Office de la Propriete Canadian CA 2620856 A1 200//03/08

Intellectuelle Intellectual Property
du Canada Office (21) 2 620 856
v organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
13) A1
(86) Date de dépét PCT/PCT Filing Date: 2006/08/29 (51) Cl.Int./Int.Cl. C712N 15/77(2006.01),
(87) Date publication PCT/PCT Publication Date: 2007/03/08 ABTK 31/711(2006.01)

. . : _ (71) Demandeur/Applicant:
(85) Entrée phase nationale/National Entry: 2008/02/28 SIS PHARMACEUTICALS. INC.. US

(86) N° demande PCT/PCT Application No.: US 2006/033866
(72) Inventeurs/Inventors:
(87) N publication PCT/PCT Publication No.: 2007/027775 ESAU, CHRISTINE, US:

(30) Priorités/Priorities: 2005/08/29 (US60/712,211); BHANOT, SANJAY, US
2005/10/28 (US60/731,377); 2006/02/07 (US60/771,592) | (74) Agent: SMART & BIGGAR

(54) Titre : PROCEDES A UTILISER DANS LA MODULATION DE MIR-122A
54) Title: METHODS FOR USE IN MODULATING MIR-122A

(57) Abrégée/Abstract:

Methods are provided for the treatment of cardiovascular or metabolic diseases characterized by elevated serum total cholesterol,
elevated serum LDL-cholesterol, or elevated serum triglycerides, through the administration of an oligomeric compound which
modulates the levels or activity of miR-122a. Further provided are methods for reducing hepatic steatosis or liver tissue triglyceride
accumulation through the administration of an oligomeric compound which modulates the levels or activity of miR-122a. Such
methods employ oligomeric compounds which hybridize with or sterically interfere with nucleic acid molecules comprising or
encoding miR-122a. Such oligomeric compounds may include one or more modifications thereon, which may improve the activity,
stability, or nuclease resistance of the oligomeric compound. These modified oligomeric compounds are used as single

compounds or In compositions, including pharmaceutical compositions, to modulate or mimic the targeted nucleic acid comprising
or encoding miR-122a.

B
.
'
e
ok [ [ f
BTN .
N "'c‘-‘-.u:-:{\: e L~
Bo
.
.

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




woO 2007/027775 A3 I D000 AR AL 80 0 0

CA 02620856 2008-02-28

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
8 March 2007 (08.03.2007)

(51) International Patent Classification:
CI2N 15/11 (2006.01) A6IK 31/711 (2006.01)

(21) International Application Number:
PCT/US2006/033866

(22) International Filing Date: 29 August 2006 (29.08.2006)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

60/712,211 29 August 2005 (29.08.2005) US
60/731,377 28 October 2005 (28.10.2005) US
60/771,592 7 February 2006 (07.02.2006) US

(71) Applicant (for all designated States except US): ISIS
PHARMACEUTICALS, INC. [US/US]; 1896 Ruther-
ford Road, Carlsbad, CA (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): ESAU, Christine
[US/US]; 8726 Villa La Jolla Dr. #79, La Jolla, CA 92037
(US). BHANOT, Sanjay [CA/US]; 8094 Paseo Arrayan,
Carlsbad, CA 92009 (US).

(74) Agents: CALDWELL, John, W, et al.; WOODCOCK
WASHBURN KURTZ, MACKIEWICZ & NORRIS, LLP,
One Liberty Place - 46th Floor, Philadelphia, PA 19103
(US).

(10) International Publication Number

WO 2007/027775 A3

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ,BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HN, HR, HU, ID, IL, IN, IS, JP,
KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,
LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY, MZ,
NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU,
SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), BEurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EL, ES, I,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BE, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(88) Date of publication of the international search report:
2 August 2007

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: METHODS FOR USE IN MODULATING MIR-122A

(57) Abstract: Methods are provided for the treatment of cardiovascular or metabolic diseases characterized by elevated serum total
cholesterol, elevated serum LDL-cholesterol, or elevated serum triglycerides, through the administration of an oligomeric compound
which modulates the levels or activity of miR-122a. Further provided are methods for reducing hepatic steatosis or liver tissue
triglyceride accumulation through the administration of an oligomeric compound which modulates the levels or activity of miR-122a.
Such methods employ oligomeric compounds which hybridize with or sterically interfere with nucleic acid molecules comprising or
encoding miR-122a. Such oligomeric compounds may include one or more modifications thereon, which may improve the activity,
stability, or nuclease resistance of the oligomeric compound. These modified oligomeric compounds are used as single compounds
or in compositions, including pharmaceutical compositions, to modulate or mimic the targeted nucleic acid comprising or encoding

miR-122a.



DEMANDE OU BREVET VOLUMINEUX

LA PRESENTE PARTIE DE CETTE DEMANDE OU CE BREVET COMPREND
PLUS D'UN TOME.

CECI EST LE TOME 1 DE 2
CONTENANT LESPAGES 1 A 57

NOTE : Pour les tomes additionels, veuillez contacter le Bureau canadien des brevets

JUMBO APPLICATIONS/PATENTS

THIS SECTION OF THE APPLICATION/PATENT CONTAINS MORE THAN ONE
VOLUME

THIS IS VOLUME 1 OF 2
CONTAINING PAGES 1 TO 57

NOTE: For additional volumes, please contact the Canadian Patent Office

NOM DU FICHIER / FILE NAME

NOTE POUR LE TOME / VOLUME NOTE:




10

15

20

25

30

35

CA 02620856 2008-02-28

WO 2007/02777S PCT/US2006/033866

METHODS FOR USE IN MODULATING MIR-1222a

Cross-Reference To Related Applications

This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional Application Serial
No. 60/712,211 filed August 29, 2003, U.S. Provisional Application Serial No. 60/ 731,377 filed October
28, 2005, and U.S. Provisional Application Serial No. 60/771,592, filed February 7, 2006, each of which
18 incorporated herein by reference in its entirety.

