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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to compounds, compaositions, and methods for the study,
diagnosis, and treaiment of traits, diseases and conditions that respond to the modulation of
CTNNET (B-catenin) gene expression and/or aclivity.

BACKGROUND OF THE INVENTION

[0002] Wnt pathway signaling mediates development, regeneration, celiular proliferation and
stem cell formation (Fuerer et al. EMBO Rep 9: 134-8). Abnormal Wnt pathway signaling has
been associated with a wide range of diseases, including cancer (Moon et al. Nat Rev Genet.
5:681-701). Mutations in $-catenin {encoded by the CTNNBY gene in humans)- an oncogene
that is the key medistor of Wnt signaling - have been specifically associated with colorectal,
desmoid, endometrial, gastric, hepaiocellular, hepatoblastoma, kidney (Wilms' tumor},
medulioblastoma, melanoma, ovarian {(endometricid), pancreatic, pilomatricoma, prostate,
thyroid (anaplastic} and uterine (endomelrium) cancers (Polakis P. Genes Dev. 14: 1837-51;
Samowitz st al. Cancer Res. 59 1442-4; lwac e al. Cancer Res. 58 1021-6; Mirabslli-
Primdahl et al. Cancer Res. 59 3346-51; Shitch ef al. J Clin Path. 52 695-6; Tejpar el al.
Oncogene 18: 6615-20; Kitaeva et al. Cancer Res. 57: 4478-81, Sparks et al. Cancer Res. 58:
1130-4; Miyaki st al. Cancer Res. 59: 4506-9; Park et al. Cancer Res. 59: 4257-60; Huang et
al. Am J Pathol. 155: 1795-801; Nhieu et al. Am J Pathol. 155: 703-10; Legoix et al. Oncogene
18: 4044-8; Jeng el al. Cancer Letl. 152: 45-51; Koch et al. Cancer Res. 59 269-73; Wei et al.
Oncogene 19; 498-504; Koesters el al. Cancer Res. 58: 3880-2; Maiti ef al. Cancer Res. 60:
6288-92; Zurawel ef al Cancer Res. 58 896-9; Gamallo st al. Am J Pathol. 155: 527-36;
Palacios and Gamallo Cancer Res. 58; 1344-7; Wright ef al. Int J Cancer 82: 625-9; Gerdes ef
al. Digestion 60: 544-8; Chan et al. Nat Genet. 21: 410-3; Voeller et al. Cancer Res. 58: 2520-
3; Garcia-Rostan et al. Cancer Res. 59: 1811-5; Fukuchi et al. Cancer Res. 58: 3526-8). Many
such mutations in B-catenin are believed o impart increased stability to the B-catenin protein,
making B-catenin an aitractive target for development of therapeutics that inhibit and/or reduce
levels of the f-catenin protein. Given the role of $-catenin in the development of cancer and
other diseases and/or disorders {e.g., proper f#-catenin aclivity is important for hair
follicle/epithselial stem cell function, meaning that certain inhibitors of B-catenin possess
depilatory properties), there remains an unmel need for therapsulically effective inhibitors of B-
catenin.

[0003] Double-stranded RNA (dsRNA) agenis possessing strand lengths of 25 to 35
nucleotides have bheen described as effective inhibitors of target gene expression in
mammalian cells {Rossi et al., U.S. Patent Application Nos. 2005/0244858 and US
2005/0277610). dsRNA agenis of such length are believed to bs processed by the Dicer
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enzyme of the RNA interference (RNAI} pathway, leading such agenis o be termed "Dicer
substrate siRNA" ("DsiRNA") agenis. Additional modified structures of DsiRNA agenis wers
previously described (Rossi et al, US. Patent Application No. 2007/0265220). WO
2008/109460 describes dsRNA molscules (siRNAs) targeting nucleic acids encoding B-catenin.

BRIEF SUMMARY OF THE INVENTION

[0004] The present invention is directed to compositions that contain double stranded RNA
{("dsRNA"), and methoeds for preparing them. The dsRNAs of the invention are capable of
reducing the expression of a target CTNNBT gene (encoding §-catenin) in a cell, either in vitro
or in a mammalian subjecl. More particularly, the invention is direcled o Dicer subsirate
siRNAs ("DsiRNAs™) with structures and modification patterns which act as effective and highly
potent B-catenin inhibilory agents, and also may possess extended duration of inhibitory effect.
A number of such DsiRNAs possess target-specific inhibitory potencies and efficacies that are
significantly enhanced relative to 21 nucleotide siRNAs directed against the same target RNA.

[0005] In one aspect, the invention provides an isolated doubie stranded ribonucleic acid
{dsRNA) comprising first and second nucleic acid strands and a duplex region of at least 25
base pairs, wherein the first strand is 25-34 nucieotides in length and the second strand is fully
complementary to a larget B-catenin ¢cDNA seguence of SEQ 1D NO: 2348, and reduces B-
catenin target gene expression when the double stranded ribonucleic acid is introduced info a
mammalian cell. The disclosure discloses a double stranded ribonucleic acid wherein the
second nucleic acid strand of 26-35 nucleotides in length and comprises 1-5 single-stranded
nuclectides at its 3' terminus, where the second oligonuclectide strand is sufficiently
complementary o a target B-catenin cDNA sequence of SEQ ID NOs: 2226-3334 along at least
15 nucleotides of the second oligonucleotide strand length to reduce B-catenin fargel gene
exprassion when the double stranded nucleic acid is infreduced intc a2 mammalian cell
Optionally in the disclosure, the second cligonuclectide strand is complementary to a target B-
catenin CDNA sequence of SEQ D NOs: 1-3 and 5-6 along at most 27 nucleotides of its length.

[06008] In one embodiment, starting from the first nucleotide (position 1) at the 3' terminus of
the first oligonucleotide strand, position 1, 2 and/or 3 is substituted with a modified nuclsotids.
In certain embodiments, the modified nucleolide residue of the 3' terminus of the first strand is
a deoxyribonucieotide, an acyclonuclectide or & fluorescent molecule. In a related
embodiment, position 1 of the 3 terminus of the first oligonucieotide sirand is a
deoxyribonucleotide.

[00071 In an additional embodiment, the 3" terminus of the first strand and the 5 terminus of
the second strand form a blunt end.

[0008] In ancther embodiment, the first strand is 25 nuclectides in length and the second
strand is 27 nuclectides in length.
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[0009] In one aspect of the disclosure, the second strand includes a sequence of SEQ 1D
NOs: 1117-2225.

[0010] In another aspect of the disclosure, the first strand includes a sequence of SEQ D
NOs: 8-1116, 3335-3822 and 3823-4443.

[0011] In an additional aspect of the disciosure, the dsRNA includes a pair of first
strand/second sirand sequences as shown for a DsiRNA agent of Tables 2-4, 6, 9 or 11.

[6012} In one sembodimant, each of the first and the second strands has a length which is at
least 26 nucleotides.

[0013] In ancther embodiment, the nucleotides of the 3’ overhang include a modified
nucleotide. Optionally, the modified nuclectide of the 3 overhang is a 2-O-methyl
ribonuclectide. In a relaled embodiment, ali nucleotides of the 3' overhang are modified
nucleotides.

[0014] In an additional embodiment, one or both of the first and second oligonucleotide
strands inciudes a ' phosphate.

(00151 In another embodiment, the modified nucleotide residues of the dsRNA are 2'-0-
methyl, 2'-methoxyethoxy, 2'-fluoro, 2'-allyl, 2'-C-[2-(methylamino)-2-oxoethyl], 4'-thio, 4'-CH2-
0-2'-bridge, 4'-(CH232-0-2"-bridgs, 2'-LNA, 2-amino or 2'-0O-{N-methlycarbamats).

[0618}] in one embodiment, the 3' overhang of the dsRNA is 1-3 nucleotides in length.
Optionally, the 3' overhang is 1-2 nucleotides in length. In a related embodiment, the 3
overhang is two nucleotides in length and the modified nucleotide of the 3’ overhang is a 2-0-
methyl modified ribonucleotide.

[060171 In a further embodiment, the second oligonucieotide strand, starting from the
nuclectide residue of the second strand that Is complementary to the 5 terminal nucleotide
residue of the first oligonuclectide strand, includes alternating modified and unmodified
nuclectids residues. In another embodiment, the second oligonucisotide strand, starling from
the nucleoctide residue of the second strand that is complementary 1o the §' terminal nuclectide
residue of the first oligonucleotide strand, includes unmodified nucleotide residues at all
positions from position 18 o the 5' terminus of the second oligonucleolide strand.

[0018] In another embodiment, each of the first and second strands has a length which is at
feast 26 and at most 30 nucleotides.

[0019] in one embodiment, the dsRNA is cleaved endogenously in the cell by Dicer.

[0628] In an additional embodiment, the amount of the isolated double stranded nucleic acid
sufficient 1o reduce expression of the target gene is 1 nanomolar or less, 200 picomoliar or
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fess, 100 picomolar or less, B0 picomolar or less, 20 picomolar or less, 10 picomolar or less, &
picomolar or less, 2 picomolar or less or 1 picomolar or less in the environment of the cell.

[6021} In a further embodiment, the isolated dsRNA possesses greater potency than isolated
21mer sikNAs directed to the identical at least 15 nucleotides of the target B-catenin cDNA in
reducing target B-catenin gene expression when assayed in vitro in a mammalian cell at an
effective concentration in the environment of a cell of 1 nanomolar or less, 200 picomolar or
less, 100 picomolar or less, 50 picomolar or less, 20 picomolar or less, 10 picomolar or less, 5
picomolar or less, 2 picomolar or less or 1 picomolar or less.

[06022] In another embodiment, the isolated dsRNA is sufficiently complementary 1o the farget
B-catenin cDNA sequence o reduce $-catanin larget gene expression by at lsast 10%, at Isast
50%, at least 80-90%, at least 95%, at least 98%, or at least 98% when the double stranded
nucleic acid is introduced into a mammalian cell.

100231 In a further embodiment, the first and second strands are joined by a chemical linker.
in a related embodiment, the 3’ terminus of the first strand and the & terminus of the second
strand are joined by a chemical linker.

[0024] In one embodiment, a nucleotide of the second or first strand is substiiuted with a
modified nucleotide that directs the orientation of Dicer cleavage.

[0025] In another embodiment, the dsRNA has a modified nucleolide that is a
deoxyribonucleotide, a dideoxyribonucleotide, an acyclonuclectide, a 3'-deoxyadenosine
{cordycepin), a 3'-azido-3'-deoxythymidine (AZT), a 2,3 -dideoxyinosine {ddl), a 2',3'-dideoxy-
3'-thiacytidine (3TC), a 2,3-didehydro-2',3'-dideoxythymidine {d4T), a monophosphate
nucleotide of 3'-azido-3'-deoxythymidine (AZT), a 2',3-didecxy-3-thiacylidine {3TC} and a
monophosphate nucleotide of 2',3'-didehydro-2',3'-dideoxythymidine (d4T), a 4-thiouracil, a 5-
bromouracil, a 5-iocdouracil, a 5-(3-aminoaliyh-uracil, a 2'-0O-alkyl ribonuclectide, a 2'-O-methyl
ribonucleotide, a 2'-amino ribonucleotide, a 2'-flucro ribonucleotide, or a locked nucleic acid.

[0026] In an additional embodiment, the dsRNA has a phosphonate, a phosphorothicate or a
phospholriesterphosphate backbone modification.

[0027} In one embodiment, the invention provides a method for reducing expression of a
target B-calenin gene in @ mammalian cell having contacting a mammalian cell in vifro with an
isolated dsRNA as described in an amount sufficient to reduce expression of a targst $-catenin
gens in the cell.

[0028] In one embodiment, target B-calenin gene expression is reduced by at least 10%, at
least 50%, or at least 80-90%. In another embodiment, target B-catenin mRNA levels are
reduced at least 30% at least 8 days after the cell is contacted with the dsRNA. in a further
embodiment, B-catenin mRNAlevels are reduced by at least 70% at least 10 days after the cell
is contacted with the dsRNA.
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(00291 In a further embodiment, the invention provides a method for reducing expression of a
target B-calenin gene in a manmmal by administering an isolated dsRNA as described 10 a
mammal in an amount sufficient to reduce expression of a target B-catenin gene in the
mammal.

[0838] In one embodiment, the isclated dsRNA is administered at a dosage of 1 microgram to
5 milligrams per kilogram of the mammal per day, 100 micrograms to 0.5 milligrams per
kilogram, 0.001 to 0.25 milligrams per kilogram, 0.01 to 20 micrograms per kilogram, 0.01 to
10 micrograms per kilogram, §.10 to 5 micrograms per Kilogram, or 0.1 1© 2.5 micrograms per
kilograum,

[06031] In another embodiment, the isclated dsRNA possesses grealer polency than isolated
21mer siRNAs directed to the identical at least 15 nuclectides of the target f-catenin cDNA in
reducing larget B-catenin gene expression when assayed in vifro in a mammalian cell al an
effective concentration in the environmeant of a cell of 1 nanomolar or iess.

(06321 In an additional embodiment, the administering step includes intravenous injection,
intramuscular injection, intraperitoneal injection, infusion, subgutaneous injection, transdermal,
aerosol, ractal, vaginal, topical, oral or inhaled delivery.

(0033} In g further embodiment, the invention provides a method for selectively inhibiting the
growth of a cell by contacting a cell with an amount of an isolated dsRNA as described, in an
amount sufficient to inhibit the growth of the cell.

[0634] In one embodiment, the cell is a tumor cell of a subject. Optionally, the cell is a tumor
cell in vitro. In a related embodiment, the cell is a human cell.

[0638] in an additional embodiment, the invention provides a formulation which includes an
isolated dsRNA as described, where the dsRNA is present in an amount effective o reduce
target B-catenin RNA levels when the dsRNA is infroduced into a mammalian cell in vifro by at
least 10%, at least 50% or at least 80-90%, and where the dsRNA possesses greater potency
than isolated 21mer siRNAs directed to the identical at least 15 nuclectides of the target -
catenin cDNA in reducing target B-catenin RNA levels when assayed in vifro in a mammalian
cell at an effective concentration in the environment of a cell of 1 nanomolar or less.

[0038] In one embodiment, the effective amount is 1 nanomolar or less, 200 picomolar or
tess, 100 picomolar or less, B0 picomolar or less, 20 picomolar or less, 10 picomolar or less, &
picomolar or less, 2 picomolar or less or 1 picomolar or less in the environment of the cell.

(08371 in ancther embodiment, the invention provides a formulation which includes an isclatad
dsRNA as described, where the dsRNAis present in an amount effective to reduce target RNA
levels when the dsRNA is introduced info a cell of @ mammalian subject by at least 10%, at
least 50% or at least 80-20%, and where the dsRNA possaesses greater potency than isolated
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21mer siRNAs dirscted to the identical at least 15 nucleotides of the target B-catenin cDNA in
reducing targst B-catenin RNA levels when assayed in vitro in a mammalian cell at an effective
concentration in the environment of a cell of 1 nanomolar or less.

[0038] In one embodimant, the effective amount is a dosags of 1 microgram to 5 milligrams
per kilogram of the subject per day, 100 micrograms o 0.5 milligrams per kilogram, 0.001 o
0.25 milligrams per kilogram, 0.01 to 20 micrograms per kilogram, 0.01 to 10 micrograms per
kilogram, 0.10 to 5 micrograms per Kilogram, or 0.1 10 2.5 micrograms per kilogram.

[003%91 In an additional embodiment, the invention provides a mammalian cell containing an
isolated dsRNA as described.

[00401 Ancther embodiment of the invention provides a pharmaceutical composition which
includes an isolated dsRNA as described and a pharmaceutically acceptable carrier. A further
embodiment of the invention provides a kit having an isolated dsRNA as described and
instructions for ils use.

[00411 In an additional aspect, the invention provides a composition possessing B-calenin
inhibitory activily consisiting essentially of an isolaied double stranded ribonucleic acid (dsRNA)
comprising first and second nucleic acid strands and a duplex region of al least 25 base pairs,
where the first strand is 25-34 nucleotides in length and the second sirand is fully
complementary o a target f-catenin cDNA sequence of SEQ ID NO: 2348 and reduces -
calenin larget gene sxpression when the double stranded nucleic acid is infroduced into a
mammailan cell. The disclosure discloses an isolated sscond nucleic acid strand of 26-35
nucleotides in length and comprises 1-5 single-stranded nucleotides at its 3' terminus, where
the second oligonucieotide strand is sufficiently complementary o a larget B-caienin cDNA
sequence of SEQ D NOs 2226-3334 along at least 15 nuclectides of the second
oligonuciectide strand length to reduce B-catenin target gene expression when the double
stranded nucleic acid is introduced inte a mammalian cell.

[0042] in ancther embodiment, the invention provides a method for treating or preventing a -
catenin-associated disease or disorder in a subject by administering a dsRNA and/or dsRNA-
containing composition of the invention and a pharmaceutically accepiable carrier {o a subject
in an amount sufficient to treat or prevent a B-catenin-associated disease or disorder in the
subject. In a related embodiment, the B-catenin-associated disease or disorder is colorectal or
hepatoceliular cancer. Optionally, the B-catenin-associated disease or disorder is melanoma.

[0043] In another aspect, the disclosure provides an isolated double stranded ribonucleic acid
{dsRNA) comprising first and second nucleic acid strands and a duplex region of at least 25
base pairs, wherein the dsRNA comprises blunt ends, where each of the first and second
oligonucieotide strands consists of the same number of nucleotide residuss and is at most 35
nucleotides in length, wharein the second oligonucieotide strand is sufficiently complementary
to a target B-catenin ¢DNA sequence of SEQ 1D NOs: 2226-3334 slong at least 15 nucleotides
of the sscond oligonuclectide sirand length to reduce B-calenin largst gene expression whsn
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the double stranded nucleic acid is introduced into a mammalian cell.

[0044] in one embodiment, the dsRNA is capable of reducing target gene expression at a
concentration of less than 1 nanomolar in the environment of a cell. In another embodiment of
the disclosure, each of the first and the second strands has a length which is at least 26
nucleotides. In a related embodiment, each of the first and the second strands has a length
which is 26-30 nucleotides. QOptionally, each of the first and the second strands has a length
which is 27 nucleotides.

[08451 In certain embodiments of the disclosure, the second strand of the dsRNA includes a
sequence selected from SEQ 1D NOs: 1117-2225. (Optionally in the disclosure, the second
sirand is a sequence selected from SEQ ID NOs: 1117-2225.) In related embodiments, the first
strand of the dsRNA includes a sequence sealecled from SEQ 1D NOs: 5553-7770. (Qptionally,
the first strand is 38 sequence selected from SEQ 1D NQOs: 5553-7770.) In a further aspect of
the disclosurs, the dsRNA includes a pair of first sirand and corresponding second strand
sequences selected from Tabies 7-8 or 12-13.

[0048] Another aspect of the disclosure provides an isolated double stranded ribonucleic acid
{dsRNA) comprising first and second nucleic acid strands and a duplex region of at least 25
base pairs, where the dsRNA comprises & blunt end, where each of the first and second
oligonucleotide strands consisis of the same number of nuclectide residues and is al most 35
nuclectides in length, where the ultimate and penultimate residues of the 3' terminus of the first
sirand and the ultimate and penultimate residues of said 5' terminus of the second sirand form
one or two mismatched based pairs, where the second oligonuclecotide strand is sufficiently
complementary 1o a target B-catenin ¢DNA sequence of SEQ 1D NOs: 2226-3334 along at least
15 nucleotides of the second oligonuclectide strand length o reduce B-catenin targst gene
exprassion when the double stranded nucleic acid is introduced intoc a mammalian cell.

[00471 In one aspect of the disclosure, the first strand includes a sequence of SEQ ID NOs:
5553-6661.

{0048} in an additional aspect, the disclosure provides a composition possessing p-catenin
inhibitory activity consisting essentially of an isolated double stranded ribonucleic acid (dsRNA)
comprising first and second nucieic acid strands and a duplex region of ai least 25 base pairs,
where the dsRNA comprises blunt ends, where sach of the first and second oligonucleotide
strands consists of the same number of nucleotide residues and is al most 35 nucleotides in
length, where the second oligonucieotide strand is sufficiently complemsntary to a target §-
catenin cDNA sequence of SEQ ID NOs: 2228-3334 along at least 15 nuclectides of the
second oligonuclestide strand length {0 reduce B-calenin target gsne expression when the
double stranded nucleic acid is introduced into a mammalian cell and the second
oligenucisolide strand is complementary to a target B-catenin cDNA sequence of SEQ 1D NOs:
1-3 and 5-8 along at most 35 nuclectides of its length.

[006438] in ancther aspect, the invention provides an isolated dsRNA miclecule consisting of a
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sense region and an antisense region, where the sense region and the antisense region
together form a duplex region consisting of 19-35 base pairs and the antisense region includes
a sequence that is the complement of a sequence of SEQ 1D NOs 4444-5552, and the isolated
dsRNA further includes from zero to two 3' overhang regions where each overhang region is
six or fewer nucleotides in length. Optionally, the duplex region consisis of 25-35 base pairs.

[0050] In a further aspect, the disclosure provides a siRNA molecule consisting of a sense
region and an anlisense region, wheare the sense region and the antisense region togsther
form a duplex region consisting of 19-23 bhase pairs and the antisense region includes a
sequence that is the complement of a sequence of SEQ ID NOs 4444-5552, and the isolatad
dsRNA further includes from zero o four overhang regions, where sach overhang region is six
or fewer nuclgotides in length.

[0881] In a further aspect, the disclosure provides an isolated double stranded ribonucleic
acid {dsRNA} comprising first and sacond nucleic acid strands, wherein the first strand is 15-35
nuclectides in length and the second strand is 19-35 nucleotides in length, wherein the second
oligonucleotide strand is sufficiently complementary o a target §-catenin cDNA sequence of
reduce B-catenin target gene expression when the double stranded nucleic acid is introduced
into a mammalian cell. In certain embodiments, the isolated dsRNA possessas a duplex region
of at least 25 base pairs. In one embodiment, the second strand of the isolated dsRNA
includes a one {o five nucleotide single stranded overhang of the first strand at the 3' terminus
of the second strand. In another ambodimant, the first strand is 25-35 nuclectides in length. In
an additional embodiment of the disclosure, the second strand is 25-35 nucleotidses in length.
Optionally, the second oligonuciectide strand is complementary to a target B-catenin cDNA
sequence of GenBank Accession Nos. NM_001804.3, NM_0010982092.1 or NM_001028210.1
along at most 27 nuclectides of the second oligonuciectide strand length.

[0082] In one embodiment, starling from the first nucleotide (position 1) at the 3' terminus of
the first oligonucleotide strand, position 1, 2 and/or 3 is substituted with a2 modified nucleotide.
In certain embodimenis, the modified nuclestide residue of the 3' terminus of the first strand is
a deoxyribonuclectide, an acyclonucieolide or a fluorescent molecule. In a related
embodiment, position 1 of the 3 terminus of the first oligonucisctide strand is a
deoxyribonucieolide.

[00531 In an additional embodiment, the 3’ terminus of the first strand and the 5 terminus of
the second strand form a blunt end.

[0054] in another embodiment, the first strand is 25 nuclectides in length and the second
strand is 27 nucleotides in length.

[0055] in one embodiment of the disclosure, the second strand inciudes a sequence of SEQ
ID NQOs: 1122, 1126, 1216, 1239, 1282, 1368, 1185, 1509, 1536 and 1552.

[0638] in ancther aspect of the disclosure, the first strand includes a sequence of 3EQ iD
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NOs: 13, 17, 107, 130, 173, 259, 58, 400, 427 and 443.

[00571 In an additional embodiment, the dsRNA includes a pair of first strand/second strand
sequences as shown for a DsiRNA agent of Tables 2-3, 6-9 and 11-13.

[06058] In one embodiment of the disclosure, each of the first and the second strands has a
length which is at least 26 nucleotides.

[065%] In ancther embodiment, the nucleotides of the 3' overhang include a modified
nuclectide. Optionally, the modified nucleotide of the 3 overhang is a 2-O-methyi
ribonuclectide. In a related embodiment, all nucleotides of the 3' overhang are modified
nuclectides.

[0060] In an additional embodiment, one or both of the first and second oligonucieotide
strands includes a 5' phosphats.

