Reconbi nant Newcastl e Di sease Virus Introduction 5The invention refers to a
reconbi nant RNA-virus, preferably a paranyxovirus, preferably Newcastle

Di sease Mvousoddsdéy for treatnent of di seases, especi al lpgTfEPROGHCABYTI C
tunor treatment. Reconbi nant viruses are produced that encode binding
proteins (antibodi es, ankyrin repeat nol ecul es, peptides etc.),
prodrug-converting enzymes and/or protdases and |ead to the |osel ective
expression of these nolecules in virus-infected tunor cells. The activity

of these bi Rdcombinahe NewcdstidDigbas Virugi ng enzynes and/ or prot eases

I ncreases the anti-tunor effect of the virus. Further the invention

descri bes manufacture and the use of such nodified viruses for treatnent of
cancer. 15 Description of the State of the Art Newcastl e Di sease Virus
Oncol yti ¢ Vigtesdsctiongeneral for the treatnment of tunors are reviewed in
gChi occa (2002). Newcastle D sease Virus has been used as an experi nental

t herapeutic agent for nore than 40 years and is reviewed by Sinkovics and
Horvat h (2000). The Newcastle Disease Virus in general is described in the

book by Al eXpadesentibhd8iers i retombindit RNArubepreded@wehoped as an

anti cancer treatnent forggl i obl ast oma (Lorenc%_et &[P 2003) . The NDV
strai n SMTHBYAHRXOYHES, prslerally 'é[ﬁwéﬁﬁtlﬁ' Disaass ViusnNP V) fadigatmenteld has
been adm ni g t dnfiérnt r I 2004) .
In the pape?lggé&gsst’oé%gl@ %e@l QE?F&gc:z%c?t It s ( gbsé?ral%ee%&flﬁgﬁn}lxﬁhe? arre?nge of
80% of all pr gd it neaslel bindingsprotdiag éantibodiage pakyrin repest maieeuwlesr on

response Of ing infection wih Vesi r LLLS. Vi It may
be assunedt %t?c};&sserg(%)' éfoigggggﬁ?ég@\éo%&m%ra@?ﬁﬁ%@%ﬁf‘#%@@&%ept i bl e
to i nfectijogelactive diprebeivausfehdss mokdilenih WN-infectow tineos celfs. The or der
nmononegavirales. 1t has al so be?n shown, t hat thr$ mechani sm of, sel ective

activity of these binding proteins, prodrug-converting enzymes and/or

proteases increases the anti-tumor effect of the virus. Further the invention

describes manufacture and the use of such modified viruses for treatment of

cancer.
15

Description of the State of the Art

Newcastle Disease Virus

Oncolytic viruses in general for the treatment of tumors are reviewed in
20Chiocca (2002). Newcastle Disease Virus has been used as an experimental
therapeutic agent for more than 40 years and is reviewed by Sinkovics and
Horvath (2000). The Newcastle Disease Virus in general is described in the

book by Alexander (1988). NDV strain PV701 is being developed as an

anticancer treatment for glioblastoma (Lorence et al., 2003). The NDV strain
25MTH68 has been used as an experimental cancer treatment and has been

administered to humans for more than 30 years (Csatary et al., 2004).

In the paper by Stojdl et al. (2003) it is described that in the range of 80% of
all tested tumor cell lines, there is a defect in the interferon response
3ofollowing infection with Vesicular Stomatitis Virus (VSV). It may be assumed



replication of NDV in tunor cells is based on a defect in the cellular
interferon response against the virus (see e.g. US: 20030044384).

Reconbi nawD 2p@v@smssovi ruses EP- A- 0702085 rel at es t o genetiraekéog/onasé pul at ed
i nfectious replicating nonsegnented negative-stranded RNA virus nutants,
conprising an insertion ioand/or deletion in an open reading frane, a
pseudogen region or an intergenic regi @ of the virus genone. WD 99/ 66045
relates to genetically nodified NDV viruses obtained fromfulllength cDNA

ol ecul es ofnat Bssivilabpe@BRRITE of iV &/iRdd ill bel Alskeptibledo MikBHsh of t unor

t r eat ment CO[TEI’I sing adm nistering an interferon-sensitive,

repl i cati onwiBAHRY &ecagpehath MY and NDV argymexmeersmfihevordar 20989

( PCT/ USOQ 2 : [ ' ' i R

r econbi nant%ﬁé@@?}"? %gﬂgnégg\llélc{ ﬁgée@ gﬁ%‘”@é@%ﬁ b%eﬂé&ﬂ%@%ﬁ I‘:’l\,é%"ilrgeduced by
admi ni st er i repliaatiepbf D&V ortucoredlens bBsechoweodefectimethei calialar Vfeterforon

met hods are described. that can be used, 10 J he virus genone in
order to i Hoase Agag)st eyYW:S @ p§528§§b@$§%§ 5964 relates to

reconbi nant VSV conprising a nucleic acid encoding a cytokine.US 6, 699, 479
describes NDV nutants expressing the V-protein at a reduced | evel and
conpri sing pucl eqtide substitutjons in an editing |ocus. US 2004/0170607

rel ates to RAEOMRIBARERArHNYXQYHHSRE by adninistering a dvirus which is not
a conmon human pat h Genetic nmani pul ati on of  NDV. NDV can be genetically

Qgen. t s . . an
mani pul at edEQyMPd 0?9851’(@‘@@35@ grnrlicady masipratestipfeatioys Jeplicatingaan- in
EP- A-0702 O d .ctbdnd i i
constructs %Tnﬂrgﬁ% ng ﬂagl |§tslt':)atr?a e%ln%fél?l‘é@rcu%ggl s?sc’oﬁrﬁgﬁgfrﬁél BRThsditn
10and/or deletion in an open reading frame, a pseudogen region or an

intergenic region of the virus genome.

WO 99/66045 relates to genetically modified NDV viruses obtained from full-

length cDNA molecules of the virus genome.
15

WO 00/62735 relates to a method of tumor treatment comprising
administering an interferon-sensitive, replication-competent clonal RNA virus,
e.g. NDV.

20in WO 01/20989 (PCT/US00/26116) a method for treating patients having
tumor with recombinant oncolytic paramyxoviruses is described. The tumor is
reduced by administering a replication—-competent Paramyxoviridae virus.
Various methods are described that can be used to engineer the virus
genome in order to improve the oncolytic properties.

25

WO 03/005964 relates to recombinant VSV comprising a nucleic acid
encoding a cytokine.



secreted al kal i ne phosphat ase (Zhao and Peeters, 2003), green fluorescent
protein (Engel -Herbert et al., 2003), VP2 protein of infectious bursal

di sease wvousogdsomng et al ., 2004), influenza virus henmeggrreosionigiNakaya
et al., 2001) and chl oranpheni col acetyl transferase (Huang et al., 2001)
(Krishnamurthy 15et al., 2000). None of these reconbi nant NDV has been
constructed for use in the treatment o3 hunman di sease. The reconbi nant NDVs
were made to study either basic virology of NDV or to devel op vacci ne

strains forygmibds u79MesBAbEI NIV Yiutists Exbédiing ee/ VchrbRii aganeguédd ai ns of
NDV. These strains do not have significant oncolytic properties. 20 Sunmary

of the I nvdavelandreerspiisiagawicleatiderrubshitutionatrantesliting RRMSvi rus, e.g. an
NDV havi ng increased oncolytic activity. Mdre particularly, the invention
relates to an RNA virus, particularly a Newcastl e di sease virus conprising
a reconbi nant nucl eic acid 25having the therapeutical relevance in

treat ment dfS2004¢017080Fr relates he thritéatment of inelademafy adminiistering aor ot ei n,

a prodrug-caonverti enzyne _and/qr a prate that have a therapeutic

activity mﬁ‘éwsewﬁhcﬁg%Batz%fom{BOOﬁ“mrﬁ?%bf’@%ﬁt umor cell.Mre preferred are

reconbi nant oncol ytic viruses, e.g. NDVs conprising one ore nore

transgenes, wherein the transgene(s) is / are coding for a binding protein,

a prodrug-cgnverti n%g_en e arfl r a protease. Conbinations of different
ipiifgton ot NPV

speci fi ci ti@engtig m her, the invention relates to the
nucl eocapsi d_of the reconbipnant virus as, ingdicated abovei, ﬁorﬂ)ri sing viral
A8/ e FhA

RNA conpl exdBMgambe ggaeticaliygnanipylaled UgingHoeJevgiserden
conpl ement a5y gbQorifdR &bl @ EBMN7021088. FePERARPIL, 4 BknBwhUbimgke™r €, the
invention relates to aDNA, e.g. a cC encodi ng the viral
1orecombinant NDV constructs comprising additional nucleic acids coding for
secreted alkaline phosphatase (Zhao and Peeters, 2003), green fluorescent
protein (Engel-Herbert et al., 2003), VP2 protein of infectious bursal disease
virus (Huang et al., 2004), influenza virus hemagglutinin (Nakaya et al., 2001)
and chloramphenicol acetyl transferase (Huang et al., 2001) (Krishnamurthy
15et al., 2000). None of these recombinant NDV has been constructed for use
in the treatment of human disease. The recombinant NDVs were made to
study either basic virology of NDV or to develop vaccine strains for poultry.
As parental virus strains served lentogenic strains of NDV. These strains do

not have significant oncolytic properties.
20
Summary of the Invention

This present invention relates to an RNA virus, e.g. an NDV having increased
oncolytic activity. More particularly, the invention relates to an RNA virus,
particularly a Newcastle disease virus comprising a recombinant nucleic acid

25having the therapeutical relevance in treatment of cancer, wherein the
nucleic acid codes for a binding protein, a prodrug-converting enzyme and/or
a protease that have a therapeutic activity when expressed by the virus-

infected tumor cell.



RNA and/or an DNA conplementary to the viral RNA. Furthernore, the
invention relates to the prevention or treatnent of tunor diseases.

5Det ai | edwoesewdspisison of Preferred Enmbodi nents: Viruses PECmaEr2ovseniison
generally relates to RNA viruses, preferably negative strand RNA viruses,
nore preferably such viruses that have both oncolytic gproperties and can
be genetically engineered. Such viruses are: - paranyxoviruses, preferably
Newcast| e Di sease Virus (NDV) 1lneasles virus, nunps virus, Sendai virus; -

or t hony xoviNygssrefdtfed ar&k&&m&ﬁbmwdwmses éf@aNtWé, wﬁ@ﬁs.r@r&feer abl y
vesi cul ar stomatitis virus. Therefore, the subject of the present

i nvent i on |ogezm¢r@dbaﬁﬁg@m§ wn@fﬁlmthe;trmﬁg@nfi(akl cafpraostingyfos aippsige aci d
h d
Wth at te‘?r?ea guf %Bﬁv?ﬁfa?@r%azgn{aer?%@@g %jdur{steaa%b CBFnt%lﬁ'él'\‘,ﬁ% id gnsgene(s)

codes for |nd|n pro ern Ic actrvi en expressed
by the vir wifférehespexcificitie®are pbésiBisot her subj ect of the present invention
is a reconbinant oncolytic RNA virus conprising a nucleic acid wwth at

| east one gransgene, wherein the nucleic acid of this transgene(s) codes
for a prodrug-converting enzyne that has a therapeutic activity when

expressed IpuriHe, thelinSentitrers|ges ol i ngelebeaypsie fof tirbiacontbinantiingtason wit h
the correspondi ng prodrug. Yet another subject of the present invention is

a reconbi ndndicaisdARAvE cmwwngﬁéraé&wﬁicgm@eéﬁ%ww é’?@%ﬁb‘i’@@iﬁ? R i& | east
one tr a”SQEfﬂéfv APRRA &/B?aﬂ%lklﬂ'c%gﬁ:ﬂéﬂeﬂfar%b thd (/r’f‘élslgﬁﬂgﬁg% ltﬁﬁlgﬁe?i for a

protease that as a therapeutic trvity when expresse

vi rus-i nfedowd. tunor cell. Preferably the virus of the present invention
exhibits a tunor-selective infection that |eads to a tunor-selective
expressi ofd of the encoded transgene. 15

Furthermore, the invention relates to a DNA, e.g. a cDNA encoding the viral
RNA and/or an DNA complementary to the viral RNA. Furthermore, the
invention relates to the prevention or treatment of tumor diseases.

15Detailed description of Preferred Embodiments:

Viruses

The invention generally relates to RNA viruses, preferably negative strand
RNA viruses, more preferably such viruses that have both oncolytic
20properties and can be genetically engineered. Such viruses are:

- paramyxoviruses, preferably Newcastle Disease Virus (NDV), measles
virus, mumps virus, Sendai virus;

- orthomyxoviruses, preferably influenza virus;
- rhabdoviruses, preferably vesicular stomatitis virus.
25

Therefore, the subject of the presenf invention is a recombinant oncolytic
RNA virus comprising a nucleic acid with at least one transgene, wherein the
nucleic acid of this transgene(s) codes for a binding protein that has a
therapeutic activity when expressed by the virus-infected tumor cell.



The reconbi nant oncolytic virus of the present invention may carry at | east
one transgene gene i ndependently selected fromtransgenes coding for

bi ndi ng pwotesensespr odr ug- converti ng enzynes, and/ or preteareds/ofiise i s
preferred that the virus of the present invention is a negative strand RNA
virus, nore preferably a paranyxovirus. In the context of the present
invention, a nucleic acid with at |eash one transgene is a nucleic acid
conprising a gene which is heterol ogous to the 5oncolytic RNA virus on

whi ch the rQeaAB} SFjEcHOFING praseiinldIftidl ie serfconibisant antoltidRNAdirughe term
"het er ol ogous” refers to the cog{rﬁl (;,*te ene or a part thereof, which may be
frha

the codi ng ¢argpiisin® A nulcigarid v opﬁérmen%whﬁ@iartm BYEI8E gene” may
pe an art | [hGy Bf 1R HRLGEnQLs) BBYe ORI APb ARG -ceﬁog@mgnaésdigme fRehaea or by

reconbi nation o sequences sel®&ctediro equences obt ai ned

f r om nat ur athesapeutie activity arhearéxprésseal by thpudneseinfecter tumar celbur ces” i ncl ude
ani mal s such as nmal s, .pl ants. fungi, and m croorgani sns such as

bacteri a, ﬂ?'ﬁ%ﬁ‘g& '%ﬁ&m\ﬁ'ﬁaﬁ%w‘%ﬁ‘%ﬁ°Hﬁ§P%’éd'89191’% 'gﬁt from ot her oncol ytic
RNA viruses of the present invention. The transgene may al so encode for a
fusion protein. Mammal s include humans and mice. In an especially preferred

enbodi ment, the virus of the present invention is a Newastle D se
Virus, ( NDWet aasshensidiest adheoreastdrventon Ae oM BBIRGICIRNA

| ent ogeni c, vifU%SWiéinQra HGEIeR R with 'R Idhst BhRaFArRIgeYePIVPERSIA SRe ar ©

mesogeni c or velogenic”NDV strains. The virus is preferably replication
conpet ent . IGieitiacichahthinitransgeneds) cadassfies aprotaasedbat bas gdherapesiic y

P 2t RS i SR8t ey B e FRhiBa AT cBRovE. Further. gsnelic

mani pul at i es IS reviewe n Bell et al. (2002).
RNA viruses as virotherapy agents are reviewed in Russell (2002). The
content of any of these docunents is herein incorporated by

Preferably the virus of the present invention exhibits a tumor-selective
infection that leads to a tumor-selective expression of the encoded
fransgene.

156

The recombinant oncolytic virus of the present invention may carry at least
one transgene gene independently selected from transgenes coding for
binding proteins, prodrug-converting enzymes, and/or proteases.

20lt is preferred that the virus of the present invention is a negative strand RNA
virus, more preferably a paramyxovirus.

In the context of the present invention, a nucleic acid with at least one
transgene is a nucleic acid comprising a gene which is heterologous to the
250ncolytic RNA virus on which the recombinant RNA virus of the present
invention is based. The term “heterologous” refers to the complete gene or a
part thereof, which may be the coding region of the gene or a part thereof.

The heterologous gene may be an artificial sequence or may be obtained
3ofrom natural sources or by recombination of at least two sequences selected



greference. Binding proteins In the oncolytic reconbinant RNA virus of the
present invention, at |east one 5transgene nmay code for a binding protein.
Bi ndi ng pwoteisnsomue proteins, which, when expressed i npeTiERe@sines |, are
capabl e of binding to a conponent of said cell and/or a neighbouring cell.
Preferably, binding proteins are proteins which bind to intracellular
qconponents.In a preferred enbodi ment,6binding proteins belong to the
following group: a natural ligand or a genetically nodified |Iigand, a

r econbi nantfrlseglieneesBbiainéd frofthatudl Soveea arid/or arifictzdisbhjaencast si on of

It, e.g. a peptide- or polypeptideligand, an antibo ecul e and
fr agrrent s aMt'dféf SWICWEBWC{{W@%WB& Syeh ARMIBAA ?vlﬁé%*%l%‘

derivat i vesnided Qﬁrsgrﬁ.n]s_ @ﬁg%ﬁ@%‘?ﬁr %Yd)t%%éfanﬁ'\lﬂhs%f\}vﬁicthQy pei ng

frameworks i's gl r an 0 The binding proteins as
descri bed afifferenirfrght oﬂr@r@fncblyharlRNAmruaes of the present inveatiend B8 gin or a

Cequences. Rranmaanerna: Al Riator d G iR e ihaR MUBIEHIERETL TLnP

bi ndi ng ol geiise.based on the description above can be nmononeric, dineric,
trinmeric, tetraneric or nultineric and bispecific or nmultispecific. qThe
preferred binding proteins are selected from binding proteins having a
therapeutic activity. A natural |igand as descri bed above can be a growth

factor or gnpgpédgiially &%P@Hré&éhidbdiméhﬁ‘ *u@éivirugaﬂmelmsbﬁt mveAtic e of a
naturally occurring bgrowh factor or peptide
Newcastle Dlsease Virus, (NDV), most preferred is NDV strain MTH68. The
10NDV may be a lentogenic, mesogenic or velogenic strain. Especially
preferred are mesogenic or velogenic NDV strains. The virus is preferably

replication competent.

Genetic manipulation of viruses

15

Methods for genetically manipulating RNA viruses are well known as stated
above. Further, genetic manipulation of oncolytic viruses is reviewed e.g. in
Bell et al. (2002). RNA viruses as virotherapy agents are reviewed in Russell
(2002). The content of any of these documents is herein incorporated by

20reference.
Binding proteins

In the oncolytic recombinant RNA virus of the present invention, at [east one

2s5transgene may code for a binding protein.

Binding proteins are proteins, which, when expressed in a target cell, are
capable of binding to a component of said cell and/or a neighbouring cell.
Preferably, binding proteins are proteins which bind to intracellular

3ocomponents.



Reconbi nant sol ubl e domains of a natural receptor or nodified versions of
it as descri bed above are reconbinantly expressed sol ubl e extracel | ul ar
domai ns oWoao@alsbessur f ace receptor and/ or fragnents of PCI/ER2005/012186
reconmbi nant| yexpressed sol ubl e extracel |l ular domain of a cell adhesion

nol ecul e and/or fragnents thereof. Antibody nol ecul es as nentioned above
may be nonocl onal i munogl obul i n dantibodi es of any known specificity and
i sotype, fragments thereof and/or fragnents thereof fused to effector
proteins. The anti body nol ecul es may be chineric, humani zed or human

anti bodi es. Anti body fragnents contain at |east one antigen-bindi ng domain

of an anti QH%Vere‘?é}tré@%%d;d‘rl{ﬁGﬁ?g‘ﬁ]r‘?d(ig%ggot@%rb&&%Ed RrbfomsaRSgeRbYal N the

literature (revi ewed eg. A , loherein 1 ncorporated

. y.
r ef er ence) .natvretl Higard o agenetisally mosifiegl ligangdapnesambinantseiuble damain

fragments, ' j.n-del [ ed 44 iyhodi ot her

I mmunoact i vdg(ag]g%{‘]%%lr{g?gﬁogaﬂgrﬁé&ﬂgégﬁzéﬂgﬁafaﬁ%'bt %grg pgllcnigl %?&&) gTszgdrég)er .

