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Field of the Invention 5 The present invention relates to

mut ant her pes viruses conprisiog. el enents of the HSV | atency
associ at ed tr%’?ﬁ%’%‘% (LAT) region inserted into an cBETRBPMBene and

a deletion in the correspondi ng sequences of the endogenous LAT
region. It also r eMUTAENT HERPESSIMPIEX VIRUSES AND USESEHEREQF ex viruses in

gene t herapy and 1 n nethods of assaying for gene function. 10
Background to _the.inventiagn Her pes sinplex virus (HSV) has
of t en been sutFr'ﬂdﬂﬁﬂeh"eﬂﬂmu tabl e vector for the nervous systemas it
S neurotrophlc and able to remain in neurons for the 15 lifetime of the
cell. However wld \{ }mﬁ% :=!1§ﬁ~ nost
viral vectors be dﬂégﬁrrst@m%%txgﬂ&% tg%%ﬂgﬁ%ﬁ%oﬁgﬁ IC erffec STE HSV
resul t f relsmentstaf dhe HE¥ Clevengy quiﬁt%dh@ﬂﬁ-f I%Wérlﬁﬁeﬁtz‘b ntpan yse of

HSV as a vect Qgseﬁmgedeaﬁdadelenohmthéw@é p@ﬁB;Ptse@tenaﬁ bfthfiendogenbys DAT MUt at i ons

et 7Pt 1 FSHBhS 56 o e SRR, SBEPOAR OE
of ten been pr@hmmémmh}@nefﬁmnzéo%emﬁmctmctor for cells of both

neuronal afgd non-neuronal origin. HSV may be particularly appropriate
for gene deliégr% to iEe! ngrvous systemas it can naturally enter a life
|l ong latent s 08  and thus offers the possibility of a long
term therapeutic effect if the expression of potentially therapeutic

genes coul d be 25 Hagesrga,ﬁm&@%&mvgmﬁeh%&mgges%u ¥ ashitfhlOfectpe | ar ge

genone size of ;ﬁ E&IOHS can be .made |nt3.t e genone
al l owi ng the &% heasveys séﬁt‘“ﬂﬁﬂ‘tl‘f)lnﬁ‘mmp caf @ble g remain i ortant
for the therapifetinfe gfahé el H«;wdneswdé aype Hrmgvlnghly patho!zemefmdemtst;é&e

particul ar ad\ﬁ?d%%ﬁ%%e&&? b@%ns cfhﬁx@ wale TH ?ﬁ@‘i&e&@oms@'re%ﬁ#' ed

both to preve | cat1lon, an ce, cyt ot oXl ci ronot er systens
devel oped 30 %‘”ﬁ‘f“PW{ﬂh@‘eW@Qﬁ‘% °’6f‘h°i?f‘§8 &?"Hﬁﬂ‘f‘ﬁﬁ | at'ency.
For the pr oduchel develppmen dﬂsvmnscaxwm@manms uhatndmmpltlherimooéychswhutﬂtl al and

non- essenti al tq{%&{&; so that the virus is
non- at hogen C a%ﬁﬁ ni ma %é?&%%%?c ector viruses are often
produced the  Herpgesimpley yirys ofteRdieen, propeer 2512 g57E ssenti al
i mredi at e ear Ivgctgreforeells GFebtiammirdial and @PR-feurdiab sidgin.e HEV rmmydieqattivularly cel |

i nes_expressiggolig, f¢ F@&%&W&pgﬁm R bEystem as 10GhSHRAIG &R R de 1O

reduce cyt ot ox cti.on viruses whic
long lafent state in these and thus offers the possibility of a long term

therapeutic effect if the expression of potentially therapeutic genes could be
35 maintained throughout latency. By virtue of the large genome size of HSV, large

DNA insertions can be made into the genome allowing the expression of multiple

genes, which might be important for the therapy of particular diseases. However,

before these particular advantages can be exploited the virus needs to be disabled

both to prevent replication and reduce cytotoxicity, and promoter systems developed
30  which allow the expression of inserted genes during iatency.

For the production of an HSV vector strain, combinations of essential and
non-essential genes can be removed from the genome so that the virus. is non-
pathogenic and minimally cytotoxic. Vector viruses aré often produced by the
deletion of one or other or both of the two essential immediate early genes ICP4 and

35 ICP27. These require growth on cell lines expressing the deleted genes. Further
deletions can be made to reduce cytotoxicity. For the production of viruses which
allow gene expression during latency, promoters must be designed which allow gene



al | ow gene expression during |atency, pronoters nust be designed which

al | ow gene WO 99/ 60145 : -2-

PCT/ GB99/ 01580 99/60145 expression to conhi nue during this tip@pceadisdshi s has
proved to be a considerable chall érfde in the field of HSV vector

devel opnment However, we and ot hers have found that a nunber of

different prg sgironscggb {ie Q%%ﬁ%?ﬁg%ﬂtﬁﬁ%ggi&% fbe a cons?ctoc?ﬁfem s of the

HSV | atency associ ate ransc AT) -region do give. g&ne expressi on
during | at enehaliepgein thedisld qf E3Y vector Wi"ﬂ’ﬁ‘f’@nc’;}?‘"qﬁés\é"'@ 1thers, davepne or

ot her of thefdufd thatcdratmabe JfLdifdrent profbier syivents earh iatorpordtRigAdifferendri ve
directly ' q&a} r i 0g: L at . : ived from
t he LAT regi (e)lﬁ&[g{{)k? O?Xtaéconf gi{rie’{awld,g%%laltwgrﬁ]&géﬁt&iﬁ%ﬁéléﬁg?ev@gigﬁr pairs

of pronot &r s SxXPrefsion slueng jetency to varjops lsvels of eHicisarii hhess either use ops 9| udi ng
LAP2 and ot hgthet/pSthe ST FrofbRACEAP] (HIAPR) Goink &8 @b, RIRbAdriveatigalyk HELCG) ),

125, boEn SPOU ABASICALR 1Tl 130 s oy S4B B Gfghl, 115100

on“hetero " pro ) aced near to
it, these pr oenferea dongotermhaictivjtyaen iindividnal ion gpairsof mromoigien Thiseelementt hei r
gwn- 4 15 Su E’@I_&Eéﬂ_t@fheieﬁﬁ?si Eﬂgﬁmi(ﬁﬁludi_ntg LAI;Z ang\?the'ﬂmﬁsﬁ%ﬁﬂsse?lené@y@ﬁ ionis
ased on oQur | | 0 a enones
i ncor por dPi néiwg‘r}gﬁ%}b @x?’é‘%*’é‘ﬁs‘%‘ggl@g hg,%bieﬂ-lsﬁgm ﬁ‘é‘ﬁ?%u%gv Q’e?f’g 8&0‘&5 2
dramat i cal | ytrteromdier Hut\instsad ¢al conferndong termmstivinuen betarologpwssprometers nt o an

essential 20piabda f8FR if, BB romblersHot béng&av@&ﬁﬁgtma&qvgﬁeﬁ uée@nQReiof the HSV
genone such as_US5 which is further renoved fromthe endogenous LAT

regi ons. The®MRventi on provi des viruses which can be stably propagated
whi ch is not otherw se possible when such pronoter constructs are

i nserted 5Nt Quaihfe sfiHeliVenfién JENE. The present invention seeks
to overcone the reductron in the stability of the 25 resultant nodified

HSV genones by the del etion of endogenous LAT sequences correspondi ng
to those present The presenpinyemtiocnr ischasedt o ous finding Ithat abe stabidier bEHESVNt 0

Erﬁ]\Tef) S engi al niuﬁfng 8&dmes incc%rp%rat_ingt pro?ﬁtepf}féiehﬁ bhaRt ,on\l%w&&ﬁTxféﬁﬂ '?éhuE&Ia} P4
and or 1| CP2 7 ARFO VR e P4 PBFcie opraeR e e i P EHERl 1 ¢ he
endogeno?e LAY gensgegion butmotyenaneessentialragneiregipn jof the| FEY0 genome suchrasdHfboi nat i on
during propagaichOd fih&Ufhhovdd &din Yie' eiilBgendils AT rdgidh€S THP LBRAlidD
conpl ement | NG, 9EneS, L1 3ick! &b Sy bphdhich Vel o SheRlisd BSssfiver t o
het er ol ogous -
when such promoter constructs are inserted into an essential IE gene.
The present invention seeks to overcome the reduction in the stability of the
25 resultant modified HSV genomes by the deletion of endogenous LAT sequences
corresponding to those present in the promoter constructs which have inserted into
an essential IE gene. .
In particular, we have found that LAT-based promoters inserted into the IE
essential IE genes (ICP4 and/or ICP27) without the deletion of corresponding
30 elements in the endogenous LAT region can be re-arranged by homolbgous
recombination during propagation of such mutant viruses on cell lines expressing
complementing genes. This. often results in the deletion of the inserted heterologous
gene and also other sequences from the virus. However, if elements corresponding
to the LAT sequences which have been inserted into ICP4 and/or ICP27 are deleted
35 from the endogenous LAT regions, no re-arrangements can be detected and such
viruses can be propagated in a stable fashion. The invention thus relates to viruses
with insertions including elements of the LAT region into essential gene loci,



gene and al so ot her sequences fromthe virus. However, if elenents

correspondi ng to the LAT sequences which have been inserted into | CP4
andi or |1 CP27 are deleted 35 fromthe endogenous LAT regions, no
re-arrangenenP®@¥4M4be detect’ed and suchy. - viruses can BET/SB3MUSEt ed in
a stable fashion. The invention thus relates to viruses W th

i nsertions including elenents of the LAT region into essential gene |oci,
WO 99/ 60145 eferably essential IE ggne loci, correspondifig elements having been deleted from
a

