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MODULATION OF ANGIOPOIETIN-LIKE 3 EXPRESSION

Sequence Listing

The present application 1s being filed along with a Sequence Listing in electronic format. The
Sequence Listing 1s provided as a file entitled BIOLO179WO ST25.txt, created on December 22, 2014 which
1s .98 MB 1n si1ze. The information 1n the electronic format of the sequence listing 1s incorporated herein by

reference 1n 1its entirety.

Field of the Invention

Provided herein are methods, compounds, and compositions for reducing expression of angiopoietin-
like 3 (ANGPTL3) mRNA and protein in an animal. Also, provided herein are methods, compounds, and
compositions having an ANGPTL3 inhibitor for reducing ANGPTL3 related diseases or conditions 1n an
animal. Such methods, compounds, and compositions are useful, for example, to treat, prevent, delay or
ameliorate any one or more of cardiovascular disease or metabolic syndrome, or a symptom thereof, 1n an

animal.

Background
Diabetes and obesity (sometimes collectively referred to as “diabesity”) are interrelated in that

obesity 1s known to exacerbate the pathology of diabetes and greater than 60% of diabetics are obese. Most
human obesity 1s associated with insulin resistance and leptin resistance. In fact, it has been suggested that
obesity may have an even greater impact on isulin action than diabetes itself (Sindelka et al., Phaysiol Res.,
2002, 51, 85-91). Additionally, several compounds on the market for the treatment of diabetes are known to
induce weight gain, a very undesirable side effect to the treatment of this disease.

Cardiovascular disease 1s also interrelated to obesity and diabetes. Cardiovascular disease
encompasses a wide variety of etiologies and has an equally wide variety of causative agents and interrelated
players. Many causative agents contribute to symptoms such as elevated plasma levels of cholesterol,
including non-high density lipoprotein cholesterol (non-HDL-C), as well as other lipid-related disorders.
Such lhipid-related disorders, generally referred to as dyslipidemia, include hyperlipidemaa,
hypercholesterolemia and hypertriglyceridemia among other indications. Elevated non-HDL cholesterol 1s
assoclated with atherogenesis and its sequelae, including cardiovascular diseases such as arteriosclerosis,
coronary artery disease, myocardial infarction, ischemic stroke, and other forms of heart disease. These rank
as the most prevalent types of 1llnesses 1n industrialized countries. Indeed, an estimated 12 million people in
the United States sutffer with coronary artery disease and about 36 million require treatment for elevated

cholesterol levels.
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Epidemiological and experimental evidence has shown that high levels of circulating triglyceride
(TG) can contribute to cardiovascular disease and a myriad of metabolic disorders (Valdivielso et al., 2009,
Atherosclerosis Zhang et al., 2008, Circ Res. 1;102(2):250-6). TG derived from either exogenous or
endogenous sources 1s incorporated and secreted in chylomicrons from the intestine or in very low density
lipoproteins (VLDL) from the liver. Once 1n circulation, TG 1s hydrolyzed by lipoprotein lipase (LpL) and
the resulting free fatty acids can then be taken up by local tissues and used as an energy source. Due to the
profound effect LpL has on plasma TG and metabolism 1n general, discovering and developing compounds
that affect LpL activity are of great interest.

Metabolic syndrome 1s a combination of medical disorders that increase one's risk for cardiovascular
disease and diabetes. The symptoms, including high blood pressure, high triglycerides, decreased HDL and
obesity, tend to appear together in some individuals. It affects a large number of people 1n a clustered
fashion. In some studies, the prevalence in the USA 1s calculated as being up to 25% of the population.
Metabolic syndrome 1s known under various other names, such as (metabolic) syndrome X, insulin resistance
syndrome, Reaven's syndrome or CHAOS. With the high prevalence of cardiovascular disorders and
metabolic disorders there remains a need for improved approaches to treat these conditions

The angiopoietins are a tamily of secreted growth factors. Together with their respective
endothelium-specific receptors, the angiopoietins play important roles in angiogenesis. One family member,
angiopoietin-like 3 (also known as angiopoietin-like protein 3, ANGPTS, ANGPTL3, or angiopoietin 5), 1s
predominantly expressed 1n the liver, and 1s thought to play a role 1n regulating lipid metabolism (Kaplan et
al., J. Lipid Res., 2003, 44, 136-143). Genome-wide association scans (GWAS) surveying the genome for
common variants associated with plasma concentrations of HDL, LDL and triglyceride found an association
between triglycerides and single-nucleotide polymorphisms (SNPs) near ANGPTL3 (Willer et al., Nature
Genetics, 2008, 40(2):161-169). Individuals with homozygous ANGPTL3 loss-of-function mutations
present with low levels of all atherogenic plasma lipids and lipoproteins, such as total cholesterol (TC) and
TG, low density lipoprotein cholesterol (LDL-C), apoliprotein B (apoB), non-HDL-C, as well as HDL-C
(Romeo et al. 2009, J Clin Invest, 119(1):70-79; Musunuru et al. 2010 N Engl J Med, 363:2220-2227;
Martin-Campos et al. 2012, Clin Chim Acta, 413:552-555; Minicocci et al. 2012, J Clin Endocrinol Metab,
07:¢1266-1275; Noto et al. 2012, Arterioscler Thromb Vasc Biol, 32:805-809; Pisciotta ef al. 2012,
Circulation Cardiovasc Genet, 5:42-50). This clinical phenotype has been termed familial combined
hypolipidemia (FHBL2). Despite reduced secretion of VLDL, subjects with FHBL2 do not have increased
hepatic fat content. They also appear to have lower plasma glucose and insulin levels, and importantly, both
diabetes and cardiovascular disease appear to be absent from these subjects. No adverse clinical phenotypes
have been reported to date (Minicocci et al. 2013, J of Lipid Research, 54:3481-3490). Reduction of
ANGPTL3 has been shown to lead to a decrease in TG, cholesterol and LDL levels in animal models (U.S.
Serial Number 13/520,997; PCT Publication WO 2011/085271). Mice deficient in ANGPTL3 have very low

plasma triglyceride (TG) and cholesterol levels, while overpexpression produces the opposite effects (Koishi

2



10

15

20

25

30

35

CA 02931510 2016-05-24

WO 2015/100394 PCT/US2014/072303

et al. 2002; Koster 2005; Fuyimoto 2006). Accordingly, the potential role of ANGPTL3 1n lipid metabolism
makes 1t an attractive target for therapeutic intervention.

To date, therapeutic strategies to treat cardiometabolic disease by directly targeting ANGPTL3 levels
have been limited. ANGPTL3 polypeptide fragments (U.S. Serial Number 12/128,545), anti-ANGPTL3
antibodies (U.S. Serial Number 12/001,012) and ANGPTL3 nucleic acid inhibitors including antisense
oligonucleotides (U.S. Serial Number 13/520,997; PCT Publication WO 2011/085271; incorporated by
reference herein, 1n their entirety) have previously been suggested or developed, but none of the compounds
directly targeting ANGPTL3 have been approved for treating cardiometabolic disease. Accordingly, there 1s
an unmet need for highly potent and tolerable compounds to inhibit ANGPTL3. The mvention disclosed
herein relates to the discovery of novel, highly potent inhibitors of ANGPTL3 expression and their use 1n

freatment.

Summary of the Invention

Provided herein are compositions and methods for modulating expression of ANGPTL3 mRNA and
protein. In certain embodiments, the composition 1s an ANGPTL3 specific inhibitor. In certain embodiments,
the ANGPTL3 specific inhibitor decreases expression of ANGPTL3 mRNA and protein.

In certain embodiments, the composition 1s an ANGPTL3 specific inhibitor. In certain embodiments,
the ANGPTL3 specific inhibitor 1s a nucleic acid. In certain embodiments, the nucleic acid 1s an antisense
compound. In certain embodiments, the antisense compound 1s a modified oligonucleotide.

In certain embodiments, the ANGPTL3 specific inhibitor 1s a modified oligonucleotide consisting of
12 to 30 linked nucleosides and having a nucleobase sequence comprising at least &, least 9, least 10, least 11,
at least 12, least 13, at least 14, at least 15, at Ieast 16, least 17, least 18, least 19, or 20 contiguous
nucleobases of the nucleobase sequence of SEQ ID NO: 77.

In certain embodiments, the ANGPTL3 specific inhibitor 1s a modified oligonucleotide consisting of
12 to 30 linked nucleosides and comprising a nucleobase sequence comprising a portion of at least 8
contiguous nucleobases complementary to an equal length portion of nucleobases 1140-1159 of SEQ ID NO:
1, wherein the nucleobase sequence of the modified oligonucleotide 1s at least 80% complementary to SEQ
ID NO: 1.

In certain embodiments, the ANGPTL3 specific inhibitor 1s a modified oligonucleotide consisting of
12 to 30 linked nucleosides and comprising a nucleobase sequence comprising a portion of at least 8
contiguous nucleobases complementary to an equal length portion of nucleobases 9715-9734 of SEQ ID NO:
2, wherein the nucleobase sequence of the modified oligonucleotide 1s at least 80% complementary to SEQ
ID NO: 2.

In certain embodiments, the ANGPTL3 specific inhibitor 1s a modified oligonucleotide consisting of
20 Iinked nucleosides and having a nucleobase sequence comprising at least 8 contiguous nucleobases of

SEQ ID NO: 77, wherein the modified oligonucleotide comprises: (a) a gap segment consisting of ten linked
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deoxynucleosides; (b) a 5° wing segment consisting of five linked nucleosides; (c) a 3° wing segment
consisting of five linked nucleosides; and wherein the gap segment 1s positioned between the 5° wing
segment and the 3° wing segment, wherein each nucleoside of each wing segment comprises a 2°-O-
methoxyethyl sugar, wherein each iternucleoside linkage 1s a phosphorothioate linkage and wherein each
cytosine residue 1s a S-methylcytosine.

In certain embodiments, the ANGPTL3 specific inhibitor 1s a modified oligonucleotide consisting of
20 linked nucleosides and having a nucleobase sequence consisting of at least 8 contiguous nucleobases of
SEQ ID NO: 77, wherein the modified oligonucleotide consists of: (a) a gap segment consisting of ten linked
deoxynucleosides; (b) a 5° wing segment consisting of five linked nucleosides; (c) a 3’ wing segment
consisting of five linked nucleosides; and wherein the gap segment 1s positioned between the 5° wing
segment and the 3° wing segment, wherein each nucleoside of each wing segment comprises a 2°-O-
methoxyethyl sugar, wherein each internucleoside linkage 1s a phosphorothioate linkage and wherein each
cytosine residue 1s a S-methylcytosine.

In certain embodiments, the ANGPTL3 specific inhibitor 1s a modified oligonucleotide represented
by the following structure and the designation ISIS 563580. In certain embodiments, the ANGPTL3 specific
mhibitor comprises the modified oligonucleotide ISIS 563580 represented by the following structure.



10

15

CA 02931510 2016-05-24

WO 2015/100394 PCT/US2014/072303

Certain embodiments provide a composition comprising a compound described herein, or a salt

thereof, and a pharmaceutically acceptable carrier or diluent.

