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15 antigens. DCs mght also be used to present antigens derived from

I nfectious agents, such as bacteria, viruses or parasites, providing
protective or therapeutic vaccines for such diseases. Haweger ®bf ective
transfer o Lgens into DCs for any of these targets roved the

gr eat est p&g &%gﬁdth this approach. To provide a realis??i“%ﬂgﬁgggof
generating a therapeutic immune response against 20 a -tunour antigen or
ot her disease related antigen, several conditions have to be net. Firstly,
it is necessary to i dHERPES NERUSHS FORIIVENR MOPULATION t unour or di sease
specific (or at least selective), and which ‘can therefore serve as the
target- for an i mune response. This task has proved very difficult for the
majority of FIRIMOF THEAONVENTION i s solved in for exanple the case of
cervical cancer by the presence, in nbost cases, of the 25 viral oncogenes
E6 and E7, and for other tunours, good candi date antigens are beginning to
be identdfied. Fie sriRoPifeittt Mdes! to0RRAUAMDHNBEs LifpRXNInBEPEGRBRDA N @
nunber of tunpurs, including 90% of ovarian cancers. Varioqus other tunour
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In an i mmu ofHRYa Sr%ﬁ%&ﬁ@éto%ﬁet:é&%%fdiféﬁé her tunor associ ated antigens

w Il no doubt continue to be discovered over 30 tinme. Secondly, follow ng
the identification of the antigen/antigens', it is necessary to ,deliver

t he antig_enﬁA'bQ{@@Othfnagﬂ%?é@i\%bﬁthe i mmune system To generate the

cel lular i . - unmour rejection, this neans the
protei n® nmust either be delivered inside the cytoplasmof a host cell (a

difficult task for 'hi.gh ul wei gh .OC T 2004 ,, WO.01/ 77358
0CT) Gaow/ 01006 AR DGR A e Mt aficen Pirderige Colnion] o cChaers
t hensel ves afiiducing@aponted éveaty amigehING whichihe iathddysteM Had lbedtRd @lesanthi ch
have been nsiT’%ered for thia{rI ur pose. j pclude vaccini a, adenoviruses, or

retrovi ruseSUSTRE REBRPYL_ mpnoliciapy, ins WRISH, a5 HRTURS, BSAIT dbaRistd #4950 & ng t he

optimal i NMidfBur, the bid bt DEs irBayt B idtaNET they werelhadd B preaaf hbueXRemHe
G rol ononi and Ricciardi-Castagnoli, 1997). Indeed ?he DC appears to be
the onl ¥ cemtieenipeDenphght @lsgrbesisednte areseny 2atigpns dariyed fomintecieusmeats i n

vivo, and NRERQy ehctlds vRUSs o@%@ﬁuﬁé}? vfc{?néjglgge%ﬁ?@bpg‘%;eapp% ; cBies for

establ i shed tol erance in certdin circunstances. A nu roups are
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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



wi th-antigen and reintroduction of the DCs to the patient or direct in vivo
| oading of DCs w th antigen. However this approach has been hanpered by
the absence of efficient neans by which to |oad these cegld gcpijggy anti gens.
Recent wor gwever shown that 15 presentation of an pepti de
pul sed DCs%r?ggﬁpSF’oduced anti-tunmour responses in vivo ( ?’%%@'ﬁ%%t aL,
1996; Zitvogel et at, 1996). As regard %o viral vectors, retroviruses do
not give high efficiency gene delivery to dendritic cel s (Reeves et al.
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mul tiple antlgens o dendritic.cells ex vivo followed by re- |ntroduct|on

into the boutpblithed iqlerancedp fertainseircymstoncen Aam@éﬂ%grpwsamlm thec@m s in
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cancers I nfectio ases. 30 WO 1 teaches that vmgq t pe :
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cells usually do not become activated 1o either infection itself, or

by. ot her stdorpgt give Bighjeffigency genpglghiverkjq deadgtic @nlls@mys ervab, WRGpAldiemati fi ed a
previously ginkegnn Afding tduP hads, Lieke VASIkPEPbRLd) bl bthers (Arthur ef al, 11997),

_ adenoviruses only give low efficiency gene delivery.

20 We have previously tested and reported that herpes simplex viruses (HSV) can
l efficiently infect 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



preventing dendritic cell activation. Dendritic 'cell activation is defined
as the kip- regulation of certain cell surface markers as conpared to the

non-acti vated state. These narkers include CD83 and CDS [Re\-n Ul\tic cel |

activatio stinulated by 15 treatnment with |ipopo rjde (LPS).
N BRY/7RSs ul ¢ : : f@%ﬁ @6%6 .

LPS treatnent of dendritic cells infected with H$V does 1o ul't in the

up-regul ati on of CD83 or CD86. W have shown that LPS treatnent of
dendritic cells infected with a nutant BSV in which vhs is inactivated-but
whi ch have gent erpressivinbre (dagable efl effisfentle gufecingsddaaiifc CHB 3wl GE¥enting
Up-regul ation of CD83 and CDR6 . s not olfserved foll owing LPS treatnent of
dendritic cAEE PRessEpgacoyFmg i theyntectedeellsonpri sing a functional vhs gene.
Thus our results indicate that, for transduced dendritic cells to

maxi mal |y stinulate an i mune response follow ng herpes virus infection,

t he genes entOMMARYGF JHBLINVENTEONr upt ed but the gene encoding UL43 need

not be. Qur resy,ts. al St e role for s in_the pathogenesis of
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Thus the n . ' i ' jvati dritic cells
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20 with viruses comprising a functional vhs gene. Thus our results indicate that, for

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



enbodi nents, said virus may be HSV1 or HSV2. The dendritic cells may be

infected in wvitro or in vivo. The virus may contain one or nore additional
nutation. The additional nutations preferably mnimse the2t0& citsy of the
virus. Typically such nutations may restitt in r6dacedw nininised i nmediate

early (EE) gene expre sion. eve ction_of |E_gene expre55| on
prevents of FEHB% PEfon oéﬁd; él{;‘? %g{} }%‘ffé’ﬁle%‘g}r%lp%’rﬁecu%ﬁ?f? hamapgetth £ of
exanpl e, i d¥.ivating nutations in the genes encoding | CP4, | CP27 | CPO
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the vme5- enco Tts transattvati Fincty o a%\l so be
i ncl uded (é“@““ate@rhﬂm%"lmﬁ‘ﬁwfbns as in Ace et aL, 1989 or Sniley et al
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i nactivation of (‘t‘ GERBTSH 8 SHickepal Eb47 gene, LivBetoua! cqupalent th ?fﬁ%f pr esent
i nventi on provi ckeshearmaﬁaaﬁreamf ¥ invalicaRar fdri wecial 4 Snethoﬂf ﬁCit&ﬂJlﬂﬁdgharﬁn

attenuated; ed. abov in th
medi cament leﬁxﬂcggeg&x{sgswlﬁa}% %8!1 ?g nses Gflﬁ'g (ﬁ't %wl;thglb Osﬁ\g; v;rulsh one
enmbodi nent In 9ap erelodiment,; epid olits nrmyblbel humam h&eml rsumplcx ovirub.s . InBRIhEF
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strain 17+‘”Tﬂ‘§d’l’§“’% shows the results of FACS analysis to determine the
level s of cell - Shefeine mexoaaii ofle Gfr GBH0 addHRAl fllatihd. arthe ChEica1

-stinmul A d S t ted (fd4 k fected
cel 1 and ot ESAE G RRRe ph o BtsRE Pl iy slefmiRlchsanesd 5. vhs
viral strakesult lFlrgqu@,d‘Br stimiwssed immedinid ¢alyoflEER ¢S expreatiyei Préventdiet er mi ne
the effect Quctvdd & IE dge% Repr@ibrGficlchls & RBfked M ﬁsﬁéf%h OByl BitatERT ect ed

dendritic cells and dendritic ce infected wt

1764/ 27- | 4733 ABguds; {pr @amples fragiiyaging gnutatiogs i the somewencopme JEBH JGRat i ve
responses OEPOTand?bd Hjﬂmgap&f@ﬂ)h‘r MOR2 hepdbi I(EPSQ- BAnvlaﬁ&ivﬁmgeﬂm&ﬂdn in the
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mutations include inactivation of the gene encoding ICP47.
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



with the vector expressing HBS-Ag (1764/27-/4-/pR20.5/vhs/ HBS- Ag) before
mxing with the T cells. 5 DETAILED DESCRI PTI ON OF THE | NVENTI ON A.
Viruses A virus of the invention is capable of infecting tHeénaln tige cells
wi t hout prﬁgﬁﬁ | the infected dendritic cells from bei | vat ed.
Preferably en{]lrdlgfgi c cells infected with 10 a virus of ?Eglcli%delﬁ%l on at a
multiplicity of infection (MJ) of 1 can be activated by %treatnent with
LPS or other activation stinuli. - A vitus of the invention does not

