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INHIBITION OF PCSK9 THROUGH RNAI

RELATED APPLICATIONS

This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional

Application Serial No. US 61/204,348, entitled "INHIBITION OF PCSK9 THROUGH

RNAI," filed on January 5, 2009, the disclosure of which is incorporated by reference herein in

its entirety.

BACKGROUND OF THE INVENTION

Proprotein convertase subtilisin kexin 9 (PCSK9) is a member of the subtilisin serine

protease family. The other eight mammalian subtilisin proteases, PCSK1-PCSK8 (also called

PC 1/3, PC2, furin, PC4, PC5/6, PACE4, PC7, and SlP/SKI-1) are proprotein converges that

process a wide variety of proteins in the secretory pathway and play roles in diverse biological

processes (Bergeron, F. (200O) J . MoI Endocrinol. 24, 1-22, Gensberg, K., (1998) Semin. Cell

Dev. Biol. 9, 11-17, Seidah, N . G. (1999) Brain Res. 848, 45-62, Taylor, N . A., (2003) FASEB

J. 17, 1215-1227, and Zhou, A., (1999) J Biol. Chem. 274, 20745-20748). PCSK9 has been

proposed to play a role in cholesterol metabolism. PCSK9 mRNA expression is down-

regulated by dietary cholesterol feeding in mice (Maxwell, K, N., (2003) J. Lipid Res. 44,

2109-21 19), up-regulated by statins in HepG2 cells (Dubuc, G., (2004) Arterioscler. Thromb.

Vase. Biol. 24, 1454-1459), and up-regulated in sterol regulatory element binding protein

(SREBF) transgenic mice (Horton, J, D., (2003) Proc. Natl. Acad. Sci. USA 100, 12027-

12032), similar to the cholesterol biosynthetic enzymes and the low-density lipoprotein

receptor (LDLR). Furthermore, PCSK9 missense mutations have been found to be associated

with a form of autosomal dominant hypercholesterolemia (Hchola3) (Abifadel, M., et at (2003)

Nat. Genet, 34, 154-156, Timms, K. M., (2004) Hum. Genet 114, 349-353, Leren, T. P. (2004)

Clin. Genet. 65, 419-422), PCSK9 may also play a role in determining LDL cholesterol levels

in the general population, because single-nucleotide polymorphisms (SNPs) have been

associated with cholesterol levels in a Japanese population (Shioji, K., (2004) J. Hum. Genet.

49, 109-1 14).

Autosomal dominant hypercholesterolemias (ADHs) are monogenic diseases in which

patients exhibit elevated total and LDL cholesterol levels, tendon xanthomas, and premature

atherosclerosis (Rader, D. J., (2003) J. Clin. Invest. I l l , 1795-1803). The pathogenesis of

ADHs and a recessive form, autosomal recessive hypercholesterolemia (ARH) (Cohen, J . C ,

(2003) Curr. Opin. Lipidol 14, 121-127), is due to defects in LDL uptake by the liver, ARH

may be caused by LDLR mutations, which prevent LDL uptake, or by mutations in the protein



on LDL, apolipoprotein B, which binds to the LDLR. ARH is caused by mutations in the ARM

protein that are necessary for endocytosis of the LDLR-LDL complex via its interaction with

clathrin. Therefore, if PCSK9 mutations are causative in Hchola3 families, it seems likely that

PCSK9 plays a role in receptor-mediated LDL uptake.

Overexpression studies point to a role for PCSK9 in controlling LDLR levels and,

hence, LDL uptake by the liver (Maxwell K. N. (2004) Proc. Natl. Acad. Sci. USA 101, 7100-

7105, Benjannet, S., et al. (2004) J. Biol. Chem. 279, 48865-18875, Park, S. W., (2004) J Biol.

Chem. 279, 50630-50638). Adenoviral-mediated overexpression of mouse or human PCSK9

for 3 or 4 days in mice results in elevated total and LDL cholesterol levels; this effect is not

seen in LDLR knockout animals (Maxwell K. N . (2004) Proc. Natl. Acad. Sci. USA 101, 7 100-

7105, Benjannet, S., et al. (2904) J. Biol. Chem. 279, 48865-48875, Park, S. W., (2004) J. Biol.

Chem. 279, 50630-50638). In addition, PCSK9 overexpression results in a severe reduction in

hepatic LDLR protein, without affecting IDLE mRNA levels, SREBP protein levels, or

SREBP protein nuclear to cytoplasmic ratio. These results indicate that PCSK9, either directly

or indirectly, reduces LDLR protein levels by a post transcriptional mechanism

Loss of function mutations in PCSK9 have been designed in mouse models (Rashid et

al., (2005) PNAS, 102, 5374-5379, and identified in human individuals Cohen et al., (2005),

Nature Genetics., 37.161-165. In both cases loss of PCSK9 function lead to lowering of total

and LDLc cholesterol. In a retrospective outcome study over 15 years, loss of one copy of

PCSK9 was shown to shift LDLc lower and to lead to an increased risk-benefit protection from

developing cardiovascular heart disease (Cohen et al. 2006 N. Engl. J. Med., 354, 1264-1272.).

Clearly the evidence to date indicates that lowering of PCSK9 levels will lower LDLc.

Despite significant advances in the field of RNAi and advances in the treatment of

pathological processes which can be mediated by down regulating PCSK9 gene expression,

there remains a need for agents that can inhibit PCSK9 gene expression and that can treat

diseases associated with PCSK9 gene expression.

SUMMARY OF THE INVENTION

The present invention is directed to RNAi constructs comprising PCSK9-specific

sequences and methods pertaining to their use in PCSK9 silencing. Accordingly, the present

invention provides compositions and methods for increasing the efficiency of inhibiting

PCSK9 expression through RNA interference.



In one aspect, the present invention relates to an RNAi construct for inhibiting

expression of a PCSK9 gene, comprising a guide sequence that hybridizes to a target sequence

on an mRNA of the PCSK9 gene and inhibitis the expression of the PCSK9 gene through an

RNA interference mechanism, wherein said target sequence is selected from the group

consisting of SEQ ID NOs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37,

39, 41, 43, 45, 47, 49, 51, 53-79, 94, 96, 98 and 100. In some embodiments, the target

sequence is selected from the group consisting of SEQ ID NOs: 11, 19, 23, 25, 53, 55, 57, 59,

61, 63, 65, 66, 67, 69, 94, 96, 98 and 100.

In one particular embodiment, the RNAi construct comprises a single-stranded

polynucleotide that forms a hairpin structure which includes a double-stranded stem and a

single-stranded loop, wherein the double-stranded stem can be cleaved by Dicer to produce an

siRNA having a guide sequence that hybridizes to a sequence selected from SEQ ID NOs: 1, 3,

5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53-79,

94, 96, 98 and 100. In some embodiments, the target sequence is selected from the group

consisting of SEQ ID NOs: 11 19, 23, 25, 53, 55, 57, 59, 61, 63, 65, 66, 67, 69, 94, 96, 98 and

100.

In another embodiment, the RNAi construct comprises an siRNA having a guide

sequence selected from the group consisting of SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20,

22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 85, 87, 89, 91, 95, 97, 99 and 101 .

In certain embodiments of the invention, the RNAi construct comprises a single-

stranded polynucleotide that forms a hairpin structure. The hairpin structure includes a double-

stranded stem and a single-stranded loop, wherein the double-stranded stem has a 5'-stem

sequence having a 5'-end, and a 3'-stem sequence having a 3'-end. The 5'-stem sequence and at

least a portion of said loop form the guide sequence that hybridizes to a sequence selected from

SEQ ID NOs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45,

47, 49, 51, 53-79, 94, 96, 98 and 100. In some embodiments, the target sequence is selected

from the group consisting of SEQ ID NOs: 11, 19, 23, 25, 53, 55, 57, 59, 61, 63, 65, 66, 67, 69,

94, 96, 98 and 100.

In a related embodiment, the 5'-stem sequence, the loop, and at least a portion of the 3'-

stem sequence collectively form the guide sequence that hybridizes to a sequence selected

from SEQ ID NOs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41,

43, 45, 47, 49, 51, 53-79, 94, 96, 98 and 100. In some embodiments, the target sequence is



selected from the group consisting of SEQ ID NOs: 11, 19, 23, 25, 53, 55, 57, 59, 61, 63, 65,

66, 67, 69, 94, 96, 98 and 100.

In certain embodiments, the single-stranded polynucleotide is an RNA.

In certain embodiments, at least 12 nucleotides from the 5'-end of the single-stranded

polynucleotide are 100% complementary to the target sequence.

In certain embodiments, at least one nucleotide is modified to improve resistance to

nucleases, serum stability, target specificity, tissue distribution, and/or cell-permeability of the

polynucleotide.

In certain embodiments, the modified nucleotides are modified on the sugar moiety, the

base, and/or the phosphodiester linkage.

In certain embodiments, the modification is at position 2 from the 5'-end of the

polynucleotide.

In certain embodiments, the modification is a 2'-O-alkyl or 2'-halo group.

In certain embodiments, the modification comprises 2'-O-methyl modification at

alternative nucleotides, starting from either the first or the second nucleotide from the 5'-end.

In certain embodiments, the modification comprises 2'-O-methyl modification of one or

more randomly selected pyrimidine nucleotides (C or U).

In certain embodiments, the modification comprises 2'-O-methyl modification of one or

more nucleotides within the loop. For example, the modification is either limited to one or

more nucleotides within the loop, or additionally including 1, 2, 3, 4, 5, or 6 more nucleotide(s)

of the guide sequence within the double-stranded stem region just 5' to said loop.

In certain embodiments, the modification comprises 2'-O-methyl modification, wherein

no more than 4 consecutive nucleotides are modified.

In certain embodiments, all nucleotides in the 3'-end stem region are modified.

In certain embodiments, all nucleotides in the sense sequence are modified.

In certain embodiments, the modification is a phosphate analog.

In certain embodiments, the modification is a phosphorothioate linkage.

In a related embodiment, the phosphorothioate linkage is limited to one or more

nucleotides within said loop. In another aspect, the phosphorothioate linkage is limited to one



or more nucleotides within said loop, and 1, 2, 3, 4, 5, or 6 more nucleotide(s) of the guide

sequence within the double-stranded stem region just 5' to said loop.

In certain embodiments, the modification comprises hydophobic modification to one or

more bases. For example, said one or more bases are C or G. In one aspect, the hydrophobic

modification comprises an isobutyl group.

In one embodiment, the guide sequence is about 15-21 nucleotides in length, or about

19-2 1 nucleotides in length.

In certain embodiments, the polynucleotide is 15-29 nucleotides in length, or about 25-

26 nucleotides in length.

In another embodiment, the hairpin structure is not a substrate for Dicer.

In certain embodiments, the double-stranded stem of the hairpin structure is less than

2 1 base pairs in length. In another aspect, the double- stranded stem is less than about 20 base

pairs in length, or is about 5-15 base pairs in length, or about 10 base pairs in length. In certain

embodiments, the double-stranded stem is at least 11 base pairs in length, preferably at least 12

base pairs in length.

In other embodiments, the single-stranded loop is 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, or 14

nucleotides in length.

In certain embodiments, the single-stranded polynucleotide comprises an overhang on

the 3'-end and/or an overhang on the 5'-end.

In certain embodiments, the 3'-stem sequence is 100% complementary to the 5'-stem

sequence. In other embodiments, the 3'-stem sequence is less than 100% complementary to the

5'-stem sequence.

In certain embodiments, the 3'-stem sequence of the double-stranded stem comprises

one or more universal base-pairing nucleotides.

In yet another embodiments, the RNAi constructs of the present invention comprise a

double-stranded (dsRNA) construct of 25 base pairs in length, wherein the dsRNA comprises

(1) a sense strand having a 5'-end and a 3'-end wherein said sense strand corresponds to a target

sequence of an mRNA of the PCSK9 gene, and (2) a guide sequence having a 5'-end and a 3'-

end that hybridizes to the sense strand or to the target sequence selected from the group

consisting of SEQ ID NOs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37,

39, 41, 43, 45, 47, 49, 51, 53-79, 94, 96, 98 and 100. In some embodiments, the target



sequence is selected from the group consisting of SEQ ID NOs: 11, 19, 23, 25, 53, 55, 57, 59,

61, 63, 65, 66, 67, 69, 94, 96, 98 and 100 under physiological condition of a cell or under high

stringency hybridization condition.

In certain embodiments, the dsRNA is blunt-ended.

In certain embodiments, the sense strand comprises one or more consecutive 2'-

modified ribose sugar at east of said 5'- and 3'-ends of said sense strand. For example, in one

aspect, the sense strand comprises 12 and 10 consecutive 2'-modified ribose sugars at the 5'-

end and the 3'-end nucleotides, respectively. In another aspect, the sense strand comprises 4

consecutive 2'-modified ribose sugars at both ends.

In certain embodiments, the 2'-modif ϊed ribose sugars are 2'-O-alkyl nucleotides, T -

deoxy-2'-fluoro nucleotides, 2'-deoxy nucleotides, 2'-H (deoxyribonucleotides), or combination

thereof.

In certain embodiments, the guide sequence of the dsRNA further comprises a 2'-

modified ribose sugar. For example, the 2'-ribose sugar is 2'-O-alkyl nucleotides, 2'-deoxy-2'-

fluoro nucleotides, 2'-deoxy nucleotides, 2'-H (deoxyribonucleotides), or combination thereof.

In certain embodiments, the guide sequence of the dsRNA comprises a 2'-modification

at the 2nd nucleotide from the 5'-end of the guide sequence.

In certain embodiments, the guide sequence comprises four consecutive 2'-modification

at the 3'-most end.

In certain embodiments, the PCSK9 gene is present in a cell. In a related embodiment,

the PCSK9 gene is an endogenous gene.

In certain embodiments, the cell is of eukaryotic origin. For example, the cell is from a

mammal, nematode, or insect.

In certain embodiments, the PCSK9 gene is human or mouse.

In certain embodiments, the target sequence of the present invention is at least 95%

identical between the mouse and human sequences.

In certain embodiments, the constructs of the present invention reduce the PCSK9

mRNA level by at least 60% of normal level.



In certain embodiments, the constructs of the present invention exhibit low off-target

effects. For example, the construct exhibits a seed region frequence of less than 6000,

preferably less than 350.

In certain embodiments, the construct of the present invention associates with RISC.

In another aspect, the invention provides a vector expressing the RNAi constructs of the

present invention. In another aspect, the invention provides a cell comprising the vector

expressing the RNAi constructs of the present invention. In another aspect, the invention

provides a cell comprising any of the RNAi constructs of the present invention.

In certain embodiments, the cell is a mammalian cell in culture. For example, the cell

is a human cell.

The present invention also provides a composition comprising any of the RNAi

construct described herein and a pharmaceutically acceptable carrier or diluent.

Also provided is a method for inhibiting the expression of a PCSK9 gene in a

mammalian cell, comprising contacting the mammalian cell with an RNAi construct according

to the invention, or a vector that expresses an RNAi construct as described herein.

In a related embodiment, the mammalian cell is in culture. For example, the

mammalian cell is a human cell.

In certain embodiments, the mammalian cell is contacted in the presence of a delivery

agent. For example, the delivery reagent comprises a lipid. In one aspect, the lipid is a

cationic lipid. In another embodiment, the delivery reagent is a liposome. In other aspects, the

delivery reagent comprises beta-glucan, chitosan, and/or PEL

In one aspect, the invention provides a method of treating a patient for a disease

characterized by overexpression of a PCSK9 gene, comprising administering to the patient an

RNAi construct according to the present invention, wherein the RNAi construct mediates guide

sequennce-dependent reduction in PCSK9 expression.

In another aspect, the invention also provides a method of inhibiting expression of a

PCSK9 gene with an RNAi construct according to the present invention, wherein the RNAi

construct mediates guide sequence-dependent reduction in PCSK9 expression.

It is contemplated that any embodiment of the invention described herein can be

combined with any one or more other embodiments whenever applicable, even though the

different embodiments are separately described in different sections or aspects of the invention.



BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows an RNA screen across the length of the human PCSK9 gene

(NMJ 74936; DNA: SEQ ID NO:80; Protein: SEQ ID NO:81). HeLaS3 cells were transfected

at 0.1 nM active RNA concentration and target mRNA was measured 48 hours post-

transfection. Four duplexes: duplex 1 (corresponding to SEQ ID NOs: 11 and 12), duplex 2

(corresponding to SEQ ID NOs: 19 and 20), duplex 3 (corresponding to SEQ ID NOs:23 and

24) and duplex 4 (corresponding to SEQ ID NOs:25 and 26), corresponding to start sites 944,

1035, 1086, and 1352, respectively, of human PCSK9 were chosen based on their activity and

homology to the mouse PCSK9 gene (NMJ 53565.2; DNA: SEQ ID NO:82; Protein: SEQ ID

NO:83).

Figure 2A shows an EC 0 analysis of PCSK9 siRNA duplexes that recognize target

sequences corresponding to SEQ ID NO:53 (indicated as "A"), SEQ ID NO:55 (indicated as

"B') and SEQ ID NO:57 (indicated as "C"), based off of sequences surrounding the duplex 1

site identified in the RNA screen. PCSK9 expression was measured using a bDNA

hybridization assay (Panomics) 48 hours post-transfection.

Figure 2B shows an EC50 analysis of PCSK9 siRNA duplexes that recognize target

sequences corresponding to SEQ ID NO:59 (indicated as "A") and SEQ ID NO:61 (indicated

as "B") based off of sequences surrounding the duplex 2 site identified in the RNA screen.

PCSK9 expression was measured using a bDNA hybridization assay (Panomics) 48 hours post-

transfection.

Figure 2C shows an EC50 analysis of PCSK9 siRNA duplexes that recognize target

sequences corresponding to SEQ ID NO:63 (indicated as "A"), SEQ ID NO:65 (indicated as

"B") and SEQ ID NO:66 (indicated as "C") based off of sequences surrounding the duplex 3

site identified in the RNA screen. PCSK9 expression was measured using a bDNA

hybridization assay (Panomics) 48 hours post-transfection.

Figure 2D shows an EC50 analysis of PCSK9 siRNA duplexes that recognize target

sequences corresponding to SEQ ID NO:67 (indicated as "A") and SEQ ID NO:69 (indicated

as "B") based off of sequences surrounding the duplex 4 site identified in the RNA screen.

PCSK9 expression was measured using a bDNA hybridization assay (Panomics) 48 hours post-

transfection.

Figure 3 shows an EC50 analysis of two lead PCSK9 duplexes that recognize target



sequences corresponding to SEQ ID NO:63 (indicated as "A") and SEQ ID NO:65 (indicated

as "B"). PCSK9 expression was measured using a bDNA hybridization assay (Panomics) 48

hours post-transfection.

Figure 4 shows a dose-response curve indicating silencing of PCSK9 expression

achieved through transfection of HeLa or HeLa S3 cells with sd-rxRNA.

DETAILED DESCRIPTION OF THE INVENTION

I . Overview

The present invention is related, in part, to compositions and therapeutic methods for

the regulation of PCSK9 activity. To this end, the invention is directed to methods of

identifying agents and the use of identified agents for regulating PCSK9 in dysregulation, or in

conditions that may benefit from silencing of PCSK9 to below physiological levels. In

particular, described herein is PCSK9 silencing through the use of certain PCSK9 sequence-

specific RNAi constructs which exhibit unexpectedly high gene silencing activity. The present

invention also includes methods for identifying sequences within a PCSK9 gene that can be

used to design effective RNAi constructs. RNAi constructs of the present method are designed

and manipulated according to the methods described herein to yield highly stable and potent

constructs with low levels of off-targeting effects.