DT operti o5 bl oo ha ot Tl at cr o i B Cory © GaGt!vi iy So 95 {0
: S . i_nhi bi y i ivity s s

be t her apeﬁqt@gmﬁ]‘ﬁéﬁg culﬁqr}d ag'i“f?é‘vﬁéttﬁ%@?of the present invention. Such

anti bodi es may be derived from hybridoma cl oning experinents by use of

transgenic mce or from phage display sel ections, ribosone display

2qsel ections,  or colony filter screening of antibody |ibraries containing
human ant i Bdincesletecieyieyy of Riphraftinibebinding Bameworks 1s@iMgn BY 4BE8NRE wi t h
antibodyligﬁ?ﬁ%ﬁ) dihes as described above may be genetically nodified
proteins or donal hs of it in which one or nore peptide 25|l oops are
random zeg,on the | evel of amno acids in such a way that high affinity

bi ndi ng nn?ecules wi th high specificity can be enriched agai nst any antigen

fromlibrares . q ; I i has -di spl ay, col ony
filter scre-'élﬁe %@B}@Jéﬁg@%ﬁ%%?g%%ﬂ%? %ts%g%@bgg*égé{ Qgh%?‘o el Irp% (?Jhgual |y have
hi gh t her medloseiy rélaterdhodyin amacchbsmeabicversionice. ar proteih wieih messlee ai n

fusion protein comprising sequences from different species, e.g. human and

mouse.
15

The recombinant binding molecules based on the description above can be
monomeric, dimeric, trimeric, tetrameric or multimeric and bispecific or

multispecific.

20The preferred binding proteins are selected from binding proteins having a

therapeutic activity.

A natural ligand as described above can be a growth factor or a peptide. A
genetically modified ligand may be an analogue of a naturally occurring
25growth factor or peptide.

Recombinant soluble domains of a natural receptor or modified versions of it
as described above are recombinantly expressed soluble extracellular
domains of a cell-surface receptor and/or fragments of it, a recombinantly



3qr econbi nant expression systens such as E.coli, yeast, insect and
manmmal i an expressi on system Exanples for such binding proteins

wi t hant i bwQyodd/dseospr operti es are ankyrin repeat protei npcaErd@soiiiBed in
Binz et al. (2004), the lipocalins as described in Skerra (2000), the
gamma-crystallins as described in DE199 32 688.6, the nodified protein A
scaffold (affibodi es) as described in Bogbomet al. (2003), or Nord et al.
(2000) or the fibronectin dframework and ot hers. Antibody-Iike nol ecul es
can be nDNOgEHrbSsEd sHRBRL éxitiaIRirefomAR of atdefiradiRidi Moledieandiongl e- chai n
nmol ecul es or ‘as nul tichain nol ecul es wherein the antibody-1ike nol ecul e
possesses shiagmentnthereafgeti ng properties or i munol ogical stimulatory or
inhibitory activity so as to be therapeutically useful within the nethods
of the present invention. 10 Binding nolecules with additional function The
bi nding protein may be a fusion protein conprising at |east one binding
domai n, e. gAnfibady molenuieshasinerdioned ahovemoay he usorestanal immygagiehWious" |

has th ' dj = . :
The bi ndi nPBKErne! ABLETTBRAPa Bl abd iR TiarBerGabeietr Ak, °F o s

di tseasel prﬂééﬁn@nﬁei ﬂﬁrécﬁg‘@s%@td eﬁ@@t%:r pﬁ)tai_?_ﬁDTbalbhﬁHodghmémﬂbsl dmayobeb
extracel | ul ar, avai| abl e, bi ndi ng prote|n.,. el jvere X

het er ol ogoﬁh'm@nﬁpme‘n&e&.o@‘ﬂﬁgﬂr?”é'beweés'gﬂm f%ﬁﬂ@éﬁ : Orﬁ%'lnc 20 Zt aaI .,
2004) (Zeweleggt Ghe anfi§élbi eemamfsﬁ@hﬁe;b%y.(Aﬂtw&*yarragn%ntglhavel989)
(Kreitman and Pastan, 1995) (Batra et al., 1992) , D phtheria toxin

(Krei t man eveen desarjes) extensivelydn helitesature frevyigwedsagria AlendR002)%,991) , or

. | i - _ i . f£l l .,
1091) ?{v”@r@"*%'{%"ﬁﬁ"."??@g%@ BRfRe) SIRidel YEubBL Rtinglalcha Fet ©
IR s 4 e el Seclbaniptitrriosdtio i et
. A ), a se W er ape |IC e i, cacy, I an
o et rniipacieS patd BINeT JRMNAHCNS Rartiads: TRO0TREE regbiants 3R athgn
TNF-al pha, drbldesatier Geriiaiantibody @uctipdd ANeRdinAhé @ittdrpoedss

sufficient targeting properties or immunological stimulatory or inhibitory

15activity so as to be therapeutically useful within the methods of the present

invention.

Such antibodies may be derived from hybridoma cloning experiments by use
of transgenic mice or from phage display selections, ribosome display

20selections, or colony filter screening of antibody libraries containing human
antibody sequences or related methodologies.

Binding proteins with antibody like properties as described above may be
genetically modified proteins or domains of it in which one or more peptide
25loops are randomized on the level of amino acids in such a way that high
affinity binding molecules with high specificity can be enriched against any
antigen from libraries of such molecules by phage display, ribosome display,
colony filter screen or related methodologies. The selected proteins usually
have high thermal and thermodynamic stability and are well expressed in
30recombinant expression systems such as E.coli, yeast, insect and
mammalian expression system. Examples for such binding proteins with



30l n anot her exanpl e the binding proteins described above have thensel ves
ant agoni stic or agonistic efficacy which is therapeutically useful.

Exanpl es wonro@niseagani sti c/ bl ocki ng bi ndi ng nol ecul es ar ectrEe2008G2186
inhibitory anti body Avastin (Ferrara et al., 2004), the HER2/ neu receptor
dbl ocki ng anti body Herceptin (Noonberg and Benz, 2000) or the EG-receptor
bl ocki ng anti body Erbitux (Herbst and Banger, 2002). Agonistic binding
protei ns can be binding proteins which induce for exanple apoptosis

(Geor gaki s QﬁtlbﬁdyIlk%O&%beWesh&’éeadk‘?ﬁWréb@éb’pr@?élhé/h’c‘.)de@,ﬂrl@ﬂ\in B éral.
pr ot ei ns (e(g I Nduce transcription, stabil |zeQ€%50te| ns). The review by

(Adams and ).ribe lippgalins ae desenhed inaPkesia (2 atbéugaranbm@rygt%nr@sa& hat
could also 8%@6%8&[%‘1’?@%%’32%8% n@ 98%83&@&1 %ra%é{n%fsl??ﬁ&d%ﬁfb%’wé‘sr sng

enzynmes 15In € oncolytic reco resent rnvention,
at | east ondedaribesigartoglomedde (2@@3)aomeidtegabc()ZW)torrtgeefmztymmth prodrug

Is a derivajiive or, a urs a.t heragpeutical active conpound, which
can-be.en phameudrk rBGEr Anibad Gk BrlBeiib SBambsBREOS Lo

2qconverti nﬂap@ﬂﬂVéfﬁ%Iéé@IeQW@mﬁ@nﬁiﬁé&agf&@@\tﬁéﬁwl MBletulsPsi gy i nto the
t her apeuti call y active drug. Therefore subj ect of the present |nvent|on S

a phar maceufiu a&bm&qtﬂ%wh@fﬁmﬂh%ang edy-isymsienule Pessessas uiliients o
the pfese“t &5‘%"[‘?@% gerﬁ?é’bf ﬁﬁnﬁﬁ@l@@lﬁ%l gglmhié?or&\cﬁ%mptb Wt%oa%t\s' fUS

anti genone o I nventi on, the present

i nventi on abe ﬁ'rerapeutv@aliyn@eéullvaﬁnndm nmih@ds,/oifbgq:reeenmmvenmr maceutically
acceptable carriers, diluents and/or adjuvants, which virus, virus genone,
ant i genongoand/ or DNA nol ecul e conpri ses at | east one transgene encodi ng
for a prodrug-converting enzyne. OThe pharmaceutical conposition may
further conBindinganplexciiieg with atdittondlduactioarted into a therapeutically

active conpound by the prodrugconverting enzyne encoded by the virus, virus
genome, antigenone and/ or

The binding protein may be a fusion protein comprising at least one binding

domain, e.g. from an antibody, and a heterologous domain. “Heterologous”

15has the meaning as discussed above in the context of heterologous genes.

The binding proteins described above are able to deliver a payload to a
disease specific site (e.g. a tumor) as a so called intrabody or as extracellular
available binding protein. The delivered payload can be a heterologous

20domain, e.g. a toxin such as human RNAse (De Lorenzo et al., 2004) (Zewe
et al., 1997) Pseudomonas exotoxin (Chaudhary et al., 1989) (Kreitman and
Pastan, 1995) (Batra et al., 1992) , Diphtheria toxin (Kreitman et al., 1993)
(Chaudhary et al., 1990) (Batra et al., 1991), or an enzyme such as beta-
galactosidase, beta-glucuronidase (Roffler et al., 1991) (Wang et al., 1992)

25(Bosslet et al., 1992), beta-glucosidase (Rowlinson-Busza, 1992),
carboxypeptidase, (Antoniw et al., 1990), (Bagshawe et al., 1988), beta-
lactamase with therapeutic efficacy, or an immune-stimulatory protein with
cytokine activity such as IL-2, [L-12, TNF-alpha, IFN-beta or GM-CSF (see
eg. review by Allen (2002).
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DNA nol ecul e. The pharnmaceutical conposition nmay be suitable for treatnent
and/or alleviation of a proliferative disorder. The prodrug may be

f or mul at ewoi20n062058988g] € conposition with the reconbi nant pom@Pkyssioc2186 r us of
the present invention, a virus genone of the present invention, a virus
anti genone of the present invention, and/or a DNA ionol ecul e of the present
I nvention as an active ingredient, or fly be fornulated in a conposition
distinct fromthe oncolytic virus forrmulation. If the oncolytic reconbi nant

RNA virus qp éﬁm&rf&s@ﬂ@é tméesnﬁdiﬁg PRORRIEGedPibed PR MalrCIPBIRENERY enzy e,
the oncolytic virus of the present invention i dcauses sel ective expression

of the procantggonistic oragonistierefficacy whidids thesepedtiealygesefelel | (in

ol Al ot |
bxpr essi ng TATERS BEEhlagthidBlScktiy Bildng Rl ar i VERET Y
subj ect i n inkibitotyhantitoddy Abastppr Grragaiet ak p2204)| the HEER2Ineereaptomt o t he
h tical actiy. ] t t cell, j ' i 20t
el but Hlgckias antibaR etses b (kg dinclifing. 20BoY AE M R espPract  ve.
conpound i rplgckiRg =ribeay EtBitlix (HétbBaahd tahgér, QUOQ%.W?T’érHiQHCEﬁhHIngOf the

(0}

subject to be treated. Thus, undesired sjde-effec t he therapeutically
active conpyaigingcanhadbindingdyririnewhigh Nduee fareample aNAPtesier apeutical iy

active cong(ﬁbaygaggf&-m?éob@) 6%@3@@%@7 adtiYRy RIPORA, RIS bictins! e

prodrug nma erivative or a a’ therapeutically active
conpound suketgbhdudetranseriptionn stadilitequroteingv Theireviews by (Hdamsfaadat i ve

di sor der, ich p ug can be converted b odr 0 | enzymne.
The prodrﬁ Wrb%BQé)c‘gﬁ%l?ﬁa VI?H&%%B?fagegﬁf)gpﬁé%ﬂggi%%te(g)\{'ﬁig{sﬁg’eart.
Derivati vesn@@@/oeategriﬁwgﬁ@hao@ﬁ@vklﬁ@wn by a person skilled in the art. It
Is preferred that the prodrug 1's essentially pharmaceutically inactive

and/ or nontoxic. sExanples of prodrug-converting enzynes of the present

i nvention are betagl ucuronidase,
Prodrug-converting enzymes

15In the oncolytic recombinant RNA virus of the present invention, at least one
transgene may code for a prodrug-converting enzyme.

A prodrug is a derivative or a precursor of a therapeutically active compound,
which can be enzymatically converted into the active compound. Prodrug-

20converting enzymes are enzymes capable of converting a prodrug into the
therapeutically active drug.

Therefore subject of the present invention is a pharmaceutical composition
comprising a recombinant oncolytic virus of the present invention, a virus
25genome of the present invention, a virus antigenome of the present invention,
and/or a DNA molecule of the present invention as an active ingredient
optionally together with pharmaceutically acceptable carriers, diluents and/or
adjuvants, which virus, virus genome, antigenome and/or DNA molecule
comprises at least one transgene encoding for a prodrug-converting enzyme.
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bet a- gal act osi dase, bet a-gl ucosi dase, carboxypepti dase, beta-|actanase,
D-am no acic oxidase. Further exanples are known by a person skilled in the
art. ioltwoogwesbmared that the prodrug-converting enzyreTiEP2@soenss al |y
not expressed in non-tunor cells. The prodrug-converting enzynme nay be

obt ai ned from an organi sm sel ected from mamual s, plants, fungi, and

m cr oor gani sns such as bacteria, protozgda |I5and viruses. A nost preferred
conbi nati on of the prodrug-converting enzynme and a prodrug is E. coli

bet a- gl ucur-pgi gﬁ%ﬁnéegui"f’ca{l’ CBR it rﬁQY ‘F@fhe@%o?nr?)ﬁl’i’seé h@flodg which can

bet a- gl ucuronidase 'nto an active cytotoxic conpound. "An eXanle is OHVRL826
( doxor ubi ci lpe gbucentedirde)a therageutisalbactiversamnpednd bydhd@xednig: ci n which is

a known conpound..for treat f > t bj esent
Mvent 1 on T eaed 5oty BR dEatefin MBS AR 98P e g SRR

pgr_t I g:ult ar Nﬁ\_ynwlmﬂé.i Ties phér}rﬁaclcﬁtﬁieaﬁeomﬁmﬂommmﬁbersuitéblerfpr i si ng

adm nistering in a phar eytjca effective anpunt to a subject in need
t her eof (aftraatmeenyan %r@?%‘ﬂ?tﬂ%fji%p(ﬂ"f?fﬁﬁ‘fﬁg@ﬁgﬁﬁ? esent invention, a virus
genome of the present invention, a virus antigenone of the present

I nvention, and/or a DNA nol ecule of the present invention conprising at

| east one transgene gencodi ng for a_ prodrug-converting enzyme, and(b) a

prodrug sui Taelpsoditlg magRefermulgted iea singld samaesiionavite HigrecQmPERNT odr ug
ot odr ugeonvaneis T B AR EEGAHEERor ARk s!deriaiB bt Blecche
admi ni st r at ingentibn2a sirug batigéromeof the pedsenbimpestion cand/onpiNANg bot h

phar naceutPopledigt Hd pBiseiTiERER o Bo At BRSO BRxke (5) ana the

ot her conpr{o@mldtBd in @ composition distinct from the oncolytic virus formulation.

If the oncolytic recombinant RNA virus of the present invention encodes for a
prodrug-converting enzyme, the oncolytic virus of the present invention
15causes selective expression of the prodrug-converting enzyme in a virus-
infected target cell (in particular a tumor cell) which is usually not or not
sufficiently expressing the prodrug converting enzyme. Thus, during
treatment of a subject in need thereof, the prodrug is specifically converted
into the pharmaceutical active compound in a target cell, in particular in a
20tumor cell, but may essentially not be converted into the therapeutically
active compound in a non-target cell, in particular in a healthy cell of the
subject to be treated. Thus, undesired side-effect of the therapeutically active
compound are reduced compared with treatment of the therapeutically active

compound alone.
25

In the context of the present invention, the prodrug may be a derivative or a
precursor of a therapeutically active compound suitable for treatment and/or
alleviation of a proliferative disorder, which prodrug can be converted by a
prodrug converting enzyme. The prodrug may be a compound known by a
3operson skilled in the art. Derivatives and/or precursors are known by a

person skilled in the art.



Proteases In the oncol ytic reconmbi nant RNA virus of the present invention,
at | east one transgene may code for a protease. 5 Therefore subject of the
present iwoendd/3m84S a pharmaceuti cal conposition conpr PSIEP2@s50ENSEDI nant
oncolytic virus of the present invention, a virus genone of the present
invention, a virus antigenone of the present invention, and/or a DNA

nmol ecul e of the present invention as ahM2active ingredient goptionally
toget her with pharmaceutically acceptable carriers, diluents and/or

adj uvants, which virus, virus genone, antigenone and/or DNA nol ecul e
conprises at |east one transgene encoding for a protease. The

phar maceut i g@d Pﬁ#@ﬂ?@& itﬁétgﬁ? rﬁ?%drllﬁ? i8 @s&éﬂlaﬂyf#ﬁarhﬁl@éhﬂ@éﬂy inacthverad/bevi at i on

of a proliferative disorde t he oncolytic recombi nant RNA virus of

t he presentnomexist i on encodes for a protease, the oncolytic virus of the
present invention causes sel ective expression of the protease in a
virus-infected target cell (in particular a tunor cell) which is usually
not or not sufficiently expressing the protease. Thus, Oduring treatnent of
a subj ect bExamptbs digpredfug-torevepting eazgmespf the prasest hivgolieaaee betaar get

pol ypeptide in a target cell hereby ,inhibitin rolif 1.0 nd/ or
growt h of tﬂ@cym%bﬁfa'gﬁr%iqﬁ'ﬁi?@gtbﬁ '9'25983'{(1%8% ??rbﬁ)%{'f;%cgwggswti ally
not cleave pa-lhat9isd) -8 abit cxiduie. FarBier exaiples arefgidwrcbyar in a
heal thy cell of the subject to be treated. By this strategy, undesired

si de- ef f ect RE§PNKPledd8dhe pEat ment are reduced. It is preferred that the
protease is a sequence-specific protease. Mire preferred is a protease
specifically cleaving a target polypeptide. The protease may either be of
natural origin and may be derived fromany iospecies or it nay be

engi neer edolt irprefered thaidhe eriedrsigseanvering eryne ipessentiallknetivage of a

predet er m ng)gplleggg&aﬁn R&l‘_)ﬁﬂﬁg; 'bgl?s_can be determ ned

The prodrug-converting enzyme may be obtained from an organism selected
from mammals, plants, fungi, and microorganisms such as bacteria, protozoa
15and viruses.

A most preferred combination of the prodrug-converting enzyme and a

prodrug is E. coli beta-glucuronidase and a prodrug which can be converted

by beta-glucuronidase into an active cytotoxic compound. An examle is
20HMR1826 (doxorubicin-glucuronide) which can be converted into doxorubicin

which is a known compound for treatment of cancer.

Another subject of the present invention is a method for treatment of a
proliferative disease, in particular a hyperproliferative disease, such a cancer,
25comprising administering in a pharmaceutically effective amount to a subject

in need thereof

(a) a recombinant oncolytic virus of the present invention, a virus genome of
the present invention, a virus antigenome of the present invention, and/or a
DNA molecule of the present invention comprising at least one transgene

30encoding for a prodrug-converting enzyme, and



by a person skilled in the art, e.g. on the basis of publicly avail able
sequence dat abases. US 2005-0175581 and US 2004- 0072276 descri be the
gener at i onoahogusedsei n- engi neered proteases with a predetrermpoedoszbst r at e
| 5specifity. These two docunents are herein included by reference. The
target nol ecule of the protease nmay be any target nol ecul e as descri bed
bel ow for targets of binding proteins.12gAnot her subject of the present
invention is a method for treatnent of a proliferative disease, in

parti cul ar @&)hyhedRiPsiitalaérMeedthftR9etheSprolifctative @REass ORich Prodrug
admnistering in a pharmaceutically effective amount to a subject in need

t hereof a reayvheiceamertenh e @ phamaaestieally: amdivercasepeuntbythe piedragvi r us

genone of tééb i gﬁ%'on, a virus antigenone of the present

i nvention, a%%ﬁifeé?%ﬁ%\ +%cule of the present invention conprising at
| east one transgene encoding for a protease. The transgene of the present
i nvention nmay encode a fusion protein of a prodrug-converting enzyne as

defined ab i ndi | i nr.pt

ot | ned apot e nieeBalPafostRpEre e BOmimh GHERREE: ARG dcdtuaP! case as

pr 0?" ug- CO'b@ﬁd bg_@iﬂg_ﬁ@Wilsm@?@thbimﬁﬂﬂ)mnlﬁ?(@%ﬂce?@r o?nfay&iogmpTriHeOﬂl i n OI a
rotease and a_hinding nol ecul e.. Therapeuti i i ons resen

!Onventi on samwiﬁ@ﬂqn%%fvar%ﬂmqt armacey! S%B%dwh%ofwwqpbi ndi ng

protein, a ghfff; 'E&ﬂl’)@ﬁéﬁt”@? AREANAB o DImpridtisqbgase may be functional ly

expressed in ohcolytic virus-infected tunor cells. Thus, the present
invention relates to a pharmaceutical conposition which conprises ioas an
active ingredient a virus as indicated above, a nucl eocapsid of the virus,
a genone qB the virus or a DNA nol ecul e encodi ng the genonme and/or the
antigenone of the virus, optionally together with pharnmaceutically

accept abl e ﬁﬁ% Bgég, di luents and/or adjuvants. i5The pharnaceuti cal
conposition ﬁ? provi ded as a sol ution, suspension,

In the oncolytic recombinant RNA virus of the present invention, at least one

transgene may code for a protease.
15

Therefore subject of the present invention is a pharmaceutical composition
comprising a recombinant oncolytic virus of the present invention, a virus
genome of the present invention, a virus antigenome of the present invention,
and/or a DNA molecule of the present invention as an active ingredient
20optionally together with pharmaceutically acceptable carriers, diluents and/or
adjuvants, which virus, virus genome, antigenome and/or DNA molecule
comprises at least one transgene encoding for a protease. The
pharmaceutical composition may be suitable for treatment and/or alleviation

of a proliferative disorder.