plr Ievent th heﬁaﬁ_tdamaﬁﬂ@ﬂdt}ﬁl J@k@ﬂ @thdri uhtrﬁftllzd, Smixdd mﬁeke%rﬂﬁig@;t MBSQA'gll p}tbtékhs
allows the gg¢tivation o ndritic, ce to_occur ndritic cells are

nf oct ed i GHPAR e af o pamspl veter 020wt RGBS HBAR PEInReisd 1 cat ed
with LPS. Tagh b VeM&! scppdssiblHBS WL @964/0RIKBRI0 SHANHAS.- AHOR R dhilngCDB6
which are -up-regulated on activation of dendritic cells may be m)r%l,tored
to determ nettlyhgdreellsc cell activation, for exanple by FACS analysis. The
| evel ofsthese markers on the cell surface will be significantly higher in
LPS treat-ed dendritic cells than in cells which have not been treated with
LPS i f t he DETAILEDDESGRIBTION OFTHE INVENTIOXNt ed al | ows dendritic cell 20
activiation,to qgeur. Some or all of these markers will also be higher on
dendritic cells ~Wwilch have been infected with a virus that allows
dendritic cell acwvirvasf theidventinacis capablergh anfedingk dendititfcells eithsle pebvedting cel | s-

I f a herpes, sinplex, virus i.ch daes not, copt ai n j.nactjwvaiing mutation
in vhs is LFE%H&%)C(SG Jendugc WXQJWW F%n%@“ivgt?&sﬁﬁ?ﬁl%l% 3?}th§)° F%ILSS'D'{?E)@(? P"&gul ation
of these Ned kigtisSof the dhtentiviedt a 2ultlplice rdTiibifedtidnl WAOT) QT 10kan B alk&Eq gondritic
cells to occur, a yj r$§ of .the inyvention wll lack a functional gene
encodi ng v@aﬁﬁtw rorﬁgﬁbmﬁ%%‘s&!n lunctional  equivalents thereof in
other viral speci @fus bPiRddidntiof dods ¥dt pisveRt tht RBtivARYR B 'd%iﬂb'c!ellé?a}{"é a
- functional UL43 gene. Additional mutations may. be made to reduce further

t he i nmune-defes@pgvdenaimpicyysthe pqtivation offlendsidic griis fe opar. dendnitisl ellpgret he
i ncl usi on %fe&eMﬁtm@ﬂnh%tEFlmlﬁ%%ﬁg&%ﬁlfeg -tﬂgcehgg%émaé@wg&ltL%y%gd virus

of the invention i1s preferably capa ecting dendritic cells such
that m i ndeveloaf edlt surfase markers ppobf asr GBR3 anddord CHE6 wihich aggoptreguiited bhon wi | |

be 2L ek PRAE AR o SR RS ShAE R Blad Rk

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



-6- post-infection.' To achieve reduced toxicity one or nore nutations

whi ch reduce viral replications nmay be included in a virus of the

i nvention. For exanple, a nutation in the gene encoding VNV@%T“ﬂ@fh
nutation npjni-ses the trans-activating activity of the g@ﬁ& “ﬂ nd/ or a
mutation in one or nore regulatory i medi ate early gene g P¥P4, 5
1CP27, 1CPO and | CP22 may be included. Thus a virus of the invention nmay
typically lack functional vhs, |1CP27, ®CP4 genes and conprise a VMA65 gene

whi ch encodgsst-infeddof! eidachitive RedlReS torRity %8 oPkrord hARSiBAd WhicRR@luw@¢lrhivat i on
activity, or may typically lack functjional vhs, |1CP47 and | CP4 genes. For

direct use fenlicAtipns mayrbe incljided it Virgsf theinyentiono Fpeexemple, perptatippite thel v be
1o benefi ci i i L RRIoh SSRAR | ﬁ?&c ] 1Qs.e

ci rcunst ancg%su,‘3 %cg)d\?fl?gus ofegpﬁhelbl nvenltoilaon pri" erujéb y %‘aag?(@%;%ccltltl c%?g%u-l i
gi bs' - gene prottimand/crlasmutatierkinomns op morgisgelatognimmetintt cgbngese wirhaly I6P4,

necessary f u t I Cj.t | .but lch .are nqQt .necessary
for vira rfel?)fl’zptgffi)og%dh@gg HSA n%’sﬁgﬁc%d%ﬂ“% 'ézvsugg é’ﬁcod’in ?%““?%H?X.Q‘%‘,’“@Cépe,

t hym di ne klanasactort ghy EOP2H1EPH geres alid esmgtde aPYdVéGSagny whitdvezeédes at he
gene encodi ng, 15 thynm di ne kinase is.functional as.nutation of this. gene
Poul ' 1 endeProteHE e Hoss AR GanSiny Salep A pn Aotxn bk ey apicaly el ovi 1
Al t hough t hpmpd®arvts, iIgP4eahd ICP4@acdeen exenplified using herpes ' sinpl ex
viruses, it will_be understoqQd that, other viruses of the herpesviridae

fanily may be  nffidieeluse d” PEg 0P dreTes oL yeRlCRINR SmRsteres mpy dymically be

acti vi afg onpbfitilll RCERtimbeMd inhhe GRpbes Rduded. PP if YhRE cirfiifdlnkéd, 4Ses may
include varicella zoster virus, pseudo-rabies virus or bovine herpes .
viruses. Wherpstofhs invaatioss prefesblinlpeldia Brctiozalivhivegepe gnd map|alse lagkrens, ort he
virus may b e | r , IEQX ' :

derivati ves&'? ﬁg?{é‘géé,ﬁgp%eg%g%ﬁ m@ﬁ%&\/ﬁ%&?&ﬂﬁy t'l;h\g/ées | éfu e%?’é’% 9‘%"&

r ecombi nant are poimesessirs gorDNaL fapgeatiag\Buch geneg Hickhidythose erdoding ICREAS, IGP&r - t ype

r ecombi nant [ ' - f e ln  Thompson et. al

(1988) and |%Cﬁ?egfraﬁ%{e aﬁg#fggé%ﬁm%g% a\f’a%%r\}’g‘gs?gfg?‘ T%?‘%%’F?Qﬁgéggg?coﬁggst 70%
sequencées hothpingliye kioaseiid fasctidnakbashiSWationmf thiSyée genbimesder therdrup iséesitalel y  at

| east 80%t even.npre tgre erably at least 90 or 95% typically as neasured
by the net hOdE VTS M & a A O.VHIVbr_e preferably, a derivative has at

| east 70% sequentichouglerthe tpresent Bvestionhkes bder &XEMiblified hiShg BRPRMTEmpIERS €

D k3R e cER RSB i ey o
genone nodi fbifled’6 reduce the prevention of dendritic cell activiation of infected dendritic cells.
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



nucl eoti de substitutions, for exanple from1l, 2 or 3 to 10, 25, 50 or 100
substitutions. The 12 OCT 2004 WD 01/77358 PCT/ GB01/01666 7- HSV 1 or
HSV2 genone may alternatively or additionally be nodifi eE nor e
insertionsm% gdel etions and/or by an extension at ei ?ﬁ% th ends.
Derivative {70 may be used to obtain the viruses of t %P‘glsoé

I nvention include strains that al ready have nmutations in genes which it is
desired ,to functionally 5 inactivate ¥h a virus of the invention, for

exanpl e vhsuswack HEFDGEndihd by Stcqmbivild od Aldaionaily B modiB&PDy: ore GPhbre
| nactivated, strains as in Goldsmth et al. 1998), strain d120 which has a

del eti on i ninfehans defetions a'Fd/"fbl’Q‘BS)‘te“%?l?%eﬂh%Q’?b%h ERdsce and Kni pe, 1990)

whi ch has a del qﬁérﬁam»ea vbkﬁﬁ?@ar% u%&f EH %tg%éwwses BAthedstehi fRendsn both
| CP27 and | CP4 (Samani ego 95). Use of these strains w.ll reduce

t he nunber mklude e@ns tqulraady ﬁl@vepmefatx@fe intgenes1whiphy itam desisy to fungtineallyf t he
pr esent C enes is
" as found5 [ n%&%ﬁ %%a @fgtﬂlgﬁgngcﬁﬁgl‘i&g}é& ger\geﬂsgieir%gv%%o oguesﬁlo#dﬁ%/%e HSV
genes descr al‘d@ﬁS)amAé' ipacitissted stradish{es inHéolqsasth ev iak 119989,pma1ned;1,20tvﬂmh hakaese
honol ogues w.l | he L{ied. B “donol o ne whi ch
i's functi onSHFYPRdy &‘ﬁg‘gb%%uc? ‘E)tai" w&gﬁg’ ‘%Hﬁo%‘iec?ﬁ c%) I“Slfu Bits
fﬁquence ho.ﬂmétgmn IePIThor st&mm\Glﬁib]ﬂh&rden:dsﬂs&h@om(ICHT?ﬁmle}flPdssiiﬂdﬁwg@glyl, L o
e corres | e of an ne w e
bt 1 east 15000 B cPi e B Flimdice Sisap et areanfoguied pERGOSH% 405
or 50% iiglenfufal HEY sthifs Githdifreseatindlerdtigel to the correspondi ng HSV gene. 20
The geen encodi ngﬁ\ég?e%l s the UL41, gene in HSV 1 and HSV2. In HSV | strain