[0061] In ancther embodiment, the modified nucleotide residues of the dsRNA ars 2'-0-
methyl, 2'-methoxyethoxy, 2'-fluoro, 2'-allyl, 2'-0O-[2-(methylamino)-2-oxoethyl], 4'-thio, 4'-CH2-
0-2'-bridge, 4'-(CH2)2-0-2'-bridge, 2'-LNA, 2'-amino or 2'-0-(N-methlycarbamate).

(06621 In one embodiment, the 3' overhang of the dsRNA is 1-3 nucleotides in length.
Optionally, the 3' overhang is 1-2 nucleclides in length. In a related embodiment, the 3
overhang is two nucleotides in length and the maodified nucleotide of the 3' overhang is a 2-0-
methyi modified ribonuclectide.

[0063] In a further embodimeni, the second oligonucieotide strand, starting from the
nuclectide residue of the second strand that is complemsntary to the 5 terminal nucleotide
residue of the first oligonucleotide strand, includes alternating modified and unmodified
nuclectids residues. In ancther embodiment, the second oligonuclectide strand, starting from
the nucleotide residue of the second strand that is complementary to the 5" terminal nuclectide
residue of the first oligonucleotide sirand, includes unmodified nuclectide residues at all
positions from position 18 to the 5 terminus of the second oligonucleotide strand.

[0664} In another embodiment of the disclosure, each of the first and the second strands has
a length which is at least 26 and at most 30 nucleotides.

(0065} In one embodiment, the dsRNA is cleaved endogencusly in the cell by Dicer.

[0068] In an additional embodiment, the amount of the isolated double stranded nucleic acid
sufficient to reduce expression of the fargei gene is 1 nanomolar or less, 200 picomolar or
less, 100 picomolar or less, 50 picomolar or iess, 20 picomalar or less, 10 picomolar or less, 5

picomolar or less, 2 picomolar or less or 1 picomolar or less in the environment of the cell.

[06871 In a further embodiment, the isolataed dsRNA possesses greater potency than isclated
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21mer sikRNAs direcled to the identical at Ieast 19 nucleotides of the targe! B-catenin cDNA in
reducing target B-catenin gene expression when assayed i vifro In a mammalian cell at an
effective concentration in the environment of a cell of 1 nanomolar or less, 200 picomolar or
less, 100 picomolar or less, 50 picomolar or less, 20 picomolar or less, 10 picomolar or less, 5
picomolar or less, 2 picomolar or less or 1 picomolar or less.

[06668] In another embodiment, the isolated dsRNA is sufficiently complementary to the target
B-catenin cDNA sequence to reduce B-catenin target gene expression by at least 10%, at least
50%, at least 80-90%, at least 95%, at least 98%, or at least 99% when the double stranded
nucleic acid is introduced into a mammalian cell.

[0668} In a further embodimeant, the first and second strands are joinad by a chemical linker.
in a related embodiment, the 3" terminus of the first sirand and the 5 terminus of the second
strand are joined by a chemical linker.

[00670] In one embodiment, a nucleotide of the second or first strand is substituled with a
modified nucleotide that directs the crientation of Dicer cleavage.

[0071} in another embodiment, the dsRNA has a modified nuclectids that is a
deoxyribonucleotide, a dideoxyribonucleotide, an acyclonuclectide, a 3'-deoxyadenosine
(cordycepin), a 3'-azido-3'-deoxythymidine (AZT), a 2',3-dideoxyinosine {ddl}, & 2',3"-dideoxy-
3-thiacytidine (3TC), a 2',3-didehydro-2',3-dideoxythymidine (d4T), a monophosphate
nuclectide of 3-azido-3'-deoxythymidine (AZT), a 2',3-dideoxy-3'-thiacytidine (3TC) and a
monophosphate nuclectide of 2',3-didehydro-2°, 3'-dideoxythymidine (d4T), a 4-thiouraci, a 5-
bromouracil, a 5-icdouracil, a 5-(3-aminoaliyl)-uracil, a 2'-C-alkyl ribonuclectide, a 2'-0O-methyl
ribonuciectide, a 2'-amino ribonuclectide, a 2'-flucro ribonuciectide, or a locked nucieic acid.

(0672} In an additional embodiment, the dsRNA has a phosphonate, a phosphorothioate or a
phosphotriesterphosphate backbone modification.

(00731 In a further embodiment, the dsRNA contains a morpholine nucieic acid or
oligonuclsotids, or a peptide nucleic acid (PNA).

[0674} in one embodiment, the invention provides a method for reducing expression of a
target B-catenin gene in a mammalian cell having contacting a mammalian cell in vitro with an
isolated dsRNA as described in an amount sufficient to reduce expression of a target -catenin
gene in the cell.

[00675] In one embodiment, target B-calenin gene exprassion is reduced by at least 10%, at
least 50%, or at leasi 80-80%. In another embodiment, target B-catenin mRNA levsls ars
reduced at least 80% at least 8 days after the cell is contacted with the dsRNA. In a further
enmbodiment, B-catenin mRNA levels are reduced by at least 70% at least 10 days after the celi
is contacted with the dsRNA.
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[0676] in a further embodiment, the invenlion provides a method for reducing expression of a
target B-catenin gene in a mammal by administering an isolaled dsRNA as described o a
mammal in an amount sufficient to reduce expression of a target B-calenin gene in the
mammal.

[0677} In one embodiment, the isclated dsRNA is administered at a dosage of 1 microgram to
5 milligrams per kilogram of the mammal per day, 100 micrograms to 0.5 milligrams per
kilogram, 0.001 o 0.25 milligrams per kilogram, 0.01 to 20 micrograms per kilogram, 0.01 o
10 micrograms per kilogram, 0.18 to 5 micrograms per kilogram, or 8.1 ¢ 2.5 micrograms per
kilogram.

[8078] In another embodiment, the isolated dsRNA possesses greater polency than isolated
21mer siRNAs directed to the identical at least 19 nuclectides of the target §-catenin cDNA In
reducing target B-calenin gene expression when assayed in vifro in a mammalian cell at an
effective concentration in the environmant of a call of 1 nanomolar or less.

(06781 In an additional embodiment, the administering step includses intravanous injection,
intramuscular injection, intraperitoneal injection, infusion, subcutaneous injection, transdermal,
aerosol, rectal, vaginal, topical, oral or inhaled delivery.

(06807 In a further embodiment, the invention provides a method for selectively inhibiting the
growth of a cell by contacting a cell with an amount of an isolated dsRNA as described, in an
amount sufficient to inhibit the growth of the cell.

{08811 In one embodiment, the cell is a tumor cell of a subject. Optionally, the cell is a tumor
cell in vitro, e.g., a hepaitoceliuiar {e.q., HepG2Z or HuH7} or colorectal {e.g., HCT116) cancer
cell, or a Hela or other cancer cell. In certain embodiments, the cell is 2 mammalian liver cell.
in a related embodiment, the cell is a human cell.

[0082] In an additional embodiment, the invention provides a formulation which includes an
isolated dsRNA as described, where the dsRNA is present in an amount effective fo reduce
target B-catenin RNA levels when the dsRNAis infroduced into a mammalian cell in vitro by at
least 10%, at least 50% or at least 80-90%, and where the dsRNA possesses greater potency
than isclaled 21mer siRNAs direcled to the identical at least 19 nuclectides of the target B-
catenin cDNA in reducing targset B-catenin RNA levels when assayed in vitro in a mammalian
cell at an effective concentration in the environment of a cell of 1 nanomolar or less.

[0083] In one embodiment, the effective amount is 1 nanomoiar or less, 200 picomolar or
less, 100 picomolar or less, 50 picomolar or less, 20 picomolar or less, 10 picomolar or less, 5
picomolar or less, 2 picomolar or less or 1 picomolar or less in the environment of the cell.

[0084] In ancther embodiment, the invention provides a formulation which includes an isolated
dsRNA as described, where the dsRNA s present in an amount effective to reduce target RNA
levels when the dsRNA is infroduced into a celi of a mammailian subject by at least 10%, at
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feast 50% or at least 80-90%, and where the dsRNA possesses grealer polency than isolated
21mer siRNAs directed to the identical at least 19 nucleotidss of the targst B-catenin cENA In
reducing target B-catenin RNA levels when assayed in vifro in a mammalian cell at an effective
concentration in the environment of a cell of 1 nanomolar or less.

[00685] In one embodiment, the effective amount is a dosage of 1 microgram to 5 milligrams
per kilogram of the subject per day, 100 micrograms o (.5 milligrams per kilogram, ¢.001 to
(.25 milligrams per kilogram, 0.01 to 20 micrograms per Kilogram, 0.01 to 10 micrograms per
kilogram, 0.10 to 5 micrograms per kilogram, or 0.1 to 2.5 micrograms per kilogram.

[(086] in an additional embodiment, the invention provides a mammalian cell containing an
isolated dsRNA as described.

[0087} Another embodiment of the invention provides a pharmaceutical composition which
includes an isclated dsRNA as described and a pharmacsutically acceptable carrier. A further
embodiment of the invention provides a kit having an isolated dsRNA as described and
instructions for its use.

[0088] In an additional aspect, the disclosure provides a composition possessing B-catenin
inhibitory activity consisiting essentially of an isolated double stranded ribonucleic acid (dsRNA)
comprising first and second nucleic acid strands, wherein the first strand is 15-35 nuclectides
in length and the second strand is, 19-35 nucleotides in length, whersin the second
oligonucleotide strand is sufficiently complementary to a iarget B-catenin ¢DNA ssguence of
Table 18 along at least 19 nuclectides of the second ciigonuclectide strand iength to reducs B-
catenin targel gene expression when the double stranded nucleic acid is introduced into a
mammalian cell.

[00891 In ancther embodiment, the invention provides a method for treating or preventing a B-
catenin-associated disease or disorder in a subject by administering a dsRNA and/or dsRNA-
containing composition of the invention and a pharmacsutically acceptable carrier to a subject
in an amount sufficient to treat or prevent a B-catenin-associated disease or disorder in the
subject. In a related embodiment, the B-catenin-associatad disease or disorder is
hepatocelivlar or colorectal cancer, or, optionally, renal, breast, lung, ovarian, cervical,
esophageal, cropharyngeal or pancreatic cancer.

{00380} In another aspect, the disclosure provides an isclated double stranded ribonucleic acid
{(dsRNA} comprising first and second nucleic acid strands, wherein the dsRNA comprises blunt
ends, wherein each of the first and second oligonucieotide sirands consists of the same
number of nucleotide residues and is at most 35 nucleotides in length, wherein the second
oligonucieotide strand is sufficiently complementary o a farget B-catenin ¢DNA sequence of
Table 18 along at least 19 nucleotides of the second oligonucieotide strand length to reduce B-
catenin target gene expression when the double stranded nucleic acid is introduced into a
mammalian cell.



DK/EP 2591105 T3

[06%1] in one embodiment of the disclosure, the dsRNA is capable of reducing targel gene
expression at a conceniration of less than 1 nanomolar in the environment of a cell. In another
embodiment, each of the first and the second strands has a length which is at least 26
nuclectides. In a related embodiment, each of the first and the second strands has a length
which is 28-30 nucleotides. Optionally, each of the first and the second strands has a length
which is 27 nucleotides.

[0092] In cerlain embodiments of the disclosure, the second sirand of the dsRNA includes a
sequence selected from SEQ ID NOs: 1122, 1126, 1216, 1239, 1282, 1368, 1165, 1509, 1536
and 1552, In related smbodiments, the first strand of the dsRNA includas a ssquence salecled
from SEQ ID NOs: 6667, 6671, 6761, 6784, 6327, 6813, 6710, 7054, 7081 and 7097. In &
further embodiment of the disclosure, the dsRNA includes a pair of first strand and
corresponding second strand sequences selected from Tables 2-3, 6-9 and 11-13.

[06831 Anocther aspsct of the disclosure provides an isolated double siranded ribonucleic acid
(dsRNA) comprising first and second nucleic acid strands, wherein the dsRNA comprises a
blunt end, wherein sach of the first and second oligonuciectide strands consists of the same
number of nucleotide residues and is at most 35 nucleolides in length, wherein the ultimate
and penultimate residues of the 3' terminus of the first sirand and the ultimale and penultimate
residues of said 5 terminus of the second strand form one or fwo mismatched based pairs,
wherein the second oligonuciectide strand is sufficiently complementary to a target f-catenin
cDNA sequence of Table 18 along at isast 18 nucleotides of the second oligonucieotide strand
length to reduce B-catenin farget gene expression when the double stranded nucleic acid is
introduced into a mammalian cell.

[0634} In one aspect of the disciosure, the first strand includes a sequence of SEQ 1D NOs:
5558, 5562, 5652, 5675, 5718, 5804, 5601, 5845, 5372 and 5988.

[0095} In an additional aspect, the disclosure provides a compaosition posssessing B-catenin
inhibitory activity consisting essentially of an isolated double stranded ribonucleic acid (dsRNA)
comprising first and second nucleic acid strands, wherein the dsRNA comprises biunt ends,
whearein each of the first and second oligonucleotids sirands consists of the same number of
nucleotide residues and is at most 35 nuclectides in iength, wherein the second oligonucleotide
strand is sufficiently complementary to a target f-catenin cDNA sequance of Table 18 along at
least 19 nuclectides of the second oligonucleotide sirand length to reduce B-catenin farget
gene expression when the double stranded nucleic acid is introduced into a mammalian cell.

[0096] In another aspect, the disclosure provides an isolated dsRNA molecule consisting of a
sense region and an antisense region, whers the sense region and the antisense region
together form a duplex region consisting of 15-35 base pairs and the antisgnss region includes
a sequence that is the complement of a sequence of Table 18, and the isolated dsRNA further
includes from zero o two 3’ overhang regions where each overhang region is six or fewer
nucleotides in length. Optionally, the duplex region consists of 19-35 base pairs. In cerlain
embodiments, the duplex region consists of 25-35 base pairs. In additional embodiments, the
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duplex region consists of 25-30 base pairs.

[00971 In a further aspect, the disclosure provides a siRNA molecule consisting of a sense
region and an antisense region, where the sense region and the antisense region together
form a duplex region consisting of 19-23 bass pairs and the antisense region includes a
sequence that is the complement of a sequence of Table 18, and the isclated dsRNA further
includes from zero fo four overhang regions, where each overhang region is six or fewer
nucleotides in length.

(08881 in certain aspects, the invention is direcied to Dicer substrale siRNAg ("DsiRNAs™) with
structures and modification patierns that act as effective and highly polent f-catenin inhibitory
agents, optionally possessing extended duration of inhibitory effect. A number of such DsiRNAs
possess largel-specific inhibitory potencies and efficacies that are significantly enhanced
relative to 19-23 base pair double stranded nucleic acids (e.g., 21 nuclectide siRNAs) directed
against the same target RNA. In certain such embodiments, such a DsiRNA is more potent at
reducing B-catenin target gene expression in a mammalian cell than a 19, 20, 21, 22 or 23
basa pair sequence that is contained within i, when suitably formulated at a conceniration of 1
n or less.

[00897 The present invention is also directed 0 compounds, compositions, and methods
relating fo iraits, diseases and conditions thal respond o the modulation of expression andfor
aclivity of genes involved in CTNNBT gene expression pathways or other cellular processes
that mediate the maintenance or development of such trails, diseases and conditions.
Specificaily, the invention relates to small nucleic acid molecules thal are capable of being
processed by ithe Dicer enzyme, such as Dicer subsstrate siRMNAs (DsiRNAs) capable of
mediating RNA Interference {RNAI} against CTNNBT {§-catenin) gene expression. Such anti-$-
catenin DsiRNAs are useful, for example, in providing compositions for treatment of fraits,
diseases and conditions that can respond to modulation of B-catenin in a subject, such as
cancer and/or other proliferative diseases, disorders, or conditions. Efficacy, potency, toxicity
and other effects of an anti-B-catenin DsiRNA can be examinad in one or mors animal models
of proliferative disease (exemplary suitable animal models of proliferative disease are recited
beiow).

BRIEF DESCRIPTION OF THE DRAWINGS

[0160]

Figure 1 shows the structures of exemplary DsiRNA agents {argeiing a site in the B-calenin
RNA referred to herein as the "Be-1569" target sits. UPPER case = unmodified RNA, lowsr
case = DNA, Boid = mismalch base pair nucleotides; arrowheads indicate projected Dicer
enzyme cleavage siles; dashed line indicates sense strand (lop strand) sequences
corresponding to the projecled Argonaute 2 (Ago2) cleavage site within the targeted B-catenin
sequence.
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Figures 2 and 3 show plots of human B-catenin inhibitory efficacies observed at 1 nM in the
environment of Hela cells for DsiRNAs targeting sites progressing from 5' {o 3' across the
human B-catenin transcript. Human B-catenin levels were normalized to HPRT and SFRS9

levels.

Figures 4 and § show plots of mouse B-catenin inhibitory efficacies observed at 1 nM in the
environment of Hepa 1-6 cells for DsiRNAs targeting sites progressing from 5 to 3' across the
mouse B-catenin transcript. Mouse f-catenin levels were normalized to HPRT and Rp123
fevels.

Figure § shows that human B-catenin targeting DsiRNAs effactively reduced B-catenin RNA
flevels by 90% or more in human HCT116 colon carcinoma cells. HCT118 cells were
transfected in vitro with indicated DsiRNAs at 3 nM or 10 nM, and cells were assayed for -
catenin RNA levels at a 24 hour timepoint.

Figure 7 shows that human B-calenin targeling DsiRNAs significantly inhibited growth of
human HepG2 hepatocarcinoma cells. HepG2 cells were transfected in vitro with indicated
DsiRNAsg at 3 nM, and Hep(G2 cell lines were assayed for growth at a three day timepoint.

Figures 8-11 show histograms of human B-catenin inhibitory efficacies observed for indicated
DsiRNAs. "P1" indicates phase 1, while "P2" indicales phase 2. In phase 1, DsiRNAs were
tested at 1 nM in the environment of Hel.a cells. In phase 2, DsiRNAs were tesled at 1 nM, at
0.3 oM and at 0.1 nM in the snvironment of Hela celis. individual bars represent averags
human B-catenin levels observed in iriplicate, with standard errors shown. Human B-catenin
levels were normalized to HPRT and SFRS9 levels. Expression levels were assayed with probe
amplicons positioned at both positions 1297-1397 and 3506-3659 in Hs CTNNB1. {ii is noled

that the histograms of Figure 8 reflect phase 2 values oblained for a subpar transfection.)

Figures 12-15 show histograms of mouse B-calenin inhibifory efficacies observed for indicated
DsiRNAs. "P1" indicates phase 1, while "P2" indicates phase 2. In phase 1, DsiRNAs were
tested at 1 nM in the environment of mouse Hepa 1-6 cells. In phase 2, DsiRNAs were {ested
at 1 nM, at 0.3 nM and at 0.1 nM in the environment of mouse Hepa 1-6 celis. Individual bars
represent average huran B-catenin levels observed in triplicate, with standard errors shown,
Human B-catenin levels were normalized 1o HPRT and RPL23 levels. Expression levels were
assayed with probe amplicons positioned at both positions 1232-1394 and 2848-2930 in Mm
CTNNB1. (It is noted that the histograms of Figure 13 reflect phase 2 values obtained for a
subpar transfection.)

Figure 16 shows antisense {guids) sirand 2-C-masthyl modification palterns employed in
phase 3 assays.

Figures 17-24 present histograms showing phase 3 efficacy data for six different guide strand
modification paiterns each across 32 B-catenin-targeting DsiRNAs in human Hel.a cells at 0.1
nM (parallel assays) and 1 nM. Expression levels were assayed with probe amplicons
positioned at both positions 1297-1397 and 3506-3852 in Hs CTNNB1, with human B-catenin
fevels normalized to HPRT and SFRSS levels.
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Figure 25 shows that assayed DsiRNAs targeting human B-catenin {Bcat-h1569, Beat-h1683,
Beat-h2612 and Beat-h3393) effectively inhibited expression of Axin-2, a downstream target of
B-catenin, in both HCT116 {colon carcinoma) and HepG2 (hepatocellular carcinoma) cell lines.
Celis were assayed at two days post-fransfection at indicaled concentrations (3 nM and 10 nM)
with designated DsiRNAs.

Figure 26 shows that transfection of human colorectal cancer cell line HCT116 cells with
certain DsiRNAs targeting human B-catenin (Bc-h1683, Bc-h2612 and Bc-h3393) inhibiled the
growth of such cells at five days post-transfection, as compared to cells administered a control
DsiRNA. Cell growth inhibition was assayed using a CellTiter-Biue® Csli Viabilily Assay
{(Promega) at five days post-transfection.

Figure 27 shows that transfection of human hepatocellular carcinoma cell line HuH7? cells with
a DsiRNA targsting human B-calenin inhibifted the growth of such cells al five days post-
transfection, as compared to cells administered a control DsiRNA. Cell growth inhibition was
assaved using a CeliTiter-Blue® Cell Viability Assay (Promega) at five days posi-transfection.

Figure 28 shows that transfection of human hepatoceliular carcinoma cell ling HuH7? cells with
a DsiRNA targeting human B-catenin (specifically, a Bc-h3393 25/27mer possessing an "M11"
modifled antisense {(guide)} strand consisting of 2-0O-methyl modifications at the following
positions starting from the 5'-terminus {position 1) of the antisense strand: 1, 2, 3, 4, 11, 13, 25
and 27) produced knockdown of B-catenin leveis of approximately 80% at two days post-
transfection, when administered with a control DsiRNA, as compared to celis administered only
the control DsiRNA.

Figure 25 shows fractionated human B-calenin proiein levels found in Hela {cervical cancer),
HepG2 (hepatoceliular liver carcinoma} and HCT116 (colorectal carcinoma) cell lines. Nuclear
and cytoplasmic levels of B-catenin were identified for each cell line via Western blot, with §-
actin levels assayed as an internal control. Cell exiracts were obtained from confluent six well
pates, using a NE-PER Nuclear and Cyloplasmic Extraction Reagents Kit (Thermo Fisher
Scientific Inc). 75 ug of protein was loaded from each cell line. A known fruncation mutant form
of B-catenin protein was observed in HepG2 cells.

Figure 30 demonsirates that DsiRNAs targeting human B-catenin were active in vivo in normal
mouse liver, inhibiting both B-catenin mRNA (lop panel) and protein {(botlom panel) levels
significantly {e.g., in many instances, approximately 70-90% knockdown was observed) when
administered as a single dose infravenously 1o normal mice (n=5 mice per group) at 10 mg/kg
and formulated in Invivofectamine® 2.0 (Invitrogen™ | Carisbad, CA). Liver tissue was
harvesied at 72 hours post-administration. All DsiRNAs targeling human B-calenin possessed
"M11" modified antisense (guide) strands.

Figure 37 shows that DsiRNAs targeting human B-catenin were active in vive in normal mouse
liver, inhibiting both B-catenin mRNA {lop panel} and Axin-2 mRNA (botlom panel} levals
significantly (e.g., in many instances, approximately 70-90% knockdown was observed) when
administered as a single dose intravenously to normal mice (n=5 mice per group) at 10 mg/kyg
and formulated in Invivofectamine® 2.0 (invitrogen™, Carisbad, CA}. Liver tissus was
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harvaesied at 72 hours post-administration. DsiRNAs targeting human B-catenin possessed
varying modification paiterns as indicated, with, e.g., an "MO/M11" pattern corresponding 1o a
25/27mer DsiRNA possessing an unmodified sense (passenger) strand and a modified
anlisense (guide) strand having the "M11" pattern of 2-O-methlyation. it is noted that the
"M 14" modification pattern of the sense strand corresponds to modification of the sense strand
at the following positions, starting from the §-terminus (position 1) of the sense strand: 2, 4, §,
8,12, 14, 16 and 18.

Figure 32 demonstrates that DsiRNAs targeting human B-catenin were also active at a 48 hour
timepoint in vivo in normal mouse liver, inhibiting both B-catenin mRNA (top panel) and Axin-2
mRNA (botlom panel) levels significantly {(e.g., In many instances, approximalely 70-80%
knockdown was observed) when administered as a single dose iniravenously o normal mica
(n=5 mice per group) al 10 mg/kg and formulated in Invivofectamine® 2.0 (Invitrogen™,
Carlsbad, CA}. Liver tissugs was harvested at 48 hours post-adminisiration. DsiRNAs targeting
human #-catenin possessed varying modification patterns as indicated and as described
above. Conlrol DsiRNAs possessed similar patlerns of modification of sense and antisense
strands.

