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COMPOSITIONS COMPRISING PHOSPHOINOSITIDE 3-KINASE SIRNA
AND METHODS OF USE THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit under 35 U.S.C. § 119(e) of U.S.
Provisional Patent Application No. 61/060,728 filed June 11, 2008 which

provisional application 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_417PC_SEQUENCE_LISTING.txt. The text file is 408 KB, was created
onJune 11, 2009, 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 phosphoinositide 3-kinases (P13Ks).

Description of the Related Art

Phosphoinositide 3-kinases

Phosphoinositide 3-kinases (P| 3-kinases or PI3Ks) are a family of
related enzymes that are capable of phosphorylating the 3 position hydroxyl group
of the inositol ring of phosphatidylinositol (Ptdins) (Vanhaesebroeck B, Leevers S,
Ahmadi K, Timms J, Katso R, Driscoll P, Woscholski R, Parker P, Waterfield M.
"Synthesis and function of 3-phosphorylated inositol lipids". Annu Rev Biochem 70:
535-602. PMID 11395417). PI3Ks interact with the IRS (Insulin receptor substrate)



WO 2009/152346 PCT/US2009/047058

in order to regulate glucose uptake through a series of phosphorylation events.
The phosphoinositol-3-kinase family is composed of Class |, Il and Class llI, with
Class | the only ones able to convert PI(4,5)P2 to PI(3,4,5)P3 on the inner leaflet of
the plasma membrane.

Class | PI3K are heterodimeric molecules composed of a regulatory
and a catalytic subunit; they are further divided between IA and IB subsets on
sequence similarity. Class IA PI3K are composed of one of five regulatory p85q,
p55a, pS0a, p85B or p55y subunit attached to a p110q, B or & catalytic subunit.
The first three regulatory subunits are all splice variants of the same gene (Pik3r1), - -
the other two being expressed by other genes (Pik3r2 and Pik3r3, p85f3 and p55y,
respectively). The most highly expressed regulatory subunit is p85a, all three
catalytic subunits are expressed by separate genes (Pik3ca, Pik3cb and Pik3cd for
p110qa, p110B and p1103, respectively). The first two p110 isoforms (a and ) are
expressed in all cells, but p1100 is primarily expressed in leukocytes and it has
been suggested it evolved in parallel with the adaptive immune system. The
regulatory p101 and catalytic p110y subunits comprise the type IB PI3K and are
encoded by a single gene each.

The majority of the research on Pl 3-kinases has focused on the
Class | Pl 3-kinases. Class I. Pl 3-kinases are composed of a catalytic subunit
known as p110 and a regulatory subunit either related to p85 or_p101. The p85
subunits contain SH2 and SH3 domains (Online 'Mendelian Inheritance in Man'
(OMIM) 171833).

Class Il and lll PI3K are differentiated from the Class | by their
structure and function.

Class Il comprises three catalytic isoforms (C2a, C2f, and C2y), but
unlike Classes | and Ill, no regulatory proteins. These enzymes catalyse the
production of PI(3)P from Pl (may also produce PI(3,4)P2 from PI(4)P), however
little is known about their role in immune cells. C2a and C2B are expressed
throught the body, however expression of C2y is limited to hepatocytes. The

distinct feature of Class Il PI3Ks is the C-terminal C2 domain. This domain lacks
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critical Asp residues to coordinate binding of Ca2+, which suggests class Il PI3Ks
bind lipids in a Ca2+ independent manner.

Class |l PI3Ks are similar to Il in that they bias the production of
PI(3)P from PI, but are more similar to Class | in structure, as they exist as a
heterodimers of a catalytic (Vps34) and a regulatory (p150) subunits. Class ||
seems to be primarily involved in the trafficking of proteins and vesicles. There is,
however, evidence that they are able to contribute to the effectiveness of several
process important to immune cells, not least phagocytosis.

The various 3-phosphorylated phosphoinositides that are produced
by Pl 3-kinases (Ptdins3P, Ptdins(3,4)P2, PtdIns(3,5)P2 and PtdIns(3,4,5)P3)
function in a mechanism by which an assorted group of signalling proteins,
containing PX domain, pleckstrin homology domains (PH domains), FYVE
domains and other phosphoinositide-binding dbmains, are recruited to vérious
cellular membranes. _

All PI 3-kinasesA are inhibited by the drugs wortmannin and
LY294002, although certain member of the class Il Pl 3-kinase family show
decreased sensitivity.

PI 3-kinases have been linked to an extraordinarily diverse group of
cellular functions, including cell growth, proliferation, differentiation, motility,
survival and intracellular trafficking. Many of these functions relate to the ablilty of
class | Pl 3-kinases to activate profein kinase B (PKB, aka Akt). The class IA PI 3-
kinase p110a is mutated in many cancers. Many of these mutations cause the
kinase to be more active. The PtdIns(3,4,5)P3 phosphatase PTEN which
antagonises Pl 3-kinase signalling is absent from many tumours. Hence, Pl 3-
kinase actvivity contributes significantly to cellular transformation and the
development of cancer. The p1108 and p110y isoforms regulate different aspects
of immune responses. Pl 3-kinases are also a key component of the insulin
signaling pathway. Hence there is great interest in the role of Pl 3-kinase signaling

in Diabetes mellitus.
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AKT is activated as a result of PI3-kinase activity, because AKT
requires the formation of the PtdIns(3,4,5)P3 (or "PIP3") molecule in order to be
translocated to the cell membrane. At PIP3, AKT is then phosphorylated by
another kinase called PDK1, and is thereby activated. The "PI3-k/AKT" signaling '
pathway has been shown to be required for an extremely diverse array of cellular
activities - most notably cellular proliferation and survival.

In addition to AKT and PDK1, one other related serine threonine
kinase is bound at the PIP3 molecule created as a resulte of PI3-kinase activity,
SGK.

Many of the Pl 3-kinases appear to have a serine/threonine kinase
activity in vitro; however, it is unclear whether this has any role in vivo.

In addition to the class | — class lll Pl 3-kinases there is a group of
more distantly related enzymes that are sometimes referred to as class IV Pl 3-
kinases. The class IV Pl 3-kinases family is éomposed of ataxia telangiectasia
mutated (ATM), ataxia telangiectasia and Rad3 related (ATR), DNA-dependent
protein kinase (DNA-PK) and mammalian Target Of Rapamycin (ImTOR). These
members of the Pl 3-kinase superfamily are protein serine/threonine kinases.

As wortmannin and LY294002 are broad inhibitors against Pl 3-
kinases and a number of unrelated proteins at higher concentrations they are too
toxic to be used as therapeutics. A number of pharmaceutical companies have
recently been working on Pl 3-kinase isoform specific inhibitors including the class
| Pl 3-kinase, p110d isoform specific inhibitors, 1C486068 and IC87114, ICOS
Corporation.

Class IA P! 3-kinases are activated by receptor tyrosine kinases
(RTKs). There are three catalytic subunits which are classified as class IA PI 3-
kinases: p110qa; p110B; p110d.

There are currently five regulatory subunits which are known to
associate with class IA Pl 3-kinases catalytic subunits: p85a and p858; p55a and
p55y; p50a.
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Class IB PI 3-kinases are activated by G-protein-coupled receptors
(GPCRs).

' The only known class IB Pl 3-kinase catalytic subunit is p110y.
There are two known regulatory subunits for p110y: p101 and p84/ p87PIKAP.

References: http colon double backslash, www dot chem dot gmul
dot ac dot uk/iupac/cyclitol/myo dot html.; Vanhaesebroeck B, Leevers S, Ahmadi
K, Timms J, Katso R, Driscoll P, Woscholski R, Parker P, Waterfield M. "Synthesis
and function of 3-phosphorylated inositol lipids". Annu Rev Biochem 70: 535-602.
PMID 11395417.

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 PI3K. 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. »

RNA interference refers to the process of sequence-specific post-
transcriptional gene silenéing 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
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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, suchas the interferon response that
results from dsRNA-mediated activation of protein kinase PKR and 2°,5'-
oligoadenylate synthetase resulting in non-specific cleavage of mRNA 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 lil 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). Dicer is
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 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 small 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).



WO 2009/152346 PCT/US2009/047058

RNAi has been studied in a variety of systems. Fire et al., 1998,
Nature, 391, 806, were the first to observe RNAI in C. elegans. Bahramian and
Zarbl, 1999, Molecular and Celiular Biology, 19, 274-283 and Wianny and Goetz,
1999, Nature Cell Biol., 2, 70, describe RNAi mediated by dsRNA in mammalian
systems. Hammond et al., 2000, Nature, 404, 293, describe RNAI in Drosophila
cells transfected with dsRNA. Elbashir et 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 Hela 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 act!ivating 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 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 RNA..
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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 99/0_7409, describe specific compositibns
consisting of particular dsSRNA molecules combined with certain anti-viral agents.
Waterhouse et 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 et al., International PCT Publication No. WO
01/70944, describe certain methods of drug screening using transgenic nematodes
as 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 RNAI. 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
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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. Fireetal., U.S. Pat. -
No. 6,_506,559, describe certain methods for inhibiting gene expressioh 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-speciﬂc potent induction of IFN-
alpha by short interfering RNA in plasmacytoid dendritic cells through TLR7.
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 et al., International PCT Publication Nos. WO
05/049821 and 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
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polynucleotide comprising DNA and RNA having a substantially identical

nucleotide sequence with at ieast_ a partial nucleotide sequence of the target gene.

BRIEF SUMMARY OF THE INVENTION
Another aspect of the present invention prdvides an isolated small
interfering RNA (siRNA) polynucleotide, comprising at least one nucleotide
. sequence selected from the group consisting of SEQ ID NOs:1-1408. In one
embodiment, the siRNA polynucleotide of the present invention comprises at least
one nucleotide sequence selected from the group consisting of SEQ 1D NOs:1-
1408 and the complementary polynucleotide thereto. In a further embodiment, the
small interfering RNA polynucleotide inhibits expression of a PI3K polypeptide,
wherein the PI3K polypeptide comprises an amino acid sequence as set forth in
SEQ ID NOs:1410, 1412, 1414, 1416, 1418, 1420, 1422, 1424, 1426, 1428 and
1430, or that is encoded by the polynucleotide as set forth in SEQ ID NO:1409,
1411, 1413, 1415, 1417, 1419, 1421, 1423, 1425, 1427, and 1429. 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: 1-1408, 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:1-1408. In
this regard, the mismatched base pair may include, but are not limited to G:A, C:A,
C:U, G:G,AA, C:C,U:U, C:T, and U:T 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 yet another embodiment,
the nucleotide sequence of the siRNA polynucleotide comprises at least one base
pair mismatch between a 3' end of an antisense strand and a &' end of a sense
strand of a sequence selected from the group consisting of the sequences set forth

in SEQ ID NOS:1-1408. In one embodiment, the mismatched base pair results in

10
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a wobble base pair between the 3' end of the antisense strand and its target gene
mRNA molecule. In another embodiment, the siRNA polynucleotide comprises at
least one synthetic nucleotide analogue of a naturally occurring nucleotide. In a
further embodiment, the siRNA polynucleotide contains at least one chemically
modified nucleotide, such as, but not limited to, a 2' O-methyl modification. 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 ékilled 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 PI3K gene,lwherein the siRNA molecule comprises a
nucleic acid that targets the sequence provided in SEQ ID NOs:1409, 1411, 1413,
1415, 1417, 1419, 1421, 1423, 1425, 1427, and 1429, or a variant thereof having
kinase activity. In certain embodiments, the siRNA molecules target any one or
more of the target sequences provided in SEQ ID NOs: 1409, 1411, 1413, 1415,
1417, 1419, 1421, 1423, 1425, 1427, and 1429. In certain embodiments, the
siRNA comprises any one of the single stranded RNA sequences provided in SEQ
ID NOs:1-1408, or a double-stranded RNA thereof. In one embodiment of the
invention, the siRNA molecule down regulates expression of a PI3K 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 combination with PEG and a targeting moiety. Any

11



WO 2009/152346 PCT/US2009/047058

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 diabetes and cancer, including but not limited to, brain, esophageal,
bladder, cervical, breast, lung, prostate, stomach, colorectal, pancreatic, head and
neck, thyroid, kidney, or ovarian cancer, or melanoma, multiple myeloma,
lymphoma, leukemia, glioma, or glioblastoma 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 diabetes and cancer,
including but not limited to, brain, esophageal, bladder, cervical, breast, lung,
prostate, stomach, colorectal, pancreatic, head and neck, thyroid, kidney, or
ovarian cancer, or melanoma, multiple myeloma, lymphoma, leukemia, glioma, or
glioblastoma.

A further aspect of the invention provides a method for inhibiting the
synthesis or expression of PI3K comprising contacting a cell expressing PI3K 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-
1408, or a double-stranded RNA thereof. In one embodiment, a nucleic acid
sequence encoding PI3K comprises the sequence set forth in SEQ ID NO:1409,
1411, 1413, 1415, 1417, 1419, 1421, 1423, 1425, 1427, and 1429.

Yet a further aspect of the invention provides a method for reducing
the severity of diabetes and cancer, including but not limited to, brain, esophageal,
bladder, cervical, breast, lung, prostate, stomach, colorectal, pancreatic, head and
neck, thyroid, kidney, or ovarian cancer, or melanoma, multiple myeloma,
lymphoma, leukemia, glioma, or glioblastoma in a subject having such a disease,
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

12
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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 consistihg of (i) a
polynucleotide comprising the nucleotide sequence set forth in any one of SEQ ID
NOs:1-1408, 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. 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 PI3K, wherein the nucleic acid molecule
comprises a nucleic acid that 'targets PIBK mRNA, whose representative
sequences are provided in SEQ ID NOs:1409, 1411, 1413, 1415, 1417, 1419,
1421, 1423, 1425, 1427, and 1429. Corresponding amino acid sequences are set
forthin SEQ ID NOs:1410, 1412, 1414, 1416, 1418, 1420, 1422, 1424, 1426, 1428
and 1430. 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:1-1408, or a double-stranded RNA thereof. In another
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embodiment, the nucleic acid molecule down regulates expression of PI3K gene
via RNA interference (RNAI).

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 1D
NOs:1-1408. 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 certain embodiments, the siRNA molecules may all target one
particular PI3K gene, such as .a particular class I, I or lll PI3K gene, or a
combination of two or more target genes selected from the target PI3K nucleic acid
sequences set forth in SEQ ID NOs: 1409, 1411, 1413, 1415, 1417, 1419, 1421,
1423, 1425, 1427, and 1429. In this regard, the siRNA molecules may be selected
from the siRNA molecules provided in SEQ ID NOs:1-1408, or a double-stranded
RNA thereof. Thus, the siRNA molecules may be a mixture of siRNA molecules
that target different regions of a single PI3K gene or two or more of target PI3K
genes. 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.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to nucleic acid molecules for
modulating the expression of PI3K. 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 PI3K.

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 PI3K gene expression and/or activity. The
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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 PI3K 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 PI3K gene
expression, including cocktails of such small nucleic acid molecules and
~ nanoparticle or nanoplex 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 PI3K gene expression by
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 diabetes and cancer, including
. but not limited to, brain, esophageal, bladder, cervical, breast, lung, prostate,
stomach, colorectal, pancreatic, head and neck, thyroid, kidney, or ovarian cancer,
or melanoma, multiple myeloma, lymphoma, leukemia, glioma, or glioblastoma
and/or other disease states, conditions, or traits associated with PI3K 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 PI3K protein, levels of PI3K protein, or activity
of PI3K, is reduced below that observed in the absence of the nucleic acid

molecules of the invention. In one embodiment, inhibition or down-regulation with
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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 mMRNA, 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 PI3K 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 fneant 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 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 “RNAI”, including small interfering
RNA “siRNA” (see for example Bass, 2001, Nature, 411, 428-429; Elbashir et al.,
2001, Néture, 411, 494-498; and Kreutzer et 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).
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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 target” is meant a nucleic acid as described
herein that matches, is complementary to or otherwise specifically binds or
speciﬁcélly 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., Turner et al., 1987, CSH Symp. Quant. Biol. LI, pp.
123-133; Frier et al., 1986, Proc. Nat. Acad. Sci. USA 83, 9373-9377; Turnef etal.,
1987, J. Am. Chem. Soc. 109, 3783-3785). A percent complementarity indicates
the 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 20H is meant a nucleotide with a hydroxyl
group at the 2° position of a 3-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
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art and which is mediated by short interfering nucleic acid molecules, see for
example Zamore and Haley, 20(55-, 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 Nb. WO 01/36646; Fire, International
PCT Publication No. WO 99/32619; Plaetinck et al., Internatibnal 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 ét 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 6ther 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-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
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siRNA molecules of the invention can result from transcriptional inhibition (seé for
example Janowski et al., 2005, Nature Chemical Biology, 1, 216-222).

Two types of about 21 nucleotide RNAs trigger post-transcriptioﬁal
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 Il 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; Zhéng etal., 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-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; Lagds-Quintana etal., 2003; Limet al., 2003a;
Limetal, 2003b). miRNAs are encoded by genes distinct from the mRNAs whose
expréssion 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
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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
etal., 2003). Active siRNAs contain 5' phosphates and 3' hydroxyls (Zamore et 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
Dicér (Hutvgner et al., 2001; Mal!ory. 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 PI3K polypeptide, such as encoded by the sequence
provided in SEQ ID NOs:1409, 1411, 1413, 1415, 1417, 1419, 1421, 1423, 1425,
1427; and 1429, or a variant thereof. lllustrative siRNA polynucleotide sequences
that specifically modulate the expression of PI3K are provided in SEQ ID NOs:1-
1408. Without wishing to be bound by theory, the RNA polynucleotides of the
present invention specifically reduce expression of a desired target polypeptide
through fecruitment 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
encc;ding the desired PI3K target polypeptide.

In certain embodiments of the invention, the siRNA polynucleotides
interfere with expression of a PI3K target ponpepiide 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
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polynucleotides of the present invention direct sequence-specific degradation of
mRNA encoding a desired target polypeptide, such as PI3K.

In certain embodiments, the term “siRNA” means either: (i) a double
stranded RNA oligonucleotide, or polynucleotide, that is 14 base pairs, 15 base
pairs, 16 base pairs, 17 base pairs, 18 baée 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 PI3K polypeptide, or
a variant of the PI3K polypeptide, wherein a single strand of the siRNA comprises
a portion of a RNA polynucleotide sequence that encodes the PI3K polypeptide, its
variant, or a complementary sequence thereto; (ii) a single stranded
oligonucleotide, or polynucleotide of 14 nucleotides, 15 nucleotides, 16
nucleotides, 17 nucleotides, 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 PI3K polypeptide, or a variant of the PI3K polypeptide, or that anneais 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 PI3K
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
alterations or substitutions therein. Certain RNAi oligonucleotide »séquences
described below are complementary to the 3' non-coding region of target mRNA
that encodes the PI3K 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
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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 nucleofides (ribonucleotides or
deoxyribonucleotides or a combination of both) and/or nucleotide analogues as
provided herein (e.g., an oligonuclgotide or polynucleotide or the like, typically in &’
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 |ll 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 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 14-30 nucleotide base pairs. In certain
embodiments, the siRNA molecules of the invention comprise about 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, or 27 base pairs, and in other particular
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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” 14, 15, 16, 17, 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 conséquence 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 corréspond_ingly 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 interfere with expression of a PI3K 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
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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 §' 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 §') 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 another embodiment of the invention, an siRNA molecule of the
invention may consist of a sense region and an antisense region, wherein the
sense region and the antisense region together form a duplex region consisting of
19-30 base pairs and the antisense region comprises a sequence that is the
complement of any one of the sense polynucleotide sequences as set forth herein,
such as the sense polynucleotides as described in the Examples and provided in
certain of SEQ ID. NOs: 1-1408; and from zero to four overhang regions, wherein
each overhang region is six or fewer nucleotides in length. In this regard, in
certain embodiments, the antisense region and the sense region may each be 19-
25 nucleotides in length. In one embodiment, the antisense region is 100%
complementary to a region of a target mRNA, such as the target sequences
provided in SEQ ID NOs: 1409, 1411, 1413, 1415, 1417, 1419, 1421, 1423, 1425,
1427, and 1429.
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In a further embodiment, the siRNA molecule of the present invention
comprises a chemically synthesized double stranded siRNA molecule that directs
cleavage of an mRNA via RNA interference, wherein: each strand of said double
stranded siRNA molecule is between 19 and 30 nucleotides in length; and b. one
strand of said double stranded siRNA molecule comprises a sequence that is the
complement of any one of the sense strand polynucleotides provided in SEQ ID
NOs: 1-1408 (for sense strand polynucleotides among these SEQ ID NOs, see the
Examples). ‘ '

In another embodiment of the invention, an siRNA molecule of tﬁe
invention consists of: (a) a sense region, wherein said sense region consists of a
sense sequence that is selected from the polynucleotic;es provided in SEQ ID
NOs:1-1408, and an antisense region, wherein said antisense region consists of a
sequence that is the complement of 'the sense sequenée selected from the
bolynucleotides provided in SEQ ID NOs:1-1408; and (b) from zero to four
overhang regions, wherein each overhang region is six or fewer nucleotides in
length.

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 énhanced 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 ' 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

25



WO 2009/152346 PCT/US2009/047058

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 antisenée 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, G:G,
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.g., about 15-30, 16-25, 18-23 or 19-22 nucledtides of the
mRNA of the gene targeted for silencing. The antisense strand or first strand has
sequence sufficiently complementary to the desired target mMRNA sequence to
direct target-specific RNA interference (RNAI), e.g., complementarity sufficient to
trigger the destruction of the desired target mMRNA 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

sirand.
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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 siRNA 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. Accdrding 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-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
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spacer sequence 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 PI3K. The percent
identity may be readily determined by comparing sequences of the polynucleotides
to the corresponding portion of a full-length PISK 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. 21 9:555-565, 1991; Henikoff and Hehikoff,
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 PI3K gene. Single-stranded nucleic acids derived (e.g., by
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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 PI3K 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 PI3K polypeptide for which
interference with expression is desired, and in certain other embodiments the
sequence (or its complement) may be shared by PI3K and one or more related
polyp‘eptides 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 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
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siRNA polynucleotide that has 19 consecutive nucleotides identical to a sequence
encoding a polypeptide of interest (e.g., PI3K and other polypeptides described
herein), the open reading frame of the polyhucleotide 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 ménifests 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
PI3K expression in a cell).

