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(57) Abregé/Abstract:

The present invention relates to antisense oligonucleotides that modulate the expression of and/or function of Interferon Regulatory
Factor 8 (IRF8), In particular, by targeting natural antisense polynucleotides of Interferon Regulatory Factor 8 (IRF8). The invention
also relates to the identification of these antisense oligonucleotides and their use In treating diseases and disorders associated with
the expression of IRF8.
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(57) Abstract: The present mvention re-
lates to antisense oligonucleotides that
modulate the expression of and/or function
of Interferon Regulatory Factor 8 (IRF8), in
particular, by targeting natural antisense
polynucleotides of Interferon Regulatory
Factor 8 (IRF8). The invention also relates
to the identification of these antisense
oligonucleotides and their use In treating
diseases and disorders associated with the
expression of IRFS.
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TREATMENT OF INTERFERON REGULATORY FACTOR 8 (IRF8) RELATED DISEASES BY
INHIBITION OF NATURAL ANTISENSE TRANSCRIPT TO IRF8
FIELD OF THE INVENTION

|0001] The present application claims the priority of U.S. provisional patent application No. 61/291946 filed January
4, 2010 which 1s incorporated hercin by reference in its entirety.

[0002] Embodiments of the invention comprise oligonucleotides modulating expression and/or function of IRF8 and
associatcd molcculcs.

BACKGROUND

[0003] DNA-RNA and RNA-RNA hybridization arc important to many aspects of nucleic acid function including
DNA replication, transcription, and translation. Hybridization is also central to a variety of technologies that either
detect a particular nucleic acid or alter its expression. Antisensc nucleotides, for cxample, disrupt gene expression by
hybridizing to target RNA, thereby interfering with RNA splicing, transcription, translation,' and replication. Antiscnsc
DNA has the added feature that DNA-RNA hybrids serve as a substrate for digestion by nbonuclease H, an achivity
that is present in most ccll types. Antisense molecules can be delivered into cells, as is the case for

oligodeoxynucleotides (ODNs), or they can be expressed from endogenous genes as RNA molecules. The FDA

"~ recently approved an antisense drug, VITRAVENE™ (for treatment of cytomegalovirus retinitis), reflecting that

antiscnsc has therapcutic utility.
SUMMARY

[0004] This Summary is provided to present a summary of the invention to bricfly indicate the nature and substance of
the invention. It is submitted with the understanding that it will not be used to interpret or limit the scope or meaning of
the claims.

[0005] In onc cmbodiment, the invention provides methods for inhibiting the action of a natural antisense transcript by
using antisense oligonucleotide(s) targeted to any region of the natural antisense transcript resulting in up-regulation of
the corresponding sense gene. It is also contemplated herein that inhibition of the natural antisense transcript can be
achicved by siRNA, ribozymes and small molecules, which arc considered to be within the scope of the present
Invention,

[0006] Onc cmbodiment provides a method of modulating function and/or expression of an IRF& polynucleotide in
patient cells or tissues in vivo or in vitro comprising contacting said cells or tissues with an antisense oligonucleotide
to 30 nucleotides in length wherein said oligonucleotide has at least 50% sequence identity to a reverse complement of
a polynucleotide comprising 5 to 30 consecutive nucleotides within nucleotides | to 312 of SEQ 1D NO: 2 thereby

modulating function and/or expression of the IRF8 polynucleotide in patient cells or tissues in vivo or in vitro.
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0007] In an ecmbodiment, an oligonucleotide targets a natural antiscnse sequence of IRF8 polynucleotides, for
cxample, nucleotides set forth in SEQ ID NOS: 2, and any vanants, allcles, homologs, mutants, derivatives, fragments
and complementary sequences thereto. Examples of antisense oligonucleotides are set forth as SEQ ID NOS: 3 to 6.
[0008] Another embodiment provides a method of modulating function and/or expression of an IRF8 polynucleotide
in patient cclls or tissues in vivo or in vitro comprising contacting said cells or tissues with an antisense oligonucleotide
5 to 30 nucleotides in length wherein said oligonucleotide has at least 50% sequence identity to a reverse complement
of thc an antiscnsc of thc IRF8 polynuclcotide; thereby modulating function and/or cxpression of the IRFS
polynucleotidc 1n patient cells or tissues.in vivo or i vItro.
0009} Another embodiment provides a method of modulating function and/or expression of an IRF8 polynuclcotide
in patient cells or tissues in vivo or in vitro comprising contacting said cells or tissues with an antisense oligonucleotide
5 to 30 nuclcotides in length wherein said oligonucleotide has at lcast 50% sequence identity to an antisensc
oligonuclcotide to an IRF& -antisense polynucleotide; thereby modulating function and/or expression of the IRF&
polynucleotide in patient cells or tissues in vivo or in vitro.
0010} In an embodiment, a composition comprises on¢ or more antisense oligonucleotides which bind to sense
and/or antiscnsc IRF8 polynuclcotides.
[0011] Inan cmbodiment, the oligonucleotides comprisc onc or more modified or substituted nucleotides.
[0012] Inan ecmbodiment, the oligonucleotides comprise onc or more modified bonds.
[0013] In yet another embodiment, the modified nucleotides comprise modified bases comprising phosphorothioate,
mcthylphosphonate, peptide nucleic acids, 2°-O-methyl, fluoro- or carbon, mcthylene or other locked nucleic acid
(LNA) molcculcs. Preferably, the modificd nucleotides are locked nucleic acid molecules, including a-L-LNA.
0014} In an embodiment, the oligonuclcotides are administered to a patient subcutancously, intramuscularly,
intravenously or intrapentoneally.
|0015] In an cmbodiment, the oligonucleotides arc administered in a pharmaceutical composition. A trcatment
regimen comprises administering the antisense compounds at least once to patient; however, this treatment can be
modificd to include multiple doses over a period of time. The treatment can be combined with one or more other types
of therapics.
[0016] In an cmbodiment, the oligonucleotides are encapsulated in a liposome or attached to a carrier molecule (c.g.
cholesterol, TAT peptide).
[0017] Other aspects are described infra.

| BRIEF DESCRIPTION OF THE DRAWINGS
[0018] Figurc 1 is a graph of rcal time PCR results showing the fold change + standard deviation in IRF8 mRNA after
trcatment of MCF-7 cells with phosphorothioate oligonuclecotides introduced using Lipofectamine 2000, as compared

to control. Real time PCR results show that the levels of the IRF8 mRNA in MCF-7 cclls arc significantly increased 48
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h after treatment with onc of the oligos designed to IRF8 antisense Hs.661571. Bars denoted as CUR-1377, CUR-1378,
CUR-1379 and CUR-1380 corrcspond to samplcs trcatcd with SEQ ID NOS: 3, 4, 5 and 6 rcspectively.
[0019] Scquence Listing Description- SEQ ID NO: |: Homo sapiens interferon regulatory factor 8 (IRF8), mRNA
(NCBI Accession No.: NM _002163); SEQ ID NO: 2: Natural IRF8 antisense sequence Hs.661571; SEQ ID NOs: 3 to
6: Antisensc oligonucicotides. * indicates phosphothioate bond.

