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(57) Abstract: Disclosed herein are siRNA compositions and methods useful 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

O overexpression of VEGF, such as diabetic retinopathy, age related macular degeneration and many types of cancer, can be treated

W

by administering small interfering RNAs as disclosed.
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Title: COMPOSITIONS AND METHODS FOR SELECTIVE INHIBITION OF PRO-ANGIOGENIC VEGF

ISOFORMS

B. Cross-Reference to Related Applications:

{0001} This apphcation claims priority to ULS. Provisional Appheation No.
617119779 enttled “Compositions and Methods for Sefective Inhibition of VEGE™ filed
December 4, 2008, LS. Provisional No. 61/171,571 entitled “Compositions and Methods for
Selective Inhibition of VEGF™ filed Apnil 22, 2009, and ULS. Provisional Apphication No.
61219 808 entitled  “"Compositions and Methods for Selective Inhibition of VEGF™ filed
June 24, 2009, each of which is incorporated by reference in its entirety.

C. Govermment Interests: Not applicable
D. Parties to a Joint Research Agreement: Not applicable
E. Incorporation by Reference of Material submitted on a Compact Dise: Not applicable
E. Background
1. Field of Invention: Not applicable
2. Description of Related Art: Not applicable
G. Brief summary of the invention

[0082] Angiogenesis, defined as the growth of new capillary blood vessels or
“neovascularization,” plavs a fundamental rofe in growth and development. In mature
humans, the ability to mitiate angiogenesis is present in all tissues, but is held wnder strict
control. A key rewdator of anglogenesis 1s vascular endothelial growth factor (“VEGE™),
also called vascular permeability factor ("VPF). Angiogenests is initiated when secveted
VEGF binds to the Fli-1 and FIk-1/KDR rveceptors {also called VEGF receptor | and VEGF
receptor 2), which are expressed on the surface of endothelial cells. Fit-1 and Flk-1/KDR ave
transmembrane protein tyrosine kinases, apd binding of VEGF nitiates a cell signal cascade
resulting in the ultinate neovascularization in the surrounding tissue.

[0663] There are three main different VEGF altemative splice forms (e, isoforms)
in hwmans (VEGFiag, VEGF g, and VEGF @), while a number of other vanants also exist
(VEGF 6, VEGF 153, VEGF 4z VEGF 651 and VEGF 1453, Remarkably, not all of the isoforms
are pro-angiogenic. It has been demonstrated that at least VEGF g, is capable of

counteracting the effects of VEGF 4 induced angiogenesis. Without being bound by theory,
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it appears that VEGF e i1s capable of preventing VEGF Receptor 2 signaling.  As such,

secretion of VEGF 5 may be able to prevent or retard angiogenesis in pathological states.

[0664] Aberrant angiogenesis, or the pathogenic growth of new blood vessels, 15
implicated i a number of conditions. Among these conditions are diabetic retinopathy,
psoriasis, exudative or “wet” age-related macylar degeneration ("ARMDT), rheumatoid
arthritis and other inflammatory diseases, and most cancers. The diseased tissues or Rupmoss
associated with these conditions express abnormally bigh levels of VEGF, and show a high

degree of vascularization or vascular permeability.

[6085] ARMD in particular is a clisically important angiogenic disease. This
condition 1s characterized by choroidal neovasculanization i one or both eves i aging

individuals, and is the major canse of blindness in industriahized countries.

{06061 RNA interference (hereinafter “RNAD™) is a method of post-transcriptional
gene regudation that is conserved throughout many eukarvouic organisms. RNAt is induced
by short (i.e., <30 nuacleotide) dosble swranded RNA (“dsRNA”) molecales which are present
i the cell. These shovt dsRNA molecules, called “short interfering RNA™ or “siRNA.™ cause
the destruction of messenger RNAs ("mRNAs™) which share sequence homology with the
S$IRNA to within one nucleotide resolution. 1t is believed that the siRNA and the targeted
mRNA bind te an “RNA-induced sifencing complex”™ or “RISC”. which cleaves the targeted
mRNA, The siRNA is apparently recvcled much hike a multiple-turnover enzyme, with 1
siRNA molecule capable of inducing cleavage of approximately 100¢ mRNA molecules.
siRNA-mediated RNA1 degradation of an mRNA is therefore more effective than currently
available techmologies for inhibiting expression of a target gene. However, such methods are

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

[60607] What is needed, therefore, are agents which selectively inhibit expression of
pro-angiogenic  VEGF in catalytic or sub-stoichiomelsic amounts in mammals, while

indacing or maintaming the secretion of anti-angiogenic VEGF isoforms.

[0008] The present disclosure is directed to siRNAs which specifically target and
cause RNAi-induced degradation of mRNA from VEGF and its isoforms. The siRNA
compoends and compositions of the disclosure are used to inhibit angiogenesis, in particelar
for the teatment of cancerous umors, age~-related macslar degeveration, and other

angitogeme disgases.
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[0009] Thus, the disclosere provides an solated sIRNA which targets human VEGFE
mRNA, or an alternative splice form, mutant or cognate thereof.  For example, in one
embodiment, the siRNA targets pro-angiogenic VEGF mRNA isoforms sach as VEGF;y,
VEGF s, VEGF 20, VEGF 06, VEGF 133, VEGF uis andfor VEGF s, while selectively sparing
aati-angiogenic VEGF 5, 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 nuclectide sequence dentical to a target sequence of about 19 to abowt 25

contigaens nucleotides in the target mRNA.

{00101 The disclosure also provides recombinant plasmids and viral vectors which
express the siRNA disclosed herein, as well as pharmaceutical compositions comprising such

an SIRNA and a pharmaceutically acceptable carrier.

j0011] The disclosure further provides a method of inhibiting expression of human
pro-angiogenic VEGF mRNA | or an alternative splice form, mutant or cognate thereof, while
sparing anti-angiogenic VEGF mRNA, comprising administering 1o a subject an effective

amount of SIRNA sach that the target mRNA 15 degraded.

[0612] The disclosure further provides a method of inhibiting angiogenesis i a
subject, comprising administering to a subject an effective amount of an siRNA targeted to

pro-angiogenic human VEGF mRNA or an altemnative splice form, mutant or cognate thereof,

while sparing anti-angiogenic mRNA.

[0013] The disclosure farther provides a method of treating an angiogenic disease,
comprising adnunistering to a subject in need of such treatment an effective amount of an
siRNA targeted to human proangiogenic VEGF mRNA or an alternative splice form, mutant
or cognate thereof, such that angiogenesis associated with the angiogeme diseass 1s mhibued,

while the effects of anti-angiogenmic VEGF mRNA are not affected.
H. Description of Drawings

[0014] The file of this patenl contawns at least one photograph or drawing exscuted in
color. 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 necessary fee.

[6015] For a fuller understanding of the nature and advantages of the present
invention, reference should be had to the following detailed description taken in connection

with the accompanying drawings, in which:

“3.
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[0016] FIGS. 1A and 1B are a lustograms of VEGF coucentration (in pg/ml) in
hypodic 293 and Hel.a cells treated with no siRNA (°-7); nonspecific SIRNA (“nonspecific™),
or sIRNA targeting lnpman VEGF mRNA (“"VEGF™). VEGF concengration {in pg/mnl) in non~
hypoxic 293 and Hela cells is also shown. Each bar represents the average of four

expermments, and the ervor 1s the standard deviation of the mean.

[0617] FIG. 2 is a histogram of murine VEGF concentration (in pa’ml) in hypoxic
NIH 3713 cells treated with no siRNA (“-"); nonspecific siRNA (“nonspecific™); or stRNA
targeting huwman 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 a histogram of human VEGF coucentration (pgiotal protein) in
retinas from muce injected with adenovirus expressing human VEGF (C"AJAVEGF™) in the
presence of either GFP siRNA {dark grayv bar) or human VEGF siRNA (hght grey bar). Each
bar represents the average of § eves and the error bars represent the standard error of the

mean,

[0619] FIG. 4 is a histogram showing the mean area {in mun®) of laser-induced CNV
i control eves given subretinal injections of GFP sIRNA (N=9; “GFP siRNA™), and in eves
given subretinal imjections of mouse VEGF siRNA (N=7; “Mouse VEGF siRNA™). The error

bars represent the standard ervor of the mean,

[0020] F1G. § is a schematic representation of pAAVsSIRNA, a cis-acting plasnmd
used to generate a recombinant AAV viral vecior of the invention, “ITR™ AAV inverted
termunat repeats; “L6™: U6 RNA promoters; “Sense™ siRNA sense coding sequence; “Anti™

SiRNA antisense coding sequence; “PolyT™: polythynidine termination signals.

[0621] Fig. 6 shows histograms of the mean area (in mm”) of laser-induced CNV in
treatment in mouse eyes injected (A) subretinally or (B) intravitreally with a mouse anti-
VEGF siRNA ("mVEGFI.«IRNA™ or control siRNA ("GFP1siRNA™).  The ervor bars
represent the standard ervor of the mean. (C) is # histogram of the mean area (in mm”) of
faser-induced CNV in mouse eves injected muravitreally with: phosphate-buffered saline with
no sIRNA at | day post-laser mduction ("PBS”; ONV area measwred &t 14 days post-faser
induction); control siRNA at 14 days post-laser induction (“GFPISIRNAY, ONV area
measured at 21 days post-laser induction); or a mouse anti-VEGE siRNA at 14 days post-
laser induction ("mVEGF 1 siIRNA”, ONV area measured at 21 days post-laser induction).

The error bars represent the standard error of the mean.

o
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[0022] Fig. 7 is a graph of the percent of VEGF ("% VEGF”) profein in mouse eves
myected  sab-retinally with human ant-VEGF SiRNA  ("Cand3™) and control siRNA
("GFPLsIRNAT) at 0 (n=2; pre-siRNA nigection), 6 (n=3), 10 (n=3) and {4 (n=3) days post-
myection. JVEGE = (JVEGF] in the Cand$ eye/] VEGF] 1n the GFP1 5IRNA eye) *100.

[0023] Fig. 8 is a graph of hVEGF protein levels m 293 cells transfected with
transfected with human VEGF siRNAs, non-spectfic siIRNA (EGFP stRNA) or meock

transfections without sSIRNA.

[0024] Fig. 9 is a graph of the dose response studies with Cands (bevasnianib),
hVEGF#1, hVEGF#2, hVEGF#3, hVEQF#4, hVEGF#6 and hVEGF#7.

[0023] Fig. 10 1s a schematic of the vanous isoforms of VEGF and their exon usage.
[0026] Fig. 11 1s a diagram companing the homology of VEGF 14 and VEGF o5 at the
exon 7/8 junction.

[0027] Fig. 12 depicts the amount of VEGF protein expressed for various siRNAs

targeting the VEGF 45 exon 7/8 junction.

[0028] Fig. 13 depicts the percent knockdown of buman VEGF protein for various

SIRNASs targeting the VEGF ;< exon 7/ junction,
00291 Fig. 14 depicts the amount of VEGF protein expressed for a secondary screen
of SIRN As targeting the VEGF s exon 748 junction.

[0030] Fig. 158 depicts the percent knockdown of human VEGF protein for a

-
7

secondary screen of siRNAs targeting the VEGF 45 exon 7/8 junction.

[0031] Fig. 16 depicts the percent knockdown of human VEGF protein for a
secondary screen of siRNAs targeting the VEGF: exon 778 junction at varying
COnCRNrations.

[0032] Fig. 17 depicts the percent knockdown of hwman VEGE protein over seven

ays for g secondary screen of iIRNAs targeting the VEGF 45 exon 748 junction,
davs dar £ SIRNAs targeting the VEGF 748 |

00331 Fig. 18 depicts the effect of siIRNA targeting the VEGF ¢ exon 7/8 junction
on GAPDH mRNA expression using RT-PCR.

[0034] Fig. 19 depicts the effect of siRNA targeting the VEGF 5 exon 7/8 junchion

on VEGF¢s mRNA expression using RT-PCR.

5.
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[0035] Fig. 20 depicis the effect of SIRNA targeting the VEGE exon 7/8 junction on
VEGF g mRNA expression using RT-PCR.

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

[0637] Fig. 22 depicis the effect of sIRNA targeting the VEGF 55 exon 7/8 junction
on VEGF g5 mRNA expression wsing RT-PCR. Double banding at abowt 600bp 13
artefactoal.

J0038] Fig. 23 depicts the cytokine profile of ARPE19 cells following treatment with
selected siIRNAs.

[0039] Fig. 24 depicis the effect of siRNAs on total VEGF protemn secretion by
ARPE19 cells.

[0040] Fig. 25 depicts the effect of siRNAs on total VEGF protein secrvetion by
ARPE1Y cells.

[0041] Fig. 26 depicts the effect of siRNAs on total VEGF protein secretion by
ARPELY cells.

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

j0043] Fig. 28 depicts the stability of bevasiranib under different temperature
conditions over tume.

[0044] Fig. 29 depicts the stability of bevasiramb wnder different temperature
conditions over tinie.

[0045] Fig. 30 depicts the stability of OPK-HVB-004 under different temperature
conditions over time.

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

[0047] Fig. 32 depicts the stability of OPK-HVR-010 under different temperature
conditions over time

[0048] Fig. 33 depicts the homology between human, rat and mouse VEGF sequences

at the 37 termunal end.

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

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

cells.
[0051] Fig, 36 depicts the elfect of siRNAs on VEGF secretion by ARPETY cells.
[6052] Fig. 37 depicts the effect of siRNAs on VEGF secretion by ARPEIY celis.
[0853] Fig. 38 depicts the effect of iIRNAs on VEGF secretion by ARPELY cells.
[0054] Fig. 39 depicts the effect of siRNAs on mouse VEGF secretion by NIH3T3
cells

1. Detailed Description

|0055] Before the present compositions and methods are described, it is to be
understood that this invention is not himited to the particular processes, compositions, or
methodolegies desceribed, as these may vary. [t s also to be understood that the terminology
used in the description is for the purpose of describing the particular versions or embodiments
only, and is not intended to limit the scope of the present invention which will be limited onty
by the appended clamms. Unless defined otherwise, all technical and scientific terms ased
herein have the same meanings as conunonly understood by one of ordinary skill in the art.
Although any methods and materials similar or equivalent to those described herein can be
used in the practice or festing of embodiments of the present invention, the preferred
methods, devices, and materials are now described.  All pubhcations mentioned herein are
incorporated by reference in their entivety. Nothing herein is to be construed as an admussion

that the invention 1§ not entitled to antedate such disclosure by virtue of prior mvention.

[0856] It must also be notled that as used herein and in the appended claims, the
stngular forms “a”, “an”, and “the” include plural reference unless the context clearly dictates
otherwise. Thus, for example, reference to a “molecule™ is a reference to one or more
molecules and equivalents thereof known to those skilled in the art, and so forth. As used
herein, the term “about” means plus or nunus 10% of the manerical value of the namber with

which i1t is being used. Therefore, about 50%, means i the range of 48%-55%,

[0857] As used hevein, a “subject” includes a buman being or non-human animal, In
certain embodiments, the subject is a human being.

[0858] As used herein, an “effective amount”™ of the siRNA i3 an amount sufficient (o

cause RNA-mediated degradation of the target mRNA in cell. The term chinically effective
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anoent is an amount that when administered {0 a subject, will inhibit the progression of

angiogenesis iy a subject by RNA silencing.

