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(57) Abstract: The present invention relates to antisense oligonucleotides that modulate the expression of and/or function of Me-
thionine Sulfoxide Reductase A (MSRA), in particular, by targeting natural antisense polynucleotides of Methionine Sulfoxide
O Reductase A (MSRA). The invention also relates to the identification of these antisense oligonucleotides and their use in treating

diseases and disorders associated with the expression of MSRA.
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TREATMENT OF METHIONINE SULFOXIDE REDUCTASE A (MSRA) RELATED DISEASES BY
INHIBITION OF NATURAL ANTISENSE TRANSCRIPT TO MSRA

FIELD OF THE INVENTION
{0001} The present application claims the priority of 115, Provistonal Patent Application No, 617348630 filed May 26,
2010 which is incorporated herein by reference i its entirety.
{0002] Embodiments of the invention comprise oligonucleotides modulating expression andfor function of MSRA
and associated molecules.
BACKGROUND
{00037 DNA-RNA and RNA-RNA hvbridization are droportant to roany aspects of nuclere acud function including
DINA replication, transeription, and tanslation. Hybridization is also contral o a variety of technologics that either
detect a partioular nucleic acid or alter its expression. Antisense mucleotides, for example, disrapt gene expression by
hybridizing to target RNA, thereby interforing with RNA splicing, twanscription, translanon, and replication. Antisense
DNA has the added featare that DNA-RNA hybrids serve as a sebsteate for digestion by nibonuclease H, an activity
that is present i owost cell tvpes. Antisense molecules can be delivered im0 cells, as i the case for
oligadeoxynucleotides {ODNs}, or they can be expressed from endogenous genes as RNA moleenles. The FDA
recently approved an antisense drug, VITRAVENE™ (for frentment of oviomegaloving retinitis), reflecting that
antisense has therapeatic utility.
SUMMARY
{00047 This Summary is provided to presont a sununary of the inveation to briefly ndicate the natwre and substance of
the mvention, It is submitted with the understanding that it will not be used to nterpret or Homt the scope or meaning of
the claims.
{00051 In one embodiment, the wvention provides mcthods for mhubiting the action of a natural antisense transcript by
using antisense oligonuciootide(s) targeted o any region of the natural antiscnse franscript resulting in up~regulation of
the corresponding sense gene. B s also contemplated herein that infubition of the natwal antisense wanscript can be
achicved by siRNA, nbozymes and small molecules, which are considered to be within the scope of the prosent
invention,
{0006]  Une embodiment provides a method of modulating function andfor expression of an MSRA polynucleotide in
pationt cells or tissues i vive or i vitro comprising contactng stid cells ov tissues with s anvsense oligonuckeotide 3
0 30 nucleotides in length wherein said oligonuclectide has at feast 30% sequence wentity o a reverse complement of
a polynucleotide comprising 5 o 30 conseautive nucleotides within nucleotides 1 &0 3774 of SEQ ID NO: 2 therehy

madulating function andfor expression of the MSRA pelynuecleotide m pationt colls or tissues i vive or i vilro.
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{00071 In an cmbodiment, an oligonucleotide targets & natural antsense sequence of MSRA polynucleotides, for
example, nucleotides set forth in SEQ IDNOS: 2, and any variaats, alleles, homologs, muatants, derivatives, fragmonts
and complementary sequences thereto, Examples of antisense oligonackeotides are se{ forth as SEQ IDNOS: 3 w0 8.
{0008] Asother embodimert provides & method of modulating fmction andfor cxpression of an MSRA
polynucleotide in patient cells or tissues in vivo ot in vifro comprising contacting said cells or tissues with an antisense
oligonucleotide 3 to 30 nockeotides in fongth wherein said oligomueleotide hag at least 30% sequence identity to a
reverse complement of the an antisense of the MSRA polynecleotide; thereby modudating fanction andfor expression of
the MSRA polynucleatide in paticnt cells or tissues i vivo or in vitro.
{0009 Another embodiment provides a method of modidating function andior expression of an MSRA
polynuclcotide in patient cells or tissues in vivo or i vitvo comprising contacting satd cells or tissues with an antisense
eligonuclentide 5 o 30 nucleonides in length wheroin said oligonucleotide bas at keast 50% sequence identity o an
antisease oligonucleotide 1o an MSRA antisense polynucleotide: thereby modulating function andfor expression of the
MSRA polynucleotide in patient celis or tissaes in vive or in vitro.
{0161 In an cmbodiment, a composiion comprises one or more antisense oligonocicotides which bind o sense
and/or antisense MSRA polyaucleotides.
{0011] I an embodiment, the oligonucicotides comprise one or more moditied or substifuted nuckeotides.
{012] Inan embodiment, the oligomucleotides comprise one ov more modified bonds.
{00131 In et another embodiment, the modified nuckeotides comprise modified bases comprising phosphorothioate,
methviphosphonate, peptide nucleic acds, 27-O-methyl, fluoro- or cacbon, methyiene or other locked nucleie acyd
{LNA) molecules. Proferably, the modified nucicotides are locked nucieie acid molceules, meluding o-L-LNA.
{0014} In an embodment, the oligonucleofides are administersd fo a patient subcutancously, mirmmuscularly,
intravenousty or intrapenitoncally.
[{15] In an embodiment, the oligonucleotides are administered in a pharmaceutical composition. A treatment
regimen comprises admimstering the anfisonse compounds at loast once o patient; however, this freatment can be
modified fo include multiple doses over a period of fime. The ireatment can be combined with one or move other types
of therapies.
{0016] In an embodiment, the oligonucleotides ave encapsulated in a liposome or attached o a carrier molecule {eg
cholesterol, TAT peptide),
{0017F Other aspects are deseribed imfra

BRIEF DESCRIPTION OF THE DRAWINGS
{I018] Figare 1 shows the fold change and standard deviation o MSBA mRNA i HEP G2 cells 48 howry after
treatment with SiIRNA oligos introduced using Lipofectamine 2000, as compared to control. Real time PCR resudis

show that the levels of the MSRA mRNA in Hep(2 cells are significantly incressed 4% b after treatment with the
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oligos desigmed o MSRA antisense mRNA skevblaadpr{F-unsphiced. Rars denoted as CUR-1337 1o CLUR-154]
sorrespond to samples treated with SEQ 1D NOS: 3 to 7 regpectively.
{0019] Figure 2 shows the fold change and standard devistion i MSRA RNA in HEP G2 cells 48 hours after
ireatnent with SIRNA oligos tntroduced using Lipofectamme 2000, as cmmpaned fo control Real time PCR reselis
show that the levels of the MSRA mRNA iy HepG2 cells are significantly increased 48 h after treatment with the
oligos desigmed 1o MSRA antisense mBRNA skevblaaApr{iTamspliced. Bars denoted as CUR-188S5, CUR-I886 and
CUR-1539 correspond to samples treated with SEQ IDNOS: 5, ¥ and 9 respectively.
{020] Sequence Listing Description- SEQ 1D NG 1: Home sapiens methionine sulfoxide reductase A (MSRA),
ranscript variamt 2, mRNA (NCBI Accession Noo NM_O0L135670) SEQ 1D NO: 20 Natural MSRA annisense
sequence (SkevblaaApUT-unsphiced)y; SEQ ID NQs: 3 o9 Antisense ohigonscleotides. © indicates phosphotiioate
bond and "m’ indicates methyl.

DETAILED DESCRIPTION
{0021} Several aspects of the invention are described below with reforence to example applications for lustration. i
should be understood that mumerous specific details, relationships, and methods are set forth 1o provide a full
understanding of the invention. One having ordinary skill in the relovant art, however, will readily recogmize that the
invention cas be practiced without one or more of the specific details or with other methods. The present invention is
not limited by the ordering of acts or cvents, as some acts may occur i different orders andfor concurrently with other
acts or events, Purthermore, not all Hustrated acts or events are required to implement a methodology in accordance
with the presemt mvention,
{0022] All genes, gene names, and gene products disclosed horem are mtended o correspond o homologs from any
specics for which the compositicms and methods disclosed berein are applicable. Thus, the torms mclude, but are not
fimited to genes and gene products from humans and mice. Tt is understood that when a gene or gene product from a
particalar species is disclosed, this discloswre i3 tended to be exemplary only, and is not 1o be interpreted as a
limitation unless the context in which it appears clearly indicates. Thus, for example, for the gones disclosed horam,
which m some embodiments relate to mammalian nucheic acid and amino acid sequences are ntended to encompass
homologous andior ovthologous gones and gene pradocts from other anbmals incleding, but not limited to other
manpmals, fish, amphibians, reptifes, and bivds. In an cmbodiment, the genes or nacleic acid sequences are human,
Definitions
{0023] The teromnoloay used herein is for the purpose of describing particular embodunents only and 18 not infended
to be inmiting of the tnvention. As used hervemn, the singulay forms "a", "an™ mnd "the” are intended 1o include the plural
forms as well, unless the context elearly indicates otherwise. Furthenmore, to the extent that the terms "including”,
“mcludes”, "having”, "has®, "with", or variants thereof are used in cither the detailed deseniption andfor the claims, such

terms are intended to be inclusive in a manner siaslar to the term “conprising.”
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{0024] The term "about™ or "approximately”™ rocans within ay accepiable error vange for the pavticular value as
determined by one of ordinary skill in the art, which will depend in part on how the value is measured or determined,
¢, the Hmuphions of the measurenzent systern. For example, "aboot™ can mean within 1 or more than | shndard
devigtion, por the practice in the art. Alternatively, “about” can mean a range of up to 200, preferably up o 1%, more
preferably up to 3%, and more preferably still up to 1% of a given value. Alternatively, particolarty with respect to
biological svsterns ot processes, the term can mean within an order of magndtude, preferably within 3-fold, and more
preferably within 2-fold, of a value, Where particular values are described i the application and clasns, waless
otherwise stated the tenn "about” meaning within an acceptable error range for the particular value should be assumed.
{00251 As used herein, the term "mRNA" means the presentdy known mRNA transeripi(s) of a targeted gene, and any
further transcripts which may be chucidated.

{00267 By "antisense oligonucleotides” or “antisense compowsd” is meant an RNA or DNA molecole that binds to
ancther RNA or DNA (target RNA, DNA). For example, if it is an RNA oligonucleotide # binds o another RNA target
by means of RNA-RNA inferactions and alters the activity of the target RNA. An antisense oligonuciectide can
upregulate or dowmmregulate expression anddor function of a particalar polymuscleotide. The defimtion is meant to mclude
any foroign RNA or DNA molecule which 1s useful from 2 therapeutic, diagnostic, or other viewpoint. Such melecudes
inclade, for example, antiscnse RNA or DNA molecules, mterference RNA (RNAID, nucro RNA, decoy RNA
molocudes, siRNA, enzymatic RNA, therapeutic editing RNA and agonist and antagonist RNA, antisense oligomeric
compounds, antisense oligonucieotides, extomal made sequence (EGS) oligonuclentides, altcrnate splicers, prumers,
probes, and other oligomenc compounds that hybadize to at least a portion of the target nucleic acid. As such, these
compounds may be inroduced m the form of smgde-stranded, docble-stranded, partially smglo-stranded, or circudar
oligomeric conpomds.

{00271 In the context of this hwention, the term "oligomuckeotide” refers to an oligomer or pobymer of ribonucleie acid
{RNA} or deoxyribonucleic acid (DNAY or mimetics thereof The tevm Voligonucleotide™, also mcludes Hnemwr or
circalar ohigomers of natural and/or modificd monomers o finkages, inchuling deoxyribonucleosides, ribonucleosides,
substituted and  slpha-anomenc forms  thercof, peptide nucleic acids (PNA), locked mucleic acids (LNA),
phosphorothioate, methyiphosphomate, and the ke, Oligonucleotides are capable of spectfically binding to a target
polynucleotide by way of a vegular pattern of monomer-to-monomer tnteractions, such as Watson-Crick type of base
paring, Hodgsteen or roverse Hodgsteen types of base pairing, or the ke

{0028] The oligonucieotide may be "chimenie”, that s, composed of different regions. In the context of this mvention
“chimeric” compounds we oligonucleotides, which comtain two or more chondenl regicns, for example, DNA
region{s}, BNA region(s), PNA region(s) ete. Each chenueal region i made up of at least one monomer unit, Le., a
mscleotide i the case of an oligonuelestides compound. These oligonucientides typically comprise at least one region

wherein the oligonucieotide is modified i order to exhibit one or more desived properties. The desired propertics of the
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oligonucleotide melude, but are not hinuted, for example, 1o increased registavee o muclease degradation, ereased
ecliular uptake, andfor increased binding affinity for the farget necleic acid. Different regions of the oligemecleotide
may therefore bave different propestics. The chimeric sligonuclestides of the present wvention can be formed as mixed
structures of two or more oligonucleotides. modified oligovucleotides, oligonucleosides andor olizonucleotide analogs
as described above.

{00261 The oligonucleotide can be composed of regions that can be linked In "register”, that Is, when the monomers
are fked consecutivaly, as in magive DNA, or linked via spacers. The spacers ave intended o constitute a covalent
"bridge” between the regions and have in preferred cases a length not exceeding about 100 carbon atoms. The spacers
may carry different functionalities, for example, having positive or negative charge, carry special nucleie acid binding
propertics  (htercalators, groove binders, toxins, fluorophors ew.), being bpophilic, inducing special sccondary
structures like, for example, alanine coptaining peptides that taduce alpha-helives.

{0030] As wsed herein "MSRA" and "Methionine Sulfoxide Reductase A” are inclusive of all family members,
mutands, alleles, fragments, species, coding and noncoding sequences, sense and sngisense polynucieotide strands, ete.
[031] As wsed bevemn, the words "Methiomine Sulfoxide Redoctase A%, MSRA, Peptide Met(()) reductase, Peptide-
methionine (S-5-oude redactase, Peptide methionine sulfoxide reductase, PMSR, Protein-methionine-S-oxade, are
considered the same in the literature and are used interchangeably in the present application.

{032] As used herein, the wem "pligonucleotide speaific for' or "oligonucieotide which tarpets” refors o an
oligonuciconds having a sequence () capable of forming a stable complex with a portion of the tarzeted gene, or (i1}
capable of forming a stable duplex with a porgon of & mRNA wanscript of the tarzeted gene. Stability of the comploxes
and daplexes can be delormined by theoretical caleulations andior 1n vitro assays, Exemplary assavs for determining
stability of hybridization conplexes and duplexes are deseribed B the Examples below.

{00331 As used herein, the fom Marget nucleie acid” encompasses PRNA, RNA feomprising premRNA and mBNA)
wanserthed from such DNA, and alse ¢DNA denved from such RNA | coding, noncoding sequences, sense of antisense
polynucleotides, The specific hybndization of an oligomeric compound with its target nuclaic acid interfores with the
aormal fanction of the nucleie acid. This modulation of function of a target nuckeic acid by compounds, which
specifically hvbridize to it 15 genorally referred o as "antisonse”. The functions of DNA o be interfered include, for
example, repbicanon and anscription. The fancoons of RNA to be nterfered, inclade all vital functions such as, for
exampde, tramsiocation of the RNA to the site of protein translation, translation of protein from the RNA, splicing of the
RNA to yield one or more mRNA species, and catalytic activity wlueh may be engaged in or facilifated by the RNA
The overall effeet of such merforence with trget nacleie acid fusction is roodulation of the expression of an cocoded
product or oligonucieotides.

[034] RNA mterforence "RNAL is mediated by double stranded RNA {dsRNA)Y molecoles that have soquence-

specific homology to their "target” nucleic acid sequences. In certain embodiments of the present invention, the

5



10

15

20

25

30

WO 2011/150007 PCT/US2011/037835

mediators are 5425 nucleotide "small interforing” BNA duplexes (IRNAg)Y The siBRNAs are derived flomn the
processing of dsRNA by an RNase enzyme known as Dicer. siRNA duplex products are secryited o a multi-protein
$iRNA complex termed RISC (RKA Induced Silencing Complex). Withowt wishung to be bound by any particular
theory, a RISC iz then believed to be gwded o a target sucleic acid {suntably nRNA), where the siRNA duplex
interacts in a sequence-specific way 1o mediate cleavage in a catalvtic fashion. Small interfering RN As that can be used
in accordaice with the present invention can be synthesized and used according to procedures that are well known in
the art and that will be fansliar to the ordinanity skilled artisan, Small interfering RNAs for use m the methods of the
present invention suitably compuise between about | o about 30 nucleotides (nt). In examples of non limiting
embodiments, siRNAs can comprise about 3 o about 40 nt, about 3 to about 30 ot, about 1} 1o about 30 nt, about 15 to
about 23 11, or abowt 20-23 nucleotides.

{0035] Selection of appropriate oligonecieotides 18 fictlitted by using computer programs that automatically align
nuclewe acid sequences and ndicate regions of wdentity or homology. Such programs are used o compare nacleic acid
scquences obtaimed, for example, by scarching databases such as GenBank or by sequencing PCR products.
Comparison of mcleic acid sequences from a range of species allows the selection of nuckeic acid seguences that
display an appropaiate degree of wdentity betfween species. o the case of genes that have not been sequenced, Southern
blots are perfonned to allow a determination of the degree of identity between penes in target species and other species.
By performing Southern blots at varving degrees of stringency, as is well known a the art, it is possible to obtain an
approximate measure of identity. These procedures allow the sclection of oligonucicotides that extubut o high degree of
complementanity o target nuclete acid sequences 1 a subject to be controlled and a lower degree of complomentarity
to corresponding nucleic acid sequences m other spectes. Une skalled in the ant wall readize that there 1 considerable
Intitude in sclecting appropriate regions of genes for use in the present brvention,

{0361 By "enzymatic BNA" is meant an RNA molecule with enzymate activity (Cech, (1988) L dmerican. Med.

Assac, 260, 3030-3035), Ernrymuatic mycleic acuds {ribozymes) act by first binding to a target RNA. Such binding ocowrs

through the tarpet binding portion of an cnzymatic nucleic acid which is held in close proximity fo an cnzyvmatic
portion of the molecule that acts to cleave the target RNA. Thus, the eneymatic nucleie acid first recognizes and then
binds a target RNA through base pairing, and once bound 1o the correct sife, acts enzymatically to cut the target RNAL

{0037] By "decoy RNA™ s meant an RNA molecude that wimics fhe natwral binding domais for a ligand. The decoy
RNA therefore competes with nateral binding target for the binding of a specific higand. For exwuple, it has been
shown that over-expression of HIV frans-activation response {(TAR) RNA can act as a "decoy” and cfficiently binds
HIV tat proteny, thereby preventing it from binding to TAR sequences encoded b the HIV RNA, This s meant to be a
specific example. Those in the art will recognize that this 1s but one example, and other embodiments can be readily

genperated using techniques generally knovwn ia the art.
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{00358]  Agysed herein, the term "monoroers” typicatly indicates monomers linked by phosphodiester bonds or analogs
thereof to form cligonucleotides ranging in size from a fow monomerie units, o.g., from aboat 34, to about several
hundreds of monomeric wmts. Analogs of phosphodiester Hinkages include: phosphorothicate, phosphorodithivate,
methylphosphorpates, phosphoresclencate, phosphoramidate, and the like, as more fully deseribed below.

{00391 The term “nucleotide” covers naturally occursing nucleotides as well as nomnaturally occoming nucleotides, B
should be clear to the person skilled in the art that various nucleotides which previously have been considered "non-
matirally ccowring” have subseguently becn found in nature. Thus, "nucleotides” mcludes not oudy the known pursine
and pyrimidme heterocyoles-containing molecules, but also heterocyehic analogues and tautomers thereof. IHustrative
examples of other types of nucleotides are molecules contmining adenine, guanine, thymine, eytosine, wracil, purine,
xanthine, diaminopurine, 8-oxe- We-methyladenine, 7-dearaxanthine, 7-deazaguanine, N4 Nd-cthanooviosin, N6, N6-
gthano-2,6-  diaminopurine,  S-methyvieytosine,  3-(U3-Cél-alkynyleviosine,  S-fluormwracil,  S-bromwuracil,
pscudoisaeyiosine, Z-hydroxy-S-methybd-triazotopyridin, isocytosine, isoguanin, inosine and the “non-naturally
occurring” nucleotides described in Benner er of, US. Pat No. 5432272, The term "nucleotide” is intended to cover
every and all of these examples as well as analogees and tastomers thereof. Especially interesting nucleotides are those
comaining adenine, guanine, thymine, cytosing, and sracil, whick are considered as the natwally occuwming nacleotides
in relation to therapeutic and diagnostic application in humans. Nucleotides include the natwal 2%-deoxy and 2

oars, ¢.g., as desenibed in Kormnberg and Baker, DNA Replication, 2nd Ed. (Freeman, San Francisco, 19923
B g iU : : A

E=

hydroxyl su
as well as their analogs.

{00407 "Analogs” in reforence to meleotides inclades synthetic nucleotides having modified base molctics andfor
modified sugar moietics {see o.g., dosenbed gonerally by Scheit, Nuclkeotide Analogs, John Wiley, Now York, 1980,
Freior & Altmann, (1997) Nucl doid. Res., 25022), 4429~ 4443, Toulmé, 14, 2001 Monere Biotechnology 19:17-18;
Manoharan M., (1999} Biochemica o Biophysica Acre 148F 117139 Freter S M., (1997) MNucleie Aoid Revearch,
25:4420-4443, Uhbman, B, 2000) Drug Discavery & Development, 30 203213, Herdewin P, (2000} dndsense &
Nucleic Acid Dirug Dev., 10397-310); 24-Q, 3-C-linked {3.2.43 bicyclearabmonuclersides. Such analogs wmelude
synthetic nucleotides designed o enhance binding propertics, ¢.g., duplex or triplex stabilidy, specificity, or the like,
{0041] As used herein, "hybridization” means the pairing of substantially complementary strands of oligomeric
compounds, One mechanism of pairing nvolves hvdrogen bonding, which may be Watson-Crick, Hodgsteen or
reversed Hobdgsteen hydrogen bonding, between complementary nucleoside or nucleotide bases (nuclestidesy of the
strands of oligomernic compounds. For example, adenine and thvoune gre complementary nucleotides which pair
through the formation of hydrogen bonds. Hybridization ean oceur under varving circomstances.

{0421 An antisense compound is "specifically hybridizable” when binding of the compound to the target nucleie acid
interferes with the normal fumction of the tavget nacleic acid to cause a modudation of fanction andfor activity, and there

is » sufficient degree of complementarity {0 avoid non~specific binding of the antisense compound to non-tarset mucleic
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acid sequences under conditions in which specific hinding is desived, Lo, under physiotogical conditions in the case of
in vivo assays ov therapeutic treatment, and under conditions i which assays are performed in the case of in vilro
azsays.

{0043]  As used herein, the phrase "stringent hybridization conditions™ or "stringent conditions” refers to conditions
wnder which o compound of the invention will lyvhndize fo 15 target sequence, but to @ mintmal nuber of other
sequences. Stringent conditions are sequence-dependent and will be different in different citcumstances and in the
context of this nvention, "stringent conditions” under which oligomeric compounds hvbridize to a target sequence are
determined by the nature and compouition of the oligomeric compounds and the assays in which they are being
mvestigated. I general, stringent hybridization conditions comprise low concentrations (<(L15M) of salis with
norganic cations such as Nart+ or K4+ (Lo, low jomie strepgth), temperatire higher than 20°C - 253° € below the Tm
of the oligomeric compounditarget sequence complex, and the presence of denatwants such as formamide,
dimethylfonmanude, dimethyl suifoxide, or the detergent sodium dodecyl salfate (SDS). Fov example, the hybnidization
rate decreases 1.1% for cach 1% formamide. An example of a high stringency hybridization condition is 0.1X sodiom
chloride-sodium eitrate baffor (SRCHYOI% (w/v) SDIS at o0° C. for 30 minutes.

