WD 2006/ 050984 PCT/ EP2005/ 012186 1 Reconbi nant Newcastl e Di sease Virus
I ntroduction 5The invention refers to a reconbi nant RNA-virus, preferably a

par amyxovi | ferably Newcastl e Disease Virus (N D nt of
- di sease\&ﬁéi%éﬂgpggﬂl y for oncolytic tunor treatnent. R\e%gwpﬁ@rﬁéﬁ%??uses are
produced that encode binding proteins (antibodies, ankyrin repeat nol ecul es,

peptides etc.), prodrug-converting enzynmes and/ or -proteases and |lead to the
| osel ective expression of these nolecules in virus-infected tunor cells.. The

activity of _these bindi rof epns, prgd rug-converting enzynes and/ or

, pr ot eases RﬁEPE&éB?“?h&%ﬁ%ﬁt{qmﬁﬁas@f UH® of the virus. Further the

I nvention describes manufacture and the use of such nodified viruses for
treatment of cancer. 15 Description of the State of the Art Newcastle

D sease Virus Oncolytic viruses in general for the treatnent of tunors are
revi ened i ninteadugtioa (2002). Newcastl e Di sease Virus has been used as an
experinmental therapeutic agent for nore than 40 years and is revi ewed by
Si nkovi cs and Horvath (2000). The Newcastle Disease Virus in general is
described in the book by Al exander (1988). NDV strain PV701l is being
devel oped &%heinveationdefersto arresombinart RXNAiviros,) prefenably aor ence et al .,

(et ont - apaoRo s PR RANREnERE0, LR Rl (HRFL FE s RPRET

(Csatary at-disbases,@specidlly fonengulptis tunyordreattenttRetombiddByiruses aredescri bed
that in the range of 80%of @ al]l] tested tunpr cell |ines, there is a defect
in the inteP lugﬁdrﬂé% e bjnding| RreieiRs (antdediasn apkymin VRReat Mmalecwesmt i ti s

Vit s (VSV) petladiPitc 3o pRRHERAnVIHAROSH ARRSLEA G b R2ASSE BAGIEA todhe

10selective expression of these molecules in virus-infected tumor cells. The
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.

16

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 Newcastie 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
25MTHG68 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



L

that a simlar percentage of tunor cell lines will be susceptible to
I nfection wth NDV because both VSV and NDV are nenbers of the order

nononegaw%hgyﬁﬁﬁﬁb&_has al so been shown that the nechan%&gn oéﬁ+ﬁ§%ive

replicati in tumor cells is based on a defect in € ce ar
interferon 5response against the virus (see e.g. US: 20030044384).

. Reconbi nant paranyxoviruses EP-A-0702@85 relates to genetically manipul ated
i nfectious replicating non- segnented fNegative-stranded RNA virus nutants,

| Si [ i d/ deletion in, di frane,
pseudogen: r Bt areIBNIaE Reroantagn Al turiergpalins willbeAuscepiblesrntortions, oe04s
relates 1o GRANDOHUtLEBTOM S\ ENINDY AR nRIHEERSS theQuéu! | - | ength cONA

nmol ecul es of the virus genone. 1 ates to a nmethod of tunor
treat nent cowmonegayiralesit hastaiso hgenshown dhatthermechanisimef selective

replication-c ten nal RNA wir.u . g. V. . 201n 1/.20989

(PCT) Usoo! 2E8PIBRtar AE N Rymal calsii Baser? plia Akt ™ ootk idierigron
reconbi nankreyponkbEldgaint tive Ve (sea/e QP USS 20030044884). The tunor is reduced
by admi nistering a replication-conpetent Paranyxoviridae virus. Various

met hods are described that can be used to engineer the virus genonme in
order to inprove the oncolytic properties. 25 WO 03/005964 relates to

2006/ 050084RFEX TERSRBE PARnRxBYTuRRS 500 4|$8°83‘32?i bes’ NDV mut lai‘?s_ d
subst: tut PoRE-ADTRIZUEE Biefts 08y R yRBRE IR B Co ron
of nel anomaséymadtsdneddtiverstrandetVRNASvirMe raltdrits "somprisingamingertion pat hogen.
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.

20ln 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.



Geneti c mani pul ati on of NDV NDV can be genetically mani pul ated using the
reverse genetics technology as described e.g. in EP-A-0702 085. For

exanpl e, § » to make | oreconbi nant NDV constru I.Sj.ng
addi ti onawbnit?g?/‘ﬁa%ci ds coding for secreted al kal i ne p%@mdﬁi(sghao and
Peeters, 2003), green fluorescent protein (Engel-Herbert et al., 2003), VP2

protein of infectious bursa) disease gi rus (Huang et al., 2004), influenza
virus hemagglutinin (Nakaya et al., 2001) and chi oranpheni col acetyl

t f | ..., 20 Kr i thy / | .,. 2Q00)., No f
these. recondERBENBY descrpes NI TapTE SPrPenha4aS Vrarolsin A ARahERg of
human di seaGe| e coRRBATHIAMICORE SURKRIEHIIN ' editifgloctist her basi ¢

virol ogy of- NDV or to veél op vacclne strains for poultry. As parental
virus strains served | entogenic strains of NDV. These strains do not have
significant oncolytic properties. 20 Sunmary of the Invention This present

actvity, PR bttt e ettt ofoneBbow RS GHng = ' ©
parti cul ar byings Waighas nbe adiovemdn Minarppathogehsi ng a reconbi nant nucleic acid
25having the therapeutical relevance in treatnment of cancer, wherein the

nucl eic acid codes for a binding protein, a prodrug-converting enzynme and/or
a protease that have a therapeutic activity when expressed by the virus-

I nf ected tu‘g@heﬁﬁlrbanmlg@gﬁléﬁq}ﬂw PCT/ EP2005/ 012186 4 More preferred are
reconbi nant oncolytirc viruses, e.g. NDVs conprising one ore nore -

L ansgenes: NIACES) e Jepei Al AR el b et SOutod e bibigy PLoLe "

speci fi ci tias deseribpebe.gb IreEPSARIT02G85. Fohexampdatit isrkrnowredoamake t he

nuel eocapsiblglec%];ntgigaentrﬁﬁ\c}ngng rrcltctsvci:crorHSris?ﬁg 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.



I ndi cat ed above, conprising viral RNA conplexed with capsid proteins or to
the viral RNA and/or an RNA conplenentary to the viral RNAin its isolated

form 10 ’ , the invention relates to a DNA, e. C ncodi ng
the viral Wﬁfg@%r an DNA conpl enentary to the viral m&@%&ﬁmre,
the invention relates to the prevention or treatnment of tunor diseases.
15Det ai | ed description of Preferred Emfjodi nents: Viruses The invention
generally relates to RNA viruses, preférably negative strand RNA viruses,

more preferably such viruses that have both oncol ytic_ 2oproperties and can
be geneti caMaye pregferedrare. recaatbinant gsealytie virusep £-anlNs ¢carsprsing oseer abl y
Newcast | e D '@F‘aﬁ;‘ I : Ly (Enl'%lh virus; -
ort howxov%ﬁeg@?e }frafe‘gg?é‘%%a"i‘% ue%?ganvs?é're Rgfs)_lg?%gig%@wjgreg lpr & er abl y
vesi cul ar sprotein| dipsodiugssonvetting brzyahe rand/oihe protbase. tCarhbiratiops @f ent
invention is..a reconbjnant oncolytic RNA virus conprising a nucleic acid:
with at |ea tﬂaem spegHic ﬁér%?fggtthl?r the nucleic acid of this transgene(s)
codes for a binding protein that has a therapeutic activity when expressed
by the vir@s-infected tunor cell. WD 2006/ 050984 PCT/ EP2005/012186 5

Anot her subi:ect of the present invention is a reconbinant oncolytic RNA
virus conpFugheg the invenépo retates te the nucleasapsidoitherepembinant wrus @sn t he

That “has a Miidies Bhbye SARBGRRY WiaLRNE oo BbicdeBH Sb8 PEEIT G B00 o ror

cel I,  5prefiy vild RNA apaiidr art RNAcomplentiéritapoto henirai RNA i il isefated/ et

anot her subJf ect of the present invention is a reconbinant oncol ytic RNA
virus conprf®Mhg a nucleic acid with at |east one transgene, wherein the

10

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;
- thabdoviruses, preferably vesicular stomatitis virus.
25.

Therefore, the subject of the present 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.



nucleic acid of this transgene(s) codes for a protease that has a

t herapeutic loactivity when expressed by the virus-infected tunor cel
Pref er abl d 36 s of the present invention exhibits tive

! : 6/ éoﬁ P c}#ﬂ}ﬂ é

i nfection (% s to a tunor-sel ective expression ofaPt %5203 @%
transgene. 15 The reconbi nant oncol ytic virus of the present invention nmay

carry at |l east one transgene gene indgpendently sel ected from transgenes
coding for binding proteins, prod rug-converting enzynes, and/or proteases.

! oG A o il R SR o e AN v
present | nvgsinbting AR dcid®ifh #¥ibat¥nd BANOARS wHESREMciR, 2 nuc! of

acid conprisin ene eterologous to e 250oncol yti ¢ RNA virus
on whi ch thacndeﬁﬂmsutmsgenaés)\oodas farfa pmdrpgezoewertlng\mzwmthai hagsed. The

term "heter ou s.to the co e e rt ereof, which
may be the ﬁﬁ?dﬁﬁce%?‘?wﬁywh%@‘%ﬁﬁim’yih g&f frﬁg?tggftﬁ% PF? heterol ogous
gene nay bﬁg@felﬁbty'lﬁldﬁlﬁﬂ)m&ﬁéﬁmfthércoﬁ%!pbﬁdiﬁbt proR. 30f rom natural sources
or by reconbination of at least two sequences sel ected WO 2006/ 050984

PCT/ EP2005/012186 6 from sequences obt a| ned from natural sources and/or

artificial sequences. "Natural sources” include animals such as mamal s,
pl ants, fun %ﬁé} pﬁ,@l rﬁhxl ruses,
whi ch nmay bgét ﬁ%rrgeill jE ?ém ot ere'?)tﬂﬁ\b?'ﬁﬁmbﬁa\g vﬁ}bd@ée@tt t @ present

i nvention. Vines ccahpaslag@aualmc adldswnbratdebstfme Warismnenwhememlthe Manmal s

I ncl ude hunan and e. . ln an es eC|aI preferre odi he Vi rus
of “the. pr esBuelorbish ot s transdengial sadertoheabicsa that has aisbprarsie -
pref err ed 1pgctNRY wHerékp MEE@& bﬂﬁ@wr@@”ﬁ&@ftu%r%e"e”t ogeni c, mssogen' c or

vel ogeni ¢ strai h. EspeC| ally preferred are nesogenic or vel ogenic NDV
strains. The virus is preferably

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

15

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 ariificial sequence or may be obtained
3ofrom natural sources or by recombination of at least two sequences selected



replication conpetent. Cenetic manipulation of viruses 15 Methods for
genet i cal ko bfphsiesat i N RNA viruses are well known as sfafghodf8Yk:
Further, genetic mani pulation of oncolytic viruses is revi evve(? e.g. in
et al. (2002). RNA viruses as virotherapy agents are reviewed in Russell
(2002). The content of any of these dogunents is herein incorporated by
20reference. Binding proteins In the oncolytic reconbinant RNA virus of the

present inventio at |l east. o 25t ransgene ma £ or | nding protein.
Bi i ng. pr ofehotnelioss St Rire Srart Bt hCiGRR Ao it Saqlseld) P are
capabl e of MyaEirdlGouPcas"IROIERARIMAak sithtas@lamrAald] plants, fahghlagri ng cel | .
Preferably,  hinding proteins are proteins which bind to intracellular
3oconponent CIROrgaNisNg syghasasteriaqotazozidyE viuses, whichmay kel enbodi nent ,
bi ndi ng pr ofygy » r : . s d or a
geneti cal | ybm)egfé?titfgadﬂ Wﬁéﬁ%{,‘g@ﬂ"g@o Nl"ﬂ%r?t% @gﬁ%lgfees%gm%{tdgf qgenat ur al
recept or onstransgehid imay also encode fori a fusiory prateine Mandmaloinchaley/menansie-

5l i gand, an agt I.body nol ecul e and fragnents and derivatives thereof or an
ant i body-| i RBIMYFRcul e and derivatives thereof. An inconplete review of

hi gh-affinity binding frameworks is given by Ladner and Ley (2001). 10 The
bi ndi ng proteins as descri bed above m ght be of human, nurine or «closely

Bel |

related origin or a chineric version, i.e. a protein which may be a fusion
protein con'gr aeiespecialiy prefesret rambadiment dhe virpe of #ig peesent inventionisia nouse.
15 Newcastle Disease 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 least one
2stransgene 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
30components.



The reconbi nant bi ndi ng nol ecul es based on the description above can be
nmononeric, dinmeric, trimeric, tetrameric or multinmeric and bispecific or

mul ti specjfi e preferred binding proteins are selec f rom bi ndi ng
proteinsChEV@ﬂ%&ﬁintherapeutic activity. A natural Iigarercf’IrZ'@’2 zﬁ%wﬁed above
can be a growth factor or a peptide. A genetically nodified |ligand may be
an anal ogue of a naturally occurring 5growt h factor or peptide.

Reconbi nant sol ubl e donains of a natural receptor or nodified versions of it
as descri bed above are reconbi nantly expressed sol ubl e extracel |l ul ar

domains of a cell-surface receptor and/or fragnents of it, a reconbinantly

WO 2006/ 050984 PCT/ EP2005/012186 8 expressed sol ubl e extracel | ul ar domai n
of a cell adrepraferradiesahodimant/binding pugteins belong te the followingpgsoupolaecul es as

ti d I | i | i af i ' f Kk
cpeci {1 ci ¢ ahiie! TBHd oo FetEsRaR oL RNt 5 BrorantEii®ie forBl {lceq
to ef f ect orofitd AakIralsre céptor dnairnodifiedtiersioh o ithe)y. Beptidet®r pdlypBptigél zed or
human anti bodi es. Antj body ments contain at ~ | east one anti gen-bi nding

| fra eas
domai n of Bligang Apanfibodyimeleeyleranshfiagmentsand dewvativesdberagkar ant ensi vel y
inthe lite - ' | 2), wherein incorporated by
ref erence) .é@wﬁrl%ﬁg% %@H g?ﬂ"éﬁ‘}ﬁg’ﬁg%ﬁi n Fv fragnments, Fab
fragnents, F(ab2'), domain-deleted versions called mnibodies, and other
I mmunoacti ve portions, fragnents, segnents and other snaller or |arger

partial antjbody structures wherei he . latter possess sufficient targeting
P oper ti oo AR McrRlete s ot tieheainky Bindd fmBeErs =gHEn BYLAHNEE as to b
therapeuticgﬂdugy o4). Wi thin the nethods of the present invention. Such

e deri'v

ant i bodi es may ed from hybridoma cl oni ng experinents by use of
transgeni gom ce or from phage display selections, ribosone display

The binding proteins as described above might be of human, murine or
closely related origin or a chimeric version, i.e. a protein which may be a
fusion protein comprising sequences from different species, e.g. human and
mouse.

16

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



2o0sel ections, or colony filter screening of antibody |ibraries containing
human anti body sequences or rel ated nethodol ogies. Binding proteins with
anti body ties as descri bed above may be gene}/ %& | fied

pr ot ei ns g&@g%ﬁﬁg‘{ of It in which one or nore peptide e%@g]g 5/@?@16

random zed on the level of amno acids in such a way that high affinity

bi ndi ng nol ecul es with high specificit*;can be enriched against any antigen
fromlibraries of such nol ecul es by phage display, ribosone display, colony
filter screen or rel ated nmet hodol ogi es. The sel ected proteins usually have
hi gh t her mal@XRMRFSEASQNRIG ﬁartraee&qlagdpm@w ey cal édfkﬁlpﬁéﬂ‘ﬂ%ﬁ'@eﬂm/ﬂf

3or econbi na ﬁﬂﬁﬁ & systens such as E.coli, yeast, insect and

manmal i an e?% essﬁgzﬁggg§enl Exanpl es for such binding proteins with WO
2006/ 050984 PCT/ EP2005/ 012186 9 anti body |ike properties are ankyrin repeat
proteins as described in Binz et al. (2004), the lipocalins as described in

Sk 200 \ - | ].i d i bed i DE199 32 688. h
modi {1 edpr QrEPRIX rSGRPES @8 eniionRd S8qve.Bey hetiongeionahmmlpediobi | °
(2003), or _dﬁﬂfigoi&l’bs%lf-anQ%QWgegﬁn%d'mférﬁf i8O6pbI ﬂagﬁferrﬁéw?édrf affopt hers.