DETAILED DESCRIPTION
[0020] Scvcral aspccts of the invention arc described below with reference to example applications for illustration. It
should be understood that numecrous specific details, relationships, and methods arc set forth to provide a full
understanding of the tnvention. One having ordinary skill in the relevant art, however, will readily récognize that the
invention can be practiced without one or more of the specific details or with other methods. The present invention 1s
not limited by the ordering of acts or cvents, as somc acts may occur in diffcrent orders and/or concurrently with other
acts or events. Furthermore, not all illustrated acts or events are required to implement a methodology 1n accordance
with the present invention.
[0021] All genes, gene names, and gene products disclosed herein are intended to correspond to homologs from any
species for which the compositions and methods disclosed herein are applicable. Thus, the terms include, but are not
limited to genes and gene products from humans and mice. It is understood that when a gene or gene product from a
particular species is disclosced, this disclosure is intcnded to be exemplary only, and 1s not to be interpreted as a
limitation unless the context in which it appears clearly indicates. Thus, for example, for the genes disclosed herein,
which in some embodiments relatc to mammalian nucleic acid and amino acid sequences arc intended to cncompass
homologous and/or orthologous genes and gene products from other animals including, but not limited to other
mammals, fish, amphibians, reptiles, and birds. In an embodiment, the genes or nucleie acid sequences are human.
Definitions
10022] The terminology used herein is for the purpose of describing particular embodiments only and is not intended
to be limiting of the invention. As used herein, the singular forms "a", "an" and "the" are intended to include the plural
forms as well, unlcss the context clearly indicates otherwise. Furthermore, to the extent that the terms "including”,
"includes”, "having", "has", "with", or variants thereof are uscd in cither the detailed description and/or the claims, such
terms are intended to be inclusive in a manner similar to the term "comprising.”
10023] The term "about” or "approximately” means within an acceptable error range for the particular value as
determined by one of ordinary skill in the art, which will depend in part on how the value i1s measured or determined,
1.c., the limitations of the measurement system. For c¢xample, "about” can mean within 1 or more than | standard
deviation, per the practice in the art. Alternatively, "about” can mean a range of up to 20%, preferably up to 10%, more
prcférably up to 5%, and more preferably still up to 1% of a given value. Alternatively, particularly with respect to
biological systems or processes, the term can mean within an order of magnitude, preferably within 5-fold, and more
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preferably within 2-fold, of a value. Where particular values arc described in the application and claims, unless
othcrwisc statcd the term "about” mcaning within an acceptable crror rangc for the particular valuc should be assumed.
10024] As uscd herein, the term "mRNA" means the presently known mRNA transcript(s) of a targeted gene, and any
further transcripts which may be elucidated.

|0025] By "antiscnsc oligonucleotides” or "antisense compound” 1s meant an RNA or DNA molecule that binds to
another RNA or DNA (targct RNA, DNA). For example, if it 1s an RNA oligonucleotide 1t binds to another RNA target
by mcans of RNA-RNA intcractions and alters the activity of the target RNA. An antiscnsc oligonuclcotide can
upregulate or downregulate expression and/or function of a particular polynucleotide. The definition i1s meant to include
any foreign RNA or DNA molecule which is useful from a therapeutic, diagnostic, or other viewpoint. Such molecules
include, for example, antisensc RNA or DNA molecules, interference RNA (RNA1), micro RNA, decoy RNA
molccules, siRNA, enzymatic RNA, therapeutic editing RNA and agonist and antagonist RNA, antisense oligomeric
compounds, antiscnse oligonucleotides, cxternal guide sequence (EGS) oligonucleotides, alternate splicers, primers,
probes, and other oligomeric compounds that hybridize to at least a portion of the target nucleic acid. As such, these
compounds may be introduced in the form of single-stranded, double-stranded, partially single-stranded, or circular
oligomeric compounds.

10026] In the context of this invention, the term "oligonucleotide” refers to an oligomer or polymer of ribonucleic acid
(RNA) or dcoxyribonuclcic acid (DNA) or mimgctics thercof. The term "oligonucleotide”, also includces lincar or
circular oligomers of natural and/or modificd monomers or linkages, including decoxyribonucleosides, ribonuclcosides,
substituted and alpha-anomcric forms thercof, peptide nucleic acids (PNA), locked nucleic acids (LNA),
phosphorothioate, methylphosphonate, and the like. Oligonucleotides are capable of specifically binding to a target
polynucleotide by way of a regular pattern of monomer-to-monomer interactions, such as Watson-Crick lype of basc
pairing, Hobgsteen or reverse Hoogsteen types of base pairing, or the like.

[0027] The oligonuclcotide may be "chimeric”, that is, composed of different regions. In the context of this invention
"chimeric" compounds arc oligonuclcotides, which contain two or more chemical regions, for example, DNA
region(s), RNA region(s). PNA rcgion(s) ctc. Each chemical region is made up of at Icast onc monomer unit, 1.c., a
nucleotide in the casc of an oligonuclcotides compound. These oligonuclcotides typically compnsc at lcast onc rcgion
wherein the oligonucleotide is modified in order to exhibit one or morc desired properties. The desired propertics of the
oligonucleotide include, but are not limited, for example, to increased resistance to nuclease degradation, increased
cellular uptake, and/or increased binding affinity for the target nucleic acid. Different regions of the oligonucleotide
may therefore have different properties. The chimeric oligonucieotides of the present invention can be formed as mixed
structurcs of two or more oligonuclcotides, modificd oligonucleotides, oligonucleosides and/or oligonuclcotide analogs
as descnbed above.
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|0028] The oligonucleotide can bec composed of regions that can be linked in "register”, that is, when the monomers
arc linked consccutively, as in natuve DNA, or linked via spacers. The spaccers arc intended to constitute a covalent
"bndge” between the regions and have in preferred cases a length not exceeding about 100 carbon atoms. The spacers
may carry different functionalities, for example, having positive or negative charge, carry special nucleic acid binding
propertics (intercalators, groove binders, toxins, fluorophors etc.), being lipophilic, inducing special secondary
structurcs like, for cxampic, alaninc containing peptides that induce alpha-hclices.