In certain embodiments, the modulation of ANGPTL3 expression occurs 1n a cell or tissue. In certain
embodiments, the modulations occur 1n a cell or tissue 1n an animal. In certain embodiments, the animal 1s a
human. In certain embodiments, the modulation 1s a reduction in ANGPTL3 mRNA level. In certain
embodiments, the modulation 1s a reduction in ANGPTL3 protein level. In certain embodiments, both
ANGPTL3 mRNA and protein levels are reduced. Such reduction may occur 1n a time-dependent or 1n a
dose-dependent manner.

Certain embodiments provide compositions and methods for use 1n therapy. Certain embodiments
provide compositions and methods for preventing, treating, delaying, slowing the progression and/or
ameliorating ANGPTL3 related diseases, disorders, and conditions. In certain embodiments, such diseases,
disorders, and conditions are cardiovascular and/or metabolic diseases, disorders, and conditions. In certain
embodiments, the compositions and methods for therapy include administering an ANGPTL3 specific

inhibitor to an individual in need thereof. In certain embodiments, the ANGPTL3 specific inhibitor 1s a
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nucleic acid. In certain embodiments, the nucleic acid 1s an antisense compound. In certain embodiments,

the antisense compound 1s a modified oligonucleotide.

Detailed Description of the Invention

It 1s to be understood that both the foregoing general description and the following detailed
description are exemplary and explanatory only and are not restrictive of the invention, as claimed. Herein,
the use of the singular includes the plural unless specifically stated otherwise. As used herein, the use of “or”
means “‘and/or’” unless stated otherwise. Furthermore, the use of the term “including” as well as other forms,
such as “includes” and “included”, 1s not imiting. Also, terms such as “element”™ or “‘component” encompass
both elements and components comprising one unit and elements and components that comprise more than
on¢ subunit, unless specifically stated otherwise.

The section headings used herein are for organizational purposes only and are not to be construed as
limiting the subject matter described. All documents, or portions of documents, cited 1n this application,
including, but not limited to, patents, patent applications, articles, books, and treatises, are hereby expressly

incorporated-by-reterence for the portions of the document discussed herein, as well as 1n their entirety.

Definitions

Unless specific definitions are provided, the nomenclature utilized in connection with, and the
procedures and techniques of, analytical chemistry, synthetic organic chemistry, and medicinal and
pharmaceutical chemistry described herein are those well known and commonly used 1n the art. Standard
techniques can be used for chemical synthesis, and chemical analysis. Where permatted, all patents,
applications, published applications and other publications, GENBANK Accession Numbers and associated
sequence information obtainable through databases such as National Center for Biotechnology Information
(NCBI) and other data referred to throughout 1n the disclosure herein are incorporated by reference for the
portions of the document discussed herein, as well as 1n their entirety.

Unless otherwise indicated, the following terms have the following meanings:

“2’-0O-methoxyethyl” (also 2°-MOE and 2°-O(CH,),-OCHj) refers to an O-methoxy-ethyl
modification of the 2’ position of a furosyl ring. A 2’-O-methoxyethyl modified sugar 1s a modified sugar.

“2’-0O-methoxyethyl nucleotide” means a nucleotide comprising a 2°-O-methoxyethyl modified sugar
moiety.

“37 target site” or 3’ stop site” refers to the nucleotide of a target nucleic acid which 1s
complementary to the 3°-most nucleotide of a particular antisense compound.

“5’ target site” or “S start site” refers to the nucleotide of a target nucleic acid which 1s complementary
to the 5°-most nucleotide of a particular antisense compound.

“S-methylcytosing” means a cytosine modified with a methyl group attached to the 5° position. A 5-

methylcytosine 1s a modified nucleobase.
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“About” means within £10% of a value. For example, 1f 1t 1s stated, “a marker may be increased by
about 50%7, 1t 1s implied that the marker may be increased between 45%-55%

“Active pharmaceutical agent” means the substance or substances 1n a pharmaceutical composition
that provide a therapeutic benetit when administered to an individual. For example, in certain embodiments
an antisense oligonucleotide targeted to ANGPTL3 1s an active pharmaceutical agent.

“Active target region’” or “target region’” means a region to which one or more active antisense
compounds 1s targeted.

“Active antisense compounds” means antisense compounds that reduce target nucleic acid levels or
protein levels.

“Adipogenesis” means the development of fat cells from preadipocytes. “Lipogenesis” means the
production or formation of fat, either fatty degeneration or fatty infiltration.

“Adiposity” or “Obesity” refers to the state of being obese or an excessively high amount of body fat
or adipose tissue 1n relation to lean body mass. The amount of body fat includes concern for both the
distribution of fat throughout the body and the size and mass of the adipose tissue deposits. Body fat
distribution can be estimated by skin-fold measures, waist-to-hip circumference ratios, or techniques such as
ultrasound, computed tomography, or magnetic resonance imaging. According to the Center for Discase
Control and Prevention, individuals with a body mass index (BMI) of 30 or more are considered obese. The
term "Obesity" as used herein includes conditions where there 1s an increase in body fat beyond the physical
requirement as a result of excess accumulation of adipose tissue 1n the body. The term “obesity” includes, but
1s not limited to, the following conditions: adult-onset obesity; alimentary obesity; endogenous or metabolic
obesity; endocrine obesity; familial obesity; hyperinsulinar obesity; hyperplastic-hypertrophic obesity;
hypogonadal obesity; hypothyroid obesity; lifelong obesity; morbid obesity and exogenous obesity.

“Administered concomitantly” refers to the co-administration of two agents 1n any manner in which
the pharmacological effects of both are manifest in the patient at the same time. Concomitant administration
does not require that both agents be administered 1n a single pharmaceutical composition, in the same dosage
form, or by the same route of administration. The effects of both agents need not manifest themselves at the
same time. The effects need only be overlapping for a period of time and need not be coextensive.

“Administering” means providing an agent to an animal, and includes, but 1s not limited to,
administering by a medical professional and selt-administering.

“Agent” means an active substance that can provide a therapeutic benefit when administered to an
animal. “First Agent” means a therapeutic compound of the mvention. For example, a first agent can be an
antisense oligonucleotide targeting ANGPTL3. “Second agent” means a second therapeutic compound of the
invention (€.2. a second antisense oligonucleotide targeting ANGPTL3) and/or a non-ANGPTL3 therapeutic

compound.
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“Amelioration” refers to a lessening of at least one indicator, sign, or symptom of an associated
disease, disorder, or condition. The severity of indicators can be determined by subjective or objective
measures, which are known to those skilled 1n the art.

“ANGPTL3” means any nucleic acid or protemn of ANGPTLS3.

“ANGPTL3 expression” means the level of mRNA transcribed from the gene encoding ANGPTL3 or
the level of protein translated from the mRNA. ANGPTL3 expression can be determined by art known
methods such as a Northern or Western blot.

“ANGPTL3 nucleic acid” means any nucleic acid encoding ANGPTL3. For example, in certain
embodiments, an ANGPTL3 nucleic acid includes a DNA sequence encoding ANGPTL3, a RNA sequence
transcribed from DNA encoding ANGPTL3 (including genomic DNA comprising introns and ¢xons), and a
mRNA sequence encoding ANGPTL3. “ANGPTL3 mRNA” means a mRNA encoding an ANGPTL3
protein.

“Animal” refers to a human or non-human animal, including, but not limited to, mice, rats, rabbits,
dogs, cats, pigs, and non-human primates, including, but not limited to, monkeys and chimpanzees.

“Antisense activity” means any detectable or measurable activity attributable to the hybridization of
an antisense compound to its target nucleic acid. In certain embodiments, antisense activity 1s a decrease n
the amount or expression of a target nucleic acid or protein encoded by such target nucleic acid.

“Antisense compound” means an oligomeric compound that 1s capable of undergoing hybridization
to a target nucleic acid through hydrogen bonding.

“Antisense mhibition” means reduction of target nucleic acid levels or target protein levels 1n the
presence of an antisense compound complementary to a target nucleic acid compared to target nucleic acid
levels or target protein levels m the absence of the antisense compound.

“Antisense oligonucleotide” means a single-stranded oligonucleotide having a nucleobase sequence
that permits hybridization to a corresponding region or segment of a target nucleic acid.

“ApoB-containing lipoprotein” means any lipoprotein that has apolipoprotein B as its protein
component, and 1s understood to include LDL, VLDL, IDL, and lipoprotein(a) and can be generally targeted
by lipid lowering agent and therapies. “ApoB-100-containing LDL” means ApoB-100 1soform containing
LDL.

“Atherosclerosis” means a hardening of the arteries affecting large and medium-sized arteries and 1s
characterized by the presence of fatty deposits. The fatty deposits are called "atheromas" or “plaques,” which
consist mainly of cholesterol and other fats, calcium and scar tissue, and damage the lining of arteries.

“Bicyclic sugar” means a furosyl ring modified by the bridging of two non-geminal ring atoms. A
bicyclic sugar 1s a modified sugar.

“Bicyclic nucleic acid” or “BNA” refers to a nucleoside or nucleotide wherein the furanose portion of
the nucleoside or nucleotide includes a bridge connecting two carbon atoms on the furanose ring, thereby

forming a bicyclic ring system.
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“Cap structure” or “terminal cap moiety” means chemical modifications, which have been
incorporated at either terminus of an antisense compound.

“Cardiovascular disease” or “cardiovascular disorder” refers to a group of conditions related to the
heart, blood vessels, or the circulation. Examples of cardiovascular diseases or disorders include, but are not
limited to, aneurysm, angina, arrhythmia, atherosclerosis, cerebrovascular disease (stroke), coronary heart
disease, hypertension, dyslipidemia, hyperlipidemia, and hypercholesterolemaia.

“Cardiometabolic disease” or “cardiometabolic disorder” are diseases or disorders concerning both
the cardiovascular system and the metabolic system. Examples of cardiometabolic diseases or disorders
include, but are not limited to, diabetes and dyslipidemias.

“Chemically distinct region” refers to a region of an antisense compound that 1s 1n some way
chemically different than another region of the same antisense compound. For example, a region having 2’-
O-methoxyethyl nucleotides 1s chemically distinct from a region having nucleotides without 2’°-O-
methoxyethyl modifications.

“Chimeric antisense compound” means an antisense compound that has at least two chemically
distinct regions.

“Co-administration” means administration of two or more agents to an individual. The two or more
agents can be 1n a single pharmaceutical composition, or can be 1n separate pharmaceutical compositions.
Each of the two or more agents can be administered through the same or different routes of administration.
Co-administration encompasses parallel or sequential administration.

“Cholesterol” 1s a sterol molecule found 1n the cell membranes of all animal tissues. Cholesterol
must be transported 1n an animal’s blood plasma by lipoproteins including very low density lipoprotein
(VLDL), intermediate density lipoprotein (IDL), low density lipoprotein (LDL), and high density lipoprotein
(HDL). ““Plasma cholesterol” refers to the sum of all lipoproteins (VDL, IDL, LDL, HDL) esterified and/or
non-estrified cholesterol present in the plasma or serum.

“Cholesterol absorption inhibitor” means an agent that inhibits the absorption of exogenous
cholesterol obtained from diet.

