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(57) Abstract: Disclosed herein are siRNA compositions and methods usetul for inhibiting expression of vascular endothelial
growth factor (VEGF) isoforms. Such compositions and methods further involve siRNA capable of selectively targeting angio-
genic VEGF isoforms while selectively sparing anti-angiogenic isoforms. Diseases which involve angiogenesis stimulated by
overexpression of VEGF, such as diabetic retinopathy, age related macular degeneration and many types of cancer, can be treated
by administering small interfering RNAs as disclosed.
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. Fitle: COMPOSITIONS AND METHODS FOR SELECTIVE INHIBITION OF PRO-ANGIOGENIC VEGF

ISOFORMS

B. Cross-Reference to Related Applications:

j0001] This apphcation claims prionty to US. Provisional Appheation No.
617119779 enutled “Compositions and Methods for Selective Inhibition of VEGE” filed
December 4, 2008, ULS. Provisional No. 61/171,371 entitled “Composttions and Methods for
Selective Inhibition of VEGE™ filed Apnl 22, 2009, and U.S. Provisional Application No.
617219808 enpitled  “"Compositions and Methods for Selective Inhibition of VEGF™ filed
June 24, 2009, each of which is incorporated by reference in its entirety,
C. Government Interests: Not applicable
D. Parties to a Joint Research Agreement: Not apphcable
E. Incorporation by Reference of Material submitted on a Compact Disc: Not applicable
F. Background

1. Field of Invention: Not applicable
2. Description of Related Art: Not applicable

(. Brief summary of the invention

[0082] Angiogenesss, defined as the growth of new capillary blood vessels or
“neovascularization,” plavs a fundamenial role in growth and development.  In mature
bumans, the ability to mitiate angiogenesis is present in all tissues, bug is held under strict
control. A key regulator of angtogenesis 1s vascular endothelial growth factor (“"VEGEF™),
also called vascular permeability factor ("VPF™). Angiogenesis is initiated when secreted
VEGF binds to the Fli-1 and FIk-1/KDR receptors {also called VEGF receptor 1 and VEGF
recepior 2), which are expressed on the surface of endothelial cells. Fit-1 and Flk-1/KDR are
transmembrane protein tyrosine kinases, and binding of VEGE mitiates a cell signal cascade

resulting i the altimate neovascularivation i the surrounding tssue.

j0663] There are three mam differemt VEGF altemative splice forms (e, isoforms)
i humans (VEGF 1, VEGE s, and VEGF ), wihile a number of other vanants also exist
(VEGF 26, VEGF 153, VEGF 14y, VEGF 60 and VEGF 453 Remarkably, not all of the isoforms
are pro-angiogenic. It bhas been demonstrated that at least VEGFu s 15 capable of

coumteracting the effects of VEGF 4 induced angiogenesis. Withowt being bound by theory,

wle
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i appears thal VEGFqw 13 capable of preventing VEGF Receptor 2 signaling.  As such,

secretion of VEGF 45 may be able to prevent or retard angiogenesis in pathological states.

{0604] Aberrant angiogenesis, or the pathopemic growth of new blood vessels, s
implicated i a number of conditions. Among these conditions are diabetic retinopathy,
psoriasis, exudative or “wet” age-related macular degeneration ("ARMD™), rheumatoid
arthritis and other inflammatory diseases, and most cancers. The diseased tissues or fanors
associated with these conditions express abnormally high levels of VEGF, and show a high

degree of vascularization or vascular permeability.

[6005] ARMD m particular 13 a climically muportant angiogenic disease.  This
condition 1s characterized by chorotdal neovascularization w one or both evesy i aging

ndividuals, and 15 the major canse of blindness in industrialized countries.

je006] RNA interference (heremnafier “RNA{) 15 a method of post-transcriptional
gene reptation that is conserved throughout many eukarvoiic organisms. RNA1 is induced
by short (i.e, <30 pacleotide) dopble stranded RNA (“dsRNA") molecules which are present
m the cell. These short dsRNA molecules, called “short interfering RNA™ or “siRNA " cause
the destruction of messenger RNAs ("mRNAs™ which share sequence homology with the
SIRNA 1o within one mucleotide resolation. 1t is believed that the SIRNA and the targeted
mRNA bind to an "RNA-~induced silencing complex” or “RISC”, which cleaves the targeted
mRNA, The siRNA 1x apparently recyeled much hike a multiple-turnover enzyme, with |
siRNA molecule capable of inducing cleavage of approximately 1008 mRNA molecules.
siRNA-mediated RNA1 degradation of an mRNA s therefore more effective than currently
available techuologies for inhibiting expression of a target gene. However, such methods are

not directly able to be translated into therapentic agents for reatment of disease.

[6087] What is needed, therefore, are agents which selectively inhibit expression of
pro-angiogenic  VEGE in catalytic or sub-stoichiomeiric amounts in mammals, while

mducing or maintaming the secretion of miti-angiogenic VEGF isoforms.

[0008] The present disclosure is directed to siIRNAs which specifically target and
cause RNA-induced degradation of mRNA from VEGF and s isoforms.  The siRNA
componnds and compositions of the disclosure are used to inhibit angiogenesis, in particular

for the wteatment of cancerous tumors, age-related macolar degeveration, and other

angiogenie diseases.
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j0009] Thus, the disclosure provides an isolated siRNA which targets human VEGF
mRNA, or an alternative splice form, mutant or cognate thereof  For example, in one
embodiment, the siRNA targets pro-angiogenic VEGF mRNA iscforms such as VEGFq,

‘‘‘‘‘

anti-angiogenic VEGF s mRNA. In certain embodiments, the siRNA comprises a sense
RNA strand and an antisense RNA strand which form an RNA duplex. The sense RNA
strand comprises a nucleotide sequence wdentical to a target sequence of about 19 to about 23

contigaons nucleotides i the target mRNA.

{0016} The disclosure also provides recombinant plasmids and vual vectors which
express the siRNA disclosed herein, as well as pharmaceutical compositions comprising such

an SiIRNA and a pharmaceutically acceptable carnier,

[0811] The disclosure further provides a method of inhibiting expression of human
pro-angiogenic VEGF mRNA, or an aliernative splice form, mutsnt or cognate thereof, while
sparng anti-angiogenic VEGF mRNA, comprising administering to a subject an effective

amount of SIRNA sach that the farget mRNA s degraded.

{0612] The disclosure further provides a method of nbibiting angiogenesis i a
subject, comprising administering to a subject an effective amount of an siRNA targeted 1o
pro-angiogemic human VEGF mRNA or an altemative splice form, mutant or cognate thereof,

while sparing anti-angiogenic mRNA.

[0013] The disclosure forther provides a method of treating an angiogenic disease,
comprising adnunistering to a subject in need of such treatment an effective amount of an
siIRNA tarpeted to human proangiogenic VEGEF mRNA or an aliernative splice form, mutant
or cognate thereof, such that angiogenesis associaled with the angiogenic diseasa s minbitad,
while the effects of anti-angiogenic VEGF mRNA are not affected.

H. Description of Drawings

jo014] The file of this patent contains al least one photograph or drawiing exgented in
cotor. Copies of this patent with color drawing(s) or photograph{s} will be provided by the
Patent and Trademark Office upon request and payment of pecessary fee.

[0015] For a Huller understanding of the natore and advantages of the present

invention, reference should be had to the following detated deseription taken in connection

with the accompanying drawings, i which:
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jo016] FIGS, 1A and 1B are a lustograms of VEGFE coucentration (in pg/ml) in
hypowie 293 and Hela cells treated with no siRNA (-7}, nonspecific siRNA (“nonspecific™);
or SIRNA targeting human VEGF mRNA ("VEGF”). VEGF concentration {in pg/nl} in non-
hypoxic 293 and Hela cells is also shown,  Each bar represents the average of four

experuments, and the ervor s the standard deviation of the mean,

10817} FIG. 2 is a histogram of murine VEGF concentration (in pgiml) in hypoxic
NIH 3T3 cells treated with no siRNA ("7}, nonspecific siRNA (Unonspecific™); or siRNA
targeting human VEGF mRNA ("VEGF”). Each bar represents the average of six
experiments and the ervor 1s the standard deviation of the mean.

[0018] FIG. 3 s o histogram of human VEGF concentration {(pgfotal proten) i
retinas from nuce igected with adenovirus expressing human VEGEF (CAJIVEGF™) in the

presence of either GFP siRNA {dark grav bar) or human VEGE siRNA (hght grev bar). Each

bar represents the average of 5 eves and the ervor bars vepresent the standard srror of the
mean,

[0619] FIG. 4 is a histogram showing the mesn area {in mum®) of laser-induced CNV
i contrel eves given sabretinal injections of GFP siRNA (N=9; “GFP siRNAT}, and in eves
given subretinal imgections of mouse VEGF siRNA (N=7; “Mouse VEGF siRNA"}). The error

bars represent the standard error of the mean.

[0020] F1G. § is a schematic representation of pAAVSIRNA, a cis-acting plasnmd
usad to generate 3 recombinant AAV viral vector of the invention. “ITR™ AAV inverted
terminal repeats: “LIGT: L6 RNA promoters; “Sense™ siRNA sense coding sequence; “Anti™

sIRNA antisense coding sequence; “PolvT™: polythynudine ternmnation signals.

[0021] Fig. 6 shows histograms of the mean srea (in mm) of laser-induced CNV in
treatment in miouse eyes mjected (A) subretinally or (B) muraviireally with a mouse anti-
VEGF siRNA ("mVEGFT siIRNA™) or control siRNA ("GFPLsiRNA™).  The error bars
represent the standard error of the mean. (C) is 8 histogram of the mean area {in mm”) of
faser-induced NV in mouse eves mjected miravitreally with: phosphate-buffered saline with
no sIRNA at 1 day post-laser mduction ("PBS”; NV arves measwred af 14 davs post-laser
wmduction); control siRNA at 14 days post-laser indaction (“GFPISIRNA™, ONV area
measured at 21 days posi-laser mduction); or a mouse anti-VEGE siRNA at 14 days post-
laser fnduction {("mVEGF LsiIRNAT, ONV area measured at 21 davs post-laser induction).

The error bars represent the standard error of the mean.

g
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{00221 Fig. 7 is a graph of the percent of VEGF ("G VEGE™) protein iy mouse eves
fyjected seberetinally  with buman ant-VEGF siRNA Cand3?™) and control siRNA
{("GFPLsIRNAT) a1 0 (=2; pre-siRNA figection), 6 (o=3), 10 (n=3) snd 14 (n=3)} days post-
mjection. % VEGE = ([VEGE] i the Cands eye/{ VEGE] in the GFPLsiRNA eve) ¥100.

[6823] Fig. 8 15 a graph of hVEGE protein levels m 293 cells transfected with
transfected with human VEGF siRNAs, non-spectfic $iRNA (EGFP siRNAj or mock

transfections without sIRNAL

j0024] Fig. 9 15 a graph of the dose response studies with Candd (bevasriantb},
hVEGF#1, hVEGFE2, hVEGFE3, hVEGEFS4, hVEGEE6 and hVEGF#T.

{025 Fig. 10 15 a schematic of the vanous isoforms of VEGF and their exon usage.
[0026] Fig. 11 1s a diagram companing the homology of VEGF g5 and VEGF s ait the
exon 7/8 junction,

[6027] Fig. 12 depicts the amount of VEGF proteinr expressed for various siRNAs

targeting the VEGF 5 exon 748 junction.

[0028] Fig. 13 depicts the percent knockdows of human VEGF protein for various

SIRNAs targeting the VEGF s exon 748 junction,
j0029] Fig. 14 depicts the amownt of VEGF protein expressed for a secondary screen
of siRNAs targeting the VEGF 145 exon 7/8 junction.

j0030] Fig. 15 depicts the percent knockdown of human VEGF protein for a

3

secondary screen of SiRNAs targeting the VEGF s exon 778 junchon.

[0031] Fig. 16 depicts the percent knockdown of human VEGF protein for a
secondary screen of siRNAs targeting the VEGF: exon 78 junction at varying
conpcenirations.

[6632] Fig. 17 depicts the percent knockdown of human VEGF protein over seven
davs for g secondary screen of SIRNAs targeting the VEGF 45 exon 748 junction,

[0833] Fig. 18 depicts the effect of sIRNA targeting the VEGF 42 exon 7/8 junction
on GAPDH mBRNA expression ustmg RT-PCR.

[0034] Fig. 19 depicts the effect of sIRNA targeting the VEGF s exon 7/8 junction

on VEGEF os mRNA expression using RT-PCR.

-5
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[0035] Fig. 20 depicts the effect of siRNA largeting the VEGF exon 7/8 junction on
VEGF ¢ mRNA expression using RT-PCR.

[0036] Fig. 21 depicts the effect of IRNA targeting the VEGF exon 7/8 junction on
VEGF 1 mRNA expression using RT-PCR.

[0837] Fig. 22 depicis the effect of siRNA targeting the VEGF s exon 7/8 juaction
o VEGF e mRNA expression asing RT-PCR. Double banding at abowt 600bp 18
artefactual.

0038 Fig. 23 depicts the cytokine profile of ARPE1Y cells following treatiment with
selected siRNAs,

[6039] Fig. 24 depicls the effect of siRNAs on total VEGF protein secretion by
ARPE19 ¢ells.

[0040] Fig. 25 depicts the effect of siRNAg on wial VEGF protein secretion by
ARPE19 cells.

[6841] Fie. 26 depicts the effect of siRNAs on tolal VEGF protein secretion by
ARPELY cells.

[0042] Fig, 27 depicts the effect of siRNAs on total VEGF protein secretion by
ARPEL9 gells.

[8043] Fig. 28 depicts the stabulity of bevasiranib under different temperaturs
conditions over fime.

[0044] Fig. 29 depicts the stability of bevasiramb under different temperature

condigions over time.

[6045] Fig, 38 depicts the stability of OPK-HVB-004 under differemt temperature

condiftons over Hime.

[0046] Fig. 31 depicts the stability of OPK-HVB-009 under different temperature

conditions over time.

[0847] Fig. 32 depicts the stability of OPK-HVR-010 under different temperature

conditions over time

[3048] Fig. 33 depicts the homeoelogy between haman, rat and wouse VEGF sequences

at the 3 teyminal end.

e
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[0049] Fig. 34 depicts the effect of siRNAs on rat VEGF secretion by €6 celis.

[6050] Fig. 35 depicts the effect of siRNAs on mouse VEGE secretion by NIH3IT3

cells,
[06051] Fig. 36 depicis the effect of siRNAs on VEGF secretion by ARPEIY cells.
[6052] Fig. 37 depicts the effect of sIRNAs on VEGF secretion by ARPEID celis.
[6833] Fig. 38 depicis the effect of siRNAs on VEGF secretion by ARPEDY cells.
[6054] Fig. 39 depicts the effect of siIRNAs on mouse VEGF secretion by NIH3T3
cells

1. Detailed Description

j0055] Before the present compositions and methods are described, it is 1o be
anderstood that this invention i3 not hmited to the particular processes, compositions, or
methodologies desenbed, as these mav varv. Tt 18 also to be anderstood that the terminology
used i the description is for the purpose of describing the particular versions or embodiments
only, and is not intended to lumit the scope of the present invention which will be limited only
by the appended claims. Uhnless defined otherwise, all techaical and scientific terms used
heremn have the same meanings as commonly understood by one of ordinary skill n the art.
Although any methods and matenials similar or equivalent to those described hereint can be
used i the practice or testing of embodiments of the present invention, the preferred
methods, devices, and materials are now described. Al pubhcations mentioned herein are
icorporated by reference in their entivety. Nothing herein is to be construed as an admission
that the mvention 13 not enfitled to antedate such disclosure by virtue of prior mvention.

[6856] It must also be noted that as used heretn and in the appended claims, the

N

singular forms "a”, “an”, and “the” mchude ploral reference unless the context clearly dictates

otherwise, Thus, for example, reference to a “molecnle™ i3 a reference to one or more
molecules and equivalents thereof known to those skilled in the art, and so forth. As ysed
herein, the term “about™ means plus or minus 10% of the numerical value of the namber with

which 111 being used. Therefore, about 50% means in the range of 45%-35%,

{0057 As used herein, g “subject” includes a buman being or nonw-human animal In
certain embodiments, the subject i a human betng.

[6058] As used heremn, an “effecttve amount” of the siRNA 13 an amount sufficient o

cause RNA-medited degradation of the target mRNA fn cell. The term clinically effective
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amount i3 an amount thai when admunistered o a subject, will inhibit the progression of

augogenesis iy a subject by RNA silencing.

[0039] As used herein, “isolated” means altered or removed from the natural state
through human intervention. For example, an siRNA natwrally present m a living animat is
et “isolated,” but a svuthetic SIRNA, or an siRNA partially or completely separated from the
coexisting materials of s natural state s “isolated”  An isolated sIRNA can exist in
substaniiatly purified form, or can exist i 8 non-native enviremnent such as, for example, &

cell mito which the siRMNA has been delivered.

[0060] As  used herein, “arget mRBRNAT means an mRNA  comprising a
complementary sense sequence 10 an SIRNA antisense strand. Such a target mRNA need not
be 100% homologous to the sIRNA antisense strand, as long as the siRNA functions to
silence or otherwise form a RISC comyplex with the target mRNA.  Target mRNAs of
parbicular ase in the methods of the disclosure include, for example, pro-angiogenic VEGF
mRNA isoforms such as VEGF, VEGF 65, and VEGF 50, VEGFas, VEGF 133, VEGF s,
and VEGFs and combinations therenf In cerlain other embodiments, the tarzet mRNA
does not comprise anti-angiogenic VEGF e, mRNA, but targets at least one other VEGF
isoforms.