T
Ant i body-1i ke nol ecul es”can noneric or " _repetitive nol ecules either
const r uct ed fragmantgitherenbiuseddp afigcter proteins. Thel anthedyrmeleculesimay bker ei n

et ooy ke, URG b B RSP Al Pitboc R pBARaE o o
t her apeut i ciddst ongedntigenibihdingtdumaimtdfessaribodpcAntibséyfragments have 10
Bi ndi ng nol ecules with additional function The binding, protein may be a

fusi on prot GEENARSSFibed extensively in theieratyre (rryiewed@da in Allen (30025 an

ti body, ' I I - : [
i scusasa ThSEnMEARBLALILY ERiIBhT), PHERALG Hefifes aleRiigid OfRFR) 00 =0
descri bed afragenents, kb fragmends,iR(ab29, qembiodeletedverdionszalledpecific site
(vl g b orhiSaR. Boer Dbt R reiofs AR sl ns 4 o

smaller or larger partial antibody structures wherein the latter possess

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
3orecombinant expression systems such as E.coli, yeast, insect and
mammalian expression system. Examples for such binding proteins with



2odomai n, e.g. a toxin such as human RNAse (De Lorenzo et al., 2004) (Zewe

et al., 1997) Pseudononas exotoxin (Chaudhary at al., 1989) (Kreitman and
Past an, m&& B a et al., 1992) , D phtheria toxin (Kreltnan at_al

1993) ( f @ t al., 1990) (Batra et al., 1991), orP GERA ‘?{/’r’r@lsguch as
bet a- gal act osi dase, beta-gl ucuroni dase (Roffler at al., 1991) (Wang at al:

1992) 25(Bosslet et al., 1992), beta-g| ucosidase (Row inson-Busza, 1992),
carboxypeptidase, (Antoniw et al., 1996), (Bagshawe et al., 1988), beta-

| actamase with therapeutic efficacy, or an immne-stinulatory protein with
cyt oki ne acantibedy ke properties are ankyrin repeat prateins asrdesesibeddn Bz €sH. (see

another - oxaht ) e taffing =5 dalEiind it sReitA La000), e St e RbRtaR s "

ant agoni st i gegéritrabim BE109e M&eythdmebuﬂea ﬁrbl@irﬁAGSUa'ﬁ@fd (afﬁb@(ﬁé lag
Exanpl es for antagoni stic/bl ockina binding mol ecules are the

i B Ih| b|k tory S8serhesindlagbem Qtpair(nga) &ar l\gprd .et2h {4000} ﬂéthq:_‘lft@‘pngqlr}, ecept or
: GF
bl Ogﬁl Inggantl b‘{é&&yE%‘fﬁ@bﬁﬂe’&'ﬁm%agqﬁg@ﬁggﬁﬁgégg%pmgng)ﬁwé For- > na?ﬁgpt or

pr ot ei ns cawepniltlberrdclegulascemensomsﬁrmted rasmmlé@haafmmbéwles)opassu s
(Georgakis et al., 20 ave ory.activit or proteins
(o g, naucButictisin mclebuRs whetsin thoarbbomiike jnolésdle Rbsseases SWAGRRE. and

| oWi ner, Idyféa? ' | so be
|ncorporat egé}?%ttlo f\é%én}g% bﬁ@m\?ﬁ?u Pro Hﬁ‘@gg}%gbﬁﬁjﬁﬁ%%zy s 15€’(nét he
oncol ytic rbedh@apeutlcﬂlwmfuhmtlmn thaenﬁhedenftherpfasenbmveatlom east one
transgene nay code for a prod rug-converting enzynme. A prodrug is a

derivativetgor a precursor of a therapeutically active conpound, which can
be enzymatically converted into the active conpound. Prodrug- 2oconverting

enzynmes ar e Bindingemoleealdsowith additienal fuhction odrug into the

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. atumor) 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
etal., 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, IL-12, TNF-alpha, IFN-beta or GM-CSF (see
eg. review by Allen (2002).
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therapeutically active drug. Therefore subject of the present invention is a
phar maceuti cal conposition conprising a reconbinant oncolytic virus of the
present in ' virus 25genone of the present inventi

ant i genomwopﬁgg(%@esent i nvention, and/or a DNA nol ecuri;edlgﬁ’zf’%éo%{sgsent

I nvention as an active ingredient optionally together with pharnmaceutically
acceptable carriers, diluents and/or q uvants, which virus, virus genone,
anti genone and/or DNA nol ecule conprises at | east one transgene encodi ng
for a prodrug-converting enzyne. 30 WD 2006/ 050984 PCT/ EP2005/ 012186 11
The phar rraceg"t@’&fhef:éﬁﬁﬁ@ilﬁ Fhﬁb'ﬁﬁy‘gfmptﬂ@i desgrhadsabave, have temsalvas can  be
converted in g- converting
enzyme encod%@tﬁ&l{]ﬁﬁé%& BEM ém&b gm&n;%;t ngéli)\éuttlﬁﬁln)pp QQMJDNA nol ecul e.
The phar maceExampIescfmnmﬁagomstlodPhlpchagdmd|a9Inmléwles?areélae MEGF and/ or

y LSY;aELﬁBO@MW%#ﬁﬁ%\' ot TR et abn20B6k FoS HERRgR rRRPtd Sont
i nvention, gpkin J‘P%rrcbgﬁn QNS?@I?% a rquB@ﬁi 20003 df'tﬁé'E@F’LPé&?P&”E

the present |nven |on e of the present invention as

an active i ngloelﬂlngrantlbndyrﬁrjmtu&(Hethsitrandtlamgen 2902c)magemstlolblmmg| nct from

the prosent Prageht Ran bR Bling Proseis Wioh iRk tnCex FRRE aRdihes™ e T

oncol yti c vi (Ggorghkishét i, 2005) or hHed réegUlatohy astivitysors N LRMA ebpotesrss on of

t he prodrug-converting enzy in a.yvirus infected target cell (in particular
a tunor cel |§e9wnducegrajn§gapﬂqn $éabilize nmtemgwhiedpmw bydAgamsandy t he
prodrug co 6%3, need

t her eof tﬁg%%'h 380|5 HEB%’C ?t@g%ﬁteémﬂ&t’ tﬂaﬁéﬁgg%&u i cal
active corrpomndrponatedmlt@an oneblyticiviruparticular in a 20turmr cell, but may
essentially not be converted into the therapeutically active conpound in a
non-target cell, in particular in a healthy cell of the

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
édjuvants, which virus, virus genome, antigenome and/or DNA molecule
comprises at least one transgene encoding for a prodrug-converting enzyme.
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subject to be treated. Thus, undesired side-effect of the therapeutically
active conpound are reduced conpared with treatnment of the therapeutically

active ¢ ne. 25 In the context of the present t he
prodrug nggyggegsﬁgfivatlve or a precursor of a therape Eﬁﬂ¥gﬁ*§8@yplve
conmpound suitable for treatnent and/or .alleviation of a proliferative
di sorder, which prodrug can be convertegd by a prodrug converting enzyne.
The prodrug nay be a conpound known by 30person skilled in the art.

Derivatives _and/or precursors are known by a- person skilled in the art. WO
2006/ 050984 Thephammamsuticahgsnpasition may furtbeecormprisga pradeug wbichean s

oo omer | ERLCETRIRM ihisfs eraBBlical(y e SompRRHBY fhe BRIRIR °0 ©F Lo

lEJ)_eta gal act mhdagmg émxym@bncmwbyme vméwigusgmmb cantigeabme ?tcf/?nwgse .
art ol e DNARGREule: ThetPhargageaueal sonmesBor may e, S Rissent |l |y not
expressed 'd?réé%ehf‘?ﬁﬂ/o??llé?natlgﬁ%fMﬁﬁféﬁhtﬁerb‘f%rﬁPPg enzyme may be obt ai ned

froman organismselecte rom ma S, plants, tungi, and m croorgani sns
such as bacteria, protozoa isand viruses. A nost preferred conbi nation of
t he prodrug- convertlng enzynme and a prodrug Is E. coli beta- glucuronldase

and a prodr h can onvert ed et a- Iucuronl e |nt ctive
cyt ot oxi ¢ cg?‘rﬁo?m ’”&H‘aé/tx)% a‘?@ Q@e(’ﬁ Hﬁgﬁ 5 'H@')" whi ch
can be convenceltic VirasEhihe pkésffem mvdwmh avirgs béﬁnme:eﬂwetmﬁsémr treat ment
of cancer. Another subject of the resent I nvention is a nethaod for

treat ment oﬂn\eentl@noauwréasaant@@nemfs@e presesd inventions aadigr@PPAol i ferati ve
di sease, syphhRcGRW%he present invention as an active ingredient, or may be

formulated in a 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

2otumor 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.



25conprising admnistering in a pharnmaceutically effective anbunt to a
subject in need thereof (a) a reconbinant oncolytic virus of the present

i nvention, enone of the present invention, a virus antigenonme of
the pr esenvalzmélgﬁgsg and/or a DNA rol ecul e of the pref&h fEPFW@ 1BOn
conprising at |east one transgene 3oencodi ng for a prodrug-converting
enzynme, and WO 2006/ 050984 PCT/ EP2005/ 014186 13 (b) a prod rug suitable for
treatment of the proliferative disease, ich prodrug can be converted into
a pharmaceutically active conpound by the prodrug- converting enzynme of (a).
S5The nethod nay conprise the administration of a single phar maceuti cal
conposi tion conprls ng both conponents (a) and , may conprise the

adm ni st r at i bis prefemed thalithe prognugrisessent |adiwpr@mp§§utl¢aﬂysnacin@ arid/eni ch
conpri ses q@gg@g&t (a) and the other conprises (b). 10 Proteases 1In the
oncolytic re ant RNA virus of the present invention, at |east one
transgene may code for a protease. 15 Therefore subject of the present

i nvention is a pharmaceutical conposition 'conprising a reconbinant

oncol ytic v us 0 resent inyention, rus f the esent
"vent i on,  SEXamBles.oarBARBrEomeTRG oprdienet Ihe ireBoh enfion e b5
nol ecul e of hicsye € naIIy
t oget her w t%neﬂg maceutb F%g??b?&eéﬁégEfgac@g}éﬁslgrag,é' % Se(#?gg
adj uvant s, vbetaHamamaae D-aming acisraxidaset Fgﬁhenexmnpleaaremnovm bscal e
conprises at asf%(ﬂ@ﬁ transgene encoding for a protease. The

t

pharrraceutlc%ﬁ”r be suitable for treatnment and/or alleviation
of a proliferative dlsorder 25

10lt is preferred that the prodrug-converting enzyme is essentially not
expressed in non-tumor cells.

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

20HMR 1826 (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



I f the oncolytic reconbinant RNA virus of the present invention encodes for
a protease, the oncolytic virus of the present invention causes sel ective

expressi on %}\)Rg) ob§ot ease in a virus-infected target celﬂcﬁﬁowlhisgul ar a
tumor cell) " which 1s usually not or not sufficiently expressing e

protease. Thus, 3oduring treatnent of a subject in need thereof, the
protease may irreversibly W 2006/ 0509843PCT/ EP2005/ 012186 14 cl eave a
target polypeptide in a target cell, thereby inhibiting proliferation

and/or gromh of the target. cel| oy killing the target cell, but

cosenti ol 'y (e pratiug Sullabeier reftmentat e piolferali Sesase, whiah prodfug
particul ar i | ' and oY LS-

strat egy, unggﬁibrggﬁiiviagg?gﬂ?eac? @atr?&c%g?g%gg@iét gsetgpgent %grtggpg%{rggd_ It is
preferred t haonverting enzymecofi(@).a sequence-specific protease. More preferred
Is a protease specifically cleaving a target polypeptide. The protease may

either be of natural origin and nmay be derived fromany | ospecies or it my
be engi neered. Ami no acid sequences suitable for a specific cleavage of a

predet er m n%ﬂ*hé&ﬁémbdnﬁéyaém‘?ridé theadatinigeatiorbnadindly phanfasaticaki | 1 ed in
the art, e.g. on the basis, Q BUbl i cly avail abl e sequence databases. US

2005- 0175581 campositiopmnmprising ethiearpperents (d) arh p)aor siaygomprise the

These o ol aLRpCatst 6FRRTaMnR M BREL Bol DR Ut BB of SO coul e of

t he pr ot easecomyprises gomnpoaecgt(a)rard:ihel atherscomprises (bd bel ow for targets of
bi ndi ng proteins. 20Anot her subject of the present invention is a nmethod for
treatment of a proliferative disease, in particular a hyperproliferative

di sease, such a cancer, conprising admnistering in a pharmaceutically
effective ggount to a subject ,in need thereof a reconbinant oncolytic
virus of the present invention, a virus genone of the present invention, a
virus anti geppgfedslest he present invention, 25and/or a DNA nol ecul e of the
present invention conprising at |east one transgene encoding for a

pr ot ease.

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,
3oduring treatment of a subject in need thereof, the protease may irreversibly



-The transgene of the present invention nmay encode a fusion protein of a

prodrug-cqg}y,%(;é,dgggsgnzyrre as defined above, a binding mb%?‘mﬁoﬁﬁlﬂ%i ned
. I'S

30above and/.or a protease as defined above. Especially preferre a fusion
WD 20061050984 PCT/ EP2005/ 012186 15 protein of a prodrug-converting enzyne
and a binding nolecule or a fusion proygin of a protease and a binding

nol ecul e. Therapeutic Applications 5 The present invention shows for the

fi t ti t hat t dj f [ ' 8] . .

b oar ug. convErevRs ERIHENRERE Y o Bhodl cell RikSRe MR prsliferegon, pr essed
i n oncol yti cant/orgrowfrest e targsticell oF kilinglthestargeteellpheirnay essERtiilyon
relates to a pharnmaceutical conposition which conprises was, an active

i ngr edi ent angt ¢lgave the targehimelecuidinea nan-tataet el ppirarisulania a healthy, a

genore of t “?el!’ it ﬁb'&t%ﬂé?@y! ?%S'“? %Waf%){, %g%@f?é’&@id%—é%%@ >9? he

anti genone o e Vi rué, opt1ona et her arnaceutrt c

accept abl e eproteasetredtmhentare reddted. adj uvants. 15The phar maceuti cal
conposition nay be provided as a solution, suspension, a lyophilisate or in
any other suitable form In addition to the active ingredient, the
conposition may conprise carriers, buffers, surfactants and/or adjuvants as

knoun in tnet3s prefdfied 1RSS! rofsEhy a%qaeﬁbéisﬁbeﬁilelfbyr&eﬁse?wré Y,

topical ly, nasa , _pul'nmonal I'y or by injection [oca or intravenously. The
2ophar nmaceut peeferred iga proteaseispesifically eleavieg a targeppelypentisie. iTogl | y ef fecti ve

i gt naPtfed® R et Reror il Biin AgNErBR BT Doathe FAMAE" T
B i Stof ot per . SBBl 1 cot L On The OCol e e Sy ey be aot onel 1y
conbi ned wi t APGRIGFIEAYRER S atmeﬁig}ﬁrw%%m%tmmﬂ@@,% ae{ésw?m/ or
chenot her apYby %ﬁgblréén sgmgg an e Bﬂa§b9 &n ttl'i§’ BagRf ﬁ!&ﬂé%ﬂvﬁgﬁﬁ%ﬁﬁ\ﬁ? .

treat nent. ng t preseht ™ nvention, a'reco
par anyxovi r udatabases. US 2005-0175581 and US 2004-0072276 describe the

‘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



can express a soluble binding protein, a prodrug-converting enzynme and/or a

30proteasqyégﬁkgo y4renain either in the infected cell Oﬁcg@¥mﬁ§mﬁﬁﬁgeted’

such as an an an anti body fragnent, an ankyrin repe protern or
anot her WD 2006/ 050984 PCT/ EP2005/ 012186 16 bi ndi ng nol ecul e as specified
below. It has especially not been descri{gped that such a protein can be
expressed by an oncolytic strain of an RNA virus, e. of a Newcastl e

g.
di sease virus,, 5 exanple NDV. the strain 8 sen i n the
or esant appifitetelt B8 PradaResERna St Bk bRk Fpleci BE A Bgh 1
prom si ng dajratdin efa Ip%ﬂ@ggéramt gbir@mg‘nh@@écmé_eat ments of patients (Sinkovics
and Horvath, 2000). In principle, however, nost NDV strains with nultibasic

fusion protein cleavage sites may be used as oncolytic agents for the
treatment of tunors. The | oreverse genetics technology is applicable to al

strai ns. Bingi { : S cri bed above have been denonstrated to be of
FhdifpBLBLApplCRtcaS

high "therap C pot The conbi nation of oncolytic NDV with
t herapeutic_binding proteins, prodrug- converting enzynes and/ or proteases
of the abov® descri bed properties will have additional or even synergistic

oY, o RS soBoa 5 B ot 3o Bathasn by AL ™
and/ or the Wi%iﬁgmtfem,té‘ﬁrdifrﬁg-%bh@éhiﬁgfﬁ‘gﬁ?hea&ﬁdlef‘ai)@%\ié%‘sé_méy be expressed

in situ in high concentrations. rotern Xpression i s expected

to be very dJunetianally expresses ibiongolytic yirvs-dnfectachiumasoslisufbyaitherti ng enzynme

“htrinsi ot Hupafvetitoh e 38 AR AGBRIEY Homei i lutich'offifnigss "¢
el 1 G T I e i
pr ot gi n, tH@%rG@PUB%ﬂ{/@ﬁYiHﬁ q,rrazﬁhle« mﬁ%ﬁe gpeeding dhe ggnemd@er tg be

roughly - br aRglantigeimb bf'the viFBS SodtfonklN? 1ddetRér with phaRfcaRicy! es o

anti body Iike no I'ves
acceptable carriers, diluents and/or adjuvants.