“Complementarity” means the capacity for pairing between nucleobases of a first nucleic acid and a
second nucleic acid. In certain embodiments, complementarity between the first and second nucleic acid may
be between two DNA strands, between two RNA strands, or between a DNA and an RNA strand. In certain
embodiments, some of the nucleobases on one strand are matched to a complementary hydrogen bonding
base on the other strand. In certain embodiments, all of the nucleobases on one strand are matched to a
complementary hydrogen bonding base on the other strand. In certain embodiments, a first nucleic acid 1s an
antisense compound and a second nucleic acid 1s a target nucleic acid. In certain such embodiments, an
antisense oligonucleotide 1s a first nucleic acid and a target nucleic acid 1s a second nucleic acid.

“Contiguous nucleobases” means nucleobases immediately adjacent to each other.
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“Coronary heart disease (CHD)” means a narrowing of the small blood vessels that supply blood and
oxygen to the heart, which 1s often a result of atherosclerosis.

“Deoxyribonucleotide” means a nucleotide having a hydrogen at the 2° position of the sugar portion of
the nucleotide. Deoxyribonucleotides may be moditied with any of a variety of substituents.

“Diabetes mellitus” or "diabetes" 1s a syndrome characterized by disordered metabolism and
abnormally high blood sugar (hyperglycemia) resulting from insufficient levels of insulin or reduced insulin
sensitivity. The characteristic symptoms are excessive urine production (polyuria) due to high blood glucose
levels, excessive thirst and increased fluid intake (polydipsia) attempting to compensate for increased
urination, blurred vision due to high blood glucose effects on the eye's optics, unexplained weight loss, and
lethargy.

“Diabetic dyslipidemia” or “type 2 diabetes with dyslipidemia” means a condition characterized by
Type 2 diabetes, reduced HDL-C, elevated triglycerides, and elevated small, dense LDL particles.

“Diluent” means an ingredient in a composition that lacks pharmacological activity, but 1s
pharmaceutically necessary or desirable. For example, the diluent in an injected composition can be a liquid,
¢.g. saline solution.

“Dyslipidenma” refers to a disorder of lipid and/or lipoprotein metabolism, including lipid and/or
lipoprotein overproduction or deficiency. Dyslipidemias may be manifested by elevation of lipids such as
cholesterol and triglycerides as well as lipoproteins such as low-density lipoprotein (LDL) cholesterol.

“Dosage unit” means a form in which a pharmaceutical agent 1s provided, e.g. pill, tablet, or other
dosage unit known in the art. In certain embodiments, a dosage unit 1s a vial containing lyophilized antisense
oligonucleotide. In certain embodiments, a dosage unit 1s a vial containing reconstituted antisense
oligonucleotide.

“Dose” means a specified quantity of a pharmaceutical agent provided 1n a single administration, or
in a specified time period. In certain embodiments, a dose can be administered 1n one, two, or more boluses,
tablets, or injections. For example, in certain embodiments where subcutancous administration 1s desired, the
desired dose requires a volume not easily accommodated by a single injection, therefore, two or more
injections can be used to achieve the desired dose. In certain embodiments, the pharmaceutical agent 1s
administered by infusion over an extended period of time or continuously. Doses can be stated as the amount
of pharmaceutical agent per hour, day, week, or month. Doses can be expressed as mg/kg or g/kg.

“Effective amount™ or “therapeutically effective amount” means the amount of active
pharmaceutical agent sufficient to effectuate a desired physiological outcome 1n an individual 1n need of the
agent. The effective amount can vary among individuals depending on the health and physical condition of
the individual to be treated, the taxonomic group of the individuals to be treated, the formulation of the
composition, assessment of the mndividual’s medical condition, and other relevant factors.

“Fully complementary” or “100% complementary” means each nucleobase of a nucleobase sequence

of a first nucleic acid has a complementary nucleobase 1n a second nucleobase sequence of a second nucleic
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acid. In certain embodiments, a first nucleic acid 1s an antisense compound and a target nucleic acid 1s a
second nucleic acid.

“Gapmer”’ means a chimeric antisense compound 1n which an internal region having a plurality of
nucleosides that support RNase H cleavage 1s positioned between external regions having one or more
nucleosides, wherein the nucleosides comprising the internal region are chemically distinct from the
nucleoside or nucleosides comprising the external regions. The internal region can be referred to as a “gap
segment” and the external regions can be referred to as “wing segments.”

“Gap-widened” means a chimeric antisense compound having a gap segment of 12 or more
contiguous 2’-deoxyribonucleosides positioned between and immediately adjacent to 5° and 3 wing
segments having from one to six nucleosides.

“Glucose” 1s a monosaccharide used by cells as a source of energy and metabolic mtermediate.
“Plasma glucose” refers to glucose present in the plasma.

“High density lipoprotein-C (HDL-C)” means cholesterol associated with high density lipoprotein
particles. Concentration of HDL-C 1n serum (or plasma) 1s typically quantified in mg/dL or nmol/L. “serum
HDL-C” and “plasma HDL-C” mean HDL-C 1n serum and plasma, respectively.

“HMG-CoA reductase inhibitor’” means an agent that acts through the inhibition of the enzyme HMG-
CoA reductase, such as atorvastatin, rosuvastatin, fluvastatin, lovastatin, pravastatin, and simvastatin.

“Hybridization” means the annealing of complementary nucleic acid molecules. In certain
embodiments, complementary nucleic acid molecules include an antisense compound and a target nucleic
acid.

“Hypercholesterolemia” means a condition characterized by elevated cholesterol or circulating
(plasma) cholesterol, LDL-cholesterol and VLDL-cholesterol, as per the guidelines of the Expert Panel
Report of the National Cholesterol Educational Program (NCEP) of Detection, Evaluation of Treatment of
high cholesterol in adults (see, Arch. Int. Med. (1988) 148, 36-39).

“Hyperlipidemia™ or “hyperlipemia’ 1s a condition characterized by elevated serum lipids or
circulating (plasma) lipids. This condition manifests an abnormally high concentration of fats. The lipid
fractions 1n the circulating blood are cholesterol, low density lipoproteins, very low density lipoproteins and
triglycerides.

“Hypertriglyceridemia” means a condition characterized by elevated triglyceride levels.

“Identifying” or “selecting a subject having a metabolic or cardiovascular disease” means identifying
or selecting a subject having been diagnosed with a metabolic disease, a cardiovascular disease, or a
metabolic syndrome; or, 1dentifying or selecting a subject having any symptom of a metabolic disease,
cardiovascular disease, or metabolic syndrome including, but not limited to, hypercholesterolemaa,
hyperglycemia, hyperlipidemia, hypertriglyceridemia, hypertension, increased insulin resistance, decreased
insulin sensitivity, above normal body weight, and/or above normal body fat content or any combination

therecof. Such identification may be accomplished by any method, including but not limited to, standard
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clinical tests or assessments, such as measuring serum or circulating (plasma) cholesterol, measuring serum
or circulating (plasma) blood-glucose, measuring serum or circulating (plasma) triglycerides, measuring
blood-pressure, measuring body fat content, measuring body weight, and the like.

“Identifying” or “selecting a diabetic subject” means 1dentifying or selecting a subject having been
identified as diabetic or identifying or selecting a subject having any symptom ot diabetes (type 1 or type 2)
such as, but not limited to, having a fasting glucose of at least 110 mg/dL, glycosuria, polyuria, polydipsia,
increased msulin resistance, and/or decreased insulin sensitivity.

“Identifying” or “selecting an obese subject” means 1dentifying or selecting a subject having been
diagnosed as obese or 1dentifying or selecting a subject with a BMI over 30 and/or a waist circumference of
greater than 102 ¢m 1n men or greater than 88 ¢cm 1n women.

“Identifying” or “selecting a subject having dyslipidemia” means identifying or selecting a subject
diagnosed with a disorder of lipid and/or lipoprotein metabolism, including lipid and/or lipoprotein
overproduction or deficiency. Dyslipidemias may be manifested by elevation of lipids such as cholesterol and
triglycerides as well as lipoproteins such as low-density lipoprotein (LDL) cholesterol.

“Identifying” or “selecting’ a subject having increased adiposity” means 1dentifying or selecting a
subject having an increased amount of body fat (or adiposity) that includes concern for one or both the
distribution of fat throughout the body and the size and mass of the adipose tissue deposits. Body fat
distribution can be estimated by skin-fold measures, waist-to-hip circumference ratios, or techniques such as
ultrasound, computer tomography, or magnetic resonance 1imaging. According to the Center for Disease
Control and Prevention, individuals with a body mass index (BMI) of 30 or more are considered obese.

“Improved cardiovascular outcome” means a reduction 1n the occurrence of adverse cardiovascular
events, or the risk thereof. Examples of adverse cardiovascular events include, without limitation, death,
reinfarction, stroke, cardiogenic shock, pulmonary edema, cardiac arrest, and atrial dysrhythmuia.

“Immediately adjacent” means there are no intervening elements between the immediately adjacent
elements.

“Individual” or “subject” or “animal” means a human or non-human animal selected for treatment or
therapy.

“Inhibiting the expression or activity™ refers to a reduction or blockade of the expression or activity
and does not necessarily indicate a total elimination of expression or activity.

“Insulin resistance™ 1s defined as the condition in which normal amounts of insulin are inadequate to
produce a normal insulin response from cells, ¢.g., fat, muscle and/or liver cells. Insulin resistance in fat cells
results 1n hydrolysis of stored triglycerides, which elevates free fatty acids in the blood plasma. Insulin
resistance 1n muscle reduces glucose uptake whereas msulin resistance 1n liver reduces glucose storage, with
both effects serving to elevate blood glucose. High plasma levels of insulin and glucose due to insulin

resistance often leads to metabolic syndrome and type 2 diabetes.
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“Insulin sensitivity” 1s a measure of how effectively an individual processes glucose. An individual
having high msulin sensitivity eftectively processes glucose whereas an individual with low insulin
sensitivity does not effectively process glucose.

“Internucleoside linkage” refers to the chemical bond between nucleosides.

“Intravenous administration” means administration into a vein.

“Linked nucleosides” means adjacent nucleosides which are bonded together.

“Lipid-lowering” means a reduction in one or more lipids 1n a subject. Lipid-lowering can occur with
one or more doses over time.

“Lipid-lowering agent” means an agent, for example, an ANGPTL3-specific modulator, provided to a
subject to achieve a lowering of lipids in the subject. For example, in certain embodiments, a lipid-lowering
agent 1S provided to a subject to reduce one or more of apoB, apoC-III, total cholesterol, LDL-C, VLDL-C,
IDL-C, non-HDL-C, triglycerides, small dense LDL particles, and Lp(a) in a subject.

“Lipid-lowering therapy” means a therapeutic regimen provided to a subject to reduce one or more
lip1ds 1n a subject. In certain embodiments, a lipid-lowering therapy 1s provided to reduce one or more of
apoB, apoC-I11, total cholesterol, LDL-C, VLDL-C, IDL-C, non-HDL-C, triglycerides, small dense LDL
particles, and Lp(a) in a subject.

“Lipoprotemn”™, such as VLDL, LDL and HDL, refers to a group of proteins found in the serum,
plasma and lymph and ar¢ important for lipid transport. The chemical composition of each lipoprotein differs
in that the HDL has a higher proportion of protein versus lipid, whereas the VLDL has a lower proportion of
protein versus lipad.

