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COMPOSITIONS AND METHODS FOR SIRNA 
INHIBITION OF ANGIOGENESIS 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation application of 
US. application Ser. No. 11/422,932 ?led on Jun. 8, 2006, 
Which is a divisional ofU.S. application Ser. No. 10/294,228 
?led on Nov. 14, 2002, Which claims the bene?t of US. 
Provisional Patent Application Ser. No. 60/398,417, ?led on 
Jul. 24, 2002. 

REFERENCE TO GOVERNMENT GRANT 

[0002] The invention described herein Was supported in 
part by NIH/NEI grant no. R01-EY10820, EY-13410 and 
EY12156. The US. government has certain rights in this 
invention. 

JOINT RESEARCH AGREEMENT 

[0003] NOT APPLICABLE 

FIELD OF THE INVENTION 

[0004] This invention relates to the regulation of gene 
expression by small interfering RNA, in particular for treating 
diseases or conditions involving angio genesis. 

BACKGROUND OF THE INVENTION 

[0005] Angiogenesis, de?ned as the groWth of neW capil 
lary bloodvessels or “neovascularization,” plays a fundamen 
tal role in groWth and development. In mature humans, the 
ability to initiate angiogenesis is present in all tissues, but is 
held under strict control. A key regulator of angiogenesis is 
vascular endothelial groWth factor (“VEGF”), also called vas 
cular permeability factor (“VPF”). VEGF exists in at least 
four different alternative splice forms in humans (VEGF l2 1, 
VEGF 165, VEGF 189 and VEGF2O6), all of Which exert similar 
biological activities. 
[0006] Angiogenesis is initiated When secreted VEGF 
binds to the Flt-1 and Flk-l/KDR receptors (also called 
VEGF receptor 1 and VEGF receptor 2), Which are expressed 
on the surface of endothelial cells. Flt-1 and Flk-l/KDR are 
transmembrane protein tyrosine kinases, and binding of 
VEGF initiates a cell signal cascade resulting in the ultimate 
neovascularization in the surrounding tissue. 
[0007] Aberrant angiogenesis, or the pathogenic groWth of 
neW blood vessels, is implicated in a number of conditions. 
Among these conditions are diabetic retinopathy, psoriasis, 
exudative or “Wet” age-related macular degeneration 
(“ARMD”), rheumatoid arthritis and other in?ammatory dis 
eases, and most cancers. The diseased tissues or tumors asso 
ciated With these conditions express abnormally high levels 
of VEGF, and shoW a high degree of vascularization or vas 
cular permeability. 
[0008] ARMD in particular is a clinically important angio 
genic disease. This condition is characterized by choroidal 
neovascularization in one or both eyes in aging individuals, 
and is the major cause of blindness in industrialized countries. 
[0009] A number of therapeutic strategies exist for inhibit 
ing aberrant angiogenesis, Which attempt to reduce the pro 
duction or effect of VEGF. For example, anti-VEGF or anti 
VEGF receptor antibodies (Kim E S et al. (2002), PNAS USA 
99: 11399-11404), and solubleVEGF “traps” Which compete 
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With endothelial cell receptors forVEGF binding (Holash J et 
al. (2002), PNAS USA 99: 11393-11398) have been devel 
oped. Classical VEGF “antisense” or aptamer therapies 
directed against VEGF gene expression have also been pro 
posed (U.S. published application 2001/0021772 of Uhl 
mann et al.). HoWever, the anti-angiogenic agents used in 
these therapies can produce only a stoichiometric reduction in 
VEGF or VEGF receptor, and the agents are typically over 
Whelmed by the abnormally high production of VEGF by the 
diseased tissue. The results achieved With available anti-an 
giogenic therapies have therefore been unsatisfactory. 
[0010] RNA interference (hereinafter “RNAi”) is a method 
of post-transcriptional gene regulation that is conserved 
throughout many eukaryotic organisms. RNAi is induced by 
short (i.e., <30 nucleotide) double stranded RNA (“dsRNA”) 
molecules Which are present in the cell (Fire A et al. (1998), 
Nature 391: 806-811). These short dsRNA molecules, called 
“short interfering RNA” or “siRNA,” cause the destruction of 
messenger RNAs (“mRNAs”) Which share sequence homol 
ogy With the siRNA to Within one nucleotide resolution (El 
bashir S M et al. (2001), Genes Dev, 15: 188-200). It is 
believed that the siRNA and the targeted mRNA bind to an 
“RNA-induced silencing complex” or “RISC”, Which cleaves 
the targeted mRNA. The siRNA is apparently recycled much 
like a multiple-tumover enzyme, With 1 siRNA molecule 
capable of inducing cleavage of approximately 1000 mRNA 
molecules. siRNA-mediated RNAi degradation of an mRNA 
is therefore more effective than currently available technolo 
gies for inhibiting expression of a target gene. 
[0011] Elbashir S M et al. (2001), supra, has shoWn that 
synthetic siRNA of 21 and 22 nucleotides in length, and 
Which have short 3' overhangs, are able to induce RNAi of 
target mRNA in a Drosophila cell lysate. Cultured mamma 
lian cells also exhibit RNAi degradation With synthetic 
siRNA (Elbashir S M et al. (2001 ) Nature, 411: 494-498), and 
RNAi degradation induced by synthetic siRNA has recently 
been shoWn in living mice (McCaffrey A P et al. (2002), 
Nature, 418: 38-39; Xia H et al. (2002), Nat. Biotech. 20: 
1006-1010). The therapeutic potential of siRNA-induced 
RNAi degradation has been demonstrated in several recent in 
vitro studies, including the siRNA-directed inhibition of 
HIV-1 infection (Novina C D et al. (2002), Nat. Med. 8: 
681 -686) and reduction of neurotoxic polyglutamine disease 
protein expression (Xia H et al. (2002), supra). 
[0012] What is needed, therefore, are agents Which selec 
tively inhibit expression of VEGF or VEGF receptors in cata 
lytic or sub-stoichiometric amounts. 

SUMMARY OF THE INVENTION 

[0013] The present invention is directed to siRNAs Which 
speci?cally target and cause RNAi-induced degradation of 
mRNA from VEGF, Flt-1 and Flk-l/KDR genes. The siRNA 
compounds and compositions of the invention are used to 
inhibit angio genesis, in particular for the treatment of cancer 
ous tumors, age-related macular degeneration, and other 
angiogenic diseases. 
[0014] Thus, the invention provides an isolated siRNA 
Which targets human VEGF mRNA, human Flt-1 mRNA, 
human Flk-l/KDR mRNA, or an alternative splice form, 
mutant or cognate thereof. The siRNA comprises a sense 
RNA strand and an antisense RNA strand Which form an RNA 
duplex. The sense RNA strand comprises a nucleotide 
sequence identical to a target sequence of about 19 to about 25 
contiguous nucleotides in the target mRNA. 
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[0015] The invention also provides recombinant plasmids 
and viral vectors Which express the siRNA of the invention, as 
Well as pharmaceutical compositions comprising the siRNA 
of the invention and a pharmaceutically acceptable carrier. 
[0016] The invention further provides a method of inhibit 
ing expression of human VEGF mRNA, human Flt-l mRNA, 
human Flk-l/KDR mRNA, or an alternative splice form, 
mutant or cognate thereof, comprising administering to a 
subject an effective amount of the siRNA of the invention 
such that the target mRNA is degraded. 
[0017] The invention further provides a method of inhibit 
ing angiogenesis in a subject, comprising administering to a 
subject an effective amount of an siRNA targeted to human 
VEGF mRNA, human Flt-l mRNA, human Flk-l/KDR 
mRNA, or an alternative splice form, mutant or cognate 
thereof. 
[0018] The invention further provides a method of treating 
an angiogenic disease, comprising administering to a subject 
in need of such treatment an effective amount of an siRNA 
targeted to human VEGF mRNA, human Flt-l mRNA, 
human Flk-l/KDR mRNA, or an alternative splice form, 
mutant or cognate thereof, such that angiogenesis associated 
With the angiogenic disease is inhibited. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIGS. 1A and 1B are a histograms ofVEGF con 
centration (in pg/ml) in hypoxic 293 and HeLa cells treated 
With no siRNA (“—” ; nonspeci?c siRNA (“nonspeci?c”); or 
siRNA targeting human VEGF mRNA (“VEGF”). VEGF 
concentration (in pg/ml) in non-hypoxic 293 and HeLa cells 
is also shoWn. Each bar represents the average of four experi 
ments, and the error is the standard deviation of the mean. 

[0020] FIG. 2 is a histogram of murine VEGF concentra 
tion (in pg/ml) in hypoxic NIH 3T3 cells treated With no 
siRNA (“—”); nonspeci?c siRNA (“nonspeci?c”); or siRNA 
targeting human VEGF mRNA (“VEGF”). Each bar repre 
sents the average of six experiments and the error is the 
standard deviation of the mean. 

