21 July 2004 WO 01/53505PCT/GB01/00225 HERPES VIRUS STRAINS FOR GENE THERAPY Field
of the Invention The present invention relates to herpes virus strains with improyegiagtog
5tumour activity as compared to previously known strains. Backaround to the Invention Viruses
have been shown to have utility in a variety of applications in biotechnology and medicine on many
occasions. Each1§ §i&*t8he unique ability of 10 viruses to enter cells at high SFREIEREYRRTs is
followed in such applications by either virus gene expression and replication and/or expression of an
inserted heterologous gene. Thus viruses can either deliver and express genes in cells (either viral or
other genes) which may be usgfet:imfor gens. the sl elopment of vaccines, or they
may be useful in selectively atiorrot-tf "—'- gratetivered gene in for
example cancer. Herpes simplex virus (HSV) has been suggested to be of use for the oncolytic
treatment of cancer.igge, theMisys.muyst however be disabled such that it is no longer pathogenic, i.e.
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 cancEREWHTER By PtisisErirefutie imdeliveny vfgenefs) enhaneingdhe
therapeutic effect, amnnmberatmulatansdeHtshaveheenddentfied which still allow the virus to
replicate in culture or in actively dividing cells in vivo (e.g, in tumors), but which prevent significant
replication in normal tissue. Such mutations include disruption of the genes encoding ICP34.5, ICP6,
and thymidine kinasBa¢tthesévihedesanditn 25 mutations to ICP34.5, or ICP34.5 together with

mutation of e.g. ICP6 havegg far show-n.the most favpurable safety profile. Viruses deleted for only
ICP34.5 have been shown to replicate in rﬁ}aﬁ%g}mtﬁng}r gaeYFtyuﬁl YinVifto aHa o LelBBlivalpeghicate in

artificially induced bPaifeelifdpgmediesditie eparing suasundiBg fissurcEatly: siage:clinisaldrials have
also shown theis safgiydBs RRa3PEAWeY e WhilgRromiseha n.shown for variaus viruses
including HSV for the oncolytic treatment o_%?cancer, ‘tgggmmqjor?tsﬂ/bﬁgﬁ %‘{ivse(\l/ovf)nrl? Tas e VTS Btrains
which do not carry & NetertBo8E e TRt Ay srtkABatnd(ati-wrrrssssiect! an. inserted

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

viral or other genes) which may be vseful in for example gene therapy or the
development of vaccines, or they may be useful in selectively killing cells by iyiic
5 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.c. 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

26 also include the delivery of gene(s) enhancing; the therapeutic effect, a number of
mutations to HSV have been identified which still allow the virus to replicate in
cuiture or in actively dividing cells in vivo (e.g. in tumors), but which prevent
significant repl-ica‘eion in pormal tissue. Such mutations include disruption 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 artificially induced brain tumors in mice while sparing surrounding tissue. Early
stage clinical tnals 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,



2 We propose that the combined use of HSV with an inactivating mutation in the gene encoding
ICP34.5 together with the delivery of the gene encoding an immunomodulatorv protein such as
granulocyte macrophage colony stimulating factor (GM-CSF) encoded in the disabled virus genome
may have optimal immune 5 stimulating properties against the tumor to be treated, particularly if
functions in the virus which usually reduce immune Xesponses to HSV infected cells have also been
inactivated. For example the HSV ICP47 protein specifically inhibits antigen presentation in HSV
infected cells (HilWetrabii80B)atahelcthebpratiuetod ¥ Witk gngeme amtidgheutdispioteérgeeduce the
immune-stimulating apjlities of dengritis. Gells 40 ifeciad ith &Y. IGRA7 andlardengritic
cell-inactivating genes might therefore usefully be deleted from an oncolytic HSV mutant virus used for

the treatment of CAREBPTIAMRETA SR e BRI QrE to B CRREET SH AT o HIgAYAL Ese of GM-CSF
or other immunosimau@idhyCefiokineial chdmdkibied GvisQSkohasuacenttydpéen! shown:to give an

enhanced anfi-tumporim ngﬁégFaEaﬁ%éPEﬁéﬁﬁgoFr&”%é"ﬁfé%i@dagéﬁ&&@Bf el atheihan administered

systemically (Shi et al 1999). Thus in such use an oncolytic HSV mutant would be inoculated into a

primary or seconts, HHb HEHHEr SeAuSh dRBRIER SRS it L G0 TP Y fiB P§68uld occur.
Immune responsiescireitd afso keastineuthtetiaigalositheiSY infedfedigellshiand adsigdo tumor cells

elsewhere which hadyspraad fiRf) R riman wmoLslieaBumBaNGAlhe lnvention;  One

example embodiment provides viruses with improved capabilities for the Iytic destruction of tumor cells
in vivo. Herpes sBiSI&xA/iHG < ir IR RARBe B SHTRRSF IS At & (f<%ndrigic 1982 in which the
genes encdding b&R:34 . biand TC Pa74haxre/be éminaictivditech shiakirth atacfuncilanatkid?34.5 or ICP47

protein 25cannol,og fYpLesRAMLI IR AR £AHRs AAERSARCRUING CAL GBn. of The

virus may also be mutated for any additional gene (s) which may be involved in inhibiting the function
of dendritic cells ?ﬁ@ﬁdﬁ?&‘ﬂ?@ﬂﬁ‘ﬁ%%%ﬁi?ﬁq DgenRARTfaTIIAIRDNRS Up eEE8EApEble of the
oncolyt'ic ‘destruoj'fo&m-tumﬁmﬁaﬂﬁ@mdr;n mhh@miMGm.mmum M&bh@ve.;é&een‘ .
somaximised. cag e ore. 06 AIMARH: s AGPIHNGIC ARATPRELALIE RIgSERkIRUenion. there is
provided a herpes virus which comprises a comprises a gene encoding GM-CSF", which lacks a

functional I1EP34BBMctsHirghgeharaininiRpiedisrraTepi7 ercb aing GenEdghth Wisithsis*fe plication
competent in tumesiaellESSOneexamplicoe mbadireRtpipHdas ahegasirtusdarwise:in a method of

treatment of the Qa% 1819788 Iglllgtlfﬂ?fgg et?;%&pt%na BY¥ the tumor would occur. Immune responses

would also be stimulated against the HSV infected cells. and also to tumor cells

eisewhere which had spread from the primary tumor site.

