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Treatment With An Oncolytic Virus And An Immunostimulant For In Vivo
Enhancement Of Immune System Recognition Of Neoplasms 1.
INTRODUCTION A. Field of the Invention 5 This invention relates to
methods of treating proliferative disorders in a mammal using oncolytic
viruses and immunostimulants. B. Background of the Invention Cancer is

diagnqseddR-MARAAIAR SRR REARIA AY Y M Rhulib LBG bl #0N6 Vivo

spite of numerous advances in. medical. research, cancer remains the
second leadiFBhanseney Y Yamung treaonRecreniion Of tgeplasms

industrialized nations, roughly one in five persons will die of cancer. In the
search for novel strategies, oncolytic virus therapy has recently emerged
as a vIRBBRQPPOHERN 0 specifically kill tumor cells. Unlike conventional
gene therapy, it uses replication competent viruses that are able to
spread’throu§iF i SIHBEERIBY virtue of viral replication and concomitant

cell lysis,; proviging %g!r%g% ?é?ét@{c?d%@?&r&%ﬂ [ (feEﬁi%?e YUMIRER 42 AA¥nal using

now been engineered to selectively replicate an cancer cells.
OmebIjec TS asha e Hple mechanisms of action to kill cancer
cglls-p I.I lys é%%go%gggﬁﬁés[&%?ﬁtﬁggbg|ogene5|s and cell necrosis. The
virus infécts the ttmor cell'an en begins to replicate. The virus

continues,dg rerlisaiesuntil finplyndyse sl NPl &ILS the U.S. alone. In
membéane as the tumor cell can no longer contain the virus. The tumor

RIS HREHTONY BIRRT (RS Eraddl ARGSRE HANS S Atrpgd leading cause of
deighboting/oaetSracsllsitateointinseidie dyetinnt, isughhosterit thive persons will die

r e | iC Vi .are i e . .
e TS R lR R o o

out causing harm. Hence,

it PRl o presiiicaipe kalla magicts i e IOMBET B ARUSTI#b $6RR) Eickmy- it uses

thairbiity tlorgplicatarand the InuRecSystemeleans hieniihe BOdyrdd of viral

Ov?r tpe pa tfewoye?arnst, new ins}i\ghts&nto the‘rﬂgnoletcular mecq isms of Vi

VA B B SRRV SR St SerFE LA PHECRANS T HBEGH hgpaoer. Viruses

éffective brrcolytmsdresesselReceht mpvatcesiikiheleculatibiology have

allowed the design of several genetically modified viruses, such as

adenoVilRFeHE AEHE S S RIS HRATHERIO rRIRCat KH! gReFkiRils—cell

i rcek kpoRosth erathapibasd s mdesvttnnikinSikcorinel e caprdiivhad ecli and
8 Ra.heing syalyated fop erapaute pupress ANOUAD e SMIGAGY Pl nos:

onco yﬁc Virus ¢ erapy in - genera}l as been demonstrated in precﬁrnlca

ﬁ@gﬁé%?m@%tbémeéﬁ%bw it dhngeaceaay: the virus. The tumor cell is destroyed

and the newly created viruses are spread to neighboring cancer cells to continue the cyele. It
1s important to remember that all oncolytic viruses are intended to replicate only in cancer
cells and to pass through normal tissue without causing harm. Hence, once all the tumor cells
are eradicated, the oncolytic virus no longer has the ability to replicate and the immune

system clears it from the body.

Over the past few years, new insights into the molecular mechanisms of viral
cytotoxicity have provided the scientific rationale to design more effective oncolytic virases.
Recent advances in molecular biology have allowed the design of several genetically
modified viruses, such as adenovirus and herpes simplex virus that specifically replicate in,
and kill, tumor cells. On the other hand. viruses with intrinsic oncolytic capacity are also

being evaluated for therapeutic purposes. Although the efficacy of oncolytic virus therapy in
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is still not optimal. Therefore, strategies are evaluated that could further
enhance the oncolytic potential of conditionally replicating viruses. C.
Summary of the Invention 5 While it is recognized that administration of an
oncolytic virus to a patient can elicit an antiviral immune response in the
patient, the focus of research has been on circumventing this innate

%ﬁ‘ﬁ&gﬁﬁ% pEBf RIGSAALRYSRIRRERRANG QIR A, JRKET AdYANIa0C R cal wails

this innate response to enhance killing of neoplasms. By administerin
intinBoSthAtERbry Hefsreto SfRints 6| 6Yigitre At et iditugber enhance the

eneoyiiGyicati tnerapydikibiagyabpieatiiporealts can be to increased. Not
only are the tumor cells susceptible to the oncolytic virus, but also the
infectdd tumdreshay oftieterpress viral antigen on their surface, can be

recogr\}ﬁ? Fanol attacked a the stimulated immune system.

) “foreign! bty N
FurthelRTdFe risP SBAE (1t RV SRR, SEAPLSP e SridBiy it Ao en el
expusattonthreuinrespoessys tbmpdtierelthe iftcreasingdihehchrmricenofn circumventing

IMHAGSYSHSML €530 i%?éh%%ﬂ?ﬁ%%ﬁi&%’}ﬁh&%{ﬁ%!'ﬁéﬂé’sigdﬂéﬁtﬁ’égg?'ﬂﬁg innate

of immune 15 stimulatory agents. One aspect of the invention provides
FREPISESOFReatH & R SpReSHIAS, niBnfiainsiTreg g Rems figulatory agents to
peoplasacthieMehed:RompHEI Be.AMURISEe g8 IanER ey s @ndiRtan be
immungstimulant to the mammal. Preferably the immunostimulant is :
e S o B T R S B e
Wrey lselsinfbote daneopiabtotizel. oMbsir201freferably; theognized and attacked as

i%@%®§§%@'%ﬁam%%ermmgﬁg%ﬂﬁ)@ RIASHUEF8ve been lysed by

expresses at least one antigen of the oncolytic virus. Preferably, the

M TRROISh T KaSPRtfidte BRgBRYRy NREbtiHer-BY dA%asing the chance of
tyitasisesphaspratesgianasine(&pialidma prefeuady embidipeahcthef immune
gtncoixttic Vvirus.is a reovirus, more preferably a naturally-occurring

IMOALOTY agents, . . . .
reovirus.’In‘another aspect, the invention provides methods of enhancing

the antbReaplasticr 22 acliviy:PhARNARCHIMIG I T4ISHRAIN B AlSHTRI D thammal
fro aneo lasm, the method cqomprisin .admi(Pisterin an .. d

TSR SRS R RPLEAI R TR BRI (BN CBT e A ARl irus and an
inamnvetinRrieferabily; thenmiinuRostinilaht iseximisisteled aftantnestered after the
%Q&&b{¥tcv\ﬂﬁl§§&x%r§t%lgﬂ&§t¥f§f giL Mere.porfgrablys e RmUnoSUoMUaR iSn. Most

administered after the infected neoplastic cell expresses at least one
ArigraR vrthsdBREBRHiRYIAas s IR ERRETSIddfss Hhe i derinsanasosrmligptesses at
IRatSyihetigel godaexyauistaotdas(OBil:-pseferabiyunmeathyaiedis a synthetic

cytosine-phosphate-quanosine (C G)g. -2 \&e another as gc fth
R AR b of AR L SR B ), | o prefomd
embodiment, the oncolytic virus is a reovirus, more preferably a naturally-occurting reovirus,

In another aspect, the invention provides methods of enhancing the anti-neoplastic
activity of an oncolytic virus in a mammal suffering from a neoplasm, the method comprising
administering an immunostimulant in addition to administering the oncolytic virus to the
mammal. Preferably, the immunostimulant is administered after the oncolytic virus is
administered. More preferably, the immunostimulant is administered after the infected
neoplastic cell expresses at least one antigen of the oncolytic virus. In an embodiment, the
immumostimulant i1s a synthetic oligodeoxynucieotide (ODN), preferably unmethylated
cytosine-phosphate-guanosine {CpG).
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activity of an oncolytic virus in a mammal suffering from said neoplasm,

said method comprising (a) contacting a dendritic cell with the oncolytic

virus, (b) inducing the dendritic cell to present an antigen of the oncolytic
virus, and (c) eliciting an immune response to the 5 antigen presented by

the dendritic cell, thereby eliciting an immune response to the oncolytic

virus iRihe mammel, In o preferred embodiment. Step, (8. 0ccIS I, oo
vivo. In another prpe erred embodiment, epr?gﬁoccurs EXVIVG ahd the - praste
aahditielcall medrbinisierednte themmalmufiirifte flomingidomteptsthwetid method
Hampifise AURRLARRRILLIR RYPRINMRONIdRS AREheY REEHRA BRI Mndritic

efficacy of an 10 oncolytic virus therapy comprising administering an

BHCHI I G P b RS SRRy e s Mh e AR AL HIS AR g o the
andipempledenedt balihe thendnivia waib stherebartid iiag o nisteredrafpendbe the oncolytic
Iytic virus, mare preferably after the oncolytic virus has infected a
B Y R IR0 2t apotter
thefsrrsctathodappiasivr el esqore s3edvat dedshodendritigealbfstiadnintssiyaicto the
Wiesm A ratershiby theskainmyaRstimylant is a synthetic
oligodeoxynucleotide (ODN), such as cytosine-phosphate- guanosine
(CpG)Amélweﬁen@mémotﬁmmm@ddwlytimaﬂm@ 'rsea:mm,eﬁioaey of an
eﬁ@map%ammfaéy-ta&ﬁmﬁg AN N aép%ﬁt&@aed{}my% mammal and

