Conmposition and Met hods of RNAI Therapeutics for

Treatment of Cancer and O her Neovascul ari zation
wOiemasesa3 Thi s application clains pri ority to BBI/US2006/013645

appl i cation, 60/670,717, filed ril 12, 2005, the

cont ent SoBposifignstnddyigtheds ARt rpmlaw&@rﬁl;re%f@#eéﬁeﬁce

in their entiiCamger apg; QthapNpevageulaizatips Piseatest es t o

the followi ng application, the contents of which are

al so in P ﬁEﬁ%n*&Kaorg%ﬁd{;ﬁ%%%$ %bgh@ﬁioﬁ Sl AL ﬁ%d L April

PCT/ US03 7 Vet ating Target
ExpladPp rﬁhq qentghtg of Bhich aterhsehby unc@rpoatedl hﬂreﬁfe@w mghaRNA;

ey e REG0 AL e o ior N e AELARE e B0 oiE et of
anwbszhtarecaiw isgedpduisechiadesfdrance @othbii erdirétizs: FRKIKIS03/24587,
or oV RS DE ol kRl tolfe LSBT N VB bl Slton

di s @gﬁﬁ&famng RNM\B&]’TV@SIZO@&I@OWLJRHAJI Thetram:ntlc(sl\ﬂbi) Treatfrtc?tmf
1 B8 Bt e S DS R RS2 B0 s, Eafmp Ot hnd

t i My&ethods for QembiatieoRN Al Tkaaestiat it can be an early
pat hol ogi cal step in disease. Despite introduction of
new t her apeuti c antagoni sts of angi ogenesi s, including
ant s.of the VEG- pat hway, treatnent options for
con?&gtr?tlsth UL i nadequate and a | arge and growi ng

I f
ot oL BP0 1 PR LRy SR
15 ev dissmesunitantvedted mgcb\agcenteematmn (H\/i),ocﬂ’tehl‘dn abrmomalam ekessive

b
o T BN P R 5
pat timle@kj}is(ad{/eriel coBsequendds azhit qan &é e édﬁly}paﬁlem)lgicamep in disease.
oot RETS RS o nSv B R BobteS el bR e Lo fdce
t hi anthgontitsfite VEGN pathwgy, tregaieniiptionst for @atbliag NWare

hrough sel ectjve inhibition of - angi ogeni.c
20 oHpdsnupigen % LY Efa?%ﬁhl?ﬁaﬁm YPE%HBFOYVE@W

pat headeds BENEXGHhESS ligHibitdickakd b friessicdbr It@@aérsezaﬁ;vaated
pat hol ogi cal NV tissues. The present .inventiaq

pr oHEIREENESimSSe N VORI cande ﬁépﬁ%ad Siofegica BIORRSS: anhlb@%ef

t ar geyagedan ‘i’sgﬁéfefa%lyeacgmﬁﬁéd WRRsFQREPitY fok B PatRElo¥ B tissue,
conj ugat es and furt her corg)rl sing nucl €i ¢ acid

no| Baicheeclerpbly radniescseleriiyg dehiveay pethermpaatie pakgeyles tpribe

pr eﬁﬁﬁglo%gg{g%bon provides conpositions and nethods
i nhibition of individual genes or conbinations of

g enes acthiefesert iN¥nB&HoBRiothes this hurdle by providing treatments to
control NV through selective inhibition of pro-angiogenic biochemical pathways,
including inhibition of VEGF pathway gene expression and inhibition localized at
pathological NV tissues. The present invention provides compositions and

30  methods for using a tissue targeted nanoparticle composition comprising polymer
conjugates and further comprising nucleic acid molecules that induce RNA
interference (RNAi). The present invention provides compositions and methods
for inhibition of individual genes or combinations of genes active in NV and more

preferably in the VEGF pathway. The dsRNA nanoparticle compositions of the



preferably in the VEGF pat hway. The dsRNA nanoparticle
conpositions of theinvention can be used alone or in

woandsimetidon with other therapeutic agents, i neCuaiSege6/013645
targeted therapeutics, .including VEGF pat hway

ant Hyefiioscan bayres algne oign sembingionayith QS'éf‘d ﬂtcgapam: 2gRRP|
| gellifg 'tzﬁ%ét&i %Qfaﬁeu’u@fﬂ chelRi eV eer f)ﬁ%@’ﬁn&%’cﬁ&s such as

i nhi biting its receptor or

rec wﬂ%@ab&mmewd sell mefleculs iehibitors, Aest taegeted yhesapgutics
che G ARYF an-ﬁrlf‘s chreEﬁ? BipHEY Gkt 1'tsc}€cegjco?§orﬁ\51 BN BSr-Abl,
conposi tions and ds for the treatnent of

¥i semkimnunotherapy prdcehempthetanyli Heyp rresentidnventenitlsy prowdes

dIS [

Bac etk hfiods A @BV YRR IRE Bjec inpluding
t heranperuoduiar digeast.sarthiitig; laodlinflgmmatesy discasasd Macugen,
provi de some benefit for NV di seases. Sone of these
agents act by binding to and inhibiting the action of
Vascul ar Endot helial G owth Factor (VEGF), but these
ageRackzpwndpfithelfvestione for many patients. O her
agents being evaluated in clinical studies show si

19 hat t heRecrmiyUHF B4 approgeshiberprantie pgenisyinpludiae dyastis.aa d
in hM&b& efl %r@n’fi@e e RRe Mol ¢ dlsELEPIRNR Jf ﬁ{esé/%@ﬁbs alt'by

down streant proteins used by these receptors for

si ghiafling ﬁ%ﬁ@d@i@bh‘fl@&theﬁpr@nmfaia@nuéarﬁné@thmb eavh Geator s
th
aé o?utttl%sg% fs%# ﬁotﬁ Eff% Yﬁg g%?% géﬁ@% %J;ﬂﬂ:tr Qééﬁ‘@ Htj:?ng

contro
s 0 nevabatqdelm tlinical pudideishoivaigns gratitier map proyids spme bensfit by

1% mi{nlg 1{?&% kPG {ﬂae @hﬂ%‘ﬁé abtfnqﬁbc;flﬂt %c% [PHRPVERR o down stream”

nhi r cal suniti Ras activity again
rrul piiogsiins vgédystbesereseptiorssor N@@Ftrmsd@pbmr’r hfﬂﬁliﬁre that has

r ecgrgérg&% is 't:ﬂ'a{'%’eeggqg cckﬁltrol th VEe{}I*S “;Pa R’%g rQ i % level of

bene ases. wever-, ene S are
sti bdntmhm that provides onefit fpaionmwserﬁm dn béditiar, studles ofa
ns,t.0 co n

t her apeu

b o eRE R TR e eSO s o B Y B o
2@nt thgohais attivitg fagif®imutiiplé kigase @eegihs) VEGE\EShtoR] PLGIE revEsthr,

R2. l em that has rge ith use gof

ot BobeoBd RR SR bl Il B BB iy E owever, tese

$ ﬁt béhleﬂgiaﬁbadtllltnheﬁlsqtﬁﬁe foPmb& PhtRAGang Ib@tﬁﬂﬂﬁ ﬂtei@eutwfmééﬁ%

us an tive ne s to ve t era

contarp B VT retd SRR M dsA o ik A0 eI (g are

pat Megly atebmbtd 5f VEGE or HOMBepi @Y WEEER B VEGF']!@ One

expressi on, and doi ng so g¥ i nducing RNA interference

25 hr BoBYem; that pas,gneresd w/%*r Ype oF arpgenistsiaRPREFY LB OF AgPSBYIRRIRY the
ol I ?ﬂ?lg&l@él&@ﬁésqgssto (i BN ProdiRiibn b EGE efrﬁﬁbca% aktFN d mbahs B

ranscriptional process where a double stranded

I\WH?HH%YCBWY@@Q%@)“@?MQ%% isgA inhibipredustiemelidhe ¥EGFmathway
f asfioRehs, {N8oviNRkulate their gene expression, and doing so by inducing RNA
interference through in vivo delivery of small interfering dsRNA oligonucleotides

30 (siRNA).
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Other objects, features and advantages of the present invention will
become apparent from the following detailed description. It should be understood,

however, that the detailed description and the specific examples, while indicating



RNAi are used in concert with other therapeutic

agents, such as but not limted to small nol ecul es and
wounnwalienal anti bodies (mAb), in the sane ther BOBWIS2M6/013645

regi men. O her obg' ects, features and advant ag{%zi of the

pr e SEHRTed SPBAdiMGHLs Rf he Inyspiinpears §iyAR BRivay phipstrgon only,
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under st ood, however, that the detail ed description and

t he iyprEianfyifl besoampApearentyip fhoge skilled dythe gg dioat Bisdetpiled
enbgglic s of the invention, are given by way of
illustration only, since various changes and

godh%iie?ﬁ&ic%?io%fﬁieﬁ)&%@pi rit and scope of the

i nvention w beconme apparent to those skilled in the

art fronrighie 10gbak tHRAnHISIESH bFIHILION.coBhixehodrEb@ioP Eio®ih
of the Drawings Figure. 1 shows the inhibition of
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peptirde |igand alone or in conbination with Avastin

t r e &HfieRgythas beanpbsgayedising.arcombinatiqnr Gapegs hepapsutiss ayith

100S §REGRIUIRNE idhiGiRTRhAALAAR (SSRGS mAL) &I AP Sithd Fitidrd:
VEGFR2-si RNA | nhi bitor and Avastin (Bévaci zumab) 1n

t he regimen, inrzlumasirolonegicinema (PhDal) renagrefciymonmedalci noma
(DLD- 1) ¥EARGY, AEGHHIARNAGARparfel b Brir no¥ iR ldigh

nanoparticle targeting neovascul ature rough syst
del sxstamyic deiverystermemsithtqdqotent effi¢del dmenjon ¢arardnaaxenograft

car ¢j f -t

F oufion R L 99 TR R AGlcob b iRl b ks e
16 s RITERCR rdsultstiHadtratet thekrionkdokaefily E§TFRIE@RREpgessien at mRNA
expfession at mRNA |evel . Figure 3. Human VEGFR2-si RNA

nanopafticl e targeting neovascul ature through systemc
del i ver yFigenmh $tunan ME@R2esIRNAffahqmdicld targetiueovasculature

car gi ng enagraft nopuse el D-| .tunpr) after

F ouf IR SR ey S IRE L iy b B bbb

I Mmuérohraditroaize mogdél(PLDABge®r)sifiemfodompeateigidindistetiond every
EGER2 and CD3 1.expression in the tunor ti.ssu

2 e ST R e RS X SRR sl iPEpEVECPR2

gar gl CDY agmesﬁsr@uitaéﬁi@rtibsuaygh slyst em c delivery
enonstrate ent, e i on carci nona

xenogr af lgH{ﬁfg Sﬁ]ﬂ{}d"élfnatl B@%’ﬁm{mg)“?ncﬂ’ﬁﬂéc SgAiEFiNEant

| FNnébvhgtdiagiré thifough Stangid délivefynRnivRstEkedPoldelefitdcsamtaldn

hours after the 2nd deli verip_ Figure 5. Human

VEGRISipempxenpgrafianeusp iofel (PHR- 13uman), ve/dembergsiiN-¢
25  induction observed in the mouse blood stream 24 hours after the 2nd delivery.
Figure 5. Human VEGF-siRNA (19 base pair with 3’end overhangs) is
effective for silencing hVEGF expression in vitro and in vivo, at both mRNA
level and protein level, evaluated by RT-PCR and ELISA. Two upper figures
demonstrated significant hVEGF knockdown at both mRNA and protein levels.
30  The lower panel shows the anti-tumor activity of siRNA-mediated hVEGF
knockdown in a MCF-7/VEGF165 cell induced xenograft model, where the
hVEGF expression was significantly down regulated in the tumor tissue.
Figure 6. Human VEGF-siRNA (19 base pair with 3’end overhangs) is

effective for silencing hVEGF expression in vivo resulting in tumor growth
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effective for silencing hVEGF expression in vitro and
in vivo, at both nRNA | evel and protein |evel,
wevealouatsasl by RT- PCR and ELI SA. Two upper fi guPes$/US2006/013645

denonstrated significant hVEG- knockdown at both nRNA
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enhhmpme:nRNWth 7 day interval. Figure 7. Human
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for silené expression in
t haﬂlldnbﬁg hQ'EE‘ERé egpriessionl ifkikifro aﬁelg4,8rh¥ 8. Human

EGF- si s effective .

i | enci r%lA H{fé@: 8%‘6@?9%‘5%5@*’“%% st elné)ngsggfr%gcuve
dur &ristiéncingdVBORR1 exprebdien ih Yitladiepad hr. si RNA. Fi gure 9.
Human VI bI unt. end) IS, .
ef fectiv gf'tﬁlls?f@ﬁa %&@%&GM( W%B@T@ t)eﬁhWFf'f%cuve
af t egr bsf}&chi’g h\/gﬂ(ﬂlm%xﬁﬁss@ﬂm&ﬂro\ﬁﬁﬁﬂlhffe&hﬂﬁﬁe pahbtshase
pai r unt end) js e silen
expr essi DU Wm&n&fﬁﬁé-m@\ﬁ% basp aﬁfrﬁua engmﬁaf?ctwe for

1YEGhie s RMAGEZR sznkém iRFivo r&dutiing iefehor bfoweh frBiitionewlthe

sHenmr;\gﬁhVE expression in vitro at two di f f er ent
¢35 pregti cereinoma rel iR VEGF- si RNA (25 base pair

bl unt enﬂbgufeslse%ﬁ&w F¥&ndwik for hgﬁggmmééé@%ﬂ%m SIBUF,
in vivo resutlnglnturmr rovvt |nh|b|t|on W t a

NVDAMUSERS 5ing) Ve nfheisawerireampnt tp pleek theippgipgengsis pathway.

