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TREATMENT OF SODIUM CHANNEL, VOLTAGE-GATED, ALPHA SUBUNIT (SCNA) RELATED
DISEASES BY INHIBITION OF NATURAL ANTISENSE TRANSCRIPT TO SCNA
FIELD OF THE INVENTION
jOOY The present application claims the priority of US. provisional patent apphication No. 61/337 774 filed hune 23,
2010.
HI002]  Ernbodiments of the invention comprise oligonucleotides modulating expression and/or function of SCNA and
associated molecules,
BACKGROUND
{0003} DNA-RNA and RNA-RNA hybrdization are important to many aspects of nucleic acid function mcluding
DNA replication, transeription, and teanslation, Hybridization is also central o a variety of iechnologics that either
detect a particular sucleic acid or alter its expression. Antisense nucleotides, for example, distapt gene expression by
hybridiziag 1o target RNA, thereby interforing with RNA sphicing, transcription, transkstion, and replication. Antisense
DNA has the added feamre that DNA-RNA hybrids serve as a subsuate for digestion by ribonuclease H, an activity
that s present in mest cell types. Astisense molecules can be delivered into cells, as is the case for
oligodeoxyaucieotides {ODNs), or they can be oxpressed from ondogenous genes as RNA molecules. The FDA
recently approved an antisense drug. VITRAVENE™ (for treatmemt of cytomegaloviras retimitis), reflecting that
antisense has therapautic utility.
SUMMARY
10004} This Senumary is provided to present a sumanary of the invention 1o briefly indicate the nature and substance of
the mvention. ft is subrtted with the enderstanding that 1t will pot be used to aterpret or it the scope or meaning of
the claims,
[0005] In one aspect, the invention provides methods for inhibiting the action of a natural antisense transcript by
using antisense oligonucleotide(s) tarpeted to any region of the natural antisense transeript resalting i upregelation of
the corresponding sense gene wherein saud sense gene is selected from at least one member of the SCNA gene fumily
and varians thoreof. It is also contemplated herein that inhibation of the natural antisense transcript can be achieved by
SIRNA, ribozymes and soall molecules, which are consideved 10 be within the scope of the present invention.
100061 One embodiment provides a method of modulating function and‘or expression of an SCNA pelysucientide in
patient cefls or tissues In vivo or in vigo compeising contacting said cells or tissues with an antisense oigonucleotide 3
io 30 nucleotides in length wherein smd oligonucieotide has at least 50% sequence identity to a reverse comploment of
a polypocleotide comprising 3 to 30 consecutive nucleotides within nucleotides 1 to 123 of SEQIDNO: 12 and 1 0
2352 of SEQIDNO: 13, [ o 267 of SEQ I NO: 14, 1 w0 1080 of SEQ IDNOIIS. 110 173 of SEQIDND: 16, { 1o
S1R of SEQIDNO: 17, 1 1o 871 of SEQ IDNO: 1R, § 10 3 of SEQ IDNO: 19, 1 80 293 of SEQ ID NO: 20, 1 0 %92
Of SEQIDNO: 21, 1o 260 of SEQID NG: 22, | to 982 of SEQ IDNO: 23, 1 0 906 of SEQID NO: 24, 1 o 476 of
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SEQ D N 25, 1o 285 of SEQ ID NQG: 26, 1w 162 of SEQ ID NQ: 27 and 1 to 94 of SEQ ID NO: 28 dhereby

. modalating function andfor expression of the SONA polynucleotide 1n patient cells or tissues i vive or i vitro.

[0007] In an cmbodiment, an oligonuciootide targers a natwal antisense sequence of SCNA polynucleotides, for
example, necleotides set forth m SEQ 1D NOS: 12 w0 28, and any vartants, alleles, homoloys, mutants, derivatives,
fragments and complementary sequences thereto. Examples of antisense oligonucleotides are st forth as SEQ D NOS:
191094,
{908]  Another embuodiment provides a method of modulating function andfor expression of an SCNA polymucleotide
in patient cells or tissucs i vivo or in vitro comprising contacting said cells or tissucs with an antisense oligonucleotide
5 to 30 nucleotides in leneth wherein said oligonucleotide has at least 50%% sequence identity to a reverse complerent
of an antisense of the SCNA polynucicotide; thereby modulating fanction andior expression of the SCNA
polynucieotide in patient cells or fissucs W vivo or In vilto,
[0009]  Another embodiment provides a method of modulating function and/or expression of an SCNA polynucleotide
in patient celis or tissues in vivo or in vitro comprising contacting said cells or tissues with an antisense oligonucleotide
S to 30 nucleotides in length wherein said oligonucleotide has at least 0% sequence complementary to an SCNA
satural antisense transeript thereby modulating Rmction and/or expression of the SCNA polynucicotide i pationt cells
OT HiSSUCS in Vivo OF I VilTo.
[0009.1] A preferred embodiment provides an ex vivo method of upregulating a function of and/or an expression of
a Sodium channel, voltage-gated, type1,alpha subunit (SCN1A) polynucleotide in a biological system having SEQ
ID NO: 1 comprising:

contacting said biological system with at least one single stranded antisense oligonucleotide 13 to 28
nucleotides in length which targets a 13 to 28 nucleotide region of a long non-coding natural antisense polynucleotide
selected from the group consisting of SEQ ID NOS: 12 to 28, wherein said at least one single stranded oligonucleotide
has 100% sequence identity to a reverse complement of a polynucleotide comprising 13 to 28 consecutive nucleotides
within the natural antisense polynucleotide having a nucleic acid sequence as set forth in any one of SEQ ID NOs:
12 t0 15 and 17 to 28; thereby upregulating the function of and/or the expression of the SCN1A polynucleotide, and
wherein the at least one oligonucleotide comprises at least one oligonucleotide sequence set forth as SEQ ID NOs:
40 to 92.
[0009.2] Another preferred embodiment provides an ex vivo method of upregulating a function of and/or an
expression of a human Sodium channel, voltage-gated, alpha subunit (SCN1A) polynucleotide in a biological
system having SEQ 1D NO: 1 comprising:

contacting said biological system with at least one single stranded antisense oligonucleotide of 13 to 30
nucleotides in length that is 100% complementary to and specifically targets a complementary region of a patural
antisense polynucleotide of the SCN1A polynucleotide, wherein said natural antisense polynucleotide is selected
from the group consisting of nucleotides 1 to 1123 of SEQ ID NO: 12 and 1 to 2352 of SEQ ID NO: 13, 1 to 267 of
SEQ ID NO: 14, 1 to 1080 of SEQ ID NO: 15, 1 to 173 of SEQ ID NO: 16, 1 t0 618 of SEQ ID NO: 17. 1 to 871 of
SEQ ID NO: 18, 1 to 304 of SEQ ID NO:19, 1 to 293 of SEQ ID NO: 20, 1 to 892 of SEQ ID NO: 21, 1 to 260 of
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SEQ ID NO: 22, 1 t0 982 of SEQ ID NO: 23, and 1 to 906 of SEQ ID NO: 24; thereby upregulating the function of
and/or the expression of the SCN1A polynucleotide, and wherein the at least one oligonucleotide comprises at least
one oligonucleotide sequences set forth as SEQ ID NOs: 31, 33, 37, 40 to 92.
[0009.3] Another aspect provides a synthetic, modified oligonucleotide comprising at least one modification which
is at least one modified sugar moicty; at least one modified internucleotide linkage; or at least one modified
nucleotide, or any combination thereof; wherein said oligonucleotide is an antisense compound which hybridizes to
and upregulates a function of and/or expression of a Sodium channel, voltage-gated, typel, alpha subunit (SCN1A)
gene in vivo or in vitro as compared to a normal control, and

wherein said oligonucleotide is 5 to 30 nucleotides in length and has at least 50% sequence identity to the
reverse complement of 5-30 consecutive nucleotides within a natural antisense transcript of the SCN1A gene.
HI010] Iy an embodiment, 3 composition compriscs one or more antisense oliponucieotides which bind to sense
and/or antisense SCNA polynucicotides wherein said polynucleotides are selected from the group consisting of SCNA
to SCNI2A and variants thereof. In a preferred embodiment, the target polymucleotide is selected from SONAL
0011} Inan embodiment, the oligoaucieotides comprise ane or more modificd or substituted nucleotides.
{0012} Ip an embodiment, the chgonucleotides comprise one or more modified bonds,
{1013} s vet another embodiment, the modified nucleotides comprise modified bases comprising phosphorothioate,
methylphosphonate, peptide nucleic acids, 2 -Cmethiyl, fluero- or carbon, methyiene or other locked nuclele acid
{LNA) molecudes. Preferably, the modified mecleotides are locked nucleic acid molecules, including a-L-LNA.
{0614} In an cmbodiment, the dligomuleotides are administered © a patient subcutancously, inmamuscutarly,
mtravenossly or traperiioneally.
{00157 In an embodment, ibe oligonucleotides are admunistered In a pharmaceatical composition. & treatment
regimnen comprises administering the antiscese compounds at Icast once 1o patient, however, this treatment can be
madified 10 inchude sudtiple doses over a perod of fime. The weatment can be conbined with one or more other types
of therapies.
{016] In an embodiment, the oligonucieotides are encapsulated in a liposome or atached to a carvier molecule (e.g.
cholesterol, TAT pepiidel

{37} Other aspects are described ifa.

2a
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BRIEF DESCRIPTION OF THE DRAWINGS

{00181 Fuguee 1is a graph of real time POR results showing the fold change + standard doviation in SCN1A mRNA

afier geatment of HepG2 cells with phosphorothioste ohgomucleotides wtroduced wing Lipofectaming 2000, as
comparcd to control. Real Time PCR results show that lovels of SUNIA mRNA in HepG2 cells are significantly
increased 48h after treatent with one of the antisgnse oligonucleotides to SCNTA amtisense BG7234147. Bars denoted
as CUR-1624 1o CUR-1627 correspond to samples greated with SEQ 1D NOS: 30 to 33 respectively.

{1019} Frgare 2 18 a graph of veal time PCR results showing the ld change + standard deviation in SCNTA mRNA
after treatmient of Hep(G2 cells with phospherothioate oliponucieotides introduced using Lipofectanune 2000, as
compared o control. Bars denoted as CUR-1628 to CUR-163] correspond o samples treated with SEQ 1D NOS: 34 o
37 respectively.

{00201 Figuwre 3 13 o graph of real time PR results showing the fold change + standard deviation in SCNLA mRNA
alter geatment of Hep(G2 cells with phosphorethioate oligonucieotudes istroduced using Lipoftctamine 2000, as
compared 1o congrol. Bars denoted as CUR- 1632 to CUR-1636 correspond to samples treated with SEQ 1D NOS: 3810
42 vespeetively,

{00211 Figare 4 shows dose-dependent upregalation of SCNIA mRNA i primary lnaman sk fibroblasts canrving a
Pravet syndrome-associated mutation. CUR-IDIS, CURATH, CUR-1764 and CUR-ITTG comrospond fo samples
wreated with SEQ IDNOS: 70, 45, 52 and 37 respectively.

{00221 Figure 5 shows dose-dependent npregulation of SCN1A mRNA in SK-N-AS cells. CUR-1916, CUR-1744,
CUR-1764 and CUR-1770 comrespond to samples toated with SEQ 1D NOS: 70, 45, 52 and 57 respectively,

{00231 Figure 6 shows dose-dependert upregudation of SONTA mRNA in Vero76 cells. CUR-1916, CUR-1744,
CUR-1764 and CUR-1770 correspond fo samples treated with SEG D NOS: 70, 45, 52 and 57 respectively.

{00241 Figwre 7 shows that upregulation of SCNIA mRNA 15 not caused by nowspecific toxicity of antisense
oligonucieotides. A -~ upregulation by CUR-1916; B - upregmiation by CUR-1770. CUR-1462 s an mactive controf
oligonucteotide of similar chemustry,

{0025} Frgure 8 shows that cxprossion of the SCNBA and SCNYA channels m human fibroblasts carrying a Dravet-
associated nuatation s not sigoificantly affected by the eastment with antisense oligonucieotides targeted against
SCNTA natural antisense ranscript, & - treatment with CUR-1770y B - reatment with CUR-1916,

{0026F Figure 9 shows stability of antsonse oligonucicotides fargeting SON1A~speaific natueal antisense franseript.
Vorn 76 colls were treated as described tn Example 2 with two diffevent batches of CUR-1916 synthesized tn August
2010 and Masch 2011, The oligonucleotide synthesized in August 2010 was stored as 2 1 mM agueous solution at 4°C.
The oligonucleotide syathesized in March 2011 was shipped i lyophilized form and tested mmmediately upon anival.
0271 Figure 10 shows upregalation of SCNLA protein in fibroblasts careying a Draver syndsome nugtation treated

with astisense oligonucleotides complementary to the SONEA natural antisense. Fibroblasts were grown in 24 well

o
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plates and treated with antisense oligonacleotides complementary to the SCNTA nateral antisense at 20nM {panel ¢
CUR-1T40; & CUR-17TG; o CUR-1916) and at 0 nM (b The cells weore stained for SUNTA {b-¢) by indirect
mwnokisiochenistry  ysing an anti-SCNIA  antibody {(Abcarm cat# ab24820) mnd 2 secomdary  antibody
staming/araplification with the avidin'biotin method (Vector Laboratories catd# SP-2001; Vector Laboratories caté PR~
S101; Veotor Laboratories cat# SK-4108Y; panel & - negative control, a mbbit antb-mouse mutibody was used as &
privoary antibody followed by the same staining proceduore as inpancls bee.

{1028] Figare 11 shows upregulation of SCUNTA protein tn SK-N-AS colls troated with antisense oligonucieotides
complementary to the SCNTA natural antisense. SKN-AS cells were grown in 24 well plates and treated with
aligonucleotides at 20nM (o CURA1740; d CURA1764; o CUR-1770; £ CURA1916) and at (b O nM). The SK-N-AS
eells were stained for SCNEA (b-D) by indirect immunchistochemistey using an antk- SONIA antibody {(Abcam caté
ab24824) and secondary angibody stainmp/amplification using the avidinbiotin method (Veetnr Laboratories cath SP-
2001, Veotor Laboratories catd PR-610!; Vector Laboratories catdt SK-4105); 35 8 negative control, a rabbit anti-
mouse antibody was used as a primary antibody followed by the same stainimg procedure as w pancls b-f {panel a).
{0291 Frgure 12 shows upregnlation of SONTA protein 1 Vero 76 colbs treated with antisense oligonucleoudes
complomentary o the SCN1A natwal antisense. Vero 76 cells were growa n 24 well plates and treated with antisense
oligonucicotdes complementary o the SCNLA natural antisense at 20nd {or CUR-1740; & CURA1945; o CUR-1TH,
£ CUR-IDIG; g CUR-19241 and at 0 s (b). The Vere 76 cells were stained for SCNTA (b)) by indirect
momunchistochenmisiry  using an ant- SCNIA  antibody (Abcam cat ab24820% and  sccondmry  antibody
statningamplification with the avdibiotin method {Veotor Laboratories cat# SP-2001; Vector Laboratones cat# PK-
6101, Vector Laboratorics catt SK-4105}), panel a - as a negative control, a rabbit anti-mouse antibody was used as
primary antibody followed by the same stamng proceduse as in pancls b-g.

{0030] Figwre 13 show that oligonucleotides targeting SON1A-specific naturs] antisense travseript that apregalate
SCN14A mRNA do not apregulate actiis in Vero76 cells. The same antisense oligonucieotides (CLIR-1740, CUR-1838,
CUR-1924) trgeting SONTA-specific natural antiserse transcript that were shown 1 Examples § and 12 o upregulaie
SCNTA mRNA and protem were tested for then effect on beta-actin mRNA expression in Vero 76 cclls. The data
confirms that oligonucieotide twgeting SCNTA-specific natural antisense transeript do not upregulate & non-related
gene such as actin. Bars denoted as CUR- 1740, CURA1E38 and CUR-1924 correspond 1o samples treated with SEQ ID
NS 45, 62 and ¥ respuectively,

{00311 Figwre 14 shows that oligonucleotide targeting SCNIA-specific natural antiscnse transcript shown to
upregalate SUNTA mRBNA and protein do not upregolate actin in fibroblasts carrving a Dravet-associated nmutation.
The ohigonucleotides {CUR-1916, UUR-1943) targeting SCN T A-specific nataral antisense tanseript that were shown
i Examples 2 and 7 to upregadate SONIA mBRNA and protein were tosted for their effect on actin mBNA exprossion

in fibroblasts carrying a Dravet-associated nustation. The data below confirms that oligonucleotides targeting SCNTA-
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specific natural antisense transenpt do not upregudate a won-related gene such as actin. Bars denoted as CUR-1916, and
CUR-194S correspond to samples treated with SEQ 1D NOS: 70 and 93 respeetively,

{00321 Figwe 15 show that oligonucleotides @rgeing SCNIA-specitic natural antisense tansenpt shown 1o
upregtlate SUNTA mBRNA and protein do not upregulate actin in SK-N-AS cells. The samw antisense oligonucleotides
(CURA1740, CUR-ITT0, CUR-6, CUR-1764, CUR-1838) that were shown v Exanples to uprepulate SCNIA
mRNA and protein were tested for their effect on actin mRENA expression m SK-N-AS cells. The data confinus that
oligomucieotides targeting SCN1A-specific patural antisense transcript do not upregulate a non-related gone such as
actin, Bars denoted as CUR-1740, CUR-1770, CUR-1916, CUR-1784, CUR-IE3S corcspond to samnples treated with
SEQ 1D NOS: 45, 57, 70, 32 and 62 respectively.

100331 Figue 16 shows statming of actin protein i SK-N-AS cells trested with antisense  oligomucieotides
complomentary & the SONIA natural antisense, SK-N-AS cells were grown in 24 well plates and treated with
chgonucientides at 20 aM (b CUR-1740; ¢ CUR-1T64; d CUR-ITT0 o CUR-IVIG) and at 1} M (a). The SK-N-AS
cells were stained for actin {a~¢) by indirect immunclustochemustty using an anti-zctin anttbody (Abcam cat#abl801)
and secondary anttbody stainingfanplification using the avidinbiotin method (Vector Labomtonies cat# SP-2001;
Vector Laboratories catd PR-6101; Vector Laboratories caté SK4105).

{0034} Freare 17 shows staining of actin proteinn in Vero 76 cells weated with antisense oligonucleotides
complementary 1o the SCNITA natural antisense. Vero 76 colls were grown in 24 well plates and treated with antisense
aligonucleotides complementary to the SCNTA natural antisense at 20nM (br CUR-1740; o CUR-ITH); & CURAI016;
¢ CLIR-1924; £ CUR-PMSY and at O oM (). The Vero 76 cells were staned for actin {(b-1) by imdirect
mmunchistochenustry . using  an andi-actis anttbody  (Abcamt cat#abi80}) and  scoondary  antibody
staming/amphification with the avidindbiotin method {Veetor Laboratories cat# SP-2001; Vector Laboratories ca PK-
6101 Vector Laboratories cat? SK-~4103}; panel a - negative control, a rabbit anti-monse antihody was used as primary
antibody followed by the same staining procedure as in panels b-g.

{0035] Figure 18 shows upregulation of actin protein m Abroblasts carving a Dravet syndrome muiation treated with
anfisense obgonucicotides complomentary to fhe SCNIA natural antisense. Fibroblasts were grown i 24 well platcs
and treated with antisense oligonucleotides complementary to the SUNLA natural mutisonse ot 20nM (panet b: (CUR-
1748 o CUR-17684; & CUR-I770; @ CUR-IRIR and £ CUR-1916) and at 0 od (a). The cells were stained for actin
{a-f) by mdircet immunchistochenustry using an anti-actin antibody {Abcam catfbiS01) and a secondary antibody
stamingfamplification with the avidindbiotin method {Veotor Laborateries caté 8P-2001; Vecior Laboratories cat¥ PK-
6101 Vector Laboratories cal# SK~1105)

{036] Fugave 19 shows upregolation of SCNLA protein in fibroblasts carryving a Dravet syndroms nugtation freated
with antisense ohigomlestides complomentary to the SCN1A aatural antisense guanttfied using ELISA. Fibroblasts

were freated with oligonuclentides complementary to the SCNTA sabwral antisense at € or 80M. After 48h, the cclls
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were transferred to a 96 well plate for 24 b, before being fixed and osed for SUNFA and actin ELISAs. The OD
readings for SONIA signal were nomalized o actin signal for the same experimental condition. The nommalized
SUNTA signal in cells dosed with & oM of oligonucleotide was used as baseline (100%). Bars denoted as CUR-1740,
CUR-T770 and CLUR-1916 cotrespond to samples treated with SEG 1D NOS: 45, 57 and 70 respectively.

{00371 Figure 20 shows upregulation of SCNTA protem in Vero76 cells treated with antisense oligonucleondes
complementary to the SCN1A sawrad antisense quantified wsing ELISA. Vero76 cells were treated with antisense
oligosucieotides complementary to the SCN1A natural antisense at 0 or BinM. Atter 48k, the cells were transferred ©
3 96 well plate for 24h before being fixed and used for SCN1A and actin ELISAs. The OD readings for SUNEA signal
were ponnalized to actin signal for the same experimental condition, The novmalized SCN1A signal in cells dosed with
O sM of oligonucleotide was used as baschne (100%). Bars denoted as CUR-1746, CUR-17H), CUR-1816, CLUR-
1824, CUR-1943 comrespond to samples reated with SEQ 1D NOS: 43 57, 70, 78 and 93 regpectively.

{0038 Funure 21 shows wpsegulation of SONIA motein st SK-NAS cells teated with  olugonucleotides
complementary o the SCNLA natural antisense quantified using ELISA. SK-N-AS cells were treated with antisense
oligonucleatides complementary to the SCNTA natural antisense at § or 20aM. After 48h, the cells were transfarred ©
a 90 well plate for 24 b, before being fined and used for SCNIA and actis ELISAs. The OD madings for SCNIA
signal were nowrmalized fo actin signal for the same experimental conditton. The normalized SUNIA signal m cells
dosed with § nM of cligonucieotide was used as baseline (100%). Bars denoted as CUR-1740, CUR-TTHG, CUR-1924,
CUR-1945 correspond to samples reated with SEQ IDNQS: 43, 57, 78 and 93 respectively.

10034 Figuee 22 shows products from a second POR round of a 37 RACE of the SCNILA natural antisense transeript
BGT24147. A 37 RACE was parformed on: ) total RNA from HeplaZ colls with adenosing added; b - poly A RNA
isolated from Hep(2 eells! © - on total RNA from primary buman fbroblasts carrving a Davet syndrome-assocuated
mutation with adevosine added; d — on poly & RNA solated from prinsuy human fibroblasts crving a Deavet
syndrome-associated mutation, Figure represents a negative of a 1% agarose pelFIxTAE siaived with GelRed
{GeaScript, cat#dMO0120), Arrow shows & band coramon for HepG2 cells and primuery nenan Sbroblasts carrving a
Pravet syndromoe-associated mutation, demonstrating the proscnce of BG724147 nateral antisense transcript m these
cells.

{00401 Segrence Lisgag Deseripion- SEQ 1D NO: L Homo sapiens sodiam channel, voltage-gated, type |1, alpha
subuint (SCNIAY, transenipt vartant 1, mRNA {NCBI Accession No. NM_001163963); SEO 1D NO: 27 Homo saplens
sodium channel, voltage-gated, type 1, alpha subunit (SCNIA), tanscript vadant 1, mRNA (NCBI Accession Nou:
NM 021007y, SEGQ ID NO: 30 Homo sapiens sodium channel, voltage-gated, type L alpha subunit (SCN3A),
franscrpt vanant 1, mBNA (NOBI Accession Noo NM_006922y SEQ 1D NO: 4 Home sapiens sodium channed,
vodtage-gated, type IV, alpha subunit (SON4A), mRNA (NCBY Accession No.: NM 000334); SEQ ID NO: 3 Homo

sapiens sudivim channel, voltage-gated, tvpe V, alpha subanit (SCNSA), transeript variant 1, mRNA (NCBI Accession
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Ne.t NM_I98056), SEQ 1D NO: & Home sapiens sodivm channel, voltage-gated, tvpe VI alpha (SONTA)Y, mRNA
{NUB Accession No.: NMO02976); SEQ 1D NO: 7: Homeo sapicns sodiuen channed, voltage gated, type VI, alpha
suburtit {(SUNSA), manseript variant 1, voRNA (NCBI Accession No.: NM 014191, SEQ D NO: 8: Homo sapicns
sodium channed, voltage-gated, type IX, alpha subuwit (SCNOA)Y, mRNA (NCBI Accession No.: NM_OU2977y, SEQ
I3 NO: 91 Homo saplens sodiwmn channel, voliage-gated, type X, alpba subunit (SCNIOAY mRNA (NCBI Accession
Moo NM _oUestd), SEGQ ID NO: 10 Homo sapiens sodism chawel, voliage-gated, type X1, alpha subunit
{(SCNTIAY mRNA (NUBI Accession Nooo NM 01413083 SEQ 1D NO: 1 Homo sapiens voltage-gated sodinm
channe! alpha subunit SUNIZA (SCNIZAY mRNA, complete eds (NCBI Accession No.: AFIO973); SEQ IDNOG: 12
Nataral SCNIA angsense sequence (BG724147 extendedy, SEQ 1D NO: 131 Natural SCNTA sntisense sequence
(Hs 66221, SEQ 1D NO: 14 Natural SCN LA antisense sequence (AAIS3040y SE 1D NO: 15 Nagwal SUNIA
antiscnne sequence (BCOZY452); SEQ ID NO; 16: Natural SONTA antisense sequence {AAS3G035), SEQ 1D NO: 1

Natueal SCNTA antisense sequence (BES66126Y, SECG ID NO: 18 Natwal SONTA antisense sequence (BF6731003;
SEQ 1D NO: 19 Natwral SONTA antisense scguence (BOGIRIRO7) SEQ 1D NO» 200 Natwwal SUNTA mntisensc
sequence (BGIRIETY: SEQ 1D NO: 21: Nataral SCNTA antisense sequence (BG2I53777) SEQ ID NO: 22 Natwal
SCNTA antisense sequeace {BGR2T70%, SEQ 1D NO: 23: Natumal SOUNTA antiscose sequence (BMO0527y SEQ 1D
NQ: 24 Natoral SCNTA anfisonse sequence (BUISO772Y SEQ 1D NO: 25 Mouse Natural SCNIA antisense sequence

{BGT24147 ExtMousc); SEQ I3 NO: 26: Mouse Natoral SCNLA antisense sequence {Hs. 6622 10mouscASH); SEQ 1D
NO: 27 Mouse Natral SCNTA antisense sequence (Hs 66221 0mouseAS2); SEQ 1D NG: 28 Mouse Natural SCNTA

antisense seqguence {(Hs.862210mouscAS3 Y, SEQ 1D NOs: 29 10 94 Antisense obigonucleotides. SEQ D NG 95 and
96 are the reverse comploments of the antisense oligonucleotides SEQ 1D NO: 5¥ and 39 respectivelv, * mdicates a
phosphothioate bond, + indicates LNA, v’ indicates RNA and "m’ indicates a methy! group on the 27 oxygen atom on
the designated sugar moiety of the ohigonucleotide.
DBETAILED DESCRIPTION

{00411 Several aspeets of the mveation we described below with reforence o example applications for ilustration. &
should be understood that muncrous specific detmls, relationships, and methods are set forth fo provide a full
understanding of the invention. One Taving ordinary skill in the relevant art, however, will readily recognize that the
mvention can be practiced without one or more of the specific detatls or with other methods. The present invention is
ot lirited by the ordering of acts of events, as some acts may occor in difforont orders andfor concwrrently with other
acts or events. Furthermore, not all lustrated acts or ovents are required to implement a methodology n accordanes
with the present ipvention.

{0421 Al genes, gone mames, and gene products disclosed herein are intended to correspond to homologs from any
species for which the compositions and methods disclosed herein are applicable. Thus, the tonms inclade, but are not

limited f genes and gene prodects from hamans and mice. B s understood that when a gene o gene product from a
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particudar species is disclosed, this disclosure is intended to be exemplary only, and is not © be interpreted as a
timitation uniess the context in which it appears clearly indicates, Thas, for example, for the genes disclosed hercin,
which 1 some embaodiments relate to mammalian mucleic acid and aovao ackd sequences are fisended 1o encompass
romologous and‘or orthologous genes and gene products from other animals including, but not limied to other
mipnmals, fish, amphibians, repiiles, and birds. In an embodiment, the genes or nucleic acid sequences are humas,
Definizions

{1043} The temunology used herein is for the purpose of describing particular embodiments ondy and s not intended
to e liniting of the invention. As used herein, the singular forns "a", "an” and "the” are intonded w© include the ploral
forms as well, unless the context clearly indicates otherwise. Furthermore, to the extent that the tenns "including”,
Tnchedes”, "having”, "has®, "with”, or vaviants thereof ave used m either the detailed descnption andfor the claims, such
terans are intended 1o be inclustve I manner sinlar (o the tonm "compriging.”

{0044} The term "about” or "approximately” means wiflin an acceptable ermw range for the particalar value as
detormined by one of ordinary skill in the art, which wall depend s part on how the value 1s measured or deternmned,
1.6., the limitations of the mcasurement system. For example, "about™ can mean within 1 or move than | standard

13,

S0, I

;

doviation, per the practice n the art. Alfcmatively, "abowt™ can mean a range of ap to 20, preferably up © 10
preforably up to 5%, and more preferably still up to 1% of a given value, Alternatively, particularly with respect @
biological systems or processes, the torm can mean within an order of magnitude, preferably within 3-fold, and more
preferably within 2-fold, of a value. Where particular values are deseribed i the application and clabns, unless
otherwise statod the wom "sbowt” meaning within an acceptable ewror range for the particular value should be assumed.
{00451 As used herotn, the torm "meRNA" means the presontly known mENA transeripi{s) of a targeted gene. and any
further franseripts which may be clucidaged.

{0046] By "antisense oligonacleotides” or “andisense compound” s meant an RNA or DNA molocule that binds 10
another ENA or DNA {target RNA, DNA), For exanple, if it is an RNA oligowycleotide it binds fo another RNA target
by means of RNA-RNA teractions and aliers the activity of the target RNAL An antisense oligonackeotide can
upregulate or downregulate expression andfor Aimetion of a particular polvmsciootude. The definition 15 meant 1o include
ity foretgn RNA or DNA molecule which is usefid from a therapeutic, diagnostic, or other viewpoint. Such molecules
inchide, for cxample, antisense RNA or DNA molecules, interference RNA (RNAD), micro RNA, decoy RNA
muodecudes, 3INA, enzymatic ENA, therapeutic editing RNA and agonist and antagorist RNA, antisense oligomceric
compaunds, antisense oligonucleotides, external guide sequence (EGS)Y oligonucicotides, altornate splicers, primers,
probes, and other oligomeric compounds that hvbridize to at least 8 portion of the target nucleic acid. As such, these
compounds may be introduced i e form of single-stranded, double-stranded, partially single-stranded, or cirendar

oligomeric compounds.
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{0047} In the context of this invention, the e "oligonacleotide” refers to an oligonier or polymer of nbonucleie acid
{RNAY or deoyribonucleic ackd {DNA) or mimgeties thereof. The wrm "oligonuckeotide”, also inchudes lincar or
gireular aligomers of mtural mxdior modified monomers or Bokages, wwlading deoxyniboruclensides, ribonucleosides,
subsiitited and alpha-anomeric forms thereod, peptide nuclele acids {(PNA), focked nucleie acids (LNAY
phosphorothicate, methylphosphonate, and the like. Oligonuclestides are capable of specifically binding to a targat
polynucieotide by way of & regalar pattern of monomer-tfo-monomer interactions, such as Watson-Crick tvpe of base
pairing, Hodgstoon or reverse Hobgstcen types of base pawring, or the like,

{00481 The oligonucieotide may be "chimeric®, that is, composed of different regions. In the context of this invention
"chimerie” compounds are oligonucleotides, which contain two or more chemical regions, for example, DNA
regionds), RNA regionds), PNA regionis) stc. Fach chomical rogion is made up of at least one monomer unid, 14, a
nuckotide 1 the case of an oligonucleotides compound. These oligonucieotides typically comprise at keast one region
wheretn the oligonucleotide s modified v order to exhibit one o more desised propettivs. The desired properties of the
oligonucieotide include, but are not Ianited, for example, 1o mereased resistance to buclease degradation, mercased
cethdar uptake, andior inorcased binding affinity for the tweet nucleic actd. Different reglons of the eligonucleotds
may therefore have different properties. The chimenic ohgonacleotides of the present wnvention can be formed as mixed
structures of two or move oligomucleotides, moditied oligonucleotides, oligonuclensides andfor oligonucieotide analogs
as described above.

