnd K umpur cel.ls or to spread

bet ween cel | elhn tfgs%esga&éjwée?gﬁdﬂ% %lg%ra% ]I'e%etﬁipce §tmé“ gcfrgf’ﬁng?rfsff’él |y

si gni ficant ghwyatugable sthiadard laborkory refeaanrpd: graimmuy belgsedC bothd cing of BSV/hR

invention ma fold fold, 2 d, 5 fold, 10
fold, 20 fol ysﬁgg&?gﬁ%ﬁ%r&ié 5 oEH#Ni Sgﬁlﬂégl tésg St F Oﬁh‘%gdlsfrinéd par ent
strain in resiﬁféﬁtThffrefdnmepsmmwﬂytybeamghaﬁzesqlﬂﬁalerﬁ&oﬁﬁ&a@é:ﬁﬁ@ﬂﬂalsﬁﬁnm the
virus strain j ct. of rrg) Lgls can be measured_ in any nanner
known in the 5?‘? Y—ep 10%9%§e§t pEedsregresiaig Wil ppicaliy hevst ect a  t unour
cell can he caqan‘albﬁﬂrmﬂ:ﬁc)éuﬂmg&ué 018 Bndl 98B @ hetdioidgBud ?éﬂ!‘é'ﬂs%ﬁlohéj preasure a

gi ven percenttgege of cells, for exanple 50% or 80% of ce e capacity to

replicate in % tansla vigs|of “k?éﬁ"eﬁﬁoqﬁr%ﬁ%%[@y‘*é@GM@P%WIWS such as
those 25 car rﬂa%jbé%bltredd@re& h@nﬁi&ﬁmaﬁhen%& wmﬂsg‘?%é%éeﬂ Qen‘é}eJeH ol W h in
cells over a perjod of 12, 24 ours or longer. The
ability of a fngigaaligthe |T‘FfJFfet1Wﬁlrn dét h@dtfaﬂtlctm@ rrrad@u g:hhg/ rdferamteistraihed by eye
?;rmlmr)]r gvg?a(ﬁ’xfi}ybeq%tcéltt@{h%ge 113¥dect8 H{étsh"gﬂ otfﬂ'n iVEIREL. B?{fthilsl Y& rr(i:e%!fltl tﬁa 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



for a given time point and MJ for given cell type. For exanple,

conpari sons nmay 30 be nade over 24, 48 or 72 hours and usi ng?tdnoly 2084wn
tumour cell type. In particular, HT29 col orectal adenocarci noma, LNCaP. FGC
prostate adeNEIWsCi noma, VDA- MB- 231 breast adenocar ci nOIE/GBBKOREL - 28

mal i gnant nel anoma or U-87 21 July 2004 WO 01/53505 PGI/ GB01 /00225 9 MG
gliobl astonma astrocytoma cells can be ed. Any one of these cell types or
any conbination of these cell types can be used, as may ot her tunour cell
types. It WHYdelJﬁ%nd%leﬁ%lrﬁa)tﬂnﬁﬁ’@@l?]er HGho? pokid g?ﬁ' fle BRG], 4o enttum)ur cell
types for this purpose count t nunber o ive telT T E nﬁg at a
gi ven tinme poivexample delsiiper! gty Omm}qsmtl@e fhybe wadsd, mdulnggnﬂifr&né hig. |ive

cells) can bey n ti beg carri.ed  out

f1 uor escence a@?%%&ggeggﬁl 4 'latrge[ |Cfr%83 ugﬁ(ﬁ\ g? E’W’fa”é%l%é‘ﬁ/le%%’r MPER | -
killing abilipryferhly alas 3 mf&hslmtzedodmlg Midin-Bdilg sétieRRRIASHEHeRhivVaS,
reduction by a particular virus. In order to

det ermi ne henﬁﬁgogler %/rgléu% ezﬁ{]?(ﬁ %ﬂei HeeTe HVF@???‘?%&‘ lepgt I\Q/plqmlte@“%ner ally

be desirabl e rhest peeferabiglat Rdaridod abasaided)y It 18 bekien&sy ﬁ&fe?ﬂe@ td Rimd~Q'FRAr i son.
Any suitable standard | abora {Jgj@y reference strain nmay be used. In the case

of HSV, it iSQtifs &ane ARd s, of s Tigpking seqpsnees-o fWlass ol orsmersi aopiEs of teasSy 1
strain F or HSMk astpradett inhSvirdiiBndid 818 PERrdh i %oéﬂ'éo leEXPh{égﬁ,%x ave