{044] "Complementary,” as used herein, refoss to the capacity for precise painng between two nucleotides on onc or
two oligomeric strands. For exanple, if a nucleobase at 2 certain posiion of an antisense compound is capable of
hydrogen bonding with a nuclonbase at a certain position of & target nucleic acid, said tarpet muclele acid being a DNA,
RNA, ar ohigonucleotide molecule, then the position of Inedrogen bonding between the oligonucleotide and the target
nucleic aswd 15 constdered 1o be a complementary position. The oligomeric compound and the fiether DNAL BNA, or
eligonucleotide molecule are complementary to vach other when 3 safficient number of complomentary posiions 1n
each nmolecule are occupied by nucleotides which can hydrogen bond with each other. Thus, "specifically hybidizable”
and "complementary™ are terms which are used to indicate & sutfBicient degree of precise pairing or complementanty
over # safficient mumber of nucleotides such that stable and specific binding occurs between the olisomenc compound
and a sarget nucleic aad,

{00457 It 1s understood iy the art that the sequence of an oligomeric compound need not be HI0% complementary t
that of us target nucleic acid 1o be specifically hybrnidizable. Moreover, an oligonuclestide may hybnidize over one or
more segments such that intervening or adjacent segments are not wvolved in fhe hybridization event {e.z, a loop
structure, mismatch or hapn strueture). The oligomenie compounds of the present invention comprise at least about
T0%%, or at feast about 75%,, or at least about B0%, or at feast about 5%, or at feast sbout 90%,, o at least about 95%, or
at feast about 99% sequence comnplementarity to a target region within the target nucleie acd sequence 1o which they
are targeted. For example, an antisense compound in which 18 of 20 muwleotides of the antisense compound are
complementary to a target region, and would therefore specifically hybndize, would represent 90 percent

complementarity. I this example, the renaining non-complomentary nucleotides mav be clustered or iterspersed with
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complementary nucleotides and need not be contiguons 1o each other or to complementary nucleotides. As such, an
antisense compound which is 18 nacleotides in fength having 4 {fowr) nor-complomentary mucleotides which are
flanked by two wegions of complete complementarity with the frset nucleic acd would have 778% ovenall
complernentarity 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 (hasic local aligmment search tools) and PowerBLAST programs koown in the art. Percent
homology, sequence dentity or complementarity, can be determined by, for exanple, the Gap program {Wisconsin
Sequence Anaiysis Package, Version 8 for Unix, Geneties Computer Group, University Resesrch Park, Madison Wis),
using default settings, which uses the slgorithm of Smith and Waterman (dev. dppl. Mavh., (10813 2, 482-489},

{0046]  As used herein, the term "Therraal Molting Point (Tm)” refirs to the tomperatare, under defined iome strangth,
pH, and nucleie acid concentration, at wihich 30% of the cligonucieotides complementary 1o the target scguence
hybridize o the target sequence at equilibnium. Typically, stringent condiions will be twose  which the sl
concentration is at teast about (L0 o 1.0 M Na ion concentration {or other salts) at pH 7.0 10 8.3 and the temperature is
at least abowt 30°C for short ohigonucleotides {e.g., 10 10 30 nocleotide). Stringent conditions may also be achieved with
the addition of destabilizing agonts such as formanude.

{0047] As used herein, "modulation” means cither an incrcase {stimulation) or a decrease {inhibition) m the cxpression
of a gene,

{0048 The term "vartant”, when used in the context of a polvaucicotide sequence, may encompass o polymucicotide

%

sequence related to a wild type gene. This defimon may also inchude, for example, "allehe Msphice,”

"species,” or
"polvimorphic” vanants. A sphee vanant may have significant identity © a reference molecule, but will gonerally have
a greater or fesser number of polynuckeotides due to alfernate sphicing of oxons durmg mRNA processmg. The
corresponding polypeptide may possess additional functional domaing or an absence of domains. Species vanants are
polynucleotide sequences that vary from one species to another. Of particalar wtility i the hvengion are vaviants of
wild type gene prodacts, Variants may resulf from at least one mutation i the nucleie aaid sequence and may result in
altered mRNAs or i polypeptides whose structure or fimction may or may not be altered. Any given nateral or
recomnbinant gene yay have noue, one, or many allelic forms. Common mutational changes that give rige © vanats
are geherally ascribed to nanseal deletions, additions, or sabstitations of muleotides. Each of these tvpes of changes
may ocour alone, of m combination with the others, one or more times 0 @ given scquence,

{0049] The resulting polypeptides gonerally will have signtficant apuno acid wlentity relative to cach other, A
polymorphic variant is & vaviation in the pelynucleotide sequence of a particalar gene between individoals of o given

n

species. Polymorphic vanants also nwmy encompass "single nucleotide polvororphisnas™ (SNPs,) or single base
metations in which the polyvauckeotide sequence varies by one base. The prosence of SNPs may be indicative of, for

example, a cortain population with a propensity for a disease state, that is susceptibality versus resistance.
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{0630]  Dertvative polvnucksotides inchude nacleic acids subjected to chemical modification, for example, replacement
of hydrogen by an alkyl, acvl, or aniino group. Denvatives, o.g., derivative oligonuclootides, may comprise non-
naterally-occurming portions, such as altered sugar moleties or nter-sugar linkages. Exemplary amony these are
phosphorothioaie and other sulfir contaming species which are known in the art. Derivative nucleie acids may also
contain labels, including radionucleotides, enzvmes, fluorescent agents, chemiluminescent agents, chromogenic agents,
substrates, cofctors, inhibitors, magnetic particles, and the lke,

{051} A “derivative” polypeptide or peptide is one that s modified, for example, by glveosylation, pegylation,
phosphorylation, sulfation, reductionfalhvlation, acviation, chemical coupling, or mild formalin treatment. A derivative
may also be modified to contaim a detectable label, either directly or indivectly, mcluding, but not hmited ©, a
radiosotope, fuorescent, and enzyme label.

{00521 Ag used herein, the torm "animal” or "patient”™ 15 meant 1o inclade, for example, humans, sheep, elks, deer,
mue deer, nuinks, mammals, monkeys, horses, cattle, pigs, aoats, dogs, cats, rats, nuice, birds, chicken, reptiles, fish,
nsects and arachmids.

{1033] "Mammal” covars warm blooded nammals that are typieally under medical care {og, unans and
domesticated animals). Examples mclude feline, canine, equine, bovine, and human, as well as just human.

{0354} "Treating” or "treatment” covers the freatment of a discase-state in a mammal, and mcludes: {a) preventing the
discase-state from ocowring in a mamunal, in particular, when such mamemal is prodisposed to the discase-state but has
not vet been diagnosed as having it (b inhibiong the discase-state, ¢, anesting it development; andfor (¢} relieving
the discasc-state, e.g., causing regression of the discase state watd a desired endpoint ts reached. Treating alse wnchudes
the amchioration of & sviaptom of a discase (e.g., lossen the pamn or discomdort), wherein such amelioration may or may
ot be directly affecting the disease (e .. cause, HANSHUSSIN, CXPIOSSINL, CiC.).

{(035] As used heretn, "cancer” refers to all types of cancer ar seoplasm or malignant tumors found in mammals,
inclading, but not limited tor levkemias, lymphomas, melanomas, carcinomas and savcomas. The cancer manifosts
itself as & “wanor” or tissue comprising makignant cells of the cancer, Exampley of tumors include sarcomas and
carcinomas such as, bot not lonited o0 Obrosarcmna, mysosarcoma, Hposarcoma, chondrosarcoma, osteogenic
sarooms, chordona,  anglosarcoma,  endotheliosarcoms,  lymphangiosiweoma,  hymphangioendotheliosareoma,
syaovioms, mesothelioma, Ewing's tumor, lefomyosarcoma, rhabdomyosarconma, colon carcinoma, pancreatic cancer,
breast cancer, ovarian cancer, prostate cancer, squamoes cell carcinoma, basal cell carcinoma, adenocarcinoma, sweat
gland carctmoma, schaccous gland carcinoma, paptilary carcinoma, papillary adenocarcinomas, cystadenocarcinoma,
medullary carcinoma, bronchogenic carcinmug, renal cell careinonia, hepatoma, bile duct carcinoma, chorjocarcinoma,
seminoma, embryvonal carcinona, Wilms' fumor, cervical cancer, testicolar fumor, lung carcinoma, small cell lung
carcinoma, bladder carcinoma, epithelial carcinoma, glioma, astrocvtoma, medulloblastomma, cramopharyngioma,

cpendymonta, pincaloma, hemangioblastoma, acoustic neuroma, oligodendroglioma, meningionsa, melanoma,
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neuroblastoma, and retinoblastoma. Additional cancers which can be treated by the disclosed composition according to
the mvention include bt not Hmited to, for cxample, Hodgkin's Discase, Noa-Hodgkin's Lymphoma, maliiple
myelowm, newoblastoma, breast canver, ovarian cancer, lusy cancer, rhabdomyosarcomy, primary thrombuooytosis,
primgty macroglobulinemia, soall-cell fung turmors, privnary brain tumors, stomach cancer, codon cancer, malignant
pancreatic insulanoma, malignant carcinotd, urinary bladder cancer, gastric cancer, promalignant skin lesions, testicalar
capeer, lymphonwss, thyroid cancer, neuroblastorna, esophageal cancer, genifowinary tact cancer, malignant
hyperealcomis, cervical cancer, endonetrial cancer, adrenal cortical cancer, and prostaie cancer.

{D0561 As used herein a "Newological disease or disorder” refors to any discase or disorder of fhe nervous
system andfor visual system. "Newrological disease or disorder” include disease or disorders that involve the
eentral nervous sysiem (hrain, brainstermn and cerebellum), the peripheral nervous system {(including cranial
nerves), and the astonomic nervous system (parts of which ave located n both central and peripheral nervous
systent). A Neurological discase or disorder includes but is not limited o acquired epileptiform aphasia; acuote
disseninated encephalomyelitis; adrenoleukodystrophy; age-related macular degeneration; agenesis of the corpus
callosuny, agnosia; Adcardt syndrome; Alexander discase; Alpers’ discase; alternating homiplegia; Alzheimer's
discase; Vascular dementia;, amyotrophic lateral sclorosis; anencephaly; Angelman svodrome; asgiomatosis;
aoxia, aphasia; apraxia; arachnoid cysts;  arachnoiditis;  Awnronb-Chiari  malformation; arteriovenous
malformation; Asperzer syichromy; ataxia telogicotasia; attention deficit hyperactivity disorder; mstism; antononsc
dystunction; back pain; Batien discase; Beheet's discase; Bell's palsy: benign essential blepharospasm; benign
focal, mmyotrophy; bemign wmtracramal hyperiension; Binswanger's discase: blepharospasmy; Bloch Sulzberger
syndrome; brachial plexus mpury; braim abscess; brain mjury; brain twsors (ncluding ghoblastoma multiforme);
spinal tumor; Brown-Sequard Syndmmc; Canavan discase; carpal tunmel syndrome; causalgia; contral pam
syndrome; central pontine myelinolysis; cephalic disorder: cercbral ancurysm; cerebral arteriosclevosis: corchral
atrophy: cerchral gigantisi; cerchral pai«g Charcot-Marie-Tooth discase; chemotherapy-induced newropathy and
nearopathic pain; Chimt malformation; chorea; chronie inflammatory demyelinating polyncuropathy; chronic
pain; chrome regional pain syndrome; Coffin Lowry syndrome; coma, including persistent vegetative state:
congenital facial diplegia; corticobasel degencration; cranial arteritis; craniosynostosis; Creutzfolde-Jakob discase:
cwnglative trauma  disorders; Cushing's syndrome; oytomegalic nchasion body disease; cymmegalmims
wifection; dancing eves-duncing  feet symdrome; DandyWalker syndrome; Dawson disease; De Morsier’s
svndrome; Dejerme-Klumke palsy: dementta; dermatomyostits;  diabetic  nouropathy;  diffuse  sclerosis;
dyvsautonomia; dysgraphia; dvslexia; dystonias; early infantile epileptic encephalopathy, evapty sella syodrome;
encephalitis; encepbaloceles; encephalotrigenuinal angiomatosis; epilepsyy Erbvs palsy: essential tremor; Fabry's
disease; Falr's syndrome; fainting: familial spastic paralysis; febrile scizures; Fisher syndrome; Friedraich's

ataxia; fronto-temporal dementia and other “tavopathies”; Gaucher's discase; Gerstmann's syndrome; @ant coll
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arteritis; gtant cell inclusion disease; globod cell levkodystrophy, Guillain-Barre syndrome; HTLV-T-associated
myclopathy; Hallervorden-Spate discase; head injury, headache; homifacial spasm; hereditary spastic paraplegta;
heredopathia ataetic a polyneuritiformis; herpes zoster oticus; herpes zoster; Hivayama syndrome; HIVassociated
dementia and neuropathy (alse newrological mantfestations of AIDS); holoprosencephaly; Huntington's disease
and other polyglutamine repeat diseases; hydrmencephaly, hyidrocephalus; hypercortisolisny, bypoxia; immnane-
mediated encephaloroyelitis; ncluston body yoyositils; incontinentia pigmentt; tofantile phytanie acid storage
dispase; infantile refoum disease;, infantile spasms; inflanumatory myvopathy; intracranial cyst; intracranial
hypertension; Joubert syndrome; Keams-Sayre syndrome; Kennedy discase Kinsboume syndrome, Klippel Feil
syndrome; Krabbe disease; Kugelberg~-Welander disease; kg Lafora discase; Lambert-Eaton myasthomic
svidrome; Landau-Kleffaor syndrome; lateral medullary (Wallenberg) syndrome; leaming disabibities; Leigh's
discase; Lennox-Gustaut syndrome;  Lesch-Nyhan  syndrome;  levkodyswophy: Lewy  body  dementia;
Lissencephaly; focked-in syndrome; Lou Gelirig's disease (f.e., motor neuron discase or amyotrophic lateral
sclerosis); lumbar disc disease; Lyme discase~-nevrological sequelne; Machado~Joseph disease; macrencephaly;
megalencephaly; Melkersson-Rosenthal syndrome; Menieres discase; meningitis; Menkes discase; metachromatic
leokodvstrophy; microcephaly; migraine; Miller Fisher svndrome, muni-strokes; mitochondrial myopathics;
Mobius syndrome; monomelic amyotrophy; motor newron disease; Movamoya disease; mucopolysaccharidoses:
milti-infarct dementia; multifocal motor nouropathy: multiple sclerosts and other demyelinating  disorders;
oudtiple system atropby with postural hypotension; muscular dystrophy; mvasthenia gravis; myclinoclastic
diffuse sclerosis; myvoclonie encephalopathy of influts; myoecloms; mvopathy; myotonia congenttal; narcolepsy;
newrofibromatosis; neurcleptic mahgnant syndrome; nearclogical mantfestations of AIDS; neurclogical sequelac
of fupus. ncuromyotona; newronal corotd lipofuscinosis; nowonal nugration disorders; Niemamn-Pick discase;
O'Sallivan-MclLeod syndrome; occipital newralgia, ocoult spinal dvsraphism sequence; Ohtahara syndrome;
olivopontocerebellar atrophy; opsoclonus myvoclonus; optic neuritis; orthostatic hypotension; overuse syndrome;
paresthesia, a nowndegenerative disease or disorder (Parkinson's discase, Humtington's discase, Alzheimer's
discase, amyotrophic lateral sclerosis (ALS), dementia, multiple sclerosis and other discases and disorders
associated with pewronal cell death); paraniyotonia congenital; parancoplastic discases; paroxysmal attacks: Parry
Romberg syndrome; Pelizacus-Merzbacher disease; peviodic pavalyses; peripheral neuropathy; painfal newropathy
and neuropathie pmn, persistent vegetative stafe; pervasive developmental disorders; photic sneeze reflex;
phytanic acid storage discase; Piek's discase; pinched nerve; pituitary tumors; polvinvositis; porencephaly,; post-
polio syndrome; postherpetic neuralgia; postinfectious encephalonyvelitis; postural hypotension; Prader- Willi
syndrome;  prmary  lateral  sclerosis;  prion  diseases;  progressive  hemifacial  atrophy;  progressive
multifocalleukoencephalopathy;  progressive  sclerosing  poliodystrophy;  progressive  zupranuclear  palsy;

pseudotumor cerebri; Ramsay-Hunt syndrome (types | and 11); Rasmussen's encephalitis; reflex sympathetic
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dystrophy syndrome; Refsam disease; repetive motion disorders; repepitive stress injunes; restless legs
syndronie; retrovirus-associated myelopathy; Reft syndrome; Reye's syndrome; Saimt Vites dance; Sandhoff
discase; Schilder's discase; schizencephaly; septo-optic dysplasia; shaken baby syndrome; shingles; Shy-Drager
syndrome; Sjogren's syndrome; sleep apnea; Soto's syndrome; spasticity; sping bifida; spinad cord imjury; spinal
cord tumors; spinal muscular atrophy; Suff-Person syndrome; stroke; Sturge-Weber syndrome; subacute
sclovosing  pavencephalitis;  sobeortical  avteriosclerotic  cncephalopathy;  Svdenham chorea;  syncope;
syringomvela; tardive dyskinesia; Tay-Sachs discase; temporal arteritis; tethered spinal cord syndrome; Thomsen
disease; thoracic outlet syndrome;, Tie Doulonreax; Todd's paralysis; Towetic syndrome; transient ischensc
attack; wrangpussible spongiform encephalopathies; transverse myelitis; wownatic brain injury; remor; rigominal
newralgta; tropical spastic paraparesis; tuberous sclerosis; vascular dementia Omalti-infrst demennia); vascuditis
ncluding temporat artenitis; Yon Hippel-Lindau disease; Wallenberg's syndrome; Werdnig-Hoffman disesse:
West syndrome; whiplash; Withiams syndrome; Wildon's discase; and Zelbwegey syndrome.

{00571 A “probiferative disease or disorder” includes, but is not limited to, hematopoietic neoplastic disorders
volving hyperplastic/neoplastic cells of hematopoictic ongin ansing from myeloid, hymphoid or ervthroid
hncages, or precwsor cells thereof, These include, but are not hmmited to crythroblastic feukemia, acuic
promyeloid leukemia (APML), clironic myelogenous leukenua (CML), lymphoid malignancies. including, but not
hpsted to, acute lymphoblastic leukenda (ALL), which includes B-lineage ALL and Tolineage ALL, chromic
ymphoeytic leukemia (CLL), prolympbocytic leukenuia (PLL), hairy cell fowdeemia (HLL)Y and Waldenstrom's
macroglobulinenua (WM)., Additonal forms of malignant bymphomas mclude, bat are not mited to, pon-
Hodgkin ymphoma and vagiants thereol, peripheral T cell lymphomas, adult T cell leukenuadymphoma (ATL),
sutancous T-cell lymphoma (CTCL), large granular bymphocvtic leukemia (LGF), Hodgkin's disease and Recd-
Stemmbery discase.

{58F A cardiovascular disease or disorder inchudes those disorders that can either cause tschemia ot are caused by
reporfusion of the heart. Examples include, gt are not hmted to, atherosclerosis, coronary atery discase,
ramulomatous myvocarditis, chronic myocanditis  {(non-granvlomsatous), primary  hyperizophic  cardionyyopathy,
peripheral artery discase {PAD), stroke, anging pectoris. nyyocardial infavetion, cardiovascular tissue dimpage caused by
cardiae arrest, cardiovasoudar tissue dimage caused by cardiac bypass, cardiogenic shock, and related conditions that
would be known by those of ordinary shall in the art or which invoelve dysfunction of or tissue damage to the hewt or

vascalature, espeetaily, but not Himited to, tissuc damage related to ADAM activation. CVS discases include, but are

valvular bearnt disease, myocardial Hbrosis withowt mfarcton, primary hypertrophic cardioniyopathy, and chromic
myocarditis (non-granglomatous). As used herein, “cardionyopathy™ refors to any disvase or dystunction of the

mvocardimm {(heart muscle} in which the heart is sbnormally enlarged, thickened andfor stiffened. As a result, the heart
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nusele's ability o pusp blood 1 usially weakened. The disease or disorder can be, for exavaple, inflammatory,
metabolic, toxic, infiltrative, fibroplastic, hematological, genetic, or unknows in origin, Such cardiomyopathics may
resubt from a lack of oxygen. Other discases include those that result from myocardial injury which fnvolves dumage to
the muscle or the myocarditan in the wall of the heart as a result of disease or trauma. Myocardial injury can be
attributed to many things such as, but not Hmited to, cardiomyopathy, mvocardial infarction, or congenital heant
disease. Specific cardiac disorders 1o be treated also inchude congestive heart fatlare, ventricolar or atial septal defeet,
congenital heart defect or veatricolar anewrysm. The cardiae disorder mgy be pediatric in otigin, Cardiomyopathy
mclades g iv not limited to, cardiomyopathy (dilated, hypertrophic, restrictive, arthythmogemic and unclassified
cardiomyopathy), acute and clwonic heart fatlure, right heart fashuwre, left heart fatlure, biventricular heant finlure,
congenital heart defects, mitral valve stenosts, mitral valve insufficiency, aortic valve stenosts, aortic valve
msutficiency, ticespidal valve stenosis, micespidal valve insudliciency, pulmonal valve stenosts, pulmonal vabve
nsufficiency, combined valve defects, myvocarditis, actite myocarditis, chronic myocarditis, viral myocarditis, diastolic
heart failure, svstehic heart fatlure, diabetic heart fatlure and accumulation diseases.

Polvucleotide and Qligoaucleotide Compositians and Malecideys

[0G59] Torpets: In one cmbodiment, the targets comprise mucleic acid sequences of Methionme Salfoxide
Reductase A (MSRA), including withowt limitation sense and/or antisense noncoding andior coding sequences
associated with MSRA.

{0060] Methiomine (Met} 15 one of the most oxidation-seasitive anuno acids. Oxidation of Met to methionime
sulphoxide Met-SO) damages the proteins and can alter protoin function. However, these damaged protemns can be
reversed by the yopair enzymes, methionine sulphoxide roductases (Mse), Msr cnrvines ave cssontial to protect cells,
such as bacteria, mammals and plants, agatnst oxidafve stress, and are also implicated i ageing and newrodegenerative
diseases.

{61 Mars are a fanuly of thioredoxin dependent oxidoreductases that reduce methionine salfoxide back to its
reduced form methioning. Two classes of Msrs are known; MsrA and MaB which act oo 5- and R- epimars of
mecthionie sulfoxide (MEO0) respectively. Repatr of oxadized methionine has been shown o protect against oxidative
stress in a number of cells, oxidation of methionine may lead 1o significant changes 1 protein structive and fanctions.
Eight targets for MsrA have been reported including ribosomal protein L12, e--proteinase mhubitor, cabmodudin, Fih
protein in E.coli, HEV-2 protease | shaker potasstum channel, Hsp 21 and recently c-synaclem bat it is thought that
maty more fargets exist.