This application is related to US Application Serial No. 10/909,125 filed July 30, 2004 which
claims priority to U.S. provisional applications Serial No. 60/492,056 filed July 31, 2003, Serial No.
60/516,303 filed October 31, 2003, Serial No. 60/531,596 filed December 19, 2003, and Serial No.
60/562,417 filed April 14, 2004, each of which is incorporated herein by reference in its entirety.

Field of the Invention

The present invention provides methods for the modulation of small non-coding RNAs, in
particular miR-122a. Methods are provided for the treatment of cardiovascular or metabolic diseases
characterized by elevated serum total cholesterol, elevated serum LDL-cholesterol, or elevated serum
triglycerides, through the administration of an antisense compound which inhibits the levels or activity of
miR-122a. Further provided are methods for reducing hepatic steatosis or liver tissue triglyceride
accumulation through the administration of an antisense compound which inhibits the levels or activity of
miR-122a. Such methods employ antisense compounds which hybridize with or sterically interfere with
nucleic acid molecules comprising or encoding miR-122a. Such antisense compounds may include one or
more modifications thereon, which may improve the activity, stability, or nuclease resistance of the
antisense compound. These modified antisense compounds are used as single compounds or in

compositions, including pharmaceutical compositions, to inhibit miR-122a.

Background of the Invention

MicroRNAs (miRNAs) are small (approximately 21-24 nucleotides in length, these are also
known as “mature” miRNA), non-coding RNA molecules encoded in the genomes of plants and animals.
These highly conserved, endo genously expressed RNAs are believed to regulate the expression of genes
by binding to the 3'-untranslated regions (3'-UTR) of specific mRNAs. MiRNAs may act as key

regulators of cellular processes such as cell proliferation, cell death (apoptosis), metabolism, and cell
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differentiation. On a larger scale, miRNA expression has been implicated in early development, brain

development, disease progression (such as cancers and viral infections). There is speculation that in

(Ambros et al., Curr. Biol., 2003, 13, 807-818). Mature miRNAs appear to originate from long
endogenous primary miRNA transcripts (also known as pri-miRNAs, pri-mirs, pri-miRs or pri-pre-
miRNAs) that are often hundreds of nucleotides in length (Lee, et al., EMBO J., 2002, 21(17), 4663-
4670).

In mammals, only a few miRNAs have been assigned any function, although they are predicted
to regulate a large percentage of genes, with estimates based on bioinformatic target prediction ranging as
high as 30% (Lewis et al., 2005). Based on the early studies in invertebrates, miRNAs are expected to
have similar roles in developmental regulation and cell differentiation in mammals, and roles for miRNAs
in cardiogenesis (Zhao et al., 2005) and lymphocyte development (Chen et al., 2004) have been
demonstrated. Several studies have also found a strong connection between miRNA and human cancer,
including a report that miRNA genes are often found in genomic regions linked to cancer (Calin et al.,
2004; McManus, 2003) and a study correlating miRNA expression profiles with developmental lineage
and differentiation state of tumors (Lu et al., 20035). A potential role for miRNAs in metabolic pathways
has been suggested by studies implicating miRNAs in regulation of adipocyte differentiation (Esau et al.,
2004) and glucose-stimulated insulin secretion from. pancreatic islet cells (Poy et al., 2004). miR-122a is
expressed in the developing liver (Chang et al., 2004) and at high levels in the adult liver, where it makes
up 70% of all miRNA (Chang et al., 2004: LagosQuintana et al., 2002). It is one of many tissue-specific
microRINAs thought to be important for establishing patterns of gene expression which may be
responsible for maintaining the differentiated state of a tissue (Lagos-Quintana et al., 2002; Lim et al.,
2005). miR-122a was also reported to enhance replication of HCV through a novel mechanism which is
not yet understood, making it also a potential therapeutic target for HCV infection (J opling et al., 2005).

It 1s described herein that the modulation of miR-122a is an attractive approach for diseases and
conditions characterized by elevated serum cholesterol, elevated serum triglycerides, or hepatic steatosis.
The present invention therefore provides antisense compounds and methods useful for modulating miR-

122a, to achieve clinically desirable changes in cholesterol and lipid profiles in animals.

Summary of the Invention

The present invention provides methods of lowering a serum indicator of cardiovascular disease
risk, which include elevated serum total cholesterol elevated serum LDL-cholesterol, and elevated serum
triglyceride levels, comprising selecting an animal having an elevate serum indicator of cardiovascular

disease, and administering to the animal an antisense compound targeted to miR-122a.
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The present invention provides methods of lowering serum cholesterol in an animal comprising
selecting an animal having elevated serum cholesterol levels, and then administering to the animal a
therapeutically effective amount of an antisense compound essentially complementary to a miR-122a
nucleic acid. The serum cholesterol levels may be total serum cholesterol levels or serum LDI.-
cholesterol levels.

The present invention further provides a method of lowering triglyceride levels in an animal
comprising selecting an animal having elevated triglyceride levels, and then administering to the animal a
therapeutically effective amount of an antisense compound essentially complementary to a miR-122a
nucleic acid. The triglyceride levels may be serum tri glyceride levels or liver tissue triglyceride levels.