equi val ent nodifications to the strain of the 1nventi bein

Thus, the refeRderddiagtiopslly ippqtivet ypi cal |y have 15 equi val ent nodi fi catl ons
gene del efg ons ang g4l rtions. he.case of a
virus of Edhe |nve(ni{h|10n mﬁr@%ﬁé%%ﬁgmgsl ﬁ (elﬁc% ccoraélﬁ%téo have
been render ednetbedstwalickrionmap thast gellechieythed. IFoabmma\}B\bgamuﬁemdBX g&d non-

functional i f i ficatiqns nade to.the reference
strain may t’}gaﬁq?%g%ﬁ %ﬂ?&f %Phgg\eegtr%fdgwfeg%? hé ey pvestory AumprRmEn theon,

this, it is naanttedtsbmxencz()ﬂatnhed gehe:ndiogouspmswssqueﬂcds h%é&ﬁﬁﬁt@dl@@ﬁ@ﬁd’eal n WI I I
be|n exactly equa ent ons to in the strain of t

i nvention, e.§” a&f Sleoanggl0 a?'}(s)bemS‘wa‘ﬁi Oééﬁlés‘%‘f“fé shrfd Ph Wik maxds pl ace.

Sinilarlysi rbohhﬂﬁ&:d lﬁrrbmﬁierted]ﬁmﬁ}ueéjetxﬁérﬂbﬁgﬁhaﬁuﬁﬁﬁﬁel&téﬂie RéridePgglled in
t he sane plac drlve y the sgne pronoter, etc. However, it i S not

essenti al th t ei‘ﬁ%ﬂ? 41 OMBEFR | %F‘Eﬁ’ﬁ% PREEIREHED), ipm screepingnirsembinanti s t hat
the ref er enceigeacsh dtuie, Pt AR Attt ioRAL pRI T catTons, e.g. t hat
onal an

the same genes are rendered hon- functi or the sane heterol ogous
gene or genes is inserted. B. Methods of nutation

C. Heterologous 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.



30 The various genes referred to may be rendered functionally inactive by
several techniques well known in the art. For exanple, they #bjuly@0@4ender ed
functionally inactive by deletion(s), substitution(s) or insertion(s),

pr ef er abl ywow1/8%sJul y 2004 WO 01/ 53505 PCTI GBA /00225 16CT/d8heaoasn.

Del etions may renove one or nore portions of the gene or the entire gene.
For exanple, deletion of only one nucleotide nay be made, resulting in a
frame shift. However, preferably a Iarb}er deletion() is nade, for exanple
at | east 25% nor 0%, t.h otal. coding and
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the gene are rendered functionally inactive. 10 Miutations are made in the
her pes vi P us BESBI YRSHE| OHBHSNE dCthiviak fegHencRB FBE Slannel tertmimss tllt hose
skilled in tReow In thEQF. ENRMNRIE mdpDY &M G0 ANAViLS _géﬁmét%m&aheget her
with a vector, preferably a plasmd vector, conprising the tated
sequence f| affoduied hap enesilisauerandy asesfiibretansd. Tmmurgmaddatoyegpuenmey may
conprise a degl gll23GS hmid ' |t : 0 Lch may
be 15 construcl?%cf%gy %ngbdtpﬁsz&%g@%ﬁﬁ%eugbsﬁéﬁ%%%‘t%ﬁgﬁgné%/ ffoﬁkc# hod%géé\%% ectabl e
mar ker genes mayfoiseesinplodhd gem@mer green fl uorescent protein (GFP), for

screeni ng,reconbi [ for Ml e -gal.act osi dase_activity or
fl uor escgﬂce. C. E@%]teurag%égig)%%gédgugﬁcees Og)r%e plrrr%ﬂr%? I@?‘Zul%WTﬁ%]evfsr B?ge B the
i nventi on nayppdablynbidkdd ted dootralaseqyenee patrining egoessiog@fithe g2AE o fignoan

i mmunonodul at gry-protein. Preferahly.the i mmunonodul atary protein wll

enhance t he 5%[‘i Th, iegmy ogqf?l?l%illp%ecgf%{eﬁem\ﬁ PEEPOeW err%‘flé]ilgfﬂrgpof‘ﬁgs protein

is GWCSF odeswtibddweé irCy tebitionhip BerGEAD ieAftoSusdioasn BANTRSndeamanat her

i mmunonodul at or rrllr)l ecul e_,such as B7, |, B/.2 or CD40L. Most preferably the

