VI RAL VECTORS Field of the Invention The present invention relates to
herpes virus strains with inproved anti- 5 tunour activity as conpared to
previ ously known strains. Background to the Invention Viruses have been
shown to have utility in a variety of applications in biotechnol ogy and
medi ci ne on nmany occasions. Each is due to the unique ability of 10 viruses
to enter cells at high efficiency. This is followed in such applications by
ei ther virus gene expression and replication and/ or expression of an
inserted heterologous gene. Thus viruses can either deliver and express
viral or other genes in cells which may be useful in for exanple gene
therapy or the devel opnent of vaccines, or they may be useful in
selectively killing cells by | ytYIRMcBECEORSon or the 15 action of a
delivered gene in for exanple cancer. Herpes sinplex virus (HSV) has been
suggested to be of use for the oncolytic treatnment of cancer. A virus for
use in treathigigoithelwentionst however be disabled such that it is no |onger
pat hogenic, i.e. j i ﬁP i b - r,cells, but such
that it can stil Fﬂgﬁﬁsgggéﬂ%ﬂgﬁeﬁ?%g%%%g Js(d.n]a 83{9@%3@‘}}@0‘1@“ c treatnment of
20 cancers whanolr actaytyab sonpared|toprevibhsty bewinseains.of gene(s) enhanci ng t he
therapeutic effect, a nunber of nutations to HSV have been identified which
still allowthe virus to replicate in culture or in actively dividing cells

in vivo (e. Backgiodndn®ihs Inveltiin Whi ch  prevent significant replication in
normal tissue. Sych tations include disruption of the genes encodi ng
| CP34. 5, | CP6 and PSR AT bGen ShPwa dphaveptility isgvanigty of aeplicgiondino s myt ati ons to

| CP34. 5, or Hi&Rﬂﬂol%ﬁﬁﬂ%eﬁ@he%H&n cadib3D Eh is 1@ to BabilikRF, have so
far shown the nost Tavourable safe yégroflle. Viruses deleted'only for the

neur ovi r i ertéss e celispBhish efiigiprcsb dbit s Rbamed b spehyapplcatiensiy nany t unor
cel | types diferlichd SenfBfhrisRioR %cﬁﬁﬁlﬁc\éﬁéryan%p%‘p?égiGQ bfundhdehld ! @l I'y induced

brain tunors in mce while sparing surrounding tissue. Early stage clinica
trials have hatestogohoganet Rlusviryses eaneither deBer pechexpeess Grabpmathergéneshe | nventi on

The present ;i pyg Whiic%r}n&rb%\ﬁg&ﬁqn chr rei'ﬁ'rﬁﬁe g@nre eriagp bP%E gev%ﬂ)Bﬂ:@f-ltloif ties for the
vaccines, or they may be useful in selectively killing celis by Iytic replication or the
15  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. A virus for use in treating cancer must 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

20  cancer, which may 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 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 kinase. Of these, viruses with

25 mutations to ICP34.5, or ICP34.5 together with mutation of, for example, ICP6, have
so far shown the most favourable safety profile. Viruses deleted only for the
neurovirulence factor 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 trials have also shown their safety in
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destruction of tunor cells in vivo. Viruses provided by the present

i nvention conprise an inactivating nmutation in the gene encoding |1CP34.5
.and are capable of 5 delivering two genes which, in conbination, enhance the
ft herapeutic effect. The virus conprises the two follow ng types of gene: A
het er ol gous gene whi ch encodes a pro-drug activating enzynme capabl e of
converting an inactive or poorly active prodrug into the active or nore
active form Treatnent of tunors with the virus is therefore acconpani ed by
adm nistration of the 10 prodrug; and A heterol gous gene which encodes a
protein capable of fusing cells (ie causing the formation of syncytia).
This itself provides anti-tunour effect, which my be nediated by the

i nduction of Swmmhawufihe inyemtionse. However, in conbination wth pro-drug
activation this angl. &E%‘PH} e[ﬁfol;lgfotvide§v %Qsa\%he?nénr@%@a faﬁi?iagsef?t&legenes 15
a Vv ch as

i ncl ude nodified retPovir en ope glycoprotéins s ose derived
from gi bbon dgeeudtien ksbambacelts inugvoo Vitusgsprovided bg érrusentétveationr us W t he

fusogenic F and H proteins from nmeasles virus vesicular stomatitis
VTS S pr ot crtmerisE R Gidhfine guiibienan b ar st medC R SRt BReRe ebuet ng cel |
fusi on mays al gdiveehgt®6 Gened RBick) ih USmBBMioA ahhirice B thYape@iddiese The het er ol gous
gene which encodes an 20 i nmunonodul atory protein. The i munonodul at ory

protein pr onoYiBYS campasst the tve fedlawing hrashef gB%ponse. Such gene(s) include
i mmune nodul ators gH&hoReu $HED cdVE@ a pFIUQL aQlvalld\ Gl iRy ERKHIOES OF

€
co-stimul atory nol ecul es. The inmunonodul atory protein enhances the effects
of the prodr ugpnaertingan ipsrdve erRooriy peive prodiig e Sicaptiveca pust wtive forgausi ng cel |

to cell IUS!ORBHRARETnfmord Win BeSREN: thefSRbIBMkIID P RTOY b i eS capabl e

of the oncolytic estruction of tunor c en admnistered to
a patient 10oppiodmgidng in conbination with a prodrug, the anti-tunor

properties of the yirus,are enhanced the conmbj n actions of the
activated prodrug %hﬁcrf’ ﬁgusf%fg%‘é’glﬁﬁgmﬁg%ta |nﬂm3ﬁ %Jgfgﬁ? ?USW§I°F@)/SQFhe
i rMmunonodul at eduying the fermatiexgsemsyea). Thio selfipeovdes anti-gananefecBO/htcor di ngl y,

the invention provid S 3 . a. herpes_virus which Iqﬁks a functional |CP34.5
encodi ng gen emé)ﬁge m&sﬁ? Eq1byct8ﬁﬂ\la}"st§ :of an immune response. However, in combination
with pro-drug activation this anti-tumour effect is ephanced. Such fusogenic genes
15 include modified retroviral envelope glycoproteins such as those derived from
gibbon ape leukaemia virus or human endogenous retrovirus W, the fusogenic F and
H proteins from measles virus or the vesicular stomatitis virus G protein, but other
genes encoding proteins capable of causing cell fusion may also be used.
The virus may additionally comprise a heterolgous gene which encodes an
2¢  immunomodulatory protein. The immunomodulatory protein promotes an anti-
tumour immune response. Such gene(s) include immune modulators such as GM-
CSF, TNFe, CD40L or other cytokines or co-stimulatory molecules. The
immunomodulatory protein enhances the effects of the prodrug activating gene
and/or the protein capable of causing cell to cell fusion alone.
25 The present invention thus provides viruses capable of the oncolytic
destruction of tumor cells in which, when administered to a patient, optionally in
combination with a prodrug, the anti-tumor propertics of the virus are enhanced by
the combined actions of the activated prodrug and the fusogenic protein and
optionally the immunomodulatory protein expressed from the viral genome.

30 Accordingly, the invention provides:



(i) a heterol ogous gene encoding a prodnig converting enzyne; and (ii) a

het er ol ogous gene encoding a protein capable of causing cell to cell 5
.fusion. The invention also provides: a herpes virus of the invention for use
in a nethod of treatnent of the human or animal body by therapy; use of a
herpes virus of the invention in the manufacture of a 10 nedicanment for the
treatnent of cancer; and a pharmaceutical conposition conprising as active
ingredient a herpes virus according to the invention and a pharnaceutically
acceptable carrier or diluent. 15 Brief Description of the Draw ngs Figure
1 depicts the plasm ds used to construct the viruses of the invention and
illustrates how the plasm ds were constrcuted. The plasm ds encode either a
cyt osi ne deam nase gene hepesvigis bhieh |apea fustticait IGPE4F\endpdihp gageand C

gl ycoprot ei n, hﬁ% bot h genes flanked by HSV 1 sequences fl anking the | CP34.5
encodi ng gene?” ﬁ?asnlds can be used for honol ogous reconbi nation into
the HSV 1 gene tO(f)epl aﬁaerob@mslg@é&c&illegw&dmgc@ﬁeﬂmweﬁdml ddger the

cytosi ne deani nase_gene, the GALV ycoprotei n gene or both genes. These
pl asmi ds were therdil seahftero@aﬁ@taemnw%%ampﬁemeabé%fmquﬁl 82 25 30
4 Figure kL a shows theggsybcloning of Fcy: Fur gene from pORF Fcy: Fur
(I'nvivogen) to pRcRSV (I nvitrogen). Fcy: Fur gene was renoved by restriction
di gestion (Nhe | éﬂ‘dim\@miqnaésblm & with T4 pol ymerase). This fragnent was

then_17gated 0t o PROBSY( . hFADSRInEHolid I Shende SRMlsbebld (b1 untec

with T4 5 pol ynerase) e subelonin
cassette frompReRBYnimahbaypy Serdpypy restriction dlgestlon (Pvu 11, NruI).

This fraguent uas (hen ] gated . L0 bS] G SRl RuR 34 5 cut W th Not

10 medicament for the treatment of cancer; and
- a pharmaceutical composition comprising as active ingredient a
herpes virus according to the invention and a2 pharmaceutically acceptable carrier or

diluent.

15 Brief Description of the Drawings
Figure 1 depicts the plasmids used to construct the viruses of the invention

and illustrates how the plasmids were constrcuted. The plasmids encode either a
cytosine deaminase gene or a gibbon ape leukemia (GALV) fusogenic glycoprotein,
or both genes flanked by HSV1 sequences flanking the ICP34.5 encoding gene. The
20 plasmids can be used for homologous recombination inte the HSV1 gene to replace
the ICP34.5 encoding gene with either the cytosine deaminase gene, the GALV
glycoprotein gene or both genes. These plasmids were then vsed to construct the

viruses shown in Figure 2.