-

00611 As used herein the term “partially non-complementary™ s intended to mean an
siRNA sequence which althoagh, perhaps sharing some sequence homology to a non-target
sequence still differs sulficiendy such that RNA silencing does not occur for the non-target

0y

sequence.  Partially non-complementary include sequences that are 920% homologous, 85%,
homologous, 80%; homologons, 75% homologous, 709 homeologous, 63% homologous,
6%,  homologons, 553%  homologous, 509 bomologous, 45% homologous, 40%
homologous, 35%, homwlogous, 30% homologous, 23% homologous, 20% homologous,
1 3% homologous, 10%, homologous, 3% homolegous, 2% homologous, and 1% homologous
to a non-target sequence. A sequence that i3 entively non-homologous 1o 3 non-iarget

sequence is considered non~complementary to the sequence.

[0062] As used herein, a gene or mRNA which is “cognate™ {o human VEGF or
mRNA from another mammalian species which is homologous to buman VEGF, For
example, the cognate VEGF mRNA from the moase is given in SEQ ID NO: 1.

[0063] Unless otherwise indicated, all nucleie acid sequences herewn are given i the

§7 10 ¥ divection. Also, all deoxvribonucieotides v a nucleie acid sequence are represented

K.
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by capital letiers {eg. deoxythymidine is “T7), and rvibonucleotides in a nucleiv acid

sequence ave represented by lower case letters {e g, uridine 150"}

[0064] Composttions and methods comprising sIRNA targeted to VEGF and s
various isoforms can be used fo inhibil angiopevesis, in particulay for the treatment of
angiogenic disease. The siRNA are believed o cause the RNAL-medintad degradation of
these mRNAS, so that the protein product of the VEGF and is isoforms are not produced or is
produced in reduced amounts. Because VEGE binding to the Flt-1 or FIk-1/KDR receptors is
requited for initisting and maintaining angiogenests, the siRNA-mediated degradation of
VEGF and its soforms as well as Flt-1 or FIk-1/KDR mRNA may also be used to inhubit the

angrogenic process.

[0065] One aspect of the present disclosure therefore provides isclated siRNA
comprising short double-stranded RNA from about 17 nucleotides to about 29 nucleotides m
fength, and in certain embodiments from about 19 {0 about 25 nucleotides wn length, that are
targeted 0 the target mRNA.  The siRNA comprise a sense RNA strand and g
complementary aptisense RNA strand annealed together by standard Watson-Crick base-
paring iteractions (heremnafter “base-patred™). As s described in more detail below, the
sense strand comprises a nucleic acid sequence which is identical or closely homologous to a

target sequence contained withun the target mRNAL

[6066] The sense and antisense strands of the SIRNA can conmpwise two
complenentary, single-stranded RNA molecules or can comprise a single molecule in which
two complemeniary portions are base~-paired and are covalently linked by a single-stranded
“hairpin™ area,  Without wishing to be bound by any theory, it 15 beheved that the hairpin
area of the latter type of sSIRNA molecule s cleaved mtracellularly by the “Dicer” protein {or

its equuvalent) {o form an SIRNA of fwo mdividual base-paired RNA molecules |

[0067] Splice varants of human VEGF are known, inchuhing pro-angiogemc VEGYF
mRNA isoforms such as VEGF(SEQ 1D NO: 2}, VEGFe: (SEQ ID NO: 3), and
VEGF1{(SEQ ID NO:U 4), VEGF{SEQ 1D NO: 5. GenBank Accession No. CS243579),
VEGF i (GenBank Accession No. AJOI0438y, VEGF s (GenBank Accession No.
AF091352), and VEGF s (GenBank Accession No. CS245578) as well as anti-angiogenic
VEGF e, mBNA (GenBank Accession No. AF430806).  The mRNA wranscribed from the
human VEGF and its isoforms, as well as Fit-1 (SEQ IDNO: 6) or FIk-I/KDR (SEQ 1D NO:

7} genes can be analyzed for further alternative splice forms using technigues well-known in
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the art. Such technigues include reverse transcription-polymerase chain reaction (RT-PCR},
northern blothing and de-site hvbridization. Techoiques for analyzing mRNA sequences are
described, for example, in Busting SA (2000), J. Mol Endocrinol. 23: 169-193, the entire

disclosure of which is herein incorporated by reference.  Representative techuigues for

wdenttlying alternatively spliced mRNAS are also described below,

[0668] For example, databases that contain nucleotide sequences related to a @iven
disease gene can be used to identify alternatively sphced mRNA. Such databases include
GenBank, Embase, and the Cancer Genome Anatomy Project {CGAP) database. The CGAP

database, for example, contains expressed sequence tags (ESTS) from various types of human

cancers. An mRNA or gene sequence from the VEGF and ts 1soforms as well as Flt-1 or
FIk-1/KDR penes can be used to qguery such g database to determine whether ESTs

representing alternatively spliced mRNAs have been found for a these genss.

[6869] A iechmigque called “RNAse protection” can also be wsed to identfy
alternatively sphiced VEGF and s soforms as well as Fi-1 or FIk-1/KDR mRNAs. RNAse
protection nvolves translation of a gene sequence into syntbetsic RNA, which is bybridized 10
RNA denved from other cells; for example, cells from tissue ai or near the site of
neovascalarization.  The hybndized RNA 15 then incobated with enzymes that recognize
RNARNA hybrid mismaiches. Smaller than expected fragments mdicate the presence of
aliernatively spliced mRNAs, The putative alternatively sphiced mRNAs can be cloned and

sequenced by methods well known to those skilled m the art.

[6670] RT-PCR can also be used to identify altermatively spliced VEGF and its
soforms as well ag Flt-l or FI-UKDR mRNAs, In RT-PCR, mRNA from tissue or cells is
converted into ¢DNA by the enzyme reverse tramscriptase, using methods well-known o
those of ordinary skill m the art. The coding sequence of the cDNA iy then amplified via
PCR using a forward primer located in the 7 translated region, and a reverse primer located
i the 37 wranslated region.  In some embodiments, all the bases encoding the ¢DNA are
amplified. The amplified products can he analyzed for alternative splice forms, for example
by comparmg the size of the amplified products with the size of the expected product from
normally sphiced mRNA, e.g., by agarose gel electrophoresis.  Any change in the sixe of the

amplified product can indicate aliernative splicing.

{06711 mRNA produced from mutant VEGF and its isoforms as well as Fii-1 or Flk-

I/KDR genes can also be readily identified through the techniques described above for

~18-
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identifyang alternative sphice formis. As used herein, “mustant” VEGF and its isoforms as well
as Fit-1 or FIK-1/KDR genes or mRNA inchude human VEGF and s soforms as well as Flt~-
1 or Flk-I/KDR genes or mRNA which differ in sequence from the VEGE and its isoforms as
wall as Fit-1 or Flk-1/'KDR sequences set forth herein. Thus, allelic forms of these penes,

and the mRNA produced from them, are considered “mulants” for purposes of this wmyention.

[6672]  Itis wnderstood that buman VEGF and #ts isoforms, as well as Fit-1 or Flk-
KDR mRNA may contain target sequences in common with their respective aliemative
splice forms, cognates or mutants. A single siRNA comprising such a common targeting
sequence can therefore induce RNA-mediated degradation of different RNA types which
contain the common targeting sequence. For example, as shown i Figure 1), all VEGF
isoforms share exons 1-5. However, in VEGF i (SEQ D NO: 2) exons ¢ and 7 {7a and b}
are deleted. In VEGF s (SEQ ID NO: 3) exon 6 {6a and 6b) is deleted. In VEGF 1w {SEQ ID
NO: 4) exon 6b s deleted. In VEGF a portion of exon 6a is deleted as well as the
conplete exon 6b sequence. VEGF i has a deletion of exon 6 {6a and 6h) as well as exon 7b
and a portion of exon 8. In VEGF s exon 6b and exon 7 {73 and 7b) are deleted. The only
known anti-angiogenic wsoform of VEGFE, \»"E(}Fmb, lacks exon 6 (6a and 6h), but
additionally comprises a pseudo-exon 9. The psewdo-exon 9 18 a result of a reading frame
shift caused by the deletion of a stop codon, thus allowing a portion of the 3I'UTR to be
translated as protem.  See for example, Bates et al, Can. Res. 62:4123 (2002), heremn
meorporated by reference in s entivety, VEGFu6 (SEQ ID NO: 3} 15 the full length sequence
YEGF with no deletions.  Thus, m certain embodiments, the SiRNA targets one of more
isoforms, such as VEGF o (SEQ 1D NO» 2), VEGF 45 (SEQ 1D NO: 3}, and VEGF {SEQ
ID NO: 4), VEGF3{SEQ ID NO: 5. GenBank Accession No. CS245379), VEGF

(GenBank Accession No, AHHM3R), VEGF 4 (GenBank Accession No. AFN91352), andior

VEGF s (GenBank Accesston No. CS24857&), but spares others, such as VEGF 55, because

the siRNA targets a shared exon among certain isoforns but not others.

{00731 in one embodiment, provided is an isolated SIRNA comprising of a duplex of
a first RNA strand and a second RNA strand, said first RNA strand comywising a nucleotide
sequence identical to a target sequence of about 19 o ahoul 23 contiguous nucleotides (o a
vascular endothelial growth factor (VEGF) isoform selected from the group consisting of
human VEGF;, VEGFs VEGFw, VEGFue, VEGF, VEGF s VEGF: and
coanbinations thereof, fiwther wherein said siIRNA s ot least partially non-complementary to

VEGFies, . with the proviso that the human VEGF mRNA 15 not SEQ 1D NO. 42 Further

~11-
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embodiments include wethods of using suach siRNA o inhibit angiogenesis  and
pharmaceutical compositions comprising a therapewtically effective amouant of such siRNA to

inhibit angiogenesis.

[6074] The siRNA can comprise partially purified RNA, substantially pure RNA,
synthetic RNA, or recombinangly produced RNA, a3 well as altered RNA that differs from
naturally-occurring RNA by the addivon, deletion, substitution andfor alteration of one or
more nucleotides. Such alterations can include addition of non-nucleotide matenial, such as to
the end{s} of the siRNA or to one or more internal nucleotides of the siRNA, ncluding

modifications that make the siRNA resistant to nuclease digestion.

[(075] One or both strands of the siRNA can also comprise g 3 overhang. As used
herein, g "3 overhang” refers o at least one anpaired nucleotide extending from the 3'-end
of a duplexed RNA strand. In some embodiments, the siRNA does not comprise a overhang
and has a bhunt end. In some embodiments, both ends of the aRNA comprise a blunt end. In
some embodiments, the siRNA comprises a 17mer that contiguons with a target mRNA and
dTdT pverhang. In some embodiments, the siIRNA is a siRNA that can inhibit the secretion or
production of VEGF from cells from different species. For exammple, in some embodiments,
the SIRNA can inhibit VEGF secretion or inhubition from a human cell, @ rat cell, andfor a
mouse cell. In some embodiments, the SIRNA can inhibit the secretion or production of
VEGF from a mouse cell and a human cell, but nof from a rat cell. In some embodiments, the
SIRNA can mnhibit the secretion or production of VEGF from a rat cell and a human cel, but
nol from a mouse cell.  In some embodiments, the siRNA can inhibit the secretion or
produciion of VEGF from 2 human cell, a mouse cell, and a rat cell. The selectivity of the
$iRMNA can be based upon the homology between the different sequences. For example,
Figure 33 shows the homology between the terminal codons encoding human, mouse and rat
VEGF. These differences can be exploited to produce siRNAs that can selectively intubit the

production of VEGE from one or more species.

[6676] In some embodiments, 3IRNAs comprising less than 21 nucleotides, eg. 17,
18, 19, or 20, can be used to avord any potential non~specific io vivo responses.  {See,
Ambati, Nature, 452, 591-597 {3 April 2008)). For example, siRNAs comprising less than 21

nucleotides can be used to avoid potentially activating a TLR3 responss in vivo,

{88771 Thus i one embodiment, the siRNA comprises at least one 37 overhang of

from 1 to abowt & mucleotides {which mchudes ribonuclecudes or deoxynucleotides) in lengih,
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preferably from 1 o about § nucleotides in length, more preferably from 1 1o about 4
nucteotides in length, and particolarly preferably from about 2 to abowt 4 nucleotides n

lenaih.

[6678] In the embodiment in which both strands of the iRNA molecule comprise a 37
overhang, the length of the overhangs can be the same or ilfferent for each strand. Ina most
preferred embodiment, the 37 overhang 1s present on both strands of the sIRNA, and 15 2
nucleondes in fength. For example, each strand of the siRNA can comprise 37 overhangs of

dithyoudyhic acid {TT7) or diridylic acid (Tua™).

[8079] In order to enhance the stability of the present siRNA, the ¥ overhangs can be
also stabilized agaimst degradation. In one embodiment, the overhangs are stabihized by
mcluding purine nucleotides, such as adenosine or guanosine nucleotides. Alternatively,
substitution of pyrimidine nucleotides by modified analogues, e.g., substitution of uridine
nucleotides m the 37 overhangs with 2 -deoxyihymidine, iy tolerated and does not alfect the
efficiency of RNAI degradation.  In particular, the absence of g 27 hydroxyl in the 2°-
deoxythymidine sigmificantly enbances the nuclease resistance of the 3"overbang in tissue

culiure mediam.

[0080] In certain embodiments, the siIRNA compnises the sequence AANNTOTT or
NA(N21), where N is any nucleotide. These SiIRNA comypwise approximately 30-70% GC,
and preferably comprise approximately S0% G/C. The sequence of the sense siRNA strand
correspongds o (INISITT or N21 {J.e., posttions 3 to 23), regpectively. In the latter case, the 37
end of the sense sSiRNA is converted to TT. The rationale for this sequence conversion s 1o
generate a symmetric duplex with respect {o the sequence composition of the sense and
antisense strand 37 overhangs. The antisense RNA strand is then synthesized as the

complament to positions | to 21 of the sense strand.

[0081] Because position 1 of the 23-nt sense strand n these embodiments is not
recognized in a sequence-specific manner by the antisense strand, the 3'-most nucleotide
residue of the antisense strand can be chosen deliberatelv.  However, the penulismate
muclectide of the antizsense strand (complementary 1o position 2 of the 23-nt sense strand in
either embodiment) is generally complementary to the targeted sequence.

0082] In another embodiment, the siRNA comprises the sequence NARINITYYNN,
wherg R is a purine {e.g, A or G and Y s a pyvrimidine {e g, C or U/T). The respective 21-

~

nt sense and antisense RNA strands of this embodiment therefore genevally begin with a

~13-
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purine pucleotide. Sach siRNA can be expressed from pol HI expression vectors without a

efficient when the first transcribed nucleotide is a purine.

[0083] In a further embodiment, the siRNA comprises a sequence having no more
than five (3) conseculive purines of pyrimidines. In a futher embodiment, the siRNA
comprises a sequence having no more thay five (3) consecutive nucleotides having the same

nucleobase (Le, AL C. G, or UYL

j0084] The siRNA can be targeted to any stretch of approximately 19-25 contiguous
mucleotides i any of the target mRNA sequences {the “target sequence™.  Technigues for
selecting target sequences for stRNA are given, for example, in Tuschl T et al., “The siRNA
User Guide,” revised Oct. 11, 2002, the entire disclosure of which is hevein corporated by
veference. “The siRNA User Guide™ is available on the world wide web at 2 website
mamniained by Dr. Thomas Tuschi, Department of Cellular Biochenusiry, AG 1035, Max-
Planck-Institute for Biophysical Chenusiry, 37077 Gottingen, Germany, and can be found by
accessing the website of the Max Planck Institate and searclung with the keyvword "siRNA”
Thus, the sense strand of the present SIRNA comprises a nucleotide sequence dentical to any

contiguous stretch of about 19 to about 25 nucleotides i the target mRNA.