In general, the invention is directed to RNAi constructs for inhibiting the expression of

PCSK9, wherein said RNAi construct comprises a guide sequence that hybridizes to a target

sequence on an mRNA of the PCSK9 gene and inhibits the expression of the PCSK9 gene

through an RNAi interference mechanism, and wherein the target sequence is selected from the

group consisting of SEQ ID NOs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35,

37, 39, 41, 43, 45, 47, 49, 51, 53-79, 94, 96, 98 and 100. In some embodiments, the target

sequence is selected from the group consisting of SEQ ID NOs: 11, 19, 23, 25, 53, 55, 57, 59,

61, 63, 65, 66, 67, 69, 94, 96, 98 and 100. Described below are a few exemplary constructs

that can be used in the context of the subject sequences and be used in the methods of the

invention described herein. It is understood, however, that any given types of RNAi construct

known in the art may be applicable. For example, in addition to the specific embodiments

described herein (e.g., the double-stranded duplex and the "miniRNA" structures), the present

invention relates to an RNAi construct that comprises a single-stranded polynucleotide that

forms a hairpin structure, which includes a double-stranded stem and a single-stranded loop,

wherein the double-stranded stem can be cleaved by Dicer to produce an siRNA having a



guide sequence that hybridizes to a sequence selected from SEQ ID NOs: 1, 3, 5, 7, 9, 11, 13,

15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53-79, 94, 96, 98 and

100. In some embodiments, the target sequence is selected from the group consisting of SEQ

ID NOs: 11, 19, 23, 25, 53, 55, 57, 59, 61, 63, 65, 66, 67, 69, 94, 96, 98 and 100. Further still,

the present invention includes an siRNA (such as a duplex of 19 nucleotides, with or without

3'-overhangs), as described in the art, comprising a guide sequence that hybridizes to a

sequence selected from SEQ ID NOs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33,

35, 37, 39, 41, 43, 45, 47, 49, 51, 53-79, 94, 96, 98 and 100. In some embodiments, the target

sequence is selected from the group consisting of SEQ ID NOs: 11, 19, 23, 25, 53, 55, 57, 59,

61, 63, 65, 66, 67, 69, 94, 96, 98 and 100 under physiological condition of a cell or under high

stringency hybridization condition.

Double-Stranded Duplex Structures

In one aspect, the invention provides a double-stranded RNA (dsRNA) construct,

preferably of 25 base pairs in length, for inhibiting expression of a PCSK9 gene. Such dsRNA

construct comprises a sense strand having a 5'-end and a 3'-end that corresponds to a region

within an mRNA transcript of the PCSK9 gene, and an antisense strand having a 5'-end and a

3'-end that hybridizes to the sense strand under physiological conditions of a cell or under high

stringency hybridization conditions. In certain embodiments, the sense strand comprises a

sequence selected from the group consisting of SEQ ID NOs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19,

21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53-79, 94, 96, 98 and 100. In some

embodiments, the target sequence is selected from the group consisting of SEQ ID NOs: 11,

19, 23, 25, 53, 55, 57, 59, 61, 63, 65, 66, 67, 69, 94, 96, 98 and 100. The dsRNA construct of

the present invention inhibits expression of PCSK9 in a sequence-dependent manner.

In certain embodiments, the sense strand comprises one or more consecutive 2'-

modified ribose sugar at each of said 5'- and 3'-ends of said sense strand. In certain preferred -

embodiments, the sense strand comprises 12 and 10 consecutive 2'-modified ribose sugar at

each of said 5'-end and 3'-end nucleotides, respectively. In certain embodiments, each end of

the sense strand comprises a continuous stretch of 2'-modified ribose sugars, although each end

may have the same number or different numbers of 2'-modified ribose sugars. In other aspects,

the sense strand comprises 4 consecutive 2'-modif ϊed ribose sugars at both ends.

For a 25-mer construct, each end of the sense strand may comprise, independently, 4-16

2'-modified nucleotides and/or non-hydrolyzable linkages {e.g., phosphothioate linkages). The

number of the modified bases may be adjusted depending on the overall length of the



construct. For example, for a 27-mer, each end of the sense strand may comprise,

independently, 4-18 2'-modified nucleotides and/or phosphothioate linkages, etc.

In other embodiments, the antisense strand comprises an antisense sequence of a sense

strand selected from the group consisting of SEQ ID NOs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21,

23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53-79, 94, 96, 98 and 100. In some

embodiments, the target sequence is selected from the group consisting of SEQ ID NOs: 11,

19, 23, 25, 53, 55, 57, 59, 61, 63, 65, 66, 67, 69, 71, 94, 96, 98 and 100. For example,

antisense sequences that recognize SEQ ID NOs: 11, 19, 23 and 25 are shown in Table 1 as

SEQ ID NOs: 12, 20, 24 and 26 respectively.

In certain embodiments, the antisense strand is unmodified. In other aspects of the

invention, the antisense (guide) strand further comprises a 2'-modified ribose sugar. Such 2'-

modification of the antisense strand is at the 2nd nucleotide from the 5'end of the antisense

strand. In another embodiment, the antisense strand comprises four consecutive 2'-

modification at the 3'-most end of the antisense strand.

sd-rxRNA nano

RNA molecules associated with the invention can be sd ("self-delivering")-rxRNA nan0

molecules. Such molecules can also be referred to as "nano RNA" or "sd-rxRNA." As used

herein, "sd-rxRNA nano molecules are asymmetric chemically modified nucleic acid molecules

with double-stranded regions of minimal length such as 8-14 nucleotides. These and other

RNAi molecules associated with the invention can contain a variety of chemical modifications

on the sense and/or antisense strand and can also be attached to a hydrophobic conjugate such

as conventional and advanced sterol-type molecules.

An sd-rxRNA nano molecule can in some aspects includes a guide strand with a minimal

length of 16 nucleotides, and a passenger strand, forming a double stranded nucleic acid,

having a double stranded region and a single stranded region, the double stranded region

having 8-15 nucleotides in length, the single stranded region having 5-12 nucleotides in length,

wherein the passenger strand is linked to a lipophilic group, wherein at least 40% of the

nucleotides of the double stranded nucleic acid are modified, and wherein the single stranded

region has at least 2 phosphorothioate modifications. Position 1 of the guide strand can be 5'

phosphorylated and in some embodiments is also 2'O-methyl modified.

An sd-rxRNA nano molecule can in some aspects include a guide strand of 17-2 1

nucleotides in length that has complementarity to a target gene and a passenger strand of 8-16

nucleotides in length linked at the 3' end to a lipophilic group. The guide strand can have a 3'



single stranded region of 2-13 nucleotides in length, wherein one or more nucleotides within

the single stranded region has phosphorothioate modifications. The guide strand of such

molecules can also be 5' phosphate modified and can contain at least one 2' O-methyl

modification or 2'-fluoro modification of one or more C and/or U nucleotides in the double

stranded region. The passenger (sense) strand can also contain modifications such as the

addition of methyl groups.

Further description of sd-rxRNAnano molecules is incorporated by reference from U.S.

Provisional Application No. 61/192,954, entitled "Chemically Modified Polyucleotides and

Methods of Using the Same," filed on September 22, 2008, U.S. Provisional Application No.

61/149,946, entitled "Minimum Length Triggers of RNA Interference," filed on February 4,

2009, U.S. Provisional Application No. 61/224,031, entitled "Minimum Length Triggers of

RNA Interference," filed on July 8, 2009, and PCT Application No. PCT/US2009/005247,

entitled "Reduced Size Self-Delivering RNAi Compounds," filed on September 22, 2009, the

disclosure of each of which is incorporated by reference herein in its entirety.

As used herein, "2'-modified ribose sugar" includes those ribose sugars that do not

have a 2'-OH group. For example, the 2'-modified ribose sugar may be 2'-O-alkyl nucleotides,

2'-deoxy-2'-fluoro nucleotides, 2'-deoxy nucleotides, 2'-H (deoxyribonucleotides), or

combination thereof. In certain embodiments, the 2'-modified nucleotides are pyrimidine

nucleotides (e.g., C /U). The 2'-O-alkyl nucleotides may be, for example, 2'-O-methyl

nucleotides, or 2'-O-allyl nucleotides.

In another embodiment, dsRNA constructs of the present invention comprise PCSK9

sequences of human or mouse origin. Additionally, in certain preferred embodiments, the

sense strands of the dsRNA correspond to regions of the PCSK9 mRNA sequence that is at

least about 80%, 85%, 90%, 95%, 97%, or 99% identical between the mouse and human

sequences.

In other aspects of the invention, the dsRNA construct significantly (e.g., at least about

40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or more) reduces a

PCSK9 mRNA level relative to normal (physiological) or physiologically aberrant (e.g.,

overexpression) levels. In preferred aspects of the invention, the dsRNA construct reduces a

PCSK9 mRNA level by at least 60% of a normal level.

In certain embodiments, the dsRNA of the invention with the above-referenced

modifications exhibits significantly (e.g., at least about 25%, 30%, 35%, 40%, 45%, 50%,

55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% or more) less "off-target" gene silencing when

compared to similar constructs without the specified antisense modification, thus greatly



improving the overall specificity of the RNAi reagent or therapeutics.

As used herein, "off-target" gene silencing refers to unintended gene silencing due to,

for example, spurious sequence homology between the antisense (guide) sequence and the

unintended target mRNA sequence.

In certain embodiments, a suitable dsRNA PCSK9 sequence to be used as an siRNA

construct in the present invention adheres to what has been described as having a low or

moderate seed complement frequency (SCF). See, for example, Anderson et al. (RNA, 2008,

14: 853-861). SCF refers to the pairing between the hexamer seed region of an siRNA

antisense strand (nucleotides 2-7) and complementary sequences in the 3' UTR of mature

transcripts. This association has been implicated as a contributing factor in off-targeting

effects. As defined herein, siRNA sequences with low (<350) or moderate (-350-6000)

incidents of complementation with the 3' UTR (i.e., low or moderate SCF) exhibit less off-

targeting effects. Accordingly, in certain preferred embodiments, the subject PCSK9-specific

RNAi agents have low to moderate SCF. It should also be understood, however, that while

low or moderate SCF is desirable, it is not essential for reduced off-targeting effects. As such,

in certain embodiments, a sequence may fall within the range of high SCF (>6000) and still

exhibits low off-targeting effects.

According to this aspect of the invention, certain sense or antisense modifications

further increase nuclease stability, and/or lower interferon induction, without a significant

decrease in RNAi activity (or no decrease in RNAi activity at all).

In certain embodiment of the invention, the dsRNA construct associates with an RNA-

induced silencing complex (RISC).

In another embodiment, the dsRNA construct of the the present invention is blunt-

ended. In other embodiments, 5'- and/or 3'-end overhangs of 1-4 nucleotides may be present

on one or both strands.

In further aspects, the present invention contemplates a composition comprising the

dsRNA described herein and a pharmaceutically acceptable carrier or diluent.

Another aspect of the invention provides a method for inhibiting the expression of a

PCSK9 gene in a mammalian cell, comprising contacting the mammalian cell with any of the

subject dsRNA constructs. Another aspect of the invention provides a method for inhibiting

the expression of a PCSK9 gene in a mammalian cell, comprising contacting the mammalian

cell with a vector expressing at least one strand of any of the subject dsRNA constructs. The

method may be carried out in vitro or in vivo, in, for example, mammalian cells in culture, such

as a human cell in culture. The target cells (e.g., mammalian cell) may be contacted in the



presence of a delivery reagent, such as a lipid (e.g., a cationic lipid), a liposome, beta-glucan,

chitosan, polyethyleneimine (PEI), or any combination thereof.

Another aspect of the invention provides a method for inhibiting the expression of a

target gene in a mammalian cell, comprising contacting the mammalian cell with a vector

expressing at least one strand of the dsRNA according to the present methods.

It is contemplated that different features of the invention, such as the different sense

and/or antisense strand modifications, may be combined except when indicated otherwise, in

order to create RNAi constructs with multiple advantages or features over the conventional

siRNA constructs. Furthermore, it is also contemplated that any of the modifications to the

dsRNA as described in US Provisional Application 61/065,335, filed on February 11, 2008,

entitled "MODIFIED RNAI POLYNUCLEOTIDES AND USES THEREOF", incorporated

herein by reference in its entirety, may be applied to the present compositions and methods.

For example, for all applicable aspects of the invention, the antisense strand may

comprise a 2'-modified ribose sugar, such as 2'-O-methyl modified nucleotide, at the 2nd

nucleotide on the 5'-end of the antisense strand and, preferably no other modified nucleotides.

The dsRNA having such modification may have enhanced target specificity or reduced off-

target silencing compared to a similar construct without the 2'-O-methyl modification at said

position.

For all applicable aspects of the invention, the antisense strand may comprise at least

four consecutive 2'-modified ribose sugars, such as 2'-O-methyl modified, 3'-end nucleotides

with non-hydrolyzable internucleotide linkages, such as phosphothioate linkages.

For all applicable aspects of the invention, the 5'-end 12 nucleotides and the 3'-end 10

nucleotides of a 25-mer may be 2'-modified ribose sugars. The number of the modified bases

may be adjusted depending on the overall length of the construct. For example, for a 27-mer,

the 5'-end 12-14 nucleotides and the 3'-end 10-12 nucleotides may be 2'-modified nucleotides,

etc.

For all applicable aspects of the invention, the dsRNA may comprise a mismatch

nucleotide at the 2nd nucleotide from the 3'-end of the sense strand.

Certain combinations of specific antisense and sense strand modifications may even

result in unexpected advantages, as partly manifested by enhanced ability to inhibit target gene

expression, enhanced serum stability, and/or increased target specificity, etc.

According to this embodiment of the invention, certain sense strand sequences may be

cleaved by the RISC complex loaded with the Dicer-resistant guide sequence, at the position

where an equivalent mRNA is cleaved. While not wishing to be bound by any particular



theory, this is partly because the sense strand share the same or similar sequence as the target

mRNA. Therefore, the subject dsRNA constructs include those with a sense strand that can be

cleaved between the 10th and 1lth 3'-end nucleotides.

In alternative embodiments, the constructs of the invention may have different lengths.

In certain embodiments, the preferred lengths of the construct are 19-49 nucleotides in length.

In certain embodiments, the length of the construct is greater than or equal to 22 nucleotides in

length. In certain embodiments, the length of the construct is greater than or equal to 25

nucleotides in length. In certain embodiments, the length of the construct is 26, 27, 28, 29, 30,

or 31-49 nucleotides in length. Other lengths are also possible, so long as the lower length

limit is the minimal length for a Dicer substrate, and the upper limit is a length that generally

will not trigger PKR response in a target cell. In certain embodiments, modifications may alter

that upper limit such that longer lengths (such as 50, 60, 70, 80, 90, 100 bp) are tolerable.

In certain embodiments, the modified dsRNA may have improved stability in serum

and/or cerebral spinal fluid compared to an unmodified dsRNA having the same sequence.

In certain embodiments, the dsRNA does not induce interferon response in primary

cells, such as mammalian primary cells, including primary cells from human, mouse and other

rodents, and other non-human mammals.

In certain embodiments, the dsRNA may also be used to inhibit expression of a target

gene in an invertebrate organism.

To further increase the stability of the subject constructs in vivo, either end of the sense

strand and/or the 3'-end of the antisense strand may be blocked by protective group(s). For

example, protective groups such as inverted nucleotides, inverted abasic moieties, or amino-

end modified nucleotides may be used. Inverted nucleotides may comprise an inverted

deoxynucleotide. Inverted abasic moieties may comprise an inverted deoxyabasic moiety,

such as a 3',3'-linked or 5',5'-linked deoxyabasic moiety.

In certain embodiments, alternating nucleotides on the ends of the sense and/or

antisense strands comprise 2'-modified ribose sugars, and wherein each of the 2'-modified

ribose sugars faces an unmodified nucleotide on the opposite strand. In certain embodiment,

the first 2'-modified antisense nucleotide is the most 5'-end antisense nucleotide or the 2nd

nucleotide from the 5'-end of the antisense strand.

In certain embodiments, the subject double-stranded RNA may be chemically cross-

linked at one or more points, or linked by a nucleotide loop structure at one or both ends (e.g.,

a single-stranded hairpin structure or a circular structure). In one embodiment, the chemical

cross-link or the loop of the hairpin structure is at the 3'-end of the antisense strand (e.g.,



linking the 3'-end of the antisense strand to the 5'-end of the sense strand). In another

embodiment, the chemical cross-link or the loop of the hairpin structure is at the 5'-end of the

antisense strand (e.g., linking the 3'-end of the sense strand to the 5'-end of the antisense

strand. In these embodiments, other structural features of the cross-linked or looped

constructs, such as 5'-end and 3'-end modifications on the sense strand and/or the other

modifications on the antisense strand, are essentially the same as those for the dsRNA

described herein.

Another aspect of the invention provides a method for improving the gene silencing

effect of a small interference RNA (siRNA), comprising modifying the sense and/or antisense

nucleotides of the siRNA to become any of the subject dsRNA constructs.

Single-Stranded Hairpin Structures

In another embodiment of the invention, the subject PCSK9 sequences are incorporated

in the context of a hairpin structure. It has been previously described that a hairpin structure

formed from a single-stranded polynucleotide does not require processing, and indeed is not

processed by Dicer or other Dicer-like Rnase III enzymes to participate in (RISC-mediated)

RNA interference. See U.S. Provisional Application No. 61/135,855, filed July 24, 2008,

entitled "SHORT HAIRPIN RNAi CONSTRUCTS AND USES THEREOF," U.S. Provisional

Application No. 61/197,768, filed on October 30, 2008, entitled "miniRNA CONSTRUCTS

AND USES THEREOF", U.S. Provisional Application No. 61/208,394, filed on February 23,

2009, entitled "RNAI CONTRUCTS AND USES THEREOF," U.S. Provisional Application

No. 61/209,429, filed on March 6, 2009, entitled "RNAI CONSTRUCTS AND USES

THEREOF," and PCT Application PCT/US2009/004326, filed on July 23, 2009, entitled

"RNAI CONSTRUCTS AND USES THEREOF," incorporated herein by reference in their

entire contents. The guide strand of such a hairpin structure becomes the single species of

active RNAi reagent, and thus facilitates the development of RNAi reagents or therapeutics

with higher target specificity, and better-defined biologicial activity and/or pharmacological

property.

Another advantages of the miniRNA is the presence of single-stranded region (loop

region). In some cases, single-stranded polynucleotides are a better substrates for cellular

uptake. Furthermore, in some embodiments, the single-stranded (loop) region is chemically

modified. For example, in some embodiments, the chemical modification may comprise

phosphothioate. In some other embodiments, the chemical modification comprises 2'OME or

2' Fluoro or 2' deoxy. In yet other embodiments, the chemical modification is a combination

of phosphothioates with 2' OMe and 2' Fluoro. In other embodiments, the loop may be



completely or partially replaced by a chemical linker that is flexible enough to allow folding

back of the duplex polynucleotide.