25

30



plasm d is based on pSP72 (Pronega) and contains two flanking regions either
side tO of HSV-1 |1 CP34.5 gene (based on HSV-1 17+strain (123462-124958hbp,
125713- 126790bp)) Genbank X14112). Figure Ic shows the truncated envel ope
" (env) of G bbon Ape Leukaemia virus (Genbank NC 001885, 5552-7555bp) which
was obtained by RT-PCR froma viral producer cell line (MV 144, Rangan et
al., 1979). The envel ope (GALV env 15 R-) was cloned into pcDNA3
(I'nvitrogen) (by restriction disgested Eco Rl Not 1), a mamalian
expression vector and three of the clones were tested for syncytia
production. Figure | d shows the knocks out of a Not-1 site in pcDNA3 GALV
env R- by digestion using Not and blunted with Tpol ynerase, follow by
religation. 20 FngurﬁelaISbO‘SﬁbwbPh@mngfﬂﬂﬁWEgle(fﬂ‘omm“" BewFuR- virus (Genbank

(I\I gfg?régg)S % gur %é’i oygﬂvﬁe Es ﬁ cl(yloF'ra\l?l hénegg? ggto\/gd %%%I?Oﬁg?ny plC?éMP'IQREas y
(Pronmega) t odlgﬁsm (thil arrdd'éctorll (bluntedrwith @%mljmﬂas@]\ld‘h{s)ﬁagmeﬂm& thehasmi d is based
0023 P TR A PR BRI A ST 5102 2 e

Genbank KX14pblyterask). gure 1 g shows the final shuttle vector containing
| CP34.5 flanking [e(F:;PO n"i bastﬁ)(% on HSV-1 17+strain §123462 1§4958bp
125713- 126790bp) Fgy ovspthg gubglpaing ob RV R Furdn shgsette BompksRaY ed envel ope

(env) of G bherp- ﬁﬁk@%d&esﬂﬂnﬁ%ﬂ@ﬂﬂ@@ﬁsﬁ%ﬂ B3nendizaed /S55bp) under

a CW pronot er and I nvi trogen ure I h shows the

subcl oni ng o‘P‘OI#SNhFEEl?VﬁiWPp%% gfébi\@ﬂf(bbl eémthé"vp@ ynerage).aud%ss GALV (**) by
restriction ﬂas%@wb%d()ﬁ’égphl prA»r ))mdmhﬁnémmﬁg vggﬁms&hﬁpm& gated into

the shuttle vectoréé) vvlt Nru 1. lasmd Is based on
pSP72 ( PronmedfdiSVah Rﬁérﬁt@nm@aﬁ/@nﬂSé{nkngtrmegizéﬁ@ @49 » B45d@83-0f HSV-1 5 1CP

34.5 gene (b g ftrain (123462-124958bp, 125713-126790bp) )
Genbank X141%§?%gﬁg exparn%g(illzn%t)the truncated envel ope (env) of G bbon Ape

Figure 1¢ shows the truncated envelope (env) of Gibbon Ape Leukaemia
virus (Genbank NC_001885, 5552-7555bp) which was obtained by RT-PCR from a
viral producer cell line (MLV 144, Rangan et al., 1979). The envelope (GALV env

15 R-) was cloned into pcDNA3 (Invitrogen) (by restriction disgested Eco RI Not I), a
mammalian expression vector and three of the clones were tested for syncytia
production.

Figure 1d shows the knock out of a Not-1 site in pcDNA3 GALV env R- by
digestion using Not [ and blunted with T*polymerase, follow by religation.

20 Figure 1e shows the subcloning of GALV env R- virus (Genbank
NC_001885, 5552-7555bp) from pcDNA3 (Invitrogen) to pGEM T Easy by PCR
{Promega).

Figure 1f shows the subcloning of GALV env R- from pGEM T Easy
(Promega) to p-34.5 by restriction digestion (Notl). p-34.5 plasmid is based on

25 pSP72 (Promega) and contains two flanking regions either side of HSV-1 ICP 34.5
gene (based on HSV-1 17+strain (123462-124958bp, 125713-126790bp)) Genbank
X14112).

Figure 1g shows the final shuttle vector containing ICP34.5 flanking regions
(based on HSV-1 17+strain (123462-124958bp, 125713-126790bp) Genbank

30 X14112)) and expressing the truncated envelope (env) of Gibbon Ape Leukaemia

virus (Genbank NC 001885, 5552-7555bp) under a CMV promoter and BGH poly A

{(Invitrogen).



Leukaem a virus (Genbank NC001885, 5552-7555bp) under a CW pronoter and

BGH poly A (Invitrogen). Figure 2 is a schematic representation of virus
~vectors used in this study. 10 HSV-1 strain JS1 was isolated by taking a
swab froma cold sore of a otherwise healthy volunteer (Liu et al 2003). JS
1/34.5- [/47- has two deletions. The first involves renoval of the coding
region of the 1CP34.5 gene (nucl eotides 124948- 125713 based on the sequence
HSV-1 strain 17+). The second involves a 280bp deletion of |CP47

(nucl eoti des 145570- 145290 based on the sequence HSV-1 strain 15 17+) (Liu
et al 2003). JS1/34.5-/GALVenv R-/47- &xpresses the retroviral envel ope of
gi bbon ape | eukaem a virus - the R-peptide (Genbank NC 001885, 5552-7555bp)
(Batenan et al 2d0@we tpsbays he spbclgninged RPV fisuEpr e sasptte fomaReRI¥ 1/ 34, 5-

/ RSVl Fey: FurMb?ﬁ-B@%@ﬁi@s(Q?)lﬁygﬁstﬁ&i%XH}ngeﬂiroﬂﬁ\)gig%mln?.ﬂﬁso%alg}ﬁ%Wascyt osi ne

deam nase fusi'on to uraci 0Spo- riI'bosy ase nvi vogen) under RSV
pronot er. 20thgsligagd iBo th@abittie nectoRp/34BcyA RV chtaith M-8 § pleenid i usogeni ¢

retroviral e n rodr L Qr i gur ws the fusion
of tumour colte SRERF(amtraKER: sl At Hl diheaR ptySRY5, 1 " o) “and
JS1/ 34. 5- 5 4A7TWPGALS\gehB]basedlondifivirg 1 7+sfreio i{ 12346 124088bp, RGZ13-824730pd st ai ni ng
with crystal .viol.e Figure 4 shows the effect of erpatant from HT1080
el I's 45 houP Rt K1 TR i EnEng R prRc ke r P e PLOBSARSS 5. ) 47

JSI/ 34. 5- | 47Lédkasmik witusqGedbank B¢. 601863} 655 23M58bHawddrurCMV prdri@er@h€sence or

absence of 5-f|uohpcngqsine (5-FC). These supernatants were then heat
i nacti vat ed BHY RORemUBYHEF™M 0 fresh HTIOBO cells for 72 hours. The two

lower right hand mapehss $&A¥NNREprERMBEG AT vited Jec@Ralsby gl Gady. ng 30 that
5-fl uorocytosi ne has been converted to 5-fluorouracil by the Fcy: Fur

contai ni i #SVdswain I§1 wey igefpted by tekingg syrtelrem p seld sore of sathgwiss. / 47- |
iJ Sl /34.5-] 47héa%!-bélunle%ig§§et5al écfo?s)./JEF/?A.E-w&7-\ﬂa£ HRffe1eBBnsS Athk Rk N9 tunour's
nplanted in rats. Rat 9L tunour'cells were Inplanted into the flank of
Fi scher rat sinapldesatmosbel thocadigaemion afdhegliCPed.a genertoupleotidisdadd48r of appr ox
£ SUP T ko B BaUBEE VSN ) Sl bR gl 1! 2588
deletion of ICP47 (nucleotides 145570-145290 based on the sequence HSV-1 strain
15 17+)(Liuet al 2003)., JS1/34.5-/GALVenv R-/47- expresses the retroviral envelope
of gibbon ape leukaemia virus — the R-peptide (Genbank NC_001885, 5552-7555bp)
(Bateman et al 2000, Galanis et al 2001) under CMV promoter, JS1/34.5-
/RSV/Fcy:Fur/47- expresses the enzyme prodrug activator yeast cytosine deaminase
fusion to uracil phospo-ribosyltransferase (Invivogen) under RSV promoter.
20 JS1/34.5-/GALV/env R~/ Fcy:Fur/47- combines both fusogenic retroviral envelope
and enzyme prodrug activator.
Figure 3 shows the fusion of tumour cells by GALV env R-. A plaque is
shown of J81/34.5-/47- (A) and JS1/34.5-/47-/GALV (B) following infection of rat
RG2 cells and staining with crystal violet.
25 Figure 4 shows the effect of supernatant from HT1080 cells 48 hours after
infection with the control virus, JS$1/34.5-/47-, JS1/34.5-/47-/Fcy:Fur or J51/34.5-
/47-/GALV/Fcy:Fur, in the presence or absence of 5-fluorocytosine (5-FC). These
supernatants were then heat inactivated and then added to fresh HT 1080 celis for 72
hours. The two lower right hand panels show near complete celi death indicating
30  that 5-fluorocytosine has been converted to 5-fluorouracil by the Fcy:Fur containing

viruses.



500ny/ kg of 5-fluorocytosine was adm nistered by the intraperitoneal route
on days 9, 11, 12, 14, 16, 18, 19, 21, 23, 24, 25, 26 and tunour dianeters
nmeasured. Error bars represent standard deviation. to Detail ed Description
of the Invention A Viruses A herpes virus of the invention is capabl e of
efficiently infecting target tunor cells. The genes encoding ICP34.5 are
inactivated in the virus. Mutation of 1CP34.5 15 allows selective oncolytic
activity. Suitable nutations in the 1CP34.5 genes are described in Chou et

al 1990 and Macl ean et al 1991, although any nutation which renders |1CP34.5
is non-functional may be used. The gengs encoding |1 CP47, 1CP6 and/or
thym di ne ki nase nay additionally be inactivated, as nay other genes if such
i nacti vati on doedigirghshoivs drteffyct nEBIEE. -MAe-, BBicHI.547dGalVelS1/34a- i f such

del etion 20 nces .oncol yti.c.or ot her desirable properties of the virus.
Were the geﬁZ'%gﬁ@BHFﬁas ‘1%%2%‘"?%‘“%?"5%’8@“?‘?‘{'Hégis'ﬂ*‘gt %Ef“gloé}ﬂcei"ﬁ such a
f ashi on t hat wirhémplaasdiiyitoie flahk ofEBehet GisQNPEIRAGEE T ddveRld §i0¢ a fumdes i n the HSV

replication gycle than i% usu I]?L/R;t 2? case. Such a nutation is described in
Liu et al 2083Meieof qepiax Gpmph rpiRs oh fivemts weerihen wisste WiBSEWAEL two or nore of

a prodrugs actilvehs pE/RINEYMBicatdd BAE! iRirituRGRAP bE d8fs 72P0,93Using26el | to cel |
fusion and an i munonodul atory protein. The term nol ogy used herein for the

her pes vi r us>{BesS of 3-Tlupeytesineiasiagminisiesed fyghe glrapesitapral kmye ondigb e t he her pes
virus of theginvenid 98 1isSid,n 32495 263N rRLPESmMES HRaduhR, EEL i onal

equi val ent of each of the r’rerfti_bnég "HSV gélnes ‘lﬁs {:nacfl%uvafe . A non- HSVgene
which is a flancreproseal standerdwatietton. of an HSV gene 30 perfons the same function
as the HSV gene and shares a degree of sequence honology with the HSV gene.
The functional equivalent may be at | east 30% for exanple at |east 40% or

at | east 1650%Dethitaddlesariptisn dfith¢ IneerdtlBY gene. Honol ogy may be determ ned as
descri bed below. Viral regions altered for the purposes described above may

be either elimnated (conpletely or partly), or made non-functional, or
substituted Ry otViagses 5 sequences, in particular by a gene encoding a

prodrug converting enzyne, gene .encodi rotei n_capabl e of causing cell
to cell fusion or BFTRfSYHUY DYRGUGHS °PH?H%H§H@GEP'§( 'Sfeﬁt"gi‘a’tgé'itl‘lmm '

cells. The genes encoding ICP34.5 are tnactivated in the virus. Mutation of ICP34.5

