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8l MPLEX VI RUSES AND USES THERECF Field of the Invention 5 The present

invention relates to nutant herpes sinpl eﬂ“‘mwmmmmmnch haye Julyazoozvat i ng
nut ati ons rendering them non-pat hogeni C. es to the use of such

mut ant her pes g §gg6ss Vi ruses in gene therapy*ga%*ln et hods & a8sa¥009
for gene function. to Background to the invention Herpes S|nplex virus (HS
V) has often been suggested as a suitable vector for the nervous system due
to its neurotrophic lifestyle and its ability to remain in neurons for the
lifetime of the cell. However mnld type HSV i s hlghly pat hogeni ¢ and nust,

li ke nost t5 viral MIECANF SIERRESHIVIHIE VIRUSESw NI bhEHbREGhgeni c effects
of HSV result fromlyric infection with the virus and therefore t he use of
HSV as a veg fequl I es t he devel opnent of strains carrying mutations that
di srupt theJﬁ@#Fé—g9€¥@@&hllst al | owi ng the establishnent of asynptonatic

| atent infections. HSV vectors have previously been produced and tested in

vivo by the del etihegpre;em?weheoﬁaae; It@Imatmmrﬁéses. [éxyv.{ds@ vAERE AVQP4
(Dobson et al. é)cca et al

% i ch nust be errent ed
for growth ‘i“ﬁ“E’ﬁi“E&ﬁ‘H‘a“?'éﬁ&“ cging R peRrPR Pgef‘l“‘anlé alspereigitade &thsegF Pesh of
the viral emnlayt herges sitnplegevinses i patiei therapy entliianmethbdssof asseying <ol perei ng
this gene cgpc.ggadily infect cells but cannot grow Ivticaliy. Another
essential gene is | CP27, whose gene product is highly cytotoxic probably
due to its secondary role 25 of preventing the splicing of pre-nmRNAs in
favour ab tBadksioahd othé ineBatidae mai nly unspliced herpes RNAs. HSV strains
have been produced with deletions in I CP27, either in |CP27 atone (for
exanpl e Reef Hardy and Sandri-Goldin, 1994 and Ri ce and Knipe, 1990)) or in
conbi nat i on wit h Heams simplex wisusfhiSy) bes gfia tes sugpestyd asvusuiteble vectbaettal so

been made igrfslsAsEEBE t@h(g@x@ﬁl@&oﬁﬂ@hfe@@léﬂﬂdsE\bHﬁ‘ﬁﬁ) A:&;B’Q in 3Gurbfrol l%egene

| CP6, tyrosjne Ic are regui
full pa%/hoglé{f% ‘e‘)l‘%"%}n}le el W%ﬂfr ""#‘g tme’\%gﬁ ‘5@1‘%"* 8?‘ “8\‘)&?{‘ ‘H“%Sﬁ%?‘@s‘
(revi ewdd byiraCgédiorm, berdisabketighiseme wh99@8he pIthegenic yﬁﬁw off HeVitrestultdronp tyoiei de

t he aflfled qﬁgeﬁn&agﬁmt Rt vidie 68! @bictite ntﬁ@dus@%f s Ve o3Pk evpt ed quers &%OV"‘ h
in cu ure | C

een shown previ C a5|onally re
reversion o‘?evf’lﬂBmeBr?%ﬁ‘é PRDEERTS ‘Bﬁ‘é‘H?ﬂ @ qt ‘ilff“%[ ‘&ff yjiesgeiepulsh E‘%/B’é by
honol ogous esebbistimenadf sspmbetnace tatdn erfedtions and t he conpl ementi ng sequences

in the cell-line i on of
the i ormrmea LY %%’%‘P’PW'&'%}%%g*da“md%“‘ﬁ%8%%%%%%%2%%t. al

gene dod8 ribe cESHE é‘?‘@‘FQ‘aEﬁr“é‘\rx‘érﬂfg grp 1P EPPhsenrr gh, S999candnCrpced ef @
i nocul at i onl980}, | whivie mawsntbet fenfitaaked dor gpiwtl ahi antukgd VIOPA. is| x@ﬁ\:ﬁéedeort he

so-cal | edb[}.? WdthMl%Q&\%ﬁBR%F% vnlalseaialgsdghll'&tg gneg?rgt‘ﬁgﬂ?%e&forn gyt %\5%' ence

in vivo I S "unnecessar In culfture
Mut at i ons i lAchigptus serﬁrfawe@ﬂa iw{et pealsrhuie 1ranos mreyy Ivikratn mtl@aﬁsmﬂal

di Sgbl ed. Ig@ﬂf{b EPRY, Wthﬁblghte ﬁr@dlﬁf B\&ﬁ’g‘lﬂy bh@td}t&i{?bbszl’ﬁﬂud’lﬁ&@@@@ﬂd&@ réle 4. 5)
producti, ecti.o | abs

in cell * ea(ffnp rﬁvetfmf‘%l}ls‘e tsﬁle Clﬁ‘q tprf\({\ﬂ' ;?%‘soﬁlﬁf efgﬁugﬁat %}SP

i nfected celnsplicell Gppas BNAs. HWL@mnSti@V@b@nmr@@ccmwsthrdebpmse 1@3217 althesw f ul |
lyric rl epl 'ﬁqCP@T‘alto?e @BFH)E&H% plOREef ma:amn@emeomn Il@B&ﬂnd']g{xdefmwﬁ I?:hﬁ@-bl ed
virus 1o were ever to. re-.es 0 e_infection for at ever
reason, the{%%&bgﬂ‘@omm%f’P%W‘gA{i?g“aﬁ@iW lrlet {'ISAtSﬁg% ectl ve host response
limted virus r eMum:tatmsdmvetzdscabsnuialde nundlecssafnabgédes sudhtasitls; IH*gmeW@PQ