{0062] In an embodiment, antisense oligonucleotides are used to prevent or freat diseases ov disorders associated with
MSRA family members. Exemplary Methionine Sulfoxide Redoctase A (MSRA) mediated diseases and disorders
which can be treated with codlitissues regenerated from stem colls obtatned using the antiscose compounds comprise: a

discase or disorder assoctated with abnommal function andfor expression of MSRA, cancer, a proliferative discase or
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disorder, a disease or disorder associated with defective p33 signaling pathway, a neurological discase or disorder, a
retintal disease ov disceder {macalar degeneration, eye aging, cataract, aging of eve efc)), skin aging, 3 cardiovascular
discase or disorder, a vascular discase or disorder, an age-related pathology, an infectious discase, cellular oxidative
strass, a renal disease or disorder, a hepatie discase or disorder, and g disease or disorder assnciated with neyronal cel
death, aging or other condition characterized by wwnwanted cell loss.

{00631 In embodiments of the present invention, therapautic andfor cosmetic regimes and related tatlored treatments
are provided to subjects requiring skin treatments or at risk of developing conditions for which they would reguire shin
treatments. Diagnosis can be made, e.p., based on the subjeet’s MSRA status. A patient’s MSRA expression levels in
a given tissue such as skin can be detemuined by methods known 2 those of skill in the art and deseribed elsewhere
herein, ¢.g., by analyring tssoe using PCR or antibody-based detection methads.

{0064] A preferred embodiment of the present invention provides a composition for skin freatment andfor a cosmetic
application comprising MSRA antisense oligonucleotides, e.g., o upregulate expression of MSRA m the skin
Examples of sntisense oligonucleotides are set forth as SEQ 1D NOS: 3 t0 9. In embodiments, cells are ireated in vivo
with the ohgonucleotides of the present invention, o inercase cell fespan or provent apoptosis. For example, skin can
be protected from agmg, o.g., developing wrinkles, by treating skin, e, cpithelial cells, as described beremn. Inan
exemplary ambodiment, skin is contacted with a phanmacsutical or cosmetic composition comprising a MSRA
antisense compound as described herein.  Exemplary skin afflictions or skin conditions mclude disorders or diseases
associated with or caused by inflammation, sun damage or natiwal aging. For example, the compositions find unlity in
the prevention or reatment of contact dermatitis (including wntant contact dermatitis and allergic comtact dermatitis),
atopic dermatitts {also known as allorgic cozoma), actinic keratosts, keratimzation disorders (inclading coremal,
epidermotysis bullosa discases (ncluding penfigus), exfoliative dermatitis, sehorrheic dermatits, ervthemas (including
erythema mulitforme and ervthema nodosom), danage caused by the sun or other light sources, discoid tapus
erythematosus, dermatontyositls, skin cancer and the effects of natural aging.

{11065} In an cmbodiment, an antisense oligonuclentide described herein 15 meorporated o a topical formulation
contatning a fopical camier that is generally suted to topical drug administration and consprising any such material
known in the art. The topical carier may be selected so ag to provide the composition in the desired form, e.g., as an
ointrment, lotion, crerm, microemudsion, gel, oil, sobution, or the like, and may be comprised of a matenal of either
paturally occarring or syathetic origin, It is preforable that the selected carriey not adversely affect the active agent or
other components of the topical formulation. Examples of suiable topical carriers for uwse herein include water,
alcohols and other nostoxic organie solvents, glveerin, mineral oil, silicone, petroleum jelly, lanolin, fatly acids,
vegetable oils, parabens, waxes, and the like, Fornmdations may be colordess, odordess ointments, lotiens, creams,

microenulsions and gels.
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{0066]  Antisense oligonucieotdes of the invention miay be incorporated nto ottments, which gencrally are semisolid
preparations which are typically based on petrolatum or other petroleum devivatives. The speoific pintment base o be
used, as will be sppreciated by those skilled i the art, 8 one that will provide for optimuem deag delivery, and,
preferably, will provide for other desived characteristics as well, e.g., emollicncy or the ltke. As with other carrers or
vehicles, an ointment base should be inert, stable, nommritating and nonsensitizing. As explained in Remington's
Pharmaceutical Scionees (Mack Pub. Col), olntment bases may be grouped into four classes: oleaginons bases;
ennlsifiable bases; cmulsion bases; and water-sohible bases, Oleaginous oistment bases inchsde, for example,
vegetable oils, fats obtained from animals, and semisolid hydrocarbons obtained from petroleum.  Enwlsifiable
ointment bases, alse known as absorbent omtment bases, contain Httle or no water and inclode, for oxample,
hydroxystearin sulfate, anbydrons fanolin and hydrophilic perolatum. Enmdsion oingment bases are either water-in-oil
WO emulsions or oil-in-water (O/W) emulsions, and inclade, for example, cetyl alcchol, ghyeeryl monostearate,
fanolin and stearic acid. Exenwplary water-sohuble ointment hases are prepared from polyethyvlene glycols (FEGSs) of
varying molecular weight (see, o.g, Remington's, supra).

{0671 Antisense oligonucieotides of the wvention may be incorporated mio lotions, which generally are preparations
o be apphied to the skin surface withowt friction, and ave typically liquid or semthiqued preparations in which solid
particles, inchuding the active agent, are present m a water or alcohol base. Lotions are usually suspensions of solids,
and may comprise a hguid otly amulsion of the ell-anewater type. Lotions ame preforred formulations for treating large
body arcas, because of the case of applying a more fluid composition. Tt is generally necessary that the insoluble matter
i a lotion be fincly divided. Lovous will typically contain suspending agents o produce better dispersions as well as
compounds uscfid for localizing and holding the active agent i contact with the skin, o.g., methyleelhdose, soduam
earboxymethylecllulose, or the bke. An cxcraplary lotien fonmulation fiw wse i conjunction with the present mothod
contuns propylene glyeol mixed with a hydrophilic petrolatum such as that which may be obtained under the
wrademark Agoeaphor sup RTM from Beiersdort, Inc. (Norwalk, Connu).

{0068F Antiscnse oligonyeleotides of the invention may be incorporated inte orcams, which generally are viscous
liquid or semisolid emulsions, either ot-in-water or water-iroil. Cream bases are water-washable, and contain an oil
phase, an emulsifier and an aqueows phase. The ol phase is generlly comprised of pesolation and a faity aleohol such
as cetyl or stearvl alcohol: the agueous phase usually, although not necessarity, exceeds the ofl phase by volame, and
generaly confains a humectant. The emulsifier in g cream formuulation, as explained in Remington's, supra, 15 generally
A DOTHONIC, A0, catiome or anphoterwe surfactant,

{00601 Antisense oligonucleotides of the vantion may be corporated into microentdsions, which generally are
thermodynanuically stable, isotropically clear dispersions of two tmmiscible hopads, such as ol and water, stabilized by
an interfacial film of surfactant molecules (BEacyelopedia of Phamsceutical Technology (New York: Marcel Dekker,

19923, volume 9). For the preparation of microemulsions, surfactant (ermalsifier), co-surfactant {co-cmulsifier). an of
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phagse and a water phase are necessary. Suitable surfactants inchude any surfactants that ave useful in the preparation of
emulsions, e.g., omilsifiers that are typically vsed in the preparation of creams. The co-surfactant {or "co-crmalsiter™) is
generally sclected from the grovp of polyvelyveerol derivatives, glycerol denvatives and fatty aleohols. Preferred
enwdsifier/on-omulsifior combinations are generally although not necessarily sclected from the group consisting of
glyeeryl monostearate and polvoxvethylene stearate; polyvethyvlene glyeol and ethylene glycol pahmitostearate; and
caprilic and capric wiglyeerides and oleoyvl mincrogolgtycerides. The water phase includes not only water but also,
typically, buffers, ghocose, propylene glveol, polyethylene glycols, preferably lower molecular weight polvethylene
ghyeols (e.g., PEG 300 and PEG 400y, and/or glycerol, and the lke, while the oil phase will generally comprise, for
example, fatty acid esters, modified vegetable oils, silicone oils, mixtutes of mono- di- and triglyeerides, mono~ and di-
esters of PEG (o.g., oleovt macrogot alveerides), ote.

{0070] Annsense oligopucleotides of the mvention may be incorporated nte gel formudations, which geperally are
sermisolid systcms consisting of either suspensions made up of small inorganic particles (two-phase systems) or large
organic melecules distributed substantially uniformiy throughout a carrter iquid {single phase gels). Single phase gels
can be made, for example, by combining the active agent, a cartier hquid and a suitable gelbing apent such as tragacanth
{at 2 to 3%), sodnun algmate {at 2-1090), gelatin (st 2-15%), wethyviccHulose {(at 35%), sodium
carboxymethylcelulose (at 2-3%), carbmuer (at 0.3-5%) or polyvinyt alcohol (at H-20%) together and mixing wotil a
characteristic  semisclid product 15 produced. Other suitable gelling agents include  mwthvibvdroxyeelludose,
polyexyvethyvlene-polvoxypropylene, hvdroxyethyleelhdose and gelatin, Although gels comumonly omploy agucous
earser hquid, aleohols and oils can bewsed as the carmer liguid as well

{0071 Vanous additives, known to those skilled tn the ant, may be incladed m formwlations, cg., topical
formulations. Examples of additives include, but are not limited to, solubilizers, skin permestion enbancers, opacificrs,
preservatives {e.g, antboxidants), gelling agents, huffering agents, swrfactants (particularly nonjonic and amphoterie
surfactants), omuolaifiers, emollionts, thickening agents, stabilizers, humectants, colorants, fagrance, and the Hke
Inclusion of solubilizers andior skin permeation enhancers is particularly preforred, along with ex‘n‘tslsiﬁcz‘s, emollicnts
and preservatives. An optinmem topical formualation comprises approxumately: 2 wi. %5 to 60 wi. %o, preforably 2 wi. %
o 50wt %, solebihzer andior skin ponmeation enhancer; 2 wt. % to 50 wi %, proferably 2wt % to 20 wi. ™
emulsifiors; 2 wit. %% to 20 wi % emollient; and G.O01 o 0.2 wi. %% preservative, with the active agent and carvier {e.g.,
water) making of the remainder of the formulation,

{00721 A skin permeation enbancer serves to facilitate passage of therapeutic levels of active agent to pass through a
reasonably sized area of unbroken skin. Switable enhancers are well koown bt the ant and mclude, for example: lower
alkanols such as methanol ethanol and 2-propancl; alkyvt methyl sudfoxides such as dimethylsulfoxide (DMSO),
deovimethyisulfoxide £C sub. 10 MSO) and tetradecylmethyi sulfboxide; pyrrolidones such as Z-pymolidone, N-mathyvl-

2-pyrrolidone and  N{-hydroxyethwhpyrolidone; ures, N.N-diethvl-m-toluamide; Ceaub2-Csub6  atkancdivls;
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nuscellaneous sobvents such as dimethy! formanude (DME), N N-dimethylaeetamide (DMA) and weirahydrofiwforyd
alechol; and the l-substituted azacycloheptan-2-ones, particdarly Fo-dodecyloyehazacycloheptan-2-one (aurocaprany
available under the trademark Axzonesup RTM from Whithy Research Incorporated, Richmond, V).

{00731 Examples of solubliizers nclude, but are not limited to, the following: hydrophilic cthers such as diethviens
glyeol monoethyl ether (ethoxydiglveol, available commercially as Transcutolsup RTM) and dietvlene glveol
monoecthyl cther oleate {available commercially as Soficutolsup RTMY) polvethylene castor oil derbeatives such ag
polyoxy 35 castor ail, polyoxy 40 hydrogenated castor oil, efe; polvethylene glycol, particulardy lower molecular
weight polvethylene glveols such as PEG 300 and PEG 400, and polyethvione glyveol derivatives such as PEG-E
caprylic/eapric glycerides (available commercially as Labrasolsup RTM; alkyl methyl solfoxides such as DMSO;
pyrrobidones such as 2pveeolidone and Nemethyl-2-pyrrolidone; and DMA. Many solubilizers can also acr as
absorption enhaneers. A single solubilizer may be incorporated into the formdation, or a8 mixture of solubilizers may
be incorporated therein.

{0074] Suable enwlsifiors and co-cnmdsifiers include, without limitation, those enuslsifiers and co-cmulsifiors
described with respect to microenndsion formmalations. Fmollients inchde, for cxample, propylene glveol, glyeerol,
sopropyl mynistate, polypropylene glycol-2 (PPG-2) myristyl ether propionate, and the like.

{0075] Other active agents may also be included in formulations, ¢.g.. other anti-inflamamatory agents, analgesics,
anttmicrobial apents, antifingal apents, antibiotics, vitanuns, antioxidants, and sunblock agents commonly found in
sunscreen formulations mcluding, but pot Limited to, anthwanilates, beszophenones {particularly benzophenone-3),
camphor denvatives, cmmamsies {e.g., octvl methoxveinnamate), dibenzovi methanes {c.g., butyl methoxvdibenzovi
muthane), praminobenzoic acid (PABA) and denvatives thoreof, and salioviates {o.g., octyvl sabicylate}.

{0761 In an cmbodiment, modulation of MSRA by onc or more antisense m¥:ig0nuci@0£ici o5 15 admainistered to 3
patient i need thereof, to prevent or treat any disease or chsorder related to MSRA sbnormal expression, function,
activity as compared 1o a normal control.

{0077F In an embodiment, the ohigmucleotdes are specific for polynucleotides of MSRA, which inclades, without
Hmitationr noncoding regions. The MSRA targets comprise variants of MSRA; mutants of MSRA, nclading SNPs;
noncoding sequences of MSRA; alleles, fragments and the ke, Preferably the oligonucleotide is an antisonse RNA
nofecule.

{0078] In acvordance with embodiments of the mvention, the target muecletc acid molecuole is not tanited o MSRA
polynucleondes alone but extends to any of the tsoforms, roceptors, homologs, non~coding regions and the like of
MSRA.

{079] In an embodiment, an ohgonucleotide targets & natwal antisense sequence (natural antisense to the coding and

non-coding regions) of MSRA targats, including, without limitation, vartants, alleles, homologs, mutants, derivatives,
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fragments and complementary sequences thereto, Preferably the oligonucleotide 18 an antisenge BENA or DNA
madecule.

{008G] In an embodiment, the oligomeric compounds of the present invention also include vanants in which 3
difforent base s present af one or more of the nucleotide posttions in the conpound. For example, if the fivst nucleotide
is an adenine, variants may be produced which contain thymidine, gusnosine, oyvtidine or other natursl or unnatural
wmscleotides at this position. This may be done at any of the posttions of the antisense compound. These compounds are
then tested using the methods deseribed herein to determine their ability 1o inhibit expression of 8 target nucleic acid.
{0081]  In somme embodiments, homelogy, sequence identity or complementarity, between the antisense compound and
target 35 from about 30% to about 60%. In some embodiments, homology, sequence identity or complementarity, is
from abowt 60% 10 about T0%. In some embodiments, homology, sequence identity or complementarity, is from about
T0% to about 80%0. In some cmbodiments, homology. segquence idenBity or complementarity, is trom about 80% to

&

abougt 90%. I some embodiments, homwology, sequence identity or complomentarily, is about 9%, about 92%,, about
94%,, about 93%, about 9%, about 97%,, about 98%, about 99%% or about 0%,

{0821 An antisonse compound is specifically hybridizable when binding of the compound o the target nuclare acid
mterfeses with the nemal fimction of the target sucleie aaid o canse a loss of activity, and there is 2 sutficient degree
of complementarity o avoid non-specific binding of the antisense compound to non-farget nucleic acid sequences
ander conditions i which specific bindmg is desired. Such conditions include, 1.¢., physiolopical conditions n the case
of i vivo assays or therapeutic treatment, and conditions m which assays are performed n the case of in vitro assays.
{00831 An antisense compound, whether DNA, RNA, chimeric, substitted ote, ¥ spectfically hybridizable when
binding of the compound to the target DNA or ENA molecule mterferes with the normal function of the target DNA or
RNA to cause a loss of utility, and there 15 a sufficient degrec of conyromentanly to avoid non-specific binding of the
antisense compound to non-farget sequences under conditions in which speetfic binding is desired, ie., under
physiological conditions tn the case of In vive assavs or therapentic treatment, and o the case of i vitro assays, under
conditions i which the assays are performed,

{0084} In an embodiment, tareeting of MSRA muhiding without Houtation, antisense sequences which are identified
and expanded, vsing for example, PCR, hybridization otc., oue or more of the sequences set forth as SEQ 1D NOS: 2,
and the hike, modulate the expression or function of MSRA. In one embodiment, expression or function s ap-regudated
as compared to a control. In an embodiment, expression of function s down-regulated ag compared 0 a control.

{0085} In an embodiment, cligonucleotides comprise nucleie acid sequences set forth as SEQ ID NOS: 3 w0 9
including antisense sequences which are identified and expanded, using for example, PCR, hybridization ete. These
oligopucleotides can comprise one or more modified mrclentides, shoster or longer fragments, modified bonds and the
like, Examples of modified bonds or imteraucientide linkages comyprise phosphorothioate, phosphorodithioate or the

like, In an embodiment, the nucleotides comprise a phosphorus derivative, The phosphorus dertvative {or modified
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phosphate group) which may be attached to the sugar or sugar analog moiety 1o the modified oligonucleotides of the
present  iwvention  may be a monophosphate,  diphosphate,  wiphosphate,  alkylphosphate,  alkancphosphate,
phosphorothioate aad the ke, The preparation of the gbove-noted phosphale analogs, and thelr wncorporation nto
nucleotides, modified nucleotides and oligonuckeotides, per se, is also known and need not be described here,

{00861 The specificity and sensitivity of antisense is also hamessed by those of skill in the art for therapeutic uses.
Antisense oligonucleotides have been employed as therapeutic moieties in the treatment of disease states in animals
and man. Antisense oligonucieotides have been safely and effectively administered to haanans and muomerous clinical
trials are presently undervway. It is thus estabdished that oligonucieotides can be usefid therapeutic modalitics that can be
configured to be usclidd in reatment vegimes for treatment of cells, tissues and animals, especially lnsmans.

{0087 In embodiments of the present invention oligomenic antisense compounds, particidarly oligonucieotides, bind
to targel nuclerc acid molecules and modulate the expression and/ior finction of moleaudes encoded by a tarpet gene.
The functions of DNA o be interfered comiprise, for example, replication and transcription. The fimctions of RNA 1o
be interfered comprise all vital functions such as, for oxample, translocation of the RNA 1o the siie of prowin
translation, translation of protein from the RNA, sphicing of the RNA 1o vield one or more mRNA species, and catalytic
activity which may be engaged in or facilitated by the RNA. The functions may be up-regulated or inhibited depending
on the fimetions destred.

{0088} The antisense compounds, inchude, amtisense oligomenc compounds, antisonse ohigomucleotides, extornal
guide sequence (EGS) oligonucleotides, altevnate splicers, primers, probes, and other oligomeric compounds that
hybridize 1o at fecast a portion of the target nucloie ackd. As such, these compounds sy be trodeced m the form of
single-stranded, double-stranded, partially single-stranded, or circolar oligomaric compounds.

{089} Targeting an antisense compennd 0 a particular nuclsie acid nolecule, in the context of this mvention, can be
a multistep process. The provess usually beging with the identification of a target nucleie acid whose function is to be
modulated. This target nucleie aaid may be, for example, a cellalar gene {or mRNA panseribed from the gene} whose
exprossion is associated with a pavticular disorder or disease state, or a nuckec aad molecude from an infectious agent,
In the present ivvestion, the frget nuckeie acid encodes Methiomne Sulfoside Reductase A (MSRA)

{0090]  The targeting process ustally also includes deternsination of at least one target region, segment, or site within
the target nacleic acid for the antisense interaction 1o occur such that the destred effect, ¢.g., modalation of expression,
will resull, Within the context of the present nvention, the form "region” 1 defined as a portion of the target nueleie
acud having at least one identifiable structure, function, or characterste. Within regions of target nucleie acids are
segments. "Segments” are defined as smaller or sub-portions of regions within ¢ target nucleic actd. "Sies,” as vsed

the present invention, are defined as positons within a target nuclese acid,
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{00911 In an embodiment, the antisense oligomucleotides bind to the manwal astisense sequences of Methionine
Sutforide Reductase A (MSRA) and modudate the expression andfor function of MSRA (SEQ 1D NO: 1), Examples of
antisense sequences include SEQIDNOS: 210 9.

{00821 In an embodiment, the antisense oligonucleotides bind to one or more segments of Methionine Sulfmade
Reductase A (MSRAJ polynuclestides and modulate the expression andfor function of MSRA. The segments comprise
at least five consecutive nucleotides of the MSRA sense or antisense polymucleotides.

{0093] In an cobodiment, the antizense oliponucieotides are specific for nutural antisense sequences of MSRA
wherein binding of the oligonucieotides to the natwal antisense sequences of MSRA modulate expression andfor
function of MSRA.

{00941 In an ambodiment, oligonucicotide compounds comprise seguences st forth ag SEQ 1D NOS: 3 to %, antsense
sequences which are idennfied and expanded, using for example, PCR, hyvbridization eic These oligonucientides can
comprise one of more modified nucleotides, shorter or longer fragments, modified bonds and the like. Examples of
modified bonds or internucleotide linkages comprise phosphorothioate, phospborodithioate or the ke In man
embodiment, the nucleotides comprise a phosphons denvatsve. The phosphorus dertvatise (or modified phosphate
groap) which may be attached to the sugar or sugar analog moicty in the modified oligomicleotides of the present
fivvention may be a monophosphate, diphosphate, tphosphate, alkviphosphate, atkancphosphate, phosphorathioate and
the like. The preparation of the above-noted phosphate analogs, and dier ncompomtion mio suclvotides, modified
sucleatides and oligonucleatides, por se, is also known and need not be described here.

{0093] Simce, as 13 known i the art, the vanslation mitiation codon i typically 8-AUG (n transerbed mRNA
mokecules: F-ATG 10 the corresponding DNA mcleaude), the translation initiation codon s also reforred to as the
“AUG codon,” the "start codon” or the "AUG start codon®. A minority of genes has & translation initiation codon
having the BNA sequence SWGUG, SWUUG or 32CLIG, and $-AUA, $YACG and $-CUG have been shown
function i vivo, Thus, the teons "granslation nitiation codon” and “start codon” can encompass many codon
sequences, oven though the mubiator amino acid in cach instance is typically methiomine (in cukaryotes) or
formylmethionine {in prokazvotes). Eukaryotic and prokaryetic genes may have two or more alternative start codons,
anty one of which may be preferentially unilized for sanslabon imttation in a particular cell type or tissue, or ander a
particular set of conditions. In the context of the nvention, "start codon” and "transkation inttiation codon™ refer to the
codon or eodons that are used in vivo fo nitate ranslation of an MRNA transertbed from a gene encoding Methionine
Sutforide Reductase A (MSRA), regardiess of the sequence(s) of such codous. A translation termination codon {or
“stop codon”} of a gene may bave one of three sequences, Lo, F-UAA, SYUAG and 5-UGA (the corresponding DNA
sequences are SWTAA 5 TAG and 5-TGA, respectively).