15  allows selective oncolytic activity. Suitable mutations in the ICP34.5 genes are
described in Chou et al 1990 and Maciean et al 1991, although any mutation which
renders ICP34.5 is non-functional may be used. The genes encoding ICP47, 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

20 enhances oncolytic or other desirable properties of the virus. Where the gene
encoding ICP47 is mutated it may be mutated in such a fashion that the nearby US11
gene is expressed at earlier times in the HSV replication cycle than is usually the
case. Such a mutation is described in Liu et a! 2003. Viruses of the invention
additionally encode two or more of a prodrug activating enzyme, a protein capable of

25 causing cell to cell fusion and an immunomodulatory protein,

The terminology used herein for the herpes virus genes is that commonly
used for genes of HSV. Where the herpes virus of the invention is from a non-HSV
herpes virus the functional equivalent of each of the mentioned HSV genes is
inactivated. A non-HSVgene which is a functional equivalent of an HSV gene

30 perfoms the same function as the HSV gene and shares a degree of sequence

homology with the HSV gene. The functional equivalent may be at least 30%, for



The virus of the invention may be derived froma herpes sinplex virus HSV
strain. The HSV strain may be an HSVI or HSV2 strain, or a derivative
~thereof, and 10 is preferably HSV 1. Derivatives include inter-type

reconbi nants containing DNA fromHSV | and HSV2 strains. Such inter-type
reconbi nants are described in the art, for exanple in Thonpson et al 1998
and Meignier et al 1988. Derivatives preferably have at |east 70% sequence
honol ogy to either the HSV | or HSV2 genome, nore preferably at |east 80%
even nore preferably at |least 90 or 95% Mre preferably, a 15 derivative
has at | east 70% sequence identity to ®ither the HSV 1 or HSV2 genone, nore
preferably at |east 80%identity, even nore preferably at |east 90% 95% or

98% i dent i t yexample ableast0% or deashAGlichmelRarye ttho B Y eend. HEoNBESESRNAY pr ogr am

whi ch can onol ogy (for exanple used on its default
settings) Zg&(d%e\?fg‘r“gﬁ?(sct%%cw{%ﬁe?l“@84) Nucl ei ¢ Aci ds Research 12, p387-395).

The PI LEUP and maSngahgaitereulfmmhtmdsa desaridbed dboeamaybatichehonol ogy or 1ine

up sequences_{t.ypi on t default .setti for l e as
descri bed i nelﬁli('gecﬁﬁ %i‘@@?} y)r\ft’)r made foj-func %laggbs)ugﬁﬁute%ﬁ@g% et al.
(1990) J. 5 ModequeBies| inpﬁﬂ.xBullei}‘-anEne Smfadm@a ﬂroﬁmg cieeftiap BhdighePd £7d anal yses i s

publicly avail abl e throu h i on Centre for Bjotechnol ogy
| nf or mat i on ?‘ﬁ?‘lb'b%??fwmﬁ%%’ ﬁﬁ?ﬁsmgﬁ Qe “Slo?ﬁfgg%‘}eng?qdf‘}%f’Pl nvol ves first

identifying iMahome@iteg psRéiience pair (HSPs) by identifying short words of
length Win the ql_ery sequence that either match or satisfy _some

posi tive-val ued tIJPFéchﬂf edpyspiommhkederyedfrrspia hrrpes simpier s tiShe sane
length in agdat ?fs\/ss%gm %ea;rawlroﬁhgvfzagﬂﬁ %ré‘aemﬁv LG hood wor d
30 (Altschu

score threshol et al., ese Initra nelg bour hood word
hits act las SewiatipHSVi. nDFm‘atlvqsgnCé@amtmets‘petrgcmbnmnﬂswalowawim| ng them The

word hits arﬁox%l's%%ﬁgﬂp'@z?%ﬁs. sabd %Fe?g)%@%cﬂxlnﬂlﬂ%t?ﬁ‘égxst%ﬁﬁ‘é&%&%a or as far as

the cunul ative alig score can i ncreased ensions tor the word
hits i n eachfodixaepldio Thampsohal 4 @8P8vand Meigniee et « UPRS. Derivativab pgfenadbit score

falls off by u X from.it X hiw value the cunmul ative
scoro goes 158 BUEMh ihuchet biPibey o s YD e B e Fird "ror
negati ve- scopnefegabryesledueofal t»@ﬁlmr&;ﬁefemblytahbasea(dor@fswiMd”tepreEem:&;eace is
reached. 5 The B or ar ters X d rmne the
sensiti vi fy %atlg\ﬁgéﬁ ‘%5 ‘JOE% seq enceai entity to e\%er the%l or I-% 2 genome,

more preferably at least 80% identity, even more preferably at least 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 default settings)

20  (Devereux et al. (1984) Nucleic Acids Research 12, p387-395). The PILEUP and
BLAST algorithms can be used to calculate homology or line up sequences (typically
on their default settings), for example as described in Altschul (1993) J. Mol. Evol.
36:290-300; Altschul et al. (1990} J. Mol. Biol. 215:403-10.

Software for performing BLAST analyses is publicly available through the

25  National Centre for Biotechnology [nformation (htip://www.ncbi.nlm.nih.gov/}).

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
in a database sequence. T is referred to as the neighbourhood word score threshold

30 (Altschul et al., 1990). These initial neighbourhood word hits act as seeds for
initiating searches to find HSPs containing them. The word hits are extended in both

directions along each sequence for as far as the cumulative alignment score can be



the alignment. The BLAST program uses as defaults a word length (W of 11,
the BLOSUM62 scoring matrix (see Heni koff and Heni koff (1992) Proc. Natl.
~Acad. Sci. USA 89: 10915-10919) alignnments (B) of 50, expectation (E) of 10,
M5, N=4, and a conparison of both strands. to The BLAST al gorithm perforns
a statistical analysis of the simlarity between two sequences; see e.g.,
Karlin and Altschul (1993) Proc. Nall. Acad. Sci. USA 90: 5873-5787. One
neasure of simlarity provided by the BLAST algorithm is the smallest sum
probability (P(N)), which provides an indication of the probability by

whi ch a match between two nucl eotide & am no acid sequences 15 woul d occur
by chance. For exanple, a sequence is considered simlar to another

sequence i f n¢reasedrdixteagionssfionthp wotskibis in eaph fdirecomiga hiltedrwhehi: thae first sequence
to the sec ' - [e I han about
0.1, nore p?‘@ﬁ' grﬁgg#ag&ﬁﬁgggcérﬁgdﬁs g@gg%ﬁggﬁ?}%%@m&%ﬁﬁ%&@g@g IC§/ | ess than
about 0. 001.vahertbe cunatlative scomy gdes toezetae belewudurde thefacauntdBYod oboneldSV2 genone

nodi fied 20 by nucleoti.de sybstitutions, fo nple from1l or 3 to 10,
25, 50 or 1dﬁ°r¥gfﬁ§§ﬁ'?°8{t'i’%rﬁ§'&“ gy 9T e °¥é&9§§€ﬂéﬁm“%§/’e&‘#‘ir natively or
addi ti onas | yTHe@BLASIU foriéttn Patardeters O, Tand & defe@ink i@ :8nskBiAy@hd stREESH ons and/ or
by an extensLor’l, at either gji_ both ends., Virus strains,_of the invention may
be "non- | abdfatlgppents The PH&ST progtam wsghas dofpully awonddensiy @Y kafd L4t as ¢l i ni cal '

strains. A perOSUMES scokhg inatriR (b BleMks if Whd Henfi@fth $90) Phoc. MY S1ck® di stingui sh
bet ween a | abor at org strain and a non-laboratory, or clinical, strain.

Further gui d¥hceSA2:t1881 M Bralizements B pl/54 exnsetaion{Ebpt KiM5p, W¥hus strai ns

is given bel@WcodhgiskPyr itSdhiGt | on between a laboratory and non-Iaboratory
strain is that 30 |aboratory strains currently in common use have been

mai nt ai néd for | dhgBpABRT elierithrrperfproysarstatistical anglyeis ofithesimilanitycul t ure. Al

aboratory H3X,sh (Al 5.0l <@L KAR e ARKG (1699 AraoMalSflghran | nf ect ed

i ndi vi dual s and so ar errve romclinica cul ture of
Vi ruses suchUss S¢iSe73-61871 s neatuecdtisim)iaeityknovideddy tseBLAST plaestagge. To  grow

o0, I 21 B D B SRR AR, i1 U5y £ ¥ 1
t hen re- probability by which a match between two nucleotide or amino acid sequences
15 would occur by chance. For example, a sequence is considered similar to another
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 0.01, and most preferably less than about 0.001.
A derivative may have the sequence of a HSV1 or HSV2 genome modified
20 by nucleotide substitutions, for example from 1, 2 or 3 to 10, 25, 50 or 100
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
25 - also be referred to as “clinical” strains. A person of skill in the art will readily be
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,
The key distinction between a laboratory and non-laboratory strain is that
30 laboratory strains currently in common use have been maintained for long periods,
many years in some cases, in culture, All laboratory HSV strains will originally have

been isolated from infected individuals and so are derived from clinical strains. The



infected, this process constitutes one cycle of serial passage. Each such
cycle may 5 take, for exanple, a few days in the case of HSV. As discussed

. above, such serial passaging nay |ead to changes in the properties of the
virus strain, in that selection takes places for properties that favour
growh in culture (e.g. rapid replication), as opposed to properties useful
for practical applications, e.g. maintenance of the capacity to travel

al ong axons in the case of HSV or to infect human cells. 10 Laboratory
strains in current use include HSV-1 strain F, HSV-1 strain 17+ and HSV-1
strain KOS. Non-laboratory strains useful in the invention typically have

i nproved oncol ytic activity conpared to HSV-1 strains F, 17+ and KOS strains
with equi valupre ofridistd gl #sgBSY maolvesn techibigrakeawn astserisl passageofie t hat has been

recently is e%é\kﬁl‘?d rfn£ n%&éafs%ﬁébqgcell%;eilr[sl‘g%tééd[»glgﬂhe vf?hs”&@ fporatory strain

of the pres |nven fon 1S a recent strarn at has been
nmodi fi ed so wplaatet wehigdreckh mubtte vng.lshﬂﬁaﬂbaﬁvdsmdjﬁmhbelksateeﬂemch that a

functional 1.CP34 rotein c resse gene
encoding a 'Bcgf)t-e%?lﬂgprg&?sf al H§ ?)'?ed?"élfﬂ Segald’éf‘f’égee(rjft%'a?‘ﬁg Céclf‘i)rr“@f ei n capabl e
of causing cghd, forEklﬁmiIH,l aifd’idda@l% irftRe tAIROMOSNOANE dibcusied RbSleduBh seffali r us of the
invention will have s % some tinme in culture in order to allowthe

necessary nmodFPFBRaMY grech e prgpprties of ihe viHpsteBe iy et geletioPur e wil | be

conpar at i vel yikes pREds. rorTﬂa@pcﬁtas maﬁﬁbourgm“aﬁ@. dURYre h@yt%ap.m?ﬁcam@za@n for storage
prior to nodification, or be frozen after nodifications have been nade.