25 | rmuno_rmd\u? t8 VQW%C‘EHE@biIYSh‘@WFICSF"} corfing f%ﬁiﬂ%h‘%’éﬁﬂe&tléﬁwh H¥AL may be

any all aki CsaktpadtkioRlof theWbdidly 5d8n@88 ohided khdemRYndond HMbADle WRINE. The

i mmunonodul atory gene will be derived froma manmal, preferably a rodent or

primate, nor &esoaFRsemiepcea human. The i nmunonodul atory gene is preferably.

gpggﬁFl iynl ' QSEd t pd cS&FﬁlrQhue?l@.g%%Hﬁoﬁsége£ Brbihbg aﬁ&(\p{ngs&lp&@sigé oFdhd gene in
' 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.



vivo. Viruses of the invention may thus be used to deliver the

i munonodul atory gene (or genes) to a cell in vivo where it2wuly 2084
expressed. 21 July 2004 WO 01/53505 PCT/ @GB01/00225 11 The
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expressi on ofysi3erne QeidideS SAURN feBulhfnd aClﬂ)‘r UEALIN NS EuE 0PI L ONS 08

| gr[;‘?,atl bl e
with the control sequence. The control seque}rj]ce conprises a pro
al | owi ng expriaghgreamprise hkererplegensaeneiencadios yhe tegarpresod VR Girgnadptioosl

termnatign Oictlgfartgrnﬁlgmh%&tgiﬂ Qrethg rc%H?(;lle gn%g%g&ét%xd {ef [ OIH% @Wéer 3

which are functional in marmall erabt The
pronot er nmay mgnd@r)lmédiﬁmnmrpmddamry gmqtmmvdmsmdér thukﬁﬂm@bfﬁ:prcgejf@s For
exanpl e, the derive romt he. acell in_ which
expr essi on Oer«{p%HH ot'@r G o%gugpﬁ%sﬁlédYélé)éraﬁicgag “agr‘iﬁ%?t% FYSIOP REMRIRI i an,
preferably a preniwusit tepomed (Risten a\ﬁﬂtBum&,spEQt Gossegekar, 1093)C THO ML BES, t hey
may be prormt ers, that functfl on in au ui t ous mapner (such as pronoters
of 3-actin, ZEPHG,FFREGSIORPT thy mmungmp qti?w §ee éf’ofl{ﬁin‘tlftﬂ?“ds?fb@iefﬁ“??e‘??ﬁnner
They may &:I S wrhdseptOmbedcsclidehat respond to specific stimuli, for exanple
pronoters that bin 1\3 steroi d hornone receptors. Viral prom)ters may al so be
used, for exanpl e XWEPKLIFRIPEOU E5NSE cap ek aesairpogpiedisin| Bagharresnyival r epeat

(MWLV LTR) prepeher Q"heﬁ?d?@r al GRUOBE @l inDERRRT ﬁl'ég’ coﬁbﬁq@%n oP'mfRUSE

cytonmegal ovirus (CW) |E pronoter, or pronoters erpes virus genes
i ncl uding t de@PWii‘HgtoékB?f@&sf%rﬁX@ﬁplt hfeorh & &3y 4 aw'sb dinptueeinodulatory

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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cassettes and other suitable constructs conprising the i mundhndduleiory
gene and control sequences can be nade using routine cloning techniques
known to pepsvemoskilled in the art (see, for exanple, Seobceekooesas al .,
1989, Mol ecular doning - A laboratory manual; Cold Spring Harbor Press). 5
It may al so be advantageous for the pronoters to be inducible so that the

| evel s of expression of the i munonmodul Btory gene(s) can be regul at ed
during the Life-ti.ne of the tupour cell,. Inducible neans that the |evels
of expressi oﬁd%n% %?‘H%‘Hg’ Ml ag0pay EIRhe M $ligma, §TsaEeomag §Hpb 25 Soft U 2k anpl e, a
virus of thebomvearbman may further conprise a hererol ogous gene encodi ng
the tet repressor/VP 16 transcriptional to activator fusion protein under
the control of a strong pronoter (e.g. the CW IE pronoter) and the

i mmunonodul at@ry adpfnig@xtidle under the control of a pronoter responsive to
the tet repressor_ VP 16 transcriptional activator fusion protein