In certain embodiments, the nucleic acid inhibitors comprise
sequences which are complementary to any known PI3K sequence, including
variants thereof that have altered expression and/or activity, particularly variants
associated with disease. Variants of PI3K include sequences having 70%, 75%,
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or higher
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sequence identity to the wild type PI3K sequences, such as those set forth in SEQ
ID NOs:1409, 1411, 1413, 1415, 1417, 1419, 1421, 1423, 1425, 1427, and 1429
where such variants of PI3K may demonstrate altered (increased or decreased)
kinase activity. As would be understood by the skilled artisan, PI3K 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 PI3K target
sequences provided in SEQ ID NOs:1409, 1411, 1413, 1415, 1417, 1419, 1421,
1423, 1425, 1427, and 1429, or polynucleotides encoding the amino acid
sequences provided in SEQ ID NOs:1410, 1412, 1414, 1416, 1418, 1420, 1422,
1424, 1426, 1428 and 1430. Examples of such siRNA molecules also are shown
in the Examples and provided in SEQ ID NOs:1-1408.

Polynucleotides, including target polynucleotides (e.g.,
polynucleotides capable of encoding a 4target 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 amplified 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
bolynucleotide probes or primers suitable for amgliﬁcation. In certain
embodiments, a Iibrary is size-selected to i‘nclude larger molecules. Random
primed libraries may also be preferred for identifying 5' and upstream regions of
genes. Genomic libraries are preferred for 6btaining introns and extending 5'

sequences. Suitable sequences for a siRNA polynucleotide contemplated by the
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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 32P) using well known techniques. A
bacterial or bacteriophage library may then be screened by hybridizing filters
containing denatured bacterial colonies (or lawns containing phage plaques) 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 brimer 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 techniqués are known in the art
for obtaining a fuli-length coding sequence from a partial-cDNA sequence. Within
such techniques, ampliﬂdation 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
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contemplated by the present invention may, for some embodiments, have lengths
of 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33-35, 35-40, 41-45,
46-50, 56-60, 61-70, 71-80, 81-90 or more nucleotides. \

In general, polypéptides 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 poly'peptides 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 PI3K 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 inventiqn are the siRNAs d_escribed
herein wherein the ribose has been removed therefrom. Alternatively, siRNA
polynucleotide molecules may be generated by in vitro or in vivo transcription 6f
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.
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As discussed above, siRNA polynucleotides exhibit desirable stability
characteristics and may, but need not, be further designed to resist degradation by
endogenous nucleolytic enzymes by using such linkages as phosphorothioate,
methylphosphonate, sulfone, sulfate, ketyl, phosphorodithioate, phbsphoramidate,
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 polynucleotlde of the invention may be further modified to
increase stability or reduce cytokme 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
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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, 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, etal.,
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 mbiety 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'-
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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,, NH3, NH;, NH-alkyl, OCH; CH=CH; (allyloxy), OCH3=CH2, OCCH,
where alkyl is a straight or branched chain of C+ to C2o, with unsaturation 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 grdups 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--C4 Cyp-alkyl (e.g., 2'-
O-methyl, 2'-O-ethyl, 2'-O-propyl), 2'-O--C, C-alkenyl! (e.g., 2'-O-allyl), 2'-O--C;
Cao-alkynyl, 2'-S--C Cyo-alkyl, 2'-S--C, Cyo-alkenyl, 2'-S--C, Cyp-alkynyl, 2'-NH--C,

- Cazo-alkyl (2'-O-aminoalkyl), 2'-NH--C2 Cap-alkenyl, 2'-NH--C, Cao-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 embodiménts, “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.
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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. 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
1M 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 pM) of 2'-O-methyl phosphoramidite and a
105-fold excess of S-ethyl tetrazole (60 uL of 0.25 M=15 uM) can be used in each
coupling cycle of 2°-O-methyl residues relative to polymer-bouﬁd 5’-hydroxyl. A
22-fold excess (40 uL 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 |z, 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 acetonitfile) is used.
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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 1° pbsition of a nucleotide sugar moiety.
Nucleotides generally comprise a base, sugar and a phosphate group. The
nucleotides can be unmodified or modified at the sugar, phosphate and/or base
moiety, (also referred to interchangeably as vnucleotide 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
93/156187; 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.g., 5-
methylcytidine), 5-alkyluridines (e.g., ribothymidine), 5-halouridine (e.g., 5-
bromouridine) or 6-azapyrimidines or 6-alky|pyrimidines (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-
hethyladenosine, 1-methylinosine, 2,2-dimethylguanosine, 3-methylcytidine, 2-
methyladenosine, 2-methylguanosine, N6-methyladenosine, 7-methylguanosine,
5-methoxyaminomethyl-2-thiouridine, 5-methylaminomethyiluridine, 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
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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
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 hucleosides 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, Usm-an 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). 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, aminopheny!,
S5-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°-
carboxymethylaminomethyi-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-N6-isopentenyladenosine, beta-D-
mannosylqueosine, uridine-5-oxyacetic acid, 2-thiocytidine, threonine derivatives
and others (Burgin et al., 1996, Biochemistry, 35, 14090-14097; Uhiman &
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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.

Nucleotide sequences as described herein may be joined to a variety
of other nucleotidé 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 containé
an origiﬁ 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, ahd 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 PI3K 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%,
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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 po‘lynucleotide in a cell does not
result in or cause any undesired toxic effects, 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 thét
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 siRNA 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 Su'i et al., Proc. Natl.
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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 dupI‘ex. Each
strand may also be transcribed from separate vectors (see Lee et al., supra).
Alternatively, the sense and antisense sequences specific for a PI3K 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 teﬁnination 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 §' end) has a 19-nuclectide 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 usihg another RNA polymerase Il 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 transcribtion 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 (seg, e.g., Paul

et al., supra); and pIND (see, e.g., Lee et al., supra), or the like.
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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, Spience, 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
etal., 1992, J. Virol., 66, 1432-1441; Weerasinghe et al., 1991, J. Virol., 65, 5531-
5534; 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 mblecules, 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
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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 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, Il or Il
initiation region); b) a transcription termination region (e.g., eukaryotic pol I, Il or llI
termination region); c) 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 regioh, in @ manner which allows
exbression 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 I), RNA polymerase II (pol
1), or RNA polymerase Il (pol lll). Transcripts from pol Il or pol 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, efc.) 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,
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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 alﬁ, 1995, Nucleic Acids Res.,
23, 2259-2268; Sullenger & Cech, 1993, Science, 262, 1566-1569). More
specifically, transcription 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
moleculés 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; ¢) 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/dr delivery of said nucleic acid molecule.

In another embodiment, the expression vector comprises: a) a
transcription initiation region; b) a transcription termination region; ¢) an open

reading frame; d) a nucleic acid sequence encoding at least one said nucleic acid
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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; ¢) an intron; d) a nucleic acid sequence
encoding at least one said nucleic acid molecule; and wherein said sequence is
operably linked to said initiétion 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; e) 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 savid 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.
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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 corhmonly 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 & Sohs, Inc., Boston,
MA); Sambrook et al. (2001 Molecula( Cloning, Third Ed., Cold Spring Harbor
Laboratory, Plainview, NY); 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 MRNA 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 pCM7. 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 particularly 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
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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.

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 P (e.g., Pestka et al., 1999 Protein Expr. Purif. 17:203-14), a radiohalogen
such as iodine ['®®1 or "] (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 aﬁd Research Chemicals- Seventh Ed., Molecular Pr'obes,
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, B-
galactosidase and acetylcholinesterase. Appropriate luminescent materials

include luminol, and suitable radioactive materials include radioactive phosphorus
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[32P]. 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.

Methods of Use and Administration of Nucleic Acid Molecules

Methods for the delivery of nucleic acid molecules are described in
Akhtar et a‘l., 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 viﬁually 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, condensing to nanoparticles or nanoplex with positive
charges polymer such as, but not limited to, histidine-lysine (HK) copolymer or HK-
coploymer conjugated with PEG, 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.
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NeuroVirol., 3, 387-400. More detailed descriptions of nucleic acid delivery and
administration are provided in Sullivan et al., supra, Draper et al., PCT
WOQ093/23569, Beigelman et al., PCT W099/05094, and Klimuk et al., PCT
WO099/04819. ' |

The molecules of the instant invention can be used as
pharmaceutical agents. Pharmaceutical agents prevent, inhibit the occurrence, or
treat (alleviate a symptom to sdme 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. Whenitis
desired to use a liposome delivery mechanism, standard protocols for formation of
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 enti‘y, 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.
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By “systemic administration” is meant in vivo systemic absorption or
éccumulation 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 specificity of macrophage and lymphocyte immune recognition of
abnormal cells, such as cancer cells.

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 4re|ease delivéry after
implantation (Emerich, DF et al., 1999, Cell Transplant, 8, 47-58) Alker_mes, Inc.
Cambridge, Mass.; and loaded nanopérticles, such as those made of
polybutylcyanoacrylate, which can deliver drugs across the blood brain barrier and
can alter neuronal uptake mechanisms (Prog Neuropsychopharmaco! Biol
Psychiatry, 23, 941-949, 1999).

51



WO 2009/152346 PCT/US2009/047058

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 encapsulatéd drug (Lasic
etal. 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 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 et 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.
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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. The PEG can be a single or
bifunctional PEG depending on the use of a targeting or other functional protein,
peptide or small molecule and have lengths in the range of 2Kd to 50Kd and any
size in between. Preferably 5Kd, 10KD, j5Kd, 20Kd. Examples include mPEG
5Kd PAL (propionaldehyde) and VS_PEG NHS. 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 agenté. One example of a preferred cross
linking agent is dimethyl 3,3'-dithiobispropionimidate-2HCI (DTBP). One ékilled in
the art will appreciate that there are a multitude of other effective cross linking
agents available. For example, common crosslinking agents include, but are not
Iimited to, imidoester crosslinkers such as dimethyl suberimidate, NHS-ester
crosslinkers such as bissulfosuccinimidyl suberate (BS3) and formaldehyde.
These crosslinking agents induce nucleophilic attack of the amino group of lysine
and subsequent covalent bonding via the crosslinker. Sulfosuccinimidyl 4-[N-
maleimidomethyl]cyclohexane-1-carboxylate (SMCC) and its water soluble analog,
Sulfo-SMCC, are additional crosslinking agents useful herein. The zero-length

carbodiimide crosslinker 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide) (EDC)

53



WO 2009/152346 PCT/US2009/047058

converts caboxyls into amine-reactive isourea intermediates that bind to lysine
residues or other available primary amines..

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 a crosslinking agent.
In this regard, in certain embodiments, the present invention provides siRNA
molecules in compositions comprising gluconic-acid-modified polyhistidine or
gluconylated-polyhistidine/transferrin-polylysine. One skilled in the art will also
recognize that amino acids with properties similar to His and Lys my be substituted
within the composition. For example, Arg and/or Ornithine can be used to replace
Lys.

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. 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 avp3 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
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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).
lllustrative 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
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 targefing 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 targeting moeities include (i) folate, where the
composition is intended for treating tumor cells having cell-surface folate receptors,
(i) pyridoxyl, where the composition is intended for treating virus-infected CD4+
Iymphocytes, or (iii) sialyl-Lewis®, where the composition is intended for treating a

region of inflammation. Other peptide ligands may be identified using methods
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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., Uitra-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 Delivery (Abstracts form Cold Spring Harbor Laboratory 1999
meeting), 1999, p 3.). Ligands identified in this manner are suitable for use in the
presént 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
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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
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
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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 pharmacet\.ltical
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., PI3K), 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
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 pfovide a sustained action
over a longer period. For example, a time delay material such as glyceryl

monosterate or glyceryi distearate can be employed.
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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 carboxymethyicellulose,
methylcellulose, hydropropyl-methylceliulose, sodium alginate,
polyvinylpyrrolidone, gum tragacanth and gum acacia; dispersing or wetting agents
can be a naturally-occurring phosphatide, for example, lecithin, or cqndensation
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 preservétives, for example ethyl, or n-propyl p-hydroxybenzoate, one
or more coloring agents, one or ‘more flavoring agents, and one or more
sweetening agents, such as sucrose or saccharin.

Oily suspensions can be formulated by suspending thé 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

aqueous suspension by the addition of water provide the active ingredient'in
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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 injectable solution or susperision in a non-toxic
parentally acceptable 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
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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. Thé 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 dependiné 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 depénds 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.

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
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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 PI3K 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:1-1408, or a dsRNA thereof.

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 PI3K. Thus, the
small nucleic acid molecules described herein are useful, for example, in providing
compositions to prevent, inhibit, or reduce diabetes and cancers, including but not
limited to, brain, esophageal, bladder, cervical, breast, lung, prostate, stomach,
colorectal, pancreatic, head and neck, thyroid, kidney, or ovarian cancer, or
melanoma, muitiple myeloma, lymphoma, leukemia, glioma, or glioblastoma and/or
other disease states, conditions, or traits associated with PI3K gene expression or
activity in a subject or organism.

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 PI3K 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
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the expression levels of PI3K, the subject having the disease or condition, or
suspected of being at risk for developing the disease or condition, can be treated,
or othér 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 PI3K
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:1-1408. In one embodiment,
the present invention provides methods for treating or preventing diseases
associated with expression of PI3K comprising administerihg 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:1-1408, such that the expression
of PI3K in the subject is down-regulated, thereby treatihg or preventing the disease
associéted with expression of PI3K. In this regard, the compositions of the
invention can be used in methods for treating or preventing diabetes and cancer,
including but not limited to, brain, esophageal, bladder, cervical, breast, lung,
prostate, stomach, colorectal, pancreatic, head and neck, thyroid, kivvclhey, or
ovarian cancer, or melanoma, multiple myeloma, lymphoma, leukemia, glioma, or
glioblastoma, or other conditions which respond to the modulation of PI3K
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 diabetes and cancer, including but not limited to,
brain, esophageal, bladder, cervical, breast, lung, prostate, stomach, colorectal,
pancreatic, head and neck, thyroid, kidney, or ovarian cancer, or melanoma,
multiple myeloma, lymphoma, leukemia, glioma, or glioblastoma or other

conditions which respond to the modulation of PI3K expression.
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Contemplated useful secondary or adjunctive therapeutic agents in
this. context include, but are not limited to: chemotherapeutic agents include
alkylating agents such as thiotepa and CYTOXAN® cyclosphosphamide; alkyl
sulfonates such as busulfan, improsulfan and piposulfan; aziridines such as
benzodopa, carboquone, meturédopa, and uredopa; ethylenimines and
methylamelamines including altretamine, triethylenemelamine,
trietylenephosphoramide, triethiylenethiophosphoramide and
trimethylolomelamine; acetogenins (especially bullatacin and bullatacinone); delta-
9-tetrahydrocannabinol (dronabinol, MARINOL®); beta-lapachone; lapachol;
colchicines; betulinic acid; a camptothecin (including the synthetic analogue
tobotecan (HYCAMTIN®), CPT-11 (irinotecan, CAMPTOSAR®),
acetylcamptothecin, scopolectin, and 9-aminocamptothecin); bryostatin; callystatin;
CC-1065 (including its adozelesin, carzelesin and bizelesin synthetic aha|ogues);
podophyliotoxin; podophyllinic acid; teniposide; cryptophycins (particularly
cryptophycin 1 and cryptophycin 8); dolastatin; duocarmycin (including the
synthetic analogues, KW-2189 and CB1-TM1); eleutherobin; pancratistatin;v a
sarcodictyin; spongistatin; nitrogen mustards such as chlorambucil,
chlornaphazine, cholophosphamide, estramustine, ifosfanide, mechlorethamine,
mechlorethamine oxide hydrochloride, melphalan, novembichin, phenesterine,
prednimustine, trofosfamide, uracil mustard; nitrosureas such as carmustine,
chlorozotocin, fotemustine, lomustine, nimustine, and ranimnustine; antibiotics
such as the enediyne antibiotics (e. g., calicheamicin, especially calicheamicin
gammal and calicheamicin omegal1 (see, e.g., Agnew, Chem Intl. Ed. Engl., 33:
183-186 (1994)); dynemicin, including dynemicin A; an esperamicin; as well as
neocarzinostatin chromophore and related chromoprotein enediyne antiobiotic
chromophores), aclacinomysins, actinomycin, authramycin, azaserine, bleomycins,
cactinomycin, carabicin, carminomycin, carzinophilin, chromomycinis,
dactinomycin, daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, doxorubicin
(including ADRIAMY CIN®, morpholino-doxorubicin, cyanomorpholino-doxorubicin,

2-pyrrolino-doxorubicin, doxorubicin HCI liposome injection (DOXIL®) and
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deoxydoxorubicin), epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins
such as mitomycin C, mycophenolic acid, nogalamycin, olivomycins, peplomycin,
potfiromycin, puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin,
tubercidin, ubenimex, zinostatin, zorubicin; anti-metabolites such as methotrexate,
gemcitabine (GEMZAR®), tegafur (UFTORAL®), capecitabine (XELODA®), an
epothilone, and 5-fluorouracil (5-FU); folic acid analogues such as denopterin,
methotrexate, pteropterin, trimetrexate; purine analogs such as fludarabine, 6-
mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as ancitabine,
azacitidine, 6-azauridine, carmofur, cytarabine, dideoxyuridine, doxifluridine,
enocitabine, floxuridine; ahdrogens such as calusterone, dromostanolone
propionate, epitiostanol, mepitiostane, testolactone; anti-adrenals such as
aminoglutethimide, mitotane, trilostane; folic acid replenisher such as frolinic acid;
aceglatone; aldophosphamide glycoside; aminolevulinic acid; eniluracil; amsacrine;
bestrabucil; bisantrene; edatraxate; defofamine; demecolcine; diaziquone;
elfornithine; elliptinium acetate; etoglucid; gallium nitrate; hydroxyurea; lentinan;
lonidainine; maytansinoids such as maytansine and ansamitocins; mitoguazone;
mitoxantrohe; mopidanmol; nitraerine; pentostatin; phenamet; pirarubicin;
losoxantrone; 2-ethylhydrazide; procarbazine; PSK® polysaccharide complex (JHS
Natural Products, Eugene, Oreg.); razoxane; rhizoxin; sizofiran; spirogermanium;
tenuazonic acid; triaziquone; 2,2',2"-trichlorotriethylamine; trichothecenes
(especially T-2 toxin, verracurin A, roridin A and anguidine); urethan; vindesine
(ELDISINE®, FILDESIN®); dacarbazine; mannomustine; mitobronitol; mitolactol;
pipobroman; gacytosine; arabinoside ("Ara-C"); thiotepa; taxoids, e.g., paclitaxel
(TAXOL®), albumin-engineered nanoparticle formulation of paclitaxel
(ABRAXANE™), and doxetaxel (TAXOTERE®); chloranbucil, 6-thioguanine;
mercaptopurine; methotrexate; platinum analogs such as cisplatin and carboplatin;
vinblastine (VELBAN®); platinum; etoposide (VP-16); ifosfamide; mitoxantrone;
vincristine (ONCOVIN®); oxaliplatin; leucovovin; vinorelbine (NAVELBINE®);
novantrone; edatrexate; daunomycin;, amninopterin; cyclosporine, sirolimus,

rapamycin, rapalogs, ibandronate; topoisomerase inhibitor RFS 2000;
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difluorometihylornithine (DMFO); retinoids such as retinoic acid; CHOP, an
abbreviation for a combined therapy of cyclophosphamide, doxorubicin, vincristine,
and prednisolone, and FOLFOX, an abbreviation for a treatment regimen with
oxaliplatin (ELOXATIN™) combined with 5-FU, leucovovin; anti-estrogens and
selective estrogen receptor modulators (SERMs), including, for example,
tamoxifen (including NOLVADEX® tamoxifen), raloxifene (EVISTA®), droloxifene,
4-hydroxytamoxifen, trioxifene, keoxifene, LY 117018, onapristone, and toremifene
(FARESTON®), anti-progesterones; estrogen receptor down-regulators (ERDs);
estrogen receptor antagonists such as fulvestrant (FASLODEX®); agents that
function to suppress or shut down the ovaries, for example, leutinizing hormone-
releasing hormone (LHRH) agonists such as leuprolide acetate (LUPRON® and
ELIGARD®), goserelin acetate, buserelin acetate and tripterelin; other anti-
androgens such as flutamide, nilutamide and bicalutamide; and aromatase
inhibitors that inhibit the enzyme aromatase, which regulates estrogen production
in the adrenal glands, such as, for example, 4(5)-imidazoles, aminoglutethimide,
megestrol acetate (MEGASE®), exemestane (AROMASIN®), formestanie,
fadrozole, vorozole (RIVISOR®), letrozole (FEMARA®), and anastrozole
(ARIMIDEX®); bisphosphonates such as clodronate (for example, BONEFOS® or
OSTAC®), etidronate (DIDROCAL®), NE-58095, zoledronic acid/zoledronate
(ZOMETA®), alendronate (FOSAMAX®), pamidronate (AREDIA®), tiludronate
(SKELID®), or risedronate (ACTONEL®); troxacitabine (a 1,3-dioxolane
nucleoside cytosine analog); aptamers, described for example in U.S. Patent No.
6,344,321, which is herein incorporated by reference in its entirety; anti HGF
monoclonal antibodies (e.g., AV299 from Aveo, AMG102, from Amgen); truncated
mTOR variants (e.g., CGEN241 from Compugen); protein kinase inhibitors that
block mTOR induced pathways (e.g., ARQ197 from Arqule, XL880 from Exelexis,
SGX523 from SGX Pharmaceuticals, MP4.70 from Supergen, PF2341066 from
Pfizer); vaccines such as THERATOPE® vaccine and gene therapy vaccines, for
example, ALLOVECTIN® vaccine, LEUVECTIN® vaccine, and VAXID® vaccine;
topoisomerase 1 inhibitor (e.g., LURTOTECAN®); rmRH (e.g., ABARELIX®);
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lapatinib ditosylate (an ErbB-2 and EGFR dual tyrosine kinase small-molecule
inhibitor also known as GWS572016); COX-2 inhibitors such as celecoxib
(CELEBREX®, 4-(5-(4-methylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl)
benzenesulfonamide; and pharmaceutically acceptable salts, acids or derivatives
of any of the above.

Other compounds that are effective in treating cancer are known in
the art and described herein that are suitable for use with the compositions and
methods of the present invention are described, for example, in the "Physicians
Desk Reference, 62" edition. Oradell, NJ: Medical Economics Co., 2008 ",
Goodman & Gilman's "The Pharmacological Basis of Therapeutics, Eleventh
Editioh. McGraw-Hill, 2005", "Remington: The Science and Practice of Pharmacy,
20th Edition. Baltimore, MD: Lippincott Williams & Wilkins, 2000.", and "The Merék
Index, Fourteenth Edition. Whitehouse Station, NJ: Merck Research Laboratories,
2006", incorporated herein by reference in relevant parts.

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 PI3K as described herein.

Thus, the present invention 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 siRNA polynucleotide for a time and under conditions sufficient to interfere with

expression of the polypeptide.
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EXAMPLES

EXAMPLE 1
SIRNA CANDIDATE MOLECULES FOR THE INHIBITION OF PI3K EXPRESSION

P13K siRNA molecules were designed using a tested algorithm and
using the publicly available sequences for PI3Ks as set forth in SEQ ID NOs:1409,
1411, 1413, 1415, 1417, 1419, 1421, 1423, 1425, 1427, and 1429. Corresponding
amino acid sequences are provided in SEQ ID NOs:1410, 1412, 1414, 1416, 1418,
1420, 1422, 1424, 1426, 1428 and 1430, respectively.