Thus in another aspect, the invention provides a single-stranded polynucleotide

miniRNA construct of 15-49 nucleotides in length, for inhibiting expression of a PCSK9 gene,

said polynucleotide comprising: (1) a 5'-stem sequence having a 5'-end, and (2) a 3'-stem

sequence having a 3'-end, said 5'-stem sequence and 3'-stem sequence being sufficiently

complementary to form a double-stranded stem, and (3) a single-stranded loop bridging the 5'-

stem and 3'-stem sequences. The single-stranded loop may be 2-15 nucleotides in length, or

preferably 4, 5, 6, 7, 8, 9, 10, or 11 nucleotides in length. The 5'-stem sequence (including any

5'-end overhangs) and at least a portion or all of said single-stranded loop form a guide strand /

sequence that is complementary to a transcript of a target gene. Furthermore, the single-

stranded polynucleotide miniRNA structure may be (1) resistant to cleavage by Dicer, (2)

associates with RISC, and/or (c) inhibits expression of the target gene in a guide sequence-

dependent manner.

In another aspect, the invention provides a single-stranded polynucleotide miniRNA

construct of 15-49 nucleotides in length, for inhibiting expression of a PCSK9 gene, said

polynucleotide comprising: (1) a 5'-stem sequence having a 5'-end, and (2) a 3'-stem sequence

having a 3'-end, said 5'-stem sequence and 3'-stem sequence being sufficiently complementary

to form a double-stranded stem, and (3) a single-stranded loop bridging the 5'-stem and 3'-stem

sequences. The single-stranded loop may be 2-15 nucleotides in length, or preferably 4, 5, 6,

7, 8, 9, 10, 11, 12, 13, or 14 nucleotides in length, or more preferably 4, 5, 6, 7 nucleotides in

length. In certain embodiments, the single-stranded loop is 4 or 6 nucleotides in length. In

unmodified forms, the preferred length of the miniRNA stem region is around 10-13 bp. In

certain embodiments, the double-stranded stem region is at least 11 bp in length, preferably at

least 12 bp in length.

In certain embodiments, the guide sequence hybridizes to a target sequence on an

mRNA of the PCSK9 gene, wherein the target sequence is selected from the group consisting

ofSEQ ID NOs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43,

45, 47, 49, 51, 53-79, 94, 96, 98 and 100. In some embodiments, the target sequence is

selected from the group consisting of SEQ ID NOs: 11, 19, 23, 25, 53, 55, 57, 59, 61, 63, 65,

66, 67, 69, 94, 96, 98 and 100.

While not wishing to be bound by any particular theory, it is believed that the duplex /

stem length limitation may be partially defined by thermodynamic stability in cellular

environments. Thus a group of chemical modifications known to enhance thermodynamic



stability of a duplex region may be used to alter stem length. A non-limiting example of these

chemical modifications might be LNA (locked nucleic acid) or MGB (minor groove binder).

There are other chemical modifications with similar properties in the art. One or more

stabilizing chemical modifications might be applied to the duplex region of short miniRNAs

and convert otherwise non-functional entities to functional ones. Preferably, the modification

is in a non-guide sequence region.

Since chemically modified miniRNA stem length can be as small as 6 base pairs,

standard bioinformatics methods may be used to identify perfect or partially perfect inverted

repeats (IR) regions and use them as additional PCSK9 target sites for miniRNAs, further to

the target PCSK9 sequences identified in the present invention.

The 5'-stem sequence (including any 5'-end overhangs), the single-stranded loop, and at

least a portion or all of the 3'-stem sequence form a guide strand / sequence that is

complementary to a transcript of a PCSK9 gene. Furthermore, the single-stranded

polynucleotide miniRNA structure may be (1) resistant to cleavage by Dicer, (2) associates

with RISC, and/or (c) inhibits expression of the PCSK9 gene in a guide sequence-dependent

manner.

In certain embodiments, the polynucleotide does not contain any overhangs. In other

embodiments, 5'- and/or 3'-end overhangs of 1-6 nucleotides (preferably 1, 2, or 3 nucleotide

overhang) may be present on one or both ends of the polynucleotide. The number and/or

sequence of nucleotides overhang on one end of the polynucleotide may be the same or

different from the other end of the polynucleotide. In certain embodiments, one or more of the

overhang nucleotides may contain chemical modification(s), such as phosphothiate or 2'-0Me

modification.

In certain embodiments, the polynucleotide is unmodified. In other embodiments, at

least one nucleotide is modified. In further embodiments, the modification includes a 2'-H or

2'-modified ribose sugar at the 2nd nucleotide from the 5'-end of the guide sequence. The "2nd

nucleotide" is defined as the second nucleotide from the 5'-end of the polynucleotide.

As used herein, "2 '-modified ribose sugar" includes those ribose sugars that do not

have a 2'-OH group. "2'-modified ribose sugar" does not include 2'-deoxyribose (found in

unmodified canonical DNA nucleotides). For example, the 2'-modified ribose sugar may be

2'-0-alkyl nucleotides, 2'-deoxy-2'-fluoro nucleotides, 2'-deoxy nucleotides, or combination

thereof.

In certain embodiments, the 2'-modified nucleotides are pyrimidine nucleotides (e.g., C

AJ). Examples of 2'-0-alkyl nucleotides include 2'-O-methyl nucleotides, or 2'-O-allyl



nucleotides.

In certain embodiments, the miniRNA polynucleotide of the invention with the above-

referenced 5'-end modification exhibits significantly (e.g., at least about 25%, 30%, 35%, 40%,

45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% or more) less "off-target" gene

silencing when compared to similar constructs without the specified 5'-end modification, thus

greatly improving the overall specificity of the RNAi reagent or therapeutics.

According to this aspect of the invention, certain guide strand modifications further

increase nuclease stability, and/or lower interferon induction, without significantly decreasing

RNAi activity (or no decrease in RNAi activity at all).

For example, for all applicable aspects of the invention, the 5'-stem sequence may

comprise a 2'-modified ribose sugar, such as 2'-O-methyl modified nucleotide, at the 2n

nucleotide on the 5'-end of the polynucleotide and, preferably no other modified nucleotides.

The hairpin structure having such modification may have enhanced target specificity or

reduced off-target silencing compared to a similar construct without the 2'-O-methyl

modification at said position.

Certain combinations of specific 5'-stem sequence and 3'-stem sequence modifications

may result in further unexpected advantages, as partly manifested by enhanced ability to inhibit

target gene expression, enhanced serum stability, and/or increased target specificity, etc.

The constructs of the invention may have different lengths. In certain embodiments,

the preferred lengths of the miniRNA construct are 15-49 nucleotides in length. In certain

embodiments, the length of the miniRNA construct is 25 or 26 nucleotides in length. Other

lengths are also possible, so long as the double-stranded stem does not exceed a maximum

length causing it to be a Dicer substrate. In certain preferred aspects, the maximum length of

the double-stranded stem does not exceed 2 1 base pairs. In another aspect, the maximum

length of the double-stranded stem does not exceed 19 base pairs. Additionally, the double-

stranded stem may be shorter than 10 base pairs without negatively affecting the RNAi

capability of the hairpin construct. In other embodiments, the length of the single-stranded

loop may be varied to allow for enhanced stability, for example.

In certain embodiments, the guide strand comprises a 2'-O-methyl modified nucleotide

at the 2nd nucleotide on the 5'-end of the guide strand and no other modified nucleotides.

In certain embodiments, the modified hairpin structure may have improved stability in

serum and/or cerebral spinal fluid compared to an unmodified hairpin structures having the

same sequence.

In other embodiments, at least the first 10 nucleotides from the 5'-end of the



polynucleotide are 100% complementary to the PCSK9 gene transcript. More preferably, at

least the first 12 nucleotides from the 5'-end of the polynucleotide are 100% complementary to

the PCSK9 gene transcript. In certain preferred embodiments, about the first 12 to 15

nucleotides from the 5'-end of the polynucleotide are 100% complementary to the PCSK9 gene

transcript.

In certain embodiments, only nucleotides 2 to 17 of the guide sequence / strand is

complementary to the PCSK9 sequence. The sequence complementarity may be partial,

preferably, the guide sequence can hybridize to the PCSK9 sequence under the physiological

condition of the cell or under high stringency condition.

As described herein, a nucleic acid molecule is "hybridizable" to another nucleic acid

molecule, such as a cDNA, genomic DNA, or RNA, when a single-stranded form of the

nucleic acid molecule can anneal to the other micleic acid molecule under the appropriate

conditions of temperature and solution ionic strength (see Sambrook et al. Molecular Cloning:

A Laboratory Manual, Second Edition (1989) Cold Spring Harbor Laboratory Press, Cold

Spring Harbor, N .Y.). The conditions of temperature and ionic strength determine the

"stringency" of the hybridization. Low stringency hybridization conditions correspond to a Tm

(melting temperature) of 55° C , e.g., 5χ SSC, 0.1% SDS, 0.25% milk, and no formamide; or

30% formamide, 5 SSC, 0.5% SDS. Moderate stringency hybridization conditions correspond

to a higher Tm, e.g., 40% formamide, with 5x or 6*SSC. High stringency hybridization

conditions correspond to the highest Tm, e.g., 50% formamide, 5χ or 6><SSC. SSC is 0.15 M

NaCl, 0.015 M Na-citrate.

"High stringency conditions" are understood to encompass conditions of hybridization

which allow hybridization of structurally related, but not structurally dissimilar, nucleic acids.

The term "stringent" is a term of art which is understood by the skilled artisan to describe any

of a number of alternative hybridization and wash conditions which allow annealing of only

highly complementary nucleic acids.

Exemplary high stringent hybridization conditions is equivalent to about 20-27° C.

below the melting temperature (Tm) of the DNA duplex formed in about 1 M salt. Many

equivalent procedures exist and several popular molecular cloning manuals describe suitable

conditions for stringent hybridization and, furthermore, provide formulas for calculating the

length of hybrids expected to be stable under these conditions (see e.g. Current Protocols in

Molecular Biology, John Wiley & Sons, N.Y. (1989), 6.3.1-6 or 13.3.6; or pages 9.47-9.57 of

Sambrook, et al. (1989) Molecular Cloning, 2nd ed., Cold Spring Harbor Press).



Hybridization requires that the two nucleic acids contain complementary sequences,

although depending on the stringency of the hybridization, mismatches between bases are

possible. The appropriate stringency for hybridizing nucleic acids depends on the length of the

nucleic acids and the degree of complementation, variables well known in the art. The greater

the degree of similarity or homology between two nucleotide sequences, the greater the value

of Tm, for hybrids of nucleic acids having those sequences. The relative stability

(corresponding to higher Tm) of nucleic acid hybridizations decreases in the following order:

RNA:RNA, DNA:RNA, DNA:DNA. For hybrids of greater than 100 nucleotides in length,

equations for calculating Tm have been derived (see Sambrook et al., supra, 9.51). For

hybridization with shorter nucleic acids, i.e., oligonucleotides, the position of mismatches

becomes more important, and the length of the oligonucleotide determines its specificity (see

Sambrook et al., supra, 11.8). A minimum length for a hybridizable nucleic acid is at least

about 10 nucleotides; preferably at least about 15 nucleotides; and more preferably the length

is at least about 20 nucleotides.

Unless specified, the term "standard hybridization conditions" or "physiological

conditions" refers to a Tm of about 55° C, and utilizes conditions as set forth above. In a

preferred embodiment, the Tm is 60° C; in a more preferred embodiment, the Tm is 65° C. In a

specific embodiment, "high stringency" refers to hybridization and/or washing conditions at

68° C. in 0.2 χ SSC, at 42° C. in 50% formamide, 4χ SSC, or under conditions that afford levels

of hybridization equivalent to those observed under either of these two conditions.

Suitable hybridization conditions for oligonucleotides (e.g., for oligonucleotide probes

or primers) are typically somewhat different than for full-length nucleic acids (e.g., full-length

cDNA), because of the oligonucleotides' lower melting temperature. Because the melting

temperature of oligonucleotides will depend on the length of the oligonucleotide sequences

involved, suitable hybridization temperatures will vary depending upon the oligonucleotide

molecules used. Exemplary temperatures may be 37° C. (for 14-base oligonucleotides), 48° C.

(for 17-base oligonucleotides), 55° C. (for 20-base oligonucleotides) and 60° C. (for 23-base

oligonucleotides). Exemplary suitable hybridization conditions for oligonucleotides include

washing in 6><SSC, 0.05% sodium pyrophosphate, or other conditions that afford equivalent

levels of hybridization.

In certain embodiments, the hairpin structure does not induce interferon response in

primary cells, such as mammalian primary cells, including primary cells from human, mouse

and other rodents, and other non-human mammals. In certain embodiments, the hairpin

structure may also be used to inhibit expression of a PCSK9 gene in an invertebrate organism.



To further increase the stability of the subject constructs in vivo, the 3'-end of the

hairpin structure may be blocked by protective group(s). For example, protective groups such

as inverted nucleotides, inverted abasic moieties, or amino-end modified nucleotides may be

used. Inverted nucleotides may comprise an inverted deoxynucleotide. Inverted abasic

moieties may comprise an inverted deoxyabasic moiety, such as a 3',3'-linked or 5',5'-linked

deoxyabasic moiety.

The invention includes methods to inhibit expression of a PCSK9 gene either in a cell

in vitro, or in vivo. As such, the polynucleotide hairpin constructs of the invention are useful

for treating a patient with a disease characterized by the overexpression of a PCSK9 gene. In

other embodiments, the polynucleotide hairpin constructs of the invention are useful for

treating a condition that would benefit from inhibition of a PCSK9 gene below physiological

levels.

The PCSK9 gene can be endogenous or exogenous (e.g., introduced into a cell by a

virus or using recombinant DNA technology) to a cell. Such methods may include

introduction of RNA into a cell in an amount sufficient to inhibit expression of the PCSK9

gene, where the RNA is a hairpin structure. By way of example, such an RNA molecule may

have a guide strand that is complementary to the nucleotide sequence of the PCSK9 gene, such

that the composition inhibits expression of the PCSK9 gene. As described in the foregoing

embodiments, the guide strand may be formed by the 5'-stem sequence (including any 5'-end

overhangs) and all or a portion of the single-stranded loop region. Alternatively, the guide

strand may be formed by the 5'-stem sequence (including any 5'-end overhangs), the entire

loop region, and all or a portion of the 3'-stem sequence.

The invention also relates to vectors expressing the subject hairpin constructs, and cells

comprising such vectors or the subject hairpin constructs. The cell may be a mammalian cell

in vivo or in culture, such as a human cell.

The invention further relates to compositions comprising the subject hairpin constructs,

and a pharmaceutically acceptable carrier or diluent.

Another aspect of the invention provides a method for inhibiting the expression of a

target gene in a mammalian cell, comprising contacting the mammalian cell with any of the

subject hairpin constructs.

The method may be carried out in vitro, ex vivo, or in vivo, in, for example, mammalian

cells in culture, such as a human cell in culture.

The target cells (e.g., mammalian cell) may be contacted in the presence of a delivery

reagent, such as a lipid (e.g., a cationic lipid) or a liposome.



Another aspect of the invention provides a method for inhibiting the expression of a

PCSK9 gene in a mammalian cell, comprising contacting the mammalian cell with a vector

expressing the subject hairpin constructs.

Generally, in certain aspects, the RNAi structures of the present invention mediate

sequence-dependent gene silencing by a microRNA mechanism. As used herein, the term

"microRNA" ("miRNA"), also referred to in the art as "small temporal RNAs" ("stRNAs"),

refers to a small (10-50 nucleotide) RNA which are genetically encoded (e.g., by viral,

mammalian, or plant genomes) and are capable of directing or mediating RNA silencing. An

"miRNA disorder" shall refer to a disease or disorder characterized by an aberrant expression

or activity of an miRNA.

microRNAs are involved in down-regulating target genes in critical pathways, such as

development and cancer, in mice, worms and mammals. Gene silencing through a microRNA

mechanism is achieved by specific yet imperfect base-pairing of the miRNA and its target

messenger RNA (mRNA). Various mechanisms may be used in microRNA-mediated down-

regulation of target mRNA expression.

miRNAs are noncoding RNAs of approximately 22 nucleotides which can regulate

gene expression at the post transcriptional or translational level during plant and animal

development. One common feature of miRNAs is that they are all excised from an

approximately 70 nucleotide precursor RNA stem-loop termed pre-miRNA, probably by Dicer,

an RNase Ill-type enzyme, or a homolog thereof. Naturally-occurring miRNAs are expressed

by endogenous genes in vivo and are processed from a hairpin or stem-loop precursor (pre-

miRNA or pri-miRNAs) by Dicer or other RNAses. miRNAs can exist transiently in vivo as a

double-stranded duplex but only one strand is taken up by the RISC complex to direct gene

silencing.

Another pathway that uses small RNAs as sequence-specific regulators is the RNA

interference (RNAi) pathway, which is an evolutionarily conserved response to the presence of

double-stranded RNA (dsRNA) in the cell. The dsRNAs are cleaved into ~20-base pair (bp)

duplexes of small-interfering RNAs (siRNAs) by Dicer. These small RNAs get assembled into

multiprotein effector complexes called RNA-induced silencing complexes (RISCs). The

siRNAs then guide the cleavage of target mRNAs with perfect complementarity.

Some aspects of biogenesis, protein complexes, and function are shared between the

siRNA pathway and the miRNA pathway. The subject RNAi constructs may mimic the

dsRNA in the siRNA mechanism, or the microRNA in the miRNA mechanism.

As described herein, a PCSK9 gene or protein includes the full-length version as well



as any naturally occurring fragments thereof. Additionally, a PCSK9 gene or protein includes

any naturally occurring isoforms of PCSK9.

More detailed aspects of the invention are described in the sections below.

II. Duplex Structure

Duplex Characteristics

Double-stranded oligonucleotides of the invention may be formed by two separate

complementary nucleic acid strands. Duplex formation can occur either inside or outside the

cell containing the target gene.

As used herein, the term "double-stranded" includes one or more nucleic acid

molecules comprising a region of the molecule in which at least a portion of the

nucleomonomers are complementary and hydrogen bond to form a duplex.

As used herein, the term "duplex" includes the region of the double-stranded nucleic

acid molecule(s) that is (are) hydrogen bonded to a complementary sequence. Double-stranded

oligonucleotides of the invention may comprise a nucleotide sequence that is sense to a target

gene and a .complementary sequence that is antisense to the target gene. The sense and

antisense nucleotide sequences correspond to the target gene sequence, e.g., are identical or are

sufficiently identical to effect target gene inhibition {e.g., are about at least about 98%

identical, 96% identical, 94%, 90% identical, 85% identical, or 80% identical) to the target

gene sequence.

In certain embodiments, the double-stranded oligonucleotide of the invention is double-

stranded over its entire length, i.e., with no overhanging single-stranded sequence at either end

of the molecule, i.e., is blunt-ended. In other embodiments, the individual nucleic acid

molecules can be of different lengths. In other words, a double-stranded oligonucleotide of the

invention is not double-stranded over its entire length. For instance, when two separate nucleic

acid molecules are used, one of the molecules, e.g., the first molecule comprising an antisense

sequence, can be longer than the second molecule hybridizing thereto (leaving a portion of the

molecule single-stranded). Likewise, when a single nucleic acid molecule is used a portion of

the molecule at either end can remain single-stranded.