Strains of t%oﬁeﬁ%ﬁPP%Wsﬁﬁeéulﬁ?W‘éﬂ apriicatingp 2. FaintEpnsef 88 to retain

substanti al | y,1dhe ieskr AR %xmsqp&retcas%%fﬁfsvtobﬁ)lﬂf &1 chilgl ni cal isol ates
from 25 whlchthey are derlve A virus strain o e invention is derived

froma pa?ental \Juaqutoxsrtsnamwmcnncm@_se ipelnderi SN - lwstrmuf, B8Vdistraind7hut ated to
produce the yiiRlS | Eoly gégggo%lab aé)l Hlsam(gfusefﬁtﬁqxg tﬂel H‘@énqg%w ne, derived

fromthe clinical 1solate arenta rain IS 1-deri ved
virus may bemp®ved alcomiohdfﬂfityhﬁtbatcdstb H8VAl glains \Fe 7+ andKQSSstikins Withs a 30 vi rus
of the invention MF 2 JSI virus which lacks a functional |CP34.5

encodi ng ge‘ﬁ’éw lr%‘ il %rﬁrrprl ses two or nore of a gene encodi ng a prodrug

converting enzyme:;onaalgﬁnayeﬁmehdngmtnmrsmmraceﬁapablhed@ﬁnmmﬁbmgi cell to
cel | fu5| on and. a encodi n an i nmunonpdul at og&/ly[so tein. In

addi ti On Sulgﬂwglu% Bgn-kggra@%s[tré} g}? resent invention is a rec ate

strain that has been modified so that the gene encoding ICP34.5 is inactivated such
that a functional ICP34.5 protein cannot be expressed and to include a gene encoding
a pro-drug activating protein, a gene encoding a protein capable of causing cell
fusion and/or an immunomodulatory protein. A virus of the invention will have spent

20 some time in culture in order to allow the necessary modifications to be made, but
any time spent in culture will be comparatively short. The clinical isolate may have
been frozen for storage prior to modification, or may be frozen after medifications
have been made. Strains of the invention are prepared in such a manner so as to
retain substantially the desirable properties of the original clinical isolates from

25 which they are derived.

A virus strain of the invention is derived from a parental virus strain if the
parental virus strain is mutated to produce the virus. For example, a virus of the
invention may be derived from the clinical isolate JS1. The parental strain of such a
JS1-derived virus may be JS1 or another HSV1 strain derived from JS1. Thusa

30  virus of the invention may be a JS1 virus which lacks a functional ICP34.5 encoding
gene and which comprises two or more of a gene encoding a prodrug converting

enzyme, a gene encoding a protein capable of causing cell to cell fusion and a gene



other nmutation, for exanple, as nentioned herein. A virus of the invention
is capable of efficiently infecting target human cancer cells. Wen such a

~virus is a non-laboratory or clinical strain it will have 5 been recently
isolated froman HSV infected individual and then screened for the desired
ability of enhanced replication, infection or killing of tumour and/or other

cells in vitro and/or in vivo in conparison to standard | aboratory strains
such as HSV-I strains F, KOS and 17+. Such viruses of the invention with
i nproved properties as conpared to |aboratory virus strains are then
engi neered such that they 10 lack funational a |1 CP34.5 gene and encode two
or nore of the followi ng genes: a gene for a prodrug activating enzyne, a
gene for a prodeigeanaapaiinedeitocaprsiemg Iralditionpsuci & virusfrosyi contaiemdy a  gene

encodi ng an olthepg#{a;g%ggogle%}rg %r{) Oﬁt%h@d}‘ms% ein said genes are under the

control of a ITUS strain has been recently
isolated if it haguimndfehgmnmnbinrseepapkaxf sffiofenilyemtecting t@iget imensi nce i sol ation

of the 15 unnodifi.e nical. parent strain fromits . host,. Mire preferably,
the strain HAET hﬁle 8h%’°lbf’1¥‘ é%l?“?f’rlali’oéglgryloﬁ"lérﬂﬁlm"én 1t il h“é’farrpf)e ni ne y

nont hs ors | egén reently rmlate&sroﬁnran Hseﬁiafecﬁeﬂtrﬂmdmndnhihearscﬂe@@a forlthe nont hs or
| ess, one nmonth or less, two weeks or |ess, one week or |less. By these

def i ni ti ons dg¥ired bifityiaf ephan¢ed replication iafeptonior Hﬂhwf@avw andiyeOMeT i n cul t ure.

Thus, for e&@m%%:ro'ahd/blsxn@%maﬁéoﬂ% kt%aﬁd%ﬂo"rﬁ@‘&%tr&ih{ Mdshafrains in 20
order to preserve them Evidentl preserving by freezing or in an

equi val ent rH¥réptraigide KQ$and d ikl %lLfC!}VEESGﬁﬁﬁ‘hQ wventing Withémprovyedi n in cul ture.
ihus, t1e sP@abhicl L% RBaA 1o 1IPALIVRES MRS B YR chiindlRla dubFRARE, | N Lhe above

defi ni tions time spént 1n cu Ime spent”in culture 1S typically
time act ifal lgckdinstionalin e3¢ Jigane fseremallde pesganes of the followinggenksrd ng whi ch

sel ection f eneufafjf ﬁr% la&wﬁt%%ﬁ%é%&de%r zﬁ_&%% %ﬁgb}e o%%al.ﬁ)s{n fc@l’i %bl y. a

non- | abor at oty V|r rain gone ess cycles or serial
passage si nceill 'fusinhahd mgbnefendotlmgumnmdurfonmdule&aryrpmtam whessinugaiigenst rain fromits

host. More pref.erabl ha nder 00 or 100 or | ess, 90 or
| ess. 80 or Feuder ts‘b °¥‘8?I qf§§‘é‘%ab% Tr@‘ st VEPS %’iamﬁﬁgeenéfﬁfeﬁ Yless, 30 or
| ess, 20 or ibof&d if it BasQindér@éife, three perarsloe&@s indult@ sih@SiSolatibn@f theess, 2 or | such

cycles 30 Prefgrably a non-|aboratory virus has aégreater ability, as
measur ed by UnEedifigdslinica} pargnd ptraimfrorp s post. Mpepreferphly dheseai haspor at ory strain

with the equin¥abdfelone y@aidbrflbmﬁ élﬁ’t’ilfe foP exdiplenting Bthdriest Wnchddmorusef ul in
the application at hand. In th
less, three months or less, 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 meant time actually
spent in culture. Thus, for example, it is a common practice to freeze virus strains in
20 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 preserved is not included in the above definitions of time spent in culture.
Time spent in culture is typically time actually spent undergoing serial passage, i.e.
time during which selection for undesirable characteristics can occur.
25 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 less, 50 or less, 40 or less, 30 or less, 20 or less, 10 or less, 5 or less, 4
or less, 3 or less, 2 or 1 such cycles.
30 Preferably, a non-laboratory virus has a greater ability, as measured by
standard statistical tests, than a reference laboratory strain with the equivalent

modifications to perform certain functions useful in the application at hand. In the



1t case of an oncolytic virus for tunmour treatnent, a non-laboratory virus

strain of the invention will preferably have a greater ability than a
~reference | aboratory strain with equivalent nodifications 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 5 statistically
significantly greater ability. For exanple, according to the invention, a
non-| aboratory 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 nespect of the property being tested.
Preferably, the reference strain is selected fromHSV-1 strain 17+,

HSV- | (F) andcabay-an opfytic virusion tumpui fa:@lm@nalnys-il@omory hieusmraipef thces descri bed

herein may b?ﬁ %ﬁ&( Vﬁppr rab]g)ﬁra}fe t&ez&i ra?ﬂl{tl C re e.?ern eFA r{gtor strtam][vﬁ . ANOVA,

or Chi square res Si g e neasured
to a | evel Oéqupatenlﬁmﬁﬁﬁc(dﬁ&@s to nﬂ’chrpe;ﬂi‘cae abturour cells, to kill tumour cells or

0.01p, p=0. 001, p=0 0001, p=0 00001, Vi f the jnvention infect and
Fepi i cat 6 i rOCBBLI R PER R BEE B A DS SR s B rour cel I s, Thus.

such vir usesmarsecanlgpilgiﬁﬁaémlgzrgreﬁﬁfmﬁlﬁt@nlsor eE’ﬁr@ﬁleraa&zirdang toltheventien, g€l ectivel y
replication conpetent intgﬁo cells. This neans that either _they
replicate i ntdy oty &ir18 OLAE MM ELLoN mpay GAveru i) dnl f‘l’@l } Ztolgy . Stfﬂlét t hey

replicate nofpg, 5@l qgtfbl&dO)fo!d”Sddeﬁ%HlO@%lhﬁnetcii';?a@u)'/ 5 (ORI &P MFair el |'s.  For
exanpl e, where the virus is used for treating a tumor in the central

nervous syst@ifspechef the pragertysheing estsile Pesferatdy, therfeteaed sginiimselasiedt unor cel | s
but not in thg, sk PUAH PG, ggwlmadhﬂ/gglvl sko&ell's in which the virus is able
a

to replicate are permssive cel surenment of selective replication
conpet end® can bétatlamqalmdlyelapﬂbyptom‘tlcsabsmbdiammlnb@dbheamwdmﬂtby measur enent

of T epli cati g el UAPHEan 68 Lkt | ANGUACARAG Lhokieg AR, Fgufnal ysed by the

statistical i ques nen loned Herel n i1t de properties of the
Vi rus str ai nstatisticabsipmfitanod willbeonsasweal th 8 levaioflpes heaSes)adoreiprefaahly manner known

can be quant? FOERy hEusbAREOERE BREDLY Vit us required to measure &
gi ven per cent age Vifus&eif ki, inveftiordiifRe62he rdp Q04 iR nﬁ@&(u@éllspﬁbkeﬁuenﬁbe capacity to
Dot N RIS bl G, R TRSSULE B, QL DU, FespU e o such o
celI's over ampeirt 8eciely replication competent in tumour cells. This means that either
they replicate in tumour cells and not in non-tumour cells, or that they replicate more
effectively in tumour cells than in non-tumour cells. For example, where the virus is
used for treating a tumor in the central nervous system, the virus is capable of
20  replicating in the tumor cells but not in the surrounding neuronal cells. Cells in
which the virus is able to replicate are permissive cells. Measurement of selective
replication 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.
25 The properties of the virus strain in respect of tumour ceils 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
30 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.