[0029] As uscd herein "IRF8" and "Interferon Regulatory Factor 8" arc inclusive of all family members, mutants,
alleles, fragments, species, coding and noncoding sequences, sense and antisense polynucleotide strands, etc.

|0030] As uscd herein, the words As uscd herein, the words Interferon regulatory factor 8, IRF-8, IRF8, H-ICSBP,
ICSBP, ICSBPI, Interferon consensus sequence-binding protein, are considered the same in the literature and are used
interchangcably 1n the present application.

[0031] As used herein, the term "oligonucleotide specific for" or "oligonucleotide which targets” refers to an
oligonucleotide having a sequence (i) capable of forming a stable complex with a portion of the targeted gene, or (11)
capablc of forming a stable duplex with a portion of a mRNA transéript of the targeted gene. Stability of the complexes
and duplexes can be determined by theorctical calculations and/or in vitro assays. Exemplary assays for determining
stability of hybndization complexes and duplexes are described .in the Examples below.

[0032] As used herein, the term "target nucleic acid” encompasses DNA, RNA (comprising premRNA and mRNA)
transcribed from such DNA. and also ¢cDNA derived from such RNA, coding. noncoding sequences, sensc or antisense
polynucleotides. The spccific hybridization of an oligomeric compound with its target nucleic acid interferes with the
normal function of the nucleic acid. This modulation of function of a target nucleic acid by compounds, which
specifically hybridize to it, is gencrally referred to as "antisensc”. The functions of DNA to be interfered include, for
example, replication and transcription. The functions of RNA to+be interfered, include all vital functions such as, for
example, translocation of the RNA to the site of protein translation, translation of protein from the RNA, sphicing of the |
RNA to yicld one or more mRNA species, and catalytic activity which may be engaged in or facilitated by the RNA.
The ovcerall effect of such interference with target nucleic acid function is modulation of the expression of an encoded
product or oligonuclcotidcs.

|0033] RNA interference "RNAI" 1s mediated by double stranded RNA (dsRNA) molecules that have sequence-
specific homology to their "target” nucleic acid sequences. In certain embodiments of the present invention, the
mediators arc 5-25 nucleotide "small interfering” RNA duplexes (siRNAs). The siRNAs are derived from the
processing of dsSRNA by an RNase enzyme known as Dicer. siRNA duplex products arc recruited into a multi-protein
siRNA complex termed RISC (RNA Induced Silencing Complex). Without wishing to be bound by any particular
thecory, a RISC is then belicved to be guided to a target nucleic acid (suitably mRNA), where the siRNA duplex
interacts in a sequence-specific way to mediate cleavage in a catalytic fashion. Small interfering RNAs that can be used
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in accordance with the present invention can be synthesized and used according to procedurcs that are well known n
the art and that will bc familhiar to the ordinarily skilled artisan. Small intcrfering RNAs for usc in the methods of the
present invention suitably comprse between about 1 to about 50 ‘nucleotides (nt). In examples of non hmiting
embodiments, siRNAs can comprisc about 5 to about 40 nt, about 5 to about 30 nt, about 10 to about 30 nt, about 15 to
about 25 nt, or about 2(-25 nucicotides. -

[0034] Sclection of appropriate oligonuclcotides 1s facilitated by using computer programs that automatically align
nucleic acid sequences and indicate regions of identity or homology. Such programs are used to compare nucleic acid
sequences obtained, for example, by searching databases such as GenBank or by sequencing PCR products.
Companson of nucleic acid sequences frorﬁ a range of specics allows the selection of nucleic acid sequences that
display an appropriate degree of identity between species. In the case of genes that have not been sequenced, Southern
blots arc performed to allow a dctermination of the degree of identity between genes in target specics and other specics.
By performing Southemn blots at varying degrees of stringency, as is well known in the art, it 1s possible to obtain an
approximate measure of identity. These procedures allow the selecnon of oligonucleotides that exhibit a high degree of
complementanty to target nucleic acid sequences n a subject to be controlled and a lower degree of complementanty
to corresponding nucleic acid sequences in other species. One skilled in the art will realize that there is considerable
latitude in selecting appropniate regions of genes for use in the present invention.

[0035] By "cnzymatic RNA" is mcant an RNA molecule with enzymatic activity (Cech, (1988) J. American. Med
Assoc. 260, 3030-3035). Enzymatic nucleic acids (ribozymes) act by first binding to a target RNA. Such binding occurs
through the target binding portion of an enzymatic nucleic acid which is held in closc proximity to an enzymatic
portion of the molecule that acts to cleave the target RNA. Thus, the enzymatic nucleic acid first recognizes and then
binds a target RNA through base pairing, and once bound to the correct site, acts enzymatically to cut the target RNA.
[0036] By "decoy RNA" is meant an RNA molecule that mimics the natural binding domain for a ligand. The decoy
RNA thereforc competes with natural binding target for the binding of a specific ligand. For cxample, it has been
shown that over-expression of HIV trans-activation response (TAR) RNA can act as a "decoy” and efficiently binds
HIV tat protein, thereby preventing it from binding to TAR sequences encoded in the HIV RNA. This 1s meant to be a
specific example. Those in the art will recognize that this is but one example, and other embodiments can be readily
eenerated using techniques generally known in the art.

|0037] As used herein, the term "monomers” typically indicates monomers linked by phosphodiester bonds or analogs
thereof to form oligonucleotides ranging in size from a few monomeric units, ¢.g., from about 3-4, to about several
hundreds of monomenc units. Analogs of phosphodicster linkages include: phosphorothioate, phosphorodithioate,
mcthylphosphornates, phosphorosclcnoate, phosphoramidate, and the like, as more fully described below.

[0038] The term “nucleotide™ covers naturally occurring nucleotides as well as nonnaturally occurming nucleotides. It

should be clear to the person skilled in the art that various nucleotides which previously have been considered "non-
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naturally occurring” have subscquently been found in nature. Thus, "nuclcotides™ includes not only the known punine
and pyrimidinc hctcrocycles-containing molcculcs, but also hetcrocyclic analogucs and tautomers thereof. [llustrative
examples of othér types of nucleotides arc molecules coniaining adenine, guanine, thyming, cytosine, uractl, punne,
xanthine, diaminopurine, 8-oxo- N6-methyladenine, 7-decazaxanthine, 7-dcazaguanine, N4, N4-cthanocytosin, N6,N6-
cthano-2,6- diaminopurine,  S-methyleytosine,  5-(C3-C6)-alkynyleytosine,  S-fluorouracil,  S-bromouracil,
pscudoisocytosine, 2-hydroxy-5-methyl-4-triazolopyridin, isocytosine, isoguanin, inosine and the "non-nziturally
occurring” nucleotides described in Benner er al., U.S. Pat No. 5432,272. The term "nucleotide” 1s intended to cover
cvery and all of these examples as well as analogues and tautomers thereof. Especially interesting nucleotides are those
containing adenine, guanine, thymine, cytosine, and uracil, which arc considered as the naturally occurnng nucleotides
in relation to therapeutic and diagnostic application in humans. Nucleotides include the natural 2'-deoxy and 2'-
hydroxyl sugars, c.g., as described in Kornberg and Baker, DNA Replication, 2nd Ed. (Freeman, San Francisco, 1992)
as well as their analogs.