25

If the oncolytic recombinant RNA virus of the present invention encodes for a
protease, the oncolytic virus of the present invention causes selective
expression of the protease in a virus-infected target cell (in particular a tumor
cell) which is usually not or not sufficiently expressing the protease. Thus,
30during treatment of a subject in need thereof, the protease may irreversibly



a lyophilisate or in any other suitable form In addition to the active

I ngredi ent, the conposition may conprise carriers, buffers, surfactants
and/ or adyjovarssoms known in the art. The conposition nmeyThe2@dminsst er ed
e.g. orally, topically, nasally, pulnonally or by injection |ocally or

I ntravenously. The 2gpharmaceutical conposition is admnistered in a
pharmaceutically effective amount depedding on the type of disorder, the
patient's condition and weight, the route of adm nistration etc. Preferably

109 to 1012¢pavEs Rdgéti folgseptiteSintattaidst ckll, thdeby Mhlbifky pasiifd@Boho 109

virus particles are adm nistered application. The oncol ytic_ therapy may

be opti onal apd@@@mw@wwgﬁa&qt@eﬁgrskUImth@H@r@&ﬁC@& kyidnay essentipilyy
radi ation ane( areagé‘ﬂ{@fé?géml inaasngmé@@e%énhﬁ[pﬁﬁcméﬁﬁta{fﬁ@én d/ or
g to the pres |

hypertherm a treatnment. Accordin ent vention, a reconbi nant
oncol yti c peelhofthesubjectdamecixgated sBy this istrateg hiundeaige sidieesffects of

pr odr ug- converting, en and/ qr a 3qgprotease that nay renain either in the
i nf ected cBPTOtS?S%Hﬁa@g@eEUPe@awe%uch as an anti body, an anti body

fragment, an ankyrin repeat protein or anotherbinding nolecule as specified
bel ow. It has especially not been described that such a protein can be
expressed by . an anco ic strajn of an RNA virus Newcast | e

| yti , ... 0., of
di sease virlids pfﬁi@"ﬁﬁ){@ghﬁﬂg" € i$ ASCYURAPE SHPFES RIRE2SRMOF i n t he

present apphigafbalis 9%@@%istpelaﬁﬁamlbamﬁpewtargepﬁélyééaida qperty with
prom sing data fromexperinmental clinical freatnents of patients (Sinkovics
and Hor vat hprateasy mayreithiarisi ¢fi ratursd pagiaranchngy bepdedadaira® at h nul ti basi ¢

fusi on_ prabel el 8pHags) BESR BN BoANGRIaAY QAGRNKLS Cufgadts, d o the

t r eat ment erse genetics t ogy 1s applicable to all
strai ns. Bi specific pleavage ©f aprddstermired tabgatep digpeptivesrandeerdatermanesti t o be

of high thefrapeutic ential. | 5 he conmbination, af oncglytic NDV with
t her apeut i CB)SiarRﬁrﬁBn 5?@?&"&3}9 ﬁﬁpﬁ'lguﬁeglﬁ?rlrgﬁﬂsngopéﬁfjmaﬁﬂ%lﬁoﬁe%ﬁe&%a_ses of
the above dgatibabes. DSTFVYG-0€FE5581 AndBG2@EOULODT2276 describeethesyner gi sti ¢
efficacy of two therapeutical princjples. , )

generation of protein-engineered proteases with a predetermined substrate

15specifity. These two documents are herein included by reference.

The target molecule of the protease may be any target molecule as
described below for targets of binding proteins.

20Another subject of the present invention is a method for treatment of a
proliferative disease, in particular a hyperproliferative disease, such a cancer,
comprising administering in a pharmaceutically effective amount to a subject
in need thereof a recombinant oncolytic virus of the present invention, a virus
genome of the present invention, a virus antigenome of the present invention,

25and/or a DNA molecule of the present invention comprising at least one
transgene encoding for a protease.

The transgene of the present invention may encode a fusion protein of a
prodrug-converting enzyme as defined above, a binding molecule as defined
30above and/or a protease as defined above. Especially preferred is a fusion



The oncolytic self-replicating virus targets the binding protein drug, the
prodrug-converting enzyne and/or the protease to the preferred site of

acti on gwhereod/dsoiss expressed in situ in high |ocal coneemtpradoisonmss Such
protein expression is expected to be very selective and the binding
protein, the prodrug-converting enzyne and/or the protease with its
respective node of action will add to the intrinsic therapeutic oncolytic
activity of the NDV. Based on the replication conpetent nature of the used

virus and thetdiglotatpregriy-eanierihg eAzymMetahtba birklihg mdkecidewy at fusionexpr essed
transgene [binding protein, the prodrug-converting enzynme and/ or protease]

i s expect edPTOlEIBOT aRIgIAABERMhB LINdMGRMAlecUlBe nass of the tunor. Antibody
nol ecul es or antibody |ike nolecules or derivatives thereof are 0ideal

bi nding proteins to be used with the NDV-system Antibody nol ecul es have
been the subject of intensive research and technol ogi es are nowavail able to
gener at e anThéxageuticl Applieatiansch are non-i mmunogenic, very sel ective and
of high affinity. The | ocal expression of antibody nol ecul es at high
concentratbons lead to very significant agonistic or antagonistic efficacy
or efficient targeting of effector nmolecules wth reduced toxicity profile
dconpar ed tPhe presaat thvendioaphowsHer thedfirst timetthbbd yransgenescbdingl fesai n t he
NDV system i.s expecte even superior. The ful es_ar @Pdesi ghed

dtob rior. /3 nol e
for sel ect i MBARGRTOER, & PEQATHOHEN wthya}%/aﬂﬁ%&ﬁaﬁ@%?&@@?& lity and

yi el d conmpafipetidrallp&xpréssutt indsribofigic Viruislinfdtted AfitordellshTFhaskiel n- based
anti body-1ike nolecules the repetitive nature of the nol ecul e can be
finetuned aRIESEHiRYeRtiPN rRlatesdpadharmacgrjeal GAMPITHOMVHGh $PBEsESHg,

bi ndi ng, i,pAL Qit by atyji | L el el Ci ti es can
be comg:])i négggwg?tﬁ:cﬁvr%ﬁ{grgﬁ%{)‘r(?r}} '%FS%?@?@é{(%ﬁ\ﬁ?}an@% oszqs)ieﬁtlhht of
j oi ni ng i n \drus, argenonme pé theavirusdrea DINA swlecule amspdingvihelgensme aed/ent

b ndi ng of “eartiaphiie & e bBlore fSoethe. Rt HRuiace Al P odi s,
V\ﬂi ch can bgceptatgeehyridrspdillienis ahd/obladfkiangs.pr ot ei n-protein interactions.
The

15The pharmaceutical composition may be provided as a solution, suspension,
a lyophilisate or in any other suitable form. In addition to the active ingredient,
the composition may comprise carriers, buffers, surfactants and/or adjuvants
as known in the art. The composition may be administered e.g. orally,
topically, nasally, pulmonally or by injection locally or intravenously. The

20pharmaceutical composition is administered in a pharmaceutically effective
amount depending on the type of disorder, the patient's condition and weight,
the route of administration etc. Preferably 10° to 10"? virus particles, 108 to
10", 107 to 10"°, or 108 to 10° virus particles are administered per
application. The oncolytic therapy may be optionally combined with other

25tumor therapies such as surgery, radiation and/or chemotherapy such as
cyclophosphamide treatment and/or hyperthermia treatment.

According to the present invention, a recombinant oncolytic paramyxovirus

can express a soluble binding protein, a prodrug-converting enzyme and/or a
3oprotease that may remain either in the infected cell or may be secreted, such

as an antibody, an antibody fragment, an ankyrin repeat protein or another



nodul ar structure can also be exploited to block several effectors with
only one single blocking ankyrin-repeat-protein. 2qSi nce the

ankyri n- repeads/gsoisecul es are extrenely stabl e even undercrapeasngisondi tion
t hese nol ecul es can be designed to target proteins inside the cell
("I'ntrabody"). Also possible is the use of libraries of binding

pr ot ei n-codi ng sequences with 25NDV forl6in vivo target identification.

Possi bl e targets for binding nol ecul es or/and proteases can be all

structures afnd%q]@fo&%u@ablspéb.ﬁ@a Héwepfh@af‘e%ble@iaﬂy naRbEkl dedtfigendi ng t he
target cell can be recogni zed by the descri bed blndlnq% roteins

or/and prot Mchia@opr@bﬁmlqaﬁl ke exprepsac Ry anoncobdictsrain of ga RNAYAUEo! ogi cal
phenot ype. %?aq@éwpgsﬁéaggggg{m@é oteins, enzynes, growh factors, growth

factor recept nt e ranscription factors etc. Even targets that
are not drugable by snall nol ecul es (protein-protein dinteractions,
DNA- bi nding etc.) can be addressed by this invention. The conbi nati on of

h

enzynes. andreApErBascNDY; MRS ARRdES EhEsy BRaRbHAREAITE: ron
of Inflambeba{us@ ﬁﬁaﬁérﬁnﬂerédwvi&ﬁlyﬂcqbrmér’tvthh:prd)mimnb datefroser . For the
treatnment of cancer all pathways Wm§gacontr te to t develz{_‘]%g?(r}wt

cancer can Sép?r&FQEPéS““'Wb@%atm& tigrds ( Py'é‘ﬁm nepash;
si gnal s, Eﬁﬁﬁﬂe‘ Yoéver, r%QWile‘ dthHiRg Whym(lﬁiBbélger%H)cPrétéiﬁ‘%ie’évage evasi on

of apopt 05| mtless replicative potential, sustalned angi ogenesis, and
ti ssue i nvasntmmwobems@@aagr@olyhcagmf)orcblne traetaemfﬁmslﬁhegl ven in

{umor | gencle/ 6 08hetes fFEttniogk % BpRtE ¥FXEahEC. Thed Bppr oach are the

receptor tyrosine kinase pathway (RTK) pat hway, RB and p53 pat hway,
2qapopt osi s pat hway, APC pat hway, HI F1 pat hway, G.I pat hway, Pl 3K pat hway

and the SNABIFPCﬁI:[lgh %’%’tem’é a(ljseégscn% SoC\/réI atv'eotgleé)r}c dérrﬁ%%gtrg{ﬂ f%l | ngf high

therapeutic potential.

15The combination of oncolytic NDV with therapeutic binding proteins, prodrug-
converting enzymes and/or proteases of the above described properties will
have additional or even synergistic efficacy of two therapeutical principles.
The oncolytic self-replicating virus targets the binding protein drug, the
prodrug-converting enzyme and/or the protease to the preferred site of action

20where it is expressed in situ in high local concentrations. Such protein
expression is expected to be very selective and the binding protein, the
prodrug-converting enzyme and/or the protease with its respective mode of
action will add to the intrinsic therapeutic oncolytic activity of the NDV. Based
on the replication competent nature of the used virus and the selective

2sreplication in tumor cells the amount of expressed transgene [binding protein,
the prodrug-converting enzyme and/or protease] is expected to be roughly
proportional to the mass of the tumor.

Antibody molecules or antibody like molecules or derivatives thereof are
3oideal binding proteins to be used with the NDV-system. Antibody molecules
have been the subject of intensive research and technologies are now



pat hways are given in Vogel stein and Kinzler (2004). Oher signaling

pat hways where descri bed binding proteins could interfere with are the ras,
Wit and Hedgedwngogsat hway, where for exanpl e protein 5precepre0siersct i ons
can be bl ocked. Exanpl es of binding proteins intervening beneficially in

t he above described pathways in cancer cells are: - bl ocking proteins of
aut ononous active growmh factor receptdi’s (eg. EGFR, 0 Met)- conpetitive

bi nders for gromh factors (antagonists) - bl ocking proteins for

Rb- phosphor él/é’llétﬂé to géh@@fe RHHBOAY MdiScles whidhr sleDesrlenmuhbgasie! Vel on -
stabilizers for p53 - antagonistic binders for antiapoptoti¢ proteins (e.g.

Bcl-2) - ansalgstiveend obihigreaflinityr Thg lacahexpregaicagdaniibrdy molaewlssfatr Ras

effectors (ﬂ?gh %ﬁ%}nga lé‘ﬁ'é oS\t/é CE’QH"f‘i’c%Tn?a 8hi s'ﬁ)ﬁ%‘?ﬁq?%d Histic: %ﬁBé e' ne

(e.g. HF1l a ors ran ptlon ors t ere
di meri zati oor efﬁommtbargétmg ojireﬁeofc&an«nlecwesd\rmtrge@eged Kpdcityapnofile i nducer s of
differentiation - h|b|to(r££ of smad signaliing/translocation - inhibitors

of cel | ul ar® QHW&?Q) sRPIPLL NSARY (cadherins, integrins, eg. a5bl, avb3) -

i nhibitors of enzynes that degrade the extracel | ul ar matrix (eg. MWPs) -

ant agoni stic binders for proangi ogeni c | igands (eg. soluble VEGF-R) -

i nhibitors of mtotic Kkinases - - antagoni stic binders to
%ﬁk’?sd

pr oangi ogenl berusecpfrantigody;likg; 'BP fp ﬂ!ﬁ:m\{)ﬁ ysteahis expectad g b aveng.
KSR/ Ras) - Pélk?(l)lt %ésé’fméléﬁt'?l%'saéré@@slgﬂbﬁ I8t $ QB Figk-afihi f&hdﬂ@? protease

of the present inventlon rodrug-converting enzyne an
with very high thermal stablhty and yield compared to normal antibodies. In

10the case of the ankyrin-based antibody-like molecules the repetitive nature
of the molecule can be finetuned according to the respective target for
optimized targeting, binding, inhibition or activation. Also different binding
specificities can be combined within one ankyrin molecule, exploiting the
possibility of joining in one ankyrin-repeat molecule several units with

15different binding specificities. This modular structure allows the multivalent
binding of greater protein surfaces than it is possible for antibodies, which
can be extremely important in blocking protein-protein interactions. The
modaular structure can also be exploited to block several effectors with only
one single blocking ankyrin-repeat-protein.

20Since the ankyrin-repeat-molecules are extremely stable even under
reducing condition these molecules can be designed to target proteins inside
the cell (“Intrabody”).

Also possible is the use of libraries of binding protein-coding sequences with
25NDV for in vivo target identification.

Possible targets for binding molecules or/and proteases can be all structures

of a target cell or of the extracellular matrix surrounding the target cell which

can be recognized by the described binding proteins or/and proteases and
3owhich are relevant to a certain type of pathological phenotype. These can be



the therapeutically active conpounds derived from prodrugs of the present

i nvention by the prodrug-converting enzyne nay al so beneficially intervene
in the abwoeodasessibed pat hways of cancer cells. Defi ni tronrbimsoasss e

Di sease Virus: Paramyxoviruses contain single-stranded RNA genones of
negative polarity having genonmes of 15-19 kb in length (wild-type) and the
genones contain 6- 510 genes. The virall8envel ope is forned by the surface
gl ycoproteins and a nenbrane part derived fromthe host cell. The surface

gl ycopr ot ei BgytforapotdhsferfZyfiesChrdmdli fat®re yrowtandiendecepiorshe virus from
t he host cell. The nucleocapsid is inside t he envel ope and contains the RNA

genome and imegmis tiessapetien faaewi #ic( NP), phospho- (P) and large (L)
proteins responsible iofor intercellular virus transcription and
replication. The matrix (M protein connects the viral envel ope and the
nucl eocapsid. In addition to these genes encoding structural proteins,
Par anyxovi r Edfee tangetscthat @re nohdogabde by sg@lievolaeliss (prstelvepeadeint i onal

aceossory Gunatectphe AR GBRELSE] il f s sBoTRy IRRIARIRR > T

transcriptional unit. A conprehensive description of par anyxow ri dae can be
found in (Lanb, 2001). NDV is the prot otypi c menber of the genus Avul avirus

in the fam Par XOVI r e bel on he order none \u raI es. The
vi ral genorrh%ﬁ f@‘?'bot&% ytﬁrg@@g/, %%e%'%"%/g Sisi x maj or
proteins: t Bﬁomﬂg%ﬁoéﬁw &ﬁ@é@bﬁd/ﬁNB)ote%QQ@Iéééﬁbﬁmalﬁ&)e éremat rix
protein (M, fusion protein (F), glutinin prote (HN), .and the

pol ymer ase gnuiseged fanthepgeatment ﬁ@"’tﬂﬁ”tnh%mp/ Pisgase 8. Qrmﬂ\u”@ﬁ@d(ﬁm‘lr%

addi ti onal hatoqn gﬁ AY (and W, are translated. 5NDV strains are classified
on their ogen|C| y for chicken as velogenic strains (highly virulent)

| eadi ng to acute | ethal infection of chicken of all ages, nesogenic
isolates (intermediate virulence) that are only lethal in young

For the treatment of cancer all pathways which contribute to the
development of cancer can be targeted. These pathways are: self-sufficiency
in growth signals, insensitivity to growth-inhibitory (antigrowth) signals,

15evasion of apoptosis, limitless replicative potential, sustained angiogenesis,
and tissue invasion and metastasis. A summary of these pathways is given in
(Hanahan and Weinberg, 2000). Signaling pathways that are involved in the
tumorigenesis process and can be targeted by the described approach are
the receptor tyrosine kinase pathway (RTK) pathway, RB and p53 pathway,

20apoptosis pathway, APC pathway, HIF1 pathway, GLI pathway, PI3K
pathway and the SMAD pathway. A detailed description of these signaling
pathways are given in Vogelstein and Kinzler (2004).

Other signaling pathways where described binding proteins could interfere
with are the ras, Wnt and Hedgehog pathway, where for example protein

25protein interactions can be blocked.