17+ (EMBL accéssi nqlgeycsyd inlesqbing the rsiops HEY @epsris pebupdiin Gatfinzo t o
nucl eoti de Q2 BRhmahMogpV2 strain HEG2 (EMBL accession No. z86099) the UL4L
gene. is from nucleotide 91,800 to nucl eotide 93, 275. Met hods of

measuri ng nucl ei Whereiganesnmqlegyes phithn &80/ gapps deseribed|aboverfist in ptheiherpeas art |

used 1o cal Ui aPEtRL el Bese AinbQus B ok Rl By b HRBRLAM ifHeaRY, °°
(Dever et egen€avhich (slﬁﬁdﬁonhuuc leguivalgntitds: R8Vegncha Eﬂc@;ﬂqz@@?tyﬂ%by exhitetsP| LEUP
and BLAST al gorit rcr,s Rﬁe ) aI CldL at e cli] gy,
sequences (IR PRl ol B8R i BLibbRscr RPe Bimo e oo be
i n Al t schul corkSballing HIWD geneEdybicalB6 abﬁ&o&@@e oﬁodnlm géneewillde. at least 15%,
preferably at least 20%, more preferably at least 30%, 40% or 50% identical at the amino
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. HEICG) 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



30 (1990) J. Mol. Biol. 215:403-10. Software for perform ng BLAST anal yses
I's publicly avail able through the National Centre for Biotechnol ogy
Information {lrttp://ww.ncbhi.nlmnih.gov/). This al gori1t§1rﬁc'r;n | ves first

i denti fyi ' coring sequence pair (HSPs) by identif 2004
WO 01/7732gol%ﬁ'§§$01101666 -8- short words of |ength Wi#ﬂﬁg&ﬂ’%ﬁ y
sequence that either match or satisfy sone positive- valued threshold score
T when aligned with a word of the sane fength in a database sequence. T is

referred toshaft vide@s dTergWUR BRQfleyOEghefceahift etther@sliad o st st fos@iveal .

1990). These initial neighbourhood word hits act as seeds for_ initiating

sear ches t ovalyeddhmsshaldseorsdnwhgorAligaed Wt wenof ihsrsama lengthdp a dabaseided in bot h

directions abong. CAHTfRBAARYR diihbRhdddlwdd sidRethfdddil phitRudk bgnment
score can be ‘i ncreased. Extensions for - the word hits in each direction are

hal t ed whent990helhssemnitial neighbatuhgedhwond hite agtas segils for pritiatinggearshes tpfindt ity X
fromits ' | i Ut G zero or

bel ow, dsuremffi(g) %&g@ﬁﬁ%ﬁﬂa@%ﬁﬁ%&%%@ or ér'r@rde‘%ﬁ%lgg‘?‘:‘[tﬁé‘-g%@g %%3 resi due
al i gnment s; sequenic® fdr lhefae adthe tursuletineraligmyent neoee ¢am be dardasal]. ERtansiBhs\BT

al gorithm paraneters T.and X determne the sensitjvity and eed of the
2 Ponent "ok SOR| n B iAo ARl 6l PhaE bRk ook 305 BHTSH 1y "o
11, I t he Bla%%qmwx Iﬁgnimtméﬂmﬁmaelﬁbk:aivk!ﬁé;fthm(lﬁi&ﬁb lsedré gdet %925r0 BY OC.
Nat|. Acad., Sci., USA 89: 10915-10919) alignnents (B) of 50, expectation
(B ot 10, ey, deIp the AP Isinh S O e TR oS Cup R e RS

al gori t fym peE bRy ofeitBerSkalensd ik athe@N Thy BLASTaldoRtinS pdFhrhétérs W, Paldyeen  two
sequences; see e.g,, Karlin and Altschyl (1993) Proc. Natl. Acad. Sci. USA
90: 5873- Siegerminechpsepufulr @dgpeedioftheglipnmens  Hhe RietS byroghe BEr&ST argortthm
i's the smal ksl 3k RRABIWY bk 1Y, HHNOS UMD toRnp haMix{8S Hdpilopigat i on of

t he probabi |t.é3 bé which a match between two nucl eotide or amno acid
sequences videnikpfHd802) fisge. Nedndead. $uir USARIHI 10154 0219) sbgnmsatsdB) of Ehnsi der ed
simlar to HRNEES L= ility in ~conparison
of the fi rse?(ggééélﬁoglrggg to,%ﬁg,@égﬁgﬁg@h %ﬁ%% S %%E&Phan about 1,
preferabd y | ess ThedLAf oalgorBlut performs astatiftizabaphlysis ef e stmilarigbmovedd. 01, and

oSt P TR o3 LORD. OBy (LB 09455 Sl Y 000, 008 0
CDNA | i br ar37Z8s. - Omne eehsvonoiciritarity provided byiht BLASTadgoridonfyrthssndlesdskmor - part
of the  HSV gepe . Hndako e Sth blottiRe O RSk ek sy by BERRG Kl for exampl e
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 geﬁe under conditions of medium to high stringency (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 oﬁtained 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).



sodi um chl oride and 0.03M sodiumcitrate at from about 50C to about 60C).
Al'ternatively, species honol ogues nay al so be obtained using degenerate PCR
which will use prinmers designed to target sequences W|th mﬁgrl ants
and honol &5/ %Jggodl ng 30 conserved ami no acid sequenceg T%dpg Ter s wil |
contain one or nore degenerate positions and will be us 9 Ié ngency
conditions | ower than those used for cloning sequences with single
sequence priners agai hst known sequence‘%‘ (for exanple 0.03M sodium chl ori de
and 0. 03M sodi m&hb&agﬁeemaatheﬁib@wimﬂﬁﬁ) fundtiohal¥qhivalz@dof a&‘i@l@\l/p?&&ﬁaf it

PCT/ GBOL/ 01666 -9- A ho ue, in a herpes vjr saf ction wvalent
of an 1oV PRBEEPRE 9iF are BHERUE! PR trairaRe: the AV, Ei. R FEatar At ce it h

the HSV pr qisiefl pikyRra S1AAPleBucisl Hb@in &b&%ﬁbﬂ‘lepé@yzﬁa:ﬁnfe@!ee ckl by 6Hueinp 9
protein expression levels in an’infected cell by reducing the stability of

NMRNA. ; Therth¢ éialelhw&ofmﬂqk{fn dherefoesy aifinstional ewva}% obyhstreotein prefeablyglayspl ays 5
| bi |
a role i ﬁ%&&éhﬁ%@@g&;@ﬂ?h séﬂ %ms@sf &fﬁcxﬂ% ﬂseeﬁhxﬁn@%éma '_'ty

of NMRNA. re pr unc Il onal equival ent prevents
dendritic ddbte preferabiy, |aolﬁm|cn0nal eapvalend afovhst pravents denddtic scHl jagtivasion in

un-i nf ect edesgj%lq?rl tua eg{l f/m@%{ \{uelﬁfe%?ﬁgridn?i@ Sl the viruses of the

I nvention ar 1 Cal ey are incapable of causing
di sease Viral rd@rmmloﬁ‘ sfrfetgi ﬂxewwﬂdaeablhem&lsonﬁre atidneated ttypieally s thmy be

Subst t ut edhByA R caRk el it bein AR T REoubir s Rty
sequence Ahdehiidihkndiniidited (c@:ﬂﬁletel"yed{'@)ah%rbrﬁﬁae hobfectionnl, of dubvtitaRl byr oups

used as viral vectors.  For nple, HSV may be rendered avjrul ent by
mutat | ons | ARG CRAETERSAIRRAHOE Bl HelArolgERs ot Equee: EFEnYatpE AUBRARSor t he

vhs gene i tjpgé beenldesdrted fdildllarirhb’grwﬁfnﬁe’dr&%ﬂ YRR eXdnfigls, SISV Bk wee
viruses which, in addition to |lackin a functional gene encodi vhs "and
der Chegita7

opt i onal | y.merdskedneyimdanh by mstationy mRCR3d S rmad/or jeasetiah gerss sEFlbAn 75 gene
and a fU”“dn%ﬁhe'v@Em% geqe- and optionally lacks a functional |1CP4 gene
and/ or a VMA65 gene encodes aeé)rc.)tei n which has '
transcri$ti onal fadtqﬂﬂdmmcfemct piggnugted Firdises includss whniseh Whiahe im additioritonal

andopt1 onaltend & SrRidha? sriRabdNF b il bol 50 H0RR o ARG ina sy e © ocn®

transcri ptileckak famdtloudt IOPB4.écgem|aa§t a fuButidnal/ E@Pjﬁegemrmdokgﬁwnalbethckma
V098! 04720 GRTNASRAELHR: ahS: S PAWSEER Shick ks SrolhChhlich has

