: ; e8e55,'Fr\ 6TQL  MJTANT HERPES SI MPLEX VI RUSES AND USES THEREOF Field of the
Invent| on 5 The presﬁm ‘M‘“mmml‘m relates to nmutant herpes sinplex viruses
conprising el enents tency associated transcript (LAT) region
inserted into an essenti akssgene and a dkfetion in the cor NeNARRHRE2002
sequences of the endogenous LAT region. It also relates to the use of such
mut ant her pes si nBI ex _viruses in gene. thera and in et hods of assaying
for gene functi AUTAREE KH-RPES SI WRJ}]{E HAND US PEpl ex virus

(HSV) has often been suggested as a swtabl e vector for the nervous system
as it is neyr trolrl)h and able to remain in neurons for the ~ 5 lifetine of
t he cell. MPQ_&L'LLEQ.Be HSV is highly pathogenic and nust, |ike nost
viral vectors. be disabled in sone way. The pathogenic effects of HSV
result fromlytic.infectjon w tl%f’ g ? gﬂd t herefore the use

a vectoP requires RS 5‘1’8&/&"8?) fe St PRIRS NEERFY fili"?'Pde‘?’rulf‘ésteFSﬂg’pPﬂB%

di srupt t heldnyetxits: oﬁyh:d EISMildtstcyahdsomiied trdnecrggt @A T)stegmnt insdriedsinnptonat i ¢

| at ent i nf ec n r r osed as
a gene deli V& s 6%6 E‘Edg,ﬁxo "gmgf&)go é?%ﬁ &'7 %@ffnra ¢ h%gﬁldn shich A)grl gi n.
HSV may be rpgioni cltiladsol selasgmtoophei ageeof archgmnanubenpeersynnlcx tvtmsenenvgms system
as it can ate in these cells, and thus
of fers thqu%wééqllnﬁﬁétgéd%ﬂégﬁag[%ée)fr‘b?hg% E‘g%)ue(lﬁj‘%l c effect if the expression
of poteifitially therapeutic genes could be 25 nmaintai ned t hroughout | atency.
By virtue gdacdkbBeodd 8Fthe GavdiRtionl ze of HSV, large DNA insertions can be made
into the genone oW Ng € expression of nultiple genes, which m ght be
ipportant for the therapy of particular diseases. However, before these
particul ar advant}@g@es ﬂmpldxmmspd}tﬂ\t’)ebiastdfmvbdeu?bugmtéﬁ 45 $igtadliesadotoed bot h

t ] d ot t
devel oped 38 din SV e, e LIS eliehiShRits i s PLERARTR ol 3O ey
For t helspr difetime axf thé calh HRwervermold type SV ic bighiypsthogenicoindeswstytlikal. and
O e oent i ik YRS AL BEARABY s T ITAATRCRE LB of BEVIAUE 15
the del et cfrpf@ﬂ)’tmw@f@ﬁlobwﬁt thé vigs end gerefpre thouyseaEHAY 312 Yestasdeqiies ear | y

genes | CP4 tameséo}[n%%?ef hane c&ﬁﬂh&grﬁu&ﬁ@iﬁ Fha®igept thel IDBS QYR wRiktNY t he
del eted gen ?13 Fur. Ietl o S can . uce cytotoxicity. For

t he productd H’”&ﬁﬂ\?leF‘ﬁE a%m%wa&@tea&'a?@gg%n during | atency,
pronot egs nust tiéenﬂenssgnﬂek Mmsi(HSM)dmsgxﬁtEn been- prbpodedvad gen @@Rvery

expression Je2 i i i this h

consi der abl & cﬁg‘F ggf?’ﬁ{ht%glrﬂag‘%a g{iﬁp‘g%ggael&?@n dg\gel %%%Psglﬁg@gger -
and ot hers &mmrlfatmfcd gehadelverurtb dhe oérvdus systesmias i canonagurally stisns lfach

I ncor por at 'IBH%%EB@E{%&t 1r?|tﬁé§gn&§150fan& hﬁéﬁ%ﬂ‘e’rs‘ ﬁ%ee S%nlﬁﬁﬁoﬂ at Rﬂé {eﬂﬁ‘sc“ pt
(LAT) region Ive _gene s expression durin nc t0 variouS |evels of
ef fi ci ency.tham lceiﬁf PRr 1 u&h? sweworbtqfepmsmwtlwe tf@ﬁﬂ?‘*ﬁﬂ‘brﬁﬂ‘é& sopldape or

LAP2; Gai nsmﬁhta@ﬂed, thidi3hddt laeeney. By irtue Gflie ga@g@ gendicesise of HEV i 'lﬁlﬁe
Iatency ,iQNAfra ment s. derived fromthe L,IA reglonto confzwﬁ ong term
fidh ° iR

activity orPNAdins AT <3t bp Hads 1B e ReBerar Sllowesth) ¥RERtion o 8 to
herei n as Lg&hefAvificn odiphki bﬁgxmw&natﬁot thbhherapn;psf lpeamume@memsas ‘Hdwndver, 10
118866- 120 t not as
a true pr OTZT%E'?GI’ C\@Qg% ead cﬁg}&a e$ ngg géalnﬁhgc i Vi %%8%%4 ﬁetdgsragfggous
pronot er s phasle slprezent replication amssm;lupf: oymtosrcstynmtd premoter ayst«i:me deieioped

| atencysy - et 3Rt e LftdsiollTinserted SHERUMAE fard rI&? invention The present

invention is based on o I ndi_ng he st of HSV nutant genones
i ncor porat i ng prbeFothe rpradust léﬁé)ft?&s%ﬁvo\‘f*%%‘lmé}rbr?émbénal“@nsr et geseptial an

dr arra: I c?l | Yoridx8entiad GehdT chin b8 deROVED fRim GRNEEAdIAEE Soah& theSaERiserd héH-0 an
essenti a

pathogenic and minimally cytotoxic. Vector viruses are often produced by the
deletion of one or other or both of the two essential immediate early genes [CP4 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
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' 20 | E gene region but not a non-essential gene region of the HSV genone,
such as USS which is further renoved fromthe endogenous LAT regions. The

i nvention provides viruses ~hich can be stably propagated which is not

ot herwi se possi bl e when such pronoter ednstructs are inserltSqqlo‘;e%b%r%m
essential | E gene. The present invention seeks to overcone the reduction in
the stability of the 35 resultant nodified HSV genones by the del etion of
endogenous dxpfessioquenmesine® duesg driditine. tand tthisslaspreseahto ba at dvasidembiet er
constructs [ have. | I ' i | cankin ticyul ar. we
have found WQEHQPA !t %?@g%émk’ é(;%tss)r (?e&g@?ﬁ-‘gg{i ?ﬂoc\;v % ﬁlge\:aﬁ a@?s%@t |.Sa genes
(1 CP4 and/ ofouhdRR) awiunhsatoft disferral qromeatenfsystoms exaply io¢aiporsting | diffenants i n
Lhe endogengusehTof Y AV MeRS EEOBAIANGRACAY, MONP) GBALA dP G ga?et' on
during propagation of such nutant viruses an cell |inhes expressin

conpl enent | fpreseivasduring latesey & vadeuy lexels of ehacigrayet Thise Sithemase; orgept ed

het er ol ogouggepeHRNIAT! [EmetRE(LARAULNIER: {GAM ENGL VIJOUS o HAWSWREety f

el enents corresponding tao the LAT s ences whi ch haye been ipserted into

| CP4 and, ~ofeNeEPTessir dYEnS {alenoysoF f’g\t% ?fﬁ%mswadé@ﬁ%ﬁéom%e Régfé?%ﬁn Ko
re-arrangengiifée &abnPeetetagi¥ied oanAdEAdIAl \0r pa%e SofCprdoniaferpr OPEg adl@fleritn a
stabl e fashi gn. The T nvent |‘§§IJ_};I2h s rel a':xgép,)t o%il uses w th i nsert_lé)ns

i ncl udi ng efe&srEss: © Rareings I eé?‘aﬂ Phts s 8h P1PGT UBBTra™ fguences, (ns 15
Novenbero 2002888620089 |-GeBaknHEACG) i hgebeer simiwn subseqepinds ack wdteagent s

havi ng been_del et ed fromthe.endogenqus LAT regjons of the virus. These

VT uses canie PRes bRbsRAd 55 SPHRT do7e ARG Brsstefoll siBimalon nor
ot her wi se bpliacagl muas 0 bl deseAromotirngbtheinghactive dueng latencenttieoruspd ouitltkdss 5 (i)
an HSV LAT seguence, which sequence is capable of providing |ongterm
expression capability to a pronoter to which it is linked, inserted into an
essential imediate early (I E) gene of the HSV, and (ii) a correspondi ng
del eti ops | NShhenSNUIIROSntiéd regi on of the HSV. 10 The del etion conprises
at | east some of the seguences present in the inserted HSV LAT sequence,
preferably at |east 50% of the sequences present in the inserted LAT
sequence, nore pITaégiredehy iMientiends basd onasilkr frdifie tied! die atabilggsét BBV of
sequences pre§ent in the inserted LA'I; seq enclg. %5{1'[2@. ee@seentti.al cﬁjgen into
which the LRPAEEHRE REIPREHAS PHIRY LYY g%ir FEOPY “Conprises A EEFE i on,
for exanpl edanuicaily ehen thet e T dasédhpromegéraonstnetitoare dnsboige mmto sanr esgenitiat or y
sequenc o] t] ; : i ATl kgwvent i on
can be. fnedl” Pop R RR A nopE yeqdRialdeRe oalon BE G HOY U buch 18 08 01
treat ment oWhifhs ésa ferhesf removed fromi e enslogenmuisobAderagarns- syldeeventien udi ng