{00451 The ofigonucleotide can be composed of regions that can be limked in “register”, that is, when the monomers
are fmked conscoutively, as wn native DNA, or hinked via spacers. The spacors are intended o constitute a covalent
"hridee” between the regions and have in proforred cases a fength not exceeding about 14 carben atoms. The spacers
may carry different fimetionalities, for example, having positive or negative charge, carry special nucleic acid binding
properies {(intercalators, groove binders, toxing, fluorophors ete.), being lipophibic, indueing special secondary
structures Hke, for example, alanine containing peptides that induce alpha-helices,

{00307 As used herem "SCNTAY winchusive of all fanily members, mutanty, alleles, fragments, species, coding and
noncodmg sequences, sense and antisease polyiucleotide strands, ete. Simddarly, SCNZASCNIIA 15 inclusive of all
mutants, alleles, fragmnents, o,

{00311 As used herein, the words “Sodium channel, voltage-gated, type 1, alpha subunit”, SONTA, FEB3, FEB3A,
GEFSP2, HBSCL, NACH, Navl.l, SONT, SMEIL Sodiumm channel protein brain | osebustt alpha, Sodium channel
protein type 1 subunit alpha, Sedium channel protemn type | subunit alpha and Voltage-gated sodium: channel sobunit

alpha Nav1.1, are considered the same in the literature and are used iterchangeably in the present application.

"ohgonucleotide specific for" or "ohgomuclootide which fargets™ wefers to an

{0321 As used herein, the tom
oligonucicotide having a sequence (1) capable of forming a stable complex with a portion of the targeted gene, or (i)

capable of forming a stable duplex with o portion of 5 mENA ranscript of the targeted gene. Stability of the complexes
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and duplexes can be determined by theoretical caloulations andfor in vitvo assays, Excmplary assays for deternmning
stability of hyhridization complexes and duplexes are described i the Examples below,

{0053} As used herein, the fenn Marget nackeic acd” encompasses DNA, RNA fcomprising premRNA and mRNA)
transcribed from such DNA, and also cDNA denived from such RNA, coding, noncoding sequences, sense or antisense
pobynucteotides. The specific hnvbridization of an oligomeric compound with s target nuclele acid interfores with the
normwl funetion of the auclere acid. This moedulation of function of o target nacleic acid by compounds, which
specifically hvbadize o i, is generally reforred to as "antisense”. The functions of DNA fo be interfered nclade, for
example, replication and transcription. The fimetions of RNA o be interfered, include all vital functions such as. for
examnple, translocation of the RNA to the site of protein translation, translation of protein from the RNA, splicing of the
RMNA 1o vicld one or more mBNA spocies, and catalvtic activity which may be engaged in or facilitated by the BNA.
The overall effect of such bsterference with target nuckeic acid function is modulation of the expression of an encoded
product or oligonucieotides.

{0034} RNA miorference "RNAD 15 medhated by double strmded RNA {(dsRNA) molecules that have sequence-
spectfic homology o thor “arget” nocleic acd sequences. In certain embodiments of the present invention, the
mediators are 5-23 sucleotide "small mterforing” RNA diploxes (siRNAs)E The siRNAs me denved from the
prooessing of dsRNA by an RNase enzyime known as Diger. siRNA duplex products are recruited into a multi-protem
SIBNA complex termed RISC (RNA Induced Silencing Complex). Without wishing o be bound by any particular
theory, a RISCT is then believed 1o be wiided to a target mucleie acid (switably mRNA), where the siRNA duplex
nteracts i a sequence-spocific way to mediate cleavage wm a catalvie fashion. Small interforing RN As that can be used
1 accordance with the present mvention can be synthesized and used acoording to procedures that are well known in
the art and that will be fambiar © the ordinarily skilled artisan. Smmall interfering RNAs for use m the methods of the
present tnvention suitably comprise betwern abowt 1 oto abowt 30 nucleotides {nt). In examples of non luniting
embodiments, siRNAs can comprize ahout 5 to about 40 nt, ahout 5 to about 30 nt, about 10 to about g, about 13 to
abourt 25 nt, or about 20-25 mycleotides.

G033} Sclection of appropriate chgonucleondes is faciluated by using computer programs that astonwtically align
aucleic acid sequences and indicate regions of identity or homology. Such programs are used o compare nucleie acid
sequences obtained, for example, by searching databases such as GenBank or by sequencing PCR products,
Comparison of nuckeic acid sequences from & range of species allows the selection of nucleic acid sequences that
dispiay av appropriate degree of wdentity between speeies, In the case of genes that have not been sequenced, Southern
blots are performed to allow a determunation of the degree of identity between genes in target species and other species
By performing Southem blots at varving degrees of stringency, as 15 well kaown in the art, it is possible 1o oblain an
approximate measare of identity. These procedures allow the selection of olivonuclootides that exhibit a high degree of

complumentarity to farget meecleic acid sequences i a subject © be controlled and a lower degree of complementarity
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o corvesponding nuclac actd sequences i other species. One skifled v the art will realize that there 15 considerable
latiade i selectng appropriate regions of genes for use in the present imvention,

{0036] By "cazyawtic RNA" is meant an RNA molecuke with enzymanic activity (Cech, (1988) L American. Med.
Assac. 260, 3030-3035). Engymatic nucleie acids (ribozymies} act by first binding 1o a target RNA. Such binding sccurs
through the target binding portion of an cazymatic nucleic acid which is held in close proxinity to an enzymatic
portion of the molecule that acts 1o cleave the wrget RNA. Thus, the enzymatic nucleic acid first recognizes and then
hinds a target RNA through base paining, and once bound $o the corsect site, acts cazymatically 1o out the target RNA,
{0057 By "decoy RNA" 15 meant an RNA molecule that minscs the natural binding domain for a lisand. The decoy
RNA therefore competes with natwal binding target for the binding of a specific ligand. For example, it has been
shown that over-expression of HIV trans-activation roesponse (TAR) RNA can act as a "decoy™ and officiently binds
HIV tat protein, thereby proventing it from binding to TAR sequences encoded 1n the HIV RNA. Thisis meantto be a
specific example. Those in the art will recogrize that this is but one example, and other embodiments can be readily

generated using fechmiques generalty known n the art,

{038]  As used herein, the term "monomers™ typically indicates monomers lnked by phosphodiester bonds or analogs
thereof to form oligonacleotides ranging i size from a fow monomeric wuts, ey, from abowt 3-4, 1o abowt several
humdreds of monomeric units. Analogs of phosphodiester Imkages mcluder phosphorotinoate. phosphorodithicate,
methylphosphomates, phosphoroseienoate, phosphoramidate, and the ke, as more fully described below:,

{00591 The werm “nucleotide” covers naturally occurring nucleotides as well as nonnaturally ocawnring nucleotides.
should be clear w the person shilled i the art that vanous nucleotides which previcusty have been considered "non-
natarally cccommg” have subsequently been found 1 natuee. Thus, "nucieotudes”™ includes not only the known purme
and pyrimidine heterocycles-contmning molecuies, but also heterocyclic analogues and tavtomers thereof, Hustratve
exanples of other types of nucleotides are molecules containing adenine, guanine, thymine, cyiosine, vracil, purine,
xanthine, daminopuring, §-oxo~ Né-methviadenine, 7-deazaxanthing, 7~-deazagnaning, N4 Nd-ethanocytosin, N6 NG«
cthano-2 6~ dinminopaine,  S-methyloviosme,  5-{C3-C&ralkymyvleytosing,  S-fluorowracil,  S-bromouracil,
pscudoisocytosing, -hvdroxy-S-methvi-d-inazolopyridin, isocviosine, isoguamn, wosing and the "nom-naturally
occwrring” nocleotides described in Bomner e all, USRS, Pat No. 5432272, The term "nuclectide” is intended to cover
every and all of these examples as well as malogues and tawtomers thereof. Especially interesting nucleotides are those
contaiiung adomne, guanine, thymine, cytosine, and wact, which are considered as the waturally occaning pucleotides
i refation 1o therapeutic and diagnostic application in humans, MNucleotules nchude the natuml P-deoxy and 2'-
hvdroevt sugars, oo, as deseribed in Kornberg and Baker, DNA Replication, Ind Ed. (Freenan, San Francisco, 1993)
as well as their anadogs.

{0066] "Asalogs” i reference to pocleotides inchades synthetic nucleotides having modified base moleties andior

modified sugar moteties (see e.g., deseribed generally by Schet, Nucleotide Analogs, John Wiley, New Youk, 1980,

5
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Frefer & Altmann, (1997 Nuol, Aaid Res, 253022), 4429 4443, Touhmeé, 11, (2001 Naawre Biotechnology 19:17-18;
Mancharan M., (1999} Biochemica ¢f Biophysica Acia 148 117-139; Freter S, M., (1997 Nucleic doid Research,
2544294443, Uhdman, E. (208 D Discovery & Development, 3; 203-213, Hedewin B, (2000) deibvense &
Nutcleic Acid Drug Dev, 1:297-310); 220, 3-C-linked [3.2.0] bicycloarabinonucleosides. Such analogs inclade
synthetic nucleotides designed to enhance binding propertics, e.g., duplex or triplex stability, specificity, or the bke.
{0611 As osed herein, "hybridization” means the painng of sebstantially complementary strands of oligomeric
compounds. One mechanism of pairing involves hydrogen bonding, which may be Watson-Crick, Hodgsteen or
reversed Hodgsteen hydrogen bonding, between complementary nucleoside or nuclestide bases {nocleotides) of the
strands of oligomeric compounds. For example, adenine and thymine are complementary nucleotides which pair
through the formation of hvdrogen bonds, Hvbridization can ocour under vanying cirgamsiances,

{00621 An antisense compound 15 "sperfically hvbrnidizable” when binding of the compoand o the targe! nucleic aoid
interferes with the noonal fusctios of the target muclete acid 10 cause 3 modulation of fuaction and/or activity, and there
15 a sufficient degree of complementanity 1o avord nonespeeific inding of the antisense compound to non-target nacleic
actd sequences uader conditions 1n which specific binding is desired, f.0., under physiological conditions i the case of
in vivo assays or therapeutic eatment, and under conditions in which assays are performed in the case of n vifro
2553YS.

{00631 As used hercin, the phrase "stringent hybridization conditions” or "stringent conditions” refers to conditions
under which a compound of the invention will hvbridize 1o #s target sequence, g © 3 nuninwl number of other
sequences. Siringent conditions are seguence-depondent and wall be different w difforent aircumstances and i the
cortext of this pvention, “stringent conditions” under which oligomenc compounds hybnidize to a target sequence are
determined by the natwe and composiion of the oligomeric compounds and the assays m which they are being
vestigated. To peoeral, stringent hvbridization conditons comprise low concontrations (SOU1SM) of salts with
inorganie cations such as Nat+ or Ko+ (Lo, low lonie strength), temperatare hgher than 20°C - 25° C. below the Tm
of the oligomeric compounditarget sequence complex, and the presence of denaturants such as formanude,
dimethylformarmide, dimethyl sulfoxide, or the detergent sodium dodecy! sulfate (SD8). For example, the hybridization
rate decreases 119 for each 1% formamide. An example of o high stnagency hvbrdizstion condition is O.1X sodhag
chloride-sodium citrate buffer (SSCV0. 1% (wiv) SDS at 60° C. for 30 minues.

{0064F "Complementary,” as used hercin, refors o the capacity for precise pairing between two nacleotides on one or
two oligomeric strands. For example, if a nucleobase at a certain positon of an antisense corapound is capable of
hydrogen bonding with a nucleobase at a certain posation of a target nucleic acid, said target nirclere acid bemng a DNA,
RNA, or oligonucleotide molecule, then the position of hydrogen bonding between the oligonucleotide and the targat
nucleic acid is considered to be a conpdementary position. The oligomeric compound and the further DNA, RNA, or

oligonucieotide molecyle are complementary to cach other when a sufficient number of complementary positions in
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cach molecule are cccopied by nucleoudes which can hvdrogen bond with each other. Thus, "specifically hybridizable™
and "complomentary™ are terms which are ysed to indicate 3 sufficiont degree of previse palring or complementarity
over a suffivient number of sucleotides such dat stable and specific binding cccurs between the oligomeric compound
and a target nuclkeic aad.

{O065] 1t s wnderstood in the art that the sequence of an oligomeric compound need not be 100% conmplemensary 1o
that of its tavger nuckeie acid to be specifically hybridizable. Moreover, an oligonucleotide way hybridize over one or
more segments such that mtervening or adiacent scgments are not wnvolved i the hybrdization event {eg., a loop
structure, nismatch or hairpin structure). The oligomeric conypounds of the present ivvention comprise at feast about
T(%, or at least about 73%, or at least about 80%:, or at least abowt 83%, or ot least about 0%, or at least about ¥3%_ or
at least abowt 99 soquence complomentarity o a target region within the targst sucleie acid sequence o which they
are targeted, For example, an anfisonse compound in which 18 of 20 nucleotides of the antisense compound are
complorneniaty o 8 torget region, amd would therefore specifically  hybridize, would reprosent 90 percent
complementarity. In this example, the remaming non-complententary nuckeotides may be clustered or interspersed with
complomentary nucleotides and need not be contiguous o cach other or 1o complementary nucleotides, As such, an
antisense compound which is 18 mclectides i length baving 4 (fowr) nos-complementiry nucleotides which we
flanked by fwo regions of complete complementarity with the target muclewr acid would have 77.8% overall
complementarity with the target nucleic acid and would thus fall within the seope of the present mvvention. Pereent
complementanity of an annsense compound with a region of a target nucleic acid can be detormined routinely using
BLAST programs (basic local alignment scarch tools) and PowerBLAST programs known in the art. Porcont
homelogy, sequence identity or complementarity, can be deternuned by, for example, the Gap program {(Wisconsin
Sequence Analysis Package. Version 8 for Unix, Genetics Computer Group, University Rescarch Park, Madison Wis),
using default sertings, which uses the algonithun of Smith and Waterman (ddv. Appd. Madh., (19813 2, 4824893,

{0066} As used hevein, the term "Thermal Melting Point (Tm)" refers to the temperature, ander defined ionic strength,
pH, and mecleie acld concentration, at which 30% of the oligonucleotides complementary o the targel sequence
hybrwhize to the tarpet sequence at equibbrium. Typically, stringent condstions will be those m which the sal
concentration is at feast about 0.01 1o LO M Na jon concentration (or other salis) at pH 7.0 t0 8.3 and the temperate is
at feast about 30°C for shont oligonucleotides {e.g., 10 to 50 nucleotide). Stringent conditions may alse be achieved with
the addition of destabihzing agents such as formamide.

{00671 As used herein, "medulation” recans cither an inorease {stimulation) or 3 decrease (inhibition} @ the expression
of a gene.

{$068] The torm "varrnt”, when wsed in the comtext of a polvaucleotide sequence, may cocompass a polynucleotide

sequence related to a wild tvpe sone. This definttion may also include, for example, "allolic” "splice,” "species,” or

R

"polymiorphic” variants. A splice variant may bave significant identity to a reference molecule, bot will generally have
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a greater or lesser number of polynucleotides due to alternate sphicing of exons during mRNA processing. The
corresponding polvpeptide may possess additional functional domaing or an absence of domains, Specics vartants are
polveucieotide seguences it vary from one species 1o another, OFf parbeubar wtility i the invention are vartangs of
wild type gene products. Variants may result from at least one mutation in the nucleic acid sequence and may result in
altered mRNAs or in polypeptides whose structure or function nmay or may not be aliored. Any given natural or
recombinant gene nay have none, one, or many allehic forms. Common mutational changes that gve rise 1o variants
are penorally ascrbed to natoral deletions, additions, or substitutions of nucleetides. Each of these types of changes
may occur along, or in combingtion with the others, one or more times in a given sequence.

{0069} The resuling polypeptides genemlly will have sipmificant amino acid identity relative to cach other. A
polymorphic variant is a vanation o the polynuedleatide sequence of a particular gens between ndividuals of a given
species. Polymorphic variants also may encompass “single nuecleotide polymorphisms™ (SNPs) or single base
mstations i which the polynucleotide sequence varies by coe base. The presence of SNPs may be indicative of, for
example, # certam population with o propensity for a discase state, that is susceptibihity versus resistance.

{(07¢] Derivative polyvmucleotides inchude mucleie acids subjected to chemical modification, for example, replacement
of hvdrogen by an allovd, acyl, or ammo group, Dertvatives, c.g., donivative oligonucleotides, may comprise non-
nafuratty-occurring portions, such as altered sugar moicties or mter-sugar bkages. Excomplary among these are
phosphorothicats and other sulfur containing species which are known i the avt. Denvative aucleie acids may also
contamn labels, inchuding radiomucleotides, enzymues, fhiorescent agents, chemitluminescent agents, chromogenic agents,
substrates, cofactors, inhibnors, magnetic particles, and the ke,

{00711 A “derbvative” polvpeptide or peptide is one that 15 modified, for oxampde, by glycosviation, pegviation,
phosphorylation, sulfatien, reduction/athyiation, seviation, chemical coupling, or nuld formalin featment. A derivatve
may also be modified o contain a detectable label, cither divectly or mdirectly, including, but not lanited 1o, a
radioisotope, fhaorescent, and enzyme label.

{00721 As used herein, the form “animad” or “patient” is meant to inchde, for example, humans, sheep, elks, decr,
owale deer, minks, mamimals, monkeys, horses, cattle, pigs, goats, dogs, cats, rats, mice, birds, chicken, reptiles, fish,
insects and arachnids.

{0073] "Mammal” covers wanm blooded mammals that are typically under medical care {eg., bumans and
domesticated antmals). Examples include foline, camne, equine, bovine, and human, as well ag just human,

{00741 "Treating” or "treatment” covers the treatment of a discase-state 1 a manmial, and includes: (a) preventing the
disease-state from ocowring in 8 mammal, in particular, when such mammal is predisposed to the disease-state but has
not vet been dingnosed as having 16 (b) mhibiting the discase-state, ¢, amvesting it development; andior {¢) reheving

the discaso-state, .o, causing regression of the discase state until o desired endpoint {5 reached. Treating also includes
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the amelioration of a symptom of a discase (e, lessen the pain or discomfort), wheretn such amelioration may or nay
not be direetdy affoctiog the disease {o.g., cause, transpussion, expression, ¢ic.).

{00751 As ased herein a "Newrological disease or disorder™ refers o any discase or disorder of the nervous systerm
andéor visual system. “Neurological disease or disorder” mclude discase or disorders that tevolve the contral nervous
systern (bratn, brainstom and cerebellim), the peripheral nervous system {including crantal nerves), and the autonomic
nervous system {parts of which are Jocated in both central and peripheral nervous systen). A Neorological disease or
disorder mchsdes but 15 not limited to acquired cpieptiforms aphasia; acute dissominated cncephalomyelitis;
adrenoleukodystrophy; age-related macular degeneration; agenesis of the corpus callosum; agnosis, Ascardi syndiome;

(4

Alexander disease; Alpers’ discase; altemating bemiplegia; Alzheimer's disense; Vascular dementia; amyvotrophic
lateral sclerosts: ancocephaly; Angelmwm syadvonio; angiomatosts; anoxia aphasia; apraxia; arachaowd  oysts
arachnoiditis; Anronl-Chiant matformation; attenovenous matformation; Asperger syadrome; ataxia telepiectnsia;
atiention deficit hyperaciivity disorder; autisny aotonomic dystunction; back pairy, Batten disease; Beheet's discase
Bell's palsy; bomign cssennial  blepharospasny, benign  focal, amyotrophy; benign  wmtracramial  bypertension;
Binswanger's discase; blephavospasin; Bloch Sulzherger syadrome; brachial plexus mjury; brain abscess; brain inhy;
bram twmors (including ghoblastoma multdorme); spinal tumor; Brown-Sequeard svadrome; Canavan disease; carpal
unnel syndrome; cansalgia; contral pain syndrome; central pontine nyyclinolysis; cephalic disorder; cerebral ancurysny
cercbral metoriosclerosis; cerchral atrophv: cercbral pigantisoy corcbral palsy: Charcot-Marie-Tooth  disease;
chemotherapy-indaced newopathy and mewropathic pain: Chiani malformation; chores; clwonic nflamniatory
demychinating polynowropathy: chromie pain; chronic regional pain syadvome; Coffin Lowry syndvome; coma,
ncluding  persistent vegetative  state; congomial facial diplegia;  corticobasal  degencration; cranial  artoriis;
craniosypostosis; Creutzfeldt-Jakob disease; cumnulative trawma disorders; Cushing's syndrome; eviomezalic inclusion
body discase; evtomegaloviras infection; dancing eves-dancing feet svndrome; DandyWalker syndrome; Dawson
disease; De Morster's syndrome; Dejerine-Khumke palsy; domentis; deomatomyositis; diabetic newrepathy; diffase
sclerosis; Dravet’s, dysautonormiy; dysgraphia; dyslexaa; dysossas; carly mfimtile epileptic encephalopathy; caply
selia syndrome; encephalitis; encephaloceles; encephalotngemmal angiomatosis; epilepsy; Erb's palsy, essential
tremor; Fabry's disease; Fahr's syodrome; fainting; fanubad spastic paralysis; febrile seizures;, Fisher syndrowe
Friedreich's ataxia; fronto-tempora) dementia and other "tauopathies”; Gaucher's disease; Gerstmanw's syndrome; glant
myelopathy; Hallervorden-Spatz discase; head injury; headache: henufacial spasmy: hereditary spastic paraplegia;
heredopathia atactic o polyneurittformis; herpes zoster oficus; herpes zoster; Hirsyama syndrome; HiVassociated
dementia mad newropathy {alse neurological manifestations of AIDS); holoprosencephaly: Huntington's discase and
other polyglutanune repeat discases; hvdranencephaly, hydrocepbalas; hvpercortisolism; hvpoxia; immune-mediated

encephalomyelitis; inchusion body niyositis; mcontineniia pipmentt; nfantile phvtanic acid storage disease: infantile
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refsum disease; infantle spasms; nflammatory myvopathy; intracranial oyst; intracramal  hypedension;  Joubert
syadrome; Keams-Sayvre syndrome; Keanedy discase Kinsboume syndrome; Klippel Feil syandrome; Krabbe discase
Kugelberg-Welander discase; kury, Lafora discase; Lantbert-Eaton sivasthenie syndronie; Landao-Kleffher syndrome;
lateral medullary (Wallenberg) syndrome; fearming disabilinies; Leigh's disease; Leonox-Gustaut syndrome; Lesch-
MNyhan syndrome; feukodystrophy, Lewy body dementia; Lissencepbaly; locked-in syndrome; Lou Gebrigls disease
{i.e., motor wewron disease or amyotrophic Jateral selerosis), humbar dise disease; Lyme disease--newrological sequelae;
Machado-Joseph  discase; macrencephaly; megalencephaly; Melkersson-Rosenthal  syadrome; Menicres discase;
meningitis; Menkes disease; metachromatic levkodystrophy;, microcephaly; nupraine; Miller Fisher syndrome; min-
strokes; mitechondrial myopathies; Mobius syndrome;, monomelic amyotvophy; motor newron disease; Moyvamoya
disense; mmeopolvsacchandoses; miltrinfarct dementiiy multifocal motor ncuropathy; multiple sclerosis and other
demyclinating disorders: multiple svston atrophy with postucal hypotension; muscudse dystrophy; myvasthersa gravis;
myehnoclastic diffisse sclorosis; myoclome encephatopathy of infants; ayoclonus; nyopathy; myotonia congenital;
marcolepsy: neurefibromatosis) seuroleptic malignant syndronie; acurological mansfestations of AIDS: neurclogical
sequelae of lupus: negromyvotonia; nearonad ceroid lipofuscinosts; newronal mugration disorders; Nicwmann-Piok discase;
O'Sallivan-McLeod  syndrome; ocoipital neasalgia cocadt spinal dysraphisme sequence; Ohtabira syndrome;
olivopontocerchellar atrophy; opsoclonus myoclonus; optic newtiis; orthostatic Trypotension; overuse syndrome;
paresthesiz; & newrodegenerative disease or disorder (Parkinson's disease, Hiuntington's disease, Alzheimer's diseasg,
amyotrophic lateral sclerosis {ALS), dementia, nudtiple sclerosis and other discases and disorders associated with
newronal coll death); parmnyotomia congenital; parancoplastic discases: paroxysmal attacks; Pavey Romberg syndrome;
Pehzaces-Merebacher disense; periodic paralyses; peripheral seuropathy; painfid neuropathy and neuropathic paing
persistent vegelative state; pervasive developmental disorders; photic snoeze meflex; phyvtamc acid storage discase;
Pick's discase; pinched nerve; pituitary twmors; polymyositis; povencephaly; post-polio syndvome; postherpene
nearalgia; postinfectious encephalomyelitis; postaral hvpotension; Prader- Willl syndrome; primary laterad sclerosis;
prion discases; progressive hemificial strophy; progressive multifocalicakomeephalopathy: progressive sclerosimg
poliodystroplty; progressive supranuciear palsy; pseudotumor cerchei; Ramsay-Hunt syndrome (types 1 and 11
Rasmussen’s encephaliiss reflex sympathetic dystrophy syndronmie; Refwum discase) repetitive motion dsorders;
repetitive stress Injuries: restiess legs syndrome; retrovirus-associated myelopathy; Rett syndrome; Reve's syndrome;
Saint Vitus dance; Sandhoff discase; Schulder's discase; schizencephaly; septo-optic dysplasia; shaken baby syndrome;
shungles; Shy-Dirager syadrome; Sjogren's syndrome; sleep apnea; Soto's syndrome; spasticity; spina bifida; spinal cord
injury; spinal cord tumors; spinal muscular atvophy, Stff-Person syndrome; stroke; Strpe~Weber syndrome; sabacute
selerosing panencephalitis; subcortical avteriosclerotic encephatopathy; Sydenham chorens svncoper syringomyelia;
wrdive dyskinesta; Tay-Sachs discase; tomporal arteritls; tethered spinal cord syvadvoma;, Thomsen discase; thoracie

outlet syadrome; Tie Douloweux; Todd's paralysis, Toureite syndrome; transient ischemic atfack; transmissible
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spongtform cocephadopathies; ransverse myvelitis; rawmatic brain injury; remor; tigeminal neuralgizg tropieal spastie
paraparesis; auberons sclorosis; vascular demeatia (malti-infaret dementia); vasculitts ncluding tomporal atterits; Von
Hippel-Lindau discase; Wallenberg's svadrome; Werdnig-Hoffan disease; West syandrome; whiplash; Williams
svadrome; Wildon's disease; and Zellweger syndrome and other nowological disovders recited herein
{00761 A cardiovascular discase or disorder inghudes those disorders that can either cause tschenuia or are caused by
reperfusion of the heart. Examiples inclede, tat are not bomted to, athevosclerosis, corovary artery  disease,
gramslomatous mwocarditls, chronic myocarditis {non-granulomatous), primary  bvpertrophic cm‘diom},-'opad}y_,
peripheral artery disease (PAD), peripheral vascular disease, venous thromboendbohism, pulmonary embolism. stroke,
angina pectonis, myccardial infarction, cavdiovascular tissue dumage caused by cardiac amest, cardiovascular fissue
damage caused by cardiac bypass, cardiogenic shock, and related condiions that woidd be known by those of ordinary
skill n the art or which involve dysimetion of or fissue damage to the heart or vasculature, especially, but not Hmited
to, tissue damage rolated to SCMA activation. CVS diseases invlude, but are not limited to, atherosclerosis,
eramslomatous myocarditis, myocardial infhretion, myvecardial fibrosis secondary to vabvular beart discase, myocardial
Hbrosis without nfarction, primary hyperirophic cardiomyopathy, and chronie mvocasdifts (non-granatomatous).
{0077 Examples of diseases or disorders asseciated with soding ehanued dysfunction inclede, but are not westricted
o, mahipnant hyperthermia, myasthenia, episodic ataxia, neuropathic and inflamumatory pain, Alzheimer's disease,
Parkinson's disease, schizophrenia, hyperckplexia, myotonias such as hvpo- and hyperkalacmic periodic paralysis,
parmmyotonia congenita and potassivm aggravated myotonia as well as cardiac arhythnas such as long QT syndrome.
FPotomwieotide aned Ofigonucieatide Compositions and Molecules
{00781 Targers: In one smbodiment, the fargets comprise nucleic actd sequences of Sodium channel, voltage-gated,
alpha subuwmt (SCNAY, meluding without fonitation sense andfor antisense noncoding andior coding sequences
assoctated with SCNA
{0079] Voltage-sensitive fon chamnels are a class of transmembrane proteing that provide a basis for cellular
excitabnlity and the ability o wanstut information viy lon-gereraied mrombrane potertials, I response to changes in
mernbrane potentials, these molecules mediate rapid 1on fhux through selective channels m a coll membrane. H channel
density is high enough, a regenerative depolarization results, which is called s action potential.
{00803 The voliage-gated sodiwn channel i3 responsible for the geveration and propagation of action potentials m
muost electrically excitable cells, incleding newrons, heart cells, and mwscle. Eleptrical activily 18 triggered by
depolarization of the menbrane, which opens channels through the mendbrane that are highly selective for sodiuny ions.
fons are then driven imracellularly thvough open channels by an electrochemical gradient. Although sodiwn-based
action poteptials W differemt tssues are simike, clectrophysiological studies have demonstrated that multiple
stryctarally and functionally distinet sodivm channels exist, and numerons genes encoding sodhum channels have been

cloned. The SCNA gene belongs 1o a gepe family of voltage-gated sodium channels.
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{0081} Voltage-gated sodium channels can be named according to a standardized form of nomenclatore outlined
Goldin, et al. £2000) Neuron 28:365-368, According to that svstem, voltage-gaied sodiwm channels are grouped into
one funily frome which mine mamwsahian soforms aad have been weotified and expressed. These nine isoforms are
given the names Navi . | through Navl 9. Alse, splice variants of the various isoforms are distinguished by the use of
fower case etters following the mumbers (e.g., "Navl . 2"y

{0821 Voltage-gated sodivm channels play an boportant role in the generation of actiou potential iy nerve cells and
mascle. The alpha sebunit (SCNAJ 15 the main component of the channel, and would be sufficient to gencrate an
efficient channel when expressed in cells in vigo. In turm, the beta-] and 2 subunits need an alpha subunit to give an
effective chanmel. The role of these sobunits would be to modify the kanetic properties of the channel, mainly by fast
nactivation of the sodum currents. The mutation found 1w the GEFS syadrome on the SCNIB gene 18 shown to reduce
the fast ingetivation of the sodiam channely ay compared © 3 notal SCNBI, whes co-expressed with an alpha
subuziit.

{083} In an cmbodiment, antisense oligonucleotdes are used to prevent or treat diseases or disorders associated with
SCNA fouly members, Exemplary Sodivm channel, voltage-gated, alpha subuntt SCNA) mediated discases and
disorders which can be treated with celftissues regenerated from stem cells obtaimed wsing the antisense compounds
compeise a discase or disorder associated with abnormal function andfor expression of SCNA, a newrological discase
or discrder, convalsion, pam {including chronic pain), impaired electrical oxcitability involving sodium channgd
dysfunction, a disease or disorder associated with sodinm channel dysfunction, a disease or disorder associated with
musregulation of voltage-gated sodivm channel alpha subunit activity {o.g., pavalysis, hvperkalemic ponodhe paralysis,
paramyotonia congenita, potassaun-aggravated myotomia, long Q-T svndrome 3, motor endplate disease, ataxia ¢fc.}, a
gastrointestinal fract discase due fo dysfunction of the eatenic nervous system (e, cobiis, Hens, inflanmmatory bowel
syndrome ote), a cardiovascalar disease ar disorder {e.g., hypertension, congestive hemt fallure ete) o disease or
disorder of the genitourinary fract involving sympathetic and parasympathetic buwervation (e.g., bemgn prostrage
hyperplasts, wopotence); a disease or disorder associated with newromusoular system ez, museular dystrophy,
nuitiple sclerosts, epilepsy, autism, migraine (6.8., Sporadic and familial hemiplegic migrames etc.), Severe myoclonic
epilepsy of tnfancy (SMEL or Dravet's syndrame), Generalised epilepsy with fobrile seizure plus (GEFS+) ete} and
SCNA-related serzure disorders.

{00841 The present vention further refates fo a pharmacestical composition comprising at feast one of an
oligonucieniide that fargets a natural antisense transcript to at least one or more of a targed selected from the group
consisting of SCNTA to SONT2A genes or mRNAs or soforms or vadants thereof, The present invention further
relates 10 a method of weating a newological disease or disorder comprising admanisterig an oligonucleotide that
targets a natural antiense transcript of at least one or move of a target selected from the group consisting of MRNA
SCNTA, SONZA, SCNIA, SON4A, SCNSA, SCN6A, SONTA, SONSA, SCNUA, SCN10A, SONTIA and SONI2A
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or variant theveof! In a preferred embodiment, ohgos are sclected to upregalate the expression of 2 fully fmetional
expression product of said SCNA family. In a preforred cmbodiment, the oliges of the vention upregulate
transcription andfor wansiation of any one of the mBNAg of an SCNXA family of genes 1o provide fully finctionad
sodium channels i a patient i need of freatmient thereofl fu pationts having a discase or disorder associated with a
mutated version of a voltage gated sodium channel, i a preforred embodiment adwministration o freatment with a
pharmaceutical composition comprising an oligonucleotide that targets a natural antisense transeript of a voltage gated
sodium channel alpha gene or mRNA of such a gene wpregalates a fully functional expression product in a ratio that &
greater than the upregulation of an oxpression product derived from a mwtated form of the pone. In another
embodiment, the presest invention relates o a combination of oligonuclentides that target at least one natural antisense
franscript of at least two SUNXA faouly members wherein X is selected from 1-12. For example, n the treatment of
Dravest’s Syndrome, a combination of oligomucleotides may be used to upregulate the expression products of, for
example, SONTA and SONYAL In another emboduaa, af least one vligosuciootide may be selected to target o natural
antisense transerpt of at feast two genes selected from any one of SCNIA o SCN1ZAL Prefened oligonueleotides of
the inveniion ave between about S 1o about 30 nuclootides n length and are at least 30% complementary 1o a 3 o about
30 mueleotide segment of an NAT, Preferred NATs of any one of the SUNA gones or tramscription products thereof are
those which, when targeted by an oligonuclentide of the mvention, mterfere with and modulate the expression of
mBNA andior the translation product of said mBNAL In a proferved embodiment, the oligonucieotides wpregulate the
expression of the functional protein of the target to treat or nitigate an SONA associated disease. In a preferred
embodiment, this “upregudation” 15 not associated with a cause or promotion of & discase such as cancer.