[0089] As used berein, “isolated” means altered or removed from the natural state
through hwman mvtervention. For exanmple, an sSiRNA paturally present m a Hiving animal is
not “isolated,” but a synthetic SIRNA, or an SiIRNA partially or completely separated from the
coexisting materials of #s natural state &5 “isolated.”  An isolated SIRNA can exist i
substantially purified form, or can exist in a non-native enviromnent such as, for example, a

cell nto which the siRNA has been delivered.

[0060] As used heremn, “target mRNAT means an mRNA  comprising a
complementary sense sequence to an SIRNA antisense strand. Such a {arget mRNA need not
be 100% homologous to the sSIRNA antisense strand, as long as the siRNA functions to
sifence or otherwise form a RISC complex with the target mRNA. Target mRNAx of
particudar ase in the methods of the disclosura include, for example, pro-angiogenic VEGF
mRNA isoforms such g5 VEGFz, VEGF 4, and VEGF 50, VEGFas, VEGF 153, VEGF 4y,
and VEGF 45 and combinations thereof. In certain other embodiments, the targzel mRNA
does not comprise anti-angiogenic VEGFaq, mRNA, but targets al feast one other VEGF
isoforms.

~

[00611 As used herein the term “partially non-complementary™ is intended to mean an
siRNA sequence which although, perhaps sharing some sequence homology to a non-target
sequence still differs sufficiendy such that RNA silencing does not occar for the non-target
sgquence.  Partially non-complementary include sequences that are 920% homologous, R3%,
bomologous, 80% homologess, 73% homeologous, 70% homologous, 65% homologous,
60%,  homologons,  53%  bomologous, 50%  bomologous, 45% homologous, 40%
homologous, 35%, homologous, 30% homelogous, 23% homologous, 20% homologous,
1 3% homologous, 10%, homelogous, 5% homologous, 2% homelogous, and 1% homologous
to a non-target sequence. A sequence that is eatirely non-homologous to a non-farget

oo

sequence is considered non-complementary o the sequence.

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

[0063] Unless otherwise indicated, all nucleic acid sequences herein are given in the

57 1o 37 direction.  Also, all deoxvribonuclentides in a nucleic acid sequence are represented

&



WO 2010/065834 PCT/US2009/066741

by capital letiers (e.g.., deoxythymidine s “T7), and ribonucleotides in a nucleic acid

sequence ave vepresented by lower case letters {e.g.. oridine is "a”).

[0864] Compositions and methods comprising siIRNA trgeted to VEGF and Hs
various 1soforms can be used to inhibit angiogenesis, in particular for the treatiment of
angiogenic disease. The siRNA are believed to cause the RNAI-mediated degradation of
these mRNAS, so that the protein product of the VEGF and its isoforms are not produced or is
produced in reduced amounts. Because VEGE binding to the Flt-1 or FIk-1/KDR receptors is
required for initiating and maintaining angiogenesis, the siRNA-mediated degradation of
VEGF and its isoforms as well as Flt~1 or FIk-I/KDR mRNA may also be used to inhubit the

anglogenic process.

[0065] One aspect of the present disclosure therefore provides isolated siRNA
comprising short double-stranded RNA from abowt 17 pucleotides to about 29 nucleotides i
fength, and in ceriain embodiments from about 19 (o about 25 nucleotides in length, that are
targeted to the target mRNA.  The SIRNA comprise a sense RNA strand and g
complementary antisense RNA strand annealed together by standard Waison-Crick base-
parring teractions (haremafler “base-paired™). As is descnibed in more detail below, the
sense strand comprises a nucleic acid sequence which is identical or closely homologous to a

target sequence contained within the target mRNA.

[0666] The sense and antisense sirands of the SIRNA can comprise iwo
complementary, single-stranded RNA molecudes or can comprise a single molecule in which
two complementary portions are base-paired and are covalenily linked by a single-stranded
“hairpin™ area. Without wishing to be bound by any theory, it is beheved that the hairpin
area of the latter type of sSIRNA molecule 1s cleaved intracethslarly by the “Dicer™ protein {or
its equatvalent) 1o forny an SIRNA of two individual base-paired RNA molecules .

[06067] Splice vanants of lunan VEGF are known, including pro-angiogeme VEGF
mRNA isoforms such as VEGF»(SEQ ID NO: 2), VEGFs: (SEQ ID NO: 3), and
VEGF o SEQ ID NOt 4), VEGF0s(SEQ 1D NO: 5. GenBank Accession No. CS245579),
VEGF ;v (GenBank Accession No. AJ010438). VEGF,« (GenBank Accession No.
AF091352), and VEGF 45 (GenBank Accession No. CS245578) as well as anti-angiogenic
VEGF s mRNA (GenBank Accession No. AF430806).  The mRNA transcribed from the
human VEGF and its isoforms, as well as Flit=1 (SEQ ID NO: 6) or Flk-I/KDR (SEQ 1D NO:

7} genes can be analyzed for further alternative splice forms using techniques well-known in



WO 2010/065834 PCT/US2009/066741

the art.  Such techniques inctade reverse transeription-polymerase chain reaction (RT-PCR},
northern blothing and én-sire hybndization. Techniques 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 technigues for

wdentifying alternatively sphced mRNAS are also described below.

108681 For example, databagses that contmn nucleotide sequences related to a @ven
disease gene can be used to identify alternanvely spliced 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 its ssoforms as well as Flt-1 or
FIK-I/KDR genes can be used to query such a database to determine whether ESTs

representing alternatively spliced mRNASs have been found for a these genes.

[0069] A technigque called “RNAse protection™ can alse be used to identily
alternatively sphiced VEGF and its isoforms as well as Flt-1 or FIk-I/KDR mRNAs. RNAse
protection involves translation of a gene sequence into synthetic RNA| which is bybridized to
RNA derived from other cells; for example, cells from tissue at or near the site of
neovasculagization.  The hvbridized RNA 16 then incabated with enzymes that recognize
RNARNA hvbrid mismatches. Smaller than expected fragments mdicate the presence of
alternatively spliced mRNAs. The putative alternatively spheed mRNAs can be cloned and

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

[60670] RT-PCR can also be used to identify alternatively spheed VEGE and its
woforms as well ag Fiti-1 or FIK-UKDR mRNAs, In RT-PCR, mRNA from tissue ov cells is
converted o ¢DNA by the enzyme reverse transeriptase. using methods well-known to
those of ordinary skill i the art. The coding sequence of the ¢DNA is then amplitied via
PCR using a forward primer located i the §7 translated region, and a reverse primer located
i the 37 wranslated region.  In some embodivents, all the bases encoding the ¢DNA are
amplified. The amplified products can be analyzed for alternative splice forms, for example
by comparing the size of the amplified prodacts with the size of the expected product from
normally spliced mRNA, e.¢. by agarose gel electrophoresis.  Any change in the size of the

amplified product can indicate alternative splicing.

[0671] mRNA produced from mutant VEGF and its isoforms as well as Fli-1 or Flk-

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

~10-
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sdentifving alternative splice forms. As used herein, “mustant” VEGF and itz isoformy as well
as Flt-1 or FIK-1/KDR genes or mRNA include lnmman VEGFE and s wsoforms as well as Flt-
1 or FIk-1/KDR genes or mRNA which differ in sequence from the VEGF and its isoforms as
well as Flt-1 or FIk-1/KDR sequences set forth herem, Thus, allelic forms of these penes,

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

[0672]  Iuis wnderstood that human VEGF and its isoforms, as well as Flt-1 or Flk-
KDR mRNA may contmin target sequences in common with their respective alternative
splice forms, coguates or mutanis. A single siRNA comprising such a conunon targeting
sequence can therefore induce RNA-mediated degradation of different RNA types which
contain the copumon targeting sequence. For example, as shown i Figure 160, all VEGF
isoforms share exons 1-5. However, in VEGF 3 (SEQ ID NO: 2) exons 6 and 7 (7Ta and 7b)
are deleted. In VEGF s (SEQ ID NO: 3) exon 6 {6a and 6b) is deleted. In VEGF, (SEQ ID
NQO: 4) exon 6b s deleted.  In VEGFy a portion of exon 6a is deleted as well as the
complete exon 6b sequence. VEGF ;¢ has a deletion of exon 6 {6a and 6b) as well as exon 7b
and a portion of exon 8. In VEGEFus exon 6b and exon 7 (7a and 7b) are deleted. The only
known anti-angiogenic isoform of VEGF, \:’EGF;_ﬁsg’, lacks exon ¢ {6a and 6b), but
acdditionally comprises a pseudo-exon 9. The pseudo-exon 9 is a result of a reading frame
shift caused by the deletion of a stop codon, thus allowing a portion of the 3'UTR to be
translated as protem.  See for example, Bates et al, Can. Res. 62:4123 (2002), herein
mcorporated by reference in its entivety. VEGFu6 (SEQ 1D NQO: 5) 15 the full length sequence
VEGF with no deletions. Thus, m certain embodiments, the siRNA targets one or mote
isoforms, such as VEGF»(SEQ 1D NO: 2), VEGF 45 (SEQ ID NO: 3), and VEGF w(SEQ
ID NO: 4), VEGF(SEQ 1D NO: §; GenBank Accession No. CS243579),  VEGF
(GenBank Accession No. AJRO43R), VEGF 45 (GenBank Accession No. AF(913352), andfor
VEGF 5 (GenBank Accession No. CS24557&), but spares others, such as VEGE 55, because

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

[0073] in one embodiment, provided is an isolated SIRNA comprising of a duplex of
a first RNA strand and a second RNA sirand, said first RNA strand comprismg a nucleotide
sequence identical o a targel sequence of about 19 w aboutl 23 contiguous nucleotides to a
vascular endothelial growth factor (VEGF) isoform selected from the group consisting of
human VEGF.;, VEGFus VEGF e, VEGFwe, VEGFua, VEGF VEGFs and
combinations thereof, further wherein said siRNA 15 at {east partially non-complementary to

VEGFiga, , with the proviso that the human VEGF mRNA s not SEQ 1D NO. 42, Further
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embodiments mclude methods of using such siIRNA to mhibit  angiogenesis  and
pharmacentical compositions comprising a therapeutically effective amoant of such siRNA to

inhibit angiogenesis.

[0074] The siIRNA can comprise partially purified RNA., substantially pure RNA,
synthetic RNA, or recombinantly produced RNA, as well as altered RNA that differs from
nabwally-occurring RNA by the addition, deletion, sabstitation andi/or alteration of one or
more nucleotides. Such alterations can include addition of non-nucleotide material, such as to
the end(s) of the siRNA or to one or more internal nucleotides of the siRNA, including
modifications that make the sIRNA resistant to nuclease digestion.

[0073] Oue or both strands of the siRNA can also comprise a ¥ overhang. As used
herein, ¢ "3 overhang” refers © at least one unpaired nucleotide extending from the 3'-end
of a duplexed RNA sirand. In some embodiments, the siRNA does not comprise a overhang
and bas a blunt end. In some embodiments, both ends of the StRNA comprise a blunt end. In
some embodiments, the siRNA comprises a 17mer that contiguous with a target mRNA and
dTdT overhanyg. In some embodiments, the sSIRNA is a siRNA that can mnhibit the secretion or
production of VEGF from cells from different species. For example, in some embodiments,
the SIRNA can inhibit VEGF secretion or infubition from a human cell, a rat cell, andior a
mouse cell.  In some embodiments, the SiIRNA can inhibit the secretion or production of
VEGF from a mouse cell and a human cell, bat not from a rat cell. In some embodiments, the
SIRNA can inhibit the secretion or production of VEGF from a rat cell and a human cell, but
ot from a mouse cell.  In some embodiments, the siRNA can inhibit the secretion or
production of VEGF from a human cell. a mouse cell, and a rat cefl. The selectivity of the
siIRNA can be based upon the homology between the different sequences. For example,
Figure 33 shows the homelogy between the terminal codons encoding human, mouse and rat
VEGF. These differences can be exploited to produce siRNAs that can selectively inhibit the

production of VEGTE from one or more species.

[00876] In some embodiments, siIRNAs comprising less than 21 nucleotides, e.g. 17,
18, 19, or 20, can be used 1o avoid any potential non-specific 7# 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 response i vivo,

[0077] Thus in one embodiment, the siRNA comprises at least one 37 overhang of

from 1 to about 6 mscleotides {which mcludes ribonucleoudes or deoxynucleotides) in lengih,
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preferably from 1 o abost § nucleotides in length, more preferably from 1 to about 4
nucleotides in length, and particelarly preferably from about 2 to abowt 4 nucleotides n

length.

[0878] In the embodiment in which both strands of the sSiRNA molecule comprise a 37
overhang, the length of the overhangs can be the same or different for each strand. I a most
preferred embodiment, the 3" overhang 1s present on both strands of the sIRNA, and 15 2
nucleotides in fength. For example, each sirand of the siRNA can comprise 37 overhangs of

dithyadytic acid ("T'T7) or duaridylic acid (Cug™).

[0079] In order to enbance the stability of the present siRNA, the 3 overhangs can be
also stabilized against degradation. In one embodiment, the overhangs are stabilized by
mcluding purine nucleotides, such as adenosine or guanosine nucleotides. Alternatively,
substitution of pyrimidine nucleotides by modified analogues, e.g.. substitution of uridine
nucleotides in the 37 ovethangs with 2°-deoxyihvmidine, i3 tolerated and does not affect the
efficiency of RNAI degradation. In particular, the absence of g 27 hydroxyl in the 2°-
deoxvthymidine significantly enhances the nuclease resistance of the 3’overhang in tissue

cufture medium.

[0080] In certain embodiments, the sSiRNA compnses the sequence AANIOTT or
NA(N2D), where N is any nucleotide. These SIRNA comprise approximately 30-70% GC,
and preferably comprise approximately 50% G/C. The sequence of the sense siRNA strand
corresponds to (INIOTT or N21 {7.e., posttions 3 to 23), respectively. In the latter case, the 37
end of the sense siRNA is converted to TT. The rationale for this sequence conversion is o
generate a symmetric duplex with respect to the sequence composition of the sense and
antisense sirand 3’ overhangs. The antisense RNA strand is then synthesized as the

complement to posttions 1 to 21 of the sense strand.

[0081] Because position 1 of the 23-nt sense strand in these embodiments s not
recognized in a sequence~specific manner by the antisense strand, the 3'-most nucleotide
residue of the antisense swand can be chosen deliberately. However, the penuliimate
nucleotide of the antisense strand (complementary (o position 2 of the 23-nt sense strand in
either embodinent) is generally complementary to the targeted sequence.

00821 1n another embodiment, the siRNA comprises the sequence NARNITYYNN,
where R is a purine (e.g., A or G) and Y s a pyrimidine {e.g., C or U/T). The respective 21-

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

&
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purine pucleotide. Such siRNA can be expressed from pol il expression vectors without a
change in targeting stte, as expression of RNAs from pol Hi promoters is only believed to be

efficient when the first transcribed nucleotide is a purine.

