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MODULATION OF ENHANCER RNA MEDIATED GENE 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 BIOL0202WOSEQ.txt created May 21, 2013, which is

approximately 74 KB in size. The information in the electronic format of the sequence listing is

incorporated herein by reference in its entirety.

Field

Certain embodiments are directed to methods and compounds for inhibiting gene expression by

inhibiting enhancer RNAs (eRNAs). Such methods and compounds are useful for reducing expression of

certain genes, many of which are associated with a variety of diseases and disorders.

Background

Recent high-throughput transcriptomic analyses have revealed tha eukaryotic genomes transcribe

up to 90 % of the genomic D A. (The ENCODE Project Consortium. The ENCODE (ENCycIopedia of

DNA Elements) Project. Science 2004;306:636-640). Only 1-2% of these transcripts encode for proteins,

whereas the vast majority are transcribed as non-coding RNAs (ncRNAs).

The majority of the non-protein-coding transcripts belong to the group of IncRNAs, which are

considered as >200 nucleotides in length. Most IncRNAs are characterized by nuclear localization, low

expression, low level of sequence conservation and are composed of both poly A + and poly A-

transcripts. (Kapranov P, et ai., "RNA maps reveal new RNA classes and a possible function for

pervasive transcription." Science 2007;3 16: 1484-1488) (Wu Q, et al, "Poly A- transcripts expressed in

HeLa cells." PLoS One 2008;3:e2803).

One subgroup of IncRNAs, termed large intergenic non-coding RNAs (lincRNAs), was described

based on distinctive chromatin signature that marks actively transcribed genes. (Khalil AM et al., "Many

human large intergenic noncoding RNAs associate with chromatin-modifying complexes and affect gene

expression." Proc Natl Acad Sci USA 2009:106:11667-11672) (Guttman M et al, "Chromatin signature

reveals over a thousand highly conserved large non-coding RNAs in mammals." Nature 2009;458:223-

227). LincRNAs are marked by trimethylation of lysine 4 of histone H3 (H3K4me3) at their promoter

and trimethylation of lysine 36 of histone H3 (H3K36me3) along the transcribed region.



Another subgroup of lncRNAs, termed enhancer RNAs (eRNAs), was recently reported to be

transcribed from genomic enhancer regions. (Kim TK et al., "Widespread transcription at neuronal

activity-regulated enhancers." Nature 2010;465: 82- 87) (De Santa F et al., "A large fraction of

extragenic RNA pol II transcription sites overlap enhancers." PLoS Biol 2010;8:elOG0384). Distinct from

eRNAs, another subgroup of lncRNAs, termed ncRNA -activators (ncRNA-a) was classified as mono-

directional, polyadenylated, and having a H3K4 trimethylation chromatin signature. (Orom UA, Derrien

T, Beringer M, Gumireddy K, Gardini A, Bussotti G et al. Long noncoding RNAs with enhancer-like

function in human cells. Cel 201 0;143:46-58.)

Summary

Several embodiments provided herein relate to the discovery that eRNAs are functional

molecules that stimulate gene expression and can be targeted for inhibition to modulate gene expression.

Prior to the present discovery manifest in several embodiments described herein, it was unknown and

uncertain in the field whether eRNAs are functional molecules or merely products of "transcriptional

noise" arising from Polll mediated transcription of genomic sequences adjacent to coding genes. (Struhl

K, "Transcriptional noise and the fidelity of initiation by RNA polymerase II." Nat Struct Mol Biol 2007

14: 103-105) (Ponting CP et al., "Evolution and functions of long noncoding RNAs." Cell 2009 136:

629-641). eRNAs are widely considered just a byproduct of a transcriptional "ripple effect," a type of

transcriptional noise in which Polll causes a wave of transcription from genes into adjacent sequences

including intergenic regions. Ebisuya M et al., "Ripples from neighbouring transcription." Nat Cell Biol

2008 10: 1106-1 113.

The present embodiments demonstrate eRNAs are functional molecules and targeting them for

inhibition modulates gene expression. Certain embodiments are directed to methods and compounds for

inhibiting gene expression by inhibiting enhancer RNAs (eRNA). In certain several embodiments, a

method of inhibiting gene expression in a cell includes contacting the cell with a specific inhibitor of an

enhancer RNA (eRNA), thereby inhibiting expression of one or more genes in the cell. In certain aspects,

the eRNA is transcribed from a genomic enhancer sequence or region; the genomic enhancer sequence or

region comprises any one of the genomic coordinates identified in Mega-Tables 1-9 filed in US

Provisional Application Number 61/650,426 in electronic format on May 22, 2012; the eRNA

transcription is initiated from a RNA polymerase II (Polll) binding site and is capable of elongating

bidirectionally; the eRNA is capable of enhancing transcription of the one or more genes; the genomic

enhancer sequence or region has a higher level of monomethylated lysine 4 of histone 3 (H3K4mel) than

trimethylated lysine 4 of histone 3 (H3K4me3); the genomic enhancer sequence or region is enriched for



bound RNA polymerase II (Polll); the genomic enhancer sequence or region is enriched for bound

transcriptional co-activator p300/CBP; the genomic enhancer sequence or region is enriched for bound

Rev-Erba or Rev-ErbP; the genomic enhancer sequence or region is enriched for bound estrogen receptor,

such as estradiol-bound estrogen recptor; eRNA has a relatively short half-life compared to mRNA, such

as less than about 10-30 minutes; the transcriptional start site of the one or more genes is located on a

chromosome at least about 1 kilobase (kb) from the genomic enhancer sequence or region; the eRNA is

not polyadenylated or has a shorter polyA tail than mRNA or ncRNA-a; the cell is a hematopoietic cell,

such as a monocyte or macrophage; the cell is a neuron; the cell is a breast cell; the cell is a cancer cell;

and/or the cell contacted with a specific inhibitor of an enhancer RNA (eRNA) is in a subject. In several

embodiments, the eRNA enhances transcription of matrix metalloproteinase 9 (MMP9), chemokine

receptor CX3CR1, CA12, FOXC1, GREB1, P2RY2, SMAD7, PGR, SIAH2, NRIP1, TFF1, or KCNK5.

In several embodiments, compounds, which can be used in the aforementioned methods of

inhibiting gene expression in a cell, comprise a specific inhibitor of an enhancer RNA (eRNA). In certain

aspects, the specific inhibitor of an enhancer RNA (eRNA) is an antisense compound. In several aspects,

the antisense compound is single-stranded; double-stranded; modified; 8 to 80 nucleosides in length; 12

to 30 nucleosides in length; 16 nucleosides in length; includes at least one modified sugar, such as a

bicyclic sugar, a 2'-0-methoxyethyl group, and/or a 4'-CH(CH 3)-0-2' group; includes at least one

modified intemucleoside linkage, such as a phosphorothioate intemucleoside linkage; and/or includes at

least one modified nucleobase, such as a 5-methylcytosine.

In further aspects, the antisense compound includes a gap segment consisting of linked

deoxynucleosides; a 5' wing segment consisting of linked nucleosides; and a 3' wing segment consisting

of linked nucleosides, wherein the gap segment is positioned between the 5' wing segment and the 3'

wing segment and wherein each nucleoside of each wing segment comprises a modified sugar.

In another aspect, the antisense compound includes a gap segment consisting of ten linked

deoxynucleosides; a 5' wing segment consisting of 3 linked nucleosides; and a 3' wing segment

consisting of 3 linked nucleosides; wherein the gap segment is positioned between the 5' wing segment

and the 3' wing segment, wherein each nucleoside of each wing segment comprises a 2'-0-methoxyethyl

sugar or a constrained ethyl sugar; and wherein each intemucleoside linkage is a phosphorothioate

linkage.

In certain aspects, the 3 linked nucleosides of the 5' wing segment comprise a 2'-0-methoxyethyl

sugar, a constrained ethyl sugar, and a constrained ethyl sugar in the 5' to 3' direction, and the 3 linked

nucleosides of the 3' wing segment comprise a constrained ethyl sugar, a constrained ethyl sugar, and a

2'-0-methoxyethyl sugar in the 5' to 3' direction.



In further aspects, the antisense oligonucleotide comprises a gap segment of ten 2'-

deoxynucleotides positioned between wing segments of five 2'-MOE nucleotides.

In additional aspects, the antisense compound comprises the sequence of any one of SEQ ID

NOs: 2, 3, or 124-201 targeted to an eRNA that enhances transcription of MMP9.

In certain aspects, the antisense compound is targeted to an eRNA that enhances transcription of

CX3CR1, CA12, FOXC1, GREB1, P2RY2, SMAD7, PGR, SIAH2, NRIP1, TFF1, or KCNK5.

In several embodiments, antisense compounds comprise any one of the following pairs of

sequences: SEQ ID NOs: 11-12; SEQ ID NOs: 13-14; or SEQ ID NOs: 15-16, or any one of SEQ ID

NOs: 60-63 targeted to an eRNA that enhances transcription of TFF1.

In several embodiments, antisense compounds comprise any one of the following pairs of

sequences: SEQ ID NOs: 7- 8; SEQ ID NOs: 19-20; or SEQ ID NOs: 21-22 targeted to an eRNA that

enhances transcription of GREB 1.

In several embodiments, antisense compounds comprise any one of the following pairs of

sequences: SEQ ID NOs: 23-24 or SEQ ID NOs: 25-26 targeted to an eRNA that enhances transcription

of PGR.

In several embodiments, antisense compounds comprise any one of the following pairs of

sequences: SEQ ID NOs: 27-28 or SEQ ID NOs: 29-30 targeted to an eRNA that enhances transcription

of SIAH2.

In several embodiments, antisense compounds comprise any one of the following pairs of

sequences: SEQ ID NOs: 31-32 or SEQ ID NOs: 33-34, or any one of SEQ ID NOs: 68 and 69 targeted to

an eRNA that enhances transcription of NRIP1.

In several embodiments, antisense compounds comprise any one of the following pairs of

sequences: SEQ ID NOs: 35-36 or SEQ ID NOs: 37-38, or any one of SEQ ID NOs: 66 and 77 targeted to

an eRNA that enhances transcription of FOXC1.

In several embodiments, antisense compounds comprise any one of the following pairs of

sequences: SEQ ID NOs: 39-40 or SEQ ID NOs: 41-42 targeted to an eRNA that enhances transcription

ofP2RY2.

In several embodiments, antisense compounds comprise any one of the following pairs of

sequences: SEQ ID NOs: 43-44 or SEQ ID NOs: 45-46, or any one of SEQ ID NOs: 64 and 65 targeted to

an eRNA that enhances transcription of CA12.

In several embodiments, antisense compounds comprise any one of the following pairs of

sequences: SEQ ID NOs 47-48, SEQ ID NOs: 49-50, or SEQ ID NOs: -52 targeted to an eRNA that

enhances transcription of SMAD7.



In several embodiments, antisense compounds comprise any one of the following pairs of

sequences: SEQ ID NOs: 53-54, SEQ ID NOs: 55-56, or SEQ ID NOs: 57-5 targeted to an eRNA that

enhances transcription of KCNK5.

Detailed Description

It is 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", is not limiting. Also, terms such as "element" or

"component" encompass both elements and components comprising one unit and elements and

components that comprise more than one 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 in this

application, including, but not limited to, patents, patent applications, articles, books, and treatises, are

hereby expressly incorporated by reference for the portions of the document discussed herein, as well as

in 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 in the art. Standard

techniques may be used for chemical synthesis, and chemical analysis. Where permitted, 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 in the disclosure herein are incorporated by

reference for the portions of the document discussed herein, as well as in their entirety.

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

"2'-0-methoxyethyl" (also 2'-MOE and 2'-0(CH 2 ) 2-OCH3) refers to an O-methoxy-ethyl

modification at the 2' position of a furanose ring. A 2'-0-methoxyethyl modified sugar is a modified

sugar.

"2'-MOE nucleoside" (also 2'-0-methoxyethyl nucleoside) means a nucleoside comprising a 2'-

MOE modified sugar moiety.



" '-substituted nucleoside" means a nucleoside comprising a substituent at the 2'-position of the

furanosyl ring other than H or OH. In certain embodiments, 2' substituted nucleosides include

nucleosides with bicyclic sugar modifications.

"3' target site" refers to the nucleotide of a target nucleic acid which is complementary to the 3'-

most nucleotide of a particular antisense compound.

"5' target site" refers to the nucleotide of a target nucleic acid which is complementary to the 5'-

most nucleotide of a particular antisense compound.

"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 affected at

least about 70% inhibition of eRNA", it is implied that the eRNA levels are inhibited within a range of

63% and 77%.

"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.

"Antibody" refers to a molecule characterized by reacting specifically with an antigen in some

way, where the antibody and the antigen are each defined in terms of the other. Antibody may refer to a

complete antibody molecule or any fragment or region thereof, such as the heavy chain, the light chain,

F b region, and F region.

"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.

"Antisense compound" means an oligomeric compound that is 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, snoRNAs, miRNAs, and satellite repeats.

"Antisense inhibition" means reduction of target nucleic acid levels in the presence of an

antisense compound complementary to a target nucleic acid compared to target nucleic acid levels in the

absence of the antisense compound.

"Antisense mechanisms" are all those mechanisms involving hybridization of a compound with

target nucleic acid, wherein the outcome or effect of the hybridization is either target degradation or target

occupancy with concomitant stalling of the cellular machinery involving, for example, transcription or

splicing.



"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.

"Base complementarity" refers to the capacity for the precise base pairing of nucleobases of an

antisense oligonucleotide with corresponding nucleobases in a target nucleic acid (i.e., hybridization), and

is mediated by Watson-Crick, Hoogsteen or reversed Hoogsteen hydrogen binding between

corresponding nucleobases.

"Bicyclic sugar" means a furanose ring modified by the bridging of two non-geminal carbon

atoms. A bicyclic sugar is a modified sugar.

"Bicyclic nucleic acid" or " BNA" or "BNA nucleosides" means nucleic acid monomers having a

bridge connecting two carbon atoms between the 4' and 2'position of the nucleoside sugar unit, thereby

forming a bicyclic sugar. Examples of such bicyclic sugar include, but are not limited to A) a-L-

Methyleneoxy (4'-CH 2-0-2') LNA , (B) β-D-Methyleneoxy (4'-CH 2-0-2') LNA , (C) Ethyleneoxy (4'-

(CH2)2-0-2') LNA , (D) Aminooxy (4'-CH 2-0-N(R)-2') LNA and (E) Oxyamino (4'-CH 2-N(R)-0-2')

As used herein, LNA compounds include, but are not limited to, compounds having at least one

bridge between the 4' and the 2' position of the sugar wherein each of the bridges independently

comprises 1 or from 2 to 4 linked groups independently selected from -[C(Ri)(R )] -,

, -C(R0=N-, -C(=NR0-, -C(=0)-, -C(=S)-, -0-, -Si(R 2-, -S(=0) x- and -N(Ri)-; wherein: x is 0,

1, or 2; n is 1, 2, 3, or 4; each R and R is, independently, H, a protecting group, hydroxyl, C1-C12 alkyl,

substituted C1-C12 alkyl, C -Ci alkenyl, substituted C -Ci alkenyl, C -Ci alkynyl, substituted C -Ci

alkynyl, C -C 0 aryl, substituted C -C 0 aryl, a heterocycle radical, a substituted heterocycle radical,

heteroaryl, substituted heteroaryl, C5-C7 alicyclic radical, substituted C -C7alicyclic radical, halogen, OJi,

NJ1J2, S i, N3, COO , acyl (C(=0)-H), substituted acyl, CN, sulfonyl (S(=0) 2-Ji), or sulfoxyl (S(=0)-Ji);

and each andJ is, independently, H, C C alkyl, substituted C C alkyl, C -C alkenyl, substituted

C -C alkenyl, C -C alkynyl, substituted C -C alkynyl, C5-C 0 aryl, substituted C5-C 0 aryl, acyl

(C(=0)-H), substituted acyl, a heterocycle radical, a substituted heterocycle radical, C C aminoalkyl,

substituted C1-C12 aminoalkyl or a protecting group.

Examples of 4'- 2' bridging groups encompassed within the definition of LNA include, but are

not limited to one of formulae: -[C(R0(R 2)] -, -[C(Ri)(R2)] -0-, -C(RiR2)-N(R0-O- or - C -O-



N(Ri)-. Furthermore, other bridging groups encompassed with the definition of LNA are 4'-CH2-2', 4'-

(CH2)2-2', 4,-(CH2)3-2', 4'-CH2-0-2', 4'-(CH2)2-0-2', 4'-CH2-0-N(R 1)-2' and 4'-CH2-N(R1)-0-2'- bridges,

wherein each and R is, independently, H, a protecting group or C C al l.

Also included within the definition of LNA according to the invention are LNAs in which the

2'-hydroxyl group of the ribosyl sugar ring is connected to the 4' carbon atom of the sugar ring, thereby

forming a methyleneoxy (4'-CH -0-2') bridge to form the bicyclic sugar moiety. The bridge can also be

a methylene (-CH -) group connecting the 2' oxygen atom and the 4' carbon atom, for which the term

methyleneoxy (4'-CH -0-2') LNA is used. Furthermore; in the case of the bicylic sugar moiety having

an ethylene bridging group in this position, the term ethyleneoxy (4'-CH 2CH2-0-2') LNA is used a -L-

methyleneoxy (4'-CH -0-2'), an isomer of methyleneoxy (4'-CH -0-2') LNA is also encompassed

within the definition of LNA, as used herein.

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

incorporated at either terminus of an antisense compound.

"cEt" or "constrained ethyl" means a bicyclic sugar moiety comprising a bridge connecting the

4'-carbon and the 2'-carbon, wherein the bridge has the formula: 4'-CH(CH 3)-0-2'.

"Constrained ethyl nucleoside" (also cEt nucleoside) means a nucleoside comprising a bicyclic

sugar moiety comprising a 4'-CH(CH 3)-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'-0-methoxyethyl nucleotides is chemically distinct from a region having nucleotides without 2'-0-

methoxyethyl modifications.

"Chimeric antisense compounds" means antisense compounds that have at least 2 chemically

distinct regions, each position having a plurality of subunits.

"Complementarity" means the capacity for pairing between nucleobases of a first nucleic acid

and a second nucleic acid.

"Comply" means the adherence with a recommended therapy by an individual.

"Comprise," "comprises" and "comprising" will be understood to imply the inclusion of a stated

step or element or group of steps or elements but not the exclusion of any other step or element or group

of steps or elements.

"Contiguous nucleobases" means nucleobases immediately adjacent to each other.

"Deoxyribonucleotide" means a nucleotide having a hydrogen at the 2' position of the sugar

portion of the nucleotide. Deoxyribonucleotides may be modified with any of a variety of substituents.

"Designing" or "Designed to" refer to the process of designing an oligomeric compound that

specifically hybridizes with a selected nucleic acid molecule.



"Efficacy" means the ability to produce a desired effect.

"Enhancer" refers to a DNA sequence or region located at some distance away from a gene and

capable of stimulating transcription of the gene. In certain embodiments, an enhancer is capable of

binding to transcription factors and stimulating promoters

"Enhancer RNA (eRNA)" refers to a ribonucleotide transcribed from a genomic enhancer nucleic

acid sequence or regionor region.

"Expression" includes all the functions by which a gene's coded information is converted into

structures present and operating in a cell. Such structures include, but are not limited to the products of

transcription and translation.

"Fully complementary" or "100% complementary" means each 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.

"Fully modified motif refers to an antisense compound comprising a contiguous sequence of

nucleosides wherein essentially each nucleoside is a sugar modified nucleoside having uniform

modification.

"Gapmer" means a chimeric antisense compound in which an internal 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

nucleoside or nucleosides comprising the external regions. The internal region may be referred to as the

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

"Gap-widened" means an antisense compound having a gap segment of 12 or more contiguous

2'-deoxyribonucleotides positioned between 5' and 3' wing segments having from one to six nucleotides

having modified sugar moieties.

"Hybridization" means the annealing of complementary nucleic acid molecules. In certain

embodiments, complementary nucleic acid molecules include, but are not limited to, an antisense

compound and a nucleic acid target. In certain embodiments, complementary nucleic acid molecules

include, but are not limited to, an antisense oligonucleotide and a nucleic acid target.

"Immediately adjacent" means there are no intervening elements between the immediately

adjacent elements.

"Individual" means a human or non-human animal selected for treatment or therapy.

"Induce", "inhibit", "potentiate", "elevate", "increase", "decrease" or the like, generally denote

quantitative differences between two states.

"Inhibiting the expression or activity" refers to a reduction, blockade of the expression or activity

and does not necessarily indicate a total elimination of expression or activity.



"Internucleoside linkage" refers to the chemical bond between nucleosides.

"Lengthened" antisense oligonucleotides are those that have one or more additional nucleosides

relative to an antisense oligonucleotide disclosed herein.

"Linked deoxynucleoside" means a nucleic acid base (A, G, C, T, U) substituted by deoxyribose

linked by a phosphate ester to form a nucleotide.

"Linked nucleosides" means adjacent nucleosides linked together by an internucleoside linkage.

"Mismatch" or "non-complementary nucleobase" refers to the case when a nucleobase of a first

nucleic acid is not capable of pairing with the corresponding nucleobase of a second or target nucleic

acid.

"Modified internucleoside linkage" refers to a substitution or any change from a naturally

occurring internucleoside bond (i.e. a phosphodiester internucleoside bond).

"Modified nucleobase" means 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, a modified sugar moiety

and/or modified nucleobase.

"Modified nucleotide" means a nucleotide having, independently, a modified sugar moiety,

modified internucleoside linkage, or modified nucleobase.

"Modified oligonucleotide" means an oligonucleotide comprising at least one modified

internucleoside linkage, a modified sugar, and/or a modified nucleobase.

"Modified sugar" means substitution and/or any change from a natural sugar moiety.

"Monomer" refers to a single unit of an oligomer. Monomers include, but are not limited to,

nucleosides and nucleotides, whether naturally occuring or modified.

"Motif means the pattern of unmodified and modified nucleosides in an antisense compound.

"Natural sugar moiety" means a sugar moiety found in DNA (2'-H) or RNA (2'-OH).

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

"Non-complementary nucleobase" refers to a pair of nucleobases that do not form hydrogen

bonds with one another or otherwise support hybridization.

"Nucleic acid" refers to molecules composed of monomeric nucleotides. A nucleic acid includes,

but is not limited to, 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 complementarity" refers to a nucleobase that is capable of base pairing with another

nucleobase. For example, in DNA, adenine (A) is complementary to thymine (T). For example, in RNA,

adenine (A) is complementary to uracil (U). In certain embodiments, complementary nucleobase refers to

a nucleobase of an antisense compound that is capable of base pairing with a nucleobase of its target

nucleic acid. For example, if a nucleobase at a certain position of an antisense compound is capable of

hydrogen bonding with a nucleobase at a certain position of a target nucleic acid, then the position of

hydrogen bonding between the oligonucleotide and the target nucleic acid is considered to be

complementary at that nucleobase pair.

"Nucleobase sequence" means the order of contiguous nucleobases independent of any sugar,

linkage, and/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)-0- 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. "Mimetic" refers to groups that are substituted for a

sugar, a nucleobase, and/ or internucleoside linkage. Generally, a mimetic is used in place of the sugar or

sugar-internucleoside linkage combination, and the nucleobase is maintained for hybridization to a

selected target.

"Nucleotide" means a nucleoside having a phosphate group covalently linked to the sugar

portion of the nucleoside.

"Off-target effect" refers to an unwanted or deleterious biological effect associated with

modulation of RNA or protein expression of a gene other than the intended target nucleic acid.

"Oligomeric compound" means a polymer of linked monomeric subunits which is capable of

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

"Oligonucleoside" means an oligonucleotide in which the internucleoside linkages do not contain

a phosphorus atom.

"Oligonucleotide" means a polymer of linked nucleosides each of which can be modified or

unmodified, independent one from another.



"Peptide" means a molecule formed by linking at least two amino acids by amide bonds. Without

limitation, as used herein, "peptide" refers to polypeptides and proteins.

"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 is a modified internucleoside linkage.

"Portion" means a defined number of contiguous (i.e., 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 is a defined number of contiguous nucleobases of an antisense compound

"Region" is defined as a portion of the target nucleic acid having at least one identifiable

structure, function, or characteristic.

"Ribonucleotide" means a nucleotide having a hydroxy at the 2' position of the sugar portion of

the nucleotide. Ribonucleotides may be modified with any of a variety of substituents.

"Segments" are defined as smaller or sub-portions of regions within a target nucleic acid.

"Sites," as used herein, are defined as unique nucleobase positions within a target nucleic acid.

"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. "Stringent hybridization conditions" or "stringent conditions" refer to conditions under which

an oligomeric compound will hybridize to its target sequence, but to a minimal number of other

sequences.

"Subject" means a human or non-human animal selected for treatment or therapy.

"Target" refers to a protein, the modulation of which is desired.

"Target gene" refers to a gene encoding a target.

"Targeting" 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," "target RNA transcript" and "nucleic acid target" all mean a

nucleic acid capable of being targeted by antisense compounds.

"Target region" means a portion of a target nucleic acid to which one or more antisense

compounds is targeted.

"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.



