Composition and Met hods of RNAi Ther apeutics for Treatnment of Cancer and
O her Neovascul ari zation Diseases This application clains priority to US
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relates to the follow ng application, the contents of which are also

i ncorporated by reference in their entireties: PCT/US03/24587, Methods O
Down Regul ating Target CGene Expression In Vivo By Introduction O
Interfering RNA; PCT/ US2005/ 003857, RNAI Therapeutics for Treatnent of Eye
10 Neovascul ari zation Di seases; PCT/US2005/003858, Conpositions and Methods
for Conbi nation RNA cJRgbaRey hnd Metho®! df BNAT TRerh PUARS fONTdaembmgNt | ON
provi des conpositions and ngﬁaﬁﬁbtﬁémém%ﬁa atidhTR&ses W th unwanted
neovascul ari zation (NV), often an abnornal or excessive proliferation 15
and growth of blood vessehg;, aﬁg ca‘iji%}{%ia%% Writfto Wak@%ﬁ{ign,%&@@ﬂgb,ﬁgd has
adverse consequences or it can be an ear pat hol ogfcal st’ep 1 n’ di'sease.
Despi te i ntroducAprin?2, 2005ntkwcoditentapLwhich asrticachyringirgoratkd by gifogacraaitisir

i ncludi ng antagonists _of the VEGF pat hway reat ment options for

control ling NV aqna{q%gg*&q@a ieatign glsg r&aﬂe@@ téﬁh’”@?”é%_ WplicHiiffetic PRAREAl need
remins for ef f QoGLY fro s HdBBMrste®@by NYoreflclil ¥eirt Gsif bl ictT/ 0k 65853720
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The 15  and growth of blood vessels. The development of NV itself often times has adverse
consequences or it can be an early pathological step in disease. Despite introduction
of new therapeutic antagonists of angiogenesis, including antagonists of the VEGF
pathway, treatment options for controlling NV are inadequate and a large and growing
unmet clinical need remains for effective treatments of NV, either to inhibi“t disease

20  progression or to reverse unwanted angiogenesis. Since NV also can be a normal
biological process, inhibition of unwanted NV is preferably accomplished with
selectivity for a pathological tissue, which preferably requires selective delivery of
therapeutic molecules to the pathological tissue.

The present invention overcomes this hurdle by providing treatments to control

25 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 methods for using a
tissue targeted nanoparticle composition comprising polymer conjugates and further
comprising nucleic acid molecules that induce RNA interference (RNAi). The present

30 invention provides compositions and methods for inhibition of individual genes or



dsRNA nanoparticle conpositions of the invention can be used alone or in
conbi nation with other therapeutic agents, including targeted therapeutics,

i ncluding VEGF pat hway antagoni sts, such as nonocl onal anti bodi es and smal |
nmol ecule 5 inhibitors, and targeted therapeutics inhibiting EGF and its
receptor or PDGF and its receptors or MEK or Bcr-Abl, and i mmunot herapy and
chenot herapy. The present invention also provides conpositions and net hods
for the treatnent of NV disease in a subject, including cancer, ocul ar

di sease, arthritis, and inflammatory di seases. Background of the Invention
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means to conBackigreund oftbE Ipecnbigny still are needed. The agents devel oped to
date are nostly antagonists of VEG- or its receptors, VEGF Rl and VEGF R2.
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expression, and doing so by inducing RNA interference rough _in vivo
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RNAI 15  action of the receptors for VEGF, or “down stream” proteins used by these receptors
for signal transduction. The picture that has emerged is that means to control this
VEGF “pathway’ > can provide a level of control of NV that provides benefit for some
patients. In addition, studies of a series of small molecule kinase inhibitors found that
a inhibitor called sunitinib that has activity against multiple kinase proteins, VEGF
20 receptor, PDGF receptor, FLT3, and Kit, offers better clinical benefit for NV diseases.
However, these benefits are still inadequate for most patients and better therapeutic
means to control the VEGF pathway still are needed. The agents developed to date
are mostly antagonists of VEGF or its receptors, VEGF R1 and VEGF R2. One
p;oblem that has emerged with use of antagonists appears to be a response by the
25  pathological tissues to increase production of VEGF. Thus an attractive means to
improve thérapeutic control of NV is to inhibit production of the VEGF pathway
proteins, i.e., down regulate their gene expression, and doing so by inducing RNA

interference through in vivo delivery of small interfering dsRNA oligonucleotides

(siRNA).



process occurs in at least two steps: During one step, a long dsRNA is

cl eaved by an endogenous ribonucl ease into shorter, 21- or

23-nucl eotide-1ong dsRNAs. In another 5 second step, the snaller dsRNA
medi at es the degradation of an mRNA nol ecule with a matching sequence and
as a result selectively down regul ati ng expression of that gene. This RNA
ef fect can be achieved by introduction of either |onger double- stranded RNA
(dsRNA) or shorter small interfering RNA (siRNA) to the target sequence '
within cells. Recently, it was denonstrated that RNAI can al so be achi eved

10 by introducing of RNAsfterétvei(RY@NES atpostctemiNiiptionsl peooesy whidte haoﬁtaé get
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for delivering Fngdel pigpmismp.dshasibgen fepertest thaidrothythe shemispldy syathesized shorter al so
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been difficult to observe in adult animal models(57). This is for several reasons
including: introduction of a long double-stranded RNA into mammalian cells can
trigger an antiviral immune response including up-regulation of interferon, resulting in
20  apoptosis and death of the cells that can be either detrimental or beneficial to the
desired therapeutic effect: the efficiency of dsRNA entry into the target cell is low,
especially in animals; short dSRNA molecules are rapidly excreted from the blood into
the urine; and RNA molecules can be degraded by RNAse nuclease activity.
Although RNAI has potential applications in both gene target validation and nucleic
25 acid therapeutics, progress of the technology has been hindered due to the poor
delivery of RNAi molecules into animal disease models.
It is apparent, therefore, that improved methods for delivering RNAi molecules
in vivo are of great importance. It is also apparent that tissue targeted delivery of
nucleic acid molecules inducing RNAI are of great importance. It is also apparent that

30  methods for delivering nucleic acid molecules inducing RNAI selective for VEGF



Summary of the Invention It is therefore an object of the present invention
to utilize RNAI to nodulate 5 angi ogenesis process in order to reverse the
di sease process by down regul ati ng gene expression involved in NV
pat hogenesis, nore specifically genes in the VEG- pathway. It is therefore
an object of the invention to provide conpositions and nmethods for

i nhi biting expression of one or nore VEGF pathway genes in a mammal. It is a
10 further object of the invention to provide conpositions and net hods for
treating NV di sease by .inhibiting expression of one or nore VEGF pat hway

genes al one Pathway geres il g of sisatianpfidonte trég@?ﬁl&Of NV diggpssg. AHessg6edsst s of
the same VEGE a%g}%eg@hg(}h@?&ﬁgﬁéﬁyohggn& d@&ytﬁg%@eﬁ&ge has been provided a

conp03|t|ons own regu t|n ogenous VEGF pat hway genes,
conprising admnistering to a 15 tissue of the mammal a conposition
conpri si ng Sudonddyefsbe BrvdetlolRNA nol ecul e where the RNA nol ecul e
specifically reduces or inhibits expression of the endogenous VEG- pat hway
gene. Thi s down (idgtheatforenn objeanofahdpgsmnoinyegemeao nelizdRNUS edmbdulatet r eat i ng a

di sease that is caused or .ex erbated @g activity qﬁvihe VE%F pat hway. The
di sease may BBSIPEFNSSIABIAGESS 1B OT h@rré"eé?es Hissass BT A fegy ﬁ%‘l%\%?&ef or

{reating a Ghpeans hibife BITRbynas06L 3168 idalpdenbinBleapr cosi on of a

VEG- pat hway ‘gene, conprising applying a nucleic”acid conmposition
conpri sing aatis®NA ohgonucl eotide, as the active pharnaceutlcal i ngredi ent

APl ), associate th_.a for | ation, wherein th | at i n, conprise
gi pol)yrrer m%ere?Hl\%]MQCFﬁf‘&rFé‘F(? ﬁquﬂg%l,lpﬁglgiopﬁéﬁwgd%ggglgsii O%Sfa{ @?E‘Eﬂﬁm % !

expressi on @f ihBitMESkplRAidNE6ns 8RR rEVEGF AN Y Ig8BesY a bt Ag. dijggase. The
di sease may be cancer or a precancerous growth and the tissue may be, for

exanpl el0 a Kirtheeybieeted the, inyngign to plloglsia éomp@ﬂlmnStané gwéhoda fqrrtm@tlm BVissue, a

| ung tissue jan tissue. cleotides" and
simlar ter %egg?gdﬂgﬁlﬁp F’épr?ses}ont(’fope Or%‘ﬁre lelééfpgﬁhl §3§e 3 0615 4"of natural | y
occurring nU@IhBﬂhﬂl&E&ltﬁlSth%ﬁdtéenﬁindlﬁﬂlﬂé hlg@@rﬂstﬁﬁﬁfﬁ@m VEGS)ﬁafH%fyl c or
nodi fi ed nucl eoti des, gonucleotldes be 10 or nore . nucleotides in
length, or 15, oM a@evmg ¢se oarectfsheréhaﬂ@en srovadsd greomppaitipreandgnstheds i n

for down regulating endogenous VEGF pathway genes, comprising administering to a

15  tissue of the mammal a composition comprising a double-stranded RNA molecule
where the RNA molecule specifically reduces or inhibits expression of the endogenous
VEGF pathway gene. This down regulation of an endogenous gene may be used for
treating a disease that is caused or exacerbated by activity of the VEGF pathway. The
disease may be in a human.

20 There also has been provided a method for treating a disease in a mammal
associated with undesirable expression of a VEGF pathway gene, comprising applying
a nucleic acid composition comprising a dsRNA oligonucleotide, as the active
pharmaceutical ingredient (API), associated with a formulation, wherein the
formulation can comprise a polymer, where the nucleic acid composition is capable of

25 reducing expression of the VEGF péthway genes and inhibiting NV in the disease.
The disease may be cancer or a precancerous growth and the tissue may be, for
example, a kidney tissue, breast tissue, colon tissue, a prostate tissue, a lung tissue or
an ovarian tissue.

As used herein, “oligonucleotides” and similar terms based on this relate to

30  short oligos composed of naturally occurring nucleotides as well as to oligos



| ength, or 21, or 22, or 23, or 24 or nore nucleotides in length, or 25, or
26, or 27, or 28 or 29, or 30 or nore nucleotides in length, 35 or nore, 40
or nore, 45 or nore, up 5 to about 50, nucleotides in length. An

ol i gonucl eotide that is an si RNA may have any nunber of nucl eotides between
15 and 30 nucl eotides. In many enbodi nents an si RNA may have any nunber of
nucl eoti des between 19 and 27 nucl eotides. In many enbodi nents, an si RNA may
have two blunt ends, or two sticky ends, 10 or one blunt end with one

sticky end. The:ysedgNgnihed &OhbEESA Riclddtigkd. ANz RN ERRs nlagbga 0ok aRyONe to
four nucleotides or nore. In a preferred enbodi ment, the invention provides

si RNA of 25 baseucieetides inilength, or ihtor éhdy.17Térel & ex Hs or o pymars reisleptides imnd
"ol i gonucl eoti dg" are Jyse neny. sl 15 her.ein. The conpashti 0n.-may
further conpr i SEraR B Er TR SEET 2y Bt e Bsltliitta 1kl SPER T2 B3R se

cationic pol ynezs & ob3esmb@ ribleotRi¥ainzh gLl Loraneref 40 6¥Emore ro@andre alpes .
The cationic polyner may be an amino acid copol yner, containing, for

exanpl e, hi§tidWﬁ@O%HHLPvéﬁﬁ@e$@§@3ﬂés. The pol yner may conprise a branched

20 pol yner. The conpgg iofi%(%ﬁcmdectﬂwg LS GRAA %g{g,’nﬁ‘edan%ﬂ%@{ &fﬁm\él%Sﬁ%fséaThe

synthetic vector may conprise a cationic po r as“a nucl ei c aci rrier,
a hydrophilic Tpawyerers asl 3@ mitkolidespivinacy enmbodimbets aabiRNanthag hhvar gt | ng
ligand as a target cell selective agent. The polymer may conprise a

pol yet hyl enei ni BE0REE Ogn‘;‘fi‘i"?’ﬁ%‘?m?‘ﬂ’e& apdiZ{eauclegpdisymer or a pol yl ysi ne

modi fied chem cally mrmﬁ%yhé%{boﬂﬁxfx&?st, g% lﬁeKﬂPAtL ﬁg?%&%tﬁ tlch&, I%rt%é) §t{&m ofBN be

used as the nucleic acid’carrier no , hydr ophi ['i ¢ pol yner
conpri se a lpol yetdnelbbne egd withlonosticky pod.y @loed el harg mcpotigaxdactickyssndaaa t he

targeting |igand conprise a.peptide conprising an RG sequence or a
sugar or a suga?mggﬁ§¥%%%ﬁb§W“8Wﬂ O B%Fr agment of an mAb, or any ot her

effective targeting [nPirefeted emBMikBn@ MY iRfentibepRvIMRE SRR 0TS lﬁis@?ﬁifsi witf i el d
may be applied to a tissue substantially contenporaneously with the

conposi tion or Blubsagsient to application of 5 the conposition. The
conposi tion and met h’?ﬁ‘e t%ImsF ‘Q)%l%rl}gl%c@tti(leg & 98 groin&cﬁgot%%% used synonymously
15 herein.

The composition may further comprise a polymeric carrier. The polymeric
carrier may comprise a cationic polymer that binds to the RNA molecule and forms
nanoparticles. The cationic polymer may be an amino acid copolymer, containing, for
example, histidine and lysine residues. The polymer may comprise a branched

20  polymer. The composition may comprise a targeted synthetic vector. The synthetic
vector may comprise a cationic polymer as a nucleic acid carrier, a hydrophilic
polymer as a steric protective material, and a targeting ligand as a target cell selective
agent. The polymer may comprise a polyethyleneimine or a polyhistidine-lysine
copolymer or a polylysine modified chemically or other effective polycationic carriers

25  that can be used as the nucleic acid carrier module, the hydrophilic polymer may
comprise a polyethylene glycol or a polyacetal or a polyoxazoline, and the targeting
ligand may comprise a peptide comprising an RGD sequence or a sugar or a sugar
analogue or an mAb or a fragment of an mAb, or any other effective targeting
moieties.

30 In any of these methods, an electric field may be applied to a tissue

substantially contemporaneously with the composition or subsequent to application of
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ol i gonucl eotides with a sequence matchi ng an endogenous VEG- pat hway gene or
a nutated endogenous gene, and at |east one nutation in the nutated gene
may be in a coding or regulatory region of the gene. In any of these

nmet hods, the endogenous 5 gene nmay be selected fromthe group consisting of
VEGF pat hway genes including growth factor genes, protein serine/threonine
ki nase genes, protein tyrosine kinase genes, protein serine/threonine
phosphat ase genes, protein tyrosine phosphatase genes, receptor genes, and
transcription factor genes. The selected gene may include one or nore genes
fromthe gr#igroawasition Re egmpgsiton avteﬁﬂpzﬁ,of rearvquion gepprises dsSRSAVEGF121,

VEGF165, VE 06, - - C T ected
gene oy i nepEaRs AL e gm i S R e eyl
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and VEGF recep 2 d S oC

or°2.7I'n anot her preferred embodi nent si - are
admi ni st er ethostipaeafroinghté grovp norsigtiog af ¥&iGd], YEGHBL, SRR, VEGERS,0on provi des

agents with i nhi it i M | wed f,rom i e sequence
of “The 1051 RUETHP Lo EOFSS Ve T BRE Y HGPAORaR MBI G T R 2 e
provi des si Rhésclag@Niche Wayindtdisdmivh ndré Yereh Wolnddth@misohemhanpARkayar operti es
that inhibit different genes 25 in the V Gﬁﬂfathma . 1t also provides
nanopart i cl asseeinise avith Y anqludingHIF, B F&tudiGF, b Gin TG Rnnd 3 hce. It

al so provid f t. et IS C NV
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OC). The compositions and methods of the invention may inhibit multiple genes
substantially contemporaneously or they may inhibit multiple genes sequentially. In a
preferred embodiment siRNA-OC agents inhibit three VEGF pathway genes: VEGF,
20  VEGEF receptor 1, and VEGF receptor 2. In another preferred embodiment siRNA-OC
are administered substantially contemporaneously. The present invention provides
agents with gene inhibition selectivity derived from matching the sequence of the
siRNA largely to a sequence in the targeted gene mRNA. It also provides siRNA
agents with substantially similar physiochemical properties that inhibit different genes
25 in the VEGF pathway. It also provides nanoparticle compositions largely independent
of the siRNA sequence. It also provides methods for treatment of human diseases,
especially NV related diseases, which can be treated with inhibitors of multiple
endogenous genes. It also provides methods for treatment of human diseases by
combinations of fherapeutic agents administered substantially contemporaneously in

30  some cases and, in other cases, sequentially.



treatnment of cancer, arthritis, blindness, infectious diseases and

i nflammatory di seases. | n another aspect of the present invention nucleic
acid agents inducing RNAI are used in concert with other therapeutic
agents, such as but not limted to small nol ecul es and 5 nonocl onal

anti bodies (mAb), in the sane therapeutic regimen. Ot her objects, features
and advant ages of the present invention will becone apparent fromthe

foll owi ng detail ed description. It should be understood, however, that the

detai | ed descri pti onOaskptdi®f 8RgEEdehCinCondion basidewldbhBoditishs @ad hiethops ffrer r ed
enbodi nents of the |nvent| on, are gl ven by way of illustration onl si nce
various 10 chantiesmam®f geer pehtiliv bn%eswrﬁeqtms dis¢ases and ripflappraprery ISanR?

invention will he it
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nanopartlcle conp05| ns. t y .an peptide Jigand 15 alone or in
conbi nat i on>wi t FMORREK ?fl{bpglgﬁ E‘ng) irsthe §prge PheEapeyiq 1§/ BITet f i cacy has been
observed using a cOmBiHRAbj0fs, GAMGES ald Rh ARG of el e Sifbliolrni bi tor

and Avastin (Bevaci zumab) In the sane treatnment regimen, in a human col on
carci noma ( DLDeppajenk fmmghafollowingdetaiiod dbscnﬁhgu rle slz)uldmzrsmoﬂl\h\)wever

nanoparticle ta n ascul at ur thro em.c deliver

denonst r at ed po{hghtih B&Pﬁl?jg%? IOB&P?)ﬁICCSB?‘E Rgeesnégh%fntdlﬁargﬁ%%m%ﬁéﬂel
(DLD-1 tunor) aéhBsdimems of BBeRlaGorRdrd Eg]béiﬁya\béypmllﬁétﬁm{n bRy efndansioudRT- PCR
results illustrate the knockdown of VEGF ene expression at nRNA | evel .

Fi gure 3. HanChﬁEQﬁF@dgm@maﬁanﬁ)‘ﬁéhmﬁhﬁ sammtamgéwm@f Hedresstion willbecomehr ough
system c deli ve% oqﬁ})seag;ﬂqgfl?oﬁl%nh f?Jn]; isas mga déé’cnﬁﬂmfar ci noma xenogr af t

25 nouse nodel our repeate rati ons every three
days. | munohi.stochem stry i nmages show down regul ati on of VEGFR2 and CD31
expressi on i n t Beief Degeription9fiehe Biraguings 4. Wi | e hunman VEGFR2- si RNA
nanoparticle targeting neovascul ature through system c delivery
dermonstrated potent Eighrehshovisithe @hibition/of AL Iroton 2eaoggft afrhormRosth Byodel
(DLD-1 tunor), no significant |IFN-a induction was observed in th((f ge

bl ood st ream 24 VRGHrthyraysi RN Adanopgriile pqpapapitions targeted by an RGD peptide ligan

15  alone or in combination with Avastin treatment. Stronger anti-tumor efficacy has been
observed using a combination cancer therapeutics with VEGFR2-siRNA inhibitor and
Avastin (Bevacizumab) in the same treatment regimen, in a human colon carcinoma
(DLD-1) xenograft tumor model.

Figure 2. VEGFR2-siRNA nanoparticle targeting neovasculature through

20  systemic delivery demonstrated potent efficacy in colon carcinoma xenograft mouse
model (DLD-1 tumor) after four repeated administrations every three days. RT-PCR
results illustrate the knockdown of VEGFR2 gene expression at mRNA level.

Figure 3. Human VEGFR2-siRNA nanoparticle targeting neovasculature
through systemic delivery demonstrated potent efficacy in colon carcinoma xenograft

25  mouse model (DLD-1 tumor) after four repeated administrations every three days..
Immunohistochemistry imaées show down regulation of VEGFR2 and CD31
expression in the tumor tissue.

Figure 4. While human VEGFR2-siRNA nanoparticle targeting

neovasculature through systemic delivery demonstrated potent efficacy in colon



Figure 5. Human VEGF-si RNA (19 base pair with 3" end overhangs) is effective
for silencing hVEGF expression in vitro and in vivo, at both nRNA | evel and
5 protein | evel, evaluated by RT-PCR and ELI SA. Two upper figures
denonstrated significant hVEGF knockdown at both nmRNA and protein |evels.
The | ower panel shows the anti-tunor activity of siRNA-nedi ated hVEGF
knockdown in a MCF-7/VEG-165 cell induced xenograft nodel, where the hVEG-
expression was significantly down regulated in the tumor tissue. 10 Figure
6. Human VEGF-si RNA (19 hase pair th 3 end over hangs) i effective for

si | enci ng h\f@@nww%)gag prsemads @%@En ttvﬁq@rhrepilarﬁﬁ?a%l ndYeHPRi t i on
(HNSOC 1483 Gl dploryBl P hiBase BIGRFAIGH INdAl HTPURLmSlivgyy Wi th

el ectroporation enhancenent day interval. Figure 7. Human VEG-- si RNA
(25 basepair bl unkigered. HsmanEGeFf-shRNtAu \e bﬁmpalmﬁltlsii’lead]ovmgaﬂg‘sﬁ@l: expressi on

t d st th b RNA.
VEGH 51 RNa (SEeEE LR AT ey rS oar R S8 f v PEar By AfpeGand
expressi §n i grodsidd lePeldNdARY HyGUIPCRUMIAHIIION. tiR@ upbatigts dddonsdkRedasepair

si RNA. Figure 9. Human VEGFRI -'si RNA (25 base pair blunt end) is effective
for 20 sil eﬂﬁ@hﬁgﬁnhh’\é@ﬁﬁlkneﬁlﬁﬂoé@gﬁbﬁﬂuwmaﬂd padteiareveds. Hirhe l@venmagel10. Human

VEGFRI - si RNA bas S5 I%lO{ Wu[ f[%&g#% f’f ed g}ﬁé@%‘;&m l enci ng hVEGFRI

expressi on |%’ (25 base pair

bl unt end) IMC&‘H/E@GNBS ‘car md&ctdded&ﬁd)glgft aE RBe@ )t BEBGBRxpiRssiod wes at  t wo
different tine Bm nts Figure 12. Human VEG-si RNA (25 base pair bl unt
end) is effedg %anFlﬁtdOWW‘F%‘lng?qw’@thW@f’rélﬁij’reesm on in vivo resulting in tunor

grouth yphi bi L1 okightd d) RumMPORME-RR G RaLe GG R ke i oure 13

Concept ftramewor Kk usi ng si coc ting Rl and
VEGFR2 in t hﬂ"fesawefotr SMCI]%IHVECGF é»tpmeslmohhiemagaso@mgmnmqm@tdwvhyn}ﬁ&ﬁoﬁi gure

14. siRNA ¢ r i pg VEG-, VEG-RI and VE ef fective than
any single SR é%*%eﬁgﬁ‘fl&x PRl s SRpgPiog ateanora ki 1¥%{?Fé”lﬁ’on§‘éfé@l’f’@§f’%d in 8
the HSV i ndugfghQeithekitRahparaesi s nouse nodel, with either local (left) or
system c

Y Figure 7. Human VEGF-siRNA (25 basepair blunt end) is more effective for

15  silencing hVEGF expression in vitro and stronger than the 19 base pair siRNA.
Figure 8. Human VEGF-siRNA (25 basepair blunt end) is effective for
silencing hVEGF expression in vitro and has longer duration than that of the
19 basepair siRNA.
Figure 9. Human VEGFR1 -siRNA (25 base pair blunt end) is effective for

20  silencing hVEGFR1 expression ir vitro after 48 hr.

Figure 10. Human VEGFR1-siRNA (25 base pair blunt end) is effective for
silencing hVEGFR1 expression in vitro after 72 hr.

Figure 11. Human VEGFR2-siRNA (25 base pair blunt end) is effective for
silencing hVEGFR2 expression in vitro at two different time points.

25 Figure 12. Human VEGF-siRNA (25 base pair blunt end) is effective for
silencing hVEGF expression in vivo resulting in tumor growth ihhibition, with a
MDA-MB-435 breast carcinoma cell line.

Figure 13. Concept framework for using siRNA cocktail targeting VEGF,
VEGFR1 and VEGFR2 in the same treatment to block the angiogenesis pathway.
30 Figure 14. siRNA cocktail targeting VEGF, VEGFR1 and VEGFR2 is fnore

effective than any single siRNA targeting individual gene at the same dosage tested in



(right) deliveries. Figure 15. Inhibition of angi ogenesis by adm nistration
of VEGF pathway siRNA cocktail on day 17 or day 14 after induction of

di sease in ocular tissues of .a 5 nurine nodel of retinal angiogenesis in a
perfusion/fl atmount nmeasurenent. Figure 16. siRNA cocktail targeting VEG,
VEGFR1 and VEGFR2 denonstrates very effective anti-angiogenesis activity in
the retinopathy of prematural (ROP) nouse nodel induced by Hypoxia. Figure
17. siRNA cocktail targeting VEG-5 VEGFRI and VEGFR2 10 denobnstrates very
effective anti - sI9YemksedodtdriaMgibyereis itvasd @bddlopah biyhedlocplr @18 tou E@temi¢ ROP)
nouse nodel i nduced bX'FUpoxia. Figure 18. siRNA cocktail targeting VEGF,
VEGFRL and VEGFRghtheileRss. ocul ar angi ogenesis significantly with different

routes of adm ni str aig k t i-f; - W&l -Semid: [ i at ed
by a Iigand-directed%ﬁgﬁgg%}p?%Hégﬁﬁﬁﬁg%ﬂg%%%ﬁ$’f@nT%ﬁﬁgﬁbggggxﬁﬁ%@Egﬁan of
VEGF Pat hway FaciRiNA céktd?lChn et idairidan 14hfterRMAickior of diseast tnocRl@Ptibndedf a Fi gur e
19. Sel f-assenbl ed. nanoparticle for si RNA del jver Wien the pre; mde

RGD- PEG- PEl %on j%@ééa@é%a%f}ai BPgiPgBFsTs wek@alovﬁaﬁn?%n?m&%ueous
solution, the nanopaﬁg&kﬁ&_ WRINA Qﬂ’ckﬁﬁ'tﬁr‘g@@&g‘?@t}?gvﬁéwﬁ‘?%ﬁﬂ hgggkroThe

nanoparticles are 20 relatively honmogeneous in size, from50 nmto 100 nm
Fi gure 20. si RNdemenstiptestviery effet@vepati-angiogemssmsctligt wrtke vhanopasty eftpeematumbr

targeting proper sing | apel ed sj,R ayload (left) and plasm d payl oad
expressi ng Luc##épggﬁu éB%%?Eﬁ“&%H@N%ﬂ§B¥¥). Figure 21. VEGFR2-si RNA
nanoparticle targeti _mgd}@QV.aﬁRNAa&dbﬂcﬁiﬂ%&gdﬁf@VEGF?VEd}mta@ﬂtVRkoRZSaCy In
neur obl ast oma syngeni ¢ nouse nodel (N2A tunor) after four repeated

adni ni st r at 1bns dewensjratesvery effepive MitigangiogegesisvEdFARIgheIgAneRatiopimr¢ragtacal
targeting neova%ﬁggzﬁg%gggg T%?%EQﬁ¥ﬁgw¥g&§nt efficacy in renal carcinona

xenograft nouse er 'five repeated adm ni strations
every three days. 30Figugdn8. &iRNA/ESKkEZ- 1aigRiNy VEGPPREGERI] @nd STRYERR Mighibits

neovascul ature denonstrated potent efficacy in colon carcinoma xenqgraft
nouse model ( DL pcylar apgiogenesis significantly with différent routes of administration with different
carriers. IP delivery was mediated by a ligand-directed nanoparticle. siRNA Cocktail
15  Mediated Knockdown of VEGF Pathway Factors RT-PCR Detection of mRNA levels
with ROP Model.

Figure 19. Self-assembled nanoparticle for siRNA delivery. When the pre-
made RGD-PEG-PEI conjugate aqueous solution is mixed with the siRNA aqueous
solution, the nanoparticles will be self-assembled as described. The nanoparticles are

20  relatively homogeneous in size, from 50 nm to 100 nm.

Figure 20. siRNA nanoparticle targeting neovasculature demonstrated tumor
targeting property using labeled siRNA payload (left) and plasmid payload expressing
Luciferase reporter gene (right).

Figure 21. VEGFR2-siRNA nanoparticle targeting neovasculature

25 demonstrated potent efficacy in neuroblastoma syngenic mouse model (N2A tumor)
after four repeated administrations every three days.

Figure 22. VEGFR2-siRNA nanoparticle targeting neovasculature
demonstrated potent efficacy in renal carcinoma xenograft mouse model (786-O
tumor) after five repeated administrations every three days.

30 Figure 23. VEGFR2-siRNA nanoparticle targeting neovasculature

demonstrated potent efficacy in colon carcinoma xenograft mouse model (DLD-1



tunor) after four repeated adm nistrations every three days. Three different
dosages were used in the study. Figure 24. VEG-R2-si RNA nanoparticle
targeti ng neovascul ature denonstrated potent efficacy in colon carcinoma
xenograft nouse nodel (DLD- 1 5 tunor) after four repeated adm nistrations
every three days. Four ng per kilo of VEGFR2 dosing resulted in the sane
and-tunor efficacy as 5 ng per kilogramof Avastin. Figure 25.

Manuf acturing flow chart for production of an RGD polymer conjugate and a

nanoparti cl e-si RNA preparation starting fromraw materials. of 10

horobi f unct i YRLD f%f%atp%@malﬂﬁﬂﬁwg%ewgt}a{ﬁéﬁ a{ﬁ’é?ﬁ ?gfﬁ{eﬁég‘b%ﬁﬁsai ni ng
agent, and @eMhXdinenOim@eRNA. Figure 26. The use of a static mxer to
manuf acture a nanoparticle-si RNA preparation starting fromtwo solutions, a

pol ymer sol uti on Eignpr24i VIEGPRE-$RVA nempatght tegetinginenvasiuRNAe sol ut i on
conprising three ds agents. 15 tail.ed Description The t invention
ot ovi des. SonFUSIETHRLPUAT ETRYeeP ot AT B AEROEHR RO-SedPde e \uni oh
typically ar@mobpiRe fek 'r%fé&_e@)!dxﬁﬁﬁé%ﬂaﬁbﬁ&izeﬁhhf@é'dfay@'I%upﬁfgt&k Rfosnd
abnormal 'y over-expressed di sease-causing genes and nmul tiple mal functions of
di sease- causVRgFB2dipeing sesulieinghesametaniirymar ¢finaqyras virgperkilorwincotaci d
agents, such,as .20 si RNA ol i gonucl eotides, that activate RNA interference
(RNAI ) and d?g“HPghly selective inhibitors of gene expression with a

sequence speci fi CRigaRs. . MIkFadiraseidw chdivin biodactinfiad @G- pBiyaicki on of NV
by nodul ati on of &}r otein activity i1ncluding reduction of protein expression
| evel s and peeiugateand @miapenagicas-sikdtl picparetighstarting frogt @prsaterias pha cancer, the

tunori g(iBesi Eon%b?i?lﬁcgtﬁogligﬁacttib%lé@ BEGt £ R%[}-E'@ pgﬁtictélb{l g&@larﬁfﬁ@ %h&?’inir%goarggnt, and

over-expression o genes, angi ogenests gr owm ac
mut ant t unorandsupixnes sbHdsRNLven t hough under - expressi on of other proteins
al so plays a critical rol % I ncreasi ng evi dences supports.the _notion that

si RNA mol ecul es aiguEfil Ty useg ‘E)%%Wf@f%‘%‘?‘qf%‘t‘f?@n@%‘?@gi BERN vitro and
VIO, T Stkhdfihn dorth I 633b1u8n 2R HIPSol B SirprisHipoAAROSI L ons and

met hods of t'he present 1hvention 1 ;
conjugates and an siRNA solution comprising three dSRNA agents.

15 Detailed Description

The present invention provides compositions and methods for treatment of NV
diseases, which typically are characterized by attributes of multiple proteins and
abnormally over-expressed disease-causing genes and multiple malfunctions of
disease-causing proteins. The present invention provides nucleic acid agents, such as

20  siRNA oligonucleotides, that activate RNA interference (RNA1i) and are highly
selective inhibitors of gene expression with a sequence specific manner. The present
invention provides inhibition of NV by modulation of protein activity including
reduction of protein expression levels and post transcriptional modification of
proteins.

25 In cancer, the tumorigenesis process is thought to be the result of abnormal
over-expression of oncogenes, angiogenesis factors, growth factors, and mutant tumor
suppressors, even though under-expression of other proteins aiso plays a critical role.
Increasing evidences supports the notion that siRNA molecules are able to

~ “knockdown” tumorigenic genes both in vitro and in vivo, resulting in significant

30  antitumor effects. The compositions and methods of the present invention

10



denonstrate substantial knockdown of human VEGF in MCF-7 cells, NMDA-MB -435
cells and 1483 cel |l -i nduced xenograft tunmor nodels, achieving tunor growth
i nhibition of 40-80% using intratunoral delivery of siRNA specifically
targeting human VEG- pat hway gene sequences. It is appreciated that
inhibition of VEGF 5 pat hway gene expression induces anti-angi ogenesis
effects that alter the mcrovasculature in tunors and that activate tunor
cell apoptosis and can enhance efficacy of cytotoxic chenotherapeutic
drugs. However, to achieve significantly inproved antitunor efficacy of
anti - angi ogenedemomyate ssbatmndiat korkidvet afieutinCVBGHgs MCHR7 belghMD MR e435ve

delivery nethod i s necessary. so that el evated concentrations of the 10 drugs
accurul ate in tﬁ%lfwgalrmi m%mdwégiﬁ@grafﬁam% RLsNF ?%%%V%%@Of&w&}gh a

systemi ¢ admi nighitatd 6fuo-3048, Lgﬁrf‘gsiﬁi?étuﬁlﬂi’a?ﬁélﬁfe% beend 8&1‘1?%1? t&olfihod of

validating drug targets that eterm nes which targets cont di'sease
pat hways and t hénehoVEGHstliway gbnegequdmeel bpnapprrecedtébthatsinkibamn of VEGE

PCT/ US02/ 31554) . The present i.nventors al so have 15 described technol ogi es
S tabl e Tors dePrbBRy B SatEsnL R S GBI P TE S DHbIEr B WD

1/47496, the coniigllscOhtutdinGhmdfsnd 88 RMivaRGIMBPEA HBpidYis hfd SAntEifncen their
entirety. These nethods enabl e adm nistration of nuclelic acid and achi eve a

si gni ficant (foreflerenpleiotedy eheriohetipduric dags.eHoweedrf oarkineysigufipaitled t o
"gold standard"_nucl eotide delivery reagents. Accordingl he net hpds

rovi de st rong. FBPAEr] gRaf AT of e EaERkR L RESIL e el g o
candi dat e t ar geta hipdhoy efffétsive délivery Bb@bd @riEcéssarg sp e ellevidted @RkcedtOfioNadfitBat i on
of candidate genes in a tissue. In addition, the present inventors have used

t hese net holl t drugs Ar@valye ethe dqcpbiyaion fssug andilpany instageas thighghe s systenye gh| y
desired for valli, miﬁgﬁﬁg{ candi date target genes and as a therapeutic
nodal ity. Recently, ‘e stranded RNA has been 25 denpnstrated to induce
gene-speci fi c sil enciThgpizgern iplkatoariene descabeadmaiiad of nilelafing dmgeargENAia) .

Al t hough the nmechanismof. RNAI still i s not conplete understood, early
results suggest d41°FREFS his FAGAGLS eqTYHOL H1SPRS PR VRBRGRIe R WS B vari ous
cell types incl ydi g BeBbitdReCRETAISOY A0S ahs hEARAGH s J188 eted

against a target nRNA results in the degradation of the target, thereby
causi ng t hel80 dlescaibed teghmflogi¢ssugalrle g plelidirngf meniec adids ipty atombll tissistsr Sexdled

RNA 15, ol eaved 484 Rl LeloolRAITPNE R e Flar} BB SRA b el eRlth R RS
entirety. These methods enable administration of nucleic acid and achieve a
significant (for example, seven-fold) increase in efficiency compared to “gold
standard” nucleotide delivery reagents. Accordingly, the methods provide strong

20 activity of nucleic acids in tissues including activity of candidate target proteins. This
platform is a powerful tool for validation of candidate genes in a tissue.

In addition, the present inventors have used these methods to achieve gene
silencing in animal tissues, which is highly desired for validation of candidate target
genes and as a therapeutic modality. Recently, double stranded RNA has been |

25  demonstrated to induce gene-specific silencing by a phenomenon called RNA
interference (RNAi). Although the mechanism of RNAI still is not completely
understood, early results suggested that the RNAi effect may be achieved in vitro in
various cell types including mammalian cells. A double stranded RNA targeted
against a target mRNA results in the degradation of the target, thereby causing the

30  silencing of the corresponding gene. Large double stranded RNA is cleaved into

smaller fragments of 21-23 nucleotides long by an RNase III like activity involving an

11



11 enzyne Dicer. These shorter fragnents, known as siRNA (small interfering
RNA), are believed to nediate the cl eavage of nRNA. Al t hough gene
down-regul ati on by the RNAI nmechani sm has been studied in C. el egans and
ot her lower organisns in recent past, its effectiveness in mamualian 5
cells in culture has only recently been denonstrated. An RNAI effect
recently was denonstrated in nouse using the firefly luciferase gene
reporter system To develop an RNA technology platformfor in vivo gene

inhibition for research and for clinic appl i cation_aof clelc cid
t her apeut i c$0EYn¢ Piest Fhﬁ%aﬁh%fegéa@@@t&?ﬂ%wwgé@ﬁ*f (ARG En r med

several in \ﬁké/ﬁ)d%{,mo%edlﬂemmv SRIQA di sease. In those exper| ments, 10
either si RNA or dsRNA targeting a um)r related |igand (human VEGF) or

receptor (nouse AYE@QQgenmbwuishglﬂaﬁcanbﬁtbe RDUE mdcbenitye dins brynsexogriaf t ed
human MCF- 7 drlvedtglﬁrmr or rst time we

the fj
hore b et & st et R o PR R dat 14 B preESn Tl gene |0

tumor cedls defls M iBuRMds ofilfdboens béen! REdbhbtratdd) MK ROIAQWictWasenilpiabi ted. 15
The present inventors have achieved for the first tine thera;lpeutl C

conposi t i onglemangirateskingeise vying thedirefbntuciderase genelecpPErl BEipMof 0I\N‘v“’éﬂioneas es
using dsRNA %\; &noﬁ%&r:& 11%80118 i z%'v'i’v'osn%%nv%%gblpc?n {B‘Naééeaqeﬁ‘anq ﬁor c 1mca venti on

i s described™ one R ciate the

full extent a@f)hdaﬁen bMveidi¢ Qiid tRrapLelind trsatﬂawﬁqaﬁ@tsehﬁﬁ%hmmmv%ﬁg
I nhi bition 20 The present invention provides nucleic acjid agents targeting

and i nhi bi t iPSEorMadaEvesak R SIS 18 Byt BRcelnpk %se&swpmsy egperiments,

physi coghemi t

ivent | ugager SNAT MR GfaGinddd it LMo F IRAN (elln R S REERGR |
dsRNA wi t h ImooseYBGHR2) ‘am:ﬂehﬁexbésscempblmmdbﬂﬁhgmn(tngMmaﬂr}d@F TThe si RNA
of the inve t|on with 25 bas@ﬁ%h@%}?ﬁm with blupt ends were 25 found to be
some of the GFH%3d HBOEAE RYTRAR RMOss ek Qgihe Hist GPe Hedse ablF &2 i on of

i nhi bi tion. jaddhidandmbi INAL BEQTREAR Ei[bn@ifng@ et%hé‘frﬁthh%r eARY: LivhUnghem cal
anal ogues are useful in the invention, including 2'-O Methyl ribose

anal ogues ofthdRNs,a rONA, tuamd grIAth otsis iibitedol | gonucl eoti des, and ot her cheni cal
anal ogu of nuclgic acid nuc e wi th and
anal O9URS . O Tl Srh Gl ORISR e T 70 PRSP B e 2
human VEGF saduRaeds iirartatieens bf DWdleddety of NV diseases using dsSRNA

oligonucleotides inhibiting VEGF pathway genes. The invention is described here in

detail, but one skilled in the art will appreciate the full extent of the invention.

A. Potent siRNA for VEGF Pathway Gene Inhibition

20 The present invention provides nucleic acid agents targeting and inhibiting
VEGF pathway gene sequences with a variety of physicochemical structures. One
preferred embodixﬁent of the present invention uses nucleic acid agents called siRNA
including 19 base pair dsSRNA with 3’ overhangs and 25 base pair dsRNA with blunt
ends. The siRNA of the invention with 25 base pair dSRNA with blunt ends were

25  found to be some of the most potent inhibitors with some of the greatest duration of
inhibition. Additionally, incorporation of non-naturally occurring chemical analogues
are useful in the invention, including 2’-O-Methyl ribose analogues of RNA, DNA
and RNA chimeric oligonucleotides, and other chemical analogues of nucleic acid
oligonucleotides. The 25 basepair siRNA with and without 2’-O-Methyl ribose in the

30  sense strand of the siRNA and targeting human VEGF sequence provide strong and
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12 durable inhibitory effect, up to 70-80% in MCF-7/VEGF165 cells and in
tunors growing in animals. This inhibitory effect in MCF-7/VEG-165 cel
culture lasted for 5 days. One aspect provided for by the invention is

si RNA targeting human genes and the encoded sequence al so targets ot her
mammal i an speci es such as other primates, 5 mce, and rats but not limted
to these species. Methods well known to one skilled in the art can be used
to identify and sel ect siRNA provided by the invention. Many other forns of
si RNA t ar get i ng dviable iplabhovg\effganestosi0e8(96 avMIEd7/VRGHIYS thlks andiv emidron and

others will be understood by lled in.th Human VE CIfIC
si RNA: 10 25 b&EBVIRaiY it %Eﬁd@k‘l’lt%(/e@?ﬁ %Nﬁqfﬁk&(@m gulgy Ggﬁtag
St ( WU@@@W d 6350k B ionlik sANA %&ﬁ@é‘t E%fn%ﬂ %enes and

5' - r (1 JGAAGAUGUA (JCAGG) -3' 15 (SEQ ID NO 2), “hVEGF- 25°si RNA- b:
Sense strand: 5'ther6(n@ﬂctéd@éwmmtg&@mmmm&mn(ssﬁ®s SIuEh MOrth@)prifmtéssense

strand: 5 -r(U A SE | D hK) 4)

hVEGE- 25- si F?I(\JA gice, %%?%{%W B kgpwpieneskilied in g
ID NO 5) Antisemsgt GhtRRded & iddni e FRAUSIIGCARNGAGOVY wwgﬂé@matm 21ahSEQ | D
NGO 6) 19 base pairs with two nucleotide (TT) overhangs at 3': hVE 65 5 -r

( UCGAGACCCUGGUGBHEATME o8 SiRNSE@rgeting NBGFmati@aybgenkfara proviied fortnetbe or
speci fic si RNA:

invention and others will be understood by one skilled in the art.
a. Human VEGF specific siRNA:
10 25 base pair blunt ends:
hVEGF-25-siRNA-a:
Sense strand: 5’-r(CCUGAUGAGAUCGAGUACAUCUUCA)-3’ (SEQ
IDNO: 1)
Antisense strand:  5’-{UGAAGAUGUACUCGAUCUCAUCAGG)-3°
15 (SEQ ID NO: 2).

hVEGF-25-siRNA-b:

Sense strand: 5-(GAGAGAUGAGCUUCCUACAGCACAA)-3’ (SEQ
ID NO: 3)
Antisense strand:  5-{(UUGUGCUGUAGGAAGCUCAUCUCUC)-3’ (SEQ
20 ID NO: 4).

hVEGF-25-siRNA-c:

Sense strand: 5’ -r(CACAACAAAUGUGAAUGCAGACCAA)-3’ (SEQ
ID NO: 5)
Antisense strand:  5’-r(UUGGUCUGCAUUCACAUUUGUUGUG)-3’

25 (SEQ ID NO: 6)

19 base pairs with two nucleotide (TT) overhangs at 3”:
hVEGF165 5’-r (UCGAGACCCUGGUGGACAUTT)-3’ (SEQ ID
NO: 7)

13



25 base pair blunt ends: hVEGFRI - 25-si RNA-a, Sense strand:
5' - r ( GCCAACAUAUUCUACAGUAUUC(j 7TA)-3" (SEQ 5 ID NO 8) Antisense strand:

5' -1 UAA(j AACACUGUAGAAUAUGUUGEC) -3 (SEQ ID NO 9) hVEGFRL- 25-si RNA-h,
Sense strand: 5'-r ( CCCUCGCCGGAAGUUGUAUGGCUUAA) - 3" (SEQ 10 ID NO 10) And
sense strand: 5'-r ( UUAACCAUACAACUUCCGECGAGEG) -3' (SEQ ID NGO 11). 19
basepairs with 2 3" (TT) nucl eotide overhangs: VEG-F R (F1..T)

5' - GGAGAGG, ACCUGAAACUGUTT (SEQ ID NO 12) 15 c. Human VEGF receptor 2
speci fic si - 25 air unt . en hVEGFR2- 25- si RNA- a Sense strand:
5 -r(C Cl CSB%?RA\%?(Z i diW‘éE ID NO 13) 20 Antisense strand:
5' - r ( AAUUGUGA g:gﬁﬁﬁ%ﬁgﬁ) 3" (SEQ ID NG 14). hVEGFR2-25-si RNA-b,
Sense strand: 5 -r( UGAGUCCAAUCACACAAUUAA) - 3" (SEQ D NO 15) 25
Ant i sense stranthEGFMm&N@JGJGAUUGGACUCAAGGG)-B' (SEQ ID NO 16)

hVEGFR2- 25- si RNAC nse si d- .5 < r
(SEQ ID NGO 17) Rhestnet stranJWgci*?‘(Cﬁfgt
ID NO 18). ID NO: 8)
Antisense strand: ~ 5’-r(UAAGAACACUGUAGAAUAUGUUGGC) -3’
(SEQ ID NO: 9)

hVEGFR1-25-siRNA-b,

Sense strand: 5’-r(CCCUCGCCGGAAGUUGUAUGGUUAA)-3” (SEQ
10 ID NO: 10)

Antisense strand:  5’-r(UUAACCAUACAACUUCCGGCGAGGG)-3’ (SEQ

ID NO: 11).