PI13K candidate siRNA molecules are shown in Tables 2-10 and are
set forth in SEQ ID NOs:1-1408.
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Table 2. List of 25-mer siRNA for human PIK3ca (NM_006218; SEQ ID
NOs:1419 and 1420)

Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
-78 5'-r(GCGUUUCUGCUUUGGGACAACCAUA) -3’ | 1
3'- (CGCAAAGACGAAACCCUGUUGGUAUI-5 |2
-71 5'-r(UGCUUUGGGACAACCAUACAUCUAA) -3* |3
3'- (ACGAAACCCUGUUGGUAUGUAGAUU)-5 | 4
-70 5'-r(GCUUUGGGACAACCAUACAUCUAAU) -3' |5
3'- (CGAAACCCUGUUGGUAUGUAGAUUA)-S |6
-7 5'-r(CAGAACAAUGCCUCCACGACCAUCA) -3 7
.3'- (GUCUUGUUACGGAGGUGCUGGUAGU)r-5' | 8
51 5'-r(CCCAAGAAUCCUAGUAGAAUGUUUA) -3" |9
3- (GGGUUCUUAGGAUCAUCUUACAAAU)r-5' 10
102 5'-r(AGAAUGCCUCCGUGAGGCUACAUUA) -3 | 11
3'- (UWCUUACGGAGGCACUCCGAUGUAAUX-5 |12
103 5'-r(GAAUGCCUCCGUGAGGCUACAUUAA) -3° [ 13
3'- (CUUACGGAGGCACUCCGAUGUAAUUI-S | 14
104 5'-r(AAUGCCUCCGUGAGGCUACAUUAAU) -3° |15
3'- (WUACGGAGGCACUCCGAUGUAAUUA)-5' [ 16
209 5-r(UCGUAAGUGUUACUCAAGAAGCAGA) -3 | 17
' '3'- (AGCAUUCACAAUGAGUUCUUCGUCU)r-5' | 18
257 5'-r(CAAGACGACUUUGUGACCUUCGGCU) -3* [ 19
3'- (GUUCUGCUGAAACACUGGAAGCCGA)-5' |20
363 5'-r(CGGCAUGCCAGUGUGUGAAUUUGAU) -3’ | 21
3'- (GCCGUACGGUCACACACUUAAACUA)-5" |22
365 5'-r(GCAUGCCAGUGUGUGAAUUUGAUAU) -3 | 23
3'- (CGUACGGUCACACACUUAAACUAUA-5 24
369 5'-r(GCCAGUGUGUGAAUUUGAUAUGGUU) -3' | 25
3'- (CGGUCACACACUUAAACUAUACCAA)r-5 26
370 5'-r(CCAGUGUGUGAAUUUGAUAUGGUUA) -3' | 27
3'- (GGUCACACACUUAAACUAUACCAAU)-5 28
462 5'-r(GGACCUCAAUUCACCUCAUAGUAGA) -3° |29
3'- (CCUGGAGUUAAGUGGAGUAUCAUCU-5 |30
485 5'-r(GAGCAAUGUAUGUCUAUCCUCCAAA) -3° | 31
3'- (CUCGUUACAUACAGAUAGGAGGUUU-5' | 32
504 5'-r(UCCAAAUGUAGAAUCUUCACCAGAA) -3 33
3'- (AGGUUUACAUCUUAGAAGUGGUCUU)-5 | 34
565 5'-r(CAAAUAAUAGUGGUGAUCUGGGUAA) -3' [ 35
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Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
3'- (GUUUAUUAUCACCACUAGACCCAUUI-5 | 36
606 5'-r(UGACAAGCAGAAGUAUACUCUGAAA) -3’ 37
3’- (ACUGUUCGUCUUCAUAUGAGACUUU)-5 | 38
687 5'-r(UCGAAGUAUGUUGCUAUCCUCUGAA) -3' | 39
3'- (A\GCUUCAUACAACGAUAGGAGACUU-5" |40
690 5’-r(AAGUAUGUUGCUAUCCUCUGAACAA) -3 41
3’- (VWUCAUACAACGAUAGGAGACUUGUU)-5" |42
695 5-r(UGUUGCUAUCCUCUGAACAACUAAA) -3° |43
3'- (A\CAACGAUAGGAGACUUGUUGAUUWU-5' | 44
766 5'-r(GGAUGUGAUGAAUACUUCCUAGAAA) -3' | 45
3'- (CCUACACUACUUAUGAAGGAUCUUU-S' | 46
830 5-r(UAAUGCUUGGGAGGAUGCCCAAUUU) -3’ | 47
3'- (AUUACGAACCCUCCUACGGGUUAAA-5' |48
833 5-r(UGCUUGGGAGGAUGCCCAAUUUGAU) -3’ | 49
3'- (ACGAACCCUCCUACGGGUUAAACUA-5" | 50
838 5’-r(GGGAGGAUGCCCAAUUUGAUGUUGA) -3' | 51
3'- (CCCUCCUACGGGUUAAACUACAACUI-5’ | 52
913 5'-r(CCAUCUUAUUCCAGACGCAUUUCCA) -3' [ 53
3'- (GGUAGAAUAAGGUCUGCGUAAAGGU)-5' | 54
924 5'-r(CAGACGCAUUUCCACAGCUACACCA) -3 |55
3'- (GUCUGCGUAAAGGUGUCGAUGUGGU)-5 | 56
928 5'-r(CGCAUUUCCACAGCUACACCAUAUA) -3’ 57
3'- (GCGUAAAGGUGUCGAUGUGGUAUAU-5' | 58
1022 5'-r(CAACCUACGUGAAUGUAAAUAUUCG) -3’ 59
3’- (GUUGGAUGCACUUACAUUUAUAAGC)r-5' | 60
1077 5'-r(UAUCUACCAUGGAGGAGAACCCUUA) -3' | 61
3'- (AUAGAUGGUACCUCCUCUUGGGAAUX-5" | 62
1090 5'-r(GGAGAACCCUUAUGUGACAAUGUGA) -3° [ 63
3'- (CCUCUUGGGAAUACACUGUUACACU)-5' | 64
1091 5'-r(GAGAACCCUUAUGUGACAAUGUGAA) -3 | 65
3'- (CUCUUGGGAAUACACUGUUACACUUI-5 | 66
1097 5'-r(CCUUAUGUGACAAUGUGAACACUCA) -3' |67
3'- (GGAAUACACUGUUACACUUGUGAGU)-5' | 68
1116 5'-r(CACUCAAAGAGUACCUUGUUCCAAU) -3° |69
3'- (GUGAGUUUCUCAUGGAACAAGGUUA)-S |70
1141 5-r(CCCAGGUGGAAUGAAUGGCUGAAUU) -3' | 71
3'- (GGGUCCACCUUACUUACCGACUUAA)-5 |72
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siRNA sequence (sense strand/antisense strand)

Start SEQ ID
Position NO:
1142 5-r(CCAGGUGGAAUGAAUGGCUGAAUUA) -3° | 73
3’- (GGUCCACCUUACUUACCGACUUAAU-S | 74
1143 5'-r(CAGGUGGAAUGAAUGGCUGAAUUAU) -3 | 75
3'- (GUCCACCUUACUUACCGACUUAAUA)r-5' 76
1145 5'-r(GGUGGAAUGAAUGGCUGAAUUAUGA) -3' | 77
3'- (CCACCUUACUUACCGACUUAAUACU)r-5' 78
1340 5'-r(CAGUACCUCAUGGAUUAGAAGAUUU) -3° | 79
3’- (GUCAUGGAGUACCUAAUCUUCUAAA)-5 | 80
1345 5'-r(CCUCAUGGAUUAGAAGAUUUGCUGA) -3° | 81
3'- (GGAGUACCUAAUCUUCUAAACGACU)-5" |82
1352 5'-r(GAUUAGAAGAUUUGCUGAACCCUAU) -3' | 83
3'- (CUAAUCUUCUAAACGACUUGGGAUA)-5' | 84
1368 5'-r(GAACCCUAUUGGUGUUACUGGAUCA) -3' [ 85
3'- (CUUGGGAUAACCACAAUGACCUAGU)-S' | 86
1371 5’-r(CCCUAUUGGUGUUACU.GGAUCAAAU) -3 | 87
3'- (GGGAUAACCACAAUGACCUAGUUUA-5' | 88
1420 5'-r(GAGUUGGAGUUUGACUGGUUCAGCA) -3' | 89
3’- (CUCAACCUCAAACUGACCAAGUCGU)r-& 90
1433 1.5-ACUGGUUCAGCAGUGUGGUAAAGUU) -3' | 91
3'- (UGACCAAGUCGUCACACCAUUUCAA)-S [ 92
1442 5'-r(GCAGUGUGGUAAAGUUCCCAGAUAU) -3° [ 93
3'- (CGUCACACCAUUUCAAGGGUCUAUA)-S' | 94
1466 5'-r(UGUCAGUGAUUGAAGAGCAUGCCAA) -3° | 95
3’- (ACAGUCACUAACUUCUCGUACGGUU-5' | 96
1482 5’-r(GCAUGCCAAUUGGUCUGUAUCCCGA) -3' [ 97
3'- (CGUACGGUUAACCAGACAUAGGGCU)-5' |98
2220 5'-r(GCGACCAGAUUUCAUGGAUGCUCUA) -3' |99
3'- (CGCUGGUCUAAAGUACCUACGAGAU)-S 1100
2222 5'-r(GACCAGAUUUCAUGGAUGCUCUACA) -30 | 101
3'- (CUGGUCUAAAGUACCUACGAGAUGU)r-5' 1102
2232 5'-r(CAUGGAUGCUCUACAGGGCUUUCUG) -3 {103
3'- (GUACCUACGAGAUGUCCCGAAAGAC)r-5' 1104
2302 5'-r(GAGUGUCGAAUUAUGUCCUCUGCAA) -3° | 105
3'- (CUCACAGCUUAAUACAGGAGACGUU)-S' | 106
2347 5'-r(UGGGAGAACCCAGACAUCAUGUCAG) -3 | 107
3'- (A\CCCUCUUGGGUCUGUAGUACAGUC)r-5' | 108
2357 5'-r(CAGACAUCAUGUCAGAGUUACUGUU) -3° | 109
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Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
3'- (GUCUGUAGUACAGUCUCAAUGACAA)I-5 1110
2421 5'-r(ACGGCAAGAUAUGCUAACACUUCAA) -3 111
3'- (UGCCGUUCUAUACGAUUGUGAAGUU-5 | 112
2422 5'-r(CGGCAAGAUAUGCUAACACUUCAAA) -3' 113
3’- (GCCGUUCUAUACGAUUGUGAAGUUU)-5" 114
2478 5-r(UCAAGGUCUUGAUCUUCGAAUGUUA) -3 | 115
3'- (AGUUCCAGAACUAGAAGCUUACAAU)r-5' 116
2490 5'-r(UCUUCGAAUGUUACCUUAUGGUUGU) -3° [ 117
3'- (AGAAGCUUACAAUGGAAUACCAACA)r-5' 118
2509 5'-r(GGUUGUCUGUCAAUCGGUGACUGUG) -3' [ 119
3'- (CCAACAGACAGUUAGCCACUGACAC)r-8' 120
2519 5'-r(CAAUCGGUGACUGUGUGGGACUUAU) -3° | 121
3- (GUUAGCCACUGACACACCCUGAAUA)-5’ 122
2522 5'-r(UCGGUGACUGUGUGGGACUUAUUGA) -3’ | 123
3'- (A\GCCACUGACACACCCUGAAUAACU)r-&’ 124
2534 5'-r(UGGGACUUAUUGAGGUGGUGCGAAA) -3’ [ 125
3'- (ACCCUGAAUAACUCCACCACGCUUU)r-5' 126
2535 5'-r(GGGACUUAUUGAGGUGGUGCGAAAU) -3' 1127
3'- (CCCUGAAUAACUCCACCACGCUUUA)r-5' 128
2545 5’-r(GAGGUGGUGCGAAAUUCUCACACUA) -3° [ 129
3'- (CUCCACCACGCUUUAAGAGUGUGAU)-5 [ 130
2547 5-r(GGUGGUGCGAAAUUCUCACACUAUU) -3 | 131
3'- (CCACCACGCUUUAAGAGUGUGAUAA)-5" [ 132
2594 5-r(GCUUGAAAGGUGCACUGCAGUUCAA) -3 | 133
3'- (CGAACUUUCCACGUGACGUCAAGUU)-S' | 134
2627 5'-r(CACUACAUCAGUGGCUCAAAGACAA) -3’ 135
3’- (GUGAUGUAGUCACCGAGUUUCUGUU)r-5' | 136
2668 5'-r(UAUGAUGCAGCCAUUGACCUGUUUA) -3° [ 137
3'- (AUACUACGUCGGUAACUGGACAAAU)r-5’ 138
2707 5'-r(GGAUACUGUGUAGCUACCUUCAUUU) -3' | 139
3'- (CCUAUGACACAUCGAUGGAAGUAAA)-5 140
2841 5'-r(UAAACGAGAACGUGUGCCAUUUGUU) -3' | 141
3'- (AUUUGCUCUUGCACACGGUAAACAA)I-5’ 142
2974 5'-r(CGACAGCAUGCCAAUCUCUUCAUAA) -3' 143
3'- (GCUGUCGUACGGUUAGAGAAGUAUU-S' [ 144
2975 5'-r(GACAGCAUGCCAAUCUCUUCAUAAA) -3’ 145
3'- (CUGUCGUACGGUUAGAGAAGUAUUUI-5" | 146
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Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
3014 5'-r(UGCUUGGCUCUGGAAUGCCAGAACU) -3’ | 147
-3'- (ACGAACCGAGACCUUACGGUCUUGA)-5' | 148
3018 5-r(UGGCUCUGGAAUGCCAGAACUACAA) -3' | 149
3'- (ACCGAGACCUUACGGUCUUGAUGUWr-5' | 150
3059 5'-r(CAUACAUUCGAAAGACCCUAGCCUU) -3’ 151
3'- (GUAUGUAAGCUUUCUGGGAUCGGAAY-5" | 152
3098 5'-r(AAGAGGCUUUGGAGUAUUUCAUGAA) -3' | 153
3'- (WUCUCCGAAACCUCAUAAAGUACUU)r-5 154
3099 5'-r(AGAGGCUUUGGAGUAUUUCAUGAAA) -3° | 155
3'- (UCUCCGAAACCUCAUAAAGUACUUU)r-5 156
3164 5'-r(UGGAUUGGAUCUUCCACACAAUUAA) -3’ | 157
‘ 3'- (A\CCUAACCUAGAAGGUGUGUUAAUU-5" | 158
3165 5-r(GGAUUGGAUCUUCCACACAAUUAAA) -3’ 159
3’- (CCUAACCUAGAAGGUGUGUUAAUUUN-5" | 160
3176 5'-r(UCCACACAAUUAAACAGCAUGCAUU) -3 161
3'- (AGGUGUGUUAAUUUGUCGUACGUAA)-5 | 162
3267 5'-r(UCAGCAGGCAAAGACCGAUUGCAUA) -3° [ 163
3'- (AGUCGUCCGUUUCUGGCUAACGUAU-5' | 164
3271 5'-r(CAGGCAAAGACCGAUUGCAUAGGAA) -3' | 165
3’- (GUCCGUUUCUGGCUAACGUAUCCUUI-5" | 166
3272 5'-r(AGGCAAAGACCGAUUGCAUAGGAAU) -3' | 167
3'- (UCCGUUUCUGGCUAACGUAUCCUUA)-5 | 168
3298 5'-r(GCACAAUCCAUGAACAGCAUUAGAA) -3’ 169
3'- (CGUGUUAGGUACUUGUCGUAAUCUU-5" | 170
3299 5'-r(CACAAUCCAUGAACAGCAUUAGAAU) -3’ 171
3’- (GUGUUAGGUACUUGUCGUAAUCUUA-5 | 172
3364 5'-r(AAUGUAAACGCAAACAGGGUUUGAU) -3 173
3'- (WUACAUUUGCGUUUGUCCCAAACUA)-5' | 174
3373 5’-r(GCAAACAGGGUUUGAUAGCACUUAA) -3' | 175
3’- (CGUUUGUCCCAAACUAUCGUGAAUUI-5" | 176
3374 5’-r(CAAACAGGGUUUGAUAGCACUUAAA) -3’ 177
3'- (GUUUGUCCCAAACUAUCGUGAAUUUN-5" | 178
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Table 3. List of 25-mer siRNA for human P1K3cb (NM_006219; SEQ ID NOs: 1421

and 1422)
Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
9 5'-r(CAGUUUCAUAAUGCCUCCUGCUAUG) -3 | 179
3’- (GUCAAAGUAUUACGGAGGACGAUAC)-5' 1180
25 5-r(CCUGCUAUGGCAGACAUCCUUGACA) -3 | 181
3'- (GGACGAUACCGUCUGUAGGAACUGU)r-5' | 182
48 5-r(CAUCUGGGCGGUGGAUUCACAGAUA) -3' [ 183
3'- (GUAGACCCGCCACCUAAGUGUCUAU-5' | 184
57 5'-r(GGUGGAUUCACAGAUAGCAUCUGAU) -3' | 185
3'- (CCACCUAAGUGUCUAUCGUAGACUA-5' | 186
110 5-r(CCACUGGGAUUUAUAUCCAGUUGGA) -3' | 187
3'- (GGUGACCCUAAAUAUAGGUCAACCU)-5' | 188
135 5'-r(GGUACCUCGGGAAGCUACCAUUUCU) -3’ | 189
3'- (CCAUGGAGCCCUUCGAUGGUAAAGA)-5" | 190
139 5’-r(CCUCGGGAAGCUACCAUUUCUUAUA) -3° | 191
3'- (GGAGCCCUUCGAUGGUAAAGAAUAU-5' | 192
142 5-r(CGGGAAGCUACCAUUUCUUAUAUUA) -3' | 193
3'- (GCCCUUCGAUGGUAAAGAAUAUAAU-5 194
184 5'-r(CAAGUUCACAAUUACCCAAUGUUCA) -3’ 195
3'- (GUUCAAGUAUUAAUGGGUUACAAGU)-5 | 196
210 5'-r(CCUCCUUAUGGAUAUUGACUCCUAU) -3 [ 197
3'- (GGAGGAAUACCUAUAACUGAGGAUA)-5" | 198
225 5'-r(UGACUCCUAUAUGUUUGCAUGUGUG) -3' | 199
3'- (ACUGAGGAUAUACAAACGUACACAC)r-5 200
290 5'-r(GAAGACUCUGUGAUGUCAGACCUUU) -3 | 201
3'- (CUUCUGAGACACUACAGUCUGGAAA)-5" | 202
492 5'-r(GGGAUUGUCUUGGAUGGACUGGCUA) -3’ | 203
3’- (CCCUAACAGAACCUACCUGACCGAU-5" | 204
493 5'-r(GGAUUGUCUUGGAUGGACUGGCUAA) -3' | 205
3'- (CCUAACAGAACCUACCUGACCGAUUX-5" | 206
535 5'-r(GAGCAUGAACCAUCCAUCCCUGAAA) -3' | 207
3'- (CUCGUACUUGGUAGGUAGGGACUUWUr-5" | 208
582 5-r(GGGAAAGCUCAUCGUAGCUGUUCAU) -3' | 209
3'- (CCCUUUCGAGUAGCAUCGACAAGUAY-5 | 210
632 5'-r(GCUUUCAAGUGUCUCCUAAUAUGAA) -3° [ 211
3'- (CGAAAGUUCACAGAGGAUUAUACUU-5 [ 212
637 5'-r(CAAGUGUCUCCUAAUAUGAAUCCUA) -3° [ 213
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siRNA sequence (sense strand/antisense strand)