Concept f?f yﬁdF%RNﬁ'n%la%édeﬁif‘bl%Q&Kf@EGFteﬁﬁrgé%idnriﬁ
VEGF, RI an in the same treatnent  to bl ock

20he oaﬂ@ tisgpep €59 mupiag mode) of Blgur e 14. VEGF si RNA

medi at ed
tissues }S?HQA %JMESE I%E)hﬁ %ﬁzﬁ%{eﬁéélh %F%H%QM%F pathway

pat lgowey irgiiviRivalljredinaoettinatitri ibiotilartisedes VEGRupae madgl of HSK.
o o mur T RSNl B R D VR B R
t ar geté cf@:cWEGEan AFGHRIe SRNAVESRIRE individwal gerefat detseme
Zg h arc]osag estecgl gll tge I%W 1ndutc9c§ gc%EaIr gggié&%ésYsi lggl%le n%%@l? Wﬁfl eftlni‘?
local (left) or systemic (right) deliveries.
Figure 17. Comparison of angiogensis inhibition achieved by local and
systemic administration of VEGF pathway siRNA cocktail in ocular tissues of a
murine model of HSK.
30 Figure 18. Pharmacodynamic effects of VEGF pathway siRNA cocktail
mediated inhibition of pathology in ocular tissues of a murine model of HSK.
Figure 19. Inhibition of angiogenesis by administration of VEGF pathway
siRNA cocktail on day 17 or day 14 after induction of disease in ocular tissues of

a murine model of retinal angiogenesis in a perfusion/flatmount measurement.



dosage tested in the HSV i nduced ocul ar angi ogenesi s
nmouse nodel, with either local (left) or systemc

wonrbghti)sislel i veries. Figure 17. Corrpari son of PCT/US2006/013645
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sol ﬁ’fﬂr%gﬁmgi W?H%Sar%‘)ft?fﬁeﬂ%lv%&%\m aqueous sol ution, the

nanopar tF@h@szsvaGFRg-sﬁeM nmambleeﬂgamgd%@mm&e The

nan art c'e: arefrela,tlvelg/ even in size, from50 nm
‘ﬁ‘ﬁ“e P‘&Eﬂté BACY 3 lﬁ%i%%%ﬁng%? @Ot‘sﬁr"@‘&el %’-

neoﬂﬁﬁﬁ}dfﬁlr e repenmeinlidbediohd &Ry thRe sy Ng property
usi ng | abel ed si RNA payload (left) and plasm d_payl oad

2@xpr essi Higure o VECE 'SFIQ}% panopargigls dargetingmeqvasqlaiyre o
25. qofiSAsided hiiH IRAGPA Eéﬂa%a@mﬁcﬁﬁegfeﬁqb%gﬁ RRAYAREM pigeLE

denonstrated potent efficacy in neuroblastoma syngenl c
nmouBEnopoafisr fiyauzpeatadrgmynigfations averyrthiee gavat ed

adm ni Stf‘lgﬁ}e%Vﬁt’}?ﬁi—sf K farfbP¥rticle Fedr éifn né&asculature
VEGFR2- si RNA nano&artl cle targeting ascu[sa ture
dendemansEatedipqiont eicaesfin |c@lanyarpmomem10gm£rm¢us@mdel (DLD-1

2%¢€ n&g{o?)f Cﬁtﬂe{:rﬁ)lﬁ fo E@Qﬁldnﬁl?lgtﬁatgnst é{)gﬁ; t)areggjg)& ’Ifh}e\é%lfferent

repeat € dm ni tratlons ever
dosages were used in the study.

Figure 28. VEGFR2-siRNA nanoparticle targeting neovasculature
demonstrated potent efficacy in colon carcinoma xenograft mouse model (DLD-1
tumor) after four repeated administrations every three days. Four mg per kilo of

30  VEGFR2 dosing resulted in the same anti-tumor efficacy as 5 mg per kilo.

Figure 29. Manufacturing flow chart for production of an RGD-polymer
conjugate and a nanoparticle-siRINA preparation starting from raw materials of a
homobifunctional activated PEG, an RGD-2C peptide, a polyamine containing
agent, and a mixture of dsRNA.



Fi gure 27. VEGFR2-si RNA nanoparticle targeting

neovascul ature denonstrated potent efficacy in colon
woanwimeara xenograft nouse nodel (DLD-1 tunor) Partuseo06/013645

four repeated adm nistrations every three days. Three
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repeated adm ni strations every three days. Four ng per

ki | Detpiled/PegendptigBsi ng resul ted in the same anti-tunor

fficacy_as 5 er, kilo., Figure 29. nyf acturin
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RGDAAADREallY @ VersLXBEssSr A MSFRSC CSINgi S5N5TGnd gwip!e makfynciions
M X bEdiSast-cAtSiDProkdith Me Bfesent et ppdvides Bhidbit Gcitiagdis,
to manufacture a nanoparticle-si RNA preparation .
st af4 38 SiRNshelispBudentides Bakactixaty BNdigterfgisnes (RO and are

16 ONRigh S/ s8R ctRRliMEfor § MM cHISRSsiBN HitA A s&juBNA spQifitt ihQther.
conprising three dsR! i%g.ent s. Detailed Description
The The eisesht invenfion prayidep indipitipasf dohpospdyldgien of peptein activity

et RRARINEE NGRS PREin kprDNiHISRRSAS %b[‘lfsjarl gdpbeal 1y
d f mg?tl pl e

are characterized by attributes o roteins
andmaBiiertinal dfpraseies. - expr essed di sease- causing genes

and mut i cﬁn&ﬁ'tﬂ&tﬂﬁn%}igé}lési§’§r89és§ Rafidiishild b i rB3uRlcP bbtRrmal
The present 1nvention provides nucl€ic acid agents,

15 uchvegrsxprieRion dlohepgaess] asgiogeissis factrag, geootth (egtoss, RMAmutant

i nt [ i i . i V€
|l SERREdER A0 06 bllNich GRHRE blokdng also plavs a
manerdtical ihfee Iperessngtevidences supportygrthevotibeshat sSTRINA mioteauled are
NV ul ation,.of protein activity includin .
e PRAHLAUEER: GhoREMCIRAG b dih 9% Mhutting in

t r asiguificpt ptitechomafftctsi Thd donposifiogsrant @tettdds dbfthe press:t |

he. t unori genesi cess i s thou Ett t esul t
S S A Ak e o U
f acvIYS-MBHBNdIls had 1 483 cll-afildcatildeasdraft tifr ndpipyhisdhs ,

even t hough un%er-e sion of other protei Siﬁ%\b‘\fo
ol adyzion SEpth bihitiongyt 40-5 % peng G dSIEY LSRN | s
t hesproifically thigsfingShuniih VBUESat v sRfi€seqtdr@ed. dt is alépr_eciated
"kn ckdgign," t g rigenic genes both in vitro and in,
i vt B iopioh G Relhyey BFENPressn idiest TS meeencsithe
25 ONpagtstthARReraREmMRSAERNRE inlthRoR88 eHat adtit¥e Al Rell
denonstrate substantial knockdown of human VEGF in
NCF@ppp‘@é‘spgc’l can enhance efficacy of cytotoxic chemotherapeutic drugs.
However, to achieve significantly improved antitumor efficacy of anti-
angiogenesis agents and chemotherapeutic drugs, a highly effective delivery
method is necessary so that elevated concentrations of the drugs accumulate in the
30  local tumor tissue, and in many instances through a systemic administration.
The present inventors have described a method of validating drug targets
that determines which targets control disease pathways and therefore justify drug
development efforts (see PCT/US02/31554). The present inventors also have

described technologies suitable for delivery of nucleic acids into animal tissues.
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30 MB-435 tumors. For the first time we were able to demonstrate that RNAi can

effectively silencing target gene in tumor cells in vivo and that, as a result, tumor
growth was inhibited.
The present inventors have achieved for the first time therapeutic

compositions and methods for treatment of a wide variety of NV diseases using
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MRNA. Al t hough gene down-regul ation by the RNA
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hVEGF-25-siRNA-b:
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80% in MCF-7/VEGF165 cells and in tunors growng in
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provi dedg gJ nvent I\ RINA

targeti ng%ﬁpat hvvays g nes are pr ovf‘%fgé%&&)é%%)t%he

¥ nvent i oAntiankestrinelr s WhHi(UhecucwrrsivcadatyvemessRiill | ed
~in the art. a. Human VEGF specific si RNA 25 base pair

bl unt en hVEG--, 5 si R se stran
5'-r(8% t‘%ﬁ%ﬁ e strand:
5' -r( A C%CUGGLFR%QAUEE 57 RNA- b

Sense strand:

5' - r ( GAGAGAUGAGCUUCCUACAGCACAA) - 3' Ant i sense strand:
16 _ b (RyueandalreeeptaidcneriicsiBA: - 3' . hVEGF- 25- si RNA- ¢
Sense 28 thha@ir biint EAdGACAACAAAUGUGAAUGCAGACCAA) - 3'

Anti sense strand: 5'-r ( UUGGUCGCAUUCACAUUUGUGUG) - 3' 19
base PYECEFRAHIRNA-aaucl eotide (TT) over hangs at 3'

NVEGFGR.Siras: ( UCSARCOLGROAARALT Ry Borybay uman
VEGF receptor 1 specific si ase pail r | unt
ends: ANWEGEEra8:- §i-RNAAGAASENSIASRAHATGUUGGC) -3

lﬁg' - 1 ( GCCAACAUAUUCUACAGUGUUCUUA) - 3" Anti sense strand:

'-r( (;L%#AUAUGUUGGC) 3" hVEGFR - 25- si RNA- b,
Sense ?EA:W é@CUCC—L‘CC—:GAAGJUGJAUG(}JUAA) 3'

Ant i seese sshifdand: 55r(cceidbdcEAIAGALRULIEREENGACSS) - 3" .

19 basepairs with 2 3 nucl eoti de over hangs: VEGF
R | (Pmiigense Stm@mé%é@%wi@WQquq@ﬁ&ﬁ% G
receptor 2 specific si RNA

20 19 basepairs with 2 3* (TT) nucleotide overhangs:

VEGF R1 (FLT) 5’-GGAGAGGACCUGAAACUGUTT

¢. Human VEGF receptor 2 specific siRNA:
25 basepair blunt ends:
25 hVEGFR2-25-siRNA-a,
Sense strand: 5’-r (CCUCUUCUGUAAGACACUCACAAUU) -3’
Antisense strand: 5’-r (AAUUGUGAGUGUCUUACAGAAGAGG) -3°.

hVEGFR2-25-siRNA-b,
30 Sense strand: 5’-r (CCCUUGAGUCCAAUCACACAAUUAA) -3°
Antisense strand: 5’-r (UUAAUUGUGUGAUUGGACUCAAGGE) -3°.

hVEGFR2-25-siRNA-c,

Sense strand; 5’-r (CCAAGUGAUUGAAGCAGAUGCCUUU) -3°
35 Antisense strand; 5’-r (AAAGGCAUCUGCUUCAAUCACUUGR) -3°
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25 basepair blunt ends: hVEGFR2-25-si RNA-a, Sense

strand: 5 - r ( CCUCUUCUGUAAGACACUCACAALL) -3 '
wénviesieoa strand: 5 - r ( AAUUGUGAGUGUCUUACAGRAGAISES6/013645

-3 ' . hVEGFR2-25-si RNA-b, Sense strand: 5 -r

( CCCUUGAGUCCAAUCACACAAUUAA) - 3" Antisense strand: 5 -r

( VUAAY@ A A @*Wotldg overifelR2- 25- Si RNA- ¢

Sense strand: 5" -r S GAUGCCUW) - 3

Ant i senskVEEF 3@0{1@5{ p’-CAGUAAGCGAAAGAGCCGGTT-3’

( AAAGGCAUCUGCUUCAAUCACUUGEG) - 3' 19 basepairs with 2 3

§TT) nucl eotide overhangs: hVEG- R2 (KDR)

5' - CAGUAAGCGAAAGAGCCGGTT-3 ' 25 base pair si RNA oligos

can2$ baggguain $iRNAligessqpartaigetthyeperesifondinglgenés fnemdnthand

moubemapandmpuser enbodi nent, the 25 base pair si RNA

sequencek anether engiodinent] thed Sdged pedtsiRINA sequenees perecielegted

nR . ' F
PG HARE bl G TR i yOECE 2
18el ¥ GFR1aVEGHBE, ME/RﬂmhmlPDGFR-betaMEﬁF&ge@eﬂéﬁ but
aIs ecific to th orre nmouse S

& esBBEEL e F o RSP TRIR he R TR iR SR gp B o
ag athesbrrespusdingd/nGise @Bﬁ%ﬁsucﬂ’kﬁhé&qbﬁﬁes qeainkt I8infANA EGF
ol i re very usef ul xenograft tunor study
sin %ar%ﬁlf(i’ FURLPOLE Y &f@ﬁ@i i es on knockdown both
human an"dhdmkge SRNEBN AR ligpbkeard Wﬁsdﬁ}ll&’&ﬂlﬁ%usgﬁénograﬁ tumor

X own V| Fess rom th tu

18 PR Siseale S URY ST SO oREReG BERE Py Mouse
ori gdnm invhé funidd Eissak RN eRhrh 16 Sknb@l{dg% |V'E§3Ib&£pkbs§81‘i’slm¢ B&h
wi | | better anti-tumr e

t he ?:dst ﬁmgmmam e&%@egmmll%m%éwrtgm) @j‘é‘thlthegSIRNA

bot blig@e reagetfngcbmhts ?khm WAl pFoR1dE beteor Anti-FRMGR @ fRAcyTONKEY)
and human genes w be very useful since the actual

dr ugs vveMéaft"é%lFetHe fogicity sigy mﬂa thesawd oligositarapting potirgenes
26X aggR&kias aRhRSTRE ShARY or kel Prd W08 Féﬁg WRNEEver ﬁé%ful

the 25 basée pair sIRNA ol i go seéquences targeting
VEGHREE the/mtyakdrugppygreesigddprbotipiies F@@étoawakpgy E@Raﬁgw@d
froppdeghddidpynan and nouse genes, sonme of them can al so

target to their
The followmg sequences are the 25 base pair siRNA oligo sequences

targeting VEGF, VEGFRZ, VEGFR1, PDGFR-alpha, PDGFR-beta and EGFR

25  mRNAs from both human and mouse genes, some of them can also target to their

monkey and dog counterparts.

