At t enuat ed oncol yti c paranmyxovi ruses encodi ng avi an cytoki nes I ntroduction
The present invention refers to a reconbi nant oncol yti c RNA Newcastl e

Di sease Mvousoweswri Sing at | east one transgene codi ng Pom/ERRRWIEIS

cyt oki ne, wherein the reconbi nant oncolytic RNA Newcastle Di sease Virus is
obt ai nabl e froma vel ogenic or nmesogeni c oncol ytic RNA Newcastl e D sease
Virus. Virus-nedi ated expression of theqcytokine in the natural host cells
| eads to a reduced pathogenicity of the virus for avian species. The virus
in the present invention is suitable for the treatnment of diseases,

especially for_oncolytic t r treatnent. Reconbi nant viruses .are produced
t hat encode aﬁtﬁﬁn%zgﬁmli)ﬁn@? %@Wﬁvfrﬁ’éeﬁaﬁqﬁﬁfgﬂg(ﬁ‘f'?"é’fy??lﬁ'é'%i rus is
reduced for an avian species leading to a dimnished environmental toxicity
of the virus. The oncolytic activity of the virus is not inpaired by the
descri bed dmtroddctibnpat hogenicity reducti on. The virus genone may encode

addi tignal therapeutic transgenes, preferably binding proteins (antibodies,
ankyri f repeat nol ecul es, peptides etc.), prodrug-converting enzynes or/and

pr ot eases. THee pegddnti invelfiort hefeds biondi radmmhshn@ncppadr RYAC Newgtdstieg
enzynmes and/or proteases increases the anti-tunor effect of the virus.

Further th®iseAsentYiBiS FORRRPIIYRE AarlkAticPOPetranagene ¢RENGTIALAR AYAN! i ed
viruses T ol Wifkref! 1RAREBMbIMSRIHABIHETRAA NBRCRM BisdaskVAindY is

Newcast| e Drseasé Virus colytic viruses in general for the treatnent of
tunors ar e obtaingbledrom Chelogenic( @0d2ogdkiacrsoldicIRNANewvastisDiswage has

o edDened i FHRReRR PTRETaen (zosrorne e BacatA HeE 0o

gginﬁg al i sqesdy iohe fedutddisathegénitity 8F thevieley for HR&H spdids.strain PV701 is
The virus in the present invention is suitable for the treatment of diseases,
especially for oncolytic tumor treatment. Recombinant viruses are produced

156 that encode an avian cytokine, wherein the pathogenicity of the virus is
reduced for an avian species leading to a diminished environmental toxicity
of the virus. The oncolytic activity of the virus is not impaired by the
described method of pathogenicity reduction. The virus genome may encode
additional therapeutic transgenes, preferably binding proteins (antibodies,

20 ankyrin repeat molecules, peptides etc.), prodrug-converting enzymes or/and
proteases. 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.

25
Description of the State of the Art

Newcastle Disease Virus

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

Sinkovics and Horvath (2000). The Newcastle Disease Virus in general is



devel oped as an anticancer treatnent for glioblastoma (Lorence et al.,
2003). The NDV strain MIH68 has been used as an experinental cancer

t r eat mentwendodmasisheen adm ni stered to humans for nore POIEPIDIYEBIS
(Csatary et al., 2004). In the paper by Stojdl et al. (2003) it is
described that in the range of 80%of all tested tunor cell lines, there is
a defect in the interferon response folbawi ng infection with Vesicul ar
Stomatitis Virus (VSV). It may be assuned that a simlar percentage of
tunor cel | descebediinl thee bookcbyptAlekander (1983t iNIDVwsirainNBV 70dc isubeingpt h VSV

that the maSTaTE o8 by anfdRerchRAERR, o0 Rpsloma uikrser 1€ oL baed
on a def ect2003)! TaecRDMUkEAIN MTHE® hag hesPesed &Hannskpdrimental danteee e. g.

US: 20030044384). Par anyxoviruses contain single-siranded RNA genones of
negative pdleatirept Bnd Rgs RerThasdminisieredotopu rlse{?dt’ﬁo(%t'l‘%ﬁ‘tﬁbé(?aésnd t he

genones; conoahihbel@) 086638y The viral envelope is formed by the surface
gl ycoproteir(ns anrg a mgengra)ne part derived fromthe host cell. The surface

gl ycoproteins (F and HN or Hor G nediate entry and exit of the virus from

he h I I id ih8AL0SI: j he RNA

genons. and e RAPEE YT SIBRART A 20T o5 SRl B Rnd Fendelpl Bosf "

% ot ei {15_ r@pmébltm_rfﬁ@r cbmtlmeselttlr?ek@_risViar@@fetilf anstbiel ?t?ﬂérmd?smé@aé i oln.n
e matrix rotein connects, the yiral envelo e nucl eocapsi d.

addi ti on ¥ gblbe’ SN ML Yiesls W Bomatiis Yire Byl IbEPRARSHTESE may

cont aifp " a4REE AN PRASHALE DITINdICCAEd GNRbel dRRBPlibI! (P RbCtH ! S

i nterspersed wth the genes fhrenti oned above. The accessory genes are nostly

ORFs that owvilly | HPMni hecause moflen¥y SV aandr NBV oargl members\ egribeemden ve

descri pt| O%%orﬁ’@d%feos\{ilf hd2%158bdth ERYRA thit i Mecrzm)of selective

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

15
Paramyxoviruses contain single-stranded RNA genomes of negative polarity
having genomes of 15-19 kb in length (wild-type) and the genomes contain
6-10 genes. The viral envelope is formed by the surface glycoproteins and a
membrane part derived from the host cell. The surface glycoproteins (F and

20 HN or H or G) mediate entry and exit of the virus from the host cell. The
nucleocapsid is inside the envelope and contains the RNA genome and the
nucleocapsid protein (NP), phospho- (P) and large (L) proteins responsible
for intercellular virus transcription and replication. The matrix (M) protein
connects the viral envelope and the nucleocapsid. In addition to these genes

25 encoding structural 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
with the P gene transcriptional unit. A comprehensive description of
paramyxoviridae can be found in (Lamb, 2001).

30
NDV is the prototypic member of the genus Avulavirus in the family
Paramyxoviridae belonging to the order Mononegavirales. The viral genome
is a single-stranded negative-sense RNA coding for six major proteins: the



NDV is the prototypic nenber of the genus Avulavirus in the famly

Par anyxovi ri dae bel onging to the order Mnonegavirales. The viral genone is
a si ngl e-woOnamwdmaiosnegat i ve- sense RNA codi ng for six nmaj @CTEPOW0LI0NES)S

t henucl eocapsid protein (NP), phosphoprotein (P), matrix protein (M,
fusion protein (F), hemagglutinin protein (HN) and the pol ynerase protein
(L). By editing of the P protein nRNA _gne or two additional proteins, V
(and W, are translated. NDV is in detail characterized in Al exander (1988)
and Lanb (Zﬂmzlec)capsrdem@@in €¢NB) s phosphoprateins(Rn ragirixnpredeinogdd) WBwrst r ai ns

Chi anl v vi AP0 diein BB RECRICe IS 4k e PofiTusr e tiRiein 31 B ages.
nesogeni ¢ iediij 6FtHe Pipeoteis nRNAY bhélo? te)additisnat peotefilsy M @indalV)j areyoung
chi cks, and | ent ogenl c strains (nonvirulent) manifested in a mld or

unappar ent transigtef- t he di sease. Ol assification of NDV isolates in vel ogen,
nmesogery or |l entogen is determned by the nean death tinme (MDT) of the

chi cken enbryo in 9 day-old enbryonated eggs after inocculation with the
m ni num | etNRYV igddsdetad dharactetize@ imAlaxandee (1388)anddearsbr(20@hr. s of NDV
virul ence seens to be the cleavage site of the precursor F protein. The
first outbreak of NDV were observed in the year 1926 in Newcast| eupon-

Tyne, Engl aNéwaastié Didease virddaaeahavidhpathdgdhpanzootics have been
descri bed since the first appearance of the disease. NDVis primarily

transmtted by aerosols or large droplets that are inhaled by susceptible

bi rds. éPJr R §'t?a|ﬁ$"ér§ec(:119§3|h8&e&ﬁ R8I Etho JERERY T4 cHngé’ﬁ é’ﬁ%lo@bﬁ?c wll

be shed fromthe infected respiratory tract”or excret
i ngesti on citraims (dmghlywa‘rutmm bedmggtm@tdeulaﬂhaby\fa@ajrt ofychickers of albages,

Lg;eg;i gg;s r{ﬁgggi%ig slgg]b{ in er‘rfinnectlila\{ter Vlsrulséchflqhgtg a];er Oorﬂlf rfgth%\ uq )}ooun"ignot her
chicks, and lentogenic strains (nonvirulent) manifested in a mild or
unapparent form of the disease. Classification of NDV isolates in velogen,

15 mesogen or lentogen is determined by the mean death time (MDT) of the
chicken embryo in 9 day-old embryonated eggs after inocculation with the
minimum lethal dose to kill the embryo. One of the determinants of NDV

virulence seems to be the cleavage site of the precursor F protein.

20 The first outbreak of NDV were observed in the year 1926 in Newcastle-
upon-Tyne, England and in Java, Indonesia. Three NDV panzootics have

been described since the first appearance of the disease.

NDV is primarily transmitted by aerosols or large droplets that are inhaled by
25 susceptible birds. During the course of infection new infectious virus particles
will be shed from the infected respiratory tract or excreted in the feces. By
ingestion of this virus-containing material by healthy birds, new infections can
be established and virus-spreading from one bird to another can be
maintained.
30
NDV as an avian pathogen is described in detail in Alexander (1997),

Diseases of Poultry.



NDV as an avi an pathogen is described in detail in Al exander (1997),

Di seases of Poultry.- ANewcastle D sease Vaccination NDV as a threat for
poul try fwormewgpared t he need for vacci nati on has been alceaggommesghi sed at
t he begi nning of the |ast century. lyer and Dobson have performed studies
in the 1930s on the attenuation of virulent NDV strains, |eading to the
devel opnent of sone nesogenic NDV vaccige strains. The devel opnent of live
vacci nes was noved forward by the establishnent of the |entogenic vaccine
strai ns Hi tNéweastle Disedsé ¥agcinatidmch are now t he nost w dely used NDV
vacci nes. Further vaccination strategies includes the use of inactivated
NDV vaccines (e.g. by formaline, b-propiolactone), given together with a

carrier adjNEYNs aathrdatnfempaXfthPfarfifing Girld 8181heé®Tdr vAEENAIiGH AaY Buth t he
actual state of devel opnent of NDV vaccines is depicted in detail in

Al exander (alxesdy rHcogaises af the eginninguolt thgelast Sentiyy dyali aed Beson
veterinary | N g t v eﬁ,bq /
technol%ggy 'ﬁ"% Pgﬁlsfe}nmgg %tﬁ&l ggfrrl‘gme% 1?:383(@83@? anﬂaet[?gnglfﬁgr#?ﬁﬁb vacci nes
are descri stahing) lédding dd ltioevidegelpptrer it ©f sOBEME8dgéniec MDY veoire Steains.
Newcast| e di,segse Vvirus mut ant t hat ex sses ,i.ts, V protein at, a
oduced | evi1e QRdePEMETERT NP PRCHIEsvAe METea Ampe o E5AhFméls
2004/ 004303 theliaitgehie vhdcRIeOSIPAIAS MitdNRYr Bt @nd LBata,iwhibRtaréflowv the
express an i nmunodom nant epitope of the nucl eoprotein (NP) and is suited

as a mar kermosicwidely ysediNDV yacgines/ bophen yaeesationsyyatedies dcdudesetna i ¢

21 Towad e B0t Bechidfiel APV keginds @' By RBAAG, PalodRE i, Bl 123,

chi cken I Ltdgether with a carrier adjuvant (aluminum hydroxide, oil emulsion).

The history and the actual state of development of NDV vaccines is depicted
in detail in Alexander (1997) Diseases of Poultry.

15
Next generation vaccines for veterinary use based on recombinant NDV
generated by reverse genetic technology are reviewed in Huang et al. (2003)

and recombinant NDV vaccines are described in the following patents.

20 US 6,699,479 B1 describes a Newcastle disease virus (NDV) mutant that
expresses its V protein at a reduced level and is used for vaccination of

embryos before hatch.

US 2004/0043035 relates to a recombinant NDV mutant that is not able to
25 express an immunodominant epitope of the nucleoprotein (NP) and is suited

as a marker vaccine strain.

US 2003/0224017 describes a reverse genetic system for NDV for the
production of a recombinant NDV vaccine. This system allows the

30 expresssion of transgenes, e.g. avian cytokines (chicken IL-2, chicken IL-4)
from the NDV genome to generate NDV vaccine strains.

EP 1 300 157 relates to an attenuated mutant Newcastle disease virus strain



fromthe NDV genone to generate NDV vaccine strains. EP 1 300 157 rel ates
to an attenuated nutant Newcastle disease virus strainsuitable for in ovo
vacci nat iwe 2009/@yiéan speci es conprising a nutation in tReTFPr@IBEGOENCES
encodi ng the HN and/or F glycoproteins. US 6,719,979 relates to a process
for generating infectious Newcastle di sease virus (NDV) entirely from
cloned full-length cDNA and to the use_gf. vacci nes and di agnostic assays
generated with and derived fromthe process. WD 2007/ 025431 descri bes a
met hod f or suitablec fargnaovoevandiiatim obhavien spesitsNeamwpesing aDndatien imtidot a

strain and its use in the preparati@n of vacecine for the prevention of the
di seases caQEEdS%‘i)J%{r&ﬁéae&CBQ' 6@1 a'%'@ %ﬂ‘ffﬂ%e@féﬁ\‘?)"m‘%ﬂ%oom 067786 concerns
cDNAs for nmaking attenuated, infectious Newcastle disease virus (NDV).
Wthin the sc%e of the invention are vaccines conprisin Sééﬁnuate ,

i nf ecti ous WVO. TAEFFDiTRIates plar Anprerassudes geperatngy aes aeastie,
genet i aal | YygBRlUal eUDV b URorh bhed FinerBa BN ahedo the yse of

negative-str virus nutants, conprising an Insertion and/or

del eti on i rvamgingseande aliignpsticamssays ganetatpen withyi and oderived framgthd c
region of the virus genonme. WO 99/66045 relates to genetically nodified NDV
Vi ruses obﬂﬂﬁﬁ@ﬁifron1fulllength cDNA nol ecul es of the virus genone. WO

00/ 62735 relates to a nmethod of tunor treatnent conprising adm nistering an
interferon-sensitive ti.on-conpetent, clonal RNA virus, e &haNDV. I n

replica / .
VO 01/ zogst@c%Q%@%Bééi flgscEbaRt Rodn¢tBpd: ekt PRGUSHIY et EEGOAPIAGNT unor
W th reeonmymaniaed \wddstieM9isa g% Q4 SBELStram Al5d &3 theep tion

i sreduced by adm nistering a replication-conpetent Paramyxoviridae Vvirus.
of vaccine for the prevention of the diseases caused by Newcastle Disease

virus (NDV).

WO 2000/067786 concerns cDNAs for making attenuated, infectious
15 Newcastle disease virus (NDV). Within the scope of the invention are
vaccines comprising attenuated, infectious NDV.

Recombinant paramyxoviruses

20 EP-A-0 702 085 relates to genetically manipulated infectious replicating non-
segmented negative-stranded RNA virus mutants, comprising an insertion
and/or deletion in an open reading frame, a pseudogen region or an

intergenic region of the virus genome.

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

length cDNA molecules of the virus genome.

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

In WO 01/20989 (PCT/US00/26116) a method for treating patients having
tumor with recombinant oncolytic paramyxoviruses is described. The tumor is



Vari ous nethods are described that can be used to engineer the virus genone
in order to inprove the oncolytic properties. WO 03/005964 relates to
reconbi nawo 2v®¥swApri si ng a nucl ei ¢ acid encodi ng a cyraliEPe0090® 32904/ 01
70607 relates to the treatnment of nelanoma by adm nistering a virus which
I's not a conmon human pat hogen. Cenetic mani pul ati on of NDV NDV can be
genetical ly mani pul ated using the reverge genetics technol ogy as descri bed
e.g. in EP-A-O 702 085. For exanple, it is known to nake reconbi nant NDV
construct s reduped sbyqdidigisteringia maplicstionacoopetenti Rgraroyxavddas atrusl kal i ne

CEnoel - ror nepfos AffhobSCAE egABed ndlf ¥a beh HsEs B bnfifBEE, e v
vi rus (Huangeresmelin ord1@d impravid thenaricolyticusropertigg! uti ni n (Nakaya et al .,

2001 ) and chl oranpheni col acetyl transferase (Huang et al., 2001 )
(Krishnamurthy et al., 2000). None of these reconbi nant NDV has been

constr ugt edaf9rg Gsééﬁt%?%tb%?% RebnindMtRS\Ai &HASAsind S hEEBRDIgANT NDVs

were made to study elther basic virology of NDV or to dével op vaccl ne
strains forenengding @.cyfekinper ental virus strains served | entogenic strains of
NDV. These strains do not have significant oncolytic properties. Cenetic
mani pul ati on of viruses Methods for genetically mani pul ati ng RNA viruses

are wel | kngSreee4/0120607 adlates toFthd treatmgstneft melarioma Wyaadmimisteringen! yti c
viruses is reviewed e. in Bell et al. (2002). RNA viruses as Vvirotherapy

agents are YB3 Whieh @ﬁghaéc@mm%immn PFRIEINt ent of any of these

docune{gs is herein incorporated by reference. Avian Cytoki nes Avi an

cytokines are reviewed in Staeheli et al. (2001 ). A genom c anal ysis of
Genetic manipulation of NDV

NDV can be genetically manipulated using the reverse genetics technology
as described e.g. in EP-A-0 702 085. For example, it is known to make

15 recombinant NDV constructs comprising additional nucleic acids coding for
secreted alkaline phosphatase (Zhao and Peeters, 2003), green fluorescent
protein (Engel-Herbert et al., 2003), VP2 protein of infectious bursal disease
virus (Huang et al.,, 2004), influenza virus hemaggiutinin (Nakaya et al.,
2001) and chloramphenicol acetyl transferase (Huang et al., 2001)

20 (Krishnamurthy et 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.

25

Genetic manipulation of viruses

Methods for genetically manipulating RNA viruses are well known as stated
above. Further, genetic manipulation of oncolytic viruses is reviewed e.g. in
30 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

reference.



chi cken cytoki nes and chenoki nes was described in Kaiser et al. (2005).
Summary of the Invention Oncolytic NDV strains have been studi ed since the
early 19606 2089/096160r t her apeutics. Mst virus strains u®P€Ed/EPRI0IONS0$ yt i C
tumor therapy are belonging to the class of nesogenic viruses, that are
descri bed as pathogens for poultry. To devel op an oncolytic NDV as an
antitunoral biological drug, potential _gxisting environnmental toxicity,
especially the pathogenicity for poultry should be reduced. However NDVs

at t enuat ed AvangGytokiyesrust have the continuing ability to | yse tunor cells
and keep its oncolytic potential. Existing strategies for the devel opnent
of vaccines can not be applied, because they are focussing on the

sti mul ati ona@hn iy KMeLataralivvey i StaeHlitdtedl. (R00appAigeriontid aplalysipf et el y

i nactivated virus particles or apathogenic |lentogenjc¢ virus strajins. Both
vacci ne t ypgduckanscyigkings @angdithenpekipep wasdascrined im Kaisergtiad. (2R85)-
subsequgnt |y have lost the potential to |yse tunor cells. In the present

i nvention, the attenuation of NDV for poultry w thout dimnishing the

oncol yti c &Bummarny of thehinvention can be reached with the hel p of the reverse
genetic technol ogy. Reconbi nant attenuated NDVs are created by the

I nsertion of transgenes coding for cytokines, in particular antiviral or

| mune- sti @h@élxﬂﬁg NDV 0dtHdifs -hdvier b&én shligied SIRDE \tBE CédHy HO609tasStirheP! e for
such an approach because the objective of a vaccine is to induce a strong

i mune r espbREAPeMtics Mpsingiluassirains meedi f9r tangandice dumokethaipR¥l atgyai nst
ot “NDV thas R0 D Bt s PoC YR addHE Wi, M Bf, e ) o1
primary i nfpathogensarfdr tgoustry.o Tde develop anybnomiy@tNDVt @si ant gnﬁmmarel _
| norease safiet¥icdl 818, Vhotshis SLABRIY ShiiBnthd ST 38¥cRY, BePEllah) ohis ' ve
pathogenicity for poultry should be reduced. However NDVs attenuated for
poultry must have the continuing ability to lyse tumor cells and keep its
15 oncolytic potential. Existing strategies for the development of vaccines can
not be applied, because they are focussing on the stimulation of the bird
immune systeme either by application of completely inactivated virus
particles or apathogenic lentogenic virus strains. Both vaccine types are no
more able to replicate in cancer cells and subsequently have lost the

20 potential to lyse tumor cells.

In the present invention, the attenuation of NDV for poultry without
diminishing the oncolytic activity of the virus can be reached with the help of
the reverse genetic technology. Recombinant attenuated NDVs are created
25 by the insertion of transgenes coding for cytokines, in particular antiviral or

immune-stimulating cytokines.

Furthermore a NDV vaccine is not suitable for such an approach because
the objective of a vaccine is to induce a strong immune response with a long
30 lasting immunity to protect the animal against a secondary infection. In the
present invention the described attenuation of NDV has the main goal to
allow an animal to control the (undesired) primary infection and thus to

decrease environmental toxicity and to increase safety of the virus when



A subject of the present invention is the lysis of tunor cells by an
oncolytic virus. An indication for such an oncolytic virus approach is
cancer thEoapi/asicsiumans. I n contrast a NDV vacci ne for PODIHPREOY/06GS08

di sclosed in US 2003/022401 7 is applied to aninmals and therefore | ocated
in the field of animal health care. Thus, an object of the present
invention is a reconbi nant oncol ytic RN _Newcastl e Di sease Virus conprising
at | east one transgene coding for an avian cytokine, wherein the

r econbi nantapphiedliy gitberRmy Menpealif¢rative siseaseVi rus i s obtainable froma

vel ogeni ¢ or nesogeni c oncol ytic RNA Newcastl e Di sease Virus. The virus of
the present invention may conprise at |east one further transgene having
t her apeut i cA aabject oy thid presarmriassstibrdis thevlysigsof tuhesrt exlist byran ereddiyticThe at

| east one further transge s partially allogene or, syngene for the host.
I n anot her Vi&8el 'B?"C?H‘g” %@%ﬁanmﬁﬁnquswwp?a@ %Fg?‘l*er heeapnin
I nvent igdn &%s. 2 EoRrstt ad NDYUSaccifik! %‘ruadd Q:FT,O ditloedatigdis

i ncl udes reduction of the pathogenicity of the virus an avi an speci es
and reduct |2Q03m2w1ﬂogaeappllecy tonasinnals| ang ctlaereéweagpcgm émnthaafield sof

predicti ye\%ﬁrhagﬁé?\& §£)|%CI es (see Exanple 5). A further aspect of the

present in econbi nant oncol ytic RNA virus attenuated for
poul try conpr|5|ng a nucleic acid conprising at |east one transgene coding

for a cytokine. articular, the virus is attenuated for chjcke The
"transgene L rﬁj‘ Pg‘ie nympF%ser\ts'”Y%mﬁH} 1S @ur%qommanhoppa‘@ e%@/\codl ng

for am@vi aewydste' DR a%é Vﬁ‘§§ 'dopshidiieg itNebsy ?H@rtrar{é@%nbnty@d]hg G0y 'fpl at es

to the nucleocap5|d of reconmbi nant~ virus o resent i1 nvention
conpri si ng awaralcyﬂemecdvmr@;reﬂwwe@m@pgnﬂ opeolytic iRNA Newcastle Disease

Virus is obtainable from a velogenic or mesogenic oncolytic RNA Newcastle

Disease Virus.