[0083] In a further embodiment, the siRNA comprises a sequence having noe more
than five (5) conseculive purines of pyrimidines. In a frther embodiment, the siRNA
comprises a sequence having no more than five (3) consecutive nucleotides having the same

nucieobase (i.e., A, C, G.or U/T)

[0084] The siRNA can be targeted to any streich of approximately 19-23 contiguous
nucleotides i any of the target mRNA sequences (the “target sequence™). Techniques for
selecting target sequences for siRNA are given, for example, in Tuschl T et al, “The siRNA
User Guide.” revised Oct. 11, 2002, the enuire disclosure of which is herein incorporated by
reference. “The sIRNA User Guide™ is available on the world wide web at a website
mainianed by Dr. Thomas Tuschl, Depariment of Cellular Biochenustry, AG 103, Max-
Planck-Institute for Biophysical Chenustry, 37077 Gottingen, Germany, and can be found by
accessing the website of the Max Planck Institvte and searclung with the kevword “siRNA.”
Thus, the sense sirand of the present sSiRNA comprises a nucleotide sequence identical to any

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

[0085] In some embodiments, the siRNA 15 19 nucleotides and comprises {7
nucleotides that are identical 0 a target mRNA. In some embodiments, the SiIRNA is 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 comprises at least one dT

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

|0086] Generally, a target sequence on the target mRNA can be selected from a given
cDNA sequence corresponding to the target mRNA, preferably beginning 30 to 100 nt
downstream {(7.¢., in the 37 direction) from the start codon. The target sequence can, however,
be located in the 5 or 3’ antranslated regions, or in the region nearby the start codon (see,
e the target sequences of SEQ D NOS: 73 and 74 in Table 1 below, which are within 100
wt of the §7-end of the VEGF 1y ¢cDNAL

[0687] In a further embodiment of the present mvention, the target mRNA sequence
comprises no more than five (3) consecutive purines or pyrimidines. For example, a suitable

target sequence m the VEGF: ¢DNA sequence is:

TCATCACGAAGTGGTGAAG (SEQ ID NO:R)
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[0088] Thus, an siRNA targeting this sequence, and which has 37 uu overbangs on

each strand (overbangs shown in bold), is:

S'~gcancacgaaguggugaagnu-3’ (SEQIDNO:9)
3 -uuaguagugeuucaccacuuc-3’ (SEQ {D NO: 10}

[6089] An siRNA targeting this same sequence, but having 3° TT overhangs on each

strand (overhangs shown in bold) is:

§-ucaucacgasguggugaagTT-37 {(SEQIDNO: D
3-TTaguagugcuucaccacuuc-3’ {SEQ IDNO: 1)

{06901 Other VEGF 3, target sequences from which siIRNA can be dentved are given
i Table 1. It is understood that all VEGF», target sequences listed in Table 1 are within that
portion of the VEGFy alternative splice form which is comunon to all human VEGF
alternative splice forms.  Thus, the VEGF,z; target sequences in Table 1 can also target
VEGFes, VEGF 10 and VEGFs mRNA, Target sequences which target a specific VEGF
isoform can also be readily identified. For example, a targel sequence which targets VEGF 43
mRNA but not VEGF;; mRNA s AACGTACTTGCAGATGTGACA (SEQ ID NO: 13)
Conversely, target sequences which target pro-angiogenic VEGF mRNA isoforms such as
VEGF2, VEGFs, and VEGF, VEGFwe, VEGF;n, VEGFus and VEGFus and
combinations thereof, but does not target anti-angiogenic VEGF g, mRNA include the
sequences found in Table 2, with the proviso that the VEGF mRNA 1s not SEQ ID No. 42, In
certain embodiments, said buman VEGF mRNA 1s selected from the group consisting of SEQ
1D NO: 86; SEQ D NO: 87: SEQ D NO: 88; SEQ ID NO: 89 SEQ ID NO: 90; SEQ ID
NO: 91: SEQ ID NO: 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 ID NO: 10§, SEQ ID NO: 106,
SEQ ID NO: 107, SEQ 1D NO: 108, SEQ ID NO: 109, SEQ D NQ: 110, SEQ 1D NO: 11,
SEQ ID NO: 112, SEQ 1D NO: 113, SEQ 1D NO: 114, SEQ {D NQ: 115, SEQ ID NO: 116,
SEQ ID NO: 117, and SEQ ID NQ: 118, In certain embodiments, said man VEGF mRNA
is selected from SEQ ID NQ. 88 and SEQ ID NQ. 94,

[0091] By selectively targeting the angiogenic iseforms of VEGF, while sparing the
anti-angiogenic isoform, # is possible to enhance the anti-angiogenic effects of siRNA

weatment.  As shown in Figure 11, the region between exon 7 and 9 differ between the
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angiogenic and antangiogemc sequences.  According to the vasious embodiments, # i
possible to selectively target this region where the SIRNA is at feast partially complementary
to the angiogenic isoforms, but at least partially or fully non~complementary to the anti-
angiogenic isoform. Consequently, in certan embodiments, the SIRNA would not inhibit the
expression of the anti-anglogenic isoform, VEGF ¢, with the proviso that the VEGF mRNA
is not SEQ 1D No. 42, In certain embodiments, said human VEGF mRNA 1s selecied from
the group consisting of SEQ ID NO: 86; SEQ ID NO: 87; SEQ ID NO: 88; SEQ ID NO: 89
'SEQ 1D NO: 90: SEQ ID NO: 91: SEQ ID NO: 92; SEQ 1D NO: 93: SEQ 1D NO: 94: SEQ
1D NO: 95 SEQ 1D NO: 96; SEQ 1D NO: 97; SEQ 1D NO: 98, SEQ 1D NO 99, SEQ ID NO
100, SEQ ID NO 101, SEQ 1D NO: 102, SEQ ID NO: 103, SEQ ID NO: 104, SEQ 1D NO:
105, SEQ 1D NO: 106, SEQ ID NO: 107, SEQ ID NO: 108, SEQ ID NO: 109, SEQ ID NO:
110, SEQ 1D NQ: T, SEQ ID NO: 112, SEQ 1D NQ:; 113, SEQ ID NO: 114, SEQ 1D NO:
115, SEQ ID NQO; 116, SEQ ID NG: 117, and SEQ 1D NO: 118, In certain embodiments,
said human VEGFEF mRNA 13 selected from SEQ 1D NO. 88 and SEQ 1D NO. 94,

[0692] Exemplary target sequences for haman Fli-1 for human FIk-1/KDR are given

in PCT/US2003/0022444 filed July 18, 2003, herein incorporated by reference in #s entirety.

Table 1 - VEGF Target Sequences

SEQ SEQ
target sequence ib target sequence D

NO: NO
cognate VEGF mRNA sequence i GATAGAGCAAGATAAGAAA 26
Sphice variant VEGF 1 sequence 2 SACAAGAAAATCCCTGTGG 27
Splice variant VEGF g sequence 3 GAAAATCCCTGTGGGCCTT 28
Splice variant VEGF 3¢ sequence 4 AATCCCTGTGGGCCTTGCT 29
Sphice varant VEGF s segquence 5 TCCCTGTGGGCCTTGCTCA 30
TCATCACGAAGTGGTGAAG 8 GCATTTCTTTGTACAAGAT 31
UCHRCACLAABULBU LAY 8 GATCCGCAGACGTGTAAAT 32
BHHAZUIZULCULCATCRCUIT 10 ATGTTCCTGCAAAAACACA 33
ucancacgaagnggugaag TT 11 TGTTCCTGCAAAAACACAG 34
TTaguagugcuucaccacuuc 12 AAACACAGACTCGCOTIGC 35
AACGTACTTGCAGATGTGACA 13 AACACAGACTCGCGTTGCA 36
GTTCATGGATGTCTATCAG 14 ACACAGACTCGCGTTGCAA 37
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TCGAGACCCTGGTGOACAT [N CACAGACTCGCGTTGCAAG KN
TGACCGAGGGCCTGGAGTGY 16 GGCGAGGCAGCTTGAGTTA 39
TGACGAGGGCCTGGAGTGT 17 ACGAACCGTACTTGCAGATG 40

CATCACCATGCAGATTATG

CCAACGTACTTIGCAGATGY

ACCTCACCAAGGCCAGCAC

CGTACTTGCAGATGTGACA

GGCCAGCACATAGGAGAGA

GTGGTCCCAGGCTGCACCC

CAAATGTGAATGCAGACCA 21 GOAGGAGGGCAGAATCATC 44
ATGTGAATGCAGACCAAAG 22 GTGGTGAAGTTCATGGATG 43
TGCAGACCAAAGAAAGATA 23 AATCATCACGAAGTGGTGAAG 40

AGAAACATAGAGCAAGACA

(4
o

AAGTTCATGGATGTCTATCAG

GAAAGCATAGAGCAAGACAA

AATCGAGACCCTCGOTGGACAT

AATGACGAQGGCCTOGAGTGT

AATOTTCCTOCAAAAACACAGAC

AACATCACCATGCAGATTATG

AAAAACACAGACTCGCGTTGCAA

AAACCTCACCAAGGCCAGCAC St AAAACACAGACTCGCATTGCAAG 67
AAGGCCAGCACATAGGAGAGA 52 AAACACACGACTCGCGTTGCAAGG 68
AACAAATGTGAATGCAGACCA 53 AACACAGACTCGCGTTGCAAGGC 69

AAATGTGAATGCAGACCAAAG

AAGGCGAGGUAGCTTGAGTTAAA

AATGCAGACCAAAGAAAGATA

AAACCGAACGTACTTGCAGATGTG

AAAGAAAGATAGAGCAAGACA 36 AACGAACGTACTTGCAGATGTGA 72
AAGAAAGATAGAGCAAGACAA 37 AAGTGGTCCCAGGCTGCACCCAT 73

AAGATAGAGCAAGACAAGAAAAT

AAGGAGGAGGGCAGAATCATCAC

AAGACAAGAAAATCCCTOTGGGO 39 AAGTGGTGAAGTTICATGGATGTC 75
AACAAAATCCCTGTGOGGCCTTOC 6l AAAATCCCTGTOOGGCCTTGCTCA 76
AATCCCTGTOGGCCTTGCTCAGA 61 aceucaccaaggecageacTT 77
AAGCATITGTTTGTACAAGATCC 62 gupcuggecuapeugageuT T 7R

AACGATCCGCAGACGTGTAAATGTY

GGCTACGTCCAGCGCACC

AAATGTTCCTGCAAAAACACAGA

64

AAACCUCACCAAAGCCAGCAC

Table 2 - VEGF Target Sequences selectively excluding VEGF s,

kiRNA Name

Target sequence {5'-3)

OPK-HVB-001

IAACGTACTTGCAGATGTGA {SEQ 1D NO: 86

OPK-HVB-002

IANCGTACTTGCAGATGTGAC {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  {CTTGCAGATGTGACAAGCC (SEQ 1D NO: 91}
OPK-HVB-008  {TTGCAGATGTGACAAGCCG {SEQ ID NO: 92)
OPK-HVB-009  [TGCAGATGTGACAAGCCGA {SEQ ID NO: 93)
OPK-HVB-010  JGCAGATGTGACAAGCCGAG (SEQ ID NO: 94}
OPK-HVB-011  JCAGATGTGACAAGCCGAGG (SEQ ID NO: 95}
OPK-HVB-012  JAGATGTGACAAGCCGAGGC (SEQ D NO: 96)
OPK-HVB-013  JGATGTGACAAGCCGAGGCG {SEQ D NO: 97)
OPK-HVB-014  JATGTGACAAGCCGAGGCGG {SEQ 1D NO: 98)

OPK-HVB-004be

GTACTTGCAGATGTGACAA {SEQ 1D NO: 99)

OPK-HVB-009be

TGCAGATGTGACAAGCCGA {SEQ ID NO: 100)

OPK-HVB-010be

GCAGATGTGACAAGCCGAG (SEQ 1D NO: 101)

OPK-HVB-012be

RGATGTGACAAGCCGAGGC (SEQ 1D NO: 102)

OPK-HVB-001a

AACGTACTTGCAGATGT (SEQ ID NO: 103)

OPK-HVB-002a

IACGTACTTGCAGATGTG {SEQ.ID NO: 104)

OPK-HVB-003a

CGTACTTGCAGATGTGA (SEQ ID NO: 105)

OPK-HVB-004a

GTACTTGCAGATGTGAL {SEQ 1D NO: 106)

OPK-HVB-005a

TACTTGCAGATGTGACA {SEQ ID NO: 107)

OPK-HVB-006a

ACTTGCAGATGTGACAA (5EQ D NO: 108)

OPK-HVB-007a

CTTGCAGATGTGACAAG {SEQ 1D NC: 109}

OPK-HVB-008a

TTGCAGATGTGACAAGC {SEQ D NO: 110}

OPK-HVB-009a

TGCAGATGTGACAAGCC {SEQ 1D NO: 111)

OPK-HVB-010a

OPK-HVB-011a

GCAGATGTGACAAGCCG (SEQ 1D NO: 112)
CAGATGTGACAAGCCGA {SEQ 1D NO: 113)

OPK-HVB-012a

AGATGTGACAAGCCGAG (SEQ ID NO: 114)

OPK-HVB-013a

GATGTGACAAGCCGAGG (SEQ ID NO: 115)

OFPK-HVB-014a

IATGTGACAAGCCGAGGC {SEQ D NO: 116)

OPK-HVB-015a

TGTGACAAGCCGAGGCG (SEQ D NO: 117)

OPK-HVB-016a

GTGACAAGCCGAGGCGG {SEQ ID NO: 118)

PCT/US2009/066741

The sequences with the names “OPK-HVB-XXXbe™ refer to sequences that are 19mer
blunt end counterparts of the similar 2imers. The sequences with the names
“OPVHVB-XXXa" refer to 19 mers where there is a 17 bp nucleotide sequence with a
dTdT overhang. Other sequences not specifically exemplified herein but targeting

VEGF while sparing YEGF165b can also be made with similar properties.

[0693] The siRNA can be obtained using a namber of techuiques known to those of
skill i the art. For example, the siIRNA can be chemically synthesized or recombinantly

rodaced using methods known in the art, such as the Drosophila in visro system described in
p & R Y
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ULS. published application 20020086356 of Tuschi et al., the entire disclosure of which

herein incorporated by veference.

[0094] In certain embodiments, the siIRNA are chemically synthesized using
appropriately protected ribonucleoside phosphoranndites and a conventional DNA/RNA
synthesizer. The siRNA can be synthesized as two separate, conmplementary RNA molecules,
or as a single RNA molecule with two complementary regions.  Commercial suppliers of
synthetic RNA molecules or synthesis reagents include Proligo (Hamburg., Germany),
Dharmacon Research (Lafavette, CO, USA), Pierce Chenucal (part of Perbio Science,
Rockiord, 1., USA}, Glen Research (Sterling, VA, USA), ChemGenes {Ashiand, MA, USA)

and Cruachem (Glasgow, LK}

[0095] Alternatively, siRNA can also be expressed from recombinant circular or
fingar DNA plasmids using any suitable promoter. Suitable promoters for expressing siRNA
from a plasmid mclude, for example, the U6 or H1 RNA pol I promoter sequences and the
cytomegalovirus pronoter. Selection of other suitable promoters is within the skill in the art.
The recombinant plasmids of the invention can also conmprise inducible or regulatable
promoters for expression of the SIRNA i a particular tissue or i a particular mtraceltalar

enviromment.

[06096] The iRNA expressed from recombinant plasmids can either be solated from
cultured cell expression systems by standard techniques, or can be expressed intracellularty at
or pear the area of neovascularization i wvo. The use of recombinant plasmuds to deliver

sIRNA to cells i vive 13 discussed in more detail below.

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

TegIons.