provides methods of increasing immunorecognition of a neoplastic cell )
BOTHPISHBE & TRt fRE el falifc B aPreiREaNt &g ngyRgstisyulant is
Abnetisitirgl aficiniiv bheIESPORSE dRNPANMIGEI afitheheo BEalHE: WIS has infected a
\flvel?)e{es Y tpe?l.lmmgsrt]e &%%Pa%?rsetﬁo tlr‘}le s J‘églljﬁa\r/)é“ilss i35 noé]:g%c{o nr the infected
oncolytic virus antigen expr ssed E)ynt’he infecte neopIPas Ic’cell.” The
maenlasecresporgucpieterabipsis elivirstidsy aoprisesscolimpriding (ifreferably, the
canfacsingadendutic ralwit);thaarealylie vl o hindusing RSP MG hate-
cell to, present an antigen of the oncalytic virus and (iii) eliciting an
FHPRCHESrESPEhse o thEr Y8 HCERARIMTE. IhoRBBRAE Mt HbbdRNGRES: more
thefeehipetingratiguisinriny ecdviranother preferred embodiment, the

contacting occurs ex vivo and the dendritic cell is administered to the
mammaP Sfict ShifetiRgentiop prrxide e el PrIERN nmemitRsAgEn of a
mepnisistesingopeians anyiektiastandasgimethedsWalpminiBiiogRus and (b)
%Halgnaceu.tical comepositioQ knownt.to thc%ste%eskilleoiin the art. Exa plgls .
inciude, butare mot imited fo Bnfera: trandderat iHtr oy geredy the immune
irstizmRgsukar omimiidperion eadmadsinistationoly@c virus antigen expressed by the

infected neoplastic cell. The immune response preferably is elicited by a process comprising

(i) contacting a dendritic cell with the oncolytic virus, (i) inducing the dendritic cell to
present an antigen of the oncolytic virus and (iii) eliciting an immune response to the
oncolytic virus. In one preferred embodiment, the contacting occurs in vive. In another
preferred embodiment, the contacting occurs ex vivo and the dendritic cell is administered to
the mammal after contacting.

1L DETAILED DESCRIPTION
A, Definitions

“Administering” means any of the standard methods of administering a
pharmaceutical composition known to those skilled in the art. Examples include, but are not

limited to enteral, transdermal, intravenous, intramuscular or intraperitoneal administration.
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"Administration of a virus" to a subject refers to the act of administering

the virus to a subject in a manner so that it contacts the target neoplastic

cells. The route by which the virus is administered, as well as the

formulation, carrier or vehicle, will depend on the location as well as the

type of the target cells. 5 "Resistance" of cells to viral infection indicates

that infection of the cells withghe vi{fjus di%not refél‘ﬂ‘tﬂf‘:‘n _significgnt viral -
o BASP Pt eI thiPAre R IBRS ST HBLE g e virus to a subject
demonstrate ifdudtiometsytepatiic affetis)vicelprdotbinreyathe sidicindéorirus is
X&H&ﬂé&%&é'&@ﬂ %iﬂ@?&l@ﬁf&%&%‘bé&%ﬂ?&ﬁ&é g\ﬂﬁ%lééﬂg%@the location as well

proliferative disorder," refers to a cell 10 which proliferates at an

abheRaIRf gRigseciS new growth comprising neoplastic cells is a
neoplagin, also kngwim As & JIUMor, ﬁ&“@@%&%@%&?ﬂg&rﬁ%‘ USSHE cells with the
growth, generaﬁy. orming a oﬁstlnc mass, ta grows by ceftufar
prafifdihnenreidiar apailioamry g rmeduisioncoy iondh . Oslte tharr srvaissiseptible” are
BRMaher tetallaskofRituctiral eleanizationanRd fHachnah cQarination/or virus
with ngrmal tissue. As used herein, a tumor is intended to encompass
ReftéttPoietic tumors 15 as well as solid tumors. A tumor may be benign

(benign tyman.ar malignant.(malignant. fUmar. a5 ARCEN. MalAnA L rers 1o a cell

tumors can be broadly classified into three major types. Malignant tumors
Ahish bRt entaruanielishada SR GBS MPRAtIgA ReRIF6eslls is a
Heeplasiginatekionn goarashve tissuamnsuGh asnisCiasscatiagr, Jalddilly forming

bope e called, sarcomas and malgnant umors affegting hematgpoletic, .,
Strlictlres (StruCtures pentaining té 20 the formation of blocd Ceifgj" 1ssue growi.

ihGMngl@ompwnerﬁgi@rﬂ?@id@nhnf@@wm pag@_‘tzaﬂeni atelfentiesagrgrdination
WmPhemas; Qb eAEL{EE‘é&%éFé‘HH Q%BHP %@n’éﬁ&éﬁ%%ﬁé&npass_ hematopoietic tumors

neurofibromatosis. The neoplastic cell is preferably located in a mammal,
PR A R al ScfRBRHrShe tPreigPo(RssnIsny oF Brljgnay gnalignant
ragents; sheep, goditisaaitlaphorsesnpigshbiiamanRBGmRANmAUMRSR major types.
imates..Most preferably, the mal js human.,25 An "“oncolytic virus"
RIRAIET MRS o, DI M S LR ScR0RSY M wmors
dréEoiygmgiruSmayopecativattatys omshirangnuses. oraaiilasagifie are dopgusre called
QRGN USES R0 BRCAMPRSIMHIRPIRIaCIaR, BRFFaR8 AR hertaining o

viruses as des :!'i?ed in detail for reovirus. “Infection by an oncolytic virus"
t

HBFe ST OB éntrs B TR CREBIBE SFYBRUIC O3 ird B cEffiom. are called
Suhdaihy, dndfectipmooha tinbor byran endadytibwitus hoeférstd thenendfybesthtosis.

rﬁBI 'ﬁ?otb?&tg Egﬁ 8’])‘%9%%%1\}'58%{@&'&? acgllzle%lg{aﬁb Sa&lﬁ%ﬂﬂ)ﬁa mammal selected from
the group consisting of dogs. cats, rodents, sheep, goats, cattle, horses, pigs, human and non-

human primates. Most preferably, the mammal is human.

An “oncolytic virus” is a virus that preferentially replicates in, and kills, neoplastic
cells. An oncolytic virus may be a naturally-occurring virus or an engineered virus.
Oncolytic viruses also encompass immunoprotected and reassortant viruses as described in

detail for reovirus.

“Infection by an oncolytic virus” refers to the entry and replication of an oncolytic
virus in a cell. Similarly, “infection of a tumor by an oncolytic virus™ refers to the entry and

replication of the oncolytic virus in the cells of the tumor.
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An "effective amount" is an amount of an immunostimulant or reovirus
which is sufficient to result in the intended effect. For an oncolytic virus
used to treat or ameliorate a tumor, an effective amount is an amount of
the oncolytic virus sufficient to alleviate or eliminate the symptoms of the
tumor, or to slow down the progress of the tumor. 5 "Treating or alleviating
a neoplasm’ means alleviating or eliminating the symptoms of a . .
eoptiin. SIS AG UG T FBEELS ol e ADETSH e dfeyistionbicn is
mibiefetablysatt ledst atvowded 0%scmdie preferalylic aileastedbone20%ameliorate a
W&,%‘V%fég%e 99{’&&(12/9?:1{3%8& P%e Tcnl%otl?ﬂysviiiﬁ%@&fﬁc?&lﬁ%oagﬂeviate or
"oligonucleotide" are used interchangeably to mean a to molecule

EURIpREitG TRERTTRS R dhsdtes. oAk sl deara the eetarrid tesdisr
oligorihgnucleotides as well as oligodeoxyribonucleotides. The terms shall

s e B S R s iR of
amdoatnyatiteslorgaaidavastecsnezeping polyaselaNucidie disdstinglirdeeterably at
¥RGIQDUE 103 Piasidsraswell RaLligenusientiars. Mcleisasish,, 70%, 80% or
molecules can be obtained from existing nucleic acid sources, but are
Bpe/’ferably 15 synthetic (e.g., produced by oligonucleotide synthesis). An
immuRgstmplant, JRe TR 19- SRS URIN A1 SHPSIANGE- AL EORABCRR Ol mean a

potentiates an immune response (antibody and/or cell-mediated) to an

HouBtiges. Anipimusianitiatorybucterd abideis (ed pdeifefer ©
isligRyboteteistasid SontAI iR g RgbdeoRuibesitRutatery metitanRagidionss include
that induces an.immune response. The immune 20 respgnse may be .
S e TR S BT TR g base
TorRappe mh‘mm_e Pés@@ﬁgeiﬂsiqehlﬁlmm@m@eregp@m@@_esmmbgonucieoﬁd@s-
euiaking angantihady, Produgtion BLef l@ﬁsm%@é?c %Hfatﬁgnl&fsy%%t are preferably

activated immune cells. B, Methods of Treating Neoplasm The invention

SYORRSS rfetAdussH 8 A8 RGIRSRIR Y Imammal suffering from 25

said negplasm, SAhmSIoL CRMPUIING Qg“aw%L%@x'%&%%89&%%%&%§’$W]§otenziates
and an immunostimulant to the mammal. The oncolytic virus Is
ABEHTSRE SEPINE (RNl sodiencetl-dinitih el omacithatigsyet
neoplagtc.gells, The aute by which the oncatyliovinis s administered, as
well as the' formula lon, carrier or vehicle, wi epencf i the 166aion as e &
warthupestiveulgioey ot terdetidedis. Aavidedwasety ohadnsinispation rditegnmune
candesmpiRyed- L 3aexample n@ﬁi&&&l'@aﬂ?@ﬂﬁjﬂé thatiSaceRRibIR - Tho-
ire

the oncolytic virus can be administered by injection ctly to the )
RSP IAEHIE SF R WS ato S MINEE JRIERRS 8 Bk AREd the 6Hekiprcdrawtibody
gard e et phdfistendit indravBoiadsly Ok intiavagduaiiie Bdfsneoplasms that