19 basepairs with 2 3° (TT) nucleotide overhangs:
VEGF Rl (FLT) 5-GGAGAGGACCUGAAACUGUTT (SEQ ID NO: 12)

15  c. Human VEGF receptor 2 specific siRNA:
25 basepair blunt ends:
hVEGFR2-25-siRNA-a,
Sense strand: 5’-r(CCUCUUCUGUAAGACACUCACAAUU)-3’ (SEQ
ID NO: 13)
20 Antisense strand:  5’-r(AAUUGUGAGUGUCUUACAGAAGAGG)-3’
(SEQ ID NO: 14).

hVEGFR2-25-siRNA-b,

Sense strand: 5’-r(CCCUUGAGUCCAAUCACACAAUUAA)-3’ (SEQ
ID NO: 15) .
25 Antisense strand: 5’-r(UUAAUUGUGUGAUUGGACUCAAGGG)-3’

(SEQ ID NO: 16).

hVEGFR2-25-siRNA-c,
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5 19 basepairs with 2 3" (TT) nucl eoti de overhangs: hVEGF R2 (KDR) 5

" - CAGUAAGCGAAAGAGCCGGIT-3" (SEQ ID NGO 19) In another enbodi nent, the si RNA
targeting human VEGF receptor | has the followi ng sequence: 10 Sense
strand: 5'- r( CCUCAAGAGCAAACGUGACUUAUWU) -3" (SEQ ID NO. 20) Antisense
strand: 5 - r( AAAUAAGUCACGUUUGCUCUUGAGG)-3' (SEQ 1D NO 21). 25 base pair
si RNA ol igos can target the correspondi ng genes fromboth human 15 and
nouse. I n anot her enbodi nent, the 25 base pair si RNA sequences were sel ected

to against the corrsapesgindg MRNA’SEIRAGEGATUGANIGOYGCAUGOCVEGY,3’ VEGFRL
VEGFR2, PDGFR- al pha, PDGFR-beta and EGFR genes. The sequences selected are
not only specific to(SErQeHPiNI%Wbenes but also specific to the correspondi ng

mouse 20 genes, such ﬂ%?@ﬁg&ue@e};@‘ @g@mUWg{OﬁﬁUﬁwﬁUétﬁﬁaL@l}? t or

agai nst nouse VEGF 25 base pair si I gos are very us
nouse xenograft tunoiD N€:Udy since the anti-tunor efficacy relies on
knockdown both human and nouse genes in the tunor tissue. For exanple,

knockdown VBGF expr essbaepaifsrvath Dot (TTHwualeotRfe owetthsgs human origin) and
endot heliumcells (nouse origin) with the si RNA oligos targeting both

sequences wi| | provi AYEBEILAKIRY |5 LOAB A EEGANAGNERIMGTE.S IR0 19Xics LY

study with the si RNA oligos targeting both genes from testing animals (e.g.
mouse or nonkey) andl®uman genes will be very useful since the 15 actual
drugs were tested for both drug agent toxicol ogy and exaggerat ed

phar macol ogy. The fol | owi hganetgrienb@Emantethe RRNA tdrgstmgimnan SIHRNAreoéptgrol
sequences targeting VE1C1£F VEGFR2, VEGFR1, PDGFR-al pha, PDGFR-beta and EGFR
rRNAs from 5 both huhd %ﬁ’(ﬁloﬁ‘b‘tgs%qbeéﬁ%s, some of them can also target to

their rmnker and dog counterparts.
0 Sense strand: 5' -1(CCUCAAGAGCAAACGUGACUUAUUU)-3'

(SEQ ID NO. 20)

Antisense strand: 5'— ((AAAUAAGUCACGUUUGCUCUUGAGG)-3' (SEQ
ID NO. 21).

25 base pair siRNA oligos can target the corresponding genes from both human
15 and mouse.

In another embodiment, the 25 base pair siRNA sequencés were selected to
against the corresponding mRNA sequences, including human VEGF, VEGFR1 ,
VEGFR2, PDGFR-alpha, PDGFR-beta and EGFR genes. The sequences selected are
not only specific to the human genes but also specific to the corresponding mouse

20  genes, such as the sequences against human VEGF mRNAs are also against mouse
VEGF mRNAs.

The 25 base pair siRNA oligos are very useful for mouse xenograft tumor
study since the anti-tumor efficacy relies on knockdown both human and mouse genes
in the tumor tissue. For example, knockdown VEGF expressions from both tumor

25 cells (human origin) and endothelium cells (mouse origin) with the siRNA oligos
targeting both sequences will provide better anti-tumor efficacy.

Meanwhile, the toxicity study with the siRNA oligos targeting both genes from

tesﬁng animals (e.g. mouse or monkey) and human genes will be very useful since the

15



25 base pair VEGF si RNA targeting human, nouse, rat, nacaque, dog VEGF nRNA

sequences: nhVEGF25-1: sense, 5'- CAAGAUCCGCAGACGUGUAAAUGUU-3" (SEQ 10 ID
NO. 22); antisense, 5'-AAC AUUUACACGUCUGCGGAUCUUG 3' (SEQ ID NO. 23)
MVEGF25- 2: sense, 5' - GCAGCUUGAGUUAAACGAACGUACU-3' (SEQ 1D NO 24); 15
anti sense, 5'-AGUACGUUCGUUUAACUCAAGCUGC-3" (SEQ ID NO 25) nmhVEGF25- 3:
sense, 5' - CAGCUUGAGUUAAACGAACGUACUU-3"'; (SEQ 1D NO 26) antisense,

5' - AAGUACGUUCGUUUAACUCAACCUG- 3" 20 (SEQ I D NO. 27) mhVEGF25-4: sense,

5'- (SEQ 1D NO 28) nti sense,
5 - TGCAGCCT@%&%@W’%O@“ agepy IREICOIOEY IBECXAREATHESS- 4. sense,
5' - CACAUA UCCUCA 3 (SEQ I D NO. 30) antisense,

5' - UGAGGAA AUGUG- 3" (SEQ ID NO 31) 16 25 base pair VEGF R2
si RNA sequences t]iileg‘elﬂomgg bajukndes awrthafsibase pee sSNEGERHgo sddhiéncse Gusntines:

TS b USSR, S iR 2 £

anti sense:

sense, 55- W@%&%@é&&%ﬁé of therf SEQIsd tkgtio B4k monkey and dog

counterparts.

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

mhVEGF25-1: sense, 5’-CAAGAUCCGCAGACGUGUAAAUGUU-3’ (SEQ
10 ID NO. 22);
antisense, 5’-AAC AUUUACACGUCUGCGGAUCUUG-3’
(SEQ ID NO. 23)
mhVEGF25-2: sense, 5’-GCAGCUUGAGUUAAACGAACGUACU-3’ (SEQ
ID NO. 24);
15 antisense, 5’-AGUACGUUCGUUUAACUCAAGCUGC-3’
(SEQ ID NO. 25)
mhVEGF25-3: sense, 5’-CAGCUUGAGUUAAACGAACGUACUU-3’; (SEQ
ID NO. 26)
antisense, 5’- AAGUACGUUCGUUUAACUCAAGCUG-3’
20 (SEQIDNO. 27)
mhVEGF25-4: sense, 5 ’-CCAUGCCAAGUGGUCCCAGGCUGCA§3 ’s (SEQ
ID NO. 28)
antisense, 5’-TGCAGCCTGGGACCACTTGGCATGG-3’ (SEQ
ID NO. 29)
25  mhVEGF25-4: sense, 5’-CACAUAGGAGAGAUGAGCUUCCUCA-3’; (SEQ
ID NO. 30)
antisense, 5’~-UGAGGAAGCUCAUCUCUCCUAUGUG-3’
(SEQ IDNO.31)
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anti sense: 5' - UGAGGAUCUUGAGAACAGACAUGAG 3" 10 (SEQ I D NO. 35) mhVEGFR225- 3:
sense, 5' - CUCAUGGUGAUUGUGGAAUUCUGCA-3'; (SEQ ID NO. 36) antisense: 5 °

- UGCAGAAUUCCACAAUCACCAUGAG- 3" (SEQ I D NO. 37) 15 mhVEGFR225-4: sense,

5' - GAGCAUGGAAGAGGAUUCUGGACUC- 3" ; (SEQ I D NO. 38) anti sense:

5' - GAGUCCAGAAUCCTCUUCCAUCCTC- 3"  (SEQ I D NO. 39) mhVEGFR225-5: sense,

5' - CAGAACAGUAAGCGAAAGAGCCEEC-3'; (SEQ 20 1D NO 40) anti sense:

5' - GCCGGECUCUUUCGCU UACUGUUCUG- 3'  (SEQ I D NO. 41) nmhVEGFR225-6: sense,

5' - GACUUCCUGACCUUGGAGCAUCUCA- 3" ; (SEQ 1D NO. 42) 25 antisense:

5' - UGAGAUGCUCCAABBUCABENACIIE RS siR SRQuemeNOrg4Bg batiNE@RR22E-mouse ERGER?2

5' - CCUGACCUUGGABBAIIgMACEIE - 3' ; (SEQ | D NO. 44) antisense:

5' - ACAGAUGAGAUGCUCCAAGGUCAGG- 3" 30 (SEQ I D NO. 45) 17 mhVEGFR225-8: sense,
5' - GCCUAAGGCCAUGEASBGEHN 226BCAWeke; 5 CGEQAJGLACCHB)A AGUEBHSEA AYJ-3 A
GCCAAGAACUCCAUGCCCUUAGC- 3! (ﬁE&QI D NO. 47) 5 25 base pairs VEGFRI si RNA
sequences targeting both humnd ¢ THouse VEGFRI  nRNA sequences:

MVEGFR125- % sense, 5' - CACCQURSUASIRGHRESEERIAAEEER CEGUNGG-48)
(SEQ ID NO. 33)
mhVEGFR225-2:  sense, 5’-CUCAUGUCUGUUCUCAAGAUCCUCA-3’; (SEQ
ID NO. 34)
antisense: 5’-UGAGGAUCUUGAGAACAGACAUGAG-3’
10 (SEQ ID NO. 35)
mhVEGFR225-3:  sense, 5’-CUCAUGGUGAUUGUGGAAUUCUGCA-3’; (SEQ
ID NO. 36)
antisense: 5 ‘ -UGCAGAAUUCCACAAUCACCAUGAG-3’
(SEQ ID NO. 37)
15 mhVEGFR225-4: sense, S’-GAGCAUGGAAGAGGAUUCUGGACUC-3’; (SEQ
ID NO. 38)
antisense: 5’-GAGUCCAGAAUCCTCUUCCAUGCTC-3’
(SEQ ID NO. 39)
mhVEGFR225-5:  sense, 5’-CAGAACAGUAAGCGAAAGAGCCGGC-3’; (SEQ
20 ID NO. 40)
antisense: 5’-GCCGGCUCUUUCGCUUACUGUUCUG-3’
(SEQ ID NO. 41)

mhVEGFR225-6:  sense, 5’-GACUUCCUGACCUUGGAGCAUCUCA-3’; (SEQ
ID NO. 42) |

25 antisense: 5’-UGAGAUGCUCCAAGGUCAGGAAGUC-3’
(SEQ ID NO. 43)

mhVEGFR225-7:  sense, 5’-CCUGACCUUGGAGCAUCUCAUCUGU-3’; (SEQ
ID NO. 44)
antisense: 5’~-ACAGAUGAGAUGCUCCAAGGUCAGG-3’
30 (SEQ ID NO. 45)
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anti sense: 5' - UGUGACUCUUUCAAUAAACAGCAUG 3" 10 (SEQ I D NO 49) mhVEGFR125- 2:
sense, 5' - CGCUGUUUAUUGAAAGAGUCACAGA-3'; (SEQ 1D NO 50) antisense:

5' - UCUGUGACUCUUUCAAUAAACAGCG 3"  (SEQ I D NO. 51) 15 mhVEGFR125-3: sense,

5' - CAAGGAGGGCCUCUGAUGGUGAUGU- 3" ; (SEQ I D NO. 52) antisense:

5' - ACAUCACCAUCAGAGGCCCUCCU UG- 3" (SEQ I D NO. 53) nhVEG-R125-4: sense,

5' - CCAACUACCUCAAGAGCAAACGUGA-3'; (SEQ 20 ID NO. 54) antisense:

5' - UCACGUUUGCUCUUGAGEUAGUUGG- 3" (SEQ I D NO. 55) nmhVEGFR125-5: sense,

5' - CUACCUCAAGAGCAAACEUGACUUA: 3, - (SEQ - 1D~ NO - 56). j-s8nse;.

5' - UAAGUCACCUN B ROHEA GRS 3 Gé@%%(ﬁﬁ@f@%ﬁ@é%?@%‘? 48,

5' - CCAGAAAGUGCAUUCAUCCGGEAOSNB'46) (SEQ | D NO. 58) anti sense:

5' - AGGUCCCGAUGAAUGCACUUUCUGG- 3" 30 (SEQ I D NO_ 59) 18 mhVEGFR125-7: sense,
5' - CAUUCAUCGGGACCUGGCAGCGAEAReEse: S(-SR@ICEBAWABDY- (i seRsBIAGC-3’

5'- UCUCGCUGCCAGGJCCCGA%?DNQ ég I D NO. 61) 5 nhVEGFR125-8: sense,

5' - CAUCGGGACCUGGCAGCGA =37, ( I D NO. 62) antisense:

5' - UGUUUCUCGCUGCCAGGUCCCGAUG- 3'  (SEQ I D NO. 63)

5

10

15

20

25

30

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

mRNA sequences:

mhVEGFR125-1:

mhVEGFR125-2:

mhVEGFR125-3:

mhVEGFR125-4:

mhVEGFR125-5:

mhVEGFR125-6:

sense, $-CACGCUGUUUAUUGAAAGAGUCACA-3’; (SEQ
ID NO. 48)

antisense: 5’-UGUGACUCUUUCAAUAAACAGCGUG-3’
(SEQ ID NO. 49)

sense, 5-CGCUGUUUAUUGAAAGAGUCACAGA-3’; (SEQ
ID NO. 50)

antisense: 5-UCUGUGACUCUUUCAAUAAACAGCG-3’
(SEQ ID NO. 51)

sense, 5’-CAAGGAGGGCCUCUGAUGGUGAUGU-3’; (SEQ
ID NO. 52)

antisense: $’~ACAUCACCAUCAGAGGCCCUCCUUG-3’
(SEQ ID NO. 53)

sense, 5’-CCAACUACCUCAAGAGCAAACGUGA-3’; (SEQ
ID NO. 54)

antisense: 5’-UCACGUUUGCUCUUGAGGUAGUUGG-3’
(SEQ ID NO. 55)

sense, 5’-CUACCUCAAGAGCAAACGUGACUUA-3’; (SEQ
ID NO. 56)

antisense: 5’-UAAGUCACGUUUGCUCUUGAGGUAG-3’
(SEQ ID NO. 57)

sense, 5’-CCAGAAAGUGCAUUCAUCGGGACCU-3’; (SEQ
ID NO. 58)

antisense: 5’-~AGGUCCCGAUGAAUGCACUUUCUGG-3’
(SEQ ID NO. 59)

18



MVEGFR125- 9: sense, 5' - GAGCCUGGAAAGAAUCAAAACCUUU-3'; (SEQ 10 ID NO. 64)
anti sense: 5' - AAAGGUUUUGAUUCUUUCCAGGCUC- 3" (SEQ I D NO. 65) mhVEGFR125-10:
sense, 5' - GCCUGGAAAGAAUCAAAACCUUUGA-3'; (SEQ 1D NO. 66) 15 antisense:

5' - UCAAAGGUUUUGAUUCUUUCCAGEC- 3" (SEQ I D NO. 67) mhVEGFR125- 11: sense,

5' - GCCUGGAAAGAAUCAAAACCUUUGA- 3'; (SEQ 1D NO. 68) antisense: 5'-UCAAAG
GUUUUGAUUCUUUCCAGGC- 3" 20 (SEQ I D NO. 69) mhVEGFR125-12: sense,

5' - CUGAACUGAGUUUAAAAGGCACCCA-3'; (SEQ 1D NO. 70) antisense:

5' - UGGGUGCCUUUUAKMBIGERRIJTAGsSise, S(-SEQUOANOGGGA CZ3) GGUVERGERIZGAIB; (SSéhse,
5'- GAACUGAGUUUAAAAGGCACCCAGCgE %%ﬁo ID NO. 72) anti sense: 5 -G CUG
GCAUGC CUUUUAAACUCAGUUG 3 §q 73) 19 25 base pairs si RNA sequences

targeting both human and noumlsgwe AAEGCUTIRRGE RERT G A BESUG-3"
5' - GAAGAUAAUGACUCACCUGGGGECCA- 3! (SEQ 1D NO. 74) antisense:

5'- UGGCCCCAGGUGAGJCAUUAUCUUC(@QIEN@@ID NO. 75) mhPDGFRa25-2: sense,

5 AR R R e, o SRy EOIt oot g BRERASAY : GBRe

5" - CUCACCUGGGEGCCACAUUUGAACAUB NO. (@EQ

antisense: 5’-UGUUUCUCGCUGCCAGGUCCCGAUG-3’
(SEQ ID NO. 63)
mhVEGFR125-9:  sense, 5’-GAGCCUGGAAAGAAUCAAAACCUUU-3’; (SEQ

10 ID NO. 64)
antisense: 5’-AAAGGUUUUGAUUCUUUCCAGGCUC-3’
(SEQ ID NO. 65)

mhVEGFR125-10: sense, 5’-GCCUGGAAAGAAUCAAAACCUUUGA-3’; (SEQ
ID NO. 66)

15 antisense: 5’-UCAAAGGUUUUGAUUCUUUCCAGGC-3’

(SEQ ID NO. 67)

mhVEGFR125-11: sense, 5>-GCCUGGAAAGAAUCAAAACCUUUGA-3’; (SEQ
ID NO. 68)
antisense: 5’-UCAAAGGUUUUGAUUCUUUCCAGGC-3’

20 (SEQ ID NO. 69)

mhVEGFR125-12: sense, 5’-CUGAACUGAGUUUAAAAGGCACCCA-3’; (SEQ
ID NO. 70)
antisense: 5’-UGGGUGCCUUUUAAACUGAGUUCAG-3’
(SEQID NO. 71)

25 thEGFR 125-13: sense, 5’-GAACUGAGUUUAAAAGGCACCCAGC-3’; (SEQ
ID NO. 72) ;
antisense: 5’-GCUGGGUGCCUUUUAAACUCAGUUG-3’
(SEQ ID NO. 73)
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ID NO 78) antisense: 5 - AUGUUCAAAUGUGGCCCCAGAUGAG 3" (SEQ ID NO. 79)
mhPDGFRa25- 4: sense, 5' - CUUGCUGGGAGCCUGCACCAAGUCA-3'; (SEQ 15 ID NO. 80)
anti sense: 5'-UGACUUGGUGCAGGCUCCCAGCAAG 3" (SEQ I D NO 81) mhPDGFRa25-5:
sense, 5' - GAUUCUACUUUCUACAAUAAGAUCA-3'; (SEQ 1D NO. 82) 20 antisense:

5' - UGAUCUUAUUGUAGAAAGUAGAAUC- 3"  (SEQ I D NO. 83) mhPDGFRa25-6: sense,

5' - CAGAGACUGAGCGCUGACAGUGGECU-3'; (SEQ 1D NO 84) antisense:

5' - AGCCACUGUCUGCGCUCAGUCUCUG 3' 25 (SEQ I D NO 85) mhPDGFRa25- 7: sense,

g GA VYA geoss -e§0és t%@@%ﬁ%?rwmé ant| gﬁ?—éﬁfép}g sense,
5" - UOGUOOLCURIONE 'eeéﬁa@,%’@%éég%gwgg%g@ﬁﬁ%@é@?&? e

5'-UAUGGAUUAAGCCGGJCCCAAC@J@@374) (SEQ 1D NO. 90) 5 antisense:
5' - ACAGGUUGGGACCGGECUUAAUCCAUA- 3 (SEQ I D NO 91) 25 base pairs si RNA
sequences targeting both husanscardd-UuceCOBEREISALUCHY &Y : sense,

5'- CUGCAgEAGACCUCAAAAC{iJ%?D,Né%? I D NO. 92)
mhPDGFRa25-2: sense, 5’~-GAUAAUGACUCACCUGGGGCCACAU-3’; (SEQ
ID NO. 76)
antisense: 5’-AUGUGGCCCCAGGUGAGUCAUUAUC-3’
(SEQ ID NO. 77)
10  mhPDGFRa25-3: sense, 5’-CUCACCUGGGGCCACAUUUGAACAU-3’; (SEQ
ID NO. 78)
antisense: 5’-AUGUUCAAAUGUGGCCCCAGGUGAG-3’
(SEQ ID NO. 79)
mhPDGFRa25-4:  sense, 5’-CUUGCUGGGAGCCUGCACCAAGUCA-3’; (SEQ
15 ‘ ID NO. 80)
antisense: 5’-UGACUUGGUGCAGGCUCCCAGCAAG-3’
(SEQ ID NO. 81)
mhPDGFRa25-5: sense, 5’-GAUUCUACUUUCUACAAUAAGAUCA-3’; (SEQ
ID NO. 82)
20 antisense: 5’-UGAUCUUAUUGUAGAAAGUAGAAUC-3’
(SEQ ID NO. 83)
mhPDGFRa25-6: sense, 5’-CAGAGACUGAGCGCUGACAGUGGCU-3’; (SEQ
ID NO. 84)
antisense: 5’-AGCCACUGUCUGCGCUCAGUCUCUG-3’
25 (SEQ ID NO. 85)
mhPDGFRa25-7:  sense, 5’-GACCUGGGCAAGAGGAACAGACACA-3’; (SEQ
- IDNO. 86)
antisense: 5’-UGUGUCUGUUCCUCUUGCCCAGGUC-3’
(SEQ ID NO. 87)
30 mhPDGFRa25-8: sense, 5>-CCACCUUCAUCAAGAGAGAGGACGA-3’; (SEQ
ID NO. 88)
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10 antisense: 5'-UGGACACCUUUUGAGGEUCUCUGCAG- 3" (SEQ I D NO. 93) nmhPDGFRB25- 2:

sense, 5' - CAGAGACCUCAAAAGEUGUCCACAU3'; (SEQ 1D NO 94) antisense:

5' - ACGUGGACACCUUUUGAGEUCUCUG- 3" 15 (SEQ I D NO. 95) mhPDGFRB25-3: sense,
5' - GUGGUGGUGAUCUCAGCCAUCCUGG- 3'; (SEQ I D NO. 96) antisense:

5' - CCAGGAUGGCUGAGAUCACCACCAC- 3"  (SEQ I D NO. 97) 20 mhPDGFRB25-4: sense,
5' - GAUGGUGAUCUCAGCCAUCCUGECC- 3' (SEQ I D NO. 98) antisense:

5' - GBGOCAGGAUGGCUGAGAUCACCACC- 3' (SEQ | D NO. 99) nmhPDGFRB25-5: sense,
5'- (XBCAAGCU(X}JCAAGAUCUGJGACL}agmsenﬁ(eSéQU%Upﬁ /CUOO Y TALEHIEGG3™ - A
GUCA CAGAUCUUGA CCA GCU UGC I gﬁg(gg D NO. 101) mhPDGFRB25-6: sense,
5' - GCAAGCUGGUCAAGAUCUGUGACUU- 18 D NO. 102) 21 antisense:

5' - AAGUCACAGAUGULFBGEREIRIG Cs@ise, I SEX G AN A NOR)C GHODGERBLSCTGTSEANEEEQ
5' - GGAUGGCACCCCUUACCCAGAGCUG: 3" E I D NO. 104) 5 antisense:
5'-CAGCUCUGGGJAAGGGGJGCCACCCU§NO Q ID NO. 105) nhPDGFRB25-8: sense,

5" - GCCACCCCUJACCCAGAGCUGCCCAU, i gen deSBR A A GHIBUJEEA (RBGEBTRA UCCAUA-3’
5' - AUGGGCAGCUCUGGGUAAGGGRUGC- 3' 10 (SEQ I'D NO.  107)
(SEQ ID NO. 91)

25 base pairs siRNA sequences targeting both human and mouse PDGFRbeta:

mhPDGFRB25-1:  sense, 5’-CUGCAGAGACCUCAAAAGGUGUCCA-3’; (SEQ
ID NO. 92)
10 antisense: 5’-UGGACACCUUUUGAGGUCUCUGCAG-3’
(SEQ ID NO. 93)
mhPDGFRB25-2:  sense, 5-CAGAGACCUCAAAAGGUGUCCACGU-3’; (SEQ
ID NO. 94)
antisense: 5’~ACGUGGACACCUUUUGAGGUCUCUG-3’
15 (SEQ ID NO. 95)
mhPDGFRB25-3:  sense, 5’-GUGGUGGUGAUCUCAGCCAUCCUGG-3"; (SEQ
ID NO. 96)
antisense: 5’-CCAGGAUGGCUGAGAUCACCACCAC-3’
(SEQ ID NO. 97)
20 mhPDGFRB25-4: sense, S’-GGUGGUGAUCUCAGCCAUCCUGGCC-3’; (SEQ
ID NO. 98)
antisense: 5’-GGCCAGGAUGGCUGAGAUCACCACC-3’
(SEQ ID NO. 99)
mhPDGFRB25-5:  sense, 5°-GGCAAGCUGGUCAAGAUCUGUGACU-3’; (SEQ
25 ID NO. 100)
| antisense: 5’-AGUCACAGAUCUUGACCAGCUUGCC-3’
(SEQ ID NO. 101)
mhPDGFRB25-6:  sense, 5°-GCAAGCUGGUCAAGAUCUGUGACUU-3’; (SEQ
ID NO. 102)
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mhPDGFRB25- 9: sense, 5'- CUUACCCAGAGCUGCCCAUGAACGA-3'; (SEQ ID NO 108)

anti sense: 5'-UCGUUCAUGGGCCAGCUCUGGGAUAAG 3"  (SEQ ID NO. 109) 15

mhPDGFRB25- 10: sense, 5' - CAUGCCUCCGACGAGAUCUAUGAGA-3'; (SEQ 1D NO 110)
anti sense: 5'-UCUCAUAGAUCUCGUCGGAGGCAUG 3" (SEQ ID NO. 111) nmhPDGFRB25-1 1:
sense, 5'- GCCUCCGACGAGAUCUAUGAGAUCA-3'; (SEQ 20 ID NO. 112) antisense:

5' - UGAUCUCAUAGAUCUCGUCGGAGEC- 3" (SEQ I D NO 113) nmhPDGFRB25-12: sense,

5' - CCGACGAGAUCUAUGAGAUCAUGCA- 3" ; (SEQ I D NG 114) 25 anti sense:

5' - UGCAUGAUCUCAUAGA I NOA Gl R RBR A 35 €ense,
5'-GACGAGAUCUAUGAGAUCAUGCA@§%% 5%3& N‘é) 116 antlsense
5 - UCUGCAUGAUCUCAUAGAUCUCGES‘EQ&'DNGOMSEQ ID NO. 117) 22 25 base pairs si RNA

sequences wﬁ%&%@ a&%@'@&éﬁ*@q@g&%gﬁ%éggwge(SEQ

5' - CUUUCUCACCUUCUGGGAUCCAGA ' 1 (SEQ I D NO. 119) nbEGFR-2: sense,
5' - CAGCAUGUCAAGAUCACAGAUUUUG- 3'; (SEQ I D NO. 120) antisense:
5' - CAAAABCUGUGAUCUUGACAUGRDGs @ise: § SEAGY (N GORINAGOGHEGERAST CG8hse,

5" - GAUCACAGAUUUUGEGOUGECCAA 3 N6 SRR,
mhPDGFRB25-8: sense, 5-GCACCCCUUACCCAGAGCUGCCCAU-3’; (SEQ ID
NO. 106)
antisense: 5’-AUGGGCAGCUCUGGGUAAGGGGUGC-3’
10 (SEQ ID NO. 107)
mhPDGFRB25-9: sense, 5’-CUUACCCAGAGCUGCCCAUGAACGA-3’; (SEQ
ID NO. 108) ‘
antisense: 5’-UCGUUCAUGGGCAGCUCUGGGUAAG-3’
(SEQIDNO. 109)
15 mhPDGFRB25-10: sense, 5>-CAUGCCUCCGACGAGAUCUAUGAGA-3’; (SEQ
ID NO. 110)
antisense: 5’-UCUCAUAGAUCUCGUCGGAGGCAUG-3’
(SEQ ID NO. 111)
mhPDGFRB25-11: sense, 5°-GCCUCCGACGAGAUCUAUGAGAUCA-3’; (SEQ
20 ID NO. 112)
antisense: 5°-UGAUCUCAUAGAUCUCGUCGGAGGC-3’
(SEQ ID NO. 113)
mhPDGFRB25-12: sense, 5’-CCGACGAGAUCUAUGAGAUCAUGCA-3’; (SEQ
ID NO. 114) |
25 antisense: 5’-UGCAUGAUCUCAUAGAUCUCGUCGG-3’
(SEQ ID NO. 115)
mhPDGFRB25-13: sense, 5’-GACGAGAUCUAUGAGAUCAUGCAGA-3’; (SEQ
ID NO. 116)
antisense: 5’-UCUGCAUGAUCUCAUAGAUCUCGUC-3’
30 (SEQ ID NO. 117)
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ID NO. 122) antisense: 5'-UUUGGCCAGCCCAAAAUCUGUGAUC-3'  (SEQ ID NO 123)
nhEGFR- 4: sense, 5'- CAGAUUUUGGGCUGGCCAAACUGCU-3' (SEQ ID 15 NO 124)
anti sense: 5'- AGCAGUUUGGCCAGCOCCAAAAUCUG 3'  (SEQ I D NO  125) mhEGFR-5:
sense, 5' -C AAAGUGCCUAUCAAGUGGAUGECA-3" (SEQ I D NO. 126) 20 anti sense:
5' - UGCCAUCCACUUGAUAGGCACUUUG- 3'  (SEQ I D NO 127) nhEGFR-6: sense,

5' - CCAUCGAUGUCUACAUGAUCAUGGU- 3' ; (SEQ I D NO. 128) anti sense:

5' - ACCAUGAUCAUGUAGACAUCGAUGG- 3' 25 (SEQ I D NO. 129) mhEGFR-7: sense,
5' - CGAUGUCUACAUEANBAUGHBUCAAE Se8tencesSegetinDb MO humg 0 pnd moisedrsieR -

5' - ACUUGACCAUGAUCAUGUAGACAUCG- 3" (SEQ I D NO. 131) 30 nhEGFR-8: sense,
5' - CUACAUGAUCAUB@B@ERQJGCUCIE-S@SG Y SECCUGH NG CCADA LGCEKIACAALE-3; (SEQ
5' - CCAGCACUUGACCAUGAUCAUGUAG; 3 O( g IDNO 133) mhEGFR-9: sense,
5'-CAUGAUCAUGGUCAAGUGCUGGAUGA é“ I(SI ID NO. 134) 5 antisense:

5' - UCAUCCAGCACUUGACCAUGAUCAUGn#ensd %@U@J@@C&@@WU@U&%@A&C&@A@%’
5' - GGAUGAAAGAAUGCAUUUGCCAAGU- 3' ;- (SEQ I D NO. 136) anti sense:

5' - ACUUGGCAAAUGCAUUCUUUCAUCCASEQ ID NO. 119)
mhEGFR-2: sense, 5’-CAGCAUGUCAAGAUCACAGAUUUUG-3’; (SEQ

ID NO. 120)
antisense: 5’-CAAAAUCUGUGAUCUUGACAUGCUG-3’
(SEQ ID NO. 121)
10  mhEGFR-3: sense, 5’-GAUCACAGAUUUUGGGCUGGCCAAA-3’; (SEQ
| ID NO. 122)
antisense: 5’-UUUGGCCAGCCCAAAAUCUGUGAUC-3’
(SEQ ID NO. 123)
mhEGFR-4: sense, S’-CAGAUUUUGGGCUGGCCAAACUGCU-3’ (SEQ ID
15 | NO. 124)
antisense: 5’-~AGCAGUUUGGCCAGCCCAAAAUCUG-3’
(SEQ ID NO. 125)
mhEGFR-5: sense, $’-C AAAGUGCCUAUCAAGUGGAUGGCA-3’ (SEQ
ID NO. 126)
20 antisense: 5’-UGCCAUCCACUUGAUAGGCACUUUG-3’
| (SEQ ID NO. 127)
mhEGFR-6:  sense, 5’-CCAUCGAUGUCUACAUGAUCAUGGU-3’; (SEQ
ID NO. 128)
antisense: 5’-ACCAUGAUCAUGUAGACAUCGAUGG-3"
25 (SEQ ID NO. 129)
mhEGFR-7: sense, 5°-CGAUGUCUACAUGAUCAUGGUCAAGU-3’; (SEQ
ID NO. 130)
antisense: 5’~ACUUGACCAUGAUCAUGUAGACAUCG-3’
(SEQ ID NO. 131) '
30  mhEGFR-8: sense, 5’-CUACAUGAUCAUGGUCAAGUGCUGG-3’; (SEQ
ID NO. 132)
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10 (SEQ I D NO 137) mhEGFR-11: sense, 5' - GACAACCCUGACUACCAGCAGGACU- 3" (SEQ
1D NO 138) antisense: 5'-AGUCCUGCUGGUAGUCAGGEUUGUC-3" (SEQ ID NO 139) 15
MEGFR- 12: sense, 5'- CCUUCUUAAAGACCAUCCAGGAGGEU-3'; (SEQ 1D NO 140)

anti sense: 5' - ACCUCCUGGAUGGUCUUUAAGAAGG- 3"  (SEQ I D NO 141) Anot her

enbodi nent is use of a conbination of these oligos in the sanme drug 20

payl oad. When three or nore of those 25 base pair siRNAs targeting three or
nore genes involving in the di sease process were packaged in the sane

nanoparticles and deli Veraggsﬁé%{:%J?%Aa%AW?g%@A%éA%AQ@Y%gH? (or

different routes), the tre nore effective sinc nockdown of
mul tipl e gene expressions (sBQ IBfN@ct33yel y bl ock the particular tunorigenic
pat hway. The foll owi ng conbinations can be further 25 expended using the
same gener al MBECERSI es aﬁﬁ‘?sieeﬂ'%U@AU%UW%Q%U@%AW%%E(SE r si RNA
ol i gos, each of them can tIBrI\%tB%Ee correspondi ng genes from both human and
nouse, can achieve nore potent therapeutic (nulti-targeted) efficacy: 1.
Targeti n§ VEGFpat hways: 5 aWiehsevBEHRTAVEGARZC ACUKIGA CCAUGKIMESDZB3’L: sense,
5' CAAGAUCCGCAGACGJGJAAAU@J— C‘] ég%? I D NO. 142) antisense, 5

* - AACAUUUACACGUCUGCGGAUCUUREQID Y ’D NO 143) 10 mhVEGFR125-3: sense,

5" - CAACCAGEEERIGHeAISCUCALIRL: 33 .G G REG A ARGNA UGS AUTATGLEANIRU-3’; (SEQ
5' - ACAUCACCAUCAGAGGCCCUCCUUG- 3" (SEQ I D NO. 145) nhVEG-R225-1: ‘sense,
5' - CCUACGGACCGUUAAGCGGGCCAANG! 136§ SEQ
antisense: 5’-ACUUGGCAAAUGCAUUCUUUCAUCC-3’
10 (SEQ ID NO. 137)
mhEGFR-11: sense, 5’-GACAACCCUGACUACCAGCAGGACU-3’ (SEQID
NO. 138)
antisense: 5’-AGUCCUGCUGGUAGUCAGGGUUGUC-3’
(SEQ ID NO. 139)
15 mhEGFR-12: - sense, 5’-CCUUCUUAAAGACCAUCCAGGAGGU-3’; (SEQ
ID NO. 140) |
antisense: 5’-ACCUCCUGGAUGGUCUUUAAGAAGG-3’
(SEQ ID NO. 141)
Another embodiment is use of a combination of these oligos in the same drug
20  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 nanoparticles and
delivered through the same administration routs (or different routes), the treatment is e
more effective since the knockdown of multiple gene expressions can effectively
block the particular tumorigenic pathway. The following combinations can be further

25  expended using the same general principles applied here.
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15 1D NO. 146) antisense; 5'-AUUGBCCCGC! JUAACGEUCCGUAGG 3'  (SEQ ID NO  147)
VEG-- VEGFRI -VEGFR2 cocktail B: mhVEGF25-1: sense,

5' - CAAGAUCCGCAGACGUGUAAAUGUU- 3'; (SEQ 20 ID NO 148) antisense,

5' - AACAUUUACACGUCUGCGGAUCUUG- 3'  (SEQ I D NO 149) nmhVEGFR125-6: sense,

5' - CCAGAAAGUGCAUUCAUCGGGACCU-3' ; (SEQ I D NO. 150) 25 antisense:

5' - AGGUCCCGAUGAAUGCACUUUCUGG 3! (SEQID NO. 151) inhVEGFR225-2: sense,

5' - CUCAUGUCUGUUCUCAAGAUCCUCA- 3" ; ID NO. 152) antisense:

5' - UGAGGAUCUUGAERmbIations 0ids base pau‘ se & qligopyoach sfithemerapetargeyirR) - VEGFR2

cocktail C nh\eEreponding geres frgn botinovacaclursecanachiasmere pgteE | D NO,

154) anti sense, thsrape@idQGuUltE@ADEkIAACGHITCABCUGC- 3' 5 (SEQ I D NO  155)
mhVEGFR125- 6: sense 5' - CCAGAAAGJGCAUUCAUCGGGACCU— 3'; (SEQ ID NO 156)
anti sense: 5'- QGARUGAADBEABIARICUCS- 3 (SEQ I D NO. 157) 10

2t senae: & B%&é& 5 (SEQ 1D NO 189) Nany ot hel
X . y ot her
conbi nati ons W fRvERR223: basgepal 5”@ABE?JAI%¢G@%GA@@G@GUMN€@BU-3’; (SEQ
IDNO. 142)
antisense, 5 ‘-AACAUUUACACGUCUGCGGAUCUUG-3’
(SEQ ID NO. 143)
10  mhVEGFR125-3: sense, 5’-CAAGGAGGGCCUCUGAUGGUGAUGU-3’; (SEQ
ID NO. 144)
antisense: 5’-ACAUCACCAUCAGAGGCCCUCCUUG-3’
(SEQ ID NO. 145)
mhVEGFR225-1:  sense, 5’-CCUACGGACCGUUAAGCGGGCCAAU-3’; (SEQ
15 ID NO. 146)
antisense: 5’-AUUGGCCCGCUUAACGGUCCGUAGG-3°
(SEQ ID NO. 147)

VEGF-VEGFR 1-VEGFR2 cocktail B:
mhVEGF25-1: sense, 5’-CAAGAUCCGCAGACGUGUAAAUGUU-3’; (SEQ
20 ID NO. 148)
antisense, 5’-AACAUUUACACGUCUGCGGAUCUUG-3’
(SEQ ID NO. 149)
mhVEGFR125-6: sense, 5’-CCAGAAAGUGCAUUCAUCGGGACCU-3’; (SEQ
ID NO. 150)
25 antisense: 5’~AGGUCCCGAUGAAUGCACUUUCUGG-3’
(SEQ ID NO. 151)
mhVEGFR225-2:  sense, 5~-CUCAUGUCUGUUCUCAAGAUCCUCA-3’; (SEQ
ID NO. 152)
antisense: 5’-UGAGGAUCUUGAGAACAGACAUGAG-3’
30 (SEQ ID NO. 153)
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15 VEGFRI and VEGFR2 respectively can be conposed for the best anti-

angi ogenesis efficacy, by either equal or different ratios of each
conponents. 2. Targeting both VEG- and EG- pat hways: VEG- VEGFR2- EGFR
cocktail A nmhVEGF25-1: sense, 5'- CAAGAUCCGCAGACGUGUAAAUGUU-3'; (SEQ 20 ID
NO 160) antisense, 5'-AACAUUUACACGUCUGCGGAUCUUG 3" (SEQ ID NO 161)
mMVEGFR225- 1 sense, 5' - CCUACGGACCGUUAAGCGGGCCAAU-3'; (SEQ ID NO. 162) 25
anti sense AUUGGCOCGCUUAACGGUCCGJAGG 3" (SEQ ID NO 163) mhEGFR-1:

sense mﬁ 3'; (SEQ 1D NO 164) antisense:
CUUUCUCA GAG 3 0 (SEQ I D NO. 165) 26 VEGF- VEGFR2- EGFR

cockt ai | B: mhVEGF2521: sease,S 55CA0ARAKESGUARNSOCGAMNAGBAT33); (FBRQ | D NO.

166) antisense, 5' -AACAUWUCUUG 3 5 (SEQ | D NO. 167)

mVEGFR225- 2: sense, 5'- UCUCAAGAUCCUCA-3'; (SEQ 1D NO 168)

anti sense: 5'-UG A%Auwue&%&@@m@um@ﬁ@mw@AA@moj’rmEGFR- 5:

sense, 5'- CAAAGUGCCUAUCAAGUGGAUGGCA- 3" ; I D NO. 170) anti sense:

5' - UGCCABCCACUUGAUAGGCACURIER 3D NQSE@)I D NO 171) VEGF- VEGFR2- EGFR cockt ai |
c mhVEGFR125-6: sense, 5’-CCAGAAAGUGCAUUCAUCGGGACCU-3’; (SEQ

ID NO. 156)
antisense: 5~ AGGUCCCGAUGAAUGCACUUUCUGG-3’
(SEQ ID NO. 157) '

100  mhVEGFR225-2: sense, 5-CUCAUGUCUGUUCUCAAGAUCCUCA-3’; (SEQ
IDNO. 158)
antisense: 5’-UGAGGAUCUUGAGAACAGACAUGAG-3¥’
(SEQ ID NO. 159)

Manonther combinations with the 25 base pair siRNA oligos targeting VEGF,

15  VEGFRI1 and VEGFR2 respectively can be composed for the best anti- angiogenesis

efficacy, by either equal or different ratios of each components.