Start SEQ ID
Position NO:
3'- (GUUCACAGAGGAUUAUACUUAGGAU-5" | 214
727 5'-r(CCCUAUGAUUAUGUGUUGCAAGUCA) -3° | 215
3'- (GGGAUACUAAUACACAACGUUCAGU-5 | 216
728 5'-r(CCUAUGAUUAUGUGUUGCAAGUCAG) -3' | 217
3'- (GGAUACUAAUACACAACGUUCAGUC)r-5’ 218
781 5'-r(CAUCCACUAAUUCAGUUCCAGUAUA) -3’ 219
3- (GUAGGUGAUUAAGUCAAGGUCAUAU-5" | 220
793 5-r(CAGUUCCAGUAUAUCCGGAACUGUG) -3 [ 221
3- (GUCAAGGUCAUAUAGGCCUUGACAC)-5" | 222
879 5'-r(UGAACAAGAAAUGAUUGCCAUAGAG) -3’ 223
3'- (ACUUGUUCUUUACUAACGGUAUCUC)r-5' | 224
990 5’-r(CAACCCUUUCCAAAUUGUCUUGGUU) -3 | 225
3'- (GUUGGGAAAGGUUUAACAGAACCAA)-5 | 226
992 5'-r(ACCCUUUCCAAAUUGUCUUGGUUAA) -3 | 227
3'- (UGGGAAAGGUUUAACAGAACCAAUUN-5 | 228
999 5'-r(CCAAAUUGUCUUGGUUAAGGGAAAU) -3° | 229
3'- (GGUUUAACAGAACCAAUUCCCUUUA)r-5 230
1074 5-r(UCAUGGUACUGAGCUCCUGUGUAAA) -3 [ 231
3'- (AGUACCAUGACUCGAGGACACAUUU-5 | 232
1141 5-r(UGGAAUGAACCACUGGAAUUUGAUA) -3 | 233
3'- (ACCUUACUUGGUGACCUUAAACUAU-5" | 234
1176 5'-r(UGACUUACCAAGAAUGGCUCGAUUA) -3 | 235
3'- (ACUGAAUGGUUCUUACCGAGCUAAU-5" | 236
1177 5'-r(GACUUACCAAGAAUGGCUCGAUUAU) -3 | 237
3'- (CUGAAUGGUUCUUACCGAGCUAAUA)-5 | 238
1181 5'-r(UACCAAGAAUGGCUCGAUUAUGUUU) -3' | 239
3'- (AUGGUUCUUACCGAGCUAAUACAAA)-5' 240
1428 5'-r(GGGAACUGUUCAAACAAAUCCAUAU) -3’ 241
3'- (CCCUUGACAAGUUUGUUUAGGUAUA)-5 | 242
1499 5'-r(AACAACCUUAUUAUUACCCUCCCUU) -3’ 243
3- (UUGUUGGAAUAAUAAUGGGAGGGAA)-5' | 244
1503 5'-r(ACCUUAUUAUUACCCUCCCUUCGAU) -3' | 245
3'- (UGGAAUAAUAAUGGGAGGGAAGCUA)-5' | 246
1542 5-r(GGCAGCUGAGAUUGCAAGCAGUGAU) -3' | 247
3'- (CCGUCGACUCUAACGUUCGUCACUA)-5' | 248
1543 5-r(GCAGCUGAGAUUGCAAGCAGUGAUA) -3 | 249
3'- (CGUCGACUCUAACGUUCGUCACUAU-S5’ | 250
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Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO.
1550 5'-r(AGAUUGCAAGCAGUGAUAGUGCUAA) -3° | 251
3'- (UCUAACGUUCGUCACUAUCACGAUU)-5' | 252
1554 5-(UGCAAGCAGUGAUAGUGCUAAUGUG) -3' | 253
3'- (ACGUUCGUCACUAUCACGAUUACAC)r-5 | 254
1606 5'-r(CCUGUAUUGAAAGAAAUCUUGGACA) -3 | 255
3'- (GGACAUAACUUUCUUUAGAACCUGU)-5' | 256°
1616 5'-r(AAGAAAUCUUGGACAGGGAUCCCUU) -3 | 257
3’- (UWUCUUUAGAACCUGUCCCUAGGGAA)-5' | 258
1631 5’-r(GGGAUCCCUUGUCUCAACUGUGUGA) -3’ | 259
: 3'- (CCCUAGGGAACAGAGUUGACACACU)-5 | 260
1665 5'-r(GGAUCUUAUUUGGACUUUGCGACAA) -3 | 261
3'- (CCUAGAAUAAACCUGAAACGCUGUWU-5" | 262
1845 5'-r(AGACCAGUACGUUCGAGAAUAUGCU) -3° | 263
3'- (UCUGGUCAUGCAAGCUCUUAUACGA)r-5' | 264
1848 5'-(CCAGUACGUUCGAGAAUAUGCUGUA) -3 | 265
3'- (GGUCAUGCAAGCUCUUAUACGACAU)-5 | 266
1957 5'-r(GAUUGUGCCCUCUCUAGAUUCCUAU) -3° | 267
3’- (CUAACACGGGAGAGAUCUAAGGAUA)-5 | 268
1960 5'-r(UGUGCCCUCUCUAGAUUCCUAUUAG) -3° | 269
3'- (ACACGGGAGAGAUCUAAGGAUAAUC)-5' | 270
1963 5'-r(GCCCUCUCUAGAUUCCUAUUAGAAA) -3° | 271
3'- (CGGGAGAGAUCUAAGGAUAAUCUUU)-5" 272
1976 5'-r(UCCUAUUAGAAAGAGCACUUGGUAA) -3 1273
3'- (AGGAUAAUCUUUCUCGUGAACCAUU)-5" | 274
1977 5'-r(CCUAUUAGAAAGAGCACUUGGUAAU) -3' 1275
3'- (GGAUAAUCUUUCUCGUGAACCAUUA)-5 | 276
1991 5'-r(CACUUGGUAAUCGGAGGAUAGGGCA) -3' | 277
3'- (GUGAACCAUUAGCCUCCUAUCCCGU-5' | 278
1998 5'-r(UAAUCGGAGGAUAGGGCAGUUUCUA) -3 | 279
3’- (AUUAGCCUCCUAUCCCGUCAAAGAU)-5' | 280
1999 5'-r(AAUCGGAGGAUAGGGCAGUUUCUAU) -3' | 281
3'- (UWUAGCCUCCUAUCCCGUCAAAGAUA-5 | 282
2128 5'-r(UCUAAGCAGGUUGAAGCACUCAAUA) -3° | 283
3’- (AGAUUCGUCCAACUUCGUGAGUUAU)r-5" | 284
2134 5'-r(CAGGUUGAAGCACUCAAUAAGUUAA) -3' | 285
3'- (GUCCAACUUCGUGAGUUAUUCAAUU-5" | 286
2214 5'-r(GAAGGAGGCCAUGCAUACCUGUUUA) -3° | 287
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Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
3'- (CUUCCUCCGGUACGUAUGGACAAAU-5' | 288
2348 5’-r(UGAAGCCUUUGUGGCUGGUAUACAA) -3’ | 289
3'- (ACUUCGGAAACACCGACCAUAUGUWI-5 | 290
2349 5'-r(GAAGCCUUUGUGGCUGGUAUACAAU) -3' | 291
3’- (CUUCGGAAACACCGACCAUAUGUUAY-5 | 292
2353 5'-r(CCUUUGUGGCUGGUAUACAAUAACA) -3' | 293
3'- (GGAAACACCGACCAUAUGUUAUUGU)-5' | 294
2360 5-r(GGCUGGUAUACAAUAACAAGGUAUU) -3 | 295
3'- (CCGACCAUAUGUUAUUGUUCCAUAA)-5 | 296
2370 5'-r(CAAUAACAAGGUAUUUGGUGAGGAU) -3' | 297
' 3'- (GUUAUUGUUCCAUAAACCACUCCUA)r-5' 298
2376 5'-r(CAAGGUAUUUGGUGAGGAUUCAGUU) -3’ | 299
3'- (GUUCCAUAAACCACUCCUAAGUCAA)r-5' 300
2379 5'-r(GGUAUUUGGUGAGGAUUCAGUUGGA) -3’ | 301
3'- (CCAUAAACCACUCCUAAGUCAACCU)r-5’ 302
2431 5'-r(CGACAGGAUAUGUUGACACUCCAAA) -3° | 303
3’ -(GCUGUCCUAUACAACUGUGAGGUUU)r-5' | 304
2435 5-r(AGGAUAUGUUGACACUCCAAAUGUU) -3 | 305
3' -(UCCUAUACAACUGUGAGGUUUACAA)-5' | 306
2460 5'-r(GCGCUUGAUGGAUUUACUCUGGAAA) -3' | 307 -
3'- (CGCGAACUACCUAAAUGAGACCUUUr-5 | 308
2502 5'-r(UCGGAUGUUGCCUUAUGGCUGUUUA) -3 | 309
3'- (AGCCUACAACGGAAUACCGACAAAU)-5 310
2503 5’-r(CGGAUGUUGCCUUAUGGCUGUUUAG) -3’ | 311
3'- (GCCUACAACGGAAUACCGACAAAUC)r-5' 312
2534 5'-r(GAGAUCGCUCUGGCCUCAUUGAAGU) -3' [ 313
3'- (CUCUAGCGAGACCGGAGUAACUUCA-5 | 314
2550 5'-r(CAUUGAAGUUGUGAGCACCUCUGAA) -3° [ 315
3'- (GUAACUUCAACACACGUGGAGACUU-5' | 316
2621 5'-r(CAGCCUUCAACAAAGAUGCCCUUCU) -3 | 317
3'- (GUCGGAAGUUGUUUCUACGGGAAGA)-5' | 318
2624 5'-r(CCUUCAACAAAGAUGCCCUUCUGAA) -3' 319
3'- (GGAAGUUGUUUCUACGGGAAGACUU)-5" | 320
2752 5'-r(GGUGACAGACAUAGUGACAACAUCA) -3° | 321
3'- (CCACUGUCUGUAUCACUGUUGUAGU)r-5" | 322
3037 5'-r(CCUGAACUCACAUCAGUCAAAGAUA) -3’ 323
3'- (GGACUUGAGUGUAGUCAGUUUCUAUI-5 | 324
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Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
3064 5-r(CAGUAUCUUAAGGACUCUCUUGCAU) -3' | 325
3'- (GUCAUAGAAUUCCUGAGAGAACGUA)-5' | 326
3143 5'-r(CGCUCAGGGAAAGCUGGACUACUAA) -3' | 327
3'- (GCGAGUCCCUUUCGACCUGAUGAUU)r-5' | 328
3144 5’-r(GCUCAGGGAAAGCUGGACUACUAAA) -3' | 329
3'- (CGAGUCCCUUUCGACCUGAUGAUUW)r-5" | 330
3147 5'-r(CAGGGAAAGCUGGACUACUAAAGUG) -3' | 331
3'- (GUCCCUUUCGACCUGAUGAUUUCAC)-5' | 332
3149 5'-r(GGGAAAGCUGGACUACUAAAGUGAA) -3' | 333
3'- (CCCUUUCGACCUGAUGAUUUCACUWUI-5 | 334
3179 5'-r(UGGCCCACACAGUUCGGAAAGACUA) -3' | 335
3'- (A\CCGGGUGUGUCAAGCCUUUCUGAU)-5 | 336
3183 5'-r(CCACACAGUUCGGAAAGACUACAGA) -3’ 337
3'- (GGUGUGUCAAGCCUUUCUGAUGUCUr-5’ | 338
3184 5'-r(CACACAGUUCGGAAAGACUACAGAU) -3’ 339
3'- (GUGUGUCAAGCCUUUCUGAUGUCUA)-5" | 340
3188 5'-r(CAGUUCGGAAAGACUACAGAUCUUA) -3' | 341
3’- (GUCAAGCCUUUCUGAUGUCUAGAAU-5' | 342

Table 4 List of 25-mer siRNA for human PIK3cd (NM_005026; SEQ ID NOs: 1423

5 and 1424)

Start siRNA sequence (sense strand/antisense strand) [ SEQ ID

Position NO:

-118 5'-r(CGGGAUGACACUCAUUGAUUCUAAA) -3° [ 343

3'- (GCCCUACUGUGAGUAACUAAGAUUUI-S | 344

-112 5'-r(GACACUCAUUGAUUCUAAAGCAUCU) -3’ 345

: 3'- (CUGUGAGUAACUAAGAUUUCGUAGA)-5' | 346

-68 5'-r(GGGCUVUUGCUGGUCUUUCUUGGACU) -3' | 347

3'- (CCCGAAACGACCAGAAAGAACCUGA)r-5 348

-37 5'-r(GAGAGGACAACUGUCAUCUGGGAAG) -3’ | 349

3'- (CUCUCCUGUUGACAGUAGACCCUUC)r-5° | 350

-34 5'-r(AGGACAACUGUCAUCUGGGAAGUAA) -3' | 351

3'- (UCCUGUUGACAGUAGACCCUUCAUWUr-5' | 352

-33 5'-r(GGACAACUGUCAUCUGGGAAGUAAC) -3' | 353

3'- (CCUGUUGACAGUAGACCCUUCAUUG)r-5 | 354

-23 5'-r(CAUCUGGGAAGUAACAACGCAGGAU) -3' | 355
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Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
3'- (GUAGACCCUUCAUUGUUGCGUCCUA-5" | 356
36 5'-r(GACCAAGGAGGAGAAUCAGAGCGUU) -3 | 357
3'- (CUGGUUCCUCCUCUUAGUCUCGCAA)r-5" | 358
38 5'-r(CCAAGGAGGAGAAUCAGAGCGUUGU) -3' | 359
3'- (GGUUCCUCCUCUUAGUCUCGCAACA)-5 | 360
42 5 -r(GGAGGAGAAUCAGAGCGUUGUGGUU) -3’ | 361
3’- (CCUCCUCUUAGUCUCGCAACACCAA)-5' | 362
47 5'-r(AGAAUCAGAGCGUUGUGGUUGACUU) -3’ | 363
3'- (UCUUAGUCUCGCAACACCAACUGAA)r-5' 364
386 5'-r(ACUCCUUGUGCGACCCAGAAGUGAA) -3' | 365
3'- (UGAGGAACACGCUGGGUCUUCACUUr-5' [ 366
401 5'-r(CAGAAGUGAACGACUUUCGCGCCAA) -3' [ 367
3- (GUCUUCACUUGCUGAAAGCGCGGUU)r-5' [ 368
566 5'-r(CCCUUCUGGUCAACGUUAAGUUUGA) -3° [ 369
3'- (GGGAAGACCAGUUGCAAUUCAAACUI-5’ [ 370
728 5-r(UGAACGGCAGGCAUGAGUACCUGUA) -3’ | 371
3’- (A\CUUGCCGUCCGUACUCAUGGACAU)-5 | 372
729 5-r(GAACGGCAGGCAUGAGUACCUGUAU) -3 | 373
3'- (CUUGCCGUCCGUACUCAUGGACAUA-5 | 374
1120 5'-r(CGGCUGGAGUUCGACAUCAACAUCU) -3° [ 375
3'- (GCCGACCUCAAGCUGUAGUUGUAGA)r-5 | 376
1259 5-r(GGGCCAACCUCAUGCUGUUUGACUA) -3 | 377
3'- (CCCGGUUGGAGUACGACAAACUGAU)-5" | 378
1263 5'-r(CAACCUCAUGCUGUUUGACUACAAG) -3' [ 379
3'- (GUUGGAGUACGACAAACUGAUGUUC)r-5° | 380
1274 5'-r(UGUUUGACUACAAGGACCAGCUUAA) -3° | 381
3'- (ACAAACUGAUGUUCCUGGUCGAAUU)r-5' | 382
2246 5'-r(GCACCUUCAUGGACUCCAAGAUGAA) -3 [ 383
3'- (CGUGGAAGUACCUGAGGUUCUACUUr-5' | 384
2469 5'-r(CCUCAUUGAGGUGGUACUCCGUUCA) -3' | 385
3'- (GGAGUAACUCCACCAUGAGGCAAGU)r-5' [ 386
2494 5'-r(GACACCAUCGCCAACAUCCAACUCA) -3 387
3’- (CUGUGGUAGCGGUUGUAGGUUGAGU)r-5 | 388
2495 5'-r(ACACCAUCGCCAACAUCCAACUCAA) -3’ 389
3'- (UGUGGUAGCGGUUGUAGGUUGAGUWU)r-5' [ 390
2677 5'-r(GAUCGGCACAGCGACAACAUCAUGA) -3° | 391
3'- (CUAGCCGUGUCGCUGUUGUAGUACU)r-5" | 392
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Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
2687 5’-r(GCGACAACAUCAUGAUCCGAGAGAG) -3' | 393
3'- (CGCUGUUGUAGUACUAGGCUCUCUC)r-5° | 394
2709 5'-r(GAGUGGGCAGCUGUUCCACAUUGAU) -3' | 395
3'- (CUCACCCGUCGACAAGGUGUAACUA)-5" | 396
2791 5'-r(CCAUUCAUCCUCACCUACGACUUUG) -3 | 397
3'- (GGUAAGUAGGAGUGGAUGCUGAAAC)r-5 | 398
2801 5'-r(UCACCUACGACUUUGUCCAUGUGAU) -3 | 399
3'- (AGUGGAUGCUGAAACAGGUACACUA-5" | 400
2802 5'-r(CACCUACGACUUUGUCCAUGUGAUU) -3 | 401
3'- (GUGGAUGCUGAAACAGGUACACUAA-5' | 402
2804 5’-r(CCUACGACUUUGUCCAUGUGAUUCA) -3 | 403
3'- (GGAUGCUGAAACAGGUACACUAAGU)r-5' | 404
2807 5'-r(ACGACUUUGUCCAUGUGAUUCAGCA) -3 | 405
3'- (UGCUGAAACAGGUACACUAAGUCGU)r-5' | 406
3029 5'-r(AGGCACUGAAGCACUUCCGAGUGAA) -3 | 407
3'- (UCCGUGACUUCGUGAAGGCUCACUU)r-5" | 408
3035 5'-r(UGAAGCACUUCCGAGUGAAGUUUAA) -3° | 409
3’- (ACUUCGUGAAGGCUCACUUCAAAUUI-S | 410
3040 5-r(CACUUCCGAGUGAAGUUUAACGAAG) -3' | 411
3'- (GUGAAGGCUCACUUCAAAUUGCUUC)-5' | 412
3116 5'-r(CCAAAGACAACAGGCAGUAGUGGCU) -3° | 413
3’- (GGUUUCUGUUGUCCGUCAUCACCGA)r-5° | 414
3302 5'-r(AGGAGCUAAACAGCCAUAAACGGAA) -3 415
3'- (UCCUCGAUUUGUCGGUAUUUGCCUUr-5' | 416
3314 5'-r(GCCAUAAACGGAAACGCCUCCUUCA) -3° | 417
3'- (CGGUAUUUGCCUUUGCGGAGGAAGU)r-5' | 418
3647 5'-r(CAAGUGGGUCUUGGGUACGAGAAUU) -3’ | 419
3'- (GUUCACCCAGAACCCAUGCUCUUAA-5" | 420
3658 5'-r(UGGGUACGAGAAUUCCCUCAUCUUU) -3' | 421
3'- (ACCCAUGCUCUUAAGGGAGUAGAAA)-S | 422
3660 5'-r(GGUACGAGAAUUCCCUCAUCUUUCU) -3’ | 423
3'- (CCAUGCUCUUAAGGGAGUAGAAAGA)-5' | 424
3665 5'-r(GAGAAUUCCCUCAUCUUUCUCUACU) -3 | 425
3'- (CUCUUAAGGGAGUAGAAAGAGAUGA)r-5' | 426
3784 5'-r(UACGCUGGUCCUCAGGACGUGUUAA) -3' | 427
3'- (AUGCGACCAGGAGUCCUGCACAAUU-5' | 428
3790 5'-r(GGUCCUCAGGACGUGUUAAAGAGAU) -3 | 429
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Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
3'- (CCAGGAGUCCUGCACAAUUUCUCUA)-5" | 430

3801 5-r(CGUGUUAAAGAGAUCUGGGCCUCAU) -3 | 431

3'- (GCACAAUUUCUCUAGACCCGGAGUA)-5 - | 432
3861 5'-r(GGUCAGAAGCGAAUACUCUGCCAUU) -3’ | 433
3'- (CCAGUCUUCGCUUAUGAGACGGUAA)-S' | 434
4194 5'-r(CACUCUGCCAUUGUCUAAGCCACCU) -3 | 435
3'- (GUGAGACGGUAACAGAUUCGGUGGA)-5' | 436
4199 5'-r(UGCCAUUGUCUAAGCCACCUCUGAA) -3' | 437
3'- (ACGGUAACAGAUUCGGUGGAGACUU)-5' | 438
4200 5'-r(GCCAUUGUCUAAGCCACCUCUGAAA) -3' |439
3'- (CGGUAACAGAUUCGGUGGAGACUUU)r-5" | 440
4241 5'-r(GGAUGAGGCCAGAACUCUUCCAGAA) -3 | 441
3'- (CCUACUCCGGUCUUGAGAAGGUCUU)r-5' | 442
4263 | 5-r(GAACCAUCACCUUUGGGAACCUGCU) -3 | 443
| 3'- (CUUGGUAGUGGAAACCCUUGGACGA)r-5 | 444
4265 - 5-r(ACCAUCACCUUUGGGAACCUGCUGU) -3' [ 445
3'- (UGGUAGUGGAAACCCUUGGACGACA)r-5 | 446
4363 5'-r(UGAAAUGGUGCAGGCUUAGUCUUAA) -3’ | 447
3’- (ACUUUACCACGUCCGAAUCAGAAUU-5" | 448
4372 5'-r(GCAGGCUUAGUCUUAAGCCUCCAAA) -3° | 449
3'- (CGUCCGAAUCAGAAUUCGGAGGUUWU)-5 [ 450
4373 5'-r(CAGGCUUAGUCUUAAGCCUCCAAAQG) -3 [ 451
’ 3'- (GUCCGAAUCAGAAUUCGGAGGUUUC)-5' | 452
4393 5'-r(CAAAGGCCUGGAUUUGAGCAGCUUU) -3' | 453
3'- (GUUUCCGGACCUAAACUCGUCGAAA)-5" | 454
4397 5'-r(GGCCUGGAUUUGAGCAGCUUUAGAA) -3' | 455
3'- (CCGGACCUAAACUCGUCGAAAUCUU)-5 | 456
4398 5'-r(GCCUGGAUUUGAGCAGCUUUAGAAA) -3' | 457
3'- (CGGACCUAAACUCGUCGAAAUCUUUN-5 | 458
4408 5’-r(GAGCAGCUUUAGAAAUGCAGGUUCU) -3' | 459
3'- (CUCGUCGAAAUCUUUACGUCCAAGA)r-5' [ 460
4498 5'-r(GCAGCCCACAGGUGAUCCUAACAUA) -3' | 461
3'- (CGUCGGGUGUCCACUAGGAUUGUAU)-5' | 462
4499 5'-r(CAGCCCACAGGUGAUCCUAACAUAU) -3' | 463
3'- (GUCGGGUGUCCACUAGGAUUGUAUA)-5' | 464
4501 5'-r(GCCCACAGGUGAUCCUAACAUAUCA) -3' | 465
3'- (CGGGUGUCCACUAGGAUUGUAUAGU)r-5' | 466
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Position NO:
4621 5-r(CAGGUGCCAGCUCUGUUCUGAUUCA) -3' | 467
3’- (GUCCACGGUCGAGACAAGACUAAGU)-5 | 468

4855 5'-r(GAAAGCCGUGCGUGCGCGUUAUUUA) -3' | 469
3'- (CUUUCGGCACGCACGCGCAAUAAAU-5" | 470
4856 5-r(AAAGCCGUGCGUGCGCGUUAUUUAU) -3’ | 471
3- (UUUCGGCACGCACGCGCAAUAAAUA)r-S’ 472

4857 5-r(AAGCCGUGCGUGCGCGUUAUUUAUU) -3’ | 473
3’- (UUCGGCACGCACGCGCAAUAAAUAA)-S [ 474

4859 5'-r(GCCGUGCGUGCGCGUUAUUUAUUUA) -3' | 475
' 3'- (CGGCACGCACGCGCAAUAAAUAAAUN-S | 476
4860 5'-r(CCGUGCGUGCGCGUUAUUUAUUUAA) -3 | 477
3'- (GGCACGCACGCGCAAUAAAUAAAUUN-5' | 478

4871 5'-r(CGUUAUUUAUUUAAGUGCGCCUGUG) -3 [ 479
' 3’- (GCAAUAAAUAAAUUCACGCGGACAC)r-5' 480
4912 5'-r(CACACUUUGCAAAGCCACAGCGUUU) -3 | 481
3'- (GUGUGAAACGUUUCGGUGUCGCAAA)r-5" | 482

4974 5'-r(CCUUGAAAUGAGAAGUAAAGGCAGA) -3° | 483
3'- (GGAACUUUACUCUUCAUUUCCGUCU)r-5' [ 484

5049 5-r(AAGAAACAAGGGAGUGUAGGUUUAA) -3 | 485
3- (WUCUUUGUUCCCUCACAUCCAAAUU-5' | 486

5050 5'-r(AGAAACAAGGGAGUGUAGGUUUAAA) -3 | 487
3'- (UCUUUGUUCCCUCACAUCCAAAUUU)-S' | 488

5106 5'-r(CGGCUGGAGUUAGUUAGAACCAGAA) -3’ | 489
3’- (GCCGACCUCAAUCAAUCAAGGUCUU)-5' | 490
5111 5'-r(GGAGUUAGUUAGAACCAGAACUUUA) -3 | 491
3’- (CCUCAAUCAAUCAAGGUCUUGAAAU)I-S’ 492