I ncor por at
transcriptional-activation activity, and viruseswhich have a functional ICP27 gene but

20 lack a functional ICP4 gene and a functional ICP34.5 gene and optionally lacks a
VMW65 gene which encodes a protein which has transcriﬁtional—activation 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



When a herpes sinplex virus of the invention |acks a particular functional
25 essential gene, for exanple a gene encoding ICP4 or ICP27, the virus is
propagated using a cell line expressing that essential gepgctFan exanpl e,
when the viggishagks a functional |1CP27 gene, the virus opagat ed
using V27 cell s’? i ce and Knipe, 1990), 2-2 cells (smtﬁgﬂrg“p‘r%lg"rﬁlggz)
B130/ 2 cells (W98/30707), preferably B130/2 cells. Wien the virus |acks a

functional |1CP4 gene the virus may be pllg‘opagat ed using a cell line 30

expr essi ng deffffthe afsd rcoﬁxmlamoﬁmsxehbmolemomms (8lg. equir@3fe}pes Wiengdnbe
virus. lacks a__functional |1 CP4 e and a functional |CP27 gene the virus
i s propagat’é’c?flfglrlﬁé'm&‘wqehﬂpﬁ% pressing both 1 CP4 and |1 CP27 (such as
E26 cells; Samani ego et al., 1995), and when the virus additionally |acks
a functional vme5 gene the virus may be propagated using a 1 2 OCT 200%
WO 01/ 77358B.PCT/ Ofethpdsidamtation cel| |ine al so containing a non-HSV

honol ogue of Vm%&ﬂggsﬁo |oRfssRFeRed 1 infdySbedRRGered AulioaY Findctiodmppovi ne

her pes Vi rus) mut at1on 5 Thée various viral genes reféerred to
may be rencereal tasrhmt;u@nafbll ykiowacin W by  diev ewample.e diei q@Esbmmﬂdﬂltcdom in

égfe? |r E)n( s), &]fsgl? %nﬁ%n@ﬁ% d?i%%mﬂﬁh%uzyr trlé:‘n?ss))ofr lli%(‘r%e R@fg*éfer%ﬂﬁgg'd}! | on. A

del eti on nmey deleﬁmvmapedsmm@r]mrtm‘ns af ggram ar tht leatire gene. chge:raanplEpdelmoarqﬂ e,

del eti on of e.nucl e u fra shift.

ovever | oraabe P pg PR ey e mads, SRVIGRE ip Saime B2 Mol efortif Bt 'L o,

I5 to 1(23%2%1&%5 &0, mallggflbﬁéxa&ﬁﬂb ﬁm‘%gﬁ}‘“ﬁ?" 9P R& 305 50, l1@g or Eoehaﬂahidy at y
east nore pre y at of t g on- codi ng

sequence %o?“@‘?‘%?"ﬁ‘a? F"\? pRly af Wa%@%:et%g P”é‘f‘ﬂéﬁy ]tei’sééﬁt/" ‘%ndg‘?ﬁ?&"{‘]é‘{-] inges,

more pref %alﬁbﬂ—-c&gm% ﬁgﬁ&ncé@cﬂ AR, EsbsolIR Hrmrk! R15AN Mclcdides a6k 1000
nucl eot i des) substituted. It is artr cularly preferred to

renove t he Tepferaply ajdepst %P&cruelsﬁ%deérm?%@refeﬂlrlrawlraﬁtgl%)eeueﬁ%’es) iy qeleted ed
sequences r@ysgb e 1f RepaRrheHg! Jf?&E’Héi H)ef&%vd %&Cédti?@genebﬁidoéﬁme'\% @ki ons

may conprise eletlon (s) anhd i1 nsertion(s). xanpl e, an insertion
may be Hadeflanking seqeengdst elngsfied selences auay ﬂihluée ﬂn§e¢¢¢lggpuefgeassrrb§erh9ﬂogous

gene. | N0 Guadr InGB0S JIBY ol ERBIBAPALAIn Yl BleckIV ERLARDR: oh"

particul ar, is prere nser rol ogous gene 1nto’
| CP47, | CPZiseﬁttozﬂxﬁjAbe ndd it thesite offa ddieionMIkEs RBertjenef 2 héterolbgbus g!:ngene IS

not deIeted srnce it encodes an ess ruct raI pr.otei.n ut .an
N actvat | BOAES Bbte e e e e S it o5, o BereBul R et of
VMMAB5 t 0 adhdeytth€heterologous gene into vhs, ICP47, ICP27 or ICP4. In the case of the VMW6S

20  gene, the entire gene is not deleted since it encodes an essential structural protein, but an

inactivating mutation is typlcally made which abolishes the ability of VMWG6S5 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 recon:nbinant viruses. by, for example, P-galactosidase activity or

30 fluorescence.



transcriptionally IE genes (e.g. as in Ace et al., 1989 or Smley et al.,
1997). Mutations nmay be nade in the herpes viruses by honol ogous
reconbi nati on methods well known to those skilled in the ardcT fgy exanpl e,

HSV genom & [hA4s8 25 transfected together with a vector ly a
plasm d vector corrprl sing the mutated sequence fIankedP%P/&%lﬁ%?%gous HSV

sequences. The nut ated sequence nmay con&rise del etions, insertions or
substitutions, all of which may' be constructed by routi ne t echni ques.
Insertions may include sel ectabl e marker genes, for exanple lacZ or G-P,
for screenlng reconbi nant viruses. by, for exanple, P-gal actosidase
activity orC- 30 fHeierologepngenes andprametensos WO 01/ 77358 PCT/ GBOI | 01 666 - 11

C. Heterol ogous BR1 &N kY RUDkiSH ﬁm‘yf BE Mbldifieass ceﬁyaﬁeerbmgeﬁtgeea dRy. be
nmodi fied to carry a heterol ogous gene/genes. The term "heterol ogous gene"

encorrpasses'ﬂm'geng ‘heterolmigpirozagh” enchBpasses| any @gae. géﬁboqgh a Iptarglpgaleeye 8 gene
not pr e tgt)’@?l#‘? g&%’]%%re@ént‘?n 8 oBne, c%fr ePI?e & Wi J\%E,pa%ﬁ;geg %?%J@E%quééﬁed

provi de I'ng~ sequence &S o ope abl'y viral
contr ol seqpmﬂdeckthat/vtuemodmglsed[uemte iswhepanzkdy lipkesistoabd mrﬂd:onﬁ'diesewewsol ogous

gene may be l.el i c variant. o ene i mut ant
gene. The t%&h&bﬁte“ n?tgra?]ﬁtaesﬂﬁgtﬁé —Sﬁclgteégbg%'{%@fﬂgﬁ ) ?ﬂlysag i ch
\% e ﬁapabl € i@ﬁldh?peﬂ@nﬁl ot f&aﬁzty be’ & matdnt pek. ]E G’tbxemduu'tgenans Hméndba tﬁmbeegul e,
ich-RNA nol ecule is prefe of bein ated to uce a
pol ypept i de™ e1q FP1R5AH l}cﬁﬁﬂf“ﬁaﬁ)@yﬁﬁﬂfgﬁ’é’ﬁf pigg 8} Ispt @V@?‘Q"'%?P u pl{lg nse
effect- 10 -mBbleculé,NEhibi ROA nleci®)is ?etférmﬁlchpabw@ﬂm?g Sa1¥Rted o Prddudé a5’
and/or 3' transcribed.but untransfated flankjn sequences natural ly, or
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transcriptional control” sequences normally associated with the transcribed

sequences, Yngranslggdfefking sequsaqes W@WM&J OF PHISrvpey ragosiated ovishn theriyanalatedn sit es
and downst r{?ﬁ heE\?;e{ﬂEee?f a ﬁét&ﬂﬁ@%ﬁ ge g%&ﬁ&ﬁﬂ ?B@fuﬁ?&%%s%teﬁe

inserted in genone s.re nation strains
with, fof etxanq:ﬂ;m,onqilcaamlcsewocasmenwlryraysqqgtedmﬂtiﬂnetrlamabﬂ:ni ssgaansesy fxe/ genes