15  The virus of the present invention may comprise at least one further
transgene having therapeutic activity when expressed by a virus-infected

tumor cell.

The at least one further transgene is partially allogene or syngene for the
20 host.

In another aspect of the present invention, the virus of the present invention

may be an attenuated virus.

25 "Attenuation" or "attenuated" includes reduction of the pathogenicity of the
virus for an avian species and reduction of pathogenicity in a biological assay

system that is predictive for avian species (see Example 5).

A further aspect of the present invention is a recombinant oncolytic RNA
30 virus attenuated for poultry comprising a nucleic acid comprising at least one
transgene coding for a cytokine. In particular, the virus is attenuated for
chicken. The "transgene coding for a cytokine" is in particular the "a

transgene coding for an avian cytokine" as described herein.



Further, the invention relates to an RNA which is RNA of the virus of the
present invention. The invention also relates to an RNA conpl enentary to

t he RNA oWoth@/09sreas of the present invention. Further mpC&EPRIIQ/O0D030ENE | ON
relates to a DNA, e.g. a cDNA encoding the RNA of the present invention
and/or a DNA conplenentary to the RNA of the present invention.
Furthernore, the invention relates to tlhe prevention or treatnent of tunor
di seases, cancer or/and proliferative diseases. The RNA or/and the DNA of
the present invention may be provided in an i solated form In the present

cocroted tAMMETDRGNUEROS Rigect g I ABYRERS of tg BREARHR! VhEL 1on

and, after thergtesentt mvehﬁomnpﬁwrsiraj euraerNIAf ecﬂmpferxede\mtw icapsidt ;ISl@telns

nelghbourln cell i nduce an antivir e ipn the receptor-carrying
cel I. Ther ditgther g .n vantien @ﬂatﬁﬁéov?mﬁﬁéf%wﬁ@ i5r BMh of % SHUSH 11 1 he

i nterfeon [ﬁbéé’ﬂﬁl ??W@ﬁtl@h rfhé& GhierftRih Q%o' FEARS 1B (ﬁtRNIR Paridrithiyto The
simlarity between chicken type | interferons an lan type |

i nt er f er onghe RNAOf the wirgspbthe present inventiand no aci d |1 evel ) (Staeheli et

al. 2001 ) . For this reason a cytokine exhibiting such antiviral effect in
a bird cell does not show essentially biological activity in a human cell
and may hawureresamire aiheyinventiorn felatesetoad DNA Us.gl apiDNAtenending theRNAL unor

cells. Further nor e, essentlall no adverse effects by these ¢ k nes are
expect ed i PTtHhE PEEsEAT ARIics ”q#?é aeiﬁ\@scgfﬁaeme% ta g?%(ﬁﬁﬁ% ntdi ng a
cytokifye asrégst IMRAISA! FuRnk ealrfv%H’fiGﬁOFeRﬁ{queetWeC bEveRtiohNsr Vi rus
for an avian specles, especlally p try, especi al chicken and thereby to

a di mi ni shdeeatment oﬁttﬁnoradlseas@%|qaylcerrhdaadtnrolifesatwe diseasasansgene encodi ng
a cytokine as described herein has essentially no detrinmental effect on the
t herapeutic effect of thevirus.

The RNA or/and the DNA of the present invention may be provided in an

isolated form.
15
In the present invention, the cytokine encoded by the transgene as described
herein may be secreted from a bird cell infected by the virus of the present
invention and, after binding to its appropriate interferon-receptor on the
neighbouring cell, may induce an antiviral state in the receptor-carrying cell.
20 Therefore replication of the virus of the present invention in the interferon
stimulated bird cell can be inhibited at least partially. The similarity between
chicken type | interferons and mammalian type | interferons is very low
(<25% identity at amino acid level) (Staeheli et al. 2001). For this reason a
cytokine exhibiting such antiviral effect in a bird cell does not show
25 essentially biological activity in a human cell and may have essentially no
influence on virus replication in human tumor cells. Furthermore, essentially

no adverse effects by these cytokines are expected in the human organism.

The expression of the transgene encoding a cytokine as described herein
30 leads to a reduced pathogenicity of the virus for an avian species, especially
poultry, especially chicken and thereby to a diminished environmental
toxicity. The activity of the transgene encoding a cytokine as described
herein has essentially no detrimental effect on the therapeutic effect of the



Det ai | ed description of Preferred Enbodi nents: Viruses The invention
generally relates to RNA viruses, preferably negative strand RNA viruses,
nore prefwoabdwosisch viruses that have both oncol ytic proparréemo@ngl can be

genetically engineered. Such viruses are: - paranyxoviruses, preferably
Newcast| e Di sease Virus (NDV), neasles virus, nunps virus, Sendai virus; -
orthonyxoviruses, preferably influenza 4grus; - rhabdoviruses, preferably

vesicular stomatitis virus. It is preferred that the virus of the present
i nvention iwruan avi an pat hogen, in particular a pathogen of poultry, nore
particul ar a pathogen of chicken. It is also preferred that the virus of

the present invention is a negative strand RNA virus. The reconbi nant RNA

virus of tBetajledaddsdriptioh of Préferré@ Embodafinei rus, preferably a
Newcast| e Di sease Virus (NDV). The NDV may be a nesogenic or vel ogenic

strain. It is preferred that the NDV is a nmesogenic NDV. The virus of the
presentg i naﬁp&g is obtainable froma vel ogenic or nesogeni c oncol ytic RNA
Newcast™ e seaSe Virus, in particular fromstrain MIH68. The virus of the
present invention is preferably replication conpetent. The virus of the

present invention may have pat hogeni city .reduced for an avian specjes, in
Dart cul ar UG INMABHGEAeNasalN BRI, (o FRY IFWEER. DFRICFARG RSGHINE SHANGG | &

obt ai nabl e.gAi slgagsé,e%sﬁe trﬁ}%'feriaglylt hicHi waﬁgé R PLOECBbtH NYSHIIRN. the

pat hogenicity reduction Is a capabrlity of t virus to reduce bird cell
| ysi s aboutprapertiestand ¢arf be genetioathhengineerest Sushsvinusési@fei ncr easi ng cel |

Vi abl iy, WREEERNERLbY! Bhblordily’ ReWaGAE ikehBe Hirl € NDOR Hleadish (U
virus, mumps virus, Sendai virus;
- orthomyxoviruses, preferably influenza virus;

- rhabdoviruses, preferably vesicular stomatitis virus.

15 It is preferred that the virus of the present invention is an avian pathogen, in

particular a pathogen of poultry, more particular a pathogen of chicken.

It is also preferred that the virus of the present invention is a negative strand
RNA virus. The recombinant RNA virus of the present invention may be a

20 paramyxovirus, preferably a Newcastle Disease Virus (NDV). The NDV may
be a mesogenic or velogenic strain. It is preferred that the NDV is a
mesogenic NDV.

The virus of the present inventon is obtainable from a velogenic or
25 mesogenic oncolytic RNA Newcastle Disease Virus, in particular from strain
MTHG68.

The virus of the present invention is preferably replication competent.
30 The virus of the present invention may have a pathogenicity reduced for an

avian species, in particular with respect to the virus from which the

recombinant virus is obtainable.



about 50% surviving cells, nore preferably to at |east about 50% (such as
at | east about 50 % up to about 75% surviving cells and nost preferably to
at | east wbaeuod/08507 (such as at | east about 75% up to 10@e¢g/EPeecgiovasng cel | s
Wi th respect to the virus fromwhich the reconbinant virus is obtainable.

It is also preferred that in the virus of the present invention, the

pat hogenicity reduction is a survival I{4qre prolongation of virus infected
chi cken enbryos in 11 day ol d enbryonated eggs neasured by nean death tine
(MDT) det erltriimaxreﬁemedmtitatdbytheheirwaitheppr@lsengGWelmﬁoat the asthedrnicityl 5h

(such as at t 15 h ut 20h) re eas! out 20h
(such as atre g4n Q?Z)al?qg%bflgy Qggh? VEHR tgr{gg "ﬁ %ﬁ P’ﬁ%ﬁ%"w %Sﬁghan 3h
conpar ed t gnfdttioMi wits Moomwlm@aém@drwmeagng cenrwabmsy okhergbybtel | n
yet anot her errbodl ment, the oncolytic activity of the virus of_ the present

i nvention fRbIYBNGraased tept lea aéggbaﬁ%a(suyhrﬁafr'@aat:@'aoutl%5%§1Fp ferred
t hat "Btheat)ﬁdt‘s@/‘r?o drbﬁ,r]Qj R0 mdr d;?rEFérQBllfytb %é‘ﬁqcébbh't 096 tduehtas 8f the
u S neasure | via

virus for human t r ce y ce ity after 48h after
i nf ecti on ileastoaboutchik & updorabrautt #5dka) somwmgrpaﬂsaanddnoatepmfemlyf taoat whi ch

thereconblnat VII’ o obt ai napl e, a Y. i se y not

Feduced i ReReaul 3ok Tl 45 ALt ARPURTER ThE TORGRSREE3 S i

obt ai nabl e.re§pécthbnre virhs frovih QicrettRNRRdatbikanttVikisas dbtginhblene transgene as
indi cated herein may be any cytokine. In particular, the cytokine may be a

cytok| ne capable of inhibiting at least partially virus repllcatlon in a

bird @é&') réfekidd thit WéV|W§ﬂ the ;SF%Sntpiﬂ(/fzht%H Rhe! tﬁéﬁé}ﬁﬁ{y cell.

It is preferr at virus r cation iIsessenti al bi t ed.
The cyt oki medueljorbis asuy\umhtmee pagiongation ofiviras |u3fen’@db¢mcl@“i embrms ivity in

Zcma Cma ly I1nl 'Odle Iy 'o(fé’ | (g‘rrnbryonateéI n@gg? ean'%%su er tb@) ?nggrwgé%th tlm (Rﬂf)ﬂal
determination, whereby the MDT is prolonged by at least about 15h (such as
at least 15 h up to about 20h), more preferably at least about 20h (such as at

15 least 20 h up to about 30h and most preferably by more than 30h compared

to the virus from which the recombinant virus is obtainable.

In yet another embodiment, the oncolytic activity of the virus of the present
invention for human tumor cells is essentially not reduced.
20
It is preferred that in the virus of the present invention, the oncolytic activity
of the virus for human tumor cells measured by cell viability after 48h after
infection is not reduced to more than 50% compared to the virus from which
the recombinant virus is obtainable and more preferably is essentially not
25 reduced with respect to the virus from which the recombinant virus is

obtainable.

Cytokines

30 The cytokine encoded by the at least one transgene as indicated herein may
be any cytokine. In particular, the cytokine may be a cytokine capable of
inhibiting at least partially virus replication in a bird cell, in particular in poultry
cell, more particular in chicken cell. It is preferred that virus replication is



refers in particular to the ability of a cytokine to inhibit at |east
partially virus replication, in particular replication of a virus of the
present iwoanevosi67" Bi ol ogi cal activity" also refers topramgEPetdamoo3agti vity
a cytokine may exhibit in a non-manmalian cell or/and in a non-mamral. The
cytoki ne may be a cytokine capable of inhibiting at |east partially virus
replication in a bird, in particular impoultry, nmore particular in

chi cken, and may have essentially no biological activity in a nmanml, in
parti cul ar esseatidlineomplstely.infibided.yt oki ne may be sel ected from avi an
cytokines, in particular frompoultry cytokines, nore particular from

chi cken cyt oki nes. The cytoki ne may be selected frominterferons, in

particul ar THeBytaKINnRNMaNtRy hedyddkine myvawg)aééemtduyrnd bmglbalcdmmty in a
interferons, nore particular fromchicken ty i nterferons.

i nter f er on AP, I%P@F‘Fé’%rinb%tha'”ﬁ" QGM@r‘h@fCQm%nr n?'@lqgé?%rﬁ%'h’ts
fam y5 | N rfdis Gh PSR Bty 618 td'HHibiP BE Rl A&t é’%éﬁ?@ WhJgus s

an NDV conprising a nuc onprising a transgene en a chi cken
i nterferon- raphxtailomhan@admu&a«emeplmammobra bédtus. ofrthes peesantAinveatiegene i s

defined in, can t.of enone |t . nucl ei ¢ I.ds. t hat
are i ntroduBRogRat fENGY; aled el SN TatadY 4 AABking Rag okaPl i 3 fFom
di fferent gRrematnraalidn esll bfadd iNB\hdreARmEmatli fferentvirus class,
prokaryotic or eukaryotic sources, nmammalian or nonmanmalian species). A so

fused transgenes fromtwo or nore different genom c sources are possible.

Al so t hegyd 2GS d | YiRh
sequeﬁﬁcdgs i“gggbggﬁgtructg?sgﬁgmﬁu e| cQé’zuﬁ Bt sgsag ezﬁ%k‘@bﬁié&ly%% I n at
| east one treplicationpini aratd, dagssticwar Py pbelteyhingonehparticular in chicken, and

may have essentially no biological activity in a mammal, in particular in a

human being.

15 The cytokine may be selected from avian cytokines, in particular from poultry

cytokines, more particular from chicken cytokines.

The cytokine may be selected from interferons, in particular from avian
interferons, more particular from chicken interferons, more particular from

20 chicken type | interferons.

The interferon may be interferon-beta or a member of the interferon-alpha

family.

25 In a preferred embodiment, the recombinant oncolytic RNA virus is an NDV
comprising a nucleic acid comprising a transgene encoding a chicken

interferon-alpha or/and chicken interferon-beta.

Transgenes

30
A transgene is defined in the context of the NDV genome as additional
nucleic acids that are introduced in the viral genome. The nucleic acids can

be selected from different genomic sources (e.g. NDV genome, different



transgene is translated into a protein in the infected cell. For this
reason the transgeni c sequence should include a translational start and
st op- codowO 20van9sConbi nant oncol ytic virus of the pres@QT/EP2ALMDI30H Nay
conprise a nucleic acid encoding at | east one further transgene

I ndependently sel ected fromtransgenes codi ng for binding proteins,
prodrug-converting enzynmes, and proteasgs. The at | east one further
transgene codes preferably for a binding protein that has a therapeutic
activity \/\Mmsemasﬁssmiolggfyotie wir r gsikanfodict espurcesr roammalian adbt hen-

bt odr ug- conUBTTAIEN: spbHESL nalsdh sl rriabgs: O MGG TorE, el eq by
the virus- igdreetie douncey arzebbsmbre Yeiso apathetic trireigenes baselost dentovad he at
| east one further transPene codes for a &ot ease t hat hfﬁea t her aqqugﬁt o

activity wivRthssis f swgleis ackh sqayences ¢ bejconstpicted INUGIRIE
ot her wigse, m&étaﬁé%@ﬁed%lthlﬂtaﬂ I%%% oﬂeetréﬁs'w 48RS F§§sé%&e¢>ﬂé?ér§bry fRfers to

a transgene encodi ng an avl an cy OKI ne, e at east one further
transgene Heansggnelie teansiated intota wmtylmhieﬂneemfﬂcée@ e¢llbfonthis reasart thet ed

apol | o5 1 n BRSO ERcERheLREERle 4 asliib! SeR R sbhERT T o (e

virus genone, as described herein, if not indicated otherwi se. The RNA
virus, the _genone, antlgenorre nucl eogﬁg& d and/ or DNA nol ecul e of the

present i nvkIR FeEPRANARD ACObEic: HEIS Ph1BGHMESERt HWERHPBJARY CMPUSE éh may
be | ocgy ed nycidie %cﬁd"@n&é&ﬂé%'l@éﬁo f&rﬂ?éfet}éﬁsg%ﬁedﬁ%béﬁ&gnwéélbetedThe

reconbi nant oncolytic viru present 1nvention nmay nprise at | east
two, at |edgmttharsgenss ceding ffooLblr,ldlog proteinas pradrug- qmrweﬁlrtg ebiyrsesach
conpri sing a%a%r%'f'@agsee%e as described herein. The reconbi nant oncol ytic virus

The at least one further transgene codes preferably for a binding protein that
15 has a therapeutic activity when expressed by the virus-infected tumor cell.

In another preferred embodiment, the at least one further transgene codes
for a prodrug-converting enzyme that has a therapeutic activity when
expressed by the virus-infected tumor cell.

20
In yet another preferred embodiment, the at least one further transgene
codes for a protease that has a therapeutic activity when expressed by the

virus-infected tumor cell.

25 If not indicated otherwise, "transgene” or "at least one transgene” as used
herein refers to a transgene encoding an avian cytokine, or the at least one
further transgene having therapeutic activity when expressed by a virus-
infected tumor cell, or a combination thereof. This definition of "transgene”
applies in particular in the position and number of transgenes within the virus

30 genome, as described herein, if not indicated otherwise.

The RNA virus, the genome, antigenome, nucleocapsid and/or DNA

molecule of the present invention may comprise the transgene as described



of the present invention may conprise at the maxi mum five nucleic acids
each conprising a transgene as descri bed herein. In particular, reconbinant
oncol yti cwoi2nes98f67t he present invention conprises one, PCEP2a00/0e@08 f our ,
or five nucleic acids each conprising a transgene as described herein. If

t he reconbi nant virus of the present invention conprises at |east two
transgenes, they may be identical or different. The nucleic acid conprising
the at | east one transgene may be | ocated at any position between the

readi ng f r dregsinoivhichemay e logateskwithin thertranadriptionalheassetiesascdassribed
conprising the at | east one transgene nay be |located 5 of the N gene,

bet ween thé’el(ﬁ'gnd the P gene, between the P and the M gene, between the M
and the F gene, between the F and the HN gene, between the HN and the L

gene, or/arllgl 3" of the L %ene._ It is Preferred that the nucleic acid is
located in Eenspeombingat onealytic ndrisael the,PrespntNnyeRiion RAYEemMRNse &/t and

the P Qﬁ”eAeé’ét/ s BelesRetnidle R Rad:t s, MrashRashSive Usiibiecaéit8nedd@ads to

an inproved expression conpared wth a nore 3' location. Preferably the
virus of tmomprigiega transgened@s descriiadshereininidre resiosthingrt ondaddic Wrus: hat

The. econbiIANE RSy IETSPN e e dBeflve idhiok: PRRPRID s HEREL BRRrar op
to five tranmpecanprising teotrhnsgeria as@soabed dergin. iropaticakar! revosgsinast | n
t he present invention, the transgene encodi ngm_an avi an cytokine, or the at

| east one fQNCORRIC YifknQh &R PRESATHGIVRARYI SOMRASEEIONA t YWABIP&XBHESYed by a
Vi rusonf eqiRnielER! adidh leach cdmpASGNAthATIGLABT £0 UebEritP herahl X the

het er ol ogousto the oncolytic RNA'virds on Wl ch the reconbi nant RNA virus
of the pregesembinantt visusi of bikedpregentt éventinot coonifess "atadeastedweer ei n

e L iRl e, I5A7p Rl br biRrGRL v o ey e Lhe codin

The nucleic acid comprising the at least one transgene may be located at
15 any position between the reading frames of the viral genes. In particular, the
nucleic acid comprising the at least one transgene may be located 5' of the N
gene, between the N and the P gene, between the P and the M gene,
between the M and the F gene, between the F and the HN gene, between
the HN and the L gene, or/and 3' of the L gene. It is preferred that the nucleic
20 acid is located in a more 5' position, such as 5' of the N gene, between the N
and the P gene, or/and between the P and the M gene, as such location

leads to an improved expression compared with a more 3' location.

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

described herein.

The recombinant RNA virus of the present invention may comprise in total up
to five transgenes, up to four transgenes, or up to three transgenes.

30
In the present invention, the transgene encoding an avian cytokine, or the at
least one further transgene having therapeutic activity when expressed by a
virus-infected tumor cell, or a combination thereof is preferably heterologous



The heterol ogous nucleic acid may be an artificial nucleic acid or nmay be
obt ai ned from natural sources or by reconbination of at |east two nucleic
aci ds selwoted/dswm nucl ei ¢ aci ds obtai ned from nat ur al pewmPe@s/0803d$ Or
artificial nucleic acids. "Natural sources” include animls such as
manmal s, plants, fungi, and m croorgani sns such as bacteria, protozoa and
viruses, which may be different fromongglytic RNA viruses of the present
i nvention. The transgene may al so encode for a fusion protein. |In another
enbodi nent tof theheneohtionRNAWwisi om, which theamegembinamt FANAg visms aofi the

cytoki ne and the at |east one t her transagene having t eutd ctivity
When expr oddgson o0l Pt e fim FERT oG s Pl FRART eSS Ras.
two separ atthd domplets gehée @t alpattthefdof! adidh A bhe ans codiplg regiomof the
conprising the nucleic acid conprising the at | east one transgene encodi ng
an avi an cyd¥18 ®ka Paft theedthe transcribed in a tumor cell as described
herein.g At |east one transcription unit conprising the nucleic acid

conprising the at |east one second transgene having therapeutic activity
when expr esBral hejeralogoussnuciéiccacid maydve @y adificial raicleiarasid iopaday bea bird

cell as desgrib rein L e t S rated. tr nipt.i,o ' each
may be tran ?5"%5(1#5%‘ Qa?ﬁﬁtﬁoﬁéﬁ% %r\ggﬁéggsﬁwqﬁ%r §f1%?é¢§5t|94"%aHB{:'%ﬁ° cel |
as descri bestiderslected nfrem aluckiidaidide dbteinedr fdnerdiaesurcéd drefist one
transgene encqodi ng an avi.an cytokine and the at |east one further transgene

havi ng ther%lﬁ@‘é!?l peeleicvagigs wh U@!;ﬁoé’é%% 'B‘}'Uge\ﬂmu § ﬁ‘f%?@d_“?m'?@ﬁ'scel I
are ”ﬁ)"e? ﬁﬁlsl‘i‘ts[ Wu@i?}é{ﬁﬁrm@&bbrg%%ié?ﬁgé%chegs ctarih, PdtdIdPaRY Wirysek! as

descri erein. ng proteins In the oncolytic reconbl nant RNA Virus
of the preswhichimaeheidifferenhrom ohealytic BNA vinusascof theqpregemntanventiany
t herapeutic activity when expressed by a virusinfected

The transgene may also encode for a fusion protein.

