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TREATMENT OF DYSTROPHIN FAMILY RELATED DISEASES BY INHIBITION OF NATURAL
ANTISENSE TRANSCRIPT TO DMD FAMILY
FIELD OF THE INVENTION
{0001} The present application claims the priovity of ULS. provisional patent application Neo. 61/176,594 filed May &,
2009 and ULS. provisional patent application No. 617317350 filed March 25, 2010 both of which are incorporated
herein by reference in is entirely.
{0002} Embodiments of the invention comprise oligonucleotides modulating expression andéor fimction of DMD
family and associated molecules.
BACKGROUND
{0003} DNA-RNA and RNA-RNA hybridization are important to many aspects of nacleic acid function including
DNA replication, transcription, and tanslation. Hybridization s also contral to a variety of technologies that cither
detect a particular nucleic acid or alter its expression. Antisense nucleotides, for oxample, disrapt gene expression by
hybridizing to targer RNA| thereby interferning with RNA splicing, transeription, translation, and replication. Antisense
DPNA has the added feature that DNA-RNA hybnds serve as a substrate for digestion by nbonuclease H, an activity
that s present i most cell types. Antisonse moleoudes can be delivered imte colls, as 18 the case fur
oligodeoxynucleotides (ODNs), or they can be expressed from endogenous penes as RNA molecules. The FDA
vecently approved an antisense drug, VITRAVENE™ (for teatment of cyviomegalovius retinitis), reflectmg that
antisense has therapeutic utibity.
SUMMARY
00047 This Summary is provided to present a summary of the invention to briefly indicate the nature and substance of
the ipvention. Bt is submitted with the understanding that # will not be used to mterpret or it the scope or meaning of
the claims.
[0G05] In one embodiment, the invention provides methods for inhibiting the action of a nataral antisense transcript by
using antisense oligonucientide(s) targeted to any region of the natural antisense transeript resulting in up-reguiation of
the corresponding sense gene. i is also contemplated herein that inlubition of the natwal avtisense ranscript can be
achieved by siRNA, nbozymes and small molecules, wlhich are considered to be within the scope of the present
myention,
{0006} One ambodiment provides a method of modulating function and/or oxpression of an DMD fanuly
polynucleotide in patient cells or tissues 1 vivo or i vitro comprising contacting satd cclls or tissucs with an antisense
oligonucieotide 3 to 30 nucleotides m length wherein said oligomucleotide has at least 30% sequance dentity to a
reverse complement of a polynucleotide comprising 5§ to 30 consecative nucleotides within nacleotides 1 o 37 of

SEQ D NO: 3, 110294 of SEQ ID NO: 4, 110 686 of SEQ 1D NO: 5, 1 10 480 of SEGQ D NO: 6 and 1 o 301 of SEQ
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ID NO: 7 (Figure 3) thereby modudating function and/or expression of the DMD family polynucleotide in patient cells
Of BSSUes I vy or I yitro,

{0007} in another preforred embodiment, an oligonucleatide targets a natural antisense sequence of DMD family
polynucleotides, for example, nucleotides set forth 1 SEQ 1D NO: 3 10 7, and any variants, alleles, homiologs, mutants,
derivatives, fragments and complementary sequences thereto, Examples of antisense oligonucleotides are set forth as
SEQ I NGS: &0 22 (Figare 4 and 5}

{0008} Another cmnbodiment provides a method of modulating function andfor expression of an DMD family
polynucieotide i patient cells or fissucs ia vive or in vitro compnising contacting said cells or tissues with an antisense
oligonucleoude § to 30 nucleotides i length wherein said oligonucleotide has at least 50% sequence identity 1o a
reverse comploment of the an antisense of the DMD family polvnuckeotide; thereby modelating fmction andfor
expression of the DMD family polymucleotide in paticnt cells or tissucs 18 vive o mvitvo.

{0009} Ancther embodiment provides a method of modulating fanction andfor expression of an DMD family
polynucleotide in patient cclls or tissues I vivo or in vire comprising contseting smid cells or tissues with an antisense
oligonucieotide 5 to 30 nucleotides in length wherein said oligonuciootide has at least 30% sequence identity 0 an
antisense oligonacicotide to an DMD family antisense polynucleotide; thereby modulating function andfor expression
of the DMD family polyaucleotide in pationt cells or tissues Bt vivo or in vitro.

{0010} In a preferred embodiment, 8 composition comprises one or move antisanse oligonucieotides which bind to
sense andfor antisense DMD family polynucleotides.

{0011} tn another preforred embodiment, the oligonucleotides comprise one or more modified or substituted
nucleotides.

{00121 1o another preferred embodiment, the oligonucleotides comprise one or more modified bonds,

{0013} In vet another embodiment, the modified nucleotides comprise modified bases comprising phosphorothioate,
methyiphosphonate, peptide nucleie acids, 2°-O-methyl, fleoro- or carbon, methyiene or other locked nucleie acid
{LNA) molecules. Preferably, the modified nucleotides are locked nucleic acid moleeules, ncluding o-L-LNA

(0014} In avotber preferred embodiment, the oligonucleotides are administered o o patient subcutaveously,
mtramuscularly, infravenoasly or mtraperitoneally.

[O015] In another preforved embodizent, the oligonuckotides are administered in a pharmaceatical composition. A
treatmant regimen comprises admamstering the antisense conspounds at least once to pationt; however, thus treafnent
can be modified 1o mchude multiple doses over a period of tine. The treatment can be combined with one or more other
types of thorapies.

[0016] In another preferred embodiment, the oligonucieotides are encapsulated in a liposome or attached to a carrier
molecule {o.g. cholesterol, TAT peptide).

{0017} Other aspects are described dfra.
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BRIEF DESCRIPTION OF THE DRAWINGS
0018} Figare L
Figure LA is a graph of real time PCR results showing the fold chanpe + standard deviation in DMD family mRNA
after reatment of 318A2 cells with phosphorothuoate oligonucleotdes introduced using Lipofectannne 2000, as
compared to control. Real thme PCR vesults show that the levels of DMD fanmily mRNA in 518A2 cells me
sigmificantly mereased 48 h after greatment with two of the siRNAs designed o DMD family antisense BG2O8074.
Bars denoted as CUR-DA36 to CLIR-0634, corvespond to samples treated with SEQ ID NOS: Ko 17 respectively.
Figure 1B 1s a graph of real time PCR results showing the fold change + standard deviation in DMD fanuly mRNA
after freatment of S18AZ cells with phosphovothioate oligonucleotides miroduced using Lipofectamine 2000, as
compared o control. Treatment with siRNAx o other antisonse molecules, BFR3&361, BFT6R733 and BFO30643, did
not elevate DMD fomly mRNA levels. Bars denoted as CUR-0638, CUR-0648, CUR-646 and CUR-0632
correspond to samples freated with SEQ TDNOS: 9, 14, 13 and 16 respectively.
Figure 1C 15 a graph of real time PCR results showing the fold change + standard deviation m UTRN mRNA after
treatmient of MOF-7 colls with phosphorothioate oligomucleotides itroduced using Lipofectamune 2000, as compared
o control. Bars denoted as CUR-1443 1o CUR-1447 comespond 1o samples treated with SEQ 1D NO&: 18 w0 22
respectively.
{0019} Figure 2 shows
SEQ ID NGO 1: Homo sapiens Dystrophin fiontly, transenipt vartant Dpd27m, mRNA (NUBI Accession Nou
NM 004006,
SEQ 1D NO: 2: Homo sapiens Utrophin {UTRN), mRNAL (INCBI Accession No.: NM_007124)
{0020} Figure 3 shows
SEQ D NG 30 Naowral DMD fanmly antisense sequence (BF838561)
SEQ ID NO: 4 Natral DMD family antisense sequence (BG20R074)
SEQ D NO: §; Natwral DMD famuly antisense sequence (BFRS0643)
SEQ D NO: 6 Natural DMD family antisense sequence (BF768753)
SEQ IDNO: 7: Natural UTRN antisense sequence (ENSTOO00043 {309),
{00217 Figure 4 shows DMD antisease oligonucleotides, SEQ D NQs: 8 to 17, v indicates RNAL
{0022} Figure § shows the UTRN antisense oligonucleotides, SEQ ID NOs: 18 to 22, ¥ mndicates phosphothioate
bond.
[0023] Figure ¢ shows the DMD sense oligonucleotides, SEQ 1D NOs: 23 10 32, The sense olivonucleotides SEQ 1D
NQ: 23 to 32 are the reverse complements of the antisense ofigonuecleotides SEQ 1D NO: 8 to 17 respectively, v
indicates RNA.
DETAILED DESCRIPTION
3
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[0024] Several aspects of the invention are deseribed below with reference (o example applications for llastration. i
should be undesstood that mumerous specific details, relationships, and methods are set forth 1o provide a fudl
understanding of the invention. OUne having ordinary skill in the relevant art, however, will readily recognize that the
firverdion can be practiced withowt one or more of the specific detatls or with other methods, The prosent invention is
not Himited by the ordering of acts or events, as some acts may occuy in different orders andfor concurrently with other
acts or events. Farthermore, not all illusirated acts or events are vequived to vaplement a methodology fu accordance
with the present invention.

(00251 All gones, gene names, and gene products disclosed herein are intended to correspond to homologs from any
species for which the composttions and methods disclosed herein are appheable. Thus, the terms meclude, but are not
finuted to genes and gene products from humans and nuce. It is understood that when a gene or gene product from a
particular species 1s disclosed, this disclosure 1s intended © be exemplary only, and is not @ be mterpreted as a
lwnitation uniess the context 1o which 1t appears clearly indicates, Thus, for example, for the genes disclosed heremn,
wiich in some embodiments relate to mamnalian nucleic acid and amine acid sequeneces are mtended to encompass
homologous andfor orthologous genes and gene praducts from other aninals including, bt not bmuted o other
mamnals, fish, amphibians, reptiles, and birds. In preforred embodiments, the gones or mueleic acid sequences are
human.

LDefinitions

[0026] The terminology used herein is for the purpose of describing particular embodiments ouly and is not intended
1o be Hmiting of the mvention. As used herein, the singelar forms ™", "an™ and "the" are mtended © tnclade the plural
forms as well, unless the context clearly indicates otherwise. Furthormore, to the extent that the tenns "mcluding™,
"mcludes”, "having”, "has”, "with”, or variants thereof are nsed n either the detailed description snd/or the claims, such
terms are mitended to be inclusive in a manner simtlar to the torm "compristag.”

{00271 The torm "about” or "approximately” means within an acceptable error range for the particudar value as
deternuned by one of ordinary skill in the art, which will depend 3 part on how the value 15 measured or determined,
te., the outations of the measurement systent. For example, “sbowt™ can mean within | oy more than 1 standard
deviation, per the practice in the art. Alternatively, "about™ can mean a range of up to 20%, preforably up to 1%, more
prefevably up to 5%, and more preferably sult up to 196 of a @iven vahwe. Alternatively, partiadarly with respect to
biclogical systers or processes, the term can mean within an order of nagnitude, preforably withun 3-fold, and more
preferably within 2-fold, of a value. Where particular values are desentbed 1 the application and clamms, unless
otherwise stated the tevm "about” meaning within an acceptable error vange for the particalar value should be assumed.
[0028] As used herein, the torm "mRNA" means the presently koown mRNA transcript(s) of a targeted gene, and any

further franscripts which may be elucidated.
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{00297 By "antisense oligonackeotdes” or "antisense compound” is meant an RNA or DNA molecude that binds o
another RNA or DNA ftarget RNA, DNA)}, For example, i1t 15 an RNA ohigonucleotide it binds to another RNA target
by means of RNA-RNA interactions and alters the activity of the target RNA (Eguchi erof, (1991) dun. Rev. Biochem.
6l 631-652) An antiscnse oligonucicotide can upregudate or downregulaic expression andfor Rumetion of a particolar
polynucleotide. The definition is meant o include any foreign RNA or DNA molecule which is usefud from a
therapeutic, diagnostic, or ofher viewpoint. Such molecales include, for example, antisense RNA or DNA molecules,
interference RNA{RNAI), micro RNA, decoy RNA molecales, siRNA, enzymatic RNA, therapeutic editing RNA and
apgonist and antagonist RNA, antisense oligomernic compounds, antisense oligonucieotides, external guide sequence
{EGS}) oligonucleotides, alternate splicers, primers, probes, and other oligomeric compounds that hybridize o at least a
partion of the taget nocleic ackd. As such, these compownds may be ntroduced in the form of single-stranded, double-
stranded, pavtiaily single-stranded, or civeudar oligomeric compounds.

{0030} In the context of this iwvention, the term "oligonucleotide” refers to an oligomer or polymer of ribonucleic acid
{(ENA) or deoxyribonucloie acid (DNA)Y or mimetics thereof, The torm "oligomucleotide”, also includes linear or
circular oligomers of nanwal andfor medificd monomers or Enkages, inchuding deoxyribonucleosides, vibonuckeosides,
substituted and  alpba-anomeric  fornms thercof, peptide nucleic acids (PNA), locked nucleic acids (LNA},
phosphorotiuoate, methylphosphonate, and the ke, Oliponucieotides are capable of specifically binding to a target
polynucleotide by way of a regular pattern of monomer-to-monormer interactions, such as Watson-Crick type of base
pairing, Hodgsteen or reverse Hodgsteen types of base pairing, or the hike.

{0031} The oligonucleotide may be "chimeric”, that is, composed of different regions. In the context of this invention
"chinenie” conpounds are oligonucleotdes, wiuch contain fwo or more chonucal rewions, for example, DNA
regionfs), RNA regionis), PNA regionis) ete. Fach chemical region is made up of at least one monomer unit, 1.2, a
nucleotide in the case of an oligonucleatides compomnd. These oligonucleotides typically comprise at feast onge region
wherein the cligonucleotide is modified in order to cxhibit one or more desired properties. The desired propertics of the
ehigonuclentide mchude, but are not houted, for cxample, to increased resistance to nuclkease degradation, mereased
ccliular uptake, andéor increased binding affimity for the arget nucleic actd. Different repions of the oligonucleotide
may therefore have different properties. The chimene oligonucleotides of the present mvention can be formed as mixed
structures of two or more oligonacleotides, modified ohigonucteondes, oligonucleosides andfor oligonucleotide analogs
as described above.

{0032} The oligonucleotide can be composed of regions that can be lisked In "register”, that is, when the monomers
are Hnked consecutively, as i pative DNA, or linked via spacers. The spacers ave intended 1o constitute a covalent
“bridge” between the regions and have in preferred cases a length not exceeding abowt 100 carbou atoms. The spacers

mayv carry different functionalitics, for example, having positive or negative charge, carry special nocleie acid binding

. -
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properties (intercalators, groove binders, toxins, fluorophors ete.), being hipophilic, inducing special secondary
struchures like, for example, alanine containing peptides that induce alpha-helices.

[O033] As used heren "DMD family”, "Dystrophin family” and “dystrophin-related protein family™, “dystrophin gene
family” awe inclustve of all fanuly members, mutants, alleles, fragroents, species, coding and noncoding sequences,
sense and antisense pelynucleotide strands, ete.

{0034} As used herein, the words Dystrophin, DMD, BMD, CMD3B, DXS142, DXS164, DXS206, DXS230,
DXS239, DXS26R, DXS269, DXS270 and DXS272 are used interchangeably in the present application.

{00331 As used herein, the words Utrophin, UTRN, DMDL, DRP, DRPL, Dystropbin-related protein 1, FLI23678,
are used nterchangeably m the present applhicanon.

[0036] As ased hergin, the words "dystrophin related protein 27, "dystrophin-related protein 27 and DRP2 are used
mterchangeably in the present application.

(00371 As used herein, the words Dystrobrevin a-dystrobrevin, B-dystrobrevin, DTINA and DTNB are used
inferchangeably in the present application.

i

{0038} As wsed herein, the teom Voligonucleotide specific for'' or "oligonucleotide which fargets” refers o an
oligonucleotide having a sequence (1) capable of forming a stable complex with a portion of the targeted gene, or (i)
capable of fonning a stable duplex with a portion of & mRNA transcript of the targeted pene. Stability of the complexes
and duplexes can be determined by theoretical caleulations andior n vitro assavs. Exeomplary assays for deternining
stability of hybridization complexes and duplexes are described in the Exampies below.,

{0039} As used herein, the torm “target nucleic acid” encompasses DNA, RNA {comprising presmBNA and mRNA)
transcribed front such DNA, and also ¢DDNA derived fromt such RNA, coding, noncoding sequences, sense or anfiscase
polynucleotides. The specific hybridization of an oligomernic compound with its target nucleic acid nterferes with the
normmal funcoon of the nucleic acid. This modulation of function of a target nucleie acid by compounds, which
specifically hybridize to it is generally refirred to as "antisense”. The Amctions of DNA o be mterfored imclude, for
example, replication and transcription. The functions of RNA to be mterfered, melude all vital fimctions such as, for
exampie, translocation of the RNA to the site of protein translation, wansiation of protemn from the RNA, splicing of the
RNA 0 vield one or more mRNA species, and catalyviie activity which may be engaged i or facilitated by the RNA.
The overall effeet of sach interference with target nucleic acid function 15 modulation of the expression of an encoded
product or oligonucleotides.

{0040} RNA mterference "RNAL" is mediated by double stranded RNA {dsRNA) molecules that have sequence-
specific homology to thetr "target” nuclaic acid sequences (Caplen, N 1, er af (200D Proc, Nad, dead Sz, USA
GRO742-97473 In cortain embodiments of the present invention, the mediators are 3-23 nucleatide "small nserfering®
RNA duplexes {stRNAs). The siRNAs are derived from the processing of &SRNA by an RNase enzyme known as
Dicer (Bernstein, E., ¢f ol Q001 Nanwre 409:363-366). siRNA duplex products are recruited into g multi-protem

&
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siRNA complex termed RIST (RNA Induced Silencing Complex). Without wishing to be bound by any particular
theorv, a RISC is then believed to be muded fo a target nucleie acid (suitably mRNAS, where the siRNA duplex
mieracts i a sequence-spectfic way fo mediate cleavage in 3 oatalvtic fashion (Bemstein, E., e ol (2001) Nawre
409:363-3660; Bouta, A e ol QU0L Cu Riol YR1776-1780) Small intorforing RNAs that can be used in
accordance with the present invention can be synthesized and used according to procedures that are well known in the
art and that will be famibhar to the ordinanly skilled artsan. Small nterfering RNAs for use in the methods of the
prosent Invention soitably comymise between about | to abouat 30 nuckeotides (nt). In examples of non limiting
cmbodiments, siRNAs can comprise about 3 to about 40 nt, about 3 to about 30 nt, about 10 to about 30 nt. about 15 fo
about 15 ut, or about 20-23 nucleotides.

[0041] Selection of appropriate oligomwcleotides 1s facilitated by wsing computer programs that astomatically align
nucleic acid sequences and mdicate regions of wdentity or homology. Such prograams are used to compare nucleic acid
sequences obtamed, for cxample, by scarchmg databases such as GenBank or by scquencing PCR products.
Compartson of nucleic acid sequences from a range of species allows the selection of nuclse acid sequences that
display an appropriate degree of identity between species. In the case of genes that have not been sequenced, Southem
blots are performed to allow a detormination of the degree of identity betwoeen gepes i target specics and other spacics.
By perfornung Southern blots at varying degrees of stringency, as 15 well known in the art, i 15 possible to obtain an
approximate measure of wentity. These procedures allow the selection of oligonucleotides that exhibit a bigh degree of
complementarity to target nucleie acid sequences in a sabject to be controlted and a lower degree of complementanty
o corresponding necleic acid sequences in other species. One skhilled i the art will realize that there is considenable
latitude in selecting appropriate regions of gones for ase in the present ipvention,

{00421 By "enzymatic RNA” is meant an RNA molecule with enzymatic activity {Cech, (V988) . dmerican. Med.
dsvoe, 260, 3030-3G335). Enevmatic nuclac acids (sthorymes) act by fiest binding 1o a target RNAL Such binding ocours
through the target binding portion of ag enzymatic nucleie acid which s held i close 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 out the target RNA.
[0043] By "decoy RNA" is meant an RNA molecale that mimics the natural binding domain for a ligand. The decoy
RNA therefore competes with natural binding target for the binding of a specific hgand. For example, # has been
shown that over-expression of BIV rans-activation response {TARY RNA can act as a "decoy” and efficiently binds
HIV tat protein, thereby preventing it fronn binding to TAR sequences encoded 1o the HEV RNA (Sullenger er al.
{1990 Cedl, 63, 601~ 608}, This 1s meant to be a specific exanmple. Those m the ant will recognize that s is but one
example, and other embodiments can be readily generated using techniques generally known in the art.

[00441 As used horein, the orm "monemers” typically indicates monomers Huked by phosphodiester bonds or analogs
thereof to form oligonucleotides ranging m size from a fow monomeric units, c.g.. from abowt 3-4, to about several

7
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hundreds of monomeric units. Analogs of phosphodiester hinkages include: phosphorotinoate, phosphorodithioate,
methyviphosphormates, phosphoroselenoate, phosphoramidate, and the hike, as more fully described below,

[0045] The term “nucleotide™ covers naturally occurring nucieotides as well as nonnaturally occurring nacleotides. ¥t
should be clear to the person skilled i the vt that vanous nucleotides which previously have been considered "non-
naturally occurring” bave subsequently been foumd i nmature. Thas, "nucleotides™ nchudes not only the known puring
and pyrimidine heleroeyeles-containing molecudes, but also heterocychie analogues and tastomers thereof. MHastrative
exanples of other types of mucleotides are molecales containing adenine, geaning, thymine, oviosine, wracil, purine,
xanthine, dimminopurine, 8-oxo~ Né-methyladenine, 7-deazaxanthine, 7~deazaguanine, N4 N4d-ethanocviosin, N6 No-
gthano-2 6-  dinminopurine,  S-methyvicytosmne,  S{C3-C6)-alkynyleytosine,  S-fluorowracil,  S-bromouracil,
pseudotsocytosing,  -hyvdroxy-S-methyl-d-riazolopvridin, isocyviosine, fsoguani, mosine and the "non-natwally
occurring” nueleotides described in Benner ef ¢, ULS. Pat No, 432,272, The torm "nucleotide”™ s mtonded to cover
every and all of these examples as well as analogues and tautomess thercof, Especially invteresting nuckeotides are those
containing adenine, guaming, thymine, oytosing, and uractl, which are considered as the natorally cceuwming nucleotides
n relation to therapeutic and diagnostic application 1w homans, Nucleotides inchude the nataral 2-deoxy and 27
hydrony! sugars, o, as deseribed 1n Koraberg and Baker, DNA Replication, Zad Ed. {Freeman, San Francisco, 1992)
as well as their analogs.

{0046} "Analogs” n reference to nucleotides includes synthetic nucleondes having modified base moleties andior
modified sagar moieties {see e.g., described generally by Scheit, Nackeotide Analogs, John Wiley, New Yark, 198
Freier & Almann, (1997} Nuol, Adcid Res., 25(22), 4429 4443, Toulme, 1., (2001) Nonwre Botechnology 19:17-18;
Mancharan M., (1999) Biochamica el Blophysica Acte MSSITT-139 Freier S, M., {1997} Nucleic Acid Research,
35:4420-4443, Uhlman, B, G000 Drug HDiscavery & Developmend, 37 203-213, Herdewin P, (2000} diilsonse &
Nucleic Acid Prug Dev., 10:297-310%, 240, 3-C-linked [3.2.0] bieveloarabinonucleosides {see e.g. NK Chnsticosen,,
ef af, (1998 L dim. Chem. doc., 120; 5458-3463; Prakash TP, Bhat B. (2007) Curr Top Med Chem. 7{71641-9; Cho
EL e af (2009} Anmm! Review of dnclvticed Chemisty, 2, 241-264). Such analogs include syathetic nucleotides
designed to enhance binding properties, e.g., duplex or triplex stabulity, specificity, or the like.

