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METHODS FOR MODULATING METASTASIS-ASSOCIATED-IN-LUNG-
ADENOCARCINOMA-TRANSCRIPT-1 (MALAT-1) EXPRESSION

SEQUENCE LISTING

The present application is being filed along with a Sequence Listing in electronic format. The
Sequence Listing is provided as a file entitled BIOL0181 WOSEQ:.txt created December 20, 2012, which is

111 Kb in size and forms part of this description.
FIELD

The present embodiments relate to the field of cancer biology. More particularly, embodiments
provided herein are drawn to compounds and methods for reducing expression of Metastasis-Associated-in-
Lung-Adenocarcinoma-Transcript-1 (MALAT-1) RNA and/or protein in an animal. Such methods are
useful to treat cancer, such as colon cancer, intestinal cancer, lung cancer (e.g. non-smail cell lung cancer),

liver cancer, and/or prostate cancer. In various aspects, the cancer is a primary cancer.
BACKGROUND

MALAT, also known as noncoding nuclear-enriched abundant transcript 2 (NEAT2) is a large,
infrequently spliced non-coding RNA that is highly conserved amongst mammals. MALAT-1 is expressed
in the nucleus and positively regulates cell motility by transcriptional and/or post-transcriptional regulation
of motility-related genes. Additionally, MALAT-1 has been implicated in the regulation of alternative

splicing. However, the functional role of MALAT-1 in carcinogenesis is largely unknown.
SUMMARY

Embodiments provided herein relate to the discovery that MALAT-1 specific inhibitors can treat
cancer in vivo. Several embodiments are drawn to MALAT-1 specific inhibitors, such as antisense
compounds, and methods for modulating expression of MALAT-1 RNA and protein using the same. In
certain embodiments, MALAT-1 specific inhibitors modulate MALAT-1 RNA and/or protein expression or

activity.

Also provided are methods of treating cancer with MALAT-1 specific inhibitors, such as antisense
compounds. In some embodiments, methods of treating cancer in an animal include administering to the
animal an antisense compound which reduces expression of MALAT-1. Types of cancers that can be

treated with the MALAT-1 specific inhibitors provided herein include but are not limited to colon cancer,
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intestinal cancer, lung cancer (e.g. non-small cell lung cancer), liver cancer, and/or prostate cancer. In

various aspects, the cancer is a primary cancer.

In several embodiments, a method of treating cancer in an animal includes administering to the
animal an antisense compound which reduces expression of MALAT-1. In one aspect, the antisense
compound comprises a modified oligonucleotide consisting of 12 to 30 linked nucleosides, wherein the

modified oligonucleotide is at least 85% complementary to a MALAT-1 nucleic acid.

Several embodiments are directed to the use of a compound including a modified oligonucleotide
consisting of 12 to 30 linked nucleosides at least 85% complementary to a MALAT-1 nucleic acid in the

manufacture of a medicament for treating cancer.

Further embodiments relate to compounds for use in the treatment of cancer including a modified
oligonucleotide consisting of 12 to 30 linked nucleosides at least 85% complementary to a MALAT-1

nucleic acid.

In various aspccts of any of the aforcmentioned cmbodiments, cxpression of MALAT-1 RNA is
reduced; expression of MALAT-1 protein is reduced; the animal is a human; the MALAT-1 nucleic acid is a
human MALAT-1 nucleic acid (¢.g. any onc of SEQ ID NOs:1-9); the modified oligonucleotide is 100%
complementary to a human MALAT-1 nucleic acid (e.g. any one of SEQ ID NOs:1-9); the modified
oligonucleotide inhibits cancer growth and/or metastasis; the modified oligonucleotide increases survival of
the animal; the cancer is colon cancer, intestinal cancer, lung cancer, liver cancer, or prostate cancer; the
cancer is a primary cancer; the expression of MALAT-1 is reduced in cancer cells of the animal compared
to control or untreated animals;, the modified oligonucleotide is a single-stranded oligonucleotide; the
modified oligonucleotide comprises at least one modified nternucleoside linkage such as a
phosphorothioate internucleoside linkage; at least one nucleoside comprises a modified sugar; the modified
sugar is a bicyclic sugar such as a 4’-CH(CH;)-0-2’ bridge; the modified oligonucleotide includes at least
one tetrahydropyran modified nucleoside wherein a tetrahydropyran ring replaces the furanose ring; the
modified sugar comprises a 2’-O-methoxyethyl group; and/or at least one nucleoside comprises a modified

nucleobase such as a 5-methylcytosine.

DETAILED DESCRIPTION

It is to be understood that both the foregoing general description and the following detailed
description are 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. Additionally, as used herein, the use of “and” means “and/or” unless

stated otherwise. Furthermore, the use of the term “including” as well as other forms, such as “includes”
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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 in the art. Standard
techniques may be used for chemical synthesis, and chemical analysis.

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

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

sugar.

“2°.MOE nucleoside” (also 2’-O-methoxyethyl nucleoside) means a nucleoside comprising a 2’-

MOE modified sugar moiety.

“5-methylcytosine” means a cytosine modified with a methyl group attached to the 5’ position. A

5-methylcytosine is a modified nucleobase.

“About” means within 7% of a value. For example, if it is stated, “the compounds inhibited
MALAT-1 by about 70%”, it is implied that the MALAT-1 levels are inhibited within a range of 63% and
77%.

“Active target region” or “target region” means a region to which one or more active antisense
compounds is targeted. “Active antisense compounds” means antisense compounds that reduce target

nucleic acid levels or protein levels.

“Administering” means providing a pharmaceutical agent to an individual, and includes, but is not

limited to administering by a medical professional and self-administering.

“Amelioration” or “ameliorate” or “ameliorating” refers to a lessening of at least one indicator, sign,
or symptom of an associated disease, disorder, or condition. The severity of indicators may be determined

by subjective or objective measures, which are known to those skilled in the art.

CA 2859729 2019-04-09



10

15

20

25

CA 02859729 2014-06-17

WO 2013/096837 PCT/US2012/071371

“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 is a decrease in

the amount or expression of a target nucleic acid or protein encoded by such target nucleic acid.

“Antiscnsc compound” mcans an oligomeric compound that is capable of undergoing hybridization
to a target nucleic acid through hydrogen bonding. Examples of antisense compounds include single-
stranded and double-stranded compounds, such as, antisense oligonucleotides, siRNAs, shRNAs, and

miRNAs.

“Antiscnsc inhibition” means reduction of target nucleic acid levels or target protein levels in the
presence of an antisense compound complementary to a target nucleic acid compared to target nucleic acid

levels or target protein levels in the absence of the antisense compound.

“Antisense oligonucleotide” means a single-stranded oligonucleotide having a nucleobase sequence

that pcrmits hybridization to a corrcsponding region or scgment of a target nucleic acid.

“Bicyclic sugar” means a furanosyl ring modified by the bridging of two atoms. A bicyclic sugar 1s

a modified sugar.

“Bicyclic nucleoside” (also BNA) means a nucleoside having a sugar moiety comprising a bridge
connecting two carbon atoms of the sugar ring, thereby forming a bicyclic ring system. In certain

embodiments, the bridge connects the 4’-carbon and the 2’-carbon of the sugar ring.

“Cap structure” or “terminal cap moiety” means chemical modifications, which have been

incorporated at either terminus of an antisense compound.