25 base pair VEGF siRNA targeting human, mouse, rat, macaque, dog VEGF

mRNA sequences:

30
mhVEGF25-1: sense, 5°-CAAGAUCCGCAGACGUGUAAAUGUU-3’;
antisense, 5’-~-AACAUUUACACGUCUGCGGAUCUUG-3’
mhVEGF25-2: sense, 5’~GCAGCUUGAGUUAAACGAACGUACU-3’;
35 antisense, 5’- AGUACGUUCGUUUAACUCAAGCUGC-3’

mhVEGF25-3: sense, 5>-CAGCUUGAGUUAAACGAACGUACUU-3’;
antisense, 5’- AAGUACGUUCGUUUAACUCAAGCUG-3’

14



nonkey and dog counterparts. 25 base pair VEG- si RNA
targeting human, nouse, rat, nacaque, dog VEGF nRNA
weemsaners: nhVEG-25-1: sense, PCT/US2006/013645

5' - CAAGAUCCGCAGACCUGUAAAUGUU- S'; anti sense, 5'

AACAUUUACACGUCUGCGGAUCUUG 3 ' mhVEGF25-2: sense

- BEXEOHYBAGIRAACCAABEGMAS QUGGU G AGERYSC A58

AGJACGJUCGJU@AIA@@@AA@@Q@@@CT%%QEZ’&HGQ%%G 3
5' - CAGCUUGAGUUAAACGAACGUACUU-S ' ; antisense, 5'-
AAGHATEGBZBHIRIARCSICAACAUR GO ARYEAIGAGCULKHIICA-3;
5' - CCAUGCCAAGUGBIRCEATEA0EZMA SCUCAMMGEERs e UASIGUG-3
TGCAGCCTGGGACCACTTGGECATGG 3" mhVEGF25- 4: sense,

5'- CACAUAGGAGAGAUGAGCUUCCUCA S ; antisense,

5' - ‘ GRUC GIEs 8RBy bal@é?uwan rndEGR2

18 RNAGgﬁavmwe@qamcqet [ ng bot h hunan and nouse VEG-R2

MRNA sequences: nmhVEGFR225-1: sense,

5'- @@MEG@BAESGJWG&CCWG@@GCCAAU 3%

5' 7 AHECGCHIVRAGHFRUECEU AAamse,
5'- CUCAUGUCUGUUCUCAAGAUCCUCA S'; antisense:

15" - WW@@@AG@WSU@W@W%{ECWSQ,
5' - CUCAUGGUGAKKiShEsCAAUGAE XU CBUG AR ASAGRAEAUGAG-3’
5' - UGCAGAAUUCCACAAUCACCAUGAG- 3' nhVEGFR225-4: sense,
5' - CABESBROPAGAINA JICUCGAURHUBAUGUGEARIBICUGCA -3°;
5' - GAGUCCAGAAW e - SO0BUAGIH A SUCTRREERRZRECAUGHERSE,

26' - CAGAACAGUAAGCGAAAGAGCCEEC- S'; anti sense:

5'- W&AWSAA@W@E@E@@AS%@

5" - GACUUCCUGAR{iddEIACCAJOIE N GA A UBTTIGRANSEAUGCTC-3°

5' - UGAGAUGCUCCAAGGUCAGGAAGUC- S mhVEGFR225- 7:  sense,

S' - EHVESERE KA SUCATA XA SUA AT G ARRASAGCCGGC-37;
28 - ACAGAUGAGAHIEH K AACE0EAET A TUTTHEGTRREDGBURRNS €.
C;‘CUAAC;‘CII:AUCI:‘AGUUCUUCII:AU— S ; antisense:

HOEGRAAG AMARE BG AT RSEABRNUCHERS R
si RNA sequen%ﬁﬁsew §eUIGA%G AEHUDERRIG AOEA TRUSEGUC-3

30 mhVEGFR225-7: sense, 5’-CCUGACCUUGGAGCAUCUCAUCUGU-3’;
antisense: 5~ ACAGAUGAGAUGCUCCAAGGUCAGG-3’

mhVEGFR225-8: sense, 5’-GCUAAGGGCAUGGAGUUCUUGGCAU-3’;

antisense: 5°’-AUGCCAAGAACUCCAUGCCCUUAGC-3’
35

25 base pairs VEGF Rl siRNA sequences targeting both human and mouse

VEGFRI mRNA sequences:
40
mhVEGFR125-1: sense, 5’- CACGCUGUUUAUUGA AAGAGUCACA-3’;
antisense: 5’-UGUGACUCUUUCAAUAAACAGCGUG-3’
mhVEGFR125-2: sense, 5’- CGCUGUUUAUUGAAAGAGUCACAGA-3’;
45 antisense: 5’-UCUGUGACUCUUUCAAUAAACAGCG-3’

thEGFRlZS—f’,: sense, 5’- CAAGGAGGGCCUCUGAUGGUGAUGU-3’;
antisense: 5’~-ACAUCACCAUCAGAGGCCCUCCUUG-3’

50  mhVEGFR125-4: sense, 5’-CCAACUACCUCAAGAGCAAACGUGA-3’;
antisense: 5’-UCACGUUUGCUCUUGAGGUAGUUGG-3’

15



VEGFR nRNA sequences: mhVEGFR125-1: sense, 5'-

CACGCUGUUUAUUGAAAGAGUCACA- 3" ; anti sense:
w6 "200dGWEACUCUUUCAAUAAACAGCAUG- S rrhVEGFR125- 2. PEEUS2006/013645

5' - CGCUGUUUAUUGAAAGAGUCACAGA- 3'; anti sense:

g' UCUGUGACUCUUUCAAUAAACAGCG:- S XhVEGFRlZIj iCU%eI{]%’ ,

5' - ACAUCACCAUCAAREPAAEIIA SO W@%G‘%ﬁs”e

5' - CCAACUACCUCAAGAGCAAACGUGA-S' . anti sense:

B - Q@X@BU@?@@WMM%@G%WQ@G§A%§&

5' - CUACCUCAAGRICASATSEAERGCGA UG GepASEUUCUGG-3’

5' - UAAGUCACGUUUGCUCUUGAGEUAG- S' nmhVEGFR125-6: sense,

5' - OhXESEREZGETAoCAUCHIINCAU S GCARGUSEHAGCGAGA -37;

5' - A@W@@WM@J@W@CA@@E@%@A;U@A%e

1@ CAUUCAUCCII:‘ACCUGCIZACI:GAGA S' anti sense:

5' [ EICA g ;
5'- CAUC(IBGAC@W@I@AMMJC@CUWA@@H§§CGAUG 3
5'- UGUUUCUCGCUGCCAGGUCCCGAUG S mhVEGFR125-9: sense,
5' EOIR AGANICEABACCUUIGGAA A iitA e ehd AACCUUU-3’;
15 MA@JUUU@WMJ&G@A@G@J@U‘SUGMHE@WMCQQ%e
5' - GCCUGGAAAGAAUCAAAACCUUUGA- S' ; anti sense:
5'- WMBHDEMW%WWMAGMUE@EWUUHGA-T;
sense, 5' - CCGUEBARACABUBANGR@OUUUGH [BUCUARICGAaBGE:3’
5' - UCAAAGGUUUUGAUUCUUUCCAGGC- 3' mhVEGFR125-12: sense,
26" - WUWMAA&AGMUWCUUUGA—T
5' ARCER :
5'- GAACUGAGUUUAAAAGGCACCCAGC 3': antisense:

' - W@W@A@UM@C&C@W;

sequences t aragdehstd s HUGGAUGEOUEIT AASEGROGR: AGHBha:
26hPDGFRa25-1: sense, 5'- GAAGAUAAUGACUCACCUGGGGCCA

- 3' mh¥BGFREDSE3: sénse) 5L o\E %3

2.
%

rthDGFRaZS 2 anSRASE 5'- c'm ABCIGHO TAGA
-3': antisense: 5'- AUGUGGCCCCAGGUGAGUCAUUAUC—B

30 25 base pairs siRNA sequences targeting both human and mouse PDGFR-alpha:

mhPDGFRa25-1: sense, 5°- GAAGAUAAUGACUCACCUGGGGCCA -3°;
antisense: 5’-UGGCCCCAGGUGAGUCAUUAUCUUC-3’

35 mhPDGFRa25-2: sense, 5’- GAUAAUGACUCACCUGGGGCCACAU -3’;
antisense: 5’-AUGUGGCCCCAGGUGAGUCAUUAUC-3’

mhPDGFRa25-3: sense, 5'- CUCACCUGGGGCCACAUUUGAACAU-3’;
antisense: 5’-AUGUUCAAAUGUGGCCCCAGGUGAG-3’
40
mhPDGFRa25-4: sense, 5°- CUUGCUGGGAGCCUGCACCAAGUCA -37;
antisense: 5’-UGACUUGGUGCAGGCUCCCAGCAAG-3’

mhPDGFRa25-5: sense, 5’- GAUUCUACUUUCUACAAUAAGAUCA-3’;
45 antisense: 5’-UGAUCUUAUUGUAGAAAGUAGAAUC-3’

mhPDGFRa25-6: sense, 5’- CAGAGACUGAGCGCUGACAGUGGCU-3’;
antisense: 5’-AGCCACUGUCUGCGCUCAGUCUCUG-3’

50  mhPDGFRa25-7: sense, 5’- GACCUGGGCAAGAGGAACAGACACA-3’;
antisense: 5’-UGUGUCUGUUCCUCUUGCCCAGGUC-3’
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mhPDG-Ra25- 3: sense, 57- CUCACCUGGGGCCACAUUUGAACAU- 3’ ;
anti sense: 5' - AUGUUCAAAUGUGGCCCCAGGUGAG- 3
Wﬁhm25 4: sense, 5' CUUGCUGGGAGCCUGCACCARCKIDA2006/013645
-3'; antisense: 5'-UGACUUGGUGCAGCCUCCCAGCAAG S'
nhPE‘?@BM@@ 89‘€ﬁs§e5 ECACCAWIAAEHOTAMEAACRKS LA 'S
anti sense: 5 antigsasseliCGEGAEAAACUREA U/ GAAGGUGG-3

mhPDGERa25- 6 sense, 5' - OAGAGACUGAGCGCIJGAOAGJGGCU— 3';
ant MEBRSER23-9:xermsearuBA ARGREWEIECECAACCUGU -3°;

hPDGFRa25- 7:antiggnsss 5’ QCAC@W@@IMQ%@A%

anti sense:

5 R AN RN Aok PN ] B AT e

18, Hﬁ%@%@gﬂw@ : GUCCAS
@ - ACAGGUUGGER 5 X &Q%&%@@ﬁm

sequ ﬂé@%gﬁal% %e Eeg haL B AUNBEUBRL ARYS G TR 3,
gUGCAGA CQJ(S&W [GEACAREPLI{gAGCUCUCUG- =3
1 OA\CQJUUUGA\WG S nmhPDGFRB25- 2. sense,
DGERERSE: ptie RGeS SO A e ARRS A UCCUG o
5' - GUGGUGGUGRDESS RATTE e i%%%éégcoAC 3
5' - CCAGGAUGGCUGAGAUCACCACCAC- 3'  mhPDGFRB25- 4: sense

|

28 . @@B@@B&&%@W@@&@%&G@CU%Q%H%UGGCC 3%

5' - GGCCAGGAUGH AT IEREEAGH AUG %&#@é@@@ Aderde,

5' - GECAAGCUGGBUCAAGAUCUGUGACU- S' ©  ant i sense

5 - WMM&W@GGWQQ@G%@H%

5' - GCAAGCUGCIaiEa S HECEAANA GAUCHHG ACRAECUUGCC-3°

25 - AAGUCACAGAUCUUGACCAGCUUGCS mhPDGFRB25- 7: sense,
YR GA@@@@GUCMG&%E@UGACUU-T

5' - GCACCCCUUACCCAGAGCUGCCCAU— S ; antisense:
B R0 AAWACC&EUDG@EZSGAG@M@
36" - CUUACCCAG‘&&W@EC@ACJ@AE@J@}GUAAGGGGUGCCACCC 3’

mhPDGFRB25-8: sense, 5°>-GCACCCCUUACCCAGAGCUGCCCAU-3’;
antisense: 5°-AUGGGCAGCUCUGGGUAAGGGGUGC-3’

35  mhPDGFRB25-9: sense, 5’-CUUACCCAGAGCUGCCCAUGAACGA-3’;
antisense: 5’-UCGUUCAUGGGCAGCUCUGGGUAAG-3’

mhPDGFRB25-10: sense, 5’-CAUGCCUCCGACGAGAUCUAUGAGA-3’;
antisense: 5’-UCUCAUAGAUCUCGUCGGAGGCAUG-3’
40
mhPDGFRB25-11: sense, 5’-GCCUCCGACGAGAUCUAUGAGAUCA-3’;
antisense: 5’~-UGAUCUCAUAGAUCUCGUCGGAGGC-3’

mhPDGFRB25-12: sense, 5’-CCGACGAGAUCUAUGAGAUCAUGCA -3’;
45 antisense: 5’-UGCAUGAUCUCAUAGAUCUCGUCGG-3’

mhPDGFRB25-13: sense, 5’-GACGAGAUCUAUGAGAUCAUGCAGA-3’;
antisense: 5’-UCUGCAUGAUCUCAUAGAUCUCGUC-3’