ke, by SN oREIUERTS a5 "l AP BRAERS 58 bl ubgiccd
cloning t eo&]emames wel | -known in the art. The heterol ogous gene/ genes may
be inserted 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 trénscribed 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



into the viral genonme at any | ocation provided that the virus can still be
propagated. It is preferred that the heterol ogous gene/genes is inserted
into a gene resulting in attenuation 25 of the virus. Hetenoheooys genes
may be i ”Sﬁfot(ﬁfjm%h multiple sites within the virus genopge ;pﬁmf%rﬁanscri bed
sequence of the heterol ogous gene/genes is preferably operag y I'nked to a
control sequence permtting expression of the heterol ogous gene/genes in
dendritic cells, preferably mamrali an d¥ndritic cells, nore preferably
"human dendgipkdssios @f ahd lc6ding Requefienis" aepievabliyder icohditonsr @hipatble Gvith the

j uxt aposition wherein the conponents described are in a relationship
permitting $99&R! €8u§%GHiction in their intended manner. A control sequence
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pref er abl v aamn (e Bdr il Grb LS, rudl'6e LR £ REOTRLELSo R fy AV
from pronotef Sedquences Of° eukaryotl c "genes. For €&xanpl e, pronoters may be
deri ved f r osrprdsgiog efithmhewfolagoaegdne intowkcurhpreferablyes siammalidn ddndritietalirarl ogous
gene is to occur,,. preferably. a mmyl i.gn dendrjtic cell or nope preferably
3 human denfiprereraia nigamderalidl Wit fo s bagoln st tRe oy 10
be promyg erge pb@btet st fumitioh in @ubihitbub bibifer (8RR ¢ plofiets GP-RItAMRbLENS Of
P-actin, tiubulin), or, alternatively, dendritic cell-specific

hamer . Vi r a9% pliespasivelys2 depsntic geji- “’é"@é’,%ﬁ?fdfvuaé?&ﬁﬂ“és 3% 28 b messl, #r i ne

| eukaeni a v hride - ; f
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retroviral ters, the human or nopuse cytomegal ovirus :
pronot er s. WSmBlep prahEnisireval promoters b bimasr orgueuse syiemegalesirg (EMVOdEDTri si ng
t he heter OL??’Q&UE’S genel genes and control sequences can be made using
routine cl ng techni ques known to persons skilled in the art (see, for
exanpl els Sanmbr odkxpedssiah .cassét®B fnd Mbhez cuitable Ghrotricis) compridizgthedietarglogausual ;

Col d Spring Harbor Pres I n _addition, ,any of these.pronoters, may be

modi 1 od byETRESH A FaRebieaRRish O Bisaf o pi G BIRER KBRS ) o

enhancer segpins sklldd naheit (ge, ddresxmmple, Smbirbisk 4G, 1989, Molecular Cloning - a
laboratory manual; Cold Spring Harbor Press).

o

In addition, any of these promoters may be modified by the additidn of Mer

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 wnth 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



LAT region). Chineric pronoters may al so be used conprising sequence

el ements from two or nore different pronoters described above, for exanple
an MWLV LTR/LAT fusion pronmoter (Lokensgard et al., 1994), g¢ PhfAOL er s
conpri si ngug) geaks of the LAT region (W98/30707). 25 F@bﬁ%&hﬁg us genes
will typically encode pol ypepti des of therapeutic use. For “exanple

pronote an i mune response specifically agalnst a particul ar tunDur it

will be desirable to transfect dendritt® cells with a virus of the
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genes may a4SK) SRS amBuRemYReRbiydRotki ﬁialuuﬁlg%&ﬁ&hﬁesosfuch EQRmﬁSydn g an

| rmune response, for exanple cytoki nes (such as a-, P- -1 nt erferon
--i ntr &-uki ?Ps“%ﬂﬂﬁ’%equ@sfuchﬁcﬂsotg rCDﬂ@@méQDélOflmmd;r or insulin-like

grow h factors | 1 theg tQr udi
chenoki nes such JS]IQRR%%S&?%% é}'co isntgglpurr‘ij{i at o%gy&rrgl écﬁ#’%sh sBc egld , CD86,
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pol ypeptid epligle f t ho ¢ origin so.that, for exanple a
dendritic c{eP%n%gﬁfcg%t edcdésc8 ség’ \‘IJIP a?eugl gﬁc’st %%sﬁetn? &% PRodes, &n e

stimul ate tﬂaspohsrsto  rpatingers eithernpriop te linfeltion @ naflefniifegion 'FIRO REH H}Dtha

at hogen, -ei ther prJy.or to infection or after. infecti of the host by the
P 9 atthogcn PTRises for'use i vacoies may p?cally compr&se%eterologous genes thaty

encode antigenic polypeptldc(s) Preferably such polypeptides of pathogenic origin are

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



pat hogen. Viruses for use in vaccines may typically conprise heterol ogous
genes that encode antigenic pol ypeptide(s). Preferably such pol ypepti des
of pathogenic origin are 20 derived- from pathogenic organp Dty, 200pr exanpl e

par asi tes, ia or viruses. Exanples of such antige pti des
I ncl ude hevggﬁﬁilﬁéé C virus antigens, hepatitis B surface g}l"ﬁggﬁié&w%nt I gens,

papi |l | omavirus antigens, H 'V antigens and nmal aria antigens. Viruses .
conprising - heterol ogous genes from patifiogeni ¢ organi sms may be used for
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For exanple, from2 to 6 genes may be 30 inserted into the genome. There
are, for exanple, at least two ways in which this could be achieved. For
exanpl e, noPe t Hemdoitie cBlls er ol ogous gene ‘and associ at ed control sequences
could be introduced.into a pakt] ar strai,n epther at a si,ngle
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mobi |l i sation into peripheral blood by treatment wt , or to.c?ierectly
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{(see Coffin et al., 1998). Other methods may also be used for the preparation of dendritic

cells.

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



15 nononeucl eocytes (PBMCs) and treating 2 hour adherent cells with Gw CSF
and IL-4. These are then depleted of CD19+ B cells and CD3+, CD2+ T cells
usi ng magnetic beads (see Coffin et al., 1998). O her mptzh@,cgs @y al so be
used for t ration of dendritic cells. 20 E. Ther | es

Vi ruses ofaﬁﬁgﬁﬁﬁgention, and dendritic cells infected V\F&ﬁ& hﬁu ®s of the
i nvention may be used in' nethods of therapy. In particular, viruses of the
invention, and dendritic cells infectéd - with viruses of the invention,
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i nt ended for - '

E. 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



use in the treatnment of HSV1 or HSV-,-the virus may optionally contain a
het er ol ogous gene, which heterol ogous gene encodes an HSV antigen (which
is not under the control 15 of its natural pronoter) or an,igeyupggodul atory
nol ecul e. &g% j{r ses/dendritic cells nmay be adm nistere %hi or to

I nfection §’¥ 3Frift_jll ate a protective imune response in t hEY 8’%?1,6660r after
i nfection to stinmulate the host i nmune systemto conbat the infection. F.
Adm ni stration 20 The herpes viruses of-l&he present' invention nmay thus be
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treatment of cancer according to the_invention conprises admnistering a
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according toQ .the invention .conprjs adm nistering a therapeutically
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in the patient or dendritic cells which have been infected.-with the virus
ex vivo ar eBeng/gaaesimip dhecgenpge ohihe higtres wirus ofthg myentiop; 2s desaibedabaveyandng a

virus of thged RYRBIIR thtOrdsiiBhe 3 donbiBa0Firh® Wifka rﬁhmﬁaetem_aupfacgegﬁamodi es

agai nst a tumpur antigen or against an antigen a pathogenic organismin a
pati ent at qapgq(ogﬂllwh@gqm@ceapbmx@gﬂ@gmposuwn. Suitable carriers and diluents

include isotonic saline solutions, for example phosphate-buffered saline. The
20 composition may be formulated for parenteral, intramuscular, intra\}enous,
mtapex'itoneaJ, subcutaneous or transdermal administration. Subcutaneous 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 coml;osiﬁon 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 phaxmaceutically-; acceptable suitable carrier

or diluent or in a particulate composition is administered



infection. Typically a patient at risk of cancer nmay be genetically

di sposed thereto or may have been exposed to or be at risk of exposure to
a carcinogen. Typically a patient at risk of a pat hogeni 1 ﬁﬂt‘vi on nmay be
likely to Soﬁﬁg@fled to a pathogenic organism 15 One ne éo % carrying
out therapyinv es inserting the therapeutic gene/ genﬁ TERIS % e genone
of the herpes virus of the invention, as described above, and .then
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adm ni st r atintedpetitongdl edubrutaskoud oaristraverous ninjeetitey; walbyadirachirg¢atiat iiote tay be

