;é3€LAp6TK *(Q~~2* 4 February 2003 CELL LI NES FOR THE PROPAGATI ON OF MUTATED
HERPES VI quﬁm"mw’mw the Invention The present invention relates to cell
| i nes used h of nmutant herpes viruses. It particularly relates
to the growth ofomiruses with mutations in genes which aft&eleuary,ep

structural proteins, but which also have other functions the inactivation
of which inpairs virus .growh. The i hventi on provides cell lines giving

enhanced growt f Vi i ch jnactivati i i.h a manner in
i ch the i nact i idhES Rt PrcanBR LB RED kPl SsES D

honol ogous reconbi nation of viral sequences with the conpl enenting
sequences in the cell line. In addition, the present invention also

provi deFig¢lebf theilnestiohi ch can be used for the growth of nutant herpes
viruses which have defects in certain inmediate early genes together with
mutations in the essential structural protein. Background to the Invention
Her pes virus haye n.su i for_gene delivery.
Thi & coul d. 10F BeERprEende REREE L Fan ARLF isdor (RERRMIY of m@fldufigre T

t he bodwihgés. depatitilesfpMate¥ 36 tHeBowth cTivitike PRIt B@Stiorlin behes YHich AR
culture or to animal nodels of disease. However, while HSV has a nunber of
pot ent i adsseatielstuatesl pastemsybwstwiich alse haye gtherdunctionsdhg inactiviatien vbiwhishy of
cell types jn vitro gnd_in. vivo and .can cept. lLar i nsertions

11 0w PR M SBP oT b PR TP ERCET ER B B PO VBSs v ¢
HS Vi | i §libactiDadnd imGrdt®RS b ¢ whichhe f@XiiPar&f fiRGHch iRt the VifusVi T US-
Thus for use as a vector HSV nust usually be disabled in sone way to
prevent @hndtbatepaised tyHtesrolefbwsaecmbittiionafivite sciveatdsed th the omplehaitingf  ways,

and this includes when used as. a hel per virus jnaﬁﬂhe g}rtigwth of so-called
anpl i corsequncey § ik Fhling Ny additipm, fleerseasnkaRieRidioRores el lwes Whichand

packag! NGy e AUENEEhe BUVGR of AT hb SR vifRESTN R hh PN ASREEiR ImBeliGleP "
virus after transtecfion into pernitssive cells. For eXxanple genes required
for repléa@@zg'eﬁés toPetBdrlwitle utdtions $n e RsdeatialnaattuvAipesteinnhi ch nust be

conpl emented for growh in culture, these including one or other or both of

the essential imrediate early genes | CP4 or | CP27. Alternatm i
requi redBf r pat.ho er]esi S.in vivo but which are not require Mmmmﬂmmlm 4
Febr uary—ﬁ%@iﬂﬁ—g@m—@”“ 2 %8an be renoved, such as ICP34.5 or GRS, as can

further genes the deletion of which reduces toxicity further. These can for

exanpl e include the other |E genes |CPQO, iCP22, and I CP47, the inactivation
of 1 CPO and/ oHerpEPdfusesithveibagn uggestddias potentdal vedtonsifon gene dgdiveyaThisnould,

cul ture I%EI ess { hese %re al so conpl emrent ed ink‘the cel%(&lri e use'g for virus
growt h. PREXHPBGuEtheg bedp § perer @’%‘FB%F'&E‘E’ ecfﬁlm\%'c_ ¥ IF Bt S PREr ef or e
depends Qp ge l?)ﬁloﬁ'ﬁﬁﬁ?ﬁt)s@s? BE GPLIRLif et B B Sffhal B6dEls Y disBask NBowayet cel |
type, and on the a ity to growthe virus in culture, 1n sone cases
requi ri nghilh EIS¥skasof nambed bf poteetiat adydneapes s ayeetor liedst itsandnfott 4 vide

inactivating nmutations in the virus. As a general rule, the giﬂeat er the
nunber oYarietit @k Gelt¥pasnin vHeo ad iviva 3nd o3p RaEPt {agge [ANA insastions gllowiag gheow i n

culture. (HSV v eneral.l e I ' i Lat chean, . | 996.
it can: oieige SF pRARHRGRTES jnteRaf FRNFEEN shit i e Gl By

i nact i vafepReation ot B@ePfoR i Tfdce ofRhe VIR). YRGS fOF Gsetdse e for OIS VS wlhallytee five
| E genes, as inactivation of these will for |CPO [|CP4, |1CP22 or I'CP27 at

| east, adlisabledoignsome|veaydp prevenbohmimipissildsasifedis expression of which is

stinmul ated by, these,|E. .products. . However..if. these genes. are

i nacti vat ed r‘é§| icéﬁPFgﬁggﬁﬁéﬁﬁﬁh‘P@em‘VaYér e‘}“-ﬂ}g"‘ﬂ}ﬁgﬁ;&’gﬂl wedana BeiRes cpo7)
or reducgps(ih@hgasvith! JERd20alled AehgiiebR vEQbrsOWhicE (cORsist SPplasimts eonthingng

i nacti vated genes nust be conplenented in the cell |ine used for virus
growt h. iopesweigimandapackaging issquenesnghittycanhechplidated mvbe presdnct ufighelpaml | E
proteins can _be redquced, rather t haqr] b)ﬁ i ncludin inact,qi%?ti ng. mytations in
the | E gURSAEREmsHclier intp pepmising pillfe FARCTATRLE BYReSiTeRPIRALRATFRIFHAN the gene
encodi n . . j Ll el get her
W th ce%g{éé%? élsg%grbgg?%“rv 8‘5%’0‘%@% %Mﬁ)%&%lﬁée@%ﬂﬁg-f ac r|8va llﬁ(g: Hlt%l?aﬁg&{)/ | E
gene pr omphuding afet @r othef o bbthnof tHeusséntial immediatf eape geddsdCPAatiCPATI ng
mutations in VP 16 results in a virus_in which | E gene expression is

r educed, AHFDABYFINSSNSE raquered &or RathpgeRssis i v{vabut whichjare natgegired for BHOWHY e
advant ageous in the production of an-HS V vector virus as inactivation of a
function in one gene (VP | 6) results in reduced | evels of expression of
multiple | E genes. The gene for VP 16 cannot however be deleted fromthe
virus as it is also an essential structural protein. Specific nutations are
t herefore used which reduce or abolish the transactivating activity of VP
allow the protein to fulfill its structural function (Ace et

1 NS\ \ r o - N o Y .



4 February 2003 -3 avirulent in vivo, giving reduced growh both in vivo
and in culture {Ace et al., 1989). G owth of stocks of viruses including
‘'such a nmutation is thus of reduced efficiency as conpared to viruses

| acking the nutation. The nutation in VP 16 can be parti o4 Febroary2008at ed

for by the inclusion of HVBA in the nedia {MacFarl ane et al., 1992), but
cell lines cannot be used that have b&en engi neered to express an unal teredy

copy of VP 16 without the generation of virus in the culture in which the
nut at i off FAlEurs 6hbs EgIRE ved gsuckkias JCP34- b ok MR as gan fwthey @seescthndsletiva ofe| et ed

fromthe,vir ol S i_al r a I t he iacl usi f an
et or S KBSkl rirfd S Ptse Ty b dhbitnchide e bl 1 SR b

growt h Wopbel dr@3aPL7,ithe A6 GRIE EICPN Rl oMIOP2S réQidi thi REAdIBR v HIdikRr €d VP
15 sequence by honol ogous reconbi nati on between the mnutated V316 sequence

in the veplimtiomgh chiturevalessthede ¥R14sxs equplamented in e call lind usel fovbrimsver
conpl enent at i of the VPL6 tatiqn by. such a cell tine would in any case
oot ¢ ROV 15F SRAERER ob PRt AAT RSB LT e TheTor ARPEPas RP 16,
whi ch i fnfHimi 2 RO¥Rci AL deNg T | E
gene. ex et SEaop il b RKIATIAEA b ol U e
The pr ohhewirbhir@ltore in eomée naseo fequoingtthe afd ofta eeil lige qumplesicatiks apfeasiSV

i ncluding nmutations in the agene_ for VP 16 which a{fect the trans-activating
pr oper t iSemedit thejpaciivatiag mutaligasin thavirys, 8s meeasrpbmle, feraseater the sumbeneft be

repaired_dur.in Ir VAN e)) g nv. i V W th nmutations
in VP 16‘“‘(‘%&?“583}/}158};&15%@9%?%&& gg{gl& v"}zéltl li%r?é(B lr%(‘)’vlplg rctg P{érg O%? v’?ﬁgmﬁ et may be
par ti cul gg kawidbddria lofiig aRSLMERMAR Sg9particul arly when conbined with

i nactivating nmutations in other HSV genes (see Coffin and Latchman, 1996).

However such Bcaniseser mmdhe alasicltlyat patieulail e attiagtivergsnes foninagtivasioa inthehout
repair of the nu ton if a cell line_.gonpl nting VP 16.i s ed (see
Zbove) . PYAGUSHORAT FSYCeolHS BF Suponmoras g e 16 goneseaninciptiphpl Peeavill < ¢ o
traps- ach| Yap® 1€HY 1@22 'bPItﬁiﬁ_raf 1é6d QFO }eﬂix@ﬂ‘:{/&ﬁof el JRYRidsAHEO & frbdlor1 0t
only cana protein with a simlar fole 1Tn another herpes virus,” equl ne

her pes voffwhich if dvilatell bytthesedEageht paidactsiIdveter pf thewt gernes aluinadthated t can
al so great|ly enhance the grow

. ; h of HS Vwith mutations in VP | 6 when
stably trepHeatioaienituge wilt iberls blacked S Hand ICPLD agreduesd IFRBARd I t |

12 cee SVREHIFAGRiCR Ehiatoh feflFRRabaRy M doSURNER! dhe 80 e, 0
horol ogowksd fecaARIgRMKARON 4 February 2003 -4 repairing the nutation in the

virus is not possible. The invention thus for the first tinme provides cell
| i nes whi ch aHbweverlap alttmiaidveemeanyrtywhicly thetiseiswf fanetionat IHpotdins s4n s,
reducing i,ts transactiyvatipg.propertij.es, t in i.eh repair of the

it at | oo FRS SEATs DY e it Shrotng magitops Sy HEIE BenreBefmodies dhtau so
provi d_eanemae@sr;@akﬁmt QO irDihe WRACEh BBV IDRS( AR HBNERHRNOPH 1 a
essential structural pol ypeptides in HSV or honol ogous genes’in other