Further provided is a method of lowering serum lipoproteins in an animal comprising selecting
an animal having elevated serum lipoproteins and administering to the animal a therapeutically effective
amount of an antisense compound essentially complementary to a miR-122a nucleic acid. The serum
lipoprotein may be apolipoprotein B-100.

The present invention provides methods of reducing hepatic steatosis in an animal comprising
selecting an animal having hepatic steatosis and administering to the animal a therapeutically effective
amount of an antisense compound essentially complementary to a miR-122a nucleic acid. The hepatic
steatosis may be steatohepatitis or non-alcoholic steatohepatitis.

Additionally provides are methods of reducing triglyceride accumulation in the liver of an
animal comprising administering to the animal a therapeutically effective amount of an antisense
compound essentially complementary to a miR-122a nucleic acid.

The present invention provides methods of modulating a metabolic pathway in an animal,
comprising administering to an animal a therapeutically effective amount of an antisense compound
essentially complementary to a miR-122a nucleic acid. The metabolic pathway is selected from
lipogenesis, fatty acid oxidation, fatty acid synthesis rate, or sterol synthesis. The methods provided
reduce lipogenesis, reduce fatty acid synthesis rate, reduce sterol synthesis, or increase fatty acid
oxidation.

Further provided is a method of improving hepatic function in an animal comprising contacting
an animal with a therapeutically effective amount of an antisense compound essentially complementary to
a miR-122a nucleic acid. The improvement in hepatic function is measured by measuring the levels of
plasma transaminases, wherein a decrease in plasma transaminases indicate an improvement in hepatic
function.

Also provided are methods of treating a cardiovacular or metabolic disease or disorder selected
from diabetes, obesity, hyperlipidemia, hypercholesterolemia, hypertriglyceridemia, hyperfattyacidemia,
nonalcoholic fatty liver disease, non alcoholic steatohepatitis, or metabolic syndrome. The animal is
treated through the administration of a therapeutically effective amount of an antisense compound

essentially complementary to a miR-122a nucleic acid.
-3 -
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In any of the aforementioned methods, the antisense compound is ess entially fully
complementary to a miR-122a target nucleic acid. Alternatively, the antisense compound is fully
complementary to a miR-122a target nucleic acid. The antisense compound comprises at plurality of
sugar modified nucleosides. The plurality of sugar modified nucleosides may, in some embodiments
comprise 2 distinct sugar modifications. In certain embodiments the sugar moditied nucleosides may
further comprise at least one bicyclic sugar modification. In some embodiments, each nucleoside of the
plurality of sugar modified nucleosides may comprise a 2°-MOE sugar modification. The antisense
compound may comprise at least one phosphorothioate internucleoside linkage. The antisense compound
may further comrise a least one 5-methylcytosine.

An antisense compound comprising the nucleobase sequence SEQ ID NO: 1 may be used in
any of the aforementioned methods. F urther, an antisense compound consisting of the nucleobase
sequence of SEQ ID NO: 2. may be used in any of the aforementioned methods. The antisense compound
may comprise ISIS 327895 or ISIS 387574.

The present invention provides the use of an antisense compound essentially fully
complementary to a miR-122 nucleic acid for the preparation of a medicament for lowering a serum
indicator of cardiovascular disease risk wherein the serum indicator of cardiovascular disease risk is
selected from elevated serum cholesterol levels, elevated serum triglyceride levels, or elevated lipoprotein
levels. The elevated serum cholesterol may be elevated LDL-cholesterol, or elevated serum total
cholesterol. The elevated serum lipoprotein may be elevated serum ApoB-100.

The present invention futher provides the use of an antisense compound essentially fully
complementary to a miR-122a nucleic acid for the preparation of a medicament for reducing hepatic
steatosis. The hepatic steatosis is steatohepatitis or non-alcoholic steatohepatitis.

The present invention additionally provides the use of an antisense compound essentially fully
complementary to a miR-122a nucleic acid in the preparation of a medicament to treat a disease or
disorder selected from diabetes, obesity, hyperlipidemia, hypercholesterolemia, hypertri glyceridemia,
hyperfattyacidemia, nonalcoholic fatty liver disease, non alcoholic steatohepatitis, or metabolic
syndrome.

In any of the aforementioned uses, the antisense compound used in the preparation of the
medicament is 21 to 23 nucleosides in length. Further, the antisense compound may be fully
complementary to a miR-122a nucleic acid. Additionally, the antisense compound may comprise a
plurality of 2°-sugar modified nucleosides. The antisense compound may further comprise at least one
bicyclic sugar modified nucleoside. Additionally, the antisense compound comprises the nucleobase
sequence of SEQ ID NO: 1. Alternatively, the antisense compound consists of the nucleobase sequence of
SEQ ID NO: 2. The antisense compound used in the preparation of the medicament may be uniformly

comprised of 2’-MOE sugar modified nucleosides. The antisense compound may further comprise at least
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one phosphorothioate internucleoside linkage. The antisense compound may additionally comprise at

least one 5-methylcytosine.

