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VECTORS FOR DENDRI TI C CELLS FI ENTION 5 The pr ' tion
‘relates to attenuated herpes SM\W‘“W‘MWNEZ capabl e of effﬁfﬂﬁﬁwﬁé

i nfecti ngwaejpdlsioii c cells. It al'so relates to the use of sechvodpmzERs in

i mrunot her apy approaches to the treatnment of di sease. BACKGROUND TO THE

I NVENTION to Dendritic cells (DCs) are the npst potent antigen presenting

cells and are effjci tol nti gens to which the
i mmune system has@ﬁ@g ak=i

s S 8 t herapy, in which
an i mmune response i s raised against a

= wa Aavlis ] - n H

tumour, the use of DCs may be i deal
if they were nade to present tunour specific 15 antigens. DCs m ght al so be
used t o FIEEDQF THE IN¥¥NHOINved frominfecti ous agents such as bacteria,
viruses or parasites, providing protective or therapeutic vaccines for such
di seases. However effective transfer of antigens into DCs for any of these
targets has [hevgesehhimvgnve editeptohbiennavddt Rerpéd SingidN @itGdes chpalfle ®fi de a
realistic_chance of generating a therapeutic |Inmune response agai nst 20 a

t umour 5%5?15‘8‘5{ Bifecting edengrifie cedlsy oftaplsd Kiatgsglh thes d§erof] sucBn¥irdsed 8 have to

be met. Mﬁ%hﬁrab& a%ﬁo%ﬁ?ﬁﬁtﬂE&eitﬁxehMiieﬁ%.rm! ecul es whose expression is
tunour or disease specific (or at |east selective), and which can therefore

serve as the target for an i mmune response. This task has proved very
difficul ﬁlﬁf‘k‘ YA tumours, but is solved in for exanple
t he caseé%.k?{u%.é@:yw g’a %*ﬂ}\;ﬁﬁfv gr esence, in nost cases, of the 25 viral
oncogenes E6 and E7, and for other tunours, good candi date antigens are

beginning to be identified. For exanple the MJUC-1 gene product is over
expressed i n RendufeepllsdPGsyaisdhemostRotai pptigeo pusssnting ealls and asgrrfBeient vari ous
ot her t ' [ : . [ i f whi ch

i ght bectorisgty AR RS Al A8 16 Ui 80 ERRe sRB rh o B e ng
t he i denfhfsi foattimaourofmmimothertpyg ein/ which gen dmmite irespoasee &S eaigedt agaiddt del i ver

the antigens ip an i ogeni c form the i ne system To generate the
col 1 ol ar oG Be R ETHE Bt fe. At i Pey, Hiss TGS Cior PRFaL (HPQu e e
pr ot gi NSarfiigshs. PDENAIphDPRsE BE LdeRItE PrdsBfti 2 BodiRehYdPRbASHetliod Best sadl | (a
difficult task for high nolecul ar weight protein antigens) or synthesized
by the h¥sbactesia) ¥irgsee of dlalasics reidige fuotgetivey @t theppemipen vaIgBSY | fPUTEChSHEET
(RUL. E 2 }%& - r %;L%g;

&eak&g | raﬁver \Q@eaWe%gieﬁ oﬁ aﬂgg 3NHD MCgQ(%g?.rg'ggl# {80 pﬁ%

i mmuni sat1 on. vectors ave been consi or thi ur pose
i ncl ude mmed the greamstgqmohlemusigsthisappraath.ovi ruses. The cel | -type which is now

wi dely recognised as prqvi.di the optimal |mrune stinmulus is the. | ynphoid
dendr 1 ti o cel [0 PEASe aggalistic chahar 8F eereratiBE s SAPANIG HaPEiBe J6PDss B grol | |
199730 | adansurtdnegdConBRRAIdSchR REatdd entiprhy sl -dolifitiofaRa B BE met.

sti nul ati'n% a_primary imune response in vivo, and noreover has_even been
shown t oF581¥e dpBoRecedaryh i ety awicoyles Swheset GPEFSEINR oS | HMEHF O disease

CI [ CUITBL AERR (orht IR echle) I LM RAicR Gn w%fefe' Re Jg%g&? & o Xintune

aut ol ogous adoptive | mmunot’herapy protocols to stimu ate i rmune responses
agai nst tespanse.sThis task dahprozed hery diffieylt fenths najordy vficormmen timows, fletis i o
Such prot qc%l[sgj nv.ol Vﬁ ﬁ]ul Lure. and/ ar enri cht nt of DCs from Peri her al

bl ood, i ¥ Vit POl BRMPIRTECacal (YR HErY N, F SFFE0%se ThiPoPEratty S48 i on of
the BCs {igalldn6ogeidsi Find BQWRY €t difir Jurddis 0ol cndidRe antidtalBRy kgiding he
absence of efficient means by which to |oad these cells w_.th antigens.
Recent wirke lﬁﬁﬁlfﬁémﬁ%ﬂwetmgp'bg@!?empéﬂqt SOV eAPREF§E AR 2 mbenes de

pul sed . 8K dvaki S i i I Z] 5 al.,
1996: z%&%’?ﬁ lﬂ(}gﬁa;&'l@. ,9&)/19 eﬁY&%gQ%;ecg"és?d%&\%s‘r’%% é\%ﬁé"t%éég%%"ir%?r %”\f%ﬁ%es do
not gi vehdiegiisodeén tientifigd, gey ef which\naight beousdd il an iimmmuoethbmpy Restwesnt ef al . |
1996; Aicher et al_, 97), .and. in_our hands, unlijke work.reported by
others (FitERarSeaondsy. Slavs A SienfaGition JBI6S mogsyleybetiB if RREFURCY ene
del i yerydelMer %V&tigérﬁ\f:h%ﬁirﬂmﬁxﬁfgﬁzﬁd fRRA tb SROIh@Mné RPdterh & MRE Serfhdt® HiRX
viruses (HSV) can 20 efficiently infect and deliver genes to dendritic

cel | s ( cefliulay iamupg respopseghiticah fariwmew raissien, shis meapsdhe projeipmmupigither
quantifi g f . Ry for
thi's. pur B Ve Bfacing Ralastl o ARSAL ¥ FiAUA a0k A HCR REyISY SEHF

cel | - t yppmotdin maigank) g spahesizedrby thahasttcells thbwmstlved dfter geiedelivegt ar DBist ens
e.g. Dlloo et al., 1997; Coffin et al., 1998), is easy to manipul ate, and
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25 the expression of nmultiple genes (reviewed by Coffin and Latchman | 996).
Delivery of nultiple antigens to dendritic cells followed b% J
‘re-introduction into the body may be a particularly pron si % ﬁrﬂﬂﬂ%a@%to
t he treat vambo/g¥iosone cancers and infectious di seases. SUMKIRYGEBH9/0RsES

| NVENTI ON 30 We have previously found that, unlike other vectors in our
-hands, HSV can efficiently transduce dendri tic cells (Coffin et al., 1998),
but anytOX|c effec nd the functional capabilities of the transduced
dendri t iTEEEN§AE e &S‘i‘?gtvefré’ﬁ éfﬂ“%a}ﬁf‘a C%G&PS“&&’Z@} Jom s pusnes ““g ‘Eeest ed a
vari ety kci Vadgﬁbams drevasgentially wild type viruses to viruses wth
mut ati ons eit prevent| ng replication in some cell types (nutations in
non- essent i alng?eﬁeﬁélrs‘))’pérwmm icedW Wigesseqognised roprovidingethe cptimal immnes) , and

tg t t bat h t
o oA i EARBI BNt R LB POIBGERAER Rl e
gene sdel a:mrguoﬁj 19971 ehndeed 1o DChppeary ar beothis oftyt @ﬂt@p@f@ablb of kivalating

toxicity exhibited (as estimated by dendritic cell death). Surprisi ngly we

have fouhBrRAR:IMmMpne Kspqnsg n W"Pha‘}drfa‘éftef"(ﬁ'étmﬁ@v%heé@ shavan forbe qapable 5 \inG5,
yhs, andyidhidds RIOBIGRSY FolliahtS i deltalnOdflunl il { YA il S ko fiB0GcglEl | very
10 effl Cl ency for dendrl tic cells than other replication co At viruses
tested, expiorug thg usheof\DCus replogbetadeptve oumbiyothepy pwtcnzblsab.s;mﬁx%le) and

al so a nunber of the repli.cation.i t V|ruse tested. This.is

St aul iRgte Bneioes pgfit el hECRRELE MY ik Shot EbgRieolit et C a1

r egaigledsac protoceRSandlvelculderdesd/orefriéarpbeDas Fo E@dph\éial YRoll nﬁz'\lﬂﬁlb ng the
del eti on of one essential gene (nutations in |CP34. VM5, vhs, and

| cP27) sleadiag alsDesnivith asigep, &éh’é"eéletl’)i aRyOduERen: 0§ ks Dlsate thei BAtignt us

Mo t t hat

o 11 of ontlodavdifis' BBl Bh Mo sBmblAlyind BRERR prsBhlin eafLCRUA 0 1 e
t ar get cmakisthesimﬁl_s switly estigehst hRecent avusid hee todevedrshbwn thal presenetian ofa

functi onal bilit iC ow the stinulation, of. a fective
e Busene BY inepide, BASGRDKS S arecs St it mout Hesppssen i yivd CEEH g such
t hat (onl yy VF‘)’% thﬂb%@“et LeVEIgs W?]Oft\sZandeMta@b&;t&ﬁrﬂeﬁoﬁﬁi%@sSd&ﬁ& g(i%pmgﬁsed in
t ar get cells (and thus from which onh&ver | ow | evel HSV gene expressi on

gener al | pffiginnicy gsee dsdpeey dsienirifie cslln{Regves efathy 4896; WHFhare! eé,hlé?rm)mmant s
wi th onl g(n BurHanad %hﬂ@%ﬂ@kﬁoﬁ@& by o gﬁi}l ArRIPYES. é‘ﬁs eh&ittsdsSo hgel Wet hat

while efficient dene delivery to de Ic cel e achieve atively
easi | y udowgffidivcy genoddivefsor the cells to ret a| n their antigen processing

25 capabiliti he articl i natj on, of, mut ati I’lSlI’lt rus mnust
b CcaParully Tebave Bakiousty Bhief GRA gl ghat edbee piey viss B bR, 1 o)
vect g§s feﬁiméiﬂ'?dfn!fédt Candedd1fveyttiefts B avidiftic dellBl (Cod ief kBN 9T NaItERIghvery,

wi t hout adversely affecting the antigen processing capabilities
associated foxicity was not quantified. HSV has a number of advantages over other

vector systems for this purpose, in that it can efficiently infect a wide variety of cell-types
(including some very hard to infect with other vector systems e.g. Dilloo et al., 1997,
Coffin et al., 1998), is easy to manipulate, and can accept large DNA insertions allowing
25  the expression of multiple genes (reviewed by Coffin and Latchman 1996). Delivery of
multiple antigens to dendritic cells followed by re-introduction into the body may be a

particularly promising approach to the treatment of some cancers and infectious diseases.