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

2opharmaceutical 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, 10%to
10", 107 to 10'°, or 10° 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



30i deal binding proteins to be used with the NDV-system Antibody nol ecul es

have been {ogoddksosigt Of intensive research and technolo'd%w VO
2006/ 050984 PCT/ EP2005/ 012186 17 available to generate g%tllggﬁﬂﬁgﬁgcules

whi ch are non-inmunogenic, very selective and of high affinity. The | ocal
expression of antibody nolecules at higfg concentrations lead to very
significant agonistic or antagonistic efficacy or efficient targeting of

ef fector nol ecul.es w,th reduced.t oxi Git rofile . 5co red to standard

Cher apy. The AT GIERYIE H Sreckisdsions It S dererialiit Esenaiecibelpact ed ¢ o
be even superat@uch HSioteiitiitbe BfpdisSed Y 4 6kdlftic SraiRGHatRNAR ! fini ty
binding with very high thernmal stability and yield conpared to nornal

anti bodi es. eg.| fedevwgastie fisease itk§r i n- based anti body-1i ke nol ecul es the
repetitive nature of the nolecule can be finetuned according to the
respective target for optimzed targeting, binding, inhibition or
activation. Also different binding specificities can be conbined wthin one
ankyrin nol esAg an exarpple NDV thé strainddTHG8 way chbséminthegpriesentapplication
ankyrin-repeat nolecule several units with 1 ditLerent,big&#n?

speci fi ci t i ePecavgeithgg aminherent angelyticnrepgry WehRIPMIZAY &data M di ng of
greater prot %kpeﬁrﬂéhﬁé!%gpfcaﬁﬂeéﬁnérﬁs B?Eéti&'rt% (‘Sﬁfko%lé%'é%RPH%?vatﬂ%dﬁb). fan be
extrenely inportant 1 n blocking protelh-protein I nteractions. e ‘nodul ar
structure caprincipte, howsver.omostiNDY straing withvsulibasicifusiotrproiein icleavage - one

si ngl e bl ocki ankyrin-r at - tein. . 2pS.nce t rin-r t - nol ecul es
a1 6 ext renel 918 e RS B RicBh b et R S FepBRe BB o o "oan be

desi gned t o1dreverss gBhetied fisctineRigyes applicatsé ko bl stralrabody”) . Al'so possible is
the use of libraries of binding proteln-coding sequences with 25NDV for in

vivo target identification. Possible targets for binding nolecules or/and
proteases can be all structures .of a target cell or of the extracellular

LT SUT T ORRANAG of ik 0 kel A e BodiF b BB Bl bgfiosc | Ded

bi ndi ng proteins ot eases a
.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
25replication 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



3owhich are relevant to a certain type of pathol ogical phenotype. These can
be WO 2006w B8206k0d8¢ T/ EP2005/ 012186 18' structural prot chfp26R35HYIIRE
grow h factors, growth factor receptors, integrins, transcription factors
etc. Even targets that are not drugable by small nolecules (protein-protein
Sinteractions, DNA-binding etc.) can beqgddressed by this invention. The
conbi nation of the oncolytic NDV and therapeutic binding proteins,

i saged 1 ofveidbie SG¥ERE kel HRIGRIRS whe L EREA QPR RRYRaR:, Fary
arthritis bgskkctile and of high-affinitye The tsvarexiressionasfemtibatly nisiebutes at whi ch
contribute to the developnent of cancger_can be targeted. These pat hways

are: sel f - suhighceenreptratiang lead tp venysignificant agasistic\araptageristis@Hcashi bi t ory
(antigrowt h) o bﬂ’l&?érg ftark@ﬁhé%f@?fe‘&for%ﬁ&%&@éé ith! ﬁeﬁhbb&%&iéiﬁpbfo‘ﬂ?é | ve
potential, sustalned arglofgenesis, an I'Ssue i nvasion and netastasis. A
summary of tscempaped tonstandasd therapyi n  (Hanahan and Wei nberg, 2000).

Si gnal i ng pat hways that are involved in the tunorigenesis process and can
be targeted by the described approach are the receptor tyrosine kinase

pat hway (RTK) pat hway, RB and p53 pat hway, 20apoptosis pat hway, APC pat hway,

H F1 pat hway Th@ds@@ﬁdﬂi@bdyﬂ’ﬂéﬁnol@%ﬁl@éﬁu iR ND\ Sy stéhiisiadporid torbeleten | ed

description of these signaling pathways are given in Vogel stein and Kinzler

(2004) . O hesupedraiThage paeleadies amp designed don splactivenbighgitinityt kindingcoul d

protei n - 25p iR el sebiRy Snd AT BOeBRd Y8 Homt o Rles I o i e

I nt er\éleni E_g1ottweési@bﬁﬂhbﬁﬂwnmmd\mtmeawikémleﬁm?bwsepetitivemaunregeI I's
ar e: OCKI Nn rotelns of autoponous,active dgrow actor receptors (eg.
FGFR 30 NoBf Jeosan e ehinashaeeyrding ig dhe 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

1sdifferent 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
modular 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



19 - conpetitive binders for gromh factors (antagonists) - bl ocking

prot ei ns fwo0 2s/gshesphor yl ati on - bl ocki ng proteins for EA/ERPEGEISs
transcription - stabilizers for p53 5- antagonistic binders for

anti apoptotic proteins (e.g. Bcl-2) - antagonistic binders for cyclins
antagoni stic binders for Ras effectors (. GEFs) - antagonistic binders for
hypoxi a i nduced proteins (e.g. H Fla) - inhibitors of transcription factors

that interfeiggihird) ﬁbf@?l?é,zéﬁiﬁﬁbé?rgr%fa&br&ig}@'\/ﬁﬁféﬁtoﬁf&%ﬁt&é, bi nding (eg.

Myc/ Max) inducers of differentiation inhibitors of snmad

si gnal | i ng/ t integrias; Atanseriptian factorssefsf cel | ul ar adhesi on interactions
(cadherins, integrins, eg. ab(il, av(33) 15- inhibitors of enzynes that
degrade the extracellular matrix (eg. MWs) - antagonistic binders for
proangi ogeni c |ligands (eg. soluble VEGF-R) - inhibitors of mtotic kinases

(eg. Plk-1) Eventtagets ﬁtétcarbinmuragamebg{@mzﬂl m@!ﬁﬁuiasr%c@&imbﬁoteiri nhi bitors
of scaffold gonplex formatjion (eg. KSR/ Ras) .  20- inR' i,tors_ of translation
initiation (GntemctiopsANA-hinding g@é&%’hﬁﬂ‘l’n’@%?@?y Is{IRY@MHoNen, the prod
rug-converting enzyne and/or the therapeutically active conmpounds derived
fromprodrugs of the present .invention by the prodrug-converting enzyme
may al so beneficially intervene 25in the above descri bed pat hways of cancer

cel I s. Defi niTheccasnhi@ation 6f trxnoscolicTNBN abtierapadic iodingeprolaing.e Di sease

:)"O[ it 5 ar Ay g RV tY Shaymbd Shdiof prBgsss BQeEsHSiF andle BRI VO
envisaged for the treatment of inflammatory disease e.g. rheumatoid arthritis

10and of cancer.

.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)



havi ng genones of 15-19 kb in length (wld-type) and the genonmes contain 6-
510 genes.woOl2e06n050%4 envel ope is fornmed by the surface glreamPrais®izise and a
menbrane part derived fromthe host cell. The surface glycoproteins (F and
HN or Hor G nediate entry and exit of the virus fromthe host cell. The
nucl eocapsid is inside the envel ope and18ont ai ns the RNA genone and the
nucl eocapsid protein (NP), phospho- (P) and large (L) proteins responsible

l'of or i nter cebbmbafitive bitlers PstowEH faefora(Enta@Bhists)t i on. The matrix (M
protein connects the viral envel ope and the nucl eocapsid. In addition to

t hese genes _sﬁemb\:m?g%iﬁy%m@_lph%%%@- pPar anyxovi ri dae may contain

"accessory' genes may be a nal transcriptional units

i nt ersper sed_m’ %‘S‘"@%ﬁ%ﬁ?ﬁ@ %‘élﬁgaﬁ&e P w&\n accessory genes are nostly

ORFs t hat overIo ranscripttronal unit. A conprehensive

description of [ X0\ 1 dae can be found in (Lanb, 2001). NDV is the
prototypic né%gﬁ&8%n¥q§$§§énus Avul avirus in the famly Paranyxoviridae

bel onging to the order Mnonegavital es..The viral gen is a

si ngl e- st raﬁﬂ%@aﬂgab?%ﬁmng%rﬁj r i Q'ngﬁoé‘?'n§i‘?c9n§]°g'g‘§pr oteins: the
2onucl eocapsi d protein (N&, phosphoprotein (P), matrix protein (M, fusion
protein (F), - AdiRggpisticitindersfof &¥GingHN) , and t he pol ymerase protein (L). By
editing of the P protein nRNA, one or two additional proteins, V (and W,
are transl| at aatagopistic bindersfor Ras effestors (e@dGbhs) hei r pat hogenicity for
chicken as velogenic strains (highly virulent) leading to acute | ethal

i nf ecti on of - ahtagksistiobindersfgebypoxia indyead protedisafess. IFk®)r nedi at e

virul ence) that are only lethal in young chicks, and | entogenic strains
(nonvi rul ent ) inhibitore of transcription fadtors thatrintepferewith fdimerizatiomer DN#sase.

Classification of NDV isolates.in,velg- oneso- or |lentogen is determ ned
by the rreaﬂodgﬁ‘ldwq P%O%?kﬂf)b"aqlmsr(%g- l@M{"/J}%l'ﬁeent)ryo in 9 day-ol d enbryonat ed
eggs after inoculation with the WO 2006/ 050984 PCTI EP2005/ 012186 21 mi ni num
| ethal dose 't Bdirers efidifferatiaion one of the determinants of NDV

- inhibitors of smad signalling/translocation

- inhibitors of cellular adhesion interactions (cadherins, integrins, eg. a581,
avi33)

1§- 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



virul ence seens to be the cleavage site of the precursor F protein. NDV is

in detail Vﬁgﬁfo%g@gi zed in Al exander (1988) and Lanb (208dy/gp20856128dgn0i nant
virus Reconbi nant virus neans a virus that has an engi neered defi ned

alteration in its genomic RNA sequence. This alteration nmay be one or nore
insertions, lodeletions, point nmutatiopg or conbinations thereof. A

reconbi nant RNA virus of the present invention may conprise the full

genom ¢ sequence of a natural (unnodified) RNA virus or a sequence derived
thereof and may additionally conprise at | east one reconbi nant

| St ranscri ptj,onal ﬁa ette. .The at |east one transcriptional cassette nmay be
| ocat ed i n bSCWEAR Faﬁsﬁéﬁﬁy'(‘ﬁ'anscri ptional units) of the viral genome. In
this case, the at | east one transcriptional cassette is _flanked b

transcri pti oRaramyfoyirises gontayp singiasstranded RNA genomags of Bﬁgaﬁ\‘%ﬁgéﬂb’pt i onal
cassette maypal: 460 4 ¥4 1 S B fd 3 | wva ral
genone. In tﬂ?%ﬁggggsﬂﬁgcqoﬁaﬂkpgha r@[ﬂﬁ gﬁﬁﬂdﬁidﬂaﬁb#ﬁpﬁnﬁﬁé@?gﬁ
sequences abt0 genes.r Hu vifdlemnveldpmistfomned by dns suiface glyesbproteinstand any

[ trigti it h Pacl d [, whi ] b [ )
comriSe r oot ghLon Bl Sl @S EacL Priand fecl val o, be i que
restriction gN GH &@R'ﬁed@t@&ﬁfrﬁ@n@%ﬁ%tthé DRuSHOnY tHe Bosticdlingher esent

i nvention conpri ses O e _or_ eco I nant transcriptional cassettes. WO
2006/ 050984 * manlearzpsidbistingidedhe Enveloperandacontainstthe iRNA gemome and denl

cassette of {h resent i.nvenid.on er enl tr . 1.0 - which ma
encode for aﬁ%‘ﬁﬁgﬁg‘?ﬁi"ﬁtgﬁﬁw )pPBia%HI]b’-'?@))ﬁO@r'%ﬁgﬁgﬂ?Zﬁ%} Safﬁgéﬁrgs'gleplr ot easg
as descri bagforstercell@anyirus treigernption st ﬁéplibatim.e’rh@ﬁﬁtripw) proteines
(transcriptional unjits) of the wviral genone is_ suitable for introducing the

at |east onecoUtEsHbiNeaVital enveloperansd theduicleacapsid. dn additioprte thesmgehes
recombi nant  Lhaqfed bithétBRd proteins, Paramyxoviridae may contain “accessory”

_genes which may be additional 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
isa singlé-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-,

3omeso- or lentogen is determined by the mean death time (MDT) of the
chicken embryo in 9 day-old embryonated eggs after inoculation with the



cassette is present, they may be located in the sane or different intergenic
regi ons. Fmyuzoes/dsodescri bes an exanpl e of two reconbi nantpdyppeed/dRigsonal

| ocassettes within one intergenic region. It is preferred that at | east one
reconbi nant transcriptional cassette is |ocated between the viral F and HN
genes, in particular if the RNA virus oR1the present invention is a

reconbi nant Newcastl e Di sease Virus. 15There is no known upper limt for

the size of H&ﬁmﬁv@mamos%bwwémbwOneTafaﬂh@fdc}ét@méﬁwaﬁfseommo upper

limt for the nunber and size of transdgenes 1ntroduced into e reconbi nant
RNA vi rus of vitulengs seems to becthei aleavage site ofghe peecurgor h@roteire t r ansgene has
a size of up to about 10 kb, nore preferred up to about 5 kb, nost
preferred up to about 2 kb. 20 The reconbi nant RNA virus of the present

i nvention preferably carries up to .five transgenes, nore preferably up to

four transgeNBV isdiy detaiigiearaciirizedin Alexandep(1988) andrizimly ¢€2661). nost
preferably one or two transgenes. If the reconbinant virus of the present

i nvention cgrries at |east two transgenes, 25they nmay be identical or
different. The reconbinant RNA virus of the present invention may carry
nore than O”Reﬁaﬁl\biﬁénﬁvi?ﬂé“cm ar transgene, in particular two, three,
four of five copies. In the expression (including transcription of the viral
RNA into nRNA and 3otranslation of the nmRNA) of the transgene, expression
control sequences such as transcriptional start and stop sequences and

sequences co | 06/050934 / 0 sl ation
are used. Thggé&ﬁH@g@ gﬁ”%ﬁ?ﬁ#’% é’g@ﬁﬁl@?@%& g@&éé\%&q%@ebﬁé% sed

whi ch may beintiftegdiidiniciRNA sajuehce ! THIS altertionnagibe dR¥ or ivors ihseftidrize
present inventign is based. |In particular, transcriptional start and stop
sequences tagelgtions, peintenutations &5 crrkinations thesedfessi on control  5sequences
may al so be obtained froma target cell, in particul ar sequences
controlling the translation and/or protein transport.

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 orfand 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.



Due to the repl i cation mechani smof Pararnyxoviridae, the genomc or

ant i genomgoBiWmsebgyal | y do not appear as naked RNAs. Th ﬁﬁ]ﬁd

| oanti genom ¢ RNAs are assenbled with the nucl eoprotein. ?ﬂerg@éfrﬁle

further subject of the present invention is a nucleocapsid of a recorrbl nant
oncolytic RNA virus of the present inv ion. The nucl eocapsid conprises the
RNA nol ecul e encodi ng t he genone or/an he antlgenorre of the RNA virus and

t he nucl eoc The nucl eqcapsi d al so conprise the

15p0l yirer asanghALIe foafe/tmcﬂﬁfioﬁ it OF therprosert Byeation.dhereds a he
present inv BnkJoddteda gﬁ &%BW the héa r ent invention
as descri begFgrLsgvg %ﬁ Fu% pegtea%g resent 'li—‘nvendtqrg Is a DNA

mol ecul e enammvmmgmwzma@md/omcproteaseeaadewgmkﬁhpm a reconbi nant
oncolytic RNA virus of the present invention. The DNA nol ecule may be a
plasm d. The DNA nolecule of the present invention can be used for
genetical ly engi neer| ng the RNA virus of the present invention. Further,

t he DNA nol gy gt Eni@&e@&ﬂﬁbéﬁeeﬂ dries (Ruﬁsumptimarfuntt@eomhesent
i nventi on. Ther ef ore, the npl ecul e e operatively |i nked to a
transcripti ol geRRmMeds Sé’@éblﬁf@é“’@'oguc""ﬂ tbﬁ(ﬂiéﬁ%@ﬂ@ T§eo Nfoti c

transcri pt| t he present

venct on | SarisRibAGaIRERIERE 1 pithe BATBRE rdcorbialDirafiseimichel

PCT/ EP2005/ (tedséfie Bipreteat,dhepmay kerldcatetbinethersanteor differentaintbrgenicNA

nmol ecul e of the ﬁsent mve&tion ma grg?rl se at keas one transgene which
t I

may be | ocat&dl igyre {1 desqribes an; d4Q feeqabinany rapseniptignabove.  As
di scussed sR¢8etiéd'Rithir SRE W@@eﬁﬁf/ reis Q?Isl;ﬁéfe"l‘r ' tﬁg’t BOIcREPbRE N @

prodrug-converting enzyne prot ea her aspect of the present

i nvention i Jegombinand trapscyiptionat cagsette isdecatied dnaiwe@mﬂm yirald® endhHN r us
;ﬁﬂo r 52}12?; %g?ﬁﬁ%ﬁgp%ttﬂgw&ﬁpﬁ%?& %%ehp%vgﬁﬁgﬁs gr?goo?nblﬁant

‘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 controf sequences
such as transcriptional start and stop sequences and sequences controlling



lovirus of the present invention. A further aspect of the present invention
Is a cell WOMR06/&0983 t he reconbi nant oncol ytic virus of ROWERIGHANISE

i nvention, a virus genone of the present invention, a virus anti-genone of
the present invention and/or a DNA | 5nol ecul e of the present invention. The
cell may be a prokaryotic cell or a eulkdryotic cell. The cell may be a cel
line, in particular a manmalian cell Iline, nore particularly a human or

nurine cell {HerteansTémarps}é us&y. e éﬁ@éssnan dohﬁongédliéh&:fs dfteh RNASKUS

i nvention for producing the RNA virus of present invention. Suitable

systens for Mexkecusasd which max bepihediNA ‘éiffl@ czbwh@mh@yeﬁommm| led in
the art, e. gvmwcaﬁag@@é%f %v%é(ﬁér?@%éété‘ahWgar‘ﬁcula‘foﬂr%né’érmmf A8l ahgSy St ems

such as HelL AhOYRar aspec n oncol ViTls, a genone
or anti-genostep %Iqeeaoésmayabé)NhtamédamheamRmwungxmeséldnlcom’ol of genes

of 25Paranyxoviridae or a set s of  Par oviridae in which at |east

one gene. or SHRUENGERITESY SIRE PRI TPELR (FORbER b BaTiEH P RaiABeoS

conprising a&ontcﬁ tﬁy‘ﬁaﬁﬁﬁ%ﬁ)bﬂéfﬁréﬁéﬁéﬂ?ﬁéhﬁd@nal cassette as described
e

above. Such a Ir genonme or anti genone or nol ecul e may be used for
the manuf acture of a nmedi canment and/or treatnment of cancer. Such RNA virus,
3ogenone, anti-genone or DNA nolecule is suitable for constructing a

2006/ 050034 PEE FELSD Rl DBathect R A B PV Qinded SR TR oheer ing ©
t echni ques i antiyeh@mit RMNAL rmgmeda not appehi wnaké@mmerheﬂg@wdriwe and
transcri ptl on cassette. For th pur pose t he at east ne transcrl ptl on

cassette mdfaptiganane RNAsare iaéﬁﬁ'@lbleéi with the nHeleapkatain. THRESfPReaAsCr | ption
cassel es ar G piPSttioct bl he sl HSSHGTI £HudbbosAl df BeofibRagT | Pt Lona

cassettes eren exanp e S asm ¢ of Fig.
1. Therapeut omdlytroeleMawcm of thﬁrmesenrmVemtldBaﬁmrnumpsmcd:mpnsns the t unor

growth, pref ﬁF\ﬁ\ ¥>Ietcrl]ﬁe glnlcodlng 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 pfIMTHGE8 murine
30lgG EDB (Fig. 2).



