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BACKGROUND TO THE INVENTION
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Dendritic.cells (DCs) are the most potent antigen presenting cells and are efficient

at inducing responses even to antigens to which the immune system has become tolerant.

Thus for tumour immunotherapy, in which an immune response is raised against a
tumour, the use of DCs may be ideal if they were made to present tumoﬁr specific

15 antigens. DCs might also be used to present antigens derived from infectious agents,
such as bactéria, viruses or parasites, providing protective or therapeutic vaccines for
such diseases. However effective transfer of antigens into DCs for any of these targets

has proved the greatest problem with this approach. '

To provide a realistic chance of generating a therapeutic immune response against

20  a-tumour antigen or other disease related antigen, several conditions have to be met.
Firstly, it is necessary to ic!entify molecules whose expression is tumour or disease
specific (or at least selective), and which can therefore serve as the target for an hrunﬁne
response. This task has proved very difficult for the majority of cornmon tumours, but is

solved in for example the case of cervical cancer by the presence, in most cases, of the

25  viral oncogenes E6 and E7, and for other tumours, good candidate antigens are beginning
to be identified. For example the MUC-1 gene product is over expressed in a number of
tumours, including 90% of ovarian cancers. Various other tumour associated antigens -
_have also been identified, any of which might be used in an immunotherapy treatment of
cancer. Further tumor associated antigens will no doubt continue to be discovered over

30 time. Secondly, following the identification of the antigen/antigens, it is necessary to
'deliver the antigens in an immunogenic form to the immune system. To génerate the
cellular immune response critical for fumour rejection, this means the proteins must either

be delivered inside the cytoplasm of a host celi (a difficult task for high molecular weight
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efficiently mfect and deliver genes to dendritic cells (Coffin ef al., 1998; WO 00/08191).

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 ef al., 1997; Coffin et al., 1998), is easy to manipulate,

25  and can accept large DNA insertions allowing the expression of multiple genes (reviewed
by Coffin and Latchman 1996). Delivery of multiple antigens to dendritic cells ex vivo
followed by re-introduction into the body or direct administration of antigens to dendritic
cells in vivo may be particularly promising approaches to the treatment of some cancers
and infectious diseases.

30 WO 00/08191 teaches that wild type herpes simplex viruses prevent antigen
processing occurring' in infected dendritic cells and that herpes viruses that either lack

both functional UL43 and vhs genes or contain mutations that minimise immediate early



means by which to load these cells with antigens. Recent work has however
shown that 15 presentation of antigens by peptide pulsed DCs has produced
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transduced dendritic cells to maximally stimulate an immune response following herpes
virus infection, the gene encoding vhs should be disrupted but the gene encoding UL43

need not be. ‘ '
Our results also demonstrate a role for vhs in the pathogenesis of wild type herpes
25  simplex viruses. HSV infecté dendritic cells af a high efficiency and it would seem likely
that the reason it has evolved to do this as a part of its natural life-cycle is so that it can
minimise a -cell-medjated immune response which might otherwise prevent a latent HSV
infection being efficiently established or result in clearance of the virus during repeated
cycles of latency and reactivation. Dendritic cell activation is important in the stimulation
30 of an effective cell-mediated immune response. Vhs is a virion brotein and so, whilst
HSV genes are generally not expressed at higﬁ levels in dendritic cells, the vhs protein
would be delivered to the dendritic cell along with the incoming virus. Thus the novel

function of vhs in preventing activation of dendritic cells infected with HSV is likely to
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In another aspect, the present invention provides a use of ex vivo dendritic cells
infected with an attenuated herpes virus as disclosed above in the manufacture of a
medicament for use in a method of stimulating an immune response. In one

embodiment, said dendritic cells may be human dendritic cells.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the viral strains 1764/27-/4-, 1764/27-/4-/pR20.5/vhs, 1764/27-/4-
/pR20.5/vhs/HBS-Ag and wild type HSV strain 17+.

Figure 2 shows the results of FACS analysis to determine the levels of cell-surface
expression of CD40, CD80, CD 83 and CD86 on un-stimulated (figure 2A) and LPS
stimulated (figure 2B) mock infected cells and cells infected with 177, 1764/27-/4- and
1764/27-/4-/pR20.5/vhs viral strains.

Figure 3 shows the results of ELISA analysis to determine the effect of viral

infection on IL-6 and TNFo secretion from uninfected dendritic cells and dendritic cells
infected with 17", 1764/27-/4- and 1764/27-/4-/pR20.5/vhs viral strains.

Figure 4 shows the proliferative responses of T-cells prepared from hepatitis-B
vaccinated and un-vaccinated individuals in response to HBS-Ag. Dendritic cells taken
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example by FACS analysis. The level of these markers on the cell surface will be

significantly higher in LPS treated dendritic cells than in cells which have not been
treated with LPS if the virus with which the cells are infected allows dendritic cell
20 activiation to occur. Some or all of these markers will also be higher on dendritic cells
which have been infected with a virus that allows dendritic cell activation to occur
compared to uninfected dendritic cells. If a herpes simplex virus which &oes not contain
an inactivating mutation in vhs is used to infect dendritic cells, significantly less up-
regulation of these markers is observed. .
25 To permit activation of infected dendritic cells to occur, a virus of the invention
will lack a functional gene encoding vhs (in HSV) or homologues dr_ functional
equivalents thereof in other viral species. In addition, a virus of the invention will have a -
‘functional UL43 gene. Additional mutations may. be made to reduce further the immune-
response-inhibitory effects of the virus for example by the inclusion of a mutation in the |
" 30  gene encoding ICP47. . '
An attenuated virus of the invention is preferably capable of infecting dendritic
cells such that minimal toxicity results. Preferably cell survival post-infection will be at
least 50% at one day post-infection, more preferably at least 60, 70, 80 or 90% at one day
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20 In particular, such viruses may include varicella zoster virus, pseudo-rabies virus or
bovine herpes viruses. -
When the virus of the invention is a herpes simplex virus, the virus may be
derived from, for example, HSV1 or HSV2 strains, or derivatives thereof, preferably
HSVl Derivatives include inter-type recombinants containing DNA from HSV1 and-
25  HSV?2 strains. Such inter-type recombinants are described in the art, for example in‘
Thompson et al (1988) and Meignier ét al (1988). Derivatives preferably have at least
70% séqueqce homology to either the HSV1 or HSV2 genomes, more preferably at least
80%, even more preferably at least 90 or 95%, typicaily as measured by the methods
- described herein. More preferably, a derivative has at least 70% sequence identity to
30  either the HSV1 or HSV2 genome, more preferably at least 80% identity, even more
preferably at least 90%, 95% or 98% identity.
A derivative may have the sequence of a HSV1 or HSV2 genome modified by
nucleotide substitutions, for example from 1, 2 or 3 to 10, 25, 50 or 100 substitutions. The



| ack functional vhs, [CP27, |ICP4 genes and conprise a VMAG5 gene which
encodes a protein which does not exhibit transcriptional-activation
activity, or nay typically lack functional vhs, |CP47 ap enes. For
direct useyigy g sone degree of replication conpetence &Bﬁ{dﬂ aIIy be
lo benef|C|aI |n oosting the imune responses .induced. usIn
circunstances, a virus of the invention preferably |acks a fuuctlonu li

gi bs' -gene and may al so | ack one or nore functional genes which are

necessary fpagvi ek HSN2ibRGRMEY iﬁém”aiwél? or Mditibhalbte Mbdifie byeérR onlordrecessary
for viral replication. Such genes include those encodi n? | CP34. 5, |CP6,
S
Y

t hyni di ne kinseriensand/ogdsietions 6‘%‘@?‘4&’ ag GxignHQ 3 pithepopbeth however, the

gene encodi ng 15 pOygiidiNehittl RAT Beiwled WIGHANRL vdsed Ut flel BB A irkBigngene
woul d render the virus insensitive to anti-viral agents''such as .acyclovir.

Al t hough t heacbtﬂeg@ams thet, alpraily hateamulgbiens ia)gengs| Wiiitledt v desigd He dinsgonaliynpl ex
. Vviruses, Jat gﬁ fauﬂxgﬁ ro?rtt%qgvénlﬁ@{l 101 Q&&\P\e@nﬁééﬁﬁg%ﬁi ﬂ%gﬂ%%?ﬁl%h J gae

famly nay to reduce the pre t1c ce
activiati onaldf995)1{@éﬁt75dao¢i&atdd strais (asailnl(ioidsﬂﬁﬂllettmbéﬁﬂ&),(nlliaa:rdlmudimh\has las es may

I ncl ude var l | Virus, d S.,Viru ne.her

Vi ruses. ‘(ieli%‘l i@ﬁ%@ﬁe&fmfﬂ rﬁ%ﬁﬁ 45261 Rﬁcgragﬁg&gq ng@edgv&' the
Virus may béeletib@rih VeRR7) bOstaid 492 xemamadseimeh&\élﬁbom Iammﬁltmnr@s;;m@ﬁego
Feconbi nant € Lot HARGEE PR VR uR eSS SpT FAHES lERPh e

r econbi nant 0 n r type
r econbi r@nt@uﬁhﬁ{slvgg&h@ﬁdhéﬁekhgmaéﬁmﬂfor exanpl e in Thonpson et al

(1988) and Meignier et al (1988). Derivatives preferably have at | east 70%

sequence honol ogyirEdeEinghesy usedindseeribing the paywug HS Y eeaes ifas foupd i1 GotlBI v at
| east BO%ﬁmmgelgggeferabl y at least 90 or 95% typically as neasured
by the neth descri-bed herein. Mre referably, a derivative has at

| east 70% sequenWhere e hamolegregof i gqﬂh%dﬁmd@mmtgea@mahemr e

preferably g, sﬁéczésaﬁlgmeg@ﬂmlx e YA of oﬂlﬁem%gear% o%&%\ﬁ%s o 95%

or 98% i dentit erivative ne e sequence o

genone mbdi ganedv}bgh mﬁm{:!mmllﬂeqmuﬁsmtbwt HSHsgené @rhmleeypmaim éxhﬂﬁ‘tsor 3to
10, 25, 50 or 1%0 Slé?gf?titu{'()n Tha%x . cl c(fl eV‘.!\%:)m(%l 31

PCT/ GBOL/ 01%5887- & 6 QT MESIeS) 494 Sequees Domosyy ot Snal 1 y
be nodifi edcdmesmamgmmbgmc myp:eally,arhsmlm@ﬁmf A ST gmﬂr&/a‘bleaﬂylsa@

ext en$| on atr Ira&rﬂra E@ f,r}?cﬁ‘gg%ﬁr% Iatvleaz;s ¥(§; mor SOWi}{ientlc se eetxrgmgbt arn

the virusesPd
acid level to the corresponding HSV gene.