SUMMARY OF THE INVENTION

30
We have previously found that, unlike other vectors in our hands, HSV can
efficiently transduce dendritic cells (Coffin et al., 1998), but any toxic effects and the
functional capabilities of the transduced dendritic cells were not tested. We have now



of the infected dendritic cells. The present invention provides the use of
an attenuated herpes virus capable of 30 efficiently infectignmndafydiooBi c
+cells without preventing efficient antigen processing within the infected
cell in the manufacture of a medicanent for use in a nmethod of treating or
preventing a pathogenic infection or cadcer or in a nmethod of gene therapy,
whi ch nethod conprises infecting dendritic cells with the said virus.

Preferably said herpes virus is a herpes sinplex virus (HSV), for exanple
HSV 1 or Hdésted a vangy 9EHEY myutantp Fomapsseptiallyevi ifusgstto Viryses Wish patstionsr us of
the i nvent icGferlpAGKSing réptiosinQh 8mdddiy SR MRuRAchs En BMﬂ&Eéﬂgﬁlaéenéét)"gr Aeqq, 1T an
HSV strain, or their functional equivalents in other viral ecil es.

Pref er abl y tynse (Wptatiens dn epspatial gores), iabth senes utapis wethacombinatiprsnef] delations| igP34. 5

gene, 0k 5 bbﬁmsesieHﬂﬁtah@Hél-es%é]ﬁ'i'alV &Ntwh Rard B4 eshg.aérab‘w@a%ﬁﬁces TJ‘E‘oﬂY ifeus of
the invention may al so | ack at Teast one functional Inmediate early gene or

a functi ongenedaliBegy glirienciss of thess various aiantseanditheleselt ofi toxieiyohidited (asal
speci es, e3RGhite tydedMRiclcal @edMit ation in said gene which abolishes its
transcriptional-activation acti'vity. In a second enbodi nent, the herpes
virus of the i niemrisoalycembare demetiai (ongrusivithrinastivasing mwtations ie 16B34-3% gene
expr essi on yiNjwgs! *r}ﬁ et UED3 GRAERER! Ahds rwnttf Wevef @h&dity ORA Highel ineViidisry Such

vi ruses for exarrp e Include viruses with inactivating nutations in the
genes dAcodffivipnpyChor depdritic| celtsitham @thgr toplieation perapdtephviresgs testedtindwdingithehe
VMAG5- encodig réfolt&d p m\ampg(lcom bf %F‘SQ%Q)V&%H' £l§b faUﬂHﬁHeP%f(tﬁe gepnme;ﬁ5

mut ations as I n Ace et al Smley et al : viruses al so

i ncl ude vi ﬁmmﬁetvmtwmqsaesmdvaﬂlﬁgs mcalairlmyrprlﬁnea& ECH;"’F‘ 5 NMWﬁéthmdl

regul at ory yipge ﬂl?nﬁuﬁ@ﬁkﬁax&@%@ﬁo&es?erﬁﬁﬂ&%gé N E%ﬂ)} A%aerulug:P G R CP22)

with the optional inactivation of remaunlng{f regul at or |rrrre|ate

ear|y gene thedefetion of opersssential geup @M%’GFWH@BH&? Mg’%i’%@m‘ ICPR73shavsd, t he
virus i)5 et hgh 1@&e@%§n€%ﬁ$e€feﬂﬁ%¥n&t fdh MiVOIre FRARVIS&Rike thbfild ARisi N at
| east four genes so that it lacks a functional vhs gehe, a functional UL43
gene, a fumtangnigsted, apglis mdisating Baidetficient matigesrppeevainasBasyeastrring codddet 0 a

nutation i Genﬁédsﬁaty&%ﬁﬁmgﬁ@ﬁr Lere. aRRlsl) ﬁéd {nhStrdnS RRSE GdnBlitiORAL k4 hvat i on
activity), an attenuated HSV strain whic onprises mutations so that it

| acks at | dupstional,eapabilityayhichoweuld aliew the Sf‘@H@E‘?'b‘?fa’f‘lﬂ effepive ilgwpee regpogsesn
functional ,¥pWape FRR&ILIIEd MaiiHhviLS 8RadIR sieh thaY BHP SeShfintiGRIsalpol | shes
its transcriptional -activation acti wéfi/) or an attenuatéd HSV strain which
conpri 38s rmedirte aarlysasnesiat expreseddn rast oqlis o thpsfigrcwhighenly yeplpwlsvdene, a

functi onal HsVFZAe sm@génumap waaﬂlbe el e@EN sidil résuftd) ORI Q0R} mbehid2 gene.
The present |nvent| on al sowg>r ovi des an attenuated herpes virus capabl e of

ef fi ci ent | Yithepasingly inmediatersetly 8enedsmosiflt hout preventing anti gen

processing OCCUmhbdégre!MltE hshowt tha wmieesﬁﬁefémegénle de‘m ho Vdeﬁdﬂild R0K Ta be
functi onal lf]l’43 g .a func \?nal gwx nt er and a functi onal
vhs gene, &¢MevghEels twﬁ%ea% HSIPZITENY Vectnss degrthe ‘éfwaam e‘f RUZCD PROGESSing 5 30

her pes 2si nMgagakilivies' the pa;neﬁlar&ommtlbmweﬂmtaamsf;u theifus IMBY bél efrefally thodén. of t he
i nvention, gr for,use in }l F i nvention, |ch cg(g&je% a het erol ogous

gene/ genes ThefigeRtion Wi fitst i PE SV alivRitern derflepditie rpiisy claﬁ'??vwéene not
found in tIﬂgmyldf@dler@gaﬁmehveﬁwemm(sﬁtaﬂc&r@wﬁcmnﬁe aRigerDsrocBiingdabatilitles var i ant
of a wild- tgge ene, it may be a mutant gene. Heterol ogous genes are
preferably H% egtﬂe?/‘;rchr?ﬁlésd to a control sequence permtting expression

of said heterol qg@tpsesgﬁri@vehmﬁp@eﬂ&r thel e of 20 aﬂtammameaﬁ@?vlmsbc@@m& of

referabl n i.c cell. The virus of.the .invention hus be
53 ed t y 4 fect(?ng (Eenarlt(l:c cells without preventing et%cxent antigen processglg within t&x

e&imently
infected cell in the manufacture of a medicament for use in a method of treating or
preventing a pathogenic infection or cancer or in a method of gene therapy, which method
comprises infecting dendritic cells with the said virus. Preferably said herpes virus is a

herpes simplex virus (HSV), for example HSV1 or HSV2.



deliver a heterol ogous gene to a dendritic cell where it will be expressed.
The het erol ogous gene/ genes preferably encodes a pol ypepti @® Jahuafyeaoapeuti c
use. 5 In particular, the heterol ogous gene/ genes nmay encode a pol ypeptide
capabl e of nodifying i mune responses, for exanple a cytokine or other

i mmunonodul atory pol ypepti de. The het er#l ogous gene/ genes may al so encode
an antigenic polypeptide which is present in tunmour cells but not
non-tunour cells regul ated in tumur cells with respect _to nontunour
cells. This wil |fnr9@ea ‘P‘lﬂ“e‘?tntheaﬁ%%""f“ﬁéf Hsymentiendacls 2 fpctional Yldd gems ¢ c

cel I of theandG fuaMRRhl ¥R gerd) it HSChuhi, &t b IfdicBodad 8qlitiidntd MIBIR viSt em t o
react to the tunour-specific or tunnur-prevalent antigen/ anti gens resulting

in tunour rWaties iBeferablythecdius of thedpveptignaliodackaa funstionpb HEX JCP by genegor

preferab y i ﬁﬁédomﬂléﬁﬁ@ﬂ&m&bﬂﬁ&eﬂial GRciel. Bhdahus Q@Eﬂe' 1ﬁix%n¢1$]ﬁﬁma Valso e
engineered so that it wll be transported to the_cell surface g@or exanpl e

by fusion olfashons Bwmstionpleisediste carlyLepe plop @rr@g@@bvw\{é—s gl & Bvhusptionak a

pol ypept i deéqm%bépﬁ%ﬁddﬁe? viRl sﬂ&ne@%’s?&;iaﬁl&@ue 161 o dtatih lpeﬁa b AhidlablisfesSO t hat
for exanple a dendritic cell infec a virus of e invention can be

used to stiulrapserintigealiggitionaglivéy s ylst & Asced ﬁmbeﬂa@@ltaweuh?fﬁfﬁénrﬁwﬁ@me to a

pat hogen, ein{deibn RbAtiihs Infutdtidhe GliniRisitY indthédidte 1By GhicOBxppdssibh Gn NRAY nby t he
pat hogen. The heteral ogous gene/ genes may al so encode a protein/proteins

associ atded SAMtemPlting thegfeletigasein the Vijus. nSuthorBrenior sxample fickWs yiryses With as

Hunt i ngt on’ gactibhfizehi®iions iRthdgéret RAQNINg KP291aA@ ISP ah® Wit dnNinkdiivatnfpht be
beneficial to induce an inmune response. A dendritic cell infected with a

virus of t hButatiRhcktthe NmyKerengoding Seng, FemavHgrits; transactiyating {fanction -8 &R vi r us

for use in higtdnue R A@@etadzewdgs& ShiR 'e@%ﬂl99$}’cbu&1e\ll}u§esrm§6 iRCludtSRrstsn @
met hod of treating disease, for exanple nmalignancies or infection by viral

or bact eri aVitlh#apégtng mwommpqsmf DbssdndivdyabreapfatoryEmmealipteaacik 2&0esvi r uses