6, 12, 24, 36, 48 or 72 hours or longer. 12 The ability of a virus to kil
tunour cells can be roughly quantitated by eye or nore exactly quantitated
by counting the nunber of live cells that remain over time for a given tine
point and MJ for given cell type. For exanple, conparisons may be nade
over 24, 48 or 72 hours and using any known tunour cell type. In 5
particul ar, HT29 col orectal adenocarci nona, LNCaP. FGC prostate
adenocar ci nona, MDA- MB-231 breast adenocarci nona, SK-MEL-28 mal i gnant

mel anoma or U-87 MG glioblastona astrocytoma cells can be used. Any one of
these cell types or any conbination at these cell types can be used, as may
ot her tunour cell types. It nmay be desirable to construct a standard panel
of tumour cell tylhegbilitrofalvirss iilpomenr cEls tap be canghlyahantitaeddnreyobr | i ve cel | s

remai N g 2ty 8 480 ob Bl o B MIBETor Bl SN BN e RS Ngl Ui ng cel | s

(i.e. live el atron may & Carried out by
fl uor escencefoaaglwlahmdpm&d dnd 401 ongjvenfelllGpe oForlﬁainIﬂs,s:amparIEumuxy cel | -

killing abil asured.in v measuring the

reducti on in!’ %W?%oﬁ%ﬂ?zgﬁ ‘?B‘éaﬂi}l‘%""ﬁ’aq’“fﬂg'g&egwpﬁl s. 15 In order to
det er m nest hpau@crmamge;slo&fcmvudeummfnag DRCAMFGO bicefate adénovartinomgener al |y be
desirable to use a standard | aborat ogﬁ(reference strain for corrparl son. Any

sui tabl e st aN®-MB-ZHorendinecarBreacK-MELAMatiganp melrgeB2 018 he case of

HSV, it is mEfiRbheomh &%@ﬁoﬂ@@eﬂ%d&ﬁﬁe@hdj}%\{e bf hbdeRbMtypdstor PV | strain F
or HSV | strain,  KOS. The reference strain will typically have equival ent

nodi i cat i ongemtinatipmokthess ceil types cag b ysed, jappay otherjubeyregll Hpes dmayThus, t he
reference st paidihd th &as&u&%kﬁm&%&g&m&k@aftygﬁ%.fmﬁg&gg&swosuch as gene

del eti ons and het er ol ogous gene 1 nsertions e cas a virus of the
i nventi on® weaynethe nenteCpRliveSelaTemaining atregiesn theemiliabanumbsn ditngdn

non- functi ongy.. o} eGR4« 2 1RACAM) 9 LSRG e RhRR {1 4R BEEREENTer ed

non-functi on rrence strain ations ma o the

ref erence stmalbyﬂﬁb'resm)cebetmatbdmeli mﬂingt(BACBmEMTfﬁﬁhSa)t Olunmver edllr ai N of the

i nvention. s (ra[)e t the gene di. srb;lﬁtl ons in the reference
strain wll ’émigﬁ %‘%fBﬁ%js (ftﬁ’e\%ﬂr v‘b’ﬁ’sﬁgl HHSAgne B%d@ 1% ® he strain of
the inventi ofuymotr elumkedngtridertd bywh bhrtibglarofirui.he sane size and in the sane

place. Simlarly, in these enbodi nents etero Qus genes |l be inserted
in the same pl adBor daﬂo\;lg}qnweﬁﬁgroggxpgs VHH%?F@% &Vﬁn&ﬂo’ﬁg\‘}ﬁnr it is not

essential t hgdnerally be desirable to use a standard laboratory reference strain for comparison.

Any suitable standard laboratory reference strain may be used. In the case of HSV, it
is preferred to use one or more of HSV1 strain 17+, HSV1 strain F or HSV strain
KOS. The reference strain will typically have equivalent modifications to the strain

20 of the invention being tested. Thus, the reference strain will typically have
equivalent modifications, such as gene deletions and heterologous gene insertions.
In the case of a virus of the invention, where the ICP34.5 encoding genes have been
rendered non-functional, the ICP34.5 encoding genes will also have been rendered
non-functional in the reference strain. The modifications made to the reference strain

25 may be identical to those made to the strain of the invention. By this, it is meant that
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. Similarly, in these embodiments, heterologous genes will be inserted in
the same place, driven by the same promoter, etc. However, it is not essential that

30 identical modifications be made. What is important is that the reference gene has
functionally equivalent modifications, e.g. that the same genes are rendered non-

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



30 identical nodifications be made. What is inportant is that the reference
gene has functionally equivalent nodifications, e.g. that the sane genes
-are rendered non- functional and/or the sane heterol ogous gene or genes is
inserted. 13 B. Methods of nutation The various genes referred to may be
rendered functionally inactive by several techniques well known in the art.
For exanple, they nmay be rendered functionally inactive by deletion(s),
substitution(s) or insertion(s), preferably by 5 deletion. Deletions nmay
renove one or nore portions of the gengjor the entire gene. For exanple,
del etion of only one nucleotide may be made, resulting in a frane shift.
However, preferably a larger deletion(s) is nmade, for exanple at |east 25%
nore preferably at |east 50% of the total coding and non-codi ng sequence
(or alternati Bel y,Methndedfgmitatien t erns, at | east 10 nucl eoti des, nore

preferably at |ea 100 nucl eot.i d 10, nos ferahl v t |least 1000

nucl eotides). It isltshcﬁarl?qséﬁl?emf?rregr %fﬂg?{ P%ﬁ“@‘*&gf{@ﬂ@\%ama“%%% Ire gene and
some of the f kexedsl technkmegresiCienwn ke ertt P eRimple,tkeyand)iRIedikreihe  gene are
present in the vir geno it is preferred that hoth copi of the gene are
rendered functf® tfPé‘fa’]:hil‘%P‘f’i’é{gFYG ‘?tloﬁ{fgél‘t?sﬂ?l‘%‘o PPt HBsgaop 'Pﬁger‘ﬁ’i‘f'ﬁ’es vi ruses by
honol ogous sr eggetuinn Beic@ins by Terh$i2dse vEhbre k610Rs §fGhd Jeas 6 tBKbditir€gnkn the art.
For exanple, HSV genom ¢ DNA is transfected together with a vector,

preferably a PPrEXATRIedstction of qabiAse nuslepiide may bedppdg eguitiagiierfraershihked by

honol ogous  HSHo8 e GRGESkly 3 MegdrdbiBldik) REAME NoLexallBk of RARDEREmBrede! etion(s),
insertion(s) or substitution(s), all of which nmay be constructed by routine

t echni ques. | prsérabhon deantedp% afdheyaiel coding enditrinecodinglsequenpsiieraltemativeli, exanpl e
| acZ . t ' : :
aczZ or green;flugre ?e?%?, at i)%gs?r;l)tfléﬁlle‘(xﬁéé) rpcéfgﬁﬂ-e%}éthXt lpﬁ% fb?)%(agllfe%?de?,scr eeni ng

reconbi nant viruses, a oSl e activi | uor escence.
C. Het er ol i0gouwstgesfersblg al 1epst A reickofides). Vi is patsulafy gréferredtoesthoverthecarry a

het er ol ogous ne_encodin r{dr.u 25 actj.vating enzyne. angd,a
net or ol ogous SungeaRasbions SoRBRkHRalael WAF WIFREYERBEBNE coit tusi on
and opti onal | yera ahgiresent in gewialgenenein ceokfereedainat bothmupienafdd gehosrg pr ot ei n.
The fusogenic B ot(ﬂ n .y al so function as an i mmunonodul atory protein.
rendered functionaily inacfive.
Mutations are made in the herpes viruses by homologous recombination
15 methods well known to those skilled in the art. For example, HSV genomic DNA i1s
transfected together with a vector, preferably a plasmid vector, comprising the
mutated sequence flanked by homologous HSV sequences. The mutated sequence
may comprise a deletion(s), insertion(s) or substitution(s), all of which may be
constructed by routine techniques. Insertions may include selectable marker genes,
20  for example lacZ or green fluorescent protein (GFP), which may be used for

screening recombinant viruses, for example, B-galactosidase activity or fluorescence.

C. Heterologous genes and promoters
The viruses of the invention carry a heterologous gene encoding a prodrug
25  activating enzyme and a heterologous gene encoding a protein capable of causing
cell to cell fusion and optionally a heterologous gene encoding an
immunomodulatory protein. The fusogenic protein may also function as an

immunomodulatory protein,

30



30 14 Preferably, the prodrug activating protein is a cytosine deani nase
enzyne. Cytosine deam nase genes are capable of converting the inactive

_ prodrug 5- fluorocytosine to the active drug 5-flurouracil. Various cytosine
deam nase genes are available including those of bacterial origin and of
yeast origin. A second gene, 5 typically a gene encoding a second enzyne,
may be used to enhance the prodrug conversion activity of the cytosine
deani nase gene. For exanple, the second gene nmay encode a uraci
phosphori bosyl transferase like the viruses described in Figure 2. Any

sui tabl e fusogeni c gene encoding a prdtein capable of causing cell cel
fusion may be used. Preferably the protein capabl e of causing cell to cel
fusion is 10 sePEfraRly.HheRrPIUsHYVHNEAQtER Fsd‘\ﬁYF"é!“e EFARENASH B2y G copr ot ei n,

such as an e@yf@é.&nﬁaxﬁinx&cgeﬁaataﬁelctapmrdf\e&drearngmethpébram keukaem a virus
(GALV) or human endogenous retrovirus W fusogenic F or H protein from

measl es vi r uluosestosipeto theastivedrag 5%&%11?(@0% %ﬁ@tr@dpmnaﬁe genes/pice
preferably, fhgpRiRiiglif &gﬁ%ﬁgﬁ‘ﬁtﬂ% &?r\-? b &1@ dright R%L:Jon% SHeON 1S a GALV

f usogeni c gl ycoproteln. ory ene nay any gene
encodi ng & pypitalyr gehratncpding ceepersl cazyrie, mad ¢ ased tcgenamdemm\@rmgasponse The

Kk h
G cor, T anverlon SRGHY) GUbd e abUAE s PR IE heEeBuible”C O 2 %0

RANTES or a :rr@cetxocpﬂea;gmamlrphb@msraiowlyansfemset Bkerthd fieusessdeactipb@inig8). or anot her

i mmunonodul at ory e?%lef such as B7. é 20 B7.2 orl CE4OL hcﬁég{lot ei n capabl e
of causing cell l‘ﬁﬁ‘yé'élal STHROBEHC BRES Curodine B Rrotein, eapAblE OLRIHBRTHILE ng an i rmune

response. Folrusiemaﬁjr)beuse@b&rh/fet&lyqa@ﬁbiem capablevi@alsiigicely torvall ifusionrie r esponse.