PCT/ GB995/ 0159 r ef ly e nt1 al | OCk di ng

el ements havin eﬁ@%@?zfﬁamﬁ%ﬁ% ‘%’Hg gh%%i%ﬁ%ﬁscgfkﬁ'p%gﬁgéagﬁgggf t he
virus. These vstahlsfashiomsuchstableprrpgeationnotgthgrwise beingiepsible. ashi on, such stable
propagation not ot hedewidfRiy) tie Pebsii® Siveritios ?)rovidesaherpes simplxoArusl{HRM)Y, t he
present invention provides a herpes sinplex virus (HSV) 5  conprising:

(i) an HSY L¥PREHEence inserted into an essential gene of the HSV;

and (i) a deletion in the endogenous LAT regions of the HSV.
10 Pr ef@r ably i1 AteleBidnB inSeRBP it B ssthtidl eaktof SRS t he
sequences present i the 1 nserted HSV LAT sequence, preferably at

| east 50% of the sequené% present in the inserted LAT sequence, nore
preferably at | east(iiy5%a daietdn ipthefeedagohops A TIregians ofithe HSY.  of sequences
present in . the inserted LAT sequence. 15 The essential gene into

whi ch the LAT sequence has been inserfed Eref era&tj COFQ)” ses a

del etion, for exanmpireferblydiesdeieyan Fomprises &t tsaft some d%\{%ﬁ‘?q“fﬂ‘éﬁs(? Sghdogenous

regul atory SeQﬂﬂﬁmfeﬁedqiS\anAwsemndeaﬂreigmhbat kgé@% lobthe s&quMeammin al f I :Eh

genes are A : f 0 e
&eﬁ{i{ I%?l;) seayence, o more prf%:rrab§ O?Ie de}?,sm&{tHR eFablyVdt 1dastaRt

;
i nventi on can D€ use (g vering therapeutic genes
in nmethods of ofseatenesspresent if hemsarted SAT sguepes; yrjes to, the nervous
system ingkudi ng Petichksafid génedints @aRR thed(ATwludncd has peawinsttedoprefsrablyr

di seases of t he eye.. latﬁﬁ % : ehy kes. The
present invent F%thf%%%?mogﬁ%g@élgggg m%gﬁ?éﬁ%f&gkoggxgﬁ the function of
genes i n mammardgalatonesenuences §f an essentialggpg, | Tasertions wq fssanyalilly eehes are

conpl enenti ng gRkdmeétiar dysfunctions. or studying the 25 effect of

XS 19 TUL Sy e A oD TR Y,

L

met hods of the pres n particular, fqor the
funct i onal 26t udlivering thestpeggases mpicthos eireatpest o digases of. or injuries o, he
nervous system. including Parkinson's disease, spinal injury or strokes, or diseases of

the eye, heart or skeletal muscles, or malignancies. The present invention also

relates to methods for studying the function of genes in mammalian cells, for

example in identifving genes complementing cellular dysfunctions. or studying the

25 effect of expressing mutant genes in wild-type or mutant mammalian cells. The

methiods of the present invention may be used in particular for the functional study

of genes implicated in disease.

The invention further provides an HSV of the invention which carries a

heterologous gene. The term heterologous gene is intended to embrace any gene not

50 found in the HSV genome. The heterologous gene may be any allelic variant of a

wild-type gene. or it may be a mutant gene. Heterologous genes are preferably

operably linked to a control sequence permitting expression of said heterologous

gene in mammalian cells, preferably cells of the central or peripheral nervous

system, or cells of the eye, heart or skeletal muscle, more preferably cells of the

35  central or peripheral nervous system. The HSV of the invention may thus be used to

deliver a heterologous gene to a mammalian cell where it will be expressed. Such



The invention further provides an HSV of the invention which carries a
het er ol ogous gene. The term heterol ogous gene is tntended to enbrace any
gene not 30 womessi4s n t he HSV genone. The heterol ogous geng¥iEsoelfesNY
allelic variant of a wild-type ‘gené- or it may be a nufant gene.

Het er ol ogous genes are preferably operably linked to a control
sequence pern ss on. of het er.ol 0go I n_yammal i an
cells, pref erhet#o);s %8 F‘%K@’egyeﬂrts?ng ma&?"sbé?rleﬁ‘g@ %1 mn%eflvgfféapy’ Or Msyst em

or cells of tmroesseymqﬁladsordorthkﬁu@t@HSMme@suhb% preferably cells of the
35 central or perIM%@M@@W@&&@&&%&&@alib%\&peﬁudewtuwmd@@ may thus

be used to eliv et ene to mmal ian cell Wnerelt
w il be expreglglé'g‘ i!{?egtl‘r tgat 8@%@#6 bf% gpconvertmg a’ precurs

-4- 5 prodmgmtoacvtotoxxccommun@BQQ/01598 vectors are useful in a

variety of appli catfRNgventiof fﬁ‘ﬂﬁ’i‘%deb'h @Q@itﬂﬂl@d’ GiRses Of tHeNinvention,Vi LT O
assay nethods or for, the st u

f
het er ol ogous GRERIEHR heterplogeus ﬂ%é‘ﬁfe‘ése g‘ ?}E’g %@Wﬂ’@r%@ﬂh@hse

i ncl udi ng pol ymmla,dm:hmﬂnsas naayebecusedinahe treadmema)[ﬁdisEaemf opnimuzy td. g a
precursor 5 (g{]ggsérﬁ\to a cytotoxic conpound. The invention
further prOV| ' )l ex viruyses of the inyentio carrying a
het er ol ogdfs ﬁ’élr‘l‘émgf kinseus tisease, spipaldnjpry.x strofes ﬁ € S¥ BEATLOr For
exanpl e, suchskeletdl amsciermy makgnaaeies.i n t he treat nent of di seases of, or
injury to. the ase,

jury T@%Wbﬁhéﬁéeﬁ%v&x?on Q&le’&'bé‘ﬁseﬁ’ﬁ{ %&tﬂé&%ﬁs%

spinal injury or _ strokes or d] sease cr) ia é%fe ) et al
nuscl e, or malegiastignesf genes in mammahanricells, dor sxampie ip,identifying geaest i on nay
al so be used tomplahémids cémnarsdysﬂmctmys or studying the effedt @f expregitripeutain

manmal i an ¢cel f.or +d n en 0

cel | ul ar §sf g%% ngnvg’fd(\gPP ?%%g&%g%#f geé %)?E&Odglér%&ﬁﬁ&t&ft

genes in wil d“’t"?’}i@nd’l"a" inRasieiar Ao th%ﬁlngmna*rﬂ Sh%ft 1°Qt?fbmpresent
i nvention maydiséseised in partlcul ar for the functi onal study of genes

inplicated in ﬂ{ R afo nalsosprow?es amethoI?&pHHﬁ@ﬂ?'a%Exg@g B&g\{_&sdes a

met hod for producing a her ex Vvirus ntlon sai d
met hod conpri gfthbm"i'ﬁmn-smdme"h“c"mpr‘f% inserting a HSV LAT sequence into.,

an essentizal gene of the virus: . and : (i)
del eting at |east Rf’)rt UQEmBEEHSQTLA'FgéqQ&chm& Qxeesyénﬁhi%ene of the virus;

(ii) deleting at least part of the LAT region of the virus.
25 Preferably the deletion in the LAT region of thé HSV comprises at least
some or more preferably all of the endogenous sequences corresponding to those

present in the inserted HSV LAT sequence.

Detailed Description of the Invention

30
4. LAT sequences

LAT sequences are here defined to include all sequences from HSV1 strain
17+ between nucleotides 5,490 to 9,214 and 117,159 to 120,882 (GenBanK HE1CG)
and homologous regions from other strains of HSV1 and all strains of HSV2.

(7]
W



25 , . Preferably the deletion in the LAT region of the HSV

conprises at |east sonme or nore preferably al] of the endogenous
sequences cor%s%@g% ng to those present in the inserted HSV LAT
sequence. | ed Description of -5he Invention 30 PCT/GRINISE | At
sequences LAT sequences are here defined to include all

sequences from HSV1 strain . 17+ bet n eot i des s 214 and
117,159 to 120, 882 - (therieshR2 mm@h%%&éﬁ‘ga%ﬁ#a 5@%&9&3%3?835?30?@& ot her
strains of HSViGaignRiHEI8l: HoRSPALBHEYSites) in HSV! strait/D7 994rd0ffzgments or

PCT/ GB99/ 01598 The LAT P2 region_is hgllr%%g)gg‘; loéed as HSV1

nucl eoti des 1188@6tives of gy egion, inclu(ﬁ@hgaﬂggqqgfggnwf : B SIS t es) i n
HSVL strain 17  (if THAGTRAt Splie of pro ¥ 3brlgVin @kprbddioh Cra?ﬂ*ll&g’to

i ncl udi ng honol"ogous’regi ons of HSV2 and ot her “strains of . HSV1, which
are capabl e sof ppsmmtérsitanghich they gretlinked @whichous thamaedyes sanablewf ddving loBg onot er s
to which they are linked or which are thensel ves capable of driving |ong
term gene expr e¥EE5RC SXPIession. g Viral Strains 10 The her pes
si npl ex viruses of the invention may be derived from for exanpl e,
HSV1 or HSV2 strains, or derivatives thereof, preferably HSVI.