{00471 As used herein, “hybridization” means the pairing of substantially complementary strands of olgomeric
compounds, One sechanism of pabrng involves hydrogen bonding, which may be Watson-Crick, Hodgsteen or
reversed Hodgsteen bydrogen bonding, between complementary nuckeoside or nucleotide bases (nucleotides) of the
strands of ohigomeric compounds, For example, adenine and thymine are complementary nuckeotides which paw
through the formuation of hyvdrogen bonds. Hybridization can ocowr under varying circimstances.

[0048] An antisense compound is "specifically hybwidizable” when binding of the compound to the target mucleic acid
inferfores with the novmal function of the target neclele actd fo cause a modulation of fanction andfor activity, and there

is 3 sufficiont degree of complementarity to avoid non-specific binding of the antisense compaund to non-target nuclele
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acid sequences under condittons i which specific binding is desired, 1.¢., under physiological conditions i the case of
I vivo assavs of therapeutic sreatment, and under conditions in which assays are performed in the case of I viwo
ASSAYS.

{00491 As used herein, the phrase "stringent hybridization conditions™ or "stringent conditions” refers to conditions
under which a compound of the invention will hybridize 1o s tavget sequence, but to a maninal number of othey
sequiences. Siringent conditions are sequence-dependent and will be different 1 differant arcomstances and m the
context of this inveation, "stringent conditions” under which oligomenc compounds hybridize to a target sequence are
determined by the nature and composition of the oligomeric compounds and the assays m which they are bemng
mvestigated. In geocral, stringent hybndizaton conditions comprise low concentrations (<0.15M) of salts with
inorgamc cattons such as Nat+ or K6+ {1e, low ionic strength), tomperature higher than 20°C - 25° C below the Tim
of the oligomeric compounditarget sequence complex, and the presence of densturants such s formamude,
dimethylformanmide, dimethy! sulfoxide, or the detereent sodinn dodecy! sulfate (SDS). For example, the hybridization
rate decreases 1.19% for each 1% formanude. An example of o high stranpency hybridization condition 1s 01X sodnmm

ehloride-sodivm citrate buffer (SSOW % Owdivy SDIS an 60° . for 30 mimuies.

[0050] "Complementary,” as used hereia, refers to the capacity for precise pairing between bwo nucleotides on one or
two oligomeric strands. For example, if a nucleobase at a certain posiion of an antisense compound 15 capable of
hydrogen bondmg with a nucleobase at a certain position of & target nucleie acid, sard target nucleie acid being a IINA|
RNA, or oligonucleotide moleculde, then the positon of hydrogen bonding between the oligonucleotide and the target
nucleie aeid 15 considered to be a complementary position, The oligomerie compound and the further DNA, RNA, or
eligonucicotide molerule are complementary 1o cach other when o sutficient nuniber of complopentary positions in

"

each molecule are nccupied by nuclentides which can hvdrogen bond with each other. Thus, “specifically hybnidizable”
and "complementary” are terms which are used to indicate a sufficient degree of precise pairing or complementanty
over a sefficient number of mucleotides such that stable and specific binding occurs between the oligomene compound
and a target nucleic acid,

(00511 1t is understood in the art that the sequence of an oligomeric compound need not be 100% complementary to
that of its target nuclete acid to be specifically hybridizable. Moreover, an oligonucleotide may hybridize over one or
more segments sach that intervening or adjacent scgments are not imvobved in the hyvbndization event {c.g., a loop
structure, nusmatch or hairpin structure}. The oligomeric compounds of the present mvention comprise at feast about

Ty

T, or at least about 75%, or at least about 80%, or at least about 83%, or at least about 90%, or at least about 93%, or
at feast about 99% sequence complementanty o a target region within the target nucleic acid sequence o which they
are targeted. For example, an antisense compound i which 18 of 20 nocleotides of the antisense compound e
complomentary to a target region, and would therefore speesfically hybridize, would represemt 90 percent

complementarity. In this example, the remaining noncomplementary nucleotides may be clustered or inferspersed with
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complementary nucleotides and need not be contiguous to each other or o complementary nucleotides. As such, an
antisense compound wineh s 13 nucleotides m length baving 4 Uow) noncomplementary nucleotides which are
flanked by two regions of complete complementarity with the target nucleic aad would have 77.8% overal
complomentarity with the target nucleic acid and would thus fall within the scope of the present mvention. Percent
complementarity of an antisense compound with a region of a target nucleie acid can be determined routinely using
BLAST programs (basic local alignment search tools) and PowerBLAST programs known i the art (Altselad o7 &/,
{1990y J. Mol Biod 2135, 403-410; Zhang and Madden, (1997) Genome Res., 7, 649-656}), Percent homology, sequence
identity or complementarity, can be deterpuned by, for example, the Gap propram (Wisconsin Sequence Analysis
Package, Version 8 for Unix, Geneties Computer Group, University Research Park, Madison Wis ), using default
settings, which uses the algorithm of Smith and Waterman {dedv. dppl Mazh., (1981) 2, 482-489),

[0032] As used herein, the term “Thermal Melting Point {Ton)" refers to the temperature, ander defined ionie strength,
pH, and nucleic acid concentration, of which 50% of the oligonucicotides complementary to the farget sequence
hybrichze 1o the target sequence at equibibnum. Typically, stringent conditions will be those m which the salt
eoncemiation 1s at least about 0.61 1o 1.0 M Na jon concentration (or other sahts) at pH 7.0 to 8.3 and the tomperature is
at least abowt 30°C for short ohigonucleotides (e g., 10 to 30 nucleotide). Stingent conditions may also be achioved with
the addition of destabilizing agents such as formamide.

[O053] As used herein, "modulation” means either an inerease {stimulation) or a decrease (inhibition) in the expression
of a gene.

{0034} The term “variant,” when used in the context of a polynucleotide sequence, may encompass a polynucleotide
sequence relafed to a wild fype gene, This definttion pay alse mclude, for example, "allclic,” "sphce,” "species,” or
"polymorphic™ variants. A sphice varignt may have significant identity 1o a reference molecule, it will generally have
a greater or lesser number of polynucieotides due o aliomate splicing of exons diving mBRNA processing. The
corresponding polvpeptide may possess additional functional domains or an absence of domains. Specics variants are
polyouckeotide seguences that vary from one species o another, OF particidar otility i the invention are variapts of
wild type gene products. Variants may result from at least one mutation in the nucleie acid sequence and may result in
altered mRNAs or i polypepndes whose structure or function may or may not be altered. Any given natwral or
recombinant gene may bave none, one, of many allelic forms. Common mutational changes that give rise o variants
are generally aseribed o nataral deletions, additions, or substistions of nucleotides. Each of these types of changes
niay occwr alone, or in combination with the others, one or more HNIES 1N a YWyen sequence.

{00357 The resulting polvpeptides generally will have significant amino acid identity relative o cach other. A
polymorphic vanant 1s a vaviaton m the polynucleotide sequence of a particolar gene between mdividaads of a given

species. Polvmosphic vadams alse may encompass “single mucleotide polvinorphisms” {(SNPs.} or single base
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nuwitations in which the polynucieotide sequence varies by one base. The presence of SNPs may be imdicative of, for
example, a certain population with a propensity for a disease state, that is susceptibility versas resistance.

{0036} Derivative polynucleotides inchude nucleie acids subjected to chemical modification, for example, replacement
of hydrogen by an alkyl, acyl, or amino group. Denvatives, e.g., derivative oligonucleotides, may comprise non-
naturaliy-occcurring portions, such as altered sugar mwictics or wnter-sugar Hokages. Exomplary among these are
phosphorothioate and other sulhur contatmng species which are known i the art. Denvative nacleic actds may also
contain labels, including radionuclootides, cnzymes, fluorescent agents, chomilaminescent agents, chromogenic agents,
substrates, cofactors, inhibitors, magnetic particles, and the bike.

(00371 A “derivative” polvpeptide or peptide is one that i1s modified, for example, by glycosviation, pegyviation,
phosphorviation, sulfation, reduction/alkviation, acviation, chenical coupling, or mild formalin treatment. A derivative
may also be modified to contain a detectable label, ather directly or mdireetly, meluding, bt not hinuted to, 3
radioisotope, fluorcscent, and enzyme label,

[O038] As used herein, the torm "anmimal” or "pationt” is meant to include, for example, humans, sheep, elks, deer,
e decr, winks, mapmnals, monkeys, horses, cattle, plgs, goats, dogs, cats, rats, mice, buds, chicken, reptles, fish,
insects and arachnids.

{0059} "Mammal” covers wanm blooded mammals that are typically under medical care (e.g. humans and
domesticated animals). Exaroples include feline, canine, equine, bovine, and human, as well as just human.

[0060] "Treating” or "treatnient” covers the treatment of a disease-state in a mammal, and includes: {a) proventing the
disease-state from ocowrring 1 & manwnal, m partiodar, when such nammial is predisposed to the discase-state but has
not vet been diagnosed as baviag it (b) inhilnting the disease-state, w.g., arresting # developioent; andior {¢) relioving
the disense-state, e.g., causing regression of the disease state unti a desived endpoint 1s 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 direetly affecting the disease {e.g., cause, transmission, expression, €lg.).

{0061} As used herein, "cancer™ refirs to all tvpes of cancer or neoplasm or malignant tumors found iIn mammals,
wcluding, but not Himited to: leukemias, lymphomas, melanomas, carcinomas and sarcomas. The cancer manifests
itself as a "taroor™ or tissue comprising malignant cells of the cancer. Examples of tumors inchide sarcomas and
carcinomas such as, but not limited 1o fibrosarcoma, awxosarcoma, Hposarcoma, chondrosarcoma, osteogenic
sarcoma, chordoma,  angiosarcoma,  endothehiosarcomm,  hvmphangiosarcomn,  Iymphangioendotheliosarcoma,
svinovioma, mesathelionwa, Ewing's tumor, leimmyosarcoma, rhabdonyyosarceana, eolon carcinema, pancreatic cancer,
breast cancer, ovarian cancer, prostate cancer, squamous cel caromoma, basal cell caveinoma, adenocarcinoma, sweat
eland carcinonma, sebaceous gland carcinonm, papillary cavcinoma, papiflary adenocarcinomas, cvstadenocarcimoma,
meduliary carcinoma, bronchogenic carcinoma, ronal cell carcineoma, hepators, bile duct carcinoma, chortocarcinoma,

serninoma, ombrvonal carcinoma, Wilms' temor, cervical cancer, testicular tumor, lung carcimoma, small cell lung
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carcmona, bladder carcinoma, epithehial carcinonma, ghoma, astrocyioma, medulloblastoma, craniophanyngioma,
ependvimoma, pineaiomna,  hemagmoblastomg,  acoustic newroms,  oligodendroglioma, meningioma, melanoma,
neuroblastoma, and retinoblastoma. Additional cancers which can be treated by the disclosed composition accordimg to
the mvention include but not lmetted to, for oxample, Hodgkin's Discase, Nos-Hodgkin's Lyvowphoma, multiple
myeloma, nearoblastoma, breast cancer, ovarian cancer, lung cancer, thabdomyvosarcoms, primary thrombocytosts,
primary macroglobulinernia, emall-cell hung tumors, primary briun tumors, stomach cancer, colon cancer, malignant
pancreatic insulanoma, malignant carcinowd, urinary bladder cancer, promatignant skin lesions, testicular cancer,
tymyphomas, thyroid cancer, neuroblastoma, esophageal cancer, genifourinary tract cancer, malignant hypercalcemia,
cervical cancer, endometrial cancer, advenal cortical cameer, and prostate canger,

[0062] As used herein, a “muscle discase or disorder” inchudes but is not Imtted to nwscular dystrophy (MD), a
muscle-wasting discase, inflanumatory nwyopathy or myvositis (including, for example, dermatomyositis, polymyositis,
mclusion body myotosis), mvotubular nyyopathy, nematine pwopathyy, 8 desnun related syvopatiyy, Marfan myopathy, a
nutochondnial mvopathy ctc.. As used herein, muscular dvstrophy refors to a group of penctie, hereditary musele
discases that cause progressive muscle weakness and which may be characterized by progressive sheletad muscle
weakness, defects in nussele proteins, and the death of muscle colls and tissue. Muscudar dystrophy includes, bat 1s not
fimited to Duchenne (DMD fanuly), Becker (BMDY), Spinal Muscular Atrophy, Spinal bulbar smuscular atrophy,
dystrophinopathy, sarcoglveanopathy, Hmb girdle musenlar dystropby (LGMD), congenital muscular dystrophy
(CMD), factoscapulobumeral (FSHD), myotonic, ocalopharyageal, distal, and Emery- Dreifuss.

{0063} "Newological discase or disorder” refers to any discase or disorder of the nervous system andior visuad system.
"Neurological discase or disorder” include discase or disordors that twvolve the ceatral norvous systom (bram,
brainstem and cerebelhum), the peripheral nervous system {including cranial nerves), and the autonomic nervous
system {parts of which are located in both central and pedpheral nervous svstemn). Examples of neurological disorders
inchade bat are not limited to, headache, stupor and coma, dementa, seizwve, sheep disorders, trauma, nfections,
neoplasms, newoopthabuology, movement disorders, demyelinating diseases, spinal cord disorders, and disorders of
peripheral nerves, muscle and neuromuscular junctions. Addiction and mental illness, melude, but are not limited to,
bipolar disorder and schizophrema, are also included n the definition of neurclogical disorder. The following s a list of
several newrological disorders, symptoms, signs and syadromes that can be trested using compositions and methods
according 1o the present wmvention: acquired cpileptiform  aphasia;  acute  disscounated  encephalomyelitis;
adrenoleukodystrophy; age-related macular degeneration; agonesis of the corpus callosumy; agnosia; Adcardi syndrone;
Alexander disease; Alpers’ disease; alternating henuplegiay Vasoudar dementia; amvotrophic lateral sclevosis;
anencephalv: Angelman svndrome; anglomatosis; anoxia; aphasia; apraxia; arachnoid ovsts; arachnoiditis; Asvonl-
Chiari malformation; arteriovenous matformationy  Asperger svadiome;, ataxia  weleglectasia; attontion deficit

hyperactivity discrder; autism; autononuc dysfunction; back pain; Batten disease; Beheet's discase; Bell's palsy: benign
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essential  blepharospasm: bemign focal; amyotrophy, bemign intacramtal hypertession: Binswanger's  disease;
blepharospasiy, Bloch Sulsberger syndrome; brachial plexus injury; brain abscess; brain bpary; braio tumors (ncluding
ghoblastoma nultiforme), spinal tuntor; Brown-Scquard syndvome; Canavan disease; carpal tunnel syndrome;
causalgia; contral pain svndrome; contral pontine nyvelinolysis; cephalic discrder; corcleal ancurvsm; corcbral
arteriosclerosis; cerebral atrophy; corebral gigantism; cerebral palsy, Charcot-Marnie-Tooth disease: chemotherapy-
induced newropathy and newropathic pan; Chiart malformation; chorea; clywonie inflavanatory  demyvelinating
polynaropathy; chronie pain; chronie regional pain syndrome; Coffin Lowry syndrome; coma, inchiding persistent
vegetative state; congeniial facial diplegia; corticobasal degeneration; cranial arteritis; erantosynostosis; Creutafeldt-
Jakob discase; cumulative wauma disorders; Cushing's syndrome;  oviomegalic mclusion  body  discase;
evtomegalovins infection; dancing eves-dapcing foeet syndrome; DandyWalker syndromie; Dawson disease; De
Morster's syndrome; Dejenne-Khanke palsy; dementia; dermatomyositis; diabetic newropathy: diffuse sclerosss;
dysautononua; dvsgraphia; dvslexia; dystomias; carly nfantile epileptic encephalopathy; empty sella syndrome;
encephalitis; encephaloceles; encephalommigenunal angiomatosis; epilepsy; Erb's palsy; essential tramor, Fabry's
cisecase; Fahr's syndrome: funting: fannbial spastic paralysis; febrile sermues; Fisher svndrome; Foedvsich’s ataxia;
fonto-temporal dementia and other “tavopathies”; Gaucher's discase; Genstmann's syndrome; glant cell arferitis; glant
cell melusion disease; globoid cell leukodystrophy; Guillam-Barre syndrome; HTLV-1-associated mvelopatiy:

Hallervorden-Spatz discase; head mpwry, beadache; henmfacial spasny, hereditary spastic paraplegia; heredopathia
atactic a polyncuriitfornus; herpes zoster oticus; herpes zoster, Hiravama syndrome; HIVassociated dementia and
newropathy  {also newrological manifostations of AIDS)  holoprosencephaly; Huntington's  disease and  other
polyglutanune repeat discases;  hvdeanencephaly:  hydeocephalos; hyporcortisolisny, hivpoxia,  immune-mediated
encephatomyelitis; nclusion body mvosiis; incontinentia pigmentl; infantile phytamc acid storage discase; infantle
refsumn disease; nfantile spasms; inflammatory myvopathy, intracranial cyst; intracranial hypertension; Joubent
syadrome;, Keams-Sayre syndrome; Kemnedy disease Kinshoume syndrome; Khippel Feil syndrome;, Krabbe disease;
Kugelberg-Welander discase; kurn; Lafora discase; Lamben-Eaton myasthenic syndrome; Landau-Kieftner syadrome;

lateral medullary {Wallenberg) syadrome; learning disabilities; Leigh's discase; Lennox~Gustaut syndrome; Lesch-

Nyhan syndrome; leukodystrophy; Lewy body dementiy Lissencephaly; locked-in syndrome; Lou Gehing's discase
{Le., motor nearon disease or amyotrophic laterad sclerosis); lombar dise disease; Lyme disease--newrological sequelae;
Machado-Joscph  discase; macrencephaly. megalencephaly. Melkersson-Rosenthal syndrome; Meniorey  discase;
mocningitis; Merdees discase; mictachromatic foukodystrophy; nucrocephaly; migrame; Miller Fisher syndronwe; mmi-
strokes; muitochondrial mvopathies; Mobius syndrome;, monomelic amyotrophy; motor neuron disease; Movamoya
disease; mucopolysacchavidoses; milu-infavet dementia; multifocal motor newropathy: muduple sclevosis and other
demyvelinating disorders; mﬁiﬁpie system atrophy with postural hypotension; p muscalar dystrophy; mvasthenia gravis;

myelmoclastic diffuse sclerosis; mvoclonic encephalopathy of infants; myocionus; myopathy, myotonia congenital;
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narcolepsy; newrofibromatosis; neuroleptic malignant syndrome: newrological manifestations of AIDS; acurological
sequelas oflupus; nearomyotoma: nawwronal cerord Hipofuscinosis, nevronal nygration disorders; Niemamn-Pick disease;
{Sulfivan-MeLeod  syndrome; occipital neuralgia; ocoudt spmal  dyvsraphism sequence; Obtabhara  syndrome;
elivopontocorebellar atrophy; opsoclonus myoclonus; oplic nouritis; ovthostatic hypotension; overuse syndromg;
paresthesia; Neurodegenerative disease or disorder (Parkmson’s disease, Huntington's disease, Alzbemmer’s disea
amyvotrophic lateral sclerosis {ALS), dementia, multiple sclerowis and other diseases and disorders associated with
neoronal cell death); parasmvotonsa congeital, parancoplastic diseases; paroxysmatl attacks: Parry Romberg svadrome;
Pelizacus-Merzbacher disease; periodic paralyses; peripheral newopathy; painful neuropathy and neuropathic pain;
persistent vegetative state; pervasive developmental disorders; photic sneeze veflex; phytanic anid storage disease;
Pick's discase: pinched nerve; piuitary  tamors; polymvositis; porencephaly:, post-polio syndrome; postherpetic
newalgia; postinfectioas encephalomyehitis; postiral bypoiension; Prader- Willi syadrome; primary lateral sclerosis;
prion discases; progressive hemifacial atrophy, progressive mudtifocalloukoconcephalopathy, progressive sclerosing
poliodystrophy; progressive suprasuclear palsy; pseudotamor cerebn; Ramsay-Hunt syndrome {types 1 and 1)
Rasmwssen's encephalitis; reflex symipathetic dvstrophy syadrome; Relfsum disease; ropetitive motion disorders;
repetitive stress junes; restless legs syndrome; retrovirus-assoctated myelopathy: Rett syndrome; Reye's syndrome;
Samnt Vitus dance; SandhofY discase; Schilder's disease; schizencephaly; septo-optic dysplasia; shaken baby syndrome;
shingles: Shy-Drager syndrome; Sjopren's syndromze; sleep apnea; Soto's syndrome; spasticity; spina Infida; spinal cord
mpry; spinal cord tumors; spinal mwscolar atrophy; Suff-Person syndrome; stroke; Sturge-Weber syndrome; subacute
sclerosing panencephalitis; subcortical anioriosclerotic encephalopathy, Sydenham choren; syneope; syrngomyeha;
tardive dyskinesia; Tay-Sachs disease; wmporal avteritis; fethered spinal cord syndeome; Thomsen discase; thoracic
outlet syndrome; Tic Douloureux; Todd's paralysis; Towrette syndrome; transient ischemic attack; transmissible
spongifonn encephalopathies; transverse myelitis; trawmatic brun jory; tremor; tigenunal vewralgia; wopical spastic
paraparesis; tuberous sclerosis; vascubar domentia (mudti-anfarct dementia): vascabs including teraporal arteritis; YVon
Hippel-Linday discase; Wallenberg's syndrome; Werdnmig-Hoffman discase; West syndrome; whiplash; Williams
syndrome; Wildon's disease; and Zellweger syndrome. As used herein, a “neuromuscular disease or disorder™ refers to
any discase adversely affecting both nervouns clements (bran, spinal cord, peripheral nerve) and muscle (striated or
smooth muscle), including but not Iimited to involantary movement disorders, dystonias, spinal cord inpury or disease,
mudtiple selerosis, myasthenia gravis, Parkinson's discase, Amyotrophuc Lateral Sclerosis {ALS), Huntington's disease,
Lambert-Eaton Myasthenic Syodrome (LES), Congenital Myasthenic Syodromes {UMS)., Charcor-Marie-Tooth
Disease (CMT), Dejerine-Sottas Disease {D5), Creutzieldt-lakob disease, Friadreich's Ataxia, muscalar dystrophy,
spasticity from coevebral palsy and stroke.

{00641 A cardiovascular discase or disorder includes those disorders that can either cause ischemia or are caused by

reperfusion of the heart. Examples include, but are not hinuted to, atherosclerosis, coronary artery disease,
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granulomatous  myocarditis, chronic myocarditis  (non-granulomatouns), primary  hypertrophic  cardiomvopathy,
peripheral artery disease (PAD), stroke, angna pectons, myocardial infirction, cardiovaseudar tissue dumage caused by
cardiac mrest, cardiovascuber tissue dmmage caused by cardiac bypass, cardiogenic shock, and related conditions that
wouldd be known by those of ordingry skall in the art or which mvolve dysfunction of or tissue dantage to the heart or
vasculature, especially, but not lnited 1o, tssue damage related to DMD famiily activation. CVS diseases include, but
are not limited to, atherosclerosis, granvlomatous myocardiiis, myvocardial infarction, myocardial fibrosis secondary ©
valvular heast disease, myocardial fibrosis without wfarction, priswary hvpertrophic cardiomyopathy, and chronic
nryocardifis (non-granuiomatous).