An at t efsuat @geoding UPRTICPRE 1CPY 8GRI 1OF22) vihaRabtnff inftildtoh rthe/rehAin@fzt | NY
dendritic cells 30 wi'thout preventin g antigen processing occurring wthin

the infect e‘H’“c’@gqlatO‘X“Vi"FQJ%terytﬂﬁée ntion is preferably capabl e of

infecting at | eagt ré}Q-?/edCB‘mHéSirﬂeﬁts%Tft& ;i?weﬁtl iVenfibd, YheOsflrus i2Sthdiodhaieiuaddd03 VWO
00l 08191 PCTIGBQQ/02529 i nfecti on of | nore pref erablﬁ at |l east 50, 60, 70
f

or 80% of CaPY straimpyhich eqmaprises  Rpiatienin 3t least &"égfgsew thitiHacks a funchienal Vatual
cel | obt ai nede USfui@ioRalMILAsSeE, 4 RfclidMEIUN3A3 gahé hndléllf%cﬁ&ﬁBWWSS Qéhet he

R T I A A e N O A,
efficient a@uatyt) hat awdmhabmerswmm whidhi é&hptriy@emmhﬁm sol tRatai@l dadké @ Jeakthe
virus of th |nv on exhibits Xicit war.ds i nfected I ls.
Pr cf or abl y. FESTAAGPE 65 SyURionALBeT Senpid * Biekpre SHSES 5808 (Lo dRa day
post - i nf ectm&iionars@id Peva3r gé Whith dbekshbs fidtranbEliptiBhhalactivaion adtivity)eordiay post
attenuated HSV strain which comprises mutations so that it lacks at least a functional ICP4
25  gene, a functional ICP27 gene, a functional ICP0 gene, and a functional ICP22 gene.
The present invention also provides an attenuated herpes virus capable of
efficiently infecting a dendritic cell without preventing antigen processing occurring within
the infected cell, which virus lacks a functional UL43 gene, or a functional equivalent
thereof, and a functional vhs gene, or functional equivalent thereof. Preferably this virus is a
30  herpes simplex virus 1 or 2.
The invention further provides a virus of the invention, or for use in the invention,
which carries a heterologous gene/genes. The term heterologous gene is intended to
embrace any gene not found in the viral genome. The heterologous gene may be any allelic
variant of a wild-type gene, or it may be a mutant gene. Heterologous genes are preferably
35  operably linked to a control sequence permitting expression of said heterologous gene in a

dendritic



infection. To achi eve reduced toxicity whilst maintaining efficient
infection of and antigen 1o processing in dendritic cells, 29 Jahuaty 2003t he
“invention will typically lack a functional UL43 gene and a vhs gene (in
HSV) or honol ogues or functional equivalents thereof in other viral
species. Additional mutations may be ma#fte to reduce further the toxicity of
the virus for exanple by the inclusion of a mutation in the gene encoding

vmae5 such a i sethetran jvatin CtIVIt he roteln
and/ or by tCﬁ'i Rrﬁfe%@ urgan dendsiticse 'na § ViYS; ‘%g‘ “nﬂﬂ"ﬁ'ft}oBrf“‘i‘ynh‘P ke gssdeto
encodi ng | @fiébr 2 het@lolopbutaichd/ Bl a¥lendtiticRelllivhér® Ratill Ye edpp@sedi rus will cont ai n
mut ati ons which mnimse 1 medi ate early gene expr?sm on fromthe virus,

optional ly toget Hae hferofpepys gane/senss Prefsrahb encedrs & RoIXpeRtide obtherapenticient i on

i ght alsso th paric@hr, YhelRterIsgdhe fere/gendshear, entSdR‘h lﬁﬂﬁeﬁﬁdefba{mblﬂﬂfaﬁéd?@ﬂgo V65
which mnimses the transactivating, acti vi t% of theﬂ@rotel n

al t er nat i veamMPUBRTeRANSESe fPr eE3mRls @ 15y king 9 ofehizunwigmg e}awyrigflxpemﬁe 1he27,
| CPO and | @E@R}logﬁué/gpdé$eﬂ§s hie alsh \eREYdE G dBiYenid BbIlpephad Iv%loheis Pedseteid f or

the gene encodi 47. Al though the present i nvention has been
exenpli fi edurn@irﬁa"%w ﬂetsnoglr%%fekh PLYR tegulated i umoppcells dthdespet 1 AR~ ot her

viruses of thfsurRenPesns Wil 88 uéedilih Xar¥BY thB@py Bifkef dncilfebed @eﬁurﬁwem @ﬁ'tl{éed
toxicity whilst maintaini ngt efficient infection of and antig
1

pr ocessiPng PNt AR be pred @ ftimaulate the hastimpypessysterie Feactde Hie %?mﬁwef@sorof the

HSV genes dgagirifedieab OMRigPSmigssalrbhiti) 431 affhodN Sk diRYbiFkeglelsiqit herrhaer pes
Vi rus speci es then these honp o%ues W be nodified. Alternatively or

addi t i onal IPgIYpeRtide @Btiggp/iaptigent kcRreferably ffqlfesurfm?erm'm@ld@awaypoa@ﬁg%dedhatw th

mut ati ons rha§uéehleﬂgnée&drsadmmwnmﬂhs};bﬁe&@rthe/cemesnﬂamwr@ﬁmp}aby\/ﬁmoﬂ be
especially preferred, By honol ogue iis nmeant a, gene which 30 exhibits

sequence howBIsEgY peafidep eThea*Pﬁter'i‘HO%R‘:‘F ae@rm%ﬁiﬁoeqneoda& Hﬂ’lygéﬁlﬁlé/ﬁeléfp%ﬂiﬂ dgy, to

t he cor1tses§m 6itif 9/irel b&BRal ofiYiRis6 Blat $or et DIAGHR @fl idBct&dSVitggRusdsl | be
at least 1 % pref erably at |east 20% identical at the am no acid level to

the corr es pfn BVeR§iopsen Jesed to stynujaip fhe hosh AMBURROSNSSIO P BFPANSE TANAMIYYE0 2529

'/ For exarfpnst iea pathcgan, SRRE pRbr tanﬁ‘auua@oMepm&cmdmhe HOSEBIARE G RSN Vi T US,
is 23%identical to Powers e 1994) Met hods of , e sugﬁé
nucl ei ¢ acilde iyl ?%?P%lgﬁnel&ﬁ?ﬁﬁﬂ Bgy ee‘Wéqel a IPﬁ%Wpf"FF“ESh%“%ﬁ‘ﬁte PYR Wl e

the UWGCG Iaas@ksag@ gohaub&galemﬁee %&I&I st §sOirAiNg ks CAlzEein eCorPatii@dnts O

cal cul ate homlfﬁgxﬁﬂg%verﬁ% fé_a | 1984) Nucl ei ¢ Aci ds Research

12: 387-A95)disease}ojwhiqhjt mightbedepefigis! toin ‘EEﬂS*F"‘é‘f"ﬁ(S?SP?'ﬁﬁ'B can be used to |ine
up lsqugnczsgs (T orA genarid @enaﬁfedecswrm b@dus of th¢ insaltioh afal dn exl(\&&&&)ldr&xc Ml))

Evol . Bi ol . 1

Sof t war e fd?feﬁsf ws@“mwhf“gmgﬂ gbﬁgrvgteog' ﬁ‘%%%wwe%’ Syobrata ey b Hf“%dgﬁ the
Nati onal Caitittexd éfotreaBh® dizeds8,0fod @yarhpié Giiakighdnoies bP infection by viral or bacterial
(http://ww. cb| nl m ni h. govn. Many different settings are possible for

such progr 2AE°8REcording to the invention, the default settings may be
used. Henol ogues of HS V genes can be |dent|f| ed in a nunber of ways, for
exanpl e by o4 P8 s made from other viruses with
probes com Sty &t o gene under conditions of nmedium

to high stringency (for exanple 0.03M sodi um chl oride and 0. 03M sodi um
citrate at A. rom\ahﬁsust 50C to about 60C). Alternatively, species, honologues

may al so be obt d usi,ng degenerate PCR i gned
to target seque @t Wa?ﬁql‘%“f ﬂigtﬁ?/g.’l"?‘g‘r?f'és %R %‘%hrﬁgfw o] l%é“%%cﬁlg%a'fr}ﬁﬂts 8e§§er ved
am no aeid v\siﬁqtnep‘re\e:atmgTMgM proeessingviobdurdigtvahin thmmfemred rmhe Alegenef ite

positions 20 rin Sl ditions han t hose
used for cll%vﬁﬁ'ﬁodl '§Br(fkféalrj?§" §’p€ﬁq‘?%"§‘isﬁ 9@ %Oenc? cerglsatr’?em"“ 1c’tl”'n}s‘t known
sequences (for exanple 0.03M sodi um chI oride and 0.03M SOdI umcitrate at
about 40C). For reasons of safety, the viruses of the invention are
attenuated, typically so that they are incapable of replicating efficiently
inthe target cell. Viral regions altered for the 25 purposes of
attenuation nay be either elimnated (conpletely or partly), or nmade non
functional, or substituted by other sequences, in particular by a

het er ol ogous gene sequence. Attenuating nutations have been described for
all viral groups used as viral vectors. For exanple, HSV may be rendered
avirulent by nutations in ICP34.5 and/or essential genes such as |ICP4 and
| CP27. 30