“Low density lipoprotein-cholesterol (LDL-C)” means cholesterol carried in low density lipoprotein
particles. Concentration of LDL-C 1n serum (or plasma) 1s typically quantified in mg/dL or nmol/L. “Serum
LDL-C” and “plasma LDL-C” mean LDL-C 1n the serum and plasma, respectively.

“Major risk factors” refers to factors that contribute to a high risk for a particular disease or condition.
In certain embodiments, major risk factors for coronary heart disease include, without limitation, cigarette
smoking, hypertension, low HDL-C, family history of coronary heart disease, age, and other factors disclosed
herein.

“Metabolic disorder” or “metabolic disease™ refers to a condition characterized by an alteration or
disturbance 1n metabolic function. “Metabolic” and “metabolism™ are terms well known 1n the art and
generally include the whole range of biochemical processes that occur within a living organism. Metabolic
disorders include, but are not limited to, hyperglycemia, prediabetes, diabetes (type I and type 2), obesity,
isulin resistance, metabolic syndrome and dyslipidemia due to type 2 diabetes.

“Metabolic syndrome™ means a condition characterized by a clustering of lipid and non-lipid
cardiovascular risk factors of metabolic origin. In certain embodiments, metabolic syndrome 1s 1dentified by
the presence of any 3 of the following factors: waist circumference of greater than 102 ¢cm 1n men or greater

than 88 cm 1n women; serum triglyceride of at Ieast 150 mg/dL; HDL-C less than 40 mg/dL in men or less
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than 50 mg/dL in women; blood pressure of at least 130/85 mmHg; and fasting glucose of at least 110 mg/dL.
These determinants can be readily measured in clinical practice (JAMA, 2001, 285: 2486-2497).

“Mismatch” or “non-complementary nucleobase™ refers to the case when a nucleobase of a first
nucleic acid 1s not capable of pairing with the corresponding nucleobase of a second or target nucleic acid.

“Mixed dyslipidemia™ means a condition characterized by elevated cholesterol and elevated
triglycerides.

“Modified mternucleoside linkage” refers to a substitution or any change from a naturally occurring
internucleoside bond (1.e. a phosphodiester internucleoside bond).

“Modified nucleobase” refers to any nucleobase other than adenine, cytosine, guanine, thymidine, or
uracil. An “unmodified nucleobase” means the purine bases adenine (A) and guanine (G), and the pyrimidine
bases thymine (T), cytosine (C), and uracil (U).

“Modified nucleoside” means a nucleoside having, independently, one or more modified sugar
moiety or modified nucleobase.

“Modified nucleotide” means a nucleotide having, independently, one or more modified sugar
moicty, modified internucleoside linkage, or modified nucleobase. A “modified nucleoside™” means a
nucleoside having, independently, one or more modified sugar moiety or modified nucleobase.

“Modified oligonucleotide” means an oligonucleotide comprising at Ieast one modified nucleotide.

“Moditfied sugar” refers to a substitution or change from a natural sugar.

“Motif” means the pattern of chemically distinct regions 1n an antisense compound.

“MTP inhibitor” means an agent inhibits the enzyme microsomal triglyceride transfer protein.

“Naturally occurring internucleoside linkage” means a 3' to 5' phosphodiester linkage.

“Natural sugar moiety” means a sugar found in DNA (2°-H) or RNA (2°-OH).

“Non-alcoholic fatty liver disease” or “NAFLD” means a condition characterized by fatty
inflammation of the liver that 1s not due to excessive alcohol use (for example, alcohol consumption of over 20
g/day). In certain embodiments, NAFLD 1s related to insulin resistance and metabolic syndrome. 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 hit” capable of inducing necrosis, inflammation, and fibrosis 1s required for
development of NASH. Candidates for the second-hit can be grouped into broad categories: factors causing
an 1ncrease 1n 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, /74, 147-152). Hypertriglyceridemia and hyperfattyacidemia can cause triglyceride accumulation in
peripheral tissues (Shimamura et al., Biochem Biophys Res Commun, 2004, 322, 1080-1085).
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“Nucleic acid” refers to molecules composed of monomeric nucleotides. A nucleic acid includes
ribonucleic acids (RNA), deoxyribonucleic acids (DNA), single-stranded nucleic acids, double-stranded
nucleic acids, small interfering ribonucleic acids (siRNA), and microRNAs (miRNA). A nucleic acid can
also comprise a combination of these elements 1n a single molecule.

“Nucleobase™ means a heterocyclic moiety capable of pairing with a base of another nucleic acid.

“Nucleobase sequence” means the order of contiguous nucleobases independent of any sugar,
linkage, or nucleobase modification.

“Nucleoside” means a nucleobase linked to a sugar.

“Nucleoside mimetic” includes those structures used to replace the sugar or the sugar and the base
and not necessarily the linkage at one or more positions of an oligomeric compound such as for example
nucleoside mimetics having morpholino, cyclohexenyl, cyclohexyl, tetrahydropyranyl, bicyclo or tricyclo
sugar mimetics €.2. non furanose sugar units.

“Nucleotide” means a nucleoside having a phosphate group covalently linked to the sugar portion of
the nucleoside.

“Nucleotide mimetic” includes those structures used to replace the nucleoside and the linkage at one
or more positions of an oligomeric compound such as for example peptide nucleic acids or morpholinos
(morpholinos linked by -N(H)-C(=0)-O- or other non-phosphodiester linkage).

“Oligomeric compound” or “oligomer” refers to a polymeric structure comprising two or more sub-
structures and capable of hybridizing to a region of a nucleic acid molecule. In certain embodiments,
oligomeric compounds are oligonucleosides. In certain embodiments, oligomeric compounds are
oligonucleotides. In certain embodiments, oligomeric compounds are antisense compounds. In certain
embodiments, oligomeric compounds are antisense oligonucleotides. In certain embodiments, oligomeric
compounds are chimeric oligonucleotides.

“Oligonucleotide” means a polymer of linked nucleosides each of which can be modified or
unmodified, independent one from another.

“Parenteral administration” means administration by a manner other than through the digestive tract.
Parenteral administration mncludes topical administration, subcutancous administration, intravenous
administration, intramuscular administration, intraarterial administration, intraperitoneal administration, or
intracranial administration, €.g. intrathecal or intracerebroventricular administration. Administration can be
continuous, or chronic, or short or intermaittent.

“Peptide” means a molecule formed by linking at Ieast two amino acids by amide bonds. Peptide
refers to polypeptides and proteins.

“Pharmaceutical agent” means a substance that provides a therapeutic benefit when administered to
an individual. For example, in certain embodiments, an antisense oligonucleotide targeted to ANGPTL3 1s

pharmaceutical agent.
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“Pharmaceutical composition” means a mixture of substances suitable for administering to an
individual. For example, a pharmaceutical composition can comprise one or more active agents and a sterile
aqueous solution.

“Pharmaceutically acceptable carrier’” means a medium or diluent that does not interfere with the
structure or function of the oligonucleotide. Certain, of such carries enable pharmaceutical compositions to be
formulated as, for example, tablets, pills, dragees, capsules, iquids, gels, syrups, slurries, suspension and
lozenges for the oral ingestion by a subject. Certain of such carriers enable pharmaceutical compositions to
be formulated for injection or infusion. For example, a pharmaceutically acceptable carrier can be a sterile
aqueous solution.

“Pharmaceutically acceptable salts” means physiologically and pharmaceutically acceptable salts of
antisense compounds, 1.€., salts that retain the desired biological activity of the parent oligonucleotide and do
not impart undesired toxicological effects thereto.

“Phosphorothioate linkage” means a linkage between nucleosides where the phosphodiester bond 1s
modified by replacing on¢ of the non-bridging oxygen atoms with a sulfur atom. A phosphorothioate linkage
1s a modified internucleoside linkage.

“Portion” means a defined number of contiguous (1.¢. linked) nucleobases of a nucleic acid. In
certain embodiments, a portion 1s a defined number of contiguous nucleobases of a target nucleic acid. In
certain embodiments, a portion 1s a defined number of contiguous nucleobases of an antisense compound.

“Prevent” refers to delaying or forestalling the onset or development of a disease, disorder, or
condition for a period of time from minutes to indefinitely. Prevent also means reducing risk of developing a
disease, disorder, or condition.

“Prodrug” means a therapeutic agent that 1s prepared mn an inactive form that 1s converted to an active
form within the body or cells thereof by the action of endogenous enzymes or other chemicals or conditions.

“Side effects” means physiological responses attributable to a treatment other than the desired effects.
In certain embodiments, side effects include injection site reactions, liver function test abnormalities, renal
function abnormalities, liver toxicity, renal toxicity, central nervous system abnormalities, myopathies, and
malaise. For example, increased aminotransferase levels in serum can indicate liver toxicity or liver function
abnormality. For example, increased bilirubin can indicate liver toxicity or liver function abnormality.

“Single-stranded oligonucleotide™ means an oligonucleotide which 1s not hybridized to a
complementary strand.

“Specifically hybridizable™ refers to an antisense compound having a sufficient degree of
complementarity with a target nucleic acid to induce a desired efftect, while exhibiting minimal or no eftects
on non-target nucleic acids under conditions 1n which specific binding 1s desired, 1.€. under physiological
conditions 1n the case of in vivo assays and therapeutic treatments.

“Statin” means an agent that inhibits the activity of HMG-CoA reductase.

“Subcutancous administration” means administration just below the skin.
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“Targeting” or “targeted” means the process of design and selection of an antisense compound that
will specifically hybridize to a target nucleic acid and induce a desired effect.

“Target nucleic acid,” “target RNA,” and “target RNA transcript” all refer to a nucleic acid capable
of being targeted by antisense compounds.

“Target region” is defined as a portion of the target nucleic acid having at least one 1identifiable
structure, function, or characteristic.

“Target segment” means the sequence of nucleotides of a target nucleic acid to which one or more
antisense compound 1s targeted. ““5° target site” or “5’ start site” refers to the 5°-most nucleotide of a target
segment. “3’ target site” or “3’ stop site” refers to the 3’-most nucleotide of a target segment.

“Therapeutically effective amount” means an amount of an agent that provides a therapeutic benefit
to an individual.

“Therapeutic lifestyle change” means dietary and lifestyle changes intended to lower fat /adipose
tissue mass and/or cholesterol. Such change can reduce the risk of developing heart disease, and may include
recommendations for dietary intake of total daily calories, total fat, saturated fat, polyunsaturated fat,
monounsaturated fat, carbohydrate, protein, cholesterol, insoluble fiber, as well as recommendations for
physical activity.

“Triglyceride” means a lipid or neutral fat consisting of glycerol combined with three fatty acid
molecules.

“Type 2 diabetes™ (also known as “type 2 diabetes mellitus™ or “diabetes mellitus, type 27, and
formerly called “diabetes mellitus type 27, “non-insulin-dependent diabetes (NIDDM), “obesity related
diabetes”, or “adult-onset diabetes™) 1s a metabolic disorder that 1s primarily characterized by insulin
resistance, relative isulin deficiency, and hyperglycemia.

“Treat” refers to administering a pharmaceutical composition to effect an alteration or improvement
of a disease, disorder, or condition.

“Unmodified nucleotide” means a nucleotide composed of naturally occurring nucleobases, sugar
moieties, and internucleoside linkages. In certain embodiments, an unmodified nucleotide 1s a RNA

nucleotide (i.e. B-D-ribonucleosides) or a DNA nucleotide (i.e. B-D-deoxyribonucleoside).