"Unmodified" nucleobases mean the purine bases adenine (A) and guanine (G), and the

pyrimidine bases thymine (T), cytosine (C) and uracil (U).

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

"Validated target segment" is defined as at least an 8-nucleobase portion (i.e. 8 consecutive

nucleobases) of a target region to which an antisense compound is targeted.

"Wing segment" means a plurality of nucleosides modified to impart to an oligonucleotide

properties such as enhanced inhibitory activity, increased binding affinity for a target nucleic acid, or

resistance to degradation by in vivo nucleases.

Antisense compounds

Oligomeric compounds include, but are not limited to, oligonucleotides, oligonucleosides,

oligonucleotide analogs, oligonucleotide mimetics, antisense compounds, antisense oligonucleotides, and

siRNAs. An oligomeric compound may be "antisense" to a target nucleic acid, meaning that is is 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 is targeted. In certain such embodiments, an antisense oligonucleotide 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 is targeted.

In certain embodiments, an antisense compound is 10-30 subunits in length. In certain

embodiments, an antisense compound is 12 to 30 subunits in length. In certain embodiments, an antisense

compound is 12 to 22 subunits in length. In certain embodiments, an antisense compound is 14 to 30

subunits in length. In certain embodiments, an antisense compound is 14 to 20 subunits in length. In

certain embodiments, an antisense compoun is 15 to 30 subunits in length. In certain embodiments, an

antisense compound is 15 to 20 subunits in length. In certain embodiments, an antisense compound is 16

to 30 subunits in length. In certain embodiments, an antisense compound is 16 to 20 subunits in length.

In certain embodiments, an antisense compound is 17 to 30 subunits in length. In certain embodiments,

an antisense compound is 17 to 20 subunits in length. In certain embodiments, an antisense compound is

18 to 30 subunits in length. In certain embodiments, an antisense compound is 18 to 2 1 subunits in length.

In certain embodiments, an antisense compound is 18 to 20 subunits in length. In certain embodiments,

an antisense compound is 20 to 30 subunits in length. In other words, such antisense compounds are from



12 to 30 linked subunits, 14 to 30 linked subunits, 14 to 20 subunits, 15 to 30 subunits, 15 to 20 subunits,

16 to 30 subunits, 16 to 20 subunits, 17 to 30 subunits, 17 to 20 subunits, 18 to 30 subunits, 18 to 20

subunits, 18 to 2 1 subunits, 20 to 30 subunits, or 12 to 22 linked subunits, respectively. In certain

embodiments, an antisense compound is 14 subunits in length. In certain embodiments, an antisense

compound is 16 subunits in length. In certain embodiments, an antisense compound is 17 subunits in

length. In certain embodiments, an antisense compound is 18 subunits in length. In certain embodiments,

an antisense compound is 20 subunits in length. In other embodiments, the antisense compound is 8 to

80, 12 to 50, 13 to 30, 13 to 50, 14 to 30, 14 to 50, 15 to 30, 15 to 50, 16 to 30, 16 to 50, 17 to 30, 17 to

50, 18 to 22, 18 to 24, 18 to 30, 18 to 50, 19 to 22, 19 to 30, 19 to 50, or 20 to 30 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

nucleotides.

In certain embodiments antisense oligonucleotides may be shortened or truncated. For example,

a single subunit may be deleted from the 5' end (5' truncation), or alternatively from the 3' end (3'

truncation). A shortened or truncated antisense compound targeted to an eRNA 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 5' 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 is 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. 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 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 bcl-

xL mRNA to reduce the expression of both bcl-2 and bcl-xL in vitro and in 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 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 e.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 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; 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 embodiments, antisense activity results at least 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 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 in some embodiments include β-D-

ribonucleosides, β-D-deoxyribonucleosides, 2'-modified nucleosides (such 2'-modified nucleosides may

include 2'-MOE and 2'-0-CH 3, 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 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 moieties, variant, or alternating sugar

moieties. 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 embodiments, "X" and "Z" are the same; in other embodiments they are

different. In certain embodiments, "Y" is between 8 and 15 nucleosides. X, Y, or Z can be any 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, gapmers provided herein include, for example, 11-mers having a motif

of 1-9-1.

In certain embodiments, gapmers provided herein include, for example, 12-mers having a motif

of 1-9-2, 2-9-1, or 1-10-1.

In certain embodiments, gapmers provided herein include, for example, 13-mers having a motif

of 1-9-3, 2-9-2, 3-9-1, 1-10-2, or 2-10-1.

In certain embodiments, gapmers provided herein include, for example, 14-mers having a motif

of 1-9-4, 2-9-3, 3-9-2, 4-9-1, 1-10-3, 2-10-2, or 3-10-1.

In certain embodiments, gapmers provided herein include, for example, 15-mers having a motif

of 1-9-5, 2-9-4, 3-9-3, 4-9-2, 5-9-1, 1-10-4, 2-10-3, 3-10-2, or 4-10-1.

In certain embodiments, gapmers provided herein include, for example, 16-mers having a motif

of 4-8-4, 2-9-5, 3-9-4, 4-9-3, 5-9-2, 1-10-5, 2-10-4, 3-10-3, 4-10-2, 3-8-5, or 5-10-1.

In certain embodiments, gapmers provided herein include, for example, 17-mers having a motif

of 3-9-5, 3-10-4, 4-9-4, 5-9-3, 2-10-5, 3-10-4, 4-10-3, 5-10-2, 2-9-6, 5-8-4, 5-7-5, 6-7-4, or 6-9-2.

In certain embodiments, gapmers provided herein include, for example, 18-mers having a motif

of 4-9-5, 5-9-4, 3-10-5, 4-10-4, or 5-10-3.

In certain embodiments, gapmers provided herein include, for example, 19-mers having a motif

of 5-9-5, 4-10-5, or 5-10-4.



In certain embodiments, gapmers provided herein include, for example, 20-mers having a motif

of 5-10-5, 2-10-8, 8-10-2, 3-10-7, 7-10-3, 4-10-6, or 6-10-4.

In certain embodiments, the antisense compound has a "wingmer" motif, having a wing-gap or

gap-wing configuration, i.e. an X-Y or Y-Z configuration as described above for the gapmer

configuration. Thus, wingmer configurations provided herein include, but are not limited to, for example

5-10, 8-4, 4-12, 12-4, 3-14, 16-2, 18-1, 10-3, 2-10, 1-10, 8-2, 2-13, 5-13, 5-8, or 6-8.

In certain embodiments, the antisense compound targeted to an eRNA nucleic acid has a 2-10-2

gapmer motif.

In certain embodiments, the antisense compound targeted to an eRNA nucleic acid has a 3-10-3

gapmer motif.

In certain embodiments, the antisense compound targeted to an eRNA nucleic acid has a 4-10-4

gapmer motif.

In certain embodiments, the antisense compound targeted to an eRNA nucleic acid has a 5-10-5

gapmer motif.

In certain embodiments, the antisense compound targeted to an eRNA nucleic acid has a 3-10-4

gapmer motif.

In certain embodiments, the antisense compound targeted to an eRNA nucleic acid has a 2-10-4

gapmer motif.

In certain embodiments, the antisense compound targeted to an eRNA nucleic acid has a 2-10-8

gapmer motif.

In certain embodiments, the antisense compound targeted to an eRNA nucleic acid has a 8-10-2

gapmer motif.

In certain embodiments, the antisense compound targeted to an eRNA nucleic acid has a 3-10-7

gapmer motif.

In certain embodiments, the antisense compound targeted to an eRNA nucleic acid has a 7-10-3

gapmer motif.

In certain embodiments, the antisense compound targeted to an eRNA nucleic acid has a 4-10-6

gapmer motif.

In certain embodiments, the antisense compound targeted to an eRNA nucleic acid has a 6-10-4

gapmer motif.

In certain embodiments, the antisense compound targeted to an eRNA nucleic acid has a 2-9-6

gapmer motif.

In certain embodiments, the antisense compound targeted to an eRNA nucleic acid has a 6-9-2

gapmer motif.



In certain embodiments, the antisense compound targeted to an eRNA nucleic acid has a 4-9-4

gapmer motif.

In certain embodiments, the antisense compound targeted to an eRNA nucleic acid has a 5-9-3

gapmer motif.

In certain embodiments, the antisense compound targeted to an eRNA nucleic acid has a 3-9-5

gapmer motif.

In certain embodiments, the antisense compound targeted to an eRNA nucleic acid has a 5-9-2

gapmer motif.

In certain embodiments, the antisense compound targeted to an eRNA nucleic acid has a 2-9-5

gapmer motif.

In certain embodiments, the antisense compound targeted to an eRNA nucleic acid has a 4-9-3

gapmer motif.

In certain embodiments, the antisense compound targeted to an eRNA nucleic acid has a 3-9-4

gapmer motif.

In certain embodiments, the antisense compound targeted to an eRNA nucleic acid has a gap-

widened motif.

In certain embodiments, the antisense compound targeted to an eRNA 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 compounds targeted to an eRNA nucleic acid has any of

the following sugar motifs:

k-d(10)-k

e-d(10)-k

k-d(10)-e

k-k-d(10)-k-k

k-k-d(10)-e-e

e-e-d(10)-k-k

k-k-k-d(10)-k-k-k

e-e-e-d(10)-k-k-k

k-k-k-d(10)-e-e-e

k-k-k-d(10)-k-k-k

e-k-k-d(10)-k-k-e

e-e-k-d(10)-k-k-e

e-d-k-d(10)-k-k-e

e-k-d(10)-k-e-k-e



k-d(10)-k-e-k-e-e

e-e-k-d(10)-k-e-k-e

e-d-d-k-d(9)-k-k-e

e-e-e-e-d(9)-k-k-e

e-e-e-e-e-d(10)-e-e-e-e-e

k-d-k-d-k-d(9)-e-e

e-e-k-k-d(9)-e-k-e-e

k-d-k-d-k-d(10)-e-e-e-e-e

k-e-k-d(10)-k-e-k

e-e-e-k-k-d(8)-e-e-e-e

e-e-e-k-k-d(7)-k-k-e-e-e

e-e-e-k-d(9)-k-e-e-e

e-e-e-k-k-d(7)-k-k-e-e-e

e-e-e-e-k-k-d(7)-e-e-e-e

e-k-e-k-d(9)-e-e-e-e

e-k-e-k-d-k-d(7)-e-e-e-e

e-e-e-k-k-d(7)-k-k-e-e-e

k-d-k-d-k-d(8)-e-e-e-e-e

wherein, k is a constrained ethyl nucleoside, e is a 2'-MOE substituted nucleoside, and d is a 2'-

deoxynucleoside.

In certain embodiments, the antisense oligonucleotide has a sugar motif described by Formula A

as follows: (J)m-(B) -(J)p-(B) -(A)t-(D) -(A) -(B)w-(J)x-(B)y-(J)

wherein:

each A is independently a 2'-substituted nucleoside;

each B is independently a bicyclic nucleoside;

each J is independently either a 2'-substituted nucleoside or a 2'-deoxynucleoside;

each D is a 2'-deoxynucleoside;

m is 0-4; n is 0-2; p is 0-2; r is 0-2; t is 0-2; v is 0-2; w is 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 0;

at least one of w and y is 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 RNAi 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.

i . ssRNA compounds

In certain embodiments, antisense compounds including those particularly suited for

single-stranded RNAi 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/201 1/139702.

In certain embodiments, the 5'-nucleoside of an ssRNA compound has Formula lie:

lie

wherein:

T is an optionally protected phosphorus moiety;

T2 is an internucleoside linking group linking the compound of Formula lie to the oligomeric

compound;

A has one of the formulas:



Q and Q2 are each, independently, H, halogen, Ci-C alkyl, substituted Ci-C alkyl, Ci-C alkoxy,

substituted Ci-C alkoxy, C -C alkenyl, substituted C -C alkenyl, C -C alkynyl, substituted C -C

alkynyl o N(R 3)(R4)

Q3 is O, S, N(R 5) or C(R )(R );

each R3, R4 R5, R and R7 is, independently, H, Ci-C alkyl, substituted Ci-C alkyl or Ci-C

alkoxy;

M3 is O, S, NR 14 , C(R 15)(R 1 ), C(R 15)(R 1 )C(R 1 )(R 1 ), C(R
15

)=C(R 1 ), OC(R
15

)(R 1 ) or

OC(R 15)(Bx );

R 4 is H, C C alkyl, substituted C C alkyl, C C alkoxy, substituted C C alkoxy, C -C

alkenyl, substituted C -C alkenyl, C -C alkynyl or substituted C -C alkynyl;

Ri5, R , R 7 and R are each, independently, H, halogen, Ci-C alkyl, substituted Ci-C alkyl, Ci-

C alkoxy, substituted Ci-C alkoxy, C -C alkenyl, substituted C -C alkenyl, C -C alkynyl or substituted

C2-C alkynyl;

Bx is a heterocyclic base moiety;

or if Bx is present then Bx is a heterocyclic base moiety and Bx is H, halogen, Ci-C alkyl,

substituted Ci-C alkyl, Ci-C alkoxy, substituted Ci-C alkoxy, C -C alkenyl, substituted C -C alkenyl,

C -C alkynyl or substituted C -C alkynyl;

J4, J , J and J7 are each, independently, H, halogen, C C alkyl, substituted C C alkyl, C C

alkoxy, substituted C C alkoxy, C -C alkenyl, substituted C -C alkenyl, C -C alkynyl or substituted

C2-C alkynyl;

or J4 forms a bridge with one of J or J7 wherein said bridge comprises from 1 to 3 linked

biradical groups selected from O, S, NR 1 , C(R20)(R2i), C(R20)=C(R 2 1), C[=C(R 20)(R2i)] and C(=0) and

the other two of J5, J and J7 are each, independently, H, halogen, C C alkyl, substituted C C alkyl, C

C alkoxy, substituted Ci-C alkoxy, C -C alkenyl, substituted C -C alkenyl, C -C alkynyl or

substituted C -C alkynyl;

each R , R 0 and R is, independently, H, Ci-C alkyl, substituted Ci-C alkyl, Ci-C alkoxy,

substituted Ci-C alkoxy, C -C alkenyl, substituted C -C alkenyl, C -C alkynyl or substituted C -C

alkynyl;



G is H, OH, halogen or 0-[C (R8)(R )]n-[(C=0) m-X 1]J-Z;

each R and R is, independently, H, halogen, Ci-C alkyl or substituted Ci-C alkyl;

X is O, S o N(E ;

Z is H, halogen, Ci-C alkyl, substituted Ci-C alkyl, C -C alkenyl, substituted C -C alkenyl, C -

C alkynyl, substituted C -C alkynyl or N(E )(E3) ;

E , E and E3 are each, independently, H, Ci-C alkyl or substituted Ci-C alkyl;

n is from 1 to about 6;

m is 0 or 1;

j is 0 or 1;

each substituted group comprises one or more optionally protected substituent groups

independently selected from halogen, OJ N(J i)(J2), =NJ i, SJi, N3, CN, OC(=X2)J , OC(=X2)N(J (J2) and

C(=x )N(J (J2);

X2 is O, S orNJ 3;

each , J and J3 is, independently, H or C -C alkyl;

when j is 1 then Z is other than halogen or N(E )(E3) ; 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.

In certain embodiments, M3 is O, CH=CH, OCH or OC(H)(Bx ) . In certain embodiments, M3 is

O.

In certain embodiments, J4, J , J and J7 are each H. In certain embodiments, J4 forms a bridge

with one of J or J7.

In certain embodiments, A has one of the formulas:

wherein:



Q and Q2 are each, independently, H, halogen, Ci-C al l, substituted Ci-C al l, Ci-C alkoxy

or substituted Ci-C alkoxy. In certain embodiments, Q and Q2 are each H. In certain embodiments, Q

and Q2 are each, independently, H or halogen. In certain embodiments, Q and Q2 is H and the other of

Q i and Q2 is F, CH3 or OCH3.

In certain embodiments, T has the formula:

wherein:

R and R are each, independently, protected hydroxyl, protected thiol, C i-C alkyl, substituted

Ci-C alkyl, Ci-C alkoxy, substituted Ci-C alkoxy, protected amino or substituted amino; and

Rb is O or S. In certain embodiments, Rb is O and R and R are each, independently, OCH3,

OCH2CH3 or CH(CH3)2.

In certain embodiments, G is halogen, OCH3, OCH2F, OCHF2, OCF3, OCH2CH3, 0(CH 2)2F,

OCH CHF , OCH CF3, OCH -CH=CH , 0(CH ) -OCH3, 0(CH ) -SCH3, 0(CH ) -OCF3, 0(CH )3-

N(R 10)(R ), O(CH ) -ON(R10)(R ), O(CH ) -O(CH ) -N(R10)(R ), OCH2C(=O)-N(R 10)(Rn),

OCH C(=O)-N(R 1 )-(CH ) -N(R10)(R ) or O(CH ) -N(R 1 )-C(=NR
13

)[N(R 10)(R )] wherein R 10 , R l l R 12

and R 3 are each, independently, H or Ci-C alkyl. In certain embodiments, G is halogen, OCH3, OCF3,

OCH CH3, OCH CF3, OCH -CH=CH , 0(CH ) -OCH3, 0(CH ) -0(CH ) -N(CH3) , OCH C(=0)-

N(H)CH3, OCH2C(=0)-N(H)-(CH 2)2-N(CH3)2 or OCH2-N(H)-C(=NH)NH2. In certain embodiments, G

is F, OCH3 or 0(CH 2)2-OCH3. In certain embodiments, G is 0(CH 2)2-OCH3.

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

e



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, each 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 embodiments, 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,

nucleosides of both types are RNA-like nucleosides. In certain embodiments the alternating nucleosides

are selected from: 2'-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)xA 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 example, oligonucleotides may include one or more regions of any of the

following nucleoside motifs:

AABBAA;

ABBABB;

AABAAB;

ABBABAABB;

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 lie or He.

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

comprises the following motif:

-(A)2-(B)x-(A)2-(C)y-(A)3-

wherein: A is a first type of modifed nucleosde;

B and C, are nucleosides that are 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 is a 2'-OMe modified nucleoside. In certain embodiments, B and C

are 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:

5'- (Q)- (AB)xA -(D)

wherein:

Q is a nucleoside comprising a stabilized phosphate moiety. In certain embodiments, Q is a

nucleoside having Formula lie or He;

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 y is 1, then D must be differently

modified than A. In certain embodiments, D differs from both A and B.

X is 5-15;

Y is Oor 1;

Z is 0-4.

In certain embodiments, oligonucleosides have the following sugar motif:

5'- (Q)- (A)X-(D)

wherein:

Q is a nucleoside comprising a stabilized phosphate moiety. In certain embodiments, Q is a

nucleoside having Formula lie or He;



A is a first type of modifed nucleoside;

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

X is 11-30;

Z 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 each D nucleoside is thymine.

In certain embodiments, antisense compounds, including those particularly suited for use as

ssRNA comprise modified intemucleoside linkages arranged along the oligonucleotide or region thereof

in a defined partem or modified intemucleoside linkage motif. In certain embodiments, oligonucleotides

comprise a region having an alternating intemucleoside linkage motif. In certain embodiments,

oligonucleotides comprise a region of uniformly modified intemucleoside linkages. In certain such

embodiments, the oligonucleotide comprises a region that is uniformly linked by phosphorothioate

intemucleoside linkages. In certain embodiments, the oligonucleotide is uniformly linked by phosphoro

thioate intemucleoside linkages. In certain embodiments, each intemucleoside linkage of the

oligonucleotide is selected from phosphodiester and phosphorothioate. In certain embodiments, each

intemucleoside linkage of the oligonucleotide is selected from phosphodiester and phosphorothioate and

at least one intemucleoside linkage is phosphorothioate.

In certain embodiments, the oligonucleotide comprises at least 6 phosphorothioate

intemucleoside linkages. In certain embodiments, the oligonucleotide comprises at least 8

phosphorothioate intemucleoside linkages. In certain embodiments, the oligonucleotide comprises at

least 10 phosphorothioate intemucleoside linkages. In certain embodiments, the oligonucleotide

comprises at least one block of at least 6 consecutive phosphorothioate intemucleoside linkages. In

certain embodiments, the oligonucleotide comprises at least one block of at least 8 consecutive

phosphorothioate intemucleoside linkages. In certain embodiments, the oligonucleotide comprises at

least one block of at least 10 consecutive phosphorothioate intemucleoside linkages. In certain

embodiments, the oligonucleotide comprises at least one block of at least one 12 consecutive phosphoro

thioate intemucleoside 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 herein, 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:

ii. siRNA compounds

In certain embodiments, antisense compounds are double-stranded RNAi compounds (siRNA).

In such embodiments, one or both strands may comprise any modification motif described above for

ssRNA. In certain embodiments, ssRNA compounds may be unmodified RNA. In certain embodiments,

siRNA compounds may comprise unmodified RNA nucleosides, 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 hybridized to form a duplex region and further comprising a region that is

complementary to and hybridizes to a nucleic acid target. It is 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 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 an eRNA. In certain embodiment, the degradation of the targeted eRNA 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

cleavage) complex. The compositions are useful for targeting selected 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

example the siRNA pathway. Using a different motif in each 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, each 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 separate oligonucleotides, where one strand is the sense strand and the other is the

antisense strand, wherein the antisense and sense strands are self-complementary (i.e. 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 thereof 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 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 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, and wherein the circular polynucleotide can be

processed either 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 are 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

ribonucleotides (e.g., nucleotides 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 interfering modified oligonucleotide, chemically modified siRNA, post-

transcriptional gene silencing RNA (ptgsRNA), and others. In addition, as used herein, the term RNAi is

meant to be equivalent to other 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 embodiments provided herein

can target eRNAs by a dsRNA-mediated gene silencing or RNAi mechanism, including, e.g., "hairpin" or

stem-loop double-stranded RNA effector molecules in which a single RNA strand with self-



complementary sequences is capable of assuming a double-stranded conformation, or duplex dsRNA

effector 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 W O 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 dsRNA 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 sequence. In certain embodiments, 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 antisense strand or region (e.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.

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, W O 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 dsRNA 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 dsRNA can be any of the at least partially dsRNA molecules

disclosed in WO 00/63364, as well as any of the dsRNA molecules described in U.S. Provisional

Application 60/399,998; and U.S. Provisional Application 60/419,532, and PCT/US2003/033466, the

teaching of which is hereby incorporated by reference. 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.

Target eRNAs and associated gene expression

Several embodiments are directed to methods of modulating gene expression by inhibiting

eRNAs. In certain embodiments, transcriptional start site of such a gene is located on a chromosome at

least about 1 kilobase (kb) from the genomic enhancer nucleic acid sequence. In certain embodiments,

eRNAs suitable for inhibition include RNA transcripts characterized by any one or more of the following:

( ) transcribed from genomic regions characterized by high levels of monomethyiation on lysine 4 of

histone 3 (H3K4me l) and ow levels of trimethylation on lysine 4 of hsstone 3 (H3K4me3) (2)



iranscribed from genomic regions that are enriched for RNA polymerase 1 (PoUI); (3) transcribed from

genomic regions that are enriched for transcriptional co-regulators, such as the p300 co-activator; (4) their

transcription is initiated from PolH-binding sites and elongated bidirectional!y; (5) evolutionarily

conserved DNA sequences encoding eRNAs; (6) short half-life; (7) dynamically regulated upon

signaling, and/or (7) positively con-elated to levels of nearby irtRNA expression n certain aspects, the

half-life of the eRNA is less than about 10-30 minutes.

In certain embodiments, eRNAs suitable for inhibition with compounds described herein include

eRNAs from hematopoietic cells, such as monocytes or macrophages. Examples of such eR As include,

but are not limited to, those transcribed from enhancers identified by genomic coordinates in Mega-

Tables 1 and 2 filed in US Provisional Application Number 61/650,426 in electronic format on May 22,

2012. Additional information on the eRNAs transcribed from enhancers listed in Mega-Table 2 is

reported in De Santa F, et a!., "A large fraction of extragenic RNA po II transcription sites overlap

enhancers." PLoS Biol 2010;8:el000384, which is herein incorporated by reference in its entirety.

In certain embodiments, eRNAs suitable for inhibition with compounds described herein include

eRNAs from neurons. Examples of such eRNAs include, but are not limited to, those transcribed from

enhancers identified by genomic coordinates in Mega-Table 3 filed in US Provisional Application

Number 61/650,426 in electronic format on May 22, 2012. Additional information on the eRNAs

transcribed from enhancers listed in Mega-Table 3 is reported in Kim TK, et al., "Widespread

transcription at neuronal activity-regulated enhancers." Nature 2010;465:182-187, which is herein

incorporated by reference in its entirety.

In certain embodiments, eRNAs suitable for inhibition wit compounds described herein

include eRNAs transcribed from enhancers identified as highly conserved among human, mouse, and rat

species. Examples of such eRNAs include, but are not limited to, those iranscribed from enhancers

identified by genomic coordinates in Mega-Table 4 and Mega-Table 5 filed in US Provisional Application

Number 61/650,426 in electronic format on May 22, 2012. Mega-Tables 4 and 5 are in 4-column format:

chr start end logl0(l/pvalue).

