1 METHODS OF PRODUCI NG ADENOVI RUS VECTORS AND VI RAL PREPARATI ONS GENERATED
THEREBY This application clainms the benefit of priority under 35 USC
119(e) ofwo.2811/865%00vi si onal Pat ent Application No. 61/ 2®4¢TABB1i/nH30esy January
12, 2010, the contents of which are incorporated herein by reference in
their entirety. FIELD AND BACKGROUND OF THE | NVENTI ON The present

i nvention, in sone enbodinents thereof, relates to nmethods of 10 producing
adenoviruses such as anti-angi ogeni c adenovirus vectors and preparations
gener ated t hereby. Angi ogenesi s, the formation of new capillaries by
buddi ng from existing vessels, occurs in tunors and permts their growh,

i nvasi veness, and the spread of netastasis. The anti angi ogeni c approach to
antitunor treatnment targets these new!15 vessel s because of their

accessi bi | ity bMFHHORYSHFROIIANG SPENPVHRYS VEETPREANE V8t Aut at i ons, and
the anplification effectpeipipmioNg divpgaTEheergehel ial cells (ECs) of
the newly fornmed bl ood vessels are affected by anti angi ogenic factors, such
as angiostatin and endostatin, that trigger their apoptosis. In contrast,
proangi ogeni ¢ f ag§0fsplitdibs R 1RNELAMERT SRy LRyt %5t@s@eﬂ1b(te§mysval . The
i nduction of direct and specific EC 20§$0 tosis is assuned to disrupt the

bal ance bet WgeiiopH &gt Aeplistien fiwapBRE b led 1aHan o 2afit Ot e crriehy’ cut of f
the tunor' syhlRad ibPBla)d herein by FBREQUE IR BRIreyar geti ng of ECs by gene

t her apy approaches was hanpered by the inefficiency of the

vascul ar-specific pronoters used. United States Patent 5,747,340

t eaches user@i paANbBAT& @UootDe)d e eeVENsiogci fi c 25pronot er whi ch shows
selectivity towards angiogenic cells, and therapeutic apPIications t her eof .

I nternational APPFiR&EFIORVEPRODSTTS7IYddeat| Beesd sltemior Bpthpari ng

adenovi rgls Moy ddblvirufel s0& & adi)angfRMi@hiindena V¥odisf dn@dhrBparding
pre-proendothelin pronoter (PPE-1-3X) and a fas-chinera transgene [Fas and
human tunDrgW€@F6§P§b30 factor (TNF) receptor] which has been devel oped, in
whi ch the nodi fiQgidgtickine mRr RERIRE ¢PREr kapMirics 1 5y 8fddingt Gomestiftingt
expression of the fas chinera transgene to angi ogenic bl ood vessel s,

| eadi ng to Y&KGered aPfoltnesi @dgrmpifeber gy gvasheness, angdbfotrieridl - specific
gene ther appetitdsit. t e Eﬁﬁngao%ﬁopa@mm lto AR@EMBOtredtfGlt @@ASEs e SPRCI ficity
of viral interactions with the host (e.g. transfection) but restricts the

expr essidn YPsshbeopyss i Jheie agegssiilE vt inEaysaust Hanigration dho feysty rfc ogni ze
the nodi fi egluffi@RDinGtheanPNGtRQL Bifect BRARINRIIA Thebh®ihell1RIBNEMBIJrc recept or
can trigger the Fas 5 pathway bX bi nding TNFa, whjch is less toxic in

non-t unor al the j ¥&de Loimed rPIopsi Keysdih @reraldyciedsby jagumgiogeih faim sughidsh i s

hi ghly exprgassaedtih fhdt@fostadiRha kridder 8 afop@§HeS e, Iﬁ@n%iagedid tM&brs Further,
TNFa was found to be_abundant in the mcroenvironnment of tunors_adding to

the speci fi ittfObrand NEGE capfabn o cgld pyrvively Thendugron qf st apptsprgitic EC

sur r oundp NG&Hopthkie Heasbunttditd @8ruptiBie 8slhnde bkt the fads- MbiphRpSptetRASMmak he

regul ation of the 10 PPE-1-3X pronoter (PPE-1-3X-fas-c) can be used as a
potent ant i 2ddpdErely ey off the tumpnss bloodsppihal  Appli cati on W2008/ 132729

di scl oses an oncRinlictoRdeittcting BEECORE b ARy YappioRIhb L Rbd RghpaLEBOVI I US

( CRAD) construc?s-under transcriptjonal control of the cis-acting nmurine
pr e- pr oendot?AEE fﬁleﬁi’yo‘?félﬂee‘fa?cufa\%p' FHICHFONT RS es for devel opment of CRAD
vectors have beamild@satcopadat 57 B4Y tch@eligdend a @hurinb nd@ERBAlICEI-4f2c@BgI Neeri ng
of the early 1 Elégﬁenes to restrict virus rg lication to target cells and
to spar € nofEPCE VRSHROVESHRATVY CERIP BtEtFCHE POR- 10 e PeyisePRlcatAds, such
as Ad524, haweofa nutation in the inmmediately early (E1A) or early (E1B)
adenoviral region, which is conple t (N tunpr. cells but not. in nornal
cells. In transéatﬁﬁﬁt&?élmémlks?fwyp‘&%&@gébﬂé CRREESS v o TS EEt i on i s
control |l ed aecRovarud §68T/ (MUS SRIEdSREN, Jon@ind{e0Bb@ified murine pre-proendothelin

promoter (PPE-1-3X) and a fas-chimera transgene [Fas and human tumor necrosis

30 factor (TNF) receptor] which has been developed, in which the modified murine
promoter (PPE-1-3X), is able to restrict expression of the fas chimera transgene to

angiogenic blood vessels, leading to targeted apoptosis of these vessels.



20 Pl acenent of the adenovirus under transcriptional control of the
nodi fi ed preproendothelial pronoter (e.g. PPE-1 3X) results in high

angi ogeniwopaaisbiogi ty of expression, and can be enpl oy@dTuB20pt/63018% novel
and powerful solutions for the treatnment of netastatic, tunor and
cancer-related conditions. These constructs were proven effective in
selectively inhibiting growh and devel opnent in angi ogeni c 25epitheli al
cells in-vitro and in treating di seases and conditions associated with
excessi ve neovascul ari zation in-vivo. International Application

W2008/ 132729 further teaches non-replicating adenovirus vector (Ad5, El
del eted), containing a nodified nurine pre-proendot hel i n pronoter
(PPE-1-3X) and a suicide transgene m di ne ki nase, TK), in which the 30
nodi fi ed murine E@fi@hﬂ%fpe@ﬁpse@ ﬂ@fepy dho BRE- 9 ¥ @roseias dpFdioaigreastny ol ves

the conver sihen &fﬁc@lﬂ JrR@hE inRERUSMIWINtR BBt Acd InvBsrEdReH)aRR Ubduer2@ENt W thin
t he cancer ceIF e nost w dely used gene in suicide gene therapy i's

her pes si npPEEsye efsthe Hytrsencie thoge HisHepstRat (cpdsgenaesly deregriadthinadifisdnci cl ovi r
Rece@}{omﬁﬁepdl BSioBANE kAt R 28R dhiferfdS¥echtth GhtY skl t}ﬁYFa@t oxicity

nechanlsn1 hey revealed cell cycle arrest in the |late S or Phase due to
acti vation ALY dDIE tratkitfe sl dRPS ithRon-trmgteb tigyenthan wihgetheound to

lead to irrexgasiibii c&hinigeatticas nedly e@gﬁes@edbms{oanﬁlﬁéraleﬁ&ﬁmt tik@sated 5 to
cell death. Profound cell enlargenent s known_ nor phol ogi cal change

in cells admchpshersd Rpler N opey. W&bﬁ évgf‘aélmn e RCEORHFPRSI i cal

changes arew@ids h@ligPesid Geeifit®ds belRd MRnde8R bLaRgeMBNthe tHhbessd agtin fibers
and a net of thick internediate fil anents agpear follomnn?tcell cycle
a|1

arrest. Pl a%lérﬁél?ﬂmgéﬂlteﬁeeﬁ%v%lsa%ge@feth@ o e chimee pdghde regyfation f theontrm of

the murime ISF’E'IBKQ}?@Q%MBPEIB3Mﬁ§@}c@ﬁb&ﬁ’£&asla%ﬁ©nthrﬁ1taﬁbﬁdrh§ 10restrict
expression of the suicide gene tgQ an Y ﬁen?_Wl od vessels, leading to

target ed apopt odi&mgiongh sprlicaiians Q20 isgfeseprin PIOBHiTIZER: PSAccor di ng

to an aspecton@iosMReBiohiRgia i@ tisus GERADS cos @S UndbrM¥aibAshat k61 JrS provi ded
a net hod for | ar ge. scal e, producti on of an adenovirus, the netho

conpr i si ng: MEuFPAFTHg THG BErRAAeRYNS WEPRAIST ohve ulPRIGE estBFERIcEs [¢tel |

infected W §RcidpmadnORIADISMM ﬁhe%éﬁ)ﬂé@@@e@nﬁuﬂy ﬂﬁud@ﬁgeorpﬂae%eﬁm helin
pronoter, there r

pr.oduci n e adenovirus, cordln spect of
some enBodi FEHEY SOl hfecay 35@ S9PRR/ AP VFH%FB lqagmbhdgﬁg sillakePhod of
produci ng agpardemami tiskis, G%mCrmmb@dleﬁ@tmrty@ (ebe OUWRALS] A@hREREB4,Ccel | s

i nfected mnth an adenov rus h co ses rine pre r.oendot hel i n
promot er i n"A* YREPR AL eclmne%ée ﬁaﬁﬁrﬁdﬁﬁBW%oaﬂ?é §b WP al

propagat i onis cbipleMBePIMAGE d3Ts btheloﬁﬁ&ﬂﬁﬂdl bl 12 AGCaHEltMehtdtion $gae
enbodi ments_of th esent invention t adenovirus is selected fromthe
group consi ethert) Gk ER- wRTnt %m%g Y P RO APEG AP TIR | y
repl i cabd ngriagk@ReNidfushe adenovirus under transcriptional control of the modified
preproendothelial promoter (e.g. PPE-1 3X) results in high angiogenic specificity of
expression, and can be employed to provide novel and powerful solutions for the
treatment of metastatic, tumor and cancer-related conditions. These constructs were
proven effective in selectively inhibiting growth and development in angiogenic
25  epithelial cells in-vitro and in treating diseases and conditions associated with excessive
neovascularization in-vivo.

International Application WO2008/132729 further teaches mnon-replicating
adenovirus vector (Ad5, El deleted), containing a modified murine pre-proendothelin
promoter (PPE-1-3X) and a suicide transgene (thymidine kinase, TK), in which the

30 modified murine promoter (PPE-1-3X). The "suicide gene therapy” involves the
conversion of an inert prodrug into an active therapeutic agent within the cancer cells.

The most widely used gene in suicide gene therapy is herpes simplex virus thymidine



According to sone enbodi nents of the present invention the non-replicating
adenovi rus conprises a pol ynucl eotide which conprises a fas-chinera
transgenewBQoriziss®pi ptionally |inked to the nmurine pre- pcoapziol/bisn

pronoter. 4 Accordi ng to sone enbodi nents of the present invention
the conditionally replicating adenovirus is transcriptionally linked to the
muri ne pre-proendothelin pronoter. According to sone enbodi nents of

the present invention the non-replicating 5adenovirus conprises a

pol ynucl eoti de whi ch conpri ses an anti-angi ogeni c transgene
transcriptionally linked to the nmurine pre-proendothelin pronoter.
According to sone enbodi nents of the present invention the non-replicating
adenovi rus conprises a pol ynucl eotj de ‘whi ch conprises a pro-angi ogenic
transgene t ¥ias AP Hrikdwarnisr vithgaagicloyir {HeVuReosrt sdéss heveshasetrarern

promoter. 1HACHILHK RV elSQAREIRAMNMBINS 10y tRBIRT @BeNtlclaRYEM ihen t he
non-repllcatégg adenaqvirus conprises _a polynucl eotide which conprises a
9

sui ci de tr alt§gene Frrigciucprisharipy of fisket™ ONheéaTase icherkpriat Jheendot hel i n
pronot er. Agent iRl 15 W (SROGLPBRES dQth dshe1IRk %%?B&nd'e{‘éf%@tt kRRJt he _
conditionally replicating adenovirus transcriptionally |inked to the nurine
pr e- pr oehdotrell fepthy P el splareepespbisa wH-HGLwarRhologisplgharss dbedS sequences
encodi Ng Pr QmiMikeR WithaRIHOYAK/GCRISAES - THECALPhAGeitD cBHER LOBRAL et s of
the present inyention the suicide transqene conprises_ a fhymdine kinase
encodi ng setf§efic aytoskeleton rearrapgegicnf; fgest ACTHRSTSARE ddichpinbigk gftergdiatsr esent

i nvention t HEmade ashehr B0k HE LB by ORI, PRScAen8f Bl QbRERUSndMkkete acid
sequence encodi ng a_therapeutic agent operably 20l inked to the nurine

pr e- pr oendot#EFTPHoMY sprbobpf the muringapreprogndphelip Pripger dhlifo b fe it 8ledP t he
present 1b NVREHHRpleQRnh TR RHi@@Okae MizRiEni@Blotd SRS MARInE AMRfdRAS an
apoptotic gene. According to sone enboginents of the present invention the
met hod of t HEPPHYEHETENCPUTt her conprises recovering virus fromthe cells
followi ng the culturing. 25According to sone enbodi nents of the present
invention the recovering is effected at a point of harvest (POH) of 3-4

days post infection and an MJ of 5. According to sone enbodi nents of
t he present%;gﬁﬁgiggﬁ he & ing is effected at a 5-100 L vol une.
According t U g&iﬁﬁﬁ?§5§@ t he present invention the culturing is

30effectied at a AdDordingad bfdspect of some embodiments of the present invention there is
provided a method for large scale production of an adenovirus, the method comprising:
culturing in a serum-free suspension culture PER.C6 cells infected with an adenovirus
which comprises a murine pre-proendothelin  promoter, thereby producing the
adenovirus.

20 According to an aspect of some embodiments of the present invention there is
provided a method of producing an adenovirus, the method comprising, culturing
PER.C6 cells infected with an adenovirus which comprises a murine pre-proendothelin
promoter in an adherent culture under conditions suitable for viral propagation, thereby
producing the adenovirus.

25 According to some embodiments of the present invention the adenovirus is
selected from the group consisting of a non-replicating adenovirus and a conditionally
replicating adenovirus.

According to some embodiments of the present invention the non-replicating
adenovirus comprises a polynucleotide which comprises a fas-chimera transgene

30  transcriptionally linked to the murine pre-proendothelin promoter.



According to sone enbodi nents of the present invention the culturing is
effected at a 50 L volune. 5 According to sone enbodi nents of the
present iwoOent@mswhe culturing is effected at a 100 L POTOBR®E11/050137
According to sone enbodi nents of the present invention the culturing is
effected using a disposable bag. 5According to sone enbodi nents of the
present invention the recovering is effected by subjecting the cells to a
detergent |ysis. Accordi ng to sone enbodi mnents of the present
invention the detergent conprises Triton X-100. According to sone
enbodi nents of the present invention the nethod of the 10 invention further
conprises renoving cellular DNA and cell debris so as to obtain a clear

f eedst ock. According to sone enbddi ments of the present invention the
f eedst ock is sub}setidg toomsngerdingmtsppiothe mreseptatny gitiop Heeyonditionally

Accor di ng t RpRank; AELRUER! FabrifiifalRr asRAt 1l MEERbLERN ptdgodmbingsh furt her
15conprises obtaining a viral pellet and subjecting the viral pellet to
ani on exchaPf§B°€hr omat ogr aphy and si ze excl usi on chromat ogr aphy.

According to somceahgdh BRAt $mBbdilnBs RF @ReftbschiMesibe thd - tARaGH Mera
transgene conpri ses a pol ynucl eotide having a nucl eoti de sequence as set

forth i n® SERYCPOYINDComPrisspAREPlGegde yhish ramBiiNss AR FRETRRSISENIE HBNSSF¥Ss ent
invention tfgsédsiosdlly HRESR t§ ﬂa@ﬂﬁﬁﬁ@ﬁre%@dmadt&ﬁﬁpa)mrynucl eotide having a
nucl eoti de sequence as set forth in | D NO According to sone

_ E 3. .
enbodi nents of tHEPIESRAPME FPEPEIMERS t"géhef fEsephinyeign theapraigapiica rises a

pol ynucl eot i@govi@y ichflpdsed d CloBRuL BRI IS 8AH@NE@NRResS 8 prd-Meidgehid t2fgetd | D NO
4, Accordi ng to sone enbodi ments of the present invention the nmurine
pre-pro endBREPIAYY SRERIL? the SHpins REProendshslip GEM9EYi de havi ng a nucl eoti de

sequencegpas set ARblilgitd s chBodibkntd of the present HEGHIOA itKRIndnOreflREENg
enbodi nents of the present invention the nurine pre-pro, 30endothelin

promot er coMSPEVEEE PSP Fc I RBPPIROIHAY VA aCotRiBeotd dWicklsqiBREE s set

forth in SEQuk&ipehall§ linkdd to themuﬁﬁ@ﬁe@mgddt&ﬁﬁ@mo@aﬂbodi ments of the present
invention the nurine pre-pro endaothelin @ronnter conprises a pol ynucl eoti de
havi ng at | east AKYIREPP @Mt enndingls| Aoy sl duenrter f8 waditipiyllyn i n SEQ

D NO 6. replicating adenovirus transcriptionally linked to the murine pre-proendothelin promoter
15 is devoid of non-viral heterologous sequences encoding pro- or anti-angiogenic agents.
According to some embodiments of the present invention the suicide transgene
comprises a thymidine kinase encoding sequence.
According to some embodiments of the present invention the adenovirus further
comprises a heterologous nucleic acid sequence encoding a therapeutic agent operably
20  linked to the murine pre-proendothelin promoter.
According to some embodiments of the present invention the heterologous
nucleic acid sequence comprises an apoptotic gene.
According to some embodiments of the present invention the method of the
vention further comprises recovering virus from the cells following the culturing.
25 According to some embodiments of the present invention the recovering is
effected at a point of harvest (POH) of 3-4 days post infection and an MOI of 5.
According to some embodiments of the present invention the culturing is
effected at a 5-100 L volume.
According to some embodiments of the present invention the culturing is
30 effected at a 25 L volume.
According to some embodiments of the present invention the culturing is

effected at a 50 L volume.



Accordi ng to sone enbodi nents of the present invention the nmurine pre-pro
5endot hel i n pronoter conprises a pol ynucl eotide having a nucl eoti de
sequence WO 2081708659t h in SEQ I D NO 8. Accor di ng t ®@CToRW1ent90sli ment s
of the present invention the nmurine pre-pro endothelin pronoter conprises a
pol ynucl eoti de having a nucl eoti de sequence as set forth in SEQ ID NO 7.
10According to sone enbodi nents of the present invention the nmurine pre-pro
endot hel in pronoter conprises a pol ynucl eoti de having a nucl eoti de sequence
as set forth in SEQID NO 13. According to sone enbodi nents of the
present invention the nmurine pre-pro endothelin pronoter conprises a

pol ynucl eoti de having a nucl eoti de sequence as set 15forth in SEQ I D NO

12. Accordi ng to sone enbodi ments of the present invention the
non-repl i cat i ng AA¥ABEi PuPmrethbdimatsy Al MigeAigHAnt daventiqiethe ofulturing is Accor di ng
to sonme enbggi-ratsSi00fL ddNenPr esent i nvention the adenovirus 5 vector
conprises a nucleic acid sequence as set forth in SEQID NO 9 or 10.
20Accordi ng to SURYIEEHSdIME ERbAimentie of thes Bigtent AREREIqNoHCt HEYERN t i ons
conpri se segfdled using a iGRMLM #3g. t 0 some enbodi nents of the present invention
the recovering is é%fected by freeze-thaw rel easing of the virus.

Accordind to sorfEcefB8dP meRE sergodineats ifel@e presti By g thenseovstitod f ur t her
25conpri seseffe@{mgﬁ,mje@ﬁﬁgm@alﬁme@@g&@@ﬁg debris so as to obtain a clear

feedstock by ultracentrifugation. Accordi ng to sone enbodi nents of the
present inventi ofCPHBIEES F8YC f YRRoqERentso A rthes PESTE Ny sfigyi they deiveecel ear
f eedst ock ogyndric&Git@adp@nt . According to sone enbodi nents of

the present invention the nethod further 30 conprises renoving the CsCl
usi ng a Sephadex*a&8Ret!P F§me sMypdiments of the-prgsegi wyetign 4be gsphed ©f e sone

embodi ment SinOéntibA Gurthee EMPrisbsMeRIBT @ Relule ITENA Snd el Uéeld sa a8es bedinf.or | arge
scal e productign of an adenovirus, the nethod conprising: 7 culturing in a

serumfree @ﬁ%ﬁ?ﬁ%@%n culture PER C6 cells infected with an adenovirus

whi ch conpri ses gchdikeioCsoai EmSRAGMARCET 8% Helenf aivbliiohthSERABING 9 or 10,
t her eby prod CLQ% t he adenovirus. According to an aspect of sone

enbodi ment s* © reapFloniidmtiro here is 5 provi ded a method of

produci ng an adeqgyidhdSe sbie chHBbiMEnts QMafel stdrel inCehtibal kicN@eth&RiEBecel | s
infected with an adenavirus gong#isingﬂa_nucleLc acji d sequence as set forth
in SEQ I'D NE™PESESy OOfnig aariran At @Rt STUIHlY U PORBAYRHOBIFECe0$% abl e f or

viral propagaéhfsuragh@n®dne Reducitigndtb@appgdenovi rus. According to an aspect
of sonme enbodi ments of the present inveption there is 1%65%ovtded avira

pr epar at i on genéyﬁwgﬂngC%ngﬁ@“%%n?ﬁbo *h§segt Ty EHE e TPRREE of sone
aspects of #iegdat esBftised Ay@RtucRAiRNEVIeX Rinkd1dtiags@tenc® i RXRaMSE@Nd si ze
excl usi on chrona%ography traces of Figures 7A-B and product profile of
Tabl e 6. IDNO: 2.

20 According to some embodiments of the present invention the fas-chimera
transgene comprises a polynucleotide having a nucleotide sequence as set forth in SEQ
ID NO: 3.

According to some embodiments of the present invention the fas-chimera

transgene comprises a polynucleotide having a nucleotide sequence as set forth in SEQ
25 IDNO:4.

According to some embodiments of the present invention the murine pre-pro
endothelin promoter comprises a polynucleotide having a nucleotide sequence as set
forth in SEQ ID NO: 5.

According to some embodiments of the present invention the murine pre-pro

30 endothelin promoter comprises a polynucleotide having a nucleotide sequence as set

forth in SEQ ID NO: 6.



According to an aspect of sone enbodi nents of the present invention there
is provided a viral preparation generated according to sone enbodi nents of
sone aspewD20MmBIs6sobhe nmet hod of the present invention aRGTABA1NGS0a37pr oduct
profile of Table 3. According to an aspect of sone enbodi nents of the
present invention there is provided a pharmaceutical conposition conprising
as an active ingredient the viral preparation of sone enbodi nents of sone
aspects of the present invention. According to an aspect of sone

enbodi nents of the present invention there is 20 provided a nethod of
reduci ng angi ogenesis in a subject in need thereof, the nmethod conprising
adm nistering to the subject a therapeutically effective anount of the
viral preparation of sone enbodi ment s %f sone aspects of the present

i nvention, ther dyorfBgdeispiye snhrdyeties! deinieseHdneniyiete MUsRE HFUfAg t o sone

enbodi ment seAbthbNe pRIRES RbmbAXEN! peWhubRE R URIVREt at NaRt ave ebpich gdthdnmor .
According to sone enbodi nents of the present invention the adm nistering

T 1
conpri ses i MelaiEstseRsHifSt BSERID Nil%ss ot herwi se defined, al

techni cal and/ oragekRBtib fbific LRBFBMUSEEr MERdsBnt NARSN B SRR FRANLNY as
commonl y understood by one of ordinary skill in the art to which 30 the

i nventi oh pEYPERFIHSPrompPich serisRet ReBRUCRHIGRRVEE Hrwcleotids pegrenss aggtli val ent to
those descr johgth day &b Nocen be used in the practice or testing of

enbodi ments of the invention, exenplary methods and/or materials are

descri bed bel owAsrerdpgde sope eghedimgits of the ppsem fpvengonsihe dnyring 215 )YR,

i ncludi ng defdbRbfd f’r@ﬁwte%érbprié@ﬁﬁ Bllynudiddtidd fvidgoN nudidd@ddTBdqBénca las setMet hods,
and exanples are illustrative only and are not intended to be necessarily

linmiting. BRMEM PESERNPTION OF THE DRAWNGS 5Sone enbodi nents of the

inventign are hedRbiindas GohdeMbodieMRYf Bt pRsaiRh®nidH de tMrfnb pkehigr ence to
t he acconpanyinqﬁdramﬁngs. Wth specific reference nogw to the drawings in
£t

detail, it FEoGFlinpemgtel RypPSHE2 PAYRYLGld BaviigoAvdioldhsFaene 3 Séxanpl e and
for purposefr@fn $Ed USNOa i ve di scussi on of enbodi nents of the invention. In
this regard, the description taken with the draw ngs nmakes apparent to
those skilled i niCoEingte s RBOWRHEY PhERIPEsHHt 1R¥FaMhe MYBR PFaRfObe

practiced. dddothbien plomeN@Smprises a pblykaclebtils haide! Onatdoand sahireat kaqal |y
depictin uction process. Indicated are cell build, virus

the VB-111 pro
harvest}gvi$ﬂ§1 %ﬁ@%QEEE?%n and final fill-finish operations.

According to some embodiments of the present invention the non-replicating
adenovirus vector is an adenovirus 5 vector.
According to some embodiments of the present invention the adenovirus 5
vector comprises a nucleic acid sequence as set forth in SEQ ID NO: 9 or 10.
20 According to some embodiments of the present invention the conditions
comprise serum.
According to some embodiments of the present invention the recovering is
effected by freeze-thaw releasing of the virus.
According to some embodiments of the present invention the method further
25  comprises removing cellular DNA and cell debris so as to obtain a clear feedstock by
ultracentrifugation.
According to some embodiments of the present invention the method further
comprises centrifuging the clear feedstock on a CsCl gradient.
According to some embodiments of the present invention the method further
30 comprises removing the CsCl using a Sephadex desalting column.
According to an aspect of some embodiments of the present invention there is

provided a method for large scale production of an adenovirus, the method comprising:



FIGs. 2A-B are flow charts for the adaptation process for PERC. 6 adherent
15 WCB. The RCB was frozen down at passage 52 which is 13 passages

downst r eaW0OaDh111U36S0NCB. FIG 3A is a graph show ng ®toTaB20aeb3013fr owm h
and viability for PerC6 infected with MBP6111 at an MO of 1.0 pfu per
cell. Shown is the average of triplicates sanples +/-SD. 20FIG 3B is a

graph showing total cell growh and viability for PERC6 infected with
MBP9111 at an MO of 2.5 pfu per cell. Shown is the average of triplicates

sanpl es +/ - SD. FIG 3Cis a graph showing total cell growh and
viability for PerC6 infected with MBP9111 at an MJ of 5.0 pfu per cell.
Shown is the average of tripli cat es 25sarrp| es +/-SD. FIG 4 is a graph

showi ng an i nmunocyt ochem stry %%/ i nfectious particle titres for
MO's 1.0, 2CWUHRRING: Eryst- ﬁeepetspeélpt C'é‘%‘t P oslly yfegted ithiie adefioviiyse.  Shown
is the averagigh 08mprisbPd hEMi€sei® MIPERS asther %Pth in S |\/8| ID N6l Gor 20, therdbydr aph
showi ng HPLC assay genomc particle titres for 0, 2.5 30and 5.0 pfu
per cell ovEP dygipgdhenderpviusf the culture. Shown is the aver age of
triplicates Sarrpic@&dl‘hé"t(§al aspe@ of some EhERLm&AY & B¢ fre@hBRRSSh g PER. C6
cell culture data for L and 25 L CultibagTM growt h. (Figure 6A) PER C6
were cul f ur@gvide e&n@éth O PR HRE  l9V i8R s PP R Canbiita CEERE vi abl

cel | count, pur.abickild pfard vmpaﬂ ateh@ttusi@&mris 4 hitRSo adiFb@uéRe GB)etA 25 L
Cul ti Bag TMwas cultured to a i nt of |nfect|on of -1.5E+06 vi able

5cel | s/ m_ (fortbie atedy Nrd ?Ihl&rfn aﬂ@@t@teélaCWf%unt}e cppditionsyighleafor Vil abl e cel |

count and Vpafightidnythereby prodieldgihe aaénoBlrage representative ion-exchange and
si ze excl u5| on chr ongat ogr aphy traces. E gure 7A- ion exchange

chr omat ogr aphy) ARINE tHAR 2505 L GORe 8 O%ﬁ%ﬂt thg preggit étwantatnatttrt i at i on.

Virus was epigtigel avitald paflativh %Me@&c&dﬁg Aghe mR@BadK ofldme HBBIimBAELf al SO)
with a typical 0D260/0D230rat| o of 25-1.3. (Figure 7B - size exclusion

chr omat ogr aifF)2sost of thamreétltttvé(an@tlaﬂﬁt prhibitingyandes) W%@t FAFEIUSHI el ut ed

in the The HERAILIRSGaéabl Pighey 7B aﬁdﬁrouaﬁbﬂmédmutl%be around 1.25-1.3.
SDS- PACGE anal ysis indicates that a significan | ean-up i s, achi eved during

the SEC/ GPC st ep CRIHErie 28 2aSPethRisPBC FRRYEM t%tﬂ%ﬁlsyreset IVEHMEETHE of this
step the prmduatd atslralﬁ R deadraed §Rolde 16 Svt b dintchro$ sérdd asphi@ bul k drug

substances and an er buffer exchange steps are erfor med at this
st age. oleanetho c{ %fﬂ%f pﬁ?settat@n%qwﬁha%ﬁem? yeypry E Y anal ysi s of
i n-process and fAdaldindnégn atpa@tuﬁ‘tsoﬂateﬁmcaheﬁtg eMhd pkesaﬁmleﬁxwff&ﬁére fsun.

Reduced prot ei adz r@l es Werag anal yzed by SDS- PAGE at Ihe i ndi cat ed process
steps and clfpared SABPET EARHERS Ao PR AR Mgisdiprt the 1Al hexon

band (rmrs]t @ﬁpﬂ?&i@ﬂbf%ﬁr@teﬁibﬂdlﬂkﬁtﬁlbﬂt')bofﬁﬁépebﬁ oftﬁ@lplea:t}advenuand FIGs. 9A-B
are graphs show ng i n-process stabilit 2-8C rus.materi
anal yzed by HPLAS ?ﬁ#@l&ﬁ%a@ﬁ\apear&i SP]@@G@%?@@F%S gwlept?ﬁen@ewstﬁoe tg?’i‘éllﬁ nf ecti ous

titer, nespgetidseh yncthdll o0 reddding Bkidk@ndisSin AOuBett inBc@t thaeSCtheMadtrdd al s wer e
anal yzed pocsotmpl-llszlﬁg a n511n£stEe>r<1ng' lt]odthglgt%]ect a tﬁerapeutlcally effective amount of the viral
preparation of some embodiments of some aspects of the present invention, thereby
reducing angiogenesis in the subject.
According to some embodiments of the present invention the subject has a solid
25 tumor.
According to some embodiments of the present invention the administering
comprises intravenous administration.
Unless otherwise defined, all technical and/or scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which
30  the invention pertains. Although methods and materials similar or equivalent to those

described herein can be used in the practice or testing of embodiments of the invention,

exemplary methods and/or materials are described below. In case of conflict, the patent



FIG 10 is a schematic illustration show ng the backbone cosm d

PVE. Ad. AfAfI 1 I-rITRsp. FIG 11 is a schematic illustration show ng the
adapt or pvazmiidspddApt. FIG 12 is a schematic ill ustraPConByhowsongy t he
PPE- 1- (3X) - Fas-c cassette. 30FIG 13 is a schematic illustration show ng
AdApt - PPE- 1- 3x-Fas-c with the PPE-1 -3 x-Fas-c gene inserts. FIG 14 shows
a linear, schematic map of the vector AdPPE-1(3x)-TK. 10 FIG 15 shows a

| i near, schematic map of the vector CRAd-PPE-1(3X). DESCRI PTI ON OF SPECI FI C
EMBODI MENTS OF THE I NVENTION 5 The present invention, in sonme enbodi nents
thereof, relates to nethods of produci ng adenovirus vectors such as

anti -angi ogeni ¢ adenovirus vectors and preparations generated thereby.

Bef ore expl ai ni n? at | east gne enbodi fent of the invention in detail, it is
to be under ¥egfertipmdnclyding defiidnms wil qoetrﬁlo{n adgidian dhg atsrialy, pethads. pl | t s

appl i cati onedafiplef e dRERItHE 0BG tand BE Abttiftedddd tR nb@kdapW Ingiiglescri ption or
exenplified by the Exanpl es. The invention is capable of other enbodi nents

or of being practiced or carried out in various ways. Angi ogenesis is
required foBRtmmppm@pTngmm@gi c and hyperproliferative gr owt hs.
Gene therapy for_anti-angi ogenic therapy in conditions associated with

neovascuf ari zat iR Epehimsass (9§|‘h?e1i‘“’enﬂ% allie@ﬁm} Arediterlgt way ochewews, 15

despite progiipivigh tReutd S tﬁéhcbd?npéh§1ﬁg)dﬁ%ﬁ@§ | WA & Secaltdefortn@tolBdb tlﬁB)de| S,
there has been liftle success with antj-angiogenic gene t her apy |n t he
clinical sef®vings indefeidiilis giesadsha fparivlars shaan g Bgvarrf skanee 89X i pr essi on

of the transfigiseest i9@MatIve AGUGIINVT cRboMBSHts oMYA HRIPAHNGR, regyd, hOXi Ci ty of
the vectors and tissue S{%em ficity of expression. The present inventors

have devi sefFSgIngY dtkeprd o@adr%?g%rﬁ@@ww&ef b Hogt Sl?’é? AdeAD It vect or s

whi ch caomr émdiol@tsog e i cRiicd-idyaRpeetial i n pronoter. This pronoter shows
selectivity towards angiogenic cells and as such can be used in a nyriad of

t her apeutic applP &5ragiess: The instant specification and Exanpl es

section may put RIQr BisePhashdst QRcrhdhi@alRr @PUGhd OB VO5-1Mi fraducN@LpOESs. cONpPri si ng
t he PPE-1-3x-Fas-c (also referred to hergin as @QVB-lll an

anti - angi og@mc&te%aéﬁiﬂ Relsiies Panyeshvires msificqtiop paciiat A iaigkpestions vect or

(Ad-5, El and E?ﬂ@lelzet BOke MR @Brt€ @t Bapatiod Pickese FoMPEROS adherent
pre- proendot hel |,@1 noter and a fas and ﬁ P t unor necrosi s fact or (TNF)

recept o’ chiMrét SGeHE P Y BLRpsHEe SeRbie Y prigaeed RS Eam Ocul tur e.
However , bythaw(means is the description ainmed to be limting to the

product fon of tis gpopt olic agent ANd.PLISE, LSHAREY L Ge0RIRRL e @l oo

with MVBP6111 at an MOI of 1.0 pfu per cell. Shown is the average of triplicates
samples +/-SD.

20 FIG. 3B is a graph showing total cell growth and viability for PERC6 infected
with MVBP9111 at an MOI of 2.5 pfu per cell. Shown is the average of triplicates
samples +/-SD.

FIG. 3C is a graph showing total cell growth and viability for PerC6 infected
with MVBP9111 at an MOI of 5.0 pfu per cell. Shown is the average of triplicates

25 samples +/-SD.

FIG. 4 is a graph showing an immunocytochemistry (ICC) assay infectious
particle titres for MOlIs 1.0, 2.5 and 5.0 pfu per cell over days 2 to 3 of the culture.
Shown is the average of triplicates samples +/-SD.

FIG. 5 is a graph showing HPLC assay genomic particle titres for MOIs 1.0, 2.5

30 and 5.0 pfu per cell over days 2 to 4 of the culture. Shown is the average of triplicates
samples +/-SD.;



General term nol ogy PER. C6 refers to the continuously deviding human
cell line available from Crucel |l TM (wwdot crucel | dotcom). The PER C6 cel
line i s avetongssbed from ot her adenovirus conpl ement i RGTABRAL1/DINMETS, | . e.
HER911 and HEK293, in that the EIA 5 pronoter at the 5 end and the poly A
sequence at the 3' end of the transgene cassette have been replaced with

t he human Phospho d ycerate Kinase (PGK) pronoter and the hepatitis B Virus
(HBV) transcription term nation sequence, respectively. As a result, the E
expression cassette in the PER C6 cell |ine contains only 3052 bp from Ad5
(bp 459-3510). The lack of honol ogy between PER C6 cell integrated E
sequences and 10 those in typical El deleted adenoviruses precl udes the

generation of replication conpetent adenovirus g ia honnlggous
reconbi nat i on, H@%f%*Bﬁ?%é@?%b“?ﬁ@gdﬁgggﬁﬁﬂiPW*W?dV?€Q15Fe§1| akion in the
body. cum&séwgﬂmmﬁ@hﬂa 6A)NERE 3SR RAUHEROVE EUS el IR nle@u@ ¥ector in

whi ch, anong the nucl eic acid nolecules in_the viral particle, sequences
necessary tohREsHER iShAvE aresths viaple cglh sount.yaabily apd pepwlagia Aerblipgimgenome.

Accordi ng t@iguSHHA bs c c%mgfmﬁhtouu&@@t@@ﬁmw (MdctiVEe6t QrsH+86 Ofablger ot ype 5
(Ads) . Adenovirus is us vehicl e to adm nister targeted therapy,

in the fornydpmiedyiggicdad tl?)‘FM“EFFtefi I’i"“tth% 1L sbowp aspdibke calgaeigingdi ng to

anot her enbagiin®nt, the adenOV|rus conprises a sequence as set forth in SEQ
ID NO 1 or SEQ D NO Accordi ng to an enbodi nent of the invention
t he adenovi rus |F§G%éﬁe%?@deﬁr?sﬁ?ﬁtﬂﬁé%?’iﬁhﬁlg&B%ﬁl%ethﬂﬂ“%ﬁ chiopripgrsnk)| i cat i ng

adenovi rus ags. arGandi 1A-0nal loycHafRY 1c6RkadgrapRGNYBLI1US wal Sib&dcS ebrher ein a
"conditionally rep i catjng adenovirus ? refers to oncol ytic
adenovi r use¥ IR &Y PGS YA & t?%W%ﬁ%W%@P@%aSM%%B%quent ly

Ki Il theoi njstd @let Msd) WiGtt@flcat OID,@/OWhsoh 3Rl oF 1. 2SUCH (MbdrtI $B'S sPE B&aREnt 0 i nf ect
adj acent cells thus repeating the cycle. Accordlnq to a specific
enbodi ment , ShrematpsanbrhMairael we%ea' the M solump avagiloadpd, At dpted s thgeen

repl aced bYTEeh e ediP e & agndetibe kiddtdl b @roph® MRk ar3. Rps-AAGK,

resulting in the effective reduction of viability (by 90 of endot hel i al
cel|'s, wthﬁﬁ{yseé%at%gt hgyi aaﬁlgwﬁfayt GramBh lse?f%eﬁvr:éﬁvrg}g ﬂﬂéﬁ%@G P ptep Thus,

pl acement offidupe 8a@eﬂﬂ9a&b I'bkfes UGB Q)Y%S@Jmpmétioﬁrkﬁ‘| thGOKYER Qhe @fodtlaelsm)di fied

preproendot hel i al ter re ults in hi eni c
speci fidit y"°6‘f’en§§tﬁ$ 6wulr§<ﬁat%eaf§r 5& 8 S%%?Wnﬁu D g

power f ul so&@hm@aqueﬁﬂkhgn&ﬂeammeageof netastatlc tunor and

cancer-rel ated cQ %tlons eﬁ¥0h an anglogenlc 5 specific %? gnstruct
can be provided il T iSrlcigErWe Hing StfadN @B Pty RSO DigEess P i

her ei nabovedru@rpréducit Metchalr ﬂ@ncsmsaerval@pmér@rm H@M@dddpl(@felﬂ'\@ﬁnplésr bre

het er ol ogous nlc or non-an ernatively
or additi on%af‘@gdu éﬁ#’é?e‘ﬁet Puie Qr"é‘&?ﬁﬁ’éﬂiﬁ%‘t %ngg?{ %)F%lpCMUElat. on

def ecti ve asi@o&yidf@éncy am- Or1S,Ths UeRorABand 6@ 0k Qﬁlﬂdaﬁhelbﬁitdin vste Eyanple 3). 10
As used herein, vihe phrase "non-replicating virus" or "replication
defective attdiiged+3f vectors” refers to a replication-deficient vira

particle, which Hies. eapabﬂe%ra@hs $hoaigfieproctig stabiilyat 2-8aT ivirufBheaslvas i nto a
Egi;}ises aMWEF%f % §ﬁgﬂﬁPgﬁégggkggggggg%ggp%ﬂéggia %ne%%éggﬁgﬂifge;gent
oper abl y |irkreékivel, 520, d4 2N Ik BolPhtidre 2k 28NT QA& alsnvddE AABLET post TFF,
25  IEX and SEC steps.
FIG. 10 is a schematic illustration showing the backbone cosmid
pWE.Ad.AfAfIII-rITRsp.
FIG. 11 is a schematic illustration showing the adaptor plasmid pAdApt.
FIG. 12 is a schematic illustration showing the PPE-1-(3X)-Fas-c cassette.
30 FIG. 13 is a schematic illustration showing AdApt-PPE-1-3x-Fas-c with the
PPE-1-3x-Fas-c gene inserts.
FIG. 14 shows a linear, schematic map of the vector AAPPE-1(3x)-TK.



Description of some enbodi nents of the pre-proendothelin pronoter is

provi ded bel ow. According to a specific enbodi nent, the therapeutic
agent refwp0tigsesoaucl eic acid (e.g., silencing agent s®CH/IBR1EMIZENSE,
si RNA, ribozynme and the like) or a peptide 20or pol ypeptide product that

causes cell killing i.e., cytotoxic by way of necrosis or apoptosis or at
| east cell growmh arrest i.e., cytostatic. According to a specific
enbodi ment, the cytotoxic agent conprises an apoptotic gene. Si nce

t he heterol ogous nucleic acid sequence is under the transcriptional control
250f the pre-proendothelin pronoter, the therapeutic effect is on

angi ogenic cells where the pronoter is active. As used herein, the
phrase "angi ogenic cells" refers to ahy cells, which participate or
contribute to tH&0plobewsa brean phrpeficde of thephgler CBAGPRGERXe cel I's incl ude
but are not limted to, endothelial cells, snoboth nmuscle cells. 30In one
preferred enbodi nent of the present invention, the expression of the

t herapeutic agent is directed to a subpopul ati on of angiogenic cells. In
order to di pes¢tRIPIEN DFSPEXHIETIMIODMENRTS DE TMPENVENT@gRNt i N a
subpopul ati on of angi ogenic cells, the 13 heterol ogous nucleic¢c acid
sequence’ encodes'hs IEHFHeY@tipy| Ppepici debodinentidhergota Tl#tealtdmBthadi My domai n
whi ch can bgodfcily QI@EPHE. vact&is! bieBULS amB-ah@6@RAIOTEMmIN vedtod ARICEpPt or
tyrosi ne kinase, a receptaor serine kinase, a receptor threonine kinase, a
cel | adhesi BfPaioBLEMEa6H thsrBhosphat ase receptor fused to an ef fector

donmi n of an CytR¥aXtldmiiPheeast BncSdhtdd@fent §fQhe BX&MBh & ddtaB it i AR, and
TRAI L. Such a chinmeric pol ypeptide can include any |igand_ binding

. .al . . ar gand
domai n f usethderstoghihace Brakie isqoheaerssydy [igHe! Bdts aeplicefignito e detaifsigt | i gand

bi ndi ng 160MR&kA, in itheSfollowind deb@ipfich bi BdinpGficd by GEEEEMBIE. OT1RXinGdnkiyn ¥ @ t he
effector domain of the cytotoxic molecule. Selection of the ligand binding
domai n and tAR&PIEYh BB KPRIdeGEN OFf ARG IJASTEST 52rTied oYt i EIOYEPSt 0 i s aff ect ed
according to theudgRencot angrQgRA Crkelthe t ab@RpMEnt o6t a&@fnmﬁi Sand FOr
exanpl e, when targeting specific subset of endothelial cells (e.qg.,

prol i ferat i BECRRISTHEE ZYWEY| (Gene dheragy f8t Adi-guglosends theragy H KRdIEYSa t unor ous
phenot ype) , astfi@tshiviie hit G aRQlayipeih, deh iaf Chitde had bbdniandtigitdadihpgevdgnai n
capabl e of ginding a,liga d,naturallg. resent in the egviroqge t of such
endot hel' al IERfq RORKFE SrufedBryofsP rw?e@gw i Mot g RS PocRel | s of

ot her ngnb t atﬂggﬁ@ﬁsst@iaiﬁm?nfg@)ggm ganFtherM)EGﬁ the cﬁiﬁ@zg sgttihg,ggcraﬁbmno be

secrete y en othellal cells autocrin , Secyret Y. nel | rlngtum)r
cel I's (par adilHEy I%leglﬁedefafl%af Fmsalf)@éf Ui FESERES SRR Phhote | 5.
Accordi ng t@nauns pebrst, CyRvRREY BERE vectontand fikdwe kpcCifipRy) yeplisdm. refers to the
Fasc chinera which is described in detgils hereinbe%om/ According to a
specific The present inventors have devised a novel protocol for the production o

20  adenoviral vectors which comprise the murine pre-proendothelin promoter. This

promoter shows selectivity towards angiogenic cells and as such can be used in a
myriad of therapeutic applications.