20 Summary of the Invention

One example embodiment provides viruses with improved capabilities for the
Iytic destruction of tumor cells in vivo. Herpes simplex virus strains can be
{ constructed using a strain of HSV 1 or HSV2 in which the genes encoding ICP34.5
and ICP47 have been inactivated such that a functionai 1CP34.5 or ICP47 protein
25  cannot be expressed and which also camries a gene encoding GM-CSF,
- The virus may also be mutated for any additional gene
(s) which may be involved in inhibiting the function of dendritic cells inchuding the
ULA43 gene and/or the gene encoding vhs. Viruses capable of the oncolyvtic
destruction of fumor cells and in which anti-tumor immune effects will have been

30  maximised, can therefore be provided.



One example embodiment provides a use of a virus in the manufacture of a medicament for the
treatment of cancer. One example embodiment provides a pharmaceutical composition
comprising 10as active ingredient a virus according to the invention and a pharmaceutically acceptable
carrier or diluent. Brief Description of the Drawings Fig 1. Viruses From top to bottom, diagrams
show: laboratory HSV | strain 17+" clinical HSV | 15strain JS1, strain 17+/ICP34. 5-, strain JSI/ICP34.
5-, strain JSUICP34. 5-5CP47-/ hGMCSF, strain JSWICP34. 5-/ICP47-/mGMCSF, Detailed
Description of the InveAtiand2QAwY i sesect omhhmmui&m&zﬁfotheﬂmemtﬂﬂﬁwiaeaapab&ge@f efficiently

infecting target tumar ce @%@Qﬁﬁ?e@?@&ﬁp?ﬂ&og J%ﬁ%ﬁzﬁ W &FM are inactivated in the virus.

Mutation of ICP34.5 allows selective oncolytic activity. Suc mutatlons are described in Chou eta!

1990 and Maclean eta! 1994t gk fgframipinulatidh inThinéRe Zsrcpdsesiadienaiuiietidnal may be

used. The genes encdding:+CRE anttiot:thyinidioe donasemayadditienally be inactivated, as may other
genes if such inactivation does significantly reduce the oncolytic effect, or if such deletion 4 enhances

oncolytic or %Iher de5|@pﬁ!e %{85?%%%8& %twrigmcli(a%Pql suaMu?ctlgsgesetsr%%co ({m gen

presentation in FISV-infect S SO |ts Isruption leads to a virus nfer on infected
tumour cells prop&iHEsthal i gHTBRSTEEERR PHOR aaRYsts immune system when infected with
HSV. Viruses of the invention 5 additionally encode the immunomodulatory protein, GM-CSF, but may
also encode other cytdleinesmhieraakitesauphasRANIES, oretherimmunametkiaiory proteins such

as B7.1. B7.2 or GRADL e for the treatment of cancer.

One example embeodiment provides a pharmaceutical composition comprising
{ 10 as active ingredient a virus according to the invention and a pharmaceutically

acceptable carrier or diluent.

Brief Description of the Drawings

Fig 1. Viruses

From top to bottom, diagrams show: laboratory HSV1 strain 17+, clinical HSV1
15 strain JS1, strain 174+/CP34. 5-, strain JS1/ICP34. 5-, sirain JS1/ICP34. 5-/ICP47-/
hGMCSE, strain JSI/ICP34. 5-/ICP47-/mGMCSF.

Detailed Description of the Invention

(_ 20 Al Viruzses
A herpes virus of the invention is capable of efficiently infecting target tumor
celis and the genes encoding ICP34.5 and ICP47 are imactivated in the virus.
Mutation of ICP34.5 allows selective oncolvtic activity. Such mutations are
described in Chou et al 1990 and Maclean et al 1991, although any mutation in which
25 ICP34.5 is non-functional may be used. The genes encoding ICP6 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
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Viral regions altered for the purposes described above may be either eliminated 10(completely or
partly), or made non-functional, or substituted by other sequences. in particular by a gene for an
immunomodulatory protein such as GM- CSF. The virus of the invention may be derived from a HSV 1
or HSV?2 strain, or from a derivative thereof, preferably HSV 1. Derivatives include inter-type
recombinants containing DNA from HSV1 and HSVZstrains. Such inter-type recombinants are 15
described in the art, for example in Thompson et al, 1998 and Meignier et al, 1988. Derivatives

preferably have aﬁmya%mm@mmma&wm&ae@m% blﬁlvl@#%é{x%%%ﬂm&é more
preferably at leas} .80 ;{ eah/gpmgnoreegt {grgabltﬁ\} m st 90 R 95%ts ore preetLF rably, a derivative has at
least 70% sequence |tj?k entity to & or ge?}(%?ﬁe MRS BPREFS R At TBhist 80%
identity. even moF@ﬂbiié?é%W@@éﬂm&%%!}lm/@@b%%m@nﬂmmightmmtamnléﬁhe UWGCG

Package providemmcaﬁaﬁﬁﬁ&a@r%@m whishiean:be useddeealoylate hemglogy (far example used
on its defauItSsettn%g% LDﬁveI[igu t al. (1984 Nuc elc Acids Research 12 p387 395). The PILEUP
and BLAST algon ms can e%see(ﬁo cafcuiatens 8766 Bt me up seqﬁé/lil f%l‘&‘ﬁﬂy 250n their
default settings), #5 estanisleotisrdesekised |¢hﬁ1t€$@lh@ﬁ (10D 3)sJ RMBIES obr 38eP90:B@R- Altschul et al.

(1990) J. Mol. BighoddicHP3keins Siftwate far perferming,BLASHanalyses is publicly available
through the National Centre for Biotechnology Information (htm://www.ncbi.nim.nih.gova This

algorithm involves first identifying high scoring sequence pair (HSPs) by 30identifying shon words of
length W in the query sequence that either match or satisfy some positive-valued threshold score T
when aligned with a Wbireffithve sltemsd fendthp@bdedyd200led above may be either eliminated

10 (completely or partly), or made non-functional, or substituted by other sequences, in

particular by a gene for an immunomodulatory protein such as GM- CSF.

The virus of the invention may be derived from a HSV 1 or HSV2 strain, or from a
derivative thereof, preferably HSV 1. Derivatives include inter-type recombinanis
conaining DNA from HSVI1 and HSV2 strains.- Such inter-type recombinants are
15 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 either the HSV1 or
HSV2 genomes. more preferably at ieast 80%, even more preferably at least 90 or
95%. More preferably, a derivative has at least 70% sequence identity to either the
HSV1 or HSV2 genome, more preferably at least 80% identity. even more preferably
20 atleast 90%. 95% or 98% identity.