Additional information on the enhancers listed in Mega-Table 4 is reported in Pennacchio et al,

Nature 2006;444:499-502, Prabhakar S, et al. Genome Res. 2006;16:855-863, and (http://pga.jgi-

psf.org/gumby/), each of which is incorporated herein by reference in its entirety. Chromosome

coordinates provided in Mega-Table 4 correspond to the hg!7 human genome assembly. Additional

information on the enhancers listed in Mega-Table 5 is reported in Visel et al., "VISTA Enhancer

Browser a database of tissue-specific human enhancers," Nucleic Acids Research 2007 (35):D88-92 and

(http://pga.jgi-psf.org/gumby/), each of which is incorporated herein by reference in its entirety.

Chromosome coordinates provided in Mega-Table 5 correspond to the gl 8 human genome assembly.



In certain embodiments, eRNAs suitable for inhibition with compounds described herein

include eRNAs transcribed from human enhancers identified by genomic coordinates in Mega-Table 6

filed in US Provisional Application Number 61/650,426 in electronic format on May 22, 2012.

Chromosome coordinates provided in Mega-Table 6 correspond to the hg 9 human genome assembly

Additional information on the enhancers listed in Mega-Table 6 is reported in Vise! et al., "VISTA

Enhancer Browser a database of tissue-specific human enhancers," Nucleic Acids Research 2007

(35):D88-92 and the VISTA database website (http://enhancer.lbl.gov/), each of which is incorporated

herein by reference in its entirety.

In certain embodiments, eRNAs suitable for inhibition with compounds described herein

include eRNAs transcribed from mouse enhancers identified by genomic coordinates in Mega-Table 7

filed in US Provisional Application Number 61/650,426 in electronic format on May 22, 2012.

Chromosome coordinates provided in Mega-Table 7 correspond to the mouse mm9 genome assembly.

Additional information on the enhancers listed in Mega-Table 7 is reported in Vise! et al., "VISTA

Enhancer Browser—a database of tissue-specific human enhancers," Nucleic Acids Research 2007

(35):D88-92 and the VISTA database website (http://enhancer.lbl.gov/), each of which is incorporated

herein by reference in its entirety.

I certain embodiments, eRNAs suitable for inhibition with compounds described herein

include eRNAs transcribed from enhancers in human prostate cells. Examples of such eRNAs include,

but are not limited to, those identified in LNCaP cells as reported in Wang D et al., "Reprogramming

transcription by distinct classes of enhancers functionally defined by eRNA," Nature. 2011

474(735 1):390-4 and further described at

http://www.nature.com/nature/journal/v474/n7351/full/naturel0006.html, each of which is incorporated

herein by reference in its entirety. Further description of the eRNAs identified in Wang et al are

available as high-throughput data deposited at Gene Expression Omnibus

(http://www.ncbi.nlm.nih.gov/geo/) under accession number GSE27823, which is incorporated herein by

reference in its entirety.

In certain embodiments, eRNAs suitable for inhibition with compounds described herein

include eRNAs transcribed from enhancers in human breast cells, such as breast cancer cells. Examples

of such eRNAs include, but are not limited to, those transcribed from enhancers identified in MCF-7

human breast cancer cells and listed in Mega-Table 8 and Mega-Table 9 filed in US Provisional

Application Number 61/650,426 in electronic format on May 22, 2012. Chromosome coordinates

provided in Mega-Table 8 and Mega-Table 9 correspond to the hgl 8 human genome assembly.

Additional examples of such eRNAs include, but are not limited to, those transcribed from enhancers

identified in MCF-7 human breast cancer ceils as reported in the UCSC Genome Browser located at



(http://genome.ucsc.edu/cgi-

bin/hgTracks?hgS_doOtherUser=submit&hgS_otherUserName=Bogdantanasa&hgS_otherUserSessionN

ame=EReRNAs), which is incorporated herein by reference in its entirety.

In certain embodiments, eRNAs suitable for inhibition with compounds described herein

exclude ncRNA-activators (ncRNA-a), such as those described in Qrom LJA et al., "Long noncoding

RNAs with enhancer-like function in human cells." Cell 2010;143:46-58. In certain embodiments,

eRNAs suitable for inhibition with compounds described herein exclude transcripts that are characterized

by one or more of the following features: (1) produced via unidirectional transcription; (2)

polyadenylated; and/or (3), transcribed from a genomic sequence or region having a H3K4 trimethylation

chromatin signature.

In certain embodiments, a method of inhibiting gene expression in a macrophage cell comprises

administering to the macrophage cell an antisense compound targeted to an eRNA transcribed from a

genomic enhancer nucleic acid sequence or region that is enriched for binding to Rev-Erba or Rev-Erbp.

In certain embodiments, a method of inhibiting MMP9 gene expression in a cell comprises

administering to the cell an antisense compound targeted to an eRNA transcript of a MMP9 enhancer. In

several embodiments, the MMP9 eRNA sequence is the product of transcription of SEQ ID NO: 1

(GENBANK Accession No. NT_039207.7 truncated from 105809972 to 105810309).

In certain aspects, the antisense compound is an antisense oligonucleotide that targets the MMP9

eRNA at nucleotides 247 to 262 of the transcribed product of SEQ ID NO:l In certain aspects, the

antisense compound is an antisense oligonucleotide having the nucleic acid sequence of SEQ ID NO:2 In

some aspects, the antisense compound is SIS 566237.

In certain aspects, the antisense compound is an antisense oligonucleotide that targets the MMP9

eRNA at nucleotides 260 to 275 of the transcribed product of SEQ ID NO:l In certain aspects, the

antisense compound is an antisense oligonucleotide having the nucleic acid sequence of SEQ ID NO:3. In

some aspects, the antisense compound is ISIS 566241 .

in certain aspects, the antisense compound is an antisense oligonucleotide that targets the MMP9

eRNA transcribed from SEQ ID NO: 202 (GENBANK Accession number NT 039207.7 truncated from

105809967 to 105810417). In certain aspects, the antisense compound is an antisense oligonucleotide

having the nucleic acid sequence of any one of SEQ ID NOs: 2, 3, or 124-201. MMP9 is known to be

associated with atherosclerosis, inflammation, apoptosis, and cancer metastasis; methods and compounds

provided herein are useful for inhibiting MMP9 gene expression.

In certain embodiments, a method of inhibiting CX3CR1 gene expression in a cell comprises

administering to the cell an antisense compound targeted to an eRNA transcript of a CX3CR1 enhancer.

In several embodiments, the CX3CR1 eRNA sequence is the product of transcription of nucleotides



11132282 to 11132781 of SEQ ID NO: 4 (Genbank Accession No. NT 039482.7), which is incorporated

herein by reference. h several embodiments, the CX3CR1 eRNA sequence is the product of

transcription of nucleotides 11132134 to 11131599 of SEQ ID NO: 4 (Genbank Accession No.

NT_039482.7), which is incorporated herein by reference. CX3CR1 is known to be associated with

atherosclerosis; methods and compounds provided herein are useful for inhibiting CX3CR1 gene

expression.

In certain embodiments, a method of inhibiting TFF1 gene expression in a cell comprises

administering to the cell an antisense compound targeted to an eRNA transcript of a TFF1 enhancer. In

several embodiments, the antisense compound is a double-stranded siR A having any one of the

following pairs of sequences: SEQ ID NOs: - 2; SEQ ID NOs: 13-14; or SEQ ID NOs: 15-16. In

several embodiments, the antisense compound is a single-stranded oligonucleotide having a nucleotide

sequence of any one of SEQ ID NOs: 60-63.

I certain embodiments, a method of inhibiting GREB1 gene expression in a ce l comprises

administering to the cell an antisense compound targeted to an eRNA transcript of a GREB 1 enhancer. In

several embodiments, the antisense compound is a double-stranded siRNA having any one of the

following pairs of sequences: SEQ ID NOs: 17-18; SEQ ID NOs: 19-20; or SEQ ID NOs: 21-22.

I certain embodiments, a method of inhibiting PGR gene expression in a cell comprises

administering to the cell an antisense compound targeted to an eRNA transcript of a PGR enhancer. In

several embodiments, the antisense compound is a double-stranded siRNA having any one of the

following pairs of sequences: SEQ D NOs: 23-24 or SEQ ID NOs: 25-26.

In certain embodiments, a method of inhibiting SIAH2 gene expression in a ceil comprises

administering to the cell an antisense compound targeted to an eRNA transcript of a SIAH2 enhancer. In

several embodiments, the antisense compound is a double-stranded siRNA having any one of the

following pairs of sequences: SEQ ID NOs: 27-28 or SEQ ID NOs: 29-30.

I certain embodiments, a method of inhibiting NR gene expression in a cell comprises

administering to the ceil an antisense compound targeted to an eRNA transcript of a NRIPl enhancer. In

several embodiments, the antisense compound is a double-stranded siRNA having any one of the

following pairs of sequences: SEQ ID NOs: 31-32 or SEQ ID NOs: 33-34. In several embodiments, the

antisense compound is a single-stranded oligonucleotide having a nucleotide sequence of any one of SEQ

ID NOs: 68 or 69.

In certain embodiments, a method of inhibiting FOXC gene expression in a cell comprises

administering to the cell an antisense compound targeted to an eRNA transcript of a FOXC I enhancer. In

several embodiments, the antisense compound is a double-stranded siRNA having any one of the

following pairs of sequences: SEQ ID NOs: 35-36 or SEQ ID NOs: 37-38. In several embodiments, the



antisense compound is a single-stranded oligonueleoiide having a nucleotide sequence of any one of SEQ

ID NOs: 66 or 67.

In certain embodiments, a method of inhibiting P2RY2 gene expression in a cell comprises

administering to the cell an antisense compound targeted to an eRNA transcript of a P2RY2 enhancer. In

several embodiments, the antisense compound is a double-stranded siRNA having any one of the

following pairs of sequences: SEQ ID NOs: 39-40 or SEQ ID NOs: 41-42.

In certain embodiments, a method of inhibiting CA12 gene expression in a cell comprises

administering to the cell an antisense compound targeted to an eRNA transcript of a CA12 enhancer. In

several embodiments, the antisense compound is a double-stranded siRNA having any one of the

following pairs of sequences: SEQ ID NOs: 43-44 or SEQ ID NOs: 45-46. In several embodiments, the

antisense compound is a single-stranded oligonucleotide having a nucleotide sequence of any one of SEQ

ID NOs: 64 or 65.

n certain embodiments, a method of inhibiting SMAD7 gene expression in a cell comprises

administering to the cell an antisense compound targeted to an eRNA transcript of a SMAD7 enhancer. In

several embodiments, the antisense compound is a double-stranded siRNA having any one of the

following pairs of sequences: SEQ ID NOs: 47-48, SEQ ID NOs: 49-50, or SEQ ID NOs: 51-52.

In certain embodiments, a method of inhibiting KCNK5 gene expression in a cell comprises

administering to the cell an antisense compound targeted to an eRNA transcript of a KCNK5 enhancer. In

several embodiments, the antisense compound is a double-stranded siRNA having any one of the

following pairs of sequences: SEQ ID NOs: 53-54, SEQ ID NOs: 55-56, or SEQ ID NOs: 57-58.

Hybridization

In some embodiments, hybridization occurs between an antisense compound disclosed herein and

an eRNA. The most common mechanism of hybridization involves hydrogen bonding (e.g., Watson-

Crick, Hoogsteen or reversed Hoogsteen hydrogen bonding) between complementary nucleobases of the

nucleic acid molecules.

Hybridization can occur under varying conditions. Stringent conditions are sequence-dependent

and are determined by the nature and composition of the nucleic acid molecules to be hybridized.

Methods of determining whether a sequence is specifically hybridizable to a target nucleic acid

are well known in the art. In certain embodiments, the antisense compounds provided herein are

specifically hybridizable with an eRNA.



Complementarity

An antisense compound and a target nucleic acid are complementary to each other when a

sufficient number of nucleobases of the antisense compound can hydrogen bond with the corresponding

nucleobases of the target nucleic acid, such that a desired effect will occur (e.g., antisense inhibition of a

target nucleic acid, such as an eRNA nucleic acid).

Non-complementary nucleobases between an antisense compound and an eRNA nucleic acid

may be tolerated provided that the antisense compound remains able to specifically hybridize to a target

nucleic acid. Moreover, an antisense compound may hybridize over one or more segments of an eRNA

nucleic acid such that intervening or adjacent segments are not involved in the hybridization event (e.g., a

loop structure, mismatch or hairpin structure).

In certain embodiments, the antisense compounds provided herein, or a specified portion thereof,

are, or are at least, 70%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,

98%, 99%, or 100%> complementary to an eRNA nucleic acid, a target region, target segment, or specified

portion thereof. Percent complementarity of an antisense compound with a target nucleic acid can be

determined using routine methods.

For example, an antisense compound in which 18 of 20 nucleobases of the antisense compound

are complementary to a target region, and would therefore specifically hybridize, would represent 90

percent complementarity. In this example, the remaining noncomplementary nucleobases may be

clustered or interspersed with complementary nucleobases and need not be contiguous to each other or to

complementary nucleobases. As such, an antisense compound which is 18 nucleobases in length having

four noncomplementary nucleobases which are flanked by two regions of complete complementarity with

the target nucleic acid would have 77.8%> overall complementarity with the target nucleic acid and would

thus fall within the scope of the present invention. Percent complementarity of an antisense compound

with a region of a target nucleic acid can be determined routinely using BLAST programs (basic local

alignment search tools) and PowerBLAST programs known in the art (Altschul et al., J . Mol. Biol., 1990,

215, 403 410; Zhang and Madden, Genome Res., 1997, 7, 649 656). Percent homology, sequence

identity or complementarity, can be determined by, for example, the Gap program (Wisconsin Sequence

Analysis Package, Version 8 for Unix, Genetics Computer Group, University Research Park, Madison

Wis.), using default settings, which uses the algorithm of Smith and Waterman (Adv. Appl. Math., 1981,

2, 482 489).

In certain embodiments, the antisense compounds provided herein, or specified portions thereof,

are fully complementary (i.e. 100%> complementary) to a target nucleic acid, or specified portion thereof.

For example, an antisense compound may be fully complementary to an eRNA nucleic acid, or a target



region, or a target segment or target sequence thereof. As used herein, "fully complementary" means

each nucleobase of an antisense compound is capable of precise base pairing with the corresponding

nucleobases of a target nucleic acid. For example, a 20 nucleobase antisense compound is fully

complementary to a target sequence that is 400 nucleobases long, so long as there is a corresponding 20

nucleobase portion of the target nucleic acid that is fully complementary to the antisense compound.

Fully complementary can also be used in reference to a specified portion of the first and /or the second

nucleic acid. For example, a 20 nucleobase portion of a 30 nucleobase antisense compound can be "fully

complementary" to a target sequence that is 400 nucleobases long. The 20 nucleobase portion of the 30

nucleobase oligonucleotide is fully complementary to the target sequence if the target sequence has a

corresponding 20 nucleobase portion wherein each nucleobase is complementary to the 20 nucleobase

portion of the antisense compound. At the same time, the entire 30 nucleobase antisense compound may

or may not be fully complementary to the target sequence, depending on whether the remaining 10

nucleobases of the antisense compound are also complementary to the target sequence.

The location of a non-complementary nucleobase may be at the 5' end or 3' end of the antisense

compound. Alternatively, the non-complementary nucleobase or nucleobases may be at an internal

position of the antisense compound. When two or more non-complementary nucleobases are present,

they may be contiguous (i.e. linked) or non-contiguous. In one embodiment, a non-complementary

nucleobase is located in the wing segment of a gapmer antisense oligonucleotide.

In certain embodiments, antisense compounds that are, or are up to 11, 12, 13, 14, 15, 16, 17, 18,

19, or 20 nucleobases in length comprise no more than 4, no more than 3, no more than 2, or no more

than 1 non-complementary nucleobase(s) relative to a target nucleic acid, such as an eRNA nucleic acid,

or specified portion thereof.

In certain embodiments, antisense compounds that are, or are up to 11, 12, 13, 14, 15, 16, 17, 18,

19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 nucleobases in length comprise no more than 6, no more

than 5, no more than 4, no more than 3, no more than 2, or no more than 1 non-complementary

nucleobase(s) relative to a target nucleic acid, such as an eRNA nucleic acid, or specified portion thereof.

The antisense compounds provided also include those which are complementary to a portion of

a target nucleic acid. As used herein, "portion" refers to a defined number of contiguous (i.e. linked)

nucleobases within a region or segment of a target nucleic acid. A "portion" can also refer to a defined

number of contiguous nucleobases of an antisense compound. In certain embodiments, the antisense

compounds, are complementary to at least an 8 nucleobase portion of a target segment. In certain

embodiments, the antisense compounds are complementary to at least a 9 nucleobase portion of a target

segment. In certain embodiments, the antisense compounds are complementary to at least a 10

nucleobase portion of a target segment. In certain embodiments, the antisense compounds are



complementary to at least an 11 nucleobase portion of a target segment. In certain embodiments, the

antisense compounds are complementary to at least a 12 nucleobase portion of a target segment. In

certain embodiments, the antisense compounds are complementary to at least a 13 nucleobase portion of a

target segment. In certain embodiments, the antisense compounds are complementary to at least a 14

nucleobase portion of a target segment. In certain embodiments, the antisense compounds are

complementary to at least a 15 nucleobase portion of a target segment. Also contemplated are antisense

compounds that are complementary to at least a 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more

nucleobase portion of a target segment, or a range defined by any two of these values.

Identity

The antisense compounds provided herein may also have a defined percent identity to a particular

nucleotide sequence, SEQ ID NO, or compound represented by a specific Isis number, or portion thereof.

As used herein, an antisense compound is identical to the sequence disclosed herein if it has the same

nucleobase pairing ability. For example, a RNA which contains uracil in place of thymidine in a

disclosed DNA sequence would be considered identical to the DNA sequence since both uracil and

thymidine pair with adenine. Shortened and lengthened versions of the antisense compounds described

herein as well as compounds having non-identical bases relative to the antisense compounds provided

herein also are contemplated. The non-identical bases may be adjacent to each other or dispersed

throughout the antisense compound. Percent identity of an antisense compound is calculated according to

the number of bases that have identical base pairing relative to the sequence to which it is being

compared.

In certain embodiments, the antisense compounds, or portions thereof, are at least 70%, 75%,

80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% identical to one or more of the antisense

compounds or SEQ ID NOs, or a portion thereof, disclosed herein.

In certain embodiments, a portion of the antisense compound is compared to an equal length

portion of the target nucleic acid. In certain embodiments, an 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,

20, 21, 22, 23, 24, or 25 nucleobase portion is compared to an equal length portion of the target nucleic

acid.

In certain embodiments, a portion of the antisense oligonucleotide is compared to an equal length

portion of the target nucleic acid. In certain embodiments, an 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,

20, 21, 22, 23, 24, or 25 nucleobase portion is compared to an equal length portion of the target nucleic

acid.



Modifications

A nucleoside is a base-sugar combination. The nucleobase (also known as base) portion of the

nucleoside is normally a heterocyclic base moiety. Nucleotides are nucleosides that further include a

phosphate group covalently linked to the sugar portion of the nucleoside. For those nucleosides that

include a pentofuranosyl sugar, the phosphate group can be linked to the 2', 3' or 5' hydroxyl moiety of

the sugar. Oligonucleotides are formed through the covalent linkage of adjacent nucleosides to one

another, to form a linear polymeric oligonucleotide. Within the oligonucleotide structure, the phosphate

groups are commonly referred to as forming the intemucleoside linkages of the oligonucleotide.

Modifications to antisense compounds encompass substitutions or changes to intemucleoside

linkages, sugar moieties, or nucleobases. Modified antisense compounds are often preferred over native

forms because of desirable properties such as, for example, enhanced cellular uptake, enhanced affinity

for nucleic acid target, increased stability in the presence of nucleases, or increased inhibitory activity.

Chemically modified nucleosides may also be employed to increase the binding affinity of a

shortened or truncated antisense oligonucleotide for its target nucleic acid. Consequently, comparable

results can often be obtained with shorter antisense compounds that have such chemically modified

nucleosides.

Modified Intemucleoside Linkages

The naturally occuring intemucleoside linkage of RNA and DNA is a 3' to 5' phosphodiester

linkage. Antisense compounds having one or more modified, i.e. non-naturally occurring,

intemucleoside linkages are often selected over antisense compounds having naturally occurring

intemucleoside linkages because of desirable properties such as, for example, enhanced cellular uptake,

enhanced affinity for target nucleic acids, and increased stability in the presence of nucleases.

Oligonucleotides having modified intemucleoside linkages include intemucleoside linkages that

retain a phosphorus atom as well as intemucleoside linkages that do not have a phosphorus atom.

Representative phosphorus containing intemucleoside linkages include, but are not limited to,

phosphodiesters, phosphotriesters, methylphosphonates, phosphoramidate, and phosphorothioates.

Methods of preparation of phosphorous-containing and non-phosphorous-containing linkages are well

known.

In certain embodiments, antisense compounds targeted to an eRNA nucleic acid comprise one

or more modified intemucleoside linkages. In certain embodiments, the modified intemucleoside



linkages are phosphorothioate linkages. In certain embodiments, each internucleoside linkage of an

antisense compound is a phosphorothioate internucleoside linkage.

Modified Sugar Moieties

Antisense compounds can optionally contain one or more nucleosides wherein the sugar group

has been modified. Such sugar modified nucleosides may impart enhanced nuclease stability, increased

binding affinity, or some other beneficial biological property to the antisense compounds. In certain

embodiments, nucleosides comprise chemically modified ribofuranose ring moieties. Examples of

chemically modified ribofuranose rings include without limitation, addition of substitutent groups

(including 5' and 2' substituent groups, bridging of non-geminal ring atoms to form bicyclic nucleic acids

(BNA), replacement of the ribosyl ring oxygen atom with S, N(R), or C(Ri)(R 2) (R, R and R 2 are each

independently H, C -C 2 alkyl or a protecting group) and combinations thereof. Examples of chemically

modified sugars include 2'-F-5 '-methyl substituted nucleoside (see PCT International Application WO

2008/101 157 Published on 8/21/08 for other disclosed 5',2'-bis substituted nucleosides) or replacement of

the ribosyl ring oxygen atom with S with further substitution at the 2'-position (see published U.S. Patent

Application US2005-0130923, published on June 16, 2005) or alternatively 5'-substitution of a BNA (see

PCT International Application WO 2007/134181 Published on 11/22/07 wherein LNA is substituted with

for example a 5'-methyl or a 5'-vinyl group).

Examples of nucleosides having modified sugar moieties include without limitation nucleosides

comprising 5'-vinyl, 5'-methyl (R or S), 4'-S, 2'-F, 2'-OCH3, 2'-OCH 2CH3, 2'-OCH 2CH2F and 2'-

0(CH ) OCH3 substituent groups. The substituent at the 2' position can also be selected from allyl,

amino, azido, thio, O-allyl, O-C C10 alkyl, OCF3, OCH2F, 0(CH 2)2SCH3, 0(CH 2)2-0-N(R m)(R ), 0-CH 2-

C(=0)-N(R m)(R ), and 0-CH -C(=0)-N(R 1)-(CH ) -N(Rm)(R ), where each R l Rm and R is,

independently, H or substituted or unsubstituted Ci-Cio alkyl.

As used herein, "bicyclic nucleosides" refer to modified nucleosides comprising a bicyclic sugar

moiety. Examples of bicyclic nucleosides include without limitation nucleosides comprising a bridge

between the 4' and the 2' ribosyl ring atoms. In certain embodiments, antisense compounds provided

herein include one or more bicyclic nucleosides comprising a 4' to 2' bridge. Examples of such 4' to 2'

bridged bicyclic nucleosides, include but are not limited to one of the formulae: 4'-(CH )-0-2' (LNA); 4'-

(CH2)-S-2'; 4'-(CH2)2-0-2' (ENA); 4'-CH(CH3)-0-2' (also referred to as constrained ethyl or cEt) and 4'-

CH(CH2OCH3)-0-2' (and analogs thereof see U.S. Patent 7,399,845, issued on July 15, 2008); 4'-



C(CH3)(CH3)-0-2' (and analogs thereof see published International Application WO/2009/006478,

published January 8, 2009); 4'-CH2-N(OCH3)-2' (and analogs thereof see published International

Application WO/2008/150729, published December 11, 2008); 4'-CH2-0-N(CH 3)-2' (see published U.S.

Patent Application US2004-0171570, published September 2, 2004 ); 4'-CH 2-N(R)-0-2', wherein R is H,

C C 2 al l, or a protecting group (see U.S. Patent 7,427,672, issued on September 23, 2008); 4'-CH2-C-

(H)(CH3)-2' (see Chattopadhyaya et al, J . Org. Chem., 2009, 74, 118-134); and 4,-CH2-C(=CH 2)-2' (and

analogs thereof see published International Application WO 2008/154401, published on December 8,

2008).

Further reports related to bicyclic nucleosides can also be found in published literature (see for

example: Singh et al, Chem. Commun., 1998, 4, 455-456; Koshkin et al, Tetrahedron, 1998, 54, 3607-

3630; Wahlestedt et al, Proc. Natl. Acad. Sci. U. S . A., 2000, 97, 5633-5638; Kumar et al., Bioorg. Med.

Chem. Lett., 1998, 8, 2219-2222; Singh et al., J . Org. Chem., 1998, 63, 10035-10039; Srivastava et al., J .