[{1096] The terms "start codon region” and “transiation nitiation codon region”™ rofer to a portion of such an mRNA or

pene that encompasses from about 25 to about 50 contiguous nucleotides in cither direction (e, §' or 37} from a
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transkation mitiation codon. Shmilarly, the Lermos "stop codon region” and "translation fermination codon region” refer to
a portion of such an mNA or gene that encompasses from abowt 25 10 about 3¢ contiguous mucleotides in either
direction {i.e., 3 or 37 from a translagion termination codon. Consequently, the "start codon region” {or “ansiation
mitiation codon region”) and the “stop codon region” {or "tanslation tornunation codon region”) we all rogions that
may be targeted effectively with the antisense compounds of the present invention.

{0097 The open reading frame (ORF) or "coding reglon,” wwhich 8 knows in the art to refer 1o the region between the
wanslation initiation codon and the translation tonmination codon, is also a region which may be targeted effectively.
Within the context of the present invention, a targeted region is the uxragenic region encompassing the translation
mitiation or enmination codon of the open reading frame (ORF) of a gene.

{0098] Another target region inclades the 5 matranstved segion (FUTR), known i the art to refer to the portion of an
mRNA in the 5 direction from the tanslation initiation codon, ard thus including nuclectides between the § cap site
and the translation inttiation codon of an mRNA {or corresponding nucleotides on the gene). Still another farget region
inchades the 3 onwanslated region (3'1LITRY, known in the @t to refer to the portion of an mRNA in the 3' direction from
the translation termination codon, and thus mcluding nucleotides benween the wanslation termination codon and 3" end
of an mRNA {or corresponding nucleotides on the gene). The 3 cap site of an mBNA comprises an N7-methylated

1,-9{

guancsing residue joined to the $-most residue of the mRNA via a 55 wriphosphate linkage. The ¥ cap remon of an
mRNA s considered to inchude the 5 cap structure fisclf as well as the first 30 awcleondes adjacent to the cap site.
Ancther target region for fhus invention is the 5 cap region,

{00991 Although some cukaryotic mRNA wanscripts ame dircetly translated, suny confain one or muwe regions,
known as "mitrons,” which are oxcised from a transenipt before i€ 15 transhted. The romaining (and therelore translated)
regions are known as "exons” and are sphiced together to forn: a continuous mRMNA sequence. In one ambodiment,
wrgeting sphice sifes, Lo, Mmiron-cxon functions or exon-infron junctions, s partioudarly useful in sitsations where
aberrant splicing is imphcated in disease, or where an overproduction of a particular splice product i implicated in
disease. An aberrant fuston junction due to rearrangement or deletion 15 another embodiment of a target site. mRNA
transcripts produced via the process of splicing of two {or more) mRNAs from different gene sources are known as
"fusion puanseripts”. Introns can be effectively targeted using antisense compounds targeted 1o, Ry example, DNA or
pre-mRNA,

{06130] In an embodiment, the antisense oligonuclentides bind to coding andor non-coding regions of a target
polysucleotide and modudate the expresston and’or Rinction of the farget molecule.

{06161} In an embodiment, the antisense oligonnclectides bind o nstural antisense polynucleotides and modulate the
expression and/or function of the target melecude.

{31621 In an embodiment, the antisense oligonucicotides bind #o sonse polynucleotides and modalate the expression

andfor function of the target molecule,
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{06103] Alternative RNA transoripts can be produced from the samne genomic region of DNA. These alternative
franseripts are gererally knoen as "variants”, More specifically, "pre-mRNA variants” are transcripts produced from
the same genomic DNA that differ from other transcripts produced from the same genonue DNA i cather thedr start or
stop position and contain both intronic and exonic sequence.

{01041 Upon excision of one or more exon of intron regions, or portions thereof during splicing, pre-mRNA variants
produce somalfer "mBRNA vagan”. Consequently, mRNA vaviants awe processed pre-mRNA variants and each unigue
pre-mRNA variant mast abways produce a unique mBENA variant as a result of splicing, These mBRNA variants are also
known as "aliernative splice variants”. I no sphicing of the pre-mRNA variant occurs then the pre-mRNA variant 18
identical to the mRNA variant.

{00103] Vanas can be produced through the use of allemative signals © start or stop transeription, Pre-mBNAs and
mRNAs can possess more than one start codon or stop codon, Variants that originate from a pre-mRNA or mRNA that
use altemnative start codons are known as "altornative start variants” of that pro-mRNA or mRNA. Those wanscripts that
use an altermative stop codon are known as "alternative stop varianis” of that pro-mBNA or mRNA. One specific type
of aftermative stop vanant s the "poly A variant" i wiich the nudtiple transcripts produced result from the alternative
selection of one of the "palvA stop signals” by the transeniption machinery, thereby producing transcripts that termmate
At wiique polyvA sites. Within the context of the invention, the types of variants described heromn are also embodiments
of target nucleic acids.

{00106] The locations on the target nucleic acid to which the antisense compounds hybnidize are defined as at least o
S-mucleotide long portion of a targe! region to which an active antisease compound 5 targeted.

{001071 Whale the speafic sequences of cortain exemplary farget segments are sot forth herein, ong of skill i the ant
will recognize that these serve to illustrate and describe particular embodiments within the scopr of fhe present
invention. Additiom) target segments are readily identifisble by one having ordinary skill in die art in view of dus
disclosure.

{IMHO8] Target segments 3-100 nucleotides i length comprising a streteh of at least five (8} consecutive nucleotides
selected from within the lustrative preforred target sezments are constderad to be suitable for tarpeting s well.

{00109] Tarpet segments can mchude DNA or RNA sequences that comprise at Teast the 5 consecutive mucleotides
from the S-terminus of one of the Mustrative preferved target segments (the rennaining nucleotides heing a consecutive
streteh of the same DNA or RNA beginning mumediately apstream of the F-terounus of the farget segment and
conthiing untl the DNA or RNA contains about 3 o about 10 nuclestides). Simnudarly preforred target segments are
represented by DNA or RNA sequences that comprise at least the 5 consecutive nucleotides from the 3-teeonnus of
one of the ilfustrative prefemved target segments {the remaining nucleotides being a consecutive streteh of the same

DNA or RNA beginning anediately downstream of the 3-terminus of the target segment and continging witil the
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DNA or RNA contains about 3 to about 100 nacleotides). One having skill in the art anmed with the target segments
llasteated herein will be able, withoot undue experimentation, 1o klentiy firther preferred taget segments.

{00110} Once one or more targel regions, segments or sites have been identified, antisense compounds are chosen
which are sufficiently complementary to the farget, ic., hybridize sufficientdy well and with sufficient specifieity, to
give the desired effect.

{001 In crobodinments of the invention the oligonucieotides bind to an antisense strand of a particular target. The
oligonucleotides are at least S nucleotides in length and can be synthesized so cach oligonucicotide targets ovedapping
sequences such that oliponucleotides are synthesized to cover the entire length of the target polynucleotide. The targets
also inclhude coding as well as non coding regions.

{00112] In one embodiment, 1 is preforred to target specific nucloie acids by antisense oligomuclootides. Targeting an
antiscose conpound {0 a paticular neckic acid 1 3 nmitistep process. The process wsually beging with the
identification of a nucleic acid sequence whose fimction is 10 be modulated. This may be, for example, a cellular gene
{or mRNA wanscribed from the gene) whose expression is associated with a particular disorder or discase state, or a
non coding polynacleotide such as for example, non coding RNA {(neRNAY

{I6113] RNAs can be classified info (1) messenger RNAs (mRNAs), which are translated into proteins, and {23 non-
protem-coding RNAs (ncRNAs). neRNAs comprise microRNAS, antisense transcripts and other Transcriptional Unins
{TU) containing a high density of stop codons and lacking sy oxteasive "Open Reading Frame™. Many ncRNAs
appear 1o start from wutiation sites i 3 untranslated regions GUTRs) of protein-coding loct. neRNAs are often nare
and at lcast half of the ncBNAs that bave been sequenced by the FANTOM consorbium seem not to be polyadenylated,
Most rescarchors have for obvious reasons focased on polyadenyiated mRENAs that are processed and exported to the
eytoplasny. Recently, it was shown that the set of non-polyadenyvlated nuclcar RNAs may be very larze, and that many
such fransoripts arise from so-called Sntergeme regions. The mechanism by which neRNAs may regulate gene
expression 1 by base pairing with target ranseripts. The RNAs that function by base pairing can be grouped into {1} cis
encoded RNAs that are encoded at the same genctic location, but on the opposite sttand {0 the RNAs they act apon and
therefore display porfect complementarity to their target, and (2) tans-oncoded RNAs that are encoded at a
chromosomal Tocation distinet from the RNAs they act upon and generally do not exhiubit perfect base-pairing potential
with their tavgets.

{00114] Withoat wishing to be bound by theory, pertwbation of an antisense polynucleotide by the antizense
oligonucientides deseribed herein can alter the expression of the cotresponding sense messenger RNAs. However, fhus
regulation can either be discordant (antisense knockdown results in messenger RNA elevation) or concordant
{antisense knockdown results in concomitant messenger RNA redhction). In these cases, antisense oligonuciootides can
be targeted to ovedapping or non-ovoerlapping paris of the antisonse transcript resulting W #s knockdows or

sequestration. Coding as well as not-coding antisense can be targeted i an identical manner and that either category is
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capable of regulating the coresponding sense transcripts — either in a concordant or disconcordant mzmer. The
strategies that are emploved in idemtifying new oligomsecleotides for use agaiust a target can be based on the knockdown
of antisense RNA transeripts by antisense oligonacleotides or any other means of modudsting the desired target.
{0GTES] Strafegy 10 Tn the case of discordant regulation, knocking down the antisense transcript elevates the
expression of the conventional (sense) gene. Should that latter gene encode for a known or putative drag target, then
knockdowr of s antisense counterpart could conceivably numic the action of a receptor agomist or an ouzyme
stimalant,

{06116} Srraregy 20 In the case of concordant regulation, one could concomitantly knock down both antisense and
sense franseripts and thereby achiove synergistic reduction of the conventional (sense) gene expression. 1f, for example,
an antisense oligonvcleotide 15 used 1o achieve knockdown, then this stratesy can be used o apply one antisense
oligonuclentide targeted to the sense transeript and another antisense oligonuckeotide to the corresponding antisense
transcript, or a single encrgetically syimetric antisense oligonucieotide that simultancousty targets overlapping sense
and antiscnse ranseripts.

{6TET] According to the present invention, antisense compounds include antisense oligomecleotides, ribozymaes,
extormal guide sequence (EGS) oligonuclentides, siRNA compounds, single- o double-stranded RNA interference
{RNA1} compounds such as SIRNA compounds, and other oligomerie compounds which hyvbridize to at least a portion
of the target nucleic acid and modulate its function. As such, they may be DNA, RNA, DNA-Lke, RNA-like, or
puxtures thereof, or may be numctics of one or more of these, These compounds may be single-stranded,
doublestranded, circudar or havrpin oligomeric compounds and may costain structurad clements such as mternal or
termunal bulges, pusmatches or loops. Antisense compounds are routinely prepared lmeardy but can be jomed or
otherwise prepared to be circalar andfor branched. Anfisense compounds can include constracts such as, for example,
two strands hybridized o form a wholly or partially double-stranded compound o a single strand with sufficient self-
complementarity to allow for hybridization and formation of a fully or partially double-stranded compound. The two
strands can be Hnked nternally leaving free 3' or §' tormint or can be linked fo foom & continuous hatrpin structure or
loop. The hairpin structure may contain an overhangz on gither the 5 or 3" terminus producing an extension of single
stranded character. The double standed compounds optionally can nclude overhangs on the ends. Further
modifications can inclade comugate groups attached to one of the terming, sclected nucleotide positions, sugar positions
ot to one of the nternuclkeoside Hnkages. Allematively, the two stands can be linked via a non-nucleic acid molety or
finker group. When foroed from only one strand, dsRNA can fake the form of a seif-conplementary basgpin-type
molecule that doubles back on uself o forme a duplex. Thus, the dsBRNAs can be fully or partally double stranded.
Specific modulation of gene expression can be achieved by stable expression of dsRNA hanpivs in transgemic cell
lines, however, in some embodiments, the gene expression or function i3 up rogudated. When formed from two strands,

or a single sirand that takes the formy of a self-complementary haitpin-type molecule doubled back on itself to forns 4
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daplex, the two strands (or doplex-forming regions of a single strand) are complermentary RNA strands that base pairin
Watson-Crick fashion,

{00118} Once meroduced 10 @ systeny, the compounds of the invention may chictt the action of pne or more cazyes or
structural protetns to effect cleavage or other mwedification of the target nucleic acid or may work via ocoupancy-based
mechanistos. In general, nucleie acids (including oligonueleotides) may be described as "DNAGHKe" (fe., generally
having one or more X-deoxy sagars and, generally, T rather than U bages) or "RNA-Rke” (e, generally having one or
more 2- hydroxy! or 2-modified sugars and, generally U rather than T bases). Nucleic acid helices can adopt more than
one type of struciure, most commmonty the A~ and B-forms, It is believed that, in general, oligonucieotides which have
B-formy-like structure are "DNA-Hke" and those which have A-formlbike structure are "RNAAke.” In some (chimeric)
embodiments, an antisense corspound may contain both A- and B-form regions.

{00119 In an ambodiment, the desived oligonuclentides or antiscnse compounds, comprise at least one oft antisense
RNA. antisease DNA, chimeric antisense oligonucleotides, antisense oligonucieotides comprising modified linkages,
mterference RNA (RNA), short interfering RNA (siRNA); a micro, interfening RNA (miRNAY, a small. temporal
RNA (stRNAY; or a short, hatrpin RNA (shRNA), small RNA-indaced gene activation £RNAa), small activating RNAs
{saRNAs). or combinations thereaf.

{0120} dsRNA can also activate gene expression, a mechanism that has been termed "small RNA-mduced gene
activation”™ or RNAa. dsRNAs targeting gene pramoters induce potont transcriptional activation of assogtated genes.
RNAg was demonstrated 1n human cells using svathetic dsRNAs, tormed "small activating RNAs"™ (saRNAsg). It is
cwrrently not knows whether RNAa 15 conserved n other organisms,

{01211 Sl double-strandod RNA {(dsRNAY, such as sssall interforing RNA (IRNAY and microBRNA (miRNAJY,
frave been found to be the trigger of an evelutionary conscrved mechamsn: knoven as RNA. imterference (RNAL). RNAL
invariably leads o gene silencing viz remodeling clwomatn to thersby suppress wanscription, degrading
complementary mBNA, or blocking protein translation. However, in instanees desertbed tn detail in the examples
seetion which follows, oligomwleotides arc shown t© increase the expression andior fiunction of the Methionine
Sulfoxide Reductase A (MSRA} polynucleotides and encoded products thoreof. dsRNAs may alse act as small
activating RNAs (saRNA). Without wishing to be bound by theory, by tavgeting sequences in gene prowoters, saRNAs
would indace target gene expression 3 phenomenon reforred o as GsRNA-ndueed transeriptional activation
{RNAz).

{00122} In a Ruther enbodiment, the “preferved target seimments” identified herein may be emploved m a screen for
additional compounds that modulate the expression of Methionine Sulfoxide Reductase A {MSRA) polynucleotides.
"Modulators” we those compounds that decrease or merease the expression of a nucleie acid molecule encoding
MSRA and which comprise at least a S-nucleotide portion that is complementary to a prefered target segmant. The

per

screcning method comprises the sieps of contacting a preforred target segment of a nucleie acid molecule encoding
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senae or natural antisense polynucleotides of MSRA with one or more candidate modalators, and selecting for one or
mare candidate modulators which decrcase or increase the expression of a pucleiv acid molecule eacoding MSRA
polyaucleotides, e.g. SEQ ID NQOS; 3 v 9. Once 1t is shown that the candidate modulator or modidators ave capable of
modalatmg (o.g. cither decreasing or increasing) the expression of a sucleic acid molecule encoding MSRA
polyauclectides, the mwodulator may then be emploved in further investigative studies of the fanction of MSRA
polvaucieotides, or for use ag a rescarch, dingnostic, or therapeutic agent in accordance with the present Invention,
{06123] Tarpeting the naturad antisense sequence preforably modulates the function of the target gene, For example,
the M3RA pene {e.g. accession number NM_001135670), In an embodiment, the target is an antisense polynuclectide
of the MSRA gene. In an ombaodiment, an antisense oligonucleotide targets sense andfor natural astisense sequences of
MSRA polynucleotides (e.g. accossion mumber NM 001133670, variants, alleles, isoforms, homologs, mutants,
dertvatives, fragments and complementary sequences thereto. Preferably the oligonuclectide s an antisense molecole
and the targets include coding and noncoding regions of antisense andfor sense MSRA polvnucieotides.

{0124] The preferred target segments of the present invension maay be also be combined with their respective
complomentary  antisense  compounds of the present mvention to form stabihized double-stranded  {duplexed)
oligonucleotides.

061251 Such double stranded oligonuclentide moictics have been shown i the art o modulate target expression and
regulate translation as well as RNA processing via an mtisense mechanistn. Morcover, the double-stranded motetics
oiay be subject to chomical modifications. For exanple, such double-stranded moicties have been shown to nhubit the
target by the classical hyvbndization of astisense strand of the duplex w0 the target, thoreby mpggering onzymatic
degradation of the target.

{06126] In an cmbodiment, a antisense oligonucicotide tarpets Methionine Sulfoxade Reductase A (MSRA)
polynucleotides (e, accession mumber NM_ODTI35670), vartants, alleles, isoforms, homologs, mutants, derivatives,
fragments and complementary sequences thereto, Preferably the oligonucleotide is an antisense molecule.

{00127] In accordance with embodiments of the inyention, the target nucleic agid molecule is not hmited to MSRA
alone but extends to any of the isoforms, receptors, bomologs and the Hke of MSRA molecules.

{00128] In an embodiment, an oligonucleotide targets a natural antiserse sequence of MSRA polynucleotides, for
example, polynucieotides set forth as SEQ ID NOS: 2, and any vadants, alleles, homologs, mutants, denvatives,
fragments and complementary sequences thereto, Examples of antisense oligonuclentides are set forth as SEQ 1D NOS:
I

{61297 Tn one embodiment, the oligonucleotides are complementary to or bind o nucleie actd sequences of MSRA
aptisense, including withowt boutation noncoding sense andfor antisense  sequemces assoctated with M3SRA

podynucieotides and modaelate expression andfor function of MBSRA molecules,
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{06130] In an embodiment, the obigonucleotides are complementary o or bind 0 vucleie acid sequences of MSRA
natoral antisonse, set forth as SEQ ID NOS: 2, and wmodulate expression andfor fusction of MSRA molecules.

{00131} In an cwbodiment, oligonucieotides comprise sequences of at least 3 consecative nuckotides of SEQ 1D
NOS&: 3 to 9 and modulate expression and/or function of MSRA volecules.

(001321 The polynucieotide targets comprise MSRA, incloding family mentbers thereof, variants of MSRA; mutants
of MSRA| including SNPs: noncoding sequences of MSRA; alleles of MSRA: species varants, fragments and the Hke.
Preferably the oligonocleotide is an antisense molesule.

{06133} In an embodiment, the oligopucleotide targeting MSRA polynucleotides, comprise: antisense RNA,
mterference RNA (RNAG), short interfering RNA (sIRNA); micro interfering RNA (miRNA): a small, temporal RNA
(SIRNAY, or a shon, hairpin RNA GERNA)Y, small RNA-nduced gene activation (RNAa): or, small activating RNA
{saRNA}.

{00134 In an embodiment, targeting of Methionine Sulfoxide Reductase A {(MSRA) polynucieotides, e SEQ ID
NOS: 2 10 9 modulate the expression or function of these targets. In one embodiment, expression or function 18 up-
regufated as compared to a control. In an embodiment, expression or function 1s down-regulated as compased to a
control.

{00135] In an cmboediment, antisense compounds comprise sequences set forth as SEQ ID NOS: 3 ®© 9. These
oligonucicotides can comprise one or mare modified nuclentides, shorter or longer fragments, modificd bonds and the
like.

{00136] 1o an cmbodiment, SEQ 1D NOS: 3 to ¥ comprise one or move LNA nucleotides. Table 1 shows exenaplary

antisense oligonucleotides uselid in the methods of the wvention.

Table 1:
Antisenye
Sequence 1D Sequence
Sequence Name
SEQ D NO3 CUR-1337 AFCETS CHARCH O3S0 GROATH CRO3AF ARCROY AROYT
SEQ D NOW CLR-1338 CRTRAS OYCFA® CSAROY UFAFRCY (3A3TS (PORCH (54
SEQIDNOS CUR-1339 ARCHCH TRORAY THOREY CRORCH ARCHCH THTHCH O30FA
SEQID NO:# CUR-1340 CHFPRGH COST TS TROSCH TGRS OF3Cr TIT
SEQ ID NOT CUR-1541 THTHGY THORCH THORAE (TR TATRCH TRTHCH A
SEO D NOR T B e e NE SV E NS SEIE EE e b s
) e AsmiPmlUFmA*mG
SEG D NOY CUR-1X86 U AU mGH TR O TR A MmO TR T T*mCH* T Ty m#ml
) ' e *md
1001371 The modelation of a desived target nocleic acid can be carried out in several wavs known i the art, For

example, antisense oliganucleotides, siRNA efe. Enzymatic nucleie acid molecules (o, ribozymes) are nucleic acid
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molecules capable of catalyzing one or more of a variety of reactions, inclading the abihity to repeatedly cleave other
separate nucleie acid molecales in & nucleotide base sequence-specitic mamer. Such enzyvmatic rucleic acid molecules
ean be used, for example, 1o agget virtually any RNA tanscripl.

{06138} Because of thelr scquence-specificity, trans-cleaving enzyvmatic nucleic acid molecules show promise as
therapeutic agenis for human discase. Enzymatic nuclele acld molecules can be desigmed to cleave specific RNA
argets within the background of cellhular RNA. Sach a cleavage event renders the mRNA non-functional and abrogates
protein expression from that RNAL In this mamner, syathesis of a profein associated with a disease stato can be
sefectively inhibited.

{00136} In general, enzymatic muclate acids with RNA cleaving activity act by first binding to a target BNA. Such
binding occurs through the target binding portion of an enzymatic nuclete acid which is held in close proximity to an
enzymatic portion of the molecule that act 1o cleave the farget RNA. Thus, the enzymatic nucleie acid first recogmizes
and thep binds a sarget RNA dwough complomentary base pairing, and once bound fo the correct sife, acls
enzymatically to cut the target RNA. Strategic cleavage of such a target RNA will destroy its ability to divect synthesis
of an encoded profein. Afler an engymatic mucloie acid has bound and cleaved s RNA tavget, # s released from that
RNA to search for another target and can repeatedly bind and cleave new targets.

{13140} Several approaches such as m witro selection (evolution) strategies {Orgel, {1979} Proc. R Soc. London, B
205, 435} have been used to evolve new nucleic acid catalysts capable of catalyzing a varicty of reactions, such as
cleavage and hgation of phosphodicster linkages and amide inkages.