“cEt” or “constraincd cthyl” means a bicyclic nuclcoside having a sugar moicty comprising a bridge

connecting the 4’-carbon and the 2’-carbon, wherein the bridge has the formula: 4’-CH(CH;)-0-2".

“Constrained ethyl nucleoside” (also cEt nucleoside) means a nucleoside comprising a bicyclic

sugar moiety comprising a 4’-CH(CH,)-0-2’ bridge.

“Chemically distinct region™ refers to a region of an antisense compound that is in some way
chemically different than another region of the same antisense compound. For example, a region having 2°-
O-methoxyethyl nucleotides is chemically distinct from a region having nucleotides without 2°-O-

methoxyethyl modifications.
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“Chimeric antisense compound” means an antisense compound that has at least two chemically

distinct regions.

“Complementarity” means the capacity for pairing between nucleobases of a first nucleic acid and a

second nucleic acid.
“Contiguous nucleobases” means nucleobases immediately adjacent to each other.

“Diluent” means an ingredient in a composition that lacks pharmacological activity, but is
pharmaceutically necessary or desirable. For example, the diluent in an injected composition may be a

liquid, e.g. saline solution.

“Effective amount” means the amount of active pharmaceutical agent sufficient to effectuate a
desired physiological outcome in an individual in need of the agent. The effective amount may 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 individual’s

medical condition, and other relevant factors.

“Metastasis-Associated-in-Lung-Adenocarcinoma-Transcript-1 (MALAT-1)" means any nucleic
acid or protein of MALAT-1. “MALAT-1 nucleic acid” means any nucleic acid encoding MALAT-1. For
example, in certain embodiments, a MALAT-1 nucleic acid includes a DNA sequence encoding MALAT-1,
an RNA sequence transcribed from DNA encoding MALAT-1 (including genomic DNA comprising introns
and exons), including a non-protein encoding (i.e. non-coding) RNA sequence, and an mRNA sequence
encoding MALAT-1. “MALAT-1 mRNA” means an mRNA encoding a MALAT-1 protein.

“MALAT-1 specific inhibitor” refers to any agent capable of specifically inhibiting MALAT-1
RNA and/or MALAT-1 protein expression or activity at the molecular level. For example, MALAT-1
specific inhibitors include nucleic acids (including antisense compounds), peptides, antibodies, small
molecules, and other agents capable of inhibiting the expression of MALAT-1 RNA and/or MALAT-1

protein.

“Fully complementary” or “100% complementary” means ecach nucleobase of a first nucleic acid
has a complementary nucleobase in a second nucleic acid. In certain embodiments, a first nucleic acid is an

antisense compound and a target nucleic acid is a second nucleic acid.

“Gapmer” means a chimeric antisense compound in which an mnternal region having a plurality of
nucleosides that support RNase H cleavage is positioned between external regions having one or more

nucleosides, wherein the nucleosides comprising the internal region are chemically distinct from the
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nucleoside or nucleosides comprising the external regions. The internal region may be referred to as a

“gap” and the external regions may be referred to as the “wings.”

“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.

“Hybridization” mcans thc anncaling of complementary nucleic acid molccules. In certain
embodiments, complementary nucleic acid molecules include an antisense compound and a target nucleic

acid.

“Immediately adjacent” means there are no intervening ¢lements between the immediately adjacent

clements.
“Indrvidual” means a human or non-human animal selected for treatment or therapy.

“Inhibiting MALAT-1” means reducing expression of MALAT-1 RNA and/or protein levels in the
presence of a MALAT-I specific inhibitor, including a MALAT-1 antisense oligonucleotide, as compared to
expression of MALAT-1 RNA and/or protein levels in the absence of a MALAT-1 specific inhibitor, such
as a MALAT-1 antisense oligonucleotide.

“Internucleoside linkage™ refers to the chemical bond between nucleosides.
“Linked nucleosides” means adjacent nucleosides which are bonded together.

“Mismatch” or “non-complementary nucleobase™ refers to the case when a nucleobase of a first

nucleic acid is not capablc of pairing with the corresponding nuclcobasc of a sccond or target nucleic acid.

“Modified internucleoside linkage™ refers to a substitution or any change from a naturally occurring

internucleoside bond (i.¢. a phosphodiester internucleoside bond).

“Modificd nucleobase™ refers to any nuclcobase 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 nucleotide” means a nucleotide having, independently, a modified sugar moiety,
modified internucleoside linkage, or modified nucleobase. A “modified nucleoside™ means a nucleoside

having, independently, a modified sugar moiety or modified nucleobase.

“Modified oligonucleotide”™ means an oligonucleotide comprising a modified internucleoside

linkage, a modified sugar, or a modified nuclcobase.
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“Modified sugar” refers to a substitution or change from a natural sugar.

“Motif” means the pattern of chemically distinct regions in an antisense compound.
“Naturally occurring intecrnuclcoside linkage” means a 3' to 5' phosphodicster linkage.
“Natural sugar moiety” means a sugar found in DNA (2°-H) or RNA (2°-OH).

“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).
“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, e.g., non furanose sugar units. 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). Sugar surrogate overlaps with the slightly broader term nucleoside mimetic but is intended to
indicate replacement of the sugar unit (furanose ring) only. The tetrahydropyranyl rings provided herein are
illustrative of an example of a sugar surrogate wherein the furanose sugar group has been replaced with a

tetrahydropyranyl ring system.

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

the nucleoside.

“Oligomeric compound” or “oligomer” means a polymer of linked monomeric subunits which is

capable of hybridizing to at least a region of a nucleic acid molecule.

“Oligonuclcotide” mcans a polymer of linked nuclcosides cach of which can be modificd or

unmodified, independent one from another.

“Parenteral administration” means administration through injection or infusion. Parenteral

adminmistration includes subcutaneous administration, Intravenous administration, intramuscular
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administration, intraarterial administration, intraperitoneal administration, or intracranial administration,

e.g., intrathecal or intracerebroventricular administration.

“Peptide” means a molecule formed by linking at least two amino acids by amide bonds. Peptide

refers to polypeptides and proteins.

“Pharmaceutical composition” means a mixture of substances suitable for administering to an
individual. For cxamplec, a pharmaccutical composition may comprise onc or morc active pharmaccutical

agents and a sterile aqueous solution.

“Phosphorothioate linkage” means a linkage between nucleosides where the phosphodiester bond is
modified by replacing one of the non-bridging oxygen atoms with a sulfur atom. A phosphorothioate

linkage (P=S) is a modified internucleoside linkage.

“Portion” means a defined number of contiguous (i.c., linked) nucleobases of a nucleic acid. In
certain embodiments, a portion is 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.

“Single-stranded oligonucleotide” means an oligonucleotide which is not hybridized to a

complementary strand.

“Specifically hybridizable” refers to an antisense compound having a sufficient degree of
complementarity between an antisense oligonucleotide and a target nucleic acid to induce a desired effect,
while exhibiting minimal or no effects on non-target nucleic acids under conditions in which specific
binding is desired, i.e., under physiological conditions in the case of in vivo assays and therapeutic

treatments.

“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 segment” means the sequence of nucleotides of a target nucleic acid to which an antisense
compound is targeted. 5’ target site” refers to the 5°-most nucleotide of a target segment. ““3” target site”

refers to the 3”-most nucleotide of a target segment.

“Therapeutically effective amount” means an amount of a pharmaceutical agent that provides a

therapeutic benefit to an individual.
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“Treat” or “treating” 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 occuring nucleobases, sugar
moieties, and internucleoside linkages. In certain embodiments, an unmodified nucleotide is an RNA

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

Certain embodiments provided herein relate to methods for decrcasing MALAT-1 RNA and/or

protein expression in an animal.