2. Targeting both VEGF and EGF pathways:
VEGF-VEGFR2-EGFR cocktail A:
mhVEGF25-1: sense, 5’ -CAAGAUCCGCAGACGUGUAAAUGUU-3 ”s (SEQ
20 ID NO. 160)
antisense, 5°’-~AACAUUUACACGUCUGCGGAUCUUG-3’
(SEQID NO. 161)
mhVEGFR225-1:  sense, 5’-CCUACGGACCGUUAAGCGGGCCAAU-3’; (SEQ
ID NO. 162)
25 antisense: 5’-AUUGGCCCGCUUAACGGUCCGUAGG-3’
& (SEQ ID NO. 163)
mhEGFR-1: sense, 5’-CUCUGGAUCCCAGAAGGUGAGAAAG-3’; (SEQ
ID NO. 164)
antisense: 5’-CUUUCUCACCUUCUGGGAUCCAGAG-3’
30 (SEQ ID NO. 165)
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15 mhVEGF25-2: sense, 5'- GCAGCUUGAGUUAAACGAACGUACU-3'; (SEQ 1D NO 172)
anti sense, 5'- AGUACGUUCGUUUAACUCAAGCUGC-3" (SEQ ID NO. 173) nmhVEGFR225- 2:
sense, 5' - CUCAUGUCUGUUCUCAAGAUCCUCA-3'; (SEQ 20 ID NO 174) antisense: 5'

- UGAGGAUCUUGAGAACAGACAUGAG- 3" (SEQ I D NO. 175) mhEGFR-9: sense,

5' - CAUGAUCAUGGUCAAGUCCUGGAUGA- 3'; (SEQ TD NO. 176) 25 anti sense:

5' - UCAUCCAGCACUUGACCAUGAUCAUG-3' (SEQ I D NO. 177) Many ot her conbi nations
can be nmade with other uences targeting those three genes with different
conposi ti on andVBQEaVE@FRgrE@ERéW tafi]gB'l ons of the si RNA oligos. 30 3.

{nvEGHRB25. 1. TNESTS! oo AR AR ARG AR PRARTaURE (g,
anti sense: 5' -AUUGGCCCGCUUAHE&BJ@GQJAGG 3 5 (SEQ | D NO 179

mhPDGFRa25- 1: sense, 5' - GAAGAUAAUGACUCACCUGGGGOCA M% %y} 180)
anti sense: 5 - UGGCCCCAGGRUGAIERMSAtIciEAUUA ‘I"ﬁﬁ CGf SJCHSJGfﬁEGFR-

"G UC A% CUUCLGGGALC. CAR @ 3P R dE FEQN& D) oo antisenser S

VEGFR! - VEGFR2- RBIBFRGFREER2 C 0sdtisai I'- CBJCAUGUCUGUUCUCAAGAUCCUCA-3’; (SEQ
ID NO. 168)
antisense: 5’-UG AGGAUCUUGAGAACAGACAUGAG-3’
(SEQ ID NO. 169)

10  mhEGFR-5: sense, 5’~-CAAAGUGCCUAUCAAGUGGAUGGCA-3’; (SEQ

ID NO. 170)
antisense: 5’-UGCCAUCCACUUGAUAGGCACUUUG-3’
(SEQ ID NO. 171)

IVEGF- VEGFR2-EGFR cocktail C:
15  mhVEGF25-2: sense, 5’-GCAGCUUGAGUUAAACGAACGUACU-3’; (SEQ
ID NO. 172)
antisense, 5’-AGUACGUUCGUUUAACUCAAGCUGC-3’
(SEQID NO. 173)
mhVEGFR225-2:  sense, 5’-CUCAUGUCUGUUCUCAAGAUCCUCA-3’; (SEQ
20 ID NO. 174)
antisense: 5’-UGAGGAUCUUGAGAACAGACAUGAG-3’
(SEQ ID NO. 175)
mhEGFR-9: sense, 5’-CAUGAUCAUGGUCAAGUGCUGGAUGA-3’; (SEQ
ID NO. 176)
25 antisense: 5’-UCAUCCAGCACUUGACCAUGAUCAUG-3’
(SEQ ID NO. 177)
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.

30 3. Targeting VEGF, PDGF and EGF pathways:
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15 mhVEGFRI 25-6: sense, 5' - CCAGAAAGUGCALTUCAUCGGGACCU-3'; (SEQ ID NO 184)
antisense: 5' - AGGUCCCGAUGAAUGCACUUUCUGG- 3" (SEQ I D NO 185) mhVEGFR225- 1:
sense, 5'- CCUACGGACCGUUAAGCGGGCCAAU-3'; (SEQ 20 ID NO 186) antisense: 5 -A
UUGGCCCGCUUAACGGUCCGUAGG- 3" (SEQ I D NO. 187) mhPDGFRa25-2: sense,

5' - GAUAAUGACUCACCUGGGGCCACAU- 3'; (SEQ 1D NO. 188) 25 antisense:

5' - AUGUGGCCCCAGGUGAGUCAUUAUC- 3" (SEQ I D NO. 189) nmhEGFR-1: sense,

5' CUCUGGAUCCCAGAAGEUGAGAAAG 3'; (SEQ 1D NO 190) anti sense:

wumcgggw%@mkég A:SEQ ID NO. 191) VEGFR2- PDGFRa- EGFR

cockt ail - sense, 5' - CCUACGGACCGUUAAGCGGGCCAAU- 3'; (SEQ
I D NO 192) antisense: - AUUGGCCCGCUUAACGGUCCGUAGG- 3" (SEQ I D NO 193) 5

mMhPDGFRa25- 2mhyeng®2251 - %MMWUAOG@WE@GGG@E@AU-D (SeQ 1»4)
antisense: 5'- AUGJGGCCCCAW@JCAUUAUC— 3 (SEQ ID NO. 195) mhEGFR- 12:
sense, 5’ - CCUUCUUAAAGACCAREAGGAGELL 31 G AR CUO A L BBUCBaBrLs Sense: 5
-ACCUCCU@GAUGGUCUUUAAGAAG%S§Q ID(I\%Q7|9P NO. 197) VEGFR2- PDGFRb- EGFR cockt ai |

mhPDGFRa25-1:  sense, 5’-GAAGAUAAUGACUCACCUGGGGCCA-3’; (SEQ
ID NO. 180)
antisense: 5’-UGGCCCCAGGUGAGUCAUUAUCUUC-3’
(SEQ ID NO. 181)

10  mhEGFR-1: sense, 5’-CUCUGGAUCCCAGAAGGUGAGAAAG-3’; (SEQ
ID NO. 182)
antisense: 5’-CUUUCUCACCUUCUGGGAUCCAGAG-3’
(SEQ ID NO. 183)
VEGFR1-VEGFR2-PDGFRa-EGFR cocktail B:
15 mhVEGFR125-6: sense, 5’~-CCAGAAAGUGCAUUCAUCGGGACCU-3’; (SEQ
ID NO. 184)
antisense: 5’-AGGUCCCGAUGAAUGCACUUUCUGG-3’
(SEQ ID NO. 185) '
mhVEGFR225-1:  sense, 5’~-CCUACGGACCGUUAAGCGGGCCAAU-3’; (SEQ
20 ID NO. 186)
antisense: 5’-AUUGGCCCGCUUAACGGUCCGUAGG-3’
(SEQ ID NO. 187)
mhPDGFRa25-2:  sense, 5’-GAUAAUGACUCACCUGGGGCCACAU-3’; (SEQ
7 ID NO. 188)
25 antisense: 5’-AUGUGGCCCCAGGUGAGUCAUUAUC-3’
(SEQ ID NO. 189)
mhEGFR-1: sense, 5’-CUCUGGAUCCCAGAAGGUGAGAAAG-3’; (SEQ
ID NO. 190)
antisense: 5’-CUUUCUCACCUUCUGGGAUCCAGAG-3’
30 ’ (SEQ ID NO. 191)

- VEGFR2-PDGFRa-EGEFR cocktail C:
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mMVEGFR225- 1: sense, 5'- CCUACGGACCGUUAAGCGGGCCAAU-3'; (SEQ 15 ID NO 198)
anti sense: 5'- AUUGGCCCGCUUAACGGUCCGUAGG 3" (SEQ ID NO. 199) nmhPDGFRB25- 5:
sense, 5'- GGCAAGCUGGUCAAGAUCUGUGACU-3'; (SEQ |ID NO 200) 20 antisense:

5' - AGUCACAGAUCUUGACCAGCUUGCC- 3" (SEQ I D NO. 201) nmhEGFR-1: sense,

5' - CUCUGGAUCCCAGAAGGUGAGAAAG-3'; (SEQ I D NO. 202) antisense: 5 ' -C UW
CUCAC CUUCUGGGAUCCAGAG 3' 25 (SEQ ID NO 203) VEGFR2- PDGFRb- EGFR cockt ai |
B: mhVEGFR225-1: sense, 5'- CCUACGGACCGUUAAGCGGGCCAAU-3'; (SEQ I D NO 204)
anti sense: 5' - AuWEEGERGZUUAASEELICCTIAGRCSIGAGOGUSRQA GOGNOCRAAY-YI(SEQ
mhPDG-RB25- 10: sense, 5'-CAl CGAGAUCUAUGAGA- 3'; (SEQ I D NO 206)
anti sense: 5'-UCUCAUAGA UG 3 (SEQ ID NO 207) 5 nmhEGFR-1:

sense, 5" - CUCUCCAUCCCACAAGEUGHERARG 53 AUTTEER CA GO A8 UaidisRagEY
5' - CUUUCUCACCUUCUGGGAUCCAGAG- 3' ~ (SEQ I D NO. 209) VEGFR2- PDGFRb- EGFR

cocktail C 10 mhVEGFR225-1: (Ské@dle NG 198 UACGGACCGUUAAGCGGGCCAAL- 3' ; (SEQ
D NO. 210) sant | #6R88R 1255 AGRELEAMAARAEEEA D 8o dRER-AB- N s )
ID NO. 194)
antisense: 5’~AUGUGGCCCCAGGUGAGUCAUUAUC-3’
(SEQ ID NO. 195)
mhEGFR-12: sense, 5’~CCUUCUUAAAGACCAUCCAGGAGGU-3’; (SEQ
10 ID NO. 196)
antisense: 5’-ACCUCCUGGAUGGUCUUUAAGAAGG-3’
(SEQ ID NO. 197)

VEGFR2-PDGFRb-EGFR cocktail A:
mhVEGFR225-1:  sense, 5’-CCUACGGACCGUUAAGCGGGCCAAU-3’; (SEQ
15 ID NO. 198)
antisense: 5’~AUUGGCCCGCUUAACGGUCCGUAGG-3’
(SEQ ID NO. 199)
mhPDGFRB25-5:  sense, 5’-GGCAAGCUGGUCAAGAUCUGUGACU-3; (SEQ
ID NO. 200)
20 antisense: 5°~AGUCACAGAUCUUGACCAGCUUGCC-3’
(SEQ ID NO. 201)
mhEGFR-1:  sense, 5’-CUCUGGAUCCCAGAAGGUGAGAAAG-3’; (SEQ
ID NO. 202)
antisense: 5’-CUUUCUCACCUUCUGGGAUCCAGAG-3’
25 (SEQ ID NO. 203)

VEGFR2-PDGFRb-EGFR cocktail B: |
mhVEGFR225-1:  sense, 5’-CCUACGGACCGUUAAGCGGGCCAAU-3’; (SEQ
ID NO. 204)
antisense: 5’~AUUGGCCCGCUUAACGGUCCGUAGG-3’
30 (SEQ ID NO. 205)
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mMPDGFRB25- 5: sense, 5' - GGCAAGCUGGUCAAGAUCUGUGACU-3'; (SEQ 15 ID NO 212)
antisense: 5 -AGUCACAGAUCUUGAC CAGC UUGCC-3" (SEQ ID NO 213) mhEGFR-12:
sense, 5' - CCUUCUUAAAGACCAUCCAGGAGOU-3'; (SEQ 1D NO 214) 20 anti sense:

5' - ACCUCCUGGAUGGUCUUUAAGAAGG 3'  (SEQ I D NO. 215) Many ot her conbi nations
can be made with other sequences targeting those three genes with different
conposition and equal or different ratios of the siRNA oligos. 25 The

conbi nati ons can al so be nade with nore than three sequences:

Ve o MRS e NI ol uapge T o0

5' AUUGGCCCGCUUAACGGEUCCAUAS™ 20680 (SEQ I D NO. 217) 30 nmhPDG-Ra25-2: sense,
5' - GAUAAUGACUCACCUGGGGCCACAU- 3" (SEQ I D NO 218) anti sense:

5' - AUGUGGCCCCAGGUGAGUCAUUARIGERSe: CHUNGABCYCHIGECASERIYEES: sense,
5 - ommm@u%ﬁ?ﬁg% ID NO. 220) antisense: 5'-AGUC
ACAGAUCUUGACCAGCUUGCC 3' 221) nMN\EGFR-1: sense,

- CUCUGEAUGERAGPRGEUGAGAAAse, 3, CUUCEQG AILICC DANA AGGRG AGA A2ENnS B (SBQ- CL
UUUCUCACCUUCUGGGAUCCAGAG 3 é%l(z)% | D NO. 223) VEGFRL- VEGFR2- PDGFRb- EGFR- VEG-
cocktail A: .

antisense: 5’-CUUUCUCACCUUCUGGGAUCCAGAG-3’
(SEQ ID NO. 209)

VEGFR2-PDGFRb-EGFR cocktail C:
10  mhVEGFR225-1: sense, 5’-CCUACGGACCGUUAAGCGGGCCAAU-3’; (SEQ
IDNO. 210)
antisense: 5’-AUUGGCCCGCUUAACGGUCCGUAGG-3’
(SEQ ID NO. 211)
mhPDGFRB25-5: sense, 5’-GGCAAGCUGGUCAAGAUCUGUGACU-3’; (SEQ
15 ID NO. 212)
antisense: 5’-AGUCACAGAUCUUGACCAGCUUGCC-3’
(SEQ ID NO. 213)
mhEGFR-12: sense, 5’-CCUUCUUAAAGACCAUCCAGGAGGU-3’; (SEQ
ID NO. 214)
20 antisense: 5’-ACCUCCUGGAUGGUCUUUAAGAAGG-3’
(SEQ ID NO. 215)
Many other combinations can be made with other sequences targeting those
three genes with different composition and equal or different ratios of the siRNA
oligos.

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

VEGFR2-PDGFRab-EGFR cocktail A:
mhVEGFR225-1:  sense, 5’~-CCUACGGACCGUUAAGCGGGCCAAU-3’; (SEQ
ID NO. 216) |
antisense: 5’-AUUGGCCCGCUUAACGGUCCGUAGG-3’
30 (SEQ ID NO. 217)
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mMhVEGFR125- 6: sense, 5'- CCAGAAAGUGCAUUCAUCGGGACCU-3'; (SEQ 15 ID NO 224)
anti sense: 5'- AGGUCCCGAUGAAUGCACUUUCUGG 3" (SEQ I D NO. 225) nmhVEGFR225- 1:
sense, 5' - CCUACGGACCGUUAAGCGGGCCAAU-3'; (SEQ 1D NO. 226) 20 anti sense:

5' - AUUGGCCCGCUUAACGGUCCAUAGG- 3" (SEQ I D NO, 227) nhPDG-FRB25-10: sense,

5' - CAUGCCUCCGACGAGAUCUAUGAGA- 3" ; (SEQ I D NO. 228) antisense:

5' - UCUCAUAGAUCUCGUCGGAGGCAUG- 3" 25 (SEQ I D NO. 229) nhEGFR-1: sense,

” CUOUCUCACCLCUOAOEEACAS 5ot SEGAPA NIy C 36 GHRER A CeirdgEQ 1D

5" - GCAGCUUGAGUUAAACGAACGUACUNS . 2 g)SEQ | D NO. 232) 31 antisense:

5' - AGUACGUUCGUUUAACUCAAGCUGC- 3 (SEQ | D NO, 233) VEGFR1

- VEGFR2- PDGFRb- EGFR- VEGF coc kttsehseCS’ -aHEERCIR-GAGE&tsEGUCAUUAUC-3’

5' - CCAGAAAGJGCAUUCAUC(XBGACCL}%%& @Ebﬂgél D NO. 234) antisense: 5 -AGG
UCCCGAUGAAUGCACUUUCUGG- 3! f 5) mhVEGFR225-1: sense,

5" - CCUACCGASCOMWASEREIECAAUs Bise, (SSIER; ¢ A D G @B APA BOUIGRERAEU-37; (SEQ
5' - AUUGGCCCGCUUAACGGUCCGUAGG: 3 %SEQID NO 237) mhPDGFRa25-2: sense,

5' - GAUAAUGACUCACCUGGGGCCACAUIRNQ.SEQ) | D
antisense: 5’-AGUCACAGAUCUUGACCAGCUUGCC-3’

(SEQ ID NO. 221)
mhEGFR-1: sense, 5'-CUCUGGAUCCCAGAAGGUGAGAAAG-3’; (SEQ
10 ID NO. 222)
antisense: 5’-CUUUCUCACCUUCUGGGAUCCAGAG-3’
(SEQ ID NO. 223)

VEGFR1-VEGFR2-PDGFRb-EGFR-VEGF cocktail A:
mhVEGFR125-6: sense, 5’-CCAGAAAGUGCAUUCAUCGGGACCU-3"; (SEQ
15 ID NO. 224)
antisense: 5’-AGGUCCCGAUGAAUGCACUUUCUGG-3’
(SEQ ID NO. 225)
mhVEGFR225-1:  sense, 5°-CCUACGGACCGUUAAGCGGGCCAAU-3’; (SEQ
ID NO. 226)
20 antisense: 5’-AUUGGCCCGCUUAACGGUCCGUAGG-3’
(SEQ ID NO. 227)
mhPDGFRB25-10: sense, 5'-CAUGCCUCCGACGAGAUCUAUGAGA-3’; (SEQ
ID NO. 228)
antisense: 5’-UCUCAUAGAUCUCGUCGGAGGCAUG-3’
25 (SEQ ID NO. 229)
mhEGFR-1; sense, 5’-CUCUGGAUCCCAGAAGGUGAGAAAG-3’; (SEQ
ID NO. 230)
antisense: 5’-CUUUCUCACCUUCUGGGAUCCAGAG-3’
(SEQ ID NO. 231)
30 mhVEGF25-2:  sense, 5-GCAGCUUGAGUUAAACGAACGUACU-3’; (SEQ
ID NO. 232)
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NO. 238) antisense: 5'-AUGUGCCCCCAGGUGAGUCAUUAUC-3' 15 (SEQ I D NO. 239)
mhPDGFRB25-5: sense, 5' - GGCAAGCUGGUCAAGAUCUGUGACU-3'; (SEQ I D NO 240)
anti sense: 5'- AGUCACAGAUCUUGACCAGCUUCCC-3" (SEQ ID NO. 241) 20 mhEGFR-12:
sense, 5'- CCUUCUUAAAGACCAUCCAGGAGGU-3'; (SEQ 1D NO 242) antisense:

5' - ACCUCCUGGAUGGUCUUUAAGAAGG- 3" (SEQ I D NO 243) 25 nhVEGF25-2: sense,

5' - GCCAGCUUGAGUUAAACGAACGUACU- 3" (SEQ I D NO 244) antisense,

5' - AGUACGUUCGUUUAACUCAAGCCUGC- 3" (SEQ I D NO. 245) 32 B. Conbi ned VEGF

Pat hway Gene | nhibition Ayfieiaer 50 JEACOUICEUEURAISUAANRSCUBTLNY
devel opment of the conpositions and nethods of the present invention for

inhibition of NV. First, (QEQI2d¥xkd33)are conplex and the result of nultiple
protei ns and abnornmally over- expressed di sease 5 causing genes and multiple

mal functi ons;ofcdj 'S\?@éﬁﬁ‘%%ﬁg?g@kﬁéﬁ|°§8§%P85 nucl eic acid agents that

activate RNA'I n?erfer ence ective inhibitors of gene
expressi on imhVEGERUENGE sdhes 5T 10CAGAAAIGUGOAULGAUCGUGACCUB pfSEY by
nodul ation of protein activity can be achi eved by a nunmber of nethods,
i ncludiny an i nhibition H?Ng-lé%)i n function (antagonists), stimulation of

protein function (agoni st gk KO %Q%@jﬁe@C@Aﬁ%?gtﬁ%ﬁW a.{evel s, and

post transcriptional nodification o proteins di sease
ideally requires sophistiRQED NeRapeutic actions to effectively shut down

Pap e 0 15 I P e RIS
receptor, simltaneously jqbqggg)ng receptor activity and down stream
stgnall ?Og antisense: 5’-AUUGGCCCGCUUAACGGUCCGUAGG-3’
(SEQ ID NO. 237)
mhPDGFRa25-2: sense, 5’-GAUAAUGACUCACCUGGGGCCACAU-3’ (SEQID
NO. 2338)
antisense: 5’-AUGUGGCCCCAGGUGAGUCAUUAUC-3’
15 (SEQ ID NO. 239).
mhPDGFRB25-5: sense, 5’-GGCAAGCUGGUCAAGAUCUGUGACU-3’; (SEQ
ID NO. 240) |
antisense: 5’-AGUCACAGAUCUUGACCAGCUUGCC-3’
(SEQ ID NO. 241)
20
mhEGFR-12: sense, 5’-CCUUCUUAAAGACCAUCCAGGAGGU-3’; (SEQ
ID NO. 242)
antisense: 5’-ACCUCCUGGAUGGUCUUUAAGAAGG-3’
(SEQ ID NO. 243)
25 mhVEGF25-2: sense, 5’-GCAGCUUGAGUUAAACGAACGUACU-3’ (SEQ
ID NO. 244)
antisense, 5’-AGUACGUUCGUUUAACUCAAGCUGC-3’

(SEQ ID NO. 245)
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15 proteins, and simultaneously bl ocking redundant el enents of a pat hway.
This is the case for the NV disease and the VEG- pat hway. However,
identification of a single agent selective for two or three or nore
proteins is difficult and oftentimes inpractical, if not inpossible. To
overcone this difficulty, use of a conbination of drugs has been sonething
of a trend in nodern 20 nedicine. In oncol ogy applications, conbined
chenot her api es have achi eved remarkable anti-cancer efficacy. One exanple

is the use of docet dkefombingdiVEGHPathway Grerg Inhibigioponhi nati on therapy for

treat ment of oropharxngeal cancer with nultiple bone netastases from

prostate cancer (2). rlhmh%wrfaqtmwvéﬁe@pﬁléeraééa%ng deystoneeniesldhgranposiiopy
treatment of ulgaratd yf o?mérﬁr%s%ﬁl%gh}ﬁtrea@%ltﬁﬁ ?Nﬁ%ﬂ%@%ﬁ%&y Sre 29

Met r oni dazol e an ancomnycl i nsufticlent controlled
type 2 di abet esmpléxeardfthé mamly ofandltipkfpediyine hndaldiongaltyosieg] dxprezsdelideasea
conbination_of glinmepiride apd netformn therapy were evaluated (4). .

Al though thdse PR ggles spdigm P BYETIERBTR PR A BRE PRABIS TR pesleicc

ef ficacies, the,dPxldalsth®cRadkIASHiALIALE RN LBl SBSRE BiisiR a5 e

al ways maj or 30 concerns, due to their di ffer ent) sour ces of origins,
di f ferent manufguoe expmgiqrioessgesce grdfidinfaeere rithidhe mhdtitign qurlﬁﬁzié)yu es. To
over conme these

lens . an . f th t
o1 RINA of | gonucl DRETHEPGRENF RAFBI 1GHE bE AP i e ok P HE Rt BTG T

achi eve conbi nagh®Riodf Jreedtsin WirddioR (494EBhiRAY, sBMulbios bmﬁt&@m&@dﬂagoﬂiybﬂ ple
di sease causing genes in the same treatnent. One advantage provided by t he

present i nd@nt i sAudtionaf peosin ﬁxnrmwnelwel&; mkmos@trm@omw@bmp@ésatm@fver y
simlar 5 chem ca i ca, and c m t h e.sa ur ce
o Tor i o ana 8, TR RO OPRACHSHE Benily 1Rk PPl alch el RIBRS R e
present inventi¢fectisely k}lnauowu Iatpaﬁicalas bishial pﬁﬁwwﬁﬂﬁoﬂ:s icfl8&al Gartlideasef or mul at ed
in a single preparation such a nanoparticle preparation. Accordingly, an

aspect of the ppreswpion, m@d&nwmp@aqeeu%hbplﬁeg SRiipgs of hetit ligands anfigheis "t o
achi eve specifi Igﬂ&l ﬁ%ﬁﬁﬁdglt Mb@k@gkﬁ;%gto%ctm@ytahghgw%@%npég@iﬁgcge”es and

as a result ac I'sease” an etter
benefit. THé pr@seits, arndviealdnocusby blwcldﬁgrefdondamaelymemabf anpitheoas This &ithRNA

targeting includin jnations  th t VEGF itself together with its
receptors incl utfth r\t/@{/ Se(‘ﬁﬁlﬁnﬁ)theaﬁgc}%/ way.

However, identification of a single agent selective for two or three or more
proteins is difficult and oftentimes impractical, if not impossible. To overcome this
difficulty, use of a combination of drugs has been something of a trend in modern

20  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,

25  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

30 concerns, due to their different sources of origins, different manufacturing processes

and different chemistry properties. To overcome these problems, an aspect of the
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R2 (KDR), parallel growth factors including PDG- and EGF and their
receptors, 15 down stream signaling factors including RAF and AKT, and
transcription factors including NFKB, and their conbination. A preferred
enbodi ment is a conbination of siRNA inhibiting VEGF and two of its
receptors VEGF RI (FlItl) and VEG-F R2 (KDR). Another preferred enbodinent is
a conbination of siRNA inhibiting VEGF and its receptors, PDG- and its
receptors, and EG-F and its receptors. Yet another 20 preferred enbodi nent is

a_conbi nati O%ré%ént%ﬁ%ﬂ RRiuBin ? s@H(N’E@ﬁg@rﬂEléoh&e é@fﬁ%ﬂh@ﬂi&s tPfievideyn stream

signaling. The dsRNA ol igonucleotides can be conbined for a therapeutic for
the treatne nmlq@é aWndngs taanhievk nomhimatorbefthictremith @ forhbivatpmedsNAnvent i on
as.a cockt and i odi nent they can

by e ot e e bR B s R SRR e S tn O S PR SR i on s

formul ati ons pgnkk prBseheinveRRALNE FesEINRRALAINBRNAS %ﬁmﬁ@@othﬁs aftiehy shehed as a
cocktail and sonme adm ni stered sequentl al lé conbi nati ons of si RNA
fA

and net hods fchemichldy andahatinavatdginallyiand cprebe fanidhe samscbopiceoh erigiianfied in t he
art to achieye | r gﬁf@ﬁﬁ%é) ProcessdAigf%gre z'isdvagta%e n%rlo%n?bnﬁl% rP\é/eEs ﬁlg%ntlng

Ant agoni st ancfnﬁlenne ion Disease 1S C orten 1 nvol ves

mul tipl e pat high agilgaé siRNClssRsclastidewedd ba®rvialkicdtin @ BidgiepraRvaion isictods
di sease synptons and, often, variations fromone patient to another. Mny

di seases area@éﬂ@?@ﬁl"é‘ypf&%étﬂ%l over expressi on of disease 5 causi ng or

di sease control %Q@&ﬂﬁﬁfv b @ cgt%t%%f:geﬂ{ lgluélggild s & GV ERNA s §3 n?s over

Di sease progressi o &-devel opnent response to tre
ti me andl0 dr ugta ®hiest mﬁicainéoelbumetuﬁﬁbrtmn oainuhmVEGquaﬂav@'l geadseantiragat ment

or nodality. One neans overc such limtations jis t gh use of
conbi nati ons aé?su%traﬁlé}FYfe%’cl ibgop %ﬁﬁ%é’“@%@%?@?‘é@r cgﬂlcélslbé t. ?}Efletpﬁ‘iée]ﬁr esent

i nvention i s itQnGAM RIS IRNANPISRbBaMbsE R A tHEHinB IR M EnS oRGinfiRn@chi eve

a strong, durable, ‘and robust inhibition of NV diSease and ~a superior
clinical benéfat targeT Ve E@ﬁh@ﬁaﬂme‘nth irreqrptors mhldmﬂYE@F&éﬂﬂbathEﬁﬁs of

her apeut ¢ R RGO Braae b ais O Rl Rimek ot bt BOE LRI o1 of

VEGF itsgl f abfnistr&am 5iges g%&o&mu@MF%ﬁa lA[kiT ahid @aiNcEHEGH fablavent i on al so
provi des combinations of 15 therapeutic si RNA agents with orally avail able

ki nase i nhi bitchrdng NEKR, and tBejr camgigytion. A preferred embodiment is a combination of
siRNA inhibiting VEGF and two of its receptors VEGF RI (Fltl) and VEGF R2

(KDR). Another preferred embodiment is a combination of siRNA inhibiting VEGF
and its receptors, PDGF and its receptors, and EGF and its receptors. Yet another

20 preferred embodiment is a combination of siRNA inhibiting VEGF and its receptors
and down stream signaling.

The dsRNA oligonucleotides can be combined for a therapeutic for the
treatment of NV disease. In one embodiment of the present invention they can be
mixed together as a cocktail and in another embodiment they can be administered

25 sequentially by the same route or by different routes and formulations and in yet
another embodiment some can be administered as a cocktail and some administered
sequentially. Other combinations of siRNA and methods for their combination will be

understood by one skilled in the art to achieve treatment of NV diseases.
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The present invention also provides conbi nati ons of therapeutic si RNA agents
with imrunot herapy. Yet another enbodi nent of the present inventionis to
conbine siRNA with antiproliferative agents. O her conbinations of si RNA
agents and other agents will be understood by one skilled in the art to
achi eve treatnent of NV 20 di seases. D. Fornulation and Adm nistration
Recent efforts towards devel oping tissue targetable nucleic acid delivery
systems based on synthetic reagents have produced prom sing results. To be
robust, effective §e|¢%blye%9’%t<‘elﬁ£a§!W| tagerdstAnd; Genednhihjdors of
selectivity, i.e. selective 25 |localization at the disease tissue and

sel ective inhibiti oRispsets eernrlifated|ang aftpriayelvesmplyiptrpathndogieal peorcesyes as
Mb , th t effect] : ' iore "t - ted”
e e s SRARERL YA G 5Pl AEEARY SR AR kbt

activity, Dbl oclphtigt teghotidanMappiRedsegire aduspdibnubnosmaloveteRpression éffiseass h
woul d be use "smart" nanoparticles that sinultapeously target disease and
del i ver nudl ei CAWHEPT FCaKEAREOL; 8505, phisom dprgien iplertiaus QRERNISHI Ot9E. cor r ect

subcel lul ar co . 35 i , i |
e PSR ARG Ry SRS PO
ti ssue-t ar get aldheg rdebthncerajsodintihcliicat beradid bf @ single trepmeptot mednlityl Hewemeans

properties are nucleic acjd binding.,into a core that cap release the siRNA
into the cyt op|t%gmr°0ﬁ?%%lefeﬂ%tﬁtl?qsd higjiebais 6 SR ITAoRF SEEFURES MBS sue 5

targeting that provirdgsf#€lah abﬁ&%‘fﬁhe PRs AP BB ik &) cdﬁ?o?neaéiRN]@:ﬁgteﬂt‘é‘%ﬁth

required properties in one nolecule.” The invention provides
conposi ti ok awnthenegentsde as kaachiays e stroaly darablspmjdghuss snhalfitiothpieV iseaseiaalls t o

conbi ne and assenbl e the | tipl roperties requi.red.,.They can .be desi gned
and_ synt hesi sed TerepeBnEs ety Tpe BESRT b s bpFRU RO R RRE S 41 he
si RNA payl oad &IRNAGZRNOABGAH bthéd 226nts, Bag8dind o@Fink RS O BiEhpeitRENt s, a
preferred enbodi ment conprises a nodul ar pol ymer .con#%gate_ targeting
neovascul at ur e StRNA &IV EGE itselbhangtitsdecapiogayvish splagerfiste of YVEGFlselandsly s t o one
end of a protect] r p It -hen.end. & [, Qnl Cec carrier
for nucleic ag%cgétsrs?(%‘lkc\éﬁ%ééwﬁ%gnﬁ' Iggl%jp %é%dtg&ﬁgltsl% 1§Oe@g¥18§%€qngb§}é4tf8§%§rfai ns,
soneti nes 13 ef elicrg@duti©siR¥ Adadehis-~vithexhilpmallatple kinass inhibRb)s.(suthas SUt u248). desi gn
of this conjugate 15 allows repl acenent and optim zation of each conponent
separately. An Tgp PEsseapvgation also provides combinations of therapeutic siIRNA agents with

immunotherapy. Yet another embodiment of the present invention is to combine

siRNA with antiproliferative agents. Other combinations of siRNA agents and other

agents will be understood by one skilled in the art to achieve treatment of NV

20 diseases.

D. Formulation and Administration

Recent efforts towards developing tissue targetable nucleic acid delivery
systems based on synthetic reagents have produced promising results. To be robust,
effective delivery systems should have multiple levels of selectivity, i.e. selective

25  localization at the disease tissue and selective inhibition of biochemical pathways
driving the pathology. Moreover, the most effective current therapies require “multi-
targeted” therapeutics, i.e. designer “dirty” drugs with multiple mechanisms of
activity, blocking redundant pathological pathways. A superior approach would be
use “smart” nanoparticles that simultaneously target disease and deliver nucleic acid

30  agents into the target cells and into the correct subcellular compartment.
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approach has been to attach surface coatings onto preforned nanoparticles.
Adsorption of a steric polynmer coating onto polyners is self-limting; once
a steric layer begins to formit will inpede further addition of polyner.
The conpositions and nethods of the invention permit an efficient nethod
for optimzation of each of the 20 three functions, |argely independent of
the other two functions. Formation of Nucleic Acid Core Particle Delivery
agents for nucleic acids nust assist their gaining access to the interior

of cells and in apgpes Dot : : [ [ j tivity.
Efforts to address thi sbogﬂlg%t’etﬁggre%%?&rﬁ@tﬁbﬁg{ggf%&t? E{enrng%)aqe{h??@ggﬂv%}?%

synt heti ¢ matleRNAldigbmalantide2batuoenpase gssoplagaaile delivery wigh thrematidptadmgher

conpl exes devel oped invitro DNA  transfection reagents. It wag quickly
found that _bBLReREE: | Rise ALRDEEISE “RAale's SHAPEEPE o ARH CaBLAPRIHEBIE! ogi oal
activity is eRNAWRb Yhedyidplash protdcAbn BRI MINSpe@fib iftMh&®hnd andti@Rlce nucl eic

aci d package for transport is possible but not always easy to reconcile

wi t h t he Sneethrgaingghat payides eelhupthksd. Naohaimptetial hakall nfithesaursquicad i n t he case

of siRNA into 30 .the cytoplasm-Al.so, a |ar unber of. cati,oni i.pi.ds and
ol yrer s t habrPErea i BTOEAG ETRS oDy pily s o Sripe iaBE iRy FogruR

adm nister edukeﬂm&dﬁl@n qoﬁjﬁfg@t@@ UNAER InYaté s foRa0bhk &Hlakdembleathﬁlulft_ipl@khovm, .
providing little predictive value for devel opi ng conpl exes active in vivo.

| nterest in grapgities reguirpd. RNxeviean &e designed and symlgsized to WaepPrafoveriais h t he
recent eruptj I i 'Ie?l\ykN i e often be
transfected ﬁog’%ﬂég gllrll({]%hﬁlﬁ fgg%/eél nvgllﬂlg{ha m n‘%@?ﬁ g%}ﬁgﬁ&g? t%ﬁ?%g%%ﬁ%ﬁ%ésk és:agg%i m | ar
bi ol ogi cil aeh ithes¢é ymbadimehigeiprofesed vabodihent ®inffliedwmotdlarpdipae as t he
payl oad. Recent, studies have identified qne cl as,g of catiopi¢ polyners

&

conposed of CREREARHTIHNG PRYPFALATSE by CoMRIEE aneatidalged sPedinker 1ot sdts
TR et | ned e O e o g B o B e e be

with defined structure 10 an have been
found to of f encloicatidgi Thk palytier canjugatt msithrew fitnctoraah domains, sbmetimdhey have

been shown to have activity with sever types af,. nycl.eic.acids, .includin
T aem e Pnd PR A Sl B e G0 YRE ulen e GhifRiPSherals of |

cat i oni cyspol yn&K | égfa@é}ﬁéntaﬁd ﬁ@ﬁﬂi&aﬁénr&f&@l &8 o8Bl seﬁﬂategzr ald N@nsResi fic
(0]

structures, including branching, and using a m xture hard and weak bases

to form a pokpmreschiss heentopitachcuriacy watingspmgpeiefarmsd nayppatigltesadvant age of
this particular c{.assiﬁi.ts : . e .
Adsorption of a steric polymer coating onto polymers is self-limiting; once a steric
layer begins to form it will impede further addition of polymer. The compositions and
methods of the invention permit an efficient method for optimization of each of the

20  three functions, largely independent of the other two functions.

Formation of Nucleic Acid Core Particle

Delivery agents for nucleic acids must assist their gaining access to the interior
of cells and in a manner such that they can exert their biological activity. Efforts to
address this challenge for nucleic acid therapeutics with synthetic materials include

25  use of simple cationic lipid and polymer complexes developed as in vitro DNA
transfection reagents. It was quickly found that both getting nucleic acids into cells
and obtaining biological activity is extremely difficult. For example, achieving a
stable nucleic acid package for transport is possible but not always easy to reconcile
with the need to release the nucleic acid into the nucleus, or in the case of siRNA into

30  the cytoplasm. Also, a large number of cationic lipids and polymers that are effective
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bi odegradabl e nature, being constructed entirely fromnnatural am no acids,

al beit non- natural branching. Having a polyner with at |east two properties
to use for optimzation, continuing devel opnment of materials for formng
effective core conplexes wth siRRNA can be refined and focused on for
further inprovenents to 20 bal ance stability and cytoplasm c rel ease.

Optim zed core formng polynmers can be used as the basis for the other

functions. Protective Steric Cpating Even |iposones with an external [ipid
bi | ayer resenblif #godeenohRtan a?;‘é‘il'IYUYh&P adphigiergn & Wre Uipiuapsly fectsgsans 84l and

| df bl h
cleared trom lﬁ}gg?gng dv«'ﬁf p}’dv'i etp'f) i&Rve Vgﬁetﬁg}%?%l ﬁlﬂ@%@%ﬁ%ﬁcﬁ?’m as

access to a bro synthetic ymer chem's
pol ynmers, such vas. Pitreand spudiey adtht RN A hanellapgddyfaxiaehold, netdl, nohawith fhe oscent

effectlvetoforma" teric' r on the s ce of. ¢ oi dal
drug delivery SRR sLifgiEt i kﬁr“pﬁ‘i@w@? es%g u%?ﬁﬂé#@&??&@?%?qt@é
nanoparticles, JheetuckRshs! aﬁﬁk&ﬁﬁratl%h%ﬁbmcé‘mﬁﬁl%bbﬁﬁ@arbW@g1é§§ctN1t HB!;S steric
PEG | ayer was first devel oped and npbst 30 extensively studied w

sterically stamebnql@dr\dedpdusms@\%\IAEﬂd)epnemras thepagloalon 37 provi des for
alternative approac h as m reductd on of surface char in
addition to a steri E{ 5%}}%7?9@%6536%&19 fc e%ﬁge %fscfgj téoql“sp@?'?lﬁﬁgfo’fnﬁ%ﬁedt e steric
barrier, and bigkegi s tpeﬁﬁﬂbgﬁﬂiéﬁ@é‘s%at apﬁéﬁ’f ko/gavk rb%mrmya‘-vﬂ%ls AnelgeaigBEcal

pr opertl es. Several hydr ophi | gﬁ ymer s have been reported as

alternatives t®f p@@bersmféliue glasssqan die gwnt I@ﬂe‘rlih&ﬂﬁp?d Yrughires cosering lyisaones
have provi gigd %nﬁ“orﬁgﬁed%‘:haa'}ldﬁ{abgpeeﬁ e tro]%'ft%gbmfo%c%px 1tvct?4 LRGN g Of

t he pol yner | ayer "an Can be-used Wi%eve st m SN O CHer types

of particles. ikoieyEhey MvielbeerpdhpSinadahaviet deeli @ with ¥évesd oydes i)Dﬂiuwdut gidspf  a
simlar polynmer |ayer on the surface of polyner conplexes with nucleic

acids, and achilBi/edtegplagnidsgng DA &rrRJHMh@@i“LCéHO“B?% tspgssss Widh fhagglass of
sufficient i nf atlh tﬁ&y%l %%/pe%irglg#o leroﬁlflledes%ﬂ¥§doﬁ?dratﬂ{§%g§&ﬁé ?tﬁJcER

accurately pre ogl cal erties tection r

i mune cl ear andaclidiogbiahcionlg, aédluangednsmtwaémrchmﬂ veaak dbsen ¢ fomg apmbapar ticl e
conpl exes wth caontrolled . variat,i ons in tEel r hﬁgucal ropgart ies foll owed
by determi nati oFthymixer Sptioni BPEBEHESy Anofher 3 131682538l 1§ posone
studies, it is yRefadhfldNaRYBLiGRLRIORES &ﬂtﬁ@ly‘ﬂohhnamral amino acids, albeit non-

natural branching. Having a polymer with at least two properties to use for

optimization, continuing development of materials for forming effective core

complexes with siRNA can be refined and focused on for further improvements to
20  balance stability and cytoplasmic release. Optimized core forming polymers can be

used as the basis for the other functions.

Protective Steric Coating

Even liposomes with an external lipid bilayer resembling the outer cellular
membrane are rapidly recognized and cleared from blood. Unlike viral particles,

25  though, nanotechnology has access to a broad range of synthetic polymer chemistry.
Hydrophilic polymers, such as PEG and polyacetals and polyoxazolines, have proven
effective to form a “steric” protective layer on the surface of colloidal drug delivery
systems whether liposomes, polymer or electrostatic nanoparticles, reducing immune
clearance from blood. The use of this steric PEG layer was first developed and most

30 extensively studied with sterically stabilized liposomes. The present invention
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the greatest inpact on biological activity can be obtained by synthesis of a
matrix of conjugates varying size of the two polyners and the grafting
density. Note that while the surface steric |ayer function is due to

physi cal properties, the optinmal conjugation chem stry still depends on the
specific chem cal nature of the steric polyner and the 20 carrier to which
it is coupled. Methods for formation of the nanoparticles with the surface
steric polymer layer are also a relevant parameter. One enbodi ment of the

present i ”Vegidv?cﬂ:s 8 MG e S0 RN AR a‘é"@ﬁéxﬁiﬁélt}@du%lhgﬁ bEsRRLY BRired, t%hcoupl ed

to the carri polymer to give a conjugate that self-assenbles w t he
nucl ei ¢ aci dafldition tip sienapdpaertdostigg. Wi t h 25 the steric pol yner surface
ont o preforned

| ayer. Another e diment i.s to attagch surface cqati,ngs

nanopar t1cl s, 1 n 106 Prose niiopefist BEEH b B LnIPACY SPeREeFhy or
depends on i Qb&YAGEh PAFsiO, o EnsBEA] &6?&9&/ MRYetl sthelArddanlcQRBm&et on
penetration through a formng steric layer to react with particle surface.

In this dasehaeflegotepoutd ahdtermatized to BT yPhysicalstadiéd dnt spershlly btebidiaed i er

pol ymer to bi.nd the nucl eic acid payl oad may 30.have.adyers ffects on

bart 1ol e for Harieans atkerondstE e B R SRR RS R P R p&iaVEE B ccur o
the grafting tgaisymt 19fer bh®cHiRIdsed RAICHIFRE sifilat BRatiaad 61 Sthetypds JTave exceeded
its maxinmum or the structural nature of the grafting is not adequate.