[0021] FIG. 3 is a histogram of humanVEGF concentration 
(pg/total protein) in retinas from mice injected With adenovi 
rus expressing human VEGF (“AdVEGF”) in the presence of 
either GFP siRNA (dark gray bar) or human VEGF siRNA 
(light grey bar). Each bar represent the average of 5 eyes and 
the error bars represent the standard error of the mean. 

[0022] FIG. 4 is a histogram shoWing the mean area (in 
m2) of laser-induced CNV in control eyes given subretinal 
injections of GFP siRNA (N:9; “GFP siRNA”), and in eyes 
given subretinal injections of mouse VEGF siRNA (N:7; 
“Mouse VEGF siRNA”). The error bars represent the stan 
dard error of the mean. 

[0023] FIG. 5 is a schematic representation of pAAV 
siRNA, a cis-acting plasmid used to generate a recombinant 
AAV viral vector of the invention. “ITR”:AAV inverted ter 
minal repeats; “U6”: U6RNA promoters; “Sense”: siRNA 
sense coding sequence; “Anti”: siRNA antisense coding 
sequence: “PolyT”: polythymidine termination signals. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] Unless otherWise indicated, all nucleic acid 
sequences herein are given in the 5' to 3' direction. Also, all 
deoxyribonucleotides in a nucleic acid sequence are repre 
sented by capital letters (e.g., deoxythymidine is “T”), and 
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ribonucleotides in a nucleic acid sequence are represented by 
loWer case letters (e.g., uridine is “u”). 

[0025] Compositions and methods comprising siRNA tar 
geted to VEGF, Flt-l or Flk-l/KDR mRNA are advanta 
geously used to inhibit angiogenesis, in particular for the 
treatment of angiogenic disease. The siRNA of the invention 
are believed to cause the RNAi-mediated degradation of these 
mRNAs, so that the protein product of the VEGF, Flt-l or 
Flk-l/KDR genes is not produced or is produced in reduced 
amounts. Because VEGF binding to the Flt-l or Flk-l/KDR 
receptors is required for initiating and maintaining angiogen 
esis, the siRNA-mediated degradation of VEGF, Flt-l or Flk 
l/KDR mRNA inhibits the angiogenic process. 
[0026] The invention therefore provides isolated siRNA 
comprising short double-stranded RNA from about 17 nucle 
otides to about 29 nucleotides in length, preferably from 
about 19 to about 25 nucleotides in length, that are targeted to 
the target mRNA. The siRNA comprise a sense RNA strand 
and a complementary antisense RNA strand annealed 
together by standard Watson-Crick base-pairing interactions 
(hereinafter “base-paired”), As is described in more detail 
beloW, the sense strand comprises a nucleic acid sequence 
Which is identical to a target sequence contained Within the 
target mRNA. 
[0027] The sense and antisense strands of the present 
siRNA can comprise tWo complementary, single-stranded 
RNA molecules or can comprise a single molecule in Which 
tWo complementary portions are base-paired and are 
covalently linked by a single-stranded “hairpin” area. With 
out Wishing to be bound by any theory, it is believed that the 
hairpin area of the latter type of siRNA molecule is cleaved 
intracellularly by the “Dicer” protein (or its equivalent) to 
form an siRNA of tWo individual base-paired RNA molecules 
(see Tuschl, T. (2002), supra). 
[0028] As used herein, “isolated” means altered or removed 
from the natural state through human intervention. For 
example, an siRNA naturally present in a living animal is not 
“isolated,” but a synthetic siRNA, or an siRNA partially or 
completely separated from the coexisting materials of its 
natural state is “isolated.” An isolated siRNA can exist in 
substantially puri?ed form, or can exist in a non-native envi 
ronment such as, for example, a cell into Which the siRNA has 
been delivered. 

[0029] As used herein, “target mRNA” means human 
VEGF, Flt-l or Flk-l/KDR mRNA, mutant or alternative 
splice forms of human VEGF, Flt-l or Flk-l/KDR mRNA, or 
mRNA from cognate VEGF, Flt-l or Flk-l/KDR genes. 

[0030] As used herein, a gene or mRNA Which is “cognate” 
to humanVEGF, Flt-l or Flk-l /KDR is a gene or mRNA from 
another mammalian species Which is homologous to human 
VEGF, Flt-l or Flk-l /KDR. For example, the cognate VEGF 
mRNA from the mouse is given in SEQ ID NO: 1. 

[0031] Splice variants of human VEGF are known, includ 
ing VEGF121 (SEQ ID NO: 2), VEGF165 (SEQ ID NO: 3), 
VEGF189 (SEQ ID NO: 4) andVEGF206 (SEQ ID NO: 5). The 
mRNA transcribed from the human VEGF, Flt-l (SEQ ID 
NO: 6) or Flk-l/KDR (SEQ ID NO: 7) genes can be analyZed 
for further alternative splice forms using techniques Well 
knoWn in the art. Such techniques include reverse transcrip 
tion-polymerase chain reaction (RT-PCR), northern blotting 
and in-situ hybridiZation. Techniques for analyZing mRNA 
sequences are described, for example, in Busting S A (2000), 
J. Mol. Endocrinol. 25: 169-193, the entire disclosure of 
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Which is herein incorporated by reference. Representative 
techniques for identifying alternatively spliced mRNAs are 
also described beloW. 
[0032] For example, databases that contain nucleotide 
sequences related to a given disease gene can be used to 
identify alternatively spliced mRNA. Such databases include 
GenBank, Embase, and the Cancer Genome Anatomy Project 
(CGAP) database. The CGAP database, for example, con 
tains expressed sequence tags (ESTs) from various types of 
human cancers. An mRNA or gene sequence from the VEGF, 
Flt-1 or Flk-l/KDR genes can be used to query such a data 
base to determine Whether ESTs representing alternatively 
spliced mRNAs have been found for a these genes. 
[0033] A technique called “RNAse protection” can also be 
used to identify alternatively spliced VEGF, Flt-1 or Flk-l/ 
KDR mRNAs. RNAse protection involves translation of a 
gene sequence into synthetic RNA, Which is hybridiZed to 
RNA derived from other cells; for example, cells from tissue 
at or near the site of neovasculariZation. The hybridized RNA 
is then incubated With enZymes that recogniZe RNA:RNA 
hybrid mismatches. Smaller than expected fragments indi 
cate the presence of alternatively spliced mRNAs. The puta 
tive alternatively spliced mRNAs can be cloned and 
sequenced by methods Well knoWn to those skilled in the art. 
[0034] RT-PCR can also be used to identify alternatively 
spliced VEGF, Flt-1 or Flk-l/KDR mRNAs. In RT-PCR, 
mRNA from the diseased tissue is converted into cDNA by 
the enZyme reverse transcriptase, using methods Well-knoWn 
to those of ordinary skill in the art. The entire coding sequence 
of the cDNA is then ampli?ed via PCR using a forWard primer 
located in the 3' untranslated region, and a reverse primer 
located in the 5' untranslated region. The ampli?ed products 
can be analyZed for alternative splice forms, for example by 
comparing the siZe of the ampli?ed products With the siZe of 
the expected product from normally spliced mRNA, e.g., by 
agarose gel electrophoresis. Any change in the siZe of the 
ampli?ed product can indicate alternative splicing. 
[0035] mRNA produced from mutant VEGF, Flt-1 or Flk 
l/KDR genes can also be readily identi?ed through the tech 
niques described above for identifying alternative splice 
forms. As used herein, “mutant” VEGF, Flt-1 or Flk-l/KDR 
genes or mRNA include human VEGF, Flt-1 or Flk-l /KDR 
genes or mRNA Which differ in sequence from the VEGF, 
Flt-1 or Flk-l/KDR sequences set forth herein. Thus, allelic 
forms of these genes, and the mRNA produced from them, are 
considered “mutants” for purposes of this invention. 
[0036] It is understood that human VEGF, Flt-1 or Flk-l/ 
KDR mRNA may contain target sequences in common With 
their respective alternative splice forms, cognates or mutants. 
A single siRNA comprising such a common targeting 
sequence can therefore induce RNAi-mediated degradation 
of different RNA types Which contain the common targeting 
sequence. 
[0037] The siRNA of the invention can comprise partially 
puri?ed RNA, substantially pure RNA, synthetic RNA, or 
recombinantly produced RNA, as Well as altered RNA that 
differs from naturally-occurring RNA by the addition, dele 
tion, substitution and/ or alteration of one or more nucleotides. 
Such alterations can include addition of non-nucleotide mate 
rial, such as to the end(s) of the siRNA or to one or more 
internal nucleotides of the siRNA, including modi?cations 
that make the siRNA resistant to nuclease digestion. 
[0038] One or both strands of the siRNA of the invention 
can also comprise a 3' overhang. As used herein, a “3' over 
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hang” refers to at least one unpaired nucleotide extending 
from the 3'-end of a duplexed RNA strand. 
[0039] Thus in one embodiment, the siRNA of the inven 
tion comprises at least one 3' overhang of from 1 to about 6 
nucleotides (Which includes ribonucleotides or deoxynucle 
otides) in length, preferably from 1 to about 5 nucleotides in 
length, more preferably from 1 to about 4 nucleotides in 
length, and particularly preferably from about 2 to about 4 
nucleotides in length. 
[0040] In the embodiment in Which both strands of the 
siRNA molecule comprise a 3' overhang, the length of the 
overhangs can be the same or different for each strand. In a 
most preferred embodiment, the 3' overhang is present on 
both strands of the siRNA, and is 2 nucleotides in length. For 
example, each strand of the siRNA of the invention can com 
prise 3' overhangs of dithymidylic acid (“TT”) or diuridylic 
acid (“uu” . 