uni | kel yiot NL 11 GEASREPEC Birsild indke(TRY) Bs5IE Gkwels! but BP whRRS 99; fled

enough for eventual n_use. y and OSSI |gher
titre fuli pathogemctty in vivo but are lspensa lc or growth m cu ture (revnewed by Co

and Latchman, 1996). These types of mutation provide the added advantage that the
deletion need not be complemented for growth in culture, which has been shown

previously to occasionally result in reversion of the non-pathogenic phenotype to a wild-
35 type phenotype by homologous recombination between the virus and the complementing

sequences in the cell-line during growth. However in each of these cases, mutation of the
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15 inocul ation m ght be achieved by the inactivation of an essential IE
gene providing an absolute block to replication (and which nust thus be
conplemented in culture), together with inactivation of a nqfyafsgy2 al
gene. Summary of the Invention 20 W have now found that herpes “si rrpl ex
viruses carryi ‘%)l nactivating nmutations in at |east |CP4 anc~ | CP

(optional Iy wi tYP %% vating nutations in VM5 and/or vhs) é’)ﬁﬂ(‘iﬂ%”“o"’“(’
reduced |l evels of toxicity conpared to virus strains carrying nutations in
| CP34.5 alone. |1CP34.~ together with VMA6=) _or 1 CP34.5 together with VM5
and vhs. They 25 are safer than viruses deleted for |1 CP4 al one. These

hi ghly nut att&ﬂ-ééf.d’n&hm%eﬁﬁrﬂdaﬁvmetronaﬂétélbr Pevgit owruse tdplicatnt bivicd Might|eltder €,

usi ng an | CR i | reparation of stocks of

t he virus. ﬁ ?“ger m)re t\/{:%gm(é%l@!ﬂ?re cgt?wf'nghvg i nventi on have been shown
to be sui tabI e vdEP3ts. fibe aeicalledr ylewpvrﬁ'éﬁmeolfmusngeh@éut@lm meawired i &or

cel I's. Thus gifvituRHENn vAMEBE @m@e&gsﬁp%@?ﬂmmﬂﬁcatmk@m&rHrs {998Y)

eSS MR BT IGRSFS MeTAE s BEHE MRt 1 Shich Y, oty fs'erra?'
| acks one ori(P346 fsuthotgisntsl pwwmetbswmldtosgmeensotmea prdintiveh nfectiiod in

| CP34. 5 gene,eufdft, WiiehRsEle @@t%ldbhﬁxcm[dmtswcéu%&h%s Qs ihRidddacde onal
non- essent|§¥ ?enes sele WO Or

v thr o6 de fHesEn e mBaDeint f@ﬁwj ECPr?é*ySS bt st s dtFponss o
particul ar, diow fatlugéc tapkicationyto oacuri Mdus wethh abentaeflQPed.5aif 4 disablddvetisng
mutation ,n the nap- Sr%ee@ bﬁéh Qeﬁ%dNMQQn@ccu@r{' fgs\%gfevérh?eak&hetﬂ{, I@?Iﬁ

reduce |nned|ate ear ene expressi on, eve

expr essi on dnuiatign g/@ﬁéserr%euﬁ‘é §H 9‘efth"é?s‘é°3‘ r%morrﬁerlym@éoanwwggg%apcw G
B99/ 00306 - ,snpillafu@ibesof daltst her nore, we have al so produced herpes sinpl ex
viruses w th del et[! Onﬁo&r@veghrﬁdﬂ %&Q&@%s%&i V§1 19 Iaet% S&lrllsl?euéonsrdercg
protein (vhs). arr e | e

for destabi % w@uahrfm amn@hhsmﬁwﬁrcu ﬁgdrﬁosqfetpra@ﬂéhmp@s;mlrrwféugmr figreour

of f tr ?nslnat |1ﬂ&uﬂzft@;ﬂ1rhigﬁt BO hehiadi B the mraedmite)el Of 1 ah &ssoRbidY mhg&le Aﬁ&ﬁ&m@%ﬂl es s
infection w g equ in.a

of the presé POIFﬁy&%%ﬁgﬁf oq—é{‘/i 9’?&?’ Hé&ﬁ?ﬁ‘\}‘s)é? Meliis 1e1n§ 5‘0?("?"2{:?’1[{3%6 eironal
vhs gene andﬂ@rmactf%h@mpfmmn-%%@ g¥e (due to a nutation in said VMA6S
gene whi ch abolishes its transcriptional-activation activity). A

parti cul arlyS referred virus of the invention |acks a functional |CP4 gene,
a functi onal—@b@?—'élg%i—sl—nﬁ%ﬂ@ a functional vhs gene and a functional VMAG5
gene due200 a nutation in said VMA65 gene which abolishes its

transcriptional - agt hmt A&rlfo%s& gk aarpeszrrﬁp@@w&s%s s aerrvawﬁuatmmﬁ
invention can -be used

or.deliverin ra in
met hods of tat&aetiEhe a8 [gﬁé‘}sg?&’émﬁ‘ﬁ'y WD jrAgtiafing mt“g‘“o’t‘sh‘é \EM%LF%‘ f’ Bm
i ncl udi ng Paixkibitgediced (IhvSBaffa)m(sp'ldoaipanedjt(m’/lyusmtramtslbﬁrkﬁSg nmraudnsmaé:@%éf_ t he
1's eye; heajft,Of cﬁﬁ oBthe Wit lmWGQror pr@@%Ee'ﬂi%? it RAVIRFBSHA A, gt' on

al so rel ates or stud unction O ?enes LN manm
cells, f@f e%E%lﬁ%fFfe‘hﬁ%Ver@ﬁtdF‘F @A&O%%FS@M&'Y e Higingroan however

dysf unct | onss,uuajc §[buﬁhyéﬂﬁglehh¢ uefcmmt: wingexpiEBs detﬁleMEr&l’htg @tinak, hllowing

w | d-type or S th S[§§" ent. I nyv ion
may be used |“F'Paf5 ‘rof' m Por CQ’ egfﬁlr%{t‘ll oér;rrgl 8% #‘ams fot‘?,g mve i l?av%