are not easily
B. Methods of Treating Neoplasm

The invention provides methods of treating a neoplasm in a mamma! suffering from
said neoplasm, said method comprising administering an oncolytic virus and an
immunostimulant to the mammal. The oncolytic virus is administered in a manner so that it
can ultimately contact the target neoplastic cells. The route by which the oncolytic virus is
administered, as well as the formulation, carrier or vehicle, will depend on the location as well
as the type of the target cells. A wide variety of administration routes can be employed. For
example, for a solid neopiasm that is accessible, the oncolytic virus can be administered by
injection directly to the neoplasm. For a hematopoietic neoplasm, for example, the oncolytic

virus can be administered intravenously or intravascularty, For neoplasms that are not easily
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-5 accessible within the body, such as metastases, the oncolytic virus is
administered in a manner such that it can be transported systemically

through the body of the mammal and thereby reach the neoplasm (e.g.,
intravenously or intramuscularly). Alternatively, the oncolytic virus can be
administered directly to a single solid neoplasm, where it then is carried
systemically 5 through the body to metastases. The oncolytic virus can
%SSBB‘%WNHH}%@%WEE?&%?}M?%ﬁ?ﬁﬁ@ﬁi&%‘&ﬂ% imAARIkSH (8, g manner
fachrain tumer:tapicaliye gsitaticuelahome, iy @Dhdanarabdrand thereby
eso eal neoplasm), rectally (e.g., for colorectal lasm), vaginally . .
S e SR R, MRRARD O i vins
o | b gdmuiitzeshslrepd yTives sriadtyticidipaaptesm behegmiriste ie daimied sirigtaically
88 RIHIBHHPIS HRERELLE. TRASR.IRAR AR 8858} BBEIMHIRIRE998S tancously,

¢an be administered concurrently at different sites or by different routes,

SPEPREBESENE R T ooB\N e et PBIUEROD: REREY e SACBIFHEMs orally
ig. gnrét_erahiy cadmipl@méd}miﬁam)thedmmqa@sgﬁpraﬂsmtau mandasm), vaginally
t%g%m%m@iﬂms Jé‘g{ﬁél“ﬁé‘oﬁa&%%r%%s%hy Irish %%%%%Bpéﬁ% a. % e, for lung

apy is administered one or more times: 15 THe oncolytic
peerkamly formulated in a unit dosage form, each dosage containing from
about ]I%Z QQ;ES}IO about 1031?3 g{{us of the reovirus. The term " n'it osa

e
forms" réfers ?o%ﬁ;}'éﬁ%saﬁ?/n Sérete Uints stifablé &s %el‘tglfymdlola{éegs%%l' ¢ mare

e anesisia ctShendulbitie dasenvanabs, adaghisientcomteainminga at different sites or by
REEHRIGTIAR AL ALARULYRfANCAY IR YIS GRICHIAIRH $0 wWRERIUCE NG colyiic virus is

desired therapeutic effect, in association with a suitable pharmaceutical

SRTPRNY. S IHEBrasBRPinterlfori BAHIE AR o Ry sirsabediRsat, of this
prefatably acensmatusihenhaspadisprefenably selaatee-ftometbengieupnes.
consisting of canine, feline, rodent, domestic livestock (such as sheep,

goats, ¢AttIendbrdesiBrdpigsienbindaramirisenthantal ¢nsasatdarm. cach dosage
Reaferablyithe pammalis.bwmanutt is'€oniemplnaddhalthaRresentunit dosage

inventjon. may be combined with. other tumor 25 therapies such as .

BB A3y PGBy Sy B THGH 5 SR Puman subects and
infmumetherépyach petsontohioghinardakithin:theartgart preciyte thes calculated to
Qﬁ%ﬁﬁ&t Hvention tﬂéigi%&ﬁyef?&gq}y e MR, AGEE g'%ﬁlé%ﬁ%&@éﬁf&ﬂ excipient.,

herein and knowledge available in. the art. The oncolytic virus may be a
membeérhin grestanieaionyavibdappijahovitgdasipadptjidagyderably a mammal.
tRRlvfdas; $OLUGO) 'e“ado%‘}‘?’%&%%aa%%at%e“ Qirixvindac, fH?%ﬂi%‘{{é'gﬁe%he, rodent,
poxviridae, inddviri ae, phycodnaviridae, aculoviri ae; herpesviridae,
altarelisriderstosh fensdy iiddeep. goats, cattle, horses, and pigs), human and non-human

primates. Preferably, the mammal is human.

It is contemplated that the present invention may be combined with other tumor
therapies such as chemotherapy, radiotherapy, surgery, hormone therapy and/or

immunotherapy.

A person of ordinary skill in the art can practice the present invention using any
oncolytic virus according to the disclosure herein and knowledge available in the art. The
oncolytic virus may be a member in the family of myoviridae, siphoviridae, podpviridae,
teciviridae, corticoviridae, plasmaviridae, lipothrixviridae, fuselloviridae, poxviridae,
iridoviridae, phycodnaviridae, baculoviridae, herpesviridae, adenoviridae, papovaviridae,

polydnaviridae, inoviridae, microviridae, geminiviridae, circoviridae, parvoviridae,
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polydnaviridae, inoviridae, microviridae, geminiviridae, circoviridae,
parvoviridae, -6 hepadnaviridae, retroviridae, cyctoviridae, reoviridae,
bimaviridae, paramyxoviridae, rhabdoviridae, filoviridae,
orthomyxoviridae, bunyaviridae, arenaviridae, leviviridae, picomaviridae,
sequiviridae, cymoviridae, potyviridae, caliciviridae, astroviridae,
nodaviridae, tetraviridae, tombusviridae, coronaviridae, glaviviridae,,

RSB AT T SO P SO AL ROV S a6 O TS IR PR RS 2o
dnbobyticdair flesirkRe vinlises arandagsesmwitirdad auhie-sidandedyiridac,

gﬁgm%%qew@%&%@%&m@%% @ééét%ag&@&i&&@ indiameter and

0ssess two concentric’ capsid shellS, éach of which is icosahedral. The
pelsitidaeonsRstsidre-deubrsyetdasde RNAIfa lav viisere tecguigidients
Withaaidatal genome size of 16-27 kbp. The 1o individual RNA segments
vary in size. The human reovirus consists of three serotypes: type 1
(strainReanigusesTare paryipal 2l fspraierddresol TR Vanskty e/ (sive arD ahriseg with a
A5 HARARNEYse chtidd TRR ANESRRRT OBRES AL SASINIESDIHIRRIE ANutGeter and

basis of neutralization and hemag%lr:Jtininfinhjbi.tion assays (see, for )
BRRip I OreE EN BT A ISP Yo 7P AMBERR irSReRGETati bR GFtigane consists of
tovdhtiarantdee RRCOIytIC ViPUHssan stiesuatedding (bl predifiec adarievilsbp. The
Attenua modified adenovirus.can.replicate in cells with activated |
O B R B R R AR e
AdtivaireHaRasr phkhwviase Aterbvinnsis 3 eobymtrh e DRNRGrossgRin Abney,

abpyit 3:mkilgpases-dRmansadeneritsgs candrplicate andLadition and

isease in the eye and in the respiratory, gastrointestinal a rinary
g%%&?@.g B RGP A SPIRE ST ﬁSWWﬁ}ﬁrﬁé?i%e?o}fgIﬁE@l'a%%r@sponsibIe

for 20 masl GaS S5 HRMARAJENRY I ISR JNGIRHENNUIYS £NERGRS A or

several gene products that counter antiviral host defense mechanisms.
Mee iRt s2dresiiste d ARRINATA IR IR BRSF AIRRINIALS) ntHePHERiAGYireRls withan
atasmalkstpdetuee doitiNAsiial aceyitdaie vaihighichacelatianginctiiaed Ras-
C lasm, at late time after.adenovirys{nfection. These \/, bind,to
i AR Fh ik SRS Eohis W€ PR SATAEK 1 e
ddeNyireepentienticrstivadiorrod 5eRiE R e arrtoptiosphrorssptien:yT hesrointestinal
RIS 2QlR o fpnetion anchthe wius ¢apwaRlicals Withipthacel thgule for

overproduction of virions eventually leads to cell death, The term

B AR, FHRAB ROV B Histhifed ‘30 SHERAMI HWSa ANER A BHycts that
thaihtbe e neal ied ukferproeticis ki c iprexantdhecactiv@ion of RKRNKeor VA
lacking, inhibited or mutated,, such. tha tivation is not blocked. .
B B R A RIS FRA TS B A HIOF KB cowaions

ihe differl e AblAlu S worfig stepevabielé e plicatesss nokmaNdebinth &t te double
siranded RNA (dsRNA) binding motifs of PKR and block the dsRNA-dependent activation of

PKR by autophosphorylation. Thus, PKR is not able to function and the virus can replicate
within the cell. The overproduction of virions eventually leads to cell death. The term
“attenuated adenovirus” or “modified adenovirus,” as used herein, means that the gene
product or products which prevent the activation of PKR are lacking, inhibited or mutated
such that PKR activation is not blocked. Preferably, the VAI RNA's are not transcribed.
Such attenuated or modified adenovirus would not be able to replicate in normal cells that do
not have an activated Ras-pathway, but it would be able to infect and replicate in cells having

an activated Ras-pathway.
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not have an activated Ras-pathway, but it would be able to infect and

replicate in cells having an activated Ras-pathway. -7 Newcastle disease

virus (NDV) replicates preferentially in malignant cells, and the most
commonly used strain is 73-T (Reichard et al., 1992; Zorn et al, 1994;