5128 5'-r(GAACUUUAUUGUAGCGGAUACACUU) -3' | 493
3'- (CUUGAAAUAACAUCGCCUAUGUGAA)-5 | 494
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Table 5. List of 25-mer siRNA for human PiK3cg ( NM_002649; SEQ ID NOs:
1429 and 1430) ’

Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
-129 5'-r(GGCAGCCAGGCUUCAUAUUCCUACA) -3’ | 495
3'- (CCGUCGGUCCGAAGUAUAAGGAUGU)r-5' | 496
-127 5'-r(CAGCCAGGCUUCAUAUUCCUACAAG) -3' | 497
3'- (GUCGGUCCGAAGUAUAAGGAUGUUC)r-5" | 498
-123 5-r(CAGGCUUCAUAUUCCUACAAGUGCA) -3' {499
3'- (GUCCGAAGUAUAAGGAUGUUCACGU)-5 | 500
-116 5'-r(CAUAUUCCUACAAGUGCAUGCUUCA) -3' | 501
3'- (GUAUAAGGAUGUUCACGUACGAAGU)-5' | 502
-110 5'-r(CCUACAAGUGCAUGCUUCAAGAUUA) -3' | 503
3'- (GGAUGUUCACGUACGAAGUUCUAAU)-S' | 504
-102 5'-r(UGCAUGCUUCAAGAUUACUGUACUU) -3' | 505
3’- (ACGUACGAAGUUCUAAUGACAIGAA)r-5' 506
-97 5'-r(GCUUCAAGAUUACUGUACUUACAGU) -3' | 507
3'- (CGAAGUUCUAAUGACAIGAAUGUCA)r-5' 508
-47 5'-r(GGAAAGCUUCAUAGCCUCAACCAUG) -3' [ 509
3'- (CCUUUCGAAGUAUCGGAGUUGGUAC)r-5’ | 510
-46 5'-r(GAAAGCUUCAUAGCCUCAACCAUGA) -3’ 511
3'- (CUUUCGAAGUAUCGGAGUUGGUACU)r-5" | 512
-24 5'-r(UGAAGGAAACCAGUCGCAUAGGGCA) -3° | 513
3’- (ACUUCCUUUGGUCAGCGUAUCCCGU)-5' | 514
326 5'-r(UCUACGACAAGUACCAGGUGGUGCA) -3' [ 515 .
3'- (AGAUGCUGUUCAUGGUCCACCACGU)r-5 | 516
621 5'-r(CCCGGAGUACCUGUGGAAGAAGAUU) -3' | 517
3'- (GGGCCUCAUGGACACCUUCUUCUAA)-5 | 518
622 5'-r(CCGGAGUACCUGUGGAAGAAGAUUG) -3’ [ 519
3'- (GGCCUCAUGGACACCUUCUUCUAAC)-5' | 520
625 5'-r(GAGUACCUGUGGAAGAAGAUUGCCA) -3' | 521
3'- (CUCAUGGACACCUUCUUCUAACGGU)r-5' | 522
626 5'-r(AGUACCUGUGGAAGAAGAUUGCCAA) -3' [ 523
3'- (UCAUGGACACCUUCUUCUAACGGUU)-5' | 524
630 5'-r(CCUGUGGAAGAAGAUUGCCAACAAC) -3' | 525
3'- (GGACACCUUCUUCUAACGGUUGUUG)r-5' | 526
634 5'-r(UGGAAGAAGAUUGCCAACAACUGCA) -3 | 527
3'- (A\CCUUCUUCUAACGGUUGUUGACGU)r-5' | 528
641 5-r(AGAUUGCCAACAACUGCAUCUUCAU) -3’ 529
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Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
3'- (UCUAACGGUUGUUGACGUAGAAGUA)-5' | 530
646 5'-r(GCCAACAACUGCAUCUUCAUCGUCA) -3° [ 531
3'- (CGGUUGUUGACGUAGAAGUAGCAGU)r-5' | 532
647 5'-r(CCAACAACUGCAUCUUCAUCGUCAU) -3 533
3'- (GGUUGUUGACGUAGAAGUAGCAGUA)-5 | 534
771 5'-r(UCUGAUGGAUAUUCCCGAAAGCCAA) -3° [ 535
3'- (A\GACUACCUAUAAGGGCUUUCGGUU)r-5’ | 536
777 5'-r(GGAUAUUCCCGAAAGCCAAAGCGAA) -3 [ 537
3'- (CCUAUAAGGGCUUUCGGUUUCGCUU)r-5' | 538
784 5'-r(CCCGAAAGCCAAAGCGAACAGGAUU) -3° | 539
3- (GGGCUUUCGGUUUCGCUUGUCCUAA)r-5' | 540
785 5'-r(CCGAAAGCCAAAGCGAACAGGAUUU) -3 | 541
3'- (GGCUUUCGGUUUCGCUUGUCCUAAA)r-5' | 542
884 5-r(ACUGCCUCAAGAACGGAGAAGAGAU) -3' | 543
3’- (UGACGGAGUUCUUGCCUCUUCUCUA-5' | 544
894 5'-r(GAACGGAGAAGAGAUUCACGUGGUA) -3’ | 545
3'- (CUUGCCUCUUCUCUAAGUGCACCAU)r-5’ | 546
894 5'-r(ACGGAGAAGAGAUUCACGUGGUACU) -3' | 547
3'- (UGCCUCUUCUCUAAGUGCACCAUGA)r-5’ | 548
899 5'-r(GAGAAGAGAUUCACGUGGUACUGGA) -3' | 549
3'- (CUCUUCUCUAAGUGCACCAUGACCU)-5" | 550
1072 5-r(GACCGCAAGUUCAGGGUCAAGAUCA) -3 | 551
3'- (CUGGCGUUCAAGUCCCAGUUCUAGU)r-5' | 552
1085 5'-r(GGGUCAAGAUCAGAGGCAUUGAUAU) -3’ | 553
3'- (CCCAGUUCUAGUCUCCGUAACUAUA)-5' | 554
1233 5-r(UGUGUGGCUUGAGUUCAGUAUCAAA) -3’ | 555
3'- (A\CACACCGAACUCAAGUCAUAGUUU)r-5' 556
1277 5-r(GGGCUCUACUGAACCUCCAGAUCUA) -3' [ 557
3'- (CCCGAGAUGACUUGGAGGUCUAGAU)r-5' | 558
1358 5'-r(AGUCCAAGGGCAAAGUUCAGCUUCU) -3° | 559
3'- (UCAGGUUCCCGUUUCAAGUCGAAGA)r-5' | 560
1361 5'-r(CCAAGGGCAAAGUUCAGCUUCUCUA) -3 | 561
3'- (GGUUCCCGUUUCAAGUCGAAGAGAU)r-5' | 562
1364 5'-r(AGGGCAAAGUUCAGCUUCUCUAUUA) -3’ [ 563
3'- (UCCCGUUUCAAGUCGAAGAGAUAAU)r-5' | 564
1365 5'-r(GGGCAAAGUUCAGCUUCUCUAUUAU) -3' [ 565
3'- (CCCGUUUCAAGUCGAAGAGAUAAUA)-5' [ 566
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Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position : NO:
1382 5'-r(UCUAUUAUGUGAACCUGCUGCUGAU) -3' | 567
3'- (AGAUAAUACACUUGGACGACGACUA)-5 | 568
1622 5-r(CCAGACAAGGAGAACUCAAUGUCCA) -3' [ 569
3’- (GGUCUGUUCCUCUUGAGUUACAGGU)r-5" | 570
1634 5'-r(CAGAAAUGCCCAACCAGCUUCGCAA) -3' | 571
3'- (GUCUUUACGGGUUGGUCGAAGCGUU)-5' [ 572
1643 5'-r(CCAACCAGCUUCGCAAGCAAUUGGA) -3' [ 573
3'- (GGUUGGUCGAAGCGUUCGUUAACCU)-5' | 574
1653 5-r(UCGCAAGCAAUUGGAGGCGAUCAUA) -3' | 575
3'- (A\GCGUUCGUUAACCUCCGCUAGUAU-5 | 576
1654 5'-r(CGCAAGCAAUUGGAGGCGAUCAUAG) -3' | 577
3'- (GCGUUCGUUAACCUCCGCUAGUAUC)-5 | 578
1670 5'-r(CGAUCAUAGCCACUGAUCCACUUAA) -3 | 579
3’- (GCUAGUAUCGGUGACUAGGUGAAUU-5 | 580
1855 5'-r(CAAAGUGCUUUGGAUGUUGGGUUAA) -3' | 581
3'- (GUUUCACGAAACCUACAACCCAAUU)-5 582
1952 5-r(UGGAGGACGAUGAUGUUCUGCAUUA) -3’ | 583
3'- (ACCUCCUGCUACUACAAGACGUAAU-S' | 584"
1955 5'-r(AGGACGAUGAUGUUCUGCAUUACCU) -3' | 585
3'- (UCCUGCUACUACAAGACGUAAUGGA)-5 | 586
1959 5'-r(CGAUGAUGUUCUGCAUUACCUUCUA) -3’ | 587
3'- (GCUACUACAAGACGUAAUGGAAGAU-5" | 588
2135 5'-r(GGUUCGCUGUGAUUCUGGAAGCCUA) -3' | 589
3'- (CCAAGCGACACUAAGACCUUCGGAU)-5 | 590
2267 5'-r(AGUAUGACGUCAGUUCCCAAGUUAU) -3' | 591
3'- (UCAUACUGCAGUCAAGGGUUCAAUA)-5 | 592
2339 5'-r(CCGAAAGCUUUAGAGUUCCAUAUGA) -3'° | 593
3'- (GGCUUUCGAAAUCUCAAGGUAUACU)r-5' | 594
2340 5-r(CGAAAGCUUUAGAGUUCCAUAUGAU) -3' | 595
3’- (GCUUUCGAAAUCUCAAGGUAUACUA)-5' | 596
2351 5’-r(GAGUUCCAUAUGAUCCUGGACUGAA) -3' | 597
3’- (CUCAAGGUAUACUAGGACCUGACUU)-5 | 598
2373 5'-r(GAAAGCAGGAGCGCUGGCAAUUGAA) -3' | 599
3’- (CUUUCGUCCUCGCGACCGUUAACUU-5" | 600
2536 5’-r(CAGAUUCUACGAAUCAUGGAGUCUA) -3 | 601
3'- (GUCUAAGAUGCUUAGUACCUCAGAU)-5' | 602
2550 5'-r(CAUGGAGUCUAUUUGGGAGACUGAA) -3' | 603

87



WO 2009/152346

PCT/US2009/047058

Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
3'- (GUACCUCAGAUAAACCCUCUGACUU-5’ | 604
2589 5'-r(CCUCCUGCCAUAUGGUUGCAUUUCA) -3' | 605
3'- (GGAGGACGGUAUACCAACGUAAAGU)-5 | 606
2638 5'-r(GAGAUUGUGAAAGACGCCACGACAA) -3 | 607
3'- (CUCUAACACUUUCUGCGGUGCUGUU)r-5' | 608
2764 5'-r(CAGGCAGCAGUGGAGAGAUUUGUUU) -3' | 609
3'- (GUCCGUCGUCACCUCUCUAAACAAAI-5" | 610
2828 5-r(GAAUAGGCGACAGACACAAUGACAA) -3’ 611
3'- (CUUAUCCGCUGUCUGUGUUACUGUU)r-5" [ 612
2834 5'-r(GCGACAGACACAAUGACAAUAUUAU) -3 613
3'- (CGCUGUCUGUGUUACUGUUAUAAUA)-S [ 614
2864 5'-r(CCGAGACAGGAAACCUAUUUCAUAU) -3 615
3'- (GGCUCUGUCCUUUGGAUAAAGUAUA)-5' | 616
2895 5'-r(CGGGCACAUUCUUGGGAAUUACAAA) -3' [ 617
3'- (GCCCGUGUAAGAACCCUUAAUGUUUI-S (618
3001 5-r(AAGACAAGCCCACACUUCCAGAAAU) -3 619
3'- (UUCUGUUCGGGUGUGAAGGUCUUUA-S | 620
3005 5'-r(CAAGCCCACACUUCCAGAAAUUUCA) -3' 621
3'- (GUUCGGGUGUGAAGGUCUUUAAAGU)-E' | 622
3019 5-r(CAGAAAUUUCAGGACAUCUGUGUUA) -3° [ 623
3’- (GUCUUUAAAGUCCUGUAGACACAAU)-5' | 624
3030 5’-r(GGACAUCUGUGUUAAGGCUUAUCUA) -3 | 625
3'- (CCUGUAGACACAAUUCCGAAUAGAU)-5 | 626
3070 5’-r(ACAAACCUACUGAUCAUCCUGUUCU) -3 627
3'- (UGUUUGGAUGACUAGUAGGACAAGA)-5' | 628
3208 5’-r(GAUCAGAUCGAAGUUUGCAGAGACA) -3° | 629
3'- (CUAGUCUAGCUUCAAACGUCUCUGU)r-5 | 630
3211 5'-r(CAGAUCGAAGUUUGCAGAGACAAAG) -3 | 631
3'- (GUCUAGCUUCAAACGUCUCUGUUUC)r-5' | 632
3215 5'-r(UCGAAGUUUGCAGAGACAAAGGAUG) -3' | 633
3'- (AGCUUCAAACGUCUCUGUAACCUAC)-5 | 634
3224 5'-r(GCAGAGACAAAGGAUGGACUGUGCA) -3' | 635
3'- (CGUCUCUGUAACCUACCUGACACGU)-5 | 636
3229 5'-r(GACAAAGGAUGGACUGUGCAGUUUA) -3' | 637
3'- (CUGUAACCUACCUGACACGUCAAAU)r-5' 638
3230 5'-r(ACAAAGGAUGGACUGUGCAGUUUAA) -3° | 639
640

3'- (UGUAACCUACCUGACACGUCAAAUU)r-5
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Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
3359 5-r(GCAUAGCAAUCAUCGAACUUGGAUU) -3 | 641
3'- (CGUAUCGUUAGUAGCUUGAACCUAA)-5' | 642
3363 5'-r(AGCAAUCAUCGAACUUGGAUUUCAA) -3 643
3'- (UCGUUAGUAGCUUGAACCUAAAGUU-5' | 644
3608 5'-r(GACUAUCUUACUAUUGAGUGCUUCU) -3 | 645
3'- (CUGAUAGAAUGAUAACUCACGAAGA)r-5 646
3613 5'-r(UCUUACUAUUGAGUGCUUCUGGAAA) -3 | 647
3'- (AGAAUGAUAACUCACGAAGACCUUU)r-5' 648
3728 5'-r(GAUGUAAUCGUUGUAACCUUUGUCU) -3 | 649
3'- (CUACAUUAGCAACAUUGGAAACAGA) -3 650
3736 5'-r(CGUUGUAACCUUUGUCUCAUUCCUU) -3' | 651
3'- (GCAACAUUGGAAACAGAGUAAGGAA) -3 | 652
3777 5'-r(CAUCUCCUUAGUGUCUGCAGGUGUU) -3’ | 653
3'- (GUAGAGGAAUCACAGACGUCCACAA)-5 | 654
3790 5-r(UCUGCAGGUGUUAGUGGUGUGCUAA) -3’ | 655
3'- (AGACGUCCACAAUCACCACACGAUU)r-& 656
3814 5'-r(AAAGCAAGGAAAGCGAGUUAGUCUU) -3 | 657
' 3'- (UWUUCGUUCCUUUCGCUCAAUCAGAA)r-5° | 658
4001 5'-r(CCACAAGAGUGAGUUAUCUAGUAUG) -3' | 659
3’- (GGUGUUCUCACUCAAUAGAUCAUAC)r-5' | 660
4054 5'-r(CAGGAAGUAACUACAGGGCCUCUUU) -3' | 661
3'- (GUCCUUCAUUGAUGUCCCGGAGAAA)-5’ | 662
4124 5'-r(CAUCAAUUGCAAUGCUCCCACAACU) -3’ 663
3'- (GUAGUUAACGUUACGAGGGUGUUGA)r-5' | 664
4127 5'-r(CAAUUGCAAUGCUCCCACAACUCUUY) -3 665
3'- (GUUAACGUUACGAGGGUGUUGAGAA)-5' | 666
4140 5'-r(CCCACAACUCUUUACAGACUUGUGA) -3' | 667
3'- (GGGUGUUGAGAAAUGUCUGAACACU)-5' | 668
4141 5'-r(CCACAACUCUUUACAGACUUGUGAA) -3’ 669
3'- (GGUGUUGAGAAAUGUCUGAACACUU)-5' | 670
4142 5'-r(CACAACUCUUUACAGACUUGUGAAA) -3 671
3'- (GUGUUGAGAAAUGUCUGAACACUUA)-5" | 672
4154 5'-r(CAGACUUGUGAAAUCUUCAAGAACA) -3’ 673
3'- (GUCUGAACACUUUAGAAGUUCUUGU-5' | 674
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Table 6. List of 25-mer siRNA for human Pik3r1 (p85a, p55«, and p50a)
NM_181523; SEQ ID NOs: 1409 and 1410 '

Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
-30 5'-r(CAACUGUUGCAUGGUAGCAGAUUUG) -3 | 675
3'- (GUUGACAACGUACCAUCGUCUAAAC-5" | 676
14 5'-r(GGUACCAGUACAGAGCGCUGUAUGA) -3 | 677
3'- (CCAUGGUCAUGUCUCGCGACAUACWU)r-5' | 678
19 5-r(CAGUACAGAGCGCUGUAUGAUUAUA) -3° | 679
3’- (GUCAUGUCUCGCGACAUACUAAUAU-5 | 680
67 5’-r(GACUUGCACUUGGGUGACAUAUUGA) -3' | 681
3'- (CUGAACGUGAACCCACUGUAUAACU)r-5' | 682
74 5’-r(ACUUGGGUGACAUAUUGACUGUGAA) -3' | 683
3’- (UGAACCCACUGUAUAACUGACACUU)-5' | 684
101 5'-r(AAGGGUCCUUAGUAGCUCUUGGAUU) -3' [ 685
3'- (WUCCCAGGAAUCAUCGAGAACCUAA)-5 | 686
144 5'-r(CAGGCCUGAAGAAAUUGGCUGGUUA) -3' | 687
3'- (GUCCGGACUUCUUUAACCGACCAAU-5 | 688
145 5'-r(AGGCCUGAAGAAAUUGGCUGGUUAA) -3° | 689
3’- (UCCGGACUUCUUUAACCGACCAAUUI-5 | 690
148 5'-r(CCUGAAGAAAUUGGCUGGUUAAAUG) -3 [ 691
3'- (GGACUUCUUUAACCGACCAAUUUAC)r-5 1692
207 5'-r(UCCGGGAACUUACGUAGAAUAUAUU) -3' | 693
3'- (AGGCCCUUGAAUGCAUCUUAUAUAA)-S' | 694
314 5'-r(AAGCAGAUGUUGAACAACAAGCUUU) -3' | 695
3'- (WUCGUCUACAACUUGUUGUUCGAAA)r-5 | 696
396 5'-r(UAUCAAGCUCGUGGAAGCCAUUGAA) -3° | 697
3'- (AUAGUUCGAGCACCUUCGGUAACUU)-5 [ 698
423 5'-r(GAAAGGUCUGGAAUGUUCAACUCUA) -3° | 699
3'- (CUUUCCAGACCUUACAAGUUGAGAU)-5' | 700
476 5'-r(CAGAAUUACGACAGCUUCUUGAUUG) -3° | 701.
3'- (GUCUUAAUGCUGUCGAAGAACUAAC)r-5' | 702
506 5'-r(CACCCUCCGUGGACUUGGAAAUGAU) -3' | 703
3'- (GUGGGAGGCACCUGAACCUUUACUA)-5 | 704
586 5’-r(CCUGUCAUUCCAGCAGCCGUUUACA) -3 [ 705
3'- (GGACAGUAAGGUCGUCGGCAAAUGU)r-5' | 706
631 5'-r(CCAGAAGUACAAAGCUCCGAAGAAU) -3 707 .
3'- (GGUCUUCAUGUUUCGAGGCUUCUUA)-5' | 708
632 5'-r(CAGAAGUACAAAGCUCCGAAGAAUA) -3’ 709
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Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
3'- (GUCUUCAUGUUUCGAGGCUUCUUAU)-5' | 710
644 5-r(GCUCCGAAGAAUAUAUUCAGCUAUU) -3 | 711
3’- (CGAGGCUUCUUAUAUAAGUCGAUAA)-S | 712 .
672 5'-r(GAAGCUUAUUAGGUCGCCUAGCAUA) -3 {713
3'- (CUUCGAAUAAUCCAGCGGAUCGUAU)-5 714
683 5'-r(GGUCGCCUAGCAUACCUCAUCAGUA) -3 | 715
3'- (CCAGCGGAUCGUAUGGAGUAGUCAU)-5" [ 716
703 5'-r(CAGUAUUGGCUUACGCUUCAGUAUL) -3' | 717
3'- (GUCAUAACCGAAUGCGAAGUCAUAAI-5' | 718
704 5'-r(AGUAUUGGCUUACGCUUCAGUAUUU) -3° | 719
3'- (UCAUAACCGAAUGCGAAGUCAUAAA)r-5' 720
744 5'-r(CAAGCUCUCUCAAACCUCCAGCAAA) -3 721
3'- (GUUCGAGAGAGUUUGGAGGUCGUUUIr-5 | 722
940 5'-r(CCUACUACUGUAGCCAACAACGGUA) -3' | 723
3'- (6GAUGAUGACAUCGGUUGUUGCCAU)r-5 | 724
950 5'-r(UAGCCAACAACGGUAUGAAUAACAA) -3 725
3'- (AUCGGUUGUUGCCAUACUUAUUGUWr-5 | 726
| 952 5'-r(GCCAACAACGGUAUGAAUAACAAUA) -3 727
3'- (CGGUUGUUGCCAUACUUAUUGUUAU)r-5' | 728
972 5'-r(CAAUAUGUCCUUACAAGAUGCUGAA) -3 1729
3’- (GUUAUACAGGAAUGUUCUACGACUWU-5 | 730
1007 5'-r(GAGAUAUCUCGAGGGAAGAAGUGAA) -3 [ 731
3’- (CUCUAUAGAGCUCCCUUCUUCACUU)r-5" | 732
1092 5'-r(GCAUGGUGAUUAUACUCUUACACUA) -3° |1 733
3'- (CGUACCACUAAUAUGAGAAUGUGAU)-5' | 734
1177 5'-r(UCUGACCCAUUAACCUUCAGUUCUG) -3' | 735
3'- (AGACUGGGUAAUUGGAAGUCAAGAC)r-5° | 736
1182 5'-r(CCCAUUAACCUUCAGUUCUGUGGUU) -3 | 737
3'- (GGGUAAUUGGAAGUCAAGACACCAA)-5 | 738
1187 5’-r(UAACCUUCAGUUCUGUGGUUGAAUU) -3' {739
3'- (AUUGGAAGUCAAGACACCAACUUAA)-5 740
1224 5'-r(CCGGAAUGAAUCUCUAGCUCAGUAU) -3 | 741
3’- (GGCCUUACUUAGAGAUCGAGUCAUA)I-5' | 742
1225 5'-r(CGGAAUGAAUCUCUAGCUCAGUAUA) -3 | 743
3'- (GCCUUACUUAGAGAUCGAGUCAUAU)-S | 744
1280 5'-r(CAGUAUCCAAAUACCAACAGGAUCA) -3 745
3’- (GUCAUAGGUUUAUGGUUGUCCUAGU)r-5' | 746
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Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
1286 5'-r(CCAAAUACCAACAGGAUCAAGUUGU) -3 747
3'- (GGUUUAUGGUUGUCCUAGUUCAACA)r-5' | 748
1498 5-r(ACCCAAGAGCGGUACAGCAAAGAAU) -3 749
3'- (UGGGUUCUCGCCAUGUCGUUUCUUA)r-5" | 750
1499 5'-r(CCCAAGAGCGGUACAGCAAAGAAUA) -3’ 751
3'- (GGGUUCUCGCCAUGUCGUUUCUUAU-5" | 752
1538 5-r(AACGUGAAGGCAAUGAGAAAGAAAU) -3’ 753
3’- (UUGCACUUCCGUUACUCUUUCUUUA)r-5' | 754
1658 5'-r(CAGCUGAGUAUCGAGAAAUUGACAA) -3 | 755
3'- (GUCGACUCAUAGCUCUUUAACUGUUr-5' | 756
1663 5'-r(GAGUAUCGAGAAAUUGACAAACGUA) -3’ 757
3'- (CUCAUAGCUCUUUAACUGUUUGCAU-5' | 758
1688 5'-r(UGAACAGCAUUAAACCAGACCUUAU) -3’ 759
3'- (A\CUUGUCGUAAUUUGGUCUGGAAUA)-5 | 760
1700 5'-r(AACCAGACCUUAUCCAGCUGAGAAA) -3’ 761
3'- (WUGGUCUGGAAUAGGUCGACUCUUU-5 | 762
1714 5'-r(CAGCUGAGAAAGACGAGAGACCAAU) -3° | 763
3'- (GUCGACUCUUUCUGCUCUCUGGUUA)r-5 | 764
1734 5'-r(CCAAUACUUGAUGUGGUUGACUCAA) -3' | 765
3'- (GGUUAUGAACUACACCAACUGAGUU-5' | 766
1851 5'-r(CCAUCAUGAUGAGAAGACAUGGAAU) -3 | 767
3’- (GGUAGUACUACUCUUCUGUACCUUA)r-5' | 768
1870 5-r(UGGAAUGUUGGAAGCAGCAACCGAA) -3 | 769
3'- (ACCUUACAACCUUCGUCGUUGGCUWU-5' 770
1947 5'-r(GGAGAGCAGUAAACAGGGCUGCUAU) -3° | 771
3'- (CCUCUCGUCAUUUGUCCCGACGAUAI-5 | 772
1978 5'-r(UCUGUAGUGGUGGACGGCGAAGUAA) -3' | 773
3’- (AGACAUCACCACCUGCCGCUUCAUU-5 | 774
1992 5'-r(CGGCGAAGUAAAGCAUUGUGUCAUA) -3 | 775
3'- (GCCGCUUCAUUUCGUAACACAGUAU-5' 1776
2033 5'-r(GCUAUGGCUUUGCCGAGCCCUAUAA) -3' | 777
3'- (CGAUACCGAAACGGCUCGGGAUAUU-5 | 778
2164 5'-r(CAGAGGCGAUGAAGCGCUUACUCUU) -3' | 779
3’- (GUCUCCGCUACUUCGCGAAUGAGAA)-5 | 780
2174 5’-r(GAAGCGCUUACUCUUUGAUCCUUCU) -3° | 781
3'- (CUUCGCGAAUGAGAAACUAGGAAGA)-5 | 782
2270 783