The instant specification and Examples section may put more emphasis on the

production of viral vectors comprising the PPE-1-3x-Fas-c (also referred to herein as

25  VB-111), an anti-angiogenic agent consisting of a non-replicating adenovirus vector

(Ad-5, El and E3 deleted), which contains a modified murine pre-proendothelin

promoter and a fas and human tumor necrosis factor (TNF) receptor chimeric transgene

that can be readily produced in cell culture. However, by no means is the description

aimed to be limiting to the production of this apoptotic agent and other therapeutic

30  agents are also envisaged by the instant teachings.



20 enbodinment, the viral vector conprises a non-relicating adenovirus

whi ch conprises a fas-chinera transgene transcriptionally linked to the
muri ne prwoppodsddhel i n pronoter, as described in detaiPC3/1BHI10050137

Al ternatively, the heterol ogous nucleic acid agent nmay encode a suicide
gene capabl e of converting a prodrug to a toxic conpound. 25As used herein
"a suicide gene" is a nucleic acid sequence encoding for a product, wherein
t he product causes cell death by itself or in the presence of other
conpounds (prodrug). It will be appreciated that the above descri bed
construct represents only one exanple of a suicide construct.

According to a specific enbodi nent, the suicide gene refers to the herpes
30 sinplex virus thym di ne kinase (HSW TK) that when coupled with
ganciclovir (GCV) adffffreieainadesycauses cell death. 14 Addi ti ona

exanmpl es are thmcbmeef&h m@% SfntiM@ubIG Elel Ring ORIBL 4iINS ABthblchBopact eri al
gene cytosine dqgnlnase can convert 5-fl uor cyt05|ne to the highly

toxi ¢ conpobiftgelh- ﬁWﬁE@B@W@@WW“@% LelEREP splhlingis sitingrished 98 &b conpound

useful in tmnmmeﬁp@ﬁqeﬁtﬂg &Drlﬁﬁ@‘nﬁe IHE/I@]tlldﬁH fqm;%canﬂae teopygrted to a
t oxi ¢ product, i Xic to tunor prodrug i s converted to

a toxic pr olare@f)teb@t t%lfhé gened e abich S?Slflel“tcﬁét thper %P&éﬁtﬂi'ec”%ﬁ%,ep%f’%?s%"él d

sequence ( SkHve béls rgRae) with tKehﬁm‘dﬁPh& hdl@@whte Kinat"@ARB tHisbi@fand e present
i nvention. Representative exanples of such prodrug is ganC|cIOV|r whi ch

i s conver t etFPRE(IS YUy @%VkWﬁ%lpeweﬁlﬁﬁwwewsvet Wmtavehve &Y HESEL The

ganci cl ovi rind @ eﬂlﬁégsmabasv@tesm hﬁ@tmeafﬁ el 1ind cbBhCollyP305a MR FroLAdsSbp O her
representatlve exa | es of prod rugs i ncl ude acjiclovir, FIAU

[ 1- ( 2- deoxy* 2= llor Bie pdtod. Hopolsi PHEFLPERGS yFl inteeraiestfolteqpsngs, and

6- met hoxy puthbRe i kdRaNesi f8etéDhdMEMrubls prREId&- fhb Ueheeidnost RelitalonCyt 0si ne
deanbi nase. Preferred suicide gene/prodrug conbi nati ons are bacteria

cyt osi ne deSRiPSiEate adRaVIEs f(RGGY 0dd thewplagous migeqnitdnagen. thuy elipiatingathecel | a

zost er Vi r usosdiilihaangdal@epreittvlipte be®. ar abi noside and its derivatives,
HSV- TK and ganciclovir, aciclovir, FIAU or their derjvatives.

According to a gpetrt hereianthe ahrenidenevires aefem ot 7 rador 1@ Wit ADPRDIEcat i ng

adenovi rus &RIEY dctd Meledul@ah YRUEZERIHIAE sWdtkhdds 6QRRERYSE Surdtiddss-LHtuIer a
transgene tr |onaII | i nked to the nurine pre-proendothelin

SCI |
pr oot er'? Zﬁﬂg%ﬁqﬂ$h§a¢3oﬁ aLg88Fi ¢ enbodi nent, the adenovirus is a

conditional ly repkddmkittg $AEno\cmbbEmbnathel flechdvaRisedctoptié @nadrbtypd Fnked to
the nurine pre-proendothelin pronoter. According to a specific
enbodi nment , ARE adenovirus is a non- replicating adenovirus that conprises a

pol ynucl eoti de WiV GO It $ BSa Actfidlt @ alnihikRNALRRE tefapy; in thhyuFmdifne Ki nase)
transcriptional ly Ijnked.to the nurjne pre-proendothelin pronoter. 25

Accordi ng t%§° DERNO AT s 26 P'e5lMe aspects of the present invention, the
het er ol egous NUALb@ingdGd ncAGE BinbStBYer@ NEO d@naVIridOmAMGE 0 gtk agent (capabl e

i nduci ng enesi s n angi ogeni ¢ agent (capabl e of
|nh|b|t|ng @HB%H%%% £b%°%§%%ﬁaN§ io some enbodi nents, the heterol ogous
nucl ei ¢ aci d i s Acpiidgangh EBRIiGcAYE flc. mF@kiblovHemgeﬂoslr@s BQBedtedrirbihng | i st of
expressi bl e nucl eic aCIdéﬁequences %géﬂf .30 ich a abl e. of i nducing
angi ogenesi $¢ ZUPHIPEHE ) HROCERYSHS PHHE"hAAR EOI’é Y&ep 5HLEr uct
accordi ng taicsenms.embodi ments of the invention (some of which are descri bed

Ilg Burt On ER ang SL{JSt%cherem a c';)ngltlgneh gphcall\‘g:ngaacIenowr%gn(%ﬁADS h?erfgi}g ; Journal

oncolytic adenoviruses which reproduce themselves in cancer cells and subsequently
kill the initially infected cells by lysis. Such viruses proceed to infect adjacent cells thus
repeating the cycle. According to a specific embodiment, in the CRAD vector used
herein, the E1 promoter has been replaced by the modified pre-proendothelin-1
30  promoter PPE-1 3X, resulting in the effective reduction of viability (by 90 %) of

endothelial cells, without reducing viability of non-endothelial cells.



of Biology, 2009, Mnireview, 8:85, which is fully incorporated herein by
reference): Factors affecting endothelial proliferation and m gration such
as Vasculwp2endssivel i al grow h factors (VEGF fam |y, su®OTAB2WE®OA37 GenBank
Accession No. NM 001025366.2), fibroblast growh factors (FGF famly, such
as FGF2 GenBank 5 Accession No. NM 002006), platelet-derived growh factor
(PDGFB GenBank Accession No. NM 002608), epidermal growh factor (EGF), ;
hypoxi a i nduci bl e factor (H Fla; GenBank Accession No. NM 001530), and the
H Fl a triple nutant [ P402A, P564G N803A, as described in WO 2008/ 015675,
which is incorporated fully herein by reference)]. 10According to sone
enbodi nents of the invention, the expressible nucleic acid sequence is
capable of inhibitin angiopenesisn 12 Follomjn% is anon-limting |ist
of expressibl e rles @fccmet of e adrenuas cadea Hrescortiondigppial iohthe inditsdenesi s
(sone of whigho@Btheles GrdnRRd (b.8. PPRI NiX) Aesult€in Mbh andibRalcl padicigesron cs of
endothelial cells treated with anti-angi ogeni c or angl opreventive drugs".
15C i n. ExpSxPrstiofstagdican bs minlaykéde orvidsetys! 2y pawerlgl saleyiqns fohthen is fully
i ncor por at egeaifdn@ion M¥asl@E CLBIVE@Nd cancer-refateRl @ &itibhse Bk & Gndédelicsequences
encodi ng toxic _pol ypeptides or suicide polypeptides, cytotoxic

pr o- dr ug? endHHEs CF%ArD QPRTHU (e dptrpyiidert iy lt“i%@eaw §qupncEy of interest, as

ganci cl ovi r iddiparinelcebdvt,ASE 1RNGruS vhhsHadt Iex, AsVoReLLYIn0GiaNBetdl6RBINRAsE [e. g.,
E. coli 20 cytosine deam nase (CD; e.g. Gene |ID:. 944996 nucl eoti des
NC_000913. 25H4BESIES-, MSHETHY 9T NORBPHREDY) -pl ex vi rus thyni di ne ki nase [ TK;
e.g., human her pagmiafik) §ea@lifdna®y 0837 fresdhtl CineQitdrd @onidkapQR18Q6 . ok
(46672- 47802, .caonpl enent)) and VEG-165B ( VEGFA, GenBank Accession

No. NM_00102%B66119) éeféﬁewd)e?waaltvact%n%l%%ﬁﬁﬂh@iﬁ%%@eq RempiiABnt i on, the
expressiipl e nuclmi gseddictin? 36& GHARC Enoh JeplioRAR| Aot of U'RBlidatiad WefectREf €Cting
and/ or maturjng bl ood vessels. . .As uysed herein the phrase "stabilizing
and/ or mat utICRY Bl BTy defersde e reRlication-defcight virahrarticle vl i gerahls Curvi val of

endot hel i al wgetelfghclsit bQTMokehbsSnhe 1@st, Ppericytes, snmooth nuscle cells and
fibroblasts), or enhancing the_interaction between endothelial cells, or
bet ween endot hel4SSPTIR| 105 2atRgeift r Fprerineal |t jAenOKiESs fHhgiu SEIRIGSt issue, in a
manner Whi CietctQogRd ue@sc hadkagcotnchiigg biRegenr sk opiisbiPlini@X teed endur ance
of the blood vessel resulting in appropriate and | onglasting bl ood flow.

16 "NonPith B §-Rge REMEF"expressi bl e nucl ei ¢ aci d sequences whi ch
can be used to IIa8iptiba 6f RAE/cAbodEMSE 6f thé PRGrocas&sRIlia prddedidideppliadel et
derived growm h factor-BB (PDGB; GenBank Accession No. NM 002608; Levanon
et al., PatPBl-ol ogy, 2006:73(3):149-58: also Cao et al. Nature Med. O:

6g4- 613, 2003) aﬁélﬁorﬁiﬁg??; fbasp&%iﬂmbkﬁléod@ﬁﬁﬂrtﬁ& ﬂ@rab&ﬂﬂ!’hg&&ﬂ%fﬁ t0fa ﬁdﬁﬁid nvention
there is proyjde met hod of produci ng. an agdenovirys, the nmetho

conpri si ng, @tguﬁﬁﬁﬁmﬁéﬁenéwéf ST QU NIOPPSAR i SUP TR URR ch

conpri ses aopulyREtdRI Goico et odka! tdll |NiagukeeyloxRNbyadie benter6id biur e under
conditions suitable jor éiral proga ation, thereby producing the
adenovi r us. 2PPBIRES pratlepst gell grawtiprigat i &; a8k and in the Exanpl es section
which follows, tAeomihgsentpeifivembodifeMEmhe cablogic bgen®bdndirResingpbptotrur i fi ed
viral preparations which were used in a phase | clinical trial

Speci fi cal | §¥™adherent PER C6 cells were expanded to T300cn? fl asks,
infected and harsues tiethetefddo0yREicCdear deficad ik Oiicbihe kb RRAR dnflavdh@sd
centrifug?t%?ﬂ, t he virﬁg.mas $urifi d on.C§§1 %radient resylting in 30 m,
1012 VPF thq BiSTF Pl Uee iR @Rt hgdpermpatiipeiicet & on gagipgruicrelih 585t t hi s
aspect of tiepiomeenisiadiveuses adherent culturing conditions, the culture is

initiated by seeding.the PER cel)s .and. infecti the cells with the
virus. The virugﬂiggﬂr%ﬁﬂﬁawﬁdQ ?eiﬁ@ﬂﬁﬁ?Woﬁ#hAﬁ?ggd?tﬂWécﬂﬁdyﬁ%hconpatibIe

W th viral pi@p@gadsdconrib@e tdle pSees bNangiogenesis. Thus, angiogenic cells include
but are not limited to, endothelial cells, smooth muscle cells.

30 In one preferred embodiment of the present invention, the expression of the

therapeutic agent is directed to a subpopulation of angiogenic cells. In order to direct

specific expression of a therapeutic agent in a subpopulation of angiogenic cells, the



20 accordance with the present teachings. Such nedia can be obtai ned by any

commerci al vendor e.g., InvitrogenTM Inc. According to a specific
enbodi merwp 20hienseidher ent cells are grown in DVEM H gh GragaBm1(/h3371 r ogen
41966- 029) . According to a specific enbodi nent, conditions suitable

for viral propagation conprise presence of serum 25The serum can be human
serum aninmal serum (e.g., bovine serumor fetal calf serum or serum

repl acenent . According to a specific enbodinent, the culture is devoid
of conponents from ani mal origin. According to a specific

enbodi nent, the adherent cells are grown in 10 % FCS 30(I nvitrogen

10099- 141). According to a speC|f|c enbodlnent culturing (infection)
is effected for 72-96 hours at MO of '5. According tgo a specific

embodi ment , MEGPIPEAYS MECIFS agid peguencd cpeidpip qfeeermféypems incpagfing o figangsQ,

200- 500, BOanﬁQQd&ﬁ@n {vhids K beOfor aaaldh BYI-{upfad SRPRE libkaif TROLLgRAt 1 n 300
cm? flasks. Once sufficient V|ral titre is obtained. the adenovirus is

recover ed fWHITinE fkinasse g|reqepler serine kinasg, a ieqepigh thesosing kingse Recclrflhsi®d be used

to rel ease fwbReld oHS pERMatBE r&BhibiS fusbk 3Rh €Frobi0F labelgin bt artt@olQt |1 m ted
to, detergent nediated |ysis, freeze-thaw and soni cation.

Accor di ng t Bokewihieh s, for sxasyYs: Fen NG a0d|TRAdeovery is effected by the

freeze-16 thaw tsehniimeic polypeptide eilﬂhabdleyany Gigdnld bdﬁihfgldsmalaq‘uga@a;anpNA are
renoved so as tqQ aobtain a clear feedsto Further purification is

ef fect ed suBRCtFEC BYMY8 jahdong aeetivapm gl @ﬁthg%‘eaﬁhag Agmeip if- s ligantc

enmbodi ment , pihdy fneé%é@tc%{@xicﬁy {ib kitefle@bit dohalhdf theQRptofox fins@itel NnUous CsCl
gr adi ent 15 fol omed centrifugation on a continugus CsCl gradient. This

is done to renoveé eaféffleqfttli%gaﬁ%P i0p demain gnd gl ofEICHY GERFFRIING JONHR e |

lysate, 1@s Redd th@sto iBsiedted SROHIMAD @he&%d dflaaglogiaiardeﬁ taBd¥ebdtior Hopeant rate the
virus to clinical appllcatlons Accord ih;o a specific _enpodi nent,

the resi duaorcgamale whey, Eeectiag sepeicqwbst ©of ﬁad lighsellg &e-g- Profifgatingunds of

Sepgadex dleeﬁbﬂqu% c@lﬁ'hUf?ﬁi%)?hel?@'d@llsv&ﬁﬂ)ﬁlng_&%uﬁ@roﬂy ph&@@typt), ]gﬂaloﬁlrl]mlb gt to e
proauce a arger atc ollo P roprlatet tlng as urt her escri be
her ei nbel owP°leBlIdF; ngludes & ligand é?al%f d%“?ﬁ’ecaé’&‘?lﬁ ﬁﬁigﬂﬁlﬁ 34295¢ ngwrally pBS.

Finally, thgedht lhsthlesendiréﬂﬂ{eﬂdof Suchh@dsBe4l cal GanGeBlabRthdprdsvp/igl ) with a
soluti Orlls of endoBt elliaii] gellllél C(i)lf (I;]tger %1/ (‘E:a?g[e(t)eld tieséu%é (e. g].',o'l"l\?{?, VEGF ). Such a ligand can be
secreted by endothelial cells (autocrine), secreted by neighboring tumor cells (paracrine)
or specifically targeted to these endothelial cells.
According to a specific embodiment, the chimeric polypeptide refers to the Fas-
¢ chimera which is described in details hercinbelow. According to a specific

20  embodiment, the viral vector comprises a non-relicating adenovirus which comprises a
fas-chimera transgene transcriptionally linked to the murine pre-proendothelin
promoter, as described in details below.

Alternatively, the heterologous nucleic acid agent may encode a suicide gene
capable of converting a prodrug to a toxic compound.

25 As used herein "a suicide gene" is a nucleic acid sequence encoding for a
product, wherein the product causes cell death by itself or in the presence of other
compounds (prodrug). It will be appreciated that the above described construct
represents only one example of a suicide construct.

According to a specific embodiment, the suicide gene refers to the herpes

30 simplex virus thymidine kinase (HSV-TK) that when coupled with ganciclovir (GCV)

administration causes cell death.



25According to a further enbodi nent the conposition is sterile filtrated
and put into vials for storage. The final product is stored at -65 C or

| ess. WOAR0UI/086309pr epar at i on generated accordi ng to tRCI/IREUNOW1SS al so
contenpl ated according to the present teachings. According to an
exenpl ary enbodi nent, the viral preparation conprises between 300-200,
0-150, 5-200 or 5-150 [tg/L Cs, as assayed by mass spectronetry.

Accordi ng to anot her exenpl ary enbodi nent, the viral preparation conprises
about 5 [tg/L Cs or |less, as assayed by nmass spectronetry. 18 Belowis a
summary of methods that can be used for characterization, in process,

rel ease and stability testing of the viral preparation manufactured in
adherent cells grown with serum (Tabl és 1-2). 5 Table 1: Methods Used For
Bat ch Rel ease (VEiippalnsxanplas @isr ymidincakinese it vasiesliszopigiiing e S6r um)

Fraction TesdRfal Sak URLIBE deamihle Whﬁ(ﬂl)’caﬁ)éoﬁ)\gﬁ 5-fiMr6dy@Ring | to hdhibhIHDA

(I'n-vitro adventitious agents}
toxic compound 5-fludrouraci

As used herein "prodrug” means any compound useful in the methods of the
5  present invention that can be converted to a toxic product, i.e. toxic to tumor cells.

The prodrug is converted to a toxic product by the gene product of the
therapeutic nucleic acid sequence (suicide gene) in the vector useful in the method of
the present invention. Representative examples of such a prodrug is ganciclovir which is
converted in vivo to a toxic compound by HSV-thymidine kinase. The ganciclovir

10 derivative subsequently is toxic to tumor cells. Other representative examples of
prodrugs include aciclovir, FIAU [1-(2-deoxy-2-fluoro-.beta.-D-arabinofuranosyl)-5-
iodouracil], 6-methoxypurine arabinoside for VZV-TK, and S5-fluorocytosine for
cytosine deambinase. Preferred suicide gene/prodrug combinations are bacteria
cytosine deaminase and S-fluorocytosine and its derivatives, varicella zoster virus TK

15 and 6-methylpurine arabinoside and its derivatives, HSV-TK and ganciclovir, aciclovir,
FIAU or their derivatives.

According to a specific embodiment, the adenovirus is a mnon-replicating
adenovirus comprising a polynucleotide which comprises a fas-chimera transgene
transcriptionally linked to the murine pre-proendothelin promoter.

20 According to a specific embodiment, the adenovirus is a conditionally replicating
adenovirus that is transcriptionally linked to the murine pre-proendothelin promoter.

According to a specific embodiment, the adenovirus is a mnon-replicating
adenovirus that comprises a polynucleotide which comprises a suicide transgene (e.g.,
thymidine kinase) transcriptionally linked to the murine pre-proendothelin promoter.

25 According to some embodiments of some aspects of the present invention, the
heterologous nucleic acid agent may encode an pro-angiogenic agent (capable of
inducing angiogenesis), or an anti-angiogenic agent (capable of inhibiting angiogenesis).
According to some embodiments, the heterologous nucleic acid is a pro-angiogenic
agent. Following is a non-limiting list of expressible nucleic acid sequences (genes)

30  which are capable of inducing angiogenesis and which can be comprised in the nucleic
acid construct according to some embodiments of the invention (some of which are

described in Burton ER and Libutti SK. “Targeting TNF-a. for cancer therapy”; Journal



_ -Mycoplasma (indicator DNA fluorochr-one test and cultivation assay) -

= =0., al:s ..... RCA (Detection of replication conpetent Adenovirus using
t he A549 weteuttusssoeel | |ine) Host cell DNA residues (qPERI/IB201+050437 O S. .,
al1=- wecalculated s residues Sterility_ Endot oxins

chr onogeni ¢ assay)

15
of Biology, 2009, Minireview, 8:85, which is fully incorporated herein by reference):

Factors affecting endothelial proliferation and migration such as Vascular endothelial
growth factors (VEGF family, such as VEGFA, GenBank Accession No.
NM_001025366.2), fibroblast growth factors (FGF family, such as FGF2 GenBank

5  Accession No. NM 002006), platelet-derived growth factor (PDGFB GenBank
Accession No. NM_002608), epidermal growth factor (EGF), ; hypoxia inducible factor
(HIF1a; GenBank Accession No. NM_001530), and the HIFla triple mutant [P402A,
P564G, N803A, as described in WO/2008/015675, which is incorporated fully herein by
reference)].

10 According to some embodiments of the invention, the expressible nucleic acid
sequence is capable of inhibiting angiogenesis.

Following is a non-limiting list of expressible nucleic acid sequence capable of
mhibiting angiogenesis (some of which are described in Albini A., et al. “Functional
genomics of endothelial cells treated with anti-angiogenic or angiopreventive drugs”.

15 Clin. Exp. Metastasis, published online on April 10, 2010, which is fully incorporated
herein by reference).

Expressible nucleic acid sequences encoding toxic polypeptides or suicide
polypeptides, cytotoxic pro-drug/enzymes for drug susceptibility therapy such as
ganciclovir/thymidine kinase and S5-fluorocytosine/cytosine deaminase [e.g., E. coli

20 cytosine deaminase (CD; e.g. Gene ID: 944996 nucleotides NC_000913.2
(355395..356678)], herpes simplex virus thymidine kinase [TK; e.g., human
herpesvirus1 GenelD: 2703374, nucleotides NC_001806.1 (46672-47802, complement))
and VEGF165B (VEGFA, GenBank Accession No.NM_001025366.2);

According to some embodiments of the invention, the expressible nucleic acid

25  sequence is capable of stabilizing, effecting and/or maturing blood vessels.

As used herein the phrase “stabilizing and/or maturing blood vessles” refers to at
least enhancing the survival of endothelial cells or stroma cells (e.g., pericytes, smooth
muscle cells and fibroblasts), or enhancing the interaction between endothelial cells, or
between endothelial cells and stromal cells in the surrounding tissue, in a manner which

30 reduces leakage of the blood vessel and/or extend endurance of the blood vessel

resulting in appropriate and longlasting blood flow.



Appear ance Pot ency byyl aque, form nunit (phi) --Trans, gene
expression by Wet-ern blot vp/pfu ratio *In reference to PAG (Purified
bul k aft ewvoaddiasssm of G ycerol) 10Table 2: Methods UsedCraB20iinofnsicess
Testing (VB-111 manufactured in adherent cells grown with serum Fraction
Tested Paraneter Harvest (only prior to pooling) Mycoplasma (by PCR)
Mcrobial Limt Harvest (single or Pool ed sanples) My copl asng, (i ndi cat or
DNA fl uorochronme test and cultivation assay)

16
Non-limiting examples of expressible nucleic acid sequences which can be used

to stabilize and/or mature blood vessels include platelet derived growth factor-BB
(PDGFB; GenBank Accession No. NM _002608; Levanon et al., Pathobiology,
2006;73(3):149-58; also Cao et al. Nature Med. 9: 604-613, 2003) and ANGPTI.

5 Thus, according to an aspect of the invention there is provided a method of
producing an adenovirus, the method comprising, culturing PER.C6 cells infected with
an adenovirus which comprises a murine pre-proendothelin promoter in an adherent
culture under conditions suitable for viral propagation, thereby producing the
adenovirus.

10 As is illustrated hereinbelow and in the Examples section which follows, the
present inventors were able to obtain highly purified viral preparations which were used
in a phase I clinical trial. Specifically, adherent PER.C6 cells were expanded to T-
300cm’ flasks, infected and harvested. Following clarification by freeze thaw and
centrifugation, the virus was purified on CsCl gradient resulting in 30 ml, 10" VP/ml of

15 purified material per batch.

As the method of this aspect of the invention uses adherent culturing conditions,
the culture is initiated by seeding the PER.C6 cells and infecting the cells with the virus.
The virus is propagated by incubation.
Any culture medium compatible with viral propagation can be used in
20  accordance with the present teachings. Such media can be obtained by any commercial
vendor e.g., Invitrogen™, Inc. According to a specific embodiment, the adherent cells
are grown in DMEM High Glucose (Invitrogen 41966-029).
According to a specific embodiment, conditions suitable for viral propagation
comprise presence of serum.
25 The serum can be human serum, animal serum (¢.g., bovine serum or fetal calf
serum) or serum replacement.
According to a specific embodiment, the culture is devoid of components from
animal origin.
According to a specific embodiment, the adherent cells are grown in 10 % FCS
30 (Invitrogen 10099-141).
According to a specific embodiment culturing (infection) is effected for 72-96

hours at MOI of 5.



Mcrobial Limt ADA (In-vitro adventitious agents) Initial clarified
harvest ldentity by PCR Plaque formng unit (pfu) Purified Bulk Viral
particl eswO@mi2B86309 19 Tabl e 3 bel ow, provides an enbodiPeEAB20ai/030M37 vi r al
final product as grown in PER C6 cells under adherent conditions. 5Table 3
- Product specifications (VB-111 manufactured in adherent cells grown with
serun) Paraneter Sanpled From Specifications Appearance Final product Wite
or colorless

17
According to a specific embodiment, culturing is effected using 100-1000, 100-

750, 200-750, 200-500, 300-500 ¢cm® flasks, or according to a specific embodiment in
300 cm? flasks.
Once sufficient viral titre is obtained the adenovirus is recovered from the
5 culture.
Any method known in the art can be used to release the virus from the cells.
Examples include but are not limited to, detergent mediated lysis, freeze-thaw and
sonication.
According to a specific embodiment, viral recovery is effected by the freeze-
10 thaw technique.
Preferably, cell debris and host DNA are removed so as to obtain a clear
feedstock.
Further purification is effected such as by using a CsCl gradient. According to a
specific embodiment, the feedstock is first centrifuged on a discontinuous CsCl gradient
15 followed by centrifugation on a continuous CsCl gradient. This is done to remove
defective particles and proteins present in the cell lysate, as well as media, serum and
cellular debris and to concentrate the virus to clinical applications.
According to a specific embodiment, the residual Cs is removed using a desalting
column (e.g., two rounds of Sephadex desalting columns).
20 Harvests may be pulled at this point to produce a larger batch, following
appropriate testing as further described hereinbelow.
The virus is eluted from the column such as by using PBS.
Finally, the virus is diluted to the required concentration (vp/ml) with a solution
of PBS including glycerol e.g., 10 %.
25 According to a further embodiment the composition is sterile filtrated and put
nto vials for storage. The final product is stored at -65 °C or less.
A viral preparation generated according to this method is also contemplated
according to the present teachings.
According to an exemplary embodiment, the viral preparation comprises between
30 0-200, 0-150, 5-200 or 5-150 pg/L Cs, as assayed by mass spectrometry.
According to another exemplary embodiment, the viral preparation comprises

about 5 pg/L Cs or less, as assayed by mass spectrometry.



Identity Initiallyclarified Harvest Co-migration in gel with positive
control PCR(using the below priners (p55 and ppe) Quantitation Final
product AyOoardisgiodexpected dilution* Viral particles (©®DZ8B3011/0f037eNnCy

Fi nal product Final product cal culated 1x109 pfu/m Positive <30 _ Plaque
formng unit (pfu) Transgene expression (Western blot )

18
Below is a summary of methods that can be used for characterization, in process,

release and stability testing of the viral preparation manufactured in adherent cells

grown with serum (Tables 1-2).

Table 1: Methods Used For Batch Release (VB-111 manufactured in adherent cells
grown with serum)

Fraction Tested Parameter
Identity by PCR
g | Microbial Limit
£ | ADA (In-vitro adventitiousagents) |
= Mycoplasma (indicator DNA fluorochrome test and

cultivation assay)
RCA (Detection of replication competent Adenovirus using
the A549 detector cell line)

Host cell DNA residues (QPCR)

Purifie
d bulk
(PAG)

Cs residues

| Potency by Plaque forming unit (pfw) |

“calculated | vp/pfu ratio
*In reference to PAG (Purified bulk after addition of Glycerol)

2> W =R A1 S N
< Endotoxins (chromogenic assay)

; Appearance

=

2

10 Table 2: Methods Used for In Process Testing (VB-111 manufactured in adherent
cells grown with serum)

Fraction Tested Parameter

Harvest Mycoplasma (by PCR)

(only prior to pooling) Microbial Limit

Harvest Mycoplasma,(indicator DNA fluorochrome test and

(single or Pooled samples) cultivation assay)

Microbial Limit

ADA (In-vitro adventitious agents)

Initial clarified harvest Identity by PCR

Plaque forming unit (pfu)

Purified Bulk Viral particles (OD 1)




vp/ pfu ratio I mpurities Harvest Harvest Harvest purified bulk (P_

Aq) __ Purified bulk (PAG Final product Final product Final product <10

CFU m Neyetouashiwgat i ve < 1 RCA! 3x101 vp For i nfornaPConBmnlYsn3d ues are

provi ded bel ow Negative (no contami nation) < 350 EU dose Mcrobial Limt
A- -D A(ln-vitroadventitious aRents) _ Mycopl asma(i ndi cat or DNA

fI uor ochr orret est and

19
Table 3 below, provides an embodiment of the viral final product as grown in

PER.C6 cells under adherent conditions.

5 Table 3 - Product specifications (VB-111 manufactured in adherent cells
grown with serum)
Parameter Sampled From Specifications
Appearance Final product White or colorless
Identity
PCR(using the below primers | Initially clarified | Co-migration in gel with
(p55 and ppe) Harvest positive control
Quantitation
Viral particles (ODxep) Final product According to expected
dilution*
Potency
Plaque forming unit (pfu) Final product >1x10° pfu/ml
Transgene expresswn (Western Final product Positive
blot) R e
vp/pfu ratio calculated <30
Impurities
Microbial Limit | Harvest | <I0CFUml
ADA  (In-vitro adventitious | Harvest Negative
agents) L.
Mycoplasma (indicator DNA | Harvest Negative
fluorochrome test and
eultivationassay) | .l .
RCA . .| Purified bulk (PAG) | <1RCA/3x10"vp
Host cell DNA residues Purified bulk For information only
e ®RAG
Csresidues | Finalproduct | valuesare provided below
Sterility Final product Negative (no
I B K contamination)
Endotoxins (chromogenic | Final product <350 EU/ dose
assay)

*In reference to PAG (Purified bulk after addition of Glycerol)
While further reducing the present invention to practice and in order to introduce
the PPE-1-3x-Fas-c chimera into commercial use in the clinic, the present inventors
10 have developed scaled-up process, to support production of larger quantities needed for
phase II/III clinical studies and actual therapy. This production is aimed to provide
purity that is at least comparable to that achieved with high resolution laboratory
processes such as CsCl banding. Such a production process allows manufacture of high
titers of materials for early/late stage clinical trials and commercial supply.
15 As is detailed in the Examples section which follows, the scaled-up production
process was adapted to serum-free production using a suspended cell culture where

earlier production protocols involved the use of adherent cells grown in serum. The



_cultivation assay) RCA_ Host cell DNA residues Cs residues Sterility
Endot oxi ns(chronbgeni ¢ assay) *In reference to PAG (Purified bulk after
addi ti on WD 2@ 86500 ) Whil e further reducing the pPETAR2011/NI0EIN I Oon toO
practice and in order to introduce the PPE- 1-3x-Fas-c chinera into
commercial use in the clinic, the present inventors 10 have devel oped
scal ed-up process, to support production of |arger quantities needed for
phase 11/111 clinical studies and actual therapy. This production is ained
to provide purity that is at |east conparable to that achieved with high
resolution | aboratory processes such as CsCl bandi ng Such a production
process allows manufacture of high titers of materials for early/late stage
clinical trials and conmerci al supply?°15 As is detailed in the Exanpl es
section whi BHisfhPToswHs 25t emelifsdedl iy pregwie t iceliPnpPse e¥slilfaglisaerapleed to

serum free PuARMEINANC)USH 1Y ufstSahs PRAARHN GBI EhréidibdHifhy WRE! Rr BRIdoWET
production protocols .involved the use of adherent cerls grown in serum The

20 revi sed Prargudfigionnyenplified in the exanpl es section uses 50 liter

di sposabl e Cul t itBagshd NA¥ErodRtiord f6cckit Eggém PLQRMS Wk RNLRNAG 2 veHBRL Ogr aphy
I ng

steps for the down_styeam,purifjcation. t he novel production process

the presentViahERPELS welle /B o qryledepicdymaking the\predyetiqn; ¢fimatgal §510 - 1011

/'l of crud@iniar MRktoved B DY ddsB @cviRls AbiEFbRNn Qélati@lyednkadll scdi®hroabdtdhcal trials
even at high dose |evels achievable in relatjvely small scale production

. ly
facilities. Ppitigsydhnles pedigie eefs dwoalley fay bengyly sieiede diesehlew y
ener gi ng di@@@ﬁ@bﬂﬁt§&ﬁhag§ma@mb@ used in its production. Thus, according
to as aspect of the invention, there is praovided a method for 10 |arge

scal e- product i onf 'f 25C¥HRE 1 Pcashesh-of dis1 mesatiph gheteldnlygyifersa wethogor t he

met hod GENPhidgi Relc-peddbdtioni 0a RERIfD néielchBeatind agdnedindi $ddtod MeNméBRI i cati ng
adenovirus vector in a serumfree suspension culture, the vector conprising
a pol ynucl ePFEgUEHing gk Faesdls infeckel vaHy s R licARSAIROVEYSYFE©F it i onal |y
l'inked to aa NfuinBedPkEpARANGRTIRES! the REMReIrisihd1&r @B niIRHYE ivigert he
specific non-replicating adenovirus vector. 15 As used herein the phrase
"| ar ge- scal @ristIdey ey Bpnspaneiignsgriptioaalbt linkedton myLe Fe-RpEdettion

(starting }/\ﬁ)ﬁ)mo?r, @d&db% b@duéglhlgme_s@&ﬁénarpféph?aﬁn%/\&rgeﬂ&irgm{o&.s : n a viral f
quantity of at | east X virus particles/m and a vir otency of at
least 3101 Pf u/AR thed herein fgibfiarey 5 Ge Dby’ 167 Rt ot afkbmbe. cul ¢ ur e

medi um t hagrolfetibry RtactdiglwithhadulituteRatunRfof 5 @0 ol WidEtercikg il ekl quantity
of at least 1 x 10'? virus particles/ml and a viral potency of at least 3x10'° Pfu/ml.

Culture volume refers to the volume of the culture medium, that is typically half
that of the culture bag used.

20 As used herein the term "serum-free” refers to a culture medium which is absent
of serum and as such its components are highly defined.

The use of serum-free medium is highly advantageous since it is endowed with
increased definition, consistent performance, easier purification and downstream
processing, precise evaluations of cellular function, increased growth and/or

25  productivity, better control over physiological responsiveness.

The medium may still include the addition of growth factors and/or cytokines.
According to an exemplary embodiment HEPES and Glutamine are added to the culture.
According to a specific embodiment, the following conditions can be sed: Ex-cell VPRO
medium (Sigma 14561C), 1M HEPES Buffer pH 7.0-7.6 using 6 mM in medium (Sigma

30 HO0887), Glutamax using 10mM in medium (Invitrogen 35050)

As used herein the term "serum" refers to human or animal serum.



20As used herein the term'serumfree"” refers to a culture nmediumwhich is
absent of serum and as such its conponents are highly defined. The use
of serumwpeelwmsadioam i s hi ghl y advant ageous since it i sPemdBatowi1sh

i ncreased definition, consistent performance, easier purification and
downstream processi ng, precise evaluations of cellular function, increased
grow h and/ or 25productivity, better control over physi ol ogical

responsi veness. The nmedium may still include the addition of growth
factors and/ or cytokines. According to an exenplary enbodi rent HEPES and

G utam ne are added to the culture. According to a specific enbodi nent, the
follow ng conditions can be sed: Ex- ceI | VPRO nmedi um (Signa 14561C), 1M
HEPES Buffer pH 7.0-7.6 using 6 mMjn?hedi um (Si gma 30 HO887), Q ut anax

usi ng 10mMM i n ne%ﬁc?fﬁinélt?na}lst’f?"%@eﬁmb?é’@?@) thgeculiure &b FaPidiaf cpmponedts fiomser unt
refers to hyp@f o@ginani mal serum 21 According to a specific

enbodi nent, the culture is devoid of conponents from ani mal origin.

As mentioned t héSypgasipneddhe vrakvestors ofitais apprd of thsvreﬁ%lémﬁ?lé@%ﬁ?mmﬁeént i on

conprise a Gx§iei®Xds hinsr GRLIEERuaTE 8RR iraSeAMRASRoMRARE ah hANSLhi: Pt | onal
control of an angi ogeni c 5endothelial -specific nodified nurine pre-pro

endot hel T n ﬁ}dB‘ili‘“‘oltaéFPeCIﬁc modifigd muging Rre-peq (aHothelnrontelt or s are construct ed

using genetic r mlynashbtomrmeekum%a/consnm@ed ueiae "hAiRNtechbiadtiode€Ct or s.
The Fas-chinera (Fas-c) ypeptide, is a previously described fusion of

two "death FeWRpEHT e rec@@ﬁ%‘?ﬁ‘tdg?]e"&"tf’?som the extracel lular region of TNFR1

(SEQ ID NG 2) Ml andchimgrat (kRN paswa;rtﬂeels andediflslyagedlbdd Fsionegdit@ps of Fas
(SEQID NO ,3) [Boldin MP et al Bi ol Chem (199 '%WZ?O 14) 7795-8; the

contents of %ﬁhé%eﬁ?ré |C?R§8Pcﬁ?9r%‘f“éﬁleﬁéﬁr@FW1ﬁ§egﬂ@¥ A& SEQID N or di ng to

one enbagi Mafatihd ks hRsbeank andem@&@mﬂarbagl@asmoi:a/sr(sgdgepm@@) psolgetv@rth in SEQ
ID NO 4. 15The. term herein refers to a DNA sequence

whi ch di rectls’ PP&H&EP.(E%%S})W%#“) 579503 QW%&S@&&@E&%W&%P%@# 4¢'fi%el y 1inked

thereto in gherestd. in a constitutive or inducible manner The pronoter nay
al so conprise enhancer el ements which stl mul ate transcription fromthe
|i nked pronot er ACHENS e 0P Gnadipinh eifas-c by gl feér by gsPolaWtlefide @8 petr ef ers to
t he preproefbetﬁﬁlhm@mmozw (PPE-1) pronoter, of mammalian origin. In one
enbodi nent, the roendot hel in éﬁ%r.o ter i S a nurine RL&-pro endot hel i n
1 pronoter (PPE- et% Dty 29 gyed %éﬁ%éecﬁlﬁé‘iﬁéﬂ?" Irects - Accor di ng

to one enbogind@pkiot l’dﬁa@b@ﬂﬁﬂ@ﬁld@@éﬁﬂéﬂcg%{éer&ﬁvelyﬁﬁﬂ&d @iteet€ @Pthe @kl @ a€Nhancer
el ement that confers. endotheli al ér%el | specific transcriptional activity. 25

Accor di ng t P OHEEMS SR MR- F\QWB@Feré‘Ta(‘é AT &P AT IS8t d

posi ]EI onﬁd Qm‘ghé\aﬁlfugtél\l%nsaﬁﬂmbﬂoﬁm&lnﬁan&;gbﬂotelf the murine PPE-1 pronoter (as
set ort I N one e odl. nment ronoter. co rses at
| east two and m?frhs PY57REP s?%mebﬂtwﬂ%ﬂ&? usteﬂéera%%ftsrsa% emes@and@ﬂﬁgﬁ&er

el enent 30 AgeerigipRgnd®, @Iﬁmﬁalfah@rl@ﬁbmﬂbmwdﬁﬁm OO hREndoMIRG 1 Ses two of

t he above described enhancer el ements on one strand pronot er DNA
and one of PRECGHEVE "HEES PIHRY B rprQWQWEZéP]%ﬂ %Jﬁilégﬁél ary strand

of the promab@ficdad¥s thercof.

According to one embodiment the promoter comprises at least one copy of an

enhancer eclement that confers endothelial cell specific transcriptional activity.

25  According to one embodiment the enhancer element is naturally found positioned

between the —364 bp and —320 bp of the murine PPE-1 promoter (as set forth in SEQ ID

NO: 6). In one embodiment, the promoter comprises at least two and more preferably

three of the above described enhancer elements. According to a specific embodiment,

the promoter comprises two of the above described enhancer elements on one strand of

30 the promoter DNA and one of the above described enhancer element on the

complementary strand of the promoter DNA.