Examples of binding proteins intervening beneficially in the above described

pathways in cancer cells are:

- blocking proteins of autonomous active growth factor receptors (eg. EGFR,
30 Met)



chicks, and |l entogenic strains (nonvirulent) manifested in a mld or
unapparent form of the disease. Cassification of NDV isolates in velo-,
gneso- orwbendagesssi s det erm ned by the nean deat h ti nepCWEPRooslo1118€

chi cken enbryo in 9 day-old enbryonated eggs after inoculation with

them ni rum |l ethal dose to kill the enbryo. One of the determ nants of NDV
vi rul ence seens to be the cleavage sitd9f the precursor F protein. NDV is
in detail characterized in Al exander (1988) and Lanb (2001). 5 Reconbi nant

virus Reconbihipétitive bindepafss mMHmtdrb$bnﬂ@§an)engi neered defined
alteration in its genom c RNA sequence. This alteration nmay be one or nore

i nsertions, . ploeRinhProfMiss fRREbhEYpFGAYRABNOT conbi nations thereof. A
reconbi nant RNA virus of the present invention may conprise the full

genomi c sequg%ﬂngl‘:ﬁ@t@ﬁg ﬁr@Zﬁ-HBHQﬁ&éﬁﬁ?’%nsﬁﬁ?ﬁdﬁrus or a sequence derived

thereof and nmay additionally conprise at le one reconbi nant

-Atranscri p;éﬁgmkem?%& The at |east one transcriptional cassette may
be | ocated in between two genes (transcriptional units) of the viral
p

o ' . ; CL DL is flanked
by ranscr FprtBeaeep i e fol fRecBiic ARRAG B BREg) CheTn e 1o Thanke

transcripti OQ@\%@ﬁ%ﬁ@b&ﬁ?ﬂ%ﬁoﬁéﬁcﬂnge | ocated within a transcriptional unit
o I's case,

of the viral no 2qgadditional transcriptional start
and stop sequences. are.required. T t | e transcriptional cassette
may conpri se® 9pp|siipﬁaérp]§§rrstf ggagggfﬁcﬁgs@@%lﬁfg)nd Ascl, which may be
unique. If two transcri.ptional, cassettes are present, may conprise
di fferent r'e@'?tfapemsgﬁ bé'i?(ﬁeé@?o%hmmﬁl%"}ﬁ'&e M EEF M gt'ﬁ% virus of the
present invention copprises one oy t r.ecombi ngnt .transcri pt Lonpal
casset t es. | niNRIOLS © égﬁcrbq{@ntfﬁﬁﬁ%m%tm i W&E?é'?‘?é'z ﬁo'ﬁ ﬁébg\())é'sent
i nvention,iot BRIdtd &r ofdcBitIRdiAg (6§ angeivanki ch may encode for a binding
protein,a prodrugconverting enzynme and/or a protease as descri bed above.
- inducers of differentiation
- inhibitors of smad signalling/translocation

- inhibitors of cellular adhesion interactions (cadherins, integrins, eg. a5p1,
av33)

15- inhibitors of enzymes that degrade the extracellular matrix (eg. MMPs)
- antagonistic binders for proangiogenic ligands (eg. soluble VEGF-R)
- inhibitors of mitotic kinases (eg. Plk-1)
- antagonistic binders to proangiogenic receptors
- inhibitors of scaffold complex formation (eg. KSR/Ras)

20- inhibitors of translation initiation (elF4E, EIF2a)

The protease of the present invention, the prodrug-converting enzyme and/or

the therapeutically active compounds derived from prodrugs of the present

invention by the prodrug-converting enzyme may also beneficially intervene
25in the above described pathways of cancer cells.

Definitions



5Any intergenic region between each of two genes (transcriptional units) of
the viral genone is suitable for introducing the at | east one reconbi nant
transcri pyvoaoaosemssette. |f nmore than one reconbi nant PcarEpesispiieaal
cassette is present, they may be located in the sanme or different
intergenic regions. Figure 1 describes an exanple of two reconbi nant
transcriptional iocassettes within one20ntergenic region. It is preferred
that at | east one reconbinant transcriptional cassette is |ocated between
the viral F and HN genes, in particular if the RNA virus of the present

i nvention is a reconbi nant Newcastle Di sease Virus. i5There is no known

upper limt |\{é@,{, éé}% §|s@-ésgfvngg genone of Paranyxoviridae. Therefore, there
is no upper limt for the er and size of transgenes introduced into the

recombi nant P%Nﬁm!kéﬂﬁ; %E éo*h‘?alﬂr ?ﬁ@é‘%&%ﬂﬁ%&%\?@ enb %q‘ja’t&?g)&l%ﬁzt the

transgene has a Size o pre erre 5 kb,
nost prefer hedlrlgrgetrmmd{moﬁ 1 Q—1I9U<b 0 lahgthr(edidstppepand m@gammmes ebntdie 6pr esent

i nvention ferabl carr |vetr eferably up to
our "t r ans BIRERE, ¥nS YrbLRyaleb & febmEd hARRATRER e VbRt ART
preferably emembrarievsart denesefrom thefhdsheell. e*nwbuﬂaéé ghycopﬁat@hst(h%rmr esent
I nvention carries at_| east two transgenes be 1 dentical or

di fferent. THEOF EcQiiB) madiatengatry; angeXdt Oftthg ‘fbrrl@sféqm thﬁ\h@ﬁ? ¢h They carry
more than opgcreRYp&l I@Ir%ﬁfé b Veldgasg Egﬁta DHHRARNAC %‘éﬁ’émé%dt gree,

four of five copies. e expression (I ing transcription of the
viral RNA i nuclesrapsidpdo®@in éME) axhosph@f( )ra@dﬂam (lofproteins reﬁp@geﬂvée

I
cequonces " e RS FarkitiiB B abORRRESY: SRE AR AN TR Rt essi on
control seggennedts diie amal%e\mpejandrme bacleembenbj lnhadditjorbto thesefgefesi r us on
whi ch the reco |nvenE|on I s based. In

particul ar, ®f9 'Q@rsitrﬂf;ﬁt’\;lg\a‘?mﬁ'aﬂL%fﬁﬁyé(?)&%’a% € J08K CRL1AIR\AGES8Bai ned from
an RNA vir U§en5§ WSS Beoaddifbnal transcriptional units interspersed with the

genes mentioned above. The accessory genes are mostly ORFs that overlap
15with the P gene transcriptional unit. A comprehensive description of
paramyxoviridae can be found in (Lamb, 2001).

NDV is the prototypic member of the genus Avulavirus in the family
Paramyxoviridae belonging to the order Mononegavirales. The viral genome
is a single-stranded negative-sense RNA coding for six major proteins: the

20nucleocapsid protein (NP), phosphoprotein (P), matrix protein (M), fusion
protein (F), hemagglutinin protein (HN), and the polymerase protein (L). By
editing of the P protein mRNA, one or two additional proteins, V (and W), are
translated.

25NDV strains are classified on their pathogenicity for chicken as velogenic
strains (highly virulent) leading to acute lethal infection of chicken of all ages,
mesogenic isolates (intermediate virulence) that are only lethal in young
chicks, and lentogenic strains (nonvirulent) manifested in a mild or
unapparent form of the disease. Classification of NDV isolates in velo-,

30meso- or lentogen is determined by the mean death time (MDT) of the
chicken embryo in 9 day-old embryonated eggs after inoculation with the



sequences may al so be obtained froma target cell, in particular sequences
controlling the translation and/or protein transport. Due to the

repl i cat iwo 20®piseasissm of Par anyxoviridae, the genom c oprcampre@snonBe RNAs
usual |y do not appear as naked RNAs. The genom c and ioantigenom c RNAs are
assenbled with the nucl eoprotein. Therefore, a further subject of the
present invention is a nucl eocapsid of2%a reconbi nant oncol ytic RNA virus of
the present invention. The nucl eocapsid conprises the RNA nol ecul e encodi ng
t he genone Ainira0eh lethl abbégefkﬂhthe@mbrlye BNé oafithelsieaﬂmiméretsmﬁd.\l[evcapsi d
protein. The nucl eocapsid % E@o co the rrera.se protein L

or/ and t he WiNRIesReRteinbethac V%@%F epf?é’uﬁgoé' ePP®Rvention is the
anti-genonme of the genone of the present |nvent| on as described above. 2gA
further aspect of the present invention is a DNA nol ecul e encodi ng the
genone and/or the anti-genone of a reconbi nant oncol ytic virus of the
present i niRYiigin datad C%m%@f@%dﬂ“&'ﬁ%?“%@ @%Bh@ﬁd&am@m mol ecul e of
the present invention can be used for genetically engineering the RNA virus
of the present invention. Further, the DNA nol ecul e may be used for
5produci ng the RNA virus of the present invention. Therefore, the DNA

nmol ecul e mERedmmbpreaardivirws y | i nked to a transcriptional control sequence
e.g. a prokaryotic or eukaryotic transcription control sequence. An exanple
of DNA nol ecul es of the present invention is pfl MIH68 nurine 0l gG EDB (Fig.
2) . The genone, antigenone, nucl eocapsid and/ or DNA nol ecul e of the present

i nvention rRycsAbiPahEEnd meansta ins maahaganeengiih@émdmpﬂbed |adtesation Wi t hi n
t he transcrlptlonal c tte as descri bed, abov As di scussed ag %
zyrre

transgene Ayt SEQ%@H@C §98Pﬁ6??1 8 %rqglona{nﬁy 88205 %’dﬂ%er SRS

Sand/ or a16Hé?éﬁ&?se ofIPhinatioAS BEebmBInatiBAsRRGSBAt i nvention is a method for
produci ng a reconbl nant oncolytic RNA virus conprising expressing a DNA

nol ecul e

A recombinant RNA virus of the present invention may comprise the full
genomic sequence of a natural (unmodified) RNA virus or a sequence
derived thereof and may additionally comprise at least one recombinant
1stranscriptional cassette. The at least one transcriptional cassette may be
located in between two genes (transcriptional units) of the viral genome. In
this case, the at least one transcriptional cassette is flanked by transcriptional
start and stop sequences. The at least one transcriptional cassette may also
be located within a transcriptional unit of the viral genome. In this case, no
20additional transcriptional start and stop sequences are required.

The at least one transcriptional cassette may comprise restriction sites, such
as Pacl or/and Ascl, which may be unique. If two transcriptional cassettes

are present, they may comprise different restriction sites.

25

It is preferred that the RNA virus of the present invention comprises one or

two recombinant transcriptional cassettes.



encodi ng the genone and/or the anti-genone of a reconbi nant oncol ytic

| ovirus of the present invention. A further aspect of the present invention
i s a cel Iwoenywaiseisag t he recomnbi nant oncol ytic virus of pChEPPIESENSG

i nvention, a virus genone of the present invention, a virus anti-genonme of

t he present invention and/or a DNA |5nol ecul e of the present invention. The
cell may be a prokaryotic cell or a euRaryotic cell. The cell may be a cell
line, in particular a manmalian cell line, nore particularly a human or

murine cel |l dne ;géa%og@{ afBeipfiGnaiT2dskfle Uh thdTBicRAt Mvehtibn hefsE!a

i nvention for producin e RNA virus of the present invention. Suitable
syst ens f ortransgeseripbated, ahibamaylencaode far @ bindiogvaraiginea peedivg- skill ed in

the art, e. (go%l:ewh%ﬁg%@v yasbr%”{gass#gg d@§c#bec?8+<§/¥él?r eukaryotic systens

such as HelL eraspect '1s an onco c RNA virus, a genone
or anti-genone thereof or a DNA nol ecule conprising the full set of genes
of 5Paranyxoviridae or a set of genes of Paranyxoviridae in which at |east

one gene or,intergenic region is genetically nodified. and furt

CompeT o1 g SARY Inage N d o BRnseiread affie JelPelitarstnfite it Sibe, | beo
above. Suchyis|yehbfe BIAEDIOfor AtFddIRNYTENCAt 1A oY) Redhtbinamt be used for

t he manufacturé€ of a nedi cament and/or treatment of cancer. Such RNA virus,

qgenone, antransgsiptiapaleassriient reerel tban oneecambinant trapsaEptiondli ng a

r econbi nant I L [ [ i SRR i

Newcast | eDi %{s‘;ég g%ﬁ%@%ﬁ@&&e@ﬁ%%ﬁ%@%w %& ?éengﬁr?irrques Pﬂﬁl]gékr_ grrnct o]

i ntroduce aregimrenFiguaet! desgritesan examplecofttvamrecompinant tewmssedptianal For thi s
pur pose, the at |east .one transcripti.o ) ' a restriction
SIecTT orastenes Vot BPeoRrglc Be Bl AR PR S M GBIt 22 L que
restricti onregohfindtit thdrscribtiossl'dapbette i locatsichdtaeenthie viratiFfanertélt . An

exanple is plasmd pf| MTH63 Asc Pa¢c of Fjg. 1. Therapeutical relevance:
i oTr eat nent 9erescihpartiontal fherﬁlrﬂﬁi‘f"iuérpfd“‘gtpﬁ?ﬁﬁ“ @'P‘&NE'RP 'ﬁ@é@@?@blw"nf he

killing Newcastle Disease Virus.

15There is no known upper limit for the size of the genome of Paramyxoviridae.
Therefore, there is no upper limit for the number and size of transgenes
introduced into the recombinant RNA virus of the present invention. It is
preferred that the transgene has a size of up to about 10 kb, more preferred
up to about 5 kb, most preferred up to about 2 kb.

20

The recombinant RNA virus of the present invention preferably carries up to
five transgenes, more preferably up to four transgenes, even more preferably
up to three transgenes, most preferably one or two transgenes. If the
recombinant virus of the present invention carries at least two transgenes,

25they may be identical or different. The recombinant RNA virus of the present
invention may carry more than one copy of a particular transgene, in
particular two, three, four of five copies.

In the expression (including transcription of the viral RNA into mRNA and
3otranslation of the mRNA) of the transgene, expression control sequences
such as transcriptional start and stop sequences and sequences controlling



of the tunor cells or the blocking of proliferation in a tinme gap by

I nfection. NDV replicates selectively in tunor cells. The virus of the
present iwopendd@msean be used to treat proliferative |5¢cympd@ssi12ise
particul ar hyperproliferative disorders. Preferably neoplasns can be
treated with the described virus, preferably cancers fromthe group
consisting of lung, colon, prostate, bR8ast and brain cancer can be
treated. 2gMore preferably a solid tumor can be treated. Mre preferably a

tumor wi th fhawasMtidreart i€uy. "I'@qteeeip?éséléntcbﬁﬁbl%bq@f@éﬁ'o@%n@NAWﬁmés Wi th
| ow proliferation rate are prostate cancer or breast cancer.

pref erabl y mapbgi ysadiwbichcagy be thﬁé%Néd/"UﬁftﬂbeB'PBftB?é%??fna‘r@m BNAast ona can
be treat ed. NRUWIARL WrE Gt lb%tro%cuefﬂ%is@anrn 2K MEF Yearksch ngﬁoﬁacs%%nant RNA

virus of the present” 1nven I n particu e reconbi nant NDV, can be
const ruct edstap séqsencémmayrbe?obmned)ﬁ‘od'oam ENAevirgs. Expressipn contsol

construction of the new uen h DNA
whi oh § henSTRAiensRE MREANCRCOBRIRY FATTE T ateny bF PafRliar SeBlmiiet, he

fol |l owi ng Sé@ﬁwlln%e eal’qiélhéiauorpé]hd'/érlﬁrot@ﬂ ffandporpCl TE L, pXddT fI NDV NDV can
be any strain of wcast |l e D sease Virus, nore preferredastralnthat S

oncolytic inits wldtype form 15 The pI asm d pXddT is described in
EP0702085 (Conzel mann KK). The reconbi nant RNA virus of the present

| nvention, plekGtHd lgﬁlr%étlbﬁﬁné&@ﬂﬁ?h R MHardiRYxodddad &he eemeatiiedr i nitial ly

fromT7 polyrrerase ressin Il's, eg. BHK T7 cell's or transiently with
T7 pol yner aarfigenansic &NAS uguﬁjly do not appear as naked RNAs. The genomic and

10antigenomic RNAs are assembled with the nucleoprotein. Therefore, a
further subject of the present invention is a nucleocapsid of a recombinant
oncolytic RNA virus of the present invention. The nucleocapsid comprises the
RNA molecule encoding the genome or/and the antigenome of the RNA virus
and the nucleocapsid protein. The nucleocapsid may also comprise the

15polymerase protein L or/and the phosphoprotein P.

Also subject of the present invention is the anti-genome of the genome of the

present invention as described above.

20A further aspect of the present invention is a DNA molecule encoding the
genome and/or the anti-genome of a recombinant oncolytic RNA virus of the
present invention. The DNA molecule may be a plasmid. The DNA molecule
of the present invention can be used for genetically engineering the RNA
virus of the present invention. Further, the DNA molecule may be used for

25producing the RNA virus of the present invention. Therefore, the DNA
molecule may be operatively linked to a transcriptional control sequence e.g.
a prokaryotic or eukaryotic transcription control sequence.

An example of DNA molecules of the present invention is pfIMTH68 murine
30lgG EDB (Fig. 2).



cells. It can be anplified in cells |ike 293, CEC32, HT29 or A431l. It can
al so be anplified in the allantoic fluid of enbryonated chicken eggs. The
reconbi nawD 2BRNAsvasaus, in particul ar the reconbi nant NDYCTIEP2@501886 Sunder
the follow ng conditions. The reconbinant RNA-virus, in particular NDV is
stable in 5% D-mannitol / 1% (wv) L-lysine / pH 8,0 or standard cell
culture nmedium At -200C for up to one2édonth. At -800C for up to 10 years.
Use of the recombi nant NDV as a Medi canent The reconbi nant RNA virus of the

present i nveRd gBRome) aPB§éhdiHe AhudlBScapsid Bhadr DICAMblagnle diEYe peesrdi ng to

the invention Can be used as a nedi canent, because it shows pharmacol ogi cal

ef fects. i oMdentiaimay ermprisanat leastienegfransgens whish mayRenlocated within

parti cul ar 0f. i ' I ~S; ' ' r

P eventi on RATORPlgh e YR s eofiodd BBOLE S BlschSBET wBOl, e ) o

L reat nent ofrahsgemecrmayeasncoge doit abinding peoteinh agiradrtgacenverting enzyaeacer ,
reast cancer,, i dThe invention conprises the reconbi nant RNA virus of the

present i n_@%‘?ﬁlpf)ﬁ,pr?ﬁa'%ﬁrt icular the NDV of the invention as a nedi canent

combi ned wi th pharnmaceutically acceptable carrier and diluents. Such

carrier and diluents are described in Rem ngton's Pharnmaceutical Science,

15 n ed. Mack Publi shing Co . . Easton P I ' 980). Th d
virus titernaer aBect tt‘%gpé?n én\?;nt@ggsggﬂé%@\éafg%gr%m de, ?nuzerange
of 108 to 11%1:§rrﬂfih'ant'&%cg)ly{tiggmAinru%Q?oxﬁﬁ’risjrgg%@xﬁfféésﬁfgé'DN%Ahﬁﬂél@I@f 106 to

109 pfu dependent on t ication of treatnment. Therefore, another
subj ect of emeoding tengenomeandéer the antbyenarae ef gireapmbinai @srelyta

conpri si anﬂg‘Esﬁfg@gﬁ}%%‘,@ﬁ\?&%ﬂc virus of the present invention, a virus

genonme of 1 \ on, "or a DNA nol ecul e of the present invention
together with pharmaceutically acceptable carriers, diluents and/or
adj uvants. The pharnmaceutical conposition of the present invention

A further aspect of the present invention is a cell comprising the recombinant
oncolytic virus of the present invention, a virus genome of the present

invention, a virus anti-genome of the present invention and/or a DNA
15molecule of the present invention. The cell may be a prokaryotic cell or a
eukaryotic cell. The cell may be a cell line, in particular a mammalian cell
line, more particularly a human or murine cell line. The cell may be used in
the method of the present invention for producing the RNA virus of the
present invention. Suitable systems for transcribing a DNA molecule are
20known by a person skilled in the art, e.g. in prokaryotic systems such as E.

coli or eukaryotic systems such as HelLa or CHO.

Yet another aspect is an oncolytic RNA virus, a genome or anti-genome
thereof or a DNA molecule comprising the full set of genes of
25Paramyxoviridae or a set of genes of Paramyxoviridae in which at least one
gene or intergenic region is genetically modified, and further comprising at
least one recombinant transcriptional cassette as described above. Such a
virus, genome or antigenome or DNA molecule may be used for the
manufacture of a medicament and/or treatment of cancer. Such RNA virus,
3ogenome, anti-genome or DNA molecule is suitable for constructing a
recombinant Paramyxoviridae virus, in particular a recombinant Newcastle



may be used for the prevention or/and treatnment of a proliferative

di sorder, qgsuch as cancer. The pharnaceuti cal conposition of the present

i nvent i onrwoRyossngsei se an emul sion of the reconbi nant orcolRPRIs/ORNSs Vi r us
of the present invention, in particular the NDV of the invention and may be
adm ni stered by inhal ati on, 5intravenous infusion, subcutaneous injection,
intraperitoneal injection or intratuno2al injection. Yet another subject of
the present invention is a method for the prevention or/and treatment of a

proliferati pediseOfifl® by bendfE éh%mbahngwmnﬁuesqmrruar ttointreadse @i strati on
to a subject in need thereof a pharmaceutica effective anount of the

phar maceut i f%loné@ﬁﬁﬁgﬁqtkﬁﬁcéfmﬁoﬁéeﬁ@'@éﬂi’ 'Qm%ﬁﬁqt@n OAﬂ'ﬂﬁQF‘FﬁRs&JItl%QFI y
ffect t
effective afé%'é%n Tr sEh;BtEcﬁb@%\%y?@f g‘!}irﬁe%s‘(ﬂlcﬂ% Sfe. iftoRY #n

invention, In par I cu sent I nvention, t e vVirus genone
of the presen¢ tnarmsenpimncasaettebarememtethelLml@lﬂe rmrlpﬁlcms@tﬂs of thevent i on

whi ch cure or _su ses e dIS ef fect the
accept abl e °H 89??'@@@??@6 rﬁﬂﬁ ﬁ@?@g{ﬂrgé%%ﬁgwé%ﬁ\dt he construct,
t he patient ﬁflmhweﬁa_mcgpaa@wﬁ‘gmtra_tl on and the type of cancer. 0 It is
preferred that the subject (the patient) is a mammal, nore preferably a

human patient. Yet another aspect of the present invention is the use of
t he reconbi nant 5RNA virus of the present invention, in particular the NDV

of the invefhbpipedtiCaltelévangenome of the present invention, or the DNA
nmol ecul e of the present invention for manufacture of a nmedi canent for

treatnent of cancer. The present invention is further illustrated by the
foll owi ng Fi gures and OExanpl es. Figure | egends Figure 1 describes plasmd

Pf | MIHE8 A3 & (Eéh@& h@%ngqﬁﬁlbﬁiﬁﬂ%rﬁi)r HEAWtRNBreféfibly @esiEflingt | onal

cassettes corrpr 1'sing the unique restrict
of the tumor cells or the blocking of prohferatlon in a time gap by infection.