15 In another embodiment of the present invention, the transgene encoding an
avian cytokine and the at least one further transgene having therapeutic
activity when expressed by a virus-infected tumor cell may be located on at

least two separated transcription units.

20 At least one transcription unit comprising the nucleic acid comprising the at
least one transgene encoding an avian cytokine may also be transcribed in a

tumor cell as described herein.

At least one transcription unit comprising the nucleic acid comprising the at
25 least one second transgene having therapeutic activity when expressed by a
virus-infected tumor may also be transcribed in a bird cell as described

herein.

At least two separated transcription units each may be transcribed in a tumor

30 cell as described herein and in a bird cell as described herein.

In an alternative preferred embodiment, at least one transgene encoding an

avian cytokine and the at least one further transgene having therapeutic



tunor cell may code for a binding protein. Therefore subject of the present
I nvention is a pharmaceutical conposition conprising a reconbi nant

oncol yti cwoinas9sfe7t he present invention, a virus genomeCofEP2éve/opi3esent

i nvention, a virus antigenone of the present invention, and/or a DNA

nol ecul e of the present invention as an active ingredient optionally
together wth pharmaceutically acceptabj@-carriers, diluents and/or

adj uvants, which virus, virus genone, antigenome and/or DNA nol ecul e

conpri ses activipwhemexprassedr biiea Vinusrigigsted hempngellhaneapranslatedhdn iavi t y

when expre V] AN d | 1 ,encodi f . bi ndi ng
protein. Bﬁﬁﬁ]%ﬁ%}ég%gtde%’s#z'bga@%%ﬁ%éﬁg% \R/ﬁﬁ(,gﬁ" q%h(g%cgﬁspji%g&'i n a target
cell, are capable of binding to a conponent of said cell and/or a

nei ghbouring cell. Preferably, binding proteins are proteins which bind to
i ntracel | ulBindiRGPEARHNS. | n a preferred enbodinent, a binding protein is
sel ecteg fromthe follow ng group consisting of a natural |igand, a
genetically nodified ligand, a reconbi nant sol uble domain of a natural
recept or arld the mndohytisdrecembinantt RNAedfus of theppriegent inyentipnatheotylpasgt i de

| i gand, i bod | ecul d derivat i f d
s A BB i P AT B BRI £ ng =
deri vat i vednfetsdttimoriteli magadetfor é@hdﬁg%?r())ﬂéirﬂh- affinity binding

frameworks is given by Ladner and Ley (2 . The binding proteins as
descri bed herein mght be of human, nurine or closely related origin or a

cequonss Ty ahetre subioct df BoibidoBlt fiveifiin 1€ £ phiAnacoRIca) CohpcRiRi o,
bi ndi ng nolcemprising & eecambinhot decohitiot vinus abdhve presemieinvention, 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 optionally together with pharmaceutically acceptable carriers,
15 diluents and/or adjuvants, which virus, virus genome, antigenome and/or
DNA molecule comprises at least one one further transgene having
therapeutic activity when expressed by a virus-infected tumor cell encoding

for a binding protein.

20 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

components.

25 In a preferred embodiment, a binding protein is selected from the following
group consisting of a natural ligand, a genetically modified ligand, a
recombinant soluble domain of a natural receptor and a modified version
thereof, a peptide ligand, a polypeptide ligand, an antibody molecule and
fragments and derivatives thereof, and an antibody-like molecule like an

30 ankyrin-repeat protein and fragments and derivatives thereof.

An incomplete review of high-affinity binding frameworks is given by Ladner
and Ley (2001).



nmononeric, dinmeric, trineric, tetranmeric or nultineric. The reconbi nant

bi ndi ng nol ecul es based on the description above can be nonospecifi c,

bi speci f iwoanoamabte7speci fic. The preferred bindi ng prot @cChmEpPare/osshect ed

from bi ndi ng proteins having a therapeutic activity. A natural |ligand as

descri bed herein can be a growh factor or a peptide. A genetically

nodi fied |igand may be an anal ogue of ajpaturally occurring growth factor
or peptide. Reconbi nant sol uble donmains of a natural receptor or nodified
ver si ons ofThe birdidgspriotdingl ds deisaribed hareimribiighihbeyok hpneass eahusiobudt e

t Il ul ' f. I ] - f t d/ f foit,
aconst nantqos iy TPletes $righ 58 4 BiheAt Sersipr t Bonptah WhElTAhEA on
nol ecul e arfdéion ﬁmmmmprtdwq gefuertids hrodydifferestdmeiass eignhurmaacarrbove
may be nonocl onal i munogl obulin antibodi es of any known specificity and

i sotype, friHgHE®ts thereof and/or fragnents thereof fused to effector
proteins. The anti body nol ecul es may be chineric, humani zed or human

anti bodi es. Antibody fragnents contain at | east one antigen-bindi ng domain
of an ant i bty recarabibadt bindingrerlecuias dasedronitse debeription abavesedn ben t he

rof or oncey "oy BAFG sierp AlrelP, EAftesico B UGG G ThR, BboBfginan

fragments, Hitdibg nolebuied mdekdt 60 ther deseriptionl hbdveridznbbei abnospecifither

| mmunoactive portions, fragnents, segnents and other snaller or |arger
partial anthl fL'%PF Qﬁp@gmﬁ’erei n the latter possess sufficient targeting
proper{g es or inmunol ogical stinmulatory or inhibitory activity so as to be
t herapeutically useful within the nethods of the present invention. Such
ant i bodi es The prefededi biadingr proteipsrarécsalectednirom binging proteinsbyavisg a

therapeutic activity.

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

growth factor or peptide.

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

fragments thereof.

Antibody molecules as mentioned above may be monoclonal
25 immunoglobulin antibodies of any known specificity and isotype, fragments
thereof and/or fragments thereof fused to effector proteins. The antibody
molecules may be chimeric, humanized or human antibodies. Antibody
fragments contain at least one antigen-binding domain of an antibody.
Antibody fragments have been described extensively in the literature
30 (reviewed eg. in Allen (2002), herein incorporated by reference). Preferred
examples are single-chain Fv fragments, Fab fragments, F(ab2‘), domain-
deleted versions called minibodies, and other immunoactive portions,

fragments, segments and other smaller or larger partial antibody structures



of transgenic mce or from phage display selections, ribosone display

sel ections, or colony filter screening of antibody libraries containing
human antwbaddw/®etgdences or rel ated met hodol ogi es. Bi ndiPQE/EP2@9AD0I388 Wi t h
anti body |ike properties as described herein may be genetically nodified
proteins or domains of it in which one or nore peptide |oops are random zed
on the level of amno acids in such a wgy_-that high affinity binding

nol ecul es with high specificity can be enriched agai nst any antigen from

| i brari es ofherairhthmllatten pesspssphaffioietit dpigeyingr priopedias dr spinaynolegicahy

hi oh t her natruiatery of iR IEM BERuGRG Bs 0 Mk D BBGET A iRrEulfiitne Meve
r econmbi nantmethipde TF e peessre imverition. as E. coli, yeast, insect and nmanmalian

expressi on system Exanples for such binding proteins with antibody |ike
properties are ankyrin repeat proteins as described in Binz et al. (2004),

the |ipocald ; ' ' e I S
hoccr| Roq 2 Suth AHSHEE s he deted frdn %ggﬁ%‘?rgtbgﬁ%ﬁﬁ@s%gﬁ 'g'fééﬁ% N es)
as descri bed transgeniommice ar. frop00F)ageordisplay salealiong, 200030roe  display

b onee AeldARACH BN SnePar Sl Eey, Ghs AR Byl T Lo
mul ti chai n anvibeaylsegusheseonrdlatedantitoediodieke nol ecul e possesses

sufficient targeting properties or inmunological stinulatory or inhibitory
activity so as to be therapeutically useful within the nmethods of the

presenfg | ”‘B%Héihgpprloi‘?g%hﬁﬁh e%‘hgbgg Iékfe bRp RS BBL dedbRRl RErdir® rlayTfghod for

treatnent of a pro erativ [ se, In'particular a hyperproliferative
di sease, sugenetisally modifiec pratainseer, domaing of itgnadichiatecor mprerpeptide

P et S 4 ARRYER SR 0k e IR BB RS BRI o o ¢ e
present | naffiityobinding/ nialécules with high specificity can be enriched against any
antigen from libraries of such molecules by phage display, ribosome display,
15 colony filter screen or related methodologies. The selected proteins usually
have high thermal and thermodynamic stability and are well expressed in
recombinant expression systems such as E. coli, yeast, insect and
mammalian expression system. Examples for such binding proteins with
antibody like properties are ankyrin repeat proteins as described in Binz et al.
20 (2004), the lipocalins as described in Skerra (2000), the gamma-crystallins
as described in DE 199 32 688.6, the modified protein A scaffold (affibodies)
as described in Hogbom et al. (2003), or Nord et al. (2000) or the fibronectin
framework and others. Antibody-like molecules can be monomeric or
repetitive molecules either constructed as single-chain molecules or as
25 multichain molecules wherein the antibody-like molecule possesses
sufficient targeting properties or immunological stimulatory or inhibitory
activity so as to be therapeutically useful within the methods of the present

invention.

30 Another subject of the present invention is a method for treatment of a
proliferative disease, in particular a hyperproliferative disease, such as a
tumor or cancer, comprising administering in a pharmaceutically effective

amount to a subject in need thereof a recombinant oncolytic virus of the



antigenone of the present invention, and/or a DNA nol ecul e of the present

I nvention conprising at | east one further transgene having therapeutic
activity woenosgprogssed by a virus-infected tunor cell @QEORRVY/0PBOS a

bi ndi ng protein as descri bed herein. Binding nolecules with additional
function The binding protein may be a fusion protein conprising at |east
one binding domain, e.g. froman anti hofly, and at |east one heterol ogous
dormai n. "Het erol ogous” has the meani ng as di scussed above in the context of
het er ol ogoLm'egemteénvémi@nbi adivitgs pgenemes afedbe i peaseaboirwentien.ald evitus

nt v abody gtgengyierafid BRERRLIRERINE aBkich 4.5 olubte AR afesinEd
payl oad carinentRrh&oefsHshgpust deusti bneefgther transgerselchiavisg hmpaw&e (De

Lorenzo et al 2004) (Zewe et al 997) Pseudonopnas e oto audhary
et al., 19@33“\/@»@%@%%?(1: ¥@aW'USI9’§%%te@BHW£C§[ | efycodingg CBI’}Sht heri a

toxin (g(reir#rgﬁrhgg scnb B3leihChaudhary et al., 1990) (Batra et al., 1991
), Or an enzyne suc et agal act osi dase, beta-gl ucuroni dase (Roffler et

al ., 1991 ) (V\ang et aI , 1992) (Bosslet et al., 1992), beta-glucosidase
(RovMinson- a 1992;_I carbox tidas Antoniw et al., 1990),
(Bagshawe ng "1§|§§ Ieso@'t'@] 3§$§ﬁﬁkﬂqﬂﬁmgpherapeutlc efficacy, or an
I mmune- st i nmul atory protein with cytoki ne activity such as 1L-2, IL-12,

TNF- al pha, 1FN-beta or GWCSF (see e, g. review by Allen (2002) I.n anot her
exanpl e t helhg RbNding praseid W@Yd&érfﬂﬁ@d‘ RIGRIB QPMRIISING 36 AR ONenPIRGRIA st i ¢

or agofy stify | y ch.i PSAH | fa t@g @@m]

ant aggm sti c/’ﬁ%@c%aﬁ fmdﬁgéntﬁfb%'fl es aér)[th : e|t?1h tosre>%/i g\ﬁlbody

Avastin (FeHe&eml@oual .hag(be) meamingHERR (digaussed epbave bhothie wgntexti dbdy
heterologous genes.

The binding proteins described above are able to deliver a payload to a

15 disease specific site (e.g. a tumor) as a so called intrabody or as extracellular
available binding protein. The delivered payload can be a heterologous
domain, e.g. a toxin such as human RNAse (De Lorenzo et al., 2004) (Zewe
et al., 1997) Pseudomonas exotoxin (Chaudhary et al., 1989) (Kreitman and
Pastan, 1995) (Batra et al., 1992) , Diphtheria toxin (Kreitman et al., 1993)

20 (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)
(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

25 cytokine activity such as IL-2, IL-12, TNF-alpha, IFN-beta or GM-CSF (see
e. g. review by Allen (2002).

In another example the binding proteins described above have themselves
antagonistic or agonistic efficacy which is therapeutically useful. Examples
30 for antagonistic/blocking binding molecules are the VEGF inhibitory antibody
Avastin (Ferrara et al., 2004), the HER2/neu receptor blocking antibody
Herceptin (Noonberg and Benz, 2000) or the EGF-receptor blocking antibody
Erbitux (Herbst and Langer, 2002). Agonistic binding proteins can be binding



Herceptin (Noonberg and Benz, 2000) or the EG-receptor blocking antibody
Erbi tux (Herbst and Langer, 2002). Agonistic binding proteins can be

bi ndi ngprwOebemIste’ch i nduce for exanpl e apoptosis (CGeorgakipgoogombs , 2005)
or have regulatory activity on DNA, RNA or proteins (e.g. induce
transcription, stabilize proteins). The review by (Adans and Wi ner, 2005)
descri bes various therapeutic antibodieggthat could al so be incorporated

into an oncol ytic virus Prodrug-converting enzymes In the oncolytic
r econbi nantpredeéins/whigh intluce éonpexsaple apoptasis d¢Georgakiaet aba2@0%rar Havet her

transgene | h utic I v e nr.e d. A L.nf.ect ed

t unor ceIIqﬁégggg&eggﬁaﬁhoﬁr&gﬁégﬁgﬁévg?tﬁﬁﬁéﬁﬁzéigi'&%ﬁﬁ%&bﬁgi#@agﬁ

deri vati ve stibiizeroteins) THe aelieer dye(Adamk| sndcWeirerg 2Q08)ndesaribesh can
be enzymati cal | onverted into the active conpound.. Prodru %anerting
enzymes ar JAIRLSiheTaRBYlR Edibogis, dhel roUS AIbar bg IKPEPATAIY Into. an
therapeyti GcbytiGliduge drug. Therefore subject of the present invention is
a pharmaceuti cal conposition conprising a reconbi nant oncol ytic virus of
the present invention, a virus genone of the present invention, a virus

ant i genone ( I V. Lon, and/or a DNA nol ecul e of the present
I nvention a@!o&&ﬂﬁ&%ﬁe?ﬁh&%&%%é)opt lonally together with pharmaceutically
acceptabl e carriers, diluents and/or adjuvants, which virus, virus genone,

anti genone and/ or DNA nol ecul e conprises at. | east one one further transgene
havi ng t herBBancoliicirerembinat RNAddisRf the rresepLinventieRtibg AtURast cel |

encodiqpg f%n@fﬂh%@"tr‘é%‘s%@ﬁé ‘F{aﬂlir%tlh;%ﬁép(é[ﬁic J&%itﬁ%éﬁi fiielsS8l byATRRgsL | on

may further conprise a prodrug can be conhverted into a
t her apeut i defectediisinmarecationpy godefor alpsogiugacanyesting enzymeenzyne encoded by
the virus, virus genone, antigenone and/ or

A prodrug is a derivative or a precursor of a therapeutically active compound,
which can be enzymatically converted into the active compound. Prodrug-
15 converting 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
20 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 optionally together with pharmaceutically acceptable carriers,
diluents and/or adjuvants, which virus, virus genome, antigenome and/or
DNA molecule comprises at least one one further transgene having
25 therapeutic activity when expressed by a virus-infected tumor cell encoding

for a prodrug-converting enzyme.

The pharmaceutical composition may further comprise a prodrug which can
be converted into a therapeutically active compound by the prodrug-
30 converting enzyme encoded by the virus, virus genome, antigenome and/or
DNA molecule. The pharmaceutical composition may be suitable for

treatment and/or alleviation of a proliferative disorder.



DNA nol ecul e. The pharnmaceutical conposition nmay be suitable for treatnent
and/or alleviation of a proliferative disorder. The prodrug may be

f or mul at ewlOi2n0909Si6ngl e conposition with the reconbi nant Pom@EPReUI0e0308 r us of
the present invention, a virus genone of the present invention, a virus
anti genone of the present invention, and/or a DNA nol ecul e of the present

i nvention as an active ingredient, or ygy_be fornulated in a conposition
distinct fromthe oncolytic virus forrmulation. If the oncolytic reconbi nant
RNA vi rus ofhe peodrug seay be ioemtlated ina sitegle tompasjiiondwitly the recanabingnenzyne,
the oncolytic virus. of th r nt, i nvention cause el ectj expr I on of
t he prodr ugqrtc(?),wé:r Hrﬁ% %fn%?éﬁe@ {ﬂvlel?g'fsﬂ’f &'{Vgﬂgti‘?@%rbgcéf ;{R?I é’gsgﬁfl cul ar
a tunor celihyenttir;hai sirus Uaitigenodte o6f figd prebénciisvdntionexand/esi agDNAe
prodrug converting enzyne. Thus, durjing treatnent of a subject in need

) 1 ng
thereof, tHBOlCHE @ INe dpeeent dnanjioBoASeRPeACHYR dNOIRdIGHarGfafiRt iR
active £2onggHAdIatdY éébﬁﬁiogﬁfdn' distiﬂctﬁﬁ{]rh tRd! bﬁ&olggf Jirhi§ T¥m@8tibn. but may

essentially not be converted into the therapeuti l'y active conpound in a
non-target cell, in particular in a healthy cell of the subject to be

aro reduced B-BERG M BaRtRRE il el FgRtH e R baBtiei s pound
al one. | n tgredagpeeniertifg t&tzypheseng orootytid airust b the opitasentrEisvérstion
derivative or a precursor of a_therﬁgeutlcal Ig@r?ctl_ve conpound suitable for

treatment HRYSEP M LKBIESEION OpLBE i RIEABHT-GRNATIRY RNZYMGIBA YFHEnd
cancerqg WhijgfacRiP ¥4 tféé(rq Qﬁ ﬁé?ﬁ%lﬂéFeadtlﬂﬁoﬁchlPWHikﬂw GOMSEalY HbtesZneE. The
un nown by a p |1

prodrug nay be a cofpo | erson skilled in the_art. Derivatives
and/ or pr ecufficienthar expressingbythe pwodaug stonvesiing nenragner t Thus, i duringef er r ed

that the prtPedartHT%nit Bf %Sgﬁlgj%ﬁlnl Xegg%g%%?,ulthiecﬁjold%é ’i‘sagbéé{iﬁcé‘iﬂﬁéé’ﬁvé?{’éb‘ oxi c.
into the pharmaceutical active compound in a target cell, in particular in a
tumor cell, but may essentially not be converted into the therapeutically

15 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.

20 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, tumor or/and cancer, which prodrug can
be converted by a prodrug converting enzyme. The prodrug may be a
compound known by a person skilled in the art. Derivatives and/or

25 precursors are known by a person skilled in the art.

It is preferred that the prodrug is essentially pharmaceutically inactive and/or

nontoxic.

30 Examples of prodrug-converting enzymes of the present invention are beta-
glucuronidase, beta-galactosidase, beta-glucosidase, carboxypeptidase,
beta-lactamase, D-amino acic oxidase. Further examples are known by a

person skilled in the art.



Exanpl es of prodrug-converting enzynes of the present invention are

bet agl ucur oni dase, bet a-gal act osi dase, beta-gl ucosi dase, carboxypepti dase,
bet a- | actwoas®/09Ex6am no aci ¢ oxi dase. Further exanpl es ace/Era@o0d3ys a
person skilled in the art.It is preferred that the prodrug-converting
enzynme is essentially not expressed in non-tunor cells. The
prodrug-converting enzynme may be obtaingsl_froman organi smselected from
manmal s, plants, fungi, and m croorgani sns such as bacteria, protozoa and
viruses. A nost preferred conbination of the prodrug-converting enzyne and

d [ . i b - gl i,d d,. d [
ol o9 U BRI R RE o A O 1L SRRt
exanpl e i s dirasstdl indwrptumbetalisyl ucur oni de) which can be converted into

doxorubi cin which is a known conmpound for treatnent of cancer. Another
subj ect of the present invention is a nmethod for treatnent of a

prolifeyatijg grﬁ@%nvanmﬁréﬁ%@m@ DY RBEAREY ok ahi or§aHisht8Rcted/Ch as
a tunor or cancer, conprising admnistering 1n a pharmacéutically effective
anount to draubjreemmais,ngdantshefungi, sandeovichdorganisore osyeh cawyi bagteda, t he
present invention,_ a,Vvirus genone of the present invention, a virus

anti genone %PEQZI‘?@ %}de\é'élfﬁesr nventi on, and/or a DNA nol ecul e of the present

i nvention conprising at | east one further transgene encoding for a prodrug
converting enzyne as_described herein. In particular, suQ%fct of the

present i nvanTPsh Arefesracecrambination Qfathe mrodfudsconvening reizyme Anedse, in
o . . . &
par ticqy ar .;ﬂ'oﬁ?i.ri%)efspEObélf Sét%t-?l.\{l%uﬁrgé’%‘efané %Broarﬁgmﬁéh caRBY EShvished

adm ni stering a phar maceut i ca ffective amount to a subject I n need
t her eof (i )byabeta-ghtsurenidass doloy ancadtiveusytstoxihecqmeswrd. Anvexample isa vi r us
genone of HMR1826 (doxorubicin-glucuronide) which can be converted into doxorubicin

which is a known compound for treatment of cancer.

15 Another subject of the present invention is a method for treatment of a
proliferative disease, in particular a hyperproliferative disease, such as a
tumor or 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

20 antigenome of the present invention, and/or a DNA molecule of the present
invention comprising at least one further transgene encoding for a prodrug

converting enzyme as described herein.