previousl y report &b viegss ehthengvatipamny Booed iGa petenteprefzfablyl®@8)an Thus, in
this exanpl gz i he, 1 : WOL end on the
presence. 15 A B L e R e e o R R AR8ERE °Can e
accommodat ed fiom ¢aneerhprefreably, an inslividiah ot a Sollid rrehoure, The aitraf shepdpetiite

i ti ise: . t. f I
rome (o 3 oaengs i i heBpfoh SEU ARG b ReBRgefbmi

associ at ed casing elvimeqgfiithndpentauhitictiaes the se6p0eE 02 the dahera Apaethba b ar HSV
strain either at si-ngl e site or at |tiple sites {n the virus genone.
Al t er nat ilbel ye%ﬁts oS+ %V%rrmatc‘é‘?rgmgt We%%m’é‘eﬂ}m’ﬂi FIRpTIsAT  FURRIEER% ) f aci ng
in  opposit e tiefipemically effsctivaaynduhO6T £agks QF BYY inv@meh 1§l pHiBg dulfer@XPr essi on
of an imunqgnodul atory gene may be used. 25 D. Therapeutic uses Viruses of
the inventi o Re§ & lié’é‘z“n’isﬁat.??étoﬁéaé’nﬁqu%chf&rOft‘W&W%FO ehiadividyalan or

ani mal body. shfferid@ontalhidiour VAll §SRAIPEILHE BV ERE &&ﬂbms_fa&r%ﬁg dhd) the
oncolytic treatnent of cancer, either with or wthout additional® pro-drug
therapy or &FF AARAIRAIT Brd/erprexeriing prsdiof malignsat oells fomske tumbnuses of the

i nventionsmay be 8. Wsathdl dF ardﬂ%igtgﬁﬁgagﬁfﬁbgQHJoﬁ‘ﬁgtc%Bﬁﬁng thgqrymigthﬁlda t umour
in a manmal , refera_bI%/ in a human.” For “exanple viruses of the invention
may be admi nipBarmaeapticallya ageepjablet cairieh orprdgs¢rat ®, poodmasta pharmgeedticaler ,

endonetrial, cg’rlnﬁ‘&ﬁf‘ornz §8E%Q &S ¥4 Cd?lluen sa rin%!lu%gr{?dtonic 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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| ynphoma; gliorna; or sarcomas such as. soft tissue and boB&Jel2004ms. E.
Adm nistration 5 The viruses of the invention may be used in a patient,
pref er abl weoolisssen patient, in need of treatnent. A patpenGeowomsed of
treatnment is an individual suffering fromcancer, preferably an individual
with a solid tunour- The aimof therapeutic treatnent is to inprove the
condition of a patient. Typically theraffeutic treatment using a virus of
the invention. allieyviates.t pt ans, of . t he .capcer... A net hod of 10
treatment of a%%ﬁ‘é%?“%%c%? f&f“‘ﬁ@ tﬁ%% S?Mﬁielr%irpyc PUEEOIUHG stering a

t her apeut i caldmyowef The vinwensyradiorte adimidstyred BstepdicAllR@r byinftib®md Hbldogat i ent
suffering from can(ier. dm nistration of an _oncalytic virus of the

i nvention t o V&I SHERWNG {0 me s {IBF PRMYR Ste of amRIStalior WY genesdipr y kil | t he
cell s of thefeusEion bidSzO6GEeRaMog the size of the tunour and/ or
preventing spread_of nmalignant cells fromthe tunour. 15 One nethod of

adni ni st ePi ng- t he Bpipliowing Eramples iHyswateghe eeRtionus with a  pharmaceutical |y
acceptabl e carrier or diluent to produce a pharnaceutical conposition.
Suitable carriers and diluents include isotonic saline solutions, for

exanpl e phosphate-buffered saline. Therapeutic treatnent may be carried out
foll owi ng direct inj i th ELUS G osition, into target tissue
whi oy bt he RS b Wpe s SV LIS GATRE B AR Belsfl 9T
amount of vi 10B34dliviimctivaedithsipseviausly beercshoenad dikdShiuimoui dpecific agiplgsiof from
to 108 prt. Topimeh FTHEovs rebBTeat ol St Brrage SeBbSostomh Bk abl y
from1l to 1@kfedf Pimspheliti®t aials yalireedniosdrttirallinje@ivaiin e hge ghignti al | y of
the virus and a 25 pharmaceutically acceptable suitable carrier or diluent
woul d be use®2FD¥S-i nj ection. However for sonme oncol ytic therapy