[0098] Selection of plasmids suitable for expressing SIRNA, methods for nserting
nucleic acid sequences for expressing the siRNA into the plasmid, and methods of dehvering
the recombinant plasmid to the cells of interest are within the skill m the art.  See, for
example Taschl, T. (2002), Nai. Biotechrol, 2k 446-448; Brammelkamp TR et al. 2002),
Science 296: S50-553; Miyagishi M et al. (2002), Nat. Biotechnol 20z 497-300; Paddison PJ
et al. (2002), Genes Dev. 161 948-98%; Lee NS ef ¢l (2002), Nar. Biotechnol. 200 300-305;
and Paul CP et al. (2002), Nai. Biotechnol. 24 505-308, the entire disclosures of which are

herein incorporated by veference.
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[0099] A plasnud comprising nucleie acid sequences for expressing an SIRNA i
described in Example 7 below. That plasnud, called pAAVORNA, comprises a sense RNA
strand coding sequence in operable comnection with a polyT termination sequence under the
controf of a human U6 RNA promoter, and an antisense RNA sirand codmng sequence i
operable connection with a polyT terpunation sequence uvnder the control of a human U6
RNA promoter. The plasimid pAAVSIRNA is ulimately mntended for use in producing an
recombinant adeno-associated viral vector comprising the same nucleic acid sequences for

expressing an siRNA.

{00100} As used herein, “in operable connection with a polyT termination sequence”
means that the nucleic acid sequences encoding the sense or antisense strands are
immediately adjacent to the poly'T termination signal in the §7 direction. During transcription
of the sense or antisense sequences {rom the plasmid, the polvT termination signals act

terminate transcription,

00101} As used berein, “under the control™ of a promoter means that the nucleic acid
sequences encoding the sense or antisense sirands are located 37 of the promoter, so that the

promoter can initiate transcription of the sense or antisense codng sequences.

{00102} The siIRNA can also be expressed from recombinant wviral vectors
intraceflularly at or near the area of neovasculanization i vivo, The recombinant viral vectors
of the invention comprise sequences encoding the siRNA and any suitable promoter for
expressing the siRNA sequences. Suttable promoters include, for example, the U6 or Hi
RNA pol {Hf promoter sequences and the cytomegalovines promoter.  Selection of other
suitable promoters is within the skill i the art.  The recombinant viral vectors of the
mvention can also comprise inducible or regulatable promoters for expression of the sSiRNA
in a particular tissue or 1 a particular ntracethudar environment.  The use of recombinant

viral vectors to debiver sSIRNA (o cells in yvivo s discussed in more detail below.

{00103} siRNA can be expressed from a recombinant viral vector either 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) to be expressed can be used, lor example vectors derived from adenovirus (AVY);
adeno-associated virus {(AAV); retroviruses (e.g, lentiviruses (LV}), Rhabdoviruses, murine

leakemia vivus); herpes virus, and the ke, 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 from
other viruses. For example, an AAV vector of the invention can be pseudotyped with swrface

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

[00105} Selection of recombinant viral vectors suitable for use m the invention,
wethods for mserting nucleic acid sequences for expressing the SIRNA nto the veclor, and
methods of delivering the viral vector to the cells of interest are within the skill in the art.
See, for example, Domburg R (1993), Gene Therap. 2. 301-310; Eglitis MA (1988),
Biotechrniques 6: 608-614; Miller AD (1990), Hum Gene Therap. 1 5-14; and Anderson WF

(1998), Namwee 392 25230, the entive disclosures of which are hesein incorporated by

reference.

[00106] Preferred viral vectors are those derived from AV and AAV. In a
particulatly preferred embodiment, the siRNA is expressed as two separate, complementary
single-stranded RNA molecules from a recombinant AAV vector comprising, for example,

either the U6 or Hi RNA promaoters, or the cytomegaloviras {CMV) promoter,

[06107] A suitable AV vector for expressing the SIRNA, g method for constructing
the recombinant AV vector, and a method for delivering the vegior nto target cells, are

described in Xig H et al. (2002), Nat. Biotech. 200 1006~1010.

(00108} Suitable AAV vectors for expressing the siRNA, methods for constriscting
the recombinant AAV vector, and methods for delivering the vectors into target cells are
described m Samulskr R et al. (1987), .1 Firol. 61: 3096-3101; Fisher KJ et al. {1906), J.
Firod., 70k 520-332; Samulski R et al. {1989}, /. Firel 63: 3822-3826; UL.S. Pai. No.
§.252.479; LiS, 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 recombinant AAY vector

of the invention 1s described in Example 7 below:,

[00109] The abihity of an siRNA containing a given target sequence to cause RNA-
mediated degradation of the target mRNA can be evaluated using standard techniques for
measuring the levels of RNA or protein in cells. For example, sIRNA can be delivered (o
caltured cells, and the levels of target mRNA can be measured by Northern blot or dot
blotting technigues, or by quantitative RT-PCR., Alternatively, the levels of VEGF and its

isoforms as well as Fli-1 or FIk-1/KDR receptor protein in the cultured cells can be measured
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by ELISA or Western blot. A suitable cell culwe system for measaring the effect of the

present IRNA on target mRNA or protein fevels s described in Example 1 below.

(00110} RNALmediated degradation of target mRNA by an siRNA containing a
given target sequence can also be evaluated with animal models of neovascularization, such
as the ROP or CNV mouse models. For example, areas of neovascularization i an ROP or
CNV mouse can be measured before and afler admimstration of an siRNA and, in some
embodimetns, compared to an untreated animal A reduction in the areas of
neovascularization in these models upon administration of the siRNA indicates, in some

emboduments, the down-regulation of the target mRNA {see Example ¢ below).

(00111} As discussed above, the sIRNA is capable of targeting and causing the
RNAmediated degradation of VEGF and its 1soforms as well as Fli-1 or Flk~-1/KDR mRNA|
or alternative sphice forms, mutanis or cogoates thereof, preferably VEGE, and more
preferably baman VEGF. Degradation of the {arget mRNA by the present iRNA reduces the
production of a functional gene product from the VEGF and its isoforms as well ag Fl-1 or
Flk-1/'KDR genes. Thus, another embodiment of the present invention provides a method of
idubiting expression of VEGF and s isoforms, such as VEGF 1 {SEQ 1B NO: 23, VEGF (g5
{(SEQ ID NO: 3), and VEGF;»(SEQ ID NO: 4), VEGFm(SEQ ID NO: 5; GenBank
Accession No. CS2435379),  VEGF;n (GenBank Accession No. AJO10438), VEGE
(GenBank Accession No. AF091352), and/or VEGE s (GenBank Accession No. C85245578),
as well as Flt-1 or FIk-1/KDR in a subject, comprising administering an effective amount of
an SIRNA 1o the subject, such that the target mRNA 1s degraded. As the products of the
VEGF and its isoforms as well as Flt-1 and Fik-1/KDR genes are requirad for imiiating and
maintaiung anglogenests, another embodiment of the present invention provides a method of
mlubiting angiogenesis in a subject by the RNAj-mediated degradation of the target mRNA

by the present SiIRNA.

[66112] RNAi-mediated degradation of the target mRNA can be detected by
measuring levels of the target 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 in a subject; for example, by observing
the size of a neovascelarized area before and afler treatment with the siRNA.  An miubition

of anglogenesis 1s indicated 1f the size of the neovascularized area stays the same or i3
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reduced. Techniques for observing and measuring the size of neovascularized aveas in a
sabject are within the skill in the ant; for example, areas of choroid neovaseularization can be

observed, for example, by fluorescein angiography.

(00114} Inhibition of angiogenesis can also be inferred through observing a change or
reversal in a pathogemc condition assoctated with the angiogenesis. For example, in ARMD,
a slowing, halung or reversal of vision loss indicates an minbition of angiogenesis n the
choroid. For tumors, a slowing, halting or reversal of tumor growth, or a slowing or halting
of tumor metastasis, indicates an inhibition of angiogenesis at or near the tamor site.
Inhibition of non-pathogenic anglogenesis can also be nferred from, for example, fat loss or

a reduction 1 cholesterol levels upon adnunistration of the siRNA.

[00115] 1t is understood that the siRNA can degrade the target mRNA (and thus
inhibit angiogenesis) in substoichiometric amounts. Without wishing io be bound by any
theory, 11 1s bebieved that the SiIRNA causes degradation of the target mRNA m a catalytic
manuer,  Thus, compared to standard anti-angiogenic therapies, significantly fess siRNA

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

[00116] One skilled in the art can readily deternune an effective amount of the SiRNA
to be administered 1 a given subject, by aking into 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 subject; the route of administration; and whether the admumnistration s regional or
systenuc. Generally, an effective amount of the sSIRNA comprises an intercellular concentration
at or near the neovascudarization site of from about 1 nanomolar {nM) to about 100 nM, prefera-
bly from gbout 2 nM to about 50 nM, more preferably from about 2.5 nM to about 10 aM, It is

contemplated that greater or lesser amounts of SIRNA can be administered.

[00117] The present methods can be used to whibil angiogenests which is non-
pathogeme; f.e., angiogenesis which results from norntal processes i the subject.  Examples
of non-pathogenic angiogenesis include endometrial neovascularization, and processes
mvolved i the production of fatty tissues or cholesterol. Thas, the invention provides a
method for inhibiting non-pathogenic angiogenesis, e.g., for controlling weight or promoting

fat loss, Tor reducing cholestero! levels, or as an abortifacient.

[00118] The present methods can also inhibit angiogenesis which is associated with
an angilogenic disease; /.e., a disease in which pathogenicity is assoctated with mappropriate
or ancoutrolled angiogenesis.  For example, most canceroas solid tumors generate an

o
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adeqaate blood supply for themselves by inducing angiogenesis i and around the tumor site.
This nupor-induced angiogenesis 18 often required for tumor prowth, and also allows

metastatic cells to enter the bloodstream.

[00119] Other angiogenic diseases mclude diabetic retmopathy, age-related macular
degeneration {ARMD), psoriasis, rheumatoid arthnitis and other inflammatory  diseases.
These diseases are characterized by the destruction of normal tissue by newly formed blood
vessels in the area of neovascularization. For example, in ARMD, the choroid s avaded and
destroyed by capillaries. The angiogenesis-driven destruction of the choroid in ARMD

eventually leads to partial or full blindaess.

(00120} Preferably, an sIRNA is used to inhibit the growth or metastasis of sohd
nomors associated with cancers; for example breast cancer, hing cancer, head and neck
cancer, brain cancer, abdominal cancer, colon cancer, colorectal cancer, esophagus cancer,
gastrointestinal cancer, glioma, hiver cancer, tongre cancer, neuroblastoma, ostessarcoma,
ovaTian Cancer, pancreatic cuucer, prostaie cancer, retinoblastoma, Wibkn's tumor, multiple

myeloma; skin cancer (e.g., melanoma), lvimphomas and blood cancer.

[00121] More preferably, an siRNA is used to inhibit choroidal neovascularization in

age-related macular degeneration.

[00122] For treating angiogenic diseases, the siRNA can admunistered to a subjectn
combination with a pharmaceutical agent which is diffevent from the present siRNA.
Altematively, the sIRNA can be administered to a subject in combination with another
therapeutic method designed to treat the apgiogenic disease. For example, the siRNA can be
administered in combination with therapeutic methods currently employed for treating cancer
or preventing tumor metastasis (e.g., radiation therapy, chemotherapy, and surgery). For
weating tumors, the siRNA s preferably admimstered (o a subject in combination with
radiation therapy. or in combination with chemotherapeutic agents such as cisplatin,
carboplatin, cyclophosphamide, S-fluorouracil, adrismycin, dawmorubicin or tamoxifen.

[60123} In the present methods, the present siRNA can be adnunistered (o the subject

either as naked SIRNA, in conjunction with a delivery reagent, or as a recombinant plasmud or

viral vector which expresses the siRNA.

[00124] Suitable delivery reagents for adninistration in conjunction with the present
SiRNA include, but not limited to, the Mirus Transit TKO hpophilic reagent; lipofectin;

lipofectaming; cellfectin; or polycations {(eg.. polylysine), or lposomes. In some
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embodiuments the delivery reagent is Ribojuice (Novagen), a siRNA transfection reagend,

which comprises annne and lipid based reagents. A preferved debivery reagent 1s a liposome.

In some embodiments, the SIRNA is delivered ivee of a liposomat delivery agent.

[06125] Liposomes can aid i the delivery of the SiRNA 1o a particular tssue, such as
retinal or tumor tissue, and can also increase the blood half-life of the sSiRNA. Liposomes
suitable for use wn the invention are formed from standard vesicle-forming hpids, whach
generally include neutral or negatively charged phospholipids and a sterol, such as
cholesterol. The selection of lipids is generally guided by consideration of factors such as the
desired hposome size and half-life of the hiposomes in the blood stream. A vanety of
methods are known for preparing hposomes, for example as deseribed in Szoka et al. (1980),
Ann. Rev. Biophys. Bioeng. 9: 467; and U.S. Pat. Nos. 4,233 &71, 4,501,728, 4,837,028, and

5.019.369, the entire disclosures of which are herein mncorporated by reference.

[08126] Preferably, the liposomes encapsulaiing the present siRNA comprises a
ligand molecule that can target the liposome to a particular cell or tissue at or near the site of
angiogenesis. Lipands which bind to receptors prevalent in tumor or vascular endothelial
cells, such as monoclonal antibodies that bind to tumor antigens or endothelal cell swiace

antigens, are preferred.

[00127} Particularly preferably, the hposomes encapsulating the present SIRNA are
modified so as to avoud clearance by the mononuclear macrophage and reticuloendothetial
systems, for example by having opsomzation-mhibition moieties bound to the surface of the
structure.  In one embodiment, a liposome of the invention can comprise both opsomzation-

inhibition moieties and a ligand.

00128} Opsonization-inhibiting moieties for use in preparing the liposomes of the
fiuvention are typically large hydrophilic polymers that are bound to the Liposome membrane.
As ased herein, an opsonization inhibiting motety is “bound” to a liposome membrane when
it is chenucally or physically attached to the membrane, e.g., by the intercalation of a lipd-
soluble anchor into the membrane itself, or by binding directly to active groups of membrane
fipids. These opsonization-inhibiting hydrophihic pelymers form a protective sarface layer
which significantly decreases the uptake of the hposomes by the macrophage-monocyte
system (“MMS™) and reticuloendothelial system (“RES™); ¢.g.. as described in U.S. Pat. No.
4920016, the entire disclosare of which is herewn wcorporatied by reference.  Liposomes

modified with opsomzation-inhibition moieties thus remain in the cireulation much longer
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thap enmodilted liposomes, For this season, sach liposonies are sometimes called “stealth”

hposomes.

[00129] Stealth liposomes ave known o accumulate in tissues fed by porous or
“leaky”™ microvasculature. Thus, target tssue characterized by such microvasculature
defects, for example solid twmors, will efficiently accumalate these liposomes; see Gabizon,
et al. (198R), PANAS, L5354, 18 6949-53. In addition, the reduced uptake by the RES lowers
the toxicity of stealth hposomes by preventing significant accumulation in the hiver and
spleen. Thus, liposomes of the invention that are modified with opsonizaiion-inhibition

moteties can deliver the present siRNA to tumor cells,

{00130} Opsonization inhubiting moteties suitable for modifving liposomes are
preferably water~soluble polymers with a number-average molecular weight from about 500
to about 40,000 daltons, and more preferably from about 2,004 to about 20,000 daltons. Such
polymers include polvethylene glycol (PEG) or polypropylene glveol (PPG) derivatives; e.g..
methoxy PEG or PPG, und PEG or PPG stearate; synthetic polvmers such as polyacryiannde
or poly N-vinyl pvrrolidone; finear, branched, or dendiimeric polyamidoamines; polvaciviic
acids; polvalcohols, e.g., polyvinylalcohol and polyxylitol to which carboxyhic or amino
groups are chemically linked, as well as gangliosides, such as ganglioside GM,. Copolymers
of PEG, methoxy PEG. or methoxy PPG, or derivatives thereof, are also suiable. In
addition, the opsonization mnhibiting polymer can be a block copolymer of PEG and either a
polyamine acid, polysaccharide, polyamidoamine, polyethyleneamine, or polynucleotide. The
opsonization inhibiting polyimers can also be nataral polysaccharides containing aminoe acids
or carboxvlic acids, e.g.. galacturonic acid, glucwronic acid, mannuronic acid, hyaluronic
acid, pectic acid, newrammme acid, alpmic acid, carrageenan; aminated polysaccharides or
oligosacchanides (linear or branched); ov carboxylated polysaccharides or oligosaccharides,

e.g., reacted with derivatives of carbonic acids with resultant linking of carboxylic groups.

