19 DANMARK (10)

(91)
(49)

(80)

(86)
(86)
(87)
(30)
(62)

(84)

(73)

(72)

(74)

(94)

(96)

DK/EP 3587579 13

(12) Overseettelse af
europeeisk patentskrift

Patent- g

Varemeerkestyreisen

Int.Cl.: C12N 15/113 (2010.01) A 61 K 31/7088 (2006.01)

Oversaettelsen bekendtgjort den: 2021-04-26

Dato for Den Europaciske Patentmyndigheds
bekendtgorelse om meddelelse af patentet: 2021-03-03

Europaeisk ansggning nr.: 19171689.3
Europaeisk indleveringsdag: 2011-07-01
Den europaciske ansggnings publiceringsdag: 2020-01-01

Prioritet: 2010-07-06 US 36177610 P

Stamansggningsnr: 16155285.6

Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

Patenthaver: Dicerna Pharmaceuticals, Inc., 33 Hayden Avenue, Lexington, Massachusetts 02421, USA

Opfinder: Brown, Bob Dale, 57 Grist Mill Road, Littleton, MA 01460, USA
DUDEK, Henryk T, 105 Overbrook Drive, Wellesley, MA 02482, USA

Fuldmaegtig i Danmark: NORDIC PATENT SERVICE A/S, Bredgade 30, 1260 Kebenhavn K, Danmark

Benaevnelse: FREMGANGSMADER OG SAMMENS/ETNINGER TIL SPECIFIK HEMNING AF BETA-CATENIN VED
HJALP AF DOBBELTSTRENGET RNA

Fremdragne publikationer:
EP-A1-1 752 536

WO-A2-2005/089287

WO-A2-2006/031977

WO-A2-2008/109460

WO-A2-2008/156702

DATABASE EMBL [Online] 19 April 2011 (2011-04-19), "WO 2005116204-A/330548: Double strand
polynucleotides generating RNA interference.”, XP002794626, retrieved from EBI accession no.

EM PAT:FW924022 Database accession no. FW924022

Steve Kulisch ET AL: "Dicer-Substrate siRNA Technology. Advances in siRNA Designs Improve Gene-Specific
Silencing”’, BioRadiations, 2006, XP055132697, Retrieved from the Internet: URL:http://www.bio-
rad.com/webroot/web/pdf /Isr/literature/Bulletin_5519.pdf [retrieved on 2014-07-31]

LUO ET AL: "Selection and validation of optimal siRNA target sites for RNAi-mediated gene silencing”, GENE,
ELSEVIER, AMSTERDAM, NL, vol. 395, no. 1-2, 23 March 2007 (2007-03-23), pages 160-169, XP022062791, ISSN:
0378-1119, DOI: 10.1016/J.GENE.2007.02.030

MICHAEL A COLLINGWOOD ET AL: "Chemical Modification Patterns Compatible with High Potency Dicer-
Substrate Small Interfering RNAs", OLIGONUCLEOTIDES, MARY ANN LIEBERT, NEW YORK, NY, US, vol. 18,
no. 2, 18 July 2008 (2008-07-18), pages 187-200, XP002623649, ISSN: 1545-4576, DOI: 10.1089/0L1.2008.0123
AMARZGUIOUI MOHAMMED ET AL: "Rational design and in vitro and in vivo delivery of Dicer substrate
siRNA", NATURE PROTOCOLS, NATURE PUBLISHING GROUP, GB, vol. 1, no. 2, 27 June 2006 (2006-06-27),

Fortsaettes ...



DK/EP 3587579 T3

pages 508-517, XP008135220, ISSN: 1750-2799, DOI: 10.1038/NPROT.2006.72 [retrieved on 2006-06-27]

GANG ZENG ET AL: "siRNA-Mediated [beta]-Catenin Knockdown in Human Hepatoma Cells Results in
Decreased Growth and Survival”, NEOPLASIA, vol. 9, no. 11, November 2007 (2007-11), pages 951-959,

XP055132742, ISSN: 1476-5586, DOI: 10.1593/ne0.07469



DK/EP 3587579 T3

DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to compounds, compositions, and methods for the study,
diagnosis, and treatment of traits, diseases and conditions that respond to the modulation of
CTNNB1 (p-catenin) gene expression and/or activity.

BACKGROUND OF THE INVENTION

[0002] Wnt pathway signaling mediates development, regeneration, cellular 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.
5:691-701). Mutations in B-catenin (encoded by the CTNNB7 gene In humans) - an oncogene
that Is the key mediator of Wnt signaling - have been specifically associated with colorectal,
desmoid, endometrial, gastric, hepatocellular, hepatoblastoma, kidney (Wims' tumor),
medulloblastoma, melanoma, ovarian (endometrioid), pancreatic, pilomatricoma, prostate,
thyroid (anaplastic) and uterine (endometrium) cancers (Polakis P. Genes Dev. 14: 1837-51;
Samowitz et al. Cancer Res. 59: 1442-4: |lwao et al. Cancer Res. 58: 1021-6; Mirabelli-
Primdahl et al. Cancer Res. 39: 3346-51; Shitoh et al. J Clin Path. 52: 695-6; Tejpar et al.
Oncogene 18: 6615-20; Kitaeva et al. Cancer Res. 57: 44/78-81; Sparks et al. Cancer Res. 38:
1130-4; Miyaki et al. Cancer Res. 59: 45006-9; 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: 4044-6; Jeng et al. Cancer Lett. 152: 45-51; Koch et al. Cancer Res. 59: 269-73; Wel et al.
Oncogene 19: 498-504; Koesters et al. Cancer Res. 59: 3880-2; Maiti et al. Cancer Res. 60:
6288-92: Zurawel et al. Cancer Res. 58: 896-9; Gamallo et al. Am J Pathol. 155: 527-36;
Palacios and Gamallo Cancer Res. 58: 1344-7; Wright et al. Int J Cancer 82: 625-9; Gerdes et
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 p-catenin are believed to impart increased stability to the [-catenin protein,
making B-catenin an attractive target for development of therapeutics that inhibit and/or reduce
levels of the B-catenin protein. Given the role of B-catenin in the development of cancer and
other diseases and/or disorders (e.g., proper p-catenin activity Is important for hair
follicle/epithelial stem cell function, meaning that certain inhibitors of p-catenin possess
depilatory properties), there remains an unmet need for therapeutically effective inhibitors of [3-
catenin.

[0003] Double-stranded RNA (dsRNA) agents possessing strand lengths of 25 to 35
nucleotides have been 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 agents of such length are believed to be processed by the Dicer
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enzyme of the RNA interference (RNAI) pathway, leading such agents to be termed "Dicer
substrate sIRNA" ("DsiIRNA") agents. Additional modified structures of DsIRNA agents were
previously described (Rossi et al., U.S. Patent Application No. 2007/0265220).

[0004] Published International Application WO0O2008/109460 (Nastech Pharmaceutical
Company, Inc.) describes dsRNAs intended for targeting -catenin expression.

BRIEF SUMMARY OF THE INVENTION

[0005] The dsRNAs of the Iinvention are capable of reducing the expression of a target
CTNNB71 gene (encoding p-catenin) in a cell, either /in vitro or iIn a mammalian subject. More
particularly, the invention is directed to Dicer substrate siRNAs ("DsIRNAs") with structures and
modification patterns which act as effective and highly potent B-catenin inhibitory 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 siIRNAs directed against the same target RNA.

[0006] More particularly, the present Invention provides an Isolated double stranded
ribonucleic acid (dsRNA) comprising first and second nucleic acid strands, wherein each of the
first and second nucleic acid strands has a length of at least 25 nucleotides, wherein the first
and second nucleic acid strands form a duplex region of at least 25 base pairs, and wherein
the second oligonucleotide strand of the dsRNA is complementary to at least 22 nucleotides of
a target p-catenin cDNA sequence, the target p-catenin sequence being SEQ ID NO: 2395,
such that the dsRNA reduces p-catenin target gene expression when introduced Into a
mammalian cell.

[0007] 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 nucleotide.
In certain embodiments, the modified nucleotide residue of the 3' terminus of the first strand is

a deoxyribonucleotide, an acyclonucleotide or a fluorescent molecule. In a related
embodiment, position 1 of the 3 terminus of the first oligonucleotide strand Is a
deoxyribonucleotide.

[0008] In an additional embodiment, the 3' terminus of the first strand and the 5 terminus of
the second strand form a blunt end.

[0009] In another embodiment, the first strand 1s 25 nucleotides In length and the second
strand is 27 nucleotides in length.

[0010] In one embodiment, the second strand includes a sequence of SEQ ID NO 1286.
Optionally, the second strand is SEQ. ID. NO: 1286.

[0011] In another embodiment, the first strand includes a sequence of SEQ ID NO: 177
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[0012] In an additional embodiment, dsRNAs of the invention may include a pair of first
strand/second strand sequences which are SEQ. ID. NO: 177/ SEQ. ID. NO: 1286 as shown In
Table 3 below.

[0013] In one embodiment, each of the first and the second strands has a length which Is at
least 26 nucleotides.

[0014] In another embodiment, the nucleotides of a 3' overhang include a modified nucleotide.
Optionally, the modified nucleotide of the 3' overhang i1s a 2'-O-methyl ribonucleotide. In a
related embodiment, all nucleotides of the 3' overhang are modified nucleotides.

[0015] In an additional embodiment, one or both of the first and second oligonucleotide
strands includes a 5' phosphate.

[0016] In another embodiment, the modified nucleotide residues of the dsRNA are 2'-O-
methyl, 2'-methoxyethoxy, 2'-fluoro, 2'-allyl, 2'-O-[2-(methylamino)-2-oxoethyl], 4'-thio, 4'-CH2-
O-2'-bridge, 4'-(CH2)2-0O-2'-bridge, 2'-LNA, 2'-amino or 2'-O-(N-methlycarbamate).

[0017] 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'-O-
methyl modified ribonucleotide.

[0018] In a further embodiment, the second oligonucleotide strand, starting from the nucleotide
residue of the second strand that is complementary to the 5' terminal nucleotide residue of the
first oligonucleotide strand, includes alternating modified and unmodified nucleotide residues.
In another embodiment, the second oligonucleotide strand, starting from the nucleotide residue
of the second strand that is complementary to the 5' terminal nucleotide residue of the first
oligonucleotide strand, includes unmodified nucleotide residues at all positions from position 18
to the 5’ terminus of the second oligonucleotide strand.

[0019] In another embodiment, each of the first and the second strands has a length which is
at least 26 and at most 30 nucleotides.

[0020] In one embodiment, the dsRNA Is cleaved endogenously in the cell by Dicer.

[0021] In an additional embodiment, the amount of the isolated double stranded nucleic acid
sufficient to reduce expression of the target gene is 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 in the environment of the cell.

[0022] In a further embodiment, the i1solated dsRNA possesses greater potency than isolated
21mer sIRNAs directed to the identical at least 15 nucleotides of the target f-catenin cDNA In
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reducing target p-catenin gene expression when assayed /n vitro iIn 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.

[0023] 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.

[0024] 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 5 terminus of the second
strand are joined by a chemical linker.

[0025] In one embodiment, a nucleotide of the second or first strand iIs substituted with a
modified nucleotide that directs the orientation of Dicer cleavage.