In one embodiment, a double-stranded oligonucleotide of the invention contains

mismatches and/or loops or bulges, but is double-stranded over at least about 70% of the length

of the oligonucleotide. In another embodiment, a double-stranded oligonucleotide of the

invention is double-stranded over at least about 80% of the length of the oligonucleotide. In

another embodiment, a double-stranded oligonucleotide of the invention is double-stranded



over at least about 90%-95% of the length of the oligonucleotide. In another embodiment, a

double-stranded oligonucleotide of the invention is double-stranded over at least about 96%-

98% of the length of the oligonucleotide. In certain embodiments, the double-stranded

oligonucleotide of the invention contains at least or up to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,

14, or 15 mismatches.

Hairpin Characteristics

In a first embodiment, the hairpin structures of the present invention include a nucleic

acid comprising a single-stranded RNA, such as a shRNA. The hairpin structure can include a

double-stranded stem region formed from a 5'-stem sequence having a 5'-end ("5'-stem

sequence") and a 3'-stem sequence having a 3'-end ("3 '-stem sequence") that is complementary

to the 5'-stem sequence. The hairpin structure can further include a single-stranded loop

region. In a related embodiment, the single-stranded polynucleotide is a DNA strand

comprising one or more modified deoxyribonucleotides. In yet another related embodiment,

the single-stranded polynucleotide is an XNA strand, such as a peptide nucleic acid (PNA)

strand or locked nucleic acid (LNA) strand. Further still, the single-stranded polynucleotide is

a DNA/RNA hybrid.

Preferably the 5'-stem sequence and 3'-stem sequence are at least substantially

complementary to each other, and more preferably about 100% complementary to each other.

More preferably, the 5'-stem sequence and 3'-stem sequence are each 5 to 19 nucleotides,

inclusive, in length. Alternatively, the 5'-stem sequence and 3'-stem sequence are each 10 to

19 nucleotides, inclusive, in length. Additionally, the 5'-stem sequence and 3'-stem sequence

within any hairpin of the invention can be the same length, or differ in length by less than

about 5 bases, which as persons skilled in the art are aware can appear in a hairpin structure as

one or more bulge(s). Furthermore, preferably the loop structure is about 2 to 15 nucleotides in

length, and more preferably 4-1 1 nucleotides.

Preferably, overhangs, if any, comprise between 1 to 6 bases. The overhangs can be

unmodified, or can contain one or more specificity or stabilizing modifications, such as a

halogen or O-alkyl modification of the 2' position, or internucleotide modifications such as

phosphorothioate, phosphorodithioate, or methylphosphonate modifications. The overhangs

can be ribonucleic acid, deoxyribonucleic acid, or a combination of ribonucleic acid and

deoxyribonucleic acid. In the case of an overhang at the 5'-end of the polynucleotide, it is

preferred that the modification(s) to the 5'-terminal nucleotide, if any, does not affect the RNAi

capability of the hairpin construct. Such a modification can be, for example, a

phosphorothioate.



As used herein, the term "double-stranded stem" includes one or more nucleic acid

molecules comprising a region of the molecule in which at least a portion of the

nucleomonomers are complementary and hydrogen bond to form a double-stranded region.

In other embodiments, the 3'-stem sequence comprises one or more universal base-

pairing nucleotides.

In certain embodiments, a double-stranded stem of the hairpin construct contains

mismatches and/or loops or bulges, but is double-stranded over at least about 50% of the length

of the double-stranded stem. In another embodiment, a double-stranded stem of the invention

is double-stranded over at least about 60% of the length of the stem. In another embodiment, a

double-stranded stem of the hairpin construct is double-stranded over at least about 70% of the

length of the stem. In another embodiment, a double-stranded stem of the hairpin is double-

stranded over at least about 80% of the length of the stem. In another embodiment, a double-

stranded stem of the hairpin construct is double-stranded over at least about 90%-95% of the

length of the double-stranded stem. In another embodiment, a double-stranded stem of the

hairpin construct is double-stranded over at least about 96%-98% of the length of the stem. In

certain embodiments, the double-stranded stem of the hairpin construct contains at least or up

to 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15 mismatches.

Modifications

The nucleotides of the invention may be modified at various locations, including the

sugar moiety, the phosphodiester linkage, and/or the base.

Sugar moieties include natural, unmodified sugars, e.g., monosaccharide (such as

pentose, e.g., ribose, deoxyribose), modified sugars and sugar analogs. In general, possible

modifications of nucleomonomers, particularly of a sugar moiety, include, for example,

replacement of one or more of the hydroxyl groups with a halogen, a heteroatom, an aliphatic

group, or the functionalization of the hydroxyl group as an ether, an amine, a thiol, or the like.

One particularly useful group of modified nucleomonomers are 2'-O-methyl

nucleotides. Such 2'-O-methyl nucleotides may be referred to as "methylated," and the

corresponding nucleotides may be made from unmethylated nucleotides followed by alkylation

or directly from methylated nucleotide reagents. Modified nucleomonomers may be used in

combination with unmodified nucleomonomers. For example, an oligonucleotide of the

invention may contain both methylated and unmethylated nucleomonomers.

Some exemplary modified nucleomonomers include sugar- or backbone-modified

ribonucleotides. Modified ribonucleotides may contain a nonnaturally occurring base (instead



of a naturally occurring base), such as uridines or cytidines modified at the 5'-position, e.g., 5'-

(2-amino)propyl uridine and 5'-bromo uridine; adenosines and guanosines modified at the 8-

position, e.g., 8-bromo guanosine; deaza nucleotides, e.g., 7-deaza-adenosine; and N-alkylated

nucleotides, e.g., N6-methyl adenosine. Also, sugar-modified ribonucleotides may have the

2'-OH group replaced by a H, alxoxy (or OR), R or alkyl, halogen, SH, SR, amino (such as

NH2, NHR, NR2 ), or CN group, wherein R is lower alkyl, alkenyl, or alkynyl.

Modified ribonucleotides may also have the phosphoester group connecting to adjacent

ribonucleotides replaced by a modified group, e.g., of phosphothioate group. More generally,

the various nucleotide modifications may be combined.

In one embodiment, sense oligomers may have 2'-modifications on the ends (e.g., 2 on

each end, 3 on each end, and 4 on each end, etc.; as well as 1 on one end, 2 on one end, 3 on

one end, and 4 on one end, etc.; and even unbalanced combinations such as 12 on one end and

10 on the other end, etc.). Likewise, the antisense strand may have 2'-modifications on the

ends ( 1 on each end, 2 on each end, 3 on each end, and 4 on each end, and so on; as well as 1

on one end, 2 on one end, 3 on one end, and 4 on one end, and so on; and even unbalanced

combinations such as 1 on one end and 2 on the other end, and so on). In preferred aspects, the

2'-modifications are 2'-O-methyl modifications in the sense RNA strand and/or the antisense

strand.

According to the instant invention, the sense strand can tolerate many 2'-modifications

(such as 2'-O-methyl modifications), so long as the central linkages are unmodified. As used

herein, "central" is not limited to mean the geometric mid-point of the sense strand. Rather, it

can include any location between the 5'-end portion and the 3'-end portion of the sense strand.

The 5'-end portion and the 3'-end portion of the sense strand need not be symmetrical.

Thus, in certain embodiments, the sense strand is not completely modified (i.e., at least

one or more sense strand nucleotide(s) are unmodified). In certain embodiments, the

unmodified sense strand nucleotides are in the central portion of the sense strand, or between

the stretch of modified sense strand nucleotides on the 5'-end and the stre ch of modified sense

strand nucleotides on the 3'-end.

Also according to the instant invention, the sense strand tolerance for 2'-modification is

not necessarily symmetrical. Rather, asymmetrical configurations may be desirable when

using, for example, a sense strand of 25 or 26 nucleotides. 2'-mofications add nuclease

stability, and reduce interferon induction, and are easier to synthesize. Thus it may be

desirable to include more such 2'-modified ribose sugars (especially 2'-O-methyl modified) on

the sense strand, so long as the teachings of the instant invention is followed to preserve RNAi



activity.

In some embodiments of the present invention, the subject highly modified sense

strands may be combined with either unmodified or lightly modified antisense strands to allow

maximum guide strand activity.

To further maximize endo- and exo-nuclease resistance, in addition to the use of 2'-

modified nucleomonomers in the ends, inter-nucleomonomer linkages other than

phosphodiesters may be used. For example, such end blocks may be used alone or in

conjunction with phosphothioate linkages between the 2'-O-methly linkages. Preferred T -

modified nucleomonomers are 2'-modified end nucleotides.

Although the antisense strand may be substantially identical to at least a portion of the

target PCSK9 gene (or genes), at least with respect to the base pairing properties, the sequence

need not be perfectly identical to be useful. Generally, higher homology can be used to

compensate for the use of a shorter antisense gene. In some cases, the antisense strand

generally will be substantially identical (although in antisense orientation) to the PCSK9 target

gene.

One particular example of a composition of the invention has end-blocks on both ends

of a sense oligonucleotide and only the 3'-end of an antisense oligonucleotide. Without

wishing to be bound by theory, a 2'-O-modified sense strand may work less well than its

unmodified version, possibly because it is not efficiently unwound. Thus, in certain

embodiments, mismatches may be introduced into specific positions of the sense strand

(modified 2'-O-methyl sense strand, or even unmodified sense strand) to facilitate easier

loading into the RISC complex.

In some embodiments, the length of the sense strand can be 30, 29, 28, 27, 26, 25, 24,

23, 22, 21, 20, 19, or 18 nucleotides. Similarly, the length of the antisense strand can be 30,

29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, or 18 nucleotides. Further, when a double-stranded

nucleic acid molecule is formed from such sense and antisense molecules, the resulting duplex

may have blunt ends or overhangs of 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, or 14 nucleotides

on one end or independently on each end. Further, double stranded nucleic acid molecules of

the invention may be composed of a sense strand and an antisense strand wherein these strands

are of lengths described above, and are of the same or different lengths, but share only 10, 11,

12, 13, 14, 15, 16, 17, 18, 19, or 20 nucleotides of sequence complementarity. By way of

illustration, in a situation where the sense strand is 20 nucleotides in length and the antisense is

25 nucleotides in length and the two strands share only 15 nucleotides of sequence

complementarity, a double stranded nucleic acid molecules may be formed with a 10



nucleotide overhang on one end and a 5 nucleotide overhang on the other end.

The use of 2'-O-methyl RNA may also be beneficially in circumstances in which it is

desirable to minimize cellular stress responses. RNA having 2'-O-methyl nucleomonomers

may not be recognized by cellular machinery that is thought to recognize unmodified RNA.

The use of 2'-O-methylated or partially 2'-O-methylated RNA may avoid the interferon

response to double-stranded nucleic acids, while maintaining target RNA inhibition. This may

be useful, for example, for avoiding the interferon or other cellular stress responses, both in

short RNAi (e.g., siRNA) sequences that induce the interferon response, and in longer RNAi

sequences that may induce the interferon response.

Overall, modified sugars may include D-ribose, 2'-O-alkyl (including 2'-O-methyl and

2'-0-ethyl), i.e., 2'-alkoxy, 2'-amino, 2'-S-alkyl, 2'-halo (including 2'-fluoro), T -

methoxyethoxy, 2'-allyloxy (-OCH2CH=CH 2), 2'-propargyl, 2'-propyl, ethynyl, ethenyl,

propenyl, and cyano and the like. In one embodiment, the sugar moiety can be a hexose and

incorporated into an oligonucleotide as described (Augustyns, K., et al., Nucl. Acids. Res.

18:471 1 (1992)). Exemplary nucleomonomers can be found, e.g., in U.S. Pat. No. 5,849,902,

incorporated by reference herein.

The term "alkyl" includes saturated aliphatic groups, including straight-chain alkyl

groups (e.g., methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, etc.),

branched-chain alkyl groups (isopropyl, tert-butyl, isobutyl, etc.), cycloalkyl (alicyclic) groups

(cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl), alkyl substituted cycloalkyl

groups, and cycloalkyl substituted alkyl groups. In certain embodiments, a straight chain or

branched chain alkyl has 6 or fewer carbon atoms in its backbone (e.g., Ci-C 6 for straight

chain, C -C6 for branched chain), and more preferably 4 or fewer. Likewise, preferred

cycloalkyls have from 3-8 carbon atoms in their ring structure, and more preferably have 5 or 6

carbons in the ring structure. The term Ci-C 6 includes alkyl groups containing 1 to 6 carbon

atoms.

Moreover, unless otherwise specified, the term alkyl includes both "unsubstituted

alkyls" and "substituted alkyls," the latter of which refers to alkyl moieties having

independently selected substituents replacing a hydrogen on one or more carbons of the

hydrocarbon backbone. Such substituents can include, for example, alkenyl, alkynyl, halogen,

hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy,

carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl,

dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl, phosphate, phosphonato, phosphinato,

cyano, amino (including alkyl amino, dialkylamino, arylamino, diarylamino, and



alkylarylamino), acylamino (including alkylcarbonylamino, arylcarbonylamino, carbamoyl and

ureido), amidino, imino, sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl,

sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl,

or an aromatic or heteroaromatic moiety. Cycloalkyls can be further substituted, e.g., with the

substituents described above. An "alkylaryl" or an "arylalkyl" moiety is an alkyl substituted

with an aryl (e.g., phenylmethyl (benzyl)). The term "alkyl" also includes the side chains of

natural and unnatural amino acids. The term "n-alkyl" means a straight chain (i.e., unbranched)

unsubstituted alkyl group.

The term "alkenyl" includes unsaturated aliphatic groups analogous in length and

possible substitution to the alkyls described above, but that contain at least one double bond.

For example, the term "alkenyl" includes straight-chain alkenyl groups (e.g., ethylenyl,

propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, etc.), branched-

chain alkenyl groups, cycloalkenyl (alicyclic) groups (cyclopropenyl, cyclopentenyl,

cyclohexenyl, cycloheptenyl, cyclooctenyl), alkyl or alkenyl substituted cycloalkenyl groups,

and cycloalkyl or cycloalkenyl substituted alkenyl groups. In certain embodiments, a straight

chain or branched chain alkenyl group has 6 or fewer carbon atoms in its backbone (e.g., C2-C6

for straight chain, C -C6 for branched chain). Likewise, cycloalkenyl groups may have from 3-

8 carbon atoms in their ring structure, and more preferably have 5 or 6 carbons in the ring

structure. The term C2-C6 includes alkenyl groups containing 2 to 6 carbon atoms.

Moreover, unless otherwise specified, the term alkenyl includes both "unsubstituted

alkenyls" and "substituted alkenyls," the latter of which refers to alkenyl moieties having

independently selected substituents replacing a hydrogen on one or more carbons of the

hydrocarbon backbone. Such substituents can include, for example, alkyl groups, alkynyl

groups, halogens, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy,

aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl,

aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl,

phosphate, phosphonato, phosphinato, cyano, amino (including alkyl amino, dialkylamino,

arylamino, diarylamino, and alkylarylamino), acylamino (including alkylcarbonylamino,

arylcarbonylamino, carbamoyl and ureido), amidino, imino, sulfhydryl, alkylthio, arylthio,

thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro,

trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aromatic or heteroaromatic moiety.

The term "alkynyl" includes unsaturated aliphatic groups analogous in length and

possible substitution to the alkyls described above, but which contain at least one triple bond.

For example, the term "alkynyl" includes straight-chain alkynyl groups (e.g., ethynyl,



propynyl, butynyl, pentynyl, hexynyl, heptynyl, octynyl, nonynyl, decynyl, etc.), branched-

chain alkynyl groups, and cycloalkyl or cycloalkenyl substituted alkynyl groups. In certain

embodiments, a straight chain or branched chain alkynyl group has 6 or fewer carbon atoms in

its backbone {e.g. , C2-C6 for straight chain, C3-C6 for branched chain). The term C2-C6 includes

alkynyl groups containing 2 to 6 carbon atoms.

Moreover, unless otherwise specified, the term alkynyl includes both "unsubstituted

alkynyls" and "substituted alkynyls," the latter of which refers to alkynyl moieties having

independently selected substituents replacing a hydrogen on one or more carbons of the

hydrocarbon backbone. Such substituents can include, for example, alkyl groups, alkynyl

groups, halogens, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy,

aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl,

aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl,

phosphate, phosphonato, phosphinato, cyano, amino (including alkyl amino, dialkylamino,

arylamino, diarylamino, and alkylarylamino), acylamino (including alkylcarbonylamino,

arylcarbonylamino, carbamoyl and ureido), amidino, imino, sulfhydryl, alkylthio, arylthio,

thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro,

trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aromatic or heteroaromatic moiety.

Unless the number of carbons is otherwise specified, "lower alkyl" as used herein

means an alkyl group, as defined above, but having from one to five carbon atoms in its

backbone structure. "Lower alkenyl" and "lower alkynyl" have chain lengths of, for example,

2-5 carbon atoms.

The term "alkoxy" includes substituted and unsubstituted alkyl, alkenyl, and alkynyl

groups covalently linked to an oxygen atom. Examples of alkoxy groups include methoxy,

ethoxy, isopropyloxy, propoxy, butoxy, and pentoxy groups. Examples of substituted alkoxy

groups include halogenated alkoxy groups. The alkoxy groups can be substituted with

independently selected groups such as alkenyl, alkynyl, halogen, hydroxyl, alkylcarbonyloxy,

arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl,

arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl,

alkylthiocarbonyl, alkoxyl, phosphate, phosphonato, phosphinato, cyano, amino (including

alkyl amino, dialkylamino, arylamino, diarylamino, and alkylarylamino), acylamino (including

alkylcarbonylamino, arylcarbonylamino, carbamoyl and ureido), amidino, imino, sulffiydryl,

alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido,

nitro, trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aromatic or heteroaromatic

moieties. Examples of halogen substituted alkoxy groups include, but are not limited to,



fluoromethoxy, difluoromethoxy, trifluoromethoxy, chloromethoxy, dichloromethoxy,

trichloromethoxy, etc.

The term "heteroatom" includes atoms of any element other than carbon or hydrogen.

Preferred heteroatoms are nitrogen, oxygen, sulfur and phosphorus.

The term "hydroxy" or "hydroxyl" includes groups with an -OH or -O (with an

appropriate counterion).

The term "halogen" includes fluorine, bromine, chlorine, iodine, etc. The term

"perhalogenated" generally refers to a moiety wherein all hydrogens are replaced by halogen

atoms.

The term "substituted" includes independently selected substituents which can be

placed on the moiety and which allow the molecule to perform its intended function.

Examples of substituents include alkyl, alkenyl, alkynyl, aryl, (CR'R")o-3NR'R", (CR'R")o-3CN,

NO2, halogen, (CR'R")o-3C(halogen) 3, (CR'R")o-3CH(halogen) 2, (CR'R")o-3CH2(halogen),

(CR'R")o-3CONR'R", (CR'R")Q- 3S(O) I-2NR'R", (CR'R") O-3CHO, (CR'R") O-3O(CR'R") O-3H ,

(CR'R")o-3S(O)0.2R', (CR'R")o-3O(CR'R")o-3H, (CR'R")o-3COR', (CR'R")o-3CO2R', or (CR'R")o-

3OR' groups; wherein each R' and R" are each independently hydrogen, a Ci-C 5 alkyl, C2-C5

alkenyl, C2-C5 alkynyl, or aryl group, or R' and R" taken together are a benzylidene group or a

—(CH2)2O(CH2)2- group.