In particular, subject of the present invention is a method for treatment of a
25 proliferative disease, in particular a hyperproliferative disease, such a
cancer, comprising administering in a pharmaceutically effective amount to a
subject in need thereof
(i) a recombinant oncolytic virus of the present invention, a virus genome of
the present invention, a virus antigenome of the present invention,
30 and/or a DNA molecule of the present invention comprising at least one
transgene encoding for a prodrug-converting enzyme, and
(i) a prodrug suitable for treatment of the proliferative disease, which

prodrug can be converted into a pharmaceutically active compound by



the present invention, a virus antigenone of the present invention, and/or
a DNA nol ecul e of the present invention conprising at |east one transgene
encodi ng wor@/q9swdr ug- converting enzyne, and (ii) a pr@edrEpeioosbs e for
treatment of the proliferative disease, which prodrug can be converted into
a pharmaceutically active conpound bythe prodrug-converting enzynme of (i).
The met hod may conprise the adm nistratjopn of a single pharnmaceutical
conposition conprising both conponents (i) and (ii), or nmay conprise the
adm ni st r at i othefprodwigeiastvienting ehzymeofi).i cal conpositions, one of which
conprises conponent (i) and the other conprises (ii). Proteases In the
oncol ytic reconbi nant RNA virus of the present invention, at |east one

further tranggensthbavimay to@peinethecaaminivtrationdfna esimgle spiesrniyeeautical
virusinfected tunpr cell may code for a protease, Therefore subr{Sgct of the

present i mAOMPGHIGR camprising: eth cerPAsRbD £ ansh (hoRpMAY £§MPrisecti®bi nant
oncol Yig ¢ idrhifistanbiCoP't8 Caistinet! BRbirRcedtica) 'dinRdIReRs, Obnd 6t AbRseNt

i nvention, a virus antigenone of the present i1nvention, and/or a DNA

mol ecul e ofconrisasesamponentdijtarshthesothar eempriees Gigr edi ent optional |y
together with pharmaceutically acceptable carriers, diluents and/or

adj uvants, which virus, virus genone, antigenone and/ or DNA nol ecul e

conpri ses Protéasés one further transgene having therapeutic activity when
expressed by a virus-infected tunor cell encoding for a protease. The
pharmaceutical conposition nmay be suitable for treatnent and/or alleviation

of a pfepl i fignAL io%%oﬁ}tiégééﬁ@bidé‘nttﬁ}@AQﬁme'c}ftth& p’r&§éﬁﬁh9€ﬁﬁorﬁ%lé/%§tl®e0f the
present invention encodes for a protease, the oncolytic virus of the
present i nJartheotramsgenausavisg|thetapautiex petistyi wheof exprespedtinase virnsa

virus-infeqted, LPARSr Gt al'dBdB¥6! hBfofasd. t UMm™"

Therefore subject of the present invention is a pharmaceutical composition
15 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 optionally together with pharmaceutically acceptable carriers,
diluents and/or adjuvants, which virus, virus genome, antigenome and/or
20 DNA molecule comprises at least one further transgene having therapeutic
activity when expressed by a virus-infected tumor cell 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 may cause 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,
during treatment of a subject in need thereof, the protease may irreversibly

30 cleave a target polypeptide in a target cell, thereby inhibiting proliferation
and/or growth of the target cell or killing the target cell, but may essentially
not cleave the target molecule in a non-target cell, in particular in a healthy

cell of the subject to be treated. By this strategy, undesired side-effects of



cell) which is usually not or not sufficiently expressing the protease.
Thus, during treatnment of a subject in need thereof, the protease my
i rrever siwbyogdmswse a target pol ypeptide in a target celPCI/EPh@9s0s08

inhibiting proliferation and/or growth of the target cell or killing the
target cell, but may essentially not cleave the target nolecule in a
non-target cell, in particular in a hemsighy cell of the subject to be

treated. By this strategy, undesired side-effects ofprotease treatnent are
reduced. | tprotegsedfeatment anareducedor ot ease is a sequence-specific protease.
More preferred is a protease specifically cleaving a target pol ypepti de.
The protease may either be of natural origin and nay be derived from any

speci es or |t tis nErefdieed thanene egrotéadeds a8 | Sequashicergirstific!iprefdagef iWlore
specific cl eavage of a predeterm ned target pol ypeptide can be det m ned

by a persorprsfarrqdedsla prtease | speqfically pi?@vws.as taragiuprlyeeptideail
sequengg %é%%%sméfe&ﬂgﬁ délo?%&rénsn Wtﬁ“rgQg?B@@erﬂF‘e%c (?lﬁguébstrate

generat | on prot el n-engi neered prot ease redet erm ne
specifity. sne@m onot doaynieatengineeredr eAminon @cidi sgqognces ssuitable fohea t ar get

nol ecul e of_t he. pr.ote ul crib bel pw f or
(o oot s of SeATIcheRVATE ohd phis i hef HBtod! e riidB BT B bt o7
met hod for By &perssn skifedirmnthel af&eé@t brahdibBRRSEf, pwbllclaﬁé\flallalblélée@mnce
hyper prollferatlve di sease, such as a tunor_or_ cancer onprisin

adni ni st er i93jabases. piép n’@@@@f@%@ﬁ%ﬂ ePF‘éctLt‘%e 2&%@972%7601 99%‘}’&?& the need
ther eofg a rgﬁ&@?@ﬂlmﬁ? p?@t‘ém-iéﬁgﬁe\é'réd‘%ré’tfeaE% Mf@éﬁ@%g%[@tfﬁgﬁé@%ubétrﬁté us

genone of tthe present "1 nventi a virus antigeno pr esent
i nvention, spegifity. Bwemaﬁtwmd@@uhentsranemrpmgemedrbwtetfemceorrpr| sing at
| east one further transgene having therapeutic activity when expressed by a
virus-infected tunor cell encoding for a protease.
The target molecule of the protease may be any target molecule as

described below for targets of binding proteins.

15
Another subject of the present invention is a method for treatment of a
proliferative disease, in particular a hyperproliferative disease, such as a
tumor or cancer, comprising administering in a pharmaceutically effective
amount to a subject in need thereof a recombinant oncolytic virus of the

20 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 further transgene having therapeutic
activity when expressed by a virus-infected tumor cell encoding for a
protease.

25
The transgene of the present invention may encode a fusion protein of a
prodrug-converting enzyme as defined above, a binding molecule as defined
above and/or a protease as defined above. Especially preferred is a fusion
protein of a prodrug-converting enzyme and a binding molecule or a fusion

30 protein of a protease and a binding molecule.



The transgene of the present invention may encode a fusion protein of a
prodrug-converting enzyne as defined above, a binding nolecule as defined
above andwono@/pswrease as defined above. Especially pretCempea)9ioso3as f usi on
protein of a prodrug-converting enzynme and a binding nolecule or a fusion
protein of a protease and a binding nol ecul e. Therapeutic Applications The
present invention relates to a pharnmacewfical conposition which conprises
as an active ingredient a virus as described herein, a nucl eocapsid of the
virus, a gdimrapeltictApplicatiorss a DNA nol ecul e encodi ng the genone or/and
an antigenone of the virus, optionally together with pharmaceutically
acceptable carriers, diluents and/or adjuvants. The pharmaceuti cal

conposi ti orHERYreSem AMVEIRrATeRited! 1 | PNphSHFRRANBCAN . comnpdsiioh | whrhe or in
any other suitable form In addition to the active ingredient, the

conposi t i oIfOMBFisesnAS san cactiyer ingredientr g, Viust &% odRscribed/ dierai, u@ant s as
known igh ”?'l%c?é'qtcﬁ f&eo‘fotrﬁgo%lrhé,o% offfe a(?fmrﬂé S\Iir%rseﬁrea IONA Fhdikcule

topi cal'l y, nasa 9, pul nonal I'y “or I'njection locally or 1 ntravenously.
The phar naemcbding theoggrasné iovfandsamamtigesdmecaf the \drysh @ptienaliyt iogeither
effective a u&gl dependi ng on tlge Ity e .of ilsorder t he @atient' s condition
and wei ght W IAeUlcaliyAccrriable GRSHers, diuentsaridiel 9diventSy 1012 virus
particles, 108 to 101 1 , 107 to 1010, or 106 to 109 virus particles are
adm ni stered per application. The oncol ytic therapy may be optionally

conbi ned wilthe phareraceutisal ¢grepapties f@@bgeéﬁ%'dﬁg@@? splHios: BYsPLIMIPDI

chenother a . cyelap p i_de. : t » r F i
treat tr?lgnt ) I%el)? anI(I) eerggslﬁe?:ﬁ?i Qﬁ?rnglf"rktléotgéf f)BraTH{'r g’g?éndéfr'l I&%ﬁ%atﬂgérao%@eer ative
di sease or /isgredizantcdhe comppsiiong naayr corsprse ncariiarss phfiersacawfacantsy
effective a”% nt (5.0 a subj ‘((act I n rt‘uﬁaedrtt I:i,%r eof a r.econbi ngnt ncolté/t idc Vi rus
conprises &9 jHyaRfs as kKnown in the art. The composition may be administere
e.g. orally, topically, nasally, pulmonally or by injection locally or
intravenously. The pharmaceutical composition is administered in a
15 pharmaceutically effective amount depending on the type of disorder, the
patient's condition and weight, the route of administration etc. Preferably 10°
to 10" virus particles, 108 to 10", 10" to 10", or 10° to 10° virus particles
are administered per application. The oncolytic therapy may be optionally
combined with other tumor therapies such as surgery, radiation and/or
20 chemotherapy such as cyclophosphamide treatment and/or hyperthermia

treatment.

Yet another aspect is a method for treatment of a proliferative disease or/and
cancer, comprising administering in a pharmaceutically effective amount to a
25 subject in need thereof a recombinant oncolytic virus comprises as described
herein, a nucleocapsid of the virus, a genome of the virus or a DNA molecule
encoding the genome or/and an antigenome of the virus, optionally together

with pharmaceutically acceptable carriers, diluents and/or adjuvants.

30 According to the present invention, a recombinant oncolytic paramyxovirus
can express a soluble binding protein, a prodrug-converting enzyme and/or a
protease 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



herein, a nucl eocapsid of the virus, a genonme of the virus or a DNA

nol ecul e encodi ng the genone or/and an anti genone of the virus, optionally
t oget her wot2hogphsremaceuti cal |y acceptabl e carriers, dil pemep2eoaiasos

adj uvants. According to the present invention, a reconbinant oncolytic

par anmyxovi rus can express a sol uble binding protein, a prodrug-converting
enzyme and/or a protease that may renmaiggeither in the infected cell or may
be secreted, such as an anti body, an anti body fragment, an ankyrin repeat
protei n or kindingenblecdienas apécitied bebav.speci fi ed bel ow. As an exanpl e NDV,
the strain MIH68 was chosen in the present application because it has an

I nherent oncolytic property with prom sing data from experinental clinical

treatnents A et egahplel WUDWOViNEs swzih HIMHBE, w29 0fhosdm AT the i plesent
however, nost NDV strains with nultibasic fusion protein cleavage sites may
be used as anRligatjen begguse § asy an irharephenedytiopranartyy with premising data

geneti t ardHO i ! I t k& : Ol )7 ot e S
doscri bod NED: RAfRrhEnBRRINERP Redets F' pldits (SRS, B8 Flofvarf
pot enti al . 2009)cbmpiimzpleo howfevencubgt NOV\BIvains twith hedtitpesic fuesidn pdotedn

proteins, prodrugconvert.i enzynes and/.or_prateases pof fhe above described
br oper 1 es AR ES A v RERI G vl adedh 367 e Pralmygrtid

t her apeut i CEle RvVieRse gbRéticsTieehnbely)is apphcdtie teplliseainglg virus targets the
bi ndi ng protein drug, the prodrug-converting enzyne and/or the protease to

the preferred site of action where it is expressed in situ in high |ocal

concenfq at | RgingHoleiRs %tsf' Ss GRS have ‘ifé%ﬁcééﬂoﬁé’tré’t%gvt%ra(e %?'th lve

and the bi ndi ngTproteln, e prodrug-converting enzyne and/or the ot ease
with its rdbprapeutic pobentiadi action will add to the intrinsic therapeutic
oncolytic activity of the NDV. Based on the replication conpetent nature of
the used virus and the selective replication in tunor cells the anpunt of

expressed tTransgebidtionnsfisricolytic NDV with therapeutic binding proteins, prodrug-
converting enzymes and/or proteases of the above described properties will

15 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 where it is expressed in situ in high local concentrations. Such protein
expression is expected to be very selective and the binding protein, the

20 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
replication in tumor cells the amount of expressed transgene [binding
protein, the prodrug-converting enzyme and/or protease] is expected to be

25 roughly proportional to the mass of the tumor.

Antibody molecules or antibody like molecules or derivatives thereof are
ideal binding proteins to be used with the NDV-system. Antibody molecules
have been the subject of intensive research and technologies are now
30 available to generate antibody molecules which are non-immunogenic, very
selective and of high affinity. The local expression of antibody molecules at
high concentrations lead to very significant agonistic or antagonistic efficacy

or efficient targeting of effector molecules with reduced toxicity profile



protein, the prodrug-converting enzyne and/or protease] is expected to be
roughly proportional to the mass of the tunor. Antibody nol ecul es or

ant i body wpkeowmwbwscul es or derivatives thereof are idealPChiRrdéagoEn®t ei ns
to be used with the NDV-system Antibody nol ecul es have been the subject of
I ntensi ve research and technol ogi es are now avail able to generate anti body
nmol ecul es whi ch are non-i mMmunogeni c, vesy.selective and of high affinity.
The | ocal expression of antibody nol ecul es at high concentrations lead to
very si gni fdosepareddostandarddherapyagoni stic effi cacy or efficient targeting
of effector nolecules wth reduced toxicity profil econpared to standard
therapy. The use of antibody-like nolecules in the NDV systemis expected

to be even Fheseodf. afmﬁs@ ncé enslbeslesria d@N@r\ﬁ'd;yétym I¢lexplecter] kb e
affinity bindinggwlth ver h thermal stability and yield conpared to

normal ant i9YSAi 4PeNier. ¢ et Juolsculase agsdesigneshder Gtiy§aig i ecul es
the repgti tle&in hevéé/t r‘i‘ﬁ'e?rﬁ'a“ StaBiiyPand! %Iél‘nlé'&nﬁgf&f 4bNBokRaf he

respective targ or o zed targeting,” binding, N[ bition or
act i vat i on.antibediegi flhethencabe nefi the sokyiinibasedegniilzodyblike: ondeaeigéswihteni n one

ankyri n-opestiie SRV cdod FliEade eeh' be? FobBILoRdRG i e 1 e
Iy ol st s st g iy ston e 1

surfaces thapn it 0SSi blef\

i mportant i Wﬁ&&l@i‘ﬂ?ﬁ”%ﬁ&?@ﬁ igities e H%Qﬂ"é‘?‘&@f’l%‘%" Offfe@RiBd1R B10 %‘N’%ct ure
can al b e

bl ocklﬁg ankyr nﬁg gﬁée'aéd_%sfﬂélﬁgkofsfb\éﬁﬁ in Eé@a(\én yrﬁpﬁkpgaggﬁdﬁoqg %\;e%bgre
extrenely stts| wntb\wﬁemm&mdwuepa@ﬁ@ba@h Thisnmaskdar stpueioe edlowsnthee

designed tq_t . | NS i NSl t Il (e r dy," ) ogsible is
the use of %V@&%’?hgg 'g{d'%lgi rs?cﬁl ggéagg'bt&:Bﬁe-clﬁoayﬁa&g%qﬁgﬁcits '% %SS%IB 1!
antibodies, which can be extremely important in blocking protein-protein
interactions. The modular structure can also be exploited to block several
15 effectors with only one single blocking ankyrin-repeat-protein.

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

20
Also possible is the use of libraries of binding protein-coding sequences with

NDV for in vivo target identification.

Possible targets for binding molecules or/and proteases can be all structures
25 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
which are relevant to a certain type of pathological phenotype. These can be
structural proteins, enzymes, growth factors, growth factor receptors,
integrins, transcription factors etc.
30
Even targets that are not drugable by small molecules (protein-protein
interactions, DNA-binding etc.) can be addressed by this invention.



NDV for in vivo target identification. Possible targets for binding

nol ecul es or/and proteases can be all structures of a target cell or of the
ext racel Iwbapowmsre7x surroundi ng the target cell which eam/mreommesghi zed by
t he descri bed binding proteins or/and proteases and which are relevant to a
certain type of pathol ogi cal phenotype. These can be structural proteins,
enzynes, growh factors, growth factor.ggceptors, integrins, transcription
factors etc. Even targets that are not drugable by snmall nol ecul es

(pr ot ei n- pridtesiconibinaticre taf othe, obkiBlytic INDNVg aetctherapeutice binidingsproteiby, t hi s

or ot oi s, PORGERDRTING | SRS makd ah P GIC s dis G B s PTeA ERor ei

are envi Sagé?ﬂnsfa?’edtfée theé erabfrasnt of inflafinaaion) Qisgade $og Sthetintatoidnattvitisoi d
arthritis and o cancer. For the treatnment of cancer all pathways which

cont r| but e ansl ef@angslel opnent of cancer can be targeted. These pat hways
are: f-sufficiency in growh signals, insensitivity to growth-inhibitory
(anti grovvt h) signals, evasion of apoptosis, limtless replicative

potenti al, l&nstthienémaamnghbgeﬁesamerarail tpatbways nwdichon canttibuibe ata athies. A

sumar of hese pat.h VA en n h e

Si gnal iyng péft ? th(ga aé‘rcérf: %@hg?tggaﬂﬁeg%nﬁgﬁwgé‘%ergpgggfgg%%c% can
be targetednb grd\ﬁtﬁ @RS, bmlse%mﬁr\mactb agiowithentiBrent qantu%mmes@mmase
pat hway (RTK) pat hway, RB. and p53 pat hway, apoptosis pat APC pat hway,

H F1 pat hweg¥as@n obapﬁmsls iy %fwwt'&@.mw%mwﬁm%wwﬂea i8i | ed
(2000 o o e S U SO s b T ert o
i nt erfere \int(hasabanhand Méeinkarg, 20 0e Sigriatipgprathways thﬁbaee frofolvedainpl e
protein pr %g'tﬂmorﬁiggﬁgglls' grréscegg cabrln %%kf%ggeted by the described approach
are the receptor tyrosine kinase pathway (RTK) pathway, RB and p53
pathway, apoptosis pathway, APC pathway, HIF1 pathway, GLI pathway,
15 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
20 protein 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,
25 Met)

- competitive binders for growth factors (antagonists)

- blocking proteins for Rb-phosphorylation

- blocking proteins for E2F-dependent transcription

- stabilizers for p53
30 - antagonistic binders for antiapoptotic proteins (e.g. Bcl-2)

- antagonistic binders for cyclins

- antagonistic binders for Ras effectors (eg. GEFs)

- antagonistic binders for hypoxia induced proteins (e.g. HIF1a)



Exanpl es of binding proteins intervening beneficially in the above

descri bed pathways in cancer cells are: - blocking proteins of autononous
active grwetzhosmmsteor receptors (eg. EGFR, Met) - conpet iPCIDEP2m9/0060% f Or
grow h factors (antagonists) - blocking proteins for Rb-phosphorylation -

bl ocki ng proteins for E2F-dependent transcription - stabilizers for p53 -
antagoni stic binders for antiapoptotic.pgoteins (e.g. Bcl-2) - antagonistic
bi nders for cyclins - antagonistic binders for Ras effectors (eg. GEFs) -
ant agoni st i inhibittrs sof dransgpptiora fantbus etthap riotegiens \Widh gdimdirizatian, DMNAi bit or s

of transcriptiqgn factors that .interfere w I merization, DNAbi nding
or/and cof ac?' g"l?i (?{Z"?'h%c?%&?orl\weﬁ'ﬂg%fg'- Wﬁé\a@grs of differentiation -
i nhi bi t or s ghdacerd Fidifferehtiatiors r ansl ocation - inhibitors of cellular

adhesion interactions (cadherins, integrins, eg. abSbl, avb3) - inhibitors
of enzymes tiRBPItaEyPLuBad sonalinglkansiaralionmt rix (eg. MWs) - antagonistic
bi nder g f or_ mhﬂﬁi?% QI RIGIaL | SR FlerszBbH !(e%af%s“,%)mreghn@: eg.t asgwf
mtotic kinases (eg. Plk- - antagoni stic binders to prodangi ogeni
receptors - avd)bitors of scaffold conplex formation (eg. KSR/ Ras) -

inhibitors of, translation initiation | F4 ElF2a) The pro of the
present i nv‘éﬂﬁbgﬁfs ?‘ﬁ%“za’m%% -téfc?ﬁ\/%Qé ﬁ‘}?gegtmlg aémt la (Eﬂe er apeutical ly
active conpantdgonistic bRdicrs (on proadgiogenis ligamelsegseslubieWVEGH-R) by t he
prodrug-converting enzyne npy al so beneficially I ntervene
- inhibitors of mitotic kinases (eg. Plk-1)
10 - antagonistic binders to proangiogenic receptors
- inhibitors of scaffold complex formation (eg. KSR/Ras)

- inhibitors of translation initiation (elF4E, EIF2a)

The protease of the present invention, the prodrug-converting enzyme and/or
15 the therapeutically active compounds derived from prodrugs of the present
invention by the prodrug-converting enzyme may also beneficially intervene

in the above described pathways of cancer cells.

Recombinant virus

20
Recombinant virus means a virus that has an engineered defined alteration
in its genomic RNA sequence. This alteration may be one or more insertions,

deletions, point mutations or combinations thereof.

25 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
transcriptional cassette. The at least one transcriptional cassette may be
located in between two genes (transcriptional units) of the viral genome. In

30 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 additional transcriptional start and stop sequences are



I n the above descri bed pat hways of cancer cells. Reconbi nant virus

Reconbi nant virus neans a virus that has an engi neered defined alteration
in its gewonhe/®@dk7sequence. This alteration may be onePGH/EPR000/0D038%rt i ONs,
del etions, point nutations or conbinations thereof. A reconbinant RNA virus
of the present invention may conprise the full genom c sequence of a
natural (unnodified) RNA virus or a segggoce derived thereof and may
additionally conprise at | east one reconbi nant transcriptional cassette.
The at | eastequitedt ranscri ptional cassette nmay be | ocated in between two
genes (transcriptional units) of the viral genone. In this case, the at

| east one transcriptional cassette is flanked by transcriptional start and

stop sequermes at [dast aheltearicriptiendirgassette hap Bemprizesettrictionsiteb ssudre
| ocated within a transcriptional unit of the viral ngnoms. In this case, no

addi ti onal 2% BRsterandonst!, whish ma ber wyayeqlidwayapseirtianal £assatiRs at
| east q:pe té"&‘sg(r}ﬁ,ggémm hﬁyanllgggg:g ris% m{@%éfr@ﬁoﬁ %ﬁé§' CF i on sites, such as

Pad or/and I C ni que. two transcriptional cassettes are
present, they may conprise different restriction sites. It is preferred

rcconbi nant 13 BiRepSHhafifE RRE ke 6t Wasehnl 8er” BRutrivki@ne 1 onal

cassette oftwohecprisiearit tianeerptional ddseetess a transgene | ocated, which may
encode for a binding protein,a prodrugconverting enzynme and/ or a protease
as described herein. Any intergenic region between each of two genes

(transgyi ptIhQHélatLrlgéét%neolfraﬁélﬁigYibhﬁl c&ﬁmﬁtﬁe%g@@ iﬁvéﬁ’t’l’orh@ﬁér‘é%fé ng the
at | east one reco I nant transcri pt I onal cassette. | nmore than one
r econbi nanttransgeser iguatehawhicts seayeensoge doena , binding mpagtewal pragdreg- i n t he

same or di féo%rv%mnd Qﬁﬁrﬁg IAin(&/or a protease as described herein.