[0085] In some embodiments, the siRNA s 19 nucleotides and comprises 17
nucieotides that are identical {0 a target mRNA. In some embodiments, the siRNA s 19
nucleotides in length comprising at least one blunt end. In some embodiments, each end of
the 19mer has a blunt end.  In some embodiments, the 19mer comprses at least one dT

overhang. In some embodiments, the 19mer conmprises two dT overhangs.,

j0086] Generally, a target sequence on the target mRNA can be selected from a given
cDNA sequence corresponding to the fargel mRNA, preferably beginning 50 to 100 wt
downstream {7.e., in the 3" direction) from the start codon. The target sequence can, however,
be located m the 5 or 3 untranslated regions, or in the region nearby the start codon (see,
¢.ir., the target sequences of SEQ 1D NOS: 73 and 74 in Table 1 below, which are within 100
nt of the 5"-end of the VEGF 1 ¢DNAL

{6087} In a further embodiment of the present mvention, the target mRNA sequence
comprises no more than {ive (5) consecutive purines or pyrimidines. For example, a suitable

target sequence in the VEGF 3 ¢DNA sequence is:

TCATCACGAAGTGGTGAAG {SEQ ID NO: §)

REN
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[0O88] Thus, an siRNA tmrgeting this sequence, and which has 37 wu overhangs on

each strand (overbangs shown in bold), is:

S-pcancacgaaguggngaagau-3’ (SEQIDNO: 9)
3-puaguagugentcaccacuuc-3’ (SEQ 1D NO: 10}

[0089] An siRNA targeting this same sequence, but having 37 TT overhangs on each

strand {overhangs shown 1 bold) is:
ST -ucoucacganguggugaag TT-37 {SEQIDNO: 1D
3-TTaguagugouucaccacuuc-5° {SEQIDNO: 1)

{0690 Other VEGF 3 target sequences from which siIRNA can be denved are given
in Table 1. It is understood that all VEGF 1, target sequences isted tn Table 1 are withun that
portion of the VEGFy, aliernative splice form which i3 comumon to all human VEGF
alternative splice forms. Thus, the VEGF 1, target sequences in Table 1 can also target
VEGF s, VEGF 0 and VEGFe mRNA. Targel sequences wlich target a specific VEGF
isoform can also be readily identified. For example, a targel sequence which targels VEGF s
mRNA but not VEGF 5, mRNA s AACGTACTTGCAGATGTGACA (SEQ ID NG: 13)
Conversely, target sequences which target pro-angiogenic VEGE mRNA isoforms such as
VEGFs2, VEGFys, and VEGF, VEGFws VEGF;m, VEGFu: and VEGF.: and
combinations thereof, but does not farget anti-angicgenic VEGE s, mRNA include the
sequences found in Fable 2, with the proviso that the VEGE mRNA 15 not SEQ 1D No. 42, In
certain embodiments, said human VEGEF mRNA 1s selected from the group consisting of SEQ
1D NO: 86; SEQ ID NO: 87 SEQ ID NO: 88; SEQ 1D NGO: 89 :SEQ ID NO: 90; SEQ 1D
NG 91 SEQ ID NQ: 92; SEQ ID NO: 93 SEQ D NO: 94, SEQ 1D NO: 95, SEQ 1D NO:
96; SEQ ID NO: 97: SEQ 1D NO: 98, SEQ ID NO 99, SEQ ID NO 100, SEQ ID NO 101,
SEQ ID NO: 102, SEQ 1D NO: 103, SEQ 1D NO: 104, SEQ 1D NQ: 105, SEQ 1D NQO: 106,
SEQ ID NO: 167 SEQ D NO: 108, SEQ ID NGO 109, SEQ ID NG 1O, SEQ ID NO: i,
SEQ ID NO: 112, SEQ 1D NO: 113, SEQ ID NO: 114, SEQ 1D NQ: 115, SEQ ID NO: 116,
SEQ ID NG: 117, and SEQ 1D NQO: 118, In certain embodiments, said lnanan VEGF mRNA
is selected from SEQ HY NO. 8§ and SEG ID NQO. 84,

{0891] By selectively targeting the angiogenic soforms of VEGFE, while sparing the

anti-angiogenic 1soform, 1 is possible to enhance the anti-angiogemic effects of siRNA

7
i

treatment.  As shown in Figure 11, the region between exon 7 and 9 differ between the
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angrogenic and antiangiogenic sequences.  According to the vatious embeodiments, it i
possible 1o selectively target this region where the siRNA is at least partially complementary
to the angiogenic isoforms, but at fesst partially or fully non-complementary (o the anii-
angiogenic isoform. Consequently, in cerfain embodiments, the siRNA would not inhibit the
expression of the anti-angiogenic isoform, VEGF gs, with the proviso that the VEGF mRNA
1s not SEQ 1D No. 42, In certain emboduments, said human VEGE mRNA 15 selected from
the group consisting of SEQ ID NO: 86; SEQ 1D NO: 87; SEQ ID NO: 88; SEQ ID NO: 8y
SEQ D NO: 90, SEQ ID NG: 91; SEQ ID NO: 92, SEQ D NO: 93, SEQ 1D NO: 94; SEQ
1D NO: 95 SEQ 1D NO: 96, SEQ ID NO: 97; SEQ ID NO: 98, SEQ 1D NO 99, SEQ ID NO
106, SEQ ID NO 101, SEQ 1D NQ: 102, SEQ ID NO: 103, SEQ ID NO: 104, SEQ 1D NO:
105, SEQ iD NO: 106, SEQ ID NO: 107, SEQ 1D NO: 108, SEQ 1D NO: 109, SEQ ID NO»
110, SEQ ID NO: T, SEQ ID NO: 112, SEQ 1D NQO: 13, SEQ ID NO: 4, SEQ ID NO:
115, SEQ ID NG; 116, SEQ ID NO: 117, and SEQ 1D NO: 1R, In certain ambodiments,
said human VEGE mRNA 13 selected from SEQ 1D NO. B8 and SEQ 1D NG, 94,

[0692] Exemplary target sequences for haman FI-1 for human FIR-1T/KDR are given

in POCT/US2003/0022444 filed July 18, 2003, herein incorporated by reference in fis entirety.

Table 1 - VEGF Target Sequences

target seguence ib target sequence

SEQ SFQ

NO: NO:

cognate VEGF mRNA sequence i GATAGAGCAAGACAAGAAA 26
Sphice varlant VEGF 5 sequence 2 IACAAGAAAATCCCTGTGE 27
Sphive variant VEGF 4 sequence 3 GAAAATCCCTGTGGGUCTT 28
Splice vartant VEGF i sequence 4 AATCCCTGTGGGCCTTGCY 29
Splice variunt VEGF w5 seguence 5 TCCCTGTGOQGUCTTGCTCA 3
TCATCACGAAGTGGTGAAG 8 GCATTTOTTTGTACAAGAT 3%
USEUCRCEAREULEUEAAL I 4 GATCCGCAGACOTGTAAAT 32
BHAZUHMZULOULCATCACUNT 10 ATGTTCCTGCAAAAMACACA 33
ucancacgaagugougaagTT 11 TGTTCCTGCAAAAACACAG 34
TTaguagugcuucaccacuue 12 AAACACAGACTCGCGTIGC 35
AACGTACTTOCAGATGTGACA 13 AACACAGACTCGOGTTGCA 36
GTTCATGGATGTCTATCAG 14 ACACAGACTCGCGTIGCAA 37

16
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TCGAGACCCTOUTGOACAT 13 CACAGAUTCGCOTTGCAAG RN
TGACGAGGGCCTGGAGTGTY 16 GOGUGAGOCAGCTTGAGTTA 39
TGACCGAGGGCCTGGAGTGT 17 ACGAACCGTACTTGCAGATG 40

CATCACCATGCAQATTATG

CGAACGTACTTGCAGATGT

ACCTCACCAAGGCCAGCAC

COTACTTGCAGATGTGACA

GGUCAGCACATAGGAGAGA

GTGGTCCCAGGCTGCACCC

CAAATGTGAATGCAGACCA

GOAGGAGGGCAGAATCATC

ATGTGAATGCAGACCAAAG

GTGGTGAAGTTCATGGATG

TGCAGACUAAAGAAAGATA

AATCATCACGAAGTGOTGAAG

AGAAAGATAGAGCAAGACA

AAGTICATGGATGTCTATCAG

GAAAGATAGAGCAAGACAA

AATCGAGACCCTGOTGOACAT

AATOCACGAGGGCCTGGAGTGT

AATGTTCCTGCAAAAACACAGAC

AACATCACCATGCAGATTATG

AAAAACACAGACTCGCGTTGLAA

AAACCTCACCAAGQCCAGCAC 51 AAAACACAGACTCGCOGTTGCAAG 67
AAGGUCAGCACATAGGAGAGA 52 AAACACAGACTCGOGTTGCAAGG 68
AACAAATGTGAATGCAGACCA 33 AACACAGACTCGOGTTGUAAGGC 69

AAATGTGAATGUAGACCAAAG

AAGGUGAGGUAGCTTGAGTTAAA

AATGUCAGACCAAAGAAAGATA

AAACGAACGTACTTIGCAGATGTG

AAAGAAAGATAGAGCAAGACA 36 AACGAACGTACTTGCAGATGTGA 72
AAGAAAGATAGAGCAAGACAA 587 AAGTGGTCCCAGGOCTGCACCUATY 73

AAGATAGAGCAAGACAAGAAAAT

AAGGAGGAGGGCAGAATCATCAL

AAGACAAGAAAATCCCTGTGGGC 39 AAGTGGTGAAGTTICATGGATGTC 75
AAGAAAATCOCTGTGOGGCOTTOO 60 AAAATCCOTGTOGGCCTTGCTCA 76
AATCCCTGTGGGCCTTGCTOAGA 61 accucaceaaggecageacTT 77
AAGCATTTGTTTGTACAAGATCO &2 gugcuggecnugeugaggul T 78

et sehn

AAGATCCGCAGACGTGTAAATGT

GGUTACGTCCAGCGCACC

AAATGTTCCTGCAAAAACACAGA

AAACCUCACCAAAGCCAGCAC

Table 2 - VEGF Target Sequences selectively excluding VEGF 45,

LiRNA Name

Target sequence {5-3)

OPK-HVB-001

AACGTACTTGCAGATGTGA {(SEQ 1D NO: 86

OPK-HVB-002

IACGTACTIGCAGATGTGAC {(SEQ 1D NO: 87

OPK-HVB-003

OPK-HVB-004

GTACTTGCAGATGTGACAA {SEQ 1D NO: 88

OPK-HVB-005

{ )
{ )
CGTACTTGCAGATGTGACA (SEQID NO: 42)
{ }
{ }

TACTTGCAGATGTGACAAG {SEQ 1D NO: 89
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OPK-HVB-006  JACTTGCAGATGTGACAAGC {SEQ 1D NG 90)
OPK-HVB-007  JCTTGCAGATGTGACAAGCC {5EQ 1D NO: 91}
OPK-HVB-008 [TTGCAGATGTGACAAGCLG {SEQID NO: 92)
OPK-HVB-009  [TGCAGATGTGACAAGCCGA {SEQ 1D NO: 93}
OPK-HVB-010  JGCAGATGTGACAAGCTGAG (SEQ 1D NO: 94}
OPK-HVB-011  JCAGATGTGACAAGCCGAGS (SEQ 1D NO: 95)
OPK-HVB-012  JAGATGTGACAAGCCGAGGC {SEQ 1D NO: 98}

)

)

OPK-HVB-013  IGATGTGACAAGCCGAGGCG {SEQID NO: 97
OPK-HVB-014  JATGTGACAAGCCGAGGCGG {SEQ 1D NO: 98
OPK-HVB-004bhe IGTACTTGCAGATGTGACAA {SEQ 1D NO: 99}
OPK-HVB-009he {TGCAGATGTGACAAGCCGA (SEQ 1D NO: 100}
OPK-HVB-D10be JGCAGATGTGACAAGCCGAG (SEQ 1D NO: 101}
OPK-HVB-012be IAGATGTGACAAGCCGAGGC (SEQ D NQ: 102)
OPK-HVB-001a JAACGTACTTGCAGATGT {SEQ ID NO: 103}
OPK-HVB-002a JACGTACTTGCAGATGTG {SEQ 1D NO: 104}
OPK-HVB-003a  JCGTACTTGCAGATGTGA {SEQ 1D NO: 105}
OPK-HVB-D04a  JGTACTTGCAGATGTGALC {SEQID NO: 106}

{

{

OPK-HVB-005a {TACTTGCAGATGTGACA (SEQ ID NO: 107}

OPK-HVB-006a JACTTGCAGATGTGACAA (5EQ 1D NO: 108}
OPK-HVB-007a JCTTGCAGATGTGACAAG {SEQ 1D NG 109}
OPK-HVB-008a JTTGCAGATGTGACAAGC {SEQ D NO: 110}
OPK-HVB-009a {TGCAGATGTGACAAGCC (SEQ 1D NO: 111)
OPK-HVB-010a  JGCAGATGTGACAAGCCG (SEQ ID NO: 112)
OPK-HVB-O1la JCAGATGTGACAAGCCGA {SEQ 1D NO: 113}
OPK-HVB-012a JAGATGTGACAAGCCGAG (SEQID NO; 114}
OPK-HVB-013a {GATGTGACAAGCLGAGE (SEQ 1D NO: 115}
OFK-HVB-014a JATGTGACAAGCCGAGGC {SEQID NO: 116}
OPK-HVB-015a JTGTGACAAGCCGAGGCG {SEQ D NO: 117)
OPK-HVB-016a (GTGACAAGCCGAGGCGG {SEQ D NO: 118)

The sequences with the nanes “OPK-HVB-XXXbe™ refer to sequences that are 19mer
blunt end counterparts of the similar 2lmers. The sequences with the names
“*OPVHVB-XXXa” refer 1o 19 mers where there is a 17 bp nucleotide sequence with a
dTdY overhang. Other sequences nof specifically exemplified herein but targeting

VEGF while sparing VEGF1658b can also be made with similar properties,

[6893] The siRNA can be obtained using a number of techmigues known 1o those of
skall i the art. For example, the siIRNA can be chemically synthesized or recombinantly

prodoced using methods known in the art, such as the Drosophila i vigre system described in

~1 8-
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U.S. published application 2002/0086356 of Tuschi et al, the entire disclosare of which s

herein incorporated by reference.

[0094] In certamn embodiments, the SiRNA are chemically synthesived using
appropriately profected ribonucleoside phosphoranudites and a conventional DNA/RNA
synthesizer. The siRNA can be svuthesized as two separaie, complementary RNA molecules,
or as a single RNA molecule with two complementary regions.  Commercial supphers of
syuthetic RNA molecules or synthesis reagents mclade Proligo (Hamburg, Gernuany),
Dharmacon Research (Lafayette, CO, USA}), Pierce Chenucal {(part of Perbio Science,
Rockiord, 1L, USA}, Glen Research (Sterling, VA, USA), ChemGenes {Ashiand, MA, USA)

and Cruachem (Glasgow, UK},

[0095] Aliernatively, siRNA can also be expressed from recombinant cireular or
fingar DNA plasmids using anv suifable promoter. Suitable promoters for expressing siRNA
from a plasmid mclude, for example, the U6 or Hi RNA pol Ul promoter sequences and the
cytomegalovirus promoter. Selection of other suitable promoters is within the skall in the art,
The recombimant plasmids of the mvention can also comprise inducible or regulatable
promoters for expression of the siRNA m a particulay tissue or W a paticular miracelular

NV iroIITent.

[0096] The IRNA expressed from recombinant plasmids can either be isolated from
cultured cell expression systems by standard techniques, or can be expressed intracellularty at
or near the area of neovascularization in wvo. The use of recombinant plasmids to deliver

SIRNA to cells in viver is discussed in more detail below.

[0097] siRNA can be expressed from a recombinant plasmid either as two separate,
complementary RNA molecules, or as a single RNA molecule with two complementary

TegIons.

[0098] Selection of plasmids suitable for expressing sSIRNA, methods for nserting
nucleic acid sequences for expressing the siRNA inte the plasmid, and methods of delivering
the recombinant plasnud to the cells of interest are within the skill in the art.  Sge, for
example Tasehl, T. (2002}, Nat. Hiorechnol, 20 446-448, Brummelkamp TR et al. (2002},
Science 2961 S50-553; Mivagishy M et al. (2002), Nue. Riotechmol 200 497-504), Paddison PJ
et al. (2002), Geres Dev. 162 948-958; Lee NS ef ¢l {2002}, Nav. Biotechnol. 20: 300-305;
and Paul CP et al. (2002), Not. Bictechnol 2t 305-508, the entire disclosures of which are

herein incorporated by reference.
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0099 A plaspud comprising nocleic acid sequences for expressing an siRNA i3
described in Example 7 below. That plasmid, called pAAVORNA, comprises a sense RNA
strand coding sequence in operable connection with a polyT termination sequence under the
control of a human U6 ERNA promoter, and an antisense RNA strand coding sequence In
aperable connection with a polvT termunation sequence under the conirol of a human U
RNA promoter. The plasmid pAAVSIRNA Is slimately intended for use in producing an
recombinant adenc-associated viral vector conymising the same mucleic acid sequences for

expressing an siRNA.

001007 As used heren, “in operable connection with a polyT termination sequence”
means that the muclerc acid sequences encoding the sense or antisense strands are
immediately adjacent to the polyT termination signal in the 37 direction. During franscription
of the sense or antisense sequences from the plasmid, the polvT termunation signals act o

tevminate transcription.

{06101} As used beremn, “under the control”™ of a promoter megns that the nucleic acid
sequences encoding the sense or aptisense strands are located 37 of the promoter, so that the

promoter can initiate ranscription of the sense or antisense coding sequences.

{00102} The sIRNA can also be expressed from recombinant wiral  vectors
intracellularly at or near the ares of neovasculavization i wivo. The recombinant viral vectors
of the invention comprise sequences encoding the siRNA and any suitable promoter for
expressing the siRNA sequences. Suttable promoters inclade, for example, the Ut or Hi
RNA pol IH promoter sequences and the cytomegalovivus promoter.  Selecthion of other
suitable promoters 18 within the skill  the art.  The recombinant viral vectors of the
wmvention can also comprise mducible or regulatable promoters for expression of the sSiRNA
i a particular tissue or 1 a parbicular miraceilular environment.  The use of recombinant

viral vectors to deliver siRNA (0 cells in vive 15 discussed i more detai below.