[0026] In another embodiment, the dsRNA has a modified nucleotide that Is a
deoxyribonucleotide, a dideoxyribonucleotide, an acyclonucleotide, 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'-dideoxy-3'-thiacytidine (3TC) and a
monophosphate nucleotide of 2',3'-didehydro-2',3'-dideoxythymidine (d4T), a 4-thiouracil, a 5-
bromouracil, a S-iodouracil, a 5-(3-aminoallyl)-uracil, a 2'-O-alkyl ribonucleotide, a 2'-O-methyl
ribonucleotide, a 2'-amino ribonucleotide, a 2'-fluoro ribonucleotide, or a locked nucleic acid.

[0027] In an additional embodiment, the dsRNA has a phosphonate, a phosphorothioate or a
phosphotriesterphosphate backbone modification. In a further embodiment, the dsRNA
contains a morpholino nucleic acid or a peptide nucleic acid (PNA).

[0028] In one embodiment, the invention provides a method for reducing expression of a
target B-catenin gene in a mammalian cell comprising contacting a mammalian cell in vitro with
an Isolated dsRNA of the invention in an amount sufficient to reduce expression of a target (-
catenin gene in the cell.

[0029] In one embodiment, target B-catenin 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 90% at least 8 days after the cell is contacted with the dsRNA. In a further
embodiment, B-catenin mMRNA levels are reduced by at least /0% at least 10 days after the cell
IS contacted with the dsRNA.

[0030] In a further embodiment, the invention provides a dsRNA of the invention for use In
reducing expression of a target p-catenin gene in a mammal by administering such an isolated
dsRNA to a mammal in an amount sufficient to reduce expression of a target pf-catenin gene In
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the mammal.

[0031] In one embodiment, the isolated dsRNA i1s administered at a dosage of 1 microgram to
5 miligrams 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, 0.10 to 5 micrograms per kilogram, or 0.1 to 2.5 micrograms per
Kilogram.

[0032] In another embodiment, the isolated dsRNA possesses greater potency than isolated
21mer siIRNAs directed to the identical at least 15 nucleotides of the target B-catenin cDNA In
reducing target p-catenin gene expression when assayed in vitro iIn a mammalian cell at an
effective concentration in the environment of a cell of 1 nanomolar or less.

[0033] In an additional embodiment, the administering step includes intravenous injection,
Intramuscular injection, intraperitoneal injection, infusion, subcutaneous injection, transdermal,
aerosol, rectal, vaginal, topical, oral or inhaled delivery.

[0034] In a further embodiment, the invention provides a method for selectively inhibiting the
growth of a cell in vitro by contacting a cell with an amount of an isolated dsRNA of the
Invention, in an amount sufficient to inhibit the growth of the cell.

[0035] In one embodiment, the cell is a tumor cell in vitro, e.g. a hepatocellular (e.g. HepG2 or
HuH7) or colorectal (e.g. HCT1 16) cancer cell, or a HelLa or other cancer cell. In certain
embodiments, the cell iIs a mammalian cell. In a related embodiment, the cell Is a human cell.

[0036] In an additional embodiment, the invention provides a formulation which includes an
Isolated dsRNA of the invention where the dsRNA Is present in an amount effective to reduce
target B-catenin RNA levels when the dsRNA is introduced 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 isolated 21mer sIRNAs directed to the identical at least 15 nucleotides of the target B-
catenin cDNA In reducing target pB-catenin RNA levels when assayed /n vitro iIn a mammalian
cell at an effective concentration in the environment of a cell of 1 nanomolar or less.

[0037] In one embodiment, the effective amount is 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 in the environment of the cell.

[0038] In another embodiment, the invention provides a formulation which includes an isolated
dsRNA of the invention, where the dsRNA Is present in an amount effective to reduce target
RNA levels when the dsRNA Is introduced into a cell of a mammalian subject by at least 10%,
at least 50% or at least 80-90%, and where the dsRNA possesses greater potency than
Isolated 21mer siIRNAs directed to the identical at least 15 nucleotides of the target 3-catenin
CDNA In reducing target p-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.
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[0039] In one embodiment, the effective amount is a dosage of 1 microgram to 5 milligrams
per kilogram of the subject 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, 0.10 to 5 micrograms per kilogram, or 0.1 to 2.5 micrograms per kilogram.

[0040] In an additional embodiment, the Invention provides a mammalian cell in wvitro
containing an isolated dsRNA as described.

[0041] Another embodiment of the Iinvention provides a pharmaceutical composition which
Includes an isolated dsRNA of the invention and a pharmaceutically acceptable carrier. A
further embodiment of the invention provides a kit having an isolated dsRNA of the invention
and instructions for its use.

[0042] In another embodiment, the invention provides a dsRNA of the invention for use In
treating or preventing a p-catenin-associated disease or disorder in a subject by administering
a dsRNA and/or dsRNA-containing composition of the invention and a pharmaceutically
acceptable carrier to a subject In an amount sufficient to treat or prevent a p-catenin-
associated disease or disorder In the subject. In a related embodiment, the [-catenin-
assoclated disease or disorder Is colorectal or hepatocellular cancer. It may be renal, breast,
lung, ovarian, cervical, esophageal, oropharyngeal or pancreatic cancer. Optionally, the (-
catenin-associated disease or disorder Is melanoma.

[0043] 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, as
hereinbefore indicated 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. Optionally, each of the first and the second strands has a length
which is 27 nucleotides.

[0044] In one embodiment, the second strand of the isolated dsRNA includes a one to five
nucleotide single stranded overhang of the first strand at the 3' terminus of the second strand.
In another embodiment, the first strand 1s 25-35 nucleotides In length. In an additional
embodiment, the second strand i1s 25-35 nucleotides In length. Optionally, the second
oligonucleotide strand is complementary to a target p-catenin cDNA sequence of GenBank
Accession Nos. NM 001904.3, NM 001098209.1 or NM 001098210.1 along at most 27
nucleotides of the second oligonucleotide strand length, but including at least 22 nucleotides of
the target - catenin sequence as set forth in SEQ. ID.NO: 2395 herein below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045]
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Figure 1 shows the structures of exemplary DsIRNA agents targeting a site in the B-catenin
RNA referred to herein as the "pfc-1569" target site. UPPER case = unmodified RNA, lower
case = DNA, Bold = mismatch base pair nucleotides; arrowheads indicate projected Dicer
enzyme cleavage sites; dashed line Indicates sense strand (top strand) sequences
corresponding to the projected Argonaute 2 (Ago2) cleavage site within the targeted B-catenin
sequence.

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' to 3' across the
human p-catenin transcript. Human B-catenin levels were normalized to HPRT and SFRS9
levels.

Figures 4 and 5 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 p-catenintranscript. Mouse p-catenin levels were normalized to HPRT and Rp123
levels.

Figure 6 shows that human p-catenin targeting DsIRNAs effectively reduced p-catenin RNA
levels by 90% or more in human HCT116 colon carcinoma cells. HCT116 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 p-catenin targeting DsIRNAs significantly inhibited growth of
human HepG2 hepatocarcinoma cells. HepG2 cells were transfected in vitro with indicated
DsIRNAs at 3 nM, and HepG2 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
DsiIRNAs. "P1" indicates phase 1, while "P2" indicates phase 2. In phase 1, DsiIRNAs were
tested at 1 nM In the environment of HelLa cells. In phase 2, DsIRNAs were tested at 1 nM, at
0.3 nM and at 0.1 nM In the environment of HelLa cells. Individual bars represent average
human p-catenin levels observed In triplicate, with standard errors shown. Human [-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. (It 1s noted
that the histograms of Figure 8 reflect phase 2 values obtained for a subpar transfection.)

Figures 12-15 show histograms of mouse B-catenin inhibitory 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 tested
at 1 nM, at 0.3 nM and at 0.1 nM In the environment of mouse Hepa 1-6 cells. Individual bars
represent average human B-catenin levels observed In triplicate, with standard errors shown.
Human (-cateninlevels were normalized to HPRT and RPL23 levels. Expression levels were
assayed with probe amplicons positioned at both positions 1232-1394 and 2848-2930 in Mm
CTNNB1. (It 1Is noted that the histograms of Figure 13 reflect phase 2 values obtained for a
subpar transfection.)

Figure 16 shows antisense (guide) strand 2'-O-methyl modification patterns employed In
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phase 3 assays.

Figures 17-24 present histograms showing phase 3 efficacy data for six different guide strand
modification patterns each across 32 B-catenin-targeting DsiIRNAs in human Hela cells at 0.1
nM (parallel assays) and 1 nM. Expression levels were assayed with probe amplicons
positioned at both positions 1297-1397 and 3506-3659 in Hs CTNNB1, with human p-catenin
levels normalized to HPRT and SFRS9 levels.

Figure 25 shows that assayed DsiIRNAs targeting human p-catenin(fcat-h1569, pcat-h1683,
Bcat-h2612 and Bcat-h3393) effectively inhibited expression of Axin-2, a downstream target of
B-catenin, in both HCT116 (colon carcinoma) and HepG2 (hepatocellular carcinoma) cell lines.
Cells were assayed at two days post-transfection at indicated concentrations (3 nM and 10 nM)

with designated DsIRNAS.

Figure 26 shows that transfection of human colorectal cancer cell line HCT116 cells with
certain DsiIRNAs targeting human B-catenin pfc-h1683, fc-h2612 and Pc-h3393) Inhibited 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-Blue® Cell Viability Assay
(Promega) at five days post-transfection.

Figure 27 shows that transfection of human hepatocellular carcinoma cell line HuH7 cells with
a DsIRNA targeting human B-catenin inhibited the growth of such cells at five days post-
transfection, as compared to cells administered a control DsiIRNA. Cell growth inhibition was
assayed using a CellTiter-Blue® Cell Viability Assay (Promega) at five days post-transfection.

Figure 28 shows that transfection of human hepatocellular carcinoma cell line HuH7 cells with
a DsIRNA targeting human B-catenin (specifically, a fc-h3393 25/27/mer possessing an "M11"
modified antisense (guide) strand consisting of 2'-O-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 levels of approximately 80% at two days post-

transfection, when administered with a control DsIRNA, as compared to cells administered only
the control DsIRNA.

Figure 29 shows fractionated human p-catenin protein levels found in HelLa (cervical cancer),
HepG2 (hepatocellular 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 [3-
actin levels assayed as an internal control. Cell extracts were obtained from confluent six well
pates, using a NE-PER Nuclear and Cytoplasmic Extraction Reagents Kit (Thermo Fisher
Scientific Inc). 75 ug of protein was loaded from each cell line. A known truncation mutant form
of B-catenin protein was observed in HepG2 cells.

Figure 30 demonstrates that DsiIRNAs targeting human pB-cateninwere active /in vivo in normal
mouse liver, inhibiting both p-catenin MRNA (top panel) and protein (bottom panel) levels
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/kg
and formulated In Invivofectamine® 2.0 (Invitrogen™, Carlsbad, CA). Liver tissue was
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harvested at 72 hours post-administration. All DsiRNAs targeting human B-catenin possessed
"M11" modified antisense (guide) strands.

Figure 31 shows that DsiIRNAs targeting human B-catenin were active in vivo in normal mouse
liver, inhibiting both p-catenin MRNA (top panel) and Axin-2 mRNA (bottom panel) levels
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/kg
and formulated In Invivofectamine® 2.0 (Invitrogen™, Carlsbad, CA). Liver tissue was
harvested at 72 hours post-administration. DsiIRNAs targeting human p-catenin possessed
varying modification patterns as indicated, with, e.g., an "MO/M11" pattern corresponding to a
25/127mer DsIRNA possessing an unmodified sense (passenger) strand and a modified
antisense (guide) strand having the "M11" pattern of 2'-O-methlyation. It Is noted that the
"M14" modification pattern of the sense strand corresponds to modification of the sense strand

at the following positions, starting from the 5'-terminus (position 1) of the sense strand: 2, 4, 6,
3,12, 14, 16 and 18.