50
25 base pairs siRNA sequences targeting both human and mouse EGFR:
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anti sense: 5'-UCGUUCAUGGGCAGCUCUGGGUAAG 3'
mhPDG-RB25- 10: sense, 5' - CAUGCCUCCGACGAGAUCUAUGAGA- S' ;
wanbissieosdg: 5' - UCUCAUAGAUCUCGUCGGAGGCAUG- S' PCT/US2006/013645
mhPDGERB25-11: sense, 5' - GCCUCCGACGAGAUCUAUGAGAUCA- S' ;
ant f9ERER-1:5 SW}@@&Y@E@@&L‘JW@GAAAG -3%
nhPDGFRB25- 1 2ntiseaps 8 -CHUUSHEMOAENGE R IEABROAS AR’
-S': antisense: 5'-UGCAUGAUCUCAUAGAUCUCGUCGG S
mhPDGFRB25- 13: sense, 5' - GACGAGAUCUAUGAGAUCAUGCAGA- S' ;
ant MERSR-2:5' senge FGOANEAIMBUCASRISADECAUEUGad e
pai rs si RNA satsrape 6 5CAMY CHEUSBCHURAR AdHeCHE R e
EGFR. ThEGFR- 1: sense, 5'- CUCUGGAUCCCAGAAGGUGAGAAAG-S
: antisense: 5'-CUUUCUCACCUUCUGGGAUCCAGAG-S' nmhEGFR- 2:
sensBEGER-3: GABEAUCOAAKBLSAENCAUIRGIGCUSIGCCAAA -37;
18nti sense: 5'anti@AAAHJOUGCIESGCCAGCACAVBAIECE GUGAERER: 3:
sense, 5'- GAUCACAGAUUUUGGGCUGGCCAAA -3'; anti sense:

5' - UUUGGCCAGCCCAAAAUCUGUGAUC-S ' mhEGFR-4: sense, 5" -
IBASCUISBECK 0 BUGCGHAGGEAAACUGCU-3’;

5 - 13-4 VEBGGHIAGTEECAAAMEE ]GB” -

IQAAAGUGCCUAUOAAGUGGAUGGOA 3 " antisense:

5' - UGCCAUCCACUUGAUAGGCACUUUG 3 ' mhEGFR-6: sense, 5" -
CCAUGEATRICUACHIEGRUCAUEAGH GCCYU ARITA SGUSSGAUGGCA-3’;
5' - ACCAUGAUCAIKEdASASAUGCGAUEE A CUNTATAGGCASENHG-3°
5' - CGAUGUCUACAUGAUCAUGGUCAAGU-S ' ; anti sense:

26" - ACUUGACCAUGAUCAUGUAGACAUCG S ' mhEGFR-8: sense, 5'-
CUAGAEGRRICGAUGER e A CUCRUGG ABGUCEAIC SOGABCAUGGU-3’;
5" - CCAGCACUUGA(EALSAUEACEIURS A SCAUBUAE AR AUCTRS6G-3D' -
CAUGAUCAUGGUCAAGUGCUGGAUGA- 3' ;. anti sense:
5' - UCAUCCAGCACUUGACCAUGAUCAUG S' nmhEGFR- 10: sense,

25 - HEAEERMAGAMISCALA K ICCEHRBACA UGA LUK UGG UBRAGU-3’;

- ACUUGGCAAAH%%M@MU@W@AUGM@AGM@G 3’
5' GACAACCCUGACUACCAGCAGGACU- 3" ; 'anti sense:

5' - AGUCCUGCUGGUAGUCAGGEEUUAUC- 3
mhEGFR-8: sense, 5’- CUACAUGAUCAUGGUCAAGUGCUGG -3’;
30 antisense: 5’-CCAGCACUUGACCAUGAUCAUGUAG-3’

mhEGFR-9: sense, 5’- CAUGAUCAUGGUCAAGUGCUGGAUGA-3’;
antisense: 5’-UCAUCCAGCACUUGACCAUGAUCAUG-3™
35

mhEGFR-10: sense, 5’-GGAUGAAAGAAUGCAUUUGCCAAGU-3’;
antisense: 5’-ACUUGGCAAAUGCAUUCUUUCAUCC-3’

40
mhEGFR-11: sense, 5’-GACAACCCUGACUACCAGCAGGACU-3’;
antisense: 5’~AGUCCUGCUGGUAGUCAGGGUUGUC-3’

45 mhEGFR-12: sense, 5’- CCUUCUUAAAGACCAUCCAGGAGGU-3’;
antisense: 5’~ACCUCCUGGAUGGUCUUUAAGAAGG-3’

Another embodiment is use of a combination of these oligos in the same
50  drug payload. When three or more of those 25 base pair siRNAs targeting three

or more genes involving in the disease process were packaged in the same
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MEGFR- 12: sense, 5' - CCUUCUUAAAGACCAUCCAGGAGGU 3';

anti sense: 5'- ACCUCCUGGAUGGEUCUUUAAGAAGG 3 ' Anot her
wentwdilesat i s use of a conbi nati on of these oPCOW®S2006/013645

the sane drug payl oad. Wien three or nore of those 25

bas BangpFicles amﬂﬁ Yeagdgbrougl the gprapadsminisationgeyte cor different

| NV Rl Vs GheltRafnl Bt Hle$073S €ff&E19é3§§c% HEER R RItle 56

sanenanopartlcles and delivered through the sane

adn¥iressions ¢ap sife@ively blask thi marticulan fumasigenig pathwase The

t 1 e IRAMg dombfali®s@afbd Ricthére&peidbé i mgec GAfrkip

rrul?%p l'e ggngﬁlgxprsegs?ons can ef?ecsill%ﬁf %%k e P

par eppdigd beret unor i geni ¢ pat hway. The fol | owi ng

conbi nations can be further expended using the sane

general principles applied here. Conbinations of 25

bas Eophimation MR Sdias¢pair siRAholigos dachptthamtcan daiget the

cor raseapouding geyes &vni batinhipotan andmaousevdn achiee, moErpotent

ac htlevepeutic mplbi-tanget¢ed) effcpeyut i ¢ (nmul ti -t ar get ed)

lefficacy: 1. Targeting VEG-pat hways:

VEGF EGER1 - cocktail A: mhVEGF25-1: sense,
@e&%@é%@ UGUU-S' ; antisense,

5' m 3" mhVEGFR125-3: sense,

5 . . . . . OOEUW LA A. : '

S © CCUAGGOACCELUAEERE 28! Sg%iﬁ%%&%%%gm GXBeth
1§oc:é§A VEGFFTée é}@GaA GEC%CIYE@(:}%J(YE%%GU-

5' GAUCCGCAGACGUGU ’

% e@i@aﬁ&%m%%ﬁ%ﬁ%%ww

2% - AGGUCCCGAUGAAURRRERISU SR G C U R ERASSEIGLICCEHAG G-
5' - CUCAUGUCUGUUCUCAAGAUCCUCA- S ;

VEGF-VEGFR1-VEGFR2 cocktail B:

mhVEGF25-1: sense, 5’-CAAGAUCCGCAGACGUGUAAAUGUU-3’;
25 antisense, 5’~AACAUUUACACGUCUGCGGAUCUUG-
33
mhVEGFR125-6: sense, 5’-CCAGAAAGUGCAUUCAUCGGGACCU-3’;
antisense: 5’~AGGUCCCGAUGAAUGCACUUUCUGG-
33
30 mhVEGFR225-2: sense, 5’-CUCAUGUCUGUUCUCAAGAUCCUCA-3’;
antisense: 5’-UGAGGAUCUUGAGAACAGACAUGAG-
39

VEGF-VEGFR1-VEGFR2 cocktail C:

35 mhVEGF25-2: sense, 5’-GCAGCUUGAGUUAAACGAACGUACU-3’;
antisense, 5’- AGUACGUUCGUUUAACUCAAGCUGC-
37
mhVEGFR125-6: sense, 53°-CCAGAAAGUGCAUUCAUCGGGACCU-3%;
antisense: 5°’~AGGUCCCGAUGAAUGCACUUUCUGG-
40 3
mhVEGFR225-2: sense, 5°-CUCAUGUCUGUUCUCAAGAUCCUCA-3’;

antisense: 5’-UGAGGAUCUUGAGAACAGACAUGAG-
3 ?
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anti sense: 5' - UGAGGAUCUUGAGAACAGACAUGAG 3
VEGF- VEGFRL- VEGFR2 cocktail C nmhVEG-25-2: sense,

W6 "2060ABTEIUGAGUUAAACGAACGUACU- S'; anti sense, 5PET/US2006/013645
AGUACGUUCGUUUAACUCAAGCUGC-. 3'  mhVEGFRL25- 6 sense,
5' - CCAGAMAT Rihp oA A hes2S bage pait R4 oligos targeting
5" - ABRHOUEEAPANOBABHI G 3 call IR T R SERBR-
5' - CUCAUGUCUGUUCUCAAGA ., antisense:
5' - BEACKEAGICImReA AT Athe sgmd o dléfewahlgatlm ¢fe&pch components.
conmbi nations with the 25 base pair si RNA oligos
targeting VEG, VEGFR and VEGFR2 respectively can be
5,ow@o@@ﬁeﬁn@‘ﬂmthf@%mdwpaﬁymgenes| s efficacy, by
either equal or different ratios of each conponents.
2. Targeting both VEGF and EGF pat hways:
VEGVBERSFEGFRGERFRomkail A: A: rrhVEGFZS | . sense,

e
lg I &, py antl sense:
- W :UAGQA X BA&CG??@@@AAU 3,

5 - SO EACA o OO RGGEUEETHACS:

AAC‘AUUUA cwc@@&f@ﬁ& IGAUCEASLC-
UCUCAAGAUCCUCA- S anti sense:
5' UGAGGAUCUUGAGAACAGACAUGAG

VEGF- VEGFR2-EGFR cocktail B:

mhVEGF25-1: sense, 5°-CAAGAUCCGCAGACGUGUAAAUGUU-3’;
20 antisense, 5’-AACAUUUACACGUCUGCGGAUCUUG-
39
mhVEGFR225-2: sense, 5’-CUCAUGUCUGUUCUCAAGAUCCUCA-3’;
antisense: 5’-UGAGGAUCUUGAGAACAGACAUGAG-

l'Dl

39
25 mhEGFR-5: sense, 5°- CAAAGUGCCUAUCAAGUGGAUGGCA-3’;
antisense: 5’-UGCCAUCCACUUGAUAGGCACUUUG-

3’

VEGF- VEGFR2-EGFR cocktail C:

30 mhVEGEF25-2: sense, 5°-GCAGCUUGAGUUAAACGAACGUACU-3’;
antisense, 5°- AGUACGUUCGUUUAACUCAAGCUGC-
3,
mhVEGFR225-2: sense, 5’-CUCAUGUCUGUUCUCAAGAUCCUCA-3’;
antisense: 5’-UGAGGAUCUUGAGAACAGACAUGAG-
35 3’
mhEGFR-9: sense, 5°- CAUGAUCAUGGUCAAGUGCUGGAUGA-3’;
antisense: 5°-UCAUCCAGCACUUGACCAUGAUCAUG-
3,

40  Many other combinations can be made with other sequences targeting those three
genes with different composition and equal or different rations of the siRNA

oligos.
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3!

anti sense: 5
WOBWeR208E6FR cockt ai |
GCAGCUUGAGUUAAACGAACGUACU- S' ;
AGUACarRstine HBRKCDBRKGmAEGT Bt wiEGFR225- 2:

5!

5!
5!

5!

gonbi nati ons ¥an be made with ot her

mEGFR- 5:

REFPIEAICEIGHR
UGAGGAUCUUGAGAACAGACAUGAG:  3' :
CAUBAYEAIBZLEAAGUSISGEAGCAL AL GCA R BHSAGCGGGCCAAU-37;

sense, 5'-
- UGCCAUCCACUUGAUAGECACUULG 3!

CAAAGUGCCUAUCAAGUGGAUGCECA- 3 ;
VEGF-
C. mhVEGF25-2: sense,
anti sense, 5'-
sense,
-S' : anti sense:

mMhEGFR- 9: sense, 5'-

- UCAUCCAGCACUUGABBAUCAUNIEG GECOGEAYU AAKEGUCCGUAGG-

sequences

t ar géPDEFRe2oEe t herse Geddd CAUAMUCALAIAECLUGHEEKIGA or

and equal

or di f f entésenser AtVEHECECAMIUGARNL ANV HHEURIC-

Targeting VE&, PDGF and EGFpat hways:
VEGEREGPREFERa- EGFRmseRk{AITURCAMOIEAR2A6GUGAGANSE-3;
- CCUACGGACCAUUAAGREBECTCANULBCUCALRTEeHSEGAUCCAGAG-

16’
5
5
5
5
5

5!