Any intergenic region between each of two genes (transcriptional units) of
15 the viral genome is suitable for introducing the at least one recombinant
transcriptional cassette. If more than one recombinant transcriptional
cassette is present, they may be located in the same or different intergenic
regions. It is preferred that at least one recombinant transcriptional cassette
is located between the viral F and HN genes, in particular if the RNA virus of

20 the present invention is a recombinant Newcastle Disease Virus.

There 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
25 preferred that the transgene (transgene encoding an avian cytokine, or the at
least one further transgene having therapeutic activity when expressed by a
virus-infected tumor cell, or a combination thereof, as described herein)
independently have a size of up to about 10 kb, more preferred up to about 5
kb, most preferred up to about 2 kb.
30
In the expression (including transcription of the viral RNA into mRNA and
translation of the mRNA) of the transgene as described herein, expression

control sequences such as transcriptional start and stop sequences and



regions. It is preferred that at | east one reconbi nant transcriptional
cassette is |located between the viral F and HN genes, in particular if the
RNA vi r uswof20edmespresent invention is a reconbi nant NewpaIiHP200RiI08E38% e
Virus. There is no known upper limt for the size of the genone of

Par anmyxovi ri dae. Therefore, there is no upper limt for the nunber and size
of transgenes introduced into the recom nant RNA virus of the present
invention. It is preferred that the transgene (transgene encodi ng an avi an
cyt oki ne, wequeaces Cemtsoliingethieutianslationaase eusechaVhagexprassioautcootratti vity
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andsequences contro ng the translation are used. The expression control
sequences dfellaninRyarticulas saqudneess edntthlliop ity transiatiomNAandiarupreiginvhi ch
t he reconbitnant E\IA virus of the present invention is based. In particular,
transcri ptiBeH};ﬁpo art and stop sequences nmay be obtained froman RNA virus.
Expressi on control sequences may al so be obtained froma target cell, in
particul ar sequences controlling the translation and/ or R{fgt ei n transport.
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oncolytic RNA virus of the present invention. The nucleocapsid comprises
the RNA molecule encoding the genome or/and the antigenome of the RNA
15 virus and the nucleocapsid protein. The nucleocapsid may also comprise the

polymerase 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 herein.
20
A further aspect of the present invention is a DNA molecule encoding the
genome or/and 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
25 virus of the present invention. Further, the DNA molecule may be used for
producing 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.

30 Another aspect of the present invention is a method for producing a
recombinant oncolytic RNA virus expressed from a DNA molecule encoding
the genome and/or the anti-genome of a recombinant oncolytic virus of the

present invention, in particular the recombinant oncolytic NDV of the present



virus and the nucl eocapsid protein. The nucl eocapsid may al so conprise the
pol ynerase protein L or/and the phosphoprotein P. Al so subject of the
present iwWoentvosi67s the anti-genonme of the genone of treTmPe@eOOO3NNVENt i ON
as described herein. A further aspect of the present invention is a DNA

nol ecul e encodi ng the genone or/and the anti-genone of a reconbi nant
oncolytic RNA virus of the present inveggion. The DNA nol ecule may be a

pl asm d. The DNA nol ecul e of the present invention can be used for

geneti cal | yineergiameeri ng the RNA virus of the present invention. Further,
the DNA nol ecul e may be used for producing the RNA virus of the present

I nvention. Therefore, the DNA nol ecul e nay be operatively linked to a

transcri ptighgtheraaspeet of gilgreentirtrentiol |9 kN WPonipring W fetdmisinant
transcription control sequence. Another aspect_ of the present invention is

a method f ANGHIBIGuYirMg %f ther pgsenthinventieny cylrnwge/nqrns e&;s'ﬁ%s%r@aemom a
DNA molgeculig,, &ﬂib‘?f} ?gv&u@ Qﬁﬂg&ﬁorﬁ@d/ Prthbh‘ifxé?égdt Qﬁleﬁ ndof €5 OfRiApant
oncolytlc VI T us he presen ar t

I nventi on n particu e reconbi nant
oncol ytic Mmlecﬂlet bé the epses&ntrmeemmn The faellt may tzesaeptol@fyatlmec@i esent

present 1 nved@ramie o601 The Blitomd b 5 FaY JPestnpotiuia SemifyEn &P
anti - genomgjnef nﬁdﬂ@ ;@érﬁ@@l@ﬂylélhaﬁiarpﬁr AUH call NG Tiee eellimapbet isedpiresent
i nvention. The ce be a prokaryotic cell or a eukarKjotlc cel|. The

cell may behg wrtmocl methe. Rresent i invention, for predycing dbe| RNAyiruggfethe
particy arl %ﬂ“mnﬂ()n Wdltﬁﬁlefggételn'\é‘gor T%sﬁﬁﬂ)lhg&%yeﬁfuﬁgcul@

met hod of t e present 1 nventlon ucin t he present
i nventi on. kKwwrabye pgrsoanskilled in thmadr elg.np pxom;yoholsgewr@s suehlasolmn by a

gﬁLZ?;otsiki:l‘l&'gq ;%agf@ﬁrstygteﬁ@%guigﬁ %r_%geé%?tdﬁo_systerrs such as E. coli or

Yet another aspect is an oncolytic RNA virus, a genome or anti-genome
15 thereof or a DNA molecule comprising the full set of genes of
Paramyxoviridae 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 herein. Such a
virus, genome or antigenome or DNA molecule may be used for the
20 manufacture of a medicament and/or treatment of cancer. Such RNA virus,
genome, anti-genome or DNA molecule is suitable for constructing a
recombinant Paramyxoviridae virus, in particular a recombinant Newcastle
Disease Virus by genetic engineering techniques in order to introduce a
recombinant sequence into the transcription cassette. For this purpose, the
25 at least one transcription cassette may comprise a restriction site. If more
than one transcription cassettes are present, the unique restriction sites of
the transcriptional cassettes may be different. An example is plasmid
pfIMTH68_Asc_Pac of Fig. 1 of WO 2006/050984, the disclosure of which is
included herein by reference. Another example is pfIMTH68 murine IgG EDB
30 as disclosed in Fig. 2 of WO 2006/050984, the disclosure of which is

included herein by reference.



Yet anot her aspect is an oncolytic RNA virus, a genone or anti-genone

t hereof or a DNA nol ecule conprising the full set of genes of

Par anyxowvoi2d@a9sré7a set of genes of Paramyxoviri dae i npémirphocaodseast one
gene or intergenic region is genetically nodified, and further conprising
at | east one reconbi nant transcriptional cassette as described herein. Such
a virus, genone or antigenone or DNA nodecul e may be used for the

manuf acture of a medi canent and/or treatnent of cancer. Such RNA virus,
genone, antTherapentical réddanceéecul e is suitable for constructing a

reconbi nant Paranyxoviridae virus, in particular a reconbi nant Newcastl e
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sites a gAn exanple is
plasm d pf Fﬁ)ﬂé«@gaﬁfc‘h e#ctzggf N@gﬁédifcéfé\lg%%tg% g%@gﬁﬂ%e di scl osure of
which is included herein by reference. Another exanple is pfl MIH68 nuri ne

| gG EDB as .di scl ose of ..\\D 2006/ 050984, t he f whi ch

i s included Y'éli’%ogg‘er%rﬁég%'@éfeﬁm%? ﬁﬁgg’ﬁ dgé)eqr% g* Jé ﬁ’éﬂf ' cancer
or/and of antpanrcula?clhyﬁeﬁ)rbnbréxwe Qi"sd?HerJ”Pfref@f hnegprsaiaan thee
killing of the tunor ce or the bl ockin proliferation in a tinme gap

by infecti dreatmbwmetbe.ct%&cebewre@t pPrederaby 9m0@rmﬁ5$ froam the gnayp censisting t he
d
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parti ype ‘proli'flera I'sor asms can be
treated vvlth t he described virus, preferably cancers fromthe group

Come S " e e § LR B g, g cancer ean be

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

15 of tumors with low proliferation rate are prostate cancer or breast cancer.
More preferably a brain tumor can be treated.

More preferably a glioblastoma can be treated.
20
Mammals include human beings, mice, and rats.

Manufacture of the recombinant RNA virus

25 The recombinant RNA virus of the present invention, in particular the
recombinant NDV, can be constructed as described in Romer-Oberdorfer et
al. (1999). The construction of the new nucleic acid sequences is on the level
of the cDNA which then is translated into RNA within a eucaryotic cell using
the following starting plasmids: pCITE P, pCITE N, pCITE L, pX80T fINDV.

30
NDV can be any strain of Newcastle Disease Virus, more preferred a strain

that is oncolytic in its wildtype form.



More preferably a tunor with low proliferation rate can be treated.
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m ce, and rats. Mnufacture of the reconbinant RNA virus The reconbi nant
RNA virus of the present invention, ingarticular the reconbinant NDV, can
be constructed as described in Romer-Cberdorfer et al. (1999). The

const r uct i orheplashd px@dius deiscribed th EEQZAR 85 (Canzelrhenhdkel of t he cDNA
which then is translated into RNA wthin a eucaryotic cell using the
followng starting plasmds: pCTE P, pCTE N, pCITE L, pX8dT fl NDV. NDV

can be any Hid aeBombilsiCRNA eviRiss @StheViprgSentminvenBbRf enr partisukirm tien t hat
is oncolytic in its wildtype form The plasm d pXddT is described in EP O

702 085 ( CORSRMRHIENt NGV, Gar bedesavereshinitialis figm Jd eelymesass sxprassing

I nventigon, Adpcpait | ' t . PR Nepal |y
from T'?Opoldf]rlnse’r ggéB%?Zsélé‘ﬁsgbggﬁﬂsg!é@g.W@ﬁﬁﬁ@%ﬁ?%ﬁ t raﬁési?eg%htl)avm th
T7 pol yner asdist it masfle aoplifeid io aells liket293aCEE32HT29 icedh431 . decar aldcke 293,

CEC32, HT29 or A431 . It n.alsp.be . anplifi ip.the allantoic fluid of
enbr yonat e ecﬂ'i“@ﬁ@%d gb@? gl%%‘"?i@b‘ﬂﬂf ﬁgﬁ’try%\ﬁgelcﬁl?i(?ni%gﬁart i cul ar the
reconbi nant NDV, is stored under the follow ng conditions. The reconbi nant

RNA-virus, in particular NDV is stable in 5% D-mannitol / 1% (wv) L-1ysine
| pH 8,0 orlh& seeRpbingst RNA) Yitkse iReRRtiRYIapthe gcombingnt NDVo isrtorasht h. At

nventton raRe e BRIy DRIAGES RO RGO KRR L g eI Bt ar
virus as stNbViiagtahlednisdh D-marmiwl / 1% (w/v) L-lysine / pH 8,0 or standard cell
culture medium.
At -20°C for up to one month.
At —80°C for up to 10 years.
15
The recombinant RNA virus of the present invention may be manufactured
using a wild type-virus or a recombinant virus as starting material. Also a
nucleic acid, such a DNA, including such wild-type or recombinant sequence,
may be used. For instance, the recombinant RNA virus or/and DNA molecule
20 as described in WO 2006/050984 may be employed as starting material. An
example is plasmid pfIMTH68_ Asc_Pac of Fig.1 of WO 2006/050984.
Another example is pfIMTH68 murine IgG EDB of Fig. 2 of WO
2006/050984. The diclosure of WO 2006/050984 is included herein by
reference. In particular, the disclosure of WO 2006/050984 concering
25 recombinant oncolytic RNA viruses and the construction thereof is included

herein by reference.
Use of the recombinant NDV as a Medicament
30 The recombinant RNA virus of the present invention, in particular the purified

recombinant NDV according to the invention can be used as a medicament,

because it shows pharmacological effects.



nucl eic acid, such a DNA, including such wild-type or reconbi nant sequence,
may be used. For instance, the reconbinant RNA virus or/and DNA nol ecul e as
descri bedwDrodDIBO6/ 050984 may be enpl oyed as starti ng PORIEPR0RI0003H8
exanple is plasm d pfl MTH68 Asc_Pac of Fig. 1 of WD 2006/ 050984. Anot her
exanple is pfl MTH68 murine 1gG EDB of Fig. 2 of WO 2006/ 050984. The

di cl osure of WO 2006/050984 is includedsherein by reference. In particular,
t he di scl osure of WO 2006/ 050984 concering reconbi nant oncol yti c RNA

vi ruses andThéeecmnbinant RNA viraer iegbartisulian the RV lof tle inveptiosf theevices Use

of the reconbi nant a canent, The,re ru

b esent | nVaRITaR, aMOBAITPe diq LA 4 DN RBRRulR Stk RisSral ng <o
the i nventiiagestash BanUsedisad far Meélirmanefacturbasfaa SReditameanesplaialipdort ogi cal
ef fects. The reconbi nant RNA virus, in particular the NDV of the i nventi on,

the virus giR¥RBIomn@EIgYALRR, OH@Bpeé‘{?&é@ieﬂt P/ GNCBRA 3olugall Or@nd:
present ' ”W?r'&hfe?&tn?é%s@%sé‘ é‘ﬁ Myt RF@VH/H A Hliéviiorr oMBHY $RFRMAENt of
ti or an

espeC|a preventi on, evi treatment of cancer, a tunor
or/and a prcﬂndeer aucly asdiupgacancess peastald gahear, brainecancsn, caloneganrgaron
or/and tre é‘ of cancer, such as lung cancer, prostate cancer, brain
cancer, col ﬁaﬁ RIKer breast cancer. The phar maceutical conposition of the
present invention opt ionally conprises pharnaceutically acceptable carrier

and diluents. Such carrier and diluents are described in Rem ngton's
Phar maceut | £2¢ BBAERAGEUtO® n cRMPOSian Fabi theni w&seahpawynt'@asp@ﬁonally

Pennsy{yan é’orﬁ?;ﬁﬁ% phJ é(?LﬁlHéll*b&@ép?ﬁH%e%rhar Lhe dﬂbéﬁt@a%eﬁ IcGffier and

conposi tion or I'n the net treaf nent of the present
i nvention rmwelmas leﬁfetbésdrmelrprérﬁﬁlg&@n 3 OpRaphacaificall Gdendd) #5thaege of
108 to 101 1 in a range of 107 to 1010 pfu or in a range
Mack Publlshlng Company, Easton Pennsylvania (1980). The" virus titers
used in the pharmaceutical composition or/and applied in the method of
treatment of the present invention may be in the range of 10°to 10" pfu per
15  dose, in a range of 10%to 10" pfu, in a range of 10 to 10'° pfu or in a range

of 10%to 10° pfu dependent on the indication of treatment.

The pharmaceutical composition of the present invention may be used for
the prevention or/and treatment of a proliferative disorder, such as cancer.

20
The pharmaceutical composition of the present invention may comprise an
emulsion of the recombinant oncolytic RNA virus of the present invention, in
particular the NDV of the invention and may be administered by inhalation,
intravenous infusion, subcutaneous injection, intraperitoneal injection or

25 intratumoral injection.

In the method of the present invention for the prevention or/and treatment of
a proliferative disorder, in particular cancer, a pharmaceutically effective
amount is a titre of the oncolytic RNA virus of the present invention, in
30 particular the NDV of the present invention, the virus genome of the present
invention, or the DNA molecule of the present invention which prevents,

alleviates or/and suppresses the disease.



of 106 to 109 pfu dependent on the indication of treatnment. The

phar maceuti cal conposition of the present invention nay be used for the
prevent i omoandenesierr eat nent of a proliferative di sorder PC3PROGSIGENCET .
The pharnmaceutical conposition of the present invention nay conprise an
emul sion of the reconbinant oncolytic RNA virus of the present invention,
in particular the NDV of the invention snd may be adm ni stered by

i nhal ati on, intravenous infusion, subcutaneous injection, intraperitoneal

i nj ecti on droritherthetapmudic éffgat dhé @eccepiablédonist may defpenidefoprexaemleiatvent i on

par 1 oul br anpEstugl BREPAEBIHE RS o ArRidria®aTBhiine b OFfaneely (e

oncolytic RNA virus of the present invention, in particular the NDV of the
present invention, the virus genone of the present inyention, or the DNA
mol ecul e oflt isherefeed that theesitigst (the cgat'srl&)v'@rﬁ §amMab /nare Sreferahiy a

suppr esses HJ?ﬁaﬁ'Péﬁéﬁle For the therapeutic effect the acceptabl e dosis nmay
depend for exanple on the construct, the patient, the ways of

adm ni stration and the type of cancer. is preferred that the subj ect

(the patie nors e ef er h

I nvention Fltsﬂef ﬁ%'?qa "IVPGE?P a‘?eﬂﬂiﬁﬁ t'rlnlg%% eﬁow ”@%W@[ﬂ@@&%@U&&r@
Figure | egemgsnplegure 1 describes plasm d pfl MTH68 Chl FN-al pha conpri SI ng
the full genone of NDV and one transcription cassette conprising the

chi cken interferon-al pha (Chl FN-al pha) transgene. Figure 2 describes

pl asmg pf Iﬁ{ﬁblpgl fAdy beta conprising the full genome of NDV and one
transcri ptioh cassette conprising the chicken interferon-beta (Chl FN-beta)

transgene.
Figure 1 describes plasmid pfIMTH68 ChlFN-alpha comprising the full
genome of NDV and one transcription cassette comprising the chicken
interferon-alpha (ChIFN-alpha) transgene.
15

Figure 2 describes plasmid pfIMTH68 ChIFN-beta comprising the full
genome of NDV and one transcription cassette comprising the chicken

interferon-beta (ChlFN-beta) transgene.

20 Figure 3a demonstrates that the avian CEC-32 cell line is partial protected
from lysis 48h after infection with NDV-ChIFN-alpha and strong protected
after infection with NDV-ChIFN-beta. Infection with a GFP expressing NDV
completely destroys the CEC-32 monolayer. In contrast no difference in the
lytic effect between the three viruses NDV-GFP, NDV-ChIFN-alpha and

25 NDV-ChIFN-beta is seen after infection of the tumorigenic Hela cell line.
Independend of the used virus the Hela cell monolayer is 48h after infection

completely destroyed.

Figure 3b shows a quantification of the cell survival of CEC-32 and Hela
30 cells 48h after infection with the viruses NDV-GFP, NDV-ChlFN-alpha and
NDV-ChIFN-beta. After infection with NDV-GFP nearly a complete killing of
the CEC-32 cells is observed, only 3% of the cells are viable. The infection of
the quail cells with the NDV-ChIFN-alpha keeps 26% of the infected cells



Figure 3a denonstrates that the avian CEC-32 cell line is partial protected
fromlysis 48h after infection wth NDV-Chl FN-al pha and strong protected

af ter i nfwotzo@mosicth NDV- Chl FN-beta. Infection with a GPPT®PRIRSSIZNE NDV
conpl etely destroys the CEC- 32 nonol ayer. In contrast no difference in the
| ytic effect between the three viruses NDV-GFP, NDV-Chl FN-al pha and

NDV- Chl FN-beta is seen after infectiongf_the tunorigenic Hela cell line

| ndependend of the used virus the Hela cell nonolayer is 48h after

i nfection caiivpl dihel besteptatestin isFohaeryedbaftdrointectioqueithi thecNDVeEhifN+ he

cell survival 48h. ectan e Vviruses

v op | NPt S ol R CREo R e laBlendh shRIrASLARY shbh RORs. e

nearly a capplviistlityidflithedubrigbrictsladtlieas Irédd@dolbxs@érvmi’/o ingeperddérf t he

cells are viable. The infecti%&%of the quail cells with the NDV-Chl FN-al pha
I

keeps 26% dIf thadispairecerplinant ive. The best protection is observed after
infectigpn with the NDV-Chl FNbeta virus, 96% of the CEC-32 cells are viable.
In contrast 48h after infection the viability of the tunorigenic Hela cells
i s reduced kiguee 41®I%W$|d|b@teandmm tiverapauticswihdorc existanafter tevinfedtour ef 4

and" T br obi QmoT e EESRRT RS inRBY-FRIA i she BN SaF b3, Tne 1"
proliferatimbliferdtidh iriHmitioh dfheotRedlyfid virussd MESVENFRRAIENa 2 aBwvd

NDVChl FN- beta is very strong on tunor cells and in contrast nearly no
growth i nh.%hlﬁl\bhetas'%b%ryrmga%tum% gels apddn ‘?ﬂrlt'f?éﬁ y‘elaﬂb!r'%ﬁblgé%‘ﬁ'ﬂbel l's,

especig 1Y iahibht %@? %@ dftet iR of B E\Jrc% i r‘éBfa%t RRIIEed ﬁaﬂ)}‘St

survival curves of cted enbryonate gs wif e ‘four

vi ruses NDVo@AROIIkes MIﬂhdM(bhﬁMNDV—ChI FN- bet a and the apat hogeni c strain
LaSota. Chick enbryos infected with NDVChl FN- al pha or NDV-Chl FN-beta are
surviving | onger than the NDV-G-P

Figure 5a depicts the survival curves of NDV infected embryonated chicken
eggs with the four viruses NDV-GFP, NDV-ChlIFN-alpha, NDV-ChIFN-beta
15 and the apathogenic strain LaSota. Chick embryos infected with NDV-
ChIFN-alpha or NDV-ChIFN-beta are surviving longer than the NDV-GFP
infected embryos. The curves are shifted clearly in the direction of the
survival curve of the lentogenic NDV LaSota strain.
Figure 5b: From the results of the survival curves a MDT (Mean Death
20 Time) is calculated for each infection group. The MDT is increased for the
viruses NDV-ChIFN-alpha and ChIFN-beta compared with NDV-GFP. The
highest MDT was observed with the apathogenic strain LaSota.