20 The geen encoding vhs is the UL41 gene in HSV1 and HSV2. In HSVI strain
17+ (EMBL accession No. HE1CG) the UL41 gene is from nucleotide 91,170 to
nucleotide 92,637. In HSV2 strain HG52 (EMBL accession No. 286099) the UL41 gene .
is from nucleotide 91,800 to nucleotide 93,275.

Methods of measuring nucleic acid and protein homology are well known in the

25 art. For efcample the UWGCG Package provides the BESTFIT program which can be
used to calculate homology (for example used on its default settings) (Devereux et al.
(1984) Nucleic Acids Research 12, p387-395). The PILEUP and BLAST algorithms can
be used to calculate homology or line up sequeﬂces (typically on their defauit settings),
for example as described in Altschul (1993) J. Mol. Evol. 36:290-300; Altschul er al.

30 (1990) J. Mol. Biol. 215:403-10.

Software for performing BLAST analyses is publicly available through the
National Centre for Biotechnology Information (http://www.ncbi.nlm.nih.gov/). This

algorithm involves first identifying high scoring sequence pair (HSPs) by identifying



I nclude strains that already have nutations in genes which it is desired
,to functionally 5 inactivate in a virus of the invention, for exanple vhs
i nactivated strains (as in Jones et al. 1995), |CP47 inaqgts\gpiregpstrains
(as in CGol t al. 1998), strain d120 which has a n | CP4
(DeLuca etaiﬂﬁkQ?§85) strain d27-1 (Rice and Kni pe, 199§$£§h1@ﬁaﬁas a
deletion in 1 CP27) or strain d92 which has deletions in both ICP27 and | CP4
(Samaniego et al., 1995). Use of these¥strains will reduce the number of

steps requidhef WordsufashsBEWt il ehe qherySequride thitb¥ithdr iddtdhSor QtisEPeomid ﬁbﬁﬁ%~
I nvention. Term nol o%ﬁused in describing the various HSV genes is as found

in Coffin akedthredhefssorelloghen aligasdavigenwonoihesgne ength ip gdatakase genes

descri bed RO @X‘r%érefe&emmrmmtg@ls&nmﬂdrwm SRREihRSholl b&r&cmeessz honol ogues
will be modified. 15 whi ch

It I's nmeant a gene I C )
functional | 399@);1 uThf:a¢ z@mal msgiﬁ)ougwﬁwré hits pelad besguer inyiiting is¢agches 9 fnd s
sequence; NoRBLOAY, i . rdatﬁts e%cteﬁ Lﬁbﬁm%&h?& %@@hho”‘)' ogy, to

the correspondi ng gene. p| cal ogue o gene will be
at | east 15¥guenpe i es folohs/the turhalatite aﬁ@ﬁ@enirmoee m@bmcaéalsgd (:Extdmiasﬁ fo80% 0%

or 50% . denti cal t he 1 N0 _ag| e el, rf.espondi n gene.
The geen encod ngc&%gﬁ%%lﬁaﬂgéwéeq. u?at]é’ﬁﬁi'ﬁg%f?sﬁoﬁeq%@%oﬁf strai n
17+ (EMBL agpchs qmﬂt)l\lo frobFisGxihing athidkd galne thacuniudative seregddsdezddd o 70 t O

nucl eoti de 9 637 tg HSV2 strain HG2 §EI\/BL accessi on, No 28609_9%) the UL41
gene. is f g b perumyiption of 9o of MopedsRative- 59%““@7‘85“*“‘3%%%%0 i

nmeasuri fig n&l&bﬁl&‘eﬂﬁér@e@ﬁﬂcﬂé%@!&dﬂ nﬁasmgya%bgmﬁe draktOWW i Nadddie 25 art.
For exanpl e the WUAGCG Package provides the BESTFI é)rogram whi ch can be

used to caldatgrmine theyepsiygly dgpeed,of fasialisnmcay ‘Hhe BLASHaPgmm ussety imgsy —
(Dever eux e(féfa@dsaw&&%%h(w%m AR OSUNRES SRFA mhix B35 endQPandThe PI LEUP

and BLAST algorith can used to cal cul ate honol ogy or line up

sequences (Hepkafh(1092)dtroe. Wty Aenek 3ail DSS80: 1094831091% elignayeats(Pe ok, descri bed
|n Al t schul V- et al. .30 (1990) J.

Bi ol . ﬁé&%@%&@g tJ\%/al(rQE4 faﬁ@a%z'g %‘?‘?ﬁ‘%@"gﬁw anal yses is publicly
aval | ablse thr oudﬂ&letﬂiaSMgomhalpe@msmetatlmcaB!n@b!m lehithl sigylarityf etweeni on
{Irttp:// nchi . nl.m nih. T, 0 S ntifying
hi gh scor %038%‘183035 S“’“gr’g%ﬂg}ﬁ“f‘ Eéhuéi@r?? fy ng aipé ‘&%218%5%\/%(}31/ 77358
PCT/ GBOL1015/86. - Olde nichsmrd oﬁmn%tpﬁrobﬂagb)hthv\ﬂi[,ﬂsmwgmﬂﬁﬁ ¥ thespdipstauinhat

el ther mat ConﬁJbﬂﬁ? h—"(ﬁﬁ)y wﬁ%ﬁ%wgnd%s an mﬁlcatlon of the probability by which a match

between two nucleotide or amino acid sequences would occur by chance. For example, a

20  sequence is considered similar to another sequence if the smallest sum probability in
comparison of the first sequence to the second sequence is less than about 1, preferably
less than about 0.1, more preferably less than about 0.01, and most preferably less than
about 0,001. '

Homologu¢$ of HSV genes can be identified in a number of ways, for ekample by

25 ' probing genomic or ¢cDNA Tibraries made from other viruses with probes comprising all or
part of the HSV gene under conditions of. medmm to high stnngency (for example 0.03M
sodium chloride and 0.03M sodium citrate at from about 50°C to about 60°C).
Alternatively, species homologues may also be obtamed using degenerate PCR which will
use primers designed to target sequences within the variants and homologues encoding

30  conserved amino acid sequences.- The primers will contain one or more degenerate positions

- and will be used at stringency conditions lower than those used for cloning sequences with
single sequence primers against knmown sequences (for example 0.03M sodium chloride ana
0.03M sodium citrate at about 40°C).



val ued threshold score T when aligned with a word of the sane length in a
dat abase sequence. T is referred to as the nei ghbourhood mord score
threshold (Altschul et al. 1990). These initial neighb rd hits

0
act as see% fHJ; énltlatl ng searches to find 5 HSPs cont m The
5 h@%f%ﬁ%

word hits are extended in both directions along each se as far
as the cunul ative alignnent score can be increased. Extensions for the
word hits in each direction are hal ted %hen: the cunul ative al i gnnent score
falls off by thehenslphdin %&ﬁe@mﬂﬁsmd:ﬁmm aphialeme@fmaﬂsm,prdthﬁ if it

cumul ati ve score goes to zeroag?}} bel .ow, acc | ati Qqn .of one or

nore negat i SPES B ?fﬁdnqrééiﬂﬂw AATIERCS " th? 8‘3 HEotelg FoF eammie Ysquence
i's reached. prdiag fhyASTroR il Ofelitdip ]ﬂ@{eﬁl@b&%ﬁoﬂ%\r@_ Is 8h ifedRl REMMbY fedubBg

sensitivi ty and speed of the allignnment. The AST program uses as ------

defaults a %ﬁtdblh@rf{ftww Toerefpre, atﬁmtlgwbswv@er% ebyhsroteia mrsfgraplyadaysien Kof f
and Henikof f ;{1 99 &yl &ovgg\m #-cella‘g&fé exﬁ&-lssm:pgya‘ %ﬂcm%%?caﬁnﬁ LS pgnr’rent S

(B) of 50, expectatl onpari son o _
strands. 15MdteepBleAtly,a @mcmm}negwwdlcmrﬁ mspravangt ilandtitiagell \asiivatiof mhe

simlarity hetween K |n and Al tschul (1993)
Proc. Natl.™&Ca cfet @mﬁéfgggt‘%%wgﬁigl}& gélmeasure of simlarity

provi ded by the Hak AGdomlof safety hifre vuseh of theddventidn avel attenpated) aypitdllyysotREN) ) |

whi ch provigdes an in on of. the pr.obabii ich a match between
two nucl eot e 8?“"3% "Fo‘%léﬁ e ?fﬁsé’ngggl ﬁ%ﬁ?saal%{f’gg%/ %@p"gﬁ%?ﬁ%gpat%&‘m@?anpl e,

a 20 seguenagy beseibendinaigitedi(cinpletedl ortpartBN @i ke AaNfIARERAI, br dubstitaBlbyest sum
probability-in conparjson, “Ln%he first sequence to the second seqguence is

| ess than zsequengsseinareginuar by achetqralaednsssne srayenchp WepTatng MPrYPS es s

than about ﬂvegeenaiegcr{vmoﬂarlemr@&wmmct&@@&ewé Hs-@mag@,gues of
HSV genes can be identified in a nunber of ways, for exanp ﬁ/ﬂcﬁ’%
bes

_probing gemestermdasmleabiinptaiony il P deanrfos erssRtiak genss rSH’§b§S e

conprising P}orﬁ:[eth de i@Eigt he HSV gene under conditions of mediumto high
stringency exa e 0.03M sodiumchloride and 0.03M sodiumcitrate at
from abtut 50C tRarti Befeyed atnuated aimuges| ipcludp ¥ishses Whinko lio gddision®y al so

D ot oL e ATk By Ol oA B A1 | 00
aci d sequeriegsa ﬁlﬁnmopall 1aP34.5vgent aodrat funntienmak I@PZ?ngem a:hdgcmﬁendhelapkm Bt i ons
Sequences tone 7% BB BRI NS C Behe, PRER ool S e catcpie” o 0
exanpl e 0. Ggdis bhdRacliNation detiviydandvidabbvaael bamecd ﬁmﬁ@ahlcmgéncM) 12
ot 2004 Vl\g:koa ﬁﬁ%%%alp Gg%/ 0%66?’mwtmnal ICP34.5 gene and Optlonally lacks a
VMW65 gene which encodes a protein which has transcnptlonal-actwatmn activity.
Such viruses are described in WO98{O4726 and W099/60145, the disclosures of which
are herein incorporated by reference. '
When a herpes simplex virus of the invention lacks a particular functional
25  essentjal gene, for example a gene encoding ICP4 or ICP27, the virus is propagated using
a cell line expressing that essential gene. For example, when the virus lacks a functional
ICP27 gene, the virus may be propagated using V27 cells (Rice and Knipe, 1990), 2-2
cells (Smith ef al., 1992) or B130/2 cells (W098/30707), preferably B130/2 cells. When
the virus lacks a functional ICP4 gene the virus may be propagated using a cell line
30 expressing ICP4, for example E5 cells (DeLuca et al., 1985). When the virus lacks a
functionai ICP4 gene and a functional ICP27 gene the virus is propagatéd using a cell line
expressing both ICP4 and ICP27 (such as E26 cells; Samaniego ef al., 1995), and when

the virus additionally lacks a functional vimw65 gene the virus may be propagated using a