Derivatives indhude Vl’i‘?[eﬁ‘m{’?pe reconbi nants contai ning DNA from HSV1 and
HSV2 strains. Derivatives preferably have at | east 70% sequence

honol ogy to, either t : - HSV, q&g@@m el ahysat | east
80% even mr e pr ef e?g%Pem?tﬁgéxﬁérg_g? Otggrl. 9% %9*1%? d&%‘itq\{ah&gﬁﬁ whi ch
may be used to estnple.n HSWE or (HSEL syping.ner derivatiyese themol REFEEIMIY | ude

strains that alpgRatwedaiRddmterijpeRécombinghts bakaitiSFPONANEHOHSV] and HEW27, for

ISV St ai s haviRE s DR oLy frealTork Sk siflogh e B0
Reef Har dyHSHIdorSHRY? iger@ues more mycfarably ¢t RiegtcB0%h $vethmges Prefewbly( &t r ai n
d27-1). Str@ Neast 90 or 95%. Other derivatives which may be used to obtain the viruses of the
i present invention include strains that already have mutations in either ICP4 and/or
ICP27, for example strain d120 which has a deletion in ICP4 (DeLuca et al., 1985).
HSV strains have also been produced with deletions in ICP27, for example Reef
Hardy and Sandri-Goldin, 1994 and Rice and Knipe, 1990 (strain d27-1). Strains
20 with deletions in both ICP4 and ICP27 are described in US-A-5,658, 724. and
Samaniego ef al., 1995 (strain d92). Use of these strains will reduce the number of
steps required to produce the mutant HSV strains of the present invention.
The terminology used in describing the various HSV genes is as found in

Coffin and Latchman, 1996.

C. Complementing cell lines

The virus of the invention is propagated on a cell line expressing an

essential gene. Examples of cell lines that express ICP4 include E5 cells (DeLuca et

36 al.. 1985) or B4 cells (see Example 2), preferably B4 cells. Examples of cell lines

that express ICP27 include V27 cells (Rice and Knipe, 1990), 2-2 cells (Smith ef al.,
1992) or B130/2 cells (see Example 1 and W098/04726), preferably B130/2 cells.

Cell lines expressing essential genes can be produced by co-transfecting

mammalian cells, for example the Vero or BHK cells, with a vector, preferably a

35 plasmid vector. comprising a functional HSV essential gene capable of being

expressed in said cells. and a vector, preferably a plasmid vector, encoding a



20 with deletions in both I1CP4 and | CP27 are described in US-A-5, 658,

724. and Samani ego et al., 1995 (strain d92): Use of these strains
w |l reduce Wogodmber of steps regw red to produce tha¢pébaizbs HSV
strains of the present invention. The term nol ogy used in
descri bing the vari ous HSV genes is as found in Coffin and Lat chman,
3ﬁ96 25 ctable m; fé fel%knycikl' Pesitance. Clones posseslﬂg t\.lnktr us of

e invention g gropaga ed on a ce I'ne” expressin ssenti al
gene. Exanpl eslegtble andarker jarecthen; seagened, frtberdto | deyorming whi ecm_!ssa,létrp@rfssewca et

30 al., 198h¢ fimeriddal Eseenkial eae;efofexampkemzhe basrsaffdre&uwm%@p rSthe Exanpl es

of cell lines r 2 d Kni pe,
1990), 2-2 ceFP¥ly @rﬁ?ﬁﬁ?‘%ﬁﬁ‘“&% gsiéé‘g%g , Wifg B0 Kndefitg (s Oy anpl e 1
and W98/ @47%§lledpr@fseﬁabl y B130/2 cells, Cell lines
expressing essenti gell dRee whizhHobikot mledue@ebléayopﬁutaﬁﬁnsves@xhinnmcmn a

manmal i an cells exa Ieth Ver [

preferably a %%*"“%F%?E‘HF‘HE &9 % co%ptrgl &F‘Eg'g??unc 1% a?relqg%cu‘éegsagnt i al
gene capabl e dskcribed above, ensu@ugoihets@ede‘rtw epmptising | thes funetippalaessentinlogene
preferably a dyeaad] £ ﬂﬁ%tpﬁé’mbl@ o6iislh Qé];u&lces that overlap wMQanir@Qéﬂ@o ous

6 /015 k f
exanpl e n¥om/@) FFINLEEIETpping in gg}%? YJB‘?SE?E‘W‘P&' ’ ﬂﬁ’ée 1556 °‘§eé1388{]§{)| :r nar (Izrer
are then screened further to determ ne which clones al so express t he

functional esgenti %e,mgm,f,&;mexarrpl e on the basis of their ability to
support the growt h of HSV strains |acking the essential gene, using
met hods known to those 5 skilled in the art. Cell lines
whi ch do not al | owEsseutal gewes muy beurendetedHiBivctionallyi inadtize piiergo dnsertion ofar t i cul ar

essenti al ;genge LRTaseitieﬁ@és%y%%ﬂlié&ﬁnlﬁﬁé@%ll%%n%ﬁ@%' Fbr Béﬂﬁ‘,lea&f%?pr oduced

cssenti al ger® be rouisid Fptonall”jnspie by delefinhe BBRERS, oL SUERRBLS 1 hat
overl ap wit h grefemblyabyeddiaion! dpiations] hay removegoutims of theegraesnormtbe emirthe nut ant .
virus. Prefergfly Fob Befpld %eleﬁoxpyﬁéﬂxﬁan@huaédude may be mgae resumwg&mds of
mﬁ : 8 2 pr i Ofraneeosl}lﬁ.s éfque&?f, B?e}‘era%ly garger defmgns a?'e rme €. et{)r examp?cgrcI Oegsz%l 'y
25%, more preferably at least 50%.of the total coding and non-coding sequence (or
alternatively, in absolute terms, at least 10 nucleotides, more preferably at least 100
nucleotides, most preferably, at least 1000 nucleotides). It is particularly preferred to
remove the entire gene and some of the flanking sequences. Inserted sequences may
include the LAT sequences described above and the heterologous genes described
25  below. :
Deletions will also be made to remove part or all of the LAT region of the
HSV. These deletions may be carried out as described below.
Mutations arc made in the herpes simplex viruses by homologous
recombination methods well known to those skilled in the art. For example, HSV
30 genomic DNA is transfected together with a vector, preferably a plasmid vector,
comprising the mutated sequence flanked by homologous HSV sequences. The
mutated sequence may comprise deletions, insertions or substitutions, all of which
may be constructed by routine techniques. Insertions may include selectable marker
genes, for example lacZ, for screening recombinant viruses by, for example, -
35 galactosidase activity.



15 the LAT.sequences by several techniques well known in the art. For

exanpl e, they may be rendered functionally inactive by del etions,
substitutions or insertions, pr ef erabl y by deletion. Deletions nay
renmove porti oM Yf60tke genes or the enti gene. For ecamsowgsadel etion
of only one nucl eotide may be nade, resu tlng in a frame shift.

However, preferably larger deletions are nade, for exanple at |east 20

25% nore prefgrablypatot gépa/pm%; robierst Ot @l codi ng and non-codi'ng

sequence (or " alternd absolute terns, at |east 10
nucl eoti des, nore preferably at | east 100 nucleotides, nost
preferably, at | eastTht(QfftamUd$ectraide ©f the invertiopandy belimmdified ppefagyrad t o

remove the entjre, ggﬁglgg%gt@ﬁgﬁtg@é%ﬁ e bih@ ikl \Ghe SRAHRNE - HIV géiohfR

sequences nmay . uences des |bed above giﬁg{sw.]
het er ol ogous  g&hgetstmecheterglogoys gane” "95‘31"6%3“3’3"“‘30 ertha“"nepfﬁF’&u? Il al so
be made to renpa@meAThe Ed‘terdbgowfgeﬂehmM'Eny eliglio maniznt ofeewild-type ki, orfhese

del eti ons may ng 9[, ,,{u?aqt VI &?Eééehpqg nﬁeﬁlli cover nucleic acid squ%ﬂ&@t i ons

?d
are made in theh rpes gous r.eco nation

met hods wel | kwbish amcapah#sef hqma 3tdeft Fansribecy hus, PSeFucases SptodmgimRNA

genom ¢ DNA i sHNARsd ﬁm&ﬁretlﬁﬂﬁeh aithid this caﬁmeeﬁ OThe semhearsamyybeammuasH gw‘vd
vect or, conpr i t he nut at e

sequences. “fheseq"ge aﬂﬁ%&‘“’(ﬁle@%"aﬁence %a&? nﬁ’% %H%n%%gm | gtger i ons or
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screeni ng recopb), Napt Lo oS trar e H AR SeaueSlek anBily, a08hEGRST dase

activity.
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i nventi on may ca .erol o at is to say
a gene ot her t FRSHERSFR tlBF §§§?Rl° t’f’i‘“%/"ﬁgmf%\/sﬁg gﬂgf pggr ‘%‘i‘gleg%& #*n&%r ol ogous
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with respect t Emm)ter Ant | se se C(}H Eruc . be used to
i nhibit the expPrastshng ‘fesé"eaéﬁ@wﬁ‘ﬁ‘ At 11he, 8P ?ﬂj gLeB ey 1° ¥
into the HSV genome at any location provided that the virus can still be propagated.
It is preferred that the heterologous gene is inserted into an essential gene. preferably
25 ICP4or ICP27.
The transcribed sequence of the heterologous gene is preferably operably
linked to a control sequence permitting expression of the heterologous gene in
mammalian cells, preferably cells of the central and peripheral nervous system. The
term "operably linked" refers to a juxtaposition wherein the components described
30  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.
The comtrol sequence comprises a promoter allowing expression of the
35  heterologous gene and a signal for termination of transcription. The promoter is
selected from promoters which are functional in mammalian. preferably human,
cells. The promoter may be derived from promoter sequences of eukaryotic genes.
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al I owi ng gXpresshiypRfentdie 35 heterol ogous gene and a signal for
termnation of transcri ption. The Bror_m;,er is - sel ected, f roEn pronoters
which are functiohB§ W mORSHFTL FXPISSSANG r Spaseth Jfapean expressign of arpe
pronot er nmay heerolbgois/ gehefin anceflriafected witheghepsesimpléx eirkaofy teiinvegaores.
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steroid horno receptors. "Viral romt er.s
25  different to prfhe t?rst promoterpandrr?lrst heterologous gene. Thus a pair of

promoter/heterologous gene constructs in opposite orientations flank a single LAT
P2 region allowing the long term expression of pairs of heterologous genes, which
may be the same or different, driven by the same or different promoters.
Furthermore, the product of the first heterologous gene may regulate the expression
30 of the second heterologous gene (or vice-versa) under suitable physiological
conditions. _
The expression cassette can be constructed using routine cloning techniques
known to persons skilled in the art (see, for example, Sambrook et al., 1989,
Molecular Cloning - a laboratory manual; Cold Spring Harbor Press). Furthermore,
35  the construction of particular HSV strains comprising such an expression cassette is
described in the Examples.