22 In yet anot her enbodi ment, the pronoter conprises a nodified
enhancer elenent as set forth in SEQID NO 8, optionally in conbination
wi t h ot hewoenhizo8¢®p el enents. Thus, according to this erbedBmendjo13the
pronoter conprises a sequence as set forth in SEQ 1D NO 7. 5According to
anot her enbodi ment, the pronoter further conprises at |east one hypoxia
response elenent - e.g. conprising a sequence as set forth in SEQ ID NO 5.
An exenpl ary pronoter which can be used in the context of the present

i nvention conprises a sequence as set forth in SEQID NO 12. This sequence
conprises SEQID NO 5 and SEQ ID NO 7 (which itself conprises two copies
of SEQID NGO 6 either 10 side of one copy of SEQ ID NO 8). Accor di ng
to a particular enbodiment of this aspect of the present .invention, the
viral vector cor8i¥t @netheraenabadiiasntethgsprameter sempriseh aspeylifips ekencey or 10,

The Ad5- PPE;jdmaal 88 16iiSBGHNEENORS, §Rond1Qrih RohBinate® Wil MN3r cFhaBfer 10
conprises a sequence which is an anti-sense copy of SEQID NO 7, |ocated

at nucl ei ¢ Asmeds dVedreenThiag &sthsgmbodigat, the PEIRRIE FORPIS @HCIWEN%E 3 ngl e

anti sense cgépymgfin bRONG 8 | ocated at nucl eoti de coordi nates 951-997; a
sequence which is a first antisense copy of SEQ ID NO. 6 |ocated at

nucl eoti e coor diReEE t‘gﬁl?tl‘g's@nboélngeéhﬂ@rﬁ’é‘énqmlf@ﬂm? mpriges st 47 i sense copy

of SEQ I D Ngpobia ké@p@g@@leﬁém nygl @atphidias & QQueHcpat RefHARIr JBH Nansl a third
copy of SEQ I'D NO in the sense orientation at position 823-866. 20 In

sone embodi ﬁﬁﬁ%eéflpé?fv PIREOChYRIRR Fabe upgddn mercarrtw@%%?re%hwffnge% addi t i onal

pol ynucl eot i g risQAUENLRS 6 R aHhEn SEQEDManabNPhi9kequidt BirhirRes SE@NSCr i pti onal
activity of an_ endothelial specific pronmoter. Accardi nﬁ to an aspect of

some enbodi Yeht diEQ RENPRT ertishdielt eqepriserdive conie of gERYRNY dtthele sequence

i ncl udeso ansilissrloat @@y@pgy@th\@@) de corrprl sing at |east 6 nucleotides of
el emrent X of a pre-proendothelin (PPE-1 {)rom)ter 25 the el enent X having

a wld type sequiherdingdo gpartiquly epoeg meEef hts aRRsC 6ol HEFSSRtATCRECTathe| east 6

nucl eot i desyigdigRkdr Sensats df@@&lher%eamsmmﬂsmmm@emﬁsode_rI ved from SEQ I D
NO 6, each of th at | east consecutlve seqlfj?gnces cog{%[)l ses at |east 3

nucl eot i des, Thg 284> %‘?Felé?( Phe seducpsadt s§ Bl BoRFYdPhiPhg pbdPt i oned

next to at &&Qﬁfgesmeq&u@d Wit den RAskdnbOsbpl Bf SEQID NG, Beattdist natlciceast one
Qsel.ected fromth nsi sting

nucl eot i de ition in SE [oup co

of : (i)at | i rooRErader e@%ﬁ aée%‘F“C\Rn“ﬁ’bC%ﬂ%)%“%a‘?éﬁﬁ%Wé’@ OgSEQANG by SEQ I D
NO 15 (CATg ﬁ):ate(zﬁt ngcleoﬁd&(cbd)r}hn@t%s ?Lsgas?)v @gteuéhuel;vﬁfah ligkerief an\t‘!bdnﬁle toppe Mo
sequence set t | ast one

nucl eot i de 9)ff 3 N pé'F G‘Eé %FPBB%%W%?OB?%E’QWH “wa ¥ &CTTC) ;
5(iv)at | eastoanatistued @t iol8EQf IDMNDE 6 tiyfaRd Mb nseueneRrErttesf WB103QY SEQ | D

ls\lg[ 1}(7)I’ t %%ggbrq 8Py 0% g]%Q I[g NI ea?r;[ thgge%senol‘rllcelntgt?(gnl aqgoscl)tgon\%b& %6% ype M7 sequence

20 In some embodiments of the invention, the viral vector comprises additional
polynucleotide sequences capable of enhancing or inhibiting transcriptional activity of
an endothelial specific promoter. According to an aspect of some embodiments of the
invention, the additional polynucleotide sequence includes an isolated polynucleotide
comprising at least 6 nucleotides of element X of a pre-proendothelin (PPE-1) promoter,

25 the element X having a wild type sequence as set forth by SEQ ID NO:6, wherein the at
least 6 nucleotides comprise at least 2 consecutive sequences derived from SEQ ID
NO:6, each of the at least 2 consecutive sequences comprises at least 3 nucleotides, at
least one of the at least 3 nucleotide being positioned next to at least one nucleotide
position in SEQ ID NO:6, the at least one nucleotide position in SEQ ID NO:6 is

30  selected from the group consisting of:

() at least one nucleotide of wild type M4 sequence set forth by SEQ ID
NO: 15 (CATTC);



NG 18 (ACTTT); (vi) at least one nucleotide of wild type ML
sequence set forth by SEQ ID 10 NO 20 (GIACT); and (v)at |east one

nucl eot i awoab1visbx9t ype M3 sequence set forth by SEQ | DPROIBRA1/IOTITTT) ;
wherein the at | east one nucleotide position is nutated as conpared to SEQ
ID NO 6 by at | east one nucleotide substitution, at |east one nucleotide
del etion and/or at 15 |east one nucleotide insertion, with the proviso
that a nmutation of the at | east one nucl eotide position does not result in
nucl eoti des GGTA at position 21-24 of SEQ ID NO 6 and/or in nucl eotides
CATG at position 29-32 of SEQ ID NO 6, such that when the isol ated

pol ynucl eotide is integrated into the PPE—l pronoter and placed upstream of
a reporter gene ( ., luciferase cod? sequence) the expression | evel of
the reporter 20¢ @bneaﬁ@m%BW%@WF@P@HO%Wﬂgamﬁ9@5&%&?@@S%sb%%Hb§E@dIto when
SEQ I D NO 6nps16icdNA@y)l y integrated into the PPE-1 pronoter and placed
upstream of the reporter gene codrng sequence, Apcordrn% to sone

embodi nents of t(H i Aviesrt Pemnuclaglds eowild Bac pbl srapcesttiferdh Py SE8tPhat ural 1y
occurring i Roaigeame)or a whol e chronosone sequence of an organi sm 25As
used herein the phrase "nat ur al occurring"” refers to as found in nature,
wi t hout any man-(Hrade2tn6t PPec%ttcie@ﬁ%e of wild tyne Mfpscgrinse act dodvBY SERPat | east 6
nucleotldesNgfyekmmﬂn))(conprlse at | east 2 consecutive sequences derived
fromSEQ ID NO 6. As used herein the phrase "consecutive sequence derived
from SEQ | D NO 6Y) 38 legskpisy aucfegtide ?ifut%bee &tT e et derty By gbRyIRuct eot i de)
in which t hgonugclsgatiitges appear in the sanme order as in the nucleic acid
sequence of SEQ ID NO 6 frontmhlch the are derived. It should be not ed
that the order &) nudl &t Prresucicstidferfeild Aae MY sangce tfPEaPy S5Q 1Hond
(phosphagli esbero omndT)f @amed between a 3'-OH of a preceding nucl eoti de and
the 5' - phosphate of the follow ng nucl eoti ording to sone
enbodi nents of tHe |ﬂ@%ﬁfPHhm“%ﬁghf%ﬁwt%5m89mﬁ%ﬁ%?m?sfdﬁ@e5b§g9 Dsequences
conpri ses awol zagirr3Thucl eoti des, e. g.., 3 nucl eoti des, 4 5nucl eotides, 5
nucl eoti des, 6 nucl eotides, 7 nucleotides, 8 nucleotrdes 9 nucleotrdes 10
nucl eot i des, 11 ‘SErElE pdest oRe e &OFIH%%IS muatEd ey BPPIEe & SHE 1D

nucl eot i desNO¥/byk 808 ARSIcott8 sBAGIEOTE, iallREst 0Rd nitikGli@OUJIHARE andér at
nucl eoti des, 23 nucl eot.i des,. 26 nucleotrdes 27 nucl eot i des

28
10nucl edi i dast e AuCPide iteredion.gwith fhe RigYipe digt a gnutation of the af least one

nucleotide position does not result in nucleotides GGTA at position 21-24 of SEQ ID
NO:6 and/or in nucleotides CATG at position 29-32 of SEQ ID NO:6, such that when
the isolated polynucleotide is integrated into the PPE-1 promoter and placed upstream
of a reporter gene (e.g., luciferase coding sequence) the expression level of the reporter
20  gene is upregulated or downregulated as compared to when SEQ ID NO:6 is similarly
itegrated into the PPE-1 promoter and placed upstream of the reporter gene coding
sequence.
According to some embodiments of the invention, the isolated polynucleotide is
not naturally occurring in a genome or a whole chromosome sequence of an organism.
25 As used herein the phrase “naturally occurring” refers to as found in nature,
without any man-made modifications.
As described above, the at least 6 nucleotides of element X comprise at least 2
consecutive sequences derived from SEQ 1D NO:6.
As used herein the phrase “consecutive sequence derived from SEQ ID NO:6 ”
30 refers to a nucleic acid sequence (a polynucleotide) in which the nucleotides appear in
the same order as in the nucleic acid sequence of SEQ ID NO:6 from which they are

derived. It should be noted that the order of nucleotides is determined by the chemical



nucl eoti des, 14 nucl eotides, 19 nucl eotides, 24 nucleotides, 29

nucl eoti des, 34 nucleotides, 15 nucl eotides, 20 nucl eotides, 25

nucl eot i wO,208M8m08| eot i des, 35 nucl eotides, 36 nucl eoPCaaB2018750137

nucl eoti des, 38 nucl eotides, 39 nucl eotides, 40 nucl eotides, 41 nucleotides
of SEQ I D NO 6. As described, the isolated pol ynucl eotide conprises at
| east 2 consecutive sequences derived from SEQ ID NO 6. According to sone
enbodi ments of the 15invention, the isolated pol ynucl eoti de conprises 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 consecutive sequences derived from
SEQ I D NO 6. As used herein the phrase "wild type" with respect to a
nucl eoti de sequence refers to the nucleic acid sequence as appears in SEQ
ID NO 6. Exanples include, but are not*limted to wild t sequence
(SEQ I D NO boré)mhom ofiestsrhonfsfomeed hetircen &6 -QBmbe precsging lileyeotl@a qnd theype B
(SEQ ID NO@%)lesp}Mté thhé’i%ﬁoxkfﬁg%ﬁkﬂé!ﬁiﬂ&e (SEQ 1D NO'17), wild type M/ sequence
(SEQ I D NO 1 wld type ML ( ?éil D NO 20) and wild t%p sequence ( SEQ
| D NO 21) . Acerdingi Rgsams swbrdinaspoal Menirgensiong meh ¢fy BRt 3t dfest the

mut ati on i Scqbechii@ekddutePfcom rlfle@aﬁt 1684013 NiEl B0 d@ o N3 anueliéq! isde
position with respect to SE NQ. 6. Accordin g 25 to sone enbodlnents of

t he i nveht i Bgleotidrs. § prsksptides P‘%ﬁ’%,elot&@fés7 Biclqofides 8 queleptides, 9 puclegtidey, 107 - g g,
10 nucl eot i flR%oti®sd-11 ﬁlcleloﬁd’e%t 13bastlicoifes, A heaskidabout ndfeotiaks, | Bast about
25, at |east about 30, at |east about 35, at |east about 40, af |east about

45. at | eastucknides. 36 nugleofidessi!7 o peslRotides. 18 npeloplidesy iy pugestidey F0east about

65, at | easpucbeuk, 20, n@leoli®@as2ah@kotid®, 28t nh@asillesabautudtidat 1seast about
85, at |east about 90, at | east about 95, at | east about 100, at_| east

about 30200Muckptidesy 2p” micliotidoso @7 syelgpgides. e Pedidtidess 29 pucleotides, |30 shoul d be

noted that haReos&IUBNGRCMEI®E! B3 duR6tidesd 3®ynaclmeuaegt aul afclémbesbessder i ved
from any source(% g @@Cles tissue or cell type), and is not |inmted to
fides s efuBs

the source Bl tidss. &7 o RROtIYES, ,&(‘?’CB\“H‘?OHSGS! 0% SHEciltodtdrent s of

t he Inventlﬂﬂkoﬁ@§zﬂUﬁ@&@ﬁ@séﬁSEQﬂyxﬁy6natIOn 5 of any of the nutation types
descri bed above, i substjtution, insertion and del etion. For exanple,

whi | e one nucl edi 9@“&%1 fheotolatid drebynpeeqids 63°E‘§H565eatslﬁ‘i§} cFonputive

substituti ogqmBat&t HeRed anat ke mickeet ideoarsi i el em&ﬁ%én@ MOt can be
subject to a deletion or insertion. Additjian Iléaor aléern |veI¥, whi |l e

one nucl'eot PRTRBLAG FC] pplgEeiceSe ROPB SR bE s bio Bct 10:d lal 1df 8k 14
mut ati on, agptdieliveRbfleRRt 16 ePaSHISEQNDIND:EEQ 10 ID NG 6 can be subject to a
substitution or |nserh|on Ad ItlQﬂ ly or Iternativel% whi |l e one

nucl eoti de posi t'Iofef AereRchy BRRS 6V pr)ewg BFSBet @ 8 WACPHESEIBHE mut at i on,

anot her nchee@st fodR: m&iotacmeq@n&a@ ab&-aNGh @EQaMD 0©:6S HxpAplks InBlude, BUOSt i t uti on
or del etion. h uld be noted that v o otq Qonblnatlons are
possi bl e. Aeeefﬁd t}fdtfa %@eep? M SAYYER 'Rk WiVERR Mo IURE nut ati on

in the iesol gpediplipeliynusliapid ke (SEQ tlbeN@nV)e mllldqypedme%ecmapcer(seql Din
nuc! eot 1 des GTA 2l PO 90 2124000 ER)! PalGy2 et i Qoo hept ! des
wild type M3 sequence (SEQ ID NO:21).
According to some embodiments of the invention, the mutation is an insertion of
at least one nucleotide in a nucleotide position with respect to SEQ ID NO:6. According
25  to some embodiments of the invention, the insertion includes at least 1, 2, 3,4, 5,6, 7, 8,
9, 10 nucleotides, e.g., at least about 15, at least about 20, at least about 25, at least about
30, at least about 35, at least about 40, at least about 45, at least about 50, at least about
55, at least about 60, at least about 65, at least about 70, at least about 75, at least about
80, at least about 85, at least about 90, at least about 95, at least about 100, at least about

30 200, at least about 300, or more nucleotides.



As used herein the phrase "integrated into the PPE-1 pronoter” refers to a
nucl eoti de sequence (the isolated pol ynucl eotide) which is covalently

conj ugat edowntiisssobhe PPE-1 pronot er sequence. 20Accor diPQl/IB15050837

enbodi nents of the invention, the isolated pol ynucl eotide further conprises
at | east one copy of a nucleic acid sequence selected fromthe group
consisting of: (i) wld type MA sequence set forth by SEQ ID NGO 15
(CATTC), (ii) wild type Mo sequence set forth by SEQ ID NO 16 (CAATG,
25(iii) wild type MB sequence set forth by SEQID NO 19 (GCTTC), (iv) wld
type M6 sequence set forth by SEQID NO 17 (GGGIG, (v) wld type W
sequence set forth by SEQ ID NO 18 (ACTTT) (V|) wld type ML sequence set
forth by SEQ ID NGO 20 (GTACT), and évmld pe M3 sequence set forth
by SEQ 1D NO 21! f@ﬁﬁ)not@dh%d%feap%e # 101§dméls d’éﬁ the ApEtioy camle
invention, §dRed $0mangdomod Yenglci]&él&i di8sub Sor icBll @@ecntagd id AStQinkiwl LBty

downstream of , or upst ream of any{ known (or unknown) pronoter sequence to
t her eby reg%ﬂ‘%‘%@@ f the sqguence AbslaEn@eX: decrease, nodul ate tissue- 26

specificity, DAl idEHAEE IR diRlen€ @N L ifvdhtoMEHhE X85S isQNombh8tion
transcri gtl onal pronoting activi tg of the rormt er. According to sone
oy

embodi nent sOlofmy 1o dhe R BREs deyabsdoxg éd- 6‘8159"%‘?}1 aseitige 2k dglgioni ner easi ng

expressi on pir @;amgreemh@gﬁmucnwtmalp@bﬁ&l ﬁIﬂSEQpETN@Ncbﬁ Bkedbjthaset o in 5
endot hel i al cel | s. Such a pal ynucl eotide can _include wild type sequences of

M4 and/ or M ftﬁuttqﬁémﬁ?t@geﬂ@@ebw%eﬁg%en@émeP i SR (1P SYXP C's“éh‘ﬁ HEES1fr om

el enent X, @MdibRloriifetid® NRERALE &f alRiRBVeIyTUHAL Qfle SRABRTIE PosifisOm el ement
Accor di ng to sone enbodi nents of the inventjon, the isol ated
F

poI ynucl eot Pefé IR Oihe Fanchs suicqt oy delgsion mugggign.gotherenugleptyleporitionn SEQquence set

forth byoSED NO:Nn 85 subfeel AT I@ktitution or GG AditichaBP R aREFRAWEIYENT S Of
the invention, the isolated. polynucl eotide corrprl ses at | east one copy of

the wild typalagedusaide @odign ip GELHDNOSEEN Ppsyligset Pen(ieskiiPE) MU OB or di ng t o

sonme enbodi sRsnRicotidteokitye it SENID NS dafi Bk sl R ybUEltRALE 88etibh. conpri ses
at | east one Coi)dé%;Of the wld t%/ pe IVI4 sequence %t forth by SEQ ID NGO 15

(CATTC) and! shoufdhedioted that vasigys fer coabipgtiogs 31 BeSSiRs- sequence” set forth by SEQ
ID NO 16 (CAATQccording to A6i0E BinBithéntSETR: @U@0k, m&n&lﬁtaﬁn‘n 1ﬁk1ﬁ1§dmt&flti on t he
at | east one nucl eot i ﬁg}epoy tion which is tat ed conpar e

NO 6 is'at Pagwrleyils of he mysntiogglog ot ‘f?é““z‘ﬁn ?Oaldf% %t %Oél&ﬂ%gké? glet fort h
by SEQ I D NSEQ 19 NOFHEG) in ﬂdcleSth‘thlelTG%t paiteel 21913atofsmm[>am) 6.s0l at ed

pol ynucl eot i de nay further include.a wild ty equence ID NO 17)
and/or a wild typ QU h§@&’u3’ﬁ ra@%E@tqgﬁtwdml@‘f PPE-T DRty ﬁ?flis% %exanpl es

of isol at Edmi@(ébﬁd[ws%h&ﬁ&d @eSsoMiédchvlynaclbatide) which Bastal@ne cegiatcdfwithbe wi | d
type M4 seqtlllleg(P:Ee lsp?(;[m(fte?rsgqbler?c% SEQ ID NO 15 (CATTC) and a
20 According to some embodiments of the invention, the isolated polynucleotide
further comprises at least one copy of a nucleic acid sequence selected from the group
consisting of:
(1) wild type M4 sequence set forth by SEQ ID NO: 15 (CATTC),
(i)  wild type M5 sequence set forth by SEQ ID NO: 16 (CAATQG),
25 (i)  wild type M8 sequence set forth by SEQ ID NO: 19 (GCTTC),
(iv)  wild type M6 sequence set forth by SEQ ID NO: 17 (GGGTG),
(v) wild type M7 sequence set forth by SEQ ID NO: 18 (ACTTT);
(vi)  wild type M1 sequence set forth by SEQ ID NO: 20 (GTACT), and
(vii)  wild type M3 sequence set forth by SEQ ID NO: 21 (CTTTT).
30 According to some embodiments of the invention, the isolated polynucleotide is

mtegrated into (within), downstream of, or upstream of any known (or unknown)

promoter sequence to thereby regulate (e.g., increase, decrease, modulate tissue-



25 nutation in at |east one nucleotide of the wild type MB sequence set
forth by SEQID NO 19 (GCTTC) are provided in SEQ | D NGs: 55-62.

Non- | i m twogoexsspbes of isol ated pol ynucl eoti des whi chPCmdB2ude0#1371 east
one copy of the wild type Mb sequence set forth by SEQ ID NO 16 (CAATG
and a nmutation in at | east one nucleotide of the wild type MB sequence set
forth by SEQID 30 NO 19 (GCTTC) are provided in SEQ I D NGs: 63-66.
Non-limting exanples of isolated polynucl eotides which include at |east
one copy of the wild type M4 sequence set forth by SEQ ID NO 15 (CATTQO),
at | east one 27 copy of the wild type Mb sequence set forth by SEQ I D NO
16 (CAATG and a nmutation in at |east one nucleotide of the wild type M
sequence set forth by SEQ ID NO 19 (E&CTTC) are provided in SEQ I D NOs:

67- 70. Spwi\%@mﬁlﬁae fsluetBifeT ePRIBHI YeTPE ST tth?éraﬂlmlemqabwomf) i sol at ed
pol ynucl eot dgeitpoffthd friBbtecONPr i si ng at Ieast one copy of wild type M
sequence set forth by SEQ ID NO . 20 Non-limting exanpl es of

i sol at ed pol ynuctEeingds sqppsi %Oﬁ%mwéﬂﬁﬂmfeéw ﬂeﬁ@laéwlyeﬂclﬁ el 1 d type
M4 sequencess etcrdafhd BxdssioEQF hmewglo as F%-Eg)mdeaé cla8RS ﬁnk@dﬂﬂlei?e‘ﬂpiﬁ of the
wild type ML seqluence set forth EQ NO . 20 GTA and a 10 nutation
in at | east Waglinhessotrde? Hflmuﬁks:owewan fnglyde Wﬁdeea@%%eeeﬁwa?w by SEQ I D

NO 19 ( GCTNIS)in McEpr¥edé de¥sdnfe SEQdHibh juerlcbs 98 clement XNefdr ifitkd NQ
exanpl es of isolated pol ynucl eotides which_ include at | east one copy of the

wild type MEFCSBEfL AL QEET WRiptef SHapFneHTSERF Py RO 16 (CAATG), at |east one copy

of the wild typexdldBEAHEHEE cmBEdiheMtS bf By 1§%Qldrptﬁ\éqsolgt@d b@}ﬁ@&u@aﬁd a 15
mutation in at | east one nucl eotide of the wl R&“h? 526 guence set forth
0

by SEQ | D NOYMPLECS(EEHF P S PrsvtiteRIps M“eﬁs@mﬁ

Non- i migi n@ex@npl es of isolated pol ynucl eotides which i ncI ude at | east
one copy of the wild type M4 sequence set forth by SEQP 15 (CATTO),
at |east one cop%ﬁ"?ﬁdmﬁﬁe SQUne amP%ee%%@au@ﬁe%%éhe i) %pwmeifeflqieo NO 16

(CAATGQ), at cdngmisds 20Nast28e 6RYorafe WibyWs MA styiReccMi BRRUVERES 19a%0f @ th by SEQ
ID NO 20 (GTAC,@ and a nutation in at |east one nucleotide of the wild

type MB seq Jset forth by SEQID NO 19 (GCTTC) are provided in SEQ ID
NGs: 137- 152. AccHamgridisfige tRAbSRNENtE BDOdiiARALS, Afc hged @Ml?ﬁlicie@ﬂde t he

i sol ated pol ynucl eoti de reduc s expressjon of a p nucl eoti de
oper abl y° | |?ﬂ??§’ﬂls‘fsr?é§e§ité’n? FIOPZ Fdr; EPG M sediepee, set§£8815‘8§8%§ rNu@ Péotl de can

i ncl ude nut @AORS ahdﬂatl\masﬁdlﬁ/c@[ﬁy dbhd Wild RPe prasqiras: Lf foaiawlsee ofNaddi ti onal
sequences f{é)& el e nt X, and/or in the presence of other nutated sequences
from el enen Accordi ng to sone enbodi nents of the invention, the

ﬁlto I6e_ast onle nuA eeidindao I@@fa& teiélﬁéﬂll}ﬁéﬂtﬁbf 'thg iﬂélhﬁdrf}(ﬂheaﬁ I\l/ﬁaafrplaerﬁmebedeSEQf | D ]

A s at east nucl eoti de o t W 1 seguence set ort

by SEQ | D Ne9sitipg W?efi fate zﬂacompare%ﬁE@ RN ?dﬂj %@aﬁﬁveegucgﬁpﬂﬁies% et ed

pO: énuclzeotwd@@pw&é&qudﬁeé ;&Fb@lﬁmhao yIBE@ID SD: i19|(@CTT@)a&tsh@ﬂ@b@H&E(Bmhﬂddg of tS hg
W type Md sequence set for 4 are ided in SE
| D NOCs: 153- %1; an isolated PO%(B‘&%?"H% nYX @‘5%&83%‘%0‘&&%&!1 60‘1)“1‘{%? Q%ﬁ\?Pe‘Pu on, the

at | east onRONUTARINK b 6EldStyROET téincMBENID SOy at ed as corrpar ed to SEQ ID
NO 6 is at |eas e nucleotide of the wld eI\/Bs nc set forth by
SEQ ID NO 16 (é&&;l@}mng examplgs ipf | 1§t Pft}“%’ﬁlﬁ?%io Cpdhish IP a"ttgﬁf‘“ one

pol ynucl eot égpesorwhd Gidithsd Maescqudity 8t iforth bp saJQ Iream Isn@tArW)emalade of the
VSVIEleI E BE N]?}gt%& ul?_lna(t:?easste()%e fm?crléotclldé) Xf ﬂ?E%ﬂld[t)ypNCK/B sequence set ortl?{)y SB{QQI}SI ded in
NO: 19 (GCTTC) are provided in SEQ ID NOs:55-62.
Non-limiting examples of isolated polynucleotides which include at least one
copy of the wild type M5 sequence set forth by SEQ ID NO: 16 (CAATG) and a
mutation in at least one nucleotide of the wild type M8 sequence set forth by SEQ ID
30 NO: 19 (GCTTC) are provided in SEQ ID NOs: 63-66.
Non-limiting examples of isolated polynucleotides which include at least one

copy of the wild type M4 sequence set forth by SEQ ID NO: 15 (CATTC), at least one



10According to sonme enbodi nents of the invention, the at |east one

nucl eotide position which is nutated as conpared to SEQ ID NO 6 is at |east
one nucl ex0i2da1/086500he Wi | d type MA sequence set forth bpCEERRMDONG7 15
(CATTC) and at |east one nucleotide of the wild type Mo sequence set forth
by SEQID NO 16 (CAATG. Non-limting exanples of isolated pol ynucl eotides
which include a nmutation in 15 at |east one nucleotide of the wild type M4
sequence set forth by SEQ ID NO 15 (CATTC) and a nutation in at |east one
nucl eotide of the wild type Mo sequence set forth by SEQ ID NO 16 (CAATG
are provided in SEQ I D NGs: 172-180. According to sonme enbodi ments of
the invention, the isolated polynucleotlde is for increasing expression of
a heterologous pol ynucl eoti de o erablﬁ | i nked thereto in 20 cells other

t han endot h&iPy Af thePld tyrsylMg Saqtﬁmeymé@rébby FEQEh N doy§e M afidns in M

and/ or Mb aﬁ%d%ﬂﬁlﬁﬂﬁﬁ(ﬁ@ﬂﬂﬁ&ﬁ@@OP&GMﬁ&ﬁ%UMBs&%mﬂﬂkﬂ@ﬁhﬁ%gﬁéﬁ@e or
absence of additional sequences fromelenent X, and/or in the presence of

ot her nut at 88" E@&ﬁgﬁgé§fWFBWF€WbW%ﬁp)%OSAQEE%d|ng to sone enbodi nents of
the invention, tAwoﬂdﬁlgltats&qe RRbYIIMEAE 6f ihdan i MY kSfSd BolphiicRbii@n in M

(SEQ ID NG  15) and/or in (SEQ ID . NO 16) and at | east one cqu of the
wild type n/%lﬂégtcomarﬂ%ﬂrg %%ageee chyrqéwﬂime&ﬁ@}ena%w forthpy SEQIBPtNGhe copy of
wild type My@atadgrth by SEQ ID NG 18. Non-limting exanples of

i sol at ed polynucleotldes which include a nutation in at Ieast one
nucl eoti de of tAEIGHMHG FHEOPIH Oéé%ﬂ?é??‘clé"lg@tﬂe?t@ﬁ% Whish iaghede) 45 Ijget onss 30

(CATTC) andcapl; of @83stildane MO R uce kidoi 1L>ds1£(ym1\m$ 15@@4@@ bt 1@alst&l%Q I D NO
17 (GGGTG are provided in SEQ ID NGs: 181-1 limting
exanpl es of cqudafébee&ﬂgdﬂg?n%S@%‘mfe%et ey §ﬁ@|l@d@0 ZPaiﬁaf\iCEh 4 43t | east

one nucli@ot nd@ti@f intdd Ra dnél nbIQBIVEr GEURNGR M keduide Rty rSERSED O 16
(CAATG and at | east one co%é of the wld t%ge M6 set forth by SEQ I D NO

17 (GaGTe NPe!piéviTgaarciprovaiedyn $FRE NPs3lly 5Non-limting exanpl es of

i sol ated pol ynual@atmhides empcrela of NGollddgliep Ay bl ide® Ahich iddludeeaIbasOBR:
nucl eotide of the wld ty sequence set forth b ,ﬁ%ID NO. 15 (CATTO),
a mutation FRY&f thFé\a@ttymr}\éS ﬁ%&?%ﬁté@ﬂoﬁy TRl Wpdl@i}%A ). 8lgHe e set

fO{ t][I b%/hSE@p&Eafl\Jls;szil\% t{zﬁlésﬁ-[@eq@ﬂ& &k fb@asy sg@gmw xof (cm&:w dfgoat ype V6
se or re provi in

10Accor df ng%tl%“%‘ﬁé‘t &R aF H’écﬁ‘t‘oél dopt ety 6?9‘16‘?‘1‘1‘«?% fJgBIP Q%HQ b
polynucleotNdeuiMKnhQDm@@ﬂﬁﬁ&g@ﬁg@@ngmﬁtumng6copy of the wild type M/
sequence set forth 9¥ SEQ | D, NO nltlng exanpl es of

1

i sol ated pol ynudT¥dimities Sxampin o9f mﬂﬁ@@wwalﬁ%ewhwh laﬁluci ced{Jfas
?3 |T $Cc);;l ded@fp%,tohale\a:otllddyﬁeyrﬂe s%e?eﬁﬁ&aqe?%m(g ﬁmxtg 16YCSEQ), b 1%19 ?ﬂeSt ﬁSb SEO

an a %as one cop (0] W P ggé]AE{J&e se or Yy
ID NO 18 (Keypishe @t&rﬁd‘é?a%aﬁ}%%%@wwé Dys: 4 Rhots ni ting
exanpl elso of gdgs}cz;lf?heegnlpah?egml @Qleindee&t\/ﬂﬁlﬂﬁby ISEC) u?mcahzmg(tcamcom dnB aat I east
one nucleotide.of. t W eguence set ort
(CAATG) and™BEtieenA ?eaﬁ@nsa\&%jg ofifle P%‘Z} 3& dgyre M Swe%csa&tefy E% éﬁg Brtnh by SEQ
| D NO 2018N()A£§FT}“E)Tm)ere@mvaeGQdSE@HSEI@sI1§)7 Ns: 196- 198. Non-1imting
exanpl es of isolate onnucIeE ich include ation in at |east

one nucl eotide JFCPHESP Sgme ype° elg% B daveniqn. f rlfﬂatﬁcilpéﬁ?j‘cleﬁu‘ﬁo 15
(CATTC), a ruhoat ldifire!;slibnabf|ae&h8tkroﬂig6usn@61|yﬂ£bﬂdod& @bertble Miked thype M6 sequence

SM?t Sfeth gcte)gnéigtg(?la cell\lC)Suc% p(ogf%ﬁ\(-:li(%)tldg ga(ljn 1%;[:1uc|1ee1%1§ttatio%rs] ?n ﬁ/lglpa% OI‘ Nf5hlg t}\{g ld type

presence or absence of additional sequences from element X, and/or in the presence of
other mutated sequences from element X.

According to some embodiments of the invention, the at least one nucleotide
position which is mutated as compared to SEQ ID NQO:6 is at least one nucleotide of the

30 wild type M4 sequence set forth by SEQ ID NO: 15 (CATTC).



25 forth by SEQID NO 18 (ACTTT) are provided in SEQ I D NGs: 199-202.
According to sone enbodi nents of the invention, the isolated pol ynucl eotide
further cwopoiigsssoat | east one copy of the wild type MoPseiBioor/divily SEQ I D
NO 17 (GGGTG and at | east one copy of the wild type M/ sequence set forth
by SEQID NO 18 (ACTTT). 30Non-limting exanples of isolated

pol ynucl eoti des which include a nmutation in at |east one nucleotide of the
wild type M sequence set forth by SEQ ID NO 15 (CATTC), at |east one copy
of the wild type Mb set forth by SEQID NO 17 (GEGTG 30 and at | east one
copy of the wild type M/ sequence set forth by SEQ ID NO 18 (ACTTT) are
provided in SEQ I D NGs: 203- 205. Non-limting exanples of isolated

pol ynucl eoti des whi ch i ncl ude a_nut at on in at | east one nucleotide of the
wild type Mb sedif@riteitingexamples gt isglatagpylypyclqesides grhich igshydpey mutgfion iqst one
copy of theawedstl ohd/ RE18BAS BF tHeow i ¥ NEQduohd¥Qet Eofith( & mnd. At | east
one copy of the wild t)ﬁ)qggl\/l? sequence set forth by SEQ ID NO 18 (ACTTT)

are provi ded T S reydgddn DEe 1D Ps:153-162.Non- | i mi ti ng exanpl es of i sol at ed

pol ynucl eot i des AlbahhgitbGbME@mBodiMERS bPhelifvedtiod, @RS4t 1OREoUEIcRBLIdde of the
wild type M sequence set forth by .. a nutation in

; nce SEQ ID NO 15 10 (CATTCQ),.
at | east’ onkPsHige Mhishiigauigied pheonpeicd 1 YR IRA @ félrad caetuckgtidaeigye SEQ | D
NO: 16 ( CAAT@ sypahislseqshccRBEo®ORYSE) 1D Re: 1 IchAdpe M6 set forth by SEQ ID
NO 17 (GGGIG and at | east one co pe M/ sequence set forth

( of the wild typ:
by SEQ ID NO  18VAmyng G’QFHQIGBPB%FP%G pphynusgsefiflgs viieh mefadeop gutaper By di ng t o
sonme enmbodi ek of nddRtiddVe Rt wal tyhO®d sQhaicedetpky ByEpth de:1f reduces
expression in cells of a heterolgﬁgus pol ynucl eoti de operably Iinked
thereto. SulAParsmpdfeon SER IRAPSKéildde mutations in M4, Ms, M and/ or

M7, in the preseqesddt tdRseNeRbAfimaddbt tRNAenBOHWURNGESasT bRMMRIBHRNt X,
and/or in the presence of other nutated selcl]\gucgnces fromel enent X. According
to some enmbRriitivrRhichds mptaed prcrampeied o SERED NEBP Stab lrags RS sl 9fdls 20

conprises aild @t MANRqEBAt Akdtodrth byWsE@ IDYRO: V8 (CRERCH RBnlNG: 1dd1) o@nd/ or i n
wldtype Mo §SEQIDNQ47) and inwld t(yhg),e M6 set forth by SEQ ID NO 17
(GaGTe .  nhucleRpdy qfithe wijdgped\a marase st Iordidy SEQIPRP ydEredB des whi ch
i ncl ;Jde ﬁ lrorut gt gﬂiﬂ-linﬁltiﬁg e;iaﬁ’a&'é oné@laféH b@ﬁﬁd’l@ﬁd@fwﬁi&]ﬁin%aelda hyiRgodh sequence
set fort EQ ID NO .15 TTC) and a nutation in at_ | east one
nucl eot i'tle %o‘m PlammeNngP%%O dm%%@e VB sdench petnoBs b SESER NO™NG. 17
( GGlGT G dar e(qgsnmli)dlaai.aidﬂmtﬁﬁ(@.iﬂl E} NG l'oﬂ%ﬁuoi’e:bade of the wiN@Rypel M‘:Stsi:cﬂl@no%&@trm| es of
i sol ated polynucl eqtides include a nutatjon in at |east one
nucl eot i de %ﬁﬂgﬁéE -IP$Q-9§25§6T93a58W8@6%a WOBy’sEY I D NO 16 (CAATG)
and a nutation iAtcalink @RSdmcOdiebolinehe QF kdanRasd, tensobited fodynvbibdidt ype Mo set
forth by SEQ LD NQ 17 (GGGI(Q) ,are provided jn. SEQ I :214-222. 30
Non- |'i mi tin ré‘%?é%?ﬂ?%?%i’mf’%S?chéﬁr%&"%B@V%lef’&h‘gs"?\ﬁﬁg@m%‘ﬁ% |%11?EFé° 2 nutation
in at | eastcdpethBuhheeddotRliNicelishesuoh lagholynpaeoie saOMEEEmERtionk @i My by SEQ I D
NO 15 (CATTQ), nufation in at le 0 nucl.eotide of the wld type M
sequence sef” Oaﬁ%alﬁwa@t@e&q@w?% ?@A@ it QPSR PP W a1 | east
one nucl eot add@iopglstduemsds Bbmicheentd X dinllspa tMBpr&Rhcelo®bihbr BitatERQqLEANO 17
(GGGTG are,_provi de%{i n SEQ I D NGs: 223- 231.
from element X.
According to some embodiments of the invention, the isolated polynucleotide
25  comprises a mutation in M4 (SEQ ID NO: 15) and/or in M5 (SEQ ID NO: 16) and at
least one copy of the wild type M6 set forth by SEQ ID NO: 17 (GGGTG) and/or at
least one copy of wild type M7 set forth by SEQ 1D NO:18.
Non-limiting examples of isolated polynucleotides which include a mutation in
at least one nucleotide of the wild type M4 sequence set forth by SEQ ID NO: 15
30 (CATTC) and at least one copy of the wild type M6 set forth by SEQ ID NO: 17

(GGGTG) are provided in SEQ ID NOs:181-182.



According to sone enbodi nents of the invention, the isolated pol ynucl eoti de
5 further conprises at |east one nutation in wild type M/ set forth by SEQ
| D NO 18WQACIIBY309 Non-limting exanples of isol at @dTgBtyNWIEOL | des
which include a nutation in at |east one nucleotide of the wild type M4
sequence set forth by SEQ 1D NO 15 (CATTC) and a nutation in at |east one
nucl eotide position of the wild type M/ set forth 10 by SEQ ID NGO 18
(ACTTT) are provided in SEQ I D NGs: 232-236. Non-limting exanpl es of

i sol ated pol ynucl eotides which include a nutation in at |east one

nucl eotide of the wild type Mo sequence set forth by SEQ ID NO 16 (CAATG
and a nutation in at |east one nucleotlde position of the wild type M/ set
forth by SEQ ID NG 18 (ACTTT) are Vided in SEQ | D NOs: 237-240. 15
Non-1imting exa¥fsriaatipg cxaag] eé@é&%@fiyﬁlxew%flfi%é%h%melﬁdq hEVEHE B nut ati on

in at | east,0BRr BMCh@Rotige oOfhe iRl Whé d13 YRBeVE saeiqﬂmg@wtn fno:t s by SEQ 1D
NGO 15 (CATTC), a nutation in at |east _one nucleotide of the wild type M

sequence setCHBF@nandyat deass o ey of ghe wikhtxer Manet farthnby EQR iNP:al’ | east one

nucl eot i de @R%Td‘éﬁ%]]%whélﬂn% Hdptymel shl gset forth by SEQ I D NO 18 (ACTTT)
are provided in D NGs: 241- 20248. ding to sonme enbodi nents

of the ihventiof¥on H@tlv&aiaalpl@a 0559%6@Pl@a%qlw@dﬁfwl%l%md&%muga@gn5{ | east

one nutati of ikddt Whd Buddspge MSth%ewﬂdf bt MDYeqb: k& kh b§c7SE( GHsNg: gnd at
| east one mutation in wld zﬁae M/ set forth by SEQID NGO 18 &HCTTT)

25Non- | i ni tﬁ%T@awP@gmbm af w&fl%au%rl%afcth%mlﬂ@@g %fﬁ‘@ﬂe%&qt

mut ation |nb}aSE(bQBS‘1IOOI‘6€(OMIfC%%HQEIeQ§t oh@%WdfdheI\)m@t%l\/ﬁ@@k‘ﬂ%}fheoyset forth
by SEQ ID NQ nutatjon in at |east one nucleotide position of

the wild ty%FeQ%N t17f%‘1l’(t3?1Gb gFe BetidpnNER IPANOEEETE)- and a nutation in at

| east ong nucl etdcat@inRQs isbih®BmBbditbies vf thd 1ﬁ%ﬁﬁoﬂwhesﬁélat5@bblgln&léoﬁﬁ(? I D NO
18 (ACTTT) are provided jn SEQ I D NOs: 249-258. 30 Non-limti n%QexarrpI es of

i sol at ed polWAtCPBBEitcH a5 cHh PRhoaph Of thaavik! tHrop MY iseonss Saft fOFEQ‘étS
nucl eoti de ®b: th@ vyl type Mo sequence set forth by SEQ ID NO 16 (CAATG),
a nutation in at | east one nucl eotjde p05|t|on of the wild t%gge M6 set

forth by 32 SEQ¥DIUNERS PAmp pleteh dolynylgotglgs gphighyinglpdg g

nucl eot i dg ROsdst b@ennmeotlhbeoivvmledmtwgge Y4 %ﬁetfc@rséthfoﬁﬂ bPERJ B N®: 8 (ACTTT)
are pr OVI e

EQ | D NGs: 259-2 X | es of isolated
pol ynucl'zot %@Qﬁmw ?%h?fﬁ&@PYaofﬁh%\éﬁlﬁiafﬁeW Sﬁﬂuerl%ea%gtg%hgygf%IQ&ﬁ?ae of the
Wi |F| type Nm@mmml Q@g&ﬁidfe&ﬁfSHQm'NSE@i DNG 15 5 (CATTfC), ﬁ gut gtEiQOInDi n
at east one nuc eOtI e o0 t uence., se ort
NO 16 (CAATG), NPUHHIRIHRS BR™PKs & lsplétgétpolanléc WH@? Sgt§hyacl B@fs? PUBHOB the wil d
typle M6 Zet atf 1045t bnd)ﬁucfﬁﬁ@ri]d br ﬂi|€7dw1ﬂd7tyf)gmw|§§hu@?éi sé fotih @%lsmgl an N}gb 16ga?tA C$$%
nucl eot | de sition.o the w e set or
are provi de&%‘% e pesyERnessBY ?%QW%W@EMHGW&H‘E%S%@FFE EbOdPRY (ﬁts of the
i_n?/gnti on, NIBmom&te@eprﬁ?mh g@Ngde%;mgprl sig at Ieast _onﬁ cggy _of tlhe
Wi type sequence .set fort wi t h additiona
wild type or w%gan@%ﬁ@we[fé 085%3&?53 %moaﬂeéﬁﬂﬁ% szcltl PBHRTG) |
!\lon-l gi mti lng lexsa bR ﬁﬁ;le@lﬁdd Sf){hat\ﬁgi @ﬁé m@dqaﬁfcb danomﬂlbﬁjl‘BEQ"lﬂb lNiESIfSa mﬁt gtl on
I N at ne nucgl eoti de o t uence set ort Yy
SEQ I D NO. @%% Tar@)ltaﬁ?fﬂma"‘f PYL8E I B“ﬁeé’“%%@‘%g’ﬂfi ﬁ@eyﬁq EFqP%%S%éOTQ’equence
Non- | i i e e D lﬁfse"ﬁf”‘“f e e e e A tati on
Noat 1 ahst BREe TR TE ok A R b i O B Rt Bk E < of Torth by aEOID
]IC\IQ ﬁGbZO ( CAATQ)ccandihg ab sblﬁaﬁinb@ﬁﬁerﬁs)Dﬂth@fué\tehﬁoﬂ{\litﬂedis&lytﬁ@pB@m&ﬁqﬁ@‘lce set

ort y S D NO. 19 are ided in SEQ | ; -287.

o 1o b of 1 Gt e ot Sl MU Roe it Rt BT IPNET mut at i on
in at | east(@RETGUDY @dleistlencafopy bEthwvivild tylpy pE7 duchesyseded bs SEQIIDMIM: by SEQ | D
NO 15 (CATTC%A&frHSMt ation in at |east one nucleotide of the wild type M

sequence se
30 Non-limiting examples of isolated polynucleotides which include a mutation in

at least one nucleotide of the wild type M4 sequence set forth by SEQ ID NO: 15
(CATTC), at least one copy of the wild type M6 set forth by SEQ ID NO: 17 (GGGTQG)



25 by SEQID NO 16 (CAATG and at | east one copy of the wld type MB
sequence set forth by SEQ ID NO 19 (GCTTC) are provided in SEQ ID

NGCs: 288- 290.2011/086509Non- 1 i mi ti ng exanpl es of isol ated polpgmaBtoaodiodss whi ch
include a mutation in at |east one nucleotide of the wild type M4 sequence
set forth by SEQID NGO 15 (CATTC), at |east one copy of the wild type M
set forth by SEQ ID NO 17 (GGEGIG 30 and at | east one copy of the wild
type MB sequence set forth by SEQID NO 19 (GCTTC) are provided in SEQ ID
NGs: 294-298. 33 Non-limting exanples of isolated pol ynucl eoti des
whi ch include a nutation in at |east one nucleotide of the wild type M
sequence set forth by SEQ ID NO 16 (CAATG, at |east one copy of the wild
type M6 set forth by SEQ ID NO 17 (GB5TG) and at_| east one co y of the
wild type M saédE?éhele sy §fghe Wﬂﬂytyeewl Pavgece 19 forth &t provi ded in

SEQ | D NGs: 239130 dre provided N I ROk 20 2@xanpl es of i soI at ed pol ynucl eot i des
whi ch include a nutation in at | east one nucleotide of the wild type M4

sequence set f oM lpgitigEeyamplenef iseigted palymesicotidespyftich inglHdg : mytatippiist one

nucl eoti de ﬁfleatshené/\hthieotlardoef h@ vﬁﬁﬂiﬂrﬁﬁ% %ﬁe&@rs&thfoﬁﬂ bpERJd B ND:. 6 (CAATO),
at | east one co&) of the wl set fort Q%E%LHQ\JPO | D NO 17 (GGEGTG)
c

and at | 2astC“dh ﬁd?i‘s"cﬁnef’?iéf ‘tﬁn‘t}fed"’lt‘&/%@%s@éﬂﬂ’eq?/ ot t WHYT'SEQ | D NO

19 (GCTTC) @fdeatPEARY bteCbply o SEQuwlIR @{@Nﬁ%q@e@ae set forth bN®EQ iDNiNG:ng exanpl es
of isol ated pol,ltyj;nucl eot i des_whi ch | ude a nutation 1 n at |east one

nucl eoti de @k éawpmlctegﬁéswl%%é%%mset forth by SEQ ID NO 15 (CATTC),

at | east one copyonQfmitiREctinps by RSl pSBALEDE sSAticH RELAE DyhuBER IlD NO 18
15 (ACTTT) and at | east one_copy. of the wild type M sggg‘:uence set forth by

SEQ I D NO  Adesenereyclogpige Bt%.wtddtypﬁ Mgeesapesericy: fop byogQ 1D N

Non- | i miid i n@ex@ypd 8§talén insa@teatte)ele aﬁﬂle\bﬂu&bﬁﬁt bvﬁi@i@yﬁé/fM&quhélﬁé b@@oreh mut ati on
in at | east one nucl eotide of th sequence set forth by SEQ ID

NO 16 (CAAPEYEQEP NEJ&t(CoAd Gé&;s%a%}font ﬁ%pyvﬁflﬂéF VIHEPRAOSSHIvEAOE SE& forth by
SEQ I D NGO 18N20 11 ASGGTY) anphtaéastl &la%t)pyocsfah@w&t £ Mhequinkélsdi Yot B¥B sequence
set forth by SEQID NO 19 are rovided in SEQ I D NGs: 309-311.