Example 1:
25
Generation of a recombinant NDV with an avian derived transgene that

lead to the expression of a chicken cytokine

The oncolytic strain MTH68 of NDV was used to obtain viral RNA. Using RT-
30 PCR several fragments of cDNA were obtained and in a multi-step cloning
procedure they were assembled into a full-genome cDNA that was cloned
into the vector pX838T (Schnell et al., 1994) yielding the plasmid pfiIMTHGS.
This vector can be used for transfection in order to rescue recombinant virus



I nfected enbryos. The curves are shifted clearly in the direction of the
survival curve of the | entogenic NDV LaSota strain. Figure 5b: Fromthe
resul ts oloth@/msrewi val curves a MDT (Mean Death Tine) ipeTaRR@wvloadsesl f or
each infection group. The MDT is increased for the viruses NDV-Chl FN-al pha
and Chl FN-beta conpared with NDV-GFP. The hi ghest MDT was observed with the
apat hogenic strain LaSota. Exanple 1: Ggneration of a reconbinant NDV with
an avian derived transgene that |lead to the expression of a chicken

cyt oki ne THemRCHTpolymaertasei expkd$4dg otll NDY. was used to obtain viral RNA

Usi ng RTPCR several fragnments of cDNA were obtained and in a nulti-step

cl oning procedure they were assenbled into a full-genonme cDNA that was

cl oned i nt @adeadditdnal EPEdrifteiHIcthssittedlwerel Shedyiintodithg fuldepgtisni d
pfl| MTH68. This vector can_be us or transfection in order to rescue

d f (
P econbi nantdaRomis migs of NRY JWEHESRNEHa%) betwaan the GENeBacaaing: i onal
t eSSl _ _ n tha _ na
o DL T opfARRE S PR BHABRAnId e LARUEISAIESAREBNARBOTHE RIPS T
HN- pr ot ei n DNAeoligbauadleotides SfH restriction site. The two

DNA- ol i gonuygl gotides Sti  fw '

(5' -aggcct't%h Z THRE 88{‘?%%%3&83?%%%%%%@%?@%%9%’ SER N 1)
and Sfi bagp. ND:-pggrrcgttctacccgtattttttcttaagttgtcggttaattaaggectctce-
SEQ ID. NQ_2) were anneal ed and subsequently ligated into the Sfil-site
of pfl MrHeSf Pask dlxaggesaiirdacccatatiiticitanghtatosoirpliaaeecqiaitr3 058, lldnd

Chl FN-et a 901024836) were anplified by PCR As tenplates for the

pol ynerase chainh reaction Chl FN-al pha and Chl FN-beta expressi on constructs
descri bed were annealed and subsequently ligated into the Sfil-site of pfIMTHG8.

Two DNA transgenes coding for ChiFN-alpha (NM_205427) and ChIFN-beta
(NM_001024836) were amplified by PCR. As templates for the polymerase

15 chain reaction ChlFN-alpha and ChIFN-beta expression constructs described
in Schultz et al, 1995 and Sick et al, 1996 were used. For the amplification of
the ChIFN-alpha transgene the following primer pair: ChlFN-alpha fw (5'-
ccttaattaagccaccatggcetgtgectgcaagece-3' SEQ. ID NO:3) and ChlFN-alpha-
rev (5'-ccttaattaactaagtgcgcegtgttgectgtg-3' SEQ. ID NO:4) were used and for

20 the amplification of ChIFN-beta coding sequence the two primers Pacl
ChIFN-beta fw (5'-ccttaattaacgcaccatgactgcaaaccatcagtctccagg-3' SEQ. ID
NO:5) and ChlIFN-beta-rev (5'-ccttaattaatcactgggtgttgagacgtttggatg-3' SEQ.
ID NO:6) were used.

25 Each of the two chiFN-transgenes were cloned into the Pacl site of the
plasmid pfIMTH68Pac, respectively. The total length of the genome was
adjusted to be a multiple of 6 to follow the “rule of six” for the length of the
viral genome. The sequence identity of the ChlIFN-beta insert was confirmed
by nucleotide sequencing. In the ChIFN-alpha insert one G to A nucleotide

30 exchange in position 89 in comparision with the sequence NM_205427 was
detected. Recombinant virus was rescued from T7-expressing cells
transfected with the full-length viral genomic plasmid containing the genes for
ChIFN-alpha (Fig. 1) or ChiFN-beta (Fig. 2) by a standard virus rescue



in Schultz et al, 1995 and Sick et al, 1996 were used. For the
anplification of the Chl FN-al pha transgene the followi ng prinmer pair:

Chl FN- al phe 2ba9/095167 cctt aatt aagccaccat ggct gt gcct gcaagc c®C3/EBRQI/0HMDoNO. 3)
and Chl FN-al pharev (5'-ccttaattaactaagtgcgcgtgttgectgtg-3'" SEQ 1D NO 4)
were used and for the anplification of Chl FN-beta codi ng sequence the two
prinmers Pad Chl FN-beta fw (5'-ccttaattagggcaccat gact gcaaaccat cagtctccagg- 3'
SEQ ID NO5) and Chl FN-beta-rev

(5' - cct t aattealniqaet Ghegresultyag &dENtajgpha-gxpresSk@ virus Wasglesignated $daV- Each

of the two I rans es cl.oned into Pad site smd
ot | Mot Nealbhar ST I Al Rt Sre g Nify ottt RoieClDVAG iS¢
be a mul ti Me?aOfThE vifuskeal Weis tbrivated eitér B tissueotultire dergtie aflantaee viral
genone. The sequence identity of the Chl FN-beta insert was confirned by

guen. y . LNl
nucl eot i de T8¢ abpbicken egas tpPregieabighgifeesi nsert one G to A nucl eoti de

exchan In position 89 in conparision with the sequence NM 205427 was
det ect ed. Reconbi nant virus was rescued from T7-expressing cells
transfect ecExamplg e full-length viral genom c plasm d containing the genes

f Chl FN- 1.g. 1! N:- bet Fig. b tandard. vi .
r Ce);cuet ec h?#ﬁ@'g% ﬁh'ﬁy'&ﬁzeﬁ"gﬂ%ﬁg@x@%%é %589%55%\5ﬁé§:|59nat ed
NDVChl FN- %iB'@giéQﬂ?éﬁﬁ‘e.Cm FN-beta expressing NDV was named NDV- Chl FNbet a.

The viruses were cultivated either in tissue culture or in the allantoic
fluid of chicken eggs to produce high titres. Exanple 2: ChlFN-al pha and

Chl FN- phet a expressed a,reconbinant NDV is biological active. Materials
and I\/Eﬁ:odsﬁa%éEEfn e@%@?‘%\% an quail cell line) or Hela cells (cervical
cancer cel ICECTE2 cets €asiandqehil Beh line)rl Helaatelisa{cehvit¢albanedr sélihg) After
becom ng adher ent ) 5 _

were seeded in a 6 well plate at 1x10° cells/well. After becoming adherent

the cells were infected using a MOI of 0.01 with the GFP-expressing control

virus NDV-GFP, NDV-ChIFN-alpha, NDV-ChIFN-beta or MOCK. After 64 h

15 the supernatants were harvested and infectious virus particles were

inactivated by UV irradiation.

To demonstrate the biological activity of ChiIFN-alpha or ChiFN-beta in the
supernatant of the virus-infected cells, a chicken interferon-specific bioassay
20 was used (Schwarz et al, JICR, 2005). The assay is based on the stable
transfected quail cell line CEC-511 carrying a luciferase-gene controlled by
the IFN-responsive chicken Mx promotor. The luciferase activity is induced
when the CEC-511 indicator cells where incubated with ChlFN-alpha or
ChIFN-beta. To perform this assay 15.000 CEC-511 cells were seeded in 96-
25 well plate. 24 h after seeding the cells were treated with the UV-treated
supernatant of the virus-infected Hela or CEC-32 cells. Cells were incubated
with 75 ul of a 1:100 dilution of the respective supernatants. As positive
controls, cells were incubated with a 1:1000 dilution of supernatant from
293T-cells transfected with an expression plasmid for ChlIFN-alpha or
30 ChIFN-beta (Sick et al, 1996) or only medium. After 6h incubation time the
Steady—GIo® Luciferase Assay (Promega) was performed, following the
protocol provided by the manufacturer. To determine mean values each

datapoint was measured as triplicate.



the cells were infected using a MJ of 0.01 with the GFP-expressing control
vi rus NDV- GFP, NDV- Chl FN- al pha, NDV- Chl FN-beta or MOCK. After 64 h the
super nat amoo0e9eIchar vest ed and i nfectious virus parti clpes/Breoog/oisagt i vat ed
by W irradiation. To denonstrate the biological activity of ChlFN al pha or
Chl FN-beta in the supernatant of the virus-infected cells, a chicken
interferon-specific bioassay was used (fgghwarz et al, JICR 2005). The
assay i s based on the stable transfected quail cell line CEC-51 1 carrying
a luciferase-gene controlled by the I FN-responsive chicken Mk pronotor. The
| uci ferase activity is induced when the CEC-51 1 indicator cells where

I ncubat ed ?ﬂ"' | FN- al pha or Chl FN-beta. To performthis assay 15.000

CEC-51 1 ceg4 § wRee ieeties the Qfpernaldntdlcitihe ROVICHIFEIR SRS Hdd NOW- cel | s
were treated with the UV-treated supernatant of the virus-infected Hela or

CEC- 32 cel IGhIFN:beta \ipfestadh elbatrdd apnd hHek mellst have : apstrang ulucarase t he
ce'l gl e . , ; o i th

5366051 T HBaRG Aty orf BEROSA SeNsCRiCA Ry VG iediBel bRRSRAM 1 &

expr essi on GhladNvakphaandXBhiN-diepdn éin the DfieciRdln=tla. (NStarktrat saperriddadl) ofor only

medi um Aft .i.ncuhation ti the. Steady-A o (r) Lucife sa
(Promega) WMOCKINBRAI IR Or InfFE iR WHE e aiub ehpreiRnd Ferehow o
manuf act ur agcifetasafidiond &adivay ol tHes CET-819aindRaitdt ceslineaaun edoss
triplicate.Results: 64 h after infection the supernatants of the

NDV- Chi FN- diltian s¥fcsuisyontankcopiainingnraseminapicCai Mraiphe oa CRIFNDe@/e a
i 1 ue b 5 BEhonBirdfe AP et MR DOt RN LY. "D et e
cells. In contrast supernatant of MOCK-infected cells or infected with a
control virus, exPhassnth GEVIAMY A% SUBLIERARE o "CLELSS AR NdbYedR the
infected with recombinant NDVs expressing ChiFN-alpha or ChlFN-beta. IFN
response is measured in indicator cells carrying an Mx promotor-controlled

15 luciferase reporter gene. Measured values are given in relative luciferase

counts.
CEC-32
NDV-GFP |NDV-ChIFN-| NDV-ChIFN- MOCK
alpha beta
Mean value .| ...:308. |- 114991 b B033 s L 246
Standard dev. 86 283 423 27
Hela
NDV-GFP |NDV-ChIFN-| NDV-ChIFN- MOCK
_ _alpha ‘I beta | ]
Mean value 23T e 47 39 e et 5095 290
Standard dev. 19 1835 | 78 39

|ChiIFN-alpha] ChIFN-beta| Medium

Meanvalue | 4849 | 2128 0. 237
Standard dev. | 107 | 15 21

20



di lution of supernatant containing reconbi nant Chl FN-al pha or Chl FN-beta

al so denonstrate a Chl FN-dependent M pronotor inducing activity. Tab. 1:

| nt er f er ONO200%09516§ i n t he supernatant of CEC- 32 and HeP&Td&PR0g/0Da3peCt ed

wi th reconbi nant NDVs expressing Chl FN-al pha or Chl FN-beta. |FN response is
measured in indicator cells carrying an Mk pronotor-controlled |uciferase
reporter gene. Measured values are givegqin relative luciferase counts.

Hel a NDV- GFP NDV- Chl FN- NDV- Chl FN- MOCK al pha beta Mean val ue 237 11739
5095 290 StExarmapte 8ev. 19 1835 78 39Exanple 3: Avian cells but not tunor
cells infected with reconbi nant NDVs expressi ng Chl FN-al pha or Chl FN- bet a
are protected fromviral lysis Materials and Methods: 3 a.) CEC-32 cells

(avi an quaiAvjafl |ce|ll'sn€!9ut0rndt|eh§’m%?| cansCafécted A SecopibinahfeNDVY e
seeded in a 6 well plate at 1x1 05 cells/well. After becom n gladherent t he
I

cel I's were éxpgressing GhiFNzalptn afChiFN:beta Ate protected frarondiralilysisr us
NDV- GFP, NDV- Chl FN- al pha, NDV- Chl FN-beta or MOCK. After 48h the cells were
fixed vﬁ th 4% f ormal dehyde solution and stained with G ensa sol ution.

Subsequent mhtiridls @HENEtROdyas performed with a Zeiss Axi ophot imaging
system 3 b.) CEC-32 cells (avian quail cell line) or Hela cells (cervical

cancer cel I3 @BnEEGRcalleclgwinn quail gelliine) g5l Hela aellqscm@abéan@ermmll
oo PSR 0 BB caE o BB ShE Kl nBe e
noni nf ect edddherent the cells were infected with a MOI of 0.01 either with the control
10 virus NDV-GFP, NDV-ChIFN-alpha, NDV-ChIFN-beta or MOCK. After 48h
the cells were fixed with 4% formaldehyde solution and stained with Giemsa
solution. Subsequent photodocumention was performed with a Zeiss
Axiophot imaging system.

15 3 b.) CEC-32 cells (avian quail cell line) or Hela cells (cervical cancer cell
line) were seeded in a 96 well plate at 15.000 cells/well. After becoming
adherent the cells were infected with a MOI of 0.01 either with the control
virus NDV-GFP, NDV-ChlFN-alpha, NDV-ChiFN-beta or MOCK (= non-
infected). After 48h incubation time the CellTiter-Glo® Luciferase Assay

20 (Promega) was performed to measure cell viability, following the protocol
provided by the manufacturer. To determine the mean values, each

datapoint was generated from six independend values.

Results:

25 Fig 3. a.) After 48h the avian CEC-32 cells are lysed by the GFP expressing
NDV (NDV-GFP). In contrast cells infected with the ChIFN-alpha expressing
virus are partially protected from lysis. The NDV-ChIFN-alpha infected CEC-
32 monolayer is to 25-50% intact. An even stronger protection is seen with
NDV expressing ChlFN-beta. After 48h nearly 90-100% of the CEC-32

30 monolyer is intact and protected from viral lysis. The density of this
monolayer is comparable with the monolayer of the MOCK infected CEC-32

cells.



After 48h incubation tinme the Cell Titer-@ o (r) Luciferase Assay (Pronega)
was performed to neasure cell viability, follow ng the protocol provided by
t he manufwot2009419516To det erm ne the nmean val ues, each daPapaiPRAXNEE08
generated from six independend values. Results: Fig 3. a.) After 48h the
avian CEC-32 cells are lysed by the GFP expressing NDV (NDV-GFP). In
contrast cells infected with the Chl FN-gg pha expressing virus are partially
protected fromlysis. The NDV-Chl FN-al pha i nfected CEC- 32 nonol ayer is to
25-50% i nt dotection witterthe tthoesy sirupestarc thetuinorigeric ketehcalblinexghassiang

Chl FN- bet a. r..4A8h n y. f t r t and

pr ot ect ed fquﬁﬁg%fﬁpgﬁ C@%é aﬁi'c\-f' %?éf@?n th ﬁ%‘% e%{),ﬁm@'ﬁ? Nb@ Qﬁgﬁgbl e

}[Nlht h the Mﬂh@mthDVt -0RIAVDBEtA. nAHglét agh IGF@I rﬁBn@l@KéS of Hm:tceu@ |Nbf|etfed he
ree viruses on.the eni c a ce in ows a_conpar abl e

oncolyi1 ¢ 36 -t BBl - Bl i3 bt o RV eI NeboiEcs RRa, RaTRIGiely

NDV- Ch V& I f e

NDV- G- 5’: NDV- Ch P’éﬁN- ﬁg&g bﬁ%@cﬁ%ﬁ@bmcﬁghﬁeecgﬁyﬂg !)ér:p eftseq%lwgie%tr oyed.

The cel | mn@ba&e@rbwﬂ\elmaqlﬁrwt@@m&a -staingd eellss i ntact, indicated by the

blue color of Gensa-stained cells. Fig 3. b) In a second experinment cell
viabilty was quantified 48h after infection with the Chl FN-expressi ng NDVs.

The NDV- GFRrignBe®)eth avisaBofdCexdieriratmts calonglsiitp niviis SGadrtifiedniasl skeéd
viability. In the NDV-Chl ENal pha infected CEC-32 cells 26% of the remaining

cells are iipfeglon with taﬁt@F"ﬁ%?XBFﬁSSI@QJé‘i%V?nFB@t NBYY-6FR lirfected aviafuai |
cell l4pn %‘éﬁ;c’éz cBfis %ﬁ)bv%dabﬁlyVB%b'rf}rpa q”c%he\ﬁéﬁﬁtg:?!ﬁ'tnétwv Lehl A*NS' s. In

contrast near erence’in ce ruction be observed after
i nfection valpha llnfectteldr650¢32 welds Zﬁl%’dﬂﬂﬁe réiDeirdhg Rl lapé antact. MOBW alte-Nbet a
NDV-ChIFN-beta infection of the CEC-32 quail cell line 94% of the cells are

viable and protected against viral lysis.

15 In contrast nearly any difference in cell destruction can be observed after
infection with the three viruses NDV-GFP, NDV-ChIFN-alpha or NDV-ChIFN-
beta on the tumorigenic Hela cell line. After 48 h the value for the viable cells
is for all three viruses between 3%-9% indicating nearly a complete tumor
cell destruction.

20
Example 4:

Selective oncolysis of tumor cells but not primary cells by recombinant
NDV expressing ChIFN-alpha or ChiIFN-beta.

25 Materials and Methods:
5000 primary fibroblast cells or 3000 Hela cells were seeded in each well of
a 96 well plate. 16h after seeding virus dilutions of NDV-GFP (NDV-GFP),
NDV-ChIFN-alpha (NDV-ChiFN-alpha) and NDV-ChIFN-beta (NDV-ChIFN-
beta) were prepared. Fibroblast cells were infected with the indicated virus

30 concentrations. As a negative control fibroblasts cells were MOCK infected.
After 1 h the inocculum was removed, cells were washed with PBS and
incubated with 200 pl cell culture medium for 4 days in the cell culture

incubator. Afterwards the remaining cells were fixed with 4% formaldehyde



on the tunorigenic Hela cell line. After 48 h the value for the viable
cells is for all three viruses between 3% 9% i ndicating nearly a conplete
tunmor celwodestmsmwsyi on. Exanpl e 4: Sel ective oncol ysi s eCTtRrraw/0eshs s but
not primary cells by reconbi nant NDV expressi ng Chl FN-al pha or Chl FN- bet a.
Mat erial s and Met hods: 5000 primary fibroblast cells or 3000 Hela cells
were seeded in each well of a 96 well phgte. 16h after seeding virus

di luti ons of NDV-G-P (NDV- GFP), NDV- Chl FN-al pha ( NDV- Chl FN- al pha) and

NDV- Chl FN- bextlatigrNevid Gtairddewith omgstal picdetarfee. stirbmats saltubitized witked 0%

infected with the indicated virys concentrations. As a n tiv nt rol
f1br ot ast <S8l Sorl abfiand Herahbolfeney phEac Wess RS Cags oy ed,
cell s were iwashEOISA ReadBe and i ncubated with 200 ml cell cul ture nedium
for 4 days in the cell culture incubator. Afterwards the remaining cells
were fixed wth 4% formal dehydesol uti on and stained with crystal violet.
The staén Vﬁésﬁﬁé“bi lized with 10% gl aci al acetic acid and the absorbence
of each well Wwas nmeasured at 595 nmin an ELI SA Reader. Results: Four days
after infeckoundbape giterminfgctiorbrthél pemary rffbesbladtswirnfectede withr ¢ee \threses

NDV- GFP, NDV- Chl F I a \/- FN- bet a usj bet ween , 001 up
to Mo 0, 1 Wriwen iy v ubRl-aliar s NG RTERgoS) Toiet MoK
signs of prigdtive@hafloP,aa™LpS MOI BMEsKEW heBRS RDVSBIiRatdd mhMifs® (Rigor 10
viral particles per cell were used for infection. In contrast_tunorigenic
Hel a cel | s 4)nflbetfirat sions almrelifgeatioreinhiaiion apn enbhebsarved @t Male whees y
stron rolj f.eqatj. an LRkl L ' S ol ndi c Lo
- econthant | ROvE i2lelEIet bef el Ware uEEa ol RredBhtH Eontrad wimbiigenje 1y <
i ke MO Hela cells infected with MOls between MOI 0,001 and MOI 10 show a very

strong proliferation inhibition. This results indicates that the recombinant

NDVs have a very good therapeutic window especially at low MOlIs like MOI

0,1 and MOI 0,001 where nearly no Iytic effect is measured in the primary

15 cells and a very strong growth inhibitory effect is measured in the
tumorigenic Hela cells. No difference in the kill curve shape on tumor and
primary cells is observed between the control virus NDV-GFP and the

ChIFN-expressing viruses NDV-ChIFN-alpha and NDV-ChIFN-beta.