[0039] "Analogs"” in reference to nucleotides includes synthetic nucleotides having modified base moieties and/or
modified sugar moieties (see e.g., described generally by Scheit, Nucleotide Analogs, John Wiley, New York, 1980;
Freier & Altmann, (1997) Nucl. Acid. Res., 25(22), 4429- 4443, Toulmé, J.J., (2001) Nature Biotechnology 19:17-18,;
Mangcharan M., (1999) Biochemica et Biophysica Acta 1489:117-139; Freier S. M., (1997) Nucleic Acid Research,
25:4429-4443, Uhlman, E., (2000) Drug Discovery & Development, 3: 203-213, Herdewin P., (2000) Antisense &
Nucleic Acid Drug Dev., 10:297-310); 2-O, 3'-C-linked [3.2.0] bicycloarabinonuclecosides. Such analqgs include
synthetic nucicotides dcsigﬁcd to enhancce binding propertics, ¢.g., duplex or triplex stability, specificity, or the like.
|0040] As uscd hercin, "hybridization" means the pairing of substantially complementary strands of oligomeric
compounds. One mechanism of pairing involves hydrogen bonding, which may be Watson-Cnck, Hodgsteen or
reverscd Hodgsteen hydrogen bonding, between complementary nucleoside or nucleotide bases (nuclcotides) of the
strands of .oli‘gomcric compounds. For example, adenine and thymine are complementary nucleotides which pair
through the formation of hydrogen bonds. Hybridization can occur under varying circumstances.

[0041] An antisensc compound is "specifically hybridizable" when binding of the compound to the target nucleic acid
interferes with the normal function ‘of the target nucleic acid to cause a modulation of function and/or activity, and there
is a sufficient degree of complementarity to avoid non-specific binding of the antisense compound to non-target nucleic
acid scquences under conditions in which specific binding is desired, i.c., under physiological conditions in the casc of
in vivo assays- or therapeutic treatment, and under conditions in which assays arc performed in the case of in vitro
assays.

[0042] As uscd herein, the phrase "stringent hybridization conditions” or "stringent conditions” refers to conditions
under which a compound of the invention will hybridize to its target sequence, but to a minimal number of other

sequences. Stringent conditions are sequence-dependent and will be different in” different circumstances and 1n the
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context of this invention, "stringent conditions™ under which oligomenc compounds hybndize to a target sequence are
dctermined by the naturc and composition of the oligomcric compounds and the assays in which they arc being
investigated. In general, stringent hybridization conditions comprise low concentrations (<0.15M) of salts with
inorganic cations such as Na++ or K++ (i.c., low ionic strength), temperature higher than 20°C - 25° C. below the Tm
of the oligomeric compound:target sequence complex, and the presence of denaturants such as formamde,
dimethylformamide, dimethyl sulfoxide, or the detergent sodium dodecyl sulfate (SDS). For cxample, the hybridization
rate decreases 1.1% for each l:}o formamide. An example of a high stringency hybndization condition 1s 0.1X sodium
chlonde-sodium citrate buffer (SSCY0.1% (w/v) SDS at 60° C. for 30 minutes.

[0043] "C omplcmentary,"' as used herein, refers to the capacity for precisc pairing between two nucleotides on one or
two oligomeric strands. For example, if a nucleobase at a certain, position of an antisense compound is capable of
hydrogen bonding with a nuclcobase at a certain position of a target nucleic acid, said target nucleic acid being a DNA,
RNA., or oligonuclcotide moleculc, then the position of hydrogen bonding between the oligonucleotide and the target
nucleic acid is considered to be a complementary position. The oligomeric compound and the further DNA, RNA, or
oligonucleotide molecule are complementary to cach other when a sufficient number of complementary positions n
cach moleculc are occupied by nucleotides which can hydrogen bond with cach other. Thus, "specifically hybndizable”
and "complementary" are terms which are used to indicate a sufficient degree of precise pairing or complementanty
over a sufficicnt number of nuclcotides such that stablc and specific binding occurs between the oligomeric compound
and a targcet nucleic acid.

[0044] 1t is understood in the art that the sequence of an oligomeric compound need not be 100% complementary to
that of its target nucleic acid to be specifically hybridizable. Morcover, an oligonucleotide may hybnidize over onc or
more scgments such that intervening or adjacent scgments arc not involved in the hybridization event (e.g., a loop
structurc, mismatch or hairpin structurc). The oligomeric compounds of the present invention compnsc at Icast about
70%. or at least about 75%. or at least about 80%, or at least about 85%, or at least about 90%, or at Ieast about 95%, or
at lcast about 99% scquence complementarity to a target region within the target nucleic acid scquence to which they
arc fargctcd. For cxamplc, an antiscnsc compound in which 18.0f 20 nuclcotides of the antisense compound are
complementary to a target region, and would therefore specifically hybnidize, would represent 90 percent
complementarity. In this example, the remaining noncomplementary nuclcotides may be clustered or interspersed with
complementary nuclcotides and need not be contiguous to cach other or to complementary nucleotides. As such, an
antiscnsc compound which is 18 nuclcotides in length having 4 (four) noncomplecmentary nucleotides which arc
flanked by two rcgions of completc 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 scarch tools) and PowerBLAST programs known in the art. Percent
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homology, scquence idcntit); or complementarity, can be determined by, for example, the Gap program (Wisconsin
Scquence Analysis Package, Version 8 for Unix, Genetics Computer Group, University Rescarch Park, Madison Wis.),
using default scttings, which uses the algorithm of Smith and Waterman (Adv. Appl. Math., (1981) 2, 482-489).

|0045] As used herein, the term "Thermal Melting Point (Tm)" refers to the temperature, under defined ionic strength,
pH, and nucleic acid concentration, at which 50% of the oligonucleotides complementary to the target sequence
hybndizc to the target scquence at cquflibrium. Typically, stljiiigcnt conditions will be those in which the salt
concentration is at least about 0.01 to 1.0 M Na 10on concentration (or other salts) at pH 7.0 to 8.3 and the temperature s
at least about 30°C for short oligonucleotides (¢.g., 10 to 50 nuclcotide). Stringent conditions may also be achicved with
the addition of destabilizing agents such as formamuide.

|0046] As used hercin, "modulation” means cither an increase (stimulation) or a decrease (inhibition) in the expression
of a genc. .