NDV replicates selectively in tumor cells.

The virus of the present invention can be used to treat proliferative
15disorders, in particular hyperproliferative disorders. Preferably

neoplasms can be treated with the described virus, preferably cancers from
. the group consisting of lung, colon, prostate, breast and brain cancer can be

treated.
20More preferably a solid tumor can be treated.

More preferably a tumor with low proliferation rate can be treated.

Examples of tumors with low proliferation rate are prostate cancer or breast

cancer.
25

More preferably a brain tumor can be treated.

More preferably a glioblastoma can be treated.



dsite Ascl or Pad, respectively. The nucl eoti de sequence describes the
intergenic region between F and HN conpri sing two reconbi nant

transcri pyvoanalosemssettes (SEQ ID. NO 5). Figure 2 degcrigressphzasen d

pfl MTH68 nurine 1gG ED-B, which is based on i qgpfl MIH68_Asc__Pac and

conpri ses sequences encodlng the light chain and the heavy chain of
anti-ED-B 1gG anti body MOR0O3257 (see cB@im 42 of German Patent Application
DE10 2004 05 0101.7-43; Seq ID No. 77). The light chain and the heavy chain
are each inserted in one of the transcriptional cassettes. 15 Figure 3
describes that infection of CHO or HT29 cells with NDV MIH146 cont ai ni ng
the genes for the anti-ED- B 1gG anti body MOR03257 | eads to expression of
the antibody into the cell supernatant. 24 hours post infection, a |level of
about 20% of the maxi mal expression |evel is reached. After about 2072
hours post infection, naxinal expression of the antibody is reached. As a

cont ol col HEcfurd Urefb tcliiinktRNEPyagnt i ni ng the gene for

bet agl ucur oni dase ese no 1 gG was detected. Figure 4
denonstrat es by |mTunofI uorescence that cells infected with 25MIH146
exhibit a Staining pattern indistingui shabl e fromthe staining with the

recombi nant

i mrunohi st Jﬁ%?@%'“wﬁﬁe'”é%gﬁ ? Oéﬁmﬁ,gg leagttg cells yields
an undi st i ngsdosfisibbet ND¥| nan@epaiﬁsﬂuntadmmdemammﬂ%mmér-@cbea@ﬂfa afnt i body
MOR03257 ex om st nsfected 239 c in_ tunmor v ture
where ED-B g';?ﬁg@ H‘e CPP@ e QYElEIG 3cl (ﬁseﬂyglaqpésnn%@ ﬁ%ﬁg&gl on of
MrH87 | eadSofmeeemﬂAwmtwén @:tPamélath%tbLmNA withia mmym@@raém model .
Figure 7 describes expression of b-glucuronidase in MIHL 15 infect ed Hel a

cel I s. i oFPthefollgwingsyartingsplagimidssi on | evel s of b-gl ucuroni dase in MIHL

15-i nf ect ed
pCITE P, pCITE N, pCITE L, pX88T fINDV

NDV can be any strain of Newcastle Disease Virus, more preferred a strain

that is oncolytic in its wildtype form.
15

The plasmid pX88T is described in EP0702085 (Conzelmann KK).

The recombinant RNA virus of the present invention, in particular the
recombinant NDV, can be recovered initially from T7 polymerase expressing

20cells, eg. BHK T7 cells or transiently with T7 polymerase transfected CHO
cells. It can be amplified in cells like 293, CEC32, HT29 or A431. It can also
be amplified in the allantoic fluid of embryonated chicken eggs.

The recombinant RNA virus, in particular the recombinant NDV, is stored
25under the following conditions. The recombinant RNA-virus, in particular NDV
is stable in 5% D-mannitol / 1% (w/v) L-lysine / pH 8,0 or standard cell culture

medium.

At —20°C for up to one month.



cell lines. Figure 9 and Figure 10 describe synergistic effect of HVRL826
and MrH115 in selectively killing tunor cells. 15 Exanples Exanple 1:
qGener at iwo 20d6/m0gs@conbi nant NDV wi th transgenes that | ead/BPootshe2186
expression of an antibody The oncolytic strain M'H68 of NDV was used to
obtain viral RNA. Using RTPCR several fragnents of cDNA were obtained and
in a multi-step cloning 5S5procedure thed/ were assenbled into a full-genome
cDNA that was cloned into the vector pXddT (Schnell et al., 1994) vyielding

the plasm dapfddvEHad up’tbi 0 y&4adsor can be used for transfection in order to
rescue reconbinant virus froma T7-pol ynerase expressing cell line. Two

addi tional transcriptional cassettes were cloned into the full-length
genomi c plasnmd of NDV MIHE8 (pfl MIH68) between the genes encoding the
F-protein and the HN-protein into the unique Sfil restriction site. The two
DNA- ol i gonucl eoti des 5Sfi fw

(5 -aggect L el L3He JacamblihaRe NEAA RS aamedkamaRcgcCt gag -3\ SEQ ID. NG 1
and Sfi baclg %tq -‘aggccg (!bacccgt attttttcttaagttgtcggttaattaaggcctctc-S , )

SEQ ID. 1 2) were anneal ed and subsequently ligated into the Sfil-site
of pfl MIH68. qThe resulting plasm d pfl MTH68Pac was cut with Pad and

anot her ds ol i gonucl epti de AN . o
cgggcgcgccc?b@%é%cg%‘? 'Qaaggﬁg’a&ﬁ@%é*g@?ﬁg%%@g'@%?ﬁc‘%ﬁr é@%?réltcy gj‘e{ttb%' ‘?“@E& | D.
NO 3) and peenmbasdnt(NDV according to the invention can be used as a medicament,

St aagact gaagact gct gttct acccgt att -g
g g gecau%ei shows p amacoltotgltc%ﬁtaﬁéac?g.ttgthgggCgCgCCCgat S, SEQ ID.

10The recombinant RNA virus of the present invention, in particular the NDV of
the invention is a medicament especially for prevention and/or treatment of
cancer, especially for prevention and/or treatment of lung cancer, prostate

cancer, brain cancer, colon cancer, breast cancer.

15The invention comprises the recombinant RNA virus of the present invention,
in particular the NDV of the invention as a medicament combined with
pharmaceutically acceptable carrier and diluents. Such carrier and diluents

are described in Remington's Pharmaceutical Science, 15th ed. Mack

Publishing Company, Easton Pennsylvania (1980). The used virus titers may
20be in the range of 10° to 102 pfu per dose, in a range of 10%to 10" pfu, ina

range of 107 to 10" pfu or in a range of 10°to 10° pfu dependent on the

indication of treatment.

Therefore, another subject of the present invention is a pharmaceutical
25composition comprising a recombinant oncolytic virus of the present
invention, a virus genome of the present invention, or a DNA molecule of the
present invention together with pharmaceutically acceptable carriers, diluents
and/or adjuvants. The pharmaceutical composition of the present invention
may be used for the prevention or/and treatment of a proliferative disorder,

30such as cancer.



NO 4) was inserted into the Pacl-restriction site thereby destroying one
of the flanking Pad-recognition sites and inserting a unique Ascl-site. The
resul ti ngwpl2asmiscbswas desi gnat ed pfl MTH68 Asc Pac. Thi s ppirappiod/ohzse t wo
additional Otranscriptional cassettes inserted between the genes for the
viral F and HNgenes. Both transcriptional cassettes were flanked by
identical viral transcriptional start 28d stop sequences (Fig. 1). Cassette
1 contains a unique Pad restriction site, cassette 2 contains a unique Ascl
restriction site for the insertion of a transgene cDNA. 5 The heavy and

| i ght chains of a reconbinant function bl ocking therapeutic anti body

agal st herex b ArdRRRaPodEBo Bloftbf 1dpRAEA! MeANERATIPAmYRES ahl oned

into the two a unique restriction sites Ascl and Pad respectively.
The muri ne érgllaivhdaf the gaconbiriant bocolytie RWA virepoBthenpiaseay investion.iBer t ed

into the Ascl.site, T ine | eqy i : I = nti body
was i nsertle‘rF'?Hl%r Wﬁ@ﬁﬂ%i“"@ﬁéﬂ ﬁ%%%&?%@[qéﬁgg?@gytl%%ﬁe@ with the
adapt or segiHgagERUSERfLRIDN Subduteamedubdisjectiomiirtrapéritoheakisjestionlori pl e of si x
in order to followthe rule of six for the length of the conpl etegenone of

the reconbiiAHAUMArALKJECHRB. resul ting pl asni d was desi gnated pfl MTH68 nuri ne
lgG ED-B (Fig. 2). Using standard techniques for the rescue of reconbi nant
NDV (transfection 5of T7-expressing BHK cells), a virus was produced that
contai ned two additional genes coding for the two ch%i n% of the_.anti-ED-B

| gG ant i bodYet ansthensuhjecteidhe aresant imventios. is exaainod Tor the)PiBYSAELR| on of an

produce an' AITEg ot BERHer Sl GRERRr I biiphEL bined) SR Sy
10administration to a subject in need thereof a pharmaceutically effective
amount of the pharmaceutical composition of the present invention. A
pharmaceutically effective amount is a titre of the oncolytic RNA virus of the
present invention, in particular the NDV of the present invention, the virus
genome of the present invention, or the DNA molecule of the present

15invention which cures or suppresses the disease.

For the therapeutic effect the acceptable dosis is different and depends for
example from the construct, the patient, the ways of administration and the

type of cancer.

20

It is preferred that the subject (the patient) is a mammal, more preferably a

human patient.

Yet another aspect of the present invention is the use of the recombinant
25RNA virus of the present invention, in particular the NDV of the invention, the
virus genome of the present invention, or the DNA molecule of the present

invention for manufacture of a medicament for treatment of cancer.

The present invention is further illustrated by the following Figures and

30Examples.



i Materials and Met hods: HT29 (human col on carci noma) and CHO ( Chi nese
hanster ovary) cells were seeded in 6well plates at 4x1 05 cells/well. The
day afterwoceddwossare i nfected in triplicate with a MJ pof/EP2@%/0ei8her with
virus MIH146 (containing the genes Ofor an anti-ED-B antibody) or with
virus MIH 115 (containing the gene for an irrelevant secreted transgene

[ bet a- gl ucuroni dase]). At the tinme poiBfs Ch, 2Ch, 30h, 2d, 3d, 6d post

i nfecti onem an aliquot of the cell supernatant was taken and subjected to
an anti bodyfigyrg" ggﬁegrri nation. 5 The antibody titer was determ ned by
ELI SA. Plastic we? S were coated with the reconbi nant antigen ED-B. The

ti ssue culture supernatant containing the antibody or as a standard known
anounts of reconbi nant anti body was added to the wells. After washing,

bound antib . i ' rai sed
agai nst mur U GaeEBES Bt b s A o g g ARy =
pl asmi d-t r aosBWt @t ted trenseakptionsd aaskattst cenprising the anique restrickienviral |y
produced antj body couyld be det.ermped. Resul.t.s: Ln ti i H146 | eads
o the. expPEtanst GrPafl. Eraresbi: Feo nREouds ceblp iR dpSribestE”

speci fi cal | ydrgBAR regidrt Befwietiert aR@HN Cbhprisig twiofezohitsinanf the Ssane
cells with a virus exgressi ng an irrelevant secreted transgene (MIHL 15)

does not | etiansasipfionpberssatiestREQEIPBNEG:IZA with the cell supernatant. In
HT29 tunor cells the concentration of the antibody in the supernatant
reaches titers of ca. 8 ng/ m (binding 1gG, which is a sufficient
concentration for biological activity. In CHO cells the antibody titer
reaches | oeFigure22tesagbes plasmidtrfdM SR miingmigG ERaBpwhich is\hasgd|gp

expr essed aphliRpmbs_ NadPabhr comHiR!sed BMBE bhUGHRG tRBHEE chifitafil al s and
the heavy chain of anti-ED-B IgG antibody MOR03257 (see claim 42 of
German Patent Application DE10 2004 05 0101.7-43; Seq ID No. 77). The
light chain and the heavy chain are each inserted in one of the transcriptional

cassettes.

15

Figure 3 describes that infection of CHO or HT29 cells with NDV MTH146
containing the genes for the anti-ED-B 1gG antibody MOR03257 leads to
expression of the antibody into the cell supernatant. 24 hours post infection,
a level of about 20% of the maximal expression level is reached. After about
2072 hours post infection, maximal expression of the antibody is reached. As a
control, cells were infected with MTH115 (containing the gene for beta-

glucuronidase). In these cells, no IgG was detected.

Figure 4 demonstrates by immunofluorescence that cells infected with
25MTH146 exhibit a staining pattern indistinguishable from the staining with the
recombinant antibody MOR03257.

Figure 5 demonstrates by immunohistochemistry that the supernatant from
MTH146 infected cells yields an undistinguishable staining pattern compared



Murine F9 teratocarcinoma cells were seeded in 6well plates. The cells were
infected either with MIH146 (anti-ED- B anti body) or MIHL 15 (irrel evant

0t r ansgenwoloaascesaoni dase) or nock infected. Two days aCrar2403@1118§ ecti on
the cells were fixed with 4% fornal dehyde. The cells were washed and bound
anti body was visualized by staining with a Cy3-coupl ed secondary anti body
directed agai nst nmouse I gG As a positidle control nock-infected cells were
i ncubated prior to fixation for 1 hour with 5 5ng/m reconbi nant a-ED- B

| gG.  Resul t with Pagifine @ DFasifiidydUORIBIET exphessetl ognstbblyardnstéctedi ng of
the F9 cells. | s Oinfected with MIHL46_show a staining pattern that is

i ndi sti ngui 23A6ER I FUMPE Yascslatvre whelg EQ'@FﬁaprreéEBErbi nant antibody (Fig. 4).
Therefore it can be concluded that the viral infection |eads to the
production of the correct antibody that binds to its antigen like the
reconbi nant _antibody. The virallyproduced antibody concentration is al so
suffici ent Figuge Bedemensiratendhatiiniragenqus iniection iof)g’!j'g,l"%_f)llﬁ?é#ﬂtpati on of 5

T Tk TERBRH G GER AR R Rk ARoBERToRpl o of the virally

expressed anti body binds to its target: | mrunohistochem stry ioMterials
and Met hods: Cryopreserved tissue sections (10 nm of the SK-MEL nel anona

grown as xepograftt  subcutaneously i ice were fi i e for 10
min, washed {9 OB bES SR aEIAN ﬂpg-ﬁq%wdaag"‘E@fmﬁ%i%}%%ﬂg?%mi fied
a- ED- 15B | g&fggant i body MOR03257 (cone. 5 ng/m for staining) that was
expressed fromstable transfected 293 cells. The negative control was

i ncubated with buffer only and no primary anti body. The supernatants of 293
cells infected with reconbi nant viruses were used for staining as undil uted

super nat anbfigure 8 describes expression levels of B-glucuronidase in MTH115-infected

cell lines.

Figure 9 and Figure 10 describe synergistic effect of HMR1826 and MTH115
in selectively killing tumor cells.

15

Examples

Example 1:

20Generation of a recombinant NDV with transgenes that lead to the

expression of an antibody

The oncolytic strain MTHG8 6f NDV was used to obtain viral RNA. Using RT-
PCR several fragments of cDNA were obtained and in a multi-step cloning
25procedure they were assembled into a full-genome cDNA that was cloned
into the vector pX88T (Schnell et al., 1994) yielding the plasmid pfIMTH68.
This vector can be used for transfection in order to rescue recombinant virus

from a T7-polymerase expressing cell line.



Prior to staining, virus was inactivated by treatnent with UV-light. MIH
146 Oinfected cells produce the a-ED-B 1 gG anti body, control infected cells
wer e i nf ewDedoendsbds4a reconbi nant virus that did not proggrEransanisbody as
a transgene. The bound anti body was visualized by detection with

pr ot ei n- Aper oxi dase and staining with di am nobenzi dine as a substrate. The
sections were counterstained with hemadbxilin QS. Phot odocunent ati on was
Sperformed with a Zei ss Axi ophot inmaging system Results: No unspecific

stai ni ng ofTWHadeitisre Ghhedfptonal bassHiee e cidread Ime tafidenytit hout

antibody or wwth a tissue culture supernatant from control-virusinfected

203 cel | s. enamiegplasmid eiNDNYUMTHESAPIMEHES) betwesn fhe 9pPesererdingm st abl e

transfecte ] . i hS ' tioh Whrar gl ature
wnere £0. B 1€ ToPERetariMPHRGERATE NS iy IMeslioh stp; THES
MTH146- i nf ddNAdoligriniusladtideds an undi sti ngui shabl e staining pattern (Fig.

Speci {1 cal P91 B §a-redoctaRlast Ao efiasde R oRaRE L Aa ol T SR U

t he concentipatNON1) and he supernatant of infected cells is sufficient to

give a signal conparable to 5 ng/n rified antibody. | agple &:
Tunor - sel eceli back ép rawpgﬁﬁtwg&ééﬁﬁgﬁ?m#g?wﬁaﬁa@séBcfﬂ?ﬁ%, gggnﬁe
denonstr at ?th Qgt i ntravenous injection of the GFP expressing oncolytic
virus MIH3 eals to the expression of GFP in the tunor in _a |I5npuse

xegogr af t rmleIEH annéalpd @admubsequenthaligated indo tee Siil-gite of REMI HA% wn
t | ' ' ith 1x1
05t u of Tume Y Rt TG 0B Bt WAR Pl aRBCHRerusENA- 1L 1D

and day 34 dlfgopiuctdutideasginsistingtofent i ndi vi dual animals were sacrificed and

sectioned. Sections of the organs (ca. 2 were directl
ASC}W%‘_ g ( mm I y

cgggcgegecccgacaacttaagaaaaaatacgggtagaacagcagicticagtcttaat-3°, SEQ.
ID. NO: 3) and Asc back (5°-
15taagactgaagactgctgttctaccegtattitttcttaagttgtcggggcgegeccgat-3, SEQ. ID.
NO: 4)
was inserted into the Pacl-restriction site thereby destroying one of the
flanking Pacl-recognition sites and inserting a unique Ascl-site. The resulting
plasmid was designated pfIMTHB8 Asc Pac. This plasmid has two additional
20transcriptional cassettes inserted between the genes for the viral F and HN-
genes. Both transcriptional cassettes were flanked by identical viral
transcriptional start and stop sequences (Fig. 1). Cassette 1 contains a
unique Pacl restriction site, cassette 2 contains a unique Ascl restriction site
for the insertion of a transgene cDNA.
25
The heavy and light chains of a recombinant function blocking therapeutic
antibody against the extra-domain B (ED-B) of fibronectin (MOR03257) were
cloned into the two additional unique restriction sites Ascl and Pacl
respectively. The murine Iglambda light chain for the anti-ED-B antibody was
3oinserted into the Ascl site. The murine IgG heavy chain for the anti-ED-B
antibody was inserted into the Pacl site. The length of the inserts together
with the adaptor sequences was adjusted to a base number which was a
multiple of six in order to follow the rule of six for the length of the complete



anal ysed under a fluorescence mcroscope to detect G-P-expression (Fig. 6).
Phot ogr aphs of tunor sections show GFP-expression. No such GFP- 5expression
coul d be wouneb/igsmsany of the foll ow ng organs: spleen, Ipcr@po0songse heart,
ki dney, intestine, adrenal. Reisolation of NDV (MIH87) from organs: 0Oln
order to prove that replicating virus was present in the tunor but not in
the ot her organs, slices of the organs3¥ca. 2 mmthi ckness) were incubated
on top of a nonolayer of virus-sensitive HT29 cells in tissue-culture

medi um Thegetymalfdf ¢hie radoenbimast vield. Theeesuling pdabrhidrwah desigpatesisi on of GFP

whi chi ndi cat | nfecti.on b .that originated fromthe organ/tunor.
Rei sol at i OWWT%mumlﬁI%ﬁég'ﬁe from tunor pieces but not from any
of the organs tested. Qut of 6 tunmor pieces fromeach tunor at |east 4 were

positive for the virus-reisolation. Negative organs were: spleen, |iver,
lung, dhearWsingisdargarditachainuas forfbespstus efgeseRbinantdiiaY (rergfertien uded i n

the test) . Jfippe. braul i oBARCUIRI S Ui whb HroeautbiaR Bontidionid 87

selectively rep ST n tunor’tlssue an er organs. The virus
repl i cat i onadditioiedleEnas|codimgniordhg $wathainstdiéhée asti-ED+B g aotisody.

adm ni stration of the viru nple 6: Generation of an oncol ytic NDV
t hat exprest@é]t‘ﬁwsa\ﬂ?‘? B%IL%EM-']R@ r fusion protein L19-1L2: 5 Thg f usi on
protein L19-1L2 is a anti body targeted cytokine. The anti body fragnent L19
is directed_agai nst the extradomain B of fibronectin (ED-B) which is
expressed nEXampledir oundi ng tumor bl ood vessels but also in the tunor
stroma. qTRhe cytokine Interleukin-2 induces proliferation of T-cells and
activates NKcells. Free, non-tar %et ed interl eukin-2 SPr(_)I eukin) is
current|y uExpréssionwf an antibody by recombinant Newcastle Disease Virus.