29 January 2003 WO 00108191 g |I. Herpes Sinplex Viruses i. Viruses

PCTI GB99/ 02529 5 When the virus of the invention is a herpeé iirﬁg eé 6/:4 rus,
‘the virus may be derived from for exanple, HSV 1 or HSV2 sf?a7MH&ry &9
derivati ve® dofegiegof , preferably HSV 1. Derivatives include gdtigsooloy$29
reconbi nants containing DNA from HSV | and HSV2 strains. Derivatives
-preferably have at |east 70% sequence-shom)l ogy to either the HSV 1 or HSV2 -

genones, re preferably 0% even nore preferably at |east 90 1o
or 95% mf;"éwf ly mpge ﬁﬁfégrgbla! %ééhe herad0 a o8 eslisndie heyetiptiicicnshak

der i vatlagr il iR in ARaNRAE! bO) OBl (o ¥1Vitts 88 B ilViRA S3¢ o

i nvention i nclude strains that already have nutations in genes which it is

desi r ed deperidimg b dheapblypeptile(s) owing expressed pud tiof cdnbrel seyentd(rmpefably exanpl e

strain 171 cLean et .al and R4009_( Chow and
ot 2, 1ok6d % B eanRespdtia e et Paphde(S guRbBRally 3110 b Feleatias EURARET ons i n
15 | GP34hhy, otdificd ubish 4 HdWhbe Yirtia Sincadd@loat trfénum@ of R4n{dMiot GRhiBs Riw -
1985), strain d27-1 (R ce and Kni 1990) which has a deletion in | CP27)
or str aitexiyy towards mhfa@teéépl& i é’ﬁ%fp rahlmﬂh spoppeat pasfeinfecian (Sdrbarat depst et al .
1995) . h r dto

pr odzjce%(ﬁé%ﬂ%egﬁi %ﬁ%{)ﬁg%cﬁg? \r,%%“g Q%%%gr%s%ﬁ wﬁge"rﬂrﬂ“ %ﬁ '{c‘%ﬂy %ol ogy
used in méstonbi ng the various HSV genes is as found in Coffin 20 and

Lat chman, 199 I i | ementin | nes n the. herpes sinplex
viruses of thko PFRISYR ’icgﬁ q%atei‘?té F’@H}tﬂwnﬁ\ﬁg‘i‘?‘ﬁﬁ‘éﬁec@@‘ ekadpantigen gene,

for gx anpdoeesamg%meefdaﬁi@%mg alvidid of ihd ifRehfion WAR tyidal§ 1&fk 4 RAcddRMPOLADN 1S

propagated using a cell line exgr essing that essential gene. For exanple,

when t hegererand 3 whskasng (tnuHS,W on pnm@ggvs greﬁ@lctmrhb equivalentsalierdsd ipothgagat ed

using V27. gel | Ri 0 2 ceI th e 92) or B
1301 2 ceT"Irﬁ SP@@@%/ ?@36@)%1 pr%aa;&ep%%ﬁ?a %ﬁ T’%ﬁ ufe %ur%‘?éﬁh? Loé(l%tp' fﬁjlg? acks a
funct i ongirud foPéxaampie bl ke inchusonnafya bﬁtapbmﬁmgatgede &Q;ouﬁign@nﬁw @lch dsithe
expressing |1 CP4, for exanple ES cel Iﬁ (DeLuca et _al ., 1985). Wien_the virus
| acks a POMEHSCOHS] UrpRspRUYRERe YR PLRe PEER. pagbor7 by cthe tqﬁB‘S\?Persaﬁ‘s

propagat gehciking rﬁhtﬁt?dd inl th@ efX PA&R V%;ﬁ:mtsh I&Pﬁlaﬁoggl &ngdu](cﬁfdﬁf' fis E26

cells; Samaniego et al., %p and when the virus additiona ‘acks a

functi onairu:vwﬂggorggnenmh@orw which maipiise 1m2@d@ammlyygea®@8pml@0fr@&1m 9

PCT1G B9910252 J ol al so_ cont ai ni n

honol Ogug rgs* %ﬁ\;@g? ?cgg%ghe?%lﬁ%ﬂﬂeramﬁghgns. Thas 3 vids SPHE mvenp & & gh? also
typically be mutated in ICP27, ICP4 and with a mutation to vmw65 which minimises the

transactivating activity of the protein, or alternatively be mutated for each of the genes
20  encoding ICP4, ICP27, ICPO and ICP22. A virus of the invention may additionally be
mutated for the gene encoding ICP47.

Although the present invention has been exemplified using herpes simplex
viruses, it will be understood that other viruses of the herpesviridae family may be
modified to achieve reduced toxicity whilst maintaining efficient infection of and antigen

25  processing in dendritic cells. In particular, where gene homologues of the HSV genes
described above (especially UL43 and vhs) exist in other herpes virus species, then these
homologues will be modified. Alternatively or additionally viruses with mutations to the
immediate early genes or with mutations resulting in reduced immediate early gene
expression would be especially preferred. By a “homologue” it is meant a gene which

30  exhibits sequence homology, either amino acid or nucleic acid sequence homology, to the
corresponding HSV gene. Typically, a homologue of an HSV gene will be at least 15%,
preferably at least 20%, identical at the amino acid level to the corresponding HSV gene.



equi ne herpes virus gene 12 or BTIF from bovi ne herpes virus).

| CP27-expressing cell lines can be produced by co- transfect%Qg? ma&r%d:san
‘cells, for exanple the Vero or BHK cells, with a vector

pl asm d vegbQows®iconprising a functi onal HSV | CP27 gene cap@b[baggﬁzsbel ng
expressed in said cells, and a vector, preferably a plasmd vector,

encodi ng a sel ectable marker, for exanple neonycin resistance. C ones
po'sse55| the ectaphl e marker .are then scre further determ ne
i ch ol B B R LBt i GRS, RGO IE ot Z0 AL o
their abid ity (p:bv@,lpaqyt 1698 growt h of |CP27- HSV strains, using nethods

known to those to skilléd in the art (for exanple as descrlbed in Rice and
-Kni pe, 1990) . Medhdds|af mesaswing: hudeic peid and| proieindvamal dgshare fwedinkro@R2in-therut ant

HSV stral to a str onal 2 duced as .descr bed
above, uﬁ%ﬁﬁxﬁgﬁ $ﬁe vecég%g%rgﬁrprgw%pé %ﬁlﬁr?é?gr@qb ﬁoes not
~contakn 8%@ Rgletlate IRImdlvgy (évevduk@r G (1984) MNiRINOATHORE IS ch A:38BBUS)CES
remaining in the |1CP27- nmutant virus. t 5 Wiere HS V strains of the

i nvention com§ifpg%ﬂ§f, rbe P Hv%‘t]? 784 RIAST algerithms qan bsrused tockingown seueRssies, f or
I I f | V

o oh colter AT, RERABLIG Afbchul S PO L ABTIIRIL 36230 240 MRl spe gene

descri bed: fab|(19905>277 MdoBiglx 21pi463-1A).t rS@ftmsaefmfpeh{é\inmgrBLASTmmsusas ng

tati bth 27, and, | 4 bot ICP7 d
Tcpa 1 o peblyoenlebl ety ahy NEi&Rlnrrugt B Bhides) . hesePRa s

expr ggsi r@gmpz/hw@@osgﬁﬁhﬂ{ @gpes can be constructed in a simlar manner to
t hat described for | CP27. B. Met hods of nutation 25 The various viral genes

referred to mijamye diffarertr seitingiate epssiblg fom suell weogsyms e vdecerding dAnihgues
wel | kno hey may be rendered functionally

i nacti vevi%{/én e{"gﬁ? g‘?}%‘,}hgﬁs I t?il)&(;?}ssehor insertions, preferably by deletion.
Del eti ons may Hemalugues@ftHOVi gends cah de gdamafedin 4 hﬁnﬁﬂtofweysgﬁnexmﬁﬂe bgxanpl e,

del eti on of onI one n ofi de may, be m resultjng.in a frane, shift.
ovover | ERTRIPEEAIORYS Phr A B Bideram BIME KAGEs Mt PaBCARESaE Aldts | 250
nore @r ef;ﬁ&aemtue HSV' g8 tundee Rlitoh€ of ﬁE&thtQ(iﬁélgstﬁﬁgéné}D(fmcé?@inB& Femence

(or alternativel in absolute terns, at |east 10 nucleoti des, nore

pr ef er ablspdiam |chlpside 1 @mi U@IMosedien, cisist apreamer abioity S0%G tpeabqut 1606)- 29
January 0

parti cul a‘Q]IQén%}?g&é%ér% g‘%gt%x gmgoerﬁ@ gfgﬂ 1é(r%fg ?rg%ngg%ﬁg%é&g%}% O(:R t é:hfvlwzlalnkl ng
sequencesuse |prsetd ddSlgquUan{ equences | withn thee variahisr ald dgpmodogyen escodager i bed
bel ow. In %&rtlcul ar, .i.t is {A_Erred to L‘nser.t t he hetgrolo ous ﬁene into
| CP27 or GoBAvedqmipgacid seque s CWB“E} FRRtaR ARe QniRqre deggRyidle pes!

del etgd sindGillite tﬁ&?ﬂd_&%g’%ﬁgﬁc&ﬁl&ﬁﬁ& I¥ber HahURdsehdd RF &bﬁh? sed%@ﬁce@ witkel |
inactivating nmutation is nmade which abolishes the ' VMAB5 t o
acti vat e SRS SORFYSEIPHMErY LBt ravassegquenges (o expmpled.(3M %qdmm E@S@dfb%“

0.03M sodium citrate at about 40°C).