{00651 As used herein, “cardiomyopathy” refers 1o any discase or dysfunction of the myocardium (heart musele) in
which the heart is abnormally enlarged, tackened andfor stiffened. As a rosuli, the heart muscle’s ability to pump blood
is uswally weakened. The dispase or disorder can be, for example, inflammatory, metabolic, toxic, infilirative,
fibroplastic, hematological, genetic, or uysknows i origin. Such cardiomayopathies may result from a lack of oxygen.
Other discases inchade those that result from myocardial wyury which mvolves damage 1o the muscle or the
nrvocardium in the wall of the beart as a result of discase or rmena. Myocardial njury can be attributed o wmany things
such as, but not Bmited to, cardicanyvopathy, myocardial mfarction, or congenital heart discase. Specific cardiac
disorders to be treated also include congestive heart fatlure, ventricular or atrial septal defeet, congenital heart defect or
ventticuhy apewrysm. The cardiac disorder may be pediatric in ongan. Cardiomyopatby includes but s not linited 1o,
cardiomyopathy (difated, hypertrophice, restrictive, arhythmogenie and unclassified cardiomyopathy), sporadic dilated
carciomyopathy, N-linked Dilated Cardiomyopathy {(XLDC), acige and chronie heavt fatture, right heart fathae, ket
heart fathuce, biventricwdar beart fallure, congenital heart defects, nuitral valve stenosts, mitral valve msafficiency, aortic
valve stenosis, aortic valve insafficiency, ticuspidal valve stenosts, tricuspidal valve msufficiency, pulmonal valve
steposis, pulmonal valve insufficiency, combined valve defects, mvocardits, acute myocarditis, chronic wyvocarditis,
vival myocardits, diastolic heart falhwre, systolic heart fulure, disbetie heart fatlure and acconmsdation diseases.
Palemcleotide and (ligonucteotide Compositions and Maolecules

(0066} Tarpers: In one embodiment, the targets comprise nucleic acid sequences of Dyswophin fanuly, ncluding
without Houtation sense andfor antisense noncoding andfor coding sequences associated with DMD fanuly.

t

[0067} Dvstrophin has been known since 1987, (Hoftiman ef ol (1987), Cell ST:309-31T) to be the protein that is
deficient i Duchenne muscudar dystrophy {DMD), This 15 an elongated protetn present at the cytoplasmic surface of
the vertebrate tuscle cell membrane (Hoffiman e ol {1987), Cell §1:509-517). Three other dystrophin-related
proteins, te., DRP, {dystophin-related protein Type 1, or utrophin), DRP; (dystrophin-related protein Type 2), and
dystrobrevins, have also been identified as products of different genes (Wang ¢f all (1998 Hum Mol Genet. 7:5381-388),
Dystrophins and wirophin have been detected in wascle of other mamsnalian species (Pous e af. (1994) Cirardation.

9309-374; Wang ef al (1998} Hum Mol Genet, 7:581-588; Rafael er ol (2000) Hum Mol Gened. 9113571367y and
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also m other ussues, such as the electric organ, that ave dertved from skeletal muscle (Chang ¢f ol (19893 J Riol Chem.
264:20831-20834), and m nerves (Rivier ef al. {1999a) Histochem J. 31:425-432 |, Ravier ef o, (1999b) ./ Muscle Res
Cell Moul 20:305-314) of 10 marmorata. Dystrophin in mammal skeletal muscle mteracts with an associated protein
complex (DAPC) o form a link between the cvtoskeleton and the extraceliular matrix (Ioraghimov-Beskrovnaya ef ol
{1992y Norwre, 355:696-702). This compim: consists of two dystroglyeans (u-and B} (Devs o ol (1995837 Biol Chem.
27(:25956-23959), sarcoghveans (e, B, %, & and «) that are complexed with sarcospan (Nigro e of. (1996} Fhan Mol
Cremer, 5:1179-1186; Crosbic e al. (199737 Biol Chem, 272:31221-31224; MeNally ef af. (1998) FEBS Lerr 422:27-
32), and three syntrophins (o, B~ B2-} in muscle tssaes (Adm e ol (1996} § Biol Chem 271:2724-2730). However,
new isofonms of syntrophins (Y1- and ¥2-) have also been reported and were found expressed as brain~specific protein
{Piluso ef & (20003 J Biol Chem, 2751585113860}, Deficioncy or vanations i some associated proteins gonerate a
different muscle pathology, but the pathogenesis of all of these related muscalar dystrophies 1 stilt unclear, This may be
due to the heterogeneity of the data recorded, ¢.iz., due to the existence of four dystrophin-related protems that all share
homology with dystrophin's cysteine-rich and Ctermunal domains and also because of the nuscle type analyzed.
[(068] Dystrophin s a rod-shaped cytoplasmic protein, and a vital past of a protein complex that conpects the
eyvtoskeleton of a muscle fiber to the sarroonding extraccliolar ssatriy theough the cell membrane. This complex &s
variousty known as the costarmere or the dystroplun- associated protein complex. Many muscle protems, such as a-
dystrobrevin, syncotlin, synenun, sarcoglycan, dystoglvean, and swrcospan, colocalize with dystrophan at the
Costanere.

[0069] Brs deficiency is one of the oot causes of muscular dystrophy. Normal ssue contains small amowsts of
dystrophin (about 0.002% of total muscle protein), but #s absence leads to both DMD family and fibrosis, a condition
of muscle hardening. A different mutation of the same gene causes defective dystrophin, leading to Becker's muscular
dystrophy (BMD). Thus, it would be of great thevapeutic value to modulate the expression andfor function of
dystrophin in cells, tissaes or organs of patients 1 need of sach treatment.

{0070} Dystrophin family, the largest known human gene, encodes a protein called dystrophin. There are many
different versions of dyswrophin, some of which are specific to certain cell types. Dystrophin s located chiefly in
muscles used for movement {skeletal muscles) and the muscles of the heart {cardiac muscles). Small amounts of the
profein are present in nerve cells in the byain,

{0071} In skeletal and cardiac muscles, dystrophin is part of a protei complex that strengthens nscle fibers and
protects them from fnjury as muscles contract and refax. The dyswophun complex acts as an anchor, connecting cach
muscle cell's structurn! framework {cytoskeleton) with the lattice of proteins and other nolecules outside the cell. The
dystrophin complex may also plava role in cell signaling by interacting with proteins that send and receive cheomeal

signals,
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{0072} Little is known about the fimction of dystrophin in nerve cells and without wishing © be bound by theory,
dvstrophin could be impostant for the sormal structure and Rmction of syrapses.

{00731 Duchenne and Becker muscular dvstrophy are caused by nutations i the DMD family gene.

{00741 Muscular dystrophy (MD) refers to a group of genetic disorders whose major symptom is muscle wasting,
There are two major forms of MD, differing i severity and age of onset. In Duchenne muscular dystrophy, symptoms
are noticeable in cardy childhood and quickly become debilitating. Boeker muscular dyvstrophy. on the other hand, is of
later onset and less severe, Both forms of MD are caused by motations in the dystropbin gene, a large (2.6Mb) gene
comprised of 97 exons. The dystrophin protein playvs an important structural role as part of a large complex in muscle
fiber membranes. When dystropbin is pussing or non-functional, the entire complex 18 compropased, leading ©
degeneration of muscle tssue. When the ability to regenerate the muscle is exhausted, muscle wasting ocours.

{0075} Mutations in the DMD family gene also cause a form of heart disease called X-linked dilated cardiomyopathy.
This conchition calarges and weakens the cardiac muscle, preventing it fom pwaping blood cfficiently. Although
dilated cardiomavopatby is a sign of Duchenne and Becker muscuolar dystrophy, the isolated X-linked form of this heant
condition s not associated with weakness and wasting of skeletal muscles.

{00761 Uophin is a 393 kDa protein encoded by mualtiexonic 1 Mb UTRN gene located on chromosome 624
{Pearce, of al. {1993} Him Mol Gene, 2: 1765 1772}, The structwmre of the gone bears large similarities to that of the
dystrophin gene. ln contrast to dystrophin, the utrophn gene has a long 5 untanshated region, sphit over two exons, and
it i preceeded by an HTF-island. In mouse, the gene maps to chromosone 10, Uwrophin is distbuted throughout the
sarcoferma 1w el and regenerating muscle, bat s down-regalated i normal adult muscle and is restricted to the
nwotendinous and nourorouscular junctions (Blake et al., 19965, In the dystroplun deficient mads mouse, utroplun levels
iy musele remain elevated soon afier birth compared with normal mice; onee the utrophin levels have decreased o the
adult levels {about 1 week after birth} the first signs of muscle fibre necrosis are detected. Howaever, there 1s evidence to
suggest that in the soall calibre muscles, continual increased levels of utrophin can interact with the DGC complex {or
an antigenically related complex) at the sarcolemma thas preventing loss of the complex with the result that these
muscles appesr normal. There is also a substantial body of evidence demonswrating that utrophin is capable of localising
1o the sarcolenuma in normad muscle. Driig fetal mascle development there 13 increased utrophin expression, localised
o the sarcolemna, ap until 18 weeks i the hwan and 20 days gestation in the mouse. After this thme the wirophin
sarcolemmad staining steadily decreases to the significantly lower adelt levels shortly before barth where atrophin s
locatised almost exclusively to the NMJ. The decrcase m utrophin expression comeides with moereased expression of
dystrophin. See reviews (thraghimov Beskrovnayva, ef af. {1992} Nagee 355, 696 702, Blake, et al. {1994} Trends m

Cell Biol, 4: 1923, Tingley, ot al. (1993) Crar Opin Gopet Dev. 37 484 90y,
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{00771 DRP2 is predicted o resemble certain short Coterrninal isoforms of dystrophin and dystrophinerelated protein
{DRP1 or awrophin). DRP2 15 a relatively small protein, encoded in man by a 45 kb gene locabized to Xg22, It ss
expressed principally m the brain and spinal cord, and s simular in overall seructore 1o the Dpl16 dystrophin isoform.
{0078} Dystrobrevin, a moember of the dystrophin family of proteins, was originally identificd from the Torpeda
catiforrar dlecirie organ as an 87-kDa phosphoprolein associated with the evioplasmie face of the postsynaptic
membrang {Wagner K R ez of, {(1993) Newron, 10511522 Care CL e ol (1989 J (el Biol, 1091753317643, ¥ has
been postolated that the 87-kDa protein plavs a role i synapse formiation or stability because 1t copurifies with
acctylcholing receptors from the clectric organ mentbrancs. In mamnialian skeletal muscle, dyserophin 15 found n
association with several integral and peripheral membrane proteins, fornung a conplex known as the dystrophin
ahveoprotemn complex (DGCY (Brvastt F M. er ol (1991 Cell 6611211131 Thraghimov-Beskrovnava O e gl {(1992)
Nature (London). ; Yoshida M. et of. (19917 Biochem (Tokyo). TOR: 7487532},

{0079} In preferred embodiments, antisense oligonucleotides are used to prevent or ireat discases or disorders
assoctated with DMD fanuly mombers. Exemplary Dystrophin family mediated diseases and disorders which can be
treated with cellfissues regenerated from stem cells obtained asing the antisense compounds comprise: a nuscle
discase or disorder {e.g.. Muscular dystrophy including Dachenne's muscutar dvstrophy, Becker's musaudar dvstrophy,
Spinal bulbar muscolar atrophy, dyvstrophinopathy, sarcoglycanopathy, hndb girdle mascular dystrophy, congenital
muscular dystrophy, congenttal myopathy, distal myepathy, Symptomstic form of musculay dystrophy of Duchenne
and Becker in female carriers myvotonic syndrome ete.; a muscle-wasting disease), a neorological discase or disorder
(mcluding 3 newromuseular disease or disorder ¢.g., dystoma, myoclonus-dystonia syndrome, efe.} a disease or disorder
assoctated with altered level of dystrophm or dystrophin DAPC-complex, Left veniriculsr noncompaction, cancer, a
cardiovascular  disease or disorder, cardiomyopathy {e.g., sporadic dilated cardiomyopathy, X-linked Dilated
Cardiomyopathy (XLDC} ete.), atherosclerosis o oytoskeletal disorder, congenital stationary night blindness and loss of
hearing.

{0080} In a preferred embodiment, the oligonucieotides are specific for polynucieotides of DMD fanuly, which
includes, without Emitation noncoding regions. The DMID family tavgets comprise variants of DMD fanuly;, pwtants of
DMD family, inclading SNPs; noncoding sequences of DMD fwnily; alleles, frapments and the like, Preferably the
oligonucleotide 15 an antisense RNA molecule.

{0081} In accordance with embodiments of the invention, the target nucleic acid molecule is not limited o DMD
family polynucieotides alone but extends 1o any of the soforms, receptors, homologs, non-coding regions and the like
of DMD family.

[0082] in another preforred embodiment, an oligonucleotide targels a natural antisense sequence (natural antisense (©

the coding and non-coding regions) of DMD family tarpets, including, without Imutation, varants, alleles, homologs,
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nwitants, derivatives, fragments and complementary sequences thereto. Preferably the oligonucieonde is an antisense
RNA or DNA molecule.
{0083} in another preforred embodiment, the oligomeric compounds of the present invention also include variants in
which a different base s present at one or more of the nucleotide positions in the compound. For example, if the first
nucleotide is an adenine, varants may be produced which contain thynndine, guanosing, ovtidine or other natwral or
annatral nucleotides at this position. This may be done at any of the positions of the antisense compound. These
compouads are then tested using the methods described herein to detormine their ability to inhibit expression of a target
nucleie acid.
[0084] In some embodiments, bomology, sequence identity or complementarity, between the antisense compound and
target 1 from about 30% o about 60%. In some embaodinents, homology, seguence dentity or complementarity,
from abowt 60% to about 70%. In some embodiments, homology, sequence identity or complementarity, 18 front about
0% to abouwt 80%. In some embodunents, homology, sequence identity or coraplomentarity, is frome about 80% to
about $¥%. In some embodiments, homology, sequence identity or complomentarity, is sbout 90%, about 92%, about
4%, about 93%%, about 6%, abowt §7%, about Y8%, about 99% or about 100%,
[O085] An antisense compound is specifically hybridizable when binding of the compound to the target nucleic acid
interferes with the normmal function of the target nucleic acid to cause a loss of activity, and there is a sufficient degree
of complementarity to avord nonsspecific binding of the antisense comapound o nos-target nuclee aad sequences
wnder conditions in which spectfic binding is dewired. Such conditions inclade, Lo, phusiological conditions in the case
of i vive assays or therapeutic trestnent, and conditions i which assays ave performed i the case of i viro assays
[00R6] An antisense compound, whether DNA, RNA, chimeric, substituted cte, is specifically hybridizable when
binding of the compound to the target DNA or RNA molecule interfeves with the nonmal function of the target DNA or
RNA to cause a loss of utility, and there 15 a sufficient degree of complementanly to avoid non-specific binding of the
antisense compound © non-target sequences uader conditions in which specific binding i desired, Le., under
phystolopical conditions in the case of in vivo assays or therapeutic treatmert, and i the case of in vitro assays, under
conditions 1 which the assays are performed.
[0087] In another preferred embodiment, targeting of DMD fapuly including without himitation, antisense sequences
which are identificd and oxpanded, using for example, PCR, hybridization cte., one or more of the sequonces set forth
as SEQ ID NO: 3 o 7, and the ke, modulate the expression or fumction of DMD fimily. In one cmbodiment,
exprossion or Rmction is up-regulated as compared o 2 control. In another proferred embodiment, exprossion or
function is down~regulated as compared to a control.
[O088] In another preferred embodiment, oligonucleotides comprise nucleic acid sequences set forth as SEQ 1D NOS:
8 to 22 including antisgnse sequences which are identified and expanded, using for example, PCR, hybridization ete.
These oligonucieotides can comprise one or more modified nucleotides, shorter or longer frazments, modified bonds
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and the kke, Examples of modified bonds or internucleotide hinkages comprise phosphorotiucate, phosphorodithioate
or the fike. In another preferred embodiment, the mecleotides comprise a phosphorus denivative. The phosphoras
derivative (or modified phosphate group) which may be attached o the sugar or sugar analog moiety in the modified
eligonucicotides of the present mvention mwy be a monophosphate, diphosphate, tiphosphate, alkeviphosphate,
alkanephosphate, phosphorothioate and the hike. The prepavation of the above-noted phosphate analogs, and their
ncorporation o nucleotides, modified nucleotides and oligonucleotides, per e, 18 also known and need not be
deseribed here,

008G The specificity and sensitivity of antisense is also hamessed by those of skill in the art for therapeatic uses.
Antisense oligonucleotides have been emploved as therapeutic moseties in the treatmnent of disease states in amimals
and man. Antisense oligonucleotides have been safoly and effcctively administered to humans and muemerous olimical
trials are presently underway. It 1s thus established that oligonuckeotides can be useful therapeatic modalitics that can be
configured to be usctul wn treatment regimes for treatruent of cells, tissucs and animals, especially humans,

{00901 In embodiments of the present invention oligomenc antisense compounds, particularly oligonucleotides, bind
1o target nucloic acid molecules and modulate the expression andéor function of molecales encoded by a target gone.
The fanctions of DNA o be interfored conpise, for example, rephication and wanscoription. The functions of RNA ©
be mterfored comprise all vital functions such as, for example, translocation of the RNA to the site of protem
wanslation, tanslation of protem from the RNA, splicing of the RNA o yield one or more mRNA species, and catalvtic
activity which may be engaged in or facthiated by the RNA. The finctions may be ap-regulated or inhibited depending
on the functions desired,

{00911 The antisense compounds, include, antisense oligomeric compounds, antisense oligonucleotides, extemal
puide sequence (EGS) oligomucleotides, alternate splicers, primers, probes, and other oligomeric compounds that
hybridize 1o at feast o portion of the target meeloie acid. As such, these compounds may be introduced i the form of
single-stranded, dooble-stranded, partially single-stranded, or circalar oligomernie compouands.

{0092} Targeting an antisense compound 10 a particular nucleic acid molecale, in the context of this inveation, can be
a muhtistep process. The process usually begins with the wdentificanion of a target nucleie acid whose function is fo be
modulated. This target mucleie acid may be, for example, a celldar gene {or aRNA tmanseribed from the gene) whose
expression is associated with a particalar disorder or disease state, or a nuclese acid molecule from an infections agent.
in the present mvention, the target nucletc acid encodes Dystrophin family,

{0093} The targeting process vsually also includes determination of at least one target region, scgment, or site within
the target nucleic acid for the antisense intoraction to occur such that the destred effect, € g modolation of expression,
will resalt. Withis the content of the present invention, the e "region” is defined as a portion of the target nucleic

acid having at least one identifiable structure, function, or characteristic. Within regions of target nuckeie acids are
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segments. "Segments” are defined as smaller or sub-portions of regions within a target nucleie acsd. "Sites," as used in
the present invention, are defined as positions within & target nacleic acid.

{0094} In a prefored embodiment, the antisense oligonucleotides bind to the natural antisense sequences of
Drystrophin family and modulate the expression and/or function of Dystrophin fanuly (SEQ ID NO: | and 2). Examples
of antisense sequences nclude SEQ HY NQS: 310 22

[0095] In another preferred embodiment, the antisense oligonucieotides bind to one or more segments of Dysirophin
faonly polynucleotides and modalate the expression andfor imction of Dystrophin fansly, The sepmoents comprise at
least five consecutive nucleotides of the Dystrophin fanuly sense or antisense polynucicotides.

[0096] In another preforred embodiment, the antisense oligonucleotides are specific for natural antisense sequences of
Dystrophin family wheran binding of the ohigomucleotides to the natural antsonse sequences of Dystrophun fanuly
modhdate cxpression andfor fimction of Dystrophin family.

{00971 1n another preferred embodiment, oligonucleatide compounds comprise sequences set forth as SEQ ID NOS: §
to 22, aptisense sequences which are wdentified and expanded, using for example, PCR, bybndization ete These
oligonucieotides can comprise one or more modified mucleotides, shorer or tonger Fragments, modified bonds and the
like, Examples of modificd bonds or intermucleotide lnkages conywrise phosphorothioate, phosphorodithioats or the
like. In another preferred embodiment, the nucleotides comprise a phosphoras derivative. The phosphorus derivative
{or modified phosphate group) which may be attached to the sugar ov sugwr analog moiety n the modified
ohgonucleotides of the present imvention may be a monophosphate, diphosphate, triphosphate, alkyiphosphate,
alkanephosphate, phosphorvothioate and the hike. The preparation of the above-noted phosphate analogs, and their
meorporation into puclkeotides, modified nucleotides and olipomucicotides, per se, is also koown and nesd not be
described here.

[O098] Since, as 13 known in the ant, the wanslation initiation codon is typically $-AUG (in transcribed mRNA
modeeuttes; Y-ATG in the corresponding DNA mwolecule), the transiation inttiation codon iy also referred to as the
"AUG codon,” the "start codon™ or the "AUG start codon”. A mumority of genes has 3 translation initiation codon
having the RNA sequence SWGUG, SSUUG or 3WCUIGE and SAUA, 5VACG and S-CUG have been shown to
function i vivo. Thus, the erns "translabon inttiation codon” and “start codon” can encompass many codon
sequences, even though the butistor amino acid v cach wmstance 35 typically methionine (W enkaryotes) or
formylmethionine {in prokaryotes). Evkaryotic and prokaryotic genes may bave bwo or more alternative start codons,
any one of which may be prefersatially utilized for Ganslation butigtion v a pasticalar cell type or tissue, or under a
particular set of conditions. In the context of the tnvention, "start codon” and “translation initiation codon” refer to the
codon or codons that are used i vivo o mitlate translation of an mRNA transeribed from a gene encoding Dystrophin

fomily, regardiess of the sequence(s) of such codons. A trauslation termination codon {or "stop codon™ of a gene may
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have one of three sequences, e, F-UAA, SWUAG and 5-UGA {the corresponding DNA sequences are 5-TAA, 5-
TAG and 5-TGA, respectively)

{00991 The tonms "start codon region” and "translation iitiation codon region” refer to a portion of such an mRNA or
gene that encompasses from about 25 to about S0 contiguous nucleotides s either direction {1.e, § or 3} from a
transiation inttiation codon, Similarly, the teoms "stop codor region” and "transiation termination codon region” eler to
a portion of such an mRNA or gene that encompasses from about 23 o about 30 contiguous mucleotides tn etther
direction (e, § or 37 from a translation tormination codon. Conscguently, the "start codon region” {or “manslation
initiation codon region”) and the "stop codon region” {or "granslation termination codon region”} are all regions that
may be targeted effectively with the antisense compounds of the present invension.

[G0100] The open reading frame (ORF)Y or "coding region”, which i3 known in the art to refer to the region between
the translation initiation codon and the wanslation termuination codon, 1% also a region which may be targeted
ctfectively, Withun the condext of the present invention, a targeted region is the pdragenic region encorpassing the
wanstation imtiation or temmination codon of the open reading frame (ORF) of a gene.

[G0101] Another warget region inclades the 3" wntranslated region (S'UTR), known in the art to refer to the portion of
an MRNA in the 3 divection from the translation Initiation codon, and thus mcluding necleotides between the 5 cap site
andd the translation initiation codon of an mRNA (or corresponding nucleotides on the gene). Still another tarpet region
includes the 3 untranslated region (3TUTR), knows i the art to refer o the portion of an mRNA in the 3 direction from
the wranslation termination codon, and thus including nucleotides beoween the wanslation termination codon and 3' end
of an mRNA (or comesponding suckeotides on the gene). The & cap site of an mRNA comprises an N7-methylated
puanasine residuc joined to the Smost residue of the mRNA via a -5 triphosphate linkage. The 3’ cap regon of an
mRNA is considered to melude the ¥ cap structure iself as well as the frst 30 nucleotides adjacent to the cap site.
Another target regron for this wvention ss the § cap region,

(001027 Although some adarvotic mRNA transcripts are divectly translated, many contain one or more regions,
known as "tntrons,” which are excised from a transcript before it 1s translated. The remaining (and therefore translated)
regions are known as "exons” and we spliced together to form a contivuous mRNA sequence. In one embodiment,
targeting splice sites, Lo, intron-exon junctions of exon-intron junctions, is partculatly usefdl i situations where
aberrant sphomg 1 hmplicated i disease, or where an ovarproduction of a partiowlar sphce product is wupheated n
discase. An aberrant fusion punction due to rearrangement or deletion i another cmbodiment of a farget site. mRNA
transcripts produced via the process of splicing of two {or more} mRNAs from different gene sources are koown as
“fusion transcripts”. Introns can be effectively targeted using antisense compounds targeted fo, for exmmple, DNA or
pre-mRNAL

{00103} In another preferred embadiment, the antisense oligonucleotides bind to coding and/or non-coding regions of

a tarpet polynucleotide and modulate the expression and/or function of the target molecule.
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[00104] In another preforred embodiment, the antisense oligonucleotides bind to nataral antisense pohynucleotides and
modidate the expression andéor Amction of the trget melecule,

{00105} In another preferred embodiment, the antisense ofigonucleotides hind to sense polynucieotides and modulate
the expression andfor function of the target molecule.