Vi ruses visionbmtanthal egetherott aliub fatols is resparsihie for the ttang-aviseatioh oAHSNOL €i n

wi th a honol ogous fungtion i.n one virus tg %(’ggpl_ene_nt .a deficiency in the
equi val et BgReBramaters ditgripterion. Tihys inglugiop i spepkiomantivatingmutatignsinp’ HE nay be

conpl ene Usi g t jva e | us
protein %@% lgﬁo‘{&%gpxbﬁ'grﬁ ggggfl%g’ép?&gi.oé.é %@Péﬁ?&%ﬁ%ﬁ%g@o&g@p@gﬂ@# s ( BHV,
Msra et(sde et af.,QMD?. Tiis inbie bOREVAMGEAS iR kiROprotudtionBNeAH S vedtor OFhSAs Vi I US
(VZV;, Moriuchi el al., 1993). Accordingly, the present invention provides a
process aetiyatiopalatfineion xnmmrgenhéVBbg) rebulissiniraduaed leveluiobexmession pf s
endogenous, HSV.. VP16 gene or a honol ogue thereof, which nmutation reduces or
abol i she’?“{t’r?e%qnle?y of sai d endogenous gene to activate viral
transcri pti onThddendlfdoVs] 6:32hRbtHANR G BE USle @8 TR theWvahehdlit idatsoinldSdntia !
activity and whitch process conprises infecting a cell line with the nutant
her pes vitruesurainprotaim.t Spécifee trivtatoonk |aré itherefowh @sad whidheredate ok iabelistorthe | ses a
nucleic acid se uence,encq&l ng. ~ %ilﬁjlna(iti onal herpes npl ex vins, (HSV) VP 16
u )

pol ypept repsactiating aeRatRfue” 1o, BreNL allgyeths proteiy ‘A s YrycaHenfunceftience
penut ti ' %Rﬁ ' ' i.d i,Re. . pc acid
sequencggg%%%éﬁ??k§ﬁ8§%gbﬁ§co?i o#gh@%gﬁ?ﬁﬁ%ﬁ?héﬁgﬁgﬁgg%§ﬁ§&8§ﬁ§q§%§+(ii)
unabl e tsequatteigo tHegrnat fug VP 6ae froHius RAitind h 1811 4 (Atd@ aNDB9P Nad eswEatislly
Preferably, the functional HSV VP 16 honol ogue is encoded by a herpes virus
gene, nore preferably an equi ne herpes virus gene, for exanple gene 12, or
a bovine herpes virus gene, for exanple BTIF. The nutant herpes virus is
preferably a herpes sinplex virus (HSV) nore preferably an HSV-1 or HSV-2
virus or a derivative thereof. The nmutant herpes virus may al so conprise
addi tional nutations which functionally



i nactivate additional genes of the virus and which need to be conpl enented
by the cell line to allowviral growth in the cell Line. In this case, the
~cell Iine will conprise-additional nucleic acid sequences encodin
functional herpes virus genes that conpl enent the endogeddiebregrii@803 hat
have been functionally inactivated. For exanple, in a preferred 4
February 2003 -5 enbodi nent, the nutant virus is a herpes sinplex virus

| acki ng ' | e t] - - S P or
 Aon" HUERL 90ho SRR e TG IR, 2SS BRI A% LT Yo
functi oradowtiB4 seakld of virGR23 Ingeding sach apRitaiyn Btks bD rqduedd deididRgt dsonal

| CP4 and/or 1CP27 thus allowng growh of the disabled virus in culture. In

part i cul camparesy i ¥irpees lokiogithe mwatigse Jogedytatign inCHR!@nhobe [paRRillyar e

deleted from an V, nyt ant al s ing the Lnactivati tation in
VP 6 ( Acomenged oy bl eiydenit HIREAE ohol BT SXfec kA Rb el 1380l Bueett ni ng
the EHV- l?ffés E6nf3ehEusRA thafhR bbdhenbinedre@ RExprest Ahidnal@RARSpy BEVPYE WinD
overl ap between the sequences 1 nSerted info the cell line and those

r emai ni nigeigentragon of wirus Thitke qitmvent whickphe mudticanasobeenhepaitddatTanss i n t he
vi rus by honol ogous reconbi nati on between sgquences in the cell Line and in

the vi r uRSCAUS Hghe Bengcagnenbe deleted dronythe YIS SUhiQE sssrmtial strugturpirode, dhe
enmbodi me | RV Is I I 7 in.the

col s 1 o fushRah Shaficth EGpirks BeheaE VRN Wb el tic ol for i Bp!

cont ai ni REuld-ésMP if 6hargbheratidCBE Adrul hednediming rhe iundReded OVIP 1 husq@die By Ovi des
cell lines in which such pronoter choice has been optimsed. In such

enbodi mehemologoyssregpmbinatien| betyeeen | topamutyedh &/ Bgpsasyenesnin thedyiryeandhe he

| CP27 pronpter t hat 1 CP4 e expression i,s driven | CP4 . pronot er
or ror 6 BRGNS 555 5%n5s e e MRETIEE A SRt e e VB T6 mivritie

pr oducedppy,dhhiReRiAE S2R1h a#x)hc?as% RASGIR (RS pFRMc dﬁﬁwisgnsfaoamnl&mg ffity £ UT ed
cell line and, optionally, further purified. The viruses may als

f or nul at échcdenal Vil &y whichwitiea abedosrpestot iromonatdripplamphidagred B uwwduldhttyvate

acceptable carrier or diluent. The pr esenﬁ] i nvention also provides a cell
line conf BERGRYPESHOR aetlyasithe mutatien ¥eVELG Ba Hiended (o rqduehal her pes

St o CenueTHE PO R B URARL bIDWRBHEAGHE) ¢ QOAIAR OO IV iy
control sequence permtting expression of the pofypeptide in saird cerl
line, whirfiftativus ireihe gt thrSE0Yeitich affect the tempablieatial propaienst peotain, HSV
VP16 gene and (ii) unable to reconbine with the HSV VP16 gene, and wherein
t he cel | spalytbatdbgppiation inthgivirus erninohbrolepirediriag oy &Feid- encodi ng

functi onal herpes vins genes which conpl enent said additional functionally
i nactive endogenous genes. Preferably, the functional HSV VP 16 honol ogue
i s encodedmparfofMBE P&entbs US dene, nore preferably an equi ne herpes virus
gene, for exanple gene 1Z) or a bovine herpes virus gene, forexanple BTIF.
The nutant herpes virus is preferably a herpes sinplex virus (HSV) nore

preferably an V-1 or HSV-2 vyirus or. a ¢derivative. thereof. 4 February
2003 -6 Cel | ewithmptatiogs,ingy, 165@&(?&8‘&? AU CH Ve neRropEHesofitheRrorsit ed i n

the Virus,Are i ﬁgtﬁ%@ﬁwaé D&l ﬂéﬁ;ﬁédi&'rl}f Whey !&H&nﬂ!a%’&ﬂm&&%@ﬂ rowith

(in the case o enmentati on I nactivating nmutations 1n gene

for VP | nfitatinegn btter VIS VL gereg seealsflih ahd diatchngin @ 996)e Homdevet sueh. viheses
exanple if either ICP4 and/or |1 CP27 are jnactivated cell |ines also
cont ai ni fapneteasilyhe hcienbpgropndp cyhturgswighoyt senapy of haisvartiemif pedhbner

choi ce drj.yi i.on of 4. an N e cells LS i rtant, the
current F%%’g{r%g}egﬁ'?é S@ 6a‘F sugedp ksgg iaag‘éeqbﬁ%ﬁﬂrl\ g‘sl&inlr?nv\?# _yﬁ_l é’u?ﬁsn o?‘Foi} r
choi ce _h%u@&%ﬁoﬁ?ldt&rﬁﬂﬁacti%t@Mfﬁnﬂfeﬁmﬂnfé&{ond WNRE fhirddRhatdRn e
expression in the |1 CP27 pronoter and preferred pronoters for driving | CP4

gene exppralysianapioteih wath atsireildvidly/in anqthen berpepdrysy eminadrespesPatuail (EHV 1),

Description of.t nyention rpes viruse I pes. viruses ] ude any

Virus | naan Sy BomBites burie Sh R 65Ty ciahoey growik or HBY wi
mutations in VP16 when stably transfected into the cells used for virus growth. There is little
nucleotide sequence similarity between the EHV 1 equivalent of VP16 (Gene 12; see Lewis

etal., 1997, here termed EHV-VP16) and HSV-VP16, and thus homologous recombination



i ncl udes equi ne herpes virus, bovine herpes virus and the human her pes
sinplex virus group, in particular HSV 1 and HSV2. Wen the virus of the
invention is a herpes sinplex virus, the virus nay be derived from for
exanple, HSV 1 or HSV2 strains, or derivatives thereof, prkshsuani2p08iSyv 1.
Derivatives include inter-type reconbl nants containing DNA from HSV 1 and
HSV2 strains. Derivatives preferabl y "have at | east 70% sequence honol ogy to

either the HSV 1 or. HSV2 genones, nore Eﬁre{éerably at | east 80% even nore
pr ef er'&BW‘“&t E’é‘?ttw@d“dt‘c yuyg ‘qulié’tosifB e (Pesatig thys fefyths dirgisidet o

OBt i o figiel IcbivSfies ShnilthBUAW SRE Bfrid e%tu,w of BRIV RS kLAlddRs iRAp A 1 eady
have nutations in genes, particu tations in genes 1 res

at t enugidueing @b trhfieacuiivating. prépeatisy, aet mfwBMB lfepair df SRS muBGbE 89 Heiclbgoul 7 16
(MacLean et al., | 991 ), strains R3616 and R4009 (Chow and Roi zrman, 1992)
and Rgmov@ﬂ@up%ts@ipoﬁﬁééﬂ) aII of whi ch have nutations in | CP34.5, strain
d 120 which tlon' t a 8 strain d27-1

(R ce and KA ERadSTist Ao hchelrl FaFBiTbaT bl Bhiagbhs T 2ss wni ch
has d elzﬁéddﬂ@%sicﬂtnﬁl@ﬂ’ﬁct’uﬁ? 2é1yp @ﬂtde@rleS%maht%ﬂ%o% géies in RS Virusdt&n

term nol ogy used in descri b| ng the various HSV genés is as found in Cof Fn
and Labe bomplemedteg for grawitelnraubtnge 13008 us: of\AJpratqlmwsthlamostodmgm:s fahctpanes A

mut ant . herpes virus jn the context f the present i(nvention typlcally has a

mut at | BHoRGVIES fpermplsmsnl 1deliciensy sbtiieiequivatgnt Bioffin [n 39tRese feT e@mmMet ~ has a
secondgfers NapkiShy Htcwmtf,ﬁgt@% inBlbmdfdd AT BV NG dBiaRR p ARV T O
or enzymatl c activit |on V\A ec t he se ary unct’i on of

the pret ﬂiemontoycrgoﬁaalpqu:exhrfﬁmsathéﬂ Iipds veis, vgt BUTE fro@sBdvindlgerpés dniseduct i on
in the efficiency of virus growh, but wi t hout preventing the expression of

t he po(lwéfptM’ae ot il 1994).0n the ORI Opgsing meeduca &omovariseHa postersvigtsr(Y& r al
rol e. t| 029 said structural gene typically reduces or abolishes
t he abi (?‘t %ﬁl ypeptide encoded by the gene to activate vi raI

transcri pt i Oﬂm ﬂﬂceks“l*o ,ﬁé%gm{ early
pronot ers. er e&&g{h{:gﬁwtnﬁﬁﬁ@gﬁﬁlﬁyg%sdcn pti oltlb I atgeaaﬂ%y the structural
pol ypeHavisiga hmtagemmntalehdpgatouk HSVtVIH(G%cnermraélomobgmthtrbqf which magtiov0, 80, or
90% In preferr ed e t he inventi.on, e struct ene, i s the
HeV ge RGO A 334 erggenpun e AT vie P Bllo S 1 or ent

her pes R IESraANR G RE) B8 hich prite8R0Bprsds Rk 4 O liBET pes
Vi rus ge\é%%ééﬁous%@ﬁ ‘I!ﬁe HSiV VP16 gegegjt’ ypi cal I'y has an |%seerc§t2§@(;n t hat

abol i sheith the mutantdapesvinisaad ¢ultynagthe callyling.yeerei be C@anmrepnsmeméieuaﬂad

1 989). O her nutant th | LS b bed
B R Ak L L N
see S th&¥of, operably linkéddo dm@ummcé&&mng&pfbssmnmnk@o@p@uaé BGaidi¢ell abl e for

uselnthelnventlon By a "honol ogu is neant a virus gene _that
exhi bi tlineghemusleicacidspaicagppeing (i )tCPl@%hfrﬁf ﬁ@n@ten@tmemendqgelquﬁger@@mieapondu ng

struct H@hﬁ is nmuta t herpes virus
whi ch i leE)ﬁ.[nH ?e%ér{l&g%ropaga e &fypl cal | Wéﬂe%gr%g%% é%f for exanple,
an HSV gene will be at |east 15% preferably at |east 20% i dentical at the
amno acid level to the correspondi ng HSV gene over a region of at |east

20, preferably at least 30, for instance at |east 40, 60 or 100 or nore
contiguous am no acids. The honol ogue must be capabl e of conpl enmenting the

function of Preferably: tha funstiaer] EHO(Y Pd e hemslesyens ericadedy afenpesevint gend nut ant
h 1 d dt Ho d h I
oeorn it PRIFFIRY g banide TP iTs SR T ORI BT el 2 ey e BERRT oont
in the &tmire%me BATEEfHe du!.@e h%ﬂiésbt}ﬁs BhéfabGaR RS Sk« Jifusiig vyer pes