-9- A honologue in a herpes virus is a functional equivalent of an HSV
protein if it shares one ore nore functional characteristics with the HSV
protein. For exanple a vhs protein plays a role in redyc) pgTpfie¥ ei n

expr essi onwbq)¥ lsgin an infected cell by reducing the s} /bhb]ltl&ies%f MRNA. ;
Therefore uncti onal equivalent of vhs protein prefera ays 5 a roI e
in shutting down host-cell gene expression by reducing the stablllty of
nMRNA.  More preferably, a functional eqlﬂi val ent of vhs prevents dendritic
cel | acti valeliQheialo coReipERenohdSV hotublogwddfolmedst (e gatqinsrhetpet eirtiegbne
dendritic cells. Faor reasons of safety, the viruses of the invention are
at t enuat ed,lzt‘ifpﬁ fiopn RYinehsiPes YIRS are i ncapabl e of causing di sease Viral
regions altered for the purposes of attenuation 10 nay be either
elimnated (conpletely or partly), or made non-functional, or substituted
by ot her sdguencddethpds ofamutption ar by a het er ol ogar us- gene sequence.
Attenuatd ng nmut atigNSyoRayfal %‘é&‘é@ ARAEE 1D by’ B relidred hlrBlioIP URSHYS BY as
viral vectors. For exanpl e, rendered avirulent by nutations in
| CP34. 5 andwewsrale sshnigies| wg%ringguuhﬂmsattcpf,or GRavplea iy omay Hee yéndegdne
itsel f: art i IarI ’ I i |r whi ch,
in additi on‘ﬁ{lctlo Jc’l?wxre %%@%‘ﬁgbnaﬁg@‘ﬁ@%ﬁ%ﬁﬁ %géb g&%ﬂ’tﬁ? %tl oﬁﬁl

| acki ng af lm@ibietiﬁtahlay @M(Yvegmrtmns of a@kneorf tha ehtire igathe. IKd?&eétaxﬁplg,ealnéetmncbfa

functional | d opt 1yl ack d/
M5 goas S ave Brieaitemar Bt oS reslivnd i f glme bR dichier Bkl Bred  on
?Ct [ ;/ i tyo | ailéggwghg &@eﬁaab,ld ﬁhe &oﬁlw:;le}déggsal 10| SPZ0, §ENO0 WQO@ﬁllxéllaﬁilﬁeak

uncti ona en a a ene a Oona aCKsS a
VMAB5 gene Wﬁ%@ﬁ 36"3%’3 Y8 pw‘i‘?clf?lpﬁg‘%‘astt&éh@ﬁtl g{“i anth t"é"t‘t‘%@&& on

activity.  aH@Bn¥bdiHs Squéics (&%&&Bhtbﬁﬁr i Y0 8R/1ShE 2R 1and 0\RSB6EH ARore t e

di scl osures of which are herein. incorporated by reference. \Wen a her pes
si npl ex vi rraefersblyt #deash W uclsptidescmest areﬁ%rﬁlrlmnl%@ﬁt ¥a0A epelertides) ipdelgtedent i al

gene, for E‘:fi-asﬁipétﬁut@d 9§Nfs &Hﬁ:@ﬁhg rdfbled & rehfé'?@ fhe Hir?e LeUshd! s%er:r gat ed

using a cell Tine expreSsing that essential gene. exanpl e n t he
virus | ticksflankingracquensrsl Insegeg eqpenss mah'emvlmdmﬁlerm;cr@egqyﬁ cﬂsa@atiee@hq& ng V27

cells (Ric %,g E e %Rﬁ "?CL B130/ 2
cells (WDQ??E Owutg‘%?ngf era ?ny}&ggsb@ﬁbhm 4?51 e nés)vﬁgogggxﬁ&é}? &
functional ihéERfongremebd imeda/mtqj:he amoﬂ}edqhtmpagamedmusomgf ahﬁedologbumneo
expressing .| CP4,. for exa E5 cel Del.uca et .a en .t he
virus. |acKBof Virg geneg ep nagl o&'&lae ¥ Rt |18|?3‘ft‘°\]ﬂa92‘)7‘ 5&%@9% Vi rus
i S propagatifigrithé ﬂgeralo@ahsl gehe figo v}&;(IIIIBISSIG‘.FQﬂwI(EM QR4headask 6GR2 VMWEsh as
E26 cells; Samani et al ‘%g ). and theélrusadltlonbllylacks
a f unct F%onden% %é‘“eﬁ"é‘et‘%’éot\ﬁre f5a strgs, ‘tt?éciﬂgﬁﬁ%ﬁsi?‘ﬁ grotein, but an
inactivating mutation is typlcally made which abolishes the ability of VMW®65 to activate
transcriptionally IE genes (e. g as in Ace et al., 1989 or SnuIey et al., 1997).
Mutations may be made in the herpes viruses by homologous recombination
methods well known to those skilled in the art. For example, HSV genomic DNA is
25 transfected together with a vector, preferably a plasmid vector, comprising the mutated .
sequence flanked by homologous HSV sequences. The mutated sequence may comprise
deletions, insertions or substitutions, all of which may be constructed by routine
techniques. Insertions may include selectable marker genes, for example lacZ or GFP,
for screeniﬁg recombinant viruses by, for example, [B-galactosidase activity or

30 fluorescence.



1 2 OCT 200% WO 01/77358 PCT/ GB01/ 01666 -10- cell line also containing a
non- HSV honol ogue of vma65 (e.g. equine herpes virus gene 12 or BTIF from
bovi ne herpes virus). B. Methods of nutation 5 The variou§2wmwammgenes
referred t rendered functionally inactive by sey ni ques
wel | knomnaqn tﬁggart For exanple, they may be rendered _hg%ﬁgﬁally
I nactive by deletion(s), substitution(s) or insertion(s), preferably by
deletion. A deletion may renove porti ons of a gene or the entire gene. For
exanpl e, deletion of only one nucleotide may be nade, resulting in a frame
shift. However, preferably | arger 1o deletions are nade, for exanple from
.2, 3 or 5 o 10,Hderologgus gepes aghpramosers nucl eoti de substituti on.

Preferably at | egtyids%o Wi‘ﬁv&h@ﬁ Ria Bk hoaiﬁehqeesmwt?{et&aog&g geesfgénegodl ng

and non-codi ng sequence (or -al ternatlvely, in absolute terns, at | east
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gene. In partjcul insert the et.er ol ous ne into

a eferr
vhs, | CP47,M4¢ 1%?*3‘15?3‘-‘323“’ h g g2 E?g‘fé’%ﬁFmﬂ AEleRH fRescnerdje pee: ire

gene is 1610tm61%1:1ﬁé ehish-RORA infoleRIe G @eefaiblP Samibld ot be‘iﬁgr ti&dslaked| o th&iu@é B, but
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VMAB5 to ackalxmeptde qriia AQWRTosulaE BEre W‘es'@e tevels by ap antirsenseefigob7eyarpyof - 1989
or Smiley ehedhy n%m&?%y owa@am%au@@me SPRge denstt &lﬁ/d?ej'peéasé’ﬁﬁeﬁsﬁﬁ oy

honol ogous reconbi nati on "nmethods well known to those skilled int
For exanpl euntiagyatod flenking ppaneness paturallyn of ethervise, ggreciatsd with Heatrapslatedr |

preferably %gy ARy 564 B ASTIE gte&é q@:&ageﬁ Wg?&méﬁ%ﬂé‘&% 3%{ @{[Al%ﬁd by

honol ogous uences. ed seqle y conprise I'ons,
i nserti ons msmnaltmnﬁrdmsqueactds noﬁnamylas*ocrm;d witethe trasderibek equdnyes; Gart | ne
ncl ude sel.ec nes. for exanp

: .
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P- gal act osidlagentacti vity or 30 fluorescence. 1 2 OCT 2004 WD 01/77358
PCT/GBO 1 0T 666 The heterologous gene/genes may be inserted into the viral genome by
homologous recombination of HSV strains with, for example,- plasmid vectors carrying -
20  the heterologous gene/genes flanked by HSV sequences. The heterologous gene/genes
rﬁay be introduced into a suitable plasmid vector comprising herpes viral Sequences using
cloning techniques well-known in the art. The heterologous gene/genes may be inserted
into the viral genome at any location provided that the virus can still be propagated. 1t is
preferred that the heterologous gene/genes is inserted into a gene resulting in attenuation
25  of the virus. Heterologous genes may be inserted at multiple sites within the virus
genome. _ ) -

The trenscribed sequence of the heterologous gene/genes is preferably.operably
linked to a control sequence permitting expression of the heterologous gene/genes in
dendritic cells, preferably mammalian dendritic cells, more preferably human dendritic

30 cells. The term "operably linked" refers to a juxtaposition wherein the components

described are in a relationship permitting them to function in their intended manner. A

control sequence "operably linked" to a coding sequence is ligated in such a way that



-11 C. Heterol ogous genes and pronoters The viruses of the invention may be
nodified to carry a heterol ogous gene/ genes. The term "heterol ogous gene"
enconpasses any gene. Although a heterologous gene is 5 §yppeplyy a gene

not presen{ydditaie genone of a herpes virus, a herpes ge used
provi ded t hat tae codi ng sequence i s not operably Iinkedp?gE? létggﬁﬁr al

control sequences wth, which it is naturally associated. The heterol ogous
gene nmay be any allelic variant of a W\zrd-type gene, or it nmay be a nutant
gene. The t&ipressigr e the Soding eaflentet B ®Rhieesd winlee [cOhditiari dhnipatble vEas thahi ch
are capable of being at |east transcribed to produce an RNA 10 nol ecul e,
whi ch- RNA ntfegeljegusngepr ef er abl y capabl e of being transl ated to produce a

pol ypeptide or t orfdowd® dthidnte IRRPriSsPhepfdfer! AYRisg kpRBiaNtdf- BRNSE
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and/ or 3' theiersloepusegeng/genes apd psiepkioe terpingtien aftranseiirtivne sSThepremeer 5, or
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het er ol ogous gene- may opt 1 onal associ at e
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cl oni ng techni ques, wel | -known in the ar ; The heterol ogous gene/ genes nay

be i nsert econ AlfRRAVEY, 4 Aendritig 6FbRSCEE naRgen Ot PEINQN D FeY elfo bR ased i vi rus
can still bg.,phaPagalRibne) iminthe RuRLSfd thd a3y tHRiIHLTGES QUMY 8RS/ genes

is inserted into a gene resulting in attenuation 25 of "the virus.