Certain Embodiments

In certain embodiments disclosed herein, ANGPTL3 has the sequence as set forth in GenBank
Accession No. NM 014495.2 (incorporated herein as SEQ ID NO: 1). In certain embodiments, ANGPTL3
has the sequence as set forth in GenBank Accession No. NT 032977.9 nucleotides 33032001 to 33046000
(incorporated herein as SEQ ID NO: 2).

Certain embodiments disclosed herein provide compounds or compositions comprising a modified
oligonucleotide consisting of 12 to 30 nucleosides having a nucleobase sequence comprising at least 8

contiguous nucleobases complementary to an equal length portion of SEQ ID NOs: 1-2.
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Certain embodiments disclosed herein provide compounds or compositions comprising a modified
oligonucleotide 12 to 30 linked nucleosides 1n length targeted to ANGPTL3. The ANGPTL target can have a
sequence selected from any one of SEQ ID NOs: 1-2.

Certain embodiments disclosed herein provide compounds or compositions comprising a modified
oligonucleotide consisting of 12 to 30 linked nucleosides and comprising a nucleobase sequence comprising a
portion of at least 8 contiguous nucleobases complementary to an equal length portion of nucleobases 1140 to
1159 of SEQ ID NO: 1, wherein the nucleobase sequence of the modified oligonucleotide 1s at least 80%
complementary to SEQ ID NO: 1. In certain embodiments, the modified oligonucleotide 1s at least &, least 9,
least 10, least 11, at least 12, least 13, at least 14, at least 15, at least 16, least 17, least 18, least 19, or 20
contiguous nucleobases complementary to an equal length portion of nucleobases 1140 to 1159 of SEQ ID
NO: 1.

Certain embodiments disclosed herein provide compounds or compositions comprising a modified
oligonucleotide consisting of 12 to 30 linked nucleosides and comprising a nucleobase sequence
complementary to nucleobases 1140 to 1159 of SEQ ID NO: 1, wherein the nucleobase sequence of the
modified oligonucleotide 1s at least 80% complementary to SEQ ID NO: 1.

Certain embodiments disclosed herein provide compounds or compositions comprising a modified
oligonucleotide consisting of 12 to 30 linked nucleosides and comprising a nucleobase sequence comprising a
portion of at least 8 contiguous nucleobases complementary to an equal length portion of nucleobases 1907 to
1926 of SEQ ID NO: 1, wherein the nucleobase sequence of the modified oligonucleotide 1s at Ieast 80%
complementary to SEQ ID NO: 1. In certain embodiments, the modified oligonucleotide 1s at least &, least 9,
least 10, least 11, at least 12, least 13, at least 14, at least 15, at least 16, least 17, least 18, least 19, or 20
contiguous nucleobases complementary to an equal length portion of nucleobases 1907 to 1926 of SEQ ID
NO: 1.

Certain embodiments disclosed herein provide compounds or compositions comprising a modified
oligonucleotide consisting of 12 to 30 linked nucleosides and comprising a nucleobase sequence
complementary to nucleobases 1907 to 1926 of SEQ ID NO: 1, wherein the nucleobase sequence of the
modified oligonucleotide 1s at least 80% complementary to SEQ ID NO: 1.

Certain embodiments disclosed herein provide compounds or compositions comprising a modified
oligonucleotide consisting of 12 to 30 linked nucleosides and comprising a nucleobase sequence comprising a
portion of at least 8 contiguous nucleobases complementary to an equal length portion of nucleobases 147 to
162 of SEQ ID NO: 1, wherein the nucleobase sequence of the modified oligonucleotide 1s at least 80%
complementary to SEQ ID NO: 1. In certain embodiments, the modified oligonucleotide 1s at least &, least 9,
least 10, least 11, at least 12, least 13, at least 14, at least 15, or 16 contiguous nucleobases complementary to
an equal length portion of nucleobases 147 to 162 of SEQ ID NO: 1.

Certain embodiments disclosed herein provide compounds or compositions comprising a modified

oligonucleotide consisting of 12 to 30 linked nucleosides and comprising a nucleobase sequence
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complementary to nucleobases 147 to 162 of SEQ ID NO: 1, wherein the nucleobase sequence of the
modified oligonucleotide 1s at least 80% complementary to SEQ ID NO: 1.

In certain embodiments, the modified oligonucleotide consists of 12 to 30, 15 to 30, 18 to 24, 19 to
22, 13 to 25, 14 to 25, 15 to 25 or 16 to 24 linked nucleosides. In certain embodiments, the modified
oligonucleotide consists of &, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or
30 linked nucleosides or a range defined by any two of these values. In certain embodiments, the modified
oligonucleotide 1s 16 linked nucleosides 1n length. In certain embodiments, the modified oligonucleotide 1s 20
linked nucleosides in length.

In certain embodiments, the modified oligonucleotide comprises a nucleobase sequence comprising a
portion of at least &, least 9, least 10, least 11, at least 12, least 13, at least 14, at least 15, at least 16, least 17,
least 18, least 19, or 20 contiguous nucleobases complementary to an equal length portion of SEQ ID NO: 1
or 2.

Certain embodiments disclosed herein provide compounds or compositions comprising a modified
oligonucleotide consisting of 12 to 30 linked nucleosides and having a nucleobase sequence comprising at
least &, least 9, least 10, least 11, at least 12, least 13, at least 14, at least 15, at least 16, least 17, least 18,
least 19, or 20 contiguous nucleobases of a nucleobase sequence selected from any one of SEQ ID NOs:
15-27, 30-73, 75-85, 87-232, 238, 240-243, 245-247, 249-262, 264-397, 399-469, 471-541, 543-600, 604-
760, 762-819, 821-966, 968-971, 973-975, 977-990, 992-1110, 1112-1186, 1188-1216, 1218-1226, 1228-
1279, 1281-1293, 1295-1304, 1306-1943, 1945-1951, 1953-1977, 1979-1981, 1983-2044, 2046-2097, 2099-
2181, 2183-2232, 2234-2238, 2240-2258, 2260-2265, 2267-2971, 2973-2976, 2978-4162, 4164-4329, 433 1-

4389, 4391-4394, 4396-48777.

Certain embodiments disclosed herein provide compounds or compositions comprising a modified
oligonucleotide consisting of 12 to 30 linked nucleosides and having a nucleobase sequence comprising at
least &, least 9, least 10, least 11, at least 12, least 13, at least 14, at least 15, at least 16, least 17, least 1%,
least 19, or 20 contiguous nucleobases of the nucleobase sequences of SEQ ID NOs: 77.

Certain embodiments disclosed herein provide compounds or compositions comprising a modified
oligonucleotide consisting of 12 to 30 linked nucleosides and having a nucleobase sequence comprising at
least &, least 9, least 10, least 11, at least 12, least 13, at least 14, at least 15, at least 16, least 17, least 18,
least 19, or 20 contiguous nucleobases of the nucleobase sequence of SEQ ID NO: 20.

Certain embodiments disclosed herein provide compounds or compositions comprising a modified
oligonucleotide consisting of 12 to 30 linked nucleosides and having a nucleobase sequence comprising at
least 8, least 9, least 10, least 11, at least 12, least 13, at least 14, at least 15, or 16 contiguous nucleobases of
the nucleobase sequence of SEQ ID NO: 110.

In certain embodiments, the nucleobase sequence of the modified oligonucleotide 1s at least 70%,
75%., 80%, 85%, 90%, 95% or 100% complementary to any one of SEQ ID NO: 1-2 as measured over the

entirety of the modified oligonucleotide.
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In certain embodiments, the compound disclosed herein 1s a single-stranded oligonucleotide. In
certain embodiments, the compound disclosed herein 1s a single-stranded modified oligonucleotide.

In certain embodiments, at least one internucleoside linkage of said modified oligonucleotide 1s a
modified internucleoside linkage. In certain embodiments, each internucleoside linkage 1s a phosphorothioate
internucleoside linkage.

In certain embodiments, at Ieast one nucleoside of the modified oligonucleotide comprises a modified
sugar. In certain embodiments, at least one modified sugar 1s a bicyclic sugar. In certain embodiments, at

least one modified sugar comprises a 2°-O-methoxyethyl, a constrained ethyl, a 3°-fluoro-HNA or a

4’ - (CH2)H-O-2’ bridge, whereinn s 1 or 2.

In certain embodiments, at least one nucleoside of said modified oligonucleotide comprises a
modified nucleobase. In certain embodiments, the modified nucleobase 1s a 5-methylcytosine.

Certain embodiments disclosed herein provide compounds or compositions comprising a modified
oligonucleotide with: a) a gap segment consisting of linked deoxynucleosides; b) a 5° wing segment
consisting of linked nucleosides; and ¢) a 3° wing segment consisting of linked nucleosides. The gap segment
1s positioned between the 5° wing segment and the 3° wing segment and ¢ach nucleoside of each wing
segment comprises a modified sugar.

In certain embodiments, the modified oligonucleotide consists of 12 to 30 linked nucleosides and
comprises: a gap segment consisting of linked deoxynucleosides; a 5° wing segment consisting of linked
nucleosides; a 3° wing segment consisting of linked nucleosides; wherein the gap segment 1s positioned
between the 5° wing segment and the 3° wing segment and wherein each nucleoside of each wing segment
comprises a modified sugar.

In certain embodiments, the compounds or compositions disclosed herein comprise a modified
oligonucleotide consisting of 20 linked nucleosides having a nucleobase sequence comprising at least 8
contiguous nucleobases complementary to an equal length portion of SEQ ID NO: 1-2, wherein the modified
oligonucleotide comprises: a gap segment consisting of ten linked deoxynucleosides; a 5° wing segment
consisting of five linked nucleosides; and a 3° wing segment consisting of five linked nucleosides; wherein
the gap segment 1s positioned between the 5° wing segment and the 3° wing segment; wherein each
nucleoside of each wing segment comprises a 2’-O-methoxyethyl sugar; wherein each internucleoside
linkage 1s a phosphorothioate linkage and wherein each cytosine residue 1s a S-methylcytosine.

In certain embodiments, the modified oligonucleotide consists of 20 linked nucleosides and
comprises: a gap segment consisting of ten linked deoxynucleosides; a 5> wing segment consisting of five
linked nucleosides; a 3° wing segment consisting of five linked nucleosides; wherein the gap segment 1s
positioned between the 5° wing segment and the 3° wing segment; wherein each nucleoside of each wing
segment comprises a 2°-O-methoxyethyl sugar; wherem each internucleoside linkage 1s a phosphorothioate

linkage and wherein each cytosine residue 1s a 5S-methylcytosine.
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In certain embodiments, the compounds or compositions disclosed herein comprise a modified
oligonucleotide consisting of 20 linked nucleosides having a nucleobase sequence comprising at least 8
contiguous nucleobases of a nucleobase sequence selected of SEQ ID NO: 77, wherein the modified
oligonucleotide comprises: a gap segment consisting of ten linked deoxynucleosides; a 5° wing segment
consisting of five linked nucleosides; and a 3° wing segment consisting of five linked nucleosides; wherein
the gap segment 1s positioned between the 5° wing segment and the 3° wing segment; wherein each
nucleoside of each wing segment comprises a 2’-O-methoxyethyl sugar; wherein each internucleoside
linkage 1s a phosphorothioate linkage and wherein each cytosine residue 1s a S-methylcytosine.