Sur f ace ExpodaticlepgHAwsveravhids phygicasedies havaphosyelormgsian afyp sgnilarpelymer
nanoparticle ' | - . Lvely, 5
resides in i%égégfﬁ§?§&$%‘#ﬁé@%@P%”ggg%gs?gﬁ?g§%%§§¢iﬁ%%%%%@g&ﬁﬁfgke. Thi s
is proviked isimilar blgyies prpeitiey,end lacnsufficiexindeadationgadd o wsd &f theie bi ndi ng
specificity. Wi le many, types of |igands have been studi ed extensively for
targeting cophﬁlefiproasm%@r%?cgrﬁ@lmgct tﬂaﬁwwgbéﬁ%wﬁ BEPPEHicaRARIPIEfiNes . ~ Over
twenty yearSﬁ%QPmnﬁﬂkﬁﬂéﬂﬁﬁfﬂ%ﬁﬂﬂ&%ﬁ'Oped for coupling antibodies to the
ua

surface of |iposones, us y referred to as 10 i nmunol i posones. One
i nportant par anet ddvirlrad sthdss ereoggdicting tdvepamiplcbmpiexks wahdontddiedi ty. The

SRR T T e NN I N T
clinicalys dexpeARNER{on! B nth@l/p8somOfudaRtlis ARAraRM fhydichiGroptiidsiwiadi es tend
to neet many requirenments for use as the ligand, including 15 good binding
sel ectivity &reressest inppachon binkoginabirdivity combg ertainediby syngheyis oé e aptvk oand
conjugates varying size of the two polymers and the grafting density. Note that while
the surface steric layer function is due to physical properties, the optimal conjugation
chemistry still depends on the specific chemical nature of the steric polymer and the
20  carrier to which it is coupled.
Methods for formation of the nanoparticles with the surface steric polymer
layer are also a relevant parameter. One embodiment of the present invention
provides for methods where the steric polymer is coupled to the carrier polymer to
give a conjugate that self-assembles with the nucleic acid forming a nanoparticle with
25  the steric polymer surface layer. Another embodiment is to attach surface coatings
onto preformed nanoparticles. In self-assembly formation of the surface steric layer
depends on interactions of the carrier polymer with the payload, not on penetration
through a forming steric layer to react with particle surface. In this case, effects of the

steric polymer on ability of the carrier polymer to bind the nucleic acid payload may

30  have adverse effects on particle formation, and thus the surface steric layer. If this
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broad applicability of protein coupling nethods regardl ess of nanoparticle
type. Monoclonal antibodies even show signs of utility to cross the

bl ood- brain-barrier. On the other hand, they are not ideal. As targeting

| i gands, antibodies are very large proteins, about 150 Kd. This mnakes
conjugation to yield a specific orientation 20 difficult unless an extra Cys
am no acid residue can be introduced, or other unique site identified, for
t he chem cal coupling. Truncated forns can be used to reduce size but |oss
of affinity carpcoesne seditty dessify efithe senypolpmarsan the caroaswilldrye kegeededoiml i ng

property of antjbaodies | hel r Ltitude of..biological . activities, many
conveyed in don%?xﬁrémﬁlo?rtzlgét&ﬁtlggg%t%ePﬁglaer%ﬁﬁd%lsﬁltgﬁ%f?eﬁﬁ?te'Mi ch are 25 part

of their role in the manmalian i nmune system These i mune activities can be
expl oi ted but thefacabEsmosedbigandcTdredtimciSpedifie Tisamgparticle steric | ayer role
of avoiding inmune clearance. O her proteins that are natural |igands al so

have been consi der edsbifigfoftias @abpdrGeld &RBEH the Glt€@sor of teha@st dellgnsleedvely) f or
transferrin_receptor and Factor VII and Factor Vlla proteins and their

fragnents. Thesesidesantts abikify thandysed speeii weersey maliaied untples (Thiyis peayadedlin use
requi res consi 1 J t] s%g[:'f' q |L:RQ: Lstry,
coupling wt hogtﬁé ?%é%tg e%lﬂ&r{l |>ﬁeg£p§§etﬁlliﬁfa%{(§/s, lan%lelg%pg%? g&lg%lt%ﬁ\thggr Ictle

W t hout rei ntr aspiafdighnddhaee BdedatudivdexteAsipelef@rtngdtiind atlsidaf ddliveangstems.e
smal | nol ecul ar wei ght conpounds with stron selective bindipg affjnity for
i nternalizing regbptaye eliegongnrodissy Ovseysnbivsarragadhs e WsHevelapedisr i t es
such as vitam i p I 2 1 1 i ke wheat germ
agglutinin or 2(1% gF?/I:l(geflfg\?\nb@E&fogf#&e&gg?g%%foﬁ)ﬂgéng‘&%@g{g ?fgg t|%né(§i ng domai ns

i ke RGD f dp i niegmoliposoRept Ode inwfrfaet paaaeesthst Hag emk@sd irothe linmp@andf ligindc e
phage di spl ay i brarj.es can be ysed . to screen for natural qr unnatural
sequences, everfie\Rf‘fW\ b Sxfpgive 5‘&3&% ARGE BB Sucese Y BHAJY! o peay v Rods
can pernmit ret e RbdRR PR FltsiH vEYSndveRlaElRg Be sRIRE oPBEhilHr ease of
coupling regardl ess of sequence. The recent in vivo success using an RGD
peptide for tardsetlopmeatlfordaliyenyfofivmmab pendeculd drsgst o neovascul ature indicates
thi s approach can be, very. effective to neet. the jor r i rements..for
effective |igands: s‘?%tgjloﬁieff];egﬁg?‘r%?trlg)al}yﬁﬁgunéﬂ}’eeﬂ?@} 'ilsﬁtaéﬁ'f%gfggn A Cllﬁl(a%d

bi ndi ng or 15 ndugrd biddRmelclieay amamﬂmﬁﬂapf:g&aﬁ@i £ nkMB A9 GeRpa afiedi at ed
uptake at the target cells. 15 A preferred enbodi nent of the invention
conpri ses an R@ogtagp@gqhﬂgg of PEp4giE coupling methods regardless of nanoparticle type.

Monoclonal antibodies even show signs of utility to cross the blood-brain-barrier. On

the other hand, they are not ideal. As targeting ligands, antibodies are very large
proteins, about 150 Kd. This makes conjugation to yield a specific orientation
20  difficult unless an extra Cys amino acid residue can be introduced, or other unique site
identified, for the chemical coupling. Truncated forms can be used to reduce size but
loss of affinity can occur, such as with “scFv” constructions.
Another troubling property of antibodies is their multitude of biological
activities, many conveyed in domains not associated with antigen binding, which are
25 part of their role in the mammalian immune system. These immune activities can be
exploited but they also can interfere in the nanoparticle steric layer role of avoiding
immune clearance. Other proteins that are natural ligands also have been considered
for targeting nanoparticles, such as transferrin for transferrin receptor and Factor VII
and Factor VIIa proteins and their fragments. These agents can be good candidates

30  but their successful use requires considerable effort to identify specific coupling
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conjugate. The RGD- 2C ligand provides |ocalization at neovascul ature as wel |l
as tunor cells nearby tunor neovascualture, intracellular internalization
of the nucleic acid containing nanoparticles, and rel ease of the nucleic
acid giving effective biological activity of the nucleic acid. 20 Another
preferred enbodi nent of the invention conprises mxtures of |igand-
conjugates of two or nore |igands, or conjugates of two or nore |igands. A
preferred enbodiment of the invention conprises m xtures of RGD peptide

|1 gands wi thefgg ﬁ.néugf co&eé;hng @E&t‘ lﬁgsog"blﬁﬂfg Jcp@{?ﬁtahﬁgx orsﬁ:%%%%é ficghem cal

anal ogues. ARG ion co rrses mxtures
of RGD pept|dﬁh&ngaﬂﬁ@hMMQHHMngan&&mﬁ&:b|ndlng e-sel ectins. Another
preferred enbodi ment of the inyention conprises mxtures of RGD peptide

|i gands with apoBApraessdassof Higad ﬁa{?esﬁtarud’é‘ﬂf:?%rr‘éﬁ%}g cempoerriéw@aﬂtmng

anal ogues m xt ur es
of RGD peptf%mkpﬁé%% g&gf% g?ﬁﬁgﬁghﬂﬁpﬁ%?% |ng 1?%%% %ggﬁéﬁggghﬁﬁfat

t r ansf er 6i n, ngraapinytabeliteduch as elmﬂmﬂﬁ{e fRand dimirthmneﬁeepob'dacehﬂmids fient of the

30 invention conprises nxture t.hree or e of t ands. A
preferred 4613%586? ASHLgY of Irﬁ)’\é‘ﬁt Pbﬁseeq%r e ke %ﬁlﬁ Bags two or
more |i gandshlgetRGﬁefor AERLY Pépnﬁes‘?&fér aevregs%!gfé mg:?ag?@ffl Hﬂr‘s‘?nc%%%e @lp1zy second

domai n of said carrier. "Another preferre i men the Thvent -on
conpri ses ni Ktraresscanbe bsqgandereerofvr netatad sr uﬁﬁaelraxhsmumeesoévehlvg&wd voon j uat es

can conprise the |igands_cqgnjugated to he sanme carr.ier

opti onal 1y cesane R ST HiHgE <Ry dahack P PP E R L R PR hn

conj ugat|gs cafs ST ke bh@fdried@nI T o Yol @6ssto? s@l{u%ﬁ&r eie réht rn%@gent s

or optionally to different domains of carrier agents. The m xture of |igand

conj ugat es ﬂeSbBSlflgl rm R&D paptige fardargeied gelorescef nﬂeopamsl@ﬂgteme@vasmlatgm rier

agents, such S PE ol yacetal s H-sensitive. ner.s pol yam nes
or histidine ? gte% (%Cilgan °VerY %Ctgletomggtlt 7 on oF r%lrem?rﬁgaos of the

present i nveé’ffdcﬁﬂe pgmrs dq)ef;ﬁrc caeistry siat dbdsan mf:rfauﬁr hg:@ﬂwmcsmgwa iR@hcgner s,
pol ymer conjugates, lipids, mcelles, self-assenbly collo
nanopar t i cl edimuieclqagaice yetsnablps Selestvaieqeniar medipted upigke rtrtgeamget ellsect ed

nenoreL el o TSR MRS YOS RLHl B NP .

be used 15 domjugates ﬂélchG]DLéO ligany pivides ddcelizatian athseovfsctlaarpaseswehas | nvent i on

' nduci ng R[\I'A\I‘cumor cel?s nearby tumor neovascualture, intracellular internalization of the nucleic
acid containing nanoparticles, and release of the nucleic acid giving effective
biological activity of the nucleic acid.

20 Another preferred embodiment of the invention comprises mixtures of ligand-
conjugates of two or more ligands, or conjugates of two or more ligands. A preferred
embodiment of the invention comprises mixtures of RGD peptide ligands with Factor
VII proteins or their peptide fragments or chemical analogues. Another preferred
embodiment of the invention comprises mixtures of RGD peptide ligands With\ ligands

25  binding e-selectins. Another preferred embodiment of the invention comprises
mixtures of RGD peptide ligands with apoE proteins or their peptide fragments or
chemical analogues. Another preferred embodiment of the invention comprises
mixtures of RGD peptide ligands with tumor cell binding ligands such as folate,
transferrin, porphyrin, bFGF, and EGF. Another preferred embodiment of the

30 - invention comprises mixtures of three or more of these ligands. A preferred
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enbodi nent, a PEl-PEG RG (p ol yet hyl enei m ne-pol yet hyl ene gl ycol - ar gi ne-

gl yci ne-aspartic acid) synthetic vector can be prepared and used, for
exanple as in Exanples 53 and 56 of WO0I/49324. This vector was used to
deliver RNAI systemcally via intravenous injection. The skilled artisan
wi |l recognize that other 20 targeted synthetic vector nol ecules known in
the art nay be used. For exanple, the vector may have an inner shell nade
up of a core conplex comprising. the RNAi and. at |.east one . .conpl ex form ng
reagent. The vERPRFISTCE] GV EBiepPRPRSP dSORLERE OhBI LYy OTHEREALY E onpr | Se
a shell that Usm@n@RQCeict thd HFO1GEAHIBe SLIPhEXsecOid AR HAEPERrat ed
directly into the core 25 conplex. The vector may further have an outer

shel | noiety that stabihelprefsrehembediment ofabriinvetivaesmpuses peistureseibiga ng to

proteins and cell.s. .The,qut.er shel | ety may conprise.ahydrophilic
Dol yrer . and oSl Bo ThS Sk igee il gaN oS RBRabS faAh IRl 4h,,

nmoi ety may e @RGANE earicPadeRarkiptiotAIVhab € satiRelonRGT EithdByrri&R il Mixnde
targeting noi eti(,that enhances binding of the vector to a target tissue and
cel I 30 popul aff bgand sopugBescapspyenisnige Fameicagjugated toiifprentragriss agents fnd ar e

described in d i L Ny 4 I . d
nanop:art [ c: es ggﬁdg}% ﬁ%‘%&%‘)ﬁ? {ﬁa?/ﬂé{r mggn?&ﬁ%%%é?églﬁ%%%%ﬁ%%r esent
i nvention proviges faahgashiprieddso fanctesdichfudsgeht; oRER¢regdems, adcH asgdit@ledi r ect ed

nanoparticle preparations_of anti-VEG- pathway siRNA short dsRNA nol ecul es.
Fi gures 25 andP%a“seF?gW%P}Fré‘E”ﬁB‘dePSer“teﬁseOfa")Hﬁ‘ﬁH‘Pf‘é@F GisEdige-lyeas corO R sat ed

tissue targeted nan@pakddh&dsBioh Wat 'ﬁg\@.e T8 et biiR9¢dsi 9and, RGD
cont ai ni ng peptide ?A@%&?%@%ﬁ%% 4%?1 Hﬁg téﬁéﬂfuglgt edé to a steric
pol ymer such asdpmlispatity bERE Agtompdsingpolphérsy poppherrenisgates, hipids) mickles,
properties. This.ligand-steric polymer conjugate.is, further conj.u ed to a
pol ycati on sucﬁéggssg‘agl}'é‘?h\}@@ﬁ‘ég?ﬁaﬁg@y StBIE‘Jr?glg' S{?théﬁ‘é Pwp?ﬁflﬁﬁﬁoélhg%gféh as a
hi stidine 10 | ygbdi&d &&@gﬂ@[@g.-w e QRIHEUB Y BT 016 BN 1HRQy SN RMH 10T

non- coval ent bonds and the coval ent ‘bonds can be non-cl eavabl e or they can

be cl eavabl e sYCB0H49IY, wirigh éd heseby ineorpdsyted byl ueferencerigdtsestirethmay bajusrgat es
can, be PR <0y 005 R WG LSRRl DSy BN SRS VS
prepared for nmembbdiglett, h PEI-POG-RGON(pbEsHyRLEHItd-pelpe&hylene glycol-argine-
glycine-aspartic acid) synthetic vector can be prepared and used, for example as in
Examples 53 and 56 of WO01/49324. This vector was used to deliver RNAi
systemically via intravenous injection. The skilled artisan will recognize that other
20  targeted synthetic vector molecules known in the art may be used. For example, the
vector may have an inner shell made up of a core complex comprising the RNAi and
at least one complex forming reagent.
The vector also may contain a fusogenic moiety, which may comprise a shell
that is anchored to the core complex, or may be incorporated directly into the core
25  complex. The vector may further have an outer shell moiety that stabilizes the vector
and reduces nonspecific binding to proteins and cells. The outer shell moiety may
comprise a hydrophilic polymer, and/or may be anchored to the fusogenic moiety.
The outer shell moiety may be anchored to the core complex. The vector may contain
a targeting moiety that enhances binding of the vector to a target tissue and cell

30  population. Suitable targeting moieties are known in the art and are described in detail

in WO01/49324.
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15 polyners, such as NHS-PEG NHS conmerci al |y avail abl e reagent (Rapp

Pol ynmere) or hono-bifunctional agents prepared for manufacturing. One
preferred enbodi nent of the present invention conprises use of a
hono- bi functi onal NHS- PEG NHS agent, such as a reagent conmmercially

avail abl e from RAPP Pol ynere, first to couple wwth an RGD 2C peptide
prepared by solid phase synthesis and send to couple with a 20 pol yam ne
cont ai ni ng pol ynmer such as PEI commercially available or a histidine- |ysine

copol yner pr gpar egrrsin §f ROPE8 &Y DLbyRPhsicIANoLaeinPVEGCE Y RdL ment  of
the present invention conprises a first conbination of an RGD-PEG pol yan ne
conjugate with a pweyabodiaegbpithepresenydtycason peyides campoiskionsanfemptigdne

copol ynmer, and eco Inat i the,sai I [ .2%5-m ewth a
second m xt u?%rlg‘fﬂ’ﬁdg?ﬁ&e%ﬁg%‘gnﬁ%ﬁegg ?’réoé)sagmk@Jgﬁaﬁgﬁoo%n%g%%%g%aﬁ%@' pol yrner
conj ugat e, OfiRNARKGrEHIIRNA nivlecules e Fipfired 25ahy 16 sh@o B jmegaidefomihe h ot her
polymer, lipid, or mcelle such as materials conprising a_ligand or a steric

pol yner of  mpssiere plRGP mgriated 41ssus tarepisd naRansFticds ¢rytainBeg BN 4 ¢ aci d,

i n one enbodi m r p i (ﬁl@@ﬁ it QFRE: M est, in
desirabl e ratﬂﬂggatrgﬁ{}lgét&lgl i ﬁﬁ%ﬁ%@%ﬁ?@@?ﬁ@ at 1é/forﬁbai n s?)RﬁEANbggg@n this
enbodi nent, natwpaateded estese polyorenadhhy pblgytdykede plyndpardthalpelygedrs withssenbl y

conprising m xing the polyner, copjugate and the nucleic acid. n- coval ent
el ectrostati élrﬁllﬂ’t‘@@‘i’@meéﬂ Hl%él@%ﬁﬁe%@%@@raqu 1§ BePIEAIcdit® 2aci d and

the positi V%Bb&c&tﬂﬂsﬂ@l@asgﬁﬂ leriminB®r BRLY SRLctiCOMatdial QicH bl ¥ Rislifife-

sel f-assenbly process 5 that |eads to formation of nanoparticles. This
process lhvollyses ®polyiner.nThd cogyughtes wan besaivalehorranontvevadembonds andtbe sol ut i ons

taining th i id i dded t th | ut | taining th
colymer con; daute pordsaane pyToR vk dbEandE FlenP e iR 3 f kst drent
the ratio betyweemcing@ghasi Tho/@njugahRatathk srepReNeith he@pAbifiiRpRIat | vel y

charged conponents in the mxture is determned by appropriately adjusting
the 10 conced@phyaicrspechats ag dEHS-BBCuY P epmaeras)lyavpilale regeem ENGgaipe of

sol ution add%@teré-&ﬁgx%pé?ﬁﬁ ?iéen?sg]?r%gzlrg&% mah{lfBchiiRe SRl }ﬁﬁ%o-é‘i%@cgbffﬁd. under
conti nuous flOw condlitlrons® u m X1 ng appar at’us such as static m xer

(Fi gure £%). pblynich, Suchra H SR RG-NHBR oftimerdinltyeaadlhblt reagentdRapp Pdlyaeeged into
a static mxer_at rates and pressures giving a ratio of _the sol utions,
where the st PEhpoGHURG onal agrats gespare fargmaguiaciymen Onspagfpredpigdiment

of the present invention comprises use of a homo-bifunctional NHS-PEG-NHS agent,
such as a reagent commercially available from RAPP Polymere, first to couple with an
RGD-2C peptide prepared by solid phase synthesis and send to couple with a

20  polyamine containing polymer such as PEI commercially available or a histidine-
lysine copolymer prepared by solid phase synthesis.

Another preferred embodiment of the present invention comprises a first

combination of an RGD-PEG-polyamine conjugate with a polyamine polymer, such as
PEI or a histidine-lysine copolymer, and a second combination of the said polymer

25  mixture with a second mixture of dsSRNA oligonucleotides. A solution comprising the
polymer conjugate, or comprising a mixture of a polymer conjugate with other
polymer, lipid, or micelle such as materials comprising a ligand or a steric polymer or
fusogen, is mixed with a solution comprising the nucleic acid, iﬁ one embodiment an
siRNA targeted against specific genes of interest, in desirable ratios to obtain

30  nanoparticles that contain siRNA.
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15 Arrangenents are possible for mxers to he arranged in parallel or in
series. E. Conbined Fornulation and Electric Field For certain
applications, RNAI may be adm nistered with or without application of an
electric field. This can be used, for exanple, to deliver the RNA

nol ecul es of the invention via direct injections into, for exanple, tunor
tissue and 20 directly into or nearby an angiogenic tissue or a tissue with

neovascul at ure. TheInﬁhﬂ\'ﬁbJHMer%dn@pﬁh@lHé 51%%1%1&%ﬁ£@e?&%dn8ﬁdru&@§élfer such
as, for exanple, a saline solution or a buffered Sallne solution.

present i nvent isssembihosnyeme mixing e pelyimsedinjugaid dndilee oundiee &IldIOHOIJFDI‘ e

dily b f t he. f.0 h d d
Of 111 st at | oSt e R o s Rl gy cptestn Bl e "
invention. 43 EgitRb§TharEdsRhRnflof (HUPRYmEN Qtfdatedivlitid &H-am&ﬁblfﬁmés@atl on

use of siRNA dupl exes targeting VE and Bevaci zunmab (Avastin) agai nst
VEGF. Materfal thaideadethiodnation qﬁ@agmaﬁyleSA\Téﬁpr@pesmmkypbﬂ@pleamxmmdywaga| nst

VEGF (25 ng/ m al_nst S, VEGER?
MGCTCAGCACACA@&@@%‘%ﬁ%é% SRRe %’?)Cont(’go Aﬁ?&%&&?&%@ﬁ%@f%@% SEQ I D
NO 248); si RNAlutigachgbiningahd gilaner doQjuagreipllovisdet drikton@gRnodtirdnd @roas
2,2,2, Tribronoet hanol and 1.5mL t-anyl al cohol (Cat# T4840-2, Cat# 24048-6,

Al drich) in 10GmHoddnaithe ratip bekesn theslosmlz@mcaargmommné@s and thy masativelynl e

(r:“cj)g\e/enmt |anal I y% %g}égl nv ‘%ﬁ"&é I S(r?\%lxﬁly‘%ﬁ grgmeﬁ Bg]agl %M ?’%?J(aﬁ;}%;ﬁriﬁgndt tee on

t he Care o010 Lahonemnatyordnif adhsoReisn uf byesdjustﬁgmm scflﬁma obfolitichead@ed. dnces,

Nat i onal Research Coun anl facility. o Bi omredi ¢ Resegar ch
Institute in REERPFY ¢rad %%mwa afyesql uﬂlcrrv aaecteer@éw%ea CRYHTURES ﬁ‘swm%ilﬁ%n

Associ ati on of I | AR I e,
DLD- 1 (cq-zzl,ds%%%lah%a%p aggﬂgggﬁﬁh%@&%&c Eﬁ‘iérgm i u21 HELE rﬂ\/ln%%'t g“l”hltogm ne,

1.5 g/L sodi umtb@rcao]luumwtaee indroBuagd lintg Iautahsmmdlﬁtt e sHBPRS;sswaedgiting amifio gfodi um
ruvate, 10% fetal bovine serum Pro .C near confl uence
\F/)v)ér e harvest e(:j t %%Pl?téqé]ﬁ’s nlé‘ﬁ%iﬁlﬁ SHTRATESQ u oms get mlxeRvE&un%he Satit Taixer.

15  Arrangements are possible for mixers to be arranged in parallel or in series.

E. Combined Formulation and Electric Field

For certain applications, RNA1 may be administered with or without
application of an electric field. This can be used, for example, to deliver the RNAi
molecules of the invention via direct injections into, for example, tumor tissue and

20  directly into or nearby an angiogenic tissue or a tissue with neovasculature. The
siRNA may be in a suitable pharmaceutical carrier such as, for example, a saline
solution or a buffered saline solution. The present invention, thus generally described,
will be understood more readily by reference to the following examples, which are
provided by way of illustration and are not intended to be limiting of the present

25 invention.
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20 free RPM nedium 2) Mce were anaesthetized with Avertin, 0.4nm/nouse
i.p. 3) 100 mllion cells in 0.1mM serumfree RPM nediumwere injected into
mce back s.c. on the left flank for establishnment of xenograft tunor
nodel. 4) 5 days after inoculation of tunor cells, sizes of grow ng tunors
were neasured with a caliper. Mce were then randomy grouped into 6
groups, 8 mce per group. 5) Experinent 25 design and dosing schene were as
following. 6) Si RNA was delivered through tail- vein injection after been
formed a conplex with RPP. Table 1. Hegimpes of anti-angi ogenesi s si RNA/ mAb
treatment of DLD-1 tunor nodel G oup Days Day-6 Day-8 Day-9 Day-1l Day-12
Day -14 Day Example Ly Tusidriko ®tiRMAilsitibiAvich deitbindtitin €s2-of AURISA idupkhxeat i n
Avastin Avashigeti %m@man@emaﬂm;ﬁe«%ﬁmgﬁhm@mﬁm i RNA si RJ
?v[onse- Muse- use 34 -Muse-19gG + VEGFR2 Muse-1gG si RNA JoG si RNA | gG
Si RNA 1 gG siNfiterisfondwashddd. + Loc-si RNA Avaslin ' RNA Avasrin si RNA Avasrin
si RNA Avasrin siRI Go-1-zstin+tVEGPR2-si RNA Avastic si RNA Arastin sifiNA
Avasrin si R%a@é&ﬁ@r,k{’agﬁh %iondgﬁfnﬁi :In'ﬁb@d[!,da@rﬁPVE@'PﬁAs ilng/Bﬁ@iehbtgéjH)d di rected
SR

nanoparticle carrying VEGF R2 specific si RNA d tsélf was able to
achi eve t umlRlﬁA@g@mSHMSb VE@R@ﬁQ@?HWéﬁ@MA@@@%@GﬂEAGAﬁA&MﬁQs

ant i angi ogerSerd PG Sty Ko GaRe PR R ansrq Dk e Che Vecr

nmonocl onal  aNAGH gbﬁnétm?@ferd%@@)ﬁtg@g ARértia Rgde 9E NESirsm 2,2, ESHbloiidgthhdlt her
tumor growt h inhibition gfure 1 . Al though many bi ocheni cal pat hways
q

may be cri tiagdll. ﬁnﬂd@pb’héﬂéﬁh yCaitt 486@ Releattt @40 $0$1dﬁ©h)|lgr¥ﬁ%ml distPl asia, it
Is wdejy ag kaqé)mgpctq)%gs I}zﬁg’; el\?%?.e}t%g%ﬂgfe%ﬁ@&éde%u g Sctr '6tv{reeﬁL fdo{}ve%r owt h of

many types of'éanc - angi o neS|s’ Ras naturally

becone one q;furdhhﬁ:drfﬁﬁlﬁ TAG@ECehddoass JoﬁVentlbﬂﬂW Alt ugeagu&émﬁﬁmwed Anong
many factors invol ved in neo-angi ogenesis A VEG- is believed an inportant
cont rol | i ng guitelipgs of tlee Geramitegon heCeR b LabUatOHAREIELRSSEUBE . ect @i vi ng

clinical bergfihisgsn 8ENie g@i@n&@f, MR Kese 2 PBARECARE animal facility of
Biomedical Research Institute in Rockville Maryland is fully accredited by the

15  American Association of Laboratory Animal Care. Cells: Colon carcinoma cell line,
DLD-1 (CCL-221, ATCC) was grown in RPMI 1640 medium with 2 mM L-
glutamine, 1.5 g/L sodium bicarbonate, 4.5 g/L glucose, 10 mM HEPES, and 1.0 mM
sodium pyruvate, 10% fetal bovine serum.

Procedure: 1) DLD-1 cells near confluence were harvested and resuspended in serum-

20  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) Experiment
25  design and dosing scheme wére as following. 6) SiRNA was delivered through tail-

vein injection after been formed a complex with RPP.

Table I. Regimen of anti-angiogenesis siRNA/mAb treatment of DLD-1 tumor model

Group Day-5 Day-6 Day-8 Day-9 Day-11  Day-12  Day-14 Day
G1 - Luc-siRNA SIRNA SIRNA SIRNA siRY
G2 — Avastin Avastin Avastin Avastin Avastin
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15 anti body agai nst VEG- and denonstrated to inhibit growmh of colon cancer.
The conbi nation of NV targeted VEG- si RNA gene inhibition shows evidence of
bei ng additive with an antagoni st therapeutic when admnistrated in a

conbi nati on protocol. 4. The exanple shows the great benefit of using gene
inhibitors and with 20 antagoni sts such as mAb inhibitors in the sane
treatnent reginen to inprove the therapeutic outcone. 5. RT-PCR results
directly demonstrated that the VEGFRZ, nRNA level in the  tumor sanples
treated with tRhe ”ﬁ%’ﬁgp@?u cle deli vﬁ%sa VEG:Rfﬁg?oeci fic R’%‘u RNA hatt
dramatically down regul ated, conparing toitshe expression |evebs-in 25 the
untreated tunors (Figure.2). 45 6. |nmunghi staol.ogi gal chem stry (1 HG

anal ysi s) indiggﬁgd ' gﬁxﬁﬁe %?bgéiﬁqggvgﬁ knéggdgah hégibcé%rredg}or
VEGFR2 and CD3%s whisphle-ging mankeér f ofNpneovesipastih atiusie (ERf/\guresi8) siki7.  The
ELI SA nmeasur e I(?— vas 9 iE Nf{) 4 pl;\]v%tinaCt I $1 I\It\y /!vzﬂtint h«l%‘\lpl Q\(\:/)ggns%QP\l e%v&!ﬁtrl OE&J S
nanoparti cl e/ GER? s RNA treatment alone and in combination wth A

did not show any significant (detectable) upregulation or induction of |FN
activity (Figuﬁéﬂﬂﬁémﬁﬁbﬁﬁﬁﬂﬂhg that the inhibition of NV and inhibition of
turner growh was not due to a non-specific interferon-nediated effect.
Summary 10 Thi 9- exam$ildligandedirecigd @agnapaeicly wsing YROER2i specifie SRNAARNYes
conposi tions and tr : WM L] 4 ferring
GSRNA ol  gonual cot | Bec o R bR oo CRor Brosi RS M bt iRaled Bl thicT

anti bodi es (MAb) i nidtheesagadiitanent (Fipurd Bgiiteonly Bheyke siRisAagent s i nhi bi t
bot h expression of disease-causjng genes and . bi gl ogi cal_functions

f
di sease- causi ng- pr ot SIS N pzhaged anHgngipecapinrdivey { haBsipelYF e R3) was F@%E)y. I'n

addition, the exanp ' i ' A\ : ing both
the ligand (e.g. VEEFZEgﬁﬁkﬁ?giﬁg%g%?%?ﬁ%@ﬂ§g§géégyg%?ﬁﬁg%%b%§?%%ﬁ§#§ective

i nhibition of a par résaliingfuithen hogireadwihankibiipn (Bigoee 1angi ogenesi s pat hway)
t hereby providing reat ment .i nhi biting diseas t.ogression. Therefore,
conbi ned " appl Peati ALOGEH RN BPHGTEL R YRYS B Bort e ARG pot ent
and targeted bi ol ogig@dctively for malignant neoplasia, it is widely acknowledged that neo-

10 angiogenesis is critical for growth of many types of cancers. Therefore neo-
angiogenesis process has naturally become one of the most targeted areas for
tumor drug development. Among many factors involved in neo-angiogenesis
VEGF is believed an important controlling factor and one that can enable a
therapeutic effect giving clinical benefit as achieved by Avastin, a monoclonal

15 antibody against VEGF and demonstrated to inhibit growth of colon cancer.
The combination of NV targeted VEGF siRNA gene inhibition shows evidence
of being additive with an antagonist therapeutic when administrated in a
combination protocol.

4. The example shows the great benefit of using gene inhibitors and with

20 antagonists such as mAb inhibitors in the same treatment regimen to improve
the therapeutic outcome.

5. RT-PCR results directly demonstrated that the VEGFR2 mRNA level in the
tumor samples treated with the nanoparticle delivered VEGFR2 specific
siRNA has dramatically down regulated, comparing to the expression levels in

25 the untreated tumors (Figure 2).
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20 inhibitors, RNAI and mAb, is a neans for effective treatnment of NV

di seases including cancer. Exanple 2. siRNA-nediated VEG- silencing in
vitro and in vivo. Human VEGF 165 specific si RNA was transfected into the
MCF- 7/ VEGF165 cell (hVEGF over-expression) by Lipofectamne resulting in
knockdown of hVEGF 25 nRNA in the cell (Figure 2 upper panel). Using an
el ectroporation procedure, MCF 7/ VEGF165 cells were transfected by hVEG-165
specific siRNA, resulting in dowm regulation of hVEG- expression as
determ ned wd h anmbuhGfis@hgidkhemis¢HC h@l&s‘sﬂi(ﬁﬁﬁ@tﬁecﬂhmhé protedn RMAL wer e
del i vered through |ntraturmral adm nistration repeat , the growth of
MCF- 7/ VEGF165 cel Knpegawadaxesryge fthVF&F%%ﬂ% ngﬂ@ﬁmﬂ@aﬁqrwo
inhibited. This i urther validated when the tunor tissues
were col |l ected fo?lla%ctea!saﬂrggl:ﬁ%% MRNA expression which resulted in

si gnificant down rithgHLa$A areabasmentdor IRN-20k anigity &1 the bldedngmplee fioare

hVEGF165 _specific si RNA able to denobnstrate tunor growth

i nhibitioh with h@é@@“&ﬂfé%@%@?ﬁ%@t%ﬁ%%% Horbipatisedvity 483 cel | )
xenograft nodel, tAVaE’tHE|&1cf5not%&Rﬁ%ﬁﬁﬁgxﬁﬁé@n@tﬁé&a‘bl@ﬂ? eFﬂltaﬁ@ﬁ B%Qﬁ&ﬂoh%f with
seven day inter val . Each i njection requires he specific siRNA in

15 to 30, uL of RNABN aftigty (§q;snen%|)sllslmaung that thuE)&abmbleoi?,NVZEdmds@pan of bl unt ed

doubl e-stranded si RNA is L 1E{l)than uI ar. 19 bas Si RNA wi th

3 "overhangs i n siTRRg Arght dgeind BrprstBP HAtaor pRERSTEN o i R
transfection studies, the MCF/ 165 breast cancer cells overexpressing human
VEG- ( hVEGF) suafneagransfect ed with either 25 basepair blunted

doubl e- stranded si RNA ( hVEGF- 25-si RNA-a, hVEGF- 25-si RNA-b, hVEG--

25-si RNAt®, Luc- 25hsd RbdpledllustQtddAssiadent HivEOnW ittprévid@veipasiasny HMEG--
si RNA-a, GFP-si RNA-a) using an el ectropor ation nedi ated transfection nethod.

15 4x106 MCFretBisded traptraent of panseispisherdl| interiomng,isRofA thegilctq\asne
El ect roporatl j ected
to electr opor a Pl(t)(%y I{ ¢ ea]:{1 %ﬂ?shirﬁ%ﬁ%gg) &ntﬁ gdlje%gn‘gir)e oe(r’j‘sral ot %%&%g (BTX,

Fi sher Sci entrédimen,. w%ethepgérammi&oﬁloéxﬁrmloﬁIoédismpmammg)gbnag &id vol t age 500
v; duration of pul se 60 us%(égul se nunber 2; pulse.interval 1 second. The
transfected @l P%lc%léﬁné’t@%% Sepgs- WS%%II’F“?}P%F%S“?G‘%&? ephagesttheRapeHtics x 104

cel I /wel |5 an %ﬁ?&é@.ufneﬁdﬁfon?‘t?le gxérﬁ&ﬂy Bﬁ)tvﬂfes Wdstratoh &%@ﬁnuléﬁle&fhly blocking
both the ligand (e.g. VEGF) and its receptor (e.g. VEGF R2) to provide effective
inhibition of a particular biological pathway (e.g. angiogenesis pathway) thereby
providing a treatment inhibiting disease progression. Therefore, combined
applications of inhibitory activities contributed by two potent and targeted biological |
20 inhibitors, RNAi and mADb, is a means for effective treatment of NV diseases

including cancer.

Example 2. siRNA-mediated VEGF silencing in vitro and in vivo.

Human VEGF 165 specific siRNA was transfected into the MCF- 7/ VEGF165
 cell (hVEGF over-expression) by Lipofectamine resulting in knockdown of hVEGF
25  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.
‘ When the hWEGF165 specific siRNA were delivered through intratumoral
administration repeatedly, the growth of MCF-7/VEGF165 cell induced xenograft
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hours post transfection, the culture nedia fromeach well were harvested and
the concentration of human VEGF protein in the nedia was neasured using a
comercial hVEGF EKI SA kit (R& Systens). W observed a significant
stronger hVEG- target gene inhibition in 25 25 basepair hVEG-- si RNA treated
cells than that in regular 19 basepair hVEGF siRNA treated cells. There was
a nore than 75%reduction of the secreted hVEGF protein in the culture
M T e e Rt W

an about 60% hMi(drtipsued kR bBeuat f()@&s@rbSWE@H ntﬂl\AQhﬁ@Sﬁﬁiﬁlﬁﬂﬁiﬁ,ﬁ@d%&muWﬂt h
regul ar 30 19 basepalr hVEGF- si RNA-a. Both non-specific sequence control 25

basepai r bl unt ggpifigriBpen é@tau}a?ﬁeeaaeﬂmm PUB-apalysip RNaPE dre seeglVACIGER- si RNA
th 3' - h f RNA

Uranstect on canaries A i B B bR YR SALEEP LA ARy \CUEROR <

doubl e- st I’5ndeﬂlcﬁim@qlmuﬁtﬁﬂﬂuﬁﬁn(ﬁh@ﬁ@ﬁsed 145arcgt xcgepalisidden chrogetds | n

anot her one of in vitro si RNA transfection studies, the MCF/ . 165 breast
cancer cells o’(ﬁé?”é‘kdp?dé%”éiq%ﬂ%émwB(WVI’—:@i‘)cn\%? Etevaln Sk IBEIaR t h e t her

25 basepair

si RNA- b, hVEGF%%? 1%11%{{5{@9@?)% Wo‘goml@' {%@gm%b% %ﬂﬁ\&\\fﬁgﬁ“‘éﬁ‘

over hangs (hVEG-- si RNA-a, GFP-si RNA-a) using an el ectroporati on nedi ated 10
transfecti on nExduople M)&ﬁdﬁsmbmﬁﬁedGEdbbe-mmledeﬂ%ﬂSAémdmde pote@Othapl of .

Ssi PORT si RNA HgabirrlOpeseiaiosiRBUX with 3(-Antthangs inf silenlcing tdrget deng expreSsigag si RNA
and then subjected to electroporation treatnent using an El ectro Square

Por at or EQWB30 ( BTIX,onkio$ herirr&SeiRNWA irhhgfgction bxdjzartaer®IEH/ 165 breadtheancer cells

el ectroporation are: voltage 500 v; duration of Pul s&ﬁ?& us; pul se nunber

2: pul se i nt er YEIrEXPIESEag 1a1TN§CtFr(§X§F@W@ae tEamsfegted gvi SeuRfEePdo 24- wel |

piate at a denﬁl‘uﬁééd%uﬁé &Qﬁd@@kﬂﬁxﬂ@kﬂvﬂﬁﬁ 254 IWA%%?EG%%%RN%%‘WE@F with
5% CO2. At 24, 48, 72, 96, and ours post transfection e culture

nmedi a from eachs s@lNA oene-1asiRbet) ed labaisepmpkla«b@dwwhﬂhowrmgs GWEGFe nedi a.

The concentrat VEGF.protein in he vest e f various
time points nﬁﬁlﬁ E)gusérP Topgpt ‘Pﬂ/@g‘ %&It%ﬂs ’ton(“F?%Eﬂad The

si RNA medijat ed4)(106 MCF 7/165 cells were resuspended in 200 ul of siPORT siRNA Electroporation

Buffer (Ambion) mixed with 5 ug siRNA and then subjected to electroporation
treatment using an Electro Square Porator ECM830 (BTX, Fisher Scientific). The
parameters for the electroporation are: voltage 500 v; duration of pulse 60 us; pulse
number 2; pulse interval 1 second. The transfected cells were seeded to 24-well plate

20  ata density of 5x10* cell/well 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 VEGF protein in the media was measured using a commercial
hVEGF EKISA kit (R&D Systems).

We observed a significant stronger hVEGF target gene inhibition in

25 25 basepair hVEGF-siRNA treated cells than that in regular 19 basepair hVEGF
siRNA treated cells. There was a more than 75% reduction of the secreted hVEGF
protein in the culture media of cells transfected with 25 basepair blunted double-
stranded hVEGF-25-siRNA molecules at 24 hours post siRNA transfection, compared
to an about 60% hVEGF protein reduction observed in cells transfected with regular

30 19 basepair hVEGF-siRNA-a. Both non-specific sequence control 25 basepair blunted
double-stranded siRNA (Luc-25-siRNA) or regular GFP-siRNA with 3’- overhangs
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20 hVEGF knockdown was normalized with the hVEGF protein |levels nmeasured in
cells treated with respective non- specific control si RNA. W observed a
significant stronger and el ongated hVEG- target gene inhibition in 25
basepair hVEG--si RNA treated cells than that in regular 19 basepair hVEG-
SiRNA treated cells at every time points tested. At 120 hours post si RNA 25
treatnment, there was still a nore than 60% reduction of the secreted hVEGF
protein in the culture nmedia of cells transfected with 5 pg of 25 basepair
bl unt ed doubldét sétrasfoctedEGR WEtEssitn undeRhiAsamid @RNAesanstotipacedition an | ess than
20% hVEG- protein reductron observed in cells transfected with 5 jig of
regul ar 19 baEERED- hVEGF- siRNA-a (Figure 8). W al so observed a

dose- dependent si RNA nedi ated hVEGF 30 gene inhibition for the 25 basepair
bl unt ed doub' nﬁﬁé@”ﬁ'?gas@ RFTmed YEhhle. JHAAEN RNA AR aBASE S BloAPted
observation, Jhe %éw | unt ed doubl e-stranded RNA

nol ecul es not f |ves stronger target VEGF gene inhibition, but also
results in a signi r t gene
|nh|b|t|6ﬂ For éﬁb%b ronQQE&1Wg§&?5¢QﬁP%k%§E%§ﬁﬁk¥? ég%gzl?iggﬁ%0@thEGF

protein r eduehm@ﬁcéilsaﬁ/bﬂeﬁmegkmgshmnmeQﬁVEGB}Ma{re th8sfbas@with eithdfEGE si RNA,
at least 120 hours of nore 60%re &vptron of rote i.n. was achi eved using 25

basepai r bl udPdgsaat;Bluatedidoyhigesiran E@ﬂqél(ﬂ@ FRReBNSr& h'MBE-35 pasepai r
bl unt ed dOUb%ﬁu&&ﬁﬁHQE?g%%ﬁ?ﬁyﬁgggggE§%%Rg%gB%1éﬁ&£ﬁ§r9ﬁﬂﬁxapﬂbb'tor t hat

can lead to nore signi i cacy Additi onal T nformation
i nclude (1) luerh2iesshRNEFRERNARe (HPguiRNAea)afsingsarietrojdratsdr madiated

5 1 CCLUBEOCHEER AR A RS Tsps s sy n A0y HESRIORT ria  has
251) “and ant e e B AT T ) (BB Ko 252)

(3) GFP- si RNaubjegted Weelecy@p@@qmmaém@it usigre&lentrodigyare Porator ECM830

5' - r GCUGA CAUCATT- E D 53 nd ntrsen nd,
5' - r GAUGAACU %"1"1‘@ ﬁaﬂeﬁf hez‘%%?f)?mp?‘%?o’h Rl B ¢
St -r( CCAAGJG&UH@GA@E&%M@M@ nmbdr SERIIkEinNG a1 dS2dond. The transfected cells

15 were seeded to 24-well plate at a density of 5x10* cell/well and cultured at 37°C

incubator with 5% CO,. At ’24, 48, 72, 96, and 120 hours post transfection, the culture
media from each well were harvested and replaced with fresh culture media. The
concentration of human VEGF protein in the media harvested at various time points
was measured using a commercial hZWVEGF EKISA kit (R&D). The siRNA mediated |

20  hVEGF knockdown was normalized with the hVEGF protein levels measured in cells
treated with respective non- specific control siRNA.