{00851 Alterations i an SCNA gene sy inclode or cncompass many or alf forms of gone nustatons including
msertions, deletions, rearrangements andfor point muatations in the coding andfor non-codmg regions of a gene
Deletons may be of the entire pene or a portion of the gene. Point mustations may sesult in amino actd substinstions,
frame shifis or stop codons. Point mutations may also occar in a regulatory region of an SONA pene, such as a
promoier, resulting in a losg or 3 decrease of expression of an mRNA or may resudt i improper processing of such
mRNA leading to a decrease in stability or translation efficiency. Such alterations in humans may lead to various forms
of discase and there are many publications which describe the associstion of an alteration in an SCNA gene with, for
example, epilepsy or SMEL Such alteraions may be “de nove”™ or may be inherited. The present mvention is not
limated & treating discases associated with alterations m an SUNA gene and also meludes treatiment of an SUNA
associated discase or condition wherein a patient does not have or neeessarily have an alkeeation or routation in the
SCNA gene. 1t1s believed that any modulation or upregulanon of functonal volage gated sodium chanoel expression
products will veselt m mitigation or treatiment of an associated SCNA discase or condition n & patient . need of

treatment thereof, Such mitigation also may include at least one measurable indicia of clinical imyprovement inchuding
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fower scizures, loss fregquent selruros, loss sovere sewnmes, development of fower setzare fypes, unprovement m
newrological development or any other freatment benefit,

{00861 In an cmbodiment, modislation of SUNA by one or more anlisense olgomyscleniides is adnunistered 1o a patient
n need thereof, to provient o freat any disease or disorder related to SCNA abnormal expression, function, activity as
compared 1o 2 normal control.

{087} In an embodiment, the oligonucieotides are specific for polynuclectides of SCNA, which inclades, without
limitation noncoding vegions, The SCNA targets comprise vanants of SCNA; mutants of SCNA, inchiding SNPs;
noncoding sequences of SCNA; alleles, frapments and the Tike. Preferably the oligonuclentide is an antisense RNA
molecule.

{0088} In accovdance with ambodiments of the nvention, the frget nucleic actd moelecule 15 not hnted to SCNA

polvaucieotides alone but extends to any of the isoforms, recepiors, homologs, non-coding regions and the Like of
SCNA.

{B089} In an cmvboduoent, an oligonuckeotide targets a natural antisense sequence {(natural antisense 1o the coding and
nop-coding regions) of SCNA targets, inchading, without lmitation, variants, alleles, homaologs, mutants, derivatives,
fragrments and complementary sequences theretn, Profonbly the oligonuckeotide s an antisense RNA or DRA
molecule.

{60907 In an embodiment, the oligomeric compounds of the present invention also include variants in which a
different base 15 present at one or more of the sucleotide positions in fhe compound. For example, if the first nucleotide
is an ademne, variants way be produced which contn thymiding, guanosine, oviidine or other natural or wnmatural
nucleotides at us position, This may be done at any of the positions of the antisense compound. These compounds are
then tested using the methods described herein to determine thewr ability to inhibit expression of a target nucleic acid.
{0081 In some ambodiments, homology, sequence identity or complementarity, betsveen the antisense compound and
target i from about 30% to about 68%%. In some embodiments, homology, sequence identity or complementarity, is
from abowt 68% (o abowt 70%. In some cmbodiments, homology, seguence wenttty or complementarity, is from about
T to about 80%. In some embodiments, homology, sequence identity or complementarity, is from about 80% to
about 90%, In some c¢mbodiments, homology, sequence identity or complementarity, s about 90%, about 92%, about
94%, about Y5%,, about 96%, about $7%, about 95%, abowt 99% or about T,

{0092F An antisense compound is specifically hybridizable when binding of the compound to the arget nucleie acid
mterfores with the vonmal function of the target mucleic acid to cause a loss of activity, and thore is a sufficiont degres
of complementanity o avord nonespecific binding of the antisense compound to non-target vucleie acid seguences
under conditions m which specific binding is desired. Such conditions include, Lo, physiological conditions in the case

of in vive assays or therapeutic reatment, and coaditions in which assays are performed in the case of nvitro assays.
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{0093] An antisense corpownd, whether DNA, RNA, chimeric, substituted ete, 1% specifically hybridizable when
binding of the compound to the target DNA or BNA molecale interfores with the normal function of the target DNA or
RNA to cause a loss of uiihiéy, and there is a sufficient degrer of complementarily 80 avoid non-speeitic anding of the
antisense compound to non-ftarget sequences under conditions i wiuch specific binding s desired, 1o, under
physiologteal conditions in the cage of br vivo agsays or therapentic eatment, and i the case of i vitre assays, under
conditions fn which the assavs are performed.

51094] n an cmbodiment, targeting of SCNA inchuding without limitation, antisense sequences which ave wdentified
and expanded, using for example, PCR, hvbridization ete., one or more of the sequences set forth as SEQ 1D NQS: 12
to 28, and the ke, modulate the expression or function of SCNA. In one embodiment, expression or funciion is
upregulated as compared 1o a control. In an orobodiment, exprossion or function 1s down-regulated as compared o a
eontrol,

{00951 In an embodiment, oligomeleotides comaprise nuclec acd sequences set forth as SEQ 1D NOS: 3% w0 94
mchuding antisense sequences which are identified and expanded, using for exanple, PCR, hybridization cte. These
oligonucloctides can comprise one or more modified mcleotides, shorter or longer fragments, modified bonds and the
like, Examples of modified bonds or imtenucieotide lkages comprise phosphorotinoale, phosphoredithioate or the
Iike. In an embodiment, the nucleotides comprise a phosphorus derivative. The phosphorus dervative {or modified
phosphate group) which may be attached to the sugar or sugar analog moiety i the modified oligonucleatides of the
present  vention may be a monophosphate, diphosphate, wiphosphate, alkylphosphate, alkanephosphate,
phosphorothioate and the ke The preparation of the abovenoted phosphate analogs, and thotr weorporation nte
nucleotides, modified nuclvotides and oligonuclcotides, per se, 15 also koown and need not be desceribed hore,

{00861 The speaficity and sensitivity of antisense is also hamessed by those of skill n the art for therapeutic uses,
Auntisense oligonucleotides have been craployed as therapeutic moicties in the teatment of disease states in ammials
and man. Antisense oligonucleotides have been safely and effectively administered 1o humans and mumerous olinical
wials are presently underwsty. It is thus established that oligonucieotides can by aseful therapeatic modalitics that can be
configured tiy be useful in treatment repines for treatment of cells, tissucs and animals, especially humans.

{0097} In cmbodiments of the present invention oligomeric antisense compounds, particuarly oligonucleotides, bind
1o target nucleic acid molecudes and modulate the expression andfor function of molecules encoded by a target gene.
The functions of DNA to be mtorfored comprise, for example, rephication and transeription. The functions of RNA to
be mterfered ommprise all vital functions such as, for cxample, franslocation of the RNA (o the sife of protein
translation, ranslation of protein from the RNA, sphicing of the RNA 1o vield ove or more mRNA species, and catalytic
activity which may be engaged in or faciitated by the RNA. The functuons may be upregudated or inhibited depending

on the functions desived.
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{0098} The antisense compounds, inclede, antisense oligomeric compounds, antisense oligonucleotides, externad
guide sequence (BGS) oligomcleotides, altornate splicers, primers, probes, and other oligomeric compounds that
hybricize to at feast a portion of the target mecleic acid. As such, these compounds may be introduced m the form of
single-stranded, double-stranded, partially single-stranded, or circular oligomeric compounds.

{0009] Targeting an antisense compound o a particudar nucleie acid motecule, n the context of this rvention, can be
a muitistep process. The process usually begins with the identification of a target nucleie acid whose function is o be
modhtdated, This target nucleic acid may be, for example, a cellular gene {or mBNA transcribed from the gened whose
exprossion is associated with a particular disorder or disease state, or a nucleic scid molecule from an infections agent.
In the present mvention, the target nucleic acid encodes Sodium channel, voltape-gated, alpha subunit (SCNA).

{00100] The targeting process usually also mchudes deternination of at least one target region, segment, or site within
the farget nucleic acid for the antisense teraction tw cccyr such that the desred effect, .., modulation of expression,
will vesult. Within the comtext of the present invention, the feom "regioet” 13 defioed as a portion of the farget owclew
acid having at least one weotfiable structure, Rmetion, or charactoristic,. Within regions of target nucleie acids are
seoments. “Segments” are defined as smaller or sub-portions of regions within a target mucleic acid, "Ses,” as used in
the present myvention, are defined as postiions within a target suclec acid.

{0161} In an embodiment, the antisense oligonucleotides bind to the natural antisense sequences of Sodium channel,
voltape-pated, alpha subunit (SONA)Y and modulate e expression andior function of SONA (SEQ ID NG: 1 o 1)
Examples of natural antisense sequences inchide SECQ 113 NOS: 12 to 28, Examples of antisense oligonucleotides
inchude SEQ 1D NOS. 29 10 84,

{001421 In an embodiment, the antisense ohponucleotides bind fo one or more segmenis of Sodium channel, voltage-
gated, alpha subumit (SCNA) polynucleotides and modulate the expression andor fimenion of SCNA. The scgmenis
comprise at least five consecutive nucleotides of the SCNA sense or antisense polvbucieotides.

{00163 ] In an embodiment, the antiserse oligomucleotides are specific for natural antisense sequences of SCN&
wheremn binding of the oligonucleotides to the natural aotisense sequences of SCNA moduolate expression andfor
function of SCNAL

{00104 In an embodinient, oligonockeonde compounds comprise sequences set forth as SEQ ID NOS: 29 0 94
nchsding antisense sequevces which are identified and expanded, uvsing for example, PCR, hvbridization etc These
ehgonuciesides can comprise one or more modified nucleotides, shorter or longer fragments, modified bonds and the
like. Exaraples of moditied bonds or internucleotide linkages comprise phosphorothioate, phosphorodithicate or the
like. In ay embodiment, the nucleotides comprise a phosphorus dervative. The phosphorus dertvative {ov modified
phosphate group) which may be attached to the sugar or sugar analog moicty i the modified ohgonucleotides of the

present invention may be 3 monophosphate,  diphosphate, triphosphate,  alkviphosphate,  alkanephosphate,
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phosphorothioate and the ke, The preparation of the above-noted phosphate analogs, and their mcorporation into
nucleotides, modifted neckeotides and oligonucleotides, per se, is also known and seed not be deseribed here.

{00105] Sinee, as & known 1o the art, the ranslation inBiation codon i typically 5-AUG (in tanseribed mBRNA
mdecules; S-ATG i the corresponding DNA molecule), the translation inttlation codon i also reforred o as the
“AUG codon,” the "start codon® or the "AUG stant codon®™. A midnority of genes has o wronslation initiation codon
having e RNA sequence 5-GUG, F-UUG or 3CUG and $-AU4A, 55ACG and 5-CUG have been shown o
fBmction 1 vive, Thus, the rms "wanslation inttiation codon” and "start codon” can cacompass mamy codon
sequences, oven though the initiator amine avid in each instance is typically methionine (in cularyotes) or
formylmethionine {in prokaryotes). Bukaryotic and prokaryotic genes may have two or more aliomative start codons,
any one of which may be proforentally onbized for translation muation i a partiowdar coll type or Gssue, or under a
partioutar set of conditions. Tn the context of the invention, "staut codon” and "transkation inittation codon™ refer fo the
codon or codons that wo used s vive 1 inttiate panslation of an sRNA sanscribed from a gone cocoding Sodian
chabned, voltage-gated, alpha subumt {SCNAY, regardless of the sequence(s) of such codons. A franslation termination
codon {or "stop codon™ of a4 gene may have one of three sequences, e, F-UAA, F-UAG and 3VUGA {the
corresponding DNA sequenices are 3-TAA, 3~ TAG and 53-TGA, respeetivelyv).

{00106] The tonms "start codon regmon”™ and “transiation mitiation codon segiem” refer 1o a portion of such an mRNA or
gene that enconpasses froam about 25 to sbout 50 contiguous nucleotides in cither divection (e, §' or 3} from a
ransiation imtiation codon. Stmilarly, the tenms "stop codon region” and "tanslation termination codon region” refer to
a portion of such an mBNA or gene that encompasses from abowt 25 0 about 3G contiguons mucleotides in cither
direction (Lo, § or 3 from a transiation termination codon. Conseguently, the "start codon region™ (or “translation
mifiation codon region”} and the "stop codon region” (or "ranslation {ormunation codon region”) are all regions that
miy be targeted effectively with the antisense compounds of the present invention.

{0107] The open reading frame {ORF) or "coding region,” which is knows i the art o refer to the region between the
wanstation mitiation codon and the ransiation tenmination codon, s also a region which may be rgeted effectively.

Within the context of the present imvention, a targeted region is the piragenic region encompassing the translation
inittation or tennimation codon of the open reading frame (ORF) of ngene.

{B010G8] Another target region inclades the 8 watranslated regdon (SUTRY, knows in the art o refer to the portion of an
mBNA in the 5 dircction from the translation initiation codon, and thus wcluding nacleotides between the §' cap site
an the tanstation initiation codon of au mENA {or corresponding nucleotides on the gene). Still another targst rwgion
inchades the 3 untranslated region (JUTR), known in the art wo refer o the portion of an mRNA i the 3 direction from
the translation tevmination codon, and thus including nucleotides between the wansiation termination codon and 3" and
of an mRNA {or corresponding nuckeotides on the gene). The § cap site of an mBNA comprises an N7-mwethylated

P

guanosine residue joined o the Famost residue of the mRNA via a 38 riphosphate linkage. The ¥ cap region of an
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mRNA is considered to inchude the 5 cap stractuve 1tself as well as the first 30 nucleotides adjacent to the cap site.
Another target region for this invention is the §' cap region.

(001097 Althouph some cokaryotic mBRNA taaseripts are diseetly translated, many confaly one or more regions,
known as "mtrons,” which are excised from a transeript before it is tiwnslated. The remaining {and therelore transiated)
regions are known as "exons” and are splived together to form a continuous mRNA sequence. It one embodiment,
targeting splice sites, Le, ntron-exon junctions or exon-infron junctions, is particalarly usefid in siustions where
aberrant sphicing is unplicated i disease, or where an overproduction of a particular splice product 1s umplicated in
disease. An aberrant fusion junction due to rearrangement or deletion is another embodiment of a target site. mRNA
ranscripts produced via the process of sphicing of two {or more) mRNAs from differont gene sources are known as
Musion wansenps”, Introns can be effecively targeied using antisense compounds targeted to, for example, DNA or
pre-mBNAL

{00110 In an embodiment, the antsense oligonucleootides bind 1o coding asdior nos~coding regions of a target
polynucicotide and modulate the expression andior Rmetion of the target nwlecule.

{011 1] Iy an embodiment, the antisense oligonucleotides bind fo natural antisense polynucleotides and modulate the
expression andéor function of the target moleaude.

{012} In an embodiment, the antisense chgonucieotides bind (o sense polynucieotides and modulate the expression
andfor function of the target molecule.

{00113 Akerpative RNA transoripts can be produced from the same penomic region of DNA. These alteraative
franscripts are generally known as "vartants”, More speaifically, "pre-mBNA variants” are transcripts produced from
the same gonome DNA that differ from other transenpts woduced from the same gonemic DNA in cither thetr start or
stop position and contain both intronic and exonic sequence.

{00114 Upon excigion of one or more exon of nivon regions, or portions thereof during sphicing, pre-mBRNA varants
produce smaller "mENA vagants®. Consequently, mRNA variants ave processed pro-mBRNA variants and cach unigue
pre-mENA variset mast abways produce & waique mBRNA vanand as a result of splicing, These mRNA vanants are also
known as "alternative sphice variants™. I no sphiomg of the pre-mRNA variant occws then the pre-mRNA variant s
identical to the mRNA variant.

{B0113] Vanants can be produced through the use of altemative signals to start or stop transcription. Pre-mBNAs and
mBNAs can posscss nrore than one start codon or stop codon. Variants that onginate from a pro-mRNA or mBNA that
use abternative start codons are known as "shemative start variangs” of that pre-mBNA or stRNA. Those transeripts that
use an alfemative stop codon are known as "aliemative stop vananis” of that pre-mRNA or mRNA. One spectfic type
of altermative stop vanant 18 the "polyA varant”™ i which the nadiiple tanseripts produced vesult from the alternative

selection of one of the "polvA stop signals™ by the transcription machinery, therely producing transcripts that tenminate
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at waique polyA sites. Within the context of the invention, the types of variants deseribed hevein are also embodiments
of target nueleto acds.

{00116] The locations on the trget nucleie acid 1o which the antisense compounds hvbnidize are defined as at least 2
S-nucleotide long portion of a target region o which an active antisease compound is targeted.

{00117] While the specific sequences of certain exemplary farget segments are set forth heredn, one of skill tn the ant
will recognize that these serve fo iHustrate and describe particular embodiments within the scope of the present
invention. Addittonal target scgments are readily wdentifiable by one having ordinary skl in the art i view of this
disclosure,

{O0118] Target segments 5-100 nucleotides in Tength comprising a stretch of at least five (5} conseentive mucleotides
selected from within the Wustrative preferred target segments ave considesed to be suitable for targeting as well,
{00119] Target scgments can mclade DNA or RNA sequences that comprise at least the 5 consecutive nucleotides
from the H-terronus of one of the Hlusirative preferred target segments (the romaining mucloctides belng a consecative
stretch of the same DNA or RNA begmming inmediately upstream of the Hderminus of the target sepment and
continuing watil the DNA or RNA contains about ¥ to about 106 aucleotides). Simlarly preforred target sepments are
represented by DNA or RNA sequences thal comprise at least the 3 conseative nucleonides from the 3-tenmmus of
one of the iustrative prefomred tarpet segments (the remaining nucleotides bemg a consecutive stresch of the same
DNA or RNA beginning immediately downstream of the 3-ternuinus of the target sepment and continuing undi! the
PNA or RNA comams gbout 5 to about 100 nucleotides). One having skl in the art armed with the target segments
lusteated herein will be able, without wndes cxperimestation, 1o wentify furthor preforred targsd segmonts,

{001201 Ounce ong or more targsd repions, segmoenis or sites have been dentified, antisense compounds are chosen
which are sufficiently complementary to the tasget, e, hybrdize sufficiently well and with sufficient specificity, 1o
give the desired effect.

{0121] In embodiments of the invention the oligonucieotides bind to an antisense strand of a particular target. The
oligonucivotides are at least S nucleotides in length and can be synthesized 30 cach oligonucieotide argets overlapping
sequences such that oligoaucieotides are synthesized to cover the entive length of the target pobynacieotide. The targets
also include coding as well as von coding vegions,

{00122] In one embodiment, it is preferred to target specitic nuckele acids by antisense oligonuclestides, Targeting an
antisense compound 0 a parbicdar nuckic acid 18 o nwltistep process. The process usually beging with the
identification of a nucleic acid sequence whose Amction s to be modulated. This may be, for oxample, a cellular gene
for mRINA tanscrbed from the gene) whase exprossion is associated with a particular disorder or disease state, or 1
non codimg polynucleotide such as for example, non coding RNA (neRNA)

{(3123] RNAs can be classified into (1) messenger RNAs (mRNAS), which are transtated into proteing, and (2} non-

profeacodimg RNAs (ncRNAs). neRNAs comprise microRNAs, anfisense transeripts and other Transerptional Units
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{TU) contamning a high density of stop codons and facking any extensive "Open Reading Frame”. Many neRNAs
appear to start from indtiation sites in 3 entranslated regions (3UTRs) of protein-coding loci. neRNAs are offon rare
and ot keast half of the noRNAg that have been sequenced by the FANTOM consortium seem not 1o be polyadenylated.
Most researchers have fir obvious reasons focused on polyadenylated mRNAs that are processed and exported fo the
evioplasnn Recently, it was shown that the set of non-polyadenslated nuclear RNAs may be very large, and that many
such travsoripts anse from so-called intergenic vegions. The mechaism by which neRNAS may vegulate gene
exprossion s by base pairing with target transcripts. The RNAs that function by base painag can be grouped into {1) cis
encirded RNAs that are encoded at the same genctic location, but on the opposite strand to the RNAs they act upon and
therefore display perfect complementarity to their target, and (2) tans-encoded RNAs that are encoded at a
ehromosonzal location distinet from the RNAs they act wpor and gonerally do not exhibit perfct base-paiving potentiad
with thewr targets.

{00124] Without wishiog 10 be bouad by theory, perbwbation of an antisrose polyswcleotide by the antisense
oligonucieotides described heremn can alter the expression of the correspondimg sense messenger RNAs. However, this
regulation can either be discordant (antisense koockdown results o messenger RNA dlevation) or concordant
{antisense knockdown results in concomitant messenger RNA reduction). In these cases, antisense oligonuclkeotides can
be targeted o overlapping or nop-overlapping parts of the antisense (ramsenpt resuitng m its knockdown or
sequestration. Coding as well as non-cading antisense can be targeted it an identical manner and that cither category is
capable of regulating the comresponding sense transcripts ~ either in a concordant or disconcordant mwanner. The
strategies that are enaploved i identifing new oligonucleotides for use against 2 target can be based on the knockdown
of antisense RNA transeripts by antisense ohigonocleotdes or any other means of modudating the destred target.
{00125 Swaregy I In the case of discondand regulation, knocking down the antisense transcript clevates the
expression of the conventional (sense) gene. Should that latter gene encode for a known or putative drag target, then
knockdown of iis antisense counterpart coudd conceivably mimic the action of @ receptor agomst or an enzyme
stiralant.

{00126] Siretegy 20 In the case of concordant regulation, one could concomitantly knock down hoth antisense and
sense franscripts and thershy aclieve synergistic reduction of the conventional (sense) gene expression. If, for example,
an antisense oligonuclestde 1s used to achieve knockdown, then this strategy can be used fo apply one antisense
ehgonucieoide targeted o the sonse wanscoipt and another antisense ohigomackeotide o the corresponding anfisense
franscript, or a single encrgetically syimelric antisense oligonucieotide that simultancously targets overlapping sense
and antisense franscripts.

{01271 According to the prosent invention, antisense compounds inchude antisense oligonucleotides, nhozymes,
extermal gutide sequence (BEGS) ofigonucleotides, siRNA compounds, single- or double-stranded RNA interforence

{RNA3} compounds such as siRNA compounds, and other oligomeric contpounds which hybridize to af keast a portion
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of the target muclee aoid and modidate s function. As such, they may be DNA, BRNA, DNA-hke, RNA-lke, or
muxtures thereot, or may be mimetics of one or more of these, These compownds may be single-stranded, doubie-
stranded, crreubyr or hapn oligomenic compounds and may contain structural clementy such as wiernal or terminal
bulges, mismatches or loops. Antisense compounds are routmely prepared lincarly but can be jolned or otherwise
prepared to be civeular andfor branched, Antisense compounds can inchade constructs such as, fr examyple, two sirands
hvbrndized to fonn a wholly or pawially double-stranded compound or 3 single strand with sufficient self-
complementarity o allow for hybridization and formation of a fidly or parvally double-stranded compound. The two
strands can be linked intomally Teaving fiee 3" or ' termini or can be linked to form a continuous halrgin structure or
loop. The hairpin structure may contain an overhang ob cither the ¥ or 3’ terminus producing an extension of single
stranded  character. The doublo-stranded  compounds optionally can nchude overbangs on the ends. Further
maodifications can include conjugate groups attached o one of the tenmind, selected nucleotide positions, sugar posttions
ot o oae of the mternocleoside linkages, Aliwmatively, the two strands can be linked via a nos-nucieie acid moiety or
finker group. When formed from only one strand, dsRMNA can take the form of a self-complementary basipin-type
modecuie that doubles back own itself o form a duplex. Thus, the dsBNAs can be fully or pavtially double stranded.
Specific modulation of gene expression can be achieved by stable expression of dsSRNA hanpins in gansgenic cell
Iimes, however, I some cmbodiments, the gene expression or function 1s up repuiated. When formed from two strands,
or a single strand that takes the form of a seif-complementary hairpin-type molecule doubled back on itself to form a
duplex, the swo strands (or duplex~-forming regions of a single sttand) are complementary RNA strands that base pairin
Watson-Cnick fashion.

{00128] Once mtroduced to a system, the compounds of the invention may chicit the action of one or WO gR2yMes or
structural proteins o effect cleavage or other modification of the target nucleie acid or may work via oceupancy-based
mechanisms. o general, nuclere acids (ncluding oligonuclectides) may be deseribed as "DNA-like” (Lo, generally
having one or more 2-deoxy segars and, generally, T rather than L bages) or "RNAAke” (Le., generally having one or
more 2™ hydroay or P-moditied sugars and, generally U rather than T bases), Nuclewe acid helices can adopt more than
one type of structure, most cotmoniy the A- and B-fonns. It 1s belicved that, in general, olipoucleotides which have
RB-forne-hike structure are "DINA-ke" and those which have A-formbike structure are "RNAAKe " In some {chimeric)
embodiments, an antisense compound may contain both A- and B-form regions.

1001297 In an cmbodiment, the desired ohgonucicotides or antisense compounds, comprise al least one of! antisense
RNA, antisense DNA| chimgric antisense ofigonucleotides, antisense oligonucleotides comprising modified Hokages,
interference RNA (RNAY), short mterfering RNA (siRNA), a mucre, inferfeoring RNA {muRNA)Y; a small, tomporal
RNA GtIRNAY; or 3 short, haipin RNA {shRNA) small BNA-induced gene activation {(RNAax small activating BRNAs

{saRNAs) or combinations thereof
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{00130] dsRNA can also activate gene expression, a mechanism that has been termed "uvall RNA-induced gene
activation” or RNAa, dsRNAs targeting gene promoters induce potent transcriptional activation of associated gencs.
RNAa was domonstested it homan cells using symthetie dsRNAg, ermed "smadl activating RNAS™ (saRNAg) It iy
swrrently not knows whether RNAa is conserved m other organisms.

{00131] Small double-stranded RNA {(dsBNA), such ag small interforing RNA (IRNAY aod microRNA (miRNA)Y,
fave been found to be the rigger of an evoluBionary conserved moechanism known as RNA interference (RNAD. RNAG
invariably leads to gene silencing viz romodeling chromatn to thereby  suppress  wanscription, degrading
complomentary mRNA, or blocking prowin translation. However, in instances described in detail in the examples
section which follows, oliponucleotides are shown o increase the expression andfor function of the Sodium channel,
voltage-gated, alpha subumt (SONA) polymucleotides and encoded products thoveof. dsBNAs may also act as small
achvating RNMAS (saRNA), Without wishing to be bound by theory, by targeting sequences in gene promoters, salNAs
would indoce target gese expression in 3 phenomenon referred o as dsRNA-~induced transcriptional activation
{RNAg).

{01327 In a funther embodiment, the "preforred target segments” identified hevein may be emploved i a soreen for
additional compounds thal modulate the expression of Sodium channel, voltage-gated, alpha subuait (SCNA)
polynucieotides. "Modulators” are those compounds that decrease or imncrease the expression of a nucleic acid molecule
encoding SCNA and which comprise at least a S-pucleotide portion that is complementary 1o a preferred target
segment. The sereening method comprises the steps of contacting a preforred target segment of a nucleic acid molecule
encoding sense or natiwral antisense polymuclcotides of SUNA with one o more candidate modulators, and sclecting for
one of more candidate modalators which decrease or increase the expression of a muecleie acid molecule encoding
SCNA polynucieatides, ©.g. SEQ 1D NOS: 29 o 94, Onee it 1s shown that the candidate modulator or modulators are
capable of modulating {e g etther decreasing or increasing) the expression of 8 nucleic acid molecule encoding SCNA
polynucieotides, the modulator may then be emploved in further investigative studies of the function of SCN&
polynucieriides, or for use as a researchy, disgnosiie, or terapentic agent 1y aceordance with the preseat invention,
{00133} Targeting the natural antisense sequence preferably modulates the function of the target gene. For examyple,
the SCNA gene {e.g. accession mumber NM_ 001163963, NM 021007, NM 006922 NM (00334, NM 198036,
NM 002076, NM_ 14891, NM 002977, NM 006314, NM 014139, AFI00737). In an embodiment, the target is an
antisense podyrnucieotide of the SCNA gene. in an embodiment, an antisense oligonucleotide targets sense andior
nafural antisense sequences of SCKA polynucleotides {o.g. accession number NM 01163963, NM 021007,
NM 06922 NM 000334, NM 103056, NM_D02976, NM 014101, NM 002977, NM 006514, NM 014139,
AFIWTET), vortants, alleles, sofonns, homologs, mutants, devtvatives, fngments and complomentary sequences
thereto. Preferably the oligonecleotide is an antisense moleculs and the targets nclude coding and noncoding regions

of antisense andior sense SCNA polynucleotides.
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{00134] The prefomred target segments of the present wvention may be also be combined with theie respective
complomentary  antisense conpounds of the preseat fweention o form siabilized double-stranded  {duplexed)
ehigonucleriides,

{00135} Such double stranded oligonucieotide moieties have heen shown i the art to modulate target expression and
regudate translation as well as RNA processing via an antisense mechanism. Moreover, the double-stranded mofeties
may be subject to chentcal modifications. For exarople, such double-stranded moicties have been shown 1o inhibit the
target by the classical hybridization of antisense strand of the duplex o the target, thereby wiggering cnzymatic
dogradation of the target.

{00136} In an cmwbodiment, an astisense oligonuciectide targets Sodium channel, voliage-gated, alpha subunit
(SCNAY pobvnucleotides {eg accossion number NM O01165963, NM 021007, NM 006922, NM 000334,
NM 198056, NM 002076, NM 014191, NM 002977, NM 06314, NM 014139, AFL109737), vaviants, alleles,
isoforms, homologs, muwtants, derivatives, fagments and  complementary  scquences  thercto,  Preferably  the
oligonucieotide is an antisense molecule.

{01371 In accordance with embodiments of the invention, the tavget mucleie actd molecale is not hmited o SCNA
alore but exdends 1o any of the isoforms, receptins, homologs and the ke of SCNA molecules.

{03138] In an embodiment, an oliponuclcotide targets a natural antisense sequence of SUNA polynuclectides, for
example, polyaucicotides sot forth as SEQ ID NOS: 12 to 28, and any variants, alleles, homologs, niutants, derivatives,
fragments and complementary sequences thereto. Examples of antisense oligonneleotides are set forth as SEQ 1D NOS:
29 1o 94

1001391 o one ombodument, the cligonucleotides are coraplemeatary (o or bnd to nucleie acid sequences of SCNA
antisense, Inclading  without Hmitation noncoding sense andior amtisense sequences associated with SCUNA
polvnucieotides and modolate expression andfor function of SCNA molecules.

{0140 In an embodiment, the oligonacleotides are complementary o or bind to nucleic acid sequences of SCNA
nagural antiscase, sef forth as SEQ 1D NOS: 12 to 28, and modulate expression andior fmetion of SCNA molecules,
{00141] In an embodiment, oligonuclentides comprise sequences of at least 5 consceutive nucleotides of SEQ 1D
NOS: 29 1o 94 and modulate expression and/or fmetion of SCNA molecudes.

{00142] The polynucleotide targets compnse SCNA, including fanuly members thereof, variangs of SUNA; musants
of SCNA, inchuding SNPys; noncoding sequences of SCNAC alleles of SUNA; species vartangs, fragments and the ke,
Preterably the oligonucleotide is an antisense molecule.