Figure 32 demonstrates that DsIRNAs targeting human (-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 (bottom panel) levels 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/kg and formulated Iin Invivofectamine® 2.0 (Invitrogen™,
Carlsbad, CA). Liver tissue was harvested at 48 hours post-administration. DsIRNAs targeting
human [-catenin possessed varying modification patterns as indicated and as described
above. Control DsIRNAs possessed similar patterns of modification of sense and antisense
strands.

DETAILED DESCRIPTION

[0046] The following disclosure relates to double stranded RNAs ("dsRNAs"), and methods for
preparing them, that are capable of reducing the level and/or expression of the -catenin gene
In vivo or in vitro. As Indicated above, the invention as now claimed provides more specifically

dsRNAs wherein one of the strands contains a region of nucleotide sequence that has a length
of at least 25 nucleotides that can direct the destruction and/or translational inhibition of the

targeted 3-catenin transcript. This strand forms with the other strand a duplex region of at least

25 nucleotides and Is complementary to at least 22 nucleotides of the target B-catenin
sequence as set forth in SEQ. ID. NO: 2395.

Definitions

[0047] Unless defined otherwise, all technical and scientific terms used herein have the
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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 Microbiology and Molecular Biology (2nd
ed. 1994); The Cambridge Dictionary of Science and Technology (Walker ed., 1988); The
Glossary of Genetics, 5th Ed., R. Rieger et al. (eds.), Springer Verlag (1991); and Hale &
Marham, The Harper Collins Dictionary of Biology (1991). As used herein, the following terms
have the meanings ascribed to them below, unless specified otherwise.

[0048] The present invention features one or more DsIRNA molecules that can modulate (e.g.,
Inhibit) B-catenin expression. The DsIRNAs of the Invention optionally can be used In
combination with modulators of other genes and/or gene products associated with the
maintenance or development of diseases or disorders associated with B-catenin misregulation
(e.g., tumor formation and/or growth, etc.). The DsIRNA agents of the invention modulate [3-
catenin RNAs such as those corresponding to the cDNA sequences referred to by GenBank
Accession Nos. NM 001904.3 (human p-catenin, transcript variant 1), NM _001098209.1
(human B-catenin, transcript variant 2), NM_001098210.1 (human B-catenin, transcript variant
3) and NM 007614.2 & NM 00/614.3 (mouse [-catenin), which are recited below and
referred to herein generally as "p-catenin.”

[0049] The below description of the various aspects and embodiments of the Iinvention iIs
provided with reference to exemplary p-catenin RNAs, generally referred to herein as [3-
catenin. However, such reference i1s meant to be exemplary only and the various aspects and
embodiments of the invention are also directed to alternate -catenin RNAs, such as mutant [3-
cateninRNAs or additional B-catenin splice variants. Certain aspects and embodiments are also
directed to other genes involved In B-catenin pathways, including genes whose misregulation
acts In association with that of p-catenin (or is affected or affects -catenin regulation) to
produce phenotypic effects that may be targeted for treatment (e.g., tumor formation and/or
growth, etc.). Such additional genes can be targeted using DsIRNA and the methods described
herein for use of B-catenin targeting DsIRNAs. Thus, the inhibition and the effects of such
Inhibition of the other genes can be performed as described herein.

[0050] The terms "B-catenin” and "CTNNB1" refer to nucleic acid sequences encoding a [3-
catenin protein, peptide, or polypeptide (e.g., p-catenin transcripts, such as the sequences of
B-catenin Genbank Accession Nos. NM 001904.3, NM 001098209.1, NM 001098210.1,
NM 007614.2 and NM _00/7/614.3). In certain embodiments, the term "B-catenin” is also meant
to Include other B-catenin encoding sequence, such as other B-catenin isoforms, mutant (-
catenin genes, splice variants of p-catenin genes, and p-catenin gene polymorphisms. The
term "B-catenin” i1s used to refer to the polypeptide gene product of a pB-catenin gene/transript,
e.g., a P-catenin protein, peptide, or polypeptide, such as those encoded by p-catenin
Genbank Accession Nos. NM 001904.3, NM 001098209.1, NM 001098210.1, NM_ 007/614.2
and NM 007614.3.

[0051] As used herein, a "p-catenin-associated disease or disorder” refers to a disease or
disorder known In the art to be associated with altered (-catenin expression, level and/or
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activity. Notably, a "p-catenin-associated disease or disorder” Includes cancer and/or
proliferative diseases, conditions, or disorders. Two exemplary "B-catenin-associated diseases
or disorders” are colorectal cancer and melanoma.

[0052] By "proliferative disease” or "cancer” as used herein i1Is meant, a disease, condition,
trait, genotype or phenotype characterized by unregulated cell growth or replication as is
known In the art; including leukemias, for example, acute myelogenous leukemia (AML),
chronic myelogenous leukemia (CML), acute lymphocytic leukemia (ALL), and chronic
lymphocytic leukemia, 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 Meningiomas,
Glioblastomas, Lower-Grade Astrocytomas, Oligodendrocytomas, Pituitary Tumors,
Schwannomas, and Metastatic brain cancers; cancers of the head and neck including various
lymphomas such as mantle cell lymphoma, non-Hodgkins lymphoma, adenoma, squamous cell
carcinoma, laryngeal carcinoma, gallbladder and bile duct cancers, cancers of the retina such
as retinoblastoma, cancers of the esophagus, gastric cancers, multiple myeloma, ovarian
cancer, uterine cancer, thyroid cancer, testicular cancer, endometrial cancer, melanoma,
colorectal cancer, lung cancer, bladder cancer, prostate cancer, lung cancer (including non-
small cell lung carcinoma), pancreatic cancer, sarcomas, Wilms' tumor, cervical cancer, head
and neck cancer, skin cancers, nasopharyngeal carcinoma, liposarcoma, epithelial carcinoma,
renal cell carcinoma, gallbladder adeno carcinoma, parotid adenocarcinoma, endometrial
sarcoma, multidrug resistant cancers; and proliferative diseases and conditions, such as
neovascularization associated with tumor angiogenesis, macular degeneration (e.g., wet/dry
AMD), corneal neovascularization, diabetic retinopathy, neovascular glaucoma, myopic
degeneration and other proliferative diseases and conditions such as restenosis and polycystic
kKidney disease, and other cancer or proliferative disease, condition, trait, genotype or
phenotype that can respond to the modulation of disease related gene expression in a cell or
tissue, alone or in combination with other therapies.

[0053] In certain embodiments, dsRNA-mediated inhibition of a p-catenin target sequence iIs
assessed. In such embodiments, p-catenin RNA levels can be assessed by art-recognized
methods (e.g., RT-PCR, Northern blot, expression array, etc.), optionally via comparison of [3-
catenin levels In the presence of an anti-p-catenin dsRNA of the invention relative to the
absence of such an anti-B-catenin dsRNA. In certain embodiments, -catenin levels In the
presence of an anti-p-catenin dsRNA are compared to those observed In the presence of
vehicle alone, In the presence of a dsRNA directed against an unrelated target RNA, or in the
absence of any treatment.

[0054] It Is also recognized that levels of B-catenin protein can be assessed as indicative of [3-
catenin RNA levels, but only to the extent that it is known, under a given set of cellular and/or
tissue conditions, whether the level of B-catenin protein Is directly or indirectly related to (-
catenin RNA levels and/or the extent to which a dsRNA inhibits B-catenin expression, thus art-
recognized methods of assessing [(-catenin protein levels (e.g., Western Dblot,
Immunoprecipitation, other antibody-based methods, etc.) can also be employed to examine
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the inhibitory effect of a dsRNA of the invention.

[0055] An anti-B-catenin dsRNA of the invention Is deemed to possess "fB-catenin inhibitory
activity” If a statistically significant reduction in p-catenin RNA level 1s seen when an anti-f3-
catenin dsRNA of the invention is administered to a system (e.g., cell-free in vitro system), cell,
tissue or organism, as compared to a selected control. The distribution of experimental values
and the number 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) I1s deemed statistically
significant (as assessed by standard methods of determining statistical significance known In
the art). However, In certain embodiments, "B-catenin inhibitory activity” is defined based upon
a % or absolute level of reduction In the level of B-catenin mMRNA In a system, cell, tissue or
organism. For example, In certain embodiments, a DsIRNA of the invention Is deemed to
possess P-catenin inhibitory activity If at least a 5% reduction or at least a 10% reduction In -
catenin RNA 1s observed In the presence of a DsIRNA of the invention relative to B-catenin
MRNA levels seen for a suitable control. (For example, in vivo B-catenin levels In a tissue
and/or subject can, in certain embodiments, be deemed to be inhibited by a DsIRNA agent of
the invention If, e.q., a 5% or 10% reduction In B-catenin levels Is observed relative to a
control.) In certain other embodiments, a DsSIRNA of the invention I1s deemed to possess [3-
catenin inhibitory activity if f-catenin RNA levels are observed to be reduced by at least 15%
relative to a relative to a

selected control,

by at least 20%

selected control,

by at least 25%

relative to a selected control, by at least 30% relative to 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 to a selected control, by at least 50% relative to a selected control, by at least 55%
relative to a selected control, by at least 60% relative to a selected control, by at least 65%
relative to a selected control, by at least 70% relative to a selected control, by at least 75%
relative to a selected control, by at least 80% relative to a selected control, by at least 85%
relative to a selected control, by at least 90% relative to a selected control, by at least 95%
relative to a selected control, by at least 96% relative to a selected control, by at least 97%

relative to a selected control, by at least 98% relative to a selected control or by at least 99%
relative to a selected control. In some embodiments, complete Inhibition of p-catenin iIs
required for a DsiIRNA to be deemed to possess B-catenin inhibitory activity. In certain models
(e.q., cell culture), a DsIRNA Is deemed to possess B-catenin inhibitory activity If at least a 50%
reduction In B-catenin levels Is observed relative to a suitable control. In certain other
embodiments, a DsIRNA I1s deemed to possess B-catenin inhibitory activity If at least an 80%
reduction in p-catenin levels i1s observed relative to a suitable control.

[0056] By way of specific example, in the Examples below, a series of DsiIRNAs targeting (-
catenin were tested for the ability to reduce p-catenin mRNA levels In human HelLa 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 DsiIRNAs that were
observed to effect at least a /0% reduction of p-catenin mMRNA levels under the assayed
conditions. It Is contemplated that -catenin inhibitory activity could also be attributed to a
dsRNA under either more or less stringent conditions than those employed for the Examples



DK/EP 3587579 T3

below, even when the same or a similar assay and conditions are employed. For example, In
certain embodiments, a tested dsRNA of the Invention Is deemed to possess [-catenin
Inhibitory activity if at least a 10% reduction, at least a 20% reduction, at least a 30% reduction,
at least a 40% reduction, at least a 50% reduction, at least a 60% reduction, at least a 75%
reduction, at least an 80% reduction, at least an 85% reduction, at least a 90% reduction, or at
least a 95% reduction In B-catenin mMRNA levels i1s observed in a mammalian cell line /n vitro at
1 nM dsRNA concentration or lower in the environment of a cell, relative to a suitable control.

