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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
overexpression of VEGF, such as diabetic retinopathy, age related macular degeneration and many types of cancer, can be treated
by administering small interfering RNAs as disclosed.
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. Fitle: COMPOSITIONS AND METHODS FOR SELECTIVE INHIBITION OF PRO-ANGIOGENIC VEGF

ISOFORMS
B. Cross-Reference to Related Applications:

[0001] This apphication claims puorty to LS. Provisional Apphication No.
61119779 entitled “Compositions and Methods for Selective Inhibition of VEGE” filed
December 4, 2008, 1S, Provisional No. 61/171,371 entitled “Compositions and Methods for
Selective Inhibition of VEGE™ filed Apnil 22, 2009, and ULS. Provisional Application No.
61219808 entitled  “Compositions and Methods for Selective Inhibition of VEGF™ filed
June 24, 2009, each of which is incorporated by reference in its entirety.

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

[0662] Angiogenesss, defined as the growth of new camillary blood vessels or
“neovascularization,” playvs g fundamenial role in growth and development.  In mature
bumans, the ability 10 mitiate angiogenesis is present in all tissues, but is held uader strict
control. A key regulator of anglogenesis 1s vascular endothelial growth factor ("VEGE™),
also called vascolar permeability factor ("VPFT). Angiogenests is inibated when secreted
VEGF binds to the Fli-1 and FIk-1/KDR receptors {also called VEGF receptor | and VEGF
recepior 2), which are expressed on the surface of endothelial cells. Fit-1 and Flk-1/KDR are
transmembrane protein {yrosine kinases, and binding of VEGE mitiates a cell signal cascade
resulting in the altimate neovascularization in the swrounding tssue.

[0663] There are three mumn different VEGF altemative splice forms (e, isoforms)
in humans (VEGF 3, VEGF g5, and VEGF ), while a number of other vanants also exist
(VEGF 206, VEGF 153, VEGF g, VEGF g and VEGF 1453, Remarkably, not all of the isoforms
are pro-angiogenic. It has been demonstrated that at least VEGFs is capable of

counteracting the effects of VEGF s induced angiogenesis. Without being bound by theory,

ol
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it appears that VEGF g 13 capable of preveniing VEGF Receptor 2 signaling.  As such,

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

[0604] Aberrant angiogenesis, or the pathogenic growth of new blood vessels, s
implicated W o number of conditions. Among these conditions are diabetic retinopathy,
psoriasis, exudative or “wet” age-related macylar degeneration ("ARMD™), rheumatoid
arthritis and other mfammatory diseases, and most cancers. The diseased tissues or fumors
associated with these conditions express abnormally bigh levels of VEGF, and show a high

degree of vascularization or vascular permeability.

[0865] ARMD in particular s a clinically tuportant angiogenic disease.  This
condition 1s characterized by choroidal neovascularization i one or both eves i aging

mdividaals, and 15 the major cause of blindness in industriahized countries.

o006} RNA mferference {heremafier "RNATLT} 15 2 method of post-transcriptional
gene reptation that is conserved throughout many eukarvotic organisms. RNAL #s induced
by short (ie., <30 nocleotide) donble stranded RNA ("dsRNA") molecuales which are present
m 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
sIRNA fo within one mucleotide resolatton. It 15 believed that the sIRNA and the targeted
mRNA bind to an "RNA-~induced silencing complex”™ or “RISCY, which cleaves the targeted
mRNA, The siRNA 15 apparently recyeled much hke g nwltiple-turnover enzyvme, with |
siRNA molecule capable of mducing cleavage of approximately 1000 mRNA molecules.
siRNA-mediated RNA1 degradation of an mRNA is therefore more effective than curvently
available techuologies for inhibiting expression of a target gene. However, such methods are

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

[6007] What is needed, therefore, are agents which selectively inhibit expression of
pro-angiogenic  VEGF in catalytic or sub-stoichiometric amounts in mammals, while

mnducing or mamtaming the secretion of anti-angiogenic VEGF isoforms.

[G0O8] The present disclosure is directed to siRNAs which specifically target and
cause RNAt-induyced degradation of mRNA from VEGF and us isoforms. The siRNA
componnds and compositions of the disclosure are used o inhibit angiogenesis, in particalar
for the teatment of cancerous tumors, age~related macelar degeveration, and other

angiogenic diseases,
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[0009] Thus, the disclosere provides an isolated 3iRNA which targets human VEGF
mRNA, or an alternative splice form, wutant or copnate thereof.  For example, in one
embodiment, the siRNA targets pro-angiogenic VEGF mRNA isoforms such as VEGF .y,
apti-angiogenic VEGF 45 mRNA. In certain embodinents, the siRNA comprises a sense
RNA strand and an antisense RNA strand which form an RNA duplax.  The sense RNA
strand comprises a nucleotide sequence identical fo a target sequence of about 19 to about 25

contignons nucleotides in the target mRNA.

[0016] The disclosure also provides recombinant plasmids and viral vectors which
express the stRNA disclosed herein, as well as pharmaceutical compositions comprising such

an SiIRNA and a pharmaceutically acceplable carrier.

{0011} The disclosure further provides a method of inhibiting expression of haman
pro-angiogenic VEGF mRNA| or an aliernative splice form, mutant or cognate thereof, while
sparng anti-angiogenic VEGF mRNA, comprising administering to a subject an effective

amount of SIRNA sach that the target mRNA is degraded.

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

while sparing anti~-angiogenic mRNA.

[0013] The disclosure forther provides a method of treating an angiogenic disease,
comprising adnunistering to a subject in need of such treatment an effective amount of an
siIRNA tarpeted to human proangiogenic VEGEF miRNA or an glternative splice form, mutant
or cognate thereof, such that angiogenesis associaled with the angiogemc disease 1s miubied,
while the effects of anti~angiogenic VEGF mRNA are not affected.

H. Description of Drawings

3014} The file of this pateni contains at least one photograph or drawing exgented in
cotor. Copies of this patent with color drawing(s) or photograph{s} will be provided by the
Patent and Trademark Office upon request and payment of necessary fee.

[0815] For a fuller understanding of the nature and advantages of the present

invention, reference should be had to the following detatled description taken in connection

with the accompanying drawings, iy which:
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jo016] FIGS, 1A and 1B are a histograms of VEGF coucentration (in pgiml) in
hypowe 293 and HeLa cells treated with no siRNA ("-7); nowspectfic iRNA ("nonspecific™),
or SIRNA targeting human VEGF mRNA ("VEGF”). VEGF concentration {in pg/ml} in non-
hypoxie 293 and Hela cells is alse shown.,  Hach bar represents the average of four

experiments, and the grvor 1s the standard deviation of the mean.

[0617] FIG. 2 is a histogram of murine VEGF concentration (in pgiml) in hypoxic
NIH 373 cells treated with no siRNA (-7}, nonspecific siRNA ("nonspecific”); or siRNA
targeting human VEGF mRNA ("VEGF™). Each bar represents the average of six
experiments and the ervor is the standard deviation of the mean.

[018] FIG. 3 15 o histogram of human VEGF concentration (pg/total protein} n
retinas from nuce igected with adenovirus expressing human VEGF ("AdVEGF™) in the

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

bar represents the average of 3 eyes and the error bars represent the standard arrvor of the
mean,

{06191 FIG. 4 is a histogran: showing the mesn area {in mm®) of laser-induced CNV
i control eves given sabretinal injections of GFP siRNA (N=9; “GFP siRNA™Y, and in eves
given subretinal igections of mouse VEGF siRNA (N=7; *Mouse VEGF siRNA™). The error

bars represent the standard error of the mean.

[6020] F1G. 3 is a schematic representation of pAAVSIRNA, a cis-acting plasnud
used to generate 3 recombinant AAV viral vector of the invention. “ITR™. AAV inverted
terminal repeats: “LIO™: U6 RNA promoters; “Sense”: siRNA sense coding sequence; “Ang™

sIRNA antisense coding sequence; “Poly T polythynidine ternunation signals.

[6621] Fig. 6 shows histoprams of the mean srea (in mm”) of laser-induced CNV in
treatment in mouse eyves injected (A} subretinally or (B) miraviirgally with a mouse anti-
VEGF siIRNA ("mVEGFTsIRNA™ or control siRNA (“GFPLsiRNA™)L  The error bars
represent the standard ervor of the mean. (C} is a histogram of the mean area (in nun’) of
faser-induced ONV in mouse eves injected miravitreally with: phosphaie-buffered saline with
no sIRNA at | day post-laser induction ("PBS”; ONV ares measured at 14 days post-laser
induction); control siRNA at 14 days post-daser indoction ("GFPLSIRNAY, ONV area
measured at 21 days post-laser induction); or a mouse anti-VEGE siRNA &t 14 days post-
taser induction ("mVEGFLSIRNAT, ONV area measured at 21 days post-laser induction).

The error bars represent the standard error of the mean.

e
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{00221 Fig. 7 is a graph of the percent of VEGF ("% VEGE™) protein in mouse eves
fected sob-retinally  with bhuman ang-VEGF SiBNA ("Candd™) and control siRNA
{("GFPLsIRNA™) a1 0 (n=2; pre-siRNA fmjection), 6 (1=3), 10 (n=3) and 14 {n=3} days post-
jection. % VEGE = (VEGF] in the Cands eye{ VEGF] in the GFP1 5iIRNA eve) *100.

[0823] Fig. 8 15 a graph of hVEGF protein levels in 293 cells wansfected with
transfected with human VEGF siRNAs, non-specific siRNA (EGFP siRNA) or mock
transfections withowt sIRNAL

00241 Fig. 9 i1s a graph of the dose response studies with Candd (bevasrianib},
hVEGFEF#1, hVEGEF#2, hVEGFE, hVEGF&4, hVEGF#6 and hVEGF#7.

{0025 Fig. 1015 a schematic of the vanoues 1soforms of VEGF and thetr exon usage.

[0026] Fig. 11 1s a diagram comparing the homology of VEGF 4 and VEGF je5, att the
exon 7/8 junction,

[6027] Fig. 12 depicts the amount of VEGF protein expressed for various siRNAs
targeting the VEGF 5 exon 778 junction.

[0028] Fig. 13 depicts the percent knockdown of human VEGF protemn for various
SIRNAs targeting the VEGF x5 exon 7/8 junction,

00291 Fig. 14 depicts the amount of VEGF protein expressed for a secondary screen
of siRN As targeting the VEGF 45 exon 7/8 junction.

[0030] Fig. 18 depicts the percent knockdown of human VEGF protein for a
secondary screen of siRNAs targeting the VEGF 55 exon 7/8 junchion.

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

[6032] Fig. 17 depicts the percent knockdown of human VEGF protein over seven
davs for g secondary screen of SIRNAs targeting the VEGF 45 exon 748 junction,

00331 Fig. 18 depicts the effect of siRNA targeting the VEGF s exon 7/8 junction
on GAPDH mBNA expression using RT-PCR.

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

on VEGF s mRNA expression using RT-PCR.

S
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[0035] Fig. 20 depicts the effect of siRNA (argeting the VEGF exon 774 junction on
VEGF ¢ mRNA expression using RT-PCR.

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

[06837] Fig, 22 depicis the effect of IRNA targeting the VEGF s exon 7/8 junction
on VEGFjesm mRNA expression asing RT-PCR. Double banding at abowt 600bp s
artefactual.

0038] Fig. 23 depicts the cytokine profile of ARPEL9 cells following treatment with
selected siIRNAS,

[6839] Fig, 24 depicls the effect of siRNAs on lotal VEGF protein secretion by
ARPBE19 cells.

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

[6841] Fip. 26 depicts the effect of siRNAs on total VEGF protein secretion by
ARPELS cells.

[0842] Fig. 27 depicts the effect of 9RNAs on total VEGF protein secretion by
ARPE19 cells.

[0643] Fig. 28 depicts the stalulity of bevasitanib under diffwrent tempersture
conditions over time.

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

[6045] Fig, 30 depicts the stghility 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-HVEB-010 under different temperature

conditions over time

j0048] Fig, 33 depicts the homology between homan, rat and mouse VEGF sequences

at the 3" termnal end.

e
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00491 Fig. 34 depicts the effect of sIRNAS on rat VEGYF secretion by C6 cells.

[0050] Fig. 35 depicts the effect of sSIRNAs on mouse VEGF secretion by NIH3T3

cells.
[0051] Fig, 36 depicts the elfect of siRNAs on VEGF secretion by ARPE1Y celis.
[06052] Fig, 37 depicts the effect of siRNAs on VEGF secretion by ARPEID celis.
[6053] Fig. 38 depicts the effect of SIRNAs on VEGF secretion by ARPEDY cells.
[0854] Fig. 39 depicts the effect of siIRNAs on mowse VEGF secretion by NIH3T3
cells

I, Detailed Description

j0055] Before the present compositions and methods are described, it is to be
pnderstood that this invention i3 not hmited to the particular processes, compositions, or
methodologies desenibed, as these may vary. It 18 also to be anderstood that the terminology
used m the description is for the purpose of deseribing the particular versions or embodinents
only, and is not intended to limit the scope of the present invention which will be limited only
by the appended claims. Uhnless defined otherwise, all technical and scientific terms used
heren have the same meanings ag commonly understood by one of ordinary skill in the art.
Although any methods and matenials similar or equivalent to those described herein can be
used i the practice or testing of embodiments of the present invention, the preferred
methods, devices, and materials are now described. Al pubheations mentioned herein are
icorporated by reference in thewr entivety. Nothing herein is 1o be construed as an admission
that the vention 13 not entitled to antedate such disclosure by virtue of prior mvention.

[6856] it nusst also be noted that as uvsed hevewn and in the appended claims, the

e
b

singular forms “a”, “an™, and “the” mclude plural reference unless the context clearly dictates
otherwise, Thus, for example, reference to a “mwolecnle™ s a reference o 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 minus 10% of the mumerical value of the number with

which 1t is being used. Therefore, about 50% means it the range of 458%.-55%,

[00S7] As used herein, a “subject” includes a buman being or nou-buman mximal, In
certain embodiments, the subject is a human being.

[6858] As used herein, an “effective amount” of the siRNA 13 an amount sufficient (o

cause RNAmediated degradation of the target mRNA in cell. The term clinically effechive
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amoant i3 an amount that when administered o a subject, will inhibit the progression of

anglogenesis i a subject by RNA silencing.

[0039] As used herein, “solated” means altered or removed from the natural state
through hwman intervention. For example, an siRNA naturally present m a Hiving animal is
not “isolated,” but a svnthetic SIRNA, or an siRNA partially or completely separated from the
coexisting materials of s natural state s “isolated”  An isolated sIRNA can exist in
substantially purified form, or can exist in a non-native enviromment such as, for example, a

cell into which the siRNA has been delivered.