{01431 In s ombodiment, the oliconucleotide targeting SCNA polynucleotides, comprise: antisense RNA,
mterference BNA (RNAY, short interforing RNA (siRNA) maiero imtorfering BNA (miRNA)Y; 2 small, temporal RNA
{stRNAY, or a short, hairpin RNA {shRNAY small ENA-induced gone activation (RNAaY; or, small activating RNA
{saRNA}
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{00144] In an embodiment, targeting of Sodium chanwel, voltage-gated, alpha sabunit {(SCNA) polymuelectides, e.g.
SEQ ID NOS: Holt, modulate the expression or imction of these @rges. In one ambodimont, exprossion or function
1s upregulated as compared (o & control. In an crmbodimend, expression or function is dowa-regulated as compared so a
contral. In a further embodiment, targeting of the natural antisense transcripts {o.g. SEQ ID NOS. 12 to 28) as well as
any other wwget NATs of sach target polynucleotides results in the uprepudation of said target mRNA and
cosresponding protein,

{f10145] In an cmbodiment, antiscnse compounds comprise sequences set forth as SEQ 1D NOS: 29 10 94, These
oligonuckeotides can comprise one or more moditied nucleotides, shorter or longer fragments, modified bonds and the
ke,

001461 In an embodiment, SEQ 1D NOG: 28 10 94 comprise one or more LNA nucleotides. Table | shows exemplary
antisease oligovucleotudes usoftl in the methods of the mvention,

table 1:

. Amnfivensy
Seguene N o
: Seguence Sequence
¢ ID T '
Namg

Seq 39 CURS462 | mCHqmC il Pod SsalUsmOe PPy T OrCOe OO OOy T mA St mC Ul FmtU
T
3

Seq 30 | CUR-1624 | TSCSGRGEDSGETR O3y APCFTSCA TR GO ARGAT
Seq 3t | CUR-162S | THGRCH ASCATHGFPX GGG AP GHCR O TG THCAT
Soeq 32 | CUR-IE6 | T AN O ATOTR G RO GR A CF AR RO G AC
Seg 33 | CUR-I62T | G¥TRAMGRARAMGYAFAFCF ARG O OGP T ATGY TG
Seq 34 | CURAER | DT C PO T G CATT TR OGP O A
Seq 35 | CUR-1E29 | G IPGA G T* AN AFGAGY A FATCFTFGAGRC A ARGRLRA

36 1 CUR-1630 | GYTEONCRATARTAORAYTRASCRASGR O ARG AT

37 1 CUR-1631 | TGP ARCOYTRGH TR AR OV A RARTR TGRS TH T

Soq 38T CURIE | ASCN TP SO T R R AR RGOV TR TR T

Seq 39 CUR-1633 | GRANTROATCRCACATHTRCACVTRG ORGP T TG T

Soq 40 | CUR-1GI | TFGA TGP AR TFGAC P I GRG PGP TGV TR TV AC

Bexy 44 CUR-I63S | TFOMCRORASGY TR GRASOY DR OO O GRAT TGO T

Seq 42| CURIEI | AMGFIPCYPSCRASGRTA TGP TS CR ARGR T ARCHOF T

Rog 43 1 CLURAITIR | G TRTRANTATRRASMATROR O OO T OHT

Seq @ T ORI | DO AN O A TG R O TN GR T AN AT

Seq 45 | CUR-TH0 | G PG G TP AT AP R ASARCR TP RGO ASG SO A

Seq A6 | CURSITL | THOFTREROTH OISO O AN AT P (3G

Seg 47 ¢ CUR-IR  GRTASAA IO Q@A T O TA TN O OO TARC

Seg 48 1 CUR-143 | GPGRGAARGFAYAROF IYTAGR A G AR GHO R A AR CEARG

Seq 49 | CUR-1744 AT SCRARCRATATAN TR T O ATGPARTY OV A

Seg 50 1 CUR-1762 | 08 DIATHARGIGHARAROF TGO+ A

Seg 31 1 CURATOY | P+ TG GA TR A TP ARG AR AR08 G

Seq 52 1 CUR-1764 | mG* ol mG* P ol A mUP A G R A A O RGP G Ty A oGP mC P mA

o 53 | CUR-ITE0 | ARG A ARG TV NG A TG ARG LT A T A

eq 34 1 CURATTET | (P mGHACG A AP mCH P mUsGH ARG A MmO A A O mA M m

gq S8 CUR-1768 | +G%C RO

g 30 1 CURETON | SR e AR ANASATTRTICRARGEA X T
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Bexp 37 CUR-1770 | mGH* U mC ARG T AMCRAM A ASmUS T O A A% Ut mCma.

Seq 5% 1 CUR-1TOR 1§ Aol ot UndArArACrArCoCr GraAvArGraArCeUrbsUr ArGrlle Al (G

Saqti@ CUR-I799 v linCrAr e A ArA U UrCrarGe A LirCraAnCrCrCrAa O LirUnCrl e

Seq_H0 CUR-1836 | 0% PMQQTATHAGGAAACHTHG

Seg 6 1 CUR-IT | ool mGrOml AU AGGA AmCA TGO AmGA mC ¥ mA

Seq_62 CUR-IR3R |+ CHCAGTYCRAHTIAA A TSV

Seg 63 1 CURGIRIS | +0AXCAAATTCAGASTSH+4

S 64 1 CURSIEST | mGAa(PmlP A ml PAG G A AN i PG G O A GO A U F G U U mG

Seq 63 CUR-E8? | mUsmGrmGy T AN A GG A A YO T GO mCr A G m A Mm% U

Seq 66 1 CUR-IR9S | PG TH AU ARGHGH A AT MO T G ¥ U AP G U ARG TG T TG

Seq 67 1 CURSIRYO | mAP oGO G GH a3 AT P AR AT Aoy TROA G mC s AT R A G

Seq 68 1 CUR-1900 | (TGO ATF GO ATOER GG ANGYCRA

Seq 6% | CUR-IS0T | mGHlUismGrErmT ATl A GF GG A mC* G G P R AT mGr R mA

Seq T CURSEMS | GG OYORAY G il O A O AR AR A MU TR O ARG AN TR O A O 0 mC
Seq Ti CUR-I91T oAl GG G AP AR ASmU* m U B G ASGP A T " md

Seq 72 CUR-1918 | ;AT A * mAYmGP i G0 O AT A GO G ARG G G O m A mG HmCF mA

Seq 73 CUR-IS | mASmO AT A G ol PO O A T AP OO A mUT G G G mCF A (P T F m A

Seg 74 1 CUR-E20 | mASAYGF ol A GO AN AN mGP P AN mC GG O A G R A G U

Seq 75 CUR-122F | mA*m A G PG O AT A AR O G* G C A P mCr A mGPmlU

Seq 76 1 CURSIR22 (P THGFACTOGTGUCCATTORR TG

Seq 77 1 CUR-1923 | GRCA*CFACTTROATGATHCTANAYAMD

Seq TR CLR~1924 | TP GACTAGOATHGCACP AAAGG*A

Seq 79 1 CUR-1925 | i3 TGACa PGTGCCmOCATTGU TG

Seq 80 ¢ CUR-1926 | mGY¥TGACTGTGUCCATTGC TG

Seq 8 CUR-1927 { ;T CTCmPTTIC I CGCCHFTTGmC* TTmC
Seg 82 CUR-1928 1 mGRACAANC CT TGO AGCCAMCHTGAMUPFGATGmA

Seq 83 1 CUR-1929 | THQROPTRANMTRASGA R AN AR TRGR MR ARG CRA

e 84 CURAI230 | pd PoaG* Ol ASmUr A O AR A f O T * G OO Al md

eg 85 CUR-1931 | mC*mC* ARGYT A mO¥ AXCHFAX ASA Sl T 0¥ A #G% AMmaU*mC*mA

Beg #6 1 CUR-IIY | ml¥aGFOomUS Am R AGGAAMC*TCOmO* Amyr mCr maA

e 8K CUBR~E40 | ok o CF ARl PO MmO % 0 A fimU T O maA M mlG

§
S
5
Seq 87 1 CUR-1933 | mA*mGA O A mURC A O ARARA ¥ L I T A RGP AR TR A S T il
g
S

eq 89 ¢ CUR-1941 | GO C ARG ol PO AT O AT AT AR U U mC

Seg 90 CUR-1942 1 G0 OF ARGl PO A mO* A A mA S U+ T8+

Seq 9 CLUR-1943 | (P CROS AP TSR AN R AR AR AN TR TS

Seq 92 CUR~1944 | - mCr G U Cr AU A AT AT
Seq 93 CUR-1948 1§+ ROHARGITRCFARCIARLAT AT

Seq 93 | CUR-1996 | +GRCCRASGRTFCFAR O ATLA

{00147 ¥ indicates a phosphotluoate bond, + indicates LNA, v’ indicates RNA and “m’ indicates a methyl group on
the 27 oxygen atom on the designated sugar motety of the oligonucleotide. To avold ambiguity, dus LNA has the

formusla
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wherein B is the particular designated base.

[00148] Table 2: Relative expression of SCNIA mRNA in cells treated with antisense oligonucleotides
targeting SCN1A- specific natural antisense transcript Avg - average fold difference in SCNIA expression
compared to mock transfected control; Std - standard deviation, P - probability that the treated samples

are not different from mock control. N - total number of replicates

Table2:

SCN1A fibroblasts SK-N-AS Vero76 3713 HepG2 CHP-212
 on__Jag | sta| N JAglsal N Javgista]l N Tavglioww]! n fagisdl v fagist]
CUR-1462 10102 4 }12]03] 8 Josgjo1] s
CUR-1624 291111 5 09ioal s
cur-1625] 07 | 07 | 4 13104] 4

101011 5

12101} 4
CUR-1628 091011 5
CUR-1629 126] 15| 5 09101] a
| CUR-1630 183101} 5
CUR-1631] 40| 28| 1 13jo1j1al11j01] 3
| CUR-1632 12107 4 10j01] s
CUR-1633 101021 4
CUR-1634 29} 11| 5 1.2101f 4
CUR-1635 11103] 4
CUR-1636 11101} 4
CUR-1719 12§03} 4

CUrR-1738] 08 | 06 | 7
cur-173s] 09 | 04 | 7
cur-1740] 8.2 | 20| 27 |182}20] 1643111} 1217105 10f11f03] 9 |8sl17] 5
CUR-1741f 18 : 1.3
CuR-1742] 19 | 08

5
5 551 10} 12
cUR-1743} 33| 11| s 56117
5
5

3

[

CUR-1784] 27 | 14 68| 1.3
CUR-1762] 2.8 {-16 09101] a l]11los]| 2
CUR1763f 29 | 15| 6 f12}01]|13}115{05} 10
cur1764} 150 51| 12 J23]05] 2011305} 18J08lo02} 5 Jorio2] 4
cur1766] 06 1 03| 5 jo7io1l 3 Jis5iosl 6

13108 5
t11os5| 3 J1s5i03] 5]15(06! 5 18j07{ 5
08107 ] 10 }iojo1]l 3]26j08] 7
cura7rol 229 a1 | 25 {e7i20l 1212710} 20
CUR-1798 10j03] s
CUR-1799 11{o2]s
CUR-1836 11i03[ 8 li3io6] 5 11103} 5
cur-1837) 32 1 06| 9 fafoa[1afazi10f2efanlorfofi12los5] 10
cur-1338] 20 J 06| 6 t17i02]| 5 |3s1}40] 14 13}{031 s
32
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VVVVVVVVVVVVVVVVVVVVVVV SCN1A fibroblasts SK-N-AS Vero?% 313 HepG2 CHP-212
0 Avg { Sud N Avg i Std i N jAvg|{Std| N lAve|Std | N |Avg| Std | N | Awg| Std| N
CUR-1839 1310241 9 113105} 5 10102 4
CUR-1891 101011 4
CUR-1892 121011} 5
091021 4 09101 7
20{081 8 09102 10
A1021 8
081 12 4 S 041044
1731301 27 4100115+ 9 1221071 21 141021 8
061031 3 16101 8
i1]0441 8
10037110
101021 10
CUR-1921 10]01] 10
CUR-1922 LO0{03 4 11504 4
CUR-1923 053101) 3 113|103 4
CUR-1924 37{161 8 1131011 4
CUR-1:25]1 0.7 | 07 3 141051 5 1121021 3
CUR-1926 081031 5 1111011 5
CUR-1927 71031 5 1101011 2
CUR-19281 30§ 26 4 09102 2 1141021 3
13§ G2 2 11510441 5
251 08 5
231 14 )
CUR-19321] 1.0 06 3
CUR-19331 47 | 08 9 881241 3
CUR-1940] 1.2 1 0.5 4
Curisal} 111021 4
CUR-1942] 45 1 2.0 5
CuR-19a3] 38 | 131 S
CUR-19441 30 | 73 | ¢
CUR-19451 6494 B2 | 5
CUR-196) 1111 1.4 5

{00149] The modelation of a desired target nucleic acid can be cavred out i several ways known in the art. For
example, antisense oligonuckeotides, sIRNA cte. Enzymatic nackeic acid modecules {eg., ribozynies} are nucleie acid
moleeules capable of catalvzing one or more of & variety of reactions, including the ability o ropeatedly cleave other
separate nucleic acid molecuies i a nucleotide base sequence-specific manner. Such enzymatic nucleie acid molecules
can be used, for example, to tavget vivtoally any BNA transeript.

{$H3130) Because of their sequence-specifictty, trans-cleaving enzymatic nucleie acid molecoles show promise as

therapeatic agents for human disease. Enzymatic nucleic acid molecules can be designed to cleave speeific RNA
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targets within the background of cellolar RNAL Such a cleavage ovent ronders the mRNA non-fimctional and abrogates
protein expression from that RNA. In this masner, synthesis of o protein associated with 3 discase state can be
selectively inhibited.

{00151} ln goneral, enzymatic nucleic acids with RNA cleaving activity act by first binding to a target RNA. Sach
binding occurs through the target binding portion of an enzymatic nucleic acid which is held i close proximity to an
enzvmatic portion of the molecule that acts to cleave the target RNAL Thus, the enzymatic wuclete acid first recognizes
and then binds a target RNA through complementary base paiting, and onee bound to the comect site, acts
enzymatically (o cut the target RNA, Strategic cleavage of such a target RNA will destroy ity ability to direct synthesis
of an encoded protein. Afler an enzymatic nucleic acid has bound and cleaved its RNA target, it is released from that
RNA to search for apother target and can repeatedly bind and cleave now tacgses.

{00152] Several approaches such as in vigre sclection (evolution} steategies {Orgel, (1979) Proc. R Sec. London, B
208, 435) have beea used o evolve new naclete acid catalysts capable of catslvzing a variety of reactions, such as
cleavage and ligation of phosphodiester hnkages and anide Hukages.

{0153] The development of ribozymes that are optimal for catalytic acuvity woudd contribute significantly o anv
strategy that comploys RNA-cleaving nibozyines for the parpose of regulating gene expression. The hanunerhead
nbozyme, for example, fimctions with a catalytic rate {eoat) of about ¥ mun-l in the presence of satating (14 mM)
concentrations of Mp2+ cofctor. An artificial "RNA hgase” ribozvime has been shown o catalyze the corresponding
self-modification regction with a rate of about 100 nun-1. Tn addition, it is known that certain modified hammerhead
ribozyvimes that have substrate binding arms made of DNA catalyze RNA dleavage with omudtiple tum-over rates that
approach 100 min-1. Finally, replacoment of a specific residue within the catalyviie core of the hanwnerhead with certain
nucleotide analogues gives modified ribozymes that show as much as a [O-fold improvement in catalyiic rate. These
findings demonstrate that vibozyimes can promote chenucal tansformations with catalvtic rates that are significantly
greater than those displaved i vitro by most natwal selfcleaving sthozymes, It is then possible that the stractures of
certamn selfeleaving ribozymes may be optssred (o give maimal catabytic activity, or that entively new RNA motify
can be made that display significantly faster rates for RNA phosphodiester cleavage.

{00154] Imermnolecular cleavage of an RNA substrate by an RNA catalyst that fite the "havnmerhead” wodel was first
shown in 1987 (Uhdenbeck, O. C. (1987) Nawre, 328:; 5396-600). The RNA catalyst was recovered and reacted with
mudtiple RNA molecules, demonsirating that # was truly catalytic,

[001551 Catalyne BNAs designed based on the "hanwmothead” motif have bern used to cleave specific warget
sequences by making appropriate base changes n the catalvic RNA 1o maintain necessary base pairing with the target
sequences. This has allowed use of the catalytic RNA to cleave specific farget seguences and indicates that catalyvtic

RINAs designed according to the "hapwmerhoad” model may possibly cleave specific substrate RNAxs invive.
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{00156] RNA mierforence (RNAY has become a powerfisd tool for modudating gene expression m mammals and
mammatian cells. This approach requires the debivory of small intorforing RNA (5IRNAY cither ag RNA itsell or as
DNA, using an expression plasroid or virus and the coding sequence fiwr small hatrpin RNAs that ave processed to
siRNAs, This system enables efficient transport of the pre-siBNAs fo the cytoplasm where they are active and peormit
the use of regulated and tssue specific provoters for gene expression.

{0157 o an embodiment, an oliponucleotide or antisense compound comprises an oligomer or polymer of
ribonucleic acid (RNAY andfor deoxyabonucleie acid {(DNA), or s mimetic, chimera, analog or homolog thercof, This
tenm includes oligonucicotides composed of natorally cccurring nucteotides, sugars and covalent internucleoside
{backbone) linkages as well as oligonucleatides baving non-naturally occurring portions which function sinilarly. Such
modified or substiiuted oligonucleotides are often destrad over native forms because of desirable proportics such as, for
example, enhanced cellular aptake, enhanced affinity for a target nueleie acid and mercased stability in the presence of
nocleases.

{(158] Accoeding to the present ipvention, the oligosucieotides or "antisense compounds” snclude antisense
oligonuclootides (e.g RNA, DNA, mimete, chimera, analog or homolog thersof), ribozymes, externad guide sequencs
{EGS) chgonucleotades, stRNA compounds, single- or double-stranded RN A micrference (RNAL compounds such as
SIRNA compounds, saRNA, aRNA | and other oligomeric compounds which hybndize to at least a porion of the farpet
nuclete acid and modulate ity function. As such, they may be DNA, RNA, DNA-Ike, RNA-like, or mixtures theveof, or
may be mimenics of one or more of these. These compounds may be single-stranded, double-stranded, circular or
hatrpin ohgomerie compounds and may contam structural cloments such as intomal or teenunad bulges, wismatches or
loops. Antisense compounds are routinely prepared limeardy but can be joined or otherwise prepared to be circular
andéor branched. Antisense compounds can include constructs such as, for example, two strands hybridized o form a
wholly or partially double-stranded compound or a single strand with sufficient self-complementarite 1o allow for
tvbridization and formaton of a fully or pargally doeble-stranded compound. The two strands can be Hinked internally
lgaving free 3 or §' termnt or can be finked to forse & continuons halrpin structare or loop. The hatrpin structase may
contain an ovorhang on cither the 5 or 3 tormunus producing an extension of single stranded character. The double
stranded compounds optionally can fnclude overhangs on the ends. Further modifications can inchude conjugate groups
attached to one of the teyming, selected nucleotide positions, sugar positons or to one of the memucleoside Hokages.
Alternatively, the two strands can be Hnked via a non-nuckeie acid moicty or inker groap, When formed trons only one
strand, dsRNA can ke the form of a self-complementary hatrpin-type molecule that doubles hack on fiself w form s
duplex. Thus, the dsRNAs can be fully or partially double stranded. Specific modulation of gene expression can be
achicved by stable expression of dsRNA hairpins in transgonic cell ines. Whan formed from two strands, or a single

strand that takes the form of a seif-complementary hairpin-type molecale doubled back on itself to form a duplex, the
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two strands ¢or duplex-forming regions of a single strand) are complementary RNA strands that base paiy in Watson~
Crick fashion,

{00159] Ouce miroduced 10  system, the compourds of the wrvention may chicit the aotion of dne or MOLE CRZYMES or
structural proteins o offvct cledvage or other modification of the target nucleic acid or may work via occupaney-bascd
mechanisms. In genoval, mucleie avids Gnelading oligonucleotides) miy be described as "DINAlke" (Le., gencrally
having one or more P-deoxy sagars and, generally, T rather than U basesy or "RNAAke” (e, generally having one or
morg 2'- hydroxyl or 2-moditied sugars and, generally U rather than T bases). Nuclele acid helices can adopt more than
one type of structure, most commoniy the A- and B-forms. It is believed that, in general, olipmucieotides which have
B-forn-like structure are "DNA-ke" and these which have A-formbike stracture are "RNAke” In some {chimeric)
embodiments, an antisense compound may contain both A- and B-form regions.

{001680] The antisenge compounds s accordance with this nvention can comprise an antisense portion from about $
to about 80 aucleotides {Le. from ahout 5t about 80 linked nucleosides) in keagth, This refers to the leagth of the
amtisense strand or portion of the antisense compound. In other words, a smgle-stranded antisense compound of the
mvention comprises from 3 to about 80 nucleotides, and a double-stranded antisense compound of the mvention {such
as & dsRNA, for example) comprses 2 sense and an antisense strand or portion of 3 o about 80 nucleotides in kengh
One of orchnary skilf in the wt will appreciate that this comprehends antisense portions of 3, 6, 7.8, 9. 14, 11, 12, 13,
14,18, 16,17, 1%, 19,20, 21,22, 23, 24,25, 26,27, 28,2930, 31, 32, 33,34, 35, 36,37, 3%, 39, 40, 41, 42, 43, 44, 45,
46,47, 48,49 50, 51, 52,53, 54, 55, 56,57, 58, 59, 6061, 62, 63, 64, 65, 66, 67, 68,69, 70, 71, 72, 73,74, 75, 76. 77,

il

78, 79, or B0 nucleotdes in length, or any range therewithin
001611 In one embodiment, the antisense compounds of he invention have antisense portions of 10 to 30 mucleotides
n length., One having ordinary skall in the art will appreciate that this embedies oligonucleotides having anfisense

portions of 10, 11, 12,13, 14,15, 16, 17, 18,19, 20, 28, 30,2324, 25, 26, 27.28,29,30, 31, 32,33, 34, 35,36, 37, 3§,

39,40, 41, 42,43, 44, 43,46, 47, 4%, 49 or 50 nucleotides in length, or any range therewithin, In some embodiments,
the ofigonuckeotides are 15 nucleotides in length,

{10162] In onc embodiment, the antisense or oligonucheotide compounds of the wvention have anfisense porfions of
12 or 13 0 30 mucleotides in length. One having ordinary skill in the avt will appreciate that this embodics antisense
compounds having antisense porions of 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 32, 23,24, 25, 20, 27, 28, 29 or 39
nucleotides in lenpth, or any range therewithin

{00163 o an cmbodimend, the oligomeric compounds of the preset ventton alse inchude variants in which 3
different base is present at one or more of the sucleotide positions i the compound. For example, if the first noeleotide
15 an adenosne, varants may be produced which contain thymidine, guanosine or evtidine at this position. This may be
done at any of the positions of the antisense or dsRNA compounds. These compounds are then wested using the

methads described hevein to determine their ability to inhibit expression of a target nucleic acid.
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{00164] In some embodiments, bomelogy, sequence wentity or complementarity, between the antisense compound
and farget is from about 40% 10 about 60%4. In some embodiments, homology, sequence identity or complementarity, &
from abowt 60% o about T0%. o some embodiments, bomology, sequence identity or complementarity, i from abowt
70% to about 80%. In some cmboduncnts, homology, scquence identity or complomentarity, 18 from about 80% to
about 906%. Tn some embodiments, hemology, sequence identity or complementarity, is about 90%%, sbout 92%%, about
%%, abowut 83%, about $6%, about 97%, about 98%, about 99%; or about HI.
{10165] In an cmbodiment, the antisense oligonucleotides, such as for example, nucleic acid molecudes st forth in
SEQ 1D NOS: 29 o 94 comprise one or more substitutions or modifications. In one embodiment, the nucleotides are
substitted with locked nucleic acids (LNA).
1001661 In an embodunent, the oliponucleotides target one or more regions of the muclore acid molocules sense and/or
antisense of coding andfor non-coding sequences assoctated with SONA and the sequences set forth as SEQ IDNOS:
to 28. The oligrmacleotides are also targeted to overlapping regions of SEQ IDNOS: { w 28
{00167] Certmin  preforred  ohgonuclcotides of this mvvention  are chinerie  obigomucleotides,  "Chimenie
oligonucloctides” or "chimeras,” wm the comext of this inventon, are oligonucleotides which contain two or more
chermeally distinel regions, cach made up of at least one nucleotide. These oligonucleotides tvpically contam at feast
one region of modificd nuclectides that confers one or more beneficial properties (such as, for example, increased
nuclease resistance, increased uptake into cells, increased binding affity for the target) and a rogion that 15 a substrate
for enzymes capable of cleaving RNADNA or RNARNA hybrids. 8By way of cxample, RNase H is a cellular
endonuclease which cleaves the RNA strand of an RNADNA duplex. Activation of RNase H, thercfore, results n
cleavage of the RNA target, thereby greatly enbancing the efficioney of antisense modalation of pene expression.
Consequently, comparable resulis can often be obstained with shorter oligonucientides when chimenie oligonucleotides
are used, compared 1o phosphorothioate deoxyoligonucleotides twbnidizing to the same target region. Cleavage of the
RNA target can be routinely detected by gel electrophoremts and, i necessary, associated naclete acid hybridization
wehniques known i the art. In one an embodiment, a chimene oligonuclectide comprises af Teast one region modified
o incresse target binding affinity, and, usually, 3 repion that acts as a substrate for RNAse H. Affinity of an
oligonucheonide for its target {in this case, a nucleic avid encoding rag) is rovtinely determined by menswring the Tm of
an oligonucleotidestarget pair, which is the temperature at which the oligonucleotide and target dissociate; dissociation
15 deteeted spectrophotometrically. The higher the Tmy, the greater is the affinaty of the oligonucieotide for the target.
[00168] Chimeric antiseuse compounds of the wvontion may be formed as composite structres of two or mors
oligonucientides, modified oligonucleotides, oligonucleosides and/or oligonucleotides rumetics as described above
Such; compomnds have also beon reforred to in the art as hvbnds or gapmers. Representative United States patonts that

teach the prepasation of such hvbrid struchures comprise, but arg not Hanited to, US patent nos. 3013,836; 3,149.797. 3
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220,007, $256.775; S36HR7R; SA03.7L1; S491.133; 5.565350; 5,623.065: 5652355, 5652356 and 5,700,922,

[00169] 1n an embodimens, the region of the sligonueleotide which is modificd comprises at keast one mucleotide
modified at the 2 position of the sugar, most preferably a 2-Oalkyl, 2-O-alkyl-O-atkyl or 2-fluoro-modified
mxcleotide. In other an embodiment, RNA modifications melude 2'-fluoro, 2-amino and 2’ QO-methyl modifications on
the ribose of pyrimidines, abasic residees or an tirverted base af the 3° end of the RNA. Such modifications ase roatinely
incorporated into oligonucieotides and these oligonucicotides have been shown 1o have 4 higher Tm (Le., higher tagget
binding affinity) than; 2-deoxyohigonucleotides against 2 given target. The effect of such increased affinity is to greatly
enhance BNAI oligonucleotide inhibition of gene exprossion. RNAse H is a cellular endonuclease that cleaves the
RNA strand of RNACDNA duplexes; activation of this enzyme therefore resuiis in cleavage of the RNA target, and thus
can greafly enhance the cfficiency of RNA mhibition. Cleavage of the RNA target can be routinely demonsirated by
gel clecrophoresis. 1a an embodiment, the chimerie oligonucleotide is also madified to enhance nuclease resistance,
Cells contain a varicty of cxo- and endo-nuclcases which can dograde nucleic acids. A number of nuciconde and
nucleoside modifications have been shown to make the oligonucleotide into which they are incorporated more resistant
1o suclcase digestion than the native oligedeoxynacieotide. Nuclease resistance &5 routinely measured by incubating
oligonucleotides with cellular extracts or isolated nuclease solutions and measuring the extent of intact oligonuciectide
remaining over tirae, usually by gel clectrophoresis. Oligonuckeotides which have been modified to ephance their
nuclease resistance survive intact for a longer fime than unmodified obiponucicotides. A variety of oligonucleotide
modifications have been demonstrated to enhance or confer puclease resistance. Oligonuclectides which contain at
least one phosphorothioate modification are presently more preferred. In some cases, oligonucieotide modifications
which enhance target binding affinity are also, independently, able to enhance nuclease resissance.

{0170] Specific examples of some preferred oligonucieotides envisioned for this invention include those comprising
modified backbones, for example, phosphorothicates, phosphotriesters, methyl phosphonates, short chain alkyl or
cycloalkyl intersugar linkages o short chamn heteroatomic or heterooyelic inforsugar Hinkages. Most preferred are
oligonucicotides with phosphorathioate backbones and those with hetcroatom backbones, particulady CH2 ~NH--0-
CH2, CH ~N{CH)~0~-CH2 {known as a methyleneimethylimino) or MM backbone], CH2 ~O-N (CH3)--CH2,
CH2 -N {CGH3)-N (CH3CH2 and O-N (CH3)-CH2 ~CH2 backbones, wherein the native phosphodiester
backbone is reproseaied as O—-P-0—CH)). The amide backbones disclosed by De Mesmacker et al, (1985 Acc. Chem.
Res. 28:366-374 arc also preforred. Also profoned are oligonucieotides having morpholine backbone structures
{Sunimerton and Weller, US. Pat. No. 5,034,506). In other an embodiment, such as the peptide nucleic acid (PNA)
backbone, the phosphodicster backbune of the oligesucleotide is replaced with a polyvamide backbone, the nucleotides
being bound direetly or indirectly fo the aza nitrogen afors of the polyamide backbone. Qligonucleotides may also

comprise one of mote substituted sugar moleties. Preferred ohigonucleotides comprise one of the following at the 277
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position: OH, SH, SCH3, F, OCN, OCH3 OCH3, OCH? O(CH2n CH3, OCH2 3 NHZ or OCHZm CHS where n is
from 1 to about 10 C1 o C10 lower atkyl, alkoxyatkoxy, subsututed fower alkyl, alkaryt or aralkyl; G Be, OR; OF3
OCF3; O, 5--, or Neathyl, O, S, or M-atkenyl; SQCH3; SO2 CH3I; ONOQ; NOZ, N3, NH2; heterocycloalkvh
fetorocveloatkaryl; aminoalkylamino; polvatkyiamino; substituted silyl; an RNA cleaving group; a reporter grovp: an
interealator; a group for improving the phannacokinetic properties of an oligonucieotide; or a group for aproving the
pharmacodynanie properties of an oligonucleotide and other substituents having simdlar properties. & preferved
modification ncludes 2-mcthoxyethoxy |2-0-CH2 CH2 OCH3, also konown as 2-0-2-methoxvethyly]. Other
preforred modifications include 2-methoxy (2-0--CH3), 2% propoxy (2'-0CH2 CH2CH3) and 2%fluore (2-F). Simily
modifications may also be made at other positions on the oligonucleotide, particularly the 3' position of the sugar on the
3 termunal nucleotide and the 5 position of 3" ornal nucleotide. (ligonucleotides may also have sugar numetics such
as eyelobutyis in place of the pentofiranosyl wroup.

{00171 Otigonucleotides may also inclede, adduionally or ahernatively, sucleobase {often referred to in the ant
sumply as "base™) modifications or substitutions. As used herein, "vamodified” or "natural” nucleotides nclude ademne
{A), guanine (G}, thymive (1), evtosine () and wracll () Modified mucleotides melude mucleotides found only
infrequeatly or transiendly 1n satual nuclae acids, e.g., vpoxanthine, 6-methyladonine, 5-Me pyrmadines, particulasly
S-methyleytosine (also reforred (0 as S-methyl-2" deowyeyiosing and often referred to m the art as 5-Me-(), §-
hydroxvimethvloytosine (HMQ), glyeosyt HMCO and gentobiosyl HMC, as well as synthetic nucleotides, e, 2-
aminoademine, 2-(methvlaminodenine,  2-(imdazolylathybndenine, 2-  (amincalklyaminojadenine or  other
heterosubstituted allvladenines, 2-thiouract, 24bhiothyoune, S- bromowractl, S-hyvdroxymethylorad], B-azaguamne, 7-
deazaguarne, N6 {(b-anunohexyvladenine and 2,6-diaminopurnine. A "universal” base known m the art, g, mosing,
may be included. 5-Me-C substitations have been shown to merease nucleic acid duplex stabifity by 0.6-1.2°C. and arc
presently preforred base substitutions.

{01721 Another wmodification of the oligonucleotides of the inventon wmvobves chemically linking to the
oligonuckeotide one or more molctics or comugates which enhance the activity or cellube uptake of the
oligonuckeotide. Such motetigs includs but are not linied to Hipid moictics such as a cholesterol moicty, a cholesteryl
moety, an aliphatic chain, ¢g., dodecandiol ar wndecy! residues, a polyvanine or a polvethyvlene glyent chain, or
Adwmantane acetic acid. Oligonucleotides  comprising  lipoplulic moleties, and wmethods for prepaniag  such
ehigonuclevtides are known m the art, for example, ULS. Pat. Nos, 5,138,045, 5 218,105 and 5 4589,235,

{00173] It i3 not necessary for all positions in a given oligonucleotide to be wuformly modified, and m fact more than
one of the aforementioned modifications may be incorporated 1o a single oligonucleotide or even at within a single
mucleoside within an oligonucleotide. The present wvention also meludes ohigonucleotides which are chimene

olizonucivotides as hercinbefore defined.
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{06174] 1n another embodiment. the nucleic acid swoleaude of the present tnvention is conjugated with another moiety
inchuding but not Hmited to shasic pucleotides, polvether, polyamine, polyamides, peptides, carbohydrates, lipid, or
polyvhydrocarhon compounds, Those skilled in the art will ecognize that these molecules can be hinked 10 one or more
of any nucleotides comprising the nucleic acid molecule at several positions on the sugar, base or phosphate group.
{00175] The oligonucieotides used in accordance with this fnvention may be conveniently and routinely made through
the well-known technigue of solid phase syathesis, Equipment for such svuthesis is sold by several vendors mchuding
Applied Biosystems. Any other means for such synthesis may also be employed; dhe acwal synthesis of the
ofigonucicotides is well within the takents of one of ordinary skill in the art. It is also well known to use sismlar
techniques to prepare other oligonucleotides such as the phosphorothicates and adkylated destvatives. Ut is also well
known 1o use similar technigues and commercially available modified anndites and controlled-pore glass (CPG)
products such s biotm, fhuoreseein, acridine of psorlen-modified amidites andior CPG {available from (len Rescarch,
Sterling VA) o synthesize fluorescently fabeled, biotinylated or other medified oligonucleotides such as cholesterol-
maodified oligonucicotides.