[0057] Use of other endpoints for determination of whether a double stranded RNA of the
Invention possesses P-catenin Inhibitory activity 1s also contemplated. Specfically, in one
embodiment, In addition to or as an alternative to assessing p-catenin mRNA levels, the ability
of a tested dsRNA to reduce B-catenin protein levels (e.qg., at 48 hours after contacting a
mammalian cell in vitro or in vivo) Is assessed, and a tested dsRNA is deemed to possess B-
catenin inhibitory activity If at least a 10% reduction, at least a 20% reduction, at least a 30%
reduction, at least a 40% reduction, at least a 50% reduction, at least a 60% reduction, at least
a /0% reduction, at least a 75% reduction, at least an 80% reduction, at least an 85%
reduction, at least a 90% reduction, or at least a 95% reduction In B-catenin protein levels is
observed in a mammalian cell contacted with the assayed double stranded RNA in vitro or in
vivo, relative to a suitable control. Additional endpoints contemplated include, e.g., assessment
of a phenotype associated with reduction of B-catenin levels - e.g., reduction of growth of a
contacted mammalian cell line /n vitro and/or reduction of growth of a tumor /in vivo, Iincluding,
e.g., halting or reducing the growth of tumor or cancer cell levels as described Iin greater detall
elsewhere herein.

[0058] [-catenin Inhibitory activity can also be evaluated over time (duration) and over
concentration ranges (potency), with assessment of what constitutes a dsRNA possessing [3-
catenin inhibitory activity adjusted in accordance with concentrations administered and duration
of time following administration. Thus, In certain embodiments, a DsIRNA of the invention is
deemed to possess [B-catenin inhibitory activity If at least a 50% reduction in p-catenin activity
IS observed at a duration of time of 2 hours, 5 hours, 10 hours, 1 day, 2 days, 3 days, 4 days, 5
days, 6 days, 7/ days, 8 days, 9 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 f-catenin inihibitory activity (e.g., in certain embodiments, at
least 50% Inhibition of p-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 cell, for example, within an in vitro
assay for p-catenin inihibitory activity as described herein. In certain embodiments, a potent [3-
catenin inhibitory dsRNA of the invention I1s defined as one that Is capable of B-catenin
Inihibitory activity (e.qg., 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 pf-catenin
Inhibitory dsRNA of the invention i1s defined as one that Is capable of p-catenin Inihibitory
activity (e.g., In certain embodiments, at least 50% reduction of (-catenin levels) at a
formulated concentration of 5 mg/kg or less when administered to a subject in an effective
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delivery vehicle. More preferably, a potent -catenin inhibitory dsRNA of the Invention is
defined as one that is capable of B-catenin inihibitory activity (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 iIn an effective delivery vehicle. Optionally, a potent -catenin
Inhibitory dsRNA of the invention Is defined as one that is capable of B-catenin inihibitory
activity (e.g., In certain embodiments, at least 50% reduction of (-catenin levels) at 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.

[0059] In certain embodiments, potency of a dsRNA of the invention Is determined In reference
to the number of copies of a dsRNA present in the cytoplasm of a target cell that are required
to achieve a certain level of target gene knockdown. For example, in certain embodiments, a
potent dsRNA is one capable of causing 50% or greater knockdown of a target mRNA when
present in the cytoplasm 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 mMRNA when present in the cytoplasm of a target cell at a
copy number of 500 or fewer RISC-loaded antisense strands per cell. Optionally, a potent
dsRNA 1s one capable of producing 50% or greater knockdown of a target mRNA when present
In the cytoplasm of a target cell at a copy number of 300 or fewer RISC-loaded antisense
strands per cell.

[0060] In further embodiments, the potency of a DsIRNA of the invention can be defined In
reference to a 19 to 23mer dsRNA directed to the same target sequence within the same
target gene. For example, a DsIRNA of the invention that 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 to a
corresponding 19 to 23mer dsRNA, when assayed in an in vitro assay as described herein at a
sufficiently low concentration to allow for detection of a potency difference (e.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 cell, at or below 1 nM In the
environment of a cell, in an In vitro 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 generating a dose-response curve and
iIdentifying an IC50 value associated with a DSIRNA/dsRNA).

[0061] B-catenin inhibitory levels and/or B-catenin levels may also be assessed indirectly, e.q.,
measurement of a reduction in a p-catenin-associated disease marker protein or target gene,
such as MYC, Cyclin D1, or Axin2, or reduction of the size or number of polyps or tumors (e.g.,
colon tumors) In a subject may be used to assess [p-catenin levels and/or p-catenin inhibitory
efficacy of a double-stranded nucleic acid of the instant invention.

[0062] In certain embodiments, the phrase "consists essentially of Is used in reference to the
anti-B-catenin dsRNAs of the invention. In some such embodiments, "consists essentially of
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refers to a composition that comprises a dsRNA of the invention which possesse at least a
certain level of B-catenin inhibitory activity (e.qg., at least 50% (-catenin inhibitory activity) and
that also comprises one or more additional components and/or modifications that do not
significantly impact the p-catenin inhibitory activity of the dsRNA. For example, 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 p-catenin inhibitory 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 I1s deemed to consist essentially of
a dsRNA of the invention even If more dramatic reduction of p-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 activity is not
significantly elevated (e.g., observed levels of B-catenin inhibitory activity are within 10% of
those observed for the isolated dsRNA of the invention) In the presence of additional
components and/or modifications.

[0063] As used herein, the phrase "dsRNA reduces B-catenin mRNA levels by at least X%
when assayed in vitro In a mammalian cell at an effective concentration in the environment of
sald cell of 1 nanomolar or less” refers to a requirement for the dsRNA to reduce the native [3-
catenin mRNA levels of a HelLa cell population by at leas t X%, when assayed at a transfection
concentration of 1 nano molar or less In the presence of Lipofectamine™ RNAIMAX
(Invitrogen) and following manufacturer's instructions. Such Hela cells are obtained from
ATCC and maintained in DMEM (HyClone) supplemented with 10% fetal bovine serum
(HyClone) at 37°C under 5% CO5. B-catenin mMRNA levels are then assayed at 24h or 48h

post-transfection to assess% inhibition, with respect to an appropriate control as described

elsewhere herein. In certain embodiments, the Hela cells of such assays are replaced with
HepG2, HCT116, HUH/ or other cell line.

[0064] As used herein, the term "nucleic acid” refers to deoxyribonucleotides, ribonucleotides,
or modified nucleotides, and polymers thereof in single- or double-stranded form. The term
encompasses nucleic acids containing known nucleotide analogs or modified backbone
residues or linkages, which are synthetic, naturally occurring, and non-naturally occurring,
which have similar binding properties as the reference nucleic acid, and which are metabolized
IN @ manner similar to the reference nucleotides. Examples of such analogs include, without
imitation, phosphorothioates, phosphoramidates, methyl phosphonates, chiral-methyl
phosphonates, 2-O-methyl ribonucleotides, peptide-nucleic acids (PNAs).

[0065] As used herein, "nucleotide” Is used as recognized In the art to include those with
natural bases (standard), and modified bases well known in the art. 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 nucleotides can be unmodified or modified at the sugar,
phosphate and/or base moiety (also referred to interchangeably as nucleotide analogs,
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modified nucleotides, non-natural nucleotides, non-standard nucleotides and other; see, e.qg.,
Usman and McSwiggen US 2009/0137500; Eckstein et al., International PCT Publication No.
WO 92/07065; Usman et al., International PCT Publication No. WO 93/15187; Uhlman &
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, 1994. Some of the non-
imiting examples of base modifications that can be Introduced into nucleic acid molecules
Include, hypoxanthine, purine, pyridin-4-one, pyridin-2-one, phenyl, pseudouracil, 2,4,6-
trimethoxy benzene, 3-methyl uracil, dihydrouridine, naphthyl, aminophenyl, 5-alkylcytidines
(e.g., S5-methylcytidine), S-alkyluridines (e.g., ribothymidine), 5-halouridine (e.g., 5-
bromouridine) or 6-azapyrimidines or 6-alkylpyrimidines (e.g. 6-methyluridine), propyne, and
others (Burgin, et al., Biochemistry 35:14090, 1996; Uhlman & Peyman, supra). By "'modified
bases” In this aspect iIs meant nucleotide bases other than adenine, guanine, cytosine and
uracil at 1" position or their equivalents.

[0066] As used herein, "modified nucleotide"” refers to a nucleotide that has one or more
modifications to the nucleoside, the nucleobase, pentose ring, or phosphate group. For
example, modified nucleotides exclude ribonucleotides containing adenosine monophosphate,
guanosine monophosphate, uridine monophosphate, and cytidine monophosphate and
deoxyribonucleotides containing deoxyadenosine monophosphate, deoxyguanosine
monophosphate, deoxythymidine monophosphate, and deoxycytidine monophosphate.
Modifications include those naturally occurring that result from modification by enzymes that
modify nucleotides, such as methyltransferases. Modified nucleotides also include synthetic or
non-naturally occurring nucleotides. Synthetic or non-naturally occurring modifications In
nucleotides include those with 2' modifications, e.g., 2'-methoxyethoxy, 2'-fluoro, 2'-allyl, 2'-O-
[2-(methylamino)-2-oxoethyl], 4'-thio, 4'-CH»-O-2'-bridge, 4'-(CH»)»-0O-2'-bridge, 2'-LNA, and
2'-O-(N-methylcarbamate) or those comprising base analogs. In connection with 2'-modified
nucleotides as described for the present disclosure, by "amino” is meant 2'-NH» or 2'-O-NHo,

which can be modified or unmodified. Such modified groups are described, e.g., In Eckstein et
al., U.S. Pat. No. 5,672,695 and Matulic-Adamic et al., U.S. Pat. No. 6,248.878.

[0067] In reference to the nucleic acid molecules of the present disclosure, modifications may
exist upon these agents in patterns on one or both strands of the double stranded ribonucleic
acid (dsRNA). As used herein, "alternating positions” refers to a pattern where every other
nucleotide 1s a modified nucleotide or there i1s an unmodified nucleotide (e.g., an unmodified
ribonucleotide) between every modified nucleotide over a defined length of a strand of the
dsRNA (e.g., 5-MNMNMN-3"; 3'-MNMNMN-5"; where M is a modified nucleotide and N Is an
unmodified nucleotide). The modification pattern starts from the first nucleotide position at
either the 5" or 3' terminus according to a position numbering convention, e.g., as described
herein (in certain embodiments, position 1 Is designated Iin reference to the terminal residue of
a strand following a projected Dicer cleavage event of a DsIRNA agent of the invention; thus,
position 1 does not always constitute a 3' terminal or 5 terminal residue of a pre-processed
agent of the invention). The pattern of modified nucleotides at alternating positions may run the
full length of the strand, but In certain embodiments Includes at least 4, 6, 8, 10, 12, 14
nucleotides containing at least 2, 3, 4, 5, 6 or /7 modified nucleotides, respectively. As used
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herein, "alternating pairs of positions” refers to a pattern where two consecutive modified
nucleotides are separated by two consecutive unmodified nucleotides over a defined length of
a strand of the dsRNA (e.g., 5-MMNNMMNNMMNN-3'; 3'“MMNNMMNNMMNN-5'; where M is
a modified nucleotide and N is an unmodified nucleotide). The modification pattern starts from
the first nucleotide position at either the 5" or 3' terminus according to a position numbering
convention such as those described herein. The pattern of modified nucleotides 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 least 4, 6, 8, 10, 12 or 14 modified nucleotides, respectively. It Is
emphasized that the above modification patterns are exemplary and are not intended as
limitations on the scope of the invention.