5' -

20

25

30

35

40

45

- AUUGCCCCCQUUAACGGUCCGUAGG- 3" nmhPDGFRa25- |
- GAAGAUAAUGACUCACCUGGGCIZCA 3"

sense,
anti sense:

JUC- SHBnhEGFR-l: sense,
@ 7 antisense:

- %WWG[MMJCAUCGGGACCU 3%
15 VEGFR2- PDG-Ra- EGaRtieaek s aA GGBCUGCABERARE A CSEUSEIGG-

- CCAGAAAGURTAUUCAUCGGGACCU- S '
Ukshé,BUgQUXEGEACCGUUAAGCGGGCCAAU-3;

3?

mhPDGFRa25-2:

3 2
mhEGFR-1:

3)

anti sense:
antisense: 5’-AUUGGCCCGCUUAACGGUCCGUAGG-

sense, 5’~- GAUAAUGACUCACCUGGGGCCACAU -3’;
antisense: 5°>~AUGUGGCCCCAGGUGAGUCAUUAUC-

sense, 5°-CUCUGGAUCCCAGAAGGUGAGAAAG-37;
antisense: 5’-CUUUCUCACCUUCUGGGAUCCAGAG-

VEGFR2-PDGFRa-EGFR cocktail C:

mhVEGFR225-1:

39

mhPDGFRa25-2:

3°
mhEGFR-12:

3’

sense, 5’-CCUACGGACCGUUAAGCGGGCCAAU-37;
antisense: 5’-AUUGGCCCGCUUAACGGUCCGUAGG-

sense, 5'- GAUAAUGACUCACCUGGGGCCACAU -3°;
antisense: 5°-AUGUGGCCCCAGGUGAGUCAUUAUC-

sense, 5°- CCUUCUUAAAGACCAUCCAGGAGGU-3’;
antisense: 5°-ACCUCCUGGAUGGUCUUUAAGAAGG-

VEGFR2-PDGFRb-EGFR cocktail A:

mhVEGFR225-1:

3’

mhPDGFRB25-5:

3 E
mhEGFR-1:

3’

sense, 5’-CCUACGGACCGUUAAGCGGGCCAAU-3’;
antisense: 5’~AUUGGCCCGCUUAACGGUCCGUAGG-

sense, 5’-GGCAAGCUGGUCAAGAUCUGUGACU-3’;
antisense: 5’~AGUCACAGAUCUUGACCAGCUUGCC-

sense, 5’-CUCUGGAUCCCAGAAGGUGAGAAAG-3;
antisense: 5’~-CUUUCUCACCUUCUGGGAUCCAGAG-

21

PCT/US2006/013645



MhVEGFR225-1: sense, 5' - CCUACGGACCGUUAAGCGGGCCAAU-S !
:antisense: 5' - AUUGGCCCGCUUAACGEUCCAUAGG 3!
wanRBGH25- 2: sense, 5' - GAUAAUGACUCACCUGGGGCEATAISR®6/013645
anti sense: 5'- AUGUGGCCCCAGGUGAGUCAUUAUC- 3' nmhEGFR-1:
sense, 5' - CUCUGGAUCCCAGAAGAUGAGAAAG S ' ; anti sense:
5' - CHdPRUGAIMICLEERALGGAGAG 3' VEGFR2- PDGFRa- EGFR
cocktail C mhVEGFR225-1: sense,
5' - DBVEEERATEEUIUAAESBEECEAMECCACCCHIHAAGRGSGCCAAU-3’;
5' - AUUGGCCOGCUUAA@EEIRE A GO COH(EEAAS SIGUCGEHASG-
§' - GAUAAUGAGUCACCUGGGGCCACAU- 3' ;' anti sense:
5' - MbPDGERBZEAGCUSASRICAUAAIRE CBCCHNEGHBAY CUMHaAGAR’,
CCUUCUUAAAGACCAUCarzerne - BCUCAMAGPRSHCGUCGGAGGCAUG-
5' - ACCUCCUGGARUGGUCUUUAAGAAGG: 3' VEGFR2- PDGFRb- EGFR
coc kthBGFRA: nmhVEGER2e.5- {ICUHERSAUCCCAGAAGGUGAGAAAG-3’;
16" - CCUACGGACCGUUAAEBREBECEANULBCUCA LATVEEREEIAUCCAGAG-
5' - AUUGGCCCGCAUUAACGEUCCAUAGG- 3' mhPDGFRB25-5: sense,

5 - GCUGGUCAAGAUCUGUGACU-S' ; anti sense:
5 ‘ ACGAL ICACC, C- 3' mhEGFR-1: sense,
5' G S ' ; antisense:

5' - GVBGBRAZEUICUGEHSA ICCAEME GGAVEGERPA ROCERIGEHEEAU-37;
18ocktail B: nmhVEGaR#Z2hsel 5’-A8HSECCCGCUUAACGGUCCGUAGG-
5' - CCUACGGACGAEUUAAGCGGEGECCAAU- S' ;. ant i sense:
5' - AlHPOGERBOSISAAGCER ) CCAIXAGCUGGUCAAGAUCUGUGACU-3;
antisense: 5~ AGUCACAGAUCUUGACCAGCUUGCC-
39
20 mhEGFR-12: sense, 5°- CCUUCUUAAAGACCAUCCAGGAGGU-3’;
antisense: 5’-ACCUCCUGGAUGGUCUUUAAGAAGG-
39

Many other combinations can be made with other sequences targeting those three
25  genes with different composition and equal or different rations of the siRNA

oligos.

The combinations can also be made with more than three sequences:

30 VEGFR2-PDGFRab-EGFR cocktail A:

mhVEGFR225-1: sense, 5’-CCUACGGACCGUUAAGCGGGCCAAU-37;
antisense: 5°-AUUGGCCCGCUUAACGGUCCGUAGG-

39

mhPDGFRa25-2: sense, 5°- GAUAAUGACUCACCUGGGGCCACAU -3’;

35 antisense: 5’-AUGUGGCCCCAGGUGAGUCAUUAUC-
3 ?

mhPDGFRb25-5: sense, 5’-GGCAAGCUGGUCAAGAUCUGUGACU-3’;
antisense: 5°-AGUCACAGAUCUUGACCAGCUUGCC-
39
40 mhEGFR-1; sense, 5’-CUCUGGAUCCCAGAAGGUGAGAAAG-3’;
antisense: 5°-CUUUCUCACCUUCUGGGAUCCAGAG-
3’

VEGFR1-VEGFR2-PDGFRb-EGFR-VEGF cocktail A:

22



3" mhPDGFRB25- 10: sense,
5' - CAUGCCUCCGACGAGAUCUAUGAGA-S' : anti sense:
wé' 29ddﬁumBJAGAUCUCGJCCI3AGBOAUG 3' MhEGFR- 1: SeRE€E/US2006/013645
CUCUGGAUCCCAGAAGGUGAGAAAG- S' ;. anti sense: ..
@M@@&W%&é@f\é UGB COSHIAEER-3";
coc ktail C nhVEGeRgsssef 5’ %@ﬁy§CCGAUGAAUGCACUUUCUGG'
5' CCUACGGACéGUUAAGCG&BCOAAU— S': antisen
JUAACEESEICOEGARE GEA C@@B&#ﬁ@@ﬁcﬁc%ﬁgé
8 GGCAAGCUG&JCAA@&U@@@L@@J)U%C%WHM&GGUCCGUAGG-
5' - AGUCACAGAUCUUGACCAGCUUGCC: 3' mhEGFR- 12: sense, 5' -
CCUnPDSERBASAAUCSMSGAGEA HECCHRCCASKEGAUCUAUGAGA-3";
5' - ACCUCCUGGAUGGUaiserssGRANCH CAUAGAYCHCREICGGAGGCAUG-
conbi nati ons ¥an be made with ot her sequences
19 ar geEGHEE-khose t K¢rse GeREUGBANCHGAGAAGE U pH4AG-Dn
and equal or diff entésenser H+CYHY CHICAUUYCRNGMAVGO4GAG-
The conbi nati3dns can al so be nade with nore than three
s e mNEER2 S VEGFR2 sPBRGRRAIC AT RUCHEKIGA AAGGAACGUACU-3’;
MhVEGFR225- | : sensatjsesse; CCYATEENTTTOCAATZACICANEEIGC-
l1ant i sense: 5'3 AUUGGCCCGCUUAACGEUCCGEUAGG 3!
nhPDGFRa25 2: sense, 5 - GAUAAUGACUCACCUGGGGCCACAU— 3
©oa L CCCAGEL ) 3'
mhP 5.5t : c¥.Vile GAUCUGUGACU—S‘;
ant n&@’MRIZS-éAGU@Q@A CQAGECE /
antisense: 5’ -AGGUCCCGAUGAAUGCACUUUCUGG-

20 3
mhVEGFR225-1: sense, 5’-CCUACGGACCGUUAAGCGGGCCAAU-3’;
antisense: 5’-AUUGGCCCGCUUAACGGUCCGUAGG-

3’
mhPDGFRa25-2: sense, 5’- GAUAAUGACUCACCUGGGGCCACAU -3’;
25 antisense: 5’~AUGUGGCCCCAGGUGAGUCAUUAUC-
3 >

mhPDGFRB25-5: sense, 5’ -GGCAAGCUGGUCAAGAUCUGUGACU-3’;
antisense: 5°-AGUCACAGAUCUUGACCAGCUUGCC-

3’
30 mhEGFR-12: sense, 5’- CCUUCUUAAAGACCAUCCAGGAGGU-3’;
antisense: 5°-ACCUCCUGGAUGGUCUUUAAGAAGG-
3 H
mhVEGF25-2: sense, 5’-GCAGCUUGAGUUAAACGAACGUACU-3’;
antisense, 5°- AGUACGUUCGUUUAACUCAAGCUGC-
35 3’

B. Combined VEGF Pathway Gene Inhibition
A number of factors were considered during development of the
40  compositions and methods of the present invention for inhibition of NV. First, NV
diseases are complex and the result of multiple proteins and abnormally over-
expressed disease-causing genes and mutiple malfunctions of disease-causing
proteins. Second, nucleic acid agents that activate RNA interference (RNAI) are
highly selective inhibitors of gene expression in a sequence specific manner.

45  Thirdly, inhibition of NV by modulation of protein activity can be achieved by a
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MEGFR- 1: sense, 5' - CUCUGGAUCCCAGAAGGUGAGAAAG S' ;

ant

I sense: 5' - CUUUCUCACCUUCUGGGAUCCAGAG 3' VEGFR

WO HGARB1PDGFRD- EGFR- VEGF cockt ail A mhVEGFRL2Be®/US2006/013645
sense, 5'- CCAGAAAGUGCAUUCAUCGGGACCU-S' : anti sense:

5' -
5'
5'
5'
5' -
5' -
-

A@%M@@&M@E@H@mw@f REpoIRdRIRIOs (antagonighlse,

ion levels,
sense,

el pepteing nieamgaiof NV disease ideally

Ws tg’ effém% Bhut dowfe B Phiticular
GAAGGUGAGAAA . antisense:

biglasalmtovychiiscaticd Aoydiseas: progregsionipclpdingense,

A@A@W%%tﬁw(@%ﬁﬁﬁa§ Fece]ﬁor

- VE@W&@D@RIJIOE@R@QW a@@‘om@ad ido@n stdavEBERLi2SPSteins, and

5' -

15

20

25

30

ngﬁ&zg%k ?setﬁ]eS (?ase for the

; antisense:

e

s R

W%Wm@ hagJl Qeen sometﬁmg of a trend in

modern medicine. In oncology applications, combined chemotherapies have

achieved remarkable anti-cancer efficacy. One example is the use of docetaxel,
ifosfamide and cisplatin combination therapy for treatment of oropharyngeal
cancer with multiple bone metastases from prostate cancer (2). In other
therapeutic areas, another example is the treatment of ulcerative colitis with
combination of Corticosteroids, Metronidazole and Vancomycin (3). For
treatment of insufficiently controlled type 2 diabetes, the efficacy and safety of
adding rosiglitazone to a combination of glimepiride and metformin therapy were
evaluated (4).

Although those clinical studies have demonstrated remarkable therapeutic
efficacies, the toxicities of higher dosage and long time safeties are always major
concerns, due to their different sources of origins, different manufacturing
processes and different chemistry properties. To overcome these problems, an
aspect of the present invention are using s siRNA oligonucleotide gene
inhibitorsto provide a unique advantage to achieve combination effects with a
combination of siRNA to target multiple disease causing genes in the same
treatment. One advantage provided by the present invention is a result that all
siRNA oligonucleotides are very similar chemically and pharmacologically, and
can be from the same source of origin and same manufacturing process. Another
advantage provided by the present invention is that multiple sSiRNA
oligonucleotides can be formulated in a single preparation such as a nanoparticle

preparation.
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nhEGFR- 12: sense, 5'- CCUUCUUAAAGACCAUCCAGGAGGAU- 3' ;
anti sense: 5'- ACCUCCUGGAUGGUCUUUAAGAAGG 3

WoOhWMEGH®E3 2: sense, 5' - GCAGCUUGAGUUAAACGAACGUABUT 3/S2006/013645
antisense, 5' - AGUJACGUUCGUUUAACUCAAGCUGC- 3' B.
Conbi ne&wm@&t%wc@ﬁ@ PERPORYSIEAN & theomlkine §RNA

f ach@hss WAL & 40Reé ﬂﬁ&%@ aﬁd@eueeavaﬁmsiﬁeg SBRbItple VHEF
corrp05|t| ons and nethods of the present invention for

i nhPBhyRogenes andes appsuli pochioyy adphikitieef MY diseasgpnds befisd
the figstibine®f THY dréRhEnRhRLEHBIdNYE: ﬁ&g}%ﬁﬁﬂamg of SiRNA

over expr essed di sease-causi ng genes an
fral tagsting Beldor cambingdens dha @F%Vﬁﬁﬁtlﬁﬁlﬁ @getSerc\wﬁdlts

n uc }&gﬁogﬁcﬂ,dﬂ%e@]ﬁ ?{e 1t 3Ghd Vﬁbg @tﬁﬂl{} ﬁr&l%‘i §10Gh factors

are ctive in
ex prr@L@ingrPDGF alds&,(&ﬁmwctéelsmm’tm, cloyanineam SIQ“rkaihngi fagtors
i nh k V, n
po. e A s AR, FRAAHHAR 0BT il 85 thi e
i nh pcbnltmamnoﬁ pefotred embadingdnt ra coanbimgomoSIRYA 1nh1b1t1ng

ti ti ' uct |
185" RO B b BBl LHOF 1B T S ety aid gl
m) d prfefemratl Iembod]fnemnmh edmisinatibn eﬁMRBIrAI inbibitiNy VAHGIeasldts
i deal | hi t|c I ctlosto
ef f fee(??p?{?fé’le@&;% %o'%h rsbg?‘{ ‘?@E ltsd%?ﬁp%)gﬁ? cg ta %{ e,
t hapretesred Embodimentfios C(dhlﬁﬁmﬁ)ﬁ opsiRYIAEIaBibRing VBGH 4idiigg
simul t neoucf%(%/w bl OCkIS{]é unctions of both |igands and

t helPeRQE AR1 vn WeARSIERAMSus| y bl ocki ng recept or
1sctivit WMRNQMIgShﬁdP@ﬁH@' canBé d:diﬂnﬁ?efd%led ﬂh&nagé:liﬁd for the

si mul t aneo | oc red ndant ements o

pat Heggent ?ﬁw‘?@aﬁ% ne lfogfm%e tﬁﬁxpwﬁ%g%m@ﬁ&hqywen be
VEGEm&aft@bﬂl\ér asH0RME] and il @Rdthdr cadbiigRnOheyPcanibd @HBinistered
agent seI?ctlve for two or three or nore proteins is

d| f faugntiellhy Rythe serah tquieed by diffesnt Tautgs and formplations and in yet

| MPQRHich bRbodiRet 466 AL ddintnidérbd hsw&dcutau u§d‘s‘so%ie
conmbj nati on of drugs has been soneth 3@(1 atrend in

