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COMPOSITIONS COMPRISING K-RAS siRNA AND METHODS OF USE

CROSS-REFERENCE TO RELATED APPLICATION
This application claims the benefit under 35 U.S.C. § 119(e) of U.S.

Provisional Patent Application No. 60/973,252 filed September 18, 2007, which is

incorporated herein by reference in its entirety.

STATEMENT REGARDING SEQUENCE LISTING

The Sequence Listing associated with this application is provided in
text format in lieu of a paper copy, and is hereby incorporated by reference into the
specification. The name of the text file containing the Sequence Listing is
480251_407PC_SEQUENCE_LISTING.txt. The text file is 121 KB, was created on
September 18, 2008, and is being submitted electronically via EFS-Web, concurrent

with the filing of the specification.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to siRNA molecules for modulating the
expression of K-ras and the application of these siRNA molecules as therapeutic
agents for human diseases such as a variety of cancers, cardiac disorders,
inflammatory diseases and reduction of inflammation, metabolic disorders and other

conditions which respond to the modulation of K-ras expression.

Description of the Related Art

The human ras gene family consists of three members: the H-ras, K-
ras and the N-ras gene (Land, H. et al. Science 222, 771-778 (1983)). This family of
retrovirus-associated DNA sequences (ras) was originally isolated from Harvey (H-

ras, Ha-ras, rasH) and Kirsten (K-ras, Ki-ras, rasK) murine sarcoma viruses. Ras
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genes are widely conserved among animal speci_es and sequences corresponding to
both H-ras and K-ras genes have been detected in human, avian, murine, and non-
vertebrate genomes. The closely related N-ras gene has been detected in human
neuroblastoma and sarcoma cell lines. These genes code for related proteins of 21
kD, which are located at the inner face of the cell membrane (Ellis, R. W. et al.,
1981, Nature 291, 506-511) and are involved in transducing signals from cell surface
receptors to their intracellular targets (McGrath, J. P., et al., 1984, Nature 310, 644-
649). Proteins in the Ras family are very important molecular switches for a wide
variety of signal pathways that control such processes as cytoskeletal integrity,
proliferation, cell adhesion, apoptosis, and cell migration. Ras and ras-related
proteins are often deregulated in cancers, leading to increased invasion and
metastasis, and decreased apoptosis.

In particular, RAS is a G-protein, specifically a small GTPase, a
regulatory GTP hydrolase which cycles between an activated (RAS-GTP) and
inactivated form (RAS-GDP). It is activated by guanine exchange factors (GEFs,
e.g., CDC25, SOS1 and SOS2, SDC25 in yeast), which are themselves activated by
mitogenic signals and through feedback from Ras itself. RAS activates a number of
pathways but an especially important one seems to be the mitogen-activated protein
(MAP) kinases, which themselves transmit signals downstream to other protein
kinases and gene regulatory proteins.

Mutational activation of K-ras proto-oncogenes contributes to the
development of many human cancers. Mutations in the Ras family of proto-
oncogenes are very common, being found in 20% to 30% of all human tumors. Ras
mutations have been identified in endometrial cancer, most of the mutations
occurring in surgical stage | and in the endometrioid adenocarcinoma subtype. K-ras

point mutations were also detected in cervical cancer samples (Pappa Kl et al, 2006,
Gynecol Oncol, 100, 596-600). K-ras mutations have been identified in 33%
(335/1012) of all colorectal tumors (Oliveira C et al, 2004, Human Molecular
Genetics, 13, 2303-2311). For lung cancer, K-ras mutations were found in
adenocarcinoma and in one study, occurred in 21 of 215 tumors (9.8%). In this same

study, nineteen mutants were found at codons 12 and 2 at codon 61 (Issan Yee San
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Tam et al., 2006, cancer Prevention, 12, 1647-1653). However, the frequency of K-
ras mutation is much higher (93%) in human pancreatic adenocarcinomas (Smit et
al., 1988, Nucleic Acids Research, 16, 7773-7782).

Ras mutations primarily affect codons 12 (G12 in the P-loop), 13, and
61 (the catalytic residue Q61), result in a constitutively active GTP-bound state by
preventing GTP hydrolysis and promote oncogenic activity by continually up-
regulating downstream effector pathways in the absence of external stimuli. The
glycine to valine mutation at residue 12 renders Ras insensitive to inactivation by
GAP and thus the protein is stuck in the "on state". Ras requires a GAP for
inactivation as it is a relatively poor catalyst on its own, as opposed to other G-
domain-containing proteins such as the alpha subunit of heterotrimeric G proteins.

Residue 61 is responsible for stabilizing the transition state for GTP
hydrolysis. Because enzyme catalysis in general is achieved by lowering the energy
barrier between substrate and product, mutation of Q61 necessarily reduces the rate
of intrinsic Ras GTP hydrolysis to physiologically meaningless levels.

Thus, this body of evidence strongly suggests that decreasing the
levels of K-ras, in particular the mutation activated K-ras, could be a therapeutic
approach for reducing survival of cancer cells associated with K-ras
expression/activation as well as for the treatment of various other disorders
associated with K-ras expression/activation.

RNAi technology is emerging as an effective means for reducing the
expression of specific gene products and may therefore prove to be uniquely useful
in a number of therapeutic, diagnostic, and research applications for the modulation
of expression of K-ras. The present invention provides compositions and methods
for modulating expression of these proteins using RNAi technology.

The following is a discussion of relevant art pertaining to RNAi. The
discussion is provided only for understanding of the invention that follows. The
summary is not an admission that any of the work described below is prior art to the

claimed invention.
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RNA interference refers to the process of sequence-specific post-
transcriptional gene silencing in animals mediated by short interfering RNAs
(siRNAs) (Zamore et al., 2000, Cell, 101, 25-33; Fire et al., 1998, Nature, 391, 806;
Hamilton et al., 1999, Science, 286, 950-951; Lin et al., 1999, Nature, 402, 128-129;
Sharp, 1999, Genes & Dev., 13, 139-141; and Strauss, 1999, Science, 286, 886).
The corresponding process in plants (Heifetz et al., International PCT Publication
No. WO 99/61631) is commonly referred to as post-transcriptional gene silencing or
RNA silencing and is also referred to as quelling in fungi. The process of post-
transcriptional gene silencing is thought to be an evolutionarily-conserved cellular
defense mechanism used to prevent the expression of foreign genes and is
commonly shared by diverse flora and phyla (Fire et al., 1999, Trends Genet., 15,
358). Such protection from foreign gene expression may have evolved in response
to the production of double-stranded RNAs (dsRNAs) derived from viral infection or
from the random integration of transposon elements into a host genome via a cellular
response that specifically destroys homologous single-stranded RNA or viral
genomic RNA. The presence of dsRNA in cells triggers the RNAI response through
a mechanism that has yet to be fully characterized. This mechanism appears to be
different from other known mechanisms involving double stranded RNA-specific
ribonucleases, such as the interferon response that results from dsRNA-mediated
activation of protein kinase PKR and 2°,5 -oligoadenylate synthetase resulting in
non-specific cleavage of mMRNA by ribonuclease L (see for example U.S. Pat. Nos.
6,107,094; 5,898,031; Clemens et al., 1997, J. Interferon & Cytokine Res., 17, 503-
524; Adah et al., 2001, Curr. Med. Chem., 8, 1189).

The presence of long dsRNAs in cells stimulates the activity of a
ribonuclease Il enzyme referred to as dicer (Bass, 2000, Cell, 101, 235; Zamore et
al., 2000, Cell, 101, 25-33; Hammond et al., 2000, Nature, 404, 293). Diceris
involved in the processing of the dsRNA into short pieces of dsRNA known as short
interfering RNAs (siRNAs) (Zamore et al., 2000, Cell, 101, 25-33; Bass, 2000, Cell,
101, 235; Berstein et al., 2001, Nature, 409, 363). Short interfering RNAs derived

from dicer activity are typically about 21 to about 23 nucleotides in length and
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comprise about 19 base pair duplexes (Zamore et al., 2000, Cell, 101, 25-33;
Elbashir et al., 2001, Genes Dev., 15, 188). Dicer has also been implicated in the
excision of 21- and 22-nucleotide smali temporal RNAs (stRNAs) from precursor
RNA of conserved structure that are implicated in translational control (Hutvagner et
al., 2001, Science, 293, 834). The RNAI response also features an endonuclease
complex, commonly referred to as an RNA-induced silencing complex (RISC), which
mediates cleavage of single-stranded RNA having sequence complementary to the
antisense strand of the siRNA duplex. Cleavage of the target RNA takes place in the
middle of the region complementary to the antisense strand of the siRNA duplex
(Elbashir et al., 2001, Genes Dev., 15, 188).

RNAI has been studied in a variety of systems. Fire ef al., 1998,
Nature, 391, 806, were the first to observe RNAI in C. elegans. Bahramian and
Zarbl, 1999, Molecular and Cellular Biology, 19, 274-283 and Wianny and Goetz,
1999, Nature Cell Biol., 2, 70, describe RNAiI mediated by dsRNA in mammalian
systems. Hammond ef al., 2000, Nature, 404, 293, describe RNAI in Drosophila
cells transfected with dsRNA. Elbashir ef al., 2001, Nature, 411, 494 and Tuschl et
al., International PCT Publication No. WO 01/75164, describe RNAI induced by
introduction of duplexes of synthetic 21-nucleotide RNAs in cultured mammalian
cells including human embryonic kidney and HelLa cells.

The use of longer dsRNA has been described. For example, Beach et
al., International PCT Publication No. WO 01/68836, describes specific methods for
attenuating gene expression using endogenously-derived dsRNA. Tuschl et al.,
International PCT Publication No. WO 01/75164, describe a Drosophila in vitro RNAI
system and the use of specific sSiRNA molecules for certain functional genomic and
certain therapeutic applications; although Tuschl, 2001, Chem. Biochem., 2, 239-
245, doubts that RNAI can be used to cure genetic diseases or viral infection due to
the danger of activating interferon response. Li et al., International PCT Publication
No. WO 00/44914, describe the use of specific long (141 bp-488 bp) enzymatically
synthesized or vector expressed dsRNAs for attenuating the expression of certain

target genes. Zernicka-Goetz et al., International PCT Publication No. WO
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01/36646, describe certain methods for inhibiting the expression of particular genes
in mammalian cells using certain long (550 bp-714 bp), enzymatically synthesized or
vector expressed dsRNA molecules. Fire et al., International PCT Publication No.
WO 99/32619, describe particular methods for introducing certain long dsRNA
molecules into cells for use in inhibiting gene expression in nematodes. Plaetinck et
al., International PCT Publication No. WO 00/01846, describe certain methods for
identifying specific genes responsible for conferring a particular phenotype in a cell
using specific long dsRNA molecules. Mello et al., International PCT Publication No.
WO 01/29058, describe the identification of specific genes involved in dsRNA-
mediated RNAIi. Pachuck et al., International PCT Publication No. WO 00/63364,
describe certain long (at least 200 nucleotide) dsRNA constructs. Deschamps
Depaillette et al., International PCT Publication No. WO 99/07409, describe specific
compositions consisting of particular dsSRNA molecules combined with certain anti-
viral agents. Waterhouse ef al., International PCT Publication No. 99/53050 and
1998, PNAS, 95, 13959-13964, describe certain methods for decreasing the
phenotypic expression of a nucleic acid in plant cells using certain dsRNAs. Driscoll
et al., International PCT Publication No. WO 01/49844, describe specific DNA
expression constructs for use in facilitating gene silencing in targeted organisms.
Others have reported on various RNAi and gene-silencing systems.
For example, Parrish et al., 2000, Molecular Cell, 6, 1077-1087, describe specific
chemically-modified dsRNA constructs targeting the unc-22 gene of C. elegans.
Grossniklaus, International PCT Publication No. WO 01/38551, describes certain
methods for regulating polycomb gene expression in plants using certain dsRNAs.
Churikov et al., International PCT Publication No. WO 01/42443, describe certain
methods for modifying genetic characteristics of an organism using certain dsRNAs.
Cogoni et al., International PCT Publication No. WO 01/53475, describe certain
methods for isolating a Neurospora silencing gene and uses thereof. Reed et al.,
International PCT Publication No. WO 01/68836, describe certain methods for gene
silencing in plants. Honer ef al., International PCT Publication No. WO 01/70944,

describe certain methods of drug screening using transgenic nematodes as
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Parkinson’s Disease models using certain dsRNAs. Deak et al., International PCT
Publication No. WO 01/72774, describe certain Drosophila-derived gene products
that may be related to RNAi in Drosophila. Arndt et al., International PCT Publication
No. WO 01/92513 describe certain methods for mediating gene suppression by
using factors that enhance RNAIi. Tuschl et al., International PCT Publication No.
WO 02/44321, describe certain synthetic siRNA constructs. Pachuk et al.,
international PCT Publication No. WO 00/63364, and Satishchandran et al.,
International PCT Publication No. WO 01/04313, describe certain methods and
compositions for inhibiting the function of certain polynucleotide sequences using
certain long (over 250 bp), vector expressed dsRNAs. Echeverri et al., International
PCT Publication No. WO 02/38805, describe certain C. elegans genes identified via
RNAI. Kreutzer et al., International PCT Publications Nos. WO 02/055692, WO
02/055693, and EP 1144623 B1 describes certain methods for inhibiting gene
expression using dsRNA. Graham et al., International PCT Publications Nos. WO
99/49029 and WO 01/70949, and AU 4037501 describe certain vector expressed
siRNA molecules. Fire et al., U.S. Pat. No. 6,506,559, describe certain methods for
inhibiting gene expression in vitro using certain long dsRNA (299 bp-1033 bp)
constructs that mediate RNAi. Martinez et al., 2002, Cell, 110, 563-574, describe
certain single stranded siRNA constructs, including certain 5°-phosphorylated single
stranded siRNAs that mediate RNA interference in Hela cells. Harborth et al., 2003,
Antisense & Nucleic Acid Drug Development, 13, 83-105, describe certain
chemically and structurally modified siRNA molecules. Chiu and Rana, 2003, RNA,
9, 1034-1048, describe certain chemically and structurally modified siRNA
molecules. Woolf et al., International PCT Publication Nos. WO 03/064626 and WO
03/064625 describe certain chemically modified dsRNA constructs. Hornung et al.,
2005, Nature Medicine, 11, 263-270, describe the sequence-specific potent induction
of IFN-alpha by short interfering RNA in plasmacytoid dendritic cells through TLR?.
Judge et al., 2005, Nature Biotechnology, Published online: 20 Mar. 2005, describe
the sequence-dependent stimulation of the mammalian innate immune response by

synthetic siRNA. Yuki ef al., International PCT Publication Nos. WO 05/049821 and
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WO 04/048566, describe certain methods for designing short interfering RNA
sequences and certain short interfering RNA sequences with optimized activity.
Saigo et al., US Patent Application Publication No. US20040539332, describe
certain methods of designing oligo- or polynucleotide sequences, including short
interfering RNA sequences, for achieving RNA interference. Tei et al., International
PCT Publication No. WO 03/044188, describe certain methods for inhibiting
expression of a target gene, which comprises transfecting a cell, tissue, or individual
organism with a double-stranded polynucleotide comprising DNA and RNA having a
substantially identical nucleotide sequence with at least a partial nucleotide

sequence of the target gene.

BRIEF SUMMARY OF THE INVENTION

One aspect of the present invention provides an isolated small
interfering RNA (siRNA) polynucleotide, comprising at least one nucleotide sequence
selected from the group consisting of SEQ ID NOs:1-474 and 479-488. In one
embodiment, the siRNA polynucleotide of the present invention comprises at least
one nucleotide sequence selected from the group consisting of SEQ ID NOs:1-474
and 479-488 and the complementary polynucleotide thereto. In a further
embodiment, the small interfering RNA polynucleotide inhibits expression of a K-ras
polypeptide, wherein the K-ras polypeptide comprises an amino acid sequence as
set forth in SEQ ID NOs:477 or 478, or that is encoded by the polynucleotide as set
forth in SEQ ID NO:475 or 476. In another embodiment, the nucleotide sequence of
the siRNA polynucleotide differs by one, two, three or four nucleotides at any
positions of the siRNA polynucleotides as described herein, such as those provided
in SEQ ID NOS: 1-474 and 479-488, or the complement thereof. In yet another
embodiment, the nucleotide sequence of the siRNA polynucleotide differs by at least
one mismatched base pair between a 5' end of an antisense strand and a 3' end of a
sense strand of a sequence selected from the group consisting of the sequences set
forth in SEQ ID NOS:1-474 and 479-488. In this regard, the mismatched base pair
may include, but are not limited to G:A, C:A, C:U, G:G, A:A, C:.C, U:U, C:T, and U:T
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mismatches. In a further embodiment, the mismatched base pair comprises a
wobble base pair between the 5' end of the antisense strand and the 3' end of the
sense strand. In another embodiment, the siRNA polynucleotide comprises at least
one synthetic nucleotide analogue of a naturally occurring nucleotide. In certain
embodiments, wherein the siRNA polynucleotide is linked to a detectable label, such
as a reporter molecule or a magnetic or paramagnetic particle. Reporter molecules
are well known to the skilled artisan. lllustrative reporter molecules include, but are
in no way limited to, a dye, a radionuclide, a luminescent group, a fluorescent group,
and biotin.

Another aspect of the invention provides an isolated siRNA molecule
that inhibits expression of a K-ras gene, wherein the siRNA molecule comprises a
nucleic acid that targets the sequence provided in SEQ ID NOs:475 and/or 476, or a
variant thereof having GTPase activity. Methods for measuring GTPase activity are
known in the art and described, for example, in Taylor, S.J., et al. (2001). Methods
Enzymol. 333, 333-348; Benard, V., et al. (1999). J. Biol. Chem. 274, 13198-13204;
Benard V. and Bokoch, G.M. (2002). Methods Enzymol. 345, 349-359. Assays for
measuring GTPase activity include commercially available kits from, for example,
Cell Biolabs, Inc, San Diego, CA or Thermo Fisher Scientific Inc., Rockford IL. In
certain embodiments, the siRNA comprises any one of the single stranded RNA
sequences provided in SEQ ID NOs:1-474 and 479-488, or a double-stranded RNA
thereof. In one embodiment of the invention, the siRNA molecule down regulates
expression of a K-ras gene via RNA interference (RNAI).

Another aspect of the invention provides compositions comprising any
one or more of the siRNA polynucleotides described herein and a physiologically
acceptable carrier. For example, the nucleic acid compositions prepared for delivery
as described in US Patent Nos. 6,692,911, 7,163,695 and 7,070,807. In this regard,
in one embodiment, the present invention provides a nucleic acid of the present
invention in a composition comprising copolymers of lysine and histidine (HK) as
described in US Patents 7,163,695, 7,070,807, and 6,692,911 either alone or in

combination with PEG (e.g., branched or unbranched PEG or a mixture of both) or in
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combination with PEG and a targeting moiety. Any combination of the above can
also be combined with crosslinking to provide additional stability.

Another aspect of the invention provides a method for treating or
preventing a disease as described herein, such as a variety of cancers, cardiac
disorders, inflammatory diseases and reduction of inflammation, metabolic disorders
and other conditions which respond to the modulation of K-ras expression, in a
subject having or suspected of being at risk for having such a disease, comprising
administering to the subject a composition of the invention, such as a composition
comprising the siRNa molecules of the invention, thereby treating or preventing the
disease.

A further aspect of the invention provides a method for inhibiting the
synthesis or expression of K-ras comprising contacting a cell expressing K-ras with
any one or more siRNA molecules wherein the one or more siRNA molecules
comprises a sequence selected from the sequences provided in SEQ ID NOs:1-474
and 479-488, or a double-stranded RNA thereof. In one embodiment, a nucleic acid
sequence encoding K-ras comprises the sequence set forth in SEQ ID NO:475 or
476.

Yet a further aspect of the invention provides a method for reducing the
severity of a disease as described herein in a subject, such as a variety of cancers,
cardiac disorders, inflammatory diseases and reduction of inflammation, metabolic
disorders and other conditions which respond to the modulation of K-ras expression,
comprising administering to the subject a composition comprising the siRNA as
described herein, thereby reducing the severity of the disease.

Another aspect of the invention provides a recombinant nucleic acid
construct comprising a nucleic acid that is capable of directing transcription of a
small interfering RNA (siRNA), the nucleic acid comprising: (a) a first promoter; (b) a
second promoter; and (c) at least one DNA polynucleotide segment comprising at
least one polynucleotide that is selected from the group consisting of (i) a
polynucleotide comprising the nucleotide sequence set forth in any one of SEQ ID

NOs:1-474 and 479-488, and (ii) a polynucleotide of at least 18 nucleotides that is

10
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complementary to the polynucleotide of (i), wherein the DNA polynucleotide segment
is operably linked to at least one of the first and second promoters, and wherein the
promoters are oriented to direct transcription of the DNA polynucleotide segment and
of the complement thereto. In one embodiment, the recombinant nucleic acid
construct comprises at least one enhancer that is selected from a first enhancer
operably linked to the first promoter and a second enhancer operably linked to the
second promoter. In another embodiment, the recombinant nucleic acid construct
comprises at least one transcriptional terminator that is selected from (i) a first
transcriptional terminator that is positioned in the construct to terminate transcription
directed by the first promoter and (ii) a second transcriptional terminator that is
positioned in the construct to terminate transcription directed by the second
promoter.

Another aspect of the invention provides isolated host cells
transformed or transfected with a recombinant nucleic acid construct as described
herein.

One aspect of the present invention provides a nucleic acid molecule
that down regulates expression of K-ras, wherein the nucleic acid molecule
comprises a nucleic acid that targets K-ras mRNA, whose representative sequences
are provided in SEQ ID NOs:475-476. Corresponding amino acid sequences are set
forth in SEQ ID NOs:477-478. In one embodiment, the nucleic acid is an siRNA
molecule. In a further embodiment, the siRNA comprises any one of the single
stranded RNA sequences provided in SEQ ID NOs:1-474 and 479-488, or a double-
stranded RNA thereof. In another embodiment, the nucleic acid molecule down
regulates expression of K-ras gene via RNA interference (RNA).

A further aspect of the invention provides a composition comprising
any one or more of the siRNA molecules of the invention as set forth in SEQ ID
NOé:1—474 and 479-488. In this regard, the composition may comprise 1, 2, 3, 4, 5,
6,7,8,9,10,11,12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100 or more siRNA molecules

of the invention. In this regard, the siRNA molecules may be selected from the

11
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siRNA molecules provided in SEQ ID NOs:1-474 and 479-488, or a double-stranded
RNA thereof. Thus, the siRNA molecules may target K-ras and may be a mixture of
siRNA molecules that target different regions of this gene. In certain embodiments,
the compositions may comprise a targeting moiety or ligand, such as a targeting
moeity that will target the siRNA composition to a desired cell.

These and other aspects of the present invention will become apparent

upon reference to the following detailed description.

BRIEF DESCRIPTION OF THE DRAWING(S)

Figure 1 is a bar graph showing knockdown of human K-Ras mRNA in
SW480 cells transfected with 10 nM of K-Ras siRNA at 48 hours post-transfection.
siRNA transfection was conducted using LipoFectamine RNAIMAX (see Example 2).
1-18: K-Ras 25-mer siRNA #1-18; 73: K-Ras siRNA #73 M: Mock transfection; Luc:
25-mer Luc-siRNA as negative control; Data were presented as Mean +/- STD.

Figure 2 is a bar graph showing knockdown of human K-Ras mRNA in
AsPC1 cells transfected with 10 nM of K-Ras siRNA at 48 hours post-transfection.
siRNA transfection was conducted using LipoFectamine RNAIMAX. 19-36: K-Ras
25-mer siRNA #19-36; 73: K-Ras siRNA #73; M: Mock transfection; Luc: 25-mer
Luc-siRNA as negative control; Data were Presented as Mean +/- STD.

Figure 3 is a bar graph showing knockdown of human K-Ras mRNA in
MIAPaCa-2 cells transfected with 10 nM of K-Ras siRNA at 48 hours post-
transfection. siRNA transfection was conducted using LipoFectamine RNAIMAX. 37-
54: K-Ras 25-mer siRNA #37-54; 73: K-Ras siRNA #73; M: Mock transfection; Luc:
25-mer Luc-siRNA as negative control; Data were Presented as Mean +/- STD.

Figure 4 is a bar graph showing knockdown of human K-Ras mRNA in
DLD-1 cells transfected with 10 nM of K-Ras siRNA at 48 hours post-transfection.
siRNA transfection was conducted using LipoFectamine RNAIMAX. 55-72: K-Ras
25-mer siRNA #55-72; 73: K-Ras siRNA #73; M: Mock transfection; Luc: 25-mer

Luc-siRNA as negative control; Data were Presented as Mean +/- STD.

12
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DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to nucleic acid molecules for modulating
the expression of K-ras. In certain embodiments the nucleic acid is ribonucleic acid
(RNA). In certain embodiments, the RNA molecules are single or double stranded.
In this regard, the nucleic acid based molecules of the present invention, such as
siRNA, inhibit or down-regulate expression of K-ras.