Bar-Eli et aI 1996). PV701, an attenuated, non -recombinant, oncolytic

strain as e disease hctlve ses t mor cells versus

ormak AU O Qof U 57 TS P o SR icnd
antivirahresponsed RarapoxX{Arlis(Befohaus d¢s @. pmmu&othadtlakjll@és dBartEll et al,
qubaneevs desianad dila! spt. MARMAlIANREES JOGO R TR R scase vins,

The parapoxvirus orf virus encodes the gene OV20.0L that is involve

BRIV PRIRSa BHORY . Cﬂ%mmﬁn@s@%m@%%mwwﬁmé@é@ﬁﬁs in an
celgdhatdedneidavieian reiivated Ras-pathway. A more preferred

oncolytic virus 10 for use in the invention is an "attenuated parapoxvirus

orf virdgranoxmodifeet pardp exvirysvstheirng ichs wiviervtiragyandepiroduntdifferent

Q{aﬁﬁﬁgﬁlﬁs gl H%mgth&ﬁ%ﬁyaﬂ%@fp%&%ﬁuéamﬂ%@fEDéB?QsO'Ehe gene
gutated that PKR acfivation is not blocked. Preferably, the gene

v%‘b% g hsomawgé%ék?ceﬂ%ﬁ’%ﬁew&@d abwaﬁﬁga"ﬁa?&;s%xvm Jfable to
viplisareaul detiotihe dabie hoveepl t&ai&tEdrRHm}O@Iﬁ thahele pl@felﬂ&\i@ﬁtmlytxc virus
%zluyet%ﬂ Reg:patway apuwem?be ag&wg%ﬁ nd.r rep"cate ég;c I raposvirus

having an activated Ras-pathway. A Herpes simplex vitus 1
AtitErswHith il dheceins |?f?i’é’éh9’€:lé"@ﬂﬁl@s @B@btaeéeek&w@mﬁmhmé PKR are

was:shawbiedeplicatadn aRlomhsearairomasals Rulpelneemablingrnglite gene

t aI 2000 lex v pe. 1l (HSV-1) vectors are
;(?a? Oty e fége §§8§tﬁ%p‘§;%%ﬁ %ﬁéﬁféawa@ﬁ@w@éf)éé"fém would not be
réplitatepding s preadrhigizls skde diiviely iR0d mtumioracel B anctbansalsa it is abie to
SrRrestmuMing fomianfansgenes - Liess ¥esiQLs can manifest a

cytopathic effect in a wide variety of tumor types without damaging normal

tissuesa piieiele sarpleifiethgengidsliverymwithin #hecium ofc @86k iNG Gebonucleotide
SPRG kac antitumor im n| ulti e reeorpblnanf HSV-1 vectorﬁ
UCTASE EXPression fir 0 re ate In on carcinoima ¢
been tested in patients Wlt braln tumors and ot%er cancers, w
élﬁéWéHSth‘éoreasti@Muyf&médEﬁﬁmgteq&mglwmmtmmdoﬁﬂﬁé’téhm@%are particularly
VESArSSAIRY tby2a HNANAtdANS ARAILGUAc e Rtaln JNMPgYHREhLy selectively

Oncolytlc V\%Jses are known. to those of skill in the art. For example,

RUEar L ML thasprsy ek RER e neshstitcs JgStors can manifest 2
Eﬁopqﬁhal itiSevirusavasge shiown ¢6 tharve apeonadiytic daffeginp somaligesues, provide

GRna égﬁgoc{em{%&sm%%m&v et Fﬁ&yeé%g o F%yﬁﬁ 155 ISSINY Watipte

normal cells. Vaccinia virus, due to its exceptional ability to
recombinant HSV-1 vectors have been tested in patients with brain tumors and other cancers,

s::'ha\{ not normal

which showed the feasibility of administering replication-competent HSV-1 vectors safely in

human organs including the brain.

Many other oncolytic viruses are known to those of skill in the art. For example,
vesicular stomatitis virus (VSV) selectively kills neoplastic cells. Encephalitis virus was
shown to have an oncolytic effect in a mouse sarcoma tumor, but attenuation may be required
to reduce its infectivity in normal cells. Vaccinia virus, due to its exceptional ability to
replicafe in tumor cells, represents another replicating oncolytic virus useful in the present
invention. In addition, specific viral functions can be augmented or eliminated to enhance
anti-tumor efficacy and improve tumor cell targeting. For example, the deletion of viral genes

for thymidine kinase and vaccinia growth factor result in vaccinia mutants with enhanced
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3o replicate in tumor cells, represents another replicating oncolytic virus

useful in the present invention. In addition, specific viral functions can be

augmented or eliminated to enhance anti-tumor efficacy and improve

tumor cell targeting. For example, the deletion of viral genes for thymidine

kinase and vaccinia growth factor result in vaccinia mutants with

enhanced -8 tumar targeting activity. In a preferred implementation, the

BReiy TS 38X Rio it P S AR 4R TR G 9B s P R RV EC S irding modified

padsiicatiorudes 26020028195, priadtiphbhE3ition KIL2ON0ICHELS, Thevhich E3L or

YOS SAIR, ot eRRlaR A (M YIRRIMAC BV PRARHTE CRUR S cens
Is. Thus; MV is highly

replication and lysis are limited in normal human ce Vi
tspreors veblisphientimdahinpemtib uparteisu ribsdg Melsdinhial setable for
das:hperdescibedds fimarcRatientsinfesiadiwtiiNe e SEeStREcribed in tumor
hetE)attitis %/lr%?é%g enza, varicella, and measliis virus (for a revjew, E€ s (6
BIALRAITS. T, 5Y8) ARy SHES RIS Sy B R {H fifk b diagesles virus (for
inveondiorsed Nenabititysof %o b omewiiptic virusesydeaptit atehselettivdlyviomtion.
neoplastic cells is_knaown to rely on different mechanisms. Reovirus, for ]
exampldirijliites tHi e QAR BEPSED WCiRRHL RS A imgsoatitigyells is
imovdente:ieplichfte@ndmlestidyneel B ebvisaminothanpacakylic:Vithis@sence of an

%&%‘iﬁﬁe GOy I8, cl%i%‘%g?b% Plaging,an elﬁ?a?@%%ﬁ%e%%?”@?snd% ne other
control of a tumor-spetific promoter. In certain viruses, the’E1A fegion s

respbHsiBlaser. Bimdintg esthdycelrshietetrior Blapeess spRBialnd A Hitrgder the
E&M%@%ﬁh@{@{@;\@ﬁitﬁﬁ%{@@ dge QH}%HIPKQ}H%@”QM@ Bg%@fé‘;%@ﬁ)’is[‘;l@%%niible for
ence virus replication, t0 procee an uncontrolie asnion. e .
ﬁ&@%@éﬁ%ﬁ%ﬁ’iﬂe%”ofﬁ&?ﬁﬁﬁ%&%ﬁ% Hﬁd’(‘j’é@%&%o]fﬁ‘b“ﬁ?‘ﬁ[ﬁ?&% Qying the
akll@e0p)olhersforsdeptication béthevinutanplidaisis inhibited fy Rbuinantrolled
DA cBllaHOME ek IR IS {H@%%Vﬁﬁﬁﬁ@r%gﬁﬁ%ﬁ £6ll PRCOM8Snd 10 Rb (Fueyo et

neozlastic, Delta24 is no longer inhibite s, the mutant virus

@pliids ety &mityaes Hhsensiai HegpiadtitEs bpiein a normal cell

mesBatisrTLirisalaciive seplisatiantitasopiasticarl parsknowiiiRdBsnhibited.
t. Th pre%%rtlt 20 invention places no li |{at|onR§n t%e.mecha ismb

e THe BRIV BT AREE S Bt ey Rels St eanlests <. Ot
corriparedsttoneehecthoetiplitaisopreferaiplestivattie arrUswsvnot abeehicl€lfer present

ARIMRINGB.ESNR MDA RROFR BRGNS ARM: FOLRBIPRR: VUHSESeplicates

have been engineered to deliver the adenoviral EIA gene, thep53 tumor

SHISBESYOP gERk Prottigeifenrify Bereatttittura et al., 1999; 2001) or
genes ?t(?suQgﬁga%ﬂgat%@t{ggi}%suggl% R@e@gfg rfo;r cri]gisve \1/}:|1ruz‘1c’ e%ﬁénfga%b purpose of
usually do not replicate p_reflerentla?ly in neoplastic ceﬁfs and theretore

WO hpBPhelcs sEMIed Gives Ve hngBesemsershiedigtivevitisefsagvbel E1A gene,

Wl heeeewipng e padifigdalie QRealy e MEUS ISura et al., 1999; 2001) or genes
under a radiation-inducible promoter. These viruses, in fact, usually do not replicate

preferentially in neoplastic cells and therefore would not be considered oncolytic viruses.