{00103} siRNA can be expressed from a recombinant viral vector enher as two
separate, complementary RNA molecules, or as a single RNA molecnle with two
complementary regions,

{06104} Any viral vector capable of accepting the coding sequences for the sIRNA
molecule(s) 1o he expressed can be used, for example vectors derived from adenovirus {AV);
adeno-associated viras {AAV) retroviruses {e.g, lentiviruses (LV), Rhabdoviruses, murine

feakemia vivus); herpes viras, and the hke. The tropism of the viral vectors can also be
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modified by pseudotyping the vectors with envelope proteins or other surface antigens frony
other virases. For example, an AAV vector of the invention can be pseudotyped with surface

proteins from vesicular stomatitis virus {(VSV), rabies, Ebola, Mokola, and the hke.

[68105} Sclection of recombinant viral veclors suitalde for use m the invention,
methods for mserting nucleic acid sequences for expressing the SIRNA nlo the veclor, and
methods of delivering the viral vector to the cells of interest are within the skill in the art
See, for example, Dornburg R (1993), Gene Therap. 20 301-310; Eglitis MA (1988},
Biotechniques 6: 608-614; Miller AD (1990}, Hum Gene Therap. 1 5-14; and Anderson WF

(1998), Namre 392 25-30, the entire disclosures of which are herein incorporated by

reforence.

{00106} Preferred viral vectors are those derived from AV and AAV. In a
particularty preferred embodiment, the siRNA is expressed as two separate, complementary
single-stranded RNA molecudes from a recombinant AAV veclor comprising, for example,

either the U6 or H1 RNA promoters, or the eytomegaloviras {CMV) promoter,

[08107F A suitable AV vector for expressing the sSiIRNA, g method for constructing
the recombinant AV vector, and a methed for delivering the vecior info target cells, are

described in Xig H et al. (2002), N, Hioiech. 200 1006-1010,

[00108] Soitable AAV vectors for expressing the siRNA, methods for constructing
the recombinant AAV vector, and methods for delivering the vectors o target cells are
described in Samulski R et al. (1987}, .7 Firel, 610 3096-3101; Fisher KJ et al. {1996), J.
Firol, 7tk 520-332; Samulski R et al. {1989 J Firel 63: 3822-3826; LIS, Pat. No.
8,252,479; US. Pat. No. 5,139 941, International Patent Application No. WO 94/13788; and
International Patent Application No. WO 93/24641, the entire disclosures of which are herein
incorporated by reference. An exemplary method for generating a recombunayt AAY vector

of the invention 1s described in Example 7 below,

{08109} The ability of an siRNA contmining a given target sequence to cause RNAw-
mediated degradation of the target mRNA can be evaluated using standard techniques for
measwring the levels of RNA or protein iy cells, For example, 3iRNA can be delivered (o
cultured cells, and the levels of target mRNA can be measured by Northern blot or dot
blotting techuiques, or by quantitative RT-PCR. Abernatively, the levels of VEGF and #ts

isoforms as well as Flii-1 or FIk-VKDR receptor protemn in the cultured cells can be measured
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by ELISA or Western blot. A suitable cell culture system for measuring the effect of the

present SIRNA on target mRNA or protein {evels s described in Example | below.

{60110} RNAbmediated degradation of target mRNA by an siRNA conlaining a
wiven target sequence can also be evaluated with animal models of neovascularization, such
as the ROP or ONV mouse models. For example, areas of neovascularization wy an ROP or
CNV mouse can be measured before and afier admimstration of an siRNA and, in some
embodinietns, compared to an unbtrested anmal. A reduction i the areas of
neovascularization i these models upon adnunistration of the siRNA indicates, in some

embodiments, the down-regulation of the target mRNA {see Example 6 below).

{00111} As discussed above, the siRNA s capable of targeting and causing the
RNAmediated degradation of VEGF and s soforms as well as Fliti-1 or FIk~1/KDR mRNA,
or alternative splice forms, mulanis or cognates thereof, preferably VEGE, and more
prefevably homan VEGFE. Degradation of the farget mRNA by the present stRNA reduces the
production of a functional gene product from the VEGF and its isoforms as well ag Flt-1 or
Flk-1/KDR genes. Thus, another embodiment of the present invention provides a method of
infubiting expression of VEGEF and ity isoforms, such as VEGEF{SEQ 1D NO: 23, VEGF ¢
(SEQ ID NO: 3}, and VEGF (SEQ ID NO: 4}, VEGFw(SEQ ID NG 5; GenBank
Accession No. (S2435879),  VEQGF;y (GenBank Accession Mo, AJOT0438), VEGE 4«
(GenBank Accession No. AFOS1352), andfor VEGF s {GenBank Accession No. C8245574),
as well as Fli-1 or Flk-/KDR in a subject, comprising administering an effective amownt of
an SIRNA 1o the subject, such that the target mRNA 15 degraded.  As the products of the
VEGF and iis isoforms as well as Flt-1 and Flk-1/'KDR genes are required for imtiating and
maintainng angingenesis, another embodiment of the present mveniion provides a method of
mhibiting angiogenesis in a subject by the RNAf-medated degradation of the target mRNA

by the present SIRNA.

{08112} RNAi-mediated degradation of the target mRNA can be detected by
measuring levals of the farget mRNA or protein in the cells of a subject, using standard

techniques for isolating and quantifying mRNA or protein as described above.

[00113] Inhibition of angiogenesis can be evaluated by directly measuring the
progress of pathogenic or nonpathogenic angiogenesis i a subject; for example, by observing
the size of a neovascularized area before and afler ireatment with the siRNA, An mhibition

of angiogenesis 1s indicated 1f the sive of the neovascolarized area stays the same or i



WO 2010/065834 PCT/US2009/066741

reduced. Technigues for observing and nweasuring the size of neovascudarized aeas in a
subject are within the skill in the an; for example, areas of choroid neovascularization can be

abserved, for example. by fluorescein angiography.

(60114} Inhibition of angiogenesis can also be nferred through observing a changs or
reversal in a pathogenic condition associated with the angiogenesis. For example, in ARMD,
a slowing, halung or reversal of vision loss indicates an inlnbition of angiogenesis n the
choroid. For tumors, a slowing, halting or reversal of wmor growth, or a slowing or halting
of tumeor metasiasis, indicates an inhibition of angiogenesis at or near the tamor site
Inhibition of non-pathogenic angiogenesis can also be inferred from, for example, fat loss or

a reduction m cholesterol levels upon admunistration of the siRNA.

{00115} 1t is understood that the siRNA can degrade the target mRNA {(and thus
inhibit angiogenesis) in substoichiometric amounis. Without wishing to be bound by any
theory, it 1s believed thai the siRNA causes degradation of the target mRNA I a calalvtic
manuer,  Thus, compared to standard anti-angiogenic therapies, signtficantly less siRNA

needs o be delivered at or near the site of neovascularization to have g therapeutic effect.

j80116] One skilled in the art cap readily deternune an effective amount of the siRNA
to be administered o a given subject, by taking o account factors such as the size and weight
of the subject; the extent of the neovascularization or disease penetration; the age, health and sex
of the sulyect; the route of admimsiration; and whether the admumisiration i regional or
syatenuic. Generally, an effective amount of the sIRNA comprises an intercellular concentration
at or near the neovasculartzation site of from about | nanomolar (nM}) to about 100 nM, prefera-
bly from gbout 2 oM to about 50 aM, more preferably from about 2.5 nM to about 10 aM. s

comtemplated that greater or lesser amounts of SIRNA can be adnunistered.

{08117} The present methods can be used to inhibit angtogenesis which 1 non-
pathogenic; Lo, angiogenesis which results from normal processes in the subject. Examples
of non-pathogenic anglogenesss include endometrial neovascularization, snd processes
involved in the production of fafty tissues or cholesterol. Thus, the mvention provides a
method for inhibiting non-pathogenic angiogenesss, e.g., for controlling weight or promoting

fat loss, for reducing cholestero! fevels, or as an abortifacient.

00118} The present methods can also inhibit angiogenesis which is associated with
an angiogenic disease; £, a disease in which pathogenicity is associated with mappropriate

or ancontrolled angiogenesis.  For example, most cancerous solid tumors generate an
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adeqaate blood supply for themselves by indacing angiogenesis iy and around the twmor site.
This twmor-induced angtogenesis s ofien veqoired for tumor growth, and also allows

metastatic cells to enter the bloodstrean.

[00119] Other angiogenic diseases mchude diabetic retinopathy, age-related macular
degeneration {ARMD), psortasis, rhewmatoid arthritis and other wmflammatory  diseases.
These diseases are characterized by the destruction of normal tissue by newly formed blood
vessels 1n the area of neovascularization. For example, in ARMD, the choroid 1s mvaded and
destroved by capiflaries. The angtogenesis-driven destruction of the choroid in ARMD

eventually feads to partial or full bhindness.

[00120] Preferably, an sIRNA is used to inhubit the growth or metastasis of sohd
tumors associated with cancers; for example breast cancer, hung cancer, head and neck
cancer, brain cancer, abdominal cancer, colon cancer, coloreetal cancer, esophagus cancer,
sastrointestingl cancer, glioma, liver cancer, tongue cancer, neuroblastoma, ostecsarcoma,
oVarian cancer, pancreatic cuucer, prostaie cancer, retincblastoms, Wihn's timor, nuduple

nrveloma; skin cancer {e.g., melanoma}, hymphomas and blood cancer,

j80121] More preferably, an siRNA s used 1o inhibit choroidal neovascularization in

age-related macular degenervation.

[00122] For treating angiogenic diseases, the IRNA can admunistered to a subject in
combination with a pharmaceutical agent which is different from the present siRNA.
Alternatively, the siIRNA can be admmnistered to o subject in combination with another
therapeutic method designed to treat the angiogenic disease. For example, the siRNA can be
administered m combination with therapeutic methods currently emyployed for treating cancer
or preventing tumor metastasis {eg., radiation therapy, chemotherapy, and surgervy. For
treating tumors, the siRNA in preferably admimstered {0 a subject i combination with
raciation therapy, or in combination with chemotherapentic agents such as cisplatin,
carboplatin, cvelophosphamide, S-fluorouractl, adriamycin, duaunorubicin or tamoxifen.

{00123} In the present methods, the present siRNA can be adnunistered (o the subject
either as naked iRNA, n conjunciion with a delivery reagent, or as a recombinant plasmid or
viral vecior which expresses the SIRNA.

[00124] Sunable delivery reagents for adnuinistration in conjunciion with the present
siRNA include, but not limited to, the Miras Transit TKO lipophilic reagent; lipofecting

lipofectaming; cellfecting or polycations {eg.. polylvsine), or hposomes. In some
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embodiments the delivery reagent i1s Ribojuice (Novagen), a siRNA transtection reageni,

which comprises anune and lipid based reagents. A preferved debivery reagent 15 a Hposome.

In some embodiments, the SIRNA is delivered free of a liposomal delivery agent.

[68125} Liposomes can aid i the debivery of the siRNA to a particular tssue, such as
retinal or tumor tissue, and can also mcrease the blvod half-life of the siRNA. Liposomes
suitable for use i the fpvention are formed from standard vesicle-fornung hpids, which
generally imclude neuwtral or negatively charged phospholipids and a sterol, such as
cholesterol. The selection of hpids is generally guided by consideration of factors such as the
desired hiposome size and halfdlife of the hposomes in the blood stremm. A vanety of
methods are known for preparing hposomes, for example as described i Szoka et al. {19R0),
Ann. Rev. Biophys. Bioeng. 9: 467; and U.S. Pat. Nos. 4,235,871, 4,501,728, 4,837,028, and

5,019 369, the entive disclosures of which are herein incorporated by reference.

[68126] Preferably, the lhiposomes encapsalating the present siRNA comprises a
ligand molecule that can target the liposome to a particular cell or tissue at or near the site of
angtogenesis. Ligands which bind to receptors prevalemt in tumor or vascular endothelial
cells, such as monoclonal anttbodies that bind to tumor antigens or endothehial cell swiace

antigens, are preferred.

{08127} Particularly preferably, the hposomes encapsulating the present sSiRNA are
modified so as to avoud clearance by the mounonuclear macrophage and reticulnendothehial
systems, for example by having opsonization-inhibition moieties bound to the surface of the
structure. In one embodiment, a liposome of the mvention can comprise both opsonzation-

wthibition moteties and a igand.

[00128] Opsomzation-inhibiting moteties for use in preparing the liposomes of the
fvention are typically large hyvdrophilic polviners that are bound to the hiposome membrane.
As used herein, an opsonizatton nhibiting moiety s “bound™ to 8 liposome membrane when
it is chenucally or physically attached to the membrane, e.g., by the mtercalation of a lipd-
soluble anchor ito the membrane itself, or by binding directly to active groups of membrane
fipids. These opsonization-whibiting hydrophilic polymers form a protective surface laver
which significantly decreases the uptake of the hiposomes by the macrophage-monocvie
systent {“MMSE™) and reticuloendothelial system ("RES™); e g, as descnibed in ULS. Pat. No.
4 920,016, the entire disclosure of which is herein weorporated by reference.  Liposomes

modified with opsomization-inlubition woleties thus remain i the corculation much longer
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than unmodified liposomes. For this reason, such liposomes are sometimes called “stealih”

hposomes.

{00129} Siealth hposomes are known to accumulate in tssues fed by porous or
“leaky” muecrovasculature.  Thus, target tssue characterized by such microvasculature
defects, for example solid tumors, will efficiently accumulaie these liposomes: see Gabivon,
et al. (198R), PNAS, US4, 18 6949-33. In addition, the reduced uptake by the RES lowers
the toxictly of stealth hiposomes by preventing significant accumnulation m the liver and
spleen. Thus, liposomes of the nvention that are modified with opsonizatton-inhibition

moteties can deliver the present siRNA to tumor cells.

{00130} Opsonization inlubiting moleties suitable for modifving hposomes are
preferably water-soluble polymers with a mumber-average molecular weight from about 500
to about 40,000 daltons, and more preferably from about 2,000 (o about 20,000 daltons. Such
podvmess include polvethyleng glveol (PEG) or polypropylene glycol (PPG) derivatives; e.g.,
methoxy PEG or PPG, gnd PEG or PPG stearate; synthetic polvmers such as polyacrvlanude
or poly N-vinyl pyrrolidone; hinear, branched, or dendvimeric polyamidoamines; polvaciviic
acids; polvaleohols, e.g., polyvinvialcohol and polvxyvlitol to which carboxvlic or ammo
groups are chemically linked, as well as gangliosides, such as ganglioside GM,. Copolymers
of PEG, methoxy PEG, or methoxy PPG, or derivatives theveof, are also sumable. In
addition, the opsomization mhibiting polymer can be a block copalymer of PEG and either a
polyvamine acid, polysaccharide, polyanudoamine, polvethyieneaming, or polynucieotide. The
opsonization inhibiting polymers can also be natural polysaccharides containing amino acids
or carboxviic aads, e.g. galacturonic acid, glucwonic acid, mammronic acid, hyaluronic
acid, peetic aad, neuraminic acid, algmic acid, carrageenan; anunated polysaccharides or

oligosacchandes (linear or branched); or carboxylated polvsacchandes or oligosaccharides,

... reacted with derivatives of carbonic acids with resultant linking of carboxvlic groups.

{08131} Preferably, the opsonization-inhibiting motety is a PEG, PPG, or dertvatives
thereof. Liposomes modified with PEG or PEG-derivatives are sometimes called “PEGyiated
tiposomes.”

{06132} The opsonization mnhibiting moiety can be bound to the liposome membrane
by any one of pumercus well-known techiugues. For exampie, an N-hydroxysucomimide
ester of PEG can be bound 1o a phosphatidyi-ethanolannne lipid-soluble anchor, and then

bound to & membrane. Simularly, a dextran polymer can be derivatived with a stearylamine
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lipid-sohibie anchor via redactive amination using Na(UN)BH; and a solvent mixture such ag

tetrabydroforan and water in a 30112 ratio at 60 °C.

{00133} Recombinant plasmids which express siRNA sve discussed above.  Such
recombinant plassuds can also be administered directly or in comunction with a suitable
delivery  reagend, icluding the Mius Trapsit LT1 lipophilic reagent; lpofecting
tipofectanune; cellfectn; polycations (eg., polvlysine} or liposommes. Recombinant viral
vectors which express SIRNA are also discussed sbove, and methods for dehivening such

vectors to an area of neovascularization in 3 patient are within the skill m the art.

[60134] The siRNA can be administered to the subject by any means suitable for
delivering the siRNA to the cells of the tissue at or near the area of neovascularization. For
exanmple, the siRNA can be admimstered by gene gon, electroporation, or by other suitable

parenteral or enteral administration routes.

[68135] Suwable enteral admimstration rouless mchade oral, rectal, or mfranasal

dehivery,

{00136} Suitable parenteral administration routes include intravascular admunistration
(e.g. infravenous bolus imjection, intravencus infusion, intra-arterial bolus iyjection, intra-
arterial  infusion and catheter instillation o the vasculature), peri~- and inra-tissue
admimistration {e.g., peri-tumoral and ntra-tumoral  injection, intra-retinal injection or
subretinal injection}; subcutaneous mjection or deposttion including subcutaneous infusion
{such as by osmotic pumps); direct {e.g., topical) application to the area at or near the site of
neovascularization, for example by a catheter or other placement device {e.g., a corneal peHat
or @ suppository, eyve-dropper, or an implant comprising & porous, non-porous, or gelatinous
material), and inhalattion, Suftable placement devices mclude the ocular implants described
in .8, Pat. Nos. 5,902,398 and 6,373,972, and the hodegradable ocular smplants described
i U.S. Pat. No 6331313, the entire disclosures of which are herean corporated by
reference.  Such ocular implants are available from Control Delivery Systems, Inc.