Reference to K-ras herein generally refers to the K-ras oncogene (e.g.,
a mutational activated K-ras gene). However, in certain embodiments, it may be
desirable to modulate expression of both the K-ras oncogene and the K-ras proto-
oncogene. Thus, in this regard, siRNA molecules that down-regulate both the K-ras
proto-oncogene and the K-ras oncogene are contemplated for use herein (see also
Example 1, Table 11).

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 K-ras gene expression and/or activity. The present
invention is also directed to compounds, compositions, and methods relating to
traits, diseases and conditions that respond to the modulation of expression and/or
activity of genes involved in K-ras gene expression pathways or other cellular
processes that mediate the maintenance or development of such traits, diseases and
conditions. Specifically, the invention relates to double stranded nucleic acid
molecules including small nucleic acid molecules, such as short interfering nucleic
acid (siNA), short interfering RNA (siRNA), double-stranded RNA (dsRNA), micro-
RNA (miRNA), and short hairpin RNA (shRNA) molecules capable of mediating RNA
interference (RNAI) against K-ras gene expression, including cocktails of such small
nucleic acid molecules and nanoparticle formulations of such small nucleic acid
molecules. The present invention also relates to small nucleic acid molecules, such
as siNA, siRNA, and others that can inhibit the function of endogenous RNA
molecules, such as endogenous micro-RNA (miRNA) (e.g, miRNA inhibitors) or
endogenous short interfering RNA (siRNA), (e.g., siRNA inhibitors) or that can inhibit

the function of RISC (e.g., RISC inhibitors), to modulate K-ras gene expression by
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interfering with the regulatory function of such endogenous RNAs or proteins
associated with such endogenous RNAs (e.g., RISC), including cocktails of such
small nucleic acid molecules and nanoparticle formulations of such small nucleic
acid molecules. Such small nucleic acid molecules are useful, for example, in
providing compositions to prevent, inhibit, or reduce a variety of cancers, cardiac
disorders, inflammatory diseases and reduction of inflammation, metabolic disorders
and/or other disease states, conditions, or traits associated with K-ras gene
expression or activity in a subject or organism.

By “inhibit” or “down-regulate” it is meant that the expression of the
gene, or level of mMRNA encoding a K-ras protein, levels of K-ras protein, or activity
of K-ras, is reduced below that observed in the absence of the nucleic acid
molecules of the invention. In one embodiment, inhibition or down-regulation with
the nucleic acid molecules of the invention is below that level observed in the
presence of an inactive control or attenuated molecule that is able to bind to the
same target mRNA, but is unable to cleave or otherwise silence that mRNA. In
another embodiment, inhibition or down-regulation with the nucleic acid molecules of
the invention is preferably below that level observed in the presence of, for example,
a nucleic acid with scrambled sequence or with mismatches. In another
embodiment, inhibition or down-regulation of K-ras with the nucleic acid molecule of
the instant invention is greater in the presence of the nucleic acid molecule than in its
absence.

By “modulate” is meant that the expression of the gene, or level of
RNAs or equivalent RNAs encoding one or more protein subunits, or activity of one
or more protein subunit(s) is up-regulated or down-regulated, such that the
expression, level, or activity is greater than or less than that observed in the absence
of the nucleic acid molecules of the invention.

By “double stranded RNA” or “dsRNA” is meant a double stranded
RNA that matches a predetermined gene sequence that is capable of activating
cellular enzymes that degrade the corresponding messenger RNA transcripts of the

gene. These dsRNAs are referred to as small interfering RNA (siRNA) and can be
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used to inhibit gene expression (see for example Elbashir et al., 2001, Nature, 411,
494-498; and Bass, 2001, Nature, 411, 428-429). The term “double stranded RNA”
or “dsRNA” as used herein also refers to a double stranded RNA molecule capable
of mediating RNA interference “RNAJ”, including small interfering RNA “siRNA” (see
for example Bass, 2001, Nature, 411, 428-429; Elbashir et al., 2001, Nature, 411,
494-498; and Kreutzer ef al., International PCT Publication No. WO 00/44895;
Zernicka-Goetz et al., International PCT Publication No. WO 01/36646; Fire,
International PCT Publication No. WO 99/32619; Plaetinck et al., International PCT
Publication No. WO 00/01846; Mello and Fire, International PCT Publication No. WO
01/29058; Deschamps-Depaillette, International PCT Publication No. WO 99/07409;
and Li et al., International PCT Publication No. WO 00/44914).

By “gene” it is meant a nucleic acid that encodes an RNA, for example,
nucleic acid sequences including but not limited to structural genes encoding a
polypeptide.

By “a nucleic acid that targets” is meant a nucleic acid as described
herein that matches, is complementary to or otherwise specifically binds or
specifically hybridizes to and thereby can modulate the expression of the gene that
comprises the target sequence, or level of mMRNAs or equivalent RNAs encoding one
or more protein subunits, or activity of one or more protein subunit(s) encoded by the
gene.

“Complementarity” refers to the ability of a nucleic acid to form
hydrogen bond(s) with another RNA 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 target or
complementary sequence is sufficient to allow the relevant function of the nucleic
acid to proceed, e.g., enzymatic nucleic acid cleavage, antisense or triple helix
inhibition. Determination of binding free energies for nucleic acid molecules is well
known in the art (see, e.g., Tumner et al., 1987, CSH Symp. Quant. Biol. LI, pp. 123-
133; Frier et al., 1986, Proc. Nat. Acad. Sci. USA 83, 9373-9377; Turner et al., 1987,
J. Am. Chem. Soc. 109, 3783-3785). A percent complementarity indicates the
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percentage of contiguous residues in a nucleic acid molecule which can form
hydrogen bonds (e.g., Watson-Crick base pairing) with a second nucleic acid
sequence (e.g., 5, 6, 7, 8, 9, 10 out of 10 being 50%, 60%, 70%, 80%, 90%, and
100% complementary). “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.

By “RNA” is meant a molecule comprising at least one ribonucleotide
residue. By “ribonucleotide” or “2’-OH” is meant a nucleotide with a hydroxyl group
at the 2" position of a B-D-ribo-furanose moiety.

By “RNA interference” or “RNAI” is meant a biological process of
inhibiting or down regulating gene expression in a cell as is generally known in the
art and which is mediated by short interfering nucleic acid molecules, see for
example Zamore and Haley, 2005, Science, 309, 1519-1524; Vaughn and
Martienssen, 2005, Science, 309, 1525-1526; Zamore et al., 2000, Cell, 101, 25-33;
Bass, 2001, Nature, 411, 428-429; Elbashir et al., 2001, Nature, 411, 494-498; and
Kreutzer et al., International PCT Publication No. WO 00/44895; Zemicka-Goetz et
al., International PCT Publication No. WO 01/36646; Fire, International PCT
Publication No. WO 99/32619; Plaetinck et al., International PCT Publication No. WO
00/01846; Mello and Fire, International PCT Publication No. WO 01/29058;
Deschamps-Depaillette, International PCT Publication No. WO 99/07409; and Li et
al., International PCT Publication No. WO 00/44914; Allshire, 2002, Science, 297,
1818-1819; Volpe et al., 2002, Science, 297, 1833-1837; Jenuwein, 2002, Science,
297, 2215-2218; and Hall et al., 2002, Science, 297, 2232-2237; Hutvagner and
Zamore, 2002, Science, 297, 2056-60; McManus et al., 2002, RNA, 8, 842-850;
Reinhart et al., 2002, Gene & Dev., 16, 1616-1626; and Reinhart & Bartel, 2002,
Science, 297, 1831). In addition, as used herein, the term RNAi is meant to be
equivalent to other terms used to describe sequence specific RNA interference, such
as post transcriptional gene silencing, translational inhibition, transcriptional
inhibition, or epigenetics. For example, siRNA molecules of the invention can be

used to epigenetically silence genes at both the post-transcriptional level or the pre-
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transcriptional level. In a non-limiting example, epigenetic modulation of gene
expression by siRNA molecules of the invention can result from siRNA mediated
modification of chromatin structure or methylation patterns to alter gene expression
(see, for example, Verdel et al., 2004, Science, 303, 672-676; Pal-Bhadra et al.,
2004, Science, 303, 669-672; Allshire, 2002, Science, 297, 1818-1819; Volpe et al.,
2002, Science, 297, 1833-1837; Jenuwein, 2002, Science, 297, 2215-2218: and Hall
et al., 2002, Science, 297, 2232-2237). In another non-limiting example, modulation
of gene expression by siRNA molecules of the invention can result from siRNA
mediated cleavage of RNA (either coding or non-coding RNA) via RISC, or
alternately, translational inhibition as is known in the art. In another embodiment,
modulation of gene expression by siRNA molecules of the invention can result from
transcriptional inhibition (see for example Janowski et al., 2005, Nature Chemical
Biology, 1, 216-222).

Two types of about 21 nucleotide RNAs trigger post-transcriptional
gene silencing in animals: small interfering RNAs (siRNAs) and microRNAs
(miRNAs). Both siRNAs and miRNAs are produced by the cleavage of double-
stranded RNA (dsRNA) precursors by Dicer, a nuclease of the RNase 11l family of
dsRNA-specific endonucleases (Bernstein et al., (2001). Nature 409, 363-366; Billy,
E., et al. (2001). Proc Natl Acad Sci USA 98, 14428-14433; Grishok et al., 2001, Cell
106, 23-34; Hutvgner et al., 2001, Science 293, 834-838; Ketting et al., 2001, Genes
Dev 15, 2654-2659; Knight and Bass, 2001, Science 293, 2269-2271: Paddison et
al., 2002, Genes Dev 16, 948-958; Park et al., 2002, Curr Biol 12, 1484-1495;
Provost et al., 2002, EMBO J. 21, 5864-5874; Reinhart et al., 2002, Science. 297:
1831; Zhang et al., 2002, EMBO J. 21, 5875-5885; Doi et al., 2003, Curr Biol 13, 41-
46; Myers et al., 2003, Nature Biotechnology Mar;21(3):324-8). siRNAs result when
transposons, viruses or endogenous genes express long dsRNA or when dsRNA is
introduced experimentally into plant or animal cells to trigger gene silencing, also
called RNA interference (RNAI) (Fire et al., 1998; Hamilton and Baulcombe, 1999:
Zamore et al., 2000; Elbashir et al., 2001a; Hammond et al., 2001; Sijen et al., 2001;

Catalanotto et al., 2002). In contrast, miRNAs are the products of endogenous, non-

17



WO 2009/108217 PCT/US2008/076889

coding genes whose precursor RNA transcripts can form small stem-loops from
which mature miRNAs are cleaved by Dicer (Lagos-Quintana et al., 2001; Lau et al.,
2001; Lee and Ambros, 2001; Lagos-Quintana et al., 2002; Mourelatos et al., 2002;
Reinhart et al., 2002; Ambros et al., 2003; Brennecke et al., 2003; Lagos-Quintana et
al., 2003; Lim et al., 2003a; Lim et al., 2003b). miRNAs are encoded by genes
distinct from the mRNAs whose expression they control.

siRNAs were first identified as the specificity determinants of the RNA
interference (RNAI) pathway (Hamilton and Baulcombe, 1999; Hammond et al., 2000),
where they act as guides to direct endonucleolytic cleavage of their target RNAs
(Zamore et al., 2000; Elbashir et al., 2001a). Prototypical siRNA duplexes are 21 nt,
double-stranded RNAs that contain 19 base pairs, with two-nucleotide, 3' overhanging
ends (Elbashir et al., 2001a; Nyknen et al., 2001; Tang et al., 2003). Active siRNAs
contain 5' phosphates and 3' hydroxyls (Zamore ef al., 2000; Boutla et al., 2001; Nyknen
et al., 2001; Chiu and Rana, 2002). Similarly, miRNAs contain 5' phosphate and 3'
hydroxyl groups, reflecting their production by Dicer (Hutvgner et al., 2001; Mallory et
al., 2002)

Thus, the present invention is directed in part to the discovery of short
RNA polynucleotide sequences that are capable of specifically modulating expression of
a target K-ras polypeptide, such as encoded by the sequence provided in SEQ ID
NOs:475 or 476, or a variant thereof. lllustrative siRNA polynucleotide sequences that
specifically modulate the expression of K-ras are provided in SEQ ID NOs:1-474 and
479-488. Without wishing to be bound by theory, the RNA polynucleotides of the
present invention specifically reduce expression of a desired target polypeptide through
recruitment of small interfering RNA (siRNA) mechanisms. In particular, and as
described in greater detail herein, according to the present invention there are provided
compositions and methods that relate to the identification of certain specific RNAI
oligonucleotide sequences of 19, 20, 21, 22, 23, 24, 25, 26 or 27 nucleotides that can be
derived from corresponding polynucleotide sequences encoding the desired K-ras target

polypeptide.
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In certain embodiments of the invention, the siRNA polynucleotides
interfere with expression of a K-ras target polypeptide or a variant thereof, and
comprises a RNA ‘oligonucleotide or RNA polynucleotide uniquely corresponding in
its nucleotide base sequence to the sequence of a portion of a target polynucleotide
encoding the target polypeptide, for instance, a target mRNA sequence or an exonic
sequence encoding such mRNA. The invention relates in certain embodiments to
siRNA polynucleotides that interfere with expression (sometimes referred to as
silencing) of specific polypeptides in mammals, which in certain embodiments are
humans and in certain other embodiments are non-human mammals. Hence,
according to non-limiting theory, the siRNA polynucleotides of the present invention
direct sequence-specific degradation of mMRNA encoding a desired target
polypeptide, such as K-ras.

In certain embodiments, the term “siRNA” means either: (i) a double
stranded RNA oligonucleotide, or polynucleotide, that is 18 base pairs, 19 base pairs, 20
base pairs, 21 base pairs, 22 base pairs, 23 base pairs, 24 base pairs, 25 base pairs, 26
base pairs, 27 base pairs, 28 base pairs, 29 base pairs or 30 base pairs in length and
that is capable of interfering with expression and activity of a K-ras polypeptide, or a
variant of the K-ras polypeptide, wherein a single strand of the siRNA comprises a
portion of a RNA polynucleotide sequence that encodes the K-ras polypeptide, its
variant, or a complementary sequence thereto; (ii) a single stranded oligonucleotide, or
polynucleotide of 18 nucleotides, 19 nucleotides, 20 nucleotides, 21 nucleotides, 22
nucleotides, 23 nucleotides, 24 nucleotides, 25 nucleotides, 26 nucleotides, 27
nucleotides, 28 nucleotides, 29 nucleotides or 30 nucleotides in length and that is either
capable of interfering with expression and/or activity of a target K-ras polypeptide, or a
variant of the K-ras polypeptide, or that anneals to a complementary sequence to result
in a dsRNA that is capable of interfering with target polypeptide expression, wherein
such single stranded oligonucleotide comprises a portion of a RNA polynucleotide
sequence that encodes the K-ras polypeptide, its variant, or a complementary sequence
thereto; or (iii) an oligonucleotide, or polynucleotide, of either (i) or (ii) above wherein

such oligonucleotide, or polynucleotide, has one, two, three or four nucleic acid
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alterations or substitutions therein. Certain RNAi oligonucleotide sequences described
herein are complementary to the 3’ non-coding region of target mRNA that encodes the
K-ras polypeptide.

A siRNA polynucleotide is a RNA nucleic acid molecule that mediates
the effect of RNA interference, a post-transcriptional gene silencing mechanism. In
certain embodiments, a siRNA polynucleotide comprises a double-stranded RNA
(dsRNA) but is not intended to be so limited and may comprise a single-stranded
RNA (see, e.g., Martinez et al. Cell 110:563-74 (2002)). A siRNA polynucleotide
may comprise other naturally occurring, recombinant, or synthetic single-stranded or
double-stranded polymers of nucleotides (ribonucleotides or deoxyribonucleotides or
a combination of both) and/or nucleotide analogues as provided herein (e.g., an
oligonucleotide or polynucleotide or the like, typically in 5’ to 3’ phosphodiester
linkage). Accordingly it will be appreciated that certain exemplary sequences
disclosed herein as DNA sequences capable of directing the transcription of the
subject invention siRNA polynucleotides are also intended to describe the
corresponding RNA sequences and their complements, given the well established
principles of complementary nucleotide base-pairing. A siRNA may be transcribed
using as a template a DNA (genomic, cDNA, or synthetic) that contains a RNA
polymerase promoter, for example, a U6 promoter or the H1 RNA polymerase li
promoter, or the siRNA may be a synthetically derived RNA molecule. In certain
embodiments the subject invention siRNA polynucleotide may have blunt ends, that
is, each nucleotide in one strand of the duplex is perfectly complementary (e.g., by
Watson-Crick base-pairing) with a nucleotide of the opposite strand. In certain other
embodiments, at least one strand of the subject invention siRNA polynucleotide has
at least one, and in certain embodiments, two nucleotides that “overhang” (i.e., that
do not base pair with a complementary base in the opposing strand) at the 3' end of
either strand, or in certain embodiments, both strands, of the siRNA polynucleotide.
In one embodiment of the invention, each strand of the siRNA polynucleotide duplex
has a two-nucleotide overhang at the 3' end. The two-nucleotide overhang may be a

thymidine dinucleotide (TT) but may also comprise other bases, for example, a TC
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dinucleotide or a TG dinucleotide, or any other dinucleotide. For a discussion of 3’
ends of siRNA polynucleotides see, e.g., WO 01/75164.

Certain illustrative siRNA polynucleotides comprise double-stranded
oligomeric nucleotides of about 18-30 nucleotide base pairs. In certain
embodiments, the siRNA molecules of the invention comprise about 18, 19, 20, 21,
22,23, 24, 25, 26, or 27 base pairs, and in other particular embodiments about 19,
20, 21, 22 or 23 base pairs, or about 27 base pairs, whereby the use of “about”
indicates, as described above, that in certain embodiments and under certain
conditions the processive cleavage steps that may give rise to functional siRNA
polynucleotides that are capable of interfering with expression of a selected
polypeptide may not be absolutely efficient. Hence, siRNA polynucleotides, for
instance, of “about” 18, 19, 20, 21, 22, 23, 24, or 25 base pairs may include one or
more siRNA polynucleotide molecules that may differ (e.g., by nucleotide insertion or
deletion) in length by one, two, three or four base pairs, by way of non-limiting theory
as a consequence of variability in processing, in biosynthesis, or in artificial
synthesis. The contemplated siRNA polynucleotides of the present invention may
also comprise a polynucleotide sequence that exhibits variability by differing (e.g., by
nucleotide substitution, including transition or transversion) at one, two, three or four
nucleotides from a particular sequence, the differences occurring at any of positions
1,2,3,4,5,6,7,8,9,10,11,12,13, 14, 15, 16, 17, 18, or 19 of a particular siRNA
polynucleotide sequence, or at positions 20, 21, 22, 23, 24, 25, 26, or 27 of siRNA
polynucleotides depending on the length of the molecule, whether situated in a
sense or in an antisense strand of the double-stranded polynucleotide. The
nucleotide substitution may be found only in one strand, by way of example in the
antisense strand, of a double-stranded polynucleotide, and the complementary
nucleotide with which the substitute nucleotide would typically form hydrogen bond
base pairing may not necessarily be correspondingly substituted in the sense strand.
In certain embodiments, the siRNA polynucleotides are homogeneous with respect

to a specific nucleotide sequence. As described herein, the siRNA polynucleotides
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interfere with expression of a K-ras polypeptide. These polynucleotides may also
find uses as probes or primers.

In certain embodiments, the efficacy and specificity of gene/protein
silencing by the siRNA nucleic acids of the present invention may be enhanced using
the methods described in US Patent Application Publications 2005/0186586,
2005/0181382, 2005/0037988, and 2006/0134787. In this regard, the RNA silencing
may be enhanced by lessening the base pair strength between the 5’ end of the first
strand and the 3' end of a second strand of the duplex as compared to the base pair
strength between the 3' end of the first strand and the 5’ end of the second strand. In
certain embodiments the RNA duplex may comprise at least one blunt end and may
comprise two blunt ends. In other embodiments, the duplex comprises at least one
overhang and may comprise two overhangs.

In one embodiment of the invention, the ability of the siRNA molecule
to silence a target gene is enhanced by enhancing the ability of a first strand of a
RNAI agent to act as a guide strand in mediating RNAi. This is achieved by
lessening the base pair strength between the 5' end of the first strand and the 3' end
of a second strand of the duplex as compared to the base pair strength between the
3' end of the first strand and the 5' end of the second strand.

In a further aspect of the invention, the efficacy of a siRNA duplex is
enhanced by lessening the base pair strength between the antisense strand 5' end
(AS 5') and the sense strand 3' end (S 3') as compared to the base pair strength
between the antisense strand 3' end (AS 3') and the sense strand 5' end (S '5), such
that efficacy is enhanced.

In certain embodiments, modifications can be made to the siRNA
molecules of the invention in order to promote entry of a desired strand of an siRNA
duplex into a RISC complex. This is achieved by enhancing the asymmetry of the
siRNA duplex, such that entry of the desired strand is promoted. In this regard, the
asymmetry is enhanced by lessening the base pair strength between the 5' end of
the desired strand and the 3' end of a complementary strand of the duplex as

compared to the base pair strength between the 3' end of the desired strand and the
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5' end of the complementary strand. In certain embodiments, the base-pair strength
is less due to fewer G:C base pairs between the 5' end of the first or antisense
strand and the 3' end of the second or sense strand than between the 3' end of the
first or antisense strand and the 5' end of the second or sense strand. In other
embodiments, the base pair strength is less due to at least one mismatched base
pair between the 5' end of the first or antisense strand and the 3' end of the second
or sense strand. In certain embodiments, the mismatched base pairs include but are
not limited to G:A, C:A, C:U, G:G, A:A, C:.C, U:U, C:T, and U:T. In one embodiment,
the base pair strength is less due to at least one wobble base pair between the 5'
end of the first or antisense strand and the 3' end of the second or sense strand. In
this regard, the wobble base pair may be G:U. or G:T.

In certain embodiments, the base pair strength is less due to: (a) at
least one mismatched base pair between the 5' end of the first or antisense strand
and the 3' end of the second or sense strand; and (b) at least one wobble base pair
between the 5' end of the first or antisense strand and the 3’ end of the second or
sense strand. Thus, the mismatched base pair may be selected from the group
consisting of G:A, C:A, C:U, G:G, A:A, C:C and U:U. In another embodiment, the
mismatched base pair is selected from the group consisting of G:A, C:A, C:T, GG,
A:A, C:C and U:T. In certain cases, the wobble base pair is G:U or G:T.

In certain embodiments, the base pair strength is less due to at least
one base pair comprising a rare nucleotide such as inosine, 1-methyl inosine,
pseudouridine, 5,6-dihydrouridine, ribothymidine, 2N-methylguanosine and 2,2N,N-
dimethylguanosine; or a modified nucleotide, such as 2-amino-G, 2-amino-A, 2,6-
diamino-G, and 2,6-diamino-A.

As used herein, the term "antisense strand” of an siRNA or RNAi agent
refers to a strand that is substantially complementary to a section of about 10-50
nucleotides, e.qg., about 15-30, 16-25, 18-23 or 19-22 nucleotides of the mRNA of the
gene targeted for silencing. The antisense strand or first strand has sequence
sufficiently complementary to the desired target mRNA sequence to direct target-

specific RNA interference (RNAI), e.g., complementarity sufficient to trigger the
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destruction of the desired target mRNA by the RNAi machinery or process. The term
"sense strand" or "second strand" of an siRNA or RNAI agent refers to a strand that
is complementary to the antisense strand or first strand. Antisense and sense
strands can also be referred to as first or second strands, the first or second strand
having complementarity to the target sequence and the respective second or first
strand having complementarity to said first or second strand.

As used herein, the term "guide strand" refers to a strand of an RNAi
agent, e.g., an antisense strand of an siRNA duplex, that enters into the RISC
complex and directs cleavage of the target mRNA.

Thus, complete complementarity of the siRNA molecules of the
invention with their target gene is not necessary in order for effective silencing to
occur. In particular, three or four mismatches between a guide strand of an siRNA
duplex and its target RNA, properly placed so as to still permit mRNA cleavage,
facilitates the release of cleaved target RNA from the RISC complex, thereby
increasing the rate of enzyme turnover. In particular, the efficiency of cleavage is
greater when a G:U base pair, referred to also as a G:U wobble, is present near the
5' or 3' end of the complex formed between the miRNA and the target.

Thus, at least one terminal nucleotide of the RNA molecules described
herein can be substituted with a nucleotide that does not form a Watson-Crick base
pair with the corresponding nucleotide in a target mRNA.