The oncolytic virus may be naturally occurring or modified. The oncolytic virus is
“naturally-occurring” when it can be isolated from a source in nature and has not been
mmtentionally modified by humans in the laboratory. For example, the oncolytic virus can be

from a “field source,” that is, from a human who has been infected with the oncolytic virus.
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"naturally-occurring” when it can be isolated from a source in nature and
has not been intentionally modified by humans in the laboratory. For
example, the oncolytic virus can be 30 from a "field source," that is, from a
human who has been infected with the oncolytic virus. -9 The oncolytic
virus may be a recombinant oncolytic virus resulting from the
recomlixknation/[eassortment of genomic sg\_lgments frlom two orm

ore
geneticaﬁy%ﬁ%‘%lﬁt&f ghr&s)lyrﬁ%yvii?us%slfe é%omaﬁltng%%%cas}%%nﬁféﬁ{%g from the
oeulytietiinirsagentimit ségereeisnragmesufrinmaturefottowi nggintiestipistinct

9&&1@9&&{&%@?3%\9@%&@&%4&&%@&&89'%&&?&{&%&9fg&%{ﬂ& \éiég,%ems may
Recombinant virions can also be generated in cell culture, for example, by
BERTRIECRI DA P PARE E TS READARHGRHEHCHIN dldtirtitBiRwically distinct
vittigesc(Nibert Rican 205 )idhe invesntioblgeheicomaemplalesdhpusesble, by
recomhinant-oncolytic virus resulting from reassartment of genome ...
R e R R A D e o

aPteastibpanyentipnaiurihas tendrerieical Herrginé eredinboap ised iiserons resulting
mare ik ehemically sphesizedaenamic SeomeplRasharmiregied Withcoiyvtic

chemical or physical mutagens, or is. itself the result of a recombination

SUBHE FRETHVENEN RAREFEEhEMD AL S s 8 81 HHEC e COMMBIREfne or more
omaoiydity vinushisat-Hagenntergepmsecambibationrintide piteseinesicalf§ or physical

AL PHAAaRe: RIS, Dl ARk IRITe ORI SIS, A conternplares
ethidium bromide, or physical mutagens, including but not limited to

therasiotethigheeembiepier e ofsdhtidns TadmsanavessuBtinfiiendr the presence

cookemplaiasibentseafaacomivantencel s MEUSsHRatnE RMIRKISE bromide, or
e%?ments th tcomfrise .

deleti duplications in one Qr mare genome St
BT T SR U LU0 § BF VI ENbATORLIG ARG Efion
genomg, O thaticRMARIIRE HURSIGIERESsI NG QRCANHC NS MAY. D8 ruses that

modified but still capable of lyrically infecting a neoplastic 20 mammalian
CERPRRISlTESRRRY FRBLCA) LA BRRrh RNy SRBRuT ey B egatisg additonal
gy dinitiantios nk witssal proteasebiiatbas ChynhoteyRsi t@lothep SHthRY i@fimprise
ts?,&ger{g(i;nigge%tion to the proliferating cells. Pretreatment with a protease

Can remove the outer coat or capsid of the virus and may increase the

infecltlivmé Qﬁ&BQfﬂU{:ﬁu{] my{mﬁw’ﬁe\% B dﬁ!@!@@b@@@ﬁﬁﬂi&ﬁl@ iﬂ&@ﬁﬁgfn%p}asﬁc
micelle.. For ex e, the virion may be treated with chymatrypsin in the

LA TRSTE T B AR TG Aty Tmare Daeigae - b
toegenetatetta mewtdaﬁed@h%u:bymmamiotetrmb[ptiolyti:cadnnisisnagiron to the
Bﬁ)m&g{fﬂagdcelﬂ)f '%@ﬁ%%ﬂ@%&”&%gs%% E’é&@@%hes Hﬁgr %§afto((§r t;:apsid of the

example, into the virion outer capsid. The proteins may be mutated by
ﬁ@ﬂ%{é@%@ﬁ increase the infectivity of the virus. The oncofytic virus may be coated in a

liposome or micelle. For example, the virion may be treated with chymotrypsin in the
presence of micelle forming concentrations of alkyl sulfate detergents to generate a new

infectious subvirion particie.

The oncolytic virus may be modified by incorporation of mutated coat proteins, such
as for example, into the virion outer capsid. The proteins may be mutated by replacement,
insertion or deletion. Replacement includes the insertion of different amino acids in place of
the native amino acids. Insertions include the insertion of additional amino acid residues into
the protein at one or more locations. Deletions include deletions of one or more amino acid
residues in the protein. Such mutations may be generated by methods known in the art. For

example, oligonucleotide site directed mutagenesis of the gene encoding for one of the coat
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insertion or deletion. Replacement includes the insertion of different amino
acids in place of 30 the native amino acids. Insertions include the insertion
of additional amino acid residues into the protein at one or more

locations. Deletions include deletions of one or more amino acid residues
in the protein. Such mutations may be generated by methods known in the
aI[(t)tellzor exa E?t’ oI| onucleoél de é{ wec'ged mulia‘f?) e5|f¢, .of LE ?e £ th
gncod ng or She-of Gat =10 { pro Bing Coulg ettt %eénenerg ion of > e

m@tad@bn@@mmmp@hat pivteinfeBExp ressionlphthdlsiutitedystote B8 1 cells can
RRERIVtiGRrHR IRisciath amlal iR e i B T#RSHEN A8 KBS 8IS ERN particle

result in the incorporation of the mutated protein into the oncolytic virus

h it erulier diereststan, P82V BhrcAn €PAL, 1991; Mah et al.,
1990).&,0ng grefer %tXP &é@%ﬂ@%ﬁ'{% O'ahges”éﬁ“%es A AR gjuvants

Many adjuvants co in‘a su esigned to protectt eantlgen fro

I@B‘i@%al%t‘l??}ﬁ@ﬁfi designadsta RipesLte ffaxfasToRiderabdistarigch as aluminum
§9Mﬁi@69ﬁﬁﬁmwaﬁ, fﬁ@@@ﬁﬁ@%&%&ﬂ&%%s&ﬁﬁé&dgﬂ& BEIASIS Bortadella

%% obacteri ukrerculoss envgFﬂ ro(%_glns Certain adJU\gnts are
ESEr oI NIATARTAE. 1BPESCHIRTe, SFeiia S HESplefee Rl AP e
@mmletaijzomd}abana@ ifeo babgratofiesn®etioitnidict. ) AdieraktAdjdvantaplete
éf)@f@g E&'&l%@éés lﬂ‘étml:{am/‘@y)' Nd‘érbk’%&ﬁ%v@nmgg] lﬁw}?{:k and Company,

Bejecham Philadelphia, Pa.); aluminum salts such’as aluminum

E%rmbewla}uﬁﬁ Sr(si PrSpRatdiibire e cBiciummERD paineuch as

ammmmlm@ersxsape@s@mﬁmy&amwogin@p@wlaaﬁd sugatsikationicaliihe; an
nically deriva lysaccharides pho haz nes

B /a6 R0 LR R ACGISaly o anosical

denivisiaikly| glwebsasinitiées)-phaspiriesshaamauil Abi@Ggrkilabls, suchiasspheres;

ﬁ%&%pﬁe@rl%ﬁﬁ R, ~hs242. gndoathar lke gepwtiufagto éggeésa'%géﬂ%uﬂ A.

used as adjuvants. T The immunostimulant is administered to the host in the
rﬁ%&ﬂ%‘é%éﬁ‘%ﬁﬁ%ﬁ%’? doterisaiinsatar-compBintr Yararmy fegrsitye also be

usitl dosdimzhtiffered saline. Optionally booster 20 doses, typically one to
several weeks later, can additionally be delivered enterally or parenterally,
eg. s uwﬁw@wl%ﬁaﬁ@éugwtwﬁa% e bRsip heragensiaifpventional for the

ipFRvERQssiposintaartacially, d@H@ﬂgI&tgﬂi@@UMe interRsallya R Wntionally booster
mtraheart mltragan({reas in raartt[(cu a{‘ etc. LO@%\HZ&'[ n of t,g@{mlt?l or 1
oseste ry ical ne {0 sever £aR %é %%hlé Iygﬁ e&}tera ¥ or

Booster HoSe’ o mUnGStitiuta
threctiegdiied: 3|t6ub@ewﬁmranmet®dasmimm@nmm livengermitile. formavefously,

aansaifusinle pafigless and e ke, asiknown.inthe;ait,, EH&e‘QQS&é&S’ucuzar

protocol for dellvery of theé immunostimulant will vary with the specific
éﬁentLﬂ%P%t%’létfté}éF WB?&&nyk%Sﬁé“‘ér dose of immunostimulant can be achieved by

administration at the targeted site, use of sustained release implants, delivery in the form of
non-diffusible particles, and the like, as known in the art. The dose and protocol for delivery
of the immunostimulant will vary with the specific agent that is selected. Typically one or

more doses are administered.

In one embodiment of the invention, the immunostimulant is a polyclonal activating
agent, which may include endotoxins, e.g., lipopolysaccharide (LPS); and superantigens
{exotoxins) (see Herman et al. {1991) Annu Rev Immunol 9:745-72). Endotoxin primarily
interacts with CD14 receptors on macrophages, while superantigens preferentially activate T

cells. Both cell types are thus triggered to release pro-inflammatory cytokines. Superantigens
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more doses are administered. In one embodiment of the invention, the
immunostimulant is a polyclonal activating agent, which may include
endotoxins, e.g., lipopolysaccharide (LPS); and superantigens 30
(exotoxins) (see Herman et al. (1991) Annu Rev Immunol 9:745-72).
Endotoxin primarily interacts with CD1.4 receptors on macrophages, while

erantlgens ferentially activate T c Ils. Bot re hus
TG G o B, B A LEI RS YRGB 1 froecales and
@AQS)\MQ plegentetbyofiael histoeompatitilify €eaplescidHChetdabsubins.
molecules and interact with a large number of T cells expressmg specific

T cell relEBiEY b ats MM SRRl OIS Fiageifse [mmunostimulatory
imcinasinmiatersas oeitiacids ey esikiulatery piUeleie, a&ﬂ@&m&}/moufg
gr(x)ssésn%g %r}] 0 UXI;ISO%JIC@ %e m?}é 18rt1|fs Sun%@ieai% acE) rmrgl%flﬁ: (%Rfﬁé{h {p 0SSESSes an
In some em I&lments (0] e inve tIOI’] any nucleic aCI regarglresg F
Weetifiablt mosEeaads wisdde mﬁum@m@ﬂﬁ barmpeiuskdtipntirasomtsimation In