Non-1limiti n%E(&%ﬁ[& é%%@“@&teétr‘é"d (S&IPMS i248<%%hi ch i nclude a mutation

in at |east one nudekirgtt dmo%btsrmmd df Mnﬁvetmonse&uea@tew zmic%{l(lﬂ: by SEQ ID
NO 15 CATT ), a mutation natlest one nucl eqti de gnldtypel\/B
sequencé’ setedfsss CHPresiopyn &el 4fy Riggrolegoup R W‘%ﬁwﬂtovﬁ‘é sfhalﬁét%t B9 of the

wild type Muci@GuBRGReosiaé cdnandiliic byutBoR nBINMS, 1 z(IAGT 1) inaRepddentccast one
copy of the Wl|d ty sequence et forth by 9{12 NO. 19 TC) are
provi ded i n°" IF?)"RI@% ligopsl sefigencgy,fiom ol ef‘hé é é © gFesnsoratetdf

pol ynucl eotmd@&dwmegﬁmhaléﬁeﬁmt ation in at |east one nucleotide of the
RN T RN o old SN e S
copy of 26 hecompridestay RastMhc sRGUeH@ewiselypé M4t SEQMDIHQ 18P aMNr ih&vildAGTT) 34
a0t Leasl, o0¢, S9RY B0 LM HPS, ML SSRURTRS S50 FEH Y SE 0 N
i sol ated pol ynuoN@ainhis c\hhipeh of R6lated oBmibldoalidsOrhi¢iNindllidd £astation
nucl eoti de a(ljtfle;{s‘[1 gnew mllc eot1Xé3 of ‘MS W1qutl§%g] se%herfcg rsgthfoptg b ES%QI % I\Il% 1156
(CATTC) and a mutation in at least one nucleotide position of the wild type M6 set forth
25 by SEQ ID NO: 17 (GGGTG) are provided in SEQ ID NOs:210-213.
Non-limiting examples of isolated polynucleotides which include a mutation in
at least one nucleotide of the wild type M5 sequence set forth by SEQ ID NO: 16
(CAATG) and a mutation in at least one nucleotide position of the wild type M6 set
forth by SEQ ID NO: 17 (GGGTGQG) are provided in SEQ ID NOs:214-222.
30 Non-limiting examples of isolated polynucleotides which include a mutation in
at least one nucleotide of the wild type M4 sequence set forth by SEQ ID NO: 15
(CATTC), a mutation in at least one nucleotide of the wild type M5 sequence set forth



5 (CAATG, at |east one copy of the wild type M6 set forth by SEQ ID NO 17
(GEGTG, at |least one copy of the wild type M/ sequence set forth by SEQ ID
NO 18 ( AZDDM/@ew9at | east one copy of the wild type MBCIABuene®i1det forth
by SEQID NO 19 (GCTTC) are provided in SEQ ID NG 317. Non-limting

exanpl es of isolated pol ynucl eoti des which include a mutation in 10 at

| east one nucl eotide of the wild type M4 sequence set forth by SEQ I D NO
15 (CATTC), a nmutation in at |east one nucleotide of the wild type M
sequence set forth by SEQ ID NGO 16 (CAATG, at |east one copy of the wild
type M6 set forth by SEQID NO 17 (GGGIG, at |east one copy of the wild
type M/ sequence set forth by SEQID NO 18 (ACTTT) and at | east one copy
of the Wl|d type MB sequence set fortR!by 15 SEQ ID NO 19 (GCTTC) are
provi ded i nP ﬂ%N&b@i@AATG) and QKGR Mtriepseses mytledtidg positias of the

pol ynucl eot {,figsp¥hiecB: foAk bydeQapmy.ati QGGtr@)ate lr@@&a 1PseQ Myslrobsde of the
wild type Mi sequence set forth by SE(S 5 (CATTC), a nutation in at

| east one n#tlt eoti de position of the Wl|d type I\/B set forth by SEQ I D NG
17 (GEGTG) and afcch@@stio QBBe eRBYiIREN bﬁth\éﬂ1hw@nﬁMp%e|\@01§t@&]g@12ﬁtﬁle§ﬂ&e forth 20
by SEQ ID NO 19 (GCT % are provided in SE

Non- i mifi n@ﬂa%meges IGF%GP%F@E?“%WW%F@SMB% it BhSERIPIYE B nut ati on
in at Ieast(p(mﬁmucl eotide of the wild type Mb sequence set forth by SEQ ID
NO 16 ( CAATG), nmutation in at |east one nucl eotide p05|t|on of the wld
type M6 set fort}ﬁ’nﬂyn@ﬁf"laﬁpﬁbof isylaedspelyayelogtides arhigheiaelpdoh BUREPY Iof  t he

wild type M igRAVERNGRI®E t)pﬂtehm%typy MEQqLAcNGEt 581 GESETCID av@ pr ovi ded in
SEQ |1 D NGs: 328- 333. imting exanpl es of isolated poI ynucl eoti des

whi ch i ncl ute T Ghapdi tnaﬁtl%mat letsé%nuﬁlﬁ%“‘%‘hﬁ’etﬂé%t‘if&? votd WpFEMAsFt oty pe Vi

sequencey segy E[}EIEIIB\NDYlmﬁﬂ)l\ﬁpr@ﬁd&(ﬁﬁ-ﬁﬁ@mmm&@t%on in at |east one
nucl eotide of the wild ty sequence set forth Q1D NQ 16 (CAATG,

a mutation in at qnelaetm%ﬁemﬁlfépéaﬂaﬁé Pﬁb’gwqoaﬁestﬁhl%ecwiq YMEBPYy e VB set
forth by SER 1&@65311&&%(1@6@{5): wldypt M agherRB8ctCRAY b9fSH& Wd.did ype MB

sequence se forth (3/ QID. NO. 19 (GCTTC) are proyided In SMSID NGs: 334-

337. AATGN 2p wtwt%@né%t sk encpfuciegiyfedroaion gt i aelddsrs Meseni ch

i ncl ude a mhabygBQllnm 1B@aetw)nee@uﬁlde@tﬂmgMNt)besmod type Mi sequence

set forth by SEQ I D R?% g aciﬂgon i | east one nucl eoti de

posi ti ofof the W Hmfl%%?‘a leg ISPBWH?% GRNVR  ingg CREYEH" Hnd at

I(%zéitT C;)ne canyasotlaet g&léMllédéoQi Hll@etwllvﬁty@@q&tew@ﬁerﬁ@'fsetfi@f&% myﬁE@H_SE@IB NOI 19 f
are provided in n-limting _exanples o

i sol at ed po@ﬁ?&t )ebPHEEL R RSt Oﬁ&rltfif@t@ ﬂttbawelémertt%feq}leagfeqéﬂﬁi

nucl eoti de gf SE(DG}[l)\Nd detyRaTib aa@qutﬁmlenslett léa@ﬂ’(in][a nbmeﬁﬁgpggaid}t@ftﬂﬁg (CAATO),

a nmutation ip at least_ o Slt on o t set

forth by SEY?‘FW’F\IM7 Sf%f"(tg&‘%ﬁé a]t8 ;IEF gﬁeroéﬁ%gl%%éﬁ%%%élt ype M

sequenceo set4gf orth 10 by SEQ ID NO 19 (GCTTC) are provi ded in SEQ ID

NGs: 345- 348. Non-limti ng i sol ol ynucl eot.i des whi ch

i ncl ude a nut at XGRS P S?‘E‘éﬁn ngeteg’ﬁtlt“’cfémﬁ‘t thepigol %F‘F Bolyongleofige sequence

sfet L ort hI 3mnE&Qotnpr1N@at k%t(o%ﬁﬂﬁ%lon ehhwutt afpk o6 bad f@th byessd IDFND :nucl eoti de

of the wi sequence set fort a nutation

in at Ieast(c%%%e@u@de(ﬁ ea% 96 LUGH llbf”l‘gﬁ@e\n%cfe‘lg%ﬂeséﬁi%@ t8rth by SEQ

| D NO 18 (CT). and at | east one copy of the wild type MB sequence set

forth by SEQID TC) are provjde 349-. 354.

Non i Bt ng. exAGTEETE SHEpI ol bR St S0P hak Bie B mut at i on

in at | eastatoest oaeh@dotige oOfhe Wikl Wht 14 yqaae¥ saefgtie mgeSESeID iNw:t 15 by SEQ I D

NG 15 20 a nutation in at Ie st one cle osition of the

Wl d type MAEO bRk st BeeroiHe oot T B MBRS ISR east one

nucl eoti de PEGIID Non lmfGGGEGy\hﬂdda hiytpnMl atsledst fremiutledide PERidnR NG wilki8 ( ACTTT)

and at least o ce reh SEQ I D NO

19 (GCTTO) QP%%FB‘&%E ?é&@tgor%wﬂmp e %%%Cghﬁ\@tst%f‘%gygexanpl es of

i sol at edo pol yHUCNI(thlImﬂ@eAMHpIéEI of mﬁlatéd@o@mﬁﬁlﬁoﬁﬂds(whuﬂfhnalhdd € asitation &

nucl eoti de of the wl uen set forthb SEQ | 16 (CAATG),

S mutat| on frlest opbageobiRo 1 BIHER Mo SRETSR U oRk Y WHT Y BE NB set

forth by SEQAATMNG: mbithti(iGdal st o nildledtide@ositidh @lthd veilkblypome sardatiest | de

position of the wild type M7/ set forth by SEQ ID NO 18 (ACTTT) and at
| east one copy of the wild type



30 MB sequence set forth by SEQID NO 19 (GCTTC) are provided in SEQ ID
NGs: 362- 365. 36 Non-limting exanpl es of isolated pol ynucl eoti des
whi ch i ncwoaelizssepati on i n at | east one nucl eoti de of Ph#/IBRUIGOIYPe M
sequence set forth by SEQID NO 15 (CATTC), a nutation in at |east one
nucl eotide of the wild type Mo sequence set forth by SEQ ID NO 16 (CAATG,
a nutation in at |east one nucleotide position of the wild 5 type M6 set
forth by SEQID NGO 17 (GGGTG, a nutation in at |east one nucleotide
position of the wild type M7/ set forth by SEQ ID NO 18 (ACTTT) and at

| east one copy of the wild type MB sequence set forth by SEQ ID NO 19
(GCTTC) are provided in SEQ I D NGs: 366-369. According to sone enbodi nents
of the invention, the isolated polynudfeotide 10 conprises at |east one

copy of the %@ﬂlaN&;Sy%Géf@hmu@éw ip aleast o nagleytidpprisionof theeHiTT) wi t h

addi tional whé Sr7t¥Ee:uPsy RG B RO: SEQUENTS Sre@edvidéath SE@M RlogMBRNbesX (SEQ ID
NG 6) . Non-limting exanpl es of isolated polynucl eotides which

i ncl udes a mut atNoeﬂlmlﬂn%fxame%%tof eﬁ@teﬁ@elyeefﬂqoaéewh%ecw dMAHe” M sequence

set forth by 1&5Qoﬁé3nmotlae50ﬂﬁle(v%mgé mm@l:qaénck gastor® B J1epYD ofo:tive wild
type M3 sequence set forth (CTTTT) are provided in SEQ ID

21
NOs: 378- 384(CATTC), a myiatipy Wﬁeﬁﬁ 0@9(8‘%?6?08%6 etfth? éVé)‘fiéDfPé&’[%%ﬂq}}%%Peéé‘irfhdes whi ch

include a em o NO? 1ef<cAﬁae§ aQRRatioH Gh 8Q¢dsOéhe AlicibdiRe Poditbntoy BR WhRI sequence
set forth I D NO at | east one copy of the wild type

CAATG
VB sequence%’g"eM pefrfemh W% NB: F\%G%T@lanée?ﬁ&rlyn Hyad lepit 95 prelsotide SEQ 1D
NGs: 628- 634position of thiNald kyipaIV7 fRBfoRt BREEIDXNO:1 13Qhatred) @@#M%@d BskQdes which
include a mutation in at |east one nucleotide of the wild type M4 sequence

set forth b{P%@Q%%ZNQ 15 (CATTC), a nutation in at |east one nucl eotide

of the wyld typ%&@dﬁ@QU@&ﬁ@ c@Bbdihedtd br My 115%@16113‘[1{\&@6013{% pSiMEbtignd at
| east one copy of the wild type M3 sequence set 25 forth by SEQ ID NGO 21

(CTTTT) ar ec%‘“rP&S‘é‘?S(félfa?tr?n@E@YIOI_f)tWIdﬁPF NHj-pequence set fRB]ﬁbY PRRUPIPeRanpl es of
i sol at ed pojgumie) &Gthiad@Sodival tipB 61 MEBed sdbRE Rbvédrdh ck®ag X BB
nucl eoti de of the wildtype Md sequence set forth by SEQID NO 15 (CATTO),

at | east on@@@tﬁ} of the wild type Ms set forth by SEQID NGO 17 (GGEGTG
and at | east onqwlqamu@g extah@lewof ﬁolatyweolwceem@mehsﬂu&pﬁ mtahyn 2EQ I D NG

21 30(CTTTT) are proyi |mt|ng
exanpl ed’ of i &6} 4iept r@mﬂﬁ*@ow B M E%U?nﬁe ISEIde“Ié iR Al Sat 1 east
?ne nu;:l eot cdserm‘) ahdgt 1Wdst aletcmeoﬂvﬁe FROHPO OB s‘é@lemf@é’e% fibrtb% EEQIDD\I(NO 16 37
CAATG), at ne cop t e Mo set fort y SEQ I D NGO 17
(GaGTG) and!H &?nggﬁreé’ﬁ‘e”%g S%(?H? NQS%V Pgr ype MB sequence set forth by SEQ
D NG 21 ( CTTT RNonafngitiRd eaah@ed of BoBEQpbBHniN®1idR kv3@OinclMa hutitibd By exanpl es
of isolated poI nucl eot i @%sf whi ch i nclude a mut at in 5 a"t@‘east one
nucl eot i de YfHhBIWTLEOtifHE" V8 EliBndE satecepet 08@ bg%q B R 5 (catTO),
? nruth aL 2ON (N ALG) aeaat 1e£snenem¢§§} e0ihé dﬂd 8fpec MBS cMdidnél ste?/fwﬂﬁw selegme set
ort y SE TG ne copy of the w type Mo set
forth by SE d(%ﬁg) apPrq %G%E%ﬁa %5@%& one copy of the wild type M3
sequence set f omda-1byitiSEQahbleNOr 153111‘[6(1 %H&)eoﬁﬂ@ vrzlﬁﬂlvineladi: 4yl 1D
NGS: 397- 401, RONOD: LTI ERIG: SXAIRY 85 Rl L0l 8 ROl XPUR RS s i o
(CATTC), a mutation in at least one nucleotide of the wild type M5 sequence set forth
25 by SEQ ID NO: 16 (CAATG) and at least one copy of the wild type M8 sequence set
forth by SEQ ID NO: 19 (GCTTC) are provided in SEQ ID NOs:288-291.
Non-limiting examples of isolated polynucleotides which include a mutation in
at least one nucleotide of the wild type M4 sequence set forth by SEQ ID NO: 15
(CATTC), at least one copy of the wild type M6 set forth by SEQ ID NO: 17 (GGGTQG)
30 and at least one copy of the wild type M8 sequence set forth by SEQ ID NO: 19
(GCTTC) are provided in SEQ ID NOs:294-298.



at | east one nucleotide of the wild type M4 sequence set forth by SEQ ID
NGO 15 (CATTC), at |east one copy of the wild type M/ sequence set forth by
SEQ | D NOWOR811(086G5D9T) and at | east one copy of the w | dPCYgB20VBOXEIUENCE
set forth by SEQID NGO 21 (CTTTT) are provided in SEQ I D NGs: 402-4009.
15Non-limting exanples of isolated polynucl eotides which include a
mutation in at | east one nucleotide of the wild type Mb sequence set forth
by SEQID NO 16 (CAATG, at |east one copy of the wild type M/ sequence
set forth by SEQID NGO 18 (ACTTT) and at | east one copy of the wild type
MB sequence set forth by SEQID NO 21 (CITTIT) are provided in SEQ ID

NGs: 410-417. 20Non-limting exanples of isolated pol ynucl eoti des which
include a nutation in at |east one nucfeotide of the wild type M4 sequence
set forth by SEQpinne emmpleaviisplated palypuglqogdes; whigh infladest m&ﬁ*@%@m eoti de

of the W | datt¥Re oMo nREIUENGL thS BYild B¢ MPYeqbed: k& Meh bIGHEIHMNG:, 1At | east
one copy of the wild t%gie M7 sequence set forth b ACTTT)
Sty

SEQO ID NO 18
one S eoeC A s W e G RE CETNOE T GG @Y SEo | D
NO 21 ( CTTHE) atabRt BROVIpSEst thé wiEQypOMIQRqdbh8: § Forth by SEQNAR-NG:Midt i ng

exanpl es of isolated polynucl eotides which include a mutation in at |east

one nucl 2ot (G 6P aferpEovidaldn PHPEP MPs2egdehce set forth by SEQ ID NO 15

(CATTO), at | eaNonARGIEOBRMMBIes Bhf&olﬁ@eh ol MREolBesSatic RELde Hyhu@BE (lD NO 17
(GEGTG), at |east one copy of the wild type M7 sequence _set forth by SEQ I D
NO 18 ( ACTatTyasgencaperlegtidy ahthe vyietveepit trauense seti foeh oy QAP Ngubnce set
forth by SEQATIMNG mdthtiddSh Tl Tehstdhe nilVitEetknt NilPERe IND NQeeddet 45t 38
Non-limting exag}gl es of isolated pol ynucleotides which include a nutation
in at |east N ARNLICi(HAAFO) 13 &aniong cerypd thip™ L tyie Woesek Bith P8 SER by SEQ 1D

NO 16 (EAATESNO: af ((€63h) Mitat GRYone fcobynér té Wvild tpppavidVRqs@ke f@rérm By SEQ | D
NO 17 (GGG%’I%E at |l east one co i pe. M7 sequence set forth by

py of the wildt
SEQ | D NO. D&PTTY (GLTHd agprddeshin 8HE RO 3983 he wild type M3 sequence
set forth by SEQdnDichhg ehmpled b kblaRdll PoRh@V¥dotled WhichSEudd: Mwtissdr 540.
Non-limting exanples of isolate oqlzé?ucl eotides_which include a nutation

in at |east3c}ﬁaét AR Pdefidre o the 4 yrgeenen seefib ¥ SERIP Ntk by SEQ 1D
NO 15 (CATTQATT®, diidadtdn®Bopybfalic WRBSHe Macqudadcast fofle bpKEONS NI & type Mo

sequence set forth 10 by SEQ I D NO CAATG, at lea ne co of the
vi ld type %TeTtTS%Cf e y\/)nsgm s} tmljf(?‘?fgf &%@?%%)e}“’eaﬁet ﬁ&ﬁwéﬁ@c}@% of the
wild type My grgquenee ps&idel af $#0 by NSEQ4-BOINO. 18 (ACTTT) and at |east one
copy of the wld type M3 sequence set forth hy SEQ 1D NO 21 g.CTTTT) are
provi ded in SEQN%‘IEK‘P%Z@‘? AoT SRRt RglyBYekipie s ith rglyfst aytation in
pgl yn_u?:ljeot &tdeﬁwh vhd Gilrldongd Uﬂﬁhe&vi[ﬂﬁy@i iMB;sEdgﬁel%é %fomg@stggogwg) N@| ot i de of
the w t sequence set rt . , tation In
at | east oﬁ&e%%%aﬂ?aafeonﬁégw ?f{iﬁe %sgd tY%&Mme@lepgﬁpS@ ﬁ%ﬁhéé§E%5&btl}ﬁ8‘b SEQ I D
by SEQ 1D N 2L LTI Ao oyt aa . S e s se X Ronc T ting
A .are I OVl | . - . Nn-lrmtin
eiarrpl es oflggé%é‘%jgarreﬂ?&%"yﬁﬂé‘} R {18 S'\?(Pléléhl'i nclude a nmutation in 20 at ]
| east one nucl eatdndenififig Epis lodisbMee phEnseguencehigeinclb@ & hulyioSEQ | D NO
16 (CAATG),iHa1 nutation i.n a

| east on ucl eotide positjon of the wild type
M6 set fort# B3 QE‘Q“‘F%OR@ 01916( & R@@Beqﬁ?nci: é%‘s%’%i?@ %P ﬁé‘t Re wild
}\&)edfg/g Z zgmm)§@mpﬁ;amrt 1] aloyeaﬁ::‘;ﬁk hﬂi@flé&ﬁne iaﬂxhé dQMTYPB N l@eqﬁf{r@%kdﬂ@&tﬂ nhSEQ | D

; - . - i s of isol ated.po eoti des whic

ot udo s, not e B Ok 1680 R BTRL R Rl srpe pEBE Pl St WA S S8 e
seq:Jen ;:_edselbyﬁc SE(E tth Ny: SHQATDTNGh dtSedsCkTGpy ]E)ﬁthtﬁ‘bl\tigtt&@‘lMB IrseD@Ellgee;?% t ( CC):R,(ZTG)
nucl eoti de y equence se - i :
a nutation ﬁ’ﬁthéi’ gﬁ@”&ég\!(ﬁjﬁg%ﬁg@?@@?? H@V‘g?fglflisﬁgﬁbﬁo%%%% d type M6 set
forth by SEQ | DNN@: linditind &&hapley oaRdladll pbyasdeotitks vaagyintiidd hewwtibdint ype M3

ggggihcggsegt lfea%‘[ torl?e EXCI&%‘E& !)ID thle\l(\)ilildz tjilpé %Tg-e-lc-l en%g %etpgogt}\lllbges%d ﬂ) %FOQ fSD NGB 445-

30 (CATTC), at least one copy of the wild type M6 set forth by SEQ ID NO: 17 (GGGTG),
at least one copy of the wild type M7 sequence set forth by SEQ ID NO: 18 (ACTTT)



(CATTC), a mutation in at |east one nucleotide position of the wild type M/
set forth by SEQ ID NO 18 (ACTTT) and at |east one copy of the wild type
MB sequerwo 2081086399t h by SEQ ID NO 21 (CTTTT) are provipdedBim1/@H0(s1 D
NGs: 452-458. Non-limting exanples of isolated pol ynucl eoti des which
include a nutation in 5 at |east one nucleotide of the wild type M
sequence set forth by SEQ ID NO 16 (CAATG, a nutation in at |east one
nucl eoti de position of the wild type M7 set forth by SEQ ID NO 18 (ACTTT)
and at | east one copy of the wild type M3 sequence set forth by SEQ I D NG
21 (CTTTT) are provided in SEQ ID NGs: 459-465. Non-limting exanples of

i sol ated pol ynucl eotides which include a nutation in 10 at | east one

nucl eotide of the wild type sequence set forth by SEQ ID NO 15 (CATTO),
a nutation ¥4 #tlasbary CWeofﬁh%WélétweN@fSeﬂwecwqtofmliybé RARENCe set

forth by SEQdD» efl&q({e@ﬁfg@ﬂ)ﬁd@j%atl on in at |east one nucl eotide
position 01I‘E@thedv>\l,1glr type M/ _set forth SEQ ID NGO . 18 (ACTTT) and at

| east one copy oJfonliaitipg egmplep ef wela@écqelé(mféeogéfts Yiirh Welgde spefafipn Mo, 21
(CTTTT) ar eatREQY baedudidd«RER 1he W tyﬂ@@/{S 3Queld®Retl fofth bl IEE X ND-Ef Of

isolated p @nucleotldes which include a nutation in at |east one

nucl eot i de GHAAHE Hilfaet g pepyivl the g iderred@ gt frby RERDIE 17CNETG5 (CATTO) ,

a mutation iNeadt odc@3H onﬁewﬂul%lpew slqudes bdi irath 1B8f SHA€> Wd: dg i xpeTp set
forth by SEQ ID NO 17 (GGGIQ, .a nutation in at | east one nucl eotide

position of a“tdh"e IGgst ang o Cr&vth%é\tﬂdf%mw bipausees p3b fRih oY SEQABY MG Bnd at
| east one capyrmaf) aiegﬁodMeJddnSE/@ﬂ)&@m sequence set forth by SEQ ID NO 21
(CTTTT) are provided in SEQ |D NOs: 467- Non-limting exanpl es of

i sol ated pol ynu&‘f"é‘dtl?lﬂ%%e’ﬂmp}?ﬁ of Heﬁatieé’olé(mﬂﬁﬁoafiwbl%malﬁdq EGRIGHE

nucl eot iigle @afiedshendthbdbotiyPer Me wiROHBOGR SRticrk®kéthfoRl bPERJ EM@» ﬂ§6 (CAATO),
a nutation in at |east one nucleotide position of the wild ty set

forth by 25(CASE&) pmpetion i af segtpay nuckeofifs a&%Wllfiﬁp’Pathr e&gﬁmsﬁf‘é Wﬂu eoti de

IOOSI t ion of @@Q\mlt}ﬁ) tmglegbs(fresea& 1daQrdnb ey PR \{vﬁz} N% ﬁd@e( AQIEW)SE%nOd gtl

eas one CO 0 e W ype ence se or A

(CTTTT) ar elﬂglg@vﬂa%fi%@s@deﬂsgomp % #5 YPROH- JeAVARNES ??b? BREHPEs of

i so: at tedd|0011%/1<11t@rc1 @ QACTED) aMdiak lbadi Gl VSl & ﬂﬁetJ\tJ?d ty?ﬁ R%SWS%ﬁées&f sl:glt %mtbfgn(eCATTC)

nucl eotl1 de e uence se [ Yy

a mut ati'dn ? Ioeé%EG%%ﬁEFcﬂr%"d&idd% bR! ]P%Ogh %d type M6 sequence set

forth by SFQ LDNJﬁ[Igﬂaﬁié CANPG ﬁ/g ﬁolﬁ"iéﬂ?blyﬁlﬁbldoﬂdé%twﬁlﬁﬁﬁﬁlu&mﬁIrﬂtdtﬁbleﬁlt| de

pOSItIOI’]O the w ty set 0 a

mut ation i n?tdf 8%%@%8%&5&@&4%@%% £qAB BFetSHEE\RA’YN%? (eN Sset forth

by SFQ I E B@Asﬂég)l(a%{f tdtlon idBCleat 0ﬂe&ﬁ81%0tﬁl€@o§ﬁkgl)’0§(ﬂfe \leg%qu wvd sét)f@ﬁl7ﬂ\ﬂ3 quuence

set ort are r | de 1 N

5Accor di ng SR IoN é%@%ﬁ@i‘f@ %Paftwae F(Ewﬁfhedﬂld My §6E51P%{{°EEF£°“%

pol ynucheot bydsEd uv Nveno mmre)aespr@«hdelde@sEqumompysm the wild type MB

Wl type VB seQUBHRUISETRmBIL AT bystarh B ot SRR RATROSUN ¢ onal

\1\10:\8 tlype_ Oft 1Bast aﬁeedlll&eeqakfeafceelﬁiertgpedfs‘ Ee@lﬂTr@E eagmfth xy(ﬁmh ﬂ)IBJ(NQ66).
n-lirmt g a es of Isolate ol ynucl.eot ] de I C |nc es a

nut ation i n%d;%Aféag UGH ‘ﬁ&&?%géf’]i‘eo‘emg?“d\(éﬁ@“ﬂ?q ‘?:fﬂi“‘y"ﬁ:’l‘e&m e@édﬂ Yset forth

by SFQ | E BEEQ 15 NCCAT TEH GTat aﬂdﬁ%st@ﬂ@c@@Yt@fw1m%eM8 %th}E@@séXBor&Bﬂgence

set fort opy of the w type

VB sequéﬁcegysg’(EQ %B%N%@%ET%%T 9(%‘}1‘?691“ %ﬁ%% égggf)fow ded in SEQ ID

NGs: 484- 495. 15Na-linhitthd bﬂ@p&X@ﬂEbEﬁ:d@Blyhﬁ(ﬂﬁoﬁﬂ@dV}ﬁ@i Weludd £afutades inhi ch

include a nutation in at e nucl| eotide of the w Mp. sequence

st forth by GBI S BAATE SPaMT SaiCe St BOE P oTd HE NG B Cype Ve

sequence setCATIMa iwta&EinaDleb@onaQuo(léaﬁzreTé})thawdda;tpelheesdqu@iaesa@@m of the

wld type I\gg%&gg@%e lg?éAA?ég an’lb atlon atl?ealgl‘gine%ljiclgo%-ergo ition o?t}{% dI ded in

SEQ I D NGs
30 type M6 set forth by SEQ ID NO: 17 (GGGTG) and at least one copy of the wild type

MBS sequence set forth by SEQ ID NO: 19 (GCTTC) are provided in SEQ ID NOs:334-
337.



20Non-limting exanpl es of isolated pol ynucl eotides which include a
mutation in at | east one nucleotide of the wild type M4 sequence set forth
by SEQ | DVBIQ0111B6J0CATTC), a nutation in at | east one nueCEoBdeomi3t he wl d
type Mb sequence set forth by SEQ ID NO 16 (CAATG, at |east one copy of
the wild type MB sequence set forth by SEQID NO 19 (GCTTC) and at | east
one copy of the wild type M3 sequence set 25 forth by SEQID NGO 21 (CTTTT)
are provided in SEQ I D NGs: 508-515. Non-limting exanples of isolated
pol ynucl eoti des which include a nutation in at |east one nucl eotide of the
wild type M sequence set forth by SEQ ID NO 15 (CATTC), at |east one copy
of the wild type M set forth by SEQID NO 17 (GEGTG, at | east one copy
of the wild type M. sequence set.fortﬁsby SEQ ID NO. . 19 (GCTTC) 30 and at

| east one copy oJfontliaitipg pgmplep ef pplated gakyAecdeotdss which Helgde spefafipy Mo 21
(CTTTT) ar eatPeRY bAlefudiddiRER 1D W iypd 81D dQuencd et forth by Ny Ih d:i 139 exanpl es

of isol ated oHynucIeotides whi ch include a nutation in at | east one
nucl eoti de AT agpgtiqnipat kgt eusduelpetide getitiqngthe vl tepedy setiffenth bye  ( caAATO) ,

at | east ongegapW®fgiRETM) HdtayREst ¥Be &BY of BE WildBYpe TR dgRA¥ s et Foht GSGTG)
at | east one ﬁ§$¥@°f the wild MB sequence set forth by SEQ ID NGO 19

type M8,

(GCTTC) & abS R 19 Gifel 'CopiF regvidaddn WER &P Ns&3 kB4 equence set forth by
SEQ ID NO 21 ( GohTihitiRd xalpRY o€l @blaicd pSERAJIdt NG RAOMSIZR a mutation in _
hbn-llnltlnq exanpl es of isol ated olégucleotldes whi ch_include a nutation
in at |east & dfEt Atfc MEdofidieobthe il Hips Y% romene setefgtie RxSERIP Nt W by SEQ 1D
NO 15 (CATTQAAT®), MlatibOR at Rasdbnd RBBbHRMBsiAsICI et Wittty My R& twkd 6 t ype Mo
sequence set_forth 10 bé SEQ I D NO 16 (CAATG, at |east one cqpy of the
wild type MEQE Nt hAbyT B ppepibone eppy efhyayld e MR ssgpenshect &3Hy of the

wild type My, smyusree 1seicTia) b hyvi®E@ SEY NONCES4§-G6ITC) and at | east one
copy of the wld type M3 sequence set forth béﬁ%ﬁg ID NO 21 (CTTTT) are
anpf

provi ded in SEQNINgHngowmyls of Neftefl ipaivpyligti heigelyde 3 ayfalpip

pol ynucl eot itdest Wi &iltldond btlge avililiypt NN sdqlient® setdforth ®RSEQPME Nwiciseot i de of

the wild tyPe \%43 sequence,se& forth y,gE IDI%? 15 (CATTC), at |east one

copy of thelGATId) 13 patefien Beg et oac seeofigs phthpyilghme My garengset AGHTT) | at

l(cea?:srtT C;)ne g@pifﬁcgﬁnm m(@dAT@pafnh{Baﬁﬁﬁqyiﬁn@e?t (ﬁﬁfml\l/(g&ftﬁbp&ytidﬁ%@tﬁe%zim% hlg sEo
and a eas ne C 0 W e sequen se or

ID NO 21 (WW)S%‘&OEBBVﬁ%dNPhﬁ%ééTTﬁqlﬁt’gg@%I 83%COPY § -Wlfdrmﬁ ng Y

exanpl es of Mgsedudh®Actrakly B SEQ O INIB S| OWLICTINC) @6 pkifRlcd iMSE@ID MDsiza9-at | east

one nucleotgde of the wild type Mb sequence set forth by SEQ ID NO 16
(CAATG), at Peast one copy of the wild type M/ sequence set forth by SEQ ID

ggQ llg f\éCT E) ( %_-Ilig;ﬁﬁﬁg e@ﬂ@lelﬁ?QD}éoﬁfedtpb@nﬂ&ildod?és)&ﬁﬁc%rl&@ﬂﬁﬂ&ﬁo&Eht forth by
i and a east one _copy of t W type sequence
set forth b lsaébomamméot@ﬁs%ﬂw(ve%rm M sapese isglelgri ﬁyg%éyﬁb%ﬁsso- 533.
Non- | i Inrizb i n@ XA 1iﬁ§taﬁlfn ih sa]l;@t ﬁ@ rﬂ@llle((yjtmld@)bﬁﬁﬁrﬂ deg whi G Ma@étg@iﬁl B lr)rut %t IQ on
in at |east nucl eot | the wild type M4 sequence set forth by SEQ ID
NO. 15 (CATSI'I%§| ?Dﬁ%ﬁa@ﬁ“ﬁ%nawmw ot i3t ARFCTEBE 1 e iof 16 g i type Nb
sequence sefypé Ir7tdat yth SEQELDDNGD: 16 (AOAAT Ghd afilkast 8@SdoppREtheayM tgfc the wil d

type M/ sequence set fort I .18 (ACTTT | east _one copy

of the wi | dVPyFEeRES Sgtefaﬁléﬂ%égggﬁ 1‘?‘58196865?%6 P%VHGJI‘QL%E(?W)%%M at

| east one caqy of the wild type M3 sequence set forth by SEQ ID NO 21

(CTTTT) _are provided in SEQ |D - 534-535. 4 L -limting exanpl es

of 150l & ed ol yWAITEHES GRS b RO FiRE BB At P st "PEYEE Ton

a1 east ong. copy ofthe ul b tvne B cet forth by ST NG A7 (GG

a ) . . . :

2 least onGASE). Dbl Wt ey PhnkpodE spuitet A R My b NG 15

I(SCTNET) ,lga'E %&B?&D: Igrwe}tcccﬁny», ?fmdtahﬁen\i\ﬂ htdleis‘ybﬁs ﬁ&lels&dbulﬁjd , JEien sethefvaitd h by tSEQ
i a ne, co e W e sequence se

forth by St bel oo By SERTE) wPe Fi PN idnt A ety fosohRer H5 et

Non- | i mst i ngI8exarmleast foith bg SEQUBANAOYGUTITEPLk gasidshirc$EQ Mo Nods6a nut at i on

in at Ieast(%ne nucl eotide of the wild type Mo sequence set forth by SEQ ID
NO. 16 365.



10 (CAATG, at |least one copy of the wild type M6 set forth by SEQ I D NO
17 (GEGIG, at | east one copy of the wild type M/ sequence set forth by SEQ
| D NO 18wWQAQmOBss0at | east one copy of the wild type MBpPsggBameesosst forth
by SEQID NO 19 (GCTTC) and at |east one copy of the wild type M3 sequence
set forth by SEQID NO 21 (CITTT) are provided in SEQ I D NGs: 538-539.
15Non-limting exanples of isolated pol ynucl eoti des which include a
mutation in at | east one nucleotide of the wild type MA sequence set forth
by SEQID NO 15 (CATTC), a nutation in at |east one nucleotide of the wild
type Mb sequence set forth by SEQ ID NO 16 (CAATG, at |east one copy of
the wild type M6 set forth by SEQ ID NO 17 (GGGTG) at | east one copy of
the wild type M7 sequence set forth by® SEQ ID NO . 18 (ACTTT), .at | east
one copy of the Ngnt amt%eaﬂmleg@atféh@é Pglé(fluql‘t?i‘lti% whjchsipeldey Nefatian iy GoTTC)
and at | easft 10R€ okORN1Qfidd bfsth\éwldi %@Mmqﬁeﬁyeaq%nﬁ% Jeey tih Nry: SEQ 1 D NO
21 (CTTTT) are rowded in SEQ n-lrmting exanpl es of

i sol ated pof )edrgHen R kéﬁst Oﬁ% Perdeetide phihapvild dymeMHteapeiss pet dore

nucl eoti de gf stdrep Wd: daamm;l A SRAMPRAGLat 8kt (frférnhclﬂe(mde PERionRf M wikd 25
(CATTC), a mutation in at one nucl eotide position of the wld type M

set forth byPrsid %eﬁombbYﬁEQ(@ﬁfPeﬁ (GPOTEhatmypiondp ayleet orqyaclietids t ype MB

sequence seposfiiah o thywiREQpd MING: folé I{yCﬁj' @ I‘&ﬁ‘d18a(%d'[ﬁﬂ§ﬁnd)£telea€é991ye of the
wldtype M3 seguence set forth by SE are provided in

SEQ | D NOs: %41 951 Wlﬁdwqwﬁqpﬁﬁeé% héfsSFé? UH %I& é? é%%%ﬁvfﬁmeeﬂ des which

include a matsE) @WNON3EB@AL | east one nucleotide of the wild type Mo
sequence set forth by SEQ ID NO 16 (CAATG, a nutation in at |east one
nucl eoti de posi ﬁca?fdeg tp ﬁenwmaoewés R,%th§é?Vele% phepiyolagpdpplpugsotide; ( aaaTg) |

at | easty on&ngﬁ@aé @fcalthae Vopydbrinepaldve &m@e@ﬁﬁcesseﬁfoﬁpby BEQYDAF0:SHEQ | D NO
19 (GCTTCO) an | east .one ¢co of tﬁe wld type MB. sequence setQ forth by

SEQ ID NO ¢4 T(T@rwl‘r)addaﬁl@abw%ga%ar pfatedssappyCRICSTiEfigTesg glement X (SE

Non-1im tingp egaypl es of isolated pol ynucl eoti des which include a nutation

in at | east one nucleotlde of the wld type sequence set forth by SEQ ID
NO 15 5 (CATTONOnIp{RgexapRles pt la?latﬁéa%lvn%}?@ﬂ%m LHtRdlent UREOR 3" t ype MB

sequence sejt [ERF bie Mtk thhNerldl@pé wa_@enc@- saumﬁ IbQIBEQ IRING- €St one
nucleotlde &OSI'[IOI’I of the wl DNQ 17 (GGGTG,

set fort
at | east’” on€-/t'diSy 3Bt 2tIFRst olieIcanyt gfaﬁg Wid %ab@rfe%uegetse?/ @FF%EF%E@(PD NO. 19
1D NG 21 (CITTL) are provi ed L i SEQ 1D MY 655 208501~ *o' Non- 11 m ting
[ ovVi - Non-1imting
exanpl es of |soII%PPQHmB yritelee st fsalégegmgew SoH qsuﬂegfbmﬂﬂ@ea% MyRiPhTat | east
?giT%;:I eot itdeasobnd ﬂ@le\Mlhedloi thpewlwtygewalewqaengetsetf@fm fbthE(ﬁEQrI]\l(D mlod 15 \r
tation. in at | east cl eotide posit e type
set forth b{EJAsAETé%dﬁﬁeaSi@ne(%@rﬁﬁ?‘?e wif sé@%sea%cec%ﬁb#ﬂg#’ §ﬁ§%%ﬁ type MB
sequenceo sep1 fcamtrim &y pbSidSER IJH) WWOLSLEETTC) and at | east one copy of the
wild type MB sequence.set forth by S D NG, 21 TTT) are rovidedin
SEQ | D NOs: 560- g Imniting cxapggles of }?P‘ﬁeﬁg @WF%@ W%?@E}P%ﬁ %HNE‘ Py Hucl eot i des
whi ch i ncl ugleeat Bad ﬁlﬁdld@ﬂdd an ﬂlteNgllﬁﬁ@be ORE sduElce okt fdeh oF sthpmNalﬂ tsype Mb
sequence se i tation in at | east one
nucl eot i de Mﬁé) tl‘fq@*\‘i\n{elaﬂ W?B@gwd%%%th? B’i‘lgu gﬁfq%‘?ﬁf PG 18
(NgCT E) G%tT b}lCSE@ IDN@ 1GQRAATIG) tah@ atiedsdl oﬁey@@y VB ths e€llIERNEEMS 8bqukfietsbt by SFQ I E
a east co sequence set fort
by SEQ Pb N bE PRt iMoo e e e s 7
Non-1imting exampasiiaf eﬂaﬁ@leabedo]mli)palyﬁdlmhdéieﬂn&lfﬂnﬂhdd ;nﬁiuutden & nmut ation
in at |east ne nucl eot f th el\/nse uence, set forth by SEQ ID
NG 15 6 (BATTOE Biansk pbiterRnbbr SEIRGES scRHE0y LD RE B 1 type
Vb lSGQUGSCE((SﬁeItTO‘)CHtﬂda?tW?] mofﬂemdtﬁﬁmwﬁﬁhby@EgJMNDomGGGC&IITG)| e?st on)e
nucl eoti de position of the set fort S I 8 (ACTTT),
D11 cast ConBcts b pevvin e b ettt < det 5 b 1 N 19
(GCTTO) sand(@TTTeashrovitied BgBQ If NOkesapdod type I\/B sequence set forth by SEQ
'DNa 21 (CTTT-Qonahmltlggr gx\éllmgFes olf 150 ategpogn Nﬁ)tl es whic 01?1(?1%(16 a mutation in

at least one nucleotide of the wild type M5 sequence set forth by SEQ ID NO: 16



44 (CATTC), a mutation in at |east one nucleotide position of the wild type
M6 set forth by SEQID NO 17 (GEGIG, a nmutation in at |east one

nucl eot i awoposlMssTA of the wild type M7 set forth by SE@CTDBNDI/00837 ACTTT),
at | east one copy of the wild type MB sequence set forth by SEQ ID NO 19
(GCTTC) and at | east one copy of the wild type 5 MB sequence set forth by
SEQ ID NO 21 (CTTTT) are provided in SEQ ID NGCs:579- 583 .

Non-limting exanples of isolated pol ynucl eotides which include a nutation
in at |east one nucleotide of the wild type Mo sequence set forth by SEQ ID
NGO 16 (CAATG, a nutation in at |east one nucl eotide position of the wld
type M6 set forth by 10 SEQID NO 17 (GEGIG, a nmutation in at |east one
nucl eoti de position of the wild tyPe set forth bci/ SESID NO. 18 (ACTTT),
at | east on&cblsy- Hrleatme gpnypftheyldveresie seieth etEG Bt NR: by (SETPD NO 19
(GCTTC) andadt at! 1IBAS bnO By CEFMMe inldtt%% w3l Qq&eylp@sév&oﬁlewemﬁ[momrt h by SEQ
ID NO 21 (CTTT‘% are provided in | D NOs: 584- 588. 15Non-limting

exanpl es of (GIddiTatearyusted HHQE Ne&d*Wiioeh incl ude a nutation in at | east

one nucl eotide ofonti@itiNg &GP 81 MilaR8 PUBNES0B8Ss WIREH MclBYe SERatibh MO 15
(CATTC), a mutation in at |east one nucleotide of the wld tﬁ\g)e' Mb sequence

set forth by lgEQPPDYEsotidsof haaril) typg M, searsnsh setnfoh by EQ IRAE nlic! eot i de

posi tion of (dAvercy 4 shutad@ein™Mp I8 tont ﬁgﬁ&&ti@é’oﬁﬁ@wﬁl@tyﬁ@Migeq(lém_e@fort}ﬁ nut ati on
in at |least one nucleotide 20 position of the wl tg(%ﬁﬁgtw set faorth by SEQ

ID NO. 18 (RCHTD NI 104580 Thrert Ea3ypne rorye e W t9p LEYBERER set forth
by SEQ I D N® N®9 11 GEEEY) aiitat Mast @8 Sbpyosrah& ARV 19k MN&qWinkelsd: Yare VB sequence
set forth b%ESEQ ID NO_ 21 (CTTTT are]#grow ded in SEQ | D NGOs: 589-592.