{Watertown, MA) and Oculex Pharmaceutieals, Inc. (Sunnyvale, CA)

[68137} In a preferred embodiment, imjections or infisions of the siIRNA are given al
or near the site of neovascularization. More preflerably, the siRNA is admimstered topically

to the eye, eg. in liquid or gel form to the lower eve lid or comjunctival cul-de-sac, as is

within the skill in the art {see. eg. Acheampong AA et al, 2002, Druy Meiabol and

Disposition 300 421-429, the entive disclosure of which is herewn incorporated by reference).
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00138} Typically, the IRNA 13 admimsiered topically to the eve in amounts of from
abowt § microliters to about 75 microliters, for exavple from about 7 ymerolters to about 50
nicroliters, preferably from about 10 nucroliters to about 30 nucrolnters. It is understood that
topical instilfauon in the eve of SIRNA m volumes greater than 75 microliters can result m
foss of ;IRNA from the eve through spillage and dramage. Thus, it is preferable to administer

a high concentration of SIRNA {e.g., 100-1000 nM) in as small a volume as possible,

{00139 A particularly preferred parenteral admumistration route 18 intraocular
adnunisiration. H is undersiood that intraocular administration of the present siRNA can be
accomplished by mjection or duect {e.g., topical) administration to the eve, as long as the
administration route allows the siRNA 1o enter the eve. In addinon 1o the topical routes of
admintsiration o the eve described above, suitable mtraocular routes of administration
include intravitreal, miraretinal, sabretinal, sublenon, peri- and retro-orbital, trans-corneal and
trans-scleral admimstration. Sach intraocuiar administration routes are within the skill in the
art; see, e.g. and Acheampong AA et al, 2002, supre; and Bennett et gl (1996, Hum. Gene
Ther, 7 1763-1709 and Ambati J et al., 2002, Frogress in Rering! and £ye Rey. 211 145-151,
the eniire disclosures of which are herein incorporated by reference.  In another preferred

embodiment, the siRNA is adiministered by intravitreal injection.

{00140} The sIRNA can be adiinistered in a single dose or in multiple doses. Where
the administration of the siRNA is by infusion, the infusion can be a single sustained dose or
can be delivered by multiple infusions. Injection of the agent directly into the tissue is at or
near the site of neovascularizauon preferred. Multiple nyections of the agent into the tissue

at or near the site of neovascularization are particularly preferred.

j0141] One skilled in the art can also readily determine an appropriate dosage regimen
for adminisiering the siRNA fo a given subject. For example, the stRNA can be admnastered to
the subject once, such as by a single injection or deposition at or near the neovascularization site.
Alternatively, the siRNA can be adnunistered to a subject multiple times daily or weekly. For
example, the sitRNA can be administerad {0 a sabject once weekly for a period of from aboul
three o about twenty-eight weeks, and alternatively from about seven to about ten weeks. Ina
certain dosage regmen, the SIRNA is injected at or near the site of neovascularization (2.1,
intravitreallv) once a week for seven weeks. It is understood that periodic adnunistratinns of the
SIRNA for an indefinite length of tme may be necessary for subjects suffering from a chronic

neovascularization disease, such as wet ARMD or diabetic retinopathy.
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00142} Where a dosage regimen comprises muitiple administrations, # is undesstood
that the effective amowt of SIRNA administered fo the sabject can comprise the total amount of

siRNA admimstered over the entive dosage regimen,

[60143} The siRNA are preferably formulated as pharmaceutical compositions prior
to adnumstering o a subject, according to techmigques known in the arl.  Pharmaceutical
composttions of the present invention are characterized as being at least stentle and pyrogen-
free.  As used heremn, “pharmaceutical formulations”™ include formulations for numan and
veterinary use. Methods for preparing pharmacentical compositions of the invention are
within the skil m the art, for example as deseribed in Remington's Fharmacewtical Science,
17th ed., Mack Publishing Company, Easton, Pa. (1985}, the entire disclosure of which is

herein incorporated by reference,

{00144} In one embodiment, the pharmaceutical formulations comprise an siRNA
{ex., D1 lo 918 by weight}, or a physiokogically acceptable sall thereof, mixad with a
physiologically acceplable carrier medium.  Preferred physiologically acceptable carrier
media are water, bufiered water, saline solutions {eg., normal saling or balanced saline
sofuttions such as Hank’s or Earle’s balanced sali solutions), 0.4% saline, 0.3% yglyvcine,

hyataronic acid and the like.

{00145} Pharmaceutical compositions can slso comprise conventional pharmaceutical
excipients andéor additives.  Suitable pharmaceutical excipients include stabilizers,
aptioxidants, osmolality adjusting agents, buffers, and pH adjusting agents.  Susiable
additives mclude physiologically biocompatible bufters (e.g., tromethamine hydrochloride),
addittons of chelants {(such as, for example, DTPA or DTPA-bisanmde) or caloiam chelate
complexes {as for example caletum DTPA, CaNaDTPA-bisamide), or, optionally, adduions
of calciam or sodian sabts (for example, calonsm chionde, calcium ascosbate, caloium
gluconate or calciom lactate). Pharmacentical compositions of the favention can be packaged

for use n ligmd form, or can be lvophilized.

[60146] For topical administration to the eve, conventional intraocular delivery
reagents can be used. For example, pharmaceutical compositions of the invention for topical
intraocular delivery can comprise saline solutions as described above, corneal penetration
enhancers, msoluble particles, petrolatum or other gel-based ointments, polvmers which
undergo a viscosily merease upon instillation i the eve, or mucoadhesive polvmers.

Preferably, the intraceudar delivery reagent increases comeal penetration, or prolongs
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preceaiar retention of the siRNA through viscosily effects or by establishing physicochemical

fterachions with the mucin laver covering the comeal epithelinm.

{00147} Suitable msoluble particles for topical mtraocolar delivery include the
calcium phosphate particles described in ULS. Pat. Noo 0,355,271 of Bell et al., the entire
disclosure of which is herein incorporated by reference. Swtable polvmers which undergo a
viscosity ncrease upon instiflation n the eve inclade polyvethvlenepolyoxypropylene block
copolymers such as poloxamer 407 {e.¢., at a concentration of 23%), cellulose acetophthalate
{e.g., at a concentration of 30%), or a low-acetyl gellan pum such as Gelrite®: {available from
CP Kelco, Wilnungton, DE).  Suitable macoadhesive polymers include hydrocolloids with
muitiple hydrophilic functional groups such as carboxyl, bydroxyl, smide andfor sulfate
groups: for example, hvdroxypropyleellulose, polvacrvlic acid, high-molecular weight
polyethylene glycols (g0, >200,000 number average wmolecalar weight), dextrans, hyvaluronic
acid, polygalacturonic acid, and xylocan, Suitable comeal penetration enbancers include
cyclodextrins, benzalkonium chloride, polvoxyethyviene glycol lauryl ether (g, BrijR 35),
polvoxvethviene glveol stearvl ether (eg., Brif® 78, polvoxvethylene glveol olevl ether
(e.g.. Brig® 9R), ethviene diamine tetraacetic acid (EDTA), digronn, sodiam taurocholate,

saponns gad polyoxyethylated castor oif such as Cremaphor EL.

{00148} For sohid compositions, conventional nontoxic solid carriers can be used; for
exanple, pharmaceutical grades of mannitol, lactose, starch, magnesium stearaiz, sodium

saccharin, talcam, cellulose, glucose, sucrose, magnesiam carbonate, and the hke.

{06149} For example, a sohd pharmaceutical composition for oral adnumstration can
comprise any of the carriers and excipients listed above and 10-95%, preferably 2396-75%, of
one or more SiRNA. A pharmaceutical composition for aerosol (inhalational) adnunistration
can comprise (LO1-209%% by weight, preferably 1%-10% by weight, of one or more SiRNA
encapsulated in a hiposome as described above, and propeltant. A camner can also be included

as desired; ¢.g., fecithin for intranasal delivery,

{66150} The mnvention will now be illustrated with the following non-limiting

axamples.

{66151} Example 1 - siRNA Transfection and Hypoxia Indoction In Fitre

{00152} SiRNA Design - A 19 nt sequence located 329 nt from the 57 end of human
VEGF mRNA was chosen as a farget sequence: AAACCTCACCAAGGCCAGCAC {SEQ

ID NO: 513 To ensure that it was not contained in the mRNA from any other genes, this
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target sequence was entered ipto the BLAST search engine provided by NCBL The use of
the BLAST algonithm is described in Altschal et al. (19903, /. Mol Binl 215 403410 and
Altschul et al. (1997), Nueleic deids Res. 25: 3389-3402, the disclosures of which are heren
mcorporated by reference iu their entirety.  As no other mRNA was found which comtained
the target sequence, an siRNA duplex was svathesized to targel this sequence (Dharmacon

Research, Inc., Lafaveue, CO).
[001531 The siRNA duplex had the following sense and antisense strands,
sense:

-accucaccaagyccageacTT-37 (SEQ ID NOG: 77).

antisense:
FgugeuggecuuggugageuTT-3" (SEQ 1D NO: 78).

{00154} Together, the siRNA sense and antisense strands formed 3 19 nt double~
stranded sIRNA with TT 37 overhangs (shown m bold} on each strand. This sIRNA was
termed “Candidate 57 or "Cands.” Other siRNA which target human VEGF mRNA were

designed and tested as described for Cands (bevasmanib).

[00155] An sIRNA wrgeting the following sequence y green fuorescent profein
(GFP) mRNA was used as a nonspecific contral: GGUTACGTCCAGCGCACC (SEQ 1D
NO: 793 The siRNA was purchased from Dharmacon (Lafayette, CO).

[80136] $IRNA Transfection gnd Hypogsiv fnduction Tn Yiiro - Homan call lines (393
Hela and ARPETY) were separately seeded mio 24-well plates in 250 nucroliters of complete
DMEM medium one day prior to transfection, so that the cells were ~30% confluent at the
time of mansfection. Cells were transfecied with 2.5 oM Cand3 siRNA, and with either no
SIRNA or 2.5 nM non-specific siRNA {targeting GFP) as contrels.  Transfections were
performed in all cell hines with the “Transit TKO Transfection™ reggent, as recommended by

the manufacturer {(Mirus).

jO0137} Twenty fouwr howrs afler transfection, hvpoxia was mduced in the cells by the
adduion of deferoxamine mesvlate to a final concentration of 130 micromolar in each well.
Twenty four hours post-transfection, the cell culture medivm was vemoved from all wells,
and a buman VEGE ELISA (R&D systems, Minneapolis, MN) was performed on the culture
medium as described m the Quantikine human VEGEF ELISA protocol avadable from the

manufacturer, the entire discloswre of which is herein tncorporated by reference.
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[00158] As can be seen in Fig. 1, RNAY degradation nduced by Cand3 siRNA
sigmificantly reduces the concentration of VEGF produced by the hypoxic 293 and Hela
cells. There was essentially no difference in the amount of VEGF produced by hypoxic cells
treated with either no siRNA or the non-specific sSiRNA control.  Simular results were also
seen with haman ARPEY cells treated under the same conditions. Thus, RNA inlerference
with VEGPF-targeted siRNA disrupts the pathogenic up-regulation of VEGF m human

cultured cells i wigo,

0011397 The experiment outlined above was repeated on mouse NIH 3713 cells using
a mouse-specific VEGF siRNA (see Example 6 below), and VEGF production was quantified
with a mouse VEGF ELISA (R&D systems, Minneapohs, MN} as described m the
Quantikine mouse VEGF ELISA protocol avatlable from the manufacturer, the entire
disclosure of which is heremn incorporated by reference. Results similar to those reported in

Fig. | for the lnonan cell lines were obtained.

j00160} Example 2 - Effect of Increasing siRNA Concentration on VEGE

Production in Human Cultured Cells

jo0161} The experiment cutlined in Example | was repeated with human 293, Hela
and ARPELQ cells using a vange of siRNA concentrations from 10 nM to 30 oM. The ability
of the CandS siRNA to down-regulate VEGF prodoction incressed moderstely up (o
approximately 13 nM siRNA, but a plateau effect was seen above this concentration. These
results highlight the catalytic natwre of siIRNA-mediated RNAG degradation of mRNA, as the
plateau effect appears to reflect VEGF production from the few cells not transtected with the
siRNA. For the nmajonity of cells which bad been translecied with the siIRNA, the ncreased
VEGF mRNA production induced by the hypoxia 15 outstripped by the siRNA-induced

degradation of the targel mRNA al siRNA concentrations greatar than about 13 nM.

{00162} Example 3 - Specificity of siRNA Targeting

{08163} NIH 3T3 mouse fibroblasts were grown in 24-well plates under standard
conditions, so that the cells were ~30% confluent one day prioy i transfection. The human
VEGF siRNA Cand3 was transfected into a NEH 3T3 mouse fibroblasts as in Example 1.
Hypoxia was then induced n the transfected cells, and murine VEGF concentrations were

measured by ELISA as m Example 1L

001164} The sequence targeted by the human VEGF siRNA Cand$ differs from the

prine VEGEF mRNA by one nucleotide. As can be seen in Fig. 2, the human VEGF siRNA
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has no affect on the abihity of the mouse cells 10 ap-regulate mouse VEGF after hvpoxia.
These results show that GRNA induced RNAY degradation s sequence~specific to within a

one nucleotide resolution.

(60165} Example 4 - In Five delivery_of siRNA to Murine Retinal Pioment

Epithelial Cells

{08166} VEGF 1 upregulated in the retinal pigment epithelial (RPE) cells of uman
patients with age-related macular degeneration (ARMD). To show that functional siRNA can
be delivered to RPE cells in vive, GFP was expressed in mouse retinas with a recombinant
adepnovirus, and GFP expression was silenced with siRNA. The experiment was conducied

as follows.

{00167} One eyve from each of five adult C57/Blacké mice (Jackson Labs, Bar
Harbor, ME} was injected subretinallv as described i Bennelt et al. (1996), supra., with a
mixtare containing ~Ix10® particles of adenoviras comtaining eGFP driven by the CMYV
promoter and 20 picomoles of siRNA targeting eGFP conjupated with transit TKO reagent

(Marns).

j00168] As positive contrel, the contralateral eves were Injecied with a mixturs
containing ~1x10" particles of adenovirus containing eGFP driven by the CMV promoter and
20 picomoles of SIRNA argeting buman VEGF copjugated wath transit TKO reagent {Mirus).
Expression of GFP was detected by fundus ophthalmoscopy 48 hours and 60 hours aller
injection, Animals were sacrificed at either 48 hours or 60 hours post-injection. The eyes
were enucleated and fixed i 4% paraformaldehyde, and were prepared either as flat mounts

or were processed into 180 micron cryosections for fluorescent microscopy.

{06169} No GFP fluorescence was detectable by ophthahmoscopy in the eyes which
regeived the siRNA targeted to GFP mRNA in 4 out of 5 mice, whareas GFP fluorescence
was detectable in the contralateral eve which received the non-gpecific control siIRNA. A
representative flat mount analyzed by fluorescence microscopy showed a lack of GFP
fluorescence in the eve which received GFP siRNA, as compared to an eye that received the
nog-spectiic conmtrol sSiIRNAL  Cryvosections of another retina showed that the recombinant
adenovirus efficiently targets the RPE cells, and when the adenovirus is sccompanied by

SIRNA targeted to GFP mRNA, expression of the GFP transgene 15 halted.

j00170F While there i1y some GFP {fluorescence detectable by fluorescence

o

PHCTOSCoPY i eyves that received SIRNA targeted to GFP mRNA, the floorescence is greatly

T
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Lrd
+



WO 2010/065834 PCT/US2009/066741

suppressed as compared {o controls that received non-specific siRNA.  These data

demonstrate that functional siRNA can he delivered i vive 1o RPE cells.

{80171} Example 5 - fn Vive Expression and siRNA-Induaced RNAI Degradation

of Human VEGF in Murine Retinas

(66172} In order {0 demonstrate that siRNA targeted o VEGF functioned i véivo, an
exogenous lmman VEGF expression cassette was delivered to mouse RPE cells via an
adenovirus by subretinal injection, as in Exanple 4. One eye receved CandS sIRNA, and the
contralateral eye received siRNA targeted to GFP mRNA.  The animals were sacrificed 60
hours post-nyjection, and the injected eves were removed and snap frozen m liguud N
following enucleation. The eves were then homogenized n Iysis butfer, and total proten
was measured using a standard Bradford protein assay {Roche, Germany). The samples were
nonnalized for total protein prior to assaving for human VEGF by ELISA as described in

Example 1.

{08173} The expression of VEGF was somewhat variable from amimal to ammal
The varability of VEGF levels correlated well to those observed in the GFP expeniments of
Example 4, and can be attributed o some ervor from syjecition to injeciion, and the differential
abihity of adenovirus to delivery the target gene in each animal.  However, there was a
significant attenuation of VEGYF expression in each eye that received VEGF siRNA, as
compared to the eves recewving the non-specific control stRNA (Fiuwre 43 These data
wndicate that the Cand? siRNA was potent and effective in silencing human VEGF gxpression

i murme RPE cells in vivo.