{00141] The development of riborymes that are optimal for catalytic activity would contribule stpmificantly to any
strategy that cmploys RNA-cleaving oiborymes for the pupose of sogulating gone exprossion. The bammerhead
rihoeyine, for example, functions with a catadstic rate (keat) of about 1 min-1 m the presence of saturating (106 mM)
concentrations of Mg+ cofiactor. An antificial "RNA Hgase" riboryme has been shown to catalyvre the corresponding
setfmodification reaction with a rate of about 10 min-1. In addition, i s known that certain modified hanunerhead
ribozymes that have sebstrate binding anms made of DNA catalyze RNA cleavage with multiple tum-over rates that
approach HG min-1. Finally, replacement of & specific residus within the catalyvtic core of the hammerhead with cortain
nucleotide anslogues gives modified ribozymes that show as much as a 10-fold improvement in catalytic mie. These
findings demonstrate that ribozvmes can promote chemical transformations with catalyviie rates that are sigsaficanty
greater than those displayed m vitro by most safural self-cleaving nibozvmes. [ s then possible that the struchsres of
certain selicleaving ribozymes may be optimized to give maxival catalvtic activity, or that entirely now RNA niotfs
e be made that display sigedficantly faster rates for BNA phosphodiester cleavage.

{01421 Tntenmolecudar cleavage of an RNA substrate by an RNA catalyst that fits the "hanunerhead” model was first
shovwn in 1987 (Uhlenbeck, O. C, (1987) Natare, 338 396-600). The RNA catalyst was recovered and reacted with

nudtiple RNA molecules, demonstrating that it was truly catalytic.
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{00143] Catalytic RNAs designed based on the "hammerhead” motif have been used to cleave specific target
sequences by making appropriafe base changes tn the catalytic RNA to maintain necessary base pairing with the target
sequences. This has allowed use of the catalvic RNA o cleave specific target sequences and indicates that catalyiie
RNAs designed according to the "hammerhead” model may possibly cleave specific substrate RNAs in vivo,

{00144] RNA interference (RNAI) has become a powerfud tool for modulating gene expression in maminals and
mammalian cells. This approach requives the delivery of smiall interfering RNA (aRNA) either as RNA iwelf or as
DNA, using an expression plasoid or virus and the coding sequence for snall halrpin ENAs that are processed o
siRNAs. This system enables efficient ransport of the pre-siRNAs to the cytoplasm where they are active and permit
the use of regulated and tissue specific promoters for gene expression.

(001431 In an owbodiment, an oligonucleotide or antisense compound comprises an oligomer or polymer of
riborucleie acid {RNA)Y andfor deoxyribonackeie acid (DNA), or a minwtic, chimera, analog or homolog thereof. Thas
term includes oligonucicotides composed of nanmally occurring nucleotides, sugars and covalent internucleoside
{backbone} linkages as well as oligonucleotides having nonenaturally occurring portions which fimetion similarly. Such
modified or substituted oligonucieotides are offen desired over native forms because of desuable properiies sach as, for
example, enhanced celludar uptake, enhanced affimity for a target nucleic acid and increased stability m the presence of
nucleases.

{00146] According to the presenmt invention, the oligonmucleotides or "antiscnse compounds” include antiscnse
oligonucieotides (o.g. RNA, DNA, mimetic, chimera, anslog or bomolog thereof), ribozyimes, external guide sequence
{EGS) oligonucleondes, stRNA compounds, single- or double-stranded RNA mterferonce (RNASY compownds such as
sIRNA compounds, saRNA, aRNA, and other ohigomeric compounds which hvbndize to at least a portion of the target
nucleie acid and modulate ts function. As such, they may be DNA, RNA, DNA-ke, RNA-Eke, or mixtures thercof, or
may be mimetics of one or more of these. These compounds may be single-stranded, double-stranded, cireadar or
hairpin oligomenic compounds and may contain stractural elements sach ag internal or torminal bulges, mismatches or
loops. Antisense compounds are routinely proparcd bncarly but can be joined or otherwise prepared fo be cueular
andfor branched. Antisense compounds can include constructs such as, for example, two strands hybridized to form a
wholly or partially double-stranded compound or a single strand with sufficient selfcomplementarity to allow for
hybridizanon and fosmation of a fully or partially double-stranded compoand. The two strands can be Hnked internally
feaving fice 3 or 5 feemun of can be hnked o form a continuous hawpm structure or loop. The hairpin strachue may
contan an overhang on cithar the 3 or 3 terminus prodieing an extension of single stranded character. The double
stoanded compounds optionally can include overhangs on the ends. Further modifications can include corgugate groups

attached 1o one of the termim, selected nucleotide positions, sugar positions or to one of the internucleoside linka

LEau
s,

Alternatively, the two strasds can be linked via a non-nucloic acid moiety or Hnker group. When formed from only one

strand, dsENA can take the form of a self-complementary hairpin-type molecule that doubles back on uself to form a
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daplex. Thus, the dsRNAs can be fully or parpally double stranded. Specific modulation of pene expression can be
achioved by stable expression of dsSRNA hairpins in transgenic cell ines. When formed from swo strands, or a single
strand that fakes the form of a selfcomplementary hairpledype moekecule doubled back on iiself to form a duplex, the
two strands (ot duplex-forming regions of a single strand) are coraplementary RNA strands that base pair in Watson-
Crick fashion.

{00147 Onee introduced to a systeny, the compounds of the invention may elicit the action of one or more enzymes or
stractaral proteins to effect cleavage or other modification of the target nacleic acid or may work via vocupancy-based
mechanisms. In general, nucleie acids (including oliponucleotides) may be described as "DNA-hke” (1., generally

ALl

having one or more 2-deoxy sugars and, generally, T rather than U bases) or "RNA-lke” (Le., gonerally baving one or
more 2= hvdeoxd or P-modified sagars and, geneally U rather than T bases), Nucleie acid helices can adept wore than
one type of structare, most conmonty the A- and B-forms. It 8 believed that, in goneral, oligonucleotides which have
Bform-like structiwe are "DNA-ke" and those which have A<forndike structure are "RNAClke” In some {chimeric)
enbodiments, an antisense compound may contain both A~ and B-form regions.

{31481 The antisense compounds i accordance with this invention can comprise an antisense portion from about 3
to about 80 nucleotides (Lo from about § to abowt 80 linked nucleosidesy i length. This refiors to the length of the
putisense strand or portion of the antisense compound. In other words, a single-siranded sntisense compound of the
nvenfion comprises from § to about 86 nucleotides, and a double-stranded antisense conpound of the mvention (such
as a dsRNA, for example) comprises a sense and an antisense strand or portion of 5 to about 88 sucleotides in length.

One of ordinary skill i the art will appreciate that this comprehends antisense portions of 3, 6, 7.8, 9, 16, 11, 12, 13,

B4, 15,06, 17, 18, 1%, 20,28 22,23, 24, 25,26, 27, 3R, 29, 30, 31, 32, 33,34, 35,36, 37, 38, 38 40, 41, 42, 43 44, 45,

46, 47, 48,49, 50, 33, 52, 33 54,35, 56, 87 88,39, 60, 61,62 63, 64, 63,66, 67, 68, 60, 7071, 72,73, T4, 758,76, 77,

78, 79, or 80 nucleotides in fength, or oy range therewithin

{01497 T one embodiment, the antisense compounds of the mvention have antisense portions of 14 o 30 nacleotides
in length, One having ordinaey skill i the art will appreciate that this embodies ofigonucleotides having antisense
portions of 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21,22, 23, 24, 25,26, 27, 28, 29, 30, 31, 32,33, 34,35, 36, 37. 38,
39 40,41, 42,43, 44, 45, 46,47, 48,492 ar 50 nocleotides w length, or may range therewithin, In some embodiments,
the ohponucleotides are 15 nucleotides in length.

{06150} 1n one embodiment, the antisense o ohigonuclectide compounds of the mvention have anbisense portions of
12 ar 13 to 30 mucieotides in length. One having ordinary skl i the art will apprectate that this embodies antisense
compounds having antisense postions of 12, 13, D4, 15, 16, 17, 18, 19, 20, 21, 22,23 234, 25 26 2728, 29 or 30
mecieotides in length, or any range therowithin,

{3151] In an cmbodiment, the oligomenic compounds of the present invention also include variants in which a

different base is present at one or more of the nucleotide positions in the compound. For example, if the first nucleotide
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is an adenosive, vanants may be produced whieh contain thynuding, guanosing or cytidine at this position. This may be
done at any of the positions of the antisense or dsRNA compounds. These compounds are thon tested using the
methods described herein to determune thetr ability o inhibi expression of a target nucleic acid

{00152] In some embodiments, homology, sequence identity or complomentanity, between the antisense compound
and target is from about 40% o about 60%. In some embodiments, homology, sequence identity or complementarity, is
fromy about 60%,; 1o about 7% In some embodirents, bomology, sequence identity or complomentarity, is from about
T to about 30%, In some embodiments, homology, sequence identity or complementarity, ix from about 80% to
about 80%,. I some embodiments, homology, sequence identity or complementarity, is about 90%, about 92%%, about
94%, about 95%, about 06%%, about Y7%, about O8%%, about 99% or about 10(8%,

(001531 In an embodiment, the antisense oligonucleotides, such as for example, mucleic acid wolecules set forth in
SEQ ID NOS: 3 o 9 comprise one of niore substtstions or modifications. In one embodiment, the nucleotides are
substifited with focked nucleic acids {LNA).

{0G154] In an embodimend, the oligonucicotides target one or more regions of the nucleic acid molccules sense andfor
antisense of coding and/or non~-coding sequences associated with MSRA and the sequences set forth as SEQ 1D NOS:
tand 2. The ohgomscleotides are also targeted o overlapping regions of SEQ D NOS: T and 2.

[00153] Cortain prefermred  oligonucleotides of this nvention  are  chimene  oligonucleotides.  “Chimeric
oligonucicotides” or "chimeras,” in the context of this inention, are oligomuclentides which contain two or more
chemically distinet regions, cach made up of at least one nucleotide. These oligonucleotides typically contain at least
one region of modified nucleotides that confors one or more bencficial propertics (such as, for example, increased
nuckease rosistance, wercased uptake info cells, noreased binding alfingty for the target) and a region that is a subsirate
for enzymes capable of cleaving RNADNA or RNARNA hylwids. By way of example, RNase H 15 a cellular
endonuctease which cleaves the RNA strand of an RNADNA duplex. Activagion of RNase H, therefore, results in
cleavage of the RNA target, thoreby greatdy enhancing the efficiency of antisense modidation of gene expression.
Conseguently, comparable results can often be obtained with shorter oligonucleotides when chimenic oligonuclectides
are used, compared to phosphorothioate deoxyoligonucleotides hybridizing to the same target region. Cleavage of the
RNA rarget can be routinely detected by gel electrophoresis and, if necessary, sssociated yvuelere acid bybndization
wechnigues knows in the art. In one an embodiment, & chimeric oligonucleotide comprises at least one regon modified
0 nerease farget binding affinity, and, usually, & region that acts as a substrate for RNAse H, Affingty of an
oligonucientide for tis target (n this case, a nucleic acid encoding ras) s routinely determimed by measuring the Tm of
an oligovwcleotidediarget patr, which 1s the temperature at which the oligonucleotide and target dissociate; dissociation
1s detected spectrophotometnicaliv. The higher the T, the greater is the affinity of the oligonucicotide for thetarget.
{00186] Chimerc antisense compounds of the nvention may be formed as composite structares of two or more

oligonucicotides, modified oligonucleotides, oligonucleosides andior oligonucieotides mimetics as described above.
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Such; compounds have also been referred w in the art as hybrids or gapmers. Representative United States patonts that

teach the preparation of such hybnd structures comprise, but ave not Hinlted (o, US patent nos. 3,013,830; 5 149.797; 8
220,007, 3256,775; 5366 878; 5403711 S491,133; 3365350 5,623,065, 5,652 335, 5,632356; and 5,700,922,

cach of which is horeln incorporated by refersnce,

{001571 In an embodiment, the region of the oligonucleatide which is modified comprises at least one nucleonde
modified at the 2' position of the sugar, most preforably a 2-Oalkyl, 2%O-alkyl-O-alkyl or 2-fhioro-modified
micleotide, In other an embodiment, RNA modifications include 2'-fluoro, 2-amino and 2' O-methyl modifications on
the ribose of pyrimidines, abasic residues or an inverted base at the ¥ end of the ®NA. Such modifications are routinely
meorporated into oligomucleotides and these oligomucleotides have been shown to have a lagher Tm (Lo, higher target
binding affinity) than; 2-deoxyoligonacleondes agamst a ghven target. The of such increased affinity is 1o greatly
enfance RNAL oligonecieotide infubition of gene expression. RNAse H is » cellular endonoclease that cleaves the
BENA suwand of RNATDNA duplexes; activation of this enzyme therefore resulis in cleavage of the BNA wrget, and thus
can grestly enbance the efficiency of RNAS inhibition. Cleavage of the RNA target can be roudinely domonsirated by
gel electrophoresis. In an embodiment, the chimerie oligomucleotide 15 also modified to enhance nuclease resistance.
Colls contain a vanety of exo- and endo-nucleases which can degrade macleie acids. A number of nuckeotide and
nucleoside modifications have been shown to make the oligonucleotide into wihich they are mcorporated more resistant
to nuclease digestion than the native oligodeoxynacleotide. Nuclease resistance iy routinely measared by incobating
oligonucieotides with collular extracts or isolated nuclease solutions and measuring the extent of tact oligenuclestide
remamng over time, ustally by gol lectrophoresis. (ligomucleotides which have been modificd 1o enhance thaw
nuclcase resistance survive atact Tor a longer time than snmodified ohgonuclentides. A vanety of oligonucleotide
modifications have been domonstrated o enhanee or confer nucloase resistance. Oligonucleotides which contain at
feast one phosphorotiioate nmodification are presently more preforred. In some cases, oligonucleotide modifications
which enhance target binding affinity are also, independenty, able to erhance nuclease resistance.

{HLSB] Spectfie examples of sorae preferred oligonucleondes envisioned for tus wmvention include those comprising
modified backbones, for example, phosphorothioates, phosphotriesters, methy! phosphonates, short chain alkyd or
cvcloalkyl intersugar hinkages or short chain heteroatomic or heteroeyehic mtersugar tinkages, Most preforred are
oligonucleotides with phosphorothioate backbones and those with heterostom backbones, particalarly CH2 ~NH--0--
CH2, CHA-NCH3)-O--CH2 fknown as a methylencimethylmnine) or MM backbone|, CH2 —0-N (CH3)--CHZ,
{CH2 ~-N (CH3)-N {(CH3)--CHI and O--N (CH3}-CH2 --CH2 backbones, wherein the native phosphodiester
backbone is represented ag O--P--0--CH,}. The aroide backbones disclosed by De Mesrmacker et al. {1995} Ace. Chem.
Res, 28:366-374 are also preforred. Also preforred are oligomucleotides having morpholine backbone structures
Summerton and Weller, US. Pat. No. 3,034,506}, in other an crshodiment, such as the peptide nucleie acid (PNA)

backbone, the phaosphodiester backbone of the oligonucleotide is replaced with & polyamide backbone, the nucleotides
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being bound divectly or indirectly to the aza nitrogen atoms of the polyamide backbone. Oligonucleotides way also
comprise one or nwre substituled sugar moletics. Preferred oligonecleotides comprise one of the following at the 2
position; OH, SH, SCH3, F, OUN, OCH3 OCHI, OCH3 G{CH2m CH3, OUH2 3 NH2 or D(CHZIn CH3 wheren s
from | to about 10; C 1o C10 lower alkyl, slkoxyalkoxy, substituted lower alkyl, alkaryl or aralkyl; Cl; Br; ON; CF3
OCF3; O~ S-~, or Nealkyl; Ow 8o, or Neatkenyl, SOCH3; SQ2 CH3; ONG2, NO2; N3 NHI heterooyehoalkyl;
heterocyeloalkarv aminoalkylamino; polvalkylanino, substituted silvl; an RNA cleaving group: a reporter group; an
interealator; a growp for improving the pharmacokinetic properties of an oligonuclentide: or a group for improving the
pharmacodynamic properties of an oligonucleotide and other substituenis having similar propertics. A preferred
nmodification includes 2wmethoxyethoxy [20-CH2 CH2 QCH3, also known as 2-O~2-methoxyethyl}]. Other
preferred modifications include 2-methony (2'-OQ--CH3}, 2% propoxy (OCH2 CH2CH3) and 2'-flnoro (2-F). Smmlar
modifications may 3lso be made at other posttions on the oligonucleotide, particolarty the 3 posttion of the sagar on the
3" termingl nuclootide and the ¥ posuion of & terminal nucleotide. Oligonucleotides may also have sugar mimetics such
as cyclobutyls in place of the pentofuranosyl group.

{01591 Oligonucleotides niay alse mchide, additionally or aliematively, nucleobase (often referred to i the ant
sanply as "hase™) modifications or substitutions. As used hercin, "uamodified” or "natural” nucleotides melude adenine
{A), guanine {(), thymine {T), cvtosing () and wracd (U). Modified nucleotides melude nucleotdes found only
miftequently or transiently in natural nucleic acids, c.g., hvpoxanthine, S-methyladenine, S-Me pyrimidines, particularly
S-methyleytosine talso refored fo as S-oothyl-2' deoxyeytosine and offen referred to m the art as 5-Me-C), 5-

g

hydroxymethvicyviosine (HMC), ghveosyt HMC and gentobiogyl HMUO, as well as synthetic nacleotides, cg., 2-
ammoaderne,  2-Gnethviamunoladenine,  2-{muidazolylalkyDadening, 2-  {ammoealklyaminoladenime  or  other
hieterosubstituted atkovladenines, 2-thiouracil, 2-thiothymine, 3- bromowractl, S-hydroxymethylaracH, S-azaguanine, 7-
deazagnanine, N6 {G-aminohexyDadenine and 2 6~diantinopusine. A "amiversal” base known in the st ¢.g., inosine,
may be incheded. 5-Me-C substitutions have been showst fo increase nuclete ackd duplex stability by (0.6-1.2°C. and are
presently preferred base substitutions.

001601 Another modification of the oliponucieotides of the mwention involves chenucally Hoking to the
oligonucieotide one or more moictics or conjugates which enhance the activity or cellular uptake of the
oligonucteotide. Such modetes melude but are not Himited to fipid moileties such as a cholesterol mowety, a cholestervl
moely, an aliphatic chain, ey, dodecandiol or wndeey! rosidues, a polyamine or & polyethylene glyeol chmn, or
Adammane acetiw acid. Oligonucleotides connprising  bpophilic moteties, and methods for preparing  such
oligonucleotides are known in the art, for example, U.S. Pat. Nos. 5,138,045, 5,218,105 and 5439255,

{Iel] It is ot necessary for all positions in a given oligonucleotide to be uniformly modified, and i fact more than

one of the aforementioned modifications may be incomporated 1 a single oligonucleotide or oven at within a single
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nucleoside within an oligonucleotide. The present imvention also inclades oligonecleotides which ave chimerie
oligomycicotides as horeinbefore defined.

{00162] 1n another endrodument, the nucleic acid molecule of the present wrvestion is conjugated with another motety
meluding but not Himtted to abasic nucleotides, polvether, polvamuine, polyamides, peptides, carbohvdrates, bipid, or
polyvbydrocarhon compounds. Those skilled b the art will recoguize that these molecules can be linked to one or more
of any nucleotides comprising the nackeic acid moletude at several positions on the sugar, base or phosphate groap.
{0163] The oligonucleotides used in sccordance with this imvention may be conveniently and routinely made throagh
the well-known techiigue of solid phase synthesis. Equipment fin such synthesis is sold by several vendors including
Applied Biosystems. Any other means for such synthesis may alse be employed; the actual synthesis of the
oligonucleotides 18 well within the talents of one of ordinary skill i the avt It is alse well known to use sinnlar
weohniques so prepare other oligonucieondes such as the phosphovothioates and alkylated derivatives. | is also well
known to use similar echniques and commercially available modified amidites and controlied-pore glass (CPG)
products such as biotin, fluorescein, acridine or psomlen-modified amidites andfor CRG (available from Glon Research,
Sterlmg VAY to synthestze fluorescently labeled, biotinvlated or other modified oligonucleotides such as cholesterol-
modified oligonuacleotides.

{00164} In accordance with the invention, use of modifications such as the use of LNA monomikers to enhance the
poteney, specificity and duration of action and broaden the routes of admnistiation of ohiponucieotides comprised of
current cheristries such as MOE, ANA, FANA, PS ete. This can be achieved by substititing soine of the monomers in
the current obigonucleotides by INA wonomers. The LNA modified oligopucleotide may have a swe similar 1o the
parent compound or may be larger or preforably somaller. 1t s prefored that sech LNA-modified ohgonuciestides
contpm less than about 70%, more preferably less than about 60%, most preferably less than about 50% LNA
monomers and that their sizes are between about § and 25 nucleotides, more preferably between about 12 and 20
micleotides.

{13163} Preferred modified oligonucleotide backbones comprise, but not hmited to, phosphorothioates, chiral
phosphorothioates, phosphorodithioates, phosphotriesters, anunoalkylphosphotriesters, methyl and other alkyl
phosphonates  comypristng Yalkvlene phosphonaies and  chiral  phosphovates,  phosphinates,  phosphoramidates
comprising F-amno  phosphoramidate and arninoatkviphosphoramidates, thionophosphoramidates,
thionoalkylphosphonates, tuonoalkylphosphotricsters, and boranophosphates having normal 3-5° lmkages, 2-5 hinked
analogs of these, and those having inverted polarity wheretn the adiscent pairs of nucleoside wmts are binked 3-5 10 5'-
3 or 243 to 82 Vanous salts, mixed salts and free acid forms are also inchaded.

{166] Representative Linited States patents that teach the preparation of the above phosphorus cam‘amiﬁg hnkages
comprise, but are not limited o, US patont sos. 3,687 808; 4469.863; 4476301, 5.023.243; 5. 177,196, 5 18K R97:
S264.423; 5276010 5278302; 5286 717, S.321.131; 5.399.676; 5405939 5453496, SAS5. 233; S466.677
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S470 925, 3519126, 5336821, 3341306, 3.850,111; 5,563, 253; $.371,799; S S87361; and 3,625,050, each of
which is herein incorporated by reforence.

{00167} Prefurred modified oligonuckectide backbones that do notl include a phosphorus atom erein have backbones
that are formed by short chain alkyl or evclealiovl internucleoside Hnkages, mixed heteroatom and alkyl or cyeloalkyl
intermucleoside Hnkages, or oue or more short chain heteroatonte or heterocychic internucleoside inkages. Thes
comprise those having morpholing linkages (formed s part from the segar porton of & necleoside); sloxane
backbones; sulfide, sulfoxide and sutfone backbones; formacetvl sad thiofornsacetyl backbones; methylons formacetyl
md  thicformacetyl  backbones; atkene containing  backbones, sulfamate backbones, methyienciming  and
methylenchvdrazine backbones: sulfonate and sulfonamide backbones; amide backbones; and others having mixed N,
(3, S and CH2 component parts.

{00168] Represeptative United States patents that each the proparvation of the above oligonueleosides comprise, but
arc not limited to, US patent nos. 5,034.500; 5 166315; 3185444 5214,134; 5216,141; 5235033, 5264, 562, 3,
264 564, 5405938; 3434257, 5466677, 3A4T096T, 3ARGNATT, 5541307, 3561225 53390, O86; 3,602 240,
S610.280; 5,602 240; 5,608 046; 3.610.28%; 3618 H4; 3.6023, (70; 5,663 312, 5,633.360; 3677437, and 5,677 439,
each of which is herein moorporated by reference.