Detailed Description of the Invention

It has been found that antisense inhibition of miR-122a resulted in clinically desirable
improvements in cholesterol and lipid profiles in animal models of hyperlipidemia and obesity.
Accordingly, the present invention provides antisense compounds that hybridize to and inhibit the levels,
activity or expression of a miR-122a target nucleic acid, i.e. the antisense compounds are targeted to a
miR-122a nucleic acid. The antisense compounds are chemically modified to enhance stability and
affinity for a miR-122a nucleic acid. In one embodiment, the antisense compounds comprise a plurality of
sugar modified nucleosides. In another embodiment, the plurality of sugar modified nucleosides
comprises at least 2 distinct sugar modified nucleosides. In some embodiment, the plurality of sugar
modified nucleosides comprises at least one bicyclic sugar modified nucleoside. In an additional

embodiment, the antisense compounds are uniformly modified such that each nucleoside bears a 2°-MOE

CAAACACCATTGTCACACTCCA (SEQ ID NO: 1). In preferred embodiments, the antisense
compound has the nucleobase sequence ACAAACACCATTGTCACACTCCA (SEQIDNO: 2). In
further embodiments, the antisense compound is ISIS 327895 or ISIS 387574,

The present invention provides methods of administering antisense compounds targeted to a
miR-122a nucleic acid to an animal to lower serum cholesterol, serum LDL-cholesterol, or serum
triglycerides. The present invention also provides methods of reducing hepatic steatosts, liver triglyceride
levels and liver weights. Additionally provided are methods of improving liver function, which is
evaluated, for example, by decreases in serum transaminases. Also provided are methods of modulating
the expression of a miR-122a mRNA target, such as ALDO A. The antisense compounds of the invention
are also used for the modulation of metabolic pathways, for example, to lower sterol synthesis, to reduce
lipogenesis, reduce fatty acid synthesis rate, reduce sterol synthesis, or increase fatty acid oxidation.

The present invention provides methods for the treatment of diseases or conditions
characterized by elevated serum cholesterol levels, elevated serum triglyercide levels, or elevated liver
triglyceride levels. These diseases or conditions may be further characterized by compromised liver
function as measured by increases in plasma transaminases.

In one embodiment, the methods provided herein are useful for the treatment of diseases or
conditions including hyperlipidemia, hypercholesterolemia, hypertri glyceridemia, or hyperfattyacidemia.
In a further embodiment, the methods are useful for the treatment of hepatic steatosis or non-alcholic fatty
liver disease. In some embodiments, the steatosis is steatohepatitis. In further embodiments, the steatotis
1s NASH. A further embodiment includes the use of the methods provided for the treatment of metabolic

sydrome. In one embodiment, the methods comprise the administration of antisense compounds targeted
-5.



10

15

20

25

30

33

CA 02620856 2008-02-28
WO 2007/027775 PCT/US2006/033866

to miR-122a to an animal, particularly a human, having or susceptible to a disease or condition including,
but not limited to, hyperlipidemia, hypercholesterolemia, hypertriglyceridemia, hyperfattyacidemia,
steatohepatitis, non-alcoholic steatohepatitis, non-alcholic fatty liver disease, or metabolic syndrome. In
another embodiment, the disease or condition is a cardiovascular disease or a metabolic disease. In one
aspect, the disease or condition is treated or ameliorated through the administration to the human of a
therapeutically effective amount of an antisense compound of the invention. Alternatively, the onset of
the disease or condition is delayed or prevented through the administration to the human of a
prophylactically effective amount of an antisense compound of the invention.

Embodiments described herein additionally relate to the use of an antisense compound targeted to
a miR-122a nucleic acid in the preparation of a medicament for the treatment of a disease or condition
including hyperlipidemia, hypercholesterolemia, hypertriglyceridemia, or hyperfattyacidemia. In further
embodiments, the medicament is used for the treatment of hepatic steatosis, which may be steatohepatitis
or NASH, or non-alcoholic fatty liver disease. In an additional embodiment, the medicament is used for
the treatment of metabolic syndrome. In a further embodiment, the medicament is used for the
improvement of liver function. The medicament may, in some embodiments, be administered
parenterally, which includes intravenous administration and subcutaneous administration.

Antisense compounds of the invention modulate the levels, activity, or expression of a miR-
122a nucleic acid by hybridizing to a miR~122a nucleic acid (i.e., antisense compounds target the miR-
122a nucleic acids) and thereby interfering with its endogenous function. The hybridization of an
antisense compound targeting a miR-122a nucleic acid may trigger the degradation, cleavage, and/or
sequestration of the miR-122a nucleic acid, each of which interferes with the activity of the miR-~122a
nucleic acid. The hybridization of an antisense compound targeting miR-122a may also interfere with the
actrvity of miR-122a by steric occlusion. The inhibition of miR-122a levels, activity or expression that
results from an antisense compound hybridizing to a miR-122a nucleic acid is referred to as “antisense
inhibition.”

In the context of the present invention, “modulation of a miR-122a nucleic acid” means either
an increase (stimulation) or a decrease (inhibition) in the level, activity, or expression of a miR-122a
nucleic acid. As microRNAs negatively regulate protein-coding nucleic acids, inhibition of a microRNA
generally results in stimulation of expression of one or more protein-coding nucleic acids regulated by the
microRNA. Inhibition of miR-122a is a preferred form of modulation of a miR-122a nucleic acid.
Stimulation is a preferred form of modulation of mRNAs regulated by miR-122a, such as ALDO A.

In one embodiment, the level, activity or expression of a miR-122a nucleic acid is inhibited to a
degree that results in a phenotypic change, such as lowered serum cholesterol or reduced hepatic steatosis.
“miR-122a nucleic acid level” or “miR-122a level” indicates the abundance of a miR-122a nucleic acid in
a sample, such as an animal cell or tissue. “miR-122a level” may also indicate the relative abundance of a

miR-122a nucleic acid in an experimental sample (e.g., tissue from an animal treated with an antisense
-6 -
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compound targeted to miR-122a) as compared to a control sample (e.g., tissue from an untreated animal).