In certain embodiments, the modified oligonucleotide consists of 20 linked nucleosides with the
nucleobase sequence of SEQ ID NO: 77 and comprises: a gap segment consisting of ten linked
deoxynucleosides; a 5° wing segment consisting of five linked nucleosides; a 3° wing segment consisting of
five linked nucleosides; wherein the gap segment 1s positioned between the 5° wing segment and the 3° wing
segment; wherein each nucleoside of each wing segment comprises a 2’°-O-methoxyethyl sugar; wherein each
internucleoside linkage 1s a phosphorothioate linkage and wherein each cytosine residue 1s a 5-
methylcytosine.

In certain embodiments, the modified oligonucleotide 1s ISIS 563580. In certain embodiments, ISIS
563580 1s characterized as a 5-10-5 MOE gapmer, having a sequence of (from 5’ to 37)
GGACATTGCCAGTAATCGCA (incorporated herem as SEQ ID NO: 77), wherein each internucleoside
linkage 1s a phosphorothioate linkage, each cytosine 1s a 5’-methylcytosine, each of nucleosides 1-5 and 16-
20 are 2°-O-methoxyethyl modified nucleosides, and each of nucleosides 6-15 are 2°-deoxynucleosides.

In certain embodiments, ISIS 563580 1s described by the following chemical notation: Ges Ges Aes
mCes Aes Tds Tds Gds mCds mCds Ads Gds Tds Ads Ads Tes mCes Ges mCes Ae; wherein,

A = an adenine,

mC = a 5’-methylcytosine

(G = a guanine,

T = a thymine,

¢ = a 2’-O-methoxyethyl modified nucleoside,

d = a 2’-deoxynucleoside, and

s = a phosphorothioate internucleoside linkage.

In certain embodiments, ISIS 563580 1s described by the following chemical structure:
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In certain embodiments, the modified oligonucleotide comprises ISIS 563580 represented by the

preceeding chemical structure.

In certain embodiments, the compounds or compositions disclosed herein comprise a modified
oligonucleotide consisting of 20 linked nucleosides having a nucleobase sequence comprising at least 8
contiguous nucleobases of a nucleobase sequence selected of SEQ ID NO: 20, wherein the modified
oligonucleotide comprises: a gap segment consisting of ten linked deoxynucleosides; a 5° wing segment
consisting of five linked nucleosides; and a 3° wing segment consisting of five linked nucleosides; wherein
the gap segment 1s positioned between the 5° wing segment and the 3° wing segment; wherein each
nucleoside of each wing segment comprises a 2’-O-methoxyethyl sugar; wherein each internucleoside
linkage 1s a phosphorothioate linkage and wherein each cytosine residue 1s a S-methylcytosine.

In certain embodiments, the modified oligonucleotide consists of 20 linked nucleosides with the
nucleobase sequence of SEQ ID NO: 20 and comprises: a gap segment consisting of ten linked
deoxynucleosides; a 5° wing segment consisting of five linked nucleosides; a 3° wing segment consisting of

five linked nucleosides; wherein the gap segment 1s positioned between the 5° wing segment and the 3° wing
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segment; wherein each nucleoside of each wing segment comprises a 2’-O-methoxyethyl sugar; wherein each
internucleoside linkage 1s a phosphorothioate linkage and wherein each cytosine residue 1s a 5-
methylcytosine.

In certain embodiments, the compounds or compositions disclosed herein comprise a modified
oligonucleotide consisting of 16 linked nucleosides having a nucleobase sequence comprising at least &
contiguous nucleobases of a nucleobase sequence of SEQ ID NO: 110, wherein the modified oligonucleotide
comprises: a gap segment consisting of ten linked deoxynucleosides; a 5° wing segment consisting of three
linked nucleosides; and a 3° wing segment consisting of three linked nucleosides; wherein the gap segment 1s
positioned between the 5° wing segment and the 3 wing segment; wherein each wing segment comprises at
least one 2°-O-methoxyethyl sugar and at least one cEt sugar; wherein each internucleoside linkage 1s a
phosphorothioate linkage and wherein each cytosine residue 1s a S-methylcytosine.

In certain embodiments, the modified oligonucleotide consists of 16 linked nucleosides with the
nucleobase sequence of SEQ ID NO: 110 and comprises: a gap segment consisting of ten linked
deoxynucleosides; a 5° wing segment consisting of three linked nucleosides; a 3° wing segment consisting of
three linked nucleosides; wherein the gap segment 1s positioned between the 5° wing segment and the 3° wing
segment; wherein each wing segment comprises at least one 2°-O-methoxyethyl sugar and at least one cEt
sugar; wherein each internucleoside linkage 1s a phosphorothioate linkage and wherein each cytosine residue
1s a S-methylcytosine.

Certain embodiments provide methods of using the compounds and compositions described herein
for inhibiting ANGPTL3 expression. In certain embodiments, the compounds or compositions inhibit
ANGPTL3 by at least 5%, at least 10%, at least 20%, at least 30%, at least 35%, at least 40%, at least 45%, at
least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90% or at least 95%. In a preferred embodiment, the antisense compound comprising a modified
oligonucleotide decreases ANGPTL3 by at least 50%. In a preferred embodiment, the antisense compound
comprising a modified oligonucleotide decreases ANGPTL3 by at least 55%. In a preferred embodiment the
antisense compound comprising a modified oligonucleotide decreases ANGPTL3 by at least 60%. In a
preferred embodiment, the antisense compound comprising a modified oligonucleotide decreases ANGPTL3
by at least 65%. In a preferred embodiment, the antisense compound comprising a modified oligonucleotide
decreases ANGPTL3 by at least 70%. In a preferred embodiment, the antisense compound comprising a
modified oligonucleotide decreases ANGPTL3 by at least 75%. In a preferred embodiment, the antisense
compound comprising a modified oligonucleotide decreases ANGPTL3 by at least 80%. In a preferred
embodiment, the antisense compound comprising a modified oligonucleotide decreases ANGPTL3 by at least
85%. In a preferred embodiment, the antisense compound comprising a modified oligonucleotide decreases

ANGPTL3 by at least 90%. In a preferred embodiment, the antisense compound comprising a modified

oligonucleotide decreases ANGPTL3 by at least 95%.
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Certain embodiments provide methods of using the compounds and compositions described herein
for reducing one or more of triglycerides, LDL-cholesterol, non-HDL cholesterol, VLDL-cholesterol, total
cholesterol, ApoB and ApoC-III. In certain embodiments, the compounds or compositions reduce one or
more¢ of triglycerides, LDL-cholesterol, non-HDL cholesterol, VLDL-cholesterol, total cholesterol, ApoB and
ApoC-III by at least 5%, at least 10%, at least 20%, at least 30%, at least 35%, at least 40%, at least 45%, at
least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90% or at least 95%.

In certain embodiments, the compounds or compositions disclosed herein have an IC5, of less than 20
uM, less than 10 uM, less than 8 uM, less than SuM, less than 2 uM, less than 1 uM, or less than 0.8 uM,
when tested human cells, for example, 1n the Hep3B cell line as described in Examples 2-3 and 7-10.

In certain embodiments, the compounds or compositions disclosed herein are efficacious by virtue of
having a viscosity of less than 40 cP, less than 35 cP, less than 30 cP, less than 25 ¢P, less than 20 cP or less
than 15 cP when measured by the parameters as described in Example 13.

In certain embodiments, the compounds or compositions disclosed herein are highly tolerable, as
demonstrated by the in vivo tolerability measurements described in the examples. In certain embodiments, the
antisense compounds as described herein are highly tolerable, as demonstrated by having an increase in ALT
and/or AST value of no more than 4 fold, 3 fold, 2 fold or 1.5 fold over saline treated animals.

In certain embodiments, the compounds or compositions disclosed herein comprise a salt of the
modified oligonucleotide.

In certain embodiments, the compounds or compositions disclosed herein further comprise a
pharmaceutically acceptable carrier or diluent.

In certain embodiments, the animal 1s a human.

Certain embodiments provide methods of using the compounds and compositions described herein 1n
therapy. In certain embodiments, the therapy 1s used 1n treating, preventing, or slowing progression of a
disease related to elevated ANGPTL3. In certain embodiments, the disease 1s a cardiovascular and/or
metabolic disease, disorder or condition. In certain embodiments, the metabolic and/or cardiovascular disease
includes, but 1s not limited to, obesity, diabetes, atherosclerosis, dyslipidemia, lipodystrophy, coronary heart
disease, non-alcoholic fatty liver disease (NAFLD), nonalcoholic steatohepatitis (NASH) hypertattyacidemia

or metabolic syndrome, or a combination thereof. The dyslipidemia can be hyperlipidemia. The

o
o

hyperlipidemia can be comtnned hyperbpidemua, famihal combmed hyperimidermia (FUHLY
hypercholesterolemia, hypertriglyceridemia, or both hypercholesterolemia and hypertriglyceridemia. The
hypercholesterolemia can be tamilial homozygous hypercholesterolemia (HoFH), familial heterozygous
hypercholesterolemia (HeFH). The hypertriglyceridemia can be familial chylomicronemia syndrome (FCS)
or hyperlipoproteinemia Type IV. The NAFLD can be hepatic steatosis or steatohepatitis. The diabetes can be
type 2 diabetes or type 2 diabetes with dyslipidemia.
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In certain embodiments, the compounds or compositions disclosed herein are designated as a first
agent and the methods or uses disclosed herein further comprise administering a second agent. In certain
embodiments, the first agent and the second agent are co-administered. In certain embodiments the first agent
and the second agent are co-administered sequentially or concomitantly.

In certain embodiments, the second agent 1s a glucose-lowering agent. The glucose lowering agent
can include, but 1s not limited to, a therapeutic lifestyle change, PPAR agonist, a dipeptidyl peptidase (IV)
inhibitor, a GLP-1 analog, insulin or an insulin analog, an insulin secretagogue, a SGLT2 inhibitor, a human
amylin analog, a biguanide, an alpha-glucosidase inhibitor, or a combination thercof. The glucose-lowering
agent can include, but 1s not limited to metformin, sulfonylurea, rosiglitazone, meglitinide, thiazolidinedione,
alpha-glucosidase ihibitor or a combination thercof. The sulfonylurea can be acetohexamide,
chlorpropamide, tolbutamide, tolazamide, glimepiride, a glipizide, a glyburide, or a gliclazide. The
meglitinide can be nateglinide or repaglinide. The thiazolidinedione can be pioglitazone or rosiglitazone. The
alpha-glucosidase can be acarbose or miglitol.