20rp desfinisistrdspanentiglly. §Xbs icogbinatings pE%\BN mediegs s gheir
chepmitigfiRR WaS bl ﬁYc%rs?&)la'b? BREsIGIRBA ﬁﬁ% 0 %htléve ¢R%nfeht of

efficacy. One exanple is the use of docetaxel

i f o¥Vahiseasesand ci spl atin conbi nation therapy for
treat nent of oropharyngeal cancer with nultiple bone
net ast ases from prostate cancer (2). In other

t her apeyg, '@orﬁﬁnﬁ@&VE@iﬂﬁ}ﬁ%ﬁgéﬂ@bﬁs{ a%,fdt@a,e%ﬁﬂﬁ&@ﬁt of

ul cerative colitis wth conni nation o

25001 t i COShigE9d BomMedaicAing BAG] iBvARE nYARHAO PMUEAIBgitad brocEQREs
as well as variations in severity of disease symptoms and, often, variations from
one patient to another. Many diseases are caused by abnormal overexpression of
disease-causing or disease control genes, or from foreign infectious organisms, or
both. Disease progression, the development of reduced response to treatments

30 over time and drug resistance also limit clinical benefit of a single treatment or
modality. One means to overcome such limitations is through use of
combinations of treatments and drugs.

Therefore, an aspect of the present invention is to combine siRNA agents

with other agents so as to achieve a strong, durable, and robust inhibition of NV
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treatment of insufficiently controlled type 2

di abetes, the efficacy and safety of adding
woasiegliogiazone to a conbi nati on of glinepiri dePamaS2006/013645

metform n therapy were eval uated (4% Al t hough t hose

ol i Hidesp aut aieppeRoshisaldReits  heTessnt iaHentiRR Broyides multple

t heE@iﬁﬁHﬁtlo‘ﬁs 3f‘ JlRlQﬁCdg@r?ts totg&ﬁertvﬂ%ﬁ ShdriaBnt {ncidH}&6mbinations
dosage and tinme safeties are al ways mnaj or

con€ ﬂlﬁr@pewﬂleél o5 MHGHjitselfapd it reeeptre with gntagnmiisiy ¢fsVEGF

di f t t
AR R PR St 1l v

aspeembinttionpe tberes@ﬁt: siRiN/epseiis withrozal lysivaidpble Ighampmhibitors
ol i 9oL §9f1hd grésémr%lpkﬂt%saisg gﬁv‘?&é’s g&nﬁnﬁﬂgg g

adv ntagetoahle I'nation
contfierapeitiorsiliNA sp@itwitlo lmramrg)ﬁterawl Yetrnethei emlasigment of the

cau t

pr og’}eg&égﬁg&foﬁ’ lptorééglgﬁ}% | nven [ gﬁt% %hfgaﬁ‘&%\é?@t ﬁg}%r [
si RMnbhattgmm uﬁdlbﬁm agerss andenthee ngenss willlbarunddrsioocdclagl dng skitled
Qharmgglltgga vé ﬁ%aﬁﬁ?rgcgm Cgs%agersom t he same source of

In an uring process. Another
advantage prOV|ded by the present invention is that

mul tiple RNA ol i eptides can be fornulated in a
single pPebdrupst ‘H‘g?@c‘g‘!hggn "WohAoparticle

pr epar at ReeniAdioes diWBgdls}devéibplﬂgﬁssﬁé tatgfetabh&lubll’eﬁ&eidtdehvery
i nve

ne si RNA agent soastoa eve

o ST baied codrEBRIA/EaeR e G P PRI
1pat hiast, reRete cwﬁde@%ysaemmuhm haehth@liigle evieRbif KdldckiOty, 9k.
NV di se r cljnical henefi The present

as nd .a
. nv EAFSR F%ﬁ&@? & theoq‘?seﬁ%?ﬁsﬁsw% e ive H@lbateonsqf%mhemwal
t ar gahiving dritlgWkl Feholduyd MtRédver) shelit efftig8buréGherapies

itself together with its recep tors incl udi ng VEG-
( FI fe9pire e jeeectd” theppeptiop bf- air:srle}er oHBWE Hrugaeitlypyltiple
i nchiééiiaﬁg;mﬁ)@%ctﬁﬂ? b‘fé&m%'?gduhﬁ'ﬁit f)atﬁ(ﬁ%@a{l ‘%ﬁw %D‘M‘superlor

stream signalin actors i ncl udi n

20 aﬁ@%@qcbwoahi heae% oYRArt” manopgitiglgs m@nulémaoqsb@mget disease

con@ﬁmlbamucﬁc%afagéﬁt@ﬂhwetﬂ@aﬁgeﬁr@a ahinfo 6O U&%J&@&db%ll lar
of siRNA inhibiting VEG- and two of 1ts receptors V

R cenparimeaihd VEGF R2 (KDR). Anot her preferred

enbodi t [ ' ichi

o it Thont EmBodAER, ARbIA: AveRlEHbMANIR dlhincTor
i t ssiRBedROVsoligrauclentidesibat compfigsrtiseut-targoabiierelivery with

25 0 AR Aorbelfse T Rob e ARG il BRAPEREPh OGS
c anthgecap oettrise e SfRNA anto tiercatpela'sm,qarétemmrﬁ@m naadpaefic  of

m/e%it%gc%%xgsé and’] R targ ng t'hat provu?es celPuth 0 oneima erlaﬁ has all
of these required properties in one molecule. The invention provides for
compositions and methods that use modular conjugates of three materials to
30  combine and assemble the multiple properties required. They can be designed
and synthesized to incorporate various properties and then mixed with the siRNA
payload to form the nanoparticles. Based on these embodiments, a preferred
embodiment comprises a modular polymer conjugate targeting neovasculature by

coupling a peptide ligand specific for those cells to one end of a protective
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m xed together as a cocktail and in another enbodi nment
they can be adm nistered sequentially by the sane
woamica1er13by different routes and fornmul ati onsPanaSeeN6/013645
yet anot her enbodi nent sone can be admnistered as a
coc RPIAMPT Sprpledsivis efbier ol &2 epabignis seriiehior BRdlsic adiysh dhis
C ornr‘gwﬁtm! Rfugdb hed thRe raedonB HARARs, EQhetin8hdferred to as a iri-
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ar t fingtiepehpayiaert(TER):. i tmagplandesiehn o geseonjugate @onss ned
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Sy _ ’ _ Lo ient Lo
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gen . ' i F ' i t h.
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dal'rty.” One neans to overcone such limtations is
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Thepef ore, an the present invention is to
) O, 2010 CO - a %
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Recent studies have identified one class of cationic polymers composed of
30  defined polypeptide structures that appear to have broad capabilities. A large
number of members of this class can be synthesized with defined structures
covering linear and branched forms and have been found to offer biological
activity both in vitro and in vivo. They have been shown to have activity with

several types of nucleic acids, including plasmids and DNA or RNA
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on other types of particles. However, while physical studies have shown

30  formation of a similar polymer layer on the surface of polymer complexes with
nucleic acids, and achievement of similar biological properties, we lack sufficient
information today to use of the physical properties to accurately predict the

desired biological properties, protection from immune clearance from blood.
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30  years ago, this idea was developed for coupling antibodies to the surface of
liposomes, usually referred to as immunoliposomes . One important parameter
that has emerged in the impact of ligand density. The extensive studies achieved

good success in vitro but only recently have begun to produce positive results i
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30 methods can permit retention of an unpaired Cys residue at one end for ease of
coupling regardless of sequence. The recent i vivo success using an RGD
peptide for targeted delivery of nanoparticles to neovasculature indicates this
approach can be very effective to meet the major requirements for effective

ligands: specific chemistry that doesn’t interfere in ligand binding or induce
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30 The compositions and methods of the present invention provide for
administration of RNAi comprising polymers, polymer conjugates, lipids,
micelles, self-assembly colloids, nanoparticles, sterically stablized nanoparticles,
or ligand-directed nanoparticles. Targeted synthetic vectors of the type described

in WO01/49324, which is hereby incorporated by reference in its entirety, may be
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commercially available reagent (Nektar) or hetero-bifunctional agents prepared
for manufacturing, or with homo-bifunctional polymers, such as NHS-PEG-NHS

commercially available reagent (Rapp Polymere) or homo-bifunctional agents
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static mixer at rates and pressures giving a ratio of the solutions, where the

30  streams of solutions get mixed within the static mixer. Arrangements are possible

for mixers to be arranged in parallel or in series.

E. Combined Formulation and Electric Field
For certain applications, RNAi may be administered with or without

35  application of an electric field. This can be used, for example, to deliver theRNAi

33



shell that is anchored to the core conplex, or may be

incorporated directly into the core conplex. The
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Procedure: 1) DLD 1 cells near confluence were harvested and resuspended in

30  serum-free RPMI medium. 2) Mice were anaesthetized with Avertin, 0.4ml/mouse
i.p. 3) 100 million cells in 0.1ml serum-free RPMI medium were injected into
mice back s.c. on the left flank for establishment of xenograft tumor model. 4) 5
days after inoculation of tumor cells, sizes of growing tumors were measured with

a caliper. Mice were then randomly grouped into 6 groups, 8 mice per group. 5)
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conbi nati on of an RGD- PEG pol yam ne conjugate with a
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25 4. The example shows the great benefit of using gene inhibitors and with
antagonists such as mAb inhibitors in the same treatment regimen to improve

the therapeutic outcome.
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readily by reference to the follow ng exanples, which
are provided by way of illustration and are not
wonvendesdsto be Iimting of the present i nvent PONUS2006/013645
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Example 2. siRNA-mediated VEGF silencing in vitro and in vivo.
Human VEGF165 specific siRNA was transfected into the MCF-
7/VEGF165 cell (hWWEGF over-expression) by Lipofectamine resulting in
30  knockdown of hVEGF mRNA in the cell (Figure 2 upper panel). Using an
electroporation procedure, MCF-7/VEGF165 cells were transfected by
hVEGF165 specific siRNA, resulting in down regulation of hVEGF expression as
determined with an ELISA analysis.
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and cultured at 37°C incubator with 5% CO,. At 24 hours post transfection, the
culture media from each well were harvested and the concentration of human
VEGEF protein in the media was measured using a commercial hVEGF EKISA kit
(R&D Systems).

30 We observed a significant stronger hVEGF target gene inhibition in 25
basepair hVEGF-siRNA ftreated cells than that in regular 19 basepair h\VEGF
siRNA treated cells. There was a more than 75% reduction of the secreted hWVEGF
protein in the culture media of cells transfected with 25 basepair blunted double-
stranded hVEGF-25-siRNA molecules at 24 hours post siRNA transfection,

35  compared to an about 60% hVEGF protein reduction observed in cells transfected
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30 hVEGTF protein in the culture media of cells transfected with 5 ug of 25 basepair
blunted double-stranded hVEGF-25-siRNA molecules, compared to an less than
20% hVEGEF protein reduction observed in cells transfected with 5 ug of regular
19 basepair hVEGF-siRNA-a (Figure 8). We also observed a dose-dependent
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VEGF- si RNA- a non-specific sequence cont rol
bas bqnnarrVEGERt wgred@uﬁb@ecgm&ﬂmw celisphgaugh electipporstigaAhe

or Fn%l%”aﬁé bﬁ%ﬁﬁ(ﬁ}a and free extra cellular fragment of VEGFR1 were

measured 96 hours post transfection, through ELISA assay. The VEGFR1-siRNA
duplex a demonstrated the strongest VEGFR1 silencing activity, compared to two

30  other siRNA, for both cell lysate protein and the free fragments in the cell culture
supernatant solution (Figure 9 and 10). When using the same approach to
evaluate three 25 base pair blunted double-stranded siRNA targeting human
VEGFR2 gene, we found all three duplexes exhibiting potent silencing activity at
both 24 hours and 72 hours post transfection time points (Figure 11).
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Material and Methods

Reagents

30 Phosphorothioate ODNs were kindly provided by Dennis M. Klinman

(Biologics Evaluation and Research, Food and Drug Administration, Washington,
DC). The sequences of stimulatory ODNs used in this study were: 1466,
TCAACGTTGA, and 1555, GCTAGACGTTAGCGT. Subsequent studies were
performed using an equimolar mixture of ODNs 1466 and 1555. Molecular

35  Design of Gene Targets and siRNA Three mVEGF pathway factors, mVEGF A
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accredited by the American Association of Laboratory Animal Care.