DETAILED DESCRIPTION

[101] The present invenlion is directed to compositions that contain double stranded RNA
("dsRNA", and methods for preparing them, that are capable of reducing the level andfor
expression of the -catenin gene in vivo or in vitro. One of the strands of the dsRNA contains a
region of nucleotide sequence that has a length that ranges from 25 to 34 nucdlectides that can
direct the destruction and/or translational inhibition of the targeted B-calenin transcript.

Definitions

[0102] Unless defined otherwise, all technical and scientific terms used herein have the
meaning commonly understood by a person skilled in the art to which this invention belongs.
The following references provide one of skill with a general definition of many of the terms
used in this invention: Singleton et al, Dictionary of Microbiolegy and Molecular Biology {(2nd
ed. 1994); The Cambridge Dictionary of Science and Technology (Walker ed., 1988), The
Glossary of Genelics, 5th Ed., R Rieger et al. {eds.), Springer Veriag (19891}, and Hale &
Marham, The Harper Collins Dictionary of Biology (1881). As used herein, the foliowing ferms
have the meanings ascribed to them below, unless specified otherwise.

[0103] The present invention features one or more DsIRNA molecules that can modulate
{e.qg., inhibit) B-catenin expression. The DsiRNAs of the invention oplionally can be used in
combination with modulators of other genes andfor gene producis associated with the
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mainienance or development of diseases or disorders associated with B-catenin misregulation
{2.g., tumor formation and/or growth, etc.). The DsiRNA agents of the invention modulate B-
catenin RNAs such as those corresponding to the ¢DNA sequences referred to by GenBank
Accession Nos. NM_001904.3 {(human B-catenin, transcript variant 1), NM_001098208.1
(human B-catenin, transcript variant 2}, NM_001098210.1 (human B-catenin, transcript variant
3} and NM_ 007614.2 & NM_007614.3 (mouse B-catenin), which are recited below and
referred to hersin generally as "f-catenin.”

[01064] The below description of the various aspects and embodimentis of the invention is
provided with reference o exempiary B-catenin RNAs, generalfly referred io herein as B-
catenin. Howsver, such reference is meant o be exemplary only and the various aspecis and
embodiments of the invention are also dirscted io alternate -calenin RNAs, such as mutant §-
catenin RNAs or additional B-catenin splice variants. Certain aspects and smbodiments are
also directed {0 cther genes involved in B-catenin pathways, including genes whose
misregulation acts in association with that of B-catenin {or is affected or affects B-calenin
reguiation) to produce phenotypic effects that may be targsted for trealment (e.g., tumor
formation and/or growth, efc.). Such additional genes can be largeted using DsiRNA and the
methods described herein for use of B-catenin targeting DsiRNAs. Thus, the inhibition and ths
effects of such inhibition of the cther genes can be performad as described herein.

[0105] The terms "B-catenin” and "CTNNBT" refer to nucleic acid sequences encoding a B-
catenin protein, peplide, or polypeplide (e.g., B-catenin transcripts, such as the sequences of
B-catenin Genbank Accession Nos. NM_001804.3, NM_001008208.1, NM_001098210.1,
NM_007614.2 and NM_007614.3). In ceriain embodiments, the term "$-catenin” is aiso meant
to include cther B-catenin encoding sequence, such as other B-catenin isoforms, mutant B-
catenin genes, splice variants of B-catenin genes, and B-catenin gene polymorphisms. The
term "B-catenin” is used to refer to the polypeplide gene product of a B-calenin geneftransript,
e.q., a B-catenin protein, peptide, or polypeptide, such as those encoded by B-calenin
Genbank Accession Nos. NM_001304.3, NM_001098208.1, NM_001098210.1, NM_ §07614.2
and NM_007614.3.

{01061 As used herein, a "B-catenin-associaled disease or disorder” refers to a disease or
disorder known in the art to be associated with allered B-catenin expression, level and/or
activity. Notably, a "B-caienin-associated disease or disorder” includes cancer and/or
proliferative diseases, conditions, or disorders. Two exemplary "B-catenin-associated dissases
or disorders” are colorectal cancer and melanoma.

[0107] By "proliferalive disease" or "cancer” as used herein is meant, a disease, condition,
trait, genotype or phenoclype characlerized by unregulated cell growth or replication as is
known in the art, including leukemias, for exampis, acule myelogenous leukemia {AML),
chronic myelogenous leukemia {(CML), acute lymphocytic leukemia (ALL), and chronic
lymphocytic lsukemia, AIDS related cancers such as Kaposi's sarcoma; breast cancers; bone
cancers such as Osteosarcoma, Chondrosarcomas, Ewing's sarcoma, Fibrosarcomas, Giant
cell tumors, Adamantinomas, and Chordomas; Brain cancers such as Msningiomas,
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Glioblastomas, Lower-Grade Asirocylomas, Oligodendrocylomas, Pituitary Tumors,
Schwannomas, and Metastatic brain cancers; cancers of the head and neck including various
lymphormas such as mantie cell lymphoma, non-Hodgking lymphoma, adenoma, squamous cell
carcinoma, laryngeal carcinoma, galibladder and bile duct cancers, cancers of the retina such
as retinoblastoma, cancers of the esophagus, gasiric cancars, multiple mysloma, ovarian
cancer, uterine cancer, thyroid cancer, testicular cancer, endometrial cancer, melanoma,
colorectal cancer, lung cancer, bladdsr cancer, prostate cancer, lung cancer (including non-
small cell iung carcinoma), pancrealic cancer, sarcomas, Wilms' tumor, cervical cancer, head
and neck cancear, skin cancers, nasopharyngeal carcinoma, liposarcoma, spithelial carcinoma,
renal cell carcinoma, gallbladder adeno carcinoma, parotid adenocarcinoma, endometrial
sarcoma, multidrug resistant cancers; and prolferative diseases and conditions, such as
necvascularization associated with fumor angicgenesis, macular degeneration {e.g., wel/dry
AMD), corneal neovascularization, diabetic relinopathy, neovascular glaucoma, myopic
degeneration and other profiferative diseases and conditions such as restenosis and polycystic
kidney disease, and other cancer or proliferative disease, condition, trait, genolype or
phenctyps that can respond 1o the modulation of disease related gene expression in a cell or
tissue, alone or in combination with other therapies.

[(r108] in certain embodiments, dsRNA-medialed inhibition of a -catenin target sequence is
assessed. In such embodiments, B-~catenin RNA levels can be assessed by art-recognized
methods {e.g., RT-PCR, Northern blol, expression array, etc.), optlionally via comparison of -
catenin levels in the presence of an anti-B-catenin dsRNA of the invention relative o the
absence of such an anti-B-catenin dsRNA. In cerlain embodiments, B-catenin levels in the
presence of an anti-B-catenin dsRNA are compared to those observed in the presence of
vehicle alone, in the presence of a dsRNA directed against an unrelated iarget RNA, or in the
absence of any treatment.

[0109] It is also recognized thatl levels of B-calenin profein can be assessed as indicative of B-
catenin RNA levels, but only to the extent that it is known, under 3 given set of cellular and/or
tissus conditions, whether the level of B-calenin protein is directly or indirectly related to B-
catenin RNA levels and/or the extent to which a dsRNA inhibits §-catenin expression, thus art-
recognized methods of assessing B-catenin  protein  levels (e.g., Wastern biot,
immunoprecipitation, other antibody-based methods, elc.) can also be employed to examine

the inhibitory effact of a dsRNA of the invention.

[01108] An anti-B-catenin dsRNA of the invention is deemed to possess "B-catenin inhibitory
activity” if a statistically significant reduction in B-catenin RNA level is seen when an anti-B-
catenin dsRNA of the invention is administered 0 a system {e.g., cell-free in vitro system), cell,
tissue or organism, as compared o a selected control. The distribution of experimental values
and the numbsr of replicate assays performed will tend to dictate the parameters of what levels
of reduction in B-catenin RNA (either as a % or in absolute terms) is deemed statistically
significant {as assessed by standard methods of determining statistical significance known in
the arl). However, in certain embodiments, "B-calenin inhibitory activity” is defined based upon
a % or absolute level of reduction in the levsl of B-catenin mRNA in a system, cell, tissue or
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organism. For example, in certain embodiments, a DsiRNA of the invention is deemed (o
possass B-catenin inhibilory aclivity it at least a 5% raduction or al least a 10% reduction in B-
catenin RNA is observed in the presence of a DsIRNA of the invention relative to B-catenin
mRNA isvels seen for a suitable control. {For exampie, in vivo B-catenin levels in a tissus
andfor subject can, in cerfain embodiments, be desemsd 1o be inhibited by a DsiRNA agent of
the invention if, e.g., a 5% or 10% reduction in $-catenin levels is observed relative 10 a
control.} in certain other embodiments, a DsiRNA of the invention is deemed to possess -
catenin inhibitory activity if B-catenin RNA levels are observed (o be reduced by at least 15%
relative tc a selected conirol, by at least 20% relative (o a selected control, by at least 25%
relative ic a sslected controd, by at lsast 30% ralative (o a selected control, by at least 35%
relative to a selected control, by at least 40% relative to a selected control, by at least 45%
relative {c a selected control, by at least 50% relative to a selected control, by at isast 55%
a

relative 10 a selected control, by at lgast 70% relative 1o a selected control, by at least 75%
relative {0 a selected control, by at lsast 80% relative to a selected control, by at least 85%
relative to a selectad control, by at least 90% relative to a selecled control, by al least 95%
relative 1o a selectad control, by at least 96% relative 1o a selecied control, by at isast 97%
relative {0 a selected control, by at least 98% relative to a selected conirol or by al least 89%

a
a
a
relative to a selected control, by at least 60% relalive lo a selected control, by at least 65%
a
a
a

relative 0 a selecled control. In some embodiments, compiete inhibition of B-catenin is
required for a DsiRNA to be deemed to possess B-catenin inhibitory aclivity. In certain models
(2.g., cell culture), a DsiRNA is deemed 10 possess B-catenin inhibilory activity if al least a 50%
reduction in B-catenin levels is observed relative o a suitable control In certain cother
embodiments, a DsiRNA is deemed 1o possess B-catenin inhibitory aclivity if al least an 80%
reduction in B-calenin levels is obseived relative o a suitable control.

[0111] By way of specific example, in the Examples below, a series of DsiRNAs targeting §-
catenin were tested for the ability to reduce $-catenin mRNA levels in human Hela or mouse
Hepa 1-6 cells in vitro, at 1 nM concentrations in the environment of such cells and in the
presence of a transfection agent (Lipofectamine™ RNAIMAX, Invitrogen). Within the below
Examples, B-catenin inhibitory activity was initially ascribed to those DsiRNAs that were
observed to effect at least a 70% reduction of B-catenin mRNA levels under the assayed
conditions. it is contemplated that B-catenin inhibitory activity could aiso be attributed o a
dsRMNA under either more or less siringent conditions than those employed for the Examples
below, even when the same or a similar assay and conditions are employed. For exampls, in
certain embodiments, a lested dsRNA of the invention is deemed to possess B-caienin
inhibitory activity if at least a 10% reduction, at least a 20% reduction, at least a 30% reduction,
at least a 40% reduction, al isast a 50% reduction, at least a 80% reduction, af least a2 75%
reduction, al least an 80% reduction, at least an 85% reduction, at least a 90% reduction, or at
least a 95% reduction in B-catenin mRNA levels is observed in a mammalian cell ling in vitro at
1 nM dsRNA concentration or lower in the environment of a cell, relative to a suitable control.

[0112] Use of other endpoints for determination of whether a double stranded RNA of the
invention possesses B-catenin inhibitory activity is also contemplated. Specfically, in one
embodiment, in addition {o or as an alternative 10 assessing f-catenin mRNA levels, the ability
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of g tested dsRNA to reduce B-calenin prolein levels {e.g., al 48 hours afler conlacting a
mammalian cell in vitro or in vivo) Is assessed, and a tested dsRNA is deemad to possess B-
catenin inhibitory activity if at least a 10% reduction, at least a 20% reduction, at lsast a 30%
reduction, at least a 40% reduction, at least a 50% reduction, at least a 60% reduction, at least
a 70% reduction, at least a 75% reduction, al least an 80% reduction, at least an 85%
reduction, at least a 90% reduction, or at least a 95% reduction in B-calenin protein levels is
observed in a mammalian cell contacted with the assayed double stranded RNA in vifro or in
vivo, relative Lo g suitable control. Additional endpoints contempiated include, e.g., assessment
of a phenotype associated with reduction of $-catenin levels - e.g., reduction of growth of a
contacted mammalian cell line in vitro and/or reduction of growth of a tumor in vivo, including,
e.¢g., haiting or reducing the growth of tumor or cancer cell levels as described in greater detail
elsewhere herein.

[0113] B-catenin inhibitory activity can also be svaluated over time (duration) and over
concentration ranges (potency), with assessment of what constitutes a dsRNA possessing B-
catenin inhibitory aclivity adjusted in accordance with concentrations administered and duration
of time foliowing adminisiration. Thus, in ceriain embodimenis, a DsiRNA of the invention is
deemed fo possess B-catenin inhibitory activity if at least a 50% reduction in B-catenin activity
is observed at a duration of ime of 2 hours, 5 hours, 10 hours, 1 day, 2 days, 3 days, 4 days, 5
days, 6 days, 7 days, 8 days, 8 days, 10 days or more after administration is
observed/persists. In additional embodiments, a DsiRNA of the invention is deemed to be a
potent B-catenin inhibitory agent if B-catenin inihibitory activity {e.g., in certain embodiments, at
least 50% inhibition of B-catenin) is observed at a concentration of 1 nM or less, 500 pM or
less, 200 pM or less, 100 pM or less, 50 pM or less, 20 pM or less, 10 pM or less, 5 pM or less,
2 pM or less or even 1 pM or less in the environment of a celi, for example, within an in vitro
assay for -catenin inihibitory aclivity as described herein. In ceriain embodiments, a potent -
catenin inhibitory dsRNA of the invention is defined as one thal is capable of B-catenin
inihibitory activity {e.g., in certain embodiments, at least 20% reduction of B-catenin levels) at a
formulated concentration of 10 mg/kg or less when administered to a subject in an effective
delivery vehicle {e.g., an effective lipid nanoparticle formulation). Preferably, a potent B-catenin
inhibitory dsRNA of the invention is defined as one that is capable of B-catenin inihibifory
activity (e.g., in certain embodiments, at least 50% reduction of P-catenin lsvels) at a
formulated concentration of 5 mo/kg or less when administered o a subject in an effective
delivery vehicle. More preferably, a potent B-calenin inhibitory dsRNA of the invention is
defined as ons that is capable of B-catenin inihibitory aclivity (e.g., in certain embodiments, at
least 50% reduction of B-catenin levels) at a formulated concentration of 5 mg/kg or less when
administered to a subject in an eflective delivery vehicle. Optionally, a potent f-catenin
inhibitory dsRNA of the invention is defined as one that is capable of B-catenin inihibitory
activity {e.g., in cerlain embodimenis, at lsast 50% reduction of f-catenin levels) al a
formulated concentration of 2 mg/kg or less, or even 1 mg/kg or less, when administered to a
subject in an effective delivery vehicle.

[0114] In certain embodimenis, potency of a dsRNA of the invention is delermined in
reference to the number of copies of a dsRNA present in the cytoplasm of a target celi that are
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required o achieve a certain level of target gene knockdown. For example, in certain
embodiments, a polent dsRNA is one capable of causing 50% or greater knockdown of a
target mRNA when present in the cyloplasm of a target cell at a copy number of 1000 or fewer
RISC-loaded antisense strands per cell. More preferably, a potent dsRNA is one capable of
producing 50% or greater knockdown of a target mRNA when present in the cyloplasm of a
target cell at a copy number of 500 or fewer RISC-ioaded antisense strands per ceil
Optionally, a potent dsRNA is one capable of producing 50% or greater knockdown of a target
miRNA when present in the cytoplasm of a target cell at a copy number of 300 or fewer RISC-
lcaded antisense strands per cell.

[01158] In further embodiments, the potency of a DsIRNA of the invention can be defined in
reference 0 a 19 to 23mer dsRNA directed fo the same {arget sequence within the same
target gene. For example, a DsiRNA of the invention thal possesses enhanced potency relative
to a corresponding 19 to 23mer dsRNA can be a DsiRNA that reduces a target gene by an
additional 5% or more, an additional 10% or more, an additional 20% or more, an additional
30% or more, an additional 40% or more, or an additional 50% or more as compared 10 &
corresponding 18 to 23mer dsRNA, when assayad in an in vitro assay as described herein at a
sufficiently low concentration to allow for detection of a potency difference (8.g., transfection
concentrations at or below 1 nM in the environment of a cell, at or below 100 pM in the
environment of a cell, at or below 10 pM in the environment of a celi, at or below 1 nM in the
environment of a cell, in an in vilro assay as described herein; notably, it is recognized that
potency differences can be best detected via performance of such assays across a range of
concentrations - e.g., 0.1 pM to 10 nM - for purpose of generaling a dose-response curve and
identifying an IC50 value associated with 2 DsiRNA/dsRNA).

[0118] B-catenin inhibitory levels and/or B-catenin levels may also be assessed indirecily, e.g.,
measurement of a reduction in a B-catenin-associated disease marker protsin or target gene,
such as MYC, Cyclin D1, or Axin2, or reduction of the size or number of polyps or tumors (e.9.,
color tumors) in 3 subject may be used o assess 3-catenin lsvels andior B-catenin inhibiiory
efficacy of a double-stranded nucleic acid of the instant invention.

[8117] In certain embodiments, the phrase "consists essentially of” is used in reference o the
anti-B-catenin dsRNAs of the invention. In some such embodimenis, "consists essentially of"
refers to a compaosition thal comprises a dsRNA of the invention which possesse at least a
certain level of B-catenin inhibitory activily (e.g., at least 50% B-catenin inhibitory activity) and
that also comprises one or more additional components and/or modifications that do not
significantly impact the B-catenin inhibilory aclivity of the dsRNA. For sxample, in certain
embodiments, a composition “"consists essentially of" a dsRNA of the invention where
modifications of the dsRNA of the invention and/or dsRNA-associated components of the
composition do not alter the B-catenin inhibilory activity {optionally including potency or
duration of B-catenin inhibitory activity) by greater than 3%, greater than 5%, greater than 10%,
greater than 15%, greater than 20%, greater than 25%, greater than 30%, greater than 35%,
greater than 40%, greater than 45%, or greater than 50% relative to the dsRNA of the
invention in isolation. in certain embodiments, a composition is deemed fo consist essentially of
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a dsRNA of the invention even if more dramatic reduction of B-catenin inhibitory activity {e.g.,
80% reduction, 90% reduction, etc. in efficacy, duration and/or potency) occurs in the presence
of additional components or modifications, yet where $-catenin inhibitory aclivity is not
significantly eievaied {e.g., observed leveis of B-catenin inhibitory activity are within 10% of
those cobserved for the isolated dsRNA of the invention) in the presence of additional
componenis and/or modifications.

[0118] As used herein, the phrase "dsRNA reduces B-catenin mRNA levels by al least X%
when assayed in vitro in a mammalian cell at an effective concentration in the envircnment of
said cell of 1 nanomolar or less” refars (0 a reguirement for the dsRNA to reducs the native B-
catenin mRNA levels of a Hel.a cell population by at least X%, when assayed at a transfection
concentration of 1 nanomolar or less in the presence of Lipofectamine™ RNAIMAX (Invitrogen)
and following manufacturer's instructions. Such Hela celis are oblained from ATCC and
maintained in BMEM (HyClone) supplemented with 10% fetal bovine serum {(HyClone) at 37°C
under 5% CO,. B-catenin mRNA levels are then assayed at 24h or 48h post-transfection to

assess % inhibition, with respect (¢ an appropriale conirol as described sisewhere herein. In
certain embodiments, the Hel.a cells of such assays are replaced with HepG2, HCT116, HuH7
or other cell line.

[0119] As used herein, the term "nucleic acid” refers to deoxyribonuclectides, ribonucleotidss,
or modified nucleotides, and polymers thereof in single- or double-stranded form. The term
encompasses nucleic acids containing known nuclectide analogs or modified backbone
residues or linkages, which are synthetic, naturally occurring, and non-naturally occurring,
which have similar binding properties as the reference nucieic acid, and which are meiabolized
in a manner similar to the reference nuciectides. Exampies of such analogs include, without
imitation, phosphorothioates, phosphoramidates, methyl phosphonates, chiral-methyl
phosphonates, 2-O-methyl ribonuclectides, peplide-nucleic acids (PNAs).

[01281 As used herein, "nuclectide” is used as recognized in the art {o include those with
natural bases {(standard), and modified bases well known in the arl. Such bases are generally
located at the 1" position of a nucleotide sugar moiety. Nucleotides generally comprise a base,
sugar and a phosphate group. The nuclecotides can be unmodified or modified at the sugar,
phosphate and/or base moiety, (also referred i¢ interchangeably as nuclectide analogs,
modified nuclectides, non-natural nucleotides, non-standard nuclectides and other; see, e.g.,
Usman and McSwiggen US 2009/0137500; Eckstein et al,, International PCT Publication No.
WO 92/37065; Usman et al, International PCT Publication No. WO 93/15187; Uhiman &
Peyman US 6,326,487. There are several examples of modified nucleic acid bases known in
the art as summarized by Limbach et al., Nucleic Acids Res. 22:2183, 18584, Some of the non-
fimiting examples of base modifications that can be introduced into nucleic acikd molecules
include, hypoxanthine, purine, pyridin-4-one, pyridin-2-one, phenyl, pseudouracil, 2,4,6-
trimethoxy benzens, 3-methyt uracil, dihydrouridine, naphthyl, aminophenyl, 5-alkylcytidines
{e.g., S-methyleytidine), BS-alkyluridines (e.g., ribothymiding), &-halouridine (e.g., 5-
bromouridine) or 6-azapyrimidines or €-alkylpyrimidines {(e.g. 6-methyluridine), propyne, and
others (Burgin, ef al., Bicchemistry 35:14080, 1996; Uhlman & Peyman, supra). By "modified
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bases” in this aspect is meant nuclectide bases other than adenine, guanine, cylosine and
uracit at 1’ position or their equivalents.

[321} As used herein, "modified nucleotide” refers o a nuclectide thal has one or more
modifications to the nucleoside, the nucleobase, peniose ring, or phosphate group. For
exampie, modified nuclectides exclude ribonuclectides containing adenosine monophosphats,
guanosine monophosphate, uridine monophosphate, and cvlidine monophosphate and
deoxyribonucieotides  conlaining deoxyadenocsine monophosphate,  deoxyguanosine
monophosphate, dsoxythymidine monophosphate, and  deoxyeytidine  monophosphate.
Modifications include those naturally occuring that result from modification by enzymes that
modify nuclectides, such as methyltransferases. Modified nucleotides also include synthelic or
non-naturally occurring nucieotides. Synthetic or non-naturally occurring modifications in
nucleotides include those with 2' modifications, e.g., 2'-methoxyethoxy, 2'-fluoro, 2'-allyl, 2'-0-
[2-{methylaminc)-2-oxoethyl], 4'-thio, 4'-CH»-0-2-bridge, 4'-(CHy)s-0-2'-bridge, 2'-LNA, and
2'-O-{N-methylcarbamate) or those comprising base analogs. n connection with 2'-modified
nucleotides as described for the present disclosure, by "amino” is meant 2-NHy or 2-0-NH,,
which can be modified or unmodified. Such modified groups are described, e.g., in Eckstein et
al., U.S. Pat. No. 5,672,685 and Matulic-Adamic et al., U.S. Pat. No. 6,248,878.