[(0106] Alernative RNA transeripts can be produced from the same genomic region of DNA. These alternative
franscripts are generally known as "vartants”, More speeifically, "pre-mBNA vartants” are wranscripts produced from
the samie genonnie DINA that differ from other transenpts produced from the same genomic DNA in either their start or
stop position and contain both intronic and exoaic sequence.

{00107} Upon excision of one or more exon or intron regions, or portions thereof during splicing, pre-mRNA vanants
produce smaller "mRNA varants”, Consequently, mRNA varianis are processed pre-mRNA variants and each anique
pre-mRNA vartant must always produce 3 upique mRNA variant 3s a resalt of splicing. These mRNA vanants are also
known as “alternative splice variants”. if no splicing of the pre-mRNA variant occurs then the pre-mRNA vanant i
identical to the mRNA vanant,

{00108} Variants can be produced through the ase of alicmative sigaals to start or stop transoription. Pre-mRNAs and
mRNAs can possess more than one start codon or stop codon. Variants that originate from a pro-mRNA or mRNA that
use alternative start codons are known as “alternative stat vanans” of that pre-mRNA or mRNA. Those transeripts that
use an alternative stop codon are known as "alternative stop vanants” of that pre-mRNA or mRNA. One specific type
of alternative stop vanant 18 the "polyA vanant™ in wlich the mudtiple ranscripts produced result from the altemative
sefection of one of the "polyA stop signaks” by the transenption machinery, thereby producing tanscripts that tenninate
at ynigue polvA sites, Within the context of the invention, the types of varands deseribed heremn are alse cmbodiments
of target nucleic acids.

{00109} The locations on the target nucleie acid to winch the antisense compounds hybridize are defined as at least a
S-nucleotide fong portion of a target region to which an active antisense compound is fargeted.

{00110} Whilke the specific sequences of cortain exemplary tarpet segments are set forth herein, one of skill in the art
will recognize that these serve fo Hlustrate and describe particulwr embodiments within the scope of the present
invention. Additional target segments are readily idemtifiable by one having ordinary skill in the art in view of tus
disclosure,

{00111} Target scpments 3-100 nucleotides in length comprising a streteh of at least five {§) consecutive nucteotides

selected from within the Hlustrative prefomred target segments are considered to be sustable for targetimg as well.
{00112} Target segments can include DNA or RNA sequences that comprise at feast the 3 consecutive nucleotides
from the Sterminus of one of the llustrative prefemed argst segments (the romaining nucleotides being a consecutive
streteh of the same DNA or RNA begiming munediately upstream of the S-tenminus of the target sepment and

conthiuing until the DNA or RNA contatns about 3 o about 100 nucleotides). Sinulardy preforred target segments are
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represented by DNA or RNA sequences that comprise at least the 3 consecutive nucleotides from the Y-terminus of
one of the llusirative preferred target segments (the remaining pucleotides being a consecative stretch of the same
DNA or RNA beginning mumediately downstream of the 3'-terminus of the target scgment and contimuang uotd the
PNA or RNA contains about § {0 gbout HIO nucleotides). One having sl in the art armed with the target segnenis
Hlustrated herein will be able, without undue experimentation, to identify firther preforred target segioents.

{00113} Once ong or more targef regions, segmenis or sites have been identified, antisense compounds are chosen
which are sufficiently complementary to the target 1o, hybndize sufficiently well and with sufficiont specificity, to
give the desired effect.

[001 14} In embodiments of the nvention the oligonucleotides bind to an antisense strand of a particolar target. The
ohgonucleotides are at least 3 nucleotides in lengh and can be synthestzed so cach oligonucleonde targets overlapping
sequences such that oligomuclentides are synthesized to cover the cotire fength of the target polynucleotide. The targets
also inchude coding as well as non coding regions,

{00115 In one embodiment, 1t is preferred to tarpet specific muclere acids by satisense olipomicleotides. Targeting an
antisense compound o a particolar nucleie acid, 18 a mudtisicp process. The process usually begins with the
wdentification of a nucleic acid sequence whose function is 1o be modalated. This mav be, for example, a cclludar pene
{or mRNA transcribed from the gene) whose expression is associated with a particular disorder or disease state, or a
non coding polynucieotide such as for example, non coding RNA {(neRNA)

[00116] RNAs can be classified info (1} messenger RNAs (mRNAs), which are translated into proteins, and (2) non~
protein-coding RNAs (neRNAs). ncRNAs compwrise microRNAs, antisense ranscripts and other Transeriptional Usits
{TU) containing a high deosity of stop codons and lacking any extensive “Open Reading Frane”, Many neRNAs
appear to start from indiiation sites i 3 untranslated regions (3T TRs) of protein-coding loct. neRNAs we offen rare
and at least half of the neRNAs that have been sequenced by the FANTOM consortium seem not to be polvadenviated.
Most rescarchers have for obeious reasons focused on polvadenyviated mRNAs that are processed and exported 1o the
cyvtoplasm. Recently, it was shown that the set of nom-polyadenyiated nuclear RNAs may be very large, and that many
such transcripts anse from so-called intergenic regions {Cheng, J. e al (2008) Science 308 (3725), 1491154,
Kapranoy, P er ol Q008). Genome Rey 15 (7), 9879971, The mechanism by which neRNAs may regulate gene
gxpression is by base paiviag with farget transcripts. The RMAs that fwetion by base pairing can be grouped bto {1 ¢is
encoded RNAs that ave encoded at the same genetic location, but on the opposite strand to the RNAs they act upon and
thercfore display perfect complementanty fo thewr target, and (2) trans-encoded RNAs that are encoded at a
chromosomal location distinet from the RNAs they act upon and generally do not exhibit perfect base-pairing potential
with therr targets.

{00117} Without wishing 1o be bound by theory, perhwbation of an antisvese polybucleonide by the antisense

oligonuclentides described hercmn can alter the expression of the corresponding sense messenger RNAs, However, thas
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regulation can ¢ither be discordant {antisense knockdown results in messenger RNA clevation) or concordant
{antisense knockdown vesalts in conconutant messenger RMNA reduction). In these cases, antisense oligomucieotides can
be targeted to overlapping or non-overlapping parts of the antiscnse transcript resuliing in is knockdown or
sequestration. Coding as well as non-coding antisense can be targeted v an identical mianner and that cither categovy =
capable of regulating the comresponding sense transerpts — either i a concordant or disconcordant manner. The
strategies that are employved midentifving new oligonueleotides for use against a tavget can be based on the knockdown
of antisense RNA transeripts by antisense sligomucleotides or any other mesns of modalating the desired target,
[OO11RY Stavegy 10 in the case of discordant regulation, kaocking down fhe antisense transcript elevates the
expression of the conventional (sense) gene. Should that latter encode for a known or putative drug target, then
knockdown of s antisonse counterpart could concotvably mimde the achion of a recepior agomist of an enzyme
stimalant.

{O0119] Searepy 20 1o the case of concordant regulation, one could concontantly knock down both antisense and
sense transcripts and thoreby achiove synergistic reduction of the conventional (sense) gene expression. If] for example,
an antisense oligonucleotide s used to achieve knockdows, then this strategy can be used 1o apply one antisense
oligonuclvotide targeted to the sense franseript and another antisense ofigonueleotide to the corresponding antiscase
transoript, or a simgle energetically synmmetne antisense ohgonucleotide that simultancously targets overlapping sense
and antisense wansCrpts,

[00120] According to the present nvention, antisense compounds include antisense oligonacieotides, rhozymes,
external gade sequence (EGS) obgomuclentides, stRNA compoueads, single- or double-stranded RNA mierforence
{RNATY compounds such as siRNA compounds, and other oligomernic compounds which hybridize to at least a porion
of the target nucleie acid and modulate ds function. As soach, they may be DNA, RNA, DNA-hke, RNA-lke, or
puxtuees thereof, or may be numetics of one or more of these, These compounds may bo single-stranded,
doublestranded, circudar or hapin oligomerie compounds and may contain structeral elements such as internal or
ternunal bulges, mismatches or loops. Antisense compounds are routinely prepared lnewly but can be joined or
otherwise prepared to be circular andfor branched. Antisense compounds can melade constracts such as. for example,
two strands hybridized to form a wholly or partially double-stranded compound or a single strand with sufficient scif-
complementarity to alfow for hybridization and formation of s fidly or partinlly double~stranded compound. The two
strandds can be linked wtermally leaving free 3' or 5 termuni or can be linked to form & continuous halrpin structure or
loop. The hampin structre may contatn an overhang on cither the § or 37 tenminus producing an extension of siagle
stranded character. The double stranded compounds optionally can include overhangs on the ends. Further
modifications can include conjugate groups attached to one of the ternund, selected nucleotide positions, sagar positions
or to one of the internacleoside linkages. Allematively, the two strands can be linked via a non-nuciecic acid molety or

linker group. When formed from only one strand, dsRNA can take the form of & self-complementary hasrpin-type
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molccule that doubles back on tself to form a duplex. Thus, the dsRNAs can be fully or partially double stranded.
Specific modulation of gene expression can be achicved by stable expression of dsRNA bawpins fn sransgenic cell
tines, however, i some embodiments, the gene expression or function is vp regelated. When formed from two strands,
or 3 single strand that takes the form of 3 self-complemoentary haitpin-type molecule doubled back on itself (o forma
duplex, the two strands {or duplex-forming regions of & single strand) are complementary RNA strands that base pair in
Watson-Crick fashion.

{00121} Once introduced to a systeny, the compounds of the invention may clicit the action of one or more chzymes or
structural proteins to effect cleavage or other modification of the target nucleie acid or may work via occupancy-based
mechanisms. In general, nuclere acids (ncluding oligonucleotides) may be described as "DNA-Tke" (i.e., generally
having one or more 2'-deoxy sugars and, gencrally, T rather than U bages) or "RNA-Ike" (1., generally having one or
more 2™~ hydroxyl or P-moditfied sugars and, generally U rather than T bases). Nucleic acid helices can adopt more than
one type of structure, most commonty the A- and B-forms, It is belioved that, m gencral, oligonucieotides which bave
B-form-hike structure are "DNA-Eke™ and those which have A-formbike structure are "RNAAke." In some {chimeric)
embodiments, an antisense compound may contain both A- and B-form regions.

(001227 In another preforred embodiment, the desired oligonuclcotides or antisense compounds, comprise af least one
ofi antisense BRNA, antisense DNA, chimerie antisensc oliponucieotides, antisense oliponucleotides conprising
modified linkages, interference RNA (RNA1), short interfering RNA (siRNA)Y, a micro, interforing RNA (miRNA)Y a
sonall, temporal RNA (stRNAY, or a short, hairpin RNA hRNAY, small RNA~induced gene acttvaton {RNAa), soall
activating RMAg (saRNAs), or combnnations thereofl

{00123} dsRNA can also activate gene exprossion, a mechanism that has been tormed "small RNA-induced gene
activation” or RNAa. dsRNAs targeting gene promoters induce potent transcriptional activation of associaied genes.
RMNAa was demonstrated in human cells wsing synthetic dsRNAs, tormed "small activating RNAs" (saRNAsg). It is
currerstly not knows whether RNAa is conserved in other organisms,

{00124} Small double-stranded RNA (dsRNA), such as small intorforing RNA (siIRNA) and microRNA (miRNA),
have heen found to be the trigeer of an evolutionary conserved mechanism known as RNA interference {RNA). RNAR
mvariably leads © gene silencing vin remodeling chromatin to thereby suppress tramsenption, degrading
complementary mRNA, or blocking protein transiation. However, in instances desertbed m detail 8 the examples
section which follows, oligonucleotides are shown to ncrease the expression andior Baxetion of the Dystrophin family
polyaucieotides and encoded products thercof dsRNAs may also act as simall activating RNAs {saRNA). Withowt
wishing to be bound by theory, by targeting sequences in gene promoters, saRNAs would induce target gene
expression m a phenomenon referred to as &8RN A-ndveced wanseripuonal activaton (RNAa).

001257 In a fisther embodiment, the “preferred target segaents” identified hereln may be eraployed in a screen for
additional compounds that modulate the expression of Dvstrophin fanuly polynucieotides. "Modulators” are those
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compounds that decrease or increase the expression of a nucleie acid molecule eocoding Dystrophm fanuly and which
comprise af least a S-pucleotide portion that 5 complementary to a preferved tavget segment. The soreening method
comprises the steps of contacting a prefarved target segment of & nucleic acid molecuic envoding sense or natural
antiscnse polynucleotides of Dystroplun ity with one or more candidate moduiators, and sclecting for one or mors
candidate modulators which decrease or increase the expression of a nucleic acid molecule encoding Diyvstrophin fanuly
polynucleotides, e.g. SEQ ID KOS: 8 10 22, Onee it is shown that the candidate modudator or roodudators are capable of
moddating {e.g. cither decreasiag or increasing ) the expression of a nucleie acid molecale encoding Dystrophin family
polynucientides, the modulator may then be emploved in further mvestigative stadics of the fimetion of Dystrophin
family polynucleotides, or for use as a research, diagnostic, or therapeutic agent i accordance with the present
wmvention,

[00126] Targeting the nataral antisense sequence preferably modulates the fanction of the target gene, For example,
the DMD Gumily gene {o.z. accession number NM 004006 and NM_067124, Fig. 2). In a preferred cmbodiment, the
target is an antisense polynucleotide of the DMD favuly gene. In a preferred embodiment, an antisense oligonucleotide
targets sense anddor natural antisense seguences of Dvstrophin family polvaucleotides {(c.o. accession mumber
NM 004006 and NM 007124, Fig. 23, varants, alleles, isoforms, homologs, mutants, derivatives, fragments and
complomentary sequences thereto, Preferably the oligonucieotide is an antisense molecule and the targets include
coding and noncoding regions of antisense andfor sense DMD family polynueleotides.

{00127} The prefored target scgments of the present invention may be also be combined with their respective
complomentary  antisense  compounds of the preseat iwenfion o form stabihized double-stranded {duplexed)
oligonucleotides.

{00128} Such double stranded oligonucieotide moietics have been shown n the art 1o moddate target expression and
regulate tansiation as well as RNA processing via an antisense mechanism. Moreover, the double-stranded moietics
may be subject o cheomical modifications (Fire ef af, (1998) Nawre, 391, 806-811; Tinunons and Fire, {1998} Naage,
303, 834; Tummons ef af, Q001 Gene, 263, 103-112; Tabam ef ol , (1998} Science, 282, 430-431; Montgomery &/ al,
{1998) Froc. Noatl dcad Nei US4, 95, 15502-15507; Tuschl er o, (1999) Genes Dev. | 13, 3194-3197; Elbashir er of.,
{2001y Noure, 411, 494-498; Elbashir ¢f gl (2001) Genes Dev. 15, 188-200). For exanple, such double-stranded
moleties have been shown o inbabit the target by the classical hybridization of antisense strand of the duplex to the
target, thereby tripgering cazymatic degradation of the target (Tystenman & of., (2002) Science, 295, 694-607).

001291 In a preferred embodiment, mn antisense oligonucleotide targets Dyswophin family polynucleotides (e
accession number NM 004006 and NM_007124), variants, alleles, isoforms, homologs, mutants, derivatives,

fragments and complementary sequences thereto, Preferably the oligonucleotide is an antisense molecule,
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[00130] In accordance with embodiments of the Invention, the target nucleic acid molecule is not limited o
Dystrophin family alone but exteads to any of the isoforms, receptors, homologs and the {ike of Dystrophin famly
mokecules.

{00131} In another preforred embodiment, an oligonucleotide targets a natwral antisense sequence of DMD famuly
palynucieotides, for example, polymucleotides set forth as SEQ D NO: 3w 7, and any vaviants, alleles, homeologsy,
matants, derivatives, fragments and complementary sequences thoreto, Examples of antisense oligonacicotides are set
forth as SEQ 1D NOS: 81022,

{00132] In one embodbment, the oligonucleatides are complementary 1o or bind o wucleie acid sequences of
Dystrophin fanuly antisense, including without imitation noncoding sense andfor antisense sequences associated with
Dystrophin fanly polvnucieotides and modulate expression andéor function of Dyvstrophin family molecides.

{00133} In another preferred embodiment, the oligonucleotides are complementary to or bind to nucleic acid
sequences of DMD family natwral antisense, set forth as SEQ 1D NO: 3 to 7 and nodulate expression and/or function
of PMD fanuly molecules.

[00134] In a preferred embodiment, oligonucieotides comprise sequences of at least 5 conscoutive sucleotides of SEQ
1D NOS: 810 22 and modalate expression andfor function of Dystrophin fanily molecules.

[O0135] The polynucleotide targets comprise DMD fanmidly, including family members thereof, vadants of DMD
family; mutants of DMD family, inchuding SNPs; noncoding sequences of DMD family; alleles of DMD fannly;
species vartants, fragments and the hke. Preferably the oligonucleotide s an antisense molecule,

[00136] In another preforred embodiment, the oligonucicotide targeting Dystrophin family polynucieotides, comprise
adisense RNA, mierference RNA (RNAY), short nterfering RNA GIRNA)Y, nucro mterforing RNA (naRNAY; a small,
tenporal RNA (tRNAY or a short, hairpin RNA (shRNA)Y; small RNAinduced gene activaton (RNAay, or, small
activating RMNA (saRNA}

[00137] In ancther preforred embodinment, targeting of Dystrophin family polyvaucieotides, e.g. SEQ IDNO: 3w 7,
modulates the expression or function of these targets. In one embodiment, expression or function is up~-remated as
compared 1o a control. In another preferred embodiment, expression or finction is down~regulated as compared o a
comrol.

[O0138] In another preforred embodiment, antisense compowds comprise sequences set forth as SEQ 1D NOS: 8 o
22. These oligonucleatides can comprise one or more modified nucleotides, shorter or longer fragments, modified
bonds and the hike.

[00139] In ancther preforved embodiment, SEQ ID NOS: 8 (o 22 comprise one or more LNA muwleotides.

{00140 The modalation of a desired target nucleic acid can be carried out i several ways known in the art. For
exanple, antisense oligonucieotides, siRNA cte. Enzymatic nucleic acid molecudes {egr., ribozymes) are nucleic acid

molecules capable of catalyzing one or more of a variety of reactions, including the ability to repeatedly cleave other
28



i0

i5

20

25

WO 2010/129861 PCT/US2010/034026

separate nucleie acid molecules in a nucleotide base sequence-specific manner. Such enzymatic nucleie acid molecules
can be used, for example, o target vintually any RNA wransonpt (Zavg of of., 324, Nowre 429 1986; Cech, 260 J4344
303G, 198K and Jefferies of ol 17 Nuclaie doids Research 1371, 1989),

{00141] Because of their sequence-specificity, trans-cleaving enzymatic nueleic acid molecules show pronuise as
therapeutic agents for human disease (Usman & McSwiggen, (1995) dan. Rep. Med Chem. 30, 285294
Christoftersen and Mary, (1995) /. Med. Chene, 38, 2023-2037). Enzymatic nucleic acid molecules can be designed to
cleave spectfic RNA fargets within the background of ccllular RNA. Such a cleavage cvent renders the mRNA non-
functional and abrogates protein cxpression from that RNA. In this manner, synthesis of a profein associated with a
discase state can be selectively miubited.

{00142} In general, enzymatic mucloie acids with RNA cleaving activity act by first binding to a target RNA. Such
binding ccours through the tavrget binding portion of a enzymatic nucleie acid which s held 1 close proximity to an
enzynatic portion of the molecule that acts to cleave the target RNA. Thus, the enzymatic nucieic acid first recognizes
and then binds a target RNA through complementary base pairmg, and once bound o the comect site, acts
enzyoatically o cut the tacget RNA. Strategie cleavage of such a target RNA will destroy s ability to divect synthesis
of an encoded protein. After an cazvmatic mcloie actd has bound and cleaved its RNA target, it s released from that
RNA to scarch for another target and can repeatedly ind and cleave now targets.

001431 Several approaches sach as in vitro selection {evolution) strategies (Ovgel, (1979) Proc. B Soc. London, B
05, 435) have been used o evolve new nucleie acid catabysts capable of catalyring a vartety of veactions, such as
cleavage and Heation of phosphodiester hinkages and amide hnkages, (Joyee, (1989) Gene, 82, 83-87; Beandry ef o,
{1992 Science 2587, 635-641; Joyee, (1992) Scieniific American 267, 90-97; Breaker er ol , (1994} HIBTECH 12, 268;
Bartel et of., (1993 Sefence 2611411~ 1418, Szostak, (1093 FIRS 17, 84.93; Kumar ef ol , (1993 FASER 1., 9, 1183
Breaker, (1996) Chr, Op. Biotech., 7, 442).

[00144] The development of ribozymes that are optimal for catalytic activity would contribute significantly o any
strategy that employs RNA-cleaving nibozymes for the purpose of repulating gene expression. The hanunerhead
ribozyme, for example, functions with a catalvtic rate fheat) of about | nun-1 in the presence of satorating (10 mM)
concentrations of M2+ cofactor. An artificial "RNA hgase" ribozyme has been shown o catalyze the corresponding
seifanodification reaction with a fate of sbout 100 mun-1. In addition, it s known that cortgin modified hammerhead
ribozyvimes that have substrate binding arms made of DNA catalyvee RNA cleavage with andtiple tum-over rates that
approach 100 min-1. Finally, replacerncnt of 3 specific residue within the catalytic core of the hammerbead with cortain
mcleotide analogues gives modified ribozymes that show as much as a 10-fold tmprovement m catalvtic rate. These
findings demonstrate that nibozymes can promote chemical gransformations with catalytic rates that are significantly

greater than those displaved in vitro by most natural self-cleaving ribozymes. It is then possible that the stractares of
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certain selfcleaving nbozymes may be optimized 1o give maxiraal catalytic activity, or that entirely new RNA motifs
cat be made that display significanty faster rates for RNA phosphodiester cleavage.

{00145} Intermolecular cleavage of an RNA substrate by an RNA catalyst that fits the "hammerhead” model was first
shown in 1987 (Uhlenbeck, O C. {1987y Nogwre, 328 596-600). The RNA catalyst was recovered and reacted with
nusitiple RNA nolecides, demonstrating that it was tndy catabytic,

[00146] Catabvtic RNAs designed based on the "hammerhead" motif have been used o cleave specific target
seguences by making appropriate base changes in the catalytic RNA 1o maintain necessary base paring with the target
sequences (Hascloff and Gerlach, (1988} Nafure, 334, 585, Walbot and Bruening, {1988} Nafure, 334, 196; Uhlenbeck,
Q. € (1987) Natre, 328; 596-600; Kotzunt, M., er ol (1988 FEBS Lewr, 228: 2282340, This has allowed use of the
catalvtic RNA o cleave specifie target sequences and indicates that catalvtic RNAs designed according o the
“hanmerhead” model may possibly cleave specific sabstrate RNAs i vivo. (see Haseloff and Gerlach, {1988} Nanwre,
334, 585 Walhot and Bruening, (1988) Natwre, 334, 196; Uhlenbock, O, C (1987} Nagwre, 328 396-6000.