appl i cations | ar gefevitRk WiBShad RsddQeddFlpab@¥ed idbstRoRsdiaathr pendi ng on the
tumour and the inoculation site. The routées of adm nistration and dosages

descri bed ar éVirHeLtraead BAMHRAE! drainghfiteps B Vlowraln R pibichevichirtgenticipeeer wil |
be able t@ de} 6L MeBakELRAhY1ylibEap@RlilyTH ﬁ{h{ugymmu?&u% &Q@afyd% ffd on and
dosage. The dosage nmay be deg(erm ned according to various paraneters,
especial ly acmnmlmg:a{@olﬂm | ocation of the tunour, the size of the tunour,
the age, weight a i L4 ; t4d en g reat nd, t.he route of
21 July 2004 WO Oilfgg@(%gﬂn&d ﬁrﬂaro%.lmhg?cm.a @el&eéﬁs@%\nﬁl eﬁfi‘an@gd 9ncgly'¥1c

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.,



14 PC 1GB01100225 adm nistration. Preferably the virus is adm ni stered by
direct injection into the tunour. The virus may al so be adnRhisly@ped
systemcally or by injection into a blood vessel supplying the tunmour. The
opt i mum r owb@/sesesadni ni stration will depend on the | ocarceBewd2si ze of
the tunour. 5 The follow ng Exanples illustrates the invention. Herpes
sinplex type-1 virus (HSV 1) in which the neurovirul ence factor |CP34.5

is inactivated has previously been showd to direct tumour specific cell
lysis 10 in guggﬁg arrcl! gi%l sfﬁoth invitro and in viva. Such viruses have al so
been shown t | clinical trials by direct intra-cerebral
injection in {ate stage glioma patients. Previous work has used serially
passaged | abor at o%t ol ates . of HSV | (viruses derived fromHSV | strain
17+ or HSV | stra ‘F@ Wil rangpiitigreverp erhengsdtvath the £5 lrderived nen-enuat ed i n
their lytic ¢aBARIY stdnd dbril t recent
clinical isolates. yl n wor Kk %ﬁeﬂglggmgé%oggglﬁb&&e%g%&%# et‘g@{tﬁgv wth
enhanced éncdydpeéved sneinarivipremarisulerlpahedfiliZs- vims, havis] daéthd CB3.5 CP47 and

| CP34.5 from nodul at ory
gene for Gw&%ﬁliééeg(g?{d}a%@ strgﬂbtql onyrﬁ ggﬁh{lees iﬁﬁ%c?}f’rreﬁ s used were

ei t her based aggnoiBsinpmetINGaF. MP(oataetadad)aardmoinammmfz:ﬁtUreasn) or a

clinical isol sores froma t.re 25 activator of
HSVI . This c|a%“§8%?$b%§%g”§@r? ?é)%‘o g pelanoga agd H?@H@%’&Fﬁ%ﬁ? | CP34. 5
was corrpl etela;trazl:gioetaedllsfrom strain 17+ and JS | together with the insertion

of a P cass JS <J1' was then also further en |neered by t he
i nsertl on'’of huna BcosrefGeR @‘?/# TeseRiVilingR) Visws as to

replace the sik&RS4. Ilﬁely@rﬁélﬁza@d%d.h@%ntthﬂoﬁi@agiﬂﬂﬂ&sQf‘ suciRihises WhEn Qs%ﬁhfl atives of
JS 1 discussed herein are also 30 non-laboratory strains, i.e. nodified
non- | abor at o “@%Pﬁieﬁé‘f OrCanesE MEHRERt i on. , 21 July 2004 WO 01/ 53505 15 Lyric
Capabilities of Viruses PCT/GB01/00225 Lytic (cell killing) capabilities
wer e enhanced with the JS 1l-derived non- |aboratory strains derived virus
in all tumoufurhsrEnhegeed Angdumgupdctisiiypared with the

15

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,



5 1.7+ derived strains. Mre particularly, the JS1/34.5- virus, i.e. JSI.
with 1CP34.5 renoved by del etion, showed enhanced |yric capabiltlyDes in
HT29 col orectal adenocarci noma, LNCaP. FGC prostate adenocarci nona,