5'-r(UGCAGAAACGAAGCCAUCUUUCUUU) -3' -
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Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
3'- (ACGUCUUUGCUUCGGUAGAAAGAAA)-5 | 784
2274 5'-r(GAAACGAAGCCAUCUUUCUUUGGAU) -3 | 785
3’- (CUUUGCUUCGGUAGAAAGAAACCUA)-5' | 786
2283 5'-r(CCAUCUUUCUUUGGAUGGGACUAGA) -3' | 787
3'- (GGUAGAAAGAAACCUACCCUGAUCU)-5' | 788
2296 5'-r(GAUGGGACUAGAGCUUUCUUUCACA) -3' | 789
' 3'- (CUACCCUGAUCUCGAAAGAAAGUGUr-5' | 790
2334 -5'-r(GGAAGACAUGCAGCCUAAGGCUGUA) -3° | 791
3'- (CCUUCUGUACGUCGGAUUCCGACAUI-5' [ 792
2685 5'-r(CAAAUGAACGAUAUGUAGCAGAAAG) -3’ 793
3'- (GUUUACUUGCUAUACAUCGUCUUUC)-5' | 794
2694 5'-r(GAUAUGUAGCAGAAAGGCACGUCCA) -3° [ 795
3'- (CUAUACAUCGUCUUUCCGUGCAGGU)r-5 [ 796
2731 5'-r(GCUUUGGGAGAAUGUCAGUUCAUGU) -3' | 797
3'- (CGAAACCCUCUUACAGUCAAGUACA)r-5 798
2736 5'-r(GGGAGAAUGUCAGUUCAUGUAUGUU) -3' | 799
3'- (CCCUCUUACAGUCAAGUACAUACAA-5 800
2738 5-r(GAGAAUGUCAGUUCAUGUAUGUUCA) -3' | 801
| 3- (CUCUUACAGUCAAGUACAUACAAGU)r-5’ 802
2785 5'-r(UGCCAGAAAGUGUUUAACUUGUCAA) -3 [ 803
3'- (ACGGUCUUUCACAAAUUGAACAGUU-5 | 804
2957 5'-r(GCUGAAGGCUAAAUUCACAGCGCUA) -3° [ 805
3'- (CGACUUCCGAUUUAAGUGUCGCGAU)r-5 | 806
2962 5'-r(AGGCUAAAUUCACAGCGCUAUGCAA) -3' | 807
3'- (UVCCGAUUUAAGUGUCGCGAUACGUU)r-5' | 808
2964 5'-r(GCUAAAUUCACAGCGCUAUGCAAUU) -3° | 809
3'- (CGAUUUAAGUGUCGCGAUACGUUAA-S | 810
2967 5'-r(AAAUUCACAGCGCUAUGCAAUUCUU) -3 | 811
3'- (UUUAAGUGUCGCGAUACGUUAAGAA)-5' | 812
3645 5'-r(GACUGGUCAGGUAUUUCAGUUCUUA) -3' | 813
3'- (CUGACCAGUCCAUAAAGUCAAGAAU)r-5' 814
3649 5'-r(GGUCAGGUAUUUCAGUUCUUAGGAA) -3' | 815
3'- (CCAGUCCAUAAAGUCAAGAAUCCUU)-5 816
3665 5'-r(UCUUAGGAAGGAAGUGCCAAGUUUG) -3' | 817
3'- (AGAAUCCUUCCUUCACGGUUCAAAC)-5 | 818
3668 5-r(UAGGAAGGAAGUGCCAAGUUUGUUU) -3' [ 819
3'- (AUCCUUCCUUCACGGUUCAAACAAA)I-5' 820
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Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
3700 5'-r(CCUGGAACAGCGCUCACCUUUGUUU) -3' | 821
3'- (GGACCUUGUCGCGAGUGGAAACAAA)-5' | 822
3704 5-r(GAACAGCGCUCACCUUUGUUUAGAA) -3 823
3'- (CUUGUCGCGAGUGGAAACAAAUCUU-5 | 824
3714 5'-r(CACCUUUGUUUAGAACACUGGUUUA) -3' | 825
3'- (GUGGAAACAAAUCUUGUGACCAAAUN-5" | 826
3726 5'-r(GAACACUGGUUUAAAGGGAUAAUCA) -3 | 827
3'- (CUUGUGACCAAAUUUCCCUAUUAGU)r-5' | 828
3729 5'-r(CACUGGUUUAAAGGGAUAAUCAUCU) -3’ | 829
3'- (GUGACCAAAUUUCCCUAUUAGUAGA)r-5' [ 830
3740 5'-r(AGGGAUAAUCAUCUCUGUCACAUUA) -3 | 831
3'- (UCCCUAUUAGUAGAGACAGUGUAAU-5 | 832
4058 5’-r(GAGAGGUCUCUCUUCCUGAUUUAGA) -3' | 833
3'- (CUCUCCAGAGAGAAGGACUAAAUCUI-S | 834
4059 5'-r(AGAGGUCUCUCUUCCUGAUUUAGAU) -3° | 835
3- (UCUCCAGAGAGAAGGACUAAAUCUA)-5 836
4060 5'-r(GAGGUCUCUCUUCCUGAUUUAGAUA) -3' | 837
3'- (CUCCAGAGAGAAGGACUAAAUCUAU)-5 | 838
4117 5'-r(CAUGUGUUGGGAGGCAUAAAGACUA) -3° | 839
3'- (GUACACAACCCUCCGUAUUUCUGAU)r-5° 1840
4386 5'-r(AAGUCAGUCUUAUAGCAAGACUGUU) -3' | 841
: 3'- (UUCAGUCAGAAUAUCGUUCUGACAA)-S' | 842
4396 5'-r(UAUAGCAAGACUGUUAGCCCUCAAA) -3° | 843
3'- (AUAUCGUUCUGACAAUCGGGAGUUU)r-5 [ 844
4400 5'-r(GCAAGACUGUUAGCCCUCAAACUUG) -3' [ 845
3'- (CGUUCUGACAAUCGGGAGUUUGAAC)r-5' | 846
4411 5'-r(AGCCCUCAAACUUGACUCUACUGAU) -3' | 847
3'- (UCGGGAGUUUGAACUGAGAUGACUA)r-5' | 848
4413 5'-r(CCCUCAAACUUGACUCUACUGAUCU) -3 | 849
3- (GGGAGUUUGAACUGAGAUGACUAGA)r-5' | 850
4414 5'-r(CCUCAAACUUGACUCUACUGAUCUG) -3' | 851
3'- (GGAGUUUGAACUGAGAUGACUAGAC)r-5' | 852
4592 5-r(GGUAGCACAUGUAUGCUAUUACAUA) -3' | 853
3'- (CCAUCGUGUACAUACGAUAAUGUAU)r-5' | 854
4692 5-r(GCUUCAACAUUCUUUGCAAGAUGAU) -3° | 855
3'- (CGAAGUUGUAAGAAACGUUCUACUA)r-5 | 856
4698 5'-r(ACAUUCUUUGCAAGAUGAUACGGUA) -3° | 857
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Start siRNA sequence (sense strand/antisense strand) | SEQ 1D
Position NO:
3’- (UGUAAGAAACGUUCUACUAUGCCAU)-5' | 858
4699 5'-r(CAUUCUUUGCAAGAUGAUACGGUAU) -3’ | 859
3’- (GUAAGAAACGUUCUACUAUGCCAUA)-5 [ 860
4708 5'-r(CAAGAUGAUACGGUAUUUAGGCAUU) -3’ | 861
3’- (GUUCUACUAUGCCAUAAAUCCGUAA)-S' | 862
4786 5'-r(AGCAAAGUAGGAUUCAUCAUUCCAU) -3' | 863
3'- (UCGUUUCAUCCUAAGUAGUAAGGUA)-5 | 864
4787 5'-r(GCAAAGUAGGAUUCAUCAUUCCAUA) -3 865
3'- (CGUUUCAUCCUAAGUAGUAAGGUAU)-5' | 866
4806 5'-r(UCCAUAUGACUUGAGUUACACCAGA) -3° [ 867
3'- (AGGUAUACUGAACUCAAUGUGGUCU)r-5' | 868
4812 5-r(UGACUUGAGUUACACCAGACCUGUU) -3’ | 869
3'- (ACUGAACUCAAUGUGGUCUGGACAA)r-5 | 870
4827 5'-r(CAGACCUGUUCUGCCCAAUGCCUUU) -3 | 871
3'- (GUCUGGACAAGACGGGUUACGGAAA-5 [ 872
4892 5'-r(GAUACUUUGCUAGCCGGCCACUUUG) -3’ | 873
3'- (CUAUGAAACGAUCGGCCGGUGAAAC)-5' | 874
4925 5’-r(CAGACAGUCCUAACAAUAUUGUCUG) -3' [ 875
3'- (GUCUGUCAGGAUUGUUAUAACAGAC)r-5 | 876
4933 5’-r(CCUAACAAUAUUGUCUGAACGGCUG) -3' | 877
3'- (GGAUUGUUAUAACAGACUUGCGCAC)r-5' | 878
4937 5'-r(ACAAUAUUGUCUGAACGGCUGAAUA) -3 [ 879
: 3'- (UGUUAUAACAGACUUGCGCACUUAU-5" | 880
4938 5'-r(CAAUAUUGUCUGAACGGCUGAAUAU) -3° | 881
3'- (GUUAUAACAGACUUGCGCACUUAUA)-5 | 882
4952 5'-r(CGGCUGAAUAUGAAUAGAUACAGCA) -3 | 883
3'- (GCGCACUUAUACUUAUCUAUGUCGU)r-5' | 884
5020 5'-r(CCCACCCAGUGUAGCAUCCUAAAGA) -3° [ 885
3'- (GGGUGGGUCACAUCGUAGGAUUUCU)r-5' | 886
5021 5'-r(CCACCCAGUGUAGCAUCCUAAAGAU) -3° [ 887
3'- (GGUGGGUCACAUCGUAGGAUUUCUA)r-5' | 888
5093 5'-r(GGGAGCAUUGGGACCUCACAUUACA) -3' | 889
3'- (CCCUCGUAACCCUGGAGUGUAAUGU)-5' | 890
5256 5'-r(CCACAGUAGUUGUUGAGUUCAAGUA) -3' | 891
3'- (GGUGUCAUCAACAACUCAAGUUCAU)r-5' | 892
5258 5'-r(ACAGUAGUUGUUGAGUUCAAGUACA) -3' | 893
3'- (UGUCAUCAACAACUCAAGUUCAUGU)r-5' | 894
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Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
5259 5'-r(CAGUAGUUGUUGAGUUCAAGUACAU) -3' | 895
3'- (GUCAUCAACAACUCAAGUUCAUGUA)r-5' 896
5289 5'-r(ACAUAACAAGCGAACGUCUAGUACA) -3’ 897
3'- (UGUAUUGUUCGCUUGCAGAUCAUGU)r-5' | 898
5295 5-r(CAAGCGAACGUCUAGUACAAUUCUU) -3' | 899
3'- (GUUCGCUUGCAGAUCAUGUUAAGAA)-5" | 900
5451 5'-r(GGGAGCUGGUCUGAUGACUUGCUUA) -3' | 901
3'- (CCCUCGACCAGACUACUGAACGAAU-5 | 902
5455 5'-r(GCUGGUCUGAUGACUUGCUUAGCUU) -3' | 903
3- (CGACCAGACUACUGAACGAAUCGAA)r-5' 904
5540 5'-r{(GAACCAAUUGCUUUGUCAUAUAGCU) -3° | 905
3- (CUUGGUUAACGAAACAGUAUAUCGA)-5’ | 906
5549 5-r(GCUUUGUCAUAUAGCUGGUUAUGAA) -3’ | 907
3'- (CGAAACAGUAUAUCGACCAAUACUU)-5’ 908
5579 ‘| 5’-r(AACAUGUUUGGGAAGUCCUACUGAU) -3° | 909
3'- (UUGUACAAACCCUUCAGGAUCACUA)r-5' 910
5650 5'-r(GCUAUGUAUGGUAUCCAAGUUAGUU) -3 | 911
3'- (CGAUACAUACCAUAGGUUCAAUCAA)r-5' 912
5659 5'-r(GGUAUCCAAGUUAGUUGAAACGCAG) -3' | 913
3'- (CCAUAGGUUCAAUCAACUUUGCGUC)r-5 | 914
5664 5'-r(CCAAGUUAGUUGAAACGCAGACACU) -3' | 915
3'- (GGUUCAAUCAACUUUGCGUCUGUGA)-5" | 916
5665 5'-r(CAAGUUAGUUGAAACGCAGACACUG) -3° | 917
3'- (GUUCAAUCAACUUUGCGUCUGUGAC)r-5' | 918
5675 5'-r(GAAACGCAGACACUGAGAUCUGUUU) -3' | 919
3'- (CUUUGCGUCUGUGACUCUAGACAAA)-5 | 920
5825 5'-1(GGGAGGAAAUAGAAUUGAGUCAAUU) -3' | 921
3'- (CCCUCCUUUAUCUUAACUCAGUUAA)r-5' 922
5868 5'-r(AACAUGAAACUUGUCACCAUGAGAU) -3’ 923
3'- (UWUGUACUUUGAACAGUGGUACUCUA)-5' | 924
5874 5'-r(AAACUUGUCACCAUGAGAUAGCAUU) -3’ 925
3'- (VUUGAACAGUGGUACUCUAUCGUAA)-5' | 926
5887 5'-r(UGAGAUAGCAUUAGCUGCCCAGGAU) -3' " | 927
3'- (ACUCUAUCGUAAUCGACGGGUCCUA)-5" | 928
5888 5'-r(GAGAUAGCAUUAGCUGCCCAGGAUG) -3' | 929
3'- (CUCUAUCGUAAUCGACGGGUCCUACH-5" | 930

96



WO 2009/152346

PCT/US2009/047058

Table 7. List of 25-mer siRNA for human Pik3r2 (NM__005027; SEQ ID NOs: 1415

and 1416)

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

Position NO:

-198 5'-r(AGUGGCCCUUGUAAGGGUCAUGGAA) -3° | 931

3'- (UCACCGGGAACAUUCCCAGUACCUU)-5 [ 932

-196 5'-r(UGGCCCUUGUAAGGGUCAUGGAAUA) -3' [ 933

3'- (A\CCGGGAACAUUCCCAGUACCUUAU-S' {934

-194 5'-r(GCCCUUGUAAGGGUCAUGGAAUAAU) -3 |1 935

3'- (CGGGAACAUUCCCAGUACCUUAUUA)-5 | 936

-193- 5-r(CCCUUGUAAGGGUCAUGGAAUAAUU) -3° {937

3'- (GGGAACAUUCCCAGUACCUUAUUAA)-5" | 938

-192 5-r(CCUUGUAAGGGUCAUGGAAUAAUUU) -3’ [ 939

3'- (GGAACAUUCCCAGUACCUUAUUAAA)-5’ 940

| -184 5-r(GGGUCAUGGAAUAAUUUGAAGCGAG) -3' [ 941

3’- (CCCAGUACCUUAUUAAACUUCGCUC)r-5' [ 942

-183 5'-r(GGUCAUGGAAUAAUUUGAAGCGAGG) -3° [ 943

3'- (CCAGUACCUUAUUAAACUUCGCUCC)r-5' | 944

-180 5’ -r(CAUGGAAUAAUUUGAAGCGAGGCAU) -3 | 945

3’- (GUACCUUAUUAAACUUCGCUCCGUA)r-5 | 946

-177 5-r(GGAAUAAUUUGAAGCGAGGCAUGAG) -3 | 947

3’- (CCUUAUUAAACUUCGCUCCGUACUC)r-5° | 948

1050 1 5’-r(CACCUUCCUAGUCCGAGAUGCUUCU) -3° | 949

3’- (GUGGAAGGAUCAGGCUCUACGAAGA)-5' | 950

1056 5’-r(CCUAGUCCGAGAUGCUUCUAGCAAG) -3' | 951

3’- (GGAUCAGGCUCUACGAAGAUCGUUC)r-5° [ 952

1102 5'-r(ACCCUCAGGAAAGGCGGGAACAAUA) -3° | 953

3'- (UGGGAGUCCUUUCCGCCCUUGUUAU)-5' | 954

1112 5'-r(AAGGCGGGAACAAUAAGCUGAUCAA) -3' | 955

3’- (UUCCGCCCUUGUUAUUCGACUAGUU)r-5' | 956

1117 5'-r(GGGAACAAUAAGCUGAUCAAGGUCU) -3 | 957

3'- (CCCUUGUUAUUCGACUAGUUCCAGA)-5" | 958

1184 5'-r(UCUGCUCCGUUGUGGACCUCAUCAA) -3’ | 959

3'- (A\GACGAGGCAACACCUGGAGUAGUU) -3' | 960

1187 5'-r(GCUCCGUUGUGGACCUCAUCAAUCA) -3' [ 961

3'- (CGAGGCAACACCUGGAGUAGUUAGU) -3' | 962

1334 5-r(AGCUUAAGGUCUAUCACCAGCAGUA) -3 | 963

3'- (UCGAAUUCCAGAUAGUGGUCGUCAU)-5' | 964

1367 5'-r(AGAGCCGCGAGUAUGACCAGCUUUA) -3' | 965
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Start siRNA sequence (sense strand/antisense strand) | SEQ 1D
Position NO:
3'- (UCUCGGCGCUCAUACUGGUCGAAAU)-5' | 966
1370 5'-r(GCCGCGAGUAUGACCAGCUUUAUGA) -3' | 967
3'- (CGGCGCUCAUACUGGUCGAAAUACU)r-5 | 968
1371 5'-r(CCGCGAGUAUGACCAGCUUUAUGAA) -3' [ 969
' 3'- (GGCGCUCAUACUGGUCGAAAUACUUI-5 [ 970
1419 5'-r(GCUGCAGAUGAAGCGUACUGCAAUU) -3 [ 971
3'- (CGACGUCUACUUCGCAUGACGUUAA)-5' | 972
1431 5'-r(GCGUACUGCAAUUGAGGCCUUCAAU) -3 973
3'- (CGCAUGACGUUAACUCCGGAAGUUA)-5 | 974
1432 5'-r(CGUACUGCAAUUGAGGCCUUCAAUG) -3 | 975
3'- (GCAUGACGUUAACUCCGGAAGUUAC)r-5 | 976
1444 5'-r(GAGGCCUUCAAUGAGACUAUCAAGA) -3' | 977
3’- (CUCCGGAAGUUACUCUGAUAGUUCWUr-5' | 978
1447 5'-r(GCCUUCAAUGAGACUAUCAAGAUCU) -3° | 979
3'- (CGGAAGUUACUCUGAUAGUUCUAGA)r-5’ | 980
1463 5'-r(UCAAGAUCUUUGAAGAGCAGGGCCA) -3' | 981
3'- (AGUUCUAGAAACUUCUCGUCCCGGU)r-5' | 982
1476 5'-r(AGAGCAGGGCCAGACUCAAGAGAAA) -3' [ 983
3'- (UCUCGUCCCGGUCUGAGUUCUCUUU)r-5" | 984
1480 5'-r(CAGGGCCAGACUCAAGAGAAAUGCA) -3' | 985
3’- (GUCCCGGUCUGAGUUCUCUUUACGU)r-5" | 986
1489 5'-r(ACUCAAGAGAAAUGCAGCAAGGAAU) -3 | 987
3'- (UGAGUUCUCUUUACGUCGUUCCUUA)r-5' | 988
1547 5-r(AAGAGAUGCAAAGGAUCCUGCUGAA) -3° [ 989
3'- (WUCUCUACGUUUCCUAGGACGACUU)r-5' | 990
1649 5'-r(CCUCGGACAACAGAGAGAUCGACAA) -3° | 991
3'- (GGAGCCUGUUGUCUCUCUAGCUGUU)-5' | 992
1654 5’-r(GACAACAGAGAGAUCGACAAGCGCA) -3 {993
3'- (CUGUUGUCUCUCUAGCUGUUCGCGU)r-5' | 994
1856 5'-r(AACGCACUUGGUACGUGGGCAAGAU) -3' | 995
3'- (WUGCGUGAACCAUGCACCCGUUCUA-5" | 996
1859 5'-r(GCACUUGGUACGUGGGCAAGAUCAA) -3' [ 997
3'- (CGUGAACCAUGCACCCGUUCUAGUUr-5' | 998
2635 5'-r(CAGGAAGGAACUUCACUCUGCUGCU) -3' [ 999
3'- (GUCCUUCCUUGAAGUGAGACGACGA) -3' | 1000
2642 5'-r(GAACUUCACUCUGCUGCUUCCGAGA) -3' [ 1001
3'- (CUUGAAGUGAGACGACGAAGGCUCU) -3' | 1002
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Table 8. List of 25-mer siRNA for human Pik3r3 (NM_003629; SEQ ID NOs: 1417