For example the UWGCG Package provides the BESTFIT program which
( can be used to calculate homology (for example used on its defauif seftings)
(Devereux et al. (1984) Nucleic Acids Research 12, p.38’7—395). The PILEUP and
BLAST algorithms can be used to calculate homology or line up sequences (typicaily
25 on their default settings), for example as described in Altschul (1993} J. Mol. Evol,
36 : 290-300 ; Altschul et al. (1990) 1. Mol. Biol. 213: 403-10.

Software for performing BLAST analyses is publicly availabie through the

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

This algorithm involves first identifving high scoring sequence pair (HSPs} by
30 identifving 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



WO 01/53505PCT/G801/00225 5 in a database sequence. T is referred to as the neighbourhood word
score threshold (Altschul et al., 1990). These initial neighbourhood word hits act as 88elidyfadiHitiating
searches to find HSPs containing them. The word hits are extended in both directions along each
sequence for asviapmsstle cumulative alignment score can be increased. Extensiansgardigsword hits
in each direction are halted when: the cumulative alignment score falls off by the quantity X from its
maximum achieved value; the cumulative score goes tQ zero or below, due to the accumulation of one
or more negative-scoring residue alignments; or the end of either sequence is reached. The BLAST
algorithm parameters dtafesnetQGdeterMinecdhesbnsitiviy anghspead of 1othe alignment; The BLAST

program uses as r th-(W) of 11, the BLOSUM®62 scoring matrix (see Henikoff and

Henikoff (1992) P?gé%ﬁi%i%%ﬁéggfll}éE%& tfé&f@l%ﬁf@?%%%’ﬁ?ﬁgﬁﬁ f%?eﬁé? @?pectation (E) of

10, Mr-5, N=4, anérgieoraparisbes 6 bothtstRmusidhecBhas T Algedthrhiperfosmsnd-statistical analysis

of the similarity 1 X I d Altschul (1993) Proc. Natl. Acad. Sal.
BEWRRR iWQg%‘&H%Q&%@é%r%sgfm@F%% %‘g@#ﬁg#%me%s an oe

USA 90: 5873-5787. One measure of similarity provided orthm 1S the &mallest sum
probability (P(N)), WRTERERr oS AR fer dagivTe hifreliprobrbility sy wisibhladwetoh etween two
nucleotide or amineragigisequensREWesHImecy BY ERANGCE:TPK KRG, B SRUEPLR I8 Lonsidered

similar to another gﬁtﬂuue ce if the smallest sum probability in comparison of the first sequence to the

A .
second sequence 18 1668 Thal 2G0T £oPrefErabRARBeSTRSI HhBtt 1. ssererpratamplipiese than about
0.01, and most preferabiydess-tharnahesit 0:A0adedarivativesmpyrhave: tha.seavense.afa HSV1 or

HSV2 genome m%@%ﬁ%’f%%%%%ﬁg%&%%@% or é@{éle f.rongl, 2 ar.3to 1%_, 23, 50 or 100 25
i

substitutions. The HSVI or HSV2 genome may alternatively or adeitichafi te ddfisr sy Bne or more
insertions anéfior digediens ard/Brbfahdkrension eteeithdebrbothvend sniugistidins afdthe invention

may be "non-labogstteyy st HesR AN ASARAL e S 10:RsH bia b irains, ARerson of skill in
the art will readily 88 154 89: 10915-10919) aligruments (B) of 50, expectation (E) of 10, M=3, N=4,
and a comparison of both strands.
The BLAST algorithm performs a statistical analysis of the similarity
15 between two sequences; see e.g., Karlin and Altschul (1993) Proc. Natl. Acad. Sci.
USA 90: 5873-3787. One meesure of similarity provided by the BLAST algorithm
is the smailest sum probability (P(N)), which provides an indication of the
probability by which a mateh between two nucleotide or amino acid sequences
would occur by chance. For example, 2 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.O 1, and most preferably less than about 0.001.
A derivative may have the sequence of a HSVI or HSV?2 genome modified
by nucleotide substitutions, for example from 1, 2 or 3 to 10, 23, 530 or 100
25 substitutions. The HSV! or H8V2 genome may aiternatively 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 mav be “nop-laboratory” strains. These can
alsc 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 guidance on the properties likely to be exhibited by virus strains is

given below.



30 able to distinguish between a laboratory strain and a non-laboratory, or clinical, train. Further
guidance on the properties likely to be exhibited by virus strains is given below. 6 The key
distinction between a laboratory and non-laboratory strain is that laboratory strains currently in
common use have been maintained for long periods, many years in some cases, in culture. The
culture of viruses such as HSV involves a techniqug known as serial passage. To grow and maintain
viruses, suitable cells are infected with the 5 virus, the virus replicates within the cell and the virus is
then harvested; fresh cells are then re-infected, this process constitutes one cycle of serial passage.

Each such cycle may Tk P ERSHIDEWEN dayiARe cald BPREV AL YisEHEséd BBove, such
serial pass_agiua‘gommwle@ainbooeham@e&indhm:pmmfﬁes b}fa_thexglh‘nasz&ir&in idﬂgtlpaﬁ(sﬁlaﬁﬁf@_n takes places
for properties Joal {Buoi SN GHlLTe e g KORIE IERIcalion), asaPROsRELIp Rigellies 10 useful

for practical applications, e. g. maintenance of the capacity to travel along axons in the case of HSV or
to infect humaATENEs seral BRyeEtr din SO ARG MRPEHHS BYEtn s e TEHS ASOrARER7 S&iHS in that they
are derivéd fremstiainsreephtlydsolated:fromilinte chedindividualsStraids eftheiventien are modified

compared to the priginal gliial isolatfen A mand e SRILa IMe, h yiutes. 1n,bykany time spent

in culture will be comparatively short. Strains of the invention aré prepared in'suc A manner as to
retain substaritfafffFRde&raiie fropermes BIthE digiiarERn R SR &t PRYHIE Y are derived.
A virus strain lefidhe ishaapdion ishelgrivegfeomr ahparentalnviiy Sistiain sfidedpagapiabviEdsstrain is
mutated to pr . ir or mpl irus o invention.may be 20 derived.from the clinical
isolate JSI. T g}%ﬁeégta tjs#‘g?}? 0 éﬁ?ﬁilg ;%%%e{%v% %L;E%é% %%?} lgré)i_]%ql or’ gshe(()ghoe?m %fsstrain derived
from JSi9Th u@%&h?ﬁ%ﬁ%ﬁ iR IEB AT &y HEE TSRS BHTBPRING 18 ot Aerwifg OM-LCSF and
which lacks atfiinetiorfal 3€B:34. menceding gewe and a functional ICP47 encoding gene, In addition.
stich a virus may contain any other mutation as mentioned herein. 25A virus of the invention is