{00169 In other preferred oligonucleotide mimedtics, both the sugar and the internucleoside hinkage, i.e., the backbone,
of the nuckotide wnits are replaced with novel groups. The base units are mamtained for hybndization with an
appropriate nucloe acid target compound. One such oligomene compound, an oligonuciontide mimetic that has been
showm to have excellem hyvbridization properties, 1 reforred 0 as a peptide nucleic acid {PNA). In PNA compounds,
the sugar-backbone of an oligonucicotids 15 replaced with an amude contamung backbone, m particudar an
anunoethylelveine backbone. The nucleobases are retained and are bound dircetly or indivectly to aza nitrozen atoms of
the amide portion of the backbone. Representative United States patents that teach the preparation of PNA compoands
comprise, but are not limited to, US patent nos. 3.339.082; 5714331, and 3719382, cach of which is hereir
incorporated by reference . Further teaching of PNA compounds can be found m Nielsen, of al. (1991} Science 254,
1497-1500.

{06170] In an eomwbodiment of the invennon the oligonucleondes with phosphorothionte  hackbones  and
oligonucteosides with heteroatom backbones, and in particalar- CHZ-NH-O-CHZ- -CH2-N (CH3H-CH2-known as &
metlydene (methylimuiso) or MMIE backbone,- CHZ-0-N (UH33-CH2- -CHZNCHI FNCHI) CH2-and-0O-N(CH3}-
{H2-CH2I- wherein the native phosphodiester backbone is represented 3s-0-P-0-UH2- of the above referenced US
patent no. 5489677, and the amide backbones of the above referenced US patent po. 2,602,240, Also preferred are
oligopucleotides having morpholine backbone structures of the abovereferenced US patent no. 5,034 366,

{3171 Modified oligonucleotides may  also contain one or more substitated sogar moictics.  Preferred

oligonucicotides comprise one of the following at the 2 posttion: OH: F; O, 8- or Nealkyl; O-, S+, or N-atkenyl; G- 5~
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or Nealkynvl; or O atkyb-O-alkyd, wherein the atkyl, adkenyt and alkynmyl may be substituted ov msubstituted C 0 CO
alkyl or C2 to €O alkenyl and alkynyl. Particwlady preferred are O (CH2)n OmCH3, O{CH)In, OCH3, O(CH2aNH2,
O{UHZmCH3, QIUH2WONH2, and O{CHZONCH2mCHI2 where noand m can be from | o about 10, Other
preferred oligonucieotides comprise one of the following at the 2° position: € to €O, (lower alkyl, subsiituted lower
allkeyl, alkaryl, aralkyl, O-alkary! or Geavatkyd, SH, SCH3, OCN, C1, Br, ON, CF3, OCF3, SOCH3, SG2CH3, ONQG2,
NO2, N3, NH2, heterocycloalloyd, heterocveloatkaryl, aminostkylamino, polvatylaminoe, sobatituted silvl, an RNA
cleaving group, a reporter group, an infercalator, a group for improving the pharmacokinetic propertics of an
oligonucicotide, or g group for inywoving the pharmacodyoamic properties of an oliponucleotide, and other
substitents having similar propertics. A preferred modification comprises P-methoxyethoxy (2-O-CH2CH20CHS,
also known as 2%-0-(2- methoxvethyl) or 2-MOEY e, an alkoxvatkoxy group. A futher preforred modification
comprises 2'-dinsethylaminooxyethoxy, te. | a OUH2YZONCHI)Z group, also known as 2-DMAOE, as deseribed in
examples herein below, and 2% dimethvlanuncethoxyethioxy (also known in the at as 2-O-dimethylaminocthoxyethyl
or 2~ DMAEOE), 1., 2-0-CH2-O-CH2-N (CH22.

{16172} Other preferred modifications comprise 2-methoxy (20 CH3), 2-aminopropoxy (20 CH2CH2CH2INHD)
and 2'-fluore (2'-F). Simifar modifications may alse be made at other positions on the oligonucicotide, particularly the
3 position of the sugar on the 3 ternunal nucleotide or in 2% tinked oligonuclentides and the 3 position of &' ternunal
nucleotide. Oliponucivotides may also have sugar simctics such as oyclobutyl motics in place of the pentofiranosyl
sugar. Representative Uniied States patents that teach the preparation of such modified sugar structures comprise, but
are not lmited to, US patent nos, 4 981,957 5, 18 EOG: 3319.080; 5,339 044 5,303 878; 5,446 137; 3.466,786; 5,314,
T8RS 3,519,134 5867 R11; 8.576,427; 5.591,722; 5,597 509; 5.610300; 5,627 033; 5,030 873, 3,646, 265; 5,658 475,

PR a oty L) x

5,670,633; and 5,700,920, cach of which 15 herein ncorporated by reforence

{01731 Oligonuckeotides may also comprise nucleobase {often referred to in the avt simply as "base™ modifications
or substitutions. As used herein, "ammodified” or "natral” nocleotides comprise the purine bases adening (A) and
puarne (G, and the pyrimsdine bases thymane (1), oviosme (C) and wacit {U). Moedified nucleotides comprise other
synthetic and natural nucleotides such as S-methyleytosine (S-me-C), S-hydroxymethyl cytosine, xanthine,
hypoxanthing, 2- amivoadenine, G-methyl and other alkyl dertvatives of adenine and guaning, 2-prope! and other adkyl
derivatives of ademine and guanine, 2-thiowracil, 2-thiothymine and 2-thiocytosing, S-halowracl and eviosing, 5-
propyiy! uract and cytosine, 6-a20 aracil, eyiosine and thynune, S-uractt {pscudo-uwracii}, $-thuoueact!, B-halo, &-anuno,
B-thiof, S-thicalkyl, S-hydroxy! and other S-substitded adenines and goamnes, 3-bale pamicularly S-bromo, 5-
triffuoromethy] and other S-substituted wacils and oytosines, 7-methylgquanine and 7-methyvladenine, S-azaguanine and
S-azaadening, 7-deazaguanine and 7-deazaadenine and 3-deazageanine and 3-deazaadenine.

{13174} Further, sucleotides comprise those disclosed in United States Patont No. 3,687 808, those disclosed i "The

Concise Encvelopedia of Polymer Science And Engineering’, pages 858859, Kroschwitz, £1, ed. John Wiley & Sons,
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199, those disclosed by Engﬁsch et al, "Angewandle Chemice, Intemational Editton!, 1991, 34, page 613, and those
disclosed by Sanghwi, Y.5., Chapter 15, "Antsense Rescarch and Applications’, pages 289-302, Crooke, ST, and
Leblew, B. ea,, URC Press, 1993, Certain of these nucleotides are particalarly usefid for increasing the binding adfinity
of the oligomeric corpounds of the mvention, These comprise S-substituted pyrimidings, 6~ azapyrimidines and N-2,
N and -6 substituted purives, comprising Z-aminopropyladenine, S+ propynviumcil and S-propymvieytosine. S-
methvlevtosing substitutions have been shown to increase nuecleic acid duplex stabihity by 0.6-1.2°C {(Sanghw, Y .5,
Crooke, ST, and Lebleu, B, eds, "Antisense Research and Applications’, CRC Press, Boea Raton, 1993 pp. 276-278)
and are presently preferred base substitutions, even more particularly when combined with 2VOmethoxyvethyl sugar
modifications.

{001 73] Representative United Statos patents that teach the preparation of the above noted madified nucleotides as
well as other madified nudleotides comprise, but are not lmited to, US patent nos. 3,687 808, as well ag 4 843 205,
5,130,302, 3,134,066, 3,175, 273; §, 367 .066; 3432272, S4587 187; 5459255, SAL4008, 332 177 5,325 711;

5.552.540; 5587469 3396001 5614617, 5750692, and 3,681 941, cach of which is herein mcorporated by
reference.

[{13176] Another modification of the oligonacleotides of the wvention involves chemically Hoking to the
oligonucleontide one or more nioietics of conjugates, which enhance the activity, celhular distribution, or celiular uptake
of the oligonucleotide.

{00177} Such moicties comprise but are not hmiued o, lipid moicties such as a cholesterol moicty, chobe acid, a
tuocther, e, hond-S-taviduol, a thiocholesterol, an aliphatic chan, g, dodecandiol or undeeyl residues, a
phospholipid, ¢.g., di-hexadeoyl-rac-ghvearol or fncthndanmmomum | 2-di-O-hexadeevirac-glveero-3-H-phosphouate,
a pedyamune or a polyethylene glveol cham, or Adamantane acetic acid, a palmityl motety, or an octadecyiamine or
hexvlamino-carbonyvit oxyehalesterel modety.

{3 78] Representative Usited States patents that teach the preparation of such oligonucleotides conjugates comprise,
but are not imited o, US patent nos, 4,828979; 4,048 882: 3218 15, 5325465, 5,341 313 53.5345,730; 5,552
FETRIIT, SAR0.731; 55380731 5591584 5109134, S IR RO S 138045, 5414077, 5486, 603; 3,512,439,

.

5578718, S.60%.046, 4.587.044; 4,6@5,?35; 2667005, 4762, TT0: 4789.737; 4824041, 4835263 4876335
4.004.582; 4.958.013; 5082 830, S.112.963; S214.136; SON2N30; 5112963, S214.136; S, 245022: 5254 469:
5,258 306, 5.262,536; S272.250: 5202.873; 5317008 S3TL241, S391, 723 SA16.203, 5451.463; 5510475,

5.512,667; 5514785, 5, 35580 5567 810; 3574142, S58348Y; S 5RT 3T 85895726, 397696, 5509 023,

-

1
-

5,599 028 and 5688841, cach of which is beremn incorporated by reference.
{0179 Drng discovery: The compousds of the present invention can also be applied n the areas of drug discovery
and target validation, The present mwvention comprehends the ase of the compounds and preforred target sepmonts

identified herein in drug discovery efforts to elucidate relationships that exist between Methionine Sulfoxide Reductase
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A MSRA) polynucleotides and & discase state, phenotype, or condition. These methods inclade detecting or
madelating MSRA polynucleotides comprising confacting 3 sample, tissee, cell, or organism with the compounds of
the present wvention, messuring the nacleic acid or protein level of MSRA polynuciestides andfor a related phenotypie
ot chensical endpoint at some time afier freatinent, and optionally comparing the measuved value to a non-treated
sample or sample teated with a further compound of the ivention. These methods can also be performed in parallel or
in combination with other experiments 1o determine the function of unkoown genes for the process of target validstion
or to determing the validity of 3 particular pene product as a target for treatment or provention of a particalar discase,
condition, or pheaotype.

Assesving Upregulation ov Inhibition of (Gene Expression.

(001807 Transfer of an exogenous naclele acid into a host cell or organism can be assessed by directly detecting the
presence of the nucleic acid i the cell or organism. Such detection can be achieved by several methods well known in
the art. For example, the presence of the exogenous nucleie acid can be detected by Southern blot or by a polymerase
chain reaction {PCR) technique using primers that specifically amplify nucleotide scquences associated with the
nucleic acid. Expression of the exogenous nacleie acids can also be measured using conventional methods including
gone oxpression analysis. For instance, mRNA produced from an exogesows nacleic acid can be detected and
quantified using a Nevthern blot and reverse transcription PCR (RT-PCRL

{06181] Expression of RNA fram the exogenous nuckeie acid can also be detected by measuring an ensymatic activity
or a Teporter proteln activity. For cxample, antisense modulatory activity can be mensured indivectly as a decrease or
merease I target nocloie acid expression as an mchcation that the exogencus nuecleie acid s producing the effector
RNA. Based on sequeonce conservation, primers can be designed and used to amplidy coding regions of the target
genes. Inittally, the most highly expressed coding region frone cach gene can be used to buld a model control gene,
although any coding or non coding region can be used. Fach control gene is assembled by inserting eacht coding region
between a reporter coding region and its poly(A) signal. These plasmids woudd prodace an mRNA with a reporter gene
i the apstrcam portion of the gene and a polential RNAT target i the 3 non-coding region. The effectiveness of
mdividual antisense oligonucleotides would be assayed by modulation of the reporter gene. Reporter zenes useful
the methods of the present imvention inchude acetohydvoxvacid syathase {AHAS), alkeline phosphatase (AP, beta
galactosidase (LacZ), beta glaceromdase (GUS), chioramphenicol acetyltransferase {CAT), green fluorescent proten
{GFP), red fluorescent profein {RFPY, vellow fleorescent protem (YFP), oyvan Buorcscent protan (CFP), horseradish
peroadidase (HRP}), Tuctiorase {Luc), nopabine synthase {(NOS), octopmme synthase {(OCS), and denvatives thercotl
Mudtiple selectable markers are available that confer resistance to ampictlling bleomyein, chiorampbenicol, gentamyein,
hvgromyer, kanamyein, Bncomyoin, methotrexate, phosphinothricin, puromyein, and letracyeline. Mothods w

determine modulation of a reporter gene are well known In the art, and include, but are not lnuted to, fuorometric
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methods (e.g. floorescence spectroscopy, Fluorescence Activated Cell Sorting (FACS), flacrescence nucroseopyl,
antibiotic resistance dotermination,

{001821 MSRA protein and mRNA expression can be assayed using methods knows to those of skill in the art and
described elsewhere herein, For example, imumunoassays such as the ELISA can be used o measure protein levels,
MERA ELISA assay kits are available commercially, e.g., from R&D Systems (Minneapolis, MN).

{00183 In embodivoents, MSRA expression {e.g., mRNA or protein} in a sanple {e.g., cefls or tissues fn vive or in
vitro} treated using an antisense oligonucleotide of the invention is evaluated by comparison with MSRA expression in
a controd smple. For example, expression of the protein or nucleic acid can be compared using methods known o
those of skill in the art with that In a mwock-treated or untreated sample,  Aliormatively, comparison with a sample
treated with a control antisense oligonucleotide {e.g., one having an altered or difforent sequence) can be made
depending on the information desired.  In anothier embodiment, 3 difference in the expression of the MSRA protein or
nucleic acid 10 a treated vs. an untreated sample can be compared with the difference in expression of a different
micleic acid (including any standard deemed appropriate by the researcher, e.g., a housckeeping genc) in a treated
sample vs. an untreated sanple.

{13184] Observed difforences can be expressed as desied, eg., in the form of a ratio or fraction, for use in a
comparison with comtrol. In embodiments, the level of MSRA mRNA or protein, in a sample treated with an antisense
oligonucicotide of the present invention, s increased or decreased by about §.25-fold t© about 10-feid or muwe relative
to an untreated samiple or a sample weated with a control nucloic acid. In ambodiments, the level of MSRA mRNA or
protein i nereased or deoreased by at least about 1.23-fold, at least about 1.3-old, at least about 1 4-fold, at least about
}.5-fold, at feast about 1.6-fold, at least about 1.7-fold, at least about 1.8-told, af least about 2-fold, at least about 2.5-
fold, at least about 3-fold. at least about 3. 3-fold, at least about 4-fold, at lcast about 4. 5-fold, at least about 3-fold, &t
feast about 5.5+f0ld, at feast about S-fold, at least about 6.5-fold, at least about ?-fold, at least abowt 7.3-fold. at least
about &-fold, at least about B.5-fold, at Jeast about 9-fold, at least about 9.5-fold, or at least about 1(-fold or more.

Kits, Research Reogenis, Diagrosties, and Therapentios

{00185] The compounds of the present imvention can be utiized for diagnostics, therapeatics, and prophylaxis, and as
research resgents and components of kits. Furthermore, antisense oligonucleotides, which are able to inhibit gene
expression with exquisite specificity, are often ased by those of ordinary skill to chuwidate the fonction of pasticular
genes or fo distmgnsh bebween functions of various members of a biological pathway,

{06186} For use m kits and diggnostics and in varwous biologieal systenss, the compounds of the present mvention,
cither alowe or in combination with other compounds or therapentics, are useful as tools m differential and/or
combinatorial apalyses to elucidate expression patlems of a portion o the entire complement of genes expressed within

cells and tissues,
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{0G187] As used herein the term "hiclogical system” or "systern” 15 defined as any orgauiam, cell, cell cultare or tissue
that expresses, or is made competent 1o express products of the Methionine Sulfoxide Redoctase A (MSRA) genes.
These mclude, bt ave not Hmuled to, humans, franspenic ardmals, oclis, cell culhues, tissues, xenogralls, transplants
and conmbinations thereof.

{001831 As one non ihniting example, expression patterns within cells ov tissues treated with obe or more antisense
compounds are compared to control cells or tissues not wreated with antisense compounds and the patterns produced are
analyzed for differential lovels of gene expression as they pertain, for example, to discase association, signaling
patinway, celhular localization, expression level, size, structure or fimsction of the penes examined. These analvses can
be performed on stinndated or onstimulated cells and in the presence ot absence of other compounds that affect
LYPIESSION patiorns.

{00189] Examples of methods of gene expression analysis known in the art include DNA srrays or microarays,
SAGE (serigl analysis of gene expression), READS {restriction enzyme amplification of digested ¢DNAg), TOGA
{total gene expression analysisy, protem arrays and proteonyics, expressed sequence tag (EST) sequencing, subtractive
RNA fingerprinting (SuR¥), subtractive cloning, difforential display {DD), comparative genomic hybridization, FISH
{fluorescent i site hybridization} techmgques and mass spectrometry methods.

{06190 The compounds of the invention are asciul for rescarch and diagnostics, becanse these conpounds hybridize
to nucleie acids encoding Mcthionine Sulfoxide Reductase A tMSRAY. For oxample, oligonucleotides that hybridize
with such cfficiency and under such conditions as disclosed herein as to be effective MSRA modhdators are effective
primers or probes under conditions favoring ene amplification or detection, respectively. These primers and probes arg
gseful m methods roquinng the specilic detection of nucleie acid molecales encoding MSRA and n the amphification
of said suckete acid molecules for detection or for use i futher studics of MSRA. Hybridization of the antisensce
oligonucieotides, particularty the primers and probes, of the tnvention with a nucleie acid encoding MSRA can be
detected by means kvown n the art. Soch means may inclade conjugation of an enzyme to the oligonucleotide,
radiolabeling of the oligonucleotide, or any other sutable defection means, Kits using such detection means for
deteeting the Tevel of MERA in a smnple may also be prepared.

(001911 The specificity and sensitivity of antisense are also hamessed by those of skill in the ant for therapeutic uses.
Antizense compounds bave been crploved as therapeutic modeties tn the treatment of discase states . ammals,
meluding lumans, Arndisense oligonucleotide drugs have been safely and cffectively adminustered to humans and
numerous climeal tnals are presently underway. It 1s thus cstablished that antiscase compoumds can be useful
therapentic modalities that can be configured to be useful in treatment regimes for the treatment of cells, tissues and
animals, especially humans.

{00192} For therapeutics, an animal, preferably a haman, suspected of having a disease or disorder which can be

treated by modulating the expression of MSRA polynucleotides is treated by admimistering antisense compounds in
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accordance with this fpvention. For examiple, iy one non-limiting embodiment, the methods comprise the step of
administering o the aninal in need of treatiment, a therapeutically effective amount of MSRA modulator. The MSRA
madolators of the presest vertion effectively modidate the activity of the MSRA or modulate the expression of the
MSRA protein. In one embodiment, the activity or expression of MSRA in an aoimal is inhibited by about 109 as
compared to 8 control. Preferably, the activity or expression of MSRA in an animal is inhubited by sbout 36%. More
preferably, the activity or expression of MSRA i an amimal is inkibited by 30% or move. Thus, the oligomeric
compounds modalate expression of Methionine Sulfoxide Reductase A (MSEA) mBNA by at least 10%, by at least
S0%, by at least 25%;, by at least 30%6, by at Teast 40%, by at least S0%, by at Ieast 60%, by at least 70%, by at least
T3%, by at least 8005, by at least 83%, by at least 90%, by of least 95%, by at least 98%, by at least 90% or by 100% as
compared to a control,

{00193 In one cmbodiment, the activity of expression of Moethionine Sulfoxide Reductase A (MSRA}Y andfor in an
animal is increased by about 10% as compared t© a conwol. Preforably, the activity or expression of MSRA i an
antmal is increased by about 30%. More preferably, the activity or expression of MSRA in an animal is increased by
S0% or more. Thus, the oligomeric compounds modulate expression of MSRA mRENA by af least 10%. by at least
5%, by at Jeast 25%, by at least 30%, by at lcast 40%, by at least 30%, by at least 60%, by at least 70%, by at feast
T5%, by at least 8%, by at least 85%, by at least 90%, by af least 93%%, by at least 98V, by at least 99%, or by H0% as
compared to a control,

{00194] For cxample, the reduction of the expression of Methionine Sulfoxide Reductase A (MSRA) may be
measured i senem, blood, adipose tissue, liver or any other body Huid, tissue or organ of the ansmal, Profirably, the
eclls contained wathin said uids, tssues or organs boing analyzed containr a nucicic acid molecude encoding MSRA
peptides andior the MSRA protein stsclf.

{01931 The compounds of the invention can be utilized in phammaceutical composttions by adding an effective
amount of a compound © & switable phanmaceutically acceptable diluent or carvier. Use of the compounds and methods
of the invention may also be uselid prophylactically.