CNY Model

There is evidence that chorowdal neovasculanzation in ARMD 13 due to the
upregulation of VEGF in the RPE cells. This buman pathologic condition can be modeled in
the mouse by using & laser to burn a spot on the reting (“laser photo-coagulation™ or “laser
mnduction”™). During the healing process, VEGF is believed to be up-regulaizd in the RPE
cells of the bursed region, leading to re~vascularization of the choroid. This model is called

the mouse choroidal neovasadanzation ("CNV™Y model.

{00175] For rescue of the mouse CNV model, a mouse siRNA was designed that
wmcotporated a one nucleotide change from the human “Cand3” siRNA from Example 1. The

mouse  SIRNA  specifically  targeted wmwouse VEGF mRNA st the  sequence

3
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AAACCUCACCAAAGCCAGUAC (SEQ ID NO: 80). Other siRNA that target mwouse
VEGF were also destgned and tested. The GFP siRNA used as a nonspecific control in

Example 1 was also used as a non~specific control here.

(08176} Twenty four hours after laser mduction, obe eve from gach of eleven adult
C37/Blacks mice (Jackson Labs, Bar Harbor, ME} was injected subretinally with a mixture
contaiing ~1x10" particles of adenovirus containing LacZ driven by the CMV promoter and
as in Example 4. As a control, contralateral eyes received a mixture comtaining ~Ix1(’
particles of adenovirus containing LacZ driven by the CMV promoter and 20 picomoles of

siRNA targeting GFP conjugated with transit TKO reagent {Mirus).

{00177} Fourteen days after the laser wtestment, the mice were perfused with
fluorescein and the area of neovasculanization was measured around the burn spots. Areas of
the burn spots m the contra-lateral eve were ased as a control. The siie of neovascudarization
around the burn spots in animals that received sIRNA wwrgeting mouse VEGF was, on
average, 144 the area of the control areas. These data support the use of VEGF-divectad
$IRNA (also called “anti-VEGE siRNATY for therapy of ARMD.

j00178} Example 7 - Generation of an Adeno-Associated Virgl Vecter for

Expression of siIRNA

A “cis-acting” plasmid for generating a recombinant AAV vector for delivening an
SIRNA was generated by PCR based subeloning, essentially as deseribed i Samulsks R et al

(1987}, supra. The cis-acting plasmid was called "pAAVSIRNA Y

{66179} The rep and cop genes of psub20l were replaced with the foHowing
sequences i thus order: a 19 nt sense RNA strand coding sequence in operable connection
with a polyT termination sequence under the contrel of a human U6 RNA promoter, and a 19
nt antisense RNA strand coding sequence in operable connection with a polyT ternunation
sequence under the control of a human Ub RNA promoter. A schematic representation of

pAAVSIRNA is given if Fig. 5.

[68180] A recombmant AAV siRNA veotor was oblamed by  iransfecting
PAAVSIRNA mnto homan 293 cells previously infected with El-deleted adenovirus, as

described i Fisher KJ et al. (1996}, supra. The AAV rep and cap functions were provided

by a trans-acting plasmid pAAV/Ad as described fn Sanwmdski R et all (1989, supra.
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Prodaction fois of the recombinant AAV siRNA veclor were titered according to the number

of genome copies/md, as deseribed i Fisher KJ et al. (1996), supra.

{80181} Example 8 ~ VEGF-Directed siRNA Inhibits Experimental Choroidal

Neovascularization

The alulity of murine VEGE-directed siRNA {o mhibit experimental laser-induced

choroidal neovascalarization {CNV) in mice was tested as follows.

{06182} The retinas of adult female C37BLA6 mice were laser photocoaguluted using
an 810 nm diode laser {75 um, 140 mw, 0.10 seconds) {(Oculight Six; RIS Medical,
Mountam View, UA). Three faser spols were applied to both eves of each mouse. Thirty-six
hours  following laser photocoagulation, an  sIRNA  targeted  to mouse VEGF
{mVEGE LsiRNA") was delivered subretinally or intravitreally to one eye of each mouse.
For subretinal injection, the siRNA was conjugated with Transit TRO iransfection reagent
{Mirus) and mixed with recombinant adenovivus (rAdenovivus). For intravitraal ingection, the
sIRNA was delivered in the absence of ransfection reagent and rAdenovirus. As a control,
the contralateral eyes of each mouse recetved subretinal or intravitreal myections of wentical
fornndations with an siRNA targeted to GFP ("GFPLsIRNA™), which has no homeolog

mouse VEGF.

{0

»

{0183} Fourteen davs following laser treatment, all animals were perfused with high
molecular weight FITC-dextran, choroidal flat mounts were prepared as described above, and
the flat mounts were photographed and analvzed microscopically in a masked fashion. The
area of CNV in each {lat mount was measured with Openiab software (Improvision, Boston,
MA}  The mean areas of NV in eyes treated with mVEGFLsiRNA were significantly
smaller than those areas from GFPLsIRNA-treated eves for both subretinal (Fig, 64
P<,003 ) and intravitpeal (Fig. 68; P<0.04) delivery,

{00184} In a second experiment, the retinas of adalt female C57BLIG nuce were laser
photocoagulated as described above, and the animals were divided o control and test
groups. One day following {aser photocnagulation, phosphate buffered saline was delivared
wiravitreally to the animals of the control group, which were perfused with dextran-
fluorescem 14 dayy after laser reatment. Choroidal Hat mowunts were then prepared and the

areas of CNV in each flat mount were measured as ahove.

00185} Fourteen davs following laser photocoaguiation, mVEGFLSIRNA  was

delivered by imtravitreal injection into one eve of each mouse in the test group. Contralateral
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eves were injected with GFPLiIRNA as a control.  The {est group aninmls were perfused
with high molecular weight dextran~-fluorvescein 21 days after faser treatment. Choroidal flat
mounts were then prepared and the areas of CNV in each flat mount were measured, as

above.

[68186] In this latter experiment, the anti-VEGE siRNA was adnupistered durmg
NV growth, as opposed to before ONV growth, and thus is more representative of the
condition of human patients presenting with wet AMD. As can be seen from Fig. 6. the mean
areas of CNV in mVEGF1 siRNA-treated eyes were significantly smaller than those areas

measered i GFPLsiRNA-treated eves (Fig. 6C; P<00.0S). The mean areas of ONV

mVEGFI siRNA-freated eyes at day 21 and control ("PBS™) eyes at day 14 were not
significantly different (Fig. 6C; P=(1.469),

[68187} The resulis of these experimenis mndicate that age-related muacular
degeneration can be freated with anti-VEGF siRNA.

[66188] Example ¢ —~ In Vivo RNA Interference of Huwman VEGFE Induced by
anti-VEGF siRNA in Murine RPE Cells

[301891 The ability of Cand3 siRNA to nduce RNAI of VEGF /p vivg over time was

evaluated as follows,

[00190] AAV.CMV.VEGF, which expresses human VEGF from an adeno-associated
viral vector, was generously provided by Dr. A, Aurnicchio. AAV.OMV . VEGF was mjected
subretinally and hilaterally in eves of five CS7TBU6 mice. Twenty-eight dayvs afler miection
of AAV.OMVY VEGF, Cand5 siRNA was delivered by intravitreal mjection info one eve and
control GFPLIRNA was delivered by intravitreal injection in the contralateral eye of each

animal.

j00191F At day O (pre-siRNA mjection), and & 6. 10 and 14 days affer siRNA
imjection, the mice were sacrificed and the eves were snap frozen i Hgaid nitrogen following
enucleation. The eves were then bomogenized n lysis buffer (Roche, Basel, Switzerland),
and total protein was measured using a Bradlord assay, as i Example § above, Two mice
were used for the O day tume poing {n=2), and three mice sach were gsed for the 6, 10 and 14
day time points (n=3). The samples were normmahized for otal protein prior to assaving for
human VEGF by ELISA, according to the manufacturer’s recommendations (R&D systems,

Minngapolis, Minmesota). Percent of VEGF (" VEGFE) for each mouse was calculated as the



WO 2010/065834 PCT/US2009/066741

concentration of VEGF ("[VEGE]") in the eve mjected with Cand3 divided by the [VEGF] in

the eye imjected with GFP1sIRNA, multiplied by 100,

{00192} As can be seen from Figure 7, a single myjection of Cand$ indoced an RNAx-
mediated decrease in VEGE levels of approximately 718 by day ¢ post-siRNA injection,
with a reduction in VEGF production of approximately 33% continuing through at least day
14 post-siRNA mjection. These results indicate that iRNA divected against haman VEGF is

capable of mducing RNAI of human VEGF in vivo for a sustained period of time.

[66193] Example 18 - In Fivo RNA Interference of VEGF in Monkeys with Anti-
VEGE siRNA

{10194} The objectives of this study were to deternune the safety and efficacy of
Candd when administered by single intravitres! injection to wmale cynomelgus monkeys
following induction of ONV. CandS was administered in the vehicle conirol article to naive
male cynomolgus monkeys i the following dose levels: 8 mefeve {comtrol), 0.07 myfeve,

(.18 mgfeve, 0.35 my/eye and, and (.70 mgfeye.

[00195] CNV was mduced by laser peatment to the maculae of both eves of each
animal, and the doses of Cand$ were given shortly following laser treatment. The animals
werg evabuaied for changes in clinical signs, body weight and ocular condition {extensive
ophthalmic exammations, electroretinography and tonometry). Fluorvescein anglography was
performed and blood samples were collected, At the end of the study (Day 44}, all amimals
were euthanized and a complete gross necropsy was performed.  Selected tissues were

collected and preserved for histopathologic evaluation.

[66196} No adverse systenmie or local {oculary effects of CandS were detected when
monkeys were admimstered 8 single intravitreal injection into both eves at doses up 1o 0.70

myg/eye following laser lesioning of the macula and during subsequent development of ONV.

[60197} Example 11 - e Firre RNA Interference of VEGF with Amti-VEGF

siRNA in Human Embrvonic Kidnev 293 Cells

{00198} Human embryonic kidney 293 cells (obtained from ATCC, Manassas, VA)
were cultured fn Dulbecco’s Meodified Eagle Medium (DMEM; obtained from Celigro,
Hemdon, VAY with 10%: fetal bovine seram (FBS; from IRH Biosciences, Lenexa, KS) and
an antiblotic-antimycotic reagent, used for the prevention of cell culture growth contanmunants

{(from Gibeo, Carlshad, CA)
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00199} siRNAs were synthesized by Integrated DNA Technologies (Coralville, 1A).
The sIRNA target sequences are shown i Table 2. An addinonal siRNA was ased in this
study that targets the gene of enhanced green fluorescent protein (EGFP) as a negative

control,

Table 2.

Name  GC Nucleotide Target Sequence 3'-3

Content Start Site
BVEGEFH] | SH%% 92 faggageagoecagaatcate {SEG 1D NQ: 81)
hVEQEFLZ L 42% 124 aasticateoatptetatear (SEQ 1D NO: 47)
BVEQGRE3 L 58%% 162 aalceagacccteptesacat {SEQ 1D NO: 48)
BVEGE#4 L 42% 30 da&.ﬂ.ita&.Ccil-f;}(,df,-:‘)ﬂ“&{?f{ {SEQ ID NO: 50
BVEGFES S8% 338 aagpecagcacataggagaga (SEQ ID NO: 5§2)
BVEGFH0 - 42% 380 aatgigastgeagaceagaga (SEQ 1D NO: 82)
hVEQGFR7 - 379 IB6 aaagadacatagagcaseaca {SEQ 1D NO: 563
BVEGESS 450 sangcattistitetacasea (SEQ 1D NG 83)
BVEGFS9  42% 467 aagaiccgengacgigtaaat {(SEQ ID NO: 84)
BVEGFH10 | S3% 498 saacacacactegegttgeaa (SEQ ID NO: 85}
Cand3 L 63% 328 aanccicaccaappccageac (SEQ 1D NO: 51)

[60200] ~iRNA Transfection and Hypoxia Induction In Vitro, Human 293 cells were
cultured in 24 well plates at 37°C with 3% CO2 overnight. The next day, transfections were
performed when cells were about 50%-70% counfluent. Cells were transfected with SiIRNAs
directed against human VEGE. siRNAs were mixed in a CaPi reagent and added to 20w of
250 mM CaCl: solation.  The siRNA/CaCh mixhwre was added drop-wise to 20 ul of 2X
Hanks Balanced Salt Solution (HBS), while nuxing by vortex. The siRNA/CaCL/HBS
complex wus added direcily 1o the medium i each well (300 pliwell). After a 4-hour

g™

mweubation at 37°C, the medium was ramoved, and the cells were further incubated with 10%
DMSO-containming serum-free medium (300 ul/well at room temperature for 1-2 nunutes).
This mediam was then remo\fed, and the cells were fed again with growth medium (500
gliwell). Negative conitrols included transfection reagent lacking siRNA and nonspecific
SIRNA (EGEPL siRNA)Y, For screening experiments siRNAS were used at o conceniration of
25aM. For dose response experiments, SiIRNAs were used at concentrations of 1 aM, SaM
and 23aM. Hypoxia was induced with desferrioxamine at a final concentration of 130 oM 4
howrs after transfection was performed. Desferrioxamineg numics 3 hypoxic state, as o s
proposed o distupt normatl oxvgen-sensing pathways in mammalian cells by inhibiting heme-

Fe2+ interactions.

~39-
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{00201} FEGE Frotein Quandfication.  Approxumalely 48 hours post transfection,
the supernatant was removed rom all wells and a homan VEGF ELISA (R & D systems,
Minneapolis, MN) was performed on the 293 cells as described in the Quantiking hunan
VEGF ELISA protocol.  VEGF-specilic antibody was added (o each well causmg color
development in proportion o the amount of VEGF bound 1o the plate.  ELISA resulty were

read on an AD340 plate reader at 430 nm (Beckman Coulter),

{00202} Reswlis. Human FEGEF siRNAs Suppresses Hypoxia-{nduced Up-regudation
of Human VEGE Protetn in 293 Cells.  Human VEGF was upregulated by the
desfernoxamine-mediated induction of hypoxia. Readings of OD 450mm reflected the buman
VEGF protein levels i cell samples. The hypoxia-mnduced increase of hVEGF protein levels
ware sigaificantly reduced in cells transtected with all of the human VEGF siRNAs (Figure
83 No effect on BVEGF levels were observed with transfections with nonspecific iRNA
(EGFP sIRNA) or mock transfections withopt sitRNA. Dose response studies were performed

on Cands, hVEGF#!I hVEGFE2 _hVEGF#3, hVEGFSE4, hVEGFE6 and hVEGFET (Figure 9).