capable of efficient%i%g%in% target humatn cancer c%lls. V\[p%n scuch a Virus i on-laboratory or
clinical strain it will have be%lnsrecene'tlf/nféeo ated from’an HOV intected ndivi Gj‘ %n théR screened for

the desired aBfityc8fOAhEREEIGEBHrafIAtehTemiBHesrRiMAY drtsntoainandlby busatieeds in vitro and/or
in vivo in compadiien densandar ehiabapatarysiainse St hniruse soktbe-invantion withaproved
30propgriies as compared to, laboratory vi 7 strains are then engineered such that they lack
function 1R B A e B T e A I b Bton oM-CsF
under the corffitaBIidsElEA 1518 prBTh ot repihsryened s frotirigPeoreineishichlinetand with the
function of dendiiicicalissueh agidibld3 asdieryhs may also be inactivated.

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

virus strain is mutated to produce the virus. For example, a virus of the invention may be

20 derived from the clinical isolate JS1. 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 JSI

( virus comprising a gene encoding GM-CSF ‘ ] and which lacks
a functional ICP34.5 encoding gene and a functional ICP47 encoding gene. In addition.

such a virus may contain any other mutation as mentioned herein.

25 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 individua! and then screened for the desired ability of
enhanced repiication, 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

30  properties as compared to laboratory virus



5Preferably, a non-laboratory virus strain of the invention has undergone three years or less in culture
since isolation of its unmodified clinical precursor strain from its host. More preferably, the strain has
undergone one year or less in culture, for example nine months or less, six months or less, three
months or less, or two months or less, one month or less, two weeks or less, or one week or less. By
these definitions of time in culture, is 10 meant time actually spent in culture. Thus, for example, itis a
common practice to freeze virus strains in order to preserve them. Evidently, preserving by freezing or
in an equivalent manner does not qualify as maintaining the strain in culture. Thus, time spent frozen
or otherwise pFEEEIEY TER SPHRIETE d R HE EheY ek fmabpabitiad SpehiGPElitores Tithe spent in
culture is typicallydimezastuallyospient undesgeirg sedal passiage, i.e. timesguing Lamdigh selection for
undesirable chgractepistics. can é%ggl%gegref%%ly e%eg%%é@%at%{% I}giru%%rgtg as u%%%rgone 1, 000
or less cycles or serial passage since isolation of its unmodified clinica precUrSor strain from its host.
More preferad§ it derfeigortissoeher dk4? todwriessanpvriesscsmisiiess, 70 or less, 60 or
less, 50 df less, 40 dPrigashB0DIdesARY (a8, ek Orlesssich Kyclage20.Piferably, a
non-laboratory virys. r r.ability, as.measur y_standard statistical tests, than a reference
laboratory strgfnf%%fﬁgt?ﬁél%lgui?\%?eﬁ?}%’wl%%%f?fa{%:)%nﬁ%%%gocrrilglu %agﬁg?ﬁlﬁ%rcﬁgaﬁ% %E%%fﬁffi Cffe application
at hand. In th&CEs@eFRRIontsIyHaiviigg PrtaorsuPIFerarn antiess nomuliordeorgseinpls sirain of the
invention will preférakli-fave agreatariahilibtdbanatetereacerlaporians sirain with sayivalent
modifications to,infe replicate in tumour cells, ta kill tumour.cells ar to spread between cells in
tissue. More é&%ﬁaﬁg%ﬁ%ﬁ gﬂ%ﬂf‘éﬁggﬁﬁy’ Fg%%ﬁé ?éti%glé}%’%? EAHH %rrggf LBiiTeFEor example,
according to th&iVERtiar el SPembe ralBRy- STiafn B tiemmentibre rryhayverapdote fbdaid, 1.2 fold, 1.
5 fold, 2 fold, GrialelrAi) fialevd2Priqles 6 eldinor 4G inid the canasiteat tharelerenss sigin in respect
of the property. iGr;gjt%?t&g. %% @) 01/53505P%T/%301/00§25 8 Statistical analysis of the
properties described Rerein may he carried outby standard tests: f%l?“é;ngﬁ?ﬂsé’,ef‘-tt@t’?f‘mOVA, or Chi
squared testsStRicamyesstaed it apsinpiiiedie dhwiibbee irdmitinedofcintesreh b a GO T {586), more
preferably p 5 &01p cLOG.oic0y000d abhimn HOAODAVIHISES PThe: vention. infegtand replicate

i tumouys el gyaseaysril Ling e o cells Jfus, sueh virises aré replication competent

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

20 Preferably, a non-laboratory virus has a greater ability, as measured by standard
statistical tests, than a reference laboratory strain w_ith the equivalent modifications to
perform certain functions useful in the application at hand. In the case of an oncolytic virus
for tumour 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

25 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 pon-laboratory strain of the invention may have upto 1. 1
fold, 1.2 fold, 1. 5 fold, 2 foid, 5 fold, 10 fold, 20 fold, 50 fold, or 100 fold the capacity of

the reference strain in respect of the property being tested.

30



they are selectively replication competent in tumour cells. This means that either they replicate in
turnout cells and not in non-tumour cells, or that they replicate more effectively in tu@ibdeigel®han in
non-tumour cells. Cells in which the virus is able 10to replicate are permissive cells. Measurement of
selective replicBtdBEdifbetence can be carried out by the tests described herdif ¥éri#i¢dstiement of
replication and tumour cell-killing capacity, and also analysed by the statistical techniques mentioned
herein if desired. A virus of the invention preferably hassa greater ability than an unmodified is parent
strain to infect or replicate in a tumour cell, to kill tumour cells or to spread between cells in tissues.