(61221 In reference to the nucleic acid molecules of the present disclosure, modifications may
exist upon these agenis in patterns on one or both strands of the double stranded ribonucleic
acid (dsRNA). As used herein, "alternating positions" refers fo a pattern where every other
nucleotide is a modified nuclsctide or there is an unmodified nuclectide {(e.g., an unmodified
ribonuclectide) between every modified nucieotide over a defined length of a strand of the
dsRNA (e.g., 5-MNMNMN-3"; 3'-MNMNMN-5"; where M is a modifiled nucleotide and N is an
unmodified nucleotide). The modification pattern starts from the first nuclectide position at
gither the & or 3’ terminus according o a position numbering convention, e.g., as described
herein {in certain embodiments, position 1 is designated in reference {0 the terminal residue of
a strand following a projected Dicer cleavage event of a DsiRNA agent of the invention; thus,
position 1 doss not always constitute a 3' terminal or 5 terminal residue of a pre-processed
agent of the invention). The patlern of modified nuclectides at alternating positions may run the
full length of the strand, but in cerfain embodiments includes at least 4, 6, 8, 10, 12, 14
nucleoctidss containing at lgast 2, 3, 4, 5, 6 or 7 modified nuclectides, respectively. As used
herein, "aliernaling pairs of positions” refers to a patlern where two conseculive modified
nucleotides are separated by two consecutive unmodified nucleotides over a dafined length of
a strand of the dsRNA {e.g., 5'-MMNNMBMNNMMNN-3'; 3-MMNNMMNNMMNN-5"; where M is
a modified nuclectide and N is an unmodified nudlectide). The modification pattern starts from
the first nucieotide position at sither the 5 or 3’ terminus according 1o a position numbering
convention such as those described herein. The patiern of modified nucleolides at alternating
positions may run the full length of the strand, but preferably includes at least 8, 12, 16, 20, 24,
28 nucleotides containing at ieast 4, 8, 8, 10, 12 or 14 modified nucleotides, respectively. it is
emphasized that the above modification patierns are exemplary and are not intended as
fimitations on the scope of the invention.
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10123} As used herein, "base analog” refers o a helerocyclic moiely which is located at the 1
position of a nuclectide sugar moiety in a modified nucleolide that can be incorporated into a
nucleic acid duplex {or the equivalent position in a nucleotide sugar moiety substitution that can
be incorporated into a nucleic acid duplex). in the dsRNAs of the invention, a base anaiog is
generally either a purine or pyrimidine base excluding the common bases guaning (G),
cytosine (C), adenine (A), thymine {T), and uracil (U}. Base analogs can duplex with other
bases or base analogs in dsRNAs. Base anaiogs include those useful in the compounds and
methods of the invention., e.g., those disclosed in US Pat. Nos. 5,432,272 and 6,001,983 to
Benner and US Patent Publication No. 20080213891 to Manoharan. Non-limiting examples of
bases include hypoxanthing (1), xanthine (X}, 38-D-ribofuranosyl-(2,6-diaminopyrimiding) (K},
3-B-D-ribofuranosyl-(1-methyl-pyrazolo[4,3-dlpyrimidine-5,7{4H,6H)-dione) (P}, iso-cytosine
(iso-C}, isc-guanine (iso-G), 1-B-D-ribcfuranosyl-(B-nitroindole),  1-B-D-ribofuranosyl-(G-
nitropyrrole}, 5-bromouracil, 2-aminopurine, 4-thio-dT, 7-(2-thienyl)-imidazol4,5-bipyridine (Ds)
and pyirole-2-carbaldehyde (Pa), Z-amino-8-(2-thienyl)purine (S), 2-oxopyridine (Y),
diflucrotolyi, 4-flugro-6-methylbenzimidazole, 4-methyibenzimidazole, 3-methyl isocarbostyrilv,
5-methyl isocarbostyrilyl, and 3-methyl-7-propynyl isocarbostyrilyl, 7-azaindolyi, 6-methyi-7-
azaindoll, imidizopyridinyl, S-methyl-imidizopyridinyt, pyrrolopyrizinyl,  Isocarbostyriivi, 7-
propynyl isocarbostyrilyl, propynyl-7-azaindolyl, 2.4 5-trimethyiphenyl, 4-methylindolyl, 4,6-
dimethylindolyl, phenyl, napthalenyl, anthracenyl, phenanthracenyl, pyrenyl, stilbenzyl,
tetracenyl, pentacenyl, and siructural derivates thereof (Schweiizer et al, J. OCrg. Chem.,
59:7238-7242 (1594}, Berger et al., Nucleic Acids Research, 28(15):2911-2914 (2000}; Moran
et al., J. Am. Chem. Soc., 118:2056-20587 {1997}; Morales et al., J. Am. Chem. Soc., 121:2323-
2324 (1999); Guckian et al., J. Am. Chem. Soc., 118:8182-8183 (1996); Morales st al., J. Am.
Chem. Soc., 122(6):.1001-1007 (2000); McMinn et al, J. Am. Chem. Soc., 121:11585-11586
(1999); Guckian et al., J. Org. Chem., 63:9652-8656 (1998); Moran et al,, Proc. Natl. Acad.
Sci., 94:10506-10511 (1997); Das ot ab, J. Chem. Soc., Perkin Trans., 1:197-206 (2002},
Shibata et al., J. Chem. Soc., Perkin Trans., 1. 1605-1611 (2001), Wu et al., J. Am. Chem.
Soc., 122(32):7621-7632 (2000); O'Neill ef al., J. Org. Chem., 67:5869-5875 (2002);
Chaudhuri et al., J. Am. Chem. Soc., 117:10434-10442 (1995}; and U.S. Pat. No. 6.218,108.).
Base analogs may also be a universal base.

01241 As used herein, "universal base” refers 10 a heterocyclic molety located at the T
position of a nuclectide sugar moiety in a modified nucleolide, or the equivalent position in a
nuclectide sugar moiety substitution, that, when present in a nucleic acid duplex, can be
positioned opposite more than one type of base without allering the double helical structure
(2.g., the structure of the phosphale backbone). Additionally, the universal base does not
desiroy the ability of the single stranded nucleic acid in which i resides to duplex ic a targst
nucleic acid. The ability of a single stranded nucleic acid containing a universal base o duplex
a target nucleic can be assaved by methods apparent to one in the art (e.g., UV absorbance,
circular dichroism, gel shift, single strandad nuclease sensitivity, stc.). Additionally, conditions
under which duplex formation is observed may be varied to determine duplex stability or
formation, e.g., temperature, as meiting temperature (Tm) correlates with the stability of
nucleic acid duplexss. Compared to a reference single stranded nucleic acid that is exactly
complementary to a target nucleic acid, the single stranded nucleic acid containing a universal
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base forms a duplex with the target nucleic acid that has a lower Tm than a duplex formed with
the complemsntary nucleic acid. However, comparsd © a reference single stranded nucleic
acid in which the universal base has been replaced with a base o generate a single mismalch,
the single stranded nucleic acid containing the universal base forms a duplex with the larget
nucleic acid that has a higher Tm than a duplex formed with the nucleic acid having the
mismatched base.

[0125] Some universal bases are capable of base pairing by forming hydrogen bonds
between the universal base and all of the bases guanine {G), cytosine (C), adenine (A),
thyming (T}, and uracit (U} under base pair forming conditions. A universal base is not a base
that forms a base pair with only one single complementary base. In a duplex, a universal base
may form no hydrogen bonds, one hydrogen bond, or more than one hydrogen bond with each
of G, C, A T, and U opposite to it on the opposite strand of a duplex. Preferably, the universal
base does not interact with the base opposite to it on the opposite strand of a duplex. In a
duplex, base pairing involving a universal base occurs withoul altering the double helical
structure of the phosphate backbone. A universal base may also interact with bases in
adiacent nuclectides on the same nucleic acid strand by stacking interactions. Such stacking
interactions stabilize the duplex, especially in situgtions where the universal bass doses not
form any hydrogen bonds with the base posilioned opposite to it on the opposile strand of the
duplex. Non-limiting examples of universal-binding nucleotides include inosine, 1-§-D-
ribofuranosyl-5-nitroindole, and/or 1-8-D-ribofurancsyl-3-nitropyrrole (US Pal. Appl. Publ. No.
20070254362 to Quay et al; Van Asrschol st al, An acyclic 5-nitroindazole nuclecsids
analogue as ambiguous nucleoside. Nucleic Acids Res. 1995 Nov 11;23(213:4383-70; Loakes
et al., 3-Nitropyrrole and 5-nitroindole as universal bases in primers for DNA sequencing and
PCR. Nucleic Acids Res. 1985 Jul 11;23(13):2361-6; Loakes and Brown, 5-Nitroindole as an
universal base analogue. Nucieic Acids Res. 1994 Oct 11,;22(20):4039-43).

(01261 As used herein, "loop" refers o a structure formed by a single strand of a nucleic acid,
in which complementary regions that flank a particular single stranded nucleotide region
hybridize in a way that the single siranded nucleotide region between the complementary
regions is excluded from duplex formation or Watson-Crick base pairing. A loop is a single
stranded nucleotide region of any length. Examples of loops include the unpaired nuclectides
present in such structures as hairpins, stem loops, or extended loops.

[0127} As used hersin, "extended loop” in the context of a dsRNA refers to a single stranded
loop and in addition 1, 2, 3, 4, 5, 6 or up to 20 base pairs or duplexes flanking the loop. In an
exiended loop, nuciectides that flank the loop on the B sids form a duplex with nucleclides that
flank the loop on the 3’ side. An extended loop may form a hairpin or stem i00p.

(01281 As used herein, "efraloop” in the context of a dsRNA refers to a loop {2 singls
stranded region} consisting of four nucieotides that forms a stable secondary structure that
contributes to the stability of an adjacent Watson-Crick hybridized nucleotides. Without being
imited fo theory, a teltraloop may stabilize an adjacent Walson-Crick base pair by stacking
inferactions. In addition, intsractions among the four nuclectides in a tetraloop include but ars
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not limited io non-Watlson-Crick base pairing, stacking interaclions, hydrogen bonding, and
contact interactions {Cheong et al., Nature 1990 Aug 16;348(6285).680-2; Heus and Pardi,
Science 1991 Jub 12;253(5016):191-4). A lelrsloop confers an increase in the meling
temperatura {Tm) of an adjacent duplex that is higher than expected from a simpie model loop
sequence consisting of four random bases. For example, a telraloop can confer a melting
temperature of at least 55°C in 10mM NaHPO,4 to a hairpin comprising a duplex of at least 2

base pairs in length. A tetraloop may contain ribonucleoctides, deoxyribonucieolides, modified
nuclectides, and combinations thereof. Examples of RNA telraloops include the UNCG family
of tetraloops {(e.g., UUCG), the GNRA family of tetraloops {e.g., GAAA), and the CUUG
tetraloop. (Woese et al., Proc Nall Acad Sci USA. 1990 Nov,87(21).8467-71; Antao et al,
Nucleic Acids Res. 1881 Nov 11,19(211:5%01-5). Examples of DNA tetraloops include the
G{GNNA) family of tetraloops (e.g., d{GTTA), the d(GNRA)) family of tetraloops, the d(GNAB)
family of tetraloops, the d{TNNG) family of tetraloops, the d(TNCG) family of tetralocps {e.g.,
d{TTCG)). (Nakano et al. Biochemistry, 41 (48), 14281 -14282, 2002.; SHINJI et al. Nippon
Kagakkai Koen Yokoshu VOL.78th; NC.2; PAGE 731 {2000}.)

[01281 As used hersin, the term "siRNA" refers {0 a double stranded nucleic acid in which
egach strand comprises RNA, RNA analog{s) or RNA and DNA. The siRNA comprises between
19 and 23 nucleotides or comprises 21 nucleotides. The siRNA typically has 2 bp overhangs
on the 3' ends of each strand such that the duplex region in the siRNA comprises 17-21
nucleotides, or 19 nucleotides. Typically, the antisense sitrand of the siRNA is sufficiently
complementary with the larget sequence of the B-calenin gene/RNA

[0130] An anti-B-catenin DsiRNA of the instant invention possesses strand lengths of at least
25 nucleoctides. Accordingly, in certain embodiments, an anti-B-catenin DsiRNA contains one
oligonucieotide sequence, a first sequence, that is at least 25 nuclectides in length and no
longer than 35 or up to 50 or more nuclectides. This sequence of RNA can be between 26 and
35, 26 and 34, 26 and 33, 26 and 32, 26 and 31, 26 and 30, and 26 and 29 nuclectides in
length. This sequence can be 27 or 28 nucleotides in length or 27 nucleotides in length. The
second sequence of the DsiRNA agent can be a sequence that anneals o the first sequence
under biological conditions, such as within the cytoplasm of a eukaryotic cell. Generally, the
second oligonuclectide sequence will have at least 19 complementary base pairs with the first
cligonucleotide sequence, more typically the second oligonuclectide sequence will have 21 or
more complementary base pairs, or 25 or more complementary base pairs with the first
oligonucieotide sequence. In one emboediment, the second sequence is the same length as the
first sequencs, and the DsiRNA agent is biunt ended. in another embodiment, the ands of the
DsiRNA agent have one or more overhangs.

(01341 in certain embodiments, the first and sscond oligonuclectide sequences of the DsiRNA
agent exist on separate cligonuclectide strands thal can be and iypically are chemically
synthesized. In some embodiments of the disclosure, both strands are between 28 and 35
nucleotides in length. In other embodiments, both strands are between 25 and 30 or 26 and 30
nuclectides in length. In one embodiment, both strands are 27 nucleoctides in length, are
completely complementary and have blunt ends. in cerfain embodiments of the insiant
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invention, the first and second sequences of an anti-§-catenin DsiRNA exist on separate RNA
oligonuciestides {(strands). In one embodiment, one or both oligonuclectide strands are
capable of serving as a substrate for Dicer. In other embodiments, al least one modification is
present that promotes Dicer to bind to the double-strandad RNA structure in an orientation that
maximizes the doubls-stranded RNA structure’s effectivensss in inhibiting gene expression. In
certain embodiments of the instant invention, the anti-8-catenin DsiRNA agent is comprised of
two oligonucleotide strands of differing lengths, with the anti-B-catenin DsiRNA possessing a
blunt end at the 3' terminus of a first strand {sense sirand) and a 3' overhang at the 3" terminus
of a second sirand ({antisense strand). The DsiRNA can also coniain one or more
deoxyribonucleic acid (DNA) basa substitutions.

[0132] Suilable DsiRNA compositions that contain two separate oligonuciegotides can be
chemically linked outside their annealing region by chemical linking groups. Many suilable
chemical linking groups are known in the art and can be used. Suitable groups will not block
Dicer activity on the DsiRNA and will not interfere with the directed destruction of the RNA
transcribed from the larget gene. Allernatively, the two separate oligonuclectides can be linked
by a third oligonuclectide such that a hairpin structure is produced upon annealing of the two
cligonuclectides making up the DsiRNA composition. The hairpin structure will not block Dicer
activity on the DsiRNA and will not interfere with the direcled destruction of the {arget RNA.

[0133] As used herein, a dsRNA, e.g., DsiRNA or siRNA, having a sequence "sufficiently
complementary” to a target RNA or cDNA sequence (e.g., f-catenin mRNA) means that the
dsRNA has a sequence sufficient to trigger the destruction of the target RNA (where a ¢cDNA
sequence is recited, the RNA sequence corresponding to the recited cDNA sequence) by the
RNAI machinery {e.g., the RISC complex) or process. For example, a dsRNA that is
"sufficiently complementary” {0 a target RNA or cDNA sequence 0 trigger the destruction of
the target RNA by the RNAI machinery or process can be identified as a dsRNA that causes &
detectable reduction in the level of the targel RNA in an appropriate assay of dsRNA activity
{e.q., an in vilro assay as described in Example 2 below), or, in further examples, a dsRNAthat
is sufficiently complementary (o a target RNA or cDNA sequence to trigger the destruclion of
the target RNA by the RNAI machinery or process can be identified as a2 dsRNA that produces

al least a 5%, at least a 10%, at least a 15%, at least a 20%, at lsast a 25%, at least a 30%, at
least a 35%, at least a 40%, at least a 45%, at ivast g 50%, at least a 55%, at Ieast a 60%, at
least a 65%, at least a 70%, at least a 75%, at ieast a2 80%, at least a 85%, at lsast a 90%, at
least a 95%, at least a 98% or at least a 9% reduction in the level of the target RNA in an
appropriate assay of dsRNA aclivity. In additional examples, a dsRNA that is sufficiently
complementary to 3 targst RNA or ¢cDNA sasguence o trigger the destruction of the target RNA
by the RNAI machinery or process can be identified based upon assessment of the duration of
a certain level of inhibitory activity with respect to the target RNA or protein levels in a cell or
organism. For example, a8 dsRNA that is sufficiently complementary o a target RNA or cDNA
sequence o trigger the destruction of the target RNA by the RNAI machinery or process can
be identified as a dsRNA capable of reducing target mRNA levels by at isast 20% at least 48
hours post-administration of said dsRNA o g cell or organism. Preferably, a dsRNA that is
sufficiently complementary to a target RNA or ¢BNA ssquence {o trigger the destruction of the
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target RNA by the RNAI machinery or process is identified as a dsRNA capable of reducing
target mRNA levels by at least 40% at lgast 72 hours post-administration of said dsRNAto &
cell or organism, by at least 40% at least four, five or seven days post-administration of said
dsRNA fo a celi or organism, by at least 50% at least 48 hours post-administration of said
dsRNA to a cell or organism, by at least 50% at least 72 hours posi-administration of said
dsRNA to a cell or organism, by at least 50% at least four, five or seven days post-
administration of said dsRNA to a cell or organism, by at least 80% at least 48 hours post-
administration of said dsRNA o a cell or organism, by al least 80% at least 72 hours post-
administration of said dsRNA to a cell or organism, or by at least 80% at least four, five or
seven days post-administration of said dsRNAto a cell or organism.

[0134} The dsRNA molecule can be designed such that every residue of the antisenss strand
is complementary to a residue in the targel molecule. Alternatively, substitutions can be made
within the molecule to increase stability and/or enhance processing aclivity of said molecule.
Substitutions can be made within the sirand or can be made to residues at the ends of the
strand. In cerfain embodiments, substitutions and/or modifications are made at specific
residues within a DsiRNA agent. Such substitutions and/or modifications can include, e.g.,
deoxy- modifications at one or more residues of positions 1, 2 and 3 when numbering from the
3' terminal position of the sense strand of a DsiRNA agent; and introduction of 2'-GC-alkyt (e.g.,
2'-O-methyl) modifications at the 3’ terminal residue of the antisense strand of DsiRNA agents,
with such modifications also being performed at overhang positions of the 3’ portion of the
antisense strand and at alternating residues of the antisense strand of the DsiRNA that are
included within the region of a DsiRNA agent that is processed o form an active siRNA agent.
The preceding modifications are offered as exemplary, and are not inlended to be limiting in
any manner. Further consideration of the structure of preferred DsiRNA agents, including
further description of the modifications and substitutions that can be performed upon the anii-
B-catenin DsiRNA agents of the instant invention, can be found below.

(01358} Where a first sequence is refarred to as "substantially complementary” with respect to
a second sequence hersin, the two segquences can be fully complementary, or they may form
one or more, but generally not more than 4, 3 or 2 mismatched base pairs upon hybridization,
while retaining the ability to hybridize under the conditions most relevant to their ultimate
application. However, where two oligonuclectides are designed to form, upon hybridization,
ong or more single stranded overhangs, such overhangs shall not be regarded as mismaiches
with regard to the determination of complemeantarity. For example, a dsRNA comprising one
oligonucieotide 21 nuclectides in length and another oligonuclectide 23 nuclectides in length,
wherein the longer oligonucleotide comprises a sequence of 21 nuclectides that is fully
complementary to the shorter oligonucleotide, may yet be referred {0 as "fully complementary”
for the purposes of the invention.

[0136] The term "double-siranded RNA" or "dsRNA", as used herein, refers to a complex of
ribonucleic acid molecules, having a duplex structure comprising fwo anti-parallel and
subsiantially complementary, as defined above, nucleic acid strands. The two strands forming
the duplex structure may be different portions of one larger RNA molecule, or they may be
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separate RNA molecules. Where separate RNA molecules, such dsRNA are oflen referred o
as siRNA ("short interfering RNA") or DsiRNA ("Dicer substrale siRNAs"). Where the two
sirands are part of one larger molecule, and therefore are connecled by an uninterrupted
chain of nuclectides between the 3'-end of one strand and the 5 end of the respective other
strand forming the duplex structure, the connecting RNA chain is referred to as a "hairpin
foop”, "short hairpin RNA" or "shRNA" Where the two strands are connected covalently by
means other than an uninterrupted chain of nuclectides between the 3'-end of one strand and
the 5'end of the respective other strand forming the dupiex structure, the connecting structure
is referred 0 as a "linker". The RNA strands may have the same or a different number of
nuclectidss. The maximum number of base pairs is the number of nuclectides in the shortest
strand of the dsRNA minus any overhangs that are present in the duplex. In addition to the
duplex structure, a8 dsRNA may comprise ons or more nuclectide overhangs. In addition, as
used herein, "dsRNA" may include chemical modifications o ribonucieotides, internucleoside
linkages, end-groups, caps, and conjugated moieties, including substantial modifications at
muitiple nuclectides and including all types of modifications disclosed hersin or known in the
art. Any such modifications, as used in an siRNA- or DsiRNA-type molecule, are encompassed
by "dsRNA" for the purposes of this specification and claims.

[(r137] The phrase "duplex region” refers to the region in two complementary or substantially
complementary oligonucieotides that form base pairs with one anocther, either by Watson-Crick
base pairing or other manner that allows for a duplex belween oligonuclectide sirands thal are
complementary or substantially complementary. For example, an oligonucleotide strand having
21 nucleolide units can base pair with another oligonucleotide of 21 nuclectide units, yst only
19 bases on each strand are complementary or substantially complementary, such that the
"duplex region” consists of 18 base pairs. The remaining base pairs may, for example, exist as
5" and 3' overhangs. Further, within the duplex region, 100% complementarity is not required,
substantial complementarity is aliowable within a duplex region. Substantial complementarity
refers to complementarity between the strands such that they are capable of annealing under
biological conditions. Techniques io empirically determine if two strands are capable of
annealing under biclogical conditions are well know in the art. Alternatively, two strands can be
synthesized and added together under biological conditions to determine if they anneal to cone
another.

[0138] Single-stranded nucleic acids that base pair over a number of bases are said o
“hybridize.” Hybridization is typically determined under physiological or biologically relevant
conditions {(e.qg., infraceliular: pH 7.2, 140 mM potassium ion; extraceliular pH 7.4, 145 mM
sodium ion). Hybridization conditions generally contain a monovalent cation and biologically
accepiable buffer and may or may nol coniain a divalent calion, complex anions, e.q.
gluconate from potassium gluconate, uncharged species such as sucrose, and inert polymers
to reduce the aclivity of water in the sample, e.g. PEG. Such conditions include conditions
under which base pairs can form.

[0139] Hybridization is measured by the lemperature required to dissociate single stranded
nucleic acids forming a duplex, ie., {the melling temperature; Tin). Hybridization conditions ars
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also condilions under which base pairs can form. Various conditions of stringency can be used
to defermine hybridization {see, 2.g., Wahl, G. M. and S. L. Berger (1987} Methods Enzymol
152:399; Kimmel, A. R, (1987} Methods Enzymol. 152:507). Stringent temperature conditions
will ordinarily include temperatures of at least about 30° C, more preferably of at least about
37° C, and most preferably of at least about 42° C. The hybridization temperature for hybrids
anticipated to be less than 50 base pairs in length should be 5-10°C less than the melting
temperature {Tm) of the hybrid, where Tm is delermined according to the following equations.
For hybrids less than 18 base pairs in length, Tm{°C)=2(# of A+T bases)+4{# of G+C bases),
For hybrids between 18 and 49 bass palrs in length, Tm{°C)=81.5+16.6(Ilog 10iNa+)+0.41 (%
G+O-{600/N), where N is the numbsr of basses in the hybrid, and [Na+] is the concsentration of
sodium ions in the hybridization buffer ([Na+] for 1x88C=0.165 M)
hybridization determination buffer is shown in Table 1.