particularly preferred. Infection of dendritic cells wth the vi.rus of the
i nventi dn Pl go ang‘@é?a ‘iﬁ'ﬁplr?fgm'?lg b\yise%cu@e%ﬁflﬁ?%em‘ogﬁlgﬁdg?aéfu%% osi'tion
conpri si ng ; ' A il 5 @lEd BRldrEO TRES ptdf@ibly S
adm ni steré@gﬁﬁyyf%& %da\?vgy@ Igﬁgifﬁ%g\r}?r ttjcgb@ﬁtﬁgi niEdng t he thel‘rpapeut?c

gene/ genes freaa b0’ tafi otdellsl mmate prefezabdyehbont 107 keell caroadminisferedito the patientni st ered i s
in the range of _from.10 0. L .pfu referabl.y from 105.tq9 108 or. froml05
Lo 109 pf u. “mor e T REFEAA B B iR HigsRiteef gpiRy Atiishorhplurag st

i nfra-der matdey DekillédpactsiEnIwill ROatsle b Nietdraim dreadily thexapliphen usktO®fa
needl e-free device, typically from 1er8| to 1 nb%ﬁ (grefera?)[Fy from100 | to
1 m of10vi rdginisiraliop sad dasastifPeam parieienpatpite LR 195AE%™MER OF BB di | uent
or in a parkigiingis veRsRGkdnicds, | eSpadihiy Hcsdraing do Wor @ddnipia e 3z Weight 2004

PCT/ GBO 1/ 01666 -17- Another method involves Isolating/preparing dendritic
cel | s fromapsepysiidansaf tha pe8eptor " bone marrow and infecting the cells with the
virus of the i nﬁg%&%ﬁ&r&ﬂé}ﬂm&g@mﬁp&%g_endri tic cells-are then
typically adm nistered to the patient by intramuscular, intraperitoneal,
subcut aneous or intravenous injection, or by direct injection into -the 5.

| ynph ngQde Jdatient, preferably by subcutaneous, .intraperitoneal or
di rect 1|%nj Mgt o the | ynph nodes. Typically from 105 to 109
transduced Metetialstand Methbds preferably from 106 to 108 cells, nore

nistered to the patient. The routes of
+p€d-are intended only as a guide

All virus strains are derived from HSV1 strain 17+, the nucleotide sequence of
20  which is 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



since a skilled practitioner will be able to determne readily the opti num
route of 1o admi nistration and dosage for any particul ar patient The

dosage may be d6t erm ned accordl ng to various paraneters 1' Efm ally

accordi ng exanple, lie 'aige, weight and condit %‘f patient.
The foll ow%ﬁé’l@étsrrpl es illustrate the invention. is EXA gl’l al s and

Met hods Construction and Gowh of Viral Strains-All virus strains are
derived fromHSV | strain 17+, the nucl'Hotide sequence of 20 which is

deposi t ed i fsdrn Bt khe(WC4XIB6IsBY Hitholddodéfatombihdtivh vith pirified g¥afc SyJuced
and propagat ed usi I]P(%{BHK C-21 cells (ECACC No. 8501143) .or BHK cells stably

. transf ectei Wt ‘%(?Yg%%’éigr e‘ﬁ‘étBﬂ‘?SngTh‘BDR%O 3 epssette W@D@%ﬁ'&eﬁ?ﬂjl’ﬁ‘éaher pes
virus gene %lgsmlﬁ-% aﬂl&\%)e 10%9/&?3&'15%%? 1958 at e ﬁﬁhﬂ?@ﬁsﬂ Rite/MABS,
| sacet am de

3mM hexanet hyl ene- was i ncluded in the nedia used

for virus wmg iplasmid-pi 3013 eThen? 0.3 caﬁ@@@)can i excised oy iksRSTVIS dProgegali ns
f
v o uoef it bl a6 0 S5 hlcial g Wb AR e BRgehae 1o

and a CW/ Gh®¥ pA thegassetize iThe dﬁ)\bsmmotba(ms tegeibealc fromopRERE Wt (Lovisogeny)

separ at ed V L on:se ts 1 2
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honol ogous gEEERDIl @lonkoh)ibi the portstridtiod of plasiidpRB®Y. 1  sStrain 17+ DNA by
standard met hods. The Y R20.5 cassette was first inserted into a plasmd
contai ning UL43 flanking regions (Coffin et al, 1996) at the unique Nsil
site, @ Vi@gg plmmzd./pRZO 5/ 43 The 20.5 cassette can be excised fromits

PGEMD ( Pronega) pl asm d ba %ne with Srfl as an aqli % nucl eoti de encodi ng
Srfl was i nserte‘éf“ﬁn“x@”'?-“il h’e7t'64 <1/%re WF PoREyCclds BY (recombigatipes\ ot visesp shiRinyas

exci sed fromeaRol/RARAIPHNA Q518 in pty 1€ {@eZh iy RPRCHHLRe ((BRAMABG Fus CW/ PA
from pcDNA3 (I nvitrogen) and GEP
plaques which do not express GFP or iacZ Virus stram 1764/27-/4—/pR20 S5is descnbed

in Thomas ef al. 1999b and contains the pR20.5 cassette inserted into the ICP4 geneso as
15" to replace the gene encoding ICP4 of a virus also deleted for ICP27 and ICP34.5 and with

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.



pEGFP-N1 (C ontech) for the construction of plasmd pR20.5. 10 (iii)
1764127-14 Virus strain 1764/ 27-/4- was constructed by reconbi nati on of
virus strain 1764/27-/4-/pR20.5 DNA with enpty | CP4 fl anki pgr i ons and

t he sel ect irus plaques which do not express GFP, g Vi rus
strain 176‘?(;}9}H§33¥/pl?20 5 is described in. Thonmas et al P&:@ 'S‘g %\‘;ﬁd
contains the pR20.5 cassette inserted into the ICP4 gene so as 15 to
repl ace the gene encoding ICP4 of a virlds also deleted for | CP27 and

| CP34. 5 andgwijvhy/2 Ay k26 5huatiRgghut ation in the gene encodi ng VMM5. (iv)
1764/ 27 [ 4-1pR20.5/vhS Virus stral n 1764127-/4-/ pR20. 5l vhs was construct.ed

by. inserti on ofThehlechRew: & the PREASEEs tntasmid OVaﬁ/H@l#cF%r‘?Klthg gﬁ@g@@ﬁémat t he

uni que Nrul Igér@}é

resul ting. p éﬁtg gﬁf&%’b‘ggwgéa%%%ﬁ%%rp I nt (G st ral n ’a?g’?ﬁ/ 27-1 4-
DNA. Virus \siﬂ:tﬁhmt dhd@NEi2ind finsertipR20thS frapmentgeledved efop¥P7ddPomege)fistwache genes
~encodi n and..ha tag t he
genes e cogtﬁ?ﬁaaﬁ Wfﬁ%’ggf;sﬂt s%ﬁ?&ségs d‘ﬁf’f%&/“ﬂw JFE‘%% rusiag%ral n
1764/ 27- | 4-deplRihichaeids Y@&cecbﬁfitthdJHBSdAgageﬂeOéxciSBd mm( psmzahwmmmﬂ t he
pR19l1acZ cassette (Wagstaff et. al. 1998 r to t. ency
associ at ed E%ﬁopi ¥e[§ “{‘%R m’rdeﬁ?so’ﬁc‘a?b‘%‘?‘*’a %?&%ﬂ%@fﬁ%ﬂ’ﬁ éﬁ er than
the pR20. 5 £ASsRiheZ 'exprbsing 3 Ssele¥fed Oabld 7 hdifed: ERndme? striktize Tw2084n .
PCT/ GB01101666 (V|)1764/27 14 pR20.-5/ vhs/ HBS Ag The |acZ gene in the

pR20. 5/ vhs (nasmdbyRathespblaced by the gene encoding hepatitis surface

anti gen;{ HBS- Ag) by digestion of pHBV 130 (Gough and Murray, 1982)" wth
Xhol and Nsil and insertion of the fragment released into pSP72-(Pronega)
bet ween 5’ Msmes pR20. 5/ vhs was di gested with Xbal and

EcoRl to rel eas pﬁy\/@ y

exci sed from pS ﬁ&él ﬁga%?l géndﬁ EIOHE‘# esul %e%%%ey%ggﬁgd&

r econbi ned 1998p Bﬁ%ﬁmﬁphetallhbﬁﬂ@n@bmav WiBI(PBM&S) werd prapaced fom @upm& ssi ng
plaques sel 1S e epagtléaﬂ nf'&lés:'ln%ged dgﬁor%qgodsﬁsr gclgfr%gﬁop\{'\%s(l\ltycomed) After removat