Het er ol ogousrometse ot atlgr tstroyirad propeders tthaviyopaneranese extomegalovirus KMV iEs

genone. The rg[n%gﬁcri bed sequence of the heterol ogous gene/genes is

preferably %pera 'y linked to a control sequence permitting expression of

t he het & ol ogousExpesssiby eawstias mnd i rsuitabde ceristrscts pompusighthy hrtarwiagiwan
term

dendritic cel IE/S egor(f ‘f}'é%[ er aé)n[c:gs "h man éjendr | t]. C, & (()) .cetlel S. Thgl?\| /
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i s |igated PpPregBHMap ;‘Pr" 5604 WO 01/ 77358 PCT/ GBO1101666
In addition, any of these promoters may be modified by the addition of further
20 _regulatory sequences, for example enhancer sequences (including elements of the HSV
LAT region). Chimeric promoters may also be used comprising sequence elements from
two or more different promoters described aﬁove, for example an MMLV LTR/LAT
fusion promoter (Lokensgard ef al., 1994) or promoters comprising elements of the LAT
region (WO98/30707).
25 Heterologous genes will typically encode polypeptides of théraj)eutic use. For
examplé, to promote an immune response specifically against a i:ranicular tumour, it will
be desirable to transfect dendritic cells with a virus of the invention directing expression
of a tumour antigen/antigens. A tumour antigen may be specific to a tumour ceil, Le.
present in tumour cells but not in non-tumour cells, or it may be present at higher level_s
30 in that tumour cell than in a non tumour cell of that type, for example due to up regulation
- of expression of the antigen. This will be useful in cancer therapy since an infected
dendritic cell of the invention can be used to stimulate the host immune system to react to

the tumour-specific or tumour—prevalent antigen/antigens resulting in. tumour



-12- expression of the coding sequence is achieved under conditions
conpatible with the control sequence. The control sequence conprises a
promoter allow ng expression of the heterol ogous gene/gerege ﬁr}gma si gnal
for term ”Wdcﬁﬁ?ﬂ% transcription. The pronoter is 5 sel E&bﬁ%f 9

pronoters which are functional in mammalian, preferably human dendritic
cells. The pronoter/pronoters may be deri ved from pronoter sequences of
eukaryotic genes. For exanple, pronot el may be derived fromthe genone of
acell in wfadudsnon&xmgmi (Dllﬂpzﬁflclﬂzhﬁlt hq:&afe:@ddagam& 9RI06r dnfiodrParBig6ndlis
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20  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, papillomavirus antigens, HIV antigens and malaria antigens. Viruses comprising
heterologous genes from pathogenic organisms may be used for either or both therapeutic
and prophylactic treatment. ‘

25 Therapeutic applications may well require the administration of multiple genes.
The expression of mulitiple genes may be advantageous for the treatment of a variety of
conditions. Herpes viruses are uniquely appropriate as they do not have the limited
packaging capabilities of other viral vector systems. Thus multiple heterologous genes
can be accommodated within its genome. For example, from 2 to 6 genes may be

30  inserted into the genome.

There are, for example, at least two wayé in which this could be achieved. For
example, more than one heterologous gene and associated control sequences could be

introduced mto a particular HSV strain either at a single site or at multiple sites in the



1 2 OCT 2004 WO 01/77358 PCTI GBOL/ 01666 -13- reduction/regression. In
particular, it is preferred that the tunmour antigen/antigens is expressed

on the surface of the tunour cell, for exanple a cell surffaqerrggeptor or
cell adheg tein. Exanples of tumour antigens incl %&C 1 gene
pr oduct (Gen&?Fl%%t al ., 1990) which is over expressed |#8ﬁch5& of

tumours including ovarian 5 cancers, human papill omavirus proteins E6 and
E7 which are associated with cervical cncer. MART-1, MAGE-1, gp 100 and
tyrosi nase vifusgehehe MR wollf eléd beoRsible t € udePAGE bf pro@lﬁﬁzré (hSsamendranifigtnt
different types of tumour and Her2neu in various cancers including breast
cancer. HetEPEPEH) fCIRfoiRcAPDREF lcaBlescy iy tiom SR Ehen tesqpiorvters e@apam e
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For exanpl gseef Caffin 2¢ 410 19983 Otiser m;hoba?maﬁﬂsd heowsed 6d thaprepdration @ ﬁ&[ﬂi‘chher e
are, for exc%HPI-e, at least two ways in which this could be achi eved. For

20 E. Therapeutic uses
Viruses of the invention, and dendritic celis 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
be used in methods of treating cancer. Specifically, the, viruses of the invention, and
25  dendritic cells infected with viruses of the invention m'gy be used to iohibit the gro“}th of
various tumours in mammals, including humans, such as, for instance, ovarian, cervical
and endometrial nnné)urs and carcinomas, for example mammary carcinoma, lung
+ carcinoma, bladder carcinoma and colon carcinoma. Other neoplasms whose growth may
be inhibited include sarcomas, for example soft tissue and bon-e' sarcomas, and
30  hematological malignancies such as leukemias. Particular examples of cancers which
may be treated using viruses of the invention and/or dendritic cells infected with viruses
of the inventton which express tumour antigens include melanomas, leukemias, cervical

cancers and ovarian cancers. A virus for use in treating cancer typically comprises a



exanpl e, nore than one heterol ogous gene and associ ated control sequences
could be introduced into a particular HSV strain either at a single
site.or at multiple sites in the 1 2 OCT 2004 WO 01/7735% 55;7 Ol/ 01666
-14- viru It would al so be possible to use pair ters (the
sanme or d??gﬁggﬁﬁs pronoters) facing in opposite orienta??@ﬁ?g from
each other, these pronoters each driving the expression of a heterol ogous
gene (the sane or different heterol ogoos- gene) as described above. 5 D.
Dendritic ciidrslogddRNghnktdnGodifg laSteir RAtigeno! aldagiftfpar &dsdy A viigbgr of
nmeans, for exaone t he can either be purified directl fron1per%pheral
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nDbiIisatiogmﬁﬂkqm%&gkap%&@hmﬁﬁ Ry treatnment with GCSF, or to directly
from bone marrow. From peripheral Dl ood adherent precursors can be treated
Wi th a GW CSF/ | L-Vinasesxpfirtee (inventen, eandaflendritiogells infected omtth oirusesael 8w

h a G CSF/ I L vention _ boites t
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roating o mBEbo, s CEERAE i PRCRIRT RS PEodE apy fudeeh b, Y

depl et ed of pAHkEnic Breefibis AdndhisRBion oGhldH a Viras bt dendditie\celagBeEd witheads (see
Coffin et al., 19 .. Qther net hods may al so, be used for the preparation of
dendri tic %‘é‘F‘Ps‘.’ﬁ%PE&Wé‘F%\'ﬂéE‘? finefiita SL e gsPPRss P kg T theng
dendritic ceiogeni®bRahige. Subihvivil infeESnOclidEherpddail @b t0BY DRisUSGgus N’

met hods of therapy. In particular, viruses of the invention, and dendritic
celI's i nf ecfder Wﬁ%‘%i“‘l‘a@fﬁé‘sﬁﬂ‘ totlﬁ‘@ci’"ﬁ\?%ﬁﬁ SFROnSSitR He @é@ttfi’ﬁﬁ%‘ﬂ?lp’efnt i gens
may be useg gidldaRhda@ dSvaREink iR HIVICRBSTD infoRRA! ke b Yirud 8 %te:%ﬂﬁ&e gses of

the invention, and 25-dendritic.cells infected with viruses of
i nventi on sy ibthejrsaanenbof HAY biotr HONG: He olinnmey optigraby sontainmpubeierplagensmmal s,

| ncl udi ng ggéﬁé‘%ﬁcﬁﬂ&é}oﬁa ousf%Fle hﬁlﬁh@s"&eﬂsﬁ’aﬁﬁ%& which'i¥ hﬁ%de?&@ Shogretrial
tunours and” cdrcl nomas, for exanpl e manmary carcinone, |ung carcl noma,

' bl addets cafdismameal gmeinatert) on as amounenedulaBir enoleradp | Heneirushddmdgtioetlls may
be inhibited include aﬁcona(j.ngﬁ e aqpfqtsoftttissue and bone sar.comas,
and 30 herdt®! BordeamsRi R R infetion by Ty E i piatet ¥ TREPEF £PaPe Bllpl o5 of

cancers Wwhila#t, or after infection to stimulate the host immune system to combat the infection.

F. Administration
20 The herpes viruses of the present invention may thus be used to deliver
' therapeutic genes - to a human or animal in need of trez;tmcnt. belivery of therapeutic
genes using the herpes viruses:of the -invention may be used to treat for example,
malignancies and/or pathogenic infections.
The viruses of the invention may be used in a patient, preferably a human patient,
25  inneed of treatment. A patient in_need of treatment is an individual suffering from
cancer, or a patient with a pathogenic infection. .Tllc aim of therapeutic treatment is to
improve the condition of a patient. Typically therapeutic treatment using a virus of the
invention allieviates the symptoms of the cancer. A method of treatment of cancer
according to the invention comprises administering a therapeutically effective amount of
30 avirus having a functional UL43 gene and lacking a functional vhs gene to a patient
suffering from cancer such that the virus is present in dendritic cells in the patient.

Administration of virus of the invention to an individual suffering from a tumour will



may be treated using viruses of the invention and/or dendritic cells
infected with viruses of the invention which express tunour antigens

i nclude nmel anomas, |eukenias, cervical cancers and ovarigh ganeggs. A
virus for @%gg@i&lreati ng cancer typically conprises a 1 8 %T 2%104 WO
01/ 77358 P 01666 - 15- heterol ogous gene encodi ng BCV GRSt | gen-
Adm ni stration of such a virus,. or dendritic cells infected with such a
virus, will typically result in the gerdation of an imrune response to

t he tunour @9%’?'%?@2“%Jeﬂ?g%ghﬁmﬁﬂggﬁﬁﬁééasgéh@s%ﬁgﬁﬁo ;Eﬁr%n%l-l s infected
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or gﬁni sm. Aﬁ%ﬂoﬁ}a{l&ﬁ&t@ﬂh@_ﬁﬁrrﬁpﬁ&’ﬁs af té _fdfﬁ:ﬁg@énci&&éﬁfaib_tyi mug}g& pathogehizct ed with
such a virus, w typi cal result in the generation of an inmmune
response’ t ooréﬁil?‘_ﬁeﬁ W%l‘g?ﬂ ‘%li@}a/tﬂﬁ’n %é%&@ﬁ?’&‘_’ B’?‘ij’&ﬂ? §??Pr%ﬁ’_ctﬂ s 1f‘"‘_éﬁfmlf"l’1f ecti-ons
i ncl ude her @ity adenihiBeRRg 4 SBSpeutithiBy effechid dSoundbf 4 NIfisIARAVMB i FRRLHERY be.
used to induce -i nuki esponses Fo the virus itself, for exanple . in the
treatment ovhs\ggeetoferatient vith apathoseic indgsion.nPreterabbhithe winas entes derdgitic i s

| ntended oLy YSe bEEe%P& dehtBRINE which BRI i3 it e Virkid i3 JiBYare

optional ly contain”a heterol ogous gene, n het erol ogous gene encodes an
HSV ant i genadmihistsredite thepetientdBrophiriactis dieatrasht usiheot vifus of thgtinweationpr onot er) or
an i nmupono, . is it .