{1176} In accordance with the invention, wse of modifications such as the nse of ENA monomers o eshance the
patency, specificity and dusation of action and broaden the routes of administation of oligonucleotides comprised of
current chemistries such as MOE, ANA_FANA, PS cic. This can be achieved by substifuting some of the monomers in
the current oliponucieotides by ILNA monomers. The LNA modified oligonucicotide may have a size similar to the
parent compound or may be larger or preferably smaller. ¥t is prefored fhat such INA-modified oligonucieotides
coniain less than aboat 7%, mwore preferably less dhan obout 0%, most preferably less than about S0% LNA
monemers and that their sizes arc between about § and 235 nucleotides, more preforably between aboat 12 and 20
nucheotides.

{01771 Preferred modified oligonucleotide backbores comprise, but not Hmited to, phosphorothioates, chiral
phosphorothioates,  phosphorodithiontes, phosphotriesters,  aminoalkyiphosphotriesters, methyl and other alkyl
phosphonates  comprising  3atkylene phosphonates and chuwal phosphonates,  phosphinates, phosphoramidaies
comprising  3-amino  phosphomamidate  and  amincalkylphosphoramidates,  thionophosphoramidates,
thionoalkylphosphonates, thionoalkylphosphotriesters, and boranophosphates having sormal 3-8 linkages, 25 hnked
analogs of these, and those having wverted polarity wherein the adjacent patrs of nuecleoside units are linked 3-3 10 5
3 or -5 10 -2 Vanous salts. mixed salts and free acid forms are also included.

{00178] Representative United States patents that seach the preparatian of the above phosphorus containing Iinkages
comprise, but are not limited o, US patent nos. 3,687.808; 4,460,863, 4476, 301; 5023243 5, 177,196, 5,188,897,

S264.,423; 3276,019; 5278302 3286, 717 3321131 3399676, S 405939, 5453486, 5455, 233; 3466677

3476925, 5519126, 5,.336.821; 5,541,306, 535011 1; 5,363, 253 3,571,799 3587361 and 5,625,050
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[061791 Preferred modified oligonucleotide backbones that do not include a phosphorus atom therein have backbones
that are formed by short chain atkyl or cyvcloalle? interacieoside linkages, mixed heteroators and alkyl or eycloatkyl
internocleoside hinkages, or one or more short chain heeroatomis or heteroeyelic internucleoside linkages. These
comprisc those baving morpholino linkages (formed in part from the sugar pormion of 3 nucleoside); siloxane
backbones; sulfide, sulfoxide and sulfone backbones; formaceryl and thioformacetyl backbones; methylene formacetyl
and thioformacetyl backbones: atkene containing backbones; sulfamate backbones; methyleneimino and
methylenchyvdmzino backbones: selfonate and selfoparmide backbones: amide backbones; and others having mixed N,
Q. 8§ and CH2 component parts.

[00180] Representative United States patents that weach the preparation of the above oligomucleosides comprise, but
are nwot hmited to, US patent nos. 3034506 5,166,315, 5,185 444 5214,134; 5.216,141; S235.033; 5264, 562; X,
264,364, S405938; 5434287, 5466677, SATOIRT, S4K06TT. 5541307, S361.225; 5596, 086; 3402244,
5,602,240 3608046, 5610289, 5.618,704: 5623, 070 5663312 5.633.361);, 5,677 437, and 5,677 439,

>~y

3,610,289,

HHHRT] Inother preferred oligonugieotide mimetics, both the sugar and the intermucleoside linkage, 1.¢.. the backbone,
of the nucleotide wniis are replaced with novel groups. The base units are paimained for hybridization with an
appropriate nucleic acid mrget compound. One such oligomerie compound, an oliganucleotide mimetic that has been
shown to have excetlent hybridization properties, is referred 1o 3s a peptide nocleic acid (PNA). in PNA compounds,
the sugar-backbone of an oligomcloonde Is replaced with an amide contamimg backbonc, m particular an
aminoethylglyeine backbone. The nacleobases are retained and are boand dircctly or indirectly to aza nitrogen atoms of
the anuide portion of the backbone. Representative United States patents that teach the preparation of PNA compounds
comprise, but are not limited to, US patent nos. 5,539,082; 5,714,331; and 5,719,262. Further teaching of PNA
compounds can be found in Nielsen, et al. (1991) Science 254, 1497-1500.

{IGI82] In an cwbodiment of the invention the oligonucicotides with phosphorothicate  backbones amd
oligenucivosides with hotcroatom backbones, and in particular- CHI-NH-O-CHZ--CH2-N (CH3}-0-CH2dmown as 2
methylene {methyvlinine) ar MMI backbone - CH2-O-N (CID-CH2- ~-CHN(CHIMN(CH3) CH2-and-O-NCH3}
CH2-CH2- wherein the native phosphodiester backbone is represented as-0-P-O-CH2- of the above refevenced US
patent no. 5,489,677, and the amide backbones of the above referenced US patent no. 5,602,240, Also preferred are
oligonucicoiides having morpholine backbone structures of the above-reforenced US paient no. 5,034,306,

{00183} Modified oligonucieotides mway also confain one or more substituted sugar woicties. Preferred
oligonucieotides comprise one of the following at the 2 posiion: OF; F; Q- §-, or Naalloyl; O-, 5-, or N-alkenyl; O-, S-
or N-alkvavlh or O alyl-O-alkyl, whereln the atkyl, albeny] and alkvay! may be substitated or unsubstituted C 10 CO
atkyl or C2 1o CO alkenyl and alkynyl. Partcutarty preferred ave O (CH2in OmCH3, O(CH2n OCH3, O{CH2 ImNH2,
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O(CH2WCHS, OCHWONH2, and O(CH2nON{CH2mCH3)2 where b and m can be fom 1 1o abowt 10, Odher
preferred oligonucieotides comprise onc of the following af the 2 positione C to CO, Qower alkyl, sebstitated lower
alkeyl, alkaryl, aralkyl, O-alkanyl or G-aratkyl, SH, SCH3. OCN, CL Br, ON, CF3, OCF3, SOCH3, SO2CH3, ONO2,
NO2, N3, NH2, heterocyeloalkyl, heterocycloatkaryl, amincatkylamino, polvatkylamine, substitued silyl, an RNA
cleaving group. a reporter group, an intercalator, & group for mproving the phanmacokinetic properties of an
oligopucleotide, or a group for improving the pharmacodvnamnc properties of an oligonacleotids, and other
substitucnis having similar properties. A preferred modification comprises 2-methoxyethoxy (2-O-CH2CH2OCHS,
also known as 2-0-{2~ methoxyethyl) or 2-MOE) ie. an atkoxyvalkoxy group. A further preferred modification
comprises 2'~dimethvlaminocoxyethoxy, Le. . a O(CHIZON{TH3)2 group. also known as T-DMAOE, as descnbed in
exarnples herein bekre, and 2- dimethvlaminoethoxyethoxy (also known in the ant as 20O-dimethylaminocthoxyethivl
or 2= DMAEOE), Le., 2-0-CH2-0-CH2-N {CH2)2,
H001%4] Other preferred modifications comprise Z-methoxy (20 CH3), 2-aminopropoxy (20 CH2CH2CHINHD)
and 2-fluoro (2-F). Similar modifications may also he made at other positions on the chigonucleotide, particularly the
3 position of the sugar on the ¥ terminal nucleatide or is 2-3' linked oligonucleotides and the § position of 5 wenminal
sucieotide. Gligoucicotides may also have sngar mimetics such as cyclobutyl moieties in place of the pentofiranosyl
supar. Reprosentative United States patents that teach the preparation of such modificd sugar situctires comprise, but
are not Tanited to, US patent nos. 4981 957, 5.118,.800; 5.319,080 5 355,044 3393 878 3446,137; 5,466,786, 5,514,
TRI 3510134 5367 811, 3576427, 5,391 722, 5,307 909, $ 610300, 5627 053; 5839873 3646, 265; 5,638 873;
5,670,633, and 5,700,920,
0T8RS Oligonucleottdes may also comprise nucleobase {ofton referred to m the ast simply as "base”) modifications
ot sabsnrutions. As used hesein, "unmodificd” or "natural” nucleetides corpprise the purine bases adening (A} and
guanine (G}, and the pyoimidine bases dymine (T}, cvtosine () and wracit (U). Modified nucleotides comprise other
syathetic and natwa! nocleotides such as S-methvkoytosine S-me-(), S-hydroxymethyl cytosine, xanthine,
hvpoxanthize, 2- amimoadenine, 6-methyl and other alkyl dorvatives of adenine and guasing, 2-propy! and other altkyl
devivatives of adenine and puanine, 2-thiouraci], 2-thiothymine and 2-thioeytosine, S-halowraci! and cyiosine, S-
propyny! uracit and eviosine, G-aze wracil, oviesine and dymine, S-uracit {pseudo-uracily, 4-thiouracil, ‘i~ha§cs &-anuno,
%thiol, X-hioalkyl, S-bydroxy! and other S-substtusted adenines and gumnines, S-hado particalarly S-bromo, S~
rifluoromethyl and other S-substituted uracils and cyiosines, 7-methylquanine and 7-methyladenine, ¥-azaguanine and
8-azaadenine, T-deazaguanine and T-deazaadenioe and 3-deazaguanine md 3-deazaadenine.
{61867 Further, nucleotides comprise those disclosed in United States Patent No. 3,687 80%, those disclosed in The
Conecise Encyelopedia of Polymer Science And Engincering’. pages 838-839, Kroschwite, L1, ed. John Wiley & Sons,
1990, those disclosed by Enghisch o al., ‘Angewandle Chemie, International Edigion’. 1991, 30, page 613, and those
disclosed by Sanghvi, Y.S,, Chapter 15, "Antisense Rescarch and Applications’, pages 289302, Crocke, ST, and
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Lebiew, B. ca., CRC Press, 1993, Certain of these nucleotides are particalarly asefisl for increasing the binding affinity
of the oligomeric compounds of the invention. These comprise 3-substituted pyrimidines. 6 azapyriidines and N-2,
N-6 and 0-6 substituied punnes, comprising 2-andnopropyladenine, 3~ propyayluracii and S—propynyicytosinc. 5-
methylcytosine substitutions have been shown to increase nucleic acid doplex stabifity by 0.6-1.2°C (Sanghnd, Y.8
Crooke, ST, and Lebleu, B., eds, "Antisense Research and Applications’, CRC Press, Boca Raten, 1993, pp. 276-278)
and are presently preforved base substitutions, even more particularly when combined with 2-Omethoxyethyd sugar
oedifications.

{00187} Representative Umited States patents that teach the preparation of the above noted modified nuclectides as
well as other modified nucleotides comprise, but are not lnited 10, US patent nos. 3.687 808, as well as 48452065,
5.130.302; 5.134.066; 5,175, 273; §, 367,065; 5432272, 5457187, 5.459235; 5484008, 3502177, 5525711

5,552 5340 5 587.469: 5396001 §614617; 5750692, and S6R1%41,

{00188] Another moditication of the oligonucleotides of the inventon involves chomically hoking fo the
oligonucleatide one or more moijeties or confugates, which enhance the activity, celhular dismibution, or cellular uptake

of the oligomicizonde.

H3G1R9] Such motetios comprise byt are not linved to, lipid moicties such as a cholesteral moiety, chobic acid, a

thicether, eg.. hexyl-S-wrigylthiol, a fluocholesterol, an aliphatic chain, cg., dodecandiol or undeeyl residues, a
phospholipid, e.g., di-hesadeoyt-rac-ghyeerol or wiethylammonium 1 2-di-O-hexadecyt-rac-glyeers-3-H-phosphonate,

a polvamine or a polvethylene glveol chain, or Adamantane acetic acd, a palomtyl m{)‘ict_v, or an octadeoviaming or
hexvianmo-carbonyl-t oxychelesterol mosety.

{00190} Representative United States parems that teach the preparation of such oligonucicotdes conjugates comprise,
but are not fimited to, US patent nos. 4,828 970; 4,048 882; 3218105 3.325465; 3341 315, §545.730; 3,352, 53%;

SSTEIET, S.580,731; 3580731 S3901 584 5300 124 S TS8O 5.138.045; 54140770 5486, 603 3512.43%;
3.378,718; 3,608,046, 4587044, 4.6605,733 4667025, 4762, T79; 4789737, 4,824 941, 4.835263; 4876.335;
4904 582; 4938 013; 5,082, 830 3,112,963 S214.136; SO82R30; 5.112963; S2H4 136, 5 245022 5234 469,

5258 506, 5,262,536, 23, 5416203, 34514683, 5310475,

o A

IR73 5317098, 5371241,

5512667 5514785 5, 365,552 *"\ 67.810; 3374142, 5.38548L S.S87371; 5395726, 3597.606; 5590973,
5,569 028 and 5,688,941,

106191} Drug discovery: The compounds of the present invention can also be applicd m the arcas of drug discovery

and target vahdation. The present mvention comprehends the use of the compounds and preforred target segments

idenafied herein in drug discovery offorts to chucidate relationships that exist between Sodivm channel, voltage-gated,

alpha subunit (SUNA) polvnucleotides and a discase staie, phevotype, or condition. These methods include detecting or

modutating SCNA polynuacleotides comprising contacting & sample, tissue, cell, or organism with ¢he compounds of
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the present invention, measuring the nuclewe acid or protein fevel of SONA polynucicotides andfor a related phenotvpic
or chemical endpoint gt some tme after treatment, and optionally comparing the measured value o a non-trcated
sample o sanmple treated widh 3 further componnd of the wvention. These methods can also be performed i parallel or
n covnbination with other experiments to detenmine the function of wknown genes for the process of target validation
or to determsine the validity of a particalar gene product as o target for treabment or prevention of a particalsr disease,
condition, or phenotype,

Assessing Uprepulation or fihibion of Gene Expression:

{00192} Transfer of an exogenous micleic acid into 3 host call or organtem can be asseseed by direcily detecting the
presence of the nucleie acid i the cell or organism. Such defection can be achieved by several methods well known in
the art. For example, the presence of the exogenous nucleic acid can be detected by Southern blot or by a polvmerase
chain reaction {POR) techiique using primers that specrfically amphfy necleotide sequences associated with the
nucleic ackd. Expression of the exogenocus nucleie acids cant also be measared using conventicoal methods inchuding
gene oxpression analysis. For mnstance, mRNA produced from an exogenous nuclete acid cam be detected and
susantified using a Northern blot and revesse transeniption PCR (RT-PCR).

{0193] Expression of RNA from the exogenous suclete acid can also be detected by measwring an cuzyvimalic activily
or a reporter protein activity. For example, antisense modulatory activity can be measured indirectly as a decrease or
increase In tarpet nucleic acid expression as an indication fhat the exogenous nucleic acid is producing the effector
RNA. Based on sequence couservation, primers can be designed and uwsed to amplify codimg regions of the target

genes. Tmtally, the most bighly expressed coding region from cach gone can be usad to butld a model control gene,

although any coding or non coding region can be wsed. Each controf gene is assembled by mserting cach coding region
between a reporter voding region angd its polv(A} signal. These plasmids would produce an mRNA with a reporter gene
n the opsteeam portion of the gene and & potential RNAS target i the 3 nonecoding regon. The effectiveness of
individual antisense oligonucleotides would he assaved by modidation of the reporter gene. Reporter genes useful in
the methods of the present invention inchude acetohydroxyacid svnthase (AHAS), alkaline phosphatase (AP}, beta
galactostdase (Lac}, beta ghecormmdase (GUS), chioramphenicol acetylanstorase (CAT), green fluorescent proiein
(GFP), red fluorescent protein {RFP}, vellow flucrescent protein (YFP), cvan fluorescent protein (CFP), horseradish
peroxidase (HRP), huoiferase (Luc), nopabse synthase (NOS), octopine synthase (OCS), and derfvatives thereof
Multiple selectable makers ase available that confor resistance to ampiciiiing bleomycin, chioramphenicol, gentamyein,
hwgromvetn, kansmycin, Inconwem, methotrexate, phosphimothricin, poromycm, and {etracycling. Methods to
determine modulation of a reporter gene are well known in the art, and include, bwt are not hmited 0, fluorometric
methods {e.g. Huoresconce spectroscopy, Fluorescence Activated Cell Sorting (FACS), Huorescence microscopy},

antibiotic resistance determinaiion.
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{00194] Target mucleic acid segments can also be detected in the cell based assays. Expertments are conducted to
detoet the Senla natoral antisease BG724147 in HepG2, in Prmary hwnan fibroblasts camying a Dravet syndrome-
associyied mutation and alko in buman Tesiis, For HepG2 as well as Prmary human fibroblasts canving o Dravet
svadrome-assnciated nutation the cells are grown and RNA is extracted For the human Testis, polvA isolated RNA s
purchased and wiilized. This experbvent 15 called a RACE (Rapid Amplification of cDNA Ends) and specific primers
for the BOGT24147 RNA vanscript are ased.

{10185] A PCR product very similar in polyA isolated RNA from HepG2 and pelyA isolated RNA from Primary
mumnan fibroblasts carrying a Dravet syndrome-associated mutation was detected but this produet was not detected in
paly A ssolated RNA from human Testis. Furthermore, that PCR product was not detected (or n very very low
amounts) i the total RNA from HepG2 cells and total BNA from Primary human fibroblasts carrving & Dravet
syadrome-gssociated mutation. The reselts suggest that the natwal antisense for Scnla called BG724147 is progsent in
Hep(G2 vells and Prinwary haman fibroblasts caerving a Dravet syndrome-associated madation bt not in homan Testis,
{01961 SONA protein and mRNA expression can be assaved using mcthods knows 1o those of skill m the ant and
described elsewhere herein, For cxample, immumnoassays such as the BELISA can be used to measwe protetn levels,
SCNA ELISA assay kits are avatlable commercially, o.g, from R&D Svstems (Miunncapolis, MN),

{01971 In embodiments, SUNA oxpression (c.g., mRNA or protein) in 2 sample {e.g., cells or tissues In vivo or In
vifro) treated using an andisense oligonucleotide of the invention is evaluated by comparison with SCNA expression i
a contrel sample. For example, expression of the protein or sucleic acid can be compared using methods known to
those of skill  the agt with that 1 @ mock-reated or untreated sample. Alternatively, comparnison with a sample freated
with @ control antisense oligonuclkeotide {o.g., ong having an alisred or different sequence) can be made depending on
the information desived. In another embodiment, a difference in the expression of the SUNA protein or nucleic acid in a
treated vs. an untreated sample can be compared with the difforence in expression of a different nucleie scid (including
any standard deemed appropriate by the researcher, g, @ housckeeping gene} tn @ treated sample vs. an untreated
sampile,

{00198} Observed differences can be oxpressed as deswred, g, in the form of a ratio or fiaction, for use m a
comparison with control. In ambadiments, the level of SONA mRNA or protetn, in a snmple treated with an antisense
ohigonucleotde of the present invention, i incressed or decreased by abowt 1.25-fold o abouat [{-fold or more relative
o an untreated sample or a sample treated with a control nucleie acid. In cmbodinents, the level of SCNA mRNA or
protein is nereased of decreased by at least about 1.23-fold, at least about 1.3-fold, at least about | 4-fold, at keast about
1.5-fold, at least about }ofold, at east about 1.7-fold, at least about 1A-fold, at least about 2-fold, at least about 2.5+
fold, at least about 3-fold, at Jeast about 3.5-Told, at least about 4-fold, at least about 4.53-fold, at least about S-fold, at
least about 3.5-fold, at least about &-fold, at least abowt 6.5-fold, at least about 7-fold, at least about 7.3-fold, at least

about &-fold, af least about 8.3-fold, at least about 9-fold, at least about B 5-fold, or at Teast abowt 10-fold or mose.
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Kits, Reseavch Reagenis, Dagrostics, and Therapewtios
001991 The compounds of the prosent invention can be oiiltzed for diagnostics, therapeutios, and prophylaxis, and as
rescarch reagents aad components of ks, Furthermore, amtisense oligonucleotides, which are able to inhibit gene
expression with exquistic specifiaty, are often used by those of ordinary skifl to clucidate the function of particular
gones or to distingnish between functions of various members of a biologiead pathway.
{02007 For use in kits and diagnostics and i various biologieal svstems, the compeounds of the present nvention,
cither alone or in combination with other compounds or therapeutics, are escful as tools in differential andior
combinatorial analyses 1o elucidate expression patterns of a portion or the entire complement of genes expressed within
cells and tissucs
1002011 As used hevam the torm "hiological system” or "system” 15 dofined as any organism, cell, cell culture or tissug
that expresses, or s made competent o express products of the Sodrem channel, veltage-gated, alphy subunit {SCNA)
gones, These inchude, but are not houted to, homans, tansgenie animals, cells, cell coltures, fissues, xenografls,
transplants and conmbimations thereof,
{2021 As one non limiting example, expression patterns within cells or ussues treated with one or more antisense
compounds are compared 1o control cells or tissaes not reated with antisense compounds and the patferns produced are
muafyzed for differential levels of gene expression as they pertan, for example, to discase associafion, signaling
pathway, celhular localization, expression level, size, structure or fimction of the penes examined. These analyses can
be performed on stondated or unsumulated cells and in the presence or absence of other compounds that affect
CXPIessIon patierns.
{00203] Examples of mathods of gene exprossion analysis known m the art molade DNA arravs or microarays,
SAGE (scrial analysis of gene expression), READS (restrction enzyme amplification of digested cDNAs), TOGA
{total gene expression apalysis), protein amrays and proteonsics, expressed sequence tag (BST) sequencing, sublrsctive
RNA fingerprinting (SuRF}, subtractive cloning, differential display (D), comparative genomic hybridization, FISH
{fluorescent in ity hybridizstion) techinques and mass spectrometry methods,
{00204] The compounds of the invention are usefsl for research and diagnostios, becanse these compounds hvbadize
to nucleic acids encoading Sodium channel, voltage-gated, alpha subumit (SCNA). For example, oligonucleotides that
hybridize with such efficiency and under such conditions as disclosed heretn as to be effective SUNA modudators are
effective primers or probes under conditions favoring gene amphification or detection, respectively, These primers and
probes are useful i methods requuiring the spesific detection of nucleic acid medecules racoding SCNA and in the
amplification of said puclete acid molecules for detection or for use in further sudies of SONA. Hybridizaton of the
antsense oligonucleotides, partoularly the primers and probes, of the mvention with a nucleie acid encoding SCNA

can be detectod by means known in the art. Such means may include conjugation of an enzyme to the oligonucieotide,
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radiolabeling of the oligonucleotide, or any other suitable detection means, Kits using such detection means for
detecting the lovel of SCNA in g sample may also be prepared.

{00205] The specficty and sensitivity of antisense are abso harnessed by those of skall in the wt for dherapeutic uses,
Antisense compounds have been cmploved as therapeutic moictics i the tresinent of discase states in animals,
including huanans. Antisense oltgonoecleotide drugs bave been safely and effectively adnunistered to humans and
mumerous clinical tials are presently wunderway, It is thus established that antisense compounds can be wseftd
therapoutic modalities that can be configured to be escful in treatorent reganes for the treatment of cells, tissucs and
antmals, espectally nomnans.

{00206] For therapeutics, an amimal, preferably a buman, suspected of having a disease or disorder which can be
freated by modidating the eapression of SCNA polynucieondes 15 weated by adamimistering aptiscnse compounds
accordance with this fnvention, For example, in one non-linuting cmbodiment, the methods comprise the sep of
administering to the soimal in need of treatment, 3 therapeutically effective amonnt of SCNA modulator, The SCNA
modulators of the present mventon effectively modulate the activity of the SUNA or modulate the expression of the
SCNA protein. In one embodimaent, the activity or expression of SCNA in an animal s inbibited by abowt 10% &
compared 10 a control. Preferably, the activity or expression of SCNA i an andmal is inhibited by about 3086, More
preforably, the activity or expression of SUNA i an ammsal is inhibited by 3% or more. Thus, the ohigomenc
compounds moduiate expression of Sodium channel, voltage-gated, alpha subunit (SUNA) mRNA by at least 16%, by
at least 30%, by at least 25%, by at teast 30%, by ot least 4094, by at least 34%%, by at least 60%, by at least 70%, by at
least 75%, by at least B0%, by at least 85%, by at least 90%, by at least 95%, by at least 98%, by at least 99%, or by
FO0%% as compared 1o a control.

{00267 1a one embodiment, the activity or expression of Sodium channel, voltage-gated, alpha subunit (SUNA)
andfor i an amimal i mereased by about 10% as compared to a conwrol. Preferably, the activity ov expression of SCNA
in an animal 15 nercased by about 30%% More preferably, the activity or expression of SUNA in an animal 15 increased
by 80% or more. Thus, the oligomene compounds modulate expression of SCNA mBNA by at least 10%, by at keast
5%, by at feast 25%, by at least 30%, by at least 40%, by at loast S0%, by at least 6%, by at least 70%, by at least
T3%, by at least B0%, by at Teast 83%, by at least 90%, by af least 95%, by at Teast 9834, by at least 99%, or by 100% as
compared t0 a control.

{00208] For example, the reduction of the expression of Sodiws channel, voltage-gated, alpha subwut {SCKAY may
be megsured i senam, Mood, adipose fissue, liver or any other body flutd, tissue or organ of the ammal, Proferably, the
cells comamed within said faids, tssues or organs bemg analveed contain a nocleie acid molecule encoding SCNA.

peptides andfor the SCNA protein jtscif
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{00209] The compounds of the mvention can be ntilized in pharmaceutical compositions by adding an. effective
amount of a compound 1o a suitable pharmaccutically acceptable difaent or carricr. Use of the compounds and methods
of the mivention may also be uschul prophyvlactieatly.

Conjugates

[00210] Another wodification of the oligonucleotides of the invention involves chowically lmking to the
oligonucleotide one or more moteties or conjugates that enbance the activity, celhdar distribution or celhular uptake of
the oligonucieotide. These moteties or conjugates can include conjugate groups covalenily bound to finctional groups
such as primary or secondary hydroxyl groups. Conjugate groups of the invention inciude mterealatoys, rcponer
molecules, polvamines, polyamides, polyethviene glveols, polyvethers. groups that enhance the phanmacodynamic
properties of eligomers, and groups that enhance the pharmacokinetic properties of oligomers. Typicalconjugate groups
mclude cholesterols, lipids, phospholipids, biotin, phenazine, folate, phenanthridine, anthraguinone, acridine,
fluoresceins, rhodamines, coumarins, and dyes. Groups that enhance the pharmacodynamic properties, in the
context of this invention, include groups that improve uptake, enhance resistance to degradation, and/or strengthen
sequence-specific hybridization with the target nucleic acid. Groups that enhance the pharmacokinetic properties,
in the context of this invention, include groups that improve uptake, distribution, metabolism or excretion
of the compounds of the present invention. Representative conjugate groups are disclosed in International
Patent Application No. PCT/US92/09196, filed Oct. 23, 1992, and U.S. Pat. No. 6,287,860. Conjugate
moieties include, but are not limited to, lipid moieties such as a cholesterol moiety, cholic acid, a thioether,
¢.g.. hexyl-3- tritylibiol, a thiocholesterol, an aliphatic cham, ¢.g., dodecandiol or undecy! residues, a phosphohipid, ..,
di-hexadecybrac-glyeerol o nicilpdammomum 12-di-O-hexadecylrae-glycero-3-Hphosphonate, a polvamine or a
polyethylene glycol chain, or Adamantane acetic acid, a pateityl mowety, or an octadecyiamine or hexylamino-
carbonvi-oxyeholesternl moiety. Oligonucleotides of the invention may also be conjagated 0 active drag substances,
for example, aspirin, warfann, phenyibutazone, thaprofen, suprofen, fenbuftn, ketoprofon, {(SH(+)-pranoprofen,
carprofen, dansylsarcosine, 2,3 3-miodobenzoic acid, flafesamic acid, folinic acid, a benzothiadiazide, chlorothiazide,
a diazepine, indomethicin, 2 barbituate, a cophalosporin, a sulfa drug, an antidisgbetic, an antibacterial or an antbione.
{06211} Represemative Umited Stares patents that weach the preparation of such oligonucleatides conjugates melude,

SATRTIT, 5,580,731 S.380731 5391584 51091240 FHIBRO2; 3138045, 5414077, 34R6.603; 3512439,

-,’J.‘

4904 582, 4,05%,013; 5,082.830; 112963 5214136 SO82.830; 5.1

S258.506, 5262536, S272.250, 5292873, 5317098 SITL241, 5391723 S416203, 5451463 S.S10475;
k}

07606, 5399923

5578718 S.60R046; 4387044 4 605,735, 4667025 4,762,779 4,789,737 4824941 4835263 4876335,
)

*:
i

SSI2,667: 5.514.785; 5563552

-
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S67510, 5,574,142, 5385481 5,587,

3

3599928 and 5,688 941
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Formulations

{80212] The compounds of the invention may alse be admixed, cucapsalated, conjugated ov otherwise associated with
other molecudes, molecule structures or nuxteres of conyounds, as forecxample, Hposomes, receptor-fargeied
molecules, oral, tectal, topical or other fomlations, for assisting in uptake, distnibution and’or absorption.
Representative United States patents that teach the prepararion of such uptake, distribution and'or absorption-assisting
formulations inclade, but are not limited 1o, U.S. Pat. Nos. 5,108 921 3334 844; 3416016: 5459127, 3.521.20%;

S,543. 165 553479032 5,583,020 5591721 4426330; 43534800 3013556, 5, 10K921; S2138064. S 22717

th
n

12,205

5264221 5356633, 5395619, 5416016, 5417978, 5462854, 5360854,

3543 152: 5,356,948, 3,380,575 and 5.395.756.

»

{60213] Although, the antisense ligonscleotides do not need 10 be adminisiered in the context of 2 vector in order to
madalate a target expression andfos function, embodiments of the invention relates © expression vector constructs 1or
the expression of antisense ofigonucieotides. comprising promoters, hybrid promofer gene soquences and possess a
strong constiintive promoler activity, or a promoter activity which can be induced in the desired case.

{214] kv an embodiment, nvention practice involves administering at least one of the foregoing sntisense
oligoaucleotides with a suitable nucleic acid delivery systemn. In one sabodiment, that svsfom includes a non-viral
vecior operably hnked to the polynucicotide. Examples of such sowetral vectors include the oligonucleonde alone (e.g.
any one or more of SEQ 1D NOS: 29 to 94) or in combination with a suitable protein, polysacchande or fipid
formulation,

{00215] Additionally suitable nucleie acid delivery systoms nchede virnd vector, typically sequence from at keast one
of an adenovirus, adenovires-associated vinus {AAV), helper-dependent adenovinus, refrovirus, o hemagglatinatin
virus of Japan-tiposome {HV)) conplex. Preferably, the viral vector comprises a strong eukacyotic promoter operably
linked to the polvaucieotide e, a evtomegaloviras {CMV) promoter.

216 Additionally preferred vectors include viral vectors, fusion prowins and chemical comugates. Retroviral
vectors include Moloney pawine feukemia viruses amd HIV-based viruses. One prefored HIV-based viral vector
comprises at least two vectors wherein the sap and pof gencs are from an HIV genome and the env gene 6 from
another virus. DNA vigal vectors are preforred. These vectors include pox vectors such as onthopox or avipox vectors,
herpesvirus vectors such as a herpes stmples T viras (HSV) vector, Adenovirus Vectors and Adenc-associated Virss
Veciors.

{00217} The antisense compounds of the invention encompass any pharmaceutically aceepiable salts, esters, or salis of
such esters, or any other compound which, upon administration to an antmal, inclading a human, 18 capable of
providing (divectly or indivecily) the bielogically active metabolite or residuc thereof.

{06218] The teon "pharmaceutically aceeptable salts™ refers o phyvsiologically and phamaceutically acceptable salis

of the conpounds of the inveation: 1., salts that retam the desired biologreal activity of the parent compound and do
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not impart undesired toxicological effects thereto. For oligonucleotides. preforred examples of pharmaceutically

acceptable salts and their uses are forther described in US. Pat. No. 6,287,861

002197 The present mvention also includes pharmaccutical compesitions and formalations that include the anbisense
compounds of the invention. The pharmacewtical compositions of the present invention may be administered i a
number of ways depending upon whether Jocal or systemic treatment is desired and upon the area 1© be teated.
Admdnistration may be fopical {including ophthalmic and to mucous membranes including vaginal and reotal delivery),
pulmonary, ez, by inhalation or insufflation of powders or acrosols. including by ncbulizer; inteatracheal, mtranasal,
epidermal and tansdermal), oral or parentornl. Paremteral administration includes intavenous, infraarferial,
subcutancous, intraperitonesl or intrmmuscular injection or mfusion; or inracranial, e.g., intrathecal ov intraventricalar,
aciministration.