Vi rus genorre functional gene should be no“nore tha 50% preférably no
nor e tMcp@famblB@ﬂHS\{ -HenHiS3aL virus bhe detivdtoetthateofl evel , over the entire

codi ng sequence to he correspondlng mut ant, gene present in the herpes
Vi rus. %@ ?B%”‘"Em Rﬁseﬁaé'élﬂf*‘?lﬁ‘b“ s sihichacuemailgot i de

honol o | by thase of

1! O Uk A st b A B e
to allow viral growth in the cell line. In this case, the cell line will comprise -additional
nucleic acid sequences encoding functional herpes virus genes that complement the

endogenous genes that have been functionally inactivated. For example, in a preferred



is calculated on the basis of amino acid identity {sonetimes referred to as
"hard honol ogy"). Methods of neasuring nucleic acid and protein honol ogy
.are well known in the art. Honol ogy can be cal cul ated using, for_exanple,
the UWSCG Package whi ch provides the BESTFIT program whi#Rebaang@03sed t o

cal cul at e honol ogy (Devereux et al §5;984) Nucl ei ¢ Aci ds Research 12,
p.387-395). Simlarly, the PILEUP and BLAST al gorithns can be used to |ine

up sequences (far ex lle as described in Al.tschu(. S..F..( 1993) J. Mol.
B0l . SyegaE e REPER IS e oy imbfb Sy Refingfnergnaf SSphedlaon. 10).
Many Qinfrﬁa%ia%lbargﬁ?&de@%c@%@j@?&%m& I@??SL@&BE&&QEI?F&@ @&Fﬁﬁedbﬁ ol O the

I nvention, the default settings may be used. Furthef, the-sequen of the
f unct iiovenitios willigisaicahprgendunaionh l GRddintl/oe tCBL7 dene, anapprepiiado hvede T Or

exanpl e by substitution, to reduce the de(gﬁr{ge of honol ogy between the
f unct i fnetiongltd 4andios P2 hthup ellewing groweh abthe disablad vians ingatarepr esent i n t he

o ; ' _ c arnt e o
e heni ovedn gAY Bfetld BitodiNERRMA) bk 18 AP RAR e htete D el “gene
as a rfegildn SV iheastegenBaviay e idi8e4 geateivatingCadtioon SA 16K & al

substitutions may al so be nade, . for exanple according to the Tabl e bel ow
Ami no ¥880¥sThase mhwtaniszre grvwt R cell lines eoatabmae tis EW-AND genefaed alsbyhe n t he

R2 B A L VR s ORI s GESRRI o o
char gegheard thosetteBaRMthEvituE Yhi$ prevents repair of any of the mutations in the
virus by homologous recombination between sequences in the cell line and in the virus
during virus growth. The inventors have found that in such embodiments promoter choice
driving expression of [CP4 and ICP27 in the cells is important of the reliable generation of
complementing cells containing EHV-VP16 and/or ICP27. The current invention thus also
provides cell lines in which such promoter choice has been optimised. In such embodiments
it is preferred that ICP27 gene expression is driven by the ICP27 promoter and that ICP4
gene expression is driven by the ICP4 promoter or more preferably by the MMTV LTR
promoter.

The mutant herpes viruses produced by the process of the invention may be isolated
from the cultured cell line and, optionally, further purified. The viruses may also be
formulated as a pharmaceutical composition with a pharmaceutically acceptable carrier or
diluent.

The present invention also provides a cell line comprising a nucleic acid sequence
encoding a functional herpes simplex virus (HSV) VP16 polypeptide homologue, operably
linked to a control sequence pennitting expression of the polypéptide in said cell line, which
nucleic acid sequence is (i) capable of complementing an HSV VP16 gene and (ii) unable to
recombine with the HSV VP16 gene,and wherein the cell line comprises additional nucleic acid
sequences encoding functional herpes virus genes which complement said additional functionally
inactive endogenous genes.

Preferably, the functional HSV VP16 homologue is encoded by a herpes virus gene,
more preferably an equine herpes virus gene, for example gene 12, or a bovine herpes virus
gene, forexample BTIF. The mutant herpes virus is preferably a herpes simplex virus (HSV)

more preferably an HSV-1.or HSV-2 virus or a derivative thereof.



4' February 2003 _9 Honol ogues of herpes virus genes from particul ar herpes
viruses (for exanple HSV) can be identified in other viruses in a nunber of
. ways, for exanple by probing genomc or cDNA |ibraries fro her
viruses with probes conprising ail or part of the HSV gé%&ﬁﬂwgog ndi tions
of mediumto high stringency (0.2X SSC/ 0. 1% SDS at from about 40C to about
55C). Alternatively, species honol ogués may al so be obtai ned using ’

d te P ich wll i desi dtot t, . ] i thi
the var| ant CaHaNG) Pt bE e edteBih s uar ety et it SeREe. The
pri mer goMipkdm&REE & AhO R8I Afne"RYr viFRISRMRA 8z RS Witk T aRd i 4 pRHuUsed ax

stringency conditions |ower than those used for cloning sequences th

si ngl e cemplameratpm ofenstizg@igrattakinonn tisggue for 88 16 using ekeaViPl €equitvaieBSC at
60C). In the case of HSV 1 and HSVfZ_ u\iﬁ itrcgi gﬁl garti.cul,arl% i ncl ude

mut at i §FPN ARO e@&%él%ﬂ‘m@n@mwﬁer PEpncdpidf-PEhatsingcgypied celhlines
trans-agti i JV] | f - i i tryctural
oo (a5 UtiRBeITRekidotcroV TRl 8 a1t Mt b BBrlold Gld™ 1 e
st r ai NgirjvingVBxprbssion ¢ 1EP4mAHACPRM$n HRvRllDE émpbRalt e durr@Sevdakivn RIggUi ri ng

the use of cell lines also conplenmenting these nutations e.g. |CP4 and/or

| CP27 fabso piovidessell dines in Mhiebtsueh dromefal ehglaerhas begn pymised.f Aoprsfasredot her or
bot h of these genpes c in inactivat.i tions. Preferred viruses

el uddPEONE TRt Rt PGS PEACE SRPROR ARt e iR ZPRBRET at i ng
functi 2 afivide 1£84 (g'eRQ@iqﬂ}fé‘srsidﬂ' ihQlubid e MRUMNEL TR ARK ﬁtll"ép?roﬂ{otérg.e genes for

| CP4 an 7or 1§P27 or edquivalents in HSV2) such that there Is no overlap
between the DNA renmaining in the virus and that in the cell |ine used for
virus grow h, Further inactivating nmutations nay al so be made in the virus,
for exdpppied Pesqrptionof thedaverdion/ or 1 CP6. A particularly preferred virus
woul d include inactivating nutations in all of these genes. The various
other viral genes referred to may be rendered functionally inactive by
several pt echpjewsim@lsl known in the art. For exanple, they may be rendered
functionally 1nactive by deletions, substitutions or insertions, preferably
by del eti on. Heeesvirases indyderanyonms pmt isiaongmbst phthe danidy herpesviredagn lihis  gene.
For exa , del.etion of only. one nucl eotide . may be made, resulting in a
e oRBkEes SRS AsTPesginf dplis Dt g g aiBhe Rep il it il o a

| east 2x%. {00 RSP ah@povat | east 50%of the total coding and non-coding
sequence (or alternatively, in absolute terns, at |least | O nucleotides,

nmor e pref er abMheatthd wastofiti@dnventioads a bepss smugdex pingsf theafuy magtbeldessed | 000
nucl eotides), It is part.icul arl\yzpreferre to remgve the entire gene and

some o:‘ffPWe for sxamplg: SENLREIS VT Rb@msctr dapiptieelerre) PirearaRly RIR¥ L.
oot PR ARGEIERATACH RS-0 okl DUATEm BV InFESYPHEM1C case

of the pereatbres peifagb haes aelBhdt FDYS tdquerice hamogl Ypeiftier des, HSVear HSW2 i s not

desirable to delete | arge portions of the gene. However, snall del etions,
i nser t i ganOMmesdmere preferably at leosts8(Payevsa masel proferably st ast %t er 9¥earidtbght e t he

T N ST A e
reconbi gat il%&&ﬁ&@ﬁ&aﬁ@ﬂs‘ in Fé;&%ahﬂ:ﬁzm}%ﬁnﬁ:ﬁnk bffdntdthdthE&utid attdn@htigreanpl e,

HSV genom ¢ Is transfected together wwth a vector, preferably a plasmd
vect or , ofcthapyiusi Rgarmples ofiswhetrusegnelnde stfdim hKd(MacLbamed dg 921 )HSYxains

sequences, . Jhe t at sequence 0 i el etion i psertjons or

Subst | ;ﬁ?ﬁ b%@}dfnghogéﬁﬂw@*mwﬁ%%w ] @ﬂwsﬁt %ﬁ?ﬂéﬂpgwhwﬁga‘é%.

I nsert 1 ong {HR¥ %@3&%‘%&5}18%@@&@% K&lietRRE FCP4 Del RXAPMY S hé@gzstraixpr .
screeni’ng reconbi nant 'viruses by, for exanple, ~3-gal actosidase activity.

C. Het ed27-0a@ice gahEsaipend99@)mohieh shashedeldtion e JCPP7) brestiaivy @02 iwhichraygs carry a

het er ol ogous gene. The term "heterol ogous
deletions 1n both ICP27 and ICP4 (Samaniego ef al., 1995).

The terminology used in describing the various HSV genes is as found in Coffin and

Latchman, 1996.



gene" enconpasses any gene. Although a heterol ogous gene is typically a
gene not present in the genone of a herpes virus, a herpes gene nmay be used
-provi ded that the coding sequence is not operably linked to the viral
control sequences with which it is naturally associated. 4Fgbryasy 0%} ogous
gene may be any allelic variant of a ld-type gene, or it may be a nutant
gene. The term "gene" is intended to cover nucleic acid sequences which are
capabl egof bem%ti%gskggﬁﬁgﬁt@ﬁgi bed. Thus, sequences encodi ng MRNA, t RNA
and rRNA are definition. Nucleic acids may be, for
exanpl e, ri banweheiherss vitud MY covtextErby/prefaniuotfion astAly (RN RLHGal ogues
t hereof . Sequences encoding MRNA wi ||l optionally include some or all of 5
and/ or B1 2 generencedibg @nigssentink stenaBial tpely peptadekthichas e geeonclery mat-strudthrg] or

ot herw se, ..associ at e ith the transl.ated codi ng sequence. It may .

opt | onalistpEr O e i ipHandl cCORtar oh CEP e A BTPonLRe EAtS wilbquences
nor mal | y¢ras HRCde8d RryMuhBridd 6t th HBRG %@&ll?%lﬂl@?{fﬁémalfa&rivag?&ﬂ, fting in
transcriptional stop signals, polyadenylation sites and dowhs ream enhancer
el ement a.rediicton &t the effigency cfevivas pwytindut mithotteuieventiog theeexprdssiongdmnhere by
honol ogous reconpi natiogn of HSV strains wWth, for exagll e, plasmd vectors

h
car ryi n§obyrertisithisalloyang thserlyrepidske folB it pitpcaugl ralse dde nmpatiopinesaid ogous
. i . . . ;
Qonpr i < el beRUGERY Rl op hdBishe attLfy oty bide BHERIN B BEL |

the art geddu® abe¥R¢ Gk GAHSriPEOR, iPAtiOGad thihedri®@niifltifed HBBmindrddiste at any
| ocation provided that the virus can still be progggated. It is preferred

t hat t herdraetersol Bgoeducjndniviral nensetipiibn mediatad by shesinicalrabpolgpeptide is
transcri bed sequenc f the heterol qgou ne 15, preferably operably Iinked
to a co@?@?ﬁ%%aﬁaé’ﬁggﬁp@toﬁ‘? WFFEH%I%QB%&ZQ’% ’%‘fé(?/ﬁe het er ol ogous gene in
manmal i an celg S, prPfeREE" Hinfel LB tHfin{dMiof SME sRlicARd [ n ous
system The terrﬁr" gperaegﬂ? lI I nked"” rlgferg to aS jfjxxaggrgfir%siwgg \élr'%h% t he
conponerheodins MH16@12488, oma homelagiie dresdufpfoprd m ttdifferehhBepto virugiCloron i n

their intended manner. A _control_ sequence "operably |inked" to a coding
sequenc EXARPle; qgashernes Jifus sane i orthoxinedigpes yupg gesi BT e HordiRY ¥Rdfence i s
o quencaeE el b BREEATRR OGNS Bards i SO B IS RE Expd e CO0 e

and a sigdak of A98YLOihBahuentsOfith sirilarbretticdhavd ilso BeeamRE@ bel $ncledigagt ed
frompronoters which are functional in manmalian, preferably human, cells.