adm ni s?@re‘gﬂiﬁﬁg‘* qsgg P% g%ﬁ%%p(?g}{ g?#?reg?giﬂgﬁg%‘%% é’%@%‘/@r ?g%%sﬁg&response

i n t he hostige rafitagrathopérac orgamismh m apatiend s tick ofvantrost a pathelogicldystem t o

conbat the ,Jégf ﬁct i’Pn‘%}ﬁ' Athn' thStéatfi on 20,(1l Tbrée CQ rgﬁs ivi ru(it%s f the
present’ i nVERETHN HEFY AGE T FEET" t0 “HeT PV EETYHTEPPRRFTFEHEY to a
human or anmaphavebetteaxposed t¢ oxtrtaresik of dRpbduretoy cafcidogeat. aPgidailg a patsaes: usi ng
t he herpes viruyses,-of .the j.nventjo be used to treat, for. exanple,
mal | gnanci St aRB o BRI T PO BT S ey i FatioRetic PRESvent | on may
be usedidn a pat it meiodl €5rabiryyife NouiBtheRpy | ASIves Zedting N@RAuRfapbitRAt NENT .
A patient in need of treatnent .is _an individual suffering from cCancer, or
a patient vER/280e5RtASKSsTPRmF AT BEDPESS vinkeofdhqingentioneassatnbed abaveatndent i s
to i nprovembRomBsht iRNrebitadt Raloh®Mant 1WA GAlh ¥ PrRREARBSILIF abédpblEnt
using a virus. of the invention allieviates the synptons of” the cancer. A
met hod of  tqagiareeAiluent toguprdner 2 pbarmeesutigalcomppritions Javteble aarciemmand dideents
admi ni stering, g HELALCHnE aL(llﬁ(tio%H 96¢ 'e\{&mﬁfgp%%wﬂéte-buffered saline.  The
20 composition may be formulated for parenteral, intramuscular, intra\}enous,
intraperitoneal, subcutaneous or transdermal administration. Subcuianeous or
intraperitoneal administration is preferred. Trans- or intradermal administration may be
‘particularly preferred.
Infection of dendritic cells with the virus of the invention may be carried out in
25 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 infect dendritic cells, The amount of virus administered is in
the range of from 10* to 10" pfu, preferably from 10° to 10* or from10° to 10° pfu, more
preferably about 10° to 10° pfu. When injected intra-dermally or trans-dermally
30 administered, for example using a needle-free device, typically from 10 pl to 1 ml,

preferably from 100 pl to 1 ml of virus in a pharmaceutically acceptable suitable carrier

or diluent or in a particulate composition is administered



30 a virus having a functional UL43 gene and | acking a functional vhs gene
to a patient suffering fromcancer such that the virus is present in
dendritic cells in the patient. - Adm nistration of vi rug oﬁ%g@ii nvention
to an indi*é@gﬂs%uffering froma tumour will 1 2 OCT 20 4 /| 77358
PCT/ GB01/ 0 139%.- typically kill the cells of the t unobf VERUL 8 cr easi ng
the si.ze of the tunmour and/or preventing spread of malignant cells from
the tunour. Typically therapeutic treatltent of a pathogenic infection using
a virus of the i [ I ' ; t : j o and
preferably kills 't @%3‘%@“8&%’%‘"? %réggﬁfg ??*%ﬁrrg{{ﬁggé c?%ﬁ':frﬂgg{ (r?:gltri\%&gﬁ‘l a

pat hogeni c tlovideart homa mcroov aidhipfecting (the ¢ally evith the vie 0P thesivsendigriimiviitaer i ng a
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producti on ;gf ﬁ@iﬁ%&dﬁoﬂés.aﬁr hiBsily forh UGDY 167 VrdnSRided Herdibiak R6ils, Bibferd) igen a
pat hogeni c organi'smin a patient at risk _of cancer or -a pathologica

i nfection. flamie’aby® @ilpandre piefably dlsit b0’ celtrrreadminigtetrd tg tregatianl | v

di sposed thereto,or may_.have.been exposed t.o or be at risk of expgsure to
a carci nogen. Tyﬁgﬁaqufi??&ag'&wsgﬁﬁ"%%“ﬁ CEOF@?S S?chgeﬁaﬁrﬁﬂ’éeélﬁ?fimﬂﬁﬁétgﬁ@ﬁ may be
likely to hmcexPelaRed perchtigiat Maest ablertg adeteriine leadlyetheedptiathni esute afr yi ng
out therapy .involves inserting the therapeutic ,B%S‘?e/ enes igc{o t he ,genone
of the Wer emriftaign gpd dRgaee (Gt BAtCURr RASSRY | @2y i fetormd

combi ni g thEglis b tvafidus [RAEANENS Adpecklly UscoititaB 18 TP 8kdmane tthd G, Weight
acceptable carrrer or diluent to produce a pharnmaceutical conposition.
Sui t abl e carf cenditionrd thf patientt s i ncl ude i sotonic saline solutions, for

exampl e, phosphag sk Bl iR allife indhi6RIPOST Li on may be for mul at ed
for parenteral, i ntranuscul ar, intravenous, Intraperijtoneal, subcutaneous

or transdernmal adm nistration. "Subcutaneous or intraperitoneal

adm ni s‘tsr atﬁg&igﬁgef erred. Trans- or intradernmal adm nistration may be

particularl ed. Infection of dendritic cells with the virus of the
i nvention MytebialscmdMetiodsut in 25 vivo by administration of a conposition

conprising the virus 8.8 P2 'egit The' pharmaceutical conposition is
admi ni ster _ i rus containing the therapeutic
gene/ genes, can infect dendritic cells. The anount of virus adm nistered is
in the range ofAlf vinmstiids dre dérGted fiforn HRV ¢ Sizain b7y, thermowledds sequehOB8ofor f r oml05
to 109 Z%f u’whqalri% deposited in GenBank (Accession No. HE1CG). Viral strains were produced
and propagated using BHK C-21 cells (ECACC No. 8501143) or BHK cells stably -
transfected with the genes encoding HSV1 ICP27, ICP4 and equine herpes virus gene 12
(Thomas et al. 1999). _
For viruses with mutations in VMW65, 3mM hexamethylene-bisacetamide
25 (HMBA) was included in the media used for virus growth (McFarlane ef al., 1992). The

following viral strains were used.

0] 17+ (wild type HSVD)
- (i) 17+/pR20.5/UL43
30
" A cassette from plaszflid pR20.5 (Thomas et al. 1999b) consisﬁng of an
RSV/acZ/pA sequence and a CMV/GFP/pA sequence in opposite back-to-back
orientations and separated by an HSV LAT region sequence (nts 118,866-120,219) was



preferably about 106 to | og pfu. Wien injected infra-dermally or
trans-dermally 30 adm nistered, for exanple using a needl e- free devi ce,
typically from10 gl to 1 m, preferably from100 | to f V|rus in a
phar rraceut‘lws%%%sgccept able suitable carrier or diluent g{?
particul ate conposition is adm nistered WO 01/ 77358 1 2 PCT/ GBO
1/01666 -17- Another nethod involves isolating/preparing dendritic cells
from peri pheral bl ood or bone marrow antfinfecting the cells with the virus
of the invekdrRA ihtd the VLB locﬁErlglflﬁﬂLbﬁfgduﬂféB&hlhhiﬂbnGﬂﬂﬂ rified géddaiic Hewical |y
adm nistered to_the h@gt I ent by I nt ramuscul a I ntraperi_toneal

subcut aneousiTaly 17H M Sy ctandpid; methedsn | Thy. PIE@O Jicpssette g Bt iimwrtechinge 2t he 5.
| ynph nodesplgimla%n@&sﬂgema Hﬁﬁ&ﬁ‘g’ @egto\ss o B4 0G Ul A0St the hﬁhﬁé‘ﬂ@ﬂ’[ isfgoneal or

direct injection into ?r%{ Typlcalyfrom105
t ransduced mmmsmed E%?q %’43 p - apasgetieican be wobed fonos R,CeEMé (Prﬁmega)

pr ef er abj y bé%oﬁ@ uuﬁ 'Hl@bﬁ&c%oﬁﬁe bR hgg s?zﬁtvba?,']ﬁsenIJ‘S LRl es of
adni ni st at on and dosages scrl bed are I ntendedconly as & gU| Since a
skilled prasidé bf dimercasssticl e BIE promotet evasieneisade frdinl yRMRSVoﬁnmmgm} oute of

1o adm ni sty and for rikcul er The e _may be
d6t er ni ned 13%8‘8 ?g?f}g&?‘%ﬂ%mpgr%ﬁ)& om gre‘@?'a{ﬁ °§8@o"r“8%ﬂ‘3ﬁﬁ%m for
exanpl e, | igEGER-B@ (Clmteglli)tfor madorsﬁﬂdiohloﬁplaeﬁndtpmeOﬁat ient. The follow ng
Exanples illustrate the invention. is EXAMPLES Materials and Met hods
Construction and Gowmh of Viral Strains Al virus strains are derived from
HSV | sig a|(,1u)17+],75r¢,ae_/41ucl eoti de sequence of 20 which is deposited in
GenBank (Accessi_gn HEL ) Viral strairis were produced and propagated
usi ng BHK C-21 cEfys ‘(mlég? -/438@&1%&‘“"%9?‘131% r&@ﬂﬁ%ﬂﬂélplamfyvm skginsf ect ed
wi th the' gerganeng. DY ith CRfy IEIP ARG &&Hh@%&"ﬁ@%@l@cﬂﬂdéﬁnﬂﬁ”e 12

(Thomas et al. 199¢ For viruses with nmutationsS in

hexamet hy| arequss yhishidamobiexpress C{FﬂwBAecZwa\étrqSﬁEmdM/%/%anZ%@ﬁ deserthsd f or

ﬁ's o O ;Mllk; gﬁagfﬁ.'éfi b IR o afd Smta&%ﬁa pRIS casl Rtk WGl At Cr foaldd s Wer €
15" toreplace the gene encodmg ICP4 of a virus also deleted for ICP27 and ICP34.5 and with

666

an inactivating mutation in the gene encoding VMW65.

(v}  1764/27-/4-/pR20.5/vhs
Virus strain 1764/27-/4-/pR20.5/vhs was constructed by. insertion of the pR20.5
20  cassette into vhs flanking regions at the unique Nrul site in the vhs encoding gene of
HSV1 strain 17+ an& the resulting plasmid (pR20.5/vhs) was recombined into HSV strain
1764/27-/4- DNA. Virus strain 1764/27-/4-/pR20.5/vhs is therefore deleted for the genes
encoding ICP4, ICP27 and ICP34.5, and has inactivating rﬁutati_ons in the genes encoding

vmw§S5 and vhs.