20 di sease. beephwowr tmb@n:mt@hie mﬂtqrﬁérf dplivegy erfelsetfa@rogrsvgemesﬂmammpém palis- vvhl ch

carries a heterolQ@Quse $R8nt kivenddar ﬁ%bmwraoh U§m$ﬂ,5ievll—u% (HEWNEAGhd @

enbrace an 0, nd in,t ol ogo ene

any all el3f’%:/ "rtloérﬁqt It%’ffzc};g':ﬂf:aﬂq Chd%%é%%ra&eat ﬁlﬁ‘gt{fnﬁle{(?‘i g UE ot
Het er ol ogoudlC§aassgeae.e meerfabryazta d, viopefueth¢rylatisrioe cbr 28ore (fwa:uotmitnpmessem]ence
permtting GRS r?(orﬂa&fméﬁwldmesr QI PES e AR i VIRTTRY/ fﬁﬂh&%éksone or

preferably ce the central i pher.al s system
the eye, hedf‘?feoffm%‘}?@?'e{‘%ﬂ'eﬁﬁ%‘@f §e“€1%0°’ lég $ S{@r‘&%g’e‘r’rs ﬁﬁ)‘f Iﬁg t-llrlél or
peripheral ribxyotisvenylateof thh'dmeloh@eseoﬁaltgheemmbethus ennagiyatedhus be used to

del ver gsheterolReaR.pens ré&c@tmmh i) f@hévevrﬂs%r@d b raggrratrngnﬁ@roﬁssed-

Such vectors are u I'n"a varie I cations

gene t her apyit Wﬁrﬂqfhesﬁfttrabg%f?s\évw (S’&SH%Y Of e 1nyatieq grgduse immgdig

regul ation. (Thesdnetrsrodsagnusd hanaspiefiercbdl skpesdotesthe gaek yaptddds tﬁése

t herapeutic use, including polypeptides that are cytotoxic or capable of
converting a precursor prodrug into a cytotoxic conpound. 35 The invention
further provides herpes sinplex viruses of the invention, carrying a

het er ol ogous gene, for use in the treatnment of humans and ani mals. For
exanpl e, such viruses may be used in the treatnent of diseases of, or
injury to, the nervous system 11 July 2002



WD 99| 38955 -4 PCT/ GB99/ 00306 i ncl udi ng Parkinson's di sease, spinal injury
or strokes or disease of the eye, heart or skeletal mnuscle, or

mal i gnanci es. The HSV of the present invention may al so be uggeg, *Qoﬁfthods
for studying the function of genes in mammualian cells, for exanple In

i dentifyi ng genes conplementing 5 cellular dysfunctlons or studying the
ef fect of expr d¥@PM¥93%ut ant genes in wild-type or nutant manmelGT4BREIYNS.
The net hods of the present invention nay be used in particular for the
functional study of genes inplicated in digease. The invention also

provi des a nethod for producing a herpes sinplex virus of the present

i(nvgnt i ?n, l@nxﬁEFMnﬁ@ﬁpwesiam@ al¥0 PrbdticBd htipes hx@B&fk Vln@é’ﬂjwitﬁ:%leﬂ&i@ﬁl to

an opt1 on S SI ex Vi, ru SO as
o napt | var e St R fipR hod Syl SR oty h VP Fon Pln St it oo, o
i ntact and/ oviribwuaet usmabnsnlmefcmdb@@blms@mmmm thius reducingbrest pradein sgntiesisvi r al

Strains The REHRKS of tWARIKnVirdHIRS mdfe FapRIlY PrRANELION AR A Ui dck6fpddiam
for exanpl e, ecf‘?beﬁEéHSVZ str.ains, or derivatives thereof, preferabl y HSV

1. Derivafi V& w tp& WAUSt yhe recombi nants contai ni ng DNA from HSV |
and HSV2 strai ns.Cdsequeatly, s pmf@feérwﬂioyhdnaWef tht ptesers invé0fiors depudBY @f the

honol ogy to githe aiéaelaag%\é &meﬁodalﬁv;’%s n%g@ndﬁﬁle{/%\ﬁ% %eﬂ{](duQQ§t 80%

even nore pr ef era Ia(.{] \6%? % rpvative ¥

used to obt a‘F‘H‘aE‘Pn‘é"\ﬁa Y gff‘Y'?é” F*égléwﬁ ‘?Sri(féf?t“?%‘rh’“???é1a&'d‘€‘“§? Al 1 Rat

al ready havq;mmﬂ&rlyomfenﬁd airuh ef theGrddntioBH3eksS fudbithial ITP4/ bane, hdunaivaalpl e
strain 17 d and
ol 2, Dod Sy ARG IRyt v i and o RLRURE VERRE A bR 00T
| CP34. 5, st rS&i%VMVi@%gvﬁWhﬁ&@ igheg i85 BRRSSHPtonal- e PACiEEY-et al ., |985).
Use of these straimie Mipds sigglegevinizes BOnReinehtici ezms bé aged,r e ck@mpleodstce

t he nmut ant stra ns of. the re ter nol g used in
descri bi ng t‘ﬁ YW4IE S herap ﬂg\? %e“cso ﬁlgﬁlas 18 Y%%dn%nt %fo(fi TR0 anéf“ﬁ%?s n&ﬁ
| 996. B. OOrmr'eWéraYat«ng ipelnding Padkénspi’e diseesgsspiral ithiery ion vieokes.on dissagss oﬁstgat ed

on a cellj;sligR ﬁé@?{@ﬁﬁ&etwaalr@sélesf&rmaﬁgmaw &hl B?r&s@x:lt: .avéda%clgzm Rlatd to
S ex SSJ ng