{00147 RNA interference (RNAG) has become a powerful tool for modulating gene expression in mammals and
mammahian cells, This approach reguires the delivery of small interfering RNA (iRNA)Y cither ag RNA stself or as
DNA, using an expression plasmid or vinus and the coding scgquence for small hairpin RNAs that are processed to
siRNAs, This system enables efficient transport of the pre-siRNAs to the eytoplasm where they are active and permit
the use of regulated and tssue specific promoters for gene expression.

{00148} In a prefored embodiment, an oligonucleotide or antisense compound comprises an oligomer or polymer of
ribonuckeic ackd (RNAY andfor deoxyribonucleic acid (BNA), or a mumetic, chintera, analog or homelog thereof. Thas
term mchydes oligonucicotides composed of natuvally occurring mucleotides, sugars and covalent micrnucicosude
{backboune) linkages as well as oligonucleotides having novenaturally oceurning portions which function similarly. Such
modified or substitited oligonucleotides are often destred over native forms because of desivable properties such as, for
example, enbanced celidar uptake, enhanced affinity for a target nucleic acid and increased stabilisy in the presence of
nucleases.

001491 According to the present invention, the oligonucleotides or "antisense compounds” inclade antisense
oligonucieotides (o.g. RNA, DNA, mimenc, chimera, analog or homolog thereof}, ribozymes, external gaide sequence
{EGS) ohgonucleotides, sSiRNA compounds, single- or double-stranded RNA interference (RNAIY compounds such as
siRNA compounds, saBRNA, aRNA, and other oligomeric compounds which hybridize o at feast g portion of the target
nucleic acid and modulate its function. As such, they may be DNA, RNA, DNA-bke, RNA-like, or nuxtures thereof, or
niay be mimetics of one or mwore of these. These compounds may be single-stranded, double-stranded, circular or
hairpin oligomeric contpounds and may contain structural elements such as internal or terminal belges, mismatches or
loops. Antiscase compounds are routinely prepared {incarty but can be joined or otherwise prepared to be circudar
and‘or branched. Antisense compounds can nclude constructs such as, for example, two strands hybridized to form a
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wholly or partially double-stranded compound or a single strand with sufficient self-complementarity to allow for
hybridization and fonmation of a fully or partially double-stranded compound. The two strands can be Hnked intemally
feaving free 3" or 3 teemins or can be linked to form a continuous haupin sttuchue or foop. The harpin stractwe may
contamn an overhang on cither the 3 or 3 terminus prodicing an extension of single sttanded character. The double
stranded compounds optionally can include overhangs on the ends. Further modifications can inclade conjugate groups
attached 10 one of the wrmin, selected nucleotde posiions, sugar positions or to one of the mternacleoside Hnkages.
Alternatively, the two strands can be linked via a non-puclaie actd moiety of linker group. When formed from only ong
strandd, dsRNA can take the form of a self-complementary hampin-type molecale that doubles back on itself to form a
duplex, Thus, the dsRNAs can be fully or partially double stranded. Specific modulation of gene expression can be
achioved by stable expression of GRNA haimping in wansgenic cell Unes (Hammond ef ol , {1991) Nar. Rev. Grener, 2,
H10-119; Matzke ef o, (2001) Curr, Opin. Genet, Bev,, 11, 221-227; Sharp, (2001} Geney Dev, 15, 485-490), When
formed from two strands, or a single strand that takes the form of a self-conplementary hairpin-type molecule doubled
back on itself to fonm a duplex, the two strands (or duplex-forming regions of a single strand) are complementary RNA
strands that base pair in Watson-Crick fashion.

{001 507 Once introdiecd to a system, the compounds of the invention may clicit the action of one or more cozymes or
structural proteins to effect cleavage or other modification of the target nucleie acud or may work via occupancy-based
mechanisms. In geoeral, nucleie acids (including oligonucleotides) may be described as "DNAWlke" (e, gonerally
having one or more P-deoxy sagars and, genevally, T rather than 1 bases) or "RNA-ke" (Le., generally having one or
more 2™~ hydroxyl or P-moditfied sugars and, generally U rather than T bases). Nucleic acid helices can adopt more than
one ype of strachure, most commonly the A- and B-forms. It is believed that, in gencral, oligonucieotides which have
B-form-bke structwre are "DNA-Bke™ and those which have A-formbike structure arg "RNAke” In some (chimeric)
ervhodiments, an antisense compound may contain both A- and B-fonm regrons.

[001517 The antisense compounds in accordance with this invention can comprise an antisense portion from about 3
to about 80 nuclectides (1e. from about 5 to about 80 linked nuclcosides) i length. This refers to the length of the
antisense strand or portion of the antisense compound. In other words, a single-stranded antisense compound of the
mvention compnses from § to about 80 nucleotides, and a double-stranded antisense compound of the mvention {such
as ¢ dsRNA, for example) comprises a sense and an antisense strand or portion of 5 1o about 80 nocleotides in longth,
{One of ordinary skill in the art will appreciate that this comprehends antiscase portions of 5, 6, 78,9, 10, 11, 12, 13,
Y18, 16, 1718, 19,20, 21, 22, 23,24, 25,26, 27,28, 29,30, 31, 32,33, 34, 35,36, 37, 38, 30,40, 41, 42 43, 44, 45,
46, 47, 48,49, 50, 31, 52, 83, 54, 55,56, 57, 58, 59, 60, 61,62, 63, 64, 65, 66, 67,68, 69, 7071, 72,73, 74, 75,76, 77,
78, 79, or 80 nucleotides n Jength, or any range therewithin.,

{00152 1o one embodiment, the antisense compounds of the inveation have antisense portions of 10 to 50 sucleotides

in length. One having ardmary skill in the art will appreciate that this embuodies oligonuckeotides having antisense
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portions of 10, 11,12, 13, 14, 15, 16, 17,18, 19, 20, 21,22, 23, 24, 25, 26,27, 28, 29,30, 31, 32, 33, 34, 35, 36, 37. 38,

39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 30 nucleotides in length, or any range therewithin In some embodiments,
the oligonucieotides are 135 nucleotides in length.

{O0153] Tn one ambodiment, the antisense or oligomuclestide compounds of the invention have antisense portions of
12 or 13 to 30 nucleotides in fength. One having ordinary skill i the art will appreciate that this embodics antisense
compounds having antisense portions of 12, 13, 14, 15, 16, 17, 18 19, 20, 21, 22, 23, 2425, 26, 27, 28, 29 or 30
nuckeotides in leapth, or any range therewithin,

[00134] In another preferred embodiment, the oligomeric compounds of the present invention also include varfants
which a different base s present at one or more of the nucleotide positions in the compound. For example, if the first
nucleotide 1s an adenosine, variangs may be produced which contatn thymidine, guanosine or ovtiding at this position,
This may be done at any of the positions of the antisense or &GRNA compownds. These compounds are then tested
using the mcthods desartbed herein o detenmine their ability to mbabit expression of a tarpet nucleic acid.

[O0155] In some embodiments, homology, sequence identity or complementarity, between the antisense compound
and target is from about 409 to about 60%. In some ombodiments, homology, sequence identity of complementarity, is
from about 60% to about 70%. In some cmbodiments, homology, sequence identity or complementarity, is from about
70% to abouwt 80%. In some embodiments, homology, sequence identity or complomentarity, is from about 80% to
about 90%. o some ewbodbments, homology, sequence identity or complementarity, is about 90%4, abouat 92%4, about
4%, about 95%, about 6%, about 97%%, sbout 98%, about 99% or about HI0%.

{00156} In another preferved embodiment, the antisense oligonucleotides, sach as for example, nucleic acid molecales
set forth in SEQ 1D NOS: 3 1o 22 comprise one or more substitutions or modifications. In one embodiment, the
nmucleotides are substituted with locked nucleic acids (LNA).

{00157} In another preferred embodiment, the oligonueleotides target one or more regions of the nucleie acid
miecudes sense and'or antisense of coding andfor non-coding sequences associated with DMD family and the
sequences set forth as SEQ D NOS: 1, 2 and 3 to 7. The oligonucleotides are also targeted to overlapping repions of
SEQIDNOS: 1, 2and 307

[00158] Certain  preferred  oligonucleotides  of this  invention ave clameric  oligonacleotides.  "Chimeric
oligonucleotides or "chimeras,” in the context of this invention, are oligonacicotides which contain two or more
chemically distinet regions, each made up of at least one nucleotide. These oligonuclentides typically contan at least
one region of modified nucleotides that confers one or more beneficial propertics {such as, for example, mereased
muclease resistance, ncreased uptake into cells, increased biading affinity for the target) and a region that s a substrate
for enzymes capable of chaving RNAGDNA or RNARNA hybnds, By way of example, RNase H s a collulay
endonuciease which cleaves the RNA strand of an RNATDNA duplex. Activation of RNase H, therefore, results in
cleavage of the RNA target, thereby greatly ephancing the efficiency of antisense modulation of gene expression.
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Consequently, comparable results can often be obtained with shorter oligonucleotides when chimerie oligonucleotides
are used, compared (o phosphorothioate deoxvolzonucleotides hybridizing o the same target region. Cleavage of the
RNA farpet can be routinely deteeted by gel clectrophoresis and, if necessary, associated nucleic acid hybridization
techmiques knowa in the art. In one preforred crabodiment, 3 chimenic oligonucicotide coanprises at least one rogion
maodified to crease target binding affinity, and, usnally, a region that acts as a substrate for RNAse H. Affimy of an
oligonucleotide for its target (in this case, a nuclere acid encoding ras) is routinely determined by measuaring the T of
an oligonucleotideftarget patr, winch is the temperature at which the oligonucleotide and target dissociate; dissociation
s detected spectrophotometrically. The higher the T, the greater is the affinity of the oliponucieotide for the target.
{00159] Chimeric antisense compounds of the invention may be formed as composite struchimes of two or more
oligonucicotides, modified oligonucieotides, oligonueleosides andfor oligonucleotides mimetics as describod above,
Such; compounds have also beon referred to i the art as lbnds or gapmers. Representative United States patents that
teach the preparation of such hvbnd struchures comprise, but are not linuted to, US patont nos. 5,013,830, 5149 797; §
220007, 3256775, 5366878, 5403711, 5491133 5565350 5,623,065, 5,652 335, 5652356, and 5,700,922,
ach of which i heroin mcorporated by reforence.
(001607 In another preforred embodiment, the region of the oligonucieotide which is modified comprises at least one
nucleotide modified at the 2' position of the sugar, most preferably a 2-Calkyl, 2%O-alky -O~alkyl or 2'-flucro-modified
nucleonide. In other preforred ewbodiments, RNA modifications include  2-fluore, 2-amino snd 27 Gumethyl
modifications on the ribose of pynmidines, abasic vesidues or an inverted base at the 3’ end of the RNA. Such
maodifications are routinely meorporated into oligonucleotides and these oligonucleotides have been shown to have a
fgher Tim (e, hugher target binding atfity) than; 2-deoxyoligonuclvotides agamnst a given target. The effect of such
mncreased athimity 13 to greatly enbance RNA1 oligonucleotide miubition of gene expression. RNAse H s a cellular
endonuclease that cleaves the RNA spand of RNADNA duplexes: activation of this enzyme therefore results in
cleavage of the RNA target, and thus can greatly enhance the efficiency of RNAI inhibiion. Cleavage of the RNA
farget can be routinely demonstrated by gel electrophoresis. In ancther preferred cmbodiment, the chimeric
ohigonucleotide 15 also modified to enhance nuclease resistance, Cells contain a vaniety of exo~ and endo-nucleases
which can degrade nuclete acids. A snumber of nucleotide and nucleoside modifications have been shown to make the
oligonucicotide bdto  which they are incorporsted more  resistant fo nuclease  digestion than  the  native
ehigodeoxyaucleotide, Nackease resistance 13 routinely measured by mesbating ohigonuclectides with celhubar extracts
ot isolated muclease solutions and ncasuring the oxtent of intact oligonucleotide remaining over thime, usaally by gel
electrophoresis. Oligonucleotides which have been modified to enbance their nuclease resistance survive miact for a
longer time than wamodified oligonucleotides. A variety of oligonucleotide modifications have been demonstrated o
enbance or confer nuclease resistance. Oligonucleotides which contain at least one phosphorothioats moedification are

prosently more preferred. In some cases, oligonucleotide modifications which enhance target binding affinity are also,
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mdependently, able to enbance nuclease resistance. Some desirable modifications can be found in De Mesmacker o7 ol
{1995 Ace. Chem, Res., 28.366-374,

{00161} Specific examples of some preforred oligonuclcotides envisioned for s invention include those comprising
modified backbones, for example, phosphorothioates, phosphotriesters, methyl phosphonates, short chain alkyl or
evcloalkyl wersugar hinkages or short chain hatesoatonne or heterogyehic mtersugar linkages, Most prefored are
oligonucleotides with phosphorothioate backbones and those with heterostom backbones, particalarly CH2 ~NH--O--
CH2, CH,-NCH3)}--0--CH2 known as a methylene(methylimine) or MMI backbone], CH2 —-Q--N {(CH3)--CH2,
CH2 -N (CH3)N {CH3»-CH2 and O~-N {CH3)CH2 ~CH2 hackbones, wherein the native phosphodiester
backbone is represented as O--P--Q--CH, ). The amide backbones disclosed by De Mesmacker ef ad. {1993} Ace. Chem.
Res. 28:306-374 are also preferred. Alse preforred are oligomuclectides having morpholine backbong structures
{(Swmmerton and Weller, LLS. Pat, Neo, 5,034,506}, In other preforred embodiments, such ag the peptide nucleie acid
{PNA) backbone, the phosphodiester backbone of the oligonucleotide is replaced with 3 polvamide backbone, the
nucleotides being bound directly or mdirectly to the azm mitrogen stoms of the polyanude backbone (Niclsen er ol
{1OU1Y Svfence 234, 1497 Oligonuciootides may also comprise one or more substinged sugar mototics. Preferred
oligonucleotides comprise one of the following at the 2' posinon: OH, SH, SCH3, F, OCUN, OCH3 OCH3, OCH3
O(CH2 i CH3, OCH2)n NH2 or O(CH2n CH3 where n s from 1 to about 10; C1 to C10 lower atkyl, alkoxyalkoxy,
substituted lower alkyl, alkaryl or amalkyl; CY By ONy CF3 ¢ OCF3; O-~, S--, or Nealkyl, Ow, 8~ or N-atkenyl;
SOCH3S; SO2 CH3; ONGZ;, NOZ N3 NH2; heterocveloatkyl; heteroeycloatkarvi; anuncalkylaming; polvalkylamino;
substitated silyl an RNA cleaving group; a reporter growupy; an intercalator; a group for improving the pharmacokinetic
properties of an oligonucleotide; or a group for improving the pharmacodynamic propertics of an oligonucleotide and
other substituents having similar properties. A preforred modification includes 2-methoxyethoxy [2-0-CH2 CH2
QCH3, also known as 2%O~(2-methoxyethyl}] (Martin o al, (1998) Helv, Chim. 4o, 78, 486} Other preforred
modifications inclede P-methoxy (2-0--CH3), 2~ propoxy (2OCH2 CH2CH3} and 2-floore (2-F). Sinunlar
modifications may also be made at other positions on the oligonucleotide, particolarty the 3' poxsttion of the sugar on the
3" terminal pucleotide and the 5 position of §' terminal nucleotide. Oligonucleotides may also have sugar mimetics sach
as cyclobutyls in place of the pentofuranosyl group.

{00162} Oligonuclcotides may also iclude, additionally or aliomatively, sucleobase (ofien reforred o In the art
simply as “base™} modifications or substitutions. As used heremn, “wamodified” or "natural” nucleotides melude adenine
{A), guanme (G}, thymine (1), eytosing {C) and wactl (U}, Moditied mucleotides include mucleotides found only
infrequently or transiently n natural mucleie acids, e.g., bypoxanthine, 6~methvladenine, S-Me pyrimidines, particularly
S-metndeytosine {also referved o as S-methyl-2’ deoxyeytosine and often reforved to in the ant as 3-Me(0), §-
hvdroxvmethvioytosine (HMOS, glvcosyt HMO and gontobiosvl HMC, as well as synthetic nucleotides, eg., 2-

aminoadenme,  2-{methylaminoladenine,  2-{imidazolylatkyiadenine, 2~ (aminocalklyaminojadenine or  other
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heterosubstituted alkyladenines, 2-thnouract, 2-thiothynune, 5~ bromouracil, S-hydroxymethyluraci, 8-azaguanme, 7-
deagaguanine, N6 (G-annnohexyindenine and 2.6-dlainoparine. {Kornberg, AL, DNA Replication, W, H. Freeman &
{ 0., San Francisco, 1988, pp73-77; Gebeyehu, (o, (1987} er o Mol Acide Res. 15:4513) A Muniversal” base known
i the art, e.g., mosing, may he nchuded. 5-Me-C suhstitutions have heen shown o increase nucleic acd duplex
stabifity by 0.6-1.2°C. (Sanghvt, Y. 8., in Crooke, S. T. and Lebleu, B, eds., Antisense Research and Applications,
CRL Press, Boca Raton, 1993, pp. ZTﬁm,h} and are presently preferred base substiutions.

{00163} Another modification of the oligonuclontides of the invention involves chemically hnking to the
oligonuclontide ong or more moicties or congugates which enhance the activity or cellular uptake of the
oligonucleotide. Such moieties mclude but are not houted to bipid moieties such as a cholesterol moiety, a cholesteryl
mosety {Letsinger ef @, {1989} Proc. Natl, Acad. Sci. US4 86, 6353), cholic acid {Manoharan e of. {1994) Bioorg,
Med Chem. Led. 4, HIS3), g thicether, e i‘;@xyi—S—tz‘ityithimi Manoharan ef ¢f. (1992) dun. N Y. dead. Sel. 660, 306;
Manoharan of af. (1993) Bicorg. Med, Chem. Let 3, 2765), a thiocholosterol {Oberhauser «f af, (1992} Nucl Acids
Res, 20, 533), an aliphatic chain, c.g., dodecandiol or undecey! vesidues {Saison-Behmoarns «f o EMBO 1L 1991, 10,
111 Kabanoy e ol (1990 FEBS Legr. 239, 327, Svinarchuk et of (19933 Biockimée 75, 49), a phospholipid, e.g., di-
hexadeeyl-rac-glyeerol or wiethylarnmoniam 1,2-di-O-hegadecvi-rac-glvesro- 3-H-phosphonate (Manoharan e af
{1995} Teirahedron Leit 36, 3651, Shea of al (199G) Nuel. Aoidy Res. 18, 3777), a polyamine or a polyethylene glveol
chain (Manohavan of ol (1995} Nucleosides & Nucleatides, 14, 969), or adamantane acetic acid {(Manobaran ef al
(1993) Tevrahedron Len. 36, 3631, Oligonucleotides compnising hipophilic moleties, and methods for preparing such
oligonucieotides are kaown in the art, for example, TS, Pat. Nog, 5138045, 5. 218,105 and 5430 255,

{00164 It is not necessary for alf positions in a given oligonucteotide to be uniformly modified, and in faot more than
one of the aforementioned modifications may be incorporated i a single oligonucletide or even at within a single
mclenside within an oligomcleotide. The present wvention also includes obgomucientides which are chimeric
oligonucleotides as hereinbefore defined.

{00165} In another embodiment, the nucleic acid molecule of the present invention is conjugated with another moiety
including but not lhnited to abasic nucleotdes, polyether, polvanine, polyvamides, peptides, carbohvdrates, lipid, or
polvhydrocarbon compounds. Those skilled in the art will recognize that these molecales can be linked to one or wore
of any nucleotides eomprising the nucleie acid molecde at several positions on the sugaw, base or phosphate groap.
001661 The oligonucleotides used in accordance with this invention may be comveniently and routinely made through
the well-known fochnigue of solid phase synthesis. Equipment for such synthesis is sold by several vendors meluding
Applied Biosvstems. Any other means for such synthesis mav also be emploved; the acteal synthesis of the
oligonucleotides s well within the talents of one of ordinary skill in the art It is also well known o use similar
technigques to prepare other obigonuclestides such as the phosphorothioates and alkvlated dervatives. It is alse well
known to use similar techniques and comumercially available modified anidites and controlled-pore glass (CPG)
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products such as biotin, fluorescemn, acridine or psoralen-modified apndites andfor TPG (available from Glen Research,
Sterhing VA) o synthesize fluorescently fabeled, biotinylated or other modified oligonucleotides such as cholesterol-
madified oligonueleotides.

{00167 In accordance with the vention, use of modifications such as the use of LNA monomers to ephance the
potency, specificity and duration of action and broaden the routes of administration of oligonucieotides compnsed of
crrrent chernistries such as MOE, ANA, FANA, PS cic (Ublman, of o (2000) Crrveny Opindons e Drag Discovery &
Development Vol. 3 No 2), This can be achioved by substituting some of the monamers i the comrent oligonucleotides
by ENA monomers. The LNA modified ohigonucieotide may have a size sinular to the parent compound or may be
larger or preferably smaller. 1t is preferred that such LNA-modified oligonucieotides contan less thas about 70%, more
preferably less than about 60%, most preferably loss than about 309 LNA monomers and that their sizes are bebween
about § and 25 nuclectides, more preferably between about 12 and 20 nucleotides.

{00168} Preferred modified oligonuclentide backbones comprise, but not Hnuted to, phosphovothioates, chiral
phosphorothioates, phosphorodithioates, phosphotriesters, aminoalkylphosphotriesters, wethyl and other  alkyl
phosphonates  comprising  Yalkviene phosphonates and chiral  phosphonates,  phosphinates,  phosphoranndaies
comprising  J-amino  phosphosamidate and  aminoalkviphosphoramidaies,  thionophosphoranidates,
thionontkylphosphonates, thionoalkylphosphotriesters, and boranophosphates having norpsal 3%5 hnkages, 25 hnked
analogs of these, and those having mverted polarity wheretn the adjacent pairs of nucleostde units are lnked 3-8 to 5§
3 or 205 to 52 Various salts, nuxed salis and free acid forms are also inchuded.

[00169] Representative United States patents that foach the preparation of the above phosphorus containing linkages
comprise, but are not hmited 0, US patent nos. 3687808, 4. 469 863; 4476 301; 5023243, 5, 177196 3 18R 847
3264433 5276019, S2TS30 3286717, 3321131 3399676, SA05930; 5453496, 5455, 133; 5466677,

SATE 9IS 3510.126; 5336821, 5,341,306, S530,111; 5,363, 353; 5571,

N
LA
-3

Q. 5 387361, and 3,625,050, cach of
which is herein incorporated by reforence.

{00170} Preforred modified oligonucieotide backbones that do not inchude a phosphorus atom therein have backbones
that are formed by short chain alkyl or eycloaltky! ternucleoside hinkages, mixed heteroatom and alkyt or cycloalkol
mternucleoside linkages, or one or more short chain heteroatoraie or heterocoyelic internucleoside Hnkages. These
comprise those having mompholno tinkages (ormed m past fom the sugar pottion of a mucleoside); stloxane
backbones; sutfide, sulfoxide and sulfone backbones; formacetyl and thioformacety! backbones; methylene formaceiyl
and thioformacetyl backbones; alkenc coptabung  backbones; sulfmmate  backbones; methyvlencimine and
methvienehyvdrazine backbones; sulfonate and selfonamide backbones; anude hackbones; and others having mixed N,
0, 5 and CH2 component parts.