Confugaies

{00196] Another modification of the oligonucleotides of the tnvention involves chenmcally Hoking 1o the
oligonucleatide one or more moieties or conjugates that enhance the activity, cellalar distribation or cellolar aptake of
the cligonueleotide. These moletics or conjugates can mnelude conjugate groups covalently bound to fonctional groups
such as primary or secondary hydroxy! groups. Conjugate groups of the invention include infercalators, reporter
molecules, polvanunes, polyamsides, polyvethylene glyeols, polyvethers, groups that enbance the pharnacodynamie
properties of oligomers, and groups that enhance the pharmacokinetic properties of oligomers. Typicalconjugate groups
include cholesterols, lipids, phospholipids, biotin, phenazine, folate, phevanthwidine, anthraguinone, acriding,

floresceing, rhodamines, cownarms, and dyes. Groups that enhance the pharmacodynamic properties, in the context of
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this nvention, nchude groups that mprove uptake, enbance registance to degradation, andfor strengthen seguence-
specific hybridization with the target nyeleic acid. Groops that enhance the pharmacokinetic propertics, in the context
of this mvention, include groups that improve uptake, distribution, metabolism or exerstion of the compounds of the
present Iovention. Hepresentative conjugate groups are disclosed m Intornational Patent Applicaton No,
PUTRISU2/00190, filed Oct 23, 1992 and US. Pat. No. 6,287 860, which are tncorporated hevein by reference.
Conjugate moleties inchude, but are not Hmited to, lipid motetics such as a cholesterol molety, cholie acid, a thivether,
e.., hexyk-5- witylthiol, a thiocholesterad, an aliphatic chain, ¢.g., dodecandiol or undeoy! residacs, a phospholipid, e.g.,
di-hexadecylrac-glyoerol or triethylammonium {2-di-O-hexadeeyvl-rac-glyeero-3-Hphosphonate, 2 polyamine or a
polyvethyviene ghyeol chain, or Adamantane acetic acid, a pabmityl mwoiety, or an ocladecvlamine or hexylmmnino-
carbonyl-oxycholesterol motety, Oligonucieondes of the fpvention may also be conjugated to active drug substunces,
for example, aspirin, warfariy, phenyibugezone, buprofen, suprofen, fenbufen, ketoprofes, (8)-(+)-pranoproten,
carprofen, dansylsarcosing, 2.3, 5-wriiodobenzoie acid, flufenanic acid, folinic acid, a benzothiadiazide, chlorothiazide,
a diazepine, indomethicin, a barbiturate, a cephalosporin, a sulfa drug, an sntdiabetic, an antbacterial or ap antibiotic.
{16197} Representative Lnited Slates patents that teach the preparation of such oligomuscleotides comugates melade,
but are not lanted o, US. Pat. Nos. 4838979 4 4R 882; S 21R,105; 5525465: 5541 313; 5,545,734, 55352.53%;
SATRTVT, 5580731, 33R07731 5591584 S109124; 3118802, 3138045, 3414077, 5486,603; 5512439
S5,87TR.718; 5.608,046; 4,587 044, 4605735, 4667025, 4762779, 4,789,737, 4,824,941, 4.835263; 4,876,335
4904 582, 40958043, 508283% 5 112963; 52314136, 5082.830; 5,1i2963; 3214,136, 5243002; 5234469,
52585060 5202836, 5272250, 3202873, 5317008, 5371241, 391,723 5416203, S451463; 551047
5512667, S514,785; 5563552, 5567810, 3,574,142, 3583481, o 5,597 656 5,550 923,
5,599 928 and 5,688,941,

Formadations

{3 98] The compounds of the invention may also be admixed, encapsulated, conjugated or otherwise associated with
other molecales, molecule sfruchwres or mixgwes of compounds, as forexample, hposomes, receptor-targeted
molecudes, oral, rectal, topical or other formulations, for assisting m upiake, distnibution andior absorption.
Representative United States patents that teach the preparation of such wtake, distribution and/or absorption-assisting
formaulations mehsde, but are not haoited o, VLS, Pat. Nos. 3.108,921; 5354 844; 5416016, S456,127, 5521 2%L
5,543 165, 55847932, 5583020; 3391721, 4,426,330, 4,334.899; 3,013,556; 5,108921; S213804; 5227 17}
264221, 356,633, 3393619 3416010, 3417978, 3462854, 5469854, 5512295, 5,527 538; 5,534.259;

5.)'1

5,543,152, 5,556,948; 5,580,575 amd 5,595,755, each of which is herein incorporated by reference.
{01691 Although, the antisense oligonuclestides do not need to be administered i the context of a veetor i order o

modulate a target expression and/or fimction, embodiments of the invention relates to expression vector constructs for
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the expression of antisense oligonucleotides, comprising promoters, hybrid promoter gene sequences and possess a
strong counstitative promoter activity, or a promoter activity which can be induced in the desired case.

{002007 In an embodiment, mvention practice bwvolves admumistering at keast one of the forcgoing antisense
oligonucieatides with a suitable nucleic azid debivery system. In one embodiment, that svstemn incledes a non-viral
veetor operably linked to the polvnucieotide, Bxamples of such nonviral vectors include the oligonucleotide alone (e.g.
any one or more of SEG 1D NOS: 3 1o 9) or in combination with a sudtable protein, polysaccharide or hipid formalation,
{00261 Additionally suitable nuclete acid delbvery systems include vieal vector, tvpically sequence from at least one
of an adenovirus, adenovirus-associated virus (AAV), helper-dependent adenoviras, refroviras, o hemagedutinatin
vivus of Japan-liposame {HVI) complex. Preferably, the viral vector comprises a strong cukaryotic promoter operably
Hinked 0 the potymueleotide c.g., a ovtomegalovirns (CMV) promoter,

{00202] Additonally preferred vectwrs include viral veetors, fission protems and chemical conjugates. Retroviral
veotors include Moloney pwrine levkemia viruses and HIV-based viruses, One preferred HIV-hased viral veotor
comprises at least two vectors wherein the gag and pol genes are from an HIV genome and the env gene is from
another viras. DNA viral vectors are preferred. These vectors include pox vectors such as orthopox or avipox vectors,
horpesvirus veotors such as a horpes simplex 1 vings (HSV) veetor, Adenovirus Vectors and Adeno-associated Virus
Vegtors.

{00203] The antisense compounds of the invention encompass any pharmaceutically accepiabie salts, esters, or salts of
such esters, or any other compound which, upon admimstration to an aninmal, mcluding & humian, s capable of
providing {(dircetly or indircetly) the biologically achive metabolite or residue thareof

{00204] The torm "pharmaccatically accoptable salis” refors to physiologically and pharmaceutically aceeptable salts
of the compounds of the fnvention: i.e., salts that retain the desired biological activity of the parent compound and do
not mpart undesired toxicodogical effects thereto, For oligonucleotides, preferved examples of phanmaceutically
acceptable salts and their uses are further desoribed i ULS. Pat. No. 6,287,560, which is incorporated herein by
reference.

{0203} The present invention also inchudes pharmaceutical compositions and formulations that mchade the antisense
compounds of the invention. The phanmaceutical compositions of the present invention oy be administered in a
nuamber of ways depending upon whether local or systemic treatment is desired and upows the area 1o be treated.
Advunisteation may be topical (including ophthalimc and to mucous membranes inchuding vagingl and rectal delivery),
pulmonary, ¢.g., by inhalation or insufflation of powders or acrosols, includmy by nebulizer; ntratracheal, intranasal,
epidenmal and  tansdermal}, oral or paremteral. Puventeral advunistration mclodes travenous, intraartenal,
subcutanesus, ndraperitoneal or intranwscular injection or infusion; or intracraial, e.g., ntratheeal or intraventneular,

admundstration,
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{00206] For treating Ossues in the central nervous systeny, adwinistration can be made by, e.g., injection or infasion
into the cercbrospinal fhiid.  Administration of antisense KNA into corcbrospinal fhdd is deseribed, ez, in ULS, Pat.
App. Pab, No. 20076117772, "Methods for sdowing fanulial ALS discase progression,” ncorporated herein by
reference in s entivety,

{02071 When it is intended that the antisense oligonuclestide of the present invention be administered to cells in the
central nervous systeny, administration can be with one or more agents capable of promoting penetration of the subject
antisense oligonuclectide across the Mood-brain bander.  Injection can be made, eg., in the entowhinal cortex or
hippocampus. Delivery of nearatrophic factors by administration of an adenovirus vector (o motor neurons it muscle
tissue is deseribed in, eg., LS. Pat Noo 6,632,427 “Adenoviral-vector-mediated gene transtfer into medullary motor
newons,” mcorporated herein by reforence. Delivery of vectors divectly to the bran, e.g., the sinatum, the thadamus,
the hppocampus, or the substantiy nigr, s known in the art and deseribed, g, 1w U8 Pat Noo 6,736,523,
“Adenovirus vectors for the transfer of foreign zenes into cells of the central nervous system particularly 1 bram,”
incorporated herein by reference. Adnvinistration can be rapid as by mjection or made over a period of time as by slow
mfimion ov admumstration of slow release formulations.

{10208] The subject antisense oligonucleotides can also be hoked or conjugated with agents that provide desirable
phammaccutical or pharmacndynanic propertics. For example, the antiscnse oligonucleotide can be coupled o any
substance, kaown it the ant to promote penetration o fransport across the blood-brain barmier, such as an antibody
the transforrin veceptor, and administered by intravenous mjeetion. The antisense compound can be hinked with a viral
vector, for example, that makes the antisense compound more effective and/or increases the ransport of the antsense
compound across i biond-brain baner. Osmotic blood brain basger disruption can also be sccomplished by, wg.,
wdusion of sugars mcluding, but not limited to, meso erythritol, xybitol, D) galactose, D4} lactose, D{+) xylose,
dulcirol, nyvo-inositol, L{-) fructose, D<) mannitol, D) ghicose, D{H) arabinose, (-} arabinose, collobiose, ()
maktose, D) raffinose, Li+) rhammose, DGy melibiose, D) ribose, adonttol, D) arabisod, L(-} avabutol, D{(H) fucose,
Li-} facose, D) lyxose, LE4) lyxose, and L{-) lyxose, or amino acids meluding, but not lanited to, glutanune, lysing,
arghvine, asparaging, aspartic acid, cvsteing, glutanue acid, plveme, histidine, leucine, mcthionine, phenvialaning,
profine, serine, threonine, tyrosing, valine, and taurine.  Methods and materials for enhancing bloed wain barrier
penetration are desertbed, e, i UL S, Patent No. 4,866,042, "Method for the detivery of genetic material across the
blood brain barner,” 6,284,520, “Material for passage through the blood-bram bamner,” and 6,936,589 “Parenteral
deltvery systems,” all incorporated herein by reference i their entivety.

{O02097 The subject sutisense compounds may be admixed, cocapsulated, comgogated or otherwise associated with
other molecules, molecule structares or muxtures of compounds, for example, liposomes, receptor-targeted molecoles,

oral, rectal, topical or other formulations, for assisting i uptake, distribution andfor absorption. For example, catiomic
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Hipids may be ncluded in the formulation to facilitate oligonucieotide uptake. One such composition shown to facilitate
uptake is LIPOFECTIN (available from GIBCO-BRL, Bethesda, MD).

{00210] Oligonucleotides with at least one 2'-O-methoxyethyl modification are beleved o be particulady wsefud for
oral adnnistration. Pharmaceutical compositions and Formudations for topical adminisiration may melude transdermal
patches, ointments, lotions, cremms, gels, drops, sappositories, spravs, Hgquids and powders. Conventional
pharmaceatical camriers, agueous, powder or oily bases, thickeners and the like may be necessary or destrable. Coated
condoms, gloves and the Hie may also be usefid,

{00211] The pharmaceutical fonmudations of the present invention, which may conveniently be presented in unit
dosage form, may be prepared according 1o conventional techmigues well known n the pharmaceutical industry. Such
techniques inclade the sicp of bringing into assoctation the active mgredients with the pharmaceutical camoer(s) or
exvipicnt(s). In general, the formulations are prepared by uniforndy and mtimately bringing into association the active
ingredients with liquid carriers or finely divided solid carriers or both, and then, if nocessary, shaping the product.
{00212} The compositions of the present invention may be formmulated into any of many possible dosage forms such
as, but not lmited o, tablets, capsules, gel capsules, hquad syrups, soft gols, suppesitories, and enemas. The
compositions of the preseat invention may also be fornlated as suspensions in agueous, son-agueous or mixed media.
Agueous suspensions nway further contain substances that increase the viscosity of the suspension mcluding, for
example, sodiam carboxymethylcelhdose, sorbitol andior dextran. The suspensiont may also contain stabilizers.

{00213} Pharmaceutical compositions of the present invention inchude, but are not lited to, solutions, crmulsions,
foams and Hposome-contamng formulations. The pharmaceutical compositions and fornndations of the prosent
HIVETION Ay COmPrISe One Of mose penctration cnhancers, carmiers, excipients o other active or imactive mygredicnts.
[00214] Emulsions arc typically heterogencous systemss of one lquid dispersed n another i the form of droplets
wsuaily exceeding (01 um i dlameter. Emulsions may contain additional components i addition to the dispersed
phases, and the active drug that way be present as a solution i cither the aqueous phase, oily phase or iself as a
separate phase, Microemulstons are inchuded as an embodiment of the present invention, Emulsions and their uses are
well known in the art and are further deseribed in US. Pat. No. 6,287 8601

{00215] Formulations of the present imvention inchude Hposomal foronddations. As used i the present imvention, the
wrm "hposome™ means a vesicle composed of amphiphilic hpids amanged in a spherical bilaver or bilayers, Liposomes
are wulamellar or mudtlamelar vosicles which have a membrane formed fom a hipophilic matenial and an agucous
mgerior that contains the composition o be delivered. Canomie liposomes are positively charged liposomes that are
believed to nternct with negatively charged DNA molecules to form a stable complex. Liposomes that are pH-sensitive
or negatively-charged ave believed {o entrap DNA rather than complex with it Both catiome and noncationic iposomes

have been used to deliver DNA (o cells,
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{00216] Liposomes also include "sterically stabilized” liposomes, a term which, ag used herein, refers o liposomes
comprising one or more speciatized lipids. When incorporated into Hposomes, these specialized Hpids resolt in
Hposomes with eshanced circulation lifetimes relative & Liposomestacking such specialized lipids., Exammples of
sterically stabilized Hposomes are those in which part of the vesicle-tornung Hpid portion of the hiposome conprises
one or more ghveolipids or is dertvatized with one or more hydrophilic polymers, such as g polyethvlene glyeol (PEG)
moiety. Liposomes and thelr uses are further desoribed in ULS. Pat. No. 8287860

{00217} The phammacentical formudations and compositions of the present invention may also inclede surfactants. The
use of surfactmns in drug products, fonmulations and in emulsions is well known in the art. Swfactants and their uses
ave further described in ULS. Pat. No. 6,387 860, which is incorporated herein by reference.

{00218] In one cmbodiment, the present invention emplovs various penctration enhancers to affoct the cfficient
delivery of nucleic setds, particularly oligonucleotides. In addition o aiding the diffusion of non-Hpophalic drugs across
cell mambranes, penciration enhancers also enhance the permeability of pophilic drugs. Penetration enhancers may be
classified as belonging to one of five broad categories, Le., surfactants, fatty acids, bile salts, chelating agents, and non-
chelating nonsurfactants. Penetration euhancers and thewr uses are fiwther desertbed t ULS. Pat. No. 6,287 864, wluch s
ncorporated herein by reference.

062191 Ong of skall in the art will recognize that fornmilations are routinely designed according to their intended use,
1., route of admimistration.

{00220] Preferred fonmulations for topical adpunistration inelude those in which the oligopucleotides of the invention
are w adoante with a topical delivery agent such as hpids, bposomes, fatty acids, fatty acid cstors, storonds, chelating
agents and surfactants. Preforred bpids and hposomes include neutral {c.g. diclcoyi-phosphatidyl DOPE cthanolunine,

dimyristoyiphosphatidyl choline DMPC, distearolyphosphatidyl choling) negative (c.g. dimyristoviphosphatidyl
ghyeerol DMPG) and cationie {e.g. dicleovitetramethylaminopropyt DOTAP and dinleovi-phosphatidyl ethanolamine
DOTMA)

{221} For topical or other administration, oligonucleotidey of the invention may be eneapsulated within iposomes
or may form complexes thereto, in particolar to canonic hiposomes. Alternatively, oligonuclestides may be complexed
to hipids, i particular 1o cationic lipids. Preforred fatty acids and esters, pharmacentically acceptable salts thereof] and
their uses ave further descertbed tn ULS. Pat. No. 6 287,560,

1002221 Compositions and formudations for oral adoumstration melude powders or granules, microparticulates,
nanoparticulates, suspensions or solutions m water or non-aqueous media, capsules, gel capsules, sachets, tablets or
minttablets. Thickeners, flavoriog agents, diluents, emulsifiers, dispersing atds or binders may be desimable. Preforred
gral formulations are those in which obigomucleotides of the invention are adnunistered 1o conjunction with one or more
penciration enhancers sarfactants and chelators. Preforred surfactants include fatty acids and/or esters or salis thereof,

bile acids andior salts thereof, Preforved bile acidysalts and fatty acids and their uses ame Arther deseribed i US. Pat,
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No. 6,287 8641, which is wmcorporated herein by refevence. Also preforved are combinations of penetration enhancers,
for example, faity acids/sals in combination with bile acids/salts, A particalarly preferved combination is the sodiwm
salt of lauric acid, capric acid and UDCA. Further penciration enhancers inchude polyoxyethylene-S-Tamryl cthes,
polyoxyethylene-20-cety! ether. Oligonuciootides of the nvention may be delivered orally, in granular form including
spraved dried pasticles, or complexed o form micro or nanoparticles. Oligonucleotide complexing agents and thelr uses
are further descrtbed in 1S, Pat. No. 6,287 860, which i incorporated herein by reference.

{02231 Compositions and formmdations for parenteral, tetratheesl or ntraventricudar administration may mclude
sterile aqueous sohutions that may alse contain baffers, diluents and other suitable additives such ag, but not hmited o,
penetration enhancers, carrier compormds and other pharmaceutically acceptable carriers or excipients.

{00224] Certain embodiments of the imvention provide pharmaceutical compositions containing ofe of maore
oligomeric compounds and onc or more other chemotherapeutic agents that function by a non-antisense mechanmism,
Examples of such chemotherapeutic agents include but are not limited 1o cancer chemotberapeutic dougs such as
daunorsbicin, daunomycin, dactinomycin, doxorubicin, epirubicin, idarubicin, esorubicin, bleomyein, mafostamide,
iostanmde, oviosine ambinoside, bischlorpethyl mitrosurea, buselfan, nwtomvein €, actnomycin D, mithramvein,
predmsone,  Bvdroxyprogesterone,  fostosterone,  tamoxifen,  ducarbazine, procarbazine,  hexamethylmelaming,
pentamethylmelamine, mitoxantrone, amsacrine, chlorambucil, methyicyelohexyinitrosures, mitrogen  mustards,
melphalan,  ¢yclophosphamide,  S-mcrcaptopuring,  O-thioguanine, coytarabine, 3~ azacytidine,  hvdroxywea,
deoxycotormyein, d-hydroxyperoxveyclo-phosphoranuide, S-fluorcwract (3-FL, S-fluoredeoxyuridine (5-FUR),
methotresate (MTX), colchicine, taxol, vincristing, vinblastine, ctoposide (YP-16), trimetrexate, mnotecan, topotecan,
gemcitabing, eoiposide, claplatin and dicthvisttibestrol (DES). When used with the compounds of the mvention, such
cshemotherapeutic agents may be used mdividually {eg., 53-FU and oligonuclentide), sequentially {ep.. $-FU and
oligonucieotide for a period of thne followed by MTX and oligonuclectide), or in combination with one or more other
such chemotherapeatic agents {e.g., 3-FU, MTX and oligonucleotide, or 3-FU, radiotherapy and oligonucleotide). Anti-
inflammatory drugs, inclading but net hmited to nonsteroidal snti-inflamoatory drugs and cotticosteroids, and antiviral
drugs, inchuding but not hmited to ribivirin, vidarabine, acvelovir and ganciclovir, may also be combined in
composiions of the invention. Combimations of antisense compounds and other non-antisense drugs are also within the
seope of this mvention, Two or more combined compounds may be used together or sequentialiy.

{00225} 1n another related embodiment, compositions of the vention may confain ene or more anhisense compounds,
particularly oligonucieotides, targeted to a first nucleie acid and one or more additional antisense corspounds targeted
to & second nucleic acid target. For example, the first target may be a particulay antisense sequence of Metlionine
Sulfoside Reductase A (MSRA), and the sccond target mmy be a region from another nucleotide seguence.
Alterpatively, compositions of the invention may contain fwo of more antisense compounds targeted fo difforent

regions of the same Methionine Sulfoxide Reductase A (MSRA) nucleic acid target. Numerous examples of antisense
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compounds are Hustrated berein and others may be selected from among suitable compounds known n the art. Two or
mae combined compounds may be used together or sequentially,

Dosing:

{00226] The formulation of therapeutic compositions and their subsequent adonunistration (dosing) is believed to be
within the skill of those s the ant. Dosing is dependent ou severity and resporsivensss of the disease state 1o be treated,
with the course of treatment lasting fromn several days to several months, or entil a cure &8 effected or & diminution of
the dispase state is achieved, Optimal dosing schedules can be calaudated from measurements of daig accumulation in
the body of the patient. Persens of ordinary skill can easily determine optimum dosages, dosing methodologics and
repetition rates. Optimam dosages may vary depending on the relative potescy of individuoal oligonucleotides, and can
generally be estimated based on BC30s found to be effective #n visro and &7 vive animal models. In general, dosage is
from (101 we 1o 100 g per kg of body weight, and may be given once or more datly, weekly, monthly or yearly, or even
once every 2 to 20 years. Poersons of ordinary skill in the art can easily estimate repetition rates for dosing based on
measured residence times and concentrations of the drug in bodily fhiids or tissues. Following successful treatment, it
may be desirable to have the patient wadergo maintenance therapy to provent the recarrence of the disease state,
wherein the oligonucleotide 13 admimstered in maintenance doscs, ranging from Q.01 pg to 1 g per kg of body
weight, once or more daily, 1o once evary 20 vears,

{00227] In coabodiments, a patient is treated with 3 dosage of drog that is at least about 1, at least abost 2, at east
about 3, at least about 4, at least about §, at least about 6, at least about 7, at least sbout 8, at least about 9, at least about
10, at lcast abowt 15, at least about 20, at loast about 25, at least about 30, at feast about 335, af least about 40, at least
about 435, at least about 50, at Icast about 60, at least about 70, at least about 80, af least abowt 90, or at least about 100
mgkz body weight.  Certain injected dosages of antisense obipomucieotides are deseribed, eg.. in US. Pat. No,
7,563,884, “Antisense mwodulation of PTPLIB expression,” incorporated herein by reforence in its entirety.

{2281 While varions embodiments of the present invention have been described above, it should be anderstood that
they have been presented by way of exarople ondy, and aot linitation. Numerous changes to the disclosed ambodiments
can be made i accordance with the disclosure herein without departing fron: the spirit or scope of the invention. Thus,
the breadth and scope of the present mvention should not be hmited by any of the above described embodiments.
002207 Al documents mentioned heretn are incorporated herein by reference. Al publications and patent documents
ciied mw this apphcation are meomporated by reforence for all purposes to the same extent as i cach mdividuad
publication or patent document were so mdividuatly denoted. By their citation of various references m this document,
Applicants do vot admit any particular reference 13 "prior wt” fo ther wvention. Frbodunents of inventive
compositions and methods are iHustrated i the followmg examples.

EXAMPLES
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{00230] The following non-luniting Exaroples serve to tlustrate selected embodiments of the wvention. it will be
appreciated that variations in proportions and altematives in cloments of the compoenents showa will be apparent to
those skilled bn the art and ave within the scope of embodiments of the prosent mvention.

Example 1 Dasign of artisenve oligomuclentides specifie for o nucleic acid molecule antizensg fo o Methioning
Sulfoxide Redhactove A (MIRA) andior a sense sivand of MARA polonacleotids

{00231 As indicated above the term "ohigonuclkeotide specific for” or Toligonscleotide targets” vefers o an
oligonueckeotide having a sequence (i) 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 franscript of the targeted gene,

{00232] Selection of appropeiate oligonucieatides is fhacilitated by using conputer programs (e.g. 10T AntSense
Dresign, 10T OligoAnalyvzer} that awtomatically identify in cach given sequence subsequances of 19-23 nucleotides tha
will form hybrids with » tavget polvnecieotide sequence with 3 desived melting temperature (usually S0-60°C) and will
not form self-dimers or sther complex secondary structures.