Par ki nson’ s piviRaSAruseP Whith &b B8 ¥taBly BropRYREd wHichdisSEASRRerMisd PSssBYE:
heart or skeletal nuscles, or mnal |%nanC| es. The r.eggt i nvention al so
tStaf %@‘ﬁ §

rel ates to WOPRSUH RIBMOLY GORYIHG SRR SRR IntRANESs Hnanmal i an cel | s,
for exanpl e in i Thatprdsghingvgeionseeianpl @eroimenge eeductibmin dhy stabilétyiointe or

studyi ng. the effect of ssikn nes | i |.d-t r..out ant
el | 2 coereert ine®ied T Bpoget Sk AEARR o lleetan T L ThER
particul ar foresphedihgne thaose pressntuigythe fprometes comspriucts avlech havedinsertskintdhe
i nvention fHﬁEQ@ﬁtiﬁf}%geH@S an HSV of the invention which carries a
het er ol ogous gene. € term het erol ogous ‘gene is intended to enbrace any
gene not found i A0 PABICHBY Yo heyrefourd dhatdidT drerjopremgtsie insaedéntathe B 1 el i ¢
variant of gss3gria {1d-dedere (I4PAC an@br IEPIRY whthodt T ABleriOfNHT: cditdspbRiRYOUS
genes are pr‘%f er ably 8per %gl Ilnégg, to. a contLoI sequengc pﬁrm ting
expr essfon SEMERS] hdfier B é%lﬂi’é‘sg FSBLPMFRRI P& rfeganged S?rye EMgMEPUE el | s
of the cent ktombinguidhi utiegiropefarion D sych eftaarviaged sn @kl tiies @xpresdig@rt or
skel etal nuscle, nore preferably.cells of the.centr or._perinpheral nervous
System The SoEgrealRifie SR e TR TRy fisdt S EE diihe HsebEl hgsidtout
het er ol ogougengeansd also athenrerpences fowh thewieuse Howewdr) ifledenssnty esrsesgonding h

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,



- 4 - 15 Novenber 2002 vectors are useful in a variety of applications, for
exanple, in gene therapy, or in vitro assay nethods or for the study of HSV
gene regul ation. The heterol ogous gene preferably encodes a pol ypeptide of
therapeutic use, including polypeptides that are cytotoxic or capable of

converting a precursor 5 prodrug into a_cytotoxic conpou Th tion
further provides herpes sinplex viruses %of the |nvent|onﬂ9§8¥ e? S%QQ

het er ol ogous gene, for use in the treatnment of humans and ani rral s. For
exanpl e, supth blns@ssnmlﬂEtg@ngé@d ¢orrespendingelements havingi wen sleletask fromr

injury to, tthQE‘enHG ShBHs L%YIS} ng! Mh!é%ﬁﬂ Pafdck N3Q essczﬁl' ﬁ@??cﬁzggét@d BRly 1 Njury

or strokes or ase of e eye, heart or ske
mal i gnanci e¥ab ETIfFL‘*" 18\sush sgaﬁ]&e piPpagatien nefsheriise being possiblepe used in met hods

for studying theAEm@thnt}@fpr@gﬂqﬁvéﬂmoﬁthésan cells, for exanple in
identifying genes conplenenting cellular dysfunctions, or studying the

ef f ect expressing nutant genes in wild-type or mutant mammali an cells.
The nethods of t(ie prasHSY Emveaqﬁeme lﬁnﬂ’BSquuendd:Sedaﬂalblepﬁhirbﬂdir@rloﬁg)r t he

functional study of %H‘S%HBI%ESIJ) é}p%glll&’t r%%}szer to %lchngfnlﬁrﬂceﬁi lﬁlvz—?etdl on,

provides a nethod for “producin X VIiTUuS
sai d method conpri si nigto g1 9ssem@énnmn@atemrm@ﬁ)w elghe Eivde adéf i ned in (| )

above into an esggnti é‘kox?égg&%lﬂf@@et%n inhRe ¥ido ﬁno@l@ﬁl( fé\%onqﬁ‘ltﬁé HRy, at |east

part of the corresSpondi ng endogenous LAT regi rus. Preferably
the del &tion in the LAT region of the HSV conprises at |east 25 sone or

nore preferably BH&d&étldd@n@iT@gﬁﬁl@alﬁ 6@ e ifeese ﬁéﬁd@@@ﬁ@ﬂdhﬂ%& Psdérfedse

present in erted HSV ai I ed Descrl n
venti on atoK LARSaEGeh meaPuGR 3eT S0 L B ieaitnee® peerian Heobsrtetuge ar)
sequences fLEAMskiénde, smoraprefdrablybxeteaae%ﬁ%mmbse pteifelelly af kag allof3e@ibAcand

117,159 to éé%@gﬁ[ggaﬁﬁ?}%g?ﬁﬁﬂ%@m%nd honol ogous regi ons from ot her

strains of _strains”of HSV2. - ~ ' 15 Novenber 2002 The LAT
P2 regi bn i s her Ehelesseniiadi gene inywhichdle badli sgavence hagb®®s inserted preferablgen$ank

HE | CG fromf fsteéa%@fe?fbn %P 8818 aldeMtidn $ fRI DddihG regidAInd/oRg Roud'
derivatives of this re i ncl udi ng honol ogous regrons of HSV?7 and ot her

strains of ﬁqsva@rymue eéPga%%tﬁﬁ'HFaégB‘fe providing a | ong-term expression
capability to pr Ohied kérped simpluxcliniseeyf decinbentlondcaarbentiiedhforregamprRrésd! ves

capabl e of c(ijerlf-v\é}irqgthleparﬁgutic genes in methods of treatment of diseases of, or injuries to, the

20 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

identifying genes complementing cellular dysfunctions, or studying the effect of

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

25  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
found in the HSV genome. The heterologous gene may be any allelic variant of a

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

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



term gene expression. d. Viral Strains The herpes sinplex viruses of the

i nvention may be derived from for exanple, HSV 1 or HSV2 strains. or
derivatives thereof. preferably HSV 1. Derivatives include inter-type
reconbi nants contai ning DNA from HSV 1 and HSV2 strains. Derivatives
preferably have at |east 70% sequence hgnol ogy to either e \YA HSV2
genomes. nore preferably at |east 80% "&ien nore preferaﬁ@oﬁ%ap&st 90
or 95% O her derivatives which may be used to obtain the viruses of the
present i nvewstdrprrd nsefulde & vargty of ahplicatibns ddy exene,nint genie cherapyy @i isher

| CP4 and/ or,,; | ' has a deletion in | CP4
(DeLuca et ‘g{r. ,ags%ggg .Oﬁé?/@tﬁ%?tﬁgﬁhggg%%ggo egggg’r oduced with del etions
in |1 CP27, for exahis ketqelogorngens mplgrabhnencodeso pplypeptiglo of Akataprugie used

Kni pe, 1990intkting Poldgeptitles -thatt hdl BodRicVbE Ita I@Fdfoﬁﬁwbﬂin?% hprb&dpéorand
| CP27 are describhed in US-A-5 658, 724, and Samani ego et al.. 1995 (strain
d92). USe OfFofpigdRrodqytatopdc gpwpouidy ce t he nunber of steps required to
produce the nut anfheHBWeatiomifinshedf providep hepesn tsimplee ntituses off hike tiventing! ogy

used in describin he var.li V. Uen s .as fownd in Coffi.n _an
ot chmn. © e bl 24 TSl e (iRa@onl BE Rimbth SR Mifhal ko o1
i s propagat@dmple, suctevirudes memyebeoused 9 rige tieatmenteof disdasepeole or Eyanypbetheof cel |

| i nes that j v . B4

el 5 (soc BEOBNysft ol PRxhusgf €l fde Mghinfily IRy of fladeets, ™

expr ess!0 CRDe ey dpyder skeletal apysslel o malighancighi pe. 1990), 2-2 cells (Smith et

ilsb} 2199|2|) or BI llﬁlw Esvelflthe pressit ﬁmnﬁb@{day l@rsd bERR& %ﬁ%ﬁbds ﬁg@f@gﬁ ly B
cells .lines expressing essent.ial_.genes can be produce

co- t r ansf ectf nifHeHT 8FRCE iy ?a“ﬁﬁ?ehaé‘xﬁﬂbl’ efO? heé‘a‘{?é’?eo IBrI%%‘EWg’H@I ﬂ%‘,’es\%/vi th a

vector, pr edomEahyntmg3seliplasdystinegaisoror saalyprg tengfeat fofirgpressiag niiffyht

essential g ] | S [ ' LES. iar,

preferably g& gf g‘i‘?ﬁﬂ%lq&eec%ggﬁ Aﬂ;g%%%%lg&a&ﬂs" Tgéﬁ{e%?ﬁlg%‘/@%g%%@&g&gg ect abl e

mar ker , 15 ormay berpsed inpartipulanfordls Bnatienal staippkgenpoimplicsteddn diseassel ect abl e

mar ker are then Sciem0edidn fiid iiovidds AHhanst i pilikihed] AEBS dhRxtRiesS the

functional essenti al gen%, for exanple on the basis of their ability to
support t heoigheivantan. spgmgthod somprising ng the essential gene, using met hods
known to those 5 skilled in the art. Cell |ines which do not allow
reversion of mutant HSV strai i a parti.cul ar.essential gene.to a
strain with the f ctlinﬁfr{ﬁpg g?ﬁ%?%ﬁge@ﬁggcgr%hﬂf%ﬂi@e oé{%lrﬁ%%gf’sﬁgtdalabove.
ensurinzy t hat the veckBogeneofitheivaruspartdhe functi onal essential gene does not,
as far as possiblg) CquilifiotSER/Y £ e BRG] i L 18-

honol ogous | o to )sequen es ?&% ?ﬁ?né&?ﬁ teﬂ}é? Prun?gbﬁp%%%ﬁpgénggr%%%rna% Y,

there is no overlap afi€yfUs. D. Methods of nutation Essential genes may be
rendered functionally inactive prior to insertion of I S the LAT sequences

by several techniguges | | own in_.th rt.. For. ex e, they may bhe
rendered functi on@?fe;r/aq\ll\gél& 5@8“%"83?%@@&5‘0%‘&5 Fﬁ% cﬁ?glp&sgsl ?Itséfafti ons.
preferalsl y somedet etoropref@ablyt albof tiayndogemous gequénices sowdspdiddingendboser t he
entire geney . eglg in%@%%ﬁ?c% ﬂglveﬁA?@ecﬂjenQJ?l y one nucl eotide nay be made,
resulting ina trane shift. However, preferably |arger deletions are made.
for exanple at |east 20 25% nore preferably at |east 50% of the total

codi ng and peRied Bl iREA SRS LhPntRt €rnatively, in absolute terms, at

| east 10 nucleotrdes. nore prereranly at | east 100 nucl eoti des, nost
preferably, at |east 1000 nucleotides). It is particularly preferred to
renove iche gntirelgEruangssome of the flanking sequences. Inserted
sequences nmay include the LAT sequences descri bed above and the

het er ol ogous genes descri bed 35 below. Deletions will also be nade to
renove part or alLADfsedirdicéds are heg dufined td heludSMll stheseedRbRIHOVS stimiyy be
carried out as described below. Mitations are made in the hq.e{éges si mpl ex

viruses by hiohestygeuauclentidans A0 foh2hbarbik’.indl to 1ASRR (BenBads HEHELGD ed in
th t. F ; i ! ith
voctor " pr o HERITOGusiElon R RAAT Sl Ao AT AESHARS bORSYEEL " @

fl anked by honol ogous HSV sequences. The nutated sequence may conprise

del etions) insertions or substitutions, all of which may be constructed by
routi ne techniques. Insertions may include sel ectable marker genes, for
exanple lacZ. for screening reconbinant viruses by, for exanple, ~i 35

gal act osi dase activity.