[06131} Preferably, the opsonization-inhibiting mowety is a PEG, PPG, or derivatives
thereof. Liposomes modified with PEG or PEG-derivatives are sometimes called “PEGylated
tiposomes.”

{06132} The opsonization inhibiting moiety can be bound 1o the liposome membrane
by any one of numerous well-known techniques. For example, an N-hydroxysuccinimide
ester of PEG can be bound to a phosphatidyl-ethanolanine lipid-soluble anchor, and then

bound to & membrane. Sinutarly, a dextran polymer can be derivatized with a stearylamine
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hipid-sohubie anchor via redactive amination using Na(CN)BH; and a solvent nuxture sach as

tetrabydrofaran and water in a 30012 ratio at 60 °C.

[00133} Recombinant plasmids which express siRNA gre discussed above.  Such
recommbinant plasmids can also be administered directly or i conpunction with a suitable
debivery reagent, inchuding the Mimus Transit LT1 lipophilic reagent; lipofectin;
lipofectannne; cellfecting polycations {(e.g., polylysine) or liposomes. Recombinant viral
vectors which express sSIRNA are also discussed gbove, and methods for delivering such

vectors 1o an area of neovascularization in a patient are within the skill in the art.

[00134] The siIRNA can be administered to the subject by anv means suitable for
delivering the siRNA to the cells of the tissue at or pear the area of neovascularization. For
example, the siRNA can be admimstered by gene gun, electroporation, or by other suitable

parenteral or enteral administration routes.

[00135] Swtable enteral administration routes inclade oral, rectal, or intranasal

dehivery.

[06136] Suitable paventeral administration routes include intravascular administration
(e.g. ntravenous bolus injection, intravencus infusion, intra-arterial bolus jection, ntra-
arterial  imfusion and catheter instiflation o the vasculature); peri- and intra-tissug
administration (2.2, peri-tumoral and ntra~twmoral  injection, mtra-retinal injection or
subretinal injection}; subcutaneous injection or deposition including subcutaneous infusion
(such as by osmotic puraps); 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 pellet
or a suppository, eye-dropper, or an implant comprising a porous, non-porous, or gelatinons
matenal); and inhalation. Suitable placement devices include the ocular implants described
i U.S. Pat. Nos. 5,902 598 and 6,375,972, and the biodegradable ocular implants dascribed
i U.S. Pat. No 6,331,313, the entire disclosures of which are herein incorporated by
reference.  Such ocular implants are available from Control Delivery Systems, Inc.

(Watentown, MA) and Oculex Pharmaceuticals, Inc. (Sunnyvale, CA).

[08137} In a preferred embodiment, fnjections or infusions of the siRNA ave given al
or near the site of neovascularization. More preferably, the siRNA is admimstered topically
to the eye, ¢.g n ligud or gel form to the lower eve lid or comjunctival cul-de-sac, as 1s
within the skill in the art (see, eg.. Acheampong AA et al, 2002, Drug Metabol. and

Disposition 30, 421429 the entive disclosure of which is herein incorporated by reference).
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{00138} Typically, the sRNA 15 admimsiered topically to the eve in amounts of from
about § microliters to about 75 microliters, for example from about 7 nucroliters to about 50
microliters, preferably from sbout 10 nucrohiters to about 30 nuicrohters. It is understood that
topical instilfation in the eye of SIRNA n volumes greater than 75 microliters can result in
foss of sIRNA from the eve through spillage and dramnage. Thas, # is preferable to administer

a high concentration of SIRNA (2.g., 100-1000 nM) i as small a volume as possible.

[00139] A particularly preferred parenteral administration route is  intraocular
administration, It is understood that intraocular admimsiration of the present siRNA can be
accomplished by injection or direct {e.g., topical) adommistration to the eye, as long as the
administration route allows the siRNA to enter the eye. In addition to the topical routes of
admintsiration to the eve described above, suitable intraocular routes of administration
wclude ntravitreal, mtraretinal, subsetinal, subtenon, peri~ and retro-orbital, trans-corneal and
trans-scleral admimstration. Such intraocular administration routes are within the skill in the
art; see, eg. and Acheampong AA et al, 2002, supra; and Bennett et al. (1996), Hum. Gene
Ther. 70 1763-1709 and Ambati J et al., 2002, Frogresy in Retinal and Eye Res. 21: 145-151,
the entire disclosures of which are heremn incorporated by reference. In another preferred

embodiment, the siRNA is administered by wtravitreal injection.

[00140} The siRNA can he administered in @ single dose or in multiple doses. Where
the admunistration of the siRNA is by wfusion, the infusion can be a single sustained dose or
can be delivered by multiple infesions. Injection of the agent divectly tuto the tissue s at or
vear the site of neovascularizaton preferred. Multiple tyections of the agent into the tissue

at or near the site of neovascularization are particularly preferred.

00141} One skilled in the art can also readily determine an appropriate dosage regimen
for admimstering the SIRNA to a grven subject. For example, the siRNA can be admunistered to
the subject once, such as by a single injection or deposition at or near the neovascalarization site.
Alternatively, the siRNA can be adnunistered 1o a subject multiple times daily or weekly. For
example, the siIRNA can be adnunistered {0 a subject once weekly for a period of from about
three o about twenty-eight weeks, and aliernatively from about seven to about ten weeks. Tna
certain dosage regimen, the SiRNA s injected at or near the site of neovascularization (2.8,
mtravitreally) once a week for seven weeks. 1t is understood that periodic adnunistrations of the
siRNA for an indefinite length of tme may be necessary for subjects suffering from a chvonic

neovascularization disease, such as wet ARMD or diabetic retinopathy.
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{00142} Where a dosage regimen comprises muitiple admimisirations, it is undessiood
that the effective amount of SIRNA administered to the sabject can comprise the total amownt of

siRNA admimistered over the entive dosage regiimen,

[06143] The siRNA are preferably formulated as pharmaceutical compositions prior
to admuinistening to a subject, according to techniques known i the art.  Pharmaceutical
compositions of the present mvention ave characterized as being at feast stenile and pyrogen-
free.  As used herein, “pharmaceuntical formulations”™ mclude formulations for human and
veterinary use. Methods for preparing pharmaceutical compositions of the inveniion are
within the skill i the art, for example as deseribed in Remingron's Pharmaceutical Science,
17th ed., Mack Publishing Company, Easton, Pa. (1985), the entire disclosure of which is

herein incorporated by reference.

(06144} In one embodiment, the pharmaceutical formulations comprise an siRNA
{eg., 0.1 o 908 by weight}, or a physiologically acceptable sall thereof, mixed with a
physiologically acceptable carrier medium.  Preferred physiologically acceptable carrier
media are water, buflfered water, saline solutions {e.g.. nommal saline or balanced saline
sohuations such as Hank's or Earle's balanced salt sohutions), 0.4% saline, 0.3% glyvcine,

hyataronic acid and the like.

[00145] Phanmaceutical compositions can also comprise conventional pharmaceutical
excipiemts and‘or additives.  Surtable pharmaceutical excipients include stabilizers,
antioxidants, osmolality adjosting agents, buffers, and pH adjusting agents.  Switable
additives mclude physiologically biocompatible buffers (e.g., tromethanune hydrochloride),
additions of chelants {(such as, for example, DTPA or DTPA-bisamude) or calcium chelate
complexes {as for example calcium DTPA, CaNaDTPA-bisamide), or, optionally, additions
of calciam or sodiwm salts (for example, calenam chioride, calciam ascorbate, calcium
gluconate or calciant lactate). Pharmacentical compositions of the invention can be packaged

for use in liquid form, or can be lvophilized.

{06146} For topical administration to the eye, conventional intraocular delivery
reagents can be used. For example, pharmaceutical compositions of the invention for topical
mtraocular dehivery can comprise saline solautions as described above, comeal penetration
enhancers, msoluble particles, petrolatum or other gel-based omiments, polvmers which
undergo a viscosily ncrease upon nstillation m the eve, or mucoadhesive polvmers.

Preferably, the intraccular delivery reagent increases comeal penetration, or prolongs
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preccolar retention of the sSiIRNA through viscosity effects or by establishing physicochemical

fteractions with the mucin laver covering the comeal epithelinm.

{00147} Suitable insoluble particles for topical intraocelar delivery include the
calein phosphate particles described i U.S. Pat. No. 6,35527% of Bell et al.. the entire
disclosure of which is herein incorporated by reference. Suitable polymers which andergo a
viscosity increase upon instiffation i the eve inclode polyethvienepolyoxypropylene block
copolymers such as poloxamer 407 (e.¢., at a concentration of 28%), cellulose acetophthalate
{e.g., at a concentration of 30%), or a low-acetyl gellan gum such as Gelrite®: (avadable from
CP Keleo, Wilnungton, DE).  Suitable mucoadhesive polymers include hydrocolloids with
muitiple bydrophilic functional groups such as carboxyl bydroxyl, amide andior sulfate
groups: for example, hvdroxypropyleellulose, polyacrvlic acid, high-molecular weight
polyethylene glycols (e.g., >206,000 number average molecalar weight), dextrans, hvalwonic
acid, polygalacturonie acid, and xvlocan.  Suitable corveal penetration enhancers inclade
cyclodextrins, benzalkonium chioride, polvoxyethviene glycol Tauryt ether (e.g., BrijR 35),
polvoxvethviene glveol stearvl ether (e.g., Brif 7&), polyoxyethylene glveol oleyl ether
(e.g., Brij®k: 98), ethviene chamine tetraacetic acid (EDTA), digionin, sodium tavrocholate,

sapomins aud polyoxyethylated castor oil such as Cremaphor EL.

[00148] For sohid compositions, conventional nontoxic sohid carriers can be used; for
example, pharmaceutical grades of mannitol, lactose, starch, magnesium stearatg, sodium

saccharin, talcam, celtalose, ghucose, sucrose, magnesiinm carbonate, and the hike.

{06149} For example, a sohd pharmaceutical composition for oral admimstration can
comprise any of the carriers and excipients listed above and 10-95%, preferably 25%-75%, of
one or more siRNA. A pharmaceutical composition for agrosol (inhalational) adnunistration
can comprise (L.O1-20% by weight, preferably 1%-10% by weight, of one or more $iRNA
encapsulated in a hposome as described above, and propellant. A carner can also be mclhuded

as desired; ¢.¢., lecithin for intranasal delivery.

{06150} The invention will now be illustrated with the following non-limiting

examples.

[06151} Example 1 ~ siRNA Transfection and Hypoxia Induction In Virre

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

ID NO: 81} To enswre that it was not contained in the mRNA from any other geaoes, this
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target sequence was entered into the BLAST search engine provided by NCBIL. The use of
the BLAST algonthm is described in Altschal et al. (19903, J Mol Biol 215 403-410 and
Altschul et al. (1997), Nucleic Acids Res. 23: 3389-3402 the disclosures of which are herein
ncorporated by reference in their entirety. As no other mRNA was found which contained
the target sequence, an $IRNA duplex was svithesized to target this sequence (Dharmacon

Research, Inc., Lafavete, CO).
{00153 The siRNA duplex had the following sense and antisense strands.
sense:
5" -acencaccaaggecageacTT-37 (SEQ ID NO: 77).
antisense:
F-gugcuggecuuggugageuTT-37 (SEQ IDNO: 78).

[00154] Together, the siRNA sense and antisense strands formed & 19 nt double-
stranded sIRNA with TT 37 overhangs (shown i bold) on each strand. This SIRNA was
termed “Candidate 37 or “Cand5.” Other siRNA which target human VEGF mRNA were

designed and tested as described for Cand3 (bevasivanib).

[06155} An sIRNA targeting the following sequence i green fluorescent protein
(GFP) mRNA was used as a nonspecific control: GGCTACGTCCAGCGCACC (SEQ 1D
NO: 79). The siRNA was purchased {rom Pharmacon (Lafavette, CO).

{00136} SIRNA Transfection and Hypoxia Induction In Viiro - Haman call lines (293,
Hela and ARPE19) were separately seeded into 24-well plates in 250 mucroliters of complete
DMEM medium one day prior to transfection, so that the cells were ~30% contluent at the
time of wansfection. Cells were transfecied with 2.3 aM Cands siRNA, and with either no
SIRNA or 2.5 nM non-specific siIRNA (largeting GFP) as controls.  Transfections were
performed in all cell lines with the “Transit TKO Transfection™ reagent, as vecommended by

the manufacturer (Mirus).

[00157] Twenty four hows after trapsfection, hypoxia was induced in the cells by the
addition of deferoxamine mesylate to a final concentration of 130 micromolar in each well.
Twenty four hours post-transfection, the cell culture wmedium was removed from all wells,
and a human VEGF ELISA (R&D sysiems, Minneapolis, MN) was performed on the culture
medium as described i the Quantikine huunan VEGE ELISA protocol available from the

manufacturer, the entire disclosure of which is herein incorporated by reference.
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[00158] As can be seen in Fig. 1, RNA1 degradation induced by Cand3 siRNA
sigrificantly 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 SIRNA control.  Sinular results were also
seen with haman ARPEIO cells treated under the same conditions. Thus, RNA interference
with VEGF-targeted siRNA distupts the pathogenic up-regulation of VEGF 1 human

cultured cells in vitro.

[001591 The experiment outlined above was repeated on mouse NIH 37T3 cells using
a mouse-specific VEGF siRNA (see Example 6 below), and VEGF production was quantified
with a mouse VEGF ELISA (R&D svstems, Minneapohs, MN) as described m the
Quantikine mouse VEGF ELISA protocol available from the mamufacturer, the entire
disclosure of which is herein incorporated by reference. Results similar to those reported in

Fig. 1 for the laoman cel] lines were obtained.

Example 2 - Effect of Increasing siRNA Concentration_on VEGF

[00160]

Production in Human Cultured Cells

[090161] The experiment outlined in Example | was repeated with human 203, Hela
and ARPE19 cells using & vange of siRNA concentrations from 10 nM to 50 aM. The ability
of the Cand5 siRNA to down-regulate VEGF production increased moderately up to
approximately 13 nM siRNA, but a plateau effect was seen above this conceniraton. These
results highlight the catalytic nature of siRNA-mediated RNA1 degradation of mRNA, as the
plateau effect appears to reflect VEGF production from the few cells not transfected with the
sIRNA. For the najority of cells which had been transfected with the siRNA| the increased
VEGF mRNA production induced by the hypoxia is outstripped by the siRNA-induced

degradation of the target mRNA al SiIRNA concentrations greater than about 13 nM.

[60162} Example 3 - Specificity of siRNA Targeting

[00163] NIH 373 mouse fibroblasts were grown in 24-well plates under standard
conditions, so that the cells were ~30% confluent one day prior o wansfection. The human
VEGF siRNA Candd was transfected into a NIH 3T3 mouse fibroblasts as in Example 1.
Hypoxia was then imduced in the transfected cells, and nrine VEGEF concentrations were

measured by ELISA as in Example 1.

00164} The sequence targeted by the human VEGF siRNA Cand$ differs from the

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

one mucleotide resolution.