[00171] Representative United States patents that teach the proparation of the above oligonucleosides comprise, but
are not hmted to, US patent nos. 5,034.506; 5,166315; 5185 4447 5 214,134, 5.210,141; 8235033, 5264, 562; &,
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264.564; S405038; 5434257, 5466677 SATOV6T, SAR0.E7TT, 5541307, 5561225 5596, 086; 5602240
5,610,289 5,602 240, S 608046, 3,610,289 5618704, 3623, O7( 5,663,312, 5,633,366, 5,677 437, and 5,677 438,
cach of which s herein mcorporated by reforcnce.
{00172] In other preferred oligonucleotide mimetics, both the sugar and the internucleoside hinkage. 1o, the backbone,
of the nucleotide units are replaced with novel groups. The base wuits are maintained for bybridization with an
appropriate mucleie acid target compound. One sach oligomene compound, an oligonucleotide mimetic that has been
shown to have excelleat bybridization properties, is reforred to as a peptide nucleic acid (PNA). In PNA compounds,
the sugar-backbone of an oligonucicotide is replaced with an anude contaning backbone, mn particdar an
anunoethylglycine backbone. The nucleobases are retained and are bound directly or indirectly to aza mitrogen atoms of
the amyde portion of the backbone, Representatrve Unnted States patents that teach the preparation of PNA compounds
comprise, but are not limited o, US patent nos, 3539082, 5714331, and 5.719.262, cach of which iy hercin
mcorporated by reference . Further teaching of PNA compounds can be fouad i Niclsen, & of (1991) Science 254,
4971500,
001731 In another preferred embodiment of the tnvention the oligonucieotides with phosphorothioate backbones and
oligonucicosides with beteroatom backbones, and in particalar- CHZ-NH-O-CH2- -CH2-N {CH3)-O-CHZJnowr as a
micthylene {methylmune) or MMI backbone - CH2-O-N (CH3WCH2- -CHIN{CH3-N{CH3) CH2-and-O-N{(CH3}-
CH2Z-CH2- wherein the native phosphodiester backbone 15 represented as-0-P-0-CH2- of the above referenced US
patent no. 5489677, and the mmide backbones of the above referenced US patent no. 5,602,240, Also preferred are
eligonucietides having morpholine backbone stractures of the above-referenced US patent no. 5,034,506,
[00174] Modified oligonucleotides may also contain one or more substituted sugar moleties.  Preforred
oligonucicoudes comprise one of the following at the 2" position: OH; F; O-, 5+ or N-altkyl; O-, S+, or Naalkenyl; O-, S~
or N-alkynvl; or O alkyi-O-alkyl, wherem the alkyl, atkenyl and alkynyl may be substintted ov unsubstituted C 1o CO
alkyl or C2 to CO alkeny! and alkvinel. Particudarty preferred are Q {CH2n OmCHS, O(CH2 ) mn, OCH3, O(CHZInNH2,
O{CH2mCHS, OCH2IMONH2, and O(CH2nONUCH2mCH3)2 where n and m can be from | to about 10, Other
preferred oligonuclentides comprise one of the following at the 2' position: € to €O, (Jower alkyl, substituted lower
alkyl, alkaryl, avalkyl, O-alkary! or Qaralkyl, SH, SCH3, OCN, C1, Br, ON, CF3, QUF3, SOCH3, SO2CH3, ONO2,
NQ2, N3, NH2, heterocycloalkyl, haterovveloadkaryl, amincalkviomine, polvalkylaming, sobstituted silvl, an RNA
cleaving group, a reporier group, an infercalator, a group for mmproving the pharmacokinetic properties of an
oligonucicotide, or a wroup fiw improving the phammacodyommic propertics of an ohipowucieotide, and other
substituents having stmilar properties. A preferred modification compnises P methoxvethoxy (2-0-CHICH20CH3,
also known as 2%0-(2- methoxyethyl) or 22MOE) (Mantin et ol (1995) Hely, Chim. dore, 78, 486:304) e, an
alkoxvalkoxy group. A further preforved modification  comprises  2'-dimethyvlaminooxyethoxy, e . a

O(CH2PZONICH3)2 group, also known as 2-DMAOE, as desenbed i cxamples hereir below, and 2-
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dimethylanuinoethoxyethoxy {also known n the art as 2O-dimethylaminocthoxyethyl or 2 DMAEOE), 1, 2-0-
CH2-0-CH2-N{CH2»2.

{00175} Other preforred modifications comprise 2“methoxy (20 CH3), 2-aminopropoxy {2-0 CH2CH2ZCH2NH2)
and 2~-fluoro (2-F). Sinular modifications may also be made at other positions on the ohgonucleotide, particularty the
3 position of the sugar on the 3 teroanal sucleotide or 1 255 Hinked oligonucleotides and the ¥ position of § tevanad
nucleotide. Ohgonucleotides may also have sugar numetics such as eyclobutyl moteties m place of the pentofaranosyl
sugar. Representative Untted Stales pateats that wach the preparation of such modified sugar strachures comprise, but
are not hnuted to, US patent nos. 4981 957; 5,118 800, 3,319.080; 5,359 (44 53393 §75; 5,446,137, 5.466,786; 3 514,

-1>>-

T85 3 5V9134 3567 B 3,576,427, 5501723, 5597009, 5,610300; 5627.053; 5,639 873; 5646, 265, 5,658,873;

g g

1.4

633; and 3,700,320, cach of which 1s hereln incorporated by reference.

[00176] Oligonucleotides may also comprise nacleobase {ofien referred fo in the art stmply as "base™) modifications
or substitutions. As used borein, "unmodificd” or "nataral” nucleotides comaprise the purine hases adenine (A) and
guanine (), and the pyrinidine bases thynune (T}, oytosine (C) and uwraetl (L), Modified nucleotides comprise other
synathetic and natwal nucleotides such as S-methvlovtosine (3-me-C),  S-hydroxvmethyl ovtosine, xanthing,
hvpoxasthine, 2- aminoadenine, 6-methyl and other alky! derivatives of adenine and puanine, 2-propyvi and other alliyl
derivatives of ademine and guamne, 2-thiouractl, 2-thiothymme and 2-thiceyvtosine, S-hatowracl and cytosme, -
propyny! uracil and cytosine, 6-uz0 uracil, eyiosine and thymine, S-uracit {pseudo-uracity, 4-thiouracil, §-halo, 8-anming,
S-thiol, &-thioalkyl, S-hydroxyl and other S-substnsted adenines and guanines, S-halo particalarly S-bromo, 5~
triftuoromethyl and other S-substituted uracils and cytosines, 7-methylquanine and 7-methyladenine, &-azaguanine and
%-azaadenine, 7-deazaguanine and 7-deazaadenine and 3-deazaguanine and 3-deazaadenine.

{00177} Further, nucleotides comprise those disclosed in United States Patent No. 3,687 808, those disclosed m "The
Concise Encyclopedia of Polvmer Science And Engincering’, pages 838-839, kroschwitz, 11, ed. Johm Wiley & Sons,
1994, those disclosed by Eaplisch of ¢, "Angewandie Chemie, Intemational Edition’, 1991, 38, page 613, and those
disclosed by Sanghwvi, Y.S. Chapter 15, "Antisense Rescarch and Applications’, pages 289-302, Crooke, ST, and
Lebleu, B. ea., CRC Press, 1993, Certain of these nucleotides are particularly usefisl for mcreasing the binding affinity
of the ohigomeric compouuds of the mvention. These comprise S-substituted pyrimidines, 6- azapyrimidines and N-2,
N-6 and -6 substiiged purines, comprising 2-apunopropyladenine, S propynvheaci! and S-propymyicyiosing, S-
methyiovtosine substititions have been shown o incrcase nueleic acid duplex stabibity by 4.6-1.2°C {Sanghvi, Y.8.,
Crooke, ST, and Lebleu, B, eds, 'Antisense Research and Applications', CRC Press, Boca Raton, 1993, pp. 276-278)
and are presently preferred base substitutions, even more particularty when combined with 2“Omethoxyethyl sugar
modifications.

[001 78] Representative United States patents that teach the preparation of the above noted modified nucleotides as
well as other modificd nucleotides conprise, but are not fimited to, US patent nos. 3,687 808, as well as 4,845 205,
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5.130,302; 5,134,066, 5175, 273; S, 367066, 5432272, 5457 187, 5459255, 5484008, 5502177, 5525714
5,532,546 SARTAGY, S.596091; 5614617, 3750692, and 3,681,941, each of which is herein incorporated by
refergnce.

{00179] Another modification of the oligonucleotides of the mvention involves chenuically linking to the
oligonucleotide one or more moieties or conjugates, which enhance the actvity, cellular distribunion, or cellular uptake
of the ohigonucieotide.

[00180] Such moisties comprise but are not limited fo, lipid moicties such as a cholesterol moiety (Letsinger ef af,
{1989} Proc. Natl. dead. Sci. U84, 86, 65533-6556), cholic acid {Manoharan ef af., {1994} Bivorg. Med. Chem. Lei., 4,
1053-1060), a thiccther, e.g., boxyl-S-mtyithiol (Manoharm er gl (1992) dnn. N ¥V Acad Sci, 660, 306-309;
Muanoharan ¢ o, (1993) Bioorg, Med Chem, Ler, 3, 27632770, a thiocholesterol {Oberhauser er af,, (1992) Nucl
Acidy Res., 20, 333-338), an aliphatic chain, e.g., dodecandiol or undecyl residues (Kabanov of «f, {19903 FEBS Lers,
359, 327-330; Svinarchuk ef ol (1993} Riockide 75, 49-54), a phospholipid, c.g., di-hexadecyi-rac-glycerel or
tricthylammontum 1,3-di-O-hexadecylrac-glveere-3-H-phosphonate (Manoharan ef ol (1993} Tetrahedron Leit, 36,
3651-3634; Shea er of, (1990} Nucl Acidy Res, 18, 3777-3783), a pobvamine ov a polvethvlone glveol chain
{Mancharan e ¢, (1993) Nucleosides & Nucleotides, 14, 969-873), or adamantane acetic acyd {(Manoharan e @,
(1998} Tetrahedron Lefi., 36, 36513634}, a palmityl motety (Mishra e af, (1993) Siochim. Biophvs. Acta, 1264, 239
237, or an octadecylamine or hexylamino~carbonyl-t oxycholesterol morety {Crooke er al, (1996} L Pharmacol. Fxp.
Ther, 277, 923937,

[00181] Representative United States patents that teach the preparation of such oligonacleotides conjugates comprise,
but are not bouied to, US patent nos. 4,828,979, 4 948 882 3218105, 5525465, 5341313, 5345730, 5,552, 33%;
5378717, 5.580.731; S.580.731; 5.501584: 5.10012d4: 51IRR07 S.138.045; SA14.077, 5486, 603 5512439
3578 7TIR, 5,608,046, 4.587.044; 4603735, 4667025 4762, 779 4789737, 4824941, 4838.263; 4 RT76 335
4,904 582, 4938013, 5,082, B30; S 112963; S214,136; SORZR30: S 112.963: S214,136; §, 245022, 5234469,

288506, 5,202,536, $272.250; 5292873 3317008, 3371241, 5391, 723; 3416203, 5451463, 5510475,

5512667 5,314,783

A
L
2
194

N
.)‘l
CD

78100 5574142 5585481 SSKRT371: S.S595.726 S597.696; 5590023
5.599 928 and 5,688 941, cach of which 1s herem ncorporated by reforence,

{00182} Dirug discovery: The compounds of the present mvention can also be applied i the arcas of drug discovery
and target validation. The present mvention comprehends the use of the compounds and preferred tarset segments
identfied berein o drug discovery efforts to clucidate relatonstups that exist between Dystrophin fanaly
polynucieotides and a disease state, phenotype, or condition. These methods include detecting or modulating
Dysyrophin family polvnacleotides comprising contacung a sample, ussue, cell, or organism with the compounds of the
present invention, measaring the nuclele acid or protein level of Dyvstrophin family polvnacleotides andfor a related

phenatypic or chemical endpomt at some time after reatment, and optionally comparing the measured value 1o a non-
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wreated sample or sample wreated with a further compound of the mvention. These methods can also be perforned n
paralled or in combination with other experimnents to determine the function of unknown geves for the process of target
validation or to determine the validity of a pariicular gene product as a target for treatment or prevention of a particular

disease, condifion, or phenotype.

Assessing Py-regulation or nkibition of Gene Expression:

{00183} Transfor of an exogenous nacleic ackd info a host cell or organisny can be assessed by direotly detecting the
presence of the nocleic acid in the cell or organism. Soch detection can be achieved by several miethods well knownin
the art. For example, the presence of the exogenous nuclewe acid can be detected by Southern blot or by a polvmerase
chain reaction (PCR) teclmique using primers that specifically amplify nucleotide sequences associated with the
mucleic acid. Exprossion of the exogenous nacleie acids can also be measured using conventional methods inchuding
gene expression analvsis, For instance, mRNA produced from an exogenous nuclele acid can be detected and
quantified using a Northem ot and reverse transcription PCR {RT-PCR),

{00184} Expression of RNA from the exogenous nucleic acid con also be detected by measuring an enzymatic activity
OF & repotter protein activity, For example, antiscase modulatory activity can be measured indirectly ay a decrease or
increase in target nucleic acid expression as an indication that the exogenous nucleic acid is producing the effector
RNA. Based on sequence conservation, primers can be designed and used to amplify coding regions of the target
genes. Imttally, the most highly expressed coding regron from each gene can be used to build a model control gene,
although any coding ov non coding region can be used. Each control gene is assembled by tnserting cach coding region
between a reporter coding region and its poly{A} signal. These plasoids woald prodice an mRNA with a reporter gene

m the upstream portion of the gone and a potential RNA: farget in the 3" porecoding region. The offectiveness of

s

mchvidual antisense oligonuclentides would be assayed by modulation of the reporter gene. Reporter genes usefud in
the methods of the present invention include acefohydroxyacid syathase (AHAS), alkaline phosphatase (AP), beta
ealactosidase {(LacZ), beta ghieoronidase (GUS), chloramphenicol acetylvansforagse (CAT), green fluorescent protein
{GFPY, red fluorescent protemn (RFP), vellow fhuorescent protemn (YFP), cvan fhuorescent proteisy (CFP), horseradish
peroxidase (HRPY, luciferase (Luc), nopaline synthase (NOS), octopime synthase (OCS), and dertvatives thereof
Multiple selectable markers are available that confer resistance to ampieiling bleomyein, ehlovamphenicol, gentmmyein,
hyaromyvain, kamamvein, lincomyein, mcthotresate, phosphinotiwichs, puromyadn, and tetracveling,. Methods
determine modulation of a reporter gene are well known in the art, and mchude, but are not fimted to, fluorometric
methods {e.g. fluorescence speetroscapy, Fluorsscence Activated Cell Sorting (FACS), fluorescence microscopy),
antibiotic resistance determination.

(00185} DMD faouly protein and mRNA expression can be assaved using methods known to those of skill in the art

and deseribed clsewhers herein. For example, immunoassays such as the ELISA can be used to measure profein lovels,
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DMD family antibodies for ELISAs are available commercially, eg.. from Abnova, (Walnut, CA), Abcam,
Cambridge, MAL

(00186} In cmbodiments, DMD family expression {e.g., mRNA or protein} it a sample (e.g., cells or tissues in vivo or
m viro) wreated using an antisense oligonucleotide of the vention 1s evaluated by comparison with DMD family
expression in a control sample. For example, expression of the protein or nucleic acid can be compared using mothods
known to those of skill in the avt with that in a mock-treated or untreated sample. Alicmatively, companson with a
sample treated with a control antisense oligonucleotide (0.g., one having an altered or different sequence} can be made
depending on the information desired. In another embodiment, a difference in the expression of the DMD fanuly
protein of nucleie acid i a treated vs. an untreated sample can be compared with the difference n expression of a
cifferent nucleic acid (mcluding any standard decmed appropriate by the researcher, e.g., a houscheeping goned v a
wreated sample vs. an untreated sample.

{00187} Observed differences can be expressed as desired, eg., in the form of a ratio or fraction, for use in a
compmrisen with control. In embodiments, the level of DMD family mRNA or protoin, i a sample treated with an
antisense oligonuckeonide of the present nvention, 1s mereased or decreased by about 1.253-fold 1o about 10-fold or
more relative to an untreated sample or a sample freated with a contrel mucleic acid. In crabodients, the level of DMD
family mRNA or profein 1s mereased or decreased by at least abount 1.25-fold, at least abouwt §.3-fold, at least about { 4-
fold, at least about 1.3<fold, af least about 1.6~fold, at least about 1.7-fold, at Teast sbout §.8<fold, at least about 2-fold, at
least about 2.5-fold, at least about 3-fold, at least about 3.5-4{old, at least about 4-fold, at least abowt 4.5-fold, at feast
about S-fold, at least about 5.5-fold, at least about 6-fold, at lcast about 8.5-fold, at least about 7-fold, at least about 7.5-
fold, at least about 8~1old, at feast about 8.5-f0ld, at least abowt 9-fold, at least about 9.3-Told, or at least aboyt 10-fold or
mnere.

Kits, Research Reogents, Diagnostics, and Thergpentics

[G0188] The compounds of the present imvention can be attlized for diagnostics, therapeutios, and prophylaxis, and as
rescarch reapents and components of kits. Furthermore, antisense oligonucieotides, which are able to mhibit gene
expression with exquisite specificity, are often used by those of ordinary skill to elocidate the function of particular
genes or fo distingwish between functions of various members of a biological pathway.

[O0189] For ase in kits and diagnostics and i various biological systenss, the compounds of the present fnvention,
either alone or in combination with other compounds or therapeutics, are useful as tools in differential andfor
combinatonial analyses to elucidate expression pattems of a portion or the entire complement of genes expressed within
cells and tssues.

001907 As used herein the torm "biological system” or “system” is defined as any organismy, cell, cell culture or tissue
that expresses, or is made competent to express products of the Dvstrophin family genes. These mnclude, but are not
limited o, humans, transgenic animals, cells, cell culawres, tissues, xenografts, transplants and combanations thereof.
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[00191] As one non limiting example, expression patterns within cells or tssues treated with ooe o more antisense
compounds are conpared to control cells or tissaes not freated with antisense compounds and the patterns prodaced are
analyzed for differential levels of gene expression as they pertain, for example, to discase association, signaling
pathway, colludar localization, expression level, size, struchure or function of the genes examined. These analyses can
be performed on stinndated or unstimulated cells and i the presence or absence of other compounds that affect
oxpression patiorns.

{00192} Examples of methods of gene expression analysis known in the art include DNA arrays or microamays
{Brazma and Vilo, QO00Y FEBS Leir. 480, 17-24; Celis, et of , (2000} FERS Leti., 480, 2-16), SAGE (serial analysis of
gene exprossion) {Madden, e o | (2000) Drug Discov. Today, §, 415- 425), READS {restriction enzyme amphfication
of digested ¢DNAg) (Prashar and Wolssman, (1999 Methods Enzumol, 303, 258-72), TOGA (total gone expression
analvsis} (Suichiffe, er al., QO Proc. Nad. Advad Sci. US4, 97, 1976-81), protein arcays and proteomics {Celis, ef
al (2000) FEBS Len., 488, 2-16; hunghlut, o al., Electrophoresis, 1899, 20, 2100-10), exprossed sequence tag {(EST)
sequencing (Celis, of al,, FEBS Lent, 2000, 480, 2-16; Larsson, ot al,, J. Biotechnol,, 2000, 80, 143-57), subiractive
RNA fingerprinting (SuRF) (Fuchs, er of | 2000} Anal. Biochem. 286, 91-9%, Lason, ef ol , (2000) Owometn: 41, 203-
2438}, subtractive clommg, differential display (DD (urccic and Belmont, 2000) Curr. Opin, Microbiol. 3, 316-213,
comparative genomic hybridization (Canddh, ef e, (1998Y 7 Celf Bilochem. Suppl, 31, 286-96), FISH (fluorescent n
situ hybridization) techuiques (Going and Gusterson, (1999 Eur. J Cancer, 35, 1883-904) and mass speetrometry
nethods (To, Comb. {2000} Chem, High Throughput Screen, 3. 235-41).

[00193] The compounds of the invention are uscful for rescarch and diagnostics, because these compounds hybridize
to nucleic acids encoding Dvstrophin family, For example, oligonucleotides that hybridhze with such efficiency and
under such conditions as disclosed herem as 1o be effective Dystrophin family modulators ave effective primers oy
probes under conditions favoring gene amplification or detection, respectively. These primers and probes are wseful in
methods requiring the speaific detection of nueleic acid molecules encoding Dystrophin family and i the amplification
of said nueleic acid molecules for detection or for use in fether studies of Dystrophin family. Hybndization of the
antisense oligonucleatides, particularly the primess and probes, of the invention with a nucleic acid encodmg
Dystrophin fanuly can be detected by means known in the art. Such means may nclude comugation of an enzyme to
the oligonacieotide, radiokibeling of the ohgomucleotide, or any other suitahle detection means. Kits using such
detection means for detecting the level of Dystrophin fanuly m a sample may also be prepared.

{00194} The specificity and sensitivity of natisense are also harnessed by those of skill in the art for therapeutic uses.
Antisense conpounds have heen employed as therapeutic motetics tn the treatmoent of disease states in animals,
mclading humans. Antisense oligonucleoude drugs have been safely and effectvely admunistered to humans and

mmerous climical trials are presently underway. It is thus cstablished that antisense compounds can be usceful
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therapeutic modalities that can be configured o be useful in treatment regimes for the treatment of cells, tissues and
amnals, especially humans.

[00195] For therapeutics, an animal, preferably a buman, suspected of having a discase or disorder which can be
weated by modulating the expression of Dystrophin family polynucleotides s treated by admumsstering antisense
compounds i accordance with this syvention. For example, in one non-limiting ombodiment, the methods compnse the
step of administering to the ammal i need of treatmoent, a therapestically effective amoant of Dysirophin family
modulator, The Dystrophin family modulators of the present tnvention effectively modudate the activity of the
Dystrophin family or modulaie the expression of the Dystroplun fanuly protein. In one embodiment, the activity or
expression of Dystrophin fanuly m an aminral 15 mdubited by about 10% as compared o a control. Preferably, the
activity or expression of Dvstrophin family in an anioal 15 inhibited by about 30%. More preferably, the activity or
expression of Dystrophin family b an animal is infubited by 50% or more. Thus, the oligomeric compounds moddate
expression of Dystrophin fanuly mRNA by at least 10%0, by at least 50%, by at least 23%, by at least 30%, by at least
40%, by at least 30%, by at least 60%, by at least T0%, by at least 73%, by at lcast 805, by at least B5%, by at least
0%, by at least 95%, by at least 98%, by at least 99%%, or by 100% as compared to a control.

[00196] In one embodiment, the activity or expression of Dystrophin family andior in an animal s increased by about
H% as compared to a control. Preferably, the activity or expression of Dystrophin family in an animal is increased by
about 30%%. Move preferably, the activity or expression of Dystrophin fanuly 1o an animal is increased by 50% or more,
Thus, the oligomenc compounds modulate expression of Dystrophin family mRNA by at least 10%, by at least 50%,
by at least 23%, by at feast 30%, by at least 40%,, by at least 309, by at feast 60%, by at least 70%, by at least 73%, by
at least 8%, by at least 83%, by at least 90%, by at feast 95%, by at least 98%%, by at lcast 99%, or by 100% as
compared to & control.

{01971 For example, the reduction of the expression of Dystrophin family may be measuwred in seram, blood, adipose
ussue, fiver or any other body fluid, tissue or organ of the amimal. Preferably, the cells contained within said fhads,
tissues or organs being analyzed contatn a mucleic acid molectle encoding Dvstrophin fanuly peptides andior the
Dystrophin family protein itself.

{00198} The compounds of the mvention can be wtilized in phanmaceutical compositions by adding an effective
amowtt of a compoand to a suitable pharmacestically acceptable difaent or camrier. Use of the compounds and methods
of the invention may also be useful prophylactically.