The term "amine" or "amino" includes compounds or moieties in which a nitrogen

atom is covalently bonded to at least one carbon or heteroatom. The term "alkyl amino"

includes groups and compounds wherein the nitrogen is bound to at least one additional alkyl

group. The term "dialkyl amino" includes groups wherein the nitrogen atom is bound to at

least two additional alkyl groups.

The term "ether" includes compounds or moieties which contain an oxygen bonded to

two different carbon atoms or heteroatoms. For example, the term includes "alkoxyalkyl,"

which refers to an alkyl, alkenyl, or alkynyl group covalently bonded to an oxygen atom which

is covalently bonded to another alkyl group.

The term "base" includes the known purine and pyrimidine heterocyclic bases,

deazapurines, and analogs (including heterocyclic substituted analogs, e.g., aminoethyoxy

phenoxazine), derivatives {e.g., 1-alkyl-, 1-alkenyl-, heteroaromatic- and 1-alkynyl derivatives)

and tautomers thereof. Examples of purines include adenine, guanine, inosine, diaminopurine,

and xanthine and analogs {e.g., 8-oxo-N6-methyladenine or 7-diazaxanthine) and derivatives

thereof. Pyrimidines include, for example, thymine, uracil, and cytosine, and their analogs

{e.g., 5-methylcytosine, 5-methyluracil, 5-(l-propynyl)uracil, 5-(l-propynyl)cytosine and 4,4-



ethanocytosine). Other examples of suitable bases include non-purinyl and non-pyrimidinyl

bases such as 2-aminopyridine and triazines.

In a preferred embodiment, the nucleomonomers of an oligonucleotide of the invention

are RNA nucleotides. In another preferred embodiment, the nucleomonomers of an

oligonucleotide of the invention are modified RNA nucleotides. Thus, the oligunucleotides

contain modified RNA nucleotides.

The term "nucleoside" includes bases which are covalently attached to a sugar moiety,

preferably ribose or deoxyribose. Examples of preferred nucleosides include ribonucleosides

and deoxyribonucleosides. Nucleosides also include bases linked to amino acids or amino acid

analogs which may comprise free carboxyl groups, free amino groups, or protecting groups.

Suitable protecting groups are well known in the art (see P. G. M . Wuts and T. W. Greene,

"Protective Groups in Organic Synthesis", 2nd Ed., Wiley-Interscience, New York, 1999).

The term "nucleotide" includes nucleosides which further comprise a phosphate group

or a phosphate analog.

As used herein, the term "linkage" includes a naturally occurring, unmodified

phosphodiester moiety (-O-(PO2 )-O-) that covalently couples adjacent nucleomonomers. As

used herein, the term "substitute linkage" includes any analog or derivative of the native

phosphodiester group that covalently couples adjacent nucleomonomers. Substitute linkages

include phosphodiester analogs, e.g., phosphorothioate, phosphorodithioate, and P-

ethyoxyphosphodiester, P-ethoxyphosphodiester, P-alkyloxyphosphotriester,

methylphosphonate, and nonphosphorus containing linkages, e.g., acetals and amides. Such

substitute linkages are known in the art (e.g., Bjergarde et al. 1991. Nucleic Acids Res.

19:5843; Caruthers et al. 1991. Nucleosides Nucleotides. 10:47). In certain embodiments,

non-hydrolizable linkages are preferred, such as phosphorothiate linkages.

In certain embodiments, oligonucleotides of the invention comprise 3' and 5' termini

(except for circular oligonucleotides). In one embodiment, the 3' and 5' termini of an

oligonucleotide can be substantially protected from nucleases e.g., by modifying the 3' or 5'

linkages (e.g., U.S. Pat. No. 5,849,902 and WO 98/13526). For example, oligonucleotides can

be made resistant by the inclusion of a "blocking group." The term "blocking group" as used

herein refers to substituents (e.g., other than OH groups) that can be attached to

oligonucleotides or nucleomonomers, either as protecting groups or coupling groups for

synthesis (e.g., FITC, propyl (CH2-CH2-CH3), glycol (-0-CH 2-CH2-O-) phosphate (PO3
2 ),

hydrogen phosphonate, or phosphoramidite). "Blocking groups" also include "end blocking

groups" or "exonuclease blocking groups" which protect the 5' and 3' termini of the



oligonucleotide, including modified nucleotides and non-nucleotide exonuclease resistant

structures.

Exemplary end-blocking groups include cap structures {e.g., a 7-methylguanosine cap),

inverted nucleomonomers, e.g., with 3'-3' or 5'-5' end inversions (see, e.g., Ortiagao et αl .

1992. Antisense Res. Dev. 2:129), methylphosphonate, phosphoramidite, non-nucleotide

groups (e.g., non-nucleotide linkers, amino linkers, conjugates) and the like. The 3' terminal

nucleomonomer can comprise a modified sugar moiety. The 3' terminal nucleomonomer

comprises a 3'-0 that can optionally be substituted by a blocking group that prevents 3'-

exonuclease degradation of the oligonucleotide. For example, the 3'-hydroxyl can be esterified

to a nucleotide through a 3' 3' internucleotide linkage. For example, the alkyloxy radical can

be methoxy, ethoxy, or isopropoxy, and preferably, ethoxy. Optionally, the 3'- 3'linked

nucleotide at the 3' terminus can be linked by a substitute linkage. To reduce nuclease

degradation, the 5' most 3'—*5' linkage can be a modified linkage, e.g., a phosphorothioate or a

P-alkyloxyphosphotriester linkage. Preferably, the two 5' most 3'- 5' linkages are modified

linkages. Optionally, the 5' terminal hydroxy moiety can be esterified with a phosphorus

containing moiety, e.g., phosphate, phosphorothioate, or P-ethoxyphosphate.

In one embodiment, the sense strand of an oligonucleotide comprises a 5' group that

allows for RNAi activity but which renders the sense strand inactive in terms of gene targeting.

Preferably, such a 5' modifying group is a phosphate group or a group larger than a phosphate

group. Oligonucleotides of this type often exhibit increased specificity for a target gene in a

cell that corresponds to the nucleotide sequence of the antisense strand. This is because the

sense strand in such an oligonucleotide is often rendered incapable of mediating cleavage of

any nucleotide sequence it might bind to non-specifically and thus will not inactivate any other

genes in the cell. Thus, observed decrease in the expression of a PCSK9 gene within a cell

transfected with such an oligonucleotide will often be attributed to the direct or indirect effect

of the antisense strand. Thus, according to another embodiment, the invention provides a

method of increasing the specificity of an oligonucleotide for a target PCSK9 gene in a cell,

wherein said oligonucleotide comprises a sense strand and an antisense strand, wherein both

the sense strand and the antisense strand are capable of binding to corresponding nucleotide

sequences if present in said cell, said method comprising the step of modifying the 5' terminal

hydroxy moiety of said sense strand with a phosphate group or a group larger than a phosphate

group prior to contacting said oligonucleotide with said cell so as to render said sense strand

incapable of mediating cleavage of any nucleotide sequence it might bind to non-specifically

and thus will not inactivate any other genes in the cell.



Another way to increase target gene specificity, or to reduce off-target silencing effect,

is to introduce a 2'-modification (such as the 2'-0 methyl modification) at a position

corresponding to the second 5'-end nucleotide of the Dicer-cleaved 21-mer. Applicants'

discovery allows the positioning of this 2'-modification in the Dicer-resistant dsRNA, thus

enabling one to design better siRNA constructs with less or no off-target silencing.

In one embodiment, a double-stranded oligonucleotide of the invention can comprise

(i.e., be a duplex of) one nucleic acid molecule which is DNA and one nucleic acid molecule

which is RNA. Antisense sequences of the invention can be "chimeric oligonucleotides"

which comprise an RNA-like and a DNA-like region.

The language "RNase H activating region" includes a region of an oligonucleotide, e.g.,

a chimeric oligonucleotide, that is capable of recruiting RNase H to cleave the target RNA

strand to which the oligonucleotide binds. Typically, the RNase activating region contains a

minimal core (of at least about 3-5, typically between about 3-12, more typically, between

about 5-12, and more preferably between about 5-10 contiguous nucleomonomers) of DNA or

DNA-like nucleomonomers. (See, e.g., U.S. Pat. No. 5,849,902). Preferably, the RNase H

activating region comprises about nine contiguous deoxyribose containing nucleomonomers.

The language "non-activating region" includes a region of an antisense sequence, e.g., a

chimeric oligonucleotide, that does not recruit or activate RNase H. Preferably, a non-

activating region does not comprise phosphorothioate DNA. The oligonucleotides of the

invention comprise at least one non-activating region. In one embodiment, the non-activating

region can be stabilized against nucleases or can provide specificity for the target by being

complementary to the target and forming hydrogen bonds with the target nucleic acid

molecule, which is to be bound by the oligonucleotide.

In one embodiment, at least a portion of the contiguous polynucleotides are linked by a

substitute linkage, e.g., a phosphorothioate linkage.

In certain embodiments, most or all of the sense strand nucleotides (2 '-modified or not)

are linked by phopshorothiaote linkages. Such constructs tend to have improved

pharmacokinetics due to their higher affinity for serum proteins. The phosphothiaote linkages

in the sense strand generally do not interfere with guide strand activity, once the latter is loaded

into RISC.

Antisense sequences of the present invention may include "morpholino

oligonucleotides." Morpholino oligonucleotides are non-ionic and function by an RNase H-

independent mechanism. Each of the 4 genetic bases (Adenine, Cytosine, Guanine, and

Thymine/Uracil) of the morpholino oligonucleotides is linked to a 6-membered morpholine



ring. Morpholino oligonucleotides are made by joining the 4 different subunit types by, e.g.,

non-ionic phosphorodiamidate inter-subunit linkages. Morpholino oligonucleotides have many

advantages including: complete resistance to nucleases (Antisense & Nucl. Acid Drug Dev.

1996. 6:267); predictable targeting (Biochemica Biophysica Acta. 1999. 1489:141); reliable

activity in cells (Antisense & Nucl. Acid Drug Dev. 1997. 7:63); excellent sequence specificity

(Antisense & Nucl. Acid Drug Dev. 1997. 7:151); minimal non-antisense activity (Biochemica

Biophysica Acta. 1999. 1489:141); and simple osmotic or scrape delivery (Antisense & Nucl.

Acid Drug Dev. 1997. 7:291). Morpholino oligonucleotides are also preferred because of their

non-toxicity at high doses. A discussion of the preparation of morpholino oligonucleotides can

be found in Antisense & Nucl. Acid Drug Dev. 1997. 7:187.

III. Synthesis

Oligonucleotides of the invention can be synthesized by any method known in the art,

e.g., using enzymatic synthesis and/or chemical synthesis. The oligonucleotides can be

synthesized in vitro (e.g., using enzymatic synthesis and chemical synthesis) or in vivo (using

recombinant DNA technology well known in the art).

In a preferred embodiment, chemical synthesis is used for modified polynucleotides.

Chemical synthesis of linear oligonucleotides is well known in the art and can be achieved by

solution or solid phase techniques. Preferably, synthesis is by solid phase methods.

Oligonucleotides can be made by any of several different synthetic procedures including the

phosphoramidite, phosphite triester, H-phosphonate, and phosphotriester methods, typically by

automated synthesis methods.

Oligonucleotide synthesis protocols are well known in the art and can be found, e.g., in

U.S. Pat. No. 5,830,653; WO 98/13526; Stec et al. 1984. J. Am. Chem. Soc. 106:6077; Stec et

al. 1985. J. Org. Chem. 50:3908; Stec et al. J. Chromatog. 1985. 326:263; LaPlanche et al.

1986. Nucl. Acid. Res. 1986. 14:9081; Fasman G. D., 1989. Practical Handbook of

Biochemistry and Molecular Biology. 1989. CRC Press, Boca Raton, FIa.; Lamone. 1993.

Biochem. Soc. Trans. 2 1:1; U.S. Pat. No. 5,013,830; U.S. Pat. No. 5,214,135; U.S. Pat. No.

5,525,719; Kawasaki et al. 1993. J. Med. Chem. 36:831; WO 92/03568; U.S. Pat. No.

5,276,019; and U.S. Pat. No. 5,264,423.

The synthesis method selected can depend on the length of the desired oligonucleotide

and such choice is within the skill of the ordinary artisan. For example, the phosphoramidite

and phosphite triester method can produce oligonucleotides having 175 or more nucleotides,

while the H-phosphonate method works well for oligonucleotides of less than 100 nucleotides.



If modified bases are incorporated into the oligonucleotide, and particularly if modified

phosphodiester linkages are used, then the synthetic procedures are altered as needed according

to known procedures. In this regard, Uhlmann et al. (1990, Chemical Reviews 90:543-584)

provide references and outline procedures for making oligonucleotides with modified bases

and modified phosphodiester linkages. Other exemplary methods for making oligonucleotides

are taught in Sonveaux. 1994. "Protecting Groups in Oligonucleotide Synthesis"; Agrawal.

Methods in Molecular Biology 26:1. Exemplary synthesis methods are also taught in

"Oligonucleotide Synthesis - A Practical Approach" (Gait, M. J . IRL Press at Oxford

University Press. 1984). Moreover, linear oligonucleotides of defined sequence, including

some sequences with modified nucleotides, are readily available from several commercial

sources.

The oligonucleotides may be purified by polyacrylamide gel electrophoresis, or by any

of a number of chromatographic methods, including gel chromatography and high pressure

liquid chromatography. To confirm a nucleotide sequence, especially unmodified nucleotide

sequences, oligonucleotides may be subjected to DNA sequencing by any of the known

procedures, including Maxam and Gilbert sequencing, Sanger sequencing, capillary

electrophoresis sequencing, the wandering spot sequencing procedure or by using selective

chemical degradation of oligonucleotides bound to Hybond paper. Sequences of short

oligonucleotides can also be analyzed by laser desorption mass spectroscopy or by fast atom

bombardment (McNeal, et al, 1982, J. Am. Chem. Soc. 104:976; Viari, et al., 1987, Biomed.

Environ. Mass Spectrom. 14:83; Grotjahn et al., 1982, Nuc. Acid Res. 10:4671). Sequencing

methods are also available for RNA oligonucleotides.

The quality of oligonucleotides synthesized can be verified by testing the

oligonucleotide by capillary electrophoresis and denaturing strong anion HPLC (SAX-HPLC)

using, e.g., the method of Bergot and Egan. 1992. J. Chrom. 599:35.

Other exemplary synthesis techniques are well known in the art (see, e.g., Sambrook et

al., Molecular Cloning: a Laboratory Manual, Second Edition (1989); DNA Cloning, Volumes

I and II (DN Glover Ed. 1985); Oligonucleotide Synthesis (M J Gait Ed, 1984; Nucleic Acid

Hybridisation (B D Hames and S J Higgins eds. 1984); A Practical Guide to Molecular

Cloning (1984); or the series, Methods in Enzymology (Academic Press, Inc.)).

In certain embodiments, the subject RNAi constructs or at least portions thereof are

transcribed from expression vectors encoding the subject constructs. Any art recognized

vectors may be use for this purpose. The transcribed RNAi constructs may be isolated and

purified, before desired modifications (such as replacing an unmodified sense strand with a



modified one, etc.) are carried out.

IV. Delivery/Carrier

Uptake of Oligonucleotides by Cells

Oligonucleotides and oligonucleotide compositions are contacted with (i.e., brought

into contact with, also referred to herein as administered or delivered to) and taken up by one

or more cells or a cell lysate. The term "cells" includes prokaryotic and eukaryotic cells,

preferably vertebrate cells, and, more preferably, mammalian cells. In a preferred embodiment,

the oligonucleotide compositions of the invention are contacted with human cells.

Oligonucleotide compositions of the invention can be contacted with cells in vitro, e.g.,

in a test tube or culture dish, (and may or may not be introduced into a subject) or in vivo, e.g. ,

in a subject such as a mammalian subject. Oligonucleotides are taken up by cells at a slow rate

by endocytosis, but endocytosed oligonucleotides are generally sequestered and not available,

e.g., for hybridization to a target nucleic acid molecule. In one embodiment, cellular uptake

can be facilitated by electroporation or calcium phosphate precipitation. However, these

procedures are only useful for in vitro or ex vivo embodiments, are not convenient and, in

some cases, are associated with cell toxicity.

In another embodiment, delivery of oligonucleotides into cells can be enhanced by

suitable art recognized methods including calcium phosphate, DMSO, glycerol or dextran,

electroporation, or by transfection, e.g. , using cationic, anionic, or neutral lipid compositions or

liposomes using methods known in the art (see e.g., WO 90/14074; WO 91/16024; WO

91/17424; U.S. Pat. No. 4,897,355; Bergan et al. 1993. Nucleic Acids Research. 21:3567).

Enhanced delivery of oligonucleotides can also be mediated by the use of vectors (See e.g.,

Shi, Y. 2003. Trends Genet 2003 Jan. 19:9; Reichhart J M et al. Genesis. 2002. 34(l-2):1604,

Yu et al. 2002. Proc. Natl. Acad Sci. USA 99:6047; Sui et al. 2002. Proc. Natl. Acad Sci. USA

99:5515) viruses, polyamine or polycation conjugates using compounds such as polylysine,

protamine, or Ni, N12-bis (ethyl) spermine (see, e.g., Bartzatt, R. et /.1989. Biotechnol. Appl.

Biochem. 11:133; Wagner E. et al. 1992. Proc. Natl. Acad. Sci. 88:4255).

The optimal protocol for uptake of oligonucleotides will depend upon a number of

factors, the most crucial being the type of cells that are being used. Other factors that are

important in uptake include, but are not limited to, the nature and concentration of the

oligonucleotide, the confluence of the cells, the type of culture the cells are in (e.g., a

suspension culture or plated) and the type of media in which the cells are grown.



Conjugating Agents

Conjugating agents bind to the oligonucleotide in a covalent manner. In one

embodiment, oligonucleotides can be derivatized or chemically modified by binding to a

conjugating agent to facilitate cellular uptake. For example, covalent linkage of a cholesterol

moiety to an oligonucleotide can improve cellular uptake by 5- to 10-fold which in turn

improves DNA binding by about 10-fold (Boutorin et al, 1989, FEBS Letters 254:129-132).

Conjugation of octyl, dodecyl, and octadecyl residues enhances cellular uptake by 3-, 4-, and

10- fold as compared to unmodified oligonucleotides (Vlassov et al., 1994, Biochimica et

Biophysica Acta 1197:95-108). Similarly, derivatization of oligonucleotides with poly-L-

lysine can aid oligonucleotide uptake by cells (Schell, 1974, Biochem. Biophys. Acta 340:323,

and Lemaitre et al., 1987, Proc. Natl. Acad. Sci. USA 84:648).

Certain protein carriers can also facilitate cellular uptake of oligonucleotides, including,

for example, serum albumin, nuclear proteins possessing signals for transport to the nucleus,

and viral or bacterial proteins capable of cell membrane penetration. Therefore, protein

carriers are useful when associated with or linked to the oligonucleotides. Accordingly, the

present invention provides for derivatization of oligonucleotides with groups capable of

facilitating cellular uptake, including hydrocarbons and non-polar groups, cholesterol, long

chain alcohols (i.e., hexanol), poly-L-lysine and proteins, as well as other aryl or steroid groups

and polycations having analogous beneficial effects, such as phenyl or naphthyl groups,

quinoline, anthracene or phenanthracene groups, fatty acids, fatty alcohols and sesquiterpenes,

diterpenes, and steroids. A major advantage of using conjugating agents is to increase the

initial membrane interaction that leads to a greater cellular accumulation of oligonucleotides.