and 1418)
Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
49 5'-r(CCAAAGCCACCUAAGCCAAUGACUU) -3’ 1003
3'- (GGUUUCGGUGGAUUCGGUUACUGAA-5 | 1004
137 5-r(GGGAUAUUUCAAGGGAGGAGGUAAA) -3' | 1005
3'- (CCCUAUAAAGUUCCCUCCUCCAUUWUI-5 | 1006
155 5'-r(AGGUAAAUGACAAAUUGCGGGAUAU) -3° | 1007
3'- (UCCAUUUACUGUUUAACGCCCUAUA)-5 | 1008
173 5'-r(GGGAUAUGCCAGAUGGGACCUUCUU) -3' | 1009
3'- (CCCUAUACGGUCUACCCUGGAAGAA)-5' | 1010
222 5-r(GCAGGGAGAUUAUACUUUGACUUUG) -3' | 1011
3'- (CGUCCCUCUAAUAUGAAACUGAAAC)r-5’ 1012
240 5'-r(GACUUUGCGGAAGGGAGGCAAUAAU) -3' | 1013
3'- (CUGAAACGCCUUCCCUCCGUUAUUA) -3° | 1014
247 5'-r(CGGAAGGGAGGCAAUAAUAAGUUAA) -3' | 1015
3'- (GCCUUCCCUCCGUUAUUAUUCAAUU) -3° [ 1016
248 5'-r(GGAAGGGAGGCAAUAAUAAGUUAAU) -3° | 1017
3'- (CCUUCCCUCCGUUAUUAUUCAAUUA) -3 1018
273 5'-r(AAAGAUCUAUCACCGGGAUGGUAAA) -3 | 1019
3- (UUUCUAGAUAGUGGCCCUACCAUUU)r—5’ 1020
276 5-r(GAUCUAUCACCGGGAUGGUAAAUAU) -3' | 1021
3'- (CUAGAUAGUGGCCCUACCAUUUAUA-5 | 1022
345 5'-r(UAACCACUAUCACCAUGAAUCUCUU) -3’ 1023
3- (AUUGGUGAUAGUGGUACUUAGAGAA-5 | 1024
355 5'-r(CACCAUGAAUCUCUUGCUCAGUACA) -3' | 1025
3'- (GUGGUACUUAGAGAACGAGUCAUGU)-5' | 1026
374 5'-r(AGUACAAUCCCAAACUUGAUGUGAA) -3' 1027
3'- (UCAUGUUAGGGUUUGAACUACACUUI-5' | 1028
410 5'-r(CAGUGUCCAGAUACCAACAGGAUCA) -3 | 1029
3'- (GUCACAGGUCUAUGGUUGUCCUAGU)r-5 | 1030
417 5'-r(CAGAUACCAACAGGAUCAGUUGGUA) -3' | 1031
3'- (GUCUAUGGUUGUCCUAGUCAACCAU-5' | 1032
499 5'-r(CAGGAGAAGAGUAAAGAGUAUGAUA) -3' | 1033
3- (GUCCUCUUCUCAUUUCUCAUACUAU-5" | 1034
535 5-r(GAAUAUACUAGAACAUCCCAGGAAA) -3' | 1035
3'- (CUUAUAUGAUCUUGUAGGGUCCUUUI-5 | 1036
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Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
561 5'-r(ACAGAUGAAGAGGACUGCAAUAGAA) -3’ 1037
3'- (UGUCUACUUCUCCUGACGUUAUCUU)-5' | 1038
723 5'-r(GAAAUCACGUCUGGGUGAGAUUCAU) -3' | 1039
3’- (CUUUAGUGCAGACCCACUCUAAGUA)-5' | 1040
728 5-r(CACGUCUGGGUGAGAUUCAUGAUAG) -3’ | 1041
3'- (GUGCAGACCCACUCUAAGUACUAUC)r-5' | 1042
767 5'-r(AGCAGGAUUUGAAGAAUCAAGCUUU) -3' | 1043
3'- (UCGUCCUAAACUUCUUAGUUCGAAAI-S | 1044
818 5'-r(UGAAUAGCAUCAAACCUGACCUGAU) -3’ 1045
3'- (ACUUAUCGUAGUUUGGACUGGACUA)-5" | 1046
924 5'-r(GGGAAUUAAGAAUGAGGAUGCUGCU) -3’ | 1047
3'- (CCCUUAAUUCUUACUCCUACGACGA)-5' | 1048
934 5'-r(AAUGAGGAUGCUGCUGAGAACUAUU) -3’ | 1049
3’- (WUACUCCUACGACGACUCUUGAUAA)-5 | 1050
1027 5’-r(CGAGUACAAGCAGAGGACUUGCUUU) -3° | 1051
3'- (GCUCAUGUUCGUCUCCUGAACGAAA)-5' | 1052
1028 5'-r(GAGUACAAGCAGAGGACUUGCUUUA) -3' | 1053
3’- (CUCAUGUUCGUCUCCUGAACGAAAUI-5" | 1054
1086 5'-r(GAGUAGCAAGAAAGGAUGCUAUGCU) -3 | 1055
3’- (CUCAUCGUUCUUUCCUACGAUACGA)-5 | 1056
1092 5'-r(CAAGAAAGGAUGCUAUGCUUGCUCU) -3' | 1057
3'- (GUUCUUUCCUACGAUACGAACGAGA)r-5 | 1058
1169 5'-r(GCUAUGGCUUUGCAGAGCCCUACAA) -3' | 1059
3'- (CGAUACCGAAACGUCUCGGGAUGUU)-5' | 1060
1221 5'-r(GCUCCAUUACCAGCAGACAUCCUUG) -3' | 1061
3'- (CGAGGUAAUGGUCGUCUGUAGGAAC)r-5° | 1062
1224 5'-r(CCAUUACCAGCAGACAUCCUUGGUU) -3° | 1063
3'- (GGUAAUGGUCGUCUGUAGGAACCAA)r-5 | 1064
1982 5'-r(CAGUUUGUUGCCAGACCAAUGUUUG) -3 | 1065
3’- (GUCAAACAACGGUCUGGUUACAAAC)-5' | 1066
2015 5'-r(ACGUGGCACUCAUAGUUGAAUGUAU) -3 | 1067
3'- (UGCACCGUGAGUAUCAACUUACAUA)-5’ 1068
2016 5'-r(CGUGGCACUCAUAGUUGAAUGUAUA) -3' | 1069
3'- (GCACCGUGAGUAUCAACUUACAUAU)r-5’ 1070
2137 5'-r(GCCUGUUUCUCUGAGAUGAGGAAUA) -3' | 1071
3'- (CGGACAAAGAGACUCUACUCCUUAU-5" | 1072
2146 5'-r(UCUGAGAUGAGGAAUAGCAUUCUUU) -3’ {1073
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Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
3'- (AGACUCUACUCCUUAUCGUAAGAAA)-5' 1074
2176 5'-r(GGGAUGGUGAGCUUUGAAUCAUAAA) -3’ | 1075
3'- (CCCUACCACUCGAAACUUAGUAUUU)r-5 1076
2220 5'-r(GGUGUUUCCUUAGCCUAAAGAAUGA) -3 | 1077
3’- (CCACAAAGGAAUCGGAUUUCUUACU)-5 11078
2226 5'-r(UCCUUAGCCUAAAGAAUGAUCUGUU) -3 [ 1079
3'- (AGGAAUCGGAUUUCUUACUAGACAA)-5 | 1080
2227 5'-r(CCUUAGCCUAAAGAAUGAUCUGUUG) -3° | 1081
3'- (GGAAUCGGAUUUCUUACUAGACAAC)r-5' |1082
2232 5'-r(GCCUAAAGAAUGAUCUGUUGUUUGA) -3' | 1083
3'- (CGGAUUUCUUACUAGACAACAAACU)r-5' 1084
2474 5'-r(CAGAUUGUGGUCAGGUGCCUCAGUA) -3 | 1085
3’- (GUCUAACACCAGUCCACGGAGUCAU)-5' | 1086
2475 5'-r(AGAUUGUGGUCAGGUGCCUCAGUAA) -3’ | 1087
3'- (UCUAACACCAGUCCACGGAGUCAUU)-5' | 1088
2476 5'-r(GAUUGUGGUCAGGUGCCUCAGUAAA) -3' | 1089
3'- (CUAACACCAGUCCACGGAGUCAUUUI-5 | 1090
2541 5'-r(ACCACAUUACACAUGUGCUUCCAUA) -3’ 1091
3’- (UGGUGUAAUGUGUACACGAAGGUAU-5 | 1092
2586 5-r(GCAGGGAGAGAAGAUGGCUUAGUGU) -3' | 1093
3'- (CGUCCCUCUCUUCUACCGAAUCACA)-5 | 1094
2587 5'-r(CAGGGAGAGAAGAUGGCUUAGUGUU) -3' | 1095
3'- (GUCCCUCUCUUCUACCGAAUCACAA)-5 | 1096
2589 5'-r(GGGAGAGAAGAUGGCUUAGUGUUUA) -3' | 1097
3'- (CCCUCUCUUCUACCGAAUCACAAAU)-E 1098
2596 5'-r(AAGAUGGCUUAGUGUUUAGACUGUU) -3’ | 1099
3'- (UWUCUACCGAAUCACAAAUCUGACAA)-5' 1100
2598 5'-r(GAUGGCUUAGUGUUUAGACUGUUAG) -3' | 1101
3'- (CUACCGAAUCACAAAUCUGACAAUC)r-5 1102
2602 5'-r(GCUUAGUGUUUAGACUGUUAGUAGA) -3° | 1103
3- (CGAAUCACAAAUCUGACAAUCAUCU)r-S' 1104
2820 5'-r(CCACACCCAUCAGUCAACACUCAUU) -3’ 1105
3'- (GGUGUGGGUAGUCAGUUGUGAGUAA)-5' | 1106
2893 5'-r(GGCUCAGAGUGAGUCAGCUGUUUGA) -3' | 1107
3'- (CCGAGUCUCACUCAGUCGACAAACUI-5' | 1108
2900 5'-r(AGUGAGUCAGCUGUUUGAACCCAAA) -3 | 1109
3'- (UCACUCAGUCGACAAACUUGGGUUUI-5 | 1110
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SEQ ID

Start siRNA sequence (sense strand/antisense strand)
Position NO:
| 2957 5'-r(GAAGCCAGUACCUGCAUCUUGGUUU) -3 | 1111
3'- (CUUCGGUCAUGGACGUAGAACCAAA)-S' [ 1112
2960 5'-r(GCCAGUACCUGCAUCUUGGUUUAUA) -3 [ 1113
3'- (CGGUCAUGGACGUAGAACCAAAUAU)-5" [ 1114
3047 5'-r(ACUUAUUUCCAUGACAGGGUCUAAA) -3' [ 1115
' 3'- (UGAAUAAAGGUACUGUCCCAGAUUUI-5 | 1116
3115 5'-r(CCUCCAGUUACUAGUGACGAGGAUA) -3° | 1117
3'- (GGAGGUCAAUGAUCACUGAUCCUAUI-5" [ 1118
3119 5'-r(CAGUUACUAGUGACGAGGAUAGAAA) -3° | 1119 )
3'- (GUCAAUGAUCACUGAUCCUAUCUUUI-S' | 1120
3135 5'-r(GGAUAGAAAGGGAAGUGCUUCUCUU) -3' | 1121
3'- (CCUAUCUUUCCCUUCACGAAGAGAAI-5 | 1122
3189 5'-r(AGGAUUGGGUGAGACAGAGACAAAU) -3' | 1123
3'- (UCCUAACCCACUCUGUCUCUGUUUA)-5 | 1124
3393 5'-r(CAAGGAAUCCCUCCCAUCUGGUACU) -3 | 1125
3'- (GUUCCUUAGGGAGGGUAGACCAUGA)r-5' | 1126
3396 5'-r(GGAAUCCCUCCCAUCUGGUACUAAA) -3 | 1127
3- (CCUUAGGGAGGGUAGACCAUGAUUWU-5 | 1128
3420 5'-r(AAUUUCAGUGUGUUCUGAGUGUCUU) -3' | 1129
3'- (WUAAAGUCACACAAGACUCACAGAA)I-5' 1130
3458 5'-r(GAAAUACAGAUACAGGGCUGUAGUA) -3 | 1131
3'- (CUUUAUGUCUAUGUCCCGACAUCAU)-5" [ 1132
3460 5'-r(AAUACAGAUACAGGGCUGUAGUAUU) -3 [ 1133
3'- (UUAUGUCUAUGUCCCGACAUCAUAA)-5" | 1134
3465 5'-r(AGAUACAGGGCUGUAGUAUUCAGUA) -3' [ 1135
3'- (UCUAUGUCCCGACAUCAUAAGUCAU-5" [ 1136
3528 5'-r(CAGGGAGAGACCAAGUACCAUCUUU) -3' [ 1137
3'- (GUCCCUCUCUGGUUCAUGGUAGAAA)-5' | 1138
3529 5'-r(AGGGAGAGACCAAGUACCAUCUUUA) -3 [ 1139
3’- (UCCCUCUCUGGUUCAUGGUAGAAAU)-5" [ 1140
3530 5'-r(GGGAGAGACCAAGUACCAUCUUUAU) -3' | 1141
3'- (CCCUCUCUGGUUCAUGGUAGAAAUA-5" | 1142
3532 5'-r(GAGAGACCAAGUACCAUCUUUAUCU) -3' | 1143
3'- (CUCUCUGGUUCAUGGUAGAAAUAGA)-5' | 1144
3843 5'-r(UCAUGAGAGUCUAGUGCCAUGUCCU) -3° | 1145
3'- (A\GUACUCUCAGAUCACGGUACAGGA)-5' | 1146
-3976 5'-r(GAGAACCCAGCUACUGACAUGCAAG) -3’ | 1147
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Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:

3'- (CUCUUGGGUCGAUGACUGUACGUUC)r-5' | 1148
4018 5'-r(GACACAGGUACUAGGCCCAUUGUUU) -3 | 1149
3'- (CUGUGUCCAUGAUCCGGGUAACAAA)-S' 11150
4083 5'-r(UGGCCUUAGAUGGCACGCCAUGAUU) -3' | 11561
3'- (ACCGGAAUCUACCGUGCGGUACUAA)-5" [ 1152
4132 5'-r(CCUUACCACUGAUCUGGCCAAGAAU) -3' | 1183
3'- (GGAAUGGUGACUAGACCGGUUCUUA-5 | 1154
4164 5'-r(UCCCAACACUUUCACUCCCUCUCCA) -3’ 1155
3'- (AGGGUUGUGAAAGUGAGGGAGAGGU)r-5' | 1156
4204 5'-r(UCCACUUAUUUAGGCCUCAUGUGCU) -3' | 1157
' 3'- (AGGUGAAUAAAUCCGGAGUACACGA)-5' | 1158
4205 | 5-r(CCACUUAUUUAGGCCUCAUGUGCUU) -3° | 1159
3'- (GGUGAAUAAAUCCGGAGUACACGAA)-5 | 1160
4292 5'-r(CCCAUGUGUUCUCUUAAACUGAGAA) -3 | 1161
3'- (GGGUACACAAGAGAAUUUGACUCUU-5 11162
4314 5-r(GAAUUGCACCUGGGCAAUUCCUGUU) -3' | 1163
3'- (CUUAACGUGGACCCGUUAAGGACAA)-5 | 1164
4342 5'-r(UAAGGUGGUCUCUGCUGCUAUUUAA) -3' | 1165
3'- (AUUCCACCAGAGACGACGAUAAAUU)-E 1166
4354 5'-r(UGCUGCUAUUUAACAACCCAGAGUA) -3 | 1167
‘ 3'- (A\CGACGAUAAAUUGUUGGGUCUCAU-5 | 1168
4480 5'-r(CCACUUGUGGCAAACAACCUCGUUU) -3° | 1169
3'- (GGUGAACACCGUUUGUUGGAGCAAA)-5' 11170
4489 5'-r(GCAAACAACCUCGUUUCCUUACAAA) -3 1171
3'- (CGUUUGUUGGAGCAAAGGAAUGUUU-5 [ 1172
4490 5'-r(CAAACAACCUCGUUUCCUUACAAAU) -3' 1173
3'- (GUUUGUUGGAGCAAAGGAAUGUUUA)-5' | 1174
4519 5’-r(GCAUGUGACUUUGGUGCCGUUACUU) -3' | 1175
3’- (CGUACACUGAAACCACGGCAAUGAA)r-5' 1176
4615 5'-r(CACAAGAAAGCCAACUGUAUGUCUU) -3 1177
3'- (GUGUUGUUUCGGUUGACAUACAGAA)r-5 | 1178
4620 5'-r(GAAAGCCAACUGUAUGUCUUGUGAU) -3 | 1179
3'- (GUUUCGGUUGACAUACAGAACACUA)-5 | 1180
4647 5'-r(GACAGUUCAUAAUGUAGUUGCUAGA) -3° | 1181
3'- (CUGUCAAGUAUUACAUCAACGAUCU)r-5' 1182
4654 5'-r(CAUAAUGUAGUUGCUAGACCACUUU) -3' | 1183
3'- (GUAUUACAUCAACGAUCUGGUGAAA)-5' | 1184
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Table 9. List of 25-mer siRNA for human Pik3r5, NM_014308; SEQ ID NOs: 1425

and 1426
Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:

249 5'-r(GCUCUUCUAUUCCACUGUUCUUUGU) -3 | 1185

3'- (CGAGAAGAUAAGGUGACAAGAAACA)r-5' 1186

251 5'-r(UCUUCUAUUCCACUGUUCUUUGUAC) -3' [ 1187

3'- (AGAAGAUAAGGUGACAAGAAACAUG)r-5 1188

260 5'-r(CCACUGUUCUUUGUACACCACACUU) -3° [ 1189

3'- (GGUGACAAGAAACAUGUGGUGUGAA)r-5 [ 1190

287 5'-r(CACCAGACUCGGAUCUCCUUCUGAA) -3° | 1191

3'- (GUGGUCUGAGCCUAGAGGAAGACUU-5" | 1192

369 5'-r(CCAGGAGCUGCUCACCUUCAUUGAU) -3° | 1193

' 3'- (GGUCCUCGACGAGUGGAAGUAACUA)-5 [ 1194

370 5'-r(CAGGAGCUGCUCACCUUCAUUGAUG) -3' [ 1195

3'- (GUCCUCGACGAGUGGAAGUAACUAC)H-5' | 1196

375. 5'-r(GCUGCUCACCUUCAUUGAUGCUGAA) -3' | 1197

3- (CGACGAGUGGAAGUAACUACGACUU)-5" | 1198

377 5'-r(UGCUCACCUUCAUUGAUGCUGAACU) -3 | 1199

‘ 3'- (ACGAGUGGAAGUAACUACGACUUGA)r-5° | 1200

380 5'-r(UCACCUUCAUUGAUGCUGAACUCAA) -3° | 1201

3'- (AGUGGAAGUAACUACGACUUGAGUU)r-5" | 1202

381 5'-r(CACCUUCAUUGAUGCUGAACUCAAG) -3' [ 1203

3’- (GUGGAAGUAACUACGACUUGAGUUC)r-5' [ 1204

1249 5'-r(CCUGGGCAGAAGUUCAUCAGGAUCU) -3° | 1205

3'- (GGACCCGUCUUCAAGUAGUCCUAGA)r-5' | 1206

1251 5'-r(UGGGCAGAAGUUCAUCAGGAUCUAU) -3' | 1207

3'- (ACCCGUCUUCAAGUAGUCCUAGAUA-5 | 1208

1252 5'-r(GGGCAGAAGUUCAUCAGGAUCUAUA) -3° [ 1209

3'- (CCCGUCUUCAAGUAGUCCUAGAUAU-5' | 1210

1253 5'-r(GGCAGAAGUUCAUCAGGAUCUAUAA) -3 [ 1211

3'- (CCGUCUUCAAGUAGUCCUAGAUAUUI-5" | 1212

1254 5'-r(GCAGAAGUUCAUCAGGAUCUAUAAA) -3' 1213

3'- (CGUCUUCAAGUAGUCCUAGAUAUUUI-5 11214

1263 5'-r(CAUCAGGAUCUAUAAACUCUUCAAG) -3' 1215

3'- (GUAGUCCUAGAUAUUUGAGAAGUUC)r-5 | 1216

1543 5'-r(UCCACGCUACGUGUUGUGGUCUUUG) -3’ | 1217

3'- (AGGUGCGAUGCACAACACCAGAAAC)-5 | 1218
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Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position NO:
1546 5'-r(ACGCUACGUGUUGUGGUCUUUGGCU) -3' | 1219
3'- (UGCGAUGCACAACACCAGAAACCGA)-5’ 1220
1551 5'-r(ACGUGUUGUGGUCUUUGGCUCCGAU) -3' | 1221
3'- (UGCACAACACCAGAAACCGAGGCUA)r-5' 1222
1657 5’-r(UGUGGUCUUUGGCUCCGAUCGGAUU) -3' | 1223
| 3’- (ACACCAGAAACCGAGGCUAGCCUAA)r-5’ 1224
1636 5'-r(CCACUCCUCACACGGUUCUUCAAAC) -3 | 1225
3'- (GGUGAGGAGUGUGCCAAGAAGUUUG)r-5' | 1226
1640 5'-r(UCCUCACACGGUUCUUCAAACUUCA) -3’ 1227
3'- (AGGAGUGUGCCAAGAAGUUUGAAGU)-5 | 1228
1646 5’-r(CACGGUUCUUCAAACUUCAGUUCUU) -3° | 1229
3'- (GUGCCAAGAAGUUUGAAGUCAAGAA)-5" | 1230
1796 5-r(CAUGGGAGGAGAGCACCAAUGACAU) -3’ | 1231
3'- (GUACCCUCCUCUCGUGGUUACUGUA)-5' | 1232
1804 5 -r(GAGAGCACCAAUGACAUCUCCCACU) -3’ 1233
3'- (CUCUCGUGGUUACUGUAGAGGGUGA)-5" | 1234
1966 5'-r(GCUGACAUGCUACUCUACUACUGCC) -3' | 1235
3'- (CGACUGUACGAUGAGAUGAUGACGG)r-5 | 1236
1971 5'-r(CAUGCUACUCUACUACUGCCGCUUU) -3' | 1237
3'- (GUACGAUGAGAUGAUGACGGCGAAA)-5 | 1238
2012 5-r(UGCUGCAACUCUAUCAGACCGAGCU) -3' | 1239
3'- (ACGACGUUGAGAUAGUCUGGCUCGA)r-5' | 1240
2017 5'-r(CAACUCUAUCAGACCGAGCUGACCU) -3’ | 1241
3'- (GUUGAGAUAGUCUGGCUCGACUGGA)-5' | 1242
2021 5'-r(UCUAUCAGACCGAGCUGACCUUCAU) -3' | 1243
’ 3- (AGAUAGUCUGGCUCGACUGGAAGUA-S' | 1244
2051 5'-r(GGGAGAAGACGACAGAGAUCUUCAU) -3' | 1245
3'- (CCCUCUUCUGCUGUCUCUAGAAGUA)-5" | 1246
2165 5-r(GGGAGGCUGUUCCUCUAACACUACA) -3' | 1247
3'- (CCCUCCGACAAGGAGAUUGUGAUGU)r-5' | 1248
2170 5-r(GCUGUUCCUCUAACACUACAGAUUA) -3’ 1249
3'- (CGACAAGGAGAUUGUGAUGUCUAAU)-5" | 1250
2230 5'-r(UGGAGCAACCUGGAGAAGGUCUGUA) -3' | 1251
3- (ACCUCGUUGGACCUCUUCCAGACAU-5 | 1252
2246 5-r(AGGUCUGUACCUCCGUGAACCUCAA) -3 | 1253
3- (UCCAGACAUGGAGGCACUUGGAGUWIr-5' | 1254
2315 5-r(CCCUGACGCUAAACCUGACAGAAGU) -3' | 1255
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Start siRNA sequence (sense strand/antisense strand) | SEQ 1D
Position NO:
3'- (GGGACUGCGAUUUGGACUGUCUUCA)-5' | 1256
2321 5'-r(CGCUAAACCUGACAGAAGUGGUGAA) -3 | 1257
3'- (GCGAUUUGGACUGUCUUCACCACUU)-5' | 1258
2370 5'-r(GGGCUUUAACCAGAUUAGCACAUCG) -3' -| 1259
3'- (CCCGAAAUUGGUCUAAUCGUGUAGC)r-5" | 1260
2399 5-r(UCAAAGUGGACAAGGUGCAGAUCAU) -3' | 1261
3- (AGUUUCACCUGUUCCACGUCUAGUA)r—S’ 1262
2504 5-r(UCUCACCGUGCUACAAGCCAGAGAA) -3' | 1263
3'- (AGAGUGGCACGAUGUUCGGUCUCUWUIr-5" | 1264
2603 5'-r(UCUGCCUGCCCAUCAUGACUUUCAG) -3’ | 1265
3'- (AGACGGACGGGUAGUACUGAAAGUC)-5' | 1266
2607 5'-r(CCUGCCCAUCAUGACUUUCAGUGGA) -3' | 1267
3'- (GGACGGGUAGUACUGAAAGUCACCUI-5" | 1268
2612 5'-r(CCAUCAUGACUUUCAGUGGAGCUCU) -3' | 1269
3'- (GGUAGUACUGAAAGUCACCUCGAGA)-5 | 1270
2613 5'-r(CAUCAUGACUUUCAGUGGAGCUCUG) -3' | 1271
3'- (GUAGUACUGAAAGUCACCUCGAGAC)-5' | 1272
2618 5-r(UGACUUUCAGUGGAGCUCUGCCCUA) -3’ . | 1273
3'- (A\CUGAAAGUCACCUCGAGACGGGAU-5 | 1274
2620 5'-r(ACUUUCAGUGGAGCUCUGCCCUAGU) -3' | 1275
3'- (UGAAAGUCACCUCGAGACGGGAUCA)-5 | 1276
2707 5'-r(CAGUCCCUCUCUGUGGAGAACUGAA) -3° | 1277
3'- (GUCAGGGAGAGACACCUCUUGACUU)-5'. | 1278
2877 5'-r(GCAGUAGAAGGAGAAGGAUGGGUAA) -3’ | 1279
3'- (CGUCAUCUUCCUCUUCCUACCCAUU-5" | 1280
2889 5'-r(GAAGGAUGGGUAAAUUGACCUCUGA) -3’ | 1281
3'- (CUUCCUACCCAUUUAACUGGAGACU)-5" | 1282
2890 5'-r(AAGGAUGGGUAAAUUGACCUCUGAA) -3° | 1283
3’- (VUCCUACCCAUUUAACUGGAGACUU-5 | 1284
2907 5'-r(CCUCUGAAGUCCCUGACCAUUAGCA) -3' | 1285
3'- (GGAGACUUCAGGGACUGGUAAUCGU)-5 | 1286
2923 5'-r(CCAUUAGCAUGGUCUAGGAUCCUUU) -3' | 1287
3'- (GGUAAUCGUACCAGAUCCUAGGAAA)-5' | 1288
3024 5'-r(CCUUACUUUGCCAAAGACUUGAGGA) -3' | 1289
3'- (GGAAUGAAACGGUUUCUGAACUCCU)r-5" | 1290
3032 5’-r(UGCCAAAGACUUGAGGACCCUGUAU) -3 | 1291
3'- (ACGGUUUCUGAACUCCUGGGACAUA-5 | 1292
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Start siRNA sequence (sense strand/antisense strand) | SEQ ID
Position " | NO:
3033 5'-r(GCCAAAGACUUGAGGACCCUGUAUG) -3' [ 1293
3'- (CGGUUUCUGAACUCCUGGGACAUAC)r-5* [ 1294
3034 5'-r(CCAAAGACUUGAGGACCCUGUAUGU) -3 [ 1295
3'- (GGUUUCUGAACUCCUGGGACAUACA)-5 | 1296
3044 5'-r(GAGGACCCUGUAUGUCUGGAGUUCA) -3’ | 1297
3'- (CUCCUGGGACAUACAGACCUCAAGU)r-5° | 1298
3045 5'-(AGGACCCUGUAUGUCUGGAGUUCAG) -3' | 1299
3'- (UCCUGGGACAUACAGACCUCAAGUC)r-5° | 1300
3151 5-r(CACACACACAUGGCAUGCAUGUACG) -3 [ 1301
3’- (GUGUGUGUGUACCGUACGUACAUGC 1302

Table 10. List of 25-mer siRNA for human Pik3r6 (NM_001010855; SEQ ID NOs:

1427 and 1428)

Start siRNA sequence (sense strand/antisense strand) | SEQID
Position NO:
-99 5'-r(GAACCAAGAACCACCUCUGUGCAGA) -3’ 1303
3- (CUUGGUUCUUGGUGGAGACACGUCU)-5" | 1304
-98 5'-r(AACCAAGAACCACCUCUGUGCAGAA) -3’ 1305
3'- (UUGGUUCUUGGUGGAGACACGUCUUI-5 | 1306
-70 5-r(CAACCACCUUGUUCUCUAUUCUGCU) -3' | 1307
3- (GUUGGUGGAACAAGAGAUAAGACGA-5 | 1308
-67 5-r(CCACCUUGUUCUCUAUUCUGCUGCC) -3’ | 1309
3'- (GGUGGAACAAGAGAUAAGACGACGG)r-5" | 1310
-64 5-r(CCUUGUUCUCUAUUCUGCUGCCCGA) -3' | 1311
3'- (GGAACAAGAGAUAAGACGACGGGCUN-5" | 1312
156 5'-r(GCUGGUCCGCAUUCUUCUCAGAGAA) -3' | 1313
3'- (CGACCAGGCGUAAGAAGAGUCUCUU-5 | 1314
158 5-r(UGGUCCGCAUUCUUCUCAGAGAACU) -3' 11315
3'- (ACCAGGCGUAAGAAGAGUCUCUUGA)-5" | 1316
161 5-r(UCCGCAUUCUUCUCAGAGAACUGGA) -3 | 1317
3'- (AGGCGUAAGAAGAGUCUCUUGACCU)-5 | 1318
162 5-r(CCGCAUUCUUCUCAGAGAACUGGAG) -3' | 1319
3'- (GGCGUAAGAAGAGUCUCUUGACCUC)r-5' 1320
164 5'-r(GCAUUCUUCUCAGAGAACUGGAGAA) -3 | 1321
3'- (CGUAAGAAGAGUCUCUUGACCUCUU)-5" | 1322
263 5'-r(CAGGAAUCACAGAAGAGCUCUACCA) -3 1323
3'- (GUCCUUAGUGUCUUCUCGAGAUGGU)r-5' | 1324
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Start siRNA sequence (sense strand/antisense strand) | SEQID
Position NO:
265 5'-r(GGAAUCACAGAAGAGCUCUACCAGA) -3’ 1325
3'- (CCUUAGUGUCUUCUCGAGAUGGUCU-5' | 1326
272 5'-r(CAGAAGAGCUCUACCAGAGAAUCUA) -3’ 1327
3’- (GUCUUCUCGAGAUGGUCUCUUAGAU)-5' | 1328
279 5'-r(GCUCUACCAGAGAAUCUAUGCCUUU) -3’ 1329
3'- (CGAGAUGGUCUCUUAGAUACGGAAA)-5' 1330
404 5'-r(AAAGGAUGGUCAUUGCCGAACAGAA) -3’ 1331
3'- (WUUCCUACCAGUAACGGCUUGUCUUI-5 | 1332
406 5-r(AGGAUGGUCAUUGCCGAACAGAACU) -3° | 1333
3'- (UCCUACCAGUAACGGCUUGUCUUGA)-5 | 1334
419 5'-r(CCGAACAGAACUUGACGAAUGAGCU) -3’ 1335
3’- (GGCUUGUCUUGAACUGCUUACUCGA)r-5' | 1336
428 5-r(ACUUGACGAAUGAGCUGUAUCCCUA) -3’ 1337
3- (UGAACUGCUUACUCGACAUAGGGAU)r-5 1338
449 5'-r(CCUACCAGGAGAGAGUGUUCCUCUU) -3 | 1339
3- (GGAUGGUCCUCUCUCACAAGGAGAA)-5' 11340
461 5-r{GAGUGUUCCUCUUCGUGGAUCCUGA) -3’ | 1341
3'- (CUCACAAGGAGAAGCACCUAGGACU)-5' 1342
1253 5'-r(UACUUGUGCUCGGAGAUGACAGGAU) -3' | 1343
3'- (A UGAACACGAGCCUCUACUGUCCUA)r-5’ 1344
1254 5'-r(ACUUGUGCUCGGAGAUGACAGGAUG) -3’ | 1345
3'- (UGAACACGAGCCUCUACUGUCCUAC)r-5’ 1346
1592 5'-r(CCCAACCCAUCUAUUUCCAGAUCUA) -3' 1347
3'- (GGGUUGGGUAGAUAAAGGUCUAGAU-5' | 1348
1594 5-r(CAACCCAUCUAUUUCCAGAUCUACA) -3 1349
3'- (GUUGGGUAGAUAAAGGUCUAGAUGU)-5 | 1350
1673 5'-r(UCAUUGAACUGAAGGUGAAGAUCCA) -3’ 1351
3'- (AGUAACUUGACUUCCACUUCUAGGU)r-5' 1352
1674 5'-r(CAUUGAACUGAAGGUGAAGAUCCAA) -3’ 1353
3'- (GUAACUUGACUUCCACUUCUAGGUU)r-5' | 1354
1678 5'-r(GAACUGAAGGUGAAGAUCCAAGAUU) -3’ 1355
3'- (CUUGACUUCCACUUCUAGGUUCUAA)r-5' 1356
1682 5'-r(UGAAGGUGAAGAUCCAAGAUUCUAA) -3’ 1357
3'- (ACUUCCACUUCUAGGUUCUAAGAUU)r-5’ 1358
1683 5'-r(GAAGGUGAAGAUCCAAGAUUCUAAA) -3’ 1359
3- (CUUCCACUUCUAGGUUCUAAGAUUU)r—S’ 1360
1763 5'-r(CAGAGCUCUCCCUAUGCUACCAGAA) -3’ 1361
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Start siRNA sequence (sense strand/antisense strand) | SEQID
Position NO:
3'- (GUCUCGAGAGGGAUACGAUGGUCUWU-5" | 1362
1769 5-r(UCUCCCUAUGCUACCAGAAGGCCUU) -3 1363
3'- (AGAGGGAUACGAUGGUCUUCCGGAA)-5 | 1364
1773 5'-r(CCUAUGCUACCAGAAGGCCUUGCUU) -3' | 1365
3'- (GGAUACGAUGGUCUUCCGGAACGAA)-5 | 1366
1866 5-r(CAGCGACACAGAAGUUUCAGGGUCU) -3' | 1367
3'- (GUCGCUGUGUCUUCAAAGUCCCAGA)r-5' 1368
1872 5'-r(CACAGAAGUUUCAGGGUCUAGCCAU) -3’ 1369
3'- (GUGUCUUCAAAGUCCCAGAUCGGUA)X-5 | 1370
1922 5-r(CAGACCACACAUGUCUGAAUGUCAA) -3’ 1371
3’- (GUCUGGUGUGUACAGACUUACAGUU)-5 | 1372
1952 5-r(CAGAGGUUGUCAAGUCCUCCAACUU) -3’ 1373
3'- (GUCUCCAACAGUUCAGGAGGUUGAA-5 | 1374
1961 5-r(UCAAGUCCUCCAACUUGGCGGGAAA) -3' 1375
3'- (AGUUCAGGAGGUUGAACCGCCCUUU)r-5’ 1376
1971 5'-r(CAACUUGGCGGGAAAGUCCUUCUCU) -3° | 1377
3'- (GUUGAACCGCCCUUUCAGGAAGAGA)r-5 | 1378
1987 5-r(UCCUUCUCUACAGUGACCAACACCU) -3 1379
3'- (AGGAAGAGAUGUCACUGGUUGUGGA)r-5 | 1380
2002 5-r(ACCAACACCUUCAGGACGAACAAUA) -3 1381
3'- (UGGUUGUGGAAGUCCUGCUUGUUAU)-5" | 1382
2003 5'-r(CCAACACCUUCAGGACGAACAAUAL) -3’ 1383
3'- (GGUUGUGGAAGUCCUGCUUGUUAUA-5" | 1384
2009 5'-r(CCUUCAGGACGAACAAUAUCCAGAU) -3’ 1385
3'- (GGAAGUCCUGCUUGUUAUAGGUCUA)-5" | 1386
2071 5-r(GACAAGGACGAUCAACGCACUUUCA) -3’ 1387
3'- (CUGUUCCUGCUAGUUGCGUGAAAGU)r-5' | 1388
2307 5-r(CCACCAACUCCAAACACUCACACCA) -3 1389
3'- (GGUGGUUGAGGUUUGUGAGUGUGGU)r-5' | 1390
2308 5'-r(CACCAACUCCAAACACUCACACCAA) -3’ 1391
3'- (GUGGUUGAGGUUUGUGAGUGUGGUU)r-5" | 1392
2466 5-r(AGGCAAUGCUGUCGCUGCUUGAGAA) -3' | 1393
3'- (UCCGUUACGACAGCGACGAACUCUWUI-5" | 1394
2477 5’-r(UCGCUGCUUGAGAACAUACACACCA) -3’ 1395
3'- (AGCGACGAACUCUUGUAUGUGUGGU)-5' | 1396
2478 5'-r(CGCUGCUUGAGAACAUACACACCAA) -3’ 1397
3'- (GCGACGAACUCUUGUAUGUGUGGUW)r-5' | 1398
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Start siRNA sequence (sense strand/antisense strand) | SEQID
Position NO:

10

15

20

2533 - 5-r(UCAUUUAGCUUCAAUUCCCACUUCU) -3 [ 1399
3'- (AGUAAAUCGAAGUUAAGGGUGAAGA)r-5' 11400

2544 5-r(CAAUUCCCACUUCUCCCACUGUCCU) -3' [ 1401
3'- (GUUAAGGGUGAAGAGGGUGACAGGA)r-5' | 1402

2599 5-r(AAACCAGGGUUAAAGCUGCUGUCUU) -3' | 1403
3'- (UUUGGUCCCAAUUUCGACGACAGAA)r-5' | 1404

2741 5'-r(GCAGGUGUCUCUAUCAGGUGAGAGA) -3’ | 1405
3'- (CGUCCACAGAGAUAGUCCACUCUCU)-5' | 1406

2773 5'-r(CAGACUCAAUAAAUGUACACUGAAG) -3 1407

3'- (GUCUGAGUUAUUUACAUGUGACUUC)-5' | 1408

The candidate siRNA molecules described in this Example can be
used for inhibition of expression of PI3Ks and are useful in a variety of therapeutic
settings, for example, in the treatment of diabetes and cancers including but not
limited to brain, esophageal, bladder, cervical, breast, lung, prostate, stomach,
colorectal, pancreatic, head and neck, thyroid, kidney, or ovarian cancer, or
melanoma, multiple myeloma, lymphoma, leukemia, glioma, or glioblastoma and/or
other disease states, conditions, or traits associated with PI3K gene expression or

activity in a subject or organism.

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:1-1408.

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

1408 and the complementary polynucleotide thereto.

3. The small interfering RNA polynucleotide of either claim 1 or
claim 2 that inhibits expression of a PI3K polypeptide, wherein the PI3K
polypeptide comprises an amino acid sequence as set forth in SEQ ID NOs:1410,
1412, 1414, 1416, 1418, 1420, 1422, 1424, 1426, 1428 and 1430, or that is
encoded by the polynucleotide as set forth in SEQ ID NO:1409, 1411, 1413, 1415,
1417, 1419, 1421, 1423, 1425, 1427, and 1429.

4. The siRNA polynucleotide of either claim 1 or claim 2 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: 1-1408, or the complement thereof.

5. The siRNA polynucleotide of claim 2 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
sequence selected from the group consisting of the sequences set forth in SEQ ID
NOS:1-1408.
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6. The siRNA polynucleotide of claim 5 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.

7. The siRNA polynucleotide of claim 5 wherein 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.

8. The siRNA polynucleotide of claim 2 wherein the nucleotide
sequence of the siRNA polynucleotide comprises at least one mismatched base
pair at the 3’ end of an antisense strand and the 5' end of a sense strand of a
sequence selected from the group consisting of the sequences set forth in SEQ ID
NOS:1-1408.

9. The siRNA polynucleotide of claim 8 wherein the mismatched
base pair results in a wobble base pair between the 3' end of the antisense strand

and its target mMRNA molecule.
10.  The siRNA polynucleotide of claim 1 or claim 2 wherein the
polynucleotide comprises at least one synthetic nucleotide analogue of a naturally

occurring nucleotide.

11.  The siRNA polynucleotide of claim 1 or claim 2 wherein the

polynucleotide comprises at least one chemically modified nucleotide.

12.  The siRNA polynucleotide of claim 11 wherein the chemically

modified nucleotide comprises a 2' O-methyl modified nucleotide.

13.  The siRNA polynucleotide of claim 1 or claim 2 wherein the

polynucleotide is linked to a detectable label.
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14.  The siRNA polynucleotide of claim 13 wherein the detectable

label is a reporter molecule.

15. The siRNA of claim 14 wherein the reporter molecule is
selected from the group consisting of a dye, a radionuclide, a luminescent group, a

fluorescent group, and biotin.

16.  The siRNA polynucleotide of claim 15 wherein the detectable

label is a magnetic particle.

17.  Anisolated siRNA molecule that inhibits expression of a PI3K
gene, wherein the siRNA molecule comprises a nucleic acid that targets any one
of the polynucleotide sequences selected from the group consisting of SEQ ID
NO:1409, 1411, 1413, 1415, 1417, 1419, 1421, 1423, 1425, 1427, and 1429, or a

variant thereof that encodes a protein having kinase activity.

18. The siRNA molecule of claim 17, wherein the siRNA
comprises any one of the single stranded RNA sequences provided in SEQ ID
NOs:1-1408, or a double-stranded RNA thereof.

19. The siRNA molecule of claim 18 wherein the siRNA molecule

down regulates expression of a PI3K gene via RNA interference (RNAI).
20. A composition comprising any one or more of the siRNA
polynucleotide of any one of claims 1, 2, 17 and 18, and a physiologically

acceptable carrier.

21. The composition of claim 20 wherein the composition

comprises Histidine-Lysine copolymer.
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22. The composition of claim 20 wherein the composition

comprises Histidine-Lysine copolymer and propionaldehyde mPEG..

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 subject the composition of claim 20, thereby treating or

preventing the cancer.

24. A method for inhibiting the synthesis or expression of PI3K
comprising contacting a cell expressing PI3K 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:1-1408, or a double-
stranded RNA thereof.

25. The method of claim 24 wherein a nucleic acid sequence
encoding PI3K comprises the sequence set forth in SEQ ID NO:1409, 1411, 1413,
1415, 1417, 1419, 1421, 1423, 1425, 1427, and 1429.

26. A method for reducing the severity of a cancer in a subject,
comprising administering to the subject the composition of claim 20, 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:1-1408, and (ii) a polynucleotide of

at least 18 nucleotides that is complementary to the polynucleotide of (i), wherein
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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.

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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