HRIaRY ARG RN ISR SROAS Rl Bic QBRI @mamm@eé thece ch referably
immunostimulatory nugleic acid contains the sequence % referab

B SRS R Y P E Je Hh B FEYad B a 1yHiE o XG5, where C
XXX B4R/ awhere, B, athsl ArearnmeathyidiethDlGRQA pXdidpdiddsequence

q S&?&!?%@Q@& and AGCKEMANUGlgoride. seqUBCR 10 %QQE@@??E tah O’iésued

near the 5" and 3" termini (see U.S. Pat. No. 6,008,200, Krieg et al.; issLie
@é%.2§8,1%@995?@@%%@1@%{“%9%%@%5@@@ KAOWALed hl-type

&Umw@:]@s‘ﬁbiﬂwe%m mq&w&sm&f SRl ﬁ?ﬁ %?H@@éfm wfmjze gedatiMehoniy
rare |n are common oun nt e infectious
e R ot S e Y R s sy s
@anw&@@mzw@n@es@p@em@s amearhywarning ssggroOhieééotiend to
andAQ Ardniiaieaimynediaie.andRonss UL DI I8RO E&E&@%ﬁéﬂﬁ&hom

invading pathogens without causing adverse reactions frequently seen

SAHTBEHEN SHniERTE SRRy agehvd treibe @B@m&éﬁfa‘ﬁlﬁﬁﬁyrﬂ%réﬁc Thus CpG

acitisnialying«athis, pnaig mmunendelensemechanisicaa suilize iz a
unlque and nat ral[kpath\f/ for im une th %)[zf Thefe%] ts prG
e

natura eic acids on
nucteic aCI S on |mm ne mmﬁwfétlon %nge een descri d EX enswefy N

ingwpamddolagondn3a8cndesaibplibtishetkepate bt Bfjlidaticns4688h as!

Bl dHRAHOIEH &Q&E{yéﬂ/@@ﬂuﬁ%@éﬁ%@%@m9791
PCT/USY8/1.0408. PCT/USA8/04703. PCT/USS9/07335, an

@EW@%@%%CW@{H8‘?%%(%&%{0%8%%&3%2&5?@P%ucleuc

acidg @ 008635 immunostimulatory nucleic acids. A variety of
references, including Pisetsky and Reich, 25 1993 Mol Biol. Reports,
18:21 7002 19thrE g srbndimere, 1h04 R REpIBiohemiclag 6mids are  poly-G

immunostimulatory nucleic acids. A variety of references, including Pisetsky and Reich,
1993 Mol Biol. Reports, 18:217-221; Krieger and Herz, 1994, Ann. Rev. Biochem., 63:601-
637; Macaya et al., 1993, PNAS, 90:3745-3749; Wvatt et al., 1994, PNAS, 91:1356-1360;
Rando and Hogan, 1998, In Applied Antisense Oligonucleotide Technology, ed. Krieg and
Stein, p. 335-352; and Kimura et al, 1994, J. Biochem. 116, 991-994 describe the

immunostimulatory properties of poly-G nucleic acids.

The immunostimulatory nucleic acids can be double-stranded or single-stranded.
Generally, double-stranded molecuies are more stable in vivo, while single-stranded
molecules have increased immune activity. Thus in some aspects of the invention it is

preferred that the nucleic acid be single stranded and in other aspects it is preferred that the
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637; Macaya et al., 1993, PNAS, 90:3745-3749; Wyatt et al., 1994, PNAS,
91:1356-1360; Rando and Hogan, 1998, In Applied Antisense
Oligonucleotide Technology, ed. Krieg and Stein, p. 335-352; and Kimura
et al., 1994, J. Biochem. 116, 991-994 describe the immunostimulatory
properties of poly-G nucleic acids. 30 The immunostimulatory nucleic

acr s can e stra srn le- stranded .
oubfe % frigﬁ%l ur%iglrsetéarfes are morlcg[sffa’%)’fmrn Vivo “v%hﬁé srng?e satmdhéfedj ortions

ﬁ’q@rexfuctes Yravengibyéasbdunatiems he Gt/ hTRUSHT Sometdspuotstiofithel.
invention it is ﬁreferred that the nucleic acid be S|n%0e stranded and in

other dSpetidiEiEHHEErfetl that e I MERS MY BeHE @ L aguEterbly
ththentike mﬁmrtmcbemlmmtmymgﬁelamwenrmMOe&dmereni dandoenter than 6

g{g%%a%q%lsa?\qenbﬁfl@ k?nals gélF% %%ggﬁe op B&;ugin WP tuln% § ﬁqg ‘sufficient

ta Ing upt e into Immunostim atory nu elc S are
prefErapinYls s rgtHe SF Piesano Basssiiydhytipsweiariaiy aicleic acid is

meegf@aa{dsm diertridtian ia RuialeatidesdRven rBRRKR 1ROJ(AEe 8 and 30
aabl of |nducrng an immune response if sufficient immunostimulatory

Fa prse%ent Preferably the immunostimulatory nucleic acid is

betwees,8 and 100 Rucigalidess and R SeMe-mRdimeny RGeS ds i the

and 50 or 8 and 30 nucleotides in size. Orwﬁgartlcular advantage of the
(SEh8Htmitunstirbistdey el A ot S tnifbentin. Sxer
issthaddmadulaasti mmiam@ryveﬂderelame& ¢an dxetedmmlinaitodisldtehge used will

act|V| even atr atlv W though th e used will
éX begﬁlaﬁwanon the c 28 ﬁa? ﬁgs toaégeveﬁgeaveuew%?surtgaﬁ ffnée 13, one which

rzin\gé% e Wi érdiadés ﬁ%ﬁﬁtaﬁ@ﬂ@@l Fg taasbnt 20 Jos0 ngmr}s&é]ﬁﬁ) Fg of

?ﬁ%ﬁfﬁﬁ%&f@%&&?&cm%ﬁnQ%iﬂgl@i%@ﬂg@UC&I‘Ectz%tﬁll%tlym 2 eiRgledosage of
Osage rnatively, a target dosage o mm Imulato ucleic
%Hﬁaﬁﬁ’fé{ﬁaﬁ {1 RFERESIS I 8 (ﬂﬁnlnfrgrogfﬂﬁ?ﬂﬁ{[ﬁryoﬁﬁ%?éﬁlﬂ‘%?aummy

maimolamderoi haistrslod bodtr dlwndvditinim taghfiesh? 8:48 hd@risoafterfter administration
%MQ‘%&E&R&BMMEM@W&é“épﬂ'sam@/a&la‘?'&g f%%lgxﬁ Rased op cﬁm WES s utatory

studies, immunostimulatory nucleic acids are ved to have little or no
resamaétdtwe@%g%@ rweréﬁlnﬂﬁ% ESaFHY Iﬁtﬁﬁf%@ftﬁ@é l§¥séfs suitable

for thelpur 0ses o{ hei |nv n1|on an be Eﬂe form of
stimulatory n e1c a2 PEp f ppEpgses of | of the invention can be in
phosphodies A or, in“order to 56 more sta e, in orm o

phrofspmorophivakedieiersfophosphodiestenphesplrorothioate ivfiphidmhorothioates or
%ﬁ%ﬁ&@ﬂd SR Eﬁgglﬁé%%@l 'Hﬁﬂﬂﬁl e@ﬂﬁiﬁﬁg@ E@ﬁ%féquﬁé(@ﬁ'é&ucieoﬁdts

nucleic acid sources, such as genomic DNA or cDN preference IS given

ygeatiee %‘f@ﬁﬁﬁ%‘i?@%ﬁb‘%%%%ﬁ‘é@ ?‘i‘fﬂ?srgf’g‘ﬁ% {tF §EEippreference is
eligenucleatides synthetic oligonucleotides. Thus, it is possible to develop oligonucleotides

on a solid support using the P-cyanoethyl phosphoramidite method (Beaucage, S.L. and
Caruthers, M.H. Tetrahedron Letters 22, 1859;1862 {1981)) for the 3'—35" assembly, and then
precipitation in ethanol in the presence of 0.3 M sodium acetate not adjusted for pH (0.3M
final} is carried out. Next, precipitation with 4 volumes of 80% ethanol is carried out,
followed by, drying before taking up the precipitate in pure water. In the phosphorothioate-
containing oligonucleotides, one of the oxygen atoms making up the phosphate group is
replaced with a sulfur atom. Their synthesis can be carried out as previously described,
except that the iodine/water/pyridine tetrahydrofuran solution which is used in the oxidation
step required for the synthesis of the phosphodiester linkages is replaced with a TETD

(tetracthylthivram disulfide} solution, which provides the sulfate ions for the production of the
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on a solid support using the (3-cyanoethyl phosphoramidite method

(Beaucage, S.L. and 25 Caruthers, M.H. Tetrahedron Letters 22,

1859-1862 (1981)) for the 3'-.5' assembly, and then precipitation in

ethanol in the presence of 0.3 M sodium acetate not adjusted for pH (0.3M

final) is carried out. Next, precipitation with 4 volumes of 80% ethanol is

carried oyt, followed by, drying before.taking up the precipitate in.pure

R e B o A R0 ATy B MR . B LRigs of e

okggpdndateimdinkakingofiihtheapliospHats graens.isc3o fepiadéll witlpwsuties of the

ARl REHISYNIRESIS,E3R 6 RARISL.QULES RERYIQUSly described, except

that the iodine/water/pyridine tetrahydrofuran solution which is used in the

oxidatiaitesteprebquiredeior tlsyihdsmiof therphesphediestishdinkaige Siskbone

ispieedh 8 TETR datiacthviiyram diswhide) soltion. his dif

provﬁig%s%%e suffate%ns for?zt%e groﬂuc%?én of the -r%%%hqsf) orot ioate” l’led

GreERYIR-id1ad Yses Semonstardidiai anatibeatrmnidhtiond et gl backbone provides

Rhiespbodiesiay livkagesnaithadases sl alingsugatswsRAsdmodii in vivo.
e properties of the oligonugleptides used jn particular to increase. their