Certain embodiments provide methods for the treatment or amelioration of diseases, disorders, and
conditions associated with MALAT-1, such as cancer, in an animal in nced thereof. In several
embodiments, the cancer can be colon cancer, lung cancer (e.g. non-small cell lung cancer), liver cancer,

and/or prostate cancer.

Certain embodiments provide for the use of a MALAT-1 specific inhibitor for treating cancer in an
animal by administering a MALAT-1 specific inhibitor, such as nucleic acids (including antisense
compounds) capable of reducing the levels of MALAT-1 RNA and/or MALAT-1 protein.

Certain embodiments provide for methods of treating cancer in an animal, comprising administering
to the animal a therapeutically effective amount of a MALAT-1 specific inhibitor. In certain embodiments,
the animal is a human.

In certain embodiments, the MALAT-1 specific inhibitor is an antisense compound. In certain

embodiments, the antisense compound is a modified oligonucleotide.

In certain embodiments, the MALAT-1 specific inhibitor is a nucleic acid. In certain embodiments,

the nucleic acid is a modified oligonucleotide.
In certain embodiments, the MALAT-1 specific inhibitor is a modified oligonucleotide.
In certain embodiments, the modified oligonucleotide consists of 12 to 30 linked nucleosides.
In certain embodiments, the modified oligonucleotide is a single-stranded oligonucleotide.

In certain embodiments, the modificd oligonucleotide consists of 15, 16, 17, 18, 19, or 20 linked

nucleosides.

In certain embodiments, the modified oligonucleotide has a nucleobase sequence that is 80%, 85%,
90%, 95%, or 100% complementary to a human MALAT-1 nucleic acid.
9
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In certain embodiments, the modified oligonucleotide comprises at least one modified
internucleoside linkage.  In certain embodiments, each modified internucleoside linkage is a

phosphorothioate internucleoside linkage.

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

the bicvelic sugar comprises a 4’-CH(CH;)-O-2" bridge.
In certain embodiments, the modified sugar comprises a 2”-O-methoxyethyl group.

In certain embodiments, at least one nucleoside of the modified oligonucleotide comprises a

modified nucleobase. In certain embodiments, the modified nucleobase is a 5’-methylcytosine.

In certain embodiments, at least one nucleoside of the modified oligonucleotide comprises at least
onc tetrahydropyran modified nucleoside wherein a tetrahydropyran ring replaces the furanose ring. In

certain embodiments, each of the at least one tetrahydropyran modified nucleoside has the structure:

wherein Bx 1s an optionally protected heterocyclic base moiety.

In certain embodiments, the modified oligonucleotide of the compound comprises:
(1) a gap segment consisting of linked deoxynucleosides;
(i1) a 5" wing segment consisting of linked nucleosides;

(iii) a 3° wing segment consisting of linked nucleosides, wherein the gap segment is positioned immediately
adjacent to and between the 5” wing segment and the 3° wing segment and wherein each nucleoside of each
wing segment comprises a modified sugar. In some such embodiments, each cytosine in the modified

oligonucleotide is a 5-methylcytosine.
In certain embodiments, the modified oligonucleotide of the compound comprises:
(1) a gap segment consisting of ten linked deoxynucleosides;

(i1) a 5” wing segment consisting of five linked nucleosides;

10
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(1) a 3° wing segment consisting of five linked nucleosides, wherein the gap segment is positioned
immediately adjacent to and between the 5° wing segment and the 37 wing segment, wherein each
nucleoside of each wing segment comprises a 2’ -0-methoxyethyl sugar; and wherein each internucleoside
linkage 1s a phosphorothicate linkage. In some such embodiments, each cvtosine in the modified

oligonucleotide is a 5-methylcytosine.

Several embodiments described herein provide for methods comprising administering to an animal
having cancer a therapeutically effective amount of a modified oligonucleotide consisting of 12 to 30 linked
nucleosides, wherein the modified oligonucleotide is at least 80% complementary to a human MALAT-1
nucleic acid. In certain embodiments, the modified oligonucleotide is at least 90% complementary to a
human MALAT-1 nucleic acid. In certain embodiments, the modified oligonucleotide 1s 100%

complementary to a human MALAT-1 nucleic acid.

In certain embodiments, the modified oligonucleotide targets a human MALAT-1 nucleic acid
which may be selected from, but not limited to, one or more of GENBANK Accession No. EF177381.1
(incorporated herein as SEQ ID NO: 1), GENBANK Accession No. BK001411.1 1 (incorporated herein as
SEQ ID NO: 2), GENBANK Accession No. BQ429080.1 (incorporated herein as SEQ ID NO: 3),
GENBANK Accession No. BQ428957.1 (incorporated herein as SEQ ID NO: 4), GENBANK Accession
No. NT _033903.7 truncated from nucleobases 10569000 to 10582000 (incorporated herein as SEQ ID NO:
5), GENBANK Accession No. XR 001309.1 (incorporated herein as SEQ ID NO: 6), or GENBANK
Accession No. NR 002819.2 (incorporated herein as SEQ ID NO: 7), GENBANK Accession No.
NC 000011.9 from nucleobases 65265233 to 65273940 (incorporated hercin as SEQ ID NO: 8) or the
complement thereof, and GENBANK Accession No. AC 000143.1 from nucleobases 61592326 to
61601033 (incorporated herein as SEQ ID NO: 9) or the complement thereof’

In certain embodiments, the modified oligonucleotide targets a mouse MALAT-1 nucleic acid
which may be selected from, but not limited to, one or more of GENBANK Accession No. NR_002847.2
(incorporated herein as SEQ ID NO: 10), GENBANK Accession No. FJ209304.1 (incorporated herein as
SEQ ID NO: 11), and the complement of GENBANK Accession No. NT 082868.4 truncated from
nucleobases 2689000 to 2699000 (incorporated herein as SEQ ID NO: 12).

In certain embodiments, antisense compounds may comprise a modified oligonucleotide comprising
a nucleobase sequence at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% complementary to an equal length portion of SEQ ID NO:1, SEQ ID NO:2, SEQ
ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ
ID NO:10, SEQ ID NO:11, or SEQ ID NO:12.
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In certain embodiments, antisense compounds may comprise a modified oligonucleotide comprising
a nucleobase sequence 100% complementary to an equal length portion of SEQ ID NO:1, SEQ ID NO:2,
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9,
SEQ ID NO:10, SEQ ID NO:11, or SEQ ID NO:12.

In certain embodiments, the nucleobase sequence of the modified oligonucleotide is 100%
complementary to a nucleobase sequence of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4,
SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, SEQ ID
NO:11, or SEQ ID NO:12.

Antisense Compounds

Antisensc compounds provided herein refer to oligomeric compounds capable of undergoing
hybridization to a target nucleic acid through hydrogen bonding. Examples of antisense compounds include
single-stranded and double-stranded compounds, such as, antisense oligonucleotides, siRNAs, shRNAs, and

miRNAs.

In certain embodiments, an antisense compound has a nucleobase sequence that, when written in
the 5° to 37 direction, comprises the reverse complement of the target segment of a target nucleic acid to
which it is targeted. In certain such embodiments, an antisense oligonucleotide has a nucleobase sequence
that, when written in the 57 to 37 direction, compriscs the reverse complement of the target scgment of a

target nucleic acid to which it is targeted.