Polynucleotides that are siRNA polynucleotides of the present
invention may in certain embodiments be derived from a single-stranded
polynucleotide that comprises a single-stranded oligonucleotide fragment (e.g., of
about 18-30 nucleotides, which should be understood to include any whole integer of
nucleotides including and between 18 and 30) and its reverse complement, typically
separated by a spacer sequence. According to certain such embodiments, cleavage
of the spacer provides the single-stranded oligonucleotide fragment and its reverse
complement, such that they may anneal to form (optionally with additional
processing steps that may result in addition or removal of one, two, three or more

nucleotides from the 3’ end and/or the 5’ end of either or both strands) the double-
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stranded siRNA polynucleotide of the present invention. In certain embodiments the
spacer is of a length that permits the fragment and its reverse complement to anneal
and form a double-stranded structure (e.g., like a hairpin polynucleotide) prior to
cleavage of the spacer (and, optionally, subsequent processing steps that may result
in addition or removal of one, two, three, four, or more nucleotides from the 3’ end
and/or the 5’ end of either or both strands). A spacer sequénce may therefore be
any polynucleotide sequence as provided herein that is situated between two
complementary polynucleotide sequence regions which, when annealed into a
double-stranded nucleic acid, comprise a siRNA polynucleotide. In some
embodiments, a spacer sequence comprises at least 4 nucleotides, although in
certain embodiments the spacer may comprise 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16,17, 18, 19, 20, 21-25, 26-30, 31-40, 41-50, 51-70, 71-90, 91-110, 111-150, 151-
200 or more nucleotides. Examples of siRNA polynucleotides derived from a single
nucleotide strand comprising two complementary nucleotide sequences separated
by a spacer have been described (e.g., Brummelkamp et al., 2002 Science 296:550;
Paddison et al., 2002 Genes Develop. 16:948; Paul et al. Nat. Biotechnol. 20:505-
508 (2002); Grabarek et al., BioTechniques 34:734-44 (2003)).

Polynucleotide variants may contain one or more substitutions,
additions, deletions, and/or insertions such that the activity of the siRNA
polynucleotide is not substantially diminished, as described above. The effect on the
activity of the siRNA polynucleotide may generally be assessed as described herein
or using conventional methods. In certain embodiments, variants exhibit at least
about 75%, 78%, 80%, 85%, 87%, 88% or 89% identity and in particular
embodiments, at least about 90%, 92%, 95%, 96%, 97%, 98%, or 99% identity to a
portion of a polynucleotide sequence that encodes a native K-ras. The percent
identity may be readily determined by comparing sequences of the polynucleotides
to the corresponding portion of a full-length K-ras polynucleotide such as those
known to the art and cited herein, using any method including using computer
algorithms well known to those having ordinary skill in the art, such as Align or the
BLAST algorithm (Altschul, J. Mol. Biol. 219:555-565, 1991; Henikoff and Henikoff,
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Proc. Natl. Acad. Sci. USA 89:10915-10919, 1992), which is available at the NCBI
website (see [online] Internet:<URL: ncbi dot nim dot nih dot gov/cgi-bin/BLAST).
Default parameters may be used.

Certain siRNA polynucleotide variants are substantially homologous to
a portion of a native K-ras gene. Single-stranded nucleic acids derived (e.g., by
thermal denaturation) from such polynucleotide variants are capable of hybridizing
under moderately stringent conditions or stringent conditions to a naturally occurring
DNA or RNA sequence encoding a native K-ras polypeptide (or a complementary
sequence). A polynucleotide that detectably hybridizes under moderately stringent
conditions or stringent conditions may have a nucleotide sequence that includes at
least 10 consecutive nucleotides, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29 or 30 consecutive nucleotides complementary to a particular
polynucleotide. In certain embodiments, such a sequence (or its complement) will
be unique to a K-ras polypeptide for which interference with expression is desired,
and in certain other embodiments the sequence (or its complement) may be shared
by K-ras and one or more related polypeptides for which interference with
polypeptide expression is desired.

Suitable moderately stringent conditions and stringent conditions are
known to the skilled artisan. Moderately stringent conditions include, for example,
pre-washing in a solution of 5X SSC, 0.5% SDS, 1.0 mM EDTA (pH 8.0); hybridizing
at 50 °C-70°C, 5X SSC for 1-16 hours (e.g., overnight); followed by washing once or
twice at 22-65 °C for 20-40 minutes with one or more each of 2X, 0.5X and 0.2X
SSC containing 0.05-0.1% SDS. For additional stringency, conditions may include a
wash in 0.1X SSC and 0.1% SDS at 50-60 °C for 15-40 minutes. As known to those
having ordinary skill in the art, variations in stringency of hybridization conditions
may be achieved by altering the time, temperature, and/or concentration of the
solutions used for pre-hybridization, hybridization, and wash steps. Suitable
conditions may also depend in part on the particular nucleotide sequences of the
probe used, and of the blotted, proband nucleic acid sample. Accordingly, it will be

appreciated that suitably stringent conditions can be readily selected without undue
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experimentation when a desired selectivity of the probe is identified, based on its
ability to hybridize to one or more certain proband sequences while not hybridizing to
certain other proband sequences.

Sequence specific siRNA polynucleotides of the present invention may
be designed using one or more of several criteria. For example, to design a siRNA
polynucleotide that has 19 consecutive nucleotides identical to a sequence encoding
a polypeptide of interest (e.g., K-ras and other polypeptides described herein), the
open reading frame of the polynucleotide sequence may be scanned for 21-base
sequences that have one or more of the following characteristics: (1) an A+T/G+C
ratio of approximately 1:1 but no greater than 2:1 or 1:2; (2) an AA dinucleotide or a
CA dinucleotide at the 5' end; (3) an internal hairpin loop melting temperature less
than 55 °C; (4) a homodimer melting temperature of less than 37 °C (melting
temperature calculations as described in (3) and (4) can be determined using
computer software known to those skilled in the art); (5) a sequence of at least 16
consecutive nucleotides not identified as being present in any other known
polynucleotide sequence (such an evaluation can be readily determined using
computer programs available to a skilled artisan such as BLAST to search publicly
available databases). Alternatively, an siRNA polynculeotide sequence may be
designed and chosen using a computer software available commercially from
various vendors (e.g., OligoEngine™ (Seattle, WA); Dharmacon, Inc. (Lafayette,
CO); Ambion Inc. (Austin, TX); and QIAGEN, Inc. (Valencia, CA)). (See also
Elbashir et al., Genes & Development 15:188-200 (2000); Elbashir et al., Nature
411:494-98 (2001)) The siRNA polynucleotides may then be tested for their ability to
interfere with the expression of the target polypeptide according to methods known in
the art and described herein. The determination of the effectiveness of an siRNA
polynucleotide includes not only consideration of its ability to interfere with
polypeptide expression but also includes consideration of whether the siRNA
polynucleotide manifests undesirably toxic effects, for example, apoptosis of a cell
for which cell death is not a desired effect of RNA interference (e.g., interference of

K-ras expression in a cell).
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In certain embodiments, the nucleic acid inhibitors comprise sequences
which are complementary to any known K-ras sequence, including variants thereof
that have altered expression and/or activity, particularly variants associated with
disease. Variants of K-ras include sequences having 70%, 75%, 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or higher sequence identity to the
wild type K-ras sequences, such as those set forth in SEQ ID NOs:475-476 where
such variants of K-ras may demonstrate altered (increased or decreased) GTPase
activity. As would be understood by the skilled artisan, K-ras sequences are
available in any of a variety of public sequence databases including GENBANK or
SWISSPROT. In one embodiment, the nucleic acid inhibitors (e.g., siRNA) of the
invention comprise sequences complimentary to the specific K-ras target sequences
provided in SEQ ID NOs:475-476, or polynucleotides encoding the amino acid
sequences provided in SEQ ID NOs:477-478. Examples of such siRNA molecules
also are shown in the Examples and provided in SEQ ID NOs:1-474 and 479-488.

Polynucleotides, including target polynucleotides (e.g., polynucleotides
capable of encoding a target polypeptide of interest), may be prepared using any of
a variety of techniques, which will be useful for the preparation of specifically desired
siRNA polynucleotides and for the identification and selection of desirable
sequences to be used in siRNA polynucleotides. For example, a polynucleotide may
be amplified from cDNA prepared from a suitable cell or tissue type. Such
polynucleotides may be ampilified via polymerase chain reaction (PCR). For this
approach, sequence-specific primers may be designed based on the sequences
provided herein and may be purchased or synthesized. An amplified portion may be
used to isolate a full-length gene, or a desired portion thereof, from a suitable library
using well known techniques. Within such techniques, a library (cDNA or genomic)
is screened using one or more polynucleotide probes or primers suitable for
amplification. In certain embodiments, a library is size-selected to include larger
molecules. Random primed libraries may also be preferred for identifying 5' and
upstream regions of genes. Genomic libraries are preferred for obtaining introns and

extending 5' sequences. Suitable sequences for a siRNA polynucleotide
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contemplated by the present invention may also be selected from a library of siRNA
polynucleotide sequences.

For hybridization techniques, a partial sequence may be labeled (e.g.,
by nick-translation or end-labeling with *’P) using well known techniques. A bacterial
or bacteriophage library may then be screened by hybridizing filters containing
denatured bacterial colonies (or lawns containing phage plagues) with the labeled
probe (see, e.g., Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor Laboratories, Cold Spring Harbor, NY, 2001). Hybridizing colonies or
plaques are selected and expanded, and the DNA is isolated for further analysis.
Clones may be analyzed to determine the amount of additional sequence by, for
example, PCR using a primer from the partial sequence and a primer from the
vector. Restriction maps and partial sequences may be generated to identify one or
more overlapping clones. A full-length cDNA molecule can be generated by ligating
suitable fragments, using well known techniques.

Alternatively, numerous amplification techniques are known in the art
for obtaining a full-length coding sequence from a partial cDNA sequence. Within
such techniques, amplification is generally performed via PCR. One such technique
is known as "rapid amplification of cDNA ends" or RACE. This technique involves
the use of an internal primer and an external primer, which hybridizes to a polyA
region or vector sequence, to identify sequences that are 5' and 3' of a known
sequence. Any of a variety of commercially available kits may be used to perform
the amplification step. Primers may be designed using, for example, software well
known in the art. Primers (or oligonucleotides for other uses contemplated herein,
including, for example, probes and antisense oligonucleotides) are generally 15, 16,
17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 or 32 nucleotides in length,
have a GC content of at least 40% and anneal to the target sequence at
temperatures of about 54 °C to 72 °C. The amplified region may be sequenced as
described above, and overlapping sequences assembled into a contiguous
sequence. Certain oligonucleotides contemplated by the present invention may, for
some embodiments, have lengths of 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
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30, 31, 32, 33-35, 35-40, 41-45, 46-50, 56-60, 61-70, 71-80, 81-90 or more
nucleotides.

In general, polypeptides and polynucleotides as described herein are
isolated. An "isolated” polypeptide or polynucleotide is one that is removed from its
original environment. For example, a naturally occurring protein is isolated if it is
separated from some or all of the coexisting materials in the natural system. In
certain embodiments, such polypeptides are at least about 90% pure, at least about
95% pure and in certain embodiments, at least about 99% pure. A polynucleotide is
considered to be isolated if, for example, it is cloned into a vector that is not a part of
the natural environment.

A number of specific siRNA polynucleotide sequences useful for
interfering with K-ras polypeptide expression are described herein in the Examples
and are provided in the Sequence Listing. SiRNA polynucleotides may generally be
prepared by any method known in the art, including, for example, solid phase
chemical synthesis. Modifications in a polynucleotide sequence may also be
introduced using standard mutagenesis techniques, such as oligonucleotide-directed
site-specific mutagenesis. Further, siRNAs may be chemically modified or
conjugated to improve their serum stability and/or delivery properties as described
further herein. Included as an aspect of the invention are the siRNAs described
herein wherein the ribose has been removed therefrom. Alternatively, siRNA
polynucleotide molecules may be generated by in vitro or in vivo transcription of
suitable DNA sequences (e.g., polynucleotide sequences encoding a PTP, or a
desired portion thereof), provided that the DNA is incorporated into a vector with a
suitable RNA polymerase promoter (such as T7, U6, H1, or SP6). In addition, a
siRNA polynucleotide may be administered to a patient, as may be a DNA sequence
(e.g., a recombinant nucleic acid construct as provided herein) that supports
transcription (and optionally appropriate processing steps) such that a desired siRNA
is generated in vivo.

As discussed above, siRNA polynucleotides exhibit desirable stability

characteristics and may, but need not, be further designed to resist degradation by
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endogenous nucleolytic enzymes by using such linkages as phosphorothioate,
methylphosphonate, sulfone, sulfate, ketyl, phosphorodithioate, phosphoramidate,
phosphate esters, and other such linkages (see, e.g., Agrwal et al., Tetrahedron Lett.
28:3539-3542 (1987); Miller et al., J. Am. Chem. Soc. 93:6657-6665 (1971); Stec

et al., Tetrahedron Lett. 26:2191-2194 (1985); Moody et al., Nucleic Acids Res.
12:4769-4782 (1989); Uznanski et al., Nucleic Acids Res. (1989); Letsinger et al.,
Tetrahedron 40:137-143 (1984); Eckstein, Annu. Rev. Biochem. 54:367-402 (1985);
Eckstein, Trends Biol. Sci. 14:97-100 (1989); Stein, In: Oligodeoxynucleotides.
Antisense Inhibitors of Gene Expression, Cohen, ed., Macmillan Press, London, pp.
97-117 (1989); Jager et al., Biochemistry 27:7237-7246 (1988)).

Any polynucleotide of the invention may be further modified to increase
stability or reduce cytokine production in vivo. Possible modifications include, but
are not limited to, the addition of flanking sequences at the 5' and/or 3' ends; the use
of phosphorothioate or 2' O-methyl rather than phosphodiester linkages in the
backbone; and/or the inclusion of nontraditional bases such as inosine, queosine,
and wybutosine and the like, as well as acetyl- methyl-, thio- and other modified
forms of adenine, cytidine, guanine, thymine, and uridine. See for example
Molecular Therapy, Vol. 15, no. 9, 1663-1669 (Sept.2007) These polynucleotide
variants may be modified such that the activity of the siRNA polynucleotide is not
substantially diminished, as described above. The effect on the activity of the siRNA
polynucleotide may generally be assessed as described herein or using conventional
methods.

The polynucleotides of the invention can be chemically modified in a
variety of ways to achieve a desired effect. In certain embodiments, oligonucleotides
of the invention may be 2'-O-substituted oligonucleotides. Such oligonucleotides
have certain useful properties. See e.g., U.S. patents 5,623,065; 5,856,455;
5,955,589; 6,146,829; 6,326,199, in which 2' substituted nucleotides are introduced
within an oligonucleotide to induce increased binding of the oligonucleotide to a
complementary target strand while allowing expression of RNase H activity to

destroy the targeted strand. See also, Sproat, B. S., et al., Nucleic Acids Research,
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1990, 18, 41. 2'-O-methyl and ethyl nucleotides have been reported by a number of
authors. Robins, et al., J. Org. Chem., 1974, 39, 1891; Cotten, et al., Nucleic Acids
Research, 1991, 19, 2629; Singer, et al., Biochemistry 1976, 15, 5052; Robins, Can.
J. Chem. 1981, 59, 3360; Inoue, et al., Nucleic Acids Research, 1987, 15, 6131; and
Wagner, et al., Nucleic Acids Research, 1991, 19, 5965.

A number of groups have taught the preparation of other 2'-O-alkyl
guanosine. Gladkaya, et al., Khim. Prir. Soedin., 1989, 4, 568 discloses Ni-methyl-2'-
O-(tetrahydropyran-2-yl) and 2'-O-methyl guanosine and Hansske, et al.,
Tetrahedron, 1984, 40, 125 discloses a 2'-O-methylthiomethylguanosine. It was
produced as a minor by-product of an oxidization step during the conversion of
guanosine to 9-.beta.-D-arabinofuranosylguanine, i.e. the arabino analogue of
guanosine. The addition of the 2'-O-methylthiomethyl moiety is an artifact from the
DMSO solvent utilized during the oxidization procedure. The 2'-O-methylthiomethyl
derivative of 2,6-diaminopurine riboside was also reported in the Hansske et al.
publication. It was also obtained as an artifact from the DMSO solvent.

Sproat, et al., Nucleic Acids Research, 1991, 19, 733 teaches the
preparation of 2'-O-allyl-guanosine. Allylation of guanosine required a further
synthetic pathway. Iribarren, et al., Proc. Natl. Acad. Sci., 1990, 87, 7747 also
studied 2'-O-allyl oligoribonucleotides. Iribarren, et al. incorporated 2'-O-methyl-, 2'-
O-allyl-, and 2'-O-dimethylallyl-substituted nucleotides into oligoribonucleotides to
study the effect of these RNA analogues on antisense analysis. Iribarren found that
2'-O-allyl containing oligoribonucleotides are resistant to digestion by either RNA or
DNA specific nucleases and slightly more resistant to nucleases with dual RNA/DNA
specificity, than 2'-O-methyl oligoribonucleotides.

Certain illustrative modified oligonucleotides are described in US
Patent 5,872,232. In this regard, in certain embodiments, at least one of the 2'-
deoxyribofuranosyl moiety of at least one of the nucleosides of an oligonucleotide is
modified. A halo, alkoxy, aminoalkoxy, alkyl, azido, or amino group may be added.
For example, F, CN, CF3, OCF3, OCN, O-alkyl, S-alkyl, SMe, SO, Me, ONO,, NO»,
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NHas, NH,, NH-alkyl, OCH; CH=CHj, (allyloxy), OCH;=CH,, OCCH, where alkyl is a
straight or branched chain of C4 to Cyg, with unsafuration within the carbon chain.

PCT/US91/00243, application Ser. No. 463,358, and application Ser.
No. 566,977, disclose that incorporation of, for example, a 2'-O-methyl, 2'-O-ethyl, 2'-
O-propyl, 2'-O-allyl, 2'-O-aminoalkyl or 2'-deoxy-2'-fluoro groups on the nucleosides
of an oligonucleotide enhance the hybridization properties of the oligonucleotide.
These applications also disclose that oligonucleotides containing phosphorothioate
backbones have enhanced nuclease stability. The functionalized, linked nucleosides
of the invention can be augmented to further include either or both a
phosphorothioate backbone or a 2'-O--C1 Cyp-alkyl (e.g., 2'-O-methyl, 2'-O-ethyl, 2'-
O-propyl), 2'-O--C, Cyp-alkenyl (e.g., 2'-O-allyl), 2'-0O--C, Cy-alkynyl, 2'-S--C4 Cyo~
alkyl, 2'-S--C, Cyo-alkenyl, 2'-S--C, Cyp-alkynyl, 2'-NH--C4 Cys-alkyl (2'-O-aminoalkyl),
2'-NH--C, Cyo-alkenyl, 2'-NH--C, Cyp-alkynyl or 2'-deoxy-2'-fluoro group. See, e.g.,
US Patent 5506351.

Other modified oligonucleotides useful in the present invention are
known to the skilled artisan and are described in US Patents 7,101,993; 7,056,896;
6,911,540; 7,015,315; 5,872,232; 5,587,469.

In certain embodiments, “vectors” mean any nucleic acid- and/or viral-
based technique used to deliver a desired nucleic acid.

By “subject” is meant an organism which is a recipient of the nucleic
acid molecules of the invention. “Subject” also refers to an organism to which the
nucleic acid molecules of the invention can be administered. In certain
embodiments, a subject is a mammal or mammalian cells. In further embodiments,
a subject is a human or human cells. Subjects of the present invention include, but
are not limited to mice, rats, pigs, and non-human primates.

Nucleic acids can be synthesized using protocols known in the art as
described in Caruthers et al., 1992, Methods in Enzymology 211, 3-19; Thompson et
al., International PCT Publication No. WO 99/54459; Wincott et al., 1995, Nucleic
Acids Res. 23, 2677-2684; Wincott et al., 1997, Methods Mol. Bio., 74, 59-68;
Brennan et al., 1998, Biotechnol Bioeng., 61, 33-45; and Brennan, U.S. Pat. No.
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6,001,311). The synthesis of nucleic acids makes use of common nucleic acid
protecting and coupling groups, such as dimethoxytrityl at the 5’-end, and
phosphoramidites at the 3"-end. In a non-limiting example, small scale syntheses
are conducted on a 394 Applied Biosystems, Inc. synthesizer using a 0.2 uM scale
protocol with a 2.5 min coupling step for 2°-O-methylated nucleotides and a 45
second coupling step for 2°-deoxy nucleotides. Alternatively, syntheses at the 0.2
puM scale can be performed on a 96-well plate synthesizer, such as the instrument
produced by Protogene (Palo Alto, Calif.) with minimal modification to the cycle. A
33-fold excess (60 pL of 0.11 M=6.6 uM) of 2°-O-methyl phosphoramidite and a 105-
fold excess of S-ethyl tetrazole (60 pL of 0.25 M=15 uM) can be used in each
coupling cycle of 2°-O-methyl residues relative to polymer-bound 5 -hydroxyl. A 22-
fold excess (40 pL of 0.11 M=4.4 uM) of deoxy phosphoramidite and a 70-fold
excess of S-ethyl tetrazole (40 pL of 0.25 M=10 uM) can be used in each coupling
cycle of deoxy residues relative to polymer-bound 5°-hydroxyl. Average coupling
yields on the 394 Applied Biosystems, Inc. synthesizer, determined by calorimetric
quantitation of the trityl fractions, are typically 97.5 99%. Other oligonucleotide
synthesis reagents for the 394 Applied Biosystems, Inc. synthesizer include;
detritylation solution is 3% TCA in methylene chloride (ABI); capping is performed
with 16% N-methylimidazole in THF (ABI) and 10% acetic anhydride/10% 2,6-
lutidine in THF (ABI); and oxidation solution is 16.9 mM l,, 49 mM pyridine, 9% water
in THF. Burdick & Jackson Synthesis Grade acetonitrile is used directly from the
reagent bottle. S-Ethyltetrazole solution (0.25 M in acetonitrile) is made up from the
solid obtained from American International Chemical, inc. Alternately, for the
introduction of phosphorothioate linkages, Beaucage reagent (3H-1,2-Benzodithiol-3-
one 1,1-dioxide, 0.05 M in acetonitrile) is used.

By “nucleotide” is meant a heterocyclic nitrogenous base in N-
glycosidic linkage with a phosphorylated sugar. Nucleotides are recognized in the
art to include natural bases (standard), and modified bases well known in the art.
Such bases are generally located at the 17 position of a nucleotide sugar moiety.

Nucleotides generally comprise a base, sugar and a phosphate group. The
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nucleotides can be unmodified or modified at the sugar, phosphate and/or base
moiety, (also referred to interchangeably as nucleotide analogs, modified
nucleotides, non-natural nucleotides, non-standard nucleotides and other (see for
example, Usman and McSwiggen, supra; Eckstein et al., International PCT
Publication No. WO 92/07065; Usman et al., International PCT Publication No. WO
93/15187; Uhiman & Peyman, supra). There are several examples of modified
nucleic acid bases known in the art as summarized by Limbach et al., (1994, Nucleic
Acids Res. 22, 2183-2196).

Exemplary chemically modified and other natural nucleic acid bases
that can be introduced into nucleic acids include, for example, inosine, purine,
pyridin-4-one, pyridin-2-one, phenyl, pseudouracil, 2,4,6-trimethoxy benzene, 3-
methyl uracil, dihydrouridine, naphthyl, aminophenyl, 5-alkylcytidines (e.qg., 5-
methylcytidine), 5-alkyluridines (e.g., ribothymidine), 5-halouridine (e.g., 5-
bromouridine) or 6-azapyrimidines or 6-alkylpyrimidines (e.g. 6-methyluridine),
propyne, quesosine, 2-thiouridine, 4-thiouridine, wybutosine, wybutoxosine, 4-
acetyltidine, 5-(carboxyhydroxymethyl)uridine, 5°-carboxymethylaminomethyl-2-
thiouridine, 5-carboxymethylaminomethyluridine, beta-D-galactosylqueosine, 1-
methyladenosine, 1-methylinosine, 2,2-dimethylguanosine, 3-methylcytidine, 2-
methyladenosine, 2-methylguanosine, N6-methyladenosine, 7-methylguanosine, 5-
methoxyaminomethyl-2-thiouridine, 5-methylaminomethyluridine, 5-
methylcarbonyhnethyluridine, 5-methyloxyuridine, 5-methyl-2-thiouridine, 2-
methylthio-N6-isopentenyladenosine, beta-D-mannosylqueosine, uridine-5-oxyacetic
acid, 2-thiocytidine, threonine derivatives and others (Burgin et al., 1996,
Biochemistry, 35, 14090; Uhiman & Peyman, supra). By “modified bases” in this
aspect is meant nucleotide bases other than adenine, guanine, cytosine and uracil at
1" position or their equivalents; such bases can be used at any position, for example,
within the catalytic core of an enzymatic nucleic acid molecule and/or in the
substrate-binding regions of the nucleic acid molecule.