The pr ororacatiern obike deidie edlivatiomdpmainsi 1S ¥ Aliér{e &s sesf Smilknrly Bt.i andgknes.

For exanpl e, i Vo.be a pronoter derived fromthe genone of a cell in

whi ch eﬁ‘f’_ﬁé‘éi Igﬁ%gfsqcﬁénwg’f‘ﬁfﬁla&.‘fc?ﬁgabd%ﬁoé usg Iy 1ge Jre O preferably a cell of
the mammal i arByC@"Edn%lo?Se" RES MRARY AinRQeMOtRat SMFbiRBeqWWHCE hbEIRRES! %tt e

eukaryotic pronoters, they nay be pronoters that function in a ubl quitous
manner (asniohacd lgyeb tothercomespoadmgsirugtutalibarpésmirus igenawhishniatnuwetd/in the

ti ssue-specific manner (such.a ronoters of the. es for pyruvat
ki nase) . s VY highelt é%fsif’{;’@git?l pé?ﬂaﬁa'éer?&?‘%ﬁﬁ’eﬁr plogys Pt ipses are

especi al e . e i X vkl OF
et on SpunPls AP S e WNBEATRS e pleftray B0 00 MGl of B 11,
r espond acid lewe & the corréspatidling HSV gene auglaegion 6Ditdest 20) ?tefaiam@ ab 103 0]

hor none receptors, Viral pronoters may al so be used, tor exanple the

Mol oney fatinstance at Inastet; 60 oF 1Q0ormnsgcantighpusamipe prids Thetomalage muside

t 4 R R t the h t i i
(o | Ep R A nlt b s TR RS ol e o B R B erent o
of the loAthdmatit RérpeLein@that TRl deSirdSBYpbrakh. PIRIRES, 85laR58 AUERIddIREE | S
the possibility of achieving | ong-termexpression of heterol ogous genes

duri ng Ireccahiyationn bpiaveen cthie afunctionab xyruetisal oherpess situs eganen presentngn  the
essential ly. of LAT. P2 regj gn, which does not itself here act as
pr onot erc,on?lpilﬁwging &l IHF’O?F%{ g}e BH@nLEHE RIFIFND §b e S@H%? Vifug E%R‘”B?’d‘g‘F is
especi alyerdhsll gk SHodlYBIfd AVEOthan 50%3plefdtabidn¥ n?d0 than 40 or 30% identical

at the nucleotide level, over the entire coding sequence to the corresponding mutant gene

present in the herpes virus.



_i2_ The term"long-termexpression" is taken to nean expression of a
het erol ogous gene in a cell infected with a herpes sinplex virus of the
. invention even after the herpes sinplex virus has entereg IgtenCé
Preferably, this is for at |east two weeks, nore prefera f? Hary 9&% one or
two nonths after infection, even nDr%_preferany for the life-tinme of the
cell. Expression cassettes may further conprise a second pronoter and a .
second het erqi u ene.operably linked iin that order,to said HSV | AT P2 '
eqion and. | TGRS ToaR e Rhahd eSS tome Pk 8 SERkhSvER Srartred &1

het er ol PYRIVBe GRIBRIIMAVYRhE DRI 1136 R tHétQHH{eﬁfres%ﬂgc&%‘é%&’]ﬂo@ﬁI lﬁfn%lQ%f“s gene
are the sane as or different to the first pronoter and first heterdl ogous
gene. Tiswslcelatedpn thefbapis ohmhimo Abidtidemitp@omstiges exfemedtonas thad homolges). t e
orientations fla single LAT P2 re allowing the | ong term expression

" ;
of pairs of M@%h@?%?’gﬂ%é‘“ﬁ%ﬂ'é@?w\%ﬁ‘idéﬂg :R%C‘BQOFH%O%Y%WGH kgpyRdn tseart dri ven
by the ﬁ%%lo%g 2 bd EN&NAER ﬁﬁﬁg,tftﬁf]gxag@gé,ttﬂéaﬁ"w{i@(} {’eﬂ%agé QG first

of. .1
het er ol ogous "gene may regula rressi on of econ pﬁ@?@?ﬂﬁ%gous

gene (OBESiI‘FH-pr%x‘éﬂ))whﬁBHEin tellist @il ldulysharheope dbevepaitti dr DN 984)RRIAE ST ON
cassettes and other suitable constructs co r|5|ng§the het er ol ogous gene

and condridk Ressgueérider 38439 e Samderly,dhewy akBEASHiatgprithmb pamhesisenown t o

persons skilled in t art (,see, far ex I r,aok al.., .1939,

ol ccul Hrineprasnecsar Bipae 6 geshihorin ATBERY ST ogS s it b0 e Lar
P2 regi §§o;'z§n§aﬁm,esdﬁf bed1950) B/ Bia! 20 h6RI 01 L RBRG- dALRLD s@finddNe !
strain + (GenBank HEL . fromPstl-BstXl sites), fragnents or

der i vat pysiblofor sinihprogminan Accodingdiorthe invemtdcg thesdefagi smiingsfmat beisedSV 1
strains and gof HSV2, which are capable of provjding a |ong-term expression

cgpabi lity tg?r;ﬁbecsnmee?eguertse\m"i thm fepipnal #ruciuRe genq mayeRe moléiﬁeéleat t:
t . t
o s IRy 18 BLAPRLTT R0 0l LGRS oPBeL Plpeldite) SR B 1

expression o

of the G@lctiondl PesChriebeu IpaRT e itk ahBhd AURING pohe SRR IS HRThAPENIARDOUSI NY
the pronoter can be regulated. For exanple, In a preferred. enbodi ment where

nor e t haeduomBirther the pbssgulity of egrenibindtione Ffbmahrbﬁacﬁihéedm@é gbmgingthe

t | d [ t ' tqg the tet : [, VP16
tr anscr PRRIRAT SeAYCH G BF (sdPBH Bgo i oulbofdheifearigey REbAEFTEFOMEUS gene

the expressi egnQfvailt ShbdtitutioRs Q’f‘ayrag%lbélﬁﬁ@e foPex ARFRNM c AU Rhe TR

conprise a strong promoter (e.g. the CW [E pronpter) driving the

expr essibelowofArbine atids inrthgsansstdodVR the fecbod canmpranti preferabiyls thesateilmeexanpl e
expression of the first heterol ogogus gene woul d depend on the 4 February
2003 -I3“BPé@§L%§mBP“55§€ﬁ€@“6@3 é??%f@éﬁFﬁe In addition, any of these
pronoters may be nodified by the addition of further regul atory sequences,
for exanpl e enhancer sequences (including elenents of the LAT region).
Chineric prpnoters nay al 50 De USed conprising $equence e1éﬁﬁnts fromtwo
or nore different pronotef i bed above, fo gwple an MMV LTR LAT
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4 February 2003 -i4 the enzyne has a suitable signal sequence for directing
it to the cell surface, preferably a signal sequence that allows the enzyne
to be exposed on the exterior of the cell surface whilst remaining anchored
to cell menbrane. Suitable enzynes include bacterial nitddebmay2803such as
E. coli nitroreductase as disclosed ip W93/08288 or carboxypepti dase,
especi ally carboxypepti dase CP& as di'scl osed i n W88! 07378. O her enzynes

may be found Iéﬁ;?fgefere e to.EP-A-41.5731. . Sui habl e prodrugs include
ni trogen nust lﬁg‘bﬁrogg@%ﬁi’dmég?@ﬁ TBB\Pﬁﬁtﬁﬁ‘g@ UM @5@‘%@555’% in
V088/ 0734 be WMEAEEL %égbzpemg{%é&%%ﬁxmﬁ 0 84 an%g%rg%ﬁigﬁﬁ?%%o&at ed

herein by reference. ter ol ogous genes nmay also e

pol ypeptdites libariesisadafonatet vigwes Witk fpesbabbymprisihy dhbd gendCihe eipeald des
are derived from pat hogeni c organisns, for exanple bacteria or viruses.

Het er ol dtpgerscoydigans pmedivm do highstimgensyREX KR4 % 198 abframpatoub A Eiong

~3- gal act0s| reen fluorescen r ot e Q enes. whpse pro ts
regul at eét}oﬁtegg;grgfstes o) vegrf Spgflﬁsego%(gﬂéuse Qf"fa d ralsg%gr?%fagn,egtuflélﬁsc@g? Z?“E)Egﬁ

regul at ogiich FRIRE SrithBS héﬁgn&gtow%et $clierlc@PKIRBS O 43 AnkGnd RGRSIEEAAEh QAR
activator fusion protein described above). Cene therapy and~ ot her

t her ape utdnsereqoiTiingadidseguaness. mprimﬂqwillrcemtaimemadmhnﬂesltgm'rat&pcmftidﬁmﬂd ple

P ot mentIbge (o4 2 TgR Ty DB PUREA BB fof K igoeniey i inel
appropri : ‘ﬂﬁ%é |10 LNghopqpabi lities of other
vi ral ve%e{clger&égé@g%néggﬁgéow ?Y%P%(tdé%ro %%ggglgg@s 2‘an be acconmmodat ed

within its gemahecasdbEHSY bkl HS VI sieksigiheparidul hrbpistiudemutichs ifthhegdh this
could be achieved. For exanple, nore than one heterol ogous gene and

associ at B VEdA(Ybt8 wkjdlerhndish erveduse the transagidvatiag acivity of thaptotaumathosSy
strain. | ul.d al so be ssible to us air r ter.s (the sane or
differ en?ftf?f:{\@%‘fé?@f“ﬁé?lﬁgsﬁenpodﬁﬁ%prce% ieéﬁ?aﬁ%ﬁs?g‘%ﬁﬁ’ RS @R ral |y
l'ocat ed | ALdB3r&heIBRbich R@S EmBLASTRIRNVE b&AGHCIHAdd bH&iﬁl? ?ech’ﬁﬁ’ﬂéﬁlg WeDop! 2
het er ol ogous gene (the sanme or different heterol ogous gene) as descri bed
above. Ecelllinesplsenemplagesing2zhdsa maltatipesg. [CP# atdler OR2 Biar SV H os eltgience
present in the cell |ine of the invention, which-encodes a functional
st ruct ur BinCHabeuivaleRLs "plé%%égpv%r, otfir qr bgth %ff}%et&snmt@wtlmg aps
the acti .ty rJ; ' y ' . nt
ner pos. viiiof bR ARSRIRM AV 3 B P EaRRRRN In IS dbolilftnf he
transactivating function of VP16, together with the complete deletion of the genes for ICP4

and/or [CP27 (or equivalents in HSV2) such that there is no overlap between the DNA
remaining in the virus and that in the cell line used for virus growth. Further inactivating
mutations may also be made in the virus, for example in ICP34.5, vhs, and/or ICP6. A
particularly preferred virus would include inactivating mutations in all of these genes.