Other conjugating agents include various vitamins, such as fat soluble vitamins, which

may be used as a conjugate to deliver RNAi constructs specifically into adipose tissue - the

primary location where these vitamins are stored. These vitamin-based conjugating agents

may be especially useful for targeting certain metabolic disease targets, such as diabetes /

obesity. Of the fat soluble vitamins, such as vitamins A, D, E, K, etc., vitamin K may be

preferred in some embodiments, as there is no known upper intake level (although large doses

could lead to breakdown of red blood cells and possibly to liver disease). In comparison,

vitamins A and D have more defined toxicity and established upper intake levels.

In certain embodiments, gamma carboxyglutamic acid residues may be conjugated to

the subject RNAi constructs to increased their membrane stickiness, and/or to slow clearance

and improve general uptake (infra).



Certain conjugating agents that may be used with the instant constructs include those

described in WO04048545A2 and US20040204377A1 (all incorporated herein by their

entireties), such as a Tat peptide, a sequence substantially similar to the sequence of SEQ ID

NO: 12 of WO04048545A2 and US20040204377A1, a homeobox (hox) peptide, a MTS,

VP22, MPG, at least one dendrimer (such as PAMAM), etc.

Other conjugating agents that may be used with the instant constructs include those

described in WO07089607A2 (incorporated herein), which describes various nanotransporters

and delivery complexes for use in delivery of nucleic acid molecules (such as the subject

dsRNA constructs) and/or other pharmaceutical agents in vivo and in vitro. Using such

delivery complexes, the subject dsRNA can be delivered while conjugated or associated with a

nanotransporter comprising a core conjugated with at least one functional surface group. The

core may be a nanoparticle, such as a dendrimer (e.g., a polylysine dendrimer). The core may

also be a nanotube, such as a single walled nanotube or a multi-walled nanotube. The

functional surface group is at least one of a lipid, a cell type specific targeting moiety, a

fluorescent molecule, and a charge controlling molecule. For example, the targeting moiety

may be a tissue-selective peptide. The lipid may be an oleoyl lipid or derivative thereof.

Exemplary nanotransporter include NOP-7 or HBOLD.

Encapsulating Agents

Encapsulating agents entrap oligonucleotides within vesicles. In another embodiment of

the invention, an oligonucleotide may be associated with a carrier or vehicle, e.g., liposomes or

micelles, although other carriers could be used, as would be appreciated by one skilled in the

art. Liposomes are vesicles made of a lipid bilayer having a structure similar to biological

membranes. Such carriers are used to facilitate the cellular uptake or targeting of the

oligonucleotide, or improve the oligonucleotide's pharmacokinetic or toxicologic properties.

For example, the oligonucleotides of the present invention may also be administered

encapsulated in liposomes, pharmaceutical compositions wherein the active ingredient is

contained either dispersed or variously present in corpuscles consisting of aqueous concentric

layers adherent to lipidic layers. The oligonucleotides, depending upon solubility, may be

present both in the aqueous layer and in the lipidic layer, or in what is generally termed a

liposomic suspension. The hydrophobic layer, generally but not exclusively, comprises

phopholipids such as lecithin and sphingomyelin, steroids such as cholesterol, more or less

ionic surfactants such as diacetylphosphate, stearylamine, or phosphatidic acid, or other

materials of a hydrophobic nature. The diameters of the liposomes generally range from about



15 nm to about 5 microns.

The use of liposomes as drug delivery vehicles offers several advantages. Liposomes

increase intracellular stability, increase uptake efficiency and improve biological activity.

Liposomes are hollow spherical vesicles composed of lipids arranged in a similar fashion as

those lipids which make up the cell membrane. They have an internal aqueous space for

entrapping water soluble compounds and range in size from 0.05 to several microns in

diameter. Several studies have shown that liposomes can deliver nucleic acids to cells and that

the nucleic acids remain biologically active. For example, a lipid delivery vehicle originally

designed as a research tool, such as Lipofectin or LIPOFECTAMINE™ 2000, can deliver

intact nucleic acid molecules to cells.

Specific advantages of using liposomes include the following: they are non-toxic and

biodegradable in composition; they display long circulation half-lives; and recognition

molecules can be readily attached to their surface for targeting to tissues. Finally, cost-effective

manufacture of liposome-based pharmaceuticals, either in a liquid suspension or lyophilized

product, has demonstrated the viability of this technology as an acceptable drug delivery

system.

Complexing Agents

Complexing agents bind to the oligonucleotides of the invention by a strong but non-

covalent attraction {e.g., an electrostatic, van der Waals, pi-stacking, etc. interaction). In one

embodiment, oligonucleotides of the invention can be complexed with a complexing agent to

increase cellular uptake of oligonucleotides. An example of a complexing agent includes

cationic lipids. Cationic lipids can be used to deliver oligonucleotides to cells.

The term "cationic lipid" includes lipids and synthetic lipids having both polar and non-

polar domains and which are capable of being positively charged at or around physiological pH

and which bind to polyanions, such as nucleic acids, and facilitate the delivery of nucleic acids

into cells. In general cationic lipids include saturated and unsaturated alkyl and alicyclic ethers

and esters of amines, amides, or derivatives thereof. Straight-chain and branched alkyl and

alkenyl groups of cationic lipids can contain, e.g., from 1 to about 25 carbon atoms. Preferred

straight chain or branched alkyl or alkene groups have six or more carbon atoms. Alicyclic

groups include cholesterol and other steroid groups. Cationic lipids can be prepared with a

variety of counterions (anions) including, e.g., C l , Br, I , F-, acetate, trifluoroacetate, sulfate,

nitrite, and nitrate.

Examples of cationic lipids include polyethylenimine, polyamidoamine (PAMAM)



starburst dendrimers, Lipofectin (a combination of DOTMA and DOPE), Lipofectase,

LIPOFECTAMINE™ (e.g., LIPOFECT AMINE™ 2000), DOPE, Cytofectin (Gilead Sciences,

Foster City, Calif.), and Eufectins (JBL, San Luis Obispo, Calif.). Exemplary cationic

liposomes can be made from N-[l-(2,3-dioleoloxy)-propyl]-N,N,N-trimethylammonium

chloride (DOTMA), N-[I -(2,3-dioleoloxy)-propyl]-N,N,N-trimethylammonium methylsulfate

(DOTAP), 3β-[N-(N',N'-dimethylaminoethane)carbamoyl]cholesterol (DC-Choi), 2,3,-

dioleyloxy-N-[2(sperminecarboxamido)ethyl]-N,N-dimethyl- 1-propanaminium trifluoroacetate

(DOSPA), l,2-dimyristyloxypropyl-3-dimethyl-hydroxyethyl ammonium bromide; and

dimethyldioctadecylammonium bromide (DDAB). The cationic lipid N-(I -(2,3-

dioleyloxy)propyl)-N,N,N-trimethylammonium chloride (DOTMA), for example, was found to

increase 1000-fold the antisense effect of a phosphothioate oligonucleotide. (Vlassov et al.,

1994, Biochimica et Biophysica Acta 1197:95-108). Oligonucleotides can also be complexed

with, e.g., poly (L-lysine) or avidin and lipids may, or may not, be included in this mixture,

e.g., steryl-poly (L-lysine).

Cationic lipids have been used in the art to deliver oligonucleotides to cells (see, e.g.,

U.S. Pat. Nos. 5,855,910; 5,851,548; 5,830,430; 5,780,053; 5,767,099; Lewis et al. 1996. Proc.

Natl. Acad. Sci. USA 93:3176; Hope et al. 1998. Molecular Membrane Biology 15:1). Other

lipid compositions which can be used to facilitate uptake of the instant oligonucleotides can be

used in connection with the claimed methods. In addition to those listed supra, other lipid

compositions are also known in the art and include, e.g., those taught in U.S. Pat. No.

4,235,871; U.S. Pat. Nos. 4,501,728; 4,837,028; 4,737,323.

In one embodiment lipid compositions can further comprise agents, e.g., viral proteins

to enhance lipid-mediated transfections of oligonucleotides (Kamata, et al., 1994. Nucl. Acids.

Res. 22:536). In another embodiment, oligonucleotides are contacted with cells as part of a

composition comprising an oligonucleotide, a peptide, and a lipid as taught, e.g., in U.S. patent

5,736,392. Improved lipids have also been described which are serum resistant (Lewis, et al.,

1996. Proc. Natl. Acad. Sci. 93:3176). Cationic lipids and other complexing agents act to

increase the number of oligonucleotides carried into the cell through endocytosis.

In another embodiment N-substituted glycine oligonucleotides (peptoids) can be used

to optimize uptake of oligonucleotides. Peptoids have been used to create cationic lipid-like

compounds for transfection (Murphy, et al., 1998. Proc. Natl. Acad. Sci. 95:1517). Peptoids

can be synthesized using standard methods (e.g., Zuckermann, R. N., et al. 1992. J. Am. Chem.

Soc. 114:10646; Zuckermann, R. N., et al. 1992. Int. J. Peptide Protein Res. 40:497).

Combinations of cationic lipids and peptoids, liptoids, can also be used to optimize uptake of



the subject oligonucleotides (Hunag, et al., 1998. Chemistry and Biology. 5:345). Liptoids can

be synthesized by elaborating peptoid oligonucleotides and coupling the amino terminal

submonomer to a lipid via its amino group (Hunag, et al., 1998. Chemistry and Biology.

5:345).

It is known in the art that positively charged amino acids can be used for creating

highly active cationic lipids (Lewis et al. 1996. Proc. Natl. Acad. ScL US.A. 93:3176). In one

embodiment, a composition for delivering oligonucleotides of the invention comprises a

number of arginine, lysine, histidine or ornithine residues linked to a lipophilic moiety (see

e.g., U.S. Pat. No. 5,777,153).

In another embodiment, a composition for delivering oligonucleotides of the invention

comprises a peptide having from between about one to about four basic residues. These basic

residues can be located, e.g., on the amino terminal, C-terminal, or internal region of the

peptide. Families of amino acid residues having similar side chains have been defined in the

art. These families include amino acids with basic side chains (e.g., lysine, arginine, histidine),

acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine

(can also be considered non-polar), asparagine, glutamine, serine, threonine, tyrosine,

cysteine), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, proline,

phenylalanine, methionine, tryptophan), beta-branched side chains (e.g., threonine, valine,

isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine).

Apart from the basic amino acids, a majority or all of the other residues of the peptide can be

selected from the non-basic amino acids, e.g., amino acids other than lysine, arginine, or

histidine. Preferably a preponderance of neutral amino acids with long neutral side chains are

used.

In one embodiment, a composition for delivering oligonucleotides of the invention

comprises a natural or synthetic polypeptide having one or more gamma carboxyglutamic acid

residues, or γ-Gla residues. These gamma carboxyglutamic acid residues may enable the

polypeptide to bind to each other and to membrane surfaces. In other words, a polypeptide

having a series of γ-Gla may be used as a general delivery modality that helps an RNAi

construct to stick to whatever membrane to which it comes in contact. This may at least slow

RNAi constructs from being cleared from the blood stream and enhance their chance of

homing to the target.

The gamma carboxyglutamic acid residues may exist in natural proteins (for example,

prothrombin has 10 γ-Gla residues). Alternatively, they can be introduced into the purified,



recombinantly produced, or chemically synthesized polypeptides by carboxylation using, for

example, a vitamin K-dependent carboxylase. The gamma carboxyglutamic acid residues may

be consecutive or non-consecutive, and the total number and location of such gamma

carboxyglutamic acid residues in the polypeptide can be regulated / fine tuned to achieve

different levels of "stickiness'Of the polypeptide.

In one embodiment, the cells to be contacted with an oligonucleotide composition of

the invention are contacted with a mixture comprising the oligonucleotide and a mixture

comprising a lipid, e.g., one of the lipids or lipid compositions described supra for between

about 12 hours to about 24 hours. In another embodiment, the cells to be contacted with an

oligonucleotide composition are contacted with a mixture comprising the oligonucleotide and a

mixture comprising a lipid, e.g., one of the lipids or lipid compositions described supra for

between about 1 and about five days. In one embodiment, the cells are contacted with a

mixture comprising a lipid and the oligonucleotide for between about three days to as long as

about 30 days. In another embodiment, a mixture comprising a lipid is left in contact with the

cells for at least about five to about 20 days. In another embodiment, a mixture comprising a

lipid is left in contact with the cells for at least about seven to about 15 days.

For example, in one embodiment, an oligonucleotide composition can be contacted

with cells in the presence of a lipid such as cytofectin CS or GSV (available from Glen

Research; Sterling, Va.), GS3815, GS2888 for prolonged incubation periods as described

herein.

In one embodiment, the incubation of the cells with the mixture comprising a lipid and

an oligonucleotide composition does not reduce the viability of the cells. Preferably, after the

transfection period the cells are substantially viable. In one embodiment, after transfection, the

cells are between at least about 70% and at least about 100% viable. In another embodiment,

the cells are between at least about 80% and at least about 95% viable. In yet another

embodiment, the cells are between at least about 85% and at least about 90% viable.

In one embodiment, oligonucleotides are modified by attaching a peptide sequence that

transports the oligonucleotide into a cell, referred to herein as a "transporting peptide." In one

embodiment, the composition includes an oligonucleotide which is complementary to a target

nucleic acid molecule encoding the protein, and a covalently attached transporting peptide.

The language "transporting peptide" includes an amino acid sequence that facilitates

the transport of an oligonucleotide into a cell. Exemplary peptides which facilitate the

transport of the moieties to which they are linked into cells are known in the art, and include,

e.g., HIV TAT transcription factor, lactoferrin, Herpes VP22 protein, and fibroblast growth



factor 2 (Pooga et al. 1998. Nature Biotechnology. 16:857; and Derossi et al. 1998. Trends in

Cell Biology. 8:84; Elliott and OΗ are. 1997. Cell 88:223).

Oligonucleotides can be attached to the transporting peptide using known techniques,

e.g., ( Prochiantz, A. 1996. Curr. Opin. Neurobiol. 6:629; Derossi et al. 1998. Trends Cell

Biol. 8:84; Troy et al. 1996. J. Neurosci. 16:253), Vives et al. 1997. J Biol. Chem. 272:16010).

For example, in one embodiment, oligonucleotides bearing an activated thiol group are linked

via that thiol group to a cysteine present in a transport peptide (e.g., to the cysteine present in

the β turn between the second and the third helix of the antennapedia homeodomain as taught,

e.g., in Derossi et al. 1998. Trends Cell Biol. 8:84; Prochiantz. 1996. Current Opinion in

Neurobiol. 6:629; Allinquant et al. 1995. J Cell Biol. 128:919). In another embodiment, a

Boc-Cys-(Npys)OH group can be coupled to the transport peptide as the last (N-terminal)

amino acid and an oligonucleotide bearing an SH group can be coupled to the peptide (Troy et

al. 1996. J. Neurosci. 16:253).

In one embodiment, a linking group can be attached to a nucleomonomer and the

transporting peptide can be covalently attached to the linker. In one embodiment, a linker can

function as both an attachment site for a transporting peptide and can provide stability against

nucleases. Examples of suitable linkers include substituted or unsubstituted Ci-C 20 alkyl

chains, C2-C20 alkenyl chains, C2-C20 alkynyl chains, peptides, and heteroatoms (e.g., S, O, NH,

etc.). Other exemplary linkers include bifinctional crosslinking agents such as

sulfosuccinimidyl-4-(rnaleimidophenyl)-butyrate (SMPB) (see, e.g., Smith et al. Biochem J

1991.276: 417-2).

In one embodiment, oligonucleotides of the invention are synthesized as molecular

conjugates which utilize receptor-mediated endocytotic mechanisms for delivering genes into

cells (see, e.g., Bunnell et al. 1992. Somatic Cell and Molecular Genetics. 18:559, and the

references cited therein).

Targeting Agents

The delivery of oligonucleotides can also be improved by targeting the oligonucleotides

to a cellular receptor. The targeting moieties can be conjugated to the oligonucleotides or

attached to a carrier group (i.e., poly(L-lysine) or liposomes) linked to the oligonucleotides.

This method is well suited to cells that display specific receptor-mediated endocytosis.

For instance, oligonucleotide conjugates to 6-phosphomannosylated proteins are

internalized 20-fold more efficiently by cells expressing mannose 6-phosphate specific

receptors than free oligonucleotides. The oligonucleotides may also be coupled to a ligand for



a cellular receptor using a biodegradable linker. In another example, the delivery construct is

mannosylated streptavidin which forms a tight complex with biotinylated oligonucleotides.

Mannosylated streptavidin was found to increase 20-fold the internalization of biotinylated

oligonucleotides. (Vlassov et al. 1994. Biochimica et Biophysica Acta 1197:95-108).

In addition specific ligands can be conjugated to the polylysine component of

polylysine-based delivery systems. For example, transferrin-polylysine, adenovirus-polylysine,

and influenza virus hemagglutinin HA-2 N-terminal fusogenic peptides-polylysine conjugates

greatly enhance receptor-mediated DNA delivery in eucaryotic cells. Mannosylated

glycoprotein conjugated to poly(L-lysine) in aveolar macrophages has been employed to

enhance the cellular uptake of oligonucleotides. Liang et al. 1999. Pharmazie 54:559-566.

Because malignant cells have an increased need for essential nutrients such as folic acid

and transferrin, these nutrients can be used to target oligonucleotides to cancerous cells. For

example, when folic acid is linked to poly(L-lysine) enhanced oligonucleotide uptake is seen in

promyelocyte leukaemia (HL-60) cells and human melanoma (M- 14) cells. Ginobbi et al.

1997. Anticancer Res. 17:29. In another example, liposomes coated with maleylated bovine

serum albumin, folic acid, or ferric protoporphyrin IX, show enhanced cellular uptake of

oligonucleotides in murine macrophages, KB cells, and 2.2.15 human hepatoma cells. Liang et

al. 1999. Pharmazie 54:559-566.

Liposomes naturally accumulate in the liver, spleen, and reticuloendothelial system (so-

called, passive targeting). By coupling liposomes to various ligands such as antibodies or

protein A, they can be actively targeted to specific cell populations. For example, protein A-

bearing liposomes may be pretreated with H-2K specific antibodies which are targeted to the

mouse major histocompatibility complex-encoded H-2K protein expressed on L cells. (Vlassov

et al. 1994. Biochimica et Biophysica Acta 1197:95-108).

V. Administration

The optimal course of administration or delivery of the oligonucleotides may vary

depending upon the desired result and/or on the subject to be treated. As used herein

"administration" refers to contacting cells with oligonucleotides and can be performed in vitro

or in vivo. The dosage of oligonucleotides may be adjusted to optimally reduce expression of a

protein translated from a target nucleic acid molecule, e.g., as measured by a readout of RNA

stability or by a therapeutic response, without undue experimentation.

For example, expression of the protein encoded by the nucleic acid target can be

measured to determine whether or not the dosage regimen needs to be adjusted accordingly. In



addition, an increase or decrease in RNA or protein levels in a cell or produced by a cell can be

measured using any art recognized technique. By determining whether transcription has been

decreased, the effectiveness of the oligonucleotide in inducing the cleavage of a target RNA

can be determined.