Preferably this ability is a"SfEfRIRALRIREAN gresreicasinty st ksamplerabrirustidconting to the
invention may haveatpidaiLidstqldod & keldicl - bdald, ?Avidnafold, &ifalgl204ald: 0 fpid;or100 fold the
capacity of the unmtgdifiedi pare t strain Flﬁ respect of the propeﬁg}gl bgin%gegtﬁed. 90The properties of the
virus strain in respaetof tmsur oS cHH S HERSETAIIA S§ MR Re? RASWINAE AFefEakéxample,
the capacity of a vipusdt@lipfect &.6dineur ¢éltchry baxqguantified by measuring the dose of virus required

to measure a given perceptage 9 &ells,vfor.exa le 50% or 80% of cells. The capacity to replicate in a
tumour cell can be‘measurg‘éggsyofgfro%% ?ﬁlgggd%%%n %rg’ ks B Y5 ié‘&%ﬁ‘ﬂ‘fﬁ“ﬁ% Examples,

e.g. by measuring %ifirsghevrmancsils.oVbra peotroke Ak2 Pl 8648 npF2dioBrsfartonger.
The abilty of a virusdpkiluseapu pelisicamie ey araRlaIctRY S48 QLIRTG SXagly quantitated

by counting the number of live cells that remain over time for a given time point an or given cell

type. For example R FTEEHE MESEHE Mdde'gvared ag s erdshouisaieusiptcaimymiaown

tumour cell type. Iripastietiar; bik29rceloraciatadenesarinama, ENGaPREGRE ROSIAIE s able
adenocarcinoypa, MDA-MB-231 breast adenoc%cinoma, SK-MEL-28 malignant melanoma or U-87 21

July 2004 WO 01 fggg%lg:lg f}&ﬁ%ﬁ@i?%ﬁ@ easurement of seleciive repl.manon competence

can be carried out by the tests described herein for measurement of replication and
tumour cell-killing capacity, and also analysed by the statistical techniques
mentioned herein if desired.
A virus of the invention preferably has a greater ability than an unmodified
t5  parent strain to infect or replicate in a tumour cell, to kill tumour cells or to spread
between cells in tissues. Preferably this ability is a statistically significant greater
ability. For example, a virus according to the invention may have up to 1.1 foid, 1.2
fold. 1.5 fold, 2 fold, 3 fold, 10 fold, 20 fold, 50 fold or 100 fold the capacity of the
unmodified parent strain in respect of the propmjf being tested.

20 The properties of the virus strain in respect of fumour 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 percenmge 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 these

]
Ly

carried out in the Examples, e.g. by measuring virus growth in cells over a period of
6, 12, 24, 36, 48 or 72 houss 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
3¢ 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 tumour cell types. It may be desirable to €bdstyitiCs
standard panel of tumour cell types for this purpose. To count the number of live cells remaining at a
given time point' th8/ftifber of trypan 5blue-excluding cells (i.e. live cells) can BETERMEER2S
Qua_ntitation may also be carried out by fluorescence activated cell sorting (FACS) or MTT assay.
Tumour cell-killing ability may also be measured in vivoge.g. by measuring the reduction in tumour
volume engendered by a particular virus. In order to determine the properties of viruses of the

invention, it will L0JEASAIR/ BEBESHTHBR sl startarestabbratory réfbranceibiyain t@raﬁpmparisoh.

Any suitable standasthlabaraday releramcs wiain Make isedy Ndhe 6ase bR, it is preferred to
use one or more of HS V |.strain 17+, HSV | strain F or HSV1 strain KOS. The reference safrain will

typically have equiva SAOa CSIES BRLH i RPBFYAG Hivetis bairy e stee Prmass -t reference
strain will typically frave fsequivatent hedifitatiens-gene defetionsend;such ashelerelogoys gene
insertions. In the CER%«%L&N&E}@&EQ énﬁgngo!% Wheée the ICP34.5 and.ICP47-encoding genes have
been rendered non-functional, then they wi N0 R &IOR8 "RERRMRHGER B Be'Reference

strain. The modificBtfopis Hemsectahacisfandmed straimiifayd5d wedticaltathdsesmadeito the strain of
the invention. By tl&@ﬂ@@mgﬁmﬂgpgsmgg%g@w%@n% 'gng e @gggcgﬁgtra&n will be in exactly
: Vo, B.E. |

equivalent positions to those In the strain of the invention, e-g. deletions be of the' §ame size and in

the same place. SIHAHY Y fUHe SasshisEd ehrerheteroisgous genes will be inserted in the same

place, driven by the samenpsamated-eienhioweyeisdhisnat.essentialiibatJdentical madifications be
made. What i%imp%ggrgﬁlisgggg épe%ggft%rence %%EE% {%%gunc%%%ally equi,vagls%nt modifications, e.g.
) e SaTECHEt S HIBY IS PeRE 8 g enes is

that the same genés are endered non- fancti
inserted. B.Methodywismutdtichn8dTheharous ginescateriedip bayde 1ensecaskiwngtienally inactive

by several techniqgﬁé@@}gh@%é '&1@1% gg)ré:{%r glin&}gj I;[I?%’ fﬁ@%?%ﬁg 5?9{&"{???@%%”y inactive
by deletion(s), substitution(s) or insertion(s), preferably by
KGS. The reference strain will typically have equivalent modifications to the strain
of the invention being tested. Thus, the reference strain will fypicaliy have
15 equivalent modifications gene deletions and, such as heterclogous gene insertions. [n
the case of a virus of the invention, where the ICP34.5 and ICP47-encoding genes
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 td 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, ¢.g. deletions will be of the same size and in the
same place. Si{niiaﬂy, in these embodiments, heterologous genes will be inserted in
the same place, driven by the same prometer, etc. However, it is not essential that
identical modifications be made. What is imporzant 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 1s inserted.

B. Metheds 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

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



10 deletion. Deletions may remove one or more portions of the gene or the entire gene. For example,
deletion of only one nucleotide may be made, resulting in a frame shift. However, preferably a larger
deletion() is made, for example at least 25%, more preferably at least 50% of the total coding and
non-coding sequence (or alternatively, 5 in absolute terms, at least 10 nucleotides, more preferably at
least 100 nucleotides, most preferably, at least 1000 ©iucleotides). it is particularly preferred to remove
the entire gene and some of the flanking sequences. Where two or more copies of the gene are
present in the viral genome it is preferred that both CO‘EieS r&]; gshgfqgenee%éeogg@g%ggefue@i%tionally
inactive. 10Mutafioie B MatEsiA e HER e dViftisBS by homologous recombination methods well

known to those skilledamithedaltiFiopexample sHE igeromibeDNAsiseaatdata d el with a
vector, preferablﬁg.vgggén%geygggg@r, cwig@g@g}@) mutated sequenssdlankes:byshomelegous HSV