[0068] As used herein, "base analog" refers to a heterocyclic moiety which is located at the
position of a nucleotide sugar moiety in a modified nucleotide 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 analog Is
generally either a purine or pyrimidine base excluding the common bases guanine (G),
cytosine (C), adenine (A), thymine (T), and uracil (U). Base analogs can duplex with other
bases or base analogs in dsRNAs. Base analogs 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 hypoxanthine (1), xanthine (X), 3B-D-ribofuranosyl-(2,6-diaminopyrimidine) (K),
3-B-D-ribofuranosyl-(1-methyl-pyrazolo[4,3-d]pyrimidine-5,7(4H,6H)-dione) (P), Iso-cytosine
(1s0-C), 1so-guanine (1so-G), 1-B-D-ribofuranosyl-(5-nitroindole), 1-B-D-ribofuranosyl-(3-
nitropyrrole), 5-bromouracil, 2-aminopurine, 4-thio-dT, 7-(2-thienyl)-imidazo[4,5-b]pyridine (Ds)
and pyrrole-2-carbaldehyde (Pa), 2-amino-6-(2-thienyl)purine (S), 2-oxopyridine (YY),
difluorotolyl, 4-fluoro-6-methylbenzimidazole, 4-methylbenzimidazole, 3-methyl isocarbostyrilyl,
5-methyl 1socarbostyrilyl, and 3-methyl-7-propynyl isocarbostyrilyl, 7-azaindolyl, 6-methyl-/-
azaindolyl, imidizopyridinyl, 9-methyl-imidizopyridinyl, pyrrolopyrizinyl, i1socarbostyrilyl, 7-
propynyl Isocarbostyrilyl, propynyl-7-azaindolyl, 2,4,5-trimethylphenyl, 4-methylindolyl, 4,6-
dimethylindolyl, phenyl, napthalenyl, anthracenyl, phenanthracenyl, pyrenyl, stilbenzyl,
tetracenyl, pentacenyl, and structural derivates thereof (Schweitzer et al., J. Org. Chem.,,
59:7238-7242 (1994); Berger et al., Nucleic Acids Research, 28(15):2911-2914 (2000); Moran
et al., J. Am. Chem. Soc., 119:2056-2057 (1997); Morales et al., J. Am. Chem. Soc., 121:2323-
2324 (1999); Guckian et al., J. Am. Chem. Soc., 118:8182-8183 (1996); Morales et 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., 63:9652-9656 (1998); Moran et al., Proc. Natl. Acad.
Scl., 94:10506-10511 (1997); Das et al., 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'Nelll et 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.

[0069] As used herein, "universal base" refers to a heterocyclic moiety located at the position
of a nucleotide sugar moiety in a modified nucleotide, or the equivalent position in a nucleotide
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sugar moiety substitution, that, when present in a nucleic acid duplex, can be positioned
opposite more than one type of base without altering the double helical structure (e.g., the
structure of the phosphate backbone). Additionally, the universal base does not destroy the
ability of the single stranded nucleic acid in which 1t resides to duplex to a target nucleic acid.
The ability of a single stranded nucleic acid containing a universal base to duplex a target
nucleic can be assayed by methods apparent to one In the art (e.g., UV absorbance, circular
dichroism, gel shift, single stranded nuclease sensitivity, etc.). Additionally, conditions under
which duplex formation Is observed may be varied to determine duplex stability or formation,
e.q., temperature, as melting temperature (Tm) correlates with the stability of nucleic acid
duplexes. Compared to a reference single stranded nucleic acid that i1s exactly complementary
to a target nucleic acid, the single stranded nucleic acid containing a universal base forms a
duplex with the target nucleic acid that has a lower Tm than a duplex formed with the
complementary nucleic acid. However, compared to a reference single stranded nucleic acid in
which the universal base has been replaced with a base to generate a single mismatch, the
single stranded nucleic acid containing the universal base forms a duplex with the target
nucleic acid that has a higher Tm than a duplex formed with the nucleic acid having the
mismatched base.

[0070] 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), thymine (T),
and uracil (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 Iinteract with the base opposite to it on the opposite strand of a duplex. In a duplex, base
pairing involving a universal base occurs without altering the double helical structure of the
phosphate backbone. A universal base may also interact with bases in adjacent nucleotides on
the same nucleic acid strand by stacking interactions. Such stacking interactions stabilize the
duplex, especially in situations where the universal base does not form any hydrogen bonds
with the base positioned opposite to It on the opposite strand of the duplex. Non-limiting
examples of universal-binding nucleotides include inosine, 1-B-D-ribofuranosyl-5-nitroindole,
and/or 1-B-D-ribofuranosyl-3-nitropyrrole (US Pat. Appl. Publ. No. 20070254362 to Quay et al.;
Van Aerschot et al., An acyclic 5-nitroindazole nucleoside analogue as ambiguous nucleoside.
Nucleic Acids Res. 1995 Nov 11;23(21):4363-70; Loakes et al., 3-Nitropyrrole and 5-nitroindole
as universal bases In primers for DNA sequencing and PCR. Nucleic Acids Res. 1995 Jul
11:23(13):2361-6; Loakes and Brown, 5-Nitroindole as an universal base analogue. Nucleic
Acids Res. 1994 Oct 11;22(20):4039-43).

[0071] As used herein, "loop"” refers to 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 stranded nucleotide region between the complementary
regions Is excluded from duplex formation or Watson-Crick base pairing. A loop 1s a single
stranded nucleotide region of any length. Examples of loops include the unpaired nucleotides
present in such structures as hairpins, stem loops, or extended loops.
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[0072] As used herein, "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
extended loop, nucleotides that flank the loop on the 5" side form a duplex with nucleotides that
flank the loop on the 3’ side. An extended loop may form a hairpin or stem loop.

[0073] As used herein, "tetraloop” in the context of a dsRNA refers to a loop (a single stranded
region) consisting of four nucleotides that forms a stable secondary structure that contributes
to the stability of an adjacent Watson-Crick hybridized nucleotides. Without being limited to
theory, a tetraloop may stabilize an adjacent Watson-Crick base pair by stacking interactions.
In addition, interactions among the four nucleotides in a tetraloop include but are not limited to
non-Watson-Crick base pairing, stacking interactions, hydrogen bonding, and contact
Interactions (Cheong et al., Nature 1990 Aug 16;346(6285):680-2; Heus and Pardi, Science
1991 Jul 12;253(5016):191-4). A tetraloop confers an Increase In the melting temperature
(Tm) of an adjacent duplex that is higher than expected from a simple model loop sequence
consisting of four random bases. For example, a tetraloop can confer a melting temperature of
at least 55°C iIn 10mM NaHPO4 to a hairpin comprising a duplex of at least 2 base pairs In

length. A tetraloop may contain ribonucleotides, deoxyribonucleotides, modified nucleotides,
and combinations thereof. Examples of RNA tetraloops include the UNCG family oftetraloops
(e.g., UUCG), the GNRA family of tetraloops (e.g., GAAA), and the CUUG tetraloop. (Woese et
al., Proc Natl Acad Sci USA. 1990 Nov;87(21):8467-71; Antao et al., Nucleic Acids Res. 1991
Nov 11;19(21):5901-5). Examples of DNA tetraloops include the d(GNNA) family oftetraloops
(e.g., d(GTTA), the d(GNRA)) family of tetraloops, the d(GNAB) family of tetraloops, the
d(CNNG) family of tetraloops, the d(TNCG) family of tetraloops (e.g., d(TTCG)). (Nakano et al.
Biochemistry, 41 (48), 14281 -14292, 2002.; SHINJI| et al. Nippon Kagakkal Koen Yokoshu
Vol.78th; No. 2; Page731 (2000).)

[0074] As used herein, the term "sIRNA" refers to a double stranded nucleic acid in which each
strand comprises RNA, RNA analog(s) or RNA and DNA. The siIRNA 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 strand of the sIRNA Is sufficiently
complementary with the target sequence of the -catenin gene/RNA.

[0075] An anti-B-catenin DsIRNA of the instant invention possesses strand lengths of at least
25 nucleotides. Accordingly, In certain embodiments, an anti-p-catenin DsIRNA contains one
oligonucleotide sequence, a first sequence, that i1s at least 25 nucleotides In length and no
longer than 35 or up to 50 or more nucleotides. This sequence of RNA can be between 26 and
395, 26 and 34, 26 and 33, 26 and 32, 26 and 31, 26 and 30, and 26 and 29 nucleotides 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 to the first sequence
under biological conditions, such as within the cytoplasm of a eukaryotic cell. The second
oligonucleotide sequence will have at least 22 complementary base pairs with the first
oligonucleotide sequence, more typically the second oligonucleotide sequence will have 25 or
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more complementary base pairs with the first oligonucleotide sequence. In one embodiment,
the second sequence Is the same length as the first sequence, and the DsIRNA agent is blunt
ended. In another embodiment, the ends of the DsIRNA agent have one or more overhangs.

[0076] In certain embodiments, the first and second oligonucleotide sequences of the DsIRNA
agent exist on separate oligonucleotide strands that can be and typically are chemically
synthesized. In some embodiments, both strands are between 26 and 35 nucleotides in length.
In other embodiments, both strands are between 25 and 30 or 26 and 30 nucleotides In length.
In one embodiment, both strands are 27 nucleotides In length, are completely complementary
and have blunt ends. In certain embodiments of the instant invention, the first and second
sequences of an anti-B-catenin DsIRNA exist on separate RNA oligonucleotides (strands). In
one embodiment, one or both oligonucleotide strands are capable of serving as a substrate for
Dicer. In other embodiments, at least one modification is present that promotes Dicer to bind to
the double-stranded RNA structure in an orientation that maximizes the double-stranded RNA
structure's effectiveness in inhibiting gene expression. In certain embodiments of the instant
iInvention, the anti-B-catenin DsIRNA agent 1s comprised of two oligonucleotide strands of
differing lengths, with the anti-B-catenin DsSIRNA possessing a blunt end at the 3' terminus of a
first strand (sense strand) and a 3' overhang at the 3' terminus of a second strand (antisense
strand). The DsIRNA can also contain one or more deoxyribonucleic acid (DNA) base
substitutions.

[0077] Suitable DsiIRNA compositions that contain two separate oligonucleotides can be
chemically linked outside their annealing region by chemical linking groups. Many suitable
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 target gene. Alternatively, the two separate oligonucleotides can be linked
by a third oligonucleotide such that a hairpin structure i1s produced upon annealing of the two
oligonucleotides making up the DsIRNA composition. The hairpin structure will not block Dicer
activity on the DsIRNA and will not interfere with the directed destruction of the target RNA.

[0078] As used herein, a dsRNA, e.g., DsiIRNA or siRNA, having a sequence "sufficiently
complementary” to a target RNA or cDNA sequence (e.g., p-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 iIs
"sufficiently complementary” to a target RNA or cDNA sequence to trigger the destruction of
the target RNA by the RNAI machinery or process can be identified as a dsRNA that causes a
detectable reduction In the level of the target RNA Iin an appropriate assay of dsRNA activity
(e.g., an In vitro assay as described in Example 2 below), or, In further examples, a dsRNA that
IS sufficiently complementary to a target RNA or cDNA sequence to trigger the destruction of
the target RNA by the RNAI machinery or process can be identified as a dsRNA that produces
at least a 5%, at least a 10%, at least a 15%, at least a 20%, at least a 25%, at least a 30%, at
least a 35%, at least a 40%, at least a 45%, at least a 50%, at least a 55%, at least a 60%, at
least a 65%, at least a 70%, at least a 75%, at least a 80%, at least a 85%, at least a 90%, at
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least a 95%, at least a 98% or at least a 99% reduction In the level of the target RNA In an
appropriate assay of dsRNA activity. In additional examples, a dsRNA that is sufficiently
complementary to a target RNA or cDNA sequence to 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, a dsRNA that is sufficiently complementary to a target RNA or cDNA
sequence to 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 least 20% at least 48
hours post-administration of said dsRNA to a cell or organism. Preferably, a dsRNA that Is
sufficiently complementary to a target RNA or cDNA sequence to trigger the destruction of the
target RNA by the RNAI machinery or process Is identified as a dsRNA capable of reducing
target mMRNA levels by at least 40% at least 72 hours post-administration of said dsRNA to a
cell or organism, by at least 40% at least four, five or seven days post-administration of said
dsRNA to a cell 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 post-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 to a cell or organism, by at 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 dsRNA to a cell or organism.