may al so be used, for exanple the Ml oney nurine | eukaem a virus |ong
term nal repeat (MWLV LTR) pronoter or pronoters of HSV genes. 10

The HSV LAT P Y Rles1ss and pronoters containing elements of the LAT
pronoter region, are especially preferref-because:there isPONEBIYWSSi |ty
of achi eving | ong-term expression of heterol ogous genes during

latency. In particular, an expressi on cassette consisting essentially
of a LAT P2 region, ThebAT B2 degion is diereideBusidfas HSV1 mivcleetides d 18866 40 B2t er
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especially pre | on ssion’ is
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| e r ha |
ts:mrrpmékg' ys ?egE{Feger ﬁso &I Vit eﬁ’ﬁsefoﬁmbflrymotualts bk Sndueible®do thaags

one or t fectlon even
nore 20 prefe gt ‘F’%B’Fesil |the Retqrolpgous genegan qate;d“”ng%‘e hfg
expressi on cas sl&tdeﬁ herdyicible mhdaes thatothe leivale ofiexpressiom olpfaioetbisig thm;iromoter
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Const ructe n° BiFicusty bindh @Rkien Sha pytecy, PATBLE] B O RMESANGE
allowing the | bﬁgro{oemm genp the sxpresioprof Bdichds @fberfegté#teﬂ M%O%presmwm ch
gay Ee t he sarrﬁ:oerd dddrﬁﬁrﬁé entsnrongr tebY(ekh@xeSEMN OE @tohfotete dkivipg qmat er ﬁ
urthernore, t roau e the
e)?pr SSltOH 8?@18 ﬁ%t’kﬁs er O% flﬁﬁ)}l OQellggﬁl ? lngtﬁﬂ% E

expression 30 oF Vi Co Ve & u er
sui tabl e physi Qfdkgﬁ dint heterologg@mgem epend on the preseacee gprabipsfonf cassette
can be constr ugdmélclifd. Ng routine cI on| ng t echni ques known to persons

ski.lled in the art ( for ex ambr ogk . et 1 | ecul ar
Cloning - a | aborat olﬁf%%%aﬁny eae gboﬂo By l?Srm‘a’%dgs g’ﬁﬁdfhﬁg‘? re. 35
t he construct i &uthefrepulatorysequancesiSiy example prhancsngeqienicesfing gemsmsEssi on

cassette is  the O§PGREBD Cﬁnfeﬁ@g%ﬁ&&k%‘a also be used dehee

-9- le i) 1598y s: ° e bcoﬁ&%ﬁ%/%g P2 region
is here defPneREMBEIR WO BPTe flergf fuomotrs dgsspbedyabove, fof example.an 1 o
from Pst | - Bst XMMLY eBTR/LiATadusion pramoteteliokensgard serofl. .t A9H) r ergipoamoters

i ncl udi ng hom)l:@,glgg;;;1 re%eg‘ggfﬂ)‘g[h@\{ggmm@&q% e capable of providing a
long-term expr eﬁzelhetero c? ogsblgene trXay ttgxp exarmspk;[ %rcyt\gxllsclf}wglge&/ matfxee i nked.
regulation of cell division, for example mitogenic growth factors including
23 neurotrophic growth factors (such as brain-derived neurotrophic factor, glial cell
derived neurotrophic factor, NGF, NT3, NT4 and NT5, GAP43), cytokines (such as
a-, B- or y-interferon, interleukins including IL-1, IL-2, tumour necrosis factor. or
insulin-like growth factors I or II), protein kinases (such as MAP kinase), protein
phosphatases and cellular receptors for any of the above. The heterologous gene
30 may also encode enzymes involved in cellular metabolic pathways, for example
enzymes involved in amino acid biosynthesis or degradation (such as tyrosine
hydroxylase), purine or pyrimidine biosynthesis or degradation. and the biosynthesis
or degradation of neurotransmitters, such as dopamine, or protein involved in the
regulation of such pathways, for example protein kinases and phosphatases. The
35  heterologous gene may also encode transcription factors or proteins involved in their
regulation, for example members of the Brn3 family (including Brn3a, Brn3b and
Bm3c) or pocket proteins of the Rb family such as Rb or p107. membrane proteins
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For exanple, in a preferred enbodi nent where nore than one
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corrprl si ng elnémanclstOtoKwt ¢ompow fargise nm( facexapplee )methods of virus-direcigthe
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protein nmmm\soasaesdlmeéeim W@ap3/08288 pooreartogypepudasenf especialibove. The .
- het eLO: 0goUS cHBHE dasJ@GﬂsQﬁchW@Wmﬁ om»spér&eﬂed Hayfsd fouﬁcﬁ(rj :
meaou:pa e enz i.nyol.ved in anj no. aci

bi osynt hesi s ?%2%30 “‘éF?‘W? Sh‘gdu‘ye DIPRCR PURAILRRY™NE ur i ne or

pyrim di ree blamtpmehszpmpomds cueh asldhose rdeseribdd tin eWIBBEY 7181 SX1089/10140, or
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factors or pwaicgiens Puefecibiyesuchnantigeni¢ polypeptides)afeadérbnd fram pathegpiie nenbers.

of the Bn8 f@F%ahiﬁmE'fHFéxHﬂ l@%a&é’fﬁaorvﬁﬁﬁb oaﬂdmmmourBr n3c) or pocket proteins
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PCT/ GB99/ 015 $agalactosidasesn green Sluptesatoipritein) os igenes twhosd prpdustsciegglateshech as
dystrophin) @kpri®Rfh otidaek gite® (6t Beample, transcriptional regulatory factors including
the tet repressor/VP16 transcriptional activator fusion protein described above).
Gene therapy and other therapeutic applications may well require the
30 administration of multiple genes. The expression of multiple genes may be
advantageous for the treatment of a variety of conditions - e.g. using multiple
neurotrophic factors. HSV is uniquely appropriate as it does not have the limited
packaging capabilities of other viral vector systems. Thus multiple heterologous
genes can be accommodated within its genome. There are, for example, at least two
35  ways in which this could be achieved. For example, more than one heterologous
gene and -associated control sequences could be introduced into a particular HSV
strain. It would also be possible to use pairs of promoters (the same or different



such as hsp27, hsp65, hsp70 and hsp90. Preferably, the
heterologous gene encodes a pol ypeptide of therapeutic use, or whose
function or J 4funct| on nmay be inportant in a disease process. For 5
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genes ray al Socaapqusufaﬁ "RESEE HRBS Sl {dRiler®s HERNE iBRERMaBEE sol uons for
[ er-r]-gal act osi H {‘ uor scen rot el n or ge}ge&m roducts
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regul ate the ©xam %‘g 4y sHLE- g §°'E‘P‘E§Ft°§x‘3ﬁ5p Totl onal
regul atory facpaMemnahmﬂnusgﬂar intravéreus, efubcgeass dutfav@ila o anmdemmll onal
activator fusiQfuR LLFH‘ descri bed above). Gene therapy and
ot her thera eutlc agf)bg cations, may wel|l reqwre th .30 adm ni stration of

nul ti pl e géfes. haragsutical (fompasition, scadmintsteredig, syeb 4 way that\the ageous
for the treat mmtatedfvims vmmhyﬁﬁﬁhe@apaﬁtictgcﬁmﬁ)r gere. therapy's tancherinddrpapited
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limted packagl ng c tres o rV|ra or _sys rrs Thu
mul tipl e het er i&gbersperipheral geryaus fygiemy the Lompopiion rould hmdmrﬁst'frﬁé 1’g§horre
There are, for aexanrke symptid exninalsvare IocatedaThe iphataceaidicdl hdosnpositibrd ibe

achi eved. 5e" SERMR! SupRed N1 48" Glle b5 ALASRS. mocufr WAL agpoCt at o

control sequen Intro strain. It
woul d al so be PiEmagspEcal GompQsition; ﬁSSadevmﬁﬁr%m é‘P% eyes Hub-saingl Bjecte fier ent
typically the technique used.

The amount of virus administered is in the range of from 10* to 10" pfu,
preferably from 10° to 10° pfu, more preferably about 10°t0 10° pfu. When injected,
30 typically 1 to 10 pl of virus in a pharmaceutically acceptable suitable carrier or
diluent is administered.
The routes of administration and dosages described are intended only as a
guide since a skilled practitioner will be able to determine readily the optimum route
of administration and dosage for any particular patient and condition.
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with a pharnmaceutically acceptable carrier or diluent to produce a
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and dosage f dnvalved ip agstoringitha mutait plendtypead condi tion. 35

This method can also be used in animals, for example mice, carrying so-

called "gene knock-outs”". A wild-type heterologous gene can be introduced into the
animal using a mutant HSV strain of the invention and the effect on the animal
determined using various behavioural, histochemical or biochemical assays known
in the art. Alternatively, a mutant heterologous gene can be introduced into either a
wild-type or "gene knock-out" animal to determine if disease-associated pathology is
30 induced. An example of this is the use of genes encoding prions to induce
Creutzfeld-Jacob and other prion-type diseases in the central nervous system of
rodents. Other disease models may include those for Alzheimer's disease, motor

19
w

neurone disease or Parkinson's disease. _
Since it is possible to introduce at least two different heterologous genes
35  into a cell due to the large capacity of the HSV genome, it will also be possible to
study the interaction between two or more gene products.
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PCT/ GB99/ 01598 G Assay Met hodol ogi es ) The mnut ant
her pes sinplex viruses of the invention can also be used in nmet hods of
scientific reddaPEM4Thus, a further aspgct of the present PCRGBA1EAE
relates 5 to nethods of assaying gene function in manmalian cells, either
invitro or in vivo. The function of a heterol ogous gene coul d be