Am. Chem. Soc., 2007, 129(26) 8362-8379; Elayadi etal, Curr. Opinion Invest. Drugs, 2001, 2, 558-561;

Braasch et al, Chem. Biol, 2001, 8, 1-7; and Orum et al, Curr. Opinion Mol. Ther., 2001, 3, 239-243;

U.S. Patent Nos. 6,268,490; 6,525,191; 6,670,461; 6,770,748; 6,794,499; 7,034,133; 7,053,207;

7,399,845; 7,547,684; and 7,696,345; U.S. Patent Publication No. US2008-0039618; US2009-0012281;

U.S. Patent Serial Nos. 60/989,574; 61/026,995; 61/026,998; 61/056,564; 61/086,231; 61/097,787; and

61/099,844; Published PCT International applications WO 1994/014226; WO 2004/106356; WO

2005/021570; WO 2007/134181; WO 2008/150729; WO 2008/154401; and WO 2009/006478. Each of

the foregoing bicyclic nucleosides can be prepared having one or more stereochemical sugar

configurations including for example a-L-ribofuranose and β-D-ribofuranose (see PCT international

application PCT/DK98/00393, published on March 25, 1999 as WO 99/14226).

In certain embodiments, bicyclic sugar moieties of BNA nucleosides include, but are not limited

to, compounds having at least one bridge between the 4' and the 2 ' position of the pentofuranosyl sugar

moiety wherein such bridges independently comprises 1 or from 2 to 4 linked groups independently

selected from -[C(R )(Rb)] -, -C(R )=C(Rb)-, -C(R )=N-, -C(=0)-, -C(=NR )-, -C(=S)-, -0-, -Si(R ) -, -

S(=0) x-, and -N(R )-;

wherein:

x is 0, 1, or 2;

n is 1, 2, 3, or 4;



each R and ¾ is, independently, H, a protecting group, hydroxyl, C1-C 12 alkyl, substituted Ci-

C 2 alkyl, C2-Ci2 alkenyl, substituted C2-Ci2 alkenyl, C -Ci alkynyl, substituted C -Ci alkynyl, C -C 0

aryl, substituted C5-C 0 aryl, heterocycle radical, substituted heterocycle radical, heteroaryl, substituted

heteroaryl, C5-C7 alicyclic radical, substituted C5-C7alicyclic radical, halogen, OJi, NJ^, SJ N3, COOJ

acyl (C(=0)-H), substituted acyl, CN, sulfonyl (S(=0) 2-Ji), or sulfoxyl (S(=O)-J0; and

each and J is, independently, H, C C alkyl, substituted C C alkyl, C -C alkenyl,

substituted C -C alkenyl, C -C alkynyl, substituted C -C alkynyl, C5-C 0 aryl, substituted C5-C 0 aryl,

acyl (C(=0)-H), substituted acyl, a heterocycle radical, a substituted heterocycle radical, C1-C 12

aminoalkyl, substituted C1-C 12 aminoalkyl or a protecting group.

In certain embodiments, the bridge of a bicyclic sugar moiety is -[C(R )(Rb)] -, -[C(R )(Rb)] -0-

, -C(R Rb)-N(R)-0- or -C(R Rb)-0-N(R)-. In certain embodiments, the bridge is 4'-CH2-2', 4'-(CH2)2-2',

4'-(CH2)3-2', 4'-CH2-0-2', 4'-(CH2)2-0-2', 4'-CH2-0-N(R)-2' and 4'-CH2-N(R)-0-2'- wherein each R is,

independently, H, a protecting group or C C alkyl.

In certain embodiments, bicyclic nucleosides are further defined by isomeric configuration. For

example, a nucleoside comprising a 4'-2' methylene-oxy bridge, may be in the a-L configuration or in the

β-D configuration. Previously, a-L-methyleneoxy (4'-CH -0-2') BNA's have been incorporated into

antisense oligonucleotides that showed antisense activity (Frieden et al, Nucleic Acids Research, 2003,

21, 6365-6372).

In certain embodiments, bicyclic nucleosides include, but are not limited to, (A) a-L-

methyleneoxy (4'-CH 2-0-2') BNA , (B) β-D-methyleneoxy (4'-CH 2-0-2') BNA , (C) ethyleneoxy (4'-

(CH2)2-0-2') BNA , (D) aminooxy (4'-CH 2-0-N(R)-2') BNA, (E) oxyamino (4'-CH 2-N(R)-0-2') BNA,

and (F) methyl(methyleneoxy) (4'-CH(CH 3)-0-2') BNA, (G) methylene-thio (4'-CH 2-S-2') BNA, (H)

methylene-amino (4'-CH 2-N(R)-2') BNA, (I) methyl carbocyclic (4'-CH 2-CH(CH3)-2') BNA, (J)

propylene carbocyclic (4'-(CH 2)3-2') BNA and (K) vinyl BNA as depicted below:



wherein Bx is the base moiety and R is independently H, a protecting group, C1-C 12 alkyl or Ci-

C12 alkoxy.

In certain embodiments, bicyclic nucleosides are provided having Formula I :

wherein:

Bx is a heterocyclic base moiety;

-Q -Qb-Qc- i -CH2-N(R )-CH2-, -C(=0 )-N(R )-CH2-, -CH2-0 -N(R )-, -CH2-N (R )-0- or -N(R )-

0 -CH ;

R is C1-C 12 alkyl or an amino protecting group; and



T and Tb are each, independently H, a hydroxyl protecting group, a conjugate group, a reactive

phosphorus group, a phosphorus moiety or a covalent attachment to a support medium.

In certain embodiments, bicyclic nucleosides are provided having Formula II:

wherein:

Bx is a heterocyclic base moiety;

T and Tb are each, independently H, a hydroxyl protecting group, a conjugate group, a reactive

phosphorus group, a phosphorus moiety or a covalent attachment to a support medium;

Z is Ci-C al l, C -C alkenyl, C -C alkynyl, substituted Ci-C alkyl, substituted C -C alkenyl,

substituted C -C alkynyl, acyl, substituted acyl, substituted amide, thiol or substituted thio.

In one embodiment, each of the substituted groups is, independently, mono or poly substituted

with substituent groups independently selected from halogen, oxo, hydroxyl, OJ , NJ d, SJ , N3,

OC(=X)J , and NJeC(=X)NJ Jd, wherein each J , Jd and Je is, independently, H, Ci-C alkyl, or substituted

-C alkyl and X is O or NJ .

In certain embodiments, bicyclic nucleosides are provided having Formula III:



wherein:

Bx is a heterocyclic base moiety;

T and Tb are each, independently H, a hydroxyl protecting group, a conjugate group, a reactive

phosphorus group, a phosphorus moiety or a covalent attachment to a support medium;

Zb is C C alkyl, C -C alkenyl, C -C alkynyl, substituted C C alkyl, substituted C -C alkenyl,

substituted C -C alkynyl or substituted acyl (C(=0)-).

In certain embodiments, bicyclic nucleosides are provided having Formula IV:

wherein:

Bx is a heterocyclic base moiety;

T and Tb are each, independently H, a hydroxyl protecting group, a conjugate group, a reactive

phosphorus group, a phosphorus moiety or a covalent attachment to a support medium;

Rd is C C alkyl, substituted C C alkyl, C -C alkenyl, substituted C -C alkenyl, C -C alkynyl

or substituted C -C alkynyl;

each q , qb, q and qd is, independently, H, halogen, C C alkyl, substituted C C alkyl, C -C

alkenyl, substituted C -C alkenyl, C -C alkynyl or substituted C -C alkynyl, C C alkoxyl, substituted

C C alkoxyl, acyl, substituted acyl, C C aminoalkyl or substituted C C aminoalkyl;

In certain embodiments, bicyclic nucleosides are provided having Formula V:



wherein:

Bx is a heterocyclic base moiety;

Ta and Tb are each, independently H, a hydroxyl protecting group, a conjugate group, a reactive

phosphorus group, a phosphorus moiety or a covalent attachment to a support medium;

q qe and q are each, independently, hydrogen, halogen, C C alkyl, substituted C C al l,

C2-C 2 alkenyl, substituted C2-C l2 alkenyl, C2-C l2 alkynyl, substituted C2-C l2 alkynyl, C C alkoxy,

substituted -C 12 alkoxy, 0 ¾ SJ , SOJ , S0 2J , NJ Jk, N3, CN, C(=0)OJ , C(=0)NJ Jk, C(=0)J , 0-C(=0)-

NJ Jk, N(H)C(=NH)NJ Jk, N(H)C(=0)NJ J or N(H)C(=S)NJ J ;

or qe and qf together are =C(q g)(q );

qg and q are each, independently, H, halogen, C 1-C 12 alkyl or substituted C 1-C 12 alkyl.

The synthesis and preparation of the methyleneoxy (4'-CH 2-0-2') BNA monomers adenine,

cytosine, guanine, 5-methyl-cytosine, thymine and uracil, along with their oligomerization, and nucleic

acid recognition properties have been described (Koshkin et al., Tetrahedron, 1998, 54, 3607-3630).

BNAs and preparation thereof are also described in WO 98/39352 and WO 99/14226.

Analogs of methyleneoxy (4'-CH 2-0-2') BNA and 2'-thio-BNAs, have also been prepared

(Kumar et al., Bioorg. Med. Chem. Lett., 1998, 8, 2219-2222). Preparation of locked nucleoside analogs

comprising oligodeoxyribonucleotide duplexes as substrates for nucleic acid polymerases has also been

described (Wengel et al., WO 99/14226 ) . Furthermore, synthesis of 2'-amino-BNA, a novel

comformationally restricted high-affinity oligonucleotide analog has been described in the art (Singh et

al, J . Org. Chem., 1998, 63, 10035-10039). In addition, 2'-amino- and 2'-methylamino-BNA's have been

prepared and the thermal stability of their duplexes with complementary RNA and DNA strands has been

previously reported.



In certain embodiments, bicyclic nucleosides are provided having Formula VI:

wherein:

Bx is a heterocyclic base moiety;

T and Tb are each, independently H, a hydroxyl protecting group, a conjugate group, a reactive

phosphorus group, a phosphorus moiety or a covalent attachment to a support medium;

each q , < , q and qi is, independently, H, halogen, C1-C12 alk l, substituted C1-C12 alk l, C 2-Ci 2

alkenyl, substituted C 2-Ci 2 alkenyl, C -Ci alkynyl, substituted C -Ci alkynyl, C C alkoxyl, substituted

C1-C12 alkoxyl, OJ , SJ , SOJ , S0 2J , NJ Jk, N3, CN, C(=0)OJ j, C(=0)NJ Jk, C(=0)J , 0-C(=0)NJ Jk,

N(H)C(=NH)NJ J , N(H)C(=0)NJ J orN(H)C(=S)NJ jJ ; and

q and ¾ or q and q together are =C(qg)(q ), wherein qg and q are each, independently, H,

halogen, C1-C12 alkyl or substituted C1-C12 alkyl.

One carbocyclic bicyclic nucleoside having a 4'-(CH2)3-2' bridge and the alkenyl analog bridge 4'-

CH=CH-CH2-2' have been described (Freier et al, Nucleic Acids Research, 1997, 25(22), 4429-4443 and

Albaek et al, J . Org. Chem., 2006, 71, 7731-7740). The synthesis and preparation of carbocyclic bicyclic

nucleosides along with their oligomerization and biochemical studies have also been described

(Srivastava et al, J . Am. Chem. Soc, 2007, 129(26), 8362-8379).

As used herein, "4'-2' bicyclic nucleoside" or "4' to 2' bicyclic nucleoside" refers to a bicyclic

nucleoside comprising a furanose ring comprising a bridge connecting two carbon atoms of the furanose

ring connects the 2' carbon atom and the 4' carbon atom of the sugar ring.

As used herein, "monocylic nucleosides" refer to nucleosides comprising modified sugar moieties

that are not bicyclic sugar moieties. In certain embodiments, the sugar moiety, or sugar moiety analogue,

of a nucleoside may be modified or substituted at any position.



As used herein, " '-modified sugar" means a furanosyl sugar modified at the 2' position. In

certain embodiments, such modifications include substituents selected from: a halide, including, but not

limited to substituted and unsubstituted alkoxy, substituted and unsubstituted thioalkyl, substituted and

unsubstituted amino alkyl, substituted and unsubstituted alkyl, substituted and unsubstituted allyl, and

substituted and unsubstituted alkynyl. In certain embodiments, 2' modifications are selected from

substituents including, but not limited to: 0[(CH 2) O]mCH3, 0(CH 2) NH2, 0(CH 2) CH3, 0(CH 2) F,

0(CH 2) ONH2, OCH2C(=0)N(H)CH 3, and 0(CH 2) ON[(CH2) CH3]2, where n and m are from 1 to about

10. Other 2'- substituent groups can also be selected from: C C alkyl, substituted alkyl, alkenyl,

alkynyl, alkaryl, aralkyl, O-alkaryl or O-aralkyl, SH, SCH3, OCN, CI, Br, CN, F, CF3, OCF3, SOCH3,

S0 CH3, ON0 , N0 , N3, NH2, heterocycloalkyl, heterocycloalkaryl, aminoalkylamino, polyalkylamino,

substituted silyl, an RNA cleaving group, a reporter group, an intercalator, a group for improving

pharmacokinetic properties, or a group for improving the pharmacodynamic properties of an antisense

compound, and other substituents having similar properties. In certain embodiments, modifed

nucleosides comprise a 2'-MOE side chain (Baker et al, J . Biol. Chem., 1997, 272, 11944-12000). Such

2'-MOE substitution have been described as having improved binding affinity compared to unmodified

nucleosides and to other modified nucleosides, such as 2'- O-methyl, O-propyl, and O-aminopropyl.

Oligonucleotides having the 2'-MOE substituent also have been shown to be antisense inhibitors of gene

expression with promising features for in vivo use (Martin, Helv. Chim. Acta, 1995, 78, 486-504; Altmann

et al., Chimia, 1996, 50, 168-176; Altmann et al., Biochem. Soc. Trans., 1996, 24, 630-637; and Altmann

et al., Nucleosides Nucleotides, 1997, 16, 917-926).

As used herein, a "modified tetrahydropyran nucleoside" or "modified THP nucleoside" means a

nucleoside having a six-membered tetrahydropyran "sugar" substituted in for the pentofuranosyl residue

in normal nucleosides (a sugar surrogate). Modified THP nucleosides include, but are not limited to,

what is referred to in the art as hexitol nucleic acid (HNA), anitol nucleic acid (ANA), manitol nucleic

acid (MNA) (see Leumann, Bioorg. Med. Chem., 2002, 10, 841-854) or fluoro HNA (F-HNA) having a

tetrahydropyran ring system as illustrated below:

In certain embodiments, sugar surrogates are selected having Formula VII:



VII

wherein independently for each of said at least one tetrahydropyran nucleoside analog of Formula VII:

Bx is a heterocyclic base moiety;

T and T are each, independently, an intemucleoside linking group linking the tetrahydropyran

nucleoside analog to the antisense compound or one of T and Tb is an intemucleoside linking group

linking the tetrahydropyran nucleoside analog to the antisense compound and the other of T and Tb is H,

a hydroxyl protecting group, a linked conjugate group or a 5' or 3'-terminal group;

qi, q2, 3, q4, q , q ¾nd q7 are each independently, H, Ci-C alkyl, substituted Ci-C alkyl, C -C

alkenyl, substituted C -C alkenyl, C -C alkynyl or substituted C -C alkynyl; and each of R and R is

selected from hydrogen, hydroxyl, halogen, subsitituted or unsubstituted alkoxy, NJiJ , SJi, N3,

OC(=X)J , OC(=X)NJ J2, N 3C(=X)NJ 2 and CN, wherein X is O, S or NJi and each J J2 and J3 is,

independently, H or Ci-C alkyl.

In certain embodiments, the modified THP nucleosides of Formula VII are provided wherein q

q , q3, q4, q , q and q7 are each H. In certain embodiments, at least one of qi, q , q3, q4, q , q and q7 is

other than H. In certain embodiments, at least one of qi, q , q3, q4, q , q and q7 is methyl. In certain

embodiments, THP nucleosides of Formula VII are provided wherein one of R and R is fluoro. In

certain embodiments, R is fluoro and R is H; R is methoxy and R is H, and R is methoxyethoxy and

R2 is H.

In certain embodiments, sugar surrogates comprise rings having more than 5 atoms and more than

one heteroatom. For example nucleosides comprising morpholino sugar moieties and their use in

oligomeric compounds has been reported (see for example: Braasch et a , Biochemistry, 2002, 41, 4503-

4510; and U.S. Patents 5,698,685; 5,166,315; 5,185,444; and 5,034,506). As used here, the term

"morpholino" means a sugar surrogate having the following formula:



In certain embodiments, morpholinos may be modified, for example by adding or altering various

substituent groups from the above morpholino structure. Such sugar surrogates are referred to herein as

"modifed morpholinos."

Combinations of modifications are also provided without limitation, such as 2-F-5 '-methyl

substituted nucleosides (see PCT International Application WO 2008/101157 published on 8/21/08 for

other disclosed 5', 2'-bis substituted nucleosides) and replacement of the ribosyl ring oxygen atom with S

and further substitution at the 2'-position (see published U.S. Patent Application US2005-01 30923,

published on June 16, 2005) or alternatively 5'-substitution of a bicyclic nucleic acid (see PCT

International Application WO 2007/134181, published on 11/22/07 wherein a 4'-CH2-0-2' bicyclic

nucleoside is further substituted at the 5' position with a 5'-methyl or a 5'-vinyl group). The synthesis and

preparation of carbocyclic bicyclic nucleosides along with their oligomerization and biochemical studies

have also been described (see, e.g., Srivastava et al, J . Am. Chem. Soc. 2007, 129(26), 8362-8379).

In certain embodiments, antisense compounds comprise one or more modified cyclohexenyl

nucleosides, which is a nucleoside having a six-membered cyclohexenyl in place of the pentofuranosyl

residue in naturally occurring nucleosides. Modified cyclohexenyl nucleosides include, but are not

limited to those described in the art (see for example commonly owned, published PCT Application WO

2010/036696, published on April 10, 2010, Robeyns et al, J . Am. Chem. Soc., 2008, 130(6), 1979-1984;

Horvath et al., Tetrahedron Letters, 2007, 48, 3621-3623; Nauwelaerts et al, J . Am. Chem. Soc, 2007,

129(30), 9340-9348; Gu et al.,, Nucleosides, Nucleotides & Nucleic Acids, 2005, 24(5-7), 993-998;

Nauwelaerts et al, Nucleic Acids Research, 2005, 33(8), - Robeyns et al., Acta

Crystallographica, Section F : Structural Biology and Crystallization Communications, 2005, F61(6),

585-586; Gu et al, Tetrahedron, 2004, 60(9), 2111-2123; Gu et al, Oligonucleotides, 2003, 13(6), 479-

489; Wang et al, J . Org. Chem., 2003, 68, 4499-4505; Verbeure et al, Nucleic Acids Research, 2001,

29(24), 4941-4947; Wang et al, J . Org. Chem., 2001, 66, 8478-82; Wang et al, Nucleosides, Nucleotides

& Nucleic Acids, 2001, 20(4-7), 785-788; Wang et al, J . Am. Chem., 2000, 122, 8595-8602; Published

PCT application, WO 06/047842; and Published PCT Application WO 01/049687; the text of each is

incorporated by reference herein, in their entirety). Certain modified cyclohexenyl nucleosides have

Formula X.



X

wherein independently for each of said at least one cyclohexenyl nucleoside analog of Formula

X :

Bx is a heterocyclic base moiety;

T3 and T4 are each, independently, an internucleoside linking group linking the cyclohexenyl

nucleoside analog to an antisense compound or one of T3 and T4 is an internucleoside linking group

linking the tetrahydropyran nucleoside analog to an antisense compound and the other of T3 and T4 is H, a

hydroxyl protecting group, a linked conjugate group, or a 5'-or 3'-terminal group; and

qi ¾2, 3, 4 , q , q6, q7, qsand q are each, independently, H, Ci-C alkyl, substituted Ci-C alkyl,

C -C alkenyl, substituted C -C alkenyl, C -C alkynyl, substituted C -C alkynyl or other sugar

substituent group.

As used herein, "2'-modified" or " '-substituted" refers to a nucleoside comprising a sugar

comprising a substituent at the 2' position other than H or OH. 2'-modified nucleosides, include, but are

not limited to, bicyclic nucleosides wherein the bridge connecting two carbon atoms of the sugar ring

connects the 2' carbon and another carbon of the sugar ring; and nucleosides with non-bridging

2'substituents, such as allyl, amino, azido, thio, O-allyl, O-C C 0 alkyl, -OCF3, 0-(CH 2)2-0-CH 3, 2'-

0(CH ) SCH3, 0-(CH ) -0-N(R m)(R ), or 0-CH -C(=0)-N(R m)(R ), where each Rm and R is,

independently, H or substituted or unsubstituted Ci-Cio alkyl. 2'-modifed nucleosides may further

comprise other modifications, for example at other positions of the sugar and/or at the nucleobase.

As used herein, "2'-F" refers to a nucleoside comprising a sugar comprising a fluoro group at the

2' position of the sugar ring.

As used herein, "2'-OMe" or "2'-OCH 3" or "2'-0-methyl" each refers to a nucleoside comprising

a sugar comprising an -OCH3 group at the 2' position of the sugar ring.

As used herein, "MOE" or "2'-MOE" or "2'-OCH 2CH2OCH3" or "2'-0-methoxyethyl" each



refers to a nucleoside comprising a sugar comprising a -OCH2CH2OCH3 group at the 2' position of the

sugar ring.

As used herein, "oligonucleotide" refers to a compound comprising a plurality of linked

nucleosides. In certain embodiments, one or more of the plurality of nucleosides is modified. In certain

embodiments, an oligonucleotide comprises one or more ribonucleosides (RNA) and/or

deoxyribonucleosides (DNA).

Many other bicyclo and tricyclo sugar surrogate ring systems are also known in the art that can be

used to modify nucleosides for incorporation into antisense compounds (see for example review article:

Leumann, Bioorg. Med. Chem., 2002, 10, 841-854). Such ring systems can undergo various additional

substitutions to enhance activity.

Methods for the preparations of modified sugars are well known to those skilled in the art. Some

representative U.S. patents that teach the preparation of such modified sugars include without limitation,

U.S.: 4,981,957; 5,118,800; 5,319,080; 5,359,044; 5,393,878; 5,446,137; 5,466,786; 5,514,785;

5,519,134; 5,567,811; 5,576,427; 5,591,722; 5,597,909; 5,610,300; 5,627,053; 5,639,873; 5,646,265;

5,670,633; 5,700,920; 5,792,847 and 6,600,032 and International Application PCT/US2005/019219, filed

June 2, 2005 and published as WO 2005/121371 on December 22, 2005, and each of which is herein

incorporated by reference in its entirety.

In nucleotides having modified sugar moieties, the nucleobase moieties (natural, modified or a

combination thereof) are maintained for hybridization with an appropriate nucleic acid target.

In certain embodiments, antisense compounds comprise one or more nucleosides having

modified sugar moieties. In certain embodiments, the modified sugar moiety is 2'-MOE. In certain

embodiments, the 2'-MOE modified nucleosides are arranged in a gapmer motif. In certain

embodiments, the modified sugar moiety is a bicyclic nucleoside having a (4'-CH(CH 3)-0-2') bridging

group. In certain embodiments, the (4'-CH(CH 3)-0-2') modified nucleosides are arranged throughout the

wings of a gapmer motif.

Modified Nucleobases

Nucleobase (or base) modifications or substitutions are structurally distinguishable from, yet

functionally interchangeable with, naturally occurring or synthetic unmodified nucleobases. Both natural



and modified nucleobases are capable of participating in hydrogen bonding. Such nucleobase

modifications can impart nuclease stability, binding affinity or some other beneficial biological property

to antisense compounds. Modified nucleobases include synthetic and natural nucleobases such as, for

example, 5-methylcytosine (5-me-C). Certain nucleobase substitutions, including 5-methylcytosine

substitutions, are particularly useful for increasing the binding affinity of an antisense compound for a

target nucleic acid. For example, 5-methylcytosine substitutions have been shown to increase nucleic

acid duplex stability by 0.6-1. °C (Sanghvi, Y.S., Crooke, S.T. and Lebleu, B., eds., Antisense Research

and Applications, CRC Press, Boca Raton, 1993, pp. 276-278).

Additional modified nucleobases include 5-hydroxymethyl cytosine, xanthine, hypoxanthine, 2-

aminoadenine, 6-methyl and other alkyl derivatives of adenine and guanine, 2-propyl and other alkyl

derivatives of adenine and guanine, 2-thiouracil, 2-thiothymine and 2-thiocytosine, 5-halouracil and

cytosine, 5-propynyl (-C≡C-CH3) uracil and cytosine and other alkynyl derivatives of pyrimidine bases,

6-azo uracil, cytosine and thymine, 5-uracil (pseudouracil), 4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-

thioalkyl, 8-hydroxyl and other 8-substituted adenines and guanines, 5-halo particularly 5-bromo, 5-

trifluoromethyl and other 5-substituted uracils and cytosines, 7-methylguanine and 7-methyladenine, 2-F-

adenine, 2-amino-adenine, 8-azaguanine and 8-azaadenine, 7-deazaguanine and 7-deazaadenine and 3-

deazaguanine and 3-deazaadenine.