“miR-122a activity” refers to the regulation of a protein-coding nucleic acid by miR-122a. “miR-122a

expression” refers to the process by which mature miR-122a is derived from a DNA sequence that codes

for miR-~122a, which includes several steps, for example, transcription, Drosha processing, and Dicer
processing. miR-122a expression may be regulated at a single step of this process, or at multiple steps.

As used herein, the term “small non-coding RNA” is used to encompass, without limitation, a
polynucleotide molecule ranging from about 17 to about 450 nucleosides in length, which can be
endogenously transcribed or produced exo genously (chemically or synthetically), but is not translated into
a protein. As is known in the art, primary miRNAs (also known as pri-pre-miRNAs, pri-miRs and pri-

10 miRNAs) range from around 70 nucleosides to about 450 nucleosides in length and often take the form of
a hairpin structure. The primary miRNA is processed by Drosha to yield a pre-miRNA (also known as
pre-mirs and foldback miRNA precursors), which ranges from around 50 nucleosides to around 1 10
nucleosides in length. The pre-miRNA is in turn processed by Dicer to yield a miRNA (also known as
microRNAs, Mirs, miRs, mirs, and mature miRNAs), which ranges from 19 to 24 nucleosides in length.

15 Small non-coding RNAs may include isolated single-, double-, or multiple-stranded molecules, any of
which may include regions of intrastrand nucleobase complementarity, said regions capable of tfolding
and forming a molecule with fully or partially double-stranded or multiple-stranded character based on
regions of perfect or imperfect complementarity.

As used herein, a “miR-122a nucleic acid” includes pri-miR-122a, pre-miR-122a, and miR-
20 122a. In the context of the present invention, pri-miR-122a is a primary miRNA, pre-miR-122a is a pre-

miRNA, and miR-122a is a mature miRNA. “mature miR-122a” and “miR-122a” may be used
interchangably herein.

As used herein, “miR-122a or a precursor thereof” encompasses miR-122a, pre-miR-122a, pri-

miR-122a, or a primary RNA transcript from which miR-122a or its precursors are derived.

235 As used herein, “miR-122a target nucleic acids” include pri-miR-122a, pre-miR-122a, and miR-
122a.

In the context of the present invention, miR-122a (i.e. mature miR-122a) has the nucleobase
sequence 5'-UGGAGUGUGACAAUGGUGUUUGU-3’ (SEQ ID NO: 3). An alternative miR-1 22a,
“miR-122a/b (Tuschl)”, has been proposed in the art. miR-122a/b (Tuschl) lacks the 3’-most nucleoside

30

relative to miR-122a and thus has the nucleobase sequence 5°-UGGAGUGUGACAAUGGUGUUUG-3?

(SEQ ID NO: 4). One having ordinary skill in the art would understand that antisense compounds of the
invention may target either miR-122a or miR-122a/b Tuschl.

As used herein, the term “miR-122a seed sequence” refers to nucleosides 2 through 8 from the

5>’-end of the miR-122a sequence. In the context of the present invention, the miR-122a seed sequence is
35 5-GGAGUGU-3’
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The present invention also provides antisense compounds known as “miR-122a mimics”,
wherein the antisense compounds include one or more modifications or structural elements or motifs that

render the compound capable of mimicking or replacing miR-122a or a precursor thereof.

Therapeutics

The specificity and sensitivity of antisense compounds targeting miR-122a, and compositions
thereof, can be harnessed by those of skill in the art for therapeutic uses. Numerous clinical trials testing
antisense compounds to other targets in a variety of therapeutic areas are presently underway.

A “human in need of treatment™ or “subject in need of treatment” includes humans or subjects
diagnosed as having or being susceptible to a disease or condition that can be treated, ameliorated, or
prevented by the administration of an antisense compound targeted to a miR-122a nucleic acid. Such
diseases or conditions include, but are not limited to, hypercholesterolemia, hypertriglyceridemia,
hyperfattyacidemia, or hyperlipidemia, nonalcoholic fatty liver disease, hepatic steatosis (including non-
alchoholic steatohepatitis and steatohepatitis), and metabolic syndrome. Subjects in need of treatment
may include subjects diagnosed with HCV who also have one or more of the diseases or conditions
mentioned herein, such as, for example, hypercholesterolemia or hepatic steatosis. Diagnosis of any of the
aforementioned diseases or conditions routinely occurs in a clinical setting, for example, by a physician.
Humans or subjects in need of treatment include those who are identified by a medical professional, such
as a physician, to have risk factors for cardiovascular disease and/or risk determinants of metabolic
syndrome.

As used herein, a “therapeutically effective amount™ is an amount of an antisense compound
targeted to a miR-122a nucleic acid that, when administered to a human having one or more of the
aforementioned diseases or conditions, results in a clinically desirable outcome. Such clinically desirable
outcomes may include, without limitation, lowered serum total cholesterol, lowered serum LDL-
cholesterol, lowered serum triglycerides, lowered liver triglycerides, reduced steatosis, improved liver
function, or increased fatty acid oxidation.

As used herein, a “prophylactically effective amount” is an amount of an antisense compound
targeted to a miR-122a nucleic acid that, when administered to a human, prevents or reduces the
susceptibility of the human to one or more of the aforementioned diseases or conditions. Prevention or
reduction of the susceptibility of the human to the aforementioned diseases or conditions may be
accomplished by preventing elevated serum total cholesterol, elevated serum LDL-cholesterol, elevated
serum triglycerides, elevated liver triglycerides, hepatic steatosis, aberrant liver function, or reductions in
fatty acid oxidation.