£.. injection or afuston

&

0022071 For veating tissues in the central nervous system, administration can be made by, <
into the cerebrospinal fhid Adwinistration of antisense RNA into cercbrospinal fluid is described, g, in {1S. Pat.

App. Pub. No. 070117772, “Methods for slowing familial ALS discase progression”

[00221] When it is intended that the antisense ofigonucieotide of the present invention be administered to coells in the
contral nervous systom, administration can be with one or move agents capable of promaoting penctration of the subject
antisense oligonucleotide across the blood-braip bamrier. Injection cas be made, cg.. in the entwrhinal corex or
hippocampus. Delivery of neurotrophic factors by administration of au adenovirus vector o motor newrons i muscle
dssue is desenbed in, e, US. Pat No, 6,632,427, “Adenoviral-vector-mediated gepe fransfer into medullary motor
newrons,” ncarporated berein by reference. Delivery of vectors direetly to the brain, e.g., the striatum, the thalaeus, the
hippocampus, or the substantia nigra, is known in the art and described, c.g. in LS. Par. No. 6,756,523, “Adenovirss
vectors for the transfer of foreign genes into cells of the central nervous system particularly in brain.” Administration
can be rapid as by injection or made over a period of time as by slow infusion or administration of slow release
formulations.

1002221 The subject antisense oligonuclentides can alse be linked or conjugated with agents that provide desirable
pharmmcentical or pharmacedynamic properties. For example, the antisense oligonucleotide can be coupled o any
substance, known in the &t to promole penciration oF transport across the hlood-brain barrier, such as an antibody to
the tensferrin recepior, and admindstered by intravenous njection. The antisense compound can be linked with a viral
vector, for example, that makes the antisense compound more effective and/or mcrcases the transport of the anfisense
compound across the blood-brain barier. Osmotic blood braim barvier disruption can alse be accomplished by, eg.
nfusion of sugars including. but not Hmited 1o, meso envitwitol, xylitol, D(+) salactose, D{+} lactose, D{+} xylose,

duleitol, myvo~mositol, Li~) fructose, D{~} manniiol, D{+} glucose, D{+) arabinosc. D{-) arabinose, cellobnose, D(+}
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maltose, D{+) raffioose, L{+) rhammnose, DE+) mebbiose, D(-) ribose, adonitol, D{+} arabitol, L.{-} arabito, D{+} fucose,
L) fucose, Di-) tyxose, Li+) lyxose, and L4-) vxose, or amine acids including, but not imited to, ghutamne, lesine,
arginine, asparaging, aspartic acid, oysteine, ghitamic acid, glveine, histidine, leucime, methionine, phenyialanine,
proline, sering, threouning, tyrosine, valing, and towrine. Methods and materials for enhancing blood braiv. bamier
penetration are described, e.g. in UL S, Patent No. 4,866,042, “Method for the delivery of genetic material across the
biood brain barrer,” 6,294,520, “Material for passage through the blood-brain batrier,” and 6935389, “Parenteral
delivery systems.”

{02231 The subject antisense compounds may be admixed, encapsulated, conjugated or otherwise associated with
other molcaudes, molecule sinichres or mixnmes of compounds, for example, liposonics, receptor-targeted molecules,
oral, rectal, 1opical or other formulatons, for assisting in uptake, diswibution andfor absorption. For example, cationic
lipids may be inchsded in the forravlation to facilitate oligomuleotide uptake. One such composition shown to factlitate
uptake is LIPOFECTIN {availably from GIBCO-BRL, Bethesds, MDY

{0224] Chigonucleotides with at feast one 2-O-methoxyethyl modification are believed 1o be particularty uscful for
oral adminisiration. Pharmacentical compositions and formulations for topical administration may include fransdemal
paiches, ointments, lotions, creams, gels, drops, supposfiories, sprays, liquids and powders, Conventionad
pharmaceutical carriers, aqueous, powder or oily bases, thickeners and the like may be necessary or desirable. Coated
condoms, gloves and the fike may also be usefid.

{00225] The pharmaceutical formulations of the present invention, which may conveniendy be presented n anit
dosage form, may be prepared according to conventional techmgues well knows 1n the pharmaceanca! induostry. Sech
techniques mclude the step of bringing info association the active ingredicnts with the pharmaceutical carnior(s) or
exeipient(s), In general, thy formulations are prepared by uniformly and intimately bringing into association the acuve
ingredients with liguid carders or finely divided solid carriers or both, and then, if necessary, shapivg the product.
HI226] The compositions of the prosent invention may be formulated into my of many possible dosage forms such
as, but not limited to, wblets, capsules, gel capsules, hquid syrops. soft gels, supposttonics, and cnemas. The
compositions of the prescar invention may also be formulated as suspensions in aguecns, no-agueous of mixed media.
Agueous suspensions may further contain substances that incrvase the viscosity of the suspension including, for
example, sodium carboxymethyleelolose, sorbitol and/or dextran. The suspension may also contain stabilizers,

1002271 Pharmaccutical compositions of the present invention inchude, but are not linited fo, solutions, emulsions,
foams and lposome-containing forenulations, The phermacewical compositions and formulations of the present
Invention may comprise One of Mmote peneiration cuhatcers, ciriers, excipionts or other active oF inactive ingredients.
{02281 Enulsions are typacally heterogencous systems of oue hguid dispersed in another i the form of droplets
wsually excceding 0.1 jan i diamerer. Emulsions sy contain additional components i addstion o the dispersed

phases, and the active drug that may be present as a solution in cither the aqueocus phbase, oily phase or iself as a
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sepatate phase. Microemadsions are included as an anbodiment of the preseni invention. Ennilsions and thelr uses are
well known m the art and are farther deseribed tn ULS. Pat. No. 6,287 860,

[00226] Fomnulations of the present rvention nchude iposomal formulations. As ased in the present invention, the
term "liposome” means a vesicle compesed of amphiphilic fipids arranged in a spherical bilaver or Gilayers. Liposomes
are unitamelar or multlamellar vesicles which have a membrane formed from a lipophilic material and an aqueons
inferior that coniains the composition to be delivered. Cadonic liposomes are positively charged liposomes that are
believed to interact with negatively charged DNA moleceks to form a stable complex. Liposomes that are pH-sensitive
or negatively-charged are believed 1o entrap DNA rather than complex with it. Both cationic and noncationic liposomes
have been used to deliver DNA to cells.

{60230] Liposomes also include “sterically stabilized” liposomes, 2 term which, as used herein, refers to liposomes
comprising one or more specialized Hpids. When meorporsted into Hposomes, these specialized lipids resalt in
liposomes with enhanced circulation lifetimes relative o liposomeslacking such speciglized lipids. Exampies of
sterically stabilized Hposomes are those in which pant of the vesicle-forming lipid portion of the Eposome comprises
one or more glveolipids or is derivatized with one or more hydrophilic polymers, such as a polvethylene glycol (PEG)
moicty. Liposomcs and their uses are figther desoribed i ULS, Pat. No. 6 287,860,

{90231} The pharmaccutical formulations and compositions of the present invention may also include surfactants. The
use of surfactants in drug products, fonnulations and in crmulsions is well known in the srt. Swfactants and their uses
are further described in US. Pat. No. 6,287,860,

{00232} In one embodiment, the present invention employs various penciration enbancers to effect the efficient
delivery of micleic acids, particularly oligonucleotides. in addition o mdisg the ditfusion of por-lipophilic drugs across
cell membranes, penetration enhancers also enhance the permeabifity of Hipophific drugs. Penetration enhancers may be
classified as belonging o one of five broad caregorics, Le., surfactants, fany acids, bile saks, chelating agents, and non-

chelating nonsurfactants. Penetration enhancers and ther ases are further deseribed in U S, Pat. No. 6,287 8661,

1002331 One of skill in the art will recopnize that formulations are routinely designed according to their intonded use,
Le. route of admimsiration,

{00234} Preforred formelations for topical administration nclude those i winch the oligonucleotides of the mvention
are m admixtae with a topical delivery agent such as lipids, Bposornes, faity acids, fatly acid esters, steroids, chelating
agents and surfactants. Prefiored bipids and lposomes taclade neutral {o., dicleovi-phosphatidyl DOPE ethanolamine,
dimyristoylphosphatidyl  choline DMPC, distearolyvphosphatidy!l choline) negative (eg. dimyristoyiphosphatidyi
glveerol DMPG) and cationic (e.g. dioleoyhtetramethylanmopropyl DOTAP and dioleovl-phosphatidyl ethanolamine
BOTMA).
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[00233] Tor topical or other administration, oligonnclectides of the mvention may be encapsulated within liposomies
or may form complexes thereto, in particular to cationic liposomes. Altiomatively, oligonucleotides may be complexed
to hpide, in particutar to cationic Hpids, Preferred fatty acids and esters, pharmaceutically acceptable salts therenf, and
850,

their uses are further descrbed in U8, Pat. No. 6287

{00236 Compositions and formoulations for oral advanistration include powders or granules, microparticulates,
manoparticulates, suspensions ot solutions in water or non-aqueous wedia, capsules, gel capssles, sachers, tablets or
minitablets. Thickeners, flavoring agents, diluents, emalsifiers, dispersing aids or binders may be desimble. Prefomred
oral formulations ate those in which oligonuclentides of the tivention are administered in conjunction with one or more
penctration enhancers siwfactants and chelators. Preferred surfactants include fatty acids and/or esters or salts thoreof,
bile acids andfor salts thereof. Preferrad bile acids/salts and fatty acids and their uses are further desoribed in 1LS. Paw
No. 6,287,860. Also preferred are combinations of penetration enhancers, for example, fatty acids/salts in
combination with bile acids/salts. A particularly preferred combination is the sodium salt of lauric acid, capric acid
and UDCA. Further penetration enhancers include polyoxyethylene-9-lauryl ether, polyoxyethylene-20-cetyl ether.
Oligonucleotides of the invention may be delivered orally, in granular form including sprayed dried particles, or
complexed to form micro or nanoparticles. Oligonucleotide complexing agents and their uses are further described
in U.S. Pat. No. 6,287,860.

100237} Compositions and formulations for pareateral, inrathecal or intraventricufar adeunistration may include
sterile aqueous solations that may also contain buffers, dituents and other suitable additives such as. but not himsited 1o,
penctration enbancers, carvicr compounds and other pharmaceutically acceptable carricrs or excipients.

{00238 Certam embodiments of the invention provide pharscentical compositions  contamiing one oF Mo
oligomeric compounds and one or more other chematherapeutic agents that function by a nop-antisense mechanism.
Examples of such chemotherapestic agents inchsde but are not timited to cancer chemotberapeutic drags such as
daunorebicin, daunomyvein, dactinomycin, doxorubicn, epirubicin. idarubicin, esorubicin, bleomyem, mafosfamide,
tosfansde, cytosine arabmoside, bischlorocthyd- nitvosurea, busalfan, mitomyein C, activomycin D, mithramycin,
predaisons, hydroxyprogesierone, testosterone, tamoxifen, dacarbazine, procarbazine, hexamwthyhmelamine,
pemamcthylmelanine, mitoxanrone, amsacrine, chlorambucil, methyicyclobexyinitrosures, nitrogen  mustards,
melphalan, cyclophosphamide.  f-mercaptopurine,  G-thiogumnine, cytarabine, - azacytidine,  hydroxyarea,
deoxyeoformycin, 4-hvdroxyperoxyeyelo-phosphoramide, S-thorowract {5-FU), 3-fluorodeoxywidine (S-FUJR},
methomexate (MTX), colchicine, taxol, vincristine, vinblastine, ctoposide (VP-16), rimetrexaie, iwinotecan, ippotecan,
gomeiiobine, feniposide, cisplaiin and divthylstilbestrol (DES). When used with the compounds of the invention, such
chemotherapeutic agents may be wsed individeally (e.g.. 3-FU and oligonucieotide). scouentially (e.g. 3-FU and
ofigonucleotide for a period of time followed by MTX and ofigonucleotide). or in combination with one or moe other

such chemotherapeutic agents {¢.g.. S-FU, MTX and oligonucleotide, or 3-FU, radiotherapy and oligonuclectide). Anti-
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inflamnarory drags, ncluding but not Himited to nonsteroidal anti-inflammaiory drugs and corticosteraids, and antiviral
drugs, sncluding but not Bmited to cibividn, vidarabine, acyclovir and ganciclovir, may also be combined in
compesitions of the mwention. Combmations of antisense compounds and other non-antisense drugs are also within the
scape of tus mvention. Two or more combined compounds may be vsed together or sequentiafty.

f0239] In another related embodiment, compositions of the inventioh may contain ong or more antisense compounds,
particolarly oligonuckeotides, targeted @ a first nocleic scid and one or more additional antisense compaunds targeted
to a secend nucleic acid farpet. For example, the first target may be a particalar antisznse sequence of Sodium channed,
vohage-pgated, aipha subunit (SONAj, and the sceond rarget may be a region from another nucleotide sequence.
Alternatively, conpositions of the vention mry coniain two of more antisense compounds targeted to differont
regions of the same Sodinm channed, voltage-gated, alpha subuntt (SONA) nucleic acid target. Nunierous examples of
antisense compounds are 1Hestrated berein and othess may be selected from among suitsble compounds known m the
art. Two or more combined compounds may be used fogether or sequentially.

Dosing:

{{11249] The fonmmaulation of therapeutic compositions and their subsequent administration {(dosing) s believed 1o be
within the skill of those in the art. Dosing is dependent on severity and responsiveness of the disease state 10 be treated,
with the course of treatment lasting from several days 1o several months, or unsil a cure is effected or a diminusion of
the discase state & achioved. Optinal dosing schedules can be calculated from measurcments of drug accumulation in
the body of the patient. Persous of ordinary skall can easily deternsine optimum dosages, dosing methodologies and
repetition rates. Optimom dosages may vary depending on the relative potency of individual oligonucleotides, and can
generally be estimated based on EC30s found to be effective i vidrne and i vevo animal models, In general, dosage s
from 001 gg 1o 100 mg per kg of body weight, and may be given once or more daily, wockly, manthly or yearly, or
gven once every 2 1o 20 years. Persons of ordinary skill in the art can casily estimate repetition rates for dosing based
on measured residence times and concentrations of the drug in bodily fluids or tissues. Following suecessfid freatment,
it may be desirable to have the patient undergo maimenance therapy to provent the recarrence of the discase state,
wherein the oligonucleotide is administered 1n maintenance doses, rangiag from 061 gg to 100 o per kg of body
weight, once or mare daily, 1o once every 20 vears.

002411 In embodiments, a patient is reated with o dosage of drug that is at jeast about 1, at least about 2, at loast
about 3. ar least aboat 4, at feast about 5, gt least abowut 6, af least about 7, at least about 8, at {east about 9, at least about
10, at feast about 13, at least about 20, af lcast about 23, af least about 30, at least about 35, at keast about 40, at least
about 45, at least about 50, af least about &1, af Jeast about 74, af least about 80, at least shout 9, or at feast abour 100
mgy body weight. Certain tnjected dosages of astisense oligonucieotides are described, eg., in US. Pat No

7,563,884, " Antiscnse modulation of PTPIB cxpression.”
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(002421 While various emabodiments of the presest invention have been described above, it should be understood that
they have been prosented by way of exanpke only, and not limitation. Numeraus changes to the disclosed embodiments
can be made i accordance with the disclosure heroin withoat departing Fom the spivit or scope of the twvention. Thus,
the breadth and scope of the present invention should not be Honsted by any of the abesee described cmbaduments.

[00243] By their citation of various references in this document, Applicants do not admit any particular reference is
“prior art” to their invention. Embodiments of inventive compositions and methods are illustrated in the following

examples.

EXAMPLES
j00244] The following non-limiting Exaraples serve to illustrate selected embodiments of the wvention. It will be
appreciated that variations in proportions and alternatives i eloments of the components shown will be apparent to
those skilled in the arr and are within the scope of embodiments of the present invention.
Fxample 1. Design of antisense oligonuckeotides specific for ¢ aycleic acid molecnle ansisense 1o o Sodien chamel,
volage-gated. alphe subinit (SCNA) andior ¢ sense strand of SCNA polynuelentide
{243] As indicated above the tenn “oligonuckeotide specific for” or “olipenucieotide targets” refers to an
ofiponucleotide having a sequence {1y capable of forming a stable complex with a pordon of the arpeted gene, or (1)
capable of forming a stable daplex with a portion of an mRNA transcript of the argeted gene.
(002461 Selection of appropriate oligormcicotides is facilitated by usmg computer programs {e.g, DT AstiSensc
Design, 1DT OligoAnalyzer) that avtomaucally wenify in cach given sequence subsequences of 19-25 muckeotides that
will form hvbrids with a target polynucieotide sequence with a desired melting temperature (usually 50-80°C) and will
ot form self-dimers or other comples secondary structures.
HKR47] Selection of appropriate ofigomucleotides is farther facilitated by using computer programs that antomatically
align nucleic acid sequences and ndicate regions of identity or homwlogy. Such programs 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 sequences from a range of genes and baergenic regions of a given sonome allows the
selecton of nucleie acid sequences that display an appropriate degree of specificity to the gene of interest. These
procedures allow the selection of oligonucleotides that exhibit a high depree of complementarity fo target nucleic acid
sequences and o lower degree of complementarity 10 other nucleic acid sequences in g given genome. Ove skilled in the
art will realize that there is considerable lafitude i sclocting appropriate regions of genes for use n the prosent
myention.
{0248] Ap antisense compound s “specifically hybridizable” when binding of the compound o the target nucleic

acid interferes with the normal function of the tarpet sucleic acid to cause a modulation of function and/or activity, and
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there 1s a sufficient degree of complementarity to avoid non-specific binding of the antisense compound o non-target
nuckeic acid sequences under conditions in which speeific binding is desired, 1.¢., under physiolegical conditions in the
ease of i vvo mesays o themapeuiic treagment, and under conditions in whick assays are performed i the case of in
VIO as5ays.

{02497 The hybridization propenties of the oligonucieotides described herein can be determined by one or more s
vilre assays as knows in the ant. For example, the properties of the oligonucleotides desentbed herein can be obtained
by determination of binding streagth betsvesn the target nataral antisense and a potential drug molecules using melting
CUrvVE assay.

002507 The binding strength between the target natural antisense and a potential dvug molecule (Melecule) can be
estimated using any of the cstablished methods of measunng the strength of intermolecular interactions, for example, a
mekting curve assay,

{00251 Melting carve assay determaioes the teaporatuse af which a rapid teansition froro double~stranded to singles
stranded conformation occurs for the natural antisense/Molecule complex. This tomperature 15 widely accepted as a
reliable measure of the interaction strength botween the two molecules.

{02321 A melting carve assay can be performed using a cDNA copy of the actual natwal antisense RNA molecule or
a synthetic DNA or RNA nucleotide corresponding to the binding site of the Molecule. Multiple kits containing alt
nocossary reagents o porform this assay are avatlable {e.g. Applied Biosystems Ine. MeltDocotor kit). These kits include
a suitable buffer solution containing one of the double strand DNA (deDNA) binding dyes {such as ABI HRM dyes,
SYBR Green, SYTQ, cie.). The propertics of the dsDNA dves are such that they comt almost no fluovescence w free
form, but ave highly fluorescent when bound to dsDNA.

{00253] To perform the assay the cDNA or 3 cormesponding olizonuclectide are mixed with Molecule in
concenfrations defined by fhe particular manufhcturer’s protocols. The mixture is heated to 95 °C to dissociate all pre-
formed dsDNA complexes, then slowly cooled o room temperature or other lower temperatare defined by the kit
manufacturer to allow the DNA molecules to mneal. The seedy formed complones are then stowly heated fo 93 °C
with simultancous continuous collection of data on the amount of fluorescence that 15 produced by the reaction. The
fluorescence fensity is inversely proportional to the amounts of dsDNA present in the reaction. The data o be
collected using a read e PCR instrurment compatible with the kit (e.g ABs StepOne Plus Real Time PCR System or
lightTyper insrument, Roche Diagnostics, Lewes, UK}

[0025341 Melting peaks are constructed by plotting the negative derivative of fluorcscence with respect to fomperatars
{-diFhuorescence¥dT) on the waxis) agminst femperature {X-axis) using appropriate software (for example hghtTyper
{Roche) or SDS Digsociation Curve, ABLL The data 15 analyzed to identify the temperature of the rapid transition from
dsIINA complex o single strand molecules, This tomperanee is called Tw and is divectly proportional to the strength

of interaction between the fwo molecules. Typicatly, T will exceed 40 °C.
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Exemple 2. Madidation of SCNA polyaucleotides

Treerment of Hep(d colls with antisense oligomlieotides

002551 HepG2 cells fom ATCC (cat® HB-B065) wore grown in growth media (MEMEBSS (Hyclone cat
#5HI0024, or Mediatech cat # MT-10-010-CV) +10% FBS (Mediatech cat# MT35- 011-CVH- pemicillinsstreptomycin
Mediptech eat# MT30-002-CTy at 37°C and 5% COx. Ome day before the experiment the cells were replated at the
density of 1.5 = 107 into 6 well plates and incubated at 37°C and 3% CO,. On the day of the experiment the media
in the & well plates was changed o fresh growth media. All antiscase oligomacleotides wore diloted to the concentration
of 26 pM, Two @ of this solution was incubated with 400 1 of Opti-MEM media {Gibeo oate3 19850707 and 4 pl of
Lipofectanune 2000 {Invitrogen catf 1166801Y) at room temperature for 20 min and applied to cach well of the 6 well
plates with HepG2 cells. A Similar mistere mcluding 2 @l of water instead of the ohigonucicotide solation was used for
the mock-transfected controls, After 3-18 h of mcubation ags 37°C and 3% CQ; the media was changed o fresh growth
media, 48 b after addition of antisense oligonucleotides the media was removed and RNA was extracied from the cells
using SV Total RNA Isolation System from Promega {cat # Z3105) or RNeasy Total RNA Izolation kit from Chagen
{caté T4IRD) following the manafacturers’” mstructions. 800 ng of RNA way added to the reverse trapsoription reaction
porforoed wsing Vaso oDNA kit from Thermo  Scionific (cat#ABISIBY or High Capacity ¢DNA Reverse
Transcription Kit {catf 4363813} as descnbed m the maanufacturer’s protocol. The cBINA from this reverse
transcription reaction was used to montior gene cxpression by real tme PCR using ABI Tagman Gene Expression Mix
{ea3605310) ond primors’probes designed by ABY (Applied Biosystermss Tagman Gone Expression Assay
Hsli374606 ml, Hs0RGTI50 ml or HsOO897341 ml for human SUNAY by Applicd Biosystems Ine., Foster City
LAY, The following PCR cyele was used: 50°C for 2 mm, 95°C for 10 min, 40 oveles of (93°C for 15 sevonds, 667
for §min} using SiepOne Plus Real Thne PCR Machine {Applied Biosysiens).

{00255] Fold change i geve expression afier treatment with antisense oligonucleotides was calculated based on the
difference in 185-nomnadized dCt values betweon treated and mock-transfocted samples.

Resuls: Real Time POR results show that levels of SUN1A mRNA 0 HepG2 cells ave significantly incregsed 48h after
treatment with antisense oligonucleotides to SCNTA antisense BG724147 (Fig 1L4). Qther ohigonucleotides designed to
SCNTA antisense BGT24147 and Hs 662216 did not elevate SCNIA Tevels. (Fig 2, 5

Example 3 Lpregudation of SCNA mRN4 in different cell lines By treatment with astisense oligonucleotides torgeting

SCF

{-specific natural aniisense transeript

{00257 In Example 3 antisense oligonuclentides of differont chomistries targeting SCNTA-specific natural antisons
transcript were screened i a panel of vartous cell ines at o final concentration of 20 oM. The ccll bnes used onginate
from differont organs and  difforent animal species. The data below confioms that epregadation of SCNIA
mRNAprotein throagh moddation of the fanction of the SCNLA-specific nateral antisense transcipt is not lhnited to a

single oligonucieotide, tissue or species and thus represents a general phenonsenon.
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Muaterialy and Methods

{00238] Primary fuoman fibrablasts corewieg a Dyavetd syndrome-associated mudetion, Primary hwman skin fbroblasts
garrving & Draved syndrome-associated mugation EHEON mtroduced indo culture by Dr. NoKenyon {University of
Miqumni) swere grown i Growth Media consisting of a-MEM (Gibeo, cat 12561-056)+ 10% FBS (Mediatech, carr 35+
915 CV1 + 1% Antimyeotic-Antibiotic {Gibeo, catr 15240-062) at 37°C and 3% OO0y The cells were treated with
antisense oligomucleotides using one of the following methods, For the Next Dav Method, one day before the
experiment the cells woere replated at the density of approximately 2x 108/ well into 6 well plates m Growth Mediz and
incubated at 37°C and 5% €O, overnight. Next day, the media in the 6 well plates was chanped to fresh Growth Media
(1.3 mliwell) and the cells were dosed with antisense oligonucieotides. All antisense oliponucleotides were
manufactured by IDT Inc. {Coralville, 1AY or BExigon (Vedback, Denmark). The sequences for all ohigonucicotides are
listed n Table 1. Stock solutions of okigonucleotides were dikited to the concentration of 20 pM 1n DNAse/RNAge-free
sterile water. To dose one well, 2 pd of this solution was wcubated with 400 yl of Opti-MEM media (Gibeo cat#3 1985+
070} and 4 pd of Lipofectamine 2000 {Tovitrogen catd 116680195 at room temperature for 20 nun and apphed dropwise
1o one well of a 6 well plate with cells. Stmilar nugtars including 2 1 of water wstead of the oligonucieotide solution
was wsed for the mock-transfected controls. Additionally an mactuve oligomueleotide CUR-1462 at the same
concentration was used as control. After about 18 h of incubation at 37°C and 5% (O, the media was changed 1o fresh
CGrowth Media. Foryy eiglt hours after addition of antisense oligonucleotides the media was removed and RNA was
extracted from the cells using SV Total RNA Isolation System: from Promega {eat # 73103} following the
mapufacturery’ instructions. Six hundred nanogranss of purificd fotal RNA was added o the reverse frapscription
reaction performed vsing SuperSenpt VILO ¢DNA Synthesis Kat from Invitrogen {eat#] 1754-250) as desenbed 1 the
mapufacturer’s protocol. The cDNA from this reverse transcription reaction was used to monitor gene expression by
read time PCR using AB! Tagman Gene Expression Mix {cat#369510) and primers/probes designed by ABI €assays
Hs00374696_m], HsO0897350 ml or HsOOKO7341 mi for human SCN1A). Results obtained using all three assays
were very similar, The followimg PCR eyele was used: 30°C for 2 min, 95°C for 10 min, 40 cycles of (85°C for 15
seconds, 607C for 1 mm} using StepOne Plus Real Thne PCR system (Applicd Biosystems). The assay for 188 was
manufactured by ABI (cat# 4319413E). Fold change in gene exprression affer ireatment with anfisense ohigomucleotides
was cateulated based on the difference in 18S-normatized dCt values between sreated and mock-transfected samples.
For the aliernative Same Day Method al procedures were performed sinnlarty, but oclls were dosed with antisense
oligonucicotides on the first day, inuncdiately atior they were distributed o G-well plates.

{02591 SK-ASAN cell Hine. SKANGAS human peuroblastorna cells from ATCC (eatd CRL-Z3T) were grovwn in
Growth Media (DMEM  (Moediggech catd 10DICVY 0% FBS  (Moediatech  cat# MTIS-01L-CVy
penicillin‘streptonyvein (Mediatech  catdt MTIG-002-Clyr Non-Essential  Amino  Acidy  (NEAAHYClone

SHIO23R.010)) &t 37°C and 5% COy. The cells were treated with antisense oligoauclvotides using one of the following
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methods. For the Next Day Method, one day before the experiment the cells were replated at the density of

T,

approximately 3x108Hvell inte 6 well plates n Growth Media and incybated at 37°C and 3% €O, overnigit. Next day,
the media i the & well plites was changed to fresh Growth Media (1.5 niwell) and the cells wese dosed with antisense
ehigonucicotides. All antiscnse oligemucleotides were manudactured by TOT Inc. {(Coralville, 1A)Y or Exigon (Vedback,
Denmgwk). The sequences for all oligonucleotides are listed in Table 1. Stock solutions of oligomucieotides wore dituted
1o the concemration. of 20 oM in DNAse/RNAge-free sterile water. To dose one well, 2wl of dus solution was
incubated with 406 ul of Opti-MEM media (Gibeo catf31985-070) and 4 ul of Lipofoctamine 2000 {Invitrogen cat#
F1668019Y at romm temperaiure for 20 min and applied dropwise to one well of a 6 well plate with cells. Simlar
ouxtore ncluding 2 pl of water instead of the oligonucleotide solution was used for the wock-transfected controls.
Additionally an nactive oligonucleonde CLIR-1462 at the same concentration was used as control, After abowt I8 h of
mneebation at 37°C and 3% CO; the media was changed (o fresh Growth Media. Forty eight howrs afier addition of
amtiseose oligonucleotides the modia was ranoved sod RNA was extracted fomm the colls osing SV Total BRNA
izolatton Svstom from Promega (cat # Z3109) following the manufachurers’ mstractions. Six hundred nanograms of
prrified total RNA was added o the reverse transcription reaction performed esing SuperSenipt VILO cDNA Synthests
Kit from Invitroges {cal1754-250) as descobed m the manufactarer™s protocol. The ¢DNA from this reverse
transcription reaction was used o monior gene expression by real tme PCR using ABI Tagman Gene Expression Mix
{cat#4369510 and primersiprobes designed by ABI {assave HsDO374696 mi, HsOUR9TIS0 mi or HelO897341 m)
for human SCNIAY. Results obtamed using all three assays were very similar. The following PCR cycle was used:
S0°C for 2 min, 9370 for 1 mim, 40 eyveles of (95°C for 18 seconds, 60°C for | num) using StepOne Plus Real Time
PCR systom (Applied Biosystoms), The assay for 185 was manufactarad by ABI {cat# 4319413E). Fold change in
gene cxpression afler tweatment with antisense oligonucleotides was calevdated based on the difference i 185~
normalized dCt valuwes between weated and mock-transfected samples. For the alternative Same Day Method all
provedwres were performed simnlagdy, but cells were dosed with antisense olipomucleotides on the frst day,
imanediately after they were distributed into 6-ac plates.

{00260 CHP-212 cell fine. CHP-212 human newoblastoma cells fom ATCC {cat URL-2273) were grown m
growth media (1: mixture of MEM and FI12 (ATCC cat # 302003 and Mediatech catd 10-080-CV respectivelyd +10%
FBS (Mediatech cat# MT35-011-CV) + penicillin/sireptomyem (Mediatech cat# MT30-002-CD} at 37°C and 5% CO,.
The vells wore teated with antisense oligonuclootides using one of the following methods. For the Next Bay Method,
obe day before the experiment the cglls were replated at the density of approximaiely 2x105/well te 6 well plates in
Growth Media and incuabated at 37°C and 3% CO; overmght. Next day, the media in the 6 well plates was changed 10
fresh Growth Media (LS mlwell) and the cells wore dosed with antisense oligonucieotides. All antisense
oligonucicotides were manafactared by DT Inc. {(Coralville, 1A} or Exigon (Vodback, Denmark). The sequences for afl

oligonucieotides are fisted in Table 1. Stock solutions of ohigonucleotides were dilated to the concentration of 20 ud
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PNAse/RNAse-free sterile water. To dose one well, 2 pl of this solution was incabated with 480 d of Opti-MEM
media (Gibeo cat#3 1983-070) and 4 1l of Lipofectamine 20060 (Invitrogen caté 11668019) at room tomperature for 20
i and applivd dropwise to one well of 3 6 well plate vwidh cells, Siantlar miixtare inchding 2 1l of water mstead of the
oligonucleotide solution was used for the mock-ranstected contiols. Additionally an mactive oligonucleotide CUR-
1467 at the same conceniration was used as control. After about 18 k of incubation at 37°C and 5% CQ; the wedia was
changed to fresh Growth Media. Forty eight bours after addition of antisense oligonucleotides the media was removed
and BNA was extracted Fom the cells using SV Total RNA Isolstion System from Promega {cat # Z3108) following
the manufacturers’ instructions. Six hundeed nanograms of purified total RNA was added to the reverse transcription
reaction performed using SuperSeript VILO eDNA Syuthesis Kit from Ievizogen {catfil17534-230) as deseribed i the
manufacturer’s protocol. The ¢cDNA from this reverse transcripiion reaction was wsed {0 monttor gong expression by
real time PCR using AB! Tagioan Gene Expression Mix {cat# 3695 1 and primers/probes designed by ABI {assays
Hs374606 mi, HsOUROT3S0 nel or HsOO8UT34] ml for human SCNEA)Y. Results obtained using sl dwee assays
were very simidar. The following PCR cyele was used: S0°C for 2 mwin, 95°C for 10 aun, 40 eyeles of (95°C for 15
seconds, 60°C for 1 min} using StepOne Phus Real Time PCR. sysiem (Applicd Blosvstems). The assay for 188 wags
manfactured by ABT (cat¥ 4319413E). Fold change 1n gene expression afier treatment with antisense oligonucieotdes
was calculaied based on the difference m 185-normahized dt values between treated and mock-transfected samples.
For the altornative Same Day Method all procedures were performed simifarly, but cells were dosed with antisense
aligonucteoiides on the first day, immediately after they were distributed into 6-well plates.