By “nucleoside” is meant a heterocyclic nitrogenous base in N-

glycosidic linkage with a sugar. Nucleosides are recognized in the art to include
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natural bases (standard), and modified bases well known in the art. Such bases are
generally located at the 1” position of a nucleoside sugar moiety. Nucleosides
generally comprise a base and sugar group. The nucleosides can be unmodified or
modified at the sugar, and/or base moiety, (also referred to interchangeably as
nucleoside analogs, modified nucleosides, non-natural nucleosides, non-standard
nucleosides and other ( see for example, Usman and McSwiggen, supra; Eckstein et
al., International PCT Publication No. WO 92/07065; Usman et al., International PCT
Publication No. WO 93/15187; Uhlman & Peyman). There are several examples of
modified nucleic acid bases known in the art as summarized by Limbach et al. (1994,
Nucleic Acids Res. 22, 2183-2196). Exemplary chemically modified and other
natural nucleic acid bases that can be introduced into nucleic acids include, inosine,
purine, pyridin-4-one, pyridin-2-one, phenyl, pseudouracil, 2,4,6-trimethoxy benzene,
3-methyl uracil, dihydrouridine, naphthyl, aminophenyl, 5-alkylcytidines (e.g., 5-
methylcytidine), 5-alkyluridines (e.g., ribothymidine), 5-halouridine (e.g., 5-
bromouridine) or 6-azapyrimidines or 6-alkylpyrimidines (e.g., 6-methyluridine),
propyne, quesosine, 2-thiouridine, 4-thiouridine, wybutosine, wybutoxosine, 4-
acetylcytidine, 5-(carboxyhydroxymethyl)uridine, 5°-carboxymethylaminomethyl-2-
thiouridine, 5-carboxymethylaminomethyluridine, beta-D-galactosylqueosine, 1-
methyladenosine, 1-methylinosine, 2,2-dimethylguanosine, 3-methylcytidine, 2-
methyladenosine, 2-methylguanosine, N6-methyladenosine, 7-methylguanosine, 5-
methoxyaminomethyl-2-thiouridine, 5-methylaminomethyluridine, 5-
methylcarbonylmethyluridine, 5-methyloxyuridine, 5-methyl-2-thiouridine, 2-
methylthio-NG-isopentenyladenosine, beta-D-mannosylqueosine, uridine-5-oxyacetic
acid, 2-thiocytidine, threonine derivatives and others (Burgin et al., 1996,
Biochemistry, 35, 14090-14097; Uhlman & Peyman, supra). By “modified bases” in
this aspect is meant nucleoside bases other than adenine, guanine, cytosine and
uracil at 1" position or their equivalents; such bases can be used at any position, for
example, within the catalytic core of an enzymatic nucleic acid molecule and/or in the

substrate-binding regions of the nucleic acid molecule.
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Nucleotide sequences as described herein may be joined to a variety
of other nucleotide sequences using established recombinant DNA techniques. For
example, a polynucleotide may be cloned into any of a variety of cloning vectors,
including plasmids, phagemids, lambda phage derivatives, and cosmids. Vectors of
particular interest include expression vectors, replication vectors, probe generation
vectors, and sequencing vectors. In general, a suitable vector contains an origin of
replication functional in at least one organism, convenient restriction endonuclease
sites, and one or more selectable markers. (See, e.g., WO 01/96584; WO 01/29058;
U.S. Pat. No. 6,326,193; U.S. 2002/0007051). Other elements will depend upon the
desired use, and will be apparent to those having ordinary skill in the art. For
example, the invention contemplates the use of siRNA polynucleotide sequences in
the preparation of recombinant nucleic acid constructs including vectors for
interfering with the expression of a desired target polypeptide such as a K-ras
polypeptide in vivo; the invention also contemplates the generation of siRNA
transgenic or “knock-out” animals and cells (e.g., cells, cell clones, lines or lineages,
or organisms in which expression of one or more desired polypeptides (e.g., a target
polypeptide) is fully or partially compromised). An siRNA polynucleotide that is
capable of interfering with expression of a desired polypeptide (e.g., a target
polypeptide) as provided herein thus includes any siRNA polynucleotide that, when
contacted with a subject or biological source as provided herein under conditions
and for a time sufficient for target polypeptide expression to take place in the
absence of the siRNA polynucleotide, results in a statistically significant decrease
(alternatively referred to as “knockdown” of expression) in the level of target
polypeptide expression that can be detected. In certain embodiments, the decrease
is greater than 10%, 20%, 30%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%
or 98% relative to the expression level of the polypeptide detected in the absence of
the siRNA, using conventional methods for determining polypeptide expression as
known to the art and provided herein. In certain embodiments, the presence of the

siRNA polynucleotide in a cell does not result in or cause any undesired toxic effects,
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for example, apoptosis or death of a cell in which apoptosis is not a desired effect of
RNA interference.

The present invention also relates to vectors and to constructs that
include or encode siRNA polynucleotides of the present invention, and in particular
to “recombinant nucleic acid constructs” that include any nucleic acids that may be
transcribed to yield target polynucleotide-specific sSiRNA polynucleotides (i.e., siRNA
specific for a polynucleotide that encodes a target polypeptide, such as a mRNA)
according to the invention as provided above; to host cells which are genetically
engineered with vectors and/or constructs of the invention and to the production of
siRNA polynucleotides, polypeptides, and/or fusion proteins of the invention, or
fragments or variants thereof, by recombinant techniques. SiRNA sequences
disclosed herein as RNA polynucleotides may be engineered to produce
corresponding DNA sequences using well established methodologies such as those
described herein. Thus, for example, a DNA polynucleotide may be generated from
any siRNA sequence described herein (including in the Sequence Listing), such that
the present siRNA sequences will be recognized as also providing corresponding
DNA polynucleotides (and their complements). These DNA polynucleotides are
therefore encompassed within the contemplated invention, for example, to be
incorporated into the subject invention recombinant nucleic acid constructs from
which siRNA may be transcribed.

According to the present invention, a vector may comprise a
recombinant nucleic acid construct containing one or more promoters for
transcription of an RNA molecule, for example, the human U6 snRNA promoter (see,
e.g., Miyagishi et al, Nat. Biotechnol. 20:497-500 (2002); Lee et al., Nat. Biotechnol.
20:500-505 (2002); Paul et al., Nat. Biotechnol. 20:505-508 (2002); Grabarek et al.,
BioTechniques 34:73544 (2003); see also Sui et al., Proc. Natl. Acad. Sci. USA
99:5515-20 (2002)). Each strand of a siRNA polynucleotide may be transcribed
separately each under the direction of a separate promoter and then may hybridize
within the cell to form the siRNA polynucleotide duplex. Each strand may also be

transcribed from separate vectors (see Lee et al., supra). Alternatively, the sense
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and antisense sequences specific for a K-ras sequence may be transcribed under
the control of a single promoter such that the siRNA polynucleotide forms a hairpin
molecule (Paul et al., supra). In such an instance, the complementary strands of the
siRNA specific sequences are separated by a spacer that comprises at least four
nucleotides, but may comprise at least 5, 6, 7, 8, 9, 10, 11, 12, 14, 16, 94 18
nucleotides or more nucleotides as described herein. In addition, siRNAs
transcribed under the control of a U6 promoter that form a hairpin may have a stretch
of about four uridines at the 3' end that act as the transcription termination signal
(Miyagishi et al., supra; Paul et al., supra). By way of illustration, if the target
sequence is 19 nucleotides, the siRNA hairpin polynucleotide (beginning at the 5'
end) has a 19-nucleotide sense sequence followed by a spacer (which as two uridine
nucleotides adjacent to the 3' end of the 19-nucleotide sense sequence), and the
spacer is linked to a 19 nucleotide antisense sequence followed by a 4-uridine
terminator sequence, which results in an overhang. SiRNA polynucleotides with
such overhangs effectively interfere with expression of the target polypeptide (see
id.). A recombinant construct may also be prepared using another RNA polymerase
IIl promoter, the H1 RNA promoter, that may be operatively linked to siRNA
polynucleotide specific sequences, which may be used for transcription of hairpin
structures comprising the siRNA specific sequences or separate transcription of
each strand of a siRNA duplex polynucleotide (see, e.g., Brummelkamp et al.,
Science 296:550-53 (2002); Paddison et al., supra). DNA vectors useful for insertion
of sequences for transcription of an siRNA polynucleotide include pSUPER vector
(see, e.g., Brummelkamp et al., supra); pAV vectors derived from pCWRSVN (see,
e.g., Paul et al., supra); and pIND (see, e.g., Lee et al., supra), or the like.

In certain embodiments, the nucleic acid molecules of the instant
invention can be expressed within cells from eukaryotic promoters (e.g., Izant and
Weintraub, 1985, Science, 229, 345-352; McGarry and Lindquist, 1986, Proc. Natl.
Acad. Sci., USA, 83, 399-403; Scanlon et al., 1991, Proc. Natl. Acad. Sci. USA, 88,
10591-10595; Kashani-Sabet et al., 1992, Antisense Res. Dev., 2, 3-15; Dropulic et
al., 1992, J. Virol., 66, 1432-1441; Weerasinghe ef al., 1991, J. Virol., 65, 5531-5534;
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Ojwang et al., 1992, Proc. Natl. Acad. Sci. USA, 89, 10802-10806; Chen et al., 1992,
Nucleic Acids Res., 20, 4581-4589; Sarver et al., 1990 Science, 247, 1222-1225;
Thompson et al., 1995, Nucleic Acids Res., 23, 2259-2268; Good et al., 1997, Gene
Therapy, 4, 45-54). Those skilled in the art will realize that any nucleic acid can be
expressed in eukaryotic cells from the appropriate DNA/RNA vector. The activity of
such nucleic acids can be augmented by their release from the primary transcript by
an enzymatic nucleic acid (Draper et al., PCT WO 93/23569, and Sullivan et al., PCT
WO 94/02595; Ohkawa et al., 1992, Nucleic Acids Symp. Ser., 27, 15-16; Taira et
al., 1991, Nucleic Acids Res., 19, 5125-5130; Ventura et al., 1993, Nucleic Acids
Res., 21, 3249-3255; Chowrira et al., 1994, J. Biol. Chem., 269, 25856-25864).

In another aspect of the invention, nucleic acid molecules of the
present invention, such as RNA molecules, are expressed from transcription units
(see for example Couture et al., 1996, TIG., 12, 510-515) inserted into DNA or RNA
vectors. The recombinant vectors are preferably DNA plasmids or viral vectors.

RNA expressing viral vectors can be constructed based on, but not limited to, adeno-
associated virus, retrovirus, adenovirus, lentivirus, or alphavirus. Preferably, the
recombinant vectors capable of expressing the nucleic acid molecules are delivered
as described above, and persist in target cells. Alternatively, viral vectors can be
used that provide for transient expression of nucleic acid molecules. Such vectors
can be repeatedly administered as necessary. Once expressed, the nucleic acid
molecule binds to the target mMRNA and induces RNAI within cell. Delivery of nucleic
acid molecule expressing vectors can be systemic, such as by intravenous or
intramuscular administration, by administration to target cells ex-planted from the
patient or subject followed by reintroduction into the patient or subject, or by any
other means that would allow for introduction into the desired target cell (for a review
see Couture et al., 1996, TIG., 12, 510-515).

In one aspect, the invention features an expression vector comprising a
nucleic acid sequence encoding at least one of the nucleic acid molecules of the

instant invention is disclosed. The nucleic acid sequence encoding the nucleic acid
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molecule of the instant invention is operably linked in a manner which allows
expression of that nucleic acid molecule.

In another aspect the invention features an expression vector
comprising: a) a transcription initiation region (e.g., eukaryotic pol |, I or Il initiation
region); b) a transcription termination region (e.g., eukaryotic pol I, Il or Il termination
region); ¢) a nucleic acid sequence encoding at least one of the nucleic acid catalyst
of the instant invention; and wherein said sequence is operably linked to said
initiation region and said termination region, in a manner which allows expression
and/or delivery of said nucleic acid molecule. The vector can optionally include an
open reading frame (ORF) for a protein operably linked on the 5” side or the 3 -side
of the sequence encoding the nucleic acid catalyst of the invention; and/or an intron
(intervening sequences).

Transcription of the nucleic acid molecule sequences may be driven
from a promoter for eukaryotic RNA polymerase | (pol 1), RNA polymerase Il (pol II),
or RNA polymerase Il (pol lll). Transcripts from pol Il or pot lll promoters are
expressed at high levels in all cells; the levels of a given pol Il promoter in a given
cell type depends on the nature of the gene regulatory sequences (enhancers,
silencers, etc.) present nearby. Prokaryotic RNA polymerase promoters are also
used, providing that the prokaryotic RNA polymerase enzyme is expressed in the
appropriate cells (Elroy-Stein and Moss, 1990, Proc. Natl. Acad. Sci. USA, 87, 6743-
6747; Gao and Huang 1993, Nucleic Acids Res., 21, 2867-2872; Lieber et al., 1993,
Methods Enzymol., 217, 47-66; Zhou et al., 1990, Mol. Cell. Biol., 10, 4529-4537).
Several investigators have demonstrated that nucleic acid molecules, such as
ribozymes expressed from such promoters can function in mammalian cells (e.g.,
Kashani-Sabet et al., 1992, Antisense Res. Dev., 2, 3-15; Ojwang et al., 1992, Proc.
Natl. Acad. Sci. USA, 89, 10802-10806; Chen et al., 1992, Nucleic Acids Res., 20,
4581-4589; Yu et al., 1993, Proc. Natl. Acad. Sci. USA, 90, 6340-6344; L’Huillier et
al., 1992, EMBO J., 11, 4411-4418; Lisziewicz et al., 1993, Proc. Natl. Acad. Sci.
U.S.A, 90, 8000-8004; Thompson et al., 1995, Nucleic Acids Res., 23, 2259-2268;
Sullenger & Cech, 1993, Science, 262, 1566-1569). More specifically, transcription
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units such as the ones derived from genes encoding U6 small nuclear (snRNA),
transfer RNA (tRNA) and adenovirus VA RNA are useful in generating high
concentrations of desired RNA molecules such as ribozymes in cells (Thompson et
al., supra; Couture and Stinchcomb, 1996, supra; Noonberg et al., 1994, Nucleic
Acid Res., 22, 2830-2836; Noonberg et al., U.S. Pat. No. 5,624,803; Good et al.,
1997, Gene Ther., 4, 45-54; Beigelman et al., International PCT Publication No. WO
96/18736). The above ribozyme transcription units can be incorporated into a variety
of vectors for introduction into mammalian cells, including but not restricted to,
plasmid DNA vectors, viral DNA vectors (such as adenovirus or adeno-associated
virus vectors), or viral RNA vectors (such as retroviral or alphavirus vectors) (for a
review see Couture and Stinchcomb, 1996, supra).

In another aspect, the invention features an expression vector
comprising nucleic acid sequence encoding at least one of the nucleic acid
molecules of the invention, in a manner which allows expression of that nucleic acid
molecule. The expression vector comprises in one embodiment; a) a transcription
initiation region; b) a transcription termination region; c) a nucleic acid sequence
encoding at least one said nucleic acid molecule; and wherein said sequence is
operably linked to said initiation region and said termination region, in a manner
which allows expression and/or delivery of said nucleic acid molecule.

In another embodiment, the expression vector comprises: a) a
transcription initiation region; b) a transcription termination region; c) an open
reading frame; d) a nucleic acid sequence encoding at least one said nucleic acid
molecule, wherein said sequence is operably linked to the 3 -end of said open
reading frame; and wherein said sequence is operably linked to said initiation region,
said open reading frame and said termination region, in a manner which allows
expression and/or delivery of said nucleic acid molecule. In yet another embodiment
the expression vector comprises: a) a transcription initiation region; b) a transcription
termination region; c¢) an intron; d) a nucleic acid sequence encoding at least one

said nucleic acid molecule; and wherein said sequence is operably linked to said
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initiation region, said intron and said termination region, in a manner which allows
expression and/or delivery of said nucleic acid molecule.

In yet another embodiment, the expression vector comprises: a) a
transcription initiation region; b) a transcription termination region; c) an intron; d) an
open reading frame; €) a nucleic acid sequence encoding at least one said nucleic
acid molecule, wherein said sequence is operably linked to the 3"-end of said open
reading frame; and wherein said sequence is operably linked to said initiation region,
said intron, said open reading frame and said termination region, in a manner which
allows expression and/or delivery of said nucleic acid molecule.

In another example, the nucleic acids of the invention as described
herein (e.g., DNA sequences from which siRNA may be transcribed) herein may be
included in any one of a variety of expression vector constructs as a recombinant
nucleic acid construct for expressing a target polynucleotide-specific SIRNA
polynucleotide. Such vectors and constructs include chromosomal,
nonchromosomal and synthetic DNA sequences, e.g., derivatives of SV40; bacterial
plasmids; phage DNA; baculovirus; yeast plasmids; vectors derived from
combinations of plasmids and phage DNA, viral DNA, such as vaccinia, adenovirus,
fowl pox virus, and pseudorabies. However, any other vector may be used for
preparation of a recombinant nucleic acid construct as long as it is replicable and
viable in the host.

The appropriate DNA sequence(s) may be inserted into the vector by a
variety of procedures. In general, the DNA sequence is inserted into an appropriate
restriction endonuclease site(s) by procedures known in the art. Standard
techniques for cloning, DNA isolation, amplification and purification, for enzymatic
reactions involving DNA ligase, DNA polymerase, restriction endonucleases and the
like, and various separation techniques are those known and commonly employed
by those skilled in the art. A number of standard techniques are described, for
example, in Ausubel et al. (1993 Current Protocols in Molecular Biology, Greene
Publ. Assoc. Inc. & John Wiley & Sons, Inc., Boston, MA); Sambrook et al. (2001
Molecular Cloning, Third Ed., Cold Spring Harbor Laboratory, Plainview, NY);
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Maniatis et al. (1982 Molecular Cloning, Cold Spring Harbor Laboratory, Plainview,
NY); and elsewhere.

The DNA sequence in the expression vector is operatively linked to at
least one appropriate expression control sequences (e.g., a promoter or a regulated
promoter) to direct mMRNA synthesis. Representative examples of such expression
control sequences include LTR or SV40 promoter, the E. coli lac or trp, the phage
lambda P, promoter and other promoters known to control expression of genes in
prokaryotic or eukaryotic cells or their viruses. Promoter regions can be selected
from any desired gene using CAT (chloramphenicol transferase) vectors or other
vectors with selectable markers. Two appropriate vectors are pKK232-8 and pCM?7.
Particular named bacterial promoters include lacl, lacZ, T3, T7, gpt, lambda Pg, P_
and trp. Eukaryotic promoters include CMV immediate early, HSV thymidine kinase,
early and late SV40, LTRs from retrovirus, and mouse metallothionein-l. Selection of
the appropriate vector and promoter is well within the level of ordinary skill in the art,
and preparation of certain particuiarly preferred recombinant expression constructs
comprising at least one promoter or regulated promoter operably linked to a nucleic
acid encoding a polypeptide (e.g., PTP, MAP kinase kinase, or chemotherapeutic
target polypeptide) is described herein.

The expressed recombinant siRNA polynucleotides may be useful in
intact host cells; in intact organelles such as cell membranes, intracellular vesicles or
other cellular organelles; or in disrupted cell preparations including but not limited to
cell homogenates or lysates, microsomes, uni- and multilamellar membrane vesicles
or other preparations. Alternatively, expressed recombinant siRNA polynucleotides
can be recovered and purified from recombinant cell cultures by methods including
ammonium sulfate or ethanol precipitation, acid extraction, anion or cation exchange
chromatography, phosphocellulose chromatography, hydrophobic interaction
chromatography, affinity chromatography, hydroxylapatite chromatography and lectin
chromatography. Finally, high performance liquid chromatography (HPLC) can be

employed for final purification steps.
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In certain preferred embodiments of the present invention, the siRNA
polynucleotides are detectably labeled, and in certain embodiments the siRNA
polynucleotide is capable of generating a radioactive or a fluorescent signal. The
siRNA polynucleotide can be detectably labeled by covalently or non-covalently
attaching a suitable reporter molecule or moiety, for example a radionuclide such as
2P (e.g., Pestka et al., 1999 Protein Expr. Purif. 17:203-14), a radiohalogen such as
iodine ['%1 or "*'1] (e.g., Wilbur, 1992 Bioconjug. Chem. 3:433-70), or tritium [°H]; an
enzyme; or any of various luminescent (e.g., chemiluminescent) or fluorescent
materials (e.g., a fluorophore) selected according to the particular fluorescence
detection technique to be employed, as known in the art and based upon the present
disclosure. Fluorescent reporter moieties and methods for labeling siRNA
polynucleotides and/or PTP substrates as provided herein can be found, for example
in Haugland (1996 Handbook of Fluorescent Probes and Research Chemicals- Sixth
Ed., Molecular Probes, Eugene, OR; 1999 Handbook of Fluorescent Probes and
Research Chemicals- Seventh Ed., Molecular Probes, Eugene, OR, Internet:
http://www.probes.com/lit/) and in references cited therein. Particularly preferred for
use as such a fluorophore in the subject invention methods are fluorescein,
rhodamine, Texas Red, AlexaFluor-594, AlexaFluor-488, Oregon Green, BODIPY-
FL, umbelliferone, dichlorotriazinylamine fluorescein, dansyl chloride, phycoerythrin
or Cy-5. Examples of suitable enzymes include, but are not limited to, horseradish
peroxidase, biotin, alkaline phosphatase, f3-galactosidase and acetylcholinesterase.
Appropriate luminescent materials include luminol, and suitable radioactive materials
include radioactive phosphorus [*?P]. In certain other preferred embodiments of the
present invention, a detectably labeled siRNA polynucleotide comprises a magnetic
particle, for example a paramagnetic or a diamagnetic particle or other magnetic
particle or the like (preferably a microparticle) known to the art and suitable for the
intended use. Without wishing to be limited by theory, according to certain such
embodiments there is provided a method for selecting a cell that has bound,
adsorbed, absorbed, internalized or otherwise become associated with a siRNA

polynucleotide that comprises a magnetic particle.
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Methods of Use and Administration of Nucleic Acid Molecules

Methods for the delivery of nucleic acid molecules are described in
Akhtar et al., 1992, Trends Cell Bio., 2, 139; and Delivery Strategies for Antisense
Oligonucleotide Therapeutics, ed. Akhtar; Sullivan et al., PCT WO 94/02595, further
describes the general methods for delivery of enzymatic RNA molecules. These
protocols can be utilized for the delivery of virtually any nucleic acid molecule.
Nucleic acid molecules can be administered to cells by a variety of methods known
to those familiar to the art, including, but not restricted to, encapsulation in
liposomes, by iontophoresis, or by incorporation into other vehicles, such as
hydrogels, cyclodextrins, biodegradable nanocapsules, and bioadhesive
microspheres. Alternatively, the nucleic acid/vehicle combination is locally delivered
by direct injection or by use of an infusion pump. Other routes of delivery include,
but are not limited to oral (tablet or pill form) and/or intrathecal delivery (Gold, 1997,
Neuroscience, 76, 1153-1158). Other approaches include the use of various
transport and carrier systems, for example, through the use of conjugates and
biodegradable polymers. For a comprehensive review on drug delivery strategies
including CNS delivery, see Ho et al., 1999, Curr. Opin. Mol. Ther., 1, 336-343 and
Jain, Drug Delivery Systems: Technologies and Commercial Opportunities, Decision
Resources, 1998 and Groothuis et al., 1997, J. NeuroVirol., 3, 387-400. More
detailed descriptions of nucleic acid delivery and administration are provided in
Sullivan et al., supra, Draper et al., PCT W093/23569, Beigelman et al., PCT
W099/05094, and Klimuk et al., PCT W099/04819.

The molecules of the instant invention can be used as pharmaceutical
agents. Pharmaceutical agents prevent, inhibit the occurrence, or treat (alleviate a
symptom to some extent, in certain embodiments all of the symptoms) of a disease
state in a subject.

The negatively charged polynucleotides of the invention can be
administered and introduced into a subject by any standard means, with or without
stabilizers, buffers, and the like, to form a pharmaceutical composition. When it is

desired to use a liposome delivery mechanism, standard protocols for formation of
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liposomes can be followed. The compositions of the present invention can also be
formulated and used as tablets, capsules or elixirs for oral administration;
suppositories for rectal administration; sterile solutions; suspensions for injectable
administration; and the other compositions known in the art.

The present invention also includes pharmaceutically acceptable
formulations of the compounds described. These formulations include salts of the
above compounds, e.g., acid addition salts, for example, salts of hydrochloric,
hydrobromic, acetic acid, and benzene sulfonic acid.

A composition or formulation of the siRNA molecules of the present
invention refers to a composition or formulation in a form suitable for administration,
e.g., systemic administration, into a cell or subject, preferably a human. Suitable
forms, in part, depend upon the use or the route of entry, for example oral,
transdermal, or by injection. Such forms should not prevent the composition or
formulation from reaching a target cell. For example, pharmacological compositions
injected into the blood stream should be soluble. Other factors are known in the art,
and include considerations such as toxicity and forms which prevent the composition
or formulation from exerting its effect.