We observed a significant stronger and elongated hVEGF target gene
inhibition in 25 basepair hVEGF-siRNA treated cells than that in regular 19 basepair
hVEGEF siRNA treated cells at every time points tested. At 120 hours post siRNA

25  treatment, there was still a more than 60% reduction of the secreted hWEGF 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% hVEGF protein
reduction observed in cells transfected with 5 pg of regular 19 basepair hVEGF-
siRNA-a (Figure 8). We also observed a dose-dependent siRNA mediated hVEGF

30  gene inhibition for the 25 basepair blunted double- stranded hVEGF-25-siRNA

molecules.
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Exanpl e 5. 25 base pair blunted doubl e-stranded si RNA efficiently knockdown
20 human VEGFRI and VEGFR2 expression in vitro. Three 25 base pair blunted

doubl e-stranded si RNA specifically targeting human VEGFRI were transfected
in HUVEC cells through el ectroporation. The nmenbrane bound VEGFRI and free
extra cellular fragnent of VEGFRI were neasured 96 hours post transfection,
t hrough ELI SA assay. The VEGFRI-si RNA 25 dupl ex a denonstrated the strongest

VEGFRI si | enci ng actpai by oufQIRRLESh, HR 15Vise g&irhﬁﬁm@d KNB1e-frahabdt YEeRL]s.
lysate protein and the free fragrrents inth cul ture supernatant

sol ution (Fi gureRNAamdedd§s nonhely girsis agtrohger sage VAP parchntibitiendiunalse t hr ee

25 base pair qunted doubl e- strand etin

found al |t hr o I8 SEREARIP TSt G B Ll B ere gV B RS (Mo T oa
hours and 72 30c:agiples chfSdred foddndf £ELARN0L hOR tRAI 6U% hVEGHYrSteihlbductié® Exanpl e
6. 25 basepair bl unt ed doubl e-stTanded si RNA nedi ated strong anti- tunor

ef ficacy i n5NDA@WBN%BSIB@EQQpﬁf%uhuh%baszﬁalbla‘éﬁﬁﬁlsrmbﬁg lesistRINA houys| of xnore
targeting humanVGFlS ne se dem) trated.stro tivi of
tumor growh in O/E efd’u?)tlon PFFm “ﬁ 5fn§?f7%5b aserﬁalrb o J‘(Qqu%f n‘itie}sat rations

of 10 tg every BVE@Y siRNA JUh&eb2d, theUZSI ngef;ﬂlrmned\@mb%rahd@laﬁRNAad%@mﬂﬁHm
cell line known having hi gh expression of VEG- and bFG- proteins. Exanple

7. si RNA cockt aqtent &g igepgyinkbear th‘?/‘E@F@déﬁﬁlOi}E@RﬁC@é Hezapiestic eieaEypot ent
h f th f
than any of the '”d'Xéloq &l ﬁif%t&@f%ﬁ.{dc? ecen ﬁ&ﬁN?\ha%qges%g?&ng “Q‘halo HSV

i nduced ocul ar neuvascu ari za enon t the
si RNA cocktlai | aend &t fGGQASJCRB%G(E{(@QGCA@GlE@ALME%E@IEN@EMnGan
achi eve nore potent antiang enesi s cac% than o y(r(ré getl nqﬂone of

I

t hose genes, atal’ct‘ﬁ‘é“%é‘i‘i@d&osrg QUQQCF%%% m&fi}‘%@g@e dPEQUENG: t hi s

approach, we ar h fe e at hway whi ch pl ays
the key role fO?SOZ,;{t ﬁ%{]ggﬁcsgkﬁéﬁgﬁagé%%ggﬁéc% IQ?%E/E?: tlr%& @HSV DNA t hat

cont ai ns abundanfCEAGAGGEIGGUNORCAIMETC) GEQADAN I 215@) At arftisense amatidnfiuce
(nepotent_angl s050EL St Bk iSCH B AR R SR RN
angi ogenesijs.  sequence of (sense strand, 5’-rGCUGACCCUGAAGUUCAUCATT-3’ (SEQ ID NO:
253) and (antisense strand, 5’-TGAUGAACUUCAGGGUCAGCATT-3") (SEQ ID
NO: 254); (4) hVEGFR2-25-siRNA-c:
5’-1(CCAAGUGAUUGAAGCAGAUGCCUUU)-3’ (SEQ ID NO: 255).

Example 5. 25 base pair blunted double-stranded siRNA efficiently knockdown
20  human VEGFRI1 and VEGFR2 expression in vitro.

Three 25 base pair blunted double-stranded siRNA specifically targeting
human VEGFR1 were transfected in HUVEC cells through electroporation. The
membrane bound VEGFR1 and free extra cellular fragment of VEGFR1 were
measured 96 hours post transfection, through ELISA assay. The VEGFR1-siRNA

25 duplex a demonstrated the strongest VEGFR silencing activity, compared to two
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

30  hours post transfection time points (Figure 11).
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A conveni ent nodel was al so established in which bioactive CpCcontaining 20
ol i godeoxynucl eoti des (ODNs) were al so shown to i nduce neovascul ari zati on
via the induction of VEG-. This nodel is used in the present study to

eval uate the therapeutic potential of RNA interference (RNAI) to suppress
VEGF expression and responsiveness. Material and Methods 25 Reagents
Phosphor ot hi oate ODNs were kindly provided by Dennis M Klinman (Biol ogies
Eval uati on and Research, Food and Drug Admi ni stration, Washington, DC). The
sequences of Extmphal6af26bpsepbhisblusted domblekitarsied diRMa meedidté¢d 8{rong @k CGT TGA
(SEQ I D NO tanfor, effivady Hb MDA GIBAGAREIdAGHAGhmoBEQ | D 30 NO 257). Subsequent
studi es were perfornmed using an equi nolar m xture of ODNs 50 1466 and 1555.
Mol ecul ar Desi gn X$fbatepaé 1dey GRNA. @ptexshdgbitnglhmes VREER 65 geddwsgyenkcact or s,
NVEGF A and two nVEGF receptars (nVEGFRI and. mVEGFR2), were targeted by
RNAi . For esdtgnajeiied Hragenct yitye ftupefegro iheteon, plisrdhrse sspgaed at  different

| ocationg o hem 'Hﬁ%ﬁ' i r j NHeSRA t he 5 above
t ar get sgqugrrll%es. %%Eg%e Sl @ﬁswgﬁggfﬁﬁ@%i ng%t oggﬁ\gbéui el i ne
proposed by BSdeédst cateindiba deiElinkdsiogmadving Rivh dxpugssien ef VBGFaad $&GENd
anti-sense strands) were synthesized by Q agen (Valencia, CA). Al siRNA

were 21-nuclRBE™es | ong doubl estranded RNA oligos with a twonucl eotide
(TT) overhang at the 3_ end. The targeted sequences of nMVEGFA were (a)

AAGCCGTCCT Gy, TG RN0A ol RirdRing VEGEVE CPR1 MPFHEPREGERSFEAGTCC (SEQ
| D NG 259) el tAh 9 bt o PARYRMTRIPE r@ti@lﬁ oh dF thé_ls_ec§ecnlgs in
AAGTT GT o nuR'zNQllafiQ E @@ﬂ AA C%CCAGA TTC (SEQ I D
NO 2619. The targe ed sequences 0 “were (a) AAGCTCAGCACACAGAAAGAC
(SEQ I D NO 262) g 3p . l 263). The
synt hesi s of unr elf?% réti ’&eﬁk&ocowgﬁ%ﬁt%ac‘?&ge ﬂgcggtu%é]ﬁ %ﬁgéch for LacZz
and firefly thtgeliigVass, WEGFRIR VEGIRY caneickickamdrd e AIMOEIHgERISACCCTGAATG
(SEQ I D NO 2?4) aﬁld (b) AACTTt KATCGCCTTGCAGCAC ( SE(? I D NO, 265), Luc
efficacy than only targeting one of those genes, at the same dosage, in the animal
disease model. Using this approach, we are able to efficiently block the VEGF
15  pathway which plays the key role for pathological angiogenesis (Figure 13).
HSV DNA that contains abundant potentially bioactive CpG-containing motifs
can induce the potent angiogenesis factor vascular endothelial growth factor (VEGF)
and that neutralization of VEGF with antibody minimized HSV-induced angiogenesis.
A convenient model was also established in which bioactive CpGcontaining
20  oligodeoxynucleotides (ODNs) were also shown to induce neovascularization via the
induction of VEGF. This model is used in the present study to evaluate the
therapeutic potential of RNA interference (RNAI) to suppress VEGF expression and

responsiveness.

Material and Methods
25 Reagents \
Phosphorothioate ODNs were kindly provided by Dennis M. Klinman
(Biologies Evaluation and Research, Food and Drug Administration, Washington,
DC). The sequences of stimulatory ODNs used in this study were: 1466,
TCAACGTTGA (SEQ ID NO: 256), and 1555, GCTAGACGTTAGCGT (SEQ ID
30 NO: 257). Subsequent studies were performed using an equimolar mixture of ODNs
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(a) AAGCTATGAAACGATATGGEC (SEQ ID NO 266) and (h) 20 AACCGCTGGAG GCAACTGCA
(SEQ I D NO 267). Subsequent studies were conducted using an equi nol ar

m xture of a and b for individual siRNA. Mce Fenale BALB/c mce (H2d), 5
to 6 weeks old, were purchased fromHarlan Sprague-Dawl ey (I ndi anapolis,

I N) and housed conventionally. Al investigations followed guidelines of
the Commttee on the Care of Laboratory Animals Resources, 25 Conmm ssion of
Life Sciences, 48§ hmpdssRW@Ju%M@% \Gend 18rg@Ri Bl KL Thict b the
Uni versity of Tennessee (Knoxville, are fully accredited by the Anerican
Associ at i on of pedivey dactery, MMEGHIA @at o WVEGE reigptors enY BGHRRENG kiVAYFER2),

provi ded by Dr._Roper a A ni versity of . Al aba Mobile, AL used
oAl Cof e sioe Rad R Ry et Rnlerit Wi BreRCR R Wt 2t
(catal og no. CQlifBdentAsdRtibasch thY PAnCMRINN. esi RNl wekidedigndhnassaadent Whe

titrated, and stored in aliquots at 80C until used. 51 In vitro Efficacy
of si RNA To 1 estabpYrdakeet segaengenf THRR$IRNA wenedssigradaaceeiding\ip Hig goedeling i nes” wer e

d. RAW264. |l -22 .
LSS PV PSR |5 ST BRI BB AR Eph i e
spont aneous! y expidpee synthbsizddenaQiagdd Falchbia, CA).| A11WRNA pletd 2O niidledides

six-well plate_ in wth 10% fetal bovine _serumaovernight at 37C in 5%
C2. One day afleng %lgqeﬁtragxdaéwolfa@é ve@lq%vowal%otld@ﬂéﬁk?‘@ 20g ahihe B_4nd-f er ent

concentrations l i 1 .
m/well, res pe(;[?l %&%F%/{E&%s u%eﬁ%gfvgg?{ é‘mgﬁrgq%%%f? &ﬁ@gﬁgﬁTG&%@;ﬂ%d CA) .
Twent y- f out0 hoBEQIIBtNO: F¥Aahd (nAACGATCAIAGCHATGEHAGEGCESEQID N@V2H9%e
transcri ptase 10 pol.ynerase, RNA Extéﬁg{lhgi‘%@nd RT-PCR). SVR cells (CRL-2280,
ATCC) were used to HSAESHLSeapeces ehfay iNFEEFRI - speci fic knockdown of

VEGFRL gene t hah) ARGTEAMAAGRECOAI(YVA REPGESEEADONO! heBangel | s. The cells were
plated in a six-well plate in Dul becco's nodified Eagle's nediumw th 5%

fﬁt al IbFVi ne sébW@%@ﬁgﬁACﬁCmTTﬁc5%@@.N@%laia?heaﬁatg@te?@equen?ﬁsai ing,
) ) ) VEER]
Siuc: (ar 0. 0V EGTRI SR GG CASRARACRGRAISERE BEOIBING 2 M) '

or
Li pof ect amifne 2006CGEOCYFEGTGACIAGT A (SBQED N 3).0Thé hiadsie of isrelid |

siRNA controls, two target sequences each for LacZ and firefly luciferase were used.
They were LacZ (a) AACAGTTGCGCAGCCTGAATG (SEQ ID NO: 264) and
(b) AACTTAATCGCCTTGCAGCAC (SEQ ID NO: 265), Luc
(a) AAGCTATGAAACGATATGGGC (SEQ ID NO: 266) and (b)
20  AACCGCTGGAGAGCAACTGCA (SEQ ID NO: 267). Subsequent studies were
conducted using an equimolar mixture of a and b for individual siRNA.
Mice Female BALB/c mice (H-2d), 5 to 6 weeks old, were purchased from Harlan
Sprague-Dawley (Indianapolis, IN) and housed conventionally. All investigations
followed guidelines of the Committee on the Care of Laboratory Animals Resources,
25 Commission of Life Sciences, National Research Council. The animal facilities of the
University of Tennessee (Knoxville, TN) are fully accredited by the American

Association of Laboratory Animal Care.

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

30  cell monolayers (catalog no. CCL81; American Type Culture Collection, Manassas,
VA), titrated, and stored in aliquots at 80°C until used.
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extracted for RSPCR to detect VEGFR 1 (see RNA Extraction and NATenpl ate
Specific PCR) (RS-PCR). The 293 cells (CRL-1573, ATCC) were used to
transfect wth nVEG-R2-expressing plasmd for the detection of knockdown of
exogenous 20 mMVEGFR2. The cells were plated in a six-well plate in

Dul becco's nodified Eagle's nediumwi th 5% fetal bovine serum overni ght at
37Cin 5% CQ2. One day after cell ©plating, the cells were cotransfected
with plasmd pCl-VEGFR2 (0.2 g/2 mM/well) and siVEGFR2 (a, b, a _ b), or

si Luc (0, 0. Inyitro Bficasy ofisiBNg/ wel | , respectively) using Lipofectan ne 2000.
Forty eight hours later RNA fromthese cells was extracted for 25 RS-PCR to
detect VEGFR2. Colné¢est tecfiopor &ERNAS ganiird the tdlomand callilorespeoketed.assay used

ol 1 ots for FAstret beme S P RARLERHERT AR Qe By St P oty amount s
of CpG CDNs, ssurs@A SpdcHic(hSclmbwnBHIVEGIVE Gbdcfiat i8S ShoviabbiRBeexpRaBéBihk) , and

hydron pol ynmer in ethanol (120 ng/l m ethanol; Interferon 52 Sciences, New

Brunswi clb, Nhese ealld. dpprslisreere blatedii e sixewelbplatelis R itle @90 détal boyinehet i ¢

mesh (Sefar Anerica,.l.nc,,-Kansgs.Cit e TN 1 Xt ur.e s allowed to air
dry and fi beF?”IETOVFﬁ’éghﬁﬂEW &é‘? g%p%&l'e%ﬁea%?raﬁer ‘i/‘?%eqmﬁf%{hﬁé’lemﬁ%‘fvgrecpnt ai ni ng
CpG  ODNs.  ThendRGEORRE UfferdiSortBIEt1BRLSS si RESFAr G (RS6; 90 0 (s §l0CHr

M crosytens, 5 Wetzlar, Germany) (four eyes per group) and pellets

cont ai ni ng CRG @N\& st erespastiesly)ausingitipotiettemirie00p dok drogemigirlsbadh €40)s was

eval uated at ,da nd_7, af ellet implantation.by usi calipers

(B omed cal . RECURACR Tty iR Pomgfoes o o o vy iedied s cope.
The | engtoh 0?0%@5@6@@5%&@1@1& bfd RALECR Y IR &1 (CRIEDIB0, NBESEhverd vrgd t owar d
the center of the cornea and the width of the neovessels presented 10 in

cl ock hours teted theeffigieaey ofishYRGER buredidtknackdeyuef VEGFBY sene thatds

ci rcunst ance - I i S I I To Mol e formul a
For an il peenshieBRIsR by HEE IR0 1RLAN BHE BRIl Rlel P ey 4
and 7 after palbeeto’s motdiet Faplers. medvingniithi Yafidtali bolrinkistiuanowainiglaran8a1C

neovescul o Sl O sl UL b U S0 5t L 15 Sarmand o Lhose
ggg&: S?tn %-on 8ncei@ationt BEsiVESIFRA o3 LIRNE (WS 011he sM®Sto REASRIWME rdsPBItRELST -

using Lipofectamine 2000. Forty-eight hours later RNA from these cells was

extracted for RSPCR to detect VEGFR1 (see RNA Extraction and NATemplate-

Specific PCR) (RS-PCR). The 293 cells (CRL-1573, ATCC) were used to transfect

with mVEGFRZ-e)Spressing plasmid for the detection of knockdown of exogenous

20 mVEGFR2. The cells were plated in a six-well plate in Dulbecco’s modified Eagle’s

medium with 5% fetal bovine serum overnight at 37°C in 5% CO,. One day after cell

plating, the cells were cotransfected with plasmid pCI-VEGFR2 (0.2 ug/2 ml/well)

and siVEGFR2 (a, b, a _b), or siLuc (0, 0.1, 0.5, or 1.0 pg/well, respectively) using

Lipofectamine 2000. Forty eight hours later RNA from these cells was extracted for
25  RS-PCR to detect VEGFR2.

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,

30  Vaerlose, Denmark), and hydron polymer in ethanol (120 mg/1 ml ethanol; Interferon
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an approxi mately 60%  reduction in neovascul arization (p < 0.01). Inhibition
of CpG induced neovascul ari zati on by system c delivery of siRNA targeting
VEG-- pat hway genes. 20 To test the anti-angiogenic effect of targeted

i ndi vidual siRNA and the efficiency of system c siRNA delivery, mce with
CpG ODN-cont ai ni ng m cropockets were given a single dose i.v. of 40 hg

si RNA contai ning either siVEGFA, siVEGFRI, siVEGFR2, a mx of the three, or

control silacZ §;apek &éwareﬁs%cm? eahdlamﬁ@%m%re 1d 013 BEFDi&eREr i MENt s a

pol yrner ("Targetran"5 was used was 's In previous 25 studies on
tunmor angi ogenesietiomesStiar Aneriextinaviswes Gity.dd0).vEhymoftursivislAllowed day 4

A1 1oagent s AR PRTORARLTRYrhAGEaN & apit » RS PRRRGCT AR R Pe

neovascul ari zat®ONs. C@m;&@bobpettm madle bAdef atsf&ainqdrogé@u PL&Ata M@dtodtéthd, er
pellet inplantation As observed with [|ocal admnistration, the

m x of the ¥hr ewevbgg&r@a@ér{f@r preswetgrguptradpeHets eriteinmigkepBODNSH¢ t | on
(average 40% NRIRLY L%‘ heeF?mcrOBOC .ua{-éage‘égélé %‘398‘%11%&%‘[3{]'&%“4 Sd 7 [ HHDgt 1 on

53 of the pol yner ve was-eva arin

anti - neovascul dmpkatation by asihg valtp)érsc(Blddﬂ@hdaeRbseaidq Iﬁsuﬁm%ﬂféeﬂoctmluwlvmr)er or
given in PBS. These experinents revealed that the use of the palyne
Vehi I e resul t U #StERSPBIGERTaRY | Te letath abshe AeRygssels ArgiTaeak Fosm teflpahas

evident when thg, ﬂ3§n {%Wadﬁ»‘le Wrﬁé&%ﬁl{‘herﬁ %H&ftﬁe M‘@o%e&@]hére%&g@df' cant

at the early test per results denonstrate t ocul ar
neovascul at zatiholck hnurb evemneatsoielde Haddyclodkehdur w eqaalnd A0S atrtht ciomunsiansd. RNA

that target t VEGF system an t he use o medi at ed
dsRNA nanopar Pﬁ@la@g‘ﬁg? 1G85 @8 ???81’%1?8‘50&5% r’G'flatf%%%anc?Jrﬁ PSSpeut i c
effect. To determ ne the effi CI ent anti -angi ogeni ¢ dose of siRNA in systenic

delivery, 10 n6RoWdhe5RE @Y cont ai ni ng m cropockets were given a single
dose i.v. of 10, 20, 40, 80 tg siRNA containing a m x of the siVEG-A,

Si VEGFRI and si VEGFRZmbd waLRBhifdRbd ﬁ'bbﬂﬁda‘yiﬁdﬁadf&?gﬂ%@ MABGlich.at 6 and 24
h post pellet inplantation. A admnistrafion of b| ted CpG induced

angi ogenesi s i rSlgnﬂcrslenﬂhdp‘etptddnomeabmﬂwascumﬁzﬁﬁmerrmhm wvhabphrﬁe:‘@'su SORN Af
si RNA agai nst VEGE path enes n, t. Previ,ous. st udi have
Shown that TvEGerpeAes Pk BERT g HUSe ¥ pldue pegl BipEich ¢/ 65,

The combination of the three tested siRNA was the most effective inhibitor, providing

an approximately 60% reduction in neovascularization (p < 0.01).

Inhibition of CpG-induced neovascularization by systemic delivery of siRNA targeting
VEGF-pathway genes.

20 To test the anti-angiogenic effect of targeted individual siRNA and the
efficiency of systemic siRNA delivery, mice with CpG ODN-containing micropockets
were given a single dose i.v. of 40 ug siRNA containing either siVEGFA, siVEGFR1,
siVEGFR2, a mix of the three, or control siLacZ 6 and 24 h post pellet implantation.
In these experiments a polymer (“Targetran”) was used that was shown in previous

25  studies on tumor angiogenesis to facilitate extravascular delivery of siRNA. At day 4
and 7 after pellet implantation, the extent of angiogenesis was measured. All reagents
used individually induced 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

30  inhibition (average 40% inhibition, p < 0.01). In additional experiments, the function
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i nduction of HSV specific angiogenesis in the HSK nodel. To eval uate whet her
adm ni stration of siRNA targeting VEG-- pathway genes inhibits the
devel opnment of HSK, the corneas of mce were scarified and infected with 1
- 105 HSV-1 RE. Then 20 mice were given a single dose of 10 tg
(subconjunctival injection for |local delivery) or 40 g (tail vein injection
for systemc delivery) mx of siRNA (an equinolar mxture of siVEGFA,
si VEGFRI, and si VEGFR2) with polymer vehicle at day | and 3 after virus
i nfection. Asftbbpelgmenvdhige was etahmtalipi wypassg theantd-nseveseulayzagibn HSK was
significantly reduced in mice treated with si. RNA tar i_ng VEGE- pat hwa

: seapity gL e Pkt ST Bated w |

genes 25 ei t #aVIty SEWFtsst BEx Ssnendsd dupqlymergretysadn CPPHIERd with
si Luc cont r ofey€dledith: tlShse IMihd §31y88%elclSicbiifed G0 RlokOdctieahmA ceyes devel oped
clinically evident |esions (score 2 or greater at day 10 p.i.), only 42%

(1 ocal del i vegoyyscolaris@ian(tbansvesdvedentiwhen,/be PBSofehisicesastysed aldbugh resuli RNA

targeting VEG-- pat hwa n devel oped. suc sions. In additio y day 10
p.i., th an‘é’f‘% ¥|§1§P%-IC%§[§%GV%%&{Y &Flgpaetn«gral(l‘f %é’ndf’g :rﬁe &S%l}S %ﬁn %tr%tgﬁ}a ol eyes,
but only in §ubdr nddvaenasiafiomtaehd Joaables by thei.gi ddiinis@aionsif sHBG thad4 pat hway
genes by either |ocal or systemc delivery. Taken together these results
show that a@rachihstVERET systen seiernnd Gabthayie oftsrREE-medipted RN Ar educed

devel opnent RJ

i .S le 8. siRNA
ookt ant ™t ar SnopiStio ibférf Bultd e e RACACRER o IRIR B O
anti - angi ogenesi sTadeaimihethRCRicent hati-amgogemicddsant iRNAoR syxtelc delivery,
Neovascul ari zat i Qggi n.the eye js associated with var i_oulls di sordFe]rS, of ten
causi ng 18evemieevgisCaF QN coptamime BGEROEKAL e g Yrdmediele doss iy 0haL0;

di sorders, g %@@ggs@gkbﬁﬁgﬁgﬁ%ﬁ@me Wﬁﬂ,éfm{@pégﬂivﬁ@m%@ti on

(AVD) , retinal occ RVO) and reti nopat prematurity (ROP)
are preval entantrbhsLieryéth Jlarge T vehickt dt thahd 26 hypofgedletisipdamthtionhidbi t or y

factors resulf .in NV ( nd vasc . endothelial.growh factor (VEGF) is
the most | AR STRGR e PR RS noreinaiee st f Sk A8t L =
per meabi | i t ymaghdeati on and endothelial cell migration, proliferation[ 11.

RNA interference (RNAI) is the process of sequence-specific post 15
transcriptional gene silencing in a wide range of organisns, initiated by

doubl e 18t r aberser RRARRISRIRY of BN A iasaingrtdi SgBadvian 2ewq e the 1 ¥omodd. t ar get i ng
gene. In this Previous studies have shown that VEGF is the critical angiogenic factor for
induction of HSV specific angiogenesis in the HSK model. To evaluate whether
administration of siRNA targeting VEGF-pathway genes inhibits the development of
HSK, the comeas of mice were scarified and infected with 1 - 105 HSV-1 RE. Then
20  mice were given a single dose of 10 ug (subconjunctival injection for local delivery)
or 40 ug (tail vein injection for systemic delivery) mix of siRNA (an equimolar
mixture of siVEGFA, siVEGFR1, and siVEGFR?2) with polymer vehicle at day 1 and
3 after virus infection. As shown in Fig. 4, the angiogenesis and severity of HSK was
significantly reduced in mice treated with siRNA targeting VEGF-pathway genes
25  either locally or systemically compared to animals treated with siluc control
(p <0.05). Whilst 80% of siLuc control treated eyes developed clinically evident
lesions (score 2 or greater at day 10 p.i.), only 42% (local delivery) or 50% (systemic
delivery) of eyes treated with siRNA targeting VEGF-pathway genes developed such

lesions. In addition by day 10 p.i., the angiogenesis score was greater than 6 in 9 of 12

30  control eyes, but only in 5 of 12 eyes of mice treated with siRNA against VEGF-
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exanple, small interference dsRNA ol igonucl eotides (siRNA) targeting VEGF
path ways were used to inhibition NV induced by oxygen-induced retinopathy.
Mat eri al s and nmet hods 20 The design and synthesis of si RNA si RNA was ki ndly
provi ded by Intradi gm Corporation. Three nWVEG- pathway factors, mvVEGF A and
two nVEGF receptors (nVEGFRL and mVEGFR2) were targed by RNAI and call ed
siMx. The siRNA targeting luciferase was called silLuc as control. 25 Muse
nmodel of oxygematiwhyRAed 181 dithad 1002 QY Stdthid HeliRky. OTakER o g¥BRLIheereslgREREWM t h
et al.J21) imtates retinopathy of prematurity. On postnatal day seven (P7)
the mice and t Hbatradminigiratign ebsiRAA sgainst YEGEerpthwaygenes redvegddevilopugsarbr (own
production) ventid ated, hy. i xt.ure of oxygen and air to a final oxygen 55
fraction of 75%%%%&?1%ﬁl%lé)ﬁo?—‘%%?%en\?\%?'e checked at least 3 tines a day. On P
12 the mce were returned to roomair. On P17 the aninmals were sacrificed.
M ce The C57BL/Examiptes. WeREA puciedibegrting OHGIe MEEHF RIf andX{IRT K Regdnas veaxppomh: of

S Guangzhous Medisgiadngidpleh&Bgantn RENGAND helWis¥RngEdrYn Modkl adi ti onal Chi nese

Medi cine. Al investigations followed guidelines of the Coomittee on the
Care of Laboratory MyokERLEHRRDAUR SR Sye OB ORItR arkduk /isofdef)68en Nat i onal
Research Council. In vivo delivery of siRNA 10 For |ocal delivery, siMx

(4g/ 21 per eye)canzing srvpiolessed visitsowdjeuerteallydilipdegss. Amongthiese digprdgrsi n t he
|l eft eye and sil.uc.. i eve) 0.0 the right ey. 32- e
ot | Con oy i oDt AP R S G Ederd B Mo DB PX NS e A

anest hesi a. Fajcchiyidh €RVO) astiielinspatiat 6 fPpremSuYAR OP) gfeGRtvaat. TRListhhlanes
m xed with the RG> PEG PEI pol!gf/,rre,r,con; ugat e preparation (Tarug;Tr an) and
del i vered 1%t r sfstimulsfasfaciors and ighibporyXagiprs resuitdn NYa(N Yandamgiultaphy[ 41 On

P17 the ani mal sen%t?ﬁ]%a? %ﬁf{f‘éif&?& (%Gr“f‘}'iésgth@ﬁm?ﬁ pHﬁLrgrfaé%Mg sﬁmﬁ&ltc}él% eRRrof 50

mg/ M fluorescel n-1abe extran i rum chfForrde as describ
previ ously. which cause vascular permeability, dilation and endothelial cell migration,

proliferation!"’,
RNA interference (RNAI) is the process of sequence-specific post-
15 transcriptional gene silencing in a wide range of organisms, initiated by double
stranded RNA (dsRNA) that is homologous in sequence to the targeting gene. In this
example, small interference dsRNA oligonucleotides (siRNA) targeting VEGF path

ways were used to inhibition NV induced by oxygen-induced retinopathy.

Materials and methods

20 The design and synthesis of siRNA

siRNA was kindly provided by Intradigm Corporation. Three mVEGF
pathway factors, mVEGF A and two mVEGF receptors (mVEGFR1 and mVEGFR2)
were targed by RNAI and called siMix. The siRNA targeting luciferase was called

siLuc as control.

25 Mouse model of oxygen induced retinal neovascularization

The model we used (Smith et al.!*!) imitates retinopathy of prematurity. On
postnatal day seven (P7) the mice and their nursing mother were placed in an airtight

incubator (own production) ventilated by a mixture of oxygen and air to a final oxygen
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Both eyes were enucleated and fixed for 0.5-1 h in 10% buffered formal dehyde
at 20 roomtenperature. The anterior segnent was cut off and the
neurosensory retina carefully renoved. The retina was cut radially and fl at
nounted in glycerin, photoreceptors facing dowward. A cover slip was

pl aced over the retina and sealed wth nail polish. Retinal whole nounts
wer e exam ned by fluorescence m croscopy. The areas of retinal NV were
measured by soft Inmage-Pro Plus (Media Cybernetics, 25 USA). kf

Cryosect i on[ factiopad 7akre2Yoe iveen krels Merzadhschad ap pastPetimesa dayn @Pn Bdeat ur e
enbeddi n corpoun M | | agnoSt | . r.fraz ctions (10m) were
hi st ocheg‘i ca%q%% ngrshtlrgle(g%’drg\(/’m%%ﬁr‘ ?%fﬁ]%%?&%&?%gﬁﬁgég were incubated in
met hanol / H2AQ2 for 10 min at 4C, washed with 0.05 M Tris-buffered saline
(TBS), pH 7. #®iceand i ncubated for 30 mn in 10% norrmal bovine serum Slides
were incubated 1 h-at 37Cwith biotinylated GSA and after rinsing with 0.05
M TBS, they were TReabmIed nvitd We\putihAsedTrdi0 vl @b eRpainkall aginphes phat ase

(Vect or Laboratori es&@];j_or 45 min at roomtenperature. . After being washed
for 10 niPn wowppgsh irEsollsgs adluameshquidnipasisaohiradiiompbhipesenzi di ne to

give a br OmMeﬁ%ﬁ{e'. 9{1} B@Q&g&ﬁm@&&l&%dggu?&ﬁﬂése&ﬁﬁ@t itfdeldh th@@?}e’bf mount ed
with Cytoseal. To perform quantitative assessnents, mserial sections
wer e cut t hr balgiatenyt AtiemaisyResouraes Cotmmtisdingoff [rifnSdidree, I¥dtionelR ¢search hat
contained 10 jris and extending to the |last section on the other side of the
eye that confg¥ iris, every tenth section was stained wth GSA and total
15 sections were statined. GSA- stained sections were examned with an

m croscope, gnghd dABERS, YRIENAI gitized using a digital color video canera.
| mage-Pro Plus software (Media Cybernetics, Silver Spring, M, USA) was

used to el | neat er At ualyee s 3ugulfif o ha8 AL Rhed diBedBuictLhipar and

their area was neasured. For" local injection the total nmeasurenents from
each eye wasinyswidreally ia thé¢ leffl aye enpsbbatingaul per aye) inflog righy syyehy e 321geegst i on t he

f  bot f. ' i, ment al | ue.
RropoR  on el Srind FREflCE SEPINTT of P Y PLENRER P et
extracted frpgisyd@micidniaBtriidnl siRRI A2 0ll5 bS8k n{odubd)ivids @giRed widsMe RADL al RNA

was quantified at a ratio of ) ] ) )
EG-PEI polymer conjugate preparation (TargeTran) and delivered intraperitoneally

15 on P12 and P13.

Retinal angio graphym

On P17 the animals were sacrificed by cardiac perfusion with a solution of

50 mg/ml fluorescein-labeled dextran in sodium chloride as described previously.

Both eyes were enucleated and fixed for 0.5-1 h in 10% buffered formaldehyde at
20 = room temperature. The anterior segment was cut off and the neurosensory retina

- carefully removed. The retina was cut radially and flat mounted in glycerin,

photoreceptors facing downward. A cover slip was placed over the retina and sealed

with nail polish. Retinal whole mounts were examined by fluorescence microscopy.

The areas of retinal NV were measured by soft Image-Pro Plus (Media Cybernetics,
25 . USA).

Cgosection[5 1

Eyes were removed and frozen in optimal cutting temperature embedding

compound (Miles Diagnostics). Ocular frozen sections (10um) were histochemically
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260 to 280 nm and Zug RNA was converted to cDNA via cDNA synthesis Kit
(Fernmentas, USA). RT-generated cDNAs encodi ng VEGF, VEGFRL, VEGFR2 and
b-actin (acting as a control of RNA integrity and as an internal standard)
were anplified with RT-PCR Anplification of 1.5ul of cDNA was perforned
with lul 25 sense and antisense and 2.5 U of Taqg pol ynerase. The

ol i gonucl eoti de prinmer sequences are: MVEGF (430bp) D forward 5'---GAT GIC
TAC CAG CGA AGC TAC TGC CGTI CCG--3" (SEQ ID NO 268) D reverse 5 ---GAA

CAT CGA TGA CAffdTw il Gl FasAT AlREw R indB&tel $9meGhnd191,0, 3or 103ER 4D NO
269) D MVEGFRI (404bp) D forward 5 ---GICAGE Tae TGG GAC ACC GUG GIC TTG 30
CCT---3' (SEQ I11CN®@ashzd ®)ith.0eMelrsebiftered @ire (/BS)QEA 7pGAand0AMGET fnG 57 GTA

TCG ATA tag art, gaa .gat, tee ---3" (SEQ,ID NO .27 .485bp) D
Tovumrd 5 Sren Wil b et sshit Sl dPepgs BHe B b sl se” 5 cre
ATQ CAA GGG CAAdify1AddESA aﬁ@g@ﬂrﬁsﬁgwiﬁy@.m WTBS%@@%R‘ ihAD2RA withRvides war d
5 " -CAT TGT GAT CTC CGG AGA CGG-3' (SEQ ID NO 274) D 5 reverse 5' - CAT
CTC CTG CTG AAGompted neikatme phosidasdy Viagior Ragyratoes) $ir 45onin\VAEGOna ethpYRGEE ..
VEGFR2 On P 14 d.P17 th u wer ri figed.and retinae wer.e extracted
quickly on i ceiniebemg walfied WX 10 it bt OIS W HES R Syeremetied i (B o 2

cell lysis Kit,diaBinob&eline 1o gweenawh i@btioBhodBashd weRCoufiRnagad witd wer e
subsequently centrifuged 10 at 12,000 rpmfor 30 mn. The supernatants were

anal yzed for preosiai moewed with Catasedls Towegompauptmtive atsessmegisaHt pmaetiiale

| veis Kit . . . . ; _
Samt o5 wer e dihor el QR RS ERELRR R0 Sur EARGR AN SRTRCM iR
VEGFRL, and0VEGHR2ndvttendites el lagdedtivnng thdetherQidendfithe éye that Mbuithined WG,

SVEGFR1, and sVEGFR2 | mmunoassay Kits, 15 respectively (R&D Syst l nc.,
M nneapol i s, I\/I\i)V?ryéFI%J‘tSEFUQQ vias s&iped athdpn ap o léﬁ%t&?%&’elfec??a“é‘ﬁ‘gh%é‘ﬁOup and

time point. Resylit& RQEEbnPwEdSShRikdRlHPIERESIRoM) ThPHARN EreARSBAINRM, Of
the effect ofsi RI{IA on rent i na‘%j NV The 1r et 1 nas o?&?he no%gnal Sl?énouse[h%e?d
bot h superfi ci aligitahdoldeedey amuarh.almagePrd Rlsseitypwi(Mediaiyybeorties Silvy vessel s)
that extended fé’p%rr?g,t IO[?), %E&)?Nars]%rsé/ totdglirtlere]l?e GSA-stained cells on the surface of the

15  retina and their area was measured. For local injection the total measurements from

each eye was used as a single experimental value. For systemic injection the mean of

both eyes of a mouse was used as a single experimental value.

RT-PCR

On P14 and P1 7 the mouse were sacrificed and total RNA was extracted from

20  retinae with TRIzol reagent (Invitrogen, USA). Total RNA was quantified at a ratio of
260 to 280 nm and 2ug RNA was converted to cDNA via cDNA synthesis Kit
(Fermentas, USA). RT-generated cDNAs encoding VEGF, VEGFR1, VEGFR2 and
b-actin (acting as a control of RNA integrity and as an internal standard) were
ampliﬁed with RT-PCR. Amplification of 1.5ul of cDNA was performed with 1ul

25  sense and antisense and 2.5 U of Taq polymerase. The oligonucleotide primer
sequences are: mVEGF (430bp) O forward 5°---GAT GTC TAC CAG CGA AGC
TAC TGC CGT CCG---3’ (SEQ ID NO: 268) [0 reverse 5’---GAA CAT CGA TGA
CAA GCT TAG GTA TCG ATA caa get gee teg cet tg---3” (SEQ ID NO: 269) O
mVEGFR1 (404bp) O forward 5’---GTCAGC TGC TGG GAC ACC GCG GTC TTG

30 CCT---3’(SEQIDNO: 270) O reverse 5’---GAA CAT CGA TGA CAA GCT TAG
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peri phery. Retinas from P17 control nobuse exposed to hyperoxia contai ned
many neo vascular tufts (high fluorescein) extending fromthe surface of
the retina at the junction between the perfused and nonperfused retina.
After subconjunctival injection of siLuc or siMx the retinas also had nany
NV, the areas had no obvious differences. 25 Wiereas the areas of NV after
intravitreal and intraperitoneal injection of siMx were significant |ess
than the control. 58 t r Assessnent of effects of si RNA by histologic

quant it at i onGITA TEEi AbA taR\arRedai gatitec /- BAESTHD $18 N394 $ EldnMESTBRddg8dm) | y by

Mternal |1t PREIRTBORE BN ARERARIETCE R BN G HR el Regrse
superficial , sncdd £TC ¢eeP GRS A TROA ANt EE D RO 27eNdot higdidmab3 o) s
anterior to the ILM Retinas of P17 m ce subjected hyper oxi a contai ned

to
mul tipl e neolbidcurdd ‘tCAT IWNCARGCEAGHe G A A ofE-@XISERNITYO: AT I he

vitreous.. Retinas .of .m r 1 i N Lniecti-on of silLuc or
si M x haé n&VaF 15 er QW v¢ t(ﬁ%}fﬁgG\%‘%gﬁ)f W 6?%%%&2% I&Iéocf'czltzlé/?af ter
intravitreal and intraperitoneal injection of siMx were obviously reduced
conpared to BLISK fornNEGF ahVEGF1 D&RGIRed | evel of VEG-, VEGFRI, VEGFR2 nRNA
after intravitreal and intraperitoneal injection of si RNA To address

whet her treat ment 0afP1gialNA 2grimaise Wetdsapafidudand 9aiias wettexeasted hicklyevel s
the VEGF, VEGFRI VEGFR2 nRNA, retinas were collected on P14 and P 17 after
i ntravitreal OB SAOPEpsicre nweegenized W seldyss buffa(xammpdiaprplhlysisddls were 15

measur ed by S I: &E\@ﬁ

reduced int eOtg:e%?? lﬁgggteﬁggg{l%gﬁ\}mgtﬁﬁﬁé%x %aggfﬁgéﬁb %E\é@c%ﬁt%ﬁ § g%ﬁlr gd
conpar ed 0t o at 1000aptnrfot 3G siin. THs: supeadtents wiekdamilzad (qpptotéib condsatsttased
expressi on of .V VEGFR1, VEGER2 protej.n | evels after intravitreal and
i nt raper i tonéléﬂtg%ﬁﬁRfa&e}nowaatﬁtaww{yz@%b&é\mrﬁ ! O\S,mé%lﬂ%_renf? &t nent of
si RNA t ar get irgghn¥sEh RAPIMANCHISS) € SamPleSveicsliRed D8 RPOMedtRRRbF VEGE,
VEGFRI, VEGFR2 protein, ELTSA was used to neasure VEG, VEG-RI, VEG-R2

protein in siRighnt rleatbdVEIGHAEQIR R atd VESKFR21Were determined using the
Quantikine M Murine VEGF, sVEGFR1, and sVEGFR2 Immunoassay Kits,

15  respectively (R&D Systems Inc., Minneapolis, MN). Six to 12 tissue samples were

analyzed for each group and time point.

Results and Discussion

Fluorescein angiographic assessment of the effect of sSiRNA on retinal NV

The retinas of the normal P17 mouse had both superficial and deep vascular
20  layers (joined by connecting vessels) that extended from the optic nerve to the
periphery. Retinas from P17 control mouse exposed to hyperoxia contained many neo
vascular tufts (high fluorescein) extending from the surface of the retina at the junction
between the perfused and nonperfused retina. After subconjunctival injection of siLuc |
or siMix the retinas also had many NV, the areas had no obvious differences.
25  Whereas the areas of NV after intravitreal and intraperitoneal injection of siMix were

significant less than the control.

58

——



As shown in table 1 and 2, VEGF, VEGFRI, VEGFR2 protein levels were lower in
those that received siMx conpared controls given with silLuc. 25 | nbal ance
in the demand and supply of oxygen and nutrients is the initiating factor
of neovascul ari zati on whi ch i nduces upregul ation of VEGF. VEG- is not only
the potent mtogenic factor for endothelial cells; it also induces vascul ar
pernmeability and dilation. These biological activities are nedi ated by

bi ndi ng VEGF t 04 @hrenfdfleliPird ¥ iR STRENAE i RRRBASPROHMI A1 Ng tyrosi ne
ki nase receptors[']. Threée 30 d| stinct VEG- receptors have been identified,

nanel y VEGFRI (f ms- |k agat Mos4sSso a@%sé@dDgﬁs?ﬁoglcﬁ ¥ @:ﬁiez;s).lred\( R& -ddsiRase

i nsert domai n-containing receptor or | I ne tyrosine
ki nase-4 or Fl tecellp (negE@eRari zaticn )/ ETHIRE t@tle lntpmhkmmtmanndwbrenqo(ﬁbk@ eBetoms

vascul ar, VEGFR3 ati.c e doth ncreased intravitreal and
ot a1 oY ngh e BASRAGELE Mibdlh deen BRI ol ool 2ot Vo
not only i n5an| éfﬂbtlﬁﬁ&l%ll@&ﬁterﬂiﬁ@tﬂefILDfitReQiﬂh§oﬁ/P1t7f'tnic§@ﬁlﬂé@téﬂ to'h%ér@f&ﬁat hy.
These data suggest that VEG- signal |ng is a good target for treatnment of

$

retinal neovas cmnéamezlawlépl[esleovm#gén oitlihe surfzcstvidoipaeraxtandingiinte thes wi del y
recognized in th ri Er i al hat. evel s
of VEGF |ncrease(‘?eg\ﬂrjsanﬁnje e f%uceige%é vvléfé%ub %gnclg'ﬁpmieg ](;ei(r)rE PSI%@(%%SW d
remai ned el evat ﬁddlfﬂefen&ewh&ie ey o f Nvd Tﬁwﬂeas@ewmdnﬁa@wmmﬁasel ine with
regression of retinopath So we delivered siRNA on P12 and P13 in order to

interfere the swﬁ@mmrteé%afwwgﬁ pfrovercobrieyely sedused coppraredrta siljue dnjgtiophol e
nmount and cryosection had proved that the NV areas of retinas treated wth

| ntravi treql anBekBIEARSH HVIRGH, VIPRL VAR HIRMA il BRs bt [N ecti on
of 15 siluc. Tha Aradetisle ‘éwg&%@a?y nNibIt retrnal NV, To explore the

mechani smthe TetT mai d VEGFR2 expressions on P14 and P17

were exam ned and g, JRNAAUPLELEL SRR MBS VIRHEKuh DAL LI

controls. These sugges rou K enes’ t hat
siMx inhibit reétieels théNEH@WéE/@FRI heE@memw,lrsﬁinaawerdwllfeewe&ﬁﬁelaﬁﬁcer
subconjuctival injection, so it is 20 caoncluded that it hadn't achieved the

effective conceﬁ’c ¢ affer gpiray ireploang) intraperifoneal iimjeqtion; of SEAYA | AheBRNeh VRS eTsias
hi gh concengrat | & ufdd Iﬁa“'ﬁlan Tﬂetef(ﬁx‘%’sk? ufs t%@ﬁ%GF‘ﬁ? VEGFRD ﬁﬁ&\?zgvde?lat 0

retinal neovasc ar en I al is injection can result
reduced in the retinas treated with siMix against VEGF pathway genes compared to

the control retinas treated with siLuc(p<0.05).