ﬁetermi ned by a ”Eff'|"Hﬂs,(il%Eﬁfth&isfwthepresent_invex?tionmaybe(lﬁ:)iinj:aiﬁ&ﬂxiltﬁﬁrithi:g sai d f
et er ol ogous gene.in ant her | ex virus - 0
the invention: g‘fﬁm’“}&“&&ge B p%ﬁ?‘f%&%%‘i‘s‘ the resulting virus into a

g g

marmal i an cel | | i ne;Therinvention will be described with reference i9 ﬁ;erfgllqm@g Examples, of
expressi on of aicH aRGhiehdRl RURUBuEAAR: dnfy A 06k limiting. manmmal i an
cell-Iline. For exanple, the cell-line my have a
tenperature?sensitive defect in cell 15 division. Wen an HSV strain
conprising a h €Hgous gene according to the invention is

i ntroduced into the defective cell-line and the cell-line growm at the

restrictive tenperature, a skilled, person will easi|y be ab to determ ne
whet her the Rﬁ&ﬁ@?@ﬁﬁmﬁbbhspﬁmﬂ@mﬁéﬁm&&?ﬁﬁ@ﬁﬂhPﬂpﬁgcﬁi@ﬁﬂbi}n cel

di vision. Simlarly s QhSkmening kit 340 (SAGHBIAYYFordBbr PR Girises
e

determne if expression © eterol ogous gene 20 can correct an
obser vabl e ut avas genemtedtby wo-tiansfeation pfplpamid piCP4INA mith@comycin resistance-  Thj s
procedure can al so. be 'y’ ﬁﬁ{r t Qe bR Blresletic oft
het er ol ogous gée%c?a’gng %%?Z‘?t"al RoWhi gﬁ%eggeﬁ%ﬁ%oeo the protein encodgd by the
gene are inennafciremsistant cleaes rRlasmid pIPrheontains p Rdelopfi agment from the

This method canlisgmdse (Rflelidhs 35 MO0 40! SHANRE Sodlc¥ ool Bl SO 25

call ed "gene k ype heterdlogous® gene can Imtroduced
into the afd prodotis; iclogedtbetwden iic BJGR/V ahd Spihisies of pRP72 (Reemegadn and t he

ef fect on the ani mal . determ ned, usi ng vario i our.al
hi st ochemi c8l or bi HERERE yp&%‘@’éﬁ}‘é"ﬁ?ﬁg\ﬁﬁ%“nﬁO%ﬁuﬁ?ﬁg@Jt&?ﬁ?guﬁ%iver, a
mut ant het er ol gBOHUGsIQERdTarvike gtowti.oduced into either a w | d-type or

"gene knock-out" animal to determne if disease-associated pathology is 30
i nduced. An exanple of this is the use of genes encoding prions to induce

Cr éut zf el d- Jac @Rpande Bidifile DL PRParkRS th KPR L6mblemérdtiag eAllined313022)V OUS

syst em of rodents. her di sease nodels may inC|Udeﬁ§§§§e for

Al zhei ner' s di sease, Arpomplementing ¢ell YinenB130/2) allowing grexth jo T defeted ase.
Since it i8,,p0SEsdl fnd hvinh b SHHES bRwebP®S borlptindhiibd Sigidiees il BlcaCPEPUS genes

deleted viruses above (and thus preventing repair of ICP27 by homologous

recombination during virus growth) was generated by co-transfection of plasmid
pSG130BS (Sekulovich er al., 1988) DNA with neomycin resistance-encoding
plasmid pMamNeo (Invitrogen) into BHK cells and the selection of neomycin

25 resistant clones. A clone highly permissive for the growth of an HSV-1 ICP27
deletion mutant (B130/2) was selected for virus growth. PSGI30BS carries a
BamHI/Sacl fragment from HSV1 (nucleotides 113322-115743) encoding the
complete ICP27 coding sequence and part of ULS5.



35 into a cell due to the large capacity of the HSV genone, it wll also

be possible to study the interaction between-two or nore gene
products.  wo9%60145 WO 99/ 60145 PCAGE9/01598

PCT/ GB99/ 01598 Thus, t id4iet hods of the pr esentmlpnventlon
may be used in particular for the functi onal study of genes inplicated

ficod akdlingepde@r ence to

- ustratlve only and
L LA‘ ',

in di sease. Example 1-HSV shtigs Wﬁmprommlcbnmndm sehys

thefollovvlng Exanpl es re|n1.
not linmiting.$ o delet dloutdel -

an | CP4-COITD|M%@| I I | ne (B4). A conpl enenting cell
line (B4) allowng growih -of 1CP4 deleted viruses 10 was generated by
co-transfection of plasmid plCP4 DNA with neonycin resistance-

encodi ng p ag 5 l8gti on of
i asg) d_neabee o h@l&s&ﬂl@ﬁﬁiﬁ s 8 HHIVIILENPA iR 28

neomyci n re5|s lasm d pl CP4 contains a- -Sphl fragnment from
t he HSV1a GMYSaEP/pAsequenssi ig enm%bap!szto-wic or@@ynm@m sapaated bylae | CP4

codi N9, 1o9! Otvsy L AP iR SURERE (nEIARAL PRLBAN0LNS FEORVAAuT ST Lo of

pSP72 (Pronega one perm ss e growh of an
HSV1 | CP4 del I€PR incsibyhdemologous (@dx)lbm:lsmﬂemm’ddfgmonw Hﬁylgtrmlm

Ref erence Exaﬂﬁkeb}; s-tanlgrgp%ﬁ%?a Onl%e et&-. %«}gﬁ/%&gpcel I ne

(B130/ 2). ement | | ne growt h

of 1CP27 gl edri%ﬂtaa&xsvinfows}ﬁmmdommggcm ﬂatﬁidgapglhet(pm illvvigotipl enent i ng
sequences and the |CP27 del, Vi rusl;e]s above (and thus prevent| ng
repair of | CAF9dUsHomghHYQ yiEwes Wi an SRAPERASE A Sithrg e $ARE o WGt h) was

generated by @oﬁ:{eaaﬁ&ﬁ&{oh% Ghe NlAZSBeghence in PRELIARS emRitiayi chTet al.
1988) DNA with” neonycin resistance-encodi ng pl asm d El\/anNe
casgetiest ant

(1 nvitrogen) Egien ecdiupes axh deleted fordhe eatire FCBA7 graeniiei

clones. A clo . -
del eti on mut a&ﬁ %%5 ni"xé?k?ﬁ\d% Qgroyaga)%l%ﬁgﬁrﬁg%ﬁe k@ﬁe‘%’%% carries a
BanHl / Sacls f roligesudectidoencbiing S{fhwes nstried on e33Rtz -of e aSptte nTedRSY - t he -
~conplete | CPZpZ‘oﬁgg} "Qas %&Bc%ﬁ%ﬂ%ﬁ&‘v O(flm}i{'rbsgén , lacZ/pA from pCHI110
(Pharmacia), CMV/pA from pcDNA3 (Invntrogen) and GFP from pEGFP-N1

(Clontech) for the consf(ructan of plasmld PR20.5. pA27 was constructed by first

subcloning an EcoRI-Notl fragment from HSVI restriction fragment EcoRl B
20 (nucleotides 110095-131534) which i_ncludés the ICP27 gene into pGEMS.
(Promega) and deleting the ICP27 (UL54), ULSS5 and ULS6 encoding Mlul fragment
by digestion with Mlul and religétion. The pR20.5 cassette was then inserted at the
now unique Mlul site. |
Viruses were plaque purified by selection of green GFP expressing plaques
25 under fluorescence microscopy, and stocks wére _prepared using B130/2 cells
(described above in Reference Example 2). The resulting virus stocks
(17+/pR20.5/27 and 17+/pR20/27rev) were unable to give a productive infection on
BHK cells which do not complement the ICP27 deletion.
Stocks of the viruses were prepared by inoculating single plaques into a well
30 of a six well plate, harvesting this stock and inoculating new six well plates. Stocks
from these plates were then titrated onto B130/2 cells. The numbers of green (under
fluorscence microscopy), blue (after X-gal staining to detect lacZ) and white plaques
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PCT/ GB99/ 01598 Exanple | - HSV strains in which pronoters containing
LAT sequences&&gmbnserted so as to delete 1 CP27, but wi thout deletion
in the endoge A region, cannot beys. stably propagBERGBIMSB 5) A

cassette fromplasm d pR20.5 consisting of an RSV/| acZ/ pA sequence and

a CW/ GFP/ pA sequence in opposite back-to-back or;-i_g{%)ati ons, and separ at ed
by an HS\aftenTachaocsdire g eqvated s d 7 &pRAU27 e idserng Hpebyesh thi o
inserted into B I ERICRF DR T revithe
purified genomﬁ%%wrss%ﬁeﬁ%#ggﬁ&m° mlgggggg%lg%dard met hods. The pR20.5
cassette was flacZ genenstatwezn therinssgedand @ndogenouehaZseqyaRees-nt 0 a pl asmi d
containing |1 CP27 flanking regions (pA27), allow ng the producti on of
two viruses with an HSV LAT sequence in either the sanme or the

opposite orsenRadulten to the LAT sequence in the nearby endogenous LAT
region. These viruses are deleted for the entire | CP27 gene. The pR20.5
cassette can be excised fromits pGEMb (Pronega) plasm d backbone with
Srfl as an 15 ol i SARUESAROF JRuL GRS iand tifatioh ivvass fonsdthaenbtall daqueer  si de

of the cassette. The R romt er. was excj sed f 1.RSV

(1 nvitrogen), now exmeesed bk end lacZ Waﬁf‘rﬁlﬁ g °%‘1§81‘55§rﬁ ifeap V!