[0060] As  used herem, “larget mRNAT means an mRNA comprsing a
complementary sense sequence to an SIRNA antisense strand.  Such & target mRNA need not
be 100% homologous to the sIRNA antisense strand, as long as the siRNA functions o
silence or otherwise form a RISC complex with the target mRNA. Target mRNAs of
particular ase in the methods of the disckosure nclude, for example, pro-angiogenic VEGF
mRNA isoforms such as VEGF 1, VEGF 45, and VEGF e, VEGFus, VEGF 5, VEGF s,
and VEGFs and combinations thereof. In cerlam other embodiments, the target mRNA
does not comprise anti-angiogenic VEGF aq, mRNA, but targets gt least one other VEGF
isoforms.

-

80611 As used herein the term “partially non-complementary™ 15 intended to mean an
siRNA sequence which althoagh, perhaps sharing some sequence homology to a non-target
sequence still differs safficiently such that RNA silencing does not occur for the non-target

'y

sequence.  Partially non-complementary include sequences that are 20% homologous, 83%,
homologous, &0% homologess, 75% homeologous, 70% homologous, 63% homologous,
60%, homologons, 53%  bomologous, 50% bhomologous, 45% homologous, 40%
homologous, 35%, homwlogous, 30% homologous, 253% homologous, 20% homologous,
1 5% homologous, 10%, homologous, 3% homologous, 2% homologous, and 1% homologous
to a non-target sequence. A sequence that v entirely non-homologous o 3 non-target

sequence i considered non~complementary o the sequence.

[0062] As used herein, a gene or mRNA which 1s “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

5710 ¥ direction.  Also, all deoxvribonucientides in a nuclete anid sequence are represented

K-
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by capital letters {eg. deoxythymidine is “T7), and nibonaclestides in a nucleic acid

sequence ave vepresented by lower case letters (e.g., aridine is o™}

[0064] Compositions and miethods comprising siRNA targeted to VEGF and s
various isoforms can be used to inhibil angiogenesis, in particular for the treatment 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 Fit-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-KDR mRNA may also be used to inhibit the

angiogenic process.

[0065] One aspect of the present disclosure therefore provides isclated siRNA
comprising short double-stranded RNA from abowt 17 nucleotides 1o about 29 nucleotides m
fength, and in certain embodiments from about 19 {0 about 25 pucleotides n langth, that are
targeted t0 the target mRNA.  The sRNA comprise a sense RNA strand and g
complementary aptisense RNA strand annealed together by standard Watson-Crick base-
paring interactions (hereinafer “base-paired™).  As is descaribed in more detail below, the
sense strand comiprises a nucleic acid sequence which is identical or closely homologous o a

target sequence contained withun the target mRNA.

[6866] The sense and antisense strands of the siRNA can conymise two
complementary, single-stranded RNA molecides or can comyprise a single melecule in which
two complementary portions are base-paired and are covalently linked by a single-stranded
“hairpin™ area,  Without wishing to be bound by any theory, it is believed that the hairpin
area of the latter type of SIRNA molecule is cleaved intraceliuiarly by the “Dicer”™ protein {or

its equuvalent) {o form an IRNA of two ndividual base-paired RNA molecules .

[0867] Splice vantants of lnpman VEGF are known, inchuhing pro-angiogeme VEGYF
mRNA isoforms such a8 VEGF((SEQ ID NO: 2}, VEGF: (SEQ ID NO: 33, and
VEGF1o(SEQ ID NO: 4), VEGE . SEQ D NO: 3 GenBank Accession No. 8245579,
VEGFn (GenBank Accession No. AJOI0438% VEGF« (GenBank Accession No.
AFG913352), and VEGFus (GenBank Accession No. CS245578) as well as auti-angiogenic
VEGF s, mBNA (GenBank Accession No. AF430806).  The mRNA transcribed from the
human VEGF and its isoforms, as well as Fit-1 (SEQ ID NO: 6) or Flk-I/KDR (SEQ 1D NO:

73 genes can be analyzed for further alternative splice forms using techniques well-known in
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the art. Such technigues include reverse transeription-polymerase chain reaction (RT-PCR},
northern blothing and iv-sitw hvbridization.  Techniques for analyzing mRNA sequences are
described, for example, in Busting SA (2000), /. Mol Endaocrinol. 23: 169-193, the entire

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

wdenttlying aliernatively spliced mRNAs are also described below,

[6868] For example, databases that contan mucleotide sequences related to a given
disease gene can be used to identify alternatively sphiced mRNA.  Such databases include
GenBank, Embase, and the Cancer Genome Anatonyy Project {CGAP} database. The CGAP

s (ESTS) from various types of hbuman

o

database, for example, contains expressed sequence ta

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

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

[6869] A iechnupe called “"RNAse protecion™ can also be wsed to dentily
altemnatively sphiced VEGF and iis soforms as well as Fli-1 or Fik-1/KDR mRNAs. RNAse
proteciion volves translation of a gene sequence into synthetic RNA| which is bybridized 1o
RNA denved from other cells; for example, cells from tissue at or near the site of
neovascalarization.  The hybnidized RNA 15 then incabated with enzymes that recognize
RNARNA hybrid mismatches. Smaller than expected fragments mdicate the presence of
aliernatively spliced mRNAs, The putative alternatively spliced mRNAs can be cloned and

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

[6670] RT-PCR can also be used to identify alternatively sphiced VEGF and its
soforms as well as Flt-l or FIK-UVKDR mRNAs, In RT-PCR, mRNA from tissue or cells is
converted into ¢DNA by the enzyme reverse transeriptase. using methods well-known to
those of ordinary skill m the art. The coding sequence of the ¢DNA 15 then amplified via
PCR using a forward primer located in the §7 ganalated region, and a reverse primer located
i1 the 37 pranslated region.  In some embodiments, all the bases encoding the ¢cDNA are
amplified. The amplified products can be analyzed for alternative splice forms, for example
by comparing the size of the amplified products with the size of the expected product from
normally spliced mRNA, e.g, by agarose gel electrophoresis. Any change in the sixe of the

amplified product can indicate alternative splicing.

[0871] mRNA produced front mutant VEGF and its isoforms as well as Fli-l or Flk-

I/KDR genes can also be readily identified through the techniques described above for
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identifying alternative splice forms. As used herein, “pustant”™ VEGF and its isoforms as well
as Fit~1 or FIK-1/KDR genes or mRNA include twmnan VEGE and i3 soforms as well as Flt-
1 or Flk-I'KDR genes or mRNA which differ in sequence from the VEGF and #ts isoforms as
well as Fit-1 or Flk-1/'KDR sequences set forth berein, Thus, allelic forms of these genes,

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

[0672] It is wnderstood that human VEGF and its isoforms, as well as Flt-1 or Flk-
KDR mRNA may contain target sequences in common with their respective aliernative
splice forms, cognates or mutants. A single siRNA comprising such a common targeting
sequence can therefore induce RNAj-mediated degradation of different RNA types which
contain the common targeting sequence. For example, as shown i Figure 10, all VEGF
isoforms share exons 1-5. However, in VEGF {SEQ D NO: 2} exons 6 and 7 (7a and 7b)
are deleted. In VEGF s (SEQ ID NO: 3) exon 6 {6a and 6b) is deleted. In VEGF, (SEQ 1D
NO: 4) exon 6b s deleted.  In VEGF;» a portion of exon 6a i deleted as well as the
complete exon 6b sequence, VEGF s has a deletion of exon 6 (6a and 6b) as well as exon 7b
and a portion of exon & In VEGFus exon 6b and exon 7 {7a and 7b) are deleted. The only
known anti-angiogenic isoform of VEGF, \»"E(}Fmb, lacks exon 6 (6a and 6h). but
additionally 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 allowmg a portion of the I'UTR to be
translated as protem.  See for example, Bates et al, Can. Res. 62:4123 (2002), heremn
mcorporated by relerence in s entivety. VEGFu6 (SEQ ID NO: 5) 15 the full length sequence
YEGF with no deletions.  Thus, m certain emboduments, the $iRNA targets one or more
isoforms, such as VEGF o {(SEQ 1D NO: 2), VEGF s (SEQ 1D NO: 3), and VEGF 5{SEQ
ID NO: 4). VEGEw{SEQ 1D NO: 5. GenBank Accession No. CS243579), VEGF
(GenBank Accession No, AHHM3R), VEGF 45 (GenBank Accession No. AF{(}1352), andfor
VEGF s (GenBank Accession No. CS2458578), but spares others, such as VEGF 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 strand, said first RNA strand comprising a nucleotide
sequence identical to a targel sequence of about 19 1o about 25 contiguous nucleotides to a
vascular endothelial growth factor (VEGF) isoform selected from the group consisting of
human VEGF ., VEGFs VEGFw, VEGF, VEGFus, VEGF VEGFus and
combinations thergof, fiwther wherein said siIRNA s at least partially non-complementary to

VEGFies, . with the proviso that the human VEGF mRNA 1s not SEQ 1D NO. 42, Further
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embodiments include wethods of using soch siRNA to inhibit  angiogenesis  and
pharmaceutical corpositions comprising a therapeutically effective amount of such siRNA to

inhibit angiogenesis.

[6674] The siRNA can comprise partially purified RNA, substantially pure RNA,
synthetic RNA, or recombinantly produced RNA, as well as altered RNA that differs from
natwrally~occurring RNA by the addition, deletion, sabstitution andior alteration of one or
more nucleotides. Such alterations can include addition of non-nucleotide material, such asto
the end{s} of the siRNA or to one or more internal nucleotides of the siRNA, including

modifications that make the siIRNA resistant to nuclease digestion.

[075] One or both strands of the siRNA can also comprise a 3’ overhang. As used
herein, ¢ "3 overhang” refers o at least one unpawred nucleotide extending from the 3'-end
of a duplexed RNA strand. In some embodiments, the siRNA does not comyprise a overhang
and has a bhant end. In some embodiments, both ends of the SIRNA comprise a blunt end. In
some embodiments, the siRNA comprises a {7mer that contiguous with a target mRNA and
dTdT pverbang. in some embodiments, the siRNA is a siRNA thai can imhibit the secretion o
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, 8 rat cell, andior a
mouse cell. In some embodiments, the SIRNA can inhibit the secretion or production of
VEGF from a mouse cell and a human cell, but 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 celi, buat
nol from a mouse cell.  In some embodiments, the siRNA can inhibit the secretion or
production of VEGEF from a human cell, a mouse cell, and a rat cell. The selzetivity of the
$iRNA can be based upon the homology between the different sequences. For example,
Figure 33 shows the homology between the terminal codons encoding human, mouse and rat
VEGF. These differences can be exploited to produce siRNAs that can selectively inlubit the

production of VEGE from one or more species.

[6676] In some embodiments, 31RNAS comprising less than 21 nacleotides, e.g. 17,
18, 19, or 20, can be used 1o avoid any potential non~specific s vivo responses.  (See,
Ambati, Nature, 452, 591-5397 (3 April 2008})). For example, siRNAs comprising less than 21

nucleotides can be used to avoid potentially activating a TLR3 responsg in vivo.

{68771 Thus in one embodiment, the siRNA comprises at least one 37 overhang of

from 1 to about & nuclectides {which meludes ribonucleotides or deoxynucleotides) in length,
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preferably from 1 to abost § nucleotides in length, more preferably from 1 to sbout 4
nucleotides n length, and particalarly preferably from abowt 2 to about 4 nocleotides n

lennth.

[6678] in the embodiment in which both strands of the siRNA molecule comprise g 37
overhang, the length of the overbangs can be the same or different for each strand. i a most
preferred embodiment, the 37 overhang s present on both strands of the siRNA| and 15 2
nucleonides in fength. For example, each strand of the siRNA can comprise 37 overhangs of

dithymidylic acid {"TT7) or diwridylic acid (Mus™).

j6079] In order to enhance the stability of the present siRNA, the 3" overhangs can be
also stabilized against degradation. In one embodmment, the overhangs are stabilized by
including purine nucleotides, such as adenosine or guanosine nucleotides. Alternatively,
substitution of pyrimidine nucleotides by modified analogues, eg., substiiution of uridine
nucleotides m the 37 overhanys with 2 -deoxyihvmidine, i3 iolerated and does not affedt the
efficiency of RNAI degradation.  In particular, the gbsence of g 27 hydroxyl in the 2°-
deoxythymidine sigmificantly enhances the nuclease resistance of the 3’overhang in tissue

culiure medium.

{0080 In certain embodiments, the siIRNA compnises the sequence AANIOTT or
NA(N21), where N is any nucleotide. These SIRNA comypwise approximately 30-70% GC,
and preferably comprise approximately 50% G/C. The sequence of the sense siRNA strand
corresponds 1o (NISITT or N21 {/.e., posiiions 3 to 23), respectively. In the latter case, the ¥
end of the sense siRNA is converted to TT. The rationale for this sequence conversion 13 1o
genevate g symmetric duplex with respect to the seguence composition of the sense and
antisense strand 37 overhangs.  The antisense RNA strand 15 then synthesized as the

complament to positions 1 to 21 of the sense strand.

[0881] Becanse position 1 of the 23.-nt sense strand in these embodiments is not
recognized in a sequence~specific nmanner by the antisense strand, the 3'-most nucleotide
residue of the antisense swand can be chosen deliberately.  However, the penulitmate
nucleotide of the antisense strand (complementary to position 2 of the 23-nt sense strand in
either embodiment) is generally complementary to the targeted sequence.

00821 In another embodiment, the siRNA comprises the sequence NAR{NITYYNN,
where R is a purine {e.g, A or () and Y 15 a pyrimadine {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 I expression vectors withoual a

efficient when the first transeribed nucleotide is a purine.