25 )
() 1764/27-/4-[pRISIGEZ
Virus strain 1764/27-/4-/pR191acZ was constructed as for virus (iv) above except
the pR19lacZ cassette (Wagstaff er al. 1998) was recombined into the latency associated
transcript (LAT) region of virus strain 1764/27-/4- rather than the pR20.5 cassette into
30 vhs.



(11)17+/ pR20.51UL43 30 A cassette fromplasmd pR20.5 (Thonmas et al. 1999b)
consi sting of an RSV/|acZ/ pA sequence and a CW/ GFP/ pA sequence in opposite
back-to-back orientations and separated by an HSV LAT reg gg-rs uence (nts
118, 866-1 s 1 2 OCT 2004 WO 01/77358 PCT/ GB011 -1$- inserted
into the 68’5@}’?%38%\? by honvol ogous reconbi nation with pur%}?[‘g 0160 §mi ¢ HSV 1
strain 17+ DNA by standard nethods. The Y R20.5 cassette was first inserted
into a plasmid containing UL43 flanking-regions (Coffin et al, 1996) at

the uni que BSissbs.gs/ Rgb_y)vnggpg_ggm d pR20.5/43. The 20.5 cassette can be
excised fromits pGEIVg (Pronega) pl asm d backbone with Srfl as an

ol i gonucl eot i de EheclecH. Eanesin the\pR20i5hda plasenid was iremieced byjthe gee envedisgsset t e.
The RSV pr exci : | m
pGri10 ( PhoBats RS FRar PSRl B ain bf il 68 Ren sl QGG 1585
PEGFP- N1 ( GhitlnKaelhgndNsil 4ndénsexios bf e fiagmentfrelpisad imtaip$H2 (Pomegd) betwaeh
~1764127-14 Vi sjrain.l1l76 r{ 4- S nsiracted conbi natjon of
virus st¥ aithfeg%‘?%'ﬁ %@Sht?? B%@%"W\%\%ﬁsﬁa é"ﬁ%’l%’a{[ 35[4‘? %Fgﬁ%gfr%éeﬁg%%aggs and
the sel ectigne @ihidhj WH§aeplﬂcaﬂU?Shel\HthAgigem%xcﬁwmmpm?_ﬁmgmggb awdr us
strain 1764/27-/4- .5 |s described.in, . T ot .

contai s HEEoRk R ReAtEg Pl Re) tatmt i d T ks L D%

repl ace t hexgens-BEE QstpResinCRAqRs Rlettel UsmdapgifiedelGrh@fk k@iicth®RA aRf _

| CP34.5 and wiith an_ inactjvating mutation in the gene encodi ng VMA65. (iV)

1764/ 27 | 4-9opferoedhRSanthem blet st rai n 1764127-/ 4-/ pR20. 51 vhs was const ruct ed
by. insgrtion of the pR20.5 20 cassette into vhs flanking regions at the
unique Nrul site in the vhs encoding gene of HSV | strain 17+ and the
resul ting phaEhtic-Cell prparaion hs) was reconbined into HSV strain 1764/ 27-/ 4-

encoding 1 coa, PP P EREPHER TR Dol & IFRELRLMAEIER REKRY er dIE, GENES
genes encodi9y). Briefigpesphiralthinod 28pnpiclehy 6elsTPBMOS) wete peepaed fivim Gfsnlfr ai n
T
associ at®d of red cells, non-adherent cells (mainly T cells and B cells) were removed, washed in

HBSS and centrifuged at 1400 rpm, 5 minutes, RT. The cell pellet was resuspended in a 2 .

ml 90% FCS:10% dimethylsulphoxide (DMSO) mix, aliquoted and stored at —80 C for

subsequent T cell isolation. Adherent ceils were cultured in RPMI medium supplemented

with GM-CSF (0.1 pg/ml) and IL-4 (0.05 pg/ml) and incubated for 7 days, at 37 C, 5%

20 CO,. After further lymphoprep purification cells were then magnetically depleted using
anti-CD19, anti-CD2 (Harlan} and anti-CD3 (Harlan) antibodies and DC were

resuspended in complete RPMI medium for immediate use.

Isolation of CD4+ T-cells
25 T and B cell frozen as above were defrosted quickly, washed in HBSS and

centriﬁxged at 1400 rpm, for 5 minutes. Cells were resuspended in 2 ml complete RPMI
medium, counted and incubated with anti-CD19 (BU12 - 200 pl neat, Immunology dept,
UCL), anti-CD14 (HB246 — 200 pl neat, Immunology dept, UCL) and anti-HLA-DR
(L243 — 100 pl neat, Immunology dept, UCL) mAb and left on ice for 30 minutes. The‘
30 cells were washed in HBSS, resuspended in 2 ml complete RPMI medium, mixed with
sheep anti-mouse antibodies bound to magnetic beads (Dynabeads, Dynai) at a ratio of 10

nl beads/ 10° contaminating cells and incubated on a rotor mixer at 4 C, for 45 minutes.



transcript (LAT) region of virus strain 1764/27-14- rather than the pR20.5
cassette ' into 30 vhs. WD 01/77358 -19 1 2- 0 C T 2004 PCT/GB01101666
(vi)1764/27 14-/pR20.5/vhs/HBS Ag The | acZ gene in the pR2OE/ 2@ pl asm d
was repla e gene encoding hepatitis surface ant] - Ag) by
di gesti onc"gﬂogfy-@%/g]mo (Gough and Murray, 1982) wth Xhol%'&zér%%‘{lﬁgoﬁf and
insertion of the fragnent rel eased intq pSP72 (Pronega) between 5 the Sall
and Smal sites. pR20.5/vhs was di gesteﬁo'vvith Xbal and EcoRlI to rel ease the
| acZ gene O IT vdls wapltamedbphyedt bie rdldSirdgthg esnpertatait fidr placimgpBE 21 W t h

H ndU| and EcqR . The resulfin | asm d. was reconbi ned int.o
1764127-/4.3Pmﬁ?@mwﬂ9ibﬁ%ﬂ”mﬁm oRfAs ¥ rﬁma%nzti%pl&w% P 5% (& SE ect ed
and purifi edns GRGEMEoudledlU GEuERNYAS i F@&pi&@rﬂpwﬂr&ﬁemsgumberaEF&bﬁate 10 --
-Dendritic.Cell preparation were prepared from peri pheral ood as

pr evi ous| y caeesakptinng lefiozrieq ¢r culturgd o/npb3Be:, 39 Qfforsubssauenpussr al bl ood
nmononuclsear cells (PBMCs) were prepared from 60ml of healthy/hepatitis B
vacci nat'ed donor bl ood using |ynphoprep (Nyconed). After renoval. 15 of red
cells, nonJlafbemedfiDCel |s (mainly T cells. and B cells) were renoved,

vas T esuspended o 5 iked YO0 T ) nf s el Kk Reenll DEAREREY P! €

al i quot ed dnfidctsd ar DI af 1-b§GesBspehsion insRIPME cpedintn chntasling vies|fat 1 bour abdfer ent

and 1 Lod (G208 i) BL5h HRELBRPEISHEY Ra)ECSE 04 hemb i B bt BT ATt U,
furtherol YTRAGHNGR tirddfhdCall DO if@bhiSd WEIEC] 9% TOTRERAIPSGatidaPREIEd USi ng
anti-CD 19, "anti-CD2 (Harlan) and anti-CD3 (Harlan) antibodies and DC were
r esus pendeddditionadlyrioatamimer00ngiemd LB waspsedlnmedi at e use. |solatisn of CD4+
T-cells 25 T and B cell frozen as above were defrosted quickly, washed in
HBSS and centrifuged at 1400 rpm for 5 minutes. Cells were resuspended in
2 m conpl eiyokMnalyssdi um counted and i ntubated with anti-CD19 (BU 2 -
200 | neat, | | ogy.-dept UCL nt~CD, 14 (14B246--.200 | neat

Fmunol ogy ' dept Tocs BNERh rere it DLt agRih e Comiteals

dept, UGL) aRiibRNELISH kit (R&D Sykt@ins)3Pribt UEESA, Bigernatants were collected 42
hours post-infection of DC with the indicated viruses and stored at —20 C before use.

IT cell proliferation assays

DC and CD4+ T cells were isqlate& and treated as above from hepatitis B

20  vaccinated and un-vaccinated human individuals. DC were used at dilutions from 1x10°
DC/ml to 1x10* DC/m! and CD4+ T cells at 1x10° cells/ml. Experiments at each of DC
concentration were performed in triplicate. 100 pl of DC and 100.pul of CD4+ T cells
were added to each assay well. Where indicated recombinant hepatitis B surface antigen
(Austral) was added to weils at a final concentration of I pg/well. HSV-1-infected and

25  uninfected DC were cultured with CD4+ T cells for 6 days at 37 C, 5% CO;. 1 pCu/well
[PH} thymidine (Amers_ham) was then added and 18 hours later cells harvested and ’H]

thymidine incorporation counted.

Example1  Preliminary data showing that HSV strains not containing a
30 functional vhs gene give enhanced activation of dendritic cells following virus

infection.



30 cells were washed in HBSS, resuspended in 2 ml conplete RPM nedi um

m xed wth sheep anti-nouse anti bodi es bound to magneti c beads (Dynabeads,

Dynal ) at aratio of 10 .x|I beads/ 106 contam nating cel Igi biggubat ed on
e

arotor m e for 45 mnutes. 1 2 OCT 2004 WO 01

PCT/ GBO|/O 6éﬁ 35% CD4+ T cells were then depl eted by r{‘érmw %éOI?ﬁe
supernatant after placing the cell suspension/mgnetic bead m x in contact
with a magnet, for 10 minutes, on ice." + T cells were counted,

resuspended in g lieésh R 11etdenaritil cellb evefepipfeaed iviitheeack 6fithe Virbgdsibgn, | ef t
on ice or cultured o/n at 37 C, 5% CXR for subsequent use. 5 Infection of
DC DC were %f‘é‘FlF Spliedingy fe&‘l@BWs}oBﬁ’F pbaut S04l vires suspension i P%r‘%‘f‘ik‘?’éoﬂ #C were

then infecipd @i 1%@&&&%& 24 %ﬂeﬁmmm P RRMRPVEAIOWP(ROD Y8 R VI rus
for 1 hour at 37 C, suppl enented wi th GW CSF (0.
g/m) and | GMCEB, 535113/@1@ A )Thmg!latm\neraél@b@dnmted B@?"ﬁéﬁ%&&d’vamgm C 5%
CQo2. For, LR lagqai t was
used. Q/ff okﬁﬁi&%%% :wggl fﬁgMaéend ,'—lb %%%%h%%s re in&% cuﬁtlﬁlr-dgﬁ

super nat ant&txua;tongmtmmmtedlaatbqutroIBS avai |l abl e ELI SA kits (R&D Systens).