'- 7' - 15 Novenmber 2002 E. Heterol ogous genes and pronoters The nmutant HSV
strains of the invention nay be nodified to carry aheterol ogous gene, that
is to say a gene other than one present in the HSV genone.sThe term

' “het erol ogous gene'' conprises any geneSether than one pr %ﬁ?% tjgg
HSV] enone. The het erol ogous gene nmay be any allelic variant o ol %

BuChei o ac o sequelhedshmteioEos is hgsiengl 0HRNy mbleoBter fiEvghd FRGSY
Thus, S?quewwﬁl%:%ﬁ Iﬁ)ﬂ\lﬁs@@dsdéﬁl\in HAKE L yged ayi tfﬁ?ﬂleh@'o?.

definition. sequences may be 1 n thel ‘osense or antisense orientation
Wi th respectderivatives qirthisotgon. mnhjdﬂgrimenaiogmtsrragmss oA Rl Jumedother sitlrahisbi t

t he expression of a gene in accordl ng to wel |l - knownt echni ql
Sequences erfoliSg- W |caB@§t c%vaIPTP‘y" i%cf‘u'&égs?fﬁb cpression Gapabilifyfoor 3
transcribed thoté% ﬁttﬁ% ér‘equclﬂ. eié‘g BRI %Eﬂ)a)l')ie 6’( drtvmg long

ot herwi s€. associ at e e trans at e I Ng sequence.

optional | ~~ tkuntglat&rexpmlsmde t hel sassociated transcripti onaI cont r ol

sequences normal |y associated ~~~ith the transcri bedsequences) for exanple
transcriptional stop signals. polyadenylation sites anddownstream enhancer
el enent s. The heteag HﬁHﬁnﬂene may be inserted into the HSV genone
byhonol ogous ' reco ion of HSV strains with, for exanple. plasmd

vect ors2ocarryi ng the heterol ogous gene flanked by HSV sequences. The

het er ol ogpus genenpy, hg?leé‘tshﬂﬁi'éfeﬂrds@} B S URTARLR PhASY GerkRE! Km, for

conpri sing HSV sequenc usin oni ng tec ni_ques we known_in the art. The
het er ol ogouseXagine. mif Ve arn&kriZe ditins- ¢ ¢e dFBVatg‘@ﬁoﬂt?rf‘&tf Aneterabliationl.

provi ded t hapediNigivid [dfude @xtteﬁtyptelre&ﬁntﬂﬁﬁt@@g@}ttﬂﬁtdotom t?tsrﬁfwsv Eénd RA&Yat he
het er ol ogous gene Ibs inserte o an e sen%)éo gene iorabl ?251 CP4 or
6%

| CP27. The tr$ BRIV aLIYER  BIF wrably hae s denge 2y &ihan
oper abl yLi nkagvt (braHsvmtgeﬁbmseqmemprefmbtytatmmt SR, e:wsm (mbr(’)fpréfbﬁbly at

5 s TS AT ALY b ol B

J uxt aposi ti opresdmenlmentlommoa‘mgpmrmst atjdmady thedé;@anetmm in ertberatGRenai/qr

permtting t ﬁarfe'i% le aid‘dffiﬁbvhxchﬁfa?@%%fkt1‘8ﬁ3&%?4 @Dﬂ%fare%?ei’éh%?ce
"operable lin e 0 sequence I'S |%

t hat expr essi 98 oi’rtfatllliﬁeh%*’@oﬁlﬁg chaletiang innddy 7c8noﬁxtamtpsReef

corrpatl bl eI Y\Hhtai tdﬁecsamtiﬁqtotaﬁﬂq%ﬁenatmc@aﬁ? Kip @el@gﬂr@@atﬁqwfl')s%iraﬁ%s
pronoter _allo expres ro [ or

t er m nat fbn 8}/\1‘ @8?.*5 I&%ﬁ mﬁfi@ efTq 88‘%@8‘? %?%g?gngf‘gr@%l ch
are functi onS8imariegomenvl. 1895 (quragi d9)b|Ysehafnthesecsedals. willhedyeah®hembemyf be
derived fro QIRLel 3¢ Y&, ti 15 Novenber
2002 For exgtl u1{ed 5 gcgﬁlgg?ér’gl&%‘syhgg ram%é)? ?ﬁeo%te?%t mv§nt(1)orpe of acell in
whi ch expr essi on " ofhe teemh@tl@voméouﬂegemg thet varpas SV rgﬁeefselsatblfyum:l el | of
the mammal i agogeNHddl at ?pleljgggter al nervous system Wth respect to

eukar ~~otic pronoters, ey may be pronoters that function in a ubiquitous
manner (§hch as prom)ters of ~3actin, tubulin) or. alternatively, a

ti ssue-specific nagamp;ebﬁyﬁﬁgagzmgqnot ers of the genes for pyruvate

ki nase). They may al so be pronoters that respond to specific stinuli, for
exanpl e pronoters that bind steroid hornone receptors. Viral pronoters nmay
al so be used. for Thampiue dfhtheMrlverméyn i propaghted kae mi eelk/ilmelwdpmfsgngeinm nal

repeat I\/I\/L 9 \V  LAT

br omot et antoNEPE o o Al iR ek iy @R B STE B Pae e are
especi al bQ/ prlef Exbpdr Bé(mlls ¢seeterampls 2}, ipecfpabli B# cetly, Bf(axaplhs oY iceil lines

| ong-term exﬁta?i?r@ﬁ 1@?»7’7‘%%&&'@9@&@1&%%1@%1 & 1|9@2$307cells|(§mﬁ’l‘?tre 'f:FUl aL

an expression cassette consisting essent]a

Hoes ot T SaPTDee R Saatels (s8¢ GRamBlech and B OA70k Pratemalyd TA0Icels.
het er ol ogous Cene ceiltifids eﬁ{n‘i@zﬁng eséenBalegdiRsicah | Be prodhedd BH cotR@sfeinp

"l ong-term expressi on an e S ono aheterolo QusS gene
Sl 1 RSB e ion R mEBlece T o G Wah: DR, BREGHON e o
Ithe her pes Sbtl:ipﬂnﬁk v‘éttbtlscd’iﬂ;a'lsﬁ:ig er dohdtioh£nEBV Emtaaalagbx;e cﬁﬂmbfe io$ Befig at

east two weeks re pr ast after
infection. evVan Ho?é (g lllfl a{%’l Yéc tt?é&?’fap@[t i %Sﬂo’f&] Z eanOdl?%ea

expressi on cassette nay further conprlse a second pronoter and a second

het er ol ogous gene operably linked in that order to said HSV LAT P2 region
and in the opposite orientation to the first pronoter and first

het er ol ogous gene wherein said second pronoter and second heterol ogous gene
are the sane as or different to the first pronoter and first heterol ogous
gene. Thus a palr of pronDter/heteroIogous gene constructs |n opp05|te

o Y 2 o o ~l 1 A NN L



' 35 het erol ogous gene may al so encode transcription factors or proteins
involved in their regulation, for exanple nenbers of the Hn3 famly
(including Brn3a, Brn3b and Brn3c) or pocket proteins of the Rb fam |y such
as Rb or pl07, nenbrane proteins - 10 6- 15 Novenber 2002151%%]11%?2002
rhodopsin), structural proteins (such as dystrophin) or heat shock proteins
such as hsp27, hsp65, hsp70 and hsp90. Preferable. the heterol ogous gene
encodes a petlgqepti dericd. tfherexpmpld meomgcinoreswitare. f Ublonésompossesding kthof
function ma 1TROL [ ' e -

pr ot ei ns deg%l??e%lélﬁ xg%rkgﬁne%rett@;rﬁg&%@%ﬁﬁg@éﬁ%@%ﬁ% B@f&ﬁ;ﬂg%ﬁs r??s{oh‘;e)& P2at nent
of Par ki nsothesfudigend essentidgepe. for example onghel basis phtheirrabiityntn supportethe

disorders, QMHOMHBVIBIRCINREE $O LAk PURCULAL AMRLIOR (ARthdeat

shock protei"ns can be use I sor eart and brain
associ at &d wkillad intigsshi ¢ stress. Pol ypeptides of therapeutic use may al so

i nclude cyt ot oxi ¢ deo}iRQ! ¥RRAtASRSt SURD réverdib® 10T m@antCRBYNRS:iS ARME 2 Of
converti Nng a precursor rodr ug | nt.o toxl c conpaoun or us or

P a cyt d f in f
exanpl e. nePABEEIAHESIENHYLRS F‘é%?‘é%}néﬂ%é Hanglgsianapkgspe gre ﬂég%ﬁeéiaﬁect ed

enzyme prodidegtribeeradBYe. dnburifle tHalthe ved@@SEmprisinByhebfinci@sial aktestidloge@asur e
that the enzyne has sui tahl e signal se ugg‘ce f0|i di.recti%g it to the cell