Heterocyclic base moieties can also include those in which the purine or pyrimidine base is

replaced with other heterocycles, for example 7-deaza-adenine, 7-deazaguanosine, 2-aminopyridine and

2-pyridone. Nucleobases that are particularly useful for increasing the binding affinity of antisense

compounds include 5-substituted pyrimidines, 6-azapyrimidines and N-2, N-6 and 0-6 substituted

purines, including 2 aminopropyladenine, 5-propynyluracil and 5-propynylcytosine.

In certain embodiments, antisense compounds comprise one or more modified nucleobases. In

certain embodiments, shortened or gap-widened antisense oligonucleotides comprise one or more

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

embodiments, each cytosine is a 5-methylcytosine.

Conjugated Antisense compounds

Antisense compounds may be covalently linked to one or more moieties or conjugates which

enhance the activity, cellular distribution or cellular uptake of the resulting antisense oligonucleotides.

Typical conjugate groups include cholesterol moieties and lipid moieties. Additional conjugate groups



include carbohydrates, phospholipids, biotin, phenazine, folate, phenanthridine, anthraquinone, acridine,

fluoresceins, rhodamines, coumarins, and dyes.

Antisense compounds can also be modified to have one or more stabilizing groups that are

generally attached to one or both termini of antisense compounds to enhance properties such as, for

example, nuclease stability. Included in stabilizing groups are cap structures. These terminal

modifications protect the antisense compound having terminal nucleic acid from exonuclease degradation,

and can help in delivery and/or localization within a cell. The cap can be present at the 5'-terminus (5'-

cap), or at the 3'-terminus (3'-cap), or can be present on both termini. Cap structures are well known in

the art and include, for example, inverted deoxy abasic caps. Further 3' and 5'-stabilizing groups that can

be used to cap one or both ends of an antisense compound to impart nuclease stability include those

disclosed in WO 03/004602 published on January 16, 2003.

In certain embodiments, antisense compounds, including, but not limited to those particularly

suited for use as ssRNA, are modified by attachment of one or more conjugate groups. In general,

conjugate groups modify one or more properties of the attached oligonucleotide, including but not limited

to pharmacodynamics, pharmacokinetics, stability, binding, absorption, cellular distribution, cellular

uptake, charge and clearance. Conjugate groups are routinely used in the chemical arts and are linked

directly or via an optional conjugate linking moiety or conjugate linking group to a parent compound such

as an oligonucleotide. Conjugate groups includes without limitation, intercalators, reporter molecules,

polyamines, polyamides, polyethylene glycols, thioethers, polyethers, cholesterols, thiocholesterols,

cholic acid moieties, folate, lipids, phospholipids, biotin, phenazine, phenanthridine, anthraquinone,

adamantane, acridine, fluoresceins, rhodamines, coumarins and dyes. Certain conjugate groups have been

described previously, for example: cholesterol moiety (Letsinger et al., Proc. Natl. Acad. Sci. USA, 1989,

86, 6553-6556), cholic acid (Manoharan et al., Bioorg. Med. Chem. Let., 1994, 4, 1053-1060), a

thioether, e.g., hexyl-S-tritylthiol (Manoharan et al., Ann. N.Y. Acad. Sci., 1992, 660, 306-309;

Manoharan et al., Bioorg. Med. Chem. Let., 1993, 3, 2765-2770), a thiocholesterol (Oberhauser et al.,

Nucl. Acids Res., 1992, 20, 533-538), an aliphatic chain, e.g., do-decan-diol or undecyl residues (Saison-

Behmoaras et al., EMBO J., 1991, 10, 1111-1118; Kabanov et al., FEBS Lett., 1990, 259, 327-330;

Svinarchuk et al., Biochimie, 1993, 75, 49-54), a phospholipid, e.g., di-hexadecyl-rac-glycerol or

triethyl-ammonium l,2-di-0-hexadecyl-rac-glycero-3-H-phosphonate (Manoharan et al., Tetrahedron

Lett., 1995, 36, 3651-3654; Shea et al., Nucl. Acids Res., 1990, 18, 3777-3783), a polyamine or a

polyethylene glycol chain (Manoharan et al., Nucleosides & Nucleotides, 1995, 14, 969-973), or

adamantane acetic acid (Manoharan et al., Tetrahedron Lett., 1995, 36, 3651-3654), a palmityl moiety

(Mishra et al., Biochim. Biophys. Acta, 1995, 1264, 229-237), or an octadecylamine or hexylamino-

carbonyl-oxycholesterol moiety (Crooke et al., J . Pharmacol. Exp. Ther., 1996, 277, 923-937).



For additional conjugates including those useful for ssRNA and their placement within antisense

compounds, see e.g., US Application No.; 61/583,963.

In vitro testing of antisense oligonucleotides

Described herein are methods for treatment of cells with antisense oligonucleotides, which can

be modified appropriately for treatment with other antisense compounds.

Cells may be treated with antisense oligonucleotides when the cells reach approximately 60-

80% confluency in culture.

One reagent commonly used to introduce antisense oligonucleotides into cultured cells includes

the cationic lipid transfection reagent LIPOFECTIN (Invitrogen, Carlsbad, CA). Antisense

oligonucleotides may be mixed with LIPOFECTIN in OPTI-MEM 1 (Invitrogen, Carlsbad, CA) to

achieve the desired final concentration of antisense oligonucleotide and a LIPOFECTIN concentration

that may range from 2 to 12 ug/mL per 100 nM antisense oligonucleotide.

Another reagent used to introduce antisense oligonucleotides into cultured cells includes

LIPOFECTAMINE (Invitrogen, Carlsbad, CA). Antisense oligonucleotide is mixed with

LIPOFECTAMINE in OPTI-MEM 1 reduced serum medium (Invitrogen, Carlsbad, CA) to achieve the

desired concentration of antisense oligonucleotide and a LIPOFECTAMINE concentration that may range

from 2 to 12 ug/mL per 100 nM antisense oligonucleotide.

Another technique used to introduce antisense oligonucleotides into cultured cells includes

electroporation.

Cells are treated with antisense oligonucleotides by routine methods. Cells may be harvested 16-

24 hours after antisense oligonucleotide treatment, at which time RNA or protein levels of target nucleic

acids are measured by methods known in the art and described herein. In general, when treatments are

performed in multiple replicates, the data are presented as the average of the replicate treatments.

The concentration of antisense oligonucleotide used varies from cell line to cell line. Methods

to determine the optimal antisense oligonucleotide concentration for a particular cell line are well known

in the art. Antisense oligonucleotides are typically used at concentrations ranging from 1 nM to 300 nM

when transfected with LIPOFECTAMINE. Antisense oligonucleotides are used at higher concentrations

ranging from 625 to 20,000 nM when transfected using electroporation.



RNA Isolation

RNA analysis can be performed on total cellular RNA or poly(A)+ niRNA. Methods of RNA

isolation are well known in the art. RNA is prepared using methods well known in the art, for example,

using the TRIZOL Reagent (Invitrogen, Carlsbad, CA) according to the manufacturer's recommended

protocols.

EXAMPLES

Non-limiting disclosure and incorporation by reference

While certain compounds, compositions and methods described herein have been described with

specificity in accordance with certain embodiments, the following examples serve only to illustrate the

compounds described herein and are not intended to limit the same. Each of the references recited in the

present application is incorporated herein by reference in its entirety.

Example 1: Determination of genome-wide binding profiles in engineered RAW264.7 macrophages

To understand the mechanisms underlying Rev-Erb regulation of macrophage gene expression,

genome-wide binding profiles in RAW264.7 macrophages engineered to contain biotin-tagged Rev-Erba

and Rev-Erbp were determined. Rev-Erba and Rev-Erbp were tagged with biotin-ligase recognition

peptide for in vivo biotinylation in RAW264.7 macrophages expressing biotin ligase from E. coli (Heinz,

S. et al., Mol. Cell. 2010. 38: 576-589). Biotin-based or antibody-based Chromatin immunoprecipitation

linked to deep sequencing (ChlP-Seq) was performed. ChlP-Seq indicated enrichment for both Rev-Erba

and Rev-Erbp at the promoter of the circadian target gene Bmall. Previous studies (Preitner, N. et al.,

Cell. 2002. 110: 251-260; Yin, L. and Lazar, M.A. Mol. Endocrinol. 2005. 19: 1452-1459) have also

demonstrated a high degree of overlap in the Rev-Erba and Rev-Erbp cistromes in several independent

cell lines.

To focus on transcriptional programs common to Rev-Erba and Rev-Erbp, a core set of 2,079 of

the highest confidence peaks occupied by both proteins was selected for detailed analysis. As seen in

Table 1, the majority (-88%) of these peaks were in intra- and intergenic regions at least 1 kilobase away

from annotated transcription start sites.

Table 1
Distribution of Rev-Erb localization relative to the nearest protein-coding genes.

%
Promoter ( 1 kb-500 bp) 10

Intergenic 49
Exon 2



intron 39

This was exemplified by intergenic Rev-Erb binding sites vicinal to the Mmp9 and Cxcrl genes.

In addition, 70% of Rev-Erb bound sites were in regions demarcated by high enrichment for H3K4mel

and low enrichment for H3K4me3, a histone signature for enhancer elements (Feng, D. et al., Science.

2011. 331: 1315-1319). De novo motif discovery of Rev-Erb-bound loci returned significant enrichment

for binding sites for Rev-Erb, PU.l, API and C/EBP, as presented in Table 2, with significant p-values

and percentage of expected vs. observed instances of motifs.

Table 2
Top-enriched transcription factor motifs identified

PU.l, AP-1 and C/EBP transcription factors are required for macrophage differentiation (Solt,

L.A. et al., Nature. 2012. doi:10.1038/naturel 1030) and have recently been shown to establish the

majority of the enhancer-like elements in macrophages (Fontaine, C. et al., Mol. Endocrinol. 2008. 22:

1797-1811). Co-localization of Rev-Erbs with PU.l and C/EBP in macrophages was confirmed by

comparison with direct binding data for these factors. Consistent with these findings, the Rev-Erb bound

sites defined above localized to enhancer-like elements specific for macrophages, as defined by

H3K4mel. The data is presented in Table 3, which shows the results of distribution of averaged ChlP-Seq

signal of H3K4mel at Rev-Erb bound H3K4mel H3K4me3 l0 (n = 1,388) region in macrophages (Heinz,

S. et al., Mol. Cell 2010. 38: 576-589), B-cell (Lin, Y.C. et al., Nat. Immunol. 2010. 11: 635), liver

(Creyghton, M.P. et al., Proc. Natl. Acad. Sci. USA 2010. 107: 21931-21936), mouse embryonic stell

cells (mES), and neural progenitor (NP)(Meissner, A. et al., Nature. 2008. 454: 766-770).

Table 3
Normalized Tag density in different cell types vs. distance from center of Rev-Erb bound enhancers



-200 0.40 0.11 0.08 0.11 0.22

0 0.18 0.11 0.08 0.10 0.18

200 0.40 0.10 0.08 0.10 0.22

400 0.48 0.10 0.08 0.10 0.23

600 0.42 0.08 0.08 0.08 0.20

800 0.34 0.08 0.07 0.08 0.18

1000 0.29 0.07 0.07 0.06 0.16

1200 0.24 0.07 0.07 0.06 0.14

1400 0.21 0.06 0.06 0.06 0.13

1600 0.19 0.06 0.06 0.06 0.12

1800 0.18 0.06 0.06 0.06 0.12

Example 2 : Gene expression analysis in wild-type macrophages and in macrophages deficient for

both Rev-Erba and Rev-Erbp

Gene expression analysis was performed in wild-type (WT) macrophages and macrophages

deficient for both Rev-Erba and Rev-Erbp.

Bone marrow derived macrophages (BMDMs) and thioglycollate-elicited (ThioMac)

macrophages were generated from 4-6 week old Rev-Erbo!l 'J' ; Rev-Erb with or without Tie2-Cre

as previously described (Huang, W. et al., Nature. 201 . 470: 414-41 8). Rev-Erb double knockout (DKO)

macrophages were generated from bone marrow differentiation of Tie2-Cre; Rev-Erb ox/flox; Rev-

Erb/f ox/flox animals (RevErb DKO) and were compared to control macrophages derived from Cre-negative

littermates (WT). Tie2-Cre expression in hematopoietic stem cells (Schlaeger, T.M. et al., Blood. 2005.

105: 3871-3874) resulted in excision efficiencies in DKO macrophages of 85% of Rev-Erba and 92% for

Rev-Erbp, as determined by Q-PCR. Knockout of Rev-Erbp dramatically increased Rev-Erba expression.

Excision of Rev-Erba was estimated by comparing the derepression between the floxed region versus a

non-excised region.

Global Run-On sequencing (GRO-Seq) was performed to investigate the relationship between

Rev-Erb binding sites and target genes. Preparation for GRO was performed as described previously

(Wang, D. et al., Nature. 2011. doi:10.1038/ naturel0006). GRO-Seq analysis indicated that 142 genes

were significantly up-regulated in DKO macrophages (p-value < 0.005), while 7 1 genes were down-

regulated (p-value < 0.005). The distance between transcription start sites of annotated genes to the

nearest Rev-Erb peaks in all, up-, or down-regulated genes is presented in Table 4. The results indicate

that genes that were up-regulated in DKO macrophages were significantly closer to Rev-Erb binding sites

than down-regulated genes, consistent with the primary roles of Rev-Erbs as dedicated transcriptional

repressors. However, only 3 of the 142 up-regulated genes had Rev-Erb peaks within 2kb of annotated



transcription start sites, suggesting that Rev-Erbs primarily act to repress gene expression at enhancer-like

elements.

Table 4
Distance of nearest Rev-Erb peaks to TSS (bp in log2 scale) compared to gene expression in Rev-Erb

DKO macrophages

For expression analysis, RNA was harvested from macrophages using RNEasy kit (Qiagen),

treated with Turbo-DNases (Ambion) and reverse-transcribed, using Superscript III Reverse-

Trasncriptase (Invitrogen) with random hexamers. Values determined for mRNA, using Quantitative

reverse transcriptase-dependent PCR (Q-PCR), were normalized to 36B4 mRNA content from at least

three independent experiments in triplicates. Quantitative reverse transcriptase-dependent PCR was used

to validate GRO-Seq data in WT and DKO macrophages for the Mmp9 and Cx3crl genes at the level of

mature mRNA. The results are presented in Table 5 and present the analysis in Rev-Erb DKO (WT=8 and

DKO=7 in number) and Rev-Erba (control=17 and alpha phenotype=18 independent lines), or Rev-Erbp

(control=13 and beta phenotype= 18 independent lines) over-expressing macrophages. Statistical

significance was determined by two tail Student's t-test. P-value is represented as ** for P<0.01 and by §

for P<0.05 versus the control. Mature mRNA for both genes was significantly increased in the Rev-Erb

DKO macrophages. Conversely, constitutive expression of either Rev-Erba or Rev-Erbp in RAW264.7

macrophages resulted in repression of Mmp9 and Cx3crl expression.

Table 5
Q-PCR analysis of relative normalized expression of Mmp9 and Cx3crl mRNA in Rev-Erb DKO and

Rev-Erba or Rev-Erbp overexpressing macrophages



By evaluating multiple independent clones, the extent of Mmp9 and Cx3crl repression was

observed to be inversely correlated with Rev-Erb expression levels. The data was generated by Q-PCR

analysis of Mmp9 and Cx3crl mRNA expression in independent RAW264.7 macrophage cell lines

expressing Rev-Erba (n=17), Rev-Erbp (n=18), or empty expression vector. The data was found to be

statistically significant, as determined by Spearman rank correlation test.

Example 3 : Testing of genomic regions containing Rev-Erb binding sites for enhancer activity

A 983bp region surrounding the Rev-Erb-bound site at -5 kb from the Mmp9 transcription start

site (TSS) was cloned downstream of a luciferase reporter driven by a TATA-like promoter. The region

was cloned into a pGL4-based reporter and tested in RAW264.7, as described previously (Heinz, S. et al.,

Mol. Cell. 2010. 38: 576-589). The presence of this Rev-Erb-containing region increased reporter gene

activity in RAW264.7 macrophages, while a control genomic region devoid of Rev-Erb binding sites or

other enhancer-like features did not. This enhancer activity was also sensitive to Rev-Erb repression, as

determined by luciferase reporter activity.

Sequencing libraries were prepared by ligating separate modified single-stranded adapters to 3'

and 5'-RNA ends using mutant (K227Q) truncated RNA ligase 2 (NEB) and RNA ligase 1, respectively,

reverse-transcribed with Superscript III reverse transcriptase (Invitrogen), and PCR-amplified with

primers bearing primer landing sites compatible with Illumina sequencing. RAR-related orphan nuclear

receptors (RORs) also bind to Rev-Erb response elements and constitutively activate gene expression

(Giguere, V et al., Genes Dev. 1994. 8 : 538-553). Consistent with this, constitutive expression of RORa

increased activity of the Mmp9 enhancer element. Co-expression of wild type Rev-Erbp, but not Rev-

Erbp with a mutation disrupting sequence-specific DNA binding, antagonized RORa activation. For this

assay, luciferase activity of reporters containing Rev-Erb bound enhancer from the genomic regions was

measured after co-transfection of RORa and Rev-Erba or Rev-Erbp with mutation in the DNA binding

domain. Bmall promoter was used as the positive control. A lkb genomic region without enhancer-like

element was used as a negative control. Data generated was the mean of at least 3 independent

experiments and was found to be statistically significant, as determined by one-way ANOVA followed by

Tukey HSD test.

Similar experiments were performed for six other Rev-Erb-bound distal regions, all of which

were sensitive to RORa activation. Four of the six could be antagonized by Rev-Erb co-transfection.

Collectively, these findings suggest that Rev-Erbs confer a macrophage-specific program of repression by

regulating the activities of enhancers that are established by collaborative interactions between

macrophage lineage-determining transcription factors, such as PU.l and C/EBPs, and signal-dependent

factors, such as RORs.



Among the 2,079 common Rev-Erb binding sites, 1,388 loci were located at least + lkb from

annotated transcription start sites and were associated with the enhancer histone signature

H3K4mel /H3K4me3 1°. ChlP-sequencing experiments indicated that many of these sites were co-

enriched for the engaged, serine-5 phosphorylated RNA Polymerase II (RNAPII). The data was derived

from a cluster plot of ChlP-Seq signal for H3K4mel, H3K4me3, and serine-5 phosphorylated RNA

polymeriase II (RNAPII) at 1,388 Rev-Erb bound, H3K4mel H3K4me31° regions.

In addition, examination of GRO-Seq data at these sites indicated the presence of bi-directional

RNA transcription, consistent with recent studies indicating that RNAs are transcribed from distal

enhancer elements on a genome-wide scale (Kim, T.-K. et al., Nature. 2010. 465: 182; Wang, D. et al.,

Nature. 2011. doi:10.1038/naturel0006; Hah, N. et al., Cell. 2011. 145: 622-634). The data is presented in

Table 6 as the distribution of averaged macrophage GRO-Seq eRNA signal flanking Rev-Erb intergenic

sites defined in macrophages (n=722) and liver (n=521). No significant RNA signal was detected from

the locations of intergenic Rev-Erba peaks defined in liver (Feng, D. et al., Science. 2011. 331: 1315-

1319), indicating that RNA expression at distal regulatory elements is cell-type specific.

Table 6
Distribution of macrophage GRO-Seq eRNA signal flanking Rev-Erb intergenic sites in macrophages and

liver



1500 0.0032 0.0026 0.0011 0.0009

1700 0.0028 0.0026 0.0009 0.0009

1820 0.0026 0.0026 0.0007 0.0008

Example 4 : Determination of the role of Rev-Erbs in regulating enhancer-RNA (eRNA) expression

To determine whether Rev-Erbs regulate eRNA expression, transcription of nascent RNA at Rev-

Erb bound enhancers was examined in both loss of function and gain of function models.

Using GRO-Seq, analysis of averaged RNA signal distribution from the 100 highest enriched

Rev-Erb bound intergenic enhancers indicated an overall increase of RNA signal in Rev-Erb DKO

macrophages compared to WT control. Conversely, overexpression of Rev-Erba resulted in decreased

eRNA expression at the most confident Rev-Erb binding sites. To precisely define the eRNA start sites,

the GRO-Seq protocol was modified to detect nascent RNA with a 5' 7-methylguanylated cap

(5'GROseq), thus focusing on detecting transcriptional events at initiation sites. 5'GRO-Seq was

perfomed with the following modifications from the GRO-Seq protocol (Wang, D. et al., Nature. 2011.

doi:10.1038/ naturel0006). Briefly, GRO-RNA was 3' and 5'-dephosphorylated with polynucleotide

kinase (Enzymatics) and calf intestinal phosphatase (NEB), respectively, and then capped fragments were

de-capped with tobacco acid pyrophosphatase (Epicentre) to leave 5' phosphates. Analysis of averaged

RNA signal distribution at the top 100 Rev-Erb intergenic enhancers showed a striking decrease of eRNA

initiation in macrophages overexpressing Rev-Erba compared to control macrophages. The data is

presented in Tables 7 and 8. Table 7 presents the distribution of averaged GRO-Seq eRNA signal from

Rev-Erb DKO and control BMDM at the top 100 Rev-Erb bound intergenic sites. Table 8 shows the

distribution of average 5' capped RNA (5' GRO-Seq) signal from Rev-Erba overexpressing and control

RAW264.7 macrophages flanking the top 100 Rev-Erb-bound intergenic sites.

Table 7
Distribution of averaged GRO-Seq eRNA signal from Rev-Erb DKO and control BMDM



-300 0.004 0.009 0.004 0.011

-100 0.004 0.009 0.005 0.010

-20 0.005 0.008 0.007 0.008

20 0.006 0.007 0.007 0.008

100 0.007 0.005 0.008 0.006

300 0.009 0.004 0.010 0.005

500 0.008 0.004 0.009 0.005

700 0.008 0.004 0.009 0.004

900 0.006 0.003 0.008 0.003

1100 0.005 0.003 0.007 0.003

1300 0.004 0.002 0.005 0.003

1500 0.004 0.003 0.004 0.004

1700 0.003 0.004 0.004 0.004

1820 0.003 0.003 0.003 0.004
Table 8

Distribution of 5'GRO-Seq eRNA signal from Rev-Erba macrophages and control macrophages flanking
Rev-Erb-bound intergenic sites

In either loss or gain of function experiment, the eRNA signal at the global set of PU. 1-bound

enhancers showed no significant changes, as presented in Table 9, indicating that the changes in eRNA

are specific to Rev-Erb-bound enhancer elements. Table 9 presents the distribution of average 5'capped

RNA (5'GRO-Seq) signal from Rev-Erba overexpressing and control RAW264.7 macrophages flanking

the top 100 PU.l -bound intergenic sites.



Table 9
Distribution of 5'GRO-Seq eRNA signal from Rev-Erba macrophages and control macrophages

flanking PU.l -bound intergenic sites

Moreover, the de-repression level of eRNA in Rev-Erb DKO is inversely correlated to eRNA

repression level upon constitutive expression of Rev-Erba (p= -0.39, p-value = 0.008), indicating a strong

agreement between the experimental sets. For this assay, 53 Rev-Erb bound enhancers with de-repressed

eRNA expression in Rev-Erb DKO macrophages was plotted against changes of eRNA level upon

overexpression of Rev-Erba in RAW264.7 macrophages. Changes in eRNA was determined by the log2

difference of expression between DKO and WT mancrophages, or between Rev-Erba over-expressing

and control macrophages. The data was considered statistically significant, as determined by Spearman

rank correlation test.

GRO-Seq results indicating Rev-Erb mediated negative regulation of eRNA expression were

confirmed using RT-PCR for eRNA of Mmp9 -5kb and Cx3crl 28kb enhancers. Q-PCR analysis of the -

5kb Mmp9 and 28kb Cx3crl enhancer RNA in Rev-Erb DKO (wild type=6) and DKO-5 in number) and

Rev-Erba overexpressing RAW264.7 macrophages (control=13 and alpha=14 independent cell lines) are

presented in Table 10. The statistical significance was determined by two tail Student's t-test where *

represents P<0.01 and § represents P<0.05, versus the control.

Table 10
Relative expression of Mmp9 and Cx3crl enhancer RNA



DKO 1.38* 1.75§

Control 1.37 1.37

Rev-Erb 0.65 0.66§

To investigate mechanisms by which Rev-Erbs regulate eRNA expression, the effects of gain and

loss of Rev-Erb function on enhancer assembly and histone modification were evaluated. ChlP-Seq

experiments demonstrated increased H3K9 acetylation (H3K9ac) at Rev-Erb-occupied enhancers in DKO

macrophages and reduced H3K9ac enrichment in macrophages with constitutively expressed Rev-Erba.