[0041] In order to enhance the stability of the present 
siRNA, the 3' overhangs can be also stabiliZed against degra 
dation. In one embodiment, the overhangs are stabiliZed by 
including purine nucleotides, such as adenosine or guanosine 
nucleotides. Alternatively, substitution of pyrimidine nucle 
otides by modi?ed analogues, e.g., substitution of uridine 
nucleotides in the 3' overhangs With 2'-deoxythymidine, is 
tolerated and does not affect the ef?ciency of RNAi degrada 
tion. In particular, the absence of a 2' hydroxyl in the 2'-deox 
ythymidine signi?cantly enhances the nuclease resistance of 
the 3'overhang in tissue culture medium. 
[0042] In certain embodiments, the siRNA of the invention 
comprises the sequenceAA(N19)TT or NA(N2l), Where N is 
any nucleotide. These siRNA comprise approximately 
30-70% GC, and preferably comprise approximately 50% 
G/C. The sequence of the sense siRNA strand corresponds to 
(N 19)TT or N21 (i.e., positions 3 to 23), respectively. In the 
latter case, the 3 end of the sense siRNA is converted to TT. 
The rationale for this sequence conversion is to generate a 
symmetric duplex With respect to the sequence composition 
of the sense and antisense strand 3' overhangs. The antisense 
RNA strand is then synthesiZed as the complement to posi 
tions 1 to 21 of the sense strand. 

[0043] Because position 1 of the 23 -nt sense strand in these 
embodiments is not recogniZed in a sequence-speci?c man 
ner by the antisense strand, the 3'-most nucleotide residue of 
the antisense strand can be chosen deliberately. HoWever, the 
penultimate nucleotide of the antisense strand (complemen 
tary to position 2 of the 23-nt sense strand in either embodi 
ment) is generally complementary to the targeted sequence. 
[0044] In another embodiment, the siRNA of the invention 
comprises the sequence NAR(N17)YNN, Where R is a purine 
(e.g., A or G) andY is a pyrimidine (e.g., C or U/T). The 
respective 21-nt sense and antisense RNA strands of this 
embodiment therefore generally begin With a purine nucle 
otide. Such siRNA can he expressed from pol III expression 
vectors Without a change in targeting site, as expression of 
RNAs from pol III promoters is only believed to be ef?cient 
When the ?rst transcribed nucleotide is a purine. 
[0045] The siRNA of the invention can be targeted to any 
stretch of approximately 19-25 contiguous nucleotides in any 
of the target mRNA sequences (the “target sequence”). Tech 
niques for selecting target sequences for siRNA are given, for 
example, in Tuschl T et at., “The siRNA User Guide,” revised 
Oct. 11, 2002, the entire disclosure of Which is herein incor 
porated by reference. “The siRNA User Guide” is available 
on the World Wide Web at a Website maintained by Dr. Thomas 



US 2008/0188437 A1 

Tuschl, Department of Cellular Biochemistry, AG 105, Max 
Planck-Institute for Biophysical Chemistry, 37077 Gottin 
gen, Germany, and can be found by accessing the Website of 
the Max Planck Institute and searching With the keyword 
“siRNA.” Thus, the sense strand of the present siRNA com 
prises a nucleotide sequence identical to any contiguous 
stretch of about 19 to about 25 nucleotides in the target 
mRNA. 
[0046] Generally, a target sequence on the target mRNA 
can be selected from a given cDNA sequence corresponding 
to the target mRNA, preferably beginning 50 to 100 nt doWn 
stream (i.e., in the 3' direction) from the start codon. The 
target sequence can, hoWever, be located in the 5' or 3' 
untranslated regions, or in the region nearby the start codon 
(see, e.g., the target sequences of SEQ ID NOS: 73 and 74 in 
Table 1 below, Which are Within 100 nt of the 5'-end of the 

VEGF121 cDNA 
[0047] For example, a suitable target sequence in the 
VEGF121 cDNA sequence is: 

TCATCACGAAGTGGTGAAG (SEQ ID NO: 8) 

[0048] Thus, an siRNA of the invention targeting this 
sequence, and Which has 3' uu overhangs on each strand 
(overhangs shoWn in bold), is: 

[0049] An siRNA of the invention targeting this same 
sequence, but having 3' TT overhangs on each strand (over 
hangs shoWn in bold) is: 

5‘—ucaucacgaaguggugaagTT-3‘ (SEQ ID NO: 11) 

3‘—TTaguagugcuucaccacuuc-5‘ (SEQ ID NO: 12) 

[0050] OtherVEGF121 target sequences from Which siRNA 
of the invention can be derived are given in Table 1. It is 
understood that all VEGF121 target sequences listed in Table 
l are Within that portion of the VEGF121 alternative splice 
form Which is common to all human VEGF alternative splice 
forms. Thus, the VEGF121 target sequences in Table 1 can also 
target VEGF 165, VEGF189 and VEGF206 mRNA. Target 
sequences Which target a speci?c VEGF isoform can also be 
readily identi?ed. For example, a target sequence Which tar 
gets VEGF165 mRNA but not VEGF121 mRNA is AACG 
TACTTGCAGATGTGACA (SEQ ID NO: 13). 

TABLE 1 

VEGF Target Seguences 

SEQ 
target sequence ID NO: 

GTTCATGGATGTCTATCAG l4 

TCGAGACCCTGGTGGACAT l 5 

TGACGAGGGCCTGGAGTGT l 6 

TGACGAGGGCCTGGAGTGT l 7 

CATCACCATGCAGATTATG l 8 
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TABLE 1 — cont inued 

VEGF Target Seguences 

SEQ 
target sequence ID NO: 

ACCTCAC CAAGGCCAGCAC l 9 

GGC CAGCACATAGGAGAGA 2 O 

CAAATGTGAATGCAGACCA 2 l 

ATGTGAATGCAGAC CAAAG 2 2 

TGCAGAC CAAAGAAAGATA 2 3 

AGAAAGATAGAGCAAGACA 2 4 

GAAAGATAGAGCAAGACAA 2 5 

GATAGAGCAAGACAAGAAA 2 6 

GACAAGAAAATCCCTGTGG 2 7 

GAAAATCCCTGTGGGCCTT 28 

AATCCCTGTGGGCCTTGCT 29 

TCCCTGTGGGCCTTGCTCA 3O 

GCATTTGTTTGTACAAGAT 3 l 

GATCCGCAGACGTGTAAAT 3 2 

ATGTTCCTGCAAAAACACA 3 3 

TGTTCCTGCAAAAACACAG 3 4 

AAACACAGACTCGCGT TGC 3 5 

AACACAGACTCGCGTTGCA 3 6 

ACACAGACTCGCGTTGCAA 3 7 

CACAGACTCGCGTTGCAAG 3 8 

GGCGAGGCAGCTTGAGTTA 3 9 

ACGAACGTACTTGCAGATG 4 O 

CGAACGTACTTGCAGATGT 4 l 

CGTACTTGCAGATGTGACA 4 2 

GTGGTCCCAGGC TGCACCC 4 3 

GGAGGAGGGCAGAATCATC 4 4 

GTGGTGAAGTTCATGGATG 4 5 

AAT CATCACGAAGTGGTGAAG 4 6 

AAGTTCATGGATGTCTAT CAG 4 7 

AATCGAGACCCTGGTGGACAT 4 8 

AATGACGAGGGCCTGGAGTGT 4 9 

AACAT CACCATGCAGATTATG 5 O 

AAACCTCAC CAAGGCCAGCAC 5 l 

AAGGC CAGCACATAGGAGAGA 5 2 

AACAAATGTGAATGCAGACCA 5 3 
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TABLE 1 — cont inued 

VEGF Target Sequences 

SEQ 
target sequence ID NO: 