In certain embodiments, an antisense compound targeted to a MALAT-1 nucleic acid is 12 to 30
subunits in length. In other words, such antisense compounds are from 12 to 30 linked subunits. In other
cmbodiments, the antiscnse compound is 8 to 80, 12 to 50, 15 to 30, 18 to 24, 19 to 22, or 20 linked
subunits. In certain such embodiments, the antisense compounds are 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, 75, 76,
77, 78, 79, or 80 linked subunits in length, or a range defined by any two of the above values. In some
embodiments the antisense compound is an antisense oligonucleotide, and the linked subunits are

nucleosides.

In scveral cmbodiments an antisense compound targeted to a MALAT-1 nucleic acid can have
antisense portions of 10 to 50 nucleobases in length. One having ordinary skill in the art will appreciate that
this embodies antisense compounds having antisense portions of 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,
or 50 nucleobases in length, or any range therewithin.
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In several embodiments, an antisense compound targeted to a MALAT-1 nucleic acid can have
antisense portions of 12 to 30 nucleobases in length. One having ordinary skill in the art will appreciate that
this embodies antisense compounds having antisense portions of 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23,24, 25,26,27, 28, 29 or 30 nucleobases in length, or any range therewithin.

In some¢ embodiments, an antisense compound targeted to a MALAT-1 nucleic acid can have
antisense portions of 12 or 13 to 24 nucleobases in length. One having ordinary skill in the art will
appreciate that this embodies antisense compounds having antisense portions of 12, 13, 14, 15, 16, 17, 18,

19, 20, 21, 22, 23 or 24 nucleobases in length, or any range therewithin.

In some embodiments, an antisense compound targeted to a MALAT-1 nucleic acid can have
antisense portions of 19 to 23 nucleobases in length. One having ordinary skill in the art will appreciate that
this embodies antisense compounds having antisense portions of 19, 20, 21, 22 or 23 nucleobases n length,

or any range therewithin.

In certain embodiments antisense compounds targeted to a MALAT-1 nucleic acid may be
shortened or truncated. For example, a single subunit may be deleted from the 57 end (5” truncation), or
alternatively from the 3” end (3” truncation). A shortened or truncated antisense compound targeted to a
MALAT-1 nucleic acid may have two subunits deleted from the 5 end, or alternatively may have two
subunits deleted from the 3" end, of the antisense compound. Alternatively, the deleted nucleosides may be
dispersed throughout the antisense compound, for example, in an antisense compound having one

nucleoside deleted from the 5° end and one nucleoside deleted from the 3 end.

When a single additional subunit is present in a lengthened antisense compound, the additional
subunit may be located at the 5° or 3" end of the antisense compound. When two or more additional
subunits are present, the added subunits may be adjacent to each other, for example, in an antisense
compound having two subunits added to the 53" end (5 addition), or alternatively to the 3° end (3” addition),
of the antisense compound. Alternatively, the added subunits may be dispersed throughout the antisense
compound, for example, in an antisense compound having one subunit added to the 5° end and one subunit

added to the 3” end.

It 1s possible to increase or decrcase the length of an antisense compound, such as an antisensc
oligonucleotide, and/or introduce mismatch bases without eliminating activity. For example, in Woolf et al.
(Proc. Natl. Acad. Sci. USA 89:7305-7309, 1992), a series of antisense oligonucleotides 13-25 nucleobases
in length were tested for their ability to induce cleavage of a target RNA in an oocyte injection 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
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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 vifro and in vivo. Furthermore, this

oligonucleotide demonstrated potent anti-tumor activity i» 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 in 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.

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 in a
biological effect. In certain embodiments, the amount and/or activity of the target nucleic acid is modulated.
In certain embodiments, the amount and/or activity of the target nucleic acid is reduced. In certain
embodiments, hybridization of the antisense compound to the target nucleic acid ultimately results in 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 in a modulation of
antisense activity. In certain embodiments, antisense compounds having a particular chemical motif or
pattern of chemical modifications arc particularly suited to cxploit onc or morc mechanisms. In certain

embodiments, antisense compounds function through more than one mechanism and/or through mechanisms
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that have not been elucidated. Accordingly, the antisense compounds described herein are not limited by
particular mechanism.

Antisense mechanisms include, without himitation, RNase H mediated antisense; RNAI
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 cmbodiments, antiscnsc activity results at Icast in part from degradation of target RNA by
RNase H. RNase H is a cellular endonuclease that cleaves the RNA strand of an RNA:DNA duplex. It is
known in 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,
antisense compounds that utilize RNase H comprise one or more modified nucleosides. In certain
embodiments, such antisense compounds comprise at least 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 are considered chimeric antisense compounds.
In a gapmer an internal region having a plurality of nucleotides that supports RNaseH cleavage is 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
nuclcosides. In certain embodiments, the regions of a gapmer arc differentiated by the types of sugar
moieties comprising each distinct region. The types of sugar moicties that are used to differentiate the
regions of a gapmer may in some embodiments include -D-ribonucleosides, p-D-deoxyribonucleosides, 2'-
modified nucleosides (such 2’-modified nucleosides may include 2°-MOE and 2°-0-CHj3;, among others),
and bicyclic sugar modified nucleosides (such bicyclic sugar modified nucleosides may include those
having a constrained ethyl). In certain embodiments, nucleosides in the wings may include several modified
sugar moictics, including, for example 2°-MOE and bicyclic sugar moictics such as constrained cthyl or
LNA. In certain embodiments, wings may include several modified and unmodified sugar moicties. 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.
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Each distinct region may comprise uniform sugar moicties, variant, or alternating sugar moicties.
The wing-gap-wing motif is 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
one 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 is 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
cmbodiments, “X” and “Z” arc the same; in othcr cmbodiments they are different. In certain embodiments,
“Y” is between 8 and 15 nucleosides. X, Y,orZcanbeany of 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 a MALAT-1 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 motif described by Formula A as
follows: (7)a-(B)a()-(B)-(A)-(D)~(A),~(B)-(D)s-(B)y-(0).

wherein:

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

cach B is independently a bicyclic nucleoside;

cach J is independently either a 2’-substituted nucleoside or a 2’-deoxynucleoside;

each D is a 2°-deoxynucleoside;

mis 0-4,nis 0-2; pis 0-2; ris 0-2; tis 0-2; vis 0-2; wis 0-4; x is 0-2; y is 0-2; z is 0-4; g is 6-14;

provided that:

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

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

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

the sum of v, w, x, y, and z is from 2 to 5.

RNAi Compounds

In certain embodiments, antisense compounds are interfering RNA compounds (RNAi), which
include double-stranded RNA compounds (also referred to as short-interfering RNA or siRNA) and single-
stranded RNA1 compounds (or ssRNA). 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.

16



CA 02859729 2014-06-17

WO 2013/096837 PCT/US2012/071371

i. SSRNA compounds
In certain embodiments, antisense compounds including those particularly suited for use as single-
stranded RNAi1 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 is 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 in the art, for example in WO/2011/139702.