By “systemic administration” is meant in vivo systemic absorption or
accumulation of drugs in the blood stream followed by distribution throughout the
entire body. Administration routes which lead to systemic absorption include, without
limitations: intravenous, subcutaneous, intraperitoneal, inhalation, oral,
intrapulmonary and intramuscular. Each of these administration routes exposes the
desired negatively charged nucleic acids, to an accessible diseased tissue. The rate
of entry of a drug into the circulation has been shown to be a function of molecular
weight or size. The use of a liposome or other drug carrier comprising the
compounds of the instant invention can potentially localize the drug, for example, in
certain tissue types, such as the tissues of the reticular endothelial system (RES). A
liposome formulation which can facilitate the association of drug with the surface of
cells, such as, lymphocytes and macrophages is also useful. This approach can

provide enhanced delivery of the drug to target cells by taking advantage of the
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specificity of macrophage and lymphocyte immune recognition of abnormal cells,
such as cancer celis.

By pharmaceutically acceptable formulation is meant, a composition or
formulation that allows for the effective distribution of the nucleic acid molecules of
the instant invention in the physical location most suitable for their desired activity.
Non-limiting examples of agents suitable for formulation with the nucleic acid
molecules of the instant invention include: PEG conjugated nucleic acids,
phospholipid conjugated nucleic acids, nucleic acids containing lipophilic moieties,
phosphorothioates, P-glycoprotein inhibitors (such as Pluronic P85) which can
enhance entry of drugs into various tissues; biodegradable polymers, such as poly
(DL-lactide-coglycolide) microspheres for sustained release delivery after
implantation (Emerich, DF et al., 1999, Cell Transplant, 8, 47-58) Alkermes, Inc.
Cambridge, Mass.; and loaded nanoparticles, such as those made of
polybutylcyanoacrylate, which can deliver drugs across the blood brain barrier and
can alter neuronal uptake mechanisms (Prog Neuropsychopharmacol Biol
Psychiatry, 23, 941-949, 1999).

The invention also features the use of the composition comprising
surface-modified liposomes containing poly (ethylene glycol) lipids (PEG-modified,
branched and unbranched or combinations thereof, or long-circulating liposomes or
stealth liposomes). Nucleic acid molecules of the invention can also comprise
covalently attached PEG molecules of various molecular weights. These
formulations offer a method for increasing the accumulation of drugs in target
tissues. This class of drug carriers resists opsonization and elimination by the
mononuclear phagocytic system (MPS or RES), thereby enabling longer blood
circulation times and enhanced tissue exposure for the encapsulated drug (Lasic et
al. Chem. Rev. 1995, 95, 2601-2627; Ishiwata et al., Chem. Pharm. Bull. 1995, 43,
1005-1011). Such liposomes have been shown to accumulate selectively in tumors,
presumably by extravasation and capture in the neovascularized target tissues
(Lasic et al., Science 1995, 267, 1275-1276; Oku et al., 1995, Biochim. Biophys.

Acta, 1238, 86-90). The long-circulating liposomes enhance the pharmacokinetics
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and pharmacodynamics of DNA and RNA, particularly compared to conventional
cationic liposomes which are known to accumulate in tissues of the MPS (Liu et al.,
J. Biol. Chem. 1995, 42, 24864-24870; Choi et al., International PCT Publication No.
WO 96/10391; Ansell ef al., International PCT Publication No. WO 96/10390;
Holland et al., International PCT Publication No. WO 96/10392). Long-circulating
liposomes are also likely to protect drugs from nuclease degradation to a greater
extent compared to cationic liposomes, based on their ability to avoid accumulation
in metabolically aggressive MPS tissues such as the liver and spleen.

In a further embodiment, the present invention includes nucleic acid
compositions, such as siRNA compositions, prepared as described in US
2003/0166601. In this regard, in one embodiment, the present invention provides a
composition of the siRNA described herein comprising: 1) a core complex
comprising the nucleic acid (e.g., siRNA) and polyethyleneimine; and 2) an outer
shell moiety comprising NHS-PEG-VS and a targeting moiety.

Thus, in certain embodiments, siRNA sequences are complexed
through electrostatic bonds with a cationic polymer to form a RNAi/nanoplex
structure. In certain embodiments, the cationic polymer facilitates cell internalization
and endosomal release of its siRNA payload in the cytoplasm of a target cell.
Further, in certain embodiments, a hydrophilic steric polymer can be added to the
RNAi/cationic polymer nanoplex. In this regard, illustrative steric polymers include a
Polyethylene Glycol (PEG) layer. Without being bound by theory, this component
helps reduce non-specific tissue interaction, increase circulation time, and minimize
immunogenic potential. PEG layers can also enhance siRNA distribution to tumor
tissue through the phenomenon of Enhanced Permeability and Retention (EPR) in
the often leaky tumor vasculature. Additionally, these complexes can be crosslinked
to provide additional stability. This crosslinking can be done through coupling to the
cationic polymers, hydrophilic steric polymers or both. Where a targeting moiety is
used, the crosslinking can be done prior to or after the coupling of the crosslinking
agents. As would be readily appreciated by the skilled artisan, any of a variety of

crosslinking agents can be used in the context of the present invention. Certain
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common crosslinking agents include the imidoester crosslinker dimethyl
suberimidate, the NHS-ester crosslinker BS3 and formaldehyde. Other crosslinking
agents include but are not limited to, NHS-3-maleimidopropionate, MPS-EDA.TFA,
Mono-N-t-boc-EDA, and any of a variety of crosslinking agents are known to the
skilled person and are commercially available.

In a further embodiment, the present invention includes nucleic acid
compositions prepared for delivery as described in US Patent Nos. 6,692,911,
7,163,695 and 7,070,807. In this regard, in one embodiment, the present invention
provides a nucleic acid of the present invention in a composition comprising
copolymers of lysine and histidine (HK) as described in US Patents 7,163,695,
7,070,807, and 6,692,911 either alone or in combination with PEG (e.g., branched or
unbranched PEG or a mixture of both), in combination with PEG and a targeting
moiety or any of the foregoing in combination with or that have been treated with a
crosslinking agent. As would be readily appreciated by the skilled artisan, any of a
variety of crosslinking agents can be used in the context of the present invention.
Certain common crosslinking agents include the imidoester crosslinker dimethyl
suberimidate, the NHS-ester crosslinker BS3 and formaldehyde. Other crosslinking
agents include but are not limited to, NHS-3-maleimidopropionate, MPS-EDA.TFA,
Mono-N-t-boc-EDA, and any of a variety of crosslinking agents are known to the
skilled person and are commercially available.

In certain embodiments, the present invention provides siRNA
molecules in compositions comprising, polylysine, polyhistidine, lysine, histidine, and
combinations thereof (e.g., polyhistidine; polyhistidine and polylysine; lysine and
polyhistidine; histidine and polylysine; lysine and histidine), gluconic-acid-modified
polyhistidine or gluconylated-polyhistidine/transferrin-polylysine. In certain
embodiments, the siRNA compositions of the invention comprise branched histidine
copolymers (see e.g., U.S. Patent 7,070,807).

In certain embodiments of the present invention a targeting moiety as
described above is utilized to target the desired siRNA(s) to a cell of interest. As can

be readily appreciated when targeting the K-ras proto-oncogene it is desirous to
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utilize a targeting moiety in combination therewith to target substantially only cancer
cells. Accordingly, such targeting will diminish toxic effects in normal cells. In this
regard, as would be recognized by the skilled artisan, targeting ligands are readily
interchangeable depending on the disease and siRNA of interest to be delivered. In
certain embodiments, the targeting moiety may include an RGD (Arginine, Glycine,
Aspartic Acid) peptide ligand that binds to activated integrins on tumor vasculature
endothelial cells, such as avB3 integrins.

Thus, in certain embodiments, compositions comprising the siRNA
molecules of the present invention include at least one targeting moiety, such as a
ligand for a cell surface receptor or other cell surface marker that permits highly
specific interaction of the composition comprising the siRNA molecule (the “vector”)
with the target tissue or cell. More specifically, in one embodiment, the vector
preferably will include an unshielded ligand or a shielded ligand. The vector may
include two or more targeting moieties, depending on the cell type that is to be
targeted. Use of multiple (two or more) targeting moieties can provide additional
selectivity in cell targeting, and also can contribute to higher affinity and/or avidity of
binding of the vector to the target cell. When more than one targeting moiety is
present on the vector, the relative molar ratio of the targeting moieties may be varied
to provide optimal targeting efficiency. Methods for optimizing cell binding and
selectivity in this fashion are known in the art. The skilled artisan also will recognize
that assays for measuring cell selectivity and affinity and efficiency of binding are
known in the art and can be used to optimize the nature and quantity of the targeting
ligand(s).

A variety of agents that direct compositions to particular cells are
known in the art (see, for example, Cotten et al., Methods Enzym, 217: 618, 1993).
Illustrative targeting agents include biocompounds, or portions thereof, that interact
specifically with individual cells, small groups of cells, or large categories of cells.
Examples of useful targeting agents include, but are in no way limited to, low-density
lipoproteins (LDLs), transferrin, asiaglycoproteins, gp120 envelope protein of the

human immunodeficiency virus (HIV), and diptheria toxin, antibodies, and
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carbohydrates. Other suitable ligands include, but are not limited to: vascular
endothelial cell growth factor for targeting endothelial cells: FGF2 for targeting
vascular lesions and tumors; somatostatin peptides for targeting tumors; transferrin
for targeting tumors; melanotropin (alpha MSH) peptides for tumor targeting; ApoE
and peptides for LDL receptor targeting; von Willebrand's Factor and peptides for
targeting exposed collagend; Adenoviral fiber protein and peptides for targeting
Coxsackie-adenoviral receptor (CAR) expressing cells; PD 1 and peptides for
targeting Neuropilin 1; EGF and peptides for targeting EGF receptor expressing
cells; and RGD peptides for targeting integrin expressing cells.

Other examples of targetin moeities include (i) folate, where the
composition is intended for treating tumor cells having cell-surface folate receptors,
(ii) pyridoxyl, where the composition is intended for treating virus-infected CD4+
lymphocytes, or (iii) sialyl-Lewis®, where the composition is intended for treating a
region of inflammation. Other peptide ligands may be identified using methods such
as phage display (F. Bartoli et al., Isolation of peptide ligands for tissue-specific cell
surface receptors, in Vector Targeting Strategies for Therapeutic Gene Delivery
(Abstracts form Cold Spring Harbor Laboratory 1999 meeting), 1999, p4) and
microbial display (Georgiou et al., Ultra-High Affinity Antibodies from Libraries
Displayed on the Surface of Microorganisms and Screened by FACS, in Vector
Targeting Strategies for Therapeutic Gene Delivery (Abstracts form Cold Spring
Harbor Laboratory 1999 meeting), 1999, p 3.). Ligands identified in this manner are
suitable for use in the present invention.

Another example of a targeting moeity is sialyl-Lewis*, where the
composition is intended for treating a region of inflammation. Other peptide ligands
may be identified using methods such as phage display (F. Bartoli et al., Isolation of
peptide ligands for tissue-specific cell surface receptors, in Vector Targeting
Strategies for Therapeutic Gene Delivery (Abstracts form Cold Spring Harbor
Laboratory 1999 meeting), 1999, p4) and microbial display (Georgiou et al., Ultra-
High Affinity Antibodies from Libraries Displayed on the Surface of Microorganisms

and Screened by FACS, in Vector Targeting Strategies for Therapeutic Gene
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Delivery (Abstracts form Cold Spring Harbor Laboratory 1999 meeting), 1999, p 3.).
Ligands identified in this manner are suitable for use in the present invention.

Methods have been developed to create novel peptide sequences that
elicit strong and selective binding for target tissues and cells such as “DNA Shuffling”
(W. P. C. Stremmer, Directed Evolution of Enzymes and Pathways by DNA
Shuffling, in Vector Targeting Strategies for Therapeutic Gene Delivery (Abstracts
form Cold Spring Harbor Laboratory 1999 meeting), 1999, p.5.) and these novel
sequence peptides are suitable ligands for the invention. Other chemical forms for
ligands are suitable for the invention such as natural carbohydrates which exist in
numerous forms and are a commonly used ligand by cells (Kraling et al., Am. J.
Path., 1997, 150, 1307) as well as novel chemical species, some of which may be
analogues of natural ligands such as D-amino acids and peptidomimetics and others
which are identifed through medicinal chemistry techniques such as combinatorial
chemistry (P. D. Kassner et al., Ligand Identification via Expression (LIVE.theta.):
Direct selection of Targeting Ligands from Combinatorial Libraries, in Vector
Targeting Strategies for Therapeutic Gene Delivery (Abstracts form Cold Spring
Harbor Laboratory 1999 meeting), 1999, p8.).

The present invention also includes compositions prepared for storage
or administration which include a pharmaceutically effective amount of the desired
compounds in a pharmaceutically acceptable carrier or diluent. Acceptable carriers
or diluents for therapeutic use are well known in the pharmaceutical art, and are
described, for example, in Remington: The Science and Practice of Pharmacy, 20th
Edition. Baltimore, MD: Lippincott Williams & Wilkins, 2000. For example,
preservatives, stabilizers, dyes and flavoring agents can be provided. These include
sodium benzoate, sorbic acid and esters of p-hydroxybenzoic acid. In addition,
antioxidants and suspending agents can be used.

A pharmaceutically effective dose is that dose required to prevent,
inhibit the occurrence, or treat (alleviate a symptom to some extent, and in certain
embodiments, all of the symptoms of) a disease state. The pharmaceutically

effective dose depends on the type of disease, the composition used, the route of
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administration, the type of mammal being treated, the physical characteristics of the
specific mammal under consideration, concurrent medication, and other factors
which those skilled in the medical arts will recognize. Generally, an amount between
0.1 mg/kg and 100 mg/kg body weight/day of active ingredients is administered
dependent upon potency of the negatively charged polymer.

The nucleic acid molecules of the invention and formulations thereof
can be administered orally, topically, parenterally, by inhalation or spray or rectally in
dosage unit formulations containing conventional non-toxic pharmaceutically
acceptable carriers, adjuvants and vehicles. The term parenteral as used herein
includes percutaneous, subcutaneous, intravascular (e.g., intravenous),
intramuscular, or intrathecal injection or infusion techniques and the like. In addition,
there is provided a pharmaceutical formulation comprising a nucleic acid molecule of
the invention and a pharmaceutically acceptable carrier. One or more nucleic acid
molecules of the invention can be present in association with one or more non-toxic
pharmaceutically acceptable carriers and/or diluents and/or adjuvants, and if desired
other active ingredients. The pharmaceutical compositions containing nucleic acid
molecules of the invention can be in a form suitable for oral use, for example, as
tablets, troches, lozenges, aqueous or oily suspensions, dispersible powders or
granules, emulsion, hard or soft capsules, or syrups or elixirs.

The nucleic acid compositions of the invention can be used in
combination with other nucleic acid compositions that target the same or different
areas of the target gene (e.g., K-ras), or that target other genes of interest. The
nucleic acid compositions of the invention can also be used in combination with any
of a variety of treatment modalities, such as chemotherapy, radiation therapy, or
small molecule regimens.

Compositions intended for oral use can be prepared according to any
method known to the art for the manufacture of pharmaceutical compositions and
such compositions can contain one or more such sweetening agents, flavoring
agents, coloring agents or preservative agents in order to provide pharmaceutically

elegant and palatable preparations. Tablets contain the active ingredient in
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admixture with non-toxic pharmaceutically acceptable excipients that are suitable for
the manufacture of tablets. These excipients can be for example, inert diluents, such
as calcium carbonate, sodium carbonate, lactose, calcium phosphate or sodium
phosphate; granulating and disintegrating agents, for example, corn starch, or alginic
acid; binding agents, for example starch, gelatin or acacia, and lubricating agents, for
example magnesium stearate, stearic acid or talc. The tablets can be uncoated or
they can be coated by known techniques. In some cases such coatings can be
prepared by known techniques to delay disintegration and absorption in the
gastrointestinal tract and thereby provide a sustained action over a longer period.
For example, a time delay material such as glyceryl monosterate or glyceryl
distearate can be employed.

Formulations for oral use can also be presented as hard gelatin
capsules wherein the active ingredient is mixed with an inert solid diluent, for
example, calcium carbonate, calcium phosphate or kaolin, or as soft gelatin capsules
wherein the active ingredient is mixed with water or an oil medium, for example
peanut oil, liquid paraffin or olive oil.

Aqueous suspensions contain the active materials in admixture with
excipients suitable for the manufacture of aqueous suspensions. Such excipients
are suspending agents, for example sodium carboxymethylcellulose,
methylcellulose, hydropropyl-methylcellulose, sodium alginate, polyvinylpyrrolidone,
gum tragacanth and gum acacia; dispersing or wetting agents can be a naturally-
occurring phosphatide, for example, lecithin, or condensation products of an alkylene
oxide with fatty acids, for example polyoxyethylene stearate, or condensation
products of ethylene oxide with long chain aliphatic alcohols, for example
heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with
partial esters derived from fatty acids and a hexitol such as polyoxyethylene sorbitol
monooleate, or condensation products of ethylene oxide with partial esters derived
from fatty acids and hexitol anhydrides, for example polyethylene sorbitan
monooleate. The aqueous suspensions can also contain one or more preservatives,

for example ethyl, or n-propyl p-hydroxybenzoate, one or more coloring agents, one
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or more flavoring agents, and one or more sweetening agents, such as sucrose or
saccharin.

Oily suspensions can be formulated by suspending the active
ingredients in a vegetable oil, for example arachis oil, olive oil, sesame oil or coconut
oil, or in a mineral oil such as liquid paraffin. The oily suspensions can contain a
thickening agent, for example beeswax, hard paraffin or cetyl alcohol. Sweetening
agents and flavoring agents can be added to provide palatable oral preparations.
These compositions can be preserved by the addition of an anti-oxidant such as
ascorbic acid.

Dispersible powders and granules suitable for preparation of an
agueous suspension by the addition of water provide the active ingredient in
admixture with a dispersing or wetting agent, suspending agent and one or more
preservatives. Suitable dispersing or wetting agents or suspending agents are
exemplified by those already mentioned above. Additional excipients, for example
sweetening, flavoring and coloring agents, can also be present.

Pharmaceutical compositions of the invention can also be in the form of
oil-in-water emulsions. The oily phase can be a vegetable oil or a mineral oil or
mixtures of these. Suitable emulsifying agents can be naturally-occurring gums, for
example gum acacia or gum tragacanth, naturally-occurring phosphatides, for
example soy bean, lecithin, and esters or partial esters derived from fatty acids and
hexitol, anhydrides, for example sorbitan monooleate, and condensation products of
the said partial esters with ethylene oxide, for example polyoxyethylene sorbitan
monooleate. The emulsions can also contain sweetening and flavoring agents.

Syrups and elixirs can be formulated with sweetening agents, for
example glycerol, propylene glycol, sorbitol, glucose or sucrose. Such formulations
can also contain a demulcent, a preservative and flavoring and coloring agents. The
pharmaceutical compositions can be in the form of a sterile injectable aqueous or
oleaginous suspension. This suspension can be formulated according to the known
art using those suitable dispersing or wetting agents and suspending agents that

have been mentioned above. The sterile injectable preparation can also be a sterile
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injectable solution or suspension in a non-toxic parentally acceptabile diluent or
solvent, for example as a solution in 1,3-butanediol. Among the acceptable vehicles
and solvents that can be employed are water, Ringer's solution and isotonic sodium
chloride solution. In addition, sterile, fixed oils are conventionally employed as a
solvent or suspending medium. For this purpose any bland fixed oil can be
employed including synthetic mono-or diglycerides. In addition, fatty acids such as
oleic acid find use in the preparation of injectables.

The nucleic acid molecules of the invention can also be administered in
the form of suppositories, e.g., for rectal administration of the drug. These
compositions can be prepared by mixing the drug with a suitable non-irritating
excipient that is solid at ordinary temperatures but liquid at the rectal temperature
and will therefore melt in the rectum to release the drug. Such materials include
cocoa butter and polyethylene glycols.

Nucleic acid molecules of the invention can be administered
parenterally in a sterile medium. The drug, depending on the vehicle and
concentration used, can either be suspended or dissolved in the vehicle.
Advantageously, adjuvants such as local anesthetics, preservatives and buffering
agents can be dissolved in the vehicle.

Dosage levels of the order of from about 0.01 mg to about 140 mg per
kilogram of body weight per day are useful in the treatment of the disease conditions
described herein (about 0.5 mg to about 7 g per patient or subject per day). The
amount of active ingredient that can be combined with the carrier materials to
produce a single dosage form varies depending upon the host treated and the
particular mode of administration. Dosage unit forms generally contain between
from about 1 mg to about 500 mg of an active ingredient.

It is understood that the specific dose level for any particular patient or
subject depends upon a variety of factors including the activity of the specific
compound employed, the age, body weight, general health, sex, diet, time of
administration, route of administration, and rate of excretion, drug combination and

the severity of the particular disease undergoing therapy.
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For administration to non-human animals, the composition can also be
added to the animal feed or drinking water. It can be convenient to formulate the
animal feed and drinking water compositions so that the animal takes in a
therapeutically appropriate quantity of the composition along with its diet. It can also
be convenient to present the composition as a premix for addition to the feed or
drinking water.

The nucleic acid molecules of the present invention can also be
administered to a subject in combination with other therapeutic compounds to
increase the overall therapeutic effect. The use of multiple compounds to treat an
indication can increase the beneficial effects while reducing the presence of side
effects.

The nucleic acid-based inhibitors of the invention are added directly, or
can be complexed with 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 injection or
infusion pump, with or without their incorporation in biopolymers.

The siRNA molecules of the present invention can be used in a method
for treating or preventing a K-ras expressing disorder in a subject having or
suspected of being at risk for having the disorder, comprising administering to the
subject one or more siRNA molecules described herein, thereby treating or
preventing the disorder. In this regard, the method provides for treating such
diseases described herein, by administering 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11,12, 13,
14, 15 or more siRNA molecules as described herein, such as those provided in
SEQ ID NOs:1-474 and 479-488, or a dsRNA thereof. In particular, due to the
various mutations found in K-ras, the siRNA can be applied individually or as a
cocktail combination for cancer treatment, depending on the tumor type and the K-
ras mutations existing in the patient being treated.

The present invention also provides a method for interfering with
expression of a polypeptide, or variant thereof, comprising contacting a subject that

comprises at least one cell which is capable of expressing the polypeptide with a
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siRNA polynucleotide for a time and under conditions sufficient to interfere with
expression of the polypeptide.

The nucleic acid molecules of the instant invention, individually, or in
combination or in conjunction with other drugs, can be used to treat diseases or
conditions associated with altered expression and/or activity of K-ras. Thus, the
small nucleic acid molecules described herein are useful, for example, in providing
compositions to prevent, inhibit, or reduce a variety of cancers, cardiac disorders,
inflammatory diseases and reduction of inflammation, metabolic disorders and/or
other disease states, conditions, or traits associated with K-ras gene expression or
activity in a subject or organism. In this regard, the nucleic acid molecules of the
invention can be used to treat, prevent, inhibit or reduce brain, esophageal, bladder,
cervical, breast, lung, prostate, colorectal, pancreatic, head and neck, prostate,
thyroid, kidney, and ovarian cancer, melanoma, multiple myeloma, lymphoma,
leukemias, glioma, glioblastoma, multidrug resistant cancers, and any other
cancerous diseases, cardiac disorders (e.g., cardiomyopathy, cardiovascular
disease, congenital heart disease, coronary heart disease, heart failure,
hypertensive heart disease, inflammatory heart disease, valvular heart disease),
inflammatory diseases, or other conditions which respond to the modulation of K-ras
expression. The compositions of the invention can also be used in methods for
treating any of a number of known metabolic disorders including inherited metabolic
disorders. Metabolic disorders that may be treated include, but are not limited to
diabetes mellitus, hyperlipidemia, lactic acidosis, phenylketonuria, tyrosinemias,
alcaptonurta, isovaleric acidemia, homocystinuria, urea cycle disorders, or an
organic acid metabolic disorder, propionic acidemia, methylmalonic acidemia,
glutaric aciduria Type 1, acid lipase disease, amyloidosis, Barth syndrome,
biotinidase deficiency (BD), carnitine palitoyl transferase deficiency type Il (CPT-I),
central pontine myelinolysis, muscular dystrophy, Farber’s disease, G6PD deficiency
(Glucose-6-Phosphate Dehydrogenase), gangliosidoses, trimethylaminuria, Lesch-
Nyhan syndrome, lipid storage diseases, metabolic myopathies, methylmalonic

aciduria (MMA), mitochondrial myopathies, MPS (Mucopolysaccharidoses) and
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related diseases, mucolipidoses, mucopolysaccharidoses, multiple CoA carboxylase
deficiency (MCCD), nonketotic hyperglycinemia, Pompe disease, propionic acidemia
(PROP), and Type I glycogen storage disease.

The compositions of the invention can also be used in methods for
treating or preventing inflammatory diseases in individuals who have them or are
suspected of being at risk for developing them, and methods for treating
inflammatory diseases, such as, but not limited to, asthma, Chronic Obstructive
Puimonary Disease (COPD), inflammatory bowel disease, ankylosing spondylitis,
Reiter's syndrome, Crohn's disease, ulcerative colitis, systemic lupus erythematosus,
psoriasis, atherosclerosis, rheumatoid arthritis, osteoarthritis, or multiple sclerosis.
The compositions of the invention can also be used in methods for reducing
inflammation.