[0079] The dsRNA molecule can be designed such that every residue of the antisense strand
IS complementary to a residue In the target molecule. Alternatively, substitutions can be made
within the molecule to increase stability and/or enhance processing activity of said molecule.
Substitutions can be made within the strand or can be made to residues at the ends of the
strand. In certain 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 DsSIRNA agent; and introduction of 2'-O-alkyl (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 DsSIRNA agent that i1s processed to form an active siRNA agent.
The preceding modifications are offered as exemplary, and are not intended to be Iimiting 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 anti-
B-catenin DsIRNA agents of the instant invention, can be found below.

[0080] Where a first sequence Is referred to as "substantially complementary” with respect to a
second sequence herein, the two sequences 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 oligonucleotides are designed to form, upon hybridization,
one or more single stranded overhangs, such overhangs shall not be regarded as mismatches
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with regard to the determination of complementarity. For example, a dsRNA comprising one
oligonucleotide 21 nucleotides In length and another oligonucleotide 23 nucleotides in length,
wherein the longer oligonucleotide comprises a sequence of 21 nucleotides that is fully
complementary to the shorter oligonucleotide, may yet be referred to as "fully complementary”
for the purposes of the invention.

[0081] The term "double-stranded RNA" or "dsRNA", as used herein, refers to a complex of
ribonucleic acid molecules, having a duplex structure comprising two anti-parallel and
substantially 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
separate RNA molecules. Where separate RNA molecules, such dsRNA are often referred to
as SIRNA ("short interfering RNA") or DsIRNA ("Dicer substrate siIRNAs"). Where the two
strands are part of one larger molecule, and therefore are connected by an uninterrupted
chain of nucleotides 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
loop”, "short hairpin RNA" or "shRNA". Where the two strands are connected covalently by
means other than an uninterrupted chain of nucleotides between the 3'-end of one strand and
the 5'end of the respective other strand forming the duplex structure, the connecting structure
IS referred to as a "linker". The RNA strands may have the same or a different number of
nucleotides. The maximum number of base pairs is the number of nucleotides in the shortest
strand of the dsRNA minus any overhangs that are present in the duplex. In addition to the
duplex structure, a dsRNA may comprise one or more nucleotide overhangs. In addition, as
used herein, "dsRNA" may Include chemical modifications to ribonucleotides, internucleoside
inkages, end-groups, caps, and conjugated moieties, including substantial modifications at
multiple nucleotides and Including all types of modifications disclosed herein or known In the
art. Any such modifications, as used in an siRNA- or DsiIRNA-type molecule, are encompassed

by "dsRNA" for the purposes of this specification and claims.

[0082] The phrase "duplex region” refers to the region in two complementary or substantially
complementary oligonucleotides that form base pairs with one another, either by Watson-Crick
base pairing or other manner that allows for a duplex between oligonucleotide strands that are
complementary or substantially complementary. For example, an oligonucleotide strand having
21 nucleotide units can base pair with another oligonucleotide of 21 nucleotide units, yet only
19 bases on each strand are complementary or substantially complementary, such that the
"duplex region” consists of 19 base pairs. The remaining base pairs may, for example, exist as
S5' and 3' overhangs. Further, within the duplex region, 100% complementarity is not required;
substantial complementarity is allowable within a duplex region. Substantial complementarity
refers to complementarity between the strands such that they are capable of annealing under
biological conditions. Techniques to empirically determine If two strands are capable of
annealing under biological 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 one
another.

[0083] Single-stranded nucleic acids that base pair over a number of bases are said to
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"hybridize." Hybridization Is typically determined under physiological or biologically relevant
conditions (e.g., Intracellular: pH 7,2, 140 mM potassium ion; extracellular pH 7.4, 145 mM
sodium ion). Hybridization conditions generally contain a monovalent cation and biologically
acceptable buffer and may or may not contain a divalent cation, complex anions, e.g.
gluconate from potassium gluconate, uncharged species such as sucrose, and inert polymers
to reduce the activity of water in the sample, e.g. PEG. Such conditions include conditions
under which base pairs can form.

[0084] Hybridization I1s measured by the temperature required to dissociate single stranded
nucleic acids forming a duplex, r.e., (the melting temperature; Tm). Hybridization conditions are
also conditions under which base pairs can form. Various conditions of stringency can be used
to determine hybridization (see, e.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 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 I1s the number of bases In the hybrid, and [Na+] is the concentration of
sodium ions In the hybridization buffer ([Na+] for 1xSSC=0.165 M). For example, a
hybridization determination buffer is shown in Table 1.
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[0085] Useful variations on hybridization conditions will be readily apparent to those skilled In
the art. Hybridization techniques are well known to those skilled in the art and are described,
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for example, In Benton and Davis (Science 196:180, 1977); Grunstein and Hogness (Proc.
Natl. Acad. Sci., USA 72:3961, 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.

[0086] As used herein, "oligonucleotide strand” is a single stranded nucleic acid molecule. An
oligonucleotide may comprise ribonucleotides, deoxyribonucleotides, modified nucleotides
(e.g., nucleotides with 2' modifications, synthetic base analogs, etc.) or combinations thereof.
sSuch modified oligonucleotides can be preferred over native forms because of properties such
as, for example, enhanced cellular uptake and increased stability in the presence of nucleases.

[0087] As used herein, the term "ribonucleotide” encompasses natural and synthetic,
unmodified and modified ribonucleotides. Modifications include changes to the sugar moiety, to
the base moiety and/or to the linkages between ribonucleotides in the oligonucleotide. As used
herein, the term "ribonucleotide” specifically excludes a deoxyribonucleotide, which Is a
nucleotide possessing a single proton group at the 2' ribose ring position.

[0088] As used herein, the term "deoxyribonucleotide” encompasses natural and synthetic,
unmodified and modified deoxyribonucleotides. Modifications include changes to the sugar
moiety, to the base moiety and/or to the linkages between deoxyribonucleotide In the
oligonucleotide. As used herein, the term "deoxyribonucleotide” also Includes a modified
ribonucleotide that does not permit Dicer cleavage of a dsRNA agent, e.g.,, a 2'-O-methyl

ribonucleotide, a phosphorothioate-modified ribonucleotide residue, etc., that does not permit
Dicer cleavage to occur at a bond of such a residue.

[0089] As used herein, the term "PS-NA" refers to a phosphorothioate-modified nucleotide
residue. The term "PS-NA" therefore encompasses both phosphorothioate-modified

ribonucleotides ("PS-RNAs") and phosphorothioate-modified deoxyribonucleotides ("PS-
DNASs").

[0090] As used herein, "Dicer” refers to an endoribonuclease in the RNase lll family that
cleaves a dsRNA or dsRNA-containing molecule, e.g., double-stranded RNA (dsRNA) or pre-
MICroORNA (MIRNA), Into double-stranded nucleic acid fragments 19-25 nucleotides long,
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 1s 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 results Iin the degradation of a target RNA. The
protein sequence of human Dicer is provided at the NCBI database under accession number
NP 085124, hereby incorporated by reference.

[0091] Dicer "cleavage” is determined as follows (e.g., see Collingwood et al., Oligonucleotides
18:187-200 (2008)). In a Dicer cleavage assay, RNA duplexes (100 pmol) are incubated in 20
uL of 20 mM Tris pH 8.0, 200 mM NacCl, 2.5 mM MgC12 with or without 1 unit of recombinant
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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 spectroscopy (ESI-LCMS) of duplex RNAs pre- and post-treatment with
Dicer is done using an Oligo HTCS system (Novatia, Princeton, NJ; Halil et al, 2004), which
consists of a ThermoFinnigan TSQ/7000, Xcalibur data system, ProMass data processing
software and Paradigm MS4 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, (i.e., 25-30 bp, dsRNA, preferably 26-30 bp dsRNA)
IS cleaved to a shorter dsRNA (e.g., 19-23 bp dsRNA, preferably, 21-23 bp dsRNA).

[0092] As used herein, "Dicer cleavage site” refers to the sites at which Dicer cleaves a dsRNA
(e.g., the dsRNA region of a DsIRNA agent of the invention). Dicer contains two RNase |l|
domains which typically cleave both the sense and antisense strands of a dsRNA. The average
distance between the RNase |ll domains and the PAZ domain determines the length of the
short double-stranded nucleic acid fragments it produces and this distance can vary (Macrae
et al. (2006) Science 311: 195-8). As shown In Figure 1, Dicer is projected to cleave certain
double-stranded ribonucleic acids of the Instant invention that possess an antisense strand

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

22N 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 via art-recognized methods, including those described in Macrae et
al. While the Dicer cleavage events depicted in Figure 1 generate 21 nucleotide siIRNAs, It Is
noted that Dicer cleavage of a dsRNA (e.g., DsIRNA) can result in generation of Dicer-
processed sIRNA lengths of 19 to 23 nucleotides In length. Indeed, in certain embodiments, a
double-stranded DNA region may be included within a dsRNA for purpose of directing
prevalent Dicer excision of a typically non-preferred 19mer or 20mer sIRNA, rather than a
21mer.

[0093] As used herein, "overhang" refers to 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 5' overhang on the antisense strand or sense strand. In
some embodiments, the overhang is a 3' overhang having a length of between one and six
nucleotides, optionally one to five, one to four, one to three, one to two, two to six, two to five,
two to four, two to three, three to six, three to five, three to four, four to six, four to five, five to
siX nucleotides, or one, two, three, four, five or six nucleotides.

[0094] A dsRNA of the Invention comprises two RNA strands that are sufficiently
complementary to hybridize to form a duplex structure. One strand of the dsRNA (the
antisense strand) comprises a region of complementarity that is substantially complementary,
and generally fully complementary, to a target sequence, derived from the sequence of an
MRNA formed during the expression of the p-catenin target gene, the other strand (the sense
strand) comprises a region which 1s complementary to the antisense strand, such that the two
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strands hybridize and form a duplex structure when combined under suitable conditions. The
duplex structure may be between 25 and 30, or between 26 and 30, base pairs in length.
Similarly, the region of complementarity to the target sequence may be between 25 and 30
nucleotides In length. The dsRNA of the invention may further comprise one or more single-
stranded nucleotide overhang(s). It has been Iidentified that dsRNAs comprising duplex
structures of between 15 and 35 base pairs In length can be effective In inducing RNA
Interference, Including DsIRNAs (generally of at least 25 base pairs in length) and siRNAs (in
certain embodiments, duplex structures of siRNAs are between 20 and 23, and optionally,
specifically 21 base pairs (Elbashir et al., EMBO 20: 68//7-6888)). It has also been identified
that dsRNAs possessing duplexes shorter than 20 base pairs can be effective as well (e.g., 195,
16, 17, 18 or 19 base pair duplexes).

[0095] In one embodiment of the invention, at least one end of the dsRNA has a single-
stranded nucleotide overhang of 1 to 5, optionally 1 to 4, in certain embodiments, 1 or 2
nucleotides. Certain dsRNA structures having at least one nucleotide overhang possess
superior inhibitory properties as compared to counterparts possessing base-paired blunt ends
at both ends of the dsRNA molecule.