Vi ruses of thﬁ?& ention fg‘; t hus, be .used to deliv r the ?lenes to acell in

vivo whéle 2 ppdtifiedsptraviral pnvajepe °HP@H’|*EP§ A& PYEPPRY gene, the gene

encodi ng a pgladopiofeic dpmbd eoxﬁfgzb@&u@en@kamhlwrﬁsqo@mwofh@m@ln and/or the gene
encodi ng an | mmunonodul at ory prot ej inserted into the viral genone

n
by any sui t aBeSnRRSHFQyiEs ueﬁlsa%eﬂw&ﬂﬂ%@ra%l frqr ps9plins (YHRS 354 ths HSV stral ns

with, for exagRhig sthARTYLusMEHlbRES M&E?b@f&&l} R H&BR caJa'bI%fo@&Ls
sequences. The genes nmay be inhserted at the sane site in the HS
cell to cell fusion is a GALV fusogenic glycoprotein.

15 The immunomodulatory gene may be any gene encoding a protein that is
capable of modulating an immune response. The protein capable of modulating an
immune response may be a cytokine, such as GM-CSF, TNF-a, an interleukin (for
example IL12), a chemokine such as RANTES or a macrophage inflammatory
protein (for example MIP-3) or another immunomodulatory molecule such as B7.1,

20 B7.2 or CD40L The protein capable of causing cell to cell fusion may also be
capable of modulating an immune response. For example, GALV is capable of
modulating an immune response.

Viruses of the invention may thus be used to deliver the genes to a cell in vivo
where they will be expressed.

25 The prodrug activating gene, the gene encoding a protein capable of causing
cell to cell fusion and/or the gene encoding an immunomodulatory protein may be
inserted into the viral genome by any suitable technique such as homoelogous
recombination of HSV strains with, for example, plasmid vectors carrying the gene
flanked by HSV sequences. The genes may be inserted at the same site in the HSV

30 genome, for example so as to replace the ICP34.5 encoding gene, or at different sites.
The genes may be expressed from separate promoters, for example a CMV promoter

and an RSV promoter or from a single promoter. Where the genes are expressed



30 genone, for exanple so as to replace the 1CP34.5 encodi ng gene, or at
different sites. The genes nmay be expressed from separate pronoters, for

. exanple a CW pronoter and an RSV pronoter or froma single pronoter. \Were
the genes are expressed 15 froma single. pronoter, the genes nay be
separated by an internal ribosonme entry site (IRES). The genes may al so be
expressed as a translational fusion such that the fused protein retains
both activities of the separate genes (ie prodrug activation and cell to
cell fusion, prodrug activation and i munonodul atory activity or cell to
cell 5 fusion and i mmunonodul atory acttfvity) such that the fused proteins
are cleaved _follow ng expression by a protease either in cis or in trans to

the fused pri5es sinsle promotes s gsnpsBRyFSERATHEHRY, antpemal Fhopper @iis, or two of

the three prgteRes) TR Een%%ﬁﬁfﬁ&%% expre@idt 8% ARGl RisibYMicR ARk e
respectively placed in a back-to-back orientation wth respect to each

ot her and i nfgedpexiein rptainsthieth ackvitieserf hescramtegenenli prpirae activaomapd genes
encodi ng | CR344 G i y 2 {401 e r, the gene
may be i nser%e_ ?CH?%? {%@%@gg@%@ﬁ%@%@%&%&g %I{%lﬁl(tis)r Jgﬁ\(‘)@é ed t hat
oncol ytics phopemdiimnuagmodubtary aditity)Bhech thatdinsfosddipesicisegeuelaed of t he

tr.ol sequences

perm t 41 g oonr LR PBIHFH PratgBRER R g Tt 8 F oS8 W E 1~ oper abi y
| i nked" r ef egrefetral embjodixteap Gritivo pratemspdrawo of the theeppateias) tak: cdlpessed bed are in a

rel ationship._permttin to function in their intended.manner. A control
sequence "opfé‘%éﬂ}n#\/ F‘FFE%GWHWEO‘%‘HFH%@”@BH%&H‘E@‘"’itga"‘f'f"g'éftcgan?%"‘“gﬂch a way
that expr essittomspeét tb Bh 0@t 4 ifLAERGRhd BSAGHIomeRH atiddeglace@edi ti ons
conpatible with the, control sequence. 20 A contraqgl sequence typically
conpr i sed? a HPEFHEInEALPEhe - nechaYis feintad it Rigurede HaWBYSertBARDE | | nked

thereto and giyRahseh& infoRhdWiRR e af anly RGN d) PrdvitiRd thERSncoRti@MOt er is
selected frompronoters which are functional in mammalian, preferably human

tumour cel | SPropegiies piedetdined may be derived from pronot er sequences of a
eukaryotic gene. gﬁ@&axﬁmﬂ!sgﬂeﬁéé&ﬂ%@ﬁ%ﬁﬁg é’ar@?re‘?é!tﬂh‘/&&rsz’bpmthe genone of

a 25 cell in whi expr essi of the heterol ogous gene’is to occur,
pref erabl y alinknhioreanhticd sequenpeupermisting exprgsseonnd dfecgends|iy a tunyneail. (Theour cel | .

W th T eSPeCt el BllSQTNRL ottt & B herdnd fonffoR B Ghiekpat f uncti on

in a ubiquitous n
are in a relationship permitting them to function in their intended manner. A control

sequence “operably linked” to a coding sequence is ligated in such a way that
expression of the coding sequence is achieved under conditions compatible with the
control sequence.

20 A control sequence typically comprises a promoter allowing expression of the
gene operably linked thereto and signal for termination of transcription. The
promoter is selected from promoters which are functional in mammalian, preferably
human tumour cells. The promoter may be derived from promoter sequences of a
eukaryotic gene. For example, the promoter may be derived from the genome of a

25 cell in which expression of the heterologous gene is to occur, preferably a
mammalian tumour cell, more 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, tubulin) or, alternatively, in a tumour-specific manner.
They may also be promoters that respond to specific simuli, for example promoters

30  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 such as that derived from Rous sarcoma virus (RSV), the



(such as pronoters of (3-actin, tubulin) or, alternatively, in a
tunour - specific manner. They may al so be pronoters that respond to specific
stimuli, for exanple pronoters 30 that bind steroid hornone receptors. Viral
pronoters may al so be used, for exanple the Ml oney nurine | eukaen a virus
|l ong term nal repeat (MWV LTR) pronoter or other retroviral pronoters such
as that derived from Rous sarcoma virus (RSV), the 16 human or nobuse
cytonmegal ovirus (CW) |E pronoter or pronoters of herpes virus genes

i ncludi ng those driving expression of the |atency associated transcri pts.
Expressi on cassettes and other suitabﬂ@ constructs conprising the prodrug

converting nzyme encodi n]%F mﬁ ncodi ng a protein capabl e of
pronot i ng PT PGUSE &Y VB'HS ORISRV R 8™ d cont r ol

sequences c n&&n@ﬁﬁﬂgtﬂ&eﬂgwﬁ@mw&@ieﬁbnﬂém&n&)egsbdumaﬁnm Wn to persons
skilled in the art (see, for exanple, Sanbrook et al., 1989, Mol ecul ar

Cloning - A | aboE&RITSiPneasseliss andeihey suitaple; ARSI BRRPTRingdhs Prodig npy al so be
advant ageouscoﬁ%lﬂglﬁzﬁﬁ@éﬁ%cﬁﬁg( sthe, tg@nebéﬁcé LBlef c3pabl %r&rﬁlﬁmg 10 level s of

expression of the genes can be regulated during the life-tinme of the tunour
cel | . | nducidslléo spldustontandfor meunoem@lstomgewqmdesgsmnqumcas ¢adeusi ng t he

pronoter ca I on may
Further compribSeBEREE Sttind Gl IBlotn Cptcb b IR A TUEIOL PP, 2™
transcri pti oxahplaciambedtober dluSP&?nMomcuimél‘lnmugldérlabdnaowmmmii Cgfl a strong

pronoter (e. 9\@/ | E pronoter) and the 15 prodrug converting, cell to
cell fusion %’r %ri’rh%r;ubnf)rrrﬁﬁgl atory or other gene may be under the control of a

pr onot er responsilmmytamsotblaed\taﬁtagmapfceﬂe@romﬂ?erﬂs@tdtreaﬁrmcibilqmoitmaie activator
fusion protein evi ousl y.reported sse 2, Cossen et al,
1995 ThLs oY & YRR REIHE Bt Gt SRR P T s SUBE o Hapend on the
presence or @hsﬁﬂ@@b@inemttn@ﬂméuem%fe;aiaesMbﬁ UsigiRedisidg e proweiRf ¢.@n encode
mul ti pl e heterol ogous. genes. Viruses the invention may conprise one or
nore additi ol??éFg“&g‘ﬁ’eé:or ‘F’@F’P@x%ﬁ?ﬁisé’ffj’FWﬂ“onﬁ%ﬂ“@w 2Ompgise8 addi ti onal genes.

The addi ti onglerdlSgHaE Bane RRHIR tﬁettéttréb%ss&mmsraﬁsfcnbd’tﬁmparcﬁdmms:&pnvert ing
gene, the fusiogenic gene and/or the imunonodul atory gene. The additional

gene(s) may @ﬂ‘é‘ﬁ(&‘é@“&ﬁé"@ﬁmlﬁﬁﬁ rong progioiss (o thsdPMy Epraregter) g thene, one 25 or
more di ffer enbarhpSInQEang, Ce1DRREl AR OF inBRfoRlod IR6R i biktERP nal BEUNONMDdUl at ory

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 gene(s) would depend on the
presence or absence of tetracycline.

20 Viruses of the invention encode multiple heterologous genes. Viruses of the
invention may cormprise one or more additional genes, for example from 1,210 3,4
or 5 additional genes. The additional gene(s) may be further copies of the prodrug
converting gene, the fusiogenic gene and/or the immunomodulatory gene. The
additional gene(s) may encodes one or more different prodrug converting gene, one

25 or more different fusiogenic gene and/or one or more different immunomodulatory
gene. The additional gene(s) may encodes other gene(s) intended to enhance the
therapeutic effect.