For reasons of safety, the viruses of the invention are attenuated, typically so that
they are incapable of replicating efficiently in the target cell. Viral regions altered for the
25  purposes of attenuation may be either eliminated (completely or partly), or made non-
functional, or substituted by other sequences, in particular by a heterologous gene
sequence. Attenuating mutations have been described for all viral groups used as viral
vectors. For example, HSV may be rendered avirulent by mutations in ICP34.5 and/or
essential genes such as ICP4 and ICP27.
30



Smley et al., 1997). Mutations are made in the herpes viruses by

horol ogous reconbi nation nmethods well known to those skill ed jaRuad)2008t -

- For exanple, HSV genonmic DNA is transfected 10 together with a vector,

pr ef er abl y wo pd/msse d vector, conprising the nutated sequenc@CWWmuwﬂusvy
honol ogous HSV sequences. The mut at ed sequence may conprise del etions,
insertions or substitutions all of whBch nmay be constructed by routine

t echni ques. | ude sel ectabl e marker genes, for exanple
LacZ or Eﬁp foF P %g? #gﬁgu?%%onblnant viruses by, for exanple,
a-gal act osi dase activity or fluorescence. IS C. Heterol ogous genes and
pronoters The viruses of the invention may be nodified to carry a

het er ol ogbus g@%@?@enes. The term "het er oi ogous gene" enconpasses any gene.
Al t hough a heterol ogous gene is 20 typically a gene not present in the
genone of a herpes virus, herpes gene may be used provided that the coding
sequem:e i s not Whpertabirus iof kieed inventidmeis\va herpe< sintplex! visesg) uks eires mambmi ch

is natyrally. ass |ated ous gene .may be.any.alleli
vari ant - ofene it fergime 15V B HEY D SRs d e vatRS s e feratenes | s
i nt ended quovgenwﬁbehﬂcl@m Rty SPMEREARbINAILE Qoﬁtﬁﬁn@apm €ros{ H¥V N@nat
| east transcribed. Thus, sequences 25 encodlng t RNA and rRNA are

i ncl uded WSMZ swrainsi Degwpiivastrefarablydvase et least 18% seguenee hembloge e ietther %xc
concernedlﬁﬁ;h t i [ r ha n
Sequences enc oc{ i ﬁﬁ%v%?’?m&r &%Bﬁﬁc%%t%{f§ﬂluﬁ g sﬁoéég}seg Eirr%or% P reqﬁ}f%tge an / or 3
t ransaee i befofM] typithlinas mahsaded byatk innghwle deenided hérainu Gthéryderivatiodshwhishs e,
associated with the transl ated COdI@? sequence. It may optjonally further

i ncl ude t HEYRESWEA 4p Oftaip the: Xinses op Hicoprasent givertion inclide sraws 8atalready

associ at elad fihtaibs i 8aRs WIEH itSI8 WERLES  fuhQlonSiATRESvAd 3Da kRt 610{11%' stop
signal s, polyadeg%latlon sites and downstream enhancer el enents.

January 20o@niigh t@&’c!!BEJCIZSUFXIGB@Kﬁ’ Odsigan er al.j 19He, ﬂ@@@rBB@tfoasd Wgenes

may be |n t y.h ination of.
Strains wighof g RbGmhir109f Bl ROTP(Chatly dPTRIAT B Be PRESTRE RIS on ™
gene/ geneSCPBtaﬂ,kﬁﬁubulIﬁSWh&xﬁqm rc éeletiohhia Imme(mLﬁgperSalga@%pe;na&x any-ibe

i ntroduced_into_a suitable plaﬁnld vect qr ri sing herpes viral sequences

Lot e Bl Kbt S0 Sk B defitiomn {68 Brar shetf SR evigris b aRletons
gene/ genegy, kB IQQ’2'7%§WE?Q (S&h%u&ébeetvdl r qbgger@%ﬂaes@%&aire%ﬁxl&auw @ ded

that the virus can still be propagated. Is preferred tha
het er ol ogaumbgesfstaps megited t¢ producediie iutant HEVetrsimn of te pyesent invttiono| ogous

be i d | I hi n [
?sgﬁgc??%edesggu %%HBQh?ﬁam%IQ Se %mg mn%ﬂ@?%éﬁg§%h%y%f%?erg§ 5%%%}ably

| o | izokedintd.akhm@nt ¥199b. sequence perm tting expression of the heterol ogous
gene/ genes in dendritic cells, preferably mammalian dendritic cells, nore
preferably human dentritic cells. The term"operably |inked" refers to a

j uxtaposi t on wWegpeiddnlifie cOMPRAENt s described are in a relationship
pernlttlng themto functlon in their intended manner. A control sequence
"operably linked" to a coding sequence is Ilgated in such a way that 15
expression of t cogdi se ce. is ac &f condi ns co bl e

with the control eé‘qu%&‘gg’.esg'lrh%e’é rﬂ]‘?CSIO?élée \?é’ﬁ Sﬂﬁﬁ g%lilc’é °8?t

al | owizag exsponeialsiens, fof exdneplb atgeh® bioding Icemef YEPES thRNEn3 cmtwaiveﬁmsn is,

termnation of transcription. The pronoter s sel ect ed fron18ronoters whi ch

are funct iB5ARAB2%EA uﬁa&weilalwe eXpEesERg fiat esserpizh sensn dior cxampls, waey the viggs
pronot er / gy R:Exéuéfﬁy e 208 gédev% JihR g}.zgr 9@?0?,5%&&%#%{% §97%118 lek%eymd c
S nmay | ve

genes. For exanple, pronote enone of a cell in
whi ch exprl'émpc,dﬁ%)‘, 2-heclbsetSemith @gdusl9@éha BE3&/D Cd@CONO%/rBQFQ?)abtqfe@bly

eapect -t & GOy MR RuER LT h SRl foPy AR PECY b Buiferenied o

ubi qui 400U susif @ l{rfelixBreasing TOPALfOF éxaﬁfpl€35 3éllsi (MeLtitdoat LN Y 925. OWhen the
alternatlvely, a tlssue 5e0|f|c manner (such_as pronmpoters of the genes for

pyrurate k‘flﬂla 1G4 ser&sénerao%@t@mal IGRT geas thanvirgoisspyepigated
stimli, %@aphﬁeeagg ﬁfgrﬁmﬁ P4 ﬁ\dquﬁ?e(k)gﬂ[hdash@fm& Ssﬁeukga S aYiral

pronnters na al so for exanple the oney mari he ema virus
| ong t er mi 1985), e evien (LM\AumsLiﬁ)tiqmabyrtaCbs a Guncpiomaioteves grineltbe yavs wayube
genes. 30 The HSV LAT pronoter, and pronoters containing el enents of the
LAT pronoter region, may be especially preferred because there is the
possibility of achieving |long-terns expression of heterol ogous genes during
| atency. In particular, an expression cassette consisting essentially of a
LAT P2 region, which does not itself here act as a 29 January 2003 WO

00/ 08i 91 PCT/ GB99/ 02529 -12




pr‘ormt er, linked to a pronoter and a heterol ogous gene in that order is
especially preferred. The term"long-termexpression” is t

expression of a ~heterologous , gene in a cell infected wt %W@gpfg@

si npl ex Wi owosdd1 t he i nvention even after the herpes 5 si miB&BY/29% has
entered | atency. Preferably, this is for at |east two weeks, nore
preferably at |east one or two nonths-after infection, even nore preferably
for the life tinme of t .cell. Expression c tes, may further conprise a
second BB Sing o oL 46 dherRBE G SIS HoBRlERE 44 Heshs: G ha
order teqfifd kerpéaWihA belt127 @B TR A6 bbviné h@péHviaRposi te orientation to the
first pronoter and first heterol ogous gene wherein said second pronoter and
second het er ol@Fduexpirspiag £e8 lings awanpe psodyeedibyf eo-gansfectinghmapimalianpr onot er
and fir el ohg e S pakd. 0 0 he | u ene
constr ug%%shﬁé\r %ppd’gﬂdze gfg{aecrft %ﬁ#o?@s’f Pagtfr} e gecg(lgrh etefgrrf@* %grarglélg‘?g’ﬁagﬁl oW ng
t he bongomerisingx fuesionalrHIW IQR27 genefcapuiiie o Dbeig espresad ih saiMbicells, apy abe t he
same or different,  driven. by the same or 15 different prompters.

Fur t her ¥BY'@% Pfﬂ%“e”%‘ﬁ’&dﬂé%““ﬁf"g‘itﬂ’e epeiie m&lmq%@@d@rgfeﬁ@(me MEYEYERe t he

expr essir&iistatke.! NEC1GREOPEsAGhE" Bk ORUEELUL DEArk&’ atdl BfenY SdrSchledURH er SiYi t abl e
physi ol ogi cal conditions. Expression cassettes and ot her suitabl-e

const r udesrmigaprhich plgnespdsohrxpeass fungtiaral dER27.dfenexampiel os ¢t badis sfthegnces can
be nmade usj ng routi ne cloning techniaﬁues known to 20 persons skilled in the
0

art (sedbilityto supnpst the gxavily BHKCRA7 ISV sy, unpe dretheds knoywm g thosg

| abgpat |.; I L ESNKni J P2 region is here
dof  od aleflRPlar (R e B SO PO rai n 175 ((GenBank HE

1 CG from PsigelSings hitte8d noBaltbvr R&letI@S of ERICRI-SmPantBEW 8kdiN 9§ a0f this
regi on, including honol %ﬁ;’ous regions of other HSV 1 strains and of HSV2
st rai ns, sty with functiopgdEFa7 afe produqedi asglescriisd| abaye. t anpyningx hrab sl wertor

capabi | i QD i 1y I e

advant agehPE g AARRE IER YRL It Gl hELes b PR 9 B,

expr essiyyhd oh@ﬁ))@@#&h&@s?&ﬁﬁﬁin@@rﬂﬁxe%{m%ﬁﬁ&%ﬁk?d during the Life-time
of the cell. %nduci ble neans that the | evels of expression obtained using

t he ¥ronoter c¥rerd&IS\bgjminstad dhe inyentiorgampase inactivaping adificstionp bddthemt wher e
nore th r h S| r | t he HSV n one
promot or i EE Ot BRRHRe e Bl dndsingioLf kbR bOBHRE s HERGRM 271
transcrii$Vogemk which venplenfants dre miodifeeidnessetial @end \in rthp camedmiafiogsan and

Buj ard, | 992, S t_al, 1995), and drjyj t he het erol ogous gene the
exjpr essi‘{?ﬁcrﬁ%‘ad\%ﬂ(’)ﬁ Eclsﬁﬁ Fg %@Pég‘%ltg“f &gfe Gﬁéégg%rawa CﬁP’cRHﬁ‘t“@r‘%HBﬂf’gs Honpri se
a 29 Jsymacy2728810M0, QRLIDBAS IxprdidgHdROPL P 2R EC™d [sQREd REQIEDLset2d €. 9.

the CW | E pronoter) drivi n(sg the expression of the tet
20 cells (Samaniego ef al, 1995). HSV strains expressing other essential genes can be

constructed in a similar manner to that described for ICP27.