AAATGTGAATGCAGACCAAAG 54 

AATGCAGACCAAAGAAAGATA 55 

AAAGAAAGATAGAGCAAGACA 56 

AAGAAAGATAGAGCAAGACAA 5'7 

AAGATAGAGCAAGACAAGAAAAT 58 

AAGACAAGAAAATCCCTGTGGGC 59 

AAGAAAATCCCTGTGGGCCTTGC 6O 

AATCCCTGTGGGCCTTGCTCAGA 61 

AAGCATTTGTTTGTACAAGATCC 62 

AAGATCCGCAGACGTGTAAATGT 63 

AAATGTTCCTGCAAAAACACAGA 64 

AATGTTCCTGCAAAAACACAGAC 65 

AAAAACACAGACTCGCGTTGCAA 66 

AAAACACAGACTCGCGTTGCAAG 67 

AAACACAGACTCGCGTTGCAAGG 68 

AACACAGACTCGCGTTGCAAGGC 69 

AAGGGGAGGCAGCTTGAGTTAAA 7O 

AAACGAACGTACTTGCAGATGTG 71 

AACGAACGTACTTGCAGATGTGA 72 

AAGTGGTCCCAGGCTGCACCCAT 73 

AAGGAGGAGGGCAGAATCATCAC '74 

AAGTGGTGAAGTTCATGGATGTC '75 

AAAATCCCTGTGGGCCTTGCTCA 76 

GGCAGAATCATCACGAAGTGG 81 

CCTGGTGGACATCTTCCAGGA 82 

GAGATCGAGTACATCTTCAAG 83 

TGGAGTGTGTGCCCACTGAGG 84 

GAGCTTCCTACAGCACAACAA 85 

TTGCTCAGAGCGGAGAAAGCA 86 

CACACACTCGCGTTGCAAGGC 87 

TCACCATGCAGATTATGCGGA 88 

TAGAGCAAGACAAGAAAATCC 89 

CCGCAGACGTGTAAATGTTCC 90 

[0051] The siRNA of the invention can be obtained using a 
number of techniques known to those of skill in the art. For 
example, the siRNA can be chemically synthesized or recom 
binantly produced using methods knoWn in the art, such as the 
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Drosophila in vitro system described in US. published appli 
cation 2002/ 0086356 of Tuschl et al., the entire disclosure of 
Which is herein incorporated by reference. 
[0052] Preferably, the siRNA of the invention are chemi 
cally synthesiZed using appropriately protected ribonucleo 
side phosphoramidites and a conventional DNA/RNA syn 
thesiZer. The siRNA can be synthesiZed as tWo separate, 
complementary RNA molecules, or as a single RNA mol 
ecule With tWo complementary regions. Commercial suppli 
ers of synthetic RNA molecules or synthesis reagents include 
Proligo (Hamburg, Germany), Dharmacon Research (Lafay 
ette, Colo., USA), Pierce Chemical (part of Perbio Science, 
Rockford, 111., USA), Glen Research (Sterling, Va., USA), 
ChemGenes (Ashland, Mass., USA) and Cruachem (Glas 
goW, UK). 
[0053] Alternatively, siRNA can also be expressed from 
recombinant circular or linear DNA plasmids using any suit 
able promoter. Suitable promoters for expressing siRNA of 
the invention from a plasmid include, for example, the U6 or 
H1 RNA pol Ill promoter sequences and the cytomegalovirus 
promoter. Selection of other suitable promoters is Within the 
skill in the art. The recombinant plasmids of the invention can 
also comprise inducible or regulatable promoters for expres 
sion of the siRNA in a particular tissue or in a particular 
intracellular environment. 

[0054] The siRNA expressed from recombinant plasmids 
can either be isolated from cultured cell expression systems 
by standard techniques, or can be expressed intracellularly at 
or near the area of neovasculariZation in vivo. The use of 
recombinant plasmids to deliver siRNA of the invention to 
cells in vivo is discussed in more detail beloW. 

[0055] siRNA of the invention can be expressed from a 
recombinant plasmid either as tWo separate, complementary 
RNA molecules, or as a single RNA molecule With tWo 
complementary regions. 
[0056] Selection of plasmids suitable for expressing siRNA 
of the invention, methods for inserting nucleic acid sequences 
for expressing the siRNA into the plasmid, and methods of 
delivering the recombinant plasmid to the cells of interest are 
Within the skill in the art. See, for example Tuschl, T. (2002), 
Nat. Biotechnol. 20: 446-448; Brummelkamp T R et al. 
(2002), Science 296: 550-553; Miyagishi M et al. (2002), Nat. 
Biotechnol. 20: 497-500; Paddison P J et al. (2002), Genes 
Dev. 16: 948-958; Lee N S et al. (2002), Nat. Biotechnol. 20: 
500-505; and Paul C P et al. (2002), Nat. Biotechnol. 20: 
505-508, the entire disclosures of Which are herein incorpo 
rated by reference. 
[0057] A plasmid comprising nucleic acid sequences for 
expressing an siRNA of the invention is described in Example 
7 beloW. That plasmid, called pAAVsiRNA, comprises a 
sense RNA strand coding sequence in operable connection 
With a polyT termination sequence under the control of a 
human U6 RNA promoter, and an antisense RNA strand 
coding sequence in operable connection With a polyT termi 
nation sequence under the control of a human U6 RNA pro 
moter. The plasmid pAAVsiRNA is ultimately intended for 
use in producing an recombinant adeno-associated viral vec 
tor comprising the same nucleic acid sequences for express 
ing an siRNA of the invention. 

[0058] As used herein, “in operable connection With a 
polyT termination sequence” means that the nucleic acid 
sequences encoding the sense or antisense strands are imme 
diately adjacent to the polyT termination signal in the 5' 
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direction. During transcription of the sense or antisense 
sequences from the plasmid, the polyT termination signals act 
to terminate transcription. 
[0059] As used herein, “under the control” of a promoter 
means that the nucleic acid sequences encoding the sense or 
antisense strands are located 3' of the promoter, so that the 
promoter can initiate transcription of the sense or antisense 
coding sequences. 
[0060] The siRNA of the invention can also be expressed 
from recombinant viral vectors intracellularly at or near the 
area of neovasculariZation in vivo. The recombinant viral 
vectors of the invention comprise sequences encoding the 
siRNA of the invention and any suitable promoter for express 
ing the siRNA sequences. Suitable promoters include, for 
example, the U6 or H1 RNA pol III promoter sequences and 
the cytomegalovirus promoter. Selection of other suitable 
promoters is Within the skill in the art. The recombinant viral 
vectors of the invention can also comprise inducible or regu 
latable promoters for expression of the siRNA in a particular 
tissue or in a particular intracellular environment. The use of 
recombinant viral vectors to deliver siRNA of the invention to 
cells in vivo is discussed in more detail beloW. 
[0061] siRNA of the invention can be expressed from a 
recombinant viral vector either as tWo separate, complemen 
tary RNA molecules, or as a single RNA molecule With tWo 
complementary regions. 
[0062] Any viral vector capable of accepting the coding 
sequences for the siRNA molecule(s) to be expressed can be 
used, for example vectors derived from adenovirus (AV); 
adeno-associated virus (AAV); retroviruses (e.g, lentiviruses 
(LV), Rhabdoviruses, murine leukemia virus); herpes virus, 
and the like. The tropism of the viral vectors can also be 
modi?ed by pseudotyping the vectors With envelope proteins 
or other surface antigens from other viruses. For example, an 
AAV vector of the invention can be pseudotyped With surface 
proteins from vesicular stomatitis virus (V SV), rabies, Ebola, 
Mokola, and the like. 
[0063] Selection of recombinant viral vectors suitable for 
use in the invention, methods for inserting 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 
(1995), Gene Therap. 2: 301-310; Eglitis MA (1988), Bio 
Zechniques 6: 608-614; MillerA D (1990), Hum Gene Therap. 
1: 5-14; and Anderson W F (1998), Nature 392: 25-30, the 
entire disclosures of Which are herein incorporated by refer 
ence. 