Accor di ng t FRLIR%erbldients ParviceAd i EANOsRY 7t e i sol at ed pol ynucl eot i de
25 conprjses at N@ashitifNexasPRY o0fsoMicl PolyRgolBesSatEReEadd SERatibh MO 21) and
at | east one coPy of wld tR%Pe MB sequence (SEQ I D NO 153 wth at | east
one mutatioff P @R Beclspide vethe Sl e RES semysnca el f9rh By SHQ &P NNpel W (SEQ 1 D
NQ 50) . Nonchmc?,imea@merpb@sonﬁe WikDlypt B0 B@leidrue! Bah ibdgsQuwhid: isncl ude at

| east one ccl)%%/ of the wild type MB s,efcﬂuence set forth SE& |D NO 19
(GCTTC) andAfiTT T 4eq atdessioing cpiopsf s Wi PaMdeturpes %fogeénéﬁ dPRP: forth by
SEQ I D NO 20(CiCTTYdr} providtindsBOUtDaiOOM0I-409at | east one nucl eoti de of the
wild type Mo sequence .(SEQ I y 17) ,. 45 and/aor. a mutation in at |east
one nucl'®otide Ottt F’i&mpgﬁg? WékeéEerP‘E‘i Resies 1gychingluds HIVEER i SEQ 1D
NGs: 593- 600at least onel Rg:1oki&S 8Nthe i WIKERHONSS Buénce R BARSE SHTAID aN0:i &Pl at ed

poLyoec s et ol ek udee e, 0. LIRS [ Seapenge (BR AR 1 19)

speci fic enhancEn Snd &.16st ondichsl dttpewdHtypaai3akquvhécket HRR b)VSEQ NMHor i nduced
enhancers ( evel opnent al |y rel a&ed- or stress rel ated-enhancers) is

expected t ofl'e(%érltr?%éarﬁﬁ?"éld%@g]id@ Peytl%tidry effect by suppressing
expressiben in navntiafiged exafples 0OisokiRd @blyRGuleotiducach B0 4 hARSon in _
A T e T N T
SEQ I D NO A 1G5Tal fahtatisitinain lcasidat hedldotilic sHEE will eypR MBRGBENCS S UahCE. _
pocor 0 L, 0T, RIPIELTRRNE) o Gt e P R SL L R, 2L e
ID NO 19 (&CSHQIDaNOE Bt (AEagy afha 168PYneopWWof fhe twildayMIMS 8eieneaeset forth
by SEQ IZP Ngi*th 115351 SEQ ID NO: 21 (CTTTT) are provided in SEQ ID NOs:418-423.
Non-limiting examples of isolated polynucleotides which include a mutation in
at least one nucleotide of the wild type M4 sequence set forth by SEQ ID NO: 15
(CATTC), at least one copy of the wild type M6 set forth by SEQ ID NO: 17 (GGGTQG),
at least one copy of the wild type M7 sequence set forth by SEQ ID NO: 18 (ACTTT)
30 and at least one copy of the wild type M3 sequence set forth by SEQ ID NO: 21
(CTTTT) are provided in SEQ ID NOs:424-425.



15 According to sone enbodi nents of the invention, the isolated

pol ynucl eoti de conprises at | east one copy of the wild type MB sequence set
forth by wOQui1Dsbid® 19 (GCTTC) and at | east one copy of PEITIB201yp:013b
sequence set forth by SEQ I D NO 16. According to sone enbodi nents of
the invention, the isolated pol ynucl eotide conprises at | east one copy of
the wld type MB sequence set forth by SEQID NO 19 20 (GCTTC), at | east
one copy of wild type M4 sequence set forth by SEQ ID NO 15 and at | east
one copy of wild type Mb sequence set forth by SEQ I D NO 16. Accordi ng
to sonme enbodi ments of the invention, the isolated pol ynucl eotide conprises
at | east one copy of the wild type M3 sequence set forth by SEQ 1D NGO 21
(CTTTT) and an endot hel i al Pem fic enhancer sequence. 25According to sone
embodi ments of t¥E-lmijemerasales of sokied pabrerlsgis Hitheibeide? BYREPT Bes at

| east one cQP¥asPbnd BRI ot %%lWWF@W%@e&@tsetfﬁftﬁ by RESERNG MO 21
(CTTTT) and at Ieast one cop uence set forth by SEQ ID

NO  15. (CARIOr Hilgrgt Sc%ﬁét@ﬁﬁ@ﬁﬁ?@ﬁg@fﬁﬁth@ﬁ%E@H@é}@llgr{ GOH&); sol at ed

pol ynucl eot 4dgsCaHIRb} @fsth@(mlh tMp u&l@@yet@(frtht ™ ksl Ny pe (MBTseguence set
forth by SEQ I D NO %3151 30 %aéé eastﬂgﬁsecopy of v(vlld”tegpeMS

sequence’ sethds Hrleast pye SSE@quh‘NC’}l 6type M Seﬂ‘(‘f‘(‘i‘%"r &Rt gt 8Y st RS diment s of

t he |nventl@Tﬂtrn@felpmi@aﬁﬁbmpjynggbfpmode conprl ses at | east one copy of
the wild type M3 sequence set fort NO. 21 46 (CTTTT) at | east

one copy of wil &I‘{IVB’@“RMG’?@QL?%HE&O%@? PPb’P&quFOBglesgét{fh iBeINgs @ mytatp it | east

one copy of atWedstl ohe/ RRIMBIS BLENRERI 58 MOEdherRY seEQ th @F@Q@ NO: 15 Accordi ng
to some enbodi ments of the invention, the |solated nucl eoti de conpri ses

at | east on€/ddyy: dmutetien it &fa%tfﬁ%nwogéa&fethwﬂé@fpefl\éé quuwe gtHMD NOo 21 5

(CTTTT) ,0 at by SEGID VB I%QQ)AAQ*G) ' héasttompeoﬂy&fs&qwcn@@e wsef Rkth by BEQSEQ | D NO.
19 (GCTTC) and an endot hel i al specific _enhancer sequenc According to

some enbodi HeNPs! MG@%G) AViEast ?It?r?owﬁ%t 7wt aﬂosaﬂp%sﬂw&ﬁ‘cffeémfﬁh&é SE@mpri ses at

| east one copyoofis theTw) diildtayléﬁstl\ﬁe sagruﬁfm@eewﬁ@typé M feqneSERMrR O 21
(CTTTT), at Ieast one co of w § uence set forth by SEQ ID NO
19 10 (CB(JTT§§Q 80 glf@i)éﬁé’r%’&fjﬁgl E(N[P e M4 sequence set forth by

SEQ ID NO 15. Non-linthGEO6QAIPEs bOisSRIR¥E p@ﬁb@ﬂkomtvﬂn@i‘ intlo@ 4 AveAbr an, the

i sol at ed pol ynucl eoti de ri se at | east one f e wld type M3
sequencé’ set! Ft £¥ BY egfz% iRy g &ﬁ"rﬁeﬂ)lencatsen ot by c#’F@ PoF wild type

I\/BI Zequence(@eﬂm‘)oﬁlﬁtaﬁm @FQedsﬁ)Muclé&ldé%ﬁcﬁ)olfdeG fgttilbeeﬁstéet@(ﬂﬂl wopy of

W type uence ort ccordi ng .t sone
enbodi n‘ents Ty §O lﬁ&éﬁhﬁhmwgaf@m st BisIwiidreedt ?%GI@BF{%f‘?T s at
l(?:?‘% T;)ne cgpsqal @fDNbEZWdﬂmy&%pmlﬁ@ﬁmﬂ) N@E 4808350 by]c SEQhI D NgEQzllD -

at east one .co pe set ort

19 (GCTTO), at Il\é"a‘slimlﬂ?ﬁ’eg’@ﬁlﬁl? s 8f lsaneﬁ pf)%léclw& ﬂuﬁh@@u%ee% mPB‘P?‘Kmoy SEQ ID
NO 15 and atledseand n@tigOpy thofwil tyfle WP eeqncs seuRAE @y SHQ TN Ty SEQ I D
NGO 16. 20 qc%,g@n% t 0 .sonme enbodi rregts of .the |nvenqL|on t he i sol ated

pol ynucl eot pptefin igat jeast gne nigicotidgpositign qfithe Wil téipet%ée Nquence set
forth by SE@QD)N@ lzlG(GGTGTa_ﬁd,atwasﬂoﬁa&ipy(blﬂﬂle(i}ﬂmyty&fMMéqdeﬂcy@@ fdyth sequence

set forth Q1 C | e enhancer el ement such
as wldt yp%" f@ %E@N?b(ch% 19% pﬁg’(bdl%gim ﬁ?ﬁégﬁ“ sequence (SEQ I D NO
18) . 25Accor di ngNdnQinsifiEefipReioMBoke&d (pfblyhlli’tﬁeohﬂlééaﬁﬁlﬁpllﬂclu(ﬂd'lzeniu&ﬁbrairﬁq _
P anki ng: setiuenbat: Suaidsob e kSR KB bsppebercorl g Fpid WhEEquence
(SEQ I D NO INTT@EL a meakén @ne a9 Ryic ﬁﬁclé&tﬂéﬂoﬁt}d@@ﬂ%yde%dq&mm £&)h and/ or
wild type /[or the.isaqlate
pol ynucl eo'ltvgydéﬁg#g%déé%5&#5a§tm‘6ﬂ’é’nélbw On\ﬁnnfla fidp BOSUP glea‘flgdl east
type M6 set forth by SEQ ID NO: 17 (GGGTG) and at least one copy of the wild type
M3 sequence set forth by SEQ ID NO: 21 (CTTTT) are provided in SEQ ID NOs:445-
30 451.
Non-limiting examples of isolated polynucleotides which include a mutation in

at least one nucleotide of the wild type M4 sequence set forth by SEQ ID NO: 15



30 one nutation in M7/, with or without M@ (SEQ ID NO 22). Such

pol ynucl eoti des can be used as a non-specific repressor. 47 Accor di ng
to sonme ewbadivmssios of the invention, the isolated pol ymae/iB2nii/oe13s for

i ncreasi ng expression of a heterol ogous pol ynucl eoti de operably Iinked
thereto in cells/tissues. According to sone enbodi nents of the invention,
the isol ated pol ynucl eotide 5 conprises at | east one copy of wld type M
sequence set forth by SEQ ID NGO 17 (GGGTG and/or at | east one copy of
wild type M7/ sequence set forth by SEQID NO 18 (ACTTT). Accordi ng
to sonme enbodi ments of the invention, the isolated pol ynucl eotide includes
at | east one copy of wld type M (SE ID hK) 17) and a mut ation in at

| east 10 one nucleotide of wild ty Non-limting

exanpl es of Q%Hcét%u%?ﬂWﬁa@F@b?ﬂed’é‘ckﬁﬁldéﬂ?"ﬁ“i*f&‘l qjéi@ V&ld tmfaw sghethcypy of wild

type M6 (SESE E?)N@ INAC@W‘) ﬁd@feﬁ’s&bﬁ’é“cdpﬁoﬁﬂlekﬁlﬂi"t%e%?sd@lu&lc@@éﬂf% of the
wild type MB ovided in %SQDNCBZ-

According t® Eﬁb%ﬁ“ﬁ@7 é=%ﬁm?ﬁ@%mﬁ§E9€P8ﬁk @5%-s0l at ed pol ynucl eoti de

15i ncl udes at | easmtiinfings @@megfofwoiafédtpmﬁucl}%uﬁe%mlaﬂnme 4 Sladbdird Mutation
in at | east one nucl eotide of wild ty

Non- 1 i mi i nd lehap Beletidg ebthgrvald %?5%&%@%10? ae Rﬂm O Sﬁﬁiﬂ%@ ‘at® | east one

copy of w | @ANR®, &/ﬁm(a&ﬁgnlaaemnel&hem smﬁcﬁttmm1dt@p@wlsamh@n
nucl eotide of the wild t 19) .are provided in SEQ

NOs: 27- 28. %&milﬁ&ﬁ%&% ab%%avwmfgf oF wﬂﬁéyneﬁ‘é%?ﬁqpeﬁe S@Mﬁ%ﬂﬁ sol at ed

pol ynucl eot hyeeE®d mN@d@s(@tTﬂm&%tpr@mdﬁman% hsb hospe M6 (SEQ ID NG 17)
at | east one copy of wild ty and a nmutation in at

| east one nucl edt9idHnighe wamapeﬁyﬁéomd@sﬁwwmwf&@)mdudeamutatwmelcord. ng to

sonme enmhedi fEBiss of nddRtilVent i tyho &4 %qhak@detn@humyﬁmpmq&&) 265 i ncl udes
at | east one %325 of mLId,E%Pe ML (SEQ I D NO 20) a nutatign in at
| east one nictE8Yi HBUGHOR 4 lepst pae feclqogt thy R t@Q)MS sequence g Aorfly i tj ng

exanpl es of py mmmﬂ) p@'(@ﬂbl@"t}?@tﬂudzﬁloﬁm Giheds6ile welglede hesisdn AR vaepy of wild
type M (SEQ | D_NO Néy a mutation. in at |least one n cleotlde of the
o°f ot

wild type MEP¥E SEQ) IDINQ: bt 6V Held anh 2iderst pis 908 i Be 3uldes 601- 632.
30Accor di ngMBQefoftR samﬂmym B RO theTmvent paRided RESEEH ROads.

polynucleotlde I.ncl udes at one .co f owil SEQ I D NO 20) ,
at | east’ one coBdeFmﬂﬂiﬂmnﬁ §B8pﬁép@%éﬁﬁ*fﬁ%ﬁﬁlﬁgTdﬁﬁﬂ?ngQPJFbast one
COD?/ of \éw | g 1&%?6156\/&10&6‘5&@ bi(":)té%l@'ﬂdl'&))e @Dﬁds@luéﬂdé aéti foAh ibg %fIQ ieasd. one | f
nucl eot i de type NB -limiti xanpl es o
i sol at ed po@\ﬁ? )P aY AT e ?Iﬁ&ug{g@dﬁ Dpifosf i il tee Mg]é%it gy

nucl eﬁ/lt1 [ ?EE% \[m)Dlmthp(e}d@r(ﬁ)SEQultdaoﬁ@ atli99st alﬁwln@teoh itionN@f ﬂﬁleld(Cj)f wld Ng
type nd/ or. w type
(SEQ I D NO. WR%M@F’J"H&%%%@JQ ]H6 Eﬁﬁl\%@nﬁg lgapt One COpy Oﬁg‘ﬁlv‘fl 4R exanpl es
of regubat oMy stgieh@tsedfo by BEQITRQYD- S CHITTar6 providied USSED &0 cwisdibng to some
enbodi nent s of the invention are provided (; SEQ ID NOs: 633-644) in the
Exanpl es settli on which fol | ows.

Non-limiting examples of isolated polynucleotides which include a mutation in
at least one nucleotide of the wild type M5 sequence set forth by SEQ ID NO: 16
(CAATG), a mutation in at least one nucleotide position of the wild type M6 set forth by
25 SEQ ID NO: 17 (GGGTQG), a mutation in at least one nucleotide position of the wild
type M7 set forth by SEQ ID NO: 18 (ACTTT) and at least one copy of the wild type
M3 sequence set forth by SEQ ID NO: 21 (CTTTT) are provided in SEQ ID NOs:472-

4717.
Non-limiting examples of isolated polynucleotides which include a mutation in
30 at least one nucleotide of the wild type M4 sequence set forth by SEQ ID NO: 15
(CATTC), a mutation in at least one nucleotide of the wild type M5 sequence set forth
by SEQ ID NO: 16 (CAATG), a mutation in at least one nucleotide position of the wild



10According to an aspect of sonme enbodi ments of the invention, there is
provi ded an isol ated pol ynucl eotide conprising a nucleic acid sequence
whi ch compoi2ee#8650Pi r st pol ynucl eoti de conpri sing t he pPeETABHenOWLSEl i N
(PPE-1) pronoter set forth by SEQ ID NGO 13 and a second pol ynucl eoti de
conprising at |east one copy of a nucleic acid sequence selected fromthe
group consisting of: 15(i)wild type M4 sequence set forth by SEQ ID NO 15
(CATTC), (ii) wild type Mo sequence set forth by SEQ ID NO 16 (CAATG,
(tii) wld type MB sequence set forth by SEQID NGO 19 (GCTTC), (iv) wld
type M6 sequence set forth by SEQ ID NGO 17 (GSGTG, (v) wild type M
sequence set forth by SEQ ID NGO 18 (ACTTT) 20(V|) wild type ML sequence
set forth b Vii) pe M3 sequence set

NO. 20 (GTA Ow)l {
forth by S ‘PM I\?@foﬂ by SERMEP N ?Eﬁ@ﬁ@ brad‘{}‘i‘t%%’ntlﬁé leash ancsnelsAtide

pol ynucl eot jgdfioh Sf Mtwi ¢ DriNG: ﬁ)rﬁledgeSﬁD\ItIDZQO BNA ey ehdatd 1BRt b&ol at ed
pol ynucl eotide is not SEQ | D NO 12 X%[ According to sone

embodi nent sCB¥ of Hie Wikhanst 6ﬁequ@§5ﬁetc§?mtlrf/esw _AING;gé @MTTTQBHG pewged v, M7

and/or ML spQweNeesod:$79Mdsaced in a head to tail (5' ->3 ) orientation with
respect to the PPE-1 pronoter set forth by SEQ I According to
sone enbddi ment é%?rdtnﬁéo |S?R}%ﬁPP?f’rﬁmeIéSaeﬁthﬁfm‘teﬁfé"f\mﬂredls‘fl@tﬁ‘é pRnucistides M, M7

and/or M Sﬁﬂu&%ﬁ@nse@ aPle@€ 86k dopy Af tRIWildt Ppd B dedudnee®Bt fortR by 8ALADI on with
respect to the PPE-1 Cﬁrom)t er set forth by SEQ ID NO 13. 30Accord| ng to

some enbodi MeEht S TEHend pheast 9nsisory ﬁféhwl@w@ﬁa@ oAuenggset fth BEEQVT  and/ or

ML sequencem & Nl @OadTh RvithadddRidBal QFile Bhalor datéd OREerc Hivkd @ont @i | to
49 head) and/ or se uentlal order with respect the other wild type M4, M,

M8, MB, M7 ffBeeX REQIRONREMees, and/or with respect to the orientation of

SEQ I D N© 13.  Non-1#008d Ex46 Ele@ﬁf RElasd GhlyMicledlideY RElcANScINIRY a hRitdbi act ed using
known nol ecul ar bi ol ogy techni ques such as those described in Sanbrook et

al ., Mol ecuttdPasorefnsotise 8t hapyrabat MAverabace seordh Syrifiy s Ri-bbr _
Labor atory, d)dewC)’Oa& KeaktloR8 QopylFIR) wild i}pANSU;Q@ien&tseﬁiforth ngEQeIDtN(E’r@t ocols in
Mol ecul ar Bi o lT%ohn Wl ey and Song Baltino I\ﬁ 89) Chang et
al ., Somati® Qg% drleioncerey Pribswild jpp Wr%ﬁﬂ)‘?encel\ﬂeh rth 31@ IDNf¥ga et al.
Gene Tar get  N@TTERCarPpRS Rled ATNEQAINOs:Machns. (1995), Vectors: A Survey of
Mol ecul ar C oni 3\% Vect.ors annghel hls es, utaer rths, dBost on 10Mass.
(1088) dhd G | bOWndimERE PG SERAPEEES Ry adits udcrogpton in
at least one nucleotide of the wild type M5 sequence set forth by SEQ ID NO: 16
(CAATQG), at least one copy of the wild type M8 sequence set forth by SEQ ID NO: 19
(GCTTC) and at least one copy of the wild type M3 sequence set forth by SEQ ID NO:
21 (CTTTT) are provided in SEQ ID NOs:496-507.
20 Non-limiting examples of isolated polynucleotides which include a mutation in
at least one nucleotide of the wild type M4 sequence set forth by SEQ ID NO: 15
(CATTC), a mutation in at least one nucleotide of the wild type M5 sequence set forth
by SEQ ID NO: 16 (CAATG), at least one copy of the wild type M8 sequence set forth
by SEQ ID NO: 19 (GCTTC) and at least one copy of the wild type M3 sequence set
25 forth by SEQ ID NO: 21 (CTTTT) are provided in SEQ 1D NOs:508-515.
Non-limiting examples of isolated polynucleotides which include a mutation in
at least one nucleotide of the wild type M4 sequence set forth by SEQ ID NO: 15
(CATTC), at least one copy of the wild type M6 set forth by SEQ ID NO: 17 (GGGTQG),
at least one copy of the wild type M8 sequence set forth by SEQ ID NO: 19 (GCTTC)
30 and at least one copy of the wild type M3 sequence set forth by SEQ ID NO: 21
(CTTTT) are provided in SEQ ID NOs:516-519.



Construction of the virus of SEQID NO 9 is described in International
Application W)Y 2008/ 132729, the contents of which are incorporated herein
by refer anoeri@8s9r ucti on of the Ad5- PPE- 1- 3X- Fas-c ve®C®ABd1/08938T i bed in
great details in Exanple 2 of the Exanples section, which follows. 15The
non-replicating adeno-virus of the invention is introduced into PER C60
cells, available from Crucel | TM (wwwdot crucel | dotcom. Exanple 3 bel ow,
descri bes an exenplary protocol of cell infection using a transfection
reagent, |ipofectam neTM (I nvitrogen). An outline of the key steps in a 25
L manufacturing process is shown in Figure 1. 20 This process is based on
the initial cell culture being perfornmed in a disposable 50 L Wave type
reactor, followed by cell lysis and clfharification and buffer exchange

oper ati ons perféﬁl%éamwl& Waaspkewé%\a@d Rkl etionelyies mufget Bhwed by a

two step chiopRt 68 ARG TheGald BPc MPERESce ditdhoanh bl ¥ eonaenig ati on and
formul ati on operation agai n performnmed usi ﬂ% di sposabl e technol o |es

Scal e- down {fotE] @ @lsagttons S‘Ppyﬁﬂ’@ﬁ‘éld tREiNG éqﬂh&pjéﬁ%lPéﬁ% e

devel opment ok PRR &Spy 6¥Sthd Rad BIp 88S Seqiichc O s EsHhy sasz@imbxbe mp@cﬁ@ons t he
nanufacturln%>scale can al so be increased fromthe planned manufacturing

scal e of 3 2521d &ileasbare eqnyrifsthe 3ld W%P!{és%eqwa%@fésforth by SEQ IR be not ed

that the ab ngaﬁﬁh@@&gnnngqmbuhexggpjary and by no neans is intended to
limt the scope of the invention, 30Thus, as nentioned the cells. are grown

i n suspensi on t QNanpleniting exagiples of {splajed polyhuclcogides yehich Welpds mytasian,énensi on

cul ture” refteest bﬁb Aucldatilld! b thle Rwivhiyp & M bdgBendl st oty by V¥HQ €D suspended in a
sui tabl e nedlun1 gposed to an adherent culture in which cells 50 adhere
s%%W

to the cul t & lonch of {fpst e pecleofifleed thy Wil tepe VLS praucise eet Sprth

non- di spesak} SE(@IIDTI\&EU@V(CAATG) ﬁndagfolny co@QﬁQlﬁdj\lvﬂlgtyb@l\/ﬁi s%pﬁ)ﬁthfb?r(SEQTTbOdi ment
the culture is init | asks tistep

process may'he© uhﬁ@qqg&@h atf 18?“ ?@6981%5( fighe Wél ﬂpﬁ Mg %?ﬂ'iletnﬁf’r '%’t BriOyiSER  For

i nstance, tiy sogho @G@tm)oanaat leadt @AP cophhdfhe W& typblMUSeGudnSe sdhifdrinatyed in a
10L culture%éqg@P%)ma e culture) and |ncreased to 25 L. CQulturing is
d

preferably 2}ﬁjﬁqg%dg%%PﬂdﬁhgﬁggﬂB$5§ 52452%escribed in the Exanpl es

section which fQJI(JnQiAﬁitmgSéB& ’S oﬂﬁblagdtpb@nmébaddsaaﬁ@mlmcla&esa fitation ¢ , VVve
50-200 L Stri-Tank f SUB250- 500L. rdl to a EPeC'f'C

enbodi mé%n Attt 4 wgclqogd%f) oS S5 st STt cording to
a speci fic eniodi)ne Mast @ahbpyrdfn@ Witd §h¢ Btsegheade s3t folth BQ@EQ IIZ)CN(U.TTB culture.
G I N i A s S NN A ST TR TS R
at a 5-100 @G@Iqla;rmd @tUJ:afsU(b’ﬂ% cofCSRhEwWNgtyho VB sRRGEd deCroaBodETEDINOCUIl turi ng
I's effect ed CTTTT) are prov1c?ed 1r?§EQ 1D NOs:526-529.
20 Non-limiting examples of isolated polynucleotides which include a mutation in
at least one nucleotide of the wild type M5 sequence set forth by SEQ ID NO: 16
(CAATQG), at least one copy of the wild type M7 sequence set forth by SEQ ID NO: 18
(ACTTT), at least one copy of the wild type M8 sequence set forth by SEQ ID NO: 19
(GCTTC) and at least one copy of the wild type M3 sequence set forth by SEQ ID NO:
25 21 (CTTTT) are provided in SEQ ID NOs:530-533.
Non-limiting examples of isolated polynucleotides which include a mutation in
at least one nucleotide of the wild type M4 sequence set forth by SEQ ID NO: 15
(CATTC), a mutation in at least one nucleotide of the wild type M5 sequence set forth
by SEQ ID NO: 16 (CAATG), at least one copy of the wild type M7 sequence set forth
30 by SEQ ID NO: 18 (ACTTT), at least one copy of the wild type M8 sequence set forth
by SEQ ID NO: 19 (GCTTC) and at least one copy of the wild type M3 sequence set
forth by SEQ ID NO: 21 (CTTTT) are provided in SEQ ID NOs:534-535.



20According to a specific enbodinent, culturing is effected at a 5-25 L

vol ume. According to a specific enbodinent, culturing is effected at a 25 L
vol une. AXYOapdiasgswo a specific enbodi ment, culturing i ®#CefiBaat/ewist a 50 L
vol une. The culture is expanded whil e exhibiting varying values of MJ an
optimal value of sane is selected as the point of recovery. 25Wthin the
foll ow ng paragraphs the individual stages post culturing are revi ewed.
Thus, the instant invention further conprises recovering the
non-replicating adenovirus vector fromthe cells follow ng said culturing.
According to a specific enbodi nent, recovering is effected at a point of
harvest 30 (POH) of 3-4 days post infectlon and an MO of 5. I n order
to recover the virus, the cells are s ected to lysis. According to a
speci fic embodi Msclimitiagexp@pleh gt isgla@flPQM@&OWS&}B‘%@WW Bl B | s to a

detergent | mSibai 0ne511ucleot1de Peteraentypdase thqaalch sét)’ﬁhﬁ by SEN IIRIN@rvat i ve to
physi cal di sru_Itptl on of cell nenbranes, altho sonetines used in

conj unct i on(GAYT 6 et ens m|oéweaﬂlétﬂ9@é\ﬁ%mﬁoaq%b§rsﬁf%§§ﬁ§0 BEECSENt s di srupt

the Iipid bangk@me syl HRM Ry RaT foqidhcdics fd#tlﬁtbbr'SHQhDFN@i 1I8I(J&cq*TT) at
l'i pid: prote| n and protein;protein interactions. det ergent for

cel | P ysiesst gessony st Ba wild fipe Meausee %eb{?.ﬂéé?.‘/éﬁ@ IBNP h]e9 (&S Frdam

appl i cat I ONgt 180 dn@ Wb YD eRIWild tyisd N3 sdqlier@€ B sth, by BB IDWO: ANATZWfaker | ONi ¢
detergents are mlder, resulti ng in less protein denaturation upon cell

lysis, thanplpﬁﬁ?dclnéggépd\é%sé6a§ﬁ are used to disrupt cells when it is

criti cal to mai N@ALImiRAOERIPIE BNEblaRA p@l’ym!ldlgoﬁﬂ@(})t'ﬂl@ﬂiieluweﬁtatl@n in
zwitterionic detergent, and the Triton series of nonionic detergents are

commonl y us@de%fsan@( puedsatidgof fhgrpkkee M%S%IB?{{CF asftforty S EQE HNYelft s are

strong sel u@AA NG 1AGEMNE Sop3 A tHe@AM )2 MERRtHHhSy BEQHSI NG, 1 7t(Beiainy
destroyi ng prot ein act|V|ty and function. SDS, an ionic de tergent that

bi nds to antl 'GeiRRe GeRyLf Breotildh thre MY seayensq s ity SES 1P MBr ISALiTdd *assessi ng

protein | evehs olycogfbf @k Gall PR MY K§hchcARdfonE Sy SEQD Iblmtwrtgicﬁm)adidl tion to
the choice of detergent, other inportant considerations for cel |

tima
lysis incl u?}éeatsh‘élelfﬂw gfrthe ik t%l%ﬁ?ﬂ“%‘l“? é‘ﬁd‘ﬁrﬂl lé}’n%EQélﬂf)\@ a%tldpg j§peC| fic
condi tions §@prodREEIMESBU HReeshd 3591 s are prOV| ded in the Exanpl es section.

Once the cells are |ysed, | ul ar cel | re renoved so as to
obtain &°cl ear fh@éldg%awxaﬁ*ﬁk sef & %ateﬁé?@@g?cmdﬁs Vﬂgab ee%jmmﬂfﬁ:rﬂ (see

Exanpl e 8) &0eas ohdn@iodiid ofthe OMGERHE AL cbquéncalsctPRith & . SEZmen\a) cencentrated
i j ect tofur her ur|f| Accarding to a specific

pellet is n ) at

embodi nent,f)%%gmnfliaewsnoaﬁ Y og P%%O&ﬁe ﬁ{fﬁgt‘rﬂfié@ﬁ. SeLqH%“’?/?‘Fé‘PrR’pel let to
ani on exchgmgGglf:(gmm?Jmtmgcmhy;l)adﬂﬁlzaaloaec@yccifuﬁd WM ?fbé RO RER B SEQE. g , EX
Capture an on pol1snl ng pur| I cation e in |gure

1). The puril NQa%@@ﬁTJE)s atrlsﬁsmeef%()ﬁﬁawg? PP M etgaucnginge &Ew%tbﬁgg

speci fi eo enRONENIACBIEY dtli@s dnk lcb@t dfake wid ej@ammq@gc@seofoahﬁmsﬁas st erile
m ni Capsul filt uot i nto ovi al s.

Accordi ng t Télf?otlﬁé?ggg@c‘infllaé?egWBEF?Hé’n‘{ thg fyipﬁ 3 sﬁﬂ'ﬂfﬂ‘ﬁ%‘fet ?@hsli ored in
copol yner vsmmN‘mpaaﬁrTmaﬁq)vmedlmlmNe)fsm pol ymar) 2-5m with

Isf,lopgpg_gs CIC gl();dl ¢ gegxa%g ets r(1)?{501%‘[[72 ynrrl?ciigotldé[sh\x?hlgﬂ 1?1(?1udep aI; %glgl(t:l})n %ns stored
at least one nucle0t1de of the wild type M4 sequence set forth by SEQ ID NO: 15
25 (CATTC), a mutation in at least one nucleotide position of the wild type M6 set forth by
SEQ ID NO: 17 (GGGTQG), at least one copy of the wild type M8 sequence set forth by
SEQ ID NO: 19 (GCTTC) and at least one copy of the wild type M3 sequence set forth
by SEQ ID NO: 21 (CTTTT) are provided in SEQ ID NOs:541-547.
Non-limiting examples of isolated polynucleotides which include a mutation in
30 at least one nucleotide of the wild type M5 sequence set forth by SEQ ID NO: 16
(CAATG), a mutation in at least one nucleotide position of the wild type M6 set forth by

SEQ ID NO: 17 (GGGTQG), at least one copy of the wild type M8 sequence set forth by



30 those avail abl e from Wst Pharnmaceuticals (3-5 mM with stopper). The
final product is stored at <-65C. 52 The final formnul ated batches (as
wel | as awo 28t14869pecedi ng sanme) are subject to vari ousPGuABINY 0GR I Ol
assays, such as described herei nbel ow. Harvests conformng to

I n-process specifications (Mcrobial imt, Mcoplasnm) nmay be pool ed.
5Tables 4-5 below, illustrate non-limting analytical assays for providing
product characterization, in process, release and stability testing. Table
4: methods used for batch rel ease Fraction Tested Met hod Harvest ldentity
by PCR Mcoplasma Bioburden 1In vitro Test for Detection of viral

Contam nants in Adeno viral material using MRC-5, Vero & HelLa detector cel
lines In vivo test forg%resence of i@ apparent viruses using suckling

m ce, adul t SFR &3 NQyUP ReaTht ydgt @%P%W@tf@&thég\@@ eI M3 pagggiee set forth

by SEQ ID NO: 21 (CTTTT) are provided in SEQ ID NOs:548-554.
Non-limiting examples of isolated polynucleotides which include a mutation in
at least one nucleotide of the wild type M4 sequence set forth by SEQ ID NO: 15
5 (CATTC), a mutation in at least one nucleotide of the wild type M5 sequence set forth
by SEQ ID NO: 16 (CAATG), a mutation in at least one nucleotide position of the wild
type M6 set forth by SEQ ID NO: 17 (GGGTQG), at least one copy of the wild type M8
sequence set forth by SEQ ID NO: 19 (GCTTC) and at least one copy of the wild type
M3 sequence set forth by SEQ ID NO: 21 (CTTTT) are provided in SEQ ID NOs:555-

10 559.

Non-limiting examples of isolated polynucleotides which include a mutation in
at least one nucleotide of the wild type M4 sequence set forth by SEQ ID NO: 15
(CATTC), a mutation in at least one nucleotide position of the wild type M7 set forth by
SEQ ID NO: 18 (ACTTT), at least one copy of the wild type M8 sequence set forth by
15 SEQ ID NO: 19 (GCTTC) and at least one copy of the wild type M3 sequence set forth

by SEQ ID NO: 21 (CTTTT) are provided in SEQ ID NQOs:560-566.
Non-limiting examples of isolated polynucleotides which include a mutation in
at least one nucleotide of the wild type M5 sequence set forth by SEQ ID NO: 16
(CAATG), a mutation in at least one nucleotide position of the wild type M7 set forth by
20 SEQ ID NO: 18 (ACTTT), at least one copy of the wild type M8 sequence set forth by
SEQ ID NO: 19 (GCTTC) and at least one copy of the wild type M3 sequence set forth

by SEQ ID NO: 21 (CTTTT) are provided in SEQ ID NQOs:567-573.
Non-limiting examples of isolated polynucleotides which include a mutation in
at least one nucleotide of the wild type M4 sequence set forth by SEQ ID NO: 15
25 (CATTC), a mutation in at least one nucleotide of the wild type MS sequence set forth
by SEQ ID NO: 16 (CAATG), a mutation in at least one nucleotide position of the wild
type M7 set forth by SEQ ID NO: 18 (ACTTT), at least one copy of the wild type M8
sequence set forth by SEQ ID NO: 19 (GCTTC) and at least one copy of the wild type
M3 sequence set forth by SEQ ID NO: 21 (CTTTT) are provided in SEQ ID NOs:574-

30 578.

Non-limiting examples of isolated polynucleotides which include a mutation in

at least one nucleotide of the wild type M4 sequence set forth by SEQ ID NO: 15



Substance RCA (Detection of replication conpetent Adenovirus using the A549
detector cell line) Host Cell DNA Residues (gPCR) ELISA for detection of
PER C6 Ho®© 2@aldsefpot ei n Residual Triton by Reverse Phasa@/1BRi1Cs0RESI dual
Benzonase Fi nal Product Appearance pH Quantitation of Viral Particles by
0D260 Potency by Plaque Form ng Unit Assay (PFU)) Western Bl ot Analysis
of Transgene Expression Sterility
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(CATTC), a mutation in at least one nucleotide position of the wild type M6 set forth by

SEQ ID NO: 17 (GGGTG), a mutation in at least one nucleotide position of the wild

type M7 set forth by SEQ ID NO: 18 (ACTTT), at least one copy of the wild type M8

sequence set forth by SEQ ID NO: 19 (GCTTC) and at least one copy of the wild type

5 M3 sequence set forth by SEQ ID NO: 21 (CTTTT) are provided in SEQ 1D NOs:579-
583.

Non-limiting examples of isolated polynucleotides which include a mutation in

at least one nucleotide of the wild type M5 sequence set forth by SEQ ID NO: 16

(CAATG), a mutation in at least one nucleotide position of the wild type M6 set forth by

10 SEQ ID NO: 17 (GGGTQG), a mutation in at least one nucleotide position of the wild
type M7 set forth by SEQ ID NO: 18 (ACTTT), at least one copy of the wild type M8
sequence set forth by SEQ ID NO: 19 (GCTTC) and at least one copy of the wild type
M3 sequence set forth by SEQ ID NO: 21 (CTTTT) are provided in SEQ ID NOs:584-
588.

15 Non-limiting examples of isolated polynucleotides which include a mutation in
at least one nucleotide of the wild type M4 sequence set forth by SEQ ID NO: 15
(CATTC), a mutation in at least one nucleotide of the wild type M5 sequence set forth
by SEQ ID NO: 16 (CAATG), a mutation in at least one nucleotide position of the wild
type M6 set forth by SEQ ID NO: 17 (GGGTG), a mutation in at least one nucleotide

20  position of the wild type M7 set forth by SEQ ID NO: 18 (ACTTT), at least one copy of
the wild type M8 sequence set forth by SEQ ID NO: 19 (GCTTC) and at least one copy
of the wild type M3 sequence set forth by SEQ ID NO: 21 (CTTTT) are provided in
SEQ ID NOs:589-592.

According to some embodiments of the invention, the isolated polynucleotide

25  comprises at least one copy of wild type M3 sequence (SEQ ID NO: 21) and at least one
copy of wild type M8 sequence (SEQ ID NO: 19) , with at least one mutation in wild
type M6 (SEQ ID NO: 17) and/or in wild type M7 (SEQ 1D NO:50).

Non-limiting examples of isolated polynucleotides which include at least one
copy of the wild type M8 sequence set forth by SEQ ID NO: 19 (GCTTC) and at least

30 one copy of the wild type M3 sequence set forth by SEQ ID NO: 21 (CTTTT), with a
mutation in at least one nucleotide of the wild type M6 sequence (SEQ ID NO: 17) ,



Endot oxins Ceneral Safety Test * Sone of the tests perforned on the Bul k
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and/or a mutation in at least one nucleotide of the wild type M7 (SEQ ID NO: 18) are

provided in SEQ ID NOs:593-600.
The present inventors have envisaged that an isolated polynucleotide which
includes the wild type M8 sequence (SEQ ID NO: 19) and/or the wild type M3 (SEQ ID
5 NO: 21) sequence in addition to tissue specific enhancers (e.g., wild type M4 and/or
wild type MS), and/or induced enhancers (e.g., developmentally related- or stress
related-enhancers) is expected to exert a more specific regulatory effect by suppressing
expression in non-target cells or under non-induced conditions.
According to some embodiments of the invention, the isolated polynucleotide

10 comprises at least one copy of the wild type M8 sequence set forth by SEQ ID NO: 19
(GCTTC) and an endothelial specific enhancer sequence.

According to some embodiments of the invention, the isolated polynucleotide
comprises at least one copy of the wild type M8 sequence set forth by SEQ ID NO: 19
(GCTTC) and at least one copy of wild type M4 sequence set forth by SEQ 1D NO: 15.

15 According to some embodiments of the invention, the isolated polynucleotide
comprises at least one copy of the wild type M8 sequence set forth by SEQ ID NO: 19
(GCTTC) and at least one copy of wild type M5 sequence set forth by SEQ ID NO:16.

According to some embodiments of the invention, the isolated polynucleotide
comprises at least one copy of the wild type M8 sequence set forth by SEQ ID NO: 19

20  (GCTTCQ), at least one copy of wild type M4 sequence set forth by SEQ ID NO: 15 and
at least one copy of wild type M5 sequence set forth by SEQ ID NO:16.

According to some embodiments of the invention, the isolated polynucleotide
comprises at least one copy of the wild type M3 sequence set forth by SEQ ID NO: 21
(CTTTT) and an endothelial specific enhancer sequence.
25 According to some embodiments of the invention, the isolated polynucleotide
comprises at least one copy of the wild type M3 sequence set forth by SEQ ID NO: 21
(CTTTT) and at least one copy of wild type M4 sequence set forth by SEQ 1D NO: 15.
According to some embodiments of the invention, the isolated polynucleotide
comprises at least one copy of the wild type M3 sequence set forth by SEQ ID NO: 21

30 (CTTTT) and at least one copy of wild type M5 sequence set forth by SEQ ID NO:16.
According to some embodiments of the invention, the isolated polynucleotide

comprises at least one copy of the wild type M3 sequence set forth by SEQ ID NO: 21
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(CTTTT), at least one copy of wild type M4 sequence set forth by SEQ ID NO: 15 and

at least one copy of wild type M5 sequence set forth by SEQ ID NO:16.
According to some embodiments of the invention, the isolated polynucleotide
comprises at least one copy of the wild type M3 sequence set forth by SEQ ID NO: 21
5 (CTTTT), at least one copy of wild type M8 sequence set forth by SEQ ID NO: 19
(GCTTC) and an endothelial specific enhancer sequence.
According to some embodiments of the invention, the isolated polynucleotide
comprises at least one copy of the wild type M3 sequence set forth by SEQ ID NO: 21
(CTTTT), at least one copy of wild type M8 sequence set forth by SEQ ID NO: 19
10 (GCTTC) and at least one copy of wild type M4 sequence set forth by SEQ ID NO: 15.
According to some embodiments of the invention, the isolated polynucleotide
comprises at least one copy of the wild type M3 sequence set forth by SEQ ID NO: 21
(CTTTT), at least one copy of wild type M8 sequence set forth by SEQ ID NO: 19
(GCTTC) and at least one copy of wild type M5 sequence set forth by SEQ ID NO: 16.

15 According to some embodiments of the invention, the isolated polynucleotide
comprises at least one copy of the wild type M3 sequence set forth by SEQ ID NO: 21
(CTTTT), at least one copy of wild type M8 sequence set forth by SEQ ID NO: 19
(GCTTC), at least one copy of wild type M4 sequence set forth by SEQ ID NO: 15 and
at least one copy of wild type M5 sequence set forth by SEQ ID NO: 16.

20 According to some embodiments of the invention, the isolated polynucleotide
comprises at least one copy of the wild type M3 sequence set forth by SEQ ID NO: 21
(CTTTT), at least one copy of wild type M8 sequence set forth by SEQ ID NO: 19
(GCTTC) and at least one enhancer element such as wild type M6 (SEQ ID NO: 17)
and/or wild type M7 sequence (SEQ ID NO:18).

25 According to some embodiments of the invention, the isolated polynucleotide
includes at least one copy of wild type M8 with additional flanking sequences such as at
least one copy of a wild type M8 sequence (SEQ ID NO:19), at least one copy of wild
type M7 (SEQ ID NO: 18) and/or wild type M9 sequence (SEQ ID NO: 14, CTGGA);
and/or the isolated polynucleotide includes at least one copy of wild type M8 and at least

30  one mutation in M7, with or without M9 (SEQ ID NO: 22). Such polynucleotides can

be used as a non-specific repressor.



This test pertains to the final product that has been frozen and thawed.
The final 5product is white or colorless. ldentity by PCR (In Process
Control (WBQp1tessio9onl y) The assay incl udes pAC- PPETAB3X1/H3437C DNA as
positive control and specific primers [PPE CTC TTG ATT CTT GAA CTC TG ( SEQ
| D NO 645) and p55 TAC AAG TAG GIT CCT TTG TG (SEQ I D NO. 646)], yielding
a DNA segnent of about 10 750 bp including part of the PPE-1-3X pronoter
and part of the TNF-RL . This segnment is unique to the final product and is
therefore used for positive identification of the final product. The
resulting DNA i s anal yzed on an agarose gel in conparison with the positive
control. Mycoplasnma 15This is an in-process test perforned on the viral
harvest, conplying with the European Pharmacopoei a, section 2.6.7. 54

Both an i ndi cat o%ccm&gﬁ? mﬂ%eemhoéwnwéfheawn@nc thetiioladgd nodynyeleotide iy e

perforned. festerRORS bifrdbibl of 3 HRifdidoLepblytRIcticesicrablOfhked Wchdo ilMy/copl asma
(PCR) EZ-PCR Mycoplasma Test Kit (Biological Industries, 20-700) is used to

detect 5 posdii/HisESScont ani nation with nycopl asma. The sanple a positive

nmycopl asma cont rQkerd@Bdo @ofﬁ@gﬁbbd{ﬁerﬁpﬂf m@lln@ﬁrml %e(@&at%lyﬁlcleoﬂdﬂsder go PCR
with primers designed to anplify nycopl asma The roducts undergo
el ect r ophor E&IEISG Rt éeaifo/erﬁgfapwéW&élW@nWtSF@evfésﬁm f%@m%"ﬁﬁé DAYQ Fonpar ed

visual ly. BicdhurchemdoMiaeaboml copy M\Eﬂdr 8§68 M7L0Rh& seBfonth b BEQIIOCESS t est
performed on the viral harvest, conplying with the European Pharnacopoei a

section 2. 6!89ACHTer obi al Exami nation of Non-Sterile Products (Total Viable

Aerobi c Count). Al@siling@pSbhd ¥inbydiménts Uf fie GheRtior hcdigbied palpRicestiqat el'y 100
cfu/m. In vitro Test _for detection of viral contam nants in

Adenovi ral Relpdsichleat pipry 8T WikEDBe MERERIDHED Al T ctnd @ tgtation i} atjlgastes

(Det ectiion @fe nMelealde 6DAId typVBRSED TOM): Agent s) The test article is
neutralized with antl-AdenOV|rus type 5 antibodies and is then used to

i nocul ate cul t urEg-lgpitingrexaplogey dsol%t?fhpﬂ&%leaté@ieewﬁ? pciyde qtjlepst onep) |
cul tures ar&)p9las@ny@ge fver (m Ilﬂﬂﬂl@elﬁfanﬂﬁhﬁlﬁh%bﬂhﬁat&fait%ﬁénl(cQBEaeof@ﬂs day 14

post inoculation a ure is performed on all cultures not

20
di spl ayi ng E@EYPWH@(éﬁglgﬁﬁ}d?b?fﬁﬁauﬁﬁﬁﬁﬁg?ﬂéﬁofa?zgn addi ti onal 14 days
and are observeda&&ﬂlng?& smﬁé cinb&lifads Of the NBvehtidd, ‘ﬂ{eelscﬂ@tédl pelyhlteotidd tures are
tested for t he abi fnﬁgsorb a nlxturS B% % bl ood ceIIs from
vari ous 'Spelif B o g G 6T W PRF NEISER NSAPHIEEN 5t A1'e9e' ¢ est
article aremﬁﬂm&aﬂmaaﬂwﬁ@g@ynquE@1D®m1nqys. Test sensitivity is 100

TCI D50/ m . 25In vivo test for res of 1 pappar V|ruses usi ng suckling
mce, adult ni céﬁon@}mlﬁ%eﬁn@@&) ¢ H%\W@HEBE‘S"S Fleﬁ Rpyfg)at least one

copy of wild type M7 (SEQ ID NO: 18) and a mutation in at least one nucleotide of the
wild type M8 (SEQ ID NO: 19) are provided in SEQ ID NOs:27-28.