More than one gene and associated control sequences could be introduced
into a particular HSV strain either at a single site or at multiple sites in the virus

30 genome. Alternatively pairs of promoters (the same or different promoters) facing in
opposite orientations away from each other, each driving the expression of a gene

may be used.



gene. The additional gene(s) may encodes other gene(s) intended to enhance
the therapeutic effect. Mdre than one gene and associ ated control sequences
. could be introduced into a particular HSV strain either at a single site or
at nultiple sites in the virus 30 genone. Alternatively pairs of pronoters
(the sane or different pronoters) facing in opposite orientations away from
each other, each driving the expression of a gene may be used. 17 D
Therapeutic uses Viruses of the invention may be used in a nethod of
treating the human or animal body. In particular, viruses of the invention
may be used in methods of 5 cancer théfapy. Preferably, viruses of the
invention are used in the oncolytic treatnent of cancer. Viruses of the
invention may be used in the therapeutic treatnent of any solid tunmour in a
manmal , pref pr ablphepagRufitidses FOr exanple viruses of the invention may be
adm nistered to a subject with prostate, breast, lung, |iver, renal cell,
endometrial, bl adiBees fdednveprionmpxhecsed inareqthadied treating thsdwren Abrm: t o

mel anome; |y BRIy, Ohip@ialas MG SIS hSHehiSPmaPhd uskd fHan&Ads bone sar comas;
or cancer of the head and neck. E. _Admi nistration The viruses of the

i nvent i on’ ma{Rnee theswy. Prefesabby vireses of the mventign g usedio therenddytisat i ent, i n need
of treatnent } I : ; i Ladividual suffering
from cancer, u%@@%&%%ﬁ%/ﬁagwlﬂﬁs?{/t?%ll?gfﬁ?\nﬁ E]ﬁ?ge g%fl?rgth% H{é n%aél?'QHThe ai m of

t her apeut i ¢ treatiaent pbany spléd tumoinrip g ovaeah refoaidly & homarofFoaexpanplent . Typical |y

t herapeutic (¢ i I Y e jnventio Leviates the
ymptoms. of | ki ipveibl e octhobitoion b b B3 BB MEGHUBED 1D e

i nvent i on coinpar) rsies callclerdomstrial, bladdea, cBRn bhesraps vircinahk\adefobarcihome anount of a
virus of lghe i@\n/ent.ilon to a patient sufferi ng . fron%cancer. Admi ni stration
of an oncdl yf* hanpgpma Eliomg, SAEPmATsuphassqH st 9RURRRE SAEOME e ng from a
tunour will tanpéroftheeddidnl nédke cells of the tunour thus decreasing the size
of the tumour and/or preventing spread of malignant cells fromthe tunour.
One nmet hod of adm nistering therapy involves conbining the virus with a 25
pharmaceuticgl |y gfpmpt@bhe carrier or diluent to produce a pharnaceuti cal

The viruses of the invention may be used in a patient, preferably a human
15  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 improve the condition of a patient. Typically therapeutic treatment
using a virus of the invention allieviates the symptoms of the cancer. A method of
treatment of cancer according to the invention comprises administering a
20 therapeutically effective amount of a virus of the invention to a patient suffering
from cancer, Administration of an oncolytic virus of the invention 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 from the tumour.
One method of admiunistering therapy involves combining the virus with a
25  pharmaceutically 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. The target tissue may be the tumour or a blood
30 vessel supplying the tumour. The amount of virus administered is in the case of HSV
in the range of from 10* to 10" pfu, preferably from 10° to 10* pfu, more preferably
about 10° to 10° pfu. Typically 1-4ml, such as 2 to 3 ml of a pharmaceutical



conposition. Suitable carriers and diluents include isotonic saline
solutions, for exanple phosphate-buffered saline. Therapeutic treatnent may
be carried out following direct injection of the virus conposition into
target tissue. The target tissue may be the tunmour or a blood 30 vessel
supplying the tunour. The anpbunt of virus administered is in the case of HSV
in the range of from 10 to 1010 pfu, preferably from 105 to 108 pfu, nore
preferably about 106 to 109 pfu. Typically 1-4m, such as 2 to 3 nl of a
pharmaceutical 18 conposition consisting essentially of the virus and a
pharmaceutically acceptable suitablet®arrier or diluent would be used for
direct injection into an individual tunour. However for sone oncolytic

t herapy app! OERPsBSCongE sty essetialiabthg yinespng a pharmagagljcadly agrepiablised, dependi ng
on the t UMbtk Gurridr P BittlenShdifid B \Red RE dieRORiHcAS RIS A iditiual Li Kewi se,

smal l er volunes of less than I'mMl may al so be” used. The routes of

admi ni st r at i SmowmHowerss fps sorieenselyietierapyearipticatinaiclargeryojumes ug to Himlde since a
skilled practiftl ro M i cadi | imumroute of
adm ni strati [t(')lgri?I %%}%&Sgég?cp%md@ggggqﬁ@égaeﬁbg'é%lg‘?%dﬁ}e{%&g@é%%i ng to various
par anet er$, stspakivabd, ynalec voloinespfiess thae lthboat dlwrbeoed he t unour, the size of
the tunour, 10 e_age, i.ght and ndi ti.on.of the tient to be treated
and the route of t]glaﬁqumsgtf \zr{%?lg‘gtﬁa.‘t‘oﬁfa%(f‘gorsggb@ef 9esf?|beed\?ferlﬂt§&?e§1 ogf(}r?ls fii st er ed by
di rect i nj ecguidesiricah ekitldupradtitiomad wiil Hduhlato idexsrmiingy/readi sahdeptianim outet er ed

systemcally or by injection into a blood essel suppl.ying the tunmour. The
opti mum rout‘iﬁ'g'i"l@g"tﬁtml %’f‘flai%nnf%q%wagﬁéhag%ﬂml eﬂéccl%g‘{%ﬁ ﬁﬂ%ﬁ“%fﬁd size of the
tumour. 15 TM&P&r&,Q&ﬁeﬁ@WﬁQ% th Idésonalf thetthiBourHedtd 6The tifowdr kK ai ned at
pr oduci nqol CP34.5 del eted HSV w.th enhanced oncolytic and anti-tunour

%5

pot enti alt? wae Assyweight ang eepditiop At ths pefientiods treated andithagquig of t rain 20 JS | and

have insert eginfili§rieR CPre RAHRALOENA iPAdRRKiSered6Y HiveRt InROLAEINR théd CYt OSi ne
deam nase/ uracil| phosphori bosyltransferase fusion gene) and/or a gene for a

GALV  f usogetmeutyThe sispsonas akso teadmiisierad sygpmigalhcypyiniedion o gBleed Fig | & 2)
25 The Vi I usgssetSRply e R (RASET TR ofthiunt tdultiof BminRlratidiQnlagRak gh or y" . HSV |

the locationt and size of the tumour.
15

The following Examples illustrate the invention.

In work aimed at producing ICP34.5 deleted HSV with enhanced oncotlytic
and anti-tumour potential, we have deleted ICP47 and ICP34.5 from HSV1 strain
20 JSI and have inserted the genes encoding a prodrug activating gene (a cytosine
deaminase/uracil phosphoribosyltransferase fusion gene) and/or a gene for a GALV

fusogenic glycoprotein.

Example 1: Virus Construction (see Fig 1 & 2)

25 The viruses used were based on the clinical, or “non-laboratory”, HSV
strain, JS1. ICP34.5 and ICP47 were completely deleted from strain JS1. This virus
is described in Lui et al 2003. The GALYV env R- (Bateman et al 2000, Galanis et al
2001) and/or the cytosine deaminase/uracil phosphoribosyltransferase fusion gene
(Fey:Fur; Invitrogen) were then inserted in place of the ICP34.5 encoding gene under

30 CMYV and RSV promoter control respectively.

Figures 1a-1h demonstrate the stepwise construction of the plasmids used to

construct the viruses:



strain, JSI. 1CP34.5 and |1 CP47 were conpletely deleted fromstrain JS1. This
virus is described in Lui et at 2003. The GALV env R- (Bateman et al 2000,

~ Glanis et al 2001) and/or the cytosi ne deam nase/ uracil

phosphori bosyl transferase fusion gene (Fcy:Fur; Invitrogen) were then
inserted in place of the [CP34.5 encodi ng gene under 30 CW and RSV
pronoter control respectively. Figures la-ih denonstrate the stepw se
construction of the plasmds used to construct the viruses: 19 Step 1.
(Fig la): The Fcy::Fur gene was excised from pORF Fcy::Fur with Ncol and
Nhel and inserted into pRCRSV follow n§ digestion with Hndl Il and XbaT,
Step 2 (Fig. Ib): The RSV pronoter/Fcy:: Fur/BGIpA cassette from PRCRSV 5
Fcy: : Fur was i nsetreld(Figetakeds Freiangene wagmecissd rpagORIFyrBir wath at 2003) to
generate  p- Réorand Riel:ahd Insertell §Ro BRERE Y fivingldigesidil Witefthd anes anplified by
PCR fromcells containing the integrated provirus and cloned into pcDNA3
bet ween the Kb# and EcoR sites to generate pcDNA3 kGALV env R-; 10 Step 4

(Fig. Id-le): Mang i Ok rieGA [ ' not
Feau red Step 4 (RgHE 89: TR ESTRaEAL Fa bEReY h P PRIBEE T2 s
cl oned i At oOFYCPE4wE idsereuldietwpen EgRdiflanking exgema (laii pt-28200 ) G\ienGaeV env R-;
Step 5 (Fig. _lagg:&‘[_q: generate a plasmd allow ng insertion in place of

| CP34.5 15 &nd”cofit arni ng both GALV env R and Fcy:: Fur genes, the RSV
pronot er/ Fcy: : FurStgS8 FasBgtThe GAIONeryAG-RGY amplifiedfyrPClRagoe xelissed and i nserted
into p-34.5 W .GALV.env R- to gengrate.p-3 LV FCY. Pl asm ds p-34.5
Fcy:: Fur, p- 34t &A= °VI5¥“931'?Y§C1?¥‘-3§HR%P@€‘%3 ‘I*—“W"v%?]é"t# M¥erted into
Vi rus strai NEcHI 6itd tSgdndrate foIMAGKB ATIWEnvER-; at  2003) by 20 honol ogous
reconbi nati on so as to replace the G-P sequence, repl acing | CP34. 5.

Reconbi ndft, non-YpF €3G &4k Mgniprialiands romave restrictien Higs yBIKBMSIS™Y t hr ee
viruses (JSlgiidedd-/47-/Fcy::Fur, JSI/34.5-/47-/GALV and

JSI/34.5-/47-/Fcy: :Fur). These are shown in Figure 2.
Step 4 (Fig 1g):, The CMV promoter/GALV R-/BGHpA cassette was cloned

into [CP34.5 flanking regions to generate p-34.5 CMV GALV env R-,
Step 5 (Fig. 1h): To generate a plasmid allowing insertion in place of ICP34.5
15  and containing both GALV env R- and Fcy::Fur genes, the RSV
promoter/Fcy::Fur/pA cassette from pRcRSV Fcy::Fur was excised and inserted into
p-34.5 CMV GALYV env R- to generate p-34.5 GALV FCY.
Plasmids p-34.5 Fcy::Fur, p-34.5 CMV GALYV env R- and p-34.5 GALV
FCY were inserted into virus strain JS1/34.5-/47- CMV GFP (Lui et al 2003) by
20 homologous recombination so as to replace the GFP sequence replacing ICP34.5.
Recombinant, non-GFP expressing plaques were selected generating three viruses
(JS1/34.5-/47-/Fcy::Fur, JS1/34.5-/47-/GALV and JS§1/34.5-/47-/Fcy::Fur). These are

shown in Figure 2.