Cells infected with MTH146 produce an antibody that recognizes its
antigen ED-B fibronectin (ELISA).

15Materials and Methods:

HT29 (human colon carcinoma) and CHO (chinese hamster ovary) cells were
seeded in 6well plates at 4x10° cells/well. The day after, cells were infected in
triplicate with a MOI of 0,01 either with virus MTH146 (containing the genes

20for an anti-ED-B antibody) or with virus MTH115 (containing the gene for an
irrelevant secreted transgene [beta-glucuronidase]).

At the time points Oh, 20h, 30h, 2d, 3d, 6d post infectionem an aliquot of the
cell supernatant was taken and subjected to an antibody titer determination.
25
The antibody titer was determined by ELISA. Plastic wells were coated with
the recombinant antigen ED-B. The tissue culture supernatant containing the
antibody or as a standard known amounts of recombinant antibody was
added to the wells. After washing, bound antibody was detected with a HRP-
30coupled secondary antibody raised against murine 1gG. Using purified
recombinant antibody (expressed by plasmid-transfected cells) as a standard
the concentration of the virally produced antibody could be determined.



dose application for treatnent of Renal cell carcinoma (RCC). The clinical
use of Proleukinis limted due to its high systemc toxicity. It has been
shown t havot2bes/tsessget ed delivery of |L-2 by an anti bodypsuar2@s/oli® can be
used to 5deliver therapeutic efficacious doses to tunors while maintaining
non-toxi c systemc levels of IL-2. The tunor specific delivery and
expression of L19-1L2 conbines the tunddselectivity of the oncolytic virus
with the additional tunorselectivity of the L19 antibody fragnent and the
strong ef feRegnItacti vity of I1L-2. Material and Methods: Ceneration of
reconbi nant NDV expressing the fusion protein L19-1L2 5 The plasmd

pfl MTH68 Pac contains the full genom c sequence of NDV MIH68 pl us one

additional faaRe ! ;\/gr;l@m@e%;a;ogtgﬁh%@ﬁé@re%swﬁilm BASbJdREintd #ld €al site. A

DNA- t ransgene codi ng ( ot ei n 9-1L2 is claoned into the Pad
site. This supersgtanéthat spesificaliylbinds o iKsatget &RrEnEg. ) clfiectiommokthgnal

peptide for _the extracel |l ul ar retion. r fusion protein
L19-1L2 (cé?%‘@ﬁrﬁel)ﬁﬁwé GIrus %é%%.s%h%]F@%ﬁ%ﬁ%@%?&"ﬁéggeenone is

a]gij ;Jf]t ed t 0fM¢H@15pdjé%@h@t nlg_éd&o{a)sigmmnmé E@-BrEJHaISAoWitls %é célbr the | englt Ih

o] e viral genone. Reconbinant vjrus is rescue om T7-expressing cells
t r ansf ect edSypemnatang IndiT29 EH@PHC%‘ISrtE? C@@ﬁ@ﬂﬁ@ o Qg{heoaryMi'ﬂﬁﬁ% the i

gene for L19Qs HYad#R i 1 @ ewhibhds mesuffitieng Vi r us
i s designat gﬁbﬁﬁ%ﬁeﬁe Vi {?F}swi ?J?u‘fﬁeg?%“&gﬂ%’??’ [ n| ti gsue clull ture or

in the al | anontantfationdoobiokgic astivtyydn CQcedsdee ANiPdY titee E2adigsi ne
FO-terat O%ﬁ%ﬁg’%@?ﬂﬂﬁﬁiﬁgggﬁﬁbfﬁ?t 20 Therapeutic studies are

performed i enei ¢ rine teratocarci noma nodel. The murine
F9-teratocarci noma nodel is a rapidgrowi ng syngenic tunor characterized by
a high ED-B_- fi qr nectin expression mainly in surrounding tunor bl ood
vessel s but EXpEW f”g":the t unor

Virally expressed antibody binds to its target: Inmunofiuorescence

15
Materials and Methods:

Murine F9 teratocarcinoma cells were seeded in 6well plates. The cells were

infected either with MTH146 (anti-ED-B antibody) or MTH115 (irrelevant
20transgene B-glucuronidase) or mock infected.

Two days after the infection the cells were fixed with 4% formaldehyde. The

cells were washed and bound antibody was visualized by staining with a

Cy3-coupled secondary antibody directed against mouse IgG. As a positive

control mock-infected cells were incubated prior to fixation for 1 hour with 5

25ug/ml recombinant a-ED-B 1gG.

Results:

The negative controls do not show a significant staining of the F9 cells. Cells
3o0infected with MTH146 show a staining pattern that is indistinguishable from
the staining with the recombinant antibody (Fig. 4). Therefore it can be
concluded that the viral infection leads to the production of the correct
antibody that binds to its antigen like the recombinant antibody. The virally



25stroma. 2 x106 F9 tunor cells in 50% matrigel are inplanted s.c. into
nude m ce strain 129 (clone SvHsd). Wen tunors reach a size of

appr oxi mawel2gocaBosga? m ce are infected w th reconbi nant pND¥ PSRN 86
(encoding the L19-1L2 fusion 3qgprotein) or control virus MIH87 (encodi ng
GFP as a transgene) at 1x1 09 pfu at days 1, 3, 5 and 7 intravenously.
L19-1L2 (CHO derived, dinmer) and | L2(PROLEUKI NE) are adninistered as a
daily i.v. bolus injection in sterile saline solution over a period of 5

days. All cereiesed ahtibogy tbaterfiondsdidosafficient tosgivdisestamigy simitahnto r ange
of 1.8 - 2.16 Mo. |IUkg/day. 5After 12 days the mce. r% sacy i fiaed and
the tumor weh gRtibedy eereaitriionof P it e hHBA 'S@Pnﬁﬁ@mﬂ‘ﬂ@?t gresime8duct of

the tumor el . mlehen | .
car i por - o2l R EgoRR e LFRRERTES A nRidod), WP Mtk g o it on

even at theug/ovlest dose of 1430 | U g/ day corresponding to a | ow dose

regi men used in humans whereas 3- and 6-fold higher doses only slightly

i nprove t hd t herapeutic efficacy of targeted IL2. PROLEUKI NE reduces the
tumor wei ghExmpd® 4% at 15its hi ghest dose. No therapeutic efficacy is
observed at 1430- and 4290 |1U/ g/day. Best results are obtained in the group
of mce treated with NDV MITrH201 . Tunor wei ght reduction is above 55% This

can be eXpl?irﬁﬂ?felik rés SO RO B8 tBfitd Bfrgét! IsmanehiseRAckdiStryL2 and

the oncolytic effeCct of the NDV. Anot her advantage is that the achieved
results are obtained with 20l ess adm ni strations of the NDV MIH201 conpar ed

expr 65565 ‘DS Bott5E ¥ o i T hat binds VEGF and 15 bi ol ogi cal v
active. It has been denonstrated that VEG- and its receptor are essential
LSLCQPE ar O&ﬁrypop?fesé:r?/leg rti%ghg Ise(c'\': lgr%:se(ﬁ &rﬂ o% {hee éR[MEL'rﬁglaﬁg%agér%\%nhasOf col on
xenograft subcutaneously in mice were fixed in cold acetone for 10 min,
washed in PBS and stained with antibody. As control served a purified a-ED-
15B 1gG antibody MOR03257 (conc. 5 pg/mi for staining) that was expressed
from stable transfected 293 cells. The negative control was incubated with
buffer only and no primary antibody. The supernatants of 293 cells infected
with recombinant viruses were used for staining as undiluted supernatants.
Prior to staining, virus was inactivated by treatment with UV-light. MTH146
20infected cells produce the a-ED-B IgG antibody, control infected cells were
infected with a recombinant virus that did not produce an antibody as a
transgene. The bound antibody was visualized by detection with protein-A-
peroxidase and staining with diaminobenzidine as a substrate. The sections
were counterstained with hematoxilin QS. Photodocumentation was

25performed with a Zeiss Axiophot imaging system.
Results:

No unspecific staining of the cryosections can be observed when incubated
3owithout antibody or with a tissue culture supernatant from control-virus-
infected 293 cells.



metastases in the liver in experinental nodels (Warren et al., 1995) and
this 3qprinciple has now been clinically validated by the system c use of

t he VEGFrnwotwnadsgesng human anti body avastin in pati ent s peirtEr2emsiheasat i C

col orectal cancer (Salgaller, 2003).VEG- (or VPF) is a honodineric

gl ycoprotein consisting of four isoforns (containing either 121 , 165, 189,
206 ami no acid residues in the mature Bdnoner) which are generated by
alternative splicing of nRNA derived fromb5a single gene. Wiile all forns

of VEGF possgsinirdy witld e paRftE BFD- B hitibdty xprebesd from §tQBPé ®andtésted
secreted. In contrast the | arger forns are associated with

hepar i n- boui2@3melis sbgwpcnakanastaristic signeh i tumoavagselature wWheee BL-Byst ogeni ¢
o sy o © Dfedint, MIhABEBA i tf {483 gterﬁélgﬁmsﬂn'mm% liffectQfltigRs the

producti on ssue ct or asm nogen activators, and their
i oi nhi bitor fyladimlalsmlnmdtmgeﬁsﬁab}eosielmngapatbem(F|g1 ﬁ)h'ébls derhossteatestidt. Mbst

| nportant receptors for VE re, f.ns-1like e fl

(Val t enber g'SZ'F g'ﬂ'ﬁ | EXPpregeRg an yli'ﬁr?rbéesgq g‘aﬁc Qg%@gﬁ‘%’ ﬁﬁ’ﬂ%q r at ed
in several Wﬂ]%ﬁorot@%‘%@rsédt@% and that the coiéehfration fH Bl duperasteat et tunors of
the human gastrointestinal tract, ovary, brain, ki dneéﬂJ I lung, and others.

In many expdifeatedtcalisis fofficisié QIVSrRaS@éaW%mPQ&h'Q)FP Q(IEtPU'I'@st to an
ef ficient a%ﬂtl?b%{“ ficant growth inhibition (Gerber and Ferrara, 2005).
Here we denons ‘e that the tunor targeted delivery of the anti-VEG-
2gankyrin repeat protein by the reconbinant NDV is advant ageous for the
treatnment of_thi SI désease This is shown in an experinental athym c nouse
model of cHEXAMRRIG S cancer . Typically the liver is the first and nost
frequent site of rret astasis in colorectal cancer Therefore the potency of
the new reagent is also dempnstrated in igﬁ\gﬁ_‘c experinmental nodel of
liver 5netadimpiselastive;rg %90!%#}{8&9’" ¥V econbi nant NDV

expressing gihidakathple &@rﬂ%ﬁ&tr@t@@ttl%tﬂntravenous injection of the GFP expressing
oncolytic virus MTH87 leads to the expression of GFP in the tumor in a
15mouse xenograft model.
MiaPaCa pancreas carcinoma xenografts were grown subcutaneously in
nude mice. The mice were treated repeatedly (6x) with 1x1 0° pfu of MTH87
(NDV with GFP as transgene) every other day.

20At day 21 and day 34 after the last treatment individual animals were
sacrificed and sectioned. Sections of the organs (ca. 2 mm) were directly
analysed under a fluorescence microscope to detect GFP-expression (Fig.
6).
Photographs of tumor sections show GFP-expression. No such GFP-
25expression could be found in any of the following organs: spleen, liver, lung,

heart, kidney, intestine, adrenal.
Reisolation of NDV (MTH87) from organs:

30ln order to prove that replicating virus was present in the tumor but not in the
other organs, slices of the organs (ca. 2 mm thickness) were incubated on
top of a monolayer of virus-sensitive HT29 cells in tissue-culture medium.
The day after, the HT29 cells were scored for the expression of GFP which



Ot hat neutralizes VEGF An anti-VEGF ankyrin repeat nol ecule of the type N3C
is selected with standard procedures (Binz et al., 2004). The sequence of

t he sel ecowedo@nisyosun repeat protein is known. An expreseCoEP@SHEIBE codi ng
for adesigned ankyrin repeat protein (dARPIN) with inhibitory activity
against VEGF is cloned into the full-Iength genom c NDV- MIH68 plasm d. The
pl asnmi d pfl MTH68 Pac contains the full3@enonm ¢ sequence of NDV 5MIH68 pl us
one additional transcriptional cassette with a unique Pad restriction site.

A DNA-t r ansigigiatetPiffetiondy MTes7AREL Nrigiaited frdfr@heicrgahbomdri nto the Pad
site. This transgene is _conposed of a yﬁ?é&k seqguence si gnal

CC,
pepti de forRekeladienof MTHEGI ayass@ly POss aM WA BRCESD Utt'P\%ta}E’r'i'P( ¥n repeat
| le. T i ; : i ol ;
mol ecul e mR%%}%Téefég?é& Ofit c%fgftWEcééﬁéﬁi SRS Maedst PRkl i ple o

6 to follow't Si X ) e Tength of the viral genone.
Recomnbi nant pasitivesfor $he visusieeistlation Tilegaiivecergang warel spleeanbveschusg, with t he

full-length viral genom c.plasmd containi ] s I N agai ns
VEGF by 4 Sieailty pesiie R faliR She %ebSRudBtfe e i e eeh

desi gnated MIH268. The virus is cultivated either in tissue culture or in
the allantoic fluid |I50f chicken eggs to produce hi itres. Subcutaneous
tumors: Cont DeREesHlis dormest lﬁ]_% tﬂ%%ﬁ"%ﬁ"ﬁéng\”g‘%&mﬁ selestivedd pet ri

di shes and r- i i bR} 50 iig/ 0. 02%
EDTA | n CaZ LR B bt R T e ™ ce. pES
and ar e r estgipotabaimany-ddysmaiter the tast inteavengusfadministration &f the Vifusser um fr ee
DVEM The presence of single cells is confirnmed by phase contrast

m croscopQ, and cell viability is determ ned by trypan bl ue excl usion.

Pat hogen- f rEgampld6c SNCR-NU athynmic mice (3 - 4 week-old fenal es obtai ned
from Si nonson | aboratories, Glroy, Ca) are housed in sterilized cages and
i njected subcutaneously with 5 x 106 viable tunor cells. Aninmals are
observed daily for tunor growth, and subcutaneous tunors are mnmeasured using

a cal i per Generation of an oncolytic NDV that expresses an antibody-effector

fusion protein L19-1L2:
15

The fusion protein L19-IL2 is a antibody targeted cytokine. The antibody
fragment L19 is directed against the extradomain B of fibronectin (ED-B)
which is expressed mainly surrounding tumor blood vessels but also in the

tumor stroma.

20The cytokine Interleukin-2 induces proliferation of T-cells and activates NK-
cells. Free, non-targeted interleukin-2 (Proleukin) is currently used in low
dose application for treatment of Renal cell carcinoma (RCC). The clinical
use of Proleukin is limited due to its high systemic toxicity. It has been shown
that the targeted delivery of IL-2 by an antibody such as L19 can be used to

25deliver therapeutic efficacious doses to tumors while maintaining non-toxic
systemic levels of IL-2. The tumor specific delivery and expression of L19-1L2
combines the tumorselectivity of the oncolytic virus with the additional
tumorselectivity of the L19 antibody fragment and the strong effector activity
of IL-2.



every 3 d. On day 1, 3, 5 and 7 after the tunor inocul ation groups of five
ganimals are injected intraperitoneally with varying anounts of either anti
VEGF mAB WO0&0ds/050084 200 ng per nouse), a control mAb of pClrErPs@sm1i1set ype
(200 ng/ nouse), with anti-VEG- ankyrin repeat protein (0 - 200 ny/

per mouse), 1x1 09 pfu NDV MIH268 or 1x1 09 control NDV MIH87. Prior to

hi ghdose virus treatnent the animals aBé desensitized with the increasing
virus doses 1x1 06 pfu, 1x1 07 pfu, 1x1 08 pfu, 5x1 08 pfu every other day.
Tunmor vol unes are cal cul ated as previously described (Kuan et al., 1987). 5
Li ver metastases: H7 cells are grown to confluence and are harvested as

descri bed &idi¥nd Hbageous injection and resuspended in serumfree
DMVEM at a ?@ggncentramn o? 20 x 106 cell/ m. Athymc mce are

anest heti zed wi th nethoxyfl uorance by inhalation prepared in a sterile
fashion, and the spleen is exteriorized through a left flank incision. 2 x

106 cel | s i GepRPation oFfe6b@binantINDV 6xpiesising tiee fmtion prateiniL 19HI2igh a
27-gauge needle over 1 mn, followed by spl enectony 1 mnlater.

Experinentgl aninmals receive VEG- antibody 154.6.1 , control antibody (100
ng/ nouse), anti-VEGF ankyrin repeat protein (100 ng/ m) by

1t r aper | { OfRglbidoHIBGTHOE PattdHaibs the fiIpgerphieicaepicb af NDV ect i on and

every3to4 Alternatively mce are treated
i ntraperi tow&lawpmtdnmamlwaﬂmmmmm@assﬁttelwﬂh@ue@ﬁeﬁﬂc! NDV MTH87 at

days 1, 3, 5 N ppears
201 et har gi CregﬁachH %@ég&@?%@ﬁé@sg%%bgg?%g? %%gﬁftéﬂ’{e?’ﬁrhgg IlIIL?%elgs are
exci sed andcloned lvetd,theRhd bite. ﬁmlasmgenanecmnpmdméd Kodakgeguenesect i ng
i croscope. To estinate tunp t he di anet er. e astases
i s 5m=:asuré‘@?ct'“tf:évh%Slgéﬁ‘rI BEPt"iﬁ qu tH@teéqrac IHﬂartsrgecrg 83538@\% or
cal cul at ed ﬁbé.cﬂﬁﬁw%mq_muzqdwnmna@t al. de)smhe%tau tmgcmbﬂtms of al |
tunors in each liver is determ ned. The |'ivers of t Wo c? r,,? ﬁnl mals is
nearly genome is adjusted to be a muitiple of 6 to follow the “rule of six” for t

length of the viral genome. Recombinant virus is rescued from T7-expressing

cells transfected with the full-length viral genomic plasmid containing the

15gene for L19-1L2 by a standard virus rescue technique. The resulting virus is
designated MTH201. The virus is cultivated either in tissue culture or in the

allantoic fluid of chicken eggs to produce high titres.