198S) or B4 ce see np r abl
cell lines A B ?roffﬂggéﬂ '&1 cé)‘“ tom 8?&?{‘ UL faﬁncet!éi ifr ei‘ Exgnpl e
the Vero or iBeiifgiek | ggneni domplementingr cellutasf é)rS@bilcyora, pirastoilying et oeffect dfl
Jul'y 2002 expressing mutant genes in wild-type or mutant mammalian cells. The methods of the
present invention may be used in particular for the functional study of genes implicated in
20 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
found in the HSV genome. The heterologous gene may be any allelic vanant of a wild-
type gene, or it may be a mutant gene. Heterologous genes are preferably operably linked

25 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 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 vectors are useful in a variety of applications, for

30 example, in gene therapy, or in vitro assay methods or for the study of HSV gene
regulation.

The heterologous gene preferably encodes a polypeptide of therapeutic use,
including polypeptides that are cytotoxic or capable of converting a precursor prodrug
into a cytotoxic compound.

35 The invention further provides herpes simplex viruses of the invention, carrying
a heterologous gene, for use in the treatment of humans and animals. For example, such

viruses may be used in the treatment of diseases of, or injury to, the nervous system,



WO 99138955 j _ PCT/ G B99/ 00306 conprising a functional HSV | CP4 gene
capabl e of being expressed in said cells, and a vector, preferably a

pl asm d vector, encoding a sel ectable marker, for exarrpl e NePOUE 2002

resi stance. C ones possessing the sel ectable marker are then screened
further to determ ne which clones al so express functi onal ICP4C for 8X grrpl e
on the basis oVOPR&%S5 ability to support the growth of |cCP4® TG ns,
usi ng met hods known to those skilled in the art. Cell |ines which do not

al l ow reversion of an ICP4' nmutant HSV strgin to a strain with functional

| CP4 are produced as descri bed above, ensuring that the vector conprising a
functi onal |i@?€diﬂgmxl&%ﬁ’s Meaﬁ@@ﬁ:ﬁklnmjiﬁﬂuﬁ&ﬁeﬁest(k}a&xs&‘.\f@"ofQlﬂ: ¥d, el 0@. are
to honol ogou L uence r’rgg ning in the 1CP4" nutant virus. C. Methods
of nutation ‘7’ U %ﬂﬂﬁﬁ' . vhs and ot her HSV genes nay be rendered
functional | y i nacfl‘hvéisb&ofsté%rea?ntﬂre'@ntrlﬁrqmexahebﬁ usedonmdthpds fer sindyingRbe

exanpl e, thqyndiH ola%eﬁ&nﬁemc}mima%u@rradé lbaﬁltlum.fpmgcgeh@tdomﬁamemmg

substitutjons,qr rt{.i ons refera el etion.

portions of CFW@ g‘@ﬁi‘&‘ ﬁ? n%y RESEYIRG ghe }@8 X&%’?‘m@%‘&%ﬁ“& tcf@f’%st'l“o‘??n%ép&?lr y one
nucl eoti de nmympetlmdd;anrceﬂulfhengethma)f theapresestrinfentiorioves \berusedpmgiagicalir y

| arger 20 dgl,ehl aR2tisdaEs 8f efnggmqyg@gp(yﬁ,(ﬂgeageeast 25% nore preferably at
| east 50% of the tal co r\ and. non- Cog?fﬂ? q@gnce or alternatlvely, in
absolute terns, at Fé‘é‘?f‘“‘?‘ba 2 BIOXYEF dducthofpfag B N§FPEs: simplextvirpg of

nucl eot i des therpetendridfeation | sgid :aethbéa&hpdﬂﬁmnmd@mgtthdﬁgl)ﬂ 3 and BCP4 genes

part ! cul 81 Yadf &k d{aﬁg the VIWRSCaldis: O 006N [?e?&ssﬁlgglegf vihfisd Lenki ng

sequences. I nser sequences  ma eterol o enes descri bed
25 bel ow. | An3sHytE ée.lriagmﬁ funpitonsf! bf efPYléad st ﬂffsmﬂtgfee H%‘P%‘F‘@)I“H@“dd’é‘d@éne
into | CP4. IfindibbRalcase of the VMMB5 gene, the entire gene is not del eted
since it encodes an essential structural protein, but a small inactivating
insertion is nade mhlch abol i shes the ability of VMA5 to activate
transcri pti d# 2 g of the lavegon n Ace et al ., 1989) Sniley and Duncan,
1997, orother . nutatlons resultlng inasimlar effect). 30 Mutations are
made in the herpe%. Iex vi ruses by honol ogous reconbi nati on net hods wel |
known to thdse sk Pthe art, or alternatively by direct ligation into
| i neari sed HSV genomi c DNA or by any other nmeans which nay be known or