[0096] As used herein, the term "RNA processing” refers to processing activities performed by
components of the siIRNA, mIRNA or RNase H pathways (e.g., Drosha, Dicer, Argonaute2 or
other RISC endoribonucleases, and RNaseH), which are described in greater detail below (see
"RNA Processing” section below). The term i1s explicitly distinguished from the post-
transcriptional processes of 5' capping of RNA and degradation of RNA wvia non-RISC- or non-
RNase H-mediated processes. Such "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-nucleases (e.g., RNase Ill, RNase P
RNase T1, RNase A (1, 2, 3, 4/5), oligonucleotidase, etc.).

[0097] By "homologous sequence” iIs meant, a nucleotide sequence that is shared by one or
more polynucleotide sequences, such as genes, gene transcripts and/or non-coding
polynucleotides. For example, a homologous sequence can be a nucleotide sequence that Is
shared by two or more genes encoding related but different proteins, such as different
members of a gene family, different protein epitopes, different protein isoforms or completely
divergent genes, such as a cytokine and its corresponding receptors. A homologous segquence
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 to be perfect homology
(e.g., 100%), as partially homologous sequences are also contemplated by the Iinstant
iInvention (e.g., 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%,
85%, 84%, 83%, 82%, 81 %, 80% etc.). Indeed, 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-catenin possessing perfect complementarity with the presently described
DsIRNA agents, but also against target p-catenin RNAs possessing sequences that are, e.qg.,
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only 99%, 98%, 97%, 96%, 95% 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%,
83%, 82%, 81%, 80% etc. complementary to said DsIRNA agents. Similarly, it is contemplated
that the presently described DsIRNA agents of the instant invention might be readily altered by
the skilled artisan to enhance the extent of complementarity between said DsIRNA agents and
a target B-catenin RNA, e.qg., of a specific allelic variant of B-catenin (e.g., an allele of
enhanced therapeutic interest). Indeed, DsIRNA agent sequences with insertions, deletions,
and single point mutations relative to the target p-catenin sequence can also be effective for
Inhibition. Alternatively, DsIRNA agent sequences with nucleotide analog substitutions or
Insertions can be effective for inhibition.

[0098] Sequence identity may be determined by sequence comparison and alignment
algorithms known In the art. To determine the percent identity of two nucleic acid sequences
(or of two amino acid sequences), the sequences are aligned for comparison purposes (e.g.,
gaps can be Introduced In the first sequence or second sequence for optimal alignment). The
nucleotides (or amino acid residues) at corresponding nucleotide (or amino acid) positions are
then compared. VWhen a position In the first sequence 1s occupied by the same residue as the
corresponding position In the second sequence, then the molecules are identical at that
position. The percent identity between the two sequences is a function of the number of
iIdentical 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 and/or
length of gaps introduced.

[0099] The comparison of sequences and determination of percent identity between 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 identity
but not over portions having low degree of identity (i.e., a local alignment). A preferred, non-
imiting 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. Natl. Acad. Sci. USA 90:5873-77. Such an algorithm Is
Incorporated into the BLAST programs (version 2.0) of Altschul, et al. (1990) J. Mol. Biol.
215:403-10.

[0100] In another embodiment, a gapped alignment I1s formed by Introducing gaps, and
percent identity Is determined over the length of the aligned sequences. To obtain 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 (1989). Such
an algorithm is incorporated into the ALIGN program (version 2.0) which iIs part of the GCG
sequence alignment software package. When utilizing the ALIGN program for comparing
amino acid sequences, a PAM120 weight residue table, a gap length penalty of 12, and a gap
penalty of 4 can be used.
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[0101] Greater than 80% sequence identity, e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87 %,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or even 100% sequence
iIdentity, between the DsIRNA antisense strand and the portion of the B-catenin RNA sequence
IS preferred. Alternatively, the DsIRNA may be defined functionally as a nucleotide sequence
(or oligonucleotide sequence) that is capable of hybridizing with a portion of the -catenin RNA
(e.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 1xSSC or 50°C In 1x5SC, 50% formamide followed by washing at 7/0°C in 0.3x5SSC
or hybridization at 7/0°C. In 4xSSC or 50°C In 4x5SC, 50% formamide followed by washing at
6/°C In 1xSSC. 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 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+] i1s the concentration of sodium ions Iin the hybridization buffer
([Na+] for 1x5SC=0.165 M). Additional examples of stringency conditions for polynucleotide
hybridization are provided Iin Sambrook, J., E. F. Fritsch, and T. Maniatis, 1989, Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.,
chapters 9 and 11, and Current Protocols 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.

[0102] By "conserved sequence region” Is meant, a nucleotide sequence of one or more
regions In a polynucleotide does not vary significantly between generations or from one
biological system, subject, or organism to another biological system, subject, or organism. The
polynucleotide can include both coding and non-coding DNA and RNA.

[0103] By "sense region” i1s 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.

[0104] By "antisense region” is meant a nucleotide sequence of a DsIRNA molecule having
complementarity to a target nucleic acid sequence. In addition, the antisense region of a
DsIRNA molecule comprises a nucleic acid sequence having complementarity to a sense
region of the DsIRNA molecule.

[0105] As used herein, "antisense strand” refers to a single stranded nucleic acid molecule
which has a sequence complementary to that of a target RNA. When the antisense strand
contains modified nucleotides with base analogs, it iIs not necessarily complementary over its
entire length, but must at least hybridize with a target RNA.

[0106] As used herein, "sense strand"” refers to a single stranded nucleic acid molecule which
has a sequence complementary to that of an antisense strand. VWhen 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 least duplex with the antisense
strand.

[0107] As used herein, "guide strand” refers to a single stranded nucleic acid molecule of a
dsRNA or dsRNA-containing molecule, which has a sequence sufficiently complementary to
that of a target RNA to result 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 strand 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.

[0108] As used herein, "passenger strand” refers to an oligonucleotide strand of a dsRNA or
dsRNA-containing molecule, 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 nucleic acid and may comprise a discontinuity, preferably at a site that is cleaved by
Dicer. A passenger strand Is a sense strand.

[0109] By "target nucleic acid” is meant a nucleic acid sequence whose expression, level or
activity 1s to be modulated. The target nucleic acid can be DNA or RNA. For agents that target
AR, In certain embodiments target nucleic acid is p-catenin RNA. B-catenin RNA target sites
can also interchangeably be referenced by corresponding cDNA sequences. Levels of [3-
catenin may also be targeted via targeting of upstream effectors of pB-catenin, or the effects of
modulated or misregulated p-catenin may also be modulated by targeting of molecules
downstream of B-catenin in the B-catenin signalling pathway.

[0110] By "complementarity” is meant that a nucleic acid can form hydrogen bond(s) with
another nucleic acid sequence 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 to proceed, e.g., RNAI activity. Determination of binding free
energies for nucleic acid molecules is well known In the art (see, e.g., Turner et al., 1987, CSH
Symp. Quant. Biol. LIl pp. 123-133; Frier et al., 1986, Proc. Nat. Acad. Sci. USA 83:9373-9377 ;
Turner et al., 1987, J. Am. Chem. Soc. 109:37/83-3785). A percent complementarity indicates
the percentage of contiguous residues In a nucleic acid molecule that can form hydrogen
bonds (e.g., Watson-Crick base pairing) with a second nucleic acid sequence (e.g., 5, 6, 7, 8,
9, or 10 nucleotides out of a total of 10 nucleotides In the first oligonucleotide being based
paired to a second 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 invention comprises 19 to 30 (e.g., 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or
30 or more) nucleotides that are complementary to one or more target nucleic acid molecules
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or a portion thereof.

[0111] In one embodiment, DsIRNA molecules of the invention that down regulate or reduce [3-
catenin gene expression are used for treating, preventing or reducing p-catenin-related
diseases or disorders (e.g., cancer) In a subject or organism.

[0112] In one embodiment of the present invention, each sequence of a DsIRNA molecule of
the invention Is independently 25 to 35 nucleotides In length, in specific embodiments 25, 26,
217, 28, 29, 30, 31, 32, 33, 34 or 35 nucleotides in length. In another embodiment, the DsIRNA
duplexes of the invention independently comprise 25 to 30 base pairs (e.q., 25, 26, 27, 28, 29,
or 30). In another embodiment, one or more strands of the DsIRNA molecule of the invention
Independently comprise e.q9. 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34 or 35 nucleotides
that are complementary to a target (AR) nucleic acid molecule. In certain embodiments, a
DsIRNA molecule of the invention possesses a length of duplexed nucleotides between 25 and
34 nucleotides In length (e.g., 25, 26, 27, 28, 29, 30, 31, 32, 33 or 34 nucleotides in length;
optionally, all such nucleotides base pair with cognate nucleotides of the opposite strand).

[0113] As used herein "cell” iIs used In its usual biological sense, and does not refer to an entire
multicellular 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 cell can be prokaryotic (e.g., bacterial cell) or eukaryotic (e.g.,
mammalian or plant cell). The cell can be of somatic or germ line origin, totipotent or
pluripotent, dividing or non-dividing. The cell can also be derived from or can comprise a
gamete or embryo, a stem cell, or a fully differentiated cell. Within certain aspects, 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 processes
dsRNAs or dsRNA-containing molecules resulting in RNA Interference of target nucleic acids,
and contains proteins and protein complexes required for RNAI, e.qg., Dicer and RISC.

[0114] In certain embodiments, dsRNAs of the Invention are Dicer substrate sIRNAs
("DsIRNAs"). DsiIRNAs can possess certain advantages as compared to inhibitory nucleic acids
that are not dicer substrates ("non-DsIRNAs"). Such advantages include, but are not limited to,
enhanced duration of effect of a DsIRNA relative to a non-DsIRNA, as well as enhanced
Inhibitory activity of a DsIRNA as compared to a non-DsIRNA (e.g., a 19-23mer siRNA) when
each Inhibitory nucleic acid 1s suitably formulated and assessed for inhibitory activity in a
mammalian cell at the same concentration (in this latter scenario, the DsIRNA would be
iIdentifled as more potent than the non-DsiRNA). Detection of the enhanced potency of a
DsIRNA relative to a non-DsiIRNA Is often most readily achieved at a formulated concentration
(e.g., transfection concentration of the dsRNA) that results In the DsiIRNA eliciting
approximately 30-70% knockdown activity upon a target RNA (e.g., a mRNA). For active
DsIRNAS, such levels of knockdown activity are most often achieved at /in vitro mammalian cell
DsIRNA transfection concentrations of 1 nM or less of as suitably formulated, and In certain
Instances are observed at DsIRNA transfection concentrations of 200 pM or less, 100 pM or
less, S50pM or less, 20 pM or less, 10 pM or less, 5 pM or less, or even 1 pM or less. Indeed,
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due to the variability among DsIRNAs of the precise concentration at which 30-70% knockdown
of a target RNA 1s observed, construction of an IC50 curve via assessment of the inhibitory
activity of DsiIRNAs and non-DsiIRNAs 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.