[0064] Preferred viral vectors are those derived from AV 
and AAV. In a particularly preferred embodiment, the siRNA 
of the invention is expressed as tWo separate, complementary 
single-stranded RNA molecules from a recombinant AAV 
vector comprising, for example, either the U6 or H1 RNA 
promoters, or the cytomegalovirus (CMV) promoter. 
[0065] A suitable AV vector for expressing the siRNA of 
the invention, a method for constructing the recombinant AV 
vector, and a method for delivering the vector into target cells, 
are described in Xia H et al. (2002), Nat. Biolech. 20: 1006 
1010. 
[0066] Suitable AAV vectors for expressing the siRNA of 
the invention, methods for constructing the recombinant AAV 
vector, and methods for delivering the vectors into target cells 
are described in Samulski R et al. (1987), .1. Wrol. 61: 3096 
3101; FisherKJ et al. (1996),]. WroL, 70: 520-532; Samulski 
R et al. (1989), J. Wrol. 63: 3822-3826; US. Pat. No. 5,252, 
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479; US. Pat. No. 5,139,941; International Patent Applica 
tion No. WO 94/13788; and International Patent Application 
No. W0 93/ 24641, the entire disclosures of Which are herein 
incorporated by reference. An exemplary method for gener 
ating a recombinant AAV vector of the invention is described 
in Example 7 beloW. 
[0067] The ability of an siRNA containing a given target 
sequence to cause RNAi-mediated degradation of the target 
mRNA can be evaluated using standard techniques for mea 
suring the levels of RNA or protein in cells. For example, 
siRNA of the invention can be delivered to cultured cells, and 
the levels of target mRNA can be measured by Northern blot 
or dot blotting techniques, or by quantitative RT-PCR. Alter 
natively, the levels of VEGF, Flt-1 or Flk-l/KDR receptor 
protein in the cultured cells can be measured by ELISA or 
Western blot. A suitable cell culture system for measuring the 
effect of the present siRNA on target mRNA or protein levels 
is described in Example 1 beloW. 
[0068] RNAi-mediated degradation of target mRNA by an 
siRNA containing a given target sequence can also be evalu 
ated With animal models of neovasculariZation, such as the 
ROP or CNV mouse models. For example, areas of neovas 
culariZation in an ROP or CNV mouse can be measured 

before and after administration of an siRNA. A reduction in 
the areas of neovasculariZation in these models upon admin 
istration of the siRNA indicates the doWn-regulation of the 
target mRNA (see Example 6 beloW). 
[0069] As discussed above, the siRNA of the invention 
target and cause the RNAi-mediated degradation of VEGF, 
Flt-1 or Flk-l/KDR mRNA, or alternative splice forms, 
mutants or cognates thereof. Degradation of the target mRNA 
by the present siRNA reduces the production of a functional 
gene product from the VEGF, Flt-1 or Flk-l/KDR genes. 
Thus, the invention provides a method of inhibiting expres 
sion of VEGF, Flt-1 or Flk-l/KDR in a subject, comprising 
administering an effective amount of an siRNA of the inven 
tion to the subject, such that the target mRNA is degraded. As 
the products of the VEGF, Flt-1 and Flk-l/KDR genes are 
required for initiating and maintaining angiogenesis, the 
invention also provides a method of inhibiting angiogenesis 
in a subject by the RNAi-mediated degradation of the target 
mRNA by the present siRNA. 
[0070] As used herein, a “subject” includes a human being 
or non-human animal. Preferably, the subject is a human 
being. 
[0071] As used herein, an “effective amount” of the siRNA 
is an amount su?icient to cause RNAi-mediated degradation 
of the target mRNA, or an amount suf?cient to inhibit the 
progression of angiogenesis in a subject. 
[0072] RNAi-mediated degradation of the target mRNA 
can be detected by measuring levels of the target mRNA or 
protein in the cells of a subject, using standard techniques for 
isolating and quantifying mRNA or protein as described 
above. 
[0073] Inhibition of angiogenesis can be evaluated by 
directly measuring the progress of pathogenic or nonpatho 
genic angiogenesis in a subject; for example, by observing the 
siZe of a neovasculariZed area before and after treatment With 
the siRNA of the invention. An inhibition of angiogenesis is 
indicated if the siZe of the neovasculariZed area stays the same 
or is reduced. Techniques for observing and measuring the 
siZe of neovasculariZed areas in a subject are Within the skill 
in the art; for example, areas of choroid neovasculariZation 
can be observed by ophthalmoscopy. 
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[0074] Inhibition of angiogenesis can also be inferred 
through observing a change or reversal in a pathogenic con 
dition associated With the angiogenesis. For example, in 
ARMD a slowing, halting or reversal of vision loss indicates 
an inhibition of angiogenesis in the choroid. For tumors, a 
sloWing, halting or reversal of tumor groWth, or a sloWing or 
halting of tumor metastasis, indicates an inhibition of angio 
genesis at or near the tumor site. Inhibition of non-pathogenic 
angiogenesis can also be inferred from, for example, fat loss 
or a reduction in cholesterol levels upon administration of the 
siRNA of the invention. 
[0075] It is understood that the siRNA of the invention can 
degrade the target mRNA (and thus inhibit angiogenesis) in 
substoichiometric amounts. Without Wishing to be bound by 
any theory, it is believed that the siRNA of the invention 
causes degradation of the target mRNA in a catalytic manner. 
Thus, compared to standard anti-angiogenic therapies, sig 
ni?cantly less siRNA needs to be delivered at or near the site 
of neovasculariZation to have a therapeutic effect. 
[0076] One skilled in the art can readily determine an effec 
tive amount of the siRNA of the invention to be administered 
to a given subject, by taking into account factors such as the 
siZe and Weight of the subject; the extent of the neovascular 
iZation or disease penetration; the age, health and sex of the 
subject; the route of administration; and Whether the admin 
istration is regional or systemic. Generally, an effective 
amount of the siRNA of the invention comprises an intercel 
lular concentration at or near the neovasculariZation site of 
from about 1 nanomolar (nM) to about 100 nM, preferably 
from about 2 nM to about 50 nM, more preferably from about 
2.5 nM to about 10 nM. It is contemplated that greater or 
lesser amounts of siRNA can be administered. 

[0077] The present methods can be used to inhibit angio 
genesis Which is non-pathogenic; i.e., angiogenesis Which 
results from normal processes in the subject. Examples of 
non-pathogenic angiogenesis include endometrial neovascu 
lariZation, and processes involved in the production of fatty 
tissues or cholesterol. Thus, the invention provides a method 
for inhibiting non-pathogenic angiogenesis, e. g., for control 
ling Weight or promoting fat loss, for reducing cholesterol 
levels, or as an abortifacient. 

[0078] The present methods can also inhibit angiogenesis 
Which is associated With an angiogenic disease; i.e., a disease 
in Which pathogenicity is associated With inappropriate or 
uncontrolled angiogenesis. For example, most cancerous 
solid tumors generate an adequate blood supply for them 
selves by inducing angiogenesis in and around the tumor site. 
This tumor-induced angiogenesis is often required for tumor 
groWth, and also alloWs metastatic cells to enter the blood 
stream. 

[0079] Other angiogenic diseases include diabetic retin 
opathy, age-related macular degeneration (ARMD), psoria 
sis, rheumatoid arthritis and other in?ammatory diseases. 
These diseases are characterized by the destruction of normal 
tissue by neWly formed blood vessels in the area of neovas 
culariZation. For example, in ARMD, the choroid is invaded 
and destroyed by capillaries. The angiogenesis-driven 
destruction of the choroid in ARMD eventually leads to par 
tial or full blindness. 

[0080] Preferably, an siRNA of the invention is used to 
inhibit the groWth or metastasis of solid tumors associated 
With cancers; for example breast cancer, lung cancer, head 
and neck cancer, brain cancer, abdominal cancer, colon can 
cer, colorectal cancer, esophagus cancer, gastrointestinal can 
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cer, glioma, liver cancer, tongue cancer, neuroblastoma, 
osteosarcoma, ovarian cancer, pancreatic cancer, prostate 
cancer, retinoblastoma, Wilm’s tumor, multiple myeloma; 
skin cancer (e.g., melanoma), lymphomas and blood cancer. 
[0081] More preferably, an siRNA of the invention is used 
to inhibit choroidal neovasculariZation in age-related macular 
degeneration. 
[0082] For treating angiogenic diseases, the siRNA of the 
invention can administered to a subject in combination With a 
pharmaceutical agent Which is different from the present 
siRNA. Alternatively, the siRNA of the invention can be 
administered to a subject in combination With another thera 
peutic method designed to treat the angiogenic disease. For 
example, the siRNA of the invention can be administered in 
combination With therapeutic methods currently employed 
for treating cancer or preventing tumor metastasis (e. g., radia 
tion therapy, chemotherapy, and surgery). For treating 
tumors, the siRNA of the invention is preferably administered 
to a subject in combination With radiation therapy, or in com 
bination With chemotherapeutic agents such as cisplatin, car 
boplatin, cyclophosphamide, 5-?uorouracil, adriamycin, 
daunorubicin or tamoxifen. 