(I'nvitrogen) a S EoTye)) Bs essed la&CWﬁ, itdly 204 nd Iofges @Rysrbdset | on of

pl asm d pR20. SMB%% was constr u%%péd by first ysubcl on| naﬁgnan%coRl - Not |
S

fragment friom BERL Thisstseegested rhomolgain regbimation RgrweeR e o
110095- 131534) 8@%5@&%&%@@{3&9%&@% BROG: 18 Sshind GhéRation, delétB@QH@ga%) and
, a

deleting the | i and UL56 encoding Mul fragnent y
di gestion wi t himdreningrsdquendes dreluding. GRihet sorROvEy toys lexeliduring Birysr@ioWinser t ed

at the NoW,. 4N | Si : r e Pk epurified
by sel ection o‘T%g‘r L&?\"%ﬁﬂ’pﬁe& fnﬁ%mg Iag% lfhébsnefés' %E%}P&%I %?e%g&eiﬁce

m croscopy, andredi opposity\extentafiomspwittetspest togadhl@hikromoss iplaques still expressed i bed
above in Referen a . The resul t.i I [ US C

(2941 oD, P 57 Bt o7 BB vkt Spotabaet A8 4 P explel e lacz or o,
infection on or botiBidkere@ béres, $hidgeiting than ehercin thelreveesa ricthigion @R zespedt & i on.

St ocks of the viruses were pr.epared.by. i nocul ating singl | into a
wel'l 30 of a %@F’Im‘ﬁfﬁﬁ'&l F‘?}’g@#‘ﬁﬁﬂﬂ?fﬁéﬂ"sﬂ%gﬁwﬁﬁgﬁe olggﬁ%égi%%dg new si x
wel | plates. Stefdsnous LAT kéqasncedi@hich Pintregtlt ikHecleletiomoftdnt baothet cvmiape B130/ 2
cells. The nunbers of green (under fl uorscence m croscopy), blue

(after X-gal stasslnbothinsencd@emsst | acz) and white plaques
20

UR

(b) A cassette consisting of a LAT sequence (Ddel-Ddel: nucleotides 118,180 to
118,768) followed by an MMLV LTR promoter from pJ4 (Morgenstern and Land
1990) separated by an approximately 700bp plasmid spacer sequence (Ndel-Smal
from pGEM3zf - Promega) followed by a lacZ/pA sequence from pCH110
25  (Pharmacia) was inserted into pA27 as in (a) above. This plasmid is called pR18/27.
The LAT sequence is here in the same orientation in the nearby endogenous LAT
region. A virus was constructed (17+/pR18/27) and stocks grown up as in (a) above
using B130/2 cells, here selecting for the expression of lacZ by X-gal staining.
Stocks were again titred and numbers of blue and white ICP27 deleted plaques
30  counted after X-gal staining.
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each proceduWeed4xount ed. For 17+/pR§g. 5/ 27 the GFP gengdricHishidgen t he

i nserted LAT sequence and t he endogenduS” LAT region and for 17+ pR20/27rev
t he | acZ gene is between the inserted and endogenous LAT sequences.

5 Resul t s Results. After growth of virus stocks and titration it was
found that not all pl aques now expressed both the. GFP and 1 acZ genes.
In the case of 17-/pR20.5/27 it was found that. while all plaques
expressed | acZ, appeOXivérkRilypadSzsd ab QRESbed Xdpproixardelt 5% HFRsuldil S
suggest ed honol ogous reconbi nati on between the inserted and . . endogenous
LAT sequence$laquasi kthloages xayessed daoZy o This suggewts Hiat hemepgous decombingtion e

i nt erveni ng | ' ' | j Nng Vvirus
gr ow h. £ %\}E‘\?‘{éﬁm%‘%ég%%/ Z?rgg?gzgﬁgﬁrgﬁ?lﬁglg {e&éé&%ﬁ&&?ﬁ#g cﬁglgl?rl‘),%u%gndogenous
LAT sequencesequences.dnauding thp jpedigere. ori ent ati ons with respect to each ot her,
nost plaques still expressed 15 both lacZ and GFP. However approxi mately
1% did not express either lacZ or GFP or both inserted genes,

suggest i ng t Examphed- HRV staainy ig wericheprameotens tertaining WAl sequegges ate inserted each
other, nore conpl ex recanbi national jrechani shs occu Al?%ﬁan | N gerted and
endogenous LAT+—S€60 ES— e F—cai—t€ e —ter et ot—or—ore—or ot her
or nore 10 stablydrgpapsted i nserted genes. 20 (b) A cassette

consi sting of a LAT sequence (Ddel-Ddel: nucleotides 118,180 to

118,768) foll owed by an MWV LTR pronoter from pJ4 (Mrgenstern and Land

1990) separat ed bYh@bRADBI EasiciBt Whsy insS¥APinR ARTICPF PGGSof SHEVE NG
(Ndel - Snal from pGEM3zf nmega) .fol | owed by a | acZ/ pA_seguence

! . P <
from pCH110 2_5°°“{PPW&F$T1QEIFH n ¢6 JCPH by, ingsariqnn of the BRZ 2 PasEEte Hiq AS:P‘hbove.
Thi's plasm d,ﬂaﬁkiﬁg"‘lxjeﬁgnso .pA4) genckhtfhgl Fidsntifl OPIRINCH4 | 2d Wn?olé,%& he same
orientation in the nearby endogenous LAT region. A virus S
construct &d (recpmbprien wzgtherrwithspuified gemomvie HEY L strainr 7¢ DNA o 84 cells  usi ng

Stocks ver e AR BFUGEERT RBbhE AR bO i By P difin? O O
pl aques 30 ' cequehed mitieetideX-13345%126,7#4n(Saula-Sau3a) and nucleotides 131,730- _ .
. 134,792 (SphI-Kpnl) in pSP72 (Promega) sep_aratéd by Xbal and Sall sites derived
from pSP72. pICP4 contains a DdeI-SphI fragment from HSV1 (nucleotides
20  126,764-131.730) cloned between the EcoRV and Sphl sites of pSP72. The resulting
virus (17+/pR20.5/4) was unable to grow on BHK cells which do not compliment
the deletion in ICP4.

As before. stocks of the virus were prepared by inoculating single plaques

into a single well of a six well plate, harvesting this stock and inoculating new six

well plates. These stocks were then used for inoculation of 175 cm® flasks. Stocks

(8%
W

from both plates and flasks were then titrated onto B4 cells. The numbers of green
(under fluorscence microscopy), blue (after X-gal staining to detect lacZ) and white
plaques after each procedure were again counted. In 17+/pR20.5/4 the site of

insertion (ICP4) means that endogenous and inserted LAT sequences in opposite

(7]
(=4

orientations are separated from each other by the GFP gene and also the coding
sequences for ICPO, RL1 and ORFP, and also other less well characterised coding
sequences. Deletion of ICPO, although probably not RL1 ORFP or other sequences.
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PCT/ GB99/ 01598 Resul ts. After two serial passages as
descri bed, approxi mately 3% of resulting pl aques no | onger expressed
lacZ. This su {%814¢ hat honol ogous recqmbi nation 5 bet we@ETIGHRMMEd and
endogenous LAT regions has led to the deletion of intervening

sequences, including the |acZ gene, Exanple 2 - HSV strains in which

promoters cont by Bpmelogony reeombingren; befpeen; sndegepens and insegisd AAT srquencey e | CP4.
but wi thout de ' [ n us | M FicRRRN' 1 ably

pr opagat ed Wil O %&%Eeﬁp%%?gﬁcgs‘é@gt%ﬁgm@ﬁser't g%lp?ﬁtdo&toﬁglt | CP4

| ocus of HSVI dliatdateristics aseooparsd to/IE gomfaining viswsesf | CP4 by insertion of the
pR20.5 cassette into | CP4 flanki ng regions (plasmd pA4) generating
pl asm d pR20.5/4 and honol ogous 15 reconbination together with purified
genom ¢ HSVF sResmlts 17+ DNA into B4 cells (produced as described in
Ref erence Exanple 1). pA4 was consists of I CP4 fl anking sequences
nucl eoti des 123, 459-126, 774 (Sau3a- Sau3a) and nucl eoti des 1331, 730-

134, 792 ( Sphl - Kpnl )Tiires GfSH2 sfockopiepsdd frepabatveltl phues hawedand ddedidblesi t es

deri ved from pSP72. pl CP4, contai ng a Ddel-Sphl. fr. n{ from HSV1
(nucl eot i des Zéﬁemfﬂffgﬁ?g §i%f%0§°“€q' oﬁ@‘ﬁe‘ﬁé ﬁtoflf‘?e“%glgw g | sites
of pSP72. The &M bhidsped 3 tim¥d Wefe fitkalet! RERAbS e Wasks.UsidN SurbirgbOW on BHK
cells which do not” Conpli nent the deletion_1n I CP

4. As
bef ore. st deksPplagues peichi no lenges exprpssedhenced q8er o 80 Bsnesrpuld; begdetecdaques
into a single %h't})x(o‘ﬁggﬁt xﬁve'e}rf?é"%{:ﬂe hiphAEF infefiohS Bbddng ghithse b QokisARtch

i nocul ating new si . ates. These stocks were then used for
i nocul ati on of had7een tifrated.] Thusahdre aprseximitely 0.5% of plaanascionlopgeseamressed f | asks

were then titraged th%rtt}@’ @rﬁ‘ag% oL ta%-?w&él? Pfos 6968 ker exPresgéqn‘g@% and

fl uorscence m Croscopy (af alning to detect
white pl ageres Itzfut B coecludedphas bermelogousvecembiation betovgent el inserted LAT pR20. 5/ 4

the site of _ insertion (I n n I rted LAT
sequences i oﬁeﬂgeﬁcfg’%hco(?gelsgﬁ@%ﬁggﬁ%wﬁ%%ﬁ%%&g%ﬁhﬂ%5’%:‘{}%2%{0 er by the
GFP gene and aLAT tdyeermcedipregent in theelpngnepent fregionsChD , thiigbnamel allBweéd and

al so other less wel.l characteri sed codi.n seguences. | eti on of | CPO,
al t hough pr obalSFSmate I“eéfﬁﬁ“ﬁ ° 8‘%°We‘?’m§b%?ﬁglr’?&18§'%e 4630 of e ol

or both inserted marker genes.