25 Example 2: The GALV env R- expressing viruses mediate cell to cell fusion

The GALYV alone expressing virus (i) causes cell to cell fusion of a number of
human tumour cell lines in vitro, including HT 1080, Fadu and U87MG, mediated by
the expression of the GALV protein, and (ii) provides increased anti-tumour activity
in vivo in mouse models (Fadu and HT 1080) as compared to the equivalent virus not

30 expressing the GALV protein.
Cell to cell fusion is demonstrated in Figure 3. Rat RG2 glioma cells were

infected either with JS1/34.5-/47- or JS1/34.5-/47-/GALYV and effects on plaque



25 Exanple 2: The GALV env R- expressing viruses nediate cell to cell fusion
The GALV al one expressing virus (i) causes cell to cell fusion of a nunber
of . human tunour cell lines in vitro, including HT1080, Fadu and U37MG

medi ated by the expression of the GALV protein, and (ii) provides increased
anti-tumour activity in vivo in nouse nodels (Fadu and HT1080) as conpared
to the equivalent virus not 30 expressing the GALV protein. Cell to cell
fusion is denonstrated in Figure 3. Rat R& glioma cells were infected
either wwth JS 1/34.5-/47- or JSI}34.5-/47-/ GALV and effects on plaque 20
mor phol ogy observed. It can be seen tH&t the GALV expressing virus produces
greatly enl argeg pl agues with signs of a_syncitial (¢ell to cell fusion)

ef fect easi | JO'P %‘Pﬁg&lﬁ%@ Ve besepn thatthe. GAL V-expregsig. iy Progysss essi ng vi r uses
denonstrate guiRehReed3RThEIIR sBAl bV dcitial (&11GY EPStfisn)derTicRmge/ ur aci |
phosphori bosyl transferase fusion gene containing virus has denonstrated
that it direbtiRgaebsgrvedonversi on of 5-fluorocytosine to 5-fluorouracil in
vitro such that 5-fluoruracil nediated cell killing occurs. This is shown
in Figure 4 where HT1080 cells were infected with the three viruses in the
to presente Brampiskdhe Feyf:Far xpressingyirusesidamonstatge adgami se cells

were then heat t Iy.at VA i he supernatants.
These super nat antih%%%éggéﬁa}gﬁﬁgu%g tpgo%)@grrﬂ?/dgg}ﬂ%nes\?v&%gﬁ%o.n %E?é 5-fl uorocyt osi ne
had been conwetdireng tims hiwedentoostiated Shat It doeatathacinversion 9£5-flegvocydddire towoul d t hen
be killed. It ,can be, seen from t Fiqure,. hat .when t he_ virus used to

i nfect the o%’iﬂﬁ?rﬁ%ﬁm}—f‘?fﬁwu lé{pﬁtsﬁ@(’)oﬁ'frgfqﬁg%fhéﬁtceﬂg“l (?c:c\'gﬁ*‘rarhd%’ﬁe, the cells
onto which t fewhésBighre dgviRteIET 1080 aélls Svevecin fected @ith diedhréevitusedinliheed
denonstrating the bi Iogi cf%l activi.t% of the Fcy:.:Fur gene. Exanple 4: The
conbi nat i'n BFSER K 2R5FR! Sfhigroeydgsin '§Ppe§'3€'ﬁﬁ“5§"§%¥;b e SRt WeEa el ¢ h

5-f | uor ocyt ORdaNReafRRG RS&tivaR tY ANk PREnERANRYWIBEmAI. ThebdRiderdtdntsvi ty in vivo
as 20 conpared to the use of either gene alone. Figure 5 shows the effects

of three vir §&dhep yacdip gyergy nopy cqlisf § uorgeytosine hagd hoencppyprtegipthe, ng

JSI/34. 5- 1 A7 ohfeAlLMloksuYacii ke neW @118 oul8 PRh Ye KiBIEd. O can b6 8ddh h@n thd S 1/ 34.5-147-)
on shrinking tunmours inplanted in the flanks of rats. The viruses were

admi ni st er edFigare Adhas vhen the Mirys used t911fpqs Hieoeiging i RED80 cellscaptaised heen from

15 Fcy::Fur gene, the cells onto which the resulting supemnatants were overlaid were

a5 'J’: i

o

killed demonstrating the biological activity of the Fcy::Fur gene.

Example 4: The combination of GALV env R- and Fey::Fur expression combined
with 5-fluorocytosine expression provides enhanced anti-tumour activity in vivo as

20  compared to the use of either gene alone.
Figure 5 shows the effects of three viruses (J§1/34.5-/47-/GALV,
JS1/34.5/47-/Fcy::Fur and JSI/34.5-/47-/GALV/Fcy::Fur) and an ‘empty vector’
control (JS1/34.5-/47-) on shrinking tumours implanted in the flanks of rats. The

viruses were administered in combination with 5-fluorocytosine. It can be seen from

25 Figure 5 that each of the viruses causes shrinkage of the injected tumours. Howsever,
while delivery of either GALYV env R- or Fcy::Fur alone gives improved tumour
shrinkage as compared to the empty vector control, the combined delivery of both
GALYV env R- and Fcy::Fur gives still further improved tumour shrinkage effects,
with all tumours in this case being cured. It can be concluded, therefore, that co-

30 delivery of a pro-drug activating gene and a fusogenic glycoprotein gives
improvements with respect to tumour therapy as compared to cither of the

approaches when used alone.



25 Figure 5 that each of the viruses causes shrinkage of the injected
tunours. However, while delivery of either GALV env R or Fcy:: Fur al one

. gives inproved tunour shrinkage as conpared to the enpty vector control

t he conbi ned delivery of both GALV env R- and Fcy:: Fur gives still further

i nproved tunmour shrinkage effects, wth all tunours in this case being
cured. It can be concluded, therefore, that co 30 delivery of a pro-drug
activating gene and a fusogenic glycoprotein gives inprovenents with
respect to tumour therapy as conpared t20 either of the approaches when used
al one. 21 Depaskit Infefratisrat i on HSV 1 strain JS1 has been deposited at the

Eur opean Col | ecti f Cel | t ures. , CAMR, . Sail sbyry, WIltshire
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to cell fusion. 10 2. A virus according to claim1l wherein said prodrug
converting enzyne 1is a cytosine deam nase. 3. A virus according to claim|l

. or 2 wherein said protein capable of causing cell to cell fusion is a

gi bbon ape | eukaem a fusogenic glycoprotein. 4. A virus according to any one
of the preceding clainms which 15 conprises one or nore further heterol ogous
genes capabl e of enhancing the anti- tunour therapeutic effect of the virus.
5. Avirus according to claim4, which conprises a heterol ogous gene
encodi ng a encodi ng an i nmmunonodul at ory,protein. 6. A virus according to
claim5 wherein the i munonodul atory protein 20 is GWCSF, TNFa or CD4O0L.

7. Avirus according to any one of the preceding clainms which further |acks
a functional gene encoding | CP47. 8. CAAIMSUs according to any one of the
preceding clains which further |acks a functional gene encoding | CP6,

gl ycoprotein H and/or thym dine kinase. .25.9. L,rus according to any one
of the preceding clai GEHWSLWKP‘%@ ‘ﬁﬁséé‘%u%[’ab@?ét“éﬁﬁ%ogi%ggeﬁe ncti onal

prot ei n capablviichtorhgikdhi ti ng dendritic cell function. 10. A virus
according to claim9 in_which s%idlgene encoding a functional protein
capabl e of inhibiting #&ndr?bsierole eensfaeqdyg 3 REOREPNYFTIRHEZYEE 11. A virus
according to any one of,4 he preceding clainms which is a strain of herpes
simplex virus | or 2. 12. A virus according to any one of the preceding
claims which is a non- (habo# bateselpgaus Bere eqdiigs. protgin cambleRfgausing celbcording to
any one of the precedi pg.Glgidp Wwhich is derived fromHSV 1 JS1 as deposited
at the European collection of cell cultures (ECAAC) under accession nunber
01010209. 124. A viZus dcdosdémylingtoclaan inwhersimissid pridneg dopveringkmgyné bed herein

and 5 with r %faec%gi%gdéa%iﬁagg Exanpl es.
3. A virus according to claim 1 or 2 wherein said protein capable of
causing cell to cell fusion is a gibbon ape leukaemia fusogenic glycoprotein.
4. A virus according to any one of the preceding claims which
15 comprises one or more further heterologous genes capable of enhancing the anti-
tumour therapeutic effect of the virus.
5. A virus according to claim 4, which comprises a heterologous gene

encoding a encoding an immunomodulatory protein.

6. A virus according to claim 5 wherein the immunomodulatory protein
20 is GM-CSF, TNFa or CD40L.
7. A virus according to any one of the preceding claims which further

lacks a functional gene encoding ICP47.
8. A virus according to any one of the preceding claims which further
lacks a functional gene encoding ICP6, glycoprotein H and/or thymidine kinase.

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

10. A virus according to claim 9 in which said gene encoding a functional
protein capable of inhibiting dendritic cell function is UL43 or vhs.

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

12. A virus according to any one of the preceding claims which is a non-

laboratory virus strain.



15. A virus according to any one of the preceding clains for use in a
nmet hod of treatnent of the human or aninmal body by therapy. 16. Use of a
.virus according to any one of the preceding clains in the manufacture of
medi canent for the treatnment of cancer. 10 17. Use according to claim 16
wherein said nmedicanent is for direct intra- tunoral inoculation. 18. A
phar maceuti cal conposition conprising as active ingredient a virus
according to any one of claims 1 to 14 and a pharmaceutically acceptable
carrier or diluent. 7
13. A virus according to any one of the preceding claims which is derived
from HSV1 JS1 as deposited at the European collection of cell cultures (ECAAC)
under accession number 01010209,
14. A virus according to claim 1 substantially as described herein and
5  with reference to the Examples.
15. A virus according to any one of the preceding claims for use in a
method of treatment of (he human or animal body by therapy.
16.  Use of a virus according to any one of the preceding claims in the
manufacture of a medicament for the treatment of cancer.
10 17.  Use according to claim 16 wherein said medicament is for direct intra-
tumoral inoculation.
18. A pharmaceutical composition comprising as active ingredient a virus

according to any one of claims 1 to 14 and a pharmaceutically acceptable carrier or

diluent.
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