For example, a

Table 1.
final To make 50
cone. Vender{ Cat# Lot# mWw./Stock mL solution
NaCl 100 mM| Sigma | S-6160 | 41K8934 5M 1L
KCl 80 mM| Sigme | P-9541 | 70K0002 |  74.55 0.298 g
MgCly 8 mM| Sigma | M-1028 | 120K8933 M 04 mL
suCrose 2% wivi Fisher BZ%G“ 907105 3423 19
Tris-HCI | 16 mMi Fisher Bpggf” 12419 M 0.8 mL
NaHPOs | 1 mM| Sigma | 83193 | o200 | 1200 0.006 g
029515 : :
EDTA | 0.02 mM| Sigma | E-7889 |110K89271] 0.5M 2 Ul
H0 Sigma | W-4502 | 51K2359 to 50 mi
pH = 7.0 atjadjust
20°C  iwith HCI

(01401 Useful variations on hybridization conditions will be readily apparent to thoss skillsd in
the arl. Hybridization techniques are well known to those skilled in the art and are described,
for example, in Benion and Davis (Science 196:180, 1977); Grunstein and Hogness {Froc.
Natl. Acad. Sci., USA72:3961, 1975); Ausubel et al. (Current Protocols in Molecular Biology,
Wiley interscience, New York, 2001); Berger and Kimmel {Antisense to Molecular Cloning
Techniques, 1987, Academic Press, New York);, and Sambrook et al, Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Laboratory Press, New York.

[0141]1 As used herein, "oligonucleotide strand” is a single stranded nucleic acid molecule. An
oligonucleotide may comprise ribonucleotides, deoxyribonucieotides, modified nucleotides
{e.q., nucleotides with 2' modifications, synthetic base analogs, efc.) or combinations thereof.
Such modified oligonucisotides can be preferred over native forms because of properties such
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as, for example, enhanced cellular uplake and increassad stability in the presence of nucleases.

[0142] As used hersin, the lerm “ribonuclectide” encompasses natural and synthetic,
unmodified and modified ribonuclectides. Modifications include changes o the sugar moisty, {0
the base moisty andfor to the linkages between ribonuclectides in the oligonuclectids. As used
herein, the term "ribonuclectide"” specifically excludes a deoxyribonucieotide, which is a
nucleotide possessing a single proton group at the 2° ribose ring position.

[0143] As used hersin, the term "deoxyribonucleotide” encompasses natural and synthetic,
unmodified and modifisd deoxyribonucleotides. Modifications include changes {0 the sugar
moisly, o the base moiely andfor fo the linkages between deoxyribonucieotide in the
oligonucieotide. As used hersin, the term "deoxyribonuclectide” alsc includes a modified
ribonucleotide that does not permit Dicer cleavage of a dsRNA agent, e.g.. a 2'-O-methyl
ribonucleotide, a phosphorothicate-modified ribonucleotide residue, etc., that does not permit
Dicer cleavage 0 occur at a bond of such a residus.

[0144] As used herein, the term "PS-NA" refers to a phosphorothioate-modified nucleotide
residue. The term "PS-NA" therefore encompasses both phosphorothioate-modified
ribonucieotides ("PS-RNAs"} and phosphorcthicate-modified deoxyribonuclectides {"PS-
DNAs").

[0143] As used herein, "Dicer” refers to an endoribonuciease in the RNase HHl family that
cleaves a dsRNA or dsRNA-containing molecule, e.g., double-stranded RNA (dsRNA) or pre-
microRNA (miRNA), info double-stranded nucleic acid fragments 18-25 nucleotides iong,
usually with a two-base overhang on the 3' end. With respect to the dsRNAs of the invention,
the duplex formed by a dsRNA region of an agent of the invention is recognized by Dicer and is
a Dicer substrate on at least one strand of the duplex. Dicer catalyzes the first step in the RNA
interference pathway, which consequently resulls in the degradation of g target RNA. The
protein sequence of human Dicer is provided at the NCBI database under accession number
NP (85124,

{0146 Dicer “cleavage” is determined as foliows {e.g., sse Colingwood et al,
Oligonucleotides 18:187-200 (2008)). In a Dicer cleavage assay, RNA duplexes (100 pmol) are
incubated in 20 pl of 20 mM Tris pH 8.0, 200 mM NaCli, 2.5 mM MgCi2 with or without 1 unit of
recombinant human Dicer (Stratagene, La Jolla, CA) at 37°C for 18-24 hours. Samples are
desalted using a Performa SR 96-well plate (Edge Biosystems, Gaithersburg, MD).
Electrospray-ionization liquid chromatography mass spactroscopy (ESILCMS) of duplex RNAs
pre- and post-treatment with Dicer is done using an Oligo HTCS system {Novatia, Princeton,
MNJ; Hail st al, 2004), which consists of a ThermoFinnigan TSQ7000, Xcalibur data system,
ProMass data processing software and Paradigm M34 HPLC (Michrom BioResources, Auburn,
CA). in this assay, Dicer cleavage occurs where at least 5%, 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, 95%, or even 100% of the Dicer substrate dsRNA, (ie., 25-30 bp, dsRNA,
preferably 26-30 bp dsRNA) is cleaved {0 a shorter dsRNA (e.g., 19-23 bp dsRNA, preferably,
21-23 bp dsRNA).
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(01471 As used herein, "Dicer cleavage site” refers o the sites at which Dicer cleaves a
dsRNA {e.g., the dsRNA region of a DsiRNA agent of the invention). Dicer contains two RNase
i domains which lypically cleave both the sense and aniisense sirands of a dsRNA. The
average distance between the RNase il domains and the PAZ domain determines the length
of the shori double-stranded nucleic acid fragments it produces and this disiance can vary
(Macrae et al. {2006) Science 311: 195-8). As shown in Figure 1, Dicer is projected to cleave
certain double-stranded ribonucieic acids of the instant invention that possess an antisense

strand having a 2 nucieotide 3' overhang at a site between the 215! and 22™ nucleotides
removed from the 3' terminus of the antisense sirand, and at a corresponding site between the

218t gnd 22™ nucleotides removed from the 5 terminus of the sense strand. The projected
and/or prevalent Dicer cleavage site(s) for dsRNA molecules distinct from those depicted in
Figure 1 may be similarly identified vig art-recognized methods, including those described in
Macrae ef al. While the Dicer cleavage events depicted in Figure 1 generate 21 nudleotide
siRNAs, it is noted that Dicer cleavage of a dsRNA {(e.g., DsiRNA) can result in generation of
Dicer-processed siRNA lengths of 19 o 23 nuclectides in length. indeed, in certain
embodiments, a double-stranded DNA region may be ingluded within a dsRNA for purpose of
direcling prevalent Dicer excision of a typicaily non-preferred 19mer or 20mer siRNA, rather
than a 21mer.

[0148] As used herein, "overhang” refers {0 unpaired nucleotides, in the context of a duplex
having one or more free ends at the 5 terminus or 3' terminus of a dsRNA. In certain
embodiments, the overhang is a 3' or & overhang on the antisense sirand or sense strand. in
some smbodiments, the overhang is a 3' overhang having a length of between one and six
nucleotides, optionally one 1o five, one to four, one 1o three, one 10 two, two 10 six, two to five,
two 1o four, two to thres, three {o six, three lo five, three 1o four, four o six, four to five, five lo
six nucleotides, or one, two, three, four, five or six nucleotides.

[0148] A dsRNA of the invenlion comprises fwo RNA sirands that are sufficiently
complementary fo hybridize o form a duplex slructure. One strand of the dsRNA (the
antisense strand} comprises a region of complementiarity that is subsiantially complementary,
and generally fully complementary, o a larget sequence, derived from the sequence of an
mRNA formed during the expression of the B-calenin target gene, the other strand (the sense
strand) comprisas a region which is complementary to the antisense strand, such that the two
sirands hybridize and form a duplex structure when combined under suitable conditions.
Generally, the duplex structure according to the disclosure is between 15 and 35, optionally
between 25 and 30, betwsen 26 and 30, between 18 and 25, between 19 and 24, or between
19 and 21 base pairs in length. in the present invention, the duplex struciure is at ieast 2§
base pairs in length. Similarly, the region of complementarity to the target sequence is between
15 and 35, oplionally between 18 and 30, between 25 and 30, betlween 19 and 24, or between
19 and 21 nuclectides in length. The dsRNA of the invention may further comprise one or more
single-stranded nucleotide overhang(s). It has been identified that dsRNAs comprising duplex
structures of between 15 and 35 base pairs in iengih can be eflective in inducing RNA
interference, including DsiRNAs (generally of at least 25 base pairs in length) and siRNAs (in
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certain embodiments, duplex structures of siRNAs are between 20 and 23, and optionally,
spacifically 21 base pairs (Elbashir ef al.,, EMBO 20: 6877-6888)). It has also been identified
that dsRNAs possessing duplexes shorter than 20 base pairs can be effeclive as well {e.g., 15,
16, 17, 18 or 19 base pair duplexas}. in ceriain embodiments, the dsRNAs of the invention can
comprise at least one strand of a length of 19 nucleotides or more. In gertain embodiments, it
can be reasonably expected that shorier dsRNAs comprising a sequence complementary o
one of the sequences of Table 10 below, minus only a few nuclectides on one or both ends
may be similarly effective as compared {o the dsRNAs described above and in Tables 2-5 and
7-10. Hence, dsRNAs comprising a partial sequence of at least 15, 18, 17, 18, 19, 20, or morse
contiguous nucleotides sufficiently complementary 1o one of the sequsnces of Table 10, and
differing in their ability to inhibit the expression of the f-catenin target gene in an assay as
described herein by not more than 5, 10, 15, 20, 25, or 30% inhibition from a dsRNA
comprising the full sequence, are contemplated by the invention. In one embodiment, at least
one end of the dsRNA has a single-stranded nucleotide overhang of 1 to §, optionally 1 {0 4, in
certain embodiments, 1 or 2 nucleotides. Certain dsRNA structures having at least one
nucleotide overhiang possess superior inhibitory properties as compared o counterparis
possessing base-paired biunt ends al both ends of the dsRNA moleculs.

[r158] As used herein, the {ferm "RNA processing” refers o processing activities performed by
components of the siRNA, miRNA or RNase H pathways (e.g., Drosha, Dicer, Argonaute2 or
other RISC endoribonucleases, and RNaseH), which are described in greater delail below {see
"RNA Processing” section below). The ferm is explicitly distinguished from the post
transcriptional processes of 5' capping of RNA and degradation of RNA via non-RISC- or non-
RNase H-mediated processes. 3uch "degradation” of an RNA can take several forms, e.g.
deadenylation (removal of a 3 poly(A) tail), and/or nuclease digestion of part or all of the body
of the RNA by one or more of several endo- or exo-nucieases {e.g., RNase i, RNase P
RiNase T1, RNase A (1, 2, 3, 4/5), oligonucieotidase, eic.).

[0181} By "homologous sequence” is meant, a nucleotide sequence that is shared by one or
more polynucleotide sequences, such as genes, gene transcripls and/or non-coding
polynuclectides. For example, a homologous sequence can be a nucleotide sequence thal is
shared by two or more genes encoding related but different proteins, such as different
members of a gene family, different protein epifopes, different prolein isoforms or completely
divergent genes, such as a cyiokine and its corresponding recepiors. A homologous sequence
can be a nucleotide sequence that is shared by two or more non-coding polynucleotides, such
as noncoding DNA or RNA, regulatory sequences, introns, and sites of transcriptional control
or regulation. Homologous sequences can also include conserved sequence regions shared by
more than one polynucleotide sequence. Homology does not need (o be perfect homology
{e.g., 100%), as partially homologous sequences are also contemplated by the instant
invention {e.g., 89%, 98%, 97%, 96%, 95%, 24%, 83%, 92%, 91%, 90%, 89%, 88%, 87%, 86%,
B85%, 84%, 83%, 82%, 81%, 80% etc.). Indsed, design and use of the DsiRNA agents of the
instant invention contemplates the possibility of using such DsiRNA agents not only against
target RNAs of B-calenin possessing perfect complementarity with the presently described
DsiRNA agents, but also against targst B-catenin RNAs possessing sequences that are, e.g.,
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only 99%, 98%, 97%, 96%, 95%, 94%. 93%, 92%, 51%, 90%, 8%%, 88%, 87%, 86%, 85%,
84%, 83%, 82%, 81%, 80% etc. complementary io said DsiRNA agents. Simiarly, # is
contemplated that the presently described DsiRNA agents of the instant invention might be
readily altered by the skilled artisan to enhance the exient of complementarity between said
DsiRNA agents and a target B-catenin RNA, e.g., of a specific allelic variant of $-catenin {e.g.,
an allele of enhanced therapeulic interest). Indeed, DsiRNA agent sequences with insartions,
deletions, and single point muiations relative to the target B-calenin sequence can alsc be
effective for inhibition. Alternalively, DsIRNA agent sequences with nucieotide analog
substitutions or insertions can be effective for inhibition.

[0182] Sequence idenlity may be determined by sequence comparison and alignment
algerithms known in the art. To determine the percent identily of two nucisic acid sequences
{or of two amino acid sequences), the sequences are aligned for comparison purposes {e.9.,
gaps can be introduced in the first sequence or second sequence for optimal alignment). Ths
nuclectidss {or amino acid residues) at corresponding nucleotide (or amino acid) positions are
then compared. When a position in the first sequence is occupied by the same residue as the
corresponding position in the second sequence, then the molecules are identical at that
position. The percent identity belween the two sequences is a funclion of the numbser of
identical positions shared by the sequences (i.e., % homology=# of identical positions/total # of
positions.times. 100), optionally penalizing the score for the number of gaps introduced andfor
fength of gaps infroduced.

[0183] The comparison of sequences and determination of percent identity helween two
sequences can be accomplished using a mathematical algorithm. In one embodiment, the
alignment generated over a certain portion of the sequence aligned having sufficient identily
but not over portions having low degree of identity {.e., a Iocal alignment). A preferred, non-
fimiting example of a local alignment algorithm utilized for the comparison of sequences is the
algorithm of Karlin and Altschul (1990) Proc. Natl. Acad. Sci. USA 87:2264-68, modified as in
Karlin and Altschul {1993} Proc. Nath Acad. Sci USA 90:5873-77. Such an algorithm is
incorporated info the BLAST programs (version 2.0) of Altschul, et al. (1980) J. Mol Biol
215:403-10.

[01541 In another embodiment of the disclosure, a gapped alignment is formed by introducing
gaps, and percent identily is determined over the length of the aligned sequences. To obiain
gapped alignments for comparison purposes, Gapped BLAST can be utilized as described in
Altschul et al., (1997) Nucleic Acids Res. 25(17):3389-3402. In another embodiment, a global
alignment is formed by introducing gaps, and percent identity is determined over the entire
length of the sequences aligned. A preferred, non-limiting example of a mathematical algorithm
utilized for the global comparison of sequences is the algorithm of Myers and Miller, CABIOS
(1983}, Such an algorithm is incorporated into the ALIGN program {version 2.0} which is part of
the GCG sequence alignment software package. When ulilizing the ALIGN program for
comparing amino acid sequences, a PAM120 weight residue table, a gap length penaity of 12,
and a gap penalty of 4 can be used.
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[015858] Grealer than 80% sequence identily, e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, %1%, 92%, 93%, 94%, 95%, 86%, 97%, 98%, 99% or even 100% sequence
identity, between the DsiRNA antisense strand and the portion of the $-catenin RNA sequence
is preferred. Allernatively, the DsiRNA may be defined funclionally as a nucieotide sequence
{or oligonuclectide sequence) that is capable of hybridizing with a portion of the B-catenin RNA
(2.g., 400 mM NaCl, 40 mM PIPES pH 6.4, 1 mM EDTA, 50°C or 70°C hybridization for 12-16
hours,; followed by washing). Additional preferred hybridization conditions include hybridization
at 70°C in 1x8SC or 50°C in 1x83C, 50% formamide followed by washing at 70°C in 0.3x88C
or hybridization at 70°C. in 4x85C or 50°C in 4x58C, 50% formamide followed by washing at
67°C in 1x8SC. The hybridization temperalure for hybrids anticipated to be less than B0 bass
pairs in length should be 5-10°C less than the melting temperature {(Tm) of the hybrid, where
Tm is determined according to the following equations. For hybrids less than 18 base pairs in
length, Tm{°C)=2{# of A+T bases)+4{# of G+C bases). For hybrids between 18 and 49 base
pairs in length, Tm{°C)=81.5+16.6(log 10[Na+]}+0.41 (% G+C)-(600/N), where N is the number
of bases in the hybrid, and [Na+}] is the concentration of sodium ions in the hybridization buffer
([Na+] for 1x88C=0.165 M). Additional examples of stringency conditions for polynucleotide
hybridization are provided in Sambrook, J., E. F. Fritsch, and T. Maniatis, 1989, Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Laboralory Press, Cold Spring Harbor, N.Y.,
chapters 9 and 11, and Current Prolocols in Molecular Biology, 1995, F. M. Ausubel et al,, eds.,
John Wiley & Sons, Inc., sections 2.10 and 6.3-6.4. The length of the identical nucleotide
sequences may be atleast 10, 12, 15, 17, 20, 22, 25, 27 or 30 bases.

[0158] By "conserved sequence region” is meant, a nucleotide sequence of ong or more
regions in a polynucieotide does not vary significantly betwsen generations or from one
biclogical system, subject, or organism to another biological system, subject, or organism. The
polynuclectide can include both coding and non-coding DNA and RNA.

[0187] By "sense region” is meant a nucleotide sequence of a DsiRNA molecule having
complementarity to an antisense region of the DsiRNA molecule. In addition, the sense region
of a DsiRNA molecule can comprise a nucleic acid sequence having homology with a target
nucleic acid sequence.

[0158] By "antisense region” is meant a nucleotlide sequence of a DsiRNA molecule having
complementarity to a targst nucleic acid sequence. In addition, the antissense region of a
DsiRNA molecule comprises a nucleic acid sequence having complementarily o a sense
ragion of the DsiRNA molecule.

[0159] As used herein, "antisense sirand” refers to a single stranded nucleic acid molscule
which has a sequence complementary to that of a target RNA. When the antisense strand
contains modified nuclectides with base analogs, it is nol necessarily complementary over ils
entire length, but must at least hybridize with a target RNA

[0160] As used herein, "sense strand"” refers 1o a single stranded nucleic acid molecule which
has a sequence complementary to thal of an antisense strand. When the antisense strand
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contains modified nucleotides with base analogs, the sense strand need not be complementary
over the entire length of the antisense strand, but must at Isast duplex with the antisense
sirand.

[0161] As used herein, "guide strand” refers to a single stranded nucleic acid molecule of a
dsRNA or dsRNA-containing molecules, which has a sequence sufficiently complementary to
that of a target RNA fo resuil in RNA interference. After cleavage of the dsRNA or dsRNA-
containing molecule by Dicer, a fragment of the guide strand remains associated with RISC,
binds a target RNA as a component of the RISC complex, and promotes cleavage of a target
RNA by RISC. As used herein, the guide sirand does not necessarily refer to a continuous
single stranded nucleic acid and may comprise a discontinuity, preferably at a site that is
cleaved by Dicer. A guide strand is an antisense strand.

[0162] As used herein, "passenger strand” refers to an cligonuclectide strand of a dsRNA or
dsRNA-containing molecuie, which has a sequence that is complementary to that of the guide
strand. As used herein, the passenger strand does not necessarily refer to a continuous single
stranded nucisic acid and may comprise a discontinuity, preferably at a site that is cleaved by
Dicer. A passenger strand is a sense strand.

[0163] By "target nucieic acid” is meant a nucleic acid sequence whose expression, level or
activity is to be modulated. The target nucleic acid can be DNA or RNA. For agents that target
AR, in certain embodiments target nudieic acid is §-catenin RNA. B-catenin RNA target sites
can also interchangeably be referenced by corresponding cDNA seguences. Levels of B-
catenin may aisc be targeted via targeting of upstream effectors of B-catenin, or the effects of
modulated or misregulated B-catenin may also be modulated by largeting of molecules
downstream of §-catenin in the B-calenin signaliing pathway.

[0164] By "complementiarity" is meani that a nucleic acid can form hydrogen bond(s) with
ancther nucleic acid seguence by either traditional Watson-Crick or other non-traditional types.
In reference to the nucleic molecules of the present invention, the binding free energy for a
nucleic acid molecule with its complementary sequence is sufficient to allow the relevant
function of the nucleic acid o proceed, e.g., RNAJ aclivity. Determination of binding free
energies for nucleic acid molecules is well known in the art {see, e.g., Turner et al., 1987, CSH
Symp. Guant. Biol L pp. 123-133; Frier et al., 1986, Proc. Nat. Acad. Sci. USA 83:9373-8377;
Turner et al, 1987, J. Am. Chem. Scc. 102:3783-3785). A percent complementarity indicales
the percentage of conliguous residues in a nucleic acid molecule that can form hydrogen
bonds {a.g., Waison-Crick base pairing) with a sscond nucleic acid seguence {(e.g., 5, 6, 7, 8,
9, or 10 nucleotides out of a total of 10 nucleoctides in the first cligonucleotide being based
pairad to a sscond nucleic acid sequence having 10 nucleotides represents 50%, 60%, 70%,
80%, 90%, and 100% complementary respectively}. "Perfectly complementary” means that all
the contiguous residues of a nucleic acid sequence will hydrogen bond with the same number
of contiguous residues in a second nucleic acid sequence. In one embodiment, a DsiRNA
molecule of the disclosure comprises 19 to 30 (e.g., 19, 20, 21, 22, 23, 24, 25, 28, 27, 28, 28,
or 30 or more} nucksotides thal are complementary o one or more target nucleic acid
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moiecules or a portion thereof,

[0165] In one embodiment, DsiRNA molecules of the invention that down regulale or reduce
B-catenin gene sxpression are usaed for itreating, preventing or reducing B-calenin-related
diseases or disordsrs {e.g., cancer} in a subject or organism.

[166] In one embodiment of the disclosure, each sequence of a DsiRNA molecule of the
invention is independently 25 to 35 nucleotides in length, in specific embodiments of the
disclosure each sequence of the DsiRNA molecule is independently 25, 26, 27, 28, 29, 30, 31,
32, 33, 34 or 35 nuclectides in length. In another embodiment, the DsiRNA duplexes of the
invention independently comprise 25 to 30 base pairs {(e.g., 25, 26, 27, 28, 29, or 30}. In
another embodiment of the disciosurs, one or more strands of the DsiRNA molecuie of the
invention independently comprises 18 to 35 nucieolides (s.g., 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, 32, 33, 34 or 35) that are complementary to a farget (AR) nucleic acid
molecule. In ceriain embodiments, a DsiRNA molecule of the invention possesses a length of
duplexed nucleotides between 25 and 34 nuclectides in length {e.g., 25, 26, 27, 28, 29, 30, 31,
32, 33 or 34 nuclectidaes in length; optionally, all such nucleotides base pair with cognate
nucleotides of the opposite strand). {Exemplary DsiRNA molecules of the invention are shown
in Figure 1, and below.

[0167} As used hersin "cell” is used in its usual biclogical sense, and doss not refer o an
entire mutlticellular organism, e.g., specifically does not refer to a human. The cell can be
present in an organism, e.g., birds, plants and mammals such as humans, cows, sheep, apes,
monkeys, swine, dogs, and cats. The celi can ba prokaryotic {e.g., bacterial cell) or eukaryotic
{e.g., mammalian or plant cell}. The cell can be of somatic or germ line origin, (otipotent or
pluripoient, dividing or non-dividing. The cell can also be derived from or can comprise a
gameste or embryo, a stem cell, or a fully differentiated cell. Within cerfain aspecls, the term
"cell" refers specifically to mammalian cells, such as human cells, that contain one or more
isolated dsRNA molecules of the present disclosure. In particular aspects, a cell processss
dsRNAs or dsRMNA-containing molecules resulting in RNA intereference of targetl nucleic acids,
and conlains proteins and protein complexes required for RNAI, e.g., Dicer and RISC.