Prior to ELI SA, nt s, wer. ol | ec urs St n of DC
w th the indi cat @ﬂ%g%oﬂhwﬁseﬁfg?ctg dt]g%%}l‘f ct?él&glr%erggrée 'ﬁedfcé‘cffug -
proliferati®fts & daya 186lsasfhettidd cokiatd. sFmaea:en&oécameu aemsdrﬁngamct S above

fromhepatitis B 20 va C|n nd un-vac ed hu V|duI
were. Used AVRSIFEY ERGHS SSRGS KPR Sl CHb Gore CBiFFed 81 s at

1x106 ced | sédmitrol EenRBhE ea&t In Abndeiie el bulbees @&@@%M@ﬁdpamnw& degs hawed in
triplicate. 100 | of DC and 100. | of CD4+ T cells were added to each
assay wel | . rewmselte lovislsiof S84 exprewivn: ase apreqbsenved & o ek by & A w&yﬁrs
(Austral) wageandedsnist pikl dfscefid withd RBkivaAPNGHE 16 108 rCISH‘6 é{f%éx&‘ﬁ
HSV-1-infected and 25 uninfected DC were cultured w T cel for 6
days at 37 secombpedopf cqllswith gy slatively highgr leve) af GDﬁ@elémwghé}m)acmoann added

and 18 hour r

count ed.  ExSi S oBPEfe ol doRPHaRRfert ot CPRENM Boftys BEPEBAAILER, . i ng
a 30 finhctioomdin thhscomlmaki ve enhanced activation of dendriti-c. cells
followi ng virus - infection. .

Results
Treatment Cytokine
Concentration
(ng/well) .
: 1L-6 } TNFa
| 17+/pR20.5/UL43 6 1.1
1764/27-/4-/pR19%lacZ 4 0.8
1764/27-/4-/pR20.5/vhs 46 - 71
No infection 4 0.9




1 2 OCT 2004 WD 01/77358 PCT1GBOL/ 01666 -21- Here in each case 1x105
dendritic cells were infected with each of the viruses by gentle pel |l eti ng,
resuspension in about 100 [.1 virus suspension in DVEM n 37C
for | hr, tllri‘g,g!?fer into 24 well plates with 2rnl of g#§é§§+100
ng/m Gw |9 ng/m 1L-4. These plates were then incu 37CI 5%
CQ2 overnight. 5 Dendrl tic cells were also treated wth |ipopol ysacchari de
(LPS) a known dendritic cell activat o** and untreated as a controls.

Super nat antFablg 0NCitokER dobédehticdnih eubirel supsinhiaftsCBIht ra@br indceod hath theed in
ELISA tests_to detect |evels_ of secreted C&OQ/:}&S' Fl BO f« ence activated
cel | sorti nigdicajpdagruses,prdn souteol sppepmatapts gtanddpl p gasyed XE i on of CD86
on the surface of infected and 10 control dendritic cells. In dendritic
cell cultures there are two populations of cells with respect to |evels of
CDB6 expr esgilosatmaiese are obsePbasels peakilwy Ypefels pak2Addeamfpgraseance | -
reflecting g first peak of cells with a relatively | owdntensityakalo?  CII86
expressi on an@+maR2868843 peak 0f3.8%l1s w |H685rel ati vel5x1fi gher | eve
CD86 expr esgi1G#/pREN.SATIA3velPON | B§93 e. g. LIP9A6re of tHe cells expregs
hi gher | evel{976f2TPBpRadEcZ her e2ale thus e8s cells ar|ex105 found i the
second peak.[ 1ReFRTIS/BIODMeZNET | 32.2at nent Consantratron | g7 wel 1) TL-|6 . TNFa
17+/ pR20. 5/ Pg4g61. 1 f764/ 27-1 4|/ pR 9l acz4(0. 8 1764/ 27-/}4-/ pR20. 5/ vhs467. 1 No

of

i nfecti 0n40.q7mwm—lm§8®ﬂ‘tﬂﬁm%-
1764/27-14-/pR20.5/vhs+ |[3952. . 52.40 9x10°
LPS
e - —4=No infection 4895 3145 - 1x10°
No infection + LPS - 30.33 60.81 9x10° .
5 Table 2: Expression of CD86 on control cells and cells infected with the indicated
" viruses.
Conclusions

The results show that untreated dendritic cells secrete minimal levels of the
10 cytokines tested and have the expected “resting” levels of CD86 on their surface.
Following LPS treatment cytokine levels are significantly stimulated and the level of
surface expression of CD86 increases significantly. In the experiments above the mean.
fluorescence intensity in LPS treated cells is approximately 1x10° by FACS analysis with
an anti-CD86 antibody. These results are indicative that dendritic cells are in an activated

15 state. o '

Following infection of dendritic cells with the indicated viruses it can clearly be
seen that for\acti.vation of dendritic cells to occur by these assays the virus must contain
an inactivating mutation in the gene encoding vhs. Viruses of varying levels of
disablemcntlhave been used, and only the virus containing the vhs mutation gives

20 significant activation of the dendritic cells by these assays. It can also be seen that if
mutation to vhs is not included when cells are treated with LPS as well as infected with
the indicated viruses, CD86 levels are not increased in as many cells as occurs by
treatment with LPS alone. Also, unless vhs mutation is included; the mean fluorescence

intensity of CD86 expressing c_élIs as measured by FACS following virus infection is



Tabl e 1: Cytokine concentration in culture supernatants 24hr after
infection with the indicated viruses or in control supernatants at an MJ
of 1. Measured by ELISA Treatnent% cells peak 1% of cells,prakoghean

fl uor escenﬁ ei Q;S%psi ty peak 2 17+/ pR20.5/1JL4343. 3546. 85 g 666

17+ pR20. 5Y O04372® LPs56. 9329. 06 1764/ 27-/ 4- | pR191acz24. 168"8BYY

1764/ 27-/4-/ pR191 acZ + 52.7135.327x10 LPS

1764127- 14- / pR20. 5/ vhs27. 8164. 611x10 1782/ 27-/ 4-/ pR20. 5/ vhs+

39. 52. 52. 40R4d&d 53 ihaf eeh ifuen8aRGddied Stk IPSNFor i@ Hfin® Anrune stimulation
LPS30. 3360. 819x10. 5 Tabl.e 2: Ex&)rﬁessi on of CD86.on control cells and cells
i nfect ed wi P denditic fally &% e thys (bg Goaclugsdnidpt, wpgivating mufgiignish &y thesedBow t hat

unt r eat ed d@ﬂgggih%gﬁs&gmh%emc@a_e mnimal |evels of the 1o cytokines
tested and have The expected "resting” |evels of CD86 on their surface.

Fol | owi ng LPS treatnment cytokine levels are significantly stinulated and

the level ofy,g efzacqiweh%&fsi 25 aa‘nt&mg 4 FEEERASS viRd gfugghcwwgwcﬂ the
experiments aabo e the nean | uorescencé Lntensity in treated cells is
appr oxi mat edendtitieG8ll betivA@S anal ysis with an anti-CD86 anti body. These

results are indigative that ndg it . | re | tivated 15 state.
Fol | ow ng i nfecti OB GERaY |eﬁicgﬁéé+ﬁ%&%¢§jv? e’ ﬁdﬁgﬁggﬁg%}’ei\éiqgg S can
clearly be of5€b#s, (1280, OD83 and ICDH0I cnnthe burthes df infféctedemld|contral dendritic dajls.t hese

assays the yirus nmust contgin. an inactivati mut ation Ln gene
oot ng vhStPelpaaTdtons GF ifsctionhed Botlastes R Satmiards bhEL B den used,
and onlypthe virus containing the vhs nutation gives 20 significant ‘

activation of the dendritic cells by these assays. It can al so be seen-that
if nutati oRe¥#Svhs is not included when cells are treated Wth LPS as wel |

as infected wi t hrpe! frashndii@t(@guryi3) YRS thatPRfe TRY BlnSbAfnlecRRtwit AE @3t ed 1N
as many cells as occurs by o o .
high efficiency, cytokines indicative of DC activation are not produced with either a wild
typé (strain 17+) or a disabled (strain 1764/27-/4-) virus. However if vhs is inactivated
15 from strain 1764/27-/4- , giving strain 1764/27-/4-/pR20.5/vhs, cytokines indicatiye of
DC activation are then produced FACS analysis (figure 2) on non-LPS stimulated_ DC
shows that infection with essentially wild type HSV (strain 17+) or a replication
incompetent HSV vector (strain 1764/27-/4-) prevents the increased expression of CD86.
As discussed above, increased CD86 expréssion would be expected if DC had become
20 activated by fhe infection process. CD40 levels are also altered/reduced in HSV infected
cells. However, if vhs is inactivated (strain 1764/27-/4-—/pR20.5/vhs), CD86 levels are
increased indicating activation, and CD40 levels are unaffected. CD8C and CD83 are not
greatly affected in unstimulated DC infected with HSV. CD$3 (B7.1) and CD86 (B7.2)
are two key T-cell co-stimulatory molecules, CD40 is a key T-cell activator, and CD83 is
25  a DC marker up-regulated during DC maturation and activation.

When DC are LPS stimulated at the time of infection effects on CD40 levels are
more marked with both wild type (stl:ain 17+) or disabled (strain. 1764/27-/4-) virus. If
vhs is inactivated, however, these effects on CD40 are prevented. LPS stimulated DC
usually significantly up-regulate CD83 and CD86 expression, but this is blocked by HS-V

30 (strains 17+ and 1764/27-/4-) unless vhs is inactivated (strain 1764/27-/4-/pR20.5/vhs).
When vhs is inactivated, both CD83 and CD86 levels are increased to a similar or greater

extent as in LPS stimulated but uninfected cells.