20 According to some embodiments of the invention, the isolated polynucleotide
includes at least one copy of wild type M6 (SEQ ID NO: 17) , at least one copy of wild
type M7 (SEQ ID NO: 18) and a mutation in at least one nucleotide of wild type M8
(SEQ ID NO: 19).

According to some embodiments of the invention, the isolated polynucleotide

25 includes at least one copy of wild type M1 (SEQ ID NO: 20) and a mutation in at least
one nucleotide of wild type M8 (SEQ ID NO: 19) .

Non-limiting examples of isolated polynucleotide which include at least one
copy of wild type M1 (SEQ ID NO: 20) and a mutation in at least one nucleotide of the
wild type M8 (SEQ ID NO: 19) are provided in SEQ ID NOs:43-54 and 601-632.
30 According to some embodiments of the invention, the isolated polynucleotide

includes at least one copy of wild type M1 (SEQ ID NO: 20) , at least one copy of wild



The test is performed according to FDA "Points to consider in
Characterization of Cell Lines Used to Produce Biologicals (1993)"

Det ect i orwof20Ra8b30¢at i on Conpet ent Adenovirus (RCA) 301 RCThB®18#8%4y7, t he
presence of RCA in 3x101 vp of the virus is detected by inoculation onto
the human | ung carcinoma cell |ine A549. Assays are perfornmed to establish
a suitable inoculumlevel at which, there is no interference and no
cytotoxicity 55 that is not related to RCA. Low | evel s of Adenovirus are
anplified by three passages of the cultures with observation for evidence
of cytopathic effect at each passage. Test sensitivity is 10-100 TCl D50.
Host Cell DNA Residues 5Real tinme PCR is used to detect and quantify the
Adenovirus El gene. This gene exists i'h the PER C6 host cells and is

essential f &P Mor(EQPPAHAG AL i2Bfor #lgastrag coye vald teredy” {FEHR N  iPhal

product. | faddhang@na it & 109tond ah@Gki8 e r vARSENOA’ EQEstOce)) DNA is inferred.
Assay sensitivity is 78.13 p ased on testing 8 [El of nucleic acid

S . /[ m, b . . [
extracted from _thl%l%{]i*&)P@mP%E)Eﬁ}@Nefl oPlymetsottssorhicr inpfe 2 eatafigin Cel |
Protein at 185 dak inS@cdiBt BEWild §psSBASEQNDARS- Q0% iafiatQbast &icpads st Cel |
Protein %HCP) in VB-11 Subst ance or Drug Product. An Elisa kit

1 Bulk Dr
whi ch ca tuWé%WéﬁE%éDﬁ@béo) szlE]gthF Yo (SE(E NOs 4 2 ld&yrsM SE8ndar ds are

i ncubat ed W ROPId)NRé prolidQeh 8EQAD NOEI4d ter strips) and secondary
antibodies in mcrotiter wells, then a substrate is 15added to yield a

I
colorimetric chadiifEiongsirpaplpsehregtlatannippiaied pofynncleptdes 3¥ehqar pe Weithbl es

quanti fi cat i&dRk tEResicdumdbdibehs bhtht b cnBn 1113|ejpr(§i@dm1§,eSEC§ﬂ) Resi aduesa) The
sanple is digested in a solution of 2% Nitric Acid in Purified Water and is

t hen anal yzBdhadyxemesss pereiuebirh oo™ soupl ed Pl asma) Mass Spectronetry. The

sanpl e 20 sol utiQRoddmgithhd RE6€ 8flsdal dabedinRAk 6f e Mtkbhtzat ihew id fbadéadi o
frequency plasna where energy transfer processes cause desol vatjon,
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a di f f er ent p@yduylcHURREMpNAGLUHED e P Sh i AESn APRE-$gRahated PRhbRgEDasi s of
their mass-to-charge ratjo by a quadruple na?s spectronmeter. This test has
a quant it at VoA 31 40t 4 segpndppofypguelgptideeompeising 41 legst; qng ropy, oRavFIEl skhse HPLC

Triton X- 10QqidhcaiseRtell @omGRI drodpy®h&stag opart of the manufacturing process of
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(i)  wild type M5 sequence set forth by SEQ ID NO: 16 (CAATQG),
(i)  wild type M8 sequence set forth by SEQ ID NO: 19 (GCTTC),
(iv)  wild type M6 sequence set forth by SEQ ID NO: 17 (GGGTG),
(v) wild type M7 sequence set forth by SEQ ID NO: 18 (ACTTT);
20 (vi)  wild type M1 sequence set forth by SEQ ID NO: 20 (GTACT), and
(vil) wild type M3 sequence set forth by SEQ ID NO: 21 (CTTTT);
with the proviso that the second polynucleotide is not SEQ ID NO:6 (element X),
and wherein the isolated polynucleotide is not SEQ ID NO:12 (PPE-1-3X).
According to some embodiments of the invention, each of the wild type M4, M5,
25 M8, M6, M7 and/or M1 sequences is placed in a head to tail (5'—3') orientation with
respect to the PPE-1 promoter set forth by SEQ ID NO:13.
According to some embodiments of the invention, each of the wild type M4, M5,
M8, M6, M7 and/or M1 sequences is placed in a tail to head (3'—5") orientation with
respect to the PPE-1 promoter set forth by SEQ ID NO:13.
30 According to some embodiments of the invention, the wild type M4, M5, M8,

M6, M7 and/or M1 sequences are placed in various orientations (head to tail or tail to



30Resi dual Benzonase Benzonase endonucl ease is used to reduce cell DNA
| evel s. ELISA nethod is used to determ ne residual |evels of Benzonase. 56
El i sa ki twORBrigigssodncl udes pol ycl onal anti bodi es speci f IPCTB20BENS00ITase i N
pre-coated wells of polystyrene mcrotiter plates to which sanples are
added. Horse Radi sh Peroxi dase (HRP) conjugated anti-benzonase anti bodi es
are then added, and TMB (Tetranet hyl benzi di ne, Hydrogen Peroxide) is used
to visualize the bound sandw ch 5conpl exes. The reaction is stopped by
addi ng 0. 2M H2SO4. The plate is read at 450nm by a mcrotiter plate reader.
Protein Concentration by Bradford (IPC test) This method is used to
determ ne the | oading volune of solubilized protein concentration of VB-111
purified sanples. BSA standards and a*feference are run 10al ongsi de the

test sanpl ehadendis seaential erdgy witlk ghaprst dy.otspeils A ¥idr MpyMst Y0r dEntity (1 PC

test only) and/or MiNNe§uch®E: NG oPH AN FERS! 1 kitURhiERIn PBEQfIDN®@S$ENCE of viral
proteins when conpared with a reference standard using an SDS- PAGE gel

which is then st@PHBEYM ohseh Vil ysitormay. be sifgetadyusing gy peelefdidtnat i on of

titer for AgeRgy idhiiqueatihas thdsé OGS iBhEb I 41880l Cloning: A Thi s
met hod is used al on thecgurlflcatlon process from Harvest to BDS. titer
T

det er ni nat i BIPOHEh ¢ HPRlc ColtaPiries Habgsdrabeiatope Mavorigth M 3Buti®®i-dat i on

process. ThgudiBtih@dalusesirddt FRbtbeoly aflivedlicuRn BBl RAn ewahange phase HPLC
colum 20l nfectious Titer of Adenovjrus t oChem cal Assay (I PC

by | mmuno
test only) BaltimoeMdnde§tochugict al Somety Gﬁ%%&%ﬁrapg%%c}’r%—%%é@% to
determ ne aﬁmogi%gﬁ, Vdgh @€ tal 0Usnd ThrBéting TORE PBIshAGn ULibbi BB&. dpoant i body
agai nst hunman adenovi rus_hexon capsid protein. Infectious titer i s obtained
in 3-days. PHIEA-CHYEH HglelerulashlanmgNecierme iThglt Pes. Bteorarths Bostoni ¢l es
The det gs m K@alsi QPSN Ly BilYa ot &. [BPas&UnighesAUBNEO4-50atgggn of viral DNA by its
optical density at A260 (1 0D260 upit is equivalent to 1.1 x 1012 viral
particles, G eertoasremhal theggisys off REQ, Bh AUt T dh dessribgdnins Infgagtiong) sps
sol ution i sagsid@ebnt &a/b@sMBL A0, IRS asIU R of REicEDRdins&Pdes Hehten oy 1 al

protein coat _.and the DNA is_ released. ODis read in the range 0.05-1.
reference. Construction of the Ad5-PPE-1-3X-Fas-c vector is described in great details

in Example 2 of the Examples section, which follows.

15 The non-replicating adeno-virus of the invention is introduced into PER.C6®
cells, available from Crucell™ (wwwdotcrucelldotcom). Example 3 below, describes an
exemplary protocol of cell infection using a transfection reagent, lipofectamine™™
(Invitrogen).

An outline of the key steps in a 25 L manufacturing process is shown in Figure 1.

20  This process is based on the initial cell culture being performed in a disposable 50 L
Wave type reactor, followed by cell lysis and clarification and buffer exchange
operations performed with disposable membrane technologies, followed by a two step
chromatography purification process, and a final concentration and formulation
operation again performed using disposable technologies. Scale-down models exist for

25  the individual operations and for development purposes. As the process is based on
scalable operations the manufacturing scale can also be increased from the planned
manufacturing scale of 25 L without significant process changes.

It should be noted that the above description is only exemplary and by no means
is intended to limit the scope of the invention.

30 Thus, as mentioned the cells are grown in suspension to increase viral yield.

As used herein a "suspension culture” refers to a culture in which cells multiply,

while suspended in a suitable medium (as opposed to an adherent culture in which cells



57 ARM - Adenovirus Reference Material Human, Adenovirus 5
reference, ATCC Cat# VR-1516, used as a reference in this assay was found
to gi ve rweubtigsgiovhi n t he range recomended by the FDAPCPaBENtYSBY7 Pl agque
Form ng Units Assay 5The PFU assay is based on serial dilutions of the
vector that are added to sub- confluent cultures of HEK293 cells, overlaid
W th agarose, incubated at 37C, and are followed for plaque formation. The
pl aques are counted at the end of the incubation period and the val ue of
PFU per m of the viral suspension is then cal cul ated. ARM - Adenovirus
Ref erence Material Human, Adenovirus 5 reference, ATCC 10Cat# VR-1516, used
as a reference in this assay was found to give results within the range
reconmended by the FDA. Western Blot Ahalysis of Trans gene Expression

The expr essifre|te ks cufprersesehr aﬁ«%t@%welwéfeae?am fliseralls Phaenadiseeprbic hunan
TNFRecept orpigfatibody in a western bl ot analysis. The Fas chinmera transgene
i ncl udes 15 domai ns of the human TNFR1 (Tunpr Necrosi s Factor Receptor 1),
and can t her ef orf8icHg ageqadng 19 aspcdficaaubegdimeat thecyliyes ip Witipted dp taadl fipskor t he

quantitati o f75tdde).t NARDSIAEHN BroBXP MRS Ve QUMIERKE fok ReaBRAO IR HaPbulGR] |
culture. The | evel of the expressed protein is determned visually by

conpari ng tRedipmt EPifslPsct%}lC%fthrP‘Fﬁ’él aNER 25 &nfeeni nThph dheacyfr & indeedd 3, ous | oads

of the TNF-Rluksed., %V@-c@lﬁﬁé)%atlﬁﬁea%at@%rlg € Brufins RGSrefbhbly BMREYZEd on a
2010% Bi s- Tr|s el wed by western blotting using h-TNF-Rl anti bodi es

Sterility AdERe® en@lSlieé/ FiﬁEEPr deésgrpped gn @@Fﬁxaﬁ@ﬂ%ﬁﬁ?t@ww ofllgys. setha® t oxi ns

Chr onogeni CyssSHy WAGE %a@hbf\gys{eﬁl €SP wk>s02hGaner ahi-Safkehyclde suntsng to Food
and Drugs Part 610. 11 General Safety (2004). Detection of Adeno Associ ated

Vi rus (AAV) OOL.. " This test is perfornmed by real time PCR As anplification

of the tiarget nALeMIng 1k AFREMSomBIIMRAO ChiRking YeeffeStell @ £8300 Lf ol he 5' end
of the probe and fluorescence 30increases in proportion to the increase in

t he PCR proﬂﬁ%F Detection limt is 101 DNA copies (performed on the MWB
and on the earl yAdalmBes) specific embodiment, culturing is effected at a 50-200 L volume

culture.
According to a specific embodiment, culturing is effected at a 50-100 L volume

15 culture.

According to a specific embodiment, culturing is effected at a 5-100 L volume
culture.
According to a specific embodiment, culturing is effected at a 5-50 L volume.
20 According to a specific embodiment, culturing is effected at a 5-25 L volume.
According to a specific embodiment, culturing is effected at a 25 L volume.
According to a specific embodiment, culturing is effected at a S0 L volume.
The culture is expanded while exhibiting varying values of MOI an optimal value
of same is selected as the point of recovery.
25 Within the following paragraphs the individual stages post culturing are
reviewed.
Thus, the instant invention further comprises recovering the non-replicating
adenovirus vector from the cells following said culturing.
According to a specific embodiment, recovering is effected at a point of harvest
30 (POH) of 3-4 days post infection and an MOI of 5.
In order to recover the virus, the cells are subjected to lysis. According to a

specific embodiment, recovering is effected by subjecting said cells to a detergent lysis.



58 The final preparation (e.g., generated according to the above descri bed
| arge scal e process) is characterized by ion exchange and size excl usion
chr omat ogwapbhy/assees of Figures 7A-B and product profi PETAB20Tah308376,

bel ow. 5 Table 6- Product specifications (manufactured in non-adherent
cells growmn in serumfree nmedium Fraction Paraneter Specifications Harvest
ldentity PCR Co-mgration in gel with positive control Inpurities Negative
Mycopl asma, indicator DNA fluorochronme test and cultivation assay

Bi oburden <10 CFU/ m

51
Detergent-based cell lysis is an alternative to physical disruption of cell

membranes, although it is sometimes used in conjunction with homogenization and
mechanical grinding. Detergents disrupt the lipid barrier surrounding cells by disrupting
lipid:lipid, lipid:protein and protein:protein interactions. The ideal detergent for cell
5 lysis depends on cell type and source and on the downstream applications following cell
lysis. In general, nonionic and zwitterionic detergents are milder, resulting in less
protein denaturation upon cell lysis, than ionic detergents and are used to disrupt cells
when it is critical to maintain protein function or interactions. CHAPS, a zwitterionic
detergent, and the Triton X series of nonionic detergents are commonly used for these

10 purposes. In contrast, ionic detergents are strong solubilizing agents and tend to
denature proteins, thereby destroying protein activity and function. SDS, an ionic
detergent that binds to and denatures proteins, is used extensively for studies assessing
protein levels by gel electrophoresis and western blotting. In addition to the choice of
detergent, other important considerations for optimal cell lysis include the buffer, pH,

15 ionic strength and temperature. Specific conditions for detergent-based lysis are
provided in the Examples section.

Once the cells are lysed, cellular DNA and cell debris are removed so as to
obtain a clear feedstock. The clear feedstock is subjected to TFF (see Example 8) so as
to obtain a concentrated viral pellet.

20 This concentrated pellet is now subject to further purifications. According to a
specific embodiment, the purification is effected by subjecting the viral pellet to anion
exchange chromatography and size exclusion chromatography (e.g., IEX capture and
Gel filtration polishing of the "purification”" step in Figure 1). The purified batch is
formulated and filtrated.

25 According to a specific embodiment, sterile filtration is done using a 0.2um PES
sterile mini Capsule filter and filling of 1.1 ml aliquots into 1.8 ml cryovials.

According to another specific embodiment, the final product is stored in
copolymer vials) Topas®, an advanced cyclolefin polymer) 2-5 ml with stopper.
According to yet another embodiment, the final product is stored in Glass vials such as

30  those available from West Pharmaceuticals (3-5 ml with stopper).

The final product is stored at <-65°C.



In vitro Test for detection of viral contam nants in Adenoviral materi al
using MRC-5, VERO & HelLa detector cell lines Negative 1In vivo test for
presence WO 20nABpWPent viruses using suckling mce, adulPCTABua1/0PusTea pigs
& enbryonat ed eggs Negative Bul k Drug Substance (BDS)* Inpurities <1 RCA /
3x10m VP RCA (Detection of replication conpetent Adenovirus using the A549
detector cell line) Resi dual DNA gqPCR <5ng/ M. Result: ,0.78 Report Result
ELI SA for Detection of PER C6 Host Cell Protein <5000ng/ M. RESULTs: 1260

ng/ m
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The final formulated batches (as well as any step preceding same) are subject to

various quality control assays, such as described hereinbelow.
Harvests conforming to in-process specifications (Microbial limit, Mycoplasma)
may be pooled.
5 Tables 4-5 below, illustrate non-limiting analytical assays for providing product
characterization, in process, release and stability testing.

Table 4: methods used for batch release

Fraction Method
Tested

Identity by PCR
Mycoplasma
Bioburden

In vitro Test for Detection of viral Contaminants in Adeno viral material
using MRC-5, Vero & HeLa detector cell lines

In vivo test for presence of in apparent viruses using suckling mice, adult
mice, guinea pigs & embryonated eggs

RCA (Detection of replication competent Adenovirus using the A549
detector cell line)

Host Cell DNA Residues (QPCR)

ELISA for detection of PER.C6 Host Cell Protein

Residual Triton by Reverse Phase HPLC

Residual Benzonase

Harvest

Bulk Drug
Substance

Appearance

pH

Quantitation of Viral Particles by ODy
Potency by Plaque Forming Unit Assay (PFU))

Western Blot Analysis of Transgene Expression
Sterility

Endotoxins

General Safety Test

Final Product

* Some of the tests performed on the Bulk Drug Substance (BDS) fraction may also be
performed on the final product.



, 706 ng/mM Report Result Residual Triton by Reverse Phase HPLC 0- 50PPM
Results: Oppm Report Result Residual Benzonase <5NG M. Results:0.1 ng/m
Report Re®0I2011/6850Fi nal Product Appearance Wite or colPGTNBHE1/050137
Quantitation > 0.80x1012VP/ ml
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Table 5: Methods Used for In Process Testing
Fraction/Stage | Method
Tested
Cell Count
2 Bioburden
E Analysis & Determination of Titer using AEX-HPLC
= Infectious Titre of Adenovirus by Immunocytochemistry / or
Potency by Plaque Forming Unit Assay (PFU)
Cell Count
g z Analysis & Determination of Titer using AEX-HPLC
% § %’3 Infectious Titre of Adenovirus by Immunocytochemistry
=2 2 =
2" &
. Bioburden
oA
z Appearance
&z Protein Concentration by Bradford
g SDS-PAGE for Purity/Identity
i Analysis & Determination of Titer using AEX-HPLC
E Infectious Titre of Adenovirus by Immunocytochemistry / or
Quantitation of Viral Particles by ODyg
Appearance

This test pertains to the final product that has been frozen and thawed. The final
5  product is white or colorless.

Identity by PCR (In Process Control (IPC) test only)

The assay includes pAC-PPE-1-3X-Fas-C DNA as positive control and specific
primers [PPE CTC TTG ATT CTT GAA CTC TG (SEQ ID NO: 645) and p55 TAC
AAG TAG GTT CCT TTG TG (SEQ ID NO: 646)], yielding a DNA segment of about

10 750 bp including part of the PPE-1-3X promoter and part of the TNF-R1. This segment
is unique to the final product and is therefore used for positive identification of the final
product. The resulting DNA is analyzed on an agarose gel in comparison with the
positive control.

Mycoplasma

15 This is an in-process test performed on the viral harvest, complying with the

European Pharmacopoeia, section 2.6.7.



Viral particles, 0D260 Potency 3x101 PFU mM PFU (Pl aque Form ng Units)
Transgene expression, Western Blot Positive VP/PFUratio <30
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Both an indicator DNA flourochrome test and a cultivation assay are performed.

Test sensitivity is sufficient to detect >100 cfu/ml.

Mycoplasma (PCR)

EZ-PCR Mycoplasma Test Kit (Biological Industries, 20-700) is used to detect
possible contamination with mycoplasma. The sample, a positive mycoplasma control,
and a negative control sample (no DNA) all undergo PCR with primers designed to
amplify mycoplasma DNA. The PCR products undergo electrophoresis on a 1% agarose
gel and the resulting bands are compared visually.

Bioburden (Microbial Limit Test)

This is an in-process test performed on the viral harvest, complying with the
European Pharmacopoeia section 2.6.12, Microbial Examination of Non-Sterile
Products (Total Viable Aerobic Count).

Test sensitivity is sufficient to detect approximately 100 cfu/ml.

In vitro Test for detection of viral contaminants in Adenoviral material using
MRC-5, VERO & Hela detector cell lines (Detection of Viral ADA - Adventitious
Agents)

The test article is neutralized with anti-Adenovirus type 5 antibodies and is then
used to inoculate cultures of MRC-5, Vero, and HeLa detector cell lines. All cultures
are observed for evidence of cytopathic effect (CPE). On day 14 post inoculation a sub-
culture is performed on all cultures not displaying CPE. The sub-cultures are maintained
for an additional 14 days and are observed for CPE. At the end of the culture period the
cultures are tested for the ability to haemadsorb a mixture of red blood cells from
various species, as a sign of viral contamination. Samples of the test article are spiked
and cultured as controls. Test sensitivity is 100 TCID50/ml.

In vivo test for presence of inapparent viruses using suckling mice, adult mice,
guinea pigs & embryonated eggs (chicken)

The test is performed according to FDA “Points to consider in Characterization
of Cell Lines Used to Produce Biologicals (1993)”

Detection of Replication Competent Adenovirus (RCA)

In this assay, the presence of RCA in 3x10' vp of the virus is detected by
inoculation onto the human lung carcinoma cell line A549. Assays are performed to

establish a suitable inoculum level at which, there is no interference and no cytotoxicity

| mpurities

PCT/IB2011/050137



Negative Sterility Endot oxi ns, Chronpgenic assay < 200 EU dose
Ceneral Safety Test 1) 2) 3) The animals survive the test period The
ani mal s AWOnrot1/08x3wbi t any response which is not specifiPCTAB2010PS0EXPecCt ed
fromthe product and which may indicate a difference in its quality The
animal s weight no less at the end of the test period than at the tine of

I nj ection Testing nmay be perfornmed on BDS or alternatively on the Final
Product According to a specific enbodinment, the viral preparation nmay
conprise a detergent (e.g., Triton X-100). According to a specific

enbodi nment, the traces of detergent (e.g., Triton X-100) 5are in the range
of , 10-100, 50-100 ppm or according tosa speci fi ¢ enbodi nent 0-100 ppm as

assayed by HPLC. S ,
that is not related to RCA. Low levels of Adenovirus are amplified by three passages of

the cultures with observation for evidence of cytopathic effect at ecach passage. Test
sensitivity is 10-100 TCIDso.
Host Cell DNA Residues
5 Real time PCR is used to detect and quantify the Adenovirus E1 gene. This gene
exists in the PER.C6 host cells and is essential for virus propagation, but has been
deleted from the final product. If the gene is not detected, absence of host cell DNA is
inferred. Assay sensitivity is 78.13 pg/ ml, based on testing 8 pl of nucleic acid
extracted from neat sample.
10 ELISA for Detection of PER.C6 Host Cell Protein
An Elisa method is used for detection of residual Host Cell Protein (HCP) in
VB-111 Bulk Drug Substance or Drug Product. An Elisa kit which captures Per.C6
HCPs is used for the assay. Samples and standards are incubated with primary (coated
on microtiter strips) and secondary antibodies in microtiter wells, then a substrate is
15 added to yield a colorimetric change. Comparison of samples to a standard curve
enables quantification of Residual HCP in the VB-111 sample.
Cs Residues
The sample is digested in a solution of 2% Nitric Acid in Purified Water and is
then analyzed by ICP (Inductivity Coupled Plasma) Mass Spectrometry. The sample
20  solution is introduced by pneumatic nebulization into radio frequency plasma where
energy transfer processes cause desolvation, atomization, and ionization. The ions are
extracted from the plasma through a differentially pumped vacuum interface and
separated on the basis of their mass-to-charge ratio by a quadruple mass spectrometer.
This test has a quantitation limit of 0.1ug/ ml.
25 Residual Triton by Reverse Phase HPLC
Triton X-100 is used for cell lysis as part of the manufacturing process of the
virus.
This procedure determines the residual Triton X-100 in VB-111 samples by RP-
HPLC in VB-111 Bulk Drug Substance or Drug Product.
30 Residual Benzonase
Benzonase endonuclease is used to reduce cell DNA levels. ELISA method is

used to determine residual levels of Benzonase.



According to a further specific enbodi ment, the detergent concentration is
zero, as determ ned by HPLC Thus, the present invention al so

cont enpl avex0u/g8bsp maceut i cal conpositi on 10conpri si ng RETAB2CDINET

i ngredi ent the above-described viral preparation (e.g., using the

| ar ge- scal e producti on net hod). The purpose of a pharnaceuti cal
conposition is to facilitate admnistration of the active ingredient to an
or gani sm As used herein a "pharmaceutical conposition” refers to a

preparation of one or 15nobre of the active ingredients described herein
(i.e., viral vector) with other chem cal conponents such as physiol ogically
suitable carriers and excipients. Herein the term"active ingredient”
refers to the viral vector of the presént .invention accountable for the

bi ol ogi cal ef f edilisa Kb (Mpigle)f inglpdes g clﬁmla%@ EﬁygqcaﬁCdeuB@amnysede@éept abl e

carri er " andecaRdRkag ame;myke@@hﬂwfo@@lgﬂa&sab I\)@lldﬁ%ﬁlﬁf)l@é’ e Whic@ HITRYR RRh

i nterchangeabl y used refer to a carrier or di l uent that does not

cause si gni Fereddase (HRPY seniegated qngrbewrogasni aaHbodifa %élsenn%siéeda@ﬂl g8 the

bi ol ogi cal @etrinéthybARdinB BREEdch G%rdRfdc} neus@&j'fﬂ msﬁaul% ad QAP QMBRich AN
adjuvant is included under these phrases he term "exci pient"

refers to afPiniart TaeFrastiondestonpaday pdling 0521\6%§%Eéaf>ka@a$ regdatgteMi on to
further facb}ldﬁ@}@u@gmg}b@y ation of an active ingredient. Exanples,

wi thout limtation, of excipients include calcium carbonate, calcium
phosphat e, vari §Uideis &gaceairafoy by PkordfIP&iiaslch, cel | ul ose derivati ves,

gel atin, vegetahhg @kthsd Ancked @ MELMIMELHE 16 MOV SumAGE SoIGHinGd tRotdnspeci fic
enbodlnent the formul ation conprises PBS with 10 % gl ycerol which prior to

adni ni st r at f9FenEatQq of K- 411 purifig] saupniesn PSostandaids gpdd Rﬁfefqﬁw% &1 e

(accordiing 51@ng@1d§ﬂﬁ@ésféaﬁlpﬁrﬁh@dieﬁ?@ﬁﬁs drb@onifatedt i on factor is 1/5, e.g., 1 n
of drug and 4 ues for forrmulation and adm ni stration

of drugs may beSPQJW6HWHFFW@ﬁ$ﬁ6WBHT 'SheftNaceut i cal Sci ences,” Mack
Publ i shing Co., Thashdbd prAvides afs@8iatRdior hREunc\b¥ Gl prﬁteinﬁl %é@@ﬁ@bﬁd herein by

reference. 15SU|tabIe routes of adm nistration may xanpl e, include
oral, rectalith g releienessgadrd usinggaily ?@Gﬁﬁséﬁ%ha%{’slarhen Sﬁtns%mth&r)“%ﬁalparent er al
delivery, ipgbkuding intranuscul ar, intradernal, |ntraper|tonea

subcut aneous and i ntramedul l ary injections as mel as |ntrathecal di rect
i ntravendtri cul ar'”absit f"éf’cQ‘ffﬁ‘”&’&“”% Oﬁm o\ denapisus Yagmies JfsinsetiX-GBRE r i cul ar

cavity, int@pthg:soymon coronary artery, intravenous, inrtaperitoneal, 20
i ntranasal , or |ntraocular ecthgns subl i ng ua%warectal t nsdernal

i ntranasal , vagi ham%&mﬁilﬁﬂﬁfﬁ Peghc PYificadon rhgesy rHaa\festttﬂéB 4T vect or s

into a spi n@dterﬁﬁﬂdh@h G2 BPBO abglydis BtheaSreedranslg 8¢ padhitaflorSproedsd. Oe
The viral vec S Oraﬁ@ nposi tions, t her eof Ean be adm nistered in an

i n-patient HF Wwbﬁi Fdicabn gnggion exehares piae BELGIAM ™ Bnbodi ment, the viral
vect or s 20r COWDQ;%&IJOQ{TBM2@M}@PLMSW@mﬁﬁiﬂ@ﬁ&@ﬁeﬁﬁc@dAjsﬂy @PCiddj i on or in an

i ntravenous drip. The present ention a ont enp] at es en i neering of
the viral vector@™PH° F%ﬁ?mﬁcléeé ﬂ“”@ﬁﬁﬁ?ﬁ@éﬂﬁF%ﬂﬁﬁ?ﬁﬂ?ﬁfé‘%ﬁ@“ﬁnnune
response, iuealidy tit€@S Uhisi Mehdéd uslst ah nadbo Meeia&i Iimaa Ndehdv TN Bexdoal er ance to

t he transgene . roduc such met hads, .are, descri bed for exanple in Nayak et
al ., Gene Tf&y va?i%ﬁﬂﬁ \VRTHES A5eyd D Prulor at ed herein by

25 Accordmg to USP <791>
Quantitation of Virus Particles
The determination of vp/ml is based on quantification of viral DNA by its
optical density at A260 (1 ODyg unit is equivalent to 1.1 x 10'* viral particles, Green
and Pina, 1963). In preparation for this test an SDS solution is added to the viral
30  sample; the SDS dissolves the viral protein coat and the DNA is released. OD is read in
the range 0.05-1.



30ref erence. Alternately, one may adm ni ster the pharmaceutica
conposition in a local rather than system c manner, for exanple, via

i nj ecti orwof20ti86har maceuti cal conposition 61 directlyPChiB20ikvesou3’ssue or
tumor nmass of a patient and even nore directly into the tunor cells

t hensel ves. Phar maceuti cal conpositions of the present invention may
be manufactured by processes well known in the art, e.g., by neans of
conventional m xing, dissolving, 5granul ating, dragee-nmaking, |evigating,
enul si fying, encapsul ating, entrapping or |yophilizing processes.

Phar maceuti cal conpositions for use in accordance with the present

i nvention thus may be fornulated in conventional nanner using one or nore
physi ol ogi cal | y acceptabl e carriers cofprising excipients and auxiliaries,
whi ch facilitat éRM otdeeyiny Referame Alatgiat Hywan, ayleryiteht &fpics: pFepar at i ons
which, can bgsuseds Bhakias eutbeale if thiPh@Rehad RuIMIALITORMIE wiaRemdent upon
the route of adm nistration chosen. For injection, the active

i ngr edi ent sreB$e FepamimRdedRYdRufPLal conposition may be formul ated in aqueous
sol utions, pref epahhyyimpbysiahoohgdsky conmpatible buffers such as Hank's
solution, Ringer's solutign, or physiaqglogical salt buffer. For transnucosal
15adni ni 3t rat i orfhe PEHepRAt Rasethent tpip} ditvdonspfithfevasior fhabare pddayddo s neat ed are
used in thecdn@lidi b@tuh@bf HBKED3 BERE VAR Svifhl RGN @fcabatdd H0W) ahdakhe art.
For buccal adm njstration, the conpositions nmay take the formof tablets or

| ozenges f ofoHeiet g PlaAuc BRpaion Shrablagsh Arcounigd atailiticnq et thathyhetyY nasal

i nhal ati on, pdiid@ a@fthé VAud JTPEEGLRL § thedfiralSBpRAGEPk donGaldllatt® t he present
invention are conveniently delivered in the formof an aerosol sgray
present ation fréMh prewsins Baigenssdetsil Hupab idesiune tHerers 456Cof " a

sui t abl gy pr opghiramMi16, &clas adérelhRrindhil bisey aaRthan®, gild tehisarigfd ther onet hane,
di chl oro-tetrafl uoroethane or carbon dioxide. In the case of a pressurized

aer osol , t hB"SIEPGuNRATEOYHESFRR- det er mi ned by providing a val ve to deliver

a metered anountweskaPSibl A58 df Gahdbi-OpRsHdn €.9., 25 gelatin for use in a
di spenser may be_ fornul ated con%aining a powder m x of the conpound and a
sui tabl e powder BasEPresion leys! plaibe Gapsere 18 ugniifed using anpgpdl hvpap fidtfs it i cal

cgnposi t i onretesier hrhibdd% & givfbsﬂaﬁ;ybl_bteaﬁagrsﬁul ﬂkeﬁsfdﬂfme@ﬁﬁﬁﬁh%%ﬁfeaihcludes
admnistration, e.g., olus I njection aor continuous I usi on.

For nul at'? on€omagts qf%ﬁ*ﬂéﬁlﬂ%ﬁ% <E@Lﬁr%f‘§é%tséact%1‘iﬂwt9r ﬁo%%dgfénﬁw#free. g., in
anpoul es orpd ﬂse[;,]mh tthigl @&y 39 af Qﬁdi@itd‘igj’r&ew foh t}féﬂidaﬁ)tﬂaidn?/of 8 tasldeshe |
preservative. The conpositjons ma suspensi ons, sol utigns or emnul sions
in oily or %iiﬁEFé%?}é?W%}%F‘E‘I@gle%oceﬁrﬁ?t@(%n?g‘? ﬁeVFloPﬁmeawreﬁseggtng@ Such as
suspendi ng, d&éfrﬁbieh N &hAG b@rb?mp?i@itwﬁfeﬁéi@g)fm llstanazn the samﬁblacs fraceut i ?a' )
COh‘pOSItIOﬂS.OI’ rentera mnistration 1 nclu aqg ous sol utions of the
active prep4raty ok g R ghcg @ <p Bt ¥ Pﬁdﬂg—ﬁawﬁéﬁl aYERSP 8ns of the
active bongr emh BRUEisFBY oGy dALe Raket bastidARMmg H-THE RIaintiYodds Wat er based

i njection suspe si%ns. Suitable |ipophilic solvents or vehicles include

fatty oils such>4§8esane
According to PhEur, JP, & USP, harmonized version.

Endotoxins Chromogenic Assay

According to USP <85>
25 General Safety

According to Food and Drugs Part 610.11 General Safety (2004).

Detection of Adeno Associated Virus (AAV)

This test is performed by real time PCR. As amplification of the target molecule

proceeds, a reporter dye is released from the 5° end of the probe and fluorescence

30 increases in proportion to the increase in the PCR product. Detection limit is 10! DNA

copies (performed on the MVB and on the early batches).
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ELISA for Detection of PER.C6 Host Cell
Protein

<5000ng/ML
RESULTSs:1260 ng/ml
,706 ng/ml

Report Result

Residual Triton by Reverse Phase HPLC

0-50PPM
Results: Oppm

Report Result

Residual Benzonase

<SNG/ML

Results:0.1 ng/ml

Report Result




Determ nation of safety of dosing or dosing reginmen is well
ability of one skilled in the art.
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comprising as an active ingredient the above-described viral preparation (e.g., using the

large-scale production method).

The purpose of a pharmaceutical composition is to facilitate administration of

the active ingredient to an organism.

As used herein a "pharmaceutical composition” refers to a preparation of one or

more of the active ingredients described herein (i.e., viral vector) with other chemical

components such as physiologically suitable carriers and excipients.

Herein the term "active ingredient” refers to the viral vector of the present

invention accountable for the biological effect.

Hereinafter,

the phrases

"physiologically

acceptable  carrier" and

"pharmaceutically acceptable carrier" which may be interchangeably used refer to a

ted to
surgery,

t herapy. As used herein the



The terns "conprises”, "conprising”, "includes", "including", "having" and
their conjugates nean "including but not imted to". 20The term
"consi st iwg@ 20f1/a8e0s "including and linmted to". TIRETHB2OM VOIS St i ng
essentially of' nmeans that the conposition, nmethod or structure may include
additional ingredients, steps and/or parts, but only if the additional

i ngredients, steps and/or parts do not materially alter the basic and novel
characteristics of the clainmed conposition, nmethod or structure. 25As used
herein, the singular form"a", "an" and "the" include plural references

unl ess the context clearly dictates otherw se. For exanple, the term"a
conpound” or "at |east one conpound” nay include a plurality of conpounds,

i ncl udi ng mi xtures thereof. Throughouf®this application, various

embodi ment seaer Pht dilyeRtBritdosonedpsprigmficant imdtationdeian preaniy msdorohtat . 1t

shoul d be upfghgt @0Gidifiadal bh&idesa friictR df Mhd ANGifiskRUMBmpbendTengl y for
conveni ence and brevity and shoul d not be construed as an inflexible

limtation %Wm@ﬁ%sg%@ﬁ@*@ﬁ“ﬁ%%eﬂﬁﬁﬁﬁt|on Accordingly, the description of a

range should 631dagn COABSART @dcihRnangrs PEChf | Bat | bdirke! aged @l L the
possi bl e subranges. as well as individual nunmerical values wthin that

range. For RREWpPEIcalgeapptipn grivder opiigalnainetitias of poastte ireighoul d be

consi dered EQnipaxe vaes fimaabdny ot é&ipﬁbi%dm%w'aé angasn S4Mnas taaml to 3,
from1l to 4, fromlto5 from2to 4, from2 to 6, from3to 6 etc., as

wel | Bas i nehosthaisarariounitsrs il txrnok viareh. caliijese deriyatingsageltiy, vogetable 3. " 4 5

and 6. Thi soipRhd §<§i d’t e HiReS. Qccérbmg b Q@Qécﬁiccﬁcmﬂohﬁ‘lehﬁlﬂ@eformulatlonmeneVer a
nunerical range is i cat ed herein, |t is nmeant to include any cited

nuneral (f r%oemna%ﬁBS Wlth Bt aghvaprpl Whipihpriprtpadmipigiatiap & r Binide ePHY) phr ases

"rangi ngé r apARScPEUMESIAC (BcdrdihSlo o sPEUifadntoRinEREhe AiMioA fRRE ANG, lcpdi cat e
nunber and "ran |ng/ran es |o fromt a first indicate number "to" a second

i ndi cat e nuhBbPt dyernd<dd sAli%ei n i nt er changeably and are meant to incl ude

the first and S%@lﬂﬁhde@dblcﬂirﬁdlaﬁwﬁbﬂ sdaduaddn shenks agli Bnadunangd i nt egral
nuner al s t her ebet ween herein the term"nethod" refers to

manners, éﬁ?ﬂnt@b%ﬁ?ﬂﬁﬁgmaég5%F§8§du¥%§‘?6@“5@%dﬁblF?ﬂmn5Aa lgfesen task

i ncluding, &tifionWhich isMdofRrac hetchasacARer s, 15 neans, techniques and
procedures ei ther . known to, ~or, readily devel oped fronlknomn nanners, nmeans,

techni qids and PrEREUIPES BY HPHERHTLARYs Tef CYawle napds orel. recta

phar macol Ogtrzﬁﬁllnucobzilme@lgzlcﬁﬁil trifisegiienheanapng preiteal d@ﬁ\te‘ﬁy includin®s used
herein, the term' treatln i ncl udes abroqatlng, substa@ ally.inhibiting,
sl owi ng or PEYBYSEY ﬁrglﬁtlﬁéer%rﬂogwé%evw ofUbSRAGHY 47 My EPa iUy

amel i orating wtli Bl Gakthedal, Z0RaSthhBichiEiadlarS YAt Haee, @fg.ain@OoMe irightos: Rft

substanti al | reventing th arance of clinical or aesthetical synptons
of a condi t‘(‘%‘ﬁf‘)’mar caviyy 11“& 'gf) E’E‘?"&t CHOPRA TS {HRHIP Rt WS8R he

invention, wWihitkal adrﬂntrafo@lﬁlalclhﬁl‘:ﬂldny,,suﬂlﬁ@ﬁﬁl! ked], itanddBignaC aitaxdal, Qbgisgpar at e
enmbodi nent s, n&¥ al so be pr.ovi de i
ar\gid a

g onblnation |% a S|ngLe enbgdlnent
Conver sel y, e vk PR o e Vil Erier G0 S oainal oidan S pe the
as a mode of administration.
The viral vectors or compositions thereof can be administered in an in-patient or
out-patient setting. In one particular embodiment, the viral vectors or compositions
25  thereof are administered in an injection or in an intravenous drip.
The present invention also contemplates engineering of the viral vectors in order to
avoid, suppress or manipulate the immune response, ideally resulting in sustained
expression and immune tolerance to the transgene product — such methods are described
for example in Nayak et al., Gene Therapy (12 November 2009), incoporated herein by
30  reference.
Alternately, one may administer the pharmaceutical composition in a local rather

than systemic manner, for example, via injection of the pharmaceutical composition



25 brevity, described in the context of a single enbodi nent, may al so be
provi ded separately or in any suitable subconbination or as suitable in any
ot her deswoi2badsesobodi nent of the invention. Certain fe&tCuABxidenesi bed in
t he context of various enbodinents are not to be considered essenti al
features of those enbodi nents, unless the enbodi nent is inoperative wthout
those el enents. 30Various enbodi nents and aspects of the present invention
as delineated hereinabove and as claimed in the clainms section below find
experinmental support in the follow ng exanples. 66 EXAMPLES Reference is
now made to the foll ow ng exanpl es, which together with the above
descriptions illustrate sone enbodi nents of the invention in a non limting
fashi on. Cenerall t he nonmencl ature @sed herein and the | aboratory
procedur es g5ty a@hsﬂwe prHemp e At 2 pRiget g sYFnimeis discstinitethg tugpor
bi ochem cal ¢elginehdi Q! ogi cal and reconbi nant DNA techni ques. Such
technlques are thoroughly explained in the |iterature. See, for exanple
"Nol ecul ar O oniFHaEmageutigh) SPEpestipnnafihe presagh FIioR mey bgmanufegtgsd by our r ent
Protocol s i ﬁko@@ée@%ﬁl%o@h% Q@Yart, Q). W¥BSedns ol leofVeSAgI mlx%g, Mssolﬁﬁ’g (1994) ;
Ausubel et al 'Current Protocols. in Mlecular Biology", John Wley and
Sons, 10° BagPiuising, dpgrsymakiee. (‘9gging. mawisdying. ﬂl@@?%}@f% aftEipE o
Nblecular Gyept ﬂﬂg%ﬂn&ggﬁsVVIey & Sons, New York (1988); Watson et al.
"Reconbi nant DNA", SC|ent|f|c Ameri can Books, New York; Birren et al. (eds)
"Genonme Anal ysi SPARApeulieH £PBPSsitiRn dog| ussay feserdancygyid thaplzfsent:avaﬁaﬁr. ng
Har bor Laboihad @y berfesulatte il Xk ntiodd ahnernBindostel @9h&S pagsigedicadlorth in
U S. Pat. Nos. 4,666, 828; 4,683, 202; 4,801, 531; 5,192 659 15 and 5, 272, 057;
“Cel | Bi ol off§<P9R14 BHEFRtGIYSipg AAGIe andgurilishss. whigh facibigte racessipg of e,
(1994) ; 15 Cuthe Qéﬁveﬁﬁ%ﬁ(ﬁ&ﬁﬁ Bitd FreparatisROWAIY, calY Ok WsRISpHarnhdobuticallyl gROpet 'E., ed.
(1994); Stites et a (eds), "Basic and Gl inical | mmunol ogy” (8th Ed|t|on)
Appl eton & @gﬂ‘&@lonﬂbﬁi%‘ﬁﬁmu@“@i%&ﬁ)o AMOBEPIONLRPCRN; j gi  (eds), " Sel ect ed
Met hods in Cel | HopinjdctoR MRl R8Ye ing\diefls ofFthe mﬁlaaeﬂdca@@empmmplbe( 1980) ;

avai | abl e i pmunoassays are 20 extensj vel y sCI ed in th aten and

scientific fonfl\é,l'f‘ta@ls Uy Fueaug golutiays, Rsteraply dn plwsg ogjsy yccma?ﬂ %‘?g?f

3, 839, 153; é’s Bak;s/Ritios, I&ﬁ&r‘é%&uu@n %%hy%&?og&l S/ buptky ; F3r %Sma&&l

3,901, 654; 935, 074; 3,984, 533 9@1 45; 4,034, 074; 098 87?@3

4, 879, 219 %fnﬁlili“a?l‘?li F&HW"‘B“?QRTOB%G t Bist %PFTH’éat ﬁlteh‘#fg(? eyt

J., ed. (193){41}1ulat10NUS{1@i penAehd akdybhdrdllyZabive i thé@anes, B D and H ggi ns S

J., eds. (1985); Eransc tion and 25 Translatlon Hg D., and
Higgins S. J. Egs .| u%& %%W'““%ﬁPn@FC@%FF“@B?PBVéaeﬁP% “@F“IW} ed.
(1986); "I ma;@@lgkslfzadnaﬁailhao@edmﬁmyma | RL Press, (1986); "A Practi cal

Gui de to Mol ecul ar oni ng" Per 1984) and " Met hods i n Enzynol ogy"

Vol . 1-317, Acacf@ﬁ?@ﬂrﬂﬁ%aé@n ?rvﬁ%%%ﬁlge acweﬁgra@e%%%@fwa%f dRgd

Appl I cabd oN®"the PEREER IventIneHS cod@NichAye@divered il ARM)Ym oMan Sab@kol%braiﬂ
"Strategies for BOjFroteln Purlflcatlog and ract rlza on - A Laboratory
Course ManuRFSerEden s g gressuiigggpok ofane ‘fhz%‘?” fe g o ﬁélmab‘awal&an

ref erence asg.i fdidhWrddifi@edmdtioné, htri&ﬁlroﬁiﬂnorofaeﬁhare gﬁdhwraltenﬁaicﬁ(seﬁaﬁe&)rar e

provi ded throu hout th|%>docu nt . ﬁ 5~ iedu es therelg & 67 bel i eved

to be well iqxiley futhg Fase ghPTRISRAIZSH 8YP SGCRAT PBRYBATEREEdof t he
re]ader. Al |b3t fil%vidﬂl%iﬂ"{é@éted t@r’deﬁ(ibﬁltaam?%(é Tﬁﬁeﬁ@l msggld&%%g@ﬁc%&@gg lagr,téle InI bé 0
ref erence. anpl e nerati on o er ent r ki an

The- wor £ ngEa 1ob ik T DB ShES B b JG L HIB e (OBt BIoRs T cr eat o

t he VBL WCBcoAGBRGOMLE a sﬁta‘%le@bwﬁérbhé‘é&u@’ dd@etdse WGBrdhl-ot # B127- 006, p36), was

t hawed and expanded .t hrough seri al to P(pass 39, These cells

wor e harvest o A SeREHT He HUB I SRaTER! e MYk PagUaBtit Rk | n 1

al i quot s i npdrénipaalddhthisNation] Big., Bebdlss ﬁjeetlcﬁlfor RuwrRboRinfgsion. Rdrabl&ensnegat i ve

for bacterip and.fugg; ne athye for ngcg asma, no exhibition of CPE, No
HA, No HAD, "LLUGFEPL R Re B i kgsage g £-8r x % ©F SLULUieGses,
negativeofoamhnmapnameamummnuaasa&ualagmﬁwmkélnghmkﬁﬁmo@MMLhnﬂzde gui nea
pi gs and enbrgonated | e

e ) . . .
suspensions SOlug(ng or emu ons m oily or aqueous vehicles, and may contain

formulatory agents such as suspending, stabilizing and/or dispersing agents.