[6883] In a further embodiment, the siRNA comprises a seguence having no more
than five (5) consecutive purines of pyrimidines. In a further embodiment, the siRNA
comprises a sequence having no more than five (3) consecutive nucleotides having the same

nucleobase (e, A, €, G, or UM

jO084] The siRNA can be targeted to any stretch of approximately 19-258 contiguous
nucleotides i any of the target mRNA sequences (the “target sequence™). Techniques for
selecting target sequences for sSiRNA are given, for example, i Tuschi T et al, “The siRNA
User Guide,” revised Oct. 11, 2002, the entire disclosure of which is herein mcorporated by
veference. “The siRNA User Guide™ is available on the world wide web at a website
mamiamed by Dr. Thomas Tuschl, Department of Cellular Biochenusiry, AG 105, Max-
Planck-Institute for Biophysical Chenustry, 37077 Gottingen, Germany, and can be found by
accessing the website of the Max Planck Institute and searclung with the kevword "uiRNAL”
Thus, the sense strand of the present siRNA comprises a nucleotide sequence identical to any

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

[0085] In some embodiments, the siRNA is 19 nucleotides and comprises 17
mucleotides that are identical {0 a target mRNA. In some embodiments, the sIRNA is 19
nucleotides in length comprising at least one bhunt 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,

j0086] Generallv, a target sequence on the target mRNA can be selected from a given
cDNA sequence corresponding to the {arget mRNA, preferably beginning 50 to 100G nt
dowsstream {F.e., in the 37 directon) from the start codon. The target sequence can, however,
be located m the 5 or 3 untranslated regions, or in the region nearby the stant codon (see,
¢4, the target sequences of SEQ 1D NOS: 73 and 74 i Table 1 below, which are within 100
nt of the 5'-end of the VEGTF 1, ¢cDNAL

[0887] In a further embodiment of the present mvention, the target mRNA sequence
comprises no more than five (5) consecutive purines or pyrimidines. For example, a suitable

target sequence i the VEGF 5 ¢DNA sequence i

TCATCACGAAGTGGTGAAG {SEQ ID NO: §)

NEN
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[0088] Thus, an siRNA {argeting this sequence, and which has 37 wu overhangs on

each strand {overbangs shown n bold), s

§'pcancacgaaguggngaagnu-3’ (SEQ ID NO: 9)
3-muaguagugenncaccacuuc-3’ (SEQ D NO: 10}

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

strand (overhangs shown in bold) is:

S'wucaucacgaaguggugaagTT-3 {(SEQIDNO: D

3-TTaguagugeuucaccacuuc-3° {SEQIDNO: 1)

[0090] Other VEGF 5, target sequences from which siRNA can be denved are given
in Table 1. 1t is understood that all VEGF 1y, target sequences fisted in Table I are withun that
portion of the VEGFy, alternative splice form which is comumon to all human VEGF
alternative splice forms. Thus, the VEGF;: target sequences in Table 1 can also target
VEGF 55, VEGF 0 and VEGFye mRNA. Targel sequences which target a specific VEGF
isoform can also be readily identified. For example, a targed seguence which targets VEGF s
mRNA but not VEGF;, mRNA s AACGTACTTGCAGATAETGACA (SEQ ID NO: 13
Conversely, target sequences which target pro-angiogenic VEGF mRNA isoforms such as
VEGF2, VEGFws, and VEGF, VEGFxe VEGF;:, VEGFLs and VEGFLs and
combinaticns thereof, but does not farget anti-angiogenic VEGEF g, mRNA include the
sequences found in Table 2, with the proviso that the VEGF miRNA 15 not SEQ 1D No, 42, Tn
certain embodunents, said homan VEGF mRNA 1s selectad from the group consisting of SEQ
1D NO: 86; SEQ ID NO: 87 SEQ ID NO: 88; SEQ 1D NO: 89 SEQ 1D NO: 90; SEQ 1D
NG 91 SEQ ID NQ: 92; SEQ ID NO: 83: SEQ ID 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 161,
SEQ ID NO: 102, SEQ 1D NO; 103, SEQ ID NOQ: 104, SEQ 1D Ny 05, SEQ 1D NQ: 106,
SEQ ID NO: 167, SEQ 1D NO: 108, SEOQ D NO: 109, SEQ D NGOy HO, SEQ 1D NO: 1,
SEQ ID NO: 112, SEQ 1D NO: 113, SEQ ID NO: 114, SEQ 1D NQ; 115, SEQ ID NO: 116,
SEQ ID NO: 117, and SEQ ID NQO: 11R. In certain embodiments, said lpman VEGF mRNA
is selected from SEQ ID NO. 88 and SEQ ID NQ. 94,

[0891] By selectively targeting the angiogenic isoforms of VEGF, while spaning the

anti-angiogenic isoform, it is possible to enhance the anti-angiogenmic effects of siRNA

7
i

treatment.  As shown in Figure 11, the region between exon 7 and 9 differ between the
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angiogenic and antiangiogenic seguences.  According to the various embodiments, it i3
possible 1o selectively target this region where the SIRNA is at least partially complementary
to the angiogenic isoforms, but at lesst partially or fully non~complementary to the anb-
angiogenic isoform. Consegquently, in certain embodiments, the SIRNA would not inhibit the
expression of the anti-angiogenic isoform, VEGF g, with the proviso that the VEGF mRNA
is not SEQ 1D No. 42, In certain embodiments, said hwnan VEGF mRNA is selected from
the group consisting of SEQ ID NO: 86; SEQ ID NO: 87; SEQ 1D NO: 88; SEQ ID NO: 89
SEQ D NO: 90, SEQ ID NO: 91; SEQ ID NO: 92; SEQ 1D NO» 93, SEQ ID NO: 94; SEQ
1D NO: 95; SEQ {D NO: 96; SEQ 1D NQ: 97; SEQ 1D NO: 98, SEQ 1D NO 99, SEQ ID NO
100, SEQ ID NO 101, SEQ 1D NQO: 102, SEQ 1D NO: 103, SEQ ID NO» 104, SEQ 1D NO:
105, SEQ 1D NO: 106, SEQ ID NO: 107, SEQ 1D NO: 108, SEQ ID NO: 109, SEQ ID NO:
110, SEQ ID NO: 11, SEQ ID NO: 112, SEQ D NQO: 113, SEQ ID NO: 114, SEQ 1D NO:
115, SEQ ID NG:; 116, SEQ 1D NG: 117, and SEQ D NO: 118, In certain embodiments,
said human VEGEF mRNA 15 selected from SEQ 1D NO. 88 and SEQ ID NO. 94,

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

in POCT/US2003/0022444 filed July I8, 2003, herein incorporated by reference in its entirety.

Table 1 - VEGF Target Sequences

SEQ SEQ
target sequened ib target sequence iy

NO: NO:
cognate VEGF mRNA sequence i GATAGAGCAAGACAAGAAA 26
Sphice varlant VEGF 5 sequence 2 SACAAGAAAATCCCTGTGO 27
Splive variant VEGF 14 sequence 3 GAAAATCCCTGTGGGCCTT 28
Splice vartant VEGF i sequence 4 AATCCCTGTGGGLCTTGCT 29
Splice vartant VEGF w5 seguence 5 TCCCTGTGQGUCTTGCTCA 3
TCATCACGAAGTGGTGAAG 8 GCATTTOTTTGTACAAGAT 31
UCHBCAC QHAZNREUAR LY 9 GATCCGCAGACGTGTAAAT 32
WHAZUAZULCULCACCACUTT 1 ATGTTCCTGCAAAAACACA 33
ucancacgaaguggugaagTT 11 TGTTCOTGCAAAAACACAG 34
TTaguagugcuucaccacuug 12 AAACACAGACTCGCETIGC 35
AACGTACTTGCAGATGTGACA 13 AACACAGACTCGOGTTGCA 36
GTTCATGGATGTCTATCAG 14 ACACAGACTCGCGTIGCAA 37

w6
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TCGAGACCCTGOTGOACAT 13 CACAGAUTCGCOTTGCAAG RN
TGACGAGGGCCTGGAGTGTY 16 GGUGAGGCAGCTTGAGTTA 39
TGACGAGGGCCTGGAGTGT 17 ACGAACCGTACTTGCAGATG 40

CATCACCATGCAGATTATG

CGAACGTACTTGCAGATGT

ACCTCACCAAGGCCAGCALC

COTACTTGCAGATGTGACA

GGCCAGCACATAGGAGAGA

GTGGTCCCAGGCTGCALCCC

CAAATOTGAATGCAGACCA 21 GOAGGAGGGCAGAATCATC 44
ATGTGAATGCAGACCAAAG 22 GTGGTGAAGTTCATGGATG 43
TGUAGACTAAAGAAAGATA 23 AATCATCACGAAGTGGTGAAG 46

AGAAAGATAGAGCAAGACA

AAGTTICATGGATGTCTATCAG

GAAAGATAGAGCAAGACAA

AATCGAGACCCTGOTGOACAT

AATOACGAGGGCCTGOAGTGT

AATGTTCCTGCAAAAACACAGAC

AACATCACCATOCAGATTATG

AAAAACACAGACTCGCGTTGUAA

AAACCTCACCAAGGCCAGCAC §i AAAACACAGACTCGCOTTGCAAG 67
AAGGUCAGCACATAGGAGAGA 52 AAACACAGACTCGOGTTGCAAGG 68
AACAAATGTGAATGCAGACCA 53 AACACAGACTCGUGTTGUAAGGC 69

AAATGTGAATGCAGACCAAAG

AAGGUGAGGUAGCTTGAGTTAAA

AATGUCAGACCAAAGAAAGATA

AAACGAACGTACTTIGCAGATGTG

AAAGAAAGATAGAGCAAGACA 36 AACGAACGTACTTGCAGATGTGA 72
AAGAAAGATAGAGCAAGACAA 57 AAGTGGTCCCAGGOCTGCACCUATY 73

AAGATAGAGCAAGACAAGAAAATY

AAGGAGGAGGGCAGAATCATCAL

AAGACAAGAAAATCCCTGIGGGC 39 AAGTGGTGAAGTICATGGATGTC 75
AAGAAAATCCOCTGTGOGGLCTTGU &0 AAAATCCCTGTOGGCCTTGUTCA 76
AATCCCTGTGGGCCTTGUTIAGA 61 accucaceaaggecageacTT 77
AAGCATTTGYITTGTACAAGATCO 62 gugeuggecnuggugagoul T 78

et

AAGATCCGCAGACGTGTAAATGT

GGUTACGTCCAGCGCACC

AAATGTTCCTGCAAAAACACAGA

AAACCUCACCAAAGCCAGCAC

Table 2 - VEGF Target Sequences selectively excluding VEGF 45,

LiRNA Name

Target sequence {5-3'}

OPK-HVB-D01

AACGTACTTGCAGATGTGA {(SEQ 1D NO: 86

OPK-HVB-002

IACGTACTTGCAGATGTGAC (SEQ 1D NO: 87

OPK-HVB-003

CGTACTIGCAGATGTGACA

OPK-HVB-004

GTACTTGCAGATGTGACAA {SEQ 1D NO: 88

OPK-HVB-005

TACTTGCAGATGTGACAAG {SEQID NO: 89

{ )
{ }
{SEQ 1D NQ: 42)
{ }
{ )
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OPK-HVB-006  ICTTGCAGATGTGACAAGC {SEQ I NO: 94
OPK-HVB-007  JCTTGCAGATGTGACAAGCC (5EQ 1D NO: 91}
OPK-HVB-008  {TTGCAGATGTGACAAGULLG (SEQ D NO: 92)
OPK-HVB-009  [TGCAGATGTGACAAGCCGA {SEQ ID NO: 93)
OPK-HVB-010  {GCAGATGTGACAAGCCGAG (SEQ D NO: 94}
OPK-HVB-011  {CAGATGTGACAAGUCGAGG (SEQ D NO: 95}
OPK-HVB-012  JAGATGTGACAAGLCGAGGC (SEQ D NO: 96)
OPK-HVB-013  JGATGTGACAAGCCGAGGCG {SEQID NO: 97)
OPK-HVB-014  JATGTGACAAGCCGAGGCGE {SEQ 1D NO: 98)

OPK-HVB-004be

GTACTTGCAGATGTGACAA (SEQ 1D NO: 99)

OPK-HVB-009be

TGCAGATGTGACAAGCCGA (SEQ 1D NO: 100)

OPK-HVB-010be

GCAGATGTGACAAGCCGAG (SEQ 1D NO: 101)

OPK-HVB-012be

AGATGTGACAAGCCGAGGC (SEQID NQ: 102)

OPK-HVB-001a

AACGTACTTGCAGATGT {SEQLID NO: 103}

OPK-HVB-0023

ACGTACTTGCAGATGTG (SEQ D NO: 104)

OPK-HVB-003a

CGTACTTGCAGATGTGA {SEQID NO: 105)

OPK-HVB-0043

OPK-HVB-0053

TACTTGCAGATGTGACA (SEQ ID NO: 107}

OPK-HVB-006a

{

{
GTACTTGCAGATGTGAL {SEQID NO: 106)

{

{

ACTTGCAGATGTGACAA (3E0Q 1D NO: 108

OPK-HVB-007a

CTTGCAGATGTGACAAG {SEQ 1D NO: 109

GPK-HVB-008a

OPK-HVB-009a

)
}
TTGCAGATGTGACAAGC {SEQ 1D NO: 110}
TGCAGATGTGACAAGCC {SEQ 1D NO: 111)

OPK-HVB-010a

GCAGATGTGACAAGCLG {SEQ ID NO: 112

OPK-HVB-O11a

)
CAGATGTGACAAGCCGA {SEQ D NO: 113)

OPK-HVB-012a

OPK-HVB-013a

AGATGTGACAAGCCGAG (SEQ 1D NO: 114}
GATGTGACAAGCCGAGE (SEQ ID NO:; 115}

GPK-HVB-014a

IATGTGACAAGCCGAGGL {SEQID NO: 116}

OPK-HVB-015a

TGTGACAAGCCGAGGCG {SEQ 1D NO: 117)

OPK-HVB-016a

GTGACAAGCCGAGGCGG {SEQID NO: 118)

PCT/US2009/066741

The sequences with the nanmes “OPK-HVB-XXXbhe™ refer to sequences that are 19mer
blunt end counterparts of the similar 2imers. The sequences with the names
“*OPVHVB-XXXa” refer 1o 19 mers where there is a 17 bp nucleotide sequence with a
dTdT overhang., Other sequences not specifically exemplified herein but targeting

VEGTF while sparing VEGF165b can also be made with similar properties.

[0893] The siRNA can be obtained using a number of techuiques known to those of
skall n the art. For example, the siRNA can be chemically synthesized or recombinantly

produced using methods known in the wit, such as the Drosophila in vigro system described in

~ ] 8-



WO 2010/065834 PCT/US2009/066741

U.S. published application 2002/0086356 of Tuschi et al, the entire disclosure of which i3

herein incorporated by reference.

[0094] In certamn embodiments, the <iRNA are chemically synthesived using
appropriately protected ribonuclenside phosphoranudites and a conventional DNA/RNA
synthesizer. The siRNA can be synthesized as two separate, complementary RNA molecules,
or as a single RNA molecule with two complementary regions.  Commercial suppliers of
svithetic RNA molecules or synthesis reagenis mclude Prolige (Hamburg., Germany),
Dharmacon Research {Lafayette, CO, USA), Pierce Chenucal (part of Perbio Science,
Rockford, 1L, USA}, Glen Research (Sterling, VA, USA), ChemGenes { Ashiand, MA, USA}

and Cruachem (Glasgow, UK},

[0095] Aliernatively. siRNA can also be expressed from recombmnant circular or
fingar DNA plasmids using any suitable promoter. Suitable prommoters for expressing siRNA
from a plasmid mclude, for example, the U6 or H1 RNA pol HI promoter sequences and the
cytomegalovirus promoter. Selection of other sutiable promoters s within the slall in the art.
The recombimant plasmids of the mvention can also comprise inducible or regulatable
promoters for expression of the SiIRNA m a particulsr (Bsue of m a particular intraceliular

SNV IS Ht.

[0096] The IRNA expressed from recombinant plasmids can either be solated from
cultured ceil expression systems by standard techniques, or can be expressed intracellufarty at
or near the area of neovascularization i vive, The use of recombinant plasmuds to deliver

SIRNA to cells in vive 1s discussed in more detal below.

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

TEYIOns.