20 Example 5:
Prolonged survival time of chicken embryos infected with recombinant
NDV expresssing ChlIFN-alpha or ChlIFN-beta

Materials and Methods:

25 Groups of fifteen 11d old embryonated chicken eggs were infected with
NDV-ChIFN-alpha, NDV-ChIFN-beta, NDV-GFP or the non-pathogenic NDV
strain LaSota, respectively. As infectious material egg-grown virus in allantoic
fluid diluted with sterile PBS was used. An infectious dose of 4000 PFU in a
total volume of 200 pl was applied. The inoculum was injected into the

30 allantoic cavity. After infection the eggs were incubated at 37°C and 50%-
60%.humidity in a egg breader. Eggs were candled two times a day at the
indicated time points (Fig. 5) and embryos were checked for signs of vitality.
This assay allows to compare the pathogenicity of diffferent NDV strains by



0,1 and MO 0,001 where nearly no lytic effect is neasured in the primry
cells and a very strong gromh inhibitory effect is neasured in the

t unori gerwo 2bigV@swel | s. No difference in the kill curvePshapeooomodsosor and
primary cells is observed between the control virus NDV-G-P and the

Chl FN- expressi ng vi ruses NDV- Chl FN-al pha and NDV- Chl FN- bet a. Exanpl e 5:
Prol onged survival time of chicken enmbrygps infected with reconbi nant NDV
expresssi ng Chl FN-al pha or Chl FN-beta Materials and Methods: G oups of
fifteen llccorhparingtheosiavivdl timeakdhe énfestedeembiydse dthednethidd is based

NDV- Chl FN- al pha, ..NDV- Chl beta,,NDV:. GEP or, th on- L NDV strain
LaSota, res &ﬁ \'/\I@I(F?P Bhﬁ?ﬁ?'\i’fr@%f}lfm&mmméleg%%ﬁ%ﬁeomb&ﬂﬁﬁ@i n allantoic
fluid dil utedemhinbticoh elesbebEWBin RES. Hassbn 1980 Ehé ipeotacdongs dhodiéd PFU in
a total volune of 200 m was apg}l{gl ed. The inoculumwas, injected into the

al | ant oi ¢ dadhatwawnihatnot sedak dli ionﬁ@fé@gyiruﬁﬁ@qkn/&%ﬂeejctd@twﬂéhsnd 50%
60% hum di tyAdN; ; ; i ; . th
urg di é’grgfjgr,‘ b&t@&@o?éﬁ%@%@yegﬁgﬁg‘%{sﬁ |ﬁj%@%ﬁ%ﬁ@ﬁ%ﬁé§r§r§ﬂoﬁﬂ¥lgﬁér e

i ndi cated ti ol nts ryos were chec r signs of
vitality. Thas the sipinlllethal dose drgagtbicaheegsanisdhisrassayymodifidatidd er ent  NDV

s based orobnees IhUBLR! BY eitvas Wiad o e ik THERP TR b Rimneiety -

det er m nat iths feRSFihgF6miula; R P. Hanson (1980). The protocol was nodified in
that way that not serial dilutions of the virus stock were inocculated in
t he eggs, instead of one defined virus dose injection with a concentration

hi gherqg hanypite O{?’h&‘.id'&'d At ﬁggrr&g?? + r@Bf d&S A ER ) EBER) Rtd PictaBRiiber

nodi fication reduces the nu ryos used for “‘the test. The MT is
det ermi ned d8adt he following fornula: MDT - ((no. dead at Xhr) x (X hr) +
(no. dead at Yhr) x (y hr) etc.)/total nunber

Results:

15 The survival of the NDV-ChIFN-alpha and NDV-ChIFN-beta infected chick
embryos is improved in comparision with the NDV-GFP infected embryos.
The NDV-GFP infected embryonated eggs are losing signs of vitality
between 24h and 62h, leading to a MDT (Mean Death Time) of 50h. The
NDV-ChIFN-beta infected embryos are surviving up to 96h with a calculated

20 MDT of 69h. A comparable survival time with a MDT of 74h is measured in
the NDV-ChIFN-beta infected embryos. Most of the NDV-ChIFN-beta
infected embryos are dying between 48h and 96h. The sensitivity of the
assay is indicated by usage of the apathogenic or lentogenic strain LaSota.
Even embryonated eggs inocculated with the NDV LaSota strain are dying

25 between 62h to 115h with a calculated MDT of 85h. This experiments shows
that the MDT of the mesogenic NDV MTHG8 is shifted towards a lentogenic
NDV strain.



dead Results: The survival of the NDV-Chl FN-al pha and NDV- Chl FN- bet a

i nfected chick enbryos is inproved in conparision with the NDV-GFP i nfected
enbryos. WheoMDWs6FP | nf ect ed enbryonat ed eggs are | osi RGTHPQINS/00F30%i tal ity
bet ween 24h and 62h, leading to a MDT (Mean Death Tine) of 5Ch. The

NDV- Chl FN-beta i nfected enbryos are surviving up to 96h with a cal cul ated
MDT of 69h. A conparable survival time.ysth a MDT of 74h is nmeasured in the
NDV- Chl FN-beta i nfected enbryos. Mst of the NDV-Chl FN-beta infected
enbryos are dying between 48h and 96h. The sensitivity of the assay is

i ndi cat ed g‘x sage of the apathogenic or lentogenic strain LaSota. Even
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62h to 115h with a cal cul ated MDT of 85h. This experinents shows that the
MDT of the nesogenic NDV MIHG68 is shifted towards a | entogeni c NDV

strai n. Ref Adapes @Adfangnd Peiner WA.n6200%). Monoxtmws) amtitndyo tagragiit Phody

t her apyz of cancer. %@hcg%ﬁgfgcmﬁtﬁ&%ﬁ%q% Al exander, DJ. (1988)

Newcast! e di sease. uwer em¢c I'shers, rwel |, Massachusetts.
Allen, T.M (2002) Ligand-targeted therapeutics in anticancer therapy. Nat

Rev Cancer,, 2, 750-763. t P.,. Binz, H Parj] ze P. ! , MT.,
konl A - chlgkedder. o (ABBBY afewesste dRasei HWeT A Sxe) PRRISIES! | i a
Ki nase inhibitors seN&aefdMasagts@sdtignatorial |ibraries of designed ankyrin
repeat proteins. J Biol Chem 280, 24715-24722. Antoniw, P., Springer, CJ.

, Bagshawe, K D., Searle, F., Melton, RG,
10 Allen, T.M. (2002) Ligand-targeted therapeutics in anticancer therapy. Nat

Rev Cancer, 2, 750-763.

Amstutz, P., Binz, H.K., Parizek, P., Stumpp, M.T., Kohl, A., Grutter, M.G.,

Forrer, P. and Pluckthun, A. (2005) Intracellular kinase inhibitors

15 selected from combinatorial libraries of designed ankyrin repeat
proteins. J Biol Chem, 280, 24715-24722.

Antoniw, P., Springer, C.J., Bagshawe, K.D., Searle, F., Melton, R.G,,
Rogers, G.T., Burke, P.J. and Sherwood, R.F. (1990) Disposition
20 of the prodrug 4-(bis (2-chloroethyl) amino) benzoyl-L-glutamic
acid and its active parent drug in mice. Br J Cancer, 62, 909-

914.

Bagshawe, K.D., Springer, C.J., Searle, F., Antoniw, P., Sharma, S.K,
25 Melton, R.G. and Sherwood, R.F. (1988) A cytotoxic agent can
be generated selectively at cancer sites. Br J Cancer, 58, 700-

703.

Batra, J.K., Fitzgerald, D.J., Chaudhary, V.K. and Pastan, I. (1991) Single-
30 chain immunotoxins directed at the human transferrin receptor
containing Pseudomonas exotoxin A or diphtheria toxin: anti-
TFR(Fv)-PE40 and DT388-anti-TFR(Fv). Mol Celi Biol, 11, 2200-
2205.



Rogers, G T., Burke, P.J. and Sherwood, R F. (1990) D sposition of the
prodrug 4-(bis (2-chloroethyl) am no) benzoyl-L-glutamc acid and its
active pawertowdws7i n mce. Br J Cancer, 62, 909- 914. Bag4airasws/00d$0D. ,
Springer, CJ. , Searle, F., Antoniw, P., Sharma, S. K, Melton, R G and
Sherwood, R F. (1988) A cytotoxic agent can be generated sel ectively at
cancer sites. Br J Cancer, 58, 700- 703%gBatra, J.K , Fitzgerald, DJ.,
Chaudhary, V.K. and Pastan, |. (1991 ) Singlechain immunotoxins directed at
the human transferrin receptor containi ng Pseudonbnas exotoxin A or

di pht heria g axi n:; antj- TFR(Ey)< PE40 DL388-anti - TER(.FV) . I Bi ol ,
11, 2200- %@*B&Kakaﬁ@k' »%?pr%’ﬁ?a'%%@ Eaé%'&, REVY %Bﬁstcag? (1583},
King, CR (1992) Re®utonisinaneaiii-eesBBImhiTAdIekiaX icoatainingdPsiutdniseagiononas
exotoxin. Proc Natl Acad_ Sci US A 89, 5867-5871 . Bell. J.C., Garson,

K. A, Lichty, B D. &¥atoxinjRoc NattAcad Gl obd91a867v981kes: progr ammbl e
tunmor hnters. Curr Gene Ther, 2, 243- 254. Binz, H K, Amstutz, P., Kohl,
A., Stunmpp, MT., Briand, C, Forrer, P., Gutter, MG and Pluckthun, A
(2004) Hi giBelf,f i.6.1 Ganisnderks Asellichtyd B.Dorantk Stgjdbd iRk (2002) éprealytior ot ei n

libraries. Nat Biotechnol, 22 575-582 Bossl et echJ.,,L nz, P.,
Sedl acek. H 11, _Son JuPREsPrOGramATRRE SR TUStore, ST GRTRINRL: 2aris:
functional charactergsgati on of a fusion protein suited for tunor specific
prodrug activation. Br J Cancer, 65, 234-238.

10 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. Nat
Biotechnol, 22, 575-582.

15 Bosslet, 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.

20 Carnemolla, B., Borsi, L., Balza, E., Castellani, P., Meazza, R., Berndt, A.,
Ferrini, S., Kosmehl, H., Neri, 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.

25
Chaudhary, V.K.,, Gallo, M.G., FitzGerald, D.J. and Pastan, I. (1990) A
recombinant single-chain immunotoxin composed of anti-Tac
variable regions and a truncated diphtheria toxin. Proc Natl Acad
SciUS A, 87,9491-9494.
30

Chaudhary, V.K,, Queen, C., Junghans, R.P., Waldmann, T.A., FitzGerald,
D.J. and Pastan, |. (1989) A recombinant immunotoxin

consisting of two antibody variable domains fused to



Canmenol | a, B., Bors
A, Ferrini, S, Ko
t he anti twornogpmwspe
tunmor bl ood vessel

V.K, Gllo, MG,

si ngl e-chai n i mmuno
truncat ed di pht heri
Chaudhary, V.K., Qu
D.J. and Pastan, |I.
anti body variable d

i, L., Balza, E., Castellani, P., Meazza, R, Berndt,

snmehl, H, Neri, D. and Zardi, L. (2002) Enhancenent of

rties of interleukin-2 by its targetedTd®keogmnosos o t he

extracel lular matrix. Blood, 99, 1659-1 665. Chaudhary,

FitzGerald, D.J. and Pastan, | . (1990) A reconbi nant

toxi n conposed of amf7-Tac variable regions and a
a toxin. Proc Natl Acad Sci U S A 87, 9491-9494.

Psaudamonasrexiotonn. Ratbre, 389, BR397.T. A., FitzGeral d,

(1989) A reconbi nant i munotoxin consisting of two

omai ns fused t oPseudonpbnas exotoxin. Nature, 339,

394-397. CiGHeesn, EEAAU) @coWtiovinises. Nat ReesCamiedr, RBe938@s50er, 2,

938-950. Csatary, L.

Arciello

Er bB- 2- posi tive car
Werner, O, Teifke,

Rorrer-Cberdorfer A. (2003) Characterization of a reconbi nant Newcast| e

di sease V|rus expre
108, 19- 28 Derkpreaza
Di scoqgry and devel
treating

FoRBTER ugfisEds, SFamaS N paRl o7 85 g >

K., Gosztonyi, G, Szeberenyi, J., Fabian, Z., Liszka,
V., Bodey, B. and Csatary, CM (2004) MIH 68/ H oncolytic viral treatnent
human 'gh&fa@%gzﬂ'lkm@észténwe@ OS%Béren@? Jsi*aB%n,% LRARAZY,, @odeRy and

zol'i no B.”, Laccet P.", Prccoli
D Al essio, G (2004B. AnﬁuCBgtanmn@d\Aa(ROQ@rMTHrﬁﬁfhhoMs(@C yisabtreatpeertor

in

th fl t J Virol _Method
E Arciel, e CRazolinock: oenmds, B S olacketoFry 1ol 2004)

ROBROLD Aledify 35! 2OTRY A fRily ﬁ[lFﬂanVEﬁiﬁuﬁ{Hr' body for

immunoRNase selective for ErbB-2-positive carcinomas. Cancer
Res, 64, 4870-4874.

Engel-Herbert, 1., Werner, O., Teifke, J.P., Mebatsion, T., Mettenleiter, T.C.

15

Ferrara, N.,
20

Ford, K.G,,
25

Georgakis,
30

and Romer-Oberdorfer, A. (2003) Characterization of a
recombinant Newcastle disease virus expressing the green
fluorescent protein. J Virol Methods, 108, 19-28.

Hillan, K.J., Gerber, H.P. and Novotny, W. (2004) Discovery and
development of bevacizumab, an anti-VEGF antibody for treating
cancer. Nat Rev Drug Discov, 3, 391-400.

Souberbielle, B.E., Darling, D. and Farzaneh, F. (2001) Protein
transduction: an alternative to genetic intervention? Gene Ther,
8, 1-4.

G.V., Li, Y., Humphreys, R., Andreeff, M., O'Brien, S., Younes,
M., Carbone, A., Albert, V. and Younes, A. (2005) Activity of
selective fully human agonistic antibodies to the TRAIL death
receptors TRAIL-R1 and TRAIL-R2 in primary and cultured
lymphoma cells: induction of apoptosis and enhancement of
doxorubicin- and bortezomib-induced cell death. Br J Haematol,
130, 501-510.



cancer. Nat Rev Drug Discov, 3, 391-400. Ford, K G, Souberbielle, B.E,
Darling, D. and Farzaneh, F. (2001 ) Protein transduction: an alternative
t 0 genetiwoi2nd%mwsmsnt i on? Gene Ther, 8 , 1-4. Ceorgaki s, PGIN¥P2000i0003VS8 ,
Hunphreys, R, Andreeff, M, OBrien, S, Younes, M, Carbone, A, Albert,
V. and Younes, A. (2005) Activity of selective fully human agonistic

anti bodies to the TRAIL death receptorsgqgRAIL-RL and TRAIL-R2 in primary
and cultured | ynphoma cells: induction of apoptosis and enhancenent of
doxor ubi ci n- and bortezom b-i nduced cell death. Br J Haematol, 130,

501-510. Gerher,, HR.,a Eerrara 0 Phar,macal nd .

ohar macodyranter 5P o a0 ERbRAoN. d2008 b PRAFEACIEEY BrdRhdMacodyremics,

cytot oxi ¢ therapy i ofdevatizaired asmshdherdpdercih ddabinGlion vith- &RBtoxidanahan,
D. and Weinberg, R A (2000) The hall marks of cancer, Cell, 100, 57-70.

Hanson, R P: (1980) thR@/fPydpipeedhinical studies, Carearties. 65, 6816801 )| 1sol ati on

and ideptification of avian pathogens. College Station, Tex: Anerican
Associ ation of Avian Pat hol ogi sts. Herbst, R S. and Langer, CJ. (2002)

Epi der mal dranaharf,d3tand Méeisperg, R4 (2000) Tee hadmacks ot canceraGelintl 001 he
energi ng rol e of INrs‘-_ 5in the treatnent of |lung and head and neck
cancers. Sem n Oncol%, , 27-36. Hogbom M, Eklund, M, Nygren, P.A and
Nordl und, P. (2003) Structural basis for recognition by an in vitro evol ved
af fi body. Proc Natl_Acad Sci US A 100_. 3 19 1-31 96, Huansg, Z.,

El ankumar arfiarson, pdhFa, (198Qn Newrastle SDF@ea(sﬁoob) Hitchner, S.° B. (ed.).

10 Isolation and identification of avian pathogens. College Station,

Tex: American Association of Avian Pathologists.

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

15 treatment of lung and head and neck cancers. Semin Oncol, 29,
27-36.

Hogbom, M., Eklund, M., Nygren, P.A. and Nordlund, P. (2003) Structural
basis for recognition by an in vitro evolved affibody. Proc Natl
20 Acad Sci U S A, 100, 3191-3196.

Huang, Z., Elankumaran, S., Panda, A. and Samal, S.K. (2003)
Recombinant Newcastle disease virus as a vaccine vector. Poult
Sci. 82, 899-906.

25
Huang, 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.
30

Huang, Z., Krishnamurthy, S., Panda, A. and Samal, S.K. (2001) High-level
expression of a foreign gene from the most 3'-proximal locus of a

recombinant Newcastle disease virus. J Gen Virol, 82, 1729-



Reconbi nant Newcast!| e di sease virus as a vaccine vector. Poult Sci. 82,
899-906. Huang, Z., Elankumaran, S., Yunus, A S. and Samal, S. K (2004) A
reconbi nawo 2hevwast| e di sease virus (NDV) expressing VPPCPpERR@9/00@3DS

i nfectious bursal disease virus (I1BDV) protects against NDV and |IBDV. J
Virol, 78, 10054-10063. Huang, Z., Krishnamurthy, S., Panda, A and Sanal,
S.K. (2001 ) High-level expression of adoreign gene fromthe nost

3' -proxi mal |ocus of a reconbi nant Newcastl e disease virus. J Gen Virol,
82, 1729-1736. Kreitif@6, R J., Chaudhary, V.K., Waldnmann, T.A , Hanchard,
B., Cranston, B., FitzGerald, DJ. and Pastan, | . (1993) Cytotoxic
activities of reconbi nant i mrunotoxi ns conposed of Pseudononas toxin or

di pht her i a Krexhmart, Rvar, cChaugHergy vVeas., \Wakinkin, eNiAs, Mahbhavdy|B., Teshdton,
| eukem a. Leukem a, 7, 553-562. Kaiser, P, Poh, T.Y., Rothwel]|,. L.,
S., Balu, S., Pathal-aFitegeraldiRzheand SastamobidhPPa) Gutotoxis: acvtiescof
WAt son,g M, Bunstea i f,ﬁp,ﬂ, i }Q%ggb NOfF C
anal ysiss of chi ckenqggl%mdrégglan n(ﬂll%)ﬁﬁﬁs:r?es. Jdl ﬁf[ Ersfgggﬁ%téotglﬁlﬂem%s.
25: 467-484. Kreit maightReda taxio teastrddymipho¢ytessiromnpatients ouitiofaduliel -

gl utamat e resi due of In_ipereasin otoxicity of Pseudononas

exot oxi n derivati Vegeﬁﬁ"l&eﬁai R%ng@badg,bitsggf ‘to the KDEL receptor.

Bi ochem J, 307 ( Pt 1), 29-37. Krishnamurthy, S., Huang, Z. and Sanal, S. K

(2000) Recaovye ent _strain of newcastl e_ di seasi3 virus from cl oned
r

ry of a_virul
CONA: expr d83P8 85 BORorleY grRGEMER!: el A Sy Bl ot drathemian Wit
attenugj 1 on. Hughes, S., Goodchild, M., Morrell, S., Watson, M., Bumstead,

N., Kaufman, J. and Young, J.R. (2005) A genomic analysis of

Avery,

chicken cytokines and chemokines. J Interferon Cytokine Res.
25: 467-484.

15 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 binding to the KDEL receptor.
Biochem J, 307 ( Pt 1), 29-37.

20 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.

25 Kuan, S.F., Byrd, J.C., Basbaum, C.B. and Kim, Y.S. (1987)
Characterization of quantitative mucin variants from a human

colon cancer cell line. Cancer Res, 47, 5715-5724.

Ladner, R.C. and Ley, A.C. (2001) Novel frameworks as a source of high-
30 affinity ligands. Curr Opin Biotechnol, 12, 406-410.

Lamb, R.A., Kolakofsky, D. (2001) Paramyxoviridae: The Viruses And Their
Replication. In Fields, B.N. (ed.), Virology. Lippincott Williams &



Virol ogy, 278, 168-182. Kuan, S.F., Byrd, J.C, Basbaum CB. and Kim Y.S.
(1987) Characterization of quantitative nucin variants froma human col on
cancer cewbD 200vmsisCancer Res, 47, 5715-5724. Ladner, R ECT&RA0QAYI0A. C.
(2001 ) Novel frameworks as a source of highaffinity ligands. Curr Opin

Bi otechnol, 12, 406-410. Lanb, R A, Kol akofsky, D. (2001 )

Par anyxoviri dae: The Viruses And Their_Kgplication. In Fields, B.N (ed.),
Virol ogy. Lippincott WIlliams &W I kjns, pp. 1305-1485. Lorence, R M,
Pecora, A. L., Mjor Wikips, ppiot3@h-14383., Laurie, S. A, Roberts, MS.,

G oene, WS. and Bamat, M K. (2003) Overview of phase | studies of

i ntravenous adm nistration of PV701 , an oncolytic virus. Curr Qpin Mol

Ther, 5, 6loredde, RIMYKRetaraYA.L.J Majy, 3.P. Ddette, SH. M.auﬁ‘@J 8.A.MRobkerts, J. ,

Zhang, X., Zi mmer, [ 1] | Zuk rber Lynch,
wp Y Rueda BR | ald SohGeent . 9@&%‘«3 BLRS bbosy Gyl Bkpnoss |
preservgs the angi 0%@&65rSﬁﬁﬂ?i\ﬁ‘eddhs""aﬁh%n@{raﬁénd@if'P\Yﬁﬂf &A! ' Bfcggacer
cells. Nat Med, 11, 992-9 , O ., P M S aya, Y.,
Zheng, H., Sagrera, vitus. Qur @pin MO]Tmr,(ﬁ #18624.e, A and Pal ese, P. (2001
) Reconbi nant Newcastl e di sease virus as a vaccine vector. J Virol, 75,
11868- 11873. Noonberg, S.B. and Benz, CC. (2000) Tyrosine kinase

i nhi bi tors MaugehtdYt,oJé,hw.epi DeerlE.M.0@dlaf BLI O, J.e@Hzing )eulzfmﬁiéry role
Tevarted pont oo meon il Spaikerers, LRbK5a8 otnd el ¥ 1o
conmbi ngjorial |ibrag@syLfB.R. and Chung, D.C. (2005) Induction of interleukin-8
preserves the angiogenic response in HIF-1alpha-deficient colon
cancer cells. Nat Med, 11, 992-997.

Nakaya, T., Cros, J., Park, M.S., Nakaya, Y., Zheng, H., Sagrera, A., Villar,
15 E., Garcia-Sastre, A. and Palese, P. (2001) Recombinant
Newcastle disease virus as a vaccine vector. J Virol, 75, 11868-
11873.

Noonberg, S.B. and Benz, C.C. (2000) Tyrosine kinase inhibitors targeted to
20 the epidermal growth factor receptor subfamily: role as
anticancer agents. Drugs, 59, 753-767.

Nord, K., Gunneriusson, E., Uhl inverted question marken, M. and Nygren,

P.A. (2000) Ligands selected from combinatorial libraries of

25 protein A for use in affinity capture of apolipoprotein A-1M and
tag DNA polymerase. J Biotechnol, 80, 45-54.

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

Romer-Oberdorfer, A., Mundt, E., Mebatsion, T., Buchholz, U.J. and



protein A for use in affinity capture of apolipoprotein A-1 Mand tag DNA
pol ynerase. J Biotechnol, 80, 45-54. Roffler, S.R, Wang, S.M, Chern,

J. W, Yehwolpow/o9ared Tung, E. (1991 ) Anti - neopl astic gPGEmPRINOMHE3PS odr ug
treatnment of human tunor cells targeted with a nonocl onal anti body-enzyne
conj ugat e. Bi ochem Pharnmacol, 42, 2062-2065. Roner-Ooberdorfer, A, Mndt,
E., Mebatsion, T., Buchholz, UJ. andMetgenleiter, T.C (1999) Generation of
reconbi nant | entogeni c Newcastl e di sease virus fromcDNA. J Gen Virol, 80 (
R 11) , 2987-2995. Riettenigiter; Bu€z41999) Gemeralion A)f regombingnt Tentagenic

E tos, A A (199 ti A i i I {

U tro oytotoxiclty Moyt Gedth FisRa EoNA W ‘Fo Midfebac PE ey )|
Monocl onal Anti bodi @982-29%8! i cations in Cini caI Oncol ogy. Chapnan and
Hal |, London, pp. 111-1 18. Russell, SJ. (2002) RNA viruses as virotherapy

agents. Cancer Cene Ther, 9, 961-966. Salgaller, ML. (2003) Technol ogy
eval uaty on:ROGNRIZEIER:, éensahgséﬂ ROCReaudIT, Q%HE%% tBEe A2:(1§97) 667.