In certain embodiments, the 5’ -nucleoside of an ssSRNA compound has Formula Ilc:

Tl_A M3 BX]

L T4
Jo 17
Cl) G
T,
IIc

wherein:
T, is an optionally protected phosphorus moiety;

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

compound;

A has one of the formulas:

Q__Q Q_ ™ . — Q3Q1Qz Q1Q2Q3
= % T VR

Q; and Q, arc cach, independently, H, halogen, C;-Cs alkyl, substituted C,-Cs alkyl, C;-Csalkoxy,
substituted C,-C;s alkoxy, C,-Cs alkenyl, substituted C,-Cs alkenyl, C,-Cs alkynyl, substituted C,-Cs alkynyl
or N(R3)(R,);

Q;is O, S, N(Rs) or C(R)(R):
each R;, Ry Rs, Rs and Ry is, independently, H, C,-C; alkyl, substituted C;-Cs alkyl or C,-C; alkoxy;

M3 1S O, S, NR14, C(R15)(R15), C(R15)(R]6)C(R17)(R1 g), C(le):C(Rn), OC(R15)(R]6) or
OC(le)(BXQ),
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Ry, 1s H, C-C; alkyl, substituted C,-Cs alkyl, C,-Cs alkoxy, substituted C,-Cs alkoxy, C,-Cs
alkenyl, substituted C,-C alkenyl, C,-C; alkynyl or substituted C,-Cs alkynyl;

Rys, Rig, Ry7 and Ry are each, independently, H, halogen, C,-Cs alkyl, substituted C,-Cs alkyl, C;-
Csalkoxy, substituted C,-C; alkoxy, C;-Cs alkenyl, substituted C,-C; alkenyl, C,-C; alkynyl or substituted
C,-Cs alkynyl;

Bx; 1s a heterocyclic base moiety;

or if Bx, is present then Bx; is a heterocyclic base moiety and Bx; 1s H, halogen, C,-Cs alkyl,
substituted C;-Cs alkyl, C,-C; alkoxy, substituted C,-Cs alkoxy, C,-Cs alkenyl, substituted C,-C; alkenyl,
C»-Cs alkynyl or substituted C,-Cs alkynyl,;

14, J5, Js and J; are each, independently, H, halogen, C,-C; alkyl, substituted C,-Cs alkyl, C;-Cs
alkoxy, substituted C,-Cs alkoxy, C,-Cs alkenyl, substituted C,-Cs alkenyl, C,-C¢ alkynyl or substituted C.-
Cs alkynyl;

or J, 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;o, C(Rz0)(Rz1), C(R20)=C(R21), C[=C(R20)(R21)] and C(=0) and the other two
of Js, Is and J; are each, independently, H, halogen, C;-Cs alkyl, substituted C,-Cs alkyl, C;-C; alkoxy,
substituted C;-Cs alkoxy, C,-Cs alkenyl, substituted C,-Cs alkenyl, C,-Cs alkynyl or substituted C,-Cs
alkynyl;

each Ryo, Ry and Ry, 1s, independently, H, C,-C; alkyl, substituted C,-Cs alkyl, C,-C; alkoxy,
substituted C,-C; alkoxy, C,-Cs alkenyl, substituted C,-Cs alkenyl, C,-C alkynyl or substituted C,-Ce
alkynyl;

G is H, OH, halogen or O-[C(Rs)(Ro)].-[(C=0)n-X, ]i-Z;
cach Ry and Ry 1s, independently, H, halogen, C;-Cs alkyl or substituted C,-Cs alkyl;
X115 O, S or N(Ey);

7 1s H, halogen, C,-Cs alkyl, substituted C,-Cs alkyl, C,-C; alkenyl, substituted C,-Cs alkenyl, C,-Cs
alkynyl, substituted C,-Cs alkynyl or N(E,)(Es);

E;, E; and E; arc cach, independently, H, C-Cs alkyl or substituted C;-Cs alkyl;
n is from 1 to about 6;

mis O or 1;
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jisOor I;

cach substituted group compriscs onc or morc optionally protected substituent groups independently
selected from halogen, OJ;, N(J;)(J,), =NJ;, SJ;, N5, CN, OC(=X,,)J;, OC(=X;)N(J;)(J) and
CEXINUDJ2);

5 X518 O, S or NJ3;
each J;, J, and J; is, independently, H or C;-Cs alkyl,

when j is 1 then Z is other than halogen or N(E,)(E;); and
wherein said oligomeric compound comprises from 8§ to 40 monomeric subunits and is hybridizable

to at least a portion of a target nucleic acid.
10 In certain embodiments, M3 is O, CH=CH, OCH, or OC(H)(Bx>). In certain embodiments, M3 is O.

In certain embodiments, J4, Js, Js and J7 arc cach H. In certain embodiments, J4 forms a bridge with

one of Js or J;.

In certain embodiments, A has one of the formulas:
U W=
e oy Q,
or
15  wherein:

Q; and Q- arc cach, independently, H, halogen, C;-Cs alkyl, substituted C,-Cs alkyl, C;-Cs alkoxy or
substituted C,-Cs alkoxy. In certain embodiments, Q; and Q; are each H. In certain embodiments, Q; and
Q. are each, independently, H or halogen. In certain embodiments, Q; and Q; is H and the other of Q; and
Q;1s F, CH; or OCH;.

20 In certain embodiments, T, has the formula:

R
szlf—é
R,

wherein:

R, and R, are each, independently, protected hydroxyl, protected thiol, C,-C; alkyl, substituted C;-
Cs alkyl, C;-C; alkoxy, substituted C,-Cs alkoxy, protected amino or substituted amino; and
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R, 1s O or S. In certain embodiments, R, is O and R, and R, are each, independently, OCH;,
OCH2CH3 or CH(CH3)2

In certain embodiments, G is halogen, OCH;, OCH,F, OCHF,, OCF;, OCH,CH;, O(CH,),F,
OCH,CHF,, OCH,CF;, OCH,-CH=CH,, O(CH,),-OCH;, O(CH,),-SCH;, O(CH.),-OCF;, O(CH,)-
N(Ri0)(R11), O(CH,)2-ON(R10)(R11), O(CH2)-O(CH2)o-N(R10)(R11), OCHC(=0)-N(R0)(R11), OCH.C(=0)-
N(R}2)-(CH,),-N(R5)(R1;) or O(CHy),-N(R2)-C(=NR;3)[N(R10)(R;)] wherein Ryp, Ry, Ry, and Ry; are
each, independently, H or C,-Cs alkyl. In certain embodiments, G is halogen, OCH;, OCF;, OCH,CHj;,
OCH,CF;, OCH,-CH=CH,, O(CH,),-OCHj;, O(CH,),-O(CH,),-N(CHs),, OCH,C(=0)-N(H)CHs,
OCH,C(=0)-N(H)-(CH,),-N(CHs;), or OCH,-N(H)-C(=NH)NH,. In certain embodiments, G is F, OCH; or
O(CH,),-OCHj;. In certain embodiments, G 1s O(CH,),-OCHs.

In certain embodiments, the 5'-terminal nucleoside has Formula Ile:

O\?P,OH
HO — O BXl
Q G
T,

IIe

In certain embodiments, antisense compounds, including those particularly suitable for ssRNA
comprise one or more type of modified sugar moieties and/or naturally occurring sugar moieties arranged
along an oligonucleotide or region thereof in 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 is a 2’-F nucleoside. In certain
embodiments, each nucleoside of the region is a 2°-OMe nucleoside. In certain embodiments, each
nucleoside of the region is a 2°-MOE nucleoside. In certain embodiments, cach nucleoside of the region is a
cEt nucleoside. In certain embodiments, each nucleoside of the region is an LNA nucleoside. In certain
embodiments, the uniform region constitutes all or essentially all of the oligonucleotide. In certain
cmbodiments, the region constitutes the entire oligonucleotide except for 1-4 terminal nucleosides.