[0898] Selection of plasmids suitable for expressing sIRNA, metbods for inserting
nucleic acid sequences for expressing the siRNA into the plasmid, and methods of delivering
the recombinant plasnud to the cefls of interest are within the skill m the art.  Sge, for
example Taschl, T. (2002), Nat. Biorechnol, 2h 446-448; Brummeltkamp TR et al. (2002},
Science 2061 S50-553; Mivagishi M et al. (2002), Naw. Biotechnol 200 497-500; Paddison PJ
et al. (2002), Genes Dev. 16: 948-98¥; Lee NS ef ¢l (2002), Nar. Biotechnol. 200 300-505;
and Paul CP et al. 2002), Nai. Biotechnol, 20: 505-508, the entire disclosures of which are

herein incorporated by reference.
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{00991 A plasnud comprising nacleic acid sequences for expressing an siRNA i3
described n Example 7 below. That plasnud, called pAAVORNA, comprises a sense RNA
strand coding sequence in operable connection with a polyT termination sequence under the
controf of a human U6 RNA promoter, and an antisense RNA sirand coding sequence n
operable connection with a polyT termination sequence under the control of a human U6
RNA promoter. The plasmid pAAVSIRNA is ultimately intended for use in producing an
recombinant adenoc-associated viral vector comprising the same nucleic acid sequences for

exprassing an siRNA.

00100} As used herein, “in operable connection with a polyT termination sequence”
means that the nucleie acid sequences encoding the sense or antisense strands are
immediately adjacent to the polyT termination signal in the 37 divrection. During transeription
of the sense or antisense sequences from the plasmid, the polvT termunation signals act o

terminate transcription.

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

promoter can initiate wanscription of the sense or antigense coding sequences.

{00102} The sIRNA can also be expressed from recombinant wiral vectors
intracellularly at or near the ares of neovascularization i wivo. The recombinant viral vectors
of the invention comprise sequences encoding the siRNA and any suitable promoter for
expressing the siRNA sequences. Sustable promoters include, for example, the U6 or Hi
RNA pol {H promoter sequences and the cytomegalovirus promoter.  Selection of other
suitable promoters 18 within the skill i the art.  The recombimant viral vectors of the
mvention can also comprise inductble or regulatable promoters for expression of the siRNA
in a particular tissue or w a parbionlar miracethular environment.  The use of recombinant

viral vectors to deliver siRNA to cells 7 vivo is 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 molecule with two
complementary regions,

{08104} Any viral vector capable of accepting the coding sequences for the siIRNA
molecule(s) 1o he expressed can be used, for example vectors derived from adenovirus {AVY;
adeno-associated virus {AAV); retroviruses {eg, lentiviruses (LV), Rhabdoviruses, maurine

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

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

[08105] Sclection of recombinant viral veclors suilable for use m the invention,
methods for mserting nucleic acid sequences for expressing the SIRNA into the vector, 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 Fherap. 20 301-310; Eglitis MA (1988),
Biotechniques 6: 608-614; Miller AD (1990}, Hium Gene Therap. 1 5-14; and Anderson WF
(1998), Namre 3923 25-30, the entire disclosures of which are herein incotporated by

reforence.

{00106} Preferred viral vectors are those dertved fromr AV and AAV. In a
particularty preferred embodiment, the siRNA is expressed as two separate, complementary
single-stranded RNA molecudes from a recombimast AAV vector comprising, for exampla,

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

{00107} A suitable AV veclor for expressing the sIRNA, 8 method for constructing
the recombinant AV vector, and a method for delivering the vector inin target cells, are

described in Xia H et al. (2002}, Nar. Riotech. 200 1006~1010,

{0108} Saitable AAV vectors for expressing the siRNA, methods for constructhing
the recombinant AAV vector, and methods for delivering the vectors into target cells are
deseribed in Samulski R et al. {1987y, .1 Firol, 61: 3096-3101; Fisher KJ et al. {1996), J.
Firnl , 7tk 520-332; Samulski R et al. {1989} J Firol 63: 3823-3826; 118, Pat. No.
8,252,479 US. Pat. No. 3,139 941, International Patent Application No. WO 94413788, 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 tnvention is described in Example 7 below,

{00109} The ability of an siRNA containing a given target sequence to cause RNA-
meddiated degradation of the target mRNA can be evaluated using standard techniquas for
measuring the fevels of RNA or protein n cells. For example, siRNA can be delivered to
cultured cells, and the levels of target mRNA can be measured by Nerthern blot or dot
blotting technigues, or by quantitative RT-PCR.  Aliernatively, the levels of VEGF and its

isoforms as well as Flt- 1 or Fik- UKDR receptor protein i the cultured cells can be measured
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by ELISA or Western blot. A suitable cell cultuwre system for measaring the effect of the

present sIRNA on target mRNA or protein tevels s described in Example | below.

{00110} RNAbmediated degradation of target mRNA by an siRNA containing a
given target sequence can also be evaluated with amimal medels of neovascudarization, such
as the ROP or ONV mouse models. For example, areas of neovascularization in an ROP or
CNV mouse can be measured before and after admimistration of an siRNA and, in some
embodimetns, compared to an untreated animal. A reduction in the areas of
neovascularization m these models upon adnunistration of the siRNA indicates, in some

embodiments, the down-regulation of the target mRNA (see Example ¢ below).

(00111} As discussed above, the siRNA v capable of targeting and causing the
RNAmediated degradation of VEGF and us 1soforms as well as Fli-1 or FIk-1/KDR mRNA,
or alternative splice forms, mutants or cogoates thereof, preferably VEGE, and more
preferably human VEGF. Degradation of the {arget mRNA by the present sitRNA reduces the
production of a functional gene product from the VEGF and its isoforms as well as Fit-1 or
Flk-1/KDR genes. Thus, ancther embodiment of the present invention provides a method of
infubiting expression of VEGF and ity isoforms, sach as VEGF{SEQ 1D NOQ: 23, VEGF s
{(SEQ ID NO: 3}, and VEGF {SEQ 1D NO: 4), VEGF(SEQ ID NO: 5; GenBank
Accession No. (S245379),  VEQGFy (GenBank Accession No. ANI0438), VEGE 4
(GenBank Accession No. AF091352), andior VEGF 43 (GenBank Accession No, CR245578),
as well as Fli-1 or Flk-I/KDR i1 a subject, comprising administering an effective amount of
an SIRNA 1o the subject, such that the target mRNA s degraded. As the products of the
VEGF and #s isoforms as well as Flt-1 and Fik-1'KDR genes are required for tmtiating and
maintaimng angiogenesis, another embodiment of the present invention provides a mathod of
mhibiting angiogenesis in a subject by the RNAj-medsated degradation of the target mRNA

by the present SIRNA.

{08112} RNAi-mediated degradation of the target mRNA can be detected by
measuring fevels of the farget mRNA or protein in the cells of a subject, using standard
techniques for isolating and quantifying mRNA or protein as described above.

{06113} Inhibition of angiogenesis can be evalvated by directly measuring the
progress of pathogenic or nonpathogenic angiogenesis in a subject; for example, by observing
the sire of a neovascularized area before and afler treatment with the siIRNA. Ay inhibition

of angiogenesis 1s indicated 1f the size of the neovascolarized area stays the same or is
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reduced. Technigues for observing and mweasuring the size of neovascularized aveas in a
subject are within the skill in the an; for example, sreas of choroid neovascalarization can be

observed, for example. by fluorescein angiography.

{68114} Inhibition of angiogenesis can also be inferred through observing a changs or
reversal in a pathogenic condition associated with the angiogenesis. For example, in ARMD,
a slowing, halung or reversal of vision loss indicates an minbition of anglogenesis in the
choroid. For tumors, g slowing, halting or reversal of tmor growth, or a slowing or halting
of tumor metastasis, indicates an inhibition of angiogenesis at or near the twmor sife
Inhibition of non-pathogenic angiogenesis can also be inferred from, for example, fat loss or

a reduction m cholesterol levels upon adnunistration of the siRNA.

{00115} It is understood that the siRNA can degrade the target mRNA {(and thus
inhibit angiogenesis) in substoichiometric amounts. Without wishing to be bound by any
theory, it 15 believed that the aRNA causes degradation of the farget mBNA m a catalytic
mamer.  Thus, compared to standard anti-angiogenic therapies, significantly less siRNA

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

j801116] One skilled In the art can readily deternune an effective amount of the siRNA
to be administered 10 a given subject, by taking 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 sulyect; the route of admimsiration; and whether the admumnisization 13 reuional or
syatentic. Generally, an effective amount of the sIRNA comprises an intercatlolar concentration
at or near the neovasculartzation site of from about 1 nanomolar {nM) to about 100 nM, prefers-
bly from gbout 2 nM to about 50 aM, more preferably from about 2.5 nM to about 10 aM. Lt is

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

[60117] The present methods can be osed to wnhibil angilogenesis which 15 non-
pathogewic; Lo, angiogenesis which results from normal processes in the subject. Examples
of nou-pathogenic angiogenests include endometrial neovsscularization, and processes
involved i the production of fatty tissues or cholesterol. Thus, the invention provides a
method for inhibiting non-pathogenic angiogenesis, e.g., for controlling weight or promoting

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

[00118] The present methods can also inhibit angiogenesis which is associated with
an angiogenic disease; 7., a disease in which pathogenicity is associated with inappropriate

or ancontrolled angiogenesis.  For example, most cancerous solid tomors genmeraie an
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adeqaate biood supply for themselves by inducing angiogenesis in and around the tumer site.
This nunor-induced angtogenesis is ofien required for tumor prowth, and also allows

metastatic cells to enter the bloodsiream.

{60119} Other angiogenic diseases melude diabetic retinopathy, age-refated macular
degeneration {ARMD), psoriasis, rheumatoid arthrilis 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 i invaded and
destroved by capiflaries. The anpiogenesis-driven destruction of the choroid in ARMD

evemtually leads to partial or full blindness.

{00120} Preferably, an ©iRNA is used to inhibit the growth or metastasis of sohd
twumors associated with cancers: for example breast cancer, lung cancer, head and neck
cancer, brain cancer, abdominal cancer, colon cancer, colorectal cancer, esophagus cancer,
sastrointestinal cancer, glioma, liver cancer, fongue cancer, neuroblastoma, osteosarcoma,
OVATIAn Cancer, pancreatic cuucer, prostaie cancer, retinoblastoma, Wihn's wimor, muduple

nrveloma; skin cancer (e g, melanoma}, lvmnphomas and blood cancer,

j88121} More preferably, an stRNA 15 used to miubit choroidal neovascularization in

age-related macular degeneration.

{00122 For treating angrogenic diseases, the siRNA can administered to a subjectin
combination with a pharmaceutical agent which is different from the present uiRNA.
Alternatively, the siIRNA can be administersd o 8 subject in combination with another
therapeutic method designed {o treat the angiogenic disease. For example, the siRNA can be
administered m combination with therapeutic methods cwrrently employed for treating cancer
or preventing tumor metastasis {e.g., radiation therapy, chemotherapy, and surgervy. For
freating tumors, the siRNA s preferably admimstered o a subject in combination with
raciation therapy. or in combination with chemotherapentic agents such as cisplatin,
carboplatin, cvelophosphamide, S-fluorouracil, adrigmycin, dauncrubicin or tamoxifen.

{60123} In the present methods, the present siRNA can be admunistered to the subject

either as naked siRNA,| in conjunction with a delivery reagent, or as a recombipant plasmad or

viral vector which expresses the siRNA.

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

fipofectaming; cellfecting or polycations {eg.. polylvsine), or hiposomes. In some
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embodiments the delivery reagent is Ribuojuice (Novagen), a siRNA transfection veageni,

which comprises anune and lipid based reagents. A preferved delivery reagent 1 a Hposome.

In some embodiments, the sIRNA is delivered Iree of a hiposomal delivery agent.

[68125] Liposomes can aid n the delivery of the siRNA 1o a particuiar Ussue, such as
retinal or tumor tissue, and can also increase the blood half-life of the siRNA. Liposomes
sutable for use n the invention are formed from stendard vesicle-fornung hpids, which
generally include neairal 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 halflife of the hposomes in the blood stremm. A vanety of
methods are known for preparving hposomes, for example as deseribed in Szoka et all {1980),
Amn. Rev. Riophys. Bioeng. 9 467; and U.S. Pat. Nos. 4235871, 4,501,728, 4,837,028, and

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

[68126] Preferably, the hiposomes encapsulaling the present siRNA comprises a
ligand molecule that can target the lposome {0 a particular cell or tissue at or near the site of
angtogenesis. Ligands which bind to receptors prevalent in tumor or vascular endothelial
cells, such as monoclonal anttbodies that bind to tumor antigens or endothebial cell swriace

antigens, are preferred.

{08127} Particularly preferably, the hposomes encapsulating the present siRNA are
modified so as to avoid clearance by the moncnuclear macrophage and raticulpendothedial
systems, for example by having opsontzation-inhibition moieties bound to the surface of the
structure. In one embodiment, a liposome of the mvention can comprise both opsomization-

inhibition moieties and a higand.

[00128] Opsomzation-inhibiting moieties for use m preparing the liposomes of the
fnvention are typically large hvdrophilic polymers that are bound to the liposome membrane.
As ased hereiny, an opsonization inhibiting moiety is “bound” to a liposome membrane when
it is chenucally or physically attached to the membrane, e, by the intercalation of a lipnd-
soluble anchor into the membrane itself, or by binding directly to active groups of membrane
fipids. These opsonization-inhibiting hydrophilic polymers form a protective sarface layer
which significantly decreases the uptake of the hiposomes by the macrophage-monocyte
svstem (“MMS™) and reticuioendothelial system ("RES™); e g, as described in U8, Pat. No.
4,920,016, the entire disclosure of whieh is herein ncorporated by reference.  Liposomes

modified with opsomzation-inlubition moieties thus remain in the circulation wuch longer
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than unmodified liposomes. For this reason, sach liposomes are sometimes called “stealth”

hposomes.

{00129} Stealth hiposomes are known o accumulate i tssues fed by porous or
“leaky” microvasculatare. Thus, targel tissue characterized by such microvasculature
defects, for example solid tumors, will efficiently accumulate these liposomes; see Gabizon,
et ol (1988), PNAS, US4, 18 6949-53. Ty addition, the reduced aptake by the RES lowers
the toxicily of stealth hiposomes by preventing significant accumulation i the liver and
spleen, Thus, lipesomes of the invention that are modified with opsonization-inhibition

moteties can deliver the present siRNA to tumor cells.