[0168] In certain embodiments, dsRNAs of the invention are Dicer subsirate siRNAs
("DsiRNAs"). DsiRNAs can possess certain advantages as compared o inhibitory nucleic acids
that are not dicer substrates {"non-DsiRNAg"). Such advantages include, but are not imited {o,
enhanced duration of effect of a DsiRNA relative to a non-DsiRNA, as well as enhanced
inhibifory activity of a DsiRNA as compared o a non-DsiRNA (e.g., a 19-28mer siRNA) when
gach inhibitory nucleic acid is suitably formulated and assessed for inhibitory aclivity in a
mammalian cell at the same concentration (in this latler scenario, the DsiRNA would be
identilied as more potent than the non-DsiRNA). Detection of the enhanced potency of a
DsiRNA relative to a non-DsiRNA is often most readily achieved at a formulated concentration
(r.g., transfection concentration of the dsRNA) that resulis in the DsiRNA eliciting
approximately 30-70% knockdown aclivity upon a target RNA {(e.g., 8 mRNA}Y For active
DsiRNAs, such levels of knockdown activity are most often achieved at in vitro mammalian cell
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DsiRNA transfeclion concentrations of 1 nM or isss of as suitably formulated, and in certain
instances are observed at DsiRNA transfection concentrations of 200 pM or less, 100 pM or
less, S0pM or less, 20 pM or less, 10 pM or less, 5 pM or less, or even 1 pM or less. Indeed,
due to the variabilily among DsiRNAs of the pracise concentration at which 30-70% knockdown
of a target RNA is observed, construction of an IC30 curve via assessment of the inhibifory
activity of DsiRNAs and non-DsiRNAs across a range of effective concentrations is a preferred
method for detecting the enhanced potency of a DsiRNA relative to a non-DsiRNA inhibitory
agent.

[0168] in ceriain embodiments, a DsiRNA (in a state as initially formed, prior fo dicer
cleavage) is more potent at reducing B-catenin fargel gene expression in a mammalian cell
than a 19, 20, 21, 22 or 23 base pair sequence that is contained within #. In certain such
embodiments, a DsiRNA prior to dicer clgavage is more polent than a 19-21mer contained
within it. Optionally, a DsiRNA prior to dicer cleavage is more potent than a 19 base pair dupiex
contained within it thai is synthesized with symmetric dTdT overhangs (thereby forming a
siRNA possessing 21 nucleotide strand lengths having dTdT overhangs). In certain
ambodimeants, the DsiRNA Is more potent than a 18-23mer siRNA (2.g., a 1% base pair duplex
with dTdT overhangs) that targets at least 15 nucleotides of the 21 nucleolide target sequence
that is recited for a DsiRNA of the invention {without wishing to be bound by theory, the identity
of a such a target site for a DsiRNA is identified vig identification of the Ago2 cleavage site for
the DsiRNA; once the Ago2 cleavage sile of a DsiRNA is determined for a DsiRNA
identification of the Ago2 cleavage site for any other inhibitory dsRNA can be performed and
these Ago2 cleavage siles can be aligned, thereby determining the alignment of projected
target nuclectide sequences for muitiple dsRNAs). In certain related embodiments, the DsiRNA
is more potent than a 18-23mer siRNA that targsts at least 20 nuclgotides of the 21 nuclectide
targel sequence that is recited for a DsiRNA of the invention. Optionally, the DsiRNA is more
potent than a 19-23mer siRNA that targets the same 21 nucleotide targst sequence that is
recited for a DsiRNA of the invention. In certain embodiments, the DsiRNA is more potent than
any 21mer siRNA that targets the same 21 nucleotide larget sequence that is recited for a
DsiRNA of the invention. Optionally, the DsiRNA is more potent than any 21 or 22mer siRNA
that targets the same 21 nucleotide target sequence that is recited for a DsiRNA of the
invention. In certain embodiments, the DsiRNA is more potent than any 21, 22 or 23mer siRNA
that targets the same 21 nucleolide targel sequence that is reciled for a DsiRNA of the
invention. As noted above, such potency assessmienis arg most effectively performed upon
dsRNAs that are suitably formulated (e.g., formulated with an appropriate transfection reagent)
al a concentration of 1 nM or less. Oplionally, an IC50 assessment is performed to evaluate
aclivity across a rangs of effective inhibitory concentrations, thereby allowing for robust
comparison of the relative polencies of dsRNAs so assayed.

(01781 The dsRNA molecuies of the invention are added directly, or can be complexed with
lipids (e.g., cationic lipids), packaged within liposomes, or otherwise delivered io target cells or
tissues. The nucleic acid or nucleic acid complexes can be locally administered to relevant
tissues ex vivo, or in vivo through direct dermal application, transdermal application, or
injection, with or without thelr incorporation in biopolymers. In particular embodiments, the
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nucleic acid molecules of the invention comprise sequences shown in Figure 1, and the below
exemplary structures. Examples of such nuclsic acid molecules consist essentially of
sgquences defined in these figures and exemplary structures. Furthermore, where such
agenis are modified in accordance with the below description of modification patterning of
DsiRNA agents, chemically modified forms of constructs described in Figure 1, and the below
exemplary structures can be used in all uses described for the DsiRNA agents of Figure 1, and
the below exemplary structures.

[01711 In another aspedt, the invention provides mammalian celis containing one or mors
DsiRNA molecules of this invention. The ons or morg DsiRNA molecules can independently be
targeled io the same or different sites.

[0172} By "RNA"is meant a molecule comprising at least one, and preferably at least 4 | 8 and
12 ribonucleotide residues. The at least 4,8 or 12 RNA residues may be conliguous. By
"ribonucieotide” is meant a nucleotide with a hydroxyl group at the 2' position of a $-D-
ribofurancse moiety. The terms include double-stranded RNA, singie-stranded RNA, isclated
RNA such as partially purified RNA, essentially pure RNA, synthelic RNA, recombinantly
produced RNA, as well as allered RNA that differs from naturally occurring RNA by the
addition, deletion, substitution and/or alteration of one or more nuclectides. Such alterations
can include addition of non-nucleotide material, such as 1o the end(s) of the DsiRNA or
internally, for example al one or more nuclectides of the RNA. Nuclectides in the RNA
moiecules of the instant invention can alsc comprise non-standard nucleotides, such as non-
naturally occurring nucleotides or chemically synthesized nucleotides or deoxynucleotides.
These altered RNAs can be referred {0 as analogs or analogs of naturaliy-occurring RNA.

[0173] By "subject” is meanti an organism, which is a donor or recipient of explanied cells or
the cells themseives. "Subject” alsc refers to an organism to which the DsiRNA agents of the
invention can be administered. A subject can be a mammal or mammalian cells, including a
human or human cells.

[0174] The phrase "pharmaceutically acceptable carrier” refers to a carrier for the
administration of a therapeutic agsenit. Exemplary carriers inciude saline, buffered saling,
dextrose, waler, giycerol, ethanol, and combinations thereof. For drugs administered orally,
pharmaceutically acceplable carriers include, but are not limited to pharmaceutically
acceptable excipienis such as inert diluents, disintegraling agents, binding agents, lubricating
agents, sweelening agents, flavoring agents, coloring agents and preservatives. Suitable inert
diluents include sodium and calcium carbonate, sodium and calcium phosphate, and lactose,
while corn starch and alginic acid are suitable disintegraling agents. Binding agenis may
includs starch and gelatlin, while the lubricaling agent, if present, will generally be magnesium
stsarate, slearic acid or ialc. If desired, the {ablels may be coated with a material such as
ghyceryl monostearate or glyceryl distearale, to delay absorption in the gastrointestinal tract.
The pharmaceutically accepiable carrier of the disclosed dsRNA compaositions may be miceliar
structures, such as a liposomes, capsids, capsoids, polymeric nanocapsules, or polymeric
microcapsules.
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(0178} Polymeric nanocapsules or microcapsules facllitate transport and release of the
encapsulated or bound dsRNA into the cell. They include polymeric and monomeric malerials,
especially including polybutyicyanoacrylate. A summary of materials and fabrication methods
has been published (see Kreuler, 1991). The polymeric malerials which are formed from
monomeric and/or oligomeric precursors in the polymerization/nanoparticle generation step,
are per se known from the prior art, as are the molecular weights and molecular weight
distribution of the polymeric material which a person skilled in the field of manufacturing
nanoparticles may suitably select in accordance with the usual skill.

[0178] Various methodologies of the instant invention include step that involves comparing a
value, level, fealure, characteristic, properly, elc. to a "suilable control’, referred to
interchangeably herein as an "appropriaie control®. A "suitable control” or "appropriate controf
is a control or standard familiar to one of ordinary skill in the art useful for comparison
purposes. In one embodiment, a "suitable conirol' or "appropriate control” is a value, level,
feature, characterisiic, property, eic. determined prior to performing an RNAI msthodology, as
described herein. For example, a transcriplion rate, mRNA level, translation rate, protein level,
biclogical activity, cellular characieristic or properly, genotyps, phenotype, setc. can be
determined prior to introducing an RNA silencing agent {s.g., DsiRNA} of the invention inlo a
cell or organism. In another embodiment, a "suilable control” or "appropriate control” is a
value, level, feature, characteristic, property, stc. dstermined in a cell or organism, e.g., a
control or normal cell or organism, exhibiling, for exampie, normal traits. In yel another
embodiment, a "suitable control” or "appropriate control” is a predefined value, level, featurs,
characieristic, property, etc.

[0177] The term "in vitro" has its art recognized meaning, e.g., involving purified reagents or
extracts, e.g., cell extracls. The term "in vivo" also has its art recognized meaning, e.g.,
involving living cells, e.g., immortalized cells, primary ceils, cell lines, andfor c¢ells in an
organism.

[78] "Treatment”, or "reating” as used herein, is defined as the application or administration
of a therapeutic agent (e.g., a DsiRNA agent or a vector or transgene encoding sams) o a
patient, or application or administration of a therapeutic agent to an isclated tissue or cell line
from a patient, who has a disorder with the purpose 0 curg, heal, alleviale, relieve, alter,
remedy, amsliorate, improve or affect the disease or disorder, or symptoms of the disease or
disorder. The term "treatment” or "reating” is aisc used herein in the context of administering
agents prophylaclically. The lerm "effective dose” or "effective dosage" is defined as an
amount sufficient 1o achieve or at least partially achieve the desired effect. The term
"therapeutically effective dose" is defined as an amount sufficient to cure or at least partially
arrest the disease and its complications in a patient already suifering from the disease. The
term "patisnt” includes human and other mammalian subjects that receive either prophylactic
or therapeutic treatment.

Structurss of Antl-B-catenin DsiRNA Agents



DK/EP 2591105 T3

[01781 in cerlain embodiments, the anti-B-catenin DsIRNA agents of the invention have the
following structures:

In one such embodiment, the DsiRNA comprises:
E0.9.9.0 9.4 0.9.0.9.9.0.0.9.0.9.0.9.0.9.0.9.¢.9.¢
3" YOOI KA-5

wherein "X"=RNA and "Y" is an overhang domain comprised of 1-4 RNA monomers that arg
optionally 2'-0O-methyt RNA monomers. In a related embodiment, the DsiRNA comprises:

BRGSO L0000 08000 E0 ¢0 ¢V DIKY
KER 0 0.$9.9.0.90.9.0.0.0.9.¢.9.0.0.0.9.¢.0.¢.9.¢.9.C)

wherein "X"=RNA, "Y" is an overhang domain comprised of 1-4 RNA monomers thal are
optionally 2'-0O-methyl RNA monomers, and "D"=DNA. In one embodiment, the top strand is the
sense strand, and the boltom strand is the antisense strand. Alternatively, the botlom strand is
the sense strand and the top strand is the antisense sirand.

[0180] DsiRNAs of the invention can carry a broad range of modification patierns {e.g., 2°-O-
methyl RNA patterns, e.g., within extended DsiRNA agenis). Certain modification patterns of
the second sirand of DsiRNAs of the invention are presented below.

[0181} In one embodiment, the DsiRNA comprises:
PR OS SO0 0000.090.0.009.09.¢409.Cx)

EER P 0.00.9.0.9.9.9.9.9.0.0.09.09.09.09.004C)

wherein "X"=RNA, "X'=2-0-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-C-methyl RNA monomers and underlined residues are 2'-0-
methyl RNA monomers. In a related embodiment, the DsiRNA comprises:

B KOO AKXDD- 31

KRR £.0.0.0.0.0.9.0.9.0.9.¢.9,0.9.0.6.9.69.¢.0.0.0 ¢.C,)

wherein "X"=RNA, "X"=2-0O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-C-methyl RNA monomers and underlined residues are 2'-0-
methyl RNA monomers, and "D"=DNA. The top strand is the sense sltrand, and the boltom
strand is the antisense strand.

[0182] In ancther such embodiment, the DsiRNA comprises:
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HER S GO0 000.00.9.9.9.0.9.0.9.¢.9.0.6.0.9 .6

KR 000,000 09090900 9.0 0,909,040 6.¢.C)

wherein "X"=RNA, "X"=2"-0O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-O-methyl RNA monormers and underlined residues are 2'-0-
methyl RNA monomers. In a related embodiment, the DsiRNA comprises:

RN O RO E80.0.0.9.0.00.0.0.000.00.0045 0K}

wherein "X"=RNA, "X"'=2'-C-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-O-methyl RNA monomers, underlined residues are 2-0-
methyl RNA monomers, and "D"=DNA. The top sirand is the sense sirand, and the botiom
strand is the antisense strand.

[0183} In another such embodiment, the DsiRNA comprises:

EER OO0 O 000 9.04.0.0.0.60.600.00.00.50)

wherein "X'=RNA, "X"'=2"-0O-meathyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-O-methyl RNA monomers and underlined residues are 2'-0-
methyl RNA monomers. In a relaied embodiment, the DsiRNA comprises:

G- XK KHKKKAKAKXDD-3
KER .9.0.9.0.9.9.9.9.9.9.9.9.0.0.9.9.9.9,9.09.¢.0¢.C)

wherein "X"=RNA, "X'=2'-0O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-OC-methyl RNA monomers, underlined residuses are 2'-0O-
methyl RNA monomers, and "D"=DNA. The top strand is the sense strand, and the botiom
strand is the antisense strand.

[0184]} in further embodiments, the DsiRNA comprises:
RENE 000 00.0099.0.909:009.09¢9¢¢¢40Cx)
KRR 000 9.¢.0.0.99.9.9.9.96.9.9.9.9.09.¢.9.¢9.9 G}

wherein "X"=RNA, "X'=2'-O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-O-methyl RNA monomers and underlined residues are 2'-0-
methyl RNA monomers. In a related embodiment, the DsiRNA comprises:

5 KX KHKKKA KKK KKK KKDD- 3

KER £.0.0.0.0.0.9.0.9.0.9.0.9.0.99.69.6.9.¢.0.0.9.9,C)
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wharein "X"=RNA, "X"=2'-0O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers thal are optionally 2-C-methyt RNA monomers, underlined residues are 2'-0-
methyl RNA monomers, and "D"=DNA. The top strand is the sense strand, and the bottom
strand is the anlisense strand. In one relgted embodiment, the DsIRNA comprises:

&' XA HHHAXKH KX KHIKKKAK-3
KRN0 0 00.0.0.8.0.0.0.9.9.9.0,.9.0.6.0.¢:0.¢.0.6.9.9,C5)

wherein "X'=RNA and "X'=2'-O-methyl RNA. In g further relaled embodiment, the DsiRNA
comprises:

B XXX DD- 3"
3 XOCOOOOOOOCQOCOOOOCOCONK-5'

wherein "X"=RNA, "'=2'-0-methyl RNA, and "D"=DNA. The top strand is the sense strand,
and the bottom sirand is the antisense strand.

[0185] In additional embodiments, the DsiRNA comprisss:
EER OGS 0800060604 090009090900 50
KED 9.9.6 0.4 00 C 0000000000000 0.0 0.0.CY

wherein "X"'=RNA, "X"'=2-0-msthyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-O-methyl RNA monomers and underlined residues are 2'-0-
methyl RNA monomers. In a related embodiment, the DsiRNA comprises:

B 0000000 00900.0.60.60.0.0.60(0BECY
KER 9.9.0.9.0.0.9.0.9.9.9.9.9.0.¢.9.0.9.0.9.¢.9.:¢.9.9.Cs)

wherein "X"=RNA, "X'=2-0O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-O-methyl RNA monomers, underlined residues are 2'-0O-
methyl RNA monomers, and "D"=DNA. The top strand is the sense strand, and the boltom
strand is the antisense strand. The top strand is the sense strand, and the bottom strand is the
antisense strand. In another related embodiment, the DsiRNA comprises:

&= KOO AN K-
EEN. 00, 0.0.0.8.0.6.0.9.0.9.0.0.0,0.0.0.0.0.0.0.¢0.4.9.C5)

whergin "X"=RNA and "X"=2-0O-methyl RNA. The top strand is the sense strand, and the
botiom strand is the antisense strand. In a further related embodiment, the DsiRNA comprises:

520K KOIKIKKIKAKDD-3

3 XOOOOCOOCUOOOOOOOCONK-5'
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whersin "X"=RNA, "X"=2'-O-methyl RNA, and "D"=DNA. The top strand is the sense sirand,
and the botiom sirand is the antisense strand.

[0188] In other embodiments, the DsiRNA comprises:
E0.8:0.0.0.8.0.9.0.40.9.690.90.9.040.¢0.6.63
KER0 0894 0.69.69.4.9.$0.9.96.04600.¢649.0)

wherein "X"=RNA, "X"=2'-0O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are opticnally 2'-O-methyl RNA monomers and underlined residues are 2'-0-
methyl RNA monomers. The top sitrand is the sense strand, and the bottom sirand is the
antisense strand. In a related embodiment, the DsiRNA comprises:

REVS G000 0.0.080.0.0.80.0.0.0.0.0.0.0.¢.(5 DY
KN 0.0.9.0.0.0.0.00.9.0.9.99.¢.9.¢.5 ¢.0.¢.0.¢.4.¢.C3

wherein "X"=RNA, {'=2"-0O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-O-methyl RNA monomers, underlined residues are 2'-0-
methyl RNA monomers, and "D"=DNA. The top strand is the sense strand, and the boltom
strand is the aniisense strand. In one related embodiment, the DsiRNA comprises:

RN O90.9.0.0.9.6.9.9.9.99.9.0.9.9.9.0.9.0.9.0.9,0¢}
EEN.0.0.0.0.0.0.0.0.0.0:.0.0.0.0.0.0.9.0.0 0.0 ¢.0.0.¢ ¢.C

wherein "X"=RNA and "X'=2-O-methyt RNA. The top sirand is the sense sirand, and the
boltom strand is the anlisense strand. In another ralated embodiment, the DsiRNA comprises:

& XROEOCOCCOEOCOKKDD- 3
EEN.0.9.0.9.0.8.0.8.0.9.0.90.0.0.9.0.0.0.0.0.0.00.00.05)

wherein "X"'=RNA, "X'=2"-O-methyl RNA, and "D"sDNA. The top slrand is the sense sirand,
and the botiom strand is the antisense strand.

[01871 In further embodiments, the DsiRNA comprises:
EES 0.0.0.9.0.0.0.9.0.80.0.0.0.0.60.696.060 .00
KER£.9.8.0.9.0.9.9.00.4.9.9.0.9.0.9.0.9.¢0.¢99.9,¢5)

wherein "X"=RNA, "X'=2'-0O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are opticnally 2'-O-methyl RNA monomers and underlined residues are 2'-0-
methyl RNA monomers. The top strand is the sense slrand, and the bhottom strand is the
antisense strand. In a related embodiment, the DsiRNA comprises:

B 200000 XHOCOCOKAKDD-3
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KRN 0:8.9.8.0.9 0.9.0.9.9.0.9.9.0.6,0.9.09.0900.4.C:)

whaerein "X"=RNA, "X"=2"-O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-C-methyl RNA monomers, underlined residues are 2'-0O-
methyl RNA monomers, and "D"=DNA. The top strand is the sense strand, and the botiom
strand is the anlisense strand. In one related embodiment, the DsiRNA comprises:

SRV RO 0.8.0.6.0.0.0.90.0.0000.00.00.00.00
KE.$.9.9.9.:9.0.9.0.9.0.9.9.9.0.4.0.9,0.9.0.5 .94 ¢.¢.C)

wherein "X"=RNA and "X'=2'-0-methyl RNA. The top strand is the sense strand, and the
boltom strand is the antisense strand. In a further related embodiment, the DsiRNA comprises:

&' XCOCOCOCOCOCOCOCOCOGKKDD-3
KRN E00.00.0000.00.0.0.0,.¢.0.0.09.04.0¢9.¢,C)

whergin "X'=RNA, "X"=2'-C-mathyl RNA, and "D"=DNA. The top strand is the sense strand,
and the bottom strand is the antisense strand.

[0188] In additional embodiments, the DsiRNA comprises:
5= KX IR HKK KA KNK-F
KR 0.0.9.9.8.0.8.0.80.0.¢.9,0.9.9.¢.9.0.0.0.0.0.9.9,0:3

wherein "X=RNA, "X"=2-0O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionailly 2'-0O-methyl RNA monomers and underlined residues are 2°-0-
methyl RNA monomers. The top sitrand is the sense strand, and the botiom sirand is the
antisense strand. In a related embodiment, the DsiRNA comprises:

& X ROEOCOKAKDD- 3
KRN .0.0.8.0.9.9.0.9.9.9.9.9.9.¢.9.0.9.¢.9.¢.9.¢.9.9.C5)

wherein "X"'=RNA, "X'=2"-O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are oplionally 2'-C-methyl RNA monomers, underlined residuss are 2'-0-
methyl RNA monomers, and "D"=DNA. The top strand is the sense strand, and the botiom
strand is the anlisense strand. in another relaled embodiment, the DsiRNA comprises:

RN O 0.0.0.8.0.6.9.9.0.9.9.0.0.0.00.00.00.00,00
KE).8.0.8.9.9.0.9.0.9.0.9.0.9.0.9.0.9.0.9.0.50.9.9.9.¢.C)

wherein "X"=RNA and "X'=2'-0-methyl RNA. The top strand is the sense strand, and the
bottom strand is the antisense strand. In a further related embodiment, the DsiRNA comprises:

&' XRCOCAOOOCOCOOCOCOKAKDD-3
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3= KA OO E AR EAKH KK KK A KKK D

wherein "X'=RNA, "X"=2'-0-methyl RNA, and "D"=DNA. The top strand is the sense strand,
and the bottom strand is the antisense sirand.

[0189] In other embodiments, the DsiRNA comprises:
RSSO0 8000505 050.6090.90.5 0906
KRR G0 00.9.09.0909.¢9.0.89.90.99.99.9.9¢.C:3

wherein "X"=RNA, "X"=2"-0O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-O-methyl RNA monomers and underlined residues are 2'-0-
methyl RNA monomers. The top strand is the sense strand, and the botlom strand is the
antisense strand. In one related embodiment, the DsiRNA comprises:

5" XCOCCOOCOCOCOCOCOCOGKKBD-3
KR S 0.0 G000 0.00.0.0.0.¢.0.060$4.9¢9.C)

whersin "X"=RNA, "X"=2'-O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-O-methyl RNA monomers, underlined residues are 2'-0O-
methyl RNA monomers, and "D"=DNA. The top strand is the sense strand, and the botiom
strand is the antisense strand. In another relaled embodiment, the DsiRNA comprises:

5 KKK KK KRR H KX AKH KK KK KA
KBS0 0.80.9.00.090.09.0.0.0.0.0.0.0.00.9.9.¢.9,C5)

wherein "X"=RNA and "X'=2-0O-methyl RNA. The top strand is the sense strand, and the
bottom strand is the antisense strand. In a further related embodiment, the DsiRNA comprises:

RGO G0 000.6.0.9.9.9.0.9.0.0.0.0.0.0.¢.9.45 REKY
RELS 0SS 090000000000 00 Ch ey e s e.C

wherein "X'=RNA, "X"'=2"-O-msthyl RNA, and "D"=DNA. The top strand is the sense strand,
and the botlom strand is the anlisense slrand.