H3K9ac enrichment was not changed at the global set of PU. 1-enhancers, consistent with Rev-Erb-

mediated recruitment of NCoR/HDAC3 complexes mediating local deacetylation of H3K9 (Yin, L. and

Lazar, M.A. Mol. Endocrinol. 2005. 19: 1452-1459). The assay measured the average distribution of

H3K9ac ChlP-Seq signal flanking 53 Rev-Erb bound enhancers or the top 500 enriched PU.l bound

enhancers for WT and Rev-Erb DKO macrophages. The assay also measured the same parameters for 266

Rev-Erb bound enhancer which have repressed eRNA expression or the top 500 enriched PU.l bound

enhancer for control and Rev-Erba overexpressing RAW264.7 macrophages.

In contrast, constitutive expression of Rev-Erba had no significant effect on H3K4mel or PU.l

enrichment at Rev-Erb bound enhancer elements, despite the profound changes in eRNA initiation. The

assay measured the average distribution of PI.l and H3K4mel and ChlP-Seq signal flanking the 266 Rev-

Erb bound enhancers with repressed eRNA level upon overexpression of Rev-Erba.

Collectively, these results raise the possibility that Rev-Erbs repressed gene expression at a

distance by regulating enhancer-directed transcription. Consistent with this possibility, changes in eRNA

expression at Rev-Erb-bound sites due to gain or loss of Rev-Erb function were correlated with changes

in expression of the nearest mRNA.

Example 5: Determination of the role of eRNA activity in vitro

Even though levels of eRNA are low at steady state (Kim, T.-K. et al., Nature. 2010. 465: 182),

transcriptional initiation from enhancers, as measured by 5' GRO-Seq, was often comparable to that at

promoters of protein-coding genes, as exemplified by Cx3crl and Mmp9, suggesting robust production of

short-lived transcripts. Three experimental approaches were used to investigate whether the synthesis of

enhancer-directed RNA transcripts contributed to enhancer activity.

First, RNA interference (RNAi) was utilized to target eRNA transcripts of Mmp9 and Cx3crl.

Non-targeting siRNA oligos or siRNA directed against Mmp9 and Cxcrl eRNA (Dharmacon) were

transfected using DeliverX (Affymetrix) or LipofectAMINE2000® (Invitrogen) into ThioMac or BMDM,

respectively. siRNAs were identified that specifically reduced expression of eRNAs associated with the



Mmp9 or Cx3crl enhancers in primary WT macrophages. Q-PCR analysis of Mmp9 eRNA, Mmp9

mRNA and NCoA5 (negative control) for WT and Rev-Erb DKO ThioMac transfected with control or

Mmp9 eRNA siRNA (WT=4 and DKO=4 in number) was conducted. The results are presented in Table

11. Q-PCR analysis was also conducted of Cx3crl eRNA, Cxc3crl mRNA and Csrnpl (negative control)

for WT and Rev-Erb DKO BMDM transfected with siRNA targeting Cx3crl eRNA (WT=6 and DKO=5

in number). The results are presented in Table 1 . The results demonstrate the reduction in eRNA

expression was associated with a corresponding reduction of Mmp9 and Cx3crl mRNAs, but not mRNAs

from the nearest expressing genes such as NCoA5 and Csrnpl, respectively. Furthermore, these siRNAs

reversed the de-repression phenotype associated with increased eRNA expression in Rev-Erb DKO

macrophages.

Table 1 1

As a second approach, chemically modified antisense oligonucleotides (ASO) were utilized to

knock down the plus strand Mmp9 -5kb eRNA. Seventy seven overlapping ASOs targeting the proximal

450 bp of the plus-strand Mmp9 -5kb eRNA were systematically screened and the most effective ASOs

were selected for detailed analysis.

ISIS 566237 is an oligonucleotide with deoxy, MOE and (S)-cEthyl units with a sequence 5'-

ATTGTGTGACCCCAGC-3 ' (SEQ ID NO:3) and a chemistry notation 5'- Aes Tes Tks Gds Tds Gds

Tds Gds Ads mCds mCds mCds mCds Aks Gks mCe -3' (e= 2'-0-methoxyethyl ribose; s= thioate ester;

k= (S)-cEt; d= 2'-deoxyribose). ISIS 566237 is targeted to an Mmp9 eRNA sequence, SEQ ID NO: 1

(GENBANK Accession No. NT_039207.7 truncated from 105809972 to 105810309). ISIS 566237

targets SEQ ID NO: 1 at nucleotides 247 to 262.

ISIS 566241 is an oligonucleotide with deoxy, MOE and (S)-cEthyl units with a sequence 5'-

CAAGCTTCAGCTCATT -3' (SEQ ID NO:4) and a chemistry notation 5'- mCes Aes Aks Gds mCds



Tds Tds mCds Ads Gds mCds Tds mCds Aks Tks Te -3' (e= 2'-0-methoxyethyl ribose; s= thioate ester;

k= (S)-cEt; d= 2'-deoxyribose). ISIS 566241 is targeted to an Mmp9 eRNA sequence, SEQ ID NO: 1 at

nucleotides 260 to 275.

ISIS 129700 is a 5-10-5 MOE gapmer and is 20 nucleosides in length, wherein the central gap

segment comprises often 2'-deoxynucleosides and is flanked by wing segments on the 5' direction and

the 3' direction comprising five nucleosides each. Each nucleoside in the 5' wing segment and each

nucleoside in the 3' wing segment has a 2'-MOE modification. The intemucleoside linkages throughout

the gapmer are phosphorothioate (P=S) linkages. All cytosine residues throughout the gapmer are 5-

methylcytosines. ISIS 129700 has the sequence 5'-TAGTGCGGACCTACCCACGA-3' (SEQ ID NO: 5)

and does not target any known murine target. Hence, it was used as a negative control.

ISIS 535522 is a 5-10-5 MOE gapmer with a sequence 5'- GCACCTTTCCCTCGGATGGG -3'

(SEQ ID NO: 6) and is targeted to the murine Mmp9 mRNA sequence (GENBANK Accession No.

NM 013599.2) (SEQ ID NO:203) at nucleotides 2275 to 2294. ISIS 535522 also served as a control in

the assay.

The ASOs were transfected into ThioMac using Cytofectin (Gene Therapy System). The results

of the Q-PCR analysis of Mmp9 eRNA expression in thioglycollate-elicited primary macrophages

transfected with ASOs are presented in Table 13. Both ISIS 566237 and ISIS 566241 reduced eRNA

expression. Statistical significance was determined by one-way ANOVA with Tukey HSD test. In case of

the P value, * represents P<0.05 and § represents P<0.005, versus the control.

Table 13
Relative expression of Mmp9 eRNA and mRNA after treatment with ASOs

Furthermore, titrating the concentration of ASO resulted in dose dependent reduction of the

corresponding Mmp9 mRNA. Table 14 presents the Q-PCR analysis of Mmp9 mRNA expression in

ThioMac transfected with titrated concentration of ASO (n=3 per condition).

Table 14
Dose-dependent inhibition of Mmp9 mRNA after treatment with ASOs



As a third approach, the functional significance of the Mmp9 -5kb eRNAs was examined using

the enhancer reporter assay guided by the definition of eRNA start sites provided by 5'GRO-Seq. The

983 bp sequence upstream of Mmp9 that conferred Rev-Erb-regulated enhancer activity in RAW264.7

cells encompassed a 388 bp central region of open chromatin containing the binding sites for PU.l,

C/EBPs, AP-1 and Rev-Erbs, as well as start sites of the plus and minus-strand eRNAs. The 983 bp of the

Mmp9 enhancer was cloned downstream of the luciferase reporter gene driven by the Mmp9 promoter.

The luciferase activity of the enhancer reporter driven by Mmp9 promoter containing the indicated DNA

fragments and transfected in RAW264.7 macrophages (n=8) was measured and is presented in Table 15.

The 388 bp core was significantly less active than the 983 bp sequence, which encoded the eRNAs.

Statistical significance was determined by one-way ANOVA followed by Tukey HSD test. In case of the

P value, § represents P<0.005 versus all other indicated conditions.

Table 15
Relative promoter activity of the Mmp9 enhancer

Expression of the plus-strand eRNA from the 983 bp enhancer was confirmed by RT-PCR of

Mmp9 plus eRNA normalized to the copy number of the transfected plasmid DNA using reporter-specific

primer for first strand cDNA synthesis. Enhancer reporter assays were performed as described above with

different DNA fragments cloned in the luciferase reporter and the data is presented in Table 16. Addition

of DNA encoding the plus-strand eRNA to the core enhancer, but not the DNA encoding the minus strand

eRNA, restored transcriptional activity. Statistical significance was determined by one-way ANOVA

followed by Tukey HSD test. In case of the P value, § represents P<0.005 versus all other indicated

conditions.

In another experiment, 983 bp of the Mmp9 enhancer was cloned downstream of the luciferase

reporter gene driven by the Mmp9 promoter in the opposite orientation from that used in the study above.



Enhancer reporter constructs driven by Mmp9 promoter containing the DNA fragments were transfected

into RAW264.7 macrophages. A similar activity of the plus strand eRNA was observed when the lkb or

core enhancer elements were inserted in the reverse orientation.

Table 16
Relative promoter activity of the Mmp9 enhancer

These observations were consistent with the finding that siRNAs and ASOs directed against the

plus-strand eRNA resulted in reduction of Mmp9 mRNA expression. These findings also suggested that

either the eRNA sequence is an important determinant of enhancer function, or the sequences encoding

the plus strand eRNA contain binding sites for additional transcription factors that contribute to enhancer

activity.

To address this question, the orientation of the sequences encoding the plus strand eRNA

enhancer was inverted relative to the 388bp-core. This strategy would retain any putative transcription

factor binding sites but completely change the sequence of any potential eRNA product. In the "flipped"

construct, enhancer activity was reduced to a level comparable to the 388bp-enhancer construct despite

production of eRNA from an alternative start site. Collectively, these data suggest that the DNA element

encoding the plus eRNA contributes to Mmp9 enhancer activity.

Example 6 : Determination of the role of eRNA activity in vivo

The findings of the studies described above raised the question of whether enhancers might be

considered as targets for cell-specific manipulation of gene expression in vivo. To explore this

possibility, sterile peritonitis was induced in mice and the ability of siRNAs directed against the Mmp9 -

5kb plus strand eRNA to alter Mmp9 mRNA expression was investigated. Thioglycollate-elicicted sterile

peritonitis and in vivo RNAi assays were performed as described in previous studies (Huang, W. et al.,

Nature. 2011. 470: 414-418). Briefly, 2 ml thioglycollate medium was delivered to each animal by intra

peritoneal injection on day 1. On day 2, 100 µg scrambled control siRNAs or Mmp9 eRNA-specific

siRNA was complexed in LipofectAMINE2000® and serum-depleted medium (in 1 ml final volume) and

delivered to animals by intraperitoneal injection. Elicited macrophages in the peritoneal cavities were

collected with 10 ml of PBS on day 4 for RNA analysis (n=8 per condition). Values were normalized to



the average of 36B4 and Cyclophilin A mRNA. Statistical significance was determined by two tail

Student's t-test. In case of the P value, * represents P<0.05 versus the control siRNA. The results are

presented in Table 17 and indicate that the eRNA-specific siRNA, but not a control siRNA, reduced

expression of the -5kb plus strand eRNA and the Mmp9 primary transcript, but not the NCoA5 mRNA, as

was observed in primary macrophages in vitro. Cx3crl mRNA was also measured as a negative control.

Table 17
Relative RNA expression in mice

Example 7 : Role of eRNAs in enhancer-dependent activation of coding genes regulated by sex

steroid receptors

The role of eRNAs in the enhancer-dependent activation of coding genes regulated by sex steroid

receptors was studied by performing experiments designed to determine whether liganded estrogen

receptors induce eRNA transcription on ERa-bound enhancers.

MCF-7 cells were initially obtained from ATCC and were incubated in a-MEM media

supplemented with 10% FBS in a 7% C0 2 humidified incubator. Once the cells reached 60% confluency,

they were hormone-stripped for 3 days by culturing in phenol-free media plus charcoal-depleted FBS.

The cells were treated or not with 100 nM Estradiol (E2) for 1 hr to induce estrogen signaling (Prasanth,

K.V. and Spector, D.L. Genes Dev. 2007. 21: 11-42).

A ChlP-seq analysis (>100 x 106 uniquely mapped reads) of ERa binding sites was performed, as

previously described (Wang, D. et al., Nature. 2011. 474: 390-394). Briefly, approximately 107 treated

cells were cross-linked with 1% formaldehyde at room temperature for 10 min. After sonication, the

soluble chromatin was incubated with 1-5 µg of antibody (HC-20 and H-184, Santa Cruz Biotechnology)

at 40°C overnight. Immunoprecipitated complexes were collected using Dynabeads A/G (Invitrogen).

Subsequently, immunocomplexes were washed, DNA extracted and purified by QIAquick Spin columns

(Qiagen). The extracted DNA was ligated to specific adaptors, followed by deep sequencing with the

Illumina HiSeq 2000 system, according to the manufacturer's instructions. The first 48 bp for each

sequence tag returned by the Illumina pipeline was aligned to the hgl8 assembly (National Center for

Biotechnology Information, build 36.1), using BFast, allowing up to two mismatches. Only uniquely

mapped tags were selected for further analysis.



The data was visualized by preparing custom tracks on the University of California, Santa Cruz

genome browser, using HOMER (http://biowhat.ucsd.edu/homer) (Heinz, S. et al., Mol. Cell. 2010. 38:

576-589). Given that the peak distribution of transcription factors and histone marks were markedly

different, parameters were optimized for the narrow tag distribution characteristic of transcription factors

by searching for high read density regions with a 200 bp sliding window. Regions of maximal density

exceeding a given threshold were called 'peaks', and it was required for adjacent peaks to be at least

500 bp away to avoid redundant detection. The common artifacts derived from clonal amplification were

circumvented by considering only one tag from each unique genomic position, as determined from the

mapping data. The threshold for the number of tags that determined a valid peak was selected at a false

discovery rate of 0.001, determined by peak finding using randomized tag positions in a genome with an

effective size of 2 x 109 bp. It was also required for peaks to have at least four-fold more tags (normalized

to total count) than input control samples. In addition, it was required to obtain four-fold more tags

relative to the local background region (10 kb) to avoid identifying regions with genomic duplications or

non-localized binding.

In the case of histone marks, the parameters were modified to search for enrichment in wide

genomic segments as, unlike transcription factors, they can occupy large segments in the magnitude of

several kb. Seed regions were initially found using a peak size of 500 bp at a false discovery rate of 0.001

to identify enriched loci. Enriched regions separated by lkb were merged and considered as blocks of

variable lengths. All called peaks meeting the criteria established for transcription factors and histone

marks were then associated with genes by cross-referencing the RefSeq TSS database as available in the

UCSC genome browser. Peaks from individual experiments were considered equivalent if their peak

centers were located within 200 bp.

The analysis (>100 x 106 uniquely mapped reads) of ERa binding sites using vehicle or E2-treated

MCF-7 breast cancer cells increased the number of known genomic ERa binding sites three-fold, to

23,255, genome-wide. In this robust analysis, ERa was found to preferentially bind distal intergenic

(53%) and intronic sites (39%), with only 3%> being bound to promoters, suggesting that ERa is able to

exert transcriptional effects based on binding to genomic elements other than the regulated coding gene

promoters. A corresponding 'deep' ChlP-seq analysis was done for H3K4me (Newman JJ. and Young,

R.A. Cold Spring Harb. Symp. Quant. Biol. 2011. 75: 227-235), a histone modification considered to

mark enhancers (Heintzman, et al., Nat. Genet. 2007. 39: 311-318). Analysis was also done for H3K27ac,

a modification considered to mark potentially active enhancers (Creyghton, M.P. et al., Proc. Natl. Acad.

Sci. USA. 2010. 107: 21931-6). Analysis of these two markers was used to identify 7,797 potential

estrogen-responsive enhancers.



Example 8 : GRO-Seq analysis of genome-wide transcription units regulated by ERa

The transcriptional consequences of a one hour E treatment at 100 nM, compared to the vehicle,

was determined by GRO-Seq (Core, L. J. et al., Science. 2008. 322: 1845-8) to provide a genome-wide

catalogue of transcription units regulated by ERa.

GRO-sequencing of nascent RNAQ was achieved using MCF-7 cells hormone-stripped for 3 days

and treated or not with 100 nM Estradiol (E2) for 1 hr to induce estrogen signaling. The cells were then

washed three times with cold PBS buffer and then swelled in swelling buffer (10 mM Tris-HCl, pH 7.5, 2

mM MgCl 2, 3 mM CaCl2) for 5 min on ice, and harvested. Cells were re-suspended and lysed in lysis

buffer (swelling buffer with 0.5% IGEPAL and 10% glycerol). Nuclei were washed once with 10 mM

lysis buffer and re-suspended in 100 freezing buffer (50 mM Tris-HCl, pH 8.3, 40% glycerol, 5 mM

MgCl , 0.1 mM EDTA). For the run-on assay, resuspended nuclei were mixed with an equal volume of

reaction buffer (10 mM Tris-HCl, pH 8.0, 5 mM MgCl 2, 1 mM DTT, 300 mM KC1, 20 units SUPERase-

In™, 1% sarkosyl, 500 µΜ ATP, GTP, Br-UTP, 2 µΜ CTP), and incubated for 5 min at 30°C. The

nuclear run-on RNA (NRO-RNA) was then extracted with TRIzol LS reagent (Invitrogen), following the

manufacturer's instructions. NRO-RNA was then subjected to base hydrolysis on ice for 40 min, followed

by treatment with DNase I and Antarctic phosphatase. To purify the Br-UTP labeled RNA, the NRO-

RNA was immunoprecipitated with anti-BrdU agarose beads (Santa Cruz Biotech) in binding buffer

(0.5X SSPE, 1 mM EDTA, 0.05% Tween-20) for 1 hour at 40°C with rotation. To repair the end, the

immunoprecipitated BrU-RNA was re-suspended in 50 µΐ reaction (45 µΐ DEPC water, 5.2 µΐ T4 PNK

buffer, 1 Ι SUPERase-In and ΙµΙ T4 PNK [NEB]) and incubated at 37°C for lhr. The RNA was

extracted and precipitated using acidic phenol-chloroform.

cDNA synthesis was performed, as described previously (Tsai, M.C. et al., Science. 2010. 329:

689-93), with some modifications. The RNA fragments were subjected to poly-A tailing reaction by poly-

A polymerase (NEB) for 30 min at 37°C. Subsequently, reverse transcription was performed using

ONTI223 primer, the sequence of which is presented in Table 18. Tailed RNA (8.0 µ ) was subjected to

reverse transcription using Superscript III (Invitrogen). The cDNA products were separated on a 10%>

polyacrylamide TBE-urea gel. The extended first-strand product (100-500 bp) was excised and recovered

by gel extraction. The first-strand cDNA was then circularized by CircLigase™ (Epicentre) and re-

linearized by Apel (NEB). Re-linearized single strand cDNA (sscDNA) was separated in a 10%>

polyacrylamide TBE gel and the product of needed size was excised (~120-320bp) for gel extraction.

Finally, sscDNA template was amplified by PCR using the Phusion High-Fidelity enzyme (NEB),

according to the manufacturer's instructions. The oligonucleotide primers oNTI200 and oNTI201 were

used to generate DNA for deep sequencing (Table 18). ';' indicated an abasic dSpacer furan; 'N' indicates

degenerate nucleotides.



Table 18
used in the Gro-Seq protocol

Transcript identification and assignment to genomic regions, including annotated genes was

accomplished using HOMER. GRO-Seq read densities were analyzed in a similar manner to ChlP-Seq,

except that in this case, all the GRO-Seq libraries corresponding to the same experiment were merged in

order to maximize read density for transcript identification. Provided GRO-Seq generated strand-specific

data, separate tracks were uploaded onto the UCSC genome browser, once tag-enriched sites were

identified using a sliding window of 250 bp. The portion of GRO-Seq tags that mapped to repeat regions

was excluded and instead, the read density for these regions was approximated with values from flanking

regions to avoid having to end transcripts prematurely. Transcript initiation sites were identified as

regions where the GRO-Seq read density increased three-fold relative to the preceding lkb region.

Transcript termination sites were defined by either a reduction in reads below 10% of the start of the

transcript or when another transcript's start site was identified on the same strand. Individual high-density

peaks spanning a region less than 250 bp were considered as artifacts, and thus removed from the

analysis. Transcripts were defined as putative eRNAs if their TSS was located distal to RefSeq TSS

(>3kb) and were associated with ERa and H3K4mel regions. To identify differentially regulated

transcripts, strand-specific read counts from each GRO-Seq experiment were determined for each

transcript using HOMER. EdgeR (http://www.bioconductor.org/) was then used to calculate differential

genomic and non-genic expression (>1.5-fold, <0.01 false discovery rate).

The sequencing resulted in the finding of 1,033 up-regulated genes that exhibited E2/ERa-binding

in one or in multiple adjacent enhancers, while only 112 of these ERa up-regulated coding genes

exhibited ERa binding to their promoters, consistent with initial suggestions (Jin, V.X. et al., Nucleic

Acids Res. 2004. 32: 6627-35; Carroll, J.S. et al., Nat. Genet. 2006. 38: 1289-97; Kwon, Y.S. et al., Proc.

Natl. Acad. Sci. USA 2007. 104: 4852-7; Lin, C.Y. et al., PLoS Genet. 2007. 3 : e87; Welboren, W.J. et



al., EMBO J . 2009. 28: 1418-28) that ERa occupancy on enhancers is likely to be the key strategy

underlying estrogen-induced gene expression.

The E2-regulated enhancers generally displayed a basal expression of bidirectional eRNAs and

those in proximity to up-regulated coding genes displayed a characteristic bidirectional activation of

eRNAs, exemplified by the FOXC1 locus, in general agreement with recent findings (Hah, N. et al., Cell.

2011. 145: 622-34). In contrast to the more 1:1 enhancer: promoter ratio for AR-regulated genes

(Prasanth, K.V. and Spector, D.L. Genes Dev. 2007. 21: 11-42), there was often more than one ERa-

bound enhancer adjacent to up-regulated coding genes. This raised the possibility that for many estrogen-

regulated coding genes, more than one enhancer might be involved in up-regulation events and might

even cross-regulate. The eRNA transcripts varied in apparent length but were generally -1.5 kb, although

-10% exhibited an apparent predominance of unidirectional eRNA transcripts. Analysis of the GRO-Seq

data confirmed the overall up-regulation of eRNAs in response to ligand, generally with bidirectional

transcription, robust at l h after E2, and subsequently diminishing, and being highly diminished by 24 hr.

Overall, >83% of ERa-bound enhancers adjacent to up-regulated coding genes exhibited E2 induced

eRNA transcription by GRO-Seq. The median distance between enhancers exhibiting E2-dependent up-

regulation of their eRNAs and their closest up-regulated coding gene was ~52kb, with most <215 kb from

the coding gene cap site, compared with a median distance of >270kb for enhancers exhibiting ligand-

insensitive enhancer eRNAs with corresponding non-responsive coding genes. Examining the strength of

ERa binding, based on normalized ChlP-seq data on these cohorts of enhancers with upregulation of the

eRNAs, exhibited significantly stronger binding than on enhancers not exhibiting eRNA upregulation.

Based on these GRO-seq data analyses, ten robustly up-regulated transcription units were

selected for further experimentation, each associated with enhancers exhibiting clearly increased eRNAs-

CA12, FOXC1, GREB1, P2RY2, SMAD7, PGR, SIAH2, NRIP1, TFF1 and KCNK5. For these

transcription units, there was a ~2-5-fold increase in coding gene expression, with a corresponding ~2.5-

5-fold increase in eRNA expression on associated enhancers, assessed 1 hr following addition of E to

MCF-7 cell cultures.

Example 9 : Investigation of the potential role of ligand-induced eRNAs on gene activation events

using transcription inhibition assays

To investigate the potential roles, if any, of ligand-induced eRNAs on gene activation events, two

different technologies were employed to down-regulate eRNAs: siRNAs and locked nucleic acid

antisense oligonucleotides (LNAs).

Specific siRNAs directed at several regions of each transcript were used to assess possible effects

on gene expression (Table 19). Similarly, LNAs were utilized by placing the LNA-modified bases at key



positions to ensure target specificity as well as stability of the oligonucleotides (Table 20). The LNAs

were designed for this purpose with complete phosphorothioate backbones to trigger RNAse H cleavage

of the targeted sequences (Vester, B. et al., Bioorg. Med. Chem. Lett. 2008. 18: 2296-300) (Table 20). In

both cases, the siRNAs or LNAs were designed based on the location of the eRNA CAP sites -200 bp 5'

of ERa binding sites, determined using the modified GRO-seq protocol described above. For both LNAs

and siRNAs, scrambled sequences were used as controls. For all transcription units examined,

experiments were performed with two different LNAs or siRNAs, with similar knock-down efficacy, to

exclude any off-target effects.

Table 19
siRNA sequences



Table 20
LNA sequences

Twenty four hours after cell seeding, MCF-7 cells were hormone-stripped for one day, followed

by siRNA transfection (40 nM) using LipofectAMINE2000®. Cells were washed twice with PBS and

maintained in hormone-deprived phenol-free supplemented stripped media for 2 days, and then treated

with EtOH or E2 for lhr. LNA transfections (40 nM) were performed 2 days after starvation in stripped

media and the LNA treatment lasted 6 or 24 hrs, after which cells were treated as described above.