Y
surface, pr SPEYIBH g F 3 BRRAIPIC SATEBHELABARES LAl GYEraPrAUL 2y e Homolesqss
exposed 10N tbiesequdrites imaifing ivetheahhtastuwifuac BrefldabBi tireenininoiongrignattadl ed t o
cell menbrane. Suitable enzynes include bacterial nitroreductase such as E.
coli nitroreductase as disclosed in W93/08288 or carboxypepti dase.
especi al | y dar boxyepodsogaeu@r@? as di scl osed in W88/ 07378. Ot her enzynes
may be found by reference to EP-A-415731. Suitable prodrugs include
ni trogen nustard prodrugs 20 and ot her conpounds such as those described in
W88/ 07378, W89/ Hssarpial gerns/ oy b rendgredrunsurgis ipgtivn PHPRLT HiSeRioBradt ed

herein B3~ nRS ERGNSQuerdel BY QL AGAUSCIBNRS WENYkivarDiriRe Qe I%!FfekﬂﬁPie?the _

pol ~~pepti des for use as vacci nes., Pref eEabA such ant.i Q.enl C po p,epgll des
are deri ~~ed'¥% g’ﬁ1 fﬁ"&gﬁége%%“ Yninaghyve Phr ei‘?@é’r?ﬁi é‘iﬁHE‘c‘QPf‘ aPro’r“S%‘i“P%es, or
from t unour preféfabhieberdeletigaUsDEe®s MBY réthéwe porgiotsof HRr eies € Nes efidrer
exanpl e encodi ng ~3- gal act asj dase .or .green fl uocrlescerg 1Elrgt ei n)..or .genes
Whos6e. pr odudle dgh HAmplen SeleUBR O Sy oBf hyrlaids B Fafe dssiine in s
transcri pti drembe skl Hooever potferablyi lacgendietagionbard etade.efor exsmpleVi kst
transcripti [ ' 5oL £ \; el py and
of hor t Hor apaqt Aok iy MRl OCLPIR SBFCSRE R PO S  RERNBEIAPY

nul tipl e gerrétgmatinelyeinpgbselitcoierms, anigast P auejeetides nmgreselgeabin ablgass uHOf or

the treat menfycRbtides! Hdsehréfe@dbl$ R Maki WO micRofldesyS [t1gpdribidlaidy ?re'f‘é‘r%%d;tbr ophi ¢
Imte

factors. HSV is u |que.l% z%_@pqr‘?gprlatg as_ it does not hflve t he

packagi ng cdFREY Fs EroEensiang Some oL the danking seauenses. FFAPETCSP Say

het er ol ogousnglade sheC BA Thqaamesdestaibed abbveamd tHeShqgeroigous géres aledsthedf or
exanpl e, at I?ast two 35 ways in which this could be achieved. For exanple)
nore than onbgcﬁ%terol ogous gene and associ ated control sequences coul d be

i ntroduced into a PeetiorsuvidlralsiShe stadaitoremdvevysul o &l siothbd. AD segidat ef the use
pairs of pr %?ﬁeget&b‘?etﬁ)%%a?'rbeqdagi&rcﬁmas des'criﬂ:éq belbw> Novenber 2002
pronoters) facing In opposite-orientations away froma centrall ~~ | ocated
LAT P2 el ement, tH¥yatignonase emadeaivh thiy jherpry sheplex pyisuses oby oforeelogous

het er ol 0goUSERABINGHSE mzaiHRs WelHkAdvad e1thdIeRINRHAHAHS aHEPS) exdnplesysi/bed

above. F. Admi nistration The nutant herpes sinplex viruses of the present
i menti off ne8FRPRS dééWF%c'ﬂéltP% ert ﬁ%ﬁé’pé‘i&t?re p@“f‘-:tjﬁrégﬁt% pgasﬁﬂﬁﬁ’r?"@?’

ani mal i n nesthpfsidg art Mtited Bjuedey Ylaktedt behapeiddots JeSTe segadntgs.t MEnenut ant
her pes si npl ex, viruses of the invenai on nma~~ Ii[)Je used l;to tt.r eat ILOE x%npl e,
Par ki nson’ s AP@ELS¥AUEHoE JPae FAMBRST Hdctnsy BSEHops PE ATPSUpTont- 3lhp P@‘}C
strokes or nmhy heaonsiesiedfbyrroenmnetimighdsoimsertions mineinckiit celeétable marker

adm ni stered ecth \ W0l I i . t t e.lnto the
genone of t h%&lrsr%}t %%te%}[;ee\sa\gg ) rtr‘%ﬁeg%ké\}ﬁr%éé%@m%ﬂ%tiﬁ@éﬁf?g‘n?&a%&%@sl%r i bed
above, a¥d tgedactenddse attingtt he resul tant reconbinant virus with a
pharmaceutically acceptable carrier or diluent to produce a pharnaceuti cal
conposition. Suitable carriers and diluents include isotonic saline

sol utions, for exanpl e phosphate-buffered saline. The conposition ma~~ be
fornmul ated for parenteral, intramuscular, intravenous, subcutaneous,

i ntraocul ar or transdermal adm nistration. 20 The pharmaceuti cal
conposition is admnistered in such a way that the nutated virus containing
the therapeutic gene for gene therap~~. can be incorporated into cells at
an appropriate area. For exanple, when the target of gene therapy is the
central or peripheral nervous system the conposition could be adm nistered

o o e o - o o o, oy



' - 12 - 15 Novenber 2002 G Assay Met hodol ogi es The nut ant herpes si npl ex
viruses of the invention can also be used in nmethods of scientific
research. Thus, a further aspect of the present invention relates to

met hods of assaying gene function in mamlian cells, eithgq«h&nﬁkpgguﬁr in
vivo. The function of a heterol ogous gene could be determ ned by a nethod
conprising: (a) introducing said heterol ogous gene into a nutant herpes

si npl ex ~~irpus of ﬁé}groydg\égpgéngpbn&p,)mgd)g,{goduci ng the resulting virus into a
manmal i an cell line; and (c) determning the effect of expression of said
het er ol ogous gene in said manmalian cell-line. For exanple, the cell-line

may have a tenper atydr grusBn HIV “@rafBf 6 thel thvedtldn hlaydbe/infddifled WiArram HSV
strain conpri si nlg a het er ol ogous )Pene actgorg| ng to the.i Ef\l/eﬂé on is

i ntroduced iNSIEOIPRRUSEANECIAYS 1@ 63 2 BFBfeO AR hAm BnG BISSEH 1A dhegHG W nesaemene
restrictisve Tienpeh alidifblogdusdne! esinpides any pérel otasharyorrepradeheint the BESer m ne
whet her the hetero usgogene can corrgl enen lt hve .dee‘(%ctwilntcelal di vi.si on.
Sinilarly, &CHEMK CERLPRIYG S8 TEN B@n\éﬁ@? feagripht o WHRYRE TFeXgt essi on
of the het ermdyoboasugeneedo Tlanteonr'gert' inintaldsd to/abiee nneltiantiddegnatcype i n

t he mammal i el - L1ne: | : t
systematic nu 1§l§glr-]eeé4pg BISfO-IE;H eﬁlﬁo éﬂg%gg{)aﬁ%&%g%'zf@%’ gés‘qcug?(%gieh&\)lﬂﬁl '#(l}lg}é{r ons of

the prot ei n tBAgbded rRY.At are inphudedawishin ibis|deénition. rldstssavenges mey tgtiarthe
phenotypg. Toh& d%gg&sg Bher®hiih Wih kb%gé’ct 't@A thv'é“rﬂlrd(ij@{)t%r. AQtise@s@fRls8ulls ¢on

carrying so 35 ca d "gene knock- out 1 pe heterol ogous gene can

be introducd¥ irdota ieitihithearxRrsssing &F muesst inHs\eellt fesprding 1@ Heell-kudit i on

and the eff agéhniquebhesedén®as eA@IdaigTRevA Usilingtivailiy iielie havicosr &l of 5"

hi st ochem cal or hi ochﬁ_g} ga}# asszzllﬁs1 known jn the art. Al tl@lr natively, a

nut ant het erwgﬁohs"a&é CC QT S i?‘S‘éIJi"wéﬁmignﬁeﬂu"e‘}cFﬁé‘Pméa M 199-909¥1S * gene

knock- out" ansdtidted wittlehieetramsiaeed dodiligssegaencas hanayadmibnalt fothegynclisie3he

i nduced,, ,An exar of this is.t f N LR R o.induce

O et ot e Favamteioisetiaiohs) Fosttef i ae s 4BREN, SRGA TR o Mani-Bnt

syst em of r cdquinses. Ofdneexaipde dsaaseriplions! sy sigodlad@olyadewidtion siteshendrer' s

di sease. mthwd@FrHﬁrH@%ﬂcéﬁﬁ%ﬁexﬁi Par ki nson's disease. Since it is possible
t two di

to introduce at [eas erent heterol ogous genes 35 into a cell due
to the large capacihey hskeralpgousisgense fore bei insgrted igfes dhe eHYs gepprae t by st udy

t he inter actjopiblbgduseRBotmbRa@én TBESYCRER QICtSr example3 plaskiid NRgi¥per
2002 5 Thus, the rrt%tgrf’gds of the gresent 3_ge useq in particular
t

i tion may
for the Puncarsing e hgirplegous et ARk waHSY FeUecER2TBe MREIOSRNS EMon wi | |
be descri bednay bé inteddarehine tGuitdbde phbkmidw dgorEooaimpisar. HBMi sequaices usihgnded
to be ill UStJlgrgihg %ec%icfﬁe?@gllﬂ&%wjn' i hé 28 ﬁé%%&-cﬁégous gene may be inserted

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
35 ICP4 or ICP27.

The transcribed sequence of the heterologous gene is preferably operably
linked to a conwrol 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 control 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.