devel oped by thosgps hexbbseslniprextmseraf m&ahexemrmmae Jré%‘éeg RS dBRpleS

transfected et h a vector ectar rising
t he mut at ed P@ﬁgh@hg{é\ﬁ S{FAiSq °h e'?s‘?hh%r’r@f: gf%@ﬁ'sgsvenc[&“vaﬁ*ﬁ’es Wﬁ{ﬂa? ed
sequence2omyntentype irs@nthidastsi mlmnglwm&ms RSV s atd HSMR btomss.  flekivaiveshi ch
may be Consyré&? 61% e splusgt ﬁ@ﬁtég@ﬂbaﬁﬁologfﬁﬁéﬁﬂepﬂé HEV or ﬂ{évétgexor%&w WO
9913895 -6 99/ 00306 i ncl ude sel ect.a I or . exa

lacz, for scrueRIHIaRUablentt Sl e‘('r’i“r“&%’@?“’é’ifab‘i" 8t leéﬁigprﬁf §§ . ; ‘é%ﬂdﬁﬂf’?}é ¥ase
activity. Dwiiki anglleasdd gebem trdvipsenof tespréseihmvamicanincld®e Wraihs dians of
the inventi %ne@yha%nm%h fickidhr 34! Mor3anC VRIS PR, ﬁﬁ%ﬁmp{;]@%mh% 718 say

a gene ot her 't resent E @gs et erol ogous
gene" co%n(é@%%f’géne”d@ Wéfﬁmﬁlgé [ RAAPLSHhor gnd Fe1zomy. {810 pad

het er ol ogougCgene: ARYy199a) anwfabﬁleﬂ hevevantadons of IGP3WS]| dtrimpﬂzge.mﬁch hsis &t may
be a nutant t ene e lei & ag
sequences W@Hg%#‘é‘ %{Q% %é%gs) SU% ﬁpg,‘?%g%g\g&?g r%ducﬁ'h i ',“méequgnces
encodi ng nRN&ps tdQMCCth)mmﬂ&r@Wgﬁ}ﬁgéﬂlw affthe-pregensingesttioni ti on. Nucl ei ¢
acids may be, for Tﬁxeémhelogmh&mcdegurm@cmev&%}[sv SR YYds| il iffn aci d
(DNA) or _anal The sequences may be in %he sense or antisense
ori ent at #bn ﬁ'é‘%‘b To the pronoter. Antisense constructs can |5 be
used to inhibit the expression of a gene in a cell according to well-known
t echni ques. BSeque@%ﬁﬁ[ee‘%gq% B ixRNA wi || optionally include sone or all of
5' and/or 3' tranScribe untransl ated fl anki ng sequences naturally, or
ot herwi se, associated with the translated codi ng sequence. It nmay

optional |y furthefhenétusdé thdrénvastsocisagrepagatednsca icpll i loradxpensihg dCPsefpunences
nor mal 1Y 185206 ik qd cmgb diiga Lmnmégme@ SERUERSImpIO), FXAMMLRE Colts.

transcription Sto nylation sites wnstTeam enhancer
el ements. The het é¢ -G@SE%‘"@éﬁ lﬁﬁvaaé%nﬁ%ﬁcebhy Fertransigsaingiapmyaagnecihy
honol ogous  rfge epithpiat ihenveb HISBHI reeits)swithth vettor, gosfgbile,a pladamid destegt or s
carrying the hetero(ogous gene flanked by HSV sequences. The heterol ogous
gene may be introduced into a suitable plasm d vector conprising HSV
sequences using cloning techniques well 25 known in the art. The

het er ol ogous gene may be inserted into the HSV genone at any | ocation
provided that the virus can still be propagated. It is preferred that the
heterologous gene i's |nserted |nto the essentlal ‘gene ICP4 The transcri bed
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refers to a juxtaposition wherein the conponents described are in a
relationship permtting themto function in their intended manner. A
control sequence "operably |inked" to a coding sequence is 44 gaﬁ,ezéo'gn such
a way that expression of the coding sequence is achieved under Conditions
conpatible w control sequence. 35 The control sequenc rj a
pronoter all o&?‘?‘n%ﬁéﬁsﬁr ession of the heterol ogous gene and a 3’@%{3&9}1"@?
term nation of transcription. The pronoter is selected from pronoters which
are functional in mammalian, preferably byman, cells. The 11 July 2002 WO
99/ 3895 PCT/ G B99100306 _7 pronoter nmay be derived from pronoter sequences
of eukar %/Ot (t(ﬁn;gismgSa funotiorak HISH! KCP4i gentrypabl: of bein@expiksscdeinisuidctefis, i tahe
genone o r . | Q occur,
o of or abl y- 2eRy refirbl £ PGy RSk Whelind SNk AuRE0 5 ARG Rob el
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lo at different sites, one inserted pronoter would conprise a pronoter
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11 July 2002 - WO 99138955 - 10 PGI/ G B99/ 00306 sequences coul d be
introduced into a particular HSV strain. It would al so be possible to use
pairs of pronoters (the same or different pronoters) facing |te
orientations away froma centrally |ocated LAT P2 el enent, ?Les pronnters
each driving the expression of a heterol ogous gene (the sane or different
het er ol ogous J¥A&Y38ES described 5 above. Alternatively heter dICAgERIYGehes
may be inserted at multiple sites within the HSV genone. E. Adm nistration
to The nmutant herpes sinplex viruses of jpg present invention may thus be
used to deliver therapeutic genes to a human or animal in need of

treatment. ﬁ b iy BE dm&rdamﬁybf&lm&eéueu&m chldy SR SN Es h%rnﬁ%ngrenie' ex
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in such a \F/Eyvthat the nutated virus containing the therapeutic gene for