Decreased expression of VEGF, VEGFR1., VEGFR?2 protein levels after intravitreal
and intraperitoneal application of siRNA

20 To evaluate whether treatment of siRNA targeting VEGF pathway genes
diminishes the production of VEGF, VEGFR1, VEGFR?2 protein, ELISA was used to
measure VEGF, VEGFR1, VEGFR?2 protein in siRNA-treated retinas on P14 and P17.
As shown in table 1 and 2, VEGF, VEGFR1, VEGFR2 protein levels were lower in

~ those that received siMix compared controls given with siLuc.

25 Imbalance in the demand and supply of oxygen and nutrients is the initiating
factor of neovascularization which induces upregulation of VEGF. VEGEF is not only
the potent mitogenic factor for endothelial cells; it also induces vascular permeability
and dilation. These biological activities are mediated by binding VEGF to high-
affinity transmembrane autophosphorylating tyrosine kinase receptors[S]. Three

30  distinct VEGF receptors have been identified, namely VEGFR1 (fms-line tyrosine
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in intraocul ar henorrhage and endophthalmtis et al. Intraperitoneal
injection is relative safe and si RNA can be absorbed into bl ood through
abundant celiac capillary. 25 But siRNA are easily trapped in the

nonspeci gi ¢ organs including liver, lungs, and spleen. So how to enhance
the transfecting efficiency of siRNAis very inportant. The vehicle
TargeTran i s conposed of polyethylene i mne (PElI), polyethylene glycol

(PEG and arginine-glycine-aspartate peptide sequences (RG). PEl binds to
negative clkaraged or ltplﬁo‘éﬁﬁgiigélﬂ@asetmﬁ@rtsiomm-cqn@mmtmqepﬂ@a@r KPR andjent i fi ed
as an integry i d .of | vat t i3l dothelial cells
express a nu\@%ﬁﬁ%kfﬁ%ﬁ?’fe STSR glidn\é%ﬁét?grgﬁli@%g gﬁ@?‘%ﬁé@#ﬁ“ﬁ 5 and a5f | have
been shown tpedwgnihafitlgrekpretsed vhivagut®, VEGBERY on Genssiis end@lidtiuiit.egri ns are the
receptor for. matrix proteins with an exposed RDG tripeptide noiety and are
most pr oni ndAgreasd atavisreakanddanigyetinal lexpls o MESHRIE psrgciated grithigewedi s Thus the

appl i catyon n%{»v%glg%ia'ﬁ%ﬂ nS%I#]fﬁpc{n%ﬁ bRl Bﬁtf’a‘i&%fiﬁghj(ijéﬁgs with [sbfdnRBCY Of ~si RNA

KimB et ali reporte e subconjunctival and intravenous 5 injection
of si M x canetindpathiyt Thbse daRGupggduthedVEGE sipmnliegais argeod asgatlfartreaahémiof i n m ce.
It may also apply to oah,er .negvascul ar di seases. Exanple 9. Ligand directed
nanopart i cl d4iaRRPOVAIARALNECi fical |y delivery into tumor with systenic

admi ni stration Thig é&ﬁﬁdué&ﬁ%ﬁ@dp%ﬁlﬁ};%i@%@aﬁécb iSedBSndgoRASERat ed the

neuvascul ature 10 targeting property when they were systemcally
admi i st r at 4P ¢tal'Qugh réported ot the RN A Térels of 7 GE petdaédodramet@llyng capabi ity

of this, si nangparti cle syst.em has been, revealed wth a ci ferase
Feport  Yine PSyRERA D Rk R RENE e et ol Frsnt Al e Pt Gfa | o pot ent
anti-tunor aReRhsed{ekird dhQMnk VithREEEssPgedinopaheelo (AU RGEd aRNaséom) 15
Tunor targeted delivery of siRNA using the targeted nanoparticle systemfrom

i v admi ni st iagicod P13 inerdenetnteried thesiyathesizuol EGE befoye naseyletipnsi TIRA packaged
D PEC e DEOBERILAS o ARSI RIS ST s g, ©
filter-toppediticagasitrealtand dtapeanaeal afettion ohsiMianadreteisthan Aywtibabl e ad
bty ml 5 andsiI?ucEL 2l“hgt its i51 h{[X/cgr? I(’)lbfviga/s%l/ ienhibliztxr%t?rrle{l rTN%?.t ”ls“o \el\yl(eprlgre%?er &gghggi%m the
retinal VEGF, VEGFR1 and VEGFR2 expressions on P14 and P17 were examined
and the mRNA and protein levels were lower than the siluc controls. These
suggested it is through inhibiting VEGF pathway genes that siMix inhibit retinal N'V.
However there is no distinct difference after subconjuctival injection, so it is
20  concluded that it hadn’t achieved the effective concentration in local. After
intravitreal injection there was high concentration of siRNA in vitreous and siRNA
was transfected into retinal neovascular endothelial cells. But this injection can result
in intraocular hemorrhage and endophthalmitis et al. Intraperitoneal injection is
relative safe and siRNA can be absorbed into blood through abundant celiac capillary.
25  But siRNA are easily trapped in the nonspecigic organs including liver, lungs, and
spleen. So how to enhance the transfecting efficiency of siRNA is very important.
The vehicle TargeTran is composed of polyethylene imine (PEI), polyethylene glycol
(PEG) and arginine-glycine-aspartate peptide sequences (RGD). PEI binds to negative
charges in phosphates of the siRNA. RGD motif has been identified as an integrin

30  ligand of activated endothelial cells. Endothelial cells express a number of different

integrins and integrin av33 and o581 have been shown to be important during
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according to national regulations and approved by the | ocal ani nal
experinents ethical conmttee. Subcutaneous N2A tunors were induced by
inoculation of 1 x 106 N2A- cells in the flank of the mce. At a tunor

vol ume of approximately 0.5-1 cnB, mce 25 received nanopl exes or free si RNA
by i.v. injection of a solution of 0.2 m via the tail vein. 40 hg
fluorescently-|abeled si RNA was injected in the free formor as PElI- or

RCD- PEG: PEI - nangpal foh &b m fuliind blehe BLAG! foP oy SSHES WIBL& dbsaget ed and

examned with a Sect1on m croscope orescence. croscopi c
exani nati on of RDsktigsptitiesnqgieryfand aredtnost prondnenCby aptiiatcd2£Xd@hélial oglbsineinge 61
m croscope equi pped wi th,ﬂ‘i}"gl tal ganmera i,nd connected tg a PC. running

efiation Pt Lo

MagnaFire 2.0 A8 of the Jppficatign of dargeiringgan Impigye ths; tinsieeliger e t aken

at equal exposuULcichdyBSifQA. q@ﬁer Eﬂ ;ﬁ@l&ﬁ%&%ﬂé& the shﬂ&Jnﬁiﬁ@Mﬁn& Rin@6ddogs by
tail vein of free fluorescent |abeled si did nor” show any significant

accunul at i 08 i ninjegtign Of jiMex carinbibitghe €PG snducedShRMAMed glepveseidarizatipm g mice.
PEI - nanoparti cI sho 1yg( t accurru at,ion in the lung tissue followed by
liver and turmr a88 98&’5811??5??‘@ °BE% PEI nanoparticle showed
hi ghest | evel of accurrul ation in tunor tissue. There was a consi derable

reduction in | URgapRWIULigin PdiréQEPAdRipal- @cIPRIRNRAPBE SpeelfRallpaeliveey intbi tt1 e

| 10 accunul attlﬁﬁbﬂﬁltﬁlslif@é’mlc-ﬁhhﬁnﬁﬁQﬁ{)hrT'ent dermonstrates tumor targeted
delivery of si RNA using PEG PElI nanoparticle. RNAI nediated inhibition

of tunor angi ogenesi ;g Rdf bddBMbled SRMAnIRD SrticRIHAY UGHoM S RE thd@Vasc AL RS ed
nanoparticle formul ati on contai ning si RNA' targeted agai nst VEG-R2

Subcut aneou$ t umﬂetlbg aropadgy whemthag merd systamechllypdinit statedrtbrosgh IV 1156qtlnpect i on
of the nanopart e fornulation.at a dose .of. 4 i RNA per injection.

| nj ecti ons wer e e'}].)’g’e?lr RPN “ragalaﬁé' Oaﬁlb‘ 6&%‘\/&? Ha%)ipal?lﬁ% SF%’B&‘ \S/vg%en

eval uat ed and @Qg@)&{@dhwm&f@;@gerr%@ gdneaysemwW th control fornulations.
Inhibition of the angiogenesis was evaluated at the end of the experinent.

fill Muse tunor nodel 20 Fenale nude mice (6 - 8 weeks of age) were
obt ai ned from TEXHAPk 10¢ &dganddisested NF)OPak*é“ﬂQ SiRNA s|pogent ppHamor Agert v t h
standard rodent validabedsindnowsesyngenic model (neuroglioblastoma)

15 Tumor targeted delivery of siRNA using the targeted nanoparticle system from
iv administration is demonstrated using fluorescently labeled siRNA packaged in

RGD-PEG-PEI nanoparticle.

Mouse tumor model

Female nude mice (6 - 8 weeks of age) were obtained from Taconic

20  (Germantown, NY), kept in filter-topped cages with standard rodent chow and water
available ad libitum, and a 12 h light/dark cycle. 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 105 N2A-
cells in the flank of the mice. At a tumor volume of approximately 0.5-1 cm’, mice

25  received nanoplexes or free siRNA by i.v. injection of a solution of 0.2 ml via the tail
vein. 40 ug fluorescently-labeled siRNA was injected in the free form or as PEI- or
RGD-PEG-PEI-nanoparticle. One hr after inj ection, tissues were dissected and
examined with a dissection microscope fitted for fluorescence. Microscopic

examination of tissues was performed with an Olympus SZX12 fluorescence
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available ad libitum and a 12 h light/dark cycle. Experinents were
performed according to national regulations and approved by the | ocal

ani mal experinments ethical commttee. Subcutaneous N2A tunors were i nduced
by inoculation of 1 x 106 N2A 25 cells in the flank of the mce. At a tunor
vol une of approximately 0.5-1 cnB, mce received nanopl exes or free si RNA
by i.v. injection of a solution of 0.2 m via the tail vein. The
nanoparticle formulati ons containing si RNA were prepared by sinple m xing
of si RNA sol micrasnepeviquipppdivytheigimbéamdra andatongeateshtold B raning. MEgraFirhe t unor

grow h inhibjtion studies, the .experi t s started when the 30 tunors
Beoar pal paby Eimsis S CORPIR. PRISCHIAN: SHUF M T el Feosficcat nent
62 consi st edjRés BPeath%issiieRNA per nouse in RPP-nanopl exes every 3 days
intravenously via the tail vein. Tunmor growth was neasured at regul ar
interval s using eResitkyi Indtavenas ipeqtioppy &l e ef fex fluyireseertdatietedisiRM e nt

al | ocat ingn. 5§ch %leasurerre ctonsi steg of ol di anet er i N di rections
appr oxi nat el 9" 8B'raélé(§lg§fb}iﬁaf‘.a%1ra1%1%W’M§rq§t%lgi)r(:bﬁs§?'e , 0.52 X

| ongest di an®yli®éred usil® PERSincphARRBbwed Righédh ecctftfhldion i the l@agnevshérent , the
animals were sacrificed and tunor_tissue and surroundi ng skin was excised

and put on aloHpwedbybysy agd surors SiRPEA deliveedusnaROPPEG Hl oanenesiéalé ari zat i on
and angi oge i 1 C: i ] Croscope
and camera SouEd NEReR AECRO M R RGGRSHE TR PR TR T Srent s

Ti ssue was l@dudtian$n luhk dedunaiaibntcomphed a0 PEEndlopadicessklv@y littlet he skin and a
digital inmage was, take and stored as_ descri bed above. Tissue S snap

) i Ti
frozen ifocicarapgtiemislivst ¢ Bhis FW“WE@%‘PWSE%%%Farﬁé%‘lﬁieﬁm%i ni fi cant
tunor growt @iﬁNW&ir#ﬂ@D%-@E?ﬁén‘Rbﬁ%nﬁm animals treated wth nanoparticle
formul ati ons contal ni ng VEGFR2 si . Animals treated wth 15 non-specific
si RNA di d not shd®RNAnmediated imtmbitian of tumor angiogenksis atd toior growdbmesr ed t 0

untreated ani mpls. .Significant, inhibjtiaon of bl ood vess r.owt h .was

obser ved ar GUHIcd {5 D e LEAROPALis's SRl OR EOMARNE YRR BEUgi ogencsi s
in the VEG-R2nmkRNEGFRD €8liEGitdhe6®: tuMoLBeatih @ ali&dwiettiRa@BY ittaverddA showed

simlar blood vessel gromh as the untreated aninals. Western bl ot analysis

of the fddnoriniepten of thohanspemdigleripanmlat®nas i dasesofiOresRNA pertinjer@eit nent  gr oups
showed subst I ' f. \YE I - Sl r i mal s
wher eas no rlgig3 Egﬂsa%e?? ﬁe%%é@ﬁgerx\ggrg;%g? @/ gﬁ)\@%%e Bl e‘%@ﬁ;‘igd e

compared with animals treated with control formulations. Inhibition of the

angiogenesis was evaluated at the end of the experiment.

Mouse tumor model

20 Female nude mice (6 - 8 weeks of age) were obtained from Taconic
(Germantown, NY), kept in filter-topped cages with standard rodent chow and water
available ad libitum, and a 12 h light/dark cycle. 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-

25 cells in the flank of the mice. At a tumor volume of approximately 0.5-1 cm?, mice
received nanoplexes or free siRNA by i.v. injection of a solution of 0.2 ml via the tail
Veiln. The nanoparticle formulations containing siRNA were prepared by simple
mixing of siRNA solutions with polymer solution at given N/P ratio.

For the tumor growth inhibition studies, the experiment was started when the

30  tumors became palpable, at 7 days after inoculation of the tumor cells. Treatment
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control siRNA treated animals. These experinents clearly denonstrate the
delivery of siRNAinto tunor tissue fromintravenous adm ni stration.

Ef fecti veness of VEGFR2 si RNA packaged in the RGD PEG PElI nanoparticle to
inhibit tumor growmth in renal 25 cell carcinoma nodel was studied using a
786-0 xenograft tunor nodel. An experinental procedure simlar to exanple 7
was used in this study. Briefly fermale nude mce (6 - 8 weeks of age) were

obt ai ned from -Eéﬁs‘?ﬁ&c?of(zﬁe %rl}lgleo IHC%{F ﬁl‘éﬁﬁs‘v@regﬁgg‘% s iR ESoud/ ©

i nduced by inocul ation of of the m-ce. At
a tunor vol unme viethe Itteljveﬂpmemrrmd)‘eihwébﬁﬁxmﬂﬂpd arlegmlmelmerwdmusﬂ@ sdigitaled by

i.v. injection of a,solution PEG PElI  nan artl
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three days 5 as cdleuleteidired). 55 ogess dianieter Rebortest digingterF i Atdhe ertdnfishe gr owt h
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ani mal s treat e@x¥bddend@it 60k nSirbNOpy BREODEL 'Tf'sklﬁssexaffﬁha%oﬁ)&ﬁﬁfabdmﬁzatlon
denonstrates that the VEGFR2 si RNA delivered by tunor targeted nanorarticle

fornul ation carindergiegeacyiy ey pgf%m@ﬁby nmrbrqor)bﬁsmgﬂe le’@ﬁhﬁméﬁf@sé@mfe@dm RNA
nanoparticl es ‘%‘h@ % f%{beﬁ%ﬂb ﬁ&r%gceh{tﬁs‘guer 8e§§§,(7)m{£8tésen W th

subcut aneous i nocul at I|o orra ce eval ua on %f the
i mpact of MEGF tiangﬂkﬁﬁmm)to \Ilhﬁhtdl‘tbiﬁdid mgelogﬁheslnﬁ acCi di\glthlyimagF@maiakemude
m ce (6-8 weeks of ) Wer bt ai ned from Tacqni ¢ .(Ger mant own, kept
infilter- toppé‘Bg cFibed Be0Er AISPRRBRYSTaR Wealrramréfaé Yéhréﬁarftalbﬁ% ad
libitum and a\ﬂ’gsté}nlb'ogﬁﬁg dark cycle. The experinments were perforned
according to national regul ati ons and approved by the | ocal ani nal
experinents ethical Rb&delgmrﬁcanl&nﬁmtgmwmﬂhbmonmhmved foearemaladieated by

i noculation of I. X 106 N2A.cells. in the f. At a.tupor
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experiments, 40mirgatéd uvmelsc Sremifjcantaibbibited of bRNA vasss] grapvtvebbiserveharotnde
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treated mice. Mice treated with control siRNA showed similar blood vessel growth as
the untreated animals. Western blot analysis of the tumor lysate collected from

20°  animals of different treatment groups showed substantial reduction of VEGFR2 in
VEGFR2-siRNA treated animals whereas no reduction in VEGFR2 was observed in
control siRNA treated animals. These experiments clearly demonstrate the delivery of
siRNA into tumor tissue from intravenous administration. Effectiveness of VEGFR2
siRNA packaged in the RGD-PEG-PEI nanoparticle to inhibit tumor growth in renal

25  cell carcinoma model was studied using a 786-0O xenograft tumor model. An
experimental procedure similar to example 7 was used in thisv study. Briefly, female
nude mice (6 - 8 weeks of age) were obtained from Taconic (Germantown, NY).
Subcutaneous 786-0 tumors were induced by inoculation of 5 x 10° 786-0 cells in the
flank of the mice. At a tumor volume reached approximately 100mm’, treatment was

30  started by i.v. injection of a solution of VEGFR2-siRNA in RGD-PEG-PEI

nanoparticle via the tail vein. Control treatment groups received nanoparticles
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exam ned with a dissection mcroscope fitted for fluorescence. M croscopic
exam nation of tissues was perfornmed with an A ynpus SZX12 fl uorescence

m croscope equi pped with digital canera and connected to a PC running
MagnaFire 2.0 camera software (Optronics, CGoleta, CA). Pictures were taken
at equal exposure 25 tinmes for each tissue. In the co-delivery experinents,
plasmid and si RNA were mxed in a 1:100 nolar ratio, respectively (40 ng
pLuc with 13 ng si RNA), and in the sequential delivery experinments 40 ng

pl asm d was wetainieg eeh-fpecidic sikNA loowaiie b resbmery vk Ritdated fot severdlatags (1: 300
nolar ratio)...The t.i ssues | rﬁ@di slsected wei ghed ang gut in 'ce:Ld:oI d (']
30 repor ter Vi TEcHORT QD BRS fagh) TImo VAU T Hentisd oBF R S 1 ubes
(Q Biogene, fLaeisBedin &hhnple?? RésuRf S&hifidah€GinbP Pro@ith iR 69568 ed Ti SSUES
were honogeni zed with 64;1 a Fastprep FP120 nagneti c honogeni zer

(Q Bi ogene) fah%nlmahmeé@dmﬁheVE@E&%é@l‘R‘bnanqmﬁ@iQ®ﬂn‘dﬁtz%dV<aélgnl\f'ﬁcﬁly usi ng the
| uci ferase assay _system.(.Prone on Vonol i gh 2010 | um. ter

(Anal vt oar o RO AR TR T RriRiRL s Al St ™R b5t i on

studi es, t heag¥pefidlee Mhidepetimantdechonkedies the the/ TBEGFRREFANR deBl@edbe at 5 7
days after inoculation of the tunor cells. Treatnent consisted of 40 ny

si RNA per risueetargetadppnopasinle formylagion £9n Fhipyg Samefigrewydiislibitionyi a the tai |
vei n. Tunor growt r : i : i Lgttal

cal i per by an obsﬂll:ehre &lggﬁ%ﬁfﬁﬁg&%ﬁtﬁaﬁ altllt'Il ncwégénstd\’ée;}5 ?%S\éégitn?%lwé ngrcl Qtr%bégﬁs%?errent
consi st ed ofa Cihmoustimacdel eithisubduvanealisriratulavion of BR2AYiodaatoina cElisrfor vol unme was
cal cul aied as:. 0.52 | ongest_ di ter X shortest 10 .dianeter2, At the end
of the &kper§vAlAton ¢fle Wprahefs akdpivp g d2p AT FREHRFCNETIS A ind

sur roundi ng gglda YRR n%é&{émea&%fagé) Wik 8bintd BRELPMoflcFESrmiarksign, Ti SSue
exam nation for vascul arization and "angi ogenesi s was performed by m croscopy
usi ng the ANY)kest infittee®ppg@kcageciwitiaptendaré tpdiepindbow aid saitérbagailzhbeoade f or

fluorescent tissue 15 surenents. Jissue.was trans-illumnated to

Vi sual i ze oGy ceder LR TRHGER Bk, THRPPEERGS e ToRaEES R OKAER and
stored as damgbhd)eshudRieMandldppoved B sheSBEHP ahinff ExperinPHBGHAEL cyminiseeal t er
for western blotting. Tunmor growt h I nhibition by si RNA RPP-nanopl exes. M ce

wer e i ndZul atubgutandous NRAAumgrsovere élduseddndinpetlationmirlad @J(}NPZ)A celleatteel every 3
days by tai lﬂa\flﬁlo? eSS WP tumor volume of 0.5-1 cm3, mice received nanoplexes or free

siRNA by i.v. injection of a solution of 0.2 ml via the tail vein. The nanoplex
solutions were prepared as above, at N/P ratio of 2. For tissue distribution
experiments, 40 mg fluorescently labeled siRNA was injected in the free form or as
20  P-or RPP-nanoplexes. One hour after injection, the tissues were dissected and
examined with a dissection microscope fitted for fluorescence. Microscopic

examination of tissues was performed with an Olympus SZX12 fluorescence ‘
microscope equipped with digital camera and connected to a PC running MagnaFire

2.0 camera software (Optronics, Goleta, CA). Pictures were taken at equal exposure
25  times for each tissue.
~ In the co-delivery experiments, plasmid and siRNA were mixed ina 1:100
molar ratio, respectively (40 mg pLuc with 13 mg siRNA), and in the sequential
delivery experiments 40 mg plasmid was delivered first, followed by 40 mg siRNA 2
h later (1:300 molar ratio). The tissues were dissected, weighed and put in ice-cold
30 reporter lysis buffer (Promega) in magnetic beads containing 2 ml tubes (Q-Biogene,

Carlsbad, CA), 24 h after injection of the nanoplexes. Tissues were homogenized with
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20 wi th RPP-nanopl exes with silLacZ or si VEGF R2 at a dose of 40 ng per
nouse. Treatnent was started at the tinme-point that the tunors becane

pal pable (20 mB). Only VEGF R2- sequence-specific si RNA i nhibited tunor
growt h, whereas treatnent wth LacZ siRNA did not affect tunor growth rate
as conpared with untreated controls (n =5). 25 Exanple 11. Ligand directed
nanoparticle siRNA is potent anti-tunor agent validated in xenograft tunor
nodel (renal cay i | so
tested in a mﬁaslﬁdsﬁpﬁl)rlgp %égh&%r}ﬁmﬂigé %’ﬁr@ze%igg% I‘CI %és &% ?aTS 6rdef0faThe
si RNA nanopar t ircpeetr erenyencrativifyarsing thel lucifetabe gy sare (Pedmeedanbis a Mhosiglne

procedure, usi sane route of del.iver s, that 3 f | e 10. Five
ti mes of repea%éibgﬁlp%?‘i%wﬂﬁa]tméeﬂﬁ% fiﬁ?%‘ia%}’)s%g?eﬁ@m% o¥thy/ kg

dosage were carfjigioR Yudih the éiﬁénﬁl@hmssstd?ﬁeﬁ vARAMK tumbfSeth@0bdh AN, t umor
growt h inhibition was obser ved anple 12. Ligand directed nanoparticle

si RNA i s pofent? @ySaf-tdzrumulaalganf the\mahmdatledTIeatmwngmsafed of dfrorg AN Al per
(col orectal carcino anap arti cI tar ng VEGFR2 gene, we
further t ost eq DoHE TERRPnasIet Prechd gorni et P Rt YRipddrmiy Rvat hunran
col orectal car Gid3qR@s&ed ht reéﬁlﬁﬁnte%ﬁ'@smé@&?ﬁdl%hh&@ﬁy MebbReer bReRAast S:
Avastin, nonocl onal anti body agai nst VE Genetech); si RNA

?%a; nZ tn ) VEgrsrzttreg@wéﬁl@amp&a@mm@amremgﬁrqmslsté% fayaiondiameige irrtémah@ctwnsl
\" |
S conol  {cat & Thedt- Sarcunas3bRiegs g B3 00RReerP Btrer Rapp 8

Louis, MJ10M Qﬁamcaérﬁyrms femal e nude mce, 5 to 6 weeks old, vvere purchased
from TACONI C O and housed conventi onal l%{ Al investigations foll owed

gui delines of the @gihs eded thaexpramenty e gpimakpwersserrijicathprhilgoRESYE Pobs,

Conmi ssi on of L ani mal
facility of Bi omedlrg:cfz?trfgsg ergggsre%ﬁlsl\?%%(?ﬁ?u?e%%@?w &&X%Q%th*?a gnd is fully
accredited by tdxemﬁumom fomwaska knicatani and angiogdnakio mat perﬁorﬂu&dbylrméiasc@py@ahgs
Col on carcinomg, c

line, DLD-1 (CCL-221 n RPM .1640
modt o £h 9 TR DI BHPREOPS S5 (e SRR AR AE OGNt oS e,
10 mM HEPESs  angeabu@mits S PRL Y ANV 3 Bnin 3RYad EE@lize 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
with N2A tumor cells and left untreated or treated every 3 days by tail vein injection
20  with RPP-nanoplexes with siLacZ or siVEGF R2 at a dose of 40 mg per mouse.
Treatment was started at the time-point that the tumors became palpable (20 m_m3).
Only VEGF R2-sequence-specific siRNA inhibited tumor growth, whereas treatment
with LacZ siRNA did not affect tumor growth rate as compared with untreated

controls (n = 5).

25 Example 11. Ligand directed nanoparticle siRNA is potent anti-tumor agent
validated in xenograft tumor model (renal carcinoma)

The ligand directed siRNA nanoparticles were also tested in a mouse xenograft
model with a renal carcinoma cell lines. The siRNA nanoparticles were manufactured
with the same materials and same procedure, using the same route of delivery as that

30  of Example 10. Five times of repeated deliveries with three day intervals using
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20 bovi ne serum Reagents Avastin, nonoclonal antibody agai nst VEGF
(25mg/ M, Genetech); si RNA agai nst VEGFR2, sequence (Appendix 1); siRNA
agai nst luciferase (Q agen); Avertin nade of 1.5gram 2,2, 2, Tri bronoet hanol
and 1.5m t-anyl alcohol (Cat# T4840-2, 25 Cat# 24048-6, Aldrich) in 100n
distill water, St. Louis, MJ. Mce: athynus female nude mce, 5 to 6 weeks
ol d, were purchased from TACONIC () and housed conventionally. All

i nvestigations followed guidelines of the Conmttee on the Care of

Laborat ory AmMgﬂdgsioR@ommcme@mwiﬁsdimaniufalsmef eolfsri. éifeasgnifiant wnmr Resear ch
Council . The anlhuﬂ1 facility of Bionedical Research Institute in Rockville
Maryl and 30 $EWHLRPPIIOA YA §OsE¥dy t he Anerican Association of Laboratory
Animal Care. Cells: 66 Colon carcinoma cell line, DLD-1 (CCL-221, ATCC) was

grown i n RPMixahRgIe 12 Mefkiandd dikdebedndildphrtill$iRMAR polen? afltiloufiddiagfht
bi carbonat e, yffiqated ih XQMQ}QRQumJ)P nﬂMe]l @EPOE@:tala&\ clfoﬂaf”v' sodi um pyruvate, 10%

fetal bovine serum Procedure: I s near confl uence were harvested
and resusgpended i f [Hagd;i; A heti zed
W th AVG?'[I n, O. 4@rrsii %)dt}?é ]?@%ngwetarget ]?USERE% rPAI gV%I n Oe@ie%%qgéer umfree

RPM nedi um ammncirrqfﬁcratgdl noese xrem«zgaﬂb awkelswith a bumamheolbettial cardinorka al
est abl i shmeglt O]f_) if)e\[llmograft tunor nodel. 4) 5 days after inoculation of tunor
cells, size & OWi ng tunors were nmeasured with a caliper. Mce were then

random y gr qwae&mnahh MetHb&?se R’&gergg OMpasthh@@ocwnfaf £1iBDy SOMsPYEGRYI MEN wer e
10 applied: 1 gglék an tespectively. Al hough the high

dose at 4 ngfﬂﬁglg@elpﬁe@% shIRINA againgin F%unmmpmndlx\lb,ts}RNAher e is no

significant diff t three t fferent
conpar i g n, |gtamﬁtel eégse( a&ﬁg) fA‘ﬁ' ‘Etmnir‘h r%s’g%lfsl?rﬁmoetﬂ%\?i Manoparticle
at 4ng/ kg exhsii t-aflylal@hboTae: T484012, Uaf#DZ404e-f6f ACdHRY) tnhiaond] datillefatd, o/ kg
Avastin treatnent. 67 References: 1. Peter A Canpochi aro. Reti nal and

chor oi dal ne¥vheEsMP]-2Mises mthymusdemale ppdesiiste, 5 tefpweeksgld, 3(pre pwchased s t h
LE, Veésol Owsﬂﬂ)m %‘Ad}@ﬂ]ﬁ!‘ baaﬂd Roukh cglllven%}/a(ﬂ?n Alﬂgygsﬁgatfo%E 'f&ﬁﬁ?etd rQ[udeﬂnes

of the Commiittee on the Care of Laboratory Animals Resources, Commission of Life
15 Sciences, National Research Council. The animal facility of Biomedical Research
Institute in Rockville Maryland is fully accredited by the American Association of
Laboratory Animal Care. Cells: Colon carcinoma cell line, DLD-1 (CCL-221,
ATCC) was grown in RPMI 1640 medium with 2 mM L-glutamine, 1.5 g/L sodium
bicarbonate, 4.5 g/L glucose, 10 mM HEPES, and 1.0 mM sodium pyruvate, 10% fetal

20 bovine serum.

Reagents

Avastin, monoclonal antibody against VEGF (25mg/ml, Genetech); siRNA
against VEGFR2, sequence (Appendix 1); siRNA against luciferase (Qiagen); Avertin
made of 1.5gram 2,2,2, Tribromoethanol and 1.5ml t-amyl alcohol (Cat# T4840-2,

25  Cat# 24048-6, Aldrich) in 100ml distill water, St. Louis, MO] Mice: athymus female
nude mice, 5 to 6 weeks old, were purchased from TACONIC () and housed
conventionally. All investigations followed guidelines of the Committee on the Care
of Laboratory Animals Resources, Commission of Life Sciences, National Research
Council. The animal facility of Biomedical Research Institute in Rockville Maryland

30  is fully accredited by the American Association of Laboratory Animal Care. Cells:
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human VEGF specific si RNA sequences (25 basepairs with blunt ends): VEG--1,
CCUGAUGAGAUCGAGUACAUCUUCA (SEQ ID NO 276) VEGF- 2, GAGOOOAACAUCACCAUGCAGAUUA
(SEQ ID NO 277) VEG-3, AGUCCAACAUCACCAUGCAGAUUAU (SEQ ID NO 278)

VEGF- 4, CCAACAUCACCAUGCAGAUUAUGCG (SEQ ID NO 279) VEGF-5,
CACCAUGCAGAUUAUGCGGAUCAAA (SEQ ID NO 280) VEGF-6,
GCACAUAGGAGAGAUGAGCUUCCUA (SEQ ID NO 281) VEGF-7,
GAGAGAUGAGCUUCCUACAGCACAA (SEQ ID NO 282) 5 Table B 1-3, hunman VEGFRI

speci fi c si RNAsgequanes . ((200hasenak ns4.M1-hodl unt  ends): VEGFRI -1,
CAAAGGACUUUAUACUUGUCGUGUA (SEQ I D NO. 283)  VEGFRI- 2,
CCCUCGCCGGAAGUYSUAambe At eBHEP9D). Mol Cag Piol. \E63385248.
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VEGFR2- 10, CCACACUGAGCUCUCCUCCUGUUUA (SEQ ID NO 302) 71 1 SEQUENCE

LI STING <110> LIU, YIJIA LU PATRICK Y. SCARI A, PUTHUPPARAMPI L V.

SCHI FFELERS, RAYMOND TANG QUINN Q WOODLE, MARTIN C.  XIE, FRANK Y. XU,
JUN ZHOU, QN <120> COWPGCSI TI ON AND METHODS OF RNAI THERAPEUTI CS FOR
TREATMENT OF CANCER AND OTHER NEOVASCULARI ZATI ON DI SEASES <130> | NTM 023
CON <140> 11/824,084 <141> 2007-06-29 <150> PCT/ US06/ 013645 <151>
2006- 04- 12 <150>760/Saifh [, Avesoiwski BOORrel4 AZet af 16Q7:c308dirckd &XinBdtBy i N
version 3.3 <210> 1 <211> 25 <212> RNA <213> Artificial Sequence <220>
<223> Descri ption oftheyppusej dnvest GeliadmekVisSehtlR84.i35:10dtilgonucl eot i de

Table B1-1
human VEGF specific siRNA sequences (25 basepairs with blunt ends):

VEGF-1, CCUGAUGAGAUCGAGUACAUCUUCA (SEQ ID NO: 276)
VEGF-2, GAGUCCAACAUCACCAUGCAGAUUA (SEQ ID NO: 277)

VEGF-3, AGUCCAACAUCACCAUGCAGAUUAU (SEQ ID NO: 278)
VEGF-4, CCAACAUCACCAUGCAGAUUAUGCG (SEQ ID NO: 279)
VEGF-5, CACCAUGCAGAUUAUGCGGAUCAAA (SEQ ID NO: 280)
VEGF-6, GCACAUAGGAGAGAUGAGCUUCCUA (SEQ ID NO: 281)
VEGF-7, GAGAGAUGAGCUUCCUACAGCACAA (SEQ ID NO: 282)

5  Table B1-3, human VEGFRI1 specific siRNA sequences (25 basepairs with blunt
ends):

VEGFR1-1, CAAAGGACUUUAUACUUGUCGUGUA (SEQ ID NO: 283)
VEGFR1-2, CCCUCGCCGGAAGUUGUAUGGUUAA (SEQ ID NO: 284)
VEGFR1-3, CAUCACUCAGCGCAUGGCAAUAAUA (SEQ ID NO: 285)
VEGFR1-4, CCACCACUUUAGACUGUCAUGCUAA (SEQ ID NO: 286)
VEGFR1-5, CGGACAAGUCUAAUCUGGAGCUGAU (SEQ ID NO: 287)
VEGFR1-6, UBACCCACAUUGGCCACCAUCUGAA (SEQ ID NO: 288)
VEGFR1-7, GAGGGCCUCUGAUGGUGAUUGUUGA (SEQ ID NO: 289)
VEGFR1-8, CGAGCUCCGGCUUUCAGGAAGAUAA (SEQ ID NO: 290)
VEGFR1-9, CAAUCAAUGCCAUACUGACAGGAAA (SEQ ID NO: 291)
VEGFR1-10, GAAAGUAUUUCAGCUCCGAAGUUUA (SEQ ID NO: 292)

Table B 1-5, human VEGFR2 specific siRNA sequences (25 basepairs with blunt

ends):

VEGFR2-1, CCUCGGUCAUUUAUGUCUAUGUUCA (SEQ ID NO: 293)
VEGFR2-2, CAGAUCUCCAUUUAUUGCUUCUGUU (SEQ ID NO: 294)
VEGFR2-3, GACCAACAUGGAGUCGUGUACAUUA (SEQ ID NO: 295)
VEGFR2-4, CCCUUGAGUCCAAUCACACAAUUAA (SEQ ID NO: 296)
VEGFR2-5, CCAUGUUCUUCUGGCUACUUCUUGU (SEQ ID NO: 297)
VEGFR2-6, UCAUUCAUAUUGGUCACCAUCUCAA (SEQ ID NO: 298)
VEGFR2-7, GAGUUCUUGGCAUCGCGAAAGUGUA (SEQ ID NO: 299)
VEGFR2-8, CAGCAGGAAUCAGUCAGUAUCUGCA (SEQ ID NO: 300)
VEGFR2-9, CAGUGGUAUGGUUCUUGCCUCAGAA (SEQ ID NO: 301)
VEGFR2-10, CCACACUGAGCUCUCCUCCUGUUUA (SEQ ID NO: 302)
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~5400> 1 ccugaugaga ucgaguacau cuuca 25 2 <210> 2 <211> 25 <212> RNA <213>

Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 2 ugaagaugua cucgaucuca ucagg 25 <210> 3
<211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic oligonucleotide <400> 3 gagagaugag
cuuccuacag cacaa 25 <210> 4 <211> 25 <212> RNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence: Synthetic oligonucleotide
<400> 4 uugugcugua ggaagcucau cucuc 25 <210> 5

SEQUENCE LISTING

<110> LIU, YIJIA
LU, PATRICK Y.
SCARIA, PUTHUPPARAMPIL V.
SCHIFFELERS, RAYMOND
TANG, QUINN Q.
WOODLE, MARTIN C.
XIE, FRANK Y.
XU, JUN
ZHOU, QIN

<120> COMPOSITION AND METHODS OF RNAI THERAPEUTICS FOR TREATMENT OF
CANCER AND OTHER NEOVASCULARIZATION DISEASES

<130> INTM/023 CON

<140> 11/824,084
<141>2007-06-29

<150> PCT/US06/013645
<151>2006-04-12

<150> 60/670,717
<151>2005-04-12

<160> 302
<170> Patentin version 3.3

<210> 1

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 1
ccugaugaga ucgaguacau cuuca 25



<211> 25 <212> RNA 3 <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic oligonucleotide <400> 5 cacaacaaau
gugaaugcag accaa 25 <210> 6 <21 1> 25 <212> RNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence: Synthetic oligonucleotide
<400> 6 uuggucugca uucacauuug uugug 25 <210> 7 <211> 21 <212> DNA <213>
Artificial Sequence <220> <223> Descrjption of Conbi ned DNA/ RNA Ml ecul e:
Synt hetic oligonucl eotide <220> <223> Description of Artificial Sequence:

1r(n)t>h2eti c oligonucl eotide <400> 7 ucgagacccu gguggacaut t 21 <210> 8
<

<211>25
<212> RNA
<213> Artificial Sequence

<220
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 2
ugaagaugua cucgaucuca ucagg 25

<210> 3

<211> 25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 3
gagagaugag cuuccuacag cacaa 25

<210>4

<211>25

- <212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

- <400> 4
yugugeugua ggaageucau cucuc 25

<210>5
<211> 25
<212> RNA



<211> 25 <212> RNA 4 <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic oligonucleotide <400> 8 gccaacauau
ucuacagugu ucuua 25 <210> 9 <211> 25 <212> RNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence: Synthetic oligonucleotide
<400> 9 uaagaacacu guagaauaug uuggc 25 <210>10 <211> 25 <212> RNA <213>
Agﬁhfgg& H,Se ence <220> <223> Descriﬁiion of Artificial Sequence:
Sy ﬁetl INYE) JoHEE 8ot i de <400> 10 cccucgccgg aaguuguaug guuaa 25 <210> 11
<211> 25 <212> RNA <213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 5
cacaacaaall gugaaugeag accaa 25

<210>6

<211>25

<212>RNA

<213> Artificial Sequence

<220
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 6
uuggucugea uucacauuug uugug 25

<210>7

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Combined DNA/RNA Molecule:
Synthetic oligonucleotide

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 7
ucgagacccu gguggacaut € 2]

<210> 8
<211>25
<212> RNA



<220> <223> Descrlptlon of Art|f|C|aI Sequence Synthetlc 5 ollgonucleotlde
<400> 11 uuaaccauac aacuuccggc gaggg 25 <210> 12 <211> 21 <212> DNA <213>
Artificial Sequence <220> <223> Description of Conbi ned DNA/ RNA Mol ecul e:
Synt hetic oligonucl eotide <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 12 ggagaggacc ugaaacugut t 21 <210> 13
<211> 25 <212> RNA <213> Artificial ,Sequence <220> <223> Description of

<2ig%lé%gﬁ%% Sc%gggﬁ 325. Synthetic oli génucl eoti de <400> 13 ccucuucugu

<210> 14 <211> 25 <212> RNA <213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 8 _
gecaacauau ucuacagugu ucuua 25

<210>9

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 9
uaagaacacu guagaauaug uugge 25

<210> 10

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 10
cccucgecgg aaguuguaug guuaa _ 25

<210> 11

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic



l

<220> <223> Description of Artificial Sequence: Synthetic 6 oligonucleotide
<400> 14 aauugugagu gucuuacaga agagg 25 <210> 15 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 15 cccuugaguc caaucacaca auuaa 25 <210> 16
<211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic oligonucleotide <400> 16 uuaauugugu
gauuggacuc ﬁ%ggg 25 <210> 17 <211> 25 212> RNA <213> Artificial Sequence
<220 EPPHLICBHBE i ption of Artificial Sequence: Synthetic ol igonucl eotide

<400> 11
uuaaccauac aacuuceggece gagge 25

<210> 12

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Combined DNA/RNA Molecule:
Synthetic oligonucleotide

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 12
ggagaggace ugaaacugut t 21

<210> 13

<211> 25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 13
ccucuucugu aagacacuca caauu 25

<210> 14

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic



<400> 17 ccaagugauu gaagcagaug ccuuu 25 7

<210> 18 <211> 25 <212> RNA

<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 18 aaaggcaucu gcuucaauca cuugg 25 <210> 19
<211> 21 <212> DNA <213> Artificial Sequence <220> <223> Description of
Conbi ned DNA/ RNA Mol ecul e: Synthetic oligonucl eotide <220> <223?