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

I nfecti on. WONIDN6/05@984i cat es sel ectively in tunor cells. ThetvErmoss/oatiss he
present invention can be used to treat proliferative 15disorders, in
particul ar hyperproliferative disorders. Preferably neoplasns can be
treated with the described virus, prefeldbly cancers from the group
consisting of lung, colon, prostate, breast and brain cancer can be

treated. 20MpRg gBhOhRY, %thl_zjeﬁom@ hdcledeapsig ande DNA&ﬁélécuM)éﬁhérp?éﬁrﬂm y a
tumor with | ow prollferatlon rate can be treated. Exanples of tunors with

| ow prol i feriqveblion aay eerapipse st igast eae dansgenpwbich maryab%l@categiaﬂmne

et reated. B SoosrHINBRRes e sboftatobed sBbis £A RuiRed Pudly. RS o™ ©°"

reconbi nant fréfsgereimayentode fecabindiag prdtbity, aiprodrug-coeertingeaaymenvent i on,
in particular the reconbinant NDV, can be constructed as described in
Romer - Cber d6RREPT 8Protgase; 1999) . The constructi on of the new nucl eic acid
sequences is on the level of the cDNA which then is translated into RNA
within a eucaryotic cell using lothe following starting plasm ds: pC TE P,
pCITE N, pCITE L, pX86TfI NDV NDV can be any strain of Newcastle D sease
Virus, nore Ane’fher aspeeat csftthalpresentamverﬁloonsalmeihodlfnrpr@dumlmgjaype form 15

The pI asm d pXx8 descri 085 nzel

r ecombi nant %QR%&"?%% ‘Bﬂ"%@ﬁ‘g'ﬂ’é&éﬁg ' %rﬁﬁ"i]é)%pq%% @]? idé\l@g}ol?ﬂ@

reconbi nant dd6disG hed§ehGfe\ERidesr thel AntRgénorhé efa Técoribimatameotier essi ng
10virus 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 HeLa 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



2ocells, eg. BHK T7 cells or transiently with T7 pol ynerase transfected CHO
cells. It warsobsesspl i fied in cells |ike 293, CEC32, HT2%carepddizbi2i8t can
also be anplified in the allantoic fluid of enmbryonated chicken eggs. The
reconmbi nant RNA virus, in particular the reconbinant NDV, is stored 25under
the follow ng conditions. The reconbi na@b RNA-virus, in particular NDV is
stable in 5%Dmannito| /' 1 % (wv) L-lysine / pH 8,0 or standard cell

cul ture medpya b@heﬂ@ehgln‘é@ﬁng‘i’éﬁt{hlqd@ ﬁ@r@éPﬁpﬂ%ducea
PCT/ EP2005/012186 27 for u ears. Use of the reconbi nant

NDV as a mdrmmﬂanssaqt@mcedawbthﬂatmnseﬂmm cagsedte. fFies tiyes puepnsa, tveat i on,

in partlcula n h etlon can
be used as aeﬁéglgeggr@rd%ﬁ&b ig%é;égf-‘e[%gk&%@ﬁﬁﬁg%on@% %bo f iffr*'iqu M oThe
reconbi nant Bhétranseepiidn tdissettressaetpresmﬁnmeqmlqw r@@tnbﬂ@uém thieNDV of

the invention is a pedicanent especia for prevention and/or treatnent of
cancer, espétiaaserptional B@Wﬂﬁﬁ)’;ﬁdﬁ ot A4t BXANPI IS RIAMancer, prostate
cancer, brai ﬂ ASOPaR ot &i breast cancer. 15The invention conprises
the recomnbin ~iTas . of th present invention, in particular the NDV
of the i nventl on as a nedi canment conbined with pharmaceutically acceptable
carrier and diluents. Such carrier and diluents are described in

Rem ngton's armacent | i ence, 15th ed. Mack Publishing Conpany,
East on Pennsyﬂ']I %ufg'éé[g-slev & used virus titers may | obe in the range of

109 to 1012 pfu per dose, in a range of 108 to 1011 pfu, in a range of 107
to 1010 pfu or in a range of 108 to 109 pfu dependent on the i ndi cati on of
treatment. Therefore, anpother subject of tl? present invention is

phar maceut .1@$reatmur@tﬁaawnrr@@ﬁﬁrm@bw@na@ meww&m pestersb the k}tlmgs of

the present . the tumor cells or the blocking of proliferation 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.



invention, a virus genone of the present invention, or a DNA nol ecul e of the
present i nWOR@H098dget her with pharnaceutical | y accept alCI/ErR005/082186

di luents and/or adjuvants. The pharnaceutical conposition of the present
invention may be used for the prevention or/and treatnment of a
proliferative disorder, 3osuch as cancéP. WO 2006/ 050984 PCT/ EP2005/ 012186
28 The pharmaceutical conposition of the present invention may conprise an
enul sion of the reconbi nant oncolytic RNA virus of the present invention, in
particular the NDV of the invention and may be adm ni stered by inhal ati on,

5i ntravenous i nfusion, subcutaneous injection, intraperitoneal injection or
intratunoral injection. Yet another subject of the present invention is a
nmet hod for the prevention or/and treatnment of a proliferative disorder, in
particul ar cancer, conprising loadmnistration to a subject in need thereof

a phar maceut N@de&(cf}%‘?ﬁtth\ﬁ @mhlaﬁ NP?megr maceuti cal conpositian of the

present invention armaceuti ca ective anobunt is a titre of the

oncolytic RNA virus of the present |nvention, in particular the NDV of the

present invention, the virus genone of the present inventi on or the DNA
vention which cures or sug r,es the di sease.

I I f
Egrefﬁeet ﬁer Bglﬁgres &@W‘%é‘"ﬂ%? B}ea@'pgeaglgvgnf%n d ﬁd depends for

exanpl e frorTrédmmﬁaﬁttmwt cahlie @ﬁ’islt@&fed ad@e¥@iteddin R&ﬁbﬂ@ierré‘éﬂf@fbtand the
type of cancer. 20 It is preferred that the subject (the patient) is a

mammal , nor eab(t999)abhg cgnsﬁue@nn péithieemw nyeleicsarid 1seAUeRERE IS BT thenevelr esent

rvent s on 5ol 4B oAbl e REPRMAR nESRA i BlodPRICESEthe o e

present i nvethd fallowing staingNMasmlidsiul e of the present invention for
manuf acture of a nedi canent for treatment of cancer.

pCITE P, pCITE N, pCITE L, pX838T fINDV

NDV can be any strain of Newcastle Disease Virus, more preferred a strain
that is oncolytic in its wildtype form.

15

The plasmid pX83T 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.



The present invention is further illustrated by the follow ng Figures and
soExanpl es WO9000%9884050984 PCT/ EP2005/ 012186 29 Fi gur e PEOEPISS/Fi2epsr e 1
descri bes plasm d pfl MTH68 Asc_Pac conprising the full genome of NDV and
two transcriptional cassettes conprising_the unique restriction b5site Ascl
or Pacl, respectively. The nucl eotide sgauence describes the intergenic
regi on between F and HN conprising two reconbi nant transcriptional
cassettes (SEQ-80MT fiv@p fy 10Keans.e 2 describes plasm d pfl MIH68 nurine |9G
ED-B, which is based on 1lopfl MTH68 Asc_Pac and conpri ses sequences encodi ng
the light chain and the heavy chain of anti-ED-B I gG anti body MOR03257 (see
claim42 of German Patent Application DE10 2004 05 0101.7-43; Seq | D 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 w w ifaHtND P ﬂ&.ﬂ for the anti-ED-B 1gG
ant i body N%H%%S gﬁ?&?@bl exprl\gg‘gia%%]*a I(‘)@ﬁtI e gﬁtti body into the cell

super nat ant - 24 hours post infection, a level of about 20% of the maxi nal
expression [Fevel is reached. After about 2072 hours post infection, maxinal

[ t h I b [ d. As a . l. L | in ted
e S 1 STrb R AR VA AR B wBSaf BB i pBBbTel BerpUSELF,
no 1gG was dpscRmitsiHantiiDV gccoraRiashe aiventib cafBea@éddas asmedieanidmt cells
infected with 26MIH146 exhibit a staini n%§patter n indi stingui shable from

t he stai ni ngb@Fayse hshowsphasmasatogial efeely. MOR03257. Figure 5 dempnstrat es
by i nmmunohi stochem stry that the supernatant from MIHL46 infected cells
yi el ds an undi sti ngui shabl e staining pattern conpared WO 2006/ 050984
PCT/ EP2005/ 012186
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 10 pfu per dose, in a range of 10%to 10" pfu, in a
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.



30 with purified aED- B anti body MOR03257 expressed from stably transfected
239 cell iwotop@isossascul ature where ED-B is present. Fi guicantr20@mmngsr at es
that intravenous injection of MIH87 | eads to 5expression of G-P in the
tumor in a nouse xenograft nodel. Figure 7 describes expression of
(3-glucuronidase in MMH115 infected Hel28 cells. |oFigure 8 describes
expression |levels of (3-glucuronidase in MIH 15-infected cell Iines.
Figure 9 and Figure 10 describe synergistic effect of HVRL826 and MIH115 in
sel ectively killing tunmor cells. 15 Exanples Exanple 1: 20Generation of a

r econbi nant ant i body
The oncol yt |—(|>:1l%s ral n ﬁ_ﬁggp&@%ﬁ@ﬂ%ﬁ ﬁgéga%éewﬁ}veﬁﬁgﬁ %éa* Bmhs%?“

PCR several démalgivardfdhefrecoiibinamt @ncblytic RNjAarrrds ofithe prdseint #tvention, onl ng
25procedure they were ed intp a f eno . C at, s.cloned into
Che vect or - PRIBIFEIEHIDV 6t g nveriBuiand ina e g ris BTl By A RIAHES. | Thi <
vector can R Jdigmsd 8 ASSRHReAE ' t virus
froma T7- pgﬁgmar asljes’qg];(%rﬂgs”%géhg o'ul i[ﬂée%v% Igt(g 6/ 050884ﬁg§?,2g2005/ 012186
31 Two addi tihsatamarabimizatiopt i onal cassettes were cloned into the full-length
genom ¢ plasm d of NDV MIH68 (pfl MIH68) between the genes encoding the

F-protein and the HN-protein into the unique Sfil restriction site. The two
DNA-oligo n ucl eotides 5Sfi fw

(5" - aggcct t dvdtimativgon drett cftbe preseit dnggtivade acogthotdag ik preveftion | D. NO
1) and or/and treatment of a proliferative disorder, in particular cancer, comprising
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.



Sfi back (5'-aggccgttctacccgtattttttcttaagttgtcggttaattaaggectctc-3', SEQ
ID. NO 2)WQeps/05¢8éal ed and subsequently |igated into tREeTEPRI05Hi2185 Of

pf1 MTH68. 1oThe resulting plasm d pfl MTH68Pac was cut with Pacl and anot her
dsDNA- ol i gonucl eoti de consisting of Asc fw5' -
cgggcgcgccccgacaact t aagaaaaaat acgggt agaa2@gcagtcttcagtcttaat-3', SEQ I D.
NGO 3) and Asc back (5

15t aagact gaagrigues \egéwdsicccgt attttttct t aagtt gt cggggegegeccgat-3', SEQ |D.
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 plasmd was designated pfl MTH68 Asc Pac. This plasm d has two

addi tional 20¢; R ' t he
Viral Fand FOOoohdesblBEE bR EIMIHAS 2R BacsetERing s AGfEonss 1T
i denti cal vi refiINDVraatsiwo franscrigtioabbeassatids comprisemguihecasiqU€irgstritlion Cassette
1 contains a_.unjgye Pacl restrjcti site, cassette 2 contains, a uni que
Ascl restri c?sr'@n&%itoé q%gqspgc{lyé)é?l{hq)ﬂuﬁgoﬁq PSR €SB The heavy
and |ight chaj i BEHAVRRAY [ : [ Fiaeait ¢ anti body
agai nst the g)btté?%&illg?rg{jﬁﬁB (ED@HBF%wm(?@P?@?f'Q t‘(%N(S%ggZS?) \/F/ere cl oned
into the two tansicripbonal cassettes (BEC: IRtNONS3i t es Ascl and Pacl

respectively. The nurine Iglanbda |light chain for the anti-ED B anti body was

- 3oinserted into the Asci site. The nurine 1gG heavy chain for the anti-ED B
- antibody was inserted into the Pacl site. The length of the inserts together

- Wi th the adapFigures2desoniess prsnidpfIMTHES musinedge EDBevhishiis bases on
"multiple of si&iﬂ %er to follow the rule of six for the length of the
~conpl et e WO'906] 08BoBRC Aeas BRY GOBINGIERS S6AYSNCaRRRsRAIRY theh BT ARGt

o virus. The reaElhea(9 chbfv et SnitED-B9§6HIRbedy 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.

18

Figure 3 describes that infection of CHO or HT29 cells with NDV MTH146
containing the genes for the anti-ED-B IgG 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



pf I MTH68 nurine 1gG ED-B (Fig. 2). Using standard techniques for the rescue
of reconbi WOr00aBW984t r ansfecti on 5o0f T7-expressi ng BHK @eliVEPR005812186 US Was
produced that contained two additional genes coding for the two chai ns of
the anti-ED-B 1gG anti body. That virus was called MIH 146. Exanple 2: 10
Expression of an antibody by reconbi nanB80Newcast| e Di sease Virus. Cells
infected with MIH146 produce an anti body that recognizes its antigen ED-B

fibronectin fEhIpShied KEABAR BhEbsH ARG REIIBTSpreRR fronmsmbioirasis@egi noms)
and CHO (chi nese hanster ovar)( cells were seeded in 6well plates at 4x105

) :
cel I s/wel | . 3% cghin mer vaseidtyrewpere EP-Bieprasenttriplicate with a MJ of
0,01 either with virus MIH146 (containing the genes 20for an anti-ED B
anti body) or with virus MIHL15 (containing the gene for an irrelevant
secreted transgene [beta-glucuronidase]). At the tinme points Ch, 20h, 30h,
2d, 3d, 6d pbigure 6fdempnsisateathat intiavenafs injestion of MEUPéleadsdot was t aken

and subjected to an antibgdy . titer determ natiaon, 5 The antibody titer was
det erm ned g?"@@?@ﬂn &Itggﬁi'ﬁt%f“lrgomraenpbjﬁ?é(ﬁnﬁﬂarfwgﬁreconbi nant antigen
ED-B. The tissue culture supernatant containing the antibody or as a

standard known anounts of reconbi nant anti body was added to the wells.
After washing, bound antibody was detected with a, HRP. 3ocoupl ed secondary
anti body rai gwrgaaiemnb@ﬁﬁméessm of Bighipuseridase in MTddbhninfested Kela body
(expressed b asm d-transfected cells) as a standard the concentration of
the virally produced antibody could be determ ned. WO 2006/ 050984

PCT/ EP2005/ 012186 33 Results: Infection with MIHL46 | eads to the
expression of an anti body into the cel

10Figure 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 MTHE8 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 pX83T (Schnell et al., 1994) yielding the plasmid pfIMTHE8.
This vector can be used for transfection in order to rescue recombinant virus
from a T7-polymerase expressing cell line.



supernatant that specifically binds to its target ED-B (Fig. 3). Infection
of the 5S5sweeoerishsiwi th a virus expressing an irrel evantpcammedsad21gg ansgene
(MTH115) does not lead to a signal in the ED-B ELISA with the cell
supernatant. In HT29 tunor cells the concentration of the antibody in the
supernatant reaches titers of ca. 8 pg 81 (binding 1gG, which is a
sufficient concentration for biological activity. In CHO cells the anti body

titer reachepyolRRMRIhaT trdBs®ibtiondl chisdies watBelomédHto thaaPRg® Virally
expressed antibody binds to its target: |nmunofluorescence 15 Materials and

Met hods: Murgeiorig plasmichebNDVnidiii6Se(plIM TGS betwaen the genes enpodings. The

cells were g4nf . 2] ; ' HL e A VA PINo) 15
(irrel evant t'h%oif_ ﬁéﬁgbn:%'te@% m@@&%]ﬁﬁﬂtggé?%qu%@ @%ﬁé@@gdﬁteﬂmg/g ys after
the infecti dDN@AReligaiucteoticlee fixed with 4% fornal dehyde. The cells were
washed and %gfund Nnti body was visualized by staining with a Cy3-coupled
secondary aPwil %&5-@99%&%@633@%9%@0%@&9@@6@@89@ $RAGAgCEEadTHNPER

nock-i nf ect g¢) G&h! q;)g\ﬁ:rlq:_e i ncubated prior to fixation for 1 hour with 5
25pg/ M reconbi nant’ a-ED-B 1 gG. Results: The negative controls do not show
a si gni fi candfi baak (5'raggrcgttbtacEegtatittitcttaapitgtap gttaaittabggretdtoad’t BERITHDA6 show a
staining pattarn,that is indistinguishable fromthe staining with the

r econbi nant r&ﬁt QP)ody (Fig. 4). Therefore it can be concluded that the viral

infection | agdee émwéd;ynaoﬁubtsbqpeﬁﬁidy lidtRed Mitd B5é STiRRiteRAGAMTIHES, binds to its
antigen |like_ the reconmbi nant antibo % The virally W 2006/ 050984

PCT/ EP2005101ha ssulting plasmid MG 2vAdlewith dach andangtier dsiiNAci ent to

give a staini L. ; ti body concentration of 5 pg/m. That is
consi st ent %I@%n@h@d&@%#&@ggﬁﬂg%@ncemrat ion of the virally expressed
anti body, wAshfwés'in the range of 5

cgggcgcgcecccgacaacttaagaaaaaatacgggtagaacagcagtcttcagtcttaat-3', SEQ.
ID. NO: 3) and Asc back (5'-
15taagactgaagactgctgttctaccegtattttttcttaagtigtcggggegegeccgat-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 pfIMTH68 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