gene thdfa € ve incorporated into cells at an appropriate area. For
exanpl e, when t et HEYel AdT prpemdert lad aprpmioters [ron@iving lenmnts? 51 ghe i [pkiBr al
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of virus in a piihe nameUbngahhwxamssiqm”aibItzﬂccsubtmdmhecxpa:ssquer)f athedidlopont i S
adm ni Ster Gne H\PediQiife éd%maéiﬁ@rpesss&,f@%%@nu@eﬂmgfmq&én GRAGPRY nBhRs

i ntended o y as a gul esmceas | ractitironer w

det er ni ne rSEBRIEF itk dayp soierrdniafeBel: e Fotfersl Yad‘i"n‘f i So% at 135t By wedsagio® or any
parti cub@r paeftdabiytat ddask andtitivoanonths affs dafectidal, bagoinoL @8ferablyl fod WheyliR002 11
The mutant herpes sinplex viruses of the invention can also be used in

rnet | aods o’fmsexeo x c z~esearch. Thus, a fiu~er aspect of the present

i nvent i on rel at 43¢ CEPEiRAthedsetsfmays BErn eomrmse 4 sarend eromaternandnmbcand cel |

in vi-ra. THRedsars é@n’eao&frab@y hﬂ&ﬁhﬁhm(w@erg@@ﬂdm lAhePdeég%mM thy a
~ooet hod conpri.si ng. ‘i ¢ ﬁrs %néﬂ Ler ous il K t ant
her pes si uonB?SéS? OUFRROTLP "?% ven ﬁ ?‘f%’gﬁé‘?'}? eﬁé Faé‘iﬁff PP%;
vi rus i Bt o prometamaidi S&Wtddtelemlpmlé ,ge@tm‘e thv‘) Sad@@rqmdrﬁfmglttt@élﬁ‘eﬁrﬁtavomoter
expressi on ,gf fal Ik hebesR! RAOUSTHAE AU PRkfbtdFMETRIIbEs 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
30 the expression 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, the construction
35 of particular HSV strains comprising such an expression cassette is described in the
Examples.
The LAT P2 region is here defined as HSVI1 nucleotides 118866-120219



cell-line. 10 For exanple, the cell-line my have a te~aperature-sensitive
deeet za cell division. Wien an HSV strain conp~i sxng ahet erol ogous gene
accaxding to the invention is introduced into the defective ylyég e and
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an observabl e nutant phenotype iux the naggallan cell-Line. This procedure
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or II), protein kinases (such as MAP kinase), protein phosphatases and cellular receptors

for any of the above. The heterologous gene may also encode enzymes involved in

cellular metabolic pathways, for example enzymes involved in amino acid biosynthesis or

35 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
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HSV is uniquely appropriate as it does not have the limited packaging capabilities of
35 other viral vector systems. Thus multiple heterologous genes can be accommodated
within its genome. There are, for example, at least two ways in which this could be

achieved. For example, more than one heterologous gene and associated control



35 fluorescence could be observed in >95% of the.cells in each of the
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after treatngnt |nA(§am1%§tr\Q§J,d. mcrotitre dish with 2 x 106 pfu/well of

17641pR1544 as co 716, 1764, 174/ ~4 or | 7641pR 15. Thus 80% of
cel l s mai ntai ned neuronal processes zo after 3 days with 1764/ pR1504 as
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vector in vi W)O?( T?léﬁ‘f‘%‘?‘ftyfovvﬁémépli hg"¥erm gene expression is required.
Renoval ofs | CP34. Pneogethod rfoniadminisepel pensyihdrapy anwolvegsingartig tenthedgeais y

i mproved 30 s&kahd tﬁ@ etetsfl thé hﬁ:&n@ﬁerﬁ%ﬁ‘abl’eﬂ Vs @ek&t inOéhtBB gﬁ?&cabéane

This i s becayse the, | ene does e Ccol f.or
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when i nj ect eshbeitheolid) énthroailasorafansdegthal adtinisttakipn. 2002 WO 991 38955 1~ PCT/ G
899/ 00306 The pharmaceutical composition is administered in such a way that the mutated
virus containing the therapeutic gene for gene therapy, can be incorporated into cells at an
appropriate area. For example, when the target of gene therapy is the central or
25 peripheral nervous system, the composition could be administered in an area where

synaptic terminals are located. The pharmaceutical composition is typically administered

to the brain by stereotaxic inoculation. When the pharmaceutical composition is

administered to the eye, sub-retinal injection is typically the technique used.
The amount of virus administered is in the range of from 10 to 10'° pfu,

30 preferably from 10’ to 10° pfu, more preferably about 10% to 10’ pfu. When injected,
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

35 administration and dosage for any particular patient and condition.

F. Assav Methodologies
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CLAIMS 1. A hekyge®nsgdsepl ex virus (HSV) having a functional i CBgf«grwessnd
which laclts at least a functional | CP4 gene and a functional iCP34.5 gene.
2. A virus according to claiml which furthex laclrs one ox ~oxe