[0190] In additional embodiments, the DsiRNA comprises:
1. $.0.9.9.0.09.0.9.09.9.9.0.6090906 0906 Cx)
KR $.0.5.0.0.0.9.9.9.09.9.9.0.9:9.¢:9.4:9.¢0.¢9 ¢.6.}

wherein XCU=RNA, "X"=2-0O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-C-methyl RNA monomers and underlined residues are 2'-0-
methyl RNA monomers. The top strand is the sense strand, and the botlom strand is the
aniisense sirand. In a related embodiment, the DsiRNA comprises:
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RN P09 0.90.09.99.99.9.09.0.9.09.09.(5 5K}
31 Y ARAEKEIOCHKEAAXKRKRK KKK KRS

wherein "X"=RNA, "X"'=2"-O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2-O-methyl RNA monomers, underlined residues are 2'-0-
methyl RNA monomers, and "D"=DNA. The top strand is the sense strand, and the botiom
strand is the antisense strand. In another related embodiment, the DsiRNA comprises:

HER OO 00E 0000 0.9.0.0.00.¢600¢9¢9¢Cx)
KEV.9.0.0.0.50.0.0.0.0.0.0.9.0.9.0.0.9.¢9.060 06065

wherein "X'=RNA and "X"=2-0O-methyl RNA. The top strand is the sense strand, and the
bottom strand is the antisense strand. In a further related embodiment, the DsiRNA comprises:

5 KX HKHKKHKAK KKK KKK KKDD- 3
KED.8.9.9.90.4.0.9.0.99.9.0.9.0.9.¢.9.0.0 0.5 ¢.9.¢.9.9. G

wherein "X'=RNA, "X"'=2'-O-methyl RNA, and "D"=DNA. The top strand is the sense sirand,
and the botlom strand is the antisense strand.

[8181] in further embodiments, the DsiRNA comprises:
LS00 0.40.80.006¢80.¢00000.0000Cx)
KX 9.0.0.9.0.9.9.9.90.99.9.9.0.¢.9.0.9.09.¢9.9.99.C)

wherein "X"=RNA, "X'=2"-0O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-C-methyl RNA monomers and underlined residues are 2'-0-
methyl RNA monomers. The top strand is the sense strand, and the bollom sirand is the
antisense strand. In a related embodiment, the DsiRNA comprises:

RS CSC00.0.0.6.0.9.9.9.0.9.0.0.0.0.0.9.¢.9.40 2EK)
31 Y ARAREIOCOAXXRXKK KKK ALAKDS

wherein "X"=RNA, "X"=2"-C-mathyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2-O-methyl RNA monomers, underlined residues are 2'-0-
methyl RNA monomers, and "D"=DNA. The top strand is the sense strand, and the botiom
sirand is the antisense strand. In another related embodiment, the DsiRNA comprises:

B KO AH SO OKKAKAKHK-3
KB 0002000 0.0.0.0.9.0.9:0.0.0.00.60.0.9,¢.9.C5)

wherein "X'=RNA and "X"=2-0C-methyl RNA. The top strand is the sense strand, and the
bottom strand is the antisense strand. In a further related embodiment, the DsiRNA comprises:
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B KAOOOOOCOCOOOOOKK KX DD- 3
KBS0, 00.9.0.0.0.0.9.9,0.0.9.0.:0.0.0.0.9.0.9,¢.9,C)

wherein "X"=RNA, {'=2'-0-methyl RNA, and "D"=DNA. The top strand is the sense strand,
and the bottom strand is the antisense strand.

[0192] In additional embodiments, the DsiRNA comprises:
RES SO 009.0909.¢9.0.49.90.990.00.06653
KBS 0.9.0.9.0.90.0.0.0.0.400.¢00.909$.60.0 0.6

wherein "X"'=RNA "X'=2"-O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-O-methyl RNA monomers and underlined residues are 2'-0O-
methyl RNA monomers. The top strand is the sense strand, and the bottom strand is the
antisense strand. In one related embodiment, the DsiRNA comprises:

5 KX KK KA KKK KK KKDD- 3
KIS £0.9.0.0.0.0.0.00.9.9.9.0.9.¢.9.0.9 0.5 0.9 ¢.9.C/)

wherein "X'=RNA, "X"=2'-0O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2-O-methyl RNA monomers, underlined rasidues are 2'-0-
methyl RNA monomers, and "D"=DNA. The lop sirand is the sense strand, and the botiom
strand is the antisense strand. In ancther related embodiment, the DsiRNA comprises:

B0 E0.0.00.0.9.09.0.9.0.¢0.00.60.60.00 05
3 XA RN KA K-

wharein "X"=RNA and "X"'=2-O-methyl RNA. The fop strand is the sense strand, and the
botiom strand is the antisense strand. In a further related embodiment, the DsiRNA comprises:

B RO OGO XX KX DD- 3
3 XA OO A KA K- B

wherein "X"=RNA, "X'=2-O-methyl RNA, and "D"=DNA. The top strand is the sense strand,
and the bottom strand is the antisense strand.

[0193] In other embodiments, the DsiRNA comprises:
539.9.0.9:0.9.0.9:0.9.9.9.4.9:0.0.9.9.9.0.9.0.9.¢.§ €%}
SEN 0 80.9.9.9.0.90.40.90450.09.9099.9.999.6:)

wherein "X"=RNA, "X'=2'-O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-O-methyl RNA monomers and underlined residues are 2'-0O-
methyl RNA monomers. The top strand is the sense strand, and the botlom strand is the
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antisense strand. In a refated embodiment, the DsiRNA comprises:
5 KRR FI OO KK KK D-3
KRR .0.0.9.8.0.9:0.0.0.$.0.80.6.0.0.9.0.0.¢.9.0:9.¢,53

wherein "X'=RNA "X'=2"-0O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers thal are optionally 2-O-methyt RNA monomers, underlined residues are 2'-0-
methyl RNA monomers, and "D"=DNA. The iop strand is the sense strand, and the boitom
strand is the antisense sirand. In anocther related embodiment, the DsiRNA comprises:

RENS GV O PO EO 000 000.0.00.900.0¢00.65)
KRN0 00.0.50.9.09.04.0.60.60.9.99.0¢9.6.9.¢,6)

wherein XC=RNA and "X'=2'-O-methyt RNA. The fop strand is the sense strand, and the
botiom strand is the antisense strand. In a further related embodiment, the DsiRNA comprises:

RS0 0.0..0.0.0.00.59.9.0.9.0.9.0.9.0.6 0.5 D)
KRS L0 G000 000000 0.09.6.0.0.¢5.¢4.9.9,¢.9.C)

wherein "X"=RNA, "X"=2"-0O-methyl RNA, and "D"=DNA. The top strand is the sense strand,
and the boltom sirand is the antisense strand.

[0184] In further embodiments, the DsiRNA comprises:
SRS 080 80.0.0.6.0.69.49.0.0.60.0.09.060 0.0
RER S5 00.0.8:0.0.0.9.0.9.9.0.0.09.0.9.0$.99.¢.9.C:)

whergin "X"=RNA, "X"=2"-C-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-O-methyl RNA monomers and underlined residues are 2'-0-
methyl RNA monomers. The top strand is the sense strand, and the bottom strand is the
antisense strand. In one related embodiment, the DsiRNA comprises:

B XOOOOOOGOOOOGOOOO KX DD- 3
KR .08.0.0.0.9.0.5:09.0.9.0.50.69.$9.¢0.9.9¢.C5)

wherein ")=RNA, "X'=2-0O-msthyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2-0-methyl RNA monomers, underlined residues are 2'-0-
methyl RNA monomers, and "D"=DNA. The top strand is the sense strand, and the bottom
sirand is the anlisense strand. In anocther related embodiment, the DsiRNA comprises:

HEV RGP0 000000 00.E080.00.00.00 6K}
KE9.9.9.0.9.0.9.0.4.9.9.9.90.0.0.0.0.0.0.0.0.0.0.9.0.9.05)

wherein C=RNA and "xX'=2-O-methyl RNA. The top strand is the sense strand, and the
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botiom strand is the antisense strand. In a further relaled embodiment, the DsiRNA comprises:
G- XK KKK KHI KKK KAKDD-F
KX S0 0.0.8.0.6.080.00.0.0.60.600.06.0.050.05)

wherein "X"'=RNA, "X"'=2'-0-methyl RNA, and "D"=DNA. The fop strand is the sense sirand,
and the bottom strand is the antisense strand.

[0195] In additional embodiments, the DsiRNA comprisss:
R0 80.9.¢.80.40.40.4.0.0.0000.00$¢.00 004
KRR G004 09.0.60590.6.0.4.0609060.900.8:)

wherein "X"=RNA, "X'=2"-O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers thal are optionally 2'-O-methyl RNA monomers and underlined residues are 2'-0-
methyl RNA monomers. The top strand is the sense sirand, and the boltom strand is the
antisense strand. In one related embodiment, the DsiRNA comprises:

HENS 00 $.0.0.0.00.69.9.0.9.0.9.¢.9, 0.6 0.5 D)
KIS 000,000 00000000 9.9 ¢.9.¢4.¢4.9.9.¢.C:)

wherein "X"=RNA "X{'=2-0O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are oplionally 2-C-methyl RNA monormers, underlined residuss are 2'-0-
methyl RNA monomers, and "D"=DNA. The top strand is the sense strand, and the bottom
strand is the antisense strand. In another related embodiment, the DsiRNA comprises:

& RO AKN K3
EEN SO0 0 00.00.0.0.0.0.9.0.0 0.0 0.6.¢.0.0.50.0)

whergin "X"=RNA and "X"=2-0-methyt RNA The top sirand is the sense strand, and the
bottom strand is the antisense strand. In a further related embodiment, the DsiRNA comprises:

B XA KOO KDD- 3
KEN.0.0.0.8.0.6.0.6.0.6.0.49.0.09.9.0.00.¢9.0.9.99.C5)

wharein "X"=RNA, "X"=2'-O-methyl RNA, and "D"=DNA. The top strand is the sense sftrand,
and the botiom strand is the antissnse strand.

[0198] In further embodiments, the DsiRNA comprises:
EES OO P00 9.080.900060.0.090600¢. 003
KEAE.0.9.0.4.0.90.00.¢.9.9.0.¢.09.0.9.0.0.0900.¢.3

wherein "X'=RNA, "X"'=2-C-mathyl RNA, "Y” is an overhang domain comprised of 1-4 RNA
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monomers that are optionally 2'-O-methyl RNA monomers and underlined residues are 2'-0-
methyl RNA monomers. The top strand is the sense sirand, and the bottom strand is the
antisense strand. in one related embodiment, the DsiRNA comprises:

B XXX AKX AKX DD-3
KPR 00 0.08.0.0.0.00.80.80.0.00.0.¢0.64.60.9.0/)

wherein "X"=RNA, "X'=2-O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2-O-methyl RNA monomers, underlined residues are 2°-0-
methyl RNA monomers, and "D"=DNA. The iop strand is the sense strand, and the boitom
strand is the antisense strand. In another related embodiment, the DsiRNA comprises:

&' XK KK KKKAK N K3
KRN0 000800 09.0.4.0.00.¢0.9.09.0.¢0¢.0.¢,0)

whaerein '=RNA and "X'=2'-C-methyl RNA. The fop strand is the sense sitrand, and the
botiom strand is the antisense strand. In a further relaled embodiment, the DsiRNA comprises:

HENS 00 $.0.0.0.00.69.9.0.9.0.9.¢.9, 0.6 0.5 D)
KEY.0.0.0.0.0.0 000006 0.0.0.9.0.9.09.¢4.¢6¢.0,CH)

wherein "X"=RNA "X{'=2"-0O-methyl RNA, and "D"=DNA. The top strand is the sense strand,
and the boltom sirand is the antisense strand.

[0197} In other embodiments, the DsiRNA comprises:
&' XK KK KKK
KBRS SO0 00 00000.0.0.0.09.0.0604690.5.6)

wherein "X"=RNA, "X"'=2'-C-mathyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-O-methyl RNA monomers and underlined residues are 2'-0-
methyl RNA monomers. The top strand is the sense strand, and the bhottom strand is the
antisense strand. In another related embodiment, the DsiRNA comprises:

B KOO OO OO KX KK AKX DD 3
KER £.0.0.0.0.0.9.0.9.0.9.0.9,0.9,0.¢.9.¢.9.¢9.9.9.9.C5)

wherein "X"=RNA, "X"'=2-O-msethyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers thal are optionally 2-0-methylt RNA monomers, underlined residuss are 2'-0-
methyl RNA monomers, and "D"=DNA. The {op sirand is the sense strand, and the bottom
strand is the antisense strand. In another related embodiment, the DsiRNA comprises:

& XA KA KT

KRN O.0.0.8.0.00.9.0.9.0.09.9.0.6,0.9.0.9.¢.9.9.9.4.9,C5)
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wherein "X"=RNA and "X'=2-O-methyt RNA. The fop strand is the sense strand, and the
boltom strand is the antisense strand. In a further refated embodiment, the DsiRNA comprises:

B 3OOOOCCOOOCOOCOCOKKDD- 3"
3 XOOCOCOOCOOOOOOOOGOOK-5'

wherein "X"=RNA, "X"'=2'-0O-methyl RNA, and "D"=DNA. The iop strand is the sense sirand,
and the bottom sirand is the antisense strand.

[0198] in further embodiments, the DsiRNA comprises:
SRS 00000 080.4000060.6.000.60¢.003
KER S 0.6.0.69.9.¢.60.00.9.0.909.09.0.9 ¢.9.¢.9, ¢}

wherein "X"=RNA, "X"'=2"-O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-O-methyl RNA monomers and underlined residues are 2'-0-
methyl RNA monomers. The top strand is the sense sirand, and the boltom strand is the
antisense strand. In one related embodimeant, the DsiRNA comprises:

HENS G 00.$.0.0.0.00.59.9.0.9.0.9.¢.9, 0.6 0.5 D)
KRR SO0 0. 0000.00.0.0.9.0.0.9¢9.¢409.C)

wherein CU=RNA, "X"=2"-0-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are oplionally 2-C-methyl RNA monormers, underlined residuss are 2'-0-
methyl RNA monomers, and "D"=DNA. The top sirand is the sense strand, and the boitom
strand is the anlisense skrand. In another related embodiment, the DsiRNA comprises:

&' RO KKK XK
KRNSO 0090000000000 0.6.¢6.050.0

whergin "X"=RNA and "X'=2"-O-methyl RNA. The top slrand is the sense strand, and the
botiom strand is the antisense strand. In a further related embodiment, the DsiRNA comprises:

B OO RO KOKXXDD-3
KES0.0.0.8.0.6.0.4.9.6.0.0.0.6.0.9.0.6.00.09.090.09.C5)

wherein "X"=RNA, "X"'=2'-0-methyl RNA, and "D"=DNA. The fop strand is the sense sirand,
and the bottom sirand is the antisense strand.

[01931 [n additional embodiments, the DsiRNA comprises:
5" KOO OO OO KA

3= SOOI KKK XR-S
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wherein "X'=RNA, "X"'=2-0O-msthyl RNA, ™Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-0O-methyl RNA monomers and underlined residues are 2'-0-
methyl RNA monomers. The top strand is the sense sirand, and the bottom sirand is the
antisense strand. In one related embodiment, the DsiRNA comprises:

SRV DO 0.8.0.0.0.8.0.0.0.80.0.0.¢.0.0.0.0.¢.(5 DY
KR 9:9.0.0.¢.0.0.9.9.9.9.99.5.0.9.0.9.¢9.¢.9.¢9.¢ G}

wherein "X"=RNA, X'=2"-0O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2-O-methyl RNA monomers, underlined residues are 2'-0-
methyl RNA monomers, and "D"=DNA. The top strand is the sense strand, and the bottom
strand is the antisense strand. In another related embodiment, the DsiRNA comprises:

5" KOO O3
3 KOOI KKK K5

wherein "X"=RNA and "X"=2-0O-methyl RNA. The top strand is the sense strand, and the
bottorn strand is the antisense strand. In a further related embodiment, the DsiRNA comprises:

5 XOCOOOCOCOCOGOCCOCKNKDD-3'
3" OO IOOCOOOOOTOC-5

wherein "X"'=RNA, "X'=2'-O-methyl RNA, and "D"=DNA. The lop slrand is the sense slrand,
and the bottom sirand is the antisense strand.

[0200] In further embodiments, the DsiRNA comprises:
SR 0.0.0.0.9.0.0.0.0.0.9.0.00.0.0.0.0009.0.¢.0:}
KEN0.04.0.9.0.9.0.59.4.0.$0.9.0.9.$900.0.9.¢9.C5)

wherein "X"=RNA, "X'=2'-0-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-0O-methyl RNA monomers and underlined residues are 2'-0-
methyl RNA monomers. The top sirand is the sense slrand, and the bottom strand is the
antisense strand. In a related embodiment, the DsiRNA comprises:

B OO ROKIKOKAXXKDD-3
KER 9.:9.9.9.¢.9.9.0.0.6.0.4.0.0.¢.9.0.9.0.9.¢.9.0.9.9.C)

wherein "X"=RNA, "X'=2-0O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are oplionally 2'-C-methyl RNA monomers, underlined residuss are 2'-0-
methyl RNA monomers, and "D"=DNA. The top strand is the sense strand, and the boitom
strand is the antisense strand. In another related embodiment, the DsiRNA comprises:

HEROSOH 0P 0.09.99.99.9.0.9.0.9.0.9.0.9.0.0.00
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RED.S.0.0.0.9.0.9.0.0.0.9.0.9.0.9.0.9.0.9.0.5¢.9.0.9.9.C)

whergin "X"'=RNA and "X'=2'-O-methyl RNA. The top strand is the sense strand, and the
boltom strand is the antisense strand. In a further related embodiment, the DsiRNA comprises:

BERG 0000 0.9.0.9.0.00.0.0.6.0.6.0.9.0.9.10 2%}
KRNSO G0 000000 0.0.0.¢0.0.0.9.0.0.0.¢.9.¢.C)

wherein "X"'=RNA "X"'=2'-O-methyl RNA, and "D"=DNA. The top strand is the sense sirand,
and the bottom strand is the antisense strand.

[0201] In additional embodiments, the DsiRNA comprises:
B XA AKX KK KNK-3
KRR 0.0.9.0.8.0.0.9.0.9.0.0.9.0.0.9.0.$¢0.¢.9.0.9.0.5:3

wherein "X"=RNA, "X"'=2"-O-msathyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-O-methyl RNA monomers and underlined residuss are 2'-0-
methyl RNA monomers. The top strand is the sense strand, and the botiom strand is the
antisense strand. In one related embodiment, the DsiRNA comprises:

& XCOOCOOCOOCOEOCOKKDD- 3

LR 0.9.9.5.0.9.0.59.9.0.99.50.9.0.69.0.0.6.0.09.C)

wherein "X"=RNA, "X'=2'-0-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-C-methyl RNA monomers, underlined residues are 2'-0-
methyl RNA monomers, and "D"=DNA. The top strand is the sense strand, and the botlom
strand is the antisense strand. in another relaled embodiment, the DsiRNA comprises:

SRR ON.0.9.0.8.0.6.9.9.0.9.0.0.0.0.0.9.00.0.9.00,00

wherein "X"=RNA and "X'=2'-O-methy! RNA. The top strand is the sense strand, and the
bottom strand is the antisense sirand. In a further related embodiment, the DsiRNA comprises:

RN 0 0.9.0.0.0.6.9.99.99.0.0.0.0.0.0.9.¢.9.5 2K

wherein "X"'=RNA "X"'=2'-O-methyl RNA, and "D"=DNA. The top strand is the sense sirand,
and the bottom strand is the antisense sirand.

[0202] In further embodiments, the DsiRNA comprises:

B KA ISR HXAKI KX KA KNA-F
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KIS 0:0.0,00.0.0.0.00.0.4. 0900 ¢.9.¢9.¢4.¢6.¢.C)

wherein "C=RNA "X"=2-0-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-O-methyl RNA monomers and underlined residues are 2'-0-
methyl RNA monomers. The top strand is the sense strand, and the botlom strand is the
antisense sirand. In one related embodiment, the DsiRNA comprises:

5" XA AKH AKX AKX KAXDD-3
KA SO0 60,000 0.00.0.0.0.¢.0.00054409,.C)

wherein "X"=RNA, "KX"'=2"-O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-O-methyl RNA monomers, underlined residues are 2'-0-
methyl RNA monomers, and "D"=DNA. The top strand is the sense strand, and the botiom
strand is the antisense strand. in ancther relaled embodiment, the DsiRNA comprises:

57 KOOI A KN3!
KBS0 095 0000000009000 00000 ¢G5

wherein "X"=RNA and "X'=2'-O-methyl RNA. The top strand is the sense strand, and the
bottom strand is the antisense strand. in a further related embodiment, the DsiRNA comprises.

FEROP O 000.8.0.9.0.0.0.0.0.0.0.0.0.0.0.0.(5 02
RELS SO0 09.00.0.0.0.0.0.4.9.5.0.9 0500 ¢ 000

wherein "X"=RNA, "X'=2'-O-methyl RNA, and "D"=DNA. The top strand is the sense sirand,
and the bottom strand is the anlisense strand.

[0203] In additional embodiments, the DsiRNA comprises:

RS 0.9.9.9.0.9.0.9.0.9.0.9.0.0.0.9.9.0.0.9 0.0 ¢ Ck

wherein "X"=RNA, "X'=2-0O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-O-methyl RNA monomers and underlined residues are 2'-0-
methyl RNA monomers. The top strand is the sense strand, and the botlom strand is the
aniisense sirand. In one related embodiment, the DsiRNA comprises:

&' XOCOCROOOCOOCOCOKAKDD-3

wherein "X"=RNA, "X"=2'-C-mathyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-C-methyl RNA monomers, underlined residues are 2'-0O-
methyl RNA monomers, and "D"=DNA. The top strand is the sense strand, and the botiom
strand is the antisense strand. In anocther related embodiment, the DsiRNA comprises:
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HENS 00 000.00.59.9.0.9.0.9.¢.9.0.6.¢.9 0.6

wherein "X'=RNA and "X'=2-0O-methy] RNA. The top strand is the sense sirand, and the
bottom strand is the antisense strand. In a further related embodiment, the DsiRNA comprises:

5 KX HAHKHKKKA KKK KKK KKDD- 3

wherein "X'=RNA, "X'=2"-0O-methyl RNA, and "D"=DNA. The top strand is the sense strand,
and the botlom strand is the antisense strand.

[0204] in further embodiments, the DsiRNA comprises:
BN SO0 00 0809080.6080.6909606x)

KRN 0:8.9.80.09.9.0.9.9.9.9.69.9 0.9.0.9.¢9$0.4.C)

wharein "X"=RNA, "X"=2-0O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-C-methyl RNA monomers and underlined residues ars 2'-0-
methyl RNA monomers. The top strand is the sense strand, and the bollom strand is the
antisense strand. In one related embodiment, the DsiRNA comprises:

RN OGS E00.00.99.90.9.00.0.0.00.¢9.(0 REK

wherein "X'=RNA, "X'=2'-0-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2-O-methyl RNA monomers, underlined residues are 2'-0-
methyl RNA monomers, and "D"=DNA. The top strand is the sense sirand, and the botiom
sirand is the antisense strand. In another related embodiment, the DsiRNA comprises:

SR $.0.9.9.9.0.9.0.9.0.9.90.9.0.9.0.9.9.9.0.9 0.0.¢ ¢}

wherein "X'=RNA and "X"=2-O-methyl RNA. The lop strand is the sense sirand, and the
bottom strand is the antisense strand. In a further related embodiment, the DsiRNA comprises:

5" KOG XKDD-3'

wherein "X'=RNA, "X'=2'-O-msathyl RNA, and "D"=DNA. The top strand is the sense strand,
and the bottom strand is the antisense sirand.

[8205] In additional embodiments, the DsiRNA comprises:
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B KOO OO KA KK-3
KR ,00.9.0.0.9:0.0.0.0.0.9,0,0.0.9.0.0.0,¢.4.0.9.¢,C:}

wherein "X"=RNA, "{"=2-0O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-0O-methyl RNA monomers and underlined residues are 2'-0-
methyl RNA monomers. The top strand is the sense strand, and the botiom strand is the
aniisense strand. in one related embodiment, the DsiRNA comprises:

& XK KXKKKAKDD-3
KA D00 08 0.0.09.04.9.0.0.6.0.60006005C)

wherein "X'=RNA "X'=2"-O-methyl RNA, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-C-mathyl RNA monomers, underlined residues are 2'-0O-
methyl RNA monomers, and "D"=DNA. The top strand is the sense strand, and the botiom
strand is the antisense strand. in another related embodiment, the DsiRNA comprises:

5 KX KA XA XK AKHKHKA-3
B 8.0.9.0.4.0.0.0.00.9.¢.9.0.9.¢.9.0.0 0.5 ¢.94.9.9. G

wherein "X"=RNA and "X'=2'-0-methyl RNA. The top strand is the sense strand, and the
boltom strand is the antisense strand. In a further related embodiment, the DsiRNA comprises:

EEN0.0.0.8.0.00.9.0.9.0.40.0.0.6 06090915 2
BEO.0.0.9.0 0.0 0.0 ¢9.00.0.0.¢0.0.9 ¢.5.¢.9¢.9.¢.C:)

wherein "X"'=RNA, "X"=2'-O-methyl RNA, and "D"=DNA. The top strand is the sense sirand,
and the bottom strand is the antisense sltrand.