As used herein, the term “prevention” means to delay or forestall onset or development of a
condition or disease for a period of time, preferably for weeks, months or years. As used herein, the term

“amelioration” means a lessening of the severity of a condition or a disease, as evidenced by an
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improvement of one or more of the surrogate indicators disclosed herein. The improvement of such
indicators may be determined by subjective or objective measures which are known to those skilled in the
art. As used herein, “treatment” means to administer a composition of the invention to effect an alteration
or improvement of the disease or condition. Prevention, amelioration, and/or treatment may require
administration of multiple doses of an antisense compound targeted to a miR-122a nucleic acid to alter
the course of the condition or disease. Moreover, a single antisense compound may be used in a single
individual for the purposes of achieving any combination of prevention, amelioration, or treatment of a
condition or disease, and such combinations may be pursued concurrently or sequentially. Antisense
compounds of the present invention may, in some instances, be administered with other treatments.

A suitable method of administration is parenteral administration, which includes, for example,
intravenous administration, subcutaneous administration, and intraperitoneal administration. The present
invention provides the use of an antisense compound targeted to a miR-122a nucleic acid for the
preparation of a medicament that is administered parenterally, for example, intravenously or
subcutaneously.

As used herein, the term “serum marker of cardiovascular disease risk” includes risk factors
recognized by medical professionals, including those set forth by the National Cholesterol Education
Program (NCP), such as elevated serum cholesterol, elevated serum triglycerides, or elevated serum
lipoprotein. Serum cholesterol further comprises serum total cholesterol and serum LDL-cholesterol.
Serum lipoproteins further comprise serum ApoB-100 protein. In a clinical setting, serum markers of
cardiovascular disease risk are measured to determine the need for treatment or prevention of a disease or
condition described herein. The guidelines for lipid lowering therapy were established in 2001 by Adult
Treatment Panel III (ATP III) of the NCEP, and udpated in 2004 (Grundy et al., Circulation, 2004, 110,
227-239). The guidelines include determining L DL-cholesterol, total cholesterol, and HDL-cholesterol
levels (i.e., determining lipoprotein levels). According to the most recently established guidelines, LDL-
cholesterol levels of 130-159 mg/dL, 160-189 mg/dL, and greater than or equal to 190 mg/dL are
considered borderline high, high, and very high, respectively. Total cholesterol levels of 200-239 and
greater than or equal to 240 are considered borderline high and high, respectively. HDL-cholesterol levels
of less than 40 are considered low. Serum triglyceride levels of 150-199, 200-499, and greater than or
equal to 500 are considered borderline high, high, and very high, respectively. The serum cholesterol
level (e.g. LDL-cholesterol, total cholesterol) and/or serum triglyceride level at which treatment is
initiated depends upon the presence of clinical atherosclerotic disease that confers a high risk for coronary
heart disease, such as clinical coronary heart disease, symptomatic carotid artery disease, peripheral
arterial disease, and or abdominal aortic aneurysm, as well as additional risk factors, such as ci garette
smoking, hypertension, low HDL-cholesterol, family history of coronary heart disease, and age. A
subject’ response to treatment is used by a physician to determine the amount and duration of treatment.

The NCEP ATP III has also established criteria for the diagnosis of metabolic syndrome when
-9
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three or more of five risk determinants are present. “Metabolic syndrome” is defined as a clustering of
lipid and non-lipid cardiovascular risk factors of metabolic origin. It is closely linked to the generalized
metabolic disorder known as insulin resistance. The five risk determinants are abdominal obesity defined
as waist circumference of greater than 102 cm for men or greater than 88 cm for women, triglyceride
levels greater than or equal to 150 mg/dL, HDL cholesterol levels of less than 40 mg/dL for men and less
than 50 mg/dL for women, blood pressure greater than or equal to 130/85 mm Hg and fasting glucose
levels greater than or equal to 110 mg/dL. These determinants can be readily measured in clinical
practice (JAMA, 2001, 285, 2486-2497).

One of skill in the art will readily appreciate that a physician may modify cardiovascular risk
determination for individual patients, in cases where more or less aggressive therapy is needed. One of
skill will also understand the scope of the invention includes the practice of the methods herein as applied
to any altered guidelines provided by the NCEP, or other entities that establish guidelines for physician’s
used in treating any of the diseases or conditions listed here, for determining cardiovascular disease risk
and diagnosing metabolic syndrome.

The embodiments herein provide the use of an antisense compound targeted to a miR-122a
nucleic acid in the preparation of a medicament for lowering a serum indicator of cardiovascular disease
risk, wherein the serum indicator is selected from elevated serum total cholesterol, elevated serum LDL-
cholesterol, or elevated serum triglycerides.

The difficulty in directly measuring miR-122a levels, activity or expression following the
administration of antisense compounds targeted to a miR-122a nucleic acid necessitates the use of
surrogate indicators to assess the effects of administration of antisense compounds of the invention.
Surrogate indicators are used to evaluate phenotypic changes that result from antisense inhibition of miR-
122a. Surrogate indicators are often found in the serum, or alternatively in the plasma, of an animal.
Methods of obtaining serum or plasma samples for analysis and methods of preparation of the serum
samples to allow for analysis are well known to those skilled in the art. With regard to measurements of
lipoproteins, cholesterol, and triglyceride, the terms “serum” and “plasma” are herein used
interchangeably.

In the context of the present invention, “surrogate indicators” include serum indicators of
cardiovascular disease risk, such as serum LDL-cholesterol levels, and serum total cholesterol levels, and
serum triglyceride levels. Serum indicators further include serum transaminase levels. In the context of
the present invention, “serum LDL-~cholesterol levels” refer to the amounts of cholesterol that are carried
in serum LDL particles, and are typically measured as mg/dL or nmol/L. “Serum total cholesterol levels”,
also expressed as mg/dL, refers to the sum of all different types of serum cholesterol, including, among
others, LDL-cholesterol and HDL-cholesterol.