The nucleic acid molecules of the instant invention, individually, or in
combination or in conjunction with other drugs, can also be used to prevent diseases
or conditions associated with altered activity and/or expression of K-ras in individuals
that are suspected of being at risk for developing such a disease or condition. For
example, to treat or prevent a disease or condition associated with the expression
levels of K-ras, the subject having the disease or condition, or suspected of being at
risk for developing the disease or condition, can be treated, or other appropriate cells
can be treated, as is evident to those skilled in the art, individually or in combination
with one or more drugs under conditions suitable for the treatment. Thus, the
present invention provides methods for treating or preventing diseases or conditions
which respond to the modulation of K-ras expression comprising administering to a
subject in need thereof an effective amount of a composition comprising one or more
of the nucleic acid molecules of the invention, such as those set forth in SEQ ID
NOs:1-474 and 479-488. In one embodiment, the present invention provides
methods for treating or preventing diseases associated with expression of K-ras
comprising administering to a subject in need thereof an effective amount of any one
or more of the nucleic acid molecules of the invention, such as those provided in

SEQ ID NOs:1-474 and 479-488, such that the expression of K-ras in the subject is
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down-regulated, thereby treating or preventing the disease associated with
expression of K-ras. In this regard, the compositions of the invention can be used in
methods for treating or preventing a disease as described herein such as a variety of
cancers, cardiac disorders, inflammatory diseases and reduction of inflammation,
metabolic disorders, and/or other conditions which respond to the modulation of K-
ras expression.

In a further embodiment, the nucleic acid molecules of the invention,
such as isolated siRNA, antisense or ribozymes, can be used in combination with
other known treatments to treat conditions or diseases discussed herein. For
example, the described molecules can be used in combination with one or more
known therapeutic agents to treat cancers, cardiac disorders, inflammatory diseases
and reduction of inflammation, metabolic disorders or other conditions which respond
to the modulation of K-ras expression.

Compositions and methods are known in the art for identifying subjects
having, or suspected of being at risk for having the diseases or disorders associated

with expression of K-ras as described herein.
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EXAMPLES
EXAMPLE 1

SIRNA CANDIDATE MOLECULES FOR THE INHIBITION OF K-RAS EXPRESSION

K-ras siRNA molecules were designed using a tested algorithm and
using the publicly available sequences for the human and mouse K-ras genes as set
forth in Table 1 below.

Table 1. K-ras genes sequence IDs.

UniGene GenBank SEQ ID
UniGene | Cluster ID Gene Name Gene Accesion # of | NO:polynuc
ID Abbrev. Representative | /amino acid
sequence
Homo sapiens V- 475/477
220192 Hs. 505033 Ki-ras2 Kirsten rat Hs Kras NM_004985.3

sarcoma viral
oncogene homolog

Mus musculus V- 476/478
Mm.383182 | Ki-ras2 Kirsten rat BC004642.1
sarcoma viral

oncogene homolog

1747570 Mm Kras

Ras is a mutation activated proto-oncogene. It can be activated by
point mutations so that its GTPase reaction can no longer be stimulated by GAP —
this increases the half life of active Ras-GTP mutants. Inappropriate activation of the
gene has been shown to play a key role in signal transduction, proliferation and
malignant transformation. Although many K-ras mutations have been observed in
clinical samples, the majority of mutations were found in codons 12 and 13. Further,
the majority of mutations (>85%) in codon 12 (referred to as K12) were found to be a
Val (GGU to GUU) mutation, an Asp (GGU to GAU) mutation, and a Cys (GGU to
UGU) mutation. On the other hand, the mutation in codon 13 (referred to as K13)
was found to be mainly (>90%) an Asp (GGC to GAC) mutation. This mutation is

relatively frequent in colo-rectal tumors, but very rare in pancreatic adenocarcinomas
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and also in lung carcinomas (Capella, et al, 1991, Environmental Health
Perspectives).

Ideally a drug targeting K-ras would be able to distinguish between its
oncogene and the normal proto-oncogene homolog - simply targeting all cells with
Ras would also affect normal cells, producing toxic side effects. Further, some
evidence suggests that the wild type K-ras proto-oncogene and the related N-ras
proto-oncogene, have tumor suppressor activity. The differences between wild type
and mutant K-ras molecules are very slight (resulting from single amino acid
changes) and thus, targeting only the mutant oncogenes may prove a very difficult
task. However, siRNA technology provides an excellent tool to target only the
mutated Ras but not the wild type Ras. In the present Example, siRNA molecules
were designed for inhibition of human K-ras and mouse K-ras as described below.

Two classes of K-ras siRNAs were designed. The first class of siRNA
targets only the mutated K-ras, but not the wild-type K-ras (see Tables 2-10; SEQ ID
NOs:1-474). Table 2. List of siRNA that target mutated hK-ras K12/Val (GGU-GUU);
Table 3. List of siRNA that target mutated hK-ras K12/Asp (GGU-GAU); Table 4. List
of siRNA that target mutated K-ras K12/Cys (GGU-UGU); Table 5. List of siRNA that
target mutated K-ras K12/Ser (GGU-AGU); Table 6. List of siRNA that target
mutated K-ras K12/Ala (GGU-GCU); Table 7. List of siRNA that target mutated K-ras
K12/Arg (GGU-UGU);Table 8. List of siRNA that target mutated K-ras K13/Asp
(GGC-GAC); Table 9. List of siRNA that target mutated K-ras K13/Cys (GGC-UGC);
Table 10. List of siRNA that target mutated K-ras K61/his (CAA-CAU); Table 11. List
of siRNA that target both the wild-type and mutated human K-ras; Table 12. List of
siRNA that target both the human and mouse K-ras.

These siRNA can be applied individually or as a cocktail combination
for cancer treatement, depending on the tumor type and the Kras mutations existing
in the patient being treated. The second class of siRNA targets both the wild-type
and mutated K-ras (Table 6-7), which could also be used for cancer treatment using

a tumor specific delivery system.
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Table 2. List of siRNA that target mutated hK-ras K12/Val (GGU-GUU)

Start siRNA sequence (sense strand/antisense strand) | GC% | SEQ
Position iD
NO:
5-(UAAACUUGUGGUAGUUGGAGCUGUU) -3 40 1
3’- (AUUUGAACACCAUCAACCUCGACAA)-5 2
5-(AAACUUGUGGUAGUUGGAGCUGUUG) -3’ 44 3
3’- (WUUGAACACCAUCAACCUCGACAAC)r-5’ 4
5'-(AACUUGUGGUAGUUGGAGCUGUUGG) -3’ 48 5
3’- (WUGAACACCAUCAACCUCGACAACC)r-5’ 6
5-r(ACUUGUGGUAGUUGGAGCUGUUGGC) -3’ 52 7
3'- (UGAACACCAUCAACCUCGACAACCG)r-5’ 8
5-r(CUUGUGGUAGUUGGAGCUGUUGGCG) -3’ 56 9
3'- (GAACACCAUCAACCUCGACAACCGC)r-5 10
5-r(UUGUGGUAGUUGGAGCUGUUGGCGU) -3’ 52 11
3'- (A ACACCAUCAACCUCGACAACCGCA)-5 12
5-r(UGUGGUAGUUGGAGCUGUUGGCGUA) -3’ 52 13
3’- (ACACCAUCAACCUCGACAACCGCAU)r-5’ 14
5-r(GUGGUAGUUGGAGCUGUUGGCGUAG) -3’ 56 15
3'- (CACCAUCAACCUCGACAACCGCAUC)r-5 16
5-(UGGUAGUUGGAGCUGUUGGCGUAGG) -3’ 56 17
3'- (ACCAUCAACCUCGACAACCGCAUCC)r-5’ 18
5-r(GGUAGUUGGAGCUGUUGGCGUAGGC) -3’ 60 19
3’- (CCAUCAACCUCGACAACCGCAUCCG)-5 20
5-r(GUAGUUGGAGCUGUUGGCGUAGGCA) -3’ 56 21
3’- (CAUCAACCUCGACAACCGCAUCCGU)-5 22
5-(UAGUUGGAGCUGUUGGCGUAGGCAA) -3’ 52 23
3’- (AUCAACCUCGACAACCGCAUCCGUU)-5 24
5-(AGUUGGAGCUGUUGGCGUAGGCAAG) -3' 56 25
3’- (UCAACCUCGACAACCGCAUCCGUUC)r-5 26
5-r(GUUGGAGCUGUUGGCGUAGGCAAGA) -3’ 56 27
3’- (CAACCUCGACAACCGCAUCCcGUUCU)-5 28
5-r(UUGGAGCUGUUGGCGUAGGCAAGAG) -3’ 56 29
3'- (A ACCUCGACAACCGCAUCCcGUUCUC)r-5 30
5-r(UGGAGCUGUUGGCGUAGGCAAGAGU) -3’ 56 31
3’- (ACCUCGACAACCGCAUCCGUUCUCA)-5 32
5-r(GGAGCUGUUGGCGUAGGCAAGAGUG) -3 60 33
3’- (CCUCGACAACCGCAUCCGUUCUCAC)r-5’ 34
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Start | siRNA sequence (sense strand/antisense strand) | GC% | SEQ
Position ID
NO:

5-r(GAGCUGUUGGCGUAGGCAAGAGUGC) -3’ 60 35

3’- (CUCGACAACCGCAUCCGUUCUCACG)r-5° 36
5-(AGCUGUUGGCGUAGGCAAGAGUGCC) -3’ 60 37

3’- (UCGACAACCGCAUCCGUUCUCACGG)r-5’ 38
5-r(GCUGUUGGCGUAGGCAAGAGUGCCU) -3’ 60 39

3’- (CGACAACCGCAUCCGUUCUCACGGA)r-5’ 40
5'-(CUGUUGGCGUAGGCAAGAGUGCCUU) -3’ 56 41

3’- (GACAACCGCAUCCGUUCUCACGGAA)r-5 42
5-r(UGUUGGCGUAGGCAAGAGUGCCUUG) -3’ 56 43

3'- (ACAACCGCAUCCGUUCUCACGGAAC)r-5° 44
5-r(GUUGGCGUAGGCAAGAGUGCCUUGA) -3 56 45

3’- (CAACCGCAUCCGUUCUCACGGAACU)r-5’ 46

Table 3. List of siRNA that target mutated hK-ras K12/Asp (GGU-GAU)

Start | siRNA sequence (sense strand/antisense strand) | GC% | SEQ
Position iD
NO:
5-r(UAAACUUGUGGUAGUUGGAGCUGAU) -3’ 40 47
3’- (AUUUGAACACCAUCAACCUCGACUA)r-5’ 48
5-r(AAACUUGUGGUAGUUGGAGCUGAUG) -3’ 44 49
3'- (WUUGAACACCAUCAACCUCGACUAC)-5 50
5-(AACUUGUGGUAGUUGGAGCUGAUGG) -3’ 48 51
3’- (WUGAACACCAUCAACCUCGACUACC)r-5 52
5-r(ACUUGUGGUAGUUGGAGCUGAUGGC) -3’ 52 53
3’- (UGAACACCAUCAACCUCGACUACCG)r-5° 54
5-r(CUUGUGGUAGUUGGAGCUGAUGGCG) -3 56 55
3’- (GAACACCAUCAACCUCGACUACCGC)r-5° 56
5-r(UUGUGGUAGUUGGAGCUGAUGGCGU) -3 52 57
3’- (A ACACCAUCAACCUCGACUACCGCA)r-5’ 58
5-r(UGUGGUAGUUGGAGCUGAUGGCGUA) -3’ 52 59
3'- (ACACCAUCAACCUCGACUACCGCAU)-5 60
5-r(GUGGUAGUUGGAGCUGAUGGCGUAG) -3 56 61
3’- (CACCAUCAACCUCGACUACCGCAUC)r-5° 62
5-r(UGGUAGUUGGAGCUGAUGGCGUAGG) -3 56 63
3’- (ACCAUCAACCUCGACUACCGCAUCC)r-5 64
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Start siRNA sequence (sense strand/antisense strand) | GC% | SEQ
Position iD
NO:
5-(GGUAGUUGGAGCUGAUGGCGUAGGC) -3’ 60 65
3’- (CCAUCAACCUCGACUACCGCAUCCG)r-5’ 66
5-(GUAGUUGGAGCUGAUGGCGUAGGCA) -3’ 56 67
3’- (CAUCAACCUCGACUACCGCAUCCGU)r-5’ 68
5-r(UAGUUGGAGCUGAUGGCGUAGGCAA) -3’ 52 69
3'- (AUCAACCUCGACUACCGCAUCCGUU)r-5’ 70
5-(AGUUGGAGCUGAUGGCGUAGGCAAG) -3’ 56 71
3’- (UCAACCUCGACUACCGCAUCCGUUC)r-5’ 72
5-r(GUUGGAGCUGAUGGCGUAGGCAAGA) -3’ 56| 73
3'- (CAACCUCGACUACCGCAUCCGUUCU)r-5’ 74
5-r(UUGGAGCUGAUGGCGUAGGCAAGAG) -3’ 56| 75
3'- (MACCUCGACUACCGCAUCCGUUCUC)r-5’ 76
5-r(UGGAGCUGAUGGCGUAGGCAAGAGU) -3’ 56| 77
3'- (ACCUCGACUACCGCAUCCGUUCUCA)r-5’ 78
5-r(GGAGCUGAUGGCGUAGGCAAGAGUG) -3’ 60| 79
3'- (CCUCGACUACCGCAUCCGUUCUCAC)r-5’ 80
5'-r(GAGCUGAUGGCGUAGGCAAGAGUGC) -3’ 60| 81
3'- (CUCGACUACCGCAUCCGUUCUCACG)r-5’ 82
5-(AGCUGAUGGCGUAGGCAAGAGUGCC) -3’ 60| 83
3'- (UCGACUACCGCAUCCGUUCUCACGG)r-5’ 84
5-(GCUGAUGGCGUAGGCAAGAGUGCCU) -3’ 60| 85
3'- (CGACUACCGCAUCCGUUCUCACGGA)r-5’ 86
5-r(CUGAUGGCGUAGGCAAGAGUGCCUU) -3’ 56| 87
3’- (GACUACCGCAUCCGUUCUCACGGAA)r-5’ 88
5-(UGAUGGCGUAGGCAAGAGUGCCUUG) -3’ 56| 89
3’- (ACUACCGCAUCCGUUCUCACGGAAC)r-5’ 90
5'-r(GAUGGCGUAGGCAAGAGUGCCUUGA) -3’ 56| o1
3'- (CUACCGCAUCCGUUCUCACGGAACU)r-5’ 92

Table 4. List of siRNA that target mutated K-ras K12/Cys (GGU-UGU)

Start | siRNA sequence (sense strand/antisense strand) | GC% | SEQ
Position ID
NO:

5-(UAAACUUGUGGUAGUUGGAGCUUGU) -3’ 40 93

3’- (AUUUGAACACCAUCAACCUCGAACA)-5 94
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Start | siRNA sequence (sense strand/antisense strand) | GC% | SEQ
Position ID
NO:
5-r(AAACUUGUGGUAGUUGGAGCUUGUG) -3’ 44 95
3’- (WUUGAACACCAUCAACCUCGAACAC)r-5’ 96
5-(AACUUGUGGUAGUUGGAGCUUGUGG) -3 48 97
3’- (WUGAACACCAUCAACCUCGAACACC)r-5’ 98
5-(ACUUGUGGUAGUUGGAGCUUGUGGC) -3’ 52 99
3’- (UGAACACCAUCAACCUCGAACACCGH-5 100
5-r(CUUGUGGUAGUUGGAGCUUGUGGCG) -3’ 56 101
3’- (GAACACCAUCAACCUCGAACACCGC)r-5 102
5-r(UUGUGGUAGUUGGAGCUUGUGGCGU) -3’ 52 103
3’- (AACACCAUCAACCUCGAACACCGCA)r-5 104
5-r(UGUGGUAGUUGGAGCUUGUGGCGUA) -3 52 105
3'- (ACACCAUCAACCUCGAACACCGCAU)r-5’ 106
5-r(GUGGUAGUUGGAGCUUGUGGCGUAG) -3’ 56 107
3’- (CACCAUCAACCUCGAACACCGCAUC)r-5 108
5-r(UGGUAGUUGGAGCUUGUGGCGUAGG) -3’ 56 109
3’- (ACCAUCAACCUCGAACACCGCAUCC)r-5 110
5-r(GGUAGUUGGAGCUUGUGGCGUAGGC) -3’ 60 111
3’- (CCAUCAACCUCGAACACCGCAUCCG)r-5 112
5-r(GUAGUUGGAGCUUGUGGCGUAGGCA) -3’ 56 113
3’- (CAUCAACCUCGAACACCGCAUCCGU)r-5’ 114
5-r(UAGUUGGAGCUUGUGGCGUAGGCAA) -3’ 52 115
3’- (AUCAACCUCGAACACCGCAUCCGUU)-5 116
5-r(AGUUGGAGCUUGUGGCGUAGGCAAG) -3’ 56 117
3’- (UCAACCUCGAACACCGCAUCCGUUC)r-5 118
5-r(GUUGGAGCUUGUGGCGUAGGCAAGA) -3’ 56 119
3’- (CAACCUCGAACACCGCAUCCGUUCU)X-5 120
5-r(UUGGAGCUUGUGGCGUAGGCAAGAG) -3’ 56 121
3’- (A ACCUCGAACACCGCAUCCGUUCUC)r-5 122
5-r(UGGAGCUUGUGGCGUAGGCAAGAGU) -3’ 56 123
3’- (ACCUCGAACACCGCAUCCGUUCUCA)-5 124
5-r(GGAGCUUGUGGCGUAGGCAAGAGUG) -3’ 60 125
3’- (CCUCGAACACCGCAUCCGUUCUCAC)r-5’ 126
5-(GAGCUUGUGGCGUAGGCAAGAGUGC) -3’ 60 127
3’- (CUCGAACACCGCAUCCGUUCUCACG)r-5° 128
5-(AGCUUGUGGCGUAGGCAAGAGUGCC) -3’ 60 129
3’- (UCGAACACCGCAUCCGUUCUCACGG)r-5’ 130
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Start siRNA sequence (sense strand/antisense strand) | GC% | SEQ
Position ID
NO:
5'-r(GCUUGUGGCGUAGGCAAGAGUGCCU) -3’ 60 131
3’- (CGAACACCGCAUCCGUUCUCACGGA)-5’ 132
5-r(CUUGUGGCGUAGGCAAGAGUGCCUU) -3’ 56 133
3’- (GAACACCGCAUCCGUUCUCACGGAA)r-5° 134
5-r(UUGUGGCGUAGGCAAGAGUGCCUUG) -3’ 56 135
3’- (AACACCGCAUCCGUUCUCACGGAAC)-5’ 136
5-r(UGUGGCGUAGGCAAGAGUGCCUUGA) -3’ 56 137
3- (ACACCGCAUCCGUUCUCACGGAACU)-5 138

Table 5. List of siRNA that target mutated hK-ras K12/Ser (GGU-AGU)

Start siRNA sequence (sense strand/antisense strand) | GC% | SEQ
Position iD
NO:
5-r(UAAACUUGUGGUAGUUGGAGCUAGU) -3’ 40 139
3’- (AUUUGAACACCAUCAACCUCGAUCA)r-5' 140
5-r(AAACUUGUGGUAGUUGGAGCUAGUG) -3’ 44 141
3’- (WUUGAACACCAUCAACCUCGAUCAC)-5’ 142
5-(AACUUGUGGUAGUUGGAGCUAGUGG) -3’ 48 143
3'- (UWUGAACACCAUCAACCUCGAUCACC)r-5’ 144
5-ACUUGUGGUAGUUGGAGCUAGUGGC) -3’ 52 145
3’- (UGAACACCAUCAACCUCGAUCACCG)r-5’ 146
5 -(CUUGUGGUAGUUGGAGCUAGUGGCG) -3’ 56 147
3'- (GAACACCAUCAACCUCGAUCACCGC)r-5’ 148
5-r(UUGUGGUAGUUGGAGCUAGUGGCGU) -3’ 52 149
3’- (AACACCAUCAACCUCGAUCACCGCA)-5 150
5-(UGUGGUAGUUGGAGCUAGUGGCGUA) -3’ 52 151
3’- (ACACCAUCAACCUCGAUCACCGCAU)-5’ 152
5-(GUGGUAGUUGGAGCUAGUGGCGUAG) -3’ 56 153
3’- (CACCAUCAACCUCGAUCACCGCAUC)r-5 154
5-(UGGUAGUUGGAGCUAGUGGCGUAGG) -3’ 56 155
3’- (ACCAUCAACCUCGAUCACCGCAUCC)r-5 156
5-(GGUAGUUGGAGCUAGUGGCGUAGGC) -3’ 60 157
3’- (CCAUCAACCUCGAUCACCGCAUCCG)r-5’ 158
5-r(GUAGUUGGAGCUAGUGGCGUAGGCA) -3’ 56 159
3’- (CAUCAACCUCGAUCACCGCAUCCGU)r-5’ 160

68



WO 2009/108217 PCT/US2008/076889

Start siRNA sequence (sense strand/antisense strand) | GC% | SEQ
Position ID
NO:
5-r(UAGUUGGAGCUAGUGGCGUAGGCAA) -3 52 161
3'- (AUCAACCUCGAUCACCGCAUCCGUU)r-5 162
5-(AGUUGGAGCUAGUGGCGUAGGCAAG) -3 56 163
3’- (UCAACCUCGAUCACCGCAUCCGUUC)r-5° 164
5-(GUUGGAGCUAGUGGCGUAGGCAAGA) -3 56 165
3’- (CAACCUCGAUCACCGCAUCCGUUCU)r-5 166
5-r(UUGGAGCUAGUGGCGUAGGCAAGAG) -3 56 167
3’- (AACCUCGAUCACCGCAUCCGUUCUC)r-5° 168
5-r(UGGAGCUAGUGGCGUAGGCAAGAGU) -3’ 56 169
3’- (ACCUCGAUCACCGCAUCCGUUCUCA)-5’ 170
5-(GGAGCUAGUGGCGUAGGCAAGAGUG) -3’ 60| 171
3’- (CCUCGAUCACCGCAUCCGUUCUCAC)r-5’ 172
5 -r(GAGCUAGUGGCGUAGGCAAGAGUGC) -3’ 60| 173
3’- (CUCGAUCACCGCAUCCGUUCUCACG)r-5’ 174
5'-r(AGCUAGUGGCGUAGGCAAGAGUGCC) -3 60| 175
3’- (UCGAUCACCGCAUCCGUUCUCACGG)r-5° 176
5-r(GCUAGUGGCGUAGGCAAGAGUGCCU) -3 60| 177
3’- (CGAUCACCGCAUCCGUUCUCACGGA)-5 178
5-(CUAGUGGCGUAGGCAAGAGUGCCUU) -3 561 179
3’- (GAUCACCGCAUCCGUUCUCACGGAA)r-5’ 180
5-r(UAGUGGCGUAGGCAAGAGUGCCUUG) -3 561 181
3’- (AUCACCGCAUCCGUUCUCACGGAAC)r-5 182
5-r(AGUGGCGUAGGCAAGAGUGCCUUGA) -3 56| 183
3’- (UCACCGCAUCCGUUCUCACGGAACU)-5’ 184

Table 6. List of siRNA that target mutated hK-ras K12/Ala (GGU-GCU)

Start siRNA sequence (sense strand/antisense strand) | GC% | SEQ
Position ID

NO:

5-r(UAAACUUGUGGUAGUUGGAGCUGCU) -3’ 44 185

3'- (AUUUGAACACCAUCAACCUCGACGA)-5 186
5-r(AAACUUGUGGUAGUUGGAGCUGCUG) -3’ 48 187

3’- (WUUGAACACCAUCAACCUCGACGAC)r-5’ 188
5-(AACUUGUGGUAGUUGGAGCUGCUGG) -3’ 52 189

3'- (WUGAACACCAUCAACCUCGACGACC)r-5’ 190
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Start | siRNA sequence (sense strand/antisense strand) | GC% | SEQ
Position iD
NO:
5-r(ACUUGUGGUAGUUGGAGCUGCUGGC) -3’ 56 191
3’- (UGAACACCAUCAACCUCGACGACCG)r-5 192
5-r(CUUGUGGUAGUUGGAGCUGCUGGCG) -3’ 60 193
3’- (GAACACCAUCAACCUCGACGACCGO)-5 194
5-(UUGUGGUAGUUGGAGCUGCUGGCGU) -3’ 56 195
3’- (A ACACCAUCAACCUCGACGACCGCA)-5 196
5-r(UGUGGUAGUUGGAGCUGCUGGCGUA) -3 56 197
3’- (ACACCAUCAACCUCGACGACCGCAU)r-5’ 198
5-r(GUGGUAGUUGGAGCUGCUGGCGUAG) -3’ 60 199
3’- (CACCAUCAACCUCGACGACCGCAUC)-5 200
5-(UGGUAGUUGGAGCUGCUGGCGUAGG) -3’ 60 201
3’- (ACCAUCAACCUCGACGACCGCAUCC)r-5 202
5-r(GGUAGUUGGAGCUGCUGGCGUAGGC) -3’ 64 203
3’- (CCAUCAACCUCGACGACCGCAUCCG)r-5’ 204
5-(GUAGUUGGAGCUGCUGGCGUAGGCA) -3’ 60 205
3’- (CAUCAACCUCGACGACCGCAUCCGU)r-5 206
5-r(UAGUUGGAGCUGCUGGCGUAGGCAA) -3 56 207
3’- (AUCAACCUCGACGACCGCAUCCGUU)-5’ 208
5-r(AGUUGGAGCUGCUGGCGUAGGCAAG) -3’ 60 209
3’- (UCAACCUCGACGACCGCAUCCGUUC)r-5° 210
5-r(GUUGGAGCUGCUGGCGUAGGCAAGA) -3 60 211
3’- (CAACCUCGACGACCGCAUCCGUUCU)-5 212
5-r(UUGGAGCUGCUGGCGUAGGCAAGAG) -3’ 60 213
3’- (AACCUCGACGACCGCAUCCGUUCUC)-5 214
5-(UGGAGCUGCUGGCGUAGGCAAGAGU) -3’ 60 215
3’- (ACCUCGACGACCGCAUCCGUUCUCA)r-5' 216
5-(GGAGCUGUUGGCGUAGGCAAGAGUG) -3’ 64 217
3’- (CCUCGACGACCGCAUCCGUUCUCAC)r-5’ 218
5-r(GAGCUGCUGGCGUAGGCAAGAGUGC) -3’ 64 219
3'- (CUCGACGACCGCAUCCGUUCUCACG)r-5 220
5-r(AGCUGCUGGCGUAGGCAAGAGUGCC) -3’ 64 221
3'- (UCGACGACCGCAUCCGUUCUCACGG)r-5° 222
5-r(GCUGCUGGCGUAGGCAAGAGUGCCU) -3’ 64 223
3’- (CGACGACCGCAUCCGUUCUCACGGA)-5 224
5-r(CUGCUGGCGUAGGCAAGAGUGCCUU) -3 60 225
3’- (GACGACCGCAUCCGUUCUCACGGAA)r-5’ 226
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Start | siRNA sequence (sense strand/antisense strand) | GC% | SEQ
Position ID
NO:

5-r(UGCUGGCGUAGGCAAGAGUGCCUUG) -3’ 60 227

3’- (ACGACCGCAUCCGUUCUCACGGAAC)-5° 228
5-r(GCUGGCGUAGGCAAGAGUGCCUUGA) -3 60 229

3'- (CGACCGCAUCCGUUCUCACGGAACU)r-5’ 230

Table 7. List of siRNA that target mutated hK-ras K12/Arg (GGU-CGU)

Start siRNA sequence (sense strand/antisense strand) | GC% | SEQ
Position ID
NO:
5-r(UAAACUUGUGGUAGUUGGAGCUCGU) -3 44 231
3’- (AUUUGAACACCAUCAACCUCGAGCA)-5 232
5-r(AAACUUGUGGUAGUUGGAGCUCGUG) -3’ 48 233
3~ (WUUGAACACCAUCAACCUCGAGCAC)r-5° 234
5-r(AACUUGUGGUAGUUGGAGCUCGUGG) -3 52 235
3’- (UWUGAACACCAUCAACCUCGAGCACC)-5’ 236
5-r(ACUUGUGGUAGUUGGAGCUCGUGGC) -3’ 56 237
3’- (UGAACACCAUCAACCUCGAGCACCG)r-5 238
5-r(CUUGUGGUAGUUGGAGCUCGUGGCG) -3’ 60 239
3’- (GAACACCAUCAACCUCGAGCACCGO)-5 240
5-r(UUGUGGUAGUUGGAGCUCGUGGCGU) -3’ 56 241
3'- (AACACCAUCAACCUCGAGCACCGCA)X-5 242
5-r(UGUGGUAGUUGGAGCUCGUGGCGUA) -3’ 56 243
3’- (ACACCAUCAACCUCGAGCACCGCAU)r-5 244
5-r(GUGGUAGUUGGAGCUCGUGGCGUAG) -3 60 245
3’- (CACCAUCAACCUCGAGCACCGCAUC)-5 246
5-(UGGUAGUUGGAGCUCGUGGCGUAGG) -3’ 60 247
3’- (ACCAUCAACCUCGAGCACCGCAUCC)r-5 248
5-r(GGUAGUUGGAGCUCGUGGCGUAGGC) -3 64 249
3’- (CCAUCAACCUCGAGCACCGCAUCCG)-5’ 250
5-(GUAGUUGGAGCUCGUGGCGUAGGCA) -3’ 60 251
3’- (CAUCAACCUCGAGCACCGCAUCCGU)r-5’ 252
5-(UAGUUGGAGCUCGUGGCGUAGGCAA) -3 56 253
3’- (AUCAACCUCGAGCACCGCAUCCGUU)-5’ 254
5-r(AGUUGGAGCUCGUGGCGUAGGCAAG) -3 60 255
3’- (UCAACCUCGAGCACCGCAUCCGUUC)r-5 256
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Start siRNA sequence (sense strand/antisense strand) | GC% | SEQ
Position ID
NO:
5-(GUUGGAGCUCGUGGCGUAGGCAAGA) -3’ 60 257
3’- (CAACCUCGAGCACCGCAUCCGUUCU)r-5 258
5-r(UUGGAGCUCGUGGCGUAGGCAAGAG) -3’ 60 259
3'- (ABACCUCGAGCACCGCAUCCGUUCUC)r-5’ 260
5-(UGGAGCUCGUGGCGUAGGCAAGAGU) -3’ 60 261
3'- (ACCUCGAGCACCGCAUCCGUUCUCA)r-5’ 262
5-r(GGAGCUCGUGGCGUAGGCAAGAGUG) -3’ 64 263
3’- (CCUCGACAACCGCAUCCGUUCUCAC)-5’ 264
5-(GAGCUCGUGGCGUAGGCAAGAGUGC) -3’ 64 265
3'- (CUCGAGCACCGCAUCCGUUCUCACG)r-5 266
5-(AGCUCGUGGCGUAGGCAAGAGUGCC) -3’ 64 267
3'- (UCGAGCACCGCAUCCGUUCUCACGG)r-5’ 268
5-r(GCUCGUGGCGUAGGCAAGAGUGCCU) -3 64 269
3’- (CGAGCACCGCAUCCGUUCUCACGGA)-5 270
5-r(CUCGUGGCGUAGGCAAGAGUGCCUU) -3 60 271
3’- (GAGCACCGCAUCCGUUCUCACGGAA)r-5’ 272
5-(UCGUGGCGUAGGCAAGAGUGCCUUG) -3’ 60 273
3'- (AGCACCGCAUCCGUUCUCACGGAAC)r-5’ 274
5-(CGUGGCGUAGGCAAGAGUGCCUUGA) -3 60 275
3’- (GCACCGCAUCCGUUCUCACGGAACU)r-5’ 276

Table 8. List of siRNA that target mutated K-ras K13/Asp (GGC-GAC)

Start siRNA sequence (sense strand/antisense strand) | GC% | SEQ
Position ID
NO:

5-(ACUUGUGGUAGUUGGAGCUGGUGAC) -3’ 52 277

3’- (UGAACACCAUCAACCUCGACCACUG)r-5° 278
5-r(CUUGUGGUAGUUGGAGCUGGUGACG) -3’ 56 279

3’- (GAACACCAUCAACCUCGACCACUGOC)r-5’ 280
5-(UUGUGGUAGUUGGAGCUGGUGACGU) -3’ 52 281

3’- (A ACACCAUCAACCUCGACAACUGCA)-5 282
5-(UGUGGUAGUUGGAGCUGGUGACGUA) -3’ 52 283

3’- (ACACCAUCAACCUCGACAACUGCAU)r-5’ 284
5-r(GUGGUAGUUGGAGCUGGUGACGUAG) -3’ 56 285

3’- (CACCAUCAACCUCGACAACUGCAUC)r-5’ 286
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Start | siRNA sequence (sense strand/antisense strand) | GC% | SEQ
Position ID
NO:
5-r(UGGUAGUUGGAGCUGGUGACGUAGG) -3’ 56 287
3’- (ACCAUCAACCUCGACCACUGCAUCC)r-5 288
5-r(GGUAGUUGGAGCUGGUGACGUAGGC) -3 60 289
3’- (CCAUCAACCUCGACCACUGCAUCCG)r-5’ 290
5-r(GUAGUUGGAGCUGGUGACGUAGGCA) -3’ 56 291
3’- (CAUCAACCUCGACCACUGCAUCCGU)r-5’ 292
5-(UAGUUGGAGCUGGUGACGUAGGCAA) -3’ 52 293
3’- (AUCAACCUCGACCACUGCAUCCGUU)r-5’ 294
5-r(AGUUGGAGCUGGUGACGUAGGCAAG) -3 56 295
3’- (UCAACCUCGACCACUGCAUCCGUUC)r-5° 296
5-r(GUUGGAGCUGGUGACGUAGGCAAGA) -3’ 56 297
3’- (CAACCUCGACCACUGCAUCCGUUCU)r-5 298
5-r(UUGGAGCUGGUGACGUAGGCAAGAG) -3 56 299
3- (AACCUCGACCACUGCAUCCGUUCUC)r-5 300
5-(UGGAGCUGGUGACGUAGGCAAGAGU) -3 56 301
3'- (ACCUCGACCACUGCAUCCGUUCUCA)-5 302
5-r(GGAGCUGGUGACGUAGGCAAGAGUG) -3’ 60 303
3’- (CCUCGACCACUGCAUCCGUUCUCAC)r-5’ 304
5-r(GAGCUGGUGACGUAGGCAAGAGUGC) -3 60 305
3'- (CUCGACCACUGCAUCCGUUCUCACG)r-5 306
5-r(AGCUGGUGACGUAGGCAAGAGUGCC) -3’ 60 307
3'- (UCGACCACUGCAUCCGUUCUCACGG)r-5 308
5-r(GCUGGUGACGUAGGCAAGAGUGCCU) -3 60 309
3’- (CGACCACUGCAUCCGUUCUCACGGA)r-5’ 310
5-r(CUGGUGACGUAGGCAAGAGUGCCUU) -3 56 311
3’- (GACCACUGCAUCCGUUCUCACGGAA)-5’ 312
5-r(UGGUGACGUAGGCAAGAGUGCCUUG) -3 56 313
3'- (ACCACUGCAUCCGUUCUCACGGAAC)-5’ 314
5-r(GGUGACGUAGGCAAGAGUGCCUUGA) -3’ 56 315
3’- (CCACUGCAUCCGUUCUCACGGAACU)-5 316
5-r(GUGACGUAGGCAAGAGUGCCUUGAC) -3 56 317
3’- (CACUGCAUCCGUUCUCACGGAACUG)r-5’ 318
5-(UGACGUAGGCAAGAGUGCCUUGACG) -3 56 319
3’- (ACUGCAUCCGUUCUCACGGAACUGC)r-5 320
5-r(GACGUAGGCAAGAGUGCCUUGACGA) -3’ 56 321
3’- (CUGCAUCCGUUCUCACGGAACUGCU)-5 322
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Table 9. List of siRNA that target mutated K-ras K13/Cys (GGC-UGC)

Start siRNA sequence (sense strand/antisense strand) | GC% | SEQ
Position ID
NO:
5-r(ACUUGUGGUAGUUGGAGCUGGUUGC) -3 52 323
3’- (UGAACACCAUCAACCUCGACCAACG)r-5’ 324
5-r(CUUGUGGUAGUUGGAGCUGGUUGCG) -3’ 56 325
3’- (GAACACCAUCAACCUCGACCAACGO)-5 326
5-r(UUGUGGUAGUUGGAGCUGGUUGCGU) -3’ 52 327
3’- (A ACACCAUCAACCUCGACAACUGCA)-5 328
5-r(UGUGGUAGUUGGAGCUGGUUGCGUA) -3’ 52 329
3'- (ACACCAUCAACCUCGACAACUGCAU)r-5’ 330
5-r(GUGGUAGUUGGAGCUGGUUGCGUAG) -3’ 56 331
3’- (CACCAUCAACCUCGACAACUGCAUC)r-5’ 332
5-r(UGGUAGUUGGAGCUGGUUGCGUAGG) -3 56 333
3’- (ACCAUCAACCUCGACCACUGCAUCC)r-5 334
5-(GGUAGUUGGAGCUGGUUGCGUAGGC) -3 60 335
3’- (CCAUCAACCUCGACCACUGCAUCCG)-5 336
5-r(GUAGUUGGAGCUGGUUGCGUAGGCA) -3 56 337
3’- (CAUCAACCUCGACCACUGCAUCCGU)r-5’ 338
5-(UAGUUGGAGCUGGUUGCGUAGGCAA) -3’ 52 339
3’- (AUCAACCUCGACCACUGCAUCCGUU)-5’ 340
5-r(AGUUGGAGCUGGUUGCGUAGGCAAG) -3’ 56 341
3’- (UCAACCUCGACCACUGCAUCCGUUC)r-5 342
5-(GUUGGAGCUGGUUGCGUAGGCAAGA) -3 56 343
3- (CAACCUCGACCACUGCAUCCGUUCU)r-5 344
5-r(UUGGAGCUGGUUGCGUAGGCAAGAG) -3’ 56 345
3’- (AACCUCGACCACUGCAUCCGUUCUC)r-5 346
5-r(UGGAGCUGGUUGCGUAGGCAAGAGU) -3’ 56 347
3’- (ACCUCGACCACUGCAUCCGUUCUCA)-5 348
5-(GGAGCUGGUUGCGUAGGCAAGAGUG) -3 60 349
3’- (CCUCGACCACUGCAUCCGUUCUCAC)-5’ 350
5-r(GAGCUGGUUGCGUAGGCAAGAGUGC) -3’ 60 351
3’- (CUCGACCACUGCAUCCGUUCUCACG)r-5’ 352
5-(AGCUGGUUGCGUAGGCAAGAGUGCC) -3 60 353
3’- (UCGACCACUGCAUCCGUUCUCACGG)r-5° 354
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Start siRNA sequence (sense strand/antisense strand) | GC% | SEQ
Position ID
NO:

5-(GCUGGUUGCGUAGGCAAGAGUGCCU) -3’ 60 355

3’- (CGACCACUGCAUCCGUUCUCACGGA)r-5’ 356
5-r(CUGGUUGCGUAGGCAAGAGUGCCUU) -3’ 56 357

3’- (GACCACUGCAUCCGUUCUCACGGAA)r-5’ 358
5-r(UGGUUGCGUAGGCAAGAGUGCCUUG) -3’ 56 359

3’- (ACCACUGCAUCCGUUCUCACGGAAC)r-5° 360
5-(GGUUGCGUAGGCAAGAGUGCCUUGA) -3’ 56 361

3’- (CCACUGCAUCCGUUCUCACGGAACU)r-5’ 362
5-r(GUUGCGUAGGCAAGAGUGCCUUGAC) -3’ 56 363

3’- (CACUGCAUCCGUUCUCACGGAACUG)r-5’ 364
5-r(UUGCGUAGGCAAGAGUGCCUUGACG) -3’ 56 365

3’- (A ACGCAUCCGUUCUCACGGAACUGC)r-5’ 366
5-(UGCGUAGGCAAGAGUGCCUUGACGA) -3’ 56 367

3’- (ACGCAUCCGUUCUCACGGAACUGCU)r-5 368

Table 10. List of siRNA that target mutated K-ras K61/His (CAA-CAU)

Start siRNA sequence (sense strand/antisense strand) | GC% | SEQ
Position ID
NO:

5-r(GGAUAUUCUCGACACAGCAGGUCAU) -3’ 48 369

3’- (CCUAUAAGAGCUGUGUCGUCCAGUA)-5 370
5-r(GAUAUUCUCGACACAGCAGGUCAUG) -3’ 48 371

3’- (CUAUAAGAGCUGUGUCGUCCAGUAC)-5 372
5-r(AUAUUCUCGACACAGCAGGUCAUGA) -3’ 44 373

3’- (VAUAAGAGCUGUGUCGUCCAGUACU)r-5’ 374
5'-r(UAUUCUCGACACAGCAGGUCAUGAG) -3 48 375

3’- (AUAAGAGCUGUGUCGUCCAGUACUC)r-5’ 376

5 -r(AUUCUCGACACAGCAGGUCAUGAGG) -3’ 52 377

3’- (UVAAGAGCUGUGUCGUCCAGUACUCC)r-5° 378
5-r(UUCUCGACACAGCAGGUCAUGAGGA) -3’ 52 379

3’- (AAGAGCUGUGUCGUCCAGUACUCCU)r-5 380
5-r(UCUCGACACAGCAGGUCAUGAGGAG) -3’ 56 381

3'- (AGAGCUGUGUCGUCCAGUACUCCUC)r-5’ 382
5-r(CUCGACACAGCAGGUCAUGAGGAGU) -3’ 56 383

3’- (GAGCUGUGUCGUCCAGUACUCCUCA)-5’ 384

75



WO 2009/108217 PCT/US2008/076889

Start | siRNA sequence (sense strand/antisense strand) | GC% | SEQ
Position ID
NO:
5-(UCGACACAGCAGGUCAUGAGGAGUA) -3’ 52 385
3'- (AGCUGUGUCGUCCAGUACUCCUCAU)r-5’ 386
5-r(CGACACAGCAGGUCAUGAGGAGUAC) -3’ 56 387
3’- (GCUGUGUCGUCCAGUACUCCUCAUG)r-5° 388
5-r(GACACAGCAGGUCAUGAGGAGUACA) -3 52 389
3’- (CUGUGUCGUCCAGUACUCCUCAUGU)r-5° 390
5-(ACACAGCAGGUCAUGAGGAGUACAG) -3’ 52 391
3'- (UGUGUCGUCCAGUACUCCUCAUGUC)r-5° 392
5-r(CACAGCAGGUCAUGAGGAGUACAGU) -3’ 52 393
3’- (GUGUCGUCCAGUACUCCUCAUGUCA)r-5’ 394
5-r(ACAGCAGGUCAUGAGGAGUACAGUG) -3 52 395
3’- (UGUCGUCCAGUACUCCUCAUGUCAC)r-5’ 396
5-r(CAGCAGGUCAUGAGGAGUACAGUGC) -3’ 56 397
3’- (GUCGUCCAGUACUCCUCAUGUCACG)r-5’ 398
5-r(AGCAGGUCAUGAGGAGUACAGUGCA) -3 52 399
3'- (UCGUCCAGUACUCCUCAUGUCACGU)r-5 400
5-r(GCAGGUCAUGAGGAGUACAGUGCAA) -3 52 401
3’- (CGUCCAGUACUCCUCAUGUCACGUU)r-5 402
5-(CAGGUCAUGAGGAGUACAGUGCAAU) -3’ 48 403
3’- (GUCCAGUACUCCUCAUGUCACGUUA)-5 404
5-(AGGUCAUGAGGAGUACAGUGCAAUG) -3 48 405
3’- (UCCAGUACUCCUCAUGUCACGUUAC)r-5’ 406
5-(GGUCAUGAGGAGUACAGUGCAAUGA) -3 48 407
3’- (CCAGUACUCCUCAUGUCACGUUACU)r-5’ 408
5’-r(GUCAUGAGGAGUACAGUGCAAUGAG) -3 48 409
3'- (CAGUACUCCUCAUGUCACGUUACUC)r-5’ 410
5’-r(UCAUGAGGAGUACAGUGCAAUGAGG) -3 48 411
3’- (AGUACUCCUCAUGUCACGUUACUCC)r-5’ 412
5-r(CAUGAGGAGUACAGUGCAAUGAGGG) -3’ 52 413
3'- (GUACUCCUCAUGUCACGUUACUCCC)r-5 414
5-r(AUGAGGAGUACAGUGCAAUGAGGGA) -3 48 415
3’- (UVACUCCUCAUGUCACGUUACUCCCU)r-5’ 416
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Table 11. List of siRNA that target both wild-type and mutated hK-ras

Start | siRNA(sense strand/antisense strand) GC% | SEQ
Position ID
NO:
84 | 5-r(UGUGGACGAAUAUGAUCCAACAAUA) -3 36.0 417
3'- (A\CACCUGCUUAUACUAGGUUGUUAU)r-5’ 418
100 | 5’-r(CCAACAAUAGAGGAUUCCUACAGGA) -3 44.0 419
3’- (GGUUGUUAUCUCCUAAGGAUGUCCU)r-5’ 420
143 | 5-r(GAGAAACCUGUCUCUUGGAUAUUCU) -3’ 40.0 421
3’- (CUCUUUGGACAGAGAACCUAUAAGA)-5 422
159 | 5-r(GGAUAUUCUCGACACAGCAGGUCAA) -3 48.0 423
3’- (CCUAUAAGAGCUGUGUCGUCCAGUU)r-5 424
328 | 5-r(CCUAUGGUCCUAGUAGGAAAUAAAU) -3’ 36.0 425
3’- (GGAUACCAGGAUCAUCCUUUAUUUA)-5 426
387 | 5-r(GGCUCAGGACUUAGCAAGAAGUUAU) -3 44.0 427
3’- (CCGAGUCCUGAAUCGUUCUUCAAUA)r-5’ 428
391 | 5-r(CAGGACUUAGCAAGAAGUUAUGGAA) -3’ 40.0 429
3'- (GUCCUGAAUCGUUCUUCAAUACCUU)r-5’ 430
447 | 5-r(ACAGGGUGUUGAUGAUGCCUUCUAU) -3’ | 44.0 431
3’- (UGUCCCACAACUACUACGGAAGAUA)r-5 432
448 | 5'-r(CAGGGUGUUGAUGAUGCCUUCUAUA) -3 | 44.0 433
3'- (GUCCCACAACUACUACGGAAGAUAU)-5 434
451 | 5-r(GGUGUUGAUGAUGCCUUCUAUACAU) -3’ 40.0 435
3’- (CCACAACUACUACGGAAGAUAUGUA)r-5’ 436
46 | 5-r(AAGAGUGCCUUGACGAUACAGCUAA) -3’ 44.0 437
3’- (WUCUCACGGAACUGCUAUGUCGAUU)r-5’ 438
47 | 5-r(AGAGUGCCUUGACGAUACAGCUAAU) -3’ 44.0 439
3’- (UCUCACGGAACUGCUAUGUCGAUUA)r-5 440
53 | 5-(CCUUGACGAUACAGCUAAUUCAGAA) -3 40.0 441
3’- (GGAACUGCUAUGUCGAUUAAGUCUU)r-5’ 442
57 | 5-r(GACGAUACAGCUAAUUCAGAAUCAU) -3’ 36.0 443
3’- (CUGCUAUGUCGAUUAAGUCUUAGUA)r-5 444
87 | 5-r(GGACGAAUAUGAUCCAACAAUAGAG) -3 40.0 445
3'- (CCUGCUUAUACUAGGUUGUUAUCUC)r-5’ 446
97 | 5-r(GAUCCAACAAUAGAGGAUUCCUACA) -3 40.0 447
3'- (CUAGGUUGUUAUCUCCUAAGGAUGU)r-5 448
122 | 5-r(GGAAGCAAGUAGUAAUUGAUGGAGA) -3’ 40.0 449
3’- (CCUUCGUUCAUCAUUAACUACCUCU)r-5 450
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Start siRNA(sense strand/antisense strand) GC% | SEQ

Position ID
NO:

123 | 5-(GAAGCAAGUAGUAAUUGAUGGAGAA) -3’ 36.0 451
3’- (CUUCGUUCAUCAUUAACUACCUCUU)r-5° 452

187 | 5-r(GAGUACAGUGCAAUGAGGGACCAGU) -3 52.0 453
3’- (CUCAUGUCACGUUACUCCCUGGUCA)r-5’ 454

191 | 5-r(ACAGUGCAAUGAGGGACCAGUACAU) -3’ 48.0 455
3’- (UGUCACGUUACUCCCUGGUCAUGUA)r-5’ 456

327 | 5-r(ACCUAUGGUCCUAGUAGGAAAUAAA) -3’ 36.0 457
3’- (UGGAUACCAGGAUCAUCCUUUAUUU)r-5’ 458

333 | 5-r(GGUCCUAGUAGGAAAUAAAUGUGAU) -3’ 36.0 459
3’- (CCAGGAUCAUCCUUUAUUUACACUA)r-5' 460

384 | 5-ACAGGCUCAGGACUUAGCAAGAAGU) -3 48.0 461
3’- (UGUCCGAGUCCUGAAUCGUUCUUCA)-5’ 462

388 | 5-r(GCUCAGGACUUAGCAAGAAGUUAUG) -3’ 44.0 463
3’- (CGAGUCCUGAAUCGUUCUUCAAUAC)r-5’ 464

391 | 5-r(CAGGACUUAGCAAGAAGUUAUGGAA) -3’ 40.0 465
3’- (GUCCUGAAUCGUUCUUCAAUACCUU)r-5’ 466

392 | 5-fAGGACUUAGCAAGAAGUUAUGGAAU) -3’ 36.0 467
3’- (UCCUGAAUCGUUCUUCAAUACCUUA)r-5’ 468

393 | 5-r(GGACUUAGCAAGAAGUUAUGGAAUU) -3’ 36.0 469
3’- (CCUGAAUCGUUCUUCAAUACCUUAA)-5 470

446 | 5-r(GACAGGGUGUUGAUGAUGCCUUCUA) -3 | 48.0 471
3’- (CUGUCCCACAACUACUACGGAAGAU)r-5’ 472

450 | 5’-(GGGUGUUGAUGAUGCCUUCUAUACA) -3’ 44.0 473
3’- (CCCACAACUACUACGGAAGAUAUGU)r-5 474

Table 12. List of siRNA that target both human K-ras and mouse K-ras

Start | siRNA(sense strand/antisense strand) GC% | SEQ
Position ID
NO:
53 | 5-r(CCUUGACGAUACAGCUAAUUCAGAA) -3’ 40.0 441
3’- (GGAACUGCUAUGUCGAUUAAGUCUU)-5 442
143 | 5-r(GAGAAACCUGUCUCUUGGAUAUUCU) -3’ 40.0 421
3’- (CUCUUUGGACAGAGAACCUAUAAGA)r-5’ 422
159 | 5-(GGAUAUUCUCGACACAGCAGGUCAA) -3’ 48.0 423
3’- (CCUAUAAGAGCUGUGUCGUCCAGUU)r-5’ 424
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Start | siRNA(sense strand/antisense strand) GC% | SEQ
Position ID

NO:

187 | 5-r(GAGUACAGUGCAAUGAGGGACCAGU) -3 52.0 453

3’- (CUCAUGUCACGUUACUCCCUGGUCA)r-5’ 454

191 | 5-r(ACAGUGCAAUGAGGGACCAGUACAU) -3’ 48.0 455

3’- (UGUCACGUUACUCCCUGGUCAUGUA)-5 456

The candidate siRNA molecules described in this Example can be
used for inhibition of expression of K-ras and are useful in a variety of therapeutic
settings, for example, in the treatment of cancer and/or other disease states,
conditions, or traits associated with K-ras gene expression or activity in a subject or

organism.