The various other viral genes referred to may be rendered functionally inactive by
several techniques well known in the art. For example, they may be rendered functionally
inactive by deletions, substitutions or insertions, preferably by deletion. Deletions may
remove portions of the genes or the entire gene. Forexample, deletion of only one nucleotide
may be made, resulting in a frame shift. However, preferably larger deletions are made, for
example at least 25%, more preferably at least 50% of the total coding and non-coding
sequence (or alternatively, in absolute terms, at least 10 nucleotides, more preferably at least
100 nucleotides, most preferably, at least 1000 nucleotides). It is particularly preferred to
remove the entire gene and some of the flanking sequences. Inserted sequences méy include

the heterologous genes described below. In particular, it is preferred to insert the



-1S to propagate. Typically, the functional conplenenting gene will be a
honol ogue of the nutant endogenous gene. The identification of suitable

- honol ogues, where not already known, is described above. However, as

di scussed above, the functional structural gene nust be #fighuary 0¢3%conbi ne
by honol ogous reconbi nation with the nmutant endogenous gene present in the
mutant virus to repair the nutant ehlabgenous gene. Thus the Level of -
nucl eot i de, honol ogy beig;??en the two genes nust be such that honol ogous

r econbMHEIPIOSAULEFTEHBY ur between the two sequences. The appropriate

| evel of nuc i i I ISk ri above.
The functi Onﬂgﬁﬂi?é}ﬁg?ﬁ%ﬂ%ﬁg%nﬁéﬁ%ﬂlaﬁ%g %JS?S?%@ER’@S?@???@&@QF%E% rom a

di f f er égsirdbleus deletet lagzerpottiorts of nistogeneo Udowere, snsilicttlanng ididrfieisemtd/ori r al
species. Thus, for_ exanple, where the nutant herpes virus is an HSV with a
nut at i sHbstiftipRsmay, BpBeAsaPYrsiadaabragite thedestred aivity elgs exgmple ans

honol ogye of VP froma differe irus, for exanple an equi ne herpes
virus 8‘3}?@‘8&%&65’]@5%%1%5%& a(/' ﬁjgsg\SBTlF gene or a VZV ORF 10 gene. A
parti cul ar | yvpfistfoRs hRAMYIFnhO nEPEY ORGSR b§ HoRRlogNS RLELABIBEBE rethddsom EHV |

(nts | 3 505-14944 of the conplete EHV | genone [ CGenBank file
HSECOAse B tBgibasd skilladhiar theiart. iFor gasinpled HSY genppaigddNAais teapsfestedor

bovi ne herpes.virus which as a nutation in its endogenous gene_1 r BTIG
comen IESHBEVIMh Brocton eelafly aplATBI L o ST B AR aNeRE s &
codin ' UBRG i t. .

pol ypglp)? ?’gg’%@g‘é%g?gbﬁ‘gﬁ“?%ﬁg&t 0 a%g%%%éégllge éggggﬁgg@pdee?égoﬁ [ lﬁ%ﬂé?(npsr essi on
of t he opehiyepiondgeall of hixdl hay baeoadtridiel by vemink eethniGaks. [rseg®ndmdyhe

invention are typically mammalian cells and therefore the control sequences
wi || béncledeselseiobly maskerasaess for gpamble laaZ, fenserepwing regombingahviaisesby. €l | s. The

v

control sequepnces may. be constitutively active in the cell line or nmay be

i nduci GF¥P 51@'@3%?‘85%8‘7&3"@?’“%‘%uences are described above. F. Cell lines
Cell lines used in the invention include any cell line conprising a nucleic
aci d sequence encoding a functional structural herpes virus pol ypeptide,
oper abiG; | i nketbrologeuscmmes ad wequenrse perm tting expression of the

pol ypeptide_in the C?II,Iine. A suitable cell line ig a cell |ine which

hosts her ped h§iviHEssOt ednyssition may GRyadeteroioreyy gepe- g tergy [hetqrplggoyss 5

manmal i ' ] S ' 4 2003
"6 ThatHe RRombLBE S HnE>ARR NN FoloddTEB S bl glF p pendnd iR Y 10
from orig thd peronvdof A heages GAAR] & MeRjest denegnambh wid providedrthut thescadingwhi ch

t he gene for the honol ogous poltgpepti de has been nutated. Preferred
pol ypepequeage erdtopgrably bakedrtoithe viral centipd spayesres wish wrhach jtrigsatugglly al so a

second functi t he inactivation of whi .reduc t.h fficiency of virus
o ont n 25ttt T Berflagdus eRhi Bk R s s B CAHGES i Giek BERERE R Bl 0 s o
the type Jd8s@hi fod. The A 'Qend! is intkRE& & covel h@deid BEld Bes W% alen the

gene for VP 16. Preferred cell lines of the invention thus containing a
gene f eapabieoffbemgtat teastitranspmibed. Tt sseqheng@s dncodmg axR A otRiNA and rRIN& sre f or
exanpl e ge 12 .fram .1, BTILE fraomBHY, or ORF _.10.from VZV, l i nes
expres é{“gb&g "Y@HE f}?‘ﬁﬂ‘glfyﬂ%‘}' p‘g‘é"l?}f‘ F‘B’gis ﬁ%%t ﬁ’r" SFAmRIEaF H’é’ﬁ"t‘ﬁr’?&’é aﬁ%&ﬂé‘l‘)p roduced
by sta eg,q;m;om FSAE =t i | i ihe miQ npl e
Ver o o?)q%fHK cell g&%ﬁﬁ&lg@% 8’&8?‘&%?2?5;?5?)%5 a Iadseﬁ‘irag&gié}gor, %oﬁ%l?i sing a
nucl ei eptionallydnciadt sund drell of 6lantilor 3! trasksipeitiut detrasiatedflankigaequepces er abl y

a plasmd vector, encoding, a selectable marker, for exan?l e neagnycin
resi st aausallypopadsrpse assosiarg wih theiranslatsd soding Requengee It may opiipeallyed

examp! duiffe BRSOk E iR Bio Rl S0y SIRE AR PRRMRAEO ALY RERMCC, L1
HSV st rtainBsribed Sbqi@nb®! R dXaltpR\arisripaiie s@bisigral, polyhdyRtibn sftey aixanpl e

as described in Rice and Knipe, 1990). A particularly preferred cell line
woul d Islewnsisesan erhaBegC elements.o cel |'s, and contain the EHV 1 gene 12 sequence

together with,the gene for |1CP27 .and/or |CP4 or equival ents, from HSV2

a1 Tow ng t he ToedSRReN Brmerey it recred e £, FH A ATe D BRSIEDR 1o,

t oget hgecopifatfondf MV 4RSS WitR b ckaRPI& I 2Rfd 'vectbﬂa%mgﬁamgfmerb@@a&s and/ or

| CP4. Preferably there woul d be no overlap between the inthe cell line
and t hatene Sandiedibyd1$ Vi s¢quensdsr (The thetebelogows/gene pragnbenitravipcedemdo a swifablehe

i nactivating nmutations in the virus to be grown by honol ogous reconbi nation
between DNA in the virus and DNA in the cell line.



dell lines expressing | CP27 andlor 1CP4 are knowmn in the art, for exanple
V27 cells (Rice and Knipe, 1990), B 130/2 cells (W98/30707) or used E26

- cells (Samaniego et al., 1995). These cell lines may be utilised to produce
a cell line of the invention. However, as we have found $Febast 2003 ce
driving ICP4 and | CP27 to be |rrportan§‘|n such enbodi nents, the current

I nvention al so prOV|des for cell lines”in which such pronot er choi ce has

been opti dHyL | CP4 expression fromthe | CP4 prom)ter or MWV
TR or OrRASER SO0 TS 17 BFOR PR FERP HEHE vl rpgmrnar y

2003 Th
Exanpl ot an aper ok B AT L PR D e & G abuybylieatBh YR
EXAMPLESh#iSke ilrﬁmcdnemﬂll sbepropagaeeds It éf prefeedd that the }tctteotbgbthmgﬂnegs ifxEal es
refer to GenBank f| | e HE1ICG. Exam~ie 1 EHV-VP16 can traps-induce HSV

i mredi atigtoegrassengahgensr onot ers.  CAT assays (by the nethod of Gorman 1985)

ranst o ace geris TGt ReARMLE of Rt o Rulistab i N LARIERR Gl of ooy
(pl GA102, c@dt@f@@g@ﬂ@e b:ﬁﬁaﬁllg eghesidivef the Herkdiogsus aede Th Iny@irRdIRLbeli987)

were co-transfected into BHK cells together with either a control plasnid

( pc DNA3; prefevably cajisrof, thc)cerslrai‘rahfiipﬁxp;b indeyopgxstonhi The wirmieperdyliviedd ( pCW
16; Moriuchi et al., .1.995 - VP16 se ueng had been inserted, S wy of
each pl a& f%lt%a)é‘xﬁ@@%}“ﬁ‘é é@f‘?ﬂ?ﬁer} ‘c'fc% ?ﬂiﬂf? ith3 rlatonsiep permiting: < vver e

f |
per { o Tegleflo G4l 1b§ﬂftﬁexrm§hd§ﬁ\% ? REHRP R RhcE VRS finikddC [N Rafe Y25

construc nsertion P 16 seduence into t

sites of sqaaéMeds igaed i sage B)wefgrfthetre)dpﬁdsﬁas of fhe codipg Ebdedésigactiyvedivgdert i on
with EcoRl and Xbal into which it had-origi naIIy been cl oned. Results
Resul t s egqndlitiine pamaatibip avithy the gortrelissauedret he ' 4C | abel | ed chl or anpheni col

e R A S T e e
a1 CPOH R B B B e Fomt ] 1m0l GRS TTENC UPresa,
381 CP27EWliickRic@ictidvl BRdaomiatian, Jicfe@blytradg)cellr. The promtddr@RyheMenidl 675,
63 from promoter sequences of eukaryotic genes. For example, it may be a promoter derived
from the genome of a cell in which expression of the heterologous gene is'to occur,
preferably a cell of the mammalian central or peripheral nervous system. With respect to
eukaryotic promoters, they may be promoters that function in a ubiquitous manner (such as
promoters of a-actin, tubulin) or, alternatively, a tissue-specific manner (such as promoters
of the genes for pyruvate kinase). Promoters that are active in only certain neuronal cell
types are especially preferred (for example the tyrosine hydroxylase (TH), L7, or neuron
specific enolase (NSE) promoters). They may also be promoters that respond to specific
stimuli, for example promoters that bind steroid hormone receptors. Viral promoters may
also be used, for example the Moloney murine leukaemia virus long terminal repeat (MMLV
LTR), the promoter rous sarcoma virus (RSV) LTR promoter or the human cytomegalovirus
(CMV) IE promoter.
The HSV LAT promoter, and promoters containing elements of the LAT promoter
region, may be especially preferred because there is the possibility of achieving long-term
expression of heterologous genes during latency. In particular, an expression cassette

consisting essentially of a LAT P2 region, which does notitselfhere actasa promc;{er, linked

to a promoter and a heterologous gene in that order is especially preferred (W098/30707).



These results showed that EHV-VP 1 b could trans-activate HSV | | E

pronoters to a simlar degree to HS V-VP 16 for the i CPO and | CP4

. pronoters, and sonmewhat |ess so for the | CP27 pronoter, ich is,in any
case | ess responsive to HSV-VP16 than are the other two %W?@r%dosested.