Preferred alterations in surrogate indicators of miR-122a inhibition include lowered serum

LDL-cholesterol levels, lowered serum triglyceride levels, lowered lipoprotein levels. These
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aforementioned alterations are clinically desirable and are useful for the prevention, amelioration and/or
treatment of the diseases and disorders disclosed herein.

“Serum lipoproteins™ include without limitation apolipoprotein B (ApoB-100), low-density
lipoprotein (LDL), and very low-density lipoprotein (VLDL).

Methods for the detection of hepatic steatosis are well known in the art, and include magnetic
resonance imaging, computed tomography, and ultrasonagraphy. Methods used for the detection of
hepatic steatosis may also be used to monitor the prevention, amelioration and/or treatment of the
diseases and disorders disclosed herein.

In the context of the present invention, the term “improved hepatic function” or “improved liver
function” refers to the improvement in the regular functions performed by the liver of an animal. One
non-limiting example of a test for liver function involves the measurement of serum transaminases, which
are additional surrogate indicators, wherein a reduction in serum transaminases such as alanine
aminotransferase or aspartamine aminotransferase indicates an improvement in liver function. “Serum
transaminase levels” refer to the abundance of transaminase in the serum (typically expressed as units
/dL), and include “serum alanine aminotransferase levels” and “serum aspartamine aminotransferase
levels.” Increases in these enzymes are frequently associated with inflammation of the liver or liver cell

death and, in some cases, can be caused by a condition such as hyperlipidemia, hypercholesterolemia,

hypertriglyceridemia, or hyperlipidemia. Reductions in serum transaminases are clinically desirable and

are useful for the prevention, amelioration and/or treatment of the diseases and disorders disclosed herein.

The term “nonalcoholic fatty liver disease” (NAFLD) encompasses a disease spectrum ranging
from simple triglyceride accumulation in hepatocytes (hepatic steatosis) to hepatic steatosis with
inflammation (steatohepatitis), fibrosis, and cirrhosis. Nonalcoholic steatohepatitis (NASH) occurs from
progression of NAFLD beyond deposition of triglycerides. A second physiological insult capable of
inducing necrosis, inflammation, and fibrosis is required for development of NASH. Candidates for the
second insult can be grouped into broad categories: factors causing an increase in oxidative stress and
factors promoting expression of proinflammatory cytokines. It has been suggested that increased liver
triglycerides lead to increased oxidative stress in hepatocytes of animals and humans, indicating a
potential cause-and-effect relationship between hepatic triglyceride accumulation, oxidative stress, and
the progression of hepatic steatosis to NASH (Browning and Horton, J. Clin. Invest., 2004, 114, 147-
152). Hypertriglyceridemia and hyperfattyacidemia can cause triglyceride accumulation in peripheral
tissues (Shimamura et al., Biochem. Biophys. Res. Commun., 2004, 322, 1080-1085). In the context of
the present invention, additional clinically desirable outcomes include reductions in hepatic steatosis,
steatohepatisis, fibrosis or cirrhosis.

Diseases or conditions described herein, such as elevated serum L.DL-cholesterol or hepatic
steatosis, may occur in humans diagnosed with HCV infection. Accordingly, the methods provided herein

may also be used in subjects diagnosed with HCV infection. Additionally, the present invention provides
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the use of an antisense compound targeted to a miR~122a nucleic acid in the preparation of a medicament

for lowering serum cholesterol, serum triglycerides or serum lipoproteins in an animal having HCV.

Drug Discovery

The antisense compounds and compositions of the present invention can additionally be utilized
for research and drug discovery.

For use in research, antisense compounds of the present invention are used to interfere with the
normal function of miR-122a target nucleic acids. Expression patterns within cells or tissues treated with
one or more antisense compounds or compositions of the invention are compared to control cells or
tissues not treated with the antisense compounds or compositions and the patterns produced are analyzed
for differential levels of nucleic acid expression as they pertain, for example, to disease association,
signaling pathway, cellular localization, expression level, size, structure or function of the genes
examined. These analyses can be performed on stimulated or unstimulated cells and in the presence or
absence of other compounds that affect expression patterns. By way of example, antisense compounds
targeted to miR-122a were used to elucidate the metabolic pathways that are affected by miR-122a
regulation.

For use in drug discovery, antisense compounds of the present invention are used to elucidate
relationships that exist between miR-122a, or a precursor thereof and a disease state, phenotype, or
condition. These methods include detecting or modulating a miR-122a nucleic acid comprising
contacting a sample, tissue, cell, or organism with the antisense compounds and compositions of the
present invention, measuring the levels of the target miR-122a nucleic acid and/or the levels of
downstream gene products including mRNA or proteins encoded thereby, and further evaluating
phenotypic changes at some time after treatment. These methods can also be performed in parallel or in
combination with other experiments to determine the function of unknown genes for the process of target
validation or to determine the validity of a particular miR-122a target nucleic acid as a target for
treatment or prevention of a disease. By way of example, as described herein, antisense compounds
targeted to miR-122a were used to effect phenotypic changes such as lowered serum cholesterol, lowered

liver triglycerides, and reduced hepatic steatosis.