In certain embodiments, oligonucleotides comprise one or more regions of alternating sugar
modifications, wherein the nucleosides alternate between nucleotides having a sugar modification of a first

type and nucleotides having a sugar modification of a second type. In certain embodiments, nuclecosides of
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both types are RNA-like nucleosides. In certain embodiments the alternating nucleosides are selected from:
27-OMe, 2°-F, 2’-MOE, LNA, and cEt. In certain embodiments, the alternating modificatios are 2°-F and
2°-OMe. Such regions may be contiguous or may be interupted by differently modified nucleosides or
conjugated nucleosides.

In certain embodiments, the alternating region of alternating modifications each consist of a single
nucleoside (i.e., the patern is (AB).A, wheren A is a nucleoside having a sugar modification of a first type
and B is a nucleoside having a sugar modification of a second type; x is 1-20 and y is 0 or 1). In certan
embodiments, one or more alternating regions in an alternating motif includes more than a single nucleoside
of a type. For ecxamplc, oligonucleotides may include one or more regions of any of the following
nucleoside motifs:

AABBAA;

ABBABB;

AABAAB;
ABBABAARBB;
ABABAA;

AABABAB,;

ABABAA;
ABBAABBABABAA;
BABBAABBABABAA; or
ABABBAABBABABAA;

wherein A is a nucleoside of a first type and B is a nucleoside of a second type. In certain
embodiments, A and B are each selected from 2°-F, 2°-OMe, BNA, and MOE.

In certain embodiments, oligonucleotides having such an alternating motif also comprise a modified
5’ terminal nucleoside, such as those of formula Ilc or Ile.

In certain embodiments, oligonucleotides comprise a region having a 2-2-3 motif. Such regions
comprises the following motif:

“(A)2-(B)-(A)A(C)y-(A)s-

wherein: A is a first type of modifed nucleosde;

B and C, arc nucleosides that arc differently modified than A, however, B and C may have the same
or different modifications as one another;

x and y are from 1 to 15.

In certain embodiments, A 1s a 2°-OMec modified nuclcoside. In certain embodiments, B and C arc
both 2°-F modified nucleosides. In certain embodiments, A is a 2’-OMe modified nucleoside and B and C
are both 2°-F modified nucleosides.

In certain embodiments, oligonucleosides have the following sugar motif:
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5™- (Q)- (AB).A,-(D),
wherein:

Q is a nucleoside comprising a stabilized phosphate moiety. In certain embodiments, Q is a
nucleoside having Formula Ilc or Ile;

A is a first type of modifed nucleoside;

B is a second type of modified nucleoside;

D is a modified nucleoside comprising a modification different from the nucleoside adjacent to it.
Thus, if 'y is 0, then D must be differently modified than B and if v is 1, then D must be differently modified
than A. In certain embodiments, D differs from both A and B.

Xis 5-15;

YisOorl;

Zis 0-4.

In certain embodiments, oligonucleosides have the following sugar motif:

57-(Q)- (A)~(D),
wherein:

Q is a nuclcosidc comprising a stabilized phosphate moicty. In certain ecmbodiments, Q is a
nucleoside having Formula Ilc or Ile;

A is a first type of modifed nucleoside;

D is a modified nucleoside comprising a modification different from A.

Xis 11-30;

7 is 0-4.

In certain embodiments A, B, C, and D in the above motifs are selected from: 2°-OMe, 2°-F, 2°-
MOE, LNA, and cEt. In certain embodiments, D represents terminal nucleosides. In certain embodiments,
such terminal nucleosides are not designed to hybridize to the target nucleic acid (though one or more might
hybridize by chance). In certiain embodiments, the nucleobase of each D nucleoside is adenine, regardless
of the identity of the nucleobase at the corresponding position of the target nucleic acid. In certain
embodiments the nucleobase of cach D nucleoside is thymine.

In certain embodiments, antisense compounds, including those particularly suited for use as ssRNA
comprise modified internucleoside linkages arranged along the oligonucleotide or region thereof in a
defined pattern or modified mnternucleoside linkage motif. In certain embodiments, oligonucleotides
comprise a region having an alternating internucleoside linkage motif. In certain embodiments,
oligonucleotides comprise a region of uniformly modified internucleoside linkages. In certain such
embodiments, the oligonucleotide comprises a region that is uniformly linked by phosphorothioate
internucleoside linkages. In certain embodiments, the oligonucleotide is uniformly linked by phosphoro-

thioate ternucleoside linkages. In certain embodiments, cach internucleoside linkage of the
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oligonucleotide is selected from phosphodiester and phosphorothioate. In certain embodiments, each
internucleoside linkage of the oligonucleotide is selected from phosphodiester and phosphorothioate and at
least one internucleoside linkage is phosphorothioate.

In certain embodiments, the oligonucleotide comprises at least 6 phosphorothioate internucleoside
linkages. In certain embodiments, the oligonucleotide comprises at least 8 phosphorothioate internucleoside
linkages. In certain embodiments, the oligonucleotide comprises at lIeast 10 phosphorothioate
internucleoside linkages. In certain embodiments, the oligonucleotide comprises at least one block of at least
6 consecutive phosphorothioate internucleoside linkages. In certain embodiments, the oligonucleotide
compriscs at Icast onc block of at lcast 8 consecutive phosphorothioate internuclcoside linkages.  In certain
embodiments, the oligonucleotide comprises at least one block of at least 10 consecutive phosphorothioate
mternucleoside linkages. In certain embodiments, the oligonucleotide comprises at least one block of at
least one 12 consecutive phosphorothioate internuclcoside linkages. In certain such embodiments, at least
one such block is located at the 3™ end of the oligonucleotide. In certain such embodiments, at least one
such block is located within 3 nucleosides of the 3” end of the oligonucleotide.

Oligonucleotides having any of the various sugar motifs described hercin, may have any linkage
motif. For example, the oligonucleotides, including but not limited to those described above, may have a

linkage motif selected from non-limiting the table below:

57 most linkage Central region 3’-region
PS Alternating PO/PS 6 PS
PS Alternating PO/PS 7 PS
PS Alternating PO/PS 8 PS

ii. siRNA compounds

In certain ecmbodiments, antisense compounds arc double-stranded RNAi1 compounds (siRNA). In
such embodiments, one or both strands may comprise any modification motif described above for ssRNA.
In certain embodiments, ssSRNA compounds may be unmodified RNA. In certain embodiments, siRNA
compounds may comprise unmodified RNA nuclcosides, but modified internucleoside linkages.

Several embodiments relate to double-stranded compositions wherein each strand comprises a motif
defined by the location of one or more modified or unmodified nucleosides. In certain embodiments,
compositions are provided comprising a first and a second oligomeric compound that are fully or at least
partially hvbridized to form a duplex region and further comprising a region that is complementary to and
hybridizes to a nucleic acid target. It 1s suitable that such a composition comprise a first oligomeric

compound that is an antisense strand having full or partial complementarity to a nucleic acid target and a
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second oligomeric compound that is a sense strand having one or more regions of complementarity to and
forming at least one duplex region with the first oligomeric compound.

The compositions of several embodiments modulate gene expression by hybridizing to a nucleic
acid target resulting in loss of its normal function. In some embodiments, the target nucleic acid is
MALAT-1. In certain embodiment, the degradation of the targeted MALAT-1 is facilitated by an activated
RISC complex that is formed with compositions of the invention.