|0047] The term "variant”, when used in the context of a polynucleotide sequence, may encompass a polynucleotide

sequence related to a wild type gene. This definition may also include, for example, "allehic,” "splice,” "species,” or
"polymorphic” variants. A splice variant may have significant identity to a reference molecule, but will generally have
a grcater or lesser number of polynucleotides due to alternate splicing of exons during mRNA processing. The
corresponding polypeptide may possess additional functional domains or an absence of domains. Species vanants are
polynuclcotide scquences that vary from onc specics to another. Of particular utility in the invention arc variants of
wild type gene products. Variants may result from at lcast onc mutation in the nucleic acid sequence and may result in
altered mRNAs or in polypeptides whose structure or function may or may not be altered. Any given natural or
recombinant gene may have none, one, or many allclic forms. Common mutational changes that give nsc to vanants
ar¢ generally ascribed to natural deletions, additons, or substitutions of nucleotides. Each of these types of changes
may occur alone, or in combination with the others, one or more times in a given sequence.

|0048] The resulting polypeptides gencrally will have significant amino acid identity relative to cach other. A
polymorphic variant is a variation in the polynucleotide sequence of a particular gene between individuals of a given
specics. Polymorphic variants also may cncompass "singlc nuclcotide polymorphisms” (SNPs,) or singlc basc
mutations in which the polynucleotide sequence varics by onc base. The presence of SNPs may be indicative of, for
example, a certain population with a propensity for a discase state, that is susceptibility versus resistance.

10049] Derivative polynucleotides include nucleic acids subjected to chemical modification, for example, replacement
of hydrogen by an alkyl, acyl, or amino group. Derivatives, €.g., derivative oligonucleotides, may comprise non-

naturally-occurring portions, such as altered sugar moictics or inter-sugar linkages. Exemplary among thesc are

" phosphorothioate and other sulfur containing species which are known in the art. Derivative nucleic acids may also

contain labels, including radionucleotides, enzymes, fluorescent agents, chemiluminescent agents, chromogenic agents,

substrates, cofactors, inhibitors, magnetic particles, and the hke.
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[0050] A “denivative" polypeptide or peptide 1s onc that 1s modified, for example, by glycosylation, pegylation,
phosphorylation, sulfation, reduction/alkylation, acylation, chemical coupling, or mild formalin trcatment. A denivative
may also be modified to contain a detectable label, ecither directly or indirectly, inbluding, but not limited to, a
radioisotope, tluorescent, and enzyme label.

[0051] As used herein, the term "animal" or "patient” is meant to include, for example, humans, sheep, clks, deer,
mule decr, minks, mamn{als, monkeys, horses, cattle, pigs, goats, dogs, cats, rats, mice, birds, chicken, reptiles, fish,
insccts and arachnids.

[0052] "Mammal" covers warm blooded mammals that arc typically under medical carc (c.g., humans and
domesticated animals). Examplcs include feline, canine, cquing, bovince, and human, as well as just human.

[0053] "Treating” or "trcatment” covers the treatment of a discase-state in a mammal, and includes: (a) preventing the
discase-state from occurring in a mammal, in particular, when such mammal is predisposed to the diseasc-state but has
not yet been diagnosed as having it; (b) inhibiting the discase-state, ¢.g., arresting it development; and/or (c) relicving
the disease-state, e.g., causing regression of the disease state until a desired endpoint is reached. Treating also includes
the amelioration of a symptom of a disease (e.g., lessen the pain or discomfort), wherein such amelioration may or may
not be directly affccting the discasc (¢.g., cause, transmission, CXpression, €tc. ).

|0054] As used herein, "cancer” refers to all types of cancer or htoplasm or malignant tumors found in mammals,
including, but not limited to: leukemias, lymphomas, melanomas, carcinomas and sarcomas. The cancer manifests
itself as a "tumor"” or tissuc comprising malignant cclls of the cancer. Examples of tumors includc‘ sarcomas and
carcinomas such as, but not limited to: fibrosarcoma, myxosarcoma, liposarcoma, chondrosarcoma, ostcogenic
sarcoma, chordoma, anglosarcoma, cndothcliosaf.coma, lymphangiosarcoma, lymphangiocndothcliosarcoma,
synovioma, mesothclioma, Ewing's tumor, Iciomyosarcoma, rhabdomyosarcoma, colon carcinoma, pancrcatic canccr,
breast cancer, ovarian cancer, prostate cancer, squamous cell carcinoma, basal cell carcinoma, adenocarcinoma, sweat
gland carcinoma, scbaccous gland carcinoma, papillary carcinoma, papillary adenocarcinomas, cystadenocarcinoma,
medullary carcinoma, bronchogenic carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, chonocarcinoma,
scminoma, cmbryonal carcinoma, Wilms' tumor, cervical cancer, testicular tumor, lung carcinoma, small cell lung
carcinoma, bladder carcinoma, cpithelial carcinoma, glioma, astrocytoma, mcdulloblastoma, craniopharyngioma, '
cpendymoma, pincaloma, hcmangioblastoma, acoustic ncuroma, oligodendroglioma, meningioma, mclanoma,
ncuroblastoma, and retinoblastoma. Additional cancers which can be treated by the disclosed composition according to
the invention include but not limited to, for example, Hodgkin's Disease, Non-Hodgkin's Lymphoma, muluple
myecloma, ncuroblastoma, brecast cancer, ovarian cancer, Iung‘cancer, rhabdomyosarcoma, primary thrombocytosis,
primary macroglobulinemia, small-cell lung tumors, primary brain‘tumors, stomach cancer, colon cancer, malignant

pancreatic insulanoma, malignant carcinoid, urinary bladder cancer, gastric cancer, premalignant skin lesions, testicular
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canccr, lymphomas, thyroid cancer, ncuroblastoma, csophageél cancer, genitounnary tract cancer, malignant
hypcrcalcemia, cervical cancer, cndometrial cancer, adrenal cortical cancer, and prostate cancer.

Polynucleotide and Oligonucleotide Compositions and Molecules,
[0058] Targets: In one embodiment, the targets comprise nucleic acid sequences of Interferon Regulatory Factor 8
(IRF8), including without limitation sens¢ and/or antisense noncoding and/or coding sequences associated with IRFS. |
[0056] Interferon consensus sequence-binding protein (ICSBP), also known as interferon regulatory factor 8 (IRF-8),
is a transcription factor belonging to the IRF family that plays a critical rolc in the regulation of lincage commitment,
especially in myeloid cell differentiation. It is expressed in BM progenitor cells and controls the cell growth and
differentiation of myeloid cells at different developmental stages. It has been reported that ICSBP can affect the
proliferative potential of myeloid cells at the progenitor ccll level, playing a role in promoting macrophage
diffcrentiation while inhibiting the development of gra.nuiocytcé. Mycloid cells from ICSBP-/- mice have also been
reported to cxhibit defective apoptosis. We recently reported that ICSBP acts as a key factor in controlling in vivo the
developmental maturation program of plasmacytoid DCs, also called interferon-producing cells (IPCs).