{00261} Foro?6 coll ine. Vero76 Afncan green monkey embryonic kidoey cells from ATCC (ca# CRL-I387 ) were
grown i growth media {(Dalbeccn’s Madified Eaple's Mediam (Cellprow 10-013-CVY3% FBS (Mediatech caté
M35 0H-CVyb penicillindstreptomyvein (Mediatech caté MT30-002-CT)} at 37°C and §% 0, The cells were
treated with antisense oligonuckeoudes using one of the followmg methods. Fov the Next Day Method, one day before
the experiment the cells were replated @t the density of approximately 193/wel] into 6 well plates in Growth Media and
incubated at 37°C and 5% CO; overmght. Next day, the reedia in the 6 well plates was changed to fresh Growth Media
(1.3 ml‘well) and the cells were dosed with anpsense oligonucleotides. Al antisense oligonucleotides were
manufactered by 1IDT Ince. (Cornlville, 1A or Exigon (Vedbaek, Dennark). The sequences for ol obigonucieotides are
listed in Table 1. Stock solutions of oligonudeotdes were diluted 1 the concentration of 20 g m DNAse RN Ase-free
sterile water. To dose one woell, 2 ul of this solubion was incubated with 400 ul of Opt-MEM media (Gibeo cat#31985-
700 and 4 W of Lipofectaning 2000 (Invitrogen caté 116680197 at roont termperaiure for 20 ouin and applied dropwise
to one well of a 6 weldl plate with cells. Similar mixture including 7 1l of water wstead of the oligonucleotide solution
was wed Bor the mock-tausfected controls, Additionally an acuve oligonucleotide CUR-1462 at the sume

amo
i

concontration was ased as control. Adter about 18 h of incubation at 37°C and 3% €O, the media was changed to fresh

Growth Media, Forty it hours after addinon of antisense oligonucieotides the media was removed and RNA was
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extracted from the cells using SV Total RNA Isolation Svstem from Promega {cat # Z3103) following the
manufacturers’ mstructions. Six mdred nanograms of purificd fotal BNA was added o the reverse trasscription
reaction performed wsing SuperScnpt VILO ¢DNA Synthesis Kit fom Invitrogen fom#117534-238) as desertbed m the
manufacturer’s protocol. The cDINA from this roverse transcription reaction was used to monitor gene expression by
read time PCR using ABY Tagman Gene Expression Mix {cati4369510) and primers/probes designed by ABI €assays
Hs00374696 i, HeO0R9T7350 ml or HsO089734) _mi for human SCNIA) The following PCR cyele was wed:
SO°C for 2 man, 95°C for 10 man, 43 cycles of (957 for 13 scoonds, 60°C for | min) using SiepOne Plus Real Time
PCR system {Appliod Biosystems). The assay for 1858 was manufactured by ABI (oat¥ 4319413E). Fold change in
gene oxpression afier treatment with antisense oligonucleotides was calculated based on the ditference m I8S-
normalized dC values botween treated and wock-transtected sumples. Por the alicrnative Same Day Method all
procedurcs were performed similarly, but cells were dosed with antisense ohigonuckeotides on the first day,
inunediately after they were disteibuted o Gwell plates,

{0262] 373 cefl fine. 3T3 mouse embryvome fibroblast cells from ATCC {ont# CRL-1638) were grown m Growth
Media (Dulbegeo’s Modified Eagle’s Medium (Cellgrow 10-013-CV) + 0% Fetal Calf Senum (Cellgrow 38-22-CV i+
penicilistreptomyein (Mediateeh catd MT30-002-CI at 37°C and 3% CQO,. The cells were treated with antisvase
oligonucicotides using one of the followmyg methods. For the Next Day Method, one day before the expenment the
cells were replated at the density of approximately 103/well tnto 6 well plates in Growth Media and incubated at 37°C
and 5% CO, overnight. Next day, the media in the 6 well plates was changed to fresh Growth Media (1.5 mlfwell) and
the cells were dosed with antisense ohgonucicotides. All antisense oligonucleotides were manufactured by 1IDT Ine
{Coralvifie, 1A) or Exigon (Vedback, Demmark). The sequences for all oligomucleotides are fisted in Tabde 1. Stock
sohutions Ofai.igonuciﬂotis:icﬁ were diluted o the concentratton of 20 pudd in DNAse/RNAse-free sterile water. To dose
one well, 2wl of this solution was incubated with 400 1l of Opti-MEM media (Gibeo cat#3 198507 and 4 wl of
Lipofectamine 2000 (Invitrogen cat# 11665019) at room temperatge for 20 min and apphied dropwise to one well of &
6 well plate with cells. Smmlar mixtoere inchuding 2 pl of water lnstead of the oligonuclentide solution was used for the
mock-transfected controls. Additionally an inactive oligonuclentide CUR-1462 at the same concentration was uscd as
control. After about 18 h of incubation a1 37°C and 5% CO; the media was changed to fresh Growth Media. Forty eight
howrs after addition of antiserse oligonucleotides the media was removed and RNA was extracted from the cells using
SV Total RNA Isolation System from Promega (cat # Z23105) following the manefachwens” mstractions, Six hundred
nanograms of purified total RNA was added to the reverse sranseniption reaction performoed using SuperScript VILO
cDNA Synthesis Kit from havitrogen (cat#]1754-230) as described in the manuthenrer’s protocol. The ¢DNA from
this veverse transeription reachon was used to monor gene exprossion by wal tome PCR using ABI Tagman Gene
Exprossion Mix {catf36931H5 and primers/probes designed by ABIT {assays Hs00374696 ml, He(E973530 ml o

HsGOR97341 ml for homan SCNTA) Results obiained asing all threr gesays were very similar. The fullowing PCR
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eycle was used: 3O°C for 2 min, 95°C for 10 nun, 40 cveles of (957C for 13 seconds, 60°C for 1 mun} using StepOne
Plos Real Time PCR system {Applicd Biosystems), The assay for 188 was mamdactured by ABI {cot# 43194138}
Fold change in gene expression afler treatment with antisense oligonucleotides was calcalated based on the difference
n | 8S-normalized dCt values between treated and mock-transfected samples. For the alfernative Same Day Mcthod all
procedwres weve performed sinilardy, but cells were dosed with antisense oligonucieotides on the first day,
invwnediately after they were distnbuted into 6-well plates.

H10263] Hepts2 cell line. HepGR human hepatoceliular carcinors cells from ATCO (caté HB-8065) were grown in
growth media (MEM/EBSS (Hyclone cat #SH30024, or Mediatech cat € MT-10-040-CV} +10% FBS (Mediatech cat#
MT35- 01OV penicillin/streptomyein {Mediatech catt MT3G-G02-CI)) at 37°C and 5% COs. The cells were
freated with antisense oligomucleotides using one of the following methods. For the Next Day Mathod, one day before
the expertment the cells were rephated at the density of approximately 3x105/well o 6 well plates m Growth Media
and incubated at 37°C and 5% COy overnight, Next day, the media in the 6 well plates was changed to fresh Growth
Media (1.5 mbtwell} and the cells were dosed wath antisense oligonuciootides. All antisense oligonucleotides were
manufaetured by IDT Tnc. (Coralville, 1AY or Exigon { Vedback, Demmark). The sequences for all oligonucleotides are
listed i Table 1. Stock solations of oligomuckeotides were dilated to the concentration of 20 pM m DNAso/RNAse-free
stertfe water. To dosc one well, 2 yl of ghs solution was incabated with 400 gl of Opt-MEM media (Gibeo cat#3 1985
07 and 4 ud of Lipofectannine 2000 (Invitrogen caté 1 1668019) at room temperature for 20 min and apphied dropwise
to one well of a 6 well plate with cells. Similar nuxire inclading 2 ul of water mstead of the oligonucieotide solution
was used for the mock-transfected controls. Addwonally an wactive oligonacleotide CLUR-1462 at the same
coneentration was used as control. After about 18 h of ncebation at 37°C and 5% CO; the media was changed to fresh
Orowth Media. Forty cight bows after addition of antisense ohgonuacleotides the mediz was removed and RNA was
extracted fom the cells using SV Total RNA Isolation System from Promega {cat # Z3105) following the
manufacturers” nstractions, Six hendred nanograms of punfied total RNA was added to the roverse framseription
reaction performed vsing SeperScript VILO eDNA Svothesis Kit from Bwitrogen {car#11754-250} as deseribed in the
manufacturer’s protocol. The cDNA from this reverse transcription reaction was wsed o monior gene expression by
real time PCR using ABY Tagan Gene Expression Mix {car®d 3693 N and primers’probes designed by ABIT (assavs
Hs(0374696 o, HsOO887350 mi or He008Y7341 mi for human SCNTA} Results obtained using all three assays
were vary simiar, The following PCR cvele was used: 50°C for 2 man, 95°C for 10 min, 40 cyeles of (95°C for 15
seconds, 60°C for 1 mun} using StepOne Plus Real Time PCR systern (Appled Biosystoms). The assay for 185 was
manufactured by ABI (card 4319413F). Fold change in gene expression after treatment with antisense oligonucleotides
was calealated based on the diffrence in 18S-normalized dCt values between treated and mock-transfected samples.
For the aliemative Same Day Method all procedures were performed similarky, but colls were dosed with antisense

oligonucteotides on the first day, immediately affer they were distributed nto 6-aell plates.
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100264] Resufts, SUNTA mBRNA levels in differont cell Bnes afer treatment with 26 nM of antisense oligonucieotides
compared 1o mock-transfected control are shown in Table 2. As scen from the data some of the oliponaciootides when
applied at 20 oM were highly active at upregulating the fovels of SCNIA mBENA and showed upregalation consistenily
n several species (human, Afttcan green monkev and mouse), 1o cell hines devived from different organsicell types
{Hver, kidney, bran, embryonic fibroblasts) and privaary skin fibroblasts carrving the SCNTA mautation. Upregolation
of SCNIA protein in cells carying the Draver mutation supponts the suitability of the method for the treatment of
discases associated with mulations in SCNLA gene. Some of the oligonucleotides designed against the natural antisense
sequence did not affect or only marginally affected the SCNEA mBNA levels in all, or some, of the cell lines tested.
These differences are in agreement with literature data which indicates that binding of oligonucleotides may depend on
the secondary and tevtiary structures of the oligonuclotide’s target scquence, Notably the SUNTA levels i cells treated
with an oligonuchkiotide with no homology to the SUNTA natural antisense sequence but of sinlar chesisery {CUR-
1462} are not ugeificantly difforent from mock wansfected confrol which confirms that the effvcts of the targeted
oligonucleotides do not depend on the non-specific toxicity of these piolecules,

Example 4 Dose-dependency of SCNA RN wpregdation e difrent call Jines by treatmont with aaisense
oligonuclestides turgering SUNd-specific napaad anrisease trasyeript

{02631 In Example 4 antisense ofigonucleondes of different chennstiies targeting SUNA-specific natural antisense
transeript were screened in 2 panel of vadous cell hnes af final concentrations ranging from 3 to 80 oM. The cell lives
used originated from different organs and different animal species. The data below confinms that the degree of
upregulation of SUNA mBNA throegh modulation of the funciion of the SCNA-specific natural antisense transcript
can be varied by applying varyving amounss of active oligonucleotides.

{00266] Muateriols and Methods. SK-N-AS, Vero 76 and primary human fibroblasts cavrving a Dravet snstation were
treated with antisense ofigonucieotides as described wm Exawmple 7 with the exception of oligonucleotide and
Lipofectamine 2000 concentrutions wsed o treat ecach well The oligonucleotide and Lipofoctanune 2008
concentrations were adjusted so as {o cosure the final oligomueleotide concemrations of 5, 10, 20, 40 and 80 nM and the
ratio of Lipofectamine 2000 to 20 uM oligonucicotide stock solution of 2:1 {viv).

{00267} Raewedlss. The results of dose response experiments have confirmed that the anusense oligonucleotides argeted
against SUNTA~spenific natural antisense RNA can induce dose~dependent apregulation of SCNIA mRNA (Fig 1-33
I some cases s upregulation was very potent (up to 60-foldy at higher doses (Fig 1-3). The degree of apregudation
mdduced by the sane nucleotide in different ccll Hines appeared to be different, for exanwple wpregulation achicved
primary fibroblasts at 40 oM was af the level of 10-40 fold, while upregulation i Vere 76 cells by the same
oligonucleotides at the same concontration was 2-6 fold (Fig.d vs Fig.3). These diffevences could be due to difforent
transfection efficiency of difforent coll lines andfor vanions foedback pathways expressed by themn. The effect of most

oligonucleotides reached plateau at aboat 40 oM, with the exception of CUR-1764 and CUR-1770 in SCN1A
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fibroblasts and all oligonucleotides tested in Vere 76 cells where the platcau was not reached at the hughest
soncentration tested (Fig. 1-3)

Exampie 3. Sequence specificiy of the SCNS mRNS wpresdarion by antisense ofigonucleotides sargeting SCNA-
specifie natural angivense franscript

{G0268] In Exnople § antisense oltgonucleotides targeting SN A-specific naturn! antisense transeript wore tested in
experiments designed to confirm the independence of the SCN1A upregolation caused by the oligonacieondes from the
non-specific foxietly associated with the oligosucleotide chemstry used. The data badow confinms that the degrer of
upregulation of SCNIA mRNA through modulation of the function of the SUNIA-speeific natural antisense transcript
only depends on the amounts of active oligonucleotides, and not on the total amount of molecules of sinalar chomistry.
{00269} Muwerialy and Methods: Vero 76 and primary buman fibroblasts carrving a Dravet mutation were treated with
antisense oligonucheotides as described in Example 2 with the exception of oligonucicotide concentrations used {0 troat
guch well, The active oligonucleotide was co-adrisierd with an isactive oligonacivotide of sustlar chemstry but
with no known target in the hwman genome {CUR-1462) and no effect on fie expression of mndtiple genes tested (data
ot shown) The total amoust of oligonucleotides as well as the amount of Lipofectanine 2000 were kept constant
while the propostion of the active shigonucleotide m the mix was varted. The eligonackeotide conventrations were
adjusted so as {0 ensure the final active oligonucleotide concentrations of 3, 13, 20 and 40 oM and the tofal
oligonucteotide concentration {activeinactive) of 40 nML

{002707 As seen from the data (Fig. 7), the dose-dependent effect of oligomucleotides targeted against SCNLA natural
antisense did not result fom the non-specific Woxictty potentially associated with such moleaules, The SCNIA mRNA
levels depended on the dose of the active ebigonueleotide used o treat them (Fue. 7).

Example 6 Targes specificily of the SCNA mBNA wpreguintion by artisenve oligomucleotides targeting SCNA-specific
satuyel anifsense ranscript

{0271] In Example 6 antisense oligonucleotides wrgeting SCNTA-specific natwal antisense transcript were tested in
experiments desigoed to confirm the speaificity of ther target, te. SCNIAL The data below condirms that the
upregulation of SCNIA mRNA through modulation of the function of the SUNTA-specific natural antisense transcript
wis Hmited to the SUNTA mBNA and did not affect the refated sodbam chamels SUNSA, SCNBA, SONTA, SON3A
and SCN2A.

{00272] Moderials and Methods. Vero 76 and primary buman fibroblasts carrving a Dravet mutation were treated with
antisense olgonucieotides as described in Example 3. Post-teatmiont the isolated RNA was analyzed as desentbed in
Example 2 with the exception that the Tagman gene expression assays used to run the real tume PCR detected miBENA
for SONDA, SUNBA, SCNTA, SUN3A and SONZA channels, The assays for alpha subunits of human SCNRA,
SCNEBA, SONTA, SCN3A and SUN2A  channels were obtained flom ABI ine (catt HsO0G161367 ml,
HsG0274075 mi, HsBOI61546 mi, Hs00366902 mi, and HsO221379 mi respectivedy).
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{00273] Rewfis. As shown in Fig, 8, treatment with oligonucieotides CUR-1916 and CLIR-1770 did not ssgaficantly
affect the cxpression of SCNBA and SONSA chansels in hyman fibroblasts carrying Dravet mastation, Expression of
SUNTA, SCN3A and SCN2A channels was undetectable in these cells before or alfer treatment {(data not shown). The
data confirms the specificity of the gene oxpression modulation using oligonucleotides directed against the natural
antisense RNA for o given gene.
Example 7> Nability of antiverse ofigammwcieotidey turgering SCNA-specific warturad awnisense sransoript
{10274] In Exaople 7 two batches of an astisense oligosucieotide targeting SCNIA-specific natural antiscnse
transoript were tested in experiments designed to check its stability after storage in a dilate {1 mM) aqueocus solution at
4°C. The data below shows that the oligomucieotides can be stable in these conditions for periods of at least 6 months
without stgmuficant loss of activity,
{00275 Muoteriads and Methods. Vero 76 eells were reated with two different batches of an antisense oligonucleotide
as deseribed iy Example 2. The batches were svothestzed in Awgust 2010 and March 2011 The oligonucleotde
syathesized m August 2010 was stored as o § oaM agueous solation it 4°C. The oligonucleotde synthesized i March
2611 was shipped in lvophilized form within 3 days after svathesis and tested immediatedy upon avtval,
{0276] Reselrs: As shown ia Fig. 9 there was no significant loss of bivlogical activity after 2 6 month long storage of
the oligonucicotides in agucous solution at 4°C.
Example 8 SUNA provein upregulation in primary faoanan filroeblasts carriing o Draver syndrome-associaled mudation
reated with antisense ofignmeclentides torgeting SUNd-specific natural aniisense franscripl
1002771 The purpose of this experiment was o rank the antisense ohigonucleotdes CUR-1740, CUR-1770 and CUR-
i916 according to their ability to upregaelate the SCNA protomn expression in fibroblast cells canrving a Dravet
syndrome-associated muwtation.
{00278] Maveriols ond Meihods, Fibroblasts carmving a Dravet syndrome-associated mutation introduced into culture
by Dr. MKenvon (Usiversity of Miann) were grown i Growth Media consisting of a-MEM {(nbeo, cat; 12561~
056 - 100, FBS (Mediatech, can 35013 CV) + 1% Antimyeotio-Antibiotic {(Gibee, catr 13240-062) at 37°C and 5%
COy. The cells were treated with antisense oligonucleotides using one of the following methods. For the Next Day
Method, one day before the experiment the cells were replated at the density of approximately 4x 107 well into 24 well
plates in Growth Media and incubated at 37°C and 5% €O, overnight. Next day, the media in the 24 well plates was
changed to fresh Growth Media {1 mbwell} and the cells were dosed witly antisense ohigomucieotides CUR-1740, CUR-
V770 and CUR-1916, Al antizsense oligonucleotides were mamnuthotured by DT Ine. (Coralville, 1A) or Bxigon
{Vedbaek, Denmark). The sequences for oligonucleotides CURA1740, CURAE70 and CUR-1916 are bisted in Table 1.
Stock solutions of oligonncleotides were diluted to the concentration of 20 uM 1n DNAse/RNAse-free stenle water. To
dose one well at a final concentration of 20 M, 1 1l of the 20 uM oligonucicotide stock solution was incubated with

206 gl of Opti-MEM media {Gibeo catd31985-070) and 2 pl of Lipofectanune 2000 (Invitrogen cat¥ 11668019) at
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room fewmperature for 20 min and apphed dropwise to one well of a 24 well plate wath cells. To achicve final
concentrations of 3, 10, 40 and 86 nM the vohumes of the 20 uM oligonucikeotide stock used were adjusted accordingly.
The ragie of the 20 uM oligoaucleotide stock soligtion to Lipofectamine 2000 wag 1:2 (viv) Sinilar mixtwre including 8
wh of water instead of the oligonucieotide solution and the corresponding volume of Lipofectunine 2000 was used for
the mock-transfected controls. After about 18 h of incubaton at 37°C and 5% CO; the media was changed o fresh
Growth Media. Forty cight howrs after addition of antisense ohigonucleotides the media was removed and cells were
washed 3 times with Dulbecco™s phosphate-butiored saling withowt calcium and magnesion (PBSY (Mediatech cat#
210310V, Then PBS wag disoseded and the cells were fixed in the 24 well plate using 360 ul of 100% methanol for
13 min at -20°C. Afler romoving the methano! and wasbing with PB3, the cells were incubated with 3% hydrogen
peroxide {Fisher Chenucal catd13235-100) for 5 min at 21°C. The cells wiore washed three times for 3 min with PBS,
then mncebated with 300 w! of bovine seram albundn (BSA) (Sigma cati! A-9647) a1 0.1% tn PBS for 30 min at 21°C,
The cells were washed twee times for 5 min with PBS then incubated with 300 gl of avidin solution {Vector
Laboratorics catd SP-2001) for 30 mas a 2170 The colls were brietly ninsed three times with PBS then incubated with
brotin solution {Vector Laboratorics cat# SP-2001) for 30 min ot 21°C. The colls were washed three umes with PBS
and then iscubated overmight at 4$°C with 306 @ per well of rabbit antibody against haman SCN1A {Abcam cad
ab24820) diduted at 1230 in PBS/BSA 0.1%. After cqubibrating the plate for § nun at 21°C, the cclls were washed
three thimes § min each with PBS then incubated with goat ansi-rabbit antibody diluted 1:200 in PBS/BRA 0.1% for 30
oun at 2170, The cells were washed three gmes S min with PRS and then incubated with 300 @ of Vectastan Elite
ABC reagent A+B soltion {Veotor Laboratorics caid PR-G101Y for 30 ming the Vectastain Blite ABC reagont A+B
solution was prapared at 217°C 30 nun before ncubation with the colls by adding and mixing successively 2 drops of
reagent A to 5 mi of PBS and then 2 drops of reagent B. The cells wore washed 3 times 5 min vach with PBS at 21°C
and then incubated with Dianvinobenzidine (DAB) peroxidase substrate solution (Vector Laboratories caté SK~4105)
witi] cells are stained; the DAR peroxidase substrate solution is reconstituted before being added to the cells by mixing
P of P ACTTMBAB Dilyent with 30 gl of P ACT™ DAB Chromogen concerdrde, At this time, the cells are
brictly washed thiee times with PBS and 300 ul of PBS s loft in cach well. The staining of the cells was analyzed
directly inside the wells of the 24-well plate asing an inverted Nikon Eclipse TS100 wicroscope equupped with o Nikon
DS-Ril camers coupled with Nikon Digitad-Sight equipment on the screen of @ Dell Latitude D83 laptop. Photos of
wdividual wells were made using the sofbware provided with the Nikon camera, the NIS-Elements D 3.0,

{00279 Reswlts. All antisense oligonucicotides tested efficiontly upregulated SCNTA protem, CUR-1770 and CUR-
1916 being the two best (Fig. 10).

Example % SCNA protein wpregrdativn in SKeN-AS cells treoted with antisense olfgaaleoties rpeting SUNA-

specific nargral aniisense ranscript
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{00280] The purpose of this experiment was to rank the antisense olgonucicotides CUR-1740, CUR-1764, CLIR-
AS cells. SK-N-

P70 and CUR-1916 according to their ability & apregulaie the SUNTA protein cxprossion in SK-N
AS 15 3 human neoroblastora cefl line,

{00281 Materials ond Methods: SK-N-AS humas newroblastoma cells from ATCC {eatd CRL-2137) were grown in
Growth Media {(DMEM  (Moedistech  catd 100130V +10% FBS (Medigtech ot MT3S01-OV
penicillin/streptornyvein (Mediatech  car# MT30-002-Cl 4+ Nop-Bsseptlal  Amino Aoids (NEAAKHWlone
SHI238.01 1 at 37°C and 5% €Oy The eells were treated with antisense oligonucicotides using one of the following
methads. For the Next Doy Method, one day before the experiment the colls were replated at the density of
approximately Sx10%well inte 24 well plates in Growth Media and incobated at 37°C and 3% €O, overnight. Next
day, the media i the 24 well plates was changed to fresh Growth Media (3 smdiwell) and the cells were dosed with
antisense oliponucieotides CUR-1740, CUR-1764, CUR-1770 and CUR-19I6. All antisense oligonueleotides were
manufactured by IDT loc. {Coralville, TA) or Exigon (Vedbaek, Denvaark). The sequences fiw oligosucleotides CUR-
1740, CUR-1764, CURAT70 and CUR-1M16 are histed i Table 1. Stock solutions of ohgonucleotides were diluted to
the concontration of 20 1M in DNAse/RNAse-free sterile water. To dose ong well at a final concentration of 2¢ oM, |
ul of the 20 M oligonuclentide stock solution was meubated with 200 1d of Opi-MEM media (Gibeo catd31983-070)
and 2 gl of Lipofectamime 2000 {Invitrogen cai 11668019 at room temperature for 24 min and applied dropwise to
one well of a 24 well plate with celis. To achieve final concentrations of 5, 10, 40 and 80 oM the volumes of the 20 uM
aligonucleotide stock used were adjusied accordingly, The ratio of the 20 uM olizonucleotide stock solution to
Lipofoctanune 2000 was 1.2 {viv), Similar mixtore wncheding 8l of water wstead of the oligonucieotde solation and
the corresponding vohune of Lipofectanmae 2000 was used for the mock-ransfected controls. After about 18 b of
meubation at 37°C and 3% CO; the media was changed to fresh Growth Media. Forty eight hours afier addiion of
antisense oligonueleotides the media was romoved and cells were washed 3 tioes with Dulbeceo’s phosphate-buffired
satine withoot calcium and magnesiom (PBS) (Mediatech cat# 21-031-CVY Then PBS was discarded and the cells
were fixed @ the 24 well plate using 300 1 of 190% rocthanod for 15 min at 20°C, Afier removing the methano! and
washing with PBS, the cells were incubated with 3% hydrogen peroxide (Fisher Chemvcal catfHIZ5-100) for 5§ min af
217C. The cells were washed three times for 5 min with PBS then incubated with 300 ul of bovine senan albunun
{BSA) {Sigma cat® A-9647) at 0.1% in PBS for 30 min at 21°C. The cells were washed ghree times for 3 min with PBS
then meabated with 300 gl of avidin solution (Vector Laboratorics caté SP-2001) for 30 min at 21°C. The cclls were
briefly rinsed three times with PBS then incubated with biotin solution (Vector Labovatories cgtd SP-2001 Y for 30 min
at 21°C. The cells were washed three tmes with PBS and then weubated overnight at 45C with 300 ol per well of
rabbit autibody against human SCNTA (Abcam catd ab248240 dilmed at 17250 1 PBS/BSA 6.1%. After equalibrating
the plate for 5 mm at 217€C, the cells wore washoed thiee times for § min cach with PBS then incubated with goat anti-

rabbit antibody diluted 1:208 1 PBSBSA 0.1% for 30 min at 21°C. The cells were washed dhirve times for § min with
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PBS and then mncubated with 300yl of Vectastn Elite ABC reagent A+8 solution {Vector Laboratories cat# PK-

101} for 30 min; the Veotastain Elite ABC reagest A+B solition was prepared &t 21°C 30 min before incubation with
the cells by adding and naxang suecessively 2 drops of reagent A to 5 nil of PBS and then 2 drops of reagent B, The
cells were washed 3 times for § min each with PBS at 21°C and then incubated with Diaminobenzidine (DAB)
perovidase shstrate sohution {Vector Laboratories cat SK~4105) until cells are stained; the DAR peroxidase substrate
solution s reconstituted before being added fo the cells by miving ol of IonmPACT™DAR Dikeent with 30w of
FomPACT™ DAB Clromoges concentrate. At tis tone, the cells are brielly washed three times with PBS and 300 @
of PBS iy left in each well. The staining of the eclls was analyzed divectly inside the wells of the 24-well plate vsing an
mverted Nikon Eclipse TS100 mucroscope equipped with a Nikon DS~-Ril camera coupled with Nikon Digital-Sight
coprpment on the screen of a Dell Latitude PA30 laptop. Photos of mdividual wells were nade using the software
provided with the Nikon camergs, the NIS-Elements D 3 .0,

{00282 Resulie: Al aotisense oligoourleotide tested upregulated SOUNEA protetnr, CLIR~1764 aod CURAITT0 beng
the two best (Fig. 11}

Example 100 SCNA profein wpreenlotion in Fare 76 cells troated with antivense oligoruscleotides targoting SUNA-
specific narpral antisense Fansceipt

{00283] The pmrposc of ths expenmient was 10 rank the antisense obiponucieotides CUR~1740, CUR-1770, CUR-
1916, CUR-1924 and CUR-1945 sccording o thetr ability to upregulate SONTA protein expression in Vero 76 cells.
The Vero76 is a Cercopithecyy aethiops (vervet or African green monkey) kidney cell line.

1002841 Muinerialy and Methods: Vero76 African green monkey ombrvonic Kidsey cells from ATUC {catd (RL-
F387) were grown m growth media {(Dulbeece™s Modified Eagle’s Mediom {(Cellgrow 10-013-CV}y + 5% FBS
{Mediatech cat MT33- 01 1-CV) + pentcilinfstreptomyein (Mediatech caté MT30-002-C) at 37°C and 5% CO;. The
cells were treated with antisense oligonucleotides using one of the following methods. For the Next Day Method, one
day before the experiment the cells were replaed at the density of approximately 4x10%well into 24 well plates in
Growth Media sad neubated at 37°C and 5% 00, overrught. Next day, the media in the 24 well plates was changed to
fresh Growth Media (1 mifwell) and the cells were dosed with antisense oligonucleotides CLUR-1740, CURV1770 and
CUR-1916, All antisense oligonucleatides were mumnsfactured by 1DT Ine. {Comlbville, 1A) or Exigon {(Vedback,
Demmark). The sequences for ohigonuclestides CUR-1740, CUR-1770, CUR~1916, CUR-1924 and CLUR-1945 are
listed m Table 1. Stock solutions of okgonucicotides were diluted to the concentration of 20 gM m DNAse/RNAse-firee
sterile water, To dese one well at a final concentraticn of 20 odM, 1yl of the 20 pM oligonucleotide solution was
incubated with 200 ¢ of Opi-MEM media (Gibeo catv3 1985-070) and 2 il of Lipofectanine 2000 {(Invitrogen cat#
11668019} at room temporature for 20 nun and applicd dropwise o ong well of a 24 wwell plate with cells, To achicve
final concentrations of 3, 10, 40 and B0 »M the volumes of the 20 uM oligonucieatide stock wsed were adjusted

accordingly. The ratio of the 20 uM oligonacleotide stock solution to Lipofectanmme 2000 was 122 {viv). Similar
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nuixture inchuding 8 ul of water instead of the oligonucleotide sohution and the comesponding vohume of Lipofectamine
2000 was used for the mock-transiecied controls. After about 18 I of incubation at 37°C and 5% CO, the media was
changed {0 fresh Growth Media, Forty eight hours after addition of antisense ohgonaclentides the media was removed
and cells were washed 3 times with Dulbecco’s phosphate-bulfered saline without caloium and magnesium (PBS)
Mediptech cat$ 21-031-CV) The PBS was discarded and the Veoro 76 cells were fixed in the 24 well plate using 300
wd methanol 100% for 18 nun at 220°C. After removing the methanol and washing the cells with PBS, the cells were
incubated with 3% hydrogen poroxide (Fisher Chemical catfH323-1007 for 3 min at 217°C. The cells were washed three
times for § min with PBS then incubated with 300 pd of bovine senum albumin (BSA} (Sigma cast A-9647) at £.1% m
PAES for 30 min at 21°C. The cells wore washed three tmes for 5 min with PBS then incubated with 300 uf of svidin
solution {Vector Laboratories cap# SP-2001) for 340 pan at 21°C The cells wers briefly vinsed three times with PBS
then incubated with biotin soletion (Wector Laboratories cat# SP-20017 for 30 min at 21°C. The cells were washed
three tunes with PBS and then incubated overmight at 4°C with 300 1 per well of rabbit antibody apainst human
SCNIA {Abcam cat# ab24820) dituted at 12530 m PBS/BSA §.1%. Aler cquilibmting the plate for 5 mm ag 21°C, the
cells weore washed three times 5 pun cach with PBS then meubated with goat anti-rabbit antibody dileted 1:200 in
PBS/BSA (.1% for 30 mun at 21°C. The cells were washed theee tmes S min with PBS and then incebated with 300 gl
of Vectastam Elite ABC reapent A+ solution {Vector Laboratories cat¥ PIGGTGY for 30 min; the Veotastam Eliie
ABC roagont A+B solution was prepared af 217°C 36 min before incubation with the cells by adding and mixing
successively 2 drops of reagent A to 5 wi of PBS and then 2 drops of reagent B. The cells were washed 3 times 3 min
cach with PBS at 21°C and then meubated with Dinmmobenzidine (DABR) poroxidase substrate soluton {YVector
Laboratories catd SK-4105) wntil cells are stamed; the DAB perovnidase substrate solution s reconstituted before being
added to the cells by mixing 1ml of nmPACT™MDAB Diluent with 30 gl of ImmPACTS DAB Clwomogen
concenfrate. At this time, the colls are rlefly washed three times with PBS and 300 ul of PBS is lefl in each well. The
staining of the cells was angdyzed directly inside the wells of the 24-well plate using an inverted Nakon Eclipse TS100
microscope equipped with a Nikon DS-Ril camers coupled with Nikon Digital-Sight equupment on the sereen of a Dell
Latitude D630 laptop. Photos of individual wells were made using the software provided with the Nikon camera, the
NIS-Elements D 3.0,

[D0283] Rewules. ANl antisense oligonucleotides tested upregulated SONTA protein, CUR-1764 and CUR-ITHO
producing the highest epregulation {(Fig 12},

Example 1 Oligonucleotides targeting SCNAwpecific panwal anfisense iranseript powerfid of wpregulating SUNA
MmRNA do not wpregulate aciin mRNA i Fera76 cells

{02861 The purpose of this experiment was 1o check whether antisense oligonucleotides {CUR-1934, CLIR-1740,

CUR-1838) targetiny SCONTA-specific nanral antisense transcript that were shown to upregulate SCNTA mRNA and
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profemn are able to regulate the mRNA of other non-related genes such as actin n Vero76 African green monkey
embryonic kidoney cells,

{00287 Muoverials and Methods. VeroT6 Afncan green monkey ambrvomc kidoey colt e from ATCC {cat¥ CRL-
F387) was dosed in the same conditions as described in Examiple 2. The actin mRNA was gquantified by real-time PCR
as desenbed in Example 2 except that this time primersiprobes designed by ABI were specific for actin (catd
Hs89999903 o} The datas presented in figure 13

102881 Reswlts. As showa in figure 13, oligonucleotide targeting SCNEA-specific natural antisense transcript (CUR-
1924, CUR-1740, CUR-1838) that were shown in Examples 3 and 18 to upregulate SCN1A mRNA and protein m
VeroT6 cells were tested for their effect on actin mRNA expression i Vere 76 cells. The data in figure 13 confirms
that the oligonucleotides targeting SONIA-specific natural antisense transeript do not upregulate a non related gone
such as actin. Thas these oligonuckeotides are specific in upregulating SUN1TA,

Example §2: Qigonucleotides rargeling SCNA-specific natural antisense franscript shown to upregrdaie SUNd mRNA
andd proteie do rot ypregulate aclin mBNA In primgey fibroblasts carvying a Deaver-associaded medaiion

{2891 The purpose of this experiment was o check whether antisense oligonucleotides (CLIR-1916, CUR-194%)
targeting SCN1A-specific natural antisense transcript that were shown 1o spregudate SCNIA mRNA and protein wie
able to regulate the mBNA of other non-related genes such as actin in primary human skin fibroblasts carrving a Dravet
syndrome-associnted mutation E1099X

{00290Y Muwerials and Methods. Primary buman skin fibroblasts carrving a Draver syndrome-associated muiation

EIOOX mtroduced o calture by Dr. NRenvou {(Umversity of Miami) were dosed v the same conditons as

deseribed i Example 3. The actimn mBNA was quantified by real-time PCR as descnibed m Example 3 oxcept that thas
tme pramersédprobes designed by ABT were spectfic for actin {cai# He®999903 mi) The data is presented in figure
4.