Virus HSV-1 strain RE (kindly provided by Dr. Robert Lausch, University of
Alabama, Mobile, AL) was used in all of the procedures. Virus was grown in

30  Vero cell monolayers (catalog no. CCL81; American Type Culture Collection,
Manassas, VA), titrated, and stored in aliquots at _80°C until used. In Vitro
Efficacy of siRNA
To test the efficacy of RNAI in vitro, the following cell lines were used.
RAW264.7 gamma NO cells (CRL-2278, ATCC) were used to test the efficiency
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25  Corneal Micropocket Assay
The corneal micropocket assay used in this study observed the general protocol of
Kenyon and colleagues. Pellets for insertion into the cornea were made by
combining known amounts of CpG ODN:s, sucralfate (10 mg, Bulch Meditec,
Vaerlose, Denmark), and hydron polymer in ethanol (120 mg/1 ml ethanol;

30 Interferon Sciences, New Brunswick, NJ), and applying the mixture to a 15 mm?
piece of synthetic mesh (Sefar America, Inc., Kansas City, MO). The mixture was
allowed to air dry and fibers of the mesh were pulled apart, yielding pellets
containing CpG ODNs. The micropocket was made under a stereomicroscope

(Leica Microsytems, Wetzlar, Germany) (four eyes per group) and pellets
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significant inhibition of neovascularization compared to the silacZ treated group

at day 4 after pellet implantation (p < 0.05). As observed with local administration,
the mix of the three test reagents provided the most effective inhibition (average
40% inhibition, p < 0.01). In additional experiments, the function of the polymer

30  vehicle was evaluated by comparing the anti-neovascularization activity of the test
mix suspended in polymer or given in PBS. These experiments revealed that the
use of the polymer vehicle resulted in more effective antil6é neovascularization
than was evident when the PBS vehicle was used although result was only

significant at the early test period (p < 0.05). The results demonstrate that ocular
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the angiogenesis score was greater than 6 in 9 of 12 control eyes, but only in 5 of

1

12 eyes of mice treated with siRNA against VEGF-pathway genes by either local
or systemic delivery. Taken together these results show that administration of
30  siRNA against VEGF-pathway genes reduced development of HSK via inhibition

of angiogenesis.

Example 8. siRNA cocktail targeting VEGF, VEGFR1 and VEGFRI1 genes

very potent anti-angiogenesis agent in ROP ocular neuvascularization model.
35
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151 VEGFR2) with polynmer vehicle at day 1 and 3 after
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Eyes were removed and frozen in optimal cutting temperature embedding

compound (Miles Diagnostics).Ocular frozen sections (10pum) were

30  histochemically stained with biotinylated GSA. Slides were incubated in
methanol/H202 for 10 min at 4 O, washed with 0.05 M Tris-buffered saline
(TBS), pH 7.6, and incubated for 30 min in 10% normal bovine serum. Slides
were incubated 1 h at 370 with biotinylated GSA and after rinsing with 0.05 M
TBS, they were incubated with avidin coupled to alkaline phosphatase (Vector
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very potent anti-angi ogenesis agent in ROP ocul ar

neuvascul ari zati on nodel . Neovascul ari zation in the eye
wo0madeadat ed with various di sorders, often caasiusgo6/013645

severe |l oss_of vision and eventually blindness. Anmong .
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Si RNA targeting lucifercase was called silLuc as
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o e B A L e e
ConFAESTAh (FA AIGCETAC TQQ@GTN&}G of dﬂremsee’iif-t(hAA CAT CGA
25 TGA CAA GCT TAG GTA TCG ATA caa gct gee teg cet tg -—-3’OmVEGFR1
(404bp)Cforward 5°--- GTC AGC TGC TGG GAC ACC GCG GTC TTG CCT --
-3’0 reverse 5°---GAA CAT CGA TGA CAA GCT TAG GTA TCG ATA tag att
gaa gat tcc gc---3’OmVEGFR2 (485bp)Oforward 5°-TGG CTG GTC AAA CAG
CTC ATC-3’Oreverse 5°-CTC ATC CAA GGG CAA TTC ATC-3’00B-actin
30 (232bp)Oforward 5°-CAT TGT GAT GGA CTC CGG AGA CGG-3’Oreverse 5’

- CAT CTC CTG CTG AAG TCT AGA GC-3°.
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Council. In vivo delivery of siRNA For |ocal delivery,
siMx (4nmg/2m per eye) was delivered subconjunctival”®
wonodentiesasi treally in the left eye and siLuc (205/UR2d06/013645

per eye intheri hteeb a 32- gauge Hanilton
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m croscopy. The areas of retinal NV were nmeasured by
soft I mage-Pro Plus pMedia Cybernetics, USAD.
OyRsmtsiandﬂﬂécuEyms were renmoved and frozen in opti mal

cut r.at ur.e enbeddin
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e TS5 FPr O OB PR Yosre00 UGAPTASY FES)he paltperye
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f

t Bocgivel v Hariprsian poFiLuonfiixnghe wetivasaionpd many BV thes

ver greisHad BabedowN differBilcRETWIRRER #HedirddS of RVIHAYLIntaRfrOMAnd
reaction product and were counterstained wth eosin ,

noubrapprifpnepl imgetips o4 FIMix yefeesigndfiaenigessiilbantthe ¢apgrol.
assgﬁéme%feﬁr& 5@}@:%@&9@& m%%ﬁ ofHindiAfUGh

entire e rom section that
cont ai n tinﬁhlgVa\ra@Iale@wsem¢digstolggucﬁé/ byan@asst@éthediﬁﬁon

2% 2‘; (%MQ'@ rcel?sg g@ov%cufah?aﬁ%}{)eanttéf‘ﬁ’ﬁ‘ to-HE hl"f'érﬁlﬁ ‘i’inhtﬁﬂ gsmerﬁﬁlr%ey

sect
(ILM). Retinas of P17 normoxic mice had superficial, middle, deep vessels and

contained no endothelial cells anterior to the ILM. Retinas of P17 mice subjected
to hyperoxia contained multiple neovascular tufts on the suface with some
extending into the vitreous. Retinas of mice treated with subconjunctival injection
30  of'siLuc or siMix had no difference with the areas of NV. The areas of NV after
intravitreal and intraperitoneal injection of siMix were obviously reduced

compared to siLuc injection.
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stained with GSA and total 15 sections were statined.
GSA- st ai ned sections were exam ned with an m croscope,
wanaeimresygs were digitized using a digital col 8BCTAISH®6/013645
camara | mage- Pro PI us_sof tware (I\/ledl a Cybernetics,
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quaNEGE, GEGER 1, Y EGERRZ cnRN A 260 m@cz@m therretings tregtyd RIGh siddix
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1VEGHiRAc(ar@i0f)- actin (acting as a control of RNA
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Taq inpabiyesraad etragdrizoehl applicatibeof SiIRNApr i mer sequences
are: nVEGF (43Cbp) Dforvvard 5'- GAT GTC TAC CAG CGA AGC
AC TGC
LECT TAG EHRVARES Wk HEAGER Sf SR Vet YO phinay Behes
DmVHintiRishds44dpduofion vV EGE' VEGHK] , ABGFRGprditin, EISAAGS
GCG GIC TTG e 5" - GAA CAT CGA TGA CAA
CCTUFAG BB AA ROER & Ry s e YA Seailssan
,(0\14' ?: 52&)&@1‘1‘7"%& ﬁ%&vng gﬁk?gﬁii CREGAA m_rgrfé@glfcl:ﬂ protein levels
- ever se -
b- aderedoyedn hope elgesived s %\E’é@ﬂ@w&g@wlsww% 535%
28CA CCC- aldRE S entind and AT GEEn CRGMAGHTICTheACA
GC- 3'. . ELI SA for VEGF and VE On P14 and Pl 7
t he Initintiag fagir F apvasilasizationhishsingvess uipeswlationof YECGE

qui &HEIOF i9Rot dnfy thmt%ﬁto\é@ﬂ’l@ fabfbm QRIARSial d118 iCA4d induces
lysis buffer (Manmalian cell lysis Kit, Biot echnol ogy

De p 3#sculanpermpabiligy andidijagien é"élﬁ%aqlog% a%é/r“@%t?d@@qﬂ%w y
cen Mngf gﬁ %hlgfﬁQQ}Qtrﬁngﬂkﬁ‘nWan@Qltgﬂth phoRfatil @ﬁB ﬂﬁ"et l@ﬁ‘ats@

wer e protein concentrations via th
2pr oteseptony aﬁhﬂec disiineg VERE| rgdepiorsdiave bshadratifieds; 115‘63‘{9l}’or

Bi og4 E)t} L S¥in 0 i
cg:@éigfnf‘i‘l ShnSLARR N1 %@ﬂizkﬁﬁ Sit M-
dilute i‘(& P con“éentratluo% of 1 n{; rr??nLevel sa of
VEGEontAfEEE Riceptanet KDR) and VEGFR3 (fms-line tyrosine kinse-4 or Flt-
4).VEGFRI1 and VEGFR2 are predominantly expressed on vascular, VEGFR3 on

lymphatic endothelium!®!.Increased intravitreal and intraretinal levels of VEGF

30  are associated with retinal neovascularization not only in animal model but also
in patients with ischemic retinopathy. These data suggest that VEGF signaling is a
good target for treatment of retinal neovascularization™.

Oxygen-induced retinopathy in mice is widely recognized in the world.
Eric AP et al "V had reported that the mRNA levels of VEGF increased
35  dramatically between 6 to 12h after hypoxia and remained elevated for several

days and then decreased toward baseline with regression of retinopathy. So we
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VEGFR2 were determ ned using the Quanti kine M Mirine
VEGF, sVEGFR, and sVEGFR2 | mmunoassay Kits,

woespaaetdisel y (R&D Systens Inc., M nneapolis, RNI/USBI0K/013645
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neovascul ar tu S O the s ace Wit sqQne xtenln
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genes “conp e con VVI th
s| me@ped)th@@)bconjunctlval and intravenous injection of siMix can inhibit the

CPG induced the corneal neovascularization in mice. It may also apply to other

neovascular diseases.

30 Example 9. Ligand directed nanoparticle siRNA can be specifically delivery
into tumor with systemic administration
This self-assembled siRNA nanoparticle has demonstrated the neuvasculature

targeting property when they were systemically administrated through IV
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Decr eased expression of VEG. VEGFRI . VEGFR2 protein
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I nhi bi-t retlna re t hani sm
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| nh Isl?olv&ed h?g%lesrt] ?évell\c% accumulation in tumor tissue. There was a considerable

30  reduction in lung accumulation compared to PEI-nanoparticles and very little
accumulation in liver. This experiment demonstrate tumor targeted delivery of
siRNA using RGD-PEG-PEI nanoparticle. anti-angiogenesis and

RNAIi mediated inhibition of tumor angiogenesis and tumor growth were

studied using tumor targeted nanoparticle formulation containing siRNA targeted
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However there is no distinct defference after
subconjuctival injection, so it is concluded that it
woadrw/iogeshi eved the effective concentrati on i RCTWS2A006/013645
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Vb u sEcrbseapy usimgtbé Olympus microscope and camera equipment described
above for fluorescent tissue measurements. Tissue was trans-illuminated to
visualize blood vessels in the skin and a digital image was taken and stored as
30  described above. Tissue was snap frozen immediately thereafter for Western
blotting.
Result: Significant tumor growth inhibition was observed for animals
treated with nanoparticle formulations containing VEGFR2 siRNA. Animals
treated with non-specific siRNA did not show any substantial tumor growth
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activity. Female nude mice (6—8 weeks of age) were obtained from Taconic
30  (Germantown, NY), kept in filter-topped cages with standard rodent chow and
water available ad libitum, and a 12 h light/dark cycle. The experiments were
performed according to national regulations and approved by the local animal
experiments ethical committee. Subcutaneous N2A tumors were induced by

inoculation of 1 X 10° N2A cells in the flank of the mice. At a tumor volume of
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30  fluorescent tissue measurements. Tissue was trans-illuminated to visualize blood
vessels in the skin and a digital image was taken and stored as described above.
Tissue was snap frozen immediately thereafter for western blotting.
Tumor growth inhibition by siRNA RPP-nanoplexes. Mice were

inoculated withN2A tumor cells and left untreated or treated every 3 days by tail
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A@E{B&MWW peibyrays, and combinations thereof.

CCAACAUCACCAUGCAGAUUAUGCG VEGF- 5,
CACCAUGCAGAUUAUGCGGAUCAAA VEGF- 6,
GCACAUA@SAGA@&@WCQVE@IW&W preceding claims wherein at
CAGRGA A MO A LM sdald b Bsirdnd el WIBA m\‘ﬁe@i—lg wherein

specific sl RNA sequences §25 basepairs w th blunt
each RNA strand has a length of 25 nucleotides.

6. The composition according to any preceding claim wherein said
nucleic acid agent is an RNAI is targeted to a VEGF pathway gene selected from
VEGF165, VEGF R1, VEGF R2.