Several embodiments are directed to double-stranded compositions wherein one of the strands is
useful in, for example, influencing the preferential loading of the opposite strand into the RISC (or
clcavage) complex. The compositions arc uscful for targeting sclected nucleic acid molecules and
modulating the expression of one or more genes. In some embodiments, the compositions of the present
invention hybridize to a portion of a target RNA resulting in loss of normal function of the target RNA.

Certain embodiments are drawn to double-stranded compositions wherein both the strands
comprises a hemimer motif, a fully modified motif, a positionally modified motif or an alternating motif.
Each strand of the compositions of the present invention can be modified to fulfil a particular role in for
cxample the siRNA pathway. Using a different motif in cach strand or the same motif with different
chemical modifications in each strand permits targeting the antisense strand for the RISC complex while
inhibiting the incorporation of the sense strand. Within this model, ecach strand can be independently
modified such that it is enhanced for its particular role. The antisense strand can be modified at the 5'-end to
enhance its role in one region of the RISC while the 3'-end can be modified differentially to enhance its role
in a different region of the RISC.

The double-stranded oligonucleotide molecules can be a double-stranded polynucleotide molecule
comprising self-complementary sense and antisense regions, wherein the antisense region comprises
nucleotide sequence that is complementary to nucleotide sequence in a target nucleic acid molecule or a
portion thereof and the sense region having nucleotide sequence corresponding to the target nucleic acid
sequence or a portion thereof. The double-stranded oligonucleotide molecules can be assembled from two
scparate oligonuclcotides, where one strand is the sensc strand and the other is the antisense strand, wherein
the antisense and sense strands are self-complementary (i.¢. each strand comprises nucleotide sequence that
is complementary to nucleotide sequence in the other strand; such as where the antisense strand and sense
strand form a duplex or double-stranded structure, for example wherein the double-stranded region is about
15 to about 30, e.g., about 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 base pairs; the
antisense strand comprises nucleotide sequence that is complementary to nucleotide sequence in a target
nucleic acid molecule or a portion thercof and the sense strand comprises nucleotide sequence
corresponding to the target nucleic acid sequence or a portion thereof (e.g., about 15 to about 25 or more
nucleotides of the double-stranded oligonucleotide molecule are complementary to the target nucleic acid or

a portion thereof). Alternatively, the double-stranded oligonucleotide is assembled from a single
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oligonucleotide, where the self-complementary sense and antisense regions of the siRNA are linked by
means of a nucleic acid based or non-nucleic acid-based linker(s).

The double-stranded oligonucleotide can be a polynucleotide with a duplex, asymmetric duplex,
hairpin or asymmetric hairpin secondary structure, having self-complementary sense and antisense regions,
wherein the antisense region comprises nucleotide sequence that is complementary to nucleotide sequence
in a separate target nucleic acid molecule or a portion thereof and the sense region having nucleotide
sequence corresponding to the target nucleic acid sequence or a portion thereof. The double-stranded
oligonucleotide can be a circular single-stranded polynucleotide having two or more loop structures and a
stem comprising sclf-complementary sense and antisensc rcgions, wherein the antisense region compriscs
nucleotide sequence that is complementary to nucleotide sequence in a target nucleic acid molecule or a
portion thereof and the sense region having nucleotide sequence corresponding to the target nucleic acid
sequence or a portion thercof, and wherein the circular polynucleotide can be processed cither in vivo or in
vitro to generate an active siRNA molecule capable of mediating RNAi.

In certain embodiments, the double-stranded oligonucleotide comprises separate sense and
antisense sequences or regions, wherein the sense and antisense regions arc covalently linked by nucleotide
or non-nucleotide linkers molecules as is known in the art, or are alternately non-covalently linked by ionic
interactions, hydrogen bonding, van der waals interactions, hydrophobic interactions, and/or stacking
interactions. In certain embodiments, the double-stranded oligonucleotide comprises nucleotide sequence
that is complementary to nucleotide sequence of a target gene. In another embodiment, the double-stranded
oligonucleotide interacts with nucleotide sequence of a target gene in a manner that causes inhibition of
expression of the target gene.

As used herein, double-stranded oligonucleotides need not be limited to those molecules
containing only RNA, but further encompasses chemically modified nucleotides and non-nucleotides. In
certain embodiments, the short interfering nucleic acid molecules lack 2'-hydroxy (2'-OH) containing
nucleotides. In certain embodiments short interfering nucleic acids optionally do not include any
ribonuclcotides (c.g., nuclcotides having a 2'-OH group). Such double-stranded oligonucleotides that do not
require the presence of ribonucleotides within the molecule to support RNAi can however have an attached
linker or linkers or other attached or associated groups, moieties, or chains containing one or more
nucleotides with 2'-OH groups. Optionally, double-stranded oligonucleotides can comprise ribonucleotides
at about 5, 10, 20, 30, 40, or 50% of the nucleotide positions. As used herein, the term siRNA is meant to be
equivalent to other terms used to describe nucleic acid molecules that are capable of mediating sequence
specific RNAI, for example short interfering RNA (siRNA), double-stranded RNA (dsRNA), micro-RNA
(miRNA), short hairpin RNA (shRNA), short interfering oligonucleotide, short interfering nucleic acid,
short mterfering modified oligonucleotide, chemically modified siRNA, post-transcriptional gene silencing

RNA (ptgsRNA), and others. In addition, as used herein, the term RNA1 is meant to be equivalent to other
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terms used to describe sequence specific RNA interference, such as post transcriptional gene silencing,
translational inhibition, or epigenetics. For example, double-stranded oligonucleotides can be used to
epigenetically silence genes at both the post-transcriptional level and the pre-transcriptional level. In a non-
limiting example, epigenetic regulation of gene expression by siRNA molecules of the invention can result
from siRNA mediated modification of chromatin structure or methylation pattern to alter gene expression
(see, for example, Verdel et al., 2004, Science, 303, 672-676; Pal-Bhadra et al., 2004, Science, 303, 669-
672; Allshire, 2002, Science, 297, 1818-1819; Volpe et al., 2002, Science, 297, 1833-1837; Jenuwein, 2002,
Science, 297, 2215-2218; and Hall et al., 2002, Science, 297, 2232-2237).

It is contemplated that compounds and compositions of several cmbodiments provided herein can
target MALAT-1 bv a dsRNA-mediated gene silencing or RNAi mechanism, including, ¢.g., "hairpin" or
stem-loop double-stranded RNA effector molecules in which a single RNA strand with self-complementary
sequences 1s capable of assuming a double-stranded conformation, or duplex dsRNA cffector molecules
comprising two separate strands of RNA. In various embodiments, the dsRNA consists entirely of
ribonucleotides or consists of a mixture of ribonucleotides and deoxynucleotides, such as the RNA/DNA
hybrids disclosed, for example, by WO 00/63364, filed Apr. 19, 2000, or U.S. Ser. No. 60/130,377, filed
Apr. 21, 1999. The dsRNA or dsRNA effector molecule may be a single molecule with a region of self-
complementarity such that nucleotides in one segment of the molecule base pair with nucleotides in another
segment of the molecule. In various embodiments, a dsRNA that consists of a single molecule consists
entirely of ribonucleotides or includes a region of ribonucleotides that is complementary to a region of
deoxyribonucleotides. Alternatively, the dsSRNA may include two different strands that have a region of
complementarity to each other.