{0291 Reswls: Ax shown in figure 14 oligonacleotides targeting SCNEAspecific natwral antisense transcript do not
upregulate @ nos-related yene such as actin, Thus these oligonucleotides are specific i apregdatiog SCNTA

Example 13: Oligonucleotides fovgeting SCNA-specific natural anilsense transeript shown o apregidoate SCN4 mBENA
and prowin do sor wpregidate aotin mitNd in SKN-48 cefls

{00292 The purpose of tus experiment was to check whether antsense ohigonucleotudes (CUR-1740, CUR-1764,
CUR-1770, CUR-IR38, CUR-1916) twrgeting SUN1A-specific natwral antisense sranscnipt that were shown to
upregulate SONTA mRNA and protein are 2ble 1o regulate the nlRNA of other non-related geves such as acn in SK-
N-AS human nearohiastoma cells.

293 Marerialy and Methods, SI-N-AS human newroblastoma cells from ATCC (caté CRL-2137) were dosed in

the same conditions as deseribed in Exampie 2. The actin mRNA was guaified by real-time PUR as described in
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Example 2 except that this time primers/probes designed by ABI were specific for actin {cat® HsY9099503 mi). The
data is presented in Figare 15,

{00294 Rewulic. As shown i figure 15 oligonueleotides trgeting SCUNTA-specific satural antisense transeript do not
upregulate a nov-related gene such as actin. Thus these olignnucleotides are specific i upregulating SCNTAL

Exanple 14: Actin prowein iy not upregulatod in SK-N-AR colls treated with antisense olgomcleotides tavgeting SUNA-
specific nareral antisense ranscript

102851 The purpose of this expenment was to dotermine whether oligomiscleotides targeting SON1A-specific nataral
snfisense transcript (CUR-1740, CUR-1764, CUR-1770 and CUR-1916) and able o upregulate SCNLA protein are
alse able to regulate the expression of non-relevant proteins such as actin in SKAN-AS cells. SK-N-AS is a human
neuroblastoma cell hine.

(002961 Muaierids and Methods: SK-N-AS human neoroblastoma cells from ATCC {cat# CRL-2137) were groven in
the same conditions ax described i Example 9. The colls were fixed sad stained exactly m the same conditions as
described m Exarnple 8, cxcept that the first antibody was a rabbitl anti~-acti {Abcmm caf#abl 801} used at a dilution of
1:300, The staining of the cells was analyzed directly inside the wells of the 24~well plate using the same process as
doscribed i Example 9.

{00297] Reswdts: As shown in figare 16, nong of the antisense oligonucieotides fested upregulated actin profein. Thus,
these oligonucleotides are specific at upregulating SCNIA protein.

Example 13: detin protein is nol wpregulated s Fero 76 cells treated with aniisense oligonucleotides targeting SUN4-
sprecific notural griisense thanseript

{00208] The pwrpose of this experiment was o dotermune whether specific antisense oligonuclentides targeting
SCN1A-speeific natural antisense tapsernpt (CUR-1740, CURA1770, CUR-1016, CUR-1924 and CUR-1945) and able
to wpwegnlate SCNTA protein are also able to repulate the protein expression of non-relevant genes such as actin in

Vero76 cells. The VeroT6 s a Cercopithecus aethiops (vervet or African green monkey) kidoney cell line.

CRL-

15387} was grown m the same conditions that described m Example 10, The cells were fixed and stained exactly m the

{299 Marerialy and Methods. Vero76 African groen monkey eatbryonic kidney eell ine fom ATCC (¢

same conditions as described in Example 10, except that the first antibody was a rabbit anti-actin {Abcam catfabl R01)
used at a dilution of 1:5300. The staiming of the cells was analyzed divectly mside the wells of the 24-well plate using the
same process as deseribed n Example 1

{003001 Resadis. Ag shown in figure 17, nonce of the antisense oligonuclectides tested upregulated acun protein. Thus,
these oligonucleotides are speaific at upregulating SCNLA protein.

Fxampde 16 Actin protefa is not upregnlated in primery human filiroblasts carnying a Drover sindrome-associated

nteetation freqred with antisense ofigomecieotivdes wrgeting SCNA-specific natural antivense ranserim
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{00301 The purpose of this experiment was o defernine whether oligonucleotides targeting SCN 1A~-speeific naturad
antisease transcript {CUR-1740, CUR-1764, CUR-1770, CUR-TE38 and CUR-1916) and able to wpregulate SUNA
protein are also able o regulse the profein expression of non-relevant genes such as sctin in primary human fibroblasis
carrying a Dravet syndrome-associated mutation.

{00301 Maverials and Methods. Fibroblasts carmving 8 Dravet syndrome-associated mutation introduced into culture
by Dr. N Kenyvon (University of Miana) were grown in the same conditions as desertbed in Example & The cells were
fixed and stained cxactly i the same conditions as described in Example ¥, except that the first antibody was a rabbit
anti-actin {Abcam catfabl801) used at a ditution of 1:300. The staining of the cells was analyzed directly inside the
wells of the 24-well plate using the same process as described in Exanyple 8.

100303 Resades: As shown i Bgare 1R, none of the antisonse ohigomueclootides tested upregnlated actin protem. Thus,
these oligonucteotides are spectfic at upregulating SUNTA protein.

Example 17: Quantification of SCNA protein wsing ELISA in primary lngaan fibroblasis cerrving o Diroved syndrosne-
associated pugation reated with oligonudleotides tavgeting SCNA-specific naawal antisense transcript

{£0304] The purpose of this experiment was to quantify using ELISA the tevel of SCNTA protoin upregalation due
the weatment with oligonucleotdes tageting SCN1A-speeific natural antisense wasscript (CUR-1740, CUR-1770 and
CUR-1916) n primary kuman fibroblasts carrving a Dravet syadrome-associated mutation.

{00363 Maverials and Methods: Fibroblasts canvving a Dravet syndrome-associated mutation introduced into culture
by Dr. N.Kenvon (Lintversity of Miami) were grown in the same conditions as described i Example 8 but only {1 and
80nM concentrations of oligonucieotides were ased for dosing. The colls were then counted and re-plated in 896 will
plates, After 24 hows, the cells were fixed exactly in the same conditions as deseribed i Example § and 16 cxcept all
300 ul volumes were reduced to 100l Replieate wells were stained with actin and SCNTA antibodies as described in
Example 8, except that all reaction were porformed in 100 pd volumes. Antt-actin antibody dilution was 130, anti-
SCNIA dilution was 1250 and antlanouse dilution was 1250, In addition, instead of daminobenziding (DAB)
peroxadase subsivate solution fetramethylbenzidine (TMB) peroxidase substrate solution was used (Thermo Scicnific
catfNI0TY. After the supernatant turned blog, it was transforred o a now 96 well plate (Geetner bio one cat #65121) and
1 M sulfirto acid was added. The absorbance was read at 430nm using a Multiskan Spectrum spectrophotometer
{Thermo Scientific). The background signal {read n the wells staned with an anti- mouse as primary antibody) was
subtracted from all SCNTA and actin readings. Then SCNTA signal was normalized to actin signat for cach condition.
{003061 Resadie: Figure |9 shows that all antisense oligonucleotides tested {CUR-1740, CUR-1TH and CUR-1916)
were efficient at upregalating SCN LA protein up to 40%

Example 18: Quarnificarion of the SUNA profein using EVISA in Vero?6 cells treated with olisomeclearides rargeting

SUNA-specific naturad antisense traascripn
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{00307] The purpose of thas experiment was o quantify using ELISA the level of SCNTA protein aproguiation duc to
the treatmeent with oligonucleotides targeting SCNEA-specific natwral antisonse tanscript (CUR-1748, CUR-1770,
CUR-1916, CUR-1924, CUR-1945) 1n pomary buman fibroblasts canrving a Dravet syndrome-associated magation,
{00308 Materials and Metheds: Vero76 Aftican green monkey endryouic kidney cell weore grown in the same
conditions that described in Example 10 but only ( and 80nM concentrations of oligonucteotides were used for dosing,
The cells were then counted and re-plated in 86 well plates. After 24 hours, the colls were fixed exactly i the sawe
conditions as described in Example 8 exeept all 300 1 volanes were roduced to 100l Replicate wolls were stained
with actin and SCNTA antibodics as described in Examples 10 and 15, oxcept that sl reactions were performed at 100
ul, the anti-actin antbody dilution was 1500, anti-SCNLA dihation was 12250 and anti-mouse dilution was 1250, In
addition, mstead of using diaminobenadine {(DAB)Y poroxidase substrate solution  fetrancthylbenzidine {TMB)
peroxidase substrste solution was wsed (Thormo Scicntific caN301 After the supernatant tened blue, it was
transferred 10 a new 96 well plate (Greiner bio one cat#631201) and 1 M sulfuric acid was added. The absorbance was
read at 450nm using a Multiskan Spectrum spectrophotoraeter (Thermo Scientific). The background signal {read in the
wells stained with an anti- nwouse as primary antibody) wag subtucted from all SCNIA and actin readings. Then
SCNTA signal was normalized to actin signal for cach conditton,

{00309 Resudes: Prgare 20 shows that all of the antisense oligomucicotides fested (CURS1740, CUR-1770, CUR-1916,
CUR-1924, CUR-1945) were efficient at apreguiating SUNTA protein up 10 300%.

Example 19: Cuarification of the SCNA procein uxing ELINA in SKEN-AS celly treared with oligomelvoiides fargering
NONA-specific natural antisense ranserii

{00310 The purpase of this exporamont was to quaniify the level of SCNIA protein wprepnlation due o the treatmoent
with ohgonucleotides targeting SCNIT A-specific natral antisense transceript {CUR-1740, CUR-1770, CUR-1924 and
CLIR~1945) in SKAN-AS cells,

{00311] Mawerials and Merfiods: SKN-AS human newroblastoma cells from ATCC {cat# CRL-2137) were grown the
same conditions as desceibed i Example 10 but ooly 8 and 20aM concentrations of ohigonucleotides were vsed for
dosing. The cells were then counted and re-plated in 96 well plates, After 24 howrs, the cells were fixed exactly m the
same conditions as desoribed in Bxample 9 except all 300 pl vohuomes weve reduced to 100pd Replicate wells were
staimed with actin and SCN1A astibodies as deseribed in Examples Y and 13, except that all reactions were performed
at 100 pl, the anti-sctin astibody dilution was 1:300, anti-SONTA didution was 1255 and anti-meouse difution was
1:250, In addition, instead of dimminobenzidine (DAB} poroxidase substrate solution toamethyltbenzidine (TMEB)
perovidase substrate sohution was used spectrophotometer { Thermo Scientific cat¥N301). After the supernatant turned
blue, it was transforved to a new 96 well plate (Gromer bio one cat#631201) and 1 M sulfude aod was added. The

absorbance was read at 4580mm using a Multiskan Specum (Thenmo Scientific). The background signal (read in the
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wells stained with an anti- mouse as primary antibody) was subtracted from all SONTA and actin readings. Then
SCNIA sipnal was normalized to actin signal for cach condition.

{00312 Rewedic: Figure 21 shows dhat all antisense oligonacleptides tested (CUR-1740, CUR-1770, CUR-1924 and
CUR-1945) were efficient at upregulating SCNTA protein in SK-N-AS cells up to $00%%.

Exanyple 200 Datection of the noturad antizense RG724147 in HepG2E colls and primary Feonorn fibroblasts corrving @
Braver syodrome-associated naitation.

{§10313] The purpose of this experiment was to determine whether the natwral antisense BG724147 15 prosent in
human hepatocellular carcimoma HepG2 cell ling and primary human fibvoblasts carrving a Dravet syndrome-
associated mutation. To achieve this, swo different kinds of RNA (poly A RNA and fotal RNA) isolated from each celt
type were used. The PCR products obtiined after two successive rounds of POR wsing both call types were analvesd on
a gel, Amphification of bands of similar size using BG724147-specific primer confirmed the prosence of BG724147 in
both cell types.

Muierials and Methods

{00314] Iolugom of gl RNA HepG2 cells or primary human fbroblasts camrving a Dravet syndrome-associated
matation at 80% confluence grown in 73 cot’ culture flasks were washed twice with PBS AccuGENE 1X (Lonza
Rockeland Inc., Rockeland, ME). After discarding PB&, 5 mi of RLT buffer with bamercaptocthanel ((HAGEN Inc.
LISA, Valenein, CA) were added 1o these cells and the cell lysate was stored in T nid aliquots in microcentrifuge tuhes at
-S07C untl isolation of towa] RNA. The total RMNA isclation fom these cells was done using the RNeasy midi kit
{QIAGEN Inc -USA, Valoncia, TA) following the manufacturer's protocol, Briefly, the coll tvsate was contrifuged &
J000xg for 5 mn to clear dwe lysate and discard any peliet. The ceared cell lysate was contrifuged through
(N Ashredder colummns (inside 2 mi microcentrifuge tubes) at 14800xg and the resulting homogenized bysate was mixed
with an equal volune of 70% ethanel. The cell Ivsate mixed with ethanol was applied to RNeasy midi colurans (inside
a 15 i conical fbe) and centrifuged for 3 min ot 3000sg. The colurm was washed once with 4 ml of RW I buffer and
then subjected o a 15 mun on-colurm DNase digestion with 140 pd of RNase-free DNase i RDD Inffer. The DNase
digestion was stopped by adding 4 md of RW1 butfer and centrifuging the cohmmn at 3000xg. The colmmn was washed
twice with RPE baffer and total RNA binding to the filter was cluted with 150 ul of DNase and RNAse free water, The
total RNA was stored at ~807C until the next step.

{00315] Isolavion of palv-4 RNA from tofal RNA of Hepl2 cellz. The tsolation of poly A RNA from totad RNA of
HepG2 cells and primary human fdwoblasts carrving a Dravet syadrome-associated mutation was done using a poly-A
isoiation with magnetic beads kit from Ambion {Applied Biosystenis/Ambion, Austin, TX} following the manufherurer
protocol. Basically, 100 pg of total BNA was resuspended to s final concentration of 604 pgimi in DNase/RNAse free
water and an cqual vobane of 2X binding solation was added. Duoring that time, 19 ul of Oligo{dT) magnetic boads

were placed tn a nicrocentafuge tube, captured by placing this fube on the magoetio stund and the storage buffer was
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discarded. 3¢ ul of Wash solution 1 was added to the beads and the tube was removed from the maguetic stand and the
wash sohution was discarded. At this time, the total RNA from HopG2 cells in X Binding baffer was mixed with the
magnetic beads and heated at 70 °C for 5 mug, then incubated for 60 gain af romn torapersture with pemtle agitation,
The poly & RNA bound to the magnetic beads was capiured by using the nagnetic stand for § man. The supernatant
was discarded. The OligofdT) muagnetic beads were washed twice with Wash solution T and once with Wash solation 2
1o yemove the nove-specifically bound RNA. The magnetic beads were captured with the magnetie stand and 200 wl of
warm RNA storage solution (preheated ag 70 %C for § min) was added to the beads. The magnetic beads were captured
by the maguetic stand, the supematant was stored (first elution of poly A RNA). Then a second 200 gl of warm RNA
storage sotution (preheated at 70°C for 5 min) was added to the beads. The second elution of polvA RNA was added to
the first clution. At this tme, the cluted BNA was precipiated waing 5 M ammontum acctate, glveogen and 100%
ethanol at -20°C overmght. The poly RNA was centrifuged at 148%g for 30 mun at 4°C, The supernatant was
discarded and the RNA pellet was washed theee times with 1 nd of 70% ethanol, the RNA pellet was recovered each
time by centrifiping for 10 omn at 4°C. Finally, the poly A RNA pellet was resuspended m RNA storage solution
heated to 70°C 1o dissolve RNA batter. The poly A RNA was stored at -8G°C.

{00316] Addition of adenosines to the 37 end of an RNA transcript. Total RNA (40 ug) from HepG2 colls or primary
human fibroblasts carrving a2 Dravet syndrome~associated mutation was nuxed with 2 units of RNA Poly (A)
Polvmerase using a final reaction volume of 100 ul (Ambion, Applied Biosystems, St. Austin TX). The ATP used in
the polyadenylation reaction was from Invitrogen, After polyadenylation, the RNA was punified ssing the
phenolichioroform technigue followed by glycogen/sodium acctate precipitation, This BNA was resusponded in 4G 14
of DNAse/BNAse free water and was ased i a 3 RACE seaction {(FasitChoice RLM-RACE kit from Ambion, Apphed
Biosystems, St Austin TX),

{00317] 37 extension of the BGT24147 nanural antisense tramsenpt of SCNTA. Two ditferent sets of 37 Rapid
Avaplification of cDNA Ends (RACE)} reactions were performed ustng FirstChotee RIM-RACE kit fom Ambion,
Apphied Blosysteras (St Austin, TX3, One set ased poly A RNA and the other used total RNA with one adenosing
added, from Hep(2 cells or primary human fibroblasts carrving 2 Dravet syndrome-associated mutation. Two
consecuttve rounds of POR were performed. The first PCR was done using the 37 outer primey supplied in the kitand a
5" primer specific for BG724147 designed by OPKO CURNA (87 GATTCTCCTACAGCAATTGOTA 37, The
second PCR rovwmd was conducted using the 37 outer primer supplied iy the kit and a ditforert 8 primer specific for
BGT24147 designed by OPRO CURNA {3 GACATGTAATCACTTICATCAA 37}, The products of the second
PCR. reaction were run on g 1% agarose -1xTAT gel.

{3 IR] Reswlts: Figure 22 shows the products from the sceond round of PCR reactions from a 37 RACE expenments
using poly A RNA and total RNA with adenosine added from HepG2 calls and poly A RNA and total RNA with

adenosine added from prinmary human fibroblasts earsying a Dravet syndrome-~associated mutation. An identical band s
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observed in the polv & RNA from Hep(2 cells and primary haman fibroblasts careving s Dravet syndeome-associated
muEtos,

{00319] Concluzion: PCR amplification using primers spectfie for the BO724347 noataryd antisense tanscript of
SCNIA produced a conmmon PCR band m two difforent cells (HepG2 cells and primary human fibroblasis carrying a
Dravet syndrome-associated mutation). b addition, atisense oligonucisotides targeting the SUNIA natural antisense
BGT24147 have been shown to upregulate SUNTA mRNA and protein in these cells as shown i Examples 2, 7 and
16, This data indicates that the BG724147 s mdeed present in these two kinds of cells (HepG2 cells and primary
human fibroblasts camrving & Dravet syndrome-associated mutation),

Example 21 Extension of the SCNA panwal antisense sequence BG724147

1003201 The purpose of this exporiment 1s to extend the known sequence of the SCNITA nateal antsense BG724147
by sequencing all its sequence. The origingl BGT24147 RNA wanscript was obtamed from human testis procured by
Miklos Patkovits. The ¢DNA bbrary was prepared in a pBlueseriptR vector by Michael 1. Brownstein {at NHGRI),
Shiraki Toshivuki and Piero Carnine {at RIKEN). The ¢DNA hbrary was arraved by the LMAGE. Consortium, {ov
LINLY and the clones wore sequenced by Incvte Genomies, Ine. in May 2001, The BG734147 clone s available at
Open Biosvstems (Open Biosystems Products, Huntsville, ALY, In 2001 the ¢DNA msert i the BG724147 close was
not sequenced completely, OPKO-CURNA obtained the BG724147 clone and sequenced the full msert. To achieve
this, a hacterial clone containing a plasieid with the BG724147 insert was acquired from Open Biosystems and plated
in a Luria Bertanl (LB)-agar plate with ampieillin to isolate individual colonies. Then colonies were amplified in 5 mi
of LB troth, The plasmid containing the BGT24147 msert was then solated from these bacteria and sent for
sequencing to Davis Sequencing {Davis, CA).

Maotewial andd Methods:

{00321 Isolation and sequencing of the plaswid containing the cDNA for the SCNA naturad antisense BUr724147,
Suspension of frozen bacteria containing the BG724147 plasmid was purchased from Open Biosystems (Open
Biosystems Products, catd 4829512), dituted 110, 1100, 110006, 110800, 110008 umes, then plated on Lura
Bertani {LB) {BD, cat¥ 2445820)-agar plate (Falcon, cat#351005) with 10 peml of anpicithn (Calbiocheny,
catfL 7254, After 15h, 20 individual colonies of bacteria were isolated from the plate with the 1:100000 dilution and
grown sepasately 3 ml of LB broth (Fisher Scientific, cat# BP1426-2) for 153h-24k. At this time, the bacteria were
pelleted and the plosmud {containing the cDNA fom the BG724147 RNA travsonpty was isolated wsing the
PurcYieldT™ Plasouid Miniprep Systomt kit from Pronwga (Promepa, catfAl2l2)y followimg the manuficturer’s
protocol. The wolated DNA was dilied 10 200 ng'mi and 12 @ of plasanid from each colony was sent for sequencing
o Plavis sequencing {Davis, CA)L

8333221 Reswlis: The seguences obtained from Davis sequencing provide BG724147 extended (SEQ 1D NQG: 12)
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{00323 Conchusion: The successfal extension of the known BG724147 sequence by 403 nucleotides served as a hasis
to design antisense oligonacleotides against the SCN A nateral antisonse transcuipt BG724147.

{00324] Although the nvention has been Hustrated and described with respect o one or more implementations,
cquuvalent alferations aad modifications will ccawr o others slalled in the art upon the reading and understanding of
this specification and the annexed drawings. In addition, while a particular feanse of the nvention may have been
disclosed with respect to only one of several implementations, such featvre may be combined with one or more other
featares of the other buplomentations as may be desired and advantageous for any given or particadar application,
{00323] The Abstract of the discloswe will allow the reader to quickly ascertain the nature of the technical disclosure.
1t is submitted with the understanding that iCwill not be used to intevpret or limit the scope or meaning of the following

clams.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. An ex vivo method of upregulating a function of and/or an expression of a Sodium
channel, voltage-gated, typel,alpha subunit (SCN1A) polynucleotide in a biological system
having SEQ ID NO: 1 comprising:

contacting said biological system with at least one single stranded antisense
oligonucleotide 13 to 28 nucleotides in length which targets a 13 to 28 nucleotide region of a
long non-coding natural antisense polynucleotide selected from the group consisting of SEQ
ID NOS: 12 to 15 and 17 to 28, wherein said at least one single stranded oligonucleotide has
100% sequence identity to a reverse complement of a polynucleotide comprising 13 to 28
consecutive nucleotides within the natural antisense polynucleotide having a nucleic acid
sequence as set forth in any one of SEQ ID NOs: 12 to 15 and 17 to 28; thereby upregulating
the function of and/or the expression of the SCN1A polynucleotide, and wherein the at least
one oligonucleotide comprises at least one oligonucleotide sequence set forth as SEQ ID

NOs: 33, 37, 40, 45, 52, 57, 62, 70, 78 and 93.

2. An ex vivo method of upregulating a function of and/or an expression of a human
Sodium channel, voltage-gated, alpha subunit (SCN1A) polynucleotide in a biological
system having SEQ ID NO: 1 comprising:

contacting said biological system with at least one single stranded antisense
oligonucleotide of 13 to 30 nucleotides in length that is 100% complementary to and
specifically hybridizes to a target region of a natural antisense polynucleotide of the SCN1A
polynucleotide, wherein said natural antisense polynucleotide is selected from the group
consisting of nucleotides 1 to 1123 of SEQ ID NO: 12, 1 to 2352 of SEQ ID NO: 13, 1 to
267 of SEQ ID NO: 14, 1 to 1080 of SEQ ID NO: 15, 1 to 618 of SEQ ID NO: 17, 1 to 871
of SEQ ID NO: 18, 1 to 304 of SEQ ID NO:19, 1 to 293 of SEQ ID NO: 20, 1 to 892 of SEQ
ID NO: 21, 1 to 260 of SEQ ID NO: 22, 1 to 982 of SEQ ID NO: 23, and 1 to 906 of SEQ
ID NO: 24; thereby upregulating the function of and/or the expression of the SCN1A
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polynucleotide, and wherein the at least one oligonucleotide comprises at least one
oligonucleotide sequences set forth as SEQ ID NOs: 33, 37, 40, 45, 52, 57, 62, 70, 78 and
93.

3. The ex vivo method of claim 2, wherein the function of and/or the expression of the

SCNIA is increased with respect to a control by at least 10%.

4. The ex vivo method of claim 2, wherein the at least one antisense oligonucleotide
targets a natural antisense sequence of the SCNIA polynucleotide, wherein the natural

antisense sequence comprises SEQ ID NO: 12.

5. The ex vivo method of claim 2, wherein the at least one antisense oligonucleotide
targets a natural antisense polynucleotide antisense to coding sequences of an RNA

polynucleotide transcribed from the SCNIA polynucleotide.

6. The ex vivo method of claim 2, wherein the at least one antisense oligonucleotide
targets a natural antisense polynucleotide having overlapping and/or non-overlapping

sequences with an mRNA polynucleotide of the SCNIA polynucleotide.

7. The ex vivo method of claim 2, wherein the at least one antisense oligonucleotide
comprises at least one modification which is a modified sugar moiety, a modified

internucleoside linkage, or a modified nucleotide, or any combination thereof.
8. The ex vivo method of claim 7, wherein the at least one modification comprises at
least one modified sugar moiety which is: a 2-O-methoxyethyl modified sugar moiety, a 2'-

methoxy modified sugar moiety, a 2'-O-alkyl modified sugar moiety, or a bicyclic sugar

moiety, or any combination thereof.
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9. The ex vivo method of claim 7, wherein the at least one modification comprises at
least one modified internucleoside linkage which is: a phosphorothioate, an

alkylphosphonate, a phosphorodithioate, an alkylphosphonothioate, a phosphoramidate, a
carbamate, a carbonate, a phosphate triester, an acetamidate, or a carboxymethyl ester, or

any combination thereof.

10. The ex vivo method of claim 7, wherein the at least one modification comprises at
least one modified nucleotide which is: a peptide nucleic acid (PNA), a locked nucleic acid

(LNA), or an arabino-nucleic acid or any combination thereof.

11. The ex vivo method of claim 2, wherein the at least one oligonucleotide comprises at

least one oligonucleotide sequence set forth as SEQ ID NOs: 52, 57, 62, 70, 78 and 93.

12. The ex vivo method of claim 2, wherein the oligonucleotide is SEQ ID NO: 70.

13. A synthetic, modified oligonucleotide of 13 to 30 nucleotides in length and
comprising at least one modification which is a modified sugar moiety, a modified
internucleotide linkage, a modified nucleotide, or any combination thereof, wherein said
oligonucleotide is an antisense compound which specifically hybridizes to, and 1s at least
92% complementary to a target region of 13 to 30 consecutive nucleotides within a natural
antisense transcript of a Sodium channel, voltage-gated, type 1, alpha subunit (SCN1A)
gene, wherein said natural antisense transcript has a nucleotide sequence set forth as SEQ ID
NO: 12, and wherein said oligonucleotide upregulates a function of and/or an expression of
the SCN1A gene in vivo or in vitro as compared to a normal control, and wherein the
oligonucleotide comprises a sequence set forth as SEQ ID NO: 33, 37, 45, 52, 57, 62, 70, 78
or 93.

14.  The oligonucleotide of claim 13, wherein the at least one modification comprises an

internucleotide linkage which is: a phosphorothioate, an alkylphosphonate, a
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phosphorodithioate, an alkylphosphonothioate, a phosphoramidate, a carbamate, a carbonate,

a phosphate triester, an acetamidate, or a carboxymethyl ester, or any combination thereof.

15. The oligonucleotide of claim 13, wherein said oligonucleotide comprises at least one

phosphorothioate internucleotide linkage.

16. The oligonucleotide of claim 13, wherein said oligonucleotide comprises a backbone

of phosphorothioate internucleotide linkages.

17. The oligonucleotide of claim 13, wherein the oligonucleotide comprises at least one

modified nucleotide which is: a peptide nucleic acid or a locked nucleic acid (LNA) or both.

18. The oligonucleotide of claim 13, wherein the oligonucleotide comprises a plurality of
modifications, wherein said modifications comprise modified nucleotides that include:
phosphorothioates, alkylphosphonates, phosphorodithioates, alkylphosphonothioates,
phosphoramidates, carbamates, carbonates, phosphate triesters, acetamidates, or

carboxymethyl esters, or any combination thereof.

19. The oligonucleotide of claim 13, wherein the oligonucleotide comprises a plurality of
modifications, wherein said modifications comprise modified nucleotides that include

peptide nucleic acids, locked nucleic acids (LNA) or both.

20. The oligonucleotide of claim 13, wherein the oligonucleotide comprises at least one
modified sugar moiety which is: a 2'-O-methoxyethyl modified sugar moiety, a 2'-methoxy
modified sugar moiety, a 2'-O-alkyl modified sugar moiety, a bicyclic sugar moiety, or any

combination thereof.

21. The oligonucleotide of claim 13, wherein the oligonucleotide comprises a plurality of

modifications, wherein said modifications comprise modified sugar moieties which are: 2'-
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O- methoxyethyl modified sugar moieties, 2-methoxy modified sugar moieties, 2'-O-alkyl

modified sugar moieties, bicyclic sugar moieties, or any combination thereof.

22. The oligonucleotide of claim 13, wherein the oligonucleotide comprises a plurality of
modifications, wherein said modifications comprise a modified internucleotide linkage
which is selected from a phosphorothioate or a methylphosphonate and a modified

nucleotide which is selected from a peptide nucleic acid or a locked nucleic acid (LNA).

23. A pharmaceutical composition comprising one or more modified oligonucleotides as

defined in any one of claims 13 to 22, and a pharmaceutically acceptable excipient.

24.  Use of an oligonucleotide in the manufacture of a medicament for the prevention
and/or treatment of a Sodium channel, voltage-gated, typel, alpha subunit (SCN1A)
associated disease or disorder, wherein said oligonucleotide increases the expression of

SCN1A and wherein said oligonucleotide is defined in any one of claims 13 to 22.

25. The use of claim 24, for the prevention and/or treatment of Severe myoclonic
epilepsy of infancy (SMEI), a neurological disease or disorder, convulsion, pain, impaired
electrical excitability involving sodium channel dysfunction, a disease or disorder associated
with sodium channel dysfunction, misregulation of voltage-gated sodium channel alpha
subunit activity, or neuromuscular system, a gastrointestinal tract disease due to dysfunction
of the enteric nervous system, a cardiovascular disease or disorder, a disease or disorder of
the genitourinary tract involving sympathetic and parasympathetic innervation, Generalised

epilepsy with febrile seizure plus (GEFS+) or a SCNA-related seizure disorder.
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