20 Example 3 - HSV strains in which promoters containing LAT sequences are inserted

into US3 can be stably propagated

The pR20.5 cassette was inserted into the USS locus of HSV1 by insertion of the
pR20.5 cassette into US5 flanking regions (plasmid pAUSS) generating plasmid
35 pR20.5/USS followed by homologous recombination together with purified genomic
HSV1 strain 17+ DNA into BHK cells giving virus strain 17+/pR20.5/USS. Plasmid
pAUSS was prepared by cloning a BamHI-EcoNI fragment (nucleotides 136,289 to
131,328) from HSV1, which includes the USS5 coding region, into plasmid pAT153.
pR20.5 was inserted into a unique Sacl site at nucleotide 137,945 in the USS gene.
30 In 17+/pR20.5/US5 no essential gene is deleted and so cells complementing the

deletion are not required.
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PCT/ GB99/ 01598 by honol ogous reconbi nati on bet ween endogenous and

i nserted LATWOOYGeHHSCES woul d be expected to result inpgriigosisistid th
significantly inpaired growh charatteristics as conpared to IE1l

cont ai ni ng viruses. 5 Results Titres of virus stocks

prepared from si XAéNBéforephﬁér%ﬂa@h@ﬁﬁﬂcdﬁ@n,dﬂéﬁtoﬁbﬁeewms werél @kphte@byof t he
| acZ or GFP genes, However when sto now, been . Serially

C
passaged 3 tipgdatingsingle Rlaquesina g §og %IW“ ﬂé“fe Hlatss haryesting this si9fkr s of ~ 10

pl aques whi %m&mmg new SRMVAHftes) rs%ngrpa@s*a wapéona@ﬁea IR AgRs 66fated be
det ect ed, even though,at no_tinme were '&gé I nfectjons used to

generat e t heingewation af7z pm” flasks. nStgeks S bath plates gnd fpsks were tisrated 9ptoxi nat el y
0.5% of plagqg !"Qﬂﬁ SR or laczZ gene, and
appr oxi ma%el gp%(é%&? no %é\ugn?}&&;xpregsbécf dgfitwhg?sraq&egemﬁﬁgd It can be

concl uded t hat honol ogous reconbi nati on between the inserted LAT 15
sequence in ﬂg copies of ICP4 and one or other or both copies of the
endogenous AT sequences present in the |long repeat regions of the
genone al | oned reconbi nati onal nechani sns to occur which could aI | ow
t he del etion of bot h, i nser t rke

Exanple 3 - HSV 01?1 {hgaﬁeﬁg%}r%uﬁ O%Tee?tgerc%’ﬁt\%leﬁnﬁlngs P 2'7% 3@5@% are
insertedio showet @o dbciatidddddeion ofithk Yachop GRP géres. even afier séﬁﬁbp@%@.. 5 cassette
was inserted into the US5 | ocus of HSVI by insertion of the pR20. 5
cassette into US5 flanking regions (plasmd PAUS5) generating plasmd 25
PR20. 5/ US5 f gbheliéishsIrorh BxkploUso 3 econbi nation together with purified
genom c HSVI Strarn 17+ DNA 1nto BHK cells giving virus strain

- 17+/ pR20. 5/ US5. Plasm d PAUS5 was prepared by cloning a BanHl - EcoNI
fragment (nucl eotjing@gonl SOLATSefiences mtoléf’tileﬁég)ld’ﬁ'pm KL jocid1be syl udes
the US5 codi ng regl on, into plasm d pAT153 pR20.5 was |nserted into a
uni que Sdél &Sl @ HYWK|senemese whish argsunsieblen as tsiw §¥héde marranged

17+/ pR20. 5/ UGindl9gdiis $6:8kbithti e wien cHElgBERA 2Rl hsSRATE\T SeqbQITRY, %V@%lnt ing the

though deletion of intervening sequences might be expected to resuit in a virus with

a.growth disadvantage as compared to the background virus. Insertions of LAT
sequences into the US5 locus on the other hand, which is at a position in the HSV
20 genome further removed from the endogenous LAT sequences than either ICP27 or |

ICP4. does not result in a virus in which stable propagation is prevented.

Example 4 - HSV strains in which sequences from the LAT region corresponding to

those inserted elsewhere in the genome are deleted can be propagated in a stable

25  fashion

(a) A virus was constructed in which LAT sequences corresponding to the LAT
sequence in the pR20.5 cassette was deleted from both endogenous LAT regions
before insertion of further sequences. This virus (17+/p2-) was constructed by the
30  insertion of a CMV/lacZ cassette between two BstXI sites in the LAT region (BstXI
sites cutting at nucleotides 120,217 and 120,406) and selection of lacZ expressing
plagues by homologous recombination of plasmid pR19lacZ together with genomic
HSV1 strain 17+ DNA. The CMV/lacZ cassette together with LAT sequences
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-18- PCT/ GB99/ 01598 ) As before,
after plaque pwpishgdad i on, stocks of the virus were prepared b

i nocul ating single p?gaques into a singleppel | of a six wel | PEI/EBW/01598
harvesting this stock and inocul ating new six well plates. Serial

passage was continued f] i mes ore I nocul ati.on of 175 cn? fl asks.
St ocks from bot(ﬁucgﬁf‘:lggé“sf éﬁéé i h@kgg%eée then fi%{?tgg_gy)hqxgoiggous EoRmBIBt® and t he
nunbers of greeagh PLdienPResmil (3AP2P baiitng ARk Sdsions so as delBRhE feguired

In each case the virus titred fromeither six well plates or 175cnferr]

flasks 10 shovieatenessdnd sedacton of whitedaftes X-gal strining) narrlack exprssingplagues.even

after serial p ‘f?!"% fr(ﬁ@;@%, S :

I nsertion of L ggg%é”“ﬁcg%nsﬁcg%r%@ er tsqﬁg %lweﬁgﬁ%p%?ﬁﬁsv 15
results in HSV betpeen theBsiiisites, plNet3 Sreetsisting obs3.6 kb Wod draghoent fiwoar thah4&d by
cven 2% hougReE ravina: TEPer DRPRESL Belh e offt ot o FRRG T
result in a vir@on¥gh)d pAP2 cofsi@s 6fMhb DileE Bantdnt f@clettides OTRESVE 118,768)e
background virus. Insertions equences into_the US5 | ocus on

f LAT
the ot her hand Fam LA region folyeiirty dhe Haloell fiesmenb (s bdGhe 12202 Rer

removed from t hgyRAGRGPOHS aﬁﬂ%ﬁ?@ﬁ“??g‘%?, KBan@ | AvAPol ¥ 1feRe /deBVed sites, | CP4-

does not result in a virus in e propagation is prevented.

Exanpl e 4 - 10HSV 7¢{p2awaschiepked iy Sauthers blattinggo confimmideletiomar hodlyeapies of the
correspondi ng t Ie} i | | et ed
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The resulting virus (17+/P2-/pR20.5/27) was unable to grow on BHK cells which do
not complement the deletion in ICP27.

15 Stocks of the viruses were again prepared by inoculating single plaques into a
well of a six well plate, harvesting this stock and inoculating new six well plates.
Stocks from these were used to inoculate 175 cm? flasks and stocks from both were
then titrated omto B130/2 cells. The numbers of green (under fluorscence
microscopy), blue (after X-gal staining to detect lacZ) and white plaques after each

20  procedure were again counted.

Results

After growth of virus stocks and titration it was found that all plaques now
25  expressed lacZ genes when either virus stock was titrated out. This suggested
homologous recombination between the inserted and endogenous LAT sequences

could no longer occur thus allowing stable propagation of the virus.

(b)  The pR20.5 cassette was also inserted into the ICP4 locus of 17+/p2- using
30 plasmid pR20.5/4 as in Example 2. The resulting virus (17-P2-/pR20.5/4) was
unable to grow on BHK cells, which do not complement the deletion in ICP4.



sequence in the pR20.5 cassette was del eted from both endogenous LAT
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was construcWOd98M45 he 30 insertion 9509 CWI/ | acZ casset treticiowemys t WO
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- both were  whidhhemiogérotaTLAT ssjuencBsl 3te? neretitss delettBe thusi rllowing Odtalils €en
(under fluorscence, m croscopy), blue (after X-gal staining to detect
lacz) and whiPfPagatiggebte Xigsr each 20 procedure were again count ed.
"Results : After growh of virus stocks and titration it was
found that all plaques now 25 expressed |acZ genes when either virus stock
was titrated-out. This suggested



honol ogous reconbi nati on between the inserted and endogenous LAT sequences
could no |l onger occur thus allow ng stable propagation of the virus.

(b) The pRZQ,véd;, tte was also inserted into the 1CP4 | ocus of 17+/ p2-
using 30 plasm 0.5/ 4 as in Exanpl&j2. The resul ting \RGT{EBA1598

7-/ P2-/ pR20. 5/ 4) was unable to grow on BHK cells, which do not

conpl enent the deletion in | CP4. WO 99/ 60145
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As before stocks of the virus were prepared by inocul ating single plaques
into a single well of a six well_ plate, harvesting this _stock and

i nocul ating nefofinRS, Latchmgan DSy Ié?‘é%s simplex yirusshpsed yrotopn dn:cleatemand?s f i ve
times before i ifes).ulGedetio maaipulkién efithetierious systen. | Aadamic Prasonlen) 19960t h

pl ates and flaié 9%\,\%e as before titrated onto B4/27/4 cells 5 and nunbers
of green, blue d white plaques count ed. Resul ts

Titres of virus stocks prepared frominitial six well plates showed no 10
detectabl e deletion of the lacZ or GFP genes. Wen stocks which had been

serially furt iye t C i gn, of | arge
flasks were ti t %gg] Jp aid ng‘? ﬁu)égsm\%\llh ﬁngﬁ'on?%g%egsﬁésﬁ% gf%trg | acZ
coul d be det ectchmacthisativnmf tptlacfmssmn of Fmperterogang léﬁﬁﬂbbfsmff@m}ﬂ@ﬁf ot her
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-22.- 5 (i)  an HSV LATmequengsgosetfed;imtp an essential gene of the HSV;
CLAI M5 1. A hgidpes sinplex virus (HSV) conprising: 5 (1)

and

an HSV LAT sequengs i nlilid ih b Qudtgediis BRI ioft1f AV e HSV,

2. A virus according to claim 1 wherein the essential gene is an essential
10  immediate early (IE) gene.

&J)

A virus according to claim 2 wherein the essential IE gene is ICP27.