[0057] In an embodiment, antisense ohigonucleotides are used to prevent or treat discases or disorders associated with
IRF§ family members. Exemplary Interferon Regulatory Factor 8 (IRF8) mediated discases and disorders which can be
treated with cell/tissucs regenerated from stem cells obtained using the antisense compounds comprise: a disease or
disorder associatcd with abnormal function and/or cxpression of IRF8, cancer, a mycloprolifcranve disorder (c.g.,
Chronic myclogenous leukemia (CML)), multiple mycloma, a bone development/metabolic discase or disorder (c.g.,
periodontitis and rhcumatoid arthritis, osteoporosis), multiple sclerosis, an immunological disecasc or disorder, an
autoimmunc discase or disorder, an immunodeficiency discasc or disorder (¢.g., AIDS), a discasc or disorder involving
defective innate immunity and a discase associated with apoplosis, aging and senescence,

[0058] In an cmbodiment, modulation of IRF8 by one or more antiscnsc oligonuclcotides i§ administered to a patient
in need thereof, for athletic enhancement and body building, |

0059} In an embodiment, modulation of IRF8 by one¢ or more antisense oligonucleotides is administered to a patient
in need thereof, to prevent or treat any discase or disorder related to IRF8 abnormal expression, function, activity as
comparcd o a normal control.

0060} In an ecmbodiment, the oligonucleotides are specific for polynucleotides of IRF8, which includes, without
limitation noncoding regions. The IRF8 targets comprise variants of IRF8; mutants of IRFS, including SNPs;
noncoding scquences of IRFR; allcles, fragments and the like. Preferably the oligonucleotide 1s an antisensc RNA
molccule.

[0061] In accordance with embodiments of the invention, the target nucleic acid molecule is not limited to IRF8
polynucleotides alone but extends to any of the isoforms, receptors, homologs, non-coding regions and the like of

IRFS.
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[0062] In an cmbodiment, an oligonucleotide targets a natural antisensc scquence (natural antisense to the coding and
non-coding regions) of IRF8 targets, including, without limitation, variants, alleles, homologs, mutants, denivatives,
fragments and complementary sequences thereto. Preferably the oligonucleotide 1s an antisense RNA or DNA
molecule. |

[0063] In an embodiment, the oligomeric compounds of the present invention also include variants in which a
different base is present at one or more of the nucleotide positions in. the compound. For example, if the first nucleotide
Is an adcning, variants may be produced which contain thymidine, guanosine, cytidine or other natural or unnatural
nucleotides at t.his‘position. This may be done at any of the positions of the antisense compound. These compounds are
then tested using the methods described herein to determine their ability to inhibit expression of a target nucleic acid.
{0064} In somc cmbodiments, homology, scqu.ehcc identity or complementarity, between the antisense compound and
target is from about 50% to about 60%. In somc embodiments, homology, sequence identity or complementanty, 1s
from about 60% to about 70%. In somc embodiments, homology, secquence identity or complementarity, 1s from about
70% to about 80%. In some embodiments, homology, sequence idcntify or complementanity, 1s from about 80% to
about 90%. In some embo-dimcﬁts, homology, scquence identity or complementarity, is about 90%, about 92%, about
94%. about 95%:, about 96%., about 97% about 98%, about 99% or about 100%.

|0065] An antiscnse compound is specifically hybridizable when binding of the compound to the target nucleic acid
interferes with the normal function of the target nucleic acid to causc a loss of activity, and there 1s a sufficient degrec

of complementarity to avoid non-specific binding of the antisense compound to non-target nucleic acid sequences

under conditions in which specific binding is desired. Such conditions include, 1.¢., physiological conditions in the casc

of in vivo assays or therapcutic trecatment, and conditions in which assays arc performed in the case of in vitro assays.
[0066] An antisensc compound, whether DNA, RNA, chimeric, substituted ctc, is spectfically hybndizable when
binding of the compound to the target DNA or RNA molecule intétferes with the normal function of the target DNA or
RNA to cause a loss of utility, and there is a sufficient degree of complementarily to avoid non-specific binding of the
antisense compound to non-target sequences under conditions in which specific binding 1s desired, 1.¢, under
physiological conditions in the casc of in vivo assays or therapeutic treatment, and in the case of in vitro assays, under
conditions in which the assays arc performed.

|0067] In an ecmbodiment, targeting of IRF8 including without limitation, antisense sequences which are identified
and expanded, using for cxample, PCR, hybridization etc., one or more of the sequences set forth as SEQ ID NOS: 2,
and the like, modulate the expression or function of IRF8. In one embodiment, expression or function is up-regulated as
compared to a control. In an embodiment, expression or function is down-regulated as compared to a control.

[0068] In an embodiment, oligonucleotides comprise nucleic acid sequences sct forth as SEQ ID NOS: 3 to 6
including antiscnsc scquences which are identificd and expandced, using for cxample, PCR, hybridization etc. These
oligonuclcotides can comprisc onc or morc modificd nucleotides, shorter or longer fragments, modified bonds and the
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likc. Examples of modified bonds or intcrmucleotide linkages comprisc phosphorothioate, phosphorodithioate or the
likc. In an cmbodiment, the nuclcotides comprisc a phoébhoms dcrivative. The phosphorus denvative (or modificd
phosphate group) which may be attached to the sugar or sugar analog moicty 1in the modified oligonucleotides of the
present invention may bc a monophosphate, diphosphate, triphosphate, alkylphosphate, alkancphosphate,
phosphorothioatc and the like. The preparation of-the above-noted phosphate analogs, and their incorporation into
nucleotides, modified nucleotides and oligonucleotides, per se, 15 also known and need not be described here.

[0069] The specificity and scnsitivity of antisense is also hamcssed by thosc of skill in the art for therapeutic uscs.
Antiscnse oligonuclcotides have been employed as therapeutic moieties in the treatment of disease states in ammals
and man. Antisensc oligonucicotides have been safely and effectively administered to humans and numerous clinical
trials are presently underway. It is thus established that oligonucleotides can be useful therapeutic modalities that can be
configurcd to be uscful in trcatment regimes for trcatment of cells, tissucs and amimals, especially humans.