Any of the above-described oligonucleotide compositions can be used alone or in

conjunction with a pharmaceutically acceptable carrier. As used herein, "pharmaceutically

acceptable carrier" includes appropriate solvents, dispersion media, coatings, antibacterial and

antifungal agents, isotonic and absorption delaying agents, and the like. The use of such media

and agents for pharmaceutical active substances is well known in the art. Except insofar as any

conventional media or agent is incompatible with the active ingredient, it can be used in the

therapeutic compositions. Supplementary active ingredients can also be incorporated into the

compositions.

Oligonucleotides may be incorporated into liposomes or liposomes modified with

polyethylene glycol or admixed with cationic lipids for parenteral administration.

Incorporation of additional substances into the liposome, for example, antibodies reactive

against membrane proteins found on specific target cells, can help target the oligonucleotides

to specific cell types.

Moreover, the present invention provides for administering the subject oligonucleotides

with an osmotic pump providing continuous infusion of such oligonucleotides, for example, as

described in Rataiczak et al. (1992 Proc. Natl. Acad. ScL USA 89:1 1823-1 1827). Such

osmotic pumps are commercially available, e.g., from Alzet Inc. (Palo Alto, Calif). Topical

administration and parenteral administration in a cationic lipid carrier are preferred.

With respect to in vivo applications, the formulations of the present invention can be

administered to a patient in a variety of forms adapted to the chosen route of administration,

e.g., parenterally, orally, or intraperitoneally. Parenteral administration, which is preferred,

includes administration by the following routes: intravenous; intramuscular; interstitially;

intraarterially; subcutaneous; intra ocular; intrasynovial; trans epithelial, including transdermal;

pulmonary via inhalation; ophthalmic; sublingual and buccal; topically, including ophthalmic;

dermal; ocular; rectal; and nasal inhalation via insufflation.

Pharmaceutical preparations for parenteral administration include aqueous solutions of

the active compounds in water-soluble or water-dispersible form. In addition, suspensions of

the active compounds as appropriate oily injection suspensions may be administered. Suitable

lipophilic solvents or vehicles include fatty oils, for example, sesame oil, or synthetic fatty acid

esters, for example, ethyl oleate or triglycerides. Aqueous injection suspensions may contain



substances which increase the viscosity of the suspension include, for example, sodium

carboxymethyl cellulose, sorbitol, or dextran, optionally, the suspension may also contain

stabilizers. The oligonucleotides of the invention can be formulated in liquid solutions,

preferably in physiologically compatible buffers such as Hank's solution or Ringer's solution.

In addition, the oligonucleotides may be formulated in solid form and redissolved or suspended

immediately prior to use. Lyophilized forms are also included in the invention.

Pharmaceutical preparations for topical administration include transdermal patches,

ointments, lotions, creams, gels, drops, sprays, suppositories, liquids and powders. In addition,

conventional pharmaceutical carriers, aqueous, powder or oily bases, or thickeners may be

used in pharmaceutical preparations for topical administration.

Pharmaceutical preparations for oral administration include powders or granules,

suspensions or solutions in water or non-aqueous media, capsules, sachets or tablets. In

addition, thickeners, flavoring agents, diluents, emulsifiers, dispersing aids, or binders may be

used in pharmaceutical preparations for oral administration.

For transmucosal or transdermal administration, penetrants appropriate to the barrier to

be permeated are used in the formulation. Such penetrants are known in the art, and include,

for example, for transmucosal administration bile salts and fusidic acid derivatives, and

detergents. Transmucosal administration may be through nasal sprays or using suppositories.

For oral administration, the oligonucleotides are formulated into conventional oral

administration forms such as capsules, tablets, and tonics. For topical administration, the

oligonucleotides of the invention are formulated into ointments, salves, gels, or creams as

known in the art.

Drug delivery vehicles can be chosen e.g. , for in vitro, for systemic, or for topical

administration. These vehicles can be designed to serve as a slow release reservoir or to

deliver their contents directly to the target cell. An advantage of using some direct delivery

drug vehicles is that multiple molecules are delivered per uptake. Such vehicles have been

shown to increase the circulation half-life of drugs that would otherwise be rapidly cleared

from the blood stream. Some examples of such specialized drug delivery vehicles which fall

into this category are liposomes, hydrogels, cyclodextrins, biodegradable nanocapsules, and

bioadhesive microspheres.

The described oligonucleotides may be administered systemically to a subject.

Systemic absorption refers to the entry of drugs into the blood stream followed by distribution

throughout the entire body. Administration routes which lead to systemic absorption include:

intravenous, subcutaneous, intraperitoneal, and intranasal. Each of these administration routes



delivers the oligonucleotide to accessible diseased cells. Following subcutaneous

administration, the therapeutic agent drains into local lymph nodes and proceeds through the

lymphatic network into the circulation. The rate of entry into the circulation has been shown to

be a function of molecular weight or size. The use of a liposome or other drug carrier localizes

the oligonucleotide at the lymph node. The oligonucleotide can be modified to diffuse into the

cell, or the liposome can directly participate in the delivery of either the unmodified or

modified oligonucleotide into the cell.

The chosen method of delivery will result in entry into cells. Preferred delivery

methods include liposomes (10-400 nm), hydrogels, controlled-release polymers, and other

pharmaceutically applicable vehicles, and microinjection or electroporation (for ex vivo

treatments).

The pharmaceutical preparations of the present invention may be prepared and

formulated as emulsions. Emulsions are usually heterogeneous systems of one liquid dispersed

in another in the form of droplets usually exceeding 0.1 µm in diameter. The emulsions of the

present invention may contain excipients such as emulsifϊers, stabilizers, dyes, fats, oils,

waxes, fatty acids, fatty alcohols, fatty esters, humectants, hydrophilic colloids, preservatives,

and anti-oxidants may also be present in emulsions as needed. These excipients may be present

as a solution in either the aqueous phase, oily phase or itself as a separate phase.

Examples of naturally occurring emulsifϊers that may be used in emulsion formulations

of the present invention include lanolin, beeswax, phosphatides, lecithin and acacia. Finely

divided solids have also been used as good emulsifiers especially in combination with

surfactants and in viscous preparations. Examples of finely divided solids that may be used as

emulsifiers include polar inorganic solids, such as heavy metal hydroxides, nonswelling clays

such as bentonite, attapulgite, hectorite, kaolin, montrnorillonite, colloidal aluminum silicate

and colloidal magnesium aluminum silicate, pigments and nonpolar solids such as carbon or

glyceryl tristearate.

Examples of preservatives that may be included in the emulsion formulations include

methyl paraben, propyl paraben, quaternary ammonium salts, benzalkonium chloride, esters of

p-hydroxybenzoic acid, and boric acid. Examples of antioxidants that may be included in the

emulsion formulations include free radical scavengers such as tocopherols, alkyl gallates,

butylated hydroxyanisole, butylated hydroxytoluene, or reducing agents such as ascorbic acid

and sodium metabisulfite, and antioxidant synergists such as citric acid, tartaric acid, and

lecithin.



In one embodiment, the compositions of oligonucleotides are formulated as

microemulsions. A microemulsion is a system of water, oil and amphiphile which is a single

optically isotropic and thermodynamically stable liquid solution. Typically microemulsions

are prepared by first dispersing an oil in an aqueous surfactant solution and then adding a

sufficient amount of a 4th component, generally an intermediate chain-length alcohol to form a

transparent system.

Surfactants that may be used in the preparation of microemulsions include, but are not

limited to, ionic surfactants, non-ionic surfactants, Brij 96, polyoxyethylene oleyl ethers,

polyglycerol fatty acid esters, tetraglycerol monolaurate (ML3 10), tetraglycerol monooleate

(MO310), hexaglycerol monooleate (PO310), hexaglycerol pentaoleate (PO500), decaglycerol

monocaprate (MCA750), decaglycerol monooleate (MO750), decaglycerol sequioleate

(S0750), decaglycerol decaoleate (DA0750), alone or in combination with cosurfactants. The

cosurfactant, usually a short-chain alcohol such as ethanol, 1-propanol, and 1-butanol, serves to

increase the interfacial fluidity by penetrating into the surfactant film and consequently

creating a disordered film because of the void space generated among surfactant molecules.

Microemulsions may, however, be prepared without the use of cosurfactants and

alcohol-free self-emulsifying microemulsion systems are known in the art. The aqueous phase

may typically be, but is not limited to, water, an aqueous solution of the drug, glycerol,

PEG300, PEG400, polyglycerols, propylene glycols, and derivatives of ethylene glycol. The

oil phase may include, but is not limited to, materials such as Captex 300, Captex 355, Capmul

MCM, fatty acid esters, medium chain (C8-Ci2) mono, di, and tri-glycerides, polyoxyethylated

glyceryl fatty acid esters, fatty alcohols, polyglycolized glycerides, saturated polyglycolized

C8-Ci0 glycerides, vegetable oils and silicone oil.

Microemulsions are particularly of interest from the standpoint of drug solubilization

and the enhanced absorption of drugs. Lipid based microemulsions (both oil/water and

water/oil) have been proposed to enhance the oral bioavailability of drugs.

Microemulsions offer improved drug solubilization, protection of drug from enzymatic

hydrolysis, possible enhancement of drug absorption due to surfactant-induced alterations in

membrane fluidity and permeability, ease of preparation, ease of oral administration over solid

dosage forms, improved clinical potency, and decreased toxicity (Constantinides et al.,

Pharmaceutical Research, 1994, 11:1385; Ho et al., J . Pharm. Sci., 1996, 85:138-143).

Microemulsions have also been effective in the transdermal delivery of active components in

both cosmetic and pharmaceutical applications. It is expected that the microemulsion

compositions and formulations of the present invention will facilitate the increased systemic



absorption of oligonucleotides from the gastrointestinal tract, as well as improve the local

cellular uptake of oligonucleotides within the gastrointestinal tract, vagina, buccal cavity and

other areas of administration.

In an embodiment, the present invention employs various penetration enhancers to

affect the efficient delivery of nucleic acids, particularly oligonucleotides, to the skin of

animals. Even non-lipophilic drugs may cross cell membranes if the membrane to be crossed

is treated with a penetration enhancer. In addition to increasing the diffusion of non-lipophilic

drugs across cell membranes, penetration enhancers also act to enhance the permeability of

lipophilic drugs.

Five categories of penetration enhancers that may be used in the present invention

include: surfactants, fatty acids, bile salts, chelating agents, and non-chelating non-surfactants.

Other agents may be utilized to enhance the penetration of the administered oligonucleotides

include: glycols such as ethylene glycol and propylene glycol, pyrrols such as 2-15 pyrrol,

azones, and terpenes such as limonene, and menthone.

The oligonucleotides, especially in lipid formulations, can also be administered by

coating a medical device, for example, a catheter, such as an angioplasty balloon catheter, with

a cationic lipid formulation. Coating may be achieved, for example, by dipping the medical

device into a lipid formulation or a mixture of a lipid formulation and a suitable solvent, for

example, an aqueous-based buffer, an aqueous solvent, ethanol, methylene chloride,

chloroform and the like. An amount of the formulation will naturally adhere to the surface of

the device which is subsequently administered to a patient, as appropriate. Alternatively, a

lyophilized mixture of a lipid formulation may be specifically bound to the surface of the

device. Such binding techniques are described, for example, in K. Ishihara et ah, Journal of

Biomedical Materials Research, Vol. 27, pp. 1309-1314 (1993), the disclosures of which are

incorporated herein by reference in their entirety.

The useful dosage to be administered and the particular mode of administration will

vary depending upon such factors as the cell type, or for in vivo use, the age, weight and the

particular animal and region thereof to be treated, the particular oligonucleotide and delivery

method used, the therapeutic or diagnostic use contemplated, and the form of the formulation,

for example, suspension, emulsion, micelle or liposome, as will be readily apparent to those

skilled in the art. Typically, dosage is administered at lower levels and increased until the

desired effect is achieved. When lipids are used to deliver the oligonucleotides, the amount of

lipid compound that is administered can vary and generally depends upon the amount of

oligonucleotide agent being administered. For example, the weight ratio of lipid compound to



oligonucleotide agent is preferably from about 1: 1 to about 15:1, with a weight ratio of about

5:1 to about 10:1 being more preferred. Generally, the amount of cationic lipid compound

which is administered will vary from between about 0.1 milligram (mg) to about 1 gram (g).

By way of general guidance, typically between about 0.1 mg and about 10 mg of the particular

oligonucleotide agent, and about 1 mg to about 100 mg of the lipid compositions, each per

kilogram of patient body weight, is administered, although higher and lower amounts can be

used.

The agents of the invention are administered to subjects or contacted with cells in a

biologically compatible form suitable for pharmaceutical administration. By "biologically

compatible form suitable for administration" is meant that the oligonucleotide is administered

in a form in which any toxic effects are outweighed by the therapeutic effects of the

oligonucleotide. In one embodiment, oligonucleotides can be administered to subjects.

Examples of subjects include mammals, e.g., humans and other primates; cows, pigs, horses,

and farming (agricultural) animals; dogs, cats, and other domesticated pets; mice, rats, and

transgenic non-human animals.

Administration of an active amount of an oligonucleotide of the present invention is

defined as an amount effective, at dosages and for periods of time necessary to achieve the

desired result. For example, an active amount of an oligonucleotide may vary according to

factors such as the type of cell, the oligonucleotide used, and for in vivo uses the disease state,

age, sex, and weight of the individual, and the ability of the oligonucleotide to elicit a desired

response in the individual. Establishment of therapeutic levels of oligonucleotides within the

cell is dependent upon the rates of uptake and efflux or degradation. Decreasing the degree of

degradation prolongs the intracellular half-life of the oligonucleotide. Thus, chemically-

modified oligonucleotides, e.g., with modification of the phosphate backbone, may require

different dosing.

The exact dosage of an oligonucleotide and number of doses administered will depend

upon the data generated experimentally and in clinical trials. Several factors such as the

desired effect, the delivery vehicle, disease indication, and the route of administration, will

affect the dosage. Dosages can be readily determined by one of ordinary skill in the art and

formulated into the subject pharmaceutical compositions. Preferably, the duration of treatment

will extend at least through the course of the disease symptoms.

Dosage regima may be adjusted to provide the optimum therapeutic response. For example,

the oligonucleotide may be repeatedly administered, e.g., several doses may be administered



daily or the dose may be proportionally reduced as indicated by the exigencies of the

therapeutic situation. One of ordinary skill in the art will readily be able to determine

appropriate doses and schedules of administration of the subject oligonucleotides, whether the

oligonucleotides are to be administered to cells or to subjects.

VI. Therapeutic use

By inhibiting the expression of a PCSK9 gene, the oligonucleotide compositions of the

present invention can be used to treat any disease involving the expression of a PCSK9 protein.

The inhibition of a PCSK9 gene includes any fragments and isoforms of PCSK9. Diseases that

can be treated by oligonucleotide compositions in accordance with the present methods

include, just to illustrate: metabolic diseases, traits, or conditions in a subject or organism. In

one embodiment, the metabolic disease is selected from the group consisting of diabetis (e.g.,

type I and/or type II diabetis), insulin resistance, obesity, or related conditions, including but

not limited to sleep apnea, hiatal hernia, reflux esophagisitis, osteoarthritis, gout, cancers

associated with weight gain, gallstones, kidney stones, pulmonary hypertension, infertility,

cardiovascular disease, above normal weight, and above normal lipid levels, uric acid levels, or

oxalate levels.

Some specific examples of conditions that may benefit from the inhibition of PCSK9

include, for example, metabolic disorders, traits and conditions, including but not limited to

hyperlipidemia, hypercholesterolemia, cardiovascular disease, atherosclerosis, hypertension,

diabetes (e.g., type I and/or type II diabetis), insulin resistance, obesity and/or any other

diseases, traits, and conditions that are related to PCSK9 gene expression or activity.

Metabolic disorders, or metabolic syndrome, is described by accepted synonyms, which

includes, but is not limited to, syndrome X, insulin resistance syndrome, insulin-resistant

hypertension, the metabolic hypertensive syndrome, dysmetabolic syndrome, hyperlipidemia,

hypercholesterolemia, cardiovascular disease, atherosclerosis, hypertension, diabetes (e.g., type

I and/or type II diabetes), insulin resistance, and obesity. Components of the metabolic

syndrome include, but is not limited to, glucose intolerance, impaired glucose tolerance,

impaired fasting serum glucose, impaired fasting blood glucose, hyperinsulinemia, pre¬

diabetes, visceral obesity, hypertriglyceridemia, elevated serum concentrations of free fatty

acids, elevated serum concentrations of C-reactive protein, elevated serum concentrations of

lipoprotein(a), elevated serum concentrations of homocysteine, elevated serum concentrations

of small, dense low-density lipoprotein (LDL)-cholesterol, elevated serum concentrations of

lipoprotein-associated phospholipase (A2), reduced serum concentrations of high density



lipoprotein (HDL)-cholesterol, reduced serum concentrations of HDL(2b)-cholesterol, reduced

serum concentrations of adiponectin, adipogenesis, and albuminuria. Furthermore, the present

disclosure may be beneficial and applies to any other diseases, traits, and conditions that are

related to PCSK9 gene expression of activity.

In one embodiment, in vitro treatment of cells with oligonucleotides can be used for ex

vivo therapy of cells removed from a subject (e.g., for treatment of leukemia or viral infection)

or for treatment of cells which did not originate in the subject, but are to be administered to the

subject (e.g., to eliminate transplantation antigen expression on cells to be transplanted into a

subject). In addition, in vitro treatment of cells can be used in non-therapeutic settings, e.g., to

evaluate gene function, to study gene regulation and protein synthesis or to evaluate

improvements made to oligonucleotides designed to modulate gene expression or protein

synthesis. In vivo treatment of cells can be useful in certain clinical settings where it is

desirable to inhibit the expression of a protein. There are numerous medical conditions for

which antisense therapy is reported to be suitable (see, e.g., U.S. Pat. No. 5,830,653) as well as

respiratory syncytial virus infection (WO 95/22,553) influenza virus (WO 94/23,028), and

malignancies (WO 94/08,003). Other examples of clinical uses of antisense sequences are

reviewed, e.g., in Glaser. 1996. Genetic Engineering News 16:1. Exemplary targets for

cleavage by oligonucleotides include, e.g., protein kinase Ca, ICAM-I, c-raf kinase, p53, c-

myb, and the bcr/abl fusion gene found in chronic myelogenous leukemia.

The practice of the present invention will employ, unless otherwise indicated,

conventional techniques of cell biology, cell culture, molecular biology, microbiology,

recombinant DNA, and immunology, which are within the skill of the art. Such techniques are

explained fully in the literature. See, for example, Molecular Cloning A Laboratory Manual,

2nd Ed., ed. by Sambrook, J . et al. (Cold Spring Harbor Laboratory Press (1989)); Short

Protocols in Molecular Biology, 3rd Ed., ed. by Ausubel, F. et al. (Wiley, N .Y. (1995)); DNA

Cloning, Volumes I and II (D. N. Glover ed., 1985); Oligonucleotide Synthesis (M. J . Gait ed.

(1984)); Mullis et al. U.S. Pat. No. 4,683,195; Nucleic Acid Hybridization (B. D. Hames & S.