[0083] In the present methods, the present siRNA can be 
administered to the subject either as naked siRNA, in con 
junction With a delivery reagent, or as a recombinant plasmid 
or viral vector Which expresses the siRNA. 
[0084] Suitable delivery reagents for administration in con 
junction With the present siRNA include the Mirus Transit 
TKO lipophilic reagent; lipofectin; lipofectamine; cellfectin; 
or polycations (e.g., polylysine), or liposomes. A preferred 
delivery reagent is a liposome. 
[0085] Liposomes can aid in the delivery of the siRNA to a 
particular tissue, such as retinal or tumor tissue, and can also 
increase the blood half-life of the siRNA. Liposomes suitable 
for use in the invention are formed from standard vesicle 
forming lipids, Which generally include neutral or negatively 
charged phospholipids and a sterol, such as cholesterol. The 
selection of lipids is generally guided by consideration of 
factors such as the desired liposome siZe and half-life of the 
liposomes in the blood stream. A variety of methods are 
knoWn for preparing liposomes, for example as described in 
SZoka et al. (1980), Ann. Rev. Biophys. Bioeng. 9: 467; and 
Us. Pat. Nos. 4,235,871, 4,501,728, 4,837,028, and 5,019, 
369, the entire disclosures of Which are herein incorporated 
by reference. 
[0086] Preferably, the liposomes encapsulating the present 
siRNA comprises a ligand molecule that can target the lipo 
some to a particular cell or tissue at or near the site of angio 
genesis. Ligands Which bind to receptors prevalent in tumor 
or vascular endothelial cells, such as monoclonal antibodies 
that bind to tumor antigens or endothelial cell surface anti 
gens, are preferred. 
[0087] Particularly preferably, the liposomes encapsulating 
the present siRNA are modi?ed so as to avoid clearance by the 
mononuclear macrophage and reticuloendothelial systems, 
for example by having opsoniZation-inhibition moieties 
bound to the surface of the structure. In one embodiment, a 
liposome of the invention can comprise both opsoniZation 
inhibition moieties and a ligand. 
[0088] OpsoniZation-inhibiting moieties for use in prepar 
ing the liposomes of the invention are typically large hydro 
philic polymers that are bound to the liposome membrane. As 
used herein, an opsoniZation inhibiting moiety is “bound” to 
a liposome membrane When it is chemically or physically 
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attached to the membrane, e.g., by the intercalation of a 
lipid-soluble anchor into the membrane itself, or by binding 
directly to active groups of membrane lipids. These opsoniZa 
tion-inhibiting hydrophilic polymers form a protective sur 
face layer Which signi?cantly decreases the uptake of the 
liposomes by the macrophage-monocyte system (“MMS”) 
and reticuloendothelial system (“RES”); e. g., as described in 
US. Pat. No. 4,920,016, the entire disclosure of Which is 
herein incorporated by reference. Liposomes modi?ed With 
opsoniZation-inhibition moieties thus remain in the circula 
tion much longer than unmodi?ed liposomes. For this reason, 
such liposomes are sometimes called “stealth” liposomes. 
[0089] Stealth liposomes are knoWn to accumulate in tis 
sues fed by porous or “leaky” microvasculature. Thus, target 
tissue characterized by such microvasculature defects, for 
example solid tumors, Will e?iciently accumulate these lipo 
somes; see GabiZon, et al. (1988), RNA.S., USA, 18: 6949 
53. In addition, the reduced uptake by the RES loWers the 
toxicity of stealth liposomes by preventing signi?cant accu 
mulation in the liver and spleen. Thus, liposomes of the inven 
tion that are modi?ed With opsoniZation-inhibition moieties 
can deliver the present siRNA to tumor cells. 

[0090] OpsoniZation inhibiting moieties suitable for modi 
fying liposomes are preferably Water-soluble polymers With a 
number-average molecular Weight from about 500 to about 
40,000 daltons, and more preferably from about 2,000 to 
about 20,000 daltons. Such polymers include polyethylene 
glycol (PEG) or polypropylene glycol (PPG) derivatives; e.g., 
methoxy PEG or PPG, and PEG or PPG stearate; synthetic 
polymers such as polyacrylamide or poly N-vinyl pyrroli 
done; linear, branched, or dendrimeric polyamidoamines; 
polyacrylic acids; polyalcohols, e.g., polyvinylalcohol and 
polyxylitol to Which carboxylic or amino groups are chemi 
cally linked, as Well as gangliosides, such as ganglioside 
GMl. Copolymers of PEG, methoxy PEG, or methoxy PPG, 
or derivatives thereof, are also suitable. In addition, the 
opsoniZation inhibiting polymer can be a block copolymer of 
PEG and either a polyamino acid, polysaccharide, polyami 
doamine, polyethyleneamine, or polynucleotide. The 
opsoniZation inhibiting polymers can also be natural polysac 
charides containing amino acids or carboxylic acids, e.g., 
galacturonic acid, glucuronic acid, mannuronic acid, hyalu 
ronic acid, pectic acid, neuraminic acid, alginic acid, carrag 
eenan; aminated polysaccharides or oligosaccharides (linear 
or branched); or carboxylated polysaccharides or oligosac 
charides, e. g., reacted With derivatives of carbonic acids With 
resultant linking of carboxylic groups. 
[0091] Preferably, the opsoniZation-inhibiting moiety is a 
PEG, PPG, or derivatives thereof. Liposomes modi?ed With 
PEG or PEG-derivatives are sometimes called “PEGylated 
liposomes.” 
[0092] The opsoniZation inhibiting moiety can be bound to 
the liposome membrane by any one of numerous Well-knoWn 
techniques. For example, an N-hydroxysuccinimide ester of 
PEG can be bound to a phosphatidyl-ethanolamine lipid 
soluble anchor, and then bound to a membrane. Similarly, a 
dextran polymer can he derivatiZed With a stearylamine lipid 
soluble anchor via reductive amination using Na(CN)BH3 
and a solvent mixture such as tetrahydrofuran and Water in a 
30:12 ratio at 60° C. 

[0093] Recombinant plasmids Which express siRNA of the 
invention are discussed above. Such recombinant plasmids 
can also be administered directly or in conjunction With a 
suitable delivery reagent, including the Mirus Transit LTl 
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lipophilic reagent; lipofectin; lipofectamine; cellfectin; poly 
cations (e.g., polylysine) or liposomes. Recombinant viral 
vectors Which express siRNA of the invention are also dis 
cussed above, and methods for delivering such vectors to an 
area of neovasculariZation in a patient are Within the skill in 
the art. 

[0094] The siRNA of the invention can be administered to 
the subject by any means suitable for delivering the siRNA to 
the cells of the tissue at or near the area of neovasculariZation. 
For example, the siRNA can he administered by gene gun, 
electroporation, or by other suitable parenteral or enteral 
administration routes. 

[0095] Suitable parenteral administration routes include 
oral, rectal, or intranasal delivery. 
[0096] Suitable parenteral administration routes include 
intravascular administration (e. g. intravenous bolus injection, 
intravenous infusion, intra-arterial bolus injection, intra-arte 
rial infusion and catheter instillation into the vasculature); 
peri- and intra-tissue administration (e.g., peri-tumoral and 
intra-tumoral injection, intra-retinal injection or subretinal 
injection); subcutaneous injection or deposition including 
subcutaneous infusion (such as by osmotic pumps); direct 
application to the area at or near the site of neovasculariZa 
tion, for example by a catheter or other placement device 
(e.g., a retinal pellet or a suppository, or an implant compris 
ing a porous, non-porous, or gelatinous material); and inha 
lation. It is preferred that injections or infusions of the siRNA 
are given at or near the site of neovasculariZation. 