[0070] In ecmbodiments of the present invention oligomenc antisense compounds, particularly oligonucleotides, bind
to target nucleic acid molecules and modulate the expression and/or function of molecules encoded by a target gene.
The functions of DNA to be interfered compnse, for example, replication and transcnption. The functions of RNA to
be interfered comprise all vital functions such as, for example, translocation of the RNA to the sitc of protein
translation, translation of protein from the RNA, splicing of thc RNA to yicld onc or more mRNA specices, and catalytic
activity which may be engaged in or facilitated by the RNA. The functions may be up-regulated or inhibited depending
on the functions destred. B

[0071] The antisecnse compounds, include, antiscnse oligomeric compounds, antiscnsc oligonuclcotides, external
guide sequence (EGS) oligonucleotides, alternate splicers, primers, probes, and other oligomeric compounds that
hybridize to at least a portion of the target nucleic acid. As such, these compounds may be introduced in the form of
single-stranded, double-stranded, partially single-stranded, or circular ohgomeric compounds.

|0072] Targeting an antisense compound to a particular nucleic acid molecule, in the context of this invention, can be
a multistep process. The process usually begins with the identification of a target nucleic acid whose function 1s to be
modulated. This target nucleic acid may be, for example, a cellular gene (or mRNA transcribed from the gene) whose
cxpression is associated with a particular disorder or discase state, or a nucieic acid molecule from an infectious agent.
[n the present invention, the target nucleic acid encodes Interferon Regulatory Factor 8 (IRF8).

|0073] The targeting process usually also includes determination of at least onc target region, segment, or sitec within
the target nucleic acid for the antisensc interaction to occur such that the desired effect, €.g., modulation of expression,
will result. Within the context of the present invention, the term "region” i1s defined as a portion of the target nucieic
actd having at least one identifiable structure, function, or characteristic. Within regions of target nucleic acids are
segments. "Segments” arc defincd as smaller or sub-portions of regions within a target nucleic acid. "Sites,” as used 1n

the present invention, are defined as positions within a target nucleit ‘acid.
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{0074] In an cmbodiment, the antiscnsc oligonucleotides bind to the natural antiscnse scquences of Interferon
Regulatory Factor 8 (IRF8) and modulate the expression and/or function of IRF& (SEQ 1D NO: 1). Examples of
antiscnse scquences include SEQ 1D NOS: 2 to 6.

|0075] In an cmbodiment, the antiscnse oligonucleotides bind to one or more segments of Interferon Regulatory
Factor 8 (IRF8) polynucleotides and modulate the expression and/or function of IRF8. The scgments comprise at least
five consccutive nucleotides of the IRF8 sense or antisense polynucléotides.

[0076] In an cmbodiment, the antiscnsc oligonucleotides are specific for natural antiscnse scquences of IRF8 wherein
binding of the oligonuclcotiacs to the natural antisense sequences of IRF8 modulate expression and/or function of
IRF8.

[0077] In an embodiment, oligonuclecotide compounds comprisc sequences sct forth as SEQ 1D NOS: 3 to 6, antisensc
sequences which are identified and expanded, using for example, PCR, hybridization etc These oligonuclcotides can
comprisc onc or morc modificd nuclcotides, shorter or longer fragments, modified bonds and the like. Examples of
modified bonds or intemucleotide linkages comprise phosphorothioate, phosphorodithicate or the like. In an
ecmbodiment, the nucleotides comprise a phosphorus derivative. The phosphorus derivative (or modified phosphate
group) which may be attached to the sugar or sugar analog moicty in the modified oligonucleotides of the present
invention may be a monophosphate, diphosphate, triphosphate, alkylphosphate, alkanephosphate, phosphorothioate and
the like. The preparation of the above-noted phosphate analogs, and their incorporation into nucleotides, modificd
nucleotides and oligonuclcotides, per sc, is also known and nccd not be described here.

{0078} Since, as is known in the art, the translation initiation codon is typically 5-AUG (in transcribcd mRNA
molecules; 5-ATG in the corresponding DNA molecule), the translation initiation codon 1s also referred to as the
"AUG codon," thc "start codon” or thc "AUG start codon”. A Rnority of genes has a translation initiation codon
having the RNA sequence 5'-GUG, 5'-UUG or 5'-CUG; and 5'-AUA, 5-ACG and 5'-CUG have been shown to
function in vivo. Thus, the terms "translation initiation codon" and "“start codon” can encompass many codon
sequences, cven though the initiator amino acid in cach instance is typically methionine (in cukaryotes) or
formylmethioninc (in prokaryotcs). Eukaryotic and prokaryotic genes may have two or more alternative start codons,
any onc of which may be preferentially utilized for translation initiation in a particular ccll type or tissue, or under a
particular sct of conditions. In the context of the invention, "start codon” and "translation nitiation codon” refer to the
codon or codons that arc used in vivo to initiate transtation of an mRNA transcribed from a gene encoding Interferon
Regulatory Factor 8 (IRF8), regardless of the sequence(s) of such codons. A translation termination codon (or "stop
codon") of a genc may havc one of threc sequences, 1.¢., S-UAA, 5-UAG and 5-UGA (the corresponding DNA
scquences arc S-TAA, 5'- TAG and 5'-TGA, respectively).

[0079] The terms "start codon region” and "translation initiation codon region” refer to a portion of such an mRNA or

gene that encompasses from about 25 to about 50 contiguous nucleotides in either direction (i.e., 5' or 3') from a
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translation initiation codon. Similarly, the terms "stop codon region” and "translation termination codon region” refer to
a portion of such an mRNA or genc that cncompasscs from about 25 to about 50 contiguous nuclcotidcs n cither
direction (i.c., 5' or 3") from a translation termination codon. Conscquently, the "start codon region” (or "translation
mitiation codon rcgion") and the "stop codon region" (or “translation termination codon region™) are all regions that
may be targeted cffectively with the antisense compounds of the present invention.

|0080] The open rcading frame (ORF) or "coding region,” which is known in the art to refer to the region between the
translation initiation codon and the translation termination codon, is also a region which may be targeted effectively.
Within the context of the present invention, a targeted region 1S the intragenic region encompassing the translation
initiation or termination codon of the open reading frame (ORF) of a gene.

[0081] Another target region includes the 5' untranslated region (S'UTR), known in the art to refer to the portion of an
mRNA in the §' dircction from the translation initiation codon, and thus including nucleotides between the 5' cap site
and the translation initiation codon of an mRNA (or corresponding nucleotides on the gene). Still another target region
includes the 3' untranslated region (3'UTR), known in the art to refer to the portion of an mRNA in the 3' direction from
the translation termination codon, and thus including nucleotides between the translation termination codon and 3' end
of an mRNA (or corresponding nucleotides on the gene). The 5' cap site of an mRNA comprises an N7-methylated
guanosine residue joined to the 5'-most residue of the mRNA via a 5'-5' triphosphate linkage. The 5' cap region of an
mRNA is considered to include the 5' cap structure itsclf as well as the first 50 nuclcotides adjacent to the cap site.
Another target region for this invention is the 5' cap region.