1' unct xonal non-essential genes otbex than2t-he ICl"'34.5 ge~ue. 3. A viivs
according to_claim2 which | acks a functional vhs gene. 4. A virus

accordi ng t oEXAMPLES or 3 which Iacks a functional VM5 gene due to a
mutation in said gene which abolishes its transcriptional-activation

activity. 5'%4??2“%?&??0%9‘5&4&9"4'%53%6 ne of the precedi uag cl ai uaas

wherein the uncti onal 34.5 andl or non-essential genes is
due to a deletion or insertion within said genes. 6. A herpes sinplex vizus
havi ng a kunvidi@pal | CP27 gene and which |acks a functional iCP4 gene, a

uecdoz-al, 20489 RG] 90 NRRGAERB RS, 2 RS chak 4G oone
transcri pti othgltraagariptionaleativaging wrivity 9f VMVWBS eere ocestudéch §y tay-cuttivatioe (imf t he
R L BRI gtk el gty G20
Strain. 0. AQPIOSRLsPhgl 1 5RB i R (Bl e 1% G e
carries av |fuastionaitye iractiaresl VYOGS gense. TheQzengimigi strystugceldregultant plaqlicsi was9
wherei n_sai d;ABLES B ARHGAs URE XS tHORESIaMY inl thB%ANrdsRicRioR WMdsRdn §fﬂu&i‘?ﬁb§le
pezmatting ex ressbg&dof %ah%géexgl ogous. gene |, nnr’rgmzal | ainl cells,. 7111' A
Vi rus accor&eﬁ‘@"‘f‘b Yo P8 rpHNg); Hﬁl%rféﬂ"Faé‘H g opih the 151814 andy} 716
central or pewnapbeefuahenplaqeupirdiedtiom wies, rgaviagrahd vind strain vi764s Gaowethr ¢fl ng
to claim10 yhREeldnidinifgiith MXRZH0AISAST o) huladiors &@din®find DEhE¥RvadiBar t
or skel etl?l g:lfll%ucqll gf 8&4\%69%:@&35 in Smiley and Duncan, 1997) can be enhanced by inclusion

of hexamethylene bisacetamide in the media used during virus growth (McFarlene et al,

1992).

Vhs/ICP34.5/VMW65 deletion mutants were produced by homologous
recombination of plasmid pR15 with HSV strain 1764 DNA to generate virus 1764/pR15

20 deleted for ICP34.5, VMW65 and vhs and having a lacZ gene driven by the moloney
murine leukaemia virus long terminal repeat (MMLV LTR) promoter (Shinnick et al.,
1981) inserted into the coding region of vhs. Plasmid pR15 was constructed by insertion
of an MMLVLTR/lacZ/pA cassette into the unique Nrul site in the vhis gene. Thus
restriction fragment Kpnl-i from the HSV1 strain 17+ genome cloned into the Ps site of

25 plasmid pAT153 (Northumbria Biologicals Ltd).

Both copies of ICP4 were removed from strain 1716 and strain 1764/pR15. This
was achieved by homologous recombination of purified strain 1716 or strain 1764/pR15
genomic DNA with plasmid pA4/GFP. pA4/GFP was constructed using ICP4 flanking
sequences (nts 123,459-126,774 {Sau3al-Sau3al} and nts 131,730-134-792 [Sphl-Kpni]

30 separated by Xbal and Sall sites derived from pSP72 [Promega), in which the construct
was made). An approximately 0.8 kb No¢l fragment (nts 124,945-125,723) containing the
coding region for ICP34.5 was also removed to prevent the repair of the ICP34.5 deletion
during homologous recombination with strain 1716 or strainl764/pR15. A
CMV/GFP/pA cassette was then inserted at the unique Xbal site giving pA4/GFP. The

35 CMV gene was first excised from pEGFPN1 (Clontech) with Agel and No:l and inserted
between the EcoRI and Noil sites of pcDNA3 (Iavitrogen) giving pcDNA3GFP. The
CMV/GFP/pA cassette could then be excised from pcDNA3GFP for insertion into [CP4



11 July 2002 -18 x 3. A viuus accozding to any one of clains 9 to 12
wherei n sai d heterol ogous gene encodes a pol ypepti de of therapeutic use.
14. A vizus according to claim 13 wherein said gene encodes ﬂﬁ Iﬁ@fptide
wbi eh is cytotoxic. 15. A vizus accozdiz~g tv claim 13 wher ¥ 2 gene
encodes a pol ypepti de capabl e of converti~ag a pzecuzsoz pzodrug into a
cyt ot oxi e conpaumdsssi6. A virus according to any one of cl al raE/GB99/6030613
wherein the heterol ogous gene is selected fromgenes encoding proteins

i nvolved in the regulation of cell dxvst§n enzynes involves in netabolic
pat hways, transezi p6oxx factoxs and heat Shock proteins. 17. A virus
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a mamel i an cell in vitro which method conprises: I nt xoducl ng said
heterold%od§ Ugﬁb into a hezpes sinplex virus accordlng to any one of
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mamal i an &l L S8 pzessi on of said
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plas%cféJ [S)Ma-mNeo (Invitrogen) into BHK cells and the selection of neomycin resistant
clones. Plasmid pICP4 was contains a Ddel-Sphl fragment from the HSV1 genome [nts
126,764-131,730], containing the ICP4 coding region and promoter, cloned between the
EcoRV and Sphl sites of pSP72 (Promega)

A clone highly permissive for the growth of an HSV1 ICP4 deletion mutant (B4)

20 was selected for virus growth.
Example 2 — Infection of non-neuronal cells in vitro using HSV 1 strains of the invention.

HSV strains of the invention were tested on vero cells at high multiplicity of infection
25 (MOI) for persistence in cell cultures using methods similar to Samaniego et al.,, 1998.
Persistence of virus genomes from which gene expression can be re-stimulated provides
an indication of the degree of cytotoxicity of the viruses to the cells. Here vero cells were
infected in 24 well plates at an MOI of 20 with each of the strains 1764/pR15A4, 1716/A4

and 177/A4. The cells were then incubated at 34°C/5% CO2 for the remainder of the

30 experiment. GFP fluorescence was observed over time and at various times (2 days, I

week, 2 weeks and 1 month) cell cultures were superinfected at an MOI of 20 with HSV

strain ZAMN+ (which contains a lacZ insertion into the ICP27 gene; Howard er al.,
1998).