Generation of suspended (non adherent) PER C6 MCB (Master Cell Bank)

Whilst it is possible to produce ppe-1-3x-Fasc using adherent cell culture
appr oach,wpt20i1gspioef er abl e t 0 use suspensi on cell cul t uP€s/IBREL/BSPISSI bl €,
due to the scale limtation of adherent cell cultures and the need for
serum contai ning nedia. 20 Figures 2A-B are flow charts that summarize the
adapt ati on steps of adherent WCB to the RCB in suspension. Suspended MCB is
generated fromthe RCB, as outilined in Table 7, below. Table 7-
Preparation of Master Cell Bank (Procedure) Cell Thawing Thaw 1 anpoul e
of 1 M RCB PER C6 cells at 37Cin a water bath. Slowy add 9nml of
pre-warned growh nmediumto the thawed cells. Centrifuge at 210g at 22C for
5 mnutes. Discard the supernatant adt 10nl of growth nedium Seed cells in
a T75cn2 flask. Hheapstieal seomppsitons for agenipeal admingstyafions,inehile] ahyeousi r st

Passage: | ncialofs gt RGO BrehdrafhiSn dlateB{AGhIE Bim3 AdB¥isnal, Rsstafsistor of
3.0x105 viable cel]ls/n econd passage: Pool. the cells, perform one passage

to 3x250mL RAJCYesogRdicns My s rparedgisrapgoREate Py 9p ekt Weéﬁamtwa at 90r pm

at 372C forg3pdays. StnhsidiRshaRaeafos véhltes %ldd@ fat@raeﬁﬁ AR LQedmdl
Erl enneyer flasks. |ncubate by shaking at 90rp 372C for 4 days. Fourth

Passage: 5 Podil- ¥'Hnbelo &ty fsids §§f§r5 S&}C*sﬁsz ethi} P]éﬁﬁe\}lélryc?r}dé% K5 linpsqiiGhat e by
shaki ng at R8kBM inRbticd sAEpchdns nafl @YSain substances, which increase the viscosity of

the suspension, such as sodium carboxymethyl cellulose, sorbitol or dextran.

Optionally, the suspension may also contain suitable stabilizers or agents which

increase the solubility of the active ingredients to allow for the preparation of highly
10 concentrated solutions.

Alternatively, the active ingredient may be in powder form for constitution with
a suitable vehicle, e.g., sterile, pyrogen-free water based solution, before use.

The pharmaceutical composition of the present invention may also be
formulated in rectal compositions such as suppositories or retention enemas, using, e.g.,

15 conventional suppository bases such as cocoa butter or other glycerides.

Pharmaceutical compositions suitable for use in context of the present invention
include compositions wherein the active ingredients are contained in an amount
effective to achieve the intended purpose. More specifically, a therapeutically effective
amount means an amount of active ingredients (i.e. viral particles) effective to prevent,

20 alleviate or ameliorate symptoms of a disorder (e.g., thyroid cancer, neuroendocrine
cancer) or prolong the survival of the subject being treated.

Determination of a therapeutically effective amount is well within the capability
of those skilled in the art, especially in light of the detailed disclosure provided herein.
Therapeutic efficacy of administration of the adenoviral vector of the present invention

25 can be assessed according to a variety of criteria, including clinical presentation,
biochemical parameters, radiological evaluation and the like. In some embodiments,
efficacy is evaluated according to one or more of the following exemplary parameters:

Biodistribution: for example, levels of virus DNA in blood and urine samples,
expression of the fas-c transgene (mRNA) in blood;

30 Antibodies: for example, levels of total anti-Ad-5 Ig, IgG and neutralizing anti-

AdS5 antibodies in serum;



Preparati on of MCB Pool the cells and centrifuge for 5 min at 210g at 4C
Total Cell bank concentration is 1.4 x109 cells. An equal volune (140 m)
of cell bDEORI(1/B6WIX107 viable cells/nil) is mxed w thPCZ0B2M11/65013% eezi ng
m x x2 nmedium Aliquot the cell bank to 1.1 ml aliquots in a final
concentration of 5.0 x106 viable cells/m, Keep frozen at liquid N2. Table
8 - specification of the non-adherent MCB. Test Result Gowh testing and
viability of PER C6 cell banks First vial - 8.01 x 105 cells/nL, viability
89.7 % Last vial 8.08 x 105 cells/nm, %viability 90.7 % Cell growth and
sanpl e preparation Satisfactory gromh Sterility testing by direct

I ncl usi on nmethod (EP, JP and USP) harnoni zed version Ne bacteria or fungi
detected Qualification of test articl & material for sterility by direct

i nocul ati on met H¥giogenc bigparkeisdpr erawplegyan; Willsbrangiasos pngd TNFoglgepls inj ed

Mycopl asma @ebeed;i on, EP (Vero, broth and agar with inhibition assay) No
mycopl asma not m coplasma activity detected In vitro detection of viral
cont ani nants ( 3 ‘géakinedeyielsior pxamplrereriphqpdlagd cyfakige lgkds:HeLa) No evi dence of

presence of Vir atunfePRb@kbdlaiinfor if@nbibls @Ab MBasaiRd ofaar@CRI)iszak] AN of

cultured cells by analysis of 6 isoenzynes )
5 other radiographic’'means. Tumor response can then be evaluated according to accepted

criteria, such as Response Evaluation Criteria in Solid Tumors (RECIST).

The criteria can be evaluated at any time following administration, and can also
be compared to pre-dosing values. In one embodiment, the evaluation criteria are
assessed prior to administration of the adenovirus vector, and then on days 4+1, 7+1,

10 14«1, 28 £ 2, day 56 £3, day 11244, about 3 months, about 4 months, about 5 months,
about 6 months, about 1 year or more post dosing.

Determination of safety of dosing or dosing regimen is well within the ability of
one skilled in the art. Safety can be assessed according to a variety of criteria,
including, but not limited to, clinical presentation, tissue and organ pathology, presence

15 of abnormal vital signs (e.g. pyrexia, fatigue, chills, tachycardia, hypertension,
constipation and the like), hematology values (e.g. hemoglobin, hematocrit, RCV and
the like), chemistry or urinalysis abnormalities (elevated enzymes such as alkaline
phosphatase ALT, AST, bilirubin and the like) and ECG, EEG, etc.

The therapeutically effective amount of the active ingredient can be formulated

20  in a unit dose. As used herein "unit dose"” refers to a physically discrete unit containing
a predetermined quantity of an active material calculated to individually or collectively
produce a desired effect such as an anti-cancer effect. A single unit dose or a plurality
of unit doses can be used to provide the desired effect, such as an anti-cancer

therapeutic effect.

25 Compositions of the present invention may, if desired, be presented in a pack or
dispenser device, such as an FDA approved kit, which may contain one or more unit
dosage forms containing the active ingredient. The pack may, for example, comprise
metal or plastic foil, such as a blister pack. The pack or dispenser device may be
accompanied by instructions for administration. The pack or dispenser may also be

30 accommodated by a notice associated with the container in a form prescribed by a
governmental agency regulating the manufacture, use or sale of pharmaceuticals, which

notice is reflective of approval by the agency of the form of the compositions or human



| soenzynme mgration di stances observed were consistent with those expected
In vitro assay using suckling mce, adult mce, guinea pigs and enbryonated
eggs No ewpaendseswp presence of viral contam nants ExarpTaB315@Gwnm3tructi on
of the PPEl-3X-Fas-c chinera pPVE. Ad. At AfIl1-rlI TRsp Backbone Cosmi d,
is a 40.5 kb cosm d, purchased from Crucell. This backbone contains nost of
t he genone of adenovirus type 5, as well as partial honology to the
pAdAdpt 5 adaptor plasm d, which enabl es reconbi nation. The El early
transcriptional unit was deleted fromthe backbone plasmd 10

(pVE. Ad. Afiii-rl1TRsp) . The cosm d was digested with Pad restriction enzyne
del eting the pWE25 and the Anp resistance selection nmarker site (see Figure
10). 69 The Adaptor Plasnid - Tht pAdApt plasnid, 6121 bp, contains

sequences of! YeisEngY sdmigiationo Rathetotiogss, exaomae g Ge gblahsding sesoyerl ftir e 11) .

The plasm dinwass. Gb&aemti eudh dhie rsABorr&06htes @ §1|6f%ﬁ J)\%H nﬁu&he cw
pronoter. These sites were used to insert the P E and Fas- ragnent 5Gene

i nsert InpgEs t (GOEPEY YR piBWERIBH 0PPHEIMr gl digettreryign tfﬂ‘iﬁ‘?éat?di #5des t hat

endogenousl| yonfRE6E &%a&éﬁac@r&m¥%a P Be prdphiRd,an8ic@a8NinCapRepeLdel i al
cells is baseéﬁln ?ﬁe PPE- 1- 3x, gndlflepJ%rS|o%’of t he 5%R% pronDter

PPE- 1- 3x5 f ¢fnfainst and diheled fgrpgeqtm?r&owntlﬁdl%?ﬁ?@ Ggdiiere 3ds duthst defpiednpdi fi ed

pronoter cogdoaé.ns three copies of the 43bp regulatory 10 region. Two copies
were added in the sane direction as in the wild-type pronoter. and the third
was split in tw haﬁaarfnﬁ%eumaéé?mwmp?feoft%mwn&@ﬁﬁmlge e 1o tFobdigdfs The

nodi fi ed pr&*&h&ﬁoﬂé@%o&ﬁt&& &R Bb @kt 26 OIDSINEHCEbRMbr &f contbenaBElERRY bicadr vect or.
(See SEQ I D NO The transgene of the invention contains a uni que

human Fas- cll‘?P"r‘Fe‘?ﬂéer CpiaRlishyd oy GBS thEanptifEgEa, foy, B rdiorsscGtr ol of t he

PPE-1 pri@nD¢@Eer ahllicSert hoft§pacitidalld rinip 05 aRtatthtid iidetbd. CRletapbic and intra
menbr anal donai ns_of the hupman TNF- Rl (Tunor Necrosis Factor Receptor 1,

SEQ I D NO. B$ingAglopsirepinen QL C@%S)Suﬁt"mer R efqmPigtioy oYl Hhe(etslq peidio 3,
Bol di n et atonstffs.of 1R Pekent BSntBARE pdlRTucRERR cBbAM shife BLABE bleé Moti Nduce
cell death poth in ??& thelial and in non-endothelial cells. The PPE-1-

(3X) - Fas-c &Pgsfedt cponabyyy: BLCRGAD: rRICIME Y othdt RRetesisRamic Berapysx) - | uc

el ement. Thiusgeg), er}ﬁﬂftloﬁﬂnttﬁérﬁt@, t BBtathved Kier@y, t RBmBIAE NeaditRPIPENGIAt hel i n
PPE- 1- (3X) pronpter, E uci ferase ? ﬁg t he 5Vv40 gonA ite and the first
ntron of tHETHEEE beor lfhﬁ@ﬁ%,m%}?l? ey Bkt spls Y (8848bp)
used by Fbr@ﬂ@habna&mﬁﬁﬁbﬁﬁgmﬂmwg@yaI , JCI, 1995). The PPE-3-Luc cassette

was extracted fromthe pEL8 plasmd using the BamHl restriction enzyme. The
Luci f er ase genefﬁﬁ§akmﬁ%ﬁﬂ¥ﬁ¥%dﬂﬁvt29%%@3#é%4t gene to obtain the

PPE- 1- 3X- Fas- ¢ cas $6tke c88p3ROWcdnfprEingUr ehcldes”, "including”, “having” and

their conjugates mean "including but not limited to".
20 The term “consisting of means “including and limited to”.

The term "consisting essentially of' means that the composition, method or
structure may include additional ingredients, steps and/or parts, but only if the
additional ingredients, steps and/or parts do not materially alter the basic and novel
characteristics of the claimed composition, method or structure.

" H "

25 As used herein, the singular form an" and "the" include plural references

unless the context clearly dictates otherwise. For example, the term "a compound” or

"at least one compound” may include a plurality of compounds, including mixtures
thereof.

Throughout this application, various embodiments of this invention may be

30  presented in a range format. It should be understood that the description in range format

is merely for convenience and brevity and should not be construed as an inflexible

limitation on the scope of the invention. Accordingly, the description of a range should



PACPPE- 1(3x)-Fas-c Plasm d - The cassette was further introduced into the
backbone plasm d pACCW. pLpA using the BanHl sites, resulting with the
PACPPEL( 3xP-2Pa#8650pl asm d. AdApt - PPE- 1( 3x) - Fas-c¢ Pl asm @#CI/IBXa1/050137

PPE- 1- 3x- Fas-c el enent was extracted 30 fromthe first generation
construct, pACPPE-1-3x-Fas-c, and was anplified with the SnaBl and EcoRl
PCR prinmers introducing SnaBl and EcoRl sites at the 5 -and-3'-end
respectively. These sites were used to clone the PPE-Fas-c fragnment into
pAdApt 70 digested with SnaB 1 and EcoRl resulting with the

AdApt - PPE- 1- 3x- Fas-c used for transfection of the PER C6 cells (see Figure
13). Exanple 4 5Seed stock PER. C6 cel I s were co-transfected to
generate Ad5. PPE. Fas-c virus vector. u$ing pof ect am ne nedi at ed
transfect i obf GEHeriehdo Ry sierifiselly( aglosed /aﬂga? pesshlcgadragss Hadahes PPE. Fas- ¢

plasm d andmalh@iumlﬂa%ﬁéaz esluds Raminlinglir 828 tred xRtk BRBEHtRA DM hnge such
PVE. Ad. AfAfI11-rlI TRsp gr oduce second generation final product.

Gener ati on ®ffigpd 196 Sbinrl@. © Gersidsisel 4p hpvsriaerifsplly G1S1:10@9t851§%}tgm Buchff ect ( CPE)

shown by thgoMilrys, H&el & 4, from 1 1 RMrofALH Dfromtvero B A6t gRRELAKPNS Vi ral
seed stocks were pre pared. At the end of t he El aque pur|f| cation process
d

the pl aghies®watixidpal @pmprs wihigdhat pnes. ifergxamplslit Sy SPeR CadBiseBRIkE steri | e

and Mycopl agb@dits@e the bRadEROME Rnpt.aque was shown to be RCA free, as well.
15 Exanpl e 5 Praoduction For the production process enpl oying adherent

cel I's grown withWWRBF\FRR nymesepl ippgq is i“é‘l"?tﬁ%%ﬁn i s eraef 1P ipeldeaidicitiedi a, and

expanded. CglohcPal #rLtibitl BChREraWivlifint A€ in¥iBate @ Andel FhdvMBascd Mendlhd/idSock S
harvested after 72hr of incubation, with 90% CPE. The nedia Is centrifuged

and t he peI]Peé‘f’ee&?ola firgtrindjcatepurmbar 3gd asecan AWlicay Pusrben awk TRRENKRRSSS part i cl es

from t heo cefbd; of Gikdt OMBiEhtduaBeraddi td QBRhd Cigfitdd fiugdtd eR tedreimve cell
debris. Table 9- Cell Thawi ng and Expansi on 71 Table 10- Viral Infection

of Cells anl&tﬁtpﬁh&l&gg}%}( fn@r'flr%pea\lﬁt Poulgclude the first and second indicated numbers and all

the fractional and integral numerals therebetween.
As used herein the term "method" refers to manners, means, techniques and
procedures for accomplishing a given task including, but not limited to, those manners,
15 means, techniques and procedures either known to, or readily developed from known
manners, means, techniques and procedures by practitioners of the chemical,
pharmacological, biological, biochemical and medical arts.
As used herein, the term “treating” includes abrogating, substantially inhibiting,
slowing or reversing the progression of a condition, substantially ameliorating clinical or
20  aesthetical symptoms of a condition or substantially preventing the appearance of
clinical or aesthetical symptoms of a condition.
It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in combination
i a single embodiment. Conversely, various features of the invention, which are, for
25  brevity, described in the context of a single embodiment, may also be provided
separately or in any suitable subcombination or as suitable in any other described
embodiment of the invention. Certain features described in the context of various
embodiments are not to be considered essential features of those embodiments, unless
the embodiment is inoperative without those elements.
30 Various embodiments and aspects of the present invention as delineated
hereinabove and as claimed in the claims section below find experimental support in the

following examples.



In a class 100 BSC with a class 10,000 room background (Virus Culture Room
Thawi ng of virus from Master Viral Bank Viral infection in 55-70% confl uent
cel l's Vi raib 2prigeigat i on t hrough i ncubati on 90% 100% CPEPC#AB2011/089487 on and
collection of pellet (Initially Carified Harvest) Freeze and thaw
Centrifugation and collection of supernatant (Clarified Harvest) Harvest
frozen at <-65C For the production process enpl oyi ng non-adherent
cells in serumfree medium the production process includes suspending the
expanded PER C6 cells in Erlenneyer 5flasks foll owed by an expansion in a
10 L Cultibag (wave bag) and an expansion in the final 50 L wave bag (total
25 L). Recovery of virus fromcells is achieved by lysis using
detergents such as Triton X-100. For & process based on di sposabl e systens
the detergent lysis is the preferrB¥AYHtifon as it does not require capital

i nvestment, cl eaqiddche¥ Rlnb@atdde i th&bwvin @xmplekp%ia&)%%étﬁ&mvnﬁﬂ{’e Mays post
infection for |hr incubation at 37C in 17rpm (into the cultibag wave)

Rermoval of $#ogtrtippiallysirats spmecrakpdiyentsind thedenicntiofin g poBimiigg fsior 15| w/ ml ) and

1mM of MYCL2 f orGdnfiaily, McRdtch@iuRtus&i/ ferdifl add/ the Mbbiafth @ plob&iufd uliliRag wave)
15Table 11 - Cell Thaw ng and Expansi on non adherent process Thaw ng of

PER C6 C2l |8 fheomravedt dpvenrtion inshdg wplsigANtiaghgRiictwomigioRicdogibmnthe MCB at

a 37C wat er reb@htinant 05 f @EnRAEN Hch! tedBiq@ed AraTkhot bRy 2P laadd @ntheof war med

growt h mediumto each tube. CEntrifqu at 850 rpmftor 5 mnutes at RT. Seed
into 2xT75chprafure; g for example, "Molecular Cloning: A laboratory Manual” Sambrook et

al., (1989); "Current Protocols in Molecular Biology" Volumes I-11I Ausubel, R. M., ed.
(1994); Ausubel et al., "Current Protocols in Molecular Biology", John Wiley and Sons,
10  Baltimore, Maryland (1989); Perbal, "A Practical Guide to Molecular Cloning", John
Wiley & Sons, New York (1988); Watson et al.,, "Recombinant DNA", Scientific
American Books, New York; Birren et al. (eds) "Genome Analysis: A Laboratory
Manual Series", Vols. 1-4, Cold Spring Harbor Laboratory Press, New York (1998);
methodologies as set forth in U.S. Pat. Nos. 4,666,828; 4,683,202; 4,801,531; 5,192,659
15 and 5,272,057; "Cell Biology: A Laboratory Handbook", Volumes I-I1I Cellis, J. E., ed.
(1994); "Current Protocols in Immunology" Volumes I-1IT Coligan J. E., ed. (1994);
Stites et al. (eds), "Basic and Clinical Immunology" (8th Edition), Appleton & Lange,
Norwalk, CT (1994); Mishell and Shiigi (eds), "Selected Methods in Cellular
Immunology"”, W. H. Freeman and Co., New York (1980); available immunoassays are
20  extensively described in the patent and scientific literature, see, for example, U.S. Pat.
Nos. 3,791,932; 3,839,153; 3,850,752; 3,850,578; 3,853,987; 3,867,517; 3,879,262;
3,901,654; 3,935,074; 3,984,533; 3,996,345; 4,034,074; 4,098,876; 4,879,219;
5,011,771 and 5,281,521; "Oligonucleotide Synthesis" Gait, M. J., ed. (1984); “Nucleic
Acid Hybridization" Hames, B. D., and Higgins S. J., eds. (1985); "Transcription and
25  Translation” Hames, B. D., and Higgins S. J., Eds. (1984); "Animal Cell Culture"
Freshney, R. 1., ed. (1986); "Immobilized Cells and Enzymes" IRL Press, (1986); "A
Practical Guide to Molecular Cloning" Perbal, B., (1984) and "Methods in
Enzymology" Vol. 1-317, Academic Press; "PCR Protocols: A Guide To Methods And
Applications”, Academic Press, San Diego, CA (1990); Marshak et al., "Strategies for
30 Protein Purification and Characterization - A Laboratory Course Manual" CSHL Press
(1996); all of which are incorporated by reference as if fully set forth herein. Other

general references are provided throughout this document. The procedures therein are



I ncubate in a static position at 372C for 3-4 days. i Static Culture in
T-75 cn? flask Pool the cells and seed into 5xT-75 cnR flasks at a
concent r aWpan11086B2105 vi abl e cells/m . Incubate in a stPaTiB2oposioison at
372C for 3 days. 1, 72 Cell Culture in 500m. Erl ennmeyer shaking fl asks
Pool the cells, seed into 2x500nl Erl enmeyer shaking flasks at a
concentration of 3x105 viable cells/m . Incubate at 372C by shaki ng
rotation of 90rpmfor 3-4 days. i Cell Culture in 2L Erlenneyer shaking
flasks Pool the cells, seed into 2x2L Erl ennmeyer flasks at a concentration
of 3x105vi able cells/m Incubate at 372C, by rocking at 90rpm for 3-4 days.
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believed to be well known in the art and are provided for the convenience of the reader.

All the information contained therein is incorporated herein by reference.

Example 1
5 Generation of adherent PER.C6 WCB (Working Cell Bank)

The working cell bank (WCB) was propagated under GMP conditions to create
the VBL WCB WCBP6001. A vial of the Crucell WCB (Lot# B127-006, p36), was
thawed and expanded through serial passages to P(passage)39. These cells were
harvested at 70% confluence and stored as a working cell bank in 1 ml aliquots in liquid

10 N2. The cells are of human origin, viable, negative for bacteria and fungi, negative for
mycoplasma, no exhibition of CPE, No HA, No HAD, as determined by in vitro assay
for Adventitious viruses, negative for in apparent viruses (using suckling mice, adult

mice, guinea pigs and embryonated eggs).

15 Example 2
Generation of suspended (non adherent) PER.C6 MCB (Master Cell Bank)
Whilst it is possible to produce ppe-1-3x-Fasc using adherent cell culture
approach, it is preferable to use suspension cell cultures where possible, due to the scale
limitation of adherent cell cultures and the need for serum-containing media.
20 Figures 2A-B are flow charts that summarize the adaptation steps of adherent
WCB to the RCB in suspension. Suspended MCB is generated from the RCB, as

outilined in Table 7, below.

Table 7 - Preparation of Master Cell Bank (Procedure)
Cell Thawing

Thaw 1 ampoule of 1 ml RCB PER.C6 cells at 37°C in a water bath.

Slowly add 9ml of pre-warmed growth medium to the thawed cells. Centrifuge at 210g at 22°C for 5
minutes. Discard the supernatant; add 10ml of growth medium

Seed cells in a T75cm” flask. Incubate at 37+2°C for 3 days.

!

Cell Expansion

First Passage: Incubate 4-T75 cm” flasks at 37=2°C for 3 days at a density of 3.0x10° viable
cells/ml.

Second passage: Pool the cells, perform one passage to 3x250ml and 1x500ml Erlenmeyer




Repeat this step only by seeding into at |east 5x2L Erl enneyer fl asks. i
UPSTREAM  Cell Culture in 10L or 50L Cultibag Setup of the Bl OSTAT

10L/ 50L cubtzntzegezead Bl OSTAT control tower. Transfer theckiiBiat/exdizonpl ete
grow h mediuminto the wave bag (3L for 10L wave and 20L for the 50L wave).
Set the rocker to 17rpm tenperature to 37C, gas flow to 300cc and CO2 to
10% Pool the cells and performa cell count. Seed at a concentration of
4x105vi able cells/m for a total of 2x109 cells in a 10L Culti bag and

| x1019 cells in a 50L Cultibag. Incubate at 37C, 17rpm gas flow 300cc and
10% CO2. | Table 12 - Viral Infection of Cells and Propagation of Virus

non adherent process o

flasks. Incubate by shaking at 90rpm, at 37+2°C for 3 days.

Third Passage:  Pool the cells, passage to 4x1L Erlenmeyer flasks. Incubate by
shaking at 90rpm, at 37+2°C for 4 days.
Fourth Passage: Pool the cells, passage to 6x2L Erlenmeyer flasks. Incubate by

shaking at 90rpm, at 37+2°C for 3 days.
!
Preparation of MCB

Pool the cells and centrifuge for 5 min at 210g at 4°C

Total Cell bank concentration is 1.4 x10° cells.

An equal volume (140 ml) of cell bank ( 1.0 x107 viable cells/ml)

is mixed with 140 ml of freezing mix x2 medium.

Aliquot the cell bank to 1.1 ml aliquots in a final concentration of 5.0 x10° viable cells/ml,
Keep frozen at liquid N».

Table 8 - specification of the non-adherent MCB.

Result

First vial — 8.01 x 10° cells/mL, viability 89.7 %.
Last vial 8.08 x 10° cells/mL, % viability 90.7 %.
Satisfactory growth

Ne bacteria or fungi detected

Test
Growth testing and viability of PER.C6 cell banks

Cell growth and sample preparation

Sterility testing by direct inclusion method (EP,
JP and USP) harmonized version

Qualification of test article material for sterility
by direct inoculation method (EP, JP, USP)

Test article successfully qualified

Mycoplasma detection, EP (Vero, broth and agar
with inhibition assay)

No mycoplasma not micoplasma activity detected

In vitro detection of viral contaminants (3 detector
cell lines — MRC-5, Vero and HeLa)

No evidence of presence of viral contaminants

Identification and Characterization of cultured
cells by analysis of 6 isoenzymes

Isoenzyme migration distances observed were
consistent with those expected

In vitro assay using suckling mice, adult mice,

No evidence of presence of viral contaminants

guinea pigs and embryonated eggs

Example 3
5 Construction of the PPEI-3X-Fas-c chimera
pWE.Ad AfAflII-rITRsp Backbone Cosmid, is a 40.5 kb cosmid, purchased
from Crucell. This backbone contains most of the genome of adenovirus type 5, as well
as partial homology to the pAdAdptS adaptor plasmid, which enables recombination.
The El1 early transcriptional unit was deleted from the backbone plasmid
10 (pWE.Ad.Afiii-rlTRsp) . The cosmid was digested with Pacl restriction enzyme
deleting the pWE25 and the Amp resistance selection marker site (see Figure 10).



Virus Infection of PER C6 Cells UPSTREAM I nfect 25 L of 1-1.5x106/nl viable
PER C6 cells with WB or MWB at MJ 5.0 and incubate for 72-96 hours at 372
C, by rockOnregriasesh¥rpm pH 7.0, D2 30% i Harvest andPCalB20i1y830337 St op
the DO2and the pH control, add 2.8L of 10% Triton X-100. Incubate for 1
hour at 372C, by rocking at 17rpm Add 151U nml of Benzonase and 1nM of
MyCl2 to the conplete growh nedia (100nl total), incubate for 1 hour at
372C, by rocking at 17rpm 73 Table 13 Stage Adherent Process Suspension
Process
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The Adaptor Plasmid - The pAdApt plasmid, 6121bp, contains sequences of the

AdS, CMV promoter, MCS, and SV40 polyA (see Figure 11).
The plasmid was digested at the SnaB1 and EcoR1 sites deleting the CMV
promoter. These sites were used to insert the PPE and Fas-c fragment.
5 Gene insert
Restricted expression of the transgene to those tissues that endogenously
recognize the promoter PPE-1 — the angiogenic endothelial cells is based in the PPE-1-
3x, a modifie version of the PPE-1 promoter. PPE-1-3x, further induces specificity to
angiogenic vessels. The modified promoter contains three copies of the 43bp regulatory
10 region. Two copies were added in the same direction as in the wild-type promoter and
the third was split in two and the order of the two fragments was inversed. The modified
promoter was utilized for construction of the adenoviral vector. (See SEQ ID NO: 7)
The transgene of the invention contains a unique human Fas-chimera (Fas-c)
pro-apoptotic transgene, under the control of the PPE-1 promoter. This chimera is
15 composed of the extra cellular and intra membranal domains of the human TNF-R1
(Tumor Necrosis Factor Receptor 1, SEQ ID NO: 2) and of the Fas (pS5) intracellular
domain (SEQ ID NO: 3, Boldin et al, JBC, 1995). Fas gene has been shown to
effectively induce cell death both in endothelial and in non-endothelial cells.
The PPE-1- (3X)-Fas-c element (2115bp) was constructed from the PPE-1-
20 (3X)-luc element. This element contains the 1.4kb of the murine preproendothelin PPE-
1-(3X) promoter, the Luciferase gene, the SV40 polyA site and the first intron of the
murine ET-1 gene, originated from the pELS plasmid (8848bp) used by Harats et al
(Harats D. et al., JCI, 1995). The PPE-3-Luc cassette was extracted from the pELS
plasmid using the BamHI restriction enzyme. The Luciferase gene was substituted by
25  the Fas-c gene to obtain the PPE-1-3x-Fas-c cassette as shown in Figure 12.
pACPPE-1(3x)-Fas-c Plasmid - The cassette was further introduced into the
backbone plasmid pACCMV.pLpA using the BamH1 sites, resulting with the pACPPE-
1(3x)-Fas-c plasmid.
AdApt-PPE-1(3x)-Fas-c Plasmid - The PPE-1-3x-Fas-c element was extracted
30 from the first generation construct, pACPPE-1-3x-Fas-c, and was amplified with the
SnaB1 and EcoR1 PCR primers introducing SnaB1 and EcoR1 sites at the 5'-and-3'-end
respectively. These sites were used to clone the PPE-Fas-c fragment into pAdApt



Cell viability Seeding concentration/Vessel Cell viability Seeding
concentration/ Vessel Thawi ng 95-99% Starting with 1 anpoule (1CC) from CB
(WCBP6001WP-2801/08630906cel | s/ 1ml) Seedi ng T-25cnR fl ask wpPCH/1B20l1/650137
6x105- 1x106cel | s/mL 2 harvests (5nl total per harvest) 4 days in culture
(10nl, total) 92% Starting with 2 (2CC) anpoules from CB (CTL 2008#0150N,
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digested with SnaB1 and EcoR1 resulting with the AdApt-PPE-1-3x-Fas-c used for

transfection of the PER.C6 cells (see Figure 13).

Example 4
5 Seed stock

PER.C6 cells were co-transfected to generate AdS.PPE.Fas-c virus vector using
lipofectamine mediated transfection with the linearized (Pac 1 / Sal 1 digested)
pAdApt.PPE.Fas-c plasmid and the linearized (Pac 1 digested) backbone cosmid
pWE.Ad. AfAfIII-rITRsp to produce second generation final product. Generation of the

10 virus was established by full cytopathic effect (CPE) shown by the virus vector.

For each of the product generations viral seed stocks were prepared. At the end
of the plaque purification process the plaques were identified as the final product by
PCR and found sterile and Mycoplasma free. The chosen plaque was shown to be RCA
free, as well.

15
Example 5
Production

For the production process employing adherent cells grown with serum: a WCB

vial is thawed, seeded in growth media, and expanded. Cells are infected with the VB-
20 111 MVB. The virus is harvested after 72hr of incubation, with 90% CPE. The media is
centrifuged and the pellet collected. Freezing and thawing releases the virus particles

from the cells, followed by an additional centrifugation to remove cell debris.

Table 9 - Cell Thawing and Expansion
In a class 100 biosafety cabinet (BSC) with a class10,000 room background (Cell Culture Room)

Thawing of PER.C6 cells from Working Cell Bank

Seeding in Growth Medium

Incubation

!

Repeated expansions through incubation to 70% confluence

Cells are transferred to Virus Culture Room




5x106cel | s/ ml) Seeding 2xT-75 cnR flasks with 10nl of 3x105cell s/ ml per
flask 4 days in culture (20nml total) Expansion 1 95-99% Seeding Ix T-75 cn®
flask w tworBno8af092. 7- 4. 7x105cel | s/ mL per flask 4-6 dapsTiiRzoaubionse (30ni,
107cells total of 2 harvests ) 89% Seedi ng 5xT-75 cnRfl asks with 10nl of
3x105cel I s/mL per flask 3-4 days in culture (50nml, 1.5x107cells total)
Expansi on 2 95-99% Seedi ng 5xT-75 cnR2 flasks with 15m of
2.7-4.7x105cel | s/ mlL per
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Table 10 - Viral Infection of Cells and Propagation of Virus
In aclass 100 BSC with a class 10,000 room background (Virus Culture Room)

Thawing of virus from Master Viral Bank
Viral infection in 55-70% confluent cells
Viral propagation through incubation

!
90%-100% CPE

Centrifugation and collection of pellet (Initially Clarified Harvest)
Freeze and thaw
Centrifugation and collection of supernatant (Clarified Harvest)

Harvest frozen at <-65°C

For the production process employing non-adherent cells in serum free medium:
the production process includes suspending the expanded PER.C6 cells in Erlenmeyer
5 flasks followed by an expansion in a 10 L Cultibag (wave bag) and an expansion in the
final 50 L wave bag (total 25 L).
Recovery of virus from cells is achieved by lysis using detergents such as Triton
X-100. For a process based on disposable systems the detergent lysis is the preferred
option as it does not require capital investment, cleaning validation. Addition of 10%
10 Triton 3-4 days post infection for lhr incubation at 37°C in 17rpm (into the cultibag
wave)
Removal of host DNA is achieved by the addition of Benzonase (151U/ml ) and
ImM of MgCl, for 1hr incubation at 37°C in 17rpm (into the cultibag wave)

15 Table 11 - Cell Thawing and Expansion non adherent process

Thawing of PER.C6 Cells from Master Cell Bank

Thaw two vials from the MCB at a 37°C water bath. Transfer ecach vial to a 50 ml tube and add
9ml of warmed growth medium to each tube. Centrifuge at 850 rpm for 5 minutes at RT.
Seed into 2xT75cm” flasks.

Incubate in a static position at 37=2°C for 3-4 days.

)
Static Culture in T-75 cm® flask

UPSTREAM

Pool the cells and seed into 5xT-75 cm? flasks at a concentration of 3x10° viable cells/ml.
Incubate in a static position at 37=°2C for 3 days.

l




flask 4-6 days in culture (150nl, 5.5x107cells total of 2 harvests) 87%
Seedi ng 2x500nl Erl enmeyer with 75nl of 3x105cells/mL per Erlenneyer 3-4
days i n cwbt2oriens¢sd30ml 4. 5x107cel ls total) Expansi on 3 9672821 Eewding
12xT-150 cnR flasks with 30mL of 2.7- 4.7x105cells/nml per flask 4-6 days in
cul ture (720nm, 2. 6x108cells total of 2 harvests) 98% Seedi ng 2x2L

Erl ennmeyer with 400nmL of 3x105cell s/l per Erl enneyer
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Cell Culture in 500ml Erlenmeyer shaking flasks

Pool the cells, seed into 2x500ml Erlenmeyer shaking flasks at a concentration of 3x10° viable
cells/ml.

Incubate at 37+=°2C by shaking rotation of 90rpm for 3-4 days.

!
Cell Culture in 2L Erlenmeyer shaking flasks

Pool the cells, seed into 2x2L Erlenmeyer flasks at a concentration of 3x10° viable cells/ml

Incubate at 37=°2C, by rocking at 90rpm for 3-4 days.

Repeat this step only by seeding into at least 5x2L Erlenmeyer flasks.
i

Cell Culture in 10L or 50L Cultibag

Setup of the BIOSTAT 10L/50L Cultibag and BIOSTAT control tower.

Transfer the filtered complete growth medium into the wave bag (3L for 10L wave and 20L for
the 50L wave).

Set the rocker to 17rpm, temperature to 37°C, gas flow to 300cc and CO, to 10%.

UPSTREAM

Pool the cells and perform a cell count.
Seed at a concentration of 4x10° viable cells/ml for a total of 2x10° cells in a 10L Cultibag and
1x10" cells in a 50L Cultibag.
Incubate at 37°C, 17rpm, gas flow 300cc and 10% CO,,

l

Table 12 - Viral Infection of Cells and Propagation of Virus non adherent
process

Virus Infection of PER.C6 Cells
Infect 25 L of 1-1.5x10%ml viable PER.C6 cells with WVB or MVB at MOI 5.0 and incubate
for 72-96 hours at 37+2 © C, by rocking at 17rpm, pH 7.0,

DO, 30%

!
Harvest and Cell Lysis

Stop the DO, and the pH control, add 2.8L of 10% Triton X-100. Incubate for 1 hour at 37+°2C,
by rocking at 17rpm.

Add 15TU/ml of Benzonase and 1mM of MgCl, to the complete growth media (100ml total),
incubate for 1 hour at 37+°2C, by rocking at 17rpm

UPSTREAM

5 Comparison between adherent and suspension PER.C6 cells (Crucell) process

with respect to multiple parameters is provided in Table 13, below.



3-4 days in culture (800nl, 2.4x108cells total) Expansion 4 95-99% Seedi ng
30xT-300 cn? flasks with 120nmL of 2.3- 6.6x105cells/ml per flask 4-6 days
i n cul t urwo(B8118I8¢395x109cel I s total of 2 harvests ) 99%PEeaBIMYOBAIL

Erl enmeyer with 400mL of 3x105cells/ml per Erlenneyer 3-4 days in culture
(2L, 0.6x109cells total Expansion 5 95-99% Seedi ngl50xT-300 flasks with

60nmL of 2. 3-6.6x105cell s/ nl per
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Table 13
Adherent Process Suspension Process
Stage Seeding concentration/Vessel Seeding concentration/Vessel
Cell Cell
viability viability
Starting with 1 ampoule (1CC) Starting with 2 (2CC) ampoules
from CB from CB
Thawing (WCBP6001 P-39, (CTL 2008#0150N,
5x10%cells/1ml) 5x10%ells/ml)
95-99% | Seeding T-25c¢m” flask with Sml |  92% Seeding 2xT-75 cm?” flasks with
of 6x10°-1x10°cells/ml 10ml of 3x10°cells/ml per flask
2 harvests (5ml total per 4 days in culture (20ml total)
harvest) 4 days in culture (10ml,
total)
Expansion | 95-99% | Seeding 1x T-75 cm” flask with 89% Seeding 5xT-75 cm’flasks with
1 15ml of 2.7-4.7x10°cells/ml per 10ml of 3x10°cells/ml per flask
flask 3-4 days in culture (50ml,
4-6 days in culture (30ml, 1.5x10cells total)
107cells total of 2 harvests )
Expansion | 95-99% | Seeding 5xT-75 cm’ flasks with 87% Seeding 2x500ml Erlenmeyer
2 15ml of 2.7-4.7x10°cells/ml per with 75ml of 3x10°cells/ml per
flask Erlenmeyer
4-6 days in culture (150ml, 3-4 days in culture (150ml
5.5x10"cells total of 2 harvests) 4.5x10 cells total)
Expansion | 95-99% Seeding 12xT-150 cm? flasks 98% Seeding 2x2L Erlenmeyer with
3 with 30ml of 2.7- 400ml of 3x10°cells/ml per
4.7x10°cells/ml per flask 4-6 Erlenmeyer
days in culture 3-4 days in culture (800ml,
(720m1,2.6x10%ells total of 2 2.4x10%ells total)
harvests)
Expansion | 95-99% Seeding 30xT-300 cm” flasks 99% Seeding 5x2L Erlenmeyer with
4 with 120ml of 2.3- 400ml of 3x10°cells/ml per
6.6x10°cells/ml per flask Erlenmeyer
4-6 days in culture 3-4 days in culture (2L,
(3.6L,1.5x10°cells total of 2 0.6x10°cells total
harvests )
Expansion | 95-99% | Seedingl50xT-300 flasks with 99% Seeding 10L Cultibag wave 5L
5 60ml of 2.3-6.6x10°cells/ml per of 4x10%/ml
flask 4 days in culture (5L,
4-6 days in culture (18L, 8x10° total,2x10°cells total )
cells total of 2 harvests )
Expansion NA NA 96.9% | Seeding 50L Cultibag wave with
6 25L of 4x10°/ml
Final volume 18L, ~3.5- 3 days in culture (25L, 10'cells
5x10"cells total,)
Final volume of 25L,-
~3.9x10" cells
Example 6

Optimization of viral titre (for VB-111 produced in non-adherent serum free cells)
5 It is usually necessary to optimize conditions around the quantity of virus used
in the infection of the producer cells and in the determination of the optimal point of

harvest for the cell culture. Therefore, it is normal to optimize the MOI (multiplicity of



flask 4-6 days in culture (18L, 8x109 cells total of 2 harvests ) 99%
Seedi ng 10L Culti bag wave 5L of 4x105/nml 4 days in culture (5L,

t ot al, 2x1WOcellms6300t al ) Expansion 6 NA NA Final vol urmePC8IB201B0®137
5x1010cel I s 96. 9% Seedi ng 50L Cul ti bag wave with 25L of 4x105/mlL 3 days in
culture (25L, 1019cells total,) Final volume of 25L,- -3.9x101 cells
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infection) and point of harvest (POH) values within the development programs so as to

optimize the viral productivity. The optimisation of MOI for the virus production
process using the generated RCB PER.C6 and VBL’s MVBP611 as infection material.
MOIs 1, 2.5 and 5 and harvest points of 48 and 72 hrs were evaluated (Figures 3-4).