Antisense Compounds

In the context of the present invention, the term “oligomeric compound(s)” refers to polymeric
structures which are capable of hybridizing to at least a region of an RNA molecule. Generally, an
oligomeric compound is “antisense” to a target nucleic acid when, written in the 5' to 3' direction, it
comprises the reverse complement of the corresponding region of the target nucleic acid. Such oligomeric
compounds are known as “antisense compounds”, which include, without limitation, oligonucleotides

(i.e. antisense oligonucleotides), oligonucleosides, oligonucleotide analogs, oligonucleotide mimetics and
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combinations of these. In general, an antisense compound comprises a backbone of linked monomeric
subunits (sugar moieties) where each linked monomeric subunit is directly or indirectly attached to a
heterocyclic base moiety. Modifications to antisense compounds encompass substitutions or changes to
internucleoside linkages, sugar moieties, or heterocyclic base moieties, such as those described below. As
used herein, the term “modification” includes substitution and/or any change from a starting or natural
nucleoside or nucleotide. Modified antisense compounds are often preferred over native forms because of
desirable properties such as, for example, enhanced cellular uptake, enhanced affinity for nucleic acid
target, mcreased stability in the presence of nucleases, or increased inhibitory activity. Antisense
compounds are often defined in the art to comprise the further limitation of, once hybridized to a target,
being able to induce or trigger a reduction in target gene expression or target gene activity. In one
embodiment, the antisense compounds trigger a reduction in the levels, activity or expression of a miR-
122a nucleic acid target.

Antisense compounds are routinely prepared linearly but can be joined or otherwise prepared to
be circular and may also include branching. Separate antisense compounds can hybridize to form double
stranded compounds that can be blunt-ended or may include overhangs on one or both termini.

The antisense compounds in accordance with this invention comprise from 15 to 30 nucleosides
in length, i.e., from 15 to 30 linked nucleosides. One of skill in the art will appreciate that this embodies
antisense compounds of 15, 16, 17, 18, 19, 20, 21, 22,23, 24, 25,26, 27, 28, 29, or 30 nucleosides in
length.

In one embodiment, the antisense compounds of the invention are 17 to 25 nucleosides in
length, as exemplified herein.

In preferred embodiments, the antisense compounds of the invention are 19, 20, 21, 22 or 23

nucleosides in length.

As used herein, the term “about” means + 5% of the variable thereafter.

“Complementary,” as used herein, refers to the capacity for hybridization between nucleobases.
An antisense compound and the target nucleic acid are “fully complementary” to each other when each
nucleobase of the antisense compound is complementary to an equal number of nuclebases in the target
nucleic acid. For example, an antisense compound 23 nucleosides in length targeted to miR-122a is fully
complementary to miR~122a when each of the 23 nucleobases in the antisense compound is
complementary to miR~122a. The antisense compound and ,the target nucleic acid are “essentially fully
complementary” to each other when the degree of precise base pairing permits stable and specific binding
between the antisense compound and a target nucleic acid, so that the antisense compound inhibits the
level, activity or expression of the target nucleic acid. Antisense compounds having one or two non-

complementary nucleobases with respect to a miR-122a target nucleic acid are considered essentially

fully complementary. “Sufficiently complementary” may be used in place of “essentially fully

complementary”.
-13 -



10

15

20

25

30

35

CA 02620856 2008-02-28
WO 2007/027775 PCT/US2006/033866

In the context of this invention, “hybridization” means the pairing of nucleobases of an
antisense compound with corresponding nucleobases in a target nucleic acid. In the context of the present
invention, the mechanism of pairing involves hydrogen bonding, which may be Watson-Crick, Hoogsteen
or reversed Hoogsteen hydrogen bonding, between corresponding nucleobases. For example, adenine and
thymine are complementary nucleobases that pair through the formation of hydrogen bonds. Both natural
and modified nucleobases are capable of participating in hydrogen bonding. Hybridization can occur
under varying circumstances.

It 1s understood in the art that the sequence of the antisense compound need not be fully
complementary to that of its target nucleic acid to be active in inhibiting the activity of the target nucleic
acid. Moreover, an antisense compound may hybridize over one or more segments such that intervening
or adjacent segments are not involved in the hybridization (e.g., a bulge, a loop structure or a hairpin
structure). In some embodiments there are “non-complementary” positions, also known as “mismatches”,
between the antisense compound and the target nucleic acid, and such non-complementary positions may
be tolerated between an antisense compound and the target nucleic acid provided that the antisense
compound remains specifically hybridizable to the target nucleic acid. A “non-complementary
nucleobase” means a nucleobase of an antisense compound that is unable to undergo precise base pairing
with a nucleobase at a corresponding position in a target nucleic acid. As used herein, the terms “non-
complementary” and “mismatch” are interchangable. Up to 3 non-complementary nucleobases are often
tolerated in an antisense compound without causing a significant decrease in the ability of the antisense
compound to modulate the activity, level or function of a target nucleic acid. In preferred embodiments,
the antisense compound contains no more than 2, or no more than 1, non-complementary nucleobases
with respect to a miR-122a target nucleic acid. For example, an antisense compound 23 nucleosides in
length, 22 of which are able to undergo precise base pairing with nucleobases in corresponding positions
in a target nucleic acid, and one of which is not able to undergo such base pairing, is considered to have
one non-complementary nucleobase. The location of such a non-complementary nucleobase at the 5° end
or 3’ end of the antisense compound is preferred, however, the non-complementary nucleobase may be at
any position in the antisense compound. In some embodiments, non-complementary nucleobases are
preterred outside of the region of the antisense compound which is complementary to the seed sequence
of miR-122a. When two or more non-complementary nucleobases are present, they may be contiguous
(1.e. linked) or non-contiguous.

In other embodiments of the invention, the antisense compounds comprise at least 90%
sequence complementarity to a miR-122a target nucleic acid. In furt<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>