Congugates

[((199] Another modification of the oligonucleotides of the invention vobves chensically linking o the
oligonucleotide one or more moseties or conjugates that enhance the activity, cellalar distribation or cellaku aptake of
the ohgonuckeotide. These moieties or conpugates can include conjugate groups covalently bound to fonctional groups
such as primary or secondary hydroxyl groups. Conjugate groups of the invention mclude intercalators, reporter
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molecules, polyamines, polvanudes, polyethylene glyeols, polyethers, groups that enhance the pharmacodynamic
properties of oligomers, and groups that enbance the pharmacokinetic properties of oligomers. Typicalconjugate groups
melude cholesterols, bipids, phospholipids, biotin, phenazing, folate, phenanthridine, anthraquinone, acriding,
fluoresceins, rhodamines, coumaring, and dyes. Groups that enbance the pharmacodynanue propertics, n the context of
this invention, include groups that toprove uptake, eshance resistance to degradation, andior strengthen sequence-
specific hybridizaton with the target nocleic acid. Groups that enhance the pharmacokinetic properties, 1 the context
of thus mvention, inclade groups that improve uptake, distribution, metabolism or cxcretion of the compounds of the
present mvention, Representative conjugate groups are disclosed in International Patent  Application No.
PCTAUSHI0016, filed Oct 23, 1992, and US. Pat. No. 6287860, which are mcorporated heren by reference.
Conjugate moietios inclade, but are not inmted to, liptd moistics such as a cholesterol motety, cholic acid, a thioather,
e.2., hexyl-5- wigylthiol, a thiocholesterol, an aliphatic cha, e.g., dodecandiol or andecyl residues, a phospholipid, c.i,
di-hexadecvi-rac-glycerol or miethylanumoniwm 1,2-di-O-hexadecylvac-ghyeoro-3-Hphosphonate, a polvamaw or a
polyethylene glycol chain, or adamantane acetic acid, a palmityl mwotety, or an octadecylanune or hexylanmno-
carbonvi-oxycholesterol moiety. Ohigonucieotides of the mvention may also be congugated 10 active drug substances,
for cxample, aspivin, warfana, phenvibutazone, thuprofen, soprofen, fonbufen, ketoprofen, (S)<{(+)-pranoprofen,
carprofen, dansylsarcosine, 23 S-tritodobenzoic acid, flufenamic acid, folinic acud, a benzothiadiazide, chlorothiazide,
a diazepine, ndometiniom, a barbiturate, a cophalosporin, a sulfa drug, an antidiabetic, an antibacterial or an antibiosic.

[00200] Representative United States patents that teach the preparation of such oligonucicotides comjugates inclade,
byt are not limited to, US. Pat. Nos. 4 825.979; 4 948 882; 3 2IR.103; 3525465, 5 5341,313; 5545730, 3 552.538;
SETRTET, 5580731, S5880,73L 5591584 5.109,124; 5118802, 5,138,045, 5414077, 5486603 5,512,439;
SETRTIS: SE0R.046; 4587044 4605735 4667025 47762779 4780737, 4824941 4835263, 4876335
4904582, 4058013, 508283k 5,112.963; S214,136; S08XK30; 5,112,963, 5214.136; 5245022, 5254 464,
5,238 506; 5.262,536; 5272250, 5202873, SIIT.098; 5371241, 5,391,723; 5416203, S451.463; 5510475,

e e

5,599 928 and 5,688 941

5512667, SAM47RE; 5563352, 3367810, 5574 142, 3 5834RY; 35RT 371 5505726, 5597696, 3590923,

Foepndatines

(00201} The compounds of the invention may alse be admixed, encapsulated, conjugated or otherwise associated with
other molecudes, molecule structures or muxtares of compounds, as forexample, Hposomes, receptor-targeted
mndecules, oral, rectal, topieal or other fomwlations, for assisting in uptoke, distribution andior absorption,
Representative United States patents that teach the preparation of such uptake, distribution and/or absorption-assisting
fornulations inclade, but age not lmited o, U8, Pat Nos. 5,108 921 3334 844; S416.016; 5;159&2?; 5521201
S843,165; 55470327 SAR3.020; 5591721 4426330, 4,534 890 5.013.556; 5108921 5213804, 5227170
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5264221 5356633 3385619, 5416016, 5417978, 5462 854, 5468854, 5512205 5527528 5534259,
S5A3 152 S 350,94%; 5 580,573 and 5,395,736, each of winch 1s hevein incorporated by reference.

{00202} Although, the antisense oligonucleotides do not need to be administered i the context of a veetor in order to
modulate 8 target expression andfor function, embodiments of the inveantion relates to expression vector constructs for
the expression of antisense oligonucleotides, comprising promoters, hvbrid promoter gene sequences and possess a8
strong constitutive promoter activity, or a promoter activity which can be induced n the desired case.

{00203} In an ombodiment, invention practice involves administering at least one of the forepoing antisense
oligonucicotides with a suifable nucleie acid delivery system. In one embodiment, that system nchides a non-viral
vector operably hinked to the polynucleotide. Examples of such nonviral vectors include the oligonucleotde alone (eg.
any one of more of SEQ ID NQGS: § w0 223 or i combination with a suttable protein, polysaccharide or lipd
formulation.

{00204} Additionally suitable nucleic acid delivery systerns include vival vector, typically sequence from at least one
of an adenovinas, adenovirus-associated vinus {AAV), helper-dependent adenovirus, retrovives, or hemagglutinatin
virus of Japan-iposome (HVE complex. Preferably, the viral vector compses a strong cukarvotic promoter operably
finked to the polynmueleotide e, a evtomegalovirus {CMV) promoter.

[00205] Additionally preforred vectors include viral vectors, fusion proteins and chemical conjugates. Retroviral
vectors include Moloney murine lenkemda viruses and HIV-based viruses. One preferred BIV-based viral vector
comprises at Jeast two vectors wherein the gag and pol genes arve from an HIV genome and the cov gene is from
another virus. DNA viral vectors are preforred. These veetors nchude pox vectors such as orthopox or avipox vectors,
herpesvirus veotors such as a heorpes simplex § virus (HSV) vector [Geller, AL er ol (1993} ) Nawrachem, 64; 487

Lim, F., e of | in DNA Cloning: Mammahan Systerss, D Glover, Ed. {(Oxford Univ, Press, Oxford England) (1993,
Geller, AL e al (1993) Proc Nod. dead Soi: VLS ACHN Ta03: Geller, AL, er od, {1990} Froc Nedl, dcad. Sei T84

87:1149], Adenovirus Vectors (LeGal LaSalle et al, Science, 2539988 (1993); Davidson, ¢f af., {1993) Nor. Gener, 3.
219; Yang, er af, (199530 Fired 690 2004} and Adeno-associated Virus Vectors (Kaplitt, MG, er af, (1994) Not
CGrened. 8:148).

[00206] The antisense compounds of the invention encompass any pharmaceutically acceptable salts, esters, or salts of
such esters, or any other compound which, upon administration o an amimal, ncluding 8 homan, s capablke of
providing (diectly or indirectly) the biologically active metabolite or residae thercof

{00207 The term "pharmaccutically acceptable salts” refers to physiologically and pharmaceutically acceptable salts
of the compounds of the Invention: Le., salts that retain the desired biological activity of the parent compound and do
not unpart andesired  toxicological effects thercto. For oligonucieotides, preforred examples of phannaccatally
aeceptable salts and their uses are furthor desonbed o U8, Pat. No. 6,287,860, which i3 incorporated herein by
reference.
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[00208] The present invention also cludes pharmaceutical compositions and fornudations that include the antisense
compounds of the mvention. The pharmaccutical composttions of the present invention may be adpunistered in a
munber of ways depending upon whether local or systemic freatment is desired and upon the arca o be treated.
Admanstration may be topeal {mcluding ophthalmic and to mucous membranes including vaginal and reetal dehivery),
pulmonary, e.g., by inhalation or insufflaton of powders or acrosols, mcluding by nebulizer; invatracheal, intranasal,
epidermal and transdermal), oral or paventeral. Parenteral admimstraion mchudes mibravenous, mtraarvierial,
subeitaneous, intrapesitoneal or intramascudar mjection or infusion; or intracranial, o.g., ndrathecal or intraventricular,

administration.

[00209] For weating tssues in the central nervous system, administration can be made by, ¢.g., injection or infusion
info the cerchrospinal fluid. Administration of antisense RNA Into cercbrospinal fhnd s desenbed, e, in US. Pan
App. Peb. No. 20070117772, "Methods for dowmg fanubial ALS disease progression,” incorporated herem by
referonce i its entivety,

{00210} When it 1s intended that the antisense oligonucleotide of the present invention he administered to cells m the
central nervous system, adaimistranon can be with ong or more agents capable of promoting penciration of the subject
antisense oligonacleotide across the blood-brain barsier. Injection can be made, c.g., in the cutorhingl cortex or
hippocampus. Delivery of neurotrophic factors by administration of an adenovivus vector (o motor neurons in muscle
tissue s described in, c.g, US. Pat. No. 6,632,427, “Adenoviab-vector-mediated gene ransfor into medullary motor
nearons,” meorporated herein by reference. Delivery of vectors divectly to the brain, e.g., the stristomy, the thalamas, the
hippocampus, or the substantia nigra, s known m the art and described, e.g., m US, Pat. No. 6,756 323, “Adenovirus
vectors for the transter of forcign genes into cells of the central nervous system particularly m brain.” incorporated
herein by reference. Administration can be rapid as by injection or made over a pentod of time as by slow mfusion or
administration of slow release formulations.

(002117 The subject antisense oligonucleotides can also be linked or conjugated with agents that provide desirable
pharmaceutical or pharmacodynamic properties. For example, the antisense oligonucleotide can be coupled to any
substance, known in the art to promote penetration or transport across the blood-brain barrier, such as an antibody to
the transferrin receptor, and adnunistered by intravenous iyjection. The antisense compound can be hnked with a viral
veotor, for example, that makes the antisense compound more effective andior increases the ransport of the antisense
compound across the blood-brain bamrier. Osmotic blood brain barrier distuption can also be accomplished by, eg.,
mifusion of sugars mehyding, but not limied to, vieso crythrited, xyhitol, I{+) galactose, D+ lactose, D{+} xviose,
dulcitol, myvosnositel, L{~) fructose, D} mannitol, D) ghicose, D{+) arabinose, DY~} arabinose, cellobiose, D(+)
mithose, DEH) affinose, L{+) rhamnose, D melibiose, D) ribose, adontiol, DR} arabitol, L{-) arabuod, DY) fucose,
Li-3 fucose, D) vxose, LEH) lyxose, and L{-) fyxose, or amino ackds meluding, but not tasted to, glotaniine, lysing,

arginine, asparaging, aspartic acid, cysteine, glutanme acid, plycmne, histidine, leucine, methionine, phenvialanine,
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proline, serine, threonine, tyrosine, vahne, and taurme. Methods and materials for enhancing blood brain barrier
penetration are desenbed, g, i UL S Patent No. 4,866, (42, “Method for the delivery of genetic material across the
bivod brain barner,” 6,294,520, “Material for passage theough the blood-bram bagrier,” and 6,936,589, “Parentoral
delivery systems,” all incorporated herein by reference in their entirety.

[(0212] The subject antisense conpounds may be admixed, cacapsudated, conjugated or otherwise assoctated with
other nmoleaudes, molecule structures or mixtures of compounds, for example, liposomes, receptor-targeted moleaudes,
oral, rectal, topical or other fornwdations, for assisting in aptake, distibution andéor absorption. For example, cationie
lipids may be included in the formulation to facilitate oligonucleotide uptake. One such composition shown to facilitate
uptake 1s LIPOFECTIN (avatlable from GIBCO-BRL, Bethesda, MD).

{00213} Oligonucieotides with at least one 2-O-methoxyethyl modification are believed to be particularly usefid for
oral administration. Pharmaceutical compositions and formudations for topical administration may melude transdermal
paches, omiments, lotions, creammns, gels, drops, suppositonices, sprays, higuids and powders. Conventional
pharmaceutical camiers, aqueous, powder or oily bases, thickeners and the hike may be necessary or desirable. Coated
condoms, gloves and the ke mway also be useid.

{00214} The pharmaceatical formulations of the present vention, which may conveniently be presented in unit
dosage form, may be prepared according to conventional techniques well known in the pharmaceutical industry. Such
techmiques inchude the step of bringing info association the actve ingredients with the phannaceutical carrier{(s) or
exciprent(s}. In generad, the formulations are prepared by wniformly and intmately bringing into association the active
ingrediens with Higuid carriess or finely divided solid carmiers or both, and then, if necessary, shaping the product.
002157 The compositions of the present nvention may he formulated into any of many possible dosage forms such
as, but not lunited to, ablets, capsules, gel capsules, ligquid svraps, soft gels, suppositories, and enemas. The
compaositions of the present invention may also be formulated as sespensions in aqueous, non-agueous or mixed media.
Aqueous suspensions may farther contin substances that incrcase the viscosity of the suspension including, for
exampie, sodiim carboxymethyicelhulose, sorbitol andfor dextran. The suspension may also contain stabilizers.
[00216] Pharmmceutical compositions of the present invention include, but are not linuted to, solutions, emudsions,
foams and hposome-containing formulations. The pharmaceotical composiions and formulations of the present
myention may compise One of more penctration crhancers, cavriers, excipicnts or other active or active ingredionds,
{00217} Emulsions are typically heterogencous systems of one hquid dispersed in another in the form of droplets
usually exceeding 0.1 pm in diameter. Emulsions may comtain additional components m addion o the dispersed
phases, and the active drug that way be presemt as a solution n cither the aqueous phase, oily phase or fiself as a
sepavate phase. Microemualsions ave mcluded as an embodiment of the present ivention. Emulsions and therr uses are

well known m the ant and are further deseribed in ULS. Pat. No, 6,287 8641
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[002 18] Formulations of the present invention include hposomal formuolations. As used in the present invention, the
e Miposome”™ means a vesicle composed of amphiphilic Hipids anranged i a spherical bilayer or bilayers. Liposomes
are untlamellar or multiamctiar vesicles which have a membrane formed from a lipophilic material and an aqueous
tiderior that contains the composttion 1o be delivered. Cationie liposomes are positively charged liposoraes that are
believed to interact with negatively chivrged DNA molecudes 1o form a stable complex. Liposomes that see pH-sensitive
or negatively-charged are believed to entrap DNA rather than complexowith it Both cationic and voncationic Hposomes
have been used to debiver DNA 1o cells.

[00219] Liposomes also include "sterically stabilized” liposomes, a term which, as used herein, refers to liposomes
comprising one of more specialized hpids. When meorporated into liposomes, these specialized lipids result in
bposomes with ephanced cirenlation Tfetimes relative to hiposomestacking such specialized lipids. Examples of
sterically stabilized hposomes are those in which part of he vesicle-formung lipid portion of the liposome comprises
one or mote ghycolipids or is dertvatized with one or more hvdeophilic polyrocrs, such as a polvethylene glyeol (PEG)
moicty. Liposomes and their uses are further desentbed in ULS, Pat. No. 6,287 860

[(0220] The pharmacentical formalations and compositions of the present ivention nay alse mehude serfactants. The
use of swrfactants i drug products, formulations and i couldsions is well known o the art. Surfactants and their uses
are further described in ULS. Pat. No. 6 287 860, which is incorporated herein by reforence.

(00221} In one embodiment, the present nvention employs various penetration enhancers o effect the officient
delivery of nuclete acids, particalarly ohgomcleotides. In addition to aiding the diffusion of non-Hipophilic drags across
ecll membranes, penelration enhancers also enhance the pormeabitity of pophitic dnugs. Penetration enhancers nway be
classified as belonging to one of five broad categortes, Lo, surfactants, tatty acids, bile salts, chelating agents, and non-
chelating nonsurfactangs. Penetration enhancers and their ases are further deserthed in ULS. Pat. No. 6,287 860, which 15
incorporated herein by reference.

[002227 One of skill in the art will recogmize that formulations are rowtinely designed according to thelr intended use,
1.¢. route of adnunistration,

(002231 Preforred formulations for topical administration include those in which the oligonucicotides of the invention
are i admixture with a topical delivery agent such as hpids, liposomes, fatty acids, fatty acid esters, sterods, chelating
agents and surfactants. Preferred lipids and hposomes inclode newtral {e.g. divleoyl-phosphatidyt DOPE cthanolamine,
dimynistoviphosphatidyl choline DMPC, distearolyphosphatidyl choling) negative (c.g. dunyristoviphosphatidyl
glyeerol DMPG) and cationie {e.g. dicleoyvhetramethylanunopropyl DOTAP and divleoyvi-phosphatidyl ethanolanune
DOTMA).

002241 For topical or other adminisiration, oligonucleotides of the mvention may be encapsulated within liposomes

or may form comploxes thereto, m particular to cationic liposomes. Alternatively, oligonucicotides may be complexed

48



10

15

20

25

30

WO 2010/129861 PCT/US2010/034026

to lipids, i particudar to cationic lipids. Preferred fatty acids and esters, phanmaceutically acceptable salts thereof, and
their uses ave further described in ULS. Pat No. 6,287,860,

{00225} Compositions and formulations for oral admimstration inclade powders o granules, microparticulates,
nanoparticulates, suspensions of solutions i water or non-aqueocus media, capsules, gel capsules, sachets, tablets or
ountitablets. Thickeners, flavoring agents, ditecnts, condsifiors, dispersiag aids or binders may be doesivable. Preforred
oral formudations are those in which oligonucleotides of the invention are administered in conjunciion with one or more
penetration eohancers surfactants and chelators. Preferred swrfactants include fatty acids andfor esters or salts thereof]
bife acids andfor salts thereof. Preferred bile acids/salts and fatty acids and their uses are further deseribed in US, Pag.
No. 6,287 860, which is incorporated hevein by reference. Also preferred sve combinations of penetration enbancers,
for example, fatty acidsfsalts 1 combination with bile acids/salts. A pacticulardy preforsed combination is the sodivm
saft of launc acid, capric acid and UDUA, Further penetration enhancers include polyoxyethylene-9-lauryi ether,
palyoxgyethyviene-20-cotyl cther, Oligonucleotides of the mvention may be delivered orally, in granular form including
spraved dried particles, or complexed to form micro or nanoparticles. Oligonucleotide complexing agents and their uses
are further described in ULS. Pat. No. 6,287 860, which is incorporated herein by reference.

[00226} Compositions and fornndations for paresteral, inrathecal or intraveninicular administration may include
stertle aqueous solutions that may also contain buffers, dituents and other suitable additives such as, but not hnuted 1o,
penetration enbancers, carrier compounds and other pharmiaceutically acceptable cariers or exciplents.

[00227] Certain ombodiments of the invention provide pharmacestical compositions containing one or more
ofigomenc compounds and one or more other chemotherapeatic agents that finction by 3 non-antisense mechanism,
Examples of such chemotherapeutic agents include but are not bnuted to cancer chenwotherapeutic drugs such as
davnorubicin, daunomyvoin, dactinomyon, doxorobicin, epirubicin, darubicin, esorubicin, bleomvein, mafosfanude,
Hosfamide, cvtosine arabinoside, bischlorocthyl- nitroswres, busudfan, mitomyein C, actinomyom D, nuthramsein,
predmisone,  hydroxyprogesterone,  festosterone,  amoxifen,  dacarbazing, procarbazine,  hexamethyimelamine,
pentamethyhnelanuse, nutoxantrone, amsacrne, chliorambucll, methyvleyclohexyviutrosarea, nitrogen  mastards,
melphalan,  cyclophosphamide,  &-mercaptopurine,  6-tioguanine, cyvtarabine, 3+ azscvtiding,  hydroxyurea,
deoxyeoformyetn, d-hydroxyperoxycyelo-phosphoramide, S-Buorouractt (3-FU), S-fluorodeoxyunidine {5-FUdR),
methotrexate {MTX), colchicine, taxol, vinerstine, vimblastine, gtoposide (VP-16), trimetrexate, irtootecan, fopotecan,
gemeitabine, teruposide, cisplatin and dicthylstitbes@wol (DES). When used with the compounds of the invention, such
chemmotherapeutic agents may be used individually {e.g, 5FU and oligonuclcotide), segquentially {cg., 3-FU and
oligonucteotide for a period of ume followed by MTX and oligonucieotide}, ov in combination with one or more othey
such chemotherapeutic agents (e, 5-FU, MTX and obgonucleotide, or 5-FU| radiotherapy and oligonucleotide). &nu-
nflammatory drugs, including but not limited o nonsteroidal anti-inflammatory drogs and corticosternids, and antiviral

drugs, including but not limited to ribivisin, vidarabine, acyclovir and ganciclovir, may alse be combmed in
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compositions of the invention. Combinations of antisense compounds and other non-antisense drugs are also within the
scope of this ivention. Two or more combined compounds may be nsed together or sequentially.

{00228} In another related embodiment, compositions of the invention may contain one or more antisense compounds,
particutarly oligonucicotides, targeted to a first sucleie acid and one or more additional antisense compounds targeted
0 a second mueleic acd target. For example, the fisst twget may be a particalar antisense sequence of Dystrophin
family, and the second target may be a region from another nucleotide sequence. Alternatively, compositions of the
mvention may contain two or more antisense compounds targeted to different regions of the same Dystrophin family
nucleie acid twget. Numerous examples of antisense compounds are #Hustrated herein and others may be selected from
among suitable compounds known m the art. Two or more combined compounds may be used together or sequentiatly.

Daosing:

[00229] The formudation of therapeutic compositions and their subsequent adminisiration {dosing} is believed to be
within the skill of those in the art. Dosing is dependent on severity and responsiveness of the discase state o be treated,
with the course of treatment lasting from several days to several months, or uatil a cure is effected or a dinvnution of
the disease state 18 achicved. Optimal dosing schedules can be calcudated from measurenents of dnug accumulation in
the body of the patient. Persons of ordinary skifl can casily dotermine oplinmam dosages, dosing methodologics and
repetition rates. Optinman dosages may vary depending on the relative potency of individual oligonucieotides, and can
generally be estimated based on ECSs found o be effective in m vitro and i vivo animal models. In general, dosage
is from 0.0F pgto H0 g per kg of body weight, and may be given once or move daily, weekly, monthly or veatdy, or
even once every 2 to 20 vears. Persons of ordimary skill in the art can easily estimate repetition rates for dosing based
o mcaswed residence fimes and concentrations of the drug m bodily fluids or tssues, Followmyg successful treatment,
it may be desirable to have the patient undergo maintenance therapy to prevent the reowrence of the discase state,
wherein the oligonucleotide #s admimstered It msuntenance doses, ranging from 001 pg to 100 g por kg of body
weight, once or more daily, (0 once every 20 yvears.

{00230} In embodiments, a patient is treated with a dosage of drug that is at least about 1, at least about 2. at least
about 3, at least abowt 4, at Jeast about 5, at least sbout 6, at least about 7, af least about 8, at least about 9, at feast about
1, at least about 15, at Teast about 20, at feast about 25, at least about 3, at least about 35, at least about 40, at least
about 43, at feast about 56, at least about 66, at least about 78, at least about 38, at Jeast about 98, or af least about 100
mg'kg body weight. Cortin iyected dosages of antisense oligonucleotides are deseribed, c.g., in US. Pat. Ne.
7,563 884, “Annisense modulation of PTPIB expression,” meorporated herein by reference in its entirety.