sequences. The mutated seguence may comprise a deletion(s), insertion sg or tgbsgtu}ion(s), all of
which may be co?f‘%%b&ii@%f%ﬁﬁ%ﬁ“%% F(?g@@ TRSEHionS ey hclud "feafec Able tharker genes,
for example facZinragselen flerore sceptpriteinc(GRES, forscredhipiysretdmibihBhnvigsedssfor example,
p-galactosidase gelivity.ar flHorescencede Helespiegousioshes.ang promaiers 2ade weuses of the
invention aremodified to carry a heterologous gene encoding an immunomod_ulat?{xf ene
protein.immungn‘?BH’i?lﬁ?@Fy&bgé?&ﬁ %iﬂ’%ﬁﬁ%ﬁe%eé’ﬁﬁ%tu G SRR OF the Virls. THE protein is
GM-CSF. 25The drapraramoclatotyzeene insypbdeamry tibhotharpit of havidetgsagensdor it may be a
mutant gene. The,immun dlatory gene will be derived from a mammal, preferably a rodent or
primate, more preferab%a human. The immunomoduiatQry gerge is g{‘;ferably og}e%ablg linked to a
control seqéiBnce permitdHGERDriksiBAS: LaligERETH Y CEMNMYVEMIIFEeEs BFiRe iRVention 30may
thus be used to dstivedsheinmumom dchstatkiliedémetorydivesyiocc IS givernndrdat Will be

ekpressed. transfected together with a vector, preferably a plasmid vector, comprising the mtated
sequence flanked by homologous HSV sequences. The mutated sequence may

| comprise a deletion(s), insertion(s) or substitution(s), all of which may be consfructed

15 by routine techniques. Insertions may include selectable marker genes, for example
lacZ or green fluorescent protein (GFP), for screening recombinant viruses, for

example, B-galactosidase activity or fiucrescence.

C. Heterologous genes ang promoters
20 The viruses of the invention are modified to carry a heterologous gene
encoding an immunomodulatory protein. - The immunomodulatory protein
will enhance the anti-tumour activity of the virus. - The protein is
GM-CSE.
( .
25 . The immunomodulatory gene may be any

allelic variant of a wild-type gene, or it may be a mutant gene. The immmunomodulatory
gene will be derived from a mammal, preferably 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 2 cell in vivo. Viruses of the invention
30  may thus be used to deliver the immunomodulatory gene (or genes) to a cell in vivo

where it will be expressed.



11 The immunomodulatory gene may be inserted into the viral genome by any suitable technique
such as homologous recombination of HSV strains with, for example, plasmic' vectors carrying the
gene flanked by HSV sequences. The GM- CSF gene may be introduced into a suitable plasmid =~
vector comprising herpes viral sequences using cloning techniques well- known in the art. The gene
may be inserted into the viral genome at any locatiopjprovided that oncolytic properties are still
retained. Immunomodulatory genes may be inserted at multiple sites within the virus genome. For
example, from 2 to 5 genes may be inserted into the genome. 10The transcribed sequence of the

immunomodulatory geris BrEtEPEHIg bR ErABRR ik d o 8RB B S doft SRl SpRamitiR g pression of
the gene in a turggitshiee lechhigiersacioperablydicked" refendiadjuxtaptsitienamb exéin the components
described are in g relg ionshi rmittin hi;!a to fundciion in theicintended mapnes A-cgntrol
sequence "operae y m%?gr}'"?gdsf%%tgfgé;%ﬁéu%%ceg%ﬁigated@ in‘psuch a%%%/%ha_t 15ex ression of the
coding sequenc&®eachieved under conditions comp&ableewiitiodiscdolitror seifaiadeasmid The control
sequence COMPrsesraRIPMaie hatwingiexpressio nsafdbitagacommoiiaiorygena ated a signal for
termination of transcription. The promoter is.selecte romaters which are functional in
mammalian, pre?gr'sa?g%% tman’ u%bﬁeoﬁrfg%egéseiﬁ% T Ee%{i{gr%%%er m%y%%% é%%l%veidl%om promoter

sequences of eukRjBiit HEREECF sFeeNihsiangde BIBIGIEF AP DetgRH BE T HE Yefome of a cell

in which expressiangfdbeheieralagousgeaviciacsunpecfenally.a manmalias ipeeferably a human

tumour cell. With re%)ect to eukaryotic promoters, they may be promoters that function in a ubiquitous
G 1e genoime . . . . e

manner (such as promgters of 13-actin, tubulin) or, alternatively, in a 25 tumour-specific manner. They

may also b&lpromotershatFaspeRediosepisaric Stirdifi foresEmpraIsnistsrsithatfilisteroid

hormone recepteisratikalintamotersomay slgeche yeasisdar expmpientbeddoleney murnadeukaemia
virus long terminal repeat (MMLV LIR) prometer.or other. retroviral promoters, the human or mouse
cytomegalovirusc&gl\?r%‘)el_t pro?ﬁ%r eijri}) o%%%mé E@rrg of ﬁejlpﬁgeza ‘\J/ﬁ%% g‘glﬁi%rgi?n%ﬁ&%%pga%ﬂose driving

expression of thddsmdrrd\anssdaiclesignehivesipiging them \Eiysrasspritcasstnead amdsther suitable
constructs comppisiggrine-Fdp ospedyl ateiy-gena: abd gonkehreaupnces cathe wagdarusing routine

cloning techpiques known ersans skilled in the art (see, for example, Sam{)g; ok.et al., 1989,
Molecular :fonineé{PAesf%'B%r%?g?)e/ ?ﬁ%ﬁlﬁaﬁ?@gﬁ%‘%riﬁﬁ%ﬁ%ﬁgg r%osnsg){g;&? may 313(% b“él%ﬁféntageous for
the promoters tochruipidemipiesso that the levels

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

20  cells. The promoter may be derived from promoter sequences of eukaryotic genes. For
example, the promoter may be derived from the genome of a cell in which expreésion
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 P-actin, tubulin) or, alternatively, in a

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

30  those driving expression of the latency associated transcripts.