Thi s suggested that EHV-VP16 m ght functionally conplenment HSV VP16 nutants

such as inl814 (Ace et al., 1989) i A%Whi ch the trans-activati ng activity

has been regjﬂced, AT expressed.in.the cells used for virus grow h,

orovi di ng cAPF i eng e eXRIRSOR S Bisr10 mean SXRESSIAN FghstezrIEeuseane

pr opag | L5412 L ; MY : - VP | d growth

of HS vmft i Eﬁé@aﬁkﬁegﬁ%mwﬁ?ﬁvgﬁ%ﬂk%ﬁ%ﬂ p‘ée?{ll rreﬂ'?{se %egggﬁlggrned to

det er myitas Wiadnksed ednky) Pretgalsio thiziinfon gt 1EkViwEwaeks¢ mot¢ipre fngt] ¢ BElBAst
deficiencies in virus growh caused by nutations to the VP 16 gene which

ot her wose optewmanths afipewnfectiparpyen smore prefesably for|the biediroe of thegald. t hus gi ve
poor virus owt h. BHK gfl | s ){) l(E)Llhwn I n DNEI\Q +e1%00 FC§i tbot thi bco, ,at

370 SYC02) ESPPANSPETR Y 3{’ & PEIHBE el g Mgty gand @, secopd iy ) at es
Wi th phagrdidsozUeheioperBlEiihR indhYorder 8 RIICHBV(DAP)PY RsgicH AlcCH el ect abl e
mar ker gene (pc 3), or neo together EHV VP 16 under the control of a

pr onot eppasitt GEHmiosdq tlenist proorAINE first Aktesologousrgshe wthiermin s 3800800
p.g/m; G bco) was used to kill non-stably tr&géfecteg éells and pl.ates

al | owe@remgolF 8Rd 55end hegrplogovggene arrdhe 3s PRILIEETF 1the Bist pramotsriagfes to

al I ow %r&%ﬁeréﬁgﬁ%ogg%?ﬁggayﬁr%féfJ@?rméﬁéﬁBﬁoﬁr&n%g&M@% sggasgtg' virus.

Thi s procedur aver ag ect on"the nutants test t he
EHV- VPLgicgtifiena fithit Being®nL AT P Peggoroatlofying \thd loag tterth exprtsifvdd ofvsiisaifi on

whi ch woul d have occurred if colonies resulting fromsingle transfectants
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 of the second heterologous gene (or vice-versa) under suitable physiological
conditions.

Expression cassettes and other suitable constructs comprising the heterologous gene
and control sequences can be made using routine cloning techniques known to persons
skilled in the art (see, for example, Sambrook et al., 1989, Molecuiar Cloning - a laboratory
manual; Cold Spring Harbor Press). The LAT P2 region is here defined as HSV1 nucleotides
118866-120219 of HSV1 strain 17+ (GenBank HE1CG: from Pstl-BstXI sites), fragments
or derivatives of this region, including homologous regions of other HSV1 strains and of
HSV?2, which are capable of providing a long-term expression capability to promoters to
which they are linked.

[t may also be advantageous for the promoters to be inducible so that the levels of
expression of the heterologous gene can be regulated during the life-time of the cell.
Inducible means that the levels of expression obtained using the promoter can be regulated.
For example, in a preferred embodiment where more than one heterologous gene is inserted
into the HSV genome, one promoter would comprise a promoter responsive to the tet
repressor/VP16 transcriptional activator fusion protein, and driving the heterologous gene
the expression of which is to be regulated. The second promoter would comprise’g strong
promoter (e.g. the CMV IE promoter) driving the expression of the tet repressor/VP 1 6 fusion

protein. Thus in this example expression of the first heterologous gene would depénd on the



4 February 2003 19 had been cloned in each case. Results show the
virus yield/well 24 hrs after infection at a nultiplicity of infection MJ
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viruses can be grown t ear w type Teve

| evel obroasutel(Eokms@ird e/l eIy ogirenivers doneptisingatentniy ofued. Ay rdghth (s usi on
of HVBA in the nedia which has previously been reported to increase the
ef fici eabgvedf growth of HSV with mutations in VPI6 (MacFarlane et al .,

of - HEV PR ETEoS BT B o R B B~y B M e opar e

1992).
growt h
by the

Tt dIRHGisRRTY L tRIe MiOgSIL QUirthé®rs ihdladiag R&lrb1Osph fBwth factors
(such as brain-derived neurotrophic factor, glial cell derived neurotrophic factor, NGF, NT3,
NT4 and NT5, GAP43 and), cytokines (such as o, B or y -interferon, interleukins including
IL-1, IL-2, tumour necrosis factor, or insulin-like growth factors I or II), protein kinases
(such as MAP kinase), protein phosphatases and cellular receptors for any of the above. The
heterologous gene may also encode enzymes involved in cellular metabolic pathways, for
example enzymes involved in amino acid biosynthesis or degradation (such as tyrosine
hydroxylase or GTP - cyclohydrolase), purine or pyrimidine biosynthesis or degradatioh, 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
heterologous gene may also encode transcription factors or proteins involved in their
regulation, for exampie members of the Brn3 family or pocket proteins of the Rb family such
as Rb or pl107, membrane proteins (such as rhodopsin), structural protein (such as
dystrophin) or heat shock proteins such as hsp70.

Preferably, the heterologous gene encodes a polypeptide of therapeutic use. For
example, of the proteins described above, tyrosine hydro'xylase and glial cell derived
neurotrophic factor can be used in the treatment of Parkinson's diseaée, rhodopsin can be
used in the treatment of eye disorders, dystrophin may be used to treat muscular dystrophy,
and heat shock proteins can be used to treat disorders of the heart and brain associated with
ischaemic stress. Polypeptides of therapeutic use may also include cytotoxic polypeptides
such as ricin, or enzymes capable of converting a precursor prodrug into a‘cytotoxic
compound for use in, for example, methods of virus-directed enzyme prodrug tﬂerapy or

gene-directed enzyme prodrug therapy. In the latter case, it may be desirable to ensure that



only an I CP27 containing plasmd (the | CP27 codi ng sequence pronoter and
pol 3~A exci sed from pSGL30BS [ Sekul ovich et al 1988] with Sacl and Sphl

. inserted between the EcoRl and 4 February 2003 -2a Sall sites in pPG&GKneo
[Soriano et al 1991 ]) or the I CP27 containing plasmd tbhehmary 2003h
pcDNA3/ E. This showed that in nost cases better growh (as assessed by
growth curves) coul d be obtained of "iruses deficient in both 1CP27 and -
vVmMve5 éh\g/Pm; HSV 1 nutant. 17641 27- 12)R20) using clones resulting fromthe
dual t thesanEeg hasa sutkablesignal sequaspt fordissuag driedhe eplsyutcemryferably er

pl aque n I hactivat v P.l 6), w,th ar wthout
del et i %ﬁl\!‘\%ge q@ggﬁa@lg&%ﬁgﬁm erctglq%gex §% da%g%%?‘ @g he ‘i"ﬂi SWrASs

1764/ 24mi1aRen59AE ahithord BS\GRILAEmbe. 11886k 228mek9fRRlde bacterial _
Bst XI])/CWI/ |l acZ cassette inserted so as to delete the entire | CP27 codi ng

sequenoittorédusBse UiBB (abotth neln- pitroegturtabe gemediscliisid z amn WEO3/08288A orSear s. |
996) and,part of the LAT region in.vir train, 1764 f t , 1996)
usi ng F‘F‘Q&Mpﬁﬁn&é&ieéﬂ%c‘%]ﬁ'téﬁ%?%&ﬁﬁé??%@?ﬁ%ﬁ&ﬁb%ﬁ@ﬁo,0 -1 25, 068
[Heal-%!n] %%?ag [ . Sid\BtabR t s rid
purifi cati cfﬁ 0 e-a%)gﬁd ?yé?fﬁ#%ggt)ble%g‘g\e&l?r?% 139& ZVB(g%ergs ?Eklgl@%/ardéee e%al ,

199&) . nfusarp|prodiugPramdovther odommends isuchngs| CR4e i desenhedr iV O88/07588,
generation of cell lines iving effecti vg, rowh of HSV nutants deficient in

VP16. [VEPBY18HY, WA0/02E0and IV O9B/08488 whishisre Insprogratestingigintyseterenses i ve

growt h of vi ' \Y} def.l ¢j [ ' i 27.and | CP4
were al so d eeet%(glgg%% genéagﬁa a@é%?h@@%ﬁg@ &ﬂgéﬁ&p\égﬂé&egefggbgebége %CBWS', t hat
the | CR2etefbRERERAntehit posy pefifdet apd Qitivee Sroff pRRédewR dt@drlisrh, Fétexample

conpl ementing viruses deleted for | CP27 when the cells also contain EHV

gene 1dactdtiauer vitusems antici pated that the | CP27 pronoter might also provide

optimal re ation of ICP4 in cells conmpl ementing VR 16, | CP27 and | CP4.
rence cel | - Heselogaps esietmaa AR sk MERsET BaBs (RS Hampls ding:q

0ol y- A g . . . . . .
p2714z£§ \Ac/gcglidta?g%@g%:t eg %ﬁ?&%@%{f@gﬁ%%ch a(lsgre ggﬁoglég?%geétggl%?!ﬁﬁ%md t he
pr opagaifi ethefgeres Uf@s ewlanple, | Raisedpticohl 7regnldtorer tactded | iackading theVRe6 (cel |
| i nes generated in Exanpl e 3 above). Phleonycin/neonycin resistant col onies
wer e pireressouM8 1€ repscaipgonal apiviorcusion prateipedescriieda@bayd)y found to give only
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Z

pronoter in piasmd p4 eo {upstreamof the BstEIl site [HSV-i nt
| 31, 187fa vadety o€ conditibys. HapesHiirudesiare URRMely anpsoxe®; $ahey dd 8otAa8 the onot er

4 Febryary 2003 f f SGL30BS. The | CP4 Poly A.
ep oAty ks ChEoULsh Sl ol rpbrectarehenr ks mUBE IR Re o)
whi ch %ﬁ@s Jaﬁ@)k%@%niﬂb&ﬂe@ﬂzitﬁ%@zw 7g'<§1%ﬁle. (@M dreNfo? exdatmpid S 1dalPrwistwhiyd T agment

fromp 30BS, encoding the | poly A Sequence. Virus strain
17641 27%n/whitlp B2 cbubdalse achisterdu cF@dexaynple)saote than afe dhetasiogonse gaensndt i ng of

GFP (E-GFP; G ontech} and lacZ driven gy CwW and RSVVErom)ters respectively
in a baskcardsaaiolsenusncas ¢und beiatredvred antad patiquiay HB V| strpin, Jg wepkdalso

(Pst | -Bst XL .as i i ' ' V-1 nts.

123, 4597 » sifs 16 F%%é%g%%@a‘%‘é’h% %Jégiﬁé%&} 3@?{%‘&?‘}‘8@“?’%2%1@. ‘rﬁ‘l‘ippx?mg‘t‘% nts
124, 94 Srikdfatidrshvia)ididm MNednkrall Neafd 3. A TP Bdelbnt] dleed Romdapedarh abviny thei que
Xbal and Sall. sites in plasm d(zLRDl CP4) and reconbi nation into virus strain
17641 2 expregsivn 062 SeterplogorB @ene (the smpe ondifferemtdeteselzeoussgane) andeseribeced by
reconbi nation with enpty | CP27 flanking regions) using B4/27 cells which
conpl erﬁabﬂYe'bot h 1 CP27 and | CP4. X-gal staining/green fluorescent plaqgues

were selected and further purified. Cell line B4/27 was prepared by
co-transfection of pSGL30BS, plasm d p4l2 (see bel ow) and pMAMWheo
(I nvi t rbgen)Cammgl ghucgiral cin resistant clones were then sel ected.