7. The composition according to claim 6, wherein one RNA strand
(sense strand) has the sequence of:

5’-r(CCUGAUGAGAUCGAGUACAUCUUCA)-3’ and the other RNA
strand (antisense strand) has the sequence of

5’-r(UGAAGAUGUACUCGAUCUCAUCAGG) -3°.
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ends): VEG-R -1, CAAAGGACUUUAUACUUGUCGUGUA VEGFR1- 2,
CCCUCGCCGGAAGUUGUAUGGUUAA VEGFRL- 3,
WCAMGADITAGCGCAUGCCAAUAAUA VEGFRL- 4, PCT/US2006/013645
' CCACCACUUUAGACUGUCAUGCUAA VEGFRL- 5,
CGGACAAGHICUAAeYamRestiisa/oeapting For clgim 6, wherein one RNA strand
Lx%¥§§%§%%%§5ggﬁg§@ggggeﬁ VEGFRl 7
GA UGGUGAUUGUUGA VEGF
CGAGCUCCE(EOASATAERGNA G@E@MG@ACAA) -3” and the other RNA
CAA%L%% e W6 - 10,
GAAAGUAUUUCA GUUUA Tabl e B1-5. human VEGFR2
speci fi c5'sHRUCEegUERREGAAGCHEREHVEYChiX h bl unt
ends): VEGFR2-1, CCUCGGEUCAUUUAUGUCUAUGUUCA VEGFR2- 2,
CAGAUCUCCAUUUAUUGCUUCUGUU VEGFR2- 3,
GACCAACAYGCAJICCu@EpRM McHBIBERYCl4im 1, wherein one RNA strand
CII%%%%%%%%%X&I}%E \ VEGFR2- 5,
CCAl LCUA J VEGFR2- 6,
UCAUUCAURHI(GRUSACRAOUGRG ARGFRAGACCAA)-3’ and the other RNA
AR AR RV
CA A WeEGRe- 9,
CAGUGGUANGHRUUICHIGCUCCAGRAC MESBRRIAIDUGUG) -3°
CCACACUGAGCUCUCCUCCUGUUUAWhat is clainmed is 1. A
pharmaceutical conposition conprising at |east one
nucl ei ¢ agi d B@&ﬂhlpasﬁﬁbrﬁacpchafngmﬁaﬂm I;a\PHe;enasadeR:NAbl e

e o n i e s 75 e lith A3Ean YRARARR R Ings

exphiesSRNANradbfeaed e il at subjebiaud 04 Boutsiud siRIN Dtreatment.
i nappropri ate neovascul ari zation in said subject. 2.

The conpositions according to claim1, wherein said

nucl ei c apl d BeBpbsticielcestingd td 10im Elviihlaﬁdin ﬁ&ﬁonr
ds DNA. . The caonposition _accordi ng to cla

whe rlré?rﬁ:r%% aps%m 81 tn é%rs?qug%@ %ﬁhumé%&EquRsotem levels

nuckeiRNAGHAsRaeNtels aPaR] &bkt d MEMEIRGFRNARNA treatment.
|nterference in

12.  The composition according to claim 1, wherein said nucleic acid
agent is a blunt ended double-stranded RNA molecule, wherein each RNA strand
has a length of 25 nucleotides, wherein said RNA molecule (25 basepair siRNA)
is capable of target-specific inhibiting expression of human VEGFR2 gene in

mammalian cells or tissue.

13.  The composition according to claim 12, wherein one RNA strand
(sense strand) has the sequence of:

5°-r(CCUCUUCUGUAAGACACUCACAAUU)-3’ and the other RNA
strand (antisense strand) has the sequence of

5’-r(AAUUGUGAGUGUCUUACAGAAGAGG) -3°.

14.  The composition according to claim 12, wherein one RNA strand

(sense strand) has the sequence of:
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a subject and inhibiting expression of at |east two
genes that enhance unwanted or i nappropriate
waemsaseuBari zati on in said subject. 4. The CORPOAISLI06/M13645

accordi n of clains 1-4 wherein each gene is
sel ect ed>’f r(%l%@@‘é@@%@%@t@%@ﬁ@én aad %ﬁ SEANY

th t he EGF
pat ho ot SEnupRio il = afnd el Fpggt ey, cel

prol i fer%tt- I(WWH%WG&@UG%QW thways, and
conbi nations thereof. 5. The conpositi on according to
any preceding clains wherein at |east one nucleic acid
agent col"qorl Skie camglonitiiineacearding tedaiRNA, whereisusing RNA strand

vvhe £ nes %%ﬁhgj\{ﬁﬁeg{l%g pas a length of 25

nuc conp03|t|on according to any
pr ecedl ng dC@Am&M@AUUGMGGAM(&@UEEDﬁ agieht other RINA
RNAI, i St eted t VEGF ene selected from
VEGgraf’éé?n% Stﬁnd)()}??é&f Sﬁﬁu h)é gonposn tion
accor di ng-t(ﬂM@GﬁAﬂCUﬂ(ﬁu’IéCAA@]&\@NAG@D 3And (sense

- strand) has the sequence of:
5' - r ( CCUGAUGAGAUCGAGUACAUCUUCA) - 3' and the ot her RNA
strand (gdti SHeempbiitdithcchiding tdelaigeIP)emheindhe RNA

ConBBER TSR SHEIR 8 G 160 L1 AT g TR BN Vgt

St r aRels (PERNA tinERAE] cdlid ot 24 usLHileLIRN AGcatment.
5' - r ( GAGAGAUGAGCUUCCUACAGCACAA) - 3" and the other RNA

strand (anti sense strand) has the sequence of 5'-

r ( UUGUGCHUAGERAGHpEA S £eblalling  claith 12] RBei@BRORNAI 0N

according to claim1, wherein one RNA strand (sense
t r SRerTerengs resplés g @qu_gq;]g)@n 69% reductlon of human VEGFR2 protein

- idyERSARRAAMGCANEIR GAADLrs A fieMRINA RRaeREr  RNA

strand (antisense strand) has the sequence of 5'-
r ( UUGGUCUGCAUUCACAUUUGUUGUG) -3" 10. The composition

accor di nge.t O lethiMpdsdRtkfe s8N D6 GHBER Gcid

results 1n a nore than 75A)re ucti1on of human

pr oegdnhislagiett snded deptrngairandechB Ndcmelecudes Mharejnypaghh R A strand
subj,ect 1efl?%h 8142%9}& st §herdth fNA mﬁbﬁ&ﬁ& (251b1asepli? SiRNA)

conposi t1on accor ng toc a| m ereln sald
i nt @y dapabdaefdangetsypktific 1rﬂ11batlngmxeresmpf®0%m ¥Rl @ﬂnebm

hun%m\(rgﬁgngglfgp ein |evels

19.  The composition according to claim 18, wherein one RNA strand
(sense strand) has the sequence of:

5’-r(GCCAACAUAUUCUACAGUGUUCUUA)-3’ and the other RNA
strand (antisense strand) has the sequence of

5’-r(UAAGAACACUGUAGAAUAUGUUGGC) -3°.

19.  The composition according to claim 18, wherein one RNA strand

(sense strand) has the sequence of:
5°-r(CCCUCGCCGGAAGUUGUAUGGUUAA)-3’ and the other RNA

strand (antisense strand) has the sequence of
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in siRNA transfected cells in said subject at 120

hours after siRNA treatnent. 12. The conposition
weacoewrdisig to claim 1, wherein said nuclei c acPdTAgewt/013645

is a blunt ended doubl e-stranded RNA nol ecul e, wherein

each RNR s{PHAMGHAUACAARSICEFCOGAR et i des

wherein said RNA nol ecul e (25 basepair siRNA) is

capabl e of target-specific thibitin% expr essi on of

human VEGFR2 The sempasition seaerdingtocddimd 3ophereig opeRNpgtrand
The It § ' to claim12, wherein one RNA

gﬁ%@}’@aﬁldﬁ hé%'%hé‘é%ﬁ%n%@@
(

str sense stra as the sequence of:

5' - r ( COUCIFTIAAGACKZUCACBNOACIRY AHRY) 13 andihp etheiRNA

stran ' he sequence of

5 -%ﬁﬁ%&%&mfﬁf&%ﬁ@)&- 3'. 14. The

conposi t5’ onfAAAIAGHGACG HIEGEUCRUGHEeERi3n one RNA
strand (sense strand) has the sequence

of : 5' - f ( CCCUUGAGUCCAAUCACACAAUUAA) - 3' and the ot her

RNA straid ( dheiceepssitiontacandihg toaesy phdaigsqdeiic whekinghe

coBNA G BTSN £ ARG 7o RAOEY PTRY PhkRbvers

st r AN A aanifegedseet]sigtrrd dhoors after sSiRNA treatment.
5' - r ( CCAAGUGAUUGAAGCAGAUGCCUUU) - 3" and the ot her RNA
strand (anti sense strand) has the sequence of 5'-

r ( AAAGGCAUCUGRIGARSIGRARIIEIRing B and 6f cliings 18c2tpoherkinahe

accgrding to claim12, wherein the RNA interf
o BNAST eGP Highm OB op P e OB P P MR

Pr ObRiein 106818 InSiRMA HalWbtdd RNSALE00 B6lure efidrsiralA Béathontl S
after siRNA treatnment. 17. The conposition according

to claim 12, wherein the RNA interference results in a

nor e t hagy 60%H.@emMpdith dforHER LIMAG, BEmpHiLit TeabtahRt 25
in si RNA transfected cells at 120 hours after. si RNA

t r eleh@RNA oligos, Pad wheaEaid ofiges iakbibpEregiop st BY 5k 1

wherpetarR by VEGERE acid agent is a blunt ended
doubl e-stranded RNA nol ecul e, wherein each RNA strand

has a I'ength of 25 nucleotides, wherein said RNA
ol ecul &4 25 RRYEABYSicH Min%ﬁ) SRRADBmBlising ot Icast three
[

target-specific in ting expression of human
geneiRiINA otigosseaind avbersial daisl, oligos inhibit expression of three genes selected

from the group consisting of hVEGF, hEGF and hPDGF and their receptors.

25.  The composition according to claim 1 wherein said nucleic acid

agent is a targeted synthetic vector.

26.  The composition according to claim 25, wherein said vector is

targeted to tumor neovasculature.
27.  The composition according to claim 25, wherein said vector

comprises a targeting peptide, a homobifunctional activated PEG linker, and a

polyamine containing agent.
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19. The conposition according to claim 18, wherein one
RNA strand (sense strand) has the sequence of:
W6 '2006(1BBTAACAUAUUCUACAGUGUUCUUA) - 3' and t he ot Ret/uRMA6/013645
strand (antisense strand) has the sequence of )
5' - KUAAGRACAGheopopgsitisnEekonting to.claim 2j/gvhergipsaid targeting
co dat } ypg to claim 18, wherein one RNA
st ?Eﬁyglh%issg‘ﬂggﬁg?%%gg) has the sequence of:
5' - r ( CCCUCGCCGGAAGUUGUAUGEUUAA) - 3" and the other RNA

strand (anti : . o
 (UAMORACA LB S B o LT R SERUAREN B0 vectoriss,

acc salBassgniiling veetprpra@redshose @ homelribincionakactivgiell KE@me

str f.he C - ; :

> | R R R BBy e itee ol ¥ A rn
st r attc@lant i sense strand) has the sequence of 5'-

r ( AAAUAAGUCACGUUUGCUCUUGAGG) -3' 21. The composition
according to any of clainms 18-20, wherein the RNA

i nt er f ergnce A esnpdsition acarding ®© anp precatbg dlgoh brthen of

VEGFRI protein |levels.in siRNA transf.ect. cells at. 24
houP ¥R E2 @Pmelcra&éittﬁ%?ﬁe%%m o "%3 Y fongonora
ac c gérdi pathwia® agsoyiated with ahwantdBoer Akppitdpeitte insoviakulaid#ion.
interference results in a nore than 60%  reducti on of
human VEGFRI protein levels in siRNA transfected cells
at 120 hyurs BetceipsdifiiActdraiag bRdlim 23 whdiei said therapeutic
conmposition according to claim2, conprising at |east

t hr 8&ndls appgnoglopglaAndfadyos  and wherein said ol i gos

i nhi bit expression of hVEG-, hVEGFR and hVEGFR2. 24.
The conposition according to claim 2, conprising.at

| east t htee s}iRIGAMBPSitiRRcACCoIAing ihelaiay H wherein spist @fg?ody

I NhiyRigd toewd;essi on of three genes sel ected fromthe
group consisting of hVEG-, hEG- and hPDGF and their
receptors. 25. The conposition according to claim1l
wherei n gai d Quehehor #¢iHe 398 se hsoSate@ Wit W anted or
synthetic vector. 26. The conposition according to
cl aingpprSpristhesarpssulsrization éca Hiblerts comaprifitecd mingsterifggp said
neoyARGh Bhtifditiof bocoldlfis KU BRkbdiYLIAREOT di NG Lo claim

25, ereln vec

34. A method of treating a aisease associated with unwanted or
inappropriate neovascularization in a subject, comprising administering to said
subject a composition according to any of claims 1-29 in combination with a non-
nucleic acid therapeutic agent that inhibits the function of a gene pathway

associated with unwanted or inappropriate neovascularization.

35.  The method according to claim 34, wherein said therapeutic agent

is a monoclonal antibody.

36.  The method according to claim 35 wherein said antibody binds to
VEGEF.
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conprises a targeting peptide, a honobifunctiona
activated PEG |inker, and a pol yam ne contai ni ng
wagemst11@33 The conposition according to cl ai m PZT/US2006/013645
wherein said targeting peptide is _an RGD peptide. 29.
The conp?ki t i B megtkasrageaiding & daimy 3hop §4earain peid aj d
vec i fic L0 r
omah Fiime Ak s ATRT sl PpRr LORoRIRAG o AL
pol yam ne contai ni ng agent, and a m xture of siRNA
nol ecul es. 30. A conposition according to any
preceding claim further conprising a non-nucleic acid
t herapeutic agent that inhibits the function of a gene
pat hway associated with unwanted or inappropriate
neovascul ari zati on. 31. The conposition according to
claim 30, wherein said therapeutic agent is a
nmonocl onal anti body. 32. The conposition according to
claim 31 wherein said anti body binds to VEG-. 33. A
met hod of treating a di sease associated w th unwant ed
or i nappropriate neovascul arization in a subject,
conprising adm nistering to said subject a conposition
according to any preceding claim 34. A method of
treating a di sease associated with unwanted or
I nappropriate neovascul ari zation in a subject,
conprising adm nistering to said subject a conposition
according to any of clainms 1-29 in conbination with a
nonnucl ei ¢ acid therapeutic agent that inhibits the
function of a gene pathway associated with unwanted or
i nappropri ate neovascul ari zation. 35. The net hod
according to claim 34, wherein said therapeutic agent
is a nonocl onal antibody. 36. The nethod according to
claim 35 wherein said anti body binds to VEGF. 37. The
nmet hod according to claim33 or 34, wherein said
neovascul ari zation is in tunor tissue, ocular
conpartnents, or joint tissue.
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