' Reference Exanple 1 - Preparation of an | CP4-conpl enenting cell line (B4).
A conplenenting cell line (B4) allowing growth of 1CP4 deleted viruses was
generated by co-transfection of plasm d pl CP4 DNA with neonycin resistance
encodi ng plasm d pManNeo (I nvitrogen) i$to BHK cells and tlb‘No%%In%?fMUi of
'r neomycin resistant clones. Plasmd pl CP4 contains a Ddel-Sphl fragment
fromthe HSV 1 genone (nucleotides | 26,764-131.730), containing the |CP4
codi ng r egifom eachpbe, dnotagrbe almnmdtebeiemethﬁtokre tIEcgﬂ!bmm@t Sptﬁlll 91 whs:hof
pSPT ' (Pr HS VvV 1
| CP4 del et |%‘ﬁ9€§glgn of I%E%I%E’ga Pée%etg IIESJSR%I I%IOIWI er ence anpl e
2 - Prepar atchtal mfpmp @mr\w&ﬁwsﬁ@nt W@ t,eép¢ct|tpr¢e1kelsomemr@;mtem, they

I I I f
T uses an o e e b & P4 (e

g no over bet ween the co
| CP27 del etastinytuby e)soratabv@a(laﬁu, ? fisiieppec Ba umanger épiehrasopromopery obghe
honol ogous J&QQ%}' ;W%IJI/&@ kﬂw’s ngTMééfS

giléb%é‘})rd%ﬁ&eﬁsefhﬁf ?ésgéIncho ecxﬁc
co-transfect] on of ‘plasmd g’h”? (%ekul ich et al., %
neonyci n r e ‘arﬁ%feqxéﬁ’(PIfd?rﬁﬁ‘%‘Iré Hm OFRAYS TS°ERIEF) Y Id“gPR‘e@el |'s

and the sel gey aRB Wef usaofey @kample ﬂhESMSIbﬁeE}I mukine ééukabmid ofias inghdesminal
perm ssive for Q@’I &m]ﬂ of an HSV- 1 CPZZgg et| on nutant {B 130/2) was
sel ected f rep?f'It g Proige e{gﬁgrogo(ggplo afBYHI / Sacl fragnment from
HSV 1 (rmucl eoti dElse HR3B2A Tl pragizdid), awdcprdinoters lcontaonipg etemdn@Pa? theotliAdg

sequence an&ﬁ E}er rQ% ﬁJ L PPespecia I%ﬁrefeﬁ%xmﬁére 7902 ﬁéﬁgﬁﬁye facga A o%

strains in ters con uences I nser as to
del ete | CP’7I7)p°-t§€trm vixpression defl éICIGO‘PIOEWSt Benesndudeg datencAT [n eproeularc samnot  be

stably prop Sidn2ab@he @oﬁﬁﬁﬁf;gtésgeﬁtlaﬂﬁbphiw () Qm \\%%Sdo%g 'n891t§glf an

RSV/ | acZ/ pA sequence and sequence in posite back-to-b
ori ent at i onBera A AScRIPBIOEH. Ib%keéﬁOHS\VOIENFr %a@ﬁt%@aawne ﬁ'ﬂléhi’é@fdeﬁ@s
| 18, 8661312035§13§511y\/§§témerted into the I CP27 | ocus by honol ogous
reconbi nation V\uo_g purifje enomc HSV |1 straz(an 17+ DNA%% st.andard

met hods. The pR26%% IEH%seIPP% HHS TIPFSHONnglsr fAkAR| IP UBEM FFPESTIORt 8t i%ons
[ ntg a pl aﬂﬁt&oﬁgﬁh@laammgm h@eﬁﬁnfdcwdkwmg arle@pansn{pmésﬂ)'imalof olvé E@ehdit&l
production of t uses w th an HSV L enc I ther. the sanme or
Phe oppost « & eBaER GRS sl APl oY Rl BRAETY PeetaBL BRSO TRE Uar
regi on. Thew® weekss eworapecferabht atdedshont loe twntmomhs @RRY irfectivn. Than meRO. ~

cassette ca eISe?atﬁg%rstﬁéI 1@k i0F fh M5 (Pronega) plasm d backbone with Srfl
as an ~ onu Ieotl e encoding Srfl was inserted on either side of the

cassett e The RS%?)@SW%W wasseészcm%émﬂhe@nﬁqm@fmsw serend rogetal and s 7/ pA

from pCH1 10se!c5’ﬁ@hé‘@€dl@§ous MW Bferhts19 MnREPN Bl I)ﬂ‘dl\# td 48 'P'ISVaEQIJGP_frJgII&fn
pEGFP-N 1 (d r the constructi nof %ﬁﬁ p427 was

const r uct ed® %%Ppgq;ﬁaoawwoaﬁo ® rstm'to St I%?ﬁomvua gene
restricti onwhexagmﬂ secandl pidnfler( and: beohd dﬁ&rdlﬂ)@@!%géxﬂ:la@m): safiecis bincl udes

the | CP%J gﬁIII’EreInrtItt% EI]CéEII@st promoter and first heterologous gene. Thus a pair of

promoter/heterologous gene constructs in opposite orientations tlank 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 er 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.



" (Promega) and deleting the | CP27 (UL54), ULS~ and UL~6 encodi ng M ul
fragnment by digestion wwth Mul and religation. The pR20.~ cassette was
then inserted at the now unique Mul site. Viruses were plaque purified by

sel ection of green GFP expressing plaques 25 under fl uor es@ags&ilef opy,
and stocks were prepared using B 130/2 cells (described above&\%n ﬁe?g@gnce
Exanple 2). The resulting virus stocks (17+/pR20.5/27 and | 7+/ pR20/ 27r ev)

were unable to grw@mmmeg@dn Mener iefidddan WSV Bridcleotitiss MigBeH udcpz(mm

conpl enent he ruses _were pr are

i nggul ating @?%ﬁ%%e& Sélsé ‘Séﬁrte%o%%&m?\fﬂé :%’?E IVtvgs E?tf g 15 Hﬁgl%'stl ng
this s';] ock m@dxdmggﬁ:tmh(ﬂb dgg {%%M%SM(HMBJ wbxlchhﬂscaprkeoifs)rcbmdmgEahe(sjgtthat es
were then titrated ont : of green (under

f1 uor scence TREY PR SARALT P Bléor?m%fs\ tér) %-lc-mﬁey%}g? ﬁﬂi{%g togdet ect lacz) and
white plaques It rhaBalso 1 ady\aatragﬁmszﬂb@ﬂleapltomot@adh er mducibleesontiet deunt ed.
For 17+ pRep., {?i/s%iﬁ.{ Essid oﬁH@H ex'o?o ﬂ g%rt/aé & b8 eH%‘Jn TheSIEAY &” and

t he endogenous L gl on and rev-t gene is etmeen
t he insert ethezgl. én@w@énmntmt ﬁ@ql@éﬁs;eé exmeﬁéyupbtgmﬂwrnggh@mqmmr vi rus

stocks and EA& batdRihrdd. \p@ls eﬁaﬁﬂ@ H@;pré}Q&ecﬁHanhﬁa%iﬁ&Hé?éNnﬁ%Pﬁl%s@rf@ bot h
the GFP and | acZ denes. case o R20.5/27 it was Jound t hat

while all phaa%goe&ser@slgwert%mto &vplfl%%a%am PISOBTABOIEE NpMid EOMPIESded t o

G-P. Thig sEgﬁaﬁé@es JOREVE GO St rEFresEaL/N®l b @anfeiptieasl dckieatbnfisidngdo@ind
endogenous

AT whi ch h h t el eti
Che Pt or ve RIoHiS VS8 BRI g e T4, SRR Gl 0T ot £98ke i ng
v‘}A _rl_ us growt heteiddoud gerepiR2 Gkpression oﬁ/lvfmcm isns ée treghlated. Thesavond b;()ngmdogenou?‘
LAT sequenc e in 0 Qr ons Ve e er. nos
q uff € Iomgng)ep 2\ %{g&g% t}ﬁ!)rﬁg%e t P&mv\éﬁ\jg&&m% ) %ﬁb’l tﬁl

pl aques still "expressed 't approxi %
di d not expeswsssgintdfahe teacezarcasorﬁblﬁ)ﬁlsmmmensérrmedn géh@samrdqggvs:smg t hat

when inthespg @rﬁgth%ie?d%é’&dsoged@' Would HeF&H bR Cgré&ﬁ&r or %@&CEOE‘F_IDJ ex

reconblnatlona ani sns- occ ber<veen I nserte nd endogenous LA
sequences WHI'RRYQiBA result in the deletion of one or other or nore rarely

?g& hI i Eelr t ed gfnﬁf acécﬂgor(l tl%n f%lgﬁ{é% t&ms?tgﬂasm@)t :bleqwglﬁed LATtheesidameof

e e eot | des 0 ol | one

promot er fr & li}?ﬁ SHEEBF EPﬁ&X?_f&Hla pg%mff %eéb‘ﬁ?%ﬁs%‘ @‘9‘ Mv&%fﬁ%?ﬁ mat el y
700bp pl asntlk Spaceafguaﬁqué:mﬁer(d\lqbﬁdm&anl mby atisp GEMBsel  eonfsrisiney agquentd owed
by a lacg/p epce from pCHL ( r 027 as
in (a) géovée?“f’ﬁfé ﬂ%ma%" M Blso r%gi?ffer%tp;gﬂ %P %éz d%}crfﬁ%i.ﬁb@i%fgﬁ%é i él%h%‘r ein
the same or MWLt iIGFRLAT Hisinrapiomotem dbofemegasd LAT alegl ¥i4) o vitomstersas
construct Edc§mbr1;ﬁé9@ﬂen§/o%me ead rééleﬁks%eg!;&e') nup as in (a) above using B

130/ 2 cells, here_Selecting f the  expression of |acZ hy st ai ni ng.
St ocks were again F@F@@l%ﬂsr&?%é‘?@’ rcosd. far exAmplR; P’é’t?@:“f’?’ob’éﬁé{‘é}@

pl aques 30 equuntidd af tell Hibsibn, Stf@ﬂ erﬂﬂple mitok@nic %EOMVQM@KS ?&Qﬁiu@esul ts

o QSLeL“-ﬁoSﬁé#aép&ﬁssa&@eﬁa%fo& e bl RS R Fogwu et ceil
r ecorrbl nat i aaritxet vaaestrdphiefatted M@H Nidpy&d and NIAST GAB4Hnsytblained Gdct @s t he
del eti on. of cnbeby £l SEOENGERs iAGIAIHL 1011 1E.J 36008 R R eo? - HSV

strains in ormt ers COI’I Se(q lencés are 1 nse SO as to
del ete | CP4 m&yun-hkctgn@mh fetoes | @n H)nptdﬁ@né(mgﬁefﬁ@leb as AMAPekinase), pratetrot be