[0115] In certain embodiments, a DsIRNA (in a state as initially formed, prior to dicer cleavage)
IS more potent at reducing p-catenin target gene expression in a mammalian cell than a 19, 20,
21, 22 or 23 base pair sequence that is contained within it. In certain such embodiments, a
DsIRNA prior to dicer cleavage is more potent than a 19-21mer contained within it. Optionally,
a DsIRNA prior to dicer cleavage i1s more potent than a 19 base pair duplex contained within it
that 1s synthesized with symmetric dTdT overhangs (thereby forming a siRNA possessing 21
nucleotide strand lengths having dTdT overhangs). In certain embodiments, the DsIRNA iIs
more potent than a 19-23mer siIRNA (e.g., a 19 base pair duplex with dTdT overhangs) that
targets at least 15 nucleotides of the 21 nucleotide 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 via identification of the Ago2 cleavage site for the DsIRNA; once the AgoZ2
cleavage site of a DsIRNA is determined for a DsIRNA, identification of the Ago2 cleavage site
for any other Inhibitory dsRNA can be performed and these AgoZ2 cleavage sites can be
aligned, thereby determining the alignment of projected target nucleotide sequences for
multiple dsRNASs). In certain related embodiments, the DsIRNA is more potent than a 19-23mer
SIRNA that targets at least 20 nucleotides of the 21 nucleotide target sequence that is recited
for a DsIRNA of the invention. Optionally, the DsIRNA i1s more potent than a 19-23mer siRNA
that targets the same 21 nucleotide target sequence that is recited for a DsIRNA of the
iInvention. In certain embodiments, the DsIRNA I1s more potent than any 21mer siIRNA that
targets the same 21 nucleotide target 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 i1s more potent than any 21, 22 or 23mer siRNA that targets the
same 21 nucleotide target sequence that is recited for a DsIRNA of the invention. As noted
above, such potency assessments are most effectively performed upon dsRNAs that are
suitably formulated (e.g., formulated with an appropriate transfection reagent) at a
concentration of 1 nM or less. Optionally, an IC50 assessment is performed to evaluate activity
across a range of effective inhibitory concentrations, thereby allowing for robust comparison of
the relative potencies of dsRNAs so assayed.

[0116] The dsRNA molecules of the invention are added directly, or can be complexed with
lipids (e.q., cationic lipids), packaged within liposomes, or otherwise delivered to 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 their incorporation in biopolymers.

[0117] In another aspect, the Invention provides mammalian cells containing one or more
DsIRNA molecules of this invention. The one or more DsIRNA molecules can independently be
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targeted to the same or different sites.

[0118] 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 contiguous. By
"ribonucleotide” Is meant a nucleotide with a hydroxyl group at the 2' position of a B-D-
ribofuranose moiety. The terms include double-stranded RNA, single-stranded RNA, isolated
RNA such as partially puriflied RNA, essentially pure RNA, synthetic RNA, recombinantly
produced RNA, as well as altered RNA that differs from naturally occurring RNA by the
addition, deletion, substitution and/or alteration of one or more nucleotides. Such alterations
can Include addition of non-nucleotide material, such as to the end(s) of the DsIRNA or
Internally, for example at one or more nucleotides of the RNA. Nucleotides In the RNA
molecules of the instant invention can also comprise non-standard nucleotides, such as non-
naturally occurring nucleotides or chemically synthesized nucleotides or deoxynucleotides.
These altered RNAs can be referred to as analogs or analogs of naturally-occurring RNA.

[0119] By "subject” iIs meant an organism, which 1s a donor or recipient of explanted cells or
the cells themselves. "Subject” also 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.

[0120] The phrase "pharmaceutically acceptable carrier’ refers to a carrier for the
administration of a therapeutic agent. Exemplary carriers include saline, buffered saline,
dextrose, water, glycerol, ethanol, and combinations thereof. For drugs administered orally,
pharmaceutically acceptable carriers include, but are not limited to pharmaceutically
acceptable excipients such as inert diluents, disintegrating agents, binding agents, lubricating
agents, sweetening 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 disintegrating agents. Binding agents may
Include starch and gelatin, while the lubricating agent, if present, will generally be magnesium
stearate, stearic acid or talc. If desired, the tablets may be coated with a material such as
glyceryl monostearate or glyceryl distearate, to delay absorption in the gastrointestinal tract.
The pharmaceutical ly acceptable carrier of the disclosed dsRNA compositions may be micellar
structures, such as a liposomes, capsids, capsoids, polymeric nanocapsules, or polymeric
microcapsules.

[0121] Polymeric nanocapsules or microcapsules facilitate transport and release of the
encapsulated or bound dsRNA into the cell. They include polymeric and monomeric materials,
especially including polybutylcyanoacrylate. A summary of materials and fabrication methods
has been published (see Kreuter, 1991). The polymeric materials 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.
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[0122] Various methodologies of the instant invention include step that involves comparing a
value, level, feature, characteristic, property, etc. to a "suitable control”, referred to
Interchangeably herein as an "appropriate control”. A "suitable control” or "appropriate control”
IS a control or standard familiar to one of ordinary skill in the art useful for comparison
purposes. In one embodiment, a "suitable control” or "appropriate control” is a value, level,
feature, characteristic, property, etc. determined prior to performing an RNAI methodology, as
described herein. For example, a transcription rate, mRNA level, translation rate, protein level,
biological activity, cellular characteristic or property, genotype, phenotype, etc. can be
determined prior to introducing an RNA silencing agent (e.g., DsSIRNA) of the invention into a
cell or organism. In another embodiment, a "suitable control” or "appropriate control” Is a
value, level, feature, characteristic, property, etc. determined in a cell or organism, e.g., a
control or normal cell or organism, exhibiting, for example, normal traits. In yet another
embodiment, a "suitable control” or "appropriate control” is a predefined value, level, feature,
characteristic, property, etc.

[0123] The term “in vitro” has its art recognized meaning, e.g., involving purified reagents or
extracts, e.g., cell extracts. The term "in vivo” also has its art recognized meaning, e.g.,
Involving living cells, e.g., immortalized cells, primary cells, cell lines, and/or cells In an
organism.

[0124] "Treatment”, or "treating” 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 same) to a
patient, or application or administration of a therapeutic agent to an isolated tissue or cell line
from a patient, who has a disorder with the purpose to cure, heal, alleviate, relieve, alter,
remedy, ameliorate, improve or affect the disease or disorder, or symptoms of the disease or
disorder. The term "treatment” or "treating” Is also used herein In the context of administering
agents prophylactically. The term “effective dose” or "effective dosage"” Is defined as an
amount sufficient to 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 suffering from the disease. The
term "patient” includes human and other mammalian subjects that receive either prophylactic
or therapeutic treatment.

Structures of Anti-p-catenin DSIRNA Agents

[0125] In certain embodiments, the anti-p-catenin DsIRNA agents of the invention have the
following structures:
In one such embodiment, the DsSIRNA comprises:

o' - -3
3'-Y -9

wherein "X"=RNA and "Y" Is an overhang domain comprised of 1-4 RNA monomers that are
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optionally 2'-O-methyl RNA monomers. In a related embodiment, the DsIRNA comprises:
o' - DD- 3’
3'-Y -5’

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

[0126] DsiRNAs of the invention can carry a broad range of modification patterns (e.g., 2'-O-
methyl RNA patterns, e.g., within extended DsIRNA agents). Certain modification patterns of
the second strand of DsIRNAs of the invention are presented below.

[0127] In one embodiment, the DsIRNA comprises:
5'- -3

3'-Y -9’

wherein "X"=RNA, "X"=2'-O-methyl RNA, "Y" I1s an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-O-methyl RNA monomers and underlined residues are 2'-O-
methyl RNA monomers. In a related embodiment, the DsSIRNA comprises:

o' - DD- 3

3'-Y -9’

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

[0128] In another such embodiment, the DsIRNA comprises:
5'- -3
3'-Y -5

wherein "X"=RNA, "X"=2'-O-methyl RNA, "Y" I1s an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-O-methyl RNA monomers and underlined residues are 2'-O-
methyl RNA monomers. In a related embodiment, the DsIRNA comprises:

O'- DD-3'
3'-Y -9’

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

[0129] In another such embodiment, the DsIRNA comprises:
5'- -3
3'-Y -5

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'-O-
methyl RNA monomers. In a related embodiment, the DsSIRNA comprises:

51. DD-3'

3-Y -9’

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"-O-
methyl RNA monomers, and "D"=DNA. The top strand is the sense strand, and the bottom

strand Is the antisense strand.

[0130] In further embodiments, the DsIRNA comprises:
5'- -3

3'-Y -9’

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'-O-
methyl RNA monomers. In a related embodiment, the DsIRNA comprises:

5'- DD-3'

3'-Y -9

wherein "X"'=RNA, "X"=2'-O-methyl RNA, "Y" I1s an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-O-methyl RNA monomers, underlined residues are 2'-O-
methyl RNA monomers, and "D"=DNA. The top strand is the sense strand, and the bottom
strand is the antisense strand. In one related embodiment, the DsIRNA comprises:

5'- -3
3'- _5'

wherein "X"=RNA and "X"=2'-0-methyl RNA. In a further related embodiment, the DsIRNA
comprises:
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5'- DD- 3

3'- -9’

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

[0131] In additional embodiments, the DsIRNA comprises:
5'- -3

3'-Y -9’

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'-O-
methyl RNA monomers. In a related embodiment, the DsIRNA comprises:

5'- DD-3'

3'-Y -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, underlined residues are 2'-O-
methyl RNA monomers, and "D"=DNA. The top strand is the sense strand, and the bottom
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:

O'- -3
3'- -9’

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:

5'- DD-3'
3'- _5'

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

[0132] In other embodiments, the DsIRNA comprises:
5'- -3

3'-Y -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'-O-
methyl RNA monomers. The top strand is the sense strand, and the bottom strand iIs the
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antisense strand. In a related embodiment, the DsIRNA comprises:
S5'- DD-3'

3'-Y -9’

wherein "X"=RNA, "X"=2'-O-methyl RNA, "Y" I1s an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-O-methyl RNA monomers, underlined residues are 2'-O-
methyl RNA monomers, and "D"=DNA. The top strand is the sense strand, and the bottom
strand is the antisense strand. In one related embodiment, the DsIRNA comprises:

5'- -3

3 - _5'

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 another related embodiment, the DsIRNA comprises:

S5'- DD-3'

3'- -9’

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.

[0133] In further embodiments, the DsIRNA comprises:
5'- -3

Y-Y -9’

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'-O-
methyl RNA monomers. The top strand is the sense strand, and the bottom strand iIs the
antisense strand. In a related embodiment, the DsIRNA comprises:

5'- DD-3'

3'-Y -9’

wherein "X"=RNA, "X"=2'-O-methyl RNA, "Y" I1s an overhang domain comprised of 1-4 RNA
monomers that are optionally 2'-O-methyl RNA monomers, underlined residues are 2'-O-
methyl RNA monomers, and "D"=DNA. The top strand is the sense strand, and the bottom
strand is the antisense strand. In one related embodiment, the DsIRNA comprises:

O'- -3
3'- -9’

wherein "X"'=RNA and "X"=2'-O-methyl RNA. The top strand is the sense strand, and the
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bottom strand is the antisense strand. In a further related embodiment, the DsIRNA comprises:
5'- DD-3'

3'- -9’

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

[0134] In additional embodiments, the DsIRNA comprises:
S5'- -3

3.y 5

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'-O-
methyl RNA monomers. The top strand is the sense strand, and the bottom strand is the
antisense strand. In a related embodiment, the DsIRNA comprises:

S5'- DD-3'
3'-Y -5’

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'-O-
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:

O'- -3
3'- -9’

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:

S5'- DD-3'
3'- _5'

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

[0135] In other embodiments, the DsIRNA comprises:
5'- -3
3'-Y -5

wherein "X"=RNA, "X"=2'-O-methyl RNA, "Y" I1s 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'-O-
methyl RNA monomers. The top strand is <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>