Description of Artificial Sequence: nt het

ic oligonucleotide <400> 19

C§ E@ﬁ%ﬁg% agagccggtt 21 <210> 20 <211> 25 <212> RNA <213> Artificial
S a 0> <223> Description of Artificial Sequence: Synthetic

ol i gonucl eot i de
<400> 14

aauugugagu gucuuacaga agagg 25

<210> 15

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 15
¢ccuugaguc caaucacaca auuaa 25

<210> 16
<211>125

- <212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 16
uuaauugugu gauuggacuc aaggeg 25

<210> 17

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 17
ccaagugauu gaageagaug ccuul 25



l

<400> 20 ecucaagagc aaacgugacu uauuu 25 8 <210> 21 <2.11> 25 <212> RNA
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 21 aaauaaguca cguuugcucu ugagg 25 <210> 22
<211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic oligonucleotide <400> 22 caagauccgc
agacguguaa auguu 25 <210> 23 <211> 25 <212> RNA <213> Artificial Sequence
<220> <223> Description of Artificial Séquence: Synthetic oligonucleotide
<400> 23 aacauuuaca cgucugcgga ucuug 25 <210> 24

<210> 18

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 18
aaaggeaucu geuucaauca cuugg 25

<210> 19

<211>21

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Combined DNA/RNA Molecule:
Synthetic oligonucleotide

<220>
<223& Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 19
caguaagega aagageeggt t 21

<210> 20

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 20
CCUCaagage aaacgugacu uauuu 25



<211> 25 9 <212> RNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic oligonucleotide <400> 24 gcagcuugag
uuaaacgaac guacu 25 <210> 25 <211> 25 <212> RNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence: Synthetic oligonucleotide
<400> 25 aguacguucg uuuaacucaa gcugc 25 <2 10> 26 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Desciption of Artificial Sequence:
Synthetic oligonucleotide <400> 26 cagcuugagu uaaacgaacg uacuu 25 <2 10>
27 <211> 25 <212> RNA <213> Artificial Sequence

<210> 21

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 21
© aaauaaguca cguuugceucu ugagg 25

- <210>22

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 22
caagauccgc agacguguaa auguu 25

<210>23
<211> 25
- <212>RNA
<213> Artificial Sequence

- <220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 23
aacauuuaca cgucugegga ucuug 25

<210>24
<211>25



<220> 10 <223> Description of Artificial Sequence: Synthetic

ol i gonucl eoti de. <400> 27 aaguacguuc guuuaacuca agcug 25 <210> 28 <211> 25
<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucl eotide <400> 28 ccaugccaag uggucccagg cugca 25
<210> 29 <21 1> 25 <212> DNA <213> Artificial Sequence <220> <223>
Desghipijyan of Artificial Sequence: Syn?hetic ol i gonucl eoti de <400> 29

t cct actt catgg 25 <210> 30 <211>25 <212> RNA <213> Artificial
Sgéigﬁéy%gE%Q%%qgg Description of Artificial Sequence: Synthetic
ol i gonucl eot i de

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 24
geageuugag uuaaacgaac guacu 25

<210>25

<211> 125

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 25
aguacguucg uuuaacucaa geuge 25

<210>26

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 26
cagcuugagu naaacgaacg uacuu 25

<210> 27

<211>25

<212> RNA

<213> Artificial Sequence

<220>



<400> 30 11 cacauaggag agaugagcuu ccuca 25 <210>31 <211> 25 <212> RNA
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 31 ugaggaagcu caucucuccu augug 25 <210> 32
<211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic oligonucleotide <400> 32 ccuacggacc
guuaagcggg ccaau 25 <210> 33 <21 1>1%5 <212> RNA <213> Artificial Sequence

0 .< > i- PL4 t kf,l,Gi Sequence: Synthetic oligonucl eotide
<%§e§ &g?@ﬁ%@&@“&ﬁ§s@%%@%cs 1&@*53%25 <210>34
oligonucleoti

<400> 27 _
aaguacguue guuuaacuca ageug 25

<210> 28

<211> 25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400 28
ccaugecaag uggucccagg cugea 25

<210>29

<211> 25

<212> DNA

<213> Artificial Sequence

- <220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 29
fgecageoetgg gaccactigg catgg 25

<210> 30

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 30



12 <211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic oligonucleotide <400> 34 cucaugucug
uucucaagau ccuca 25 <210> 35 <211> 25 <212> RNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence: Synthetic oligonucleotide
<400> 35 ugaggaucuu gagaacagac augag 25 <210> 36 <211> 25 <212> RNA <213>
Artificial Seguence = <220> <223> Descrﬁﬂ ti of Artificial Sequence: ,
g?ﬁﬁﬂ%ﬁ&%gaggp a%ﬂﬂﬁﬁ9¥8?|de <400> 36 cucaugduga uuguggaauu cugca 25 <210> 37
<211> 25 <212> RNA <213> Artificial Sequence

<210> 31

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400>31 _
ugaggaageu caucucuccu augug 25

<210>32

<211>25

<212>RNA

<213> Artificial Sequence

<220> _
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 32
ccuacggace guuaageggg ccaau 25

<210> 33

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 33
auuggeccge uuaacgguce guagg 25

<210>34



13 <220> <223> Description of Artificial Sequence: Synthetic
ol i gonucl eoti de <400> 37 ugcagaauuc cacaaucacc augag 25 <210> 38 <211> 25
<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial

Sequence: Synthetic oligonucleotide <400> 38 gagcauggaa gaggauucug gacuc 25

<21 0> 39 <211> 25 <212> DNA <213> Artificial Sequence <220> <223>
Descri ption of Conmbi ned DNA/ RNA Mol ecul e:  Synthetic oligonucl eotide <220>
<2§§%3 Description of Artificial Sequé%ce: Synthetic oligonucleotide <400>
uccagaa ucetcuucca ugctc 25 <210> 40 <211> 25 <212> RNA <213>
<A2# RNA al  Sequence

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 34
cucaugucug uucucaagau ccuca 25

<210> 35

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 35
ugaggaucuu gagaacagac augag 25

<210> 36

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 36
cucaugguga uuguggaauu cugea 25

<210> 37

<211> 25

<212>RNA

<213> Artificial Sequence



-

" 14 <220> <223> Description of Artificial Sequence: Synthetic
ol i gonucl eoti de <400> 40 ccagaacagua agcgaaagag ccggc 25 <210> 41 <211> 25
<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucleotide <400> 41 gccggcucuu ucgcuuacug uucug 25
<210> 42 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: SyntiBetic ol igonucleotide <400> 42
gac#fftuga ccuuggagca ucuca 25 <210> 43 <211> 25 <212> RNA <213>
Ar€213>DeberiigipreaC artifeia0Seqigdide: Desdietipti on of Artificial Sequence:

Synt htdofucRbligonucl eoti de

<400> 37
ugeagaauuc cacaaucace augag 25

<210> 38

<211>25

<212> RNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 38
gagcauggaa gaggauucug gacuc 25

<210>39

<211>25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Combined DNA/RNA Molecule:
Synthetic oligonucleotide

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 39
gaguccagaa ucctcuucca ugetc 25

<210> 40

<211>25

<212>RNA

<213> Artificial Sequence



<

<223> Description o

15 <400> 43 ugagaugcuc caaggucagg aaguc 25 <2 10> 44 <21l> 25 <212> RNA
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 44 ccugaccuug gagcaucuca ucugu 25 <210> 45
<211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic oligonucleotide <400> 45 acagaugaga
ugcuccaagg ucagg 25 <210> 46 <211> 25 <212> RNA <213> Artificial Sequence
<220> <223> Descri ption of ArtificiaU4Sequence: Synthetic ol igonucleotide

> 46 gcuaagggca uggaguucuu ggcau 25 16
fg g.rtlﬁcia %equence: Synthetic

oligonucleotide

<400> 40

cagaacagua agcgaaagag ccgge 25

<210> 41

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic

oligonucleotide

<400> 41
gceggeucuu ucgeuuacug uucug 25

<210>42

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic

oligonucleotide

<400> 42
gacuuccuga ccuuggagea ucuca 25

<210> 43

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic

oligonucleotide



<210> 47 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 47
augccaagaa cuccaugccc uuagc 25 <210> 48 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: .
Synthetic oligonucleotide <400> 48 cacgcuguuu auugaaagag ucaca 25 <210> 49
Q%%%F) <212> RNA <213> Artificial Séguence <220> <223> Description of
Artiticial Sequence: Synthetic oligonucleotide <400> 49 ugugacucuu

SR IHBRRACAEEUEASIHAAgEE1 0> 50 <211>25 <2123 RNA <213> Artificial Sequence

<210> 44

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 44
ccugaccuug gagcaucuca ucugu 25

<210>45

<211>25

<212>RNA .
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide '

<400> 45
acagaugaga ugcuccaagg ucagg 25

<210> 46

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 46
geuaagggea uggaguucuu ggeau 25



17 <220> <223> Description of Artificial Sequence: Synthetic

ol i gonucl eoti de <400> 50 cgcuguuuau ugaaagaguc acaga 25 <210> 51 <211> 25

<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial

Sequence: Synthetic oligonucleotide <400> 51 ucugugacuc uuucaauaaa cageg 25

<210> 52 <211>25 <212> RNA <213> Artificial Sequence <220> <223>

Description of Artificial Sequence: Synthetic oligonucleotide <400> 52

{%igg ggccueugauggu gauge 25 <210> <211> 25 <212> RNA <213> Artificial
uence <220> <223> Description of Artificial Sequence: Synthetic

<Blliigaiucl eot i de

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
 oligonucleotide

<400> 47
augccaagaa cuccaugeee uuage 25

<210> 48

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 438
© cacgcuguuu auugaaagag ucaca 235

<210> 49

<211>25

<212> RNA

<213> Aurtificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 49
ugugacucuu ucaauaaaca gegug 25

<210> 50

<211>125

<212>RNA

<213> Artificial Sequence



|

18 "~<400>53 acaucaccau cagaggcccu ccuug 25 <210> 54 <211> 25 <212> RNA
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 54 ccaacuaccu caagagcaaa cguga 25 <210> 55
<211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic oligonucleotide <400> 55
ucacguuugcucuugaggua guugg 25 <210> 56 <211> 25 <212> RNA <213> Artifici al
Sequence <220> <223> Description of Akl ficial Sequence: Synthetic
oLEg&Qucleotide <400> 56 cuaccucaag agcaaacgug acuua 25 19 '

<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 50
cgecuguuuau ugaaagaguc acaga 25

<210> 51

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 51
ucugugacuc ugucaauaaa cageg 25

<210> 52

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 52
caaggaggec cucugauggu gaugu 25

<210> 53

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide



<210> 57 <211> 25 <212> RNA <213> Artificial
Description of Artificial Sequence: Synthetic

Sequence <220> <223>
ol i gonucl eoti de <400> 57

uaagucacgu uugcucuuga gguag 25 <210> 58 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 58 ccagaaagug cauucaucgg gaccu 25 <210> 59

<211> 25 <212> RNA <213> Artificial gequence
ucl eoti de <400> 59 aggucccgau

Artificial Sequence: Synthetic oli go1

<220> <223> Description of

gaaugcacuu ucugg 25 <210> 60 <211> 25 <212> RNA 20
<400> 53

acaucaccau cagaggeccu ceuug 25

<210> 54

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 54
ccaacuaccu caagageaaa cguga 25

<210> 55

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 55
ucacguuuge ucuugaggua guugg 25

<210> 56

<211>25

- <212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide ‘

<400> 56
cuaccucaag ageaaacgug acuua 25



<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucl eotide <400> 60 cauu-caucgg gaccuggcag egaga 25 <210>
61 <211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description of

Artificial Sequence: Synthetic oligonucleotide <400> 61 ucucgcugcc '
agguccegau gaaug 25 <210> 62 <211> 25  <212> RNA <213> Artificial Sequence
<220> <223> Description of Artificial Sgbuence: Synthetic oligonucleotide

<4Q0> 62 caucgggacc uggcagcgag aaaca 25 <210> 63 <211> 25 <212> RNA <213>
AFELPT O7al Sequence <220> <223> Description of Artificial Sequence:

Syf@t het2iSc 21

<212>RNA
<213> Artificial Sequence

<220> _
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 57
uaagucacgu uyugcucuuga geuag 25

<210> 58

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 58 |
ccagaaagug cauucaucgg gaccu 25

<210> 59

<211> 25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 59
aggucccgau gaaugeacuu ucugg 25

<210> 60
<211>25
<212> RNA



ol i gonucl eoti de <400> 63 uguuucucgc ugccaggucc cgaug 25 <210> 64 <211> 25
<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucleotide <400> 64 gagccuggaa agaaucaaaa ccuuu 25
<210> 65 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 65
aaagguuuug auucuuucca ggcuc 25 <210> 66 <211> 25 <212> RNA <213>

|f|c e uence <220> <223> Des@plptlon of Artificial Sequence:
éiiﬁ Em' cl eoti de <400> 66 gccuggaaag aaucaaaacc uuuga 25 22

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 60 _
cauucaucgg gaccuggeag cgaga 25

<210> 61

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 61
ucucgeugece agguccegau gaaug 25

<210>.62

<211>25

- <212>RNA

<213> Artificial Sequence

<220
<223> Description of Artificial Sequence Synthetic
oligonucleotide

<400> 62
caucgggacc uggecagegag aaaca 25

<210> 63

<211> 25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic



<210> 67 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 67
ucaaagguuu ugauucuuuc caggc 25 <210> 68 <21.1> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic ol i gonucl eoti de <400> 68 gccuggaaag aaucaaaacc uuuga 25 <210> 69
211 f; i > RNA <213> Artificial SéHuence <220> <223> Description of
Arth gﬁaﬂcqg Gence: Synthetic oligonucl eotide <400> 69 ucaaagguuu
ugauucuuuc caggc 25 <210> 70 <211> 25 23 <212> RNA

<400> 63

uguuucucge ugecagguce cgaug 25

<210> 64

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 64
gagecuggaa agaaucaaaa ccuuu 25

<210> 65

<211> 25

<212> RNA 5
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 65
aaagguuuug auucuuucca ggeuc 25

<210> 66

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 66
geocuggaaag aaucaaaace uuuga 25



D | e
<213> Artificial Sequence <220> <223> Description of Artificial sequence:.
Synthetic oligonucl eotide <400> 70 cugaacugag uuuaaaaggc accca 25 <210> 71
<211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic oligonucleotide <400> 71 ugggugccuu
unaaacugag uucag 25 <210> 72 <211> 25 <212> RNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence: Synthetic oligonucleotide
<400> 72 gaacugaguu uaaaaggcac ccagc 225 <210> 73 <211> 25 <212> RNA <213>
Artificial Sequence <220> 24 <223> Description of Artificial Sequence:

Synt hetic

<210> 67

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 67
ucaaagguuu ugauucuuuc cagge 25

<210> 68

<211>25

<212>RNA

- <213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 68
gccuggaaag aaucaaaace uvuuga 25

<210> 69

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 69
ucaaagguuu ugauucuuuc cagge 25

<210> 70
<211>25



ol i gonucl eoti de <400> 73 gcugggugcc uuuuaaacuc aguug 25 <210> 74 <211> 25
<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucleotide <400> 74 gaagauaaug acucaccugg ggcca 25
<210> 75 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 75
qggﬁgg@ﬁgg ugagucauua ucuuc 25 <210> 78 <211> 25 <212> RNA <213>

Ar | i al Sequence <220> <223> Description of Artificial Sequence:
SyhtFedirficig] Sggernseeot i de <400> 76 25 gauaaugacu caccuggggc cacau 25

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 70
cugaacugag uuuaaaagge aceca 25

<210>71

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 71
UgEEUZCCUn UUAaacugag uucag 25

<210>72
<211>25
<212> RNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 72
gaacugaguu 1aaaaggeac ccage 25

<210> 73

<211>25

<212> RNA

<213> Artificial Sequence

<220>



<210> 77 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 77
auguggcccc aggugaguca uuauc 25 <210> 78 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 78 cucaccuggg gccacauuug aacau 25 <210> 79
<211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description of

%éé?g CI al IBBS’ZS{%@CI th%t@%f?cz%’ Iﬂgﬁ>cl2§ot<|2(ig><éﬁg> 79 auguucaaau

onucleotide

<400> 73
geugggugee uutlaaacue aguug 25

<210> 74

<211>25

212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 74
gaagauaaug acucaccugg ggeea 25

<210> 75

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

- <400> 75
uggceccagg ugagucauua ucuuc 25

<210> 76

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 76



<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 80 cuugcuggga gccugcacca aguca 25 <210> 81
<211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic oligonucleotide <400> 81 ugacuuggug
caggcuccca gcaag 25 <210> 82 <211> 25 _<212> RNA <213> Artificial Sequence
<220> <223> Description of Artificial §@qu e: Synthetic oligonucleotide
d%ﬁ@§u§%“bﬁﬁﬁgg% “Heltacaauaa gauca 25 < > 83 <211> 25 <212> RNA <213>

Artificial Sequence 27 <220> <223> Description of Artificial Sequence:
Synt hetic

<210> 77

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 77
auguggccee aggugaguca uuauc 25

<210> 78

<211>25

<212>RNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 78 o
cucaccuggg gecacauuug aacau 25

<210>79

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 79 _
auguucaaau guggecceag gugag 25

<210> 80



ol i gonucl eoti de <400> 83 ugaucuuauu guagaaagua gaauc 25 <210> 84 <2l11> 25
<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial

Sequence: Synthetic oligonucleotide <400> 84 cagagacuga gcgcugacag uggcu 25

<210> 85 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 85

agccacuguc ugcgcucagu cucug 25 <210> 86 <211> 25 <212> RNA <213>

|f|C|aI Sequence <220> <223> EEsé%iptlon of Artificial Sequence:
z§%2>§§&|c ol i gonucl eoti de 28 <400> 86 gaccugggca agaggaacag acaca 25

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 80
cuugcuggga gecugeacca aguca 25

<210> 81

<211> 25

<212>RNA

<21}3> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 81
| ugacuuggug caggeuccea geaag 25

<210> 82

- <211> 25

<212>RNA

<213> Artificial Sequence

<220>
<223> Descrlpnon of Artificial Sequence: Synthetic
oligonucleotide

<400> 82
gauucuacuu ucuacaauaa gauca 25

<210> 83

<211>25

<212>RNA

<213> Artificial Sequence



<210> 87 <211> 25 <212> RNA <213> Artificial

Description of Artificial Sequence: Synthetic

Sequence <220> <223>
ol i gonucl eoti de <400> 87

ugugucuguu ccucuugccc agguc 25 <210> 88 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 88 ccaccuucau caagagagag gacga 25 <210> 89

<211> 25 <212> RNA <213> Artificial Séfuence

<220> <223> Description of

Artificial Sequence: Synthetic oligonucleotide <400> 89, ucguccucuc

UeAZdgaigscainjgngef Asifigal SgperceSwhatic 26 <212> RNA

oligonucleotide

<400> 83
ugaucuuauu guagaaagua gaauc 25

<210> 84

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide '

<400> 84
cagagacuga gegeugacag uggeu 25

<210> 85

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 85
agccacuguc ugegeucagu cucug 25

<210> 86

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide



<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 90 uauggauuaa gccgguccca accugu 26 <210>
91 <211> 26 <212> RNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic oligonucleotide <400> 91 acagguuggg
accggcuuaa uccaua 26 <210> 92 <211> 25 <212> RNA <213> Artificial Sequence
<220> <223> Description of Artificial, Sequence: Synthetic oligonucleotide

‘Qgﬁgpg?QZ cugcagagaccucaaaaggu gucca 28 <2 10> 93 <211> 25 <212> RNA <213>

i

cial Sequence 30 <220> <223> Description of Artificial
SaSEREBEAG agaggaacag acaca 25

<210> 87

<211>125

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 87
ugugucuguu CCUCUUgeee agguc 25

<210> 88

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 88 :
ccaccuucan caagagagag gacga 25

<210> 89

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
- oligonucleotide

<400> 89
ucguccucuc ucuugaugaa gguge 25

Sequence:



: \
ol i gonucl eoti de <400> 93 uggacaccuu uugaggucucugcag 25 <210> 94 <211> 25
<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucleotide <400> 94 cagagaccuc aaaagguguc cacgu 25
<210> 95 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 95
acguggacac cuuuugaggu cucug 25 <210> 96 <211> 25 <212> RNA <213>
~Artificial Sequence <220> <223> Descripdion of Artificial Sequence:
Sy et 9@ ol i gonucl eotide 31 <400> 96 guggugguga ucucagccau ccugg 25

<211> 26

<212> RNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 90
vauggauuaa geegguecca accugu 26

<210> 91

<211> 26

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 91
acagguugge accggounaa uccana 26

<210>92

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 92
cugeagagac cucaaaaggu gucca 25

<210>93

<211>25

<212> RNA

<213> Artificial Sequence



<210> 97 <211> 25 <212> RNA <213> Artificial
Description of Artificial Sequence: Synthetic

Sequence <220> <223>
ol i gonucl eoti de <400> 97

ccaggaugge ugagaucacc accac 25 <210> 98 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 98 gguggugauc ucagecaucc uggcc 25 <210> 99

<211> 25 <212> RNA <213> Artificial Sequence

<220> <223> Description of

Artificial Sequence: Synthetic oIigdﬁLcleotide <400> 99 ggccaggaug
gcugagauca ccacc 25 32 <210> 100 <211> 25 <212> RNA
220>

20
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 93
uggacaccuu uugaggucuc ugeag 25

<210> 94

<211>25

<212> RNA

<213> Artificial Sequence

<220> _
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 94
cagagaccuc aaaagguguc cacgu 25

<210>95

<211> 25

<212>RNA

. <213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 95
acguggacac culuugaggu cucug 25

<210> 96

<211>125

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide



<213> Artificial Sequence <220> <223> Description of Artificial Sequence:

Synthetic oligonucleotide <400> 100 ggcaagcugg ucaagaucug ugacu 25 <210>

101 <211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description

of Artificial Sequence: Synthetic oligonucleotide <400> 101 agucacagau

- cuugaccagc uugcc 25 <210> 102 <211> 25 <212> RNA <213> Artificial Sequence

<220> <223> Description of Artificial §équence: Synthetic oligonucleotide

<400> 102 gcaagcuggu caagaucugu gacuu 25 <210> 103 <211> 25 <212> RNA 33
Mtificial Sequence <220> <223> Description of Artificial Sequence:

SrEghebiga ucucagecan cougg 25

<210>97

<211> 25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 97
ccaggaugge ugagaucace accac 25

<210>98

<211>25

<212>RNA

<213> Artifictal Sequence

<0
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 98
ggugIugauc ucagecauce uggee 25

<210> 99

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide :

<400> 99
ggccaggang geugagauca ccace 25



ol i gonucl eoti de <400> 103 aagucacaga ucuugaccag cuugc 25 <210> 104 <211> 25
<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucleotide <400> 104 ggguggcacc ccuuacceag agcug
25 <210> 105 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 105
cagcucuggg uaaggggugc caccc 25 <210> 106 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> DescPZption of Artificial Sequence:
S%hthﬁgic 34 oligonucl eotide <400> 106 gcaccccuua cccagageug cccau 25

<210> 100

<211> 25
<212> RNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 100
ggraagcugg ucaagaucug ugacu 25

<210> 101

<211> 25

<212>RNA

<213> Artificial Sequence

- <220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 101
agucacagau cuugaccage uugec 25

<210> 102

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

- <400> 102
geaageuggu caagaucugu gacuu 25

<210> 103
<211> 25
<212> RNA



<210> 107 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 107
augggcagcu cuggguaagg ggugc 25 <210> 108 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic . oligonucleotide <400> 108 cuuacccaga gcugcccaug aacga 25 <210>
%&% ;%%%%.2 S<212> RNA <213> Artificisd Sequence <220> <223> Description

0 Art e %%ﬁﬁ@hce: Synthetic oligonucleotide <400> 109 ucguucaugg
gcagcucugg guaag 25 35 <210> 110 <211> 25 <212> RNA

<220>

<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 103
aagucacaga ucuugaccag cuuge 25

<210> 104

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 104
£88uggeace ccuuacecag ageug 25

<210> 105

<211»>25

- <212>RNA™

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 105
cagcucuggg uaagggeuge cacce 25

<210> 106

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic



<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 110 caugccuccg acgagaucua ugaga 25 <210>
111 <211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description
of Artificial Sequence: Synthetic oligonucleotide <400> 111 ucucauagau
cucgucggag gcaug 25 <210> 112 <211> 25 <212> RNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence: Synthetic oligonucleotide
<40Q> 112. gcguccgacg agaucuauga gaucaE%S <210> 113 <211> 25 36 <212> RNA
<21 ggﬁPPFgP@FaI Sequence <220> <223> Description of Artificial Sequence:
Synt hetic :

<400> 106
geaccccuua cecagageug cecau 25

<210> 107

<211>25

<212> RNA

<213> Artificial Sequence

- <Q20>

<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 107
augggeageu cugggnaagg gaugc 25

<210> 108

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
. oligonucleotide

- <400> 108

cuuacccaga geugeecaug aacga 25

<210> 109

<211> 25

- <212> RNA

- <213> Artificial Sequence

<220> ‘
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 109
ucguucaugg geagecucugg guaag 25



ol i gonucl eoti de <400>113 ugaucucaua gaucucgucg gaggc 25 <210> 114 <211> 25
<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic 'oligonucleotide <400> 114 ccgacgagau cuaugagauc augca
25 <210> 115 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 115
ugcaugaucu cauagaucuc gucgg 25 <210> 336 <211>25 <212> RNA <213>
Artificial Sequence <220> 37 <223> Description of Artificial Sequence: .

Synt hetic oligonucl eotide <400> 116 gacgagaucu augagaucau gcaga 25
<210> 110 '

<211>25
<212>RNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 110
caugecuccg acgagaucua ugaga 25

<210> 111

<211> 25

<212> RNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400>.111
ucucauagau cucgucggag geaug 25

<210>112

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 112
geeuccgacg agaucuauga gauca 25

<210> 113
<211> 25



<210> 117 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 117
ucugcaugau cucauagauc ucguc 25 <210> 118 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 118 cucuggaucc cagaagguga gaaag 25 <210>
119 <211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description
%ﬁké¥ ificial Sequence: Synthetic ol fBonucl eotide <400> 119 38 cuuucucacc
dbc cagag 25 <210> 120 <211> 25 <212> RNA
<213> Artificial Sequence

<220> _
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 113 .
ugaucucaua gancucgucg gagece 25

- <210>114

<211> 25

<212> RNA _
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
‘oligonucleotide

<400> 114
~ccgacgagau cugugagauc augea 25

-<210> 115

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 115
ugcaugaucu cauagaucuc gucgg 25

<210> 116
- <211>25
-<212> RNA
<213> Artificial Sequence

<220>



<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 120 cageauguca agaucacaga uuuug 25 <210>
121 <211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description
of Artificial Sequence: Synthetic oligonucleotide <400> 121 caaaaucugu
gaucuugaca ugcug 25 <210> 122 <211> 25 <212> RNA <213> Artificial Sequence

< > <223> Descrj ptio f Artifjcial .@equence: Synthetic oligonucl eotide
éégi‘ Q%’IQHBMQ&%CE?HL%@&%@% BRROS | <2105123 39 <211 > 25 <2125 RNA
<218kg@ndlgatisieal Sequence <220> <223> Description of Artificial Sequence:
Synt hetic

<400> 116

gacgagaucu augagaucau geaga 25

<210> 117

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 117
ucugeaugau cucauagauc ucgue 235

<210> 118

<211>25

<212> RNA

<213> Artificial Sequence

<220> :
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 118
cucuggauce cagaagguga gaaag 25

<210> 119

<211> 25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 119



ol i gonucl eoti de <400> 123 uuuggccagc ccaaaaucug ugauc 25 <210> 124 <211> 25
<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucleotide <400> 124 cagauuuugg gcuggccaaa cugcu
25 <210> 125 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 125
agcaguuugg ccageccaaa aucug 25 <210> 126 <211> 25 <212> RNA <2| 3>
Artificial uence 40 <220> <223> D&8cription of Artificial Sequence:
@%H¥FH%@Q%PUQHggé%Hﬁﬁﬂgﬁgt|de <400> 126 caaadﬁ%ccu aucaagugga uggca 25

<210> 120

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 120
cagcauguca agaucacaga uvuuug - 25

<210> 121

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 121
caaaaucugu gaucuugaca ugeug 25

<210>122

<211> 125

- <212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 122
gaucacagau ugugggeuge ccaaa 25

<210> 123



L.

<210> 127 <211> 25 <212> RNA <213> Artificial Sequence
Description of Artificial Sequence: Synthetic oligonucleotide <400> 127
ugecauccac uugauaggca cuuug 25 <210> 128 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 128 ecaucgaugu cuacaugauc auggu 25 <210>
129 <211> 25 <212> RNA <213> Artificigd Sequence <220> <223> Description
of21Artd¥ i ci al Sequence: Synthetic oligonucleotide 41 <400> 129 accaugauca
UPURGIERUC gaugg 25 <210> 130 <211> 26 <212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 123
uuuggecage ccaaaaucug ugauc 25

<210> 124

<211> 25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide '

<400> 124
cagauuuugg geuggecaaa cugeu 25

<210> 125

<211>25

<212>RNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 125
agcaguugg ccageccaaa aucug 25

<210> 126

<211>25

<212>RNA

<213> Artificial Sequence

<220> <223>



<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucl eotide <400> 130 cgaugucuac augaucaugg ucaagu 26 <210>
131 <211> 26 <212> RNA <213> Artificial Sequence <220> <223> Description
of Artificial Sequence: Synthetic oligonucleotide <400> 131 acuugaccau
gaucauguag. acaucg 26 <210> 132 <211> 25 <212> RNA <213> Artifici al
Sequence <220> <223> Description of Artificial Sequence: Synthetic
oéi&gnucleotide <400> 132 cuacaugauc é@bgucaagu gcugg 25 42 <210> 133 <211>
$5<U2212> RNA <213> Artificial Sequence <220> <223> Description of

A223F DssettiptBayabAcificia) Seaesias: Synihetic

oligonucleotide

<400>126
caaagugecu aucaagugga uggea 235

<210> 127

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 127
ugccauccac uugauaggea cuuug 25

<210> 128

<211> 25

<212> RNA

- <213> Artificial Sequence

- <220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide :

<400> 128
ccaucgaugu cuacaugauc auggu 25

<210> 129

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide



l

ol i gonucl eot i de <400> 133 ccagcacuug accaugauca uguag 25 <210> 134 <211> 26
<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucleotide <400> 134 caugaucaug gucaagugcu ggauga
26 <210> 135 <211> 26 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 135
ucauccagea cuugaccaug aucaug 26 <210%4136 <21 1> 25 <212> RNA <213>

Ao ighal Sequence 43 <220> <223> Description of Artificial Sequence:

ﬁéaﬁgﬁéa%gu%lgg&%@ga.u%%“ de <400> 136 ggaugaaaga augeauuugc caagu 25

<210> 130

<211> 26

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 130
cgaugucuac augaucangg ucaagu 26

<210> 131

<211>26

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 131
acuugaccau gaucauguag acaucg 26

<210> 132

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 132
CUACAURALC AUggUCaagu geuge 25



<210> 137 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 137
acuuggcaaa ugcauucuuu caucc 25 <210> 138 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 138 gacaacccug acuaccagca ggacu 25 <210>
139 <211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description
of Artificial Sequence: Synthetic oMegonucleotide 44 <400> 139 aguccugcug
<gWiyhdiggo- uuguc 25 <210> 140 <211> 25 <212> RNA
<211> 23

<212> RNA
<213> Artificial Sequence

_<220> '
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 133
ccagcacuug accaugauca uguag ' 25

<210> 134

<211> 26

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 134
caugaucaug gucaagugcu ggauga 26

<210> 135

<211>26

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 135
ucauccagea cuugaccaug aucaug 26

<210> 136

<211> 25

<212>RNA

<213> Artificial Sequence



<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 140 ccuucuuaaa gaccauccag gaggu 25 <210>
141 <21 1> 25 <212> RNA <213> Artificial Sequence <220> <223> Description
of Artificial Sequence: Synthetic oligonucleotide <400> 141 accuccugga
uggucuuuaa gaagg 25 <210> 142 <211> 2 <212> RNA <213> Artificial Sequence
<220> <223> Description of Artificial guence: Synthetic oligonucleotide
<400> 142 caagauccgc agacguguaa auguu 25 45 <210> 143 <211> 25 <212> RNA
£228% Artificial Sequence <220> <223> Description of Artificial Sequence:
8yashddeseription of Artificial Sequence: Synthetic

oligonucleotide

<400> 136
ggaugaaaga augcauuuge caagu 25

<210> 137

<211>25

<212>RNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 137
acuuggcaaa ugeauucuun cauee 25

<210> 138

<211>25

<212> RNA _

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 138
gacaacccug acuaccagea ggacu 25

<210> 139

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide



ol i gonucl eoti de <400> 143 aacauuuaca cgucugcgga ucuug 25 <210> 144 <211> 25
<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucleotide <400> 144 caaggagggc cucugauggu gaugu
25 <210> 145 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 145
acaucaccau cagaggcccu ccuug 25 <210> 146 <211> 25 <212> RNA 46 <213>
Artificial Sequence <220> <223> Descf ption of Artificial Sequence:

nthetic oligonucleotide <400> 146 ccuacggacc guuaagcggg ccaau 25
<400> 139

aguccugeug guagucaggauugue 25

<210> 140

<211>25

<212> RNA

<213> Artificial Sequence

- <220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 140
' ccuucuuaaa gaccauccag gaggu 25

<210> 141

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

- <400> 141

accuccugga uggucuuuaa gaagg 25

<210> 142
- <211>25
<212>RNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
- oligonucleotide

<400> 142
caagauccge agacguguaa auguu 25



I :

<210> 147 <211> 25 <212> RNA L213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 147
auuggcccgc uuaacggucc guagg 25 <210> 148 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 148 caagauccgc agacguguaa auguu 25 <210>
149 <211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description
of Artificial Sequence: Synthetic 47 44 i gonucleotide <400> 149 aacauuuaca
cgucugcgga ucuug 25 <210> 150 <211> 25 <212> RNA

<210> 143

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 143
aacauuuaca cgucugegga ucuug 25

<210> 144

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide '

<400> 144
caaggagggc cucugauggu gaugu 25

<210> 145

<211> 25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide :

<400> 145
acaucaccau cagaggeccu ceuug 25

<210> 146
<211>25
<212>RNA



<213> Artificial Sequence <220> <223> Description of Artificial Sequence:

Synthetic oligonucl eotide <400> 150 ccagaaagug gauucaucgg gaccu 25 <210>

151 <211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description

of Artificial Sequence: Synthetic oligonucleotide <400> 151 aggucccgau

gaaugcacuu ucugg 25 <210> 152 <211> 25 <212> RNA <213> Artificial Sequence

<220> <223> Descrlptlon of Artificial Sequence: Synthetic oligonucleotide
gg; Frg ucug :uucucaagau ccucas 48 <210>153 <211> 25 <212> RNA

AR A 8&quence <220> <223> Description of Artificial Sequence:

Synthetlc

<220>

. <223> Description of Artificial Sequence: Synthetic

oligonucleotide

<400> 146
ccuacggacc guuaageggg ccaau 25

<210> 147

<211> 258

<212>RNA

<213> Artificial Sequence

<220> _ _
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 147
. auuggecege uuaacgguce guagg 25

<210> 148

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
~ oligonucleotide

<400> 148
caagauccge agacguguaa auguu 25

<210> 149

- <211> 25

<212> RNA

<213> Artificial Sequence

- <220>
<223> Description of Artificial Sequence: Synthetic



ol i gonucl eoti de <400> 153 ugaggaucuu gagaacagacaugag 25 <210>154 <211> 25
<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucleotide <400> 154 gcagcuugag uuaaacgaac guacu
25 <210> 155 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 155
aguqﬁ%y%pﬁogguaacucaa gcugc 25 <210> 456 <211> 25 49 <212> RNA <213>

Ar t Y uence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 156 ccagaaagug cauucaucgg gaccu 25

<400> 149

aacauunaca cgucugegga ucuug 25

<210> 150

<211>125

<212> RNA

<213> Artificial Sequence

<220>
- <223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 150
ccagaaagug gauucaucgg gaccu 25

<210> 151

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 151
aggucccgau gaaugeacuu ucugg 25

<210> 152

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonncleotide

<400> 152
cucaugucug uucucaagau ccuca 25



<210> 157 <211>25 <212> RNA <213> Artificial Sequence <220> <223>
- Description of Artificial Sequence: Synthetic oligonucleotide <400> 157
aggucccgau gaaugcacuu ucugg 25 <210> 158 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 158 cucaugucug uucucaagau ccuca 25 <210>
159 <211> 25 <212> RNA <213> Artificigl Sequence <220> 50 <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 159
ugaggaucuu gagaacagac augag 25 <210> 160 <211> 25 <212> RNA

<210>153 -

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 153
ugaggaucuu gagaacagac augag 25

<210> 154

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 154
gecagcuugag uuaaacgaac guacu 25

<210> 155

<211>25

- <212>RNA

<213> Axrtificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 155
aguacguucg uuuaacucaa geuge 25

<210> 156
<211>25



<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 160 caagauccgc agacguguaa auguu 25 <210>
161 <211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description
of Artificial Sequence: Synthetic oligonucleotide <400> 161 aacauuuaca
cgucugegga ucuug 25 <210> 162 <211> 25, <212> RNA <213> Artificial Sequence

§> %5 Description of Artificial S@%uence Synthetic oligonucl eotide

1 . ccuacggacc guuaagcggg ccaau 25 <210> 163 <211> 25 <212> RNA

<2¥§§>Aﬁﬁﬂ@ﬂéﬁSﬁqqﬁgaﬁence <220> <223> Description of Artificial Sequence:
Synt hetic

<220>
<223> Description of Al‘tlﬁClal Sequence: Synthetic
oligonucleotide

<400> 156
ccagasagug cauucaucgg gaccu 25

<210> 157

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 157
aggucccgau gaaugeacuu Ucugg 25

<210> 158

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide '

<400> 158
cucaugucug uucucaagau cecuca 25

<210> 159

<211> 25

<212> RNA

<213> Artifictal Sequence

<220>



ol i gonucl eoti de <400> 163 auuggcccgc uuaacggucc guagg 25
<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucleotide <400> 164 cucuggaucc cagaagguga gaaag
25 <210> 165 <211> 25 <212> RNA <213> Artificial
Description of Artificial Sequence: Synthetic

cuuucucacc uucugggauc cagag 25 <210> 166 52

oligonucleotide

<400> 159
ugaggaucuu gagaacagac augag

<210> 160

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetlc
oligonucleotide

<400> 160
caagauccge agacguguaa auguu

<210> 161

<211>25

- <212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 161
aacauuuaca cgucugegga ucuug

<210> 162

<211>25

<212> RNA

<213> Artificial Sequence

- <220>
~ <223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 162

ption of Artificial

%y%?f CS:C%’ 1811%3%‘@0@333?}65%%3 E}g‘% caag;aluccge aga;:g;Jg;Jaa auguu 25

25

25

25

<210> 164 <211> 25

<220> <223>
ol i gonucl eoti de <400> 165
<211> 25 <212> RNA <213>
Sequence:

Sequence



<210> 167 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 167
aacauuuacacgucugcgga ucuug 25 <210> 168 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic ol i gonucl eoti de <400> 168 cucaugucug uucucaagau ccuca 25 <210>
69 <211>25 <212> RNA <213> ArtificiaP Segﬁence 53 <220> <223> Description

Oqcugfggafc GHPAESERESTTABY Synthetic ol i gonucteot i de <400> 169 ugaggaucuu
gagaacagac augag 25 <210> 170 <211> 25 <212> RNA

<210> 163

<211> 25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 163
auuggeccege Uuaacgguee guagg 25

<210> 164

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 164
cucuggauce cagaagguga gaaag 25

<210> 165

<211> 25

<212> RNA

<2 13> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 165
cuyuCuUCace UUCUEZEeauc cagag 25

<210> 166



<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucl eotide <400> 170 caaagugecu aucaagugga uggca 25
<210>171 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 171
ugccauccac uugauaggca cuuug 25 <210> 172 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucl eotide 54 <400> 3%2 gcage, uugag uuaaacgaac guacu 25
221923173 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
<Pé3erRMAI on of Artificial Sequence: Synthetic

<213> Atrtificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide '

<400> 166
caagauccge agacguguaa auguu 25

<210> 167

<211>125

<212> RNA

- <213> Artificial Sequence

- <220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 167
aacauuuaca cgucugegga ucuug 25

<210> 168

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 168
cucaugucug uucucaagail ccuca 25

<210> 169

<211> 25

<212> RNA

<213> Artificial Sequence



ol i gonucl eoti de <400> 173 aguatguucg uuuaacucaa gouge 25 <210> 174 <211> 25
<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucleotide <400> 174 cucaugucug uucucaagau ccuca
25 <210> 175 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 175
ugaggaucuu gagaacagac augag 25 55 <210> 176 <211> 26 <212> RNA <213>
Artificial Sequence <220> <223> Descrg3ption of Artificial Sequence:
Sy2ithetic ol i gonucl eoti de <400> 176 caugaucaug gucaagugcu ggauga 26

<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 169
ugaggaucuu gagaacagac augag 25

<210> 170

<211> 25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 170
caaagugecu aucaagugga uggea 25

<210> 171

<211>25

<212> RNA

<213> Artificial Sequence

<220> _
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 171
ugecauccac ungauvaggead cuuug 25

<210> 172

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide



<210> 177 <211> 26 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400>
ucauccagea cuugaccaug aucaug 26 <210> 178 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 178 ccuacggacc guuaagcggg ccaau 25
179 <211> 25 <212> RNA <213> Artificial Sequence 56 <220> <223>
Description of Artificial Sequence: Syfithetic oligonucl eotide <400>

gé %gc uuaacggucc guagg 25 <210> 180 <211> 25 <212> RNA
gecageuugag uuaaacgaac guacu 25

<210> 173

<211> 25

<212>RNA

<213> Artificial Sequence

- <220>

<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 173
aguacguucg uuuaacucaa geuge 25

- <210> 174

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

- <400> 174
cucaugucug uucucaagau ccuca 25

<210> 175

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 175
ugaggaucul gagaacagac augag ' 25

177

<210>

179



<213> Artificial Sequence <220> <223>. Description of Artificial Sequence:
Synthetic oligonucl eotide <400> 180 gaagauaaug acucaccugg ggcca 25 <210> -
181 <211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description
of Artificial Sequence: Synthetic oligonucleotide <400> 181 uggccccagg
ugagucauua ucuuc 25 <210> 182 <211> 2 <212> RNA <213> Artificial Sequence

%%8;4@%23> Description of Artificial guence: Synthetic oligonucleotide
< > 182 cucuggaucc cagaagguga gaaag 25 <210> 183 <211> 25 <212> RNA
2135 2 tificial Sequence <220> <223> Description of Artificial Sequence:
SPAZheRIN@

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 176
caugaucaug gucaagugeu ggauga 26

<210> 177

<211>26

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 177
ucauccagea cuugaccaug aucaug 26

<210>178

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Attificial Sequence: Synthetic
oligonucieotide

<400> 178
ccuacggace guuaageggg ccaau 25

<210> 179

<211> 125

<212>RNA

<213> Artificial Sequence



ol i gonucl eoti de <400> 183 cuuucucacc uucugggauc cagag 25 <210> 184 <211> 25
<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucleotide <400> 184 ecagaaagug cauucaucgg gaccu
25 <210> 185 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 185
aggucccgau gaaugcacuu ucugg 25 58 <210> 186 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> EESC?@ption of Artificial Sequence:

B 2r(l)t hetic oligonucl eotide <400> 186 ccuacggacc guuaagcggg cacau 25
> : .