10 stably prapaMaia&d 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

Brm3c) or pocket proteins of the Rb family such as Rb or p107. membrane proteins



' The pR20.~ cassette was inserted into the | CP4 locus of HSV 1 with .
acconpanyi ng deletion of ICP4 by insertion of the pR20.5 cassette into |CP4 "’
flanki ng regions (plasmd p04) generating plasm d pR20.5i 4 and honol ogous
reconbi nation together with purified geibnic HSV 1 strain kigoddbek

cells (produced as described in Reference Exanple 1 ). p04 wag cor?s?g?)zs of

| CP4 fl anki ng sequences nucl eoti des 123, 459-126. 774 (Sau3a- Sau3a) and

nucl eot i de(su@ilas/3d88gsim)O 2tr¢Sptal piqeein} (such ESRFAtr¢Fhioheghdat skgdr @mbeihsby Xbal
and Sall sites derised. [l P73, CP4 contains a Ddel -Sphl fragnent from
HSV 1 (nuclS@Sﬁ?ﬁgingogﬁpéé?wéfﬁhﬁ& cl oned between the II%coRV agd Sphl

sites of pSP72. Threferaidylthe hgterologais gend gidodm20 p@lypdptidm@f thwapﬁmictuse grow on
BHK cel | s Wi Gho oot &Cgrnﬂlck nd¥s A8} 6L h&gmlksm ifRinPRtRES, FhoCks of

the virus were prepare I ng Sing aques of
a six wall gqiampés, qfathwsqtemg dsmr&edta@@ke,amsxmdwdrwdasg ca e gised \m;me

pl ates. Theé%u% fxc Pmﬁaﬁsoh@ﬁl ééé@drhfo%ps‘l esﬁl'tﬁt 428 19k Kéﬁﬂ&ﬁ%@&@s

St ocks from ates an S were t t|trated onto | S. The
nunbers of djﬁ@éﬁrS( GiErEaphin weAYs be rised rfpctrq%eww)l lar iglysgoRys gd heapahodd ai ni ng

to detect |ge@in2bsh Wei ﬁ@dp{oawé@rs dasbidRrs 88Ghe Rfe@ﬁe@hﬂ @rdﬁ?ragso%ﬂﬂém vagunt ed.
In 17+/ pR’?O 5}?;} t.he si te I nsert |0gn bgl CP4) neans th t en enous and
i nserted LAF¥C Hﬁ‘érﬁéréés i %?Péﬁdﬁ% REFPERH G e SRRy Sﬁaf‘%? F¥t8W1x5’ach

ot her by t heol{Fdptideneuchngs fitino ot kazyanel f@ableq@fecrm;eemﬁagra preBdsoRprodingn

ToPG al't hotilh 2oFBBie RmPoid TORMEE ify Kt Rl &#e%georfcﬁuaﬁec‘?e%"” o
Novenber 208fZyme prodnigoterspyr @cgens- Mctddneﬂzgnwemdmgjﬂ'gappuslmﬂm latterer t ed
LAT sequencgas Y\Rﬁg Q@sﬁ &ffot &ffufnbGEY lextlza}ngle ﬁas\é sru‘['tabl\é"s glﬂalséeq{}érfc'e?@lm 'y

|rrpa|red gro eristics as conp VI I USES.
Resul ts Ti t diegsting intorthescelt sefase mrefséabésda igoah ssiivenge |that pll@me@e $hanagitono

detectapj e H@Iefa?dse@ o thTeh&tér?&Zonth:éﬂ SRR  white¥Bhinthe bRk cdii ch had
now been seri a passage times, were tltrgi}ed fr m t heSL{gSr ge flasks,

smal | numbef§mbF afﬁl acqueab l\ﬁh?’bzl’(nﬁfé inshge - basies s‘EE@Fe eassy swehnas Lorcadiot h
gengs coul dmh@réél@btﬁ@éeﬁ disttabet hon g (E93/082881 ree u@nbexwl%pﬁghddga dspécially ons
used to generate the, st us _here

apor ox: mar oro0msRoh ERTA Sl R g R DI SGer b Ren Beties fapnd ac7
gene, and abprefmermi ©l §P-A\-41 38310 Juwitable ppogmps fethideinitvegengaustard Iprodrags be

| d t
conciudsg i T, AR SAORCL BuLlshumel SBRLYE Sl gauence
LAT sequenc&@?ﬂ/@%ﬁrﬂmﬂﬁ”@ﬁé/olgaﬁﬁwheqbe@c incerpiopated b¢retnl‘té rgienenee. al | owed

recombi nat i onal ?Jlb%&ﬁ ”%&eg%w Ay ElvoreUlrtigehik oIt Rpnde) & gu gf one
or other or both insert rker genes.
vaccines. Preferably such antxgemc ‘polypeptides are derived from pathogenic

organisms, for example bacteria or viruses. or from tumours.

25 Heterologous genes may also include marker genes (for example encoding
B-galactosidase or green fluorescent protein) or genes whose products regulate the
expression of other genes (for example, 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



" 30.Exanple 3 - HSV strains in which pronoters containing LAT sequences are
inserted into USA can be stablv propagated The pR20.5 cassette was inserted
into the USS | ocus of HSV 1 by insertion of the pR20.5 cassette into USS
flanki ng regions (plasmd paUSS ) Qenerati-ng plasm d pR20. rd Verdi:beyed by
honol ogous reconbi nati on together ~;~ith purified genomc HSV 1 st rrai@p\\flﬂ
DNA into BHK cells giving virus strain | 7+/pR?0 ~/US~. Plasm d pOUS~ was

prepared by pedmsiefty faciBamidoppesi orentgizas awad Edre ot teaall} Jea@LAD BB | . 37
8 ) fromHS 3/%%& whi ch | ncl udes tﬁe US ~ codi ng re?ig}?ﬁ il??towgl asnzg%pAT 1
~ 3. pRR0. ~ SIREER USRS BPTOIEIS 4ok AN 188 FRPEFTRR &Y AriTTRBBP e 87\t | n

t he USS geneam3dor Hiffdrent/hpte2dlofdudFeneimselsseived abogene i s del eted and so
cells conplenenting the deletion are not required. - 18 - 15 Novenber
2002 As before. after plaque purification, stocks of the virus ~ere

pr epar edsby A nocul4dningireiiongl e pl aques into a single well of a six well

pl ate. harvesting this stock and inocul ating new six well plates. Serial
passage was continued five times before inocul ation of 17~ cm fl asks,

St ocks from bot h plhet @ytaahlerbea siaeploe viusestofathe PresshioinEpKioneRy thyfdbe he

numbers of gjeen, RliNer AGapditit CxdRbRdHS hGRERAT GdanifAAE W trided Dfe@&impASe the
~~irus titred fromeither sjx ~~~ell plates or 175cm- flasks i o showed no

det ect abl e d&8lEENLRT diherapgutica gonesr LHRD the fawante Perpeh Simplexs aifuses ghdbage.

Concl usi@ns ifvamiorXAsP beSisdd &@ tal frexhindle, ParkiAsbnS ed]sERRE: @lisdriére ofithéer the
| CP27 or 1CP4 | ocus of HSV,i.5 resul.ts in E&gvﬂgengﬁes whi.ch.are unstabl e as
PSS oR”

they can be NCEGHS SKYEH- M SHBNo JERHES PERY ARS8 ¥¥ b genous and

i pserted L. ~T sequemcesethed efort radmihiswedetgena dierappt emwodves ninssetingerthes

L
m ght be ex to, rest i Vi ru 1 I g
conpared t oeﬁ%@s %“é’gkg?%eu xl{o}&vilhrg u .nOHfs é? \t%% Qrslatgg{ ﬁgﬁjgss gsk]lﬁ@g)\ég\ghl%nt% gqﬁ%e USS
| ocus on t hdnwirtien. hmdekcripdd sboves and thenrositinipg threshiéanHBoRpingan yires
further emyed of ML LRHENHOARRAUEI LA SHUENERS td PRAUA 4 BBAml4BiTca0"

| CP4. does not result Ln a i"~1rus in which stable, propa%?tl on IS

pre~~ent ed. ORHesIien, Suitghle sarrigrsnand dilyghte FcicuiSHOBE Fa1BensPREIORATIOF egi on
corr espondi ngain@ld PASEHHaRSKITREH SBRMETEe ddNipasitigs NBAE R Cotallatedocan be
propagated in a stﬂb.l e 35 fu?shl.on v%aé ALF\é/‘:)?rus ~as C(%nstruct ed in which LAT
sequences cAPFELTBhdPHETEE UdTe IPUNENQWS, SUREWARGPUS.y, tipaar of Jwansdermal, o

del et ed fr omdnohistretimtogenous LAT regi ons before insertion of further

e, L2, I O hhtElite) (I US R i AR

CW/lacZ cassette D T _ Sites
cutting at rrovtasdtvidssorRinieg theaherapaic4sey femngens dhasapy. 6an b¢ mcegRrated

expressi Ng BhRAWLRS aPin RPOLLAO YR FoPERINGM IvHEnQhe RERS BT SerRRRhSLAF & thoget her
with genomic HSV 1 strain 17- DNA. The CWI/lacZ cassette together . ~ith LAT
sequences central or peripheral nervous system, the composition could be administered in an
area where svnaptic terminals are located. The pharmaceutical composition is
25 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,
preferably from 10° to 10® pfu, more preferably about 10°t0 10 pfu. When injected,
30 typically 1 to 10 ul 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.