15  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.



confirmed by Southern blot. 10 -- -Dendritic.Cell preparation DC were
prepared from peripheral blood as previously described (Coffin et at

1998). Briefly, peripheral blood nononucl ear cells (PBM3s) 803r @ipr epar ed
from 60ml thy/ hepatitis B vacci nated donor bl oo i hopr ep
(I\chorred).‘qkfof"(z&gdr enoval 15 of red cells, non-adherent g%wgﬂ‘%ﬁg%g})y T
cells. and B cells) were renoved, washed in HBSS and centrifuged at -1400
rpm 5 minutes, RT. The cell pellet vva'szo'resuspended inaz2 m 90% FCS: 10%
di met hyl sulqoMx iTde:ilc dpOthsni depletdd by edneotirgn the Sdupdrestara tafteB PlaCingf the cell
subsequent T cell isolation, Adherent cells were cultured in RP di um
suppl ement SHSPERFIPHmagRGEREedymAC 1B GPRIpSt vathp ppengt oy 1gmightesyop e M Ebat ed
for 7 days,cefd vite Coountli2QedaSfenddt GRT compldtd) SRPNY 'TREREH €t wlaﬁg& iatgn cells
were then magnetically depleted using anti-CD 19, anti-CD2 (Harlan) and
anti - CD3 ( |eanseatiytionatefimadreey caltgrebenabd £C, 1% £ forfib®arsst ¥Snpl et e RPM

medi um f,or imedi ate use. |solation of CD4+ T-cells 25 T and B cell frozen
as above were defrosted quickly, washed in HBSS and centri.fuged at 1400
rpm for 5 InfectinneefDCel | s were resuspended in 2 ml conplete RPM  nedi um

0 “antt -cp 17 Frpea SEHop ot or Phltuce of ol g Blanyy 3Pl P

ant i - HLA- Dinfete®4EMOT of 0By lresnsmnsion imRPMI oggtivcheqitaidikg Yirusx holirlae87 on i ce

Corpi ot o bt B R AP Fslethaas S oMESe O BEIRaEb et o
magnet i f beadsn (i prheads anldyDel eubhted@at B €.059%COL0For DHS dBakHHoA ORPM]

contam nating Cells and incubated on a rotor mxer at 4 C, for 45 m nutes.
1 2 OCT 20@ddiigngly/cpraddgP@ingmblPY #esesed20- CD4+ T cel | S W€t hen

depl eted by renoving the supernatant after placing the cell

suspensi on/ magnetic bead mx in contact wwth a nmagnet, for 10 m nutes, on

i ce. CD4+ Tytdehd malyeise counted, resuspended in conplete RPM nedi um at the

appropriate co ntratian, left on jc r cultured o/n at 37 C_ 5% CO2 for
SUbsequent use. 15 AGCENFahvSE St SEPE plibectiaratiuds mmermRly
M nut esysat akaekld BDIBA Ritd) (Fes.D [XysteE)P PHBL b ELISA, supernatants were collected 42

houss 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.



infected at MJ of | by resuspension in RPM nediumcontaining virus for 1
hour at 37 C, 5% CX»2. 1 mM of RPM supplenented with GMWCSF (0.1 g/m) and
IL-4 (0.05 10 g/m) was then added and. DC incubated at 37,GePp%¢C2. For
LPS stinul @iy QfsssePM  additional Iy containing 100ng/ m ed.

Cyt oki ne analysis IL-6, and TNF-a were neasured in DC culfure 'supernatants
using comercially 15 available ELISA kits (R& Systens). Prior to ELISA,
supernatants were collected 42 hours p76‘st infection of DCwith the

i ndi cat ed Vi r usederaitlesth@aedxa0’ denritic il ot ufeeted Withedakh pf ok ivireseatbyon
assays DC and CD4+ T cells were isolated and treated, as above from
hepatitis peendlp Pellgting rasusaension 1y Abaph 00 khyiey sHersaHon dPVEMdneubatien Ser e

used at i | #oCaS o G RS inP1oh Wl XVl B Fl/ (ORECST Q00 bl 1100

cells/m. Experinents at -eac concentration were perfornmed in

triplicate. GVBOSF, ¥ ngol nd. Hhese platesf wapshenTingubaled at YECH Yo §db dvemightic h
assay well. Lhdlcat n;pq'up i tiS I igm HolS

(Aust ral% V\Bésm%%l ecﬁﬂ%jgfg%e gosﬁtga'(tféaa |ﬁ§(§p° @gg%én drea(tLiggzgé% 8%{?gg Wet%l &H

HSV- 1- i nf ecdotistatan dn®Gnttenied heg tatiolBC were cultured with CD4+ T cells for 6
days at 37 C, 5%CC2.. 1. 1LiCu/well 3 m. di ne nmer sha n added
o 18 hours' | at PTBEpS S0 HES eoR A o el WEe B g ISR
count ed. Exespke ditedelelsofiaigted @ytokiaso Wingresidende debvated edli sitipOF AL/t ai ni ng
a 30 functional vhs &eﬁ(fe gi ve, enhanced ac{/@sg%i on_ of dendrjtic, .cells

fol | owi ng VIMFUESO| Wit levels SRR © /0717%'58‘“%@1@365"7‘36?6% -21-
Her e i n@achnGabendndd dele 6 deddriic ¢l bSni&y Bere AtLRIEEbpHatibnearcRIOhithhe
viruses by gentle pelleting, resuspension in about 10(5) [.1 virus suspension

in DVEM i nietmsat edsvelsiof CRAG expression; Thesgdre obseryecdhas thameals by BAGS srbysiss wi t h
2rn1 of RPMhIOEGSnk: JOR ST witk¥ (Skvelp Qo Blel e chasThizRR 0k ahes Wer e
then incubated at 37C/ 5% CO2 over ni g{;t. S"Dendritic cells were also treated
wi th | popotegensareal pf erdls Withsy relativalp igherdengt pf P8¢ exnressigot Opaactyation it
unt r eat ed ' ' t he
cont ol vier S RS 2f e CHPRHR! FAG IOERTEEDRRfnd LRI BFnBLel{ B

cyt oki nés. fehmbingbecsaes mek.i vated cell sorting (VACS), was al so used to
detect |evels of expression of CD86 on the surface of infected and

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
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15 found in the second'zﬁ'eak. Resul t s Cyt oki ne
Qirtokine doAEnWRYidr) inl dulttre SilyEmathuts/ Ry Afisy llfet86d withlthe4/ 27-/ 4

W RbL Bisredh

i ndi cated viruses or

o1/ 77
‘I'n cul
in

358 1 2
ture
contr ol

supernatants_at an_MJ of 1, asured by FLISA Treatnent%cells peak 1% of
cel |'s peak Z2MWiseatméntuor escence i Mt eeHspeal 1pe&kotxells peak 2 | Mean fluorescence | -
17+/ pR20. 5/ 1JL.4343. 3546. 855x10| 17+/ pR20. 5/ UL43 + LPS56.inEaitypeak 2
1764/ 27-/ 4- [ RtPRAO.IAN.4B68. 55x 183.3Y64/ 27- | 46.8pR191 acZ 5x162. 7135. 329x10 LPS
1764127- 14- / pmmﬁ.ﬁmﬁ.m. b§4.930 29.06 )
1764/27-/14-fpR191lacZ 241 68.5 5x10°
1764/27-/4-/pR191acZ + | 52.71 3532 7x10*
LPS
1764/27-/4-/pR20.5/vhs 27.81 64.61 1x10°
1764/27-/4-/pR20.5/vhs+ | 39.52 . 52.40 9x10°
LPS
o - —No infection 48.95 31.45 1x10°
No infection + LPS 30.33 60.81 9x10° .