<223> Description of Artificial Sequence: Synthetic
oligonucleotide :

<400> 179
auuggeeege uuaacgguce guagg 25

<210> 180

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucieotide

<400> 180
. gaagauvaaug acucaccugg ggeea 25

<210> 181

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 181
uggeccceagg ugagucauua ucuuc 25

<210> 182

- <211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide



<210> 187 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 187
auuggcccgc uuaacggucc guagg 25 <210> 188 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucl eotide <400> 188 g%#aaugacu caccuggggc cacau 25 <210>
189 <211> 25 <212> RNA 59 <213> Artifi'cial Sequence <220> <223>

De @ i @%éon of Artificial Sequence: Synthetic oligonucleotide <400> 189
aﬁ% ‘éfg c aggugaguca uuauc 25 <210> 190 <211> 25 <212> RNA
cucuggauce cagaagguga gaaag 25

<210> 183

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 183
cuuucucace uucugggauc cagag 25

<210> 184

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:; Synthetic
oligonucleotide

<400> 184
ccagaaagug cauucaucgg gaccu 25

<210> 185

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 185
aggucccgau gaaugeacuu ucugg 25



<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 190 cucuggaucc cagaagguga gaaag 25 <210>
191 <211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description
of Artificial Sequence: Synthetic oligonucleotide <400> 191 cuuucucacc
uucugggauc cagag 25 <210> 192 <211> 25 <212> RNA <213> Artificial Sequence
<220> <223> Description of Artificial gequence: Synthetic 60

ol i gonucl eoti de <400> 192 ccuacggacc 8 uaagcggg ccaau 25 <210> 193 <211> 25

%’é 2> <213> Artificial Sequence <220> <223> Description of Artificial
. Synthetic :

- <211>25

<212>RNA

<213> Artificial Sequence

<220> .
- <223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 186
ccuacggace guuaageggg ceaau 25

<210> 187

<211> 25

<212> RNA

<213> Axtificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 187
. aUUEECCCEe UUaacgguUCe gUagg 25

<210> 188

<211>25

<212> RNA _
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 188
gauaaugacu caccuggggc cacall 235

<210> 189
<211>25
<212>RNA



ol i gonucl eoti de <400> 193 auuggcccgc uuaacggucc guagg 25 <210> 194 <211> 25
<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucleotide <400> 194 gauaaugacu caccuggggc cacau .
25 <210> 195 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 195

ay : gguga uuauc 25 61 <210> 196 <211> 25 <212> RNA <213>
Ar???igc%ﬁ’g[ﬁcgg(%gnce <220> <223> Description of Artificial Sequence:

Synégetic ol i gonucl eoti de <400> 196 ccuucuuaaa gaccauccag gaggu 25
<220>

<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 189
auguggecce aggugagucea uuauc 25

<210> 190

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 190
cucuggauce cagaagguga gaaag 25

<210> 191

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 191
cuuucucace uucugggauc cagag 25

<210> 192

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic



<210> 197 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400>
accuccugga uggucul uuaa gaagg 25 <210> 198 <211> 25 <212> RNA <213>

Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 198 ccuacggacc guuaagcggg ecaau 25
199 <211> 25 62 <212> RNA <213> Artifjcial Sequence <220> <223>

De inthon.of Artificial Sequence: thetic oligonucl eotide <400>
auﬁgé'éﬁ%g&h&éaacggucc guagg 25 <210> 200 <21l> 25 <212> RNA
<400> 192
ccuacggace guuaageggg ccaau 25
- <210> 193
<211>25
<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 193 .
auuggceege uuaacgguce guagg 25

<210> 194

<211>25

<212> RNA

- <213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 194
gauaaugacu caccuggggc cacau 25

<210> 195

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 195
auguggecce aggugaguca nuauc 25

197

<210>

199



|
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucl eotide <400> 200 ggcaagcugg ucaagaucug ugacu 25 <210>
201 <211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description
of Artificial Sequence: Synthetic oligonucleotide <400> 201 agucacagau
cuugaccage uugcc 25 <210> 202 <211> 25 <212> RNA <213> Artificial Sequence
<220> 63 <223> Description of Artificial Sequence: Synthetic
ol i gonucl eotide <400> 202 cucuggaucc ®dgaagguga gaaag 25 <210> 203 <211>
25 <212> RNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic

<210> 196

<211>125

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 196
ccuucuuaaa gaccauccag gaggu 25

<210> 197

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 197
accuccugga uggucuunaa gaagg 25

<210> 198

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 198
ccuacggace guuaageggg ccaau 25

<210> 199
<211>25



ol i gonucl eoti de <400> 203 cuuucucacc uucugggauc cagag 25 <210> 204 <211> 25
<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucleotide <400> 204 ccuacggacc guuaagcggg ccaau
25 <210> 205 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 205 64
auuggcccgc uuaacggucc guagg 25 <210> 206 <211> 25 <212> RNA <213>

{%ﬁ#;' ial Sequence <220> <223> Descp'ption of Artificial Sequence:

<Z13

h . oligonucl eoti de <400> 206 caugccuccg acgagaucua ugaga 25
> Artificial Sec(]:]uence g g acgag gag

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 199
auuggeecge uuaacgguce guagg 25

<210> 200

<211>25

<212> RNA

<213> Artificial Sequence

- <220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 200
ggeaageugg ucaagaucug ugacu 25

<210> 201

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

- <400> 201
agucacagau cuugaccage uugee 25

<210> 202

<211>25

<212> RNA

<213> Artificial Sequence

<220>



<210> 207 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>

Description of Artificial Sequence: Synthetic oligonucleotide <400> 207

ucucauagau cuegucggag gcaug 25 <210> 208 <211> 25 <212> RNA <213>

Artificial Sequence <220> <223> Description of Artificial Sequence:

Synthetic oligonucl eotide <400> 208 c%%yggaucc cagaagguga gaaag 25 <210>
C

20 p TR G o e S

scrlué I'Clal” "Sequenc ynt hetic ol igonucl eotide <400> 209
cuuueHEHE gggauc cagag 25 <210> 210 <211> 25 <212> RNA

<400> 202

cucuggaucc cagaagguga gaaag 25

<210> 203

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 203
culucucace uucugggauc cagag 25

<210> 204

<211>25

<212>RNA -

<213> Artificial Sequence

<220> _
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 204
ccuacggace guuaageggg ccaau 25

<210> 205

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 205



<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 210 ccuacggacc guuaagcggg ccaau 25 <210>
211 <211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description
of Artificial Sequence: Synthetic oligonucleotide <400> 211 auuggcccgc

uuaacggucc guagg 25 <210> 212 <211> 25 <212> RNA <213> Artificial Sequence

<220> <223> Description of Artifi 4iaI Sequence: Synthetic
212 ggcaagcugg ucaagaucug ugacu 25 <210> 213 <211> 25
%ﬁ@%&%%gﬁcc é%% ci al Sequence <2202§<223> Description of Artificial
Sequence: Synthetic -
<210> 206
<211> 25

<212>RNA
<213> Artificial Sequence

- <220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 206
caugeeuccg acgagaucua ugaga 25

<210> 207
<211> 25

- <212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

~ <400> 207
ucucauagau cucgucggag geaug 25

<210> 208

<211> 25

<212> RNA

<213> Artificial Sequence

'_ <220>

<223> Description of Artificial Sequence: Synthetic
oligonucieotide

<400> 208
cucuggauce cagaagguga gaaag 25

<210> 209



ol i gonucl eoti de <400> 213 agucacagau cuugaccagc uugec 25 <210> 214 <211> 25
<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucleotide <400> 214 ccuucuuaaa gaccauccag gaggu
25 <210> 215 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Syq%getic ol i gonucl eotide 67 <400> 215
aggygcugga uggucuuuaa gaagg 25 <210> 216 <211> 25 <212> RNA <213>
Ar Haéﬁ#@leequehce <220> <223> Description of Artificial Sequence:

t

ol i gonucl eoti de <400> 216 ccuacggacc guuaagcggg ccaau 25
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 209
cuuucucace uucugggauc cagag 25

<210> 210

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
- oligonucleotide

<400> 210
ccuacggace guuaageggg ccaau 25

<210> 211

<211>25

<212> RNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Synthetic
oligonucleotide

- <400> 211

auuggcccge uuaacgguec guagg 25

<210> 212

<211> 25

<212> RNA

<213> Artificial Sequence



<210> 217 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 217
auuggcccgcuuaacggucc guagg 25 <210> 218 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 218 gauaaugacu caccuggggc cacau 25 68
t 210> 219 <211> 25 <212> RNA <213> tificial Sequence <220> <223>
<22§§ription of Artificial Sequence: thetic oligonucleotide <400> 219

u ecqc,agguagguca uuauc 25 <210> 220 <211> 25 <212> RNA
<22 f At

3> Description 0 ficial Sequence: Synthetic

oligonucieotide

<400> 212
ggeaagecugg ucaagaucug ugacu 25

<210> 213

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 213
agucacagau cuugaccage uugec 25

<210>214
<211>25
<212> RNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 214
ccuucuuaaa gaccauccag gaggu 25

<210> 215
<211>25

- <212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide




<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 220 ggcaagcugg ucaagaucug ugacu 25 <210>
221 <211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description
of Artificial Sequence: Synthetic oligonucleotide <400> 221 agucacagau
cuugaccagc uugcc 25 <210> 222 <211> 25,.<212> RNA <213> Artificial Sequence
624062203 <223> Description of Artificial Sequence: Synthetic

ol i gonucl eoti de <400> 222 cucuggaucc cagaagg;ga gaaag 25 <210> 223 <211> 25
<BTPUCORRAR UBERIUNAR EPRBE al Sequence <220> £223> Description of Artificial
Sequence: Synthetic

<210> 216

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 216
ccuacggace guuaageggg ccaau 25

<210> 217

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
- oligonucleotide

<400> 217
auuggeccge Buaacgguce guagg 25

<210> 218

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 218
galiaaugacu caccuggggce cacau 25



ol i gonucl eoti de <400> 223 cuuucucacc uucugggauc cagag 25 <210> 224 <211> 25

<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: ‘Synthetic  oligonucl eotide <400> 224 ccagaaagug cauucaucgg gaccu
25 <210> 225 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>

Description of Artificial Sequence: Synthetic oligonucleotide 70 <400> 225

aggucccgau gaaugcacuu ucugg 25 <210%,g226 <211> 25 <212> RNA <213>
A+ bijgi al Sequence <220> <223> Description of Artificial Sequence:
<§Yﬂ£ gtic ol i gonucl eoti de <400> 226 ccuacggacc guuaagcggg ccaau 25

<212> RNA
- <213> Artificial Sequence

<220> _
«223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 219
auguUEECCee aggugaguca uuaue 25

<210> 220

<211>25

<212> RNA

<213> Axrtificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 220
ggcaageugg ucaagaucug ugacu 25

<210> 221

<211> 25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 221
agucacagau cuugaccage nugec 25

<210=>222.

<211>25

<2]12> RNA

<213> Artificial Sequence



<210> 227 <211> 25 <212> RNA <213> Artificial Sequence <220> <2237
Description of Artificial Sequence: Synthetic oligonucleotide <400> 227
auuggcccgc uuaacggucc guagg 25 <210> 228 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucl eotide <400> 228 caégccuceg acgagaucua ugaga 25 71
<210> 229 <211> 25 <212> RNA <213> Artriicial Sequence <220> <223>
Dg@é@iption of Artificial Sequence: Synthetic oligonucleotide <400> 229
uc ﬁagau cucgucggag gcaug 25 <210> 230 <211> 25 <212> RNA

<223> Description of Artificial Sequence: Synthetic

oligonucleotide

<400> 222
cucuggauce cagaagguga gaaag 25

<210> 223

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 223
CUBTICUCACE UUCUEEZAUC CAgAg 25

<210> 224

<211> 25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 224
ccagaaagug cauucaucgg gaccll 25

<210> 225

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide



<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 230 cucuggaucc cagaagguga gaaag 25 <210>
231 <211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description
of Artificial Sequence: Synthetic oligonucleotide <400> 231 cuuucucacc
uucugggauc cagag 25 <210> 232 <211> 25 <212> RNA 72 <213> Artificial
Sequence <220> <223> Description of7@rtificial Sequence: Synthetic
ol i gonucl eoti de <400> 232 gcagcuugag Uuaaaegaac gaccu 25 <210> 233 <211> 25
4§§12 NA <213> Artificial Sequence <220> <223> Description of Artificial
“duente: Synthetic
aggucccgau gaaugeacuu ucugg 235

- <210> 226

<211> 25
«212> RNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 226
ccuacggace guuaageggg ccaau 25

<210> 227

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 227
auuggccege uuaacgguce guagg 25

<210>228

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 228
caugccuccg acgagaucua ugaga 25



i aggucccgau gaaugcacuu ucugg 25 <210> 2

ol i gonucl eoti de <400> 233 aguacguucg uuuaacucaa gcugc 25 <210> 234 <211> 25

<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial

Sequence: Synthetic oligonucleotide <400> 234 ccagaaagug cauucaucgg gaccu

25 <210> 235 <211> 25 <212> RNA <213> Artificial Sequence <220> <223> -

Description of Artificial Sequence: Synghetic 73 oligonucl eotide <400> 235
8 <211> 25 <212> RNA <213>

; Ar%éf;dgc'? Sequence <220> <223> Description of Artificial Sequence:
sy :

ol i gonucl eoti de <400> 236 ccuacggacc guuaagcggg ccaau 25
<211> 25

<212> RNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 229
ucucauagau cucgucggag geaug 25

<210> 230

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 230 | :
cucuggaucc cagaagguga gaaag 25

<210> 231

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 231 |
cuuucucace uucugggauc cagag 25

<210> 232
<211> 125
<212>RNA



<210> 237 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400>
auuggcccgc uuaacggucc guagg 25 <210> 238 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 238 gauaaugacu caccuggggc cacau 25
<210> 239 <211> 25 <212> RNA <213> égtificial Sequence <220> <223>

Chi Pkl rtificial Sequence: nthetic oligonucl eotide <400>
<@%u%‘§@%@§p§§%‘h@§%uca uuauc 25 <210> 240 <211> 25

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 232
geagcuugag uuaaacgaac guacu 25

<210> 233

<211>25

<212>RNA

<213> Artificial Sequence

- <220> _
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 233
aguacguucg uuuaacucaa geuge 25

<210> 234

<211> 25

<212> RNA _

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 234
ccagaaagug cauucalcgg gaccu 25

<210> 235

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic

237

il 74

239




<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucl eotide <400> 240 ggcaagcugg ucaagaucug ugacu
25 <210> 241 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 241
agucacagau cuugaccagc uugcc 25 <210> 223 <211>25 75 <212> RNA <213>
Artlﬂﬂ?bﬁ ﬁg&§nce <220> <223> Description of Artificial Sequence:

Synt he ol gonucl eoti de <400> 242 ccuucuuaaa gaccauccag gaggu 25 <210>

243 <211> 25 <212> RNA <213> Artificial Sequence <220>
<400> 235

aggucccgau gaaugcacuu ucugg 25

<210>236

<211> 25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 236
ccuacggace guuaageggg ccaau 25

<210> 237

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 237
auuggeecge uuaacgguee guagg 25

<210> 238

<211> 25

<212> RNA

<213> Anrtificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 238
gauaaugacu caccugggge cacau 25



<223> Description of Artificial Sequence: Synthetic oligonucleotide <400>

243 accuccugga uggucuuuaa gaagg 25 <210> 244 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:

Synthetic oligonucleotide <400> 244 gcagcuugag uuaaacgaac guacu 25 <210>

245 <211> 25 <212> RNA <213> Artificial Sequence <220> 76 <223>

Description of Artificial Sequence: %nt hetic oligonucleotide <400> 245
aguacguucg uuuaacucaa gcugc 25 <210> 246 <211> 10 <212> PR | <213>

Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic peptide <400> 246
<210>239

<211»25
<212> RNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 239
auguggeccc aggugaguca uuauc 25

<210> 240

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 240
ggcaageugg ucaagaucug ugacu 25

<210> 241

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 241
agucacagau cuugaccage uugec 25

<210> 242
<211>25 .




Ala Cys Arg Gy Asp Met Phe Ay Cys Ala 1 5 10 <210> 247 <211> 21 <212>
DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucleotide <400> 247 aagctcagca cacagaaaga c 21
<210> 248 <211> 21 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synfﬁeti c oligonucleotide 77 <400> 248
aatgedgeqat ggt gacagt a 21  <210> 249 <2I1> 25 <212> RNA <213> Artificial

Se nce . <220> <223> Description of Artificial Sequence: Synthetic

oﬁ%égﬁ Il WEBBS 249 ggaaccgcug gagagcaacu gcaua 25 <210> 250

<220>

<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 242
ccuucuuaaa gaccauccag gaggu 25

<210> 243

<211>25

<212> RNA

<213> Artificial Sequence

<220> _
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 243
accuccugga uggucuuuaa gaagg 25

<210> 244

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 244
gcagcuugag uuaaacgaac guacu ' 25

<210> 245

<211>25

<212> RNA

<213> Artificial Sequence

<220>



<211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic oligonucleotide <400> 250 ecuuggcgac
cucucguuga cguau 25 <210> 251 <211> 21 <212> DNA <213> Artificial Sequence
<220> <223> Description of Conbi ned DNA/ RNA Mol ecul e: Synthetic

ol i gonucl eoti de <220> <223> Description of Artificial Sequence: Synthetic
ol i gonucl eotide 78 <400> 251 uCgagag%cu gguggacaut t 21 <210> 252 <211> 21

&40 el q :.<220> <223> Description of Conbi ned
<§%Eﬁ%ﬁ§é§¢éﬁm%%?h@ﬁ@%??g@%ﬂ%I eoti de <220> <223> Description of
AgonErlePtide quence: ~ Synthetic ol i gonucl eoti de

© <400> 245
aguacguucg uuuaacucaa geuge 25

<210> 246

<211> 10

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
peptide '

<400> 246
Ala Cys Arg Gly Asp Met Phe Gly Cys Ala
] 5 10

<210> 247

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 247
aagetcagcea cacagaaaga C 21

<210> 248
<211>21
<212> DNA
- <213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide




<400> 252 auguccacca gggucucgatt 21 <210> 253 <211> 21 <212> DNA <213>
Artificial Sequence <220> <223> Description of Conbi ned DNA/ RNA Ml ecul e:
Synt heti c ol i gonucl eotide <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 253 gcugacccug aaguucauct t 21 <210> 254
<211> 21 <212> DNA <213> Artificial Segyence 79 <220> <223> Description of

i RNA Mol ecul e:  Synthetic oligonucl eotide <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 254
gaqﬁg%&igﬁﬁét%%@%?@é&ct t 21 <210> 255 <2¥#> 25 <212> RNA <213> Artifici al
Sequence

<210> 249

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 249
ggaaccgeug gagageaacu geaua ' 25

<210> 250

<211> 25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificiai Sequence: Synthetic
oligonucleotide

<400> 250
ccuuggegac cucucguuga cguau 25

<210> 251

<211>21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Combined DNA/RNA Molecule:
Synthetic oligonucleotide

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide



ryea

<220> <223> Description of Artificial Sequence: Synthetic oligonucleotide
<400> 255 ccaagugauu gaagcagaug ccuuu 25 <210> 256 <211> 10 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucl eotide <400> 256 tcaacgttga 10 <210> 257 <211> 15
<212> DNA <213> Artificial Sequence 80 <220> <223> Description of
Artificial Sequence: Synthetic oIngQucIeotide <400> 257 gctagacgttagcgt 15
< pt0% 1258 <211> 21 <212> DNA <213> Artificial Sequence <220> <223>

ucgaga?crclcﬁtglgagggauﬁtI ficial Sequence: SyQt1 hetic oligonucl ectide

<210> 252

<211>21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Combined DNA/RNA Molecule:
Synthetic oligonucleotide

- <220> |
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 252
auguccacca gggucucgat t 21

<210> 253

<211>21

<212> DNA.

<213> Artificial Sequence

<220>
<223> Description of Combined DNA/RNA. Molecule:
Synthetic oligonucleotide

- <220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 253
gcugacccug aaguucauct t 21

<210> 254

<211>21

<212>DNA

<213> Artificial Sequence




<400> 258 aagccgtcct gtgtgccget g 21 <210> 259 <211> 21 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 259 aacgat gaag cectggagtg ¢ 21 <210> 260
<211> 21 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic ollgonu?éeotide 81 <400> 260 aagttaaaag
@aact g 21 <210> 261 <211> 21 > DNA <213> Artificial Sequence

S e R A T L

Synthe‘uc oligonucleotide

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 254
gaugaacuuc agggucaget t 21

<210> 255

<211>25

<212>RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 255
ccaagugauu gaageagaug ccuuu 25

<210> 256

<211> 10

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 256
tcaacgttga 10

<210> 257

<211> 15

<212>DNA

<213> Artificial Sequence



<211> 21 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic oligonucleotide <400> 262 aagctcagca
cacagaaaga c 21 <210> 263 <211> 20 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence: Synthetic oligonucleotide
<400> 263 atgcggeggt ggtgacagta 20 11 82 <210> 264 <211> 21 <212> DNA
<213> Artificial Sequence <220> <22§5 Description of Artificial Sequence:

<2?§gl hetic oligonucl eotide <400> 264 aacagttgcg cagcctgaat g 21 <210> 265
<21

<23

%eszc%iptié%lo?A%ial Sequence: Synthetic
oligonucleotide

<400> 257
getagacgtt agegt 5

<210> 258

<211>21

<212>DNA

<2]13> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 258
aagccgteet gigtgeeget g . 21

<210> 259

<211>21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 259
aacgatgaag ccctggagtg ¢ 21

<210> 260

<211>21

<212> DNA

<213> Artificial Sequence

<220>
- <223> Description of Artificial Sequence: Synthetic
oligonucleotide




<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucl eotide <400> 265 aacttaatcg ccttgcagca ¢ 21 <210> 266
<211> 21 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic oligonucleotide <400> 266 aaget atgaa
acgatatggg ¢ 21 <210> 267 <211> 21 <2]12> DNA <213> Artificial Sequence 83
< 33%3§> Description of Artificial S iuence: Synthetic oligonucleotide

<400> 2 aaccgct %ga gagcaactgc a 21 <210> 268 <211>30 <212> DNA <213>
APPRTRE S tEGEIgRR <220> <223> Description of Artificial Sequence:
Synt heti c '

<210> 261

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 261
aagcaggcca gacictetit ¢ 21

<210> 262

<211>21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 262
aagclcagea cacagaaaga C 21

<210> 263

<211>20

<212> DNA

<213> Artificial Sequence

<22(>
<223> Description of Artificial Sequence; Synthetic
oligonucleotide

<400> 263 |
atgcggeggt ggtgacagta 20



primer <400> 268 gatgtctacc agcgaagcta ctgccgtccg 30 <210> 269 <211> 47
<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic primer <400> 269 gaacatcgat gacaagctta ggtatcgata
caagctgcct cgecttg 47 <210> 270 <211> 30 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence: Synthetic priner
84 <400> 270 gtcagctgct 'gggacaccgc qg%cttgcct 30 <210> 271 <211> 47 <212>

< §§&3> Artificial Sequence <220> 23> Description of Artificial

uE ce: Synthetic primer <400> 271 gaacatcgat gacaagctta ggtatcgata
< gﬁ {gaag attccgc 47
<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 264
aacagttgeg cagectgaat g 21

<210> 265

<211>21

<212> DNA

. <213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 265
aacttaatcg ccttgeagea ¢ 21

<210> 266

<211>21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 266
aagctatgaa acgatatggg c 21

<210> 267

<211>21

<212>DNA

<213> Artificial Sequence




<210> 272 <211> 21 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic prinmer <400> 272 tggctggtca
aacagctcat c¢ 21 <210> 273 <211> 21 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence: Synthetic priner <400> 273
ctcatccaag ggcaattcat c 21 85 <210> 274 <211> 24 <212> DNA <213>
Artificial Sequence <220> <223> Descri%gion of Artificial Sequence:
Synthetic priner <400> 274 cattgtgatg gactecggag acgg 24 <210> 275 <211>
2%22 12> DNA

<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 267
aaccgctgga gagcaactge a 21

<210> 268

<211>30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
primer

<400> 268
gatgtctace agegaageta ctgeegtecg 30

<210> 269

<211>47

<212> DNA

<213> Artificial Sequence

<22(>
<223> Description of Artificial Sequence: Synthetic
primer

<400> 269
gaacatcgat gacaagetia ggtatcgata caagetgect cgecttg 47

<210> 270

<211> 30

<212>DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
primer



<213> Artificial Sequence <220> <223> Description of Artificial
Synthetic prinmer <400> 275 catctcctgc tgaagtctag age 23
<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucleotide <400> 276 ccugaugaga ucgaguacau cuuca
86 <213> Artificial
Synt hetic
10> 278 <211> 25

25 <210> 277 <211> 25 <212> RNA p

<223> Description of Artificial Sequggce:

277 gaguccaaca ucaccaugca gauua 25
rtifjcial Sequence <220>
<4%&>£§0 q

- gtcagetgcet gggacaccge ggtcttgcct

<210>271

<211>47

<212> DNA

<213> Artificial Sequence

- <220~

<223> Description of Artificial Sequence: Synthetic
primer

<400> 271
gaacatcgat gacaagctta ggtaicgata tagaftgaag attccge

<210>272

<211>21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
primer

- <400> 272

tggctggtca aacagceteat ¢ 21

<210>273

<211>21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
pritmoer

<400> 273
ctcatccaag ggcaattcat ¢ 21

30

47

Sequence:
<210> 276 <211> 25

Sequence
ol i gonucl eoti de <400>
<212> RNA <213>




<223> Description of Artificial Sequence: Synthetic oligonucleotide <400>
278 aguccaacau caccaugcag auuau 25 <210> 279 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 279 ccaacaucac caugcagauu augeg 25 <210>
280 <211> 25 <212> RNA <213> Artificia% Sequence <220> <223> Description
of Artificial Sequence: Synthetic 87 oflTgonucleotide <400> 280 caccaugcag
a%ggbgc ucaaa 25 <210> 281 <211> 25 <212> RNA <213> Artificial Sequence
< > Description of Artificial Sequence: Synthetic oligonucleotide
<4903>284

<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:; Synthetic
primer

<400> 274
cattgtgatg gactccggag acgg 24

<210> 275

<211>23

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
primer

<400> 275
catctectge tgaagtctag age 23

<210> 276

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 276
ccugaugaga ucgaguacau cuuca 25

<210>277
<211> 25
<212> RNA



gcacauagga gagaugagcu uccua 25 <210> 282 <211> 25 <212> RNA <213>

Artificial Sequence <220> <223> Description of Artificial

Sequence:

Synthetic oligonucleotide <400> 282 gagagaugag cuuccuacag cacaa 25 <210>
283 <211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description
of Artificial Sequence: Synthetic oligonucleotide <400> 283 caaaggacuu
uauacuuguc gugua 25 88 <210> 284 <2%§> 25 <212> RNA <213> Artificial

< ﬁ?ﬁﬁfiafgg%feni 23> Description of
e

ol'1 gonucl eot | <400> 284 cccucgccgg aaguuguaug guuaa 25

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 277
gaguccaaca ucaccaugea gauua 25

<210> 278

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 278
aguccaacau caccaugeag auuau 25

<210> 279

<211>25

<212> RNA

<213> Artificial Sequence

<220> _
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 279
ccaacaucac caugeagauu augeg 25

- <210> 280

- <211>25

<212> RNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic

rtificial Sequence:

Synt heti c
<210> 285 <211> 25




<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucleotide <400> 285 caucacucag cgcauggcaa uaaua
25 <210> 286 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 286
ccaccacuuu agacugucau gcuaa 25 <210> 2 <211> 25 89 <212> RNA <213>
Arti&hgbﬁmﬂ§ﬁ nce <220> <223> Description of Artificial Sequence:

Synt hetic ol i gonucl eotide <400> 287 cggacaaguc uaaucuggag cugau 25 <210>

288 <211> 25 <212> RNA <213> Artificial Sequence <220>
<400> 280

caccaugcag auuaugegga ucaaa 25

<210> 281

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 231 .
geacauagga gagaugageu uccua 25

<210> 282

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 282
gagagaugag cuuccuacag cacaa 25

<210> 283

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 283
caaaggacull uauacuuguc gugua 25



<223> Description of Artificial Sequence: Synthetic oligonucleotide <400>
288 ugacccacau uggccaccau cugaa 25 <210> 289 <211> 25 <212> RNA <213>

Artificial Sequence <220> <223> Description of Artificial

Sequence:

Synthetic oligonucleotide <400> 289 gagggccucu gauggugauu guuga 25 <210>

290 <211> 25 <212> RNA <213> Artificial Sequence <220> 90

<223>

Description of Artificial Sequence: %@t hetic oligonucleotide <400> 290

cgagcuccgg cuuucaggaa gauaa 25 <210>
Artificial Sequence <220> <223> Description of Artificial

Synthetic oligonucleotide <400> 291
<210> 284 .

<211= 25
<212> RNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 284
ccoucgecgg aaguuguaug guuaa 25

<210> 285

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 285
caucacucag cgeauggeaa uaaua 25

<210> 286

<211> 25

<2]12>RNA

- <213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 286
ccaccacuuu agacugucau gcuaa 25

<210> 287
<211>25

91 <211> 25 <212> RNA <213>

Sequence:




caaucaaugc cauacugaca ggaaa 25 <210> 292 <211> 25 <212> RNA <213>
Artificial Sequence. <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 292 gaaaguauuu cagcuccgaa guuua 25 <210>
293 <211> 25 <212> RNA <213> Artificial Sequence <220> <223> Description
of Artificial Sequence: Synthetic oligggucleotide <400> 293 91 ccucggucau
u;ggggjg; guuca 25 <210> 294 <211> 2577 <212> RNA <213> Artificial Sequence
2
1

< 3.3 'ig(;}%{&i Eti on of Artificial Sequence: Synthetic oligonucleotide
3 & €eE® uuuauugcuu cuguu 25 <210> 295 <211> 25
<220>

<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 287
¢cggacaaguc yaaucuggag cugau 25

<210> 288

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 288
ugacceacau uggecaccau cugaa 25

<210> 289

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 289
gagggecucu gauggugauu guuga 25

<210> 290

<211> 25

<212> RNA

<213> Artificial Sequence

<220>




<212> RNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucleotide <400> 295 gaccaacaug gagucgugua cuuua
25 <210> 296 <211> 25 <212> RNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 296
cccuugaguc caaucacaca auuaa 25 <210> 297 92 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Des%biption of Artificial Sequence:

B DR RSB R o e B <

ohgonucleotide

<400> 290
cgageuccgg cuuucaggaa gauaa 25

<210> 291

<211>25

<212> RNA

<213> Artificial Sequence

<220> |
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 291
caaucaaugc cauacugaca ggaaa 25

<210>292

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<4030> 292
gaaaguauuu cagecuccgaa guuua 25

<210> 293

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 293




<223> Description of Artificial Sequence: Synthetic oligonucleotide <400>
298 ucauucauau uggucaccau cucaa 25 <210> 299 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 299 gaguucuugg caucgcgaaa gugua 25 <210>
300 <211> 25 <212> RNA <213> Art|f|0|%% Sequence 93 <220> <223>

het

f | Sequence: ol i gonucl eoti de <400> 300
cagcgéﬂgéggaga L@gg{dg&ﬁgﬁgca 25 <210> 301 <2§1> <212> RNA <213>

Artificial Sequence <220> <223> Description of A«tlficial Sequence:
Synthetic oligonucleotide <400> 301

<210> 294

<211>25

<212> RNA

<213> Artificial Sequence -

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 294
‘cagaucucca uuuauugeuu cuguu 25

<210> 295

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 295
gaccaacaug gagucgugua cauua 25

<210> 296

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artlﬁ(;lal Sequence: Synthetic
oligonucleotide

<400> 296
cccuugague caaucacaca auuaa 25

<210> 297



cagugguaug guucuugccu cagaa 25 <210> 302 <211> 25 <212> RNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 302 ccacacugag cucuccuccu guuua Wiat is
claimed is: 1. A nucleic acid nolecule that conprises a sense strand and an
antisense strand, wherein the sense strand consists of
_ - CCCUUGAGUCCAAUCACACAAUUAA- 3" (SEQ.LD NO 15), optionally with an
424 g of one to four nucleoti des, dhd wherein the antisense strand
%%] s of 5' - UUAAUUGUGUGAUUGGACUCAAGGEG: 3' (SEQ ID NG 16), optionally
%Nﬁbverhang of one to four nucleotides. 2. A nucleic acid nolecule
<<‘2dris=| Attifingab$edptenc UAAUUGUGUGAUUGGACUCAAGGG- 3' (SEQ I D NO 16). 3. The
nucleic acid nolecule of claiml that is a 25 base pair, blunt-ended
| e-stranded nucleic acid- nDIecuIe consi sting of Sense strand:
UGAGUCCAAUCACACAAUUAA- 3' (SEQ.ID NO 15) and anti sense strand:
ﬁ?23Bd&wmmakmxgﬁﬁxuﬁquﬁ@quw9*‘ﬂSE IfD NO 16). 4. A nucleic acid nol ecul e
t haligbandedtidd' - CCCUUGAGUCCAAUCACACAAUUAA-3' (SEQ ID NG 15) and decreases
t he expreSS|on of human VEGFR2. 5. A conposition conprising the nucleic
éﬁﬁ ecul e of any one of claims |, 2 and 4 and a pharnaceutically
é% able carrier. 6. The conposition of claimb5, further conprising one or
OFBYEUHEH QUggABACUINUBIZI ¢ acid nol ecul es thd? induce RNA interference and
decrease the expression of a gene of

<210> 298

<211> 25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 298
ucauucauau uyggucaccau cucaa 25

<210> 299

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 299
gaguucuugg caucgegaaa gugua 25

<210> 300

<211>25

<212>RNA

<213> Artificial Sequence




interest. 72 7. The conposition of claim®6, wherein the one or nore
additional nucleic acid nolecules decrease the expression of human VEGFR2.
8. The conposition of claim6, wherein the one or nore additional nucleic
aci d nol ecul es decrease the expression of a VEG- pat hway gene ot her than
VEGFR2. 9. The conposition of claim 6, gherein at | east one of the one or
rigég; additional nucleic acid nnleculeg decreases the expression of a gene

t pronot es angj aogenesis. 10._ The conposition of claim®6, wherein at

I @ﬁﬁxﬁﬁmwﬁgq%ﬁgﬁﬁ?FgﬁWﬁﬁﬁﬁdﬁYmgﬁB¢ nucl ei ¢ acid nol ecul es decreases the
expodigshoeicofida gene sel ected fromthe group consisting of, VEGFRL, VEGF,
VEGFR3, PDGF, PDGFR-a, PDGFR-p, EGF, EGFR, RAF-a, RAF-c, AKT, RAS, NFkB,

, bFGFR, Her-2, c-Met, c-Myc and HGF. 11. A conposition conprising
the 'nucleic acid nolecule of any one of clains 1, 2 and 4, and an
SAELLEEAIHICABURIBIA HEFH nol ecul e, wherein t4e additional nucleic acid
nol ecul e 1nduces RNA interference and decreases the expression of human
VEG-. 12. A conposition conprising the nucleic acid nolecule of any one of
q%g*ﬂ§ %, 2 and 4, and an additional nucleic acid nolecule, wherein the
addi '%% | nucleic acid nolecule induces RNA interference and decreases the
exprlesd? on of human VEGFR 1. 13. The conposition of claim5, wherein the
celld>eRNsSs a nucleic acid delivery vehicle. 14. The conposition of claim

' eic acid delivery vehicle is synthetic. 15. The
é%%%%@g%?%ﬁag$&¥$gﬁh1l4 wherein the synthetic nucleic acid delivery vehicle
conprises a cationic polyner, and wherein the cationic polyner is conplexed
vﬁﬁﬁﬁihe nucleic acid. 73 16. The conposition of claim 15, wherein the
call phDesaitiorest Asifidal $eqiuicensymhege 17. The conposition of claim 15,
“heQEE§ h&%oﬁgélonlc polymer is a histidine- Iysine co-polyner. 18. The .
conpo T Ton o claim15, wherein the synthetic nucleic acid delivery

<400> 301
cagugguaug guucuugecu cagaa 25

<210> 302

<211>25

<212> RNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 302
CCacacugag cucuccuccu guuua



vehicle further conprises a hydrophilic conponent. 19. The conposition of
claim 18, wherein the hydrophilic conponent conprises polyethylene glycol
(PEG, a polyacetal or a pol yoxazoline, or any conbination thereof, 20. The
conposition of claim15, wherein the synthetic nucleic acid vehicle further
conprises a targeting noiety. 21. The conposition of claim 18, wherein the
synthetic nucleic acid vehicle further conprises a targeting noiety. 22.
The conposition of claim 20, wherein the targeting noiety binds a tunor
speci fi gyipl&tdingd RF an angi ogenesi s-specific nol ecul e. 23. The conposition
of claim?Z20, wherein the targeting noiety binds endothelial cells. 24. The
conposition of claim23, wherein the targeting noiety binds an integrin on
vascul ar endothelial cells. 25. The conposition of claim 24, wherein the

targeting noiety l.s a peptledacidapaipdilsinagedniiRisedi stds@giaid aaduenaBeReD. 74
26. The conposition of claim25, wherein the EﬁPtide ca&Prisin RED is a
cyclic peEpd; waeremhe sepge wisnp 68n%storf BCCU A GALACGmAPE /EﬁéA%ﬁr%fhe”ti c

nucl ei ¢ i dver IG C i o LON.C ha(D) @
nydr ophi 112 2 S gief o A Fart RS B onc BFod rPlb AR el 1)

noi et y. a@Bensthgambeneisistof 6 RUDA A AGI B GADHIGGA GY Cai GAGHY (SERID tNGerlapeut i ¢

agent selected.fromthe group consisting of: an anti-cancer agent, an

ant i - i nPPEMFEY 87 a&@&ﬂ?mgﬁﬁggﬁto§%¥P9¢ﬁﬁg%%ive agent. 29. The conposition of
claim5 conprising an additional therapeutic agent which is an

anti-angi ogeni ¢ agent. 30. The conposition of claim?29, wherein the

anti - angi ogeni ¢ agentAB§UdﬁEaFNhh@b@ﬂ@C@Ekéng@ﬁTfron1the group consi sting

of:an M RULRIUAHGRUTREGXETeA REGII 8EHTD 196: 16).

3. The nucleic acid molecule of claim 1 that is a 25 base pair, blunt-ended
double-stranded nucleic acid molecule consisting of:

Sense strand: 5'-CCCUUGAGUCCAAUCACACAAUUAA-3"'(SEQ ID NO: 15)
and

antisense strand: 5'-UUAAUUGUGUGAUUGGACUCAAGGG-3' (SEQ ID NO:
16).

4. A nucleic acid molecule that targets 5'-
CCCUUGAGUCCAAUCACACAAUUAA-3' (SEQ ID NO: 15) and decreases the expression of
human VEGFR2.

5. A composition comprising the nucleic acid molecule of any one of claims

1, 2 and 4 and a pharmaceutically acceptable carrier.
6. The composition of claim 5, further comprising one or more additional

nucleic acid molecules that induce RNA interference and decrease the expression of a gene of

interest.
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human VEGFRI and an inhibitor of human VEGFR2. 31. The nucleic acid nol ecule
of claim1, conprising at | east one nucleotide that is chemcally nodified.
32. The nucleic acid nolecule of claim31l, wherein the at | east one
chemcally nodified nucleotide is a nucleotide conprising a 2'-0 nethyl

ri bose. 33. The nucleic acid nolecule of claim?2, conprising at |east one
nucl eotide that is chemcally nodified. 75 34. The nucleic acid nol ecul e of
claim 33, wherein the ” ner is a
nucl eoti de conprPS|nngEﬁ&ﬁgéﬁﬁgﬁﬁFﬁgﬁ%%gg&kéghggﬁé&hS%FgH%hggﬂggae ‘ecul e of
cl ai m Actdhadleadempiccas: the sgneicdtof Anda@aNEGHR2. ant i sense strand, wherein the
sense strand consists of an oligonucleotide, optionally with an overhang of
one to four nucleotides, and wherein the anti sense strand consists of an

ol i gonucl eoti de, gopti QH@'CJ)M &‘ltﬁ(ﬁﬁ AR NS WaOLinthe Qﬁlee Jrﬁot%%H&UBH&E'nﬁ&E* des. 36.
The nucleic acid nol ecule o? claim35 that is a ase arr | 'unt - ended
doubl e-astd moldadestlecteasectha ek mesyminesd lal\éEGBBathWh}egwcdtleﬂrcth@cVEGFrm ecul e of
claim4, conprising at | east one nucleotide that is chemcally nodified.
38. The nucleic acid nolecule of claim37, wherein the at | east one
chenmcally nodi fyi ed W@k&%é%d&“cﬁmﬂl@{vﬂ@ﬂélnd& |&QNaHeI oF HIRGDM of nTote Met hyl

ri bose. 39. A nucleic acid nol ecul e that conpri ses a sense strand and an

ant i serslditiogglmaplgic agisepelepnlesecepasds seaneeressipmatia egghastpsoragtes angiogenesis.

5' - UUAAUUGUGUGAUUGGACUCAAGGG 3" (SEQ ID NO 16), optionally with an
overhang of one to four nucl eotides, and wherein the sense strand consists
of an ol i gonucl edyi de TAB comipbsitin cletaiinr®, Waa@inat lapt orendlihe/onsick hoa over hang
of one to. four nucleotides. 40. The nucl eic acid mol ecul e of claim 39 that
is a 25ddijionalgarleic a5id mpleaaredreraasrishes orsssinnetia genel sslested fiom he vl . 41.

The nuclqglicifa deE@'FR‘J}IUYEG‘?f VEGERA ﬁ@GFC FRSd %CﬁiRi Ee@? FR LR GOt I de

that is chemwal ed. 42. The nuc acid no cl ai m 41,
wher ei lRARe, AKT] EA§1; NokB, dHe bt G&l leGFRr,ﬁdheri, e{Mq:tuc: IlVB@tandé{(ﬁ}é a nucl eoti de
conprising a 2'-Onethyl ribose.

11. A composition comprising the nucleic acid molecule of any one of claims

1,2 and 4, and an additional nucleic acid molecule, wherein the additional nucleic acid molecule

induces RNA interference and decreases the expression of human VEGF.

12. A composition comprising the nucleic acid molecule of any one of claims
1, 2 and 4, and an additional nucleic acid molecule, wherein the additional nucleic acid molecule

induces RNA interference and decreases the expression of human VEGFRI.

13.  The composition of claim 5, wherein the carrier is a nucleic acid delivery
vehicle.

14.  The composition of claim 13, wherein the nucleic acid delivery vehicle is
synthetic.

[5.  The composition of claim 14 wherein the synthetic nucleic acid delivery

vehicle comprises a cationic polymer, and wherein the cationic polymer is complexed with the

nucleic acid.

73



76

16.  The composition of claim 15, wherein the cationic polymer is
polyethyleneimine.
17.  The composition of claim 15, wherein the cationic polymer is a histidine-

lysine co-polymer.

18.  The composition of claim 15, wherein the synthetic nucleic acid delivery

vehicle further comprises a hydrophilic component.
19.  The composition of claim 18, wherein the hydrophilic component
comprises polyethylene glycol (PEG), a polyacetal or a polyoxazoline, or any combination

thereof,

20.  The composition of claim 15, wherein the synthetic nucleic acid vehicle

further comprises a targeting moiety.

21.  The composition of claim [8, wherein the synthetic nucleic acid vehicle

further comprises a targeting moiety.

22.  The composition of claim 20, wherein the targeting moiety binds a tumor

specific molecule or an angiogenesis-specific molecule.

23.  The composition of claim 20, wherein the targeting moiety binds

endothelial cells.

24, The composition of claim 23, wherein the targeting moiety binds an

integrin on vascular endothelial cells.

25.  The composition of claim 24, wherein the targeting moiety is a peptide

comprising the amino acid sequence RGD.
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26.  The composition of claim 25, wherein the peptide comprising RGD is a
cyclic peptide.

27.  The composition of claim 14, wherein the synthetic nucleic acid delivery
vehicle comprises:
(a) a cationic polymer;
(b) a hydrophilic component comprising PEG; and optionally

(c) a targeting moiety.

28.  The composition of claim 5 comprising an additional therapeutic agent
selected from the group consisting of: an anti-cancer agent, an anti-inflammatory agent and an

anti-infective agent.

29.  The composition of claim 5 comprising an additional therapeutic agent

which is an anti-angiogenic agent.
30.  The composition of claim 29, wherein the anti-angiogenic agent is an
inhibitor selected from the group consisting of: an inhibitor of human VEGF, an inhibitor of

human VEGFR1 and an inhibitor of human VEGFR2.

31.  The nucleic acid molecule of claim 1, comprising at least one nucleotide

that is chemically modified.

32. The nucleic acid molecule of claim 31, wherein the at least one chemically

modified nucleotide is a nucleotide comprising a 2°-O-methy! ribose.

33.  The nucleic acid molecule of claim 2, comprising at least one nucleotide

that is chemically modified.

75



34. The nucleic acid molecule of claim 33, wherein the at least one chemically

modified nucleotide is a nucleotide comprising a 2’-O-methyl ribose.

35. The nucleic acid molecule of claim 4 that comprises a sense strand and an
antisense strand, wherein the sense strand consists of an oligonucleotide, optionally with an
overhang of one to four nucleotides, and wherein the antisense strand consists of an

oligonucleotide, optionally with an overhang of one to four nucleotides.

36.  The nucleic acid molecule of claim 35 that is a 25 base pair, blunt-ended

double-stranded nucleic acid molecule.

37.  The nucleic acid molecule of claim 4, comprising at least one nucleotide

that is chemically modified.

38.  The nucleic acid molecule of claim 37, wherein the at least one chemically

modified nucleotide is a nucleotide comprising a 2’-O-methyl ribose.

39. A nucleic acid molecule that comprises a sense strand and an antisense
strand, wherein the antisense strand consists of 5>-UUAAUUGUGUGAUUGGACUCAAGGG-
3" (SEQ ID NO: 16), optionally with an overhang of one to four nucleotides, and wherein the
sense strand consists of an oligonucleotide 25 nucleotides in length, optionally with an overhang

of one to four nucleotides.

40. The nucleic acid molecule of claim 39 that is a 25 base pair, blunt-ended

double-stranded nucleic acid molecule.

41.  The nucleic acid molecule of claim 39, comprising at least one nucleotide

that is chemically modified.

42.  The nucleic acid molecule of claim 41, wherein the at least one chemically

modified nucleotide is a nucleotide comprising a 2’-O-methyl ribose.
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