[0097] The siRNA of the invention can be administered in 
a single dose or in multiple doses. Where the administration 
of the siRNA of the invention is by infusion, the infusion can 
be a single sustained dose or can be delivered by multiple 
infusions. Injection of the agent directly into the tissue is at or 
near the site of neovasculariZation preferred. Multiple inj ec 
tions of the agent into the tissue at or near the site of neovas 
culariZation are particularly preferred. 
[0098] One skilled in the art can also readily determine an 
appropriate dosage regimen for administering the siRNA of 
the invention 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 administered to a subject 
once or tWice daily to a subject for a period of from about 
three to about tWenty-eight days, more preferably from about 
seven to about ten Weeks. In a preferred dosage regimen, the 
siRNA is injected at or near the site of neovasculariZation 
once a day for seven days. Where a dosage regimen comprises 
multiple administrations, it is understood that the effective 
amount of siRNA administered to the subject can comprise 
the total amount of siRNA administered over the entire dos 
age regimen. 
[0099] The siRNA of the invention are preferably formu 
lated as pharmaceutical compositions prior to administering 
to a subject, according to techniques knoWn in the art. Phar 
maceutical compositions of the present invention are charac 
teriZed as being at least sterile and pyrogen-free. As used 
herein, “pharmaceutical formulations” include formulations 
for human and veterinary use. Methods for preparing phar 
maceutical compositions of the invention are Within the skill 
in the art, for example as described in Remington’s Pharma 
ceulical Science, 17th ed., Mack Publishing Company, Eas 
ton, Pa. (1985), the entire disclosure of Which is herein incor 
porated by reference. 
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[0100] The present pharmaceutical formulations comprise 
an siRNA of the invention (e.g., 0.1 to 90% by Weight), or a 
physiologically acceptable salt thereof, mixed With a physi 
ologically acceptable carrier medium. Preferred physiologi 
cally acceptable carrier media are Water, buffered Water, nor 
mal saline, 0.4% saline, 0.3% glycine, hyaluronic acid and the 
like. 
[0101] Pharmaceutical compositions of the invention can 
also comprise conventional pharmaceutical excipients and/or 
additives. Suitable pharmaceutical excipients include stabi 
liZers, antioxidants, osmolality adjusting agents, buffers, and 
pH adjusting agents. Suitable additives include physiologi 
cally biocompatible buffers (e.g., tromethamine hydrochlo 
ride), additions of chelants (such as, for example, DTPA or 
DTPA-bisamide) or calcium chelate complexes (as for 
example calcium DTPA, CaNaDTPA-bisamide), or, option 
ally, additions of calcium or sodium salts (for example, cal 
cium chloride, calcium ascorbate, calcium gluconate or cal 
cium lactate). Pharmaceutical compositions of the invention 
can be packaged for use in liquid form, or can be lyophiliZed. 
[0102] For solid compositions, conventional nontoxic solid 
carriers can be used; for example, pharmaceutical grades of 
mannitol, lactose, starch, magnesium stearate, sodium sac 
charin, talcum, cellulose, glucose, sucrose, magnesium car 
bonate, and the like. 
[0103] For example, a solid pharmaceutical composition 
for oral administration can comprise any of the carriers and 
excipients listed above and 10-95%, preferably 25%-75%, of 
one or more siRNA of the invention. A pharmaceutical com 
position for aerosol (inhalational) administration can com 
prise 0.01 -20% by Weight, preferably 1%-10% by Weight, of 
one or more siRNA of the invention encapsulated in a lipo 
some as described above, and propellant. A carrier can also be 
included as desired; e. g., lecithin for intranasal delivery. 
[0104] The invention Will noW be illustrated With the fol 
loWing non-limiting examples. The animal experiments 
described in Examples 4-6 Were performed using the Univer 
sity of Pennsylvania institutional guidelines for the care and 
use of animals in research. 

EXAMPLE 1 

siRNA Transfection and Hypoxia Induction In V1tro 

[0105] siRNA DesigniA 19 nt sequence located 329 nt 
from the 5' end of humanVEGF mRNA Was chosen as a target 
sequence: 
AAACCTCACCAAGGCCAGCAC (SEQ ID NO: 51). To 
ensure that it Was not contained in the mRNA from any other 
genes, this target sequence Was entered into the BLAST 
search engine provided by NCBI. The use of the BLAST 
algorithm is described in Altschul et al. (1990), .1. Mol. Biol. 
215: 403-410 and Altschul et al. (1997), Nucleic Acids Res. 
25: 3389-3402, the disclosures of Which are herein incorpo 
rated by reference in their entirety. As no other mRNA Was 
found Which contained the target sequence, an siRNA duplex 
Was synthesiZed to target this sequence (Dharmacon 
Research, Inc., Lafayette, Colo.). 
[0106] The siRNA duplex had the folloWing sense and anti 
sense strands. 

sense: 

5 ‘ —accucaccaaggccagacacTT-3 ‘ . (SEQ ID NO: 77) 

antisense: 
5 ‘ —gugcuggccuuggugagguTT-3 ‘ . (SEQ ID NO: 78) 
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[0107] Together, the siRNA sense and antisense strands 
formed a 19 nt double-stranded siRNA With TT 3' overhangs 
(shoWn in bold) on each strand, This siRNA Was termed 
“Candidate 5” or “Cand5 .” Other siRNA Which target human 
VEGF mRNA Were designed and tested as described for 
Cand5. 
[0108] An siRNA targeting the folloWing sequence in green 
?uorescent protein (GFP) mRNA Was used as a nonspeci?c 
control: 
GGCTACGTCCAGCGCACC (SEQ ID NO: 79). The siRNA 
Was purchased from Dharmacon (Lafayette, Colo.). 
[0109] siRNA Transfection and Hypoxia Induction In 
VitroiHuman cell lines (293; Hela andARPE19) Were sepa 
rately seeded into 24-Well plates in 250 microliters of com 
plete DMEM medium one day prior to transfection, so that 
the cells Were ~50% con?uent at the time of transfection. 
Cells Were transfected With 2.5 nM Cand5 siRNA, and With 
either no siRNA or 2.5 nM non-speci?c siRNA (targeting 
GFP) as controls. Transfections Were performed in all cell 
lines With the “Transit TKO Transfection” reagent, as recom 
mended by the manufacturer (Mirus). 
[0110] TWenty four hours after transfection, hypoxia Was 
induced in the cells by the addition of desferoxamide mesy 
late to a ?nal concentration of 130 micromolar in each Well. 
TWenty four hours post-transfection, the cell culture medium 
Was removed from all Wells, and a human VEGF ELISA 
(R&D systems, Minneapolis, Minn.) Was performed on the 
culture medium as described in the Quantikine human VEGF 
ELISA protocol available from the manufacturer, the entire 
disclosure of Which is herein incorporated by reference. 
[0111] As can be seen in FIG. 1, RNAi degradation induced 
by Cand5 siRNA signi?cantly reduces the concentration of 
VEGF produced by the hypoxic 293 and HeLa cells. There 
Was essentially no difference in the amount of VEGF pro 
duced by hypoxic cells treated With either no siRNA or the 
non-speci?c siRNA control. Similar results Were also seen 
With human ARPE19 cells treated under the same conditions. 
Thus, RNA interference With VEGF -targeted siRNA disrupts 
the pathogenic up-regulation of VEGF in human cultured 
cells in vitro. 
[0112] The experiment outlined above Was repeated on 
mouse NIH 3T3 mouse-speci?c VEGF siRNA (see Example 
6 beloW), and VEGF production Was quanti?ed With a mouse 
VEGF ELISA (R&D systems, Minneapolis, Minn.) as 
described in the Quantikine mouse VEGF ELISA protocol 
available from the manufacturer, the entire disclosure of 
Which is herein incorporated by reference. Results similar to 
those reported in FIG. 1 for the human cell lines Were 
obtained. 

EXAMPLE 2 

Effect of Increasing siRNA Concentration on VEGF 
Production in Human Cultured Cells 

[0113] The experiment outlined in Example 1 Was repeated 
With human 293, and ARPE19 cells using a range of siRNA 
concentrations from 10 nM to 50 nM. The ability of the Cand5 
siRNA to doWn-regulate VEGF production increased moder 
ately up to approximately 13 nM siRNA, but a plateau effect 
Was seen above this concentration. These results highlight the 
catalytic nature of siRNA-medicated RNAi degradation of 
mRNA, as the plateau effect appears to re?ect VEGF produc 
tion from the feW cells not transfected With the siRNA. For the 
majority of cells Which had been transfected With the siRNA, 
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the increased VEGF mRNA production induced by the 
hypoxia is outstripped by the siRNA-induced degradation of 
the target mRNA at siRNA concentrations greater than about 
13 nM. 

EXAMPLE 3 

Speci?city of siRNA Targeting 

[0114] NIH 3T3 mouse ?broblasts Were groWn in 24-well 
plates under standard conditions, so that the cells Were 50% 
con?uent one day prior to transfection. The human VEGF 
siRNA Cand5 Was transfected into a NIH 3T3 mouse ?bro 
blasts as in Example 1. Hypoxia Was then induced in the 
transfected cells, and murine VEGF concentrations Were 
measured by ELISA as in Example 1. 
[0115] The sequence targeted by the human VEGF siRNA 
Cand5 differs from the murine VEGF mRNA by one nucle 
otide. As can be seen in FIG. 2, the human VEGF siRNA has 
no affect on the ability of the mouse cells to up-regulate 
mouse VEGF after hypoxia. These results shoW that siRNA 
induced RNAi degradation is sequence-speci?c to Within a 
one nucleotide resolution. 