EXAMPLE 2
IN VITRO TESTING OF SIRNA CANDIDATE MOLECULES FOR THE INHIBITION OF K-RAS

EXPRESSION

This Example shows the in vitro testing of siRNA candidates for the
inhibition of K-ras expression in tumor cell lines. A total of 73 blunt-ended 25-mer
human K-Ras siRNAs (see Table 13) were tested in 4 different tumor cell lines
harboring different K-Ras mutants for their potency in knockdown of K-Ras mutant

MRNA in the transfected cells.

Table 13. List Of 25-mer Human K-Ras siRNA Tested in Cultured Cells for Their
Potency in Knockdown of K-Ras mRNA in Transfected Cells

siRNA , : SEQ
No. siRNA(sense strand/antisense strand) GC% ID NO:

1 | 5-(CUUGUGGUAGUUGGAGCUGUUGGCG) -3’ 56 9

3’- (GAACACCAUCAACCUCGACAACCGC)r-5 10
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siﬁ(l)\l'A siRNA(sense strand/antisense strand) GC% IS EJ%
2 | 5-(UUGUGGUAGUUGGAGCUGUUGGCGU) -3’ 52 11
3’- (AACACCAUCAACCUCGACAACCGCA)r-5 12

3 | 5-r(UGUGGUAGUUGGAGCUGUUGGCGUA) -3 52 13
3’- (ACACCAUCAACCUCGACAACCGCAU)-5’ 14

4 | 5-r(GUGGUAGUUGGAGCUGUUGGCGUAG) -3’ 56 15
3’- (CACCAUCAACCUCGACAACCGCAUC)-5 16

5 | 5-(UGGUAGUUGGAGCUGUUGGCGUAGG) -3’ 56 17
3’- (ACCAUCAACCUCGACAACCGCAUCC)r-5° 18

6 | 5-r(GGUAGUUGGAGCUGUUGGCGUAGGC) -3’ 60 19
3’- (CCAUCAACCUCGACAACCGCAUCCG)r-5 20

7 | 5-(GUAGUUGGAGCUGUUGGCGUAGGCA) -3’ 56 21
3’- (CAUCAACCUCGACAACCGCAUCCGU)-5 22

8 | 5-(UAGUUGGAGCUGUUGGCGUAGGCAA) -3’ 52 23
3’- (AUCAACCUCGACAACCGCAUCCGUU)r-5 24

9 5’-r(AGUUGGAGCUGUUGGCGUAGGCAAG) -3 56 25
3’- (UCAACCUCGACAACCGCAUCCGUUC)r-5’ 26

10 | 5-{GUUGGAGCUGGUGGCGUAGGCAAGA) -3’ 56 479
3’- (CAACCUCGACAACCGCAUCCGUUCU)-5 480

11 | 5-(lUUGGAGCUGUUGGCGUAGGCAAGAG) -3 56 29
3’- (AACCUCGACAACCGCAUCCGUUCUC)r-5 30

12 | 5-r(UGGAGCUGUUGGCGUAGGCAAGAGU) -3’ 56 31
3’- (ACCUCGACAACCGCAUCCGUUCUCA)r-5° 32

13 | 5-r(GGAGCUGUUGGCGUAGGCAAGAGUG) -3’ 60 33
3’- (CCUCGACAACCGCAUCCGUUCUCAC)r-5 34

14 | 5-r(GAGCUGUUGGCGUAGGCAAGAGUGC) -3’ 60 35
3’- (CUCGACAACCGCAUCCGUUCUCACG)r-5’ 36

15 | 5-r(AGCUGUUGGCGUAGGCAAGAGUGCC) -3 60 37
3'- (UCGACAACCGCAUCCGUUCUCACGG)-5 38

16 | 5-(GCUGUUGGCGUAGGCAAGAGUGCCU) -3 60 39
3’- (CGACAACCGCAUCCGUUCUCACGGA)r-5° 40

17 | 5-r(CUGUUGGCGUAGGCAAGAGUGCCUU) -3’ 56 41
3’- (GACAACCGCAUCCGUUCUCACGGAA)-5 42

18 | 5-r(UGUUGGCGUAGGCAAGAGUGCCUUG) -3 56 43
3’- (ACAACCGCAUCCGUUCUCACGGAAC)r-5’ 44
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S"I\_\;(I;I.A siRNA(sense strand/antisense strand) GC% l[? i%
19 | 5-r(CUUGUGGUAGUUGGAGCUGAUGGCG) -3’ 56 55
3'- (GAACACCAUCAACCUCGACUACCGC)r-5’ 56

20 | 5-lUUGUGGUAGUUGGAGCUGAUGGCGU) -3’ 52 57
3'- (A ACACCAUCAACCUCGACUACCGCA)-5 58

21 | 5-(UGUGGUAGUUGGAGCUGAUGGCGUA) -3’ 52 59
3'- (ACACCAUCAACCUCGACUACCGCAU)-5 60

22 | 5-r(GUGGUAGUUGGAGCUGAUGGCGUAG) -3’ 56 61
3’- (CACCAUCAACCUCGACUACCGCAUC)r-5’ 62

23 | 5-(UGGUAGUUGGAGCUGAUGGCGUAGG) -3’ 56 63
3’- (ACCAUCAACCUCGACUACCGCAUCC)r-5’ 64

24 | 5-r(GGUAGUUGGAGCUGAUGGCGUAGGC) -3’ 60 65
3'- (CCAUCAACCUCGACUACCGCAUCCG)r-5’ 66

25 | 5-(GUAGUUGGAGCUGAUGGCGUAGGCA) -3’ 56 67
3’- (CAUCAACCUCGACUACCGCAUCCGU)r-5’ 68

26 | 5-r(UAGUUGGAGCUGAUGGCGUAGGCAA) -3 52 69
3'- (AUCAACCUCGACUACCGCAUCCGUU)r-5’ 70

27 | 5-(AGUUGGAGCUGAUGGCGUAGGCAAG) -3’ 56 71
3’- (UCAACCUCGACUACCGCAUCCGUUC)r-5’ 72

28 | 5-r(GUUGGAGCUGAUGGCGUAGGCAAGA) -3 56 73
3’- (CAACCUCGACUACCGCAUCCGUUCU)r-5 74

29 | 5-r(UUGGAGCUGAUGGCGUAGGCAAGAG) -3 56 75
3’- (AACCUCGACUACCGCAUCCcGUUCUC)r-5 76

30 | 5-(UGGAGCUGAUGGCGUAGGCAAGAGU) -3’ 56 77
3’- (ACCUCGACUACCGCAUCCGUUCUCA)r-5’ 78

31 | 5-r(GGAGCUGAUGGCGUAGGCAAGAGUG) -3’ 60 79
3'- (CCUCGACUACCGCAUCCGUUCUCAC)-5° 80

32 | 5-r(GAGCUGAUGGCGUAGGCAAGAGUGC) -3’ 60 81
3’- (CUCGACUACCGCAUCCGUUCUCACG)r-5’ 82

33 | 5-r(AGCUGAUGGCGUAGGCAAGAGUGCC) -3 60 83
3'- (UCGACUACCGCAUCCGUUCUCACGG)r-5’ 84

34 | 5-r(GCUGAUGGCGUAGGCAAGAGUGCCU) -3 60 85
3'- (CGACUACCGCAUCCGUUCUCACGGA)r-5’ 86

35 | 5-r(CUGAUGGCGUAGGCAAGAGUGCCUU) -3 56 87
3’- (GACUACCGCAUCCGUUCUCACGGAA)-5’ 88
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S'S(TA siRNA(sense strand/antisense strand) GC% III? EJ%
36 | 5-{lUGAUGGCGUAGGCAAGAGUGCCUUG) -3 56 89
3’- (ACUACCGCAUCCGUUCUCACGGAAC)r-5 90

37 | 5-r(CUUGUGGUAGUUGGAGCUUGUGGCG) -3 56 101
3'- (GAACACCAUCAACCUCGAACACCGC)r-5 102

38 | 5-r(UUGUGGUAGUUGGAGCUUGUGGCGU) -3’ 52 103
3’- (A ACACCAUCAACCUCGAACACCGCA)-5 104

39 | 5-{UGUGGUAGUUGGAGCUUGUGGCGUA) -3’ 52 105
3’- (ACACCAUCAACCUCGAACACCGCAU)r-5 106

40 | 5-r{GUGGUAGUUGGAGCUUGUGGCGUAG) -3’ 56 107
3’- (CACCAUCAACCUCGAACACCGCAUC)r-5 108

41 | 5-r(UGGUAGUUGGAGCUUGUGGCGUAGG) -3’ 56 109
3’- (ACCAUCAACCUCGAACACCGCAUCC)r-5’ 110

42 | 5-(GGUAGUUGGAGCUUGUGGCGUAGGC) -3’ 60 111
3’- (CCAUCAACCUCGAACACCGCAUCCG)r-5’ 112

43 | 5-r(GUAGUUGGAGCUUGUGGCGUAGGCA) -3 56 113
3’- (CAUCAACCUCGAACACCGCAUCCGU)-& 114

44 | 5-r(UAGUUGGAGCUUGUGGCGUAGGCAA) -3’ 52 115
3’- (AUCAACCUCGAACACCGCAUCCGUU)r-5’ 116

45 | 5-rAGUUGGAGCUUGUGGCGUAGGCAAG) -3’ 56 117
3’- (UCAACCUCGAACACCGCAUCCGUUC)r-5 118

46 | 5-r(GUUGGAGCUUGUGGCGUAGGCAAGA) -3 56 119
3’- (CAACCUCGAACACCGCAUCCGUUCU)r-5 120

47 | 5-r(UUGGAGCUUGUGGCGUAGGCAAGAG) -3’ 56 121
3’- (AACCUCGAACACCGCAUCCGUUCUC)r-5° 122

48 | 5-r(UGGAGCUUGUGGCGUAGGCAAGAGU) -3’ 56 123
3’- (ACCUCGAACACCGCAUCCGUUCUCA)r-5 124

49 | 5-r(GGAGCUUGUGGCGUAGGCAAGAGUG) -3’ 60 125
3’- (CCUCGAACACCGCAUCCGUUCUCAC)r-5’ 126

50 | 5-r(GAGCUUGUGGCGUAGGCAAGAGUGC) -3 60 127
3’- (CUCGAACACCGCAUCCGUUCUCACG)r-5' 128

51 | 5-(AGCUUGUGGCGUAGGCAAGAGUGCC) -3’ 60 129
3’- (UCGAACACCGCAUCCGUUCUCACGG)r-5° 130

52 | 5-(GCUUGUGGCGUAGGCAAGAGUGCCU) -3 60 131
3- (CGAACACCGCAUCCGUUCUCACGGA)-5' 132
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SiEgI_A siRNA(sense strand/antisense strand) GC% IS EN%
53 | 5-r(CUUGUGGCGUAGGCAAGAGUGCCUU) -3’ 56 133
3’- (GAACACCGCAUCCGUUCUCACGGAA)r-5’ 134

54 | 5’-r(UUGUGGCGUAGGCAAGAGUGCCUUG) -3 56 135
3’- (A ACACCGCAUCCGUUCUCACGGAAC)-5 136

55 | 5’-r(CUUGUGGUAGUUGGAGCUGUUGACG) -3’ 56 481
3’- (GAACACCAUCAACCUCGACAACUGC)r-5 482

56 | 5-(UUGUGGUAGUUGGAGCUGUUGACGU) -3’ 52 483
3’- (AACACCAUCAACCUCGACAACUGCA)r-5’ 484

57 | 5-(UGUGGUAGUUGGAGCUGUUGACGUA) -3’ 52 485
3’- (ACACCAUCAACCUCGACAACUGCAU)-5 486

58 | 5-r(GUGGUAGUUGGAGCUGUUGACGUAG) -3’ 56 487
3’- (CACCAUCAACCUCGACAACUGCAUC)r-5’ 488

59 | 5-r(UGGUAGUUGGAGCUGGUGACGUAGG) -3’ 56 287
3’- (ACCAUCAACCUCGACAACUGCAUCC)r-5’ 288

60 | 5-r(GGUAGUUGGAGCUGGUGACGUAGGC) -3’ 60 289
3’- (CCAUCAACCUCGACAACUGCAUCCG)r-5 290

61 | 5-(GUAGUUGGAGCUGGUGACGUAGGCA) -3 56 291
3’- (CAUCAACCUCGACAACUGCAUCCGU)r-5’ 292

62 | 5-(UAGUUGGAGCUGGUGACGUAGGCAA) -3 52 293
3'- (AUCAACCUCGACAACUGCAUCCGUU)r-5 294

63 | 5-r{AGUUGGAGCUGGUGACGUAGGCAAG) -3’ 56 295
3’- (UCAACCUCGACAACUGCAUCCGUUC)r-5° 296

64 | 5-r(GUUGGAGCUGGUGACGUAGGCAAGA) -3’ 56 297
3'- (CAACCUCGACAACUGCAUCCGUUCU)r-5 298

65 | 5-r(UUGGAGCUGGUGACGUAGGCAAGAG) -3’ 56 299
3- (AACCUCGACAACUGCAUCCGUUCUC)r-5 300

66 | 5-r(UGGAGCUGGUGACGUAGGCAAGAGU) -3’ 56 301
3’- (ACCUCGACAACUGCAUCCGUUCUCA)r-5 302

67 | 5-r(GGAGCUGGUGACGUAGGCAAGAGUG) -3’ 60 303
3’- (CCUCGACAACUGCAUCCGUUCUCAC)r-5’ 304

68 | 5-r(GAGCUGGUGACGUAGGCAAGAGUGC) -3’ 60 305
3’- (CUCGACAACUGCAUCCGUUCUCACG)r-5 306

69 | 5-(AGCUGGUGACGUAGGCAAGAGUGCC) -3’ 60 307
3'- (UCGACAACUGCAUCCGUUCUCACGG)r-5° 308
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SiﬁsA siRNA(sense strand/antisense strand) GC% I[? IIE\I%
70 | 5-(GCUGGUGACGUAGGCAAGAGUGCCU) -3 60 309

3’- (CGACAACUGCAUCCGUUCUCACGGA)-5 310

71 | 5-(CUGGUGACGUAGGCAAGAGUGCCUU) -3’ 56 311

3’- (GACAACUGCAUCCGUUCUCACGGAA)r-5’ 312

72 | 5-(UGGUGACGUAGGCAAGAGUGCCUUG) -3 56 313

3’- (ACAACUGCAUCCGUUCUCACGGAAC)r-5’ 314

73 | 5-(GGCUCAGGACUUAGCAAGAAGUUAU) -3’ 44 427

3’- (CCGAGUCCUGAAUCGUUCUUCAAUA)r-5 428

Among the 73 K-ras siRNAs tested (see Table 13), #1-18 are K12V
mutant-specific and they were tested in cell line SW480 which is homozygous for
K12V (GGU to GUU) mutation (Figure 1). siRNAs #19-36 are K12D mutant-specific
and they were tested in cell line AsPC1 which is homozygous for K12D (GGU to
GAU) mutation (Figure 2). siRNAs #37-54 are K12C mutant specific and they were
tested in cell line MIAPaCa-2 which is homozygous for K12C (GGU to UGU)
mutation (Figure 3). siRNAs #55-72 are K12V and K13D mutants-specific and they
were tested in cell line DLD-1 which is balanced heterozygous for K13D (GGC to
GAC) mutation (Figure 4). K-ras siRNA #73 is a wild-type K-Ras specific siRNA that
targets a region beyond codon 12 and 13 and it was tested in cell lines SW480,
AsPC1, MIAPaCa-2, and DLD-1 (Figures 1, 2, 3, and 4). A 25-mer active Luc-siRNA
was used as the negative control for the K-RAs knockdown experiments. All siRNA
transfections were carried out at 10 nM (siRNA) concentration using a reverse-
transfection protocol using Lipofectamine®RNAIMAX (Invitrogen, Carlsbad, CA)
follow vendor’s instruction, except where indicated.

At 48 hours post transfection, the transfected cells were harvested and
total RNA was prepared using Cell-to-Ct assay kit (ABI). The relative levels of
human K-Ras mRNA in the transfected cells were assessed using a RT-PCR
protocol and human K-Ras gene expression assay (ABIl). The % of K-Ras mRNA

knockdown was calculated using a mock transfection control.
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The data presented in Figures 1-4 demonstrated that for each specific
K-Ras mutant, there were 2-5 siRNAs that knocked down K-Ras mRNA with high
potency. In addition, K-Ras siRNA #73 demonstrates a high potency in knocking

down K-Ras mRNA in all 4 cell lines tested.

All of the U.S. patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and non-patent publications
referred to in this specification and/or listed in the Application Data Sheet, are
incorporated herein by reference, in their entirety.

From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of
illustration, various modifications may be made without deviating from the spirit and
scope of the invention. Accordingly, the invention is not limited except as by the

appended claims.
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CLAIMS

What is claimed is:

1. An isolated small interfering RNA (siRNA) polynucleotide,
comprising at least one nucleotide sequence selected from the group consisting of
SEQ ID NOs:13, 14, 23, 24, 55-72, 101-108, 113-134, 485, 486, 293, 294, 289, 290,
427, 428 and the complementary polynucleotide thereto.

2. An isolated small interfering RNA (siRNA) polynucleotide,
comprising at least one nucleotide sequence selected from the group consisting of
SEQ ID NOs:1-474 and 479-488.

3. The siRNA polynucleotide of claim 2 that comprises at least one
nucleotide sequence selected from the group consisting of SEQ ID NOs:1-474 and

479-488 and the complementary polynucleotide thereto.

4. The small interfering RNA polynucleotide of either claim 1 or
claim 2 that inhibits expression of a K-ras polypeptide, wherein the K-ras polypeptide
comprises an amino acid sequence as set forth in SEQ ID NOs:477 or 478, or that is
encoded by the polynucleotide as set forth in SEQ ID NO:475 or 476.

5. The siRNA polynucleotide of any one of claims 1-3 wherein the
nucleotide sequence of the siRNA polynucleotide differs by one, two, three or four
nucleotides at any position of a sequence selected from the group consisting of the
sequences set forth in SEQ ID NOS: 1-474 and 479-488, or the complement thereof.

6. The siRNA polynucleotide of claim 3 wherein the nucleotide

sequence of the siRNA polynucleotide differs by at least one mismatched base pair

between a 5' end of an antisense strand and a 3' end of a sense strand of a
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sequence selected from the group consisting of the sequences set forth in SEQ ID
NOS:1-474 and 479-488.

7. The siRNA polynucleotide of claim 6 wherein the mismatched
base pair is selected from the group consisting of G:A, C:A, C:U, G:G, A:A, C:C,
U:U, C:T, and U:T.

8. The siRNA polynucleotide of claim 6 wherein the mismatched
base pair comprises a wobble base pair (G:U) between the 5' end of the antisense

strand and the 3' end of the sense strand.

9. The siRNA polynucleotide of any one of claims 1-3 wherein the
polynucleotide comprises at least one synthetic nucleotide analogue of a naturally

occurring nucleotide.

10.  The siRNA polynucleotide of any one of claims 1-3 wherein the

polynucleotide is linked to a detectable label.

11.  The siRNA polynucleotide of claim 10 wherein the detectable

label is a reporter molecule.
12.  The siRNA of claim 11 wherein the reporter molecule is selected
from the group consisting of a dye, a radionuclide, a luminescent group, a

fluorescent group, and biotin.

13.  The siRNA polynucleotide of claim 12 wherein the detectable

label is a magnetic particle.

14.  An isolated siRNA molecule that inhibits expression of a K-ras

gene, wherein the siRNA molecule comprises a nucleic acid that targets the
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sequence provided in SEQ ID NOs:475 or 476, or a variant thereof having GTPase

activity.
15.  The siRNA molecule of claim 14, wherein the siRNA comprises
any one of the single stranded RNA sequences provided in SEQ ID NOs:1-474 and

479-488, or a double-stranded RNA thereof.

16. The siRNA molecule of claim 15 wherein the siRNA molecule

down regulates expression of a K-ras gene via RNA interference (RNAI).
17. A composition comprising one or more of the siRNA
polynucleotides of any one of claims 1, 2, 3, 14 and 15, and a physiologically

acceptable carrier.

18.  The composition of claim 17 wherein the composition comprises

a positively charged polypeptide.

19.  The composition of claim 18 wherein the positively charged

polypeptide comprises poly(Histidine-Lysine).

20.  The composition of claim 18 further comprising PEG.

21.  The composition of any one of claims 17-20 further comprising a

targeting moiety.

22.  The composition of any one of claims 17-21 wherein the

composition is treated with a crosslinking agent.

23. A method for treating or preventing a cancer in a subject having

or suspected of being at risk for having the cancer, comprising administering to the
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subject the composition of any one of claims 17-22, thereby treating or preventing

the cancer.

24. A method for inhibiting the synthesis or expression of K-ras
comprising contacting a cell expressing K-ras with any one or more siRNA molecules
wherein the one or more siRNA molecules comprises a sequence selected from the
sequences provided in SEQ ID NOs:1-474 and 479-488, or a double-stranded RNA

thereof.

25.  The method of claim 24 wherein a nucleic acid sequence

encoding K-ras comprises the sequence set forth in SEQ ID NO:475 or 476.

26. A method for reducing the severity of a cancer in a subject,
comprising administering to the subject the composition of any one of claims 17-22,

thereby reducing the severity of the cancer.

27. A recombinant nucleic acid construct comprising a nucleic acid
that is capable of directing transcription of a small interfering RNA (siRNA), the
nucleic acid comprising:

(a) a first promoter; (b) a second promoter; and (c) at least one DNA
polynucleotide segment comprising at least one polynucleotide that is selected from
the group consisting of (i) a polynucleotide comprising the nucleotide sequence set
forth in any one of SEQ ID NOs:1-474 and 479-488, and (ii) a polynucleotide of at
least 18 nucleotides that is complementary to the polynucleotide of (i), wherein the
DNA polynucleotide segment is operably linked to at least one of the first and second
promoters, and wherein the promoters are oriented to direct transcription of the DNA

polynucleotide segment and of the complement thereto.
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28.  The recombinant nucleic acid construct of claim 27, comprising
at least one enhancer that is selected from a first enhancer operably linked to the

first promoter and a second enhancer operably linked to the second promoter.

29.  The recombinant nucleic acid construct of claim 27, comprising
at least one transcriptional terminator that is selected from (i) a first transcriptional
terminator that is positioned in the construct to terminate transcription directed by the
first promoter and (ii) a second transcriptional terminator that is positioned in the

construct to terminate transcription directed by the second promoter.

30. An isolated host cell transformed or transfected with the

recombinant nucleic acid construct according to any one of claims 27-29.
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