For RT-QPCR, RNA was isolated using TRIzol reagent (Invitrogen), and total RNA was reverse-

transcribed using Superscript® III Reverse Transcriptase (Invitrogen), as per the manufacturer's

instructions. Quantitative PCRs were performed in MX3000P (Stratagene), using Q-PCR master mix

(Agilent Inc.). For normalization, ACt values were calculated using the formula: ACt = (Ct Target-Ct

input) where input corresponds to the level of ACTB transcript. Fold differences in normalized gene

expression were calculated by dividing the level of expression of the treated sample with the untreated

sample or between siRNA/LNA and Control siRNA/control-LNA transfected cells. A list of primers used

for Q-PCR is provided in Tables 2 1 and 22. 'F' and 'R' indicate the forward and reverse primers,

respectively.

Table 2 1
List of primers used to measure eRNA



PGRe F TTATGTTGCTCTTGATAGACTCCC 74

PGRe R GCTAGGTGCTGTCTGAGATTC 75

SIAH2el_F TTCAAGCAAAGATTATAGCCATGTG 76

SIAH2el R ATCCAGTGCAGAGTAACATCAG 77

SIAH2e2 F AGATGCCTCTGCATACTGGTT 78
SIAH2e2_R CAGACCATATTGGGCCACAG 79

NRIPlel F CCACAGCAGAAAACCACTGA 80

NRIPlel R TTCCCTCTGCACTGACTCCT 8 1

NRIPle3_F CGTCTTTTCCCACTGACACA 82

NRIPle3_R CCCCTCCCCAGAAGAAAATA 83

FOXCle F CTGAGGAACACAAGACTAGCC 84

FOXCle R ACTGGACTCATTTTGGGACATC 85

P2RY2e_F ATTGTGCATGGCTCTTACCC 86

P2RY2e_R CTTGGTGCATGTGAGCTTGT 87

P2RY2e_F AGCTTCTGGTTCCAAGGTCA 88

P2RY2e R CATGTGCTGTTGTTGCTGTG 89

CA12e_F TGAAAGGGAAGACGCAGATG 90

CA12e_R TTGTATCCTTTGACTGGGCAG 9 1

SMAD7el_F AAAGAAGGCAGGGGAACAAT 92

SMAD7el R CACTTGGGCAATCCAGAAAT 93

SMAD7e2 F TCACCTGTGGAAAGAGACAAC 94

SMAD7e2 R AGAACCTTTTGCTCCCTAGTG 95

SMAD7e3_F TTAAACGAGCCTGGAGTTGG 96

SMAD7e3_R AAATTCCTCAGAGCCCAGTG 97

KCNK5el F GGCTCAGAGAGGCCAAAA 98

KCNK5el R TGGACCCTATCATCTCCTTTAACT 99

KCNK5e2 F GGAAAGGAATTGCTGGATCA 100

KCNK5e2_S_R GTGCAACCACTTGGGAAACT 101

KCNK5e3 S F CAGAGATGAGGAAAGGTTTGC 102

KCNK5e3_S_R ATCTGCTTCACGGTCTCATG 103

Table 22
List of primers used to measure mRNA



PGR R CACCCCGAAGAGACCATAGA 115

SIAH2 F TCAGGAACCTGGCTATGGAG 116

SIAH2 R GGCAGGAGTAGGGACGGTAT 117

NRIP1 F GCCAGAAGATGCACACTTGA 118

NRIP1 R CAAGCTCTGAGCCTCTGCTT 119

TFF1 F CACCATGGAGAACAAGGTGA 120

TFF1 R TGACACCAGGAAAACCACAA 121

GREB1 F GGCAGGACCAGCTTCTGA 122

GREB1 R CTGTTCCCACCACCTTGG 123

Both siRNA knockdown and LNA treatment of the TFF1, FOXC1, CA12 and NRIP1 enhancers

revealed that, for each transcription unit, the induction of both the eRNA and of the adjacent coding gene

transcript, as assessed by Q-PCR and GRO-seq, respectively, was significantly inhibited or fully

abolished. In contrast, these LNAs or siRNAs caused no inhibitory effects on housekeeping genes tested

or on E2-regulated or non-E2-regulated adjacent transcription units located distal to the regulated coding

genes, as exemplified by measuring levels of RSPH1 (TFFle), APHlb (CA12e), and USP25 (NRIPle).

Ligand-induced increase of ERa binding occurred even after eRNA knockdown. Similar eRNA

requirements for coding genes were observed based on knockdown of the eRNAs for PGR, SIAH2,

KCNK5, P2RY2 and SMAD7, using either of two LNAs or siRNAs designed for each targeted enhancer.

GRO-Seq analysis of effects of siRNAs or LNAs on E2-regulated coding transcription units gave similar

results as those quantitated by QPCR.

Example 10: Investigation of the potential role eRNA in enhancer: promoter looping events

To investigate whether eRNAs might be required for enhancer: promoter looping events,

generally considered to be part of the E2-activation process, an open-ended (3D-DSL) approach was

employed for studying the spatial organization of genomes (Harismendy, O. et al., Nature. 2011. 470:

264-8), conceptually analogous to 5C methodology (Fullwood, MJ. et al., Nature. 2009. 462: 58-64).

In the 3D-DSL method, oligonucleotides corresponding to genomic sites that are to be analyzed

for participation in a network contain a 5'-phosphate (referred to as acceptors), while oligonucleotides

corresponding to genomic sites of potential interaction have a 5'-OH (referred to as donors). This method

permits interrogation of both short (<10 kb), as well as long-distance, genomic interactions with specific

genomic regions including promoters and enhancers. Therefore, "donor" pools of oligonucleotides

spanning -200 kb flanking the promoter of four up-regulated ERa target genes were designed based on

the Hindlll restriction site. The "acceptor" pool constituted all ERa binding sites and promoters in the

interval. The housekeeping gene GAPDH was used as a control (data not shown).



3D-DSL was performed as described previously (Fullwood, M.J. et al., Nature 2009. 462: 58-64).

Briefly, equal amount of 3C chromatin was biotinylated using the Photoprobe Kit (Vector Lab). Donor

and acceptor probe pools (2.5 fmol per probe) were annealed to the biotinylated 3C samples at 45°C for 2

hrs, followed by 10 min at 95°C. The biotinylated DNA was immunoprecipitated with magnetic beads

conjugated to streptavidin. During this process, unbound oligonucleotides were removed by stringent

washes. The 5'-phosphate of acceptor probes and 3'-OH of donor probes were ligated using Taq DNA

ligase at 45°C for 1 hr. These ligated products were washed and eluted from beads and then amplified by

PCR using primers A and B-AD (or Primer B-BC1 and -BC2 if bar coding was used) for deep sequencing

on the Illumina HiSeq 2000, using Primer A as sequencing primer.

For data analysis, a virtual library was first built of all possible donor-acceptor sequences by in

silico concatenating all acceptor sequences with all donor sequences. These reads were then aligned to the

virtual library of DSL donors-acceptors sequences, using NOVOALIGN (-t 248 -r None), and the number

of reads that are mapped to every interaction with no mismatches were counted, by using custom Perl

scripts. Next, from each sample the counts given by the ligations of donors to acceptors on the identical

restriction sites (the "spot" ligations) was subtracted, and the counts of the interactions were normalized

to the remaining number of total reads, after subtraction. Finally, from each interaction, the counts that are

present in unligated controls were subtracted, after normalization.

3D-DSL plots were generated using Matlabs where a lOkb window was set to bundle the

interaction intensities, except for a 20 kb windown for NRIPl. The interactions were plotted using a

Bezier curve between the two positions with the third point in the middle of the positions with the y-axis

corresponding to the log 10 intensity. The peak locations were then added on the bottom of the plot.

Two E2-regulated transcription units, P2RY2 and KCNK5, were first examined. In the case of the

P2RY2 transcription unit, E2 caused an increase in the specific promoter: enhancer interaction

approximately 1,000-fold compared to that observed in the control cultures. In addition to promoter:

enhancer loops, a new interaction between enhancer and gene terminator was also observed, as compared

to the - E2 condition. The P2RY2 promoter locus exhibited three additional loops, one of which did not

change upon E2 treatment, but two other low intensity loops disappeared upon gene activation, consistent

with the dynamic nature of gene topology. Based on results of ERa knock-down, it was noted that even

after 3 days in stripped-serum medium, MCF-7 cells still exhibited some ERa-dependent basal activation

of a significant cohort of coding gene targets, and hence both siRNAs and LNAs against enhancer eRNAs

caused a decrease in basal transcription for some E -regulated genes, in addition to their more robust

effects on E -stimulated gene expression. Similarly, for the KCNK5 gene locus, E treatment caused a

>300-fold increase in promoter: enhancer interactions. Two more loops arising from enhancer in response

to E were detected, one of them around the terminator region of gene and the other around that might



represent enhancer-specific loops. These observations indicate that a major effect of the ligand was to

enhance specific promoter: enhancer interactions and, in some cases, enhancer: gene terminator

interactions, in parallel to induction of eRNA. For some loci, new enhancer: promoter interactions were

actually established and additional interactions were also observed. This raised the question whether the

induced eRNAs exert any roles in the dynamic regulation of short-range and long-range induced

interactions.

Example 11: Investigation of the regulation of E2-induced enhancer: promoter interactions by

specific eRNAs

The effect of loss of specific eRNAs on E2-induced enhancer: promoter interactions was

investigated.

LNAs that were highly effective against two estrogen-regulated enhancers, NRIP1 and GREB1,

were characterized. Chromatin conformation capture (3C) was performed. Briefly, 25x1 06 MCF-7 cells

were fixed by adding 1% formaldehyde at room temperature for 10 min, and the reaction stopped by

adding glycine. Lysis buffer (500 µΐ 10 mM Tris-HCl pH 8.0, 10 mM NaCl, 0.2% IGEPAL CA-630,

protease inhibitors [Sigma]) was added and cells were incubated on ice. Next, cells were lysed with a

Dounce homogenizer, and the suspension spun down at 5,000 rpm at 4°C. The supernatant was discarded

and the pellet was washed twice with 500 µΐ ice-cold l x NEBuffer 2 (NEB, Ipswich, MA). The pellet was

then resuspended in IX NEBuffer 2 and split into five separate 50 µΐ aliquots. The extracted chromatin

was then digested overnight by adding 400 units Hindlll (NEB). Each digested chromatin mixture was

ligated by adding T4 DNA Ligase (800 units) in 20 times of initial volume for 4 hrs at 16°C. The ligase

step was omitted in one chromatin aliquot from the five mentioned above to use the sample as the

unligated control. After incubation at 16°C, the chromatin was de-cross-linked overnight at 65°C and

purified twice with phenol and then with phenol: chloroform: IAA (25:24:1). DNA was precipitated and

pellets were air-dried before re-suspending in 250 µΐ IX TE buffer. To degrade any carryover RNA, Ι µΐ

RNAse A ( 1 mg/ml) was added to each tube and incubated at 37°C for 15 min. DNA was further purified

using Phenol: Chloroform: IAA and precipitated. This enriched fraction was used for the DSL part of the

protocol or subjected to PCR using unique primers, and was electrophoresed on Agarose gel.

In the case of the NRIP1 locus, which was shown to exhibit a ligand-induced enhancer: promoter

loop by conventional 3C assay, treatment with LNA against eRNA caused a ~200-fold inhibition of the

coding gene expression and also inhibited both enhancer: promoter and enhancer: terminator interactions

in E2-treated MCF-7 cells, assessed using conventional 3C assays and 3D-DSL. An interaction between a

different upstream ERa-binding site and the promoter was not affected. In the case of the GREB1 locus,

siRNA-mediated eRNA knockdown inhibited GREB1 coding gene induction and also inhibited the



specific enhancer: promoter interaction induced by E2. The enhancer: terminator loop was also reduced

upon siRNA-mediated knockdown of eRNA, suggesting that eRNAs are required for interactions between

enhancer and adjacent regulatory elements. Additional interactions of the GREB1 promoter with a non-

enhancer region were also diminished by eRNA knockdown, indicating that these loops were altered by

interruption of enhancer: promoter interaction, licensing other interactions.

Together these experiments indicate that estrogen causes quantitative, as well as some qualitative,

alterations in the interactions between enhancers and coding gene promoters and even between enhancers,

terminators and other ERa-bound regions, which are highly diminished or abolished with down-

regulation of the targeted eRNAs. For these gene targets, the eRNA was, therefore, of functional

importance for robust enhancer: promoter interactions, with knock-down by either siRNA or LNA

treatment invariantly diminishing, or even abolishing, these putatively activating enhancer: promoter

interactions, consistent with eRNA function, even under unstimulated conditions.

Example 12: Investigation of enhancer and promoter interactions

The interaction between an enhancer and promoter that spans a distance of >250 kb permitting

FISH analysis, was investigated.

Cells were processed for DNA ImmunoFISH. BAC probes were commercially obtained from

Empire Genomics and are listed in Table 23.

Table 23
BAS probes

MCF-7 cells were grown onto acid-washed polylysine-coated coverslips. Cells were treated with

vehicle (EtOH) or E2 for 1 hour, washed with PBS and immediately fixed with freshly made 4%

paraformaldehyde/PBS for 10 min. Permeabilization was achieved by incubating in ice-cold cytoskeletal

buffer (10 mM PIPES, pH 6.8; 300 niM sucrose; 100 mM NaCl; 3 niM MgCl2; ImM EGTA; 20 niM

vanadyl ribonucleoside complex and ImM 4-(2-aminoethyl) benzenesulfonyl fluoride) containing 0.5%

Triton X-100 for 10 min. FISH pre-hybridization treatments included incubating the coverslips in 0.1N

HC1 for 5 min at room temperature, followed by digestion with 0.0 IN HC1/ 0.002% pepsin for 5 min at



37°C, stopped by 50 niM MgCl2/PBS and equilibrated in 50% formamide/2XSSC 2hrs prior to

hybridization. Five microliters of probe/hybridization buffer mix (Empire Genomics) was used per

coverslip, with a hybridization program of 76°C for 3 min followed by overnight hybridization at 37°C in

a humidified dark chamber. The coverslips were then washed with pre-warmed WS1 (0.4xSSC/0.3% NP-

40) buffer to 72°C for 2 min, and then transferred to WS2 (2xSSC/0.1% NP-40) buffer at room

temperature for 1 min. A final wash with IX PBS was performed, excess liquid was aspirated and the

coverslips were then mounted with prolong gold-DAPI antifade mounting reagent (Invitrogen).

One known interaction suitable for study was chosen: the interaction between two E2-regulated

P2RY2 and S RZ 70-transcription units at a distance of -428 kb (Fullwood, M.J. et al., Nature. 2009.

462: 58-64). Knockdown of the P2RY2 enhancer by specific siRNAs caused downregulation of the two

E2-regulated target-coding genes, P2RY2 and STAR10, both of which are upregulated following E2

treatment. These two genomic loci exhibited E -dependent enhanced colocalization when treated with E ,

for 1 hr prior to fixation and examination using FISH. When cells were transfected with siRNAs against

P2RY2e, the P2RY2e knockdown blocked the previously observed P2RY2.STARD10 co-localization.

Therefore, together, these data suggest that ligand-dependent induction of eRNAs initiates processes,

including enhancer: promoter looping, in concert with the requirement for the resultant coding gene

activation observed after hormone treatment.

Additional data supporting the suggestion that eRNAs are required for tight control of ERa-

regulated genes was provided by evidence of its role in the "switch" from association with corepressors to

coactivators. The methylation status of Pc2 present on growth control gene regulatory regions regulates

its association with two abundant ncRNAs, TUG1 and NEAT2, located primarily with markers of distinct

subnuclear individual structures-polycomb bodies (PcGs) and interchromatin granules (ICGs),

respectively (Yang, L. et al., Cell. 2011. 147: 773-88). Studies were conducted to test if similar

interactions might be regulated by eRNAs induced by liganded ERa. ImmunoFISH was performed using

antibodies against RING l a (H-110, Santa Cruz Biotechnology), and the interchromatin granule marker,

SC35 (ab88720, Abeam), and with specific BAC probes for three genomic loci interrogated (NRIPl,

FOXCl, and SIAH2). This revealed that there was a reproducible E -dependent switch in the predominant

colocalization of each transcription unit from RINGla- to SC35-stained structures. When LNA

transfections were used to deplete eRNA transcripts for two genes, FOXCl and NRIPl, immunoFISH

data from each locus showed a clear inhibition of their ligand-dependent-enhanced association with SC35,

directly implicating the eRNA transcripts in these altered target gene co-localization events. Similar

effects were observed for siRNA-mediated knock-down of the GREB-1 eRNA.



While it is quite likely that a series of complexes combinatorially contribute to these interactions,

several studies have established a role for Cohesin in enhancer: promoter looping events (Hadjur, S. et al.,

Nature. 2009. 460: 410-3; Mishiro, T. et al., EMBO J . 2009. 28: 1234-45; Nativio, R. et al., PLoS Genet.

2009. 5 : el000739; Hou, C. et al., Proc. Natl. Acad. Sci. USA 201 0. 107: 365 1-6), and protein: protein

interactions between Cohesin and the mediator complex protein, Medl2, have been reported (Kagey,

M.H. et al., Nature. 201 0. 467: 430-5). Therefore, the levels of Cohesin recruitment to regulated ERa-

regulated enhancers were assessed after ligand addition. An increased occupancy was observed of the

Cohesin subunit Rad21 on ERa target genes enhancers adjacent to up-regulated coding genes after E2

treatment, as studied by conventional ChIP and metanalysis of ChlP-seq data. Based on fractionation

studies, Rad21 association with chromatin was diminished following RNaseA treatment. Depletion of

specific NRIPle eRNA by siRNA or LNA or FOXCle eRNA by LNA, resulted in a decrease of Cohesin

recruitment to enhancers in response to E2, with essentially no significant alteration of the H3K4me

enhancer mark, or in ligand-dependent increase of ERa recruitment. Therefore, eRNAs may help to

stabilize the ERa-dependent recruitment of Cohesin to the regulatory enhancers, perhaps by recruiting

some common or related complexes that contribute to this event.

Possible interactions between the Cohesin complex and regulated eRNAs were explored using

RNA immunoprecipitation (RIP) with an anti-Rad21 -specific antibody (ab922, Abeam). RNA

immunopreciptations were performed as described previously (Chen, J . et al., Mol. Endocrinol. 2006. 20:

1-13). Briefly, cells were washed in PBS, cross-linked by 1% paraformaldehyde for 10 min at room

temperature, and 125 mM glycine was added to quench the cross-linking. The cell pellet was then lysed

in Buffer A and then Buffer B. IP was performed overnight using 1-5 µg antibody. Thirty microliters of

Dynabeads were used per IP or in a beads-alone reaction. IP complexes were washed and de-cross-linked

at 65°C. DNase I treatment was given to get rid of genomic DNA. RNA was isolated and cDNA synthesis

was performed.

This assay revealed that the eRNAs of FOXC1, PGR and TFF1, while highly divergent in

primary sequence, exhibited interactions with Rad21 that were further enhanced after ligand treatment.

siRNA-mediated depletion of Rad21 caused loss of enhancer: promoter interactions, both basal and E -

induced, when assessed by 3C assay for the NRIP1 and GREB1 gene loci. In addition, these data suggest

that eRNAs might be required for effective additional recruitment of the Cohesin complex to the enhancer

in response to E2, and their subsequent role in stabilizing enhancer: promoter interactions. This implies

that the specific eRNA sequences participate in coding gene activation events.

The effects of E2-dependent coding gene stimulation in MCF-7 cells treated with SMC3 (Cohesin

subunit) siRNA (chosen for its more effective knock-down compared to Rad21 siRNA) vs. control siRNA

was also assessed. Inhibition of most of the E -induced coding gene transcriptional program, with loss of



~ 50% of coding gene activation program by E2, was observed with significant inactivation for the

remaining E2-activated transcription units. Using C -specific siRNAs, inhibition of ERa target genes

was confirmed by Q-PCR. Indeed, analysis of GRO-Seq data and MA analyses further confirmed the

broad inhibition of E2-dependent activating transcriptional effects following SMC3 knockdown in MCF-7

5 cells.

Example 13: Design of antisense oligonucleotides targeting murine Mmp9 eRNA

Antisense oligonucleotides were designed targeting a Mmp9 eRNA. The newly designed

oligonucleotides in Table 24 were designed as uniform deoxy oligonucleotides with phosphate

0 backbones, or as oligonucleotides containing deoxy, MOE and (S)-cEt units and a phosphorothioate

backbone. "Start site" indicates the 5'-most nucleoside to which the oligonucleotide is targeted in the

murine eRNA sequence. "Stop site" indicates the 3'-most nucleoside to which the oligonucleotide is

targeted murine eRNA sequence. Each gapmer listed in Table 24 is targeted to SEQ ID NO: 202

(GENBANK Accession number NT 039207.7 truncated from 105809967 to 105810417). The Chemistry

5 column describes the chemistry of each oligonucleotide, where'd' indicates 2' deoxyribose; Ό ' indicates

phosphate ester; 'e' indicates 2'-0-methyoxyethyl ribose (MOE); 's' indicates thioate ester; 'm' indicates

5'methyl group; 'k' indicates (S)-cEt. The SEQ ID NO for each antisense oligonucleotide is associated

with its sequence and is not intended to require the chemistry indicated in Table 24.

Table 24
0 Antisense oligonucleotides targeted targeted to SEQ ID NO: 202 (GENBANK Accession number

NT 039207.7 truncated from 105809967 to 105810417).