In certain embodiments, the second agent 1s a lipid-lowering therapy. In certain embodiments the
lipid lowering therapy can include, but 1s not limited to, a therapeutic lifestyle change, HMG-CoA reductase
inhibitor, cholesterol absorption inhibitor, MTP mhibitor (e.g., a small molecule, polypeptide, antibody or
antisense compound targeted to MTP), ApoB inhibitor (e.g., a small molecule, polypeptide, antibody or
antisense compound targeted to ApoB), ApoC3 ihibitor (€.g., a small molecule, polypeptide, antibody or
antisense compound targeted to ApoC3), PCSK9 inhibitor (¢.g., a small molecule, polypeptide, antibody or
antisense compound targeted to PCSK9),CETP imhibitor (e.g., a small molecule, polypeptide, antibody or
antisense compound targeted to CETP), fibrate, beneficial oil (e.g., krill or fish oils (e.g., Vascepa"), flaxseed
o1l, or other o1ls rich 1n omega-3 fatty acids such as a-linolenic acid (ALA), docosahexaenoic acid (DHA) or
eicosapentacnoic acid (EPA)), or any combination thereof. The HMG-CoA reductase ihibitor can be
atorvastatin, rosuvastatin, fluvastatin, lovastatin, pravastatin, or simvastatin. The cholesterol absorption
inhibitor can be ezetimibe. The fibrate can be fenofibrate, bezafibrate, ciprofibrate, clofibrate, gemfibrozil
and the like.

In certain embodiments, administration comprises parenteral administration.

In certain embodiments, administering a compound disclosed herein results 1n a reduction of lipid
levels, including triglyceride levels, cholesterol levels, msulin resistance, glucose levels or a combination
thereof. One or more of the levels can be independently reduced by at least 5%, at least 10%, at least 20%, at
least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at
lecast 70%, at least 75%, at least 80%, at least 85%, at least 90% or at least 95%. Administering the compound
can result in improved msulin sensitivity or hepatic insulin sensitivity. Administering the compound
disclosed herein can result in a reduction 1n atherosclerotic plaques, obesity, glucose, lipids, glucose

resistance, cholesterol, or improvement 1n imnsulin sensitivity or any combination thereof.
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Certain embodiments provide the use of a compound as described herein in the manufacture of a
medicament for treating, ameliorating, delaying or preventing one or more of a metabolic disease or a
cardiovascular disease.

Certain embodiments provide a kit for treating, preventing, or ameliorating one or more of a
metabolic disease or a cardiovascular disease as described herein wherein the kit comprises: a) a compound
as described herein; and optionally b) an additional agent or therapy as described herein. The kit can further
include instructions or a label for using the kit to treat, prevent, or ameliorate one or more of a metabolic

disease or a cardiovascular disease.

Antisense Compounds

Oligomeric compounds include, but are not limited to, oligonucleotides, oligonucleosides,
oligonucleotide analogs, oligonucleotide mimetics, antisense compounds, antisense oligonucleotides, and
siIRNAs. An oligomeric compound can be “antisense” to a target nucleic acid, meaning that 1s capable of
undergoing hybridization to a target nucleic acid through hydrogen bonding.

In certain embodiments, an antisense compound has a nucleobase sequence that, when written in the
5’ to 3’ direction, comprises the reverse complement of the target segment of a target nucleic acid to which it
1s targeted. In certain such embodiments, an antisense oligonucleotide has a nucleobase sequence that, when
written 1n the 5° to 3° direction, comprises the reverse complement of the target segment of a target nucleic
acid to which it 1s targeted.

In certain embodiments, an antisense compound targeted to ANGPTL3 nucleic acid 1s 10 to 30
nucleotides 1n length. In other words, antisense compounds are from 10 to 30 linked nucleobases. In other
embodiments, the antisense compound comprises a modified oligonucleotide consisting of 8 to 80, 10 to 80,
12 to 50, 12 to 30, 15 t0 30, 18 to 24, 19 to 22, or 20 linked nucleobases. In certain such embodiments, the
antisense compound comprises a modified oligonucleotide consisting of 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,40, 41, 42, 43, 44, 45, 46,
47,48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74, 73,
76,77, 78, 79, or 80 linked nucleobases 1n length, or a range defined by any two of the above values.

In certain embodiments, the antisense compound comprises a shortened or truncated modified
oligonucleotide. The shortened or truncated modified oligonucleotide can have a single nucleoside deleted
from the 5 end (5° truncation), or alternatively from the 3” end (3’ truncation). A shortened or truncated
oligonucleotide can have two or more nucleosides deleted from the 5° end, or alternatively can have two or
more nucleosides deleted from the 3 end. Alternatively, the deleted nucleosides can be dispersed throughout
the modified oligonucleotide, for example, 1n an antisense compound having one or more nucleoside deleted
from the 5° end and on¢ or more nucleoside deleted from the 3° end.

When a single additional nucleoside 1s present in a lengthened oligonucleotide, the additional

nucleoside can be located at the 5°, 3 end or central portion of the oligonucleotide. When two or more
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additional nucleosides are present, the added nucleosides can be adjacent to each other, for example, 1n an
oligonucleotide having two nucleosides added to the 5° end (5° addition), or alternatively to the 3° end (3°
addition) or the central portion, of the oligonucleotide. Alternatively, the added nucleoside can be dispersed
throughout the antisense compound, for example, in an oligonucleotide having one or more nucleoside added
to the 5° end, one or more nucleoside added to the 3° end, and/or one or more nucleoside added to the central
portion.

It 1s possible to increase or decrease the length of an antisense compound, such as an antisense
oligonucleotide, and/or introduce mismatch bases without eliminating activity. For example, in Woolf et al.
(Proc. Natl. Acad. Sc1. USA §89:7305-7309, 1992), a series of antisense oligonucleotides 13-25 nucleobases 1n
length were tested for their ability to induce cleavage of a target RNA 1n an oocyte mjection model.
Antisense oligonucleotides 25 nucleobases in length with 8 or 11 mismatch bases near the ends of the
antisense oligonucleotides were able to direct specific cleavage of the target mRNA, albeit to a lesser extent
than the antisense oligonucleotides that contained no mismatches. Similarly, target specific cleavage was
achieved using 13 nucleobase antisense oligonucleotides, including those with 1 or 3 mismatches.

Gautschi et al (J. Natl. Cancer Inst. 93:463-471, March 2001) demonstrated the ability of an
oligonucleotide having 100% complementarity to the bcl-2 mRNA and having 3 mismatches to the bel-xL
mRNA to reduce the expression of both bel-2 and bel-xL in vitro and 1in vivo. Furthermore, this
oligonucleotide demonstrated potent anti-tumor activity in vivo.

Maher and Dolnick (Nuc. Acid. Res. 16:3341-3358, 1988) tested a series of tandem 14 nucleobase
antisense oligonucleotides, and a 28 and 42 nucleobase antisense oligonucleotides comprised of the sequence
of two or three of the tandem antisense oligonucleotides, respectively, for their ability to arrest translation of
human DHFR 1n a rabbit reticulocyte assay. Each of the three 14 nucleobase antisense oligonucleotides alone
was able to inhibit translation, albeit at a more modest level than the 28 or 42 nucleobase antisense

oligonucleotides.

Certain Antisense Compound Motifs and Mechanisms

In certain embodiments, antisense compounds have chemically modified subunits arranged in
patterns, or motifs, to confer to the antisense compounds properties such as enhanced inhibitory activity,
increased binding affinity for a target nucleic acid, or resistance to degradation by in vivo nucleases.

Chimeric antisense compounds typically contain at least one region modified so as to confer increased
resistance to nuclease degradation, increased cellular uptake, increased binding affinity for the target nucleic
acid, and/or increased inhibitory activity. A second region of a chimeric antisense compound may confer
another desired property ¢.g., serve as a substrate for the cellular endonuclease RNase H, which cleaves the

RNA strand of an RNA:DNA duplex.
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Antisense activity may result from any mechanism involving the hybridization of the antisense
compound (e.g., oligonucleotide) with a target nucleic acid, wherein the hybridization ultimately results 1n a
biological effect. In certain embodiments, the amount and/or activity of the target nucleic acid 1s modulated.
In certain embodiments, the amount and/or activity of the target nucleic acid 1s reduced. In certain
embodiments, hybridization of the antisense compound to the target nucleic acid ultimately results 1n target
nucleic acid degradation. In certain embodiments, hybridization of the antisense compound to the target
nucleic acid does not result in target nucleic acid degradation. In certain such embodiments, the presence of
the antisense compound hybridized with the target nucleic acid (occupancy) results i a modulation of
antisense activity. In certain embodiments, antisense compounds having a particular chemical motif or
pattern of chemical modifications are particularly suited to exploit one or more mechanisms. In certain
embodiments, antisense compounds function through more than one mechanism and/or through mechanisms
that have not been elucidated. Accordingly, the antisense compounds described herein are not limited by
particular mechanism.

Antisense mechanisms include, without limitation, RNase H mediated antisense; RNA1 mechanisms,
which utilize the RISC pathway and include, without limitation, sIRNA, ssRNA and microRNA mechanisms;
and occupancy based mechanisms. Certain antisense compounds may act through more than one such

mechanism and/or through additional mechanisms.

RNase H-Mediated Antisense

In certain embodiments, antisense activity results at least in part from degradation of target RNA by
RNase H. RNase H 1s a cellular endonuclease that cleaves the RNA strand of an RNA:DNA duplex. It 1s
known 1n the art that single-stranded antisense compounds which are “DNA-like” elicit RNase H activity in
mammalian cells. Accordingly, antisense compounds comprising at least a portion of DNA or DNA-like
nucleosides may activate RNase H, resulting in cleavage of the target nucleic acid. In certain embodiments,
antisens¢ compounds that utilize RNase H comprise one or more modified nucleosides. In certain
embodiments, such antisense compounds comprise at Ieast one block of 1-8 modified nucleosides. In certain
such embodiments, the modified nucleosides do not support RNase H activity. In certain embodiments, such
antisense compounds are gapmers, as described herein. In certain such embodiments, the gap of the gapmer
comprises DNA nucleosides. In certain such embodiments, the gap of the gapmer comprises DNA-like
nucleosides. In certain such embodiments, the gap of the gapmer comprises DNA nucleosides and DNA-like
nucleosides.

Certain antisense compounds having a gapmer motif ar¢ considered chimeric antisense compounds.
In a gapmer an internal region having a plurality of nucleotides that supports RNaseH cleavage 1s positioned
between external regions having a plurality of nucleotides that are chemically distinct from the nucleosides of
the internal region. In the case of an antisense oligonucleotide having a gapmer motif, the gap segment

generally serves as the substrate for endonuclease cleavage, while the wing segments comprise modified
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nucleosides. In certain embodiments, the regions of a gapmer are differentiated by the types of sugar
moieties comprising each distinct region. The types of sugar moieties that are used to differentiate the
regions of a gapmer may 1n some embodiments include B-D-ribonucleosides, B-D-deoxyribonucleosides, 2'-
modified nucleosides (such 2’-modified nucleosides may include 2°-MOE and 2°-O-CHj3, among others), and
bicyclic sugar modified nucleosides (such bicyclic sugar modified nucleosides may include those having a
constrained ethyl). In certain embodiments, nucleosides i the wings may include several modified sugar
moieties, including, for example 2°-MOE and bicyclic sugar moieties such as constrained ethyl or LNA. In
certain embodiments, wings may include several modified and unmodified sugar moieties. In certain
embodiments, wings may include various combinations of 2°-MOE nucleosides, bicyclic sugar moieties such
as constrained ethyl nucleosides or LNA nucleosides, and 2’-deoxynucleosides.