" - 19 - 15 Novenber 2002 ( nucleotides 118.769 to 120, 469) were then
del et ed by honol ogous reconbination with a second plasmd (p~P2) containing"
flanki ng regions so as delete the required sequences and sel ection of white
(after X-gal staining) non-lacZ expressjng plaques. pRl9lqg§q&@§ﬂwr2002
constructed by insertion of a CW/ | acZ/ pol yA cassette into pNot3

between the BstXl sites, pNot3.~ consisting of a 3.5 kb Not| fragnent from
t he LAT regjon (n 439 to 122025) cloned into the \otl site of
pGents (Prorngo . %%%ﬁﬁkhﬁﬁﬁgééézf the Ddel fragment (nucleotides 118.180 to
118,768) fron1the LAT region followed by the Hpal-Notl fragnment (nts

1?0, 470 - 122, 025)pelpngd l'xéP}Bé% QQ_FE'IER @me%@%@tlﬁ&bn%%%ﬁlals&Belusém Aval

pol ~~I i nker derived sites. - was checked by Southern bl ottl ng to
confirm del gethods of S%@l"fﬁ%‘éfﬁaé@ oﬂlfhuﬁ*feﬁﬁhﬁf &Pl B PRSGMIRYRELB ARjaiee peat

Iregl ons of Echﬁae%'ﬂ@%?assﬂ"iﬁ @%&f&cﬁaﬁﬁemn\z@ﬁnw@ﬁ@ dlmaernlt fifkol dtip vile | CP27
ocus using ~~ 7 as in e resu Vi.r us

(3757 Po- | pRBBe Brtion Res o %@@%ﬂ&w%ﬁg&wsﬁ B aibod s et ! ement
the deletion in ICP27. |1 S Stocks of the viruses were again prepared by

i nocul ating' singl

l . i nt. N | s
this stock and in& uFé‘%&fg‘%Wg%@ilﬁt%Pgo%gfsgzﬁté§tmlﬁgtﬁgpqe?é%5frﬁ8&ée\?@lﬁggused

to inoculate 175 en? folf&rekﬂvamdnstocks fromboth were then titrated onto B

13012 ¢ The e u cen L fi1R8C ), blue
(after ibgal st ai t§°d§&flgrﬂf %Slﬁ%@ dSV\:L 195154 qugggeg# eré}{eagch 30
procedure were agé¢)n dgthrmmmg tRe stfeetof axprgasion oﬁvsmddiﬁtemlawsge@cmsmd
titration it was found,thaliald h”gh@ques now ?5 expressed | acZ genes ‘when

either virus stock was titrated out. This suggested honol ogous
recombi nation between the inserted and endogenous LAT sequences could no

l'onger occur thusrat keahpe, m&ael@nqﬂerrﬁ@@mtd @merﬁ{;ertamee sensnms deffeer ﬁ[ keil PR?0. 5
cassette was, al.so i erte | CP4 | ocus oI g umggl R%glasmd
pR20. ~' 1 adiYi§{oRy g r—%aﬂ étﬁa&a?rppﬁaﬁ%. rRfgere ogpls ng Aessydme 4p

unabl e to glieenaon BHﬁmtmailubai inthithd ddﬁcmd c?bm@é e rthe tchB-1ihe ﬁbmnau the | CP4.

- 20 - r. 2002 SENG) y

i nocul atl ng r%ﬁ?rrr{g}\ tB‘PB%fa@S Sﬁ(q[e% nK‘”H\Ne%l lItly \ébfeﬁx&é’? rﬁupe ﬁR%égrde

har vesti ng thhtesolggmkgemndcannmublamcmt edﬁfeqtmnv\e&ll dplisioes . staiarkyl atkessage
was conti nu‘%ﬂogh‘ﬁf‘c S sﬁgbc?fbcd'gtél'}fn?enlfggpﬁcZQOEHfthefﬂe?e?‘gl%g?lg %Q,ES from

both plates an vvere a ore tLrate
number s 28f gﬁ@aéwe%mebwwmwenbpf&qg@@eerbth»qtreenmh%m15uﬁtres of virus

S]EotCEs lor egar ed froum j :*&»'cédu\’t}é% cén msweluseaaée gﬂgﬁﬁst&ﬁaﬁiﬁhﬁﬁg@hbﬁs %hgtl on
o} e lacZ or enes en een ser, assaged a
Purther e sterdtagoficabes o FHEnAIR ORI LIRS Of TPE Faated P ERRT 88, anl y
pl aques whi thcﬂwmm&sstmrkg)ﬁmbnﬁﬁﬁt@hmdmz could be detected. with no

| agues whi ch onl y-ex ed e r eict.h served. This
plaq ylgv g’gﬁ‘é’? C QJ ?ed 1% an?mE fér eg«ranﬁa?g %11&!3 c%rr%/ xgnﬂ) ng to

suggested t hateJ) ogenous ces Corre
the sequéncesll ‘Egmnkaoqhemts zﬁmﬁl thadtea@@gqusmew cafebe introidpessd inta the .‘
greater st até\‘ghhﬁl%ﬂﬁ%?%@tﬂﬂt‘ sy Ethlectﬁe SRAALEAY ?&8 thé@fﬁ%ﬂk!ﬁﬂﬁ@sanﬁéle “Ot

first delet t hus | owm ng stable propagation o
Novenber 200itermined using vanous behavioural, hlstochemlcal 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
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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JRet al. J. Vi roITheIﬁ)@ﬁtioﬁSwll?o:bék&sms with ;efQ@nce ihtheofeBawig RoadlaL Al S
1. A herpes ahmf){)ﬁm&;&eu%%t'g}o ﬁwsmm@no&ur)uu% HSV LAT sequence, which

sequence i s capa rovi ongs’ term expresSsi on capability to a
pronoter Ssto which it is |inked, |nserted into an essential imediate early
(1 E) gene ofExameplesSV; and (ii) a corresponding deletion in the endogenous
LAT region of the HSV. 2. A virus according to claim1l wherein the

essenti al IE gene is ICP27. to 3. A virus according to claim1l wherein the

essenti al E{eq&@ﬁce' b}a}@ﬁéﬁ _ﬁbre@sxtwntb?aaqembﬂﬁlén% H%c@ﬂ‘ﬁn@tBﬁ)he precedi ng

clainms wherein t tion conprises at |east sone t he sequences
present in the insecomglenSutibg\Tel dipodBdE alldwing. grawili m(ﬁdcaédaleabdﬁglMSas any

one of the precedin ai ns erein.the delet] o ises at |east 50% of
t he sequ@ncé%asﬁcggéﬁtp%"ﬁoftl’i@m? §8Pﬁéagﬁmﬁf@§§dgﬁ%@ TROWY PR eHURY i ng t o
any one of theodihe sy W%momﬂﬁﬁlﬁbgexbhﬁtdj@ﬂ' @éllsZQnd:QHaorshﬁ@ﬁor%fI east
75% of the sequences present in the inserted LAT sequence. 7. A virus

according t meamycmrreswiﬁnttdi@ﬁﬂ éﬂmxdgﬂ@%pmamﬁ@rl@d -§iié fragment fmmabcrpr | ses

at |east all t he se sert L ence.. . A
virus accordt lt% %mf/ 8% eo&de?ﬂ gZ{:‘{géQ?-}@ 8?%1?1:%“ erQTTP/PP?l n%ﬂ?glg'équence
consi sts ess@fiprehbtér, @fonBd GLiweh dRSEHLRIBERL Sl 11 SP7d/(Pforfiga) ot i des
117159 to 118865 of HSV 1 strain 17+ GenBank HEL or the honol ogous

sequencel$ of anothelongibighly peimissivpiay thmgwrtwfa@&b‘i | AGP4 delgtign owéandf t he

precedi ng cl(§4g§,a\/\@§%§%\ipoftgq_u§a§%§8§| al imedi ate early gene conprises a

del eti on.

Reference Example 2 ~ Preparation of an ICP27-complementing cell line (B130/2).
A complementing cell line (B130/2) allowing growth of ICP27 deleted
20  viruses and having no overlap between the complementing sequences and the ICP27
deleted viruses above (and thus preventing repair of ICP27 by homologous
recombination during virus growth) was generated by co-transfection of plasmid
pSG130BS (Sekulovich et 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. PSG130BS carries a
BamHI/Sacl fragment from HSV1 (nucleotides 113322-115743) encoding the
complete ICP27 coding sequence and part of UL55.



10. A virus according to any one of the preceding clains which is selected
froman HSV 1 strain, an HSV2 strain or derivatives thereof. 11. A virus
according to claim10 which is an HSV 1 strain. 5 12. A virus according to
any one of the preceding clains which ctifries at |east ong 5 RE VB RBLPERIIS
gene. 13. A virus according to claim 12 wherein said heterol ogous gene is

operably 10_Ii nke serted HSV LAT. sequg I
according t SXHPRIG SR LT -‘4- -":’: IHEQ -':' FGOBS—GEHE—-5—DpET- 5y
linked to acRRb Rl SRILGNER WiRidlit UbleliSn AXAE 8o AR L ARirekibRlBAR BIOUS

gene in mammatTam Certs. 15 1I5. A Virus according to claimIZ wherein said
manmal i an csbbly ipsopmgetelll of the central or peripheral nervous systemof a
manmal . 16. A virus according to claim 14 wherein said nanmalian cell is a
cell of the 20 eye, heart or skeletal nuscle of a mammal. 17. A virus
accor di ng t@RanyA%&e@tte ffdn@bfﬁmﬂFRQO.Sioﬂﬂﬁix@ﬁéﬁkg\/h@iﬁﬁ&'s@w& gene
encodes a pol ypeptide of therapeutic use. 25 18. A virus according to claim
17 wherei n s&MV4ER/pArscatknse &n pppaspe petltto-bavkcdrieneations sndosaparatefidby #m vi r us

according t im 17 wherein said n jeptide capabl e of
converting asyr gé\rjllr RO SEMGE i HP%g%C%f/telg?g%g? z@oﬁ%ﬁﬁ% ‘“é‘ti%foﬂ)%%\‘/ rus
accordi ng t CEy|eeRehP hombRighBs ﬂef&omixﬂaﬁowﬂﬁmjﬁéae%]dﬂsﬁm HEWgQsinggRe i s
sel ected from genes €ncoding proteins involved in the regul ation of cell