treatment with LPS alone. Al so, unless vhs nutation is included; the nean
fluorescence intensity of CD86 expressing cells as neasured by FACS
followng virus infectionis 1 2 OCT 2004 WO 01/77358 PCJ/;GBOR/A666 - 23-
reduced fr seen if cells are treated with LPS. Fo | I mune
stinmulati oﬁﬁlow‘?%sendri tic cells it can thus be concl udedﬁ(fﬂgﬁ]ﬁéggt I vating
mut ati on(s) in the.gene encoding vhs s_,n(_)ul d be included. 5 Exanple 2 HSV
strains not containing a functional vhs protein do not block dendritic
cell acti va€Comedudidnuor escence activated cell sorting (FACS) was used to
detect |evels of, expressi,on_ of CD36 0 3.,and 0.on th rface of
infected and corft} 'Ehﬁé:ﬁ%}l"?w eé@ﬁ%é““%?%aﬁt%"f%tbﬁeseflhgléﬁf Tons was
used t o assémdritievélsSo Hecaiyd akiviesd abyhelduted/by ditfaRefiatides expiessiohlS&Alsr@sul t's
(figure 3) show th whi | e, DC be i.nfect with HSY at. hjgh efficiency,
cyt oki nes’ i TFeRWSR ﬁ“%s\ﬁf“f_ﬁfé"&&f HY 'inf?ﬁt_l%ﬁ RS PrBtrtcR d Bt 'eg&th%aen&_ wi | d
type (st§aihcdding vBd mast Bk dblieetd( Virists BncbdB@/fddctiofa Whydd bst-allbW\aey®Ritici f vhs
is inactivated .15 fromstrain 1764/27-/4- , giving strai

n

1764127- | 4- $ehiRbpbespmp signifigamiviagieiqd ngimeasurerdbydhe expression lsygls obteandacehen
produced. F%%@g%dai s (figure 2) on non-LPS stinulated DC shows that
infection wth essentially wild type HSV (strain 17+) or a replication

i nconpet ent HSV vector (strain 1764/27-/4-) prevents the increased

expressi on : 1S G, ] (pressjon.awul d be
expect ed ifﬁ%%&ﬁgg nggarr%d%@ﬁ%gtn gﬁﬁﬁwa{?ﬁ{eﬁ?ﬁﬁggﬁﬁ?%@ggﬁﬁ 0

| evel s ar e Tlcelbrapowsesdvibduced in HSV infected cells. However, if vhs is

i nactivated (strgin 1764/27-]4-/ 0. hs 6 levels are .increased
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I nfection effects on CD40 | evels are nore marked. with both wild type
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DC wusually“significantly.up-regul ate CD83 a 6 expression, but this is
bl ocked by $ipetiments seregieniormetiusingiDa agd Tocplly grepared fremchepaftfisiB vaagimetedvat ed

(strain 176442 {adeihRER haRiddAR) Here a virus was first constructed in which a hepatitis B

surface antigen (HBS-Ag) expression cassette was inserted into the vhs encoding gene of

20  the IE gene deficient virus. T-cell proliferation assays were then performed in which DC
| from vaccinated or un-vaccinated individuals were either untreated, ‘loaded’ with antigen
by mixing with recombinant HBS-Ag protein, infected with the control marker gene
containing vector (1764/27-/4—!pR20.5/vhs at MOI=1), infected with the control vector
(1764/27-/4-/pR20.5/vhs at MOI=1) and also mixed with recomiainant HBS-Ag, or
25 infected with the vector expressing HBS-Ag (1764/27—/4—/pR20.5/vhs/IjIBS-_Ag at
MOI=1). DC were then mixed with T-cells derived from the same vaccinated or
x’mvaccinated individuals respectively, and effects on T-cell proliferation observed in
standard T-cell proliferation assays.
These experiments showed (Fig. ) that while HBS-Ag recombinant protein and the
30 control HSV vector could induce a small T-cell proliferative response in vaccinated
individuals, the HSV response probably indicating proliferation of T-cells specific to
HSV structural proteins, and the control vector mixed with recombinant HBS-Ag could

illicit a slightly greater response, the HBS-Ag expressing vector gave a significantly



When vhs is inactivated, both CD83 and CD86 |evels are increased to a
simlar or greater extent as in LPS stinmulated but uninfected cells. 1 2
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1. Use of an attenuated herpes virus wHrch (i) lacks a functional As gene,
or a functional equival ent thereof; giii conprises a functional UL43 gene,
or a functional equiVval ent thereof; L4 e manufacture of a nedi canent for .
use in a nethod of stimulating an i nmmune response, which nethod conprises
infecting dendritic cells with the said virus. 2. Use according to claim1l

wherein said vifus i gsaohai fRsusttdidrpes wWhistkhidh or 2. 10 3. Use according to
claiml or 2 wherein said virus |lacks a functional gene encoding |CP47. 4.

Use according t &) any aﬁh%aﬁmcb@@édmgegemraufmmmuwamthe:;dorfus has a

VMAG5 gene, nal t,.t hereof enco rotel n
whi ch | ggks traﬁs)crl p‘%mg i 2 &1012%1%3&?{1?\?@;@ ng cagEge é‘ggﬁf%l ng to
anyone of the prlﬁcxﬁanmmbmdr& YhRiiRiameRRfod vk NS th@RES of 3EmuBARE agNe
functional imediate early gene. 6. Use according to claim5 wherein said

i mmedi at el jMBHEAY KESPAIKR Wlschsmﬁb@d@unprfsmmfegéngéelnlnbgdﬂlsgmﬂﬂlh@sam@ﬁns | CP22,
| CP27 or functignal ui va her.eo accordin claim5 or 6
wherein sai-d vifus | ?(gccﬂ é#ad‘ﬁclt‘iv qusa'gé'"aé%amﬁgﬁiuﬂgle?‘@??land a

functi onal gggne encodi ng | CP4.

10 3. Use according to claim 1 or 2 wherein said virus lacks a functional gene
encoding ICP47.
4. Use according to any one of preceding claims wherein said virus has a

VMW&6S5 gene, or a functional equivalent thereof, which encodes a protein which lacks
transcriptional-activation activity. .
15 5. Use according to any one of the preceding claims wherein said virus lacks
at least one functional immediate early gene.
6. Use according to claim 5 wherein said immediately early gene is selected
from genes encoding ICPO0, ICP4, ICP22, ICP27 or functional equivalents thereof.
7. Use according to claim 5 or 6 wherein said virus lacks both a functional
. 20 gene encodmg ICP27 and a functional gene encoding ICP4.
| 8. Use according to any one of claims 4 to 7 wherein said virus lacks both
a functional gene encoding ICP27 and a functional gene encoding ICP4 and which has
a VMW6S5 gene, or a functional equivalent thereof, which encodes a protein which lacks
" transcriptional-activation activity.
25 9. Use according to any one of claims 5 to 8 wherein virus lacks functional
genes encoding ICPO, ICP4, ICP22 and ICP27.
10.  Use according to any one of the preceding claims wherein said virus
further lacks a functional JCP34.5 gene, or a functional equivalent therec;f.
11.  Use according to any one of the preceding claims wherein said virus

© 30 comprises a heterologous gene.



8. Use according to any one of clains 4 to 7 wherein said virus |acks both
a functional gene encoding | CP27 and a functional gene encoding |ICP4 and
whi ch has a VMM5 gene, or a functional equival ent thereof} 2METHBncodes
a protein which lacks transcriptional-activation activity. 25 9. Use
according to any one of clainms 5 to 8 wherein virus |acks functional genes
encoding I1CPO, 1CP4, 1CP22 and | CP27. 10. Use according to any one of the
preceding clains wherein said virus further |acks a functional |1CP34.5
gene, or a functional equivalent thergegf. 11. Use according to any one of
the preceding clains wherein said virus 30 conprises a heterol ogous gene.

1 2 OCT 2004 -28 12. yksgcardut) @icham! 10 whetbil saill E5REAusSEnd id\§heRatl), 0gous
gene is operably Ilinked to a control sequence perm tting expression of
sai d het er itlsgolosa gentel isequenciepermiitting expression ®f saidcheserolpgdumgeneoinca ai m 11
or 12 V\,he[gi %gﬁai q het er ol ogous gene encodes 5 pol ypeptide of therapeutic
use. 14. Y. 88?bi ng to any one of clains 11 to 13 wherein said

het er ol ogous - ggqe W%@&dﬁﬁﬁ&émﬁ?méﬁﬁvﬂﬁk&ﬁ&ﬁ@hétéz%[ﬂgoﬁs£&Je}éﬁ&¥2fe§ de, the
| evel of expression of which is increased in or on the surface of tunour

cel | s ad§ cpvippaptide pbtherapeutienser cells; a pol ypeptide which is present in
or on the surfa of..t unour.. cel | s but sent, fr non.10.tunour cells; a
pol ypept i de _capg‘gl e gfarﬁfﬂ‘?‘fiiﬂgﬁa a?%ﬁ%%tacﬁaéglﬁgﬁsf%ggn Wgﬁ'&“hs%‘i)ﬁ?ﬁ@h&oﬂé of
parasi ti C, Juhé BhcoBEs PpSISeptiab sQkéted foml - oil;&?gp@&ga{edreoa JfLxPRYsiBR 8 Of

claims 11 to 14, wherein said virus conpr s nore than one heterol ogous
gene. 16. whichixiocneatiedin oroa theshirfadenf preaedelipschmpard Wdmoretumanacelsyi r us 15

comr i ses & el ofels, Aenc, o dels, sabellc oL el ngean Limine
C1CE15A05 uBbAI G I SRS SRR ol
are human ofgragasitic, girder bacteril0righ. Use according to anyone of the preceding
EERAEEEE XTI PR ARG R
: ‘comprises more than one heterologous gene.
16.  Use according to:a'nyof the preceding claims wherein said virus
15  comiprises a heterologous gene or genes capable of modulating an immune response.
17.  Use according to claim 16 wherein said heterologoous gene encodes a
chemokine, cytokine or co-stimulatory molecule.
_ 18.  Use according to any one of the preceding claims wherein said dendritic
cells are human dendritic cells.
20 19.  Useaccording to any one of the preceding claimas wherein said dendritic
'- cells are isolated or prepared from peripheral blood or bone marrow prior to infection
_‘ex vivo. |
. 200 Use accordfng to claim 19 wherein said dendritic cells are returned to the
- -bo'.d'y after infection.
35 . 21.  Useaccording to any one of claims 1 to 18 wherein said dendritic cells
| are infected in vi\.lo followiné administration of the virus to the human or animal body.
.22, Use according to any one of the preceding claims wherein the
medicament is for administration by injection, by infusion, by an intra-or trans-dermal
foute or by biolistic means. | |

30 23, Use according to any one of the preceding claims wherein the



20. Use according to claim19 wherein said dendritic cells are returned to
the body after infection. 25 21. Use according to ..arty one of clains i
to 18 wherein said dendritic cells are infected in vivo folﬂdhﬂﬁb 2004

adm nistration of the virus to the human or aninmal body. 22. Use according
to any one.of the preceding clains wherein the nedicanent is for
admnistration by injection, by infusion, by an infra-or trans-dernal

route or by biolistic neans. 30 23. according to any one of the
preceding clains wherein the 1 2 OCT Z004 -29 nedi canent is for the

treatment or _preventjon of a pathogeni¢c infection or cancer. 24. Use of ex
vivo dendripgdisament isstor HredespBrenior AT ANtAn of A pARAg RIS IRECQR orFanses.  def i ned

in any one of i 3% Yilo! éd%ﬁ% ﬁﬁghﬁéﬂggﬁnkgﬁ use in
a nethod of sg%ﬁurggf%g a%ﬁPgﬁﬂﬁgﬁfggggﬁgg. gﬁa@%% according to claim
24, wher ei defmad éh stgneitel dfictaigiel11ts 14rir thaumamufacteredstid medicahdis forhse in a
| method of stimulating an immune response. |
5 25.  Use according to claim 24, wherein said dendritic cells are human

dendritic cells.
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