{02331 Selection of appropriate oligonucleotides is further facilitated by using compuster programs that automatically
ahign noclele acid sequences and mdicate regions of identity or homology. Such progsrams are used o compare nucleic
acid sequences obtained, for example, by searching databases such as GenBank or by sequencing PCR products.
Comparison of nucleic acid scquences from a range of genes and infergenic regions of a given genomg allows the
schection of nucleic scid sequences that display an appropriate degree of specificity to the gene of interest. These
procedures allow the selection of oligonucleotides that exhibit a high degree of complomentarity o target nucleic acd
sequences and a lower degree of complementarity to other mucleic acid sequenees o a given genome. One skalled w the
art will readees that thess is considerable lantude in sclocting appropriale regions of genes for use in the prosont
wvention,

{02341 An antisense compound is “specifically hvbridizable” when binding of the compound o the target nucleie
acid mterferes with the normal function of the trget nuclere acid to cause a modilation of Fanction andior activity, and
there 15 3 sufficient degree of complementarity to avoid non-specific binding of the antisense compound to non-target
aucleic acid sequences under conditions in which specific binding is desived, 1.e, wnder pliysiclogical conditions i the
case of iz wive assays or therapeutic treatmient, and under conditions i which assays are porformed in the case of n
VIIEG a88ays,

{00235} The hybrudhzation properties of the oligonucleotides desentbed herewn cmn be deternuned by one or more i
vitre assavs as known mn the art. For example, the properties of the oligonucleotides descntbed horet can be obtained
by determination of binding strength between the target natural satisense and & potential deog molecules using melting

CHIVE Q88ay.
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{00236] The binding strength between the target nateral antisense and 2 potential drug wolecale (Molecule) can be
estimated using any of the established methads of measaring the strength of intermoderular interactions, for example, a
melting curve assay,

{00237 Melting curve assay detormines the temperature at which a rapid gransition from double-stranded to single-
stranded conformation occurs for the matural antisense/Molecule conplex. This temperature is widely sccepted as a
rehiable measuwre of the interaction strength between the two molecules.

002331 A melting corve assay can be perforrsed using 2 cDNA copy of the actual natwal aatisense RNA mnlecule or
a synthetic DNA or RNA nucleotide corresponding to the binding site of the Molecule. Multiple kits containing alt
pecessary reagents 1o perform this assay are available {e.g. Applied Biosystems Ine. MeltDoctor kit). These kits include
a suttable buffer soblation containing one of the double strand DNA (dsDNA) binding dves (such as ABI HRM dyes,
SYBR Green, SYTO, cte.). The properties of the dsDNA dyes are such that they et almost no fluorescence in fren
forny, but are highly fluorescent when bound 10 dsDNA.

{00239] To perform the assay the cDNA or a comesponding oligonucleotide are mixed with Molecule in
concentrations defined by the particalar manufacturer’s protocols. The mixture is heated to0 93 °C to dissociate all pre-
formed dsDNA complexes, thon slowly cooled to soom temperatere or other lower temperatwe defined by the kat
manufacturer to allow the DNA molecules to amncal. The newly formoed complexes are then slowly heated to 93 °C
with simultancous continuous collection of data on the mwount of Ruorescence that 15 produced by the reaction. The
fluorcscence mtensity is nversely proportional to the amounts of dsDNA present in the reaction. The data can be
eollocted using a vead tme PCR mstrument compatble with the kit (e g ABUs StepOne Phas Real Time PCR System or
fightTyper mstrument, Roche Hagnostics, Lowes, UK).

{006240] Melting peaks are constracted by plotting the negatve derivative of fluorescence with respect o tomperatore
{-d{Fluorescence¥dT) on the y-axis) against femperature (x-axis) using appropriate soffware {for example hightTyper
{Rochey or SDS Pissociation Curve, ABD. The data 15 analdyvzed to identify the temperatare of the rapid transition from
BDNA complex o single strand molecules. This temperature 8 called T and s directly proportional (o the strength
of interaction betwesn the two molecules, Typically, T will exceed 40 °C.

Evample 20 Modidation of MARA poleneieotides

Tregiment of HapGZ cefls with antisense oligonncieotides

{00241 Al antisense oligomucleotides used in Example 2 were designed a3 described in Example 3. The
mavufactarer (IDT Ine. of Coralville, 1A} was instucied to manufaclure the destgned phosphothioate bond
oligonucleotides and provided the designed phosphoflucate analogs shown m Table 1. The asterisk designation
between micleotides indieates the presence of phosphothioate bond. The oligonucleotides required for the experinient
in Example 2 can be synthesized wsing any appropriate state of the art methed, for example the method used by 1DT:

on solid support, such as a & nucron controfled pore plass bead (CPGY, using phosphoramidite monomers {(normal
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nucleotides with all active groups protected with protecuion groups, e.g. tntyl group on sagar, benzovl on A and C and
N-Z-igobutyryl on (). Protection groups provent the unwanted reactions during oligonecleotide synthesis. Protection
groups are rameved at the end of the synthesis process. The mibial nuclestide & linked to the solid support through the
3"carhon and the synthesis procesds in the 37 o Fdirection, The addition of a now base to 3 wowing oligonucleotide
chain takes place in four steps: 1) the protection group is removed fron the §' oxygen of the inwmobihzed pocleotide
wsing trichloroacetic acid; 2) the immobibized and the next-in-sequence nucleotides are coupled together using
ferrazole; the reaction procecds tuough a teirazolyl phosphoramidite intermediate; 3) the wweacted free nucleotides
and reaction byproducts are washed away and the unreacted inimobilized oligonucizotides are capped to prevent their
participation in the next round of synthesis; capping is achieved by acetylating the free 57 bydroxyl using acetic
anhydride and N-methyvl imidarole; 4) to stabilize the bond between the mucleotides the phosphorus is oxidized using
wdine and water, i 2 phosphodicster bond is o be produced, or Beaucage reagent (3H-1 2-benzodithiol-3-one-1,1-
dioxide}, i a phosphothioate boad is desired. By aliemnating the two oxidizing apenis, a chimerie backbone can be
constructed. The four step cyele described above is repeated for every nucleotide in the sequence. When the complete
sequence 1s svnthesized, the ohgonucleotide is cleaved from the sobd sopport and deprotected using ammontum
hydroxide at high temperature. Protection groups are washed away by desahting and the remaining oligonucleotides are
Ivophilized.

{00242 To perform the experiment designed in Example 2, Hep(G2 cells from ATCC (catd HB-8065) were grown n
growth media (MEM/ERSS (Hyclone cat #SH30024, or Mediatech cat # MT-10-010-CV) +10% FBS (Mcediatech caté
MT35- 011-CVy+ pentcillis/streptonvcin (Moediatech catd MT3I0-002-CD) at 37°C and 5% C02. Onc day betore the
experinent the cells were replated at the density of 0.5x104/'mi into & well plates and moeubated at 37°C and 3% C0O2
evernight. On the day of the experiment the media m the 6 well plates was changed to fresh growth media.

{02431 Oligonucieotides shipped by the manufactuver in lvophilized form were dilited to the concentration of 30 uM
in detonized RNAse/DNAse-free water. Two ul of this soletion was incubated with 400 1d of OptiMEM niedia {Gibeo
catf3 9830703 and 4 pl of Lipofectanune 2000 (nvirogen oaté 11668019 at room temperatre for 20 nun, then
applied dropwise o one well of the 6 well plate with HepG2 cells, Similar naxture including 2 @ of water instead of
the oligonuciectide solution was nsed for the mock-transfected controls. After 3-18 h of meabation at 37°C and 5%
02 the media was changed o fresh growth media. 48 h after addition of antisense ohgonocleotides the media was
removed and RNA was extracted fromt the cells asing SV Total RNA Isolation Systom from Prowmcga (eat § Z3H05) or
RNeasy Total RNA Isolation kit fom Qiagen {catd 74181 following the manufpcturers’ mstractions, 600 ag of
extrcted RNA was added to the reverse tansenption reaction performed using Verso ¢DNA kit from Thermo
Scientific (cat#ABI4538) or High Capacity oDNA Reverse Transcription Kit {catd 4368813) as deseribed in the
manufacturer’s protocol. The ¢cDNA from this reverse transeription reaction was used (o monitor gene cxpression by

real time PCR using ABY Tagman Gene Expression Mix {(catf4369510) and primersfprobes designed by ABI {Applied
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Biosystems Tagman Gene Expression Assay: Hs00737166 m1 (MSRA) by Applied Biosystems lne., Foster City CA)L
The following PCR evele was used: S0°C for 2 min, 93°C for 10 muin, 40 cycles of (95°C for 13 seconds, 60°C for 1
min} using StepOne Plus Real Time PCR Machine {Apphod Biosystems), Fold change in gene expregsion after
treatment with antisense oligonucleotides was calaudated based on the differonce in I88-normabized dCt values
between freated and mock-transfected samples.

{00244 Resudrs: Real time POR rosulis show that the levels of the MSRA mBRNA in HepG2 cells are significantly
increased 48 h after treatmoent with the oliges designed to MSRA antisense mBNA skeybla.aApri7amspliced (Fig 1
and 2).

{00245] Altbough the invention has been lustrated and described with respecet to one or more implementations,
equivalent alterations and modifications wall ocour to others shilled in the art upon the reading and wnderstanding of
this specification and the annexed drawings. In addition, while a particular feawre of the invention may have been
disclosed with respect to only one of soveral implementations, such featere may be combined with one or more other
features of the other implementations as may be desired and advantageous for any given or particular application.
{{03246] The Abstract of the disclosure will allow the reader to guickly ascortain the nature of the techmical disclosure.
It 1s subnputted with the saderstanding that it will not be used to mterpret or limit the scope or mcamng of the following

clams.
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CLAIMS

What is claimed i

1.

A methad of modulating 3 function of adfor the expression of a Methionine Sulfoxide Reductase A (MSRA)
polynucleotide i a biological systemn comprising: contacting sabtd svstem with at feast one antisense
oligomucieotide 3 to 30 nucleotides in length wherein smid at feast one oligonucleotide has at least 50%
sequence identity fo a revarse comploment of a natural antisense of a Methionine Sulfoxide Reductase &
(MSRA) polynucieotide; thersby modulating a function of andior the expression of the Methionine Sulfoxide
Reductase A (MSRA} polyvnucieotide.

A method of modudating a function of and/or the expression of a Methionine Sulfoxide Reductase & (MSRA)
polymuciestide i a biological svstem according to claim 1 comprising: contacting said biological system with
at least one antisense oligonueleotide 3 © 30 aucleotides m length wherein said at least one oligonueleotide
has at least 30% sequence identity 1o a reverse complement of a polynecisotide comprising S 1o 30 consecutive
nucleotides wathin the natural antisense transeript nucleotides 1 to 3774 of SEQ ID NO: 2 thereby modulating
a fanction of andfor the expression of the Methionine Sulfoxide Reductase A (MSRA) polvnucleotide.

A miethod of modaiating a fimction of asdior the cxpression of o Mothionine Sudfoxide Reductase A (MSRA)
polviucicotide in patient cells or tissucs @ vive or i yiFe comprising: comfacting said cols or fissucs with at
least one antisense oligonucleotide 5 to 30 nucleotides n lenpth wherein said ohizonucicotide has at least 50%
sequence wlentity to an antisense oligonucieotide to the Methionine Sulfoxide Reductase A (MSRA)
polymucientide: thereby modulating a fimction of andfor the expression of the Methionine Subfoxide Reductase
A (MSRA) polvnucleotide i patient cells or tissues v vive or i vitro,

A method of modudating a function of and/or the expression of 2 Methionine Sulfoxide Reductase A (MSRA)
polvnucleotide tn patient cells or tssues according t© claim 3 comprising: contacting said biological system.
with at Jeast one antisense oligonucleotide § to 30 nucleotides in length wherein said at least one
oligonueleotide has at least 30% sequence identity {0 a reverse complement of a polynucleotide compnising §
10 38 conscoutive nucleotides within the natural antisense transeript nucleotides 1 to 3774 of SEQ 1D NGO 2:
thereby modulating a fanction of andfor the expression of the Methiomine Sulfoxide Reductase A (MSRA)
pobyiucleotide.

A methad of modudating a function of andior the expression of a Metluonine Sulfoxide Reduetase A (MSRA)
polynucleotide i a biological systemn comprising: contacting satd svstem with at feast one auntisense
oligonucleotide that targets a region of a natural antisonse oligonucieotide of the Methionine Sulfoxide
Reductase A (MSRA) polvouclectide; thereby modulating @ fimction of andior the expression of the

Meothionine Sulfoxide Reductase A (MSRA} polymuclentide.
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The muethod of clam 3, wheretn o function of andfor the expression of the Metinomine Sulfoxide Reductase A

{MSRA) is increased & vive or in vitro with respect to a control.

7. The method of cladm 3, wheremn the at least one antisense ohgonucleotide fargets @ nataral antisense seguence
of a Methioninge Sulfoxide Reductase A (MSRA) polynucleotidde.

& The method of clabm 3, wherein the at least one antisense oligonucleotide targets & nucleie acid sequence
carnprising coding andfor non-coding nucleic acid sequences of a Methionine Sulfoxide Reductase & (MSRA)
polvnacleotide.

9. The method of claim §, wheremn the at least one antisense oligonucleotide tarpets overlapping andéor non-
overlapping sequences of a Methionine Sulfoxide Reductase A (MSRA} polynuclentide.

1. The method of claim 5, wherein the at least ome antisense oligonucleotide comprises one or more
modifications selected Fom: af least one modified sugar moiety, at least one modified internacleoside linkage,
at least one modified nucleotide, and combinations thercof,

11, The method of claim 10, wherein the one or more modifications eomprise at least one modified sugar modety
selected fronr a 2-O-methoxvethyl modified sugar moiety, a 2-methoxy modified sugar motety, a 2-Calksd
modified sugar moicty, a bicyclic sugar moicty, and combinations thereof.

12. The method of claim 10, wherein the one or more modifications comprise at kast one modified

internuclenside  linkage selected from: a  phosphorothivate, 2% Omethoxyethyl (MOE),  2fluoto,
atkviphosphonate, phosphorodithioate, alkviphosphonothioate, phosphoramidate, carbamate, carbonate,

phosphate triestor, acetamidate, carboxyaethyd ester, and combinations theveof,

. The method of clam 18, wherem the one or more moeddfications comprise at keast one modificd nucleotide

selocted from: a peptide nucleic acid (PNA), a locked nuclvie acid (LNA), an srabino-nuclerc acid (FANA), i

analogue, a dervative, and combinations thereof,

. The wethod of clum 1, wherein the at least one oligonucleotide comprises at least one oligonacleotide

sequences set forth as SEQIDNOS: 3108,

. A method of modulating a Amction of andior the expression of o Methionine Sulfixide Reductase & (MSRA)

gene in manmalian cells or tssues & vive or i vifre conyprising: contacting satd cells or tissues with at feast
one short isterfering RNA ($iIRNA)Y oligponucleotide 5 to 30 nucleotides in length, said af least one siRNA
ohgonucleotide bemy specific for an antisense polynuclestide of a Methiomne Solfoxade Reductiase A
{MSRA) polynucieatide, wherein satd at least one siIRNA oligonucivotide has at least M sequence identity to
a complementary sequence of at least about five consecutive nucleie acids of the antisense andfor sense nucleic
acid molecude of the Methionine Sulfoxide Reductase A (MSRA) polynucleotide; and, modulating a function
of andéor the expression of Methionine Sulfoxide Reductase A {MSRA} in manmmalian cells or tissues in vive

or i VD,
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16, The method of clatro 13, wherein said oligonucleotide has af least 0% sequence identity 1o a sequence of at

1%

20

2
fo

fcast about five consecutive nacleic acids that is complomentary to the antisense andior sense nyclele acid

mcdecyle of the Methionine Sulfoxide Reductase A {MSRA} polynuclestide.

P A method of modulating a function of andéor the expression of Methionine Sulfoxade Reductase A (MSRA} in

manunalian cells or tissues i wie or in virre conprising: contacting said cells or tissues with at least one
antisense oligonucleotide of abowt § o 30 necleotides v length specific for voncoding andfor coding
sequences of a sease andfor patural antisense strasd of 3 Mothionine Sylfoaide Reductase A [MSRA)
polynucieotide wherein said at least one antisense oligonucientide has at least 50% sequence identity 1o at feast
ane nucleie acid sequence sot forth as SEQ 1D NOS: 1 and 2; and, modulating the fimction and/or expression

of the Methionine Sulfoxide Reductase A (IMSRAY in mummmalian cells or tissues fr vwive or in wino.

. A synthetic, modified ohponuclestide comprismg af least one modification wherein the at least one

modification s selected fromy: at least one modified sugar moiefy; at least one modified internecieotide
linkage; at least one modificd nucleotide, and combinations thercof, whereim said oligonucleotide s mn
antisense compound which hyvbndizes 10 and modalates the function andior expression of a Metlnonme
Sulfoxide Reductase & (MSRAY gene in vivo or in viro as compared to 2 normal control and wherein said
oligonucleotide has at least 30% sequence identity to a sequence of af least about five consecutive nucleic
acids that is complementary to the antisense anddor sense nucleic acid mokecule of the Methionine Sulfoxide
Reductase A (MSRA) polynucleonde and allcles, bomologs, isoforms, variants, derbvatives, mutants,
fragments, or combinations thereof,

oth and

=

The ohigonucleotide according o clasm 18 wheren said oligonucleotide 18 5 1o 30 nucleotides m fen
has at least 30% sequence identity to the reverse comploment of 5-30 consecutive nucleotides within a natural
antisense transcript of the MSRA penc.

The oligonacieonde of claim 19, wherein the at least one modification comprises an nternucleotide hinkage
sclected  from the  group comsisting  of  phosphorothioate,  alkylphosphonate,  phosphovodithioate,
alkyiphosphonotiioate,  phosphoranudate, carbamate, carbomate, phosphste  triester,  acctamidate,

carboxymethyl ester, and combinations thereof.

. The oligonucleotide of clabn 19, wherein said oligonucikeotide comprises at least one phosphorothicate

adernucleotide hinkage.

2. The oligonucieotide of clatm 19, wherein said oligonuclentide comprises 3 backbone of phosphorothioate

mternucleotide lnkages.

. The oligonucleotide of claim 19, wherein the oligonuclectide comprises at least one modified nucleotide, said

modified nocleotide selected from: a peptide mucleie acid, a locked nucheie acid (LNA), analogue, derivative,

and a combination thereof.
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29. The oligonucleotide of clamm 19, wheremn the oligonucleotide has at least abost 80
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. The oligenucleotide of claim 19, wherein the oligonuclectide cornpnses a pharality of modifications, sherein

said modifications comprise modified nacleotides selocted from: phosphovothioate, alkylphosphonate,
phosphoradithicate, alkyviphosphonothioate, phosphoranmidate, carbamate, cwbonate, phosphate  triester,

acetamidate, carhoxymethyl ester, and a combination thereof,

. The oligonucleotide of claim 19, whevein the oligonucleotide comprises a plurality of modifications, wherein

said modifications comprise modified nucleotides selected fromy peptide nucleic acids, locked nuclele acids
(LNA}, analoguoes, derivatives, and a combination thereof,
The oligonuciestide of clain 19, wherein the oligonucleotide comprises at feast one modified sugar moiety

selected from: a 2-O-methoxyethyl modified sugar moiety, a P anethoxy modified sugar moiety, a 2-O-alkyl

modified sugar molety, 2 bicyehie sugar molety, and a combination thereofl

. The ohigonucleotide of claim 19, wherein the olizonucieotide comprises a pharality of modifications, wherein

said modifications comprise modified sugar mwoicties selected frony a 2-O-methoxyethy! modified sugar
moiety, a 2-moethoxy modified sugar moiety, a 2-O~alkyl modified sugar moiety. a bicyelic sugar moicty, and
a eombination thoreof.

The oligonuckeotide of claim 19, wheretn the oligomucleotide s of at feast aboat 3 to 30 nocleotides w lenpth
and hvbridizes to an antisense andior semse strand of a Methionine Sulfoide Reductase A (MSRAS
polynucicotide wherein said oligonucleotide has at least about 60%% sequence identity fo 3 complemontary
sequence of at least about five consecutive nucleie acids of the antisease andfor sense coding andfor noncoding
suclote actd sequences of the Mothionine Sulfoside Reductase A (MSRA) polvnucleotide.

%% soquence 1dentity 0 a
complementary sequence of at least about five consecutive nucleic acids of the antisense andfor sense coding

andéor noncoding nuckete acid sequence of the Mothionine Sulfoxide Reductase A {IMSRA)Y polymucleotide.

. The oligonucleotide of clatm 19, wherein said oligonacleotide hvbridizes to and modidates expression andfor

function of at least one Methionine Sulfoxide Reductase A (MSRA) polviueleotide i vive or ip vilre, as

compared fo a nonmal control.

. The oligonucleotide of clains 19, wherein the oligonucleotide coniprises the sequences sot forth as SEQ 1D

NOS: 3w 9.
. A pharmgecatical composition comprising one or more ohigonucleotides specthie for one or more Methaomme
Sultoxide Reductase A {(MSRA)} polviucleotides according to claim I8 and a phenmaceutically accepiable

excipient.

3. The composition of claim 32, wherein the oligonucieotides have at least about 40% sequence wdentity as

compared to any one of the mucleotide sequences set forth as SEQ D NQS: 3109,
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The composition of claim 32, wherein the oligonucleotides comprise wucleotide sequences set forth as SEQ 1D

NOS: 3w

. The composition of claim 34, wherein the oligonucieotides set frth as SEQ 1D NOS: 3 1o 9 comprise one or

wmove modifications or substitutions,

. The composition of clain 35, wherein the one or more wodifications are selected frony phosphorothioate,

methyiphosphouate, peptide nuelele acid, locked nueleie acid (LNA)Y molecales, and combinations thercofl

. A method of proventing or treating a disease associated with ot Jeast one Methionine Sulfoxide Reductase A

(MSRA) polynucleotide andior at least one encoded product thereof, conprising: adnumistering 10 & patient a
therapeutically offective dose of at least one antisense oligonucieotide that binds to a nawwral antisense
sequence of sald at feast one Mathionine Sulfoxide Redactase A (MSRA) polvnuclectide and modalates
expression of sad at feast one Methionine Sulfoxide Reductase A (MSRA} polynucleotide; thereby preventing
or treating the disease assocwated with the at least one Methionine Sulfoxide Reduciase A {MSRA)

polynucleotide and/or at least one encoded product thereof.

. The method of claim 37, wherein a discase associated with the at least one Maothionine Sudfoxide Reductase A

{(MSRA) polvoucleotide 1s sclected fonu a discase or disorder associated with abnormal function andéor
expression of MSRA, cancer, a disease ov disorder associated with defective pi3 signaling pathway. a
profiferative discase or disorder, abnormal cell proliferation, a neurclogical discase or disorder, a discase or
disorder associated with auditory system {e.g., deafness, partial heartng loss, vestibular defects due 10 damage
or loss of wer car hair colls gic), a discase or disorder associated with vestbular svstem {e.g., loss of
vestibular hair cells, a balance disorder ctel), osteomrthiitis, a discase or disorder assoctated with Noich
signaling pathway, an ifestinal disease or disorder (c.p., colitis, mtestinal milanwnation <o), mpaired
odontogenesis, a disease or disorder assoctated with conscious proprioception, a discase or disorder associated

with interoception, and a discase or disorder associated with resparation.

. A method of identifving and seleeting at loast one oligonucleotide seloctive for a natural antisense franseript of

a MSRA gene as a selected tarpet pobvnucientide for i vivo administration comprising: identifving at least one
oligonncleotide comprising af least five consecutive nuckeotides which are at least partially complementary to
a potynucleotide that is antsense to the selected target polyvnacleotide; measuring the thermal melting point of
a hybrid of an antisense ohgonuckeotide and the target polynuciectide or the polynucleotide that is antisense to
the selected farget polynuclectide under stringemt bybridization condibons; and selecting at least one

obigomucleotide for in vivo adiministration based on the infonmation obtained.
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FIGURE |

Fold difference in MSRA mRNA copy number
compared to control
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FIGURE 2
Fold difference in mRNA copy # compared to
controls
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