4. A virus according to claim 2 wherein the essential IE gene is ICP4.
15 '

3. A virus according to any one of the preceding claims wherein the deletion
comprises at least some of the sequences present in the inserted HSV LAT sequence.

6. A virus according to any one of the preceding claims wherein the deletion
20 comprises at least 50% of the sequences present in the inserted LAT sequence.

7. A virus according to any one of the preceding claims wherein the deletion
comprises at least 75% of the sequences present in the inserted LAT sequence.

25 & A virus according to any one of the preceding claims wherein the deletion
comprises at least all of the sequences present in the inserted LAT sequence.

9. A virus according to any one of the preceding claims wherein the LAT
sequence consists essentially of nucleotides 118866 to 120219 and/or nucleotides

30 117159 to 118865 of HSV]1 strain 17+ (GenBank HE1CG), or the homologous
sequences of another HSV strain.

10. A virus according to any one of the preceding claims wherein the essential
gene comprises a deletion.

35
11. A virus according to any one of the preceding claims which is selected from
an HSV1 strain. an HSV2 strain or derivatives thereof.



(iit) a deletion in the endogenous LAT region of the HSV. 2. A
virus according to claim 1l wherein the essential gene is an essential 10

i medi at e earl¥ SIE) gene. 3. A virus according to claim2 wherein
the essenti al BUE s | CP27. 453_ A virus accor dPETCBY/ORPS m 2
wherein the essential IE gene is ICP4. 15 5. A virus according to
any one of the preceding clains wherein the deletion conpri ses at

| east sone of (e sgQWeHCRIRS ORI 11 Whichés AnHSV it wdinHSY LAT sequence.

6. A virus according to any one of the preceding clains wherein the

del etion 20 conprises at |east 50% of the sequences present in the

i nserted LAT sb¥uent #irus accordingrto any ope ofithe psecgding elaims vhich cassigs @leastof t he

precedi ng cl ai gﬁﬁg{m&%ﬂsgéﬂa del etion conprises at |east 75% of the
sequences present in the inserted LAT sequence. 25 8. A virus

accordi ng td any one of the precedi ng clains wherein the deletion
conprises at | &hst Avirussccording welpimé sherginsaid heterolpgopscentis operably | AT
sequence. inked to an/ fhe {isbred OV PATIsEeitc@, any one of the preceding clains
wherein the LAlF‘k% ° secﬁuence consi st?ﬁessentially of nucl eotides 118866 to
120219 and/or nucleotides 30 117159 to 118865 of HSV1 strain 17+ (GenBank
HE1CG), or thelfonoA efauscording toslapnd A oett wherein sgithhaterpiggous gengiis | 10.
A virus acggr dj ; | shqbendRpBeRAg GxRbsSbiTES stfagk@idlodolie essenti al
O i Sl i e i o

gene conprises virus according to any one of

the preceding 8fgimmanmmalian cells- sel ected from an HSV1 strain, an HSV2
strain or derivatives thereof. WO 99/ 60145
- 23- ; ing; o Co/ 1GR3 nammalian celli@a cell dF e T US

.. t 1 : ammalian celFisa cell df the
according to cﬁ?au m‘%f‘r‘\}%ﬁc&c‘ﬁmf’% 0an HSV1 straln.

central or peripheral nervous system of 2 mammal.

15
17. A virus according to claim 15 wherein said mammalian cell is a cell of the

eye, heart or skeletal muscle of a mammal.

18. A virus according to any one of claims 13 to 17 wherein said heterologous
20  gene encodes a polypeptide of therapeutic use.

19. A virus according to claim 18 wherein said gene encodes a polypeptide
which is cytotoxic.

25 20. A virus according to claim 18 wherein said gene encodes a polypeptide
capable of converting a precursor prodrug into a cytotoxic compound.

21. A virus according to any one of claims 15 to 18 wherein the heterologous
gene is selected from genes encoding proteins involved in the regulation of cell

30  division, enzymes involves in metabolic pathways, transcription factors and heat
shock proteins.

22. A virus according to any one of claims 13 to 21 for use in delivering said
heterologous gene to a mammalian cell.

23. A virus according to any one of claims 13 to 22 for use in a method of
treatment of the human or animal body.

[



13. A virus according to any one of the preceding clains which carries,at

| east one heterol ogous gene. 5 14. -A virus according to
claim 13 whemo9wesmsd het er ol ogous gene i s operably {,éﬁ&ﬁf;, an/ the
i nserted HSV LAT sequence. 15.-24-A virus according to clalmi13 or
14 wherein said heterol ogous gene is 10 operabl y linked to a control

ers PO 6 TR Rrng iy B MR AT o Gt SEP a1 an

cell is a celinjlmibstohélenervousswmmﬁan@mnplarl pher al nervous system of a

manmal . 15 A virus accordi ng to claimi15 V\/nereln sai d

mamal i an ceIJ’ |S@s ? of th e, heart o ske* scle of a
manmal . 25, {\gse of a erpes yup Q’EE‘BTS(TF ’f’%mém}"ﬁ‘h ®to 17
wherei n saj d inetdaaire gHamedi@fnent fpense ie thedntetment qf@hqﬁpnpnndmmﬁl&oﬂjar apeutic
use. 19. A virus according to claim 18 wherei n sai d gene encodes
a pol ypepti de which is cytotoxic ] Q. virus according to
clai m 18 wher#-n s‘éﬁe&fgé?féeseﬁ%ﬂﬂ’éw aﬁ???‘}’-ﬂ%f?t‘;’%ﬁ mthe“'E 02

converting a giserders sf)brmﬁmdsmgthenémmssygtémbﬁa(mmnmhpound A
virus according to any one of clains 15 to 18 wherein the heterologous
gene is selected fromgenes encoding proteins i 1vo| ved in_the regul ation of
cell 30 10dj%¥-si ohphemaseytical compasifien comprising.an SIS VCstsin aseprgiag e adnscri pt i on
factors and hextof claims 13%b Q2 kogethei witlns pharmaceutically acceptable sartierr ditweat. di Nng t o
any one of clainms 13 to 21 for use in delivering said het er ol ogous
gene to a manmalian cell virus accqrding tgo any one of
claims 13 to 2% fo%nwgpdf%saldms#&@wonofahﬂer?lpwmmafnamwhmnan or

ani mal body. cell which method comprises:
15

(a) inwroducing said heterologous gene into a herpes simplex virus
according to any one of claims 1 to 12;
(b) inwoducing the resuiting herpes simplex virus into said mammalian
cell; and
20 (c)  determining the effect of expressxon of sald heterologous gene in said
mammalian cell.

29. A method according to claim 28 wherein said heterologous gene is a wild-
type or mutant gene implicated in causing disease.

30. A method according to claim 28 or 29 wherein said mammalian cell is
dysfunctional, said heterologous gene is wild-type and the effect of expression of

said heterologous gene is determined by an assay for cellular function.

30 31. A method according to claim 28 or 29 wherein said mammalian cell has one
or more endogenous genes inactivated by mutation.

32. A method for producing a herpes simplex virus according to claim 1, said
method comprising:

1) inserted the HSV LAT sequence into an essential IE gene of the virus;

R




WO 99/ 60145 . S04 -

PCT/ G899/ 01598 A virus according to claim23 for use in the
treat ment of d@gg&gqrs of or injuries to, the nervous systemof a
manmal . e of a herpes sinplgx virus accordi ng PCI/GBss/otase of

clainms 13 to 22 in the 5 manuf acture of a nedi canent for use in the
treatnent of the human or ani mal body. 26. Use of a herpes sinplex
virus according to ghai nae&'én%51Igagepa}trogﬁigtmqtre@a‘mofthevgksorders of ,

injuries to, the nervous system of a mamal : A pharnaceutlca
conposition conprising an HSV strain according to any one of clainms 13
to 22 toget her 3 t hAsmethakaftrestingiaclisoidgr afcardyjuryitod, sherwrvouesyswm afial uent .

28. A nethod xﬁﬂmﬁfc&ﬁyﬁsﬁg a%ﬁnét&ﬁ@% £Paticht lﬁn&a&ﬁwf&g@mm( uh) @

manmmal i an

i nt roduci ng salgaﬁgFﬁpﬁF H?mﬁgﬂ%mgﬁPB ﬁﬁﬂé§pes si npl ex virus

according to any one of clains 1 to 12; (b) i ntroducing the
resulting herpes sinplex virus into sai d manmal i an

cell; and 20 (c) determning the effect of expression of said
het er ol ogous gene in said manmal i an cel | . 29.
A net hod according to claim28 wherein said heterol ogous gene is a wld-
type or nutant gene inplicated in causing disease. 25 30. A et hod
according to claim28 or 29 wherein said manmmalian cell is

dysfunctional, said heterologous gene is wild-type and the effect of

expr essi on of sai d heterol ogous gene is determ ned by an assay for
cellular function. 30 31. A nmet hod according to claim28 or 29 wherein
said manmal i an cell has one or nore endogenous genes inactivated by
mut at i on. 32. A nmet hod for producing a herpes sinplex virus
according to claiml, said
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