B. Methods of mutation

25 The various 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. For example, deletion of
only one nucleotide may be made, resulting in a frame shift. However, preferably larger

30  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



rebressor/VP 16 fusion protein. Thus in this exanple expression of the

first heterol ogous gene woul d depend on the presence or abs f
‘tetracycline. In addition, any of these pronoters nay be nog?ﬁ%eu%%gl()(%%e

addi tion Wofydﬁsﬁﬂer 5 regul atory sequences, for exanple enhpagggesasivences
(including elenents of the HSV LAT region). Chineric pronoters may al so be
.used conprising sequence elenments fraogg.two or nore different pronoters
descri bed above, for exanple an MMV LTR/ LAT fusion pronoter (Lokensgard et '
al ., 199miclegtidgs).ontbtie particyinslyi Biefrired] Wntamayveothet dntirg gghe and same sfethabove) .
10 Hetergl @gou | ' I ' f therapeytic
use. - For VbR atEtes. Hhickel $eleAied el M0G0 B REBbEGE Bho BAAREY
parti cul sdlow.uli® particular,vit i prlaferdd o imdettethe deteralogdig Genél 8NENCPRT oc 8EP4 Wi th a
virus of the inventjon directing expression of a tunour, antigen/antigens. A
tunour ah Mgesimey the SUAGX gene dhe, eptitrogencc ) Rotofelsted gige b epradset at

hi gpesr ! &\é&h@e&t&c&t}aﬁ prtiR Wt & Snhil iRRAvAh PmlARoh WA which an)listhQéiflhﬁt ype,

15 for exanp due to up regulation of expression he ant i gen.

parti cul ahilityi of Y862 @ nctivate transctindonallyolly genes i(gendsaimt Ageesal. sl ¥8@pressed

on the s rtlacet f é% tumour cell, for exanple a cell surface receptor or

cel |l adh E?S%eﬁﬁbg . Exanpl es of tunour antigens include the MJC-1 gene

product ( Gendl ®futationd hre. maRI0 thafkurpds Vifisey/BY héniPlogaReecInibifativar@hodaf

t umour s including ovarian cancers, human papillomavirus_proteins E6 and E7
e

20 whi chwgH&nawa de ithase gkilled in dlas ait.c Sior exaaple, HYngsamemig pstranstacted| j ci t
T-cel r t] r - al so
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a wild-type gene, or it may be a mutant gene. The term "gene" is intended to cover
nucleic acid sequences which are capable of being at least transcribed. Thus, sequences
25  encoding mRNA, tRNA and rRNA are included within this definition. However, the .
present invention is concerned with the expression of polypeptides rather than tRNA and
rRNA. Sequences encoding mRNA will optionally include some or all of 5' and/or 3'
transcribed but untranslated flanking sequences naturally, or otherwise, associated with
the translated coding sequence. It may optionally further include the associated
30  transcriptional control sequences normally associated with the transcribed sequences, for

example transcriptional stop signals, polyadenylation sites and downstream enhancer

elements.
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dendritic cell.s infected with viruses of the invention which express tunour
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Cang@r Scells. The promoter/promoters may be derived from promoter sequences of eukaryotic

genes. For example, promoters may be derived from the genome of a cell in which
expression of the heterologous gene is to occur, preferably a mammalian dendritic cell or
more preferably a human dendritic cell. With respect to eukaryotic promoters, they may
be promoters that function in a ubiquitous manner (such as promoters of (-actin, tubulin)

25  or, altematively, a tissue-specific manner (such as promoters of the genes for pyrurate
kinase). They may also be promoters that respond to specific stimuli, for example
promoters that bind steroid hormoﬁe receptors., Viral promoters may also be used, for
example the Moloney murine leukaemia virus long terminal repeat (MMLV LTR)
promoter or promoters of herpes virus genes.

30 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 not itself here act as a
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10 fromi 04 to B transduced dendritic cells, preferably froml OSto
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HSV1 nucleotides 118866-120219 of HSV strain 17+ (GenBank HE1CG: from Pstl-
BstX1 sites), and includes fragments or derivatives of this region, including homologous
regions of other HSV1 strains and of HSV2 strains, which are capable of providing a
25  long-term expression capability to promoters to which they are linked.
It 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
30 gene is inserted into the HSV genome, one promoter would comprise a promoter
responsive to the tet repressor/VP16 transcriptional activator fusion protein previously
reported (Gossen and Bujard, 1992, Gossen et al, 1995), and driving the heterologous

gene the expression of which is to be regulated. The second promoter would comprise a
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for virus growth (MFarlane et al., 1992).
are particularly preferred.

Heterologous genes may also encode a polypeptide which is capable of
modifying an immune response, for example cytokines (such as o-, §- or y-interferon,
interleukins including IL-1, IL-2, tumour necrosis factor, or insulin-like growth factors I

25  or II) or other immunomodulatory proteins.
Heterologous genes may also encode antigenic polypeptides for use as vaccines.
Preferably such antigenic polypeptides are derived from pathogenic organisms, for
example parasites, bacteria or viruses. Examples of such antigenic polypeptides include
hepatitis C virus antigens, hepatitis B surface or core antigens, HIV antigens, malaria
30  antigens, pertussis toxin, cholera toxin or diphtheria toxin.
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
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two fragnents). LacZ expressing plaques were purified using B 13012 cells.
29 January 2003 i WD 001 08191 (iv) 1764/ pR20.5/UL43 -19

D. Dendritic cells
15
Dendritic cells can be isolated/prepared by a number of means, for example they
can either.be purified directly from peripheral blood, or generated from CD34+ precursor
cells for example after mobilisation into peripheral blood by treatment with G-CSF, or
directly from bone marrow. From peripheral blood adherent precursors can be treated
20 with a GM-CSF/IL-4 mixture (Inaba et al., 1992), or from bone marrow non-adherent
CD34+ cells can be treated with GM-CSF and TNF-a (Caux ef al., 1992). DCs can be
routinely prepared from the peripheral blood of human volunteers, similarly to the
method of Sallusto and Lanzavecchia, 1994, using purified peripheral blood
mononeucleocytes (PBMCs) and treating 2 hour adherent cells with GM-CSF and IL-4.
25  These are then depleted of CD19+ B cells and CD3+, CD2+ T cells using magnetic beads
(see Coffin et al., 1998). Other methods may also be used for the preparation of dendritic

cells.

E. Therapeutic uses
30
Viruses of the invention, and dendritic cells infected with viruses of the
invention may be used in methods of therapy. In particular, viruses of the invention, and

dendritic cells infected with viruses of the invention, which express tumour antigens may
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20  therapeutic genes to a human or animal in need of treatment. Delivery of therapeutic
genes using the herpes viruses of the invention may be used to treat for example,
malignancies and pathogenic infections.

One method for carrying out therapy involves inserting the therapeutic
gene/genes into the genome of the herpes virus of the invention, as described above, and

25  then combining the resultant recombinant virus with a pharmaceutically acceptable
carrier or diluent to produce a pharmaceutical composition. Suitable carriers and diluents
include isotonic saline solutions, for example phosphate-buffered saline.  The
composition may be formulated for parenteral, intramuscular, intravenous, subcutaneous
or transdermal administration.

30 Infection of dendritic cells with the virus of the invention may be carried out in
vivo by administration of a composition comprising the virus to a patient. The
pharmaceutical composition is administered in such a way that the virus containing the

therapeutic gene/genes, can be incorporated into cells at an appropriate area. The amount
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UL43 andnflgRritoaed, Rabdutdicid of Shivaved8ns iidje@dnasr b9 digech iHfRBRGE aR&tNe T OF
growh of HSV in culture, and as not affecting the kinetics of infection in
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efficie i L . |0 Results - Table 1 MJ %
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Exanpl e 2: Deritheirbutes ofadmsinistratior had dosigys dasorilxer are ssendedfomly sshregyjdowt h of
HSV, inactivati of UL43 redycjn rowmh further |5 To determ ne whether
the ef f orent il brariines SOllohe Relf i Ereipedeaciha teaRsmgm e, of
repl i catidefiniratidiand dd4a@sSfor QP WaRictilkr \Watelhleferdalsl &, THideiampMitghagiendri ti c

cells were infected at s ranging fromO0.1 to 10, as in Exanple 1, and
vi rus grooieht apdsenditipeaf beoatientne. At 24hr intervals sanples of the cul ture

and nunber s of Granied iR IR Hsee G BEhES o' Ss FRlentfif AR, Bighl o

Vi rus i nardéntelrded ite be glustratiMetamtyeambabtdingighg) , Tinme after

EXAMPLES
20
Materials and Methods
Construction and Growth of Viral Strains
25 All virus strains are derived from HSV1 strain 17+, the nucleotide sequence of

which is deposited in GenBank (Accession No. HE1CG). All strains were produced and
propagated using BHK C-21 cells (ECACC No. 8501143), apart from strains 17+/27-
/pR20 and 1764/27-/pR20.5/vhs which were grown on B130/2 cells (BHK cells stably
transfected with the HSV1 ICP27 gene) and strain 1764/27-4-/pR20.5 which was

30  propagated using cells stably transfected with the genes encoding HSV1 ICP27, ICP4 and
equine herpes virus gene 12. EHV gene 12 is the EHV homologue of HSV vmw65 which
we have found when included in cell lines can compensate for growth deficiencies

associated with vmw65 mutation, although the EHV gene 12 protein product is not then



infection (days)17+/ pR20.5/LJL4317+] pR20. 5/ USS
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.dendritic cell cultures infected wwtR7HSV this is only apparent at ow MJ
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t ur n- ov gkiclefedWh tHE-delPsdIyr Giils 96@&1{ sacrd@dmewefrd genefitdd LUbIIWLBHKWNI ch 1S
reduced b |nact|vat| on of tq but that this is not accotganl ed by

si gni fi caMy (i IPMEM,alo%éﬁ%b@@&lbaah%?@/%«;mb warettrapsiestedi(byf  UL43 has
revi ou f Maci ean et
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del i \zer ;(L&\'&xsdBt el (1897 )aVmlolbgy, 230t §69- Bﬂi)emden‘ the comtel bfa TNEV piiomaegerst r ai ns
(1) - (x bed above to infect, de ti e at MOTs in a
range bé{"ﬁ&gﬁsﬁéfe%“%@FPW?@d‘? plagipid; enpodine, jﬂdﬁgﬁf qssarrpl es (2 x
100 pl qRettulovienibidinggs geme} &AM IPRBNS D h&)ﬁ{y&m@ks&ﬂm&ﬁ?v@@r ession
29 January 2003 PCTI G B99/ 02529 20 (fl uorescence m croscop g) andl.-or stai ned
06

wi t h X- gglectsd apépssessed &aritheir abjlisihie suppert thessewh of SV mutadgos I§P47 ar al dehyde
for 10 HL@&@%‘H%%B%?B &gss&%' foﬁé séléa %QR{rédu’&e {:sz‘he’ | 1 996) and

i ncubation e en e nat ur € nsertion in the
i- 1omoqnua&1yhmwcm&s@t GQBQ&Z\EQmed&Bd fipal theUBHK c¥lly ¢ontdiider test.