{00130} Opsonization inlubiting moteties suitable for modifving biposomes 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 {0 about 20,000 daltons. Such
podvmers iclude polvethviens glyeol (PEGY or polvpropyiene glveol (PPG) dertvatives; e.g.,
methoxy PEG or PPG, gnd PEG or PPG stearste; synthetic polymiers such as polyacrvianude
or poly N-vinyl pyrrolidone; linear, branched, or dendrimeric polyamidoamines; polvacrvlic
acids; polvaleohols, e.g.. polyvinvialcohol and polyxylitol to which carboxvlic or amino
groups are chemically linked, as well as gangliosides, such as ganglioside GM,. Copelymers
of PEG, methoxy PEG, or methoxy PPG, or derivatives thereof, are also sumable. In
addition, the opsonization inhibiting polvmer can be a block copolymer of PEG and either a
polvamine acid, polysaccharide. polvamidoamine, polyethyvlencaming, or polynacieotide. The
opsonization inhibiting polymers can also be natural polysaccharides containing amino acids
or carhboxviic acids, e.g.. galacturonic acid, glucwronic acid, mammmrone acid, hyalurenic
acid, pectic acd, neuramimic acid, algmic acid, carrageenan; aminated polysacchandes or

oligosacchandes (linear or branched); or carboxviated polysaccharides or oligosaccharides,

e.2., reacted with derivatives of carbonic acids with resultant inking of carboxvlic groups.

{68131} Preferably, the opsonization-inhibiting moiety is a PEG, PPG, or dertvatives
thereof Liposomes modified with PEG or PEG-derivatives are sometimes called “PEGylated
tiposomes,”

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

bound to & membrane. Simsdarly, a dextran polymer can be derivatized with a stearylamine
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lipid-sohubie anchor via redactive amipation using Na(CUN)BH; and a solvent mixture such as

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

{00133} Recombinant plasmids which express siRNA we discussed above.  Such
recombinant plasmids can alse be administered directly or in comjunction with a sustable
dehivery reagent, inclading the Mims Transtt LT1 lipophilic reagent; lipofeciin;
tipofectanune; cellfecting polycations {eg., polvlysine} or liposomes. Recombinant viral
vectors which express SIRNA are also discussed sbove, and methods for delivering such

vectors to an area of neovascalarization in a patient are within the skill in the art.

00134} The siRNA can be administered to the subject by any 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.

[68135] Sigtable enteral admumistration routes mclude oral, rectal, or infranasal

dehivery,

{06136} Suitable parenteral administration routes include mtravascular adnunistration
(e.g. infravenous bolus injection, intravenocus infusion, intra-arterial bolus iyjection, intra-
arterial  mfusion and catheter instillation into the vasculature), peri- and infra-tissug
admimistration {e.g., peri-tumoral and intrastumoral  injection, idra-retinal injection or
subretinal injection}; subcutaneous injection or deposition including subcutaneouns infusion
{such as by osmotic pumps); direct {.g., topical} application to the area at or near the sie of
neovascularization, for example by a catheter or other placement device {e.g.. a corneal peilet
or a suppository, eve-dropper, or an implant comprising a porous, non-porous, or gelatinons
material), and inhalattion, Suitable placement devices include the ocular implants described
i U8, Pat. Nos. 5,902,398 and 6373972, and the biodegradable ocular mmplants described
fr US. Pat. No 6331313, the entire disclosures of which are herewn incorporated by
reference.  Such ocular implants are available from Control Delivery Systems, Inc.

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

{08137} In a preferred embodiment, fnjections or infusions of the SiRNA are given at
or near the site of neovascularization. More preferably, the siRNA is admimstered topically
to the eye, eg. n Hguid or gel form to the lower eve lid or comjunctival cul-de-sac, as is
within the skill in the art {see, eg., Acheampong AA el al, 2002, yug Mewbol. and

Disposition 30 421-429, the entive disclosure of which is herewn incorporated by reference).
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00138} Typically, the siRNA s admimsiered topically to the eve i smounts of frony
abowt 5 microliters to about 75 microliters, for example from about 7 sueroliers (o aboat 50
microliters, preferably from about 10 nucroliters to about 30 nucroliters. It is understood that
topical instiliation in the eve of SIRNA I volumes greater than 75 microliters can result m
foss of siRNA from the eve through spillage and dratnage. Thus, i is preferable to administer

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

{00139 A particularly preferred parenteral administration rouwte is intmaocular
administration. It is uyndersiood that intraocular administration of the present siRNA can be
accomplished by injection or direct {e.g., topical) administration to the eye, as long as the
admimistration route allows the sitRNA to enter the eve. In addition 1o the topical routes of
adminisiration to the eve described above, suitable intraocular routes of administration
include intravitreal, miraretinal, sabretinal, subtenon, pert~ and retro-orbital, trans-corneal and
trans-scleral admimstration. Sach intraocudar administvation routes ave within the skill in the
art; see, e and Acheampong AA et al, 2002, supra; and Bennett et al. (1996), Hum. Gene
Ther, 7. 1763-1709 and Ambati J et al., 2002, Frogresy in Retingl and Eye Rey, 21; 145-151,
the entire disclosures of which are herein incorporated by reference. In another preferrad

embodiment, the siRNA is administered by mntravitreal injection.

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

at or near the site of neovascularization are particulatly prefarred.

141} One skilled in the art can also readily determine an appropriate dosage regimen
for adminmsiering the stRNA to a given subject. For example, the siRNA can be administered to
the subject once, such as by a single injection or deposition at or near the neovascularization site.
Alternatively, the siRNA can be adnunistered 1o a sulject multiple times daily or weekly. For
example, the siRNA can be administered {0 a subject once weekly for a period of from about

three to about twenty-eight weeks, and alternatively from about seven o about ten weeks, Ina

certamn dosage regimen, the SIRNA s mjected at or near the site of neovascularization (2.,
mtravitreallv) once a week for seven weeks. It is understood that periodic admunistrativus of the
SIRNA for an indefinite length of tme may be necessary for subjects suffering from a chronic

neovascularization disease, such as wet ARMD or diabetic retinopathy.

.
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00142} Where a dosage regimen compwises muitiple admimisivations, # is undesstood
that the effective mmowst of SIRNA administered o the subject can comprise the total amount of

stRNA admimstered over the entire dosage regimen,

[68143] The siRNA are preferably formulated as pharmaceutical compositions prior
to administering to a subject, according to fechnigues known in the arl.  Pharmaceutical
compositions of the present invention are characterized as being at feast stenle and pyrogen-
free.  As used herein, “pharmaceutical formulations”™ mnclude formulations for human and
veterinary use. Methods for preparing pharmacestical compositions of the invention are
within the skill in the art, for example as deseribed i Remington's Phovmacewtical Science,
17th ed., Mack Publishing Company, Easton, Pa. (1985}, the entre disclosure of which i

herein incorporated by reference,

{60144} In one embodiment, the pharmaceutical formulations comprise an siRNA
{ex., 0.1 lo 908 by weight), or a physichogically acceptable sali thereof, mixed with a
physiologically acceptable carrier medium.  Preferred physiologically acceptable carrier
media are water, buflered water, saline solutions {e.g., nornal salineg or balanced sshing
sofuttions such as Hank's or Earle’s balanced sall solutions), 0.4% saline, 0.3% glvcine,

hyataronic acid and the like.

{00145} Pharmaceutical compositions can also comprise conventional pharmaceuntical
excipients andéor additives.  Suitable pharmaceutical excipients mclude stabilizers,
aptioxidants, osmolality adjusting agents, buffers, and pH adjusting agents.  Sustable
additives mclude physiologically biocompatible buffers (e.g, vomethamine hydrochloride},
additions of chelants (such as, for example, DTPA or DTPA-bisannde) or caloiam chelate
complexes {as for example caletam DTPA, CaNaDTPA-bisamide), or, optionally, additions
of calciam or sodiun salts (for example, calenism chloride, calcium ascorbate, calcium
gluconate or calciam lactate). Pharmacentical compositions of the invention can be packaged

for use in ligmd form, or can be lvophilized.

{66146} For topical administration to the eve, conventional intraoccular delivery
reagents can be used. For example, pharmaceutical compositions of the invention for topical
intraocular delivery can comprise saline solutions as described above, corneal penetration
enthancers, msoluble particles, petrolatum or other gel-based omtments, polymers which
undergo a viscosily mcrease upop nstillation in the eve, or mucoadhesive polvmers.

Preferably, the wiraceular delivery resgent snoreases comesl penetration, or prolongs
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preceaiar retention of the siRNA through viscosity effects or by establishing physicochemical

fterachions with the mucin laver covering the comeal epithelium.

{00147} Suitable msoloble particles for topical intraccular delivery include the
calcium phosphate particles described in U.S. Pat. No. 6,355,271 of Bell et al.. the entire
diselosure of which is herein incorporated by reference. Suitable polymers which undergo a
viscosity mcrease apon instiffation i the eve inclede polyethvlenepolyoxypropylene block
copalymers such as poloxamer 407 {e.g., at a concentration of 25%), cellulose acetophthalate
{e.g., at a concentration of 30%), or a low-acetyl gellan gum such as Gelrite® {avatlable from
CP Keleo, Wilmington, DE).  Suitable macoadhesive polymers include hydrocolloids with
muitiple hyvdrophilic functional groups such as carboxyl hvdroxyl, amide andior sulfute
groups: for example, hydroxypropyleellulose, polvacrviic acid, high-molecular weight
polyethylene glycols (e, >200,000 number average molecalar weight}, dextrans, hyvaluronic
acid, polygalacturonic acid, and xylocan. Suitable cornenl penetration enhancers include
cyclodextrins, benzalkonium chioride, polvoxyethviene glycol Tauryl ether {e.g., Brij® 38},
polvoxvethviene glveol stearvl ether (eg., Bry® 78), polvoxyethylene glvenl oleyl ether
{e.g., Brig® 98), ethvieng diamine tetraacetic acid {(EDTA), digitomin, sodiem taurocholate,

sapomns gad polyoxyethylated castor oif such as Cremaphor EL.

{08148} For sohd compositions, conventional nontoxic solid carriers can be used; for
exanple, pharmaceutical grades of mannstol, lactose, starch, magnssium stearaiz, sodium

saccharin, talcam, cellalose, glucose, sucrose, magnesium carbonate, and the like.

{06149} For example, a sohd pharmaceutical composition for oral adoumstration can
comprise any of the carriers and excipients listed above and 10-95%, preferably 2396-75%, of
one or more SiRNA, A pharmaceuntical composition for aerosol (inhalational) adnunistration
can comprise (.01-20% by weighi, preferably 1%-10% by weight, of one or more siRNA
encapsulated in & hposome as described above, and propeltant. A carner can also be included

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

[66150] The invention will now be illustrated with the following non-limiting

examples.

{06151} Example 1 -~ siRNA Transfection and Hypoxia Indaction In Fitre

[OO1S2] SIRNA Design - A 19 nt sequence located 329 nt from the 57 end of human
VEGF mRNA was chosen as a target sequence: AAACCTCACCAAGGCLAGCAC (SEQ

ID NO: 813 To eonsure that it was not contained in the mRNA from any other genes, this
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target sequence was entered ipto the BLAST search engine provided by NCBIL The use of
the BLAST algonithm is described in Altschal et al. (19903, J. Mol Biol 2157 403-410 and
Altschul et al. (1997), Nueleic deids Res. 25 3389-3402 the disclosures of which are heren
incorporated by reference in their entirety. As no other mRNA was found which contained
the target seqaence, ap sIRNA duplex was syithesized to target this sequence (Dharmacon

Research, Inc., Lafaveue, CO).
08153} The siRNA duplex had the following sense and antisense strands.
sense;

5'-aceucaccaaggecageacTT-3" (SEQ ID NO: 77}

antisense;
S-gugcuggecuuggugageu T T-37 (SEQ 1D NO: 78).

{08154} Together, the siRNA sense and antisense strands formed 8 19wt double-
stranded sIRNA with TT 37 overhangs (shown m bold} on each strand. This siRNA was
termed “Candidate 57 or "Cand5.” Other siRNA which target human VEGF mRNA were

designed and tested as described for Cand5 (bevasmanib).

[06155] An sIRNA targeting the following sequence in green fuorvescent protein
(GFP) mRNA was used as a nonspecific control: GGCTACGTCCAGCGCALC (SEQ 1D
NO: 79 The siRNA was purchased from Dharmacon (Lafayette, CO).

[88136] SIRNA Transfection and Fypoxic Induction In Viro - Human cell lines (393
Hela and ARPETY) were separately seeded mnio 24-well plates in 250 mucroliters of complete
DMEM medium one day prior to transfection, so that the cells were ~50% confluent at the
time of wansfection. Cells were transfeciad with 2.5 aM Candd 3iRNA, and with either no
SIRNA or 2.5 nM non-specific siRNA (largeting GFP) as controls.  Transfechions were
performed in all cell hines with the “Transit TKO Transfection™ reagent, as recommended by

the manufacturer {Mirus).

[00137} Twenty four howrs after transfection, 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-trausfection, the cell culture wedium was removed from all wells,
and a human VEGF ELISA (R&D systems, Minneapolis, MN)} was performad on the culture
medium as described i the Quantikine lnunan VEGE ELISA protocol available from the

manufacturer, the entire disclosure of which is hevein incorporated by reference.
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[O0158] As can be seen in Fig. 1, RNAI degradation induced by Cand3 siRNA
significantly 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 hvpoxic cells
treated with either no siRNA or the non-specific siRNA control.  Sinular results were also
seen with haman ARPEIO cells treated under the smme conditions, Thus, RNA interference
with VEGP-targeted siRNA disvupts the pathogenic up-regulation of VEGF i human
cultured cells in vitro,

001591 The experiment outlined above was repeated on mouse NIH 3713 celis 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 avalable from the manufacturer, the entire
disclosure of which is herein incorporated by reference. Results similar to those reported in

Fig. | for the luoman cell lines were obtained.

Production in Human Cultured Cells

jo0161} The experiment ovtlined in Example | was repeated with human 293, Hela
and ARPE1Y cells using a range of siRNA concentrations from 10 nM to 50 oM. The ability
of the CandS siRNA 1o down-regulate VEGF production incressed moderstely up to
approximately 13 nM siRNA, but a plateau effect was seen above this conceniration. These
results highlight the catalvtic nature of siRNA-mediated RNAL degradation of mRNA, as the
plateaw effect appears to reflect VEGF production from the few cells not transfected with the
siRNA. For the nwjornity of cells which bad been translected with the siRNA| the increased
VEGF mRNA production induced by the hypoxia is outstripped by the siRNA-induced

devradation of the targel mRNA at siRNA concentrations greater than about 13 nM,

{00162} Example 3 - Specificity of SIRNA Targeting

{08163} NIH 3T3 mouse {ibroblasts were grown in 24~well plates under standard
conditions, so that the cells were ~50% confluent one day prior to transfection. The human
VEGF siRNA Cand3 was transfected into a NIH 3T3 mouse fibroblasts as in Example 1.
Hypoxia was then induced in the transfected cells, and murine VEGF concentrations were

measured by ELISA as in Example 1.

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

murine VEGF mRNA by one nucleotide. As can be seen in Fig. 2, the human VEGF siRNA
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has no alfect on the abildy of the mouse cells to up-regulate mouse VEGF afier hypoxia.
These results show that GRNA induced RNAY degradation 1 sequence-specific to within a

one nucleotide resolution.