Ng/m . 5 Exanple 4: Virally expressed anti body binds to Its target:

| mmunohi st\¥O1ReMwWesStM8¢ | ovat eri al s and Met hods: Cryopr esePeadproBsOuEssect i ons
(10 pnm) of the SK-MEL nel anoma grown as xenograft subcutaneously in mce
were fixed in cold acetone for 10 mn, gvashed in PBS and stained with

anti body. As control served a purified ED 15B 1gG anti body MOR03257 (conc.
5 pg/m for staining) that was expressed fromstable transfected 293 cells.
The negat i vegerome of thenredomehibantvirua. tThe resiiiting ptagpidawas designateal y

anti body. Th nat ant f ells infected wth reconbinant viruses
wer e used fo‘?eﬂ@blg'l%hirﬂﬁ”%%ﬁfﬁ)(ﬁ[?‘?@gs‘bpernat ants. Prior to staining, virus
was inactivated by treatnent with UV-1ight. MIHL46 2o0i nfected cells produce

the a-ED-B 1 gG anti body, control infected cells were infected wth a
reconbi nant Ysingstandarddeehnigies ferdiiesesayeef resempinantNDY {(assfeation The

bound antib | | i ] A= A | dase and
staining w ?@ngzpﬁégggﬁz[?ﬁfﬂ%a@,dgbgﬁ%\ggggﬁé&%ﬁi&\ig@ P@ﬁ%&ﬁ){gr e

count er st ai r@dﬁjiﬂbmeﬂ denestowding for@e hﬁbfhﬂdewﬂmaatiiﬁ?—m ahtiegdyor ][TEthi th
a Zeiss Axi ot .i magi n esul ts: No unspecific staining of the
cryosections @N'%‘gﬁgﬁlﬁgmw ‘ncubat ed 3owi thout antibody or with a

ti ssue culture supernatant fromcontrol -virus- infected 293 cells. WO

2006/ 050984 PCT/ EP2005/ 012186 35 Staining with the purified a-ED B anti body
expressed friExampi®dRe transfected 293 cells shows a characteristic signal

for tunor \{dascul ature where ED-B is present. The incubation with the
supernat ant™ from MIH146-i nfected cells vyields an undi stingui shabl e stai ning

pglt tern (Fi @E)f(_ﬁbeslsTdsh ?_fdﬁf@lﬁ\ﬁbbdyw ﬁdggméoiﬁlhhméwedétle Pigyasesidusnt i body is
t t
abte to SloeCfl.telllsc ?mle)(:tecll UVQlithl RIISTI-ha JEGQ ;e)roduce ar‘fi1 a%%ibody that recognizes its

antigen ED-B fibronectin (ELISA).
15Materials and Methods:

HT29 (human colon carcinoma) and CHO (chinese hamster ovary) cells were
seeded in Bwell plates at 4x10° cellsiwell. 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.



in tunor tissue sections and that the concentration in the supernatant of

I nfected caV0 2006056984 fi cient to give a signal conparabl e porerngsningurified
anti body. loExanple 5 Tunor-selective replication of reconbinant NDV in vivo
Thi s exanpl-e denonstrates that intravenous injection of the GFP expressing
oncol ytic virus MIH87 |l eads to the expression of GFP in the tunor in a
15mouse xenograft nodel. M aPaCa pancreas carci noma xenografts were grown
subcut aneous|IRedults:nude m ce. The mce were treated repeatedly (6x) with
1x109 pfu of MIH87 (NDV with GFP as transgene) every other day. 20At day 21
and day 34 after the |last treatnment individual animals were sacrificed and
sectioned. S e el d under a
fIuorescenceqﬁﬁ?ﬁg@(\@hem?g{1%%?%?8&@ H%%&ﬁn%ﬂ 5r%b§¥ mtg %)(%ﬁaphs of

t unor sect|ormjpshmkaﬂ%ﬁaéspeceiﬁséltyrbmd@tcsﬂmtar@&ﬁD2|56§R|gr 8dnfectionwdfthée found

in any of the fol ans | een, liver eart, Kkidney,
i nt es%ll ne, FelYgQ@'iQ@ 'Nso%nfgswnﬂ/awrﬁ@y n ?%&Pkﬁ"gt&ﬂ%sQ%n o?/der to

prove that rQM'ITl-?ﬁﬂig%%e&'r{dﬁan@tb arssmmn the EHSB ELISA Witk thedeli n the ot her
organs, slices o e orgﬁans hi ckness) were I ncubated on top of

a nonol ayer @upernaignts én Tﬂaﬁamﬂmllsme somcerﬁﬂaiwne:fdbeautlbodyemm The day

after, the HIT el.l s, wer re r e

2006/ 050934 FUPFEREIFReseS B R cf.p b7 oA Biriehad PO i ishs SEiglen

- originated fromceneatisrofdrbislogical a&ﬁit?olha(?HQﬁcéﬁs ﬂHE%i’lbbﬂ? tiesH reapResi bl e
from tunor |eces but not from an he organs tested. Qut of 6 tunor

pi eces froniQEYER 1 derbe /dnl 'ﬂéﬁ§t3u4peﬁﬁﬂt%n positive for the virus-reisolation.

- Negative organs were: spleen, liver, lung, 5heart, kidney, intestine,
adrenal (no other organs were incl uded in the test).
Example 3:

Virally expressed antibody binds to its target: Immunofluorescence
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
2otransgene 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
3oinfected with MTH 146 show a staining pattern that is indistinguishable from
the staining with the recombinant antibody (Fig. 4). Therefore it can be
conclyded that the viral infection leads to the production of the correct
antibody that binds to its antigen like the recombinant antibody. The virally



These results docunment that the reconbinant virus MIH37 sel ectively

replicat esvOnots@s®84ti ssue and not in other organs. The yCrm®2008pizigsati on is
det ect abl e many days after the last intravenous adm nistration of the virus.
10 Exanpl e 6: Ceneration of an oncolytic NDV that expresses an

anti body-effector fusion protein L19-1342: 15 The fusion protein L19-1L2 is
a anti body targeted cytokine. The antibody fragnent LI9 is directed agai nst

the extr adormbusedhnfibddPBessentratibRiBhisovdliffitiehBtosyivs asstaihinpsiriidr to
surroundi ng tunor bl ood vessels but also in the tunor stroma. 2o0The

cyt oki ne | nt&t peiibady-conaemtiedionsf §ludel.at halris epnsisteat withdhe estimated es Nk-
Ils. Free, -t ar ' i n- ik i din |
Gose” appl | TN bEthd Bath efeched ity it fdn P b L8 S P .l "

use of Prolquyim. is limted 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 25d®liver therapeutic efficacious doses to tunors while maintaining
non-t oxi c q?ﬁﬁﬁ &4l evels of IL-2. The tunor specific delivery and

expression o 19-1L2 conbines the tunorselectivity of the oncolytic virus
with the additional tunorselectivity of the L19 antibody fragnent and the

Vet or al . and KRV Bhete s Ratibgry SindE S ARde e {m R aRISEOPREMIREYf usi on
protein L19-1L2 5 The plasm d pfl MIH68 Pac contains the full genomc
sequence of NDV MIH68 plus one additional transcriptional cassette with a
uni que PacllOMaterials andoMetheds: A DNA-transgene coding for the fusion protein
LI 9-11-2 is ‘
Cryopreserved tissue sections (10 um) of the SK-MEL melanoma grown as
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 IgG antibody MORO03257 (conc. 5 pg/ml 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.



cloned into the Pad site. This transgene is conposed of a Kozak sequence
1000ACC, awei2getelsoysdpti de for the extracel | ul ar secreti orcargP2003@1TBNA f or
the fusion protein L19-1L2 (Carnenolla et al., 2002). The total |ength of
the genone is adjusted to be a nultiple of 6 to follow the "rule of six"
for the length of the viral genome. Re&&nrbi nant virus is rescued from
7-expressing cells transfected with the full-length viral genomc plasmd

cont ai ni ng t ixRaihf@genitn tes pliified bﬁ_&ngéoBl _Qn%%HWéi&egéédJﬁofr?%BFé frandteitgye: nThe

resulting virus i s designated MIH2OL. virus is cultivated elther
tissue cul t u283cells shows a abacastasistic signad fartuater yreeulstiye wherprddBde hi gh

studi os are PEVEFAOE T EREoR BB IR el RE TP oal e flR mue . The
nurine F9-t eyididean unditinguistebld stamingpatiernaiFiyv 3)gTBsrdEnonstiate®that _
characterized b high ED-B - fi bronmt IFOnS expression, main I n_surroundi ng

. . . .on. I
t umor bl ood Wé%g'éﬁﬁ@ reg$ad anfibeqyds peglicalbing ‘t§i®@9¥§Q‘ﬁrﬁ!ﬁ0 cells
in 50% matri sdaipl | 4 We i ne SvHsd).
hen tunor o {ourRSRESTE SRS S thafthe, (BTt FLAR unete el it b
reconbi nant Mifectetideds i€ enfficiEnt fp give d dignal @rhpaiabte Bop uglral pyrifeed cont r ol
virus MIH87 ée go(fi ng GFP as a transgene) at 1x109 pfu at days 1, 3, 5 and
7 intravenou P§.° %9-1L2 (CHO derived, dimer) and IL2 WD 2006/ 050984
PCT/ EP2005/ 012186 38 (PRCOLEUKI NE) are administered as a daily i.v, bolus
injection in sterile saline solution over a period of 5 days. All
concentr at i Xamle &ire used in aninal studies are in the range of 1.8 -
2.16 Mo. |Ukg/day. S5After 12 days the mce are sacrificed and the tunor
wei ght is assessed by neasurenent of the tunor area (product of the |ongest
di anet er and Tiunsor-pelegéivei replizajionroftrecombinhntMDsimygive cal i per. Resul t:

This example demonstrates that intravenous injection of the GFP expressing

oncolytic virus MTHB87 leads to the expression of GFP in the tumorin a
15mouse xenograft model.

MiaPaCa pancreas carcinoma xenografts were grown subcutaneously in

nude mice. The mice were treated repeatedly (6x) with 1x10° 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



10 Dineric L1 9-11 2 shows a 54. 7% tunor wei ght reduction even at the | owest
dose of 129¥02000/080984y corresponding to a | ow dose regi nerCEEZHO5/D12086TANS
whereas 3- and 6-fold higher doses only slightly inprove the therapeutic
efficacy of targeted I1L2. PROLEUKI NE reduces the tunor weight by 50.5% at
15its hi ghest dose. No therapeutic efflafacy I s observed at 1430- and 4290

| U/ g/day. Best results are obtained in the group of mce treated with NDV

MIH20OL. TU”WidlME@hlﬁfebﬂthiyi MTH8Y thlbutyihafkd fﬂ'cbm?eh@@ﬂ\?]é}ﬂtlﬁﬁﬁ* ained by a
conbi ned actiaqn of the virus-expressed 1L19-11 2 and the oncolytic effect of

the NDV. Andieied! aMQE%TdéBWaﬁmly passiBlenTRUIIMPE PIRASS IO HOR @ wi t h
20l ess adm %ﬁé Q‘Hégﬁs’fg fed. t5utNPY tW%fe%%%%chquHﬁ'aQ%ﬂtatv%r{% al one.

Exanple 7: ner an oncolytic hat expresses an ankyrin repeat
25pr ot ei n t Ipesitive dsthebdrusrelsolatidn. Megatival drgaas:meve spleehaiendeng,

denonstrated t VEGF, Its receptor_ are essenti al wt h of
col or ect al %‘fﬁgekgngﬁdm?‘?é‘%taﬂﬁﬁq n%ﬂﬁ‘eér%%rl’? W?f%mCM%%WJB??e t ast ases
in the liver in experinental nodels (Warren et al., 1995) and this

30princi pl e _has now been clinically validated by the system c use of the

VEGF- neut r difiesengsitdecumentibay the sacombinantpdius MT H8Vi seestivelyst at i ¢

Vecr (or  wpESPTRERss iRbi kb i Sihenbrdte, e it iAot € o e

(cont ai ni ng deltédiatsle ¥Rany Hays ak8Pthe2lat imtiavenous ddmésisidaien bfthehdrusat ur e
nononer) which are generated by alternative splicing of nRNA derived from
5a single Hene. Wiile all forns of VEGF possess a signal sequence only the
smal | er tmg&@@ sg:are secreted. In contrast the larger forns are
associated W th heparin-bound-proteoglycans in the extracellular matrix.
VEGF is mtogenic for a variety of large and small vessel endotheli al
cells, induces the production of tissue factor, collagenase, plasm nogen

activators, é‘&%r&ﬂ%hrof an oncolytic NDV that expresses an antibody-effector
fusion protein L19-1L2:

156

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-L2
combines the tumorselectivity of the oncolytic virus with the additional
tumorselectivity of the L19 antibody fragment and the strong effector activity
of IL-2.



| oi nhibitors and stinul ates hexose transport in these cells as well. Mbst

| nportant Wecetises4f or VEG- are fns-1i ke tyrosine ki naseciigpboodnihikPR

(Wal tenberger et al., 1994). The Expression of VEG- has been denonstrated
in several human cancer lines in vitro and in surgically resected tunors of
t he human gastrointestinal tract, ovary37brain, kidney, 15l1ung, and others.
Jn many experinental tunor nodels the neutralization of VEG- |eads to an
efficient and significant growmh inhibition (Gerber and Ferrara, 2005).
Here we denonstrate that the tunor targeted delivery of the anti-VEG-

20ankyrin reﬂﬁﬁériﬂgﬁﬁfi\lﬂetm %he reconbi nant NDV i s advant ageous for the
treatnent of this disease. q'IS I's shown in an experinental athym c nouse

nodel of colorectal cancer. Typically the liver is the first and nost
frequent site of nmetastasis in colorectal cancer. Therefore the potency of

the new rea@@ﬁérétfoﬁb??e&ﬁﬂp RANPY éxprasiid tHY fiBnSH s -filg model  of
liver 25netastasis. Materia n?aérm I\E’?ho’gé: &er?faratfuogn of re%liltj1 mg'nzt NDV
expressi ng an ankyrin repeat protein 3othat neutralizes VEG- An anti-VEG-
ankyrin repéat nolecule of the type N3Cis selected with standard

rotein i KHSWAESiE IOy bro ARLITF SRR Rpordf SRUBRLERENERDYes " T
PCT/ EP2005/ OWZHBS pldé onesddditrhad fanstiipticriat 8hssetiet with a( GAGRE NMachi th
inhibitory activity against VEG- is clgned into the full-|ength genomc

NDV- MTHe8 pl 'gstriction-site. A [BNArtransaenerersting fordos fusion pretein LI-Nge o ¢

sequence of PSS ; b ﬁ%% ' wth a
uni que Pacl Nrgle/es(% Mﬁﬁgrég&ﬁlﬁhﬁ%&%&e co |dngf¢g<r&tlah§@§i§%ﬁ agai ns
VEGF is choteAlGtasighal peptidesfor éhe Ekiraceliutarsgenatidrsand tipemsBNASDOr thekoz ak

sequence OCACG, 979 PERERSorhSla b5 025 FAL YA 1e8GH Sithgn and the

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

15gene for L19-1.2 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 x10° 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

30protein) or control virus MTH87 (encoding GFP as a transgene) at 1x10° pfu
at days 1, 3, 5 and 7 intravenously. L19-IL2 (CHO-derived, dimer) and IL2



ankyrin repeat nolecule. The total length of the genone is adjusted to be a
| omul ti pl ewof20@/05@siol | ow the "rule of six" for the | engpbraiprd08@i1Mid al
genonme. Reconbinant virus is rescued from T7-expressing cells transfected
with the full-length viral genomc plasm d containing the gene for the
dARPI N agains VEGF by a standard virus3gescue techni que. The resulting
virus is designated MIH268. The virus is cultivat ed either in tissue

cul ture or '(Wi(f'l.%@%%%}}?i@a&h’fﬂigﬁeréé% 3#5 I&@ﬁ’/nb tlBHWHfé‘?llé" gh titres.

Subcut aneous tunors uent cultures s are grown in 10 cn®
Petri di shessalind saiutiorpoverraspatied 0b§ days eAll cmmtratmsu that areQus@aPin

trypsin/ 0. 02%.EDT Caz2+ 2+ fre SS) sh several tines in
% vy - mabaydiba o HE fanad 8F sk 2SR SRRk ane r at fon of 5 x 107
cells in serumfree DMEM  The presence of single cells is confirmed by

phase contrast m croscopy,  and cel| viabili ti‘il s determ ned by trypan bl ue
excl usi on. Fiercledays the migenare sanifirefigndithe ronveightds agsegsed-y d f emal es

cages and | A a ot R o Rl (priRdct B hecBhoBh MR e e . i el «

are observeq)eipehdlcufav)ontulmr \wilﬂm!ém&r@dcalmut aneous tunors are neasured
using a caliper every 3 d. Onday 1, 3, 5 and 7 after the tunor inocul ation
groups of five 30animals are injected intraperitoneally with varying anmounts
of either anti VEGF mAB 4.6.1 (0 - 200pg per nouse), a control mAb of the
sane i sot ypdRegWito pg/ nouse), with anti-VEGF ankyrin repeat protein (0 -
200 pg/ per WD 2006/ 050984 PCT/ EP2005/012186 41 nouse), 1x109 pfu NDV
MIH268 or 1%109 control NDV MIH87. Prior to high- dose virus treatnent the
animals are desensitized with the increasing virus doses 1x106 pfu, 1x10'
pfu, 1x108 @imerEx10Bl shave b tetumbryweighimeductioh eves ahthe loalestil at ed as

previously dd%ss%rci)fb F &0( m}g)&a?/tco?resbongmg)to a5low dose rré%tir%%n 4i&d'in humans

whereas 3- and 6-fold higher doses only slightly improve the therapeutic
efficacy of targeted IL2. PROLEUKINE reduces the tumor weight by 5§0.5% 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

30principle has now been clinically validated by the systemic use of the VEGF-
neutralizing human antibody avastin in patients with metastatic colorectal
cancer (Salgaller, 2003).