In various embodiments, both strands consist entirely of ribonucleotides, one strand consists
entirely of ribonucleotides and one strand consists entirely of deoxyribonucleotides, or one or both strands
contain a mixture of ribonucleotides and deoxyribonucleotides. In certain embodiments, the regions of
complementarity are at least 70, 80, 90, 95, 98, or 100% complementary to each other and to a target nucleic
acid scquence. In certain cmbodiments, the region of the dsRNA that is present in a double-stranded
conformation includes at least 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 50, 75,100, 200, 500, 1000,
2000 or 5000 nucleotides or includes all of the nucleotides in a cDNA or other target nucleic acid sequence
being represented in the dsRNA. In some embodiments, the dSRNA does not contain any single stranded
regions, such as single stranded ends, or the dsRNA is a hairpin. In other embodiments, the dSRNA has one
or more single stranded regions or overhangs. In certain embodiments, RNA/DNA hybrids include a DNA
strand or region that is an antiscnse strand or region (c.g, has at least 70, 80, 90, 95, 98, or 100%
complementarity to a target nucleic acid) and an RNA strand or region that is a sense strand or region (e.g,

has at least 70, 80, 90, 95, 98, or 100% identity to a target nucleic acid), and vice versa.

26



10

15

20

25

30

In various embodiments, the RNA/DNA hybrid is made in vitro using enzymatic or chemical
synthetic methods such as those described herein or those described in WO 00/63364, filed Apr. 19, 2000,
or U.S. Ser. No. 60/130,377, filed Apr. 21, 1999. In other embodiments, a DNA strand synthesized in vitro |
is complexed with an RNA strand made in vivo or in vitro before, after, or concurrent with the
transformation of the DNA strand into the cell. In yet other embodiments, the dsRNA is a single circular
nucleic acid containing a sense and an antisense region, or the dsRNA includes a circular nucleic acid and
either a second circular nucleic acid or a linear nucleic acid (see, for example, WO 00/63364, filed Apr. 19,
2000, or U.S. Ser. No. 60/130,377, filed Apr. 21, 1999.) Exemplary circular nucleic acids include lariat
structures in which the free 5' phosphoryl group of a nucleotide becomes linked to the 2' hydroxyl group of
another nucleotide in a loop back fashion.

In other embodiments, the dsRNA includes one or more modified nucleotides in which the 2'
position in the sugar contains a halogen (such as fluorine group) or contains an alkoxy group (such as a
methoxy group) which increases the half-life of the dsRNA in vitro or in vivo compared to the
corresponding dsRNA in which the corresponding 2' position contains a hydrogen or an hydroxyl group. In
yet other embodiments, the dsSRNA includes one or more linkages between adjacent nucleotides other than a
naturally-occurring phosphodiester linkage. Examples of such linkages include phosphoramide,
phosphorothioate, and phosphorodithioate linkages. The dsRNAs may also be chemically modified nucleic
acid molecules as taught in U.S. Pat. No. 6,673,661. In other embodiments, the dsRNA contains one or two
capped strands, as disclosed, for example, by WO 00/63364, filed Apr. 19, 2000, or U.S. Ser. No.
60/130,377, filed Apr. 21, 1999.

In other embodiments, the dsSRNA can be any of the at least partially dSRNA molecules disclosed
in WO 00/63364, as well as any of the dsSRNA molecules described in U.S. Provisional Application
60/399,998; and U.S. Provisional Application 60/419,532, and PCT/US2003/033466. Any of the dsRNAs
may be expressed in vitro or in vivo using the methods described herein or standard methods, such as those

described in WO 00/63364.

Occupancy

In certain embodiments, antisense compounds are not expected to result in cleavage or the target
nucleic acid via RNase H or to result in cleavage or sequestration through the RISC pathway. In certain
such embodiments, antisense activity may result from occupancy, wherein the presence of the hybridized
antisense compound disrupts the activity of the target nucleic acid. In certain such embodiments, the
antisense compound may be uniformly modified or may comprise a mix of modifications and/or modified

and unmodified nucleosides.
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Target Nucleic Acids, Target Regions and Nucleotide Sequences

“Targeting” an oligomeric compound to a particular nucleic acid molecule can be a multistep
process. The process usually begins with the identification of a target nucleic acid whose function is to be
modulated. This target nucleic acid may be, for example, a cellular gene (or mRNA transcribed from the
gene) whose expression is associated with a particular disorder or discase state, or a nucleic acid molecule
from an infectious agent. In several embodiments provided herein, the target nucleic acid encodes MALAT-
I.

Nucleotide sequences that encode human MALAT-1 are target nucleic acids in several
embodiments include, without limitation, the following: GENBANK Accession No. EF177381.1
(incorporated herein as SEQ ID NO: 1), GENBANK Accession No. BK001411.1 1 (incorporated herein as
SEQ ID NO: 2), GENBANK Accession No. BQ429080.1 (incorporated herein as SEQ ID NO: 3),
GENBANK Accession No. BQ428957.1 (incorporated herein as SEQ ID NO: 4), GENBANK Accession
No. NT 033903.7 truncated from nucleobases 10569000 to 10582000 (incorporated herein as SEQ ID NO:
5), GENBANK Accession No. XR _001309.1 (incorporated herein as SEQ ID NO: 6), or GENBANK
Accession No. NR 002819.2 (incorporated herein as SEQ ID NO: 7), GENBANK Accession No.
NC 000011.9 from nucleobases 63265233 to 65273940 (incorporated herein as SEQ ID NO: 8),
GENBANK Accession No. AC_000143.1 from nucleobases 61592326 to 61601033 (incorporated herein as
SEQ ID NO: 9).

Nucleotide sequences that encode mouse MALAT-1 are target nucleic acids in several embodiments
include, without limitation, the following: GENBANK Accession No. NR 002847 .2 (incorporated herein as
SEQ ID NO: 10), GENBANK Accession No. FJ209304.1 (incorporated herein as SEQ ID NO: 11), and the
complement of GENBANK Accession No. NT 082868 .4 truncated from nucleobases 2689000 to 2699000
(incorporated herein as SEQ 1D NO: 12).

It is understood that the sequence set forth in each SEQ ID NO in the Detailed Description and/or
Examples contained herein is independent of any modification to a sugar moiety, an internucleoside linkage,
or a nucleobase. As such, antisense compounds defined by a SEQ ID NO may comprise, independently, one
or more modifications to a sugar moiety, an internucleoside linkage, or a nucleobase. Antisense compounds

described by Isis Number (Isis No) indicate a combination of nucleobase sequence and motif.

The targeting process usually also includes determination of at least one target region, segment, or
site within the target nucleic acid for the antisense interaction to occur such that the desired effect, e.g.,
modulation of expression, will result. Within the context of the present embodiments, the term “region” is

defined as a portion of the target nucleic acid having at least one identifiable structure, function, or
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characteristic. Within regions of target nucleic acids are segments. “Segments” are defined as smaller or
sub-portions of regions within a target nucleic acid. “Sites,” as used in the present invention, are defined as

positions within a target nucleic acid.

Targeting includes determination of at least one target segment to which an antisense compound
hybridizes, such that a desired effect occurs. In certain embodiments, the desired effect is a reduction in
mRNA target nucleic acid levels. In certain embodiments, the desired effect is reduction of levels of protein

encoded by the target nucleic acid or a phenotypic change associated with the target nucleic acid.

A target region may contain one or more target segments. Multiple target segments within a target
region may be overlapping. Alternatively, they may be non-overlapping. In certain embodimenté, target
segments within a target region are separated by no more than about 300 nucleotides. In certain
emodiments, target segments within a target region are separat