[68165] Example 4 - In Five delivery_of siRNA to Muvine Retinal Pigipent

Epithelial Cells

06166} VEGF 15 upregulated in the retinal prgment epithelial (RPE) cells of human
patients with age-related macular degeneration (ARMD). To show that functional siRNA can
be delivered 10 RPE cells in vivo, GFP was expressed in mouse refinas with a recombinant
adenovivus, and GFP expression was silenced with siIRNA. 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 m Bennett et al. (1996), supra., with a
mixtare coniaiming ~ix10® particles of adenovires containing eGFP driven by the UMV
promoter and 20 prcomoles of siRNA targeting eGFP conjugated with transit TKO reagent

(Mirog).

[00168] As positive control, the contralseral eves were Injected with a mixturg
containing ~1x10" particles of adenovirus containing eGFP driven by the CMV promoter and
20 picomoles of SIRNA argeting buman VEGF conjugated with transt TKO reagent {(Mirus).
Expression of GFP was detected by fundus ophthalimoscopy 48 hours and 60 hours aller
injection, Animals were sacrificed at either 48 hours or 60 hours post-iijection. The eyes
were enucleated and fixed in 4% paraformaldehyde, and were prepared either as flat mounts

or were processed mto 10 micron cryosections for fluorescent mucroseopy.

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

sIRNA targeted to GFP maRNA, expression of the GFP transgene s halted.

j00170] While there ix some GFP fluorescence detectable by fluorescence

PHCrosCcopy in eyves that recetved SIRNA fargeted 1o GFP mRNA, the fluorescence is greatly

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

demonstrate that functional siRNA can be delivered in vive 1o RPE cells.

(80171} Example 5 - fa Five Expression and siRNA-Induced RNAQ Degradation

of Human VEGF in Murine Retinas

[66172] In order {0 demonstrate thal sIRNA targeled o VEGE imctioned in vin, an
exogenous man VEGF expression cassette was delivered to mouse RPE cells via an
adenovirus by subretinal injection, as in Example 4. One eve received Cand3S siRNA, and the
contralateral eve receivaed siRNA tarpeted to GFP mRNA.  The animals were sacrificed 60
hours post-fijection, and the injected eves were removed and snap frozen w ligquid Na
following enucleation.  The eves were then homogenized in tysis buffer, and total protemn
wias measured using @ standard Bradford protein assay (Roche, Germany), The samples were
nonnalized for total protem prior to assaving for human VEGF by HELISA as described n

Example {.

{06173} The expression of VEGF was somewhat vardable from snimal to ammal.
The varability of VEGF levels correlated well to those observed in the GFP expeniments of
Example 4, and can be attributed 0 some error from syection to injection, and the differential
abihity of adenovirus 1o delivery the target gene  each animal. However, there was a
stgnificant attenuation of VEGF expression in each eye that received VEGF siRNA, as
compared to the eves receiving the non-specific conirol siRNA (Figwre 4). These data
wndicate that the Cand? siRNA was potent and effective in silencing haman VEGFE expression

i murme RPE cells is vivo.

[60174] Example 6 - Inhibition of Cheroidal Neovascularization in the Mouse
CNY Model

There is evidence that chorowdat neovascularization in ARMD is due to the
upregulation of VEGF in the RPE cells. This buman pathologic condition can be wodeled in
the mouse by using & laser to burn a spot on the retina (“laser photo-cosgulation” or “laser
induction™). During the healing process, VEGF is believed to be up-regulatad in the RPE
cells of the burned region, feading (o re~vasculartzation of the choroid. This model is called

the mouse choroidal neovascdanization ("CNV™ model.

[001758] For rescue of the mouse UNV model, a mouse siRNA was designed that
wmeorporated a one nucleotide change from the human “CandS™ siRNA from Example 1. The

mouse  SIRNA  specifically  targeted mouse VEGF mRNA  at  the  sequence

3
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AAACCUCACCAAAGCCAGUAC {SEQ ID NO: 80). Other siRNA that target mouse
VEGF were also designed and tested. The GFP siRNA ased 85 a nonspecific control n

Example 1 was alse ased as a non-specific control here.

[08176] Twenty fowr hours afier laser mduction, one eve from gach of eleven adull
C57/Blacks mice (Jackson Labs, Bar Harbor, ME} was injected subretinally with a mixtore
containing ~1x10° particles of adenovires containing LacZ driven by the CMV promoter and
20 picomoles of siRNA targeting mouse VEGF conjugated with {ransit TKO reagent (Mirus),
as in Example 4. As a control, contalateral eyes received a mixture comtaining ~1x10"
particles of adenovirus containing LacZ driven by the CMV promoter and 20 picomoles of

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

{00177} Fourteen days after the laser weatment, the mice were perfused with
fluorescein and the area of neovascularization was measured around the bum spots. Areas of
the burn spots m the contra-lateral eye were used as a control. The sile 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-directad
$IRNA (also called “anti-VEGE siRNA™)Y for therapy of ARMD.

j00178} Example 7 - Generation of an Adeno-Associated Viral Vector for

Expression of siRNA

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

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

{66179} The rep and cop genes of psub20l were veplaced with the following
sequences in this order: a 19 nt sense RNA sirand 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 polyT ternunation
sequence under the control of a human U6 RNA promwoter. A schematic representation of

PAAVSIRNA is given if Fig. S

{06180} A recombinant AAV sIRNA veclor was oblamned by transfecting
PAAVSIRNA mto human 293 cells previously nfecied with El-deleted adenovirus, as
described i Fisher KJ et al. (1996), supra. The AAV rep and cap functions were provided

by a trams-acting plasmid pAAV/AJ as described in Samuiski R et al. (1989, supro.
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Prodaction fois of the recombinant AAV siRNA vector were titered according to the number

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

[60181} Example 8 — VEGF-Direcied siRNA Inhibits Experimental Choroidal

Neovascularization

The ability of murine VEGFE-divected siIRNA {o mhibit experimental laser-induced

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

{06182} The retinas of adult female C57BLSG mice were laser photocosgulated using
an 810 nm dinde laser {75 um, 140 mw, (.10 seconds) (Oculight Six; RIS Medical,
Mountain View, UA). Three laser spots were applied to both eves of each mouse. Thirty-six
hours  following  laser photocoagulavon, an  siRNA  twgeted t©o mouse VEGF
{"mVEGF LsiRNA") was delivered subretinally or intravitreally to one eye of each mouse.
For subretinal injection, the siRNA was conjugated with Transit TRO transfection reagsnt
{Mirus) and mixed with recombinant adenovirus (rtAdenovirus). For intravitreal ingection, the
sIRNA was delivered in the absence of transfection reagent and rAdenovirns. As a control,
the contralateral eyes of euch mouse received subretinal or ntravitreal mjections of 1dentical

v 0

fornmddations with an siRNA targeted to GFP ("QGFP1siRNA™), which has no homeolog

mouse VEGF.

[({0183] Fourteen davs following laser treatment, all anmimals were perfused with high
molecular weight FITC-dextran, choroidal flat mounts were prepared as described above, and
the flat mounts were photographed and analvzed microscopically in a masked fashion. The
area of CNV in each {lai mount was measured with Openilab software {fmprovision, Boston,
MA})  The mean areas of OUNV i eyes treated with mVEGF] siRNA were significantly
smailer than those areas from GFPLsiRNA-treated eves for both subretinal (Fig. 6A;
P<3,003) and intravitreal (Fig. 68; P<0.04) delivery.

{00184} In a second experiment, the retinas of adult female C37BL/G nuce were laser
photocoagulated as described above, and the animals were divided imto comtrol and test
groups. One day following laser photocoagulation, phosphate buffered saline was delivered
wtravitreally o the animals of the control group, which were perfused with dextran-
fluorescein 14 days after laser freatment. Choroidal fHat mounts were then prepared and the

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

[00188] Fourteen dayvs following laser photocoaguiation, mVEGF1sIRNA was

detivered by itravitreal injection mto one eye of each mouse in the test group. Contralateral
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eves were mjected with GFPIsiIRNA as a conrol. The test group aninwls were perfused
with high moleculay weight dextran~fluorescein 21 days after faser treatment. Choroidal flat
mounts were then prepared and the areas of ONV in ecach flat mount were measured, as

above.

[66186] In this later experiment, the anti-VEQGF siRNA was aduunistered during
CNV growth, as opposed to before ONV growth, and thus is more representative of the
condition of human patients presenting with wet AMD. Ag can be seen from Fig. 6. the mean
areas of CNV in mVEGF ] siRNA-treated eyes were significantly smaller than those areas
measared in GFPLsiRNA-treated eyes (Fig. 6C; P=<00.0S). The mean areas of ONV in

mVEGFL siIRNA-reated eyes at day 21 and control ("PBS™) eves at day 14 were not

significantly different (Fig. 6C; P=(3.469},

[68187} The resulis of these experimenis indicate thal age-related wmacular

degeneration can be treated with anti-VEGF siRNA.

anti-VEGF siRNA in Murine RPE Cells

[301891 The ability of Cand3 uRNA to induce RNAI of VEGF /i vive over time was

evaluated as follows.

(00190} AAV.CMV.VEGF, winch expresses buman VEGF from an adeno-associated
viral vector, was generously provided by Dr. A, Auricchio. AAV.CMV . VEGF was mjected
subretinally and hilaterally in eves of five CS7BV6 mice. Twenty-eight davs after mjection
of AAV.OMVY VEGF, Cand5 siRNA was delivered by intravitreal injection into one eve and
controf GFPLIRNA was delivered by infravitreal injection in the contralateral eye of each

animal.

jo0191F At day O (pre-siRNA myection), and at 6. 10 and 14 days after siRNA
ijection, the mice were sacrificed and the eves were snap froren in liguid nitrogen following
enucleation. The eves were then homogenized in lyvsis buffer (Roche, Basel, Switzerland),
and total protein was measured using a Bradlord assay, as in Example § above. Two mice
were used for the O day time point (n=2), and three mice sach were used for the 6, 10 and 14
day time points (n=3). The samples were normalized for total protein prior o assaying for
human VEGF by ELISA| according to the manufacturer’s recommendations (R&D systems,

Minngapolis, Minnesota). Percent of VEGF (% VEGE) for each mouse was calculated as the
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concentration of VEGF ("[VEGF]") in the eve mjected with CandS divided by the [VEGF] in

the eye iyjected with GFP1sIRNA, multiphied by 100,

[00192} As can be seen from Figore 7, a single mjection of Cands mduced an RNAw-
mediated decrease in VEGY levels of approximately 709 by day 6 post-iRNA injection,
with a reduction in VEGF production of approximately 33% continuing through at least day
14 post-siRNA injection. These results indicate that tRNA directed against haman VEGF 15

capable of inducing RNAI of human VEGF in vivo for a sustained period of thme.

[60193] Example 16 - In Fivo RNA Interference of VEGY in Monkeyvs with Anti-
VEGF siRNA

{00194} The objectives of this study were to deternune the safety and efficacy of
CandS when administered by single intravitreal injection to male cynomolgus monkeys
following mduction of NV, Cands was admmistered in the vehicle control article to naive
male cynomolgus monkeys m the following dose levels: 0 mgfeve (control), 0.07 myfeve,

(.18 myfeve, 0.35 myfeve and, and .70 mg/eve.

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

collected and preserved for histopathologic evaluation.

[606196] No adverse systenic or local (oculary effects of CandS were detected when
monkeys were adminstered 8 single intravitreal injection into both eves at doses up 1o 0.70
my/eye following laser lesioning of the macula and during subsequent development of CNV.

{68197} Example 11 - fn Firro RNA Interference of VEGF with Anti-VEGF

siRNA in Haman Embrvonic Kidaev 293 Cells

{08198} Human embryonic kidney 293 cells (obtatned from ATCC, Manassas, VA)
were cultured i Dulbecco’s Modified Eagle Medium (DMEM; obtained from Celigro,
Herndon, VA) with 10% fetal bovine serum {(FBS; from IRH Biosciences, Lenexa, KS) and
an antibiotic-antimycotic reagent, wsed for the prevention of cell culture growth contaminants

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

control,

Table 2.

Name GC Nucleotide Target Sequence §'-3°

Content Start Site
BVEGES] SR 92 aageageaveecasaatcate {SEQ 1D NQO: &1
BVEGEFE2 42% 124 aagiicatgeatetctateag (SEQ ID NO: 47}
hVEGEFS3 S8% 162 aatcgagacccteptecacat {(SEQ 1D NO: 48)
hVEGEE4 42% 3 gacatcaccatgeagattatg (SEQ ID NO: 50}
BVEGFES - 58% 338 aageccageacataggagaga (SEQ ID NO: §2)
BVEGFHE0 - 42% 380 satgigaatgcagaccaaaga {SEQ 1D NO: 82)
hVEGF&? L 37% V6 aaagadagatagagcaneaca {SEQ 1D NO: 563
hVEQEFSR 32% 450 aaaecatttettistacasea (SEQ 1D NO: 83)
BVEGFRY  42% 467 aagatccgengacpigtaaat (SEQ 1D NQ: 84}
BVEGFE1I0 - S3% 498 saacacacactegegttgeaa (SEQ ID NO: 85}
CandS - 63% 32N sasccicaccaappccageac (SEQ ID NO: 51)

[B0200] siRNA Transfection and Hypoxia Induction In Virro, Human 293 cells were
cultured in 24 veell plates at 37°C with 5% CO2 overnight. The next day, wansfections were
performed when cells were sbout 5096-70% counflaent. Cells were transfected with SiRNAs
directed against human VEGYE. siRNAs were mixed in a CaPi reagent and added to 20 ul of
250 mM CaCl: solation.  The siRNA/CaCh nuxture was added drop~wise to 20 ul of 2X
Hanks Balanced Salt Solution (HBS), while mixing by vortex. The siRNA/CaCh/HBS
complex was added directly io the medium in each well (300 pliwell). Afier a 4-hour
incubation at 37°C, the medium was ramoved, and the cells were further incubated with 10%
DMSO-containing serum-free medium (300 ul/well at room temperature for 1-2 nunutes).
This medium was then removed, and the cells were fed again with growth medium (500
aliwell). Negative controls included transfection reagent lacking siRNA and nonspecific
SIRNA (EGEPL siRNA)Y. For screening experiments siRNAs were used al a voncepiration of
25nM. For dose response experiments, SiIRNAs were used at concentrations of 1 oM, 5nM
and 23aM. Hypoxia was induced with desferrioxamine at a final concentration of 130 uM 4
hours alter transfection was performed. Desferrioxamine numics a hypoxic state, as it is
proposed o disrupt normat oxveen-sensing pathways in nanunalian cells by inhibiting heme-

Fe2+ interactions.