EXAMPLE 4 

In Vivo Delivery of siRNA to Murine Retinal Pig 
ment Epithelial Cells 

[0116] VEGF is upregulated in the retinal pigment epithe 
lial (RPE) cells of human patients With age-related macular 
degeneration (ARMD). To shoW that functional siRNA can be 
delivered to RPE cells in vivo, GFP Was expressed in mouse 
retinas With a recombinant adenovirus, and GFP expression 
Was silenced With siRNA. The experiment Was conducted as 
folloWs. 
[0117] One eye from each of ?ve adult C57/Black6 mice 
(Jackson Labs, Bar Harbor, Me.) Was injected subretinally as 
described in Bennett et al. (1996), supra, With a mixture 
containing ~1><108 particles of adenovirus containing eGFP 
driven by the CMV promoter and 20 picomoles of siRNA 
targeting eGFP conjugated With transit TKO reagent (Mirus). 
[0118] As positive control, the contralateral eyes Were 
injected With a mixture containing ~1><108 particles of aden 
ovirus containing eGFP driven by the CMV promoter and 20 
picomoles of siRNA targeting human VEGF conjugated With 
transit TKO reagent (Mirus). Expression of GFP Was detected 
by fundus ophthalmoscopy 48 hours and 60 hours after inj ec 
tion. Animals Were sacri?ced at either 48 hours or 60 hours 
post-injection. The eyes Were enucleated and ?xed in 4% 
paraformaldehyde, and Were prepared either as ?at mounts or 
Were processed into 10 micron cryosections for ?uorescent 
microscopy. 
[0119] No GFP ?uorescence Was detectable by ophthal 
moscopy in the eyes Which received the siRNA targeted to 
GFP mRNA in 4 out of 5 mice, Whereas GFP ?uorescence 
Was detectable in the contralateral eye Which received the 
non- speci?c control siRNA. A representative ?at mount ana 
lyZed by ?uorescence microscopy shoWed a lack of GFP 
?uorescence in the eye Which received GFP siRNA, as com 
pared to an eye that received the non-speci?c control siRNA. 
Cryosections of another retina shoWed that the recombinant 
adenovirus ef?ciently targets the RPE ceils, and When the 
adenovirus is accompanied by siRNA targeted to CFP 
mRNA, expression of the GFP transgene is halted. 
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[0120] While there is some GFP ?uorescence detectable by 
?uorescence microscopy in eyes that received siRNA tar 
geted to GFP mRNA, the ?uorescence is greatly suppressed 
as compared to controls that received non-speci?c siRNA. 
These data demonstrate that functional siRNA can be deliv 
ered in vivo to RPE cells. 

EXAMPLE 5 

In Vivo Expression and siRNA-Induced RNAi Deg 
radation of Human VEGF in Murine Retinas 

[0121] In order to demonstrate that siRNA targeted to 
VEGF functioned in vivo, an exogenous human VEGF 
expression cassette Was delivered to mouse RPE cells via an 
adenovirus by subretinal injection, as in Example 4. One eye 
received Cand5 siRNA, and the contralateral eye received 
siRNA targeted to GFP mRNA. The animals Were sacri?ced 
60 hours post-inj ection, and the injected eyes Were removed 
and snap froZen in liquid N2 folloWing enucleation. The eyes 
Were then homogeniZed in lysis buffer, and total protein Was 
measured using a standard Bradford protein assay (Roche, 
Germany). The samples Were normaliZed for total protein 
prior to assaying for human VEGF by ELISA as described in 
Example 1. 
[0122] The expression of VEGF Was someWhat variable 
from animal to animal. The variability of VEGF levels corre 
lated Well to those observed in the GFP experiments of 
Example 4, and can be attributed to some error from injection 
to injection, and the differential ability of adenovirus to deliv 
ery the target gene in each animal. HoWever, there Was a 
signi?cant attenuation of VEGF expression in each eye that 
received VEGF siRNA, as compared to the eyes receiving the 
non-speci?c control siRNA (FIG. 4). These data indicate that 
the Cand5 siRNA Was potent and effective in silencing human 
VEGF expression in murine RPE cells in vivo. 

EXAMPLE 6 

Inhibition of Choroidal NeovasculariZation in the 
Mouse CNV Model 

[0123] There is evidence that choroidal neovasculariZation 
inARMD is due to the upregulation ofVEGF in the RPE cells. 
This human pathologic condition can be modeled in the 
mouse by using a laser to burn a spot on the retina (“laser 
photo-coagulation” or “laser induction”). During the healing 
process, VEGF is believed to be up-regulated in the RPE cells 
of the burned regions leading to re-vasculariZation of the 
choroid. This model is called the mouse choroidal neovascu 
lariZation (“CNV”) model. 
[0124] For rescue of the mouse CNV model, a mouse 
siRNA Was designed that incorporated a one nucleotide 
change from the human “Cand5” siRNA from Example 1. 
The mouse siRNA speci?cally targeted mouse VEGF mRNA 
at the sequence AAACCUCACCAAAGCCAGCAC (SEQ 
ID NO: 80). Other siRNA that target mouse VEGF Were also 
designed and tested. The GFP siRNA used as a nonspeci?c 
control in Example 1 Was also used as a non-speci?c control 
here. 
[0125] TWenty four hours after laser induction, one eye 
from each of eleven adult C57/black6 mice (Jackson Labs, 
Bar Harbor, Me.) Was injected subretinally With a mixture 
containing ~1><108 particles of adenovirus containing LacZ 
driven by the CMV promoter and 20 picomoles of siRNA 
targeting mouse VEGF conjugated With transit TKO reagent 
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(Mirus), as in Example 4. As a control, contralateral eyes 
received a mixture containing ~1><108 particles of adenovirus 
containing LacZ driven by the CMV promoter and 20 pico 
moles of siRNA targeting GFP conjugated With transit TKO 
reagent (Mirus). 
[0126] Fourteen days after the laser treatment, the mice 
Were perfused With ?uorescein and the area of neovascular 
iZation Was measured around the burn spots. Areas of the burn 
spots in the contra-lateral eye Were used as a control. The site 
of neovasculariZation around the burn spots in animals that 
received siRNA targeting mouse VEGF Was, on average, 1A 
the area of the control areas. These data support the use of 
VEGF-directed siRNA (also called “anti-VEGF siRN ”) for 
therapy of ARMD. 

EXAMPLE 7 

Generation of an Adeno-Associated Viral Vector for 
Expression of siRNA 

[0127] A “cis-acting” plasmid for generating a recombi 
nant AAV vector for delivering an siRNA of the invention Was 
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generated by PCR based subcloning, essentially as described 
in Samulski R et al. (1987), supra. The cis-acting plasmid Was 
called “pAAVsiRN .” 
[0128] The rep and cap genes of psub20l Were replaced 
With the folloWing sequences in this order: a 19 nt sense RNA 
strand coding sequence in operable connection With a polyT 
termination sequence under the control of a human U6 RN 
promoter, and a 19 nt antisense RNA strand coding sequence 
in operable connection With a polyT termination sequence 
under the control of a human U6 RNA promoter. A schematic 
representation of pAAVsiRNA is given if FIG. 5. 
[0129] A recombinant AAV siRNA vector Was obtained by 
transfecting pAAVsiRNA into human 293 cells previously 
infected With E1 -deleted adenovirus, as described in Fisher K 
J et al. (1996), supra. The AAV rep and cap functions Were 
provided by a trans-acting plasmid pAAV/Ad as described in 
Samulski R et al. (1989), supra. Production lots of the recom 
binant AAV siRNA vector Were titered according to the num 
ber of genome copies/ml, as described in Fisher K J et al. 
(1996), supra. 

SEQUENCE LISTING 

SEQ ID NO 1 
LENGTH: 2250 
TYPE: DNA 

ORGANISM: Mus musculus 

<400> SEQUENCE: l 

tgagccaggc tggcaggaag gagcctccct cagggtttcg ggaaccagac ctctcaccgg 60 

aaagaccgat taaccatgtc accaccacgc catcatcgtc accgttgaca gaacagtcct 120 

taatccagaa agcctgacat gaaggaagag gagactcttc gaggagcact ttgggtccgg 180 

agggcgagac tccggcagac gcattcccgg gcaggtgacc aagcacggtc cctcgtggga 240 

ctggattcgc cattttctta tatctgctgc taaatcgcca agcccggaag attagggttg 300 

tttctgggat tcctgtagac acacccaccc acatacacac atatatatat attatatata 360 

taaataaata tatatgtttt atatataaaa tatatatata ttcttttttt taaattaact 420 

ctgctaatgt tattggtgtc ttcactggat atgtttgact gctgtggact tgtgttggga 480 

ggaggatgtc ctcactcgga tgccgacatg ggagacaatg ggatgaaagg cttcagtgtg 540 

gtctgagaga ggccgaagtc cttttgcctg ccggggagca agcaaggcca gggcacgggg 600 

gcacattggc tcacttccag aaacacgaca aacccattcc tggccctgag tcaagaggac 660 

agagagacag atgatgacac agaaagagat aaagatgccg gttccaacca gaagtttggg 720 

gagcctcagg acatggcatg ctttgtggat ccccatgata gtctacaaaa gcaccccgcc 780 

cctctgggca ctgcctggaa gaatcgggag cctggccagc cttcagctcg ctcctccact 840 

tctgaggggc ctaggaggcc tcccacaggt gtcccggcaa gagaagacac ggtggtggaa 900 

gaagaggcct ggtaatggcc cctcctcctg ggaccccttc gtcctctcct taccccacct 960 

cctgggtaca gcccaggagg accttgtgtg atcagaccat tgaaaccact aattctgtcc 1020 

ccaggagact tggctctgtg tgtgagtggc ttacccttcc tcatcttccc ttcccaaggc 1080 

acagagcaat ggggcaggac ccgcaagccc ctcacggagg cagagaaaag agaaagtgtt 1140 








