[0082] Although somc cukaryotic mRNA transcripts are dircctly translated, many contain onc or more regions,
known as "introns,” which arc excised from a transcript before it is translated. The remaining (and therefore translated)
regions are known as "exons” and are spliced together (o form a continuous mRNA sequence. In one embodiment,
targeting splice sites, i.c., intron-exon junctions or exon-intron junctions, is particularly uscful in situations where
aberrant splicing is implicated in disease, or where an overproduction of a particular splice product is implicated in
discase. An aberrant fusion junction due to rearrangement or deletion is another embodiment of a target site. mRNA
transcripts produced via the process of splicing of two (or morc) mRNAs from different gene sources arc known as
"fusion transcripts”. Introns can be effectively targeted using antisense compounds targeted to, for example, DNA or
pre-mRNA.

[0083] In an embodiment, the antisense oligonucleotides bind to coding and/or non-coding regions of a target
polynucleotide and modulate the expression and/or function of the target molecule.

|0084] In an cmbodiment, the antisense oligonucleotides bind to natural antisense polynucleotides and modulate the
expression and/or function of the target molecule.

[0085] In an embodiment, the antiscnse oligonucleotides bind to sense polynucleotides and modulate the expression

and/or function of the target molecule.
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[0086] Altcrnative RNA transcripts can be produced from the same genomic region of DNA. These alternative
ranscripts arc generally known as "variants”. More specifically, "pre-mRNA variants” are transcripts produced from
the same genomic DNA that differ from other transcripts produced from the same genomic DNA in either their start or
Stop positiod and contain both intronic and exonic sequence.

10087] Upon cxcision of onc or more ¢xon or intron regions, or portions thercof during splicing, pre-mRNA vanants
produce smaller "mRNA variants". Consequently, mRNA variants are processed pre-mRNA variants and each unique
prc-mRNA variant must zilways producc a uniquc mRNA varant as a result of splicing. These mRNA variants arc also
known as "alternative splice variants”. If no splicing of the pre-mRNA variant occurs then the pre-mRNA vanant 1s
identical to the mRNA varnant.

[0088] Variants can be produced through the usc of alternative sigﬁals to start or stop transcniption. Prc-mRNAs and
mRNAs can possess morc than onc start codon or stop codon. Variants that originate from a pre-mRNA or mRNA that
usc altcrnative start codons are known as "alternative start variants” of that pre-mRNA or mRNA. Thosc transcripts that
use an alternative stop codon are known as "alternative stop variants” of that pre-mRNA or mRNA. One specific type
of alternative stop variant is the "polyA variant” in which the multiple transcripts produced result from the alternative
sclection of one of the "polyA stc;p signals" by the transcription machinery, thereby producing transcripts that terminate
at unique polyA sitcs. Within the context of the invention, the types of variants described herein are also embodiments
of targct nucleic acids.

|0089] The locations on the target nucleic acid to which the antisense compounds hybridize arc defined as at least a 3-
nucleotide long portion of a target region to which an active antiscnsc compound is targeted.

[0090] Whilc the specific sequences of certain cxcmplziry target scgments arc sct forth hercin, onc of skill in the art
will recognize that these serve to illustrate and describe particular ecmbodiments within the scope of the present
invention. Additional target segments are readily identifiable by*onc having ordinary skill in the art in view of this
disclosure.

|0091] Target segments 5-100 nucleotides in length comprising a stretch of at least five (5) consecutive nucleotides
sclected from within the illustrative preferred target segments are considered to be suitable for targeting as well.

[0092] Target scgments can include DNA or RNA sequences that comprise at least the 5 consccutive nucleotides
from the S-terminus of one of the illustrative preferred target segments (the remaining nucleotides being a consccutive
stretch of the same DNA or RNA beginning immediately upstream of the 5'-terminus of the target segment and
continuing until the DNA or RNA contains about 5 to about 100 nucleotides). Similarly preferred target scgments are
represented by DNA or RNA scquences that comprise at Icast the 5 consccutive nucleotides from the 3'-terminus of
one of the illustrative preferred target segments (the remaining nucleotides being a consecutive stretch of the same

DNA or RNA beginning immediatcly downstrcam of the 3'-terminus of the target scgment and continuing until the
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DNA or RNA contains about 5 to about 100 nuclcotides). One having skill in the art armed with the target scgments

Ilustrated herein will be able, without unduc cxperimentation, to tdentify further preferred target scgments.

[0093] Once onc or morc target regions, segments or sites havc'bccn identified, antisense compounds are chosen
which are sufficiently complementary to the target, i.¢., hybrnidize sufficiently well and with sufficient specificity, to
give the desired cffect.

[0094] In embodiments of the invention the oligonucleotides bind to an antisense strand of a particular target. The
oligonuclcotidcs are at lcast 5 nuclcotides in length and can be synthesized so cach oligonucleotide targets overlapping
sequences such that oligonucleotides are synthesized to cover the entire length of the target polynucleotide. The targets
also include coding as well as non coding regions.

[0095] In onc embodiment, it is preferred to target specific nucleic acids by antisensc oligonuclcotides. Targeting an
antisensc compound to a particular nucleic acid, is a multistep process. The process usually begins with the:
identification of a nucleic acid sequence whosc function is to be modulated. This may be, for example, a ccllular gene
(or mRNA transcribed from the gene) whose expression is associated with a particular disorder or disease state, or a
non coding polynucleotide such as for example, non coding RNA (ncRNA).

[0096] RNAS can be classificd into (1) messenger RNAs (mRNAs), which are translated into protcins, and (2) non-
protcin-coding RNAs (ncRNAs). ncRNAs comprise microRNAs, antisense transcripts and other Transcriptional Units
(TU) containing a high density of StOp codons and lacking any cxtensive "Open Reading Frame™. Many ncRNAs
appear to start from initiation sites in 3' untranslated regions (3'UTRs) of protcin-coding loci. ncRNAs arc often rarc
and at lcast half of the ncRNAs that have been sequenced by the FANTOM consortium scem not to be polyadenylated.
Most rescarchers have for obvious reasons focused on polvadenylated mRNAs that are processed and exported to the
cytoplasm. Recently, it was shown that the sct of non-polyadenylated nuclcar RNAs may be very large, and that many
such transcripts arisc from so-called intcrgenic regions. The mechanism by which ncRNAs may regulatc gene
expression is by base pairing with target transcripts. The RNAs that function by base pairing can be grouped into (1) cis
cncoded RNAs that are encoded at the same genetic location, but on the opposite strand to the RNAs the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>