[08165] Example 4 - In ¥Five deliverv of siRNA to Murine Retinal Picment

Epithelial Cells

{06166} VEGF s upregulated i the vetinal pigment epithelial (RPE) cells of unan
patients with age~related macular degeneration (ARMD). To show that functional sIRNA can
be delivered to RPE cells in vivo, GFP was expressed in mouse retinas with a recombinant
adenovirus, and GFP expression was silenced with iRNA. The experiment was conducted

as follows.

[00167} One eye from each of five adult C57/Blacké mice (Jackson Labs, Bar
Harbor, ME} was injected subretinally as described in Bennett et al. (1996), supra., with a
mixtare containing ~Ix10° particles of adenovirus containing eGFP driven by the CMV
promoter and 20 picomoles of siRNA targeting eGFP conjugated with transit TKO reagent

{(Mirag).

[00168] As positive control, the contralateral eves were injected with a mixturg
containing ~1x10" particles of adenovirus containing eGFP driven by the CMV promoter and
20 picomoles of sIRNA argeting lnmman VEGFE conjugated with transit TKO reagent {(Mirus).
Expression of GFP was detected by fundus ophthalmoscopy 48 hours and 60 hours alier
injection. Animals were sacrificed at either 48 hours or 60 hours posi-injection. The eyes
were enucleated and fixed in 4% paraformaldehyde, and were preparved either as flat mounts

or were processed into 10 micron cryosections for fluorescent microscopy.

{06169} No GFP fluorescence was detectable by ophthabmoscopy in the eyes which
received the siIRNA targeted to GFP mRNA in 4 out of 5 mice, whereas GFP fluorescence
was detectable in the conualateral eye which received the non-specific control siIRNA. A
representative flat mount analyzed by fluorescence microscopy showed a lack of GFP
{fluorescence in the eye which received GFP siRNA, as compared to an eye that received the
non-spectiic control SiIRNA.  Cryosections of another retina showed ihat the recombinant
adenovirus efficiently targets the RPE cells, and when the adenovirus is accompanied by

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

[00170] While there is some GFP f(luorescence detectable by fluorescence

mucroscopy i eves that received sIRNA targeted 1o GFP mRNA, the fluosescence is greatly

t
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suppressed as compared {0 confrols that received non-specific siRNA.  These data

demonstrate that functional siRNA can be delivered in vivo to RPE cells.

[00171] Example 5 - In Vive Expression and siRNA-Induced RNAI Degradation

of Human VEGF in Murine Retinas

(08172} In order {o demonstrate that siIRNA targeted 1o VEGF fimctioned in vao, an
exogenous human VEGF expression cassette was delivered to mouse RPE cells via an
adenovirus by subretinal injection, as in Example 4. One eve received CandS SiRNA, and the
contralateral eye received siRNA tarpeted to GFP mRNA.  The animals were sacrificed 60
hours post-injection, and the injectad eyes were removed and snap frozen m liguid N
following enucleation.  The eves were then homogemized in lysis baffer, and total protein
was measured using a standard Bradford protein assay (Roche, Germany). The samples were
normalized for total protewn prior to assaving for human VEGF by ELISA as described m

Example {.

{08173} The expression of VEGF was somewhat variable from gnimal to animal.
The variability of VEGF levels comrelated well to those observed in the GFP experiments of
Example 4, and can be attributed (o some error {rom tyection to injection, and the differential
ability of adenovirus 1o delivery the target gene m each animal. However, there was a
significant attenuation of VEGF expression in each eve that received VEGF siRNA| as
compared to the eves recewing the non-specific conirol siRNA (Figwre 4). These data
indicate that the Cand3 siRNA was potent and effective in silencing haman VEGF axpression

i murine RPE cells in vivo.

[00174] Ex
CNY Model

ample 6 - Inhibition of Cheroidal Neovascularization in the Mouse

There is evidence that choroidal neovascularization in ARMD s due to the
upregulation of VEGF in the RPE cells. This human pathologic condition can be modeled in
the mouse by using a laser to burn a spot on the reting (“laser photo-cosgulation”™ or “laser
induction™). During the healing process, VEGF is believed to be up-regulaied in the RPE
cells of the burned region, feading (o re-vascularization of the choroid. This model is called
the mouse choroidal neovascutanization (“CNV™) model.

[001751 For rescue of the mouse CNV model, a mouse siRNA was designed that

mcorporated a one mucleotide change {rom the human “CandS™ siRNA from Example 1. The

mouse  SIRNA  specifically  targeted  mouse VEGF mRNA  at  the sequence
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AAACCUCACCAAAGCCAGCAC (SEQ ID NO: 80). Other siRNA that target mouse
VEGF were also designed and tested. The GFP siRNA ased as a nonspecitic control in

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

[08176] Twenty four bours afler laser mduction, one eve from gach of eleven adult
C537/Blacks mice (Jackson Labs, Bar Harbor, ME} was injected subretinally with a mixture
containing ~1x10% particles of adenovirus containing LacZ driven by the CMV promoter and

as in Example 4. As a control, contralateral eyes received a mixture containing ~1x10°

particles of adenovivus containing LacZ driven by the CMYV promoter and 20 picomoles of

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

[00177} Fourteen days after the laser weatment, the mice were perfused with
fluorescein and the area of neovascularization was measured around the bum spots. Areas of
the bugrn spots in the conwra-lateral eye were used as a control. The site of neovascudarization
around the burn spots in animgls that received sIRNA targeting mouse VEGF was, on
average, 1/4 the area of the control areas. These data support the use of VEGF-directed
SIRNA (also called “anti-VEGFE siRNA™) for therapy of ARMD.

[60178} Example 7 - Generation of aun Adeno-Associated Viral Vector for

fxpression of sSiRNA

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

(1987), supra. The cis~-acting plasmid was called "pAAVSIRNA

[06179] The rep and cap genes of psub20! were replaced with the following
sequences in this order: a 19 ut sense RNA strand coding sequence in operable connection
with a polyT termination sequence under the control of a human U6 RNA promoter, and a 19
nt antisense RNA strand coding sequence in operable connection with a poly'T’ termination
sequence under the control of a human U6 RNA promoter. A schematic representation of

PAAVSIRNA is given if Fig. 3.

[00180] A recombinant AAV sIRNA  vector was oblamed by transfecting
pAAVSIRNA into human 293 cells previously infected with El-deleted adenovinus, as
described in Fisher KJ et al. (1996), supra. The AAV rep and cap functions were provided

by a trans-acting plasmid pAAV/Ad as described in Samudski R et al. (1989), supra.

T
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Production fots of the recombinant AAV siRNA vector were titered according (o the number

of genome copies/ml, as deseribed in Fisher KT et al. (1996), supra.

[p0181] Example 8 ~ VEGE-Directed siRNA Inhibits Experimental Choroidal

Neovascularization

The ability of murine VEGFE-directed sIRNA {o mhibit experimental laser-induced

choroidal neovascolarization {CNV) m mice was tested as follows.

[06182] The retinas of adult female CS7BLS6 mice were laser photocoagulated using
an R10 nm diode laser (75 um, 140 mw, 0.10 seconds) (Oculight Six; RIS Medical,
Mouatain View, CA). Three faser spots were applied to both eves of each mouse. Thirty-six
hours  following  laser photocoagulation, an sIRNA  targeted  to mouse  VEGE
("mVEGF LsiRNA™) was delivered subretinally or intravitreally to one eye of each mouse.
For subretinal injection, the siRNA was conjugated with Transit TKO transfection reagent
(Miras) anct muxed with recombinant adenovivus (rAdenovirus). For intravitreal injection, the
sIRNA was delivered in the absence of transfection reagent and rAdenovirus. As a control,
the contralateral eyes of each mouse received subretinal or intravitreal imjections of wWentical
fornmtlations with an siRNA targeted to GFP ("GFP1siRNA™), which has ne homology 1o

mouse VEGY,

{00183} Fourteen days 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 analyzed microscopically in a masked fashion. The
area of CNV in each flat mount was measured with Openiab software (fmprovision, Boston,
MAj. The mean areas of CNV in eyes treated with mVEGF] siIRNA were signtficantly
smafler than those areas from GFPLsiRNA-treated eyes for both subretinal (Fig. 64
P<(1.003} and intravitreal (Fig. 6B; P<0.04) delivery.

[60184] In a second expeniment, the retinas of adalt female CS7BL/6 mice were laser
photocoagulated as described above, and the animals were divided into control and test
groups. One day following {aser photocoagulation, phosphate buffered saline was delivered
wtravitreally o the animals of the controf group, which were perfused with dextran-
floorescein 14 days after laser treatment. Choroidal flat mounts were then prepared and the

areas of CNV in each flat mount were measuged as above.

|00185] Fourteen davs following laser photocoagulation, mVEGFLSIRNA was

delivered by intravitreal injection into one eye of each mouse in the test group. Contralatesal

~36-
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eves were mjected with GFPISIRNA as a control. The {est group aninals were perfused
with high molecular weight dextran-fluovescein 21 days after laser treatment. Choroidal flat

mounts were then prepared and the areas of CNV in each flat mount were measured, as

above.

[06186] In ihus later experiment, the anti-VEGF siRNA was adnunistered during
CNV 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 mVEGF.siRNA-treated eyes were significantly smaller than those areas
measared i GFPLsiRNA-treated eves (Fig. 6C; P<0.05}. The mean areas of CNV 1
mVEGFLsiIRNA-treated eves at day 21 and cootrol ("PBS™) eyes at day 14 were not
significantly different (Fig. 6C; P=(.469),

[06187} The results of these experimenis indicate that age-related muacular

degeneration can be treated with anti-VEGE sitRNA.

[00188] Example 9 — In Vive RNA Interference of Human VEGEK Induced by
anti-VEGF siRNA in Murine RPE Cells

[00189] The abuity of Cand3 siRNA to induce RNAL of VEGF /r vivo over time was

evaluated as follows.,

(08190 AAV.CMV.VEGF, which expresses human VEGF from an adeno-associated
viral vector, was generously provided by Dr. A, Auricchio. AAV.CMV VEGF was mjected
subretinally and bilaterally in eves of five CS7BY6 mice. Twenty-eight days afler injection
of AAV.CMV . VEGF, Cand5 siRNA was delivered by intravitreal injection into one eye and
control GFPTSIRNA was delivered by intravitreal injection in the contralateral eye of each

anfmal.

[00191] At day O (pre-siRNA mjection), and at 6, 10 and 14 days after sSiRNA
syjection, the mice were sacrificed and the eyes were snap frozen in ligasd nitvogen following
enucleation. The eves were then homogenized n lysis buffer (Roche, Basel, Switzerfand),
and total protein was measured using a Bradlord assay, as in Example § above. Two mice
were used [or the O day time point (n=2), and three mice each were ased for the 6, 10 and 14
day time points (n=3). The samples were nommahized for total protein prior to assaying for
human VEGF by ELISA, according to the manufacturer’s recommendations (R&D systems,

Minngapolis, Minnesota). Percent of VEGF (% VEGF) for each mouse was calculated as the
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concentration of VEGFE ([ VEGF]) in the eye mjected with Cands divided by the [VEGF] in

the eye injected with GFP1SIRNA | multiphied by 100,

{00192} As can be seen from Figure 7, a single imection of Cand? mdaced an RNAr-
mediated decrease in VEGF levels of approximately 7(%%6 by day 6 post-siRNA injection,
with a reduction in VEGF production of approximately 33% continuing through at least day
14 post-siRNA injection. These results indicate that aRNA divected against haman VEGF is

capable of inducing RNAT of human VEGF in vivo for a sustained period of time.

100193} Example 10 - In Fivo RNA Interference of VEGF in Monkeys with Anti-
VEGF siRNA

{00194} The objectives of this study were to determine the safety and efficacy of
CandS when administered by single intravieal injection to wmale cynomolgus monkeys
following mduction of CNV. Cand$ was adnunistered in the vehicle control article to naive
male cynomolgus monkeys i the following dose levels: 0 meieve (control), 0.07 mygfeve,

0.18 mgieve, 0.35 mgfeye and, and 0.70 mgfeye.

[06195] CNV was induced by laser weatment to the maculae of both eyes of each
amimal, and the doses of Cand$ were given shortly following laser treatiment. The animals
were evaluated for changes i chinical signs, body weight and ocular condition (extensive
ophthalmic examinations, electroretinography and tonometry). Fhiorescein anglography was
performed and blood samples were collected. At the end of the study (Day 44), all anminwls
were euthanized and a complete gross necropsy was performed.  Selected tissues were

collected and preserved for histopathologic evaluation.

{00196} No adverse systemic or local (ocular) effects of CandS were detected when
monkeys were administered a single intravitreal injection into both eves at doses up to 0.70
myg/eye following laser lesioning of the macula and during subsequent development of CNV.

{00197} Example 11 — In Firo RNA Interference of VEGF with Anti-VEGF
siRNA in Homan Embryvonic Kidnev 293 Cells

{60198} Human embryonic kidney 293 cells (obtained from ATCC, Manassas, VA)
were cultured in Dulbecco’s Medifled Eagle Medium (DMEM; obtained from Cellgro,
Herndon, VA) with 10% fetal bovine serum (FBS; from JRH Biosciences, Lenexa, KS) and
an antibiotic-antimycotic reagent, used for the prevention of cell aulture growth contaminants

{from Gtbeo, Carlsbad, CA).
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[00199] siRNAs were synthesized by Integrated DNA Technologies (Coralville, 1A).
The siIRNA target sequences are shown in Table 2. An addittonal siIRNA was used 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'

Content Start Site
BVEGE#] S8%% 92 aageaggageecagaatcatc (SEQ ID NQ: 813
BVEGEH? 42% 124 aaglicatgoatotctatcap (SEQ 1D NO: 47}
BVEGE#3 58% 162 aategagacectgateeacat (SEQ 1D NO: 48)
hVEGR#4 42% RIJ gacatcaccatpeagatiaty (SEQ ID NO: 5(0)
BVEGERES §5% 338 gageecageacataggagaga (SEQ ID NQ: 82)
BVEGFE6 425 380 gatgigaatecagaceaaaga (SEQ 1D NO: 82)
hVEGFE? 37% V6 aaagaaagatagagcaacaca (SEQ ID NO: 56)
hVEGEFER 32% 450 aaageattigttiatacaaea (SEQ 1D NO: 83)
hVEGF&Y 42%% 467 aagatccgcagacgtgtaaat {SEQ 1D NO: 84)
BVEGFEL0) S3% 498 gaacacacactegegttecan (SEQ ID NOQ: §5)
Cands 63% 328 aasccicaccaagpccageac (SEQ ID NO: 51

[80200} ~iRNA Transfection and Hypoxia ihduction In Viro. Human 293 cells were
caltured 1 24 well plates at 37°C with $% CO2 overmight. The next day, translections were
performed when cells weve about 50%5-70% confluent. Cells were transfected with SIRNAs
directed against human VEGF. siRNAs were mixed in a CaPi reagent and added to 20 pd of
250 mM CaCl: solation. The siRNA/CaCh mixture was added drop-wise to 20 wd of 2X
Hanks Balanced Salt Solution (HBS), while nuxing by vortex. The siRNA/CaClL/HBS
complex was added directly to the medium in each well (300 uliwell). After a 4-hour
wicubation at 37°C, the medium was removed, and the cells were further mcubated with 10%
DMSO-containing serum-free mediam (300 pl/well at room temperatare for 1-2 minutes).
This mediun was then removed, and the cells were fed again with growth medium (500
gliwell). Negative conirols included transfection reagent lacking siRNA and nonspecific
SIRNA (EGEP1 siRNA). For screening experments siRNAs were used at a concenivation of
25nM. For dose response experiments, sSiIRNAs were used at concentrations of 1 aM, SnM
and 23nM. Hypoxia was induced with desferrioxamine at a final concentration of 130 uM 4
hours after transtection was performed. Desferrioxamine numics a hypoxic state, as it is
proposed to distupt normal oxyvgen-sensing pathways i mamunalian cells by inhibiting heme-

Fe2+ interactions.
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{00201} FEGE Frotein Quandfication.  Approxunately 48 hours post transfection,
the supernatant was removed from all wells and a human VEGF ELISA (R & D systen,
Mineapolis, MN) was performed on the 293 cells as described in the Quantikine human
VEGF ELISA protocol.  VEGF-specific antibody was added to each well causmg color
development i proporiion {o the amount of VEGF bound to the plate. ELISA results were

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

(00202 Resulis. Humain VEGE siRNAs Suppresses Hypoxia-faduced Up-regudation
of Human VEGE Protern i 293 Cells. Human VEGF was upregulaied by the
desfernioxamine~-mediated induction of hypoxia. Readmygs of OD 430mm reflected the human
VEGF protei levels i cell samples. The hypoxia-induced increase of hVEGF protein levels
were significantly reduced in cells transfected with all of the human VEGF siRNAs (Figure
8). No effect on hVEGF levels were observed with tansfections with nonspecific siRNA
(EGFP aIRNA) or mock transfections withoat SIRNA. Dose response studies were performed
on Cands, hVEGF#! hVEGF#2 hVEGF#3, hVEGF#4, hVEGFE6 and hVEGF#7 (Figure 9).