002311 While various embodinents of the present invention have been described above, it should be understood that
they have been presented by way of example only, and not imitation. Numeroas changes o the disclosed embodiments
can be made in accordance with the disclosure herein withowt departing from the spinit or scope of the invention. Thas,

the breadth and scope of the present invention should not be limited by any of the above described enbodiments.
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{00232} All documents mentioned herein are incorporated herein by reference. All publications and patent docwments
cited in this application are meorporated by reference for all purposes to the same extent as if each mdividual
publication or patent document were so individually denoted. By their citation of various references i this document,
Applicants do not adout any particelar seference i "prior art” fo thew ventivn, Embodiments of inventive
compositions and methods are Hlustrated n the following exaniples.
ENXAMPLES

{00233] The following non-limiting Examples serve to illustrate selected embodiments of the invention. ¥t will be
appreciated that vanations in proportions and alternatives in clements of the components shown will be apparent to
those skilled 1o the art and are within the scope of embodiments of the present invention.
Example I; Desian of antivense ofigemucleotidey specific for a nuclele acid molecude antivenye to a Dystrophin fivnily
cordior a sense strand of Dysrapdin fivnily polynncleotide
(00234} As indicated above the torm “oliponuciectide specific for” or “oligonucleotide targets” refors o an
oligonucicotide having a sequence (1) capable of forming a stable complex with a portion of the targeted gene, or (i)
capable of forming a stable duplex with a portion of an mRNA fraascript of the targeted gene.
[00235] Sclection of appropriate oligonucleotides is faciliftated by using computer programs that automatically align
nueletc acid sequences and indicate regions of identity or homology. Such programs are used to compare nucleic acid
sequentces oblained, for example, by searching databases such as GenBank or by sequencmg PCR products.
Comparison of nucleic acid sequences from a range of species allows the selection of mucleie acid sequences that
display an appropriate degree of identity between species. I the case of genes that have not been sequenced, Southern
blots are performed 1o allow a detemunation of the degree of identity hetween gones in target specics and other spocics
By perfornnng Southern blots at varying degrees of stringencey, as 18 well knows 1o the wt, it 1s possible to obtain an
approximate measare of identity. These procedires allow the selection of oligonucleotides that exhibit a high degres of
complementarity to target nucleie acid sequences i a sebject to be controlied and a lower degree of complementanty
to corresponding nucleic acid sequences i other species, One skilled in the art will realize that there 15 considerable
latttude in selecting appraopriate regions of genes for use in the present invention.
[00236] An antisense compound is “specifically hybridizable” when binding of the compoand o the target nucleie
acid mterferes with the normal function of the target nucleic acid to cause a modidation of fanction andfor activity, and
there is a sufficient degree of complementarity fo avoid non-specific binding of the antisense compound o non-target
nucleic acid sequences under conditions in which specific binding is destred, 1o, under physiological conditions i the

of in vives assavs or therapeutic treatment, and under conditions in which assavs are performed in the case of m
VIO assays
{00237} The hybridization propettics of the oligonucieotides described herein can be determined by one or more in
vitro assays as known i the art. For example, the properties of the oligonucleotides described herein can be obtamed
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by deternunation of binding strength between the targel natural antisense and a potential drug molecules using melting
CUTVE assay.

[00238] The binding strength between the target natural antisense and a potential drug molecule (Molecule) can be
estumated using any of the established methods of measuring the strength of mtermolecular interactions, for example, a
melting curve assay.

[002397 Meling curve assay determines the temperature at which a rapid tansition from double-stranded to single-
stranded conformation ocours for the natural antisenseMolecule complex, This teoperature is widely accepted as a
reliable measure of the mieraction strength between the two molecules.

[00240] A melting curve assay can be performed using a cDNA copy of the actaal natwal antisense RNA molecule or
a synthetic DNA or BNA nucleotide comresponding to the binding site of the Molecale, Maltiple kits contamning all
necessary reagents o perform this assay are available (e.g. Applied Brosystems Inc, MeltDoctor kif). These kits melude
a suitable buffer solution containing one of the double strand DNA (dsDNA) binding dyes {such as ABI HRM dyes,
SYBR Green, SYTQ, ere ). The propenties of the dsDNA dyes are such that they emit almost no fluorescence in free
form, bt are highly fuorescent when bound to dsDNA.

[00241} To perform the assay the ¢DNA or a corresponding oligonucleotide are mixed with Molecule in
concentrations defined by the particular manufacturer’s protocols. The mixture i3 heated to 98 °C to dissociate all pre-
formed dsDNA complexes, then slowly cooled to room temperature or other Jower temperature defined by the kit
nanufacturer 1o allow the DNA molecules to anneal. The newly formed complexes are then slowly heated to 95 °C
with simuliancous continpous colfeetion of data on the amowst of Buorescence that is produced by the reaction. The
flucrescence miensity is uvversely proportional to the amounts of dsDNA present i the resction. The data can be
collected using a real time PCR. instrument compatible with the kit (o.g ARPs StepOne Plus Real Time PCR Systemoor
LighiTyper instrament, Roche Diagnosties, Lewes, UK},

[00242] Mulung peaks are constracted by plotting the negative derivative of fluorescence with respect to temperature
{-d{Fivorescence’dT) on the y-axis) against femperature {x-axis) using appropriate software {for example LiphtTyper
{Roche) or SDS Dissociation Curve, ABI). The data 1s analvzed to idemitfy the tomperstare of the rapid transition from
dsDNA complex © single strand roodecales. This temperatge is called Tw and is directly proportional to the strength
of interaction between the two molecules, Typicalty, T wilf exceed 40 7C,

Fxample 2: Modulation of DM family polymclectidex

Treatment of 31842 cells with aniisense aligomecleotides

[002437 518A2 cells obamed from Albert Einstein-Montefiore Cancer Center, NY were grown in growth media
{MEMERSS (Hyclone cat #SH30024, or Mediatech cat # MT-10-010-CV) +10% FBS (Mediatech caig MT33- 011-
CVr+ pemcillin/streptomyein (Mediatech caté MTI0-002-CT}) at 37°C and 5% CO2. One day before the experbment
the cells were replated at the density of 1.3 = 103/mi into 6 well plates and incubated at 37°C and 8% CO2. On the day
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of the experiment the media in the 6 well plates was changed to fiesh growth media. All antisense oligonucleotides
were dilited to the concentration of 20 oM. Two gl of this solution was incubated with 400 gl of Opi-MEM media
{Giboo cat3 1983-070) and 4 wl of Lipofectmmne 2000 (Invitrogen catd 11668019) at room temperature for 20 min
and applicd to cach well of the 6 well plates with S18SA2 cells, A Sumitlar mixtwre including 2 1l of watcr mstead of the
oligonucleotide solution was used for the mock-transfected controls. After 3-18 h of incebation at 37°C and 5%, CO2
the media was changed to fresh growth media, 48 b after addivon of antisense oligonucleotides the media was removed
and RNA was extracted from the cells ysing SV Total RNA Isolation System from Promega (cat # Z3105) or RNcasy
Total RNA Isolation kit from Qiagen (catt 74181) following the manufacturers’ mstructions, 600 ng of RNA was
added to the reverse transeription veaction performed using Verso cDNA kit from Thermo Scientific (cat#fABL433B) or
High Capacity ¢cDNA Roeverse Transcription Kat {cat 4308813 as described in the mamdactwer’s protocol. The cDNA
from thus reverse transeription reaction was wsed 0 monitor gene expression by real time PCR wsing ABI Tagman
Gene Expression Mix {cat#369510) and primersprobes desipned by ABU (Apphed Biosystems Tagman Gene
Expression Assay: HsUOIRTS0O5 mi by Applied Biosystems Ine., Foster City CA). The following PCR cycle was used:
SO°C for 2 oun, 98°C for 160 min, 48 oveles of (935 for 15 seconds, 60°C for 1 nun) using StepOne Plus Real Time
PCR Machine (Applicd Biosystems).

Fold change i gene expression after treatment with antisense oligonucleotides was caleulated based on the difference
i 18S-normalized dCt values between treated and mock-transfected samples.

[00244] Resulis: Real time PCR vesults show that the levels of DMD family mRNA in 518A2 cells are significantly
increased 48 h after reatment with two of the siRNAs designed to DMD fanly antisense BG2ORO74, Treatment with
siRNAs to other sntisense molecules, BFSIR361, BF7GRTS3 and BFOS0643, did wot elovate DMD fanuly mRNA
levels (Fig P A and B).

Treatment of MOUF-7 cells with antisense oligomicleorides

[00245] MCF-7 cells from ATCC {caté HTB-22) wore grown in growth media (MEM/EBSS (Hyclone cat
#SH30024, or Mediatech cat # MT-1O0010-CV)Y +10%% FBS (Mediatech cat# MT35- 1 -CV)+ pentcilliv'streptomycin
{Mediatech cat# MTI002-C1) at 37°C and 5% CO4. One day before the experbment the cells were replated at the
density of 1.5 x 107mi into 6 well plates and incubated at 37°C and 5% CO,. On the day of the experiment the media
iy the & well plates was changed to fresh growth media. All antisense cligonucleotides were diliged to the concentration
of 20 1M Two pl of this solation was meubated with 400 ul of Opa-MEM media {Gibeo cat#31985-070) and 4 ul of
Lipofectmnine 2000 (Invitrogen cat¥ 1 166801Y) at roma femperature for 20 nin and applicd to cach well of tie 6 well
plates with MCF-7 cells. A Similar mixtwre inchuding 2 ul of water instead of the oligonucleotide solution was used for
the mock-transfected controls. After 3-1% b of incubation at 37°C and 3%, C0; the media was changed to fresh growth
media. 48 h afier addition of antisense oligonacleotides the media was removed and RNA was extracted from the cclls

using SV Total RNA Tsolation System from Promega (cat # 23105} or RNeasy Total RNA Isolation kit from Qiagen
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{cat? 74181) following the manufacturers” instructions. 600 ng of RNA was added to the reverse wanscription reaction
performed using Verso ¢DNA Kt from Thermo Scientific (catfABI433BY or High Capacity ¢DNA Reverse
Transcription Kit (cai¥ 4368813) as described i the manufactwer’s profocol. The ¢DNA from this roverse
transcription reaction was used o monitor gene expression by real time PCR using ABI Tagman Gene Expression Mix
{catf4369510) and primersiprobes designed by ABL (Applied Biosystems Tagman Gene Expression Assay
Hs01126016 ol by Applied Biosvstems Ine,, Foster City CA). The following PCR cyele was used: S0°C for 2 mun,
93°C for 10 min, 40 cyeles of (95°C for 18 seconds, 60°C for 1 min} ustng Mx4000 theomal cyveler {Stratagene) or
StepOne Plus Real Time PCR Machine (Apphed Biosystems).

{00246] Fold change in gene expression after treatment with antisense oligonucieotides was caleulated based on the
cifference in [8S-normalized dC values botween treated and mock-transfected samples.

{00247} Revidix: Real time PCR results show that the levels of UTRN mRNA in MUF-7 cells are significantly
increased 48 b after reatment with iRNAs designed to UTRN fanuly antisense ENSTOO0G431309,

{00248} Ahbough the invention has been illustrated and described with respect to one or more implementations,
equitvalont allerations and modificatons will ocour 1o others skilled 1n the st won the reading and understanding of
this specification and the amexed drawings. In addition, while a paticular featare of the nvention may have been
disclosed with respect to only one of several implementations, such feature may be combined with one or more other
features of e other implementations as may be dewired and advantageous for any given or particular application.
[00249] The Abstract of the disclosure will allow the reader to quickly ascertain the nature of the webnical disclosure.
it is sabmitted with the understanding that it will 8ot be used to interpret or Hout the scope or meaning of the following

claims,
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CLAIMS

What 1s clmed 15

i.

A method of modulating a function of andfor the expression of a Dvstrophin family polynucleotide n patient
cetls or tissues m vivo Of in vitro comprising:

contacting said cells or tissues with at least one antisense ohigonucleotide § 10 30 nucleondes in length wherein
said at least one oligonucleotide has at least 50% sequence identity to a reverse comploment of a
polvnucleotide comprising 5 o 30 consecutive nucleotides within nucleotides 1o 378 of SEQIDNO: 3, [ o
294 of SEQ IDNO: 4, 1 o 686 of SEQ ID NG 5, 1 w0 480 of SEQ ID NG 6and o 501 of SEQID NG 7
{Figure 3); thereby modulating a fumetion of and/or the expression of the Dystroplun family polynucleotide in
patient cells or tssues I vivo or i vitro.

A method of modelating & function of andfor the expression of a Dyvstrophin family polynucleotide in patient
cells or tissues N vivo of i VIEEo comprising:

comtacting sawd colls or tissues with at least one antisense oligonucleonde 3 to 30 pucleondes m length wherein
said at least ong oligonuclestide has at least 0% sequence identity to a reverse complement of 8 natural
agtisense of a Dystrophin family polymueleotide; thereby modalating a function of andfor the expression of the
Dysirophin fanuly polynucleonide m patient cells or tissues in vive or in vitro,

A method of modulating a function of andéor the expression of a Dystrophin fanily polynucleotide in patient
cells or tissues i yivo or iz vitro comprising:

contacting said cells or tissues with at feast one antisense oligomucleotide 3 to 30 mucleotides W longth wheran
said oligonucleotide has at least 30% sequence identity o an antisense oligonucleotide to the Dystrophin
family polynucleotide; thereby modudating a function of andior the cxpression of the Dystrophin fanuly
polynucleotide in patient cells or tissues in vive or fi viro.

A method of modudating a funcuon of andfor the expression of a Dystrophin funily pohynucleotide in patient
cells or fissaes i vive of I VIRe comprising:

contacting said cells or tissues with at least one antisense oliponuckeotide that targets a region of a natural
antisense oligonucleotide of the Dystrophin fanuly polynucleotde; theveby modulating a function of andior the
expression of the Dystrophin family polynacieotide in patent cells or tssues i vive or in vitro.

The method of olaim 4, wheremn a function of and/or the expression of the Dystrophin fanuly is increased in
Vv or B witro with respect 1o a control

The method of clatm 4, wheren the at least one antisense oligonucieotide trgets a natural antisense sequence
of a Dystrophin family polymucleotide.

The method of claim 4, whercin the at least one antisense oligonucleotide targets a nucleie acid sequence

comprising coding andfor non-coding nucleic acid sequiences of a Divstrophin fanuly polynucleotide.
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The method of clam 4, wherein the at least one antisense oligonucleotde targets overlapping andfor non-
overlapping sequences of a Dystrophin fanuly polynacleotide.

The mothod of claim 4, wherein the at least one antisense oligonucleotide comprises ong or more
modifications selceted from: af least one modificd sugar moiety, at least one modified imtermucleoside Hudage,
at feast one modified nucleotide, and combinations thereof.

The method of claim Y, wherein the one or more modifications comprise at keast one modified sugar modety
selected from: 3 2-O-methoxyethyt medified sugar moicty, a 2-methoxy modified sugar motety, a 2-C-alkyl

modified sugar moiety, a bicvelic sugar moiety. and combinations thereof.

. The metbod of clmine @, wherein the one or move modifications comprise at least one modified mternucleoside

hinkage sclected from: a phosphorothioate, 2- Omethoxvethyl (MOE), 2-fluoro,  alkviphosphonate,
phosphoradithicate, alkyiphosphonothioate, phosphoranudate, cabamate, carbonate, phosphate  friester,
acctamidate, carhoxymethyl ester, and combinations thercof,

The method of claim 9, wheremn the one or more modifications comprise at least one modified nucleonde
selected front a peptide nuclete acid (PNA), a locked nucleie soid (LNA), an arabine-mucleic acid (FANA), an

analogue, a derivative, and combirations thereof

. the method of claim |, wherein the at least one ohgonucleotide comprises at least one oligonuclentide

sequences set forth as SEQ D NOS: 810 22

A method of modulating a fimction of andfor the expression of a Dystrophin family gene in mammahan cells
OF TISSUCS &7 Vive OF 1 Viro comprising:

contacting said colls or tissues with at least one short mterforing RNA (siRNA) oligonucleotide 5 to 30
nucteotides in length, smd at least one siIRNA oligonuclcotide being specific for an antisense polynucleotide of
a Dystrophin family polynucleotide, wherain said at feast one sIRNA oligonucleotide bas at least 50%
sequence identity 0 a complementary sequence of at feast about five consecative nucleic acids of the antisense
andéor sense nucleic actd molecule of the Dystrophin family polvnuckeotde; and, modulating a function of

andfor the expression of Diystrophin fanuly in manumabian cells or tissues fr vivo or e vitro.

3

. The method of claim 14, wherein suid oligonucleotide has at feast 80% sequence identity 1o a sequence of at

least aboat five consecative nocleic acids that is complomentary to the antisense andfor sense nucleie acd
molecude of the Dystrophin family polyaucteotide,

A method of medulating a finction of and/or the expression of Dystrophin fanuly i mammahan cells or
HHSSUes i viva or i vifro corpprising:

contacting sad colls or tssues with at least one antisense oligonucleotide of about 3 to 30 nucleotides in length
specific for noncoding andfor coding sequences of a sense andfor natwal antisense strand of a Dystrophin

famuily polvnucleotide wherem said at least one antisense ohigonucieotide has at least 30% sequence identity t
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at least one mucleie acid sequence set forth as SEQ 1D NOS: |, 2 and 3 to 7; and, modhdating the function
and/or expression of the Dystrophin Hamily in mammalian cells or tissues i vive or i vitro,

A synthetic, modified oligonucicotide comprising at least one modification wherein the at least one
moditication is selected frony at least one modified sugar motety; at keast one modified niernucleotde
Hnkage; at least one modified nucleotide, and combinations theveof, whereln said oligonucleotide s an
antisense compound which hyvbridizes to and modulates the finction andfor expression of a Dystrophin faonly
geng i vive Of In viire as compared 1o a normal control.

The oliponucieotide of clanm 17, wherein the at least one modification comprises an mternucleotide linkage
sclected from  the group consisting oft  phosphorothioate,  alkylphosphonate,  phosphorodithioate,
alkyiphosphonothicate,  phosphoramidate,  carbamate,  carbonate, phosphate  wicster,  acetamidate,

carbomymethyl ester, and combinations thereof.

. The ohgonucleotide of clam 17, wherein said oligonucleotide comprises at least one phosphorothioate

wternuckeotide lnkage.
The oligomclentide of clam 17, whereln said oligonucleotide comprises a backbone of phosphorothivate

mternucieotide linkages.

. The oligonucieonde of clatm 17, wheremn the oligonuclestide comprises at feast one moditied nucleotide, sad

modified nucleotide selected from: a peptide nucleic acid, a locked nucleic acid (LNA), analogue, denvative,
and a combinaton thereof.

The oligonucleotide of claim 17, wherein the oligonucieotide compnises a phuvality of modifications, wherein
said modifications comprise modified nucleotides  selected  from phosphorothioate, alkyiphosphonate,
phosphoradithicate, alkyiphosphonothiocate, phosphoramidate, carbamate, carbonate, phosphate  triester,

acetmnidate, carboxymethyl ester, and a combination thereof.

. The oligonucleotide of claim 17, whercin the oligonucieotde comprises a plurality of modificanons, wherein

said modifications comprise modified nucleotides selected from: peptide nackeic acids, locked nuckeic acids

(LNA), analogues, dernvatives, and a combmnation thereof

. The oligonucleotide of clum 17, wherain the oligonucleotide comprises at least one modified sugar molety

selected from: a 2-O-methoxyethyt modified sugar moiety, a 2-methoxy modified sagar motety, a 2-O-alkyl

modified sugar motety, a bicychic sugar motety, and a combination thereof.

. The oligonucleatide of claim 17, wherein the ofigonuclicotide conprises a plurality of modifications, wherein

said modifications comprise modified sugar moieties selected frone a 2-O-methoxyethy] modified sugar

moiety, a 2-methoxy modified sugar mosety, a 2-O-atkvl modified sugar moiety, a bicyehe sugar motety, and

a combination thereol

57



10

15

20

25

30

26,

Lo
S\J

Trd
L]

Led
i

fad
L#

Lad
@

WO 2010/129861 PCT/US2010/034026

The oligomucleonde of claim 17, wherein the oligonacieotide 15 of at feast about 5 to 30 nucleotides i Jength
and hvbridizes to an antisense andior sense strand of a Dystrophin faomly polymucleotide wherein said
oliponacieotide has at least about 20% sequence identity 0 a complementary sequence of at least about five
conssecutive nucleic acids of the antisense andfor sense coding and/or noscoding nucleir acid sequences of the
Divstrophin family polynucleatide.

The oligonuckeonde of claim 17, wherein the ohgonucleoude has at least about 30% sequence identity 10 a
complementary sequence of at least about five consceutive nucleie acids of the antisense andfor sense coding
andfor noncoding nucleic acid sequence of the Dystrophin fanuly polynucieonde.

The ohigonucleotide of claim 17, wherein said obigonucieotide hybridizes to and modulates expression andfor

function of at least one Dvstrophin family polynuclestide & vivo or B witeo, as compared o a normal control.

29, The oligonueleotide of elaim 17, wherein the oligonucleonide comprises the sequences set forth as SEQ ID

NOS: 8w 22

= pn

. A composibon comprising one or more obgonuclestides specific for one or more Dystrophan fannly

pobenucleotides, sald polynucleotides comprising antisense sequences, complomentary seguences, alloles,

homologs, isoforms, vagants, derivatives, matants, fragments, or combinations thereof

. The composttion of claim 30, wherem the oligonucicotides have at least about 4% sequence identity as

compared to any one of the nucleotide sequences set forth as SEQ ID NOS: 810 22,

The composition of clamm 30, wherein the oligonucieotides comprise nucleotide sequences set forth as SEQ 1D
NOS: 8022

The composition of claim 32, wherein the oligonuelentides set forth as SEQ 1D NOS: 8 10 22 comprise one or

mcre modifications or substitutions.

. The composition of claim 33, wherein the one or more modifications are selected frony phosphorothioate,

methyiphosphonate, peptide mucleic acid, locked nucleie acid (LNA)Y molecules, and combinations thereof.

. A method of preventing or treating a discase associated with at least one Dystrophin tamily polynuclestide

andfor at least one encoded product thereof, comprising!

adnunistering to a pationt a therapeutically effective dose of at keast one antisense oligonucleotide that binds o
a natsral antisense sequence of said at least one Dvstrophin family polynucleotide and modudates expression of
said af least one Dystrophin family polyaucleotide: thereby preventing or treating the discase associated with

the at least one Dystrophin family polynucieotide andior at feast one encoded product thereof.

. The method of clim 35, wherein a disease gssociated with the at least one Dystrophin fanuly polvoncleotide is

selected from: a nuscle disease or disorder {eg., Muscolar dvstrophy including Duchenne’s muscular

dystrophy, Becker's  muscular  dystrophy,  Spmal  bulbar  mwscolar  atrophy,  dvstrophinopathy,

sarcoglveanopathy, limb girdle muscalar dystrophy, congenital muscular dyvstrophy, congenital myopathy,
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distal mvopathy, Symptomatic form of muscular dystrophy of Duchenne and Becker in female carriers
myvotonic svndrome ete a muscle-wasting  disease), a nawological disease or disorder (including a
acuromuscular disease or disorder ¢, dystonia, myoclonus-dystonia syndrome, etc.} a disease or disorder
associated with altered lovel of dysirophin or dystrophin DAPC-conplex, Left ventricular noncowmpaction,
cancer, a cardiovascular disease or disorder, cardiomyopathy {e.g., sporadic dilated cardiomyopathy, X-linked
Drlated Cardiomyopathy (XLDC) efe), athevosclerosis a oytoskeletal disorder, congenital stationary night

blindness and loss of hearing.

. A method of identifving and selecting at least one oligonuclestide fiw in vivo administration comprising:

selecting @ target polynucleotide associated with a disease state; identifiing at least one oligonucleotide
comypuising at least Hve conscoutive nucleotides which are complementary 1o the selected trget polynucleotide
or to a polynucleotide that is antisense to the sclected target polynuckeotide; measaning the thermal melting
point of a hybrid of an antisense oligonucleotide and the target polynucleotide or the polynucieotide that is
antisense to the selected target polynucicotde under stringent hybnidization conditions: and selecting at least

one oligonucleotide for i vivo admimstration based on the information obtained,
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