VDA- MB- 23| wr@asgs adenocar ci noma, SK- MEL-28 mal i gnant necaroswvemd U- 87 MG
glioblastoma astrocytoma cells. 10 Thus, to provide increased oncolytic
activity, the use of recent clinical virus strains is |likely to enhance
the anti-tunour capabilities of such virlfises when used in human patients
for cancer trggtpent. Further Enhanced Anti-Tumour Activity 15 Further
enhanced activrtynay al so be anticipated if these viruses are then used
to deliver genes with anti-tunour activity. Such genes include those

encodi ng pro-drug activators or inmunostinulatory proteins. An | CP34.5

del eted clini i i ch expresses human or 20 nobuse

GVt CSF was prggu%ggq??%%ﬁ%%@\{/&é%gi S a potent inmmune stinulator. These
virus are #lesbigred. { WehaecEemnTher 6USBRE | NMune responses follow ng intra-
tunmoral injectjon. viru _were _denonstrated to express human or
nouse GV CSF&E%UI‘?ﬁ@IEﬁ@&c‘g%‘??&ﬁk%g'l@gﬁotrak, Aner shan) when the viruses
are produced Macle@Hfaf @bd5 Ji GerC WhirbLI7e: 63 0gdigvi dual wel s of a six well plate

produced 0.56_.or 0 54 25 microgrames of human or nouse GW CSF
respectivel y 995sfp M &Huaed fy, PYASEP: 5343rPlent BHK cells at MJ = 0.5.
Deposi t | nf or qadstom #3) 105 skidhet 248 I7hagepeen deposited at the European
Col l ection of_Cell 30 Cul tures (ECACO), MR, Sailsbury, WIltshire SP4
QIG Unit &Y KIkpgense eloth 1998, imsdrepe Ok 20Ra86 provi si onal accessi on nunber
01010209. 21 : 5 ences H Il et al. 1995, Nature
375; 411-415 %M%ﬁiegg?é.alﬁ,g%ﬁggh@%@%gTher 6: 81-88 Chou et al. 1990,
Sci ence 250: 1262-1266 Maclean et al. 1991, J. Gen. Virol. 72: 631-639
Gossen M & Bujard H, 1992, PNAS 89: 5547-5551 Gossen Met al. 1995,

Sci ence 268: 1766-1769 10 Thonpson et al. 1998, Virus Cenes 1(3); 275-286



Meignier et al. 1988, Infect. Ds. 159; 602-614 PCTI G01100225 21 July
2004 17 CLAIMS 1. A herpes virus which conprises a gene engpggpgogp

i mmunonodul atory protein and which | acks a functional |1CP34.5 encoding
gene and a functional 1CP47 encoding gene. 2. A virus according to claim1l
wherein said inmmunonodul atory gene is a cytokine, a chenokine or a
protein capable of regulating T cell ptbliferation. 3. A virus according
to claim2 wherein said cytokine is GWwCSF, said chenokine is RANTES or
said proteinis B7.1, B7.2 or CD40L.CHAIMSvirus according to any one of

t he preceding clainms which encodes two or nore imunonodul atory proteins.
5. Avirus according to,a one Qf the preceding clains which_ further

| acks a functi onal 'geneAe_ Sng/irus CPIChy| BRI eitn er etl‘{’g‘i]h‘igji ffe
kinase. 6. A MhhHSorRGRRIGH Brottf?n a¥ WRRhAhclshe f?ﬁ&ﬁ)ﬁﬁi‘ figp 4 e a%qﬁ\fé@ gp

further | acks a gene encodi hg functional copy of a protein cap

inhibiting dgengrandiadunaionalf IGR4Y ienending gohevi rus according to claim6 in
whi ch said protein,capahle of inhibiti ngﬂ engriti%@;ell func ilon is UL43
or vhs 8. A virus Accor i Bt 3HRE e Clgin | Whiseme 3 Agmwpampdvlaitieh i s a

strain of hergas B inél faUghdmd¥ine? or % pﬁte{ﬁrddﬁalﬁ&%@rfé'gmguﬁgaﬁee/ll one of
the preceding clainms for use in a nethod of treatnment of the human or
ani mal body bprolifesatigsy. 10. Use of a virus according to any one of the

precedi ng clains i th facture of .a Lcanent for. the ment of
cancer. 11 . Use azsc':]'cor d‘lg‘n"gl%{gt)é Cg rgllnlgﬁg(?ia\}\ﬂer vé’gﬁre?aﬁab& %glflgahseﬁt\&?gkf or
direct i ntr asaidrchicahokiineois WANTES or da2d pAtdih & BRCERT.D ¢alCDaonposi ti on

conprising as active ingredient a_ virus according to any one of clains 1
to 8 and a phar mactut i c8l Y§usaaecapting|te anygnej e ther prgpediegh 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.