[00203} Example 12 - In Firro RNA Interference of VEGF isoforms

[00204] VEGFE 6 has been wdentified as an endogenous anti-angiopenic VEGF
isoform.  $IRNA were designed to selectively inhibit certan VEGF isoforms, such as
VEGF s, but spare VEGF g,

[082058] Merhods: ARPELY cells were seeded in 24 well plates (30,000 cells per
well). Eighteen to twenty-four hours post-seeding, cells were 50-75% confluent and used for
wansfection. Fowrteen human VEGF-A specific sIRNAS were designed and tested. Cells
were transfected with the siRNAs (25 nM) using Ribojuice™ siRNA Transfection Reagent
(Novagen) following the manufacturer’s protocol,  Specifically, for a single well of cells,
40.5 gL serum free OPTI-MEM was pipetted ito an eppendorf tube then 2 ul of Ribojuice
was added to the OPTI-MEM. The solution was mixed by gentle vortexing and centrifuged
briefly to collect contents at botiom of the tubeand incubaled at room temperatare for S min.
sIRNA (7.5 gl of a t uM stock) was added to the Ribojuice/medium mix and gently mixed
and briefly centrifuged to collect contents at the bottom of the tybe. The mixture was
incabated at room temperatute for 15 minutes. During (he incubation, media was removed
from cells and replaced with 250 ub of fresh complete ARPED growth media (DMEM/F12;
10%  FBS, 19 pemeitlin/sireptomycing. After the 15 nmunute imcubation the

sIRNARibojuice/medium mixture {(S0pL) was added dropwise to the cells. The final
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concentration of SIRNA in the 300ul. volume was 25 oM. Cells were mamtained at 370C,
5% CO; for 24 hours. In additional experiments, reactions were scaled up to transfect cells in
triplicate wells with each siRNA. 24 hoars post-transfection, the transfection muxture was
removed and the cells were treated with S00uls of serum free DMEMF12, DMEM/F12
contaiing 10 ng/mL huwman recombinant TGFPRH or DMEMF12 containing 10ag/mbL
TGFRI and § pg/mlL cveloheximide. The cells were returned o 370C and % CQ2 for an
additional 24 hours. Afterwards, the media was removed from the cells and amalyzed for
protei expression by BLISA (Quantikine haman VEGF ELISA kit (R&D Systems)). Media
was removed {rom cells and collected in eppendort tubes and placed on ice and immediately
analyzed for VEGF protein via ELISA, or stored at ~R00C and analyzed for VEGF protein at
a later time point,

[00206] Based on these results, a select number of siRNA candidates were put
through an additional transfection screen. Cells were collected, RNA extracted, and semu-
quantitative RT-PCR was performed to determine the siRNAs™ mbibitory effect on VEGF s,
VEGF 5. VEGF 1y, and VEGF 0. GAPDH housekeeping gene expression was used as a
control.  Specifically, after removing the media from the wells, 200 pls of lysisthinding
solution from the RNAgueous Kit {(Ambion Ywas added to each well. RNA was quantified
via spectrophotometry (OD 260 nM). The lysed cells were collected and RNA was extracted
following the manufactuver’s protocol. RNA was reverse transcribed using SuperSeript M
[IT Reverse Transcriptase (Invitrogen) according to the manufacturer’s protocol. ¢DNA was
analyzed for GAPDH, VEGF 45, VEGF s, VEGF 1y and VEGF g using PCR. Primers used

for PCR ave shown m Table 3.

TABLE 3.
lirimer Description Sequence §-3°
Name
lP 121 lReverse primer VEGF 121 {GGCTTOTCACATTTITICTIC

li’ 165 lReverse primer VEGF 165 JCCCACAGGGATITICTIGYC
JED) ]R'e\-:erse primer VEGFIRY JCTTTCCCTTTCCTCGAACTG
hVEGE-E [Forward primer used for  JGCTACTGCCATCCAATCGAG
VEGF121, VEGF165 &
VEGE 189

IP163hR  Reverse primer for GTCTTTCCTGGTGAGAGATC
VEGE165h

hWVEGE-A Forward primer for CTGTCTTGGOGTGCATIGGAG
EGF16SD

Al
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GAPDH-B [Reverse primer GAPDH  JGAGGCAGGGATGATGTICTG
GAPDH-A [Forward primer GAPDH  JCATGGCAAATTCCATGGCAC

00207} For PCR aunalysis, 3 ul. cDNA was combined with | ub of each appropriate
forward (10 uM) and reverse primer (10 uM) primer and 45 uLb of Platinum 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 1: 94<C for 2 minutes
[00209] Step 2 94<C for 15 seconds
[06210} Step 3: 55°C for 30 seconds
[00211] Step 4 72C for 30seconds

[00212} Step 5. Repeat steps 2-4 30 times for GAPDH, VEGF s, VEGE;y and
VEGF 30 or 35 times for VEGF isp

[06213] Step 6: 72oC for 10 minutes
[00214] Step 7: 4°C

06215} PCR product was then visualized on a 2% agarose gel prepared in 1X TAE
buffer.

[00216] Reswirs: Treatment of ARPELY cells with TGFPU induced VEGF production
m ARPELY cells and ELISA results demonstrated several siRNA candidates inhibited the
production of TGFPH-imduced VEGF v ARPEDQ cells.  RT-PCR confirmed that 2
candidates inhibited production of VEGF s, VEGF¢y and VEGF 150, but spared VEGF 3.
As shown in Figure 12 (pg/ml hVEGE) and 13 (% kunockdown hVEGE), VEGE siRNA
candidates (Table 2) were screened for the ability to whibit VEGF protein production by
ARPELY cells as tested by ELISA. Cells were treated with 10 ng/ml. TGFBII 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 wmhibitory effect and warranted further study. As shown in Figure
14 (pg/mbl hVEGFE) and 15 (% knockdown hVEGF), a secondary screen of VEGF production
using the same methods as in Figure 12 and 13 demonstrated that OPK-HVE-~004 and OPK-

HVB-010 inlubited VEGF protein production and wamranted forther investigation,
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{00217} Figures 16, 24 and 27 demonstsate a dose response efficacy of haman VEGF
knockdown with several candidates (OPK-HVB-004, OPK-HVB-010, and OPK-HVB-012)

at varying concentrations,

[00218] Figure 17 demonstrates downregulation of human VEGFE over ong week (7
days) of several candidates (OPK-HVB-004, OPK-HVB-010, and OPK-HVB-012).

[08219} As a conwol, GAPDH RT-PCR was performed on varously treated cells as
shown in Figure 18, Although the actual amount of RNA present was not quantified, the
procedures are semi-quantiative when compared to the reference control lane 3. Specifically,
downregudation of RNA production is demonstrated when a band appears fainter. In this
experiment, samples in Lanes 2-11 were treated with 10 ngfml TGFBH 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 s no

vartability in total RN A production in the teated cells.

(00220} VEGF s 1soform RT-PCR was also performed on the treated cells as shown
mn Figure 19, Samples in Lanes 2-11 were treated with 10 ng/mbl TGFPI to upregulate the
production of VEGF. 25 nM bevasiranib (lane 6), which is known to downregulate all VEGF
isoforms, 25 aM OPK-HVB-004 (lane 7Y and 25 nM OPK-HVB-010 (lang 8), downregulated
the production of VEGF; s« mRNA following induction with TGFBH (lane 2), as
demonstrated by the bands being lighter than control in lane 3.

(006221} VEGF s isoform RT-PCR was also performed as shown in Figure 20.
Samples i Lanes 2-11 were treated with 10 ng/mi. TGFBI to apregutate the production of
VEGF.

(00222} 25 uM bevasiranib (Jane 6), 25 oM OPK-HVB-004 (lane 7) and 25 aM OPK-
HVYB-010 {lane 8) downregulated the prodaction of VEGFw mRNA following induction
with TGFBI (lane 2) as demounstrated by the bands being lighter than control in Jage 3.

[00223] VEGFy; soform RT-PCR was then performed as shown in Figure 21.
Samples m Lanes 2~11 were treated with 10 ng/mi. TGFBII to apregudate the production of
VEGF.

[00224] VEGF;>;: mRNA was dowmregulated v lane 6 (25 nM bevaswranib) as

demonstrated by the bands being highter than control 1n lane 3.

[00225) Finally, VEGF s 1soform RTPCR was performed as shown in Figure 22,
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[00226] Samples in Lanes 2-11 were treated with 10 ng/mL TGFAH o upregulate the
production of VEGF. As an initial matter, the double banding > 600bp was determined to be
artifactual. However, VEGF 45 mRNA 15 downregulated by bevasiranib (lane 6) as shown
by the bands being fainter that the control of lane 3. In contrast, bands for OPK-HVB-004
{Jane 7) and OPK-HVB-010 {lane &) were not fainter that control in lane 3. Thus, these
siRNA constructs preserved VEGF g5, expression while alse being able to inhibit various
other VEGFE itsoforms.  Thus, siRNAs sparing VEGFAss can be svithesized and sy be
more efficacious then sIRNAs that knockdown all VEGF-A isoforms.  VEGF, g sparing

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

100227} Example 13 — Cvtokine Profile Following Treatment with siRNAs

[00228} The cyiokine secretion profie of ARPELS cells following treatment with
polyvinosinic~-polyeytidylic acid sodium salt [Poly (I:C)]. a dsRNA analogue was determuned.
Fuarther tests to determined whether or not sIRNAs behaved like Poly (1:C) and caused the

cells to produce the same cytokines were conducted.

[08229] Methods. ARPELD cells were seeded in 24 well plates {50,000 cellis per
well). Twenty-four hours later, media was removed and cells were treated with Poly (1:QC); 0-
1000 mg/mL (Stgma. St. Louis, MO) or poly deoxymosimc-deoxyeytidylic acid sodium salt
[Poly (di:dC); S0mUmL-800 mUsmL} (Sigma), prepared in serum free DMEM/FI2(1:1)
{(Invitrogen, Cagdsbad. CA). Forty-eight hours post-treatment, media was collected from cells
and apalyzed for IFN-o, IFN-§, IFN-y, {L-8, 1L-6, TNFa, ICAM, H-12 and MCP-1 via
ELISA (Quantikine® Immunoassays for IFN-y, IL-8, IL-6, TNFa, ICAM, IL-12 and MCP-1,
R&D Systems, Minneapolis, MN)Y, Venkine®: ELISA kits for [FN~-o and IFN-B, PBL

Biomedical Laboratories, Piscataway, N1y according to the manufacturers’ protocols.

[06230] ARPELY cells were wransfected with bevasivanib, OPK-HVB-(04, OPK-
HVB-009, OPK-HVB-010 and OPK-HVB-012 (Dhamacon/Thermo Scientific, Chicago, 1L).
Cells were seeded v 24 well plates (40,000 cells per well). 24 hows later, cells werg
transfected with 25nM 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 human recombinant TGFBIT (R&D Systems). 48 hours post-
transfection {ie. 24 hours post-TGEbI reatment), media was collected and cytokine levels
were analyzed, as described above. Additionally, media was analyzed for hVEGF via ELISA

(R&D Systems). Results are shown in Figure 23,
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[00231} Conclusions. Based upon the foregomg i i3 suggested that {#) ARPE19 cells
produce several inflanmatory cytokines in response to Poly (1:(), 8 dsRNA analoguie, bat do
not produce three key mediators, IFN-a, IFN- or IFN«y; (i) ARPEI9 cells can be used 10
study the inflanmatory potential and specific effects of dsRNAs such as siRNAs; and (i)
OPK-HVB-009 an OPK-HVB-010 did not canse ARPELY cells w0 secrete any of the

cytokines tested, suggesting they may have a low inflanunatory potential.
[66232] Example 14: Dose Response Curves Shows Specificity of siRNAs.

[00233} A dose response curve was generated asing various siRNAs, 2l-mers, as
shown in Figure 26 and 27, A dose response was seen with certain SIRNAS indicating a
specific response to the siRNAg 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 vohanes of OPTI-MEM|

Ribojuice, and siRNA were adjusted accordingly when preparing the 530 ul transfection nux,
[00234] Example 15: Stability of siRNAs

[00235] ARPELY cells were transfected with siIRNAs 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
vartous conditions as shown in Figures 28, 29, 30, 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 § weeks. Aliquots of each tabe were collected at predetermuned
time points {24 hrg, 48 hrs and then weekly). Upon collection aliquots were stored at -80°C.
Each aliquot was subsequently tested for efficacy in ARPEIY cells to see 1if the siRNAs
maintained their stability under the differeni environmental conditions. siRNAs wers
transfected mto ARPET9 cells using the methods described in Example 12 where 40,000 cells
were seeded per well,

[006236] Example 16: Cross-species down regulation of VEGF.

[08237} C6 cells were seeded in 24 well plates (P12, 40,000 cells per well). Eighteen
to twenty-four hours post-seeding, cells were 50-70% confluent and used for transfection.
Cells were transfected with OPK-HVER-004, OPK-HVB-009, OPK-HVB-010 and OPK-
HVB-012 using the Ribojuice™ siRNA Transfection Reagent (Novagen) flolfowing the

mamfacturer’s protocol. Briefly, for a single well serum-freg OPTI-MEM (40.5 ut-47 ul)

~45-
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was pipetted into an eppendorf tube and then 2 ul of Ribojuice were added to the OPTI-
MEM (Gibco). The solation was mixed by gentle vortexing and centrifuged briefly to collect
the contents at the bottom of the tube and incubated at roony temperature for S min. siRNA
(0.3 wl-7.5 pl of a 100sM or | pM stock) was added o the Ribopuce/medium nux and
gently mixed and briefly centrifuged to collect contents at the bottom of the tube. The
puxture was mcebated at room {femperatwre for 15 minutes. Dauring the incubation, media
was removed from cells and replaced wiih 230uL. of fresh C6 growth media (F~-12 Kaigha's,
2.5% fetal calf seruny, 15% horse serum, 1% penicillin‘sireptomycing, Afler the 15 min
incubation, the siRNA/Ribojeice/medium mixtuve (50 pl.) was added dropwise to the cells.
The plate was gently rocked to ensure the complexes were evenly dispersed throughout the
well. The final concentration of SIRNA i the 300ul vohume was 250pM, S00pM, InM,
SaM or 25nM.  Cells were maintained at 37°C, 3% CO2 for 24 hours. All volumes were
scaled up such that each SIRNA was tested at each concentration in triplicate. 24 hows post-
transfection, the transfection mixture was removed and cells were treated with 300 uls of
fresh C6 growth media or with fresh C6 growth media supplemented with 10 ng/mL human
recombinant TGFEIL The cells were returmed to 37°C, 3% CO» for an additional 24 hours.
Afterwards the media was removed from the cells and analyzed for protein expression by
ELISA {Quantikine rat VEGF ELISA kit, R&D Systems).