The ot he anpl i.ne n blue - livc cells excluding the
shin, axedYtasac 2 ReIC Iﬁdﬁné\@ti@’rﬁ Wéf Vepdy fhe %%@F@@?ﬂnag@us&q he number
of cell SMMTthFtﬁn&Ex' Hdnal S w4l %MS/R (Gélhg'biaﬁﬂxd ;EMAR%B/ICP%' ‘F'o?'b@lsﬁ&fonOf

experi nents, were repeated tw ce and whi ch usually three viruses

were 5 t @@MAN&@O@CH the nepinygin resiytangesgens é@cc&sd asd anf% fgmendbint r ol to

allow for e c._cel reparation Resul t
R R R e e S S
~Conts p[ BahHI frlagmsﬂt(ftdrﬂx pVERXR @hipesi)l (INe CP4 tading peplof (HS¥ 1 ntsx ~

X_X-, USSXXVYi W SXXX3c- XYXI 7X- 3a. sXxxxxxr cP~xrqo CCne delivery
Lty PRI, (1185 BT B GrBANK D helse) wasiio mseied afee the
MMTYV promoter at the Xhol site. A clone highly permissive for the growth of HSV

mutated for ICP4, ICP27 and vimw65 was then selected following transfection into the
ICP27/EHYV gene 12 containing cells and selection with phleomycin (Zeocin; Cayla,
20  Toulouse, France).

For viruses with mutations in VMW65, 3 mM hexamethylene-bisacetamide
(HMBA) was included in the media used for virus growth (McFarlane et al., 1992).
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-p-/27-1pR20, (iv) 1741 pR20.5NL43 , (M) 17641pR20.S/t1S S, (vi) in | ~ |

4] pR 15, (Vi i )51, 185 , (viii) 1'p4./27-/pK20.5/vles, (ix)

17~~41pF§V(~| N&&%’%i@ﬁ (x) 176/27-' 4-1pR20.5. 29 January 2003 WO

001 08191 PCT/.(G3B99102529 -24 These results showed that different

conbi nati ons of gene dele ir%g(i RrpOVi ded viruses with various conbi nations
of gene del i ver§SSeRe iffqme R BRRGecopsistingxolcan RS VdaedPAngsarensa agra one or

ot her o gi@ﬁ?/@@@ﬁi{ ﬁgﬁéeﬁhi@?oﬁﬁ s&msg@ﬁ Jrfén{alﬁg?f{xﬂcgéeﬁ%lfte\ﬁi wgﬁxs«} } and

(ri}, ot her Ich erther gene d very efficie or °c survi val
was rsedutAd. reégidRe pequehceointonid 8e806el20i239) iwaneidsated mar Ithe JHMS (dcTR2bY

appeared, t o gi ve viruses.whi ch were  appare m_nj I ic, but in
ohroh ehtfaBerGatPtbERiiY AR AREAHE IR Sebin e DNE B tiendird '
conbi nat jrethodt. TIRPRIGS Bissétte GRNASH! inSreliime bfastdiEBStaiRing PP flatkisg and
UL43), each of which has previously been shown to reduce virulence 1n vivo

i ndi vi dutagiaps(eefiarertabalP0) atthe wakdue dsH gite.ceiving elasmid pR2Q.5¢43ntihea30-Dn of

gene io Ll 6f £ Sdef o G -4 ck of
t oxi ci ty?gstg%t}/esé%et%e& g%elgver y%???%n@orh%%iélaégg{P%?g% ;g/n tgirserg{]gsr th?han

wi t hi@ny ohifortukieotiden encodinguSHE wassinemited Haweitker sidei 6futhe (capsettehi The BBV al so
mnimally toxi c was sh t 0.0}V i gh | eve P and | acZ RNA expr.essi on
(see bel éwf,’“%fi YA W‘%CE%&BFQM&%%F% ka@?@% ﬁﬁ%@ﬁ“i Phappacial| d be
det ect ed GM VA GofS GROME3 m\oﬁycﬁg@&yhﬁ@%ﬁwmn{gﬁg@rp\zﬁﬁ @1GRedh) NolBhEY toOXic
15 was shown to give high Ievel P and iacZ expression (See bel ow),
simlar mnﬂt@vfeqanmlmgpl?@-ﬁ) even though |l ess GFP coul d be detected by
fluorescence. Western blots using anti-HSV | CP27, [CP4, |ICPO, 1CP22 and

| CP47 anti bodi es have previously shown this virus expresses only very | ow

| evelis ofiiany 17#pRADaYESearly gene on cells which do not conplenment the

deficiencies in the virus (i.e, the nutations in I CP27, |ICP4 and 20 vm\e5).
Exanple 4: HSV with inactivating nutations in UL43, |1CP34.5, vhs and VMA65

gi ves resul ts TpRpRROISNGIEAE Vab ddert8d fnkd- e NISPILSELSH HEV £ bR lifkehTsh Homef
del i vered_antigen |s_occurr|ng in transduced dentritic cells 25 The virus

del et ed PRROJgassetiechge. HISSy xeRings | (plpswed rpAJUSS) efddratingntplasmidvery of
GFP. lLac ‘i)l@@S'/IYéSt )f'ol?cﬂvédhgy q{[opr?orlo&%gdrEComiJla?ioR rt%ﬁgtﬂgr i\xﬁ}h”&ﬂ}/ﬁe%elgéfo’miwas onl'y
20 HSVI1 strain 17+ DNA into BHK cells giving virus strain 17+/pR20.5/US5. Plasmid
pAUSS was prepared by cloning a BamHI - EcoNI fragment (nts 136,289-131,328) from
HSV1, which includes the USS coding region, into plasmid pAT153. pR20.5 was
inserted into a unique Sacl site at nt 137,945 in the US5 gene.

25 (i) 17+/27-/pR20

Plasmid pR20 was used for homologous recombination into purified HSV strain
17+ DNA. Plasmid pR20 contains a LAT P2 (HSV1 nts 118866-120219)/CMV/lacZ
cassette inserted into ICP27 flanking regions (HSV1 nts 11095-113273 and nts 116869-

30 118439 in pACYC184 [NBL] allowing insertion at the unique Mlul site which joins the
two fragments). LacZ expressing plaques were purified using B130/2 cells.



present at a very low | evel 24hrs after infection, at the limts of
detection with X-gal staining. This raised the possibility t bot acZz
and GFP were produced efficiently in 30 the cells, but thatztgg‘%’ﬁg?@réboll‘aacz
activity Wosohgh19p reduced by efficient prateol ytic processidygcgdobdses | acZ
antigen - as mght be expected in a fully functional dendritic cell. The

| acZ gene is transcribed froman idenical pronoter to that in others of

t he viruges j ch i strong X-gal staining in dendritic cells. Thus if
pr ocessi(st’\‘g om“%@@c‘%@ 29 January 2003 WO 001 08191 -25 PCT/ (B99102529
occurring within the cells both lacZ nRNA and GFP nRNA shoul d be easily

detectable at_relati velg equal levels by northern blotting, but the |acZ
protei n | evel Blagpid\pR2Gp/MA3 brast usedh dorshrmdlegave reeandbingtionripthupadfieddtIVer n and

western fl r er, i NA an [otekn (ext d r 1x105
cell s/l a%reaﬁ)%i §7§20§N(% aéég&gsgtmgé’e Eggrfﬁt ;iméla gfeiaflﬁes pluﬁb‘é%tfoé’do{/\nﬁrfeﬁ“?hgf‘&n
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ant i bodyhg¥essr delpted g vty 3n igpctivatingemutation Huthe \gede, Qfﬁ@’lﬁ‘gﬁﬁ)z(@‘@n@ qlexci sed
from pCHidghy(Pharmacia) with Hindlll and BanH') or the G-P gene (excised
from pEGFP-I{I 1 10 (Contech) with Notl and Hindlll). Northern and western
bl ots were performed by standard net hods (Sanbrook et al. 1989) by

radi oactive ( h ts) or nonradioactive (western blots; ECL,

Aner shan{v\jrreazg‘g’[&d&f)pﬁi s Western blots showed: (i) Efficient detection
of bggh lacZ and GFP in dendritic cells infected wwth 17+/ pR20.51L1L43. A
si ngl e defined band was observed at the expected nol ecul ar weight 20 in

each case, wi PlsashpRIA4rT s usgd, fasrhamplerous reeompbirgtioneintq pusifind BSXYect ed

with the_X.. i i ' F@qﬁily |, Wi

1764/ pRl §ﬁ£@7 ggﬂ\{ﬁ%gp IF%Y%EJ ugﬁgii:t glln\r,%ﬁtl%eve g sz’f: E? %r‘grgéesggfe%%ilgs'ml ecul ar

wei ght were significantly reduced. Northern bl ots showed a strong, defined
band of t%‘f ewgt}e% gi ze in each case, 25 whether cells were infected with
17+1pR20.( UL PRy 41pR15/ MSVGFP/ UL43. These results denonstrate that
whil gqslacZ nRNA is efficiently produced in dendritic cells follow ng
infection with both 1764l pR15/ MSVGFP/ UL43 and 17+/ pR20. 5/ UL43, for

| 764/ pRI S/ VsvESmid PR 5t Wass usadafor hogjolegeps Fegombingtion dniedthsr genee farathe
protein IS 1 di r¢t sl a$4,40 o,t hat e A fy<ful |

| engt h 33%‘?‘3{?%5?ﬁ“ﬁﬁ?ﬂ%@%ﬁfﬁ@sﬁgﬁgﬁn&ﬁﬁ {]Al‘ér%igaé?é lg?%hi *){%\élglbf? Ipﬁglrseduced.
Consi der icnptainhevirs dlankofg degiohsi witle tioe issrtion @fha ilagedh gpucodasen by, ah HESVat t er

is likely t h se.as this wuld be expecifed if such a de|ivered

anti gen Mm&ei&gﬁ ﬁW"ﬁWCefpf‘?"&?t'érngeW@g 1‘%5'6"??1 el ithate AEPOITEE PN
processi n@kkiygsrddaes., NOYIPECHE wMidue NAE sBé e the'ULADgEnd. €31a68 &@kdd8ingt han