These experiments showed_that after 2 days with each of the viruses, strong

35 fluorescence could be observed in >95% of the cells in each of the cultures, although

signs of cytotoxicity were evident in cultures infected with , 1716/A4 and 17t/A4 (some
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gene does not need to be complimented for growth of the virus in culture, and thus the
mutation can under no circumstances be repaired during virus growth. Thus even if ICP4
were repaired by recombination during virus growth, the resulting virus would still be
deleted for ICP34.5, and would thus still be safe for use as a vector in vivo. Viruses

35 deleted for ICP34.5 alone are non-neurovirulent when injected into the brains of test
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minutues using an UltraMicroPump (World Precision Instruments) connected to a

10 Hamilton Syringe and using a MicroFil needle (World Precision Instruments) for
injection. Pairs of rats were killed at two days, 2 weeks and one month after inoculation
and gene delivery assessed following fixation by perfusion in 2% paraformaldehyde in
phosphate buffer, sectioning and examination for GFP expression by fluorescence
microscopy.

5] High level GFP expression could be seen in large numbers of cells around the
site of inoculation with all the viruses after two days. Thus initial gene delivery
efficiencies are comparable between viruses deleted for only ICP4 and deleted for I[CP4
and ICP34.5. Deletion of ICP34.5 thus does not reduce the efficiency of ICP4 deleted
viruses as vectors even though such viruses have the advantage of improved safety over

20 viruses deleted for ICP4 alone. However after two weeks only relatively small numbers

of GFP +ve cells could be observed in animals inoculated with 1716/A4 and 171/A4,
considerably larger numbers of GFP +ve cells being observed with 1764/pR15A4 further
demonstrating the reduced toxicity of this virus. At one month no GFP +ve cells could be

observed with 1716/A4 and 17/A4 |, some GFP +ve cells remaining with 1764/pR15A4
25 (GFP here being driven by the CMV IE promoter) again further demonstrating this point.

When stained with X-gal, brain slices derived from 1764/pR15A4 inoculated animals at

one month showed considerably more blue staining cells (indicating lacZ activity) than

GFP +ve cells, probably reflecting the activity of the promoter here used to drive lacZ

which is very similar to a promoter which has previously been shown to give gene
30 expression in vivo during HSV latency (Lokensgard et al., 1994).
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2. A virus according to claim 1 which further Jacks one or more functional non-essential
genes other than the ICP34.5 gepe.

3. A virus according to claim 2 which lacks a functional vis gene.

4, A virus according to claim 2 or 3 which lacks a functional VMW®6S5 gene due to a
mutation in said gene which abolishes its transcriptional-activation activity.

5. A virus according to any one of the preceding claims wherein the lack of functional

ICP4, 1CP34.5 and/or non-essential genes is due to a deletion or insertion within said genes.
6. A berpes simplex virus having a functional ICP27 gene and which lacks a functional
ICP4 gepe, a functional ICP34.5 gene, a functional vis gene and a functional VMWG6S5 gene

due to a mutation in said VMW65 gene which abolishes its transcriptional-activation activity.

7. A virus according to any one of the preceding claimas which is selected from an HSV1
strain, an HSV? strain or derivatives thereof.

8. A virus according to claim 7 which is an HSV1 strain.

9. A virus according to any one of the preceding claims which carries at least one

heterologous gene.

10. A virus according to claim 9 wherein said heterologous gene is operably hnked toa

control sequence permitting expression of said heterologous gene in mammalian cells.

11. A virus according to claim 10 wherein said mammalian cell is a cell of the central or

peripheral nervous system of a maramal.

12. A virus according to claim 10 whetein said mammalian cell is a cell of the eye, heart
or skeletal muscle of a mammal.
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selected from genes encoding proteins involved in the regulation of cell division, enzymes

involves in metabolic pathways, transcription factors and beat shock proteins.

17. A virus according to claim 10 for use in delivering said heterologous gene to a

mammalian cell.

18. A virus according to any one of claims 10 to 17 for use in a method of treatment of the

human or animal body.

19. A virus according to claim 18 for use in the treatment of disorders of, or injuries to,

the nervous system of a mammal.

20. Useofa herpes simplex virus according to any one of claims 10 to 17 in the

manufacture of 2 medicament for use in the treatment of the human or animal body.

21.  Use of a herpes simplex virus according to claim 20 in the treatment of disorders of,
or injuries to, the nervous system of 2 maoamal.

22. A pharmaceutical composition coraprising an HSV strain according to any one of
claims 10 to 17 together with a pharmaceutically acceptable camer or dituent.

23.  -A method for studying the function of a heterologous gene in a mammalian cell in
vitro which method comprises:
(2) introducing said heterologous gene into a herpes sumplex virus according to any
one of claims 1 to 8;
(b) introducing the resulting herpes simplex virus into said mammalian cell; and
(c) determining the effect of expression of said heterologous gene in said marmmalian

cell.
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: 25. A method according to any one of claims 23 or 24 wherein said heterologous gene is a

wild-type or mutant gene implicated in causing disease.

26. A method according to claita 23 to 25 wherein said mammalian cell 1s dysfunctional,
said heterologous gene is wild-type and the effect of expression of said heterologous gene is

determined by an assay for cellular function.

27. A method according to claim 23 to 25 wherein said mammalian cell has one or more

endogenous genes inactivated by mutation.

28. A method for producing a herpes simplex virus according to claim 1 said method
comprising modifying at least the ICP4 and the ICP34.5 genes of a berpes simplex virus so as
to functionally inactivate said genes provided that the ICP27 gene remains functional.