~39-




WO 2010/065834 PCT/US2009/066741

{00201} FEGK Frotein Quaniificadion.  Approximately 48 hours post transfection,
the supernatant was removed rom all wells and a haman VEGEF ELISA (R & D systems,
Minneapolis, MN) was performed on the 293 cells as described in the Quantikine human
YEGF ELISA protocol. VEGF-gpecific antibody was added to each well causing color
development in proportion {0 the amount of VEGF bound to the plate.  ELISA results were

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

{00202} Resulis. Human VEGF siRNAs Suppresses Hypoxig-Induced Up-regudation
of Human VEGE Protein in 293 Cells. Human VEGF was upregulated by the
desferrioxamine~-mediated induction of bypoxia. Readings of OD 4530mm reflected the human
VEGF protein levels in cell samples. The hyvposia-induced merease of hVEGF protein levels
were sigaificantly reduced in cells transfected with all of the human VEGF siRNAs (Figure
¥}, No effect on BVEGF levels were observed with transtections with nonspecific siRNA
(EGFP sIRNA) or mock transfections withont sIRNA. Dose response studies were performed

on Cands, hVEGF#1 hVEGFE2 hVEGF#3, hVEGF#, hVEGF#6 and hVEGF#T (Figure 9).

[60203] Example 12 - In Fitre RNA Interference of VEGY iseforms

jo0204] VEGEes has been wdentified as an endopenocus amti-angiogemic VEGE
isoform.  sIRNA were designed to selectively inhibit certaan VEGF isoforms, such as

VEGF g, but spare VEGF ga.

{08208} AMerhods: ARPELY cells were seeded in 24 well plates (30,000 cells per
well), Eighteen to twenty-four hours post-sezding, cells were 50-73% confluent and used for
transfection. Fourteen human VEGE-& specific siRNAs were designed and tested. Celis
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 eppendor! tube then 2 ul of Ribojuice
was added {o the OPTI-MEM. The solution was mixed by gentle vortexing and centrifuged
briefly to collect contents ai botiom of the tubeand incubaled at room temperature for 5 min.
SIRNA (7.5 ploof a 1 pM stock) was added {o the Ribopuice/mediam nux and gently mixed
and briefly centrifuged to collect contents at the bottom of the twbe. The mixture was
incabated at room temperatute for 15 minutes. During the ncubation, media was ramoved
from cells and replaced with 250 ul. of fresh complete ARPEID growth media (DMEM/F12;
0% FBS, 1% penicilinsireptomycin}. After the 153 mmnute mcubation the

SIRNARbopsice/medivm mixture (30pL} was added dvopwise to the cells. The final
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concentration of SIRNA in the 300ul. volume was 235 oM. Cells were maimiamed &t 370(,
5% COy for 24 bours. In additional experiments, reactions were scaled up to transfect cells n
triplicaie wells with each siRNA. 24 hoars post-lransfection, the transfection mixiure was
removed and the cells wese treated with Miiubls of serum free DMEM/F12, DMEMF12
containing 10 ng/ml human recombinant TGFBH or DMEM/FI2 contaning Hng/mb
TGFBH and § pgfmb ovelohexinmude. The cells were returned to 370C and §% CQ2 {for an
additional 24 hours. Afterwards, the media was removed from the cells and amalyzed for
protein expression by ELISA (Quantikine human VEGF ELISA kit (R&D Systems)y. Media
was removed from cells and collected in eppendor! wbes and placed on ice and immediately
analyzed for VEGF protemn via ELISA, or stored at ~800C and analyred for VEGF protein at

a later time point,

[08286] Based on thess results, a select number of siIRNA candidates were put
through an additional transfection sersen. Cells were collected, RNA extracted, and semi-

gquantitative RT-PCR was performed to determine the siRNAs™ inhibitory effect on VEGF s,
VEGF 5. VEGFy; and VEGE 59, GAPDH housekeeping gene expression was used as a
control.  Specifically, after removing the media from the wells, 200 pls of lysisthinding
solution from the RNAqueouns Kit {Ambion Ywas added to each well. RNA was quantified
via spectrophotometry (OD 260 aM). The lysed cells were collected and RNA was extracted
following the manufacturer's protocol. RNA was reverse transcribed using SuperScripiT™
[ Reverse Transcripiase {Invitrogen) according to the manufacturer’s protocol. ¢DNA was
analvred for GAPDH, VEGF 65, VEGF 1ean, VEGF 11y and VEGF g using PCR. Primers used

for PCR are shown in Table 3.

TABLE 3.
Lf:rimer
e

lP 121 [Rever&e primer VEGF 121 GOQUTTGTCACATTTTICTIG
[P 165 [R.everse primer VEGFI6S [CCCACAGGGATTTICTTGTIC
189 [Reverse primer VEGFIRY ICTTTCCCTITCCTCGAACTG
hVEGE-E [Forward primer used for  JGCTACTGUCATCCAATCGAG |
VEGF121, VEGF16S & |
VEGE 189 3
IP165bR  [Reverse primer for GTCTTTCCTGGTGAGAGATC

Description Sequence §-3°

VEGF163h
WVEGE-A Worward primer for CTGTCTTGGOTGUATTIGGAG
TEGF165D

N
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GAPDH-B IReVE:rse primer GAPDH  GAGGCAGGGATGATGTTCTG
GAPDH-A li’om-‘ard praner GAPDH  CATGGUAAATTCCATGGUAC

[002071 For PCR analysis, 3 ul. cDNA was combined with | gl of each appropriate
forward (10 M) and reverse primer (10 uM} primer and 45 pl, of Platimam PCR Supermix
(Invitrogen) such that the final concentration of each priner was 200 nM. The ¢DNA was

amplified in a thermocyeler with the following PCR conditions:
{00208} Step I 94<C for 2 minutes
{00209} Step 20 94«C for 15 seconds
{00210} Step 3: 55oC for 30 seconds
{60211} Step 4 720C for 30seconds

[66212] Step 5 Repeat steps 2-4 30 umes for GAPDH, VEGF s, VEGEFp and
VEGF w0 o1 38 imes for VEGF s

{00213} Step 6: 72oC for 10 minutes
{60214} Step 7. 9oC

j06218] PCR product was then visualized on 8 2% agarose gel prepared m 1X TAE
buffer.

[68216] Results: Treatment of ARPELY cells with TGFPU induced VEGF production
i ARPEID cells and ELISA results demonstrated several siRNA candidates inhibited the
production of TOFPIl-mduced VEGF i ARPEDQ cells.  RT-PCR confirmed that 2
candidates inhibited production of VEGF s, VEGF 1y and VEGF 1, but spared VEGF 1.
As shown in Figure 12 (pw/ml, BVEGE) and 13 (% knockdown hVEGE), VEGE siRNA
candidates {Table 2) were screened for the ability to inhibit VEGF protein production by
ARPEILY cells as tested by ELISA. Cells were treated with 10 ng/ml. TGFBH to upregulate
VEGF production. ELISA measured total VEGF protemn and was not selective for any
particular splice variant. Several candidates (OPK-HVB-004, OPK-HVB-010, and OPK-
HVB-011) demonstrate an inhibitory effect and warranted further study. As shown in Figure
14 (pg/mL hVEGF) and 15 (% knockdown hVEGF), a secondary screen of VEGF prodaction
using the same methods as in Figure 12 and 13 demonstrated that OPK-HVEB-004 and OPK-

HVB-010 inhibited VEGF protein production and warranted forther investigation,

e
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{00217} Figures 16, 24 and 27 demonsirate 8 dose response efficacy of haman VEGFE
knockdown with several candidates (OPK-HVB-G04, OPKAHVB-01G, and OPK-HVRB-012)

at varying concentrations,

[66218] Figure 17 demonstiaies downregulation of human VEGF over ong week (7
days) of several candidates (OPK-HVB-004, OPK-HVB-016, and OPK-HVB-(12).

[60219] As a control, GAPDH RT-PCR was performed on variously treated cells as
shown in Figure 18, Although the actual amount of RNA present was not quantified, the
procedures are semi-quantiative when compared to the reference control lane 3. Specifically,
downregidation of RNA production 1s demonstrated when a band appears fainter. I this
experiment, samples in Lanes 2-11 were trealed with 10 ng/ml TGFBH to upregulate the
production of VEGEF. The FAM-GAPDH siRNA downregulated GAPDH message (lane 4),
while the other treatments have no effect on GAPDH mRNA, thus confirming that there 18 no
variability in total RN A production in the teated cells.

(00220} VEGF 45 1soform RT-PCR was also performed on the treated cells gs shown
i Figure 19, Samples in Lanes 2-11 were {reated with 10 ng/mb TGFPH to uprepulate the
production of VEGF. 25 oM bevasiranib (lane 6), which is known to downregulate all VEGF
isoforms, 23 oM OPK-HVEB-004 (lane 7Y and 25 oM OPK-HVB-010 {lang 8}, downregulated
the production of VEGF & mRNA folowing induction with TGFPH (fane 2), a3
demonsirated by the bands baing lighter than control i fane 3.

[60221} VEGF» isoform RT-PCR was also performed as shown i Figure 20
Samples 1 Lanes 2-11 were treated with 10 ng/mb TGFBI to apregulate the production of
VEGF,

[682221 23 oM bevasiranibh (Jane 6}, 25 oM OPK-HVB-004 {Jane 7) and 23 nM OPK-
HVYB-010 {lane 8) downregulated the production of VEGF i mRNA following induction
with TOFBH (lane 2) as demoustrated by the bands being Hghter than control in lane 3.

[60223} VEGF 1y soform RT-PCR was then performed as shown i Figure 21.
Samples 1y Lanes 2-11 were treated with 10 ng/mL TGFBH to apregulate the production of
VEGF.

{60224} VEGF» wRNA was dovwnregulated i fane 6 (25 nM bevasiranib) as

demonstrated by the bands being lighter than control in lane 3.

002251 Finally, VEGF 430 1soform RTPCR was performed as shown m Figure 22,
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[60226] 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 1o be
artifsctual. However, VEGF 55 mRNA is downreguiated by bevasiranib (lane 6) as shown
by the bands being fainter that the countrol of lane 3. In contrast, bands for OPK-HVRB-004
{lane 7} and OPKAHVB-OL0 (Jane 8} were not fatnier that control m Jane 3. Thus, these
siRNA constructs preserved VEGF a5, expression while also baing able to inhibit various
other VEGF isoforms.  Thus, siRNAs sparing VEGFA ks can be synthesized and may be
more efficacious then sIRNAs that knockdown all VEGF-A woforms.  VEGF g8, sparing

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

[062271 Example 13 — Cviokine Profile Following Treatment with siRNAs

{00228} The cvickine secretion profile of ARPELS cells following treatiment with
polvinosinic-polveytidylic acid sodium salt [Poly (IO a dsRNA analogae was deternuned.
Forther tests to determined whether or not sIRNAs behaved like Poly (1C) and caused the

cells to produce the same cytokines were conducted.

{00229} Merhods. ARPEID cells were seeded in 24 well plates (50,000 cells per
well), Twenty-four hours later, media was removed and cells were treated with Poly (£Q); -
1000 mg/mb. (Sigma, St. Louis, MO} or poly deoxymosinie-deoxyeviidvhic acid sodiun salt
[Poly (d:dC); S0mUimL-800 mUimL] {Sigma), prepared in seruny free DMEMFI2(1:D)
{Invitrogen, Carlsbad, CA). Forty-eight howrs post-freatment, media was collected from celis
and analyzed for IFN-o, IFN-B, IFNwy, [1L-8, -6, TNFo, ICAM, HL-12 and MCP-1 via
ELISA (Quantikine® Immunoassays for IFN=y, IL-8, 1L-6, TNFa, ICAM, IL-12 and MCP-1,
R&D Systems, Minneapolis, MNY, Venkine® ELISA kits for IFN-o and IFN-§, PBL

Biomedical Laboratories, Piscataway, Ni) according to the manufacturers’ protocols.

[06230] ARPELY cells were transfected with bevasivanib, OPK-HVB-(04, OPK-
HVYB-009, OPK-HVB-010 and OPK-HVB-012 (Dhamacon/Thermo Scientific, Chicago, L),
Cells were seeded in 24 well plates (40,000 cells per well). 24 hows later, cells werg
transfected with 25a0M 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 hunman recombinant TGEPRIT (R&D Systerss). 48 hours post-
transfection {ie. 24 hours post-TGEDII treatment), media was collected and cytokine levels
were analyzed, as deseribed shove, Additionally, media was snalyzed for hVEGF via ELISA

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

N
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{00231} Conclusions. Based upon the foregoing i i3 suggested that {1} ARPE1Y cells
produce several inflammatory cyvtokines in respomse to Poly (1:C), a dsRNA analogue, bat do
not produce three key mediators, IFN-a, IFN- or IFN«y; i) ARPE1Y cells can be wsed 10
study the mflammatory potential and specific effects of dsRNAs such as siRNAs; and (i}
OPK-HVB-009 an OPK-HVB-010 did not cause ARPEILY cells to secrete any of the

cytokines tested, suggesting they mayv have a low wflanumatory potential.

{66232} Example 14: Dose Response Curves Shows Specificity of siRNAs,

[60233} A dose response curve was generated asing vanous siRNAsg, 2l-mers, as
shown in Figure 26 and 27, A dose response was seen with certain SIRNAS indicating a
specific response 1o the siRNAs used. A dose response curve was also generated for OPK-
HVB-002 as shown in Figores 25 and 26, The cells were treated and transfected as deseribed
m Examples 12 and 13, Cells were seeded in 24 well plates (30,000 cells/welly.
Additionally, different concentrations were used, and therefore, the volumes of OPTI-MEM,

Ribojuice, and siRNA were adjusted accordingly when preparing the 50 yl transfection nux,
[(10234] Example 15: Stability of siRNAs

{60235} ARPE1Y cells were transfected with siRNAs that had been stored under
various conditions as shown in Figures 28, 29, 30 31, and 32. The cells were transfecied as
deseribed in Examples 12 and 13, It was found that the siRNA molecules were stable under
varions 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 predetermined
time points (24 hrs, 48 hrs and then weekly). Upon collection aliquots were stored at ~80°C.
Each aliquot was subsequently tested for efficacy in ARPEI9 cells to see if the siRNAs
maintained their stabiliy under the differeni environmental conditions. sIRNAs werg
transfected nto ARPETS cells using the methods described in Example 12 where 40,000 cells
were seeded per well,

[60236] Example 16: Cross-species down regulation of VEGF.