5 Samples at 96 hrs harvest point were also generated were assayed only for genomic titre
by HPLC (Figure 5). The recommended MOI is 5 and the POH is 3 days post infection.
Growing PER.C6 in Sartorius CultiBag™ wave technology, comparable growth

curves and virus productivity were seen at the 5 L and 25 L scale. Figures 6A-B show a
typical PER.C6 exhaustion cell growth study at the 5 L scale and growth combined with

10 VBI11 infection/production at the 25 L scale. PER.C6 cells grow to about 6x10° viable
cells/mL. with consistent high viability. When infected at reasonable multiplicity of

mfection (MOI), cell growth is inhibited soon after infection.

Example 7
15 Downstream - for production in adherent cells grown with serum
The downstream process includes centrifugation on a discontinuous CsCl
gradient followed by centrifugation on a continuous CsCl gradient. This stage is
essential in order to remove defective particles and proteins present in the cell lysate, as
well as media, serum and cellular debris and to concentrate the virus to a level suitable
20  for injection. The residual Cs is removed by two rounds of Sephadex desalting columns

(elution of the virus is done with PBS).

Table 14 - Virus Purification
In aclass 100 BSC with a class 10,000 room background (Virus Culture Room)

Clarified Harvest thawed*
Virus loaded on discontinuous gradient (CsCl d1.2 & d1.4)

Centrifugation
!

Virus collection

Virus loaded on continuous gradient (CsCld1.2 to d1.4)

Centrifugation

!

Virus collection

Removal of CsCl residues with 2 rounds on a Sephadex column

* Two Clarified Harvests may be combined at this point, to produce a larger batch, following appropriate testing



Example 6 Optim zation of viral titre (for VB-111 produced in non-adherent
serumfree cells) 51t is usually necessary to optim ze conditions around

t he quantwoyonfos¢giopus used in the infection of the prodeCeABal/H1INd in
the determ nation of the optinmal point of harvest for the cell culture.
Therefore, it is normal to optimze the MJ (nultiplicity of 74 infection)
and point of harvest (POH) values within the devel opnent prograns so as to
optim ze the viral productivity. The optim sation of MJ for the virus
production process using the generated RCB PER C6 and VBL's MVBP611 as
infection material. MJds 1, 2.5 and 5 and harvest points of 48 and 72 hrs
were evaluated (Figures 3-4). 5Sanples at 96 hrs harvest point were al so
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show a typijcal PER C6 exhaustion cell, growh study at the 5 L sgale and
growm h combined with 10 VB111 infection/production at the 25 L scale.

PER C6 cel l|s grow to abodt™'8Xte" 1 HEted P8P 9 t h consi stent hi gh
viability. MWhen infected at reaBahabbkdt mebCi plicity of infection (MJ),

cell growt h TS5 inhibited soon after [ nfection. Exanpte 7 1oDownstream - for
production in adherent cells grown with serum The downstream process

i ncludes centrifugation on a di scodtampsds CsCl gradient followed by
centrifugation on %m@ﬁé&yﬁp?mgg%ngﬁ AN-EMerent Qordm Fep881s1 S €Ssential in
order to renove defective particles and protelns present in the cell

| ysate, as weRbcosgy pedliburificadorbn iom echendegnd pizeiexshusion shrgmatogtapfivent rat e t he
virus to a levelAF&Pﬁﬁf&lgll)l?aﬁamgtiﬂgp&l%cb%- is I(I;H% a'ilgﬁhl%@{ionc{?\f thSvihds noved b_y
two rounds of Sephadex desalting colums (elution of the virus is done with
PBS). Tabl eis figne nying el Perpictiop Athr avntagiapdy €9 R9end op cre@ngd (X cotingss 10, 000
room backgr @gng (i W/%nl%iﬁé&ﬁﬁat@ﬁ?m Carified Harvest thawed* Virus | oaded
on di scontinuous gradient (CsCl dI.2 & dl1.4) Centrifugation Virus

col | ection Vi r usthe sadeteess siep strpmensliel g delirsnvhighoy emalljscaler 560 Hican)

Centri f ygat hdlally be achicved using depth filtration. The scale of filters required for

development scale processes means that disposable units can be used through out and
once established it is possible to apply the same filter train for a range of products.
Having obtained a clarified feedstock, the next step applied is an ultrafiltration
step. This has three functions: firstly, it allows the process volumes to be significantly
15 reduced; secondly, the process media can be exchanged for an optimal buffer system for
the initial capture chromatography step and thirdly, due to the very large size of the
viral vectors, it is possible to use high cut-off molecular weight membranes <300 Kd
that not only allow for the removal of the lysis detergent from the product stream, but
also a significant portion of the low molecular weight contaminants, including the
20  digested nucleic acid, and a significant amount of the host protein. This step can
therefore also be regarded as a key purification operation.

Table 16 - Virus Clarification

Harvest Filtration

Harvest the material through clarification filters
and adjust the salt concentration to 500mM by adding

3M NacCl solution
)

DOWNSTREAM




Virus collection Renoval
colum * Two Clarified Harvests may be conbined at this point,

of CsCl residues with 2 rounds on

a Sephadex
to produce a

| ar ger baworlrp11fi86300W ng appropriate testing 75 Table 1BPCTIBEN1/DIH137
Filtration and Filling In a class 100 BSC with a class 10,000 room
background (Filling Room) Dilution to required concentration (vp/m) with a

solution of PBS with 10% gl ycer ol

Sterile filtration and f

illing 0.5-0.6nm

in cryovials Batch stored at <-65C Exanpl e 8 Downstream for production in

non- adher ent

and size exclusion chromatography

serumfree cells. 5Recovery and purification

After infection and

by i on exchange
har vesti ng,

clarification is done and purification of the virus is done using Ge

hr onat nnrnnh\/ (('-‘D(‘\ and i dh

Per neati on pyr‘hnnnp (I F)(\ colums (500 mi 1012
VP/m purified Hﬁﬁ@eﬁét@elr)am;{ mlemaﬁasaﬁbaﬁpﬁ@ﬁ Lﬁ& Prrl 5o [ SrRyal | of cel | debris,
which at small scale <5 L, can &Qm@@rna e achieved uging depth
filtration. The scale of fllteméémﬁqumﬁmﬂmfor devel opnent 5cal e|processes
nmeans that disposable uniTs can De used Through out and once es ablished it
is possible to apply th8! SAREXFIPREE R i fBF %4 r ange of produgts.

Having obtaiped a clarified 4¥edstddkivs kdrednext step applipd is|an
ultrafiltration cfnp This has fhrnb functions- 'F|rc1'|\]/ i all ows the
process vol upes tOL@QmSMQﬁhMW@&@EmyMﬁﬁmE@ﬂmmﬁﬁmmﬁﬁeﬂhd|y, l he process nedi a
can be exchapged for an optimal buffer systemfor the init}al capture
chromat ogr aphy st.gpa@fthatehd 6diyow dateTrrorHEh @siv@ry-sdoar-gansi zg of the viral
vectors, it |s possible to use highikut-off nolecular weight mefmbranes <300
Kd that not only allow for toHeY ékpvaimmpimehe | ysis detergent fiomthe
product stream—but—alse—asignifecant—poertioen—of—thetow ol ecll ar wei ght
cont am nant s| Fihett tidinaxgialtihRBS 20¢h Giestoadngrichk e Gtcadigd; inammgl a| si gniff i cant
anmount of the hoSOPtalme@tﬂbeff*PVequﬁnéfe@'Pé%ﬁlpb%metﬂﬁéﬂPté@@rn@ﬁﬁ‘?dso be regarded as a
key purificatd operati able—16- Virus & ar+HH-ecatien rvest
Filtration StOIV the Bulk Di Drug Substance ahquots QC’ samfﬂes and retains at <-65°C

Table 17 - Sterile Filtration and Filling

Sterile filtration is done using a 0.2pm PES sterile mini Capsule filter,
and filling of 1.1 ml aliquots into 1.8 ml cryovials.
The Final Product is stored at <-65°C.

This operation can be performed with hollow fiber tangential flow system. With

regards to development operations it is critical that optimal concentration factors are

determined for specific viral constructs as over-concentration can lead to product

precipitation.

Having performed the initial recovery operations, the next process

stages arc

chromatographic purification. The aims of these purification steps are predominantly to

10

separation of infective and non-infective viral particles.

The capture step is performed with a packed bed anion

remove host and product related contaminants from the product, rather than achieve

exchange

15

chromatographic step. Here, the resin choice is critical to obtain high purities and
product recoveries. In addition, it is necessary to optimize product elution conditions for
different viral constructs to ensure high recoveries and purities. The process currently
uses Q-Sepharose-XL from GE Healthcare. As the loading of the virus onto the
chromatography resin is known to be a critical parameter with regards to process
recoveries and purities, the dynamic resin capacity should be confirmed/determined for

cach new virus product as should potential wash steps to enhance the clearance of



DOWNSTREAM Harvest the material through clarification filters and adj ust
the salt concentration to 500nM by addi ng 3M NaCl sol ution i 76

D afiltrawe2hésssverial on a Holl ow fiber TFF (TFFl) u®CmgBuERORAP- E- 55 HF
cartridge (2.1n2, 60cm |nmmlunmen) Load on an | EX chromatography col um
contai ning Q Sepharose Xl virus licensed i Load on a GPC chromat ogr aphy
col umm cont ai ni ng Sepahrose 4FF 1. Diafiltrate the material on Hol |l ow

fi ber TFF (TFF2) using UFP-300-C 4A HF cartridge (0.065nm2, 30cm 0.5mm

| umen)
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impurities. With binding chromatographic operations, it is also necessary to ensure that

appropriate steps are taken to stabilize the virus during this process step. For example,
product concentrations may be very high during the elution from binding
chromatographic steps and the virus may also be exposed to high salt concentrations.

5 These types of events may result in aggregation of the virus and significant
product loss during later stages of processing.

The second chromatographic step applied is a size exclusion step run as a group
separation where up to 30% of the column volume is loaded and the virus is collected at
the excluded fraction. Due to the large size of the virus it is possible to use very large

10 pore size resins, which allows for the complete removal of the “low molecular weight”
(e.g., <1,000 Kd) particles, and also exchange of the viral product into the required
formulation buffer. A typical OD260/OD2go trace is shown in Figures 7A-B.

Example 9
15 Comparisons of 5 L and 25 L process scale runs
(Production in non-adherent serum free cells)

With regards to overall process performance both yield and product quality have
been retained (Table 17, below), including the clearance of critical impurities such as
residual Triton X100, Benzonase and host DNA. From data such as this it is possible to

20  conclude that the outlined VB111 process is robust and suitable for the production of

clinical grade material.

Table 18 - QC testing results summary for 5 L development, 25 L toxicity and 25 L
¢GMP batch materials.

5 L verification run 25 L technical run 25 L ¢cGMP batch
Harvest genomic titre 10 10 :
(HPLC) 3.93x10" gp/mL 7.78x10°" gp/mL not available
f[lzjr(‘j’; st infectious titre not available 2.2x10° ifu/mL not available
Drug substance/product 12 12 12
fitre (HPLC) 1.52x10°" gp/mL 2.02x10°° gp/mL 1.7x10°" gp/mL
grc“cg)s“'”ta“ce/ product 2.45x10'° ifu/mL 6.4x10" ifu/mL 12x10'° ifo/mL
S.DS-P.AGE . conforms to reference conforms to reference conforms to reference
(identity/purity)
Endotoxin not available 31.1EU/10 vp 1.63EU/10" vp
Benzonase ELISA not available not available <0.1ng/mL




i Filtrate the material in PBS + 10% d ycerol using a 0.45 pmfilter,
aliquot into final containers and renove QC and retain sanples fromthe

| ast contwpDreeri/dsioked. i Store the Bul k Drug Subst ancePaliiguat/85018C
sanples and retains at <-65C Table 17- Sterile Filtration and Filling
Sterile filtration is done using a 0.2nm PES sterile mni Capsule filter,
and filling of 1.1 m aliquots into 1.8 m cryovials. The Final Product is
stored at <-65C. This operation can be perforned with hollow fi ber
tangential flow system Wth 5 regards to devel opnent operations it is
critical that optimal concentration factors are determ ned for specific
viral constructs as over-concentration can |l ead to product precipitation.
Havi ng perforned the initial rpr‘n\/pry7 perations, the next process stages

are chronpiegi@grbphencX-par i fii catioomilbihe ai ns ofuctidvese puyi f icadeiean stleps are
B;ggﬁg ’nalrﬁil!%rd%no 10 Tenove hogsf, and. product. ro%}u%:Led copt anbrc}?yrrrl&s ‘rrio\r/net he
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exchange [Ghyinmatsopgraphi C [Step. g, the resj @l ce [S I I flo obtain
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Q Sepharose- XL from GE Heal thcare. As the |oading of the virus onto the
chromat ography resin is known to bExampleil®i cal parameter with regards to
process recoverie J 1 i IRAGI shoul d be
confirmed/ determ ?gﬁﬂ%gﬁ%%%%&ﬁgaﬁe@%ﬂ%'}%{rﬁg ggtpﬁal?xghou?g%ot ential wash
st eps to enhancéhe i Ve TR &A@ esetho mostATidelmstudicd jand impiymdntddi omtdrqlgetive

chromat ogr aphi. q. OP&S A% v s isndls NECas RO EREME 1L ppropriate
steps are t%ﬁ%ﬁmgo sta@?pf’zedet%é ?/S?‘lfcueg ‘guri ngsg@%‘{;i s'cﬁ)r ocesgspsgt?lg%.quor

exanpl e, prodsdrecpittentiHt- TS rreontamingbectyerie hidghseairicrg thendugbupei-on from
pinding chr Al ogtRRRL GoRIeRS (AR IEV LS R0 3R BaciRAS ko i gh
salt concentrations. 5These tﬁpes of events nmay result in aggregation of
t he virus agwngingrdnflog itV is the most active drug in combination with TK. HSV-TK

positive cells produce a viral TK, which is three orders of magnitude more efficient in

10 phosphorylating GCV into GCV monophosphate (GCV-MP) than the human TK.
GCV-MP is subsequently phosphorylated by the native thymidine kinase into GCV
diphosphate and finally to GCV triphosphate (GCV-TP).

Constructing an adenovirus-5 vector armed with the HSV-TK gene controlled

by the modified murine pre-proendothelin-1 promoter. The replication-deficient

15 wvector, designated AJPPE-1(3x)-TK, was constructed on the basis of a first generation
(E1 gene deleted, E3 incomplete) adenovirus-5 vector. The recombinant vector was
prepared by co-transfection of the plasmids pACPPE-1(3x)-TK (described in details in
WO02008/132729) and pJM-17 (40.3 kb, WO2008/132729) in human embryonal
kidney-293 (HEK-293) using well-known conventional cloning techniques. The pJM-

20 17 plasmid contains the entire adenovirus-5 genome except for the E1 gene. The HEK-
293 cell line substitutes the E1 deletions, since they contain an E1 gene in trans. One

out of 40 homologous recombinations induced the vector AAPPE-1(3x)-TK. Figure 14
shows a schematic map of the vector AAPPE-1(3x)-TK. The specific sequence of the
PPE-1(3x)is as described in Example 3 of the Fas-c chimera vector. Clinical samples of

25 the vector (AdPPE-1(3x)-TK) are generated using PER.C6 cells as described above.
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chromat ographic step applied is a size exclusion step run as a group

separ at i ONOWNEVIS6WP t 0 30% of the col unmm vol une is | cad@dTARII/P®I¥VI rus i s
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5 L verification run hni cal GWP batch Harvest genom c
titre (HPLC® édg@xm@déﬁff%el?e Falellp £o) gPé/hﬁtleﬁ@% aRamid eangrinipg RAEE t
infectious §fiths Rlchdvil-sMNA gaédcaMaebedn 230UERd laf BAIB¥s: the multiple cloning

site and right arm in pShuttle (Stratagene, La Jolla, CA) were replaced by Midkine (mk)
promoter and the consecutive adenoviral E1 region. Later, the MK promoter was
replaced by PPE1-3x without intron. A second plasmid was constructed by subcloning
10 IRES sequence (from p IRES-EYFP plasmid, BD Biosciences) and FAS-chimera cDNA
between the promoter and E1. IRES permits translation of two proteins from the same
transcript. The resultant two shuttles were linearized with Pmel digestion and
subsequently transformed into Escherichia coli BJSI83ADEASY-1 (Stratagene). This
type of bacteria has already been transformed with pADEASY-1 plasmid, which
15  contains most of the adenovirus-5 sequence, except E1 and E3 gene regions. The
plasmids undergo homologous recombination within the bacteria (between pShuttle and
pADEASY-1), thus creating the complete vector genome (see exemplary schematic
Figure 15). The recombinants were later Pacl digested and transfected with calcium
phosphate method into 293 human embryonic kidney cell-line (ATCC).  Clinical
20  samples are generated using the PER.C6 cells as described for the Fas-c above.

Although the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly, it is intended to embrace all
such alternatives, modifications and variations that fall within the spirit and broad scope

25 of the appended claims.

All publications, patents and patent applications mentioned in this specification
are herein incorporated in their entirety by reference into the specification, to the same
extent as if each individual publication, patent or patent application was specifically and
individually indicated to be incorporated herein by reference. In addition, citation or

30  identification of any reference in this application shall not be construed as an admission
that such reference is available as prior art to the present invention. To the extent that

section headings are used, they should not be construed as necessarily limiting.



not avail abl e Drug substance/product titre (HPLC) 1.52x1012gp/nL 2. 02x1012
gp/ nL 1.7x1012 gp/ nL Drug substance/ product (1CC) 2.45x1019 ifu/nL 6.4x1019
i fu/ ml 1. 2R0uMNssF0a/ nl. SDS- PAGE (identity/purity) confolPeg/iBwit/efoeszence
confornms to reference confornms to reference Endotoxin not avail abl e

31. 1EU/ 1013vp 1.63EU 1013 vp Benzonase ELI SA not avail abl e not avail abl e
<0. 1ng/ nL
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WHAT IS CLAIMED IS:

1. A method for large scale production of an adenovirus, the method
comprising: culturing in a serum-free suspension culture PER.C6 cells infected with an
adenovirus which comprises a murine pre-proendothelin promoter, thereby producing

the adenovirus.

2. The method of claim 1, wherein said adenovirus is selected from the
group consisting of a mnon-replicating adenovirus and a conditionally replicating

adenovirus.

3. The method of claim 2, wherein said non-replicating adenovirus
comprises a polynucleotide which comprises a fas-chimera transgene transcriptionally

linked to said murine pre-proendothelin promoter.

4, The method of claim 2, wherein said conditionally replicating adenovirus

is transcriptionally linked to said murine pre-proendothelin promoter.

5. The method of claim 2, wherein said non-replicating adenovirus
comprises a polynucleotide which comprises an anti-angiogenic transgene

transcriptionally linked to said murine pre-proendothelin promoter.

6. The method of claim 2, wherein said non-replicating adenovirus
comprises a polynucleotide which comprises a pro-angiogenic transgene

transcriptionally linked to said murine pre-proendothelin promoter.

7. The method of claim 2, wherein said non-replicating adenovirus
comprises a polynucleotide which comprises a suicide transgene transcriptionally linked

to said murine pre-proendothelin promoter.



78 Residual Triton X-100 not avail abl e none detected none detected

Bi oburden not available O cfu/nL O cfu/nL pH not available 7.2 7.2 residual
host DNA W9 20R0@R6302pg/ 1. 0x1011gp 16. 8pg/ 1. 0x1011lgp < 45PepgB210a@I7L gp
Overal | process yield -40% -52% not avail abl e
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8. The method of claim 2 or 4, wherein said conditionally replicating

adenovirus transcriptionally linked to said murine pre-proendothelin promoter is devoid

of non-viral heterologous sequences encoding pro- or anti-angiogenic agents.

9. The method of claim 7, wherein said suicide transgene comprises a

thymidine kinase.

10.  The method of claim 1, wherein said adenovirus further comprises a
heterologous nucleic acid sequence encoding a therapeutic agent operably linked to said

murine pre-proendothelin promoter.

11.  The method of claim 10, wherein said heterologous nucleic acid sequence

comprises an apoptotic gene.

12.  The method of any one of claims 1-7, further comprising recovering virus

from said cells following said culturing.

13.  The method of claim 12, wherein said recovering is effected at a point of

harvest (POH) of 3-4 days post infection and an MOI of 5.

14.  The method of any one of claims 1-7, wherein said culturing is effected at

a5-100 L volume.

15.  The method of claim 14, wherein said culturing is effected at a 25 L

volume.

16. The method of claim 15, wherein said culturing is effected at a 50 L

volume.

17.  The method of claim 15, wherein said culturing is effected at a 100 L

volume.



Exanpl e 10 Construction and characterization of the AdPPE-1(3x)-TK vector
The HSV-TK/ GCV is the nost wi dely studied and i npl enented cytoreductive 5
gene- dr ugvoaentiaseiopon. Cells transfected w th an HSV- TKPCOAB2I1NIFNG3Pl asm d
or transduced with an HSV-TK contai ning vector, are nade sensitive to the
drug super-famly including aciclovir, ganciclovir (GCV), valciclovir and
fanticlovir. The guanosi ne analog GCV is the nost active drug in
conmbination with TK. HSV-TK positive cells produce a viral TK, which is
three orders of magnitude nore efficient in phosphorylating GCV into GCV
nonophosphate (GCV-MP) than the human TK. GCV-MP is subsequently
phosphoryl ated by the native thym di ne ki nase into GCV di phosphate and
finally to GCV triphosphate (GCV-TP). °~. Constructing an adenovirus-5
vector arned wi tiff- t hEhsethaolpmyeone helrigns| letl YgreimBidwitirinel cHeftihe
pre-proendo@ﬁﬁ?g dsaBre@a®t er. The replication-deficient 15 vector,

desi gnat ed AdPPE-1(3x)-TK, was constructed on the basis of a first
generation (El gene deleted, E3 inconplete) adenovirus-5 vector. The
recombi nant vectjor W@ﬁ:H&ﬂﬁ@f@ﬁcﬁﬁncﬁtt&ﬁﬂéﬁaﬁﬁiQﬂo@$m§h@ dfesm

PACPPE- 1(3x)-TK (described in details in W2008/132729) and pJM 17 (40.3
kb, W2008/ #Bipgtg)saidgeliiina dctergentoital ki dney- 293 (HEK- 293) usi ng wel | - known
conventional cloning techniques. The pJM 20 17 plasm d contains the entire
adenovirus-5 genane except for the El gene, The HEK293 cell|l I|ine
substitutes the 28 déheprtberkof claimdd whein pihflelsrgantaamerissg diENiXn 1% ans. one
out of 40 honol ogous reconbi nati ons i nduced the vector AdPPE-1(3x)-TK
Figure 14 shows a schematic nmap .of the vecton-AdPPEal(Sx?-TK. The specific
sequence of the 2PPE- ThaRythed afclimsiOr e compisingdsmavias selluf ONAyand: chi ner a
vector. C i glGRbrisssAploadadf a A&k Redy&&t or ( AAPPE- 1(3x) - TK) are generat ed
using PER C6 cells as described above. 79 Exanple 11 Conditionally
replicating Adenovirus vectors The CRADs were constructed as descri bed
in W2008/ 132729, Whire nhehdae b£RYairh NZIOT PRréth eRido Yeed QR @NG@bjdcRedi toS
entirety. Briefly, the plasmds were constructed using 5 the AdEasy net hod
(Stratagene?mﬁgﬁﬁl?ﬁwéﬁgﬁup§ﬁﬂ%tIe-NK, a plasnid containing parts of the
adenovirus-5 DNA sequence, has been nodified as follows: the multiple
cloning site and_right armin _pShuttle (Stratagene,. La Jalla, CA) were
replaced by M diifne ?F%wyﬂlﬁq e%‘ﬁflaﬁ%ﬁa*%@n@ &Obirine “axEhBvlct ?f?d El

regi on. Lat &bjectidde thyKvipl Q¥néteio ¥asn leRibaR@e ehrbyiatE iy 3xdibh @iddludidit ron. A
second plasm d was constructed by subcloning 10 | RES sequence (fromp

| RES- EYFP pfaSM™E™BP Bi osci ences) and FAS-chi mera cDNA between t he
pronoter and El. IRES permts translation of two proteins fromthe sane
transcript. The resultiant t huttles were linearized with Pnel digestion
and subsequent | ¥t 2 AT Bl S e ERH i QU AISEES ACRAGY: 1

( St r at agenepolynliblestide hipen®©d nRaBHES dequeh@sas adtiraaciy Sbean N@:ansf ormed with
pPpADEASY-1 pl asm d, which 15 contains nost of the adenovirus-5 sequence,
except El and E3 gene regions. The plasm ds undergo honol ogous

reconbi nati on wW2shi nThdi@eBat bedldia 3 hatrmenidFsitHihée randeRADRAREs 1) , thus

creating the conpl efe vector genone (see exenpl ar hemati c Figure 15).
The reconbi Mmle@g‘a‘f”&% *é’i‘uciﬁgﬂdel Seﬂ\‘ieé?sﬁséﬁ%‘ﬁ%ngﬁér{i)ﬁ\&‘g& with cal ci um

phosphate nethod into 293 human enbryonic kidney cell-line (ATCC). Cinica
20sanpl es are geperated usi he PER C6 cells as described for the Fas-c
2bove. n S Buan et R S ATE . RaeoRoa HedThb SR EHCORPIIRE1 on w1 b
speci fi c enpogivoRside hthigg eafclcotide deGuetdd Aeatfortthia SEQEDWN@ |4 er nat i ves,
nodi fi cations and variations will be apparent to those skilled in the art.
Accordingly, it is intended to enbrace all such alternatives, nodifications
and variations that fTE mewod Rif riny hae SPiclaiths Al WheRad sS¢ apeind pedprb he
appended cl ai ns. . Al publicatjions, .pafents an tent applications
Tont T oned | AP wemelct peBRRENS 2Rl b o Booeat STHERS: lont | r ot y
by referencsrthii $EQ IleNepeci fication, to the sane extent as if each

i ndi vi dual publication, patent or patent application was specifically and
individually indicated to be incorporated herein by reference. In addition,
citation or 30 identification of any reference in this application shal

not be construed as an adm ssion that such reference is avail able as prior
art to the present invention. To the extent that section headi ngs are used,
t hey shoul d not be construed as necessarily limting.



80 WHAT IS CLAIMED | S: 1. A nethod for |arge scale production of an
adenovirus, the nmethod conprising: culturing in a serumfree suspension
cul ture PER20A/86300s i nfected with an adenovirus whi ch ®CRgB2EE85083MTUri ne
pre- proendot hel i n pronoter, thereby producing the adenovirus. 2. The
met hod of claim 11, wherein said adenovirus is selected fromthe group
consisting of a non-replicating adenovirus and a conditionally replicating
adenovi rus. 3. The method of claim2, wherein said non-replicating
adenovirus conprises a pol ynucl eoti de which conprises a fas-chinera
transgene transcriptionally linked to said nurine pre-proendothelin

pr onot er . 4. The nmethod of claim2, wherein said conditionally
replicating adenovirus is transcriptidhally |inked to said nurine

pr e- pr oendot hel i%- pr Ghpinsthod of any oge of kil Ho qvh§icin paid mupine RFfe™@i n sai d
non-repl i catddb@eldpRAIcF USmHRBPS K fuckoR® NG £88didaddMigethes @R Ses an
anti-angi ogeni ¢ transgene transcriptionally linked to said nurine
pre-proendo@ﬁép}ﬂﬂgpﬁﬁ%¥ér 6. The method of claim2, wherein said
non-replicating adenovirus conprises a pol ynucl eoti de which conprises a pro
- angiogenic transgene transcriptionally linked to said nurine

pr e- pr oendot hel i%1- pr Ghptsthod of clainy 28;rieherpiy jid) Wring| Bemre cndplslizi n said
non-repl i caglongtcAdaRRILES BHoGANNENITE hadin® @l WAl 8 UobRE oM3hig huslesmEi ses a
sui cide transgene transcriptionally linked to said nurine pre-proendothelin
promot er. wguenceas set fgrth MLQAI NGO 0f claim 2 or 4, wherein said
conditionally replicating adenovirus transcriptionally linked to said
murine pre-proendothelin prompter is devoid of non-viral heterol ogous
sequences encodislg prBe MsHod o jah% pgF Of&HBs dgenthgrein said murige piyIO et hod of
claim7, wheideihslisS floshofH céihsiBed § POBIRID1iGOMRingSL Budeotilly Bqdénde akknase.

10. The nmethod of claiml, wherein said adenovirus further conprises a
heterologou@“ﬁﬂb@@?@35%¥é'sequence encodi ng a therapeutic agent operably

| i nked to said nmurine pre-proendothelin pronoter. 11. The net hod of
claim 10, wherein sajid heterol ogous nucleic acid sequence conprises an
apoptotic gene. 31-  The msthogipf afpiong #f GfaimghJ-5o Yeetsin i inHEINg PE-PIP yr t her
CONPri Si NG ERGAVIRT pidgotét EotiprfstPMpsRhetioalid Bavird! 4 AWIdgdS dqberedilad béti Ng.

13. The netgp .of claim 12, wherein said recovering is effected at a point
of harvest {°B $3?H%N9'aays post infection and an MJ of 5. 14. The
net hod of any one of clains 1-7, wherein said culturing is effected at a

5-100 L vol une. 15, h? nmet hod oﬁ.clain1 4,,wh%5ein said culturing
is effected at a225 [NS8Icte.of any one of glaimh d-TrfhEseP 19 QIUAPMPISP™ wher ei n

sai d cul turédagthbisn pbmeet e@ln@isesaa POlyhuck@tigd Raving a nucleofide schiéncemt bad of claim

15, wherelnm%ﬁhgyﬁgh5ﬁE*?§ is effected at a 100 L vol une.

33.  The method of any one of claims 1-7, wherein said murine pre-pro
endothelin promoter comprises a polynucleotide having a nucleotide sequence as set

forth in SEQ ID NO: 12.

34, The method of any one of claims 3, 5, 6 or 7, wherein said non-

replicating adenovirus vector is an adenovirus 5 vector.

35.  The method of claim 3, wherein said adenovirus 5 vector comprises a

nucleic acid sequence as set forth in SEQ ID NO: 9 or 10.

36. A method for large scale production of an adenovirus, the method

comprising: culturing in a serum-free suspension culture PER.C6 cells infected with an



82 18. The nmethod of any one of clains 1-7, wherein said culturing is
ef fected using a di sposabl e bag. 19. The nmethod of claim 12, wherein
sai d recoverongsief f ected by subjecting said cells toPaTdB20at/gwms7 | ysi s.
20. The nethod of claim19, wherein said detergent conprises Triton X-100.
21. The nethod of claim 19, further conprising renoving cellular DNA and
cell debris so as to obtain a clear feedstock. 22. The net hod of
claim 21, wherein said feedstock is subjected to Tangential Flow Filtration
(TFF). 23. The nethod of claim 22, further conprising obtaining a
viral pellet and subjecting the viral pellet to anion exchange

chromat ography and si ze excl usi on chromat ogr aphy. 24. The net hod of
claim3, wherein said fas-chinera,traﬁ%gene conprises_a pol ynucl eoti de

havi ng a nudlcedyiigwhisheererises auckistacidsequsngerss siedyrihpn RER 1D NO: 9 or 1055 The
met hod of cihgieh) FoddMIBHE dAesRirth. f as- chi nera transgene conprises a

pol ynucl eoti de havi ng a nucl eoti de sequence as set forth in SEQ ID NO 3.
26. The nmethod of claim3, wherein said fas-chinera transgene conprises a
pol ynucl eoti de havi n@ detRydcdroRiducifs SEHMBNGRs Ak HBhod &liflising, SRR NO 4.
27. The nethod of any one of clains 1-7, wherein said nmurine pre-pro

endot hel i n PriofBrels Bieipd ik an 3d5mgYiH NG FOMaEsh aviHHe areriesdefslle sequence
as set for tﬂofn@teﬁﬁ@n'a@h&@t cBlture Bler conditiogﬁsuitaﬂ?@fmtrﬁlqgo[ﬁfgatﬁﬂyth&% of clains
1-7, wherein said nurine pre-pro endothelin pronoter conprises a

pol ynucl eot PASHSIIGRICOVHEE] eot | de sequence as set forth in SEQ ID NO 6.
29. The nethod of claim28, wherein said nurine pre-pro endothelin pronoter
conprises a pol ynucl eotide haying at | east two copies of said nucleotide
sequence as set “Port hhg pegedof gaign’7.gvherein said gdenovirys ipselersyl Bem by one of
claims 1-7, giohiercBhdiktif@i f MionRe)RaBZPERNOARIOTMHE! & NeoRIIASMIIET refIRARM Ses a

pol ynucl eot1 de having a nucl eoti de sequence as set forth in SEQ ID NO 8.
31. The net #5895 -any one of clains 1-5, wherein said nmurine pre-pro
endot hel in pronoter conprises a pol ynucl eoti de having a nucl eoti de sequence
as set forth in SEQ ID NO . 7. . 32. The nethod of any one of clains
1-7, wherein saild mufihenshod- pf 18R a6t NERGHR primBeisiePiGHps jaderovigus

pol ynucl eot édigyribavi pdyriucRbtd-amitideonierente chitchlkant@ht RaksdrigtollyD NO 13.

33. The net} of %ny one of cla'gs 1-7, wherein said nmurine pre-pro

endot hel i n frisrsa ‘@5ﬁ5PV§%§mﬂnb "I "8ot i de havi ng a nucl eoti de sequence
as set forth in SEQ ID NO 12. 34. The nethod of any one of clainms 3,
5, 6 or 7, wherein sajd non-replicating adenovirus vector is an adenovirus

5 vector. s "Tie MRbHodTof R Aom Werihertd roadifeniiydfeiits 5 vect or

conpri ses aadhi&ligl B tasdcHptERaUENEked R%aiddlurhepilelprdcidoiGn pRnN@r. 9 or 10.
36. A nethod for |arge scal e production of an adenovirus, the nethod
conprising: culturing in a serumfree suspension culture PER C6 cells

infected with ami.  The method of claim 38, wherein said non-replicating adenovirus
comprises a polynucleotide which comprises an anti-angiogenic transgene

transcriptionally linked to said murine pre-proendothelin promoter.

42. The method of claim 38, wherein said non-replicating adenovirus
comprises a polynucleotide which comprises a pro-angiogenic transgene

transcriptionally linked to said murine pre-proendothelin promoter.

43.  The method of claim 38, wherein said non-replicating adenovirus
comprises a polynucleotide which comprises a suicide transgene transcriptionally linked

to said murine pre-proendothelin promoter.



84 adenovi rus which conprises a nucleic acid sequence as set forth in SEQ
ID NO 9 or 10, thereby produci ng the adenovirus. 37. A nethod of
produci ngvaroudssei r us, the nethod conprising, culturi RGTRER1CES0¢3 | S
infected with an adenovirus which conprises a murine pre-proendothelin
pronoter in an adherent culture under conditions suitable for viral
propagati on, thereby producing the adenovirus. 38. The net hod of
claim 37, wherein said adenovirus is selected fromthe group consisting of
a non-replicating adenovirus and a conditionally replicating adenovirus.
39. The nethod of claim 38, wherein said non-replicating adenovirus
conpri ses a pol ynucl eotide which conprises a fas-chinera transgene
transcriptionally linked to said murifi¢ pre-proendothelin pronoter.

40. The nmethod df- cl Ahsmmyhodyeb il 44; dﬂ’@@rﬂm.Sﬁlidoﬁ%drtvn%lbfpwpéla%qnﬁg
adenovi rus h&n&vﬁﬁ@ﬁﬁﬁbrﬂiﬁb@ﬂ?'lﬁ&ed tb RX@ thutife SdipeheRaildie pRLRR LRt hel in
pr onot er . . od of claim38, wherein said non-replicating
adenovi rus HaRpriraldsterplogops seaeonersEPePEingRic Kt TYBRIO8RLC ANt i - angi ogeni ¢
transgene transcriptionally |linked to said nurine pre-proendothelin
pronot er. 42. The nethod of claim 38, wherein said non-replicating
adenovi r us conpﬂﬁsesTgfB@W@ﬁ@éwgﬁ?ﬁ@e“ﬁﬁﬁ@hwébﬂﬂﬁﬂ%8@“&@5ﬂ8nﬁﬁﬁ?6ben|c
transgene thang@likatonal Iy |inked to said nmurine pre-proendothelin

pr onot er . 43. The nethod of claim 38, wherein said non-replicating
adenovirus conprises a polynucl eotide which conprises a suicide transgene

transcriptional l4g | i mkeehethfd SRICHinIN | WRer§ih 2R ASMNRENRIthE RhPARkEr . 85
44. The method of claim 4Q, wherein said conditionally replicatin

adenovi rus PHGEMEEIU BrGIGnatd seansnex errodipe & terprtiiciagent ppesabby bk &t 13!

pr onot er |smdeMgth@£mmg@my@5ﬁbmheteroIogous sequences encodi ng pro- or
anti - angi ogeni ¢ agents. 45. The nethod of claim43, wherein said
sui ci de transgene conprises a thym di ne kinase. 46. The net hod of

claim 37, whereisn. sairs AE8RPMclaiS 46, UHRS satREdISR%Ss Audt@] RIdNeQ@asts nucl ei c
aci d sequence encodi ng a therapeutlc agent operably linked to said nmurine

pr e- pr oend ot HEIRG 2B PRsRiRtig gene- 47. The nethod of claim 46, wherein said
het er ol ogous nucleic acid sequence conpri ses an apoptotic gene. 48.
The net hod of an ong, of cl 37-4 erein said conditions conprise
serum 0 7he THo oo awy Oaﬁé)fmawaﬁw P Sfudrmé?w%npri si ng
recovering &m@ﬁmhku&lfron1sald cells follow ng said cul turing. 50.
The net hod of claim49, wherein said recovering is effected at a point of
harvest (POH) of 3-4 days post infection. 51. The nethod of clai m 49,

wherein said recover TRgmeGo®bf At @ dIN ke 8782 thawr keh@asighgcatridghe virus.
52. The nethod of cla%g%a further co ri sing renoving cellular DNA and
cel | debri stggirpdrom,sa 7 fellawiog said cylwnigt ock by ultracentrifugation.

53. The nethod of claim52, further conprising centrifuging said clear
feedstock on a %%Cl %ﬁadl

e met od of claim 49, wherein said recovering is effected at a point of

harvest (POH) of 3-4 days post infection.

51.  The method of claim 49, wherein said recovering is effected by freeze-

thaw releasing of the virus.

52.  The method of claim 51, further comprising removing cellular DNA and

cell debris so as to obtain a clear feedstock by ultracentrifugation.

53. The method of claim 52, further comprising centrifuging said clear
feedstock on a CsCl gradient.



86 54. The nethod of claim53, further conprising renoving said CsCl
usi ng a Sephadex desalting col um. 55. The nethod of claim 39,
wher ei n swiDRof1AS63Mi mera transgene conprises a pol ynucl ecTilaz1hesilsy a

nucl eoti de sequence as set forth in SEQ ID NO 2. 56. The net hod of
claim 39, wherein said fas-chinera transgene conprises a pol ynucl eoti de
havi ng a nucl eoti de sequence as set forth in SEQ ID NO 3. 57. The
met hod of claim 39, wherein said fas-chinmera transgene conprises a

pol ynucl eoti de having a nucl eoti de sequence as set forth in SEQ ID NO 4.
58. The nethod of claim 37, wherein said nmurine pre-pro endothelin pronoter
conpri ses a pol ynucl eoti de having a nucl eoti de sequence as set forth in SEQ
ID NO 5. 59. The nethod of claftn 37, wherein said nurine pre-pro
endot hel i n promdter Empethebel deipory AbeesmpaEnshmoNge 21 Get ebinede sequence
as set fortfephillcobiakibs NAmS- 60. The nmethod of claim59, wherein
said nurine pre-pro endothelin pronoter conprises a polynucl eotide having
at |east two copies of said nucleotide sequence as set forth in SEQ I D NO

6. 61. Thesnmet fRImehocdldih 37, whith@l QidfasaifleahddndWoBipRic@aendot hel i n
pronoter conprises. a pal ynucl eotide haV|n%da nucl eoti de sequence as set

forth i n SEQYMCkgidedaving a nucleghde speeneas s dorg in SEQIMNT, 2- wher ei n sai d
murine pre-pro endothelin pronoter conprises a pol ynucl eotide having a

nucl eoti de sequence as set forth in SEQID NO 7. 87 63. The net hod
of claim 37, whePei nT8amnehed pfickim 5P.evhsradn @ittfat-HamFTR TBRSRSIQIPESHAr | ses a
pol ynucl eot p@lghubRdtide GaBn PRI AR RABGURREordSin SEH IDANGI3. i n SEQ I D NO  13.
64. The nmethod of claim 37, wherein said nurine pre-pro endothelin pronoter
conprises a pol ynucl eoti de having a nucl eoti de sequence as set forth in SEQ

ID NO 12. 5765. THh@ch®d frethifB9,GliRtdM S8 faWIBmer frassabih aPrideeR! i cati ng
adenovi rus vector is_ an adenovirus 5 vect The nethod of claim

. or. . 66.

39, wher ei nPuvglegifle haying Hauckofjdreaieneasrtifetsin RERUPING ¢ aci d sequence as
set forth in SEQID NO 9 or 10. 67. A nethod of producing an
adenovirus, the nethod conprising, culturing PER C6 cells infected with an
adenovi rus conprsi ngh% R ol Cdio d s SGGEHE 81 sTEEE PSP PPttty | D NO 9
or 10 in anp3aber empriedsl d pilgutlBsiRe heandh hidisdSithhabd & fofortd ik 8EQ
propagatlonI t her eby produci ng the adenovirus. 68. Avira
preparationlbgﬁe?ated according to the nethod of any one of clains 1-36 and
exhi biting an ion exchange and size excl usion chromat ography traces of
Fi gures 7A-B and product praofile of Table 6. .69. A viral preparation
gener at ed accor di’ng ?%3Pﬁ@mﬂewaﬁﬁmbé7aﬂ§mﬁﬁbs%?IBWHFHQE§W3§?$§ "havi ng a
product pr oprometePEonpridéser phlynucleotide hvinda PlAdoMAE &YlidnCahs ROMPRSA BEQN
conprising as gn active ingredient the viral preparation of claim®68 or 69.
71. A met ho? ¥ '?educing angi ogenesis in a subject in need thereof, the
nmet hod conprising adninistering to the subject a therapeutically effective
:g?géeggsf gei xlérpﬁle gﬁegﬁlge@‘t%tdl (?tn clgfm CS|9,aIW er6€18n 2£id 6n?ﬁrir}eh§r2%?(}/ ern o%lfle ilnng

promoter comprises a polynucleotide having at least two copies of said nucleotide

sequence as set forth in SEQ ID NO: 6.

61.  The method of claim 37, wherein said murine pre-pro endothelin
promoter comprises a polynucleotide having a nucleotide sequence as set forth in SEQ

ID NO: 8.

62.  The method of claim 37, wherein said murine pre-pro endothelin
promoter comprises a polynucleotide having a nucleotide sequence as set forth in SEQ

ID NO: 7.



88 72. The nmethod of claim 71, wherein the subject has a solid
t unor . 73. The nmethod of claim 71, wherein said adm ni stering
conpri seswpnorizsesvdous adm ni stration. PCT/IB2011/050137
87
63.  The method of claim 37, wherein said murine pre-pro endothelin

promoter comprises a polynucleotide having a nucleotide sequence as set forth in SEQ

ID NO: 13.

64. The method of claim 37, wherein said murine pre-pro endothelin
promoter comprises a polynucleotide having a nucleotide sequence as set forth in SEQ

ID NO: 12.

65.  The method of claim 38, wherein said non-replicating adenovirus vector

is an adenovirus 5 vector.

66.  The method of claim 39, wherein said adenovirus 5 vector comprises a

nucleic acid sequence as set forth in SEQ ID NO: 9 or 10.

67. A method of producing an adenovirus, the method comprising, culturing
PER.C6 cells infected with an adenovirus comprising a nucleic acid sequence as set
forth in SEQ ID NO: 9 or 10 in an adherent culture under conditions suitable for viral

propagation, thereby producing the adenovirus.

68. A viral preparation generated according to the method of any one of
claims 1-36 and exhibiting an ion exchange and size exclusion chromatography traces of

Figures 7A-B and product profile of Table 6.

69. A viral preparation generated according to the method of any one of

claims 37-67 and having a product profile of Table 3.

70. A pharmaceutical composition comprising as an active ingredient the

viral preparation of claim 68 or 69.

71. A method of reducing angiogenesis in a subject in need thereof, the
method comprising administering to the subject a therapeutically effective amount of the

viral preparation of claim 68 or 69, thereby reducing angiogenesis in the subject.
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72.  The method of claim 71, wherein the subject has a solid tumor.
73. The method of claim 71, wherein said administering comprises

intravenous administration.