{00203} Example 12 - In Firro RNA Interference of VEGY isoforms

jo0204] VEGE e has been identified as an endopencus anti-angiopenic VEGE
isoform.  sIRNA were designed fo selectively inhibit certan VEGF tsoforms, such as

VEGF g5, but spare VEGF g5,

{08208} AMerhods: ARPELY cells were seeded in 24 well plates (30,000 cells per
well), Eighteen to twenty-four hours post-seeding, cells were 30-75% confluent and used for
wansfection. Fourteen human VEGE-A specific siRNAS were designed and tested. Cells
were transfected with the siRNAs (25 nM) using Ribojaice™ siRNA Transfection Reagent
{(Novagen) following the manufacturer’s protocol.  Spectfically, for g single well of cells,
40.5 gL serum free OPTE-MEM was pipetted o an eppendorf tybe then 2 pb of Ribojuice
was added 1o the OPTI-MEM. The solution was mixed by gentle vortexing and centrifuged
brieflv to collect contents ai botiom of the tubeand moubated at room temperature for 3 min.
SIRNA (7.5 pl ot a 1 pM stock) was added to the Ribojnce/medium mix and gently mixed
and briefly centrifuged to collect contents al the bottom of the tube. The mixture was
incabated &t room temperature for 13 mimges, During the wmoubation, media was ramoved
from cells and replaced with 250 L. of fresh complete ARPELD growth media (DMEMF12;
10%  FBS, 19%  pemctthindsireptomycing. Afier the 13 mmnate meubation  the

SIRNARbopsice/medium mixture {50ul} was added dropwise to the cells. The final

«id-
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concentration of SIRNA m the 300uL volume was 25 oM. Cells were maintained at 370C,
5% €Oy for 24 hours. In additional expeniments, reactions were scaled wp to transtect cells n
triplicaie wells with each siRNA. 24 hours post-iransfection, the transfection muxiure was
removed and the cells were treated with S00uLs of serum free DMEM/TI2, DMEMF12
containing 10 ag/ml human recombinant TGFBH or DMEM/FI2 contaning 10ng/mb
TGFPRH and § pgimib covelohexinude. The cells were retwrned to 370C and 3% CQ2 for an
additional 24 hours. Afterwards, the media was removed from the cells and analyzed for
protemn expression by ELISA (Quantikine human VEGEF ELISA kit (R&D Systems)y. Media
was removed from cells and collecied in eppendort tubes and placed on ice and immediately
analyzed for VEGF protemn via ELISA, or stored at ~800C and apalyvwed for VEGF protein at

a later time point,

80206} Based on thesg results, a select number of siRNA candidates were put
through an additional fransfection sergen. Cells were collected, RNA extracted, and senu-

gquantitative RT-PCR was performed to determine the siRNAs” inhibitory effect on VEGF s,
VEGF . VEGFy; and VEGE 5. GAPDH housekeeping gene expression was used as a
control.  Specifically, after removing the media from the wells, 200 pls of lysisbinding
solution from the RNAqgueous Kit {Ambion Ywas added to cach well. RNA was quantified
via specirophotometry (OD 260 nM). The lysed cells were collected and RNA was exiracted
following the manufacturer’s protocol, RNA was reverse transcribed using SuperScriptiM
[l Reverse Transcripiase {Invitrogen) according o the manufacturer's protocol. ¢DNA was
analvred for GAPDH, VEGF 65, VEGF s, VEGF 11y and VEGF g using PCR. Primers used

for PCR are shown in Table X

TABLE 3.
l(f:rimer Description Sequence §-3°
iame
lP 121 |Rex-*ex‘se primer VEGF 121 jGOCTTGTCACATYITICTIG

IP 163 IReverse primer VEGF LGS JCCCACAGGGATTITICTIGTC
150 ]Reverse primer VEGFISY JCTTTCCCTTTCCTCGAACTG
hVEGE-E [Forward primer nsed for  JGCTACTGCCATCCAATCGAG
VEGF121, VEGF16S &
VEGE 189

P163bR  Reverse primer for GTCTTTCCTGGTGAGAGATC
VEGE163b

BVEGE-A Forward primer for CTGTCTTGUGOGTGCATTGGAG
TEGF165b

N
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GAPDH-B IReve:rse primer GAPDH  GAGGCAGGGATGATGTTICTG
GAPDH-A I&"Orward praner GAPDH  CATGGCAAATTCCATGGUAC

002071 For PCR analysis, 3 ull ¢cDNA was combined with | gl of each appropriate
forward (10 uM) and reverse privner {10 uM) primer and 45 pl. of Platimam PCR Supermix
(Invitrogen) such that the final concentration of each primer was 200 nM. The cDNA was
amplified i a thermocyeler with the following PCR conditions:

[00208] Step I 94<C for 2 munules

{00209} Siep 20 94+C for 15 scconds

{08210} Step 3: 35C for 30 seconds

[60211] Step 4 72C for 30seconds

[08212} Step 5. Repeat steps 2-4 30 times for GAPDH, VEGF s, VEGE; and
VEGF p0 01 38 times for VEGF 454

[00213] Step 6: 720C for 10 minutes
[00214] Step 7. 4°C

082151 PCR produu{ was thes visualized on a 2% agarose gel jl‘epm’&d m iX TAE
buffer.

[60216] Results: Treatment of ARPETY cells with TGFBI induced VEGF production
i ARPEID cells and ELISA results demonsirated several siRNA candidates inlubited the
production of TOGFPIl-imduced VEGF in ARPEIQ cells.  RT-PCR confirmed that 2
candidates inhibited production of VEGF s, VEGF r and VEGF 1, but spared VEGF s,
As shown in Figure 12 (pw/mlb. BVEGE) and 13 (% koockdown hVEGE), VEGE siRNA
candidates {Table 2) were screened for the ability to whibit VEGF protein production by
ARPEIL?D cells as tested by ELISA. Cells were reated with 10 ng/ml TGFBH to upregulate
VEGF production. ELISA measured total VEGF protein and was not selective for any
particular splice variant.  Several candidates (OPK-HVB-004, OPK-HVB-010, and OPK-
HVB-011) demonstrate an mhibitory effect and warranted further study. As shown in Figure
14 (pe/mb hVEGF) and 15 (% knockdown hVEGF}, a secondary screen of VEGF prodaction
using the same methods as in Figure 12 and 13 demonstrated that OPK-HVEB-004 and OPK-

HVB-010 intubited VEGY protein production and warranted further mvestigaiion,

A2
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00217} Figures 16, 24 and 27 demonstrate a dose response efficacy of human VEGF
knockdown with several candidates (QOPK-HVB-004, OPK-HVB-010, and OPK-HVB-012)

at varying concentrations,

{60218} Figure 17 demonstrates downregulation of human VEGE over ong week (7
days) of several candidates (OPK-HVB-004, OPK-HVE-010, and QPR-HVB-(12).

{60219} As a control, GAPDH RT-PCR was performed on variously treated cells as
shown in Figure 18, Although the actual amount of RNA present was not gquantified, the
procedures are semi-quantiative when compared to the reference control lane 3. Speaifically,
downregidation of RNA production is demonstrated when a band appears fainter. In this
experiment, samples in Lanes 2-11 were treated with 10 ng/ml TGFBI to upregulate the
production of VEGF. The FAM-GAPDH siRNA downregulated GAPDH message (lane 4},
while the other treatments have no effect on GAPDH mRNA, thus confirming that there is no

variability in total RNA production in the teated cells.

{00220} VEGF s isoform RT-PCR was also performed on the treated cells as shown
in Figure 19, Samples in Lanes 2-11 were treated with 10 ng/mL TGFBH to uprepulate the
production of VEGF. 25 oM bevasiranib (lane 6), which is known 1o downregulate all VEGF
isoforms, 23 aM OPK-HVB-004 (lane 7) and 25 oM OPK-HVB-010 (lang 8, downregulated
the production of VEGE & mRNA following induction with TOFBH dane 2), as

demonsirated by the bands being lighter than control in fane 3,

[00221} VEGF 5 isoform RT-PCR was also performed as shown i Figure 20,
Samples i Lanes 2-11 were treated with 10 ng/mb TGFBI to upregulate the production of
VEGF,

[68222] 23 aM bevasivanth (lane 6}, 25 nM OPK-HVB-004 {lane 7) and 23 aM OPK-
HVB-010 {lane 8) downregulated the production of VEGF i mRNA {ollowmg nduction
with TGFBIH (lane 2) as demoustrated by the bands being lighter than control in Jane 3,

[606223] VEGF; soform RT-PCR was then performed as shown m Figure 21,
Samples i Lanes 2~-11 were treated with 10 ng/mb TGFBH to apreguiate the production of
VEGF.

[00224] VEGF;;; mRNA was dowmregulated in lane 6 (25 nM bevasiranib) as
demonstrated by the bands being lighter than control 1 lane 3.,

002251 Finally, VEGF g5 isoform RTPCR was performed as shown in Figure 22,

43
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[60226] Samples in Lanes 2-11 were treated with 10 ng/mL TGFEH to upreguiate the
production of VEGF. As an mnitial matter, the double banding > 600bp was determined to be
artifactual. However, VEGF 5 mRNA 15 downregulated by bevasiranib (lane 6) as shown
by the bands being fainter that the coutrol of lang 3. In contrast, bands for OPK-HVB-0(04
{Jane 7} and OPKAHVB-OL0 (ane &) were not fainter that control in lane 3. Thus, these
SIRNA constructs preserved VEGF a5 expression while alse baing able to inhibit various
other VEGF isoforms.  Thus, siRNAs sparing VEGFA s can be svithesized and may be
more efficacious then sIRNAs that knockdown all VEGF-A woforms.  VEGF, g5, sparing

siRNAs may be poient therapeutic candidates for the treatment of ocular neovascularization.

[002271 Example 13 — Cyviokine Profile Following Treatment with siRNAg

[00228] The cvickine secretion profile of ARPEILY cells following treatment with
polyinosinic-polveytidylic acid sodium salt [Poly (11031, a dsRNA analogue was determined.
Fuarther tests to determined whether or not siRNAs behaved like Poly (1:C) and cavsed the

cells to produce the same cytokines were conducted.

{00229} Methods. ARPELD cells were seeded in 24 well plates {50,000 cells per
well), Twenty-four hours later, media was removed and cells were treated with Poly {(1:C); ¢-
1000 mg/mb (Sigma, St Louis, MO) or poly deoxyinosinic-deoxyeyiidyvlic acid sodiant salt
[Poly (di:dC); SOmUimL-800 mUimL} (Sigma), prepared in serum free DMEM/FI2(1:1}
{Invitrogen, Carlsbad, CA}). Forty-eight bours post-treatment, media was collected from cells
and analyzed for IFN-o, IFN-B, IFN-y, 1L-8, L-6, TNFa, ICAM, 1L-12 and MCP-1 via
ELISA (Quantikine® Immunoassays for IFN-y, IL-8, IL-6, TNFa, HCAM, IL-12 and MCP-1,
R&D Systems, Minpeapolis, MN), Venkine® ELISA kits for IFN~-ov and IFN-B, PBL

Biomedical Laboratories, Piscataway, NIy according to the manufacturers’ protocols.

[00230] ARPELD cells were wansfected with bevasivanib, QPK-HVB-(04, OPK-
HVB-009, OPK-HVB-010 and OPK-HVB-012 (Dhamacon/Thermo Scientific, Chicago, L)
Cells were seeded i 24 well plates {40,000 cells per well). 24 hows later, cells werg
transtected with 250M siRNA using Ribojuice™ Transfection Reagent {Novagen’'EMD, San
Diego, CA) according to the manufacturer’s protocol. 24 hours post -ransfection, cells were
treated with 10 ng/ml hunwan recombinant TGFBIT (R&D Systems). 48 houwrs post-
transfection {ie. 24 hours post-TGFDI treatment), media was collected and cytokine levels
were analvred, as described sbhove. Additonally, media was gnalyzed for hVEGF via ELISA

{R&D Systems). Results are shown m Figure 23,

N
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{00231} Conclusions. Based upon the loregoing i i3 suggested that {i1} ARPE19 cells
produce several inflammatory cyvtokines in response to Poly (1:C), 8 dsRNA analogue, bat do
not produce three key mediators, IFN-o, TFN- or IFN-y; {11} ARPE1Y cells can be used 10
study the imflammatory potential and specific effects of dsRNAs such as siRNAs: and (i)
OPK-HVB-009 an OPK-HVB-010 did sot cause ARPELY cells to secrete any of the

cyiokines tested, suggesiing they mayv have a low mflamumatory potential.
{60232} Example 14: Dose Response Curves Shows Specificity of siRNAs.,

[602331 A dose response curve was generated using various siRNAg, 2l-mers, as
shown in Figure 26 and 27, A dose response was seen with certain SlIRNAS indicating a
specific response to the siRNAs used. A dose response curve was also generated for OPK-
HVB-009 as shown in Figures 25 and 26, The cells were treated and transfected as described
m Examples 12 and 13, Cells were seeded in 24 well plates {40,000 cellsiwell).
Additionally, different concentrations were used, and therefore, the vohnnes of OPTI-MEM,

Ribojuice, and siRNA were adjusted accordingly when prepaning the 50 ul transfection nmux.
{0234} Example 15: Stability of siRNAs

{00235} ARPEY cells were transfected with siRNAs that had been stored under
various conditions as shown in Figures 28, 29, 30 31, and 32, The cells were transfecied as
deseribed in Examples 12 and 13, It was found that the siRNA mwlecules were stable under
varions conditions as shown in Figures 28, 29, 36, 31, and 32. For example, 7.5 uM siRNA
was aliquoted into 3 tubes and each tube was stored at a different temperature (37°C, room
temperatare, 4°C) for up to 8§ weeks. Aliguots of each tabe were collected at predetermined
time points (24 hrs, 48 hrs and then weekly). Upon collection aliquots were stored at -80°C.
Each aliquot was subsequently tested for efficacy in ARPEIY cells 1o see if the siRNAs
maintained their stabildy under the differenl environmental conditions. sIRNAS werg
ransfected o ARPETS cells using the methods described in Example 12 where 40,000 cells

were sgeded per well
[60236] Example 16: Cross-species down regulation of VEGF,

{60237} (6 cells were seeded in 24 well plates (P12, 40,000 cells per well). Eighteen
o twenty-four hours post-seeding, cells were 50-70% confluent snd uvsed for transfection.
Cells were transfected with QPRK-HVER-004, OPK-HVB-002, OPK-HVEB-01G and OPK-
HVB-012 using the Ribojuce™ siRNA Transfection Reagent (Novagen) following the

manufacturer’s protocol. Briefly, for a smgle well serum-fres OPTE-MEM (40,5 ul-47 pl}

i}
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was pipetted mto an eppendorf tube and then 2 ul of Ribojuice were added to the QPTIL-
MEM (Gibco}. The solution was mixed by gentle vortexing and centrifuged bniefly to collect
the contents at the bottom of the tube and incubated at roont temperature for 3 min. siRNA
(0.3 yl-7.5 ploof a 1008M or 1 pM stock) was added o the Ribojuice/medium nuix and
gently mixed and briefly centrifuged to collect contents at the bottom of the tube. The
paxfure was incebated at room temperature for 15 mmutes. Dauring the incubation, media
was removed from cells and replaced with 250ul. of fresh C6 growth media (F-12 Kaighn's,
2.5% fetal calf serumy; 153% horse serum, 1% penmicillindstreptomycing, After the 13 min
tncubation, the siRNA/Ribojeice/medium mixture {50 pl} was added dropwise to the cells.
The plate was gently rocked {0 ensure the complexes were evenly dispersed throughmst the
well, The final concentration of RNA w the 300ul volume wag 250pM, S00pM, InM,
SaM or 23nM. Cells were maintained af 37°C, 3% CO2 for 24 howrs. All volumes were
scaled up such that each siRNA was fested at each conceniration in triplicate. 24 howrs post-
transfection, the wansfection mixture was removed and cells were treated with 300 uls of
fresh Co growth media or with fresh C6 growth media supplemented with 10 ng/mi human
recombinant TGFRIL The cells were retumed (o 37°C, 3% CO, for an additional 24 hours.
Afterwards the media was removed from the cells and analyred for proteln expression by
ELISA (Quantikine rat VEGEF BELISA ki, R&D Sysiems).

j00238] NIH3TS cells were seeded in 24 well plates (P2-P6, 40,000 cells per well}.
Eighicen to twentv-four hours posi-seeding, cells were 50-70% confluent and wsed for
wansfection.  Cells were ransfected with siRNAs using Lipofectamine™ Reagent 2000
{Invitrogen} following the manufacturer’s protocol, Brefly for a single well, siRNA (1 uM
or 7.5 puM) was diluted in 50 gL OPTI-MEM in an eppendorf wbe and gently mixed and
vortexed. In g second eppendor! fube {ul. of Lipofeciamine 2000 was combimed with 49 pl.
of OPTI-MEM. The mixture was gently mixed and vortexed and incubated for § minutes at
room temperature, Afler the 3 nmunutes, the diluted siRNA (30ul. volume) was added o the
dilused Lipofectamine 2000 (50 L), The contents were mixed gently and incubated at room
temperature for 20 mimies, During the 20 minute incubation, media was removed from the
cells and replaced with 500 pLs of fresh NIH3T3 growth media {DMEM, 10% fetal calf
serumy). After the 20 minutes the siRNA-Lipofectanine 2000 complex (100 ul) was added
dropwise to the cells. The plate was genily vocked to ensure the complexes were evenly

dispersed throughout the well.  The cells were then incubated at 37°C, 5% CO» for 24 hours.

T
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The final concentration of siRNA in the 300uL volume was InM, 5oM or 25nM. 24 hours
posi-transfection, the transfection mixtare was removed and cells were weated with 500 gls
of fresh DMEM or with fresh DMEM supplemented with 10 ng/ml. hwman recombinant
TGFRIL  The cells were returned to 37°C, 5% CQ. for an addittonal 24 hours. ARerwards
the media was removed from the cells and analyzed for protem expression by ELISA
{Quantikine mouse VEGF ELISA kit, R&D Systems).

{00239} Results of the experiments are shown in Figures 34, 35 and 39, OPK-HVB-
004 and OPK-HVB-00Y were able to inhibit VEGF secretion by C6 cells as shown in Figure
34, Similar experiments were done in mouse cells (NIH3IT3) and OPK-HVB-004, OPK-
HVB-009, and OPK-HVB10 were able to inhibit secretion of mouse VEGF as shows

Figures 35 and 39,
[60240] Example 17: Comparison ef different siRNAs

[08241] 21imer siRNAs comprising an overhang were compared to 3 9mer bhunt-end
counterpart.  ARPEI? cells were transfected with the different siRNAs as described in
Examples 12, 13, and 14 and VEGF production was measured. The Bhunt end counterparnt
was found to knockdown VEGF production in ARPEL? cells equally effective as the 2imer
as shown in Figare 36,

{30242} Example 18:Screen of 19mers comprising 17bp and an overhang can
inhibit VEGF production.