H7 cells are grown to confluence and are harvested as described above for
subcut aned¥@ 2006j08e¢8+# on and resuspended in serum free DVERCEEP2005/012186
loconcentration of 20 x 106 cell/ m . Athymic nmice are anesthetized with

met hoxyfl uorance by inhalation prepared in a sterile fashion, and the spl een
is exteriorized through a left flank in@9sion. 2 x 106 cells in 100 nl are
slowy injected into the splenix pulp through a 27-gauge needl e over 1 mn,
foll owed by spl enectony 1 min later. Experinmental aninals receive VEG-

anti body 154, control anti body (100 pg/ nouse), anti-VEG- ankyrin repeat
protein ( 1oUE&ﬁ (QrYP s.aqh@@aérm@%awomﬁf%etqoaﬁlsﬁeg OhfRUTgSoformaf t er
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resected tumors of the human gastromtestlnal tract, ovary, brain, kidney,

15lung, and others. |n 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



4.6.1 the neasured tunor size at day 22 is 500 mB8 when 10 pg of mAb are

I nj ected awmoOhoasios®wsef adm nistration, and 200 nmB (100 pgr1/ER2dsoMEsd 50

pg), 100 mmB (200 pg) respectively. Simlar dose dependency is found for the
anti-VEGF ankyrin repeat protein when up to 200 pg are injected, with 1othe
best result of a tunor size of 100 - 5080mMmB when 200 pg of the reagent are
applied. By treatnent of athymc mce with the control NDV MIH87 the tunor

si ze at day it i ' i ir@hH b8vi i he
antiproli fergﬁlgiécg??pé@tlr?g%%se rgfr?yoﬁjﬁw&%@m E@g@@? fagg\t"gwigéelﬂ?tf)und when
at hyni ¢ ni ceVEGF isrtlenadintaithe fnBength-paanieP¥sSMIThi§ 8t plasaid.i - VEGF
15Ankyrin repeat protein). Measured tunor size is below 100 nmmB. This effect
is due to the advant ageous conbi nati on of tunorsel ective expression of the
VEGF-neutralizing ankyrin repeat binding protein and its anti angi ogenic

ef fect anﬂ tﬁlaeipmiﬁ’p'ldlrpﬂMTI:GBtPaU cdﬁtiéiﬁsahé ﬂﬂldgiiricﬁni‘c Sefqu?heetdﬂmm\ﬁfﬁ EC]E i Vﬁ
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site-specifi i I @an . %@-55 ihet | I ' ' nmes

phar macol ogi%gltﬁdﬁl%ﬁtt%éﬁ B?SA or? ﬁ? e s@ﬁ@%\fﬁgggrﬁlﬁqﬂl e%g%mgrﬁgrﬁgrepeat
protein e.g.clonethinds the &sial sitechhniatapsgeie isocorspesed pta tazaltsedjuence but i on

and ensures i Clent. ralisati This effe IS Q | ped,_at a
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the patient gepuingepest male@XeEThE tbtallength dTehe gensrr isdflistedno ol show
evidence of hepatic tumors but differ in nunmber, size and weight of liver
met ast ases.10Muitipigrat 6 &o fellay theulepfsbmiar ihedangth efifbe (il BBnoMennb tr eat ed
mce i s seen : Ui 71 S per
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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
[aboratories, 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 pg/ mouse), with anti-VEGF ankyrin repeat protein (0 - 200 pg/ per



ankyrin repeat protein treated-mce. The nost dramatic reduction is observed
I n the aniwel2806t05¢88ed W th NDV MIH268. Though adm ni st ered/Bpeas/otiiges St he
nunbers of tunors in the liver is reduced and the tunor volune is snaller
when conpared to A4.6.1 treated mce. As for the primary tunor the
beneficial effect of NDV MIH268 on the 4inhibition of formation and growh
of liver netastases is due the advantageous conbi nation of tunorselective

expressi on omduze), VEGO® |Fa NDVMTHRES ornky 0 conten NV MTIHBrIPRsOloaigh-and i ts
antiangi ogeni c effect and the independent antiproliferative effect of the

t umor sel ect i #ESAMUSfreaiBent thepanigials are desengiizedvititthe, Ecjeasing vires at es i n
- LI S . \ t . .
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tunmor cells er decréasing he nu urvivin s and
nunber of dewelunEs arencdlaslatetas préviously describet (imsest alhera8yguti c ef fi cacy
on the growh of the primary tunor and the nunber, size and wei ght of

col orectal IS5 ver netastases is seen when a mul ti-specific ankyrin repeat

bi ndi ng prot ivbrimetsstds®i ch contains specificities for VEG--A, VEG--C and
PDG-. 20 Exanple 8: Generation of reconbi nant NDV expressing an
intracellular ankyrin repeat protein that inhibits polo-Iike kinase

For cancert bl s o B dspBp sorBl8 ekt S nafestREle PRSKatd aBfyErd  cates
and has a pr egbastahsowdirgadticd ahd resuepended irfsg@enefre8 DMEM efar s (see eg.
W)2005042505 and references ther n anti-human Pl k-1 ankyrin repeat

ol ecul e o 10GRBCATRIORGE 40X S0F GelloRl. AT IgRAeATARRRSCBA R B nz ot ol
2004, Anst ut he%%@}ﬂﬂr%%y it dtprePafddinla WerfORRhRID X the spleen

PCT/ EP2005/ 0
is exteriorized through a left flank incision. 2 x 10° cells in 100 m! are slowly

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 pg/ 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 1x10° pfu NDV MTH268 or 1x10° control NDV MTH87
atdays 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

25measured 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:



I's measured in an ELI SA with reconbi nant GST-Pl k-1 on gl utathion-plates as
a substrawa 206emsd9sve bi nders are sel ected and the correpeppfigggoQaes are
cloned into the eukaryotic CW expression plasmd pcDNA3.1. The pl asm ds
are transfected into Hela and MaTu cells and the cells are subjected to a
S5proliferation assay as described e.g. 4n W2005042505. This nethod is
preferred to an in vitro kinase assay in order to be able to also identify
bi ndi ng dARPI NS that bl ock function without directly blocking the kinase
activity. The dARPIN with the best inhibitory activity of cell proliferation
is sel ect edSabcutaneeus tumors:dhe hemge sizewfdfeatétbanioalgtis mordiooedandant  NDV.
The | osequence of the s l,ect ed Vﬁh J epeat
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adj usted to ¥ @0 yo) eespectively oRimilas d 0§9|d@p%nd§n9y I§ found @ I ength
of the viraly, nn@@ n! g cells
transfected WI ﬁﬁlﬂrﬁEG?e%?ﬂP eng %af\;ﬁa d@\%’fﬂéﬁ%? confég?é(f?\’g the gene
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filtration and el uted buffer with 5% mannitol/1 % L-l1ysine. In vivo

tumor growt rantmmltfetattm eﬁm cwsezcbomwjmw\b@aslzeﬁeg@/ay@jmsad when
athymic mice are infected with NDV MTH268 (expressing the anti-VEGF

15Ankyrin repeat protein). Measured tumor size is below 100 mm3. 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

25administrations 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 fiver and the mean estimated tumor volume per liver is 10- and



Femal e NVMRI nude mce are injected subcutaneously with 1,5x106 MaTu cells
diluted 1: VO W8e99P84: matrigel). Wien tunors have reachedeGr/Eprzes/mbiss20- 25
m2 (appr. 3 days later) the animals are treated with the reconbi nant
virus. The animals are injected with 200 pl virus suspension (in 5%
5mannitol/1 % L-1ysine buffer) intravenol&ly every other day with the
follow ng consecutive doses: 1x106 pfu, 1x107 pfu, 1x106 pfu, 5x106 pfu,
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benefit of t s oAk Nrimgry fsmopthedyendiicialieffast afdPYrMdH268 arhthevi r us

treatnment al one,..The result als royes that an. .intracellylarly active
transgene cafl 'Pr%'f){)‘\f\lj f?%am%W@SF@V%r%&é(PE W&fa%?s%s e lb“ﬁﬂ]%ant oncol ytic
20virus. ExagghgnfhgeerRionibinatia opfuintiiselerfiicCeRpdsEivnt ofteNgRgEs an ankyrin
repeat 25protein that binds H Fla and is biol Oql cally active Hypoxia in
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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



WO 2006/ 050984 PCT/ EP2005/ 012186 46 reduced apoptotic potential and

i ncr eased VOMHEAWE agai nst conventional therapies, |ikemmreisiohagapy and
radi ati on. As a consequence hypoxia in tunors contributes to a nore
mal i gnant phenotype. The hypoxi a-induci ble transcription factor HF-1a is
mai nly responsi ble for 5the activati on4df nost genes in tunor cells under
hypoxi ¢ conditions. HF-1 a induced gene products are regulating processes
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repeat protelS

15The plasmid pflMTHE8 Pac contains the full genomic sequence of NDV
MTH68 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



An anti-H F-la ankyrin repeat nol ecule of the type N3Cis selected with

st andar d Pro2edesws4 (Binz et al., 2004). The sequence of pCherz®berissd WO
2006/ 050984 PCT/ EP2005/ 012186 47 ankyrin repeat protein is known. An
expression cassette coding for a designed ankyrin repeat protein (dARPIN)
with inhibitory activity against HIF- 145is cloned into the full-length
genom ¢ NDV- MTH68 plasm d. 5The plasm d pfl MTH68 Pac contains the full

genoni ¢ sequesagleIMNMuddTinfse arleURjeets] austutamessly withsicbknaf imaml cassette
with a unique Pacl restriction site. A DNA-transghene codi ng for the dARPIN

agai nst H Fieelisdiutadhda(mediym waatsigal). ¥Yhen tumers haveregehed asizaahosed of a
Kozak sequenge { ; | : The
total |engt %?5%&%&?& ehgn{ﬁsggagﬁa {Jhg%rhﬁfaéég@/tgéér}ﬁpwg?{ehéﬁcgﬁw&ﬁ%I | ow t he
"rul e of sixvirdsoilhelamimiatsgtehinfectachwithi208l plgénisrsusp&asiont{imditt virus is
rescued from T7-. ressin cells, transfected with the full; th viral
Cemonta bl A ERRE L Ahe Rt Tk BRbiak e aeel dEx with fhedofaving '
standard Vi ranhseBgOHEdbEESM AR pfu, HiA 07 paY | 16108 pil, B3 0P ﬁflﬂeﬁmﬁpﬁﬁd MrH288. .
The virus is cultivated _either in 15tis§ue culture or in the allantoic fluid

of chicken ebgd’ pfu,phdd]qsunt o’ pft,ehel0° phe- Thainsirpsing dasesat thec. 3

xenografts : D Vi VQ | : } G f I - nyd 1 CE.
2oxenogr af t SSETEa R o aldeknsfaBliot Bt e A ot dBeufboPrE fSims pc 5
gelbl s per aniegsives b}‘nl)ebuﬁ@ﬁ@hirﬁahrm@ﬂ:tfugewsimr enargeompltedem%s 2 M8 pi eces.
ubcut aneous i nog¢cul ation nognnecroti c tunor tjssues. .in nude m IS
per f or med G%’ﬁﬁ@mg’tr@ﬂtlvg ua“ﬁ?ﬁﬁiéba@%%mnea-.th%naesua? éranﬁaamr(cgfe%) | ocat ed
to various t “’8’%? i@ B er age
25si ze of 15%@%@@%&%@ ﬁ?o?e%? a @t*ﬁcgﬁgmggr\ggp al Fggﬁpﬁsﬁeﬁ% ce are
treat ed everdARBPINthatdasinhibitorynactivity iagairsd $dis-10T udrZsdwiteisdoaitogedint i
H F-1a dARPI or MIH87 ntrol virus encogdi GER, ransgene). Prior
Vo hi gn dosdob i Wegkeaardh i fhars gte BTl et e ena- @By 2’ BRHFSI08 pru and
5x108 PFU artgmors 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



given intravenously for desensitization against NDV. After desensitization

the highesd 20689984 109 PFU is applied three tinmes, The @9@{,{0 gmﬁﬁé%up S
treated WD 2006/ 050984 PCT/ EP2005/ 012186 48 int ravenous h-purified

anti H F-1la ankyrin repeat protein (200 pg/per nouse). Appl i cation of the
anti HIF-1a ankyrin repeat protein starfg at the time point of the first
virus injection and is al so repeated every other day as long as the virus

treatnment is_done ont rol grou ated with PBS aloe On day
b0 a for t haefies apbudthnofstlid B 3hGEBstE cedifiBhes abeinhtsorvertieh ang
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ankyrin rep fO ni mal s
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t he other tr t )@kf t expression
of an ankyr|n'r.:?‘s’trhgsItegant'ﬁ nggﬁé"{t@?rﬂdagg?@ﬁhf‘ﬁl % @@' df%\é/gdln%%geous over
NDV t r eat mergenak dydH kb+-1a@re glunoskiteatsponteof amlc?n)rademninteeumaée &dachate Hl F- 1la
ankyrin rep rotein, ected that the viral expression of a

secr et ed antqa%Vﬁfgngaﬁﬁkyhdﬂ's Fﬁég %Pﬁf Sein fused to a cell penetrating
peptide (eqdfhelldteRRiNnetie. tran%@ﬁbhéi@?éc%ﬁl'-lﬁem@éd)ﬂ @seé\'HfB EPid dRd aVP22
pepti de, penetratin, transportan (for review see at at, 2001) enhances

t he ther aped-llFeﬂ.’eSlﬂlmmlt The HIF-$arsabeigit aaidltbad-llFHHS-sabgMS arg of tunor cells
ith the anti F-1 a ankyri t fusion protein that are.thensel ves not
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agai nst inter
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-1B-subunit takes place and DNA binding
to a HRE (hypoxia reponse element) leads to specific gene induction.

20In 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



I s expected to have an increased anti-tunor activity due to bl ockade of two

conpensat owy) ped/dvosds (M zukam et al., 2005). WO 2006/0 41,20 1012186
PCT/ EP2005/ 012186 49 Exanple 10 MIH1151 | eads to expression o

(3-glucuronidase in infected cells 5Materials and Methods: Hela cells were
plated in Ewell dishes. After reaching ggnfluency cells were infected with
very low MJ = 0.00001 of MIH87 and MIH115. At the indicated tinme points

al i quots of th e per.nat.ant were taken and frozen at. 1q-20C. 72 hours
after the i npRnTEtReRIBEAER B Rpol. A B TRs N cabedt gBingdade e

si mul t aneousHysighedlankyHn espedtarotein (dAR M- wiss mhibit i9PANgaiAEt HITe
quantification_gf (3-g?ucur%v;éi ggse ag?i vity MJ (4-nethyl u_n%%l?i feron) and
MJUG ( 4- met hy ledbeloneddpta thedulblenaib gepemie NDViNHHE8 plasnidgna. MU is used to
produce a standard curve. Virus containing sanples are UV-radiated for 30

mn to inactivate virus prior to the MJG assay. Sanples are incubated in a
25 mM sodi usthe glasreidqpifEHEB FPde Contains thé fulbdéndutict sequehceiaf NDV 37C. The

ti ' d, by addit.j. f 200 .nmM.glycin buff H 10. 4.
Pl uor escenceM LRSI S9aoRaldarserrong! Saber e inannBie il ar as0 nm
in a fluoresgameaidh et TeDRIA-trEhSFerd Bodihl Y6 tAE GRRPIN BhamisPRIR figisspeci fi ¢

activity in nmol per m per hour Ts calclilated. ResultsS: 25 The infection
with MrH 15closgddntodhg Raadksiteephisdeansgene isedrsppsed pEa Kogakaesiuencef

W hough. T T e sne IR & e Sy Fhb TR B et ous
R- gl ucur onidieegénome i adjtietddsta the armpaltiplel ¢f® @clollowttiiei"rulé besixtferrthat ant i s
3onegligable, MIH115 infection clearly achieves a massjve production of the

transgene. TieagtPef e Yalgenome. fagombipart Wiys(is KesUedirol7 AXPToRsHg
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 10° 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
25size 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
3otreatment, 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



WO 2006/ 050984 PCT/ EP2005/ 012186 50 (wt), so the expression of

(3- gl ucur YR a¥6@5M§4 t he virus does neither attenuate repCi/ERI0SNI20$6 t he
virus nor decrease the cytopathogenicity of the virus. Exanple 11 5
Quantification of transgene expression by MIHL15 in various cells Materials
and Methods: 1oCells were seeded in 96 | plates. The nunber of cells was
chosen to reach confluency one day after plating: Hela 15 000 Cells /well

HT29 30 000 ikeavendusiyelith pLUbifiet ramiti IF- $a ARk rdpadt protem (20000/per 20 000
Cells /well One day ahter seeﬂi n ,celli‘ were.infected with the virus MIH115
at an MD1 dRows®)1 Applicationef theahtisH a1 @ apkywire reRpatPretes stedsatitheed with

100 pi Vi rusy | : ' | '
redi m ves TASEGHRRE IELARL lrus jectl ey R FTepeALE CvB oo Bl a7 ™
super nat ant Jong:ae thakirus trefitmbst iseddre. Arthird cobiretgraup ia tteated githdBSni dase

The resu { SSAPRS ARy DA hel el ko) aniREA S i SRERLOLIMRC and

30f i brobl aSt%th hhaREBeINaNn8YAE bR NacAehourdat Rh§H. cafihé@ Nno cytopathic
ef fect was observed (not shown). In the tunmor cells that are susceptible for

the virus Hela and HT29 there is a massive production of the transgene beta-
glucuronidagg%ﬂg%%e activity can be neasured in the supernatant. Hela cells

WO 2006/ 050 / EP2005/ 012186 51 which are killed by the virus within 48
hours produce relatively |ower |evels of

100n day 20 after first treatment the tumors of PBS injected animals show in
average a volume of 1500 mm?®. The second control group treated only with
anti HIF-1a ankyrin repeat protein displays a slight-tumor growth reduction.
Animals receiving the NDV MTH87 show a strong tumor reduction on day.
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.g. tat peptide,

250ligoarginine peptides, AntP peptide, VP22 peptide, penetratin, transportan
(for review see (Ford et al., 2001) enhances the therapetutic 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 dJARPINS
— 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).



the transgene. HT29 cells that die only after 5 days at the virus doses
used, proghicweesesy hi gher activity of beta-gl ucuroni dasgg, old nore
than Hela cells and nore than 1000fol d over background.F%T/@éahﬁgp/?%%fZ

NDV- bet a- gl ucur oni dase and HVR1826 synergistically kill cells that are
resistant to either treatnment alone 10g¢aterials and Methods: Cells were
plated on day 1 in 24well dishes. On day 2 the cells were infected wth
NDV- bet a- gl ucur oni dase (MrH115) at an MJ of 0,001. On day 3 the 15cells
were treated either with doxorubicin at 1 pMor the Doxorubicin glucuronide
HVR1826 at N\ ay 8 the cells were washed, fixed and stained with

G ensa and m@%s of the wells were taken. Results: 20 The results are
sunmari zed ip Fi 9, apd Figure 10.. _Doxorubi ¢cin al on iJls the cells at
the given cOAEEATPLIeass torpxplessienof Folicuronidasinibioetest ¢all® i's not toxi c
to the cells. The virus alone at the given MJ is also not toxic because
tunor cells were selected that have a degree of resistance 25to the virus

t reat ment . SMatecialandtMethads:bot h gl ucur oni dase-expressing virus and the

prodrug is able to kill cells that are not killed by either treatnent
alone. A control virus (that expresses G-P instead of beta-gl ucuronidase)
does not shelelgegliSwans plated ihehed distes! Aftek FeeShifEonfRIRNAP 2018 /H§0984

PCT/ EP2005/ 012186 52 References Adams, G P. and iner, L.M (2005)
Mbnocl onal  Hiectegayith wervdew MOI:808001 REMTHEB b asddib115At thea7- 1157,

indicated time points aliquots of the cell supernatant were taken and frozen at
10-20°C. 72 hours after the infection the activity of B-glucuronidase was
measured simultaneously in all supernatants in a MUG-assay.