J . Higgins eds. (1984)); the treatise, Methods In Enzymology (Academic Press, Inc., N .Y.);

Immunochemical Methods In Cell And Molecular Biology (Mayer and Walker, eds., Academic

Press, London (1987)); Handbook Of Experimental Immunology, Volumes I-IV (D. M. Weir

and C. C. Blackwell, eds. (1986)); and Miller, J . Experiments in Molecular Genetics (Cold

Spring Harbor Press, Cold Spring Harbor, N .Y. (1972)).



EXAMPLES

The invention now being generally described, it will be more readily understood by

reference to the following examples, which are included merely for purposes of illustration of

certain aspects and embodiments of the present invention, and are not intended to limit the

invention. Although the examples below demonstrate silencing of PCSK9 using a select

number of siRNA duplexes having particular chemistry, it is understood that any of the RNA

chemistry described herein may be applied for the present methods.

Example 1 RNA Screen to Identify Lead Sequences within PCSK9

HeLaS3 cells were transfected at 0.1 nM active RNA concentration. Target mRNA

was measured 48 hours post-transfection using the methods described below. Four duplexes:

duplex 1 (corresponding to SEQ ID NOs: 11 and 12), duplex 2 (corresponding to SEQ ID

NOs: 19 and 20), duplex 3 (corresponding to SEQ ID NOs:23 and 24) and duplex 4

(corresponding to SEQ ID NOs:25 and 26) were chosen as lead hits based on their activity,

seed complement frequency (SCF), and homology to the mouse PCSK9 gene, as described

below.

All duplexes used in the examples described herein are modified on the sense strand,

but not on the antisense (guide) strand. The sense strands have been modified to include

2'0Me on 12 of the 5'-most end nucleotides and on 10 of the 3'-most nucleotides. The

antisense strand complements the sense strand to form a blunt-ended duplex of 25 base-pairs.

Transfections were performed in HeLaS3 cells using LIPOFECTAMINE™ RNAiMax

(Invitrogen) following the manufacture's procedures. In all studies, duplex candidates were co-

transfected with non-targeting Luciferase control siRNA (Invitrogen) to a constant total

concentration of 25 nM to allow for efficient complexing of the siRNAs and

LIPOFECTAMINE™ RNAiMAX. Target mRNA levels were measured using a bDNA assay

(Panomics QUANTIGENE®) 48 hours post-transfection. In this assay, PCSK9 mRNA was

normalized to Cyclophilin B (PPIB) mRNA.

The bDNA assay is a sandwich nucleic acid hybridization method that uses bDNA

molecules to amplify signal from captured target RNA. According to the manufacturer, bDNA

technology forms the basis of the FDA-approved clinical diagnostic VERSANT 3.0 assays for

HIV, HCV and HBV viral load, that are offered commercially by Siemens and have been in

use for over a decade. Another advantage of bDNA assays is that RNA is measured directly



from the sample source, without RNA purification or enzymatic manipulation, thereby

avoiding inefficiencies and variability introduced by or errors inherent to these processes.

The results were plotted and are shown in Figure 1, which depicts the entire length of

the PCSK9 gene. Each bar represents the silencing efficacy of a particular 25 base pair siRNA

duplex which targets a region on PCSK9. It was found, for example, that duplex sequences

spanning the positions 1035-1052 of PCSK9 are effective silencers. Generally, duplexes

which effectively reduced target mRNA expression by more than 60% at a 0.1 nM dose were

selected, which are listed in Table 1. However, sequences having low to moderate SCF are

preferred, though not necessary, for the purpose of reducing potential off-targeting effects, as

confirmed bioinformatically by Anderson et al. Additionally, to allow ease of pre-clinical

testing in mice, sequences that lie in regions that share high sequence homology between

human and mouse sequences (e.g, those that are at least 90% homologous to the corresponding

mouse sequence) are preferable.

Interestingly, sequences derived by public algorithms predicted to be silencing

sequences were found to be inactive in our assays, which demonstrates the need for

experimental testing to identify actual silencing sequences. For example, the sequence

beginning at position 3143 of human PCSK9 CAGAGGAAGAAACCUGGAACCAGAG

(SEQ ID NO:92) as well as the sequence beginning at position 3180

CCAAGCUCACACAGCAGGAACUGAG (SEQ ID NO:93) were each predicted, by public

algorithms, to be effective silencing sequences. However, these sequences were in fact found

to be inactive.

Table 1. Sequences that effectively reduced target mRNA expression by more than 60% at 0.1
nM in initial screen.





Example 2 EC o Analysis of siRNA duplexes based off of lead duplex sequences (duplexes

EC5 analyses were performed with duplexes whose sequences are based off of select

duplexes from Example 1 (i.e., duplexes 1-4). In the RNA screen above, duplexes which

effectively reduced target mRNA expression by more than 60% at a 0.1 nM dose were used to

design and test additional duplexes. Additional selection factors are described in Example 1.

The additional sequences derived from the initial selected sequences are shown in Table 2, and

the efficacy of each duplex is presented below. Table 2 compares each human sequence to the

corresponding mouse sequence; mismatches, if any, are underlined and bolded in the mouse

sequence.

Figure 2A shows the results of duplexes that are based off of duplex 1. These duplexes

recognize target sequences that correspond to SEQ ID NOs:53, 55 and 57 (see Table 2 below).

PCSK9 expression was measured using cDNA hybridization assay as described above at 48

hours post-transfection. The average EC50 values of these duplexes are as follows:

• SEQ ID NO:53 : 0.133 nM ± 0.045 nM

• SEQ ID NO:55 : 0.438 nM ± 0.230 nM

• SEQ ID NO:57: 0 .187 nM ± 0.043 nM

Figure 2B shows the results of duplexes that are based off of duplex 2. These duplexes

recognize target sequences that correspond to SEQ ID NOs:59 and 6 1 (see Table 2 below).

PCSK9 expression was measured using cDNA hybridization assay as described above at 48

hours post-transfection. The average EC50 values of these duplexes are as follows:

• SEQ ID NO:59 : 0.070 nM ± 0.35 nM

• SEQ ID NO:61 : 0.164 nM ± 0.032 nM

Figure 2C shows the results of duplexes that are based off of duplex 3. These duplexes

recognize target sequences that correspond to SEQ ID NOs:63, 65 and 66(see Table 2 below).

PCSK9 expression was measured using cDNA hybridization assay as described above at 48

hours post-transfection. The average EC50 values of these duplexes are as follows:

• SEQ ID NO:63 : 0.075 nM ± 0.009 nM

• SEQ ID NO:65 : 0.025 nM ± 0.001 nM



• SEQ ID NO:66 : 0.428 nM ± 0.076 nM

Figure 2D shows the results of duplexes that are based off of duplex 4. These duplexes

recognize target sequences that correspond to SEQ ID NOs:67 and 69(see Table 2 below).

PCSK9 expression was measured using cDNA hybridization assay as described above at 48

hours post-transfection. The average EC50 values of these duplexes are as follows:

• SEQ ID NO:67 : 0.075 nM ± 0.032 nM

• SEQ ID NO:69 : 0.013 nM ± 0.007 nM

Table 2. Additional sequences derived from duplexes 1-4 selected based on initial RNA

screen. "Start Site (H)" and "Start Site (M)" indicate the starting position of each sequence in

the human or mouse PCSK9, respectively.





Example 3 EC o Comparison of Lead siRNA duplexes Selected for Future Studies

Two lead duplexes that recognize target sequences corresponding to SEQ ID NOs:63

and 65 were selected for future studies in mice. A side-by-side comparison of their EC50 is

shown in Figure 3. The assay conditions for this analysis are similar to those described in

Examples 1 and 2. The EC50 values of these duplexes are as follows:

• SEQ ID NO:63 : 0.075 nM ± 0.009 nM

• SEQ ID NO:65 : 0.025 nM ± 0.001 nM

The average EC
5O

values for all duplexes evaluated in Examples 2 and 3 are shown in Table 2.

Example 4 : Optimization of RNAi Molecules

sd-rxRNA molecules were generated targeting PCSK9. Target sequences included

SEQ ID NOs:94, 96, 98 and 100. The sense and antisense strands of sd-rxRNA molecules

were modified to optimize silencing. Examples of unmodified sense strand sequences

correspond to SEQ ID NOs:94, 96, 98 and 100. Examples of unmodified antisense strand

sequences correspond to SEQ ID NOs:95, 97, 99 and 101. Table 3 presents examples of

modified sense and antisense strand sequences. Modifications include addition of methyl

groups, referred to as "m," conjugation to a cholesterol group, referred to as "chol," addition of

a 5' phosphate group, referred to as "5'-P," addition of a fluoro group, referred to as "F" or "f '

and addition of a phosphorothioate linkage, referred to as "*".



Table 3 : Optimized sd-rxRNA molecules

A dose-response experiment was performed in which HeLa S3 cells (ATCC, Manassas,

VA) were transfected using passive uptake transfection (in the absence of a delivery vehicle)

with sd-rxRNAs targeting PCSK9 at varying concentrations in Accell Media (Dharmacon,

Lafayette, CO). 48 hrs post transfection, cells were lysed and mRNA levels were determined

using the Quantigene bDNA assay (Panomics, Fremont, CA) according to manufacturer's

instructions. Data were normalized to a luciferase targeting control sd-rxRNA. Data from this

dose-response experiment is presented in Figure 4 indicating potent gene silencing using sd-

rxRNA molecules to target PCSK9.



CLAIMS

1. An RNAi construct for inhibiting expression of a PCSK9 gene, comprising a guide

sequence that hybridizes to a target sequence on an mRNA of the PCSK9 gene and

inhibits the expression of the PCSK9 gene through an RNA interference mechanism,

wherein said target sequence is selected from the group consisting of: SEQ ID NOs: 1,

3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49,

51, 53-79, 94, 96, 98 and 100.

2 . The RNAi construct of claim 1, comprising a single-stranded polynucleotide that forms

a hairpin structure, said hairpin includes a double-stranded stem and a single-stranded

loop, said double-stranded stem having a 5'-stem sequence having a 5'-end, and a 3'-

stem sequence having a 3'-end; and said 5'-stem sequence and at least a portion of said

loop form the guide sequence.

3 . The RNAi construct of claim 2, wherein said 5'-stem sequence, said loop, and at least a

portion of said 3'-stem sequence collectively form the guide sequence.

4 . The RNAi construct of claim 2, wherein the single-stranded polynucleotide is an RNA.

5. The RNAi construct of claim 2 or 3, wherein at least 12 nucleotides from the 5'-end of

the single- stranded polynucleotide are 100% complementary to the target sequence.

6. The RNAi construct of claim 2 or 3, wherein at least one nucleotide is modified to

improve resistance to nucleases, serum stability, target specificity, tissue distribution,

and/or cell-permeability of the polynucleotide.

7. The RNAi construct of claim 6, wherein the modified nucleotides are modified on the

sugar moiety, the base, and/or the phosphodiester linkage.

8. The RNAi construct of claim 6, wherein said modification is at position 2 from the 5'-

end of the polynucleotide.

9 . The RNAi construct of claim 6, wherein said modification is a 2'-O-alkyl or 2'-halo

group.

10. The RNAi construct of claim 9, wherein said modification comprise 2'-O-methyl

modification at alternative nucleotides, starting from either the first or the second

nucleotide from the 5'-end.

11. The RNAi construct of claim 9, wherein said modification comprise 2'-O-methyl



modification of one or more randomly selected pyramidine nucleotides (C or U).

12. The RNAi construct of claim 9, wherein said modification comprises 2'-O-methyl

modification of one or more nucleotides within the loop.

13. The RNAi construct of claim 12, wherein said modification is either limited to one or

more nucleotides within the loop, or additionally including 1, 2, 3, 4, 5, or 6 more

nucleotide(s) of the guide sequence within the double-stranded stem region just 5' to

said loop.

14. The RNAi construct of claim 9, wherein said modification comprise 2'-O-methyl

modification, wherein no more than 4 consecutive nucleotides are modified.

15. The RNAi construct of claim 9, wherein all nucleotides in the 3'-end stem region are

modified.

16. The RNAi construct of claim 9, wherein all nucleotides in the sense sequence are

modified.

17. The RNAi construct of claim 6, wherein said modification is a phosphate analog.

18. The RNAi construct of claim 6, wherein said modification is a phosphorothioate

linkage.

19. The RNAi construct of claim 18, wherein said phosphorothioate linkage is limited to

one or more nucleotides within said loop.

20. The RNAi construct of claim 18, wherein said phosphorothioate linkage is limited to

one or more nucleotides within said loop, and 1, 2, 3, 4, 5, or 6 more nucleotide(s) of

the guide sequence within the double-stranded stem region just 5' to said loop.

2 1. The RNAi construct of claim 6, wherein said modification comprise hydrophobic

modification to one or more bases.

22. The RNAi construct of claim 21, wherein said one or more bases are C or G.

23. The RNAi construct of claim 21, wherein said hydrophobic modification comprise an

isobutyl group.

24. The RNAi construct of claim 2 or 3, wherein the guide sequence is about 15-2 1

nucleotides in length, or about 19-21 nucleotides in length.

25. The RNAi construct of claim 2 or 3, wherein the polynucleotide is 15-49 nucleotides in



length, or about 25-26 nucleotides in length.

26. The RNAi construct of claim 2 or 3, wherein the hairpin structure is not a substrate for

Dicer.

27. The RNAi construct of claim 2 or 3, wherein the double-stranded stem of the hairpin

structure is less than 2 1 bp in length.

28. The RNAi construct of claim 2 or 3, wherein the double-stranded stem is less than

about 20 base pairs in length, or is about 5-15 base pairs in length, or about 10 base

pairs in length.

29. The RNAi construct of claim 2 or 3, wherein the double-stranded stem is at least 11

base pairs in length, preferably at least 12 base pairs in length.

30. The RNAi construct of claim 2 or 3, wherein the single-stranded loop is 4, 5, 6, 7, 8, 9,

10, 11, 12, 13, or 14 nucleotides in length.

31. The RNAi construct of claim 2 or 3, comprising an overhang on the 3'-end and/or an

overhang on the 5'-end.

32. The RNAi construct of claim 2 or 3, wherein the 3'-stem sequence is 100%

complementary to the 5'-stem sequence.

33. The RNAi construct of claim 2 or 3, wherein the 3'-stem sequence is less than 100%

complementary to the 5'-stem sequence.

34. The RNAi construct of claim 2 or 3, wherein the 3'-stem sequence of the double-

stranded stem comprises one or more universal base-pairing nucleotides.

35. The RNAi construct of claim 1, comprising a double-stranded RNA (dsRNA) construct

of 25 base pairs in length, said dsRNA comprising:

(1) a sense strand having a 5'-end and a 3'-end, said sense strand corresponding to a

target sequence of an mRNA of the PCSK9 gene, and,

(2) said guide sequence having a 5'-end and a 3'-end, and hybridizing to said sense

strand or said target sequence under physiological condition of a cell or under

high stringency hybridization condition.

36. The RNAi construct of claim 35, wherein said construct is blunt-ended.

37. The RNAi construct of claim 35, wherein said sense strand comprises one or more

consecutive 2'-modified ribose sugar at each of said 5'- and 3'-ends of said sense strand.



38. The RNAi construct of claim 37, wherein said sense strand comprises 12 and 10

consecutive 2'-modified ribose sugars at the 5'-end and the 3'-end nucleotides,

respectively.

39. The RNAi construct of claim 37, wherein said sense strand comprises 4 consecutive T -

modified ribose sugars at both ends.

40. The RNAi construct of claim 37, wherein said 2'-modified ribose sugars are 2'-O-alkyl

nucleotides, 2'-deoxy-2'-fluoro nucleotides, 2'-deoxy nucleotides, 2'-H

(deoxyribonucleotides), or combination thereof.

4 1. The RNAi construct of claim 35, wherein said guide sequence further comprises a T -

modified ribose sugar.

42. The RNAi construct of claim 41, wherein the 2'-modified ribose sugar is 2'-O-alkyl

nucleotides, 2'-deoxy-2'-fluoro nucleotides, 2'-deoxy nucleotides, 2'-H

(deoxyribonucleotides), or combination thereof.

43. The RNAi construct of claim 4 1, wherein said guide sequence comprises a T -

modification at the 2nd nucleotide from the 5'-end of the guide sequence.

44. The RNAi construct of claim 41, wherein said guide sequence comprises four

consecutive 2'-modification at the 3'-most end.

45 The RNAi construct of claim 1, comprising a single-stranded polynucleotide that forms

a hairpin structure, said hairpin includes a double-stranded stem and a single-stranded

loop, wherein the double-stranded stem can be cleaved by Dicer to produce an siRNA

having said guide sequence.

46. The RNAi construct of claim 1, comprising an siRNA having said guide sequence.

47. The RNAi construct of claim 1, wherein the PCSK9 gene is present in a cell.

48. The RNAi construct of claim 47, wherein said PCSK9 gene is an endogenous gene.

49. The RNAi construct of claim 47, wherein said cell is of eukaryotic origin.

50. The RNAi construct of claim 49, wherein said cell is from a mammal, nematode, or

insect.

51. The RNAi construct of claim 1, wherein said RNA interference mechanism is an

miRNA mechanism.



52. The RNAi construct of claim 1, wherein said PCSK9 gene is human or mouse.

53. The RNAi construct of claim 1, wherein said target sequence is at least 90%identical

between the mouse and human sequences.

54. The RNAi construct of claim 1, wherein said construct reduces the PCSK9 mRNA

level by at least 60% of normal level.

55. The RNAi construct of claim 1, wherein said construct exhibits low off-target effects.

56. The RNAi construct of claim 55, wherein said construct exhibits a seed region

frequency of less than 6000, preferably less than 350.

57. The RNAi construct of claim 1, wherein said construct associates with RISC.

58. A vector expressing the RNAi construct of claim 1.

59. A cell comprising the vector of claim 58, or the RNAi construct of claims 2, 35, 45, or

46.

60. The cell of claim 58, wherein the cell is a mammalian cell in culture.

6 1. The cell of claim 58, wherein the cell is a human cell.

62. A composition comprising the RNAi construct of claims 2, 35, 45, or 46, and a

pharmaceutically acceptable carrier or diluent.

63. A method for inhibiting the expression of a PCSK9 gene in a mammalian cell,

comprising contacting the mammalian cell with the RNAi construct of claims 2, 35, 45,

or 46, or the vector of claim 58.

64. The method of claim 63, wherein said mammalian cell is in culture.

65. The method of claim 63, wherein said mammalian cell is a human cell.

66. The method of claim 63, wherein the mammalian cell is contacted in the presence of a

delivery agent.

67. The method of claim 66, wherein said delivery reagent comprises a lipid.

68. The method of claim 67, wherein said lipid is a cationic lipid.

69. The method of claim 66, wherein the delivery reagent is a liposome.

70. The method of claim 66, wherein said delivery reagent comprises beta-glucan, chitosan,

and/or PEL



71. A method of treating a patient for a disease characterized by overexpression of a

PCSK9 gene, comprising administering to the patient an RNAi construct of claims 2,

35, 45, or 46 , wherein the RNAi construct mediates guide sequence-dependent

reduction in PCSK9 expression.

72. A method of inhibiting expression of a PCSK9 gene with an RNAi construct of claims

2, 3, 35, 45, or 46 wherein the RNAi construct mediates guide sequence-dependent

reduction in PCSK9 expression.
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