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
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

10

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. _
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 mufation in the gene encoding vhs. Viruses of varying levels of
disablement have 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, uniess vhs mutation is included; the mean fluorescence

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



1764/ 27-1 4-/ pR20. 5/ vhs+ 39. 52. 52. 409x10 LPS i nfection48.9531.451x10 No
I nfection + LPS30. 3360.819x10 5 Table 2: Expression of CD86 on control

cells and cells infected with the indicated viruses. Conc qﬁﬁOQﬁ; . The
results s untreated dendritic cells secrete mni of the
Btk el

| o cytokine d and have the expected "resting" |eve on their
surface. Follow ng LPS treatnent cytokine levels are significantly
stinmulated and the |evel of surface expfession of CD86 increases

si gni fi cant feylucell Irdah@hatsehe i dFHN A% tREBY Bvith PSR maklnueh aaGKeRCcAinMBASI ty in

LPS treated cells is approxinmately 1x103 by FACS anal ysis wth an
anti - CD86 abi derstific cplls dlecancthys (b cop “‘?"r‘}dﬁgéta’cnﬁwa'f‘%?’%"éﬁﬂ&g i3 thec8i%es are

in an acti valcefing ¥ Sb@l®e idchlde@W ng infection of dendritic cells with the
indicated viruseS it can clearly be seen that for activation of dendritic

cells to occur by these assays the virus nust contain an inactivating

mut at I ons i ngthg lg%ne }?S‘@%giaﬁ& % cfin\éiﬁﬁgeﬁfuﬂgﬁoﬁﬁr Vl!isnﬁrdtgme o n8t block ,
di sabl enent have been used, and only t virus contal hing the vhs nutation
gi ves 20 si gendritivaell activakivat i on of the dendritic cells by these assays. It

can al so be seen,that if . tign t. S, not_.i.ngGl d n.cells are
R area wrtn b pethdt&eetde apPHlcef Borkifle HATS) Syl Bhed 1D GLS L HIUPRAE Eetad 2
| evel s are SIOCDRG) ATTa80S é‘ﬂDSBﬁmndEDﬂﬂrm the birfacasf infextsdant \contkdl @lahdriziateells.t h LPS

al one. Also, unless vhs nutatjon is included: the n flu cence
it ensi ty oP BB AL EoRt pes ured sttt o ks bY LR o1 r s
infectign is 1 2 OCT 2004 WO 01/77358 PCT/ (B01/ 01666 -23- reduced from

that seen if cells are treated with LPS. For nmaxi mum i nmune stinulation by
dendritic cBFSit can thus be concluded that inactivating Aitation(s) in

the gene encodityg PIYSASRAINs GfiPde 39 Ghdid @kt wRIEDUTRAnEhLinkiaNdSIRHRY A0t
containing a functional vhs protein do not block dendritic cell activation
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. ' -



Fl uorescence activated cell sorting (FACS) was used to detect |evels of
expression of CD86, CD80, CD83 and CD40 on the surface of inf ected and

control dendritic cells. Supernatants fromthe infectionsg ysrd to
assess | ev yt oki nes by ELISA. 10 Results The ELI I (figure
3) show th?k)%\iﬁslsi DC can be infected with HSV at hsﬁf‘#hlggéldéoﬁlé“
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i ndi cating gehbMalddn, and CD40 levels are unaffected. CD8O and CD83 are
not greatly affected in unstirnulated DC infected with HSV. CD83 (B7. 1)
and CD86 (B7.2) are two key T-ceII co-stimulatory nol ecules, CD40 is a key
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(strain 17caesristatipndlol Series W gyeh MR uteers pgrar o bepowely AR and
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- 24 Con&f ustyéekinessTo fest weethar ahs- Fﬁaﬁ%‘f«'gﬁdé%%% mqﬁaem wighthepse do direct patigen,
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surface marKer expression.levels in response to V I nfection or
i nfection agxpelipents Werapesformagd ysing EC@F@Erccﬂhaltepifhfbﬁg@rpraﬁfls B vaccinated

and un-vaccinated individuals. 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
envaccinated 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 prohferatlon of T-cells spec:ﬁc 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
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1 2 OCT 2004 -27 CLAIM5 1. Use of an attenuated herpes virus "cheT)

| acks a functional As gene, or a functional equivalent thereof; (ii)
conprises a functional UL43 gene, or a functional equivalent thereof; in

t he manufacture of a nedicanment for use in a nethod of stinulating an

i mmune response, which nethod conprisé?‘infecting dendritic cells with the
said virus. 2. Use according to claim1 wherein said virus is a herpes
simplex virus 1 or 28 10 3. Use acc8dilMSto claim 1 or 2 wherein said
virus lacks a functional gene encoding |ICP47. 4. Use according to any one
of preceding clainms wherein said virus has a VMA5 gene, or a functional

equi val ent thereof, wReehatneadfed RerPésOliRisivhié ch | acks
transcriptional -activation activity. 15 S. Use according to anyone of the

precedi ng cl ai nf) whelaskye Baconal phsgena,cik ¢ fungtionalssmivaleat thereofi onal

carly gone 15 sGPect srpirS R UIRRE Tt il hereily o ¥
functional equi Vial (& ufantREHREOHE 2 tedldameAt fR b B atBethb@ bMsBmAlatifig\Wher ei n
said virus lacks both a functional 20 gene encoding |ICP27 and a functional

gene encodimgungraponge, which metbed etinmpgisevinfaciingdendoitic c¢lls with the said ¥iruher ei n
said virus Iack%gbotﬂ a fgﬁct i orl1al { ene .enciﬁdiirr&g. IagilPZ? and 1% funcﬁ]i onal
gene encoding | €P4 anie BPEREHRgLIan BN FANS IS IS HFRETATBITE VIS di val ent

t hereof, whigh encodes a protein which | acks transcriptional-activation
activity. 25 9. Use according to any one of clains 5 to 8 wherein virus
| acks flfnctionaB. gebesacsauing toglair@l@r 2 mbRrkin saiiP2iRusiackslad@8dtional 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.
T Use according to claim 5 or 6 wherein said virus lacks both a functional
- 20 gene encoding 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.



10. Use according to any one of the preceding clains wherein said virus
further |acks a functional 1CP34.5 gene, or a functional equival ent
thereof. 11. Use according to any one of the preceding clai 2 OfEr#8iin said
virus 30 conprises a heterol ogous gene. 1 2 OCT 2004 -28 12. Use according

to claim 1l wherein said heterol ogous gene is operably Ilinked to a control
sequence permtting expression of said heterol ogous gene in a dendritic
cell. 13. Use according to claim 1l or 12 wherein said heterol ogous gene

encodes 5 polypeptide of therapeuticpgse. 14. Use according to any one of
claims 11 to 13 wherein said heterol ogous gene encodes a pol ypeptide

sel ected from g pol yReRbdthg bRPaikeMOkhdbin U IRSFOBBoEY gendiid Shbribl
i'ncreased in or on the surface of tunour cells as conpared to non-tunour

cell's; a ltedplop cendroiseqiente permidtiogtexpression off spidchaterofogous génet imaur cel | s
but absent fr0§1 nolg 10 turmour cells; a polypeptide capabl e of nodifying
| mmune res %’H? &€%%nd a pol ypeptide of parasitic, viral or bacterial

origin. 15. Usej3icCcopst ddfortibgdd¥lalEl 126 1RtIE sald hdt&roldhouybigilcehdbdegi d Vi rus
conprises ‘nore than one heterol ogous gene. 16. Use accordi ng toanyof the

precedi Ag polgpaptidokbtherapewtimivgevi rus 15 conprises a heterol ogous gene or
genes capabl e of , nodyl ati ng. an i nmune Spo .. 1¢. Use.according to claim
16 wherein sai d{‘het cejﬂfﬁ %ﬁﬂg{@q&@%m&%&%ﬁ%@sgﬁ%%ﬁéﬁ ?al‘?g?t‘aﬁf’ %’é’ﬂb_r

co- sti mul atghy eARIECH bSlypeblide SE18ctAE £Of b PIyHEpERIRY aféﬂr_%vafofggﬁfegﬁs&%@“ ng

91
cl ai nB \/\here_l n sai d de_n ritic cells are%hu)@an dendritic "20 19. Use
accor di ng° whichisioereased int dren phesudfdéernd twhairwellsMseompared 0 xbrdtmntbui télls; cel | s

i ect o & BSRARDS Whioh s preseR BT o G SRcacl Aty oA L o ¢ c
Ty et B PR, oAb RO A rePon s pARFP (Do n
vivo fol | oof pagasifibpivizalor badterial odfint he virus to the human or ani mal body.
22. ke according t ouany. Srdfiieto aty Snd of elamms 19 18 14 Whertin shid virus '
‘¢omprises 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



medi cament is for adm nistration by injection, by infusion, by an infra-or
trans-dermal route or by biolistic nmeans. 30 23. Use according to any one
of the preceding clains wherein the 1 2 OCT 2004 -29 nedicanéﬁ?ﬂpgim@r t he
treatment or prevention of a pathogenic infection or cancer. 24. Use of ex
vivo dendritic cells infected wwth an attenuated herpes virus as defined

in any one of clainms | to 17 in the manufacture of a nedicanent for use in
a nethod of stinulating an i nmune response. 5 25. Use according to claim
24, wherein said dendritic cells are man dendritic cells. 10

medicament is for the treatment or prevention of a pathogenic infection or cancer.
24.  Use of ex vivo dendritic cells infected with an attenuated herpes virus as
defined in ény one of clairﬁs 1 to 17 in the manufacture of a medicament for use in a
method of stimulating an immune response. |
5 | 25.  Use according to claim 24, wherein said dendritic cells are human
dendritic cells.

10