MUG-assay for the quantification of B-glucufonidase activity
MU (4-methylumbelliferon) and MUG (4-methylumbelliferyl-B-D-glucuronide)
15are from Sigma. MU is used to produce a standard curve. Virus containing
samples are UV-radiated for 30 min to inactivate virus prior to the MUG-
assay. Samples are incubated in a 25 mM sodium-acetate buffer pH 5.6 with
10 uM MUG for 60 min at 37°C. The reaction is stopped by addition of 200
mM glycin buffer pH 10.4. Fluorescence is measured with excitation at 320
20nm and emission at 460 nm in a fluorescence photometer. From the
fluorescence emission the specific activity in nmol per ml per hour is
calculated.

Results:
25
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 MTH68
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One day after seeding cells were infected with the virus MTH115 at an MOI
of 0.01. In detail cells were washed with PBS, inoculated with 100 pi virus-

20suspension at 37°C, virus was aspirated and 200 pl warm medium was
added to the cells.

At the indicated time points the supernatants were taken off the cells and
subject to a beta-glucuronidase MUG-assay. For each time point triplicate
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
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30



antibodies to the TRAIL death receptors TRAIL-R1 and TRAIL-R2 in primary and
cultured | ynphoma cells: induction of apoptosis and enhancenent of

doxor ubi ciwe 28654t ezom b-i nduced cell death. BrJ Hae 1-510.
25 CGerber, H P. and Ferrara, N. (2005) Pharnmacol ogy andngﬁg?%%%§@§ﬁgﬁlcs of
bevaci zumab  as nmonot herapy or in conbination with cytotoxic therapy in
preclinical studies. Cancer Res, 65, 6%)-680. 30Hanahan, D. and Wi nberg,

R A (2000) The hal | marks of cancer. Cell, 100, 57-70. Herbst, R S. and
Langer, ﬁéagg pldernal grow h factor receptors as a target for

cancer treat tﬁé energing role of IMC-C225 in the treatnent of [ung and

head and ne a Ekl und, M,
Nygren, P. AR& E@jﬁdw&ﬁ{e ﬂ% M r%{?g ur%%d%%éragpgpc%%err%%gmt|on by an
invitro evolved a |body Proc Nat | Acad Sc! U SA, 100, 3191- 3196.

40Huang, Z. sAlk=naén DRI @I988)BlewcydiB Wiseasd. RuwePdademii®bubliShdfs, NoA@I4) A

r econbi nant Nevvca!a‘lbhﬂchld;ieﬁease virus.- (NDV) expressing VP2 protein of

i nfectious bursal disease virus (I1BDV) protects against NDV and | BDV. J
Viral, 78, 10B84T.Mo(@992) ligsadtprocted thetepetiprinanticaycer therappaa &ev Aancand Sanal

S K. (2001) oH gh- 7@7@3 expression of a 45 forei gn gene fromthe nost

- pr oxi mal10 ocu o] n Virol
52, "1720- 17 J‘.‘ *? %?f%ﬂsjf 3{ ﬂirf‘ o e; ﬂchard
orj
B., Cranst on, B..j ed a n ref iéo?eﬁ'g NBjof ch {7

activities of reco |nant |rmunot oXI NS 0 conposed 0 Pseudormnas tOXI n or
di pht heri a 16abriw!RVErihgry ORI 8ayshate fK DITBedpd F. .G%élfbn.\/\R.U.'l, rRudels! G.T-, ek,

| eukem a. Leukem B.J. ahd SieBvdo8.2R.F K e90) Dispositien af tha pidbd g sit(ais (2-thlortDP5)

| nport ance of t heamina} zameeyeLgktamiciaciddndiBattive parentrrugia siicey Bt h€aregt, 62,0xi city
of Pseudononas ex®%%i4n deri vatlves and for increased 55 bi nd| ng to the
KDEL recept |ochemJ . 307 9- 37._Krishn Huang, Z.
and Ber nal 28%‘91? 3 by SS?rQF %?tﬁq"@rf Sharrag. %npéf Me V\Egs?'?de di sease
virus from cl oned i e@%_ é XIS aqﬁatfé? %gpd?ﬁaéeq’ %eé‘?.flt"f ' gancer

Batra, J.K., Fitzgerald, D.J., Chaudhary, V.K. and Pastan, I. (1981) Single-chain
25 immunotoxins directed at the human transferrin receptor containing Pseudomonas
exotoxin A or diphtheria toxin: anti-TFR(Fv)-PE40 and DT388-anti-TFR(Fv). Mol Cell
Biol, 11, 2200-2205.

Batra, J.K., Kasprzyk, P.G., Bird, R.E., Pastan, |. and King, C.R. (1992) Recombinant anti-
30 erbB2 immunotoxins containing Pseudomonas exotoxin. Proc Natl Acad Sci U S A,
89, 5867-5871.

Bell, J.C., Garson, K.A,, Lichty, B.D. and Stojdl, D.F. (2002) Oncolytic viruses:
programmable tumor hunters. Curr Gene Ther, 2, 243-254.
35
Binz, H.K., Amstutz, P., Kohl, A., Stumpp, M.T., Briand, C., Forrer, P., Grutter, M.G. and
Pluckthun, A. (2004) High-affinity binders selected from designed ankyrin repeat
protein libraries. Naf Biotechnol, 22, 575-582.

40Bosslet, K., Czech, J., Lorenz, P., Sedlacek, H.H., Schuermann, M. and Seemann, G. (1992)
Molecular and functional characterisation of a fusion protein suited for tumor specific
prodrug activation. Br J Cancer, 65, 234-238.

Carnemolla, B., Borsi, L., Balza, E., Castellani, P., Meazza, R., Berndt, A, Ferrini, S.,
45 Kosmehl|, H., Nerl, D. and Zardi, L. (2002) Enhancement of the antitumor properties
of interleukin-2 by its targeted delivery to the tumor blood vessel extracellular matrix.
Blood, 99, 1659-1665.

Chaudhary, V.K., Gallo, M.G., FitzGerald, D.J. and Pastan, 1. (1990) A recombinant single-
50 chain immunotoxin composed of anti-Tac variable regions and a truncated diphtheria
toxin. Proc Natl Acad Sci U S A, 87, 9491-89494,

Chaudhary, V.K,, Queen, C., Junghans, R.P., Waldmann, T.A,, FitzGerald, D.J. and Pastan,
I. (1989) A recombinant immunotoxin consisting of two antibody variable domains
55 fused to Pseudomonas exotoxin. Nature, 339, 394-397.

Chiocca, E.A. (2002) Oncolytic viruses. Naf Rev Cancer, 2, 938-950.



grow h retardation and attenuation. Virology, 278, 168-182. 60 WO

2006/ 050984 PCT/ EP2005/ 012186 54 Kuan, S.F., Byrd, J.C , Basbaum C. B. and
Kim Y.S racterization of quantitative nuci nts froma
human col gygﬁ@:@%ell line. Cancer Res, 47, 5715- 5724%({12%231’5/01%8& and
Ley, A C. (2001) Novel franmeworks as a source of high-affinity ligands. 5
Curr Opin Biotechnol, 12, 406-410. La R A., Kol akof sky, D. (2001)

Par anyxoviri dae: The V'ruses And Their epIication In Fields B. N. (ed ),

Vi r ol ogy. 1 8 Lor ce
Pecora, A LC@Q&@& th 5°ny' §E§; Vi Q' F [Pw; n‘?n 6 E A %gif ', Groene
9‘%
WS. and Banmat, ,-OO %d rvi ase | stu i“ntravenous

adm ni stration of PV701, an oncol ytlc VI rus Curr Opl n l\/al Ther, 5, 618-624.
M zukani , “¥De LdnzdVGCS, ArciBMBAL, CotzoMo, RGRbigher, MLB., Ldccettl,.P., PN, and , Zi mer,
MA. , Il i opoul OS,D'/@assioJ.G. @0t AFeliydwmian Bntituniéo ingrounoRNasé yeledtive vt BbB-2Rueda,

B. R and Chung, [DOGItive(camynaSIGﬂaemRegrﬁ%‘FS?DﬁﬁMI euki n-8 preserves the

angi ogeni c response in HF-1 I ha- def | CI ent coI on cancer ceI I s. Nat Mod,

11, 992- 997 Ensgl rt.h',Wer@r lfke

r-
S A10 Vill rdoger A % gstl’e Iseass yiys
Roconbi hant Nemféwfasw%%%{ssn °ﬁfger§§f{°ew %’)Z“? 108 f \fE(rol 5.

11868- 11873 ¢ Naanbe L flan, R B, BB Novény o\zgswa ) T4 gg@ 4 R ﬁeatrahl bi tor s
targeted to th @R uFﬁB anGhQVE Ffaﬁ@Jo@}VfoFtﬁ.faﬁ SdnceURE Dbug B8
ant i cancerqsagent gg1lopigs, 59, 753-767. ~ 25 Nord, K., Qunneri usson E.,

inverted question marken, M and Nygren, P.A (2000) Li gands sel ected from
combi nat or i &brd, Kig: a8dubsrbiefe, BriotRaring AD fapd FarganehnF.42901) Ptojeic tgmsdictorofn

apol i poprot ei n Aﬂﬁemtyﬁ@ Q%qtlmwp?dloy?rﬁﬁ%@efﬁ Bi*ot echnol , 80, 45-54.

30Rof f | er E ( 991)

Y nd Tl ng
Anti - neopl%Q?:tEP@ak' Br(ﬂ“ t}"‘ _t"f” @]el 'tar get ed
with a nonocl onal el
2062- 2065. Rorrer- 9r'h I%rma fls: i Eof opto hQﬁb tof b&mﬂ

and Mettenleiter ,ana bértezomib-induced cell death BrJ Haemato/ 130, 501-510.
25
Gerber, H.P. and Ferrara, N. (2005) Pharmacology and pharmacodynamics of bevacizumab
as monotherapy or in combination with cytotoxic therapy in preclinical studies.
Cancer Res, 65, 671-680.

\

30Hanahan, D. and Weinberg, R.A. (2000) The hallmarks of cancer. Cell, 100, 57-70.

Herbst, R.S. and Langer, C.J. (2002) Epidermal growth factor receptors as a target for
cancer treatment: the emerging role of IMC-C225 in the treatment of lung and head
and neck cancers. Semin Oncol, 29, 27-36. v
35
Hogbom, M., Eklund, M., Nygren, P.A. and Nordlund, P. (2003) Structural basis for
recognition by an in vitro evolved affibody. Proc Nat! Acad Sci U S A, 100, 3191-
3196.

40Huang, Z., Elankumaran, S., Yunus, A.S. and Samal, S.K. (2004) A recombinant Newcastle
disease virus (NDV) expressing VP2 protein of infectious bursal disease virus
(IBDV) protects against NDV and IBDV. J Virol, 78, 10054-10063.

Huang, Z., Krishnamurthy, S., Panda, A, and Samal, S.K, (2001) High-level expression of a
45 foreign gene from the most 3'-proximal locus of a recombinant Newcastle disease
virus. J Gen Virol, 82, 1729-1736.

Kreitman, R.J., Chaudhary, V.K., Waldmann, T.A., Hanchard, B., Cranston, B., FitzGerald,
D.J. and Pastan, I. (1993) Cytotoxic activities of recombinant immunotoxins
50 composed of Pseudomonas toxin or diphtheria toxin toward lymphocytes from
patients with adult T-cell leukemia. Leukemia, 7, 553-562.

Kreitman, R.J. and Pastan, I. (1995) Importance of the glutamate residue of KDEL in
increasing the cytotoxicity of Pseudomonas exotoxin derivatives and for increased
55 binding to the KDEL receptor. Biochem J, 307 ( Pt 1), 29-37.

Krishnamurthy, S., Huang, Z. and Samal, S.K. (2000) Recovery of a virulent strain of
newcastle disease virus from cloned cDNA: expression of a foreign gene results in
growth retardation and attenuation. Virology, 278, 168-182.
60



35 (1999) GCeneration of reconbinant | entogenic Newcastl e disease virus from
cDNA. J Cen Viro!, 80 (Pt 11), 2987-2995. Row inson-Busza, G, Bam as, A,
Krausz, T tos, A A (1992) Antibody guided nitrile therapy
(Agent): m@%ﬁ?@ﬁgﬁt otoxicity and in vivo tunor |ocali sé‘%ﬁﬂm(’?/%n %0
Epenetos, a. (ed.), Mnoclonal Antibodies 2. Applications in Cinical

Oncol ogy. Chapman and Hal |, London, pp.gs4l11-11 B. Russell, S.J. (2002) RNA
viruses as virotherapy agents. Cancer CGene Ther, 9, 961-966. 45Sal galler,

A5 i e g g ol el

(1994) Infectious rabies vi ruses from cloned cDNA. Enbo J. 13, 4195 4203
50 Si nkovi cgadrbr®.Cadnd LUdpr Xad. (R00d) NBvel(frZQ@QbrkN@y\Ea@drd:daofdlgﬁ%ﬁfﬁlﬂy gfides (NDV) :
brief histdry of GurnsOpimBiotchad,d2s406amns. J Clin Viro!, 16, 1-15. Skerra, A
-(2000) Lipocalins as a scaffold. Biochim Bi ophys Acta, 1482, 337-350. 55
St oj dl D F.Lampj R At \olakpfsky, D¢ (@6t PeramyxRyirdae: %b@ Mirusen Ang Thair Replisagion. I\, T |

Know es, S., Mar ifigds. BN (edRe\/’fPAQQJ L'EP'“COWUI'“W&WSF]W"{”S PR¢RPSr8485H. | Br own,
E.G, Durbj 2003) VSV
t ffomera Ry Yo '

f)o'[ gln?ss\)llmstem c e%aﬁ[%lm, Oﬁbaﬁg%kﬁ %Eby) rs(g % dé@%ﬂ N@?ZQO V\Dare

2006/ 050984 PCT/EPZOOE'%?01218 55 Vog steln B an Ki nzfer K. W (2004)

Cancer genemiakdml, Fe Jpavswaisr! BIRY, GaRNT, 0, J., Nadng, Xedimmd 1M.K8@oﬂo%ﬁ>s, 0.,

VWl t enber g8, J. ZukérbergdoR; Kéhgohy., Lynch, 1. R.gRadda, BR. andShindngyRC. @00snd Hel di n,

C.H (1994) 5 Dlmduemcamtflrmrlgnlam eraam@UMarwwgpmomponsey\ i -1ipRa-aefdier t |, two

receptors for vaﬁbﬂé@nce%m"i‘ﬁéﬂ/ﬁedl"gﬁ‘g@xﬁﬁﬁ factor J Biol Chem 269,

26988- 26995 E and
CCI

Rof fler, n e%‘éggi (PCh‘f(MS bt ?;% Loy K %8{'}? ﬁ\l'é@ hE § %

anti body t ?1%1 ewcaste HiseaseVirls as

Noonberg, S.B. and Benz, C.C. (2000) Tyrosine kinase inhibitors targeted to the epidermal
growth factor receptor subfamily: role as anticancer agents. Drugs, 59, 753-767.
25
Nord, K., Gunneriusson, E., Uhl inverted question marken, M. and Nygren, P.A. (2000)
Ligands selected from combinatorial libraries of protein A for use in affinity capture of
apolipoprotein A-1M and taq DNA polymerase. J Biotechnol, 80, 45-54.

30Roffler, S.R., Wang, S.M., Chern, J.W., Yeh, M.Y. and Tung, E. (1991) Anti-neoplastic
glucuronide prodrug treatment of human tumor cells targeted with a monoclonal
antibody-enzyme conjugate. Biochem Pharmacol, 42, 2062-2065.

Romer-Oberdorfer, A., Mundt, E., Mebatsion, T., Buchholz, U.J. and Mettenleiter, T.C.
35 (1999) Generation of recombinant lentogenic Newcastle disease virus from cDNA. J
Gen Virol, 80 ( Pt 11), 2987-2995.

Rowlinson-Busza, G., Bamias, A., Krausz, T. and Epenetos, A.A. (1992} Antibody guided
enzyme nitrile therapy (Agent): in vitro cytotoxicity and in vivo tumor localisation. In
40 Epenetos, a. (ed.), Monoclonal Antibodies 2. Applications in Clinical Oncology.
Chapman and Hall, London, pp. 111-118.