Fol l owi ng these dj sappointing results other pr ters were tested driving

| CP4. Thus f m&ﬂexcp%u&ﬁwawm%ﬁwitm Chind o ynventin, h@%"*\@}‘:@g‘i‘rﬁ%duced

i n whi i i . - A LUsd Ng

ol asm o nci sl s hlsolypliiide, il bl o R A s oRokifB) "2
SV40 paifithe’cortespondiny] matited qaibddras péddh thdaneant herpesvinayaa it 3alesiged her
correct regulation of 1CP4 expression by the I CP4 pronoter or dexamet hasone
i nduci bi e 1 CP4 expression mght provide cell |ines capable of inproved
gromh of HSV-1 mutants deficient for VP16, |CP27 and | CP4. For

construction of p4/2zeo a phleomycin resistance gene cassette was exci sed
from



plasm d pVgRxR (I nvitrogen) as a BanH fragnent and inserted into the
unique Bglll site of plasm d p4l12 giving plasmd p4/2zeo. p4l2 contains the
. I CP4 pronoter, coding region and pol yA (HSV-1 nts 126, 764-131, 730
[Ddel - Sphl]) inserted into pSP72 (Promega). For const ruc Fehyuary 2003
pMAMzeo/ | CP4 t he neonycin resistance_gene (excised as a BanH fragnent) in
pl asm d pMAMheo (I nvitrogen) was repal ced by the phleonycirr resistance

gene as ol L Lo ; . L i (HSV-1 nts
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| CP4 regul at iThe finttibhd stoathekgenefwiEtbérgloraypitalbpaiginne frigmealiffelehtigms unl i ke
when the I CP4 pronoter is used. However, inclusion of dexanethasone in the
nedi a atto theanetapgendeganaue gangt sush a6 3 idHdere Vil sneptesi hivysg fareramplegwhermvry
pronoter, contrql, did not .incr e t.h i el. . VP16 | /1 CP4
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Gen. Virol,, 85-292. Lews JB, et al_ {19 irol . 9- 375.
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The coding sequence of the functional structural polypeptide is operably linked to a
controf sequence permitting expression of the polypeptide in a cell line of the invention. Cell
lines of the invention &e typically mammalian cells and therefore the control sequences will
be regulatory sequences capable of functioning in mammalian cells. The control sequences
may be constitutively active in the cell line or may be inducible. Suitable control sequences

are described above.

F.  Cell lines

Cell lines used in the invention include any cell line comprising a nucleic acid
sequence encoding a functional structural herpes virus polypeptide, operably linked to a
control sequence permitting expression of the polypeptide in the cell line. A suitable cell line
is a cell line which hosts herpes viruses and forms colonies. Typically the cell line is a

mammalian cell line such as a rodent or human cell line.
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1992), PNAS 89: 3266-3270. Rice, SA and Knipe DM (1990), J. Virol 64:
- 1704- 171 5. DeLuca NA et al. (1985), J. Virol., 56: 558-570. Lokensgard JR,
et al. (1994) J. Virol., 68, 7148-7158. Sniley, J. R, afifebruaryd0®h. 1997.
J. Virol. 71: 6191-6193. Sori ano, P._,m_C. Mont gonmery, R Geske, and A
Bradl ey. 1991. Cell 64:693-702. Sekulovich, R E., K Leary, and R M
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for pr @olpeptidghas begn amitathdr Prefervid pady peptidesapriarman assential sinictusalaodogenous
HSY VT'. 16 gene or .a hoz-.tql ogue i J~e~eof., i ¢ch, nutation. reduces or 5
bol 1 11 £ TR 2 #Be § SEond S e EREE e Ao BEh TE A tis STBRRN 9o c:
dp=~i OF ~;RIErGMHOVIR tRBAde SIS YE P RS VL PreftRed hita@bist ini:lhﬁe ?&o&éc’:ﬁ@ E)?Fle
activity and which process conprises infecting a cel Ine w t1e nut ant
her pes desenibes tynaicecarlal.ut 988gpriSnelayeand Duncen, 198Emghegédecfoc WP 6] PreferesdTpri ses

a nucl ei¢ aci d sequence encoding a functional 10 herpes sinplex viu~us
(1~SY) SgHilmesef @ﬁéwenwthbfrcogt%ﬁsmsaw%f%@%ﬁ\ﬁf@nﬂéswwpvsp ¥RE@ifrom a

ok R SRS LB B ISR S VAP A3
t he endogenogsil Gesexpriesing A fuxdftlaBhdrpesindestaRniaiPolypaptide R 6OPRIdRadd on with
t he endogenous gene. ~5 2. A process according to claim1l wherein the
f unct i dnastandagymettts shanas wgeansiestisg cvdwdaliap callh dopsamyle VerqgazBHKs el ect ed
froma cbe \é,i With vaeeic o?,s pr\é.}"e?a'iﬁy a plasmid vector, comprising a nucleic acid encoding the
structural polypeptide, and a vector, preferably a plasmid vector, encoding a selectable
marker, for example neomycin resistance. Clones possessing the selectable marker are then
screened further to determine which clones also express functional polypeptide, for example
on the basis of their ability to support the growth of VP16 mutant HSV strains, using
methods known to those skilled in the art (for example as described in Rice and Knipe,
1990).
A particularly preferred cell line would be based on BHK or Vero cells, and contain
the EHV1 gene 12 sequence together with the gene for ICP27 and/or ICP4 or equivalents
from HSV2 allowing the propagation of HSV with an inactivating mutation in VP16,
together with further inactivating mutations in the genes for ICP27 and/or ICP4. Preferably
there would be no overlap between the DNA in the cell line and that remaining in the virus
to be grown, preventing repair of the inactivating mutations in the virus to be grown by
homologous recombination between DNA in the virus and DNA in the celll line.
Cell lines expressing ICP27 and/or ICP4 are known in the art, for example V27 cells
(Rice and Knipe, 1990), B130/2 cells (W098/30707) or used E26 cells (Samaniego et al.,
1995). These cell lines may be utilised to produce a cell line of the invention. However, as
we have found promoter choice driving ICP4 and ICP27 to be important in such
embodiments, the current invention also provides for cell lines in which such promoter

choice has been optimised, by driving ICP4 expression from the ICP4 promoter or MMLV
LTR promoter and ICP27 expression from the ICP27 promoter.



ge~ae and an equi ne herpes virus gene. zo 3. A process according to
elai~t~. 2 in which the herpes virus gene is equiuae herpes virus 1 gene
12, or the bovine herpes virus gex~e B flk'. 4. A proce | to any
ore of the preceding elains.wherein the control sequenczﬁg%ﬁ%r'gggga
constitutively active pronoter or an_juaducxble 25 pronoter. 5. A process
accordiung to any ode of the p~reeed~i.~g clains wherein the nutant herpes
virus is a h b j ' ta.claimb5
wherein the gggﬁﬁgﬁgﬁpt@gk%a%$ﬁ§%¥§?9?§§ngkgégEﬂgﬁﬁﬁ%%g%ﬁ?%gwgghfg%rocess
acco~r diihteddddo dayllwmetiof oniheng xetdedliting.g cl ai rb, s whereon, the nutant
herpes virus conprises additional nutations which functionally inactivate
one or nore additional endogenous genes of said virus and the cell line
conprisgiégggﬂygﬁnal nucl ei ¢ aci d sequences encodi ng functional herpes
virus g conpl enent said additionally functionally inactive
endogenous genes. 8. A process according to claiz~ot 7 whereiua sand

addi tiaztal nucleic acid sequence encode HSV-1 | CP27 and/or |CP4, or

equi val ent s tH8Y dofuciaetife Sunbensrefemediotie theellpume ekamsles tafer to GenBank

file HE1CG.

Examplel EHV-VP16 can_trans-induce  HSV immediate early gene

promoters.
CAT assays (by the method of Gorman 1985) were performed in which plasmid

constructs with the chlioramphenicol acetyl transferase gene under the control of either the
HSV1 ICP4, ICPO or ICP27 (plGA102, pIGAG6S and pIGA9S respectively; Gelman and
Silverstein, 1987) were co-transfected into BHK cells together with either a control plasmid
(pcDNA3; Invitrogen), or similar plasmids into which either HSV-VP16 (pCMV16;
Moriuchi ef al., 1995) or EHV-VP16 sequences had been inserted. 5 pg of each plasmid was
used per transfection into 6 well plates. Experiments were performed in duplicate. The EHV -
VP16 expression construct (pcDNA3/E) was constructed by insertion of the EHV-VP16
sequence into the EcoRV and Xbal sites of pcDNA3 (Invitrogen) after release from
pcDNA1/amp by digestion with EcoRI and Xbal into which it had originally been cloned.

Results
Results are shown as the % conversion of the *C-labelled chloramphenicol from the
non-acetylted to acetylated forms by phosphorimagery of resulting TLC plates. The results

of each duplicate experiment are shown.



9. A process according to claim$ in which HSV-1 rCP27 or edui val ent

t hexeof xs driver by the ZCP27 pxonotex andl ox itn which HSV-1 ZCp4 arr

- equi val ent thereof xs doive~a by the ~'1'V L'~ pro~oo~ater. 15 10.

process according to any one of the preceding clains \Ahe‘?E?'PfUéaﬁ%P(’@l u: us
conpxxses a hetexol ogous gene. 11. Agprocess according to claim10 wherein
sai d heterol og~us gene is operably Iinked to a control sequence permtting,
e~cpression of the heterol ogous gene zo iuo~ manunalian cells. A process
according to claim10 or 1 | wherein said heterol ogous gene e~ucodes a

pol ypept adeT &k prdinskpeut i ¢ uetivabor, | 3. | A progessveasionr di ng to any one of

clains | fOtO Wer er [ sai o T Ol Ogoyus gene 3P R | XE. b Virus gene '
that i s met—eperagply—H hiced— CH (g 6' o w..%mg egueneces—W th which it is
nat ural | assal§®ed b A g}{cygé accotding to one of |the preceding
claims fiirther IR conpr{si ngEHYoVRI6ng mit ant he82yfs virus |frox~a the

cul tured{celT Jagpae, and]opiT onahiry purlf I Ng the15m[t6ant hexpes Vi ~us_ 4

February 2003 18715 AT PTUCERY 9% E" 0] 10 cra@nysq o anr conpri si ng
t he steptof

ICP27 EHV-VP16 27,34
ICP4 control 34,30
ICP4 HSV-VP16 75,76
ICP4 EHV-VP16 75,63

These results showed that EHV-VP16 could trans-activate HSV | IE promoters to a
similar degree to HSV-VP16 for the ICP0 and ICP4 promoters, and somewhat less so for the
ICP27 promoter, which is in any case less responsive to HSV-VP16 than are the other two
promoters tested. This suggested that EHV-VP16 might functionally complement HSV-
VP16 mutants such as in1814 (Ace et al., 1989) in which the trans-activating activity has
been reduced, if expressed in the cells used for virus growth, providing cell lines in which

such viruses could be more efficiently propagated.

Example 2: Cell lines containing EHV-VP16 allow enhanced growth

of HSV with an inactivating mutation in VP16

Experiments were performed to determine whether cell lines containing EHV-VP16
could complement deficiencies in virus growth caused by mutations to the VP16 gene which
otherwise prevent efficient trans-activation of IE promoters and thus give poor virus growth.

BHK cells (grown in DMEM + 10% FCS, both Gibco, at 37°C/5%CQO2) were
transfected (by the method of Gorman, 1985) in 10cm plates \;vith plasmids containing either
only a m'aomycin (neo) resistance selectable marker gene (pcDNA3), or neo together EHV-
VP16 under the control of a CMV promoter and BGHpA sequence (pcDNAJ/E). After
transfection, G418 (800 pg/ml; Gibco) was used to kill non-stably transfected cells and plates
allowed to grow over. Cells were then trypsinised into 24 well plates to allow growth to be
assessed with virus mutants and wild type control virus. This procedure allowed the 'average'
effect on the mutants tested of the EHV-VP16 gene and the control (neo only), without the

clonal variation which would have occurred if colonies resulting from single transfectants



fornauaati x~g the mmt ant hexpes virus as a pharnmaceutical conposition with
a phazm aceutacally acceptable carrier or dxluent. 16. Use of a cell line
-as defined in any one of clainms 1, 2 to ~ox 7 to 9 to prqpagate a nuta-at
hezpes virus a$ deed iua any one of claims 1, 2 to 5 or #debmarg20a3 > A
cell line as defined in claim8. 10 18. A cell line as defined i~oi claua~
9. 19. Acell line as defined in claim10. 20. A cell line co~oopz~isiuag a
z~ucl ex | ' [ : | X cvir s (HSV)
TP b P B T e A S O P ks RelIRIAES B SREEIHICUOHT
pezx~t t araguitiphicitg st iflection MO pH0.Ppifxtpetiendnits weieperfotrhed inntaplivdie sfhdpuc! ei c
acid seduenee is {i) capable of conplenenting a~a HSV M al 6- gene and {zi)
u~aabl e YWith qewighaw throincksigniaf Hw%ﬂn&@m & meedin(Mackiselane o ¢hel292).1 | ne
conpri ses additaozxal nucleic acid sequences encodi ng functional herpes
virus genes which 20 conipl enment said additional functionally inactive
endogenous genas.1721sa wild typ€lirud)ir18 1 266Raidks i Battvath@udBoniev Bl g Ad2e
functional HSV VP 16 honologue i s encoded by a herpes virus gene selected
f zo~oa @ bbbl aed Menpi$4 eontains enractivatingimutption i Yidkiegethenwith dpbeion 25 22.
A cell line accordi.ux o claim?21 ereiua.the h es vial xs . XS
equi ne Hg’?)ﬁ@scqy}emg" T@Pg‘%%’ewﬁlﬁg dgps Tq{\éﬂﬁgﬁfﬁ’zﬁ%@ﬁﬁég‘sitﬁﬁgmﬁ~8E%%%‘§‘ F. 23.
A cel | |éﬁﬁc@ﬁ§§59tﬂﬂi&8a@[?‘§‘f@).20’ 21 or 22 wherein the control 30 sequence
a

conpri ses constitutively actr've pronoter or an inducible prnnoter.
Resuits:

Virus under test | Plasmid transfected | Yield + HMBA Yield - HMBA

17+ neo 150000/ 250000 400000/ 250000
in1814 neo 10000/15000 1000/1500

EHV-VP16 200000/90000 80000/65000

1764 neo 35000/45000 5000/4500

EHV-VP16 400000/300000 100000/250000

These results showed that EHV-VP16 can complement the deficiency in virus growth
caused by the inclusion of inactivating mutations in the gene for VP16, such as in virus
in1814 (Ace et al., 1989). Such viruses can be grown to near wild type levels, the level of
complementation being greater than that achieved by the inclusion of HMBA in the media
which has previously been reported to increase the efficiency of growth of HSV with
mutations in VP16 (MacFarlane et al., 1992),

Example 3: Cell lines containing EHV-VP16 and ICP27 give enhanced growth
of HSV mutants deficient in VP16 and ICP27.

BHK cell lines prepared by the methods above were cloned out after transfection with
only an ICP27 containing plasmid (the ICP27 coding sequence promoter and polyA excised
from pSG130BS [Sekulovich et al 1988] with Sacl and Sphl inserted between the EcoRI and
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23 wherein said addi t AGhal nucleic acid sequences encodes HSV-1 | CP27
-and/or 1CP4, .or equivalents thereo~~ HSV-2 or anothez h %s Vi 25. A
cell line according to claim24 where~ua HSV-1 Z027. ox 2&% égi%x

t.~ ereof ~s driven by the |ICP27 progpter and/or in which HSV-l | CP4 or an
equi val ent thereo~is d~ive~ by the MMIV LTR pronoter. 26. A virus obtained-
by a prapesss AGPTIhEYISoRiaps ¥ ms@u?op{m@zic&rﬁaﬁﬂmg pHnfid todther with
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15. . ApADNANE. AhisAshywed/Ah#& iA;most cases better growth (as assessed by growth curves)
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Ooo/do 01(32) 8‘}8( )i&;&d%f‘léﬁ"’f it Celﬂsgé@iégﬁ}gr{éﬁg@iﬂ?oﬁgi’ﬁ and ICP4. Hence cell lines were

produced in which ICP4 under ICP27 promoter and poly-A control in a plasmid encoding

phleomycin resistance (plasmid p27/4zeo) was transfected into cells which already
effectively allowed the propagation of viruses which lacked ICP27 and were deficient in
VP16 (cell lines generated in Example 3 above). Phleomycin/neomycin resistant colonies
were picked and cloned out. However these were generally found to give only very poor
growth of HSV-1 mutants deficient in VP16, ICP27 and ICP4 (virus 1764/27-/4-/pR20.5),
with only 5 out of 140 colonies picked giving significant growth. Plasmid p27/4zeo was
constructed by replacing the ICP4 promoter in plasmid p4/2zeo (upstream of the BstEII site
[HSV-1 nt 131,187]; see below) by a BamHI-DrdI (HSV-1 nts 113,322-113,728) promoter
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sequences after the Msel site (HSV-1 nt 127,167) which were replaced with an EcoNI-Sacl
(HSV-1 nts 115,267-115,743) fragment from pSGI130BS, encoding the [CPZ? poly A
Sequence.

Virus strain 1764/27-/4-/pR20.5 was constructed by insertion of a cassette consisting
of GFP (E-GFP; Clontech) and lacZ driven by CMV and RSV promoters respectively in a
back-to-back orientation and separated by HSV-1 LAT sequences (Pstl-BstXI as in Example
3) into ICP4 flanking regions (HSV-1 nts 123,459-126,774 [Sau3al-Sau3al] and 131,730-
134,792 {Sphl-Kpnl] with nts 124,945-125,723 [Notl-Notl; encodes ICP34.5] deleted
separated by unique Xbal and Sall sites in plasmid pDICP4) and recombination into virus
strain 1764/27-w (virus strain 1764/27-/pR20 with the lacZ insertion removed by
recombination with empty ICP27 flanking regions) using B4/27 cells which complement
both ICP27 and ICP4. X-gal staining/green fluorescent plaques were selected and further
purified. Cell line B4/27 was prepared by co-transfection of pSG130BS, plésrnid p4/2 (see
below) and pMAMneo (Invitrogen) into BHK cells. Neomycin resistant clones were then
selected.

Following these disappointing results other promoters were tested driving ICP4.
Thus further phleomycin/neomycin resistant cell lines were produced in which ICP4 was
driven either by the ICP4 promoter and poly A (using plasmid p4/2zeo) or by the
dexamethasone inducible MMTV promoter and an SV40 poly A (using plasmid
pMAMzeo/ICP4). Here it was hoped that either correct regulation of ICP4 expression by the
ICP4 promoter or dexamethasone inducible [CP4 expression might provide cell lines capable
of improved growth of HSV-1 mutants deficient for VP16, ICP27 and I1CP4.

For construction of p4/2zeo a phleomycin resistance gene cassette was excised from
plasmid pVgRxR (Invitrogen) as a BamHI fragment and inserted into the unique Bg1II site
of plasmid p4/2 giving plasmid p4/2zeo. p4/2 contains the ICP4 promoter, coding region and
polyA (HSV-1 nts 126,764-131,730 [Ddel-Sphl]) inserted into pSP72 (Promega). For
construction of pMAMzeo/ICP4 the neomycin resistance gene (excised as a BamHI
fragment) in plasmid pMAMneo (Invitrogen) was repalced by the phleomycin resistance
gene as above, again as a BamHI fragment. The ICP4 coding region (HSV-1 nts 127,167-
131,187 [Msel-BstEII]) was then inserted after the MMTYV promoter at the Xhol site.
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- Y10% &pésitidhat Q¢ regulation of the ICP4 promoter in the context of EHV gc
1ouu P RO%JU& -laeP' 1 %5&' (O)-"P 10%m& ()-!'\w 10%& ( {, s$10% & |
"10% & { gemmmmg- @anl some rare cases allowing efficient growth of the P16/ICP27/ICP4

deficient virus. However of the clones picked in which ICP4 was controlled by the MMTV
promoter, 60 qut of 88 gave efficient growth, at least as good as growth on the two ICP4
promoter containing cell lines. This indicated that with the MMTV promoter positional
effects are of minimal importance for effective ICP4 regulation in the context of EHV gene
12 containing cell lines, unlike when the ICP4 promoter is used. However, inclusion of
dexamethasone in the media at the time of inoculation using cells containing ICP4 under

MMTYV promoter control did not increase the yield of the VP16/ICP27/ICP4 deficient virus.
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1. A process for propagating a mutant herpes virus baving a mutation in
its endogenous HSV VP16 gene or a homologue thereof, which mutation reduces or
5  abolishes the ability of said endogenous gene to activate viral trapscxiption but
allows said endogenous gene to retain its structural activity and which process
comprises infecting a cell line with the mutant herpes vixus and culturing the cell
line,
wherein the cell line comprises a nucleic acid sequence encoding a functional
10  herpes simplex virus (HSV) VP16 polypeptide, or a homologue thereof, operably
linked to a control sequence permitting expression of the polypeptide in said cell
line; the nucleic acid sequence being (i) capable of complementing the endogenous

gene and(ii) unable to undergo homologous recombination with the endogenous

gene.
15
2. A process according to claim 1 wherein the functional HSV VP16
homologue is encoded by a herpes virus gene selected from a bovine herpes virus
gene and an equine herpes virus gene.
20 3. A process according to claim 2 in which the herpes virus gene is

equine herpes virus 1 gene 12, or the bovine herpes virus gene BTIF.

4, A process according to any one of the preceding claims.wherein the
control sequence comprises a constitutively active promoter or an mducible

25  promoter.

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

mutant herpes virus is a herpes simplex virus (HSV).

30 6. A process according to claim 5 wherein the HSV is an HSV-1 or
HSV-2,
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thereof is driven by the ICP27 promoter and/or in which HSV-1 ICP4 or equivalent
thereof is driven by the MMTYV LTR promoter.

15 10. A process according to any one of the preceding claims wherein said

virus comprises a heterologous gene.

11. A process according to claim 10 wherein said heterologpus gene is
operably linked to a control sequence permitting expression of the heterologous gene

20  in mamumalian cells.

12. A process according to claim 10 or 11 wherein said heterologous gene

encodes a polypeptide of therapeutic use.

25 _ 13. A process according to any one of ¢laims 10 to 12 wherein said
heterologous gene is a herpes virus gene that is not operably linked to the viral

control sequences with which it is naturally associated.

14. A process according to any one of the preceding claims further
30  comprising isolating mutant herpes virus from the cultured cell line, and optionally
purifying the mutant herpes virus.
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19. A cell line as defined in claim 10.

20. A cell line comprising a nuclejc acid sequence encoding a functional
15 herpes simplex virus (HSV) VP16 polypeptide homologue, operably linked to a
control sequence permitting expression of the polypeptide in said cell line, which
nucleic acid sequence is (i) capable of complementing an HSV VP16 gene and (ii)
unable to recombine with the HSV VP16 gene, and wherein the cell line comprises
additional nucleic acid sequences encoding functional herpes virus genes which

20 complement said additional functionally inactive endogenous gepes.

21. A cell line according to claim 20 wherein the functional HSV VP16
homologue is encoded by a herpes virus gene selected from a bovine berpes virus
gene and an equine herpes virus gene.

25
22.  Acell line according to claim 21 wherein the hexpes virs gene is

equine herpes virus 1 gene 12, or the bovine herpes virus gene BTIE.

23. A cell line according to claim 20, 21 or 22 wherein the control

30  sequence comprises a constitutively active promoter or an inducible promoter.



sz1098" & ()- L1098"& ()- S 109"& ()- "1098"& ()- FZ1098"& ()-@|[: bW4
1098" & ()- 1098"& ()- 109B"& ()- 109" & ()- @09"& ()- f109B"& () -
- Normal " "Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Headl ri)g 43] %
"Heading 53]c" "Heading 63]c" "Heading 73]c" "Headi ng 833" ePaRYR0A3 93]c A
"Default Paragraph Font.'*19DJWU\i Qsc}Z Kn *ALay0O F\C
$*04L8<G HILMUX3\ " bj | Osvdb?f Gvclo[ Q._csV@Ti mes New RonmanAri al Courier New'h
Root Ent r yWor dDocunent P H#HSUR' () *+, -. ~LR123456789: ;
<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

24. A cell line according to any one of clairns 20 to 23 wherein said

additional nucleic acid sequences encodes HSV-1 ICP27 and/or ICP4, or equivalents
thereof in HSV-2 or another herpes virus.

5 25. A cell line according to claim 24 wherein HSV-1 ICP27 or an
equivalent thereof is driven by the ICP27 promoter and/or in which HSV -1 ICP4 or
an equivalent thereof is driven by the MMTV LTR promoter.

26. A virus obtained by a process according to any one of claims 1 to 14.
10
27. A phammaceutical composition obtained by a process according to

claim 15.