At RO e SO b e TR g ores.

badklse nhoSphoodificatiorskRnafe rrdths tatsilizle theraclaiciagisisrof dtveyirrstpmtices is

e heye, amadiied, hackbone lihas seam ARRNISIAHR0 03k 05, Kinman

modification of the nucleic acid backbone provides enhanced activity o

tHelrhtHostrsintatdy hidieidatistah ety dinhistpetivly Yrds 229(1-2):1-22; and
I nostipataLiiag kheiestiaal udepiidprie baldiatitadddfiphaspateexample,
modified backbones,. such as.phosphorothioate backbpnes.. The use of .
e R BB AT e S R e 5
sae <B durerlgtoalic{e90B)ad multolo g OSP4 899ROE Kddivrabihe 6t atd (PegoRbly 5),
Vareiagids Q‘Q}&%ﬁgéﬁﬁﬁ?%@f)@teg%%Qhuumeﬁoﬁwﬁm’%ﬁ%aﬁon by intracellular

229(1-2):1-22; and others, One type of such a modification is a .
(SO PR IERDBHE MU RSP REST B3dniiste MIAGAfST Rttt Bhosphodiester
muel#ledeidsidneliddingnatitessh v fiweshhiicothiasietinkhgastaddiaenbileic acids,
end. of the oligonucleptide and multiple phosphoraihioate linkages .at the 3,
B e B O AR B B 08 ot
Aiieleid i rrovhideiipmidatom ot ardses seds eddbepeldasas cffects on
Qthamphesphate medified QH;?'@J&@CEE?FC[W@@13Oi;]ﬂhﬁﬂri;%tqaa}t@ﬂﬁ)dmﬁﬂicaﬁons
s,.combinatio, osphodiester and phosphorothioate
ﬁﬁ@%@g’éﬁ?@f%ﬁ@%ﬁﬁﬁﬁé methylphosphorothioate,
phospharedithy %Eﬁw%gxﬁﬁgﬁ@ Q@F'Q@ﬁt%ﬁ%@dﬁﬁﬁ%ﬂ@%ﬁﬁ%e response include,
|

combinations in immunostimulatory nucleic acids and their particular

et BIRS0 AnANRTEPEENR i8ldiStIeBReF AT BidtaitinPesTe Blibfisffet-acylated
Raissphdgpleationg L EAASOR M &y Qlanthite Tl SB¥(1.9#Qdining oligonucleotides

(in which the CpG dinucleotide is unmethylated) also induce a predominantly Thl response.

Another preferred immunostimulant comprises a saponin, such as Quil A, or derivatives
thereof, including QS2! and QS7 (Aquila Biopharmaceuticals Inc., Framingham, Mass.);
Escin; Digitonin; or Gypsophila or Chenopodium quinoa saponins. Other preferred
formulations include more than one saponin, for example combinations of at least two

members selected from one group consisting of QS21, QS7, Quil A, pescin, and digitonin.
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Preferred immunostimulants for eliciting a predominantly Thl-type

response include, for example, a combination of monophosphoryl lipid A.
preferably 3-de-O-acylated monophosphoryl lipid A together with an

aluminum salt. CpG-containing oligonucleotides 25 (in which the CpG
dinucleotide is unmethylated) also induce a predominantly Thl response.
Another preferred immunostimulant c rises a.saponin, such as Quil A,

or e e AT S S 57 A e e hon Al et fast
Biophagaadeutivriy e virsaidingledrie, Massvia Beim iDigitsinin cdls (APCs), such

CVRAARAIR O GhRRMPAGIUNE JUIROA SRRARING (HRET RIBTEHES Ay be engineered to
formulations_include more than one saponin, for example combinations of

Bt RS B methBbFSLembte At bRE g RS HBinalstify Gtiedsgincrease the
CPat;i 1 Uit Ay e sty dacidigéionin imprdvAceorditigh tendfe theimemodiofieht T cell
of this invention, the imm timulant is at least_one antigep,of an. .
T v b e o B S AT Pkt s and
stass adndbdingt cusedfs aaTaoprages, Bswss, arbrioeytes autpvlns caliegencic,
thatmay beengiararedito be efficient APCs. Such cells may, but need

not, be genetically modified to increase the 5 capacity for presenting the
antige;atedmiprovecdistivayiowisn diodriigivdisalededfifte Tuoel-asespangentigens

%Q%Qéﬁysg&%r?d%Pﬁt&%&"%ﬁ%ﬁ%%iﬁ@y&%}{@@@%&g@iOi{?cgi%ﬁéi-fﬂfﬁ% activity

and organs, including tumor and peritumoral tissues, and ma ) ]
KatBIBEBuE, dHodEhel s iigehiseiBrRemiyBheil ealisne Apikes were obtained in
iEnAHNathey dpwiisingidendiitic ealisetpadeeinithdtimoteiisstaiatedd Klein 1999).

tigens .to have been shovgn&fpr duce tymor-s(Pe ific im upe .
: trate. t 1 \
el e P R B T ot Pl P CIE00e oy Bfgmerste imanune
Engeainaar 2008 cRr ety results were obtained in clinical trials in vivo

using tumor antigen pulsed dendritic 3@@ (Tarte and Klein 1999). These
studies%&&‘é?lypa%f*ﬁf& sﬁ’ﬁ}(’é’gﬂ’éegﬁic%fcc f BT adnaRtRcatg dendrie cells or
generdte ininene arespirsgs@against cincefantigensells Sertaghly potent APCs

PreiHEd S MRPAImEE A0 Reesentnyenton yse dendulic 66Us 95 be effective

progenitors thereof as antigen-presenting cells.” Dendritic cells are highly
goteRbyPOgicE atitEreRy difdisiar Q& g9 pe s e BTG G RINY (see
havenbeen showeio bemeffectiMed asaphysiologicaliadiuvant defelititieds may be
prophylactic ar therapeutic antitumor immunity (see  Timmerman and., ‘
R et VST BE0, 6, U hchor i dBRBF L EnE T Bacesss
Zéem!bmmgdstkésédﬁmﬂn@inhypwys@apée(sml!lawéss smdpmshnmaﬂms with high
%X&Qﬂam'&@r%%s%ﬁl d%ngéﬁgé)eVxﬁl\meﬂnc‘éﬁ@ésﬂ%sab'ﬂéﬁ@r@@kgeﬂp1may be
process and present antigens with high efficiency, and their ability to
SBHPSEEAd0 P %&b@?hg%@%ﬁwﬁfer&@m%%@w that are not commonly found

on dendritic cells in vivo or ex vivo, and such modified dendritic cells are contemplated by
the present invention. As an alternative to dendritic cells, secreted vesicles antigen-loaded
dendritic cells (called exosomes) may be used (see Zitvogel et al.,, Nature Med. 4:394-
600,1998).

Dendritic cells and progenitors may be obtained from peripheral blood, bone marrow,
tumor-infiltrating cells, peritumoral tissues-infiltrating cells, lymph nodes, spleen, skin,
umbilical cord blood or any other suitable tissue or fluid. For example, dendritic cells may be
differentiated ex vivo by adding a combination of cytokines such as GM-CSF, IL-4, IL-13
and/or TNFu to cultures of monocytes harvested from peripheral blood. Alternatively, CD34

positive cells harvested from peripheral blood, umbilical cord blood or bone marrow may be

-15-



10

15

20

engineered to express specific cell-surface receptors or ligands that are

not commonly found on dendritic cells in vivo or ex vivo, and such

modified dendritic cells are contemplated by 25 the present invention. As

an alternative to dendritic cells, secreted vesicles antigen-loaded dendritic
cells (called exosomes) may be used (see Zitvogel et al., Nature Med.
41840001909, Bendrli eelis and prageniiars may.he oBaned, oMy csr,
peripheral blood, bone marrow, tumor-intiltrating cells, peritumora

HsSueENhtr&EMY cBigndymply.nddéslispléeandiin oBer urebilicahderdthat induce

Biead:ehasy, fihenssalielisueiid.fapkexarngple, dendritic cells may

be differentiated ex vivo by adding a combination of cytokines such as

GM-CSF, IL-4, IL-13 and/or TNFa to cultures of monocytes harvested

from peripheral blood. Alternatively, CD34 positive cells harvested from

Hériphgm%ﬁ, umbilical cord blood or bone marrow may be -15

differeptjated.into dendritic cells by adding to the culture medium

combinations of GM-CSF, IL-3, TNFa, CD40 ligand, LPS, fit3 ligand

and/orpibefrcampodndis) SEbingeerdiipeatiaion] matuiatian @adt carcinoma
liferation of dendritic cells, 5 Ill. EXAMPLE . E e 1 Two grqups, of

e, Bt T 0 R S ALy Ao paete mmors

MDA BAG8roeiisainl Wesidoutarrebuositesy civer Yind et thint fiaeteype three

RelRRLIRALIOTS AFERUCRH ARPIRNIMAIRIING R UNELKS RSty 20 4l at &

injection. Undiluted reovirus serotype three 10 (strain Dearing) is injected

R tRBHOROSHR A IO WaksAREYs liaw 6t o0 lsatase edersehtridbio isg of ODN
160810 PENIBA ARIMalsTic geauprone @fﬁ@@&ﬁaﬁﬂiﬁgteﬂg\dﬁﬁﬁﬁ&iﬁeﬁ){@%\hitﬁ the
1826 (TCCATGACGTTCCTGACGITT), a CpG:containing oligonucleotide,