Tks Ge

Aes mCes Aks mCds Tds Tds mCds Tds
566192 4 1 56 ACACTTCTCTCCCTAC mCds Tds mCds mCds mCds Tks Aks 128

mCe

Ges Ges mCks Tds Tds Gds Gds Ads
566193 65 80 GGCTTGGAATCCATCA 129

Ads Tds mCds mCds Ads Tks mCks Ae

mCes Aes Aks mCds Tds Gds mCds Gds
566194 9 1 106 CAACTGCGGAGGGAGG 130

Gds Ads Gds Gds Gds Aks Gks Ge

Tes Aes mCks mCds Ads Ads mCds Tds
566195 94 109 TACCAACTGCGGAGGG 131

Gds mCds Gds Gds Ads Gks Gks Ge

Tes mCes Tks Tds Ads mCds mCds Ads
566196 97 112 TCTTACCAACTGCGGA 132

Ads mCds Tds Gds mCds Gks Gks Ae

mCes Tes Tks Tds mCds Tds Tds Ads
566197 100 115 CTTTCTTACCAACTGC mCds mCds Ads Ads mCds Tks Gks 133

mCe

Ges Tes Tks mCds Tds Tds Tds mCds
566198 103 118 GTTCTTTCTTACCAAC 134

Tds Tds Ads mCds mCds Aks Aks mCe

Ges Aes Tks Tds Gds mCds Tds Gds
566199 114 129 GATTGCTGCTGGTTCT 135

mCds Tds Gds Gds Tds Tks mCks Te

mCes Aes Gks Gds Ads Tds Tds Gds
566200 117 132 CAGGATTGCTGCTGGT 136

mCds Tds Gds mCds Tds Gks Gks Te

mCes Tes Tks mCds Ads Gds Gds Ads
566201 120 135 CTTCAGGATTGCTGCT 137

Tds Tds Gds mCds Tds Gks mCks Te

mCes Ges mCks mCds Tds Tds mCds
566202 123 138 CGCCTTCAGGATTGCT 138

Ads Gds Gds Ads Tds Tds Gks mCks Te

Cdo Ado Cdo Tdo Tdo Cdo Ado Cdo
562914 126 147 CACTTCACTCGCCTTCAGGATT Tdo Cdo Gdo Cdo Cdo Tdo Tdo Cdo 139

Ado Gdo Gdo Ado Tdo Td

Aes mCes Tks mCds Gds mCds mCds
566203 126 141 ACTCGCCTTCAGGATT 140

Tds Tds mCds Ads Gds Gds Aks Tks Te

Tes Tes mCks Ads mCds Tds mCds Gds
566204 129 144 TTCACTCGCCTTCAGG 141

mCds mCds Tds Tds mCds Aks Gks Ge



mCes Aes mCks Tds Tds mCds Ads
566205 132 147 CACTTCACTCGCCTTC mCds Tds mCds Gds mCds mCds Tks 142

Tks mCe

Tes Aes mCks mCds Ads mCds Tds Tds
566206 135 150 TACCACTTCACTCGCC mCds Ads mCds Tds mCds Gks mCks 143

mCe

Ges Ges Gks Tds Ads mCds mCds Ads
566207 138 153 GGGTACCACTTCACTC mCds Tds Tds mCds Ads mCks Tks 144

mCe

Aes Ges Tks Gds Gds Gds Tds Ads
566208 141 156 AGTGGGTACCACTTCA mCds mCds Ads mCds Tds Tks mCks 145

Ae

Aes Ges mCks Ads Gds Tds Gds Gds
566209 144 159 AGCAGTGGGTACCACT 146

Gds Tds Ads mCds mCds Aks mCks Te

Ges Tes Aks Ads Gds mCds Ads Gds
566210 147 162 GTAAGCAGTGGGTACC 147

Tds Gds Gds Gds Tds Aks mCks mCe

Aes Ges Tks Gds Gds Gds Tds Ads Ads
566211 152 167 AGTGGGTAAGCAGTGG 148

Gds mCds Ads Gds Tks Gks Ge

Aes Aes mCks Ads Gds Tds Gds Gds
566212 155 170 AACAGTGGGTAAGCAG 149

Gds Tds Ads Ads Gds mCks Aks Ge

mCes Tes Gks Gds Ads Ads mCds Ads
566213 159 174 CTGGAACAGTGGGTAA 150

Gds Tds Gds Gds Gds Tks Aks Ae

Tes Ges mCks mCds Tds Gds Gds Ads
566214 162 177 TGCCTGGAACAGTGGG 151

Ads mCds Ads Gds Tds Gks Gks Ge

Aes Ges Gks Tds Gds mCds mCds Tds
566215 165 180 AGGTGCCTGGAACAGT 152

Gds Gds Ads Ads mCds Aks Gks Te

Tes Tes Aks mCds Ads Gds Ads Gds
566216 171 186 TTACAGAGGTGCCTGG 153

Gds Tds Gds mCds mCds Tks Gks Ge

mCes Tes Gks Tds Tds Ads mCds Ads
566217 174 189 CTGTTACAGAGGTGCC 154

Gds Ads Gds Gds Tds Gks mCks mCe

Ges Ges mCks mCds Tds Gds Tds Tds
566218 177 192 GGCCTGTTACAGAGGT 155

Ads mCds Ads Gds Ads Gks Gks Te

566219 180 195 GTGGGCCTGTTACAGA Ges Tes Gks Gds Gds mCds mCds Tds 156



Gds Tds Tds Ads mCds Aks Gks Ae

mCes Aes Tks Gds Tds Gds Gds Gds
566220 183 198 CATGTGGGCCTGTTAC 157

mCds mCds Tds Gds Tds Tks Aks mCe

Tes mCes mCks mCds Ads Tds Gds Tds
566221 186 201 TCCCATGTGGGCCTGT 158

Gds Gds Gds mCds mCds Tks Gks Te

Ges Tes Tks Tds mCds mCds mCds Ads
566222 189 204 GTTTCCCATGTGGGCC 159

Tds Gds Tds Gds Gds Gks mCks mCe

Aes Ges Tks Gds Tds Tds Tds mCds
566223 192 207 AGTGTTTCCCATGTGG 160

mCds mCds Ads Tds Gds Tks Gks Ge

Ges mCes Tks Ads Ads Tds Ads Ads
566224 201 216 GCTAATAACAGTGTTT 161

mCds Ads Gds Tds Gds Tks Tks Te

Aes Ges Tks Gds mCds Tds Ads Ads
566225 204 219 AGTGCTAATAACAGTG 162

Tds Ads Ads mCds Ads Gks Tks Ge

Aes mCes Aks Ads Gds Tds Gds mCds
566226 207 222 ACAAGTGCTAATAACA 163

Tds Ads Ads Tds Ads Aks mCks Ae

Cdo Ado Tdo Tdo Tdo Cdo Cdo Cdo
562911 218 241 CATTTCCCCCATCTTAAAAACAAG Cdo Cdo Ado Tdo Cdo Tdo Tdo Ado 164

Ado Ado Ado Ado Cdo Ado Ado Gd

Tes Tes Tks mCds mCds mCds mCds
566227 224 239 TTTCCCCCATCTTAAA mCds Ads Tds mCds Tds Tds Aks Aks 165

Ae

mCes mCes Tks Ads mCds mCds Ads
566228 231 246 CCTACCATTTCCCCCA Tds Tds Tds mCds mCds mCds mCks 166

mCks Ae

mCes Aes Aks mCds mCds Tds Ads
566229 234 249 CAACCTACCATTTCCC mCds mCds Ads Tds Tds Tds mCks 167

mCks mCe

Aes mCes Aks mCds Ads Ads mCds
566230 237 252 ACACAACCTACCATTT mCds Tds Ads mCds mCds Ads Tks Tks 168

Te

Tes mCes Gks Ads mCds Ads mCds Ads
566231 240 255 TCGACACAACCTACCA Ads mCds mCds Tds Ads mCks mCks 169

Ae



mCes Tes Aks Tds mCds Gds Ads mCds
566232 243 258 CTATCGACACAACCTA 170

Ads mCds Ads Ads mCds mCks Tks Ae

mCes Aes Gks mCds Tds Ads Tds mCds
566233 246 261 CAGCTATCGACACAAC 171

Gds Ads mCds Ads mCds Aks Aks mCe

mCes mCes mCks mCds Ads Gds mCds
566234 249 264 CCCCAGCTATCGACAC Tds Ads Tds mCds Gds Ads mCks Aks 172

mCe

Tes Ges Aks mCds mCds mCds mCds
566235 252 267 TGACCCCAGCTATCGA Ads Gds mCds Tds Ads Tds mCks Gks 173

Ae

Ges Tes Gks Tds Gds Ads mCds mCds
566236 255 270 GTGTGACCCCAGCTAT 174

mCds mCds Ads Gds mCds Tks Aks Te

Aes Tes Tks Gds Tds Gds Tds Gds Ads
566237 258 273 ATTGTGTGACCCCAGC 2

mCds mCds mCds mCds Aks Gks mCe

mCes Tes mCks Ads Tds Tds Gds Tds
566238 261 276 CTCATTGTGTGACCCC Gds Tds Gds Ads mCds mCks mCks 175

mCe

mCes Aes Gks mCds Tds mCds Ads Tds
566239 264 279 CAGCTCATTGTGTGAC 176

Tds Gds Tds Gds Tds Gks Aks mCe

Ges mCes Tks Tds mCds Ads Gds mCds
566240 268 283 GCTTCAGCTCATTGTG 177

Tds mCds Ads Tds Tds Gks Tks Ge

mCes Aes Aks Gds mCds Tds Tds mCds
566241 271 286 CAAGCTTCAGCTCATT 3

Ads Gds mCds Tds mCds Aks Tks Te

Aes Tes mCks mCds Ads Ads Gds mCds
566242 274 289 ATCCAAGCTTCAGCTC 178

Tds Tds mCds Ads Gds mCks Tks mCe

Ges mCes mCks Gds Ads Ads Ads Tds
566243 280 295 GCCGAAATCCAAGCTT 179

mCds mCds Ads Ads Gds mCks Tks Te

Aes mCes Tks Gds mCds mCds Gds Ads
566244 283 298 ACTGCCGAAATCCAAG 180

Ads Ads Tds mCds mCds Aks Aks Ge

Tes Ges Gks Ads mCds Tds Gds mCds
566245 286 301 TGGACTGCCGAAATCC 181

mCds Gds Ads Ads Ads Tks mCks mCe

Ges Aes Tks Tds Gds Gds Ads mCds
566246 289 304 GATTGGACTGCCGAAA 182

Tds Gds mCds mCds Gds Aks Aks Ae



Tes Ges Gks Gds Ads Tds Tds Gds Gds
566247 292 307 TGGGATTGGACTGCCG 183

Ads mCds Tds Gds mCks mCks Ge

mCes Tes mCks Tds Gds Gds Gds Ads
566248 295 310 CTCTGGGATTGGACTG 184

Tds Tds Gds Gds Ads mCks Tks Ge

mCes mCes Aks mCds Tds mCds Tds
566249 298 313 CCACTCTGGGATTGGA 185

Gds Gds Gds Ads Tds Tds Gks Gks Ae

Ges mCes Tks mCds mCds mCds Ads
566250 302 317 GCTCCCACTCTGGGAT mCds Tds mCds Tds Gds Gds Gks Aks 186

Te

Tes Ges Aks Gds Tds Ads Gds Gds
566251 319 334 TGAGTAGGCCAATGGG 187

mCds mCds Ads Ads Tds Gks Gks Ge

Ges Aes Gks Tds Gds Ads Gds Tds Ads
566252 322 337 GAGTGAGTAGGCCAAT 188

Gds Gds mCds mCds Aks Aks Te

Ges mCes Aks Gds Ads Gds Tds Gds
566253 325 340 GCAGAGTGAGTAGGCC 189

Ads Gds Tds Ads Gds Gks mCks mCe

Ges Aes Gks Gds mCds mCds Ads Gds
566254 343 358 GAGGCCAGGACTTGGC 190

Gds Ads mCds Tds Tds Gks Gks mCe

Aes Aes Gks Tds Tds mCds Ads Gds
566255 353 368 AAGTTCAGCAGAGGCC 191

mCds Ads Gds Ads Gds Gks mCks mCe

Aes Aes mCks Ads Ads Gds Tds Tds
566256 356 371 AACAAGTTCAGCAGAG 192

mCds Ads Gds mCds Ads Gks Aks Ge

Aes Ges Aks Tds Gds Tds Gds Gds Ads
566257 365 380 AGATGTGGAAACAAGT 193

Ads Ads mCds Ads Aks Gks Te

Aes Tes Tks mCds Tds Ads Ads Tds Tds
566258 387 402 ATTCTAATTTCCTTCG 194

Tds mCds mCds Tds Tks mCks Ge

mCes Aes Tks mCds Tds Ads Tds Tds
566259 392 407 CATCTATTCTAATTTC 195

mCds Tds Ads Ads Tds Tks Tks mCe

mCes mCes mCks mCds Ads Tds mCds
566260 395 410 CCCCATCTATTCTAAT 196

Tds Ads Tds Tds mCds Tds Aks Aks Te

Tes Ges Tks mCds mCds mCds mCds
566261 398 413 TGTCCCCATCTATTCT Ads Tds mCds Tds Ads Tds Tks mCks 197

Te



Aes Ges Gks Tds Gds Tds mCds mCds
566262 401 416 AGGTGTCCCCATCTAT 198

mCds mCds Ads Tds mCds Tks Aks Te

Tes Ges Gks Ads Gds Gds Tds Gds Tds
566263 404 419 TGGAGGTGTCCCCATC 199

mCds mCds mCds mCds Aks Tks mCe

mCes Aes mCks Ads mCds Ads Tds Gds
566264 410 425 CACACATGGAGGTGTC 200

Gds Ads Gds Gds Tds Gks Tks mCe

Ges Aes Gks Tds mCds Ads Ads mCds
566265 432 447 GAGTCAACAGAAATAC 201

Ads Gds Ads Ads Ads Tks Aks mCe



CLAIMS

What is claimed is:

1. A method of inhibiting gene expression in a cell comprising contacting the cell with a

specific inhibitor of an enhancer RNA (eRNA), thereby inhibiting expression of one or more genes in the

cell.

2. The method of claim 1, wherein the eRNA is transcribed from a genomic enhancer

sequence or region.

3. The method of claim 2, wherein the cell is mammalian.

4. The method of any one of claims 1-3, wherein the eRNA transcription is initiated from a

RNA polymerase II (PolII) binding site and is capable of elongating bidirectionally.

5. The method of any one of claims 1-4, wherein the eRNA is capable of enhancing

transcription of the one or more genes.

6. The method of any one of claims 2-5, wherein the genomic enhancer sequence or region

has a higher level of monomethylated lysine 4 of histone 3 (H3K4mel) than trimethylated lysine 4 of

histone 3 (H3K4me3).

7. The method of any one of claims 2-6, wherein the genomic enhancer sequence or region

is enriched for bound RNA polymerase II (PolII).

8. The method of any one of claims 2-7, wherein the genomic enhancer sequence or region

is enriched for bound transcriptional co-activator p300/CBP.

9. The method of any one of claims 2-8, wherein the genomic enhancer sequence or region

is enriched for bound Rev-Erba or Rev-Erbp.

10. The method of any one of claims 2-7, wherein the genomic enhancer sequence or region

is enriched for bound estrogen receptor.

11. The method of claim 10, wherein the estrogen receptor is bound to estradiol.

12. The method of any one of claims 1-1 1, wherein the eRNA has a relatively short half-life

compared to mRNA.



13. The method of claim 1 , wherein the eRNA has a half-life of less than about 10-30

minutes.

14. The method of any one of claims 1-13, wherein the eRNA enhances transcription of

matrix metalloproteinase 9 (MMP9).

15. The method of any one of claims 1-13, wherein the eRNA enhances transcription of

chemokine receptor CX3CR1.

16. The method of any one of claims 2-15, wherein the transcriptional start site of the one or

more genes is located on a chromosome at least about 1 kilobase (kb) from the genomic enhancer

sequence or region.

17. The method of any one of claims 1-16, wherein the eRNA is not polyadenylated.

18. The method of any one of claims 1-17, wherein the cell is a hematopoietic cell.

19. The method of claim 18, wherein the hematopoietic cell is a monocyte.

20. The method of claim 18, wherein the hematopoietic cell is a macrophage.

21. The method of any one of claims 1-17, wherein the cell is a neuron.

22. The method of any one of claims 1-17, wherein the cell is a breast cell.

23 . The method of any one of claims 1-17, wherein the cell is a cancer cell.

24. The method of any one of claims 1-23, wherein the cell contacted with a specific

inhibitor of an enhancer RNA (eRNA) is in a subject.

25. The method of any one of claims 1-24, wherein the specific inhibitor of an enhancer

RNA (eRNA) is an antisense compound.

26. The method of claim 25, wherein the antisense compound is single-stranded.

27. The method of claim 26, wherein the antisense compound is double-stranded.

28. The method of any one of claims 25-27, wherein the antisense compound is modified.

29. The method of any one of claims 25-28, wherein the antisense compound is 8 to 80

nucleosides in length.



30. The method of claim 29, wherein the antisense compound is 12 to 30 nucleosides in

length.

31. The method of claim 30, wherein the antisense compound is 16 nucleosides in length.

32. The method of any one of claims 25-31, wherein the antisense compound comprises at

least one modified sugar.

33. The method of claim 32, wherein the at least one modified sugar is a bicyclic sugar.

34. The method of claim 32, wherein at least one modified sugar comprises a 2'-0-

methoxyethyl group.

35. The method of claim 32, wherein the modified sugar comprises a 4'-CH(CH 3)-0-2'

group.

36. The method of any one of claims 25-35, wherein the antisense compound comprises at

least one modified intemucleoside linkage.

37. The method of claim 36, wherein each intemucleoside linkage of the antisense compound

is a phosphorothioate intemucleoside linkage.

38. The method of any one of claims 25-37, wherein the antisense compound comprises at

least one modified nucleobase.

39. The method of any one of claims 25-38, wherein each cytosine of the antisense

compound is a 5-methylcytosine.

40. The method of any one of claims 25-39, wherein the antisense compound comprises:

a gap segment consisting of linked deoxynucleosides;

a 5' wing segment consisting of linked nucleosides; and

a 3' wing segment consisting of linked nucleosides;

wherein the gap segment is positioned between the 5' wing segment and the 3' wing segment

and wherein each nucleoside of each wing segment comprises a modified sugar.

4 1. The method of claim 40, wherein the antisense compound comprises:



a gap segment consisting often linked deoxynucleosides;

a 5' wing segment consisting of 3 linked nucleosides; and

a 3' wing segment consisting of 3 linked nucleosides;

wherein the gap segment is positioned between the 5' wing segment and the 3' wing segment,

wherein each nucleoside of each wing segment comprises a 2'-0-methoxyethyl sugar or a constrained

ethyl sugar; and wherein each internucleoside linkage is a phosphorothioate linkage.

42. The method of claim 41, wherein the 3 linked nucleosides of the 5 ' wing segment

comprise a 2'-0-methoxyethyl sugar, a constrained ethyl sugar, and a constrained ethyl sugar in the 5' to

3' direction, and the 3 linked nucleosides of the 3 ' wing segment comprise a constrained ethyl sugar, a

constrained ethyl sugar, and a 2'-0-methoxyethyl sugar in the 5 ' to 3' direction.

43. The method of any one of claims 25-42, wherein the antisense oligonucleotide comprises

a gap segment often 2'-deoxynucleotides positioned between wing segments of five 2'-MOE nucleotides.

44. The method of any one of claims 25-43, wherein the antisense compound comprises the

sequence of any one of SEQ ID NOs: 2, 3, or 124-201 targeted to an eRNA that enhances transcription of

MMP9.

45. The method of any one of claims 25-43, wherein the antisense compound comprises the

sequence of any one of the following pairs of sequences: SEQ D NOs: 1 -12; SEQ ID NOs: 13-14; or

SEQ ID NOs: 15-16, or any one of SEQ ID NOs: 60-63 targeted to an eRNA that enhances transcription

ofTFFl.

46. The method of any one of claims 25-43, wherein the antisense compound comprises the

sequence of any one of the following pairs of sequences: SEQ ID NOs: 17-1 8; SEQ ID NOs: 19-20; or

SEQ ID NOs: 21-22 targeted to an eRNA that enhances transcription of GREB1.

47. The method of any one of claims 25-43, wherein the antisense compound comprises the

sequence of any one of the following pairs of sequences: SEQ ID NOs: 23-24 or SEQ ID NOs: 25-26

targeted to an eRNA that enhances transcription of PGR.

48. The method of any one of claims 25-43, wherein the antisense compound comprises the

sequence of any one of the following pairs of sequences: SEQ ID NOs: 27-28 or SEQ ID NOs: 29-30

targeted to an eRNA that enhances transcription of SIAH2.



49. The method of any one of claims 25-43, wherein the antisense compound comprises the

sequence of any one of the following pairs of sequences: SEQ ID NOs: 31-32 or SEQ ID NOs: 33-34, or

any one of SEQ ID NOs: 68 and 69 targeted to an eRNA that enhances transcription of NRIP1 .

50. The method of any one of claims 25-43, wherein the antisense compound comprises the

sequence of any one of the following pairs of sequences: SEQ ID NOs: 35-36 or SEQ ID NOs: 37-38, or

any one of SEQ ID NOs: 66 and 77 targeted to an eRNA that enhances transcription of FOXCI.

51. The method of any one of claims 25-43, wherein the antisense compound comprises the

sequence of any one of the following pairs of sequences: SEQ ID NOs: 39-40 or SEQ ID NOs: 41-42

targeted to an eRNA that enhances transcription of P2RY2.

52 The method of any one of claims 25-43, wherein the antisense compound comprises the

sequence of any one of the following pairs of sequences: SEQ ID NOs: 43-44 or SEQ ID NOs: 45-46, or

any one of SEQ ID NOs: 64 and 65 targeted to an eRNA that enhances transcription of CA12.

53. The method of any one of claims 25-43, wherein the antisense compound comprises the

sequence of any one of the following pairs of sequences: SEQ ID NOs 47-48, SEQ ID NOs: 49-50, or

SEQ ID NOs: 5 -52 targeted to an eRNA that enhances transcription of SMAD7.

54. The method of any one of claims 25-43, wherein the antisense compound comprises the

sequence of any one of the following pairs of sequences: SEQ ID NOs: 53-54, SEQ ID NOs: 55-56, or

SEQ ID NOs: 57-5 targeted to an eRNA that enhances transcription of KCNK5.

55. A compound comprising a specific inhibitor of a MMP9 enhancer RNA (eRNA), wherein

said MMP9 eRNA comprises the nucleic acid sequence of SEQ ID NO:l.

56. The compound of claim 55, wherein the compound is an antisense compound.

57. The compound of claim 56, wherein the antisense compound is single-stranded.

58. The compound of claim 56, wherein the antisense compound is double-stranded.

59. The compound of any one of claims 56-58, wherein the antisense compound is modified.

60. The compound of any one of claims 56-59, wherein the antisense compound is 8 to 80

nucleosides in length.



6 1. The compound of claim 60, wherein the antisense compound is 12 to 30 nucleosides in

length.

62. The compound of claim 61, wherein the antisense compound is 16 nucleosides in length.

63. The compound of any one of claims 56-62, wherein the antisense compound comprises at

least one modified sugar.

64. The compound of claim 63, wherein the at least one modified sugar is a bicyclic sugar.

65. The compound of claim 64, wherein at least one modified sugar comprises a 2'-0-

methoxyethyl group.

66. The compound of claim 64, wherein the modified sugar comprises a 4'-CH(CH 3)-0-2'

group.

67. The compound of any one of claims 56-66, wherein the antisense compound comprises at

least one modified internucleoside linkage.

68. The compound of claim 67, wherein each internucleoside linkage of the antisense

compound is a phosphorothioate internucleoside linkage.

69. The compound of any one of claims 56-68, wherein the antisense compound comprises at

least one modified nucleobase.

70. The compound of any one of claims 56-69, wherein each cytosine of the antisense

compound is a 5-methylcytosine.

71. The compound of any one of claims 56-70, wherein the antisense compound comprises:

a gap segment consisting of linked deoxynucleosides;

a 5' wing segment consisting of linked nucleosides; and

a 3' wing segment consisting of linked nucleosides;

wherein the gap segment is positioned between the 5' wing segment and the 3' wing segment

and wherein each nucleoside of each wing segment comprises a modified sugar.



72. The compound of claim 71, wherein the antisense compound comprises:

a gap segment consisting often linked deoxynucleosides;

a 5' wing segment consisting of 3 linked nucleosides; and

a 3' wing segment consisting of 3 linked nucleosides;

wherein the gap segment is positioned between the 5' wing segment and the 3' wing segment,

wherein each nucleoside of each wing segment comprises a 2'-0-methoxyethyl sugar or a constrained

ethyl sugar; and wherein each internucleoside linkage is a phosphorothioate linkage.

73. The compound of claim 72, wherein the 3 linked nucleosides of the 5' wing segment

comprise a 2'-0-methoxyethyl sugar, a constrained ethyl sugar, and a constrained ethyl sugar in the 5' to

3' direction, and the 3 linked nucleosides of the 3' wing segment comprise a constrained ethyl sugar, a

constrained ethyl sugar, and a 2'-0-methoxyethyl sugar in the 5' to 3' direction.

74. The compound of any one of claims 56-73, wherein the antisense oligonucleotide

comprises a gap segment often 2'-deoxynucleotides positioned between wing segments of five 2'-MOE

nucleotides.

75. The compound of any one of claims 56-74, wherein the antisense compound comprises

the sequence of SEQ ID NOs: 1, 2, or 124-201 targeted to an eRNA that enhances transcription of

MMP9.

76. A compound comprising a specific inhibitor of a CX3CR1 eRNA.

77. A compound comprising a specific inhibitor of a CA12, FOXC1, GREBl, P2RY2,

SMAD7, PGR, SIAH2, NRIP1, TFF1, or KCNK5 eRNA.

78. The compound of claim 77, wherein the specific inhibitor is an antisense compound

comprising any one of the following pairs of sequences: SEQ ID NOs: - 2; SEQ ID NOs: 13-14; or

SEQ ID NOs: 15-16, or any one of SEQ ID NOs: 60-63 targeted to an eRNA that enhances transcription

ofTFFl.



79. The compound of claim 77, wherein the specific inhibitor is an antisense compound

comprising any one of the following pairs of sequences: SEQ) ID NOs: 7- ; SEQ ID NOs: 19-20; or

SEQ ID NOs: 21-22 targeted to an eRNA that enhances transcription of GREB1.

80. The compound of claim 77, wherein the specific inhibitor is an antisense compound

comprising any one of the following pairs of sequences: SEQ ID NOs: 23-24 or SEQ ID NOs: 25-26

targeted to an eRNA that enhances transcription of PGR.

81. The compound of claim 77, wherein the specific inhibitor is an antisense compound

comprising any one of the following pairs of sequences: SEQ ID NOs: 27-28 or SEQ ID NOs: 29-30

targeted to an eRNA that enhances transcription of SIAH2.

82. The compound of claim 77, wherein the specific inhibitor is an antisense compound

comprising any one of the following pairs of sequences: SEQ ID NOs: 31-32 or SEQ ID NOs: 33-34, or

any one of SEQ ID NOs: 68 and 69 targeted to an eRNA that enhances transcription of NRIPI .

83. The compound of claim 77, wherein the specific inhibitor is an antisense compound

comprising any one of the following pairs of sequences: SEQ ID NOs: 35-36 or SEQ ID NOs: 37-38, or

any one of SEQ ID NOs: 66 and 77 targeted to an eRNA that enhances transcription of FOXC1.

84. The compound of claim 77, wherein the specific inhibitor is an antisense compound

comprising any one of the following pairs of sequences: SEQ ID NOs: 39-40 or SEQ ID NOs: 41-42

targeted to an eRNA that enhances transcription of P2RY2.

85. The compound of claim 77, wherein the specific inhibitor is an antisense compound

comprising any one of the following pairs of sequences: SEQ ID NOs: 43-44 or SEQ ID NOs: 45-46, or

any one of SEQ ID NOs: 64 and 65 targeted to an eRNA that enhances transcription of CA12.

86. The compound of claim 77, wherein the specific inhibitor is an antisense compound

comprising any one of the following pairs of sequences: SEQ ID NOs 47-48, SEQ ID NOs: 49-50, or

SEQ ID NOs: 5 -52 targeted to an eRNA that enhances transcription of SMAD7.

87. The compound of claim 77, wherein the specific inhibitor is an antisense compound

comprising any one of the following pairs of sequences: SEQ ID NOs: 53-54, SEQ ID NOs: 55-56, or

SEQ ID NOs: 57-5 targeted to an eRNA that enhances transcription of KCNK5.
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