[00238] NIH3TS cells were seeded in 24 well plates (P2-P6, 40,000 cells per well).
Eighteen to twenty-four hours post-seeding. cells were 50-70% confluent and used for
transfection.  Cells were transfected with siRNAs using Lipofectamine™ Reagent 2000
(Invitrogen) following the manufacturer’s protocol. Briefly for a single well, siIRNA (1 uM
or 7.5 uM) was diluted in 50 pl. OPTI-MEM in an eppendorf tube and gently mixed and
vortexed. In a second eppendorf tube Tl of Lipofectamine 2006 was combined with 49 pl.
of OPTI-MEM. The mixture was gently mixed and vortexed and incubated for § minutes at
room tepperature. After the 5 minutes, the difuted $IRNA (50ul. volume) was added (0 the
dilated Lipofectamine 2000 (S0 pL). The contents were mixed gently and incubated at voom
temperature for 20 minutes. 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
seramy).  After the 20 muputes the sSIRNA-Lipofectanune 2000 complex (100 ul)) was added
dropwise to the cells. The plate was gently rocked to ensure the complexes were evenly

dispersed throughout the well.  The cells were then incubated at 37°C, 5% CO» for 24 hours.
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The final concentration of SIRNA in the 300uL volume was InM, SoM or 25nM. 24 hours
post-transfection, the transfection mixtare was removed and cells were weated with 500 pls
of fresh DMEM or with fresh DMEM supplemented with 10 ng/ml. huanan recombinant
TGEBIL The cells were returned to 37°C, 5% CQ: for an additional 24 hours.  Aferwards
the media was removed from the cells and analyred for protein expression by ELISA

(Quantikine mouse VEGF ELISA kit, R&D Systers).

06239} Results of the experiments are shown in Figures 34, 35 and 39. OPK-HVB-
004 and OPK-HVB-009 were able to nhibit VEGF secretion by C6 cells as shown in Figure
34, Sinular experiments were done in mouse cells (NIH3IT3) and OPK-HVB-004, OPK-~
HVB-009, and OPK-HVB-010 were able (o inhibit secretion of mouse VEGF as shown in

Figures 35 and 39,
{08240} Example 17: Comparison of different siRNAs

(00241} 21mer siRNASs comprising an overhang were compared to a 19mer bhumt-end
counterpart,  ARPE1Y cells were transfected with the different SiIRNAs as described in
Examples 12, 13, and 14 and VEGF production was measured. The Bhant end counterpart
was found to knockdown VEGF production in ARPELY cells equally effective as the 2imer

as shown in Figare 36,

{00242} Example 18:Screen of 19mers comprising 17bp and an overhang can

inhibit VEGF production.

[06243] sIRNAS comprising a 17mer and a dTdT overhang were transfected in
ARPELY cells as deseribed in Examiples 12, 13, and 14, Several siRNAs were found o

27

inhibit VEGF production as shown in Figure 37
[00244} Example 19: Dose Response of siRNAs

[00248] 19mers comprising a blunt end or an overhang 19mer (17bp +dTdT over)
were transfected mio ARPE19 cells at vartous doses as shown in Figure 38, A dose response
curve was generated by measuring VEGF secretion as descnibed in Examples 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 38, Blunt

end siRNAs tested 1 NIH3T3 cells showed a specific dose response. {See Figure 39).



WO 2010/065834 PCT/US2009/066741

Jo CLAIMS

1. Anasolated SIRNA comprising of a duplex of a fust RNA strand and a second
RNA strand, said first RNA strand comprising g nucleotide sequence identical 1o a target
sequence of about 17 to about 23 contiguous nucleotides to a vascular endothelial growth
factor {VEGF) soform sefected from the group consisting of human VEGF ¢p, VEGF s
VEGF g9, VEGF 00, VEGF 153, VEGF 45 VEGF 145 and combinations thereof, further wherein
said siRNA 15 at Jeast partially non-complementary to VEGEF s, with the proviso that said

homan VEGF mRNA 15 not SEQ (D NO. 42

2. ThesiRNA of claim 1, wherein satd human VEGF mRNA is selected from the
group consisting of SEQ D NO: &6; SEQ ID NO: 87; SEQ ID NO: 88; SEQ {D NO: 89
SEQ ID NO: 90; SEQ ID NQ: 91; SEQ 1D NO: 92 SEQ ID NO: 93; SEQ ID NO: 94; SEQ
D NQ: 95; SEQ ID NO: 96, SEQ ID NO: 97, SEQ ID NO: 98, SEQ 1D NO 99, SEQ 1D NO
100, SEQ D NO 101, SEQ D NO: 102, SEQ ID NO: 103, SEQ 1D NO: 104, SEQ 1D NO:
108, SEQ D NO: 106, SEQ ID NO: 107, SEQ 1D NQ: 108, SEQ 1D NO: 109, SEQ 1D NO:
110, SEQ ID NO: 111, SEQ ID NO: 112, SEQ ID NO: 113, SEQ ID NO: 114, SEQ 1D NO:
1S, SEQIDNO: 116, SEQ ID NO: 117, and SEQ ID NO: HiK.

3. The siRNA of clatm 1, wherein the first and second RNA strands forming the
RNA duplex are covalently {inked by a single-stranded hairpin,

4, The siRNA of claim 1, wherein the SIRNA forther comprises non-nucleotide

material.

3. The siRNA of claim {, wherein the {irst and second RNA strands are stabilized

apainst nuclease degradation.
6. The siRNA of claim 1, frther comprising a 37 overhang.

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

nucleotides.
8. The siRNA of claim 6, wherein the 37 overhang comprises about 2 nucleotides,

0. The siRNA of claim 1, wherein the sense RNA strand comprises a first 3

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

10. The sIRNA of claim 9, whesein 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 overbang compuises a dinacleotide and

the second 37 overhang comprises a dinacleotide.

12. The siRNA of claim 11, where the dinucleotide compnising the first and second 3’

overhangs is dithymudylic acid {TT) or diwridylic acid ().

13, The siRNA of claim 6, wherein the 37 overhang is stabilized against muclease

degradation.
14, The siRNA of claim 1, wherewn satd aRNA comprises at least one blunt end.
15, The siRNA of claim 14, wherein said SIRNA is 19 nucleotides.

16, The siRNA of claim 1, wherein said sSiRNA can inhibit the production or secretion

of VEGF from a human cell and a rat cell.

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

of VEGF from a human cell, & mouse cell. and a rat cell,

1§, An isolated siRNA comprising of a duplex of a first RNA strand and a second
RNA strand, said first RNA strand comprising a nucleotide sequence identical to a target
sequence of aboul 17 to about 235 contiguous pucleotides (0 a VEGF soform selected from
the group consisting of human VEGF oy, VEGF s, and VEGF 1, VEGF 106, VEGF 43,
VEGF s, VEGF 145 and combinations thereof: further wherein said siRNA is non-
complementary 10 VEGF 55, with the proviso that said human VEGF mRNA is not SEQ D

NO. 42,

19. A pharmaceutical composition comprising a siRNA and a pharmaceutically
acceptable carrier, said siRNA comprised of a duplex of a first RNA strand and a second
RNA strand, said first RNA strand comprising a micleotide sequence identical to a target
sequence of about 17 to about 25 contiguous nucleotides o a VEGF soform selected from
the group consisting of human VEGF i, VEGF s, VEGF g9, VEGF 206, VEGF 153, VEGF 145,
VEGF 45 and combinations thereof; further wherein said siRNA 1s at east partially non-

complementary t0 VEGF jes, with the proviso that said homan VEGF mRNA is not SEQ D
NQ. 42.

20. The pharmaceutical composition of claim 19, wherein saxd buman VEGF mRNA
ts selected from the group consisting of SEQ ID NO: 86: SEQ ID NO: 87; SEQ 1D NO: 88;
SEQ D NQ: 89 ;SEQ 1D NO: 90 SEQ D NO: 91; SEQ ID NO: 92; SEQ 1D NQ: 93; SEQ
1D NO: 94; SEQ ID NO: 95; SEQ 1D NO: 96; SEQ ID NO: 97, SEQ ID NO: 98, SEQ ID NO
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99, SEQ ID NO 100, SEQ ID NO 101, SEQ ID NO: 102, SEQ ID NO: 103, SEQ 1D NO:
104, SEQ ID NO: 105, SEQ D NO: 106, SEQ 1D NO: 107, SEQ 1D NO: 108, SEQ 1D NO:
109, SEQ ID NO: 110, SEQ ID NO: 111, SEQ 1D NO: 112, SEQ ID NO: 113, SEQ 1D NO:
114, SEQ ID NQO: 115, SEQ ID NO: 116, SEQID NO: 117, and SEQ IDNQO: 118,

21. The pharmaceutical composiiion of claim 19, wherein the first and second RNA
strands are stabilized against nuclease degradation.

2 *

22. The pharmaceutical composition of claim 19, forther comprising at least one 37
overhang.

23. The pharmaceutical composition of claim 22, wherein the at least one 3 overhang
comprises about 2 nucleotides.

24. The pharmaceutical conyposition of claim 22, where the at least one 37 overhang
comprises a dithymidylic acid (TT) or diuridyhe acid (uu).

23, The pharmaceutical composition of claim 19, wherein the sense RNA strand
comprises a first 37 overhang, and the antisense RNA strand comprises a second 3 overhang.

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

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

28. The siRNA of claim 19, wherein said SIRNA can inhibit the production or

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

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

30. A method of {reating an angiogenic disease in a subject comprising:

admunistering to a subject an effective amount of a pharmaceatical composition
comprising a SiRNA and a pharmaceutically acceptable carrier, said iRNA comprised of a
duplex of a first RNA strand and a second RNA strand, said first RNA strand comprising a
nucleotide sequence identical to a target sequence of about 17 to about 25 contiguous
nucleotides to a VEGF isoform selected from the group consisting of haman VEGF;,,
\""EGFMS, VE(}FW), -VEGF';(»(;, \/}:hl‘v \'E(J}‘,za VE—GFNS and combinations mereof;
further wherein said SIRNA is at least partially non-complementary to VEGF g5, with the

provisa that said human VEGEF mRNA 1s not SEQ ID NO. 42,
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31. The method of claim 30, wherein the anglogenic disease comprises a kunor

associated with a cancer.

32, The method of claim 31, wherein the cancer 15 selected from the group consisting
of breast cancer, lung cancer, head and neck cancer, brain cancer, abdmminal cancer, colon
cancer, colorectal cancer, gsophagus cancer, gastrointestinal cancer, ghioma, liver cancer,
tongue cancer, heuroblastoma, osteosarcoma, ovarian cancer, pancreatic cancer, prostate
cancer, reiinoblastoma, Wilm's tumor, multiple myeloma, skin cancer, lvmphoma. and blood

cancer.

33, The method of claim 30, wherein the angiogenic disease 1s selected from the
group consisting of diabetic retinopathy, age-related macular degeneration, and inflammatory
diseases.

34, The method of claim 33, wherein the inflammiatory disease 1s psoriasis or
theumatoid arthritis,

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

degeneration.

36. The method of claim 30, wherein the pharmaceuntical composition is administered
i combination with a pharmaceutical agent for treating the angiogemc disease, which

pharmaceutical agent is different from the short interfering ribonucleic acid (siRNA).

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

pharmaceutical agent compnises a chemotherapeutic agent.

38. The method of claim 37, wherein the chemotherapeutic agent is selecied from the
group consisting of cisplatin, carboplatin, cyclophosphanude, S-flaorouracil, adramycin,

dagnonubicm, and tamoxifen.

39. The method of claim 30, wherein the pharmaceutical composition is administered
to a subject in combination with another therapeutic method designed {0 ireat the angiogenic

disease.

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

41. A method for inhubiting expression of human vascular endothelial growth factor

(VEGF) comprising administertng to a subject an effective amount of a pharmaceutical
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camnposition compnising a siIRNA and a pharmaceatically acceptable carrier, said siRNA
comprised of a duplex of a first RNA strand and a second RNA strand, ssid fivst RNA strand
comprising a nucleotide sequence identical to a target sequence of about 17 to about 25
contiguous nuclectides o a VEGF isoform selected from the group consisting of luman
VEGF, VEGF 6s, VEGE 139, VEGF 20, VEGF 132, VEGF 45, VEGTF 145 and combinations
thercof; farther wherein said stRNA is at Jeast partialty non-complementary (0 VEGF s

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

42. The method of claim 41, wherein the effective amount comprises from about 1

M to about 100 nM of the short interfering ribonucleic acid (tRNA).

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

comprises a delivery reagent.

44, The method of clamm 41, wherein the delivery agent is selected from the group

consisting of lpofectin, lipofectamine, cellfectin, polycatons, and liposomes.

48, The method of claim 44, wherein the delivery agent is a liposome.

46, The method of claim 45, wherein the liposome comprises a figand which targets
the liposome o 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 method of claim 46, wherein the ligand comprises a monoclonal antibody.

49. The method of claim 435, wherein the liposome is modified with an opsonization-
nfubition moiety.

50. The method of clanm 49, wherein the opsonization-inhibiting moiety comprises a
PEG, PPG, or derivatives thereol

51, The method of claim 41, wherein the short interfering ribonucleic acid (SitRNAY is
expressed froni & recombinant plasmid.

52. The method of claim 41, wherein the shost interfering ribonucleic acid (SIRNA} is
expressed from a recombinant viral vector.

53. The method of claim 52, wherein the recombinant viral vector comprises an
adenovival vector, an adenc-associated viral vector, a lentivival vector, a retroviral vector, or a

herpes virus vector.
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54. The method of claim 53, wheremn the recombinant viral vector is psendotyped
with sarface protems from vesicular stomatitis viras, rabies viras, Ebola vires, or Mokola

VITUS.

55, The method of claim 52, wherein the recombinant viral vecior comprises an

adeno-associated viral vector.

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

by an enteral administration route.

537, The method of claim 56, wherein the enteral administration route is selecied from

the group consisting of oral, rectal, and intranasal.

S8, The method of clasm 41, whetein the pharmaceatical composition s admimstered

by a parenteral adnunistvation route.

59. The method of claim 58, wherein the parenteral administration route is selected
from the group consisting of intravascular administration, peri- and mitra-tissue injection,
subcutaneous jection or deposition, subcutaneons infusion, and direct application at or neay

the stte of neovascualarization.

60, The method of claim 59, wherein the mtravascular administration is selected from
the group consisting of intravenous bolus injection, intravencus mfusion, intra-arterial bolus

fyjection, intra-arterial infusion and catheter mstillation 1ato the vasculature.
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Figure 26
OPK-HVB-009 Dose Response (5 nM-50nM)-Knockdown of Total VEGF Protein

Secreted by ARPE19 (% Knockdown Relative to Ribojuice Treated Control)
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