S iR FESUALE T55 FGBARS ol PRGSO 0D
aBRin dvitmabesame amountiof DN ij8aBnANIMthals:negrouptwel reoeiVequency
galinednectians o e FANEATIPHNL RS8R EeAULREY RS SHeCRR side of

The results show that in both roups,aﬁe size of the tumors on the left
2Rt s 8RR ey Fhardrenh RerEepre O Brergihdife 6h tirerigilsipdipting that
theaninals:sitdieating dfadtionaobdigivi usdflesapy Fielfectvesiettdatingrs in the
nsoplasins, Furiner, e ize ot umora In the Jeft side of anipajedn.groun, ..
one Is smaller than gfﬁe Bi2& ot tlimors I the 18ft side o animals in group
el et el wrrsi iz ditieddit onal 20t breifeBbofd ddvidteing immunostimulant in
BmHRAsH IR dcAQaninglipnwith an oncolytic virus therapy. -16
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We claim: 1. An oncolytic virus and immunostimulant for use in a method
of treating or alleviating a neoplasm in a mammal suffering from said
neoplasm, said method comprising: (a) administering the oncolytic virus
to the mammal; and 5 (b) administering the immunostimulant. 2. The
agents for use as claimed in claim 1, wherein the immunostimulant is
gfé@{:is,tered after the oncolytic virus. 3. The agents for use as claimed in
claim Uff'wherein the immunostimulant is administered after the oncolytic
virus has infegted@imoireeihdihhutbhe agRRtFdonsdse asdirinaddating or

oA & hersindhe mprnostinwant iﬁoadgml%%%cﬁg after & Infesi8drising:

tumor céll expresses at least one antigen of the oncolytic virus or a
tumor<{gpecificantigennbthe hecabyentedor tuskeasaalaighesdn claim 2,
wherein the immunostimulant is administered 24 hours after the oncolytic

virus. 18 6. PHE LRGSO UTE SRS ERHERYN claim 1, wherein the

ONCOIVAIC VirgiS;8. ARQUNYS: £-TNRAIE RIS IO UsGAT G MERIN 1RINLG: is
w(g\areltn tt&e eoxflﬂrus is a naturally- occurring reovirus. 8. The agents for
(BRI REE HESRAIWHEYein the immunostimulant is a 20 synthetic

oligodgoxyn q@!@@@@ﬁs@ﬂfwa@em%@mfﬁ%, wseres alaimertinsalaim is
wherein the immunostimulant is, unmethylate

R RS R R St virus anc
immunostimaignidenise iRcumetihed of aphapcnghe tRtnneapiasitnt is
Q&%Yﬂyﬁ%fgﬁgp 8%'%&'@?&1@09 Al nr]easlsessu'c];[%erzlag ofrrieo Tt Qne(%at%sggbcﬁ%% virus
55 method comprising administering the immunostimulant and the

ShE BIHE-SREGE A HigSfnammal. 11. The agents for use as claimed in claim

10, wherein tfig, ipmunastimylantiiz. Adroistered Uer IS ORGAIVHS YiS

has infected a tumor cell. 12. The agents for use as claimed in claim 10,

AR e R AR A ARESY S0 Bfministered after the infected cell
exgresgs_esl ?t[@@%é?@@f@[ﬁ@%@ alither ancalutic s @e BHEW%HQ% a
antigen. -

reovirus,

7. The agents for use as claimed in claim 6, wherein the reovirus is a naturally-

OCCWTING recvirus.

8. The agents for use as claimed in ¢laim 1, wherein the immunostimulant is a

synthetic oligodeoxynucleotide (ODN).

9. The agents for use as claimed in claim 8, wherein the immunostimulant is

unmethylated cytosine-phosphate-guanosine (CpQ).

10.  An oncolytic virus and immunostimulant for use in a method of enhancing the
anti-neoplastic activity of an oncolytic virus in 2 mammal suffering from a neoplasm, said
method comprising administering the immunostimulant and the oncolytic virus to the

mamimal,

11, The agents for use as claimed in claim 10, wherein the immunostimulant is

administered after the oncolytic virus has infected a tumor cell.

12. The agents for use as claimed in claim 10, wherein the immunostimuiant is
administered after the infected cell expresses at least one antigen of the oncolytic virus or a

tumor-specific antigen.
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13. The agents for use as claimed in claim 11, wherein the
immunostimulant is administered 24 hours after the oncolytic virus. 14.
The agents for use as claimed in claim 10, wherein the oncolytie virus is a
reovirus. 5 15. The agents for use as claimed in claim 14, wherein the
reovirus is a naturally- occurring reovirus. 16. The agents for use as
claimeg.in cl rein th immunostimulant |s a_synthetic . .
ollgodt-:-ij(%xynl?:: oﬁdb (I%buﬁl i éfl agjn Lfi?r’ usgreélg SETar ?HSE‘F]aFrir\ant '

aemipisEshhBoRAGRGEE SSRGS IS unmethylated

cytosng PhosRbaleRuARoae. A8 meflied AeALlE SLIOLISe A 5«
g%gtho of enhan ngt & anti-neoplastic._ac V|tyo an oncolyticvirus'in a
Mammal suffering from a neoplasm, said method comprlsmg usmg the
modifidd.dentiiiiagelisthbelisitaan! mnmd imeckasp bh) sentocth eho naoliptic isvdnugurally-

ctheingasanals. 15 wherein the modified dentritic ceII is obtained by' (a)

contac |Eg ?,Endl’ltlgt: ell with t eoné:oly |c V|r S; éb ducm .
dendritic"cell 10 pr ?esh an satigen of the Slﬁ%olw 6‘83‘}8‘& sa

Sertstic @é@f’ﬂﬁf’%‘f?‘?‘g@%ﬁ : wherein the contactlng OCCUrS €ex Vivo
and the dendriticagetigadisei a&sﬂa{@ﬁd@m@imam Wiglrafehcomasiegnd@nt is
M@ﬁ@bﬁ&ﬂg@@ﬁé@@gﬁﬁg@ulant for use in a method of

enhancmg efflca of an oncolytic virus therapy comprising: é
admini&fering ‘gﬁ% HiFrE S Vﬁ%lf?lﬁ%‘leé ol By gt ARt tpRplastic
iR eﬁﬁﬁﬁﬂ%ﬁiwwflmﬁ@a@@ﬁaﬁnﬁé FifSaing ERmaegaplatfrEonohRdein
wranpripirissimdamdgicsicnininisié re dliaftentiaronc obyriensir st 2nThgtic
agents fior useras claimed in claim 21, wherein the immunostimulant is

inister e th virus has infected a tumor cell. 23. The
fgn Ie’h (% 5 ntri 5 Dbtgﬂli

agents for use as claime |n c aim P{ereln the immunostimulant is
adminiteredeedtininesaaftedritie @ﬁwqummap%%@4 The agents

for use s clqmgfﬁéaa&a&%cvxt@E@&B}é&%t%%wg&\@mt&%&% 1R,

reovirus. 25. The agents for use as claimed in claim 24, whereir the
reovirusis a ﬁgmqyﬁed dentritic cell for use in a claim 18, wherein the contacting occurs

ex vivo and the dendritic cell is administered to the mammal after contacting.

20, An oncolytic virus and immunostimulant for use in a method of enhancing
efficacy of an oncolytic virus therapy comprising:

(a) administering the oncolytic virus to a mammal; and
{b) administering the immunostimulant.

21, The agents for use as claimed in claim 20, wherein the immunostimulant is
administered after the oncolytic virus.

22.  The agents for use as claimed in claim 21, wherein the immunostimulant is
administered after the oncolytic virus has infected a tumor cell.

23. The agents for use as claimed in claim 21, wherein the immunostimulant is
administered 24 hours after the oncolytic virus therapy.

24, The agents for use as claimed in claim 20, wherein the oncolytic virus therapy
is a reovirus.

25. The agents for use as claimed in claim 24, wherein the reovirus is a naturally-
occurring reovirus.

26.  The agents for use as claimed in claim 20, wherein the immunostimulant is a
synthetic oligodeoxynucleotide (ODN),

~] 8



0

occurring reovirus. 26. The agents for use as claimed in claim 20, wherein

the immunostimulant is a 35 synthetic oligodeoxynucleotide (ODN). -18

27. The agents for use as claimed in claim 26, wherein the

immunostimulant is unmethylated cytosine-phosphate-guanosine. 28. A

modified dentritic cell for use in a method of increasing inununorecognition

of & nepplastig el jplasied it AR aRRCl Ve CRMRHSIGHENG i
{h 9atc entrltlc II t?} |c an Immune response to an antigen o the

6NCo |c virt vgﬁeprecb & fhmune response to the oncolytic virus

resporitds to armm@ﬁﬂﬁtdpwus caltigersexpressiai by itvechsfeg fetnunorecognition

neoplasticresflizsibeseinthemodifistdentitic sell &a}%%{ Qlé%/g(&e modified
contac wh% deiﬂqutl ceII W|th the oncolg/tlc Virus; and | |n the

d fg %ce oezc unere nse to an anlice

endrifi€ cel‘to presen AN ‘an igen OF eoncolmﬁ |rus

oncolyvéeby the ETErie FATIIOSE A dhapnae s mam¢amude f@faa oncoiytlc virus
medicantiget tapicarting tiealfviaiingoplngeR@sm in a mammal. -19

wherein the modified dentritic cell is obtained by
(1) contacting a dendritic cell with the oncolytic virus; and
(i)  inducing the dendritic cell to present an antigen of the oncolytic virus,

29, Use of an oncolyte virus and an immunostimulant in the manufacture of a

medicament for treating or alleviating a neoplasm in a mammal.
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