{00237} C6 cells were seeded in 24 well plates (P12, 40,000 cells per well). Eighteen
o twenty-four hours post-seeding, cells were 50-70% confluent snd used for transfection.
Cells were transfected with OPKCGHVEBAO04, OPKAHVB-002, OPK-HVB-Q10 and OPK-
HVB-012 using the Ribojuice™ siRNA Transfection Reagent (Novagen) [ollowing the

manufacturer’s protacol. Briefly, for a simple well serum-freg OPTI-MEM {405 pl-47 ul}
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was pipetted into an eppendorf tube and then 2 ul. of Ribojuice were added to the QPTI-
MEM (Gibeo). The solution was mixed by gentle vortexing and centrifuged briefly to collect
the contents at the bottom of the tube and incubated at roony temperature for 5 min, sIRNA
(0.3 yl~7.5 plo of a 1008M or 1 pM stock) was added 1o the Ribojuice/medinm mix and
gently mixed and briefly centrifuged to collect contents at the bottom of the tube. The
puxfure was incebated at room femperawe for 15 minutes. During the ncubation, media
was removed from cells and replaced with 250l of fresh C6 growth media (F~12 Kaighn's,
2.5% fetal calf seramy, 153% horse serum, 1% penicillindstreptomycind, After the 15 min
incubation, the siRNA/Ribojeice/medium mixtire (SO 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 1w the 300ul. volume was 250pd, S00pM, InM,
SaM or 23nM.  Cells were maintained at 37°C, 3% CO2 for 24 houwrs. All volumes were
scaled up such that sach sSIRNA was tested at each concenirstion in triplicate. 24 howrs post-
transfection, the wansfection mixtare was removed and cells were treated with 560 uls of
fresh C6 growth media or with fresh C6 growth media supplemented with 10 nz/mi human
recombinant TGFRIL The cells were returned to 37°C, 3% COy for an additional 24 hous.
Afterwards the media was removed from the cells and analyred for protein expression by

ELISA {Quantikine ral VEGF ELISA kit, R&D Sysiems).

[00238] NIH3T3 cells were seeded in 24 well plates (P2-P6, 40,000 cells per well).
Eighteen to twentv-four hows post-seeding, cells were 50-70% confluent and used for
wransfection. Cells were transtected with siRNAs using Lipofectamine™ Reagemt 2000
{(Invitrogen} following the manufacturer’s protocol. Bnefly for a single well, siRNA (1 pM
or 7.5 uM) was diluted in 30 gL OPTL-MEM in an eppendor! whe and gently mixed and
vortexed. In a second eppendort fube Tl of Lipofectamine 2000 was combmed with 49 pL.
of OPTI-MEM. The mixtwe was gently mixed and vortexed and incubated for § minutes at
room teniperature. Afier the 3 nunuies, the diluted siRNA (30ul volume) was added o the
diluted Lipofectamine 2000 (50 pL). The contents were mixed gently and ncubated at room
temperature for 20 minutes, During the 20 minute incubation, media was removed from the
cells and replaced with 500 plLs of fresh NIH3T3 growth media (DMEM, 10% fetal calf
seramy). After the 20 nunutes the siRNA-Lipofectamine 2000 complex (100 ul} was added
dropwise to the cells. The plaie was genily vocked {0 ensure the complexes were evenly

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

T
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The final concentration of SIRNA In the 300ul volome was oM, SoM or 25nM. 24 hours
posi-transfection, the transfection mixture was removed and cells were treated with 500 uls
of fresh DMEM or with fresh DMEM sapplemented with 10 sg/ml. human recombinant
TGFBIL 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 kir, R&D Systems).

(00239} Results of the experiments are shown in Figures 34, 35 and 39, OPK-HVB-
004 and OPK-HVB-009 were able to inhibit VEGF secretion by C6 cells as shown in Figure
34, Sinular experiments were done in mouse cells (NTHIT3) and OPK-HVB-004, OPK-
HVB-009, and OPK-HVB-010 were able o inhibit secretion of mouse VEGF as shows

Figures 35 and 39,
[06240] Example 17: Comparison of different siRNAs

(08241} 21mer sIRNAs comprising an overhiang were compared to 3 19mer bhmt-end
counterpart.  ARPEIY cells were transfected with the different siIRNAs as described in
Examples 12, 13, and 14 and VEGF production was measured. The Blunt end counterpart
was found o knockdown VEGF production it ARPELD cells equally effective as the 21mar

as shown in Figare 36.

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

inhibit VEGF production.

[00243} sIRNAS comprising ¢ 17mer and a dTdT overhang were transfected in
ARPEILY cells as described in Examiples 12, 13, and 14, Several siRNAs were found (o

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

08245} 19mers comprising a blunt end or an overthang 19mer {(17bp +dTdT over)
were transfected mio ARPE19 celfs at vartous doses as shown in Figure 38, A dose rasponse
curve was generated by measuring VEGF secretton as described in Examples 12, 13 and 16
The dose response seen indicates that the response to the siRNAs is specific to the siRNA and
not generaled by a non-specific sSiRNA response. The resulis can be seen m Figure 38, Blunt

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

1. Anisolated SIRNA comprising of a duplex of a first RNA strand and a second
RNA strand, said first RNA strand comprising 3 nucleotide sequence identical 1o a target
sequence of about 17 to about 23 contiguons nucleotides to a vascular endothelial growth
factor { VEGF) isoform selected from the group consisting of lnanan VEGF 2y, VEGF s
VEGF g, VEGF 6, VEGF 153, VEGF 143, VEGF 145 and combinations theveof: further wherein
siid siRNA 1s at least partially non-complementary 1o VEGF g5, with the proviso that said

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

2. The siRNA of claim 1, wherein said human VEGF mRNA is selected from the
group consisting of SEQ ID NO: §6; SEQ ID NO: 87; SEQ ID NO: 88: SEQ 1D NO: 89
SEQ D NGO 90; SEQ 1D NQO: 9, SEQ 1D NO: 92 SEQ ID NO:93; SEQ ID NO: 94; SEQ
TR NQ: 95, SEQ ID NG 96, SEQ ID NO: 97, SEQ ID NO: 98, SEQ 1D NO 99, SEQ 1D NO
166, SEQ 1D NO 101, SEQ 1D NO: 102, SEQ ID NO: 103, SEQ 1D NO: 104, SEQ 1D NG
108, SEQ 1D NO: 106, SEQ ID NO: 107, SEQ 1D NO: 108, SEQ ID NO: 109, SEQ 1D NO:
110, SEQ IDNO: 111, SEQ ID NO: 112, SEQ ID NO: 113, SEQ ID NO: 114, SEQ 1D NO:
115, SEQ IDNO: 116, SEQ ID NO: 117, and SEQ ID NO: 118,

3. The siRNA of claim i, wherein the first and second RNA strands forming the
RNA duplex are covalently linked bv a smgle-siranded hairpin,

4. The siRNA of claim 1, wherein the siRNA farther comprises non-nucleotide
material.

3. The siRNA of claim 1, wherein the first and second RNA strands are stabilized
against nuclease degradation.

6. The siRNA of claim 1, further comprising a 37 overhang.

The siRNA of claim 6, wherein the 37 overhang covprises from 1 o about 6

nucleotides.

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

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

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

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

from 1 to about 6 nucleotides.

w8
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11 The siRNA of claim 9, wherein the first 37 overbang comyprises a dinucleotide and

the second 37 overhang comprises a dinacleotide.

12. The siRNA of claim 1, where the dinucleotide compnising the first and second 3
overhangs is dithymidylic acid {TT) or diuridylic acid (uu).

13, The siRNA of claim 6, wherein the 37 overbang is stabilized against muclease
degradation.

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

13, The siRNA of claim 14, wherein satd siRNA is 19 nucleotides.

16. The siRNA of claim §, wherein said siIRNA can inhibit the production or secretion

of VEGF from a human cell and a rat cell.

17. The siRNA of claim 1, wherein said siRNA can inhibit the production or secretion

of VEGF From a homan cell, 4 mouse cell, and o rat cell,

18, Anisolated siRNA comprising of a duplex of a first RNA strand and a second
RNA strand, satd {irst RNA strand conywising a nucleotide sequence wdentical to a target
sequence of about 17 to aboul 25 contiguous nucleotides (o 3 VEGF soform selected from
the group consishing of haman VEGF oy, VEGF s, and VEGF g, VEGF we, VEGF 1.
VEGF 4, VEGF 14: and combinations thereof, further wherein said 5iRNA is non-
complementary {0 VEGF 5, with the proviso that said human VEGF mRNA 1s not SEQ ID

NO. 42

19. A pharmaceutical composition comprising a siRNA and a pharmaceutically
acceplable carnier, satd siRNA comprised of a duplex of a first RNA strand and a sgcond
RNA strand, said first RNA strand comprising a nucleotide sequence identical {o a target
sequence of about 17 to about 25 contiguous nucleotides to a VEGF woform selected from
the group consisting of heman VEGF i, VEGF 45, VEGE e, VEGF 206, VEGF 103, VEGF g
VEGF 45 and combinations thereof; farther wherein said siRNA s at least partially non-
complementary 0 VEGF a5, with the proviso that said homan VEGEF mRNA s not SEQ 1D

NQ. 42,

20. The pharnmaceutical composition of claim 19, wherein samd hman VEGF mRNA
ts selected from the group consisting of SE( ID NO: 86; SEQ ID NQ: 87; SEQ 1D NO: 88;
SEQ D NQ: 89 SEQ 1D NO: o0, SEQ 1D NO: 91 SEQ ID NO: 92; SEQ 1D NQ: 93; SEQ
[DNO: 94; SEQ 1D NQ: 95; SEQ 1D NQ: 96; SEQ 1D NO: 97, SEQ IDNQ: 98, SEQ 1D NO
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99, SEQ 1D NOQ 100, SEQ 1D NO 101, SEQ 1D NO: 102, SEQ ID NO: 103, SEQ 1D NO:
104, SEGQ ID NO: 105, SEQ ID NO: 106, SEQ ID NO: 107, SEQ ID NO: 108, SEQ 1D NO:
169, SEG IDNO: 110, SEQ ID NO: 111, SEQ ID NO: 112, SEQ ID NO: 113, SEQ 1D NO:
114, SEQ IDNQ: 115, SEQ D NO: 116, SEQID NO: 117, and SEQ ID NQ: 118,

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

22. The pharntaceutical composition of claim 19, further comprising at least one 37
overhang.

23. The pharmaceutical composition of claint 22, wherein the at least one 37 overhang
comprises about 2 nacleotides.

24. The pharmaceutical composition of claim 22, where the st least one 37 overhang
comprises a dithynudylic acid {(TT} or diundylic acid (uu).

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

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

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

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

secrefion of VEGF [rom a human cell and a rat cell.

29, The siRNA of claim 19, wheredn said siRNA can inlubit the production or
secretion of VEGF from a human cell, a mouse cell, and a rat cell.

30, A method of ireating an angiogenic disease in g subject comprising:

administering 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 g
nucleotide sequence identical to a tarizet sequence of about 17 to about 2§ contiguous
nucleotides to a VEGF isofonm selecied from the group consisting of haman VEGF 5,
VEGF a5, VEGF 10, VEGF 106, VEGF 151, VEGF 45, VEGF 145 and combinations thereof]
further wherein said siRNA is at least partially non~complementary to VEGF jga, with the

proviso that ssid human VEGF mRNA s not SEQ D NOG. 42,
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31. The method of claim 30, wherein the angilogenic disease comprises a tumer

associated with a cancer.

32, The method of claim 31, wherein the cancer 1s selected from the group consisting
of breast cancer, hung cancer, head and neck cancer, brain cancer, abdominal cancer, colon
cancer, colorectal cancer, ssophagas cancer, gastromtestinal cancer, glioma, liver cancer,
tongue cancer, neuroblastorg, osteosarcoma, ovarian cancer, pancreatic cancer, prostate
cancer, retinoblastoma, Wilm's twmor, multiple myeloma, skin cancer, lymphonia, and blood

Cancer.

33, The method of claim 30, wherein the anglogenic disease s selected from the
group consisting of diabetic retinopathy, age-related macular degeneration, and inflarsmatory

diseases.

34, The method of clatm 33, wherein the inflamnuatory disease is psoriasis or
rheumalioid arthritis.

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

degeneralion.

36. The method of claim 30, wherem the pharmaceutical composition is admmistered
in combination with a pharmaceutical agent for treating the angitogenic dizease, which

pharmaceutical agent 1s different from the short interfering vibonucleic acid (sIRNA).

37. The method of claim 36, wherein the angitogenic disease 15 cancer, and the

pharmaceutical agent comprises a chemotherapeutic agent.

38. The method of claim 37, wherein the chemotherapeutic agent is selecied from the
sroup consisting of cisplatin, carboplatin, cyclophosphanude, S-fluorouracil, adriamycin,
daunorubicin, and tamoxifen.

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

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

41. A method for infubiting expression of human vascular endothelial wrowth factor

(VEGF) comprising administering to a subject an effective amount of a pharmaceutical

S



WO 2010/065834 PCT/US2009/066741

composition comprising a siRNA and a pharmaceatically acceptable carrier, said siRNA
comprised of a duplex of a first RNA strand and a second RNA strand, said Orst RNA strand
comprising a nucleotide sequence identical to a target sequence of about 17 to about 25
contiguous nucleotides o a VEGF isoform selected from the proup consisting of human
VEGF ., VEGF 65, VEGE 139, VEGF 206, VEGF 121, VEGF 145, VEGF 145 and conthinations

thereof; further wherein said siRNA is at least partially non-complementary o VEGF s,

with the proviso that satd buman VEGF mRNA is not SEQ ID NO. 42,

42, The method of claim 41, wherein the effective amount comprises from sbout |

nM 1o about 100 nM of the short interfering ribonucleic acid (SIRNA).

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

comprises a delivery reagent.

44, The method of clamm 41, wherein the delivery agent i3 selected from the group

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

45, The method of claim 44, wherein the delivery agent 15 a Tiposome,

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

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

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

49, The method of claim 43, wherein the Hposome 15 modified with an opsonization-
infubition moiety.

56, The method of claim 49, wherein the opsontzation-inlubiting moiety compnises a
PEG, PPG, or derivatives thereof

31, The method of claim 41, wherain the short interfering ribonucleic acid (5IRNA) is
expressed from & recombinant plasmid.

52. The method of claim 41, whevein the short interfering ribonucleic acid GIRNA) is
expressed from a recombinant viral vector,

33, The method of claim 32, whevein the recombinant viral vector comprises an
adenoviral vector, an adeno-associated viral vector, a lentiviral vector, a retroviral vector, or a

herpes virus vector,
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54, The method of claim 533, whereny the recombinant viral vector is pseudotyped
with sarface proteins from vesicular stomatitis viras, rabies vivas, Ebola viras, or Mokola

VIFUS.

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

adeno-associated viral vector.

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

by an enteral administration route.

37, The method of ¢laim 56, wherein the enteral administration route is selecied from

the group consisting of oral, rectal, and intranasal.

SB. The method of claim 41, wherein the pharmaceutical composition s administerad

by a parenteral adnunistration route.

59. The method of claim 58, wherein the parenteral administration route is selected
from the group consisting of intravascular administration, pani- and intra-tissue injection,
subcutaneons injection or deposition, subcutaneoas infusion, and direct application at or near

the siie of neovascularization.

60, The method of clamm 39, wherein the miravascular adminisiration is selecied from
the group consisting of intravenous bolas injection, mtravenocus mfusion, mtra-arterial bolus

mjection, inira~arterial mlusion and catheter instillation into the vasculature.
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