Each distinct region may comprise uniform sugar moietics, variant, or alternating sugar moieties.
The wing-gap-wing motit 1s frequently described as “X-Y-Z”, where “X” represents the length of the 5°-
wing, “Y” represents the length of the gap, and “Z” represents the length of the 3°-wing. “X” and “Z” may
comprise uniform, variant, or alternating sugar moieties. In certain embodiments, “X” and “Y”” may include
on¢ or more 2’-deoxynucleosides. “Y” may comprise 2’-deoxynucleosides. As used herein, a gapmer
described as “X-Y-Z" has a configuration such that the gap 1s positioned immediately adjacent to each of the
5’-wing and the 3° wing. Thus, no intervening nucleotides exist between the 5°-wing and gap, or the gap and
the 3’-wing. Any of the antisense compounds described herein can have a gapmer motif. In certain
embodiments, “X” and “Z” are the same; in other embodiments they are different. In certain embodiments,
“Y” 1s between 8 and 15 nucleosides. X, Y, orZcanbeanyof 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15,
16,17, 18, 19, 20, 25, 30 or more nucleosides.

In certain embodiments, the antisense compound targeted to an ANGPTL3 nucleic acid has a gapmer
motif in which the gap consists of 6, 7, 8,9, 10, 11, 12, 13, 14, 15, or 16 linked nucleosides.

In certain embodiments, the antisense oligonucleotide has a sugar motitf described by Formula A as
follows: () -(B)s-(D)p-(B)r-(A)(D)e-(A)~(B)y-(1)-(B)y-(3),

wherein:

cach A 1s independently a 2’-substituted nucleoside;

cach B 1s independently a bicyclic nucleoside;

cach J 1s independently either a 2’-substituted nucleoside or a 2°-deoxynucleoside;

cach D 1s a 2’-deoxynucleoside;

mis 0-4;n1s 0-2; p1s 0-2; r1s 0-2; t1s 0-2; vi1s 0-2; wis 0-4; x 15 0-2; y 15 0-2; z 15 0-4; g 15 6-14;

provided that:

at least one of m, n, and r 1s other than 0O;

at least one of w and y 1s other than 0;

the sum of m, n, p, r, and t 1s from 2 to 5; and

the sumofv, w, X, y, and z 1s from 2 to 5.
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RNAi Compounds

In certain embodiments, antisense compounds are interfering RNA compounds (RNA1), which
include double-stranded RNA compounds (also referred to as short-interfering RNA or siRNA) and single-
stranded RNA1 compounds (or ssSRNA). Such compounds work at least in part through the RISC pathway to
degrade and/or sequester a target nucleic acid (thus, include microRNA/microRNA-mimic compounds). In
certain embodiments, antisense compounds comprise modifications that make them particularly suited for
such mechanisms.

i. SSRNA compounds

In certain embodiments, antisense compounds including those particularly suited for use as single-
stranded RNA1 compounds (ssRNA) comprise a modified 5°-terminal end. In certain such embodiments, the
5’-terminal end comprises a modified phosphate moiety. In certain embodiments, such modified phosphate 1s
stabilized (e.g., resistant to degradation/cleavage compared to unmodified 5°-phosphate). In certain
embodiments, such 5’°-terminal nucleosides stabilize the 5°-phosphorous moiety. Certain modified 5°-
terminal nucleosides may be found 1n the art, for example in WO/2011/139702.

In certain embodiments, the 5°-nucleoside of an sSRNA compound has Formula Ilc:

wherein:
T, 1s an optionally protected phosphorus moiety;

T, 1s an internucleoside linking group linking the compound of Formula Ilc to the oligomeric

compound;

A has one of the formulas:

Qi__ Q —‘1'1' — Qs 2 Q> Q 2 Q3
Y e A e B R

Q; and Q, are each, independently, H, halogen, C,-Cg alkyl, substituted C,-Cq alkyl, C;-Cg alkoxy,
substituted C-Cg alkoxy, C,-Cg¢ alkenyl, substituted C,-Cg alkenyl, C,-Cg alkynyl, substituted C,-Cg alkynyl
or N(R3)(Ry);

Qs is O, S, N(Rs) or C(Re)(R»);

cach R3, R4 Rs, Rg and R 15, independently, H, C,;-Cg alkyl, substituted C,-Cg alkyl or C,-Cg alkoxy;
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Ms1s O, S, NRy4, C(Ri5)(Ri6), C(Ri5)(R16)C(R17)(R1g), C(R15)=C(R7), OC(R5)(R1¢) or
OC(R5)(BxX»);

R4 18 H, C;-Cg alkyl, substituted C;-C¢ alkyl, C;-C¢ alkoxy, substituted C;-Cq alkoxy, C,-Cg alkenyl,
substituted C,-Cq alkenyl, C,-Cq alkynyl or substituted C,-Cg alkynyl;

Ris5, Ri6, Ri7 and R are each, independently, H, halogen, C,-Cq alkyl, substituted C,-Cg alkyl, C;-Cs
alkoxy, substituted C,-Cg alkoxy, C,-C¢ alkenyl, substituted C,-Cq alkenyl, C,-Cg4 alkynyl or substituted C,-Cs
alkynyl;

Bx; 1s a heterocyclic base moiety;

or 1f Bx, 1s present then Bx,; 1s a heterocyclic base moiety and Bx; 1s H, halogen, C,-Cg alkyl,
substituted C,-Cg alkyl, C,-Cg¢ alkoxy, substituted C,;-Cg alkoxy, C,-Cg¢ alkenyl, substituted C,-Cg alkenyl, C,-
Cs alkynyl or substituted C,-Cq alkynyl;

J4, Js, J¢ and J; are each, independently, H, halogen, C;-Cg alkyl, substituted C;-Cq alkyl, C;-Cs
alkoxy, substituted C,-Cs¢ alkoxy, C,-Cg alkenyl, substituted C,-Cg alkenyl, C,-Cg alkynyl or substituted C,-Cg
alkynyl;

or J4 forms a bridge with one of Js or J; wherein said bridge comprises from 1 to 3 linked biradical
groups selected from O, S, NR 9, C(R»0)(R21), C(R29)=C(R>1), C[=C(R20)(R»1)] and C(=0) and the other two
of Js, J¢ and J; are each, independently, H, halogen, C-Cg alkyl, substituted C;-C¢ alkyl, C,-C¢ alkoxy,
substituted C;-C¢ alkoxy, C,-C¢ alkenyl, substituted C,-Cg alkenyl, C,-Cg alkynyl or substituted C,-Cg
alkynyl;

cach R 9, Ry and Ry, 15, independently, H, C,;-Cg alkyl, substituted C,-Cg alkyl, C;-Cg alkoxy,
substituted C,-Cg alkoxy, C,-Cg alkenyl, substituted C,-Cg alkenyl, C,-Cg alkynyl or substituted C,-Cg
alkynyl;

G 1s H, OH, halogen or O-[C(Rg)(Ro)],-[(C=0)n-X];-Z;

cach Rg and Ry 18, independently, H, halogen, C,-Cg¢ alkyl or substituted C;-Cq alkyl;

X;18 O, S or N(E));

Z 1s H, halogen, C,-C alkyl, substituted C,-Cg alkyl, C,-C¢ alkenyl, substituted C,-Cg alkenyl, C,-Cg
alkynyl, substituted C,-Cg alkynyl or N(E,)(E»);

Ei, E> and E; are each, independently, H, C,-C¢ alkyl or substituted C,-Cg alkyl;

n 1s from 1 to about 6;

m1s 0 or 1;

118 0 or 1;

cach substituted group comprises one or more optionally protected substituent groups independently
selected from halogen, OJ, N(J)(J»), =NJ;, SJi, N3, CN, OC(=X,)J;, OC(=X,)N(J)(J») and C(=X)N)(J>);

X518 O, S or NJs;

cach J, J, and J; 18, independently, H or C;-Cg¢ alkyl;

when j 1s 1 then Z 1s other than halogen or N(E»)(E3); and
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wherein said oligomeric compound comprises from 8 to 40 monomeric subunits and 1s hybridizable
to at least a portion of a target nucleic acid.
In certain embodiments, M5 1s O, CH=CH, OCH, or OC(H)(BXx,). In certain embodiments, M; 1s O.

In certain embodiments, J4, Js, J¢ and J; are each H. In certain embodiments, J, forms a bridge with

onc 0fJ5 or J7.

In certain embodiments, A has one of the formulas:

Qi __Q  Qnre__ o
%L)_%rf “LLL)_(QQ

Or

wherein:

Q; and Q, are each, independently, H, halogen, C,;-Cq alkyl, substituted C;-Cq alkyl, C;-C¢ alkoxy or
substituted C;-C¢ alkoxy. In certain embodiments, Q; and Q, are each H. In certain embodiments, Q; and Q
ar¢ cach, independently, H or halogen. In certain embodiments, Q; and Q, 1s H and the other of Q; and Q, 1s

F, CH3 or OCH3

In certain embodiments, T has the formula:
R,

|
Rb:ﬁ)—g
R

C

wherein:

R, and R, are each, independently, protected hydroxyl, protected thiol, C,-Cg alkyl, substituted C;-Ce
alkyl, C,-Cg alkoxy, substituted C,-Cq alkoxy, protected amino or substituted amino; and

R, 1s O or S. In certain embodiments, Ry, 1s O and R, and R, are each, independently, OCHj,
OCH,CHj; or CH(CH3)s.

In certain embodiments, G 1s halogen, OCH;, OCH,F, OCHF,, OCF;, OCH,CHj3, O(CH»),F,
OCH,CHF,, OCH,CF;, OCH,-CH=CH,, O(CH,),-OCHj3;, O(CH,),-SCH3, O(CH,),-OCF3, O(CH;)s-
N(R0)(Ri1), O(CH»)>,-ON(R9)(R 1), O(CH,),-O(CH»)>-N(R9)(R;1), OCH,C(=0)-N(R0)(R11), OCH,C(=0)-
N(R,)-(CH;,),-N(Ro)(Ry1) or O(CH,),-N(R,)-C(=NR3)[N(R;0)(R;;)] wherein Ry, R;;, Rj» and R5 are each,
independently, H or C,-Cg alkyl. In certain embodiments, G 1s halogen, OCH;, OCF;, OCH,CH;, OCH,CEF;,
OCH,-CH=CH,, O(CH,),-OCHj;, O(CH,),-O(CH,),-N(CHs),, OCH,C(=0)-N(H)CH;3;, OCH,C(=0)-N(H)-
(CH,),-N(CHs3), or OCH,-N(H)-C(=NH)NH,. In certain embodiments, G 1s F, OCH; or O(CH,),-OCHj;. In
certain embodiments, G 1s O(CH,),-OCHa.

In certain embodiments, the 5'-terminal nucleoside has Formula Ile:
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4, OH
HO, — O BX]
(I) G
Iy
Ile

In certain embodiments, antisense compounds, including those particularly suitable for ssSRNA
comprise on¢ or more type of modified sugar moieties and/or naturally occurring sugar moieties arranged
along an oligonucleotide or region thereof 1in a defined pattern or sugar modification motif. Such motifs may
include any of the sugar modifications discussed herein and/or other known sugar modifications.

In certain embodiments, the oligonucleotides comprise or consist of a region having uniform sugar
modifications. In certain such embodiments, each nucleoside of the region comprises the same RNA-like
sugar modification. In certain embodiments, each nucleoside of the region 1s a 2°-F nucleoside. In certai<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>