29 January 2003 WO 00l 08191 PCT/ GB99/ 02529 -26 in Exanple 5 below), as
strong X esyereupéicdan be seen in each case. Thus for antigen processing
of avirally delivered antigen to occur in dendritic cells, the precise
choice of virus nutant used for delivery raust be carefully chosen. 5
Exanpl e Fvi))FTIV64/pBhy whi ch only minimal i mmediate early gene expression is

25 Plasmid pR15 was used for homologous recombination into purified HSV strain

1764 DNA, and lacZ expressing plaques purified.

(viii)  1764/27-/pR20.5/vhs

30 The pR20.5 cassette was inserted into vhs flanking regions at the unique Nrul site,
and the resuiting plasmid (pR20.5/vhs) used for homologous recombination into purified
HSV strain 1764/27- DNA. Plaques expressing both lacZ and GFP were purified using
B130/2 cells. Strain 1764/27- was generated from strain 1764/27-/pR20 (generated by



possi ble also allow efficient, lowtoxicity gene delivery to dendritic

cells and give results which indicate that processing of dely i gen
-i's occurring in transduced dendritic cells 1 o0 As in exanpﬁig‘}é%%&vzy%
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bl ot s). Lac£ and GFP protein and RNA levels in extracts of dendritic cells
.infected with 17+l pR20. 5/ UL43, 1764/ pRl S/ MSVGFP/ UL43 or 1764/ 27 [ 4-1pR20. 5.
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fluorescent plaques were selected and further purified. Cell line B4/27 was prepared by
co-transfection of pSG130BS, plasmid p4/2 (encoding ICP4 coding, promoter and poly A
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25  then selected.
Example 1: Genes can be efficiently delivered to dendritic cells using HSV vectors

These experiments were aimed to determine if HSV could infect and deliver genes

30  to dendritic cells, using essentially wild type viruses. Multiplicities of infection (MOI) of
between 0.1 to 10 were used. Here in each case 1x10° dendritic cells were infected by
gentle pelleting, resuspension in about 100 pl virus suspension in DMEM, incubation at
37°C for ihr", then transfer into 24 well plates with 2ml of RPMI/10%FCS + 100 ng/ml
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Example 2: Dendritic cells are relatively non-permissive for the growth of HSV,

inactivation of UL43 reducing growth further

To determine whether the efficient gene delivery observed in Example 1 was due
to lytic replication of the viruses, growth curves were performed in which dendritic cells
were infected at MOIs ranging from 0.1 to 10, as in Example 1, and virus growth
quantified over time. At 24hr intervals samples of the culture media were titred onto

20 BHK cells - permissive for the growth of HSV - and numbers of plaques counted.



7. Use according to claim1l or 2 wherein said virus contains nutations
which mnimze imediate early gene expression in infected e.[h%ri tio,;%“9 ells.
8. Use according to claim7 wherein said virus | acks both 69 gene
encodi ng Wds/esewid a functional gene encodi ng | CP4 and whi ebThaR9®E5285

i nactivating nutation in the gene encodi ng VMA65 abolishing its
-transcriptional activation activity.-28 Use according to claim?7 wherein ™
said virus lacf%le;#:mti onal genes encoding | CPO, | CP4, |ICP22 and | CP27. 10.
Use ac ’ y one of clains 3 to 9 wherein said virus furkher 30

| acks a functional |1CP34.5 gene, or a functional equivalent thereof. 11.
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Example 3: Different HSV mutants show different levels of gene delivery

15  efficiency and toxicity in dendritic cells

The virus strains (i) - (x) described above were used to infect dendritic cells at

MOI's in a range between 0.1-10 as in Example 1. At intervals duplicate samples (2 x

100 pul of the culture) were taken and one sample viewed for GFP expression

20 (ﬂuoresceﬁce microscopy) and/or stained with X-gal by gentle pelleting and resuspension
in fix (0.8% glutaraldehyde for 10 min) followed by X-gal buffer (as in Coffin et al.,
1996) and incubation at 37°C for 2hr, depending on the nature of the insertion in the
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to virus (ix) even though less GFP could be detected by fluorescence. Western blots

using anti-HSV ICP27, ICP4, ICPO, ICP22 and ICP47 antibodies have previously showr\x

this virus expresses only very low levels of any immediate early gene on cells which do

not complement the deficiencies in the virus (i.e. the mutations in ICP27, ICP4 and

20  vmwo5).

| Example4: HSV with inactivating mutations in UL43, ICP34.5, vis and VMW65
gives results which indicate that efficient proteolytic processing of delivered antigen
is occurring in transduced dentritic cells

25 _
The virus deleted for UL43, ICP34.5, vhs and VMW&65, gave highly efficient
delivery of GFP. LacZ activity on the other hand, while present in many cells, was only
present at a very low level 24hrs after infection, at the limits of detection with X-gal
staining. This raised the possibility that both lacZ and GFP were produced efficiently in
30  the cells, but that apparent lacZ activity was being reduced by efficient proteolytic
processing of the lacZ antigen - as might be expected in a fully functional dendritic cell.
The lacZ gene is transcribed from an identical promoter to that in others of the viruses

which do give strong X-gal staining in dendritic cells. Thus if processing of the lacZ is
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standard methods (Sambrook et al. 1989) by radioactive (northern blots) or non-

radioactive (western blots; ECL, Amersham) means.

Results
15
Western blots showed:

() Efficient detection of both lacZ and GFP in dendritic cells infected with

17+/pR20.5/ULA43. A single defined band was observed at the expected molecular weight
20 in each case, with some smaller fainter bands also visible.

(ii) As expected with the X-gal staining, while GFP was easily detected with

1764/pR15/MSV/GFP/ULA43, lacZ protein levels at the expected molecular weight were

significantly reduced.

Northern blots showed a strong, defined band of the expected size in each case,

25 whether cells were infected with 17+/pR20.5/UL43 or 1764/pR15/MSVGFP/UL43.

These results demonstrate that while lacZ mRNA is efficiently produced in
dendritic cells following infection with both 1764/pR15/MSVGFP/UL43 and
17+/pR20.5/UL43, for 1764/pR15/MSVGFP/ULA43 this RNA is either not transiated or
the lacZ protein is rapidly degraded after translation so that the levels of full length

30  protein detectable by western blotting are significantly reduced. Considering the role of
dendritic cells in antigen processing, the latter is likely to be the case as this would be
expected if such a delivered antigen were processed in an efficient manner. Such

efficient antigen processing thus does not occur with the other mutants tested (other than
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The results of this experiment were as in example 4 except for 1764/27-4-/pR20.5
infected cells. Here, while equivalent levels of GFP and lacZ RNA could be detected as
with 17+/pR20.5/UL43 and 1764/pR15/MSVGFP/ULA43 infected cells, only relatively

20 low level GFP could be detected by western blotting, considerably less than with
17+/pR20.5/UL43 or 1764/pR1S/MSVGFP/UL43. Thus in the case of 1764/27-/4-
/pR20.5 lower levels of both lacZ and GFP protein could be detected (rather than only
lower levels of lacZ protein with1764/pR15/MSVGFP/UL43 as previously in example 4),
than would be expected bearing in mind the amount of lacZ and GFP specific RNA

25  present which was similar with all the viruses tested in examples 4 and 5. This resuit is .
indicative that unlike with any of the other viruses tested, following gene delivery with
1764/27-/14-/pR20.5, both lacZ and GFP are undergoing proteolytic processing such as
might be expected in a functional dendritic cell. This suggests further functionality over
and above that provided following gene delivery using 1764/pR15/MSVGFP/ULA43.
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a pathogenic infection or cancer or in a method of gene therapy, which method
comprises infecting dendritic cells with the said virus.
2. Use according to claim 1 wherein said virus is a herpes simplex virus
1or2.
10 3. Use according to claim 1 or 2 wherein said virus lacks a functional
vhs gene, or a functional equivalent thereof, and a functional UL43 gene, or a
functional equivalent thereof.
4, Use according to any one of the preceding claims wherein said virus

lacks at least one functional immediate early gene.

15 5. Use according to claim 4 wherein said immediate early gene is
selected from genes encoding ICPO, ICP4, ICP22, ICP27 and functional equivalents
thereof.

6. Use according to any one of claims 3 to 5 wherein said virus further

lacks a functional VMWG65 gene, or a functional equivalent thereof, due to a
20  mutation in said gene which abolishes its transcriptional-activation activity.
7. Use according to claim 1 or 2 wherein said virus contains mutations
which minimize immediate early gene expression in infected dendritic cells.
8. Use according to claim 7 wherein said virus lacks both a functional
gene encoding ICP27 and a functional gene encoding ICP4 and which has an
25  inactivating mutation in the gene encoding VMW65 abolishing its transcriptional
activation activity.
9. Use according to claim 7 wherein said virus lacks functional genes
encoding ICPO, ICP4, ICP22 and ICP27.
10.  Use according to any one of claims 3 to 9 wherein said virus further
30 lacks a functional ICP34.5 gene, or a functional equivalent thereof.
11.  Use according to any one of claims 3 to 10 wherein said virus lacks a

functional gene encoding ICP47, or a functional equivalent thereof.
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36. A virus according to any one of claims 30 to 35 comprising more than
one heterologous gene.
37. A dendritic cell infected with a virus according to any one of claims
21 to 36.
5 38.  An ex vivo dendritic cell infected with a virus as defined in any one of
claims 1 to 20.
39. A dendritic cell according to claim 37 or 38 which is a human
dendritic cell.
40. A virus according to any one of claims 21 to 36, or a cell according to
10  any one of claims 37 to 39, for use in a method of treatment of the human or animal
body.
41. A process of producing a cell according to any one of claims 37 to 39
comprising infecting, ex vivo, a dendritic cell with a virus according to any one of
claims 21 to 36 or a virus as defined in any one of claims 1 to 20.
15 42. A pharmaceutical composition comprising a virus according to any

one of claims 21 to 36, or a cell according to any one of claims 37 to 39, together

with a pharmaceutically acceptable carrier or diluent.