Murine F9-teratocarcinoma Xenograft experiment
20

Therapeutic studies are performed in the syngeneic F9 murine
teratocarcinoma model. The murine F9-teratocarcinoma model is a rapid-
growing syngenic tumor characterized by a high ED-B — fibronectin
expression mainly in surrounding tumor blood vessels but also in the tumor

25stroma.

2 x108 F9 tumor cells in 50% matrigel are implanted s.c. into nude mice strain
129 (clone SvHsd). When tumors reach a size of approximately 20 mm? mice
are infected with recombinant NDV MTH201 (encoding the L19-IL2 fusion

aoprotein) or control virus MTH87 (encoding GFP as a transgene) at 1x10° pfu
at days 1, 3, 5 and 7 intravenously. L19-1L2 (CHO-derived, dimer) and L2



repl aced by tunor and individual nodul es can not be distinguished. Tunor
volume is estinmated in these two livers as follows: the total |iver volune
mass Oi s weasewmsobshy di spl acenent of water in a 20-m gredmEeb@d/ ocyké nder
and the tunor volume is estimated to represent 85% of the liver.

Resul t : Subcut aneous tunors: The tunor size of treated animals is nonitored
and dose-dependent tunor growth inhibi88on is found for all tested
reagents. The tunor size in the aninmals which received the control mAb is

i mat i i i i d 22.
or e T T e oD < 2B o wnen 10 g

of mAb are salinecsaldtieraovena period ohrdayssAl spn@ntr%tmsszet aresusechioy my), 150
s (50 ) 400 e 20 RRSBEAY HEIye PG AkalGge dependency 1

found for t nky épeat protelrn when up’to 200 ng are
injected, with iothe best result of a tunor size of 100 - 500 nMmB8 when 200

ng of the r ent are appl.ied. By treatne f athymgc .m it he
control ND@E%%I—@# days ﬂi“gﬁbﬁ‘e §fez§g(éﬂf'°§§fr§i§h?3u%5\‘/%e' %Us&%geggﬁ#]@; anti t unor
effect i s duaabArdhenBetith@t@hbf red (prededtidtie fomgeet drmestbyang itBDV. Best
effects are found when athymc mce are infected with NDV MIH268

(expr essi ngperpendiaularyBcumoryune ¥sing BaliPe ot ei n) . Measured tunor si ze
is below 100 mmB. This effect is due to the advantageous conbi nati on of
tunor sel ective expression of the VEGF-neutralizing ankyrin repeat binding
protein andgi gﬁ anti angi ogenic effect and the independent antiproliferative
ef fect of tﬁg u:fmrsel ective NDV on the tunor cells. The tunorselective
delivery 3nd expression of the anti- 20VEG- ankyrin binding protein ensures
a steady Ad hi gh |l evel site-specific expression of the neutralizing

rotein whigch ove har macolQgi cal | im i o] 1,C
Do ni ot o e L 3TP2 sBARS A7 68,28 ifpr Weifioh P RRBnRyeln & i IVESSAC
non- speci f i gogéd 6 ta30igiyddutdsspurdlisntus ks dbbeé ceginieMiEdd incdwimans sat i on.
This effect is obtained at a reduced nu e[ .25adniq$% rati ons and

. 0
t her ef ore aWhegRs 3cand BriPldiuighebrosafon %S l@?ﬂy IRave efapelitic
efficacy of targeted IL2. PROLEUKINE reduces the tumor weight by 50.5% at

15its highest dose. No therapeutic efficacy is observed at 1430- and 4290
|U/g/day. Best results are obtained in the group of mice treated with NDV
MTH201. Tumor weight reduction is above 55%. This can be explained by a
combined action of the virus-expressed L19-IL2 and the oncolytic effect of
the NDV. Another advantage is that the achieved results are obtained with

20less administrations of the NDV MTH201 compared to fusion protein alone.

Example 7:

Generation of an oncolytic NDV that expresses an ankyrin repeat
25protein that binds VEGF and is biologically active.

It has been demonstrated that VEGF and its receptor are essential for the
growth of colorectal cancers and the formation and growth of colon cancer
metastases in the liver in experimental models (Warren et al., 1995) and this
soprinciple has now been clinically validated by the systemic use of the VEGF-
neutralizing human antibody avastin in patients with metastatic colorectal

cancer (Salgaller, 2003).



I s expected. Liver netastases: 30All aninmals show evidence of hepatic
tunors but differ in nunber, size and weight of |iver netastases. A
dramat i ¢ weduesiises4i n conpari son to the control mAb treaCedPric@11186 Seen
after anti-VEGF treatnment. The average nunber of tunors per liver and the
mean estimated tunor volune per liver is 10- andl8-fold lower in the
anti-VEGF mAb 4.6.1 -treated aninals c8f8pared to the control antibody
treated animals. Simlar results are found for the anti-VEG- ankyrin repeat
protein treated-m ce. The nost dramatic reduction is observed in the animls
treated with NDV MIH268. Though adm nistered |ess tines 5the nunbers of
tumors in t NEGF (@rVPE) iseaiheswdimarie Blycopraieineansistingof fow isaforiisen
conpared to . : mMaGe. ! nefi ci al
coet of NCIRRIRLEBRRATER: 185, 200 alnifo RELTBSHUER TP MRIRERe) | Uiy

met ast ases nsordueer) hhicdaenyagemisd by atiemative spicing wimBNActsrivied feorpr essi on

of the VEGElI oneutrali zj a rinr at bindin rotein and it

ant i angi ogéa_ﬁisdngjﬁf%‘?' gﬂ'gle[ %Eyqrme?fe ! tpoﬁﬁ?ﬁ)gcﬁ?gqaéngﬁj@'%cee??&ctpeof t he

tunor sel ect sRIIBPHv®BpéEies EigeEckRéd In cOhtrabliMedatRe foved srepasddciatedt es in

t hese remaini n%turmr buds and exerts its antiproliferat i}%%s'gf,fect on these
» :

tu%r ce:c I ZV\ﬂﬁb‘ eparindeunchBraigogiveant indae extrasalial Mmagt d®l1s and
nunber o : - ; : .
m%@rgﬁﬁ%&gﬁfﬁgéégﬁgﬁ%és@ SRAsHBIAIRVNIZARHLEES fid | cacy

on the growtl . _ e nunber, size and weight o
col orectal productiontaidisase fadtor, sollagenase, plasminpgepaciivatersaakg rtgﬂlfr epeat

bi ndi ng protei.n. is used. whi ont ai | £ Clt] r A, VEG-C and
Pocr. 20" ESoutiipers AR el AR BB s P Sl B
i ntracel | ul ghpankt iebepteps fér WEGFeare finsdikei tpivsing kinpeé @it1 ake KDRase

activity and 1nhibits t r
Y (Waltenberger elthP, 1994). The Expression of VEGF has been

demonstrated in several human cancer lines in vitro and in surgically

resected tumors of the human gastrointestinal tract, ovary, brain, kidney,

15lung, and others. In many experimental tumor models the neutralization of
VEGF leads to an efficient and significant growth inhibition (Gerber and
Ferrara, 2005).

Here we demonstrate that the tumor targeted delivery of the anti-VEGF
20ankyrin repeat protein by the recombinant NDV is advantageous for the

treatment of this disease. This is shown in an experimental athymic mouse

model of colorectal cancer. Typically the liver is the first and most frequent

site of metastasis in colorectal cancer. Therefore the potency of the new

reagent is also demonstrated in an orthotopic experimental model of liver
25metastasis.

Material and Methods:

Generation of recombinant NDV expressing an ankyrin repeat protein
3othat neutralizes VEGF

An anti-VEGF ankyrin repeat molecule of the type NsC is selected with

standard procedures (Binz et al., 2004). The sequence of the selected

ankyrin repeat protein is known. An expression cassette coding for a



25growt h Pl k-1 has been shown to be a target for cancer therapy. Expression
of Plk-11is elevated in neoplastic tissues and has a prognostic potenti al
in a broastionasmgsesfi human tunors (see eg. WO2005042505 ®ou/pPedisnenses
therein). 0 An anti-human Pl k-1 ankyrin repeat nolecule of the type N3Cis
selected with standard procedures (Binz et al., 2004, Anstutz et al.,
2005). Binding to Pl k-1lis nmeasured in 40 ELI SA with reconbi nant GST-Pl k-1
on glutathion-plates as a substrate. Positive binders are selected and the

cor r espondi HesigREE BNRY AN $EEERThrotiP (JARPRUKAIY diHilsitdAdceivipy againeh pl asnid
pPCcDNA3. 1 . Theig asmys are transfect ed F&?to Hel a_and NaTE)yc%IIs and the

cells are sVH tSeQiO'ﬂQd intedheifuli-ength generpicjDYsMJ &GS plgemid. g. in

W02005042505. This nethod is preferred to an in vitro kinase assay in order
to be able to also identify binding dARPINS that block function w thout

directly blocking the kinase activity. The dARPIN with the best inhibitory
activity of Thelglagmidl pfiNTkI68IPad eomeﬁlwedh@(ﬂulf genomigesaquencernfdlibe genone of

t he oncol yt I nant V The | Kk

repeat pr ot HIEERTR AREAa e thinect PG SR atle WIR S b B0y

&X?LGSSLOB f@&ﬁ@ctdntesl@?!k [D!NA—@rranéQﬁn@lesdlg%;Edr mekd'AI}{ﬁlN ggaEIts VEGHesn (dARPI N)
I nhibitory activi agai n uman he full-I h

genomi ¢ NDvelregdantsithgmae! ﬁ't@Tﬁ-E'sﬁf%H\eﬂeﬁ Fﬂ)!rﬁshé)geaé’ c%‘?ﬁtagﬁ %{asqeqqu;ef ul ant

genomi ¢ SCILRIE 305 s‘\qﬁ & ﬁéeﬁb%e@&@ra@emar%@btlbﬁanaqr\emm%rtﬁassette

with a uniq res on site. A DNA-transgene coding for the dARPIN
agai nst Pl kamkyrn rﬂp@@ém¢|ﬁcl@|et e tetal length ofruhequnom%gfe@@us@ ddesoged of a

Kozak sequ %ﬁ?@y&g’fﬁt@@u&bﬁ‘h&%BPélx" ?ttrgé‘géHg‘tﬁ‘of a|f§%{16§+%0 The

t ot al Ieng nome 1s adjuste ol I ow
the "rul e oRegoxibiriant \Mdms |beegd:lmdd’romﬁ'§ expmssmgrumﬂetraﬂsmm mathtthei rus is

rescued from T7-expr.essing cells transfected, with the.fu viral

genomni ¢ pl ag}ﬂ @“Eﬁ’h‘f‘%ﬁ AeTpRIfPIRMY @Bﬁa'i‘ﬁgqﬁﬁﬁﬁnﬁ f%g]eng)ng‘?rﬂ%ﬁ%w a

standard Vi MEGF 8§ @Ustah8aRNiAkerestl8 technique. The resulting virus is designated
MTH268. The virus is cultivated either in tissue culture or in the allantoic fluid

150f chicken eggs to produce high titres.

Subcutaneous tumors:

Confluent cultures of LS LiM6 cells are grown in 10 cm? Petri dishes and are
20harvested by brief trypsinization, (0.05% trypsin/0.02% EDTA in Ca2+/Mg2+
free HBSS) washed several times in Ca2+/Mg2* -free PBS and are
resuspended at a final concentration of 5 x 107 cells in serum free DMEM.
The presence of single cells is confirmed by phase contrast microscopy, and
cell viability is determined by trypan blue exclusion. Pathogen-free Balb/c
25NCR-NU athymic mice (3 - 4 week-old females obtained from Simonson
laboratories, Gilroy, Ca) are housed in sterilized cages and injected
subcutaneously with 5 x 10° viable tumor cells. Animals are observed daily
for tumor growth, and subcutaneous tumors are measured using a caliper
every 3d. On day 1, 3, 5 and 7 after the tumor inoculation groups of five
30animals are injected intraperitoneally with varying amounts of either anti
VEGF mAB 4.6.1 (0 - 200ug per mouse), a control mAb of the same isotype
(200 ug/ mouse), with anti-VEGF ankyrin repeat protein (0 - 200 pg/ per



resulting virus is designated MIH261. The virus is cultivated either in
tissue 25culture or in the allantoic fluid of chicken eggs to produce high
titres. TWe 2viaaseosus purified and concentrated using targempeals/oiiiesw
filtration and eluted in buffer with 5% mannitol /1% L-lysine. In vivo tunor
grow h inhibition. OFemale NVRI nude mce are injected subcutaneously with
1,5x1 06 MaTu cells diluted 1:1 (medi uM® natrigel). Wen tunors have
reached a size of 20-25 mmR (appr. 3 days later) the aninmals are treated

with the re%%ﬁ&egm&m?l PFUNDVITHRE8®r 3 xa0ecoritre N M HB7 2PAono highus
suspension (in 5% 5mannitol/1 % L-1ysine buffer) i nt ravenouslé every ot her
9

day with th@lorsgwlruwtr@@tmeﬁgE@J@nwlﬁa%éesqw@?@dﬁw thg nereasi V'_{saos pf u,
5x108 pfu, 7 d 8 fu. The

I ncr easi ng y&gg1gt t @ﬁé@?nﬁwb‘*f’ BRPP%B ﬁ’ése&zl"ﬁﬁa‘% on#@?mfhe m ce
agai nst t he volumes a@nealgulated aspedviessip diegciibed gfuareet almntldro! / 1%
L-l1ysine), one group receives ioreconbinant virus MIH37 that expresses a
non-therapeultic transgene (GFP) and one group the reconbinant oncol ytic

vi rus MIH26} jeemessdtageshe dARPIN that has inhibitory activity agai nst

Pl k-1. Tunor growth is nonitored for three weeks and the tunors are wei ghed
at the end (day 21) Control tunors are in the range of 1,0 g. Tunors
treated witly "R (oSurifiehbe ARl e 1M odtEd!S deRtribdy BBbGe fireal ed

Wi th I\/rI'H261 are even er anél ow a significant wei reduction in
conpari son \aubbuinmeBUs lm‘ectqaordendmesuspeeded i SaEmM ffeéfDM%eM @hRPI N expr essi on

Dy N v MR RGO C20 eIl ARV yidh ARCanditBefiftiiinal so- proves
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injected into the splenix pulp through a 27-gauge needle over 1 min, followed
by splenectomy 1 min later. Experimental animals receive VEGF antibody

154.6.1, control antibody (100 ug/ mouse), anti-VEGF ankyrin repeat protein
(100 pg/ ml) by intraperitoneal injection beginning 1 d after splenic-portal
injection and every 3 to 4 days thereafter. Alternatively mice are treated
intraperitoneally with 1x1 0° pfu NDV MTH268 or 1x1 0° control NDV MTH87
at days 1, 3, 5 and 7. All animals are killed when the first mouse appears

20lethargic and an enlarged liver is palpated (day 28). The livers are excised
and weighed, and the metastases are enumerated using a dissecting

microscope.

To estimate tumor volume, the diameter of each liver metastases is

2smeasured to the nearest millimeter, and the volume of each tumor is
calculated by assuming it to be a sphere. The sum of the volumes of all
tumors in each liver is determined. The livers of two control animals is nearly
replaced by tumor and individual nodules can not be distinguished. Tumor
volume is estimated in these two livers as follows: the total liver volume mass

30is measured by displacement of water in a 20-ml graduated cylinder and the
tumor volume is estimated to represent 85% of the liver.

Result:



Hypoxia in tunors is developed if the tunor cells grow faster than the
endothelial cells that formthe bl ood vessel system l|eading to a

depri vat iwo 20d6/03898gen and nutrients in the tunor . 0 Thecestrakbsioshsent of
hypoxic areas in solid tunors pronotes the progression of the tunor

devel opment. Oxygen deficiency in tunor cells |eads to genetic instability,
foll owed by a selection process, ending2up in tunor cells wthreduced
apoptotic potential and increased resistance agai nst conventi onal

t herapi es, |ike chenotherapy and radiation. As a consequence hypoxia in
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athymic mice are infected with NDV MTH268 (expressing the anti-VEGF

15Ankyrin repeat protein). Measured tumor size is below 100 mm?®. This effect

is due to the advantageous combination of tumorselective expression of the

VEGF-neutralizing ankyrin repeat binding protein and its antiangiogenic

effect and the independent antiproliferative effect of the tumorselective NDV

on the tumor cells. The tumorselective delivery and expression of the anti-

20VEGF ankyrin binding protein ensures a steady and high level site-specific
expression of the neutralizing protein which overcomes pharmacological

limitations of the systemic administered ankyrin repeat protein e.g. such as

rapid clearance and non-specific tissue distribution and ensures efficient

VEGF neutralisation. This effect is obtained at a reduced number of

2s5administrations and therefore a higher convenience for the patient population

is expected.
Liver metastases:

30All animals show evidence of hepatic tumors but differ in number, size and
weight of liver metastases. A dramatic reduction in comparison to the control
mAb treated mice is seen after anti-VEGF treatment. The average number of
tumors per liver and the mean estimated tumor volume per liver is 10- and



NDV treat nent al one and application of reconbinant purified anti H F-1la
ankyrin repeat protein alone. In vivo efficacy is proven in a prostate
cancer 25xenogvmsbissnodel in nude mice. Material and Met lpodxprSmserass on of
reconmbi nant NDV expressing an ankyrin repeat protein 30that binds HF-1 a
An anti-H F-1 a ankyrin repeat nolecule of the type N3Cis selected with
standard procedures (Binz et al., 200443 The sequence of the

sel ect edankyrin repeat protein is known. An expression cassette coding for
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the number of surviving tumor cells and number of detectable metastases.
15
An even increased therapeutic efficacy on the growth of the primary tumor
and the number, size and weight of colorectal liver metastases is seen when
a multi-specific ankyrin repeat binding protein is used which contains
specificities for VEGF-A, VEGF-C and PDGF.
20

Example 8:

Generation of recombinant NDV expressing an intracellular ankyrin
repeat protein that inhibits polo-like kinase activity and inhibits tumor

25growth

Plk-1 has been shown to be a target for cancer therapy. Expression of Plk-1
is elevated in neoplastic tissues and has a prognostic potential in a broad
range of human tumors (see eg. W02005042505 and references therein).

30
An anti-human Plk-1 ankyrin repeat molecule of the type N3C is selected with
standard procedures (Binz et al., 2004, Amstutz et al., 2005). Binding to Plk-1



25si ze of 150-200 mmB. On day 0O after the group allocation the mce are
treated every other day with increasing doses of MIH288 (encodi ng anti

H F-1 a owBRBbiddosoas4 MIHB7 (control virus encodi ng GFP aspeTirPans@ens) . Pri or
to high dose virus Otreatnment, virus doses of 106 PFU, 107 PFU, 108 PFU and
5x1 08 PFU are given intravenously for desensitization against NDV. After
desensitization the highest dose of 1084PFU is applied three tinmes. The
control group is treatedintravenously with purified anti HF-1 a ankyrin

repeat protg rﬂeég%drm/a%eéu@wmh reRbinaat GBT-Pik-1 bR F0tathibhpidtes asnkyr i n
repeat protein starts at the tine point of the first virus injection and is
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15The plasmid pfIMTH68 Pac contains the full genomic sequence of NDV
MTHB68 plus one additional transcriptional cassette with a unique Pacl
restriction site. A DNA-transgene coding for the dARPIN against Plk-1 is
cloned into the Pacl site. This transgene is composed of a Kozak sequence
CCACC and the cDNA for the ankyrin repeat molecule. The total length of

20the genome is adjusted to be a multiple of 6 to follow the “rule of six” for the
length of the viral genome. Recombinant virus is rescued from T7-expressing
cells transfected with the full-length viral genomic plasmid containing the
gene for the dARPIN against Plk-1 by a standard virus rescue technique. The
resulting virus is designated MTH261. The virus is cultivated either in tissue

25culture or in the allantoic fluid of chicken eggs to produce high titres. The
virus is purified and concentrated using tangential flow filtration and eluted in
buffer with 5% mannitol/1% L-lysine.

In vivo tumor growth inhibition.