- 24 - 15 NDWenthy se@dzrddimetindsn, Thez pRE6.5i nassetee dvasn it iabwstade ipdokvay s,
transcription factors and heaj shock ins..21. A vir according to any
one of & ai ARSI 19F9 ?8]@5‘@ C‘?Wm&ﬂgip {;3{%9@@5}%@%&@)0 Q}’%‘nééﬂ% to a
manmal i an CEIIOPUCI% of Wb s &C AR U BISHO LANY s@iBn@ inChidlelBhel 3arh® of Ind OF use
in a nmethod of treatnent of the human or ani mal body. 10 23. A virus

accor di ng t opmisite nodénthwon usethen LAE sqquengeent tk @bfsrb]v'detu@-gomqusoLth uries

to, the nervous system.of a mamTaI. . «
reglljon. )f'ﬁese viruses are deleted for the entire ICP27 gene. The pR20.5 cassette

can be excised from its pGEMS (Promega) plasmid backbone with Srfl as an
15  oligonucleotide encoding Srfl was inserted on either side of the cassette. The RSV
promoter was excised from pRc/RSV (Invitrogen), lacZ/pA from pCH110
(Pharmacia), CMV/pA from pcDNA3 (Invitrogen) and GFP from pEGFP-N1
(Clontech) for the construction of plasmid pR20.5. pA27 was constructed by first
subcloning an EcoRI-Notl fragment from HSV1 restriction fragment EcoRl B
20 (nucleotides 110095-131534) which includes the ICP27 gene into pGEMS
(Promega) and deleting the ICP27 (UL54), UL55 and UL56 encoding Mlul fragment
by digestion with Mlul and religation. 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 were 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



" 24. Usé of a herpes sinplex virus according to any one of clainms 13 to 22
in the manufacture of a medi canent for the treatnent of disorders of, or
injuries to, the 15 nervous system of a manmmal. 25. A phar rraceuti cal
conposition conprising an HSV strain actbrding to any one { e?r%l:@i é(%
21 together vvi th a phar maceuti cal | y acceptabl e carrier or di Iu %

t hod f f t I I I
T UEtr o whtH Sk RatredueanigaF s [y BREL SR Be i et S bERHES Wone
into a her p%eﬁedrpk%ewnué a@&ﬁﬁr&usgenbas AT I%@ﬁ)noefndcﬂoﬁ'lm R26/074%:thd b)

introducing the resulting herpes sinplex virusinto said marrmallan 25 cell;
and (c) det ézrcﬁ’]gmngslndn‘eemrheutsexwdaxtmxds&mséﬂ'%aaqdehe‘serol ogous gene in
said mammal i an cell. 27. A nethod according to claim 26 wherein said

het er ol ogous gene is a wild3o type or nutant gene inplicated in causing

di sease. esults 1S Novenber 2002 28. A nethod according to claim26 or 27
wher ei n sai lian cell is dysfunctional, said heterol ogous gene is
wild-type and the effect of expression of said heterol ogous gene is

det d b |l ul ar, funct t hod ding t
CFarmer o b ikl o R Aok et 7S i BEGORIRE e
I nacti vated an %Ié%&éooeothiiﬂe Gﬁpr@mqu fgeﬁesprmﬂelcag: & [renpres0. st G4 Vi rus

according to clarm1l, said nethod conprising: 10 (i) inserting the HSV LAT
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or both inserted genes, suggesting that when in the reverse orientation with respect to
each other, more complex recombinational mechanisms occur between inserted and
endogenous LAT sequences which can result in the deletion of one or other or more

rarely both inserted genes.

(b) A cassette consisting of a LAT sequence (Ddel-Ddel: nucleotides 118.180 to
118,768) followed by an MMLYV 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 pCHI110
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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O~ 134,792 (Sphl-Kpnl) in pSP72 (Promega) separated by Xbal and Sall sites derived

from pSP72. pICP4 contains a Ddel-Sphl 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

35 well plates. These stocks were then used for inoculation of 175 ¢cm” flasks. Stocks
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

L2
o

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 ICPQ. although probably not RL1 ORFP or other sequences.
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5 Results

Titres of virus stocks prepared from six well plates showed no detectable
deletion of the lacZ or GFP genes. However when stocks which had now been
serially passaged 3 times were titrated from the large flasks. small numbers of

10 plaques which no longer expressed one or other or both genes could be detected,
even though at no time were high MOI infections used to generate the stocks which
had been titrated. Thus here approximately 0.5% of plaques no longer expressed
either the GFP or lacZ gene. and approximately 0.1% no longer expressed either
gene. It can be concluded that homologous recombination between the inserted LAT

15 sequence in both copies of ICP4 and one or other or both copies of the endogenous
LAT sequences present in the long repeat regions of the genome allowed
recombinational mechanisms to occur which could allow the deletion of one or other

or both inserted marker genes.

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

into US5 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 pAUSS5) generating plasmid

19
n

pR20.5/USS5 followed by homologous recombination together with purified genomic
HSV1 strain 17+ DNA into BHK cells giving virus strain 17+/pR20.5/USS5. Plasmid
pAUSS was prepared by cloning a BamHI-EcoNI fragment (nucleotides 136,289 to
131.328) from HSV1, which includes the US3 coding region, into plasmid pAT153.
pR20.5 was inserted into a unique Sacl site at nucieotide 137.945 in the USS5 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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As before. after plaque purification. 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. Serial passage was continued five times before

inoculation of 175 cm” flasks. Stocks from both plates and flasks were titrated onto

h

BHK cells and the numbers of green. blue and white plaques counted.

Results

In each case the virus titred from either six well plates or 175cm” flasks

10 showed no detectable deletion of the lacZ or GFP genes. even after serial passage.

Conclusions from Examples 1 to 3

Insertion of LAT sequences into either the ICP27 or ICP4 locus of HSV

15 results in HSV genomes which are unstable as they can be rearranged by
homologous recombination between endogenous and inserted L AT sequences, even
though deletion of intervening sequences might be expected to result 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 (BstXl
sites cutting at nucleotides 120,217 and 120.406) and selection of lacZ expressing
plaques by homologous recombination of plasmid pR19%lacZ together with genomic

HSV1 strain 17+ DNA. The CMV/lacZ cassette together with LAT sequences
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with a second plasmid (pAP2) containing flanking regions so as delete the required
sequences and selection of white (after X-gal staining) non-lacZ expressing plaques.
pR19lacZ was constructed by insertion of a CMV/lacZ/polyA cassette into pNot3.5
5  between the BstXI sites, pNot3.5 consisting of a 3.5 kb Notl fragment from the LAT
region (nucleotides 118,439 to 122025) cloned into the Notl site of pGemS5
(Promega). pAP2 consists of the Ddel fragment (nucleotides 118.180 to 118,768)
from the LAT region followed by the Hpal-Notl fragment (nts 120,470 - 122,025)
cloned into pGem3 and separated by Sacl, Kpnl and Aval polvlinker derived sites.

10 17+/p2- was checked by Southern blotting to confirm deletion of both copies of the
LAT sequences from the long repeat regions of the genome. The pR20.5 casse&e
was then inserted into the ICP27 locus using plasmid pR20.3 27 as in example 2.
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 onto 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.
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- &10% () - SHsF single well of a six well plate, harvesting this stock and inoculating new six
well plates. Serial passage was continued five times before inoculation of 175 cm?
flasks. Stocks from both plates and flasks were as before titrated onto B4/27/4 cells

5 and numbers of green, blue and white plaques counted.
Resuits

Titres of virus stocks prepared from initial six well plates showed no

10 detectable deletion of the lacZ or GFP genes. When stocks which had been serially
passaged a further five times before the inoculation of large flasks were titred. only
plaques which expressed both GFP and lacZ could be detected. with no plaques
which only expressed one or other or neither gene observed. This suggested that
prior deletion of endogenous LAT sequences corresponding to the sequences

15 inserted in pR20.5 had again provided a virus with greater stability than a virus in
which endogenous LAT sequences were not first deleted, thus allowing stable

propagation of the virus.
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(i)  acorresponding deletion in the endogenous LAT region of the HSV.

2. A virus according to claim 1 wherein the essential IE gene is ICP27.
10
3. A virus according to claim 1 wherein the essential IE gene is ICP4.
4. 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.
15

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

comprises at least 50% of the sequences present in the inserted LAT sequence.

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

20  comprises at least 75% 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 all of the sequences present in the inserted LAT sequence.

25 8. A virus according to any one of the preceding claims wherein the LAT
sequence consists essentially of nucleotides 118866 to 120219 and/or nucleotides
117159 to 118865 of HSVI strain 17+ (GenBank HEICG), or the homologous

sequences of another HSV strain.

30 9. A virus according to any one of the preceding claims wherein the essential

immediate early gene comprises a deletion.
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operably linked to a control sequence permitting expression of said heterologous

gene in mammalian cells.
15
15. A virus according to claim 14 wherein said mammalian cell is a cell of the

central or peripheral nervous system of a mammal.

16. A virus according to claim 14 wherein said mammalian cell is a cell of the

20  eye, heart or skeletal muscle of a mammal.

17. A virus according to any one of claims 12 to 15 wherein said heterologous

gene encodes a polypeptide of therapeutic use.

25 18. A virus according to claim 17 wherein said gene encodes a polypeptide which

is cytotoxic,

19. A virus according to claim 17 wherein said gene encodes a polypeptide
capable of converting a precursor prodrug into a cytotoxic compound.

30
20. A virus according to any one of claims 14 to 17 wherein the heterologous

gene is selected from genes encoding proteins involved in the regulation of cell
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25. A pharmaceutical composition comprising an HSV strain according to any

one of claims 12 to 21 together with a pharmaceutically acceptable carrier or diluent.

20 26. A method for studying the function of a heterologous gene in a mammalian
cell in vitro which method comprises:
(a) introducing said heterologous gene into a herpes simplex virus
according to any one of claims 1 to 12;
(b) introducing the resulting herpes simplex virus into said mammalian
25 cell; and
(c) determining the effect of expression of said heterologous gene in said

mammalian cell.

27. A method according to claim 26 wherein said heterologous gene is a wild-

30  type or mutant gene implicated in causing disease.
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5 29. A method according to claim 27 or 28 wherein said mammalian cell has one

or more endogenous genes inactivated by mutation.

30. A method for producing a herpes simplex virus according to claim 1, said
method comprising:
10 @) inserting the HSV LAT sequence defined in part (i) of claim 1 into an
essential IE gene of the virus; and
(i)  deleting at least part of the corresponding endogenous LAT region of

the virus.
15 31. A herpes simplex virus according to claim 1 substantially as identified herein.

32. A virus according to claim 21 or 22 substantially as identified herein.

33. A use according to claim 24 substantially as identified herein.
20
34. A pharmaceutical composition according to claim 25 substantially as
identified herein.
35. A method according to claim 26 substantially as identified herein.
25

36. A method according to claim 30 substantially as identified herein.