Schnel |, MJ., Mebatsi on, ConZel mann, K I'n ectl ous rabl es
Vi ruses from cl oned mdy@mmemenmnemtwur@my etgant) inviro Rinderle, C

Cnterferon 11om esciarenbl 20f My Rk jacisgdeRe. EPEBERSTR (P cai 1y

active. .Eur J Bi ocmnocza%ﬂ&n?ﬁodfﬁshmr Applitatidriar lih nCliklcal Clbneotugy A,

Kaspers, B. and Staeheli, P. (200 Synt heS| of |FN-beta by virus-inf ect ed
chi f:’ken enbryo cel | £hapman an I-?al )London pp 11-118. y
10

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

Salgaller, M.L. (2003) Technology evaluation: bevacizumab,
15 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.

20 Schultz, U., Rinderle, C., Sekellick, M.J., Marcus, P.l. and Staeheli, P. (1995)
Recombinant chicken interferon from Escherichia coli and
transfected COS cells is biologically active. .Eur J Biochem.
229:73-76.

25 Schwarz, H., Harlin, O., Ohnemus, A., Kaspers, B. and Staeheli, P. (2004)
Synthesis of IFN-beta by virus-infected chicken embryo cells
demonstrated with specific antisera and a new bioassay. J
Interferon Cytokine Res. 24:179-184.

30 Sick, C., Schultz, U. and Staeheli, P. (1996) A family of genes coding for two
serologically distinct chicken interferons. J Biol Chem., 271,
7635-7639.



denonstrated with specific antisera and a new bioassay. J Interferon
Cytokine Res. 24:179-184. Sick, C, Schultz, U and Staeheli, P. (1996) A
fam |y ofwQene@wsswdi ng for two serologically distinct clrCcTh®roooodEsns er ons.
J Biol Chem, 271 , 7635-7639. Sinkovics, J.G and Horvath, J.C (2000)
Newcast| e di sease virus (NDV): brief history of its oncolytic strains. J
Cin Virol, 16, 1-1 5. Skerra, A (200092 Lipocalins as a scaffold. Biochim
Bi ophys Acta, 1482, 337- 350. Staeheli, P., Puehler, F., Schneider, K,
Gobel , T. WSiakavigaspgés.san@. Hopath, J.y(2000ndNewtadtla diseasenvicus/¢NDV):

17663 1010, Stojdl b% LRty &%aﬂ%‘c SRS PR, *Eafiésoﬁm 7
Power, AT., Knowes, S, Marius, R, Reynard, J., Poliquin, L., Atki ns H.,

o, G 0Bl Line2ilcs B s iig 850k &m@%ﬁ?&'%ﬁ%ﬁﬁﬂyzg??

pot ent gsystem c antizggancer agents. Cancer Cell, 4, 263-275. Vogel stein, B.
and Kinzler, K W (2004) Cancer genes and the pat hways they control. Nat
Med, 10, 789-799. \al t enber ger, J., CI aesson-\Wel sh, L., Siegbahn, A,

Sy e MsaBflol St L SRy T Sabort 198 ot e e

Bi ol Chem 269, 2698&&&6685 of Wirgs: cBnbkrvedhfmitiods-Vd largety diffeYent Ibok. J C
Tung, E. and Roffler, i on. of gl ucuronide

1992) S actiyat
prodrugs by anti bodth QF%‘@% c@ﬂ?%‘ﬁﬁp'%%ﬁuwat?ek ¥§10c1;9ncer t her apy. Cancer
Res, 5@

Stojdl, D.F., Lichty, B.D., tenOever, 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) VSV strains with defects in their ability to shutdown innate

15 immunity are potent systemic anti-cancer agents. Cancer Cell, 4,
263-275.

Vogelstein, B. and Kinzler, K.W. (2004) Cancer genes and the pathways
they control. Nat Med, 10, 789-799.
20
Waltenberger, J., Claesson-Welsh, L., Siegbahn, A., Shibuya, M. and Heldin,
C.H. (1994) Different signal transduction properties of KDR and
Flt1, two receptors for vascular endothelial growth factor. J Biol
Chem, 269, 26988-26995.
25
Wang, S.M., Chern, JW., Yeh, M.Y., Ng, J.C., Tung, E. and Roffler, S.R.
(1992) Specific activation of glucuronide prodrugs by antibody-
targeted enzyme conjugates for cancer therapy. Cancer Res, 52,
4484-4491.
30
Warren, R.S., Yuan, H., Matli, M.R., Gillett, N.A. and Ferrara, N. (1995)
Regulation by vascular endothelial growth factor of human colon

cancer tumorigenesis in a mouse model of experimental liver



4484-4491 . Warren, R S., Yuan, H, Matli, MR, Gllett, N A and Ferrara,
N. (1995) Regul ation by vascul ar endothelial growh factor of human col on
cancer tuworv@anss’s in a nouse nodel of experinental |ipeemreiasiasss. J
Clin Invest, 95, 1789-1797. Zewe, M, Rybak, S.M, Dubel, S., Coy, J.F.,
Wl schof, M, Newton, D.L. and Little, M (1997) Coning and cytotoxicity
of a human pancreatic RNase i munof usiogg | nmunot echnol ogy, 3, 127-136.
Zhao, H. and Peeters, B.P. (2003) Reconbi nant Newcastl e di sease virus as a
viral vector: effecmetastpsivon Glin bomst, @5, di788et#Iyn gene on gene expressi on
and virus replication. J Gen Virol, 84, 781-788.C ains 1. A reconbi nant
oncol ytic RNA Newcastl e Di sease Virus conprising at | east one transgene

codi ng for ZswaWiaRyhdkoS. Mg, Dubéll 8. "CoHyel.FEwwalzchaf) M oNewtsh| D.IR\d
Newcast| e Disease Virus |s obtajnable froma vel ogyenl C Or mesogenic

oncol yti c RNA Newcaditfie. M.-4d89¢) (lening and exietexicisobadymppansreatis m 1,
conpri gy ng at | east F(W‘ﬁ'ﬁ aper activity when
expres?ed by a virus iné;ﬁ@gﬁ%drgo@?gﬁﬁ&n%l.%mo%%s ac?:%?dl ng to claim
2, wherein the at Ieast one further transgene is partially aIIogene or

syngene for t he host Th ordin n he cl ai.ns to 3,
wherein  neZsE bRl Beetersy B 20Dp] e Mt BPte s bS8 Wl s 5
The virus of cI ai m 4, virdiaeetor: éﬁéc@@ﬁdj@ﬂﬁﬁlcclbbatlcﬂ‘i of frelgr’ géné dnrgheced for
an avian species with respect to the virus fromwhich the reconbi nant virus

i s obtainable. 6. Tﬁép(ﬁstsiﬁ' and virys replicgtion. J%Vli?hgﬂhgséﬁl% species is
sel ectgd frompoultry. 7. The virus of any of the claims 4 to 6, wherein
t he avian species is



chicken. 8. The virus of any of the clains 1 to 7, which is an avian

pat hogen, in particular a pathogen of poultry, nore particular a pathogen
of chi ckewo 2809/0bbs7vi rus of any of the clains 1 to 8 , ®braipeabloaoshs om t he
mesogeni ¢ strain MIH68.10. The virus of any of the clains 1 to 9, wherein
the at | east one further transgene codes for a binding protein that has a

therapeutic activity when expressed by. ¢fhe virus-infected tunor cell. 11.
The virus according to claim 10, wherein the binding protein is selected
fromthe follow ng group consisting of a natural ligand, a genetically

nodi fied |igand, a reconbi nant sol ubI‘S domain of a natural receptor and a
nodi fi ed version thereof, a peptide I lj”é'ﬁ'& a polypeptide |ligand, an

anti body nol ecul e and fragnments and derivatives thereof, and an

anti body-1i ke nolecul e i ke an ankyrin-repeat protein and fragnments and
deri vat i ves!.t Herregpmbinant prcalytia KNA MNewrasfle HiseagenVilisogomprisifgedti n t he
bi ndi ng; prot eigales fHe BIRBIR cEuiflg A _BYERD %yR0kik ONGhirdif! Hed
originor a chrineric proteimn. 13. virus according to any of one the
clainms 10 to Ir2comibévaritroridotytici RNiAnNepicaste IDissase Minusnisrobtaindbleefrom

trimeric, tetraneric or nmultineric protein,,14. The virus acgording to any
one of the ol @ HEogEnErTesadriic PRBONES v Newer Dl eRes Milspeci 1 c.
bi specific or nmultispecific. 15. The virus according to any one of the

claims 10 to 14, wherein the binding protein is a fusion protein conprising
at | east ord bihgivings aeerndingtedclaim e gompsisinghat least egefurtaeniansgere The

virus ggcor di g, e HethBRdtR a VR S BSoRiadl BY PURIEIReBadulis

3. The virus according to claim 2, wherein the at least one further transgene

is partially allogene or syngene for the host.

15 4. The virus according to any of the claims 1 to 3, wherein the pathogenicity

of the virus is reduced for an avian species.

5. The virus of claim 4, wherein the pathogenicity of the virus is reduced for
an avian species with respect to the virus from which the recombinant

20 virus is obtainable.

6. The virus of claim 4 or 5, wherein the avian species is selected from

poultry.

25 7. The virus of any of the claims 4 to 6, wherein the avian species is
chicken.

8. The virus of any of the claims 1 to 7, which is an avian pathogen, in
particular a pathogen of pouitry, more particular a pathogen of chicken.
30
9. The virus of any of the claims 1 to 8, obtainable from the mesogenic
strain MTH68.



protein conprising a toxin such as human RNAse (pseudononas exot oxin,

D phtheria toxin), or a fusion protein conprising an enzyne |ike

bet a- gl ucwoanisdass; bet a- gal act osi dase, bet a- gl ucosi daseCTERe@oNYEBePpt | dase,
bet a-| actamase, or a fusion protein conprising an inmune-stinulatory
protein wth cytokine activity like IL-2, 1L-12, TNFal pha, |FN-beta or

GW CSF. 17. The virus according to any mne of the clains 10 to 16, wherein
the binding protein is selected fromthe group constisting of bl ocking

pr ot ei ns of1Cauthenvines ©f oty oétl'gar otairtmsf hdod, whersin the a(tdgastEQ]m?fuMer)

conpetitive binders for gro 1S {an ts) ns for
Rb- phosphoryl ét%”&ﬁe”&%%c%%gg pIaO Lﬂ ngpgp %Ra{e&?ﬁda é?"e?%éét@crl ﬁY@n

st abi l i zers f avhdrb8xprested dyithé virublinféeted! fuphoraddlil apopt oti ¢ proteins (eg
Bcl -2); antagonistic binders for cyclins; antagonistic binders for Ras

effectors (eg. CEFs); ant agoni stic binders for hypoxia induced proteins

(eg. Hg1 31311 T ﬁﬁt@ngeé&dﬂt lé?rﬁrt(Ptdvﬂérétﬁglﬁé’bﬁtélﬂi@tprbt%jrﬁfé )§§I%ct@ h

di meri zati I ng or cof actor bin ucers
of differenti dwirorthel fﬁtlpmmg)rg;oup csmmﬂstmggnala mgwnat dngshdcaat igeneticalbi bi t ors

Pt bi tore of TaOPREL6RhEY AFREARIRSSHS Sonldh ER fnrTecBatttiandl >
ant agoni stic ki nstetiffed %rﬂbﬂ&hgreﬁﬁe@i peptigenigande . Slybébtl@eV@GﬁdR)an

ant agoni stic binders to oang ?nl c receptors; .inhibi tors gf scaffold
conpl ex f or mat@ngRod¥gm I&a rREMANtSr ANt d?'f'\éﬁtﬁ’le&t itherephi @ngt idh (eg.

el FAEgFl F2a) ;5 tﬁdy rtFét?hél%ﬁleOﬁkérhhoéd riflLrg éﬁts Qm Er'\&fr%g%nent%%ndme

virus of any o ai s wheréin t | east one

transgene codelerivatives theselofug- converting enzyrre that has a therapeutic
activity when expressed by the virus-infected tunor cell. 19. The virus of
any of the clains 1 to 9, wherein the at | east one further

12. The virus according to claim 10 or 11, wherein the binding protein is of
mammalian, e.g. human, murine or closely related origin or a chimeric

15 protein.

13. The virus according to any of one the claims 10 to 12, wherein the
binding protein is a monomeric, dimeric, trimeric, tetrameric or multimeric
protein.

20
14. The virus according to any one of the claims 10 to 13, wherein the

binding protein is monospecific, bispecific or multispecific.

15. The virus according to any one of the claims 10 to 14, wherein the
25 binding protein is a fusion protein comprising at least one binding domain

and at least one heterologous domain.

16. The virus according to claim 15, wherein the binding protein is a fusion
protein comprising a toxin such as human RNAse (pseudomonas

30 exotoxin, Diphtheria toxin), or a fusion protein comprising an enzyme like
beta-glucuronidase, beta-galactosidase, beta-glucosidase,
carboxypeptidase, beta-lactamase, or a fusion protein comprising an

immune-stimulatory protein with cytokine activity like IL-2, IL-12, TNF-



transgene codes for a protease that has a therapeutic activity when
expressed by the virus-infected tunor cell. 20. The virus of any of the

pr ecedi ngvoladamwsierherein the at | east one transgene en®ouinPg0QNIEBVE an
cytokine is selected fromchicken interferons. 2 1. The virus of claim 20,
wherein the at | east one transgene encodi ng anavi an cytokine is sel ected
fromchicken type | interferons. 22. Thggvirus of any of the clains 5 to 2
1, wherein the pathogenicity reduction is a capability of the virus to
reduce bird cedlphaylEiNsbatsoon GMRSH.t er i nfection with MJ 0,01 neasured by
increasing cell viability, whereby the cell viability is inceased to at

| east about 25% up to about 50% surviving cells, nore preferably to at

| east about1B0Phelvitue abeBtingd% iy brengf aed |ctaimsd 100®t 18] eftereinl yhe o at
| east about 75% up to 100% surviving cells with respect_to the virus from

whi ch the reco@iﬁi"r’i‘@rﬂ’otﬁ"ﬁL&S‘?@CMEP%HB‘PEQVOEB comastm%%b'epk'aawreke'%e
cl ai s to 2 h h Ci e [ v
0<§f M@ﬁ&he shacha hl@ﬁﬂ(‘h fh¥tdr (ﬂé’eérptgfls d§9 OFSJF’R al

t
pr ol ongat i on virus in ect e ryos | enbrygr?at ed
eggs neasured mrnpetatrvedmadmstﬁqmraéwtbrnjamf(antammsta),, bldekingoprateiesNDT i s

Pbout Son up tRoRGaPhaRfAton; Hpthng TuBBRHS G E2F B G Ridih G tilbar ea < o
the virus froretmbihz@rstfw ps:coabt'agmﬁstici bindlers fobaatiapdptetic Zgroteihe (egr us of
any of the clains 1 tq wherein the oncolytic act]vit the virus for

f
human tunor cepfl2) sarggs%wﬁlmlpd% f‘P"e&ME'H?f @@tag?n@tw.%ageb? fahyRag t he
claimd to Z%fgd&isfse@ t@EFFP%txgbﬁlsﬁ&tu.ﬂdérx fof hkpﬁxﬁé' BB cE@ protdimg t unor

cells nmeasured by cell “via ter 48h after ection Is not reduced
by nore than 38% cbl;hlf)m)edlnhﬂaltms ofr dranseoption factors that interfere  with

dimerization, DNA-binding or/and cofactor binding (eg. Myc/Max),
Inducers of differentiation; Inhibitors of smad signalling/translocation;
inhibitors of cellular adhesion interactions (cadherins, integrins, eg. a5p1,
15 av3); 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); inhibitors of translation
initiation (eg. elF4E, EIF2a); and inhibitors of mitotic kinases (eg. Plk-1).
20
18. The virus of any of the claims 1 to 9, wherein the at least one further
transgene codes for a prodrug-converting enzyme that has a therapeutic

activity when expressed by the virus-infected tumor cell.

25 19. The virus of any of the claims 1 to 9, wherein the at least one further
transgene codes for a protease that has a therapeutic activity when

expressed by the virus-infected tumor cell.
20. The virus of any of the preceding claims, wherein the at least one
30 transgene encoding an avian cytokine is selected from chicken

interferons.

21. The virus of claim 20, wherein the at least one transgene encoding an



whi ch the reconbinant virus is obtainable and nore preferably is
essentially not reduced with respect to the virus fromwhich the
reconbi nawo 200v09s167s obt ai nabl e. 26. A nucl eocapsi d of &CTAEPRIIVI0NEBNE
oncolytic RNA virus of any one of clainms 1-25. 27. A genone of a

reconbi nant oncolytic RNA virus of any one of clainms 1-25. 28. A DNA

nol ecul e encodi ng the genone and/or antgggenone of a reconbi nant oncol ytic
RNA virus of any one of the clainms 1-25. 29. The DNA nol ecul e of claim 27
operativel y | iaviasucytokinetis selasteg froonehickemtyps! | isterfernos. 30. A cel |
conprising a reconbi nant oncolytic virus of any one of clainms 1- 25, a
virus genone of clains 27 or/and a DNA nolecule of claim28 or 29. 3 1. A

phar rr?cert izzaITr@grvmsi bf @nyc ofipthies ic:r?maI settprrzzni nWhteréigCﬂiQ’tdaﬁ\%%e"mthlyOf ?ny
one of clains 1-25, a. virus eno or clalns 7 or/an nol ecul e O
claim 28 or 2deddctign b?c?ﬁ?é’ﬁ%'i g’g itBe VISt fooreduce Rigd, 4" ﬁéYs'wach?Ut 48h

phar ”a%eUt'C‘inﬂéraﬁﬁ@&Fo?ﬂb'vﬁtrP%O'I 6,91 %éé’s‘%ﬂﬁé By dinfeAfhd! Vit $na(§;ﬁﬁ The

phar maceut i cal conposition of claim3 further conprisi a pro whi ch
can be conver tdierehy dhe celievialpilityt isdacegsest ta at leastahoud 2@?% tupeto about

557 A net o 8o LHEAFEGSy PGS, dibraraPurlo, of fRbe At SR lp fo B8

admi ni st eri ng 715% asurvidingacels iandl hosefrefsrably munéagthtaolﬂuvathlm need
' 1-25, a virus

t hereof a reconhi nant .oncol yti ¢ virus of any. o
genone of cl ai1wSHW“é{HQ chst rfﬁﬁ@%@!l@tgf" VHPé?'EH"QSVCfBa‘g& regpMbiRaNtret hod
of cl aigm 33, G4HR'i¢ Sbitinakslgl ni stering in a pharnaceutically

23. The virus of any of the claims 5 to 21, wherein the pathogenicity
reduction is a survival time prolongation of virus infected chicken
embryos in 11 day old embryonated eggs measured by mean death time

15 (MDT) determination, whereby the MDT is prolonged by at least about
15h up to about 20h, more preferably at least about 20h up to about 30h
and most preferably by more than 30h compared to the virus from which

the recombinant virus is obtainable.

20 24. The virus of any of the claims 1 to 23, wherein the oncolytic activity of the

virus for human tumor cells is essentially not reduced.

25. The virus of any of the claims 1 to 23, wherein the oncolytic activity of the

virus for human tumor cells measured by cell viability after 48h after

25 infection is not reduced by more than 50% compared to the virus from
which the recombinant virus is obtainable and more preferably is
essentially not reduced with respect to the virus from which the

recombinant virus is obtainable.

30 26. A nucleocapsid of a recombinant oncolytic RNA virus of any one of
claims 1-25.

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



effective anmount to a subject in need thereof (i) a reconbinant oncol ytic
virus of any one of clains 1-25, a virus genone of clains 27 or/and a DNA
nol ecul e wb 200949M628 or 29 conprising at | east one tran®gemP2enoosing for a
prodrug-converting enzynme and(ii) a prodrug suitable for treatnent of the
proliferative disease in conbination with the virus, which prodrug can be
converted into a pharmaceutical ly activggconpound by the prodrug-converting
enzyme of (i). 35. The nethod of any of the clainms 33 to 34, wherein the
subject is a ffman patient. 36. A reconbinant oncol ytic RNA virus
attenuated for poultry conprising a nucleic acid conprising at |east one
transgene coding for a cytokine. 37. The virus of claim36 which is

att enuat ed Z&rA cDN#emolecule encoding the genome and/or antigenome of a

recombinant oncolytic RNA virus of any one of the claims 1-25.

29. The DNA molecule of claim 27 operatively linked to a transcriptional
control sequence.

30. A cell comprising a recombinant oncolytic virus of any one of claims 1-
10 25, a virus genome of claims 27 or/and a DNA molecule of claim 28 or
29.

31. A pharmaceutical composition comprising a recombinant oncolytic virus
of any one of claims 1-25, a virus genome of claims 27 or/and a DNA
15 molecule of claim 28 or 29 as an active ingredient optionally together

with pharmaceutically acceptable carriers, diluents and/or adjuvants.

32. The pharmaceutical composition of claim 31 further comprising a
prodrug which can be converted into a therapeutically active compound
20 by the prodrug-converting enzyme encoded by the at least one further

transgene.

33. A method for treatment of a proliferative disease, comprising
administering in a pharmaceutically effective amount to a subject in need
25 thereof a recombinant oncolytic virus of any one of claims 1-25, a virus

genome of claim 27 or/and a DNA molecule of claim 28 or 29.

34. The method of claim 33, comprising administering in a pharmaceutically
effective amount to a subject in need thereof

30 (i) a recombinant oncolytic virus of any one of claims 1-25, a virus

genome of claims 27 or/and a DNA molecule of claim 28 or 29

comprising at least one transgene encoding for a prodrug-converting

enzyme and
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(i) a prodrug suitable for treatment of the proliferative disease in
combination with the virus, which prodrug can be converted into a
pharmaceutically active compound by the prodrug-converting

enzyme of (i).

5
35. The method of any of the claims 33 to 34, wherein the subject is a
human patient.
36. A recombinant oncolytic RNA virus attenuated for poultry comprising a
10 nucleic acid comprising at least one transgene coding for a cytokine.

37. The virus of claim 36 which is attenuated for chicken.