[02068] The asbove maodification patierns can also be incorporated inlo, e.g., the exiended
DsiRNA structures and mismatch and/or frayed DsiRNA siructures described beiow.

[02077 In another embodiment, the DsIRNA comprises strands having equal lengths
possessing 1-3 mismalched residues that serve to orient Dicer cleavage (specifically, one or
more of positions 1, 2 or 3 on the first strand of the DsiRNA, when numbering from the 3'-
terminal residue, are mismatched with corresponding residues of the 5'-terminal region on the
second sirand when first and second strands are annealed {0 one another). An exemplary
27mer DsiRNA agent with two terminal mismaiched residues is shown:

5" XXX KMM-F
3 XXCRXHKAIH XX IHIXIHXKIXKHKKX K K -5

wherein "X"=RNA, "M"=Nucleic acid residues {RNA, DNA or non-natural or modified nucheic
acids) that do not base pair (hydrogen bond) with corresponding "M" residues of otherwise
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complementary strand when strands are annealed. Any of the residues of such agents can
optionally be 2-O-methyl RNA monomers-alternating positioning of 2-0-methyl RNA
monomers that commences from the 3'-terminal residue of the botiom (second) strand, as
shown for above asymmetric agents, can also be usad in the above "bluntfiray” DsiRNA agent.
in one embodiment, the top strand is the sense sirand, and the botlom strand is the antisense
strand. Alternatively, the bottom strand is the sense strand and the top strand is the antisense
strand.

[02¢8} In cerfain additional embodiments, the present invention provides compositions for
RNA inferference (RNAI) that possess one or more base paired deoxyribonucisotides within a
region of a double stranded ribonucieic acid (dsRNA) that is positioned 3' of a projected sense
strand Dicer clsavage site and comrespondingly § of a projected antisense strand Dicer
cleavage site. The compositions of the invenlion comprise a dsRNA which is a precursor
molecule, ie., the dsRNA of the present invention is processsd fn vivo 0 produce an active
small interfering nucleic acid (siRNA). The dsRNA is processed by Dicer to an aclive siRNA
which is incorporated into RISC.

[02081 In certain embodiments, the DsiRNA agents of the invention can have the following
exempiary structures (noting that any of the following exemplary structures can be combined,
e.g., with the bottom strand modification patierns of the above-described siructures - in one
specific example, the boliom strand modification pattern shown in any of the above structures
is applied to the 27 most 3’ residues of the bottom sirand of any of the following structures; in
another specific example, the bottom strand modification pafttern shown in any of the above
structures upon the 23 most 3' residues of the bottom strand is applied to the 23 most &
residuss of the bottom strand of any of the following structures):

In one such embodiment, the DsiRNA comprises the following (an exemplary "right-exiended”,
"DNA extended” DsiRNA):

RN CH 9 0.9.0.9.9.9.9.9.9.9.¢.9.0.9.0.9.¢.9.¢(NE BN 3]5 Sn )
3= OO HO O KA D KX-5

wherein "X'=RNA, "Y" is an oplional overhang domain comprised of 0-10 RNA monomers that
are optionally 2'-G-methyl RNA monomers - in geriain embodiments, "Y" is an overhang
domain comprised of 1-4 RNA monomers that are optionally 2'-O-methyl RNA monomers,
"T"=0DNA, and "N"=1 to 50 or more, but is optionally 1-8 or 1-10. "N™=0 to 15 or more, but is
optionally 0, 1, 2, 3, 4, 5 or 6. In one embodiment, the top strand is the sense sirand, and the
botiom sirand is the anlisense strand. Allernatively, the botiom strand is the sense strand and
the top strand is the antisense strand.

[0210} In a rslated smbodiment, the DsiRNA comprises:
BEN 0O 0.8.0.0.9.0.9.9.00.¢9.09.09.000 (NS N5]B 0}

3° =Y KRN DD -5
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wherein ""=RNA, "Y" is an optional overhang domain comprised of 0-10 RNA monomers that
are opticnally 2'-O-methyl RNA monomers - in certain embodiments, "Y" is an overhang
domain comprised of 1-4 RNA monomers that are optionally 2'-O-methyl RNA monomers,
"D"=DNA, and "N"=1 to 50 or more, butl is optionally 1-8 or 1-10. "N*'=0 io 15 or more, but is
optionally 0, 1, 2, 3, 4, 5 or 6. In one embodiment, the top strand is the sense sirand, and the
bottom strand is the anfisense strand. Alternatively, the bottom strand is the sense strand and
the top strand is the anlisense strand.

[0211] In an addilional embodiment, the DsiRNA comprises:

5" KOO KA X DD D-3'

wherein "("=RNA, "X"=2'-0-methyl RNA, "Y" is an optional overhang domain comprised of (-10
RNA monomers that are optionally 2'-O-methyl RNA monomers-in certain embodiments, "Y" is
an overhang domain comprised of 1-4 RNA monomers that are optionally 2'-O-methyl RNA
monomers, "D"=DNA, "Z"=DNA or RNA, and "N"=1 to B0 or more, but is optionally 1-8 or 1-10.
"N"=0 {0 15 or more, but is oplionally 0, 1, 2, 3, 4, B or 8. In one embodiment, the top strand is
the sense strand, and the bottom strand is the antisense strand. Aliernatively, the bottom
strand is the sense strand and the top strand is the antisense strand, with 2'-O-methyl RNA
monomers located at alternating residues along the top strand, rather than the bottom strand
presently depicted in the above schematic.

[0212} In another such embodiment, the DsiRNA comprises:

BERVS GRSV 9000.99.9.0.90.¢.0.9.0.9.0 (NEDINIBI K

wherein "X'=RNA, "X"'=2'-C-methyl RNA, "Y" is an optional overhang domain comprised of 0-10
RNA monomers that are optionally 2'-C-methyt RNA monomers-in certain embodiments, "Y" is
an overhang domain comprised of 1-4 RNA monomers that are optionally 2'-O-methyl RNA
monomers, "D"=DNA, "Z"=DNA or RNA, and "N"=1 to 50 or more, but is optionally 1-8 or 1-10.
"N*=0 to 15 or more, but is optionally 0, 1, 2, 3, 4, 5 or 6. In one embodiment, the top strand is
the sense sirand, and the bottom strand is the antisense strand. Alisrnatively, the botiom
sirand is the senss sitrand and the fop strand is the antisense strand, with 2'-0O-methyl RNA
monomers located al allernating residues along the lop strand, rather than the botlom strand
presently depicted in the above schematic.

(0213} In another such embodiment, the DsiRNA comprises:

52000 A XA KHIK I HIK KA A p DD D-3'
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whearein "X"=RNA, "X"=2-0-methyl RNA, "Y" is an optional overhang domain comprised of 0-10
RNA monomers that are optionally 2'-C-methyt RNA monomers-in certain embodiments, "Y" is
an overhang domain comprised of 1-4 RNA monomers that are optionally 2'-0O-methyl RNA
monomers, "D"=DNA, "Z"=DNA or RNA, and "N"=1 to 50 or more, but is optionally 1-8 or 1-10.
"N*'=0 to 15 or more, but is optionally 0, 1, 2, 3, 4, 5 or 6. In cne embaodiment, the top strand is
the sense sirand, and the bottom strand is the aniisense slrand. Alternatively, the botiom
strand is the sense strand and the iop strand is the antisense strand, with 2'-O-methyl RNA
monomers located at allernaling residues along the top strand, rather than the boliom strand
presently depicted in the above schematic.

[0214] in ancther embodiment, the DsiRNA comprises:
D9 9.09.6 09000000000 0.0.0.0.9.¢.0 (N ) 4Viny s INIDIBEX)
KIS 080,80, 0.0.0.¢0.¢.0.¢.0.6.0.0.0.0.40188 )15 NvVE)

wherein "X"=RNA, "Y" is an optional overhang domain comprised of 0-10 RNA monomers that
are optionally 2'-O-methyl RNA monomers - in certain embodiments, "Y" is an overhang
domain comprised of 1-4 RNA monomers thal are optionally 2'-O-methyl RNA monomers,
"D=DNA, "Z"=DNA or RNA, and "N"=1 to 50 or more, but is optionally 1-8 or 1-10, where at
least one D1y is present in the top strand and is base paired with a corresponding D2y in the
boitom strand. Optionally, D1y and D1y+q are base paired with corresponding D2y and D2peq;
D1pne Dineq and Dinsp are base paired with corresponding D2y, Dins and Dipsg, elc. "N¥'=0
to 15 or more, bul is oplionally 0, 1, 2, 3, 4, 5 or 6. In one embodiment, the top strand is the
sense strand, and the boltom strand is the antisense strand. Aliernatively, the bottom strand is
the sense strand and the top strand is the antisense strand, with 2'-O-methyl RNA monomers
located at alternating residues along the top strand, rather than the bottom strand presently
depicted in the above schematic.

[0215] In the siructures depicted herein, the 5§ end of either the sense sirand or antisensse
strand can optionally comprise a phosphale group.

[0216] In another embodiment, a DNADNA-extended DsiRNA comprises strands having
equal lengths possessing 1-3 mismaiched residues that serve to orient Dicer cleavage
{specifically, one or more of positions 1, 2 or 3 on the first strand of the DsiRNA, when
numbering from the 3'-terminal residue, are mismalched with corresponding residues of the 5'-
terminal region on the second sirand when first and second sirands are annealed {0 one
another). An exemplary DNADNA-extended DsiRNA agent with two terminal mismatched
residues is shown:

5D pg OO0 K MM-F

3 D KOOI K g w55
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wherein "X'=RNA, "M"=Nucleic acid residues {(RNA, DNA or non-natural or modified nucleic
acids) that do not base pair (hydrogen bond) with corresponding "M" residues of otherwise
complementary strand when strands are annealed, "D"=DNA and "N"=1 to 50 or more, but is
optionally 1-15 or, optionally, 1-8. "N*'=0 toc 15 or more, but is optionaliy 0, 1, 2, 3, 4, 5 or 6.
Any of the residues of such agents can opticnally be 2'-O-methyl RNA monomers - alternating
positioning of 2'-C-methyl RNA monomers that commences from the 3'-terminal residue of the
botiom (second) strand, as shown for above asymmelric agentis, can also be used in the
above "blunt/firay” DsiRNA agent. In one embodiment, the top strand (first strand} is the sense
strand, and the bottom strand (second strand} is the antisense strand. Alternatively, the boltom
strand is the sense strand and the iop strand is the anlisense sirand. Modification and
DNADNA extension palterns paralieling those shown above for asymmeltric/overhang agenis
can also be incorporated into such "Biunt/frayed” agenis.

[0217]1 In one embodiment, a length-extended DsiRNA agent is provided thal comprises
deoxyribonucleotides positioned at sites modeled to funclion via specific diraction of Dicer
cleavage, yet which does not require the presence of a base-paired deoxyribonucieotide in the
dsRNA structure. An exemplary structure for such a molecuie is shown:

EENS G000 000.00.690.9.0.9.0.9.¢.455).0.004
KI 00,00 0.6 000004 0.0.£.0 €(0D) .4 ¢ C)

wherein "X'=RNA, "Y" is an oplicnal overhang domain comprised of 0-10 RNA monomers that
are oplionally 2'-O-methyl RNA monomers - in cerlain embodiments, "Y" is an overhang
domain comprised of 1-4 RNA monomers that are optionally 2'-C-methyl RNA moncmaers, and
"D"=DNA. In one embodiment, the top strand is the sense strand, and the bottom strand is the
antisense strand. Alternatively, the botiom strand is the sense strand and the top strand is the
antisense strand. The above structure is modeled to force Dicer o cleave a minimum of a
21mer duplex as its primary post-processing form. In embodimentis where the bottom strand of
the above structure is the antisense strand, the positioning of two deoxyribonucieotide residues
at the ultimate and penultimate residues of the 5’ end of the antisense sirand may reduce off-
target effects for a given compound.

[02181 In one embodiment, the DsiRNA comprises the following (an exemplary “left-
extended”, "DNA extended” DsiRNA):

RIS 08000860 0.0.0.60.600.06.0¢.9 (Vi £C 3
RN OL 000 0000000000000 ¢6.0¢ (VR

wherein "X"=RNA, "Y" is an optional overhang domain comprised of 0-10 RNA monomers that
are optionally 2-O-methyl RNA monomers - in certain embodiments, "Y" is an overhang
domain comprised of 1-4 RNA monomers that are oplionally 2'-O-methyl RNA monomers,
"D'=DNA, and "N"=1 to 50 or more, but is optionally 1-8 or 1-10. "N*'=0 ic 15 or more, but is
optionally 0, 1, 2, 3, 4, 5 or 6. In one embodiment, the top strand is the sense sirand, and the
boltom strand is the anlisense sirand. Alternatively, the bollom strand is the sense sirand and
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the top strand is the antisense strand.

[0219] In a related embodiment, the DsiRNA comprises:
5 D g SOOI KX KX KX KX K = DD-3
KBNS SO0 06 0.50909.¢0.0.40.509 00000 5%

wherein "X"=RNA, optionally a 2'-C-methyl RNA monomers "["=0NA, "N"=1 {0 50 or more, but
is optionally 1-8 or 1-10. "N*"=0 to 15 or more, but is optionally 0, 1, 2, 3, 4, 5 or 6. In one
embodiment, the top strand is the sense strand, and the botiom strand is the antisense strand.
Alternatively, the bottom strand is the sense strand and the top strand is the antisense strand.

[02281 n an additional embodiment, the DsiRNA comprises:

FEBI 900 0.00.00.0.9.0.9.0.0.9.9.¢.0.0.¢.9.0.0. (NN VI

wharein "K'=RNA, optionaily a 2'-C-methyl RNA monomers "D'sDNA, "N"=1 to 50 or more, but
is oplionally 1-8 or 1-10. "N*=0 to 15 or more, but is oplionally 0, 1, 2, 8, 4, 5 or 6. "Z"=DNAor
RNA. in one embodiment, the top strand is the sense strand, and the boliom strand is the
antisense sirand. Alternatively, the boltom strand is the sense strand and the top strand is the
anlisense strand, with 2-O-methyl RNA monomers located at alternating residues along the
top strand, rather than the bottom sirand presently depicied in the above schematic.

[0221} in ancther such embodiment, the DsiRNA comprises:

5 DRI K p D D- 3

wherein "X"=RNA, optionaily a 2'-C-methyl RNA monomers "D"=0NA, "N"=1 to 50 or more, but
is optionally 1-8 or 1-10. "N*"=0 to 15 or more, but is optionally 0, 1, 2, 3, 4, b or 6. "Z"=sDNAor
RNA. In one embodiment, the top strand is the sense strand, and the bottom strand is the
antisense strand. Alternatively, the bottom sirand is the sense strand and the top strand is the
antisense strand, with 2'-0O-methyl RNA monomers located at alternating residues along the
top strand, rather than the botiom strand presently depicted in the above schematic.

[0222] In another such embodiment, the DsiRNA comprises:

B DINZZ XK XXX IX XK AK K DD-3'

wherein "X"=RNA, "X"=2-C-methyl RNA, "D"'=DNA, "Z"=DNA or RNA, and "N"=1 {0 50 or more,
but is opticnally 1-8 or 1-10. "N™'=0 to 15 or more, but is optionally 0, 1, 2, 3, 4, 5 or 6. In one
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empodiment, the top strand is the sense strand, and the boltom strand is the antisense strand.
Alternatively, the boltom strand is the sense sirand and the top strand is the antisense strand,
with 2'-O-methyl RNA monomers located at aliernaling residues along the top sirand, rather
than the bottom sirand presently depicied in the above schematic.

[0223] In another such embodiment, the DsiRNA comprises:

LEIDINYIS.$.0.0.0.0.0.0.6.9.6.¢.9.0.6.0.0.0.00.5.0.5.¢. (Y A}

wherein "X"=RNA, "X"=2-0O-methyl RNA, "D"=DNA, "Z"=DNA or RNA, and "N"=1 {0 50 or more,
but is optionally 1-8 or 1-10. "N*"=0 {0 15 or more, but is optionally 0, 1,2, 3,4, S or 6. "Y" is an
optional overhang domain comprised of 0-10 RNA monomers that are optlionally 2'-G-methyl
RNA monomers - in certain embodiments, "Y" is an overhang domain comprised of 1-4 RNA
monomers that are oplionaily 2'-0O-methyl RNA monomers. In one embodiment, the top strand
is the sense strand, and the bollom strand is the anlisense strand. Alternatively, the bottom
strand is the sense strand and the top sirand is the antisense strand, with 2'-O-methyl RNA
monomers located at aliernating residues along the top strand, rather than the boliom strand
presently depicted in the above schematic.

[0224] In another embodiment, the DsiRNA comprises:
5'-EX 17D OO X = D D3
KB ROl IINE0.4.99.90.4.04.0.99.99.9.0.60.6.96.0.9 0 (FIs)

wherein "X"=RNA, "D"=DNA, "Z"=DNA or RNA, and "N"=1 to 50 or more, but is optionally 1-8 or
1-10, where al least one Dy is present in the iop slrand and is base peired with g
corresponding D2y in the botlom strand. Optionally, D1y and Dy« are base paired with
corresponding D2y and D2n.q; Din, Dinet and Diner are base paired with corresponding
D2pn, Dineq and Dlysg, ete. "N¥'=0 to 15 or more, but is optionally 0, 1, 2, 3, 4, S5 or 6. In one
embodiment, the top strand is the sense strand, and the botiom strand is the antisense strand.
Alternalively, the botiom strand is the sense strand and the fop strand is the antisense strand,
with 2'-O-msthyl RNA monomers located at alternating residues along the top strand, rather
than the bottom strand presently depicted in the above schematic.

(0225} In a relaied embodiment, the DsiRNA comprises:
5'-EX /D I OO OO K K g Y-3'
KR CHD NS 0.9.0.9.0.4.0.6.0.9.9.99.9.0.9.0.9.¢.9.0.9.¢ (8}

wherein "X'=RNA, "D"=DNA, "Y" is an optional overhang domain comprised of 0-10 RNA
monomers that are optionally 2'-O-methyl RNA monomers - in cerlain embodiments, "Y" is an
overhang domain comprised of 1-4 RNA monomers thal are optionally 2'-C-methyl RNA
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monomers, and "N'=1 to 50 or more, but is optlionally 1-8 or 1-10, where at least one D1y is
present in the top strand and is base paired with a corresponding D2y in the boltom sirand.
Optionally, D1y and D1+ are base paired with corresponding D2y and D2y 10 Dy, Dy
and D1n.p are base paired with corresponding D2y, Dinst and Dipyeg, etc. "N™=0 to 15 or
more, but is optionally 0, 1, 2, 3, 4, § or 6. In one embodiment, the top strand is the sense
strand, and the bottom sirand is the antisense sirand. Alternatively, the bottom sirand is the
sense strand and the fop strand is the antisense strand, with 2'-0O-methyl RNA monomers
located at alternating residues along the iop sirand, rather than the bottom sirand presently
depicted in the above schematic.

[0226] In another embodiment, the DNADNA-extended DsiRNA comprises strands having
equal iengths possessing -3 mismaiched residues that serve to orient Dicer cleavage
{specifically, one or more of positions 1, 2 or 3 on the first strand of the DsiENA, when
numbering from the 3'-terminal residue, are mismatched with corresponding residues of the 5'-
terminal region on the second strand when first and second strands are annealed to one
another). An exemplary DNADNA-exiended DsiRNA agent with two terminal mismatched
residues is shown:

5 D OCOOOOCHKIXKIKIKIK O Ky MM
3 D OO K p g -5

wherein "X"=RNA, "M"=Nucleic acid residues (RNA, DNA or non-natural or modified nucleic
acids) that do not base pair {(hydrogen bond) with corresponding "M" residuss of ctherwise
complementary strand when strands are annealed, "D"=DNA and "N"=1 to 50 or more, but is
optionally 1-8 or 1-10. "N™'=0 to 15 or more, but is optionally 0, 1, 2, 3, 4, 5 or 6. Any of the
residues of such agentis can optionally be 2'-C-methyl RNA monomers - alternating positioning
of 2'-O-methyl RNA monomers that cornmences from the 3'-terminal residue of the bottom
{second) strand, as shown for above asymmetric agents, can also be used in the above
“blunt/fray” DsiRNA agent. In one embodiment, the top sirand (first strand) is the sense strand,
and the botiom sirand (second strand) is the antisense strand. Allernatively, the bottom strand
is the sense strand and the top sirand is the antisense strand. Modification and DNADNA
extension patterns paralleling those shown above for asymmelric/overhang agents can also be
incorporated into such "blunt/frayed” agents.

[0227} In another embodiment, a length-exiended DsiRNA agent is provided that comprises
deoxyribonucleotides positioned at sites modsled to function vie specific direction of Dicer
cleavage, vel which does not require the presence of a base-paired deoxyribonuciectide in the
dsRNA structure. Exemplary structures for such a molecule are shown:

5" XXDID X000 Y-3'
3~ DD XSO Ky -5

or
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5"~ XD XA AR A KKK Y-F
KB D UBYEOO L0V GV 00 0.9.0.9.0.90.0.0 N

wherein "X"=RNA, "Y" is an oplicnal overhang domain comprised of 0-10 RNA monomers that
are optionally 2'-C-methyl RNA monomsrs - in ceriain embodimants, "Y" is an overhang
domain comprised of 1-4 RNA monomers that are optionally 2'-O-methyl RNA monomers, and
"D'=DNA. "N*=0 {o 15 or more, but is opticnally 8, 1, 2, 3, 4, 5 or 6. in one embodiment, the
top strand is the sense strand, and the bollormn strand is the antisense strand. Alternatively, the
botiom strand is the sense sirand and the top sirand is the antisense strand.

[0228] In any of the above embodiments where the boltom sitrand of the above structure is
the antisense strand, the posilioning of two deoxyribonuclectide residues at the ultimale and
penultimale residues of the 5' end of the antisense sirand may reduce off-target effects.

[0229] In ceriain embodiments, the "D” residues of the above structures include at least one
PS-DNA or PS-RNA. Optionally, the "D" residues of the above structures include at least one
modified nucleotide that inhibits Dicer cleavage.

[0230] While the above-described "DNA-extended” DsiRNA agents can be categorized as
either "lefl extended" or "right extended”, DsiRNA agents comprising both lsft- and right-
extended DNA-containing sequences within a single agent {(e.g., both flanks surrounding a
core dsRNA siructure are dsDNA exiensions) can also be generated and used in similar
manner to those described herein for "right-extended" and "lefl-extended" agents.

{02311 In some embodimants, the DsiRNA of the instant invention further comprises a linking
moiety or domain that joins the sense and antisense strands of a DNADNA-extended DsiRNA
agenl. Optionally, such a linking moiety domain joins the 3" end of the sense strand and the &
end of the antisense strand. The linking moiety may be a chemical {non-nucleotide) linker,
such as an oligomethylenediol linker, oligosthyvlens glycol linker, or other art-recognized linker
moisty. Alternatively, the linker can be a nucieotide linker, optionally including an exiended loop
and/for tetraloop.

[0232} in ones embodiment, the DsiRNA agent has an asymmelric structureg, with the senss
sirand having a 25-base pair length, and the antisense sirand having a 27-base pair length
with a 1-4 base 3-overhang {e.g., a one base 3'-gverhany, a two base 3'-overhang, a three
base 3'-overhang or a four base 3'-overhang). in ancther embodiment, this DsiRNA agent has
an asymmetlric structure further coniaining 2 deoxynucieotides at the 3 end of the sense
strand.

[0233] In another embodiment, the DsIRNA agent has an asymmetric struciure, with the
aniisense strand having a 25-base pair length, and the sense strand having a 27-base pair
length with a 1-4 base 3'-overhang (e.g., a one base 3'-overhang, a two base 3'-overhang, a
three base 3'-overhang or a four base 3'-overhang). In ancther embodimeni, this DsiRNA
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