Russell, S.J. (2002) RNA viruses as virotherapy agents. Cancer Gene Ther, 9, 961-966.

45Salgaller, M.L. (2003) Technology evaluation: bevacizumab, Genentech/Roche. Curr Opin
Mol Ther, 5, 657-667.

Schnell, M.J., Mebatsion, T. and Conzelmann, K.K. (1994} Infectious rabies viruses from
cloned cDNA. Embo J, 13, 4195-4203.
50
Sinkovics, J.G. and Horvath, J.C. (2000) Newcastle disease virus (NDV): brief history of its
oncolytic strains. J Clin Virol, 16, 1-15.

Skerra, A. (2000) Lipocalins as a scaffold. Biochim Biophys Acta, 1482, 337-350.
55
Stojdl, D.F., Lichty, B.D., tenQever, B.R,, Paterson, J.M., Power, A.T., Knowles, S., Marius,
R., Reynard, J., Poliquin, L., Atkins, H., Brown, E.G., Durbin, R.K., Durbin, J.E.,
Hiscott, J. and Bell, J.C. (2003) V8V strains with defects in their ability to shutdown
innate immunity are potent systemic anti-cancer agents. Cancer Cell, 4, 263-275.
60



10 cancer therapy. Cancer Res, 52, 4484-4491. Warren, R S., Yuan, H, Mtli,
MR, Gllett, N A and Ferrara, N (1995) Regulation by vascul ar

endot hel i akzogmmsbgs actor of human col on cancer tunorige us

nodel of experinent gl liver metastasis. J Cin Invest, %W@g@%@?ggg

Zewe, M, Rybak, S.M, Dubel, S., Coy, J.F., Wl schof, M, Newton, D.L. and
Little, M (1997) doning and cyt ot oxi g?ty of a human pancreati ¢ RNase

i mrunof usi on. | nmunot echnol ogy, 3, 127-136. 20Zhao, H and Peeters, B.P.
(2003) Reco \ t of
genomi ¢ | chtmlj%%% ﬁ%aa}?lkilgr QW%%E) déncépe%(eﬁgs é%dthf—% ;?éél’h da%lgttﬁ)e&/ go?tgp(\ﬁg ation.

J Gen Virol, 84, 781 788 56 CI ains 1. A reconbl nant oncol ytic

par anyxovi r usvagénbprigess VN GladsstnoN@sH; L. asiegbaih A, SHibuyb S Sdnd Gresiir, CaNIBBME,

wher ei n t he snucl eDitfer@ai dhgral trarfstgtion @mosgitss of K{DR@odiElm, twooneceptdrs fod vasgulgr ot ei n
that has a therapewbtheliaigtaviti tagtomit Eiv/ Elkgm, 268,£268883699%6.he virus-infected tunmor

cell, wherein the therapeutic act|V|ty IS agal nst a tum)ur 2. The virus of
claim1, whi ¥ng.sM. KBsiBakM eYe aé‘ér ¥ 9& B (1992)8pssffic ¢l ai m 2
which is a on | ePR gﬁp 059' ‘?Q% y-ar ed e\?éY'B%‘é‘?WL@aﬁE)(?,’ in
particul ar he meS0y P??r le virus according to any one of

claims 1-3 Wﬂ%ﬁ@r’: R4 Doy nd i, AR helnes: PaoNt ggé cyRliididy gr oup:  a
natural |igand or\gacQenaibkata JroW® c}tdr%'ahu AnCERI0f carfbef @ e s3dugbd! e
domai n of a nat ur mbddl eE&PkAfes iver Metistasie ) Chramses, a7 ash797a peptide- or
pol ypepti detsl i gand, an anti body nolecule or a fragnent or a derivative

t her eof or adevemM., Rytigk, IS.MeDobdl & fog, J.F.KW@elachof Mhkiyewton, Ddpead Liiled¥lei n or a
fragment or deri vElgPRidoningeandeytotoricity e hyinaigangtsett iNaRg imaiuadfysidine of cl ai ms
1- 4 wherein the biTeHNRECRIRG h1?7613%f nammalian, e.g. human, nurine or |

closely r elz%&l(?a%, ﬁ.rang P%e%rs, @& ra0'67.-':(‘)rliecom!9 nan ttﬁlewcastle disease virus as a viral vector:

effect of genomic location of foreign gene on gene expression and virus replication.
J Gen Virol, 84, 781-788.



6. The virus according to any of the preceding clainms wherein the binding
proetein is a nononmeric, dimeric, trimeric, tetrameric or multimeric protein.
7. The virus according to any one of the preceding cl ai ms wherein the
binding protein is nonospecific, bispecific or nultispecific. 8. The virus
according to any one of the preceding clains wherein the 57 binding protein
is a fusion protein conprising at |east one binding domain and a

het er ol ogous donmain. 9. The virus according to claim8 wherein the binding
protein is a fusion protein with a td6 n such as human RNAse (pseudononas
exotoxin, Diphtheria toxin), or a fusion protein with an enzyne |ike beta-
gl ucur oni dasims bet a- gal act osi dase, bet a-gl ucosi dase, carboxypepti dase,
beta-|l actamase or a fusion protein with an immune-stinulatory protein with
cytokine activity like IL-2, I'L-12, TNF-al pha, IFN-beta or GWCSF. 10. The
virus accaqrdin i ng
v, 00 3L T BgRBIRGRTEL, A PaRAAPRIITE T B3TRId: SR i o
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stabilizers fothePbifis- ih'fé@!@d)mmbr gelbivitsrem fher thardpeuBie Ricalitg istagdinsts (eg.
Bcl - 2); ant agonl stic binders for cycl i ns; antagoni stic binders for Ras

effectors (eglun®¥s): antagonistic bi nders for hypoxi a i nduced proteins
(eg. HHF1a); inhibitors of transcription factors that interfere with

di meri zati on or DNA- binding or cofactor binding (eg. Myc/Max); inducers of
di ff er ent i2at i ofhe virasiobthaimd, efhichniac Newcastle digddseanisdbi@V)on; i nhi bi tors of
cellul ar adhesion interactions (cadherins, integrins, eg. (3a5(31, av(33);

i nhibitors of enzynes that degrade the extracellular matrix (eg. MWS);

ant agoni si3l ¢ biTRd&jirks ¥ claiff Q%ﬂﬁéw&eé"n‘énlléﬂépéﬁlc(mv 8% 4bings g%:&Fc B}
antagonlstlc binders to proangi ogenic receptors; inhibitors of scaffold

conpl ex fornat velngérig. ND‘KSR/paanglarithbinnﬂsogechﬁftraun MIHGR.i on initiation (eg.
el FAE, EIF2a); inhibitors

4, The virus according to any one of claims 1-3 wherein the binding protein
belongs to the following group: a natural ligand or a genetically modified
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.

5. The virus according to any one of claims 1-4 wherein the binding protein is
of mammalian, e.g. human, murine or closely related origin or a chimeric

protein.

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

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

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



of~mtotic kinases (eg. Pik-1). 11. A nucl eocapsid of a reconbi nant

oncol ytic paranyxovirus of any one of clains 1-10. 58 12, A genone of a

*r econbi nant oncol ytic paranyxovirus of any one of clains 1-10. 13. A DNA
nol ecul e encodi ng the genone and/or antigenorne of a reconbinant oncolytic
par anmyxovi rus of any one of claim1-10. 14. The DNA nol ecule of clainms 13
operatively linked to a transcriptional control sequence. 15. A cel
conprising a reconbi nant oncol ytic paﬁanyxovirus of any one of clains 1-10,
a virus genone of clainms 12 or a DNA nolecule of claim13 or 14. 16. A

phar maceut i cal bindinggeodteinvis @ fugion proiginaconising atleasbeare binding dpmadny xovi r us
of any one of qggins 1-10, a virus genone of clains 12 or a DNA nol ecul e of

claim13 or 14 agﬁteégltopggs Pﬂ@aghi ent optionally together wth

pharmaceutically acceptable carriers, diluents and/or adjuvants. 17. The
pharmaceuti cal_conposition of claim 16 for the prevention and/ or _treatnent
of cancer9. 18.Thehiryseaacserding depgdaint Bowhereir the hinding pratein ip@ fusion
producti on of | n r t bralcy f ' for the
prevention arfg‘%érms}rvig@ﬁg%)flho?&crg%gerﬁaﬁ%. Rgs%\esleugp;sfegﬁﬁﬁoélﬁ?n lre"r ein the
subj ect is a hDiphthgpiat itexin), 20. aA fusicmnproteint withc cdry t emzypae alikex dhata-us
conprising a nycleic. acid with at, | east one fransgene, wherein. the nucleic
aoid of thio (9sdgBiERe) belrigaciosidaae, HolaalisOtdee niatbexyheRlisgatt | o

activity when |gatpl&88/dsEY%r bfsibh pistein Wﬁ#gg%%&h@%ﬁnﬂ%imy pResigivitht he

therapeutic activity Is against a tunour. phar meceut 1 cal

conposi ti on cosyiekise agtivtyrlikedhi?i, Hail2, HNE@IMa,(tFN%bat@ oof5MBFone of claims 1
to 10, a virus genone of claim 12, and/or a DNA
10. The virus according to any one of the preceding claims wherein the

binding protein is selected from the following group: blocking proteins of
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. Bel-
2); antagonistic binders for cyclins; antagonistic binders for Ras 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 signalrling/translocation; inhibitors of cellular adhesion
interactions (cadherins, integrins, eg. Ba581, avB3); 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 complex formation (eg.
KSR/Ras); inbibitors of translation initiation (eg. elF4E, EIF2a); inhibitors
of mitotic kinases (eg. Plk-1).

11. A nucleocapsid of a recombinant oncolytic paramyxovirus of any one of
claims 1-10.



nmol ecul e of clains 13 or 14 as an active ingredient optionally together with
pharmaceutically acceptable carriers, diluents and/or adjuvants, which
“virus, virus genone and/or DNA nol ecul e conprises at |east one transgene
encodi ng for a prodrug-converting enzyne. 22. The pharnmaceutical conposition
of claim21 further conprising a prodrug which can be converted into a
therapeutically active conpound by thg prodrug-converting enzynme encoded by
the virus, virus genone and/or ?ecule of claim2l. 23. The

phar maceut cal osi t,i on of cla|n121 22 for treatnment an

B eviat i i orA G3HPERI 41t ROt Gisavic paramov LS Sy ppench Bk nant
oncol ytic virugq@f any one of clainms 1 to 10, a virus genone of claim 12,
and/or a DNA nolecule of clains 13 or 14 conprising at |east one transgene
encodi ng for a prodrug- converting enzynme, and (b) prodrug can be converted

(). for The g obhiE M, " SnGRIRIE athohisn AeERL M eaive
amount  for t hecbmeRiamedhcslfticparamyxbafa ofanydbreoisstain?$-10A phar maceut i cal
conposition conprising a reconbi nant oncolytic virus of any one of clains 1

to 10, a V|rus genone of claim 12, and/or a DNA nolecule of clainms 14 or 15

as an acty ﬂ%%&gh?@[:‘ﬁxfeol?ia'c Eoﬂ?togéfat%Fyhlm Edmac?r‘alhé&@iltib}{al

accept abl e carr| ers uent's an or adjuvants Vi rus rus genome
and/ or DNA nolceontriobsequenceses at | east one 60 transgene encodi ng for a
prot ease. 26. The pharmaceutical conposition of claim?25 for treatnent
and/or alleviation of a proliferative disorder. 27. The use of a

reconbi napg. ong Qleytddmprisi r‘rbs aOfecAmbirdie d?fco?‘ti@iﬂﬂiaﬁqyk@viﬂt% oflany idhdsofgenone of
claim 12, and/or a DNA nolecul e of clains or 14
claims 1-10, a virus genome of claims 12 or a DNA molecule of claim 13

or 14.

16. A pharmaceutical composition comprising a recombinant oncolytic
paramyxovirus of any one of claims 1-10, a virus genome of claims 12 or a
DNA molecule of claim 13 or 14 as an active ingredient optionally together
with pharmaceutically acceptable éarriers, diluents and/or adjuvants.

17. The pharmaceutical composition of claim 16 for the prevention and/or
treatment of cancer.

18. The use of a composition of claim 16 or 17, for the production of a
medicament in a pharmaceutically effective amount for the prevention

and/or treatment of cancer.
19.  The use of claim 18 wherein the subject is a human patient.

20. A recombinant oncolytic paramyxovirus 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, wherein the therapeutic activity is against a tumour.



conmprising at |east one transgene encoding for a protease, for the
production of a nedicanent for treatnment of a proliferative disease. WO
2006/ 050984 PCT/ EP2005/ 012186 <110> schering AG sequenzprotokol 1 <120>
Reconbi nant Newcastl e Di sease virus <130> 53277A <150> EP04090432.8 <151>
2004-11-11 <160> 5 <170> Patentln version 3.3 <210> 1 <211> 52 <212> DNA
<213> Artificial <220> <223> Sfi fw, -ol i gonucl eotide <400> 1
aggccttaat taaccgacaa cttaagaaaa aataégggta gaacggcctg ag 52 <210> 2 <211>
52 <212> DNA <213> Artificial <220> <223> Sfi back, DNA-oligonucleotide
<400> 2 aggccgttct acccgtattt tttcttaagt tgtcggttaa ttaaggcctc tc 52 <210>

3 <211> 694 <2AZaNacedtichPRompbiilibt béinprising a recombinant oncolytic virus of

any one of claims 1 to 10, a virus genome of claim 12, and/or a DNA
molecule of claims 13 or 14 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.

22. The pharmaceutical composition of claim 21 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 21.

23. The pharmaceutical composition of claim 21 or 22 for treatment and/or

alleviation of a proliferative disorder.

24,  The use of

(a) a recombinant oncolytic virus of any one of claims 1 to 10, a virus
genome of claim 12, and/or a DNA molecule of claims 13 or 14
comprising at least one transgene encoding for a prodrug-
converting enzyme, and

(b)  prodrug can be converted into a pharmaceutically active compound
by the prodrug-converting enzyme of (a),

for the production of a medicament in a pharmaceutically effective amount

for the treatment of a proliferative disease.

25. A pharmaceutical composition comprising a recombinant oncolytic virus of
any one of claims 1 to 10, a virqs genome of claim 12, and/or a DNA
molecule of claims 14 or 15 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



<220> <223> Asc fw, DNA-digonucleotide <400> 3 cgggcgcgcc ccgacaactt
,aagaaaaaat acgggtagaa cagcagtctt cagtcttaat 60 <210> 4 <211> 60 <212> DNA
<213> Artificial <220> <223> Asc back, DNA-A i gonucleotide <400> 4

t aagact gaa gactgctgtt ctacccgtat tttttcttaa gttgtcgggg cgcgcccgat 60 <210>
5 <211> 318 <212> DNA <213> Artificial Seite 1 WO 2006/ 050984

PCT/ EP2005/ 012186 sequenzpr ot okol | 20> <223> Intergenic regi on between F
and HN of plasm d pf 1MIH68-4sc_Pac, - digonucl eoti de <400> 5 at gcagat ga
gaggcagagg tatgccccaat agcaatctgt gtgtcaattc tggcagcctg 60 ttaatcagaa
gaattaagaa aaaxti9eL e g?gﬁggﬁgﬁpgﬁgﬁﬁﬁaggg aatatacggg 120 tagaacggcc

t gagaggcct taatcgggcg cgccccgaca acttaagaaa aaatacgggt 180 agaacagcag
tcttcagtct taattaaccg acaacttaag aaaaaatacg ggtagaacgg 240 cctgagaggc

cacccct caddt cglffageaimagetticalc campgsitienc ot clatie géaadelc temimenk agt
cttcagtc 318 51%'\/%%03 of a proliferative disorder.

27. The use of a recombinant oncolytic virus of any one of claims 1 to 10, a
virus genome of claim 12, and/or a DNA molecule of claims 13 or 14
comprising at least one transgene encoding for a protease, for the
production of a medicament for treatment of a proliferative disease.
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Sequenzprotokoll
<110> schering AG

<120> Recombinant Newcastle Disease Virus
<130> 53277A

<150> EP04090432.8
<151> 2004-11-11

<160> 5
<170> PatentIn version 3.3

<210> 1

<211> 52

<212> DNA

<213> Artificial

<220>
<223> sfi fw, DNA-OTligonucleotide

<400> 1
aggccttaat taaccgacaa cttaagaaaa aatacgggta gaacggcctg ag 52

<210> 2

<211> 52

<212> DNA

<213> Artificial

<220> .
<223> sfi back, DNA-Oligonucleotide

<400> 2
aggcegttct acccgtattt tttcttaagt tgtcggttaa ttaaggectc tc 52

<210> 3

<211> 60

<212> DNA

<213> Artificial

<220> .
<223> Asc fw, DNA-Oligonucleotide

<400> 3
cgggcgegce ccgacaactt aagaaaaaat acgggtagaa cagcagtctt cagtcttaat 60

<210> 4

<211> 60

<212> DNA

<213> Artificial

<220> _
<223> Asc back, DNA-OTigonucleotide

<400> 4

taagactgaa gactgctgtt ctacccgtat tttttcttaa gttgtcgggg cgcgcccgat 60
<210> 5

<211> 318

<212> DNA

<213> Artificial
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Sequenzprotokol]
<220>

<223> Inter?enic region between F and HN of plasmid pfIMTH68_Asc_Pac,
DNA-Oligonucleotide

<400> 5
atgcagatga gaggcagagg tatccccaat agcaatctgt gtgtcaattc tggcagcctg 60

ttaatcagaa gaattaagaa aaaactaccg gatgtaggtg aacaaaaggg aatatacggg 120
tagaacggcc tgagaggcct taatcgggcg cgccccgaca acttaagaaa aaatacgggt 180
agaacagcag tcttcagtct taattaaccg acaacttaag aaaaaatacg ggtagaacgg 240
cctgagaggc cacccctcaa tcgggagcca ggccccacta cgtcecgetct accgcaacac 300

caacagcagt cttcagtc 318
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