of expression of the immunomodulatory gene(s) can be regulated during the life-time of the tumour
cell. Inducible means that the levels of expression obtained using the promoter can be regulated. For
example, a virus of the invention may further comprise a hererologous gene encoding the tet
repressorVP16 transcriptional activator fusion 10 protein under the control of a strong promoter (e. g.
the CMV IE promoter) and the immunomodulatory gene may be under the control of a promoter
responsive to the tet repressor VP16 transcriptional activator fusion protein previously reported
(Gossen and Bujard, 1992, Gossen et al, 1995) Thus, in this example, expression of the

immunomodulatory gene*W&tidte fEHE Eh AR praliEhce 8 alss e RSBt r SETERREE 15 ultiple
heterologous geries:canroebtoompedatedinithiesherpessvinis igenemesTerefdre chowings of the

invention may COBARRAAANVPE ML UIAMmIEHPIA. ST BESXATRIE (O 2 1Ryt o ©

immunomodulatory genhes. 8r)e of enes must encode GM-CSF. More than one gene and
associated contréfdaepiEridesisadidbedtougeed Mible paradaPHSPStrain either at a single site or
at multiple sites in the 20nirussgepamenAdieindtively peiisespantisihe sendaediferent

promoters) facing, ", OpRORISPHET ﬁg@gg&%@%&&@&%&@f&& "iNgethe G¥pIgssion of an

immunomodulator%/ gene may be used. c'uses 25Viruses of the invention may be used in
methods of cancéf therapgwimk RarmMeonemhikrbEaye TRiDaHEBIAFS oM &6t (i PEntion may be
used in the oncolytismbieatmentefaaneeroeithenivith Grwithout iaddition alspriwtitigiheeapy or
stimulation of an anti-tumour immune response.. Vi %g%é}{,%ﬂ%i nH . %a)‘@% g&eﬂgﬁghe
therapeutic treatr%gﬁiie% %%%’;‘}S sgﬁ%ﬁtﬁgrlﬁ%ﬁlfpnﬂéeer%?éﬁaﬁ pre eragﬁ{}%lﬁ §{€10uman.I S0For example viruses

of the inventfon reEsEBe AR EIBEPk Gt RE LI BT dStatepredSl, 1BAGORoEr) sAddfhetrial,
bladder, colon origanvicalGaranomaie 2k ulyud0040060RL] 5850RCHIGE30/R02R R Bt

adenocarcinomay melanapua, lvmphoma, allomia; o, 38169013 SHOAS seft sse and bone sarcomas.
litAdministration ﬁe viruses o einvention may be used In patlen{ prereraply a numan
Bujard, 1992, Gossen er al, 1995). Thus, in this example, expression of the
immunemodulatory gene would depend on the presence or absence of tetracycline.
15 Multiple heterclogous genes can be accommodated in the herpes virus genome.
Therefore, a virus of the invention may comprise two or more immmunomodulatory
genes, for example from 2 to 3, 4 or 5 immunomodulatory genes. One of the .genes
must encede GM-CSF. More than one gene'and.associated cortrol sequences could be
introduced into a particular HSV strain either at a single site or at multiple sites in the
20 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.

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

breast, lung, liver, endometrial, bladder, colon or cervical carcinoma;



patient, in need of treatment. A patient in need of treatment is an individual suffering from cancer,
preferably an individual with a solid tumour. The aim of therapeutic treatment is to irdpréste 2684
condition of a patient. Typically therapeutic treatment using a virus of the invention allieviates the
symptoms of th&¥@4HEEPSA method of 10 treatment of cancer according to the FEEEOFEBMprises
administering a therapeutically effective amount of a virus of the invention to a patient suffering from
cancer, Administration of an oncolytic virus of the inventjon to an individual suffering from a tumour will
typically kill the cells of the tumour thus decreasing the size of the tumour and/or preventing spread of
malignant cells fropAdhe wrmoms; 18 weméihgdiohadtimistesingihenapy iy ebves: cembiriAg the virus
with a pharmaceutigally acceptable carrier or diluent to produce a pharmaceutical composition.
Suitable carriers and diluents include isotonic saline solutions, for example phosphate-buffered saline.
Therapeutic treatment may be carried out following direct injection of the virus composition into target
tissue which may fge the pnResEREadHl00d vessel supplying the tumour. The amount of virus
administered is in the case of HSV in the range of from 104 to 1010 pfu, preferably from 105 to 108
pfu, more preférably aboa%fidg%eiﬁé B BRI B S0thIn fprétn: frspiered 200bpreferably

from Ito | OW of ahizmmacsssdoal cempeasitionpeensisingessentialy-RiIne vius ARAARE,
pharmaceutically Q%:eptable S%g%%%i%ae{;@i% ol %ifllti{ent ould be used for_injection, However for some
B8 1B A e - uddd, Aepentifiepesicthe tumour

oncolytic therapy apf)?lccaaﬂgﬁr% "farger volumes up
and the inoculatioff&i@ieThis foutesrofcatmimstiatioroanddbsagchydratibedasertntendeseonly as a
guide since a skilleghpraciitianer willibe. ahle taidetermine readjly the optimum route 30of
administration and dé%age. The dos}ége may be deterrlfiﬂ'n‘égd%%c%%%ﬁlg 8%%%?8&5*%5?3‘}%%%}%,
especially acEbrdifFREEHE IBCatfitst tfetiiisuriahdsizihentusodriste adeimmightaad condition

of the patient to bet¥eatedand Weroueafodd July 2004 WQ.0H93505P QTJ?Q%OQ%%%%

administratiqn: Pr%fgratgl JQ? Virus.is ?dpinisgrgd by direct injection into the umou‘r_"I: irus may
also be administered syatemicafy ar By B ot iRt Eho SH W RERBIiAG thedabifuathe
optimum route of auffvinigtfation withdepeidpridity lncatiendnd sise efibe wmaw,5Ehe falowing
Examples ”IUStrat@i%éQ? tﬁévﬁﬁ-ib% and/or preventing spread of malignant cells from the tumour.

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

Therapeutic treatment may be carried out following direct injection of the
20 virus composition into target tiésue which may .be the tumour or a blood vessel
supplying the temour, The amount of virus administered is in the case of HSV in the
range of from 1_()4 to 10'° pfu, preferably from 10° to 10% pfu, more preferably about
10% 1o 10° pfu. Typically up to 500nl, typically from 1 to 200ul preferably from 1 to
10uf 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 10ml may
also 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 optimumm route
30 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 tumour,

the age, weight and condition of the patient to be treated and the route of



Herpes simplex type-I virus (FISVI) in which the neurovirulence factor ICP34.5 is inactivated has
previously been shown to direct tumour specific cell lysis 10in tumour models both i Vitdyatitdin vivo.
Such viruses have also been shown to be safe in Phase | clinical trials by direct intra-cerebral injection
in late stage gligthélFaiEnts. Previous work has used serially passaged laboraf§if/@isiHesof HSV1
(viruses derived from HSVI strain 17+ or HSV1 strain F) which might be anticipated 15to be attenuated
in their lytic capability in human tumour cells as compaygd to more recent clinical isolates. In work
aimed at producing ICP34.5 deleted HSV with enhanced oncolytic and anti-tumour potential, we have
deleted ICP47 andd@R8x: B o mPESVbistihinviSt andihavetinsttedthe inmrimomodidatory gene for