30



strategy allows the targeting of tunor cells with the anti H F-1 a ankyrin
repeat fusion protein that are thenselves not infected with NDV. gA virus
that exprweses/sidsul t aneously transgenes for two separ areTaARRIBSNR186 One
intracel lul ar agai nst H V-1a and one secreted against interleukin-8 - is
expected to have an increased anti-tunor activity due to bl ockade of two
conpensatory pathways (M zukam et al. 452005) . Exanpl e 10 MIH1151 | eads to
expression of b-glucuronidase in infected cells Materials and Met hods: Hel a

cells were Pbﬁia%’N'MRﬁMﬁélé nﬂbéa%sf 6é%fté@%ub§@l@heﬁasly®mﬁ usmge NelTus were
infected with very MIH87 and MIH1 1 t the_indicated
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Al t hough N"'Hﬁa dh\é@bupﬂh& rscomhbinahtonedlytic vings MH26 1 @eprasasgémiogenous
dARPIN that has inhibitory activity against Plk-1. Tumor growth is monitored
for three weeks and the tumors are weighed at the end (day 21). Control
tumors are in the range of 1,0 g. Tumors treated with MTH87 show a

15significant weight reduction. Tumors treated with MTH261 are even smaller

and show a significant weight reduction in comparison with MTH87. This
demonstrates a benefit of the dARPIN expression by the virus compared to
the virus treatment alone. The result also proves that an intracellularly active
transgene can improve the oncolytic properties of a recombinant oncolytic

20virus.

Example 9:

Generation of an oncolytic NDV that expresses an ankyrin repeat
25protein that binds HIF1a and is biologically active

Hypoxia in tumors is developed if the tumor cells grow faster than the
endothelial cells that form the blood vessel system, leading to a deprivation
of oxygen and nutrients in the tumor .

30
The establishment of hypoxic areas in solid tumors promotes the progression
of the tumor development. Oxygen deficiency in tumor cells leads to genetic
instability, followed by a selection process, ending up in tumor cells with



b- gl ucuroni dase fromthe cells the resulting activity in the supernatant is
3gnegligable. MIHL 15 infection clearly achieves a massive production of

t he transweneos/o5hm4CPE by MIH115 is conparable to that etCTMPE®E0an8€s
MIH68(wt ), so the expression of b-glucuronidase by the virus does neither
attenuate replication of the virus nor decrease the cytopathogenicity of
the virus. Exanple 11 5 Quantification4@8f transgene expression by MIHL15 in
various cells Materials and Met hods: 10Cells were seeded in 96wel | plates.
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S
HIF-1p subunit. The HIF-1a-subunit and the HIF-1B-subunits are

constitutively expressed. But HIF-1a is in contrast to HIF-1p immediately
degraded under normoxic conditions. In a normal oxygen milieu the HIF-1j3
subunit is recognised and marked for proteasomal degradation by the Von-

15Hippel-Lindau protein (pVHL), which is part of an E3 ubiquitin ligase complex.
Under hypoxic condition the HIF-1a-subunit is no more recognised by the
pVHL and the protein is immediately transported into the nucleus. In the
nucleus a dimerisation with the HIF-1p-subunit takes place and DNA binding
to a HRE (hypoxia reponse element) leads to specific gene induction.

20ln the described experiment it is demonstrated that intracellular targeting of
the HIF-1a-transcription factor by an anti HIF-1a ankyrin repeat protein
expressed by a recombinant NDV in a solid tumor model is superior over
NDV treatment alone and application of recombinant purified anti HIF-1a
ankyrin repeat protein alone. In vivo efficacy is proven in a prostate cancer

25xenograft model in nude mice.
Material and Methods

Generation of recombinant NDV expressing an ankyrin repeat protein
3othat binds HIF-1a

An anti-HIF-1a ankyrin repeat molecule of the type N3C is selected with
standard procedures (Binz et al., 2004). The sequence of the selected
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length of the viral genome. Recombinant virus is rescued from T7-expressing
cells transfected with the full-length viral genomic plasmid containing the
gene for the dARPIN agains HIF-1a by a standard virus rescue technique.
The resulting virus is designated MTH288. The virus is cultivated either in
15tissue culture or in the allantoic fluid of chicken eggs to produce high titers.

PC-3 xenograft model:

PC-3 xenografts are passaged in vivo in athymic female or male nude mice.

20Xenografts are established by subcutaneous (sc) injection of 5 x 1 0° PC-3
cells per animal. After the third passage tumors are cut into 2 mm® pieces.
Subcutaneous inocculation of nonnecrotic tumor tissues in nude mice is
performed using sterile stainless steel needles. Mice are randomly allocated
to various treatment groups, when the tumor volume reaches an average

o5size of 150-200 mm®.

On day 0 after the group allocation the mice are treated every other day with
increasing doses of MTH288 (encoding anti HIF-1a dARPIN) or MTH87
(control virus encoding GFP as a transgene). Prior to high dose virus
sotreatment, virus doses of 10° PFU, 107 PFU, 10° PFU and 5x10° PFU are
given intravenously for desensitization against NDV. After desensitization the
highest dose of 10° PFU is applied three times. The control group is treated
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The best tumor growth inhibition on day 20 is seen in mice injected with the
15NDV MTH288 expressing the anti HIF-1a ankyrin repeat protein. The
inhibition of tumor growth after treatment with MTH288 is significantly better

than after the other treatments.

This result demonstrates that intracellular expression of an ankyrin repeat
20protein against HIF-1a by NDV is advantageous over NDV treatment alone or

over application of recombinant purified anti HIF-1a ankyrin repeat protein.

It is expected that the viral expression of a secreted anti HIF-1a ankyrin
repeat protein fused to a cell penetrating peptide (e.qg. tat peptide,

250ligoarginine peptides, AntP peptide, VP22 peptide, penetratin, transportan
(for review see (Ford et al., 2001) enhances the therapeutic effect. This
strategy allows the targeting of tumor cells with the anti HIF-1a ankyrin
repeat fusion protein that are themselves not infected with NDV.

30A virus that expresses simultaneously transgenes for two separate dARPINS
— one intracellular against HIV-1a and one secreted against interleukin-8 -
is expected to have an increased anti-tumor activity due to blockade of two

compensatory pathways (Mizukami et al., 2005).
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Results:
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The infection with MTH115 leads to a time-dependent increase in the

expression of B-glucuronidase, which is a result of the viral replication (Figure
7). Although MTH87 eventually kills the cells and thus liberates endogenous
B-glucuronidase from the cells the resulting activity in the supernatant is
3onegligable. MTH115 infection clearly achieves a massive production of the
transgene. The CPE by MTH115 is comparable to that of MTH87 and MTHE8
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25wells were analysed.

Results:

The results are summarized in Figure 8. In the normal cells HDMVEC and
3ofibroblasts no transgene expression can be detected. Also no cytopathic

effect was observed (not shown). In the tumor cells that are susceptible for

the virus Hela and HT29 there is a massive production of the transgene beta-

glucuronidase whose activity can be measured in the supernatant. Hela cells
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The results are summarized in Figure 9 and Figure 10. Doxorubicin alone

kills the cells at the given concentration. The prodrug at the same
concentration is not toxic to the cells. The virus alone at the given MOl is also
not toxic because tumor cells were selected that have a degree of resistance
o5to the virus treatment. The combination of both glucuronidase-expressing
virus and the prodrug is able to kill cells that are not killed by either treatment
alone. A control virus (that expresses GFP instead of beta-glucuronidase)

does not show any synergy with the prodrug treatment.
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control sequence. 15 17. A cell conprising a reconbi nant oncol ytic virus of
any one of clains 1-12, a virus genone of clains 14 or a DNA nol ecul e of

cl ai m 15 wo 206&/050434 A pharmaceuti cal conposition conpri PCHEPSACABHI nant
oncolytic virus 20 of any one of clains 1-12, a virus genone of clains 14
or a DNA nol ecule of claim 15 or 16 as an active ingredient optionally
together with pharmaceutically acceptabbe carriers, diluents and/or

adj uvants. 19. The pharnaceutical conposition of claim18 for the
prevention gpsidin, BSakd €iakIRRIV. efoosrTureer. geRbs andl theepdttonkys drey tcherop Vel ent i on
and/ or treat nent mefl, 10arggeTooconpri si ng adm ni stering a subject in need
thereof a pharmaceutically effective amount of a conposi E',on f %I aim 18 or
19. 302 1. VieHenbetdaod., GfacesoareisoLwhiegkana, B higyyg; Bandi e fr tient.
22. A recordbi nanP‘ﬁéf?ep?'%ﬁé%arﬁﬂﬁ“?ﬁ F?.@%er?ﬁ?@é i 2%? LIEETRCRE W't h at

| east one transg@?i’é’,the\mgf miaERG B @?n&' aci'd o I's transgene(s) codes

for a 5 progyug-£gn | NGy SRAYITR . Ngal chaang Et ARIFadmRM g R, (3932) Bpddicwhen
expr essed bgvatﬂg'eé;@ibftﬁbé&dfgl MWN%s W%|n{i2$%rge@edmmﬁbbdswyatesmm ytic RNA
Vi rus conpfg si NgcahcBiGbby Giatal Res, 5B, 4B4l4east one transgene, wherein the
nucleic acid of this transgene(s) codes for a 10 protease that has a
t her apeut i cvmmeh,\ﬂ.s.yl\/mdgl%é&t%k Mﬁx&?%%yogméwwrtﬁﬁ%Me(?ﬂgP@d?ngE%%?\,?ﬁéLSé 24. A
phar maceut i cal co®Rsa'8i €NONe W ¢ . { of any
one of clajns 1 fmgde®fexpejmepfel '&%mgtaﬁf‘%%ﬂfﬂ’efgg 'efng?g%&; DNA 15 nol ecul e
of claims ¥ ol MR %kaé"%aﬁuw?s.i " $81 ARiscRRLILONBLLY, 0.0GRk ee, Wi t h

YRR

u

phar maceut | FOIbARY Snd@totdxRiiyPof aHuhaR Rhseratiicl RNEseifmivamsien. Whi ch
virus, virus gen ﬁg’f&?h%/o \§\ 1rplisgul e conprises at | east one transgene
encodi ng for a prodrug-converting enzyne. _ _
20Zhao, H. and Peeters, B.P. (2003) Recombinant Newcastle diseasg virus as a viral \{ectc_)r:
effect of genomic location of foreign gene on gene expression and virus replication.
J Gen Virol, 84, 781-788.




2025. The pharnmaceutical conposition of claim24 further conprising a
prodrug whi ch can be converted into a therapeutically active conpound by

t he prodrwg-20@msessui ng enzynme encoded by the virus, viresrgeroaspiasd/ or DNA
nol ecul e of claim24. 2526. The pharmaceutical conposition of claim24 or
25 for treatnent and/or alleviation of a proliferative disorder. 27. A

met hod for treatnent of a proliferativa di sease, conprising adm nistering
in a pharnmaceutically effective anmount to a subject in need 30 thereof(a) a
reconbi nantopfy ytic virus of any one of clains 1 to 12, a virus genone of
claim 14, and/or a DNA nolecule of clainms 15 or 16 conprising at |east one
transgene encodi ng for a prodrug-converting enzyne, and (b) a prodrug
suitable for treatnment of the proliferative disease, which prodrug can be
converted ipto L&At ' Inifa RYiclelteadld adtrigt leastver ti ng
enzynme of (2).A3§a§ﬁ5g%@?#&E@@P#ﬁﬁfﬁggﬁﬁ8§???§n,conprisin a reconbi nant
oncol yti ¢ vi r usnetraasgemsevioérein thiensucleic @cicbof f@'&/V?ﬂﬁQ&j@(&]@Qﬁs fora m 14,

Cogether wpt h BRASHEIINANA JAsd TuglpRaiic Beityagher By Bes b the 0Pt onel 1Y

adj uvant's, whi g aLirfétsted tumes cetnome and/ or DNA nol ecul e conprises at | east
one transgene encoding for a protease. 29. The pharmaceutical conposition
of claim28 for treatnent and/or alleviation of a proliferative disorder.
30. A nethod for treatnment of a proli fera{_i ve, di ﬁﬂﬁﬁ .conpri sing

adni ni st eri 8g Theairpa&f etedaut.iwhichys anega 'Y‘?fétrﬁﬁa vBUS subj ect in need

t hereof a reconbi nant oncol ytic virus of any one of clains 1 to 12, a virus
genonme of claim 14, and/or a DNA nol ecule of clains 15 or 16 conprising at

least one fpanggent §RFQiRG1 bP2, ARk sas&aRtkeqnasr ot okol 1

4. The virus of any one of claims 1-3, which is a Newcastle disease virus
(NDV).

155. The virus of claim 4 which is a non-lentogenic NDV, e.g. a mesogenic or
velogenic NDV, in particular the mesogenic strain MTHGS.

6. The virus according to any one of claims 1-5 wherein the binding protein

belongs to the following group: a natural ligand or a genetically modified

20 ligand, a recombinant soluble domain of a natural receptor or a modified

version of it, a peptide- or polypeptide-ligand, an antibody molecule or a
fragment or a derivative thereof or an antibody-like molecule like an

ankyrin-repeat protein or a fragment or derivatives thereof.

257. The virus according to any one of claims 1-6 wherein the binding protein
is of mammalian, e.g. human, murine or closely related origin or a

chimeric protein.



<110> Schering AG <120> Reconbi nant Newcast| e D sease Virus <130>

<150> EP04090432.8 <151> 2004-11-11 <160> 5 <170> Patentln verlg?onSg.zz‘,?A
<210> 1 <RdDLwochiBoss212> DNA <213> Artificial <220> <223>p8f/EP2608/0184- O

i gonucl eoti de <400> 1 aggccttaat taaccgacaa cttaagaaaa aatacgggta
gaacggcctg ag 52 <210> 2 <211> 52 <212> DNA <213> Artificial <220> <223>
Sfi back, DNA-A igonucl eotide <400> 253dggccgttct acccgtattt tttcttaagt
tgtcggttaa ttaaggcctc tc 52 <210> 3 <211> 60 <212> DNA <213> Artificial

<220> 8. The virus according to any of the preceding claims wherein the binding
protein is a monomeric, dimeric, trimeric, tetrameric or multimeric protein.

9. The virus according to any one of the preceding claims wherein the
5  binding protein is monospecific, bispecific or multispecific.

10. The virus according to any one of the preceding claims wherein the
binding protein is a fusion protein comprising at least one binding domain
and a heterologous domain.

10

11. The virus according to claim 13 wherein the binding protein is a fusion
protein with a toxin such as human RNAse (pseudomonas exotoxin,
Diphtheria toxin), or a fusion protein with an enzyme like beta-
glucuronidase, beta-galactosidase, beta-glucosidase, carboxypeptidase,

15  beta-lactamase or a fusion protein with an immune-stimulatory protein
with cytokine activity like IL-2, IL-12, TNF-alpha, IFN-beta or GM-CSF.

12. The virus according to any one of the preceding claims wherein the

binding protein is selected from the following group: blocking proteins of

20  autonomous active growth factor receptors (eg. EGFR, Met), competitive
binders for growth factors (antagonists), blocking proteins for Rb-
phosphorylation, blocking proteins for E2F-dependent transcription;
stabilizers for p53; antagonistic binders for antiapoptotic proteins (eg.
Bcl-2); antagonistic binders for cyclins; antagonistic binders for Ras

25  effectors (eg. GEFs); antagonistic binders for hypoxia induced proteins
(eg. HIF1a); inhibitors of transcription factors that interfere with
dimerization or DNA-binding or cofactor binding (eg. Myc/Max); Inducers
of differentiation; Inhibitors of smad signalling/translocation; inhibitors of
cellular adhesion interactions (cadherins, integrins, eg. Ba5g1, avB3);

30  inhibitors of enzymes that degrade the extracellular matrix (eg. MMPs);
antagonistic binders for proangiogenic ligands (eg. soluble VEGF-R);
antagonistic binders to proangiogenic receptors; inhibitors of scaffold



<223> Asc fw, DNA-A igonucl eotide <400> 3 cgggcgcgcc ccgacaactt aagaaaaaat
acgggt agaa cagcagtctt cagtcttaat 60 <210> 4 <211> 60 <212> DNA <213>
Artifici avo28@s098223> Asc back, DNA-A igonucl eotide <#0@mpPdotsaapact gaa
gactgctgtt ctacccgtat tttttcttaa gttgtcgggg cgcgcccgat 60 <210> 5 <211> 318
<212> DNA <213> Artifi cial Seite 1Sequenzprotokol 1 <220> <223> intergeni
c region between F and HN of plasnid pf@8MrH68 Asc_Pac, DNA-oti gonucl eoti
de <400> 5 atgcagat ga gaggcagagg tatccccaat agcaatctgt gtgtcaattc

tggcagcctg 60 LhapieatsimArnt(egak8R/Rasntilsibitersgtignation indiatieméemg
aat at acggg 120 tagaacggcc i:_lgagaggcct ,taai(p Cg C csgaca actt aagaaa
aaat acgggt 180€ cﬁ@%&@? {iteEgelomitetie t’%ggége%g%gt t aag aaaaaat acg
ggt agaacgg 240 cctgagaggc cacccctcaa tcgggagcca ggccccacta cgtccgcetct
accgcaacac 300 caacagcagt cttcagtc 318 seite 2

13. A nucleocapsid of a recombinant oncolytic RNA virus of any one of

5 claims 1-12.

14. A genome of a recombinant oncolytic RNA virus of any one of claims 1-
12.

1015. A DNA molecule encoding the genome and/or antigenome of a
recombinant oncolytic RNA virus of any one of claim 1-12.

16. The DNA molecule of claims 15 operatively linked to a transcriptional
control sequence.
15

17. A cell comprising a recombinant oncolytic virus of any one of claims 1-12,
a virus genome of claims 14 or a DNA molecule of claim 15 or 16.

18. A pharmaceutical composition comprising a recombinant oncolytic virus
20  of any one of claims 1-12, a virus genome of claims 14 or a DNA
molecule of claim 15 or 16 as an active ingredient optionally together with
pharmaceutically acceptable carriers, diluents and/or adjuvants.

19. The pharmaceutical composition of claim 18 for the prevention and/or

25 treatment of cancer.

20. A method for the prevention and/or treatment of cancer comprising
administering a subject in need thereof a pharmaceutically effective
amount of a composition of claim 18 or 19.

30
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The method of claim 20 wherein the subject is a human patient.

A recombinant oncolytic RNA virus comprising a nucleic acid with at least
one transgene, wherein the nucleic acid of this transgene(s) codes for a
prodrug-converting enzyme that has a therapeutic activity when
expressed by the virus-infected tumor cell.

A recombinant oncolytic RNA virus comprising a nucleic acid with at least
one transgene, wherein the nucleic acid of this transgene(s) codes for a
protease that has a therapeutic activity when expressed by the virus-
infected tumor cell.

A pharmaceutical composition comprising a recombinant oncolytic virus
of any one of claims 1 to 12, a virus genome of claim 14, and/or a DNA
molecule of claims 15 or 16 as an active ingredient optionally together
with pharmaceutically acceptable carriers, diluents and/or adjuvants,
which virus, virus genome and/or DNA molecule comprises at least one
transgene encoding for a prodrug-converting enzyme.

The pharmaceutical composition of claim 24 further comprising a prodrug
which can be converted into a therapeutically active compound by the
prodrug-converting enzyme encoded by the virus, virus genome and/or
DNA molecule of claim 24.

The pharmaceutical composition of claim 24 or 25 for treatment and/or
alleviation of a proliferative disorder.

A method for treatment of a proliferative disease, comprising
administering in a pharmaceutically effective amount to a subject in need
thereof
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(a) a recombinant oncolytic virus of any one of claims 1 to 12, a virus
genome of claim 14, and/or a DNA molecule of claims 15 or 16
comprising at least one transgene encoding for a prodrug-converting

enzyme, and

(b) a prodrug suitable for treatment of the proliferative disease, which
prodrug can be converted into a pharmaceutically active compound
by the prodrug-converting enzyme of (a).

A pharmaceutical composition comprising a recombinant oncolytic virus
of any one of claims 1 to 12, a virus genome of claim 14, and/or a DNA
molecule of claims 15 or 16 as an active ingredient optionally together
with pharmaceutically acceptable carriers, diluents and/or adjuvants,
which virus, virus genome and/or DNA molecule comprises at least one
transgene encoding for a protease.

The pharmaceutical composition of claim 28 for treatment and/or
alleviation of a proliferative disorder.

A method for treatment of a proliferative disease, comprising
administering in a pharmaceutically effective amount to a subject in need
thereof a recombinant oncolytic virus of any one of claims 1 to 12, a virus
genome of claim 14, and/or a DNA molecule of claims 15 or 16
comprising at least one transgene encoding for a protease.