[00243} sIRNAS comprising a 17mer and a dTdT overbang were transfected mn
ARPELY cells as described o Examples 12, 13, and 14 Several siRNAs were found (o

bt VEGF production as shown in Figure 37
{06244} Example 19: Dose Response of siIRNAs

[00245) 19mers comprising a blunt end or an overhang 19mer (17bp +dTdT over}
werg ransfected mio ARPE19 cells at various doses as shown in Figure 38, A dose rasponse
curve was generated by measuring VEGF seoretion as desenibed in Exasuples 12, 13 and 16,
The dose response seen indicates that the response to the siRNAs is specific to the siRNA and
not generated by a non-specific siRNA response. The results can be seen in Figure 3%, Blunt

end sIRNAs tested 1w NIH3T3 cells showed a specific dose response. (See Figure 39).
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Jo CLAIMS

1. Anisolated SIRNA comprising of a duplex of a first RNA strand and a second
RNA strand, said first RNA strand comprising 8 nucleotide sequence identical 1o a target
sequence of about 17 to about 25 contiguons nucleotides to a vascular endothelial growth
facior { VEGF) tsoform selected from the group consisting of unan VEGF 2y, VEGF s
VEGFigs, VEGF w6, VEGF 153, VEGF 14 VEGF 145 and combinations thereof, further wherein
said siRNA 15 at feast partially non-complementary to VEGF 55, with the proviso that said

homan VEGF mRNA 1s not SEQ 1D NQ. 42,

2. The siRNA of claim 1, wherein said human VEGF mBNA is selected from the
group consisting of SEQ ID NO: §6; SEQ 1D NQ: 87; SEQ 1D NO: 88; SEQ 1D NO: 89
SEQ D NQ:; 90; SEQ 1D NQO: 91 SEQ D NO: 92 SEQ ID NO: 93; SEQ 1D NO: 94; SEQ
[0 NQ: 95, SEQ ID NQ: 96, SEQ IDNO: 97, SEQ ID NO: 98, SEQ 1D NGO 99, SEQ 1D NO
1OG, SEQ ID NO 101, SEQ 1D NO: 102, SEQ ID NO: 103, SEQ ID NG 104, 5EQ 1D NO:
1S, SEQ 1D NO: 106, SEQ 1D NO: 107, SEQ ID NO: 108, SEQ ID NO: 109, SEQ 1D NO:
110, SEQ IDNO: 111, SEQ ID NO: 112, SEQ ID NO: 113, SEQ ID NO: 114, SEQ 1D NO:
115, SEQ ID NO: 116, SEQ D NO: 117, and SEQ ID NO: 14,

3. The siRNA of claim 1, wherein the first and second RNA strands fornung the

RNA duplex are covalently linked bv a single-stranded hairpin,

4. The siRNA of claim 1, wherein the siIRNA farther comprises non-nuscleotide

material.

3. The siRNA of cluim 1, wherein the Hrst and second RNA strands ave siabilired

against nuclease degradation.
6. The siRNA of elaim 1, further comprising a 37 overhang.

The siRNA of claim 6, wherein the 37 overhang comprises from 1 to about 6

nucleotides.
¥. The siRNA of claim 6, wherein the 37 overbang comprises about 2 nucleotides.

0. The siRNA of claim I, wherein the sense RNA strand comprises a first 37

overhang, and the antisense RNA sirand comprises a second 37 overhang,

10. The siRNA of claim 9, wherein the first and second 37 overhangs each comprise

from 1 to about 6 nucleotides.
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11 The siRNA of claim 9, wherein the first 37 overhiang comyprises a dinacleotide and

the second 37 overhang comprises a dinacleotide.

12. The siRNA of claim 1| where the dinucleotide comprnising the first and second 37
overhangs Is dithymidylic acid {TT) or dinridylic acid (uu).

13, The siRNA of claim 6, wherein the 37 overhang s stabilized against nuclease
degradation.

14, The siRNA of claim 1, wherein said siRNA comprises at least one blunt end.

13, The siRNA of claim 14, wherein said siRNA 15 19 nucleotides.

16. The siRNA of claim i, wherem sawd SIRNA can inhibit the production or secretion

of VEGF from a human cell and a ral cell.

17. The siRNA of claim |, wherein said SIRNA can inhibit the production or secretion

of VEGF from g human cell, a mouse cell. and o rat cell.

18, Anisolated siRNA comprising of a duplex of a first RNA strand and a second
RNA strand, said first RNA strand comprising a nucleotide sequence identical 10 a target
sequence of about 17 to aboul 25 contiguous nucleotides to a VEGF isoform selected from
the group consishing of haman VEGF by, VEGF s, and VEGF g, VEGF 206, VEGF 55,
VEGF s VEGF 14: and combinations thereof, further wherein satd siRNA is non-
complementary {0 VEGF 50, with the proviso that said human VEGF mRNA s not SEQ ID

NO. 42

19, A pharmaceutical composition comprising a siRNA and a pharmacentically
acceplable carvier, satd siIRNA comprised of a duplex of a first RNA strand and a second
RNA strand, said first RNA swrand comprising a nucleotide sequence wdentical to a target
sequence of about 17 o shout 25 contiguous nucleotides to a VEGF woform selected from
the group consisting of homan VEGF o, VEGF g5, VEGF 129, VEGF 306, VEGF 133, VEGF
VEGF 145 and combinations thereof; further wherem said siRNA 15 at least partially non-
complementary 10 VEGF a5, with the proviso that said human VEGF mRNA is not SEQ ID

NQL 42

20. The pharnaceutical composition of claim 19, wherein smd human VEGF mRNA
ts selected from the group consisting of SEQ ID NO: 86: SEQ ID NO: 87; SEQ 1D NO: 8§;
SEQ ID NO: 89 SEQ 1D NO: 90, SEQ 1D NO: 91 SEQ 1D NO: 92; SEQ 1D NOQ: 93; SEQ
ID NO: 94; SEQ 1D NO: 95; SEQ 1D NQ: 96; SEQ 1D NO: 97, SEQ ID NO: 98, SEQ ID NOQ

49
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99, SEQ ID NO 100, SEQ ID NO 101, SEQ 1D NO: 102, SEQ 1D NO: 103, SEQ 1D NG:
164, SEQ ID NO- 105, SEQ ID NO: 106, SEQ ID NO: 1067, SEQ ID NO: 108, SEQ 1D NO:
109, SEQ IDNO: 110, SEQ ID NO: 111, SEQ ID NG 112, SEQ ID NO: 113, SEQ 1D NO:
114, SEGQ D NG: 115, SEQ ID NO: 116, SEQ ID NO: 117, and SEQ IDRO: 118

21. The pharmaceutical composition of claim 19, wheremn the fivst and second RNA
strands are stabilized against nuclease degradation.

22 The pharmaceutical composition of claim 19, further comprising at least one ¥
overhang.

23. The pharmaceutical composition of claim 22, wheremn the at least one 37 overhang
comypises about I nacleotides.

24. The pharmaceutical composition of claim 22, where the at least one 37 overhang
comprises a dithymidylic acid (TT} or diuridylic acid {u).

23, The pharmaceutical composition of claim 19, wherein the sense RNA sirand
comprises a fivst 37 overhang, and the antisense RNA strand comprises a second 37 overhang.

26. The pharmaceutical composition of claim 19, wherein siIRNA comprises at least

one blunt end.
27. The siRNA of claim 26, wherein said siRNA 15 19 nucleotides.

28, The siRNA of claim 19, wherein said sSiIRNA can ihibit the production or

secrefion of VEGF from a human cell and a rat cell.

29, The siRNA of claim 19, wherein sard siRNA can inhibit the production or
secretion of VEGF from a lnman cell, a mouse cell, and a rat cell.

30, A method of treating an angiogenic disease in a subject comprising:

administeniag to a subject an effective amount of a pharmaceatical composition
comprising a sSiRNA and a pharmaceutically acceptable carrier, said aiRNA comprised of a
duplex of a first RNA strand and a second RNA strand, said first RNA strand comprising g
nucleotide sequence identical to a target sequence of about 17 to about 2% contiguous
nucleotides to a VEGFE isoform selecied from the group consisting of human VEGE 1,
VEGF s, VEGF 10, VEGF s, VEGF 1, VEGF 4, VEGF 135 and combinations thereof;
further wherein said SIRNA is at least partially non-complementary (0 VEGF g5, with the

proviso that said human VEGF mRNA s not SEQ ID NO. 42,

<5 {3
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31. The method of claim 30, wherein the angiogemce disease comprises a tumor

associated with a cancer.

32, The method of claim 31, wherein the cancer 1s selected from the group consisting
of breast cancer, hing cancer, head and neck cancer, brain cancer, abdominal cancer, colon
cancer, colorectal cancer, ssophagus cancer, gastrointestinal canecer, glioma, liver cancer,
tongue cancer, neuroblastoma, osteogarcoma, ovarian cancer, pancreatic cancer, prostate
cancer, retinoblastoma, Wim's twmor, multiple myeloma, skin cancer, lvmphona. und blood

cancer.

33, The method of claim 390, wherein the agiogenic disease 15 selected from the
group consisting of diabetic retinopathy, age-related macular degeneration, and inflammatory

diseases,

34, The method of claim 33, wherein the inflammatory disease is psoriasis or
rheumaioid arthritis.

35, The method of claim 33, wherein the angiogenic disense is age-related macular

degeneralion.

36. The method of claim 30, wherein the pharmaceuntical composition s adnunistered
in combination with a pharmacentical agent for eating the angiogemic disease, which

pharmaceutical agent 1s different from the short interfering ribonucleie acid (siRNA).

37. The method of claim 36, wherein the anglogenic disease 1s cancer, and the

pharmaceutical agent comprises a chemotherapeutic sgent.

38, The method of claim 37, wherein the chemotherapeutic agent is selecied from the
sroup consisting of cisplatin, carhoplatin, cyelophosphamude, S-fluorouracil, admamyein,
davnorubicin, and tamoxifen.

39, The method of claim 30, wherein the pharmaceuntical composition is adnunistered
to a subject in combination with another therapeytic method designed 10 treat the angiogenic
disease.

441, The method of claim 39, wherein the angiogenic disease 1s cancer, and the
pharmaceutical composition is administered in combination with radiation therapy,
chemotherapy or surgery.

41. A method for infubiting expression of human vasculary endothelial growth factor

(VEGF) comprising administering 1o a subject an effective smnount of a pharmaceutical
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composition comprising a siRNA and a pharmaceatically acceptable carrier, said siRNA
comprised of a duplex of a first RNA strand and a second RNA strand, said fivst RNA strand
comprising a nucleotide sequence identical to a target sequence of about 17 to about 25
contigaous nucleotides (o a VEGF isoform selected from the group consisting of human
VEGF 1, VEGF 65, VEGE 139, VEGF 206, VEGF 102, VEGF 145 VEGTF 145 and combinations
thereof] further wherein said siRNA is at least partially non-complementary o VEGEF s,

with the proviso that said human VEGE mBNA 53 not SEQ ID NO. 42,

42. The method of claim 41, wherein the effective amount comprises from about |}

oM to about 100 nM of the short mterfering ribonucleic acid (sIRNA).

43, The method of claim 41, wherein the pharmaceutical composition further

comprises a delivery reagent.

44, The method of clasm 41, wherein the dehivery agent is selected from the group

consisting of lipofectin, bipofectamine, cellfectin, polveations, and liposomes.

45, The method of claim 44, wherein the dehivery agent is a hposome,

46, The method of claim 45, wherzin the liposome comprises a ligand which targets
the liposome to cells at or near the site of angiogenesis.

47. The method of claim 46, wherein the Ligand binds to receptors on tumor cells or
vascular endothelial cells.

48, The methed of claim 46, wherein the ligand comprises a monoclonal antibody,

49, The method of claim 45, wherein the lposome is moedified with an opsonization-
infubition moiety.

5. The method of clamm 49, wherein the opsonization-inhibiting melety comprises a
PEG, PPG, or dertvatives thereof

51, The method of claim 41, wheremn the short interfering ribonucleic acid (siRNA)Y i3
expressed from a recombinant plasmid.

52. The method of claim 41, wherein the short interfering ribonucleic acid (8iRNA} i3
expressed from a recombinant viral vector.

33, The method of claim 32, wherein the recombinant virgd vector cormprises an
adenoviral vector, an adeno-associated viral vector, a lentiviral vector, a retroviral vector, ora

herpes virus vector,
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54, The method of claim 53, wherein the recombinant viral vector is pseudotyped
with sarface protemns from vesicular stomatitis viras, rabies vires, Ebola viras, or Mokola

VINS.

55, The method of claim 52, wherem the recombinant viral vecior conymises an

adenc-associated viral vector

56. The method of claim 41, wherein the pharmaceutical composition 1s administered

by an enteral administration route.

37, The method of claim 56, wherein the enteral administration route is selected from

the group consisting of oral, rectal, and intranasal.

3B, The method of claim 41, wherein the pharmaceutical composition 15 admistered

by a parenteral adnunistration route.

59. The method of claim 58, wherein the parenteral administration route is selected
from the group consisting of miravascular administration, pert- and mira-tissue ygection,
subcutaneons injfection or deposition, subcutaneons infusion, and direct application at or near

the siie of neovascularization.

60, The method of clamm 59, wherem the mravascular adminisiration is selected from
the group consisting of intravenous botus injection, miravenous infusion, mtrg-arterial bolus

mjection, inira~-arterial infusion and catheter instillation into the vasculature.
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Figure 26
OPK-HVB-009 Dose Response (5 nM-50nM)-Knockdown of Total VEGF Protein
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Figure 29
Percent Knockdown of hVEGF Secreted by ARPE19 Cells — Stability Study of
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Figure 39
% Knockdown of Mouse VEGF Secreted by NIH3T3 Cells with OPK-HVEB blunt end

siRINAs (1-25nM) Relative to Lipofectamine 2000 Control
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ROBERTO) 14 June 2007 (2007-06-14)

-/

m Further documents are listed in the continuation of Box C.

E See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

“T* later document published after the intemational filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

“X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
metr;nts such combination being obvious to a person skilled
in the art.

*&" document member of the same patent family

Date of the actual completion of the intemational search

22 March 2010

Date of mailing of the intemational search report

31/03/2010

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
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Internationat application No.

INTERNATIONAL SEARCH REPORT PCT/US2009/066741

Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.b of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and necessary to the claimed
invention, the international search was carried out on the basis of:

a. (means)

on paper
in electronic form

D in the international application as filed
D together with the international application in electronic form
subsequently to this Authority for the purpose of search

2. In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto has been filed
or furnished, the required statements that the information in the subsequent or additiona! copies is identical to that in the
application as filed or does not go beyond the application as filed, as appropriate, were fumished.

3. Additional comments:

Form PCT/ASA/210 (continuation of first sheet (1)) (July 2009)
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International application No

PCT/US2009/066741

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category”

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

WO 2008/110777 A2 (UNIV BRISTOL [GBI;
BATES DAVID [GB]; HARPER STEVEN JAMES
[GB]; NOWAK D)

18 September 2008 (2008-09-18)

sequence 3

KONOPATSKAYA O ET AL: "VEGF(165)b, an
endogenous C-terminal splice variant of
VEGF, inhibits retinal neovascularization
in mice"

MOLECULAR VISION,

vol. 12, no. 67-69,

1 May 2006 (2006-05-01), pages 626-632,
XP009113324

ISSN: 1090-0535

the whole document

WO 2008/030996 A2 (OPKO HEALTH INC [US];
ENDEJANN N NICOLE [US]; REICH SAMUEL
JOTHAM [US]) 13 March 2008 (2008-03-13)
the whole document

RENNEL E S ET AL: "The endogenous
anti-angiogenic VEGF isoform, VEGF(165)b
inhibits human tumour growth in mice"
BRITISH JOURNAL OF CANCER,

vol. 98, no. 7, April 2008 (2008-04),
pages 1250-1257, XP002573588

ISSN: 0007-0920

the whole document

RENNEL E S ET AL: "Recombinant human
VEGF165b protein is an effective
anti-cancer agent in mice"

EUROPEAN JOURNAL OF CANCER,

vol. 44, no. 13,

1 September 2008 (2008-09-01), pages
1883-1894, XP023979226

ISSN: 0959-8049

the whole document

1-60

1-60

1-60

1-60

1-60
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International application No.
INTERNATIONAL SEARCH REPORT PCT/US2009/066741
Box No. Il  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17{2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful intemational search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Intermnational Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. Izl As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicabte protest
tee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 21(

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-60(all partially)

An isolated siRNA targeting a region of VEGF defined by SEQ
ID 86. Modified forms therof, expression constructs
containing it and its used in therapy.

2-33. claims: 1-60(all partially)

As for subject 1., but concerning SEQ IDs 87 to 118
respectively.
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Information on patent family members

International application No

PCT/US2009/066741

Patent document
cited in search report

Publication
date

Patent family
member(s)

Publication
date

WO 2004009769 A2 29-01-2004 AT 460500 T 15-03-2010
AU 2003253995 Al 09-02-2004
CA 2493499 Al 29-01-2004
EP 1578933 A2 28-09-2005
JP 2006505251 T 16-02-2006
KR 20050056944 A 16-06-2005
MX  PA05001000 A -16-05-2005
US 2008188437 Al 07-08-2008
US 2004018176 Al 29-01-2004
US 2009104259 Al 23-04-2009
US 2007037760 Al 15-02-2007
US 2006286073 Al 21-12-2006
US 2006292120 Al 28-12-2006
US 2007037761 Al 15-02-2007
US 2007003523 Al 04-01-2007
US 2007037762 Al 15-02-2007
US 2007149471 Al 28-06-2007

WO 2007146953 A2 21-12-2007 EP 2029746 A2 04-03-2009
JP 2009540011 T 19-11-2009
US 2008152654 Al 26-06~-2008

W0 2007067981 A2 14-06-2007  NONE

W0 2008110777 A2 18-09-2008 EP 2146736 A2 27-01-2010

WO 2008030996 A2 13-03-2008 AU 2007292229 Al 13-03-2008
CA 2662959 Al 13-03-2008
EP - 2076598 A2 08-07-2009
JP 2010502230 T 28-01-2010
US 2009061487 Al 05-03-2009
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