GM-CSF. -)0 Virug,GoRstreclior ' VLU re,either based on HSV1 strain 17+
(a standard Iaborjtory st?%gwg%i%%s)%%ﬁ deriv%%#?f%%%§ %?)%gg%r}’gﬁ%%éalj}eaf\\éi!’rbé:’-gactivator
of HSV1. This clinitEEeoF 2 pRME0SFdtBRy e stFhdstinameus piched Sras cothitetely aeleted from
strain 17+ and IS kitegethenrwith the sestigp.ef.a CMV-GFP cassette. JS1 was then also further
engineered by the insertion of human GM-CSF. ghGM-CSF)k or mouse GM-CSF (mGM-CSF) so as to
replace the ICP34.5 gené St B/ 1HE &SSO HIEBES h&Uali®ives ofJS | discussed herein are

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

Herpes simplex type-1 virus (HSV1) in which the newrovirulence factor
ICP34.5 is imactivated has previously been shows to direct tumour specific cell lysis
10 m tumour models both in vitro and in vive. Such viruses have also been shown to be
safe in Phase | clinical trials byic.iirect intra-cerebral injection iﬁ-late: stage glicma
patients.
Previous work has used serially passaged laboratory isolates of HSV]
(viruses derived from HS5V1 strain 17+ or HSV1 strain F) which might be anticipated
15 to be attenuated in their lytic capability in human tumour cells as compared to more
recent clinical isolates.
In work aimed at producing ICP34.5 deleted HSV with enhanced oncolytic
and anti-turnour potential, we have deleted ICP47 and ICP34.5 from HSV 1 strain

J51 and have inserted the immunomodulatory gene for GM-CSF.

Virus Construction (see Fig 1)

The virﬁses used were either based on HSV1 strain 17+ (a standard
laboratory strain) or a clinical isolate derived from cold sores from a frequent re-

25 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 cassetie. JS1 was then also further engineered by tﬁe 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 [CP47. The derivatives of JS1 discussed herein are also

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



21 July 2004 WO 01/53505PCT/GB01/00225 15 ic Capabilities of Viruses Lyric (cell killing) capabilities
were enhanced with, the JS1-derived non- laboratory strains derived virus in all tunmi&iuddellinés
tested as compared with the 17-fr derived strains More particularly, the JSI1134.5- virus, i.e. 551 with
1CP34.5 remoédldiF§edetion, showed enhanced lytic capabilities in HT29 col&fé&etaadserscarcinoma,
LNCaP.FGC prostate adenocarcinoma, MDA-MB-231 breast' adenocarcinoma, SK-MEL-28 malignant
melanoma and U-87 MG glioblastoma astrocytoma cells. 10Thus, to provide increased oncolytic
activity, the use of recent clinical virus strains is likely to enhance the anti-tumour capabilities of such
viruses when used-ifiih Gamahipatentyforseancer treatment. Further Enhanced Anti-Tumour Activity 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 1C1334.5 déetedeeliriBinsoraeliivfs st whichekpidsses hinhaivet 7g:mouse
GM-CSF was produgash 9 «GMeE S s 2 aenb imumne simulaiar. Jhisse Miys gte designed

to enhance anti-tumour immune responses following irmratumoral injection. These viruses were

demonstratedto expréSE AR MR eanmiash. (ain§ Hi4.Savassdy kI (BitisIe Krfiersharn)

when the viruses asmprediugediindtikeeds dahelbsr e dndidshialiwelisof-a shiyvgllplate produced

0.56 or 0.54 micrograrrunes of th:Q?@ rmause GM-CSF respectively 24 hrs after infection of
confluent BHK celfs &t MOTE 85~ PO prostate agenocarcmoma, MDAMB-231 breast

adenocarcinoma, SK-MEL-28 malignant melanoma and U-87 MG glioblastoma

astrocyioma cells.
10 Thus, to provide increased oncolytic activity, the use of recent clinical viras
strains 15 likely to enhance the anti-tumour capabilities of such viruses when used in

human patients for cancer treatment.

Further Enhanced Anti-Tumour Activity

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 stirnulator,
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 virses are produced in
BHK cells in culture. Individual wells of a six well plate produced 0.56 or 0.54

e
Lh

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

Deposit Information

HSV1 sirain IS has been deposited at the European Coilection of Cell
30 Cultures (ECACC), CAMR, Sailsbury, Wiltshire SP4 0JG, United Kingdom, on 2

January 2001 under provisional accession number 01010209,
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Claiins A herpes virus which comprises a gene encoding GM-CSF and which lacks a functional
ICP34.5 encoding gene and a functional ICP47 encoding gene. A virus according to claim | which
further lacks a functional gene encoding ICP6, a glycoprotein H or thymidine kinase. 3. A virus
according to claim | or 2 which further lacks a gene encoding functional copy of a protein capable of
inhibiting dendritic cell function. 4. A virus according {6 claim 3 in which said protein capable of inhib
dendritic cell function is UL43 or vhs. 5. A virus according to any one of the preceding claims which is
a strain of herpes simplex virus | or 2. 6. A virus according to any one of the preceding claims for use
in a method of treatment of the human or animal belytBy therapy. 7. Use of a virus according to any
one of the preceding claims in the manufacture of a medicament for the treatment of cancer. 8. Use
according to claih 7 wherefh AR TwEdTCAHEN CHETOH Wit cESneraraatoral Shddatation! ohigh
pharmaceutical compesitioy dSipHdh e £598 IHgretiehda Vit igaabldhly trashithesat the claims

Ito 5 and a pharmaceutically acceptable carrier or diluent.

2. A virus according to claim! which further lacks a functional gene
encoding ICP6, a glycoprotein H or thymidine kinase.

3. A virus according to claiml or 2 which further tacks a gene encoding
functional copy of a protein capable of inhibiting dendritic cell function.

4. A virus according to claim 3 in which said protein capable of inhibiting
dendritic cell function is UL43 or vhs.

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

6. 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.

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

8. Use according to claim 7 wherein said medicament is for direct intratumoral
tnoculation.

9. A pharmaceutical composition comprising as active ingredient a virus according
to any one of the claims | to 5 